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EKCINEPUMEHTAJIbHI MPALLI

UDC 579.234.864: 663.1: 57.063.8 (043.5)

O.P. Livinska', O.M. Vasilenko 2, T.V. Tomila?, I.L. Garmasheva',
N.K. Kovalenko'
'Zabolotny Institute of Microbiology and Virology, NASU,
154, Acad. Zabolotny str., Kyiv, MSP, D 03680, Ukraine
e-mail: teichoic@gmail.com

2 Institute of Bioorganic Chemistry and Petrochemistry, NASU
3 Frantsevich Institute for Problems of Materials Science, NASU

PHYSICAL AND IMMUNOBIOLOGICAL STUDIES OF
TEICHOIC ACIDS OF PROBIOTIC LACTOBACILLI
STRAINS

Aim. The aim of this study was to establish the chemical structure of teichoic acids of
probiotic lactobacilli strains and to investigate their influence on murine macrophages
phagocytosis and proliferation of the murine macrophages cell line J 774. Methods.

Physical (infrared spectroscopy methodology, 'H, and 3C NMR experiments), im-

munobiological and statistical methods were used. Results. It was shown that cell
walls of Lactobacillus plantarum 11/16 and Lactobacillus plantarum 195D contained
glycerol teichoic acids with unusually high number of sugar elements. The teichoic

acid of the strain L. plantarum 11/16 had 9 different pyranoses and furanoses sugars in

alfa-configuration and L. plantarum 195D had 4 hexosopyranoses. The teichoic acids

of L. plantarum 195D and 11/16 increased the percent phagocytosis by 15.00+5.72%

and 13.75+4.65% respectively. Both teichoic acids in the doses of 32 and 64 ug/ml
stimulated cell proliferation of murine macrophage cell line by 35-53%. It was not
observed any considerable effect of studied teichoic acids on phagocytic index, spon-

taneous and stimulated NBT-test of peritoneal macrophages of mice.

Key words: teichoic acids, NMR spectroscopy, infrared spectroscopy, phagocy-
tosis, probiotics.

The role of teichoic acids (TA) of grampositive bacteria in many functions
related to mechanical stability, adhesive properties, biofilm formation ability, cation
balance and immune activity is widely discussed. These biopolymers are of interest
as patogenicity factor of causative agents of infectional deseases and as bioactive
molecules. At the same time TA of normal human microbiota representatives and its
impact to bacteria biological activity have not been enough studied yet. Nowadays
a large part of modern investigations in the area of health keeping is devoted to
probiotics and functional foods. Traditionally probiotics are represented by lactic
acid bacteria, particularly, belonging to genus Lactobacillus. Lactobacillus plantarum
is a lactic acid bacteria that is widely isolated from the enviroment and home-made
foods and used in industrial productions of various fermented foods [17]. Probiotic

© O.P. Livinska, O.M. Vasilenko, T.V. Tomila, I.L. Garmasheva, N.K. Kovalenko, 2014
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effects are contributed by antagonistic effects against pathogenic microorganisms
and immune system stimulation. However, very little has been known about the
molecular mechanisms by which health-promoting probiotic bacteria act as the host
cell modulators [7, 10]. As bacterial envelope components are the first to establish
bacterial-host cell interactions are very little-studied TA may play an essential role.

The aim of this study was to establish the chemical structure of TA of probiotic
lactobacilli strains and to investigate their biological effects.

Materials and methods

Strains. The objects of the study were probiotic strains of lactic acid bacteria
Lactobacillus plantarum 11/16 and L. plantarum 195D. These strains were ob-
tained from Ukrainian collection of microorganisms of D.K. Zabolotny Institute of
Microbiology and Virology of the National Academy of Sciences of Ukraine. The
studied strains attract the scientific interest due to the source of isolation and the
high biological activity as well [3].

Teichoic acids were obtained from native cells by trichloroacetic acid extraction
and purified using ion exchange chromatography and dialysis as it was previously
described [9].

To perform NMR analysis liophilized material (20 mg) was disolved in 0.5 ml
deuterium oxide. NMR spectra were recorded using a Bruker Avance DRX500
spectrometer at ambient temperature 20 °C with dyoxan ('H (3,75 ) and *C (67,19 )
as the internal standard and frequencies 500 MHz and 125 MHz. Spectra prossesing
was performed with standard software Bruker Top Spin, Version 2.1.

Infrared spectra were obtained with a IR Forier spectrometer FSM-1202 in
the wavenumber range of 4000-600cm! To perform measurements the lyophilysed
samples were mixed with KBr (1:300) mg and pressed into transparent tablets
(d = 13mm) [14].

The effect of TA on the phagocytic and cytotoxic activities (nitro-blue tetrazolium
(NBT-test)) of peritoneal macrophages was studied on albino mice aged 18-20 weeks.
Due to the fact that the value of functional activity of macrophages is specific for
every macroorganism only the degree of its change in the experiments was assessed.
Also in order to implement the most general and the most appropriate assessment of
influence of substances on studied parameters nonlinear animals (males and females
equally) were used. All mouse experiments were conducted following bioethics
guidelines and were in full accordance with the European Convention for the Pro-
tection of Vertebrate Animals used for Experimental and Other Scientific Purposes.

To obtain macrophage the mice were euthanized by cervical dislocation and
the peritoneal fluid was collected in 5 ml of modified 199 medium (containing 10%
bovine serum) after gentle massage of the abdomens of the animals. Portion of the
peritoneal cell suspension containing 10° cells per ml was used for in vitro phago-
cytosis assays.

In order to investigate the influence of TA on phagocytosis peritoneal mac-
rophages TA were added to the cells before the incubation (0.1, 1, 2 mkg/ml). To
measure phagocytosis activity aliquots of peritoneal macrophages (10° cells per ml)
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were incubated for 30 min at 37 °C with the same volume of latex suspension (latex
particles; 107 particles per ml). The percentage of macrophages that had ingested latex
particles (percent phagocytosis) and the average number of ingested latex particles
(phagocytosis index) were estimated with the Zeiss microscope immersion method
by counting 100 cells.

To estimate cytotoxic activity (nitro-blue tetrazolium (NBT-test)) the macro-
phages were incubated in 0.2% NBT PBS solution at 37 °C for 30 min. The percent
of cells containing diformazan granules was calculated [8].

In order to investigate the influence of teichoic acids on cell proliferation the
murine macrophage cell line J 774 was used. The cells were cultivated in DMEM
medium in the presence of 10% newborn calf serum (PAA, Austria) at the temperature
of 37 °C in the presence of 5% CO, in the humid atmosphere. After the monolayer
had been formed the cells were passaged every 3—4 days using trypsin-versen solu-
tion (Sigma, USA) at a ratio of 1:10. Suspension of cells was incubated with TA
(500 mkg/ml) for 48 hours at the same conditions.

The estimation of the results was performed by colorimetric test with vital
stain MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) use.
The percentage of living cells was measured by determing of optical density on
spectrophotometer MCC-340 (Labsystem, Finland) at 540 nm.

Statistical Techniques. Data for phagocytosis and cell proliferation are repre-
sented as the mean + standard deviation of means. All data were tested for signifi-
cance by analysis of variance with the Statistica Program, release 5.0. The level of
significance tested in each instance was P < 0.05.

Results

In order to be able to clarify the possible mechanisms of biological activity
and, in particular, probiotic action of TA their chemical structure was studied. When
both teichoic acid preparations were examinated by infrared spectroscopy, specific
absorbencies were observed at the bands of 839, 870, 964, 1022, 1146, 1148, 1216,
1336, 1509, 1640, 1750 cm™. The absorption bands v~3500 cm™ and v~1640 cm’!
are specific for stretching and deformation vibrations of OH bonds (Fig. 1 a, ¢).

OHval.

Intensity (an.)

Intensity
Intensity (aw)

600 800 1000 1200 1400 1600 1800  ggy 950 1000 1050 1100 1150 1200 3000 3200 3400 3600 3800

. -1
Frequency. cm Frequency, cm-l Frequency, cm !

Fig. 1. Infrared spectra of teichoic acids from Lactobacillus plantarum 11/16 (1)
and Lactobacillus plantarum 195D (2)
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The signals v~2870, 1336 and 964 cm! belong to stretching and deformation
vibrations respectively of CH bonds. Absorption band in the v~1750 cm™! corresponds
to the C=0 bonds. There were intense bands (1250—1050 cm™') which can correspond
either to stretching vibrations C-O-C of ester group, or to C-O vibrations of COOH.
The interpretation difficulties of this area occurred due to the proximity and overlay
of these groups signals. The absorption bands at v~870, 1022 cm™!, corresponding
C-0, C-OH, respectively, were also observed (Fig. 1) [1, 12, 13].

The significant disparity in the spectra was the different intensity at 3500 cm
(-OH group), indicating their different amounts in the samples — TA of the strain
L. plantarum 195D contained more OH-groups than TA of the strain L. plantarum
11/16. In addition, the range 1200-900, corresponding to the C-O-C and C-O bonds
was also different, which may indicate the differences in the carbohydrate compo-
nents of the investigated substances. Thus, all functional groups, that are specific
for the TA, were identified. These data formed the basis for further studies using
NMR analysis.

B3C spectra revealed chemical shifts specific for glycerol and a-hexose contain-
ing compounds. The signals were partly expanded or split into duplets or triplets
due to interaction with phosphorus. Glycerol residues were identified by signals in
the characteristic areas (chemical shifts corresponding to 1,3polyglycerol phosphate
links — 61.15 and 66.84 ppm — for L. plantarum 11/16; and 61.11, 66.81 ppm —
for L. plantarum 195D — CH,-atoms according to APT-spectra; 71.87 ppm — for
L. plantarum 11/16 and 71.82 in case L. plantarum 195D — CH-atoms, according to
APT-spectra (Fig. 2 A, B.).

WMMW.T HLNJ»L e ey WVW”@ Wil -

Fig. 2. Carbon NMR-spectra of teichoic acids from Lactobacillus plantarum 11/16 (A)
and Lactobacillus plantarum 195D (B)

"H-spectroscopy also showed the presence of the signals characteristic for
polyglycerol chain — 3.79 ppm 3.97 ppm and 3.92 ppm for the spectra of the strain
L. plantarum 11/16, and 3.79 ppm, 3.97 ppm and 3.89 ppm — for L. plantarum 195D
with specific splits because of interaction with phosphorus (Fig. 3).
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Fig. 3. Proton NMR-spectra of teichoic acids from Lactobacillus plantarum 11/16 (A)
and Lactobacillus plantarum 195D (B)

Sugar components identification was complicated due to signal overload of the
spectra. Nonetheless we can definitely make a conclusion about the presence, quan-
tity and configuration of the sugar components. The 'H and "*C spectra contained
anomeric signals corresponding to a-atoms of the sugar residues. The spectra of TA
of the strain L. plantarum 11/16 revealed the presence of 9 sugar units the two of
which were represented by furanose configuration (signals 107.26 and 109.33 ppm)
and seven — pyranoses (95.97, 96.31, 96.66, 97.91, 98.35, 99.07, 103.88 ppm). The
difference of signal intensity indicated the different amount of these substituents.
The domination of three a-pyranoses with chemical shifts (96.31, 96.66, 99.07 ppm)
was observed. This also has been reflected in 'H spectrum, where some of peaks
could not be observed.

The C and 'H spectra of the TA obtained from L. plantarum 195D strain showed
4 anomeric signals indicating the presence of 4 a-hexose substitution in the polymer
(chemical shifts are 95.14, 97.51, 98.60 and 103.50 ppm and 4.50, 5.00, 5.12, 5.30
ppm, respectively).

When the ability of the teichoic acids to activate macrophages in vitro was
tested, only the concentration of 2 mkg/ml was able to cause statistically significant
influence on phagocytic activity.

TA of L. plantarum 195D and 11/16 increased the percent phagocytosis by
15,00+5,72% and 13,75+4,65%, respectively (Fig. 4). Other doses of teichoic acids
had no statistically significant effect on the value of percent phagocytosis.

None of the studied TA concentrations had significant impact on phagocytic
index of mice peritoneal macrophages. There was no detected effect of the TA on
the spontaneous and stimulated NBT-test.

The study of the lactobacilli TA effect on the proliferation of murine macrophage
cell line J774 has demonstrated a dose-dependent effect of both investigated sub-
stances on the cells. TA of L. plantarum 11/16 and 195D in doses 32 and 64 pg/ml
stimulated cell proliferation by 35,25+23,64%, 53,54+23,26% and 53,03+17,13%,
44,97+18,16%, respectively (Fig. 5). The rest of the studied doses of teichoic acids
has not significantly effected the level of macrophage proliferation.
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Fig. 4. The effect of teichoic acids from Fig. 5. The effect of teichoic acids
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the mice peritoneal macrophages percent and 195D on the cell proliferation
phagocytosis change of cell line J774 mice macrophages.

Discusion

The use of infrared spectroscopy in this study was aimed to determine the
functional groups in the TA molecules of tested strains and compare them with
each other. Infrared spectroscopy has rather limited use in studies of most organic
compounds due to their high molecular weight. Nevertheless we have found that
all absorption bands characteristic for TA functional groups were present in the
obtained spectra.

The biological role of teichoic acids has drawn great attention since it is known
to be a key molecule that triggers a range of diseases by pathogens and immunity in
case of “beneficial” bacteria as well. Among lactobacilli, wall teichoic acids (WTA)
ultrastructures of L. plantarum are the most studied. It is known that L. planta-
rum is the only lactobacilli species which can contain either polyribitolphosphate
or polyglycerophosphate in its WTA [15, 17]. Our data showed the presence of
polyglycerophosphate in WTA of the tested strains.

The glycosyl residues of teichoic acids are commonly represented by multiple
glucose residues in a range of configurations [15], but usually no more 1 or 2 kinds
per molecule [5, 6, 11]. However our study revealed the presence of unusually high
number of sugar units (up to 9). So it is not clear yet whether our finding may con-
tribute to investigation of biological activity of lactobacilli. It was suggested that such
high structural diversity is important for their lifestyle [16]. It was also discussed
that the sugar components could be responsible for biological characteristics of these
molecules [4]. There is further necessity in detailed and comprehensive study of mo-
lecular structure of TA and its connection with biological activity of probiotic bacteria.

It is known that TA of gram-positive bacteria can demonstrate biological activity
and influence upon host immune system parameters. Teichoic acids of the pathogenic
bacteria can act as pathogenicity factors in the infectious process whereas the role of
these polymers in probiotic properties of lactic acid bacteria is poorly understood.

It is known that oral and parenteral administration of TA of lactobacilli to labora-
tory animals can cause increase of the functional activity of macrophages including
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results of NBT-test [2]. In our work we have investigated the effect of teichoic acids
of Lactobacillus plantarum 195D and L. plantarum 11/16 on the functional activity
of murine macrophages in in vitro system.

The obtained results have indicated that the TA of the studied lactobacilli
strains indeed showed some biological effects in particular increased the percent
phagocytosis of murine macrophages and stimulated proliferation of macrophage
cell line. Such effects were dose-dependent. The teichoic acids stimulating effect
on proliferation of macrophage cell line J 774 is of special interest, because such
data have not been found in the available sources. Moderate increasing of percent
phagocytosis can be considered as one of the mechanisms of probiotic properties
of investigated lactobacilli.
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JTOCJIIIKEHHSA TEUXOE€BUX KUCJIOT MPOBIOTUYHUX
IITAMIB JJAKTOBAIIJI I3 3BACTOCYBAHHAM ®I3UYHUX
TA IMYHOBIOJIOT'TYHUX METOIIB

Pedepar

Meta. Memorw pobomu 6yno ecmanogumu Ximiuny 0y008y Meuxoe8ux KUCiom
NPOOIOMUUHUX WMAMIE IAKMOOAYUL MA OOCTIOUMU iX 611US HA (hazoyumos Makpogacie
muweti ma nponigepayito maxpogazie krimunnoi ninii J 774. Metonu. byno euko-
pucmano Qizuuni (ingpauepsona cnekmpockonis ma cnekmpockonis AMP 'H, 3C),
iMyHobionociuni ma cmamucmuyuni memoou. PesynwTartn. [loxkasano, wo KiimuHHi
cminku Lactobacillus plantarum 11/16 i Lactobacillus plantarum 195D micmame
2NYenpomeuxoesi KUCIomu i3 HexapaKkmepHo GeIUKOI0 KilbKICmIO 2NIKOZUTbHUX
sanuwkis. Teuixoesi kuciomu wmamy L. plantarum 11/16 micmunu 9 pisnux nipanos
ma ¢yparos 6 anvpa-kongicypayii, L. plantarum 195D — 4 cexcosonipanosu. Tetixoesi
xkucromu wmamy L. plantarum 195D ma 11/16 niosuugysanu nokasHux ghacoyumo3sy Ha
15,00£5,72% ma 13,75%4,65%, 8ionogiono. Obuosa npenapamu meuxoceux KUCIOm y
003ax 32 ma 64 mxe/mMn cmumynr08anu npoiigepayiro makpogazie muwiell KIimuHHo
ainii na 35-53%. He cnocmepieanocs 6naugy metixo€aux KUCI0m 1akmooayui Ha gha-
20yumapHe Yucio ma NOKA3HUKY YHKYIOHANbHOT aKmusHoCmi Makpodazie, ompumari
3a 00NOM02010 IHOYK08aH020 ma He iHdykoearozo HCT-mecmy.

Knwuwoei crnoea: meuxoesi kucnomu, AMP cnexmpockonis, ingpauepsona
CREKMPOCKONIs, (hacoyumos, npobiomuxi.
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UCCJEJIOBAHUE TEHNXOEBBIX KUCJIOT MPOBMOTUYECKUX
ITAMMOB JJAKTOBAIIMJIJI C IPUMEHEHHUEM ®OU3HYECKHUX
N UMM YHOBHUOJIOI'HYECKUX METO/10B

Pedepar

Heas. [ensvro pabombi 6bL10 YCMAHOBUMb XUMUYECKUL COCIAB MeliX0e8blX KUCTIOM
NPOOUOMUYECKUX WUMAMMO8 TAKMODAYUILTL U UCCTe008aMb UX GIUSIHUE HA (hacoyumos
Maxkpoghazos mwiutetl u nponupepayuio Mmakpogazos kriemounou aunuu J 774. Meto-
ABL bbi10 ucnonv3o6ano gusuueckue (UHGPAKPACHASL CREKMPOCKONUS U CHEKMPOCKO-
nust AIMP 'H, C), ummynobuonozuueckie u cmamucmuyeckue menooul. Pe3yabTarbl.
Tokasano, umo kremounvie cmenxu Lactobacillus plantarum 11/16 u Lactobacillus
plantarum 195D codeporcam enuyenpomenxoesu KUCIOMbL ¢ HEXAPAKMEPHO OO0TbUUM
KOMU4ecmeom 2nuKo3unbhux ocmamxkos. Tetixoegue kuciomol wmamma L. plantarum
11/16 coodepoicanu 9 pasnuunvix nupanos u Qypanos3 6 aib@a-kKoHueypayuu,
L. plantarum 195D — 4 cexcozonupanossl. Tetixoesue kuciomot wmamma L. plantarum
195D u 11/16 nosvrwanu noxazamens ¢pacoyumosa na 15,00+5,72% u 13,75 +4,65%,
coomeemcmeenno. Oba npenapama meixoeswvlx Kuciom 6 003ax 32 u 64 mxe/mn cmu-
MYAUPOBATU NPOTUDEPayuio Makpopacos mviuiell kKiemourou tunuu va 35—53%. He
HAOM00AN0Ch GIUSAHUSL MEUX0e8bIX KUCIOM IAKMOoOAYUILL Ha (azoyumaproe 4ucio
u nokazamenu QyHKYUOHATbHOU AKMUSHOCIU MAKPOPA208, NONYHEHHbLE C NOMOUbIO
UHOYYUPOBAHHO20 U He undyyuposanno2o HCT-mecma.

Knwueegwvie cnosa. metixoesvie kuciomot, AMP cnexmpockonus, ungpaxpacnas
CNEeKMPOCKONUsl, Pazoyumos, npooUOMUKU.
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®LIOTEHETUYHA CIHOPIJTHEHICTh YKPAITHCHKUX
I30JISITIB BIPYCY MO3AIKU KABYHA 2

Mema. Bcmanognenusi pinocenemuynoi cnopionenocmi ykpaincorux izonsimie BMK 2
3 gildomumu wmamamu ma izonsmamu BMK 2 3a Hyk1eomuonorw nociioosHicmio eeny
KancuoHnozo 6inka. Memoou. Dinocenemuuty cnopioHeHicmy YKPATHCOKUX [3011Mi6
BMK 2 WMV 2-2g—Ukr i WMV 2—2k—Ukr mixc coboio ma 3 ¢idomumu uimamamu
i i3onamamu BMK 2 ecmanosnioganu wiisixom NOPIiGHAHHsL OUISIHKU HYKIeOMUOHO20
CUKBEHCY, W0 6i0N0B8I0AE 2eHy KANCUOH020 OLIKA 8ipycy. AHANI3 HYKIeOMUOH020
cuxgency npogoounu 3a oonomoeow npoepavu MEGA 5. /[ns eupisHiosanHs Hy-
KIeomuoHux nociioosnocmeii guxopucmogyeaiu memod CLUSTAL W. Ilobyoosy
Ginocenemuunux oepes npogoounu 3a 0onomooro npoepavu MEGA 5, euxopucmo-
syrouu memod Maximum Likelihood na ocrnosi mooeni Tamura-Nei. J[{ns nepesipku
docmosiprocmi depes 3acmocosysanu 6ymempen ananiz (1000 pennikayiii). Pesyno-
mamu. Dinocenemuynuil ananiz Ha ochosi supisniosanns ¢ CLUSTAL W nokasas,
wo YKpaincoKi izonsimu nodioni migxe coborw na 99,1%. Biocomok eomonoeii mioc
VKpaincokumu ionsimamu ma wmamamu i izonsmamu 3 I enbanky cmanosus 6io 90,7
00 99%. Haubinvuiuil 6i0comok 20MOn02ii 34 2eHOM KAnNCUOH020 OLIKA YKPAIHCHKI
i3onsamu manu, 3 egponeticokumu izonsmamu 3 Ienanii, Imanii ma @panyii, a ma-
Koolc 31 wmamamu i izonamamu 3 bauzvkoeo Cxo0y, wo MOHICIUGO, NOACHIOEMbCS
Ooicepenom ix noxodxcens. Bucnosku. Omoice, kono Haugipo2iOHiuUX Kpait, 3610KU
MOdICYymb noxooumu abo, Haenaxu, Kyou 6yiu 3a6e3eHi YKpaincoKi i301amu 0oCcums
wupoke i skiodae Icnaniro, Imanio, @panyiro, a maxooxc Ipan, Typeuuuny, I3paine ma
Cayoiscvky Apasito. Taxa cumyayis modice Oymu nosICHeHa eKCHOPMHO-IMROPIMHUMU
sionocunamu Yxpainu 3 kpainamu Cepedsemnomop s ma bnuzvrkozo Cxody i akmueHum
0OMIHOM CLIbCHKO2OCN00APCHKOIO NPOOYKYIEIO.

Kniwouoesi cunoea: gipyc Mozaiku kagyHa 2, i3015mu, CUKGEHYBAHHS, (Dilo2eHemUuyHA
CnopioHeHiCmb.

Bipyc mo3aiku kaByHa 2, BMK 2 (Watermelon mosaic virus 2, WMV-2)
HaJIeKUTb 10 ponry Potyvirus ponunu Potyviridae. Bipyc npocTuii 3 poTamiiHo-
TPAHCIILIMHUM TUIIOM cuMeTpii po3mipoM 730-765x11um [14]. Bipion micTuth
OJTHY MOJIeKYITy JiHiiHO01 ogHonaHIroroBoi +PHK po3mipom 10035 HT, 10 5'— kiHIs
SIKOT KOBAJIGHTHO NpHeIHaHUN Vpg OUI0K, a 10 3" — nociioBHICTh polyA. I'eHoM
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NPEJICTaBHUKIB POAUHU Potyviridae MiCTUTh OHY BIIKPUTY paMKy 34MTYBaHHS
(ORF). VY pesynbrari 34UTyBaHHS YTBOPIOETHCS OJIMH BEIMKUN MOJIMPOTEiH, SIKUI
MOTIM Hapi3a€ThCS BIpyCHUMH MPOTEa3aMH Ha HECTPYKTYPHI 1 CTPYKTYpHI OLIKH.
JlinstHKa TeHOMY, TTT0 KOJTy € KaIllCUTHUN O1TOK, 3HAXOMUTHCS O1J1s1 3'— KiHIIS TeHOMHO1
PHK, 6e3nocepemano nepe TiIsTHKO0, IO He TPAHCIIOETHCS, TpUOIM3HO B 250 HT
1 mocmimoBHIcTIO polyA [10].

VY ekcriepuMeHTaIbHUX YMOBax BIpyC MO3aiKu KaByHA 2 ypaxxye OiIbII HIXK
170 BuniB pociud 3 26 pizaux poauH. OHAK, OCHOBHUMH POCIMHAMH —Xa3sIsIMU
st BMK 2 € pociiuau poauau rapOy3oBux (Cucurbitaceae). Bipyc ypaxye npen-
CTaBHUKIB pOJJMHU rapOy30BUX SIK BIIKPUTOTO, TaK 1 3aKPUTOTO IPYHTY, IHAYKYIOUH
Pi3HI CUMIITOMHU 3aJI€XKHO BiJ 130JIATY BipycCy Ta COpTy pociuH. Ha nuctkax pocnun
BipyC MO3aiKu KaByHa 2 BHKJIMKA€ CUMITTOMHA MO3aiKy, TyXUPYACTI 3AYTTS, MOSIBY
CMYT B3JI0BX *KMJIOK Ta PI3HOMaHITHI iehopMariii ax 10 HUITKOBUAHOCTI JIUCTKOBOT
miacTuHKU. Ha BipyciHgikoBaHMX TJIOAAX POCIUH CIOCTEPIraeThes ICKPaBO BU-
pakeHa Jiekosopu3allis 1 ciadka aedopmartis.

OKpiM MpeCTaBHUKIB POAMHY rapOy30BHX, Y IPUPOTHUX YMOBAX BipyC ypaKye
rOpoX, MOPKBY Ta pociMHU 3 poaunau opxigaux. BMK 2 ingikye Takox 6arato Bu-
IiB Oyp’sTHIB 5K, OJTHAK, y IPUPOTHUX YMOBAX HE MPOSIBISIOTH CHMITOMIB BipyCHO1
iHdekuii. Bipyc nepenaeTbcst HEMEPCUCTEHTHO MOHAWMEHIIE 35 BUIaMU MOTIEIHIIb
3 19 ponis [8]. Takox Bipyc M03aiku KaByHa 2 MEPEIA€TLCSA 3 COKOM POCIIHH MPHU
MEXaHIYHOMY KOHTaKTi.

Ha Teputopii Ykpainu BMK 2 3yctpidaeTscs nuiie Ha pociuHax BiIKPUTOTO
IPYHTY, TOJIOBHUM YMHOM Ha Kabadkax, rapOy3ax, yKiHi, AMHAX 1 oripkax. OkpiMm
MOHOIH(]eKIIi1, BipyC MO3aiKu KaByHa 2 4aCTO IUPKYIIOE Y BUITIAI 3MiIIaHOi iH(peK-
1111, 3a3BWYal MPEACTABICHOIT CYMIIIIO BipyciB oripkoBoi Mo3aiku (BOM), Bipycy
»koBTO1 Mo3aiku 1ykiHi (BJKMII) Ta Bipycy MOKOBTIHHS OTipKa, IO MEPEeNacThCs
nonenuisivu (BIT1O) [4]. 3a pe3ynbraTaMu HaIIMX MONEPETHIX AOCIIHKEHD BIpyC
MO3aiKH KaByHa 2 IUPKYJIOE y arporeHo3ax YKpaiHu 31 3MIHHOIO MEPIOTUIHICTIO
[3]. [Ipu akTuBaIii po3BUTKY BipyCHOT iH(EKIIi1 KUTbKICTh XBOPHX POCIIHH Ta BiJICO-
TOK IX ypaXX€HHS Pi3K0 301IbIIY€ETHCS, 1110 B CBOIO YEPr'y IPU3BOAUTH 110 OTPUMAHHS
HU3bKOSIKICHOT IMPOAYKII Ta 3HaYHUX BTpar Bpokaro. OCKUIbKU BIpyC MO3aiku
KaByHa 2 — MaTOT€H LIMPOKO PO3MOBCIOKEHUH y CBITI, BaKJIMBO IIpOaHali3yBaTu
CIOP1IHEHICTh YKPATHCHKHX 130JIATIB 3 YK€ B1JIOMUMH 130J5ITAMU 1 LIITaMaMH BipycCy,
a TaKOX 3’5ICyBaTH MOJKJIMBI LIUIAXH ITOXO/KEHHS YKPATHChKUX 130JIATIB.

MeToro poboTH Oyn0 BCTaHOBJIEHHS (DIIOT€HETUYHOI CIIOPIIHEHOCTI yKpa-
iHcpkux 13osatiB BMK 2, BuaineHux 13 pociauH kabaukiB, 3 BIIOMUMH LITaMaMu
ta 3omsramu BMK 2, nuisixom mOpiBHSHHS HYKJICOTHUHOI MOCIIIOBHOCTI TeHY
KarcuHoro Oinka BipioHa. OCKUIBKY T€H, IO KOJY€E KallCUIHUH O1I0K, HAaHO1IbII
YaCcTO BUKOPHUCTOBYIOTH ISl BUBUECHHS T€HETHYHOI PI3HOMAHITHOCTI MOTIBIpYCiB
[9] To aHami3yBaNM CTYIiHb JUBEPIEHINIT 32 HYKICOTHIHOIO MOCIITOBHICTIO caMme
[bOTO TEHY.
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Marepiauau i MeToan

3pa3ku BiOMpasv 3 POCIMH BIAKPUTOTO IPYHTY IIISXOM Bi3yaJIbHOTO 00CTe-
YKEHHSI X Ha HAsSBHICTh BIPYCHUX CUMNTOMIB. [[ist JOCTiKeHb BUKOPUCTOBYBAIIN
JIUCTKH CEepeIHhOro ab0 BEPXHBOTO SIPYCy Ta Iuloau pociuH [2]. Takum yuHOM,
3 2005 mo 2013 poku, Hamu OyJI0 OOCTEKEHO arpoleHO3M HACTYNHUX PErioHiB:
ABtonoMmHoi pecnyoniku Kpum (APK), Binnunekoi, [{ninponerposcskoi, JloHe-
upkoi, XKuromupcrkoi, 3anopizbkoi, Kuicskoi, KipoBorpaacskoi, MukonaiBchKoi,
Opnecskoi, IlonraBcekoi, Cymcbkoi, XapkiBcbkoi, XepcoHChkoi, Yepkacbkoi Ta
YepHiriscbkoi obnacreil.

3pa3Kku Ha HasBHICTb BIPYCHMX AHTUICHIB aHali3yBaJlu IMyHO()EpMEHTHUM
ananizoM (IPA) y Mmonugikamisax «CeHIBIY) Ta «HENPSIMUA». AHall3 IPOBOAUIN
y nomicTupoioBux mianHmerax «Labsystem». Pesynbrati peectpyBanu Ha pigepi
Termo Labsystems Opsis MR (CIIIA) i3 mporpamunm 3a6e3nedeHdsm Dynex Rev-
elation Quicklink npu nomxunax xsuibs 405/630 um [1,5].

PocnunHi 3pa3ku (BereTaTuBHI opranu i mioau pociuH) ans [DA rorysanu
HUISIXOM TOMOTeHi3alii iH(pikoBaHOTO pociuHHOrO Marepiany y 0,1M ¢ocdarno-
coneBomy Oydepi 0,001M EJITA y chiBBigHomeHHi 1:2 3 HACTYITHUM LIEHTpU]Y-
ryBaHHsM y pexumi 4000 06/xB nmpotsrom 20 xB nipu 4 °C Ha nentpudysi PC-6 [6].
OTpuMaHMii TOMOT€HAT BUKOPUCTOBYBAIH JJIs1 IMyHO(EPMEHTHOTO aHAIi3y.

[Tpu nocranoBui IPA BUKOPUCTOBYBAIH TECT-CHCTEMHU JI0 BIpyCy MO3aiKu
kaByHa 2 BupoOHunTBa INRA (®panuis), Agdia (Aurmis) Ta Leowe (Himeuunna).
AHaJti3 MpoBOIMIIN 3T1THO PEKOMEH ALl BUPOOHHKA.

Jisa Buninenns TotansHoi PHK BuKoprcTOBYBanu pocinHu kKabadkiB 3 arpoie-
HO31iB ABTOHOMHO1 Pecmy6mixu Kpum i [TonraBcekoi o6macri, siki B IOA mo3uTuBHO
pearyBaiu 3 TecT — cuctemoro 10 BMK 2.

Buninenns toransHoi PHK 3i 3paskiB 3miiicHoBanm 3a jgormomororo RNeasy
Plant Mini kit (Qiagen, BexukoOpuTanist). AHaJi3 MPOBOAMIIHN 3T1IHO PEKOMEH TaITi i
BupoOHuka [9]. Buninenns roransHoi PHK koHTpOMIOBaM 32 10IIOMOT0I0 €JIEKTPO-
¢dopesy HykineiHoBuX Kucinot y 1,5% arapoznomy reui.

Jlis mpoBenieHHs! 3BOPOTHHOTPAHCKPHIIIIMHOI MOJIiMEpa3HO1 JTAHIFOTOBOI pe-
akii (3T-ITJIP) Oymo Bukopucrano crienndivni npaimepu mo aistaka PHK, sika
KOy€ KarcuaHui 010K ¢paniry3pkoro mramy BMK 2 WMV-2—Fr [15]:

» forward mpaiimep — 5" GAATCAGTGTCTCTGCAATCAGG-3;

» reverse npaiimep — 5" ATTCACGTCCCTTGCAGTGTG-3’

Jani npaiimepu KOMIUIEMEHTapHI TUTSTHKaM HyKIeoTuaiB 89268948 1 9727—
9747 renomy 1 aMIiTi(hiKyt0Th parMeHT po3mipom 825 11.0., AKH BIIMTOBIAE TEHY
KaricuHoro Oinka Bipycy [15].

Bisyaunizauito pe3ynpraris [1JIP 3nilicHIOBaNN 32 TOTOMOT0X0 TOPHU30HTAIBHOTO
enekrpodopesy y 1,5% arapo3znomy reii, BAKOPUCTOBYIOUM CTaHIAPTHUI HAOIp
mapkepiB Gene Ruller 100 bp RNA Ladder plus (Fermentas, CIIA). [6]. [IpoxykTu
ammutidikanii (kIHK) Buginsmu 3 remto 1 ounmanu 3a gonomororo Gel Using Mini
Elute Columns (Qiagen, BenukoOpuranis).
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CuKBEeHYBaHHS OYHUINEHUX aMIUTi(PiKOBaHUX (parMeHTIB MPOBOAMIN HA aHa-
nizaropi Applied Biosystems 3730x1 DNA Analyzer 3 Bukopuctanusm Big Dye
terminators, version 3.1 (Applied Biosystems, USA).

®DioreHeTHYHY CIIOPiTHEHICTh YKPATHCHKUX 130JIATIB BipyCy MO3aiKH KaByHa 2
WMV 2-2g—Ukri WMV 2-2k—Ukr mi>x cO000 Ta 3 BIiJIOMUMH IIITAMaMH 1 130JIITaMU
BMK 2 BcTaHOBIIOBAJIM LHUIXOM MOPIBHSHHS JUISIHKM HYKJIEOTHIHOTO CUKBEHCY,
10 BIJMOBITAa€ TeHY KaricHIHOTO Oika Bipycy. [locmiqoBHOCTI mITamiB Ta i3075TiB
BMK 2 Gyno B3siTo 3 'en6anky. Hamu Oyno mpoananizoBano 32 i3omsatu 3 [enOaHKy
(http://www.ncbi.nlm.nih.gov) (tabm. 1)

AHaJIi3 HyKJICOTHIHOTO CHKBEHCY ITPOBOIMIIH 32 JOITOMOTO0r0 iporpamu MEGA
5[13]. Ans BUpiBHIOBaHHS HYKJICOTHTHHUX TOCIIIOBHOCTEH BUKOPHCTOBYBAJIA METOT
CLUSTAL W. [To0OynoBy ¢ioreHeTHUHHUX AepeB 130JIATiB MPOBOANIN 32 JA0TIOMO-
roto nporpamMu MEGA 5, BukopuctoByrour Meton Maximum Likelihood Ha ocHo-
Bi Momem Tamura-Nei [13]. [is mepeBipku TOCTOBIPHOCTI IepeB 3aCTOCOBYBAIIN
oyrcrpen anami3 (1000 perutikamiii) [7] .

Pe3yabraTn Ta iX 00roBOpeHHs

Ha teputopii Ykpainu Bipyc Mo3aiku KaByHa 2 ypaxky€ POCIHHH POIAHHH
Cucurbitaceae BUKIIOUHO y arpolieHO3aXx BiAKpUTOro rpyHry [12]. Bnponosx
JIeB’ ITUPIYHOTO MOHITOPUHTY arporeHo3iB Ykpainu Ha npeamer BMK 2 6yno mo-
Ka3aHo, IO BipyC MONIUPEHUH Ha KyJabTypax rapOy3iB, kabaukiB, IyKiHi, JHHb Ta
OTIPKiB MEPEeBAKHO y BUINIALI 3MimIaHoi iH(eKuii y moegHaHHi 3 BIpycCOM KOBTO{
MO3aiKH IIyKiHI, BIpyCOM OTipKOBOI MO3aiKM 4YM BipyCOM ITOXKOBTIHHSI OTipKa, 10
nepenaeThes nonenuiamu [3]. Monoiadekris BMK 2 Ha pocnuHax Tparuisiiacs
3HAYHO piame. 3a3Buyaii, Ha pociauHax ypaxkennx BMK 2, cumnromu nposiBIisiim-
Csl Yy BUINIAJI TEMHO-3€JI€HOI MPUKUIIKOBOI MO3aiK1 JINCTKOBOI MJIACTUHKU a00 kK
TEMHO-3€JICHOT MO3aIKH1 3 MMyXUPUACTUM 3AYyTTsAM (puc. 1).

Puc. 1 a, 6. TemHo-3eJ1eHa NPUAKUIKOBA M03aiKa JIMCTKOBOI IVIACTHHKHU
Ha pocjnHax kadaukiB, iHIykoBaHa BipycoM Mo3aiku KaByHa 2.

Fig. 1 a, 6. Dark green mosaics along the veins of marrow leaves induced
by Watermelon mosaic virus 2.
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3a pesynbraraMu iIMyHO(EPMEHTHOTO aHaNi3y Bipyc Mo3aiku KaByHa 2 Oyio
JIETEKTOBAHO y arporeHo3ax ABroHoMHOI PecmyOmikn Kpuwm, Binaunbkoi, 3amo-
pizbkoi, KuiBcbkoi, KipoBorpancekoi, [TonraBcskoi Ta Yepkachbkoi obmacreld Ha
pociMHax kabavkiB, rapOy3iB, OTIPKIB Ta TUHb.

st Buainenns roranbHoi PHK BuKopucTo-
BYBJIM POCIMHH KabaukiB 3 arpormenosiB APK i
[TontaBcekoi obmacti. [Tics Bizyasmizarii TOTab-
Ho1 PHK nipoBonim 3B0pOTHROTPAaHCKPHUIIITIIHY
noJimMepasny Janmoropy peakiito (3T-I1JIP).

VY pesynbrati nposenenns 3T-IIJIP Oyno
OTPUMaHO MPOIYKTH amIuTi(ikarii posmipom 825
11.0., III0 BiJIMTOBI/Ta€ 32 pO3MipOM AUISHII TCHOMY,
sIKa KOJTy€ KariCHIHUH OUTOK Bipycy (puc. 2).

[Ticnst cuxBenyBanas k/IHK ykpaiHchkux
130JIATIB BIpyCy MO3aiki KaByHa 2 TPOBOIMIIH
MOPIBHSHHS CHKBEHOBAHHMX HYKJICOTHAHHUX IO-
CITIZIOBHOCTEH KaINCHUIHOTO OiJKa yKpaiHChKHUX
1305sTiB WMV 2-22-Ukr i WMV 2-2k—Ukr mix
00010 Ta 3 TAKUMH K BIJIJOMHX IIITAMIB 1 130JIATIB
BMK 2. ITocmigoBHOCTI rraMiB Ta i3051aTiB BMK
2 Oyno B3sTo 3 I'enbanky (http://www.ncbi.nlm.
nih.gov). Hamu Oys1o nmpoananizoBano 32 i30ytu
3 ['enbanky (tadm. 1).

Puc. 2. Enexrpodoperpama Jlo mepmoro, HalOLIBIT OaraTOYMUCETHHOTO
orpumannx npoaykris KIHK  gnacrepy 1K, ysiiinwio tpu cyokiacrepu. Ilep-
yKkpaincekux isonsiris BMK 2. 1y cy6riacrep 06’ennye 3 mrramu i 14 isons-
M —mapkep Monexynspanx Mac  ig BMK 2. Sk BHAHO 3 (inorpamu, yKpaiHChKi

Fermentas, 100 o, 5090 WMV 2- 2g— Ukr i WMV 2— 2k— Ukr
BMK 2 — xJIHK kancumnoro 6iigka . . .

Bipycy 825 0. POSMICTHIHCE Y TIEpIIOMY C}{6KJ‘Ia.CTep1. ®ino-
. N TeHEeTHYHUI aHaji3 Ha OCHOBI BUPIBHIOBAHHS B

Fig. 2. Visualization of I ..
electrophoretic separation of CLUSTAL W mnoxka3aB, 1110 yKpaiHCBKI 130JI5TH
amplified cDNAs nmoioH1 Mixk co0or0 Ha 99,1%, 1110 CBIAYUTE TTPO
of Ukrainian WMV-2 isolates. ~ HU3bKHIi piBEeHb BapiaOebHOCTI TEHOMY YKpaiH-

M — markers Fermentas, 100 bp; BMK CBKHX 130JISTiB BIpyCy MO3aiKi KaByHa 2.
2 (WMV-2) — ¢cDNA of CP gene of Haii6inpimuii BigcoTok romostorii 98-99,6%
WMV-2 (825 bp) YKPATHCHKI 130J9TH Mald 3 €BPONEUCHKUMHU Ta
Oonm3pKocXigHUMH i3oisTamu. Cepen 3raua-
HUX BHIIE — ABa Ppaniy3pkux izomatu FMFOO — LL2 i CO5-337, iTamiicekuit
ITAOO-G, icnancekuit MAL99.4, typenpki i3omsati TURKO91 1 W2 Ta ipanceki
13omsat Gonbad 68 1 KER.KE. 1. Cromu x yBiiimos i ¢ppaniy3pkuii mram WMV Fr.
Heo0ximHOo BiaMiTHTH, 110 yKpaiHChKUH 13051T 3 APK, — WMV 2-2k—Ukr BusiBuB-
sl OLTBI OJIM3BKOCIIOPITHEHUM 3 €BPOTICHCHKUMU 130JI9TaMU HIK 3 YKPATHCHKUM
13omsiToMm 3 [lontaBcekoi 06m. WMV 2-2g—-Ukr. BigcoTok romosnorii KpuMChKOTO
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130JIITY BIJIHOCHO €BPONICHCHKUX CKIaaaB Bix 99,3 10 99,6% i1 OyB HalOIIbIIIM 3
¢paniy3skum i3omsitom FMFOO — LL2, — 99,6%.

Taomur 1
Mtamu i 30191 BMK 2 3 I'en6anky, siki BUKOPHCTOBYBAJIHU y (pitoreHeTHUHOMY aHATI31
Table 1
Strains and isolates of WMYV-2 used for phylogenetic analysis
Hazpa PericTpauiiinuii Homep . .
mramy/ i30Ty MOCJIiIOBHOCTI Asepeno uninens Kpaina
mram WMV-Fr AY437609 DpaHIis
mraM Israel AF322376 Cucumis melo I3pains
mram Dendrobium HQ384216 gﬁg)‘lmb fum:anosmum (01| -y o
mram PK AB218280 Cucumis melo [akucran
mram WMV-CHN DQ399708 Citrullus lanatus Kuraii
mraMm Tonga L22907 Cucumis melo Tounra
mram Watermelon AB369278 Cucumis melo [TiBnenna Kopest
mram Habenaria AB001994 Habenaria radiata Snowis
izomsit HLJ AY 464948 Snake gourd Kuraii
i3omaT Liaocheng EF122550 pumpkin Kwurait
i3omat Shiraz CQ421161 Summer squash Ipan
i3omatT KER.KE.1 EU667644 Cucumis melo Ipan
i3omsaT Kh.S.Nah IN166711 Cucumis melo Ipan
i3omaT Gonbad 68 GQ421157 Cucurbita pepo Ipan
i3omsaT ESF.GA.2 EU667634 Cucurbita maxima Ipan
3ot IRO2-54 EU660584 Ipan
3omsiT MAL99.4 AJ579523 Cucumis melo [cmranis
3ot SG99.2 AJ579518 Cucumis melo [cmanis
130T WMV-SA KC447295 Citrullus lanatus Caym.BCbKa
Apasis
izomst USA D13913 CIIA
i3omsaT RS-22 JX028595 Cucurbita pepo, var.texana | CILIA
izomsaT HQI11-16 JX028594 Cucurbita pepo, var ozarkana | CILTA
3ot FMFOO-LL2 EU660578 Opamnrris
3ot CO5-337 EU660589 OpaHris
3ot CO7-284 JF273468 zucchini OpaHris
i3omsT WMV-CN FJ628395 Cucurbita pepo Ionpma
i3omsT TURK91 EU660579 Typeuunna
3o W2 KF021298 Cucumis sativus TypeuunHa
i3omsaT VE10-099 KC292915 Cucumis anguria Benecyena
izomst Lecce FJ823122 Citrullus lanatus Itanis
3ot ITAOO-G EU660590 Itanis
izomsit CHIS7-620 EO660580 Yni
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[ToOymoBa KOMITIIEKCHOTO (KOHCEHCYCHOTO) (DIJIOT€HETHYHOTO JIepeBa JI03BOJTHIIA
3rpyIyBaTH J0CIipKyBaHi mraMu i 1301t BMK 2 y 1Ba okpemi kimactepu (puc. 3).

HERKE1

a7
J'E K Neh
ESF.GAZ
IRD2:54
Gonbad 53
w2
M-SR,
AN 220 L
4 5 COSHT 1CK
{ TURKEH
AN 24k L
WMVFT
8 TA005
5 FMFOOLL? 1K
5 MaLaa 4
lsrzel
Pk
Lecce
% _ wEb T
o Hew7 620
91 _|: Targa 20K
F——56W2
uss
8 N ::
I 4: Wi ermelon
0 WWMV-CHN
HLI - 3CK
i Liaoheng
= He 66
a0 RS22 o
,7 Shiraz 7
o o725 2K
\_ﬁﬂ|: Habenatia -
Dendrobium
TiMy

Puc. 3. Komniekcne (koHceHncycHe) ¢ijioreHeTHYHe 1epeBo Mo0y1oBaHe 3a pe3ybTaTaMu
aHaJi3y HyKJIeOTHAHHUX MOC/IiI0BHOCTEl reHy KancuaHoro 0iika mramis Ta i30J4TiB
BMK 2 metonom Maximum Likelihood na ocnosi moaeni Tamura-Nei, 1000 oyTcTpen

perutikauiii.

Yucna nokasyroTh BiIcOTOK OyTcTperty. Benuurnu Oyterperny Ounbin Hixk 50% rnmokazaHo y By3nax

nepesa, menii 50% — konnencosano. CK— cyoknacrep, K — kinactep. B sikocti kopenst disorpamu

BuKopuctaHo 1305t Nt-2 (JF7924410) Bipycy »oBToi Mo3aiku 1yKiHi (Zucchini yellow mosaic

virus, ZYMYV).

Fig. 3. Complex (consensus) phylogenetic tree based on the analysis of nucleotide
sequences of CP gene of WMV-2 strains and isolates using Maximum Likelihood (ML)
method based on Tamura-Nei model (1000 bootstrap replications).

The numbers indicate the percentage of bootstrap. Bootstrap values exceeding 50% are shown
on the tree nodes, smaller bootstrap values are condensed. CK — subcluster, K — cluster. The tree
root is represented by Nt-2 isolate (JE7924410) of ZYMV.
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Jlemo MeHIuil BiZICOTOK TOMOJIOTIT 3 YKpaiHCHbKUMH 130MsiTamMu, a came 97%,
maunu i3o05stH 3 [pany (Kh.S.Nah, IRO2-54), Cayniscekoi Apasii (WMV-SA), a ta-
KOX 13painbchbkuii mmraM [srael. HaiiMeHIIN BiICOTOK TOMOJIOTT Y TaHOMY KJIacTepi
BITHOCHO YKPaiHCHKHX 130J1TiB OyB 3 makucTaHChbkuM mramoM PK — 96%.

Jlo npyroro cyOknactepy yBiiny i3omstH 3 [liBaennoi Ta [liBHIYHOT AMepuKH,
a came i3omatu 3 Ynmi (CHI87— 620), Benecyenu (VE10— 099), CLIA (USA), a
takox 1mram 3 Tonra (Tonga), onus 3ot 3 Icmanii (SG99.2) Ta onuH iTamiicbkuii
3ot Lecce. BigcoTok romonorii 3 ykpaiHCbKUMHU 1305aTamMu ckinanas 93-93,7%
OKpiM i30mmsTa Lecce, y sIKoro ToMOoJIorist 3 YKpaiHChKUMH 130J1ITaMu CTaHoBHIA 95%.

CTOCOBHO TPETHOTO CyOKIacTepy, TO B HhOMY PO3MICTHIIUCS IITaMH 1 130JIATH
3 CHIA (RS —22, HQI11-16), Kuraro (Liaocheng, HLJ, WMV—-CHN), IliBnenHoi
Kopei (Watermelon) ta [Tonsmi (CN). Bincorok romonorii 3 yKpaiHCBKUMH 13015~
tamu OyB y Mexax 93-94%.

Hpyruii okpemutii knactep 2K ckimanm simoncekui mram (Habenaria), Buminennit
3 pociunau Habenaria radiate popunu opxinHux, Gpaniy3pkuii iz3o0msat (CO7— 284)
Ta ipaHChKUil 13051T (Shiraz) 3 BiICOTKOM roMOJI0Tii BiIHOCHO YKPaiHCHKUX 130JI4TIiB
91 — 93%. 3rpynoBaHiCTh AaHUX 130JIATIB B OAMH Kiactep 31 mramoM Habenaria
CBITYUTH PO BUCOKY WMOBIPHICTh MTOXO/KCHHS (DPAHITy3bKOTO 1 ipaHCHKOTO BHIIIE
3a3HAYEHUX 130JIATIB BiJl JAHOTO IIITAMY.

Ha BiaMiHy BijJ mpeACTaBHUKIB APYTOTO KJIACTEPY, IITAMH 1 130JISITH TIEPIIIOTO
KJIacTepy OyJI0 130JIbOBAHO 3 POCIIMH POIUHU TapOy30BUX, 11O i MOSCHIOE X 3Tpy-
MOBAHICTh HA (DUTOTEHETUIHOMY JIEPEB1 Y OKPEMHIA KJIacTep.

Haitamxunii Bincotok romosnorii 90,7% 3 ykpaiHChbKHMH 130715iTaMu OyB y IITaMmy
Dendrobium 3 CIIIA, i301b0Banoro 3 pocnuau Dendrobium anosmum poayuHA OpXia-
HUX. SIK BUJIHO 3 (pistorpamu, TaHU# MTaM YTBOPIOE OKpeMy (iJIOTeHETHYHY TUIKY.

OTxe, BUXOASAYH 3 OTPUMAHHX pe3yJbTaTiB MOJKHA CKa3aTH, IO KOJO HaiBi-
POTITHIMMX KpaiH, 3BIIKH MOXKYTh TOXOIUTH a00, HABMAaKH, KyJau OyJid 3aBe3eHi
YKpaTHCBKI 130JI9TH TOCUTh IIMUPOKE 1 BKiIto4ae Icmaniro, Itamiro, @paniriro, a Takox
Ipan, Typeuuuny, [3paine Ta CayniBcbky Apasito. Taka cuTyartist Moxke OyTH osic-
HEHa eKCTIIOPTHO-IMIIOPTHUMHU BiTHOCHHAMH YKpaiHu 3 kpaiHamu CepenzeMHOMOp st
Ta BIM3BKOTO CX0/My 1 aKTUBHUM OOMIHOM CIJTbCHKOTOCIIONAPCHKOO MPOTYKITIETO.

TakuM yUHOM, pe3yabTaTH HyKJICOTHIHOTO CHKBEHCY IF'eHy KalCHIHOTO Oika
YKpaTHChKHX 130JI5TiB BKa3yIOTh Ha BHCOKY IMOMIOHICTB X MiX cOOOI0 1 3 yXke Bi-
JoMuMH mTamami 1 i3omaramu BMK 2. BigcoTok romosorii Misk yKpaiHChbKUMU
130JISITAMM Ta TaMaMH 1 i3osTamu 3 [endanky cranoBuB Bix 90,7 1o 99%. Haii-
OLTBIINH BiJICOTOK TOMOJIOTI1 32 TEHOM KariCHTHOTO O11Ka YKPATHCHKI 130JISITH MaJIH,
MEPEBAKHO, 3 €BPONCHCHKUMU 130JsTamMu 3 Icmanii, Itamii Ta ®panrrii, a Takox 31
mraMami 1 i3oastamu 3 biimspkoro Cxomy, 1110, MOXKIIMBO, MTOSICHIOETHCS HKEPEITIOM
ix moxomkenHs. Binrak, Bipyc Mo3aiku kaByHa 2 MIir HOTPANUTH 10 YKpaiHu 3 Kpa-
in CepenzemHomop’s un brmspkoro Cxomy abo 3k, HaBMaku, Mir OyTH 3aHECEHHUI
Tynu 3 Ykpaiau. TakuM 4MHOM, CXOXKICTh UM HaBIAKH, PI3HUI Y HYKJICOTHIHIN
MTOCJTIIOBHOCTI 130JI5TiB, ITOB’ 13aHI came 3 iX reorpadigHuM po3TantyBaHHSM, 1110 €
OJTHUM 13 JICTEPMIHYIOUNX (PAKTOPIB IITAMOYTBOPCHHS.
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OUJIO'EHETUYECKOE POJACTBO YKPAUHCKHUX U30JIAATOB
BUPYCA MO3AUKU APBY3A 2

Pedepar

Heanb. Onpedenenue punocenemuueckozo poocmea YKpauHckux uzonamos BMA 2 ¢
usgecmHuiMu wmammamu u uzonamamu BMA 2 no Hykieomuouoii nociedosamens-
HOcmu 2ena kancuonozo benka. Metoabl. Quiozenemuueckoe pooOCmeo YKPauUHCKUX
uzonamos BMA 2 WMV 2—-2g—Ukr u WMV 2-2k—Ukr mexcoy coboii u ¢ yoice uzgecm-
HulLMU wmammamu u uzonamamu BMA 2 onpedenaiu nymem cpagHnenus yuacmka
HYKI€0MUOH020 CUKEEHCd, COOMBEMCMBYIowe20 2eny Kancuono2o benxa supyca.
Ananuz HyK1€0muoHo20 CUK8EHCA OCYuWecmeasiu ¢ nomowwvio npozpammel MEGA
5. HykneomuoHuie nocredosamenvrocmu svipasruganu memooovm CLUSTAL W. [{ns
nocmpoenus gunozenemuieckux depegves ucnonv3osanu npoepammy MEGA 5, memoo
Maximum Likelihood moodenv Tamura-Nei. [Jocmogeprocme nonyyeHHbIX 0epesbed
nposepsnu oymcempan ananuzom (1000 penauxayuii). Pesyabratbl. C nomouvio gpuno-
2eHemu4eckoeo ananusa, na ocnosanuu svipasnusanus 6 CLUSTAL W, bvino nokasano
UOEHMUYHOCTb YKPAUHCKUX U30NAMO8 Mexcdy cooou na 99,1%. IIpoyenm comonocuu
VKPAUHCKUX U30IAMO8, A MAKICe Wmammos u usonamos c I enbanka cocmagisii om
90,7 00 99%. Cambiii blcoKULl NPOYEHM 20MOLOUU O 2E€HY KANCUOHO020 OENKa YKPa-
UHCKUX U30151M 08 ¢ egponetickumu. Mcnanuu, Hmanuu u @panyuu, a maxoice wimam-
mamu u usonamamu ¢ Bauscnezo Bocmoka, umo, 6eposimno, 00bACHAemCcsa nymem ux
npoucxodicoenus. BeiBoabl. maxk, ouanazon naubonee 603MO0HNCHbIX CMPAH OMKYOd
MO2ym npoucxooums uiu, Haobopom, Kyoa ObLiu 3a6e3eHbl YKPAUHCKUE U30TMbl
Aa671emcs 00CmMamoyHo wupoxum u obveounsem Hcenanuto, Umanuro, @panyuio, a
maroice Upan, Typyuro, Hzpauns u Cayoosckyio Apasuio. Taxas cumyayus 06ycios-
JIeHa aKMUBHBIMU CElbCKOXO3SUCMBEHHBIMU IKCNOPMHO-UMNOPMHLIMU OMHOUEHUAMU
Yxpaunwvt co cmpanamu Cpedusemnomopws u Bauscnezo Bocmoka.

Knwouesvie cnoea: supyc mosauku apoysa 2, usonsimel, CUK6EHUpOBaHUe, Puio-
2enemuieckoe poocmeo.
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PHYLOGENETIC HOMOLOGY OF UKRAINIAN ISOLATES
OF WATERMELON MOSAIC VIRUS 2

Summary

Aim. This work is focused on establishing phylogenetic homology of Ukrainian isolates
of WMV-2 with known viral strains and isolates by comparing nucleotide sequence of
the CP gene. Methods. Phylogenetic relationships of Ukrainian isolates of Watermelon

mosaic virus 2, WMV 2-2g-Ukr and WMV 2-2k-Ukr (both among themselves and with

other known virus strains and isolates) were estimated by comparing sequenced CP
gene region. The analysis of the nucleotide sequences of sequenced amplicons (¢cDNA

of CP gene of WMV-2) was done using MEGA 5 software. To align the nucleotide
sequences, CLUSTAL W approach was used. Phylogenetic trees reflecting evolutionary
relationships of studied isolates with published ones were constructed using MEGA 5
software and Maximum Likelihood (ML) method based on Tamura-Nei model. Boot-

strap analysis (1000 replications) was employed for validation of the trees. Results.

Phylogenetic analysis based on alignment using CLUSTAL W approach showed that
the level of homology between these Ukrainian isolates reached 99,1%, indicating
low degree of genome variability of the virus. The percentage of homology between

Ukrainian WMV-2 isolates and strains/isolates available in the Genbank was 90,7-

99%. Ukrainian WMV-2 isolates showed the highest degree of homology mostly with

European isolates of this virus found in Spain, Italy and France, as well as with those
strains/isolates reported from the Middle East (that may be explained by their origin).

Conclusions. Basing on the obtained results we can say that the list of candidate coun-

tries from where the Ukrainian WMV-2 isolates may have originated (or where they
could be brought in) is rather long and includes Spain, Italy, France as well as Iran,

Turkey, Israel and Saudi Arabia. This situation may be explained by export-import
trade between Ukraine and Mediterranean/Middle East countries involving the active

exchange of agricultural production.

Key words: Watermelon mosaic virus 2, isolates, sequencing, phylogenetic rela-
tionships.
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ACTIVITY AND KINETIC PROPERTIES OF SUPEROXIDE
DISMUTASE OF THE SULFATE-REDUCING BACTERIA
DESULFOVIBRIO PIGER VIB-7
AND DESULFOMICROBIUM SP. ROD-9

The aim of our work was to study superoxide dismutase activity of cell-free extracts of
Desulfovibrio piger Vib-7 and Desulfomicrobium sp. Rod-9 isolated from the human
large intestine and to carry out the analysis of the enzyme reaction kinetic proper-
ties. Methods. Microbiological, biochemical, biophysical methods, and methods of
statistical processing of the results were used. Results. Specific activity of superoxide
dismutase from the sulfate-reducing bacteria was studied. The influence of different
temperature, pH and substrate concentration on the activity of studied enzymes was
showed. The analysis of the kinetic properties of the superoxide dismutase in the bacte-
rial strains, based on experimental data, was carried out. The initial (instantaneous)
reaction rate (V,), maximum rate of the enzyme reaction (V, ), and Michaelis constants
(K ) of the superoxide dismutase reaction for both strains was calculated. Conclusion.
The kinetic parameters of superoxide dismutase reaction in both bacterial strains
were not statistically different. The obtained data on optimum of pH (7.5-9.5) on the
activity of the enzyme were consistent to the environment conditions of the human
large intestine. These conditions can provide the intensive growth of the bacterial
strains, process of the dissimilatory sulfate reduction and, thus, the accumulation of
hydrogen sulfide in the gut.

Key words: sulfate-reducing bacteria, superoxide dismutase activity, kinetic
properties.

Superoxide dismutase is considered to be an important enzyme in protection
of aerobes against oxidant damage, and increased tolerance to oxidant stress is as-

sociated with induction of this enzyme. The superoxide dismutase eliminates O
by dismutation to H,O, and O,. The presence of superoxide dismutase activity in
anaerobic bacteria has been demonstrated for the first time in D. desulfuricans and
Desulfotomaculum nigrificans [4, 5]. The studied sulfate-reducing bacteria carry out
dissimilatory sulfate reduction to hydrogen sulfide [13]. These bacteria are strictly
anaerobic microorganisms and they are present in anoxic environments with high
sulfate concentrations [12]. The aerobic conditions inhibit dissimilatory sulfate re-
duction in the most of the sulfate-reducing bacteria [2]. They can grow using sulfate
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only in the absence of molecular oxygen. Such anaerobic conditions are available
in the intestine of humans and animals [12].

In the previous researches it has been shown that studied Desulfovibrio piger
Vib-7 and Desulfomicrobium sp. Rod-9 strains can accumulate hydrogen sulfide and
acetate in the human intestine. These compounds are cytotoxic and carcinogenic to
intestinal cells, they can cause inhibition of cytochrome oxidase, oxidation processes
butyrate by colonocytes, destruction of epithelial cells, develop ulcers, inflamma-
tion with subsequent development of colon cancer [2, 12]. In view of the facts, it is
interesting to study one of the antioxidant systems of the isolated anaerobic bacterial
strains. The data about superoxide dismutase activity and the kinetic properties of the
enzyme of sulfate-reducing bacteria Desulfovibrio piger Vib-7 and Desulfomicrobium
sp. Rod-9 isolated from the human large intestine have never been well-characterized
and has not been studied yet.

The aim of our work was to study superoxide dismutase activity of cell-free
extracts of the sulfate-reducing bacteria Desulfovibrio piger Vib-7 and Desulfomicro-
bium sp. Rod-9 isolated from the human large intestine and to carry out the analysis
of the kinetic properties of the enzyme reaction.

Materials and methods

The objects of the study were the strains of the sulfate-reducing bacteria De-
sulfovibrio piger Vib-7 and Desulfomicrobium sp. Rod-9 isolated from the human
large intestine [13, 14].

Bacterial growth and cultivation. The bacteria were grown in nutrition modi-
fied Kravtsov-Sorokin’s liquid medium [13]. The sterile 10N solution of NaOH
(0.9 ml/l) was used to provide the final pH 7.2 in the medium. The medium was
heated in boiling water for 30 min in order to obtain an oxygen-free system, and
cooled to +30 °C temperature. The bacteria were grown for 72 hours at +37°C under
anaerobic conditions. The tubes were brim-filled with medium and closed to provide
anaerobic conditions.

Obtaining cell-free extracts. The cells were collected at the beginning of the
stationary phase, suspended at +4 °C in buffer containing 50 mM potassium phos-
phate buffer (pH 7.5) and 10°M EDTA (ethylenediaminetetraacetic acid) to bind
heavy metal ions. 10°M PMSF (phenylmethylsulfonyl fluoride), functioning at a pH
higher 7.0, was added for inhibition of proteases. After that, a suspension of cells
(50-100 mg/ml) was obtained. The cells were homogenized using the ultrasonic
disintegrator at 22 kHz for 5 minutes at 0 °C to obtain the cell-free extracts. The
extracts were centrifuged at +4 °C for 10 min at 15,000 x g; the pellet was then used
as sedimentary fraction, and the supernatant obtained was termed the soluble frac-
tion. This extract was subjected to further centrifugation at 180,000 x g for 1 h to
totally eliminate the membrane fraction. A clear supernatant, containing the soluble
fraction, was then used as the cell-free extract. Protein concentration in the cell-free
extracts was determined by the Lowry method [15].

Measuring superoxide dismutase activity. The activity of superoxide dismutase
is determined based on inhibition of nitroblue tetrazolium (NBT) reduction in the
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presence of NADH and phenazine methosulfate (PMS). The incubation mixture con-
tained 1 ul EDTA (10°M), 1 mg of gelatin (10% solution), 0.3 mI NBT (0.407 mM),
0.1 ml PMS (1.8 uM), 0.1 ml of I mM NADH. The supernatant was added to the
incubation mixture in a volume of 0.1 ml that causes the inhibition NBT reduction.
The total volume of the incubation mixture to general 3 ml was adjusted by 0.15
M phosphate buffer (pH 7.8). The control samples contained the same components
except the supernatant, there was added the same amount of buffer in the tube. The
launch of the reaction occurs by adding 0.1 ml of NADH (1 mM) in the experimen-
tal and control samples. The incubation was carried out for 10 min in the darkness
at room temperature. Optical density of experimental and control samples was
determined on a spectrophotometer (Biospectrophotometer, Eppendorf, USA) at a
wavelength of 540 nm [3].

Kinetic analysis. The study of the kinetic properties of the enzyme reaction was
carried out in a standard incubation medium, modified by physical and chemical
characteristics or the relevant components (the incubation time, substrate concen-
tration, temperature and pH). The kinetic parameters characterizing the product
accumulation (NADH-phenazine methosulfate nitroblue tetrazolium formazan) are
initial (instantaneous) reaction rate (V ), maximum rate of the reaction (V__ ), maxi-
mum amount of the reaction product (P ) and characteristic reaction time (time
half saturation, t) was determined. The kinetic parameters characterizing superox-
ide dismutase reactions are Michaelis constant (K ) and maximum reaction rate of
product formation were determined by Lineweaver-Burk plot [10]. The dependence
of the rate of product formation on the substrate concentration was constructed in
the coordinates {1/V on 1/S}, where S is the concentration of the substrate, and V
is the rate of product formation at a substrate concentration.

Statistical analysis. Kinetic and statistical calculations of the results were carried
out using the MS Office software and OriginPro 8.0 computer programs. The research
results were treated by the methods of variation statistics using Student #-test. The
equation of the straight line that the best approximates the experimental data was
calculated by the method of the least squares. The absolute value of the correlation
coefficient » was from 0.90 to 0.99. The statistical significance of the parameters
was tested by the Fisher’s F-test. The accurate approximation was when P<0.05 [1].

Results and Discussion

The activity of superoxide dismutase in the different fractions including cell-free
extract, soluble, and sedimentary was studied (Table 1). Our results have demonstrated
that the highest level of the enzyme activity was in cell-free extracts (1326.43 +
142.76 and 1120.72 + 88.56 U x mg™! protein for D. piger Vib-7 and Desulfomi-
crobium sp. Rod-9, respectively). Considerably less activity was measured in the
soluble fraction compared to the cell-free extracts. The lowest superoxide dismutase
activity was found in sedimentary fraction, it the values equal to 125.27 + 15.13 and
99.55 £ 8.92 U x mg! protein.
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Table 1

Superoxide dismutase activity in the different fractions prepared from Desulfovibrio
piger Vib-7 and Desulfomicrobium sp. Rod-9 cells

Superoxide dismutase activity (U x mg™! protein)
Fractions
Desulfovibrio piger Vib-7 Desulfomicrobium sp. Rod-9
Cell-free extract 1326.43 £ 142.76 1120.72 + 88.56
Individual fractions:
soluble 889.76 £ 77.12 741.62 + 67.69
sedimentary 12527 £15.13 99.55+8.92

Comment: Enzyme activity is determined at ten-minute incubation.

From the literature data it is known that the activity of all enzymes depends on
temperature and pH [4, 5]. That’s why, the next our task was to determine the activity
of the studied enzyme in the cell-free extracts under the influence of temperature and
pH (Fig. 1). The maximum superoxide dismutase activity for both bacterial strains
was determined at +30 °C temperature. An increase or decrease in the temperature of
incubation led to a decrease of the enzyme activity in the cell-free bacterial extracts.
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I Desulfomicrobium sp. Rod-9
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= =
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Fig. 1. Effect of temperature and pH on superoxide dismutase activity
in cell-free extracts of Desulfovibrio piger Vib-7 and Desulfomicrobium sp. Rod-9.

The intestinal sulfate-reducing bacteria can grow, dissimilating sulfate, in the
human gut at pH 8.0...9.0. The influence of this factor on superoxide dismutase ac-
tivity of intestinal sulfate-reducing bacteria has not been studied yet. The pH values
were slightly expanded and the superoxide dismutase activity was determined over
a wide pH range from 5 to 10. The enzyme activity was maximum under pH range
from 7.5-9.5. The highest activity was measured in the cell-free extracts of D. piger
Vib-7 at pH 8.0 and Desulfomicrobium sp. Rod-9 at pH 8.5.

To study the characteristics and mechanism of superoxide dismutase reaction,
the initial (instantaneous) reaction rate (V ), maximum rate of the reaction (V_ ),
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maximum amount of reaction product (P_ ) and reaction time (7) were defined.
The dynamic of the product formation in the cell-free extracts to study the kinetic
superoxide dismutase reaction was investigated (Fig. 2).

Our experimental data showed that the kinetic curves of superoxide dismutase
reaction have tendency to saturation (Fig. 24). Analysis of the results allows to reach
the conclusion that the kinetics of superoxide dismutase activity in cell-free extracts
of the studied bacteria was consistent to the zero-order reaction in the range of 0—-60
sec (the graph of the dependence of product on the incubation time was almost linear
in this interval of time). Therefore the duration of the incubation of bacterial cells
extracts was 60 sec in subsequent experiments.

The amount of product in the superoxide dismutase reaction from D. piger Vib-
7 was higher compared to Desulfomicrobium sp. Rod-9 in the entire range of time
factor. The basic kinetic properties of superoxide dismutase reaction in the cell-free
extracts of the sulfate-reducing bacteria were calculated by linearization of the data
in {P/t; P} coordinates (Fig. 2B, Table 2).
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Fig. 2. Kinetic parameters of the superoxide dismutase activity in cell-free extracts
A — dynamics of product accumulation (M = m, n = 3); B — linearization of the curves of the
product formation in {P/t; P} coordinates (n = 3; R? > 0.9; F < 0.02); C — the effect of substrate
concentration on superoxide dismutase activity (M = m, n = 3); D — linearization of concentration
curves, shown in fig. 2C, in the Lineweaver-Burk plot, where V is the rate of superoxide dismutase
reaction and S is substrate concentration (n = 3; R?> > 0.95; F < 0.005).
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The kinetic parameters of superoxide dismutase reaction in cell-free extracts
of D. piger Vib-7 and Desulfomicrobium sp. Rod-9 were not statistically different.
The values of initial (instantaneous) rate (V) for superoxide dismutase reaction in
both bacterial strains were calculated by the maximal amount of the product reaction
(P_ ). Asshown in Table 2, V  for superoxide dismutase was higher in the cell-free
extracts of D. piger Vib-7 (0.0086 + 0.00073 umol/s x mg! protein) compared to
Desulfomicrobium sp. Rod-9 (0.0069 £ 0.00055 pmol/s x mg™! protein). Based on
these data, we suppose that the D. piger Vib-7 bacterial cells can be more resistant
to molecular oxygen effect compared to Desulfomicrobium sp. Rod-9 cells.

Table 2

Kinetic parameters of the product formation in cell-free extracts of Desulfovibrio piger
Vib-7 and Desulfomicrobium sp. Rod-9

Sulfate-reducing bacteria
Kinetic parameters
Desulfovibrio piger Vib-7 Desulfomicrobium sp. Rod-9
V, (umol/s x mg! protein) 0.0086 £ 0.00073 0.0069 £ 0.00055
P__ (umol x mg™ protein) 0.503 £ 0.045 0.473 £0.037
T (seconds) 58.579 £5.22 69.493 £ 7.12

Comment: V is initial (instantaneous) reaction rate; P is maximum amount (plateau) of the
product of reaction; T is the reaction time (half saturation period). Statistical significance of the
values M £ m, n=3.

The kinetic analysis of superoxide dismutase reaction depending on the sub-
strate concentration was carried out. According to the obtained results, the product
formation increasing in the concentrations range from 0.1 until 0.5 mM provided a
monotonic increase of studied enzyme activity and its output to the plateau (Fig. 2C).
Curves of the dependence {1/V; 1/[S]} were different by tangent slope and intersect
the vertical axis in one point (Fig. 2D). The basic kinetic parameters of superoxide
dismutase reaction in cell-free extracts of D. piger Vib-7 and Desulfomicrobium
sp. Rod-9 was identified by linearization of the data in the Lineweaver-Burk plot
(Table 3).

Table 3

Kinetic parameters of the product formation in the cell extracts depending
on substrate concentration in the incubation medium

Sulfate-reducing bacteria
Kinetic parameters
Desulfovibrio piger Vib-7 Desulfomicrobium sp. Rod-9
V, .. (umol/s x mg™' protein) | 1666.67 + 174.92 833.33 + 88.54**
K, (mM) 0.833 £0.071 0.750 £ 0.068

Comment: V _ is maximum rate of the enzyme reaction; K is Michaelis constant which was
determined by substrate. Statistical significance of the values M +m, n = 3; **P<0.01, compared
to the Desulfovibrio piger Vib-7 strain.
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The K values are in millimolar concentration range which is consistent with
similar constants from the literature data [8]. Calculation of the kinetic parameters of
superoxide dismutase reaction indicates that the maximum rate (V__ ) of the product
formation in the cell-free extracts of D. piger Vib-7 and Desulfomicrobium sp. Rod-
9 was statistically different (P < 0.01). However, the Michaelis constants (K ) of
superoxide dismutase reaction in the cell-free extracts of both bacterial strains were
close to each other: 0.833 £ 0.071 and 0.750 £ 0.068 mM for D. piger Vib-7 and
Desulfomicrobium sp. Rod-9, respectively. The K was slightly different in values
while V_ was significantly different (in 2.0 times) for the both bacterial strains.

Thus, based on the obtained studies results and according to the kinetic param-
eters of the superoxide dismutase reaction determined for both bacterial strains, we
concluded that the D. piger Vib-7 was more resistant to the action of molecular oxygen
compared to Desulfomicrobium sp. Rod-9. The activity of superoxide dismutase, V|
andV__ was significantly higher in the D. piger Vib- 7 cells than Desulfomicrobium
sp. Rod-9. According to these data, Desulfomicrobium sp. Rod-9 strain can be more
sensitive. Probably, this sensitivity makes impossible for survival of studied bacteria
in environmental conditions where the effect of molecular oxygen is toxic. Therefore,
the bacteria of Desulfomicrobium genus is less isolated from feces of humans and
animals compared to the Desulfovibrio bacteria.

It is well known that sulfate-reducing bacteria are strict anaerobes, their growth
is suppressed by low concentrations of O, caused not only by generation of reactive
oxygen species but also by its competition with SO,*" as an acceptor of electrons [9].
The results of our study are consistent to previous kinetic constants that characterize
the enzymes activity of antioxidant systems of various microorganisms [8]. However,
many sulfate reducers are aerotolerant. Moreover, in some Desulfovibrio (D. vul-
garis and D. desulfuricans) O, is reduced to water during respiration [7, 16]. The
Desulfovibrio strains generally exhibit O, reduction rates comparable to those of
aerobes, but these rates often decrease by increasing the O, concentration and slow
down after repeated oxygen additions [4, 5, 6, 11].

In summary, the highest activity of superoxide dismutase in cell-free extract
of the intestinal strains D. piger and Desulfomicrobium sp. was measured for the
first time. The maximal enzyme activity for both bacterial strains was determined
at +30 °C. The optimum pH 8.0 and pH 8.5 for activity of the studied enzyme was
measured in cell-free extracts of D. piger Vib-7 and Desulfomicrobium sp. Rod-9,
respectively. The obtained data on optimal pH on activity of the enzyme is consis-
tent to conditions of the human large intestine where range of pH is 8.0...9.0. Such
conditions can provide the intensive growth of the bacterial strains, dissimilatory
sulfate reduction and, respectively, accumulation of hydrogen sulfide in the gut.
The superoxide dismutase activity, V, and V__ was higher in the D. piger Vib- 7
cells than Desulfomicrobium sp. Rod-9. These studies might help in predicting the

32 — /SsN 2076-0558. Mikpo6ioroeisn i 6iomexnoroeisn. 2014. Ne 4. C. 26—35



AKTHUBHICTD I KIHETUYHI BJIACTUBOCTI CYIIEPOKCUAANCMYTA3U ...

development of diseases of the gastrointestinal tract, by providing further details on
the etiology of bowel diseases which are very important for the clinical diagnosis of
these disease types. Understanding the role of sulfate-reducing bacteria in colonic
conditions would be enhanced by the ability to inhibit the number of the sulfate-
reducing bacteria and/or reduce the production of sulfide.

L.B. KymikeBuu !, I.JI. AuTonsik 2, P.B. ®adyua 3

Tucruryt Giomorii TBapua HAAH Vkpainu, Byn. B. Cryca, 38, JIsis, 79034, Vkpaina
*JIpBIBCHKMI HALIOHATBHUI yHiBepcuTeT iMeHi [Bana Dpanka,
By ['pymeBcekoro 4 , 79005 JIbBiB, Ykpaina
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AKTUBHICTbD I KIHETUYHI BTACTUBOCTI
CYIHEPOKCUIANCMYTA3U CYJAbPATBIIHOB/IIOBAJIBHUX
BAKTEPII DESULFOVIBRIO PIGER VIB-7 TA
DESULFOMICROBIUM SP. ROD-9

Pedepar

MeTo10 pobdOTH 6y10 00CHIONCEHHA AKMUBHOCMI CYNEPOKCUOOUCMYMA3U
besxnimunnux excmpaxmie Desulfovibrio piger Vib-7 i Desulfomicrobium sp. Rod-
9, 8udinenux 3 MoOBCMO20 KUUMEHHUKA TIOOUHY, | NPOBEOEHHA AHANI3Y KIHeMUUHUX
eracmugocmeli ewsumamuyroi peaxyii. MeToau. Buxopucmano mikpobionoziuni,
Oioximiuni, 6ioizuuHi Memoou 00Cai0NHCeHb I Memoou CmamucmuyHoi oopooKu
pesynbmamis. Pe3yabraTu. [ocniodceno numomy akmugHicms Cynepokcuooucmyma-
3u cynvghamsionosnrosanvrux baxmepii. Ilokazano enius pisnoi memnepamypu, pH
ma Konyenmpayii cyocmpamy Ha akmugHicms 00CaiodNcyeano2o ensumy. Ha ocnogi
eKCNepUMEeHmManbHUX OAHUX, NPOGeOeHO aHANI3 KIHeMUYHUX GIACIMUBOCIEN CYNepOK-
cuooucmymasu 00CrioNcysanux bakmepianvuux wmamis. Pospaxoeano noyamkosy
(mummesy) weuokicmo peaxyii (V,), maxcumansiy weuoxkicme ensumamuunoi peaxyii
(V. .0 i koncmanmu Mixaenica (K, ) peaxyii cynepoxcudoucmymasu 0s 060x wmamis.
BucHoBok. Kinemuuni napamempu peaxyii cynepokcuoOucmymasu o0ox wmamis
bakmepitl cmamucmuyno He 8i0pisHAnuca. Ompumani Oawni npo enue onmumymy pH
(7,5-9,5) na axmugnicmo hepmenmy y32o0oxcyromuvcsa 3i 3navenusm pH y moscmomy
Kuweunuky moounu. Lli ymosu sabesneuyioms inmencugnuil picm 6akmepianibHux
wimamis, npoyec OUCUMITAYIUHO20 8IOHOBNIEHHS CYbhamy i, BIONOBIOHO, HAKONUYEHHS!
2iopoeer cynoqhioy y KUeyHUKY.

Knwuoei crnosa: cynvgpamsionosnosanvHi bakmepii, akmusHicms cynepoxcuo-
oucmymasu, KiHemuyHi 61acmMueocmi.
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AKTUBHOCTb U KHHETUYECKHUE CBOMCTBA
CYIHEPOKCUIJANCMYTA3bI CYJIb®ATBOCCTAHABJ/INBAIOIIIUX
DESULFOVIBRIO PIGER VIB-7 1 DESULFOMICROBIUM SP. ROD-9

Pedepar

Leabio padoThl 66110 Uccre008amMb AKMUBHOCHb CYNEPOKCUOOUCMYMAa3bl bec-
Knemounwix skcmpakmos Desulfovibrio. piger Vib-7 u Desulfomicrobium sp. Rod-9,
6bIOCNICHHBIX U3 MOACTNO20 KUWEYHUKA Yel08eKd U NPOBeCmi AHAIU3 KUHEMUYECKUX
ceoticme sH3uMamuyeckoli peakyuu. MeToabl. Mcnonv3osansvt Muxpoduoiosuieckue,
buoxumuueckue, buoguzuueckue memoobl UCCIe008aAHUU U MEMOObl CMamucmuye-
cKotl 0bpabomku pesyromamos. Peynbrarsl. Hccredosana yoenvHas akmugHoCmy
CYynepoKcuooucMymaswl cyivghamsoccmanasnusarowux bakmepuil. Ilokasano enusnue
pasHoti memnepamypul, pH u konyenmpayuu cyocmpama Ha akmusHOCMy ucciedye-
Mozo pepmenma. Ha ocroge skcnepumMenmanbHuIx OQHHbIX NPOBEOEH AHANU3 KUHETU-
YeCKUX CBOUICME CYNePOKCUOOUCMYMAZbL UCCLEOYEMbIX OAKMePUATbHBIX WUMAMMOS.
Paccuumana navanvnasn (menosennas) ckopocme peaxyuu (V,), maxcumanonasn
ckopocmb snzumamudeckot peaxyuu (V, ) u xoncmanma Muxasnuca (K ) peaxyuu
cyneporcuooucmMymasuvl 0nia 0boux wmammos. BeiBon. Kunemuueckue napamempuol
Peakyuu CynepoKCUOOUCMYMA3bl 000UX UMAMMO8 OAKMepUll Camucmu4ecKu He om-
auuanucs. [lonyyennvle Oannvie o gnuanuu onmumyma pH (7,5-9,5) na axmusnocmeo
epmenma coenacyromes co 3navenuem pH 6 moncmom xuuieunuxe yenosexa. Taxue
V08U 06ecneyusaion UHMEHCUSHbI pOCm OAKMEPUATLHBIX WUIMAMMO8, NPOYecc
OUCCUMUTAYUOHHO20 80CCTNAHOBIEHUS CYIbPama u, cOOMEemcmeeHHo, HAKONAeHUe
2uopozet cyib@uoy 8 KuuleyHuxe.

Knwuegvie cnoea: cyipameoccmanasiusaiowue 6akmepuy, akmugHOCHb
CYNepoKCUOOUCMYMA3bl, KUHEMU4ecKue ce0UcCmed.

References
1. Bailey N.T.J. Statistical Methods in Biology. Cambridge University Press. —
1995. - 255 p.

2. Barton L.L., Hamilton W.A. Sulphate-Reducing Bacteria. Environmental and
Engineered Systems. Cambridge: Cambridge University Pres. — 2010. — 553 p.

3. Beavchamp C., Fridovich I. Superoxide dismutase: improved assays and an
assay apliciable to acrylamide gels // Anal. Biochem. — 1971. —44(1). — P. 276-287.

4. Brioukhanov A.L., Thauer R.K., Netrusov A.l. Catalase and Superoxide
Dismutase in the Cells of Strictly Anaerobic Microorganisms // Microbiology.
—2002. — 71(3).— P. 330-335.

34 — ssN 2076-0558. Mikpo6ioroeisn i 6iomexnoroeisn. 2014. Ne 4. C. 26—35



AKTHUBHICTD I KIHETUYHI BJIACTUBOCTI CYIIEPOKCUAANCMYTA3U ...

5. Brioukhanov A.L., Netrusov A.I. Catalase and Superoxide Dismutase: Distri-
bution, Properties, and Physiological Role in Cells of Strict Anaerobes // Biochem-
istry. — 2004. — 69(9). — P. 949-962.

6. Dannenberg S., Kroder M., Dilling W., Cypionka H. Oxidation of H,, organic
compounds and inorganic sulfur compounds coupled to reduction of O, or nitrate
by sulfate-reducing bacteria // Arch. Microbiol. — 1992. —158. — P. 93-99.

7. Fridovich I. Superoxide Radical and Superoxide Dismutases // Annu. Rev.
Biochem. — 1995. — 64. — P. 97-112.

8. Gudelj M., Fruhwirth G.O., Paar A. et al. A catalase-peroxidase from a
newly isolated thermoalkaliphilic Bacillus sp. with potential for the treatment of
textile bleaching effluents // Extremophiles. — 2001. — 5.— P. 423—429.

9. Ito T., Nielsen J.L., Okabe S., Watanabe Y., Nielsen P.H. Phylogenetic
identification and substrate uptake patterns of sulfatereducing bacteria inhabiting
an oxic-anoxic sewer biofilm determined by combining microautoradiography and
FISH // Appl. Environ. Microbiol. — 2002. — 68.— P. 356-364.

10. Keleti T. Basic Enzyme Kinetics. — Akademiai Kiado. — 1988. — 422 p.

1. Krekeler D., Teske A., and Cypionka H. Strategies of sulfate-reducing bacteria
to escape oxygen stress in a cyanobacterial mat / FEMS Microbiol. Ecol. — 1998. —
25(2).— P. 89-96.

12. Kushkevych I.V. Sulfate-reducing bacteria of the human intestine. II. The
role in the diseases development // Sci. Int. J. Biological studies/Studia Biologica. —
2012. -6 (2).— P. 221-250. (in Ukrainian)

13. Kushkevych I.V. Identification of sulfate-reducing bacteria strains of human
large intestine // Sci. Int. J. Biological studies/Studia Biologica. — 2013. — 7(3). —
P. 115-124.

14. Kushkevych 1.V, Bartos M., Bartosova L. Sequence analysis of the 16S
rRNA gene of sulfate-reducing bacteria isolated from human intestine // Int. J. Curr.
Microbiol. Appl. Sci. —2014. —3(2). — P. 239-248.

15. Lowry O.H., Rosebrough N.J., Farr A.L., Randall R.J. Protein determination
with the Folin phenol reagent // J. Biol. Chem. — 1951. — 193. — P. 265-275.

16. Sies H. Strategies of antioxidant defense // Eur. J. Biochem. — 1993. —-215. —
P. 213-219.

Crarrts Hanina 1o penakuii 25.10.2014

_— ISSN 2076—0558. Mikpobionozis i 6iomexnoaroeisn. 2014. Ne 4. C. 26—35 —— 35



VIIK 579.6+ 578

K.IO. Cepreena, B.O. IBanuus

Opnecpkuii HatlioHabHAN yHiBepcuTeT iMeHi 1.1. MeunukoBa, Byin. [IBOpsiHCBKa, 2,
Opeca, 65082, YkpaiHa, Temn.: +38 (0482) 68 79 64, e-mail: sergeeva.zh@onu.edu.ua

MJIAZMIJIHI TPO®LII ®ITONATOITEHHUX BAKTEPIN
POAIB ERWINIA, RALSTONIA, AGROBACTERIUM,
BU3HAYEHI PI3HUMU METOAAMMU

Memoro Oocniodxcenns 6yn0 GusueHHs NAA3MIOHUX npoghinie ma eghekmusrnocmi
BUOIIEHHS NAA3MIO SPAMHE2AMUBHUX (IMONAMOceHHUX O6aKmepill PIsHUMU Memo-
oamu. Memoou. Buxopucmano wmamu gpimonamoeennux 6axmepiu E. carotovora,
A. tumefaciens, R. solanacearum. Buodinenns nnazmionux /[HK 3 kaimun 6axkmepiti
30iticHo8anu ayscHum memooom Kaodo i Jliy, moougikosanum nysicHum memooom
Kaoo i Jliy, moougirosanum memodom [Joicencena ma memooom Kpoca. Ilnazmiony
JHK ananizysanu 3a 0onomoezoio enekmpogopesy 6 azaposnomy eeni. Pezynomamu.
Toxkasano, wo 6 cepednvomy 6i0 13% oo 30% eusuenux wmamie pimonamoeeHnux
baxmepiti ympumyoms nO3axXpoMoCcOMHI eenemuuni eremenmu. Bemanoeneno, wo
3 KAIMuH Oaxmepiil, SKi 8UPOCIU HA PIOKOMY CELeKMUBHOMY cepedosuyi (NeKmuH
abo xkapmonsine cepedosuuje), nosaxpomocomui JHK euoinaromecsa nabacamo
epexmusniute i bakmepianbha xpomocoma kpawe eniminyemocs. Bucnoeok. /[na
sudinenns naasmionoi [JHK 3 knimun wmamie epamuecamuHux QimonamozeHnux
oaxmepii E. carotovora, A. tumefaciens, R. solanacearum naidinow yHisepcanbHum
€ Moou@irosanuii 05 pimonamoeenuux daxmepiu ayxcrutl memoo Kaoo i Jliy.

Knwuosi cnoea: Erwinia carotovora, Ralstonia solanacearum, Agrobacterium
tumefaciens, pimonamozenu, naazmiou.

s 6inbrmocti 6akTepiadbHUX (DITOMATOTEHIB BCTAHOBJICHO HASIBHICTH KiJlb-
neBux riasmigaux JAHK, ane mist 3HAYHOT KITBKOCTI BUSIBICHUX TUIa3MiJl HE BCTa-
HOBJICHO 1X (yHKIIi [3]. 3ne01IbIIOr0 MIa3Mian CKiIanarTh Bl 2% 10 TPETUHU
OaxrepianbHOrO TeHOMY. bakrepii Rhizobium meliloti Ta Ralstonia solanacearum
MaroTh METaIuIa3Miiu, po3Mip AesKuX 3 HUX ckiajgae oimpire 1000 T.i.H.. Yci Bipy-
JeHTHI mraMu Erwinia stewartii MaroTh IIIOHAHMEHIIIE BICIM I1J1a3MiJI, a B OLIBIIOCTI
BunaakiB 11-13 mna3min posmipom Bix 4,1 mo 320 t.o.u. [3, 10].

Merarna3miau 6akrepiit poxy Agrobacterium BigoMi TIEpII 3a BCE CBOEIO TIPH-
YETHICTIO 10 TpaHcdopMallii pOCIMHHUX KIITUH. BipyneHTHicTh A. tumefaciens
Ta A. rhizogenes € HacnmiakoMm HassBHOCTI y HEX Ti 1 Ri murasmin. Po3mip Ginbmocri
Ti Ta Ri mnasmin ckmagae npuoausno Bix 200 go 800 T.mH. Ri mmasmian 3aBxan
YTBOPIOIOTH KOIHTErpaTu 3 iHIMKUMU 1azmigamu [4, 7, 10].

Bakrepii pony Erwinia HaceNnstOTh TIOBEPXHIO POCIUH, IPYHT 1 BOIy SIK CHUM-
010THYHI MIKPOOPraHi3MHU, Ta MOXKYTh OyTH 30yTHHKaMH XBOPOO pOCIMH-Xa3siB.
Erwinia carotovora subsp. carotovora (Ecc) Ta bnusbKoctiopinaeHa E. carotovora
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subsp. atroseptica (Eca) € areHTaMu, SKi CHPUYUHSIOTH M’ SIKy THUJIb KOPEHIB pOC-
JIMH, B TOMY YHCJI1 KapTOIUli Ta MOPKBH. [HII1 Buau epBiniii (E. amylovora, E. her-
bicola, E. toxica) Takox € (pitonaroreHamu, Hanpukiaa, E. amylovora BUKInKae
HEKPOTHYHE 3aXBOPIOBaHHS — OaKTepiadbHU OITIK SO0IyHB, TPYIII Ta CTIOPITHECHUX
BHIIIB pociuH [1, 2].

JlocmiKeHHSI TUTa3MiTHOTO CKiIany ImTamiB E. carotovora mokasaio, mo 30%
BIJICOTKIB 3 HUX MaroTh no3axpomocomHi JIHK pizHoro posmipy — Bix 2,5 mo 129
T.1.H. Cepel IIUX MITaMiB TaKOXK BUSBICHO MHOKHHHE YTPUMAHHS IDTa3MiJ, IesKi 3
HUX HECYTb BiJT 2 IO 5 TU1a3MiJI pi3HOTO po3Mipy. BUBYEHHS KOpEIIsAIlii MiXK HasIBHICTIO
no3axpomocomuux JIHK Ta cTiiikicTIO 10 aHTHOIOTHKIB MTOKA3aJ10, M0 KPUIITHYHI
miasmiau E. carotovora ne € R-mmnasmigamu [ 1, 2].

VY Gakrepiit Buny Ralstonia solanacearum MOXyThb 3yCTpI4aTUCS] HEBEIUKI 3a
po3mipom miasminn <50 T.ILH., @ TAKOXK MeTaria3Miau, SKi MOXYTh yTPUMYyBaTH
TCHETHYHI JIETEPMIHAHTH TaToreHHOCTi. OHaK, HassBHICTh HEBEIUKUX IIa3MiJ Y
R. solanacearum He € TOMMUPEHUM SIBUIIEM, KPIM TOTO BOHH IPUCYTHI y KJIITHHI y
HEBEJIMKIN KUTBKOCTI KOIIiH, 1 uepe3 Iie 1X JOCUTh BaKKO BHILIUTH [8].

[Tnaszmigai mpodisi e MPaKTUYHO BAKIMBA XapaKTEPHCTHKA, IMPEACTaBICHA
cnerudigaIM HabopoMm 1iasmif. LlltamMu MOKyTh BTpadaTH JesKi IIa3Miau, aje
XapaKTepHUH JJIs1 IEBHOTO BUTY 0a30BUi HA01p 3aIUIIIA€THCS HE3MIHHUM. [CHYIOTh
Pi3HI METOIIM BUIUICHHS 1T03aXPOMOCOMHHUX ICHETHYHUX €JIEMEHTIB OaKTepiid, aye
n00ip aJIeKBaTHOTO METOMY I OTPUMaHHS BiITBOPIOBAHHMX Ta JOCTOBIPHHX pPe-
3yJBTATIB ISl OKPEMUX TPYI OAKTEpiil JOCI 3AIHINAETHCS AKTYaTbHIM.

ToMy MeTOrO HAIIOTO JOCIIHKCHHS OyI0 BUBUCHHS TUIa3MigHUX MPodiTiB Ta
e(heKTUBHOCTI BHAUICHHS IIJIa3MiJ TpaMHETaTUBHUX (DiTONMATOTEHHUX OakTepiit
PI3HUMH METOJIaMH.

Marepiajau i MeToan

B mocnimkeHHSX BUKOPUCTOBYBAJUCS mTaMu Agrobacterium tumefaciens
OHY 310, OHY 424, Erwinia carotovora OHY 317, OHY 318, OHY 319, OHY
320, OHY 321, OHY 322, OHY 323, OHY 324, OHY 325, OHY 326, Ralstonia
solanacearum OHY 366, OHY 369, OHY 374, OHY 375, OHY 376, OHY 377,
OHY 378, OHY 379, OHY 380, OHY 381, OHY 382, OHY 383, OHVY 384, OHY
386, OHY 387 3 konekmii kadeapu MikpoOionorii, Bipycosorii Ta 6i0TeXHOIoril
OpechKoro HaIliOHAJILHOTO YHiBepcuTeTy iMeHi [.I. MeunukoBa. Yci 6akrepii BUpO-
nryBasu 3a Temreparypu 25-30 °C Brpomoxk 16—18 oy 2 Mit piKoTo ceperoBHIna
LB, xapTOIUIsIHOTO CepeioBHINA, Ta Ha BiANOBITHUX arapu30BaHUX CEPEIOBHIAX.
E. carotovora xynbTUBYyBau TaKoX B PIAKOMY Ta Ha arapu30BaHOMY CEPEIOBHIIL
3 mektuHoM [1, 2].

Buninenns miazmianoi JIHK npoBogwmm opurinamsHuM Ta MOnu(iKoBaHUMU
it (pitomaroreHHUX OakTepii y)HUM MeTomoM Kamo i Jliy, metomom Kpoca Ta
Monr(ikoBaHUM MeTOoIoM J[)KeHCeHa.

Jlysrcnuii memoo Kaoo i Jliy [6]. biomacy OGakTepiid, OTpUMaHy OCaKSHHSIM
kiiTiH 16—18 romuuHOI KynsTypH, pecycnermayBaiu B 100 mxa Oydepa E (40MM
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tpic-HCL, 2MM EJITA pH 7,9). Jlo cycniensii nogasanu noagiiiauii 06’ em (200 Mko1)
mizyrouoro 6ydepa Kamo (tpic-HCI — 609 mr, nogenuncynbdar Harpito (SDS) -3 1,
H,0 — 100 mun, 2M NaOH — 2,2 mu). 3pasku inkyOysamu npu 60-68 °C Bpomosx
3045 xs. Ilicnsg poro 1o Jizaty aomaBayiv noABidHUN 00’eM (300 MKiT) cymiri
kucnoro ¢enony 3 xyiopodopmom (1:1). AKypaTHO mepeMilTyBaiu 10 YTBOPEHHS
ofaHOpinHOI cycnensii. 3pa3ku nentpudyrysamu 15 xB 3a 8000g. Bepxnio ¢a3zy,
ne 3Haxomwiacs masmingaa JIHK, BigOupamu mineTkoro 3 po3MIUPEHUM KiHIIEM,
MIEPEHOCUIIN Y YHCTY TJIACTHKOBY MPOOIPKY, T01aBaliu OAUH 00’ €M XJIopodopmy,
nepeMinryBaiu i 3HoB neHTpudyrysamu 15 xB 3a 8000g.

Moougpixosarnuii 1yxcuuii memoo Kaoo i Jliy [2]. biomacy O6akTepiii pecycrieH-
nysamu B 100 mxn 6ydepa E. Jlo cycnensii nogaBaiu noasiitauit 06’em (200 mki)
nizytouoro Oydepa Kano. 3paszku inkyoysanu npu 58—60 °C Buponosx 60 xB. [Ticns
IILOTO JIO JTi3aTy JoxaBaiu noaBiiHui 00’em (300 MKIT) cymirti Kuciaoro (heHoiry 3
xsopoopmom (1:1). AkypaTHO nepemilryBaiy 10 yTBOPEHHS OAHOPIIHOI CyCIIeH3Ii.
3pazku neHtTpudyrysanu 5 xB 3a 8800g. 3a HE0OXiTHOCTI EHTPUPYTYBAHHS TIPO-
BOJIMJIM JIBi4i 00 TPHHI.

Moougixosanuit memoo [owcencena [S]. CTanmapTHi TyXKHI METOIH 3
KUIT ITIHHSAM OibIn epeKTUBHI JUTsl BUAUICHHS MalluX IUIa3Mij, aje maibke adbo
30BCIM HE MIIXOMATh JIS BUAUICHHS BEJMKUX Tuta3mia. Lleit mpoTtokon € moope
BIJITBOPIOBaHMM 1 J1a€ TIOBHOIIHHY KapTUHY IJIa3MIIHUX MPO(LTiB Meraria3mii.

biomacy Gaxrepiit pecycnienayBanu B 100 mxi Oydepa E 3 caxaposoro (15%
caxaposu, 40MM Tpic-HCl, 2MM EJITA pH 7.9). Jlo cycnien3ii qogaBanu noaBiitHuiA
00’em (200 mxu) mizyrodoro 6ydepa (3% SDS, S0MM Tpic-HCI pH 12,5). 3pazku
1HKyOyBanu nipu 60 °C Bupoaosx 30 xB. [Ticns nporo ao nizary gogasanu 5 U mpo-
teinasu K 1 nmepemimyBanu 20 pa3. [ami inkyOyBanu 90 xB 3a Temmneparypu 37 °C.
[Ticns OO MOAaBAIH OMH MUTLTITP CyMilili Kucioro ¢perouy 3 xjaopodopmom (1:1).
AkyparHo nepemimyBaiu 40 pa3iB 10 YTBOPEHHS OIHOPIIHOI cycrneH3ii. 3pa3ku
HeHTpUQyTyBaiu Ha MikporeHTpudy3i 15 xB 3a 8800g.

Memoo Kpoca [9]. biomacy 0Gakrepiii pecycnennyBanu B 2 Mkia Oypepa TE
(0,05M Ttpic-HCI pH 8,0, 0,01M E/ITA), nenrpucyryBaiu i 3HOB pecyCcrneHayBa-
mu B 40 mxn 6ydepa TE. [lo cycnensii nogaBamu 600 mxn 6ydepa TE 3 4% SDS
(pH 12,5). 3pa3ku inkyOyBanu npu 37 °C Brponosx 20 xB. [licns mporo 1o mizaty
noxasamu 30 mxi 2M tpic-HCI 6ydepa pH 7,0, a micns uporo 240 mxn SM NacCl,
iHKyOyBanu 4 rox Ha 1boxy. 3pasku nentpudyrysanu 10 xB 3a 8800g. Bepxnto ¢aszy,
ne 3Haxoamnacs miasminna JJHK, BigOupanu mineTkoro 3 po3MIMpPEHUM KIHIEM 1
noaaBany noaBiiHMA 00’eM (800 MKiT) cymimni kucioro (enomy 3 xaopodopmom
(1:1). AkypaTHO mepeminIyBaii 10 yTBOPEHHS OIHOPIAHOI cycreH3ii. 3pa3Kku 1eH-
tpudyrysanu 3a 8000g 15 xs.

VY Bcix MeTonax BepxHIo (azy, e 3Haxonwnacs riasMigHa JIHK, BinOupanu
TMITIETKOO 3 pO3IIMPEHUM KiHIleM. BepxHto a3y 31 3pazkaMu OTpUMAaHOI I1a3MiTHOT
JIHK anamizyBanm 3a J01OMOToI0 elekTpodope3y B arapo3Hux reisx. [Ipenaparu
miasmiganx JIHK 36epiramm 3a 4 °C.
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Pe3yabTaTn Ta iX 00roBOpeHHs

BuBuenns cxiany rorasmia mramiB E. carotovora, A. tumefaciens ta R. sola-
nacearum Pi3HOTO TIOXOJDKSHHS 3a JIOMTOMOTOI0 MOIU(IKOBAHOTO JIY)KHOTO METOTY
Kano 1 Jliy moka3zasno, 1110 4yacTiHa ITaMiB €pBiHIA Ma€ 03aXpPOMOCOMHI FeHETHYHI1
enemeHTH. (puc. 1 12). Po3Mipu BUALICHUX MJ1a3MiJ] €pBiHIi 3HAXOAATHCS Y Aiana3oHi
Bix 1,8 10 20 T.i.H. Iltamu E. carotovora OHY 320, OHY 323 1 OHY 324 ytpumy-
IOTh JICKUTbKA MT03aXPOMOCOMHHUX TeHETUYHHX €TIEMEHTIB. Y mtamy A. tumefaciens
OHY 310 BusBiiena merarmiasminga Ti pomipom 188 T.m.H. (puc. 1).

1 2 3 4 56 78 9 1011 12

0L LR e

Xpomocoma

Puc. 1. Ilna3migni npogiii E. carotovora:

OHY 317 (pCA25 9,8 t.H.) (1), OHY 318 (pCA25::Tn9 12,5 t..H.) (2), OHY 320 (3), OHY
319 (4), OHY 321 (5), OHY 322 (6), OHY 323 (7), OHY 324 (8) OHY 325 (9), OHY 326 (10);
A. tumefaciens OHY 310 (11), OHY 424 (12). Arapo3a— 0,75 %, 60B, 3,5 roguau. TyT i Hamami
CTpiTKamMu BKa3aHi mo3axpomocomHi JJHK.

Fig. 1. Plasmid profiles of E. carotovora:

ONU 317 (pCA25 9,8 t.i.H.) (1), ONU 318 (pCA25::Tn9 12,5 T.m.1.) (2), ONU 320 (3), ONU
319 (4), ONU 321 (5), ONU 322 (6), ONU 323 (7), ONU 324 (8) ONU 325 (9), ONU 326 (10);
A. tumefaciens ONU 310 (11), ONU 424 (12). Agarose — 0.75%, 60V, 3.5 hours. Here and further
extrachromosomal DNAs are indicated by the arrows.

Merarna3mina po3mipom 180 T.1.H. BusiBiieHa y mtamy R. solanacearum OHY
381. JIBi ruta3miu: ogHa — Merarasmiza, posmipom 100 T.ILH., a iHIIIA HEBEJTUKa
miasMiga po3mipoM 7 T.ILH. y mtamy R. solanacearum OHY 382 (puc. 2).

Cepen ¢itonatorennux Oakrepiit E. carotovora, A. tumefaciens, R. sola-
nacearum s TOAAIBIINX JOCTIKeHb Oynu BiaiOpaHi MITaMu, sIKi yTPUMYBaJIX
mIasmian, a came E. carotovora: OHY 317, OHY 318, OHY 320, OHY 323, OHY
324; R. solanacearum: OHY 381, OHY 382; A. tumefaciens OHY 310.
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Puc. 2. llna3minni npodini R. solanacearum OHY 387 (2), OHY 376 (3), OHY 377 (4),
OHY 378 (5), OHY 386 (6), OHY 381 (7), OHY 384 (8), OHY 383 (9), OHY 380 (10),
OHY 382 (11) OHY 379 (12), OHY 366 (13) OHY 369 (14), OHY 374 (15), OHY 375 (16);
E. carotovora OHY 317 (pCA25 9,8 T.i.u.) (1), OHY 318 (pCA25::Tn9 12,5 T.n.u.) (17) i
A. tumefaciens OHY 310 (188 1.1.1.) (18). Arapo3za — 0,75 %, 60B, 3,5 roqunmu.

Fig. 2. Plasmid profiles of R. solanacearum ONU 387 (2), ONU 376 (3), ONU 377 (4),
ONU 378 (5), ONU 386 (6), ONU 381 (7), ONU 384 (8), ONU 383 (9), ONU 380 (10),
ONU 382 (11) ONU 379 (12), ONU 366 (13) ONU 369 (14), ONU 374 (15), ONU 375
(16); E. carotovora ONU 317 (pCA25 9,8 kb) (1), ONU 318 (pCA25::Tn9 12,5 kb) (17);
A. tumefaciens ONU 310 (188 kb) (18). Agarose — 0.75%, 60V, 3.5 hours.

Jns MOpiBHSUILHOTO aHaNi3y Pi3HUX METO/IB IS SIKICHOTO BHIUIEHHS IIa3Mi
PI3HOTO PO3Mipy Ta BUBUCHHS CKJIAAy IUIa3MiJ AOCHIIKYBaHUX (HiTOMATOIEHHUX
OakTepiii BUKOpHUCTaIU opuriHanpHuN myxHUN Meton Kazmo i1 Jliy, meton Kpoca i
moaudikoBanuii Mmeton JlxeHcena (puc. 3).

Sk moka3aiy Hallli OCIiIKeHHS Halle)eKTUBHIIIMMU BUsIBUIMCS MeToan Kano
i Jliy (6e3 momudikaniit) i Jxencena (3 mogudikamisimu). Xoua meron Kpoca €
YHIBEpCAIBbHUM 1 III0/10 BUOOPY OaKTepii, 1 11010 pO3MipiB I03aXPOMOCOMHHX IeHE-
TUYHHX €JIEMEHTIB, OHAK BiH BKJIIOYA€ HEBUIIPABIAHO JIOBI'1 €KCIIO3HUILIT Ta € MaJIo-
iHpOpMaTUBHUM Yepe3 301IbLIeHnI 00’ €M JOCIITHOTO 3pa3ka MOPIBHAHO 3 IHIIUMHU
metofaMu. ToOTO Mia3Miu NPUCYTHI y BUAITICHUX 3pa3Kax, aje y 3HaYHO MEHIIIH
KIJIBKOCTI Ha OIMHMLIIO 00’ €My, TOMY i€l METO/l MOKHA BUKOPUCTOBYBATH JIMIIC 3
METOI0 monaibioi koHneHrpanii miazminaux JJHK y 3paskax. Merton J[»eHncena
B3araji Oijble MiIXOAUTh Al pOOOTH 3 BETUKUMH IUIa3MiZJaMu, a OpPUTIHATbHUH
meton Kazo i Jliy 3 mia3mizamMu HEBEITHKOTO PO3MIpy.

Came ToMy MOKHA 3pOOUTH BUCHOBOK, 1110 JUIsi BUALIeHHS TuiasMigaux JJHK 3
KJIITHH WTaMiB E. carotovora, A. tumefaciens, R. solanacearum Hait0OinbI yHiBEp-
callbHUM € MoauikoBaHMH 15 piTonaToreHHUX 6akTepii myxuuii meton Kano i Jlio.

Jlo ocobnuBocTelt BuaiaeHHs no3axpomocomuux JIHK Takox mMoxHa BigHe-
CTH BIUIMB Pi3HUX NOKUBHUX CEPETOBHIL AT KYJIbTUBYBAaHHS OakTepiil Ha SKICTH
1a3MigHUX 3paskiB. [Ticns nopiBHAHHS pe3yabTariB BuAlIeHHs miasmigaux JJHK 3
OakTepialbHUX KIITHH, SIKi POCIIH Ha OBHOLIIHHUX arapU30BaHMX 1 PIIKUX MOKUBHUX
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CEpeOBHUIIAX BiI3HAYEHO, 110 3pa3Ky BU/LJICHI 3 PIIKOTO MOKUBHOTO CEPEIOBHIIA
YTPUMYIOTB O1JTBIIIE TIIA3MiTHOTO MaTepiaty, OPIBHIHO 13 3pa3KaMH 103aXPOMOCOM-
nux JIHK, orpumanux 3 arapuzoBaHuX MOKUBHUX cepenoBuil. OHAK, CITij 3a3Ha-
YUTH TOU (aKT, M0 BUX1/I MIA3MIAHOTO MaTepiay 301IbIIYETHCS TUTBKU Y BUTIAAKY
BHJIIJICHHS HeBeNMKUX 1a3Mif. [Llo crocyeTbes BUIUICHHS Meraria3Mifl 3 KITITHH,
10 BUPOCIM HA MEKTHUHI a00 Ha KapTOIUITHOMY CEpEIOBHILI, TO MAa€ MiCIIe JIUIIIe
MEHIIIa KiJIbKICTh JoMimok xpomocomHoi JIHK y 3paskax, mopiBHSIHO 3 TaKUMH,
BUJUIGHUMH 3 KYJIBTYp, 1110 POCITH Ha YaIIKax.

1 2345 6789101234 56789 1012345678 910

Merton /xencena Meton Kpoca Meton Kano i Jliy
Jensen method Cross method Kado and Liu method

Puc. 3. lna3minni npodini E. carotovora OHY 317 (pCA25 9,8 T.n.u.) (1), OHY 318
(pCA25::Tn9 12,5 1.n.1.) (2), OHY 320 (3), OHY 323 (5), OHY 324 (6) OHY 325 (7);
R. solanacearum OHY 381 (4 i 8), OHY 382 (9); A. tumefaciens OHY 310 (10).
Arapoza — 0,75%, 60B, 4,5 rogunu.

Fig. 3. Plasmid profiles of E. carotovora ONU 317 (pCA25 9,8 kb) (1), ONU 318
(pCA25::Tn9 12,5 kb) (2), ONU 320 (3), ONU 323 (5), ONU 324 (6) ONU 325 (7);
R. solanacearum ONU 381 (4 i 8), ONU 382 (9); A. tumefaciens ONU 310 (188 kb) (10).
Agarose — 0.75%, 60V, 4.5 hours.

[Tpu monanpIoMy BUKOpHCTaHHI /uist BUAUIeHHs a3migaux JJHK kmitun, ski
BUPOCIIM Ha PIIKOMY CEJIEKTHUBHOMY CEpelOBHILI (IIEKTHH ab0 KapTOIUIsIHE cepell-
oBu1e), OyJI0 BCTAaHOBJIEHO, 110 HAbaraTo Kparie BUAUISIOTHCS 103aXPOMOCOMHI
JTHK, a 6akrepianpHa XpoMocoma Kpaile eniMinyetbesi. Ha pucynkax 1, 2 1 3 npen-
CTaBJICHI pe3yJbTaTH, OTpUMaHi npu BuAineHHI miasMigaux JJIHK 3 6akrepianbHux
KJIITHH MiciIs KyTbTUBYBAaHHS Ha BIMOBIAHUX PIIKUX CENEKTUBHUX CEpPEeIOBUIIAX.

TakuM YMHOM, TTOKa3aHO, 110 B cepeaHboMy Bif 13% 1o 30% BUBUSHHX IITaMiB
(iTonaroreHiB yTpuMy0Th [103aXpOMOCOMHI T€éHETHYHI elIeMeHTH. BcTaHOBIIEHO, 1110
aus BuaineHHs mwiasMigaux JJHK 3 kiiTuH qocnipkyBaHuX mTamiB GiTonaToreHHuX
Oaktepiii E. carotovora, A. tumefaciens, R. solanacearum HaiO11b111 yHIBEpPCATbHIM
e MmoauixkoBanuii y>xHUI Metox Kano 1 Jlio.
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PHYTOPATHOGENIC BACTERIA OF GENERA ERWINIA,
RALSTONIA, AGROBACTERIUM PLASMID PROFILES STUDIED BY
DIFFERENT METHODS

Summary

The aim of the study was to compare the results of the Gram-negative phytopathogenic
bacteria plasmid isolation efficiency by various methods. Methods. The strains of
phytopathogenic bacteria E. carotovora, A. tumefaciens, R. solanacearum were
used. Plasmids isolation from the cells was carried out using alkaline Kado and
Liu method, modified alkaline Kado and Liu method, modified Jensen method and
Cross method. Plasmid DNA was analysed using electrophoresis in agarose gel.
Results. On average, between 13% and 30% of the studied phytopathogenic strains
contained extrachromosomal genetic elements. It was found that the extrachromosomal
DNAs were isolated much better and bacterial chromosome was better eliminated
using bacterial cells, grown on liquid selective medium (pectin or potato medium).
Conclusion. The modified for phytopathogenic bacteria alkaline Kado and Liu method
was the most suitable for plasmid DNA isolation from Gram-negative phytopathogenic
bacteria E. carotovora, A. tumefaciens, R. solanacearum strains cells.

Key words: Erwinia carotovora, Ralstonia solanacearum, Agrobacterium
tumefaciens, phytopathogens, plasmids, plasmid profiles.
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ILJIA3SMUIHBIE TPO®UIN ®UTONATOTEHHBIX BAKTEPUM
POAOB ERWINIA, RALSTONIA, AGROBACTERIUM, BBISIBJIEHHBIE
PA3JIMYHBIMU METOJAMMA

Pedepar

Hensto uccnedosanus 6viio cpasrneHue pe3yiomamos 3P pekmusHocmu 8vl0eneHus
NAAZMUO 2PAMOMPUYATNETLHBIX (PUMONAMO2EHHBIX OAKMEPUL PATUUHBIMU MEMOOd-
mu. MeToabl. Hcnonv3oeanuce wmammsl pumonamozenHulx baxmepuii E. carotovora,
A. tumefaciens, R. solanacearum. BviOenenue niazmuo u3 Kiemok oCyujecmeaisiocs
wenounvim memooom Kaoo u Jluy, moougpuyuposanuvim wenoyHvim memooom Kaoo
u JIuy, moouguyuposannvim memooom xcencena u memooom Kpocca. Ilnasmuouyro
JIHK ananuzuposanu npu nomowiu 21ekmpogopesa  azaposmwix 2eiiax. Pe3ynbrarbl.
B cpeonem, om 13% 0o 30% uzyueHnvIx Hamu wimammos umonamozeHos cooepircam
BHEXPOMOCOMHbIE 2eHemuyecKie dneMeHmbl. Ycmanosneno, umo us Kiemox 6akmeputl,
KOmopbie GbIPOCU 8 HCUOKOU NUMAMETbHOU cpede (NeKmuH uiu Kapmoghenvhas cpe-
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0a), suexpomocommuvie JTHK 6b10en510mcst HamHo2O0 Jyuuie, u maxice baxmepuanbuas
Xpomocoma ayuuie snumunupyemcs.. Beisoa. s evioenenus niazmuonvix JHK u3
KAEMOK WMamMMO8 SpaMompuyamenvuix oumonamozennvlx baxmepuil E. carotovora,
A. tumefaciens, R. solanacearum naubonee ynusepcaibHbim s6/15emcst MOOUDUYUPO-
6AHHBLI 0151 pumonamozenHvlx baxmeputi wenournou memod Kaoo u Jluy.

Knwueeswie cnoea: Erwinia carotovora, Ralstonia solanacearum, Agrobacterium
tumefaciens, pumonamocervl, NIA3MUObL, NAAZMUOHBIE NPOPDUILL
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YIBTPACTPYKTYPHA OPTAHIZALIA AINIKAJIBHUX
MEPUCTEM IMMPOPOCTKIB NIIEHUILII APOI M1 JI€IO
THOKYJIALII BAKTEPISIMU LITAMY
AZOSPIRILLUM BRASILENSE 102

Memoro pobomu 6y10 00CiOUmMuU YIbMPACMPYKNYPHY OPeAHI3aAYil0 KIIMUH ANIKATbHUX
Mepucmem pocaun nuleHuyi apoi, IHOKYIb08anux oiazompogHumu baxmepiamu pooy
Azospirillum. Memoou. Buguentsi hopmysanns enoogimuoi acoyiayii A. brasilense 102
3 pocaunamu nuenuyi apoi (Triticum aestivum L. (T. Vulgare Vill)) copmy Pannus 93 npo-
800UIU Y 1AOOPAMOPHUX 00CTIOAX 30 CMEPUTLHUX YMO8. EleKmponHo-MiKpocKoniuui
00CHI0HCeH A KNIMUH ANiKATbHUX Mepucmem nposooulu 8 mpaHcMiciiHomy elek-
mpounnomy mikpockoni Jeol JSM 1200-EX. Obpaxynok 6iecs 3a 50-mu 3paskamu enex-
MPOHO2PamM KIIMuH 5-mu anekcié nazoHy 0Jisi KOJCHO20 i3 eapianmie. Pesynomamu.
B x00i enexmponno-mikpockoniuno2o 00CiONCeH s ANiKAIbHUX MePUCMeM Na2OHy
nueHuYi Apoi, BUPOUeHol Ha CmepubHoOMY CYOCmpami i3 IHOKYIbO8AHUX DaKmepisimu
Azospirillum brasilense 102 3epHigok, 00C1i0HCeHO YIbmMpacmpyKmypHy OpeaHizayito
i300iamempuyHuX KAimuHu iniyianeHoi 30nu anexcy. 11io dicto inoxynayii 30inbulyeascs
nyn mepucmem, 3MeHULY8an0ca A0epHo-yumoniazmamuine cnig8ioHouleHH,
30LILWYBANUCS POIMIPU NIACMUO | MIMOXOHOPIU, KLIbKICMb MIMOXOHOPIl Mepu-
CMEMAMUUHUX KAIMUH, KPUCM 8 MIMOXOHOpiax. Y kaimunax mepucmemu poCiuH,
iHokynvoganux A. brasilense 102, suasneno 30invuients wucia i poamipie niacmuo,
MIMOXOHOPIll | NEPOKCUCOM, NOPIBHAHO 3 KOHMPOLeM, CHOCMepieascs Oinbuull po3-
BUMOK cucmemu Kpucm 6 mMimoxonopisx. Bucnoexu. 36invwenns uucna i poamipie
naacmuo, MimoxoHOpPil i NEPOKCUCOM, 8 OOCHIOHUX BAPIAHMAX 6KA3YE HA BUCOKUU
PIiBeHb KIIMUHHO20 OUXAHHSL Y POCUH, THOKYIbosanux wmamom A. brasilense 102.
Kpawuii pozeumox cucmemu kpucm 6 MimoxoHOpPIsix Modice C8I0UUmMU NPoO BUCOKY
eHep2emUuyHy AKMUGHICHb OPeaHell IHOKYIbOBAHUX POCIIUH.

Knrouosi cnosa: ynempacmpykmypa xknimun, Azospirillum brasilense 102, mepu-
cmema, niacmuou, nueHuyst apa.

BionoriuHa ¢ikcariist MOJIEKYJISIPHOTO a30Ty 3A1HCHIOETHCS TPYHTOBHMHU MiKpO-

OpraHizMamu, 110 aKTUBHO HAKOMUYYIOTHCS B pu3ocdepi [5] 1 31aTHI KOIOHI3yBa-
TH TKaHWUHM 1 opraHu pocymH [8, 6, 11]. Pusocdepni 6akrepii pony Azospirillum

© H.I. Anamuyk-Yamna, €.I1. Kormnos, 2014
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MPOIYKYIOTh O10J0TIYHO aKTHBHI PEYOBWHHU, ITiJl BIUTMBOM SKHX aKTHBI3yEThCS
XJIOpOIIIacTOTreHe3 [4], MOMMIIy€eThCs PiCT 1 po3BUTOK pociuH [3]. ¥V Hamiil mo-
nepenHid podoTi OyiIo JOCIIHKEHO A0 IHOKYJIAIIl PI3HUMHU ITaMamMu OakTepii
pony Azospirillum Ha cTpyKTYpHO-(YHKITIOHATBHY OpraHi3allito KIIITHH MEPUCTEMHU
MPOPOCTKIB mieHuIll spoi [1]. ¥V KIiTHHAX MEepUcTeMHU POCIIWH, IHOKYJIhOBAHUX
Azospirillum brasilense 102, BusiBIeHO 30UIbLIEHHS YMCIa XJIOPOIUIACTIB, MITO-
XOH/IP1H 1 MEPOKCUCOM, IOPIBHAHO 3 1HILIMMHU BapiaHTaMHU, 1110 BKa3y€ HAa BUCOKUMN
piBEHb KIIITUHHOTO TUXaHHS Y 1HOKYJIhOBAaHUX IIUM IITAMOM POCITHUH.

Bimomo, 1o KITiTHHY anikaabHUX MEPHUCTEM MEPIINMH PearyroTh Ha CTUMYJTIO-
BaJIbHY 110 30BHIIIHHOTO YMHHHKA 301TBIIICHHSIM KUTBKOCTI ITOJTITIB KJIITHH 1 IIUTO-
IUTa3MaTHYHUX OpPTaHed, 0 Ma€e 0COOIMBE 3HAYCHHS B MPOIIECI POCTY i PO3BUTKY
POCIIMHHUX KJIITHH, HAOYyTT1 KJIITUHAMHU CBOET crienianizamii [2].

Mertoro Hamoi poOOTH OYII0 TOCHITUTH YABTPACTPYKTYPHY OpPTaHi3aIlito KIITHH
amikaJbHUX MEPUCTEM POCIHH MIIEHUIl SpOi, IHOKYIHOBAHUX Iia30TPOHUMU
OakTepismu poxy Azospirillum.

MarepiaJuu i meTonun

Iltam Azospirillum brasilense 102 BupollyBajdy Ha KapTOIUIIHOMY arapi 3
MaJjaToM MpOTATOM TpboX A10 3a Temmeparypu 2627 °C.

Busuennst ¢popmyBanus ennoditHoi acomianii A. brasilense 102 3 pocnuHamu
nmeHuti spoi (7riticum aestivum L. (T. Vulgare Vill)) copty Panns 93 npoBommim
y 71abopaTopHUX JAOCTiAaxX 3a CTEPUILHUX YMOB. JlJI IIbOTO HACIHHS POCIHH CTe-
pumizyBanu 0,1% pozunHoM AgNO, mpoTarom 3-X XBUJIMH 1 MOMIIIAIX B KOJIOU
Epnenmeiiepa emxictio 500 i1, B SKMX MICTHBCS pIYKOBUHN MICOK B KijbKocTi 200 T.
[Ticok cnouaTKy mpomuBaIu BOJO0, BUCYITyBaK 3a Temneparypu 50-60 °C. Bu-
CyIIEHHH MiCOK MPOMHUBAIN KOHIIEHTPOBAHOIO COJITHOIO KHUCIIOTOO, TTOTIM BOJOIO
1 3HOBY BHUCYyITyBasu. [IpoMuTHii Cyxuii MmicoK moMimanu B koiaou Epiermeiiepa,
3BOJIOXKYBAJI NOXKUBHUM po3unHoM Knoma (60% Biz TOBHOT BOIOTOEMKOCTI ITICKY)
1 crepuitizyBaiu B pexumi — 1 atm, 20 XB.

[HOKyIA1II0 HACIHHS MIIEHUL sipoi mraMoM A. brasilense 102 3nilicHioBanu
OakTepiajgbHOIO CycHeH31€l0 13 po3paxyHKy 200 Tuc. OakTepialbHUX KIITHH Ha OHY
HACIHUHY.

EnexTpoHHO-MIKpOCKOITIUHI JOCITIKEHHS KIITHH alliKaJlbHUX MEPUCTEM TIPO-
BOJIAJIH 32 METOJUKOIO [ 7] B TpaHCMICIHHOMY €JIEKTpOHHOMY Mikpockorri Jeol JSM
1200-EX. O6paxyHoxk BiBcs 3a S0-TH 3pa3kaMu €IEKTPOHOTPAM KITITHH 5-TH alleKCiB
MIaroHy JJIsl KOXKHOT'O 13 BapiaHTIB. SliepHO-1IUTONIIa3MaTHYHE CITIBB1THOLLICHHS 00-
YHUCJIIOBAJIN BIAHOIIEHHSIM 00’ €My KJIIITUHHU J10 00’ €My siipa MiHyC 00’ €M BaKyOJIEH.
CrymiHp BakyoJi3allii KJIITHH OLIHIOBAJIN 3a KUIBKICTIO 1 pO3MipaMu KIIITHHHHX
Bakyoseil. CepenHiii 00’eM MIACTHA, MITOXOHAPIN 1 MEPOKCHCOM BU3HAYAIHU 32
(dhopmyroro erincoina o6epTaHHs.

CrartucTuyHe OnpaltOBaHHsI JaHUX JJIs1 BU3HAUEHHS I0BIPUOTO IHTEpBaIly CIIiB-
BiJTHOIICHHS 00’ €MiB KOMITAPTMEHTIB KJIITHH aiKaJbHOI MEPUCTEMH Ta apaMeTPiB
[UTOIIa3MaTHYHUX OpTaHes 3M1HCHIOBAIH 3a TortoMororo mporpamu STAT.
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Pe3yabraTu T2 00roBOpeHHs

3a J0NOMOT010 METO/Ty TPAHCMICIHHOT eIEKTPOHHOT MIKPOCKOTTii OyJ10 BUSIBIICHO,
o a30TdikcyBaNbHI OakTepii mramy A. brasilense 102 31aTHI aKTUBHO KOJIOHI3Y-
BaTH pu30Cc(hepHy MOBEPXHIO KOPEHIB, a TAKOXK IMPOHHUKATH Y BHYTPIITHI TKAHUHU
nmeHwuIi spoi (puc. 1).

Puc. 1. Kononizanisa pusochepHoi noBepxHi kopeHiB a3ordikcyBajbHUMHI
OaxTepisimu mramy Azospirillum brasilense 102

Fig. 1. Colonization of the rhyzospheric root surface by nitrogenfixing
bacterial strain Azospirillum brasilense 102

KniTrau a3ocnipuit npu iX iIHTpOAYKIIT B KOPEHEBY 30HY POCIIHH Oy BUSBJIEHI
B MYIIUTelli TOBEPXHI KOPEHEBUX BOJIOCKIB, BCEpEINHI MAPEHXIMH KOPEHs MIISHUIT
1 MDKKJIITHHHOMY IIPOCTOP1 BCUCHOT 30HH KOpeHs [9]. Tako BUSABIEHO TO3UTUBHUIN
BITUB A. brasilense 102 Ha picT 1 pO3BUTOK POCIHH.

B xoni e1eKTpOHHO-MIKPOCKOMIYHOTO AOCI/PKEHHS aliKaJIbHUX MEPHCTEM
[aroHy MIIEHMII SPoi, BUPOILICHOT Ha CTEPUIIBHOMY CyOCTpaTi 13 1HOKYIbOBAaHUX
Oaxrepisimu mramy A. brasilense 102 3epHiBOK, HaMu 0yJI0 BUSHAYEHO, 10 TiaMETP
1 OCHOBHI MakcCHMaJbHi (ha3u IJIACTOXPOHY CKJIaZaiu B KOHTpoui 6111 90 MkMm, a
B nociigHomy BapiaHTi — 120 MxM. KinbKicTh KIITHH MPHU IIHOMY 3aJIMIIANIACS HE-
3MIHHOIO. YIIBTPacTpyKTypHa OpraHi3allis 130[iaMeTPUYHUX KIITHH 1HIIIaJbHOT
30HM areKcy MIIeHUI Oysia TUIIOBOKO JIJIsl BEPXIBKOBUX MEPUCTEM MaroHy (puc. 2).

SIK B KOHTPOJI, TaK 1 B JOCTIAHOMY BapiaHTI JepHUI KOMITAPTMEHT Ha cepe/l-
MHHUX 3pi3aX TOCIIPKYBaHUX KIIITHH 3aiiMaB IPOKCUMAaJIbHE MOJI0KEHHS 1 CKJIa/1aB
YBEPTh KIITUHHOTO 00’ eMy. Pi3HMIIS MK BapiaHTaMH BUSIBIISLIACS 3a CTYIICHEM Ba-
Kyoumizattii (puc. 3) Ta iAepHO-IIMTOTIA3MATUIHOMUM CITiBBIAHOIIECHHSIM. Y KIIITHH
1HOKYJIbOBAHUX MPOPOCTKIB SIIEPHO-LIIUTOILIA3MAaTHYHE CITiBBITHOLIEHHS I0OPIBHIO-
Bas1o 2,4 Ta OyJI0 MEHIIIMM MOPIBHSAHO 13 KOHTPOJIBHUM 3HaueHHsIM 3,1.

Tpu uBepTi KIITUHHOTO 00’ €My HaJIeKajI0 IUTO30JIIO 13 KINITHHHUMHU OpraHesa-
MHU: IJIACTHIaMHU-€0IIIIACTaMHU, KYJISICTUMH MITOXOHAPISIMH, TMKTHOCOMaMH, KaHAIb-
ISIMH TPaHYJISIPHOTO 1 arpaHyJIsIPHOTO €HJI0TIIa3MaTUYHOTO PETUKYTyMy. B KiiTnHax
IHOKYJIbOBAaHHMX POCIIMH YTBOPIOBAINCS €JIEKTPOHHOIIUIBHI TepokcucomH (puc. 2b).
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[MopiBHsITEHMI aHATI3 IIUTOIUIA3MATUYHUX OpTaHell BUSIBUB BIIMIHHICTB YUCTIA 1 PO3-
MipiB opranen (Tabi.) iHiliadbHUX KIITHH alliKajdbHOI MEPUCTEMH BET€TaTUBHOTO
MAaroHy Ta PO3BHUTKY iX CyOCTPYKTYP.

KonTposns Inoxynsuist Azospirillum brasilense 102

Puc. 2. ®parMeHT KIITHHHN aNliKaabHOI MepHCTeMH NMIIEHUIi APOT
A — xourpoisb, b — inokyssuis, KO — xmituaHa obononka, 11 — miactuna, M — MiToOXOHpIs,
rEIIP — rpanymsipHuii eHiomiasMaTtnaauil petukyinym, Ilc — nepokcucoma, B — Bakyoub.
Fig. 2. Detail of apical meristem cells of spring wheat

A — control, B — inoculation, CA — cell membrane, P — plastids, M — mitochondria,
hEPR — granular endoplasmic reticulum, Ps — peroxisomes, V — vacuole.

O06'em mmacTuiOMy IPUOIN3HO BiAMOBIAB 00'€EMy XOHIPIOMY AOCIHIKYBaHUX
KJIiTHH MepucTeM. KitiTuHHa 00010HKa 1 TOOAMHOKI Bakyoi nocinanu 1/10 Bix 3a-
rajgbHOro 00'eMy KiIiTHH. KiliTHHHA 000JIOHKA 13 HEPIBHUM KOHTYPOM Y CEPEAHBOMY
nocsirana 3aBToBIIKK 360 HM 1 Oyiia BKpUTa KyTUKYJISPHUAM 11apoM B 30 HM.

Ta0nwuist
I[MapameTpu HUTOMIA3MATHYHUX OPTaHeJ KIITHH amiKaJIbHOT
MepPHCTEMH BereTATHBHOIO MATOHY POCJINH MIIEeHHI APoi
Table
Measurements of cytoplasmic organelles cell apical meristem
of vegetative shoots of spring wheat plants
KonTpoas Jlist 0akTepiii HOBOro WITAMY
Tapaverpu 0e3 iHOKy sl Azospirillum brasilense 102
KinpkicTh muacTuj y KIiTHHI 10,36 + 1,40 12,33+ 1,63
O0'em 1mIacTuad, MKM3 11,15+ 0,30 12,30 + 0,83
KinpKicTh MITOXOHIPIN Y KIITHHI 17,76 + 1,43 22,34+ 0,76
JiameTp MiTOXOHIPINA, MKM 1,70 £ 0,33 2,60 +£0,23
00’eM MITOXOHIIPIH, MKM3 3,50+ 0,33 5,64 +0,20
KinmpkicTh KPUCT y MITOXOHPIT 1,50 £ 0,07 3,50+ 0,02
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um3 100 - uvi3 100
90 A 90 A
80 A 80 A
70 A 70
60 - 60
50 A 50
40 A 40 A
30 A 30 A
20 A 20 A
10 A 10

0 0

aapo BaKyoni uuTonnasma KNiTUHHA aapo BaKyoni uuTonnasma KNiTUHHA
obornoHka obornoHka
KoHTposnb (6e3 iHoKynauii) IHoKkynaujia Azospirillum brasilense 102

Puc. 3. CniBBigHOIIEeHHs 06’ €MiB KOMIIAPTMEHTIB KJIITHH aNiKaJbHOI MepHCTeMH
BereTaTUBHOIO MATOHY POCJINH NMINEHUI APOi

Fig. 3. The relation of apical meristem cells compartment volume
in vegetative shoots of spring wheat plants

Opneprkani pe3yJIbTaTh y3roKYIOTHCS 3 TITEpaTypHUMH JAHUMH 1110710 TO3UTHB-
HO1 1TiT a3ocmipmin Ha pociuHu. [Ipu mocimipKeHHI MiKpoacoIiaTHBHOT B3aEMO/IiT OyI10
MOKa3aHO CTOCi0 MPOHUKHEHHS a30T(iKCyBaIbHUX OaKTEPiil pomy y MKKITITHHHAN
MPOCTIp KOPEHs Ta iX iICHyBaHHS SIK CTaOUTBHOI Aia30TpodHOi momyssii [8, 9], mo
JUTS )KUBJICHHSI BUKOPHCTOBYE TIPOIYKOBaHI POCIWHOIO OpraHidHi pedoBuHU [12].
['010BHUM YMHOM I1€ HAKOMTMYeHA B MaKpoepriunux 3B's13kax AT® eHepris, mo BU-
KOPHCTOBYETHCS MIKpOOpTaHi3MaMu 1151 (hikcartii a30Ty. TakuM 94MHOM, BiIOyBa€THCS
TiCHA B3a€MOJIiSl MIKPO- 1 MaKpOIapTHEpa, 10 YMOXJIUBIIIOE OOMIH CUTHAJIbHUMU
MoJleKyJiaMu Ta metaboritamu. Tak, Bix Aia3oTpodiB y pocimHy 0e3mocepeaHbo
HAIXOAATh (iKCOBaHUH a30T 1 ¢GiToropMoHU. B cBOIO uepry, BCTymarouu B TiCHY
B3aEMOJIIO 3 eHAO0(ITHUMH Aia30TpodhaMu, POCIMHHA 3HAYHO PO3IIHPIOIOTH CBOT
€KOJIOT1YH1 MOYKJIMBOCTI 1 3aBIIKH KOMILIEKCY MOP(OIOT0-aHATOMIYHHUX 3MIH POC-
JUH Ta YIBTPACTPYKTYPHHUX TepeOynoB KIITHH, HAOyBarOTh HOBUX METa0OIIIHIX
dbynkiiit [10].

Taxum YMHOM, HAMH BCTAaHOBJICHO, IO ITiJT A1€F0 O10T€HHOTO YHHHUKA 301TBIITY -
€THCS ITyJ MEPUCTEM, 3MEHIITY€E€THCS SACPHO-IIUTOIIa3MaTUYHE CITIBBITHOIICHHS Ha
TJTi 3pOCTAHHS YUCIIa TIOOMHOKUX BaKyOJIeH, 301IBIITYETHCS PO3MIp TUTACTH]T 1 MITO-
XOHJIPiH, KITTBKICTh MITOXOHIPI MEPUCTEMAaTHYHHX KIIITHH Ta KPUCT B MITOXOH/IPISIX.
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YIABTPACTPYKTYPHAS OPTAHU3AIIUA AIINKAJIBHBIX
MEPHUCTEM ITPOPOCTKOB SAPOBOM MIIEHUIIBI IO
JEHCTBHUEM HOBOI'O IITAMMA
AZOSPIRILLUM BRASILENSE 102

Pedepar

Henn1o pabomvi Ob110 uccredosams YibmpacmpyKnypHyIO OpeaHu3ayuio Ki1emox ani-
KATbHBIX MepUcmem pacmeHull apoeo RueHuybl, UHOKYIUPOBAHHBIX OUA30MPodamiL
pooa Azospirillum. Metoabl. H3yuenue opmuposanus 3H00QPUMHOU accoyuayuu
A. brasilense 102 ¢ pacmenuamu aposoii nuenuysl (Triticum aestivum L. (T. Vulgare
Vill)) copma Panuss 93 nposoouniu 6 1a60pamopHbix onvlmax 8 CIepuibHbiX YC08UIX.
DnekmpoHHO-MUKPOCKONUYECKUE UCCTIeO08AHUA KIIeMOK ANUKATbHBIX MEPUCTEM NPO-
800UNIU 8 MPAHCMUCCUOHHOM dNIeKMPOHHOM Mukpockone Jeol JSM 1200-EX. [Toocuém
ocywecmenaica 6 S0-mu 0opazyax sneKmpoHOSPAMM KIemoK S-mu anexkcog nobeza
0715 Kadtc0020 eapuanma. Pe3yabrarsl. B xo0e 21eKmpoHHO-MUKPOCKONUYECKO2O UC-
CN1e008aAHUS ANUKATLHBIX Mepucmem nobe206 Aposoti NueHUYbL, BLIPAUEHHOU HA Cie-
PUTLHOM cyOCcmpame u3 UHOKYIUPOBAHHLIX bakmepuamu Azospirillum brasilense 102
3EPHOBOK, Mbl UCCTE008ATU YILIMPACTPYKINYDHYIO OP2AHUAYUIO UZ00UAMEMPUYECKUX
KAEMOK UHUYUATbHOU 30Hbl anekca. 1100 deticmeuem UHOKYIAYUU YEEeTUUUBANCS NYIL
Mepucmem, YMEHbULATOCH A0ePHO-YUIMONIASMAMUIECKOe OMHOWEHUe, YEeTUUBATUCH
pasmepuvl nIACMUO U MUMOXOHOPUIL, KOTUYECTNBO MUMOXOHOPUL MEPUCTNEMATNUTECKUX
KAEMOK U KPUCTI 8 MUINOXOHOPUAX. B kiemkax mepucmem pacmenuil, uHOKYIUpOBaH-
Hoix A. brasilense 102, o6Hapysicero ygenuuenue yucia u pasmepos niacmuo, MUmoxoH-
Opuil U NEPOKCUCOM, NO CPABHEHUIO ¢ KOHMPOLEeM, HAOTI00AI0Ch DOLee UHMEHCUBHOE
paseumue cucmem Kpucm 8 Mumoxonopusix. BeiBoabl. Yeenuuenue yucia u pazsmepos
RAACMUO, MUMOXOHOPULL U NEPOKCUCOM, NO CDABHEHUIO ¢ KOHMPONeM YKA3bleaem Hd
BbICOKULL YPOBEHb KNEMOUHO20 ObIXAHUA Y PACTEHUL], UHOKYTUPOSBAHHBIX WUMAMMOM
A. brasilense 102. Jlyuwuii yposens pazgumus cucmemvl KPUCH 8 MUMOXOHOPUAX
MOdHCEM C8UOEMENbCTNBO8AMb O 8bICOKOU IHEPSeMUYECKOU aKMUBHOCINU OP2AHEN
UHOKYIUPOBAHHBIX PACTNEHUI.

Knwueesvie cnoea: yrempacmpykmypa kiemok, Azospirillum brasilense 102,
Mepucmema, RAACMuoblL, APO6As NUUEHUYA.
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ULTRASTRUCTURAL ORGANIZATION OF APICAL MERISTEMS
IN SPRING WHEAT SEEDLINGS UNDER INOCULATION WITH
BACTERIA OF AZOSPIRILLUM BRASILENSE 102 NEW STRAIN

Summary

The aim of study was to investigate the ultrastructural organization of apical meristem

cells of spring wheat plants inoculated by diazotrophic bacteria of Azospirillum genus.

Methods. The research of endophytic associations formation between A. brasilense
102 and spring wheat plants (Triticum aestivum L. (T. Vulgare Vill)) sort Rannia 93

were carried out under sterile conditions. Electron microscopic study of cells apical
meristems was performed in the transmission electronic microscope Jeol JSM 1200-

EX. For each variant the calculation was made among 50 samples in 5 stem apex.

Results. During the electron microscopic study of shoot apical meristematic cells

of spring wheat grown on sterile substrate inoculated with bacteria Azospirillum

brasilense 102, we have investigated the ultrastructural organization of izodiametric
cells of initiative apex zone. Under the influence of inoculation the pool of meristems

increased, the nuclear — cytoplasmic ratio decreased, the size of mitochondria and
plastids increased, mitochondria number of meristematic cells, cristae in mitochondria
increased. In cells of mesophillous plants inoculated by A. brasilense 102 strain,

there were revealed an increase in the number and size of plastids, mitochondria and
peroxisomes compared with controls, there were indicating higher level of cellular
respiration in the plants inoculated by this strain. Given the inoculation system cristae
in mitochondria was more developed, which may indicate high energy activity of
organelles in the inoculated plants. Conclusions. Increasing the number and size of
the plastids, mitochondria, peroxisomes, as compared to control indicates a high level
of cellular respiration in plants, inoculated by A. brasilense 102 strain. The best level
of development of cristae in mitochondria may be evidence of high energy activity of
organelles of inoculated plants.

Key words: cell ultrastructure, Azospirillum brasilense 102, meristems, plastids,
spring wheat.
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BIIJIMB ITOXIJHUX I3OHIAZUAY HA YYTJIUBICTb
JJAKTAMASAIIPOAYKYBAJIbBHUX STAPHYLOCOCCUS
AUREUS 10 HEHIINUJIIHY

Mema. Bussnenna s0amnocmi 00 cunme3y f-nakmamas y wmamie S. aureus,
BUOIIEHUX 3 6EPXHIX OUXANbHUX WLIAXIE NI00eU, a MAKONC BUSHAYEHHS 6NIUBY
[30HIKOMUHOIN2IOPA30H N-OUMEMULAMIHODEH3ANIb0e2i0y Ma KOMIILEKCY CHAHYMY
(1V) 3 i3onikomurnoineiopazonom 2-2iopoxcu-1-nagpmanvoecioy Ha wymaugicme yux
wmamie 0o neniyuniny. Memoou. B pobomi suxopucmogyganu MikpoOionoiuni
Memoou. OUCKO-OUY3ItHUIL, Memod NOOGIHUX OUCKIE Ma CepiliHUX po36edeHb, d
MAKodc cmamucmuyHi memoou ananizy oanux. Pesynemamu. 3 6epxuix ouxanvHux
wsxie 300posux aoodell sudineno 33 wmamu S. aureus, y AKUX HAUOITbWIUIL pi6eHb
Pe3UCMEHMHOCMI CnOCmepieascsi 00 NeHIYUNIHIG I yehanocnopunie 3—4 noKomiHHsL.
Y n’amu wmamie suasneno npooyxyiio p-naxmamas. Iloxkasano, wo 3a npucymuocmi
docrniodicysanozo 2iopasony ma komnaexcy cmanymy (1V) MIK neniyuniny oas wma-
my S. aureus 17, cmitikozo 0o 11 3 eukopucmanux f-raxmamis, snudicysanacs 6 32
pasu. Bucnoexu. [Jocriosicenuii ciopazon ma komniexe Sn (IV) maroms nomenyiiiny
30amuicms 00 NOOONAHHS CMIUKOCMI 2PAMNO3UMUBHUX O6akmepill 00 [-1aKmamMHux
anmuoOiomuxis.

Knwuoei crnoesa: pesucmenmuicms, f-nakmamasa, Staphylococcus aureus,
MiHimaneHa ineioysanvrna konyenmpayis (MIK), ineioimop, i3oniazuo, 2iopazoHu,
xomnaexcu cmarymy (IV).

[TpoBiHOO TPYIIO0 aHTHOIOTHKIB, 1110 32aCTOCOBYIOTHCS B KITiHIIII, € B-TTaKTaMH.
Came B-makTamu cTajay MEPIIMMU aHTHOAKTEpiaTbHUMU MpenapaTamMu, J10 SIKUX y
MiKpOOpraHi3MiB BUHUKJIM 3aXUCHI MexaHi3Mu. Ha choroHi HaifOLIb11 TOMMPEHUM
MEXaHI3MOM CTIHKOCTI /10 B-TaKTaMHUX aHTUOI0THUKIB € X ()epMEHTAaTHBHA 1HAKTH-
BaIlisl B pe3y/bTaTi TigpoTizy OJHOTO i3 3B'SI3KIB B-TaKTAMHOTO Kb (pepMEHTAMU
naktamasami [7].

OcranniM yacom 10 90% cTifikuX mramiB OakTepii, BUIIJICHUX BiJ] MAII€HTIB,
3matHi 10 BUpoOneHHs B-maktamas. B VkpaiHi cuTyaliisi moripuryeTbesi BUTbHUM
JOCTYTIOM HAaCEJIeHHS 10 aHTUOIOTHKIB B alTe4Hiid MEpexki Ta JOCUTh YaCTUM He-
HaJIe)KHUM 1X BUKOPUCTAHHSM [2].

OnHUM 13 HUISAXIB MOJONaHHA OaKTepialbHOI PE3UCTEHTHOCTI, MOB’S3aHO1 3
(epMEeHTAaTHBHOIO IHAKTUBAIII€10 aHTHO10THKIB, € 3aCTOCYBaHHS KOMOIHOBaHUX ITpe-
naparis, 10 CKJIQIy SIKUX HOPSI 3 JIFOYOI0 PEYOBUHOIO BXOJHTH 1HT101TOP JIAKTaMa3H.

© O.10. 3inuenko, H.B. IlImarkosa, L. Ceiidymrina, B.O. Jlepep, 2014
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3a3Buyaii iHriGITOPOM BUCTYTIAE AaHTHOI0THK 3 TPYITH -JIAKTaMiB, Y SIKOTO Bi/ICYT-
Hs a00 cltabka aHTHOAKTepiajbHa aKTUBHICTD, aJI¢ OCTAHHIM 9acOM TIOYaBCs MOTITYK
THTI0ITOPIB Cepe;I CIIOITYK 3 IHIIO XIMIYHOIO OYZI0BOFO, 30KpeMa, Tipa3oHiB [ 12—14].

Panime Hamu OyI10 JOCITIHKEHO BIUTAB ITOXITHUX 130HIa3H Ty — 130HIKOTHHOIIT -
JPa30HIB apOMATUYHUX AJIbJIETi/IiB 1 HOBUX BIAMOBITHUX KOMIUIEKCiB cTanymy (IV)
Ha pICT YMOBHO-TIATOT€HHUX OakTepiii [1] Ta BUABICHO cepell HUX JBI CIIOYKH, SIKi
BUSIBIIIIOTH HU3bKY aHTHOAKTEpiabHy aKTUBHICTB IIOJI0 CTAHAPTHOTO IITaMy . au-
reus ATCC 25923. Lle € BaxsuBUM (HaKTOPOM, OCKIJIbKH BU3HAYCHHS 1HT10yBaIbHOT
nii Ha B-TakTamas| CIOJYK 3 BHCOKOI aHTHOAKTEPiahbHOK aKTHBHICTIO MO0
TECT-IITaMiB HEMOXJIMBE BHACIIOK MPUTHIYCHHS POCTY OaKTepiaIbHUX KYJIBTYD.

MeToro maHoi poOoTH OyJI0 BHUSBICHHS 3aTHOCTI JIO CHHTE3y [-TaKkTamas y
mTamiB S. aureus, BUIIJICHUX 3 BEPXHIX TUXATBHUX IUISAXIB JIIOICH, a TAKOXK BU3HA-
YCHHS BILTUBY 130HIKOTHHOLITIIPA30H /- TUMETHIIAMiHOOCH3ITBICT1TY Ta KOMITICKCY
cranymy (IV) 3 i30HIKOTHHOIT1Pa30HOM 2-TinpoKCH-1-HadTanpaeTiy Ha 9y TIIH-
BICTh IIUX IITaMiB JIO TICHIIAJIIHY.

Marepiajin Ta MmeToau

Buninenns cradilokokiB MPOBOAMIIN 3 TIOBEPXHI MUTAAIMKIB Ta TIOPOKHUHU
HOCa 3710poBHUX 0ci0. [meHTH(ikaIito MpOBOAMUIN 32 CTAaHAAPTHOIO CXeMoro [8].
BusHaueHHsT 9yTIUBOCTI BUAUICHUX IITaMiB 10 B-IAKTAMHUX aHTUOIOTHKIB 3Tii-
CHIOBAJIU TUCKO-TU(y3iiHUM MeTomoMm [11].

Jlis BUSIBJICHHSI CUHTE3Y BUAUJICHHMH IITaMaMH JIAKTama3 BHKOPUCTOBYBAJIH
MeToJ oABIHHUX nuckiB [7]. B nienTpi wamkwu IleTpi 3 arapom Mrosnepa-XiHTOHA,
3aCiSTHOTO CYCITCH31€10 TECT-IITaMy, PO3MIIIyBaJIA TUCK 3 aMOKCHITAIIIHOM/KJIaByJIa-
HaTOM, 3 OOKIB Bi/I HLOTO — IUCKH 3 Ite(hoTakcumoM i riedernimom (puc. 1). [Ipo cunTe3
[B-makTama3s CBiTUHIIA TIOSIBA PO3IIMPEHUX 30H MPUTHIYCHHS POCTY MIX OJHHM a00
JIEKIJTbKOMA TMCKaMU 3 B-JTaKTaMaMH 1 JUCKOM, STKHI MICTHB KJIaBYJTAaHOBY KHCJIOTY.

Puc. 1. Cxema po3ramyBaHHs AUCKiB NpU
MOCTAHOBUI TECTY
3 BusiBJeHHs npoaykuii BJIPC metonom
«MOABIHHHUX TUCKIB».

[Mpumitka: AMK — aMoKcHIMITiH/KIIaBylIaHAT;
LTK — nedorarcum; 11A3 — nederim.

Fig. 1. The scheme of arrangement of the
disks with antibiotics

Note: AMK — amoxicillin/clavulanate, IITK —
cefotaxime, [1A3 — cefepime.
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B po6oTi BUKOpHUCTOBYBaIM 130HIKOTHHOINTApa3oH 4-N, N-auMeTHIaMiHO-
OeHzanpaeriay (crmonyka ), oTpuMaHuii peakitiero KOHISHCAITIl Tiapa3uay 130HIKOTH-
HOBOT KHCIOTH “ocd” ¢ aIbAerizoM “x4” 3a MeToaukoro [9] (puc. 2). Moro unctory
Ta IHUBITya bHICTH KOHTPOJIFOBAIM METOJIOM TOHKOIIAPOBO1 Xpomarorpadii i 3a trt.
Komrneke cranymy (IV) 3 130HIKOTHHOLIT1Ipa30HOM 2-T1IpOKCH- | -HadTasbaeriay
(crmonmyka II) cunTe3oBaHO Ha Kadenpi 3aranbpHOI XiMii Ta momimepiB OHY imeni
I.I. MeunukoBa noi. [IImatkoBoro H.B. 3a 3araiapHOI0 po3po0JIeHOI0 METOIUKOIO
[5] (puc. 2). Moro ckiaz i GymoBa A0BeACH] CYKYIHICTIO (hi3HKO-XiMiYHHX METOJIB
JOCIIKEHHS, @ MOJICKYJISIPHY Ta KPUCTAIIIYHY CTPYKTYPY BCTAHOBJIIEHO PEHTI€HO-
CTPYKTYpHUM aHai3oM [4].

0 CH
> N/NH2 N : _tH
| Hoo o+ \ 0 N
N = H CH3 - 20
> “@
W)
snCl, + |
N OH

CI CI am

Puc. 2. Cxema cunTe3y Ta Oynosu cnouayk I i II

Fig. 2. The scheme of synthesis and structure of compounds I and IT

Jiis BU3HAYEeHHs1 KOMOIHOBAHOTO BILIUBY JOCIIKYBaHuX cronyk I, I1 ta anTu-
010THKIB Ha PICT MIKPOOPraHi3MiB IOIEpeIHbO BU3HAYAIM MIHIMaJIbHI 1HT10yBaJIbH1
KoHIIeHTpalii aHTubioTukiB Ta I, Il Mmeronom cepiiinux po3seneHs [8].

VY nonaneiiomMy BUBYaIU CyMICHY JIit0 aHTHO10THKIB Ta croiyk I, I1. /1y nboro
TeCT-MIKpOOPraHi3Mu BUPOILyBalu y cepeoBuii I'icca 3 inaukatopom AHJpene,
JI0 SIKOTO OJTHOYACHO JI0AaBaau aHTuoO10TukH Ta I, II y KoHIeHTpalisax, MeHIuX 3a
MIK. KinpkicTs napaieneil y KOXHOMY €KCIEpUMEHTI JOPIBHIOBANIA 5, eKCIepH-
MEHTH [OBTOPIOBAIM TPHUI.

CraructuyHy 0oOpoOKy pe3yabTariB JOCHIKEHb MPOBOIUIN 3 BUKOPUCTAH-
HSIM 3arajJbHONPUHHATHX METOJIB BapiallifHOro Ta KopessiliiiHoro anamisy. Po3-
PaxoBYBaIM Cepe/Hi 3HAYEHHs MOKA3HUKIiB (X ) Ta 1X CTAHJAapTHY MOMHIIKY (Sp).
BiporiaHicTs BIAMIHHOCTEH MIX CepeiHIMU BU3HaualIu 3a kputepieM CTbIOJEHTa,
OLIIHIOIOYM BIPOTIIHICTh OTPUMAHMUX pe3yJbTaTiB Ha PIBHI 3HAUUMOCTI HE MEHIIEe
95 % (p <0,05) [3].

MaremaruuHi po3paxyHKH IIPOBOIMIIN 32 JOIIOMOT'O0 KOMIT FOTEpHOI TPOTrpamMu
Excel.
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Pe3ysabTaTn 1ocaigkeHHs Ta ix 00roBopeHHs

YV X011 TOCiKEHHS 3 TIOBEPXHI MUTIAIMKIB Ta HOCOBOI MOPOXHUHK 76 3710-
poBHX Jtozel BuALIeHO 33 mtamu S. aureus, 4y TIUBI JI0 iIMIIEHEMY, MEPOTICHEMY,
uedaszoniny, nedaknopy, nedonepazony/cynpoaKTamy, THKAPLUUITiHY/KIaByIaHATY
Ta aMOKCHUIWIIIHY/KJIaBynaHary (puc. 3).

uedenim

uedypokcum

uedTpiakcoH

uedrasnanm

uedoTakcnum

uedonepasoH/cynsbaktam '

uedonepason | e e e e e e ey

uedasoniH '

T VR ——

uedaknop '

E TUKapuunid/knaesynaHaTt '

- m
okcauyuniH

MeponeHem '

kap6eHiunniH -

imineHem '

amniyunid/cyns6aktam =
amMmniyuniH

amokcuuuniH/knasynaHat [

asnounnin [

I I I I I I I f I I
0] 10 20 30 40 50 60 70 80 20 100

Yactka pe3nCcTe HTHUX wTtamiB, %

Puc. 3. Pe3ucTeHTHiCTh BUILIEHNX WITAMIB S. aureus 10 -1aKTaMHHX aHTHOIOTHKIB

Fig. 3. Resistance of isolated S. aureus strains to f-lactam antibiotics

Cepen BuauieHux Kyasryp 15,2% Oynu pe3aucTeHTHI A0 aznouuwiiny, 51,5% —
1o amminuiiny, 12,1% — go amminuiiny/cyns0akramy, 3,3% — 10 kKapOeHILUIIHY,
63,6% — o okcauuminy, 60,6% — no neHiuiiny, 36,4% — no uedikcumy, 100% — 1o
uedonepazony, 69,7% — no nedporakcumy, 100% — no nedrazunimy, 72,7% — a0
uedrpiakcony, 6,1% — no uedypokcumy, 9,1% — no uedenimy (puc. 3).

TakuM yMHOM, HaOUIBIIMK PIBEHb PE3UCTEHTHOCTI CIIOCTEPIraBcs A0 IeHi-
LWIiHIB 1 nedanocnopuHiB 3—4 nokouiHHs. J{o nedanocnopuni 1 Ta 2 nokomiHs,
KapOaneHeMiB Ta 1Hr101Topo3axuieHux PB-nakramiB Oynu qytiusi 100% kynsTyp.

J1 BU3HaueHHs y BUALICHUX IITaMIB 3/1aTHOCTI 10 CUHTe3Y -7akTaMas Bigiopa-
JIY KYJIbTYpH, PE3UCTEHTHI IIOHAaWUMEHII 10 TPETUHU BUKOPUCTAHUX aHTHUO10THKIB.
Takux KyneTyp Oys10 IIICTh.
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[Tpu BU3HA4YEHHI IPOAYKIIii B-TaKTaMa3 METOIOM ITOIBIHHIX JIUCKIB ITO3UTHBHUN
pe3ynbTar mokasanu 5 mramis (puc. 4, a—e), HeraTUBHUM OyB Juie onuH (puc 4, f)

Puc. 4. BusnaueHHs 31aTHOCTI 10 cMHTe3Yy B-1aKkTama3 y BUAJIEHHX IITAMIB S. aureus

[IpumiTKa: a—€ — MO3UTUBHUHN Pe3yIbTaT TECTy, f — HEraTUBHUI PE3yIBTaT TECTY, CXeMa po3Ta-
IIyBaHHS JHUCKIB HaBeeHa Ha puC. 1.

Fig. 4. The detection of inhibitor-resistant f-lactamases in isolated S. aureus strains

Note: a—e — positive result of the test, f — negative result of the test, the scheme of disk arrange-
ment is shown on Fig. 1.

Po3unpeni 30HU MPUTHIYEHHS POCTY MK OfHUM a00 JAeKiIbKOMa JHCKaMH 3
[-nakTamMamH i AUCKOM, SIKUIl MICTUTB KJIaBYJIaHOBY KHCJIOTY, BKa3y€ Ha BUPOOICHHS
[-maxramas. Hezane)xHo B aDCONIOTHUX 3HAYEHD A1aMETPiB 30H IPUTHIYEHHS POCTY
IITAMH, SIK1 TPOYKYIOTh MOMIOHI ()epMEHTH, BBAXKAIOTHCSI PE3UCTEHTHUMH JI0 BCiX
NCHILWIIHIB, 1e(haTOCTIOPUHIB (32 BUKIIIOYCHHSIM 11e(paMiliHiB) 1 MOHOOAKTaMiB [6].

Jlnist moanbux AOCHIKeHb BiiOpanu mram S. aureus 17, sikuif BUSBHUB pe-
3UCTEHTHICTH 10 11 BUKOpHCTaHUX P-TakTaMiB. SIk TecT-aHTHOI0THK Oyi10 0OpaHo
neninuiid. [Tokazano, mo MIK neninumniny 171 TecT-mTamy ckiiagana 48 MKI/MIL.
MIK cnonyxku I nopiBaroBana 160 MmxM, cionyku II — 80 MkM.

KynbTypy TecT-mtamy BUpPOLIYBaJIN 32 MPUCYTHOCTI KOMOiHALIN Pi3HUX KOH-
LeHTpaLiil neHinuiIiny, fki Oynu menmumu 3a MIK, Ta gocnimpkyBanux crnonyk I i
II B xoHnenTpauisax 10 ta 20 MkM. Y pe3ynbTari IuX A0CIIIKEHb OyJI0 BU3HAYEHO
KOMOiHaIlii, SIKi BUKJIMKAJIM TIOBHE MIPUTHIYEHHS pocTy S. aureus 17.

YeTaHOBIIEHO, 1O 3a MPHUCYTHOCTI A0CHiKyBaHUX croayk MIK neninuiny
3HIKYBanacs 10 1,5 Mxr/mi, T006T0, y 32 pasu (puc. 5).
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50+
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1ITHJIIHY,

MKI/MJI

MIK nen

KonTtpoinp I I

Puc. 5. Bniius gocaimxyBanux cnoayk Ha MIK neninuminy
moao TecT-mramy S. aureus 17

Hpumitka: I, IT — cmomyxu 1 Ta II,
10, 20 — xonentparis cronyk I ta II, MkM.

Fig. 5. The influence of studied compounds on MIC
of penicillin for test-strain S. aureus 17

Note: I, I — compounds I and II,
10, 20 — the concentration of compounds I and II, pM.

Ha cboronniniHiii 1eHb KoJ10 1Hri01TOpPIB, 31aTHUX IPUTHIYYBAaTH ()epMEHTATHB-
HY 1HaKTUBAIil0 B-TaKTaMHUX aHTUO10THKIB, 1yske oOMekeHe. Kpim Toro, 3a cBo€ro
XIMIYHOIO Oy/10BOIO 1HT1OITOPH HaJIEKATh J0 B-TaKTaMiB, 110 MOKE BUKIUKATH BH-
HUKHEHHsI y MIKpOOPraHi3MiB 31aTHOCTI 10 pyHHYBaHHS ¥ caMOi MOJIEKYJIHU 1HT101-
Topa [10]. ¥V 3B’43Ky 3 UM IOIIYK 1HT10ITOPIB Ce€pel] CIOMYK 3 IPUHILUIIOBO 1HIIUM
TUIOM Oy/I0BM LILJIKOM BUIIpaBJaHui. Y pobGoTrax Siemann Ta criBabT. [15] noBeneHo
e(heKTUBHICTb aypUIICYIIb(OHUITAPA30HIB sIK 1HT101TOPIB MeTalo-B-nakramas. Lumu
JIOCJI1THUKAMU IIOKA3aHO 3JJaTHICTb I'JIPa30HIB POSIBIIATH a(DIHITET JO aTOMY LIUHKY,
TOOTO, OJIOKYBaTH akTUBHUM LEHTp (pepmeHTy. HasBHICTh OJIOHOT aKTUBHOCTI Y
koMIuiekcy cranymy (IV) 3 130HIKOTHHOINT1IPa30HOM 2-T1IPOKCUHA(TAIBAETIAY
TaKOX I[IJIKOM MMOBIpHa.

Kpim Toro, BioMo, 1110 T€HH, SKI KOIYIOTh JIAKTaMa3u IPaMIO3UTUBHUX OaK-
Tepii, 3a3BMUail IMMOOLIII30BaHl Ha M03aXPOMOCOMHMX I'€HETUYHHMX €JIEeMEHTax
[6, 10], ToMy 1HIIMM BIpOT1JHUM MEXaHI3MOM II1IBUIIIEHHS 4y TJIMBOCTI TECT-IITAMy
JI0 TIEHIIWTIHY € B3aeMois 3 mazmigHoo JJHK.

TakuM 4MHOM, B XOZ1 JOCIIPKEHHS 3 BEPXHIX TUXAJIbHUX LUIAXIB 310pPOBUX
mofiedt BuaIeHo 33 wramu S. aureus, y SIKUX HalOLIbIINI pIBEHb PE3UCTEHTHOCTI
criocTepiraBcsl 10 NEHIIMIIHIB 1 e(anoCnOopuHIB 3-4 MOKOMIHHA. Y I'ATH ILITaMiB
BUSIBJIEHO 3/1aTHICTH 70 cUHTe3y [-nakramas. [lokas3aHo, 110 3a mpUCyTHOCTI J10-
CJIIJPKEHOTO Tiipa3oHy Ta komiuiekcy cranymy (IV) MIK nenimuiiny ans mramy
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S. aureus 17, ctiiikoro 10 11 3 BuUKopucTaHux (-makramis, 3HHXKYyBajacs B 32 pasm.
OTxe, BUKOpUCTaHi B po0oTi crioyku N-qumerninaMminoOeH3anpaeriay (crnomyka I),
komruieke cranymy (IV) 3 i30HIKOTHHOINTiIPa3oHOM 2-TiApoKcu-1-HadTampaeriay
(crromyka I1) MaroTh MOTEHITIHY 31aTHICTB JI0 TIOIOJIAHHS CTIHKOCTI TPaMITO3UTHBHUX
Oaxrepiit 10 B-TaKTaMHUX aHTUOIOTHKIB.
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BJIMAAHUE IMTPON3BOJHBIX N30HUA3ZUIA
HA 9YYBCTBUTEJBHOCTbD JIAKTAMA3SAIIPOAYHUPYIOIIUX
STAPHYLOCOCCUS AUREUS K HEHUIINJIVIMHY

Pedepar

Heasn. Buisasnenue cnocobnocmu k cunmesy f-rakmamas y wmammos S. aureus,
BbIOCIEHHBIX U3 BEPXHUX ObIXAMENbHLIX Nymell J100et, a MmakKdice onpeoeienue u3o-
HUKOMUHOUIZUOPAZOHA N-OUMEMUIAMUHOOEH3aIb0e2UOd U KOMIIEKCd 01108d C U30-
HUKOMUHOUNZUOPAZOHOM 2-2UOPOKCUHADMANbOe2UOd HA YY8CMBUMENbHOCMb IMUX
wmammos Kk nenuyuanuny. MetToapl. B pabome ucnonv3osanu Mukpobuoio2uueckue
Memoovl: OUCKO-OUDPY3UOHHDLL, MemOoO OBOLUHbIX OUCKOS U CEPULIHBIX PA3Be0eHUl,
a makoice cmamucmuieckue mMemoosvl anaiuza oanuvix. Peyabrarbl. M3 gepxuux
obIxamenvHblx nymetl 300p08uIxX Jtooell ebioenenvl 33 wmamma S. aureus, y KOMmopvix
cambiil bICOKULL YPOBeHb PE3UCHEHMHOCIU HADI0O0ANCS K NEHUYULTUHAM U Yyepano-
cnopunam 3—4 nokonenus. Y nsamu wmammos 8bisaeieHa CHOCOOHOCHb K 8bIpabomKe
p-naxmamas. [lokazano, umo 6 npuCymcmeuy ucciedyemozo 2uopasona U KOMnieKca
onosa (IV) MUK nenuyunnuna ons wmamma S. aureus 17, yemouuugoeo x 11 u3 ucnono-
308aHHBIX f-1akmamos, chuxcaemces 6 32 paza. BeIBOObL. HcciedosanHulii 2u0pasoH
u xomnaexc onosa (IV) obnadarom nomeHyuanbHoOU CNOCOOHOCMbIO NPEeo0oLe8AMb
YCMOU4UBOCMb 2PAMNRONONCUMENbHBIX OAKMEPULL K [-1aKMAMHLIM AHMUOUOMUKAM.

Knwuesvie cnoesa: pesucmenmuocmo, f-rakmamasa, Staphylococcus aureus,

MuHUManvHas uneudbupyrowas konyeumpayus (MHUK), uneubumop, euopasonsl,
xomnuekcwl onosa (IV).
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INFLUENCE OF IZONIAZIDE DERIVATIVES ON LACTAMASE-
PRODUCING STAPHYLOCOCCUS AUREUS SENSITIVITY TO
PENICILLIN

Summary

Aim. The detection of the ability of S. aureus strains isolated from human upper airways
to B-lactamase production and determination of the effect of p-dimethylaminobenz-
aldehyde isonicotinoylhydrazone and Sn(I1V) complex with 2-hydroxyinaphtaldehyde
isonicotinoylhydrazone on the sensitivity of lactamase-producing strains to penicillin.
Methods. We have used the microbiological methods: disc-diffusion, double-disc and
serial dilution methods and statistical data analysis. Results. 33 S. aureus strains
with the highest resistance to penicillins and III-1V generation cephalosporins have
been isolated from the upper airways of healthy people. The ability to synthesize
p-lactamases has been detected in 5 strains. It has been shown 32-fold decrease of
MIC of penicillin for S. aureus 17 in the presence of studied hydrazone and Sn (IV)
complex. Conclusions. Studied hydrazone and Sn (IV) complex have the potential
ability to overwhelm the resistance of Gram-positive bacteria to f-lactam antibiotics.

Key words: resistance, f-lactamase, Staphylococcus aureus, minimum inhibitory
concentration (MIC), inhibitor, hydrazone, Sn (IV) complex.
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BIIJIUB ®I3BUKO-XIMIYHUX PAKTOPIB
HA JEI'TAPOI'EHA3ZHY AKTUBHICTD
BACILLUS SUBTILIS IMB B-7023

Mema. /locniodcenns niugy 0esaKux Qizuxo-ximivHux ¢paxmopie na oe2iopocenasny
axmusnicmo Bacillus subtilis IMB B-7023. Memoou: 6axmepii supowysaniu 6
YMOBAX NepioOUYHO20 KYIbMmusy8auHs. [leciopoceHas3ny aKmugHicmos OYIHIO8AIU
3a BIOHOBIEHHAM 6 aHaepoOHux ymogax 2,3,5-mpugheninmempa3zoniti xiopuoy 0o
mpucpeningpopmazany, emicm saKo2o eusnauaiu gpomororopumempuyno. Pezynoma-
mu: Bcmanoeneno, wjo HAuguwux 3Havenb 0e2iopoceHasna akmueHicms Habyeae
v Bacillus subtilis IMB B-7023 3a memnepamypu 37 °C 6 cepedosuwi, ujo mae pH
7,0. Haiibinbw 8ucoki nokasHuku 0e2iopoceHasHol akmusHocmi OYiu ompumani 3a
emicmy 6 Hoomy 10 &/n enoroszu. Bemanosnerno, wo ionu Mg> i Ca’* cmumymosanu
oeziopozenasny axmusHnicmv Bacillus subtilis IMB B-7023, a ionu Fe’*, nasnaku,
npueniuysanu ii. Bucnoexu. Bucoka uymaugicms 0e2iOpoceHasHo2o KOMNIEKCy Yux
bakmepitl 00 PI3UKO-XIMIUHUX AKMOPIE cepedosuya Modjce BUKOPUCTOBY8AMUCS
OJ151 NPO2HO3Y8AHHI AKMUBHOCMI OAHO20 WMAMY 3a Oii nesHux (hakmopis cepedosu-
wa npu 1020 3acmoCcy8anti y cKiadi KOMIIEKCHO20 OAKMepiaibHo20 npenapamy 6
azpoekocucmemax.

Knwuoei cnoea: Bacillus subtilis, gizuxo-ximiuni gpakmopu, oeciopocenaszua
AKMUGHICMb.

JleringporeHa3zHuil KOMIUIEKC MiKPOOPTaHi3MiB € OTHUM 3 OCHOBHHX KOMITOHEH-
TiB €HEPTeTUYHOTO METadOoMi3My KIITHH Ta ix (yHKioHyBaHHs. Jlo ioro ckiamy
BXOJISTH MIPUINH3AIEKHI JeTiaporeHasu, kopepmentamu sikux € HAJl abo HAID
1 praBiH3aNeKHI Aeriaporenasu 3 npocretndyHuMu rpynamu @AJl abo ®MH [ 4].

JleriaporeHa3Huii KOMIUIEKC MiKPOOPTaHI3MiB € IOCUTh Uy TIIMBUM JI0 Oy/Ib-SIKHX
3MiH B yMOBaxX OTOUYIOUOTO cepeoBuina. Ha mokazHUKH HOro aKTUBHOCTI CIPUYUHSIE
MTOMITHHH BIUTUB KOHIICHTPAIIisl JUKEPEIT BYIJICIIEBOTO KUBJICHHS 1 eHepTii, Temrepa-
Typa CepeloBHINA, BMICT PI3HUX XIMIYHUX PEYOBHH, SIKi MOXKYTh IHTEHCH(]IKyBaTH
a00 CITOBLIBHIOBATH MEeTA0O0IIIYHI TIpoIiecH Mikpooprasi3mis [8—12]. Tomy aeriapo-
TeHa3Ha aKTUBHICTh BBAKAETHCS IHAMKATOPOM (DYHKIIIOHAILHOTO CTaHy MiKPOOHHX
MOMYJISAIIH 1 IX OKMCHIOBaJIBHOI akTUBHOCTI [ 10—12].

BrnmuB nux ¢axTopiB Ha AeTigporeHasHy akTuBHICTH Bacillus subtilis IMB
B-7023, 1m0 € KOMITOHEHTOM KOMIUIEKCHOTO OaKTepiaJbHOTO Mpernapary sk poc-
JUHHUITBA [2], HE BH3HAYABCs, IO HE JO3BOJSIE MPOTHO3YBATH MOMKJIHMBI 3MiHI
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¢bi31071010-0610XIMIYHOT aKTUBHOCTI IIUX OaKTEPiil B arpoeKOCUCTEMAXx 3a il TEBHUX
(bakTopiB cepeoBHUIIIa.

3Bakar04uM Ha I1e, METOI poOOTH OYyJI0 JTOCTIKEHHS BIUIUBY JCSKUX (Di3UKO-
XiMIgHUX (haKTOpIB HA JETiIpOreHa3Hy akKTUuBHICTD Bacillus subtilis IMB B-7023.

Marepianau i MmeToan

0O06’extom mociikeHHs OyB mTaMm (ocharmodimizyBambHUX O0akTepiid Bacil-
lus subtilis IMB B-7023 [6], 1110 3aCTOCOBYETHCS ISl BATOTOBJICHHST KOMIUIEKCHOTO
OaKTepiaIbHOTO Mpemnapary Uil POCIMHHHUIITBA. bakTepil BUPOIIyBaau MPOTITOM
24 rox nipu 28°C 1 mepemimyBanHi (240 06/xB) B 750 mut konbax Epnenmeiiepa, B
ski BHOCHIH 110 100 MIT pifKOTO XHBHIIBHOTO cepenopuma Crmizizena [13].

OTtpumany cycrieH3ito 6akTepiit ocapkyBanm Ha rieHTpudy3i OITH-8 mpur 6600 g
mpoTsroM 15 XB 3a kKiMmHaTHOT Temmepatypu. Kimituan pecycniensyBanu y Oydepi 3
neBHUM 3HaYeHHAM pH, ontruny ryctuny (OI') noBoaunu 10 0,5 071, BAKOPHUCTOBY-
toun poroxomopumerp KOK-2MII, noxuaa ONTHYHOTO NUTIXY 5 MM 1 A=540 HM.

Busnauennst geriaporeHa3HOi aKTUBHOCTI MPOBOJIMIIN, 3aCTOCOBYIOYH METOJ
BiTHOBJICHHS O6€30apBHOI codi 2,3,5-Tpudeninrerpasomiii xaopuay (TTX) B uepBo-
Hy crionyky Tpudenindopmazan (TOD) B anaepoOHUX ymMoBax [1, 5] 3 HACTYITHOIO
excrpakitiero TOD erumoBum criuproM. [[jisi BUBHAYCHHS JIET1IpOTeHa3HOT aKTHB-
HocTi B ipoOipku TynOepra BHOCHIM 2 MJ OakTepianbHoi cycnensii, mo 1 mu 2%
PO3UYMHY IITIOKO3H, a B 00K0BHUi BigpocTok — 0,5 M1 1% po3unny TTX. Ilicns uporo
MPOOIPKU 3aKpUBAIH, BAKyyMYyBaJIH, BMICT OOKOBOTO BiPOCTKY IEpPEIMBAIN B 1X
TOJIOBHE BIIIJICHHS, CyMilI iHKyOyBaJi 3a BiIMTOBITHUX TEMITEpaTyp MpoTsarom |
rozx. [Torim 1o BMicTy npo6ipok TynOepra gonasanu 5 M 96 % etanouy, eHepriiiHO
cTpyIryBany i 3amumrany Ha 20 XB 11 eKcTpakiii Gpopmazany. OTpuMany CyMimn
nenTpudyrysamu 15 xB mpu 6600 g. Y cynepuaranti BuzHaganu Ol mpu A=490 HM,
BukopucToBytour KtoBeTr 10 MM. KinbkicTs TO® BH3HaYamM 3a KaaiOpyBaIbHOIO
KpHBOI0. Pe3ynpraTn mepepaxoByBasid Ha cyXy Oiomacy Oakrepiit (CB), ssxy Bu3Ha-
YaJIi BarOBUM METOJIOM Ta 3a CTaHIapTHOIO KPUBOIO 3aIe:KHOCTI 6iomacu Big OI
cycnensii. Jlerimporenasny akTuBHICTh Bupaxkaan y mr TOD/ ! Cb- rox.

[Ipu BU3HaYCHHI BIUTMBY pi3HMX 3HaueHb pH Ha nerigporeHazHy aKkTHUBHICTh
cycrien3ii 6akrepiit roryBanu y docdaraux OydepHux cucremax, mo Mamu pH
5,0; 6,0; 7,01 8,0. Ha ocHOBI 3a3HaueHNX Oy(epiB TOTYBaIN PO3YHHH TITFOKO3H IS
peakmiiHuX cyMmimiei. JleriaporeHasHy akTHBHICTh BH3HAYAIH 32 BUIICOMACAHOIO
METOMKOIO TTpH Temrreparypi 28 °C.

Jln1st BU3HAYeHHS BIUIMBY Ha JIET1APOTeHa3Hy aKTUBHICTh KOHIIEHTPAIII] TITFOKO3H
il BHOCHITM B peakIliiiHe cepeoBuIle B KoHeHTpamisax 1, 5, 10 1 20 r/m.

Brmue kationis Mg?*, Ca?*, Fe** Bu3Hayaiu 3 BAKOPUCTAHHSIM XJIOPHU/IIB TaHUX
coneit. Yci pozunau rotyBaiu Ha ocHOBI Tpic-HCl1 6ydepa pH 7,1. ITicns KynbTuBy-
BaHHs OakTepii aBivi BigmuBanu y Tpic-HCl Gydepi, roTyBanmm cycrieHsio 3 3a1aH0r0
OI' 0,8 on. OTpuMaHy CyCITEH310 JI0IaBalid y MPOOIPKHU IO 2 MII, TAKOXK JTOIaBaIIN
no 1 MJI pO3YMHHM coJiell IeBHUX KOHIEHTpamii, 1 Mt 2% po3unHy TIIIOKO3M 1 BH-
3HAYAJIM JICTIAPOTeHA3HY aKTUBHICTH 32 ONTUCAHOO BHINE METONNKOIO0. Bl mocminn
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MIPOBOIMIIN TPUU1 y TPHOX 1 O1TIBIIIE TOBTOPHOCTSIX. Pe3ybTraT 10 CIIiKSHbD T TsI-
raJId CTaTUCTHYHIN 00p0oOI1i, BU3HAYAIOUN JTOBIPYHI IHTEpBaJ CEPEIHIX ITOKA3HHUKIB
nipu BiporigHocTi 95% [ 3 ].

Pe3yabTaT T2 00rOBOpEHHS

JlocmiKeHO 3aIeKHICTh JeTiIporeHa3Hoi aktuBHOCTI B. subtilis IMB B-7023
BiJI TeMIlepaTypu iHKyOyBaHHs OakTepiil. BcTaHOBIIGHO, 110 32 1 MiABUIIICHHS BifT
18 no 28 °C pmerimporenasna akTUBHICTH 3poctana Ha 50% (puc. 1). HaiiBummx
3HAYCHB IIeH MTOKa3HHUK Jocsras 3a Temieparypu 37°C. Ipwu 1i migsumenHi qo0 50 °C
JeTiporeHa3Ha akTUBHICTh 3HMKYyBanacs Ha 24%. TakuM YMHOM, TeMITEpaTypHHUNA
ONITUMYM JIJISl TIPOSIBY JIET1IporeHa3Hoi aktuBHOCTI B. subtilis IMB B-7023 (37°C)
HE CITIBIAJA€ 3 ONTUMAJIBHUMHU 3HAYCHHSMH [HOTO TIOKAa3HUKA JIJISl POCTY JaHOTO
mTamy OakTepii.

3Ha4YHU# BIUIMB Ha JIET1IPOTeHa3Hy akTUBHICTH B. subtilis IMB B-7023 cripu-
yuHsio pH cepepgoBuma. MakcuManbHUX 3HaY€Hb BOHA jgocsrana npu pH 7,0.
B cepenoBumii, mo mano pH 6,0 ix merigporeHasHa akTHBHICTh 3HIDKyBaacs Ha
41% (puc. 2), a mpu pH 5,0 crioctepiranocs maibke MoBHE MPUTHIYEHHS 1I€T aK-
TuBHOCTI. B mmy>xHOMY cepenoBumti (mpu pH 8,0) Takox BinOyBanocs 3HWKCHHS
JIET1IpOreHa3HO01 aKTUBHOCTI OAIlHJI, OTHAK BOHO OYJI0O MEHII IMIOMITHUM, HiXk 3a pH
6,0. TakuM YMHOM, OTpUMaHI pe3y/IbTaTH CB1IYaTh PO TE, IO ONTHUMAJbHI 3HAUCHHS
pH nns nposiBy nerinporenasnoi aktuBHOCTi B. subtilis IMB B-7023 cniBmanarorh
3 BIIMIOBITHUMH HOTO 3HAYCHHSMH TSI POCTY JaHHUX OaKTEPiH.

mr TO®-r! CB-rox’

90 - -
75 -
60 -
45 -
30 - ﬂ
15 ] , ,
18 28 37 50

Temmneparypa, °C
Puc. 1 BniiuB TeMnepaTypH Ha JeriAporeHa3sHy akTUBHICTb B. subtilis

Fig. 1. Influence of temperature on dehydrogenase activity of B. subtilis

[Toxa3zaHo, 1110 HaO1IBIIT BUCOKMX 3HAYECHD JIETIIPOreHa3Ha aKTUBHICTb B. subti-
lis mocsirae Tpy BMICTI1 y peakiiitHii cymimi 10 1/ rmroko3u (Taba. 1). 3a 3MeHmeHHs
il KoHIeHTparii 10 5 Ta 1 T/1 KocHiKyBaHU TOKa3HUK 3HUKYBABCS, BIATIOBITHO,
Ha 20,0% Ta 27,4%. IlinBuiieHHs BMICTY INIIOKO3H B cepenoBuIli 10 20 I/ Takox
CYIIPOBOJKYBAJIOCS 3HIKEHHSIM JIeT1JpOreHa3Hoi akTUBHOCTI Maifxke Ha 11%.
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mr TO® ! CB-FOJI'1
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Puc. 2. 3anexHicTh aeriaporenaznoi aktuBHocti B. subtilis Bin pH cepenoBuma

Fig. 2. Dehydrogenase activity dependence of B. subtilis on pH medium

3HauHUH BIUIMB Ha JIET1IpOreHa3Hy akTUBHICTh B. subtilis IMB B-7023 crpu-
YHHSIE BMICT B CEPEIOBHILI JIESTKUX KaTioHIB. Bysao BCTaHOBIIEHO, 110 BHECEHHS B
cepeIoBHILE JOCIIIKEHUX KOHIeHTpanii Mg**y surnsni MgCl, cynpoBomkysanocs
CTUMYITFOBAaHHSM JICTiIpOreHa3Hoi akTuBHOCTI B. subtilis IMB B-7023. Tak, 3a BHe-
cenns 0,25—1,0 MM i0HIB MarHito AeriiporeHa3Ha akTHBHICTh 3pocTala Mo BiTHO-
IICHHIO JT0 KOHTPOJTto Ha 23 143%, BianoBiaHo. HaliBUIINUX 3HAYCHB 11 MMOKA3HUK
JocsTaB MpH BMicTi B cepenopuini 10 MM ioHiB marHito. [Toganpine 30inbmeHHS
KOHIIEHTPAIil MarHito CympoBODKYBAIOCS 3HMKEHHSIM HOr0 CTUMYJTIOBAJIBHOT i
OpnHak, HaBiTh 3a BMICTY B cepenoBuiii 30 MM Maruiro AeriiporeHa3Ha akTHBHICTh
Oaxrepiit Oyna Ha 34% BUILOIO B MOKa3HHUKIB Y KOHTPOJII.

Tabmums 1
3asexxHicTh Aerigporenasnoi akruBHocti B. subtilis IMB B-7023
Bi/l KOHIeHTpAaWil ITI0K03U B cepeToBHIILi
Table 1

Dehydrogenase activity dependence of B. subtilis IMB B-7023
on glucose concentration in the medium

Herinporenasna aktusHicts (Mr TO®/ r'! CB- rox)
32 BMICTY IVIIOKO3H, I'/J1

1 5 10 20

IlITam

B. subtilis IMB B-7023 52,6 £1,8 579+1,2 72,5+2,0 64,7+ 1,9

[Ile 61bIT TOMITHUYM CTUMYITIOBAJIBHUN BILIMB HA JIET1IPOTeHa3Hy aKTHBHICTh
B. subtilis IMB B-7023 cnpuyuHsUIH KaTiOHW KaJIBIIO. 3a BMICTY B CEPEIOBHIII
0,25 MM i0HY OKa3HUK I1i€i (hepMEHTATUBHOI aKTUBHOCTI 3pocTaB Ha 29% (Tabm. 2).
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3ane:xnicTh Aerigporenasnoi akruBHoctH B. subtilis IMB B-7023

Bi/l BMicTy KaTioHiB MarHiio Ta KaJbLilo B cepeIoBHIi

Ta0mmi 2

Table 2
dehydrogenase activity dependence of B.subtilis IMB B-7023
on magnesium and calcium content in the medium
Heriaporenasua aktuBuicts (Mr TT®/r! CB-rox!)
HocaixkyBaHuii y 3aJIeKHOCTI Bil BMicTy KaTioHiB, MM
fation O-konTpos | 0,25 0,50 1,00 10,00 20,00

Mg 35,0:3,1  [43,2%1,5 47,841,9 50,0:2,7 | 54,314 52,0:2,3
Ca** 31,3%1,7 40,5%2,6 50,41,8 57,2*4,1 | 61,5°1,6 57,2%4,0

[Ipu nonanpiioMy MiABUIIEHHI KOHLEHTpalii kaubiito 10 0,5 1 1,0 MM geri-
JpOreHa3Ha aKTUBHICTh 3pOCTaa MOPiBHAHO 3 KOHTposieM Ha 61 1 83%. HaiiBumni
il 3HaueHHs OynM OTpuMaHi 3a BHeCEHHs B cepenoBuile 10 MM 10HIB KalbLio.
[Tonanpiie miBUIIEHHS HOrO KOHLIEHTpAL[ll B CEPEJOBHILI CYIPOBOIKYBAIOCS
3HMKEHHSIM CTHUMYJIIOBAJIBHOI i1 I[bOTO KaTIOHY Ha JAETiApOreHa3Hy aKTUBHICTb
B. subtilis IMB B-7023 (ta6um. 2). [ToniOHi 3aKOHOMIpHOCTI BIUIMBY KaTioHiB Mg?*
ta Ca*' Ha JerinporeHasHy aKTUBHICTh MIKPOOPTaHI3MiB XapaKTepHi i IS 1HIINX
BU/IIB MIKPOOpraHi3MiB [6, 7].

B Toi1 ke uac, BHECEHHS y cepe/loBUILE IHKYOyBaHHs JOCIIIKYBaHOTO IITaMy
Oaln1 KaTiOHIB TPUBAJIEHTHOrO 3aii3a (y BUIVISAAL XJIOPUIY) CYIPOBOKYBAJIOCS
3HIDKCHHSIM JIeTiiporeHasHol aktuBHOCTI (puc. 3). 3a Bmicty 0,125 mxM Fe?* mo-
Ka3HUK I€] aKTUBHOCTI 3HMKYBaBcs Ha 37%.

0,125

mr TO®r! CB-rox’!
35 -

30 A
25 A
20
15
K

Puc. 3. 3anexuicTs aerinporenazuoi akrusnocti B. subtilis IMB B-7023
BiI BMicTy B cepenoBuini Fe**

12,5 25

2,5 ,

-
Konuenrtpauis Fe , memoan

Fig. 3. Dehydrogenase activity dependence of B. subtilis IMB B-7023
on Fe** content in the medium
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[TomanpIre miaBHIIEHHST KOHIICHTPAITli TJAHOTO KaTioHy B CEPEIOBUIII CYITPO-
BOJDKYBAJIOCSI 3HWKCHHSIM JIET1IpOTeHA3HOT aKTUBHOCTI, 3HAYCHHS SIKOT TIPHU BMICTI
25 mxM Fe** ckimanano, 1o BiTHOMICHHIO 10 KOHTPOIIO, Jiniie 24%.

Takum 9MHOM, B pe3yJIbTaTi MPOBEACHUX JOCIIKEHb OyJI0 BCTAHOBIICHO, 1110
HaWBUIUX TIOKA3HUKIB JETiIporeHa3Ha akTHBHICTH B. subtilis IMB B-7023 no-
csrae ripu Temrieparypi 37 °C ta pH 7,0 3a BMmicTy B iHKyOaIiiiHOMy ceperoBHILI
10 r/n rroko3u. Baecenns ioniB Mg?" i Ca’* miiBHIIy€ JeTigporeHa3Hy aKTHBHICTh
B. subtilis IMB B-7023, a ioniB Fe** — HaBnaku, 3HIKY€ 11 MOKa3HUKHU. Pe3yasraTu
JOCITIDKEHHSI CB1TYaTh TIPO BUCOKY Yy TIIMBICTH JCT1APOTCHA3HOTO KOMITICKCY B. sub-
tilis IMB B-7023 nmo BmmuBy psay ¢i3uko-XiMidHUX (GakTopiB cepemoBuia. [leit
MTOKa3HUK MOYKE BUKOPHCTOBYBATHUCS JIJIsl TPOTHO3YBaHHS aKTUBHOCTI TAHOTO IITaMy
B arpoe€KOCUCTEMaXx 3a HOTo 3aCTOCYBaHHS Y CKJIal KOMITJICKCHOTO OaKTepiaTbHOTO
mpernapary B KOHKPETHUX IPYHTOBO-KJIIMAaTHYHUX YMOBaX.

H.A. I'epacumenko, U.K. Kypanm

WuctutyT Mukpoduonoruu u Bupyconoruu um. J.K. 3adonoraoro HAH VYkpaussr, yin. AkageMuka
3abomnotHoro, 154, Kues ['CIL, /103689, Ykpauna,
tei.:+38(044)526 90 11, e-mail: Kurdish@serv.imv.kiev.ua

BJIMAHUE ®U3UNKO-XUMHNYECKUX ®PAKTOPOB HA
JAETUAPOTI'EHA3BHYIO AKTUBHOCTDb BACILLUS SUBTILIS
IMB B-7023

Pedepar

Hens. Hccredosanue nusanus HEKOMOPLIX PUIUKO-XUMUYECKUX DAKIMOPO8 HA Oe-
euopozenasuyto akmuenocme Bacillus subtilis IMB B-7023. Metonbl. Bakmepuu
BLIPAWUBATU 6 YCTIOBUAX NEPUOOUUECKO20 KYTbMUBUPOBAHUs. [lecudpocenasHyio
AKMUBHOCTIb OYEHUBANU NO 80CCTNAHOBLEHUIO 8 AHAIPOOHBIX yenosusx 2,3, 5-mpuge-
HUIMempazonuii Xaopuoa 00 mpugeHuigop-mazana, cooepicanue Komopozo onpeoe-
asau homoxonopumempuuecku. Pesyaprarbl. [lokazano, 4mo HAUGbICUUX 3HAYEHUL
0e2UOPOeHA3HAsL AKMUBHOCTIL QOCIU2Aem Y OAHHO20 WMAMMA NPU memnepamype
37 °C 6 cpede, umeroweil pH 7,0. Haiibonee gvicokue noxkazamenu 0e2uopoeenasoul
akmuseHocmu ObLIU NOIYYeHbl npu codeprcanuu 8 Heu 10 /n enoxoszvl. Yemanosne-
Ho, umo uonvlt Mg?* i Ca®* cmumynuposanu decudpozenasnyro akmusnocms Bacillus
subtilis, a uonwl Fe**, nanpomus, yenemanu ee. BoIBOABL. Boicoxas uyecmeumenpHoCcns
0e2uU0pO2eHA3H020 KOMNIEKCAd JMuUX bakmepuil K (QU3UKO-XumMudeckum gaxmopam
Cpedbl MOdHCem UCNONL306AMbCS Ol NPOSHOIUPOBAHIUS AKINUBHOCHIU OGHHO20 WUIMAMMA
npu 0eticmeuls HeKOMopwix PAKMopos cpedbvl 8 Npoyecce e2o0 NPUMEHEHUsL 8 COCIAse
KOMIIEKCHO20 OAKMEPUATLHO20 NPENapama 8 azpodKOCUCTNEMAX.

Knwuesvie cnoea: Bacillus subtilis, pusuxo-xumuueckue ¢paxmopol, de2uopo-
2EHA3HAA AKMUBHOCb.
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INFLUENCE OF PHYSICOCHEMICAL FACTORS ON
DEHYDROGENASE ACTIVITY OF BACILLUS SUBTILIS IMB B-7023

Summary

Aim. The investigation of the influence of some physicochemical factors on dehydro-
genase activity of Bacillus subtilis IMB B-7023. Methods. The bacteria were culti-
vated in the periodic process. Dehydrogenase activity was evaluated on reduction of
2,3,5-tetrazolium chloride to triphenilphormazane, the concentration of which was
determined by photocolorymetrical methods. Results. It was defined that dehydroge-
nase activity reached the greatest significance in the given strain at the temperature
of 37 °C in the media having pH 7.0. The highest indices of dehydrogenase activity
have been obtained in the content of 10 g/l glucose in it. It was determined that ions
of Mg>" and Ca** have stimulated dehydrogenase activity of Bacillus subtilis, and ions
of Fe**, on the contrary, suppressed it. Conclusion. Actual presence of high sensitive-
ness of the dehydrogenase complex of these bacteria to physicochemical factors of
the environment can be used for making up the prognoses of the given strain activity
under certain factors of the environment in its use as a complex bacterial preparation
in agroecosystems.

Key words: Bacillus subtilis, physicochemical factors, dehydrogenase activity.
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MIKPOBIOTA MTOPOJHOTO BIJABAJTY IEHTPAJIBHOI
3BATAUYBAJILHOI ®ABPUKH YEPBOHOT'PAJICHKOTO
TPHUYONPOMHUCIOBOIO PATOHY
3A BHECEHHSI 30JI1

Mema. Bcmanosumu enaue enecentsi 301u i3 JJoopomeipcovroi TEC 0o nopoou eiosany
HA YUCETLHICIb OKpeMUX epyn Mikpoopeanizmie. Memoou. Mikpockoniuni epubu 6usi6-
JIALIU HA CYCO-a2api; Yentono30pyiiHy8anbti aepooHi bakmepii—Ha cepedosuwyi I emuen-
coHa, onieoHimpoghinbni baxmepii — na cepedosuwi Euibi; cynbgpamsionosniosanvhi ma
CcipKogioHosno8anbHi baxmepii — Ha cepedosuwax Kpasyosa-Copokina iz cyrvgpamamu
ma cipkoro 8i0nogiono, 6e36apsmi CipKkoOOKUCHIOBAIbHI bakmepii: Heumpoinohi — Ha
cepedosuwi Beticpunka, ayudoghinoni — na cepedosuwyi Cinbeepmana-Jlonoepena 9K.
PpH npo6 nopio eiosany eusnauanu 3 euxopucmannam pH-150M [1]. Pezynemamu. Bu3z-
HAYeHO YUCeNbHICIb OKPeMUX 2PYN MIKPOOP2aHizmie nopooHozo eiosany LlenmpanbHoi
sbazauysanvroi pabpuxu (L{3®D) epsonoepadcvko2o 2ipHULONPOMUCTIOBO20 PAIOH)
ma nOKA3amo 3a1eiCHiCmb ix Kiibkocmi 6i0 enecenns 301u i3 JJoopomsipcoroi TEC.
Bucnoexu. Buecenns sonu i3 JJoopomsipcokoi TEC 0o nopoou siosany L3P (250 2/ m?)
CNPUAMAUBO BNAUBAEC HA YUCETbHICMb MIKPOCKONIUHUX epubis, OnicoHImpopiibHux
baxmepitl ma 6e306apsHuUX CIPKOOKUCHIOBATLHUX HEUMPOQDinoHux baxmepiil, 00OHAK
CNPUYUHAE 3HUNCEHHIO YUCETbHOCMI CIDKO- | CY1bhameioH061108aIbHUX bakmepill, ye-
JIIONLO30PYVIHYBANbHUX AePOOHUX Oakmepitl, a maxoxc 6e30apeHUX CIPDKOOKUCHIOBATIbHUX
ayuooginbnux baxmepii.

Knwuwogi ciaoeéa: Mikpodioma nopoonux iosanis, MikpoCKoniymi epubu, baxmepii,
CipK08IOHO081108aNIbHI bakmepii, cy1bdameioHo61108aIbHI bakmepii.

UepBoHOTpaACHKUI TIpHUYOTIPOMHUCIOBUI paiioH JIbBiBChKO-BoaMHCHEKOTO
KaM sSTHOBYT1IBHOTO OaceliHy Hece BEeJTMKE eKOJIOTIYHO HeOe3euHe HaBaHTa)KeHHS,
ockimpku 211 ra BigBemeno min Bigsanu mopin. [lopomauit BinBan LlenTpansHoi
30aragyBanbHOT (pabpuku (L[3D) mae mmomry 76 ra i Bucory 68 M [3]. CyOGcTparu
BiJIBAITy XapaKTEePU3YIOThCSI HE3aI0BITLHUMU TIIPOJIOTIYHUMHA Ta arpoXiMidHUMU
MOKa3HUKaMM, HU3bKUM BMICTOM OpraHidHux pedoBuH (1-2%) [4]. BmicT iioHiB
BaXKUX MeTaliB y Oarato pasiB nepesuimye ['JIK, BogHi cTOKM 3 BiBady MarTh
BHCOKY KucIoTHICTh (pH 2,7-3,5) 3a paxyHOK YyTBOpPEHHSI CY/Ib(aTHOT KUCIOTH TIPU
okucHeHHi miputy (1-4%) [2].

KinbkicHuii Ta AKICHHUI CKJIa1 MIKpOOPTaHi3MiB BYT1JIbHHUX BiIBaJIiB 3MIHIO€Th-
Cs 3aJIEKHO BiJ XIMIYHOTO CKJIaay, (Pi3MUHUX BIACTHBOCTEH, peaKilii cepeoBHIa

© C.B. Kyspmimmna, C.O. I'narym, B.1. bapanos, 2014
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(pH), BMicTy B HBOMY TIOBITPSI, BOJIOTH Ta IMOKUBHUX pedoBuH [11]. KucinoTHicTh
TPYHTIB BU3HAYA€E KUTTEMISUTbHICTH MIKPOOPTaHI3MiB, BIUTMBAIOYU HA TIOCTYITHICTh
MOKUBHUX pedoBHH [6]. HaaMipHa KHUCIOTHICTh IPYHTIB NMPHUTHIUYE HiSUTBHICTH
MIKpOOPTaHi3MiB, 110 OepyTh Y9acTh y po3KJIaaHHi opraHiyHux pemTok [11]. ITo-
JITIIEHHAS BIACTUBOCTEH IPYHTIB 1 3HW)KEHHS IPYHTOBOT KMCJIOTHOCTI JIOCSATAIOTHCS 1X
BaITHYyBaHHSM. SIK BalHsSHUI MaTepial AOIIFHO BUKOPUCTOBYBATH 3011y, 110 3HIKYE
KHCJIOTHICTB Ta 30aradye cyOCTpaT OpraHiYHUMHU PEYOBHHAMHY Ta MIKpOCIIEMEHTAMH,
SKi BIUTMBAIOTh Ha HeHTpasizamito pH 1 )KUTTEMISUIBHICTH MiIKpOOpTaHi3miB [6, 8].
OpnHak y paifoHax i3 BOJIOTHM KIIIMaTOM IPYHTH ITOCTYTIOBO IIOBTOPHO 3aKHUCITIOIOTHCA.

Bigomo mipo 3HMKEHHS TiAPOIITUIHOT KHCIIOTHOCTI TPYHTY 32 BHECEHHS BUCO-
KOKAJTBITI€BMICHOT 30711 Ta IOy, OTPUMAaHUX TP CHIAFOBaHHI Oyporo Byriyui 5],
PO 301TBIICHHS KUTBKOCTI aMIJIOMITHYHUX Ta MEITF0I030ITHIHUX MIKPOOPTaHi3MiB
[9]. Big3znauaeTncst 3pocTaHHS OIOpPI3HOMAHITHOCTI JIECTPYKTOPIB KIIITKOBUHH 32
BHECCHHSI BUCOKHUX JI03 30JIU. ABTOPH MPHUITYCKAIOTh, 1110 MOKA3HUK MiHEpaTi3arlii
OpraHiYHOI PEYOBHHHU IPYHTY JIOCATAE MAKCUMAJIHHOTO 3HAUCHHS Y BapiaHTi BHE-
cennst y rpyHT 1000 kr 3051 Ha rektap [9]. BcraHOBIIEHO MO3UTUBHUIA BILIUB BY-
TUTHHOI 30JIM HAa YHCENbHICTh METAHOTPOMHUX OaKTepiil, MIKPOCKOIMIYHUX TPUOIB
1 aKTHHOMIIICTIB Ta ITiIBHIEHHS aKTUBHOCTI 1HBepTa3u i ¢ocdaras 3a BHECEHHS
30JId y TPYHT Y HU3BKHX J103aX, @ TAKOXK 5K JOAATKOBUX CKIIQJIOBUX OPTaHIYHHX
KommocTiB [12-15].

MeTor0 Hamoro JA0CTiKEHHS OyJI0 BCTAHOBUTH BIUIMB BHECEHHS 30 13 J0-
opotsipcrkoi TEC no mopoau Bigsany L[3d Ha uncenbHICTh OKPEMHX IPYH MIKpPO-
Oprasi3miB.

Marepiauu i MmeToan

[Tpo6u moposu 13 AUISTHOK, JTOKATi30BaHUX 1111 HACADKSHHIMU Pinus sylvestris L.
1 Betula pendula L. (2—5 nepeB) Ha cxunax BinBany L[3® ananizyBanu y kBithi 2014
poKy. Y nocmifHi JUISHKH 2 1 4 BHOCWIIN 301y «IiJ KOpiHb» y BepecHi 2013 poky,
3MilyodH ii i3 cyoctparom (250 r/M?), HaBKOJIO CTOBOYpa ITiJT S-piYHIUMH CaKaH-
M fnepeB. Kortponem Oynu nistaku 1 (i P sylvestris) 1 3 (min B. pendula), y
K1 301y He BHOCHIIKA. OTpuMaHi MpoOH MOMIIIANIY y CTepUIiIbHI nakeTH. Ha moxuBH1
CepelIOBUIIA BUCIBAJIM PO3BE/CHI PO3UMHU MPO0O, y3ATHX i3 BigBamiB. [HKyOyBamm
y Tepmocrari 3a temneparypu +28 °C [10]. Mikpockormiyai rpuOu BUSBISIIN Ha
CycI0-arapi; IeNTroI030pyHHYBaIbHI aepoOHi OakTepii — Ha cepeaoBuIi [ eTueHCOHa;
oJiroHITpOodLIbHI OakTepii — Ha cepenoBuIi Embi; cynmbdaTBiTHOBIIOBAIBHI Ta Cip-
KOBITHOBJTIOBaJIbHI OakTepii — Ha cepenoBumiax Kpasmnoa-CopokiHa i3 cynbharamu
Ta CIpKOIO BiAMOBIIHO; 0€30apBHI CIPKOOKHUCHIOBAJIbHI OaKTepii: HEUTPOQiIbHI — Ha
cepenosuli beliepunka, arunodineHi — Ha cepenosuit CinpBepmana-Jlronarpena
9K [7, 10]. ITinpaxyHOK KiTBKOCTI KOJIOHI€yTBOpIOBAIbHUX oguHUIIb (KYO/T rpyHTY)
MIPOBOIVJIH, BPAXOBYIOUH PO3BE/ICHHS Ta BOJIOTICTh IPYHTOBHX P00, SIKY BU3HAYAIIN
3a 3araJbHONPHUHHATOI0 MeTonukoro [10]. pH mpo6 mopin BinBamy BU3HAYAIN BH-
KOpHUCTOBYIOUH enekTponHuii pH-150M [1].

JlocIiKeHHST KUCIIOTHOCTI CyOCTpaTy MPOBOAMIIN Y T’ ITUKPATHIHN, a ITOCIB Ha
CepeIOBHINA — Y TPUKPATHIN MMOBTOPHOCTSX. [[J1st KOOKHOT TpoO¥ BU3HAYATIH OCHOBHI
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CTaTHCTUYHI MOKa3HUKH (cepenHe apudmernane — M, cTaHIapTHE BIIXWICHHS Bl
cepeHbOro apudMeTnaHoro —m, M+m, piBHI JOCTOBIPHOCTI 03HAK — G). OTpuMaHi
pe3yIbTaTh ONpaIbOBYBAJIM CTATUCTUYHO, BAKOPUCTOBYIOUH Tiporpamy “Microsoft
Excel 2007”.

Pe3yabTaTn Ta iX 00roBOpeHHs

Bbepyun o yBaru, mo pH cyOcTpariB BIUTHBaE Ha €JICKTPUIHUHN 3apsiT MIKPOOHHX
KIIITHH, CTaH iX MeMOpaH, OKUCHO-BITHOBHI peaxilii, a 3 iHmoro 6oxy pH 3anexutsb
BiJI CKJIaJly MIKpOEJIEMEHTIB y cyOcTpari, BUBHAYAIA aKTyaJdbHY Ta MOTCHIIHHY
KHCIIOTHICTD, SIKa 32 XapaKTepOM BHUTICHEHHs HOHIB BKJIIOYa€ OOMIHHY 1 Tiaposi-
THYHY, SIK B KOHTPOJBLHOMY BapiaHTi, TakK 1 IpH BHECEHHI 3011 13 J1oOpoTBipChKOi
TEC. AxryanbHa kucnotHicts (pH, | ) — ue pH rpyHroBoro posunny. [loreHuiiina
KHCJIOTHICTB — IIe KUCIIOTHICTh TBEP/Oi (a3u IpyHTy 3a BBy H' 1 AI*". OOMinHa
KMCIOTHICTB (PH ) BUABISAETHCA IPU B3a€MOJIT TBEPIOi (ha3u IPYHTY 3 HEMTpaIIb-
Humu corsimu (KCl). aponitnana kucnotHicTs (Hr) Bu3HauaeTbes npu 00pooOii
rpynaty CH,COONa i noka3sye MakcuMalibHO MOAJIMBY KiibkicTh H 1 AP, mo 3Ha-
XOIATBCSA B 0OMiHHOMY cTaHi y pyHTi. Omxke, 3a aii KCl ra CH,COONa BinOyBaeThes
MOCTYIIOBE BUTICHEHHS 13 TPYHTOBOTO BOMPHOTO KOMIUICKCY Y IPYHTOBUH PO3UMH
0OMIHHUX HOHIB aJTFOMiHIIO Ta T1IPOTEHY, [0 HAaJIa€ PO3UNHY KHUCITY peakiiro. Tomy
y IPUPOJTHUX IPYHTAX MOTEHINIHHA KHUCIOTHICTh BHIIA, HIXK akTyaibHa [1].

CyOctparu nig P. sylvestris (63 BHECEHHS 30J11) MaJIX OUTBII KUCITY PEaKIito,
MOPIBHSHO 13 JOCTIIHUMU BapiaHTaMHU (13 BHECEHHSM 30J11). 3MiHY KUCIIOTHOCTI 32
BHECCHHSI 30J1U CcriocTepiranu i y cyocrparax min B. pendula (Tabmn. 1).

Taomm 1

Bnus 30smm {ooporBipebkoi TEC Ha KHCJIOTHICTH cydeTpaTy
nix Pinus sylvestris L. ta Betula pendula L. na nopoaunomy BiasaJji LI3®

Table 1
Impact of coal ash from Dobrotvir TPP on substrate acidity value
under Pinus sylvestris L. and Betula pendula L. on CEP waste heap
Kucaornicts
Bapiant
pHBoﬂ pHC(lJ'I Hr

Pinus sylvestris L. (KOHTPOJIb) 4.4 +0,33 3,24+0,005 6,24+0,06
P. sylvestris (3oma) 5,13+0,39* 3,55+0,09#** 6,43+0,07**
Betula pendula L. (koHTpOJIb) 3,8+0,08 2,92+0,02 6,2+0,04
B. pendula (3oma) 4,34+0,39% 3,01%0,17 6,2+0,06
3oma 8,43+0,27 - -

[Tpumitku: CEP — Central Enrichment Plant

«-» — HC BU3Ha4YaJIn

(* — p=0,95, n=5; ** — p>0,99, n=5; *** — p>0,999, n=5 — BipOTiAHICTh 3MiHHA HOPIBHIHO i3

KOHTPOJIEM)
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3umxeHHs pH npy Bu3Ha4eHHI 0OMIHHOT KHCIIOTHOCTI OUYEBUIHO CIIPHUNHSETHCS
THM, TII0 YTBOPIOETHCS XJIOPUCTHH ATFOMIHIH, SKHH € T1POIITHIHO KKCIIOIO CLILTIO, 1
3 10T0 PO3MaI0M YTBOPIOETHCS HOBA KIJTBbKICTh HOHIB TAPOTEHY, SKi 1 I IKUCITIOI0Th
posunH [1]. ¥V gocnikeHnx 3pa3kax NOPOAH riAPOTITHYHA KUCIOTHICTh BUSBUIIACS
HIDKYOI0, Hi’K 00MiHHA. O4eBH/IHO, 1110 aHTPOMIOTEHHO TpaHCPOPMOBAHUH CyOCTpar
BiJIBaJIiB MiCTHTh KOMIIOHCHTH, 5IKi, B3AEMOJIIFOYH 13 alleTaTOM HaTpilo, 3B’ I3YIOTh
HOHM aITFOMIHIIO, IIIO0 3YMOBITIOE 3HIKEHHS T1IPOTITHYHOT KHCIIOTHOCTI.

[IpoBeneni MikpoOionoriuHi gocmiKkeHHs Ipod nmopoaHoro Biasamy L[3d Yep-
BOHOT'PAJICHKOTO TIPHUYOIIPOMHUCIIOBOTO paliOHY il Haca/pKeHHAMHU P. sylvestris 1
B. pendula. AnanizyBaim npoOu Mopoau BigBaidy 0e3 BHECEHHS 3071 (KOHTPOJIb,
npo6wu 1, 3) 1 3 BHeceHHAM 30111 (TTpodu 2, 4).

BrecenHs 3071 10 MOPOAM BiJlBady 3yMOBHJIO ITiIBUIIICHHS YHUCEIBHOCTI Mi-
KPOCKOITIYHUX TPUOIB, y T.4. APIXKKIB, (pUC. 1, A), TOPIBHAHO i3 KOHTPOJILHUMHU
npo0aMu, y sIKi 30Jy He BHOCWIHM. UHCENBHICT IIi€l TPy MIKPOOPTaHI3MIB €
HAWBUIIOK Y MOCHIIHIN TTpo0i mix P. sylvestris 1 BABIYI 3HIKYETHCS Y TIPOOI1 ITiJT
B. pendula. Y npo6ax 6e3 BHECEHHS 30JIM 1I€H MOKa3HUK 3MEHIIYETHCS Y TPU Pa3H
MTOPIBHSIHO 13 TOCIITHUMH TIPOOAMH.
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Puc. 1. Bnoius 30,1 Ha YHceabHiCTH MikpoopraHizmis Bigsaay L[3®

1 — P, sylvestris (koHTpoOTb); 2 — P, sylvestris (BHeceHHs 3011); 3 — B. pendula (koHTpoIb); 4 — B. pen-

dula (BHECCHHS 301TH). A — MIKPOCKOITIYHI TpUOH, B T.4. APLKIKI; b —6e30apBHI CIpKOOKHCHIOBAIIBHI

bakrepii (HerTpodinbHi); B — omironiTpodinehi 6akTepii; I' — cipkoBiIHOBIIOBAIBHI OaKTepii;

J1— cynbdareinHoBmoBaibHI 0akTepil; E — 6e30apBHi CipKOOKHMCHIOBaIBbHI OaKTepil (armaopiibHi)
Fig. 1. Impact of coal ash on microorganisms number of CEP waste heap

1 — the P. sylvestris (control); 2 —P. sylvestris (coal ash applying); 3 — B. pendula (control);
4 — B. pendula (coal ash applying). A — microscopic fungi (including yeasts); B — colorless sul-
fur oxidizing neutrophilic bacteria; C — oligonitrophilic bacteria; D — sulfur reducing bacteria;
E — sulfate reducing bacteria; F — colorless sulfur oxidizing acidophilic bacteria
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KinpkicTh 6€30apBHUX CIPKOOKMCHIOBAJBbHUX HEUTpO]iIbHUX OakTepii
(puc. 1, b) Takox Oyna BUIIOI0 y mpoOax i3 J0JaBaHHIM 30JId. Y KOHTPOJIBHHX
npobax 0e3 BHECEHHS 30JI1 YNCEIIBHICTH Ii€1 TPYIH MIKpPOOPTaHi3MiB € HUKUYOIO: Y
4 pasu — y ipo0i mix P. sylvestris, Ta'y 2 pa3u — mina B. pendula.

st omiroriTpodiapHUX OakTepiit (puc. 1, B) BigMITHIM WiTKO BHpaKeHE iX
JOMiHYBaHHS y TOCHIAHUX Mpo0Oax i3 BHECEHHSIM 30JH. Y KOHTPOJIBHUX Mpodax
YUCENBHICTh IIUX OaKTepii Oyira BTpUYi MEHIIIOI, TOPIBHSHO 13 IOCIITHUMH TPO-
6amu, 1 He nepesuryBaia 9000 KYO/r rpyHTy.

Jltst cipkoBiTHOBITIOBAIBHUX OakTepiit (puc. 1, I') BcTaHOBWIIH, III0 BHECEHHS
30JTH CTIPUIMHSE 3HWKCHHS 1X YUCEITLHOCTI OPIBHSHO 13 KOHTPOJILHUMHU ITPOOAMHU:
y 10,6 pasiB — mig P. sylvestris Ta'y 10 paziB — nig B. pendula. Okpim ToTO, 1A
P, sylvestris ciocTepiraiy 30UIbIICHY Y 5 pa3iB YHCEIbHICTD CIPKOBITHOBIIOBATBHAX
OakTepii MOPIBHIHO 13 KUTBKICTIO IUX MIKpOOpTaHi3MiB M B. pendula.

BHeceHHs 30511 CIPUYMHMIO HETaTHBHUIA BIUIUB 1 HA YHCENbHICTH Cynb(aTBia-
HOBJTFOBAJIBHUX OAaKTEpild, 3HWKYIOUH 11 puOIm3HO y 6 pasis (puc. 1, J1).

VY npobax 6e3 BHeceHHs 3011 BUsBIIN O0m3pK0 30000 KYO/r rpyHTYy, Yy Toi
Yac K JUIS TOCTITHUX MPOoO KUTBKICTh IIMX MIKPOOPTaHi3MiB HE IMEepEeBHUIITyBasa
5000 KYO/r rpyHTy.

KinbKicTh 11er01030pyiHyBaIbHUX aepOOHUX OaKTepii aHAITI3yBaJIl METOIOM
0o0pocTaHHs TPYIOYOK CyOCcTpary Ha cepenoBHILi [ eTueHCOHA. 3aranbHy KUTbKICTh
rpyznodok npuiimanu 3a 100% 1 BupaxoByBajH y BiICOTKaxX KUTBbKICTh IPY/I0UOK, SKi
00pOCITH KOJIOHISIMH IIEJTFOJI030PYHHYBAIBHUX OakTepiil. BcTraHOBICHO, 1110 BHECEHHS
30JTM CIIPHYMHMIIO 3MEHIICHHS YHACEIILHOCTI BUSBICHHUX JICCTPYKTOPIB IEITOIO3H:
3HIDKYIOUH JTAaHUH TTOKa3HUK 110 85% — min B. pendula ta 55 % — nin P. sylvestris,
MOPIBHSIHO 3 KOHTpoieM (puc. 2).
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Puc. 2. BnuinB 30,11 HA YHCENbHICTh 1EII01030PyiiHYBATbHUX
aepoOHMX OakTepiii BinBany [[3®

1 — P. sylvestris (kouTpoib); 2 — P. sylvestris (BHeceHHs 30im); 3 — B. pendula (KOHTpOIb);
4 — B. pendula (BHeceHHs 30I11)

Fig. 2. Impact of coal ash on cellulose decomposing aerobic bacteria
number of CEP waste heap

1 — P. sylvestris (control); 2 — P. sylvestris (coal ash applying); 3 — B. pendula (control);
4 — B. pendula (coal ash applying)
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C.B. Ky3pmimuna, C.O. I'narym, B.I. bapanos

TakuM YMHOM BCTAaHOBIIEHO, 110 BHeceHHs 301 i3 JJoOpoTBipcbkoi TEC no
noponu BigBaiy L[3® (250 r/m?) cpusSTIMBO BIUTUBAE HA YUCEIBHICTH MIKPOCKO-
MIYHUX TPHUOIB, OMITOHITPODUTEHUX OaKTepili Ta 6€30apBHUX CiPKOOKHCHIOBAIIb-
HUX HEUTPOPUIHbHUX OaKTepiil, OMHAK CIPUUYNHSE 3HIKECHHS YHCEIBHOCTI CIpKO- 1
Cynb(aTBiTHOBITIOBATHLHUX OAKTEPIi, IIEITF0I030PYHHYBaIBLHIX aePOOHUX OaKTEpiH,
a TakoX 0e30apBHUX CIPKOOKHCHIOBAJIFHUX alUI0(iIbHUX Oaktepiil. O4eBHIHO,
10 BHACJTI/IOK 3HIKEHHS KUCIIOTHOCTI BUXITHOTO CyOCTpaTy IiCis BHECEHHS 301
BiJIOYBa€ThCS 3MiHA enadigHuX YMOB.

C.B. Ky3pbmummna, C.A. I'narym, B.!. bapanos

JIbBOBCKMIT HalMOHANBHBIN yHUBepcuTeT uMeHu ViBana dpanko,
yin. ['pymesckoro, 4, JIbBoB, 79005, YkpanHa,
ten.: +38 (0322) 39 43 57, e-mail: kuzmishyna S (@ukr.net,

MUKPOBHUOTA MTOPOJJHOT'O OTBAJIA HEHTPAJIBHOM
OBOTATUTEJbHON ®ABPUKH YEPBOHOTI' PAJICKOTO
TOPHOIIPOMBIIIJIEHHOI'O PAMOHA ITPY BHECEHHH 30JIbI

Pedepar

Heas. Yemanosums eruanue enecenus oot ¢ JJoopomeopckoi TOC k nopode omeana
HA YUCTEHHOCMb MUKPOOP2AHUZMOE paziudnbix epynn. MeTtoabl. Mukpockonuueckue
2pubbl yuumoleanu Ha Cycio-azape; aspooHvle Yeuniono3opaspyuaowue obaxkme-
puu — Ha cpede ['emuencona, onueonumpoduivtsvle bakmepuu — Ha cpede Duibu;
cynbpameoccmanasiusaowue U ceposocCmanasIuaiowue baxmepuu — Ha cpeoax
Kpasyoesa-Copokuna c cynepamamu u cepoii Coomeemcmsenno,; becygemubie cepoo-
Kucaowue bakmepuu. Helimpoguivhvle — Ha cpede Betiepunka, ayuooguivHvle — Ha
cpede Cunvgepmana-Jlronoepena 9K. pH npob nopoo omeana onpeoensii ¢ noMoubo
pH-150M. Pe3ynwsTathl. Onpedenena yucieHHOCb pasiuyHbIX 2PYNn MUKPOOP2AHU3-
M08 nopoonozo omeaina LlenmpansHoti obocamumensvrot pabpuxu YepsoHoepadckozo
20PHONPOMBILUTIEHHO20 PALIOHA U NOKA3AHA 3A8UCUMOCTb UX KOIUYECHEA O GHECEeHUs.
sombl ¢ [{loopomeopckou TOC. BuiBoAbL. Buecenue 301wl ¢ JJoopomsopckoii TOC k
nopode omaana LJOD (250 2/m?) brazonpusimno enusiem Ha YUCIEHHOCHb MUKPOCKO-
RNUYECKUX 2pubos, OMUOHUMPOPUILHBIX Dakmepuil U 6eCYE8EmMHbIX CePOOKUCTAIOUSUX
HeumpopuibHbIX 6akmepuil, 0OHAKO NPUBOOUN K CHUICEHUIO YUCIEHHOCIU Cepo- U
cynbameoccmanasiusaOwux 6aKkmepull, a’pOOHLIX Yeanon030pa3pyuaux Oax-
mepuil, a maxace OecyY8emHbIX CePOOKUCTAIOUWUX AYUOOPUTLHBIX OaKmepuil.

Knwuegwvie cioea: Mukpobuoma nopooHsix omeanos, MUKpOCKONUYeckue cpuobl,
adPOOHYIE YENNION030PASPYIAIOUUe OAKIMEPUL, OTUOHUMPODUTbI, CEPOOKUCTAIOUUE
baxmepuu, cepogoccmanasnugaiowie baxmepuu, Cyib@ameoccmanasIusaujue
bakmepuu.
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MICROBIOTA OF THE CENTRAL ENRICHMENT PLANT WASTE
HEAPS OF CHERVONOGRAD MINING REGION AFTER COAL ASH
APPLYING

Summary

Aim. 7o determine the effect of coal ash from Dobrotvir thermal power plant to waste
heaps gangue applying on the number of different groups of microorganisms. Methods.
Microscopic fungi (including yeasts) were revealed on Mash-agar; cellulose decom-
posing aerobic bacteria — on Hetchenson medium, oligonitrophilic bacteria — on
Ashby medium; sulfate and sulfur reducing bacteria — on Kravtsov-Sorokin media,
with SO and S’ respectively; colorless sulfur oxidizing bacteria: neutrophilic — on
Beyerinck medium, acidophilic — on Silverman and Lundgren 9K medium. The pH
of waste heaps gangue samples were determined by pH meter pH -150M. Results.
Different groups of microorganisms from Central Enrichment Plant waste heap of
Chervonograd mining region are enumerated and the dependence of their number
on the coal ash applying is shown. Conclusions. Coal ash from Dobrotvir TPP to
CEP waste heap gangue applying (250 g / m?) makes a positive impact on the number
of microscopic fungi, oligonitrophilic bacteria and on colorless sulfur oxidizing
neutrophilic bacteria. Meanwhile coal ash applying causes decrease in the number
of sulfur and sulphate reducing bacteria, cellulose decomposing aerobic bacteria and
colorless sulfur oxidizing acidophilic bacteria.

Key words: waste heaps microbiota, microscopic fungi, cellulose decomposing
aerobic bacteria, oligonitrophilic bacteria, sulfur oxidizing bacteria, sulfur reducing
bacteria, sulfate reducing bacteria.
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PITOCTUMVYJIIOBAJIBHA, AHTAI'OHICTUYHA
AKTHUBHICTDB TA BIOJIOI'TYHA E®@EKTUBHICTD
IITAMY BACILLUS SUBTILIS IMB B-7243

Mema. [ocnioumu npupody imocmumyniosanrbHoi akmueHocmi ek3oMemaoonimis
wmamy Bacillus subtilis IMB B-7243, 11020 anmazoHicmuyHy akmusHicns ma OYiHumu
bionoziuny epexmuenicmes donocienoi baxmepusayii coi 6 nonvosux ymosax. Memo-
ou. Dimo2opmMoHanbii CROIYKU BUSHAYATU MEMOOOM CNEKMPOOeHCUMOMEMPUUHOT
MOHKOWApP08oi xpomamoepaii, emuien — Memooom 2az080i xpomamozpair,
AHMA2OHICMUYHY AKMUGHICIb — MemOoOOM pAaOdIialbHUX WMPUXIE npomu 30YOHUKIE
baxkmepianvrux x6opo6 coi. Pesynemamu. Oimocmumyniosaibna akmueHicms
exzomema6bonimie B. subtilis IMB B-7243 3ymoenena npucymuicmio 8 ix ckuaoi
Gimozopmonie-cmumynamopie (aykcuris, yumokiuinis). [lokazana 30amuicme wimamy
nposesmu cepedHitl ma 8UCOKULL PIBeHb AHMA2OHIZMY 00 30YOHUKIE OAKMEPIATbHUX
x8opob coi. Bucnoeku. Hassnicmov ceped exzomemabonimis imozopmonis-
CIMUMYISIMOPI6 Ma NeGHULL PI6eHb AHMALOHICMUYHOT akmusHocmi wimamy B. subtilis
IMB B-7243 w000 36y0HuUKi6 OaxmepiaibHux x6opob coi No3UMuEHO 6NIUBAE HA
Oionoeiuny ehekmuHicmb 8 NONLOBUX YMOBAX.

Knwuoei crosa: Bacillus subtilis, ekzomemabonimu, pimocmumynrogaivra
AKmMueHicmb, imMoeopmMoHU, AHMALOHICMUYHA AKMUBHICHb, COSL.

Cepen Oakrepiii, 0 CTUMYIIOIOTH picT pocauH (plant growth promoting
rhizobacteria — PGPR-6akrepii) Ha 0coOMMBY yBary 3aciyroByIOTh aepoOHi cIio-
pOyTBOpIOBaJbHI OakTepii poxy Bacillus, 1o XapaKTepHu3yIOThCs MOTYKHUM 0i0-
CUHTETUYHUM IOTEHIIAJIOM B MMOE€THAHHI 3 BUCOKOIO €KOJIOT1YHOIO TIACTUYHICTIO
(cammpoGionTH, emiditu, engoditu) [5, 7].

Binomo, mo ans PGPR-Gakrepiii, 30kpema, pony Bacillus, mpuTaMaHHUM €
MO3UTHUBHUH (MIPSIMHIA 1 OTTOCEPEIKOBAHNI) BIUTUB HA POCIMHU. BBakaeThCsl, 10
3[IATHICTh 0 CHHTE3y TOPMOHIB — OJIHAa 3 OCHOBHUX BJIACTHBOCTEH pU30C(hEpHUX,
enipiTHUX, eHA0(PITHUX 1 CUMOIOTHYHUX OaKTEpiid, IO CTUMYIIOIOTH PICT POCIHH
[7, 9]. Tomy mociimkeHHs (iTOCTUMYTIOBAILHOI Ta AHTATOHICTUYHOT AKTHBHOCTEH
Oanui Mpu CTBOPEHHI MIKPOOHUX MpemnapariB MIMPOKOTO CIIEKTPY il I POCTHH-
HUIITBA € TOCUThH aKTyaJIbHUM.

© L.B. IparoBos, H.O. Jleonosa, C.B. Jlana, JI.A. JlankeBu4, C.®D. [Taganko, JI.B. boouk,
JI.B. ABneena, 2014
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VY 3B’513Ky 3 IUM, METOIO pOOOTH OYII0 TOCTIANTH MIPUPOLY (DITOCTHMYITIOBATBHOT
aKTUBHOCTI eK30MeTa0omiTiB mtamy B. subtilis IMB B-7243, itoro anTaroHicCTHIHY
AKTUBHICTH Ta OLIIHUTHU 010JI0T14YHY €()EeKTUBHICTH JOMOCIBHOI OakTepu3auii coi B
MOJBOBHUX YMOBaX.

Marepiauamu i meTonan

O06’extoM nociimpkeHas OyB mrtam B. subtilis IMB B-7243, oo 306epiraeTbest
B JlenosuTapii [HcTuTyTy MikpoGiosorii i Bipycosnorii im. JI.K. 3a6omoraHoro HAH
Vkpainu. lllTam BUIIIEHNH 3 TPYHTY 1 € BUIBHOICHYIOUUM carnpobionToM. [{o Horo
XapaKkTEePHUX 0COOIIMBOCTEH CJIiJI BIIHECTH crielu(iYHY aHTarOHICTHYHY 10 1010
¢iTonaroreHHUX OaKTEPii 3epHOOO0OOBUX KYIBTYP. SIK KOHTPOJIb BUKOPHCTOBYBAIIN
mraM-eTanon B. amyloliquefaciens IMB B-7100, mo € ocHoBOIO Oiompenapary
(biTOIOKTOP, JO3BOJIEHOTO /10 BUKOPUCTAHHA B YKpaiHi, Ta 3aCTOCOBYETHCS IS 3a-
XHUCTY 3¢pHOO000BUX KYJIBTYP BiJl XBOPOO.

KynerusyBanns B. subtilis IMB B-7243 npoBoamiu B koi6ax emHicTio 750 M
npu 200 06/xB 3a 37 °C Bripoosx 18—24 roa Ha piIkoMy HO)KUBHOMY CUHTETUYHOMY
cepenosui 3 pH 10 6,5-7,0 Takoro cknany (%): moko3a — 2,00; HaTpito HUTpaT —
1,29; amoniro docdar nozamimienuii —4,75; kaniro ¢pocdar ognozamimenuii —9,60;
Hatpiro rigpokeun — 0,18.

Cepenosutie 3aciBanu 18-TOMMHHOIO KyJbTYpPOIO Oalliil B €KCITOHEHIIIHHIN
da3si pocty. Pinky kynerypy mramy B. subtilis IMB B-7243 3 turpom 10° KYO/
mi nentpudyrysanu 30 xB mpu 15000g 1 Temneparypi 4 °C. HagocanoBy piauny
BUKOPHCTOBYBAJIU JUIS aHAJTI3y Ha 3arajibHy (iTOCTUMYIIOBAJIbHY aKTUBHICTH €K30-
MeTa0oITIB, crierudiuHOro 010TeCTyBaHHS Ta SIKICHOTO 1 KiJTbKICHOTO BU3HAYECHHS
(biToropMoHiB (i3UKO-XIMITHUMH METOIAMHU.

JLtst mocmipKeHHS 1HAYKIT pU30TeHe3y BUKOPUCTOBYBAJIN JBOTHKHEBI KUBITI
kBaconi copry Jlonara. Bapiantamu nociiny Oynu eKciepuMeHTaIbHO MiliOpaHi
po3senenHs 1:150, 1:200 kynerypanbHOi piguHu wtamy B. subtilis IMB B-7243.
3a KOHTPOJb CIYTyBajJH BiACTOSHAa BOAOIPOBIAHA BOAA Ta MpemapaT-eTaaoH —
inmonin-3-onrosa kuciota (I0K) y konnentpaitii 10> M. OCHOBHUMH IMOKa3HUKaMHU
(bi310J10T19HOT AKTUBHOCTI JTOCITIJKYBAHUX PO3YMHIB CIIYTYBAJIH: KIJIbKICTh KOPEHIB,
Maca KOpEeHiB Ta JIOBKHHA JTUISTHKH, 1110 YTBOPIOBaIa KOPEHi.

[To3akmniTrHHI HITOrOPMOHM BUALISIIN 3 KYJABTYPAIbHOI PIAUHU IITaMy B. subtilis
IMB B-7243 metonom nepepo3noaiay (GiToropMoHiB y ABOX (azax pO3uMHHHMKIB, 10
HE 3MITYIOThCSI MIJK COOOIO SIK OMTUCAHO B po00Ti [2]. OTpuMaHi eKCTpaKTH (BUTIAPEHI
Ta MepepoO3uYMHEHI B €TAHOJ1) BAKOPHUCTOBYBAIH JJIs CIICIIU(IUHOTO O610TeCTyBaHHS
(ayKCHMHOBA aKTHBHICTB) 1 ITOJIAJIBIIIOTO XpoMaTorpadiqHoro aHatizy (hiToropMoHiB.

JIiist BU3HAUEHHS ayKCHHOBOI aKTHBHOCTI 3aCTOCOBYBAJIH BiPi3KH KOJICOTITHIIIB
03MMOT HILIeHHIII cOpTy AsbOarpoc ofecbkuii. Bapiantamu nocnimay 6ynu po3BeeH-
HSl €KCTPAKTIB KyJIbTypasibHOI pigunau B. subtilis IMB B-7243 1:200, 1:300, 1:400
ta 1:500. 3a xoHTpONB cityryBanu npenapar-eraion — [OK (10° M) Ta BiacrosiHa
BOJIOT'IHHA BOJA.
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OTtpumani eTaHOJIbHI €KCTPAKTHU KYJIBTYpalibHOI piannu B. subtilis IMB B-7243
BUKOPHMCTOBYBAJIM JUIsl IPOBEIEHHSI SIKICHOTO 1 KUIBKICHOTO aHaJIi3y (ITOropMOHab-
HUX CHOJYK METOJIOM CIIEKTPOJIEHCUTOMETPUYHOI TOHKOIIAPOBOi Xpomarorpadii
[8]. KinpkicHe BU3HA4YEHHS ayKCUHIB, IIUTOKIHIHIB Ta abcin30B01 kucinotu (ABK)
MPOBOJIMIIN 32 JIOTIOMOTOI0 CKaHYBaJbHOTO crHeKkTpoaeHcuTomeTpa «CopOdimy
(Pocist). KimbKicTh CMHTE30BaHUX TO3AKITITHHHUX (D ITOTOPMOHIB PO3pPaxXOBYBAIH Y
MiKporpamax Ha rpam adbcontoTHo cyxoi 6iomacu (ACBH) nmpoayneHTa.

ETtunen Bu3sHaganu meto oM ra3zoBoi xpomarorpadii [ 13]. ['a3oBy cymim anasmi-
3yBaJIM Ha ra30BoMy xpomartorpadi «Xpom-5» (Uexist) 3 momym’ sHO-10HI3alIHHAM
netekropoM (TBepaa ¢asza — f-f’ okcuaponponioHiTpui). KinbKicTh eTuiieHy po3pa-
XOBYBAJIU 32 KaJ1IOpyBadbHUM rpadikoM, moOy10BaHUM 3T1AHO PO3BEIECHb ETUIICHY 1
BHUpaxau y MoJisix 3a roguHy Ha rpam ACB nipoaytienTa. ExcriepyuMeHnTy npoBoArIIv
y 5-Tu KpaTHiil MOBTOPHOCTI.

AHTaroHicTU4Hi BiacTuBocTi wramy B. subtilis IMB B-7243 Tta mramy
B. amyloliquefaciens IMB B-7100 Bu3Ha4aimm METOJOM pajiaibHUX MITPUXIB
[4]. Sk TecT-KynbTypH 30yAHHMKIB OakTepiaJbHHX XBOPOO COi BUKOPHCTOBYBAJIH
mramu: Xanthomonas axonopodis pv. glycines (30yAHUK yCTYJAbHOTO OaKTEpio3y
abo ipkaBo-0ypoi tsiMucTOCTI), Pseudomonas savastanoi pv. glycinea (30yaHUK
KyTacToi IisiMucTOCT), Pseudomonas savastanoi pv. tabaci (30yAHUK JUKOTO OTTi-
Ky), Pseudomonas syringae pv. syringae (30yIHUK OOJSIMIBYACTOT TUISIMHUCTOCTI,
noxicpar) Ta Pantoea agglomerans (30yITHUK cCMyTacTOCTi cTeba) y KOHIICHTpAIlii
107 KYO/mu1. 30H1 3aTpUMKH POCTY BpaxoByBaiu uepes 24 rox inkyoartii. CTymiHb
AQHTArOHICTHYHOI aKTHBHOCTI IITaMiB BU3HAYAJIH 32 PO3MIPOM 30H 3aTPHUMKH POCTY
KyJbTYp (iTONaTOreHHUX OaKTepii.

[TosboOBI AOCHIIM O BU3HAYCHHIO €(peKTUBHOCTI il mtaMiB Bacillus nipo-
BOIMWIM Y nocnifiHo-BupoOoHnuoMy Bt I®PTT HAH Vkpainu, cmT. IieBaxa,
KueBo-Casarommuchkuii paiton. Hacinus coi copty YeTs (copT cepetHbOCTIHKUH 10
OakTepiaibHUX XBOPOO) 0OpOOISITN y BOJOTHIA CIIOCIO Y IeHb CiBOM CycCleH3iIMu
Oakrepiit y konnentparii 1x10? KYO/mn mramy B. amyloliquefaciens IMB B-7100
ta B. subtilis IMB B-7243. Hacinus BuciBaiy Ha ginsHKax rmromiero 12,5 m? mo 500
HaciHMH Ha KOKHY. [[0BTOpHICTH HOCHIIIB — 4-X KpaTHA.

JluHaMiKy 3aXBOpIOBaHb Ta BIUIMB OloNpenapariB Ha BpPOJKaHHICTb COl aHaI3y-
BaJIM BiJIIIOBIHO JI0 3arajlbHOMPUHHATHX METONUK [6] y a3y cxomiB, IMBITIHHS Ta
HanuBy 000iB. B MONb0BUX YyMOBAx aHaNi3yBalK YpaKeHHsI POCIIMH COi Ha KYyTacTy
TUISIMUCTICTB, 30y THUKOM sIKOi € P. savastanoi pv. glycinea.

Jlnst OIIHKU TOCTOBIPHOCTI €KCIIEPUMEHTAIBHUX JaHUX, MPEICTABICHUX B
poOOTi, BUKOPUCTOBYBAJIHM MapaMeTPUYHI KpUTepii HOPMAIBHOTO PO3IMOILTY, PO3-
paxoByIOYHU cepelHe apupMeTHUHE (ch.) 1 cepeiHE KBaJpaTUUHE BIAXUIICHHS
(Sy,) 3@ piBHs 3Hadymocti <0,05. AHaji3 NPOBOIMIIN 13 3aCTOCYBAHHSM I1aKeTa
koM torepHux nporpam STATISTICA 6.0 i1 Microsoft Excel.
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Pe3yabTaTn i 00roBopeHHst

3a monepeHix AOCTIHKEHb 3arajbHOi POCTOBOI aKTUBHOCTI €K30METaboIIITiB
mramy B. subtilis IMB B-7243 Ha 3epHOBUX KyJabTypax (03uMa MIICHULS, KYKypy-
1132, S’YMiHb) BCTAHOBJICHO, 10 PO3BEICHHS KyJIbTypaibHOI piguan y 50—-100 pa3is
i ABHIYBaN JTAOOPAaTOPHY CXOXKICTh HACIHHS Ta CTHUMYJIIOBAIA HArpOMaJKCHHS
HA/I36MHOT MacH Ta KOPEHIB Y 7-ACHHUX MPOPOCTKIB (HEOMYyOIiKOBaHi J1aHi).

OTtpuMaHni pe3yabTaTi MOKa3alu MO3UTUBHUHN BIUIMB €K30META0OMITIB MITAMy
B. subtilis IMB B-7243 na pusorenes kBacoui copty Jlomnara (ta6m. 1). [Ipenapar-
etasion IOK migBuIyBaB cepeHIo KUTbKICTh Ta Macy KopeHiB Ha 9—13% BiHOCHO
KOHTPOJIIO. AHAJIOT14HA CTUMYJISIIIISI PU30T€HE3y CIIoCTepiranacs mpH J0CIiJKeHH1
po3BezieHHs HatocanoBoi pinuau 1:150. BinOyBanocs 3011bIIEHHS KUTBKOCTI KOPEHIB
Ha 9% 1 mpwupicr ix 6iomacu Ha 11%, BinmoBigHo. OOpPOOKa POCIUH PO3BEACHHIM
1:200 mpu3BOAMIA 0 3HAYHOTO IPUPOCTY (Ha 21%) KUIBKOCT1 yTBOPEHUX KOPEHIB,
cepeaHs Maca X Mpu bOMY 3pOCTaa NOPiBHSIHO 3 KoHTposieM Ha 17%. Otpumani
JIaHi CB1IYaTh PO HASBHICTH (DiTOCTUMYITIOBAILHIUX PEYOBUH ayKCUHOBOT IPUPOIU
cepen ek3oMeTabomiTiB mramy B. subtilis IMB B-7243.

CrennivuHy ayKCHHOBY aKTHBHICTh €K30MeTa0OITIB mtamy B. subtilis IMB
B-7243 Bu3znavanu 3a gonoMoroto OiorectyBanHs. Tak, Mpu TOCIiPKEHH] ayKCHHO-
BOI aKTUBHOCTI MMOKAa3aHO MPHUPICT JOBKHHU KOJICONTHIIIB O3UMOI MIICHUII COPTY
Anp0aTpoc 0EChKUH 3 BUPAKEHOI KOHIIEHTPALIHHOK 3aJeKHICTIO (puc. 1), mo
CBIJTUUTH MPO HASIBHICTH Y KYJIBTYPaJIbHIN PIAKHI IITaMy MOPIBHSIHO BUCOKOT KiJlb-
KocTi aykcuHiB. Po3Benenns ekctpakrty y 200—500 pa3iB mpu3BOIAMIO IO CTUMYIISIIT
BUJIOBXKEHHS KOJICONTHIIIB Ha 8—22%, MOPIBHSIHO 3 KOHTPOJIEM (Boja). MakcuMaib-
HUI IPOsIB 610J10T19HOT aKTUBHOCTI CIIOCTEPIiraBcs 3a po3BeieHHs ekcTpakTy y 400
pasiB, ane BiH OyB €110 MeHIIUM 3a Jii npenapara-etanoHa IOK (25%).

Tabmuns 1
BnumB KyabTypasabHoi pinuau B. subtilis IMB B-7243
Ha pU30reHe3 ;KUBLIB KBacoJi copty Jlonara
Table 1
Influence of cultural liquid B. subtilis IMB B-7243 on bean cultivar Lopata rhizogenesis
Cepeans KilbKicTh Cepennst Maca KOpeHiB
BapianTh fociny KOPEHIB HA POCJIUHY HAa POCIHHY
IIT. % r %
KonTposnb (06poOka Bom010) 19,6+0,9 100 0,209+0,010 100
Inpmonin-3-ourosa kucnora, 10°M | 22,1+1,3* 113 0,328+0,016* 109
Hanocanosa pianHa
+1,2% + *
B. subtilis IMB B-7243, po3B. 1:150 21,4+1,2 109 0,331x0,019 1l
Hanmocanosa piguna
+1,7% + *
B. subtilis IMB B-7243, po3s. 1:200 23.8£1.7 121 0,345+0,021 17

[Tpumitka: * — pi3HHIL TOCTOBIpHA BIITHOCHO KOHTpOIIO ripu p<0,05.
Note: * — significant difference relative to control at p <0,05
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OTxe, OTpUMaHi pe3yJabTaTH 3aCBIAYMINA MPUCYTHICTh ayKCHHIB CEpel eK30-
MeTaboIITIB TOCHIKYBAHOTO IITaMy, a IPOsIB iX 010JI0TYHOT aKTUBHOCTI 3aJIeKaB
BiJl CTYTICHSI PO3BEICHHS EKCTPAKTY.

[TpoBeneHi mocmipkeHHs MoKas3any, mo mramy B. subtilis IMB B-7243 npu-
TaMaHHMN cepeHiil piBeHbs cuHTe3y aykcuHiB (121,6 Mxr/r ACB), cepen sikux i-
3ionoriyHo aktuBHA IOK cknanae mume 2,6% Bix 3aranbHOTO MyTy CHHTE30BaHHX
cronyk (puc. 2). Bimomo, mo 3naraicte PGPR-6akrepiii cuHTE3yBaTH ayKCUHU
OB’ A3YIOTh 31 CTUMYJISIIEIO POCTY KOpeHiB [15]. st neskux BUAIB POCITHH TaKOX
MMOKa3aHo, 10 HM3bK1 KOHIICHTPAIlil eK30TeHHUX ayKCUHIB ITiIBUIIYIOTh ITBUIKICTh
TI07I0BKeHHs KopeHiB [ 14]. MMoBipHO, 1ociKyBaHHMit HAME canpOGIOHTHMIA IITaM
MPOAYKY€E ayKCUHH 3a ONTHMAJILHOI JIJIT BUOBKEHHSI KOpEHIB KOHIeHTpallii. Ha
KOPHUCTH TaKOTO MPHUITYIICHHS CBITYaTh PE3YNIbTaTH, OTPUMaHi MpH 010TeCTyBaHHI
KyJBTYpaJIbHOI PiAMHY.
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[TpupicT TOBKHUHU KOJIECOTTHIT

Po3BeneHHs eKCTPaKTIB KyJIbTyPAIBHOT PITUHU

Puc. 1. IIpupicT 1oBxuHA Bigpi3KiB KOI€ONTHIIB 03MMOI NIIIEHUII COPTY AJILOATPOC
oflecbKHii 3a il eKCTPaKTIiB Ky/IbTypaJibHOI pinunn B. subtilis IMB B-7243 3a 24 ron

Fig. 1. Growth of winter wheat coleoptels (cultivar Albatros odeskyi) under the extract
influence of cultural liquid B. subtilis IMB B-7243 for 24 hours

Hamu noka3zano, 1110 mtam 3JaTHHUHA 0 CHHTE3Y JOCUTh BUCOKOTO PiBHS IIUTOKI-
HiHiB (312,8 mxr/r ACB), cepen myny sikux Oinbiire 80% npeacTaBieHo TPaHCIOPT-
HO (hopmoto — 3eaTrH-prudo3uIoM (puc. 2). OTpuMaHi JaHi CBiAYaTh PO O10JIOTivHI
0COOIMBOCTI JOCHIPKYBAHOTO IITaMy Oaru, OB’ si3aHi, IMOBIPHO, 3 (HOPMYyBaHHIM
e(eKTUBHUX B3aEMOBITHOCHH 3 POCIIMHOIO Yepe3 00MiH ex3oMeTabomitamu. Binomo,
1110 MTPY 1HOKYJISILIT pOCINH HUTOKIHIH-CUHTE3yBAIbHUMH OaKTEePisIMU CTUMYITIOETHCS
HAKOMUYEHHs 010MacH SIK TaroHiB, Tak 1 KOpeHiB pocyuH [1].

Hlram B. subtilis IMB B-7243 TakoX CHHTE3y€ HEBEJIHKY KiJIbKiCTh
¢iToropmoni-inridiropis: ABK Ta etuneny (puc. 2). ®izionoriyHa JOIIBHICTD
cunTe3y mramoM ABK, iiMoBipHO, MOXke OyTH MOB’sA3aHa 3 BaXKJIUBOIO 11 (DyHKITi€I0
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JUISL pOCIIMHU y peryismii BogHoro pexxumy. Came B takuii ciocid6 ABK 3natnHa
MO3UTUBHO BILTUBATH Ha PICT POCIMHHMUX KJIITHH IUIIXOM po3TsaTHeHHs [12]. Tomy
no3axmituaHa ABK, mo cunresyerbes mramom (5,8 Mkr/r ACB), yepes kopeHeBy
CHUCTEMY MOJKE TIOTPAIUIATH 0 POCIUHU 1 BKITIOYATUCS B METa00III3M.
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Puc. 2. Bmict mozakiaiTuHHUX QiTOrOpMOHIB-CTUMYJISITOPIB Ta iHri0iTOpPIB y mITamy
B. subtilis IMB B-7243.

1 —IOK; 2 — ingon-kapOiHom; 3 — iHm0M1T-3-0TOBOT KHCIIOTH Timpa3u; 4 — 3eaTuH; 5 — 3eaTHH-
pubo3um; 6 — i30NeHTeHNaeHiH; 7 — i30IeHTeHJIaAeHO3UH.
Fig. 2. Extracellular phytohormones-stimulators and inhibitors content in
B. subtilis IMB B-7243 strain.
1 —indole-3-acetic acid; 2 — indole-3-carbinol; 3 — indole-3-acetic hydrazide; 4 —zeatin; 5 — zeatin-
riboside; 6 — isopentenyl adenine; 7 — isopentenyl adenosine.

CTOCOBHO 3/1aTHOCTI IITaMy CHHTE3yBaTH €K30T€HHMH eTuieH (3,7 HMOoib/
ron T ACB) cnij 3ayBakuTH, 110 JOLUIBHICTh HOTO CHHTE3y OalujiaMH Ta BIUIUB
ra3onoaiOHOro ropMOHY Ha POCIUHY IMOKU HE 30BCIM 3p03yMilii. 30KpeMa BiJIOMO,
1110 /10 CUHTE3y €THJIEHY 3/1aTHI NIeBH1 BUU OakTepiii, a HOro HU3bKi KOHLEHTpALi]
MOXYTh CTUMYJIIOBATH PICT POCIUH 1 mepii 3a Bce — kopeHiB [11]. 3 inmoro 60Ky,
BIH BIIINPa€ BaXJIUBY POJIb IIPU (OPMYBAHHI CUCTEMHO] CTIKOCTI /10 (hITONIATOreHIB,
BUKOHYIOUHU POJIb CUTHAJIBHUX MOJIEKYII [ 10]. ToMy, SIKUM YMHOM €K30T€HHUI €TUIICH
B HU3bKHMX KOHLIEHTPALISX MOXKE BIJIMBATH HA POCIIMHY, 0COOJIMBO 3a 11 CTPECOBUX
YUHHUKIB — [IpeIMET MOAANbIINX JocaikeHb. OTxe, wram B. subtilis IMB B-7243
B YMOBAX in Vitro 31aTHUI JJ0 CUHTE3Yy TPhOX KJIAaCiB (DITOrOPMOHIB CTUMYIIIOBAIbHOT
JIi1: ayKCUHIB, IUTOKIHIHIB Ta riOepetiHiB, 1110 MOKa3aHOo B MOMEPEIHIX TOCIIKEHHIIX
[2]. Bin mpoayKkye TakoX €K30reHHI TOPMOHHU-IHT101TOpH: aOCIIM30BY KUCIIOTY Ta
etuiieH. [llono posi okpeMux KinaciB (piTOropMOHiB ITpH (OpMyBaHHI ACOLIIATUBHUX
3B’5I3K1B, TO BOHA PI3HUTHCS MK c00010. THM He MeH111e, pe3yJIbTaToM Takoi B3aeMOIi1
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MIKpO- Ta MaKpOOPTaHi3My € CTUMYJISIIISI POCTY 1 PO3BUTKY POCIIMHH, i 3aXHCT BiJ
¢iTomaroreHiB Ta, sIK pe3yJIbTaT, cTadiIi3aIlis a00 MiABUIIICHHS TPOAYKTHBHOCTI.

Panime Hamu Oy0 JOCIIHKEHO aHTarOHICTUYHI BIACTUBOCTI SK €TaJIOHHOTO
mramy B. amyloliquefaciens IMB B-7100, Tak i nocmimkyBanoro B. subtilis IMB
B-7243 mono neskux KOJCKIIHHUX ITaMiB (HiTOMaTOreHHUX OaKTepil 1 TpudiB —
30y/THUKIB OaKTepiaJbHUX Ta TPUOHUX XBOPOO 3epHOO000BUX KyIbTyp [3]. Bpaxo-
BYIOUH, ITI0 B CTPYKTYPi MOCIBHUX TIOII 36pHOO0OOBHX COsI 3aiiMa€ IIPOBiTHE MICITe
1 pO3IISAAETHCS K OJIHA 13 CTPATETIYHUX Ta PEHTAOCTBHUX KYJIBTYp, HACTYITHUM
€TaroM HallluX JTOCIIDKEHB Oyia mepeBipka B JaOOPaTOPHUX Ta MOJLOBUX YMOBAX
e(heKTUBHOCTI BUKOPUCTAHHS MITaMIB IMPOTH CBIKEBHIIIJICHUX 30yHUKIB OaKTEpi-
ATBHHUX XBOPOO COi.

Bcranosieno, mo mramu B. amyloliquefaciens IMB B-7100, sxuii BHKOPHUCTO-
BYBAJIH JIJIS TOPIBHSIHHS 010710T1YHOT aKTUBHOCTI, Ta B. subtilis IMB B-7243 matoth
MOPIBHSIHO BUCOKI PiBHI aHTarOHICTUYHOT aKTUBHOCTI JI0 BCIX 30yTHUKIB HAWO1TBIIT
IITKOJIOYMHHUX 3aXBOPIOBAaHb CO1 (Ta0I. 2).

Ta0mui 2

AHTaroHicTHYHa aKTUBHicTH 6akTepiii pony Bacillus
10 30yIHUKIB faKTepiajJbHUX XBOPOO coOi

Table 2

Antagonistic activity of genus Bacillus bacteria
to the agents of soybean bacterial diseases

30HM 3aTPUMKH POCTY TECT-KYJIBTYP, MM
Tect kyabTypH B. amyloliquefaciens B. subtilis
IMB B-7100 IMB B-7243
X. axonopodis pv. glycines
+ +
R mramis 25,0+0,3 350+0,5
P. savastanoi pv. glycinea, 4 mrama 15,0+ 0,4 15,0+ 0,4
P. savastanoi pv. tabaci,
+ +
2 wrama 8,0+0,1 12,0£0,2
P, syringae pv. syringae , 100405 13.0 £ 0.4
2 mrama ’ ’ ’ ’
P agglomerans 15.0 4 0.2 20,0+ 0.1
2 mrama ’ ’ ’ ’

[pumiTtka: pizaAI nocToBipHa Tpu p<0,05 A7 BCix BapiaHTiB.
Note: the difference is significant at p <0,05 for all variants.

3o0kpeMa, 00H/IBa MTAaMHU € BUCOKOAKTHBHUMH TI0 BITHOIIEHHIO 10 30YIHUKIB
MyCTYJIBHOTO OakTepio3y Ta OakTepiambHOI cMyTacTocTi crebna coi. Kpim Toro,
BOHU € CEPEHbO- Ta HU3bKOAKTUBHUMU JI0 30yTHHUKIB PEIITH OAaKTepiaJbHUX 3a-
XBOPIOBaHb CO1 (KyTacTa IJIIMUCTICTh, TUKUAHN OITIK, TOIIO). TaKkoXK CITi/T BIAMITHTH,
0 piBEHb AHTArOHICTHUYHOI aKTUBHOCTI mtamy B. subtilis IMB B-7243 no Bcix
30y/THHUKIB OaKTepiaIbHUX XBOPOO COi € JIEMI0 BUIIUM MOPIBHIHO 3 aHAIOTIYHUMHU
MoKasHuKamu mramy B. amyloliquefaciens IMB B-7100.
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OTtpumaHi B 1a00paTOPHUX YMOBaX pe3y/bTaTy MiATBEPAUIINCS IIPU IPOBEICHHI
MOJILOBUX JOCHTIKEHb. 30KpeMa, MepeanociBHa 00poOka HACiHHS COi MITaMaMu
B. amyloliquefaciens IMB B-7100 ta B. subtilis IMB B-7243 npurHidyBaia po3-
BHUTOK Ta MONIMUPEHHS KyTacTOi IUIIMUCTOCTI (Taba. 3).

Taomuis 3

Bnuoius nepeanociBHoi 00po0KH HACiHHSA €OI IITAMaMu
B. amyloliquefaciens IMB B-7100 ta B. subtilis IMB B-7243 na ypa:keHHs 30yTHHUKOM
KYTAacTOl NJISSMHCTOCTI coi Ta il MpPOaIyKTUBHICTH

Table 3

Pretreatment of soybean seeds influence by strains
B. amyloliquefaciens IMB B-7100 and B. subtilis IMB B-7243 on soybean lesion
by angular spot pathogen and its productivity

Ypaxkenus pociaun P. savastanoi pv. glycinea

. [Momupenns xBopoou, % Po3BuTok xBopoou, % Ypoxaii
BaplaHT](l p P s /0 1Y s /0 pu/ra )
aza aza aza aza
¢aza (l). R (l) ¢aza (b. . (b
. UBITiH- | HAJIMBY . IBITiH- | HAJIUBY
cxoaiB . cxoaiB .
HSl 000iB HSl 000iB
KonTpons

28,7+0,1{76,5+0,1(50,0+0,1| 9,5+0,1 |48,5+0,1{22,5+0,2| 30,3
(006poOKa BOI0I0)

Bacillus amyloliquefaciens |, ¢ | o 1|58 040.1(34.740.1] 6.740.1 [19,040.2| 9.9+02 | 29.8

IMB B-7100

Bacillus subtilis 8,120,2 |37,520,2/20,6+0,1| 1,120,1 [12,6:0,3/11,8£0.2 33,6
IMB B-7243 10,2 |37,540,2(20,6+0,1| 1,120,1 [12,6+0,311,8+0,2| 33,

HIP o

05

IIpumiTKa: pi3HMI TOCTOBIpHA BITHOCHO KOHTpOIIO TIpH p<0,05 mis mramis B. amyloliquefaciens
IMB B-7100 i B. subtilis IMB B-7243; HIP,, — nalimenma ictotHa pisuuns npu 5% pisHi
3HAYyLIOCTI.

Note: significant difference relative to control at p<0,05 for B. amyloliquefaciens IMV B-7100 and
B. subtilis IMV B-7243 strains; LSD0S5 —the least significant difference at the 5% significance level.

Crij TakoX BIAMITUTH, 110 00poOKa mtamom B. subtilis IMB B-7243 Gymna Gunbin
e(heKTHUBHOIO TIOPIBHSHO 3 aHAJIOTIYHOI 00poOKOto mTamoM B. amyloliquefaciens
IMB B-7100 npaktrgaHo Ha BCix (pa3ax oHTOreHe3y coi. E¢exTuBHa qomociBHa 0ak-
TepU3allis HACIHHS B MIOIAJIBIIIOMY TAKOXK TTO3UTHBHO BILTUHYJIA 1 HA IPOAYKTUBHICTb.
Tak, MpoTATroM BereTamiifHOro Nepioy CIOCTEPIraiocs CyTTEBE 3HIDKECHHS YPaKSHHS
pociuH 30yTHHKOM KyTacTol IUIIMUCTOCTI, PE3yJbTATOM YOTO CTAJIO ITiABHIICHHS
NpoXyKTUBHOCTI coi Ha 3,3 1/ra (Outb, Hik 10%). O6pobka mraMmom, 110 € OCHO-
BOI0 Oiompemnapary diTomokTop, Maike He BIUTHHYJIA Ha TIOKa3HUK POy KTUBHOCTI,
B TOM € Jac MaB MicIie (piTOMPOTEKTOPHUN e(EeKT.

Taxum YMHOM, HASBHICTB Cepel €K30MeTa0OIITiB PiITOrOPMOHIB-CTUMYIISITOPIB
Ta MEeBHUH piBeHb aHTArOHICTUYHOI AKTUBHOCTI mITamy B. subtilis IMB B-7243 mono
30yTHUKIB OakTepiaibHUX XBOPOO COi MO3WTHBHO BIUTMHYJIM Ha TPOMYyKTHUBHICTH
KYJBTYpH B ITOJHOBUX YMOBAX.
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OUTOCTUMVYJIMPYIOIIAA, AHTATOHUCTUNYECKASA
AKTUBHOCTDB U BUOJIOTHUYECKAS DOPEKTUBHOCTD
INTAMMA BACILLUS SUBTILIS IMB B-7243

Pedepar

Heas. Hccnedosamv npupody gpumocmumynupyroujei akmueHoCmu 3K30Memabonu-
moe wmamma Bacillus subtilis IMB B-7243, eco anmazoHucmu4ecKkyto akmueHocms
U oyeHumv OUONI02UYECKYIO IPDeKmuUsHOCmb NPeonocesHol bakmepusayuu cou 8
nonesvix ycnogusax. Metoabl. QumocopmMonanbHvle coeOuHeHus Onpeoesiiu Memo-
00M CneKmpoOeHCUMOMemMpUIECKOl MOHKOCIOUHOU XpoMamozpahuu, Jmuien — me-
MOOOM 2a3080l Xpomamozpapuu, aHmazoHUCMUYECKyI0 aKmMUHOCHb — MemooOM
PAOUANbHBIX WMPUX08 NPOMus 6030youmenell 6AKMepUATbHbIX 300071e8aHUll COU.
Pe3yabrarbl. Qumocmumynupyrousas akmusHocms dxk3omemadonumos B. subtilis IMB
B-7243 obycnosnena npucymemauem 6 ux cocmase Qumo2opmMoH08-CMUMYIANMOpPo8
(aykcunos, yumokununos). Ilokazana cnocobnocmos wmamma nposeisims cpeoHuUll
U BbICOKUL YPOBEHb AHMALOHUIMA K 8030y0UmMeniam OaKmepuaibHvlx OonesHel cou.
BeiBonbl. [Ipucymcmeue cpeou 5k30mMemabonumos Gumo2opmoHos-cmumynsamopos u
onpeoeneHHblll YPOBeHb AHMA2OHUCMUYecKoll akmusHocmu wimamma B. subtilis IMB
B-7243 no omuowenuro k 6036y0umensim 6aKkmepuanibHuix 601e3Hel cou NO3UMUEHO
NOGIUAIOM HA OUONO2UYECKYIO IPDEKMUBHOCTb 8 NONEGIX YCIOBUSAX.

Knwuesvie cnosa: Bacillus subtilis, sxzomemaborumol, pumocmumynupyowas
AKMUBHOCb, YUIMOLOPMOHDBI, AHMALOHUCIUYECKAS AKMUBHOCMb, COS.
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PHYTOSTIMULATING, ANTAGONISTIC ACTIVITY
AND BIOLOGICAL EFFECTIVENESS OF STRAIN
BACILLUS SUBTILIS IMB B-7243

Summary

Aim. Research of the exometabolites phytostimulating activity nature of the strain
Bacillus subtilis IMB B-7243 and its antagonistic activity and estimation of the bio-
logical effectiveness of pre-bacterization soybean in the field experiment. Methods.
Phytohormones were determined by spectrodensitometric thin layer chromatography,
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ethylene — by gas chromatography method, antagonistic activity — by radial strokes
against pathogens of soybean bacterial diseases. Results. Phytostimulating activity
of the exometabolites B. subtilis IMB B-7243 due to the presence in their composition
phytohormones-stimulants (auxins, cytokinins). The ability of the strain to demonstrate
middle and high level of antagonism to the agents of soybean bacterial diseases has
been shown. Conclusions. Presence of phytohormones-stimulants from the exome-
tabolites and a certain level of the antagonistic activity of the strain B. subtilis IMB
B-7243 with respect to the agents of soybeans bacterial diseases had a positive impact
on the biological effectiveness in the field.

Key words: Bacillus subtilis, exometabolites, phytostimulating activity, phytohor-
mones, antagonistic activity, soybean.
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MMPOAYKIIA CUAEPO®OPIB BAKTEPISAMU POLY
PSEUDOMONAS

Mema. Busuennsi piens cunmesy cudepogopis baxmepisimu poody Pseudomonas ma
6n1UBY HA Hb02O [0HI6 3ani3a (I1]). Memoodu. 30amuicmsb 0o ymeoperHs cudepodopis
ywmamie P. aeruginosa (ONU 300, ONU 301, ONU 302), P. fluorescens ONU 303 ma
P, aureofaciens (ONU 304, ONU 305, ONU 306) susuanu 3 euxopucmannsim CAS-aeapy.
Iumencusnicmos pocmy ma npooyKyii Ri08epOUHOBUX OIOXeNAMOPIE OOCIIONCYBAHUX
Kybmyp y piokomy éapianmi cepedosuwya Kinea suznauanu, 6ionogioHo, npu 0082icu-
Hax xeunv 660 Hm ma 400 um 3 suxopucmannsam xpom-azypona S. Pesynomamu. 3a
[HMEHCUBHICIMIO HAKONUYEHHSL CUOEPOPOPI8 PI3HI MAMU 00HO20 U0 BIOPIZHSIUCS
00uH 8i0 00Ho20. Hatibinew axmusna npodykyisi cudepogopie cnocmepicanacs y
npedcmasnuxis P. aeruginosa ma P._fluorescens. /Jooamkose enecenns ionie saniza (111)
CYNpOBOOIHCYBANOCS IMIHAMU KIIbKOCIE KIIIMUH MA IHMEHCUSHOCMI HAKONUYEHHS. HUMU
cudepoghopis. Jlooasanns 3aniza y cepedosuuye KyibmugyeanHs Nce600MOHAO NPU3BEL0
00 niosUWeHH s KIIbKOCmI KiimuH y cycnensii. [lpome, konyenmpayis cudepoghopis, ujo
VMBOPIOBANUCH OAHUMU MIKDOOP2AHIZMAMY, 3a npucymuocmi 30 Mxe/M [0HI6 3a1i3a
(111) smernwunace y 2—7 paszis, a npu 1000 mxe/mn — cunmes 00CHIONCYBAHUX CNOLYK
OLbWICMIO WMAMIE NCeBOOMOHAO NPAKMUYHO NOSHICMIO NPUNUHUECS. BucHo6ok.
Ipucymuicmo y nosicuenomy cepedosuwyi ionie 3aniza (I11) y konyenmpayii 30 ma
1000 mxe/mn eanvmye HakonuuenHs cudepogopis 6axmepismu pody Pseudomonas.

Kniouosi crnoea: cudepoghopu, Pseudomonas spp., niosepounu, Fe’*.

3a IpUCYTHOCTI KUCHIO y IOBKIJUII IOCTYITHICTh BUIBHOTO 3aj1i3a 3HaYHO 00Me-
JK€Ha Yyepe3 HU3bKY PO3UYMHHICTh HOTO TJIpoKcuiB. Ane 6akTepii Ta rpulOu 3Monu
CTBOPHUTHU cIIeU(IYHY CUCTEMY, 1110 J03BOJIA€ €(DEKTUBHO BUIIy4aTH 10HU JTAHOTO
MeTaJla 3 HaBKOJIMIITHBOTO CEPEeIOBUILA U TPAHCIIOPTYBATH iX ycepeauHy KIITHHU.
OCHOBOIO JTaHOI CUCTEMH € 3aJli30XeNaTyroul areHTu — cugepodopu. Lle Hu3pkomMo-
JEKYJISIPHI CIONYKH (K TpaBuiio, MeHiue 1 k/la), siki Iit0Th SIK eHTEpOCOPOSHTH 3
BUCOKUM cTyrneHeM cropignenocti 1o Fe (III). doBeneHo, 1o 3a cTpyKTyporo Ta
BJIACTUBOCTSAMU CUIEPO(OPH € TOCUTH PI3HOMAHITHUMH pEUOBUHAMU. €AMHUM 151
BCIX NOAIOHMX CIIOYK € TOH (paKT, 110 1HYKIlis iXHbOI IPOYKIIi MIKpOOpPTraHi3MaMu
BiI0yBa€THCS ITPU 3MEHILICHH] BHY TPILIHBOKIITHHHOTO BMICTY 3ai3a 710 10 M, sike
BUKOPHCTOBYEThCS sIK Koakrop pepmentis [10, 13].

Bakrepii pony Pseudomonas, siki Be TaBHO IPUBEPTAIOTh YBAry siK IPOAYLIEHTH
HIMPOKOTO CIIEKTpa 610JI0IYHO AKTUBHUX PEYOBUH, CUHTE3YI0Th oHa ] 100 pi3HUX
BUIB cuaepodopiB, cepes IKUX € EPBUHHI (IIyOpecLeHTHI cuiepodopHu, T.3B. Mi-
OBEp/IMHOBI MOX1HI. BUIBIIICTE 3 HUX MPEACTABISAIOTH COO00 MOJIEKYIIH, 10 CKJIATLY
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SIKAX BXOAWTHh KOPOTKUH TENTH/I, 3B’ I3aHUNA OJHUM KIHIIEM 3 JIOKCiXiHOJIHOBUM
spoM — 2,3-miaMiHo-6,7-1miokcixomiaoM [12]. BoHU € yHIKaIbHUMHU CIIOTyKaMH
3 HaJ[3BUYAHO BHCOKOIO XEJIAaTHOI 10HO3aTHICTIO (KOHCTaHTa 3B’si3yBaHHs Fe’*
y 1mx komiuiekcax focsirae 10% mpu pH 7,0), 110 yTBOPIOIOTBCS TUTBKU JaHUMU
MiKpoopraHizmamu [4].

3HaYHy KIJTBKICTh BUMA/IKIB aHTarOHICTUYHHUX B3a€EMOBITHOCHH, Y SIKHX O€pPyTh
y4acteb Pseudomonas spp., BU3Ha49a€ MIPOMYKIIiS caMe TIOBEPAMHOBUX CHIEPOOPIB:
3a UM [UIIXOM, HAIIPHUKIIAM, BiI0OYBAEThCS MPUTHIYCHHSI PU30CHEPHUMH TICEBIIO-
MOHaJJaM¥ I'pyHTOBUX (iTonaroreHis [3, 14]. Ha ganuii uac po3po0i1eHO TeXHOIIO0-
Til0 OTPUMaHHs JesIKUX Olompenaparis, 10 CKIa1y SKHX BXOASTH cuaepodopu, 110
3aCTOCOBYIOTHCS Y CUTBCHKOMY TocmiofapceTsi [11].

[Tokazano, mo cuaepodopu GakTepiii poxy Pseudomonas 3maTHi yTBOprOBa-
TH KOMIUTIeKcH 3 ioHamu oxHo- (Hg', Cu*, Cs*), nBo- (Zn*", Ni**, Co*", Cu*, Cd*,
Mn?"), Tppox- (Al**, Cr**) ta mectuBanentHux (Mo®, W) merani. Orxe, icHye
MOXJIUBICTh X BUKOPUCTAHHS HE TUTBKU Y arp0o0i0TEeXHOIOTIYHOMY KOMILIEKCI, a i
JuIst OlopeMeialiii pi3HUX cepenoBuIl [7].

Mertoro nanoi po6otu Oysi0 BUBYEHHS PIBHSI CUHTE3y cHIEpO(dOpiB MpecTaB-
HUKaMHu poay Pseudomonas Ta BIUIMBY Ha HbOTO 10HIB 3aui3a (III).

Marepiajiu Ta MmeToau

Y po6oTi BUKOPUCTOBYBAIH ITaMK OakTepiid poxy Pseudomonas: Pseudomonas
aureofaciens (ONU 304, ONU 305, ONU 306), P. fluorescens ONU 303, i30-
npoBaHi 3 puzochepu pocnun, ta P. aeruginosa (ONU 300 = ATCC 15692,
ONU 301 = ATCC 27853, ONU 302 = ATCC 10145), orpumaHi 3 My3e10 KyJIETYp
kadenpu Mikpobiomorii, Bipycosorii Ta 6iotexnonorii OHY imeni I.I. MeunukoBa.

Busnauenns cuiepodopiB MpoBOIMIN 3 BUKOPUCTAHHSIM JOOOBUX KYIBTYP J10-
CIT/DKYBaHUX MIKPOOPTaHi3MiB, siKi OTpuMyBaJiH 3rifHO 3 [ 1]. Bakrepii P. aureofaciens
ta P. fluorescens BupoutyBanu 3a temneparypu 22 °C, P. aeruginosa —3a 37 °C.

SIkicHe BU3HaueHHs cuaepodopiB 311MCHIOBAIIN 32 JIOIIOMOTOI0 XPOM- a3ypoJia
S, Ha ocHOBI sikoro roTyBanu CAS-arap (chrome azurol S-blue agar) [6]. bakrepi,
o BUpoOis cuaepodopu, 3mintoBanu koiip CAS-arapy.

Jlis BU3HAYEHHS KUTBKOCTI cHIepo(opiB, MO YTBOPIOIOTHCS JOCIIIKYBaHU-
MU OaKTEepisIMM, BHXIJHI CYCIIEH311 KIITHH 1X CTaHJAapTU3yBaJX 0 KOHIICHTpAIii
10" xnn/mm ta 0,01 M BiamoBinHOi cycnensii BHocunn y 0,99 M cepenosuiia Kinra
13 pI3HUMHU BMICTaMH 10HIB 3aJ113a, IEpeMIIIyBai Ta KyJIbTUBYBAJIH JI0 TOYAaTKy CTa-
ioHapHOT1 (ha3u pocTy OaKkTepiil y CTepHIIBHHUX MOJICTUPOIOBUX TuTaHmeTax. [Tics
TOTO OCaPKyBajH MEHTpUGYTyBaHHSIM Tipy 322 g BIpOAOBXK 25 XB. Bu3zHaueHHs
KOHLIEHTpaii cuaepodopiB MPOBOIWIN Y CyIEpHATAHTI MOKUBHOTO CEPEIOBUILA
KOYKHOTO 3 OOpaHMX IITaMiB IICEBIOMOHA] Yepe3 48 roj KyJabTHBYBaHHS 3a [9].
KoHueHTparito KJIITHH y CyCIEH3151X JOCIIAKYBAHUX KYJIbTYp OaKkTepiil BU3HaYaIn
cnekrpodoromerpudHo («Spekol-10», Himeuunna) [1].

VYei nocninu npooawin y 6 mosropax. [lpu nopiBHsIIbHOMY aHasIi31 pe3ysbTaTiB
JIOCITIIKeHb BUKOPUCTOBYBaBCS t-kputepiii CthionenTa. JlocToBipHOIO BBaXkasiacs
pi3HuUI npy nokaszHuky p < 0,05.
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Pe3yabTaTH Ta iX 00roBopeHHs

Buxopucranns y po6oti CAS-arapy — «0JaKUTHOTO arapy», iKW 3MiHIOE 3a-
OapBIIeHHS yepe3 3B sI3yBaHHS XeJATyIOUMMH areHTaMH 10HIB 3ai3a y Horo ckiai,
JIO3BOJIMJIO BU3HAYUTH 3/IaTHICTH PI3HUX JIOCIIKYBAaHHUX TICEBIOMOHA]T yTBOPIOBATH
cuaepodopu. XpoM-azypost S € CIOIYKO0, IO YTBOPIOE CIEU(IYHUN KOMILIESKC
OJTAKMTHOTO KOJTBOPY 13 3aJ1130M, SIKE BXOJUTH JI0 CKJIa Ty IbOTO cepeaoBuIna. Mikpo-
Oprasi3Mu, npoayKyouu cuaepodopu (ourbi crieruivni xenaropu Fe*t), Bukinka-
I0Th IEPEKOMILIEKCYBaHHS Ta BUBLIBHEHHS XpOM-a3ypoity S, IO CYIPOBOKYETHCS
3MiHOIO 3a0apBIICHHS CEPEIOBUINA 3 OJTAKUTHOTO HA JKOBTO-TAPSTYKOBHIA.

Haii6ib11 iHTEeHCHBHE ITOYKOBTIHHS cepeToBHINa OyJ10 3a(hiKCOBAHO IS IITaMIB,
110 Hanexathb 110 Buny P. aeruginosa (ONU 300, ONU 301, ONU 302), Ta npencras-
HUKIB pu3ocdepHux mikpoopranismiB P. aureofaciens ONU 304 ta P. fluorescens
ONU 303.

3 aHuX JIITEpaTypH BiIOMO, 10 HAWOUIBII IHTEHCUBHA MTPOIYKILiSl PI3HUX BTO-
PUHHUX METa0OoJIITiB, 30KpeMa cuaepodopiB, BiOyBaeThCs y KyAbTypax, sKi mepe-
XOIISITh y cTamioHapny asy pocry [1]. OTxe, Ha HACTYITHOMY €Tarli JOCiIKEeHb
OyJ10 MPOBEICHO CIIOCTEPEKEHHS 32 POCTOM KYJIBTYp Y piakomy cepenosuiii Kinra,
AHAJIOT STKOTO BUKOPUCTOBYETHCS JUIS 1IeHTU(DIKAIi1, KyIbTUBYBaHHS Ta BU3HAYCHHS
3[IATHOCTI 10 CUHTE3Y MIrMEHTIB y MPEICTaBHUKIB ponuuu Pseudomonadaceae [10]

(puc. 1).
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Fig. 1. Dynamics of Pseudomonas spp. growth in liquid nutrient medium
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B po6ori Oyno 3adikcoBano, mo Mix 48 Ta 60 roguHaMu piBEHb ONTHYHOI
IIUTBHOCTI CYCIICH31# MPaKTUYHO HE 3MIHIOBABCSI, IO CBITYHUTH PO YIIOBUTLHEHHS
MPOIIeCy PO3MHOKEHHSI MIKpOOPTaHi3MiB Ta HACTaHHS CTaIliOHAPHOI (a3l poCTy
IIUX KYJIBTYp Y BHKOPHCTAHOMY CEPEIOBHIIIL.

BusnaueHHs BMICTY cunepodopiB, sKi YTBOPIOIOTECS OaKTepisMU y CTallio-

HapHi (a3i pocty, y MOJAIBIIOMY MPOBOIWIHA Yepe3 48 TOAWH KyJIbTHBYBaHHS
MIKpOOpTaHi3MiB.
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Fig. 2. The basic siderophore production by the studied Pseudomonas strains

BcranoneHo, 1o yepes 48 roj1. KyJIbTUBYBaHHS HAO1IbIIIe IEPBUHHUX CUIEPO-
¢opis cunresye mram P, fluorescens ONU 303 — 1o 16,5 mxM / 10° k1. Jletio MeHIie
(Ha 2,5-4,5 MxM / 10° 1) TOCTIPKYBAaHHUX CIIOJNYK BHUSIBICHO JJIsl TIPEICTABHUKIB
Buny P. aeruginosa. Cepen P. aureofaciens HaWOLIbIY KiJIbKICTh CHACPOGOPIB MPO-
aykysas mram ONU 304 (10,0 mxM / 10° ki), Toxi sik ABa iHIIUX — auiie 7,4—7,6
MKM / 10° ki1 y cycnensii. OTke, 3a IHTEHCHUBHICTIO HAKOITUYCHHS IEPBUHHUX CH-
nepodopiB MPEICTABHUKHU PI3HUX BUIB IICEBIOMOHA]] CYTTEBO BiPi3HSIIMCH OJTUH
BiJl OZIHOTO.

CTBOpeHHs OiompenapariB 3 BUKOPUCTAHHIM PpHU30C(hEepHUX MiKpOOPraHi3MiB
MOYMHAETHCS 3 BU3HAYCHHS X CHHTETUYHOTO MOTEHIliaTy, 30KpemMa MPOAYKIIii
cunepodopis, 3a pi3HUX YMOB KyJIbTUBYBaHHs. L{e 103B0JIsiE OIIIHUTH MTEPCTIEKTHB-
HICTh iX BUKOPUCTAHHS y IPYHTAX Pi3HUX THUIIIB Ta 3 PI3HUM BMICTOM 3al1i3a, TOOTO
BCTaHOBUTH «yHIBEPCAIBbHICTHY MailOyTHHOTO MIKpOOI0JIOTIUHOTO Mpenapary [8].

B po6ori Oyno mpoBeieHO BU3HAYCHHS BILIMBY JBOX KOHIICHTpamii Fe**
(30 MKr/ M1, 1110 BiTIOBiIa€ BMiCTy 3aiti3a y 4opHo3emi, Ta 1000 MKIr/mi1 — rpaHUYHO
JIOITyCTUMa KOHIIEHTPAILisl CIIONMYK JaHOTO eJleMeHTY [2]) Ha picT JOCIHiKyBaHHX
KyJBTYp Ta CHHTE3 HUMU cunepodopis (Tad.).
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Taomuis
Cunre3 cuepodopiB A0CTiMKYBAHMMH IITAMAMH TCEBIOMOHAJ
3a mpucyTHocTi ioHiB 3amiza (I11)
Table
Siderophore synthesis by the studied Pseudomonas strains
in the iron ion (III) presence
Kontpoan 6e3 Fe(I1I) 30 mkr Fe(IIl)/ma 1000 mxr Fe(IIT)/ma
. | Cunepo- . | Cunepo- . | Cunepo-
Mtam Konue.HTpaum bopu, KOHIIC.HTpal.llﬂ bopu, Konue.HTpaum bopu,
KJIITHH, KJITHH, KJIITHH, N
“10°/ma MM / a0 | MM/ a0 | MEM/10
10° ka 10° ka KJI
P. aeruginosa
+ + +0,2" +0,3™ +0,4" i
ONU 300 4,5+0,2 13,240,4| 5,9+0,2 8,2+0,3 12,6+0,4 0,0
P. aeruginosa . -
+ + + + +0,4% i
ONU 301 4,3+0,3 13,0+£0,4| 7,7+0,3 4,3+0,2 12,0+0,4 0,0
P. aeruginosa
+ + +0,3" +0,1™ +0,3" +0,02%
ONU 302 4,8+0,2 12,1£0,2| 10,0+0,3 4,2+0,1 12,2+0,3 0,1+0,02
P fluorescens
+ + +0,3" +0,1" +0.4% + it
ONU 303 2,6+0,2 16,5+0,3 9,0+0,3 1,2+0,1 12,2+0,4 0,1+0,01
P aureofaciens . -
+ + + + +0,1* +0,1%
ONU 304 1,540,1 9,940,1 4,2+0,1 2,0£0,2 7,3+0,1 0,3+0,1
P, aureofaciens
+ + +0.2" +0,1™ +0,2% + it
ONU 305 1,8+0,1 7,6£0,2 5,14£0,2 1,7+0,1 8,0+0,2 0,2+0,01
P aureofaciens . - Y w
ONU 306 1,540,1 7,4+0,2 5,0+0,1 2,1£0,2 7,7+0,3 0,2+0,01

IMpumitka: *a6o ™ — pi3HULS BipOTiqHA Y TOPIBHAHHI 3 BiIIOBIIHUMHU 3HAYECHHSIMU, OTPUMaHUMU
y IOKHBHOMY CepeIOBHILI O3 BHECEHHSI crionyk 3ai3a (mpu P<0,05); # abo *— pisnuus BiporinHa
y NOPIBHSIHHI 31 3HAYCHHSIMH, OTPUMaHUMH y cepenoBuiui 3 30 mxr/mi Fe** (mpu P<0,05).

HasiBHicTs ioHiB 3ami3a (III) BusBiIsIM Ha 3MiHU SIK KiJTBKOCTI KJIITHH, TaK i
IHTEHCUBHOCTI YTBOPEHHSI HUMHU CUACPOOPIB.

BcranoBieHo, 1110 npucyTHICTh B cepepoBuit Fe* y 1,3-5,0 pasis 30inbiye
KOHIIEHTPAIIiIO0 JOCHIKYyBaHUX OakTepiid. HaifOmbnii CTUMYITFOIOUHIT BIUIUB TPH-
BaJICHTHE 3aJ1i3a 3/1ilicHIoBaIIO y KoHeHTpaiii 1000 mxr/mi Ha mramu P, fluorescens
ta P. aureofaciens. OueBUAHO, 3211130, MPUIMAIOYH Y4acTh y 3HAYHIN KiJIBKOCTI
BHYTPIIIHBOKIITUHHUX MPOIECIB (HAMPUKIIAL, TPAHCIIOPTI KUCHIO, cuHTe31 ATD
[5]) Ta BXOoms4M 10 CKJIAIy Takoro GepMEHTY, IK pUOOHYKIIETH]] PeIyKTa3a, 10 €
kouoBuM y cuHTe3i JJHK, Ta muToXpoMiB y cUCTeMi IEpEHOCY eIeKTPOHIB, aKTH-
Bi3ye pict Oaktepiit poxy Pseudomonas.

Jnst mponykuii cunepodopiB criocTepiranach 3BOPOTHA TEHICHILS — I0JIaTKOBE
BHCCCHHS Y TIOXKMBHE cepeioBuile Fe’' BUKIMKANIO MPUTHIYCHHS MPOAYKIIT HUX
cnonyk. IIpu pomy, 3a mpucytrocti 30 mkr/mi ioniB 3amiza (III) koHmeHTpartis
cuiepoopis, IO YTBOPIOBAIKMCH JAHUMH MIKpOOpraHi3MaMu, 3MEHIIIach y 2—7
pasziB. Haiibinbiry pizHutio (y Ou1bm Hixk 10 pa3iB, MOPIBHIOIOUH 3 BUXiTHUM PiBHEM
nponykiii cuaepodopis) Oyno 3adikcoBano st mramy P fluorescens ONU 303.
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[Mopsimok po3MileHHST TOCTIPKYBAHUX KYJIBTYp BiJ HAHOUIBIIOTO 10 HAaKCIa0IIo-
ro mpoayienta cuaepodopiB BUsBUBCS HacTynHuM: P aeruginosa ONU 300 >
P aeruginosa ONU 301 > P. aeruginosa ONU 302 > P. aureofaciens ONU 306 >
P. aureofaciens ONU 304 > P. aureofaciens ONU 305 > P. fluorescens ONU 303.

[Tpu 36inemenns Bmicty 3amiza (III) y cepenoBumii, e BigOyBaaoch KyibTH-
BYBaHHS 11ceBIoMOHa, 10 1000 MKr/MIiI BCTAHOBJIEHO TIOBHE MPUITMHEHHS CHHTE3Y
cunepodopis. s mramiB P. aeruginosa ONU 300 Ta ONU 301 B3arani He Oyino
BUSIBIICHO JIOCITIPKYBaHHX CcrIoyK. HaliBuina KinbKicTh cuaepoopiB 3a i€l KOHIIEH-
tpauii Fe**, npomykyBanacsi mramamu P. aureofaciens, Nemo MEHIIA — KyJTBTYPOFO
P. fluorescens.

OTxe, 3HAYHE 3HIKEHHS KUTBKOCTI JOCIIKYBaHUX CIOJYK BilOyJI0Ch, O4e-
BHUJIHO, uepes3 miaBuieHHs Bmicty 3amiza (III) y moxuBHOMY cepenoBuiii, sike
CIPUYHMHUIIO, OY€BUHO, IPUTHIYCHHS CUHTE3Y CUAEpO(dOPIB y ICEBIOMOHA Yepe3
3B’s13yBaHHs 3 Fur-nporeinom, sikuii penpecye TPaHCKPUIILIIO T'eHiB, 10 KOAYIOTh
cnenndivHi 6-(hakTOpH CUHTE3Y MioBEepAUHIB [§].

TakuMm 4MHOM, TOPIBHIOIOYH PIiCT OaKTEPiadbHUX KYJIBTYP Ta HAKOMMUYSHHS HUIMU
MOBEpANHOBHUX cHIepodopiB, Oylno BU3HAYCHO, IO HA TJIi MiJBUIICHHS Oiomacu
JOCTIKYBaHUX MIKpOOPTaHi3MiB iXHsI 37aTHICTh MPOAYKyBaTH OioXenaTropu, siKi
3a0e3Meuyr0Th BUKOPUCTAaHHS Y METa0OIIuYHUX Tpoliecax KiIiTuH ioHiB 3amiza (I1I),
CYTTEBO IPUTHIYYETHCS IM1]1 4aC 3pOCTAHHS HOTO KOHIIEHTPAIlii Y HABKOJIUIITHBOMY
cepenoBuii. OTxe, MPU NOAATBIIOMY JOCIIIKEHHI TPOAYKIIii cunepodopiB cepen
MiKpooprani3MiB pony Pseudomonas HeOOXiTHO BpaXxOBYBaTH CrIeI(PiYHICT TAHOTO
MIPOIIECY, IO TO3BOJUTH BU3HAYATH MOXKJIMBICTh BUKOPUCTAHHS OKPEMHUX IITaMiB
JUIsS CTBOPEHHS O10JIOT1YHUX Tpenaparis.

M.IO. PycakoBa, b.H. I'aakun, T.O. ®ununnosa, B.B. UBax,
A.A. TutisinoB

Opecckuil HalMOHANBHBIN yHUBepcuTeT uMeHu V.M. MeunnkoBa,
yan. IBopsiHckas, 2, Onecca, 65082, YkpauHa, e-mail: rusamariya@onu.edu.ua

MMPOAYKIUA CUAEPO®OPOB BAKTEPUSAMMU POJA
PSEUDOMONAS

Pedepar

Hean. Hccreoosarnue yposrs cunmesa cudepogopos bakmepuamu pooa Pseudomonas.
MeTtonasl. Cnocodorocms k 06pazosanuro cuoepogopos cpeou wmammos P. aeruginosa
(ONU 300, ONU 301, ONU 302), P. fluorescens ONU 303 u P. aureofaciens (ONU
304, ONU 305, ONU 306) usyuyanu c ucnonvzogaruem CAS-aeapa. Mnmencuenocmo
POCMA U NPOOYKYUU NUOBEPOUHOBBIX OUOXENAMOPOE UCCTEOYeMbIX KYIbIMYP 8 HCUOKOM
sapuanme cpeovl Kunea onpedenaiu coomeemcmeeHno npu Oaunax eoin 660 um u
400 Hm ¢ ucnonvzosanuem xpom-azypona S. Pesyawbrarsl. [1o unmencusHocmu HaKo-
niexus cudepoopos npedcmasumentt pasHvix WMAMMO8 00HO20 8UOd OMIUYAIUCD
00urn om dpyeozo. Haubonee akmusHas npooyKyus cuoepopopos Hadiodanidacs cpeou
kynemyp P. aeruginosa u P. fluorescens. JJononnumenvno enecennvie UOHbL dicenesd
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(111) onpedenunu uzmenenus KOIULECMBEA KIEMOK U UHMEHCUBHOCTU 0OPA308aHUSL UMU
cuoepohopos. Brecenue scenesa 6 cpedy, 6 KOmopou nPOUCXOOUIO KYIbIMUBUPOBAHUS
NCeBOOMOHA0, NPUBETNO K NOBLIUEHUIO KOTUYECMEd K1emok 6 cycnensuu. OOHaKo, KoH-
YeHmpayusi cuoepoPopos, KOMopbsie CUHMEIUPYIOMCS OAHHBIMU MUKDOOPLAHUSMAMU, 6
npucymcemesuu 30 mxe/mn uonog xcenesa (111) ymenvuiunaco 6 2—7 pas, a npu 1000 mre/
ML — CUHME3 UCCTeOYeMbIX COCOUHEHUU OONbUUHCMBOM WIMAMMO8 NCE80OMOHAO
NpaKmu4ecKu nOIHOCMbIo npekpamuics. BeIBoabl. [Ipucymemeue 6 numamenvhou
cpede uonos xcenesa (111) 6 konyenmpayuu 30 u 1000 mxe/man mopmosum Hakoniexue
cuoepogopos bakmepusimu pooa Pseudomonas.

Kniouesvie cnosa: cuoepogopul, Pseudomonas spp., nuosepounsi, Fe’*.

M.Yu. Rusakova, B.M. Galkin, T.O. Filipova, V.V. Ivah, O.0O. Titlianov

L.I. Mechnykov Odesa National University, 2, Dvoryanska str., Odesa, 65082, Ukraine, e-mail:
rusamariya@onu.edu.ua

THE SIDEROPHORE PRODUCTION BY PSEUDOMONAS BACTERIA

Summary

Aim. The study of the siderophore synthesis by Pseudomonas genus bacteria. Meth-
ods. The siderophore production ability of P. aeruginosa (ONU 300, ONU 301, ONU
302), P. fluorescens ONU 303 and P. aureofaciens (ONU 304, ONU 305, ONU 306)
strains was studied by using of CAS-agar. The intensity of growth and pyoverdin
biochelator production of the studied cultures in liquid King medium variant was
determined, respectively, at the wavelengths of 660 nm and 400 nm with using of
chrome-azurols. Results. According to the intensity of siderophore accumulation
by the representatives of different strains the same species distinguished from each
other. The most active siderophore production was observed among P. aeruginosa and
P. fluorescens cultures. The iron ions (III) that were additionally added resulted the
changes both the cell quantity and siderophore synthesis intensity. Adding iron to the
medium in which Pseudomonas cultured, was resulting in increased cell number in
suspension. However, concentration of siderophores, which are synthesized by these
microorganisms, in the presence of 30 ug/ml of iron (I1l) decreased by 2-7 fold, and
at 1000 ug/ml — synthesis of tested compounds by most Pseudomonas strains practi-
cally completely ceased. Conclusions. Presence of iron ions (II1) in nutrient medium
at concentration 30 and 1000 ug/ml slowed down the accumulation of siderophores
by bacteria of Pseudomonas genus.

Key words: siderophores, Pseudomonas spp., pyoverdins, Fe**.
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TH®OPMAIIMHE MOBIIOMJIEHHSA 1151 ABTOPIB

Hayxosuii srcypuan « Mikpobionocis i biomexuonoeisy sanpouiye Bac 0o cnign-
payi 3 NUMaHb BUCBIMJIEHHS Pe3ViIbMAamié HAYKOBUX OOCIIONCEHb ) 2any3i MIKpO-
Oionoeii i biomexHono2ii.

IIporpamHui uiJii BUIaHHA: BUCBITICHHS Pe3yJIbTaTiB HAYKOBUX AOCIIIKECHD Y
raiy3i MikpoOioJiorii Ta 010TeXHOJIOr1i, 00’ €KTaMM SIKUX € MPOKapioTHI (OakTepii,
apxeOaxTepii) Ta eykapioTHi (MiKpOCKOMIYHI TprOu, MiKPOCKOIIYHI BOAOPOCTI, Hali-
MPOCTIIIi) MIKPOOPTaHi3MH, BipyCH.

TeMaTHYHA CIPSIMOBAHICTH: MIKPOOiOJIOTIsA, BIPyCOJIOTIsA, IMyHOJIOTsI, MOJIe-
KyJIsipHa O10TE€XHOJIOTisl, CTBOPEHHS Ta CEJIEeKIlis HOBHX IITaMiB MIKpOOPTaHi3MiB,
MIKpOOHI Ipernapar, aHTUMIKpOOHi 3aco0u, 610CeHCOpH, A1arHOCTUKYMHU, MIKpO-
OHI TEXHOJIOTII B CLIIbCBKOMY TOCIIO/IapPCTBI, MIKPOOHI TEXHOJIOTII y Xap4yoBiii Ipo-
MHCJIOBOCTI; 3aXUCT Ta O3A0POBJICHHS HABKOJIHMIIHBOTO CEPElOBMIIA; OTPUMAHHS
€HEepProHOCiiB Ta HOBUX MaTepialiB TOLIO.

MoBa (MoBHM) BHIaHHSI: YKpaiHChKa, POCIiChKa, aHTVIIHChKA.

Py6puxu xxypuany: «OnIsaoBi Ta TEOPETUYHI CTATTI», « EKCIeprMeHTasbHI Ipa-
1», «Juckycii», «KopoTki noBiioMiIeHHs», « XpOHiKa HAYKOBOTO KUTTs», « CTOPIHKU
icropii», «tOB1ie 1 natn», «Penensii», «KHMKKOBa MOTULISD».

Jlo cTarTi 10Aa€THCS pEKOMEHALISl yCTaHOB, OpraHi3aliil, y SKHX BUKOHYBAaJIacs
poboTa, 3a MiIMUCOM KePiBHUKA Ta MUCbMOBA 3r0/la KEPIBHUKIB YCTaHOB, OpraHizalliii,
JIe TIPAIIOI0Th CITIBABTOPH.

Bumoru 10 opopmiienHs crareil, siKi NOAAIOTHCS 10 PelaKUil ;KypHAJIy:

CrarTs Mae BIANOBIAATH TEMAaTHYHOMY CIIPSIMYBaHHIO XKYpHAJy 1, BIJIOBIJI-
Ho 110 1. 3 [TocranoBu BAK Vkpainu Bix 15.01.2003 p. Ne7-05/1, BritouaTu Taxi
CTPYKTYpHI €JI€MEHTH: IIOCTaHOBKA MPOOJIEMH Y 3arajJbHOMY BUIJISII Ta 11 3B’ S30K
13 BOYKIIMBUMHU HAyKOBUMU UM MPAKTHYHUMH 3aBJAHHIMM; aHATI3 OCTaHHIX JIOCIIi-
JUKCHB 1 TTyOJTiKaIliid, B IKUX 3alT0YaTKOBAHO BHPIIICHHS JaHOI IPOOJIEeMH 1 Ha sIKi
OINHPAETHCS aBTOP; BUOKPEMJICHHS paHillle He BUPIIIEHUX YAaCTHH 3arajibHOi Ipo-
O1eMu, KOTPUM TIPUCBSIIYETHCS CTATTS; (POPMYITIOBAHHS 1IJIEH CTAaTTi (MOCTAaHOBKA
3aBJIaHH$); BUKJIa/l OCHOBHOT'O MaTepiaty AOCIIIKEHHS 3 IOBHUM OOIPYHTYBaHHSAM
HAyKOBHX PE3yJIbTaTiB; BACHOBKH 3 JAHOTO JOCIIIHKEHHS 1 TEPCIIEKTUBY MOATBIINX
MOIIYKIB Y IaHOMY HampsiMi.

Jlo npyKy mpuiiMaroThcs CTATTi (2 MPUMIPHHUKH ) 00CSATOM HE OLThIIE 8 CTOPIHOK
(3 ypaxyBaHHSIM PUCYHKIB, TaOJIHIIb 1 IMIIMTUCIB 10 HUX, aHOTAaIlii, pedepary, CIUCKy
JTEpaTypH), omIsAau — 110 15 cTop., penensii — 10 3 cTop., KOPOTKI MOB1IOMJICHHS —
Jo 2 crop.

J10 pyKOTHCY JONAETHCS NIEKTPOHHUI BapiaHT CTATTi (30€peKEeHU y JOKYMEHTI
Word 97-2003 (*.doc) na nuckosi (mpugt Times New Roman, xerns 14, iHTepBan
aBTOMAaTHYHUH, He OibIne 30 psIKiB HA CTOPIHIIL, ITOJIS TTO 2 CM).
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pu HanucauHi cTaTTi HEOOXIITHO TOTPUMYBATUCH TAKOTO IJIAHY:

— ingexc Y/IK y 1iBOMy BepXHBOMY KyTKY MEPIIOTO apKyIla;

— TIpi3BHINA Ta iHINIaJK aBTOpa (aBTOPiB) MOBOIO OpUTiHATY, Miclle poOOTH
KOYKHOTO aBTOPa; MOBHA MOIITOBA aJIpeca YCTaHOBH (32 MDKHAPOJHIUMH CTaHAapTa-
Mu); TenedoH, enekrporHa aapeca (e-mail). [Ipi3Buia aBTOpiB Ta HA3BU YCTAHOB,
JIe BOHH TIPAIIOI0Th, TIO3HAYAIOTH OJJTHUM 1 THM CaMHUM IU(PPOBUM 1HIEKCOM (BTOpi);

— Ha3Ba CTaTTl BEJIMKUMH JiTepamH;

— aHOTAaIls 13 3a3HAYCHHSIM HOBU3HH ociipkeHHs (200-250 coiB);

— KIIIOYOBI cJioBa (He OUIbIIE 1T’ ATH);

TekeT cTarTi Ma€ BKJIIOYATH TAKI CKJIAA0BI:

BCTYII; MaTepiaiy 1 METO/IU; pe3yibTaTh Ta IX OOrOBOPEHHS; BUCHOBKU; JIiTe-
parypa.

J10 KO’)KHOTO MPUMIPHUKA CTATTi JOJAETHCS AaHOTAIIisl MOBOIO OPUTIHAITY Ta pe-
(deparn yKpaiHCHKOIO / POCIMCHKOIO (B 3aJI€)KHOCTI BiJl MOBH OPHTIHATY CTaTTi), Ta
aHMIcbKOI0 MOBaMHU (KOXKeH pedepar Ha okpeMoMy apky1ii). OcoOnuBy yBary ciijg
MPUAUIATH HATUCAHHIO PE3IOME CTATTI aHDIIMCHKOI0 MOBOTO. J[JIs 1HOTO JOITITHHO
KOPUCTYBATHUCS MOCTyraMu KBaTi(hiKOBAaHUX CIIEIIaICTIB-TIHTBICTIB 3 OJAIbIIIUM
HAyKOBUM peAaryBaHHSIM TEeKCTy aBTopoM(-amH). [lepen ciioBoM «pedepat» HeoO-
X1/IHO HAIMCAaTH MPi3BUILA TA 1HILIAJIN aBTOP1B, HA3BU YCTAHOB, IIOBHY Ha3BY CTaTTI
BiJIITOBITHOO MOBOIO. Pebepar o6csirom 200—250 cniB Mae OyTH CTPYKTYPOBaHUM:
MeTa (4iTko cGopMyabOBaHa), METOU OCIIHKEHHS, Pe3yabTaTH J0CIiKESHHS
(ctrcmo), y3arampHeHHS 200 BUCHOBKH. [licis TekcTy pedepary 3 ad3aiy po3mi-
IIYIOThCSI KJIFOYOBI CIIOBA.

V KiHIII TEKCTY CTATTi yKa3aTu Mpi3BUINA, iIMEHA Ta 1Mo OAaTHKOBI yCiX aBTOPIB,
MOIITOBY ajpecy, TenedoH, dakc, e-mail (111 KopecnoHAeHIlii).

Crartst Mae OyTH mianucaHa aBTopoM (yciMa aBTOpaMu) 3 3a3HAYEHHSIM JaTh
Ha OCTaHHI# CTOPIHIII.

ABTOpHY HECYTh MTOBHY BiJIMOBITAIBHICTH 32 Oe370raHHE MOBHE O(OPMIICHHS
TEKCTY, 0COOJIMBO 3a MPaBUIIbHY HayKOBY TepMiHOJIOTIIO (11 ¢I1i/1 3BipsATH 32 (haXOBUMU
TEPMIHOJIOTIYHIUMH CIIOBHUKAMHU).

JlatuHCHKI 010JI0T14HI Ha3BU BU/IIB, POJIiB MOIAI0THCS KyPCHUBOM JIATHHUIIECIO.

SIKIII0 9acTO MOBTOPIOBAH1 Y TEKCTi CJIOBOCTIONYYCHHS aBTOP BBAYKAE 3a IIOTPIOHE
CKOpPOTHUTH, TO abpeBiaTypH 3a MepIIOro BKUBAaHHS 00OyMOBIIOIOTH Y IyKkax. Ha-
MIPUKJIA: TToJIiMepa3Ha Jianiorosa peakiist ([1JIP).

[TocunanHs Ha JiTEpaTypy NOAAIOTHCS y TEKCTI CTATTI, U(PpPaMU y KBaJApaTHUX
Jy’KKax, 3T1THO 3 TOPSAKOBUM HOMEPOM Y CIHCKY JIITEpaTypH.

Tabnui MaroTh OyTH KOMIIAKTHUMHU, MaTH MOPAIKOBUN HOMEp; rpadu, KOJIOH-
KM MarOTh OyTH TOYHO BH3HAUYEHUMHU JIOTIYHO 1 rpadigno. Matepian Tabmuih (K i
PHUCYHKIB) Ma€ OyTH 3p03yMUIMM 1 He AyOiroBaTu TekcT crarti. Lludposuii matepian
TaOJIHIIB CJTiT ONIPAIFOBATH CTATHCTHYHO.

PuCyHKH BHUKOHYIOTBCS Yy BHUTJSJ1 YITKUX KpECJI€Hb (3a JOINOMOTIOIO
KOMIT toTepHOTO0 Tpadignoro pemxakropa y hopmari Word, TIF, JPG). Oci koopaunar
Ha Tpadikax MarTh OyTH TMO3HAYCHI. PUCYHKH pO3MINIYIOTHCSI Y TEKCTI CTATTi Ta
TyOIOI0ThCSI OKpemMuM ¢aitiom Ha CD.
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Po3zmin «Pe3ynbrati mOCTipKeHb Ta 1X OOrOBOPEHHS» Mae OyTH HalMcaHui
KOPOTKO: HEOOXiHO YiTKO BUKJIACTH BUSBJICHI €(PEeKTH, IMOKa3aTH MPUYNHHO-
pe3yABTaTUBHI 3B’SI3KM MiK HUMH, TIOPIBHATH OTPUMaHy iH(OpMAIIiIO 3 TaHUMHU
JTEpaTypH, IaTH BIIMOBIIb HA MTUTAHHS, TOCTABJICHI Y BCTYIII.

Crucok siTepaTypH CKIIAIaeThCs 3a alaBiTHO-XPOHOIOTTYHUM HOPSIKOM (CTIO-
YaTKy KHPWJIHIS, TOTIM JIATHHHIIS ) 1 PO3MIIIYETHCS B KiHITI CTATTi. SKIO mepmnii
aBTOP Y JICKUTBKOX TIPAISIX OAWMH 1 TOW CaMHH, TO Mparli pO3MIIIYIOThCS y XPOHOJIO-
riunoMy nopsaky. Ciucok mocuians Tpeda MpoHyMepyBaTH, a y TEKCTI TOCHIIATHCS
Ha BIJNOBITHUI HOMEp JpKepena riteparypu (y KBaApaTHUX TykKKax).

VY mocuianHi NUITYTh NPi3BHILA YCiX aBTOPIB. B ekcriepuMeHTalIbHUX MpaLsix
Mae OyTr He OuThIe 15 mocuans JTiTepaTypHUX JHKEped.

[TaTeHTHI TOKyMEHTH PO3MIIIYIOTHCS Y KiHIIl CIIUCKY TTOCHIIAHb.

3PA3KH ITIOCHUJIAHB JIITEPATYPHU

Ha knurn

Bexipuux K.M. Mikpo6iosnoris 3 ocHoBamu Bipycoutorii. — K.: JIn6ias, 2001. —
312 c.

Ilamuka B.I1., Tuxonoeuu I.A. MikpoopraHi3Mu 1 ajqbTepHATHBHE 3eMIIEpPOO-
ctBO. — K.: Ypoxaii, 1993. — 176 c.

Ipomviunennas muxpoduonorus / [Tox pen. H.C. Eroposa. — M.: Bricr. 1mik.,
1989. — 688 c.

Memoowt obweit bakmepuonoeuu: B 3 1./ Ilon pen. ®@. I'epxapara. — M.: Mup,
1983.—T.1.-536¢c.; T.2.—470 c.; - T. 3. — 263 c.

LlInezens I Obmas mukpoOuosorus. — 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 :xypHaJjbHi cTarTi

Ioozopckuii B.C. CucteMarndeckoe MOJ0KEHHE, IKOIOTHIECKUE ACTIEKTHI
1 (HU3NO0I0TO-OMOXUMHYECKHE 0COOCHHOCTH MHUKPOOPTAaHU3MOB, UMEIOIIUX
NPOMBIIITICHHOE 3HaYeHue // MikpoOion. )xypH. — 1998. — 60, Ne 5. — C. 27-42.

Anoperox E.U., Koznosa U.A., Poxcanckas A.M. MukpoOnomorndeckas Kop-
PO3HsI CTPOUTENNBHBIX MaTepuasioB // BHOnmoBpexIeHusI B CTPOUTENBCTBE. — M.:
Crpoituzaar, 1984. — C. 209-221.

Ioba JIL1., ITooopsar H.I. B1oTeXHOJIOTISI OUUIIICHHS 3a0pY/THEHOT TPUPOTHOT
Boau // Bicuuk 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, No 2. —P. 185-188.
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Ha te3u nonosinei

Mayeniox B.I1. Po3pobka G6ioTexHomori1 ofnepanHs ganaoMinuny E // Mixk-
HapoJHa HayK. KoH(. ,,MikpoOHi 6iorexnonorii» (Oxeca, Bepecens, 2006 p.): Tes.
qom. — O.: ,,Actponpunty, 2006. — C. 17.

Ha nenoHoBani HaykoBi podoTu

1. Jlonamuna H.B., Tepenmves A.H., Hamanuu JI.A., Aneynos L11.V. Ontumu-
3alusl MATATeILHON CPE/Ibl sl KyJbTUBUPOBAHMS BAKIIMHHOTO IITAMMAa YyMHOTO
MHUKpPOOa C IPUMEHEHHEM METO/Ia MaTEMAaTUIECKOTO TNIAHMPOBAHUSI SKCTIEPUMEHTA /
Penxon. «Muxkpobuon. xypu.» — K., 1991. — 7 ¢. — llen. 8 BUHUTU 03.01.92,
Ne 1-B92.

Ha crangaptu
T'OCT 20264.4-89. Ilpenapatbl pepMeHTHBIC. METOIBI OTIPEISIICHIUS aMUIIOIH-
TUYECKOW akTUBHOCTH. — M.: 31-Bo ctanmapTos, 1989. — 17 c.

Ha aBropedeparn nuceprauniii
Onuwenxo O.M. TakcoHoMis 1 aHTHOIOTUYHA aKTUBHICTH Alteromonas-rmoaioHux
Oakrepiit YopHoro mopsi: ABroped. auc. ... kauna. 6ion. Hayk. K., 2003. — 21 c.

JlaToro HaJIXOKEHHSI CTATTi BBAXKAIOTH JIEHb, KOJIU JI0 PEAKOJIETii HaIIHIIOB
OCTaTOYHUH BapiaHT TEKCTY CTATTI MiCJs PEIICH3YBaHHS.

[Ticnist oneprkaHHsl KOPEKTYPH CTATTi aBTOP IIOBUHEH BUIIPABUTH JIUIIIE TOMUIIKH
(4iTKO, CHHBOIO 200 YOPHOIO PYyYKOIO0 HEMPABUIIbHE 3aKPECIIUTH, a TIOPSIT 3 UM Ha
TOJTi HAIMUCATH MPABWIILHUH BapiaHT) 1 TEPMIHOBO BiJIICIIaTH CTATTIO HA aJIpecy pea-
KoJIerii a00 MOBIJOMUTH PO CBOI MPABKH 10 TeIe(OHY UM eJIEKTPOHHOIO MOIITOIO.

VY pasi 3aTpUMKH peIaKilis, T0IePKYUIHCh rpadika, 3aiumiae 3a coO00 MpaBo
3[aTH KOPEKTYpy 10 APYyKapHi (y BUPOOHHUIITBO) O€3 aBTOPCHKUX MPABOK.

[Tigmuc aBTOpa y KiHII CTAaTTi O3HAYae, IO aBTOP Mepenae npaBa Ha BUJAHHS
CBOE€T CTATTi peaaKiii. ABTOp TapaHTye, 110 CTATTs OpUTiHAJBHA; Hi CTATTA, Hi pU-
CyHKH /10 Hel He Oynu ormyOI1iKOBaHi B iHIIUX BUJAHHSX.

BinxwuieHi cTaTTi He MOBEPTAIOTHCS.

Penakuis npuiiMae 10 ApyKy Ha CTOpIiHKax i OOKJIaJWHKaX >KypHaIly TUIATHI
PEKIIaMHI OTOJIOMIEHHS O10TEXHOJIOTIYHOTO Ta MEIMYHOTO HAIMpPSMiB; BUPOOHUKIB
nabopaTopHOTro 00JIaHAHHS, TUATHOCTUKYMIB, PEAKTHBIB TOIIO JJIsl HAYKOBHX J10-
CJTiJ[)KEHb.
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‘VBara: nepeapyk, yci BUAM KOTIOBaHHs Ta BIITBOPEHHS MaTepialiB,
10 HAaJAPYKOBaHi y xypHaI «Mikpo0iosoris i 610TeXHOIOTis,
MOXKITUBI JIMIIIEC 32 YMOBH IOCHJIAHHS Ha JKEepeno iHpopmarii
Ta 3 I03BOJIY PEOAKIIHOI KOJIETii.
Vei mpaBa 3axUIeHi 3r1THO 3aKOHOJABCTBA YKpaiHu.
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