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Bacteria of the genus Bacillus make up a significant (8—12 %) part of the soil microbiome. Manifestation
of their biological activity, in particular, the antagonistic and Iytic activity against other microorganisms
directly depends on their exometabolites. According to the literature, such properties of soil bacteria of
the genus Bacillus thus can be related to their various lytic exoenzymes. Aim. To evaluate the role of Iytic
exoenzymes of the studied soil bacteria strains of the genus Bacillus in the manifestation of their biological
(antagonistic, lysing) activity. Methods. The antagonistic activity of bacteria strains of the genus Bacillus
against phytopathogenic micromycetes was determined by the method of double culture in Petri dishes on
potato-glucose agar. For qualitative analysis of the presence of extracellular enzymes, strains of bacteria
of the genus Bacillus were plated on Petri dishes with solid mineral-salt medium and a suitable substrate
inducer. The ratio of the diameter of substrate hydrolysis zone to the diameter of the colony was taken as
the relative enzymatic activity of the culture. Bacteriolytic activity of the studied strains was determined by
the change in optical density of living cells of phytopathogenic bacteria suspension at 540 nm. Results. Six
strains of bacteria of the genus Bacillus were selected by the results of preliminary screening, with at least
five types of Iytic activity, namely proteolytic, chitinase, amylolytic, cellulase, and xylanase of different
levels (low, average, high). Analysis of the antagonistic activity of the selected strains of bacteria of the
genus Bacillus to the main groups of phytopathogenic bacteria (six test cultures) singled out the strain
Bacillus sp. 41 for a careful study of the nature and spectrum of its antagonism. Analysis of the level of
antagonistic activity of the selected Bacillus strains against the phytopathogenic micromycetes showed
that the minimum decrease of antagonism (the decrease of growth inhibition zones) during the observation
period (at the 3% and 7" days) was in Bacillus sp. 41 strain. Therefore, only this strain showed a stable and
relatively wide range of antagonistic activity against phytopathogens of bacterial and fungal etiology. The
nature of this antagonism is probably complex and conditioned by the participation of various biochemical
mechanisms, in particular, the synthesis of a complex of lytic exoenzymes. To assess the lysing activity
of Bacillus strains, three strains with the highest proteolytic and cellulolytic activity of exoenzymes were
taken from the six previously chosen. Only Bacillus sp.1913 strain showed high (70 %) Iytic activity
against gram-negative polyphagous phytopathogen Pseudomonas syringae pv. syringae UCM B-1027".
Such activity of the strain did not manifest against the rest of the phytopathogenic test cultures. The high
Iytic activity of Bacillus sp. 1913 strain may be associated with high activity of exogenous proteases and
cellulases of the lytic complex, which is quite consistent with the literature data on the lytic activity of
bacteria of the genus Bacillus. Conclusions. The spectrum and activity of lytic exoenzymes of strains of
the studied soil bacteria of the genus Bacillus indicate the indirect participation of these enzymes in the
manifestation of biological activity (antagonistic and lytic).

Keywords: bacteria of the genus Bacillus, lytic exoenzymes, bacterial and fungal phytopathogens,
antagonistic and lytic activity.

The microorganisms of soil, including
rhizosphere, that are known to have biocontrol
properties, make up less than 10 % of the total
population of soil microbiota [1, 2]. In this
group of microorganisms, aerobic spore-forming
bacteria of the genus Bacillus deserve special
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attention as potential biocontrol agents. The
manifestation of their biological activity against
other microorganisms directly depends on the
spectrum of their synthesized exometabolites. In
particular, this applies to the ability of Bacillus
strains to exhibit antagonistic and lytic activity.
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Such properties of soil strains of bacteria of the
genus Bacillus may be related to their various lytic
enzymes that they excrete into the environment.
Thus, chitinases-producing strains of Bacillus
sp. participate in the manifestation of antifungal
activity [3, 4]. The ability of bacteria of the genus
Bacillus to synthesize exoglucanases was also
revealed and their participation in biocontrol was
proved [5]. It is known that some thermophilic
bacteria of the genus Bacillus synthesize lytic
exoenzymes capable of destroying the cell walls of
certain species of yeast and gram-negative bacteria
[6]. In particular, a complex preparation of lytic
enzymes was obtained from the culture liquid of
B. licheniformis 234 strain, which showed high
proteolytic, glucanase and glycosidase activity. It
is concluded that the main role in the lytic process
belongs to the proteolytic enzymes [6].

Due to the presence of a sufficient number of
various substrate inducers in the soil, lytic enzymes
that can destroy the residues of bacterial or fungal
cell walls are widely represented in bacteria of
the genus Bacillus [7]. Their main function is to
transform available carbon sources in a variety of
organic substrates [8]. Therefore, the role of these
enzymes remains unclear, in particular in the lysis
of living microorganisms. The involvement of
these bacterial exoenzymes in the manifestation
of microbial antagonism has not been fully
elucidated. The biotic regulation of antagonism of
bacteria of the genus Bacillus, due to lytic enzymes
(glycosidases, peptidases, etc.), is also not entirely
clear [9].

Therefore, the aim of our work was to evaluate
the participation of lytic exoenzymes of the studied
soil strains of bacteria of the genus Bacillus in the
manifestation of their biological (antagonistic and
lytic) activity.

Materials and methods. The soil strains of
Bacillus sp. Al, Bacillus sp. A 23/2, Bacillus sp.
24, Bacillus sp. 41, Bacillus sp. 15-(2)-34, Bacillus
sp. 1913 and B. coagulans MC-11 were taken for
the study from the Collection of Microorganisms
of the Department of Antibiotics of D.K. Zabolotny
Institute of Microbiology and Virology of the NAS
of Ukraine.

The antagonistic activity of Bacillus strains
against phytopathogenic bacteria (FPB) was
determined by the method of radial strokes on
potato agar [10]. Strains from the collection of the
Department of Phytopathogenic Bacteria and the
Ukrainian Collection of Microorganisms of the
IMV NAS of Ukraine were used as test cultures:
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Clavibacter michiganensis 10,, Xanthomonas
campestris pv. campestris 8003b, Pseudomonas
syringae pv. syringae UCM B-1027", P. fluorescens
8573, Agrobacterium tumefaciens 8628, Pecto-
bacterium carotovorum subsp. carotovorum UCM
B-1095". The level of antagonistic activity of
Bacillus strains was determined by the diameter of
the zones of growth inhibition (ZGI) of test cultures
of phytopathogenic bacteria. If that parameter was
15 mm or more, the Bacillus strain was considered
highly active; if it ranged from 10 to 14 mm, the
level of activity of the Bacillus strain was average;
at 1-9 mm of ZGI diameter, the level of activity of
the Bacillus strain was low [11].

The antagonistic activity of Bacillus strains
against phytopathogenic micromycetes was
determined by the method of double culture in
Petri dishes on potato-glucose agar [12]. Strains
of pathogenic micromycetes of cereal diseases,
Fusarium graminearum 9G and Bipolaris soro-
kiniana from the collection of the Department of
Antibiotics of the IMV NAS of Ukraine were used
as test cultures. For diameter of ZGI in the range of
5-9 mm, the antagonistic activity of studied strains
of bacilli was considered low, for 10—19 mm it was
average, for 20 mm and more it was high. If ZGI of
micromicetes was 0—4 mm in diameter, the Bacillus
culture was considered inactive.

For qualitative analysis of the extracellular
enzymes, Bacillus strains were plated on Petri
dishes with solid mineral salt medium of the
following composition (g/L): K,HPO,-3H,0 - 6.0;
KH,PO, - 2.0; MgSO,-7H,0 - 0.1; (NH,),SO, —
1.4; agar-agar — 20.0; distilled water —up to 1.0 L;
pH 7.0-7.2. The following induction substrates
were used as a carbon source: starch (0.5 %) for
amylolytic activity; gelatin (0.5 %) and casein
(0.5 %) for proteolytic activity; xylan (0.5 %) for
xylanolytic activity; Na* CMC-cellulose (0.5 %)
for cellulolytic one; olive oil (0.5 %) for lipolytic
activity; pectin (0.5 %) for pectinolytic activity;
colloidal chitin (0.5 %) for chitinolytic activity. The
cultures of microorganisms were incubated in a
thermostat at a temperature of 37 °C for three days.
Zones of substrate hydrolysis around a colony were
evaluated visually and measured in millimeters.
The ratio of the diameter of the zone of substrate
hydrolysis to the diameter of the colony was taken
as the relative enzymatic activity of the culture.

Bacteriolytic activity of the studied strains was
determined by the change in optical density at
540 nm in suspension of living cells of phyto-
pathogenic bacteria [13]. The activity was expressed
as a percentage decrease in the suspension density.
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The calculation was performed according to the

formula:

A-A
E, % = 1

x100 , [13]

where A — is the initial suspension density at
540; A, —is the final suspension density at 540 nm.

The experiments were performed in triplicate;
the obtained data were processed statistically using
a software package Microsoft Excel. Differences
in averages were considered significant at a level
of P<0.05.

Results. According to the results of screening
for exogenous enzymatic activity of 12 strains of
bacteria of the genus Bacillus, six strains were
found that showed relatively high lytic activity on
different substrates (casein, gelatin, chitin, starch,
CMC-cellulose, and xylan). These strains were
able to utilize five types of substrate producing five
classes of relevant lytic enzymes, namely proteases,
chitinases, amylase, cellulase, xylanase. Data on
the relative enzymatic activity of the strains are
shown in Table 1.

Table 1
Exogenous enzymatic activity of bacteria of the genus Bacillus
Relative enzymatic activity, D /D,
Strains of Bacillus sp. Proteolytic - ]
; - - chitinase | amylolytic cellulase xylanase
caseinolytic | gelatinase
Al 3.6+0.16 4.2+0.16 1.0+0.09 3.0+0.15 4.9+0.14 1.3+0.14
A23/2 2.5+0.13 3.2+0.16 1.0+0.12 3.7+0.16 2.84+0.13 1.3£1.13
24 0 1.0+0.12 1.0£0.11 2.1+0.11 2.7+0.17 3.7+0.16
41 3.8+0.16 4.340.13 1.2+ 0.06 2.7+0.13 4.4+0.12 1.240.11
15-(2)-34 2.6+0.13 3.1+0.14 2.6+0.13 2.0+0.11 1.7+0.11 3.5+0.16
1913 2.9+0.14 5.5+0.13 2.340.11 2.940.15 2.7+0.13 5.2+0.12

Legend: D /D_is the relative activity of culture calculated as the ratio of the diameter of the zone of substrate hydrolysis

to the diameter of the colony.

In almost all selected strains with the exception
of Bacillus sp.24, high and average levels of
relative activity of exoenzymes (D /D_ in the range
of 2 to 5) were observed. At the same time, a fairly
low level of chitinase activity in four of the six
selected strains (Bacillus sp.Al, Bacillus sp.23/2,
Bacillus sp.24, Bacillus sp.41), and exoxylanase
activity in three of six strains (Bacillus sp.Al,
Bacillus sp.23/2, Bacillus sp.41) was noted.

Notably, all studied strains of bacteria of
the genus Bacillus did not show pectinesterase,
polygalacturonase, and lipase activity.

Thus, the spectrum of synthesized exoenzymes
and the level of their activity may indicate the wide
potential of selected Bacillus strains to metabolize
different substrates, which is probably related to
their saprotrophic life style in soil. All studied
strains of bacteria of the genus Bacillus are soil
microorganisms isolated from different regions of
Ukraine. Hence, the spectrum and level of activity
of their exoenzymes may indicate their high
ecological plasticity.

The next step was to investigate the antagonism
of selected strains against test cultures of phy-
topathogenic bacteria and micromycetes. Anta-
gonistic activity of the studied strains against phy-
topathogenic microorganisms is shown in Table 2.
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The vast majority of strains were weakly
antagonistic against test cultures, with some
exceptions. In particular, the strain Bacillus
sp.Al showed an average level of antagonism
against X. campestris (a polyphagous causative
agent of vascular bacteriosis), and the strain
Bacillus sp.23/2 was similarly antagonistic against
P. carotovorum (a causative agent of soft tissue
rot). Of particular note is the antagonistic activity
of the strain Bacillus sp.41 against the test cultures
of phytopathogenic bacteria.

This strain was highly antagonistic (ZGI =
22-27 mm) to P. carotovorum and X. campestris
and moderately antagonistic (ZGI = 15 mm)
to A. tumefaciens (polyphagous pathogen
causing bacterial cancer). The test cultures of
phytopathogenic bacteria represented the main
groups of the most harmful and dangerous
microorganisms. Hence, the strain Bacillus sp.41
deserves attention for further careful study of the
nature and spectrum of its antagonistic activity.

In the study of antagonism of selected Bacillus
strains against micromycetes F. graminearum 9G
and B. sorokiniana, ZGI were evaluated on the 3%
and 7™ days of passage of both cultures. The results
are shown in Table 3.
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Table 2

Antagonistic activity of Bacillus sp. strains against test cultures of phytopathogenic

bacteria

T | fon ) ] Studied strains of Bacillus sp.
bzz:ecrli‘amres of phytopathogenic Al | A232 | 24 | 41 | 152034 1913

Growth inhibition zones of phytopathogenic bacteria, mm (M+m)
Pseudomonas syringae pv. syringae
UCM B-1027" 0 8.0£1.7 0 0 3.0+1.1 2.0+0
Pseudomonas fluorescens 8573 2.3+0.7 | 3.0+1.3 0 6.3+4.0 | 3.3+0.6 2.0+0
Pectobacterium carotovorum subsp.
carotovorum UCM B-1095° 4.0+0.2 [12.7+£1.3| 3.0£0 |22.0+£3.0| 3.0+1.3 2.0+0
g%’g;ﬁ"monas CAmPpestris pv. campesiris| 15 0435 | 11.040 | 4.0£0.7 |26.744.7| 6307 | 3.3+13
Clavibacter michiganensis subsp. 5.0£1.1 | 3.740.7 | 7.0£1.1 | 53207 | 7.0:1.1 | 7.0£0
michiganensis 10,
Agrobacterium tumefaciens 8628 3.0+0.7 0 0 14.74£5.6| 3.3£1.3 2.0+0

Table 3

Antagonistic activity of bacteria of the genus Bacillus to phytopathogenic micromycetes

Growth inhibition zones, mm (M=+m)
Strains F. graminearum 9G B. sorokiniana
3 day 7" day 3 day 7" day

Bacillus sp A, 93+£2.5 53+1.0 20.0+ 1.5 12.3+0.9
Bacillus sp. A 23/2 72+1.6 42+14 23.0+4.3 14.8+2.2
Bacillus sp. 24 85+1.0 4.0+0.8 16.8 +2.2 11.0+1.8
Bacillus sp. 41 11.7+1.7 8.5+0.5 20.0 £ 2.1 153+1.2
Bacillus sp. 15-(2)-34 1.3+£0.7 0 42+1.8 0
Bacillus sp. 1913 1.2+0.9 0 3.1+1.1 0

Only the strain Bacillus sp.41 was moderately
antagonistic against F. graminearum 9G after
three days (ZGI of pathogen = 12 mm), the other
strains were weakly antagonistic. On the 7" day
of observations, the antagonistic activity of all
studied strains decreased significantly, and in
strains Bacillus sp.15-(2)-34, Bacillus sp.1913 it
disappeared completely. At the same time, the level
of antagonistic activity of the strain Bacillus sp.41
fluctuated within the average.

Regarding B. sorokiniana, the antagonistic
activity of the studied strains after three days of
observation was as follows: it was high in strains
of Bacillus sp.Al, Bacillus sp.A23/2, Bacillus
sp.41, average in strain Bacillus sp.24, and low in
the other strains. On the 7" day of observations,
the antagonistic activity slightly decreased. In
particular, strains of Bacillus sp.23/2 and Bacillus
sp.41 showed average, and strains of Bacillus
sp.Al and Bacillus sp.24 low level of antagonism,
in other strains the antagonism was absent.

Therefore, only the strain Bacillus sp.41 of the
studied strains of Bacillus sp. deserved attention
based on the obtained data on the antagonism to
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phytopathogenic microorganisms. After all, this
strain showed an average level of antagonism
against F. graminearum 9G on both the 3™ and
7" days, and relatively high antagonism (15.3—
20.0 mm) against B. sorokiniana. Strains Bacillus
sp.Al and Bacillus sp.A23/2 also were significantly
(12-23 mm) antagonistic against B. sorokiniana,
which is considered a superficial biotrophic
polyphagous phytopathogen. At the same time, the
level of antagonism of these strains was quite low
(4-9 mm) against F. graminearum 9G, which is
a more stable and adapted polyphagous biotroph.
Therefore, among the selected strains of bacteria
of the genus Bacillus, the least reduction of
antagonism against phytopathogenic micromycetes
was found only in the strain Bacillus sp.41.

Thus, only the strain Bacillus sp.41 of the six
studied strains of bacteria of the genus Bacillus
with a wide range of activity of lytic exoenzymes
showed real and relatively wide range of antago-
nistic activity to phytopathogens of bacterial and
fungal etiology. According to literature, the nature
of this antagonism can be complex and formed by
various biochemical mechanisms: the synthesis of
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antibiotic compounds, a complex of lytic enzymes,
siderophores, pigments, and so on [13].

It is known that bacteria of the genus Bacillus
can lyse living cells of microorganisms of different
systematic groups, in particular, gram-negative
bacteria of the genus Pseudomonas [6]. The
complex of exoenzymes of these Bacillus bacteria
includes enzymes with proteolytic and o- and
B-glucanase activity, which are able to hydrolyze
the rigid layer of peptidoglycans of Pseudomonas
[14]. The proteolytic activity of exoenzymes is
known to play a major role in the lysing ability of
the exogenous enzyme complex of Bacillus cells.

Table 4

Therefore, the next step was to assess the lysing
activity of Bacillus strains selected by spectrum
and activity of exogenous lytic enzymes. To study
the lysing activity, three of the previously selected
six strains of soil bacteria of the genus Bacillus
that showed high proteolytic and cellulosolytic
activity were taken, namely Bacillus sp.Al,
Bacillus sp.41, and Bacillus sp.1913. Six test
cultures of phytopathogenic microorganisms
were used as study objects to evaluate the
lysing activity of exoenzymes of the bacteria
of the genus Bacillus. The results are shown in
Table 4.

Lysing activity of strains of bacteria of the genus Bacillus against the test cultures of
phytopathogenic bacteria

. . Lysing activity (%)
Test cultures of phytopathogenic bacteria Bacillus sp. Al | Bacillus sp. 41 | Bacillus sp. 1913
Pseudomonas syringae pv. syringae UCM B-1027" 0 0 70.0
Pseudomonas fluorescens 8573 0 0 0
Pectobacterium carotovorum subsp. carotovorum 0 )5 0
UCM B-1095" )
Xanthomonas campestris pv. campestris 8003b 2.0 2.0 0
Clavibacter michiganensis subsp. michiganensis 10, 2.0 2.0 0
Agrobacterium tumefaciens 8628 0 5.0 0

Only the strain Bacillus sp.1913 showed high
(70%) lytic activity against the gram-negative
bacterium P. syringae pv. syringae UCM B-1027".
Against the rest of the test cultures, this strain was
not active. The lytic activity of the other two strains
of bacteria of the genus Bacillus (Bacillus sp.Al,
Bacillus sp.41) was, firstly, very low (2-5%), and
secondly, manifested only against the bacteria of
the genera Pectobacterium, Xanthomonas, Clavo-
bacter and Agrobacterium.

Thus, high (70 %) lysing activity is shown in
the strain Bacillus sp.1913, which has a high level
of proteolytic and cellulolytic activity against the
phytopathogenic polyphagous strain P. syringae
pv. syringae UCM B-1027". Our results confirm the
published data on such a manifestation of biologi-
cal (lysing) activity of some bacteria of the genus
Bacillus [6].

Discussion. Antagonistic soil bacteria of
the genus Bacillus are able to synthesize a wide
range of exometabolites of different physio-
logical direction, such as antibiotics, vitamins,
enzymes, phytohormones, etc. [15-17]. In
particular, the synthesis of certain exoenzymes
by bacteria of the genus Bacillus increases the
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bioavailability of mineral compounds (organo- and
mineralophosphates) for own needs and plants [18].
In turn, the ability to synthesize such hydrolytic
enzymes as chitinase and glucanase enhances
the manifestation of their antagonistic activity to
phytopathogenic micromycetes [4]. In addition,
according to Melentyev et al., about 19 % of the
total population of soil strains of bacteria of the
genus Bacillus are able to fix atmospheric nitrogen
due to the presence of nitrate-reductase complexes
[4, 19], which improves nitrogen nutrition of plants.

Using screening, we selected six strains of
bacteria of the genus Bacillus with high and
average levels of exogenous enzymatic activity
and capable of hydrolysis of five types of substrate.
The spectrum and activity of exoenzymes of these
strains of bacteria of the genus Bacillus indicate
their high adaptive potential for the metabolism of
organic residues. This characteristic of the strains
is probably associated with their saprotrophic life
style in a particular econiche (soil). In the study of
antagonistic activity of selected strains of bacteria
of the genus Bacillus, only one strain, namely
Bacillus sp.41, showed high and average levels
of antagonism to three of the six test cultures of
phytopathogenic bacteria, which are considered
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the most harmful. Given that the strain Bacillus
sp.41 is also characterized by a significant activity
of certain classes of exoenzymes, in particular,
proteolytic and cellulolytic, indirect participation
of exoenzymes is not ruled out in the manifestation
of its antimicrobial activity. This assumption is
supported by studies of other authors. In particular,
it has been shown that some strains of B. subtilis that
synthesize proteases are able to lyse cells of gram-
positive and gram-negative microorganisms [20].
A complex of bacteriolytic exoenzymes of bacteria
of the genus Bacillus with similar properties is also
described by Lin Chi-li et al. [21]. The synthesis of
lytic enzymes is considered an inducible process
[22], which involves different classes of hydrolytic
enzymes [23]. The strain Bacillus sp.41 studied
in present study showed a medium and high level
of antagonism to three of the six test cultures of
phytopathogenic bacteria and had a high activity
of exoenzymes, namely proteases and cellulases.
Thus, we can assume the participation of the
latter in the antibacterial activity of the strain. At
the same time, it should be noted that the role of
individual exoenzymes in the manifestation of
antimicrobial properties by bacteria of the genus
Bacillus requires further thorough research.

In the study of antagonism of the selected
strains of bacteria of the genus Bacillus against
two phytopathogenic micromycetes (polyphagous
biotrophs), only the strain Bacillus sp.41 on the
3 and 7™ day of observations was moderately
antagonistic against F. graminearum 9G and
relatively highly antagonistic against B. soro-
kiniana. Therefore, among the studied strains of
bacteria of the genus Bacillus, a minimum decrease
in antagonistic activity against phytopathogenic
micromycetes is shown only in the strain Bacillus
sp.41. The literature presents quite contradictory
data on the participation of certain exoenzymes
in the manifestation of antagonism by bacteria of
the genus Bacillus. In particular, the important role
of chitinases is pointed out in the manifestation
of antifungal activity of the strain Bacillus sp.739
[24]. On the other hand, the analysis of mycolytic
and antifungal activity of exometabolites of 26 soil
strains of the antagonistic bacteria of the genus
Bacillus did not reveal any correlation between
these two indicators [7]. At the same time, the
bacterial strains with high antifungal activity
against F. graminearum showed the ability to
synthesize several classes of hydrolytic enzymes
[25]. Due to the fact that the enzymes of the
mycolytic complex of bacteria of the genus Bacillus
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do not have a direct negative effect on the growth
of phytopathogenic fungi in vitro, some researchers
evaluate their indirect participation in enhancing
the antifungal activity of certain metabolites,
including antibiotics, in 10-70 % [26]. Therefore,
the antifungal activity of the strain Bacillus sp.41
is probably due to the synthesis of low molecular
weight antibiotic compounds. Also, different
classes of exoenzymes (chitinase, protease, etc.)
in one way or another may enhance the action of
antibiotic compounds of the antagonist strain.

In further work, the lysing activity was studied
on three strains of bacteria of the genus Bacillus
that showed relatively high exogenous enzymatic
activity (in particular, proteolytic, amylolytic,
cellulolytic). Only the strain Bacillus sp.1913
showed high (70 %) lysing activity against gram-
negative phytopathogenic strain-polyphage of
P. syringae pv. syringae UCM B-1027". It showed
low antibacterial and very low antifungal activity
against the studied test cultures of phytopathogens.
There are reports of the participation of bacterial
exoenzymes in the lysis of cell membranes of
phytopathogenic micromycetes [7], yeast and
gram-negative bacteria, in particular, of the genus
Pseudomonas [6]. It has been found that the main
role in the lysis process is played by proteolytic
enzymes of exogenous hydrolase complex [13].
Such complex may include different classes of
hydrolases: glucanases, lyases, proteases, amy-
lases, acetylhexosaminidases and/ or other enzy-
mes with different substrate specificity [27]. In-
formation on the participation of exoenzymes in
the manifestation of lysing activity of bacteria
of the genus Bacillus is also quite contradictory.
Some authors believe that the ability to synthesize
exoenzymes by bacteria of the genus Bacillus is
related to their competition for econiche, which is
realized by expanding the variability of available
food sources [28]. Our results of high lysing
activity of Bacillus sp.1913 strain are noteworthy
because, firstly, it is expressed against the classical
polyphagous phytopathogen, which is common
in Ukraine on different cultures. Secondly, given
the peculiarities of plant infection with P. syringae
strains (airborne, superficial and wound infection),
the selected strain of bacteria of the genus Bacillus
can be considered as a potential agent for plant
biocontrol. It may be considered as the basis of
a biological preparation; however, this requires
further careful studies of the lysing activity of the
strain against various strains and/or pathogens of
P. syringae.
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Conclusions. The obtained results indicate
the indirect participation of exoenzymes of the
studied strains of bacteria of the genus Bacillus in
the manifestation of their biological (antagonistic
and lysing) activity. The particularities of this
participation of exoenzymes remain the subject of
further research.

JITUYHI EK3OPEPMEHTH
T'PYHTOBUX IIITAMIB BAKTEPII
POJIY BACILLUS 1 TIPOSB IX
BIOJIOTTYHOI AKTUBHOCTI
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Inemumym mikpobionoeii i sipyconoeii
im. /I.K. 3abonomnoeco HAH Ykpainu,
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Pesrome

Baunnu cknanatots 3HauHy (8—12%) yactuny Mi-
KkpoOiomy rpyHTY. [IposiB iX 0610JI0TIYHOT aKTUBHOCTI
0 BiJTHOIICHHIO JI0 1HITUX MIKPOOPTaHi3MiB Oe31o-
CePeHBO 3AICKUTH BiJl X eK30MeTaboIiTiB. 30Kpe-
Ma, WAeThCsl MPO 3AaTHICTh OAIlMJI O aHTAaroHI3MY
Ta iX Ji3yI04y aKTHBHICTh. 3a ITAaHUMH JIITEPaTypH,
Taki BIACTUBOCTI I'PYHTOBHUX OaIiyl MOXYTb OyTH
OB’ A3aHi 31 CHEKTPOM 1 aKTHBHICTIO TITHYHHUX €K-
30¢epmenTiB. Meta. OIIHUTH POJIb JTITHYHUX €K30-
(hbepMEeHTIB JOCIDKEHUX TPYHTOBUX IIITaMIB Oariui
y MPOsIBi X 010JIOTIYHOT (AHTArOHICTUYHOT, JT13YH0UO01)
AKTUBHOCTI. MeTOAH. AHTAaroHiCTUYHY aKTHBHICTh
mTamiB Oarui 10 GiTonaroreHHUx OakTepiii BU3HA4A-
JI METOZIOM PAJiajIbHUX IITPUXIB HA KAPTOIIISTHOMY
arapi. AHTaroHiCTUYHY aKTHBHICTb IITaMiB OAIIWII 10
(iTOMaTOreHHUX MIKPOMIIIETIB BU3HAYAIH METOIOM
MOJIBIMHOT KyJIBTYpH B yamkax [leTpi Ha KapTOTUISTHO-
DITFOKO3HOMY arapi. [IJist sSIKiCHOTO aHami3y HasBHOCTI
MO3aKIITUHHUX (PEPMEHTIB MITaMU OALMII BHCIBAJIN
Ha YalllK¥ 3 TBEPAUM MiHEPaIbHO-COJIBLOBUM Cepe-
JIOBHIIEM 1 BiATIOBITHUM CyOCTPaTOM-1HIYKTOPOM.
3a BiAHOCHY ()epMEHTATHUBHY aKTHBHICTH KYJBTY-
pHu Opaiu BiAHOIICHHS JiaMeTpa Opeoiy TiIpori3y
cyOcTpary g0 miamerpy KonoHii. Bakrepiomitudany
AKTHUBHICTH JOCIII)KYBaHHX IITAaMiB BU3HAYAIH 32
3MiHOIO ONITUYHOI TycTHHH IIpH 540 HM CycIeH3ii Ku-

1. Rosenbluth M, Martinez-Romero E. Bacterial en-
dophytes and their interactions with hosts. Mol
Plant-Microbe Interact. 2006; 19:827-837.

2. Sturz AV, Nowak J. Endophytic communities of

rhizobacteria and the strategies required to create

60

BUX KIITHH (hiTonaroreHHux Oakrepiil. Pe3yabraTu.
3a pe3ynsTaTaMu MONEPEHLOr0 CKPUHIHTY BiniOpa-
HO IICTh IITaMiB OAaIWI, M0 MPOSIBISIOTH, IPUHAII-
MHi, II’ITh THIIB JITHYHOT aKTUBHOCTI Pi3HOTO PiBHS
(HU3BKUH, cepeHild, BUCOKHIA), a came: IPOTeoi-
THYHY, XITHHA3HY, aMIJIONITHYHY, [ICITFOI030ITHUHY,
KCHJIaHa3Hy. AHajli3 aHTaroHiCTUYHOI aKTHUBHOCTI
BiiIOpaHUX IITaMiB Oalui 10 OCHOBHUX Ipyn (i-
TOMATOTEHHUX OakTepiit (6 TecT-KyJabTyp) MOKa3aB,
mo mtam Bacillus sp.41 3aciyroBye Ha yBary mojo
PETENBHOTO JTOCIIJDKSHHS IPUPOJIN 1 CIIEKTPYy HOTO
AHTAroHi3My. AHaJli3 PiBHS aHTArOHICTHYHOT aKTHB-
HOCTI BiiOpaHuX MmTamiB Oarui 10 (piTonaToreHHuX
MIKpOMILIETiB MMOKa3aB, 110 HAMEHIINH piBEHb BTpa-
TH aHTaroHi3My (3MCHILICHHS 30H 3aTPUMKHU POCTY)
BIIPOJIOBXK TEpioxy CHOCTepexeHHs (3-TS 1 7-ma
noba) OyB y mramy Bacillus sp.41. OTxke, TUIbKH TIeH
TaM MPOSBISB CTAOUTBHUK 1 BITHOCHO NIMPOKHIMA
CIIEKTp aHTAarOHICTHYHOI aKTUBHOCTI J10 (iTonarore-
HiB OakTepianbHOI 1 rpubHOi etionorii. [Ipupona 1po-
TO aHTaroHi3My, IMOBIpHO, € KOMIUIEKCHOIO 1 MOXe
(hopmyBaTHCs 3a y4acTiO pi3HUX OIOXIMIYHHX MeXa-
HI3MiB, 30KpeMa, CHHTE3y KOMIUIEKCY JIITHIHUX EK30-
(bepMmeHTiB. [1J151 OIIHKH JII3yF0Y0T aKTHBHOCTI IITAMIB
Oauui 3 WIeCTH paHille BiniOpaHux Oyno B3STO TpU
HITaMH 3 MAaKCUMAJIbHO BUCOKOIO MPOTEONIITHYHOIO 1
IEITIONONIITHYHOIO aKTUBHICTIO ek30¢epMeHTiB. [lo-
Ka3aHo, 10 TUTBKU mTaM Bacillus sp.1913 mposiBiss
BHCOKY Ji3ytouy (70%) aKTUBHICTB O TpaMHETaTHB-
HOro (¢iTonaroreHa-nojidara Pseudomonas syringae
pv. syringae YKM B-1027". Jlo pemTH TecT-KyIbTyp
(biTONATOreHIB Taka aKTUBHICTh LITaMy HE MPOSIBIIS-
nack. Bucoka nizyroua akTuBHICTH mtamy Bacillus
sp.1913 moxe Oyt moOB’si3aHa 3 BHCOKOI aAKTHB-
HICTIO €K30TCHHHUX MpOTea3 1 Ieltoja3 JITHIHOTO
KOMITJIEKCY, IO IIJIKOM 301raeThCs 3 JaHUMHU JIiTepa-
TYpH IOJIO JIi3yI040i aKTUBHOCTI Oanmil. BucHoBKH.
CHexTp i aKTUBHICTB JIITHYHHUX €K30()epPMEHTIB ILITa-
MIB JTOCTI/KEHUX IPYHTOBHX OAIlMII CBiT9aTh Mpo X
OIOCEPE/IKOBAHY y4acTh Y MPOsBI 010JI0T19HOT aKTHB-
HOCTI (QaHTaroHICTHYHOI Ta JII3y0UoT).

Kurouosi cnosa: 6axtepii pony Bacillus, miTuyaHi
ek3o(epmenTH, OakTepiaibHi i TpubHi (iTomaroreHu,
AQHTarOHICTHYHA Ta JTITHYHA AKTUBHICTb.
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