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Abstract: Currently, the quest for new strains of antagonistic bacteria, adapted to specific soil/climactic
conditions, to fight phytopathogenic fungi remains a topical issue to investigate. From 22 soil samples in
Southern Kazakhstan, 112 strains of the Bacillus thuringiensis bacteria have been isolated, which are capable
of inhibiting the growth of the phytopathogenic fungus Fusarium solani, the causative agent of trunk disease
infecting Ulmus pumila L. From these, the highly effective strain 4ant has been isolated and identified through
the molecular-genetic method, which, apart from F. solani, also inhibits the growth of a number of
phytopathogens,  such  as  F.  oxysporum,  Mucorcircinelloides  f.  circinelloides  and  Rhizoctonia solani.
The broad spectrum of the 4ant strain’s antagonistic properties bespeaks its practical value as a useful agent
in the biological struggle against diseases that cripple the dendroflora of the South of Kazakhstan.
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INTRODUCTION perished from Dutch elm disease in European countries.

Vegetation plantations are one of the major factors of elm disease caused mass desiccation of the European
ameliorating urban ecosystems, which ensures comfort White Elm and Field Elm. The causative agents of this
and aesthetics in man’s habitat. However, as the disease are fungi that represent the Ophiostoma genus
technogenic load in the modern megapolis is increasing, [6,7]. During that period, it was established that among
the condition of dendroflora is deteriorating badly and the Ulmaceae the Ulmus pumila L. is the most resistant to
trees are increasingly getting hit with infectious diseases this disease [8-10]. However, it gets hit to a great extent
[1]. The Ulmaceae are an important component of by bacterial disease of vascular tissues and
agrolandscapes,  while  in dry steppe and semidesert necrosis/cancerous diseases [11]. Also, G. Lindeman
conditions it is the main species in terms of protective noted the substantial harmfulness of the wet bacterial rot
afforestation, since this family’s species take up nearly of the trunk of the Ulmus pumila L. in the semidesert zone
70% of all existing forest vegetation [2]. A relatively low of the Transvolga Region [12].
longevity of this family on zonal soils does not, Our studies deal with the quest for effective strains
nevertheless, belittle its value, as there is still no of antagonistic microorganisms against the causative
alternative to the Ulmaceae today [3-5]. However, growing agent of Ulmus pumila L. trunk disease in the arid climate
the Ulmaceae is associated with a number of problems of the South of Kazakhstan. According to available
related to the development of certain diseases which pose literature,  one of the causative agents of this disease of
a special danger to this family. For instance, at the U. pumila in the region is the phytopathogenic fungus
beginning of the last century, over 80% of the elm stand Fusarium  solani,  which  hits  the conduction system and

At the same time, in the European part of Russia Dutch
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fresh sapwood of trees’ trunk to undermine their function. 2.87, calcium chloride 0.45, pH 6.2-7.0. The bacterial cells
The annual build-up of affected layers of phloem forms a were plated in 250-ml flasks containing 40 ml of the
cancerous growth of various sizes [13]. The mass medium for inoculation and incubated using a rotary
development of F. solani in the U. pumila stands in shaker (250 rpm, 28°C) for 12 hours. The pure cultures of
Southern Kazakhstan is, above all, associated with the phytopathogenic fungi were grown on Czapek's medium.
invasion of a number of alien xylophagous pests into the The cells were plated out from the soil suspension
region. Researchers report that these pests mainly onto the surface of the agar medium of a corresponding
specifically affect U. pumila and are the primary carriers of composition, which had been first seeded with conidia of
the spores of phytopathogenic fungi. On parts of the the strain of the F. solani fungi. The separation was
trunks affected by pests and hit by pathogens there performed by plating the cells sequentially into four Petri
develops secondary microflora, which causes the process dishes using a microbiological spreader. The cells were
of rotting, which coupled with the above factors leads to incubated in a thermostat at 28°C over a period of two
the complete demise of trees [14]. weeks. During the incubation process, we marked

In conditions of the ecologization of the process of bacterial colonies around which a zone with no fungus
protecting  plants,  priority  is given to biological methods growth was observed. The antagonistic activity of
of struggle, which is based on using the microbial isolates identified was checked using the perpendicular
antagonism phenomenon [15]. The use of biological streak method. Pure cultures were isolated on the medium
preparations in the struggle against the causative agents of the initial composition using the dilution streak method.
of diseases of dendroflora is a promising alternative to Amplification of the polymerase chain reaction
chemical means of fighting them in the urban ecosystem (PCR). The 4ant strain of antagonistic bacteria was
[16].  At  present,  despite the availability of numerous identified using the genic analysis of the 16S ribosomal
bio-preparations employed already, the quest for new RNA (16S rRNA) gene sequence. The genomic DNA was
strains of antagonists adapted to specific soil/climactic extracted from the 4ant strain of Bacillus thuringiensis as
conditions remains a topical issue to investigate [17-22]. the matrix for the polymerase chain reaction and the 16S
It is also important that an ideal anti-fungus agent, rRNA gene was amplified through the PCR. To determine
capable of having fungicidal effect, be non-toxic for the 16S rRNA sequence, the genomic DNA was grown
homoiothermic animals [24]. Therefore, isolating and using the CTAB/NaCl method (Ausubel et al., 1989) [23].
identifying anti-fungus strains of antagonistic DNA cloning and transformation, plasmid isolation,
microorganisms is drawing increasingly more interest. In ligation and electrophoresis were carried out according to
conjunction with this, the aim of our studies was the the method described by Sambrook [24]. The following
isolation and molecular-genetic identification of strains of amplification  conditions  were  found  to  be optimum:
antagonistic bacteria for the phytopathogenic fungus 14.25 µLddwH2O, 2.0 µLPCR buffer (10X), 0.5 µLdNTPmix,
Fusarium solani. 1.0 µLPrimer8f, 1.0 µLPrimer 806R and 1 µLTaq DNA

MATERIALS AND METHODS start of the reaction, the vials were stored at -4°C. A

The object of our study was the 4ant strain of electrophoresis on 0.8% agarose gels filtered with
bacteria of the Bacillus genus, which was isolated from ethidium bromide. The photographing procedure was
soil samples picked in seven districts of the South performed under ultraviolet light. During the analysis, we
Kazakhstan Province. For assessing the bacteria’s used various DNA doses and only reproductively
antagonistic activity we used pure cultures of the fungal amplified fragments.
phytopathogens F.solani, Microdochium nivale,
Fusarium oxysporum, Mucorcircinelloides f. PCR-Diagnostics: The sequences of the 20-bp
circinelloides and Rhizoctonia solani. oligonucleotide primers designed for the amplification of

Culturing and fermentation. The bacteria were the 4ant markers are: 8f5’ - AgAgTTTgATCCTggCTCAg-
incubated on a culture medium made up of (g/L): potato 3 and 806R-5’ggACTACCAgggTATCTAAT. Each pair of
starch 239, corn extract 12.43, yeast 2.19, lactose 2.87, primers was used in PCR reactions, as is described above,
copper sulfide 0.0036, ammonium phosphate 8.4, sodium with  the  following  modifications:  the  PCR products
chloride 0.28, magnesium sulfate 0.14, potassium sulfate were denaturated at 95°C for 5 min. The denaturation was

polymerase in the maximum volume of 50µL. Before the

sample (20µL) of each PCR reaction was studied by
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followed by 35 cycles at 94°C for 30 sec, at 58°C for 30 sec CGTGCCTAATACATGCAAGTCGAGCGAATGGATTG
and  at  72°C  for  70 sec  and a final extension at 72°C for AGAGCTTGCT
5 min. The amplification frequency was checked by CTCAAGAAGTTAGCGGCGGACGGGTGAGTAACACG
electrophoresis on 0.8 % agarose gels. Then, DNA was TGGGTAACCT
purified using a QIAquick PCR purification kit. The GCCCATAAGACTGGGATAACTCCGGGAAACCGGGG
purified DNA fragments were sequenced using the same CTAATACCGG
sets of primers that were used for amplification with the ATAACATTTTGAACTGCATGGTTCGAAATTGAAA
ABI Prism BigDye® Terminator v3.1 Cycle Sequencing GGCGGCTTCGG
Kit (Applied Biosystems). Bacteria were identified based CTGTCACTTATGGATGGACCCGCGTCGCATTAGCT
on sequence similarities to homologous 16S rRNA gene AGTTGGTGAG
fragments in the Ribosomal Database Project database. GTAACGGCTCACCAAGGCAACGATGCGTAGCCGAC

RESULTS GATCGGCCACACTGGGACTGAGACACGGCCCAGAC

During our lab studies, from 22 soil samples from GGCAGCAGTAGGGAATCTTCCGCAATGGACGAAA
Southern Kazakhstan 112 strains of bacteria of the GTCTGACGGAG
Bacillus genus were isolated. Based on the results of CAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGT
preliminary studies, the 4ant strain was recognized as an AAAACTCTGTT
effective antagonist for the F.Solani phytopathogen. GTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTG

Identification of the 4ant strain. A fragment of the GCACCTTGACG
16S rRNA gene sequence of the strain under study, which GTACCTAACCAGAAAGCCACGGCTAACTACGTGC
had been amplified by PCR (Figure 1), was compared with CAGCAGCCGCGG
standard 16S rRNA gene sequences of other bacteria TAATACGTAGGTGGCAAGCGTTATCCGGAATTATT
provided by the BLAST NCBI database. GGGCGTAAAG

The study revealed that partial sequences of the 16S CGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAG
rRNA genes of the strain under study and B.thuringiensis CCCACGGCTCA
bacteria were completely identical. Thus, the object of our ACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAG
study was identified as a new strain of B.thuringiensis TGCAGAAGAGG
bacteria. The next step dealt with a more in-depth AAAGTGGAATTCCATGTGTAGCGGTGAAATGCGT
investigation of its antagonistic capacity against various AGAGATATGGAG
kinds of phytopathogenic fungi. GAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTA

The antagonistic capacity of the 4ant strain. It was ACTGACACTGAG
established that the 4ant strain possesses high inhibiting GCGCGAAAGCGTGGGGAGCAAACAGGATT
activity against a number of phytopathogens – F.solani,
Microdochium nivale, Fusarium oxysporum, Fig. 1: The 16S rRNA gene sequence of the 4ant strain of
Mucorcircinelloides f. circinelloides, Rhizoctonia solani B. thuringiensis
(Table 1). Figure 2 illustrates the strain’s effective
fungicide effect against the F.solani fungus in a model microorganisms and its function has remained unchanged
experiment with a pure culture of a phytopathogen. for a long time. Besides, its length (1 500 bp) is sufficient

DISCUSSION identification. The fact that the 16S rRNA gene sequence

Today, the molecular-genetic identification of studies conducted by J. E. Clarridge III, when the
microorganisms is a universally recognized and modern phylogeny of the Synechococcus spongiarum bacteria
method which ensures high accuracy of taxonomic was being determined. The studies characterized the
analysis results. The 16S rRNA gene, based on which the sequence  of  the  internal transcribed spacer (ITS)
4ant was identified, is a widely used genetic marker in the partially  in  16S  rRNA  and completely in 16S-23S [25].
study of bacterial phylogeny. The universalness of this The studies revealed that 16S rRNA gene sequences are
gene  in  bacteria  is  due  to  the  fact  that it is found in all well-preserved;  sequence  divergence  between   clade  C

CTGAGAGGGT

TCCTACGGGA

for conducting statistical calculations during

does lend itself to genetic analysis was substantiated in
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Table 1: The antimicrobial effect of the supernatant, containing no cells, of B. thuringiensis 4ant against indicator bacteria:
Indicator strains Incubation temperature Antagonistic activity
Fusarium solani 27°C ++
Fusarium oxysporum 25°C +
Microdochium nivale 25°C +
Rhizoctonia solani 30°C +
Mucorcircinelloides f. circinelloides 27°C +
Zones of inhibition: +, 4mm; ++, 8mm

Fig. 2: The antagonistic effect of the B. thuringiensis 6: 68-71.
strain, 4ant, on the growth of Fusarium solani 2. Bogun, A.P., 1990. Ways of Boosting the

symbionts does not exceed 1%. Whereas ITS gene Steppe on the Light-Chestnut Soils of the Yergeni
sequences demonstrated a higher variation than 16S Hills, PhD thesis, VSU, Volgograd.
rRNA sequences. Despite this, there still remain certain 3. Knyazeva, L.A., 1975. Protective Afforestation in the
discrepancies between traditional morphological Dry Steppe of Western Kazakhstan. Moscow: Nauka,
classification and phylogenic analysis. Certain pp: 160.
researchers use chemotaxonomic markers, such as lipids 4. Dushkov, V.Y., 1981. The Experience of Recovering
and their fatty acids, as additional information in Desiccating Ulmus Pumila L. Plantations on the Dark
taxonomic analyses [26]. Soils of Narrow Valleys. Lesovedeniye, 6: 51-58.

As was pointed out above, the identified strain of 5. Podkovyrov, I.Y., 2001. The Phenotypic Variation in
bacteria B.thuringiensis 4ant demonstrated high Fruiting of the European White Elm in an Arid
fungicidal capacity in model experiments, which bespeaks Climate. Mezhdunarodnyi zhurnal botanicheskikh
its practical value. This assertion jibes with research sadov: HortusBotanicus, 1: 108-111.
study findings available in scientific literature, in which it 6. Fyodorova, S.M., 2010. Issues in the Verdurization of
is shown that certain strains of bacteria and Large Cities. Moscow: S.M. Fyodorova, pp: 72-77. 
B.thuringiensis can synthesize over 60 different types of 7. Dorofeyeva, T.B. and G.N. Tyuppina, 2002. Dutch Elm
antimicrobial  secondary   metabolites, including Disease in Saint Petersburg and Measures Aimed at
polypeptides, which are effective fungicides [27, 28]. Fighting It. Ekologiya Bolshogo Goroda, 6: 57-61.

CONCLUSION Nauka, pp: 80.

The strain of bacteria isolated from soil samples and of its Causative Agent and Measures to Fight It, PhD
identified as B.thuringiensis 4ant is an effective thesis, MSU, Moscow.
antagonist for the causative agent of Ulmus pumila L. 10. Shcherbin-Parfenenko, A.L., 1953. Cancerous and
trunk disease, Fusarium solani. It was also revealed that Vascular Diseases of Foliage Species. Moscow:
this strain of bacteria is capable of inhibiting the growth Nauka, pp: 90.
of a  number of phytopathogenic micromycetes, such as 11. Fedunova, G.V., 1994. Bacterial Disease of The
F.  oxysporum  and  M. circinelloides f. circinelloides. Ulmaceae in the Agroforestry Plantations of the
The broad spectrum of this strain’s antagonistic Lower Volga Region and Measures to Fight It, PhD
properties bespeaks  its  practical  value  as  a useful thesis, MSU, Moscow.

agent in the biological struggle against diseases of
dendroflora in the South of Kazakhstan. At the present
time, test-trials of B. thuringiensis 4ant are continued in
field experiments.
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