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The species Pseudomonas batumici, isolated from the rhizosphere of eucalyptus in the humid
subtropical zone, is a producer of the polyketide antibiotic batumin with highly selective activity against
staphylococci. Batumin biosynthesis operon includes 28 genes or 74 151 bp. According to modern notions,
the biosynthesis of energy-intensive metabolites, which probably includes batumin, is justified in the
case of its multifunctionality for producers. The species P. batumici, as a representative of rhizosphere
bacteria, must interact with plants and compete with the surrounding microbiota. Aim. To determine the
role of batumin in the ecology of the rhizosphere producer strain P. batumici UCM B-321. Materials
and Methods. The batumin producing strain P. batumici UCM B-3217 was obtained from the Ukrainian
Collection of Microorganisms. Antibiotic batumin was obtained by fermentation of P. batumici UCM
B-321. Extraction was carried out from acidified P. batumici fermentation broth by chloroform (1:2).
Chromatographic analysis of fermentation broth obtained after centrifugation was carried out by HPLC
using liquid chromatograph Agilent 1200 with mass spectrometric detector Agilent G1956B. Batumin
derivatives were obtained after the extraction of the fermentation broth of P. batumici using thin layer
chromatography (TLC) on silica gel plates (Merck, USA) in the benzene-isopropanol system (5:1).
Disc-diffusion method on phytopathogenic test-strains was used for bioautography. Biofilm formation
by P. batumici strain was studied according to O’Toole by growing strain B-321 at 25 °C for 48 hours
in 96-well plates on LB medium. Batumin effect upon bacterial mobility was studied using Volf and
Berg method in Petri dishes with 0.5 % semisolid bacterial agar. To research chemotaxis the soil strain
Bacillus subtilis IMV B-7023 and the following concentrations of batumin were used: 20, 50, and
150 ug/mL. The studies were performed using Tso and Adler method. Results. Growth inhibition zones for
phytopathogenic bacteria strains were the following (in mm): Pseudomonas syringae pv. syringae UCM
B-1027" — 1943, P. fluorescens IMV 8573 — 2243, Pectobacterium carotovorum UCM B-1075" — 17+2.
Activity against Xantomonas campestris pv. campestris UCM B-1049, Clavibacter michiganensis subsp.
michiganensis IMV 10,, Agrobacterium tumefaciens UCM B-1000 was not detected. Minimum inhibitory
concentrations (MIC) in the range from 8 to 64 ug/mL for P. carotovorum UCM B-1075", Erwinia aroidea
IMV 1058, Proteus vulgaris UCM B-905 and P. fluorescens IMV 8573 are hardly comparable with the
discovered against staphylococci. TLC analysis of its broth extract revealed five separate compounds
with different values of retention factors: Rfl =0.42; sz =(0.38; Rf3 =0.31; Rf4 =(0.28; Rf5 =0.25. The
main component of extract was batumin, other four substances were present in minor quantities. All
found substances had similar absorption maxima with the minimum differences between isomeric forms:
descarbamoyl batumin-enol (Mr=505, 2=226 nm), descarbamoyl batumin-keto (Mr=505, =231 nm),
batumin (Mr=>548, A=231 nm), batumin-enol (Mr=548, A=228 nm) and 17-hydroxy-batumin (Mr=>550,
A=229 nm). The largest inhibition zone (P. carotovorum UCM B-10757) was on the third compound
placement which represents of batumin, tiny inhibition zones were found around keto and enol form
of descarbamoyl batumin. Observation of live bacterial cells in light microscope confirmed a serious
disruption of motility in all these bacteria by batumin in the concentration far lower than the MIC for
these organisms. Proteus actively moved in the control, but in presence of 10 ug/mL of batumin was
almost no growth. The biofilm formation by P. batumici UCM B-321 was stimulated by supplementing
batumin into the medium. The stimulation effect by batumin on the biofilm formation was equally strong
when the compound was applied in the concentrations of 1 and 10 ug/mL. Batumin was not an attractant
of the producer strain. However, in one of our experiments batumin has shown the properties of positive
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effector (attractant) for B. subtilis UCM B-7023 strain. Conclusion. The discovered features allow to
consider the antibiotic batumin synthesized by P. batumici UCM B-321 as the essential tool for survival
and competition of the producer strain in a natural habitat.
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bacteria.

Bacteria of Pseudomonas genus play a vital
role in maintaining soil quality, plant yield and
ecosystem function. The release of the genome
sequence of beneficial Pseudomonas strains has
demonstrated the catabolic and metabolic diversity
of the soil-borne, nonpathogenic pseudomonads
and provided further insight to their potential
application in agriculture [ 1-4]. Most of antibiotic
substances produced by the members of this
genus were studied from medical application
point of view. Only phenazine derivatives, their
biological function in producing strain, effect upon
phytopathogens, and role in biological control were
profoundly studied [5]. Still less is known about
these properties of medically used antibiotics, in
particular about batumin — polyketide antibiotic
produced by Pseudomonas batumici — and its
plant-interaction mechanisms. Batumin produced
by a saprotrophic Pseudomonas strains has shown
high and selective activity against staphylococci
[6—8] which is several folds higher than against
other test-microorganisms. During many years
of intensive study, attention was focused upon
biosynthesis of batumin, its chemical structure,
perspectives of medical use, but its ecological and
physiological role, function in producing strain,
mechanism of antimicrobial action (in particular
against soil bacteria) remained undiscovered.

Therefore, the aim of our work was to study
role of batumin in the ecology of the rhizosphere
producer strain P. batumici UCM B-321.

Materials and methods. The batumin pro-
ducing strain P. batumici UCM B-321T was
obtained from the Ukrainian Collection of
Microorganisms (UCM), Zabolotny Institute of
Microbiology and Virology of NAS of Ukraine.
Antibiotic batumin was obtained by fermentation
of P. batumici UCM B-321.

Extraction was carried out from acidified
P batumici culture fluid by chloroform (1:2),
extract was evaporated in vacuum and purified
using preparative chromatography. Chroma-
tographic analysis of culture fluid obtained
after centrifugation was carried out by high
performance liquid chromatography (HPLC)
using liquid chromatograph Agilent 1200 with
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mass spectrometric detector Agilent G1956B.
Chromatographic system was the following:
column SB-C18 (Zorbax 150 mm x 4.6 mm x
3.5 um) with nonpolar octadecyl group (reversible
phase), mobile phase — ACN:H,O (55:45),
temperature of the column was 30 °C, flow rate
1 mL/min, isocratic regime, injection volume
5 uL. Tonization method was atmospheric pressure
chemical ionization (APCI), positive and negative
modes.

Batumin derivatives were obtained after
the extraction of the fermentation broth of
P. batumici using thin layer chromatography
(TLC) on silica gel plates (Merck, USA) in the
benzene-isopropanol system (5:1). Identification
and calculation of retention factor (Rf) of spots
was held in iodine vapor. Disc-diffusion method
on phytopathogenic test-strains was used for
bioautography. Inhibition zones were measured
after 24 hours. Physicochemical characterization
of the obtained compounds was performed by
measuring the absorption spectra. Molecular
weights were identified using LC/MS method
(Agilent 1200, USA).

The minimal inhibitory concentration (MIC)
was established by titration using the test-strains
from the UCM: Agrobacterium tumefaciens
UCM B-1000, Arthrobacter globiformis UCM
Ac-661, Bacillus pumilus UCM B-913, Bacillus
cereus UCM B-908, Brevundimonas diminuta
UCM B-914, Micrococcus luteus UCM Ac-
632, Mycobacterium smegmatis UCM B-917,
Pectobacterium carotovorum UCM B-1075T7,
Proteus vulgaris UCM B-905, Pseudomonas
syringae pv. syringae UCM B-10277, Xantomonas
campestris pv. campestris UCM B-1049 and
Erwinia aroidea IMV 1058, Pseudomonas
fluorescens IMV 8573, Clavibacter michiganensis
subsp. michiganensis IMV 10, from Department
of phytopathogenic bacteria, IMV NASU. Strains
of P. vulgaris UCM B-905 and X. campestris pv.
campestris UCM B-1049 were used for study of
immobilizing activity of batumin.

Biofilm formation by P. batumici UCM B-321
strain was studied according to O’Toole [9] by
growing strain B-321 at 25 °C for 48 hours in 96-
well plates on LB medium. Aliquots of 1 and 10 ug
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batumin/mL were added to 0.25 mL per well of
the cell suspensions (5x107 cells/mL). Biofilms
were stained by 0.1 % solution of gentian violet
EF (BioMerieux, France) added in the amount of
0.1 mL per well. Then the microplate photometer
Multiskan FC (ThermoFisherScientific, USA) was
used to record the density at 540 nm.

Batumin structure was digitized in Discovery
Studio 4.0 Client (http://accelrys.com). Molecular
docking was performed by LibDock algorithm
implemented in Discovery Studio 4.0 Client [10].

Batumin effect upon bacterial mobility was
studied using Volf and Berg method in the Petri
dishes with 0.5 % semisolid bacterial agar [11].
The latter contained 32 pg/mL of batumin (MIC
for P. vulgaris UCM B-905) or 25 and 10 pg/mL of
antibiotic. Control assay did not contain batumin.
Inoculated into 5 mm well in the center of Petri
dish with 0.5% semi-solid nutrient agar, P. vulgaris
UCM B-905 spread over agar surface in so far Petri
dish rims during overnight incubation at 37 °C.

The immobilization activity of batumin upon the
living bacterial cells was also studied in the light
microscope LOMO MikMed-1 using the method of
“hanging drop”. Subbacteriostatic concentrations
of batumin were added to saline with bacterial
suspension; the microscopy was performed after
15-20 min. The control sample did not contain the
antibiotic.

To research chemotaxis, the soil strain Bacillus
subtilis UCM B-7023 [12] and the following
concentrations of batumin were used: 20, 50, and
150 ug/mL. The studies were performed using the
method described in the literature [13].

Results. Analysis of complete genome sequence
of P. batumici UCM B-321 data confirmed its
capacity to survive in a complex rhizosphere
environment amongst multiple bacterial and
fungal competitors [10]. Considering that batumin
producing strain was isolated from the rhizosphere,
we made an attempt to evaluate batumin effect
against soil saprophytes or phytopathogens. On
the first stage of the study, we determined the
antagonistic properties of P. batumici against
phytopathogenic bacteria (Fig. 1).

Zones of growth inhibition for phytopathogenic
bacteria strains were following (in mm): P. syrin-
gae pv. syringae UCM B-1027" - 19 + 3, P, fluores-
cens IMV 8573 — 22 £ 3, P. carotovorum UCM
B-1075" — 17 + 2. Activity against X. campestris
pv. campestris UCM B-1049, C. michiganensis
subsp. michiganensis IMV 10,, A. tumefaciens
UCM B-1000 was not detected. The next step was

16

to determine the MIC of batumin for a wide range
of soil and phytopathogenic bacteria (Table 1).

MIC in the range from 8 to 64 pg/mL for
Pectobacterium, Erwinia, Proteus and Pseudo-
monas are hardly comparable with the discovered
against staphylococci [6], however the results allow
us to consider the antibiotic to be responsible for
the competitiveness of the strain P. batumici UCM
B-321 in nature due to its possibility of inhibition
of those phytopathogens in soil habitat.

It was shown that the operon responsible for
batumin biosynthesis is significant in its size
and contains 28 coding genes [10]. Besides, the
antibiotic molecule is multifunctional and capable
of forming isomeric forms [14]. Based on this,
we made an assumption about the presence of
a number of batumin derivatives with possible
antibiotic activity in the fermentation broth of
P. batumici UCM B-321.

The next stage of our work was the study of
batumin isomers or derivatives produced by strain
P. batumici UCM B-321. TLC analysis of its broth
extract revealed five separate compounds with
different values of retention factors: Rf, = 0.42;
Rf, = 0.38; Rf, = 0.31; Rf, = 0.28; Rf, = 0.25.
Bioautography, physicochemical characterization
and identification were performed for these
5 substances (Table 2).

The main component of extract was batumin,
other four substances were present in minor
quantities. The data about absorption spectrums

Fig. 1. Antagonism of P. batumici B-321
against phytopathogenic bacteria:
1 - P, syringae pv. syringae UCM B-1027";
2 — P. fluorescens IMV 8573;
3 — P. carotovorum UCM B-1075";
4 — X. campestris pv. campestris UCM B-1049;
5 — C. michiganensis subsp. michiganensis IMV
10,; 6 — A. tumefaciens UCM B-1000
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Table 1

Batumin antibacterial activity against microorganisms of different taxonomic groups

No. Species, strain MIC pg/mL
1 Agrobacterium tumefaciens UCM B-1000 >256

2 Arthrobacter globiformis UCM Ac-661 128

3 Bacillus pumilus UCM B-913 >256

4 Bacillus cereus UCM B-908 256

5 Brevundimonas diminuta UCM B-914 64

6 Clavibacter michiganensis subsp. michiganensis IMV 10, 256

7 Erwinia aroidea IMV 1058 10

8 Micrococcus luteus UCM Ac-632 >256

9 Mycobacterium smegmatis UCM B-917 64

10 Pectobacterium carotovorum UCM B-1075T 8

11 Proteus vulgaris UCM B-905 32

12 Pseudomonas fluorescens IMV 8573 64

13 Pseudomonas syringae pv. syringae UCM B-1027T 25

14 Xanthomonas campestris pv. campestris UCM B-1049 >256
Table 2

Characterization of extracted batumin derivatives
Substance* No.
I 11 111 v \4
Characteristics Descarbamoyl | Descarbamoyl . . 17-hydroxy-
batumin (eno}i) batumin (ketZ)/) Batumin (keto) | Batumin (enol) Ba?[,uminy

Molecular weight 505%* 505 548 548 550
Absorption spectra 226 231 231 228 229
maximum

Legend: * — an assumption.

and molecular weights allowed us to make few
assumptions about the nature of found derivatives.

All found substances had similar absorption
maxima with the minimum differences between
isomeric forms. The TLC method allows to separate
keto and enol forms of the substances. So substance
III was identified as batumin, the substance IV
with the same molecular weight was considered
to be its enol isomer. In earlier studies the ability
of keto-enol tautomerization of batumin molecule
was described [14] and batumin derivative [8] —
descarbamoyl batumin with molecular weight 505
was found.

We delve deeper into the chemical properties and
predicted that descarbamoyl batumin should have
the enol form (I) or keto (II), due to the presence
of the same area in the molecule that is responsible
for tautomerization and the obtained results proved
that hypothesis. The fifth compound did not have
any isomers which provided the evidence of the
possible place of oxidation — tautomerization area.
Based on study of kal/bat gene cluster [15] and
the results of physicochemical characterization
we suggest that it was 17-hydroxybatumin —
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predecessor of batumin in biosynthesis pathway,
according to the authors. Bioautography results
correlated with MIC results for batumin against
phytopathogenic test-strains and showed the most
significant inhibition against P. carotovorum UCM
B-1075" (Fig. 2).

The largest growth inhibition zone was on
the third compound placement which represents
keto form of batumin, tiny inhibition zones were
found around keto and enol form of descarbamoyl
batumin. Those results (for the present qualitative
but not quantitative) suggest that batumin in keto
form plays pivotal role in competitiveness for
producing strain in soil habitat, whereas the role of
other derivatives is probably not important or less
essential.

One more remarkable batumin peculiarity
as a possible factor of competitive struggle in
nature was established using molecular docking
method which is effective when the chemical
structure of molecule is known but the target of
its action is still unknown. Chemical structure of
batumin was searched for affinity matches through
PharmaDB database containing around 140,000
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pharmacophore models [16, 17].

Molecular docking method has shown the
possible batumin influence on protein MotB. This
protein is the component of flagella of Gram-
negative bacteria and forms the ion-conducting
complex which generates the turnover moment
putting the flagella and, accordingly, the bacteria
in motion. Depending on external influence on
MotB protein the direction of flagella turnover

Fi g. 2. Bioautography of batumin and its
derivatives on P. carotovorum UCM B-1075":
I — Descarbamoyl batumin (enol); II — Descar-
bamoyl batumin (keto); III — Batumin (keto);
IV — Batumin (enol); V — 17-hydroxy-batumin

(o] (0}
1 9
H3CT ] N‘lH N3 |1|G I
9H3 14H 17 c3:3H3

may be changed, or it may completely stop.
Batumin bounds specifically to the amino acids
of the conserved motif of MotB (Fig. 3) that was
predicted as the binding site between MotB and
peptidoglycan.

It was shown that batumin molecule may form
a complex with the protein MotB. Batumin relates
to protein by its amino group forming 6 bonds —
3 hydrogenous and 3 hydrophobic. By binding
to these amino acids, batumin may destroy the
flagellar motor and leave cells of the competitor
bacteria immotile. In order to experimentally
verify these data and to check the possible effect of
batumin on bacterial motility, P. vulgaris was used
as the most motile organism, MIC for which was
32 pg/mL (Fig. 4).

Inoculated into the well in the center of Petri
dish with semi-solid nutrient agar, P. vulgaris
spread over agar surface in so far Petri dish rims.
Supplementing the nutrient agar with 10 pg/mL
of batumin reduced the spread zone to 25 mm,
and higher concentrations of batumin (25 pg/mL)
reduced its spread for 10 mm. Hence, we observed
the converse connection between subbacteriostatic
batumin concentrations and Proteus spreading
throughout the dish surface.

Observation of live bacterial cells in light
microscope confirmed a serious disruption of
motility in P. vulgaris UCM B-905 by batumin
in concentration far lower than the MIC for these
organisms. Proteus actively moved in the control,

Localization of the batumin molecule
in the active center of MotB.

20 22 24 26 28 30 36 0
s/\z’l/\z//\zs/\ 7/\ 9/\ 1//\ 77 39
Batumin ﬂ

GH: GH, CH, OH

Fi g. 3. Docking of batumin to peptidoglycan binding site of MozB flagellar motor-switch protein
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without batumin

Fi g. 4. Batumin effect on P. vulgaris UCM B-905

but in the presence of 10 pg/mL of batumin the
active movement was absolutely absent. The same
was observed for X. campestris pv. campestris
UCM B-1049 (MIC 300 pg/mL): in presence of 75
pg/mL of batumin — the concentration four times
lower — antibiotic completely inhibited the active
movement of this microorganism.

About 95-99 % of microorganisms are present
in nature in biofilm status. The biofilm formation
at the plant roots surface and active functioning of
bacteria as the biofilm members ensure the exchange
of nutrient substances with the plant, synthesis of

antimicrobial substances which protect the plants
from pathogens and other useful effects [18].

Our experiments have shown that P. batumici
UCM B-321 is capable of biofilm formation just as
the other Pseudomonas species (Fig. 5).

The biofilm formation by P. batumici UCM
B-321 was stimulated by supplementing batumin
into the medium. The stimulation effect of batumin
on the biofilm formation was equally strong when
the compound was applied in the concentrations
of 1 and 10 pg/mL. In both cases, the rate of bio-
film formation uplifted with a statistical reliability

25
*
5 I
w
=
g 15
= 5
= Biofilm
5 1 formation
o
©
3
a o5 T
o |
0 T 1
O{control}) 1 10

Batumin concentration, pg/mil

Fi g. 5. Stimulation of biofilm formation in P. batumici UCM B-321: marked columns (*)
are significantly differ from the control at P < 0.05
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(P <0.01). It is known that the phenazine antibi-
otics widespread in pseudomonads play an im-
portant role in biofilm formation which occurs
with the QS-systems participation [5, 19]. It is
possible to suppose that batumin also plays reg-
ulatory and probably functional role in biofilm
formation by P. batumici UCM B-321 strain as
well.

Control
(without batumin)

{

Data presented above concern inhibition of
some bacterial groups or species by batumin. At
the same time many soil inhabitants, for example
spore-forming bacilli, are weakly susceptible or
not at all susceptible to this antibiotic. However,
in one of our experiments batumin has shown
the properties of positive effector (attractant) for
B. subtilis UCM B-7023 strain (Fig. 6).

Batumin
(20 pg/ml)

Fi g. 6. Chemotaxis of B. subtilis UCM B-7023 (effector — batumin)

The inversely proportional dependence between
increasing of batumin concentration and its
attractive effect has been observed. The width of
chemotaxis rings at batumin concentration 20 pg/mL
was 6.0 £ 0.6 mm, but at 150 pg/mL it was only
3.7 £ 0.3 mm. The nature of this phenomenon is
still unclear.

Discussion. Genome analysis of P. batumici
UCM B-321 confirmed that it is the rhizospheric
microorganism armed with all necessary instru-
ments for survive in the environment. P. batumici
UCM B-321 is relative and similar in its properties
to fluorescent pseudomonads but is not capable of
producing pseudobactin — the fluorescent pigment
typical for representatives of this group (which
is confirmed both by genome sequence analysis
and phenotypic study). The generally accepted
(but seldom experimentally confirmed) notion
that antibiotics are the instrument of competition
between microorganisms in the environment is
confirmed by data presented in this work.

We have shown that batumin and its minor
isomers or derivatives isolated from fermentation
broth of P. batumici UCM B-321 (and present in
enol or keto forms owing to tautomeria effect)
has shown antimicrobial effect against some
phytopathogens. Inhibiting growth of P. caro-
tovorum UCM B-10757, P. syringae pv. syringae
UCM B-10277, P. vulgaris UCM B-905, M. smeg-
matis UCM B-917 batumin and its derivatives
may play an essential role in highly competitive
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environmental niches such as soil and the plant
rhizosphere.

At the same time genome of this species contains
the genes encoding the synthesis of phenazine-
I-carboxylic acid which we have isolated before
from P. batumici UCM B-321 and studied its
effect against bacteria and fungi [20]. According
to data obtained in the recent years the phenazines
importance for the producing strains is not limited
by their antimicrobial activity. They also act as
important regulators of gene expression and excite
other effects including the biofilm formation [5,
19]. In our experiments phenazine-1-carboxylic
acid stimulated biofilm formation in P. batumici
UCM B-321 [20].

Similar to phenazine-1-carboxylic acid pro-
duced by few species of pseudomonads, batumin
stimulated the biofilm formation in P. batumici
UCM B-321. Batumin influence upon the biofilm
formation (much more intensive than the same
of phenazine-1-carboxylic acid) is undoubtedly
important for antibiotic producing strain and its
biochemical or genetic mechanisms need detailed
study and analysis. The evolutionary hypothesis
maintains that the biosynthesis of energetically
expensive metabolites in microbial cells is justified
only if they are multifunctional. Probably this
conformity to natural laws may be applied to
batumin with its unique chemical structure and
abundance of isomers and derivatives (including
the stereoisomers) whose role in P. batumici UCM
B-321 biology is still unknown.
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The notion that antibiotics are the competition
instruments between microorganisms was
supplemented by interesting new data which we
obtained using the results of the molecular docking
techniques. It was shown that batumin is able
to bind to bacterial motB motor switch protein
[21]. The fast immobilization of motile Gram-
negative bacteria by batumin has been confirmed
experimentally. Motility is the necessary factor
of plant colonization, so this effect upon many
bacterial species may play the essential ecological
role for P. batumici UCM B-321.

Discovery of the effect of batumin on bacterial
motility opens the perspectives for a broader use of
this antibiotic. In relation to many Gram-negative
medicinal and agricultural pathogens batumin
acts as a “non-lethal weapon”. The target bacteria
do not die, they simply cannot act as pathogens
in the place of application of small doses of the
antibiotics. Probably it may be used in future in
medicine, veterinary or for plant protection after
further investigations.

Conclusion. The discovered features allow
to consider the antibiotic batumin synthesized by
P. batumici UCM B-321 as the essential tool for
survival and competition of the producer strain in
a natural habitat.
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Pesome

Bun Pseudomonas batumici, BUIIJICHUN 3 pH-
30cdepu eBKalinTa y BOJOriid cyOTpomiuHiil 30Hi,
€ MPOJYLIEHTOM IMOJIKEeTHIHOTO aHTUOI0THKa OaTy-
MiHY 3 BHCOKOI CEJEKTHBHOI aKTHBHICTIO HIOAO
cTa(iTOKOKIB. 3riJJHO HAIIUX JAHUX IMOBHOTO CHK-
BeHcy TeHomy mtamy P. batumici YKM B-321, 3a
OlocuHTe3 OaTyMiHy BiJIOBiJla€ 3HAUYHA YaCTHHA Te-
HOMY, siKa MicTUTh 28 reHiB abo Onm3pko 70000 map
HYKJICOTH/IIB. 3TiJTHO CyYacHUX YSIBIIEHb, O10CHHTE3
€HEepPreTUYHO 3aTpaTHUX METabOIITIB, 10 SKUX, HMO-
BipHO, BITHOCHUTKLCS 1 OaTyMiH, BUIIPABIOBYE cede y
BHITAJIKy CBO€ET MONI(PYHKIIIOHATLHOCTI JJIS TIPOIY-
neHTiB. OCKUTbKY BU P. batumici € IpeCTaBHUKOM
pusochepHnx OakTepiil — aKTyalbHUM € JTOCITIKEH-
Hs poJti OaTyMiHy y B3aeMOJii 3 pOCIMHAMU Ta OTO-
qyI0uo1o MikpobioToto. Meta. BcranoButH posb Oa-
TYMiHY B €KOJIOTii pH30C(hEepHOTO MITaMy-TIPOIYIICHTa
P. batumici YKM B-321. Metoau. [Ipenmerom Jo-
CJiJKCHHST OyB aHTHOIOTHK 0aTyMiH, CHHTE30BaHUI
wramoM P. batumici YKM B-321 ta 6au3bki iiomy
3a CTPYKTYPOIO MiHOPHI KOMIIOHEHTH, YTBOPIOBaHi B
nporeci 6iocunTe3y. KynerypanbHy piiuHy LITamy,
OTpMMaHy B yMOBaX TJTMOMHHOIO KyJIbTHBYBAaHHS,
excrparysaiu xsopodopmom (1:2). [ToximHi Garyminy
OTPUMYBAJIH METOIOM TOHKOIIApOBOi XpoMarorpadii,
BUKOPHUCTOBYIOUM cHJIiKareibHi miaactunu (Merck,
USA) B cuctemi 6en3omn:izonpomnanon — 5:1; nposis-
HUK — napu Hoxy. AHaji3 OTpUMaHUX CIIOIYK Ta BH-
3HAYEHHSI 1X MOJICKYJISIPHUX Mac ITPOBOJIMIIA METOJIOM
BHCOKOC(EKTHBHOT piIMHHOT XpoMatorpadii (Agilent
1200) i3 3acTOCYBaHHSIM Mac-CIIEKTPOMETPHUHOTO
nerekropy (Agilent G1956B): komonka SB-C18
(Zorbax), pyxoma ¢a3za — aneroHiTpui:Boaa (55:45),
Temreparypa KojaoHku — 30 °C, MBUAKICTH OTOKY —
1 MJ/XB, 130KpaTHUHUI PEKUM, IHKEKIIS — 5 MKIT;
ionizartist merogoM APCI. [lns 6ioaBrorpadii orprma-
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HUX CIIOYK 1 BU3HAYEHHS MiHIMaJIbHOI IPUTHIYYIOHO1
koHnenTpaii (MIIK) BUKOpHCTOBYBaJIN TECT-IITAMU
Oakrepiii 3 YkpaiHCHKOI KOJIEKIIiT MiKpOOpraHi3MiB Ta
Bigniny ditonarorennux O6axrepiit IMB HAH Ykpai-
HU. biomniBkoyTBopeHHs BuBUanu merogom O’ Toole
Ha MOXXUBHOMY cepenoBuii LB. SIk 6apBHHK BHKO-
puctoByBanu renuiansioneT (BioMerieux, France).
JUisl OI[IHKK piBHSA YTBOPEHHS O1OIIIBKH IITAaMOM
P. batumici YKM B-321 3actocoByBanu (hoToMeTpHy-
HE BU3HAYECHHS 32 JOTIOMOTOI0 CKaHEepy IS TUIAHIIET
Multiskan FC (Thermo Fisher Scientific, USA); no-
BxkHMHA XBWI 540 HM. BruiuB aHTHO10THKA OaTyMiHY
Ha pyXJMBicTh OakTepiii BUBYanu Ha yamkax llerpi
3 HaMiBPiIKUM arapom, JOAAIOUH Pi3HI KOHLEHTpamii
antubioTuka: 10, 25 1 32 Mxr/mia. SIk TecT-mITaM BU-
kopuctoByBanu Proteus vulgaris YKM B-905. [lonat-
KOBO BUKOPHCTOBYBAJIM METOJI CBITIIOBOI MiKPOCKOITIi,
mpemnapar «BUCsga Kparwish» Ta CBITIIOBHIA MiKPOCKOIT
«MikMen-1». XeMoTakcuc BUBYAIU METOIAOM TSO 1
Adler, Bumiprotoun 3001 Ha yamkax [lerpi. Edexro-
pOM CiIyryBaB aHTHOIOTHK OaTyMiH B KOHIICHTpAIli-
ax 20, 50 1 150 mxr/ma; trect-mram Bacillus subtilis
YKM B-7023. PesyabraTn. Becranosneno, mio 3a
CBOIMH aHTaroHICTUYHHMH BJIACTHBOCTSMH IITaM
P. batumici YKM B-321 BuUsiBUBCS BUCOKO aKTHB-
HUM J0 0ararbox canpoTpo(HUX i (iTONaTOreHHUX
Oakrepiil, 30kpema Pectobacterium carotovorum
YKM B-10757, Pseudomonas syringae pv. syringae
YKM B-1027" ta P. fluorescens IMB 8573, 30un
3aTPUMKH POCTY SIKUX CTaHOBHJIH 17-22 mMM. MiHi-
MaJlbHa MPUTHIYYIOYa KOHIIEHTpallisd 0aTyMiHy LI00
pi3HUX (iTOMAaTOreHHUX OaKTepiit koauBanacs Bif
8 (P. carotovorum YKM B-10757) no 256 (Clavibacter
michiganensis subsp. michiganensis IMV 10,) mMkr/
MJ. 3 eKCTPaKTy KyJIbTypajbHOI pinuau P. batumici
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biology. Springer International Publishing Swit-
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3. Weller D. Pseudomonas biocontrol agents of
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YKM B-321 6yin0 BuIiIeHO, OXapaKTepU30BaHO 3a
(i3UKO-XIMIYHUMHU T2 aHTUOIOTMYHUMU BIACTHUBOC-
TSMH MoXiaHi Oatyminy. Okpim O6aTtyMminy (MOJIEKy-
nsipHa Maca Mr=>548, MakCUMyM CIEKTPY MOTTHHAH-
Hs A=213) B KyJIBTYpaJIbHIN PiJUHI BUSBICHO: CHOJ
ne3kapbamoindaryminy (mporHo3zoBana Mr=505,
A=226), ketone3kapbamoindarymin (Mr=505, A=231),
eHon O6aryminy (Mr=>548, A=228) ta 17-rimpokcubda-
TymiH (Mr=550, A=229). Haii6inbm aHTHOIOTHYHO
AKTHBHOIO CITOJIYKOIO BHSIBUBCS 0aryMiH. 3HAU4HO
MEHIII aKTUBHUMH BHSBHIINCS €HOJ Je3KapOamoii-
OarymiHy Ta Keroje3kapOaMmoindarymin. MeTtomgom
MOJICKYIIIPHOTO JIOKIHTY OyJI0 pO3paXxOBaHO Ta €KC-
HNEPUMEHTATIBHO MiATBEPIKECHO BIUIMB OaTyMiHy Ha
0110k MotB, sikuil € CKIIaIoBOI0 YaCTHHOIO JIKTYTH-
KiB TpaMHETaTUBHUX OaKTepill 1 BiAMOBIIA€E 32 TX pyX-
TUBICTh. BCTaHOBIIEHO, 110 32 KOHIIGHTpAIii OaTymi-
Hy 10 MKr/mMJI BiIOyBaOCh raJiIbMyBaHHS IOB3y4Or0O
pocty Proteus vulgaris YKM B-905, a pu 32 Mxr/mi
aHTu6ioTHKa MOB3yunii pict P, vulgaris YKM B-905
OyB MOBHICTIO BifcyTHIM. IIpo ekosoriuny poisb 6a-
TYMiHY 3aCBIIYyBaB TOM (DaKT, IO MTAM-TIPOAYIICHT
Oaryminy P. batumici YKM B-321 OyB 31aTHHI yTBO-
proBaTH OIOTUTIBKY, @ aHTUOI0THK y KOHIIeHTparlii 1 i
10 MKI/MJT cTEMYITIOBAB 11eH rporec. B Toit xe ydac, 3a
KOHIIeHTpalii 20 MKI/MJ BiH BUCTYIaB IO3UTHBHUM
e(ekTopom (arpakTaHTOM) Il TPYHTOBOTO IITAMY
B. subtilis YKM B-7023. BucHoBku. BcranosineHi
0COOIMBOCTI JIO3BOJISIOTH PO3MIISAJIATH yTBOPIOBA-
auit P. batumici YKM B-321 autubiotuk 6arymin
SIK CyTTEBUI IHCTPYMEHT BH)KUBAHHS 1 KOHKYPEHTHOT
00pOTHOU MITAMA-IPOMYLIEHTA B IPUPOJHUX YMOBaX.

Kniouosi cnosa: Pseudomonas batumici, 6atyMmiH,
010TUTIBKOYTBOPEHHS, aHTUMIKPOOHA aKTUBHICTb, (i-
TOIATOTeHH1 OaKTepii.
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