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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 lytic 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 lytic 
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 lytic 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 3rd and 7th 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 %) lytic activity 
against gram-negative polyphagous phytopathogen Pseudomonas syringae pv. syringae UCM B-1027T. 
Such activity of the strain did not manifest against the rest of the phytopathogenic test cultures. The high 
lytic 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, 
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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 

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 sр. А1, Bacillus sр. А 23/2, Bacillus sр. 
24, Bacillus sр. 41, Bacillus sр. 15-(2)-34, Bacillus 
sр. 1913 and B. сoagulans 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: 

Clavibacter michiganensis 102, Xanthomonas 
campestris pv. campestris 8003b, Pseudomonas 
syringae pv. syringae UCM В-1027т, P. fluorescens 
8573, Agrobacterium tumefaciens 8628, Pecto-
bacterium carotovorum subsp. carotovorum UCM 
В-1095т. 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): К2НРО4·3Н2О – 6.0; 
КН2РО4 – 2.0; МgSO4·7H2O – 0.1; (NH4)2SO4 – 
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:

Е, %  = 1001 ×
Α
Α−Α

 ,           [13]

where A – is the initial suspension density at 
540; А1 – 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

Strains of Bacillus sр.
Relative enzymatic activity, Dz/Dc

Proteolytic chitinase amylolytic cellulase xylanasecaseinolytic gelatinase
А1 3.6±0.16 4.2±0.16 1.0±0.09 3.0±0.15 4.9±0.14 1.3±0.14
А23/2 2.5±0.13 3.2±0.16 1.0±0.12 3.7±0.16 2.8±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 4.3±0.13 1.2± 0.06 2.7±0.13 4.4±0.12 1.2±0.11
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 2.3±0.11 2.9±0.15 2.7±0.13 5.2±0.12

Legend: Dz/Dc 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 (Dz/Dc 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.A1, Bacillus sp.23/2, 
Bacillus sp.24, Bacillus sp.41), and exoxylanase 
activity in three of six strains (Bacillus sp.A1, 
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. 

The vast majority of strains were weakly 
antagonistic against test cultures, with some 
exceptions. In particular, the strain Bacillus 
sp.A1 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 3rd 
and 7th days of passage of both cultures. The results 
are shown in Table 3. 
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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 7th 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.A1, Bacillus sp.A23/2, Bacillus 
sp.41, average in strain Bacillus sp.24, and low in 
the other strains. On the 7th 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.A1 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 

phytopathogenic microorganisms. After all, this 
strain showed an average level of antagonism 
against F. graminearum 9G on both the 3rd and 
7th days, and relatively high antagonism (15.3– 
20.0 mm) against B. sorokiniana. Strains Bacillus 
sp.A1 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 

Table 2
Antagonistic activity of Bacillus sр. strains against test cultures of phytopathogenic 

bacteria

Test cultures of phytopathogenic 
bacteria 

Studied strains of Bacillus sр.
А1 А23/2 24 41 15-(2)-34 1913

Growth inhibition zones of phytopathogenic bacteria, mm (М±m)
Pseudomonas syringae pv. syringae 
UCM В-1027т 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 В-1095т 4.0±0.2 12.7±1.3 3.0±0 22.0±3.0 3.0±1.3 2.0±0

Xanthomonas campestris pv. campestris 
8003b 15.0±3.5 11.0±0 4.0±0.7 26.7±4.7 6.3±0.7 3.3±1.3

Clavibacter michiganensis subsp. 
michiganensis 102

5.0±1.1 3.7±0.7 7.0±1.1 5.3±0.7 7.0±1.1 7.0±0

Agrobacterium tumefaciens 8628 3.0±0.7 0 0 14.7±5.6 3.3±1.3 2.0±0

Table 3
Antagonistic activity of bacteria of the genus Bacillus to phytopathogenic micromycetes

Strains
Growth inhibition zones, mm (М±m)

F. graminearum 9G B. sorokiniana
3rd day 7th day 3rd day 7th day

Bacillus sр .A1 9.3 ± 2.5 5.3 ± 1.0 20.0 ± 1.5 12.3 ± 0.9
Bacillus sр. А 23/2 7.2 ± 1.6 4.2 ± 1.4 23.0 ± 4.3 14.8 ± 2.2
Bacillus sр. 24 8.5 ± 1.0 4.0 ± 0.8 16.8 ± 2.2 11.0 ± 1.8
Bacillus sр. 41 11.7 ± 1.7 8.5 ± 0.5 20.0 ± 2.1 15.3 ± 1.2
Bacillus sр. 15-(2)-34 1.3 ± 0.7 0 4.2 ± 1.8 0
Bacillus sр. 1913 1.2 ± 0.9 0 3.1 ± 1.1 0
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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 α- and 
β-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. 

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.A1, 
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. 

Table 4
Lysing activity of strains of bacteria of the genus Bacillus against the test cultures of 

phytopathogenic bacteria

Test cultures of phytopathogenic bacteria Lysing activity (%)
Bacillus sp. А1 Bacillus sp. 41 Bacillus sp. 1913

Pseudomonas syringae pv. syringae UCM В-1027т 0 0 70.0
Pseudomonas fluorescens 8573 0 0 0
Pectobacterium carotovorum subsp. carotovorum 
UCM В-1095т 0 2.5 0

Xanthomonas campestris pv. campestris 8003b 2.0 2.0 0
Clavibacter michiganensis subsp. michiganensis 102 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 В-1027т. 
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.A1, 
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 В-1027т. 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 

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 
3rd and 7th day of observations was moderately 
antagonistic against F. graminearum 9G and 
relatively highly antagonistic against B. soro-
kini ana. 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 

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 В-1027т. 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-
for  mation 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.

ЛІТИЧНІ ЕКЗОФЕРМЕНТИ  
ГРУНТОВИХ ШТАМІВ БАКТЕРІЙ 

РОДУ BACILLUS І ПРОЯВ ЇХ  
БІОЛОГІЧНОЇ АКТИВНОСТІ
Ю.В. Корж, І.В. Драговоз, Л.В. Авдєєва 

Інститут мікробіології і вірусології  
ім. Д.К. Заболотного НАН України,  

вул. Академіка Заболотного, 154,  
Київ, 03143, Україна 

Ре зюме
Бацили складають значну (8–12%) частину мі-

кробіому ґрунту. Прояв їх  біологічної активності 
по відношенню до інших мікроорганізмів безпо-
середньо залежить від їх екзометаболітів. Зокре-
ма, йдеться про здатність бацил до антагонізму 
та їх лізуючу активність. За даними літератури, 
такі властивості ґрунтових бацил можуть бути 
пов’язані зі спектром і активністю літичних ек-
зоферментів. Мета. Оцінити роль літичних екзо-
ферментів досліджених ґрунтових штамів бацил 
у прояві їх біологічної (антагоністичної, лізуючої) 
активності. Методи. Антагоністичну активність 
штамів бацил до фітопатогенних бактерій визнача-
ли методом радіальних штрихів на картопляному 
агарі. Антагоністичну активність штамів бацил до 
фітопатогенних мікроміцетів визначали методом 
подвійної культури в чашках Петрі на картопляно-
глюкозному агарі. Для якісного аналізу наявності 
позаклітинних ферментів штами бацил висівали 
на чашки з твердим мінерально-сольовим сере-
довищем і відповідним субстратом-індуктором. 
За відносну ферментативну активність культу-
ри брали відношення діаметра ореолу гідролізу 
субстрату до діаметру колонії. Бактеріолітичну 
активність досліджуваних штамів визначали за 
зміною оптичної густини при 540 нм суспензії жи-

вих клітин фітопатогенних бактерій. Результати. 
За результатами попереднього скринінгу відібра-
но шість штамів бацил, що проявляють, принай-
мні, п’ять типів літичної активності різного рівня 
(низький, середній, високий), а саме: протеолі-
тичну, хітиназну, амілолітичну, целюлозолітичну, 
ксиланазну. Аналіз антагоністичної активності 
відібраних штамів бацил до основних груп фі-
топатогенних бактерій (6 тест-культур) показав, 
що штам Bacillus sp.41 заслуговує на увагу щодо 
ретельного дослідження природи і спектру його 
антагонізму. Аналіз рівня антагоністичної актив-
ності відібраних штамів бацил до фітопатогенних 
мікроміцетів показав, що найменший рівень втра-
ти антагонізму (зменшення зон затримки росту)  
впродовж періоду спостереження (3-тя і 7-ма 
доба) був у штаму Bacillus sp.41. Отже, тільки цей 
штам проявляв стабільний і відносно широкий 
спектр антагоністичної активності до фітопатоге-
нів бактеріальної і грибної етіології. Природа цьо-
го антагонізму, ймовірно, є комплексною і може 
формуватися за участю різних біохімічних меха-
нізмів, зокрема, синтезу комплексу літичних екзо-
ферментів. Для оцінки лізуючої активності штамів 
бацил з шести раніше відібраних було взято три 
штами з максимально високою протеолітичною і 
целюлолітичною активністю екзоферментів. По-
казано, що тільки штам Bacillus sp.1913 проявляв 
високу лізуючу (70%) активність до грамнегатив-
ного фітопатогена-поліфага Pseudomonas syringae 
pv. syringae УКМ В-1027т. До решти тест-культур 
фітопатогенів така активність штаму не проявля-
лась. Висока лізуюча активність штаму Bacillus 
sp.1913 може бути пов’язана з високою актив-
ністю екзогенних протеаз і целюлаз літичного 
комплексу, що цілком збігається з даними літера-
тури щодо лізуючої активності бацил. Висновки. 
Спектр і активність літичних екзоферментів шта-
мів досліджених ґрунтових бацил свідчать про  їх 
опосередковану участь у прояві біологічної актив-
ності (антагоністичної та лізуючої). 

Ключові слова: бактерії роду Bacillus, літичні 
екзоферменти, бактеріальні і грибні фітопатогени, 
антагоністична та літична активність.
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