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THE ROLE OF BACILLUS SPP.
IN SUSTAINABLE AGRICULTURE
AND BIOCONTROL

This work aims to explore the potential applications of Bacillus spp. in biological
plant control and the promotion of sustainable agriculture, drawing insights from
an analysis of literature data. Literature review. Plants that interact with plant
growth-promoting rhizobacteria (PGPR) exhibit improved growth and enhanced
resistance to stress. Among PGPR, Bacillus spp. are widely used in agriculture
to boost crop yields and stress tolerance. However, their effectiveness varies
under different conditions, emphasizing the need for further research to bridge
the gap between laboratory and field results. Species such as Bacillus subtilis
enhance nitrogen fixation, facilitate phosphorus mobilization, and increase iron
uptake in plants. Additionally, Bacillus spp. produce phytohormones and other
compounds that regulate the hormonal balance in plants. These bacteria protect
plants from pathogens by producing antimicrobial substances such as lipopeptides
and antibiotics. B. subtilis also modulates the expression of plant genes to support
colonization. Biofilm formation on plant roots, regulated by quorum sensing,
further promotes effective bacterial colonization. Conclusions. Studies on
plant-bacteria interactions in the rhizosphere reveal that beneficial bacteria like
Bacillus spp. enhance plant growth and resilience through hormone regulation,
biofilm formation, modulation of plant immune responses, and improved nutrient
availability and stress tolerance. B. subtilis and related species are particularly
effective in increasing crop yields and combating plant diseases. Their ability to
improve drought and salt tolerance is especially noteworthy, making Bacillus spp.
promising candidates for sustainable agriculture.

Key words: Bacillus spp., plant growth promoting rhizobacteria, biocontrol,
biofilm, sustainable agriculture.

Bacteria play a fundamental role in nutrient cycles, significantly
influencing the carbon and nitrogen cycles and impacting daily life in both
beneficial and harmful ways. Recent studies highlight that interactions with
bacteria promote healthy development, while imbalances in the microbiome
can lead to severe health issues [10].

The importance of plant-bacteria interactions has been recognized for
over a century. Early discoveries revealed that the soil surrounding plant roots,
known as the rhizosphere, harbors significantly higher bacterial populations

© M. b. l'ankin, b. I1. Pyxxancekuii, 2024
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than adjacent bulk soil. This finding spurred extensive research into plant-associated
bacteria [29]. Subsequent studies demonstrated that plants rely on symbiotic
relationships with bacteria, including nitrogen-fixing species. Certain bacteria,
classified as plant growth-promoting rhizobacteria (PGPR), have been shown to
enhance the yields of critical crops such as soybeans and maize, as well as reduce
the severity of plant diseases. PGPRs colonize the rhizosphere and plant roots,
where they improve nutrient availability, mitigate abiotic stresses (e.g., drought or
salinity), bolster plant defense mechanisms, and suppress pathogens. The advantages
of PGPRs over traditional agrochemicals have driven the development of biological
agricultural products. Biocontrol agents, such as PGPRs, are hypothesized to slow
the evolution of resistant pathogens more effectively than conventional pesticides —
a hypothesis that remains an active area of research [7]. Furthermore, biopesticides
like PGPRs are widely regarded as more environmentally friendly alternatives to
agrochemicals, which have caused significant environmental pollution over recent
decades [11].

Bacillus subtilis is one of the most extensively researched and widely utilized
plant growth-promoting rhizobacteria (PGPR), showing significant promise for
agricultural applications. Members of the genus Bacillus, including B. subtilis,
are frequently isolated from soil and have been identified in the rhizosphere of
various plant species [51]. This Gram-positive, non-pathogenic bacterium has been
extensively studied as a model organism for secondary metabolite production,
sporulation, biofilm formation, and root adhesion [31]. Its ability to form resilient
endospores provides exceptional resistance to abiotic stresses such as drought,
extreme temperatures, and nutrient deficiencies, further enhancing its suitability
for agricultural use. B. subtilis is already a key component in several commercial
biological products, including Serenade, Subtilex, and Cease [9], underscoring its
practical value in sustainable agriculture.

The rapid emergence of resistant plant pathogens outstrips the development
of new pesticides, underscoring the substantial potential of biological products in
agriculture [19, 59]. Despite over five decades of development and application,
agriculture remains heavily reliant on traditional chemical methods. Although
biological products have demonstrated efficacy in controlled environments, their
performance in field conditions is often variable [3, 39]. For example, inoculation
of canola with a commercial strain of B. subtilis significantly reduced the severity
of Plasmodiophora brassicae disease by over 80% under controlled conditions, yet
this effect was less pronounced in field trials. Similarly, strawberry leaf inoculations
with B. subtilis showed a 50% reduction in biocontrol agent presence in the field after
8 days, in contrast to stable levels observed under controlled conditions [66]. These
observations highlight the complexity of plant-bacteria interactions, particularly
under unregulated conditions. A deeper understanding of these interactions could
enable more effective and rational application of live bacteria in biological products.

B. subtilis employs both direct and indirect mechanisms to enhance plant
growth and yield, including improved nutrient availability, modulation of plant
hormone homeostasis, and alleviation of abiotic stress. Bacillus species secrete
metabolites that promote plant growth and prevent pathogen infection [45].
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Specifically, these bacteria assist plants in coping with ecological stresses, such
as climate change, with B. subtilis playing a pivotal role in enhancing resilience
to biotic stress [28]. This stress resistance involves the expression of specific
genes and consequent synthesis of hormones, such as 1-aminocyclopropane-1-
carboxylate deaminase (ACC). Ethylene, which restricts root and shoot growth, is
regulated by bacterial ACC to mitigate plant stress and maintain normal growth.
Additionally, Bacillus spp. secrete exopolysaccharides and siderophores that inhibit
the movement of toxic ions, support ion balance, facilitate water transport within
plant vessels, and suppress pathogen growth [45].

This work aims to explore the potential applications of Bacillus spp. in
biological plant control and the promotion of sustainable agriculture, drawing
insights from an analysis of literature data.

Nutrient mobilization and hormone regulation

Many essential nutrients and macro- and micronutrients, such as nitrogen,
phosphorus, and iron, are present in the soil in forms that are not readily accessible
to plants and must therefore be fixed or mobilized by rhizobacteria. For instance,
plants cannot directly utilize atmospheric nitrogen and rely on microbial symbionts
for this nutrient. Bacillus subtilis assists in nitrogen fixation and promotes nodule
formation by other bacteria, enhancing the colonization of local symbiotic
rhizobacteria. Phosphorus, another critical nutrient, also needs to be mobilized
before it can be used by plants. Bacillus subtilis facilitates phosphorus solubilization
through the production of various organic acids that convert it into a soluble form
[47]. Additionally, metal ions such as iron often limit plant growth. Studies have
shown that B. subtilis increases plant iron content by enhancing iron mobility
through rhizosphere acidification and inducing the regulation of iron acquisition
genes in plants [22].

Beyond nutrient mobilization, B. subtilis produces a range of compounds
that directly influence plant growth. Notably, B. subtilis modulates plant hormone
homeostasis, promoting cell division and plant growth either by producing growth
hormones directly or by inducing their production in plants through secreted
compounds.

Two volatile organic compounds produced by B. subtilis, namely 3-hydroxy-
2-butanone (acetoin) and 2.3-butanediol, contribute to plant growth by altering
cytokinin and ethylene homeostasis. The mixture of volatile compounds from B.
subtilis can regulate auxin homeostasis in Arabidopsis thaliana, leading to reduced
auxin levels in the leaves and increased levels in the roots. Since auxin inhibits leaf
expansion but promotes root development, this redistribution may support optimal
plant growth. Additionally, spermidine, a polyamine produced by B. subtilis,
enhances plant growth by inducing expansins and reducing ethylene levels in
plants. Both inoculation with producer strains and synthetic mixtures significantly
improved root development [68].

In addition to such signaling molecules that indirectly affect hormone
homeostasis, B. subtilis is also known to produce phytohormones [27]. Inoculation
with a B. subtilis strain that produces cytokinin resulted in a substantial increase in
cytokinin levels in lettuce plants, leading to improved growth and yield. This growth
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POJIb BACILLUSSPP. Y CTAJIOMY 3EMJIEPOBCTBI TA BIOKOHTPOIJII

stimulation effect is attributed to the uptake of cytokinin produced by B. subtilis by
the roots rather than enhanced nutrient availability [7].

Enhancing drought and salt tolerance

Water scarcity and soil salinization are two major constraints in modern
agriculture. Drought is one of the most severe environmental stressors affecting
crop yields worldwide and is expected to intensify due to climate change in the
near future. Freshwater is a limited resource, and irrigation for agricultural crops
may decrease in the coming decades. Additionally, prolonged irrigation contributes
to soil salinization, with approximately 20 to 50% of irrigated agricultural lands
currently affected by salt contamination [20].

B. subtilis has been shown to enhance plant tolerance to drought and salt stress.
Recent studies by Woo et al. [67] demonstrated that inoculation with B. subtilis strain
GOT?9 improves the drought and salt stress resistance of Arabidopsis thaliana and
Brassica campestris through the modulation of plant gene expression, including
the upregulation of genes involved in abscisic acid (ABA) biosynthesis, a key plant
hormone for stress regulation. Furthermore, B. subtilis strain has been shown to
increase osmotic stress tolerance in 4. thaliana. In this context, the strain mitigates
drought-induced damage by enhancing the biosynthesis of osmoprotectants in the
plant and regulating the plant-specific Na+ importer HKT1 [7].

Biocontrol

Bacillus spp. are widely recognized as safe microorganisms that produce
bioactive compounds beneficial for agricultural crops. Their ability to form
endospores enables them to withstand adverse environmental conditions. In the
rhizosphere, Bacillus spp. often function as endophytes, forming symbiotic
relationships with plants and providing protection against pathogens. B. subtilis
employs a range of direct and indirect mechanisms to safeguard plants, including
the production of antimicrobial compounds and the activation of induced systemic
resistance.

B. subtilis is known to produce over 24 antibiotic compounds [28]. These
substances can be peptide-based, protein-based, or non-peptide-based, with non-
peptide antibiotics classified as ribosomal or non-ribosomal peptide antibiotics
[62].

Different B. subtilis strains synthesize a range of hydrolytic enzymes
such as cellulases, proteases, and beta-glucanases, which adapt the surrounding
environment to their benefit. These bacteria also produce exoenzymes that break
down cell walls and various metabolites that can inhibit the growth or activity
of other microorganisms. B. subtilis strains are known to synthesize antibiotic
lipopeptides, including fengycin, surfactin, and iturin. Lipopeptides are low-
molecular-weight compounds with surfactant properties, representing prominent
examples of biosurfactants [37]. One of the most studied secondary metabolites of
B. subtilis is surfactin, a cyclic acidic lipopeptide known for its diverse functions,
including signal transduction and surface tension reduction. Due to its amphiphilic
nature, surfactin can disrupt the cell membranes of other organisms by integrating
into lipid layers. It is frequently reported as an active compound in the biocontrol
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of plant pathogens by B. subtilis [17]. Surfactin is the most effective biosurfactant
produced by B. subtilis, forming a hydrophobic globular structure in water and air
[13, 49].

Inoculation with surfactin-producing B. subtilis significantly reduces the
mortality of Arabidopsis thaliana infected with Pseudomonas syringae, an eftect
not observed with surfactin-deficient mutant strains. Additionally, surfactin inhibits
P, syringae in liquid cultures at biologically relevant concentrations. Fan et al. [17]
observed that surfactin-producing B. subtilis 9407 exhibits strong antibacterial
activity in vitro against the pathogen Acidovorax citrulli and is highly effective in
controlling melon seedling diseases in greenhouses. These abilities were lost in a
surfactin-deficient mutant, highlighting the importance of surfactin in biocontrol
[17]. However, surfactin-deficient mutants have shown other notable phenotypic
changes that might reduce their biocontrol efficacy. Since surfactin production is
closely linked with the synthesis of other antimicrobial secondary metabolites,
these mutants may also lack other antimicrobial properties [33].

Most B. subtilis strains produce several antimicrobial compounds. Surfactin
and bacilomycin act synergistically against pathogens, with their biosynthetic
pathways being at least partially interconnected. Surfactin-deficient B. subtilis
mutants do not produce bacilomycin, but the addition of exogenous surfactin
restores its production. Bacilomycin-deficient mutants show reduced control over
Rhizoctonia solani compared to wild-type strains [33].

Volatile compounds produced by B. subtilis can inhibit spore germination
and hyphal growth of the phytopathogen Botrytis cinerea in an independent, non-
contact manner on agar plates. However, the involvement of these volatiles in plant
biocontrol remains unconfirmed.

Iturins are classified into iturins A, C, D, and E; mycosubtilin; bacilomycins
D, F, and L; and bacilopcin [37]. Iturins exhibit antifungal and antimicrobial
activities against yeasts and are considered excellent biopesticides.

Fengycins A, B, and C possess strong antifungal and antibacterial properties
[62].

Bacillus subtilis produces peptide antibiotics known as bacteriocins,
categorized into four classes based on their genetic and biochemical characteristics.
Class I bacteriocins, or lantibiotics, are commonly used as antibiotics and are further
classified into types A and B based on their antimicrobial activity and chemical
structure.

B. subtilis mitigates disease severity not only through direct inhibition of
pathogen growth but also by reducing pathogen virulence. This is partly due to its
ability to interfere with quorum sensing (QS) signals, which regulate virulence gene
expression. The enzyme AiiA produced by B. subtilis inactivates QS autoinducers.
For instance, strain B. subtilis BS-1, which produces AiiA, reduces symptoms of
soft rot in potatoes caused by Erwinia carotovora, a pathogen whose virulence is
dependent on QS signals [7].

B. subtilis also competes directly with plant pathogens for resources,
although experimental evidence supporting this mechanism remains limited.
Indirect biocontrol strategies include biofilm formation, promotion of plant growth,
competition for colonization sites, and the induction of systemic resistance (ISR)
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[63]. Biofilm formation on plant roots plays a critical role in enhancing lipopeptide
production, which significantly boosts antimicrobial activity in the surrounding
soil. Notably, wild strains of B. subtilis demonstrate more robust biofilm formation
compared to laboratory or commercial strains, underscoring their potential for
biocontrol applications.

The genus Bacillus secretes various secondary metabolites that promote
plant growth and enhance disease resistance. Studies indicate that B. subtilis can
reduce the need for synthetic pesticides by promoting beneficial soil bacteria [40].
For example, Bacillus thuringiensis (Bt) and its toxins provide broad insecticidal
control and support plant growth [3]. B. cereus, B. amyloliquefaciens, and B. subtilis
are also effective against pests [23].

Lipopeptides produced by Bacillus inhibit the growth of phytopathogenic
fungi like Fusarium spp., Aspergillus spp., and Bipolaris sorokiniana. These
compounds show promise as biocontrol agents. For instance, lipopeptides from
B. subtilis CMB32 significantly suppress anthracnose caused by Colletotrichum
gloeosporioides. Additionally, biosurfactants from Pseudomonas, Bacillus, and
Acinetobacter assist in heavy metal bioremediation and pesticide biodegradation.
Nano-biofertilizers, incorporating B. subtilis and other beneficial microbes, enhance
plant growth, limit fungal infections, and reduce the need for chemical fertilizers,
thereby preventing groundwater contamination. Some volatile organic compounds
(VOCs) released by B. subtilis (GB03) help plants recover from stress, while
exopolysaccharides and siderophores from Bacillus species aid in maintaining
ionic balance and suppressing pathogenic microbes [23].

Induced systemic resistance (ISR)

B. subtilis enhances plant defense by triggering induced systemic resistance
(ISR), a process that strengthens the plant's overall resistance to a wide range of
pathogens. This process involves ultra-structural and cytochemical changes in host
cells in response to pathogen attack. B. subtilis activates ISR by forming colonies or
biofilms in the rhizosphere, increasing host plant resistance to pathogens. Notably,
ISR activation by B. subtilis leads to the synthesis of jasmonic acid (JA), ethylene,
and the NPR1 regulatory gene [25].

ISR activation is associated with cell wall degradation, de novo production of
glucanases and chitinases, and phytoalexin production related to disease resistance.
For instance, B. subtilis (AUBS1) enhances the production of phenylalanine
ammonia-lyase (PAL), peroxidase (POD), and de novo protein synthesis in rice
leaves. Another strain, B. subtilis (UMAF6614), induces the secretion of salicylic
acid (SA) and JA in melon plants, improving resistance to powdery mildew [25].
B. subtilis also boosts the synthesis of pathogenesis-related (PR) proteins in tobacco
tissues, leading to increased resistance to mosaic virus, as evidenced by reduced
mosaic symptoms in treated plants. Similarly, another B. subtilis strain reduces the
activity of root-knot nematodes in tomato plants by activating ISR [1].

Inoculating roots with B. subtilis strains that naturally produce high levels
of surfactin and fengycin can alleviate diseases caused by Botrytis cinerea in
tomato and bean leaves. The absence of B. subtilis cells in the leaves suggests that
disease reduction occurs through ISR. Moreover, strains with excessive surfactin
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production significantly reduce disease symptoms compared to low-producer
strains, indicating a correlation between ISR activation and surfactin levels [12].

B. subtilis inoculation in Arabidopsis thaliana triggers ISR by limiting
the entry of Pseudomonas syringae pv. tomato DC3000 through stomata. Root
colonization by B. subtilis significantly increases levels of ABA and salicylic
acid, leading to stomatal closure and blocking infection [32]. Volatile compounds
can also induce ISR. Airborne signals, when physically separating Arabidopsis
seedlings from PGPR, significantly reduce symptomatic leaves after infection by
Erwinia carotovora. These volatile compounds act independently of the signaling
pathways used by PGPR in physical contact [7].

Root colonisation

B. subtilis forms thin biofilms on roots to facilitate long-term colonization of
the rhizosphere. Chemotaxis enables the localization and colonization of young roots
[2]. During the initial phase of root colonization, active and directed movement via
chemotaxis is highly beneficial for plant growth-promoting rhizobacteria (PGPR)
to anchor themselves to the roots [2]. Chemotaxis allows bacterial cells to sense
changes in chemical gradients around them and move towards more favorable
environments or away from toxins. The chemotactic response is initiated when
stimulatory molecules bind to specific chemoreceptors located on the bacterial
surface, leading to subsequent modification of CheA kinase and its response
regulator, CheY [61]. CheY, in turn, interacts with the flagellar motor, controlling
the direction of motor rotation and thus switching between swimming and tumbling
[64]. In the absence of an attractant bound to the cognate chemoreceptor, CheA
remains inactive and CheY is unphosphorylated, causing the flagellar motor to adopt
a default clockwise rotation, leading the cell to reorient through tumbling. Upon
attractant binding to the chemoreceptor, CheA becomes activated and subsequently
phosphorylates CheY, resulting in counterclockwise rotation of the flagellar rotor
and direct swimming towards the attractant. Less is known about how B. subtilis
responds to repellents. It has been suggested that repellents act directly on the
membrane rather than through the CheA-CheY pathway, leading to an increased
frequency of tumbling [64].

Allard-Massicotte et al. [2] demonstrated that multiple chemoreceptors of
B. subtilis are involved in the response to root exudates. A DcheA mutant, deficient
in overall chemotaxis, and two non-motile mutants, a flagellar filament mutant
Dhag and a flagellar motor mutant DmotA, were unable to colonize 4. thaliana
roots within 4 hours, unlike the wild-type (WT), indicating that chemotaxis is
essential for root colonization. Additionally, they tested various chemoreceptor
mutants in the presence of extracted root exudates in capillary assays, showing
that chemoreceptors McpB, McpC, and to some extent TlpC are responsible for
the response to amino acids and sugars present in the exudates. Notably, they
also identified a mutant that exhibited significantly greater attraction to exudates
compared to the WT, suggesting that the McpA chemoreceptor responds to a
repellent molecule present in the exudates [2].

Studies have demonstrated that plants utilize the mechanism of root exudate
secretion to actively attract desirable PGPR. Infection by the phytopathogen
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Pseudomonas syringae induces the secretion of L-malic acid, which facilitates the
colonization of Bacillus subtilis roots. Additionally, capillary assays have confirmed
that L-malic acid can indeed elicit a chemotactic response in B. subtilis and may
function as an attractant.

It has been proposed that the chemotactic response is specifically directed
towards root exudates produced by individual plant species, suggesting that bacteria
may have evolved to specifically respond to their encountered host plants [71].
Zhang and colleagues [71] demonstrated that a strain of B. subtilis isolated from the
banana rhizosphere and a strain of B. amylolicefaciens isolated from the cucumber
rhizosphere colonize their native host plants more effectively than other plants.
They observed a higher chemotactic response of B. subtilis to concentrated banana
root exudates compared to cucumber, which may explain the greater colonization
of its original host plant [71].

Most publications on the role of chemotaxis in root colonization have
investigated this process in liquid environments. In natural soil systems, entire
clusters of cells move rapidly across solid surfaces as dynamic multicellular
colonies, which may be of greater significance [24].

Unlike chemotactic swimming motility, swarming is non-directional and
requires the production of surfactin, which reduces surface tension and forms a
thin water film in which cells proliferate. Gao and colleagues [24] investigating
cheA mutants, frequently used in chemotaxis studies, suggested that swarming
might play an even more significant role in root colonization than chemotaxis. They
examined a mutant with impaired chemotaxis, cheV, as well as three swarming
mutants, namely srfAC, which are deficient in surfactin production, swrA, and
minJ, each missing one of two genes from the swarming operon. They found that
the chemotactic mutant could colonize with 80% efficiency, similar to the wild type
(WT), whereas swarming mutants showed only 5-15% colonization efficiency.
Additionally, the lack of surfactin may further affect root colonization, with swrA
and min] mutants displaying very elongated cells, suggesting other potential
negative side effects [24].

The mechanism of chemotaxis encoded in bacterial genomes is unique to
each bacterial species and is not related to genome size. Bacterial genomes contain
multiple chemoreceptor genes along with genes regulating cell differentiation and
their interactions with living organisms. The key role of bacterial chemoreceptors
is to establish beneficial interactions between plants and bacteria. For instance,
bacteria such as Azotobacter chroococcum, Sinorhizobium meliloti, Pseudomonas,
and Rhizobium exhibit positive chemotaxis towards root exudates [65]. The genome
of B. subtilis encodes 10 chemoreceptors, known as ligands, composed of amino
acids, carbon, and oxygen, enabling this species to locate specific environments such
as the rhizosphere [69]. B. subtilis plays a crucial role in this environment. Bacillus
spp. require 24 hours to form a biofilm on plant roots. A biofilm is a multicellular
bacterial community where cells are tightly connected and surrounded by a matrix
they secrete. The timing of biofilm formation by B. subtilis on host plant roots
also depends on the promoters of genes responsible for matrix secretion when
the bacteria first encounter the root. Chemotactic signals required for B. subtilis
colonization are activated 48 hours after inoculation [5].
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Biofilm formation is more intense in wild strains of B. subtilis compared to
laboratory or commercial strains. Ability to form a stable biofilm on plant roots is
the significant advantage for the species. Biofilms are one of the most successful
forms of life and are found across a wide range of environments [21]. They consist
of cells closely packed together, embedded in an extracellular matrix (ECM), which
in B. subtilis primarily consists of exopolysaccharide (EPS) and the protein TasA.
Dragos and colleagues [14] demonstrated that both EPS and TasA are essential for
successful root colonization. They reported that the number of cells colonizing the
root was reduced in both EPS-deficient (Deps) and TasA-deficient (DtasA) mutants
compared to the wild type (WT). Interestingly, when both mutants were inoculated
on roots in a mixed culture, the ability to form a stable biofilm was restored, and
the number of colonizing cells was actually significantly higher than in the WT,
indicating that cells can share resources and distribute functions within B. subtilis
biofilms on plant roots [14].

Mature biofilms of B. subtilis are known to be quite heterogeneous,
and various phenotypes, aside from matrix producers, can be present even in
monocultures, including competent, cannibalistic, digging, motile, and sporulating
cells [35]. This specification of different tasks allows for functional distribution,
thus ensuring efficient resource utilization that benefits the entire biofilm [58]. In
B. subtilis, three main regulators have been identified as key elements in controlling
cell differentiation: DegU for exoprotease secretion, ComA for competence and
surfactin production, and SpoOA for matrix production and ultimately sporulation
[35]. These regulators are activated during phosphorylation by specific kinases
responding to external signals, including specific nutrients and signals from host
plants, competitors, or collaborators [ 14, 41]. All three main regulators are important
for root colonization to some extent.

The transition from swarming and chemotactic motility to biofilm formation
is primarily initiated by the expression of the sinl gene, which is induced at
intermediate levels of SpoOA~P. Deletion of the principal regulator Spo0A, as well
as the matrix derepressor Sinl, results in the inability of Bacillus subtilis to colonize
the roots of Arabidopsis thaliana. SpoOA regulates the repression of matrix or
motility genes through a double negative feedback loop involving SIrR and SinR.
When Spo0OA is unphosphorylated, sinl is not expressed, and SinR represses
sIrR, maintaining low levels of SIrR, which allows SinR to inhibit matrix genes,
such as eps and tasA. At intermediate levels of SpoOA~P, this response regulator
binds to the high-affinity site of sinl, activating the expression of Sinl, which then
binds to and inhibits SinR, leading to the derepression of slrR. The expressed
SIrR, by forming a complex with SinR, inhibits SinR, resulting in prolonged SIrR
expression. In this high SItR state, the formation of SIrR-SinR complexes leads
to low levels of free SinR, thereby derepressing matrix genes. Additionally, the
SIrR-SinR complex suppresses the expression of the motility gene hag and the
autolysin genes [ytABC and /ytF, resulting in the formation of stationary coherent
cell chains that constitute the matrix. As SpoOA~P phosphorylation levels increase,
other low-affinity operators of sin/ bind, leading to decreased Sinl production while
sporulation genes are activated. Furthermore, the alternative matrix gene repressor
AbrB, which also targets eps, tas4, and bls4 (encoding a surface hydrophobicity
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protein), is connected to the SpoOA pathway, providing additional fine-tuning of
matrix-associated gene expression. AbrB is expressed at low levels of SpoOA~P
and represses matrix genes, while intermediate levels of SpoOA~P cause repression
of the abrB gene, simultaneously inducing the expression of AbbA, which inhibits
the resident AbrB and thereby relieves repression of matrix genes [5, 60].

Key regulatory genes known to be essential for in vitro biofilm formation
in B. subtilis are also important for effective root colonization and biocontrol
against Ralstonia solanacearum in tomato plants. Various null mutations within the
SpoOA pathways resulted in either hyper-strong biofilms with increased numbers of
colonizing cells (4abrB and 4sinR) or defective biofilms with reduced numbers of
root-attached cells (4sinl, deps, and AtasA), depending on whether they positively
or negatively impact biofilm development, respectively [7].

To date, five distinct kinases, from KinA to KinE, have been identified as
initiating the SpoOA phosphorylation cascade in response to various signals. KinC
and KinD have been found to play a direct role in root colonization by initiating
biofilm formation in response to different plant signals. The AkinD mutant was
unable to form a biofilm on tomato roots. It was determined that L-malic acid is
the responsible signal for biofilm induction; however, since the concentrations
required for biofilm formation were quite high, it was suspected that L-malic acid
might primarily function as a carbon source, altering metabolism to favor biofilm
existence. The combination of glycerol, a primary root exudate, and manganese
strongly promotes biofilm formation. However, this effect was significantly reduced
for AkinD and less so for the AkinC mutant, further indicating the importance of
these kinases in biofilm formation in response to plant-related signals. Providing
additional evidence that KinC and KinD are involved in biofilm formation in
response to root exudates, Beauregard et al. [S] observed that plant polysaccharides
such as arabinogalactan, pectin, and xylan induce the formation of a pellicle in
Bacillus subtilis. They tested the ability of mutants deficient in each of the five
kinases, from KinA to KinE, as well as the double mutant AkinCD, to form a pellicle
in response to three plant polysaccharides, identifying KinC and KinD as sensors
responsible for pectin and arabinogalactan. However, all mutants were still able
to form a biofilm in response to xylan, suggesting the presence of an additional,
yet unidentified pathway capable of initiating biofilm formation in response to
plant signals. Furthermore, they identified over 40 predicted glycosylhydrolases in
B. subtilis that could degrade plant polysaccharides, allowing their use as a carbon
source for cell growth and other metabolic processes. Indeed, they demonstrated
that B. subtilis utilizes plant polysaccharides to incorporate them into the matrix
EPS [5].

In addition to Spo0A, DegU plays a crucial role in regulating the transition
from motility to biofilm formation in B. subtilis by repressing motility genes in its
phosphorylated form. It also regulates the production of the surface hydrophobic
protein BslA and poly-y-glutamic acid (PGA), which are important for stable
biofilm formation [34, 70]. Yu et al. [70] observed that root colonization efficiency
positively correlates with y-PGA production in high-producing strains of B. subtilis.
Although a direct link between root colonization and DegU in B. subtilis has not yet
been demonstrated, the 4degU mutant of the closely related B. amyloliquefaciens
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was unable to colonize Arabidopsis thaliana roots compared to the wild type,
suggesting that DegU may be critical for root colonization [70].

The ultimate master regulator, ComA, influences root colonization by
indirectly affecting biofilm formation. ComA also regulates surfactin production.
Surfactin is considered a crucial signaling molecule that stimulates biofilm
formation in B. subtilis by inducing potassium leakage. Surfactin-deficient mutants
also exhibited disrupted biofilm formation, but only under conditions that do not
naturally induce biofilm formation. In contrast, under biofilm-inducing conditions
provided by media such as MSgg and MSNg, B. subtilis was able to form stable
biofilms independent of surfactin. Moreover, no significant difference in root
colonization ability was observed between the surfactin-deficient mutant (srfAA)
and the wild type, indicating that surfactin is not essential for root colonization [55].

For further cellular differentiation, all three main regulators are additionally
controlled via quorum sensing (QS) [42]. QS facilitates cell-to-cell communication
based on the production, secretion, and response to autoinducers. This allows cells
to detect the density of neighboring producers and potential collaborators and
respond accordingly. QS is critical for the development of cooperative behaviors,
as it regulates the synthesis of substances such as surfactin or ECM components.
In B. subtilis, regulatory peptides (Phr) and their related response regulators, the
aspartyl-phosphatases (Rap), mediate QS, which in turn regulates the activity of
the three main regulators [42]. The autoinducer Phr is translated from pre-Phr
proteins, which are secreted and processed into mature Phr peptides. At high cell
densities, Phr peptides reach a threshold concentration that allows their import into
the cell, where they bind to their corresponding Rap phosphatase and inhibit it.
This alleviates the inhibition of the master regulator, leading to altered expression
of target genes. SpoOA is regulated by RapABEHIJ60, as these phosphatases
inhibit SpoOA phosphorylation by dephosphorylating SpoOF~P. In contrast, Rap
phosphatases regulate ComA (RapCDFGHKPQ60) and DegU (RapG), primarily
by preventing their DNA-binding activity [8, 69]. The extent to which QS plays a
role in root colonization by B. subtilis remains unknown.

In addition to the QS autoinducer Phr and the secondary metabolite surfactin,
B. subtilis produces and secretes cyclic di-adenosine monophosphate (c-di-
AMP), which may function as a signal during biofilm formation. c-di-AMP acts
as an extracellular signaling molecule, influencing biofilm formation and root
colonization, potentially through changes in the phosphorylation state of SpoOA.
However, the precise molecular mechanism remains to be elucidated [56].

The signaling responsible for inducing biofilm formation on roots is not a
unidirectional process from plant to microbe, but rather an interaction between both
parties. In addition to the compounds produced by plants that elicit chemotactic
responses and biofilm formation in bacterial cells, B. subtilis is capable of affecting
gene expression in plants, thereby promoting root colonization. Approximately
300 genes are differentially expressed in Arabidopsis thaliana when colonized
by B. subtilis. This includes downregulation of genes associated with protective
signaling in roots, as well as genes related to cell wall metabolism, which could
contribute to both initial attachment and survival, thus facilitating overall root
colonization. Indeed, suppression of genes involved in the plant's innate immune
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response may play a crucial role during B. subtilis colonization of roots, as it may
help bacterial cells evade the plant's defense mechanisms during initial colonization
[46]. Various compounds produced by B. subtilis, including lipopeptides such as
surfactins and iturins, as well as key bacterial components like flagellin, act as
microbe-associated molecular patterns that trigger specific immune responses in
plants [18]. Rekha et al. [46] observed that B. subtilis strain RR4 initially suppresses
various immunity-related genes during root colonization of rice, thus aiding its
own colonization, and subsequently induces defense responses to enhance plant
immunity. Deng et al. [15] described how the endophyte B. subtilis strain BSn5 can
mask its own-produced flagellin by producing the lantibiotic subtilomycin, thereby
reducing the stimulation of the plant’s defensive response.

It is suggested that the EXLXI protein, produced and secreted by Bacillus
subtilis, plays a crucial role in plant-microbe interactions. This protein has a structure
highly similar to that of plant B-expansins, which are known to bind to plant cell
walls and facilitate their expansion. Mutants deficient in EXLX1 production also
showed a significant reduction in root colonization compared to wild-type strains
[7].

Similar to how different B. subtilis strains vary in their ability to promote
plant growth and control phytopathogens, they also differ in their capacity to
successfully colonize plant roots. The genetic relatedness among different B. subtilis
strains influences their ability to either co-colonize plant roots or competitively
exclude each other. After inoculating Arabidopsis thaliana roots with multiple
unrelated strains, the resulting biofilm on the roots predominantly consisted of a
single strain, indicating an antagonistic interaction among the strains. In contrast,
inoculation with pairs of related strains led to the formation of mixed biofilms and
joint colonization, suggesting that B. subtilis colonizes plant roots in a manner that
reflects genetic relatedness [53].

Interactions of Bacillus and plants

The potential of B. subtilis to promote plant growth and enhance plant
defense against pathogens varies significantly among strains. While some
compounds, particularly those with broad target ranges and multiple functions such
as surfactin, are commonly synthesized by B. subtilis strains, the production of
others, like subtilin, appears to be strain-specific [30]. This suggests that certain
compounds may provide specific strains of B. subtilis with advantages in particular
ecological niches, thereby helping to tailor and optimize plant-microbe interactions.
It is evident that plant growth promotion and pathogen control are not unilaterally
beneficial acts by B. subtilis. The bacteria also derive benefits from their interaction
with plants. PGPR rely on carbon sources exuded by plants in nutrient-poor soils
and often respond specifically to plant-produced signals [48]. Root exudates serve
not only as a nutrient source for PGPR but also as signaling molecules that establish
connections and initiate the colonization process [5]. Although some beneficial
interactions between plants and microorganisms seem independent of direct
physical contact, such as with volatile organic compounds, biocontrol and growth
stimulation effects are heavily dependent on the PGPR’s ability to effectively attach
to and colonize the host plant, particularly under natural conditions. This highlights
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the fundamental role of successful root colonization in bacterial interactions. In
this context, several bacterial traits are important, including chemotaxis to sense
and reach the plant root and biofilm formation for attachment and resilience on the
root [27].

Growth promotion and pathogen suppression are achieved through the
synthesis of various defensive compounds in host plant tissues, leading to ISR,
which is supported by bacteria through antibiosis against pathogens. Additionally,
bacteria can secrete phytohormones and other beneficial compounds. Soil particles
bound by roots are easily colonized by bacteria, which compete with resident
bacteria for rhizosphere nutrients. Thus, mutualism between bacteria develops
through metabolic exchanges: plants provide organic substances (carbon) to resident
bacteria, and in return, bacteria assist plants in absorbing water and nutrients
from the soil. ISR induction and improved plant growth are additional outcomes
of the mutualistic interaction between plants and bacteria [26]. B. subtilis plays a
significant role among growth-promoting bacteria and in biocontrol. The advantage
of using B. subtilis is its ability to activate ISR, likely mediated by salicylic acid.
B. subtilis can be used to induce resistance by synthesizing protective enzymes
in the host, such as POD, PPO, and PAL. In the event of pathogen attack, plants
activate defensive mechanisms. This protective response often leads to systemic
acquired resistance (SAR) and the induction of hypersensitive responses, resulting
in the formation of brown, desiccated tissue. Inoculation of plants with Bacillus
subtilis strain (pf4) resulted in high levels of SAR. Compared to non-inoculated
plants, inoculated plants showed significantly higher similarity (96.5%), shoot
length (9.0 cm), root length (8.03 cm), and strength index (1703). Treatment of
sunflower seeds with Pseudomonas fluorescens enhanced root biomass production.
Similar results were observed in castor bean seeds inoculated with P. fluorescens
and B. subtilis, with a greater increase in growth achieved with P. fluorescens than
with B. subtilis. When tomato seeds were treated with Bacillus subtilis (EPC016),
a significant increase in seedling growth was observed compared to non-inoculated
plants [28].

Most studies on B. subtilis root colonization have been conducted under
sterile and strictly controlled conditions, which are far from the natural, complex
environment of the plant rhizosphere and root. Laboratory observations are often
difficult to reproduce in field conditions. The rhizosphere is shown to contain
up to 10" microbial cells per gram, representing over 30,000 species [6]. One
reason for the variability in biocontrol success in field conditions may be natural
plant microbiomes. Interactions among microbes can be either cooperative or
competitive, meaning that depending on the bacterial community encountered,
B. subtilis root colonization can be enhanced, reduced, or even successful or
unsuccessful. For example, Pseudomonas protegens, another widely used PGPR,
can inhibit B. subtilis biofilm formation in co-cultivation by producing a compound,
2.4-diacetylphloroglucinol, which delays cell differentiation by suppressing biofilm-
specific genes [43]. Accordingly, biofilm formation not only plays a crucial role
in root colonization but also modulates interactions with co-occurring microbes.
Molina-Santiago et al. [38] noted that the B. subtilis D-matrix mutant, deficient
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in biofilm matrix production, showed increased susceptibility to Pseudomonas
chlororaphis invasion, leading to higher sporulation during co-inoculation of melon
seeds. Conversely, co-inoculation of B. subtilis and B. licheniformis synergistically
improved growth in red pepper and tomato plants, indicating a positive interaction
between the pair.

It has been shown that adding B. subtilis to the natural rhizosphere has only
a minor impact on the overall plant microbiome. Inoculation of tomato plants
with B. subtilis in greenhouse studies affected the eukaryotic microbiome for 14
days, while the bacterial impact lasted only 3 days [44]. Wei et al. [66] observed a
similar outcome for B. subtilis applied to leaves rather than root inoculation. Here,
B. subtilis also appeared to have only a minor effect on the natural phyllosphere
microbiome [66]. However, the impact of the natural plant microbiome on B. subtilis
and whether specific taxa can enhance its root colonization remains unknown and
needs further investigation.

Plant microbiome formation is largely determined by complex interactions
between microorganisms [57]. Synergistic interactions and co-cultivation of
multispecies biofilms of Pseudomonas spp. and Bacillus spp. on banana roots
influenced colony composition at the root-microbiome interface and acted as a
beneficial plant consortium against pathogens [54].

Synergetic interactions between nodule bacteria and B. subtilis

Disease suppression and stimulation of plant growth have been observed
for the interaction between nodulating bacteria and Bacillus subtilis, which
could stimulate the synthesis of phytohormones in host plants and in free-living,
endophytic, rhizospheric, and symbiotic microorganisms present in the root system
[50].

Various bacterial genera colonize the rhizosphere, including Bacillus,
Acinetobacter, Arthrobacter, Enterobacter, Cellulosimicrobium, Mycobacterium,
Pseudomonas, Sinorhizobium [16, 52]. Combined application of these bacteria
results in enhanced plant growth stimulation, increased enzyme and antioxidant
production, phosphorus solubilization, biocontrol activity, nodule formation, and
nitrogen fixation.

B. subtilis demonstrates significant potential as a plant growth promoter
and biocontrol agent. However, its effectiveness is influenced by environmental
conditions and competition with other microorganisms. Despite its proven benefits,
the variability observed in field performance underscores the need for further
research to optimize its application and identify new strains with enhanced efficacy
[28].

Conclusions. Studies on plant-bacteria interactions in the rhizosphere reveal
that beneficial bacteria like Bacillus spp. enhance plant growth and resilience
through hormone regulation, biofilm formation, modulation of plant immune
responses, and improved nutrient availability and stress tolerance. B. subtilis and
related species are particularly effective in increasing crop yields and combating
plant diseases. Their ability to improve drought and salt tolerance is especially
noteworthy, making Bacillus spp. promising candidates for sustainable agriculture.
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Pedepar

Memorto oanoi pobomu € ananiz rimepamypu o000 NOMeHYiuHo20 GUKOPUCHIAHHSL
Bacillus spp. y 6ionoeiunomy KOHMPOI pOCIUH MA PO3GUMKY CMALO20
semnepoocmea. Qensad aimepamypu. Pocaunu, siki e3aemooditomv i3 PGPR
(pusobaxmepiamu, Wo CMUMYTIOMb PIC POCIUH), Kpauje pO36USAIOMbCs i
€ binbu cmitikumu 0o cmpecy. Bacillus spp. euxopucmogyomscs y ciibCoKomy
eocnooapemsi sik PGPR 0ns nioguwerntst 6podicatiHocmi ma cmpecocmiukocmi
KYIbmyp, npome eQekmugHicme iX GUKOPUCHAHHA MOdIce 3MIHIOBAMUCs 3d
Pi3HUX YMO8. Biominnocmi y pesynbmamax eunpo6yeans midc 1a60pamopHumu
[ NONLOBUMU YMOBAMU NIOKPECTIOIOMb HEOOXIOHICIb NOOAILUUUX OOCTIONCEHb Y
yiu cgpepi. Bacillus spp., nanpuknao, B. subtilis, noxpawyroms gixcayito azomy,
bepymo yuacmo y Mobinizayii pocghopy ma 30i1buLyiome 6MICm 3ai3d 8 POCIUHAX.
Kpim mozo, Bacillus spp. supobnsaioms ghimozopmonu ma cnoiyku, siki pezynoioms
2opmonaneHutl bananc pocaun. Bayunu saxuwarome pociunu 6i0 namozeuis,
BUPOOISAIOUU AHMUMIKPOOHI CNOMYKU, MAKL K JNINONenmuou ma anmuOiomuxu.
3 memoio kpawoi konowizayii' B. subtilis moodynioroms excnpecito eenié pocium i
YmEopIoiomy OIONIIEKU Y NPOYec, Wo peyrioembCs CUCMEMOIO qUOTUM Sensing.
Bucnoexu. Jlocniodicenns 63aemo0ii pociun i baxmepiil y puzocgepi nokazanu,
wo Kopucwi bakmepii, maxi ax Bacillus spp., nokpawyrome picm i cmitkicms
POCIUH WLIAXOM pecylsiyil 2OpMOHI8, YMEOpeHHs. DIONNIBOK, 6NAUGY HA IMYHHI
8I0N0BIOL POCIUH, NOKPAUEHHSL OOCMYNHOCI NONCUBHUX PEUOGUH I CMIUKOCMI 00
cmpecy. B. subtilis ma inwi éuou dayun € 0coonuso epekmusHumMu y nio8UUeHHI
8pOdICAIHOCMI KYIbMYP Ma 3MeHwenHi 3axeopiosanocmi. Ocobnuso 6axiciugoio
€ ix 30amuicme nidGUWYSAMU CMIUKICMb POCIUH 00 HOCYXU MA COLOHOCHIL.
i xapaxmepucmuxu poonsime Bacilli spp. nepcnekmuenumu ma yiHHUMU OJsl
BUKOPUCTNANHS Y CIMATLOMY CLIbCLKOMY 20CNO0APCMEI.

Knwwuosi cnoea: Bacillus spp., puzobaxmepii. 6iokonmpoius, 6ionnieka, cmane
3eM1epodbCmeo.
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SCREENING OF MARINE SPORE-FORMING
BACTERIA DEGRADING POLYMER MATERIALS

The development of plastic recycling methods requires the search for new
microorganisms capable of their biodegradation. The aim of the work was to
screen spore-forming bacteria isolated from bottom sediments of the Black Sea for
their ability to decompose Impranil and polyethylene terephthalate. Materialsand
methods. Cultivation of sixty cultures of spore-forming bacteria isolated from the
Black Sea was carried out on a solid LB medium supplemented with Impranil (3—4
ml/l) or bis(hydroxyethyl)terephthalate (BHET) (5 mM). The ability of cultures
to decompose polymer additives was evaluated by the formation of a transparent
zone around the colonies after incubation at 30 °C and 37 °C for 14 days. Results.
Out of 60 strains, 40 showed a positive result. 22 strains were active towards both
plastics, 13 — only towards Impranil, 5 — only BHET. Impranil was decomposed
somewhat more actively at 30 °C than at 37 °C. No clear temperature dependence
was found in BHET decomposition. The analysis of the species composition showed
that 35 of the 40 active strains belonged to seven species of microorganisms.
B. subtilis has the highest share of active strains, as this species is represented by
13 strains, each of which was found to be active. The most active strain belonged
to the species B. reuszeri. Conclusions. Spore-forming bacteria isolated from
the Black Sea are capable of degrading Impranil and BHET. Enzymes degrading
above mentioned polymers are the most widespread among the representatives of
the species B. subtilis, B. atrophaeus and B. reuszeri. The highest activity towards
Impranil showed B. subtilis, towards BHET- P. megaterium, B. reuszeri and
B. licheniformis. Impranil degradation was more active under 30 °C, but no clear
dependence between temperature and BHET degradation was detected.

Key words: polyethyleneterephthalate, Impranil, biodegradation, spore-
forming bacteria, Black Sea.

Due to their remarkable properties, various types of plastic are actively used
in many areas of human life. Polyethylene terephthalate or PET is one of the most
popular types of plastic, utilized in the production of food [17] and pharmaceutical
[9, 22] containers, as well as in the textile industry [13]. However, a significant
part of used plastics is not recycled and is discarded into the environment, where it
degrades into microplastics which contaminate soils and waters, enter trophic chains,
and harm animals and humans [7]. Reducing PET production in the near future is
unlikely [11], which creates an urgent need for developing technologies to enhance
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the value of used PET waste and combat plastic pollution [23]. Biodegradation can
solve the problem from two sides — creating more efficient, energy- and resource-
saving methods of PET recycling on the one hand, and theoretically enabling the
cleanup of plastic-contaminated ecosystems on the other [4, 12].

PET hydrolases represent the most studied class of enzymes [6]; however,
the full extent of PET hydrolase gene distribution remains unknown, particularly
among the Firmicutes phylum. PET hydrolytic activity has been demonstrated
by p-nitrobenzyl esterase isolated from Bacillus subtilis [20]. Consortia from oil-
contaminated sites in Texas, comprising mixtures of Pseudomonas and Bacillus
representatives (B. thuringiensis C15 and B. albus PFYNO1), reduced the weight
of granular PET [21]. Isolates of B. cereus and B. gottheilii obtained from coastal
mangrove areas exhibited weak PET degradation abilities [3]. A bacterium
B. safensis YX8, isolated from the soil surface of PET waste, degraded PET
nanoparticles [26]. B. licheniformis demonstrated the ability to form biofilms on
PET surfaces and modify its chemical structure [15].

Given this information, spore-forming bacteria exhibit significant potential
for the degradation of synthetic polymers, a field that remains underexplored. Of
particular interest are microbial communities in marine environments, as it has
been established that marine microorganisms can form biofilms on plastic surfaces
[8]. Data on similar properties of Black Sea bacteria are quite limited.

The aim of this study was to screen spore-forming bacteria isolated from
Black Sea sediments for their ability to decompose polyethylene terephthalate and
Impranil.

Materials and Methods

The study utilized 60 strains of spore-forming bacteria, isolated in previous
research from deep-sea sediment samples of the Black Sea and identified (Tables 1,
2) by their morphological, cultural, physiological, and biochemical characteristics,
as well as by comparing their fatty acid profiles using the MIDI Sherlock microbial
identification system on an Agilent 7890 gas chromatograph equipped with a flame
ionization detector [1].

To evaluate the ability of the studied cultures to degrade plastics, nutrient
media containing Impranil and BHET were used. Impranil is commonly employed
to assess the capability of microorganisms to degrade polymers, particularly
polyurethane [5]. BHET consists of one terephthalic acid residue and two ethylene
glycol residues, i.e., PET monomers, making it a convenient substrate for detecting
PET-hydrolytic activity [25].

The base for the plastic-containing media was solid LB medium (lysogeny
broth), which was sterilized by autoclaving, cooled to 50—60 °C, and supplemented
with the polymers separately under constant stirring using a magnetic stirrer: 3—4 mL
of Impranil emulsion per 1 liter of LB or a previously prepared BHET solution to
a final concentration of 5 mM [25]. Experiments with each type of plastic were
conducted independently. The BHET solution was prepared as follows: a 1 M stock
solution of BHET was made in dimethyl sulfoxide, heated to 60 °C, and stirred
until the substrate was completely dissolved. The prepared media were poured into
Petri dishes: approximately 20 mL per dish with a diameter of 92 mm.
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Table 1
The species composition of the studied cultures

Cypher Species name Cypher Species name
B1 Priestia megaterium 03 B31 Bacillus atrophaeus 200
B2 Unknown B B32 Unknown 222
B3 Bacillus pumilus 049 B33 Bacillus subtilis 203
B4 Priestia megaterium 052 B34 Unknown A05
B5 Bacillus licheniformis 048 B35 Bacillus subtilis 1223
B6 Shouchella clausii 046 B36 Unknown 045
B7 Shouchella clausii 050 B37 Unknown 79.2
B8 Brevibacillus reuszeri 031 B38 Lysinibacillus sphaericus 66
B9 Bacillus pumilus 229 B39 Unknown 801
B10 Brevibacillus reuszeri 039 B40 Sutcliffiella halmapala 9
B11 Bacillus subtilis 247 B41 Bacillus subtilis 231
B12 Bacillus licheniformis 012 B42 Brevibacillus reuszeri 44
B13 Priestia megaterium 036 B43 Metabacillus idriensis 2
Bl14 Priestia megaterium 42 B44 Bacillus licheniformis 240
B15 Bacillus licheniformis 1 B45 Bacillus licheniformis A
Bl16 Priestia megaterium 116 B46 Unknown 043
B17 Priestia megaterium 98 B47 Unknown 043.1
B18 Bacillus licheniformis 026 B48 Unknown 117
B19 Bacillus licheniformis 014 B49 Shouchella clausii 020
B20 Priestia megaterium 55 B50 Priestia megaterium 122
B21 Bacillus subtilis 053 Bs51 Shouchella clausii 07
B22 Bacillus subtilis 211 B52 Bacillus subtilis 231
B23 Unknown 040 B53 Bacillus subtilis 217
B24 Priestia megaterium 054 B54 Bacillus subtilis 021
B25 Priestia megaterium 233 B55 Priestia megaterium 051
B26 Bacillus subtilis 204 B56 Bacillus atrophaeus 200
B27 Bacillus subtilis 212 B57 Alkalihalobacillus clausii 07
B28 Unknown 239 B58 Robertmurraya siralis 57
B29 Bacillus subtilis 1 B59 Bacillus pumilus A
B30 Bacillus subtilis B B60 Bacillus sp. 1222
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The test microorganisms were streaked on meat-peptone agar (MPA) to
obtain 24-hour cultures. The cultures were cultivated at 30 °C for 24 hours. The
following day, each culture was inoculated onto the plastic-containing media using
inoculation loop. The cultures were incubated at 30 °C and 37 °C for 14 days.
All inoculations were performed in duplicate for each culture and temperature
condition.

The results were assessed by observing the formation of transparent zones
in the media surrounding active colonies, and their widths were measured. This
analysis provided information about the potential of microorganisms to degrade
the selected polymers [18]. Cultures forming transparent zones larger than 3 mm in
at least one experiment were considered highly active, those with zones between 2
and 3 mm were considered moderately active, and those with zones of 1.5 mm or
less were deemed low-activity cultures. This grading scale was chosen arbitrarily,
as the study aimed to conduct a preliminary evaluation of Black Sea bacteria's
ability to degrade synthetic polymers and to identify the most active cultures.

Results and Discussion

Degradation of Impranil and BHET by the studied microorganisms

Out of the 60 strains tested for their ability to hydrolyze Impranil and BHET,
a total of 40 showed positive results. The list of active cultures is presented in
Table 2. Among these, 22 strains were active against both types of plastics, 13
strains exhibited activity only towards Impranil, and 5 strains showed activity
exclusively against BHET.

Highly active cultures include 11 strains (B1, B6, BS, B10, B11, B19, B27,
B52, B53, B54, B56), with moderate activity — 17 strains (B2, B3, B5, B12, B13,
B16,B17,B18, B21, B22, B26, B28, B29, B30, B31, B33, B35), while low-activity
cultures include 12 strains (B7, B9, B20, B23, B25, B39, B40, B41, B44, B55, B59,
B60). The ratio of active to inactive strains is illustrated in Figure 1.

Formation of transparent zones around colonies of active cultures is shown
in Fig. 2.

The species composition of bacteria capable of degrading Impranil and
BHET

The species composition of active cultures was analyzed: 35 out of 40 active
cultures belonged to seven types of microorganisms: Priestia megaterium (B1,
Bl11, B13, B16, B17, B20, B25, B55); Shouchella clausii (B6, B7); Brevibacillus
reuszeri (B8); Bacillus licheniformis (B5, B12, B18, B19, B44); Bacillus pumilus
(B3, B9, B59); Bacillus subtilis (B21, B22, B26, B27, B29, B30, B33, B35, B41,
B52, B53, B54); Bacillus atrophaeus (B31, B56); Bacillus sp. (B60); Sutcliffiella
halmapala (B40). The species of five more strains is unknown.

The number of active cultures among representatives of each species is
presented in Table 3. All studied B. atrophaeus cultures exhibited the ability to
degrade both types of polymer compounds. However, since only two strains of
this species were included in the study, the sample size does not allow these results
to be considered reliable. It can be assumed that the ability to degrade polymers
was most common among B. subtilis isolates. All cultures of this species were
capable of degrading Impranil, and 77% could degrade BHET. Additionally, 77%
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Table 2
The size of the transparent zones around colonies of active strains, mm

Ne Species affiliation Cypher | Degradation of Impranil | Degradation of BHET

30 °C 37°C 30°C 37°C
1 | Priestia megaterium 03* B1 2.5 - 4 1
2 | Unknown B B2 1.5 2.0 - -
3 | Bacillus pumilus 049 B3 2.0 2.0 - -
4 | Bacillus licheniformis 048 B5 2.5 1.5 - -
5 | Shouchella clausii 046 B6 35 2.5 - -
6 | Shouchella clausii 050 B7 1.0 1.5 1,5 -
7 | Brevibacillusreuszeri 031 B8 2.5 1.0 1 4.5
8 | Bacillus pumilus 229 B9 1.0 - - -
9 | Brevibacillusreuszeri 039 | B10 2.0 2.5 3.0 4.5
10 | Bacillus subtilis 247 B11 4.5 1.5 - -
11 | Bacillus licheniformis 012 B12 - - 2.0 -
12 | Priestia megaterium 036 B13 2.0 2.5 - -
13 | Priestia megaterium 116 B16 2.0 - 0.5 2.5
14 | Priestia megaterium 98 B17 - 2.0 - -
15 | Bacillus licheniformis 026 B18 2.5 - 1 1
16 | Bacillus licheniformis 014 B19 4.0 - 3.5 0.5
17 | Priestia megaterium 55 B20 1 1.5 - -
18 | Bacillus subtilis 053 B21 1 2 1 1
19 | Bacillus subtilis 211 B22 2 2.5 1 1
20 | Unknown 040 B23 1 - - 0,5
21 | Priestia megaterium 233 B25 - - - 1
22 | Bacillus subtilis 204 B26 2.5 2.5 1.5 1.5
23 | Bacillus subtilis212 B27 3.5 1.5 - 1
24 | Unknown 239 B28 - 2 - -
25 | Bacillus subtilis 1 B29 2.5 2 1 -
26 | Bacillus subtilis B B30 1 2.5 1 1
27 | Bacillus atrophaeus 200 B31 2 2.5 1 1.5
28 | Bacillus subtilis 203 B33 2 2 1 1.5
29 | Bacillus subtilis 1223 B35 2 1 1 0.5
30 | Unknown 801 B39 - - - 1
31 | Sutcliffiella halmapala 9 B40 - - 1
32 | Bacillus subtilis 231 B41 - 1.5 - -
33 | Bacillus licheniformis 240 B44 1 1 - -
34 | Bacillussubtilis231 B52 7 - 1 1
35 | Bacillussubtilis217 B53 4 - - -
36 | Bacillussubitilis 021 B54 5 - 1 1
37 | Priestia megaterium 051 B55 0.5 1 1 -
38 | Bacillusatrophaeus200 B56 4 - 1 1
39 | Bacillus pumilus A B59 1 - - -
40 | Bacillus sp. 1222 B60 - - 1 -

Note: * — the most active strains are shown in bold.
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Fig. 1. The ratio of strains with high, medium, low and absent activity among
60 studied strains

of these cultures degraded both types of plastics. In general, representatives of six
species (P. megaterium, S. clausii, B. reuszeri, B. licheniformis, B. subtilis, and
B. atrophaeus) were able to degrade both Impranil and BHET. Cultures of Bacillus
pumilus degraded only Impranil, while S. halmapala and Bacillus sp. degraded
only BHET, but due to the small number of strains representing these species, these
data cannot be considered reliable. Among the 11 cultures whose species affiliation
could not be established, 3 were active against Impranil, and 2 against BHET. One
culture exhibited activity against both polymers. However, according to the data of
Table 2, this activity was low.

Various studies [3, 13, 20] describe the ability of Bacillus species to degrade
polyethylene terephthalate (PET), which is confirmed by the results obtained
in this study. Previous researches [3, 15, 20, 21, 26] indicate that the Bacillus
genus is among the most common carriers of PET-degrading enzymes among the
Firmicutes phylum. This is also confirmed by our data, as members of the Bacillus
genus accounted for the largest proportion (34%) of the 40 active cultures. The
p-nitrobenzyl esterase BsEstB produced by B. subtilis has been described [20]. It
is possible that this enzyme is responsible for the degradation of both Impranil and
BHET.

The ability of P. megaterium to biodegrade polystyrene, which, like PET
and BHET, contains a benzene ring, has been demonstrated [16]. Additionally,
P. megaterium was identified in consortium “No. 46,” which exhibited PET-
degrading activity [24]. While P. megaterium is known to form biofilms on plastic
surfaces, according to the obtained results, it may also participate directly in
biodegradation by breaking down PET degradation products, such as BHET.

B. licheniformis has previously been studied for its ability to degrade
polylactic acid [2]. However, based on our data, it can be assumed that this species
might also have the potential to degrade PET.
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30 °C

Impranil

BHET

37°C

Impranil

BHET

Fig. 2. Decomposition of Impranil and BHET by the studied cultures

Note: arrows indicate transparent areas around active cultures:
1 - B2 (BA: 1.5 mm), B3 (049D: 2 mm), B5 (048D: 2.5 mm);

2 —B6 (046C: 3.5 mm), B8 (031B: 2.5 mm); 3 — B19 (014A: 4 mm), B16 (116C: 2 mm);
4 —-B1 (03A: 4 mm); 5—B10 (039: 3.5 mm); 6 — B7 (050A: 1.5 mm), B8 (031B: 1 mm);
7—-B31 (200A: 2.5 mm), B33 (203A: 2 mm); 8 — B2 (BA: 2 mm), B5 (048D: 1.5 mm);
9—-B10 (039: 2.5 mm), B11 (247: 1.5 mm); 10 — B8 (031B: 4.5 mm);

11 - B10 (034: 4.5 mm); 12 — B16 (116C: 2.5 mm)
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Table 3
The share of active cultures among representatives of different species
Species Cultures The number of | The number of | The number of
that were active against active against active against
studied Impranil BHET BHET and
Impranil
Priestia megaterium 11 6 4 3
Shouchella clausii 4 2 1 1
Brevibacillus reuszeri 3 2 2 2
Bacillus licheniformis 7 4 3 2
Bacillus pumilus 3 3 - -
Bacillus subtilis 13 13 10 10
Bacillus atrophaeus 2 2 2 2
Bacillus sp. 1 - 1 -
Sutcliffiella halmapala 1 - 1 -
Alkalihalobacillus clausii 1 - - -
Robertmurraya siralis 1 - - -
Lysinibacillus sphaericus 1 - - -
Metabacillus idriensis 1 - - -
Unknown 11 3 2 1

B. reuszeri is known for its wide enzymatic activity spectrum and its ability
to degrade polyethylene and polyurethane [10]. Polyurethane, like PET, contains
a benzene ring. Given that B. reuszeri can utilize BHET, it is plausible that it may
also be capable of degrading PET.

Regarding S. clausii, B. atrophaeus, and B. pumilus, data on their polymer
degradation capabilities are limited. However, based on the obtained results, it
can be inferred that these three species are more inclined to degrade Impranil than
BHET. As for S. halmapala, only low activity against BHET was observed.

Temperature dependence of culture activity

In general, Impranil was more actively degraded at 30 °C than at 37 °C,
although the data are insufficient to establish a clear correlation (Fig. 3). Specifically,
the activity of eleven cultures increased with a rise in cultivation temperature, while
for sixteen cultures, activity was higher at 30 °C. For three strains, activity was
independent of temperature. A total of twenty-one cultures degraded Impranil at
both temperatures, 11 strains were active only at 30 °C, and three strains only at
37 °C.

No clear dependence of BHET degradation efficiency on temperature was
observed (Fig. 4). For ten cultures, activity increased with a rise in temperature,
while for seven, activity was higher at 30 °C. For another seven cultures, activity was
independent of temperature. Sixteen cultures degraded BHET at both temperatures,
five only at 30 °C, and five exclusively at 37 °C.
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Fig. 3. Dependence of Impranil decomposition on temperature
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Fig. 4. Dependence of BHET decomposition on temperature
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Thus, spore-forming bacteria isolated from the Black Sea sediments exhibit
potential in the biodegradation of polymeric compounds, particularly PET and
Impranil. Enzymes responsible for the degradation of these polymers are most
common in representatives of B. subtilis, B. atrophaeus, and B. reuszeri. The
highest activity against Impranil was observed in strains of B. subtilis, while
P. megaterium, B. reuszeri, and B. licheniformis demonstrated the most significant
activity against BHET, which was used as an indicator of PET degradation
enzymes. Impranil was generally degraded more effectively at 30 °C, whereas no
clear temperature-dependent correlation was observed for BHET. These results
provide a foundation for further studies and suggest the potential of Black Sea
sediment bacteria as polymer degraders, as their enzymatic systems remain active at
relatively low temperatures, offering the possibility of developing energy-efficient
plastic biodegradation technologies.

The studied bacteria are facultative anaerobes; however, their polymer-
degrading ability was tested only under aerobic conditions. Conducting similar
experiments under anaerobic conditions could provide more data into the
mechanisms of plastic biodegradation under natural conditions.

The experiment duration was compared with other studies. In experiments
focused on PET biodegradation, strains of Pseudomonas and Bacillus were
cultivated on LB media with Rhodamine B to test lipolytic activity, with cultivation
lasting 24 hours. For general hydrolytic and polyesterase activity, agar plates with
tributyrin were used, with cultivation lasting five days [19]. Impranil degradation
using purified enzymes lasted for 24 hours [5], while an esterase from Enterobacter
sp. degraded approximately 80% of BHET in 120 hours [19]. Thus, 14 days is
sufficient for the enzymes of active strains to diffuse through the agar and react
with Impranil and BHET.

The obtained data indicate a significant potential of the Black Sea bacteria
in the decomposition of polymer compounds. Future research should focus on
screening a broader range of spore-forming bacteria and other microbial groups
from the Black Sea and investigating the nature of the degradation products.
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CKPUHIHT YOPHOMOPCBHKHNX
CMIOPOYTBOPIOBAJIbHUX BAKTEPIiA
{00 3IATHOCTI O BIOJET PATALIIT
MOJIMEPHUX MATEPIAJIIB

Pedepar

Pozeumok memodie ymunizayii niacmuxie nompeoye noutyky Ho8ux Mikpoopaea-
Hi3Mi8, 30amHux 00 ix biodecpadayii. Memoto pobomu Oy8 CKpuHine cnopoymeo-
prosanvhux bakmepiil, 8udileHUX 3 OOHHUX ocadie YopHozo mops, wodo 30am-
Hocmi 00 po3kiadanua noriemunienmepegpmanamy ma Imnpaniny. Mamepianu i
memoou. Kynomueysanmnsa wicmoecamu 4OpHOMOPCLKUX CHOPOYMEOPIOBANbHUX
bakmepitl 30ilCHIOBANU HA A2APU30BAHOMY IHCUBUTLHOMY cepedosuwyi LB, y ke
0ooamkogo enocunu Imnpanin (3—4 ma/n) abo bic(ciopoxkcuemun)mepegpmanam
(PI'ET) (5 mM). 30amuicms Kynomyp 00 po3KIA0AHHS ROTIMEPHUX 000a80K OYi-
HIOBAU 34 VIMBOPEHHAM HABKONO KOJOHIU NpOo30poi 30HU nicia iHKyOayii npu
30 °C ma 37 °C ynpooosoc 14 0i6. Pesynomamu. 3 60 wmamis 40 nokazanu no-
sumugnutl pesyromam. 22 wmamu 6yiu akmusHi ujo0o obox eudie niacmuxy, 13
— minoku wooo Iunpaniny, 5 — euxaouno wooo BI'ET. 35 wmamie 3 40 akmug-
HUX HAexcanu 0o cemu 8udie Mikpoopzanismis. Haubineuy KinbKicmb akmusHux
wmamie susasieHo cepeo Kynomyp Bacillus subtilis. HatlakmusHiwa Kynemypa Ha-
nexcana 0o eudy Bacillus reuszeri. Imnpanin dewjo akmuehiuie po3kiadascs npu
30 °C, niowe npu 37 °C. He 3natioeno uimkoi 3anesxcnocmi y poskaadanti BIET 6i0
memnepamypu. Bucnoexku. Cnopoymeoprosanvui baxmepii, eudineni 3 Yoprozo
mops, 30amHui 0o deepadayii Iunpaniny ma BI'ET. Haiibinvwe epmenmu, uo
BUKTIUKAIOMb 0e2padayiio 8Ka3aHUX Noaimepie, NOWupeHi y npeocmagHuKie uoie
Bacillus subtilis, Bacillus atrophaeus ma Bacillus reuszeri. Hatiguworo akmusHic-
mio wooo Imnpawniny xapakmepuszyiomscs npeocmasnuku udy Bacillus subtilis,
wjooo BI'ET— Priestia megaterium, Bacillus reuszeri ma Bacillus licheniformis.
Iunpanin epexkmusniwe poskiadaemocs npu 30 °C, ons BI'ET uimxkoi 3anesxcHo-
cmi weuoxkocmi decpadayii 6i0 memnepamypu He 3HALOEHO.

Knwuosi croea: mopcoki cnopoymsopiosanvhi 6axmepii, Yopue mope, noni-
MepHi mamepianu, biodespadayis.
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PETEHEPALIIIHA 3JATHICTDh EKCILJTAHTIB BUY
PRUNUS LAUROCERASUSL. IN VITRO

Mema 0ocnidxcenna — 3’sacysamu 0cobIUB0CMI pezeHepayitiHoi 30amHocmi
excnaanmie eudy Prunus laurocerasus L. 3a Kylibmugy8anus in vitro, 3a1exicHo
8I0 Muny #cusya ma PimoeopmMoHaAIbLHO2O CKIAOY HCUBUTLHUX cepedosuuy. Ma-
mepianu i memoou. JlocniodxiceHus npogoounu y a1abopamopii MiKpOKIOHAIb-
HO20 posmHodceHHsA pocaun Hayionanvnoco odenoponapky «Cogpiiekay HAH
Vrpainu. Mamepianom 0na docniodcenns ciyeysanu Hez0epes AHill na2oHu Uy
Prunus laurocerasus L., axi cmepunizyeanu 3a sukopucmannsa 0,1% 600noeo pos-
wuny HgCl, 2% 6oonozo posuuny medioyudy ma 75% posuuny NaOCl, nicaa
4020 POCIUHU BUCAONCYBANU HA DE320PMONHI dcusUlbHI cepedosuwia Mypaciee-
Ckyea. Pesynemamu. Y x00i ekcnepumenmy cmepuiibii eKCHianmu KyJ1bmugyeanu
Ha 0e320pMOHHUX HCUBUTLHUX cepedosuuyax, a énpooosic 6—10 0ib eusHayanu
CMEPUTbHICIb MA HCUMMEIOAMHICIb eKCNIAHMIB, 8I00Upanu HaubiIbUL HCUm-
ME30AMHI I BUCAONCYBATU HA HCUBUTLHI cepedosuwya i3 pisHuMm emicmom @imo-
20pMOHiB. Y nepioo KynbmugysamnHs eKCHaAanmis nposoouy CnOCMepPeltCeHHs 3d
ix pocmom ma pozeumxom. Kpawi mopgpomempuuni nokasHuxu (Kinokicmes nazo-
Hi8, 008JCUHA MA KOeIYIEHM POIMHONMCEHHS) BUABLEHO ) eKCHAAHMIE K)Ibmu-
B0BAHUX HA HCUBUTLHOMY cepedosuui VI, aki 6ionogiono cmanosuau 2,27+0,18;
2,12+0,14; 2,34+0,12. Bucnosok. 3a pe3ynvmamanmiu O0CHIOHCEHHS BUABILEHO, WO
Haveuwull 8iocomok cmepunvHocmi (83,27%) ma sccummesoamuocmi (89,88%)
Manu eKCnaanmu, OMmpUMani 3 MeoidbHOI YacmuHu nazomie 3a 0opooku 75% pos-
yunom einoxnopumy nampito (NaOCl) 3 excnosuyicio wicms XeunuH. 3’scoearo,
wjo Hausuwy pecenepayitny soamuicmo (7,12+0,23) manu excnianmu ooeporcari
i3 medianvroi yacmunu naeona. Ha scusunoHomy cepedosuwyi VI, moougixosa-
Homy oodasautam 0,22196 mxm/n 6-BAIl ma 0,03936 mxm/n f—IMK, kinekicmo
ymeopeHux nazonie cmanosuia 6,95+0,19 wm., a dosxcuna 3,71+0,15 cm.

Knwuosi cnoea: P laurocerasus, xoegiyieHm pO3MHONMCEHHSA, eKCHIAAHMU,
cmepunizayis, HcUsiUIbHe cepedosuilye.

JlaBpoBuHs nikapcbka (Prunus laurocerasus L.) — BiuHO3eleHa AeKopa-
TUBHA CHJIBHO PO3rally’KeHa JIepeBHa a00 KylIoBa POCIMHA 3 POAMHU Rosaceae
Juss, sika HapaxoBye Onmmu3bKo 60 gekopaTuBHUX copTiB Ta (opm. [loxoauts BUT i3
perioHiB MiBIEHHO-3aXiHOI A3ii Ta MiBIEHHO-CXiAHOI €BpOMNH, M0 MEXYIOTH 13
YopHuM MopeM, Jie 3aBISKH BUCOKHUM JIEKOPATUBHUM BJIACTUBOCTSAM Ta HEBUOAr-
JIMBOCTI 10 YMOB POCTY, POCIIMHU aKTHBHO BUKOPHCTOBYIOTh y 3€JIECHOMY Oy/IiBHU-
uTBi [5].

© O. B. Ilouka, JI. A. Konmap, 2024
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JlaBpoBHIIHS, SIK IHTPOMYKOBAaHHM BHII, TPAIUIAETHCS HA 1HIIACHKOMY CyO-
KOHTHHEHTI, BJACHHO-3aX1/1Hii YacTHHI [liBHIYHOAMEPHKAHCHKOTO KOHTHHEHTY, Y
Ascrpanii, HoBilt 3enanzii, ApreHTuHi, Ta Ha BCiil Teputopii €Bponu [12].

B Vkpaini P. laurocerasus — ManonommpeHa IeKOpaTUBHA POCIUHA, SIKa Yy
HEBEJIMKHUX KUTBKOCTAX TPAIUISIETHCS y PI3HUX PETiIOHAX, OKPIM CXOAY, ajie HalKpa-
Ie pocTe, LBITE Ta IUIOJOHOCUTH HA MIBJHI Ta 3aX0/i YKpaiHu, IPOTE MOXKE POCTU
1 OinbI miBHIYHIIIE (puC. 1.).

Puc. 1. Kapra nomupenns Buay P. laurocerasus B Ykpaiui

Fig. 1. The distribution map of P. laurocerasus in Ukraine

B nanmit yac OGararo HayKOBIIIB CBITY IPOBOJATH JOCITIJDKEHHS BHUIY
P, laurocerasus, siKi IEpeBa’KHO CTOCYIOTHCSI BUBYCHHS XIMIYHOTO CKJIQAy POCIHH
(myIoAiB, TUCTKIB, HACIHHS ), pO3IIN(PYBAHHS T€HETHYHOTO KOJY, TOCIIIKEHHS MO-
JIEKYJIPHO-010JIOTTYHUX OCOOIMBOCTEH, a TaKOXK PO3pOOJIEHHS PI3HUX CIOCOOIB
PO3MHOKEHHSI: HaCIHHE, BEreTaTuBHE, 30KpeMa KUBIIOBaHHs Ta in vitro [11].

B Vkpaini TpamisioTbes Jullle MOOAWHOKI MyOiikarii, B SKUX €Mi30JU4HO
MPEICTABICHO OCTIKEHHSI 0COOIMBOCTEH POCTY 1 PO3BUTKY POCIHUH, 3aJICKHO
BiJl KJIIMAaTUYHUX YMOB OKpPEMHX perioHiB YKpaiHu. JlociipkeHHSIMH pereHepa-
IWHOT 3MaTHOCTI pocnuH BUny P. laurocerasus in vitro, HaCKiIbKU HaM BiJIOMO,
HE 3aiiMaeThCs KOJIHA HAyKOBa YCTAaHOBA, TOMY BUHHUKJIA HEOOXiIHICTh MPOBECTU
JOCITIKEHHSI 3 MIKPOKJIOHAJILHOTO PO3MHOXKEHHsI P. laurocerasus, 30kpeMa BBe-
JICHHS HOTO B CTEPHJIbHI YMOBH Ta BU3HAUEHHSI pereHepariiiHoi 34aTHOCTI POCIUH
JAHOTO BUIY in Vitro, 3aJIe)HO A1l pi3HUX KOHIIEHTpAIlii (iTOTOPMOHIB.

OpHi€ro 13 CKIaIOBUX POCTY Ta PO3BUTKY POCIIHH in Vitro € 3MaTHICTH 110 pe-
reHepauii. Bona Bigirpae kito4oBy poJib y BiAHOBJIEHH! POCIMHHUX TKAHUH MICIIs
TIOTIIKO/IKEeHb a00 BIUTMBY cTpecoBux (akropiB. EdexTrBHa perenepartis 3abe3me-
Yy€THCS 3aBISIKM ONTUMAJIbHUM YMOBaM KYJIBTHBYBAaHHS Ta IPABUIBLHOMY Mi100pY
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YKUBUJIBHUX CEPEIOBHILL 1 pETYASATOPIB pocTy. Ll yMOBU CHIpUSIOTH MIBHIKOMY (Op-
MYBaHHIO HOBUX OPTaHiB 1 TKAHWH, 1110 JO3BOJISIE OTPUMATH 3I0POBI1 1 JKUTTE3AATHI
pocauan. TakuM YMHOM, 3aTHICTB JI0 pereHepaitii Ta miadip ONTUMaIbHOTO CKIIa-
Ny KUBHJIBHUX CEPEIOBHUIIL € BAXKIIMBOIO MEPEAYMOBOIO ISl YCIIIIHOTO MIKpOPO3-
MHOXXEHHS POCIIUH in vitro [7; 8].

OnHUM 13 CKJIQJHUX €TaIliB MIKPOKIIOHAJILHOTO PO3MHOMKEHHSI € CTepuUITi3a-
1S POCTMHHOTO Marepiany. Ha nmpoMy ertami Hamu MpoOBOAMIACS MiATOTOBKA POC-
JIMH JI0 BBEJICHHS B CTEPUJIbHI YMOBH in Vitro, a TAaKOX 1X 3HE3apakeHHsI BiJ MaTo-
TeHHUX MikpoopraHizMiB. Tomy min0ip epeKTUBHUX CTEPHIII3yBaJIbHUX PEYOBHH
Ta JOTPUMAaHHS MPaBWJI CTEPUIIi3allil BIUIMBAIM HA TOAAJBINI PE3yNbTaTu A0CHTi-
JOKEHHS in vitro [6].

Meta poOotu — 3’sicyBaTu 0COOIMBOCTI pereHepaliifHoOl 31aTHOCTI eKCIIaH-
TiB Buny Prunus laurocerasus in vitro, 3al€XHO BiJ| TUITYy UBIS Ta (HiTOrOpPMO-
HAJIBHOTO CKJIAJly KUBHIIbHUX CEPEIOBHUIII.

Marepiajin Ta MeTOIM J0CTiTKEeHb

Jocniau npoBoaunu y naboparopii MiKpOKIOHAIBHOTO PO3MHOXKEHHS POC-
muH HanionaneHoro nennponapky «CodiiBkay HAH VYkpainu 3a MeTonndHUMU
pexomengamisimu B. A. Kynaxa (2005; 2008) Ta B. B. Maukesuua [1; 2; 4]. XXu-
BWJIBbHI CE€pEeIOBHUIIA TOTyBau 3a nmpornurcoMm Mypacire i Ckyra (1962) [10].

Crepuiizalito MaTepiaiiB Ta IHCTPYMEHTIB POBOJIMIIM 32 BUKOPUCTAHHS aB-
toknaBa BK-75 (temneparypa 150 °C) Ta cyxoxxaposoi madu (180 °C).

Jlyis OTpUMaHHS aCeNTUYHOT KyJIbTYpPH IEPBUHHUX €KCIUIAHTIB, y TIEpIIIiii J1e-
KaJi TpaBHs OpaJy amikajabHi Ta MEialIbHI YACTHHU MaroHa 3 TPbOX—II SITH PIYHUX
POCIIHH, SIKi TIepe]l BBEICHHIM PO3IUISLITA HA MiKPOTIATOHU 3 OJHIEI0-TBOMA OpyHb-
KaMu, 3aBIOBXKKH 10—15 MM. Y KO)KHOMY BapiaHTi TOCIIPKEHHSI BUKOPHCTOBY BN
1o 22 MiKpOmaroHu.

[TonepenHio 0OpoOKY MiIKpOIMAroHiB MpoBOAWIM mpernaparoM «CenTomop,
a OCHOBHY — 3a Bukopuctanns 0,1% Boanoro poszuuny HgCl, 2% Boanoro pos-
YUHY Meaionuay (crupt i3omnponinoBuii—60%, ankinauMeTHa0eH3IaMOHIH XJ10-
pun—0,1%, Boma) Ta 75% pozunny NaOCl, ekcro3uiisi KO)KHOTO CTEepHIIizaTopa
cranoBuia 1, 3 i 6 xB BiamoBigHO. [Ticis bOro POCIUHE MPOMUBAIH Y O1TUCTH-
JHOBaHI BOJII Ta BUCAKYBAJIM Ha O€3TOPMOHHI KUBHIIbHI CEPEIOBHILA 32 MTPOITH-
coM Mypacire-Ckyra. EdexruBHicTs cTepuiizanii BusHadanu Ha 6—10 mqoOy micis
BBEJICHHS in Vitro, a >kuTte3aatHicTh Ha 10—15 no0y. KynsTuBYBaHHS €KCIUIaHTIB
NPOBOAMIIN Y KyJbTypasibHIN KiMHaTi 3a Temneparypu 24=+1 °C, ¢oronepioni 16
roj., inTeHcuBHOCTI ocBiTiaeHHS 3000 JIK Ta BiTHOCHIH BojiorocTi moBitTpst 70%.

JlocniKkeHHsT pereHepaliifHol 31aTHOCTI MPOBOIMIINA 32 BUKOPUCTAHHS Me-
TOAY MIKPOKJIOHAJIBHOTO PO3MHOKEHHS POCIIHMH i IIEI0 PEryIsSTOPIiB POCTY.

Monudikanito xuBmIbHUX cepenoBuil Mypacire i Ckyra (MC) mis Bu3Ha-
YEHHs pereHepaliiHoi 31aTHOCTI MPOBOIMIIH 32 BUKOPUCTAHHS IIECTH KOHIIEHTpPA-
it 6-6ensmnaminonypuny (6—bAIl) ta inponin-3-macnsnoi kucnotu (f—IMK). 3a
KOHTPOJIb Opaii )KMBWJIBHE CepeloBHINe Oe3 moaaBaHHs GpiToropMoHiB (tadm. 1).
Perenepaniiiny 31aTHICTh €KCIUIAHTIB pO3paxoByBajn 3a Gopmyior: P=a/be, ne a
— KUJIBKICTh YTBOPEHUX MAroHiB; b — KUIBKICTh BUCA/KEHHX MArOHIB; ¢ — KUIBKICTh
nacaxis [9].
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Tabmums 1

BwmicT ¢iToropmonis y Mmonu@pikoBaHHUX ;KUBHIBHUX CepPeIOBHIIAX

Phytohormones content in modified nutrient media

Table 2

Bapiantu ®diToropMoHn
KUBUJIBbHHUX
cepe/1oBHII 6—BAIl p—IMK
I (xoHTpOIIB) - -
II 0,04439 0,00492
1 0,08878 0,00984
v 0,03333 0,01968
\% 0,17757 0,06333
VI 0,22196 0,03936
VII 0,33333 0,09333

Craructuany oOpoOKy pe3yabTaTiB JOCIiKEHh BUKOHAHO 32 BHKOPUCTAHHS
nporpamu Microsoft Excel 2016.

Pe3yabTaTn Ta iX 00roBOpeHHs

Brponorx 10 mi6 micist BBeIeHHS MIKPONIAroHiB B KYJbTYpY i1 Vitro Tipo-
BOJIWJIM OIVISIT POCJIMH 1 BU3HAYAIM BiZICOTOK CTEPUIIBHUX Ta JKUTTE3MATHUX MiK-
POTIAroHiB, sIKi BiIOMpaIK Ta BHCAHKyBAIX HA XUBUIIbHI CEPEIOBUINA i3 Pi3HUM
(ITOrOpMOHAILHUM CKJIaJIOM. 3’SICOBAHO, IO SKCIUIAHTH OTPUMAaHI i3 amiKaJbHOT
YaCTUHU TAarOHa MaJld BHUIUHA BiJICOTOK CTEPHILHOCTI, MPOTE HUKYUH — KUTTE3-
narHocTi. EkcrutanT i3 Me/iaibHOT YaCTUHH TTarOHa MK JIEIIO0 HUYKYHA BiJICOTOK
CTEPWJIHOCTI ITPH 3HAYHO BHIIIH KUTTE3MaTHOCTI (TalmI. 2).

Tabmmi 2
IMoxa3HUKH CTEPUIBLHOCTI Ta JKUTTE3TATHOCTI EKCILIAHTIB
puay P. laurocerasusL.
Table 2
Sterility and viability indicators of explants of the species P. laurocerasus L.
EdexTuBHicts crepuizauii,
CrepuitizyBajibHA Pe4OBHHA, YacTuna % Bil 3araJIbHOI KiJIbLKOCTI
eKCHOSI/IIIiH, XB nmaroHa
CrepuiabHUX Kurrezparaux
) ATikanbHa 1,52 1,15
Memiomun 2%, 3xB -
MeniansHa 1,08 2,37
ATliKaJibHa 92,34 61,15
NaOCl 75%, 6xB -
MeniansHa 83,27 89,88
AnikanbHa 65,77 34,16
HgCl, 0,1%, 1xs -
MeniansHa 51,34 55,24
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[Ticnsa crepunizanii Bupogosx 8§—10 1i6 cnocrepiraiu, M0 YaCTHHA MiKpO-
MaroHiB OTPUMAHMX 13 MeiajdbHOI YaCTUHH IMaroHa 3a crepwiizamii 75% pozun-
HoM NaOCIl 3 ekcro3utiiero 6 xB., Oyna meHm crepuibHa (83,27%), ane OiabIn
xutTezaarHa (89,88%). B MOpIBHSAHHI 13 MIKpOMAaroHaMH i3 amikajlbHOI YaCTHHU
naroHa.

Jlis iHayKyBaHHS MPOLECiB MOp(OreHe3y, CTEPHIIbHI Ta JKUTTE3IATHI eKC-
IUTAHTH TIePEeCcaKyBal Ha )KUBHJIbHI CEPEOBHILA 3 J0NaBaHHIM (PITOrOpMOHIB
PI3HUX KOHIIEHTPALIl ayKCUHOBOI Ta IIMTOKIHIHOBOI TPYIT: 6-OCH3MIaMiHOITYpUHY
(6—BAII) ta inponin—3—macnsaoi kucinoru (f—IMK) (tabm. 3).

Tabmuus 3
Mop¢pomeTpH4Hi NOKA3HUKH POCTY Ta PO3BUTKY eKCILIAHTIB OJlePKAHNX i3 anikaJIbHOI
YACTHHM NaroHa 3ajue:kHo Bix Bmicty 6—BAIl Ta B—IMK, mxm/n
Table 3
Morphometric indicators of growth and development of explants obtained from
the apical part of the shoot depending on the content of 6-BAP and p-IMC, pm/1

miil;:;:;ﬁx KoMnoHeHTH cepeoBHIIa }fgs};‘ei;;l; Howacuna Koedpimient

cepenopim 6—BAII B-IMK naromip, mr, | "ATOWIB, M | poswnoskenis

I (koHTpOIIB) - - - - -
1 0,04439 0,00492 1124010 | 126£0.18 | 1.13%0.10
1 0,08878 0,00984 1,18+0,13 1,38+0,10 1,24+0,15
v 0,03333 0,01968 1,34+0,11 1,75+0,11 1,45+0,10
\% 0,17757 0,06333 2,11+0,11 1,88+0,17 2,18+0,19
VI 0.22196 0.03936 | 227+018 | 2.1240.14 | 234+0.12
VII 0,33333 0,09333 1,94+0,11 1,80£0,15 1,96+0,13

Brponorx 30—35 HacTynHuX ai0, Y €KCIUIAaHTIB OAEp)KaHUX 13 amiKaabHOI
YaCTHUHU IaroHa CHOCTEpirajad MOYaTOK pereHeparii, KUl MposBISIBCSI B yTBO-
PCHHI 3a4aTKiB a/IBEHTUBHUX OPYHBOK, 3 SIKUX MOYMHABCS aKTUBHHIA PICT MAroHiB
Ta mosiBa nepuoi mapu JuctkiB. [IpoTsirom HacTynmHux 45—53 mi0 y eKCIUTaHTIB
MPOJIOBKYBABCS PICT MAroHiB Ta BigOyBasocst (GOpMyBaHHS APYroi—TpeThoi mapu
JIUCTKIB.

3a pesynabraTaMy IMPOBEIECHUX JIOCHIIKEHb BHUBICHO, IO HAa BIAMIHY Bij
EKCIUIAaHTIB OJIep’KaHMX 13 alliKajdbHOI YACTHHU MaroHa, eKCIUIAaHTH 13 MeliadbHOT
YaCTHUHU MPOSBIISUIN 3HAYHO BUII MOP(OMETPUYHI TOKa3HUKH (KIJIBKICTh YTBOpE-
HUX IMaroHiB, JOBKWHA Ta KOS(DIIIEHT PO3MHOKEHHS) POCTY Ta PO3BUTKY(Ta0I. 4).

Brpomorx 14—18 ni0 y ekcIIaHTIB oiep)KaHUX 13 MEAiaIbHOT YaCTHHH T1a-
rOHa 3’ SBJISUTUCS 03HAKW YTBOPEHHS 3a4aTKiB aJBEHTUBHUX OPYHBOK, 3 SIKHX [TOYH-
HaBCS aKTHUBHHI PICT MaroHiB Ta MosiBa Mepioi napu JUcTKiB. [Ipotarom HacTym-
HUX 25—28 110, IpomoBKyBaBCsS aKTUBHHM PICT MAroHiB, SKi JOCATAIH JTOBKUHU
Bin 2,15 mo 3,71 cm ta 3’sBisinacs Ipyra—TpeTs napa JIMCTKIB.

HaiiBumuii perenepariitHuii moreHmiaa OyB y SKCIUIAHTIB 13 MemiallbHOT
YaCTHWHU TaroHa KyJIbTHBOBAaHUX Ha XKMBHJIBHHX cepenoBumiax V ta VI i3 mona-
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Tabmuwus 4

MopdomeTpHYHi NOKA3HUKH POCTY Ta PO3BUTKY eKCILIAHTIB OJ¢PaKAHNX i3 MeAia/IbHOI
YACTHHH NaroHa 3ajne:kHo Bix BMicty 6—BAIl ta f—IMK, Mmxm/n

Table 4

Morphometric indicators of growth and development of explants obtained from
the medial part of the shoot depending on the content of 6-BAP and B-IMC, pm/1

oty | o punnns | S| e |

cepeaoBHII 6-BAIl p—IMK narouis, mr, | "oTOHIB, €M1 POSMHONKEHHH

I (koHTpOIH) - - 1,12+0,05 2,15+0,13 1,28+0,17
11 0,04439 0,00492 2,41+0,25 2,17+0,15 2,87+0,22
11T 0,08878 0,00984 3,15+0,17 2,28+0,10 3,67+0,34
v 003333 001968 | 4,64:0,11 | 236+021 | 4.83+0,13
\ 0,17757 0,06333 6,37 £0,21 3,62+0,17 6,74+0,21
VI 0,22196 0,03936 6,95+0,19 3,71+0,15 7,12+0,23
VII 0,33333 0,09333 5,34+0,12 2,38+0,11 5,48+0,15

BanHsM 0,17757 Ta 0,22196 mxm/im 6-BAII Ta 0,06333 1 0,03936 mxm/a f—IMK,
JIe KUTbKICTh YTBOPEHHX IAaroHiB CTaHOBWJIA Bif 6,37 10 6,94 mt. 3 KoedilieHTOM
po3mHOXxeHHs 6,74 Ta 7,12 (puc. 3).

a 0 B

Puc. 3. Biacue po3mHo:kenns P. laurocerasus:
a — 0YaTOK PocTy; 0 — MPOOYIKeHHS aIBEHTUBHUX OPYHBOK;
B — YTBOPEHMIi KOHIJIOMepaT MiKpoONaroHiB

Fig. 3. Propagation of P. laurocerasus
a —the beginning of growth; b — the awakening of adventitious buds;
¢ —the formed conglomerate of microshoots

3a pe3yabTaTaMM IPOBEIEHUX JOCIIKEHb 3’5ICOBAHO, 110 pereHeparliiHa
3JaTHICTh JIOCII/PKYBaHUX €KCIUIAHTIB 3ajiekaja BiJl TUITy [1aroHa, 3 SIKOro BiH OyB
B3STUH Ta (DITOrOPMOHAIBHOTO CKJIAly dKUBHJIBHUX CEPEIOBHUIII.

Busisneno, 1o HaiiBuIImii BifcoToK cTepuiibHOCTI (83,27%) Ta KuUTTE3AAT-
HocTi (89,88%) Manu eKCIUIaHTH, OTPUMaHI1 3 MeialbHOI YaCTHHH MaroHiB 3a 00-
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poOku 75% po3urHOM rinoxiaoputy Harpito (NaOCl) 3 eKCIO3HIIi€r0 MIiCTh XBH-
JIVH.

BusiBneno, 1mo HaiOUIb ehEeKTUBHUM ISl POCTY M PO3BUTKY EKCILIAHTIB
P, laurocerasus, BBeeHUX 13 Me/liaJIbHOI YaCTHHU MArOHa, OyJI0 )KUBUIIBHE CepPeIO-
BuIe MonudikoBane nogasanHsaM 0,22 196 mxmoss/in 6-BAIT Ta 0,03936 MxMoub/i
B—IMK, nme KiUIbKICTh YTBOPEHHX IMMAaroHiB craHoBmia 6,94 MIT.; TOBKWHA MAroHiB
3,71 cm 3 koeditieHTOM po3MHOXKeHHs 7,12,

O. V. Pochka, L. A. Koldar
National Dendrological Park "Sophiivka" of the National Academy of Sciences of Ukraine,
12a Kyivska St, Uman, 20300, Ukraine,
e-mail: lenapockall@gmail.com

REGENERATION ABILITY OF TYPE EXPLANTS
P. LAUROCERASUSL. IN VITRO

Summary

Aim. The aim of the study is to determine the features of the regeneration ability
of explants of the species Prunus laurocerasus L. during in vitro cultivation,
depending on the type of cutting and the phytohormonal composition of the nutrient
media. Materials and methods. The study was conducted in the laboratory of
microclonal propagation of the National Arboretum "Sofiyivka" of the NAS of
Ukraine. The material for the study was non-lignified shoots of the species Prunus
laurocerasus L., which were sterilized using 0.1% aqueous solution of HgCl,, 2%
aqueous solution of mediocide and 75% solution of NaOClI, after which the plants
were planted on hormone-fiee Murashige-Skoog nutrient media. Results. During
the experiment, sterile explants were cultivated on hormone-free nutrient media,
and within 6—10 days, the sterility and viability of the explants were determined,
the most viable ones were selected and planted on nutrient media with different
phytohormones. During the period of cultivation of the explants, their growth
and development were monitored. The best morphometric indicators (number of
shoots, length and reproduction coefficient) were found in explants cultivated on
nutrient medium VI, which were 2.27+0.18; 2.12+0.14, 2.34+0.12, respectively.
Conclusion. According to the results of the study, it was found that the highest
percentage of sterility (83.27%) and viability (89.88%) were explants obtained
from the medial part of the shoots after treatment with a 75% solution of sodium
hypochlorite (NaOCI) with an exposure of six minutes. It was found that the
highest regeneration ability (7.12+0.23) was possessed by explants obtained from
the medial part of the shoot. On nutrient medium VI, modified by the addition of
0.22196 um/l 6-BAP and 0.03936 um/l p-IMC, the number of formed shoots was
6.95+0.19 pcs., and the length was 3.71£0.15 cm.

Key words: P laurocerasus, multiplication factor, explants, sterilization,
nutrient medium.
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AHTATOHICTUYHA AKTUBHICTb
YOPHOMOPCBKHUX AKTUHOBAKTEPIU ITPOTH
PITOMATOI'EHHUX MIKPOOPTAHI3MIB

Bionoeiunuii memoo 3axucmy pociun € eKolo2iuHo 6e3neunHoro ma npiopumem-
HOIO (PopMOI0 8 00820MPUBAIUX NPOPAMAX OOPOMbOU 31 30YOHUKAMU X60POO I
OOHUM 13 BANCIUBUX THCPYMEHMIE Nepexody 00 OP2aHiuH020 Md eKON02IUHO20
3emaepoocmea Ykpainu. Mema. Busnauumu anmazoHicmuymy akmueHicms 4op-
HOMOPCOLKUX akmuHoOaxmepitl npomu pimonamozenHux mikpoopeanizmise. Me-
moou. Anmazonicmuuny akmugHicms 35 wmamie akmuHooaxkmepii, 6UOLIEHUX i3
piznux diomonie Odecvroi 3amoku Yopnozo mopsi, npomu KOAeKyitiHux i sudiie-
HUX 3 YPAXCCHUX 31AKOBUX POCIUH UMAMIE (DIMONnamo2eHHux Mikpoopeamiamis,
BU3HAYUEHO MemOOOM ONIOKI8 Nicisl NONepeoHbo2o KYIbMU8Y8anHHa aKmuHobaxme-
piti na cepeoosuwi Tayze 2 npomsieom 12 0i6 npu 28+1 °C. Anmaeonicmuumny
AKMUBHICMb eKCMpazo8anux 8MOPUHHUX Memabonimie wmamie Streptomyces
ambofaciens ONU 1016 i S. ambofaciens ONU 561 npomu wmamie Fusarium
OXYSPOrUm GU3HAYEHO OUCKO-OUQysitinum memooom. Pesynomamu. I3 35 docii-
doicenux picm xoua 6 00H020 wmamy gimonamozennux o6axmepiil i 2pubie npu-
eHiuysano, gionosiono, 77,1% i 65,7% wmamie akmunobaxmepii. Po3mipu 30m
8I0CYMHOCII pocmy YYMAUGUX KOAEKYIUHUX wmamie d6axmepiti KOIueanucs 6io
15,3%0, 1 mm 00 29,6+0,3 mm, wmamie baxmepiti, 6UOLIEHUX I3 YPAACEHUX POCTUH,
— 610 14,50, 1 mm 00 25,7+0,3 mm 3a 0ii anmazonicmuyuro akmueHux aKkmuHooax-
mepitl. L]ett nokazHux 015 KOLEKYIUHUX Wmamie epudie uU3HaAueHo y dianazomi 6io
16,0+0,2 mm 0o 33,5+0,3 mm, 015 i301008aHux wmamie epuoie — 6io 15,0+0,1 mm
00 29,3+0,3 mm. S. ambofaciens ONU 1016 i S. ambofaciens ONU 561 nposisunu
HAUKpawy akmusHicms npomu 6Cix wmamie Yimonamo2enHux Mikpoopeamizmis,
30Kpema npomu 8udineHux i3 ypasxcenux pociun F. oxysporum, 3onu eiocymuocmi
pocmy nonao 80,0% wmamie sxux nepesuwgyearu 20,0 mm. Excmpazosani emo-
punni memabonimu obox wmamie S. ambofaciens npuenivyeanu picm Koiexyiil-
HO20 [ 8udinenux wmamie Qyzapit. 3onu siocymrnocmi pocmy pubié KOIUSAIUCS
V WUPOKUX Medcax 1 3anexcanu, nepedycim, 8io wmamis gysapii, cmpenmomiye-
my, KOHYeHmpayii excmpaxmie i mepminy oOnixy pesyiomamis. Minimanoni npu-
2HIUYBaNbHI KOHyenmpayii ekcmpazosanux memabonimie S ambofaciens ONU
1016 i S ambofaciens ONU 561 wooo sudinenux wmamis F. oxysporum crkaanu
250 mxe/mn — 500 mxe/mn i 250 mxe/ma — 100 mre/mn, sionosiono. Bucnoeku.
LImamu akmunobaxmepiti, sudineni iz 2yoox i mioiti Odecwvroi 3amoxu Yopnozo
MOpS, € AHMALOHICMUYHO AKMUSHUMU NPOMU PimonamoeenHux MiKpoopeamis-
Mi8, 30kpema epubis F. oxysporum. Konexyitini wumamu gpimonamoeenis uwymaugi-
wi 00 Oii MOPCOKUX AKMUHOOAKMEDITL, HIdHC BUOLNEHT I3 YPANICEHUX POCTIUH UUMAMUL.
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LlImamu S. ambofaciens ONU 1016 i S. ambofaciens ONU 561, sixi nposieunu
BUCOKY AHMAZOHICMUYHY AKMUBHICHIb, MOJICHA peKomMeHOysamu O po3poOKu
MIKpOOHO2O npenapamy 07 3aXUCHy POCAUH 8i0 baxmepiantbHux i epubHuUx na-
Mo2eHis.

Knwouoesi crnoea: anmazonicmuuna akmueHicms, YOPHOMOPCLKI AKMUHOOAK-
mepii, pimonamoeenni MIKpoOpeanizmu.

OpHUM 13 OCHOBHHUX TPEHJIB Cy4acHOTO arpoOBHPOOHUIITBA € Horo Giojori-
3arMis 1 eKosori3altis, o nepeadadae, mepeayciM, BIPOBAHKCHHS €KOJIOT1YHO 0e3-
MEYHUX O10JIOTIYHHMX 3aC00IB 3aXUCTY CUTBCHKOTOCTIONAPCHKUX KYIIBTYP, OCKITBKA
XBOPOOH POCIIHH 37aTHI CYyTTEBO 3HU3UTH BPOXKAHHICTH 1 00CSATH arpOBHPOOHUIITBA
[2].

[IInpoke po3MOBCIOMKEHHS 3aXBOPIOBaHb POCIIHH, SIKI BUKIHKAIOTHCS (PiTO-
MAaTOTeHHUMH OaKTepissMHU 1 TpuOaMu, 3aBa€ BEIMUE3HOI IMKOIU CIITHCHKOMY TOC-
MOJIaPCTBY, @ BUKOPUCTAHHS XIMIYHMX METOIB 3aXUCTY € HEepalliOHAJIbHUM 1 He-
oe3nmeunnM. Hacammepes, 1ie moB’s13aHo i3 3a0pyIHEHHSM POCIINH, TPYHTIB, BOIH 1
MPOAYKTIB XapuyBaHHS 3aJIUIITKAMHU XIMIYHHUX ITECTHIIUIIB, 3HIKCHHSM PE3UCTCHT-
HOCTI IIKITHUKIB 710 3aCO0IB 3aXUCTY, MOPYIICHHSM CTIHKOCTI €KOCHCTEM uepe3
BTpaTy YacTHHU O10TH BHACTIJOK Ail XiMIYHHX mpemnapariB. HacmigkoM mporo €
HETaTUBHUM BIUIMB Ha 37I0POB’SI JIFOJICH 1 CTaH HaBKOJMIITHLOTO cepeaoBHIna [25].
Oxpim 11p0TO, XiMiUHI IpenapaTi MarTh BUCOKY BapTicTh. HaroMicTs Gionoriuni
METOIM 3aXUCTY POCINH, 30KpeMa po3poOKa MIKpOOHUX IperapariB, MatOTh HU3KY
CYTTEBUX TIEpEBar, MOB’sI3aHUX 3 TOKPAIICHHSIM €KOJOTIYHOI Oe3MeYHOCTI 1 ImijI-
BHIIICHHSAM MPOAYKTHUBHOCTI arpocucteM [14]. [Tonpu 3HauHYy KiTBKIiCTH Oiompe-
mapariB, CBITOBUH PUHOK O10TIECTUITUIIB TIPOIOBKYE 3POCTATH 1 IIe CIIOHYKAE JI0
TMIOTITYKY, TIEPETyCiM, aHTarOHICTUYHO aKTUBHUX IITaMiB MIKPOOPTaHi3MiB.

Jlst ctBOpeHHsI OionpernapariB HaHOUTBIIHK IHTepeC MAIOTh BUIU Ta MTaMU
MIKpOOPTaHi3MiB, sIKi, OKpIM HEBHOATIIMBOCTI JI0 YMOB KYJIGTHBYBaHHS, BUCOKOT
TEXHOJIOTTYHOCTI, EKOJIOTIYHOI TUIACTUYHOCTI, MPOAYKYIOTh PI3HOMaHITHI 0i0JI0-
TIYHO aKTHBHI BTOpUHHI MeTabomiTH. OMHUMH 13 HAaHOUIBII MEPCIEKTUBHUX Mi-
KpOOPTaHi3MiB I arpOBUPOOHUIITBA € akThHOOakTepii [7, 15, 18, 20, 25].

AKTHHOOAKTEpii — I1e BeHMKa rpyra MiKpoOpraHi3MiB, IO HaleXathb 10 (i-
aymy Actinobacteria, HenoaBHO MepeiiMeHOBaHOTO Ha Actinobacteriota. 3aBasku
3HAYHOMY CHEKTPY BTOPHHHUX METaOOIITIiB, aKTHHOOAKTEPii MarOTh MOTYKHUU
010TEXHOJIOTIYHHM MMOTEHI[iall, IKUH OCTATOYHO HE 3’sICOBaHMi. BumiieHHsT akTH-
HOOaKTepii 13 G10TOIMB MOPCHKOTO CEPEIOBHINA 1 TOCTIDKEHHS 1X BIAaCTHBOCTEH
JIaI0 3MOTY BUSIBUTH HOBI1 010aKTHBHI PESYOBHHHM 3 PI3SHOMAHITHUMH CIICKTPaMH 1
MexaHi3Mamu fAii [12, 29]. ButbmicTe BTOpUHHAX META0OJITIB, SIKi CHHTE3YIOThCS
MOPCBHKHUMH aKTHHOOAKTEPisSIMH, MPOSBISAIOTh €PEKTUBHY aHTHOAKTEpiaabHYy, aH-
TU(YHTaNbHY, aHTUIIAPA3UTAPHY, IPOTHPAKOBY Ta MPOTHUMAJSAPIHHY aKTUBHICTD,
0 POOUTH MPEACTABHUKIB I[HOTO (DiTyMy MEPCTICKTUBHUMHU O10TEXHOJIOTTYHUMU
00’extamu [21, 24].

HayxoBisimu Oniechkoro HamioHaJlIbHOTO yHiBepeHuTeTy iMeHi 1. I. Meunwnko-
Ba BHUSBJICHO, 110 aKTHHOOAKTEpii, BUIIJICHI 13 pi3HUX OioTomiB YopHOTO MOps,
MPOSIBIISIOTh AHTATOHICTUYHY aKTHUBHICTH MPOTH TPO- Ta CYKAPIOTHIHHX MIKPO-
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OpraHi3MiB, MOTEHLIHHUX 30yAHUKIB iH()EKIIHHUX 3aXBOPIOBAHD JIIOACH, a TAKOK
MPOTUITYXJIMHHY aKTHBHICTb, IO CBIAYUTH MPO HEOOXIAHICTH IX MOAAIBIINX J0-
CJII/DKEHB U MOXKJIMBOTO BUKOPUCTAHHS y MenuiuHi 1 papmakonorii [4, 10, 11].
Ha nam morisin, 4opHOMOPCHKI aKTHHOOAKTEPii TAKOK MOXKYTh MaTu NEPCIEKTHB-
HICTH (TIOTEHLIaN) 1151 BUKOPUCTAHHS SIK OCHOBH JUIsl OlompenapariB AJisi arpOBH-
poOHUIITBA.

Mertoro naHoi poOoTu OyJa0 BU3HAYUTH AHTArOHICTUYHY aKTUBHICTh YOPHO-
MOPCBKUX aKTUHOOAKTEpiil MpOTH PiTONATOTEHHUX MIKpPOOPTaHi3MiB.

Marepiauu i meToan

JIJist TOCHTiPKEHHST aHTarOHICTUYHOT aKTUBHOCTI MPOTH (PITONMATOTCHHUX Mi-
KpPOOpraHi3MiB BUKOPUCTAHO IITAMH aKTUHOOAKTEPil, BUIJIEH] 13 pi3HUX O10TOIIB
Onecbkoi 3atokn YopHoro mops (M. Oneca, Ykpaina, 46°27 01 'N 30°46 14 'E).
Beboro y manomy nmociimpkeHHi Oyno 3amaisiHo 35 mTamiB akTUHOOAKTepil, Bifi-
OpaHHX 3a pe3yJbTaTaMu MOIEPEIHbO MPOBEACHUX TOCIIIKEHb 10 BU3HAYECHHIO
AQHTArOHICTHYHOI aKTUBHOCTI MO0 TECT-IITAaMiB 1HIMKATOPHUX MPO- Ta €yKapio-
TUYHUX MikpoopraHi3mis [4, 28]. Byno Bukopucrano 25 mramis (Hal 1...Hal 45),
BuaiieHux y 2022 p. i3 mopcekux ryook (Haliclona spp.) 1 10 mramis, Buaiie-
Hux y 2020 p. — 5 mramiB i3 minid (Mytilus galloprovincialis Lamarck, 1819):
Streptomyces ambofaciens ONU 1014, S. ambofaciens ONU 1015, S. ambofaciens
ONU 1016, S. ambofaciens ONU 561, S. ambofaciens Myt 8, 4 mramu i3 0i0-
JIOTIYHUX 0OpocTaHb OceTony: Streptomyces spp. ONU 1042, Conc 10, Conc 11,
Conc 32 i oquH mTaM 3 0i0JOTIYHUX 00pPOCTaHb YepENalIHUKY: Streptomyces sp.
ONU 1028.

Jliist mpoBeIeHHS AOCHIKSHD IITAMH aKTHHOOAKTEePii MONEpeIHbO KyIbTH-
BYBaJIM Ha arapu3oBaHoMy cepenoBuiii ['ay3e 2 (Oyabiton Xortunrepa — 30,0 mun/n
rroko3a — 10,0 r/m, menton — 5,0 r/n, NaCl — 5,0 1/, arap-arap — 18,0 1/11) npots-
rom 12 1i6 npu Temmneparypi 28 = 1 °C.

JlocnimKyBany aHTaroHICTHYHY AaKTHBHICTh aKTHHOOAKTEpid MPOTH INTa-
MiB (hiTormaToreHHUX OakTepiil 1 rpubiB, siKki 30epiratotbest y Konekiii MOpcbKux
Ta KOPUCHUX JJISl €KOJIOTIYHO1 010TeXHOJIOr11 mTamiB MikpoopranizmiB OHY imeHi
L. I. MeunukoBa, i mTamiB (piTOMATOreHIB, BUALICHHUX 13 YPAKESHUX 37TAKOBUX KYJb-
Typ. Bukopucrani kojekiiiHi mramu ¢itonaroreHHux Oakrepiit: Pectobacterium
carotovorum ONU 318, P. carotovorum ONU 320, P. carotovorum ONU 321,
P. carotovorum ONU 525, Ralstonia solanacearum ONU 376, R. solanacearum
ONU 377, R.solanacearum ONU 378, R. solanacearum ONU 386, Agrobacterium
radiobacter ONU 310, A. radiobacter ONU 440, Allorhizobium vitis ONU 479;
KOJICKI[IHHUX mTaMiB (iTonaroreHHux rpudiB: Alternaria alternata ONU F 23,
Aspergillus niger ONU F 25, Aspergillus flavus ONU F 31, Aspergillus terreus
ONU F 32, Cladosporium cladosporoides ONU F 26, Fusarium oxisporum ONU
F 27, Paecilomyces variotii ONU F 28, Penicillium expansum ONU F 29. Buaineni
13 ypa)KeHHX 3JIaKOBUX POCIIMH IITaMu OakTepiid Oynu npeacrasieHi: Xanthomonas
arboricola (4 wramn), Pectobacterium carotovorum (1 mTam), mTamMm TpH-
0iB — Fusarium oxysporum (30 mramiB), Sclerotinia sclerotiorum (16 mramis),
Alternaria alternata (3 mramun). lllTamu ¢iTonaroreHiB nonepeaHbO KyJIbTUBYBa-
mu nipu 28+1 °C Ha moBepxHi xkuBmwiIbHOTO arapy (Nutrient Agar, Biolife Italiana
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S.r.l., Milan, Italy) npotsirom 24 rox (6axrepii) i Ha noBepxHi cepenoBuiia Cadypo
(Sabouraud Dextrose Agar, Biolife Italiana S.r.l., Milan, Italy) npotsrom 10 ni6
(rpubm).

Jliis 1ocHiKeHb TOTYBaIM CYCIeH311 KOXKHOTO ITamMy (hiTONaToreHiB y KOH-
nentpanii 1x10° KYO/mun, siki B 06°emi o 100 MK Ko)kHA BUCIBaJIH HA MOBEPXHI
cepeaoBUI XKUBIWIbHOTO arapy i Cadypo, BiAMOBIIHO.

Bu3HaueHHs! aHTarOHICTUYHOT AKTUBHOCTI IMTPOBOJIUIIM METOZIOM OJIOKiB. J{yist
bOTO OJIOKH 12-TH 1000BUX KYJIBTYp aKTHHOOAKTEPii pO3KIIa1aai Ha MONEPETHBO
3acisHi KyabTypam# (IiTONaTOreHiB MOBEpXHI cepenoBuil y yamkax [lerpi. Ha
KOYKHY 3acCisiHy YalllKy MOMIIIaau 1o 6 OJOKIB aKTUHOOAKTEpili Ha OJIHAKOBIH BiJI-
CTaHl OJIMH BiJl OMHOTO 1 Bij KpaiB yamku. OOMIK pe3ynbTaTiB 3MiHCHIOBAIN MiCIIs
inkyOarii mpu 28+1 °C yepes 48 rox (nmns 6axrepiit) i 10 gi6 (i rpubiB), BUMipro-
1041 PO3MIpH 30H BiJICYTHOCTI pOCTY (DiTOMATOreHiB HABKOJIO OJIOKIB i3 aKTHHOOAK-
tepisimu [19]. 3a KoHTpONE OyiH MOCiBU (HITOMATOreHIB HA TOBEPXHI BiMOBITHUX
cepenoBuIl 0e3 HaKJIaJaHHs OJIOKIB aKTHHOOAKTEPIi.

Jlyist OTpUMaHHsI BTOPMHHUX MeTabouiTiB mramu S. ambofaciens ONU 1016
1 S. ambofaciens ONU 561 BupomyBanu y cepenosuii TSB (Tryptic Soy Broth,
Biolife Italiana S.r.1., Milan, Italy) na porauilinomy melikepi npu 180 06/xB npo-
TaroM 3 1i6 npu 28+1 °C. Ilicist 4oro BUPOIICHOK KYJIBTYPOI Y MOCIBHIN /1031
1-2 mn inokymoBanu cepenosuine SGB (Soy Glucose Broth, mrokosa — 20,0 /i,
JIPDKIKOBUN eKCTpakT — 5,0 1/71, coeBuii menton — 2,0 r/1). KyneruByBanu Ha po-
TopHomy mmerikepi pu 180 06/xB nipu 28+1 °C nporsrom 9 ni6. [Toganpmni maHi-
MYJIALIT 10 BUALUICHHIO (€KCTPAaKIIii) BTOPHHHUX METa0OMITIB 311HCHIOBAIM 3T1THO
Ivanytsia et al. [10] i Paulus et al. [16].

ExcrparoBani BTOpHHHI METa0OITH AJIsl TIEPEBEIECHHS 13 BUCYIIEHOTO Y Pif-
KUW cTaH po3unHsn y numetuicyinbhokeunai (DMSO, Gaylord Chemical Corp.,
USA) y xonnentpamii 100 mMr/mi. Po6odi po3unHu y KOHIEHTpAIisX 25 MKI/MI,
50 mxr/mm, 100 mxr/mut, 250 mxr/mi, 500 mxr/mi, 1000 MKr/mit TOTyBaju i3 BU-
KOPUCTaHHSIM CTEPWJIBHOT AUCTWIbOBaHOI Boau. [licis woro ix crepuimidyBaiu 3
BUKOPHUCTAaHHSIM MeMOpaHHuX (iuibTpiB (miametp mop 0,22 mxwm, Millex Syringe
Filter Unit, Millipore Corp.) i HAHOCHJIM TIO 5 MKJI Ha CTEPHJIbHI AUCKH (5 MM)
JUTS. BUSHAYEHHS X MPUTHIYYBAJIBHOTO BIUTUBY Ha IITaMU (ITONATOTeHHUX TPHOIB
F. oxisporum [3]. IliArOTOBKY IITaMiB JijIsl IIPOBEICHHS €KCIIEPUMEHTY 3/11HCHIOBA-
JM Tak, K omnucaHo Bumie. Ha wamku [letpi i3 arapuzoBanum cepenoBuiieM Ca-
Oypo, 3acisiHi BiIMOBITHUM IITAMOM T'puda, HAKJIa Al JUCKH, TPOCOYCHI eKCTpa-
TOBaHMMH MeTaboliTaMu y podounx KoHleHTpauisx. [1ociBu KynbTHBYyBaJIM TIpU
28=+1 °C. OO6iK pe3yabTaTiB MPOBOIUIN KOXKHOTO JHS npoTsarom 10 ai6, BUMiproro-
YK PO3MipH 30H BIJICYTHOCTI POCTY LITaMiB Ipu0OiB HABKOJIO IUCKiB. MiHIMaJIbHOIO
1HT10yI04010 (MPUTHIYYBaIbHOI) BBaXKaiu koHueHTpauito (MIK), npu sikiii cro-
CTepiraiu BiJICYTHICTh POCTY JOCIIKYBAaHOTO ITaMmy rpuda. Ik KOHTpOIbHI Oyiu
MOCIBH IITaMiB (iTonaroreHHUX rpudiB Ha arapuszoBaHe cepenosuile Cabypo, a
TaKOX MOCIBH IMX IITaMiB Ha BKa3aHE CEPEIOBHILIE, Ha SIKI HAKJIAAlIN TUCKH, TIPO-
coueni DMSO y konnenTtpaii 500 MKr/Mi1 i CTEpHIBHOIO AUCTUIIBOBAHOIO BOAOIKO.

Yei gocimKeHHs TPOBEASHO TPUKPATHO. /1 aHami3y OTpUMaHuX pe3ysibra-
TiB TIPOBEJICHO OIMCOBY CTaTUCTHKY, SIKY 3/1HCHIOBAIH 3a JOTOMOTOI0 MPOTrpaMu
Microsoft Office Exel-2016.
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Pe3ynbTaTi Ta iX 00roBOpeHHs

JlocniKeHHsl aHTarOHICTUYHOT aKTUBHOCTI 35 MITaMiB akTUHOOAKTEPid, BU-
JUIeHUX 13 pi3HUX 610TONIB OfeChKO1 3aT0KK YOpHOrO MOps MPOTH (PITONATOTEHIB,
I0Ka3aJlo, 0 pICT Xo4a O 0HOTO ITaMy (hITONAaTOreHHUX OakTepiil 1 rpubiB NpH-
raiayBaio 27 (77,1%) 1 23 (65,7%) mramu akTuHOOAaKTEpii, BIANOBIAHO (puc. 1).

78 77,1%
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[IpoTu GakTepiii IIpotu rpubis

Puc. 1. YacTka aHTaroHicTHYHO AKTHBHHUX IITAMiB aKTHHOOAKTepiil mpoTH
(piTonaTorennux Mikpoopranizmis

Fig. 1. The proportion of antagonistically active strains of actinobacteria against
phytopathogenic microorganisms

[TopiBHIOIOYH aKTUBHICTH aKTUHOOAKTEPIH MPOTH KOJCKIIIMHUX 1 BUIIICHUX
13 ypakeHHUX 3JIAKOBHX POCIMH IITaMiB (piTOmaToreHHUX OakTepiil BUSBICHO, IO
KOJIEKLIMHI mMTaMu Oyau AEUI0 YyTIMBIIMMH O METaOOoIITIB aKTHHOOAKTepiil.
Po3Mipu 30H BIICYTHOCTI POCTY UyTJIMBHX KOJEKIIHHUX IITaMiB KOTUBAJIHUCS Bij
15,3+0,1 mm go 29,6+0,3 mM. HaroMicTe po3MipH 30H BiJICYyTHOCTI pOCTY IITa-
MiB OaKTepiii, BUAIJICHUX 13 ypaKEHUX POCIIHH, BU3HA4YCHI Yy Mexkax 14,5+0,1 mm
— 25,740,3 MM. I3 KONEKIIHHUX HAWYYTIWBIIIMMHU, IO MPOSBUIOCH SIK B KiJb-
KOCTI IITaMiB, TaK i B PO3Mipax 30H BIJICYTHOCTI pocty, Oynu mramu Ralstonia
solanacearum; HAMCTIAKIITMMH 10 J11 aKTUHOOAKTEPiil Oynu ramu Pectobacterium
carotovorum. 13 ypaXxeHUX pOCIHH OyJI0 BUAUICHO BCHOTO 5 mTaMiB OakTepiid, 4 i3
SKUX Oynu imeHTudikoBaHi sk Xanthomonas arboricola, 1 oqun — Pectobacterium
carotovorum [26]. Bugineni mtamu X. arboricola Oyny 4y TAUBIIIAMU 10 aKTHHO-
Oakrepiii, HiX P. carotovorum.

VY rtabmuisx 1 1 2 HaBeleHO pPe3yNbTaTH BHU3HAYEHHS aHTArOHICTUYHOTO
BIUIMBY HalO1IbIII aKTUBHUX IITaMiB aKTUHOOAKTEpPill Ha (iTomaroreHHi OakTepii.

Pict ycix pochimkeHux QiTomaToreHHUX OakTepiil MpHUrHiYyBaJd INTa-
Mmu: Actinobacteria Hal 11, Hal 14, Hal 15, Hal 21, Hal 43, Hal 45, Streptomyces
ambofaciens ONU 1016, S. ambofaciens ONU 561, S. ambofaciens Myt 8 i
Streptomyces sp. Conc 32. 3a BIUIMBY METa0OJITIB IITaMIB, BUIUICHUX 13 MiJIii,
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S. ambofaciens ONU 1016 i S. ambofaciens ONU 561 po3amipu 30H BiJICyTHOCTI
pocty dironmaroreHHuX OakTepiid Oynau HaWOUIbIMMHU 1 iepeBuiryBagn 20,0 M.
JloBOJIi akTUBHUMHM € aKTHHOOAKTEepii, BULIeHI i3 ryook (Hal 11, Hal 14, Hal 15,
TOIMATOreHHUX OaKTepiil Tex Oynu J10BOJI 3HAYHUMU. HaiiMeHIIy aKTHBHICTb TIPO-
JNEMOHCTPYBaB 1Tam Streptomyces sp. Conc 32, BuaineHuit i3 6ioaorivHux o0po-
ctaHb OetoHy. Lleit mTam npuUrHidyBaB picT ycix ITOCHIPKEHUX OaKTepiid, aje 30HU
BIJICYTHOCTI 1X pOCTy He nepeBuiryBaiu 17,0 Mmm.

[ltamu akTrHOOAKTEPIH Streptomyces sp. Conc 10 1 Streptomyces sp. ONU
1028, BuineHi, BiAMOBIAHO, 13 00pOCTaHb OETOHY 1 UepETalTHUKY, Oy/TH aKTHBHIIIT
3a Streptomyces sp. Conc 32, mpoTe MEHIII aKTHBHI 3a IITAMH, BUIICHI i3 TYOOK Ta
Mifi# 1 IPUTHIYYBAJU PICT HE BCIX MITaMiB (DITOMATOreHHUX OAKTEPiii.

Cxoxi pesynbraru Oyld OTpUMaHi MpPU JOCTIPKEHHI aHTarOHICTHYHOI aK-
TUBHOCTI aKTMHOOAKTEPii MpoTH (hiTomaToreHHUX rpudiB. byma mociimpkeHa ayT-
JUBICTh KOJICKLIWHUX IITamiB TpUOIB 1 mTaMiB rpuOiB, BUIIICHUX 13 ypakeHUX
3JIAaKOBUX pOCIWH. Po3Mipu 30H BiICyTHOCTI pOCTY KOJIGKIIWHUX IITaMmiB rpuOiB
BHU3HAYCHI y JOBOJI MIMPOKOMY Jiara3oHi Big 16,0+0,2 mm 110 33,5+0,3 MM, 1305160-
BaHuX mrtamiB — Big 15,0+£0,1 mm 10 29,340,3 MM. HaitayTIuBIIINMU 13 KOJIEKITii-
HUX mTamiB rpubiB Oynu Paecilomyces variotii ONU F 28, Penicillium expansum
ONU F 29, 30HH BiICYTHOCTI POCTY SIKMX TMepeBHIyBaiu 23,0 MM 3a BIUIHBY
OUIBIIOCTI aKTUHOOAKTEPid, SKI MPOSBWIM JI0 HUX AHTArOHICTHYHY aKTHBHICTb.
IIramu Alternaria alternata ONU F 23, Cladosporium cladosporoides ONU F 26,
Fusarium oxisporum ONU F 27 BusiBUIMCS HAUCTIHKIIMMU (pPO3MipH 30H BIICYT-
HOCTI iX pocty Oynu MeH 22,0 Mm).

YV nonepeaHix 10 CIiPKEHHX 1010 BU3HAYEHHS MPUPOIH iH(EKIIiHNX areH-
TiB YP2XXCHUX 3JJAKOBUX POCIUH HaMu OyJI0 BCTAHOBJICHO TIEpEBaXKaHHS MillelTialb-
HUX TpubiB, cepes SIKUX JIEBOBA YacTKa iICHTU(IKOBaHA sIK Fusarium oxysporum,
cepen BUAUICHUX Oyiu 1mramu Sclerotinia sclerotiorum 1 Alternaria alternata
[1, 27]. HaltuyTnuBimmmu i3 BuAUIeHUX Oynu mramu S. sclerotiorum, HaWCTIN-
KIIIUMH — OKpeMi mramu F. oxysporum. Hanpukan, 3a aii MeTaboNiTiB mrTamy
Actinobacteria Hal 13 po3mip 30HU BiACYyTHOCTI pocty F. oxysporum B25 ckiaB
15,0+0,1 mm, 3a aii Actinobacteria Hal 31 30Ha BincyTHOCTI pocty F. oxysporum
B22 6yna 15,3+0,1 mm. 3aranom, po3Mipu 30H BiICYyTHOCTI POCTY NAaTOTeHHUX (]y-
3apiil KOMMBANIKCS B IUPOKUX Mexax Big 15,0+0,1 mm o 25,7+0,3 mm.

VYV tabmuisx 3 1 4 HaBeJIGHO PE3YNbTaTH BH3HAYECHHS AHTArOHICTUYHOTO
BIUTMBY HAHOUTBII aKTUBHHX IITaMiB aKTUHOOAKTEpild Ha OKpeMi ITamu iroma-
TOTEHHUX TpUOiB.

HaitakTuBHIIIMME POTH (HITONMATOTEHHUX IPUOIB (KOJEKIIHHUX 1 BUIIICHUX
13 ypaXXeHUX POCIHMH) OyiIM akTHHOOAKTepii 13 TyOoK (Actinobacteria Hal 11, Hal
14, Hal 15, Hal 21, Hal 43, Hal 45) ta i3 miniii (Streptomyces ambofaciens ONU
1016, S. ambofaciens ONU 561, S. ambofaciens Myt 8), siki 3 pi3HOIO IHTEHCHUBHIC-
TIO TIPUTHIYYBAJIM PiCT yCiX gocmiukeHux mramis. [lltamu i3 Gionoriunux oopo-
ctab O0etony (Streptomyces spp. Conc 10, Conc 32) i uepenamnuky (Streptomyces
sp. ONU 1028) Takox mpUTHIYYBaJIU PICT yCiX mITaMiB rpuoiB, ajae po3Mipu 30H
BiJICYTHOCTI pOCTY OyJIM MEHILIUMH, HiK 32 i akTHHOOAKTEPii i3 TYOOK 1 MiJIii.
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AHTATOHICTUYHA AKTHUBHICTh YOPHOMOPCHKUX AKTUHOBAKTEPIH ...

3aranom, NOPIBHIOIOYM YyTIUBICTh KOJCKIIHUX 1 BUIUICHUX 13 ypakKeHUX
pociuH 6akTepiii 1 rpubiB A0 [T aKTHHOOAKTEPiH, 3ayBaXKUMO, 1110 130JIbOBaHI IITa-
MU € OiIbIn cTiikuMu. Ha Hain morsin, 1me moB’si3aHo 13 HEOOXIAHICTIO Y HaBKO-
JUIIHBOMY CEpPEIOBHILI, B yMOBaX MPECUHTY 1 aKTUBHOI KOHKYpEHIIii, (hopMyBaTH
MeXaHi3MHU pe3ucTeHTHOCTI. OKpIM IIOTO, IITAaMH 130JbOBAHUX (HITOMATOTEHHHX
OakTepiil CTiMKIII 10 METa0ONITIB aKTHHOOAKTEPii, Y MOPIBHSAHHI i3 BUAIJICHUMU
mramamu rpu6iB. [llogo akrnHOOaKTEpii, TO AKTUBHIIIUMU J0 yCiX JOCIIHKSCHHX
¢iTonaroreHiB Oynu mWTaMu, BUIUICHI 13 O10THUHUX JpKepen (TyOoK 1 Mifii), 1o
TaKOX MOXKHA MOSICHUTH HEOOX1THICTIO 3aIlyCKaTH METa0OIIuHI MIPOLECH, Pe3yilb-
TaTOM SIKHX € CHHTE3 BTOPUHHHMX METa0OJITiB 3 aHTarOHICTUYHOIO aKTHBHICTIO.

[IposiB aHTaroHICTUYHOI aKTUBHOCTI OaKTEpii, SIK HEOIHOPA30BO OYII0 MOKa-
3aHO y YUCIICHHHX JIOCII/DKEHHIX 0ararb0X HayKOBIIiB, 1 OTpUMaHi HAMU Pe3yJbTaTh
11 MM ITBEP/IKYIOTh, 3aJICKHUTh BiJ] 0araThb0X YNHHHKIB, Cepel AKX KOHKPETHI IITa-
MU 30yJHHKA 3aXBOPIOBAHHS 1 aHTAaroHiCTa, yMOBHU KyJIGTUBYBaHHs aHTaroHICTa,
YMOBH MPOBEJEHHS eKcriepuMeHTy Toulo [5, 30]. 3a pe3ynbratamu, OTpUMaHUMU
IIpU MIPOBEICHHI JOCIHIKEeHb, Oyio BiniOpano 8 mramiB (Actinobacteria Hal 11,
Hal 14, Hal 15, Hal 21, Hal 43, Hal 45, S. ambofaciens ONU 1016, S. ambofaciens
ONU 561), 2 i3 axux, S. ambofaciens ONU 1016, S. ambofaciens ONU 561, Oynu
HANOLIBII aKTUBHUMH MIPOTH BCIX MTaMiB (PITOMATOT€HHUX MIKpPOOPTaHi3MiB.

OcHoBHUMH 30yTHUKaMH 1HQEKIIIHHUX XBOPOO 371aKOBHX KYJIBTYP, III0 BUPO-
LIYEThCS HA YTiAAAX MiBACHHOTO perioHy Ykpainu, y 2021-2023 pp. Oynu rpubu
F. oxysporum [1, 26]. 3rigHo iHdopmariii, onpuitrogHeHoi Ha caiti U. S. Wheat
& Barley Scab Initiative (USWBSI), ocranHiMH pokam# y CBITI IIBUAKO MOIIN-
PIOIOTHCS 1 BUKJIMKAIOTh YUCIICHHI 3aXBOPIOBAHHS CLIIbCHKOTOCIIONAPCHKUX POCIHH
Taki Buau Qy3apiit sk Fusarium graminearum ta F. oxysporum, siKi 11e HeJaBHO
Oynu nputamanHi numie [TiBHiYHIE AMepuili, e BOHH 1H(IKyBaIH TiJIbKU 3€PHOBI
KyasTypH [31]. [Ipo 30ibIIeHHS KUTBKOCTI BUNAAKIB YPaXXCHHSI POCIUH TpudaMu
F. oxysporum cBiguaTh TakoX BiIMOBIHI MyOiKallii y HAyKOBUX BUAAHHSX [9, 22,
23].

I[Ipy  oOImiHIII  AHTAroHICTUYHOTO TMOTEHIIATy  BITIOpaHUX  IITaMiB
S. ambofaciens ONU 1016 1 S. ambofaciens ONU 561 mono BumineHux i3 ypaxe-
HUX pociiuH F. 0Xysporum BCTaHOBIICHO, IO BCi mTaMu (hy3apiii BUSBHIUCS 4yT-
JTBUMHU (puc. 2).

3onu BifcyTHOCTI pocty nmonan 80,0% BumiieHux mramiB ¢y3apiii nepeBu-
nryBaiy 20,0 MM Tij] BIUIMBOM BiIOpaHUX MITaMiB CTPEIITOMIIICTIB.

3a niTepaTypHUMHU JTaHUMH, IPEICTABHUKU POAY Streptomyces € OTHUMM 13
HaNOLIBbII €()EKTUBHUX areHTIB O10KOHTPOIIO (iTOMATOreHHUX MIKPOOPTaHi3MiB,
30KpeMa rpuliB poxy Fusarium, O MOSCHIOE MOIIYK 1 CKPUHIHT aHTarOHICTUYHO
AKTUBHHUX IITaMIiB CTPENTOMILIETIB SIK OCHOBU OIOMECTHIIMIIB SISl arpOBUPOOHU-
ursa [17, 18, 20].

Bimomo, 1o 6araro aHTHOIOTHKIB, SIKIi CHHTE3YIOTh CTPEIITOMIIICTH, MOXKYTh
HAKOMUYYBATUCS B MIIENil 1 IX aKTUBHICTh MOYKHA BUSIBUTH IICIIsl €KCTParyBaHHs
(3, 6].

ToMy HacTymHUM €TanoM JIOCIiKEeHb OyJ0 BH3HAYCHHS aHTArOHICTHYHOI
AKTUBHOCTI 1 BCTAHOBJICHHS MiHIMaJIbHOI iHTi0yrouoi koHueHTpamii (MIK) ekc-
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Puc. 2. Auraronicrnuna akrusHicTs S. ambofaciens ONU 1016
i S. ambofaciens ONU 561 nporu Bugisienux mramis F. 0xysporum

Fig. 2. Antagonistic activity of S. ambofaciens ONU 1016
and S. ambofaciens ONU 561 against isolated strains of F. oxysporum

TparoBaHUX BTOPUHHHUX MeTabomiTiB S. ambofaciens ONU 1016 1 S. ambofaciens
ONU 561 mono mramiB rpudiB F. oxysporum.

YV KOHTPOJBHUX BapiaHTax AOCHiAY CIOCTEpiraiyd akTUBHUH PICT yCixX ITa-
MiB F. oxysporum. | KONEKIIHHWH, 1 BUAUICHI 13 ypaKEHUX POCIUH MTaMu (y3apii
MPOSBUJIN YYTIUBICTH JI0 €KCTPAroBaHUX BTOPUHHUX METAOONITIB 000X IITamiB
S. ambofaciens. 301 BiICYyTHOCTI pOCTy TpHOIB KOJUBAIUCS y MIUPOKUX MEXKax 1
3aJIeXKaNH, TIEpEAyCiM, BiI TaMiB (hy3apiil, CTPENTOMIIIETY, KOHIIEHTpPAIIil eKCTp-
aKTIB 1 TEpMiHY OONIKY Pe3ysIbTaTiB, 10 HE CYNEPEUUTh Pe3yabTaTaM aHATOTTUHUX
Jocaimkens [8, 13].

BpaxoByroun 0coOauBOCTI pocTy TpuOIB (TpuBaIicTh lag-hasu, MBUAKICT
POCTY), aHTAarOHICTUYHUN BIUTMB €KCTPAroBaHUX METa0OJITIB 000X IITaMiB CTPETI-
TOMIIIETIB HA BC1 MITaMu (y3apiil criocTepiraim, mouynHaroun 3 3-1 1o0u.

Konexuiitauit mram F. oxysporum ONU F 27 BUSBUB 4yTIMBICTH 10 Me-
tabomitiB S. ambofaciens ONU 1016 1 S. ambofaciens ONU 561, nounnaroun
3 koHIeHTparii 100 Mxr/mi i 250 MKr/mi, BIIIOBIIHO, 30HU BiJICYTHOCTI HOTO
pocty nipu pomy ckianu 6,33+0,02 mm. 301IbIIeHHS KOHIIEHTpaIlii MeTaboiTiB
1o 1000 MKr/mMa He pU3BENO A0 OUTBII PAHHBOI MOSIBH 30HH BiJICYTHOCTI POCTY
HITaMy, aje BIUIMHYIO Ha i po3MipH, aki ckinanu 9,33+0,02 MM (3a 1ii eKCTpakTiB
S. ambofaciens ONU 1016) 1 7,66+0,02 mm (S. ambofaciens ONU 561) Ha 3 m100y.
3a nii Takoi KOHIIEHTPALlli eKCTpParoBaHUX MeTa0oITIB 000X IITaMiB 30Ha BIACYT-
HOCTI poCTy 30iibImyBanacs i gocsria Mmakcumymy (15,66+0,02 mm i 10,00+0,01
MM, BiJITIOBITHO) Ha 6-Ty 100y CITOCTEPEIKEHb.
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Bunineni i3 ypakeHHX 3JIaKOBUX POCIHH IITaMu F. oxysporum TakoX IMpo-
SIBHJTU Pi3HY YyTJIMBICTH 10 €KCTPAaroBaHUX BTOPHHHUX METAOOMITIB y JOCIiIKe-
HUX KOHIEHTpAITisX.

VY tabmuni 5, sk MpUKIIA, HABEIEHO Pe3yJabTaTH BUMIPY pO3MIpiB 30H Bif-
CYTHOCTI POCTY IITaMiB (hy3apiii 3a BIUIUBY €KCTPAKTIB CTPENTOMIIIETIB Y KOHIICH-
tparisx 500 mxr/mi i 1000 Mxr/mi Ha 3 1 6 100y CITOCTEpeKeHb. 3a BIUIMBY €KC-
TparoBaHux metadonitiB S. ambofaciens ONU 1016 y xonuentpamii 500 MKr/mi
PO3MIpH 30H BiJICYTHOCTI pOCTY BHILICHUX (hy3apiit komuBanucs Bix 6,33+0,02 MM
(1a 3 mo0y) mo 12,66+0,02 MM (Ha 6 100y). Y KOJEKIIMHOTO MITaMy, BiJIOBIIHO
Bix 9,33+0,02 mm 10 14,66+£0,02 Mm. [Tpu 30UIbIIICHH] KOHIICHTpAIlIi €KCTPAKTIB
10 1000 MKr/M1, po3MipH 30H BiICYTHOCTI poCTy BHIUICHUX (py3apiil y OiIbIIocTi
BHITAJIKIB TAaKOK 30UTBIIMIIKCS. 3a A1l TaKoi KOHIICHTpaIllii eKcTparoBaHMX MeTado-
niTiB S. ambofaciens ONU 1016 Haii0iibIa 30Ha BiJICYTHOCTI POCTY BU3HAYCHA
st mramy F. oxysporum W26 (14,33+0,02 mm) Ha 6 noOy cnocrepexenb. s
KOJICKIIIMHOTO IITaMy IIeld MoKa3HUK ckiaB 15,66+0,02 MM. MeHia aHTaroHic-
TUYHA aKTHBHICTh BUSIBJICHA Yy EKCTPAaroBaHUX MeTa0OMITIB mTamy S. ambofaciens
ONU 561. He Bci BuainieHi i3 ypakeHUX pociauH (y3apii BUSBHINCS Yy TIUBUMU
JI0 €KCTPAKTIB IbOTO ITaMy y KoHueHTpauii 500 Mkr/mui. 30ibIIeHHS KOHIEH-
Tpauii y 2 pa3u NOCHIHIO aHTAarOHICTUYHUHN e(EeKT eKCTPAKTIB IOro ImTamy. Tak,
HaNpUKJIal, 30Ha BiACYTHOCTI pocty F. oxysporum W13 nocsrna 15,00+0,01 mm
(Ha 6 no6y). lltamu F. oxysporum B2, B3 1 B22, sixi Oynu CTIMKHMHU 10 €KCTpa-
kiB S. ambofaciens ONU 561 y konnenTpaiii 500 MKIr/mMi1 IpOTSroM BChOTO TEp-
MiHy crnioctepexenb (10 mi0), BUSBWINMCS YyTIMBUMHU IO iX Jii y KOHLEHTpALii
1000 MKr/mi1.

VY OLIBIIOCTI BUTIAAKIB HAMKPALTUN aHTAarOHICTHYHUHN €(EKT, 10 BUSIBIISBCS
y po3Mipax 30H BIJICYTHOCTI POCTY, peeECTpyBaIk Ha 5—6 100y OOJIIKYy pe3y/IbTaTiB
0e3 CyTTEBUX 3MiH Ha KiHEIlb TEPMiHY CIIOCTEPEKEHb.

Busnauennst miHiManbHOi 1HTIOYr04Oi (TIPUTHIYYBaJIbHOI) KOHIIEHTpALii
(MIK) excTparoBaHux BTOPMHHUX METa0OMIITIB 000X IITamiB MOKAa3aso, M0 Lel
MOKA3HUK JJIs1 eKCTpakTiB S. ambofaciens ONU 1016 OyB y mianazoni 250 MKr/mi
— 500 mxr/mu, st ekctpaktiB S. ambofaciens ONU 561-250 mxr/mut — 1000 Mxr/
M (puc. 3).

3a OTpUMaHMMH pe3yJIbTaTaMU BCTAHOBJICHO, IO Ui OJHIET MOJIOBHUHH
mraMiB F. oxysporum, BUIUIEHUX 13 ypaxeHux pociud, MIK ekctparoBaHmnx
MeTabomitiB S. ambofaciens ONU 1016 cknana 250 mMxr/mu, anst iHmoi — 500 Mxr/
. g monoBurm mramiB ¢ysapiit MIK excrpaktiB S. ambofaciens ONU 561
ckiaB — 500 mxr/mi, s 40,0% mramiB — 250 mxr/mi, 20,0% mramis — 1000 mkr/
M. MIK ekctpakriB S. ambofaciens ONU 1016 1 S. ambofaciens ONU 561 nns
KoJiekIiiHoro mramy F. oxysporum ONU F 27 6yna menmoro i ckiana 100 Mkr/mi
1 250 MKI/MII, BiAMOBIIHO.

OTxe, WiACYMOBYIOUYM OTPUMAaHI pe3ylbTaTd, MOXXEMO KOHCTaTyBaTH,
0 JIOCTI/DKEHI INTaMu aKTHHOOaKTepi, BuaUIeHi 13 OiotomiB OmechbKoi
3aToku YOpHOTO MOpsI, € aHTAaroHiCTUYHO AKTUBHUMH MPOTH (HiTOMATOTEHHHX
MIKpOOprasi3miB, 30kpema TpuOiB F. oxysporum, 30yqHHKIB XBOpPOO 3JIaKOBHX
pocnuH. Kpanry akTHBHICTh IPOSIBUIIM aKTHHOOAKTEPIi, BUAICHI i3 T'YOOK 1 MifIii,
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ANTAGONISTIC ACTIVITY OF BLACK SEA
ACTINOBACTERIA AGAINST PHYTOPATHOGENIC
MICROORGANISMS

Summary

The biological method of plant protection is an environmentally safe and priority
form in long-term programs to combat pathogens and one of the important tools
for the transition to organic and ecological agriculture in Ukraine. Aim. To define
the antagonistic activity of the Black Sea actinobacteria against phytopathogenic
microorganisms. Methods. The antagonistic activity of 35 strains of actinobacteria
isolated from different biotopes of the Odesa Bay of the Black Sea against collection
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and isolated from affected cereal plants phytopathogenic microorganisms was
determined by the block method after preliminary cultivation of actinobacteria
on Gause 2 medium for 12 days at 28+1 °C. The antagonistic activity of
extracted secondary metabolites of Streptomyces ambofaciens ONU 1016 and
S. ambofaciens ONU 561 against Fusarium oxysporum strains was determined
by the disk-diffusion method. Results. Of the 35 studied, the growth of at least one
strain of phytopathogenic bacteria and fungi was inhibited by 77.1% and 65.7%
of actinobacterial strains, respectively. The sizes of the zones of no growth of
sensitive collection strains of bacteria ranged from 15.3+0.1 mm to 29.6+0.3 mm,
and of bacterial strains isolated from affected plants — from 14.5+0.1 mm to
25.7+0.3 mm under the action of antagonistically active actinobacteria. This
indicator for collection strains of fungi was determined in the range from
16.0+£0.2 mm to 33.5+0.3 mm, for isolated strains of fungi — from 15.0+0.1 mm to
29.3+0.3 mm. S. ambofaciens ONU 1016 and S. ambofaciens ONU 561 showed the
best activity against all strains of phytopathogenic microorganisms, in particular
against F. oxysporum isolated from affected plants, the zones of no growth
of more than 80.0% of the strains of which exceeded 20.0 mm. The extracted
secondary metabolites of both S. ambofaciens strains inhibited the growth of the
collection and isolated fusarium strains. The zones of no growth of fungi varied
widely and depended, primarily, on the strains of fusarium, streptomyces, the
concentration of extracts, and the period of recording the results. The minimum
inhibitory concentrations of extracted metabolites of S. ambofaciens ONU 1016
and S. ambofaciens ONU 561 against the isolated strains of F. oxysporum were
250 pg/ml — 500 ug/ml and 250 ug/ml — 100 ug/ml, respectively. Conclusions.
Actinobacterial strains isolated from sponges and mussels of the Odesa Bay of the
Black Sea are antagonistically active against phytopathogenic microorganisms, in
particular the fungi F. oxysporum. Collection strains of phytopathogens are more
sensitive to the action of sea actinobacteria than strains isolated from affected
plants. Strains S. ambofaciens ONU 1016 and S. ambofaciens ONU 561, which
showed high antagonistic activity, can be recommended for the creation of a
microbial preparation for protecting plants from bacterial and fungal pathogens.

Key words . antagonistic activity, the Black Sea actinobacteria, phytopathogenic
microorganisms.
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TH®OPMANIMHE MMOBIJJOMJIEHHS JIJISI ABTOPIB

Hayxosuii sorcypnan «Mikpobionoeis i 6iomexnonozia» zanpouye Bac 0o cni-
6npayi 3 NUMaHb BUCBIMIEHHS Pe3yIbMAamie HAYKOBUX OOCHIONCEHb y 2any3i Mi-
Kpobionozii i 6iomexHonozii.

IIporpamui uijii BUAAHHSA: BUCBITICHHS PE3yIbTaTIB HAYKOBUX JOCIIHKCHD
y raiy3i Mikpo0OioJorii Ta 610TeXHOJIOr11, 00'eKTaMU SIKUX € POKapioTHi (OaKkTepii,
apxebakTepii), eykapioTHi (MiKpPOCKOTMIYHI TprOH, MIKPOCKOTIIYHI BOAOPOCTI, Hal-
MPOCTIIlli) MIKPOOPTaHi3MU Ta BipyCH.

TemaTH4YHA CIPSIMOBAHICTH: MIKpOO10JIOTis, BIpyCOJIOTisl, IMyHOJIOT151, MOJIE-
KyJIsipHA O10TEXHOJIOTisl, CTBOPEHHS Ta CEJIEKI[isl HOBUX IITaMiB MiKPOOPTaHi3MiB,
MIKpOOHI1 mpernapaTH, aHTUMIKpOOHi 3ac00H, 010CEHCOPH, TIarHOCTUKYMH, MIKpPOO-
Hi TEXHOJIOTIi B CIJILCHBKOMY T'OCIIOJAPCTBI, MIKpOOHI TEXHOJIOTIi Y Xap4oBiil mMpo-
MHCJIOBOCTI; 3aXUCT Ta O3OPOBJICHHS HABKOJIMIIHBOTO CEPEIOBUINA; OTPHMAHHS
E€HEProHOCIiB Ta HOBUX MaTepialliB TOIIO.

Mogsa (MOBHM) BHIAHHSI: YKpaiHCbKa, aHIVIIHCHKA.

Pyopuku :kypHaiay: «OmIsgaoBi Ta TCOPETUYHI CTATTI», «EKCIIepuMeHTab-
Hi npani», «Juckycii», «KopoTki noBiioMiaeHH», «XpOHIKa HAyKOBOTO KUTTS,
«Cropinku ictopii», «fOBinei 1 qarny», «Penensii», « KHrmkkoBa mommisy.

Jlo cTarTi 10AAa€ThCsl PEKOMEHAllls YCTaHOB, OPTraHI3allii, y SIKUX BUKOHY-
Bajacs po0OoTa, 3a IMiIMMCOM KEepiBHHKA Ta MMChMOBA 3rojla KEPIBHHUKIB YCTAHOB,
oprasi3allii, Jie mparrOTh aBTOPH.

Bumorn 1o opopmitenHs crareil, siKi NOAAKOTHCS 10 peJaKUil ;KypHaJIy:

CrarTst Mae BiAMOBIAATH TEMAaTUYHOMY CIIPSIMYBAHHIO JKypHAIY 1, BiIOBII-
HO 70 1. 3 TloctanoBu BAK Vkpainu Bix 15.01.2003 p. Ne7-5/1, Bkiatouaru Taxi
CTPYKTYpHI €JIEMEHTH: TOCTAaHOBKA MPOOJIEeMH y 3arallbHOMY BHUIJISL Ta 11 3B’ 30K
13 BKJIMBUMHU HAYKOBUMU YU MPAKTUYHUMH 3aBIaHHIMU; aHAJ13 OCTaHHIX JOCIIi/I-
JKEHb 1 TyOITiKaIiid, B IKUX 3all09aTKOBAHO BUPIMICHHS JaHOI MPOOIeMH 1 Ha sIKi
OIMUPAETHCS ABTOP; BUOKPEMIICHHS PaHillle HE BUPIMICHUX YaCTUH 3arajibHOI MPo-
OJIeMH, KOTPUM TIPHUCBSIIYETHCS CTATTS; (POPMYITFOBAaHHS METH CTaTTi (TOCTAaHOBKA
3aB/IaHHs); BUKJIAJ OCHOBHOTO MaTepiaily AOCHIPKCHHS 3 MOBHUM OOIPYyHTYBaH-
HSIM HAayKOBHX PE3YJbTATiB; BUCHOBKHU 3 JAHOTO JOCITIKEHHS 1 MEPCIEKTHUBH TO-
JaNbIINX MOMIYKIiB Y JaHOMY HampsMi.

Jlo npyKy mpuiiMaroThCs pyKOTUCH (2 TpUMipHUKH) 00csiroM 710 18 cTopiHOK
(3 ypaxyBaHHSIM PUCYHKIB, TaONIWIb 1 MIAMKUCIB 10 HUX, aHOTallii, pedepary, cru-
CKy JiTeparypu), orisiau — 10 30 cTop., peneHsii — 10 3 cTop., KOPOTKi MOBITOM-
JeHHS — 710 2 cTop. BinxuieHi pyKoImucH He TTOBEPTAIOThCS.

Jlo pykonucy 10Aa€ThCsl €IeKTPOHHUN BapiaHT pykonucy mpudt Times New
Roman, xerne 14, inTepBan aBToMaTHUHUI, He Oibie 30 psSAKiB HA CTOPIHII, OIS
mo 2 cM).

IIpu HanMcaHHi cTATTI HEOOXiIHO NOTPUMYBATHCS TAKOIO IVIAHY:

e innexc Y/IK y miBoMy BEpXHbOMY KyTKY HEPIIOTO apKyla;

* Pepepar MOBOIO OpUTiHATY CTATTI:

— Ha3Ba CTATTi BETUKUMH JITCPaAMU;

— Tpi3BUIIIA Ta HILIAJIK aBTOpa (aBTOPIB);

— Mictie poOOTH KOKHOTO aBTOpa; MOBHA TOIITOBA a/Ipeca yCTAaHOBH (32 MiXk-
HApOTHUMH CTaHIapPTaMu); TenedoH, eJIeKTpOHHA ajpeca (e-mail);
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— Mpi3BHUIIIA aBTOPIB Ta HA3BU YCTAHOB, JI€ BOHH MPAIOIOTh, TO3HAYAIOTh OfI-
HUM 1 TUM CaMUM IIU(PPOBUM 1HJEKCOM (Bropi);

— pedepar i3 3a3Ha4CHHIM HOBU3HH JocipkeHHs (200-250 coiB);

— KJIFOUOBI CJIOBA (HE OUIbIIE T'SITH).

* Pepepar anmiiicbkor MOBOIO:

— Ha3Ba CTAaTTi BEJIMKUMU JIiTEpaMH;

— Mpi3BUIIA Ta 1HILIaau aBTOpa (aBTOPIB), TPAHCIITEPALLIS;

— MicIie poOOTH KOJKHOTO aBTOPa; IMOBHA TIOMITOBA aJpeca YCTaHOBH (32 MikK-
HapOJAHUMHM CTaHJapTaMu); TesnedoH, eleKTpoHHa aapeca (e-mail);

— Mpi3BHUIIIA aBTOPIB Ta HA3BU YCTAHOB, JIe BOHH MPAIIOIOTh, TO3HAYAIOTh O~
HUM 1 TUM CaMUM IIU(PPOBUM IHJEKCOM (Bropi);

— pedepar i3 3a3Ha4eHHSIM HOBU3HH MocikeHHs (200-250 coiB);

— KJIFOUOBI CJIOBa (HE OlIbIle M'ATH);

* [ToBHMIT TEKCT CTATTI MOBOIO OPUTIHAITY.

TekeT cTarTi Ma€c BKJIIOYATH TaKi CKJIAA0BI:

BCTYIT, MaTepiajiu 1 METONIM; pPe3yJbTaTh Ta iX 0OTOBOPEHHS; BUCHOBKH; CITH-
COK BHKOPUCTAHOI JIiTepaTypu MOBOIO OPUTIHAITY IIUTOBAHOI CTATTi, CITMCOK BUKO-
puctanoi niteparypu (Referens) anrmificbkkoro MOBOO (32 BUMOTH MIXKHApPOJTHUX
HAayKOMETPUYHHX 0a3).

J10 KO’KHOTO MPUMIPHHUKA CTATTI AOAAETHCS pedepar MOBOKO OPUTIHATY CTATTI
Ta YKpaiHCHKOIO/aHTITIHCHKOI0 MOBOIO.

BpaxoByrouu, 1o pedepar BijoOpakae OCHOBHHM 3MICT CTATTI 1 BUKOPUCTO-
BYETHCS B iH(QOpMAIIHHUX, B TOMY YUCJII aBTOMaTH30BAHUX CHCTEMaX JIJIS TTOITYKY
JIOKyMEHTIB Ta 1H(popMallii, HE0OX1THO JOTPUMYBATUCS MEBHUX BUMOI IIPU HOTO
HaIMCaHHi:

— pedepar mae 6yt iIHPOPMATUBHUM (HE MICTUTH 3alBUX CIIB);

— CTPYKTYpPOBaHHUM, TOOTO MICTHTH PO3MIUIN: METa; METOJIH, 110 BUKOPUCTAHI

B po0OTi Ta/ab0 METOI0JI0TIsI POBEACHHS J0CIIKEHb; pe3yJIbTaTh Ta cde-
pa X 3aCTOCyBaHHS; BUCHOBKH;

— aHIiiicbKa Bepcis pedepary Mae OyTH HarMcaHa SIKiCHOKO aHIITHCHKOIO MO-

BOIO (32 MOTpedU JOUUIBHO KOPUCTYBAaTHUCS MOCIyraMH KBali(iKoBaHHX
CHELIaICTIB-TIHIBICTIB 3 IOAAJBIINM HAYKOBHUM PEIaryBaHHIM TEKCTY aB-
TOPOM), 3 BUKOPUCTAHHIM TEPMIHOJIOTI], sIKa BUKOPUCTOBYETHCS B AHIJIO-
MOBHHUX MEIUKOOIOJIOTIYHUX JKypHAJIaX, YHUKATH BUKOPUCTAHHS TCPMIHIB,
K1 € IPSAMOIO YKPaiHChKOI/POCIHCHKOIO KaJIbKOIO;

— xomnaktHUM (200-250 ciB);

— KJIFOYOBI €JI0Ba (He OUIblIIe 5-TH) pO3MIIIYOTHCS 3 a03alty micis pedepary.

VY KiHIII TEKCTY CTATTi yKa3aTy Mpi3BHUIIla, IMEHA Ta M0-0aThKOBI yCiX aBTOPIB,
MOIITOBY ajpecy, TenedoH, gakc, e-mail (s KopeCOoHACHIIIT).

Crarts Mae OyTH Tianucana aBTopoM (yciMa aBTOpaMu) 3 3a3HAYEHHSIM JaTh
Ha OCTaHHI# CTOPIHIII.

ABTOpY HECYTh MOBHY BiJIIOBIAAIbHICTD 32 Oe370raHHE MOBHE O(OPMIICHHS
TEKCTY, 0COOJIMBO 3a MPaBUIIbHY HAYKOBY TepMiHOIOTO (11 CI1ij1 3BipsATH 3 (haXxoBH-
MU TEPMIHOJIOTITYHUMHU CIIOBHUKAMH).

JlatuHCBHKI 0107I0T1YHI HA3BU BUIB, POAIB MOJAIOTHCS KYPCUBOM JATUHHIICIO.
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SIKII0 9acTO MOBTOPIOBaHI y TEKCTI CIOBOCIONYYEHHS aBTOP BBAXKa€ 3a IO-
TpiOHE CKOPOTUTH, TO abpeBiaTypu 3a MEpIIOro BXKUBAaHHS 0OYMOBIIIOIOTh Y JTyXK-
kax. Harpuknana: momiMepasHa jianimrorosa peakiis (ITJIP).

[Tocunanus Ha niTeparypy MOJAKOThCS Yy TEKCTI CTATTi, LudpaMu y KBajapar-
HUX JTy’Kax, 3T1IHO 3 MOPSIIKOBUM HOMEPOM Y CIUCKY JITepaTypH.

Po3nin «Marepianu i MmeTogm»:

— Metoau nOCTIDKEHHS Ta CXeMHU eKCIIEPUMEHTY MaroTh OyTH TMpeCTaBIeHI
TakK, mo0 X MO)KHA OYJIO BIATBOPHUTH.

— JInst BUKOpHCTaHUX PEaKTUBIB Ta MaTepiaiiB BKAa3aTH HA3By KaMIaHii Ta
KpaiHu-BUpPOOHUKA.

— OmuHuLi BUMiprOBaHHS BKa3aT B cuctemi ClL.

— KonnenTpariro po3unHiB npeactaBisatd B M, MM, MkM (MoJIsipHa KOHIICH-
Tpaiis).

— Monekynsapuy macy (Mm) — Jla (mansTonn) a6o x/la.

— IIpu BukopucTanHi (pepMEeHTIB HABECTH iX HOMEHKJIATYPHY CUCTEMAaTHUHY
Ha3By Ta MWUQD.

— AKXTUBHICTh (DEpMEHTIB BHPAKaIOTh B MKMOJISIX BHKOPHCTAHOTO CyOCTpa-
Ty a00 YTBOPEHOro MpOoAYyKTy 3a 1 XB Ha | Mr mporeiny abo BUKOPUCTATH
cragaaptHy omuHUIO akTUBHOCTI U (IU) 1 karam (CKOpOYeHO Kar), MMUTO-
Ma aKTUBHICTh €H3UMY BHPa)Ka€ThCsl B MMOJISIX/XB Ha 1 MT mpoteiny abo B
OJ1.aKT/MI, KaT/KT.

— Bkazatu ymoBU mpoBenieHHsT (hepMEHTaTUBHOI peakilii (Temmeparypa, pH,
KOHIICHTpAIlisl CyOCTparty).

— BkazaTu BUKOpPHCTaHI METOIU CTATHCTUYHOTO aHAIi3y, MpOrpamy CTaTH-
CTHKH.

Tabmuii MatoTh OyTH KOMITAKTHUMH, MaTH MOPSAKOBUN HOMEp; Tpadu, Ko-
JIOHKH MaroTh OyTH TOYHO BH3HAUYEHHMH JIOT1YHO 1 rpadiyHo. Martepian Tabnuip
(sIK 1 pUCYHKIB) Mae OyTH 3pO3yMUTHM 1 HE nyOmroBatu TekcT ctarti. L{udposuit
Mmarepiaj TaOJIMIb CIIiJ] OIPAIFOBATH CTATUCTHYHO.

PrcyHKH BHKOHYIOTHCS y BUTISIII 9ITKMX KPECIIEHb (3a JIOMTOMOTOI0 KOMIT O-
TepHoro rpadiunoro penakropa y ¢opmari Word, TIF, JPG). Oci xoopaunar Ha
rpadikax MarTh OyTH MO3HAYCHI. PUCYHKH PO3MINITYIOTHCS Y TEKCTI CTATTI.

Jlo pucCyHKiB MaioTh OyTH MiJIHCH HE 3rpYNOBaHi 3 HUM 1 HE BCTaBJIEHI B
00’ €KT pHUCyHKa.

[To3Ha4yeHHs1 Ha pUCYHKY MalOTh OyTH IHTETPOBaHI B HHOTO, TOOTO KOMIIOBAaTHU-
Csl pa30M 3 PHCYHKOM, @ HE OKPEMUMH YaCTHHAMHU.

Beci inmrocTpartii MaroTh OyTH po3MilieHi B (aiiii pyKomucy, Takox 000B’sI3K0-
BO JI0/IaH1 JI0 €JIEKTPOHHOIO BapiaHTy y BUINIAl QaitniB popmary JPEG.

[Mignucu, a TakoX MOSICHEHHS, PUMITKH 10 TaOJIHIIb Ta PUCYHKIB MOAIOTHCS
MOBOIO OpPHUTIHAIY Ta aHINIIHCHKOIO MOBOIO.

Poznin «Pe3ynbTaTn 10C1iIZKeHb Ta IX 00roBOpeHHsD» Mae OyTH HalMCaHUN
KOpPOTKO: HEOOX1THO YITKO BHKJIACTH BUSBJICHI €()DEKTH, MOKA3aTH MPUIMHHO-PE-
3yJbTaTUBHI 3B’ SI3KM M)XK HUIMU, IOPIBHATH OTpUMaHy iH(GOPMAIIiIo 3 TaHUMHU JIiTe-
parypu, AaTy BiIMOBiAb HAa MUTAHHS, TIOCTABIICH] Y BCTYTII.
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CnHcoxk BUKOPUCTAHOI JIiTepaTypu

1. Criucok BUKOPHUCTAHOI JiTepaTypd B OpHUTiHAIlI IIUTOBAHOI CTaTTiI CKJIa-
Ja€Thes 3a al(haBiTHO-XPOHOIIOTIYHUM MOPSAKOM (CIIOYATKy KHPHIIUI, TOTIM Jia-
TUHUI). SIKIIO MepInii aBTop y ACKUTHKOX Mpalsix OIWH 1 TOW caMHid, TO mparli
PO3MIIIYIOTECS Y XPOHOJIOTTYHOMY MOpsAAKY. CIIHCOK MOCHIIaHb Tpeda mpoHyMepy-
BaTH, a y TEKCT1 MOCUJIATUCS Ha BIAMOBIIHUN HOMED JiKepena JiTepatypH (y KBa-
JPATHUX JTyKKaX).

VY nocuiiaHHi MUIIYTh TPi3BUINA YCiX aBTOPiB. B ekCriepuMEHTaIBHIX Mparisix
Mae OyTu He Oubie 15 mocunansk JIiTeparypHUX JDKEped.

[TaTeHTHI TOKYMEHTH PO3MIIILYIOThCS y KIHIII CIIUCKY [TOCUJIaHb.

2. Ciucok BUKOPHCTAHOI JiTeparypu aHmiicekoro MoBoro (Referens), 3a Bu-
MOTaMH MDDKHApOJHHX HAyKOMETPHUYHUX 0a3.

Cruns mpudta — NLM (National Library of Medicine).

[Tpi3Buia, iMeHa Ta Mo-0aTbKOBI aBTOPIB, HA3BY IIMTOBAHOTO BHIAHHS (3Kyp-
Haj, MoHorpadisi, 30ipHUK TOINO) HABOIATH IMOCIYTOBYIOUHUCH OE3KOIITOBHUMU
caitframu (http://www.easybib.com/, http://www.bibme.org/, http://www.sourceaid.
com/, https://www.citethisforme.com/), 1110 103BOJISAIOTH 3AIMCHUTH TIEPEKIIA] 3 BU-
KOPUCTaHHSIM OJHIET 3 MIKHAPOIHUX CHCTEM TPAHCIITEpaIlii.

Ha3Bu crareii HaBOJATh aHIVIIIICHKOIO MOBOIO.

[Topsimox momanHs mocwianb Referens (criucok 2) Mae IOBHICTIO CITiBITJaTH
31 CIIUCKOM BUKOPUCTAHOI JIITEpaTypH (CIHUCOK 1).

3pa3ku NOCWJIAHHSA JiTepaTypu

Bumorn mo odopmienns O6iomiorpadiyHUX MOCHIAHb MOBOKO OpPHTIHATY
(B TOMY 4HCIIi IMTOBAaHI aHITIOMOBHI JKepesia)

Ha monozpaghii

Anoperox K. 1., Koznoea I. I1., Konmesa K. I1., Ilinawenxo-Hoeoxamnuii A. 1.,
3anina B. B., Ilypiw JI. M. MixpoGHa kopo3is mig3emHux crnopya. Kuis: Haykosa
nyMka. — 2005. — 258 c.

Mikpo06ioioriuHi METOJIM OUYMILEHHS CTIYHUX BOJ| BiJl OpraHigyHUX 3a0pynHIO-
BauiB: MoHorpadis / B. O. IBanuus, T. B. I'ynzenko, b. M. I'ankin, O. B. Bomosay,
O. I TopuikoBa — Opeca: Onecbkuii HallloHaIbHUM yHIBepcuteT imeHi I. I. Meu-
HuKOBa, 2020 — 135 c.

Kanpenvany JI. B., Hopeauosa O. I ®ynxuionansni npoaykta. — Ogneca,
2003. - C. 229-237.

T'8030sk P. I, Ilaciunuk JI. A., HAxosnesa JI. M., Mopo3z C. M., Jlumeunyyxk O. O.
dironarorenHi 0akrepii. bakrepianbhi xBopodu pociuH. — K.:TOB «HBII «InTep-
cepsicy, 2011. — 444 c.

Rogers H., Perkins H., Ward 1. Microbial cell walls and membranes. — London;
New York: Fcfd. Press, 2020. — 364 p.

Ha »xcypnansni cmammi

Cmpawmnosa I. B., [lomanenxo K. C., Kopomacesa H. B., Jlictomin I B., Meme-
niyuna 1. 1. AHTarOHICTUYHI BIACTUBOCTI YOPHOMOPCHKUX CTPENTOMILIETIB, BU/II-
JIeHUX 13 00pOCTaHb YepenanHuKy i Miaii // Mikpobiosnoris i 6iotexnomnoris —2022.
—Ne 3 (56). — P. 6-23. http://dx.doi.org/10.18524/2307-4663.2022.3(56).268585
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Boubekri K., Soumare A., Mardad 1., Lyamlouli K., Ouhdouch Y. et al.
Multifunctional role of actinobacteria in agricultural production sustainability:
a review // Microbiological Research. — 2022. — Vol. 261. — P. 1-15. https://doi.
org/10.1016/j.micres.2022.127059

bynueina T. B., Bapbaneys JI. JI., Iaciunux JI. A., )Kumkxesuu H. B. Pe3uc-
TEHTHICTh JI0 aHTUMIKPOOHMX TpenapariB Oakrepiid Pantoea agglomerans // Mi-
KpobOiooris i 6iorexHomoris. — 2016. — No 1. — C. 68-75.

Ha me3u oonosioeit

Mayentox b. I1. Po3pobka GiotexHomorii onepxanus nanaominuny E // Mixk-
HapoaHa HayK. koH(. ,,MikpoOHni Giorexnomnorii” (Oneca, Bepecenn, 2006 p.): Tes.
pom. — O.: ,,Actporpunr”, 2006. — C. 17.

Ha oenonosani naykosi pooomu

3amumuckka O. C. MikpoOHi cumepodopu K MOXIHBI (haKTOpHU aHTArOHI3MY
Oaxrepiii Bacillus megaterium momo marorenanx Agrobacterium spp. // 36ipka ma-
TepiaiB HAyKOBOTO TOBAPHCTBA CTYJCHTIB, aCIIPaHTIB 1 MOJIOANX y4eHuX. — Ofeca:
Pemno3uTapiit HaykoBoi 6i6miorexku OHY imeni 1. I. Meunukosa, 2019. — C. 17-18.

Ha cmanoapmu

JICTY 7355:1213 Monoko, MOJOYHI HPOXYKTH Ta 3aKBacku. MeTon
BU3HAUEHHs KUIbKOCTI Oidinobaxrepiit. — 14 c.

Hepowcasna cnyacoa cmamucmuxu Yxpainu. TTociBHI miomi CiTbChKOTOCIIO-
JMApChbKUX KymbTyp 3a ix Bumamu. Jloctym ownnaitH: http://www.ukrstat.gov.ua/
[mToBano 28 Gepes. 2021].

Ha namenmu

Ilamenm Yxpainu Ne 90119, MIIK CO2F 1/24. Cnoci6 Mikpo6i0i0riuHOro
OYHIIICHHS BO/IU BiJl 10HIB IMHKY / Bomosau O. B., Topmikosa O. I'., bensiea T. O.,
Konyn I. II., bapanos O. O. (Ykpaina). — N 90119; 3assn. 24.12.2013; omy0u.
12.05.2014, bron. N 9.

Ilamenm na Bunaxin Ykpaina, MIIK A23G 3/34, 3/48.Cnoci6 oxepxaHHs
KOHJIUTEPCHKOTO AaHTUOKCHUIAHTHOTO MPOAYKTY, BiacHUK Ojec. Hall. TEXHOIL
Vuieepcutet / [Tununenko JI. M., Porosa H. B., Kunumenuyk O. O., Kpycip I. B.,
CesactbsiHoBa O. B., binenska . P. 3asBka Ha Bunaxin No a 2022 03697 Vkpaina,
3asBi. 04.10.22. TTarenT Ha BunHaxig Ykpaina, MITK A23G 3/34, 3/48.

Ha asmopegepamu oucepmauiii
binsscoxa JI. O. AxtuHoOaktepii pony Streptomyces i ixHi meTaOomiTH Y
Oiloperysiii poc-JIuH : uc. ... 1oK. Oion. Hayk : 03.00.07. Kuis, 2018. — 485 c.
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J1aTor0 Ha/JIXOIKEHHSI CTAaTTI BBAXKAIOTh JCHb, KOJIM JI0 PEIKOJETil HaiHIIOB
NEpPUINA BapiaHT TEKCTY CTATTI.

[Ticnst opeprkaHHsI KOPEKTYPH CTATTi aBTOP MOBUHEH BUMPABUTH JIUIIIE TIOMHLI-
KU 1 TEPMiHOBO BilicIIaTh CTATTIO HA aJ(pecy peAKoJerii abo MOBiIOMUTH PO CBOT
MPaBKH 10 TelNe(POHY YK IEKTPOHHOIO MOIITO0.

V pasi 3aTpUMKH peaKxiisi, T0JepKYOUHUCh Tpadika, 3auiiae 3a coooro npa-
BO 3/1aTH KOPEKTYpY 110 ApyKapHi (y BHPOOHHUIITBO) O3 aBTOPCHKUX MPABOK.

[Tignuc aBTOpa y KiHI CTAaTTi O3HAYAE, 110 aBTOP Iepe/Iae MpaBa Ha BUIAHHS
CBOE€1 cTarTi peaxiii. ABTOp TrapaHTye, IO CTATTs OPUTiHAJIBHA; Hi CTATTS, HI PH-
CYHKH 10 Hei He Oynu ormyOniKoBaHi B IHIIMX BHIAHHSIX.
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VBara: nepenpyk, yci BUIU KOMFOBAHHS Ta BiITBOPCHHS MaTepiaiB,
110 HA/IPyKOBaHi y sxypHai «MikpoOGionorist 1 610TeXHoIoTisN,
MOYKJIMBI JIMIIIE 32 YMOBH ITOCHIAHHS Ha JHKepero iHpopmarii
Ta 3 JI03BOJY PEIAKIIIIHOT KOJICTii.
VYei npaBa 3aXHIIEHI 3T1THO 3aKOHOAABCTBA YKpaiHH.
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