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ABSTRACT

Fungal diseases cause significant damage to crop production, making the protection of crops from harmful organisms
essential for ensuring food security. Today, developing biological methods for crop protection is increasingly relevant. In this
context, introducing preparations with biocidal action into agricultural practices is of great interest. These preparations should
include bacterial strains with antagonistic properties against phytopathogenic microorganisms. The antagonistic properties of
Bacillus bacteria are particularly noteworthy, as their metabolites can degrade mycotoxins, potentially reducing their toxicity.
The search for Bacillus strains suitable for creating effective biofungicides against Fusarium and Alternaria diseases in plants

holds promising prospects.
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1. INTRODUCTION

Microorganisms that cause plant diseases result in signif-
icant losses in agricultural crop yields. Among these, phyto-
pathogenic fungi, particularly those from the genera Fusarium
and Alternaria, are leading culprits [1]. The damage caused
by these fungi includes reduced leaf photosynthetic surface,
decreased yields, and harm to fruits and seeds. Additionally,
both Fusarium and Alternaria produce mycotoxins, which
pose serious risks to humans and animals when they contam-
inate food and feed [2].

In recent decades, natural antagonists of phytopathogenic
fungi have been explored as alternatives or supplements to
traditional fungicides. These non-pathogenic microorganisms,
which inhabit plant residues in the soil, the rhizosphere, phyl-
losphere, or endophytically within plants, can compete with
phytopathogens, suppress their growth, and positively affect
plant health [3, 4].

Bacteria of the genus Bacillus have shown great agricul-
tural potential due to their production of lipopeptides with
high activity against phytopathogens [5]. The antifungal ac-
tivity of Bacillus species is mainly attributed to three families
of cyclic lipopeptides: surfactin, iturin, and fengycin. These
molecules possess amphiphilic properties that disrupt biologi-
cal membrane structures. Their antimicrobial activity extends
to bacteria, fungi, oomycetes, and viruses. Recent studies also
highlight these compounds’ ability to stimulate plant defense
mechanisms and biofilm formation, which are crucial for the
successful biocontrol of phytopathogens [6].

Worldwide, antifungal biopreparations are being devel-
oped based on beneficial strains of B. subtilis, B. amylolig-
uefaciens, B. pumilus, B. licheniformis, B. megaterium, B.
velezensis, B. cereus, and B. thuringiensis [7, 8]. Endophytic
bacteria, which colonize niches similar to those of plant
pathogens, are preferred candidates for biocontrol. Selecting
local bacterial strains from wheat grain and various plant parts

is advantageous, as these strains are already adapted to their
environment [9]. When thoroughly studied, Bacillus bacte-
ria have the potential to replace many of the chemical fungi-
cides currently used against F. graminearum and A. alternata,
which negatively impact the environment [10].

2. MATERIALS AND METHODS

2.1 Isolation of Bacillus Genus Bacteria from Seed Ma-
terial

The seed material complies with GOST 12044-93, «Seeds
of Agricultural Crops: Methods for Determining Disease Con-
tamination.» Wheat seeds are first washed under running wa-
ter for 1-2 hours, then disinfected with 96% alcohol for 1-2
minutes. After disinfection, the seeds are rinsed with sterile
water and dried between layers of sterile filter paper. Five
seeds are placed in a Petri dish with a nutrient medium and
incubated in a thermostat at 25-27°C for germination, which
typically lasts 3-7 days. Bacterial colonies are then stained us-
ing the Gram stain method.

2.2 DNA extraction and molecular characterization

The genomic DNA of separate colonies of the microor-
ganisms was isolated using the bacterial DNA isolation kit
(Biosilica). The isolation was performed according to the kit
instructions. The quality of genomic DNA was monitored by
electrophoresis on a 1 % agarose gel. Electrophoresis was car-
ried out in a Max Fill HU10 horizontal electrophoresis cham-
ber and a Consort EV 243 current source. 1* TAE buffer was
used as an electrode buffer. The 16S rRNA was amplified us-
ing the primer pair: forward /6SrRNA-8F (5’-AGAGTTT-
GATCCTGGCTCAG-3’) and reverse 16SrRNA-806R (5°-
GGACTACCAGGGTATCTAAT-3") (Sigma-Aldrich, USA).
For all used primers, we prepared 20 pl mixture that con-
tained 25 ng of each target DNA. The mixture also contained
Taq DNA Polymerase (Fermentas), 0.2 mM of each dNTP, 1*
PCR buffer, 2.5 mM MgCl, and 10 pmol of each primer. The
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PCR program was run on a Master cycler Gradient, (Eppen-
dorf) amplificator.

2.3 PCR samples purification

PCR samples were purified from oligonucleotide resi-
dues by dephosphorylation using alkaline phosphatase (SAP
- shrimp alkaline phosphatase) and endonuclease. A mixture
was prepared in a total volume of 10 pl for each sample -
dH,0 - 7.25 pL, 10" PCR Buffer - 1.0 ul, MgCl, - 1.0 ul, SAP
(5 mM) - 2.5 pl, Exonuclease I (5 units/uL) - 0.125 pl. The
resulting mixture was added to each PCR product, placed in a
thermal cycler under the following conditions: 37°C - 30 min,
85°C - 15 min, 4°C - . Sample preparation for sequencing
carried out by precipitation with an alcohol-acetate mixture.

2.4 DNA sequencing

The components of a standard set of reagents for the se-
quencing reaction were prepared in a 0.2-ml thin-walled ther-
mocycler tube. A standard set of reagents for cyclic sequenc-
ing using CEQ WellRED terminator dyes (partially mixed).
The following thermal cycle program was chosen: 96°C - 20
sec, 50°C - 20 sec, 60°C - 4 min for 30 cycles and followed
by aging at 4°C. The sequencing was done by using BigDye®
Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems),
and the sequence was deposited in GenBank. These sequences
were compared with other sequences in the GenBank by using
the BLAST analysis. The phylogenetic analysis was carried
out with MEGA 6 software.

2.5 Study of Antagonistic Properties of Bacteria

Testing of antagonistic bacteria of the genus Bacillus
against the fungi Alternaria alternata and Fusarium gramin-
earum is conducted as follows: Sterile filter disks are dipped
in a suspension of bacterial cells prepared in a physiolog-
ical solution. These disks are then placed on three-day-old
fungal colonies, with a disk soaked in physiological solution
placed on the fourth side as a negative control. Observations
of changes in the growth of both fungal and bacterial colonies
are made over a period of up to 7 days.

3. RESULTS

During the experiment, the seed material is incubated on
a nutrient medium to isolate antagonist bacteria. Four colo-
nies of antagonist bacteria of the genus Bacillus were identi-
fied. For primary identification, Gram staining was performed,
and the bacteria were viewed under a microscope (Figure 1).

As shown in Figure 1, the colonies of antagonist bacte-
ria initially exhibited activity against other cultures. The col-
ony growth pattern is characteristic of Bacillus species. Mi-
croscopy confirmed the presence of gram-positive, rod-shaped
bacteria that form intracellular spores, typical of the Bacillus
genus. To further confirm the cultural-morphological identi-
fication, DNA was isolated from the bacteria for molecular
genetic analysis to determine the species composition. Am-
plification of genomic DNA using species-specific primers
produced bands approximately 800-900 bp in size (Figure 2).

The PCR products of the bacterial strains were sequenced,
and the nucleotide sequences were deposited in the NCBI
GenBank database: 1) Bacillus amyloliquefaciens PQ222680,
2) Bacillus cereus PQ223301, 3) Bacillus subtilis PQ223368,
and 4) Bacillus thuringiensis PQ223302. The test for antag-
onistic properties against Alternaria alternata and Fusarium
graminearum was conducted on three-day-old fungal colo-
nies. Discs impregnated with a bacterial cell suspension were
placed on three sides of the colonies. The experimental results
are presented in Figures 3 and 4.

In Figure 3, all Bacillus genus antagonist bacteria exhibit
high antagonistic properties against Alternaria alternata. The
results of their antagonistic properties against Fusarium gram-
inearum are shown in Figure 4.

Figure 4 shows that all Bacillus genus bacteria-antagonists
exhibit strong antagonistic properties against Fusarium gram-
inearum. Thus, the data indicate that Bacillus bacteria-antag-
onists effectively suppress the growth of Alternaria alternata
and Fusarium graminearum. Bacillus amyloliquefaciens, Ba-
cillus cereus, Bacillus subtilis, and Bacillus thuringiensis iso-
lates are recommended as biological fungicides against these
phytopathogenic fungi.

Figure 1 — Colonies of antagonist bacteria and their microscopic view (x100).
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Figure 2 — Electrophoretic analysis of PCR products obtained with DNA of the bacterial strains: M — DNA ladder (100 bp);
K- — negative control; K+ — positive control; 1-4 — DNA Bacillus spp.

4. Discussion

The increasing anthropogenic load on the environment and
the need for food safety highlight the importance of advanc-
ing research in biological plant protection, particularly against
toxinogenic fungi of the genera Fusarium and Alternaria.

B. amyloliquefaciens B. cereus

Bacillus species are promising candidates for effective
biofungicides against Fusarium and Alternaria due to their
spore formation, high viability, cost-effective cultivation, and
the ability of specific strains to suppress fungal growth and re-
duce plant contamination with mycotoxins. These bacteria not

B. subtilis

B. thuringiensis

Figure 3 — Result of antagonistic properties against the fungus Alternaria alternata.

B. amyloliquefaciens B. cereus

B. subtilis

B. thuringiensis

Figure 4 — Result of antagonistic properties against the fungus Fusarium graminearum.

These fungi negatively impact both the quality and quantity
of harvests and contribute to mycotoxin contamination [11].

Continuous monitoring of the phytosanitary situation in
agricultural crops, rigorous mycological and mycotoxicolog-
ical control, and adherence to protective and agrotechnical
measures are crucial. Utilizing developed methods for mon-
itoring mycotoxin accumulation, including biological prepa-
rations that can block toxin biosynthesis or transform toxins
into less harmful compounds, appears promising [12].

only reduce toxin synthesis but may also biodegrade toxins
through microbial metabolites [13, 14]. Additionally, bacte-
rial metabolites can induce plant defense mechanisms and in-
fluence the composition of the pathogenic plant microbiome.

CONCLUSION

As a result of the study, we isolated antagonist bacteria
of the genus Bacillus from wheat seeds. Identification was
conducted through cultural and morphological characteristics,
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with molecular genetic confirmation establishing the species
of the antagonist bacteria. The nucleotide sequences were de-
posited in the NCBI GenBank database with the following ac-
cession numbers: 1) Bacillus amyloliquefaciens PQ222680,
2) Bacillus cereus PQ223301, 3) Bacillus subtilis PQ223368,
and 4) Bacillus thuringiensis PQ223302.

The antagonistic properties of these bacteria were tested
against two major phytopathogenic fungi of cereal crops, A/-
ternaria alternata and Fusarium graminearum, which reduce
crop yields and compromise feed suitability for farm animals.
Our findings demonstrate that Bacillus species possess signif-
icant antagonistic properties and are recommended for use as
components in biological fungicides.
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BbIJIEJIEHUE U XAPAKTEPUCTUKA BAKTEPUI POJA BACILLUS OBJIAJIAIOLIIAX
AHTATOHUCTHYECKMMHU CBOMCTBAMMU B OTHOIIEHUU BO3BYJIUTEJENA ALTERNARIA
ALTERNATA AND FUSARIUM GRAMINEARUM
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ABCTPAKT

Bounbioi YPOH paCTCHUEBOJACTBY HAHOCAT FpI/I6HLIe 3a00eBaHusI. 3aH11/ITa YpoOxad OT BPpEAHBIX OPraHU3MOB SBJIA-

eTcsl 3aJI0roM 00ecCIIeYeHUs HaCeJICHHMSI TPOJJOBOILCTBHEM. Ha ceropHsIIHmi IeHb aKTya bHO IT0y4YeHHE OHOIOrHYEeCKUX
CPEJICTB 3aIlIUTHI ypoxKasi. B CBSI3M ¢ 3TUM Npe/ICTaBIIsIeT MHTEPEC BHEAPEHHUS B TPAKTHKY PACTEHUEBOICTBA IPENapaToB,
HMEIOIINX CIIEKTP OMOLMIHOTO JeicTBuUs. K TakuM cpescTBaM clie/lyeT OTHECTH ITaMMbl OaKTEpHi, TPOSIBIISIOIINE aHTa-
TOHHCTHYECKUE CBOWCTBA 110 OTHOIICHHIO K (PUTONATOr€HHBIM MUKPOOPTraHU3MaM. PacKpbIThl 0COOCHHOCTH MPOSIBIICHHS
AHTArOHUCTUYCCKHUX CBOWCTB OakTepuit Bacillus, KOTOpbIC 3aKIOYAIOTCS B CIIOCOOHOCTH META0OIUTOB OaKTEepHid
OCYILIECTBIISITH JIECTPYKIIUIO MUKOTOKCHHOB, YTO MOKET CITIOCOOCTBOBAThH CHIKEHHUIO X TOKCHYHOCTH. OOOCHOBBIBAaETCS
MIEPCIIEKTUBHOCTH ITONCKA IITAMMOB OakTepuit posa Bacillus, mpuroaHsIx aist co3nanus 3pGeKTHBHBIX ONO(YHTHINIOB
MIPOTUB (y3apH0O30B U aJIbTEPHAPHO30B PACTECHUH.

KaioueBsie cinoBa: Bacillus, anbrepHapnos, Gpy3apros, aHTaroHu3M, GUTONATOreH.
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ALTERNARIA ALTERNATA "KOHE FUSARIUM GRAMINEARUM KO3JbIPFBIIITAPBIHA KAPCBI
AHTATOHUCTIK KACUETTEPI BAP BACILLUS TEKTEC BAKTEPUSJIAPIBIH OKILIAYJIAHYbI ’)KOHE
CUIMTATTAMACBI
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AHJATIIA

CanpIpayKyjlak aypyJapbl ©CIMIIK MIapyambUIbIFbIHA YIAKCH 3USH KEJNTipedi. AybUIIapyallblUIblK JaKbUIIapbiH
3USIHKECTEPJICH KOPFay — XaJIbIKThI a3bIK-TYJIIKIIEH KamMTamachl3 eTyaiH KinTi. ByriHri Tanaa eciMIiKTI KOpFayblH
OMOJIOTHSUITBIK KYpaJIAapbIH ally MaHb3(bl. OChbIFaH OalIaHBICThI OCIMIIIK IIapyalIbLIBIFbI TOKIpHOECiHE OMOIMATIK acep eTy
CIIEKTpi Oap mpenaparrap/bl €HI13y KbI3bIFYIIBUIBIK Ty IbIpaibl. byit areHTTepre UTOnaToreHaik MUKpOOpraHu3mepre Kapebl
AQHTarOHUCTIK KaCHUET KOPCETETIH OaKkTepusl ITaMMIaphl Kataabl. Bacillus GakTepusiiapblHbIH aHTATOHUCTIK KAaCHETTEPiHIH
KOpIHY epeKIIeIKTep] aHbIKTaJ/IbI, OJ1ap OAKTEPHUSIIBIK META0OIUTTEPAIH MUKOTOKCHHACP/II JKO0 KalOijeTiHeH Typaibl, Oy
OJIApJIbIH YBITTBUIBIFBIH TOMEHACTYTe KOMEKTecel. OCIMIIKTEep i (y3apro3 )KoHE ajJbTepHAPHO3 aypyiapbiHa KapChl THIMII
OounodyHrunmaTep Kacayra xapamabl Bacillus Tekrec OakTepusUIapAbIH IITAMMAAPbIH 13/1€y NepCIEeKTHBAIAPHI HETi3ereH.

Tyiiin ce3nep: Bacillus, anmpTepHapnos, Gy3apro3, aHTaTOHU3M, (PUTOTIATOTCH.
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