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O.E. Bobrova!, J.B. Kristoffersen?, V.O. Ivanytsia'
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METAGENOME 16S RRNA GENE ANALYSIS OF THE
BLACK SEA MICROBIAL DIVERSITY IN THE REGION OF
THE ZMIINIY ISLAND

The aim of the study was to determine the marine microbial biodiversity of the Zmiiniy
island coastal seawater with the help of metagenomic analysis. Methods. The dual-
indexing primers were used to amplify v4 region of the 16S rRNA gene. Sequencing
was performed on Illumina MiSeq platform. Nucleotide sequences were analyzed by
SILVAngs and QIIME pipelines. Results. As the result of metagenomics 16S rRNA gene
analysis there were detected about 3200 Operational Taxonomic Units. The main re-
vealed phyla among domain Bacteria were: Proteobacteria, Bacteroidetes, Cyanobac-
teria, Actinobacteria, Verrucomicrobiota, Planctomycetes, Tenericutes, Fusobacteria,
Firmicutes and candidate divisions of uncultivated prokaryotic representatives: SR1,
BDI-5, BHI80-139, OP3, ODI1, WS3, NPL-UPA2, SHA-109, SM2F 11and TM6. As a
result of taxonomy analysis lots of bacterial families and genera were identified. The
most abundant genera among studied samples were: Marivita, Loktanella, Paracoccus,
Pseudoalteromonas, Vibrio, Coraliomargarita, Acholeplasma, Pseudomonas, Phaeo-
bacter, Neptunomonas, Allivibrio, Oceaniserpentilla, Oceanospirillum, Robiginitalea,
Acinetobacter, Haliea. Conclusion. The metagenomic 16S rRNA gene analysis allowed
evaluating of rich taxonomic prokaryotes diversity in the Zmiiniy island area of the
Black Sea surface water. Lots of them were either poorly investigated or uncultivable.

Key words: the Black Sea, the Zmiiniy island, seawater, the 16S rRNA gene analysis,
taxonomic diversity, metagenomics, marine microbial diversity, candidate divisions,
new generation sequencing technologies.

Microorganisms play an essential role in marine ecosystems [3]. Different
global metagenomics investigations held in open Ocean and coastal waters [5, 14,
20] helped to estimate prokaryotic microorganisms distribution in space [19, 21],
their taxonomic diversity [17] and role in biogeochemical processes [10]. Based on
it there were observed dominant taxa distribution of microbial communities in water
habitats: Proteobacteria, Actinobacteria, Flavobacteria, Bacteroidetes [11].

© O.E. Bobrova, J.B. Kristoffersen, V.O. Ivanytsia, 2015
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The Zmiiniy island is situated on the shelf in north-western part of the Black
Sea at approximate distance of 37 km from the Kiliya Danube estuary. The island’s
coastal waters marine ecosystem is highly influenced by the Danube river flow which
brings nutrients and allochtonic microorganisms. That leads to forming of the unique
microbiota composition in this area of the sea.

In the last half of XX century, microbiological investigations gave first
understanding about taxonomic composition of the Black Sea coastal and Deepwater
regions living microorganisms [2, 3]. Due to the military activity on the island
the studies of the Black Sea biological diversity in this area were not held till
2002. The following demilitarization studies made by Odessa National University
microbiologists were fragmentary and allowed to determine different heterotrophic
bacteria, to investigate separate groups of microorganisms and the influence of the
environment on it [1, 4].

The investigations made with the help of classical isolation and pure cultures
analysis methods do not allow to evaluate marine microbiota taxonomic composition.
It’s considered that only 1% of existing prokaryotes are capable of cultivation on
nutrient media [12]. It is suggested that there are at least 38 known taxonomic groups
of uncultivated prokaryotic representatives, referred to as candidate divisions or
candidate phyla [13].

For deeper understanding of the processes, occurring in marine ecosystem, it is
important to know more about biological diversity of prokaryotic populations that
inhabit these waters. Therefore the aim of this research is to determine the microbial
diversity of the Zmiiniy island coastal waters with the help of the metagenomic 16S
RNA gene analysis by total DNA extraction and pyrosequencing with following
bioinformatics analysis.

Materials and methods

Sampling of marine water for the analysis of microbial diversity took place in
July 2014 in the region of the Zmiiniy island at the depth of 1 meter from the surface
in three sterile glass bottles in a volume750 ml each. Three replicate samples marked
as Zml, Zm2, Zm3 were collected at the same location with coordinates 45.257426,
30.203378 (Fig. 1). The samples were stored at — 4 °C till further processing in the
laboratory. Water was filtered through 0.22 um membrane filters (Sartorius) for
separation of microorganisms.

Isolation of the nucleic acids from microorganisms collected by filtration was
performed with the Power Water DNA isolation kit (MO BIO Laboratories). The DNA
extraction procedure was performed as described by the manufacturer’s instructions.
The size of extracted DNA was evaluated by electrophoresis on a 0.8% agarose gel.

The primer design followed Kozich et al. [15], who modified the single-index
method by Caporaso et al. [7] to a more efficient dual index approach. The Caporaso
et al. primers are used in the Earth Microbiome project. Each PCR primer (Table 1)
consists of the appropriate Illumina adapter, an 8-nt index sequence, a 10-nt pad
sequence, a 2-nt linker, and the 16S pDNA V4 variable region specific primer pair

_— ISSN 2076—0558. Mikpobionozis i 6iomexnoroein. 2015. Ne 2. C. 6-19 —— 7
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Fig. 1. Map-scheme of Zmiiniy island with marked sampling site

5151, 806r. That composed the insert fragment of about 253 bp. The complete
amplified product by those primers was around 387 bp.

PCR reactions were performed using KAPA HiFi HotStart PCR kits (Kapa
Biosystems). Each PCR reaction contained 0.2 M Trehalose, 5 pl Fidelity buffer,
0.75 pl KAPA ANTP mix, 0.3 uM of'the forward and reverse primers, 0.5 units KAPA
HiFi1 polymerase, about 25 ng template DNA, and PCR grade water until 25 pl.
Thermal cycling conditions were: 95 °C for 3 min followed by 27 cycles of 98 °C
for 20 s, 61 °C for 10 s, and 72 °C for 15 s. A final extension step was performed
at 72 °C for 5 min.

Table 1
Primers used in this study
Name Adapter Index Primer pad |Linker 16S primer
AATGATACGGCGA GTGCCAGCMGCC
(F)
SB502 CCACCGAGATCTACAC CGTTACTA [TATGGTAATT | GT GCGGTAA
AATGATACGGCGACCA GTGCCAGCMGCC
(F)
SB504 CCGAGATCTACAC TACGAGAC [TATGGTAATT | GT GCGGTAA
AATGATACGGCGAC GTGCCAGCMGCC
()
SB505 CACCGAGATCTACAC ACGTCTCG |[TATGGTAATT | GT GCGGTAA
CAAGCAGAAGACG GTGCCAGCMGCC
(F)
SB501 GCATACGAGAT CTACTATA [TATGGTAATT | GT GCGGTAA
CAAGCAGAAGACG GGACTACHVGGG
(R)
SB704 GCATACGAGAT CATAGAGA [AGTCAGTCAG| CC TWTCTAAT

(M — Forward primer, ® — Reverse primer

8 —— ISSN 2076—0558. Mikpob6ioroeisn i 6iomexrnonoeis. 2015. Ne 2. C. 6-19
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The PCR products were purified with AMPure XP magnetic beads (Beckman
Coulter). The amount of DNA in purified reactions was estimated by fluorimeter
using the Quant-iT PicoGreen dsDNA Assay Kit (Life Technologies) and a plate
fluorometer (QuantiFluor). Then the equimolar mix was made from the purified
products in order to get approximately equal contribution from each sample. There
were also included an empty extraction blank (negative control probe) from the Power
Water DNA isolation kit as a negative control. The final pool of obtained 16S rDNA
amplicon library was quantified with a KAPA Universal qPCR kit (Kapa Biosystems).

Custom Readl, Read2 and Index1 primers [7] were used for sequencing run.
Readl primer consisted of same as pad-+linker+16S (F), Read2 — pad+linker+16S
(R), Index1 — Reverse Compliment of Read2 primer. The library was diluted to a
final concentration of five pM before loading.

Sequencing was performed on an [llumina MiSeq using v2 reagents kit (MiSeq
Reagent kit v2) with 250 cycles for Readl, 8 cycles each for index F and index R
reads, and 250 cycles for Read2.

The unprocessed raw sequences after run were analyzed with the help of two
bioinformatics pipelines, QIIME (Quantative Insights into Microbial Ecology) [6]
and SILVAngs [18]. The pair end reads were quality controlled in FastQC v. 0.11.2
(http://www.bioinformatics.babraham.ac.uk/projects/fastqc/). The PEAR tool [24]
was used for merging the overlapping pair end data and generating of assembled
read files. The merged reads were converted to fasta format.

First step of bioinformatic analysis of obtained nucleotide sequences was made in
SILVAngs pipeline. For the second analysis all the manipulations were performed in
the Bio-linux 7 operating system. After quality control reads were manually trimmed
from contamination and quality controlled again. The obtained sequences were used
as input for the bioinformatics pipeline QIIME, version 1.8.0 [6]. For visualization
of the results MEGAN (version 5 7 0) analyzer was applied.

Results and discussion

As the result of sequencing run there were produced 80206 raw sequences
belonged to the 3 studied marine water samples replicas Zml, Zm2, Zm3 and to
the one negative control. Demultiplexing was done automatically by the MiSeq
Reporter software at the completion of the sequencing run. All the reads were as-
signed to their sample according to the unique index sequences for each sample. The
sequences were quality controlled in FastQC (Babraham Bioinformatics project),
trimmed from adapters, primers and highly repeated regions, and quality controlled
again. Finally, there were 79748 sequences remained and were used as the input for
bioinformatics analysis.

After SILVAngs analysis there were classified 99.11% of all sequences using ref-
erence Silva database, and only 0.82% of sequences were identified as “No relative”.

For the QIIME workflow we used the de novo picking strategy. Based on se-
quence identity the trimmed sequences were clustered in Operational Taxonomic
Units (OTUs), which in traditional taxonomy represent groups of organisms de-
fined by intrinsic phenotypic similarity [16]. The level of threshold was set at 97%
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of sequence similarity. Most part of sequences (99.8%) were classified in QIIME
workflow and 0.2% sequences had no relative. Comparing to SILVAngs analysis the
use of QIIME allowed classifying the OTUs up to genus level.

Fig. 2. illustrates alpha diversity (within sample diversity), made in QIIME
workflow for studied samples.

observed species: SamplelD
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Fig. 2. Analysis of alpha rarecurves at the 97% similarity level. The curves demonstrate
the number of observed OTUs as a function from samples sequences

Both SILVAngs and QIIME workflows identified 10 main phyla among the
domain Bacteria: Proteobacteria, Bacteroidetes, Cyanobacteria, Actinobacteria,
Verrucomicrobiota, Planctomycetes, Tenericutes, SR1, Fusobacteria and Firmicutes
(Fig. 3, 4).

Graphical representation of the sequence frequency in the studied water samples,
showing major detected classes within the Bacteria domain. The color of the symbol
represents the relative frequency of the taxonomic path within the sample. The size of
the symbol represents the number of the OTUs at deeper phylogenetic levels within
the taxonomic path. The shape of the symbol represents the number of sequences
in the specific taxonomic path.

At the same level some important differences in taxonomic assignments between
two bioinformatic analyses were found. The SILVAngs data points at the presence
of candidate divisions such as: BD1-5, BHI80-139, OP3, OD1, WS3, NPL-UPA2,
SHA-109, SM2F11 and TM6 (Fig. 3). All these divisions were formed on the base
of investigations of the 16S rRNA gene data derived from metagenomics studies
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Fig. 3. Taxonomy fingerprint at the phylum level obtained
in the SILVAnRgs pipeline.
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of environmental samples. Most part of them was first described for water samples
from Yellowstone National Park [9].

QIIME workflow gave opportunity to identify only representatives of SR1
candidate division. However, it has a big group marked as ‘Others”. It includes
species, where little information is known or the information is absent in reference
Greengenes database (http://greengenes.secondgenome.com). Otherwise, their
representatives might be presented in small amounts. This can be explained that
Silva is the database for the16S rRNA gene sequences from marine samples whereas
Greengenes database contains information from other databases to produce a set of
sequences for complete phylogenetic assay.

™~ -

§ § §

Fig. 4. Bar charts constructed in the QIIME workflow represent the taxonomic
distribution of phylogenetic groups at the phylum level

Note: phyla name definitions see in Table 2.

Archaeal sequences were detected in small amounts (less than 100 sequences)
by SILVAngs analysis. They belonged to two classes Thaumarchaeota and
Euryarchaeota (Fig. 3).

In the result of the sequence run, there were obtained 272 raw sequences,
belonging to negative control. The presence of sequences in the extraction blank
may occur due to technical issues such as mixed clusters and tag jumping. These
are limitations presently inherent to this sequencing technology.

As it is seen from Table 2 the most abundant phylum for the Bacteria domain
was Proteobacteria (51.4% from all sequences). The most represented classes among
Proteobacteria were: Gammaproteobacteria and Alphaproteobacteria. The members
of these two classes were also dominating in the Sargasso Sea investigation [20] with
the only difference that Alphaproteobacteria was the most abundant in Sargasso Sea
region. The studied samples are characterized by relatively low representation of
other Proteobacteria members such as Betaproteobacteria, Epsilonproteobacteria
and Deltaproteobacteria.
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Table 2
Quantity distribution of Bacteria domain representatives at the phylum level
Legend Taxonomy Total % | Zm1 % | Zm2 % | Zm3 %
Bacteria; Proteobacteria 514 52.4 52.3 49.6
Bacteria; Bacteroidetes 17.3 15.9 16.2 19.7
Bacteria; Cyanobacteria 11.1 11.6 11.3 104
Bacteria; Other 9.2 9.2 9.1 9.4
Bacteria; Actinobacteria 5.1 4.9 5.7 4.8
Bacteria,; Verrucomicrobia 35 3.7 3.4 3.4
Bacteria; Planctomycetes 1.4 1.3 1.2 1.8
Bacteria; Tenericutes 0.6 0.8 0.5 0.6
Bacteria; SR1 0.1 0.1 0.1 0.1
Bacteria,; Fusobacteria 0.06 0.1 0.1 0.0
Bacteria; Firmicutes 0.03 0.0 0.1 0.0

The second sufficiently abundant phylum among domain Bacteria were the
members of Bacteroidetes (17.3%). This taxonomy group includes non-spore forming
Gram-negative anaerobic bacteria that are widely spread in the marine environment
and sediments. Within this taxa, the most represented were members of two classes
such as Flavobacteria and Sphingobacteria. The representatives of Flavobacteria
were observed in similar investigation of Arctic and Antarctic regions where it was
shown that most part of these bacteria inhabit surface water [11].

Cyanobacteria members known as typical marine inhabitants presented 11.1%
of all sequences.

Actinobacteria members presented 5.1% from total diversity in the studied area.
Among this phylum the most abundant were members of order Actinomycetales that
are well known as antibiotics producing bacteria.

The Verrucomicrobia bacteria are detected in amount of 3.5% from total OTUs.
This phylum is characterized by inhabitants of fresh water and soil environments.
The most abundant orders among this phylum in studied samples were Opitutales
and Verrucomicrobiales.

The other phylum Planctomycetes composed of 1.4 % of the bacterial diversity.
These species are the typical colonizers of salt and fresh water reservoirs.
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The QIIME workflow allowed identification of studied samples’ sequences
up to genus level. During this analysis Megan analyzer tool was used for bright
visualizations of the results. The Fig. 5 illustrates so called taxonomy clouds for
Zml, Zm2 and Zm3 samples. The size of the print reflects the bacterial composition
of mentioned group representatives’ in the samples.

As it is seen from Fig. 5, besides Bacteroidetes and Actinobacter (described
above) members of the Pseudoalteromonas genus are sufficiently represented. These
are non-spore forming, aerobic, Gram-negative marine bacteria.

Alteromonas n o

o
Marivita P

Brownamonas Ju1a_Alteromonas

Actinobacteria Actinobacteria ACYinObactt?er?;Vita
Bacteroidetes Bacteroidetes Bacteroidetes

Enterovibrio

zm2 zm3 Zm1

Fig. 5. Cloud charts represent the taxonomic diversity compositions
among studied samples

The members of the Vibrio genus are also very abundant among studied samples
and are typically found in seawater and are facultative anaerobes. Such genera as
Marivita, Loktanella and Paracoccus are the representatives of Rhodobacteraceae
family. Loktanella genus was previously observed in surface waters of Arctic and
Antarctic polar regions [ 11].The members of this family were observed in the coastal
waters of the Atlantic and the Pacific oceans, surface waters of the Sargasso Sea,
the Arctic and the Antarctic seas [8, 11, 20]. Rhodobacterales are also known for its
ability to photosynthesis.

Fig. 5 shows that there are lots of representatives of the Haliea genus in
samples. In literature, it is little known about this genus. These are novel aerobic,
Gram-negative bacteria previously isolated from the surface of coastal waters of the
north-western Mediterranean Sea [22].

The members of Acrobacter genus noticed in Zm1 and Zm3 samples are Gram-
negative, spiral-shaped bacteria in the Campylobacteraceae family. These species
inhabit wide range of environmental niches.

Among other taxonomic genera abundant in studied samples were such
representatives as: Lutibacter, Robiginitales, Tenacibacilum, Winogradskyella,
Lewinella, Bacillariophyta, Cryptomonadaceae, Rhodopirellula, Brevundimonas,
Maricaulis, Phaeobacter, Erythrobacter, Prosthecobacter, Spartobacteria,
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Coraliomargarita, Acholeplasma, SRI, Enterovobrio, Aliivibrio, Pseudomonas,
Oceanospirillum, Oceaniserpentilla, Neptunomonas, Marinomonas, Umboniibacter
and others.

As a result of downstream QIIME analysis there was obtained a biom file
(Biological Observation Matrix) with a table of all detected OTUs. This file was
used for the visualization of phylogeny in MEGAN application. Fig. 6 shows a
phylogenetic tree, which demonstrates the phylogenetic relatedness between all

OTUs in studied samples. It is seen that the microbiota of the studied water is diverse
and abundant
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Fig. 6. Phylogenetic tree presented
as a cladogram demonstrates the genus relatedness

In the result of the metagenomic 16S rRNA gene analysis, there were detected
bacterial populations that inhabit surface waters of the Zmiiniy island. There
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were obtained about 3200 OTUs among studied marine samples. There were
detected 10 main phyla among Bacteria domain: Proteobactera, Bacteroidetes,
Cyanobacteria, Actinobacteria, Verrucomicrobiota, Planctomycetes, Tenericutes,
SR1, Fusobacteria and Firmicutes. Among them there were dominant classes:
Gammaproteobacteria, Alphaproteobacteria, Cyanobacteria, Flavobacteria,
Actinobacteria, Sphingobacteria, Betaproteobacteria, Opitutae, Planctomycetacia,
Epsilonproteobacteria, Verrucomocrobiae, Mollicutes, Deltaproteobacteria,
Fusobacteria and others.

The majority of studied bacterial representatives belonged to orders
Flavobacteriales, Alteromonadales, Rhodobacterales, Actinomycetales,
Acidimicrobiales, Sphingobacteriales, Pseudomonadales, Rhodospirillales,
Planctomycetales, Vibrionales, Puniceicoccales etc.

In the result of the taxonomic analysis, the majority of bacterial families
and genera were identified. The most represented genera among studied
samples were: Marivita, Loktanella, Paracoccus, Pseudoalteromonas, Vibrio,
Coraliomargarita, Acholeplasma, Pseudomonas, Phaeobacter, Neptunomonas,
Allivibrio, Oceaniserpentilla, Oceanospirillum, Robiginitalea, Acinetobacter, Haliea.

The results of SILVAngs and QIIME analyses coincide and supplement with each
other. Thus, with the help of SILVAngs there were identified sequences belonging to
two classes of Archaea domain: Thaumarchaeota and Euryarcheota. In the mentioned
above metagenomics study of the Sargasso Sea these two archea classes were also
observed in small amounts.

The obtained data showed that the majority of the identified bacterial groups
are typical representatives of marine environments. Many of them are poorly inves-
tigated and have not been cultivated yet. The obtained results agree with literature
data on similar marine investigations [8, 9, 11, 20, 22] and provide far more data on
composition and abundances of the microbiota comparing to classical microbiol-
ogy methods. The provided metagenome of the 16S rRNA gene allowed to evaluate
rich taxonomic diversity of prokaryotes in the surface water of the Zmiiniy island.
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METATEHOMHMM 16S PPHK AHAJII3 MIKPOBHOI'O
PI3BHOMAHITTSI YOPHOI'O MOPS$I B PAHOHI OCTPOBA 3MITHUI
Pedepar
Memoro docnidxicenHs 6710 BU3HAYEHHS MOPCLKO20 MIKPOOHOT OI0PI3HOMAHIMHOCH

npubdepex’cHoi MopcbKoi 600U ocmposa 3miiHull 3a 00NOMO20K0 MemdazeHOMHO20
ananizy. Memoou. /{ns amnaighixayii v4 oonacmi 16S pPHK eena guxopucmosysanu
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npaiimepu 3 osoma indekcamu. Cexsenyganms 30itichoéanu Ha niamgopmi lllumina
MiSeq. Hykneomuowi nociioosHocmi ananizyéanu 3a 0onomoeoio npozpam SILVAngs
ma QIIME. Pesynemamu. B pesynomami memaeenomnozco 16S pPHK ananizy 6 npube-
peHux 6o0ax ocmposa 3miinuil susenerno oausvko 3200 OTE. Busigneni ochosHi 6i00inu
domeny Bacteria: Proteobacteria, Bacteroidetes, Cyanobacteria, Actinobacteria,
Verrucomicrobiota, Planctomycetes, Tenericutes, Fusobacteria, Firmicutes i
KAHOUOAmui 800U HEeKYIbMUB0BAHUX npedcmasHuxie npoxapiom: SRI1, BDI-5,
BHIS0-139, OP3, OD1, WS3, NPL-UPA2, SHA-109, SM2F 11 ma TM6. B pe3ynomami
MAKCOHOMIYHO20 AHANIZY I0eHMUGDIKOBAHO Da2amo OAKMepiaibHUX POOUH i poois.
Hauibinvw npedcmasnenumu pooamu ceped docnioxcysanux 3pasxie oymu Marivita,
Loktanella, Paracoccus, Pseudoalteromonas, Vibrio, Coraliomargarita, Acholeplasma,
Pseudomonas, Phaeobacter, Neptunomonas, Allivibrio, Oceaniserpentilla,
Oceanospirillum, Robiginitalea, Acinetobacter, Haliea. Bucrnoexku. Memazenommuti
16S pPHK ananiz 00360116 OyiHumu Geiuye3Hy makCOHOMIUHY DI3HOMAHIMHICMb
npokapiom nogepxuesux 600 HYopnozo mops 6 pationi ocmposa 3miinui. bazamo 3
HUX c1a00 6UBUeHI | He Ni00armuCs KyIbmuey8aHHIO.

Knwuoei cnoesa: Yopre mope, ocmpie 3miinuil, mopcora 6ooa, 16S pPHK ananis,
MAKCOHOMIYHA PI3HOMAHIMHICMb, Oakmepi.
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METATEHOMHMM 16S pPHK AHAJIN3 MUKPOBHOT'O PASHOOBPA3HA
YOPHOI'O MOPSI B PANOHE OCTPOBA 3MEWHBIN

Pedepar

Lenvto uccnedosanun 6vi10 onpedenenue MOPCKO2O0 MUKPOOHO20 OUOPA3HO0OPA3UsL
NPUOPENCHOU MOPCKOTU B0ObL OCMPOBA SMEUHDILL C NOMOULBIO MEMALEHOMHO20 AHAU3A.
Memoowt. /s amnaugpuxayuu v4 oonacmu 16S pPHK 2ena ucnonv3zoeanu npaimepsi
¢ 0gymsi unoexcamu. Cexgenuposanue npouzeoounu na niamegpopme Hllumina MiSeq.
Hyxneomuousie nociedosamenbHocmu anaiuzupo8aiud npu noMowu npocpamm
SILVAngs i QIIME. Pesynomamut. B pe3ynomame memaeenomuozo 16S pPHK ananusza
6 npubpexcuvlx 6odax ocmposa 3meunstii oonapyxcerno oxono 3200 OTE. Boissnenol
ocHosHble omoenvl domena Bacteria: Proteobacteria, Bacteroidetes, Cyanobacteria,
Actinobacteria, Verrucomicrobiota, Planctomycetes, Tenericutes, Fusobacteria,
Firmicutes u kanouoammuvie omoenvl HeKYIbMUSUPYeMbIX npeocmasumeneli npoxa-
puom: SR1, BDI-5, BHI80-139, OP3, ODI1, WS3, NPL-UPA2, SHA-109, SM2F11 u
TM6. B pe3ynomame makcoHOMUYECKO20 AHAIU3A UOCHMUDUYUPOBAHO MHOINCECMEO
baxkmepuanbHblx cemeticme u podos. Haubonee npeocmasiennvivu pooamu cpeou
uccredyemuix oopasyos dbvliu Marivita, Loktanella, Paracoccus, Pseudoalteromonas,
Vibrio, Coraliomargarita, Acholeplasma, Pseudomonas, Phaeobacter, Neptunomonas,
Allivibrio, Oceaniserpentilla, Oceanospirillum, Robiginitalea, Acinetobacter, Haliea.
Buoi6oovt. Memazenomnwuii 16S pPHK ananusz nozeonun oyenumos 6o2amoe makcoHo-
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MuvecKkoe pazHooopasus NPOKApUOm NOBEPXHOCMHbIX 600 YepHo2o mops 6 patione
ocmpoea 3meunviil. Muozue uz nux c1abo uzyueHvl u He nooOarMcs Kyabmusupo-
8aHUIO.

Knwuesovie cnosa: Yepnoe mope, ocmpos 3meunviii, mopckas ooa, 16S pPHK
aAHanU3, MAKCOHOMUYECKOe pa3Hoobpasue, baxmepuu.
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PHYLOGENETIC ANALYSIS OF NEURAMINIDASE
GENE OF INFLUENZA A(H3N2) VIRUSES ISOLATED
IN UKRAINE IN 2013-2014 SEASON

Influenza remains a serious problem for the world. The accumulation of genetic changes
(mutations) in influenza viruses leads to changes in their antigenic properties, the
emergence of strains resistant to antiviral drugs and the emergence of new epidemics.
The aim of recent study was to perform the phylogenetic analysis of neuraminidase
gene of influenza A(H3N2) viruses isolated in Ukraine in 2013-2014 season. Methodes.
Molecular genetics, phylogenetic and statistical methods were used for this study.
Results. High (94%) genetic similarity of Ukrainian isolates and isolates from other
countries of 2013—2014 epidemic seasons demonstrates the stability of viral popula-
tions in Ukraine. The allocation of Ukrainian viruses to three different clusters points
to different ways of their spread to Ukraine. The analysis of NA sequences revealed
novel amino acid substitutions YI55F, D251V, S315G to the majority of Ukrainian
isolates. None of virus isolates of season 2013-2014 in Ukraine contained an E119D
mutation in NA sequence which is associated with oseltamivir resistance. Conclu-
sions. The results of our work showed that influenza viruses isolated in 2013-2014
epidemic season had not specific mutations, associated with resistance to antiviral
drugs such as oseltamivir.

Key words: neuraminidase, mutation, isolate, phylogenetic analysis.

Influenza viruses are the main cause of respiratory diseases in humans. Despite
significant scientific achievements of recent decades influenza becomes a serious
problem for the entire world. The most dangerous phenomenon is the emergence of
complications and chronic disease exacerbation after carried flu. The influenza virus
surface proteins hemagglutinin and neuraminidase are high variable, that’s why virus
could omit the host immune system [1]. Variability of influenza viruses is caused by
the changes in gene sequences that occur due to mutations. In turn, the accumula-
tion of genetic changes in viruses leads to changes in their antigenic properties [2].

The investigation of genetic changes among all influenza strains is necessary
to reveal that some RNA segments of A (H3N2) influenza virus are originated from
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viruses affecting different hosts. The phylogenetic analysis applied to new influenza
isolates allows to monitoring the rate and direction of virus variations practically in
real time. Furthermore, the comparative analysis of their protein sequences allows
to reveal point amino acid substitution providing the mechanism of virus adaptation
to human immune system. Sequences of surface antigens — hemagglutinin (HA) and
neuraminidase (NA) — are usually used for genetic analyses. Aminoacid substitution
E119D of NA gene leads to development of resistance to antiviral drug oseltamivir
(Tamiflu). Therefore, a comparative phylogenetic analysis of NA sequences of A
(H3N2) influenza viruses circulating in Ukraine during epidemic season 2013-2014
was the aim of the study.

Materials and methods

Nasal-throat washes taken from influenza-affected individuals from the differ-
ent regions of Ukraine during outbreak were used in the study. In total, 673 samples
were analyzed using real-time polymerase chain reaction (RT-PCR) in 2013-2014
seasons. Preparation of reaction mixture for PCR was made according to recom-
mended protocol “WHO. CDC protocol of realtime RT-PCR for swine influenza
A(HIN1) revision 17 [3].

Sequencing of influenza viruses A (H3N2) genes, isolated in our laboratory, was
performed in the World Influenza Center in London using the technology of RNA-
SEQ, which allows sequencing coding and noncoding mRNA (http://www.crick.
ac.uk/research/science-technology-platforms/advanced-sequencing/).

Neuraminidase (NA) gene sequences of influenza isolates A/Ukraine/77/2014 ,
(EPI_ISL 163129), A/Ukraine/218/2014 (EPI_ISL 162152), A/Ukraine/710/2013
(EPI_ISL 154035), A/Ukraine/728/2013 (EPI ISL 154036), A/Dnipro/227/2014
(EPI_ISL 162105), A/Dnipro/229/2014 (EPI ISL 162160), A/Dnipro/232/2014
(EPI_ISL 162107), A/Dnipro/234/2014 (EPI ISL 162108), A/Dnipro/235/2014
(EPI_ISL 162109), A/Kharkov/201/2014 (EPI_ISL 163099), A/Kharkov/203/2014
(EPI_ISL 162113), A/Zhitomir/286/2014 (EPI_ISL 162157), A/Zhitomir/290/2014
(EPI _ISL 162159); A/Ukraine/6004/2013 (EPI ISL 154034) and A/
Ukraine/6161/2014 (EPI_ISL_163128), which were received from Ukrainian surveil-
lance system; vaccine strain A/Texas/50/2012 (EPI_ISL 170149), reference strains
A/Perth/16/2009 (EPI ISL 87516), A/Victoria/361/2011 (EPI_ISL 158723), A/
Stockholm/18/2011 (EPI_ISL 93712), A/Hong Kong/146/2013 (EPI_ISL 176514)
and A/Samara/73/2013 (EPI_ISL 143568) and isolates from different countries were
selected to perform phylogenetic comparisons. Phylogenetic analysis was performed
using MEGA 5 software [4].

Sequences of influenza viruses from other countries were received from
Genbank (http://www.ncbi.nlm.nih.gov/Genbank) and GISAID resource (http://
platform.gisaid.org/), using BLAST (Basic Local Alignment Search Tool) analysis
(http://www.ncbi.nlm.nih.gov/ Blast.cgi). Sequences were aligned using Clustal W
algorithm. Phylogenetic trees were built by the nearest neighbor joining method [5]
applying Kimura 2-parameter model [6]. Evolutional distances were calculated in
terms of the number of base substitutions per site. A bootstrap technique with 1000
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replications was used to test statistical validity of received data [7]. Nucleotide
sequences were translated into amino acid sequences using MEGA 5 software [4].

Findings

In this study we compared nucleotide sequences encoding surface antigens of
influenza viruses NA proteins because they are highly prone to mutation-related
changes. The high similarity of HA and NA genes (94%) was observed for viruses
isolated on the different continents already at the stage of BLAST system-assisted
search and was confirmed by data obtained by other authors [8, 9]. Taking into ac-
count the considerable number (exceeding 1000) of available sequences of influenza
viruses, the geographic location and date of material sampling from a sick person
were chosen as the main criteria for search and selection.

The comparison of NA genes of influenza isolates demonstrated the high genetic
similarity equal to 94%.

All influenza viruses A(H3N2) isolated during 2013-2014 outbreak season were
found to be allocated to the subcluster 3C of the Victoria/208 cluster and retained
mutation S367N and K369T, which attributed to cluster 3, and also contained muta-
tions L81P and N402D (deletion/loss of glycosylation site [10]), which referred to
subcluster 3C.

Phylogenetic data are presented in Fig. 1.

All discovered isolates from this season were genetically related to vaccine strain
A/Texas/50/2012. According to the certain differences the isolates were divided into
3 genetic groups. Groups 1 and 2 are characterized by common substitution D93G
(asparadic acid is replaced by glycine) for isolates from epidemic season 2012-2013.
Also substitution E221D (glutamic acid is replaced by asparadic acid) has selected
in this groups, compared with the previous season isolates.

Group 1 — viruses with substitution I392T. This group contained isolates from
Kharkov — A/Kharkov/203/2014, which were the closest to isolate from Norway
and were selected substitution V396l (valine is replaced by isoleucine), and A/
Dnipro/234/2014 with substitution L338S (leucine is replaced by serine). Dnepro-
petrovsk’s isolate was the most related to strains from Turkey and France (fig. 1).

Group 2 — contained viruses with mutation V412I (valine is replaced by iso-
leucine). Four Ukrainian isolates belong to this group. Strain A/Dnipro/227/2014
acquired substitution Q5K (glutamine is replaced by lysine). A/Moscow/137/2013
was the most similar to our isolate, both selected mutation S332F (serine is replaced
by phenylalanine). Other three isolates A/Ukraine/710/2013, A/Ukraine/728/2013 i
A/Dnipro/235/2014 carried mutations S44P and P45S. Those strains probably were
introduced to the country in result of one entry during epidemic season. Strain A/
Ukraine/728/2013 also confer mutation G40D (glycine is replaced by asparagines
acid), and A/Dnipro/235/2014 — K75R (lysine is replaced by arginine). In general,
this group was more numerous and contained isolates from the European region only.

Group 3 — is the largest group. Mainly Ukrainian isolates from different dis-
tricts belonged to this group. Sequences of this group were more similar to refer-
ence strain A/Athens GR/112/2012 than to the newest reference viruses. Mutations

22 — /SSN 2076-0558. Mikpobionoeis i 6iomexnoaocis. 2015. Ne 2. C. 20-26 _—



®UIOTEHETUYHUI AHAJII3 TEHY HEMPAMIHIJIA3U BIPYCIB I'PUITY A(H3N2), BUJUJIEHUX ...

AlUkraine/728/2013
495’; A/Dnipro/235/2014
il AlUkraine/710/2013
L—— A/Poland/1111/2014
A/Paris/023/2014
A/Moscow/137/2013
A/Dnipro/227/2014
A/Slovenia/2529/2013
A/Croatia/2624/2013
| 99 A/Kharkov/203/2014
60 A/Norway/3105/2013

A/Vietnam/CD367H/2013
38 99| |A/Ankara/221/2014

o1 | A/Paris/028/2014

23 A/Dnipro/234/2014
A/New York/39/2012
A/Serbia/NS-210/2013
?r— A/Samara/73/2013
A/Almaty/2958/2013
AlVictoria/361/2011
AlTexas/50/2012
A/Athens GR/112/2012

A/Cyprus/F30/2014
Al/Kharkov/201/2014
A/Alaska/14/2013
AlZhitomir/286/2014
AlZhitomir/290/2014
A/New Jersey/10/2013
A/Belgium/13G1319/2013
A/England/2/2014
67 AlUkraine/218/2014
58 A/Serbia/NS-669/2014
AlUkraine/77/2014
A/Dnipro/232/2014
68 — A/Poland/179/2014

93

52

e

100 28

86

73

1
©
©

87

A/Stockholm/18/2011
Allowa/19/2010
A/Perth/16/2009

0.002
Fig. 1. Molecular phylogenetic analysis of NA nucleotide sequences for influenza viruses
A(H3N2), NJ method Kimura 2-parameter model

Y 155F, D251V and S315G were new. The third group was quite heterogeneous
and contained strain from Alaska, USA and mainly from European country. Strain
A/Kharkov/201/2014 was the closest to isolates from Cyprus and Alaska. Isolates
A/Zhitomir/286/2014 and A/Zhitomir/290/2014 are placed next to each other on
the phylogenetic tree (fig. 1). Even little group indicated the multiply entering of
circulating influenza viruses to the Ukrainian territory. Isolates A/Ukraine/77/2014,
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A/Dnipro/232/2014 and viruses from Poland and Serbia gained substitution 1312T.
Influenza isolate from Dnipropetrovsk and Poland also conferred mutation T4341.

In general, variability rate of NA genes was lower than in the HA genes in
outbreak season 2013-2014. All discovered isolates had not conferred mutation
associated with reduce susceptibility to oseltamivir.

Influenza viruses A (H3N2) from 2013-2014 outbreak season were genetically
different. They were allocated in the subcluster 3C of cluster Victoria/208 and were
related to vaccine strain A/Texas/50/2012.

According to the results there were identified 8 different pathways of influenza
viruses’ penetration on the territory of Ukraine.

The high (94%) genetic similarity observed of Ukrainian isolates to viruses
isolated during epidemic season 2013-2014 in other countries. The allocation of
Ukrainian viruses to three different clusters points to different ways of their spread
to Ukraine. The analysis of NA sequences revealed novel amino acid substitutions
Y 155F, D251V, S315G to the majority of Ukrainian isolates. None of virus isolates
of season 2013-2014 in Ukraine no contained E119D mutation in NA sequence
associated with oseltamivir resistance.
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®ITOTEHETUYHMIT AHAJII3 TEHY HEMTPAMIHIJIA3Y BIPYCIB
I'PUITY A(H3N2), BUALIEHUX B YKPATHI B CE30HI 2013-2014 pp.

Pedepar

Memoto Oanoi pobomu 6y10 npogedeHHs (iloceHemuUuHo020 AHANI3y 2eHi8
Hetipaminioaszu eipycie epuny A(H3N2), eudinenux 6 Ykpaini 6 2013-2014 ce3oHi.
Memoodu. B pobomi 6ynu uKopucmari memoou MoneKyiapHoi 2enemuxu, inoeenii ma
mamemamuunoi cmamucmuxu. Pesynemamu. Bucoka (94%) cenemuuna nooionicme
VKPAIHCbKUX [3071AMi8, 8UOLIeHUX Ni0 4ac enioeMiuHo20 Ce30Hy 8 IHWUX KpaiHax
c8i0uUmMb NPo cmabinbHicms 8ipycHoi nonynayii 8 Ykpaini. PoamiugeHHs yKpaiHcoKux
i307151mie 8ipycie 2puny y mpbox pizHux K1acmepax ceioyums npo pizui WIAXU 3aHeCeH-
Hs 8ipycié Ha mepumopito Yxpainu. Ananiz nociioognocmeit NA sussus y 6invuiocmi
VKPAIHCOKUX [307151Mi6 HOBI 3amiuyeHHs: aminokuciom y nonoxcenuax Y155F D251V,
S315G. 2Kooen i3 00cniodncy8anux i3onsamie gipycy epuny He MiCmus 8 nociio08HOCHI
NA mymayii E119D, aky acoyirorome i3 pe3ucmenmuicmio 00 03e1bmamisipy.
bBinvwicms sunaokie pecnipamopHux 3axeoproeaHb MHOOUHU CHPUYUHEHT 8ipycaMmil.
Tosepxuesi enikonpomeinu ipycy epuny € 8UCOKO 8apiabenrbHUMU, 8HACTIOOK 4020
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30amHi YHUKAMU 6NAUGY IMYHHOI cucmemu 20cnooapsi. J{ocniodcents 2eHemuyHux
3BMIH ceped 6CiX Wmamie GIpycie epuny € GadCIUSUM OJisl BUSHAUCHHS NOXOONCEHHS.
ceemenmis PHK sipycis epuny A(H3N2) 6i0 001020 uu OeKilbKOX pi3HUX 20Cn00apis.
3acmocysanns ginocenemuuno2o ananizy 0038015€ NPOBOOUMU MOHIMOPUHE DIGHSL
ma HanpsAMKY MIHIUBOCMI 8IPYCi6 2pUny NPaAKmMuyHo y peaibHomy daci. binbw mozo,
NOPIBHSAHHS AMIHOKUCIOMHUX NOCIO08HOCHEN POOUMb MOJNCIUBUM BUABILEHHS NO-
YAMKY HOBUX 3AMIUEHb MA CROCMEPI2amuy MexanizMu adanmayii 6ipycy 00 IMyHHOT
cucmemuy 1100uHU. 3azeuuail 0 QPilo2eHeMuyH020 aHALI3Y BUKOPUCHOBYIOMb
NOCNIO0BHOCMI NOBEPXHEBUX aHmu2enie — eemazmomuniny (HA) ma netpaminioasu
(NA). Memoro nawoi pobomu 6yno nposecmu QhinoceHemusHULl AHAi3 NOCII008HOCMEN
NA sipycis epuny A(H3N2), eudinenux ¢ Ykpaini 6 2013—2014 ce3zoHi.

Knwuoei cnoea: sipyc epuny, epun, inocenemuunutl anauis.
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®UJIOTEHETUYECKUI AHAJIN3 TEHA HEHPAMUHMUIA3BI
BHUPYCOB I'PHUIIIIA A(H3N2), BBIJ/IEJIEHHBIX B YKPAUHE
B CE30HE 2013-2014 rr.

Pedepar

Lenvio npeocmasnennou pabomol 6vL10 NPOGEOCHUE PUNO2EHEMULECKO20 AHATU3A
2eH08 Hetipamunudasvl supycos epunna A(H3N2), evioenennvix k Yrpaune ¢ 2013-2014
cezone. Memoowl. B pabome 6vinu ucnonvb3068amsbl Memoobl MONEKYIAPHOU 2eHem-
Ku, Qunocenuu u mamemamuyeckon cmamucmuku. Pezynemamot. Boicokas (94%)
2EHEMUYECKAST CXOANCECMb YKPAUHCKUX U3O0NAMO8, GbLOCLEHHbIX 8 INUOEMUYECKUL
CE30H 6 OpyeUxX CMpAanax, ceUOEemenbCmeyen o0 CmaduIbHOCMU GUPYCHOU NONYAAYUU
6 Yxpaune. Pacnonodicenue yKpauncKux usonsamos 6Upycos 2punnd 6 mpex pasiuyHbix
KAACMepax ceu0emenbCmayen 0 pasiuidHbIX nymsx Nonaoanus UpYycos Ha meppumo-
puio Vpaunwt. Ananus nocredosamenvrocmeti NA 6vis6ui 6 6016UUHCIEE YKPAUHCKUX
UBOJISIMOB HOBbLE 3aMelfeHuss amunkuciom 6 nonoxcenusx Y155F, D251V, S315G. Hu
O0UH U3 UCCTIEO0BAHHBIX U3ONAMOE BUPYCA SPUNNA He UMEN 8 NOCTe008AMEIbHOCMU
NA mymayuu E119D, c komopoii accoyuupyrom pe3ucmeHmuocns K 0Celbmamugupy.
Bonvuwuncmeo cryuaes pecnupamophuvlix 3a6071e6anuil 4e106eKa 6bI36aHbL BUPYCAMU.
Tosepxnocmuule 2IUKONPOMEUHBL BUPYCA SPUNNA ABTAIOMCS BbICOKO APUADETLHIMU,
scredcmaue 4ezo CnocoO bl u30e2ams 6030€elCmeus UMMYHHOU cucmemvl Xo3auna. Mc-
CNIe00BAHIE 2EHEMUYECKUX UBMEHEHULL CPeOU 6CeX WUMAMMOS BUPYCO8 2DUNNA AGISAEMCS
BAVICHBIM 0151 Onpedelenus npoucxodicoerust ceemenmos PHK supycos epunna A(H3N2)
01 0OH020 WU HECKOTIbKUX PAa3HbIX X035e6. [Ipumenenue ghunozenemuueckozo ananusa
no360751€m NPOBOOUMb MOHUMOPUHE YPOBHS U HANPABTEHUS, USMEHUUBOCTNU BUDYCO8
2pUnna npaKmuyecku 6 peaibHom epemenu. bonee mozo, cpagnenue aMuHOKUCIOMHBIX
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NOC1e008amMeNbHOCMEN Oelaent B03MOICHbIM bIABNICHUE HAYALA HOBLIX 3AMel eHUll U
HaOM00ams MexXanu3Mbl A0ANMAayuu UPYca K UMMYHHOU cucmeme uenogexda. ObbluHo
07151 hunoeenemutecko2o anaau3d UCNOIbL3VIONM NOCIE008AMEeTbHOCTU NOBEPXHOCHIHBIX
anmueenos — cemazentomununa (HA) u netipamunuoaser (NA). Lenvio naweil pabo-
mbl ObLI0 NPOGECMU PuUIOZEHEMUYEeCKULl aHAIU3 nociedosamenvrocmel NA supycog
epunna A (H3N2), evidenennvix 6 Yxpaune 6 2013—2014 cezone.

Kniouesvie cnoesa: eupyc epunna, epunn, Quiocenemudeckull anaius.
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DETECTION OF PLANTARICIN GENES IN STRAINS
OF LACTOBACILLUS PLANTARUM — ANTAGONISTS
OF PHYTOPATHOGENIC BACTERIA

The aim of investigation was to detect the presence of genes responsible for bacterio-
cin synthesis in strains of Lactobacillus plantarum with the clear antagonistic effect
against the gram-negative phytopathogens. Methods. To reveal eleven genes involved
in plantaricin synthesis the polymerase chain reaction was used. 10 test the ability to
synthesize bacteriocins as antagonistic compounds the experiments with the lawns of
test-strains Listeriaivanovii INRA, Rhizobium radiobacter C58, Ralstonia solanacearum
B-1109-UCM, Erwinia carotovora ZM1, Rhizobium vitis OHY 389, R. vitis OHY 388,
R. vitis 379 and R. rhizogenes 15834 were used. Results. In genomes of the tested
L. plantarum strains the genes plnD, pInEF, pInG, plnl, pInN were present, but the genes
plnd, pnB, pinC, plnW were not revealed. Applying the cultural liquids of lactobacilli on
the lawns of the test-strains has shown that the cell-free cultural liquid with the initially low
pH (4.1-4.3) caused the zones of growth inhibition on the lawns of all test-strains.
The neutralized cell-free cultural liquid did not affect the growth of the test-strains.
Conclusion. Although the tested strains L. plantarum ONU 87, L. plantarum ONU
206 and L. plantarum ONU 991 possessed some genes of plantaricin regulon, in the
investigations in vitro they caused the inhibition of the phytopathogens and listerias
due to the low pH of the cell-free cultural liquids but not due to the synthesis of bacte-
riocins. The combination of the genes of plantaricin regulon of L. plantarum ONU 206
and L. plantarum ONU 991 resembled that in L. plantarum J23 described in literature.

Key words: Lactobacillus plantarum, antagonists, bacteriocins, phytopathogens.

Lactobacillus plantarum bacteria isolated from plant surfaces and dairy products
are characterized by the clear antagonistic activity against some phytopathogens [4]. The
ability of L. plantarum to inhibit bacteria and fungi is strain-specific [15].

Antagonistic activity of lactobacilli is the result of the effects of organic acids,
hydrogen peroxide, microbial competition and bacteriocin synthesis [14, 16]. Although
the bacteriocin action is described in details only as an effect on gram-positive bacteria,
the cases of inhibition of gram-negative bacteria are also known in literature [12, 13].
This makes lactobacilli especially perspective for plant protection as the majority of
phytopathogens are the gram-negative bacteria.

In our previous investigation, the use of Lactobacillus plantarum ONU 87, Lacto-
bacillus plantarum ONU 206 and Lactobacillus plantarum ONU 991 strains in plant
protection on a model of Kalanchoe daigremontiana Mill. was described. Not only the
supernatants with low pH but also the supernatant of L. plantarum ONU 206 culture

© N.V. Limanska, D.O. Babenko, G.V. Yamborko, V.O. Ivanytsia, 2015
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with pH 6.5 caused the inhibitory effect on tumor formation decreasing the amount of
infected samples in 70.6% [8]. Basing on the results of investigation, it was supposed that
the inhibitory effect of metabolism products from the cultural supernatant of lactobacilli
was caused not only by lactic acid, but also by bacteriocins.

Several types of plantaricin regulons are described in literature [6; 11]. The most
studied is the regulon of L. plantarum C11. The regulatory operon p/nABCD encodes an
inducible peptide-pheromone PInA, a hystidin-kinase PInB and the response regulators
PInC and PInD. The operons p/nEFI and pInJKLR encode two-peptide bacteriocins PInEF
and PInJK and the corresponding immunity proteins. Operon p/nGHSTUVW encodes
the proteins of ABC transport system necessary for the processing and secretion of a
bacteriocin [1; 6; 13].

According to this, the aim of investigation was to detect the presence of genes re-
sponsible for bacteriocin synthesis in strains of Lactobacillus plantarum with the clear
antagonistic effect against the gram-negative phytopathogens Rhizobium radiobacter,
R. vitis, R. rhizogenes, Ralstonia solanacearum, Erwinia carotovora.

Materials and Methods

Strains from the Collection of Microbiology, Virology and Biotechnology Chair of
Odesa National I.I. Mechnykov University — L. plantarum OHY 87, L. plantarum ONU
206, L. plantarum ONU 991 isolated from dairy products, were brought to the assays.

To test lactobacilli on the ability for the synthesis of bacteriocins, the test-strain

Listeria ivanovii INRA was used because listerias are the classical test-objects for the
detection of bacteriocinogenic activity in lactic acid bacteria. The Listeria ivanovii strain
was kindly provided by Dr. Thomas Haertle (INRA, Nantes, France). Phytopathogens
Rhizobium radiobacter C58, Ralstonia solanacearum B-1109-UCM 1 Erwinia carotovora
ZM1 were kindly provided by the Collection of D.K. Zabolotny Institute of Microbiol-
ogy and Virology (Kyiv, Ukraine), Rhizobium vitis ONU 389 and R. vitis OHY 388 — by
the Collection of Microbiology, Virology and Biotechnology Chair of Odesa National
L.I. Mechnykov University, R. vitis 379 and R. rhizogenes 15834 — by the Collection
of Microorganisms of Institute of Agricultural Microbiology, Saint-Petersburg, Russia.

Lactobacilli were cultivated overnight at 37 °C in MRS broth [5]. DNA was isolated
by the kit “DNA sorb” (ZNII Epidemiology, Russia). The presence of p/n locus genes was
detected by the method of polymerase chain reaction (PCR): pinA [6; 10], p/nB, pinC, plnD
[6], pInEF [1; 6], plnl, plnK [6], pInJ [1; 6], plnG, plnN [6] and the structural plantaricin
W gene [1]. Amplification was carried out by the parameters proposed by Ben Omar
et al. (2008) [2]. PCR products were detected by electrophoresis in 1.5% agarose. The
markers of molecular weight pUC19/Mspl (501, 404, 331, 242, 190, 147, 111 b.p.) and
pBR322 DNA/AIuI (908, 659, 521,403, 281, 257 b.p.) were used (Fermentas, Lithuania).

To reveal the antagonistic effect, the overnight cultures of lactobacilli were centri-
fuged and filtered through 0.22 pm Millipore filters. Phytopathogens and listerias were
cultivated overnight at 37 °C in LB broth [3], and after used for the preparing of lawns
and testing by the well-diffusion method. The cell-free supernatants both with the initial
low pH and neutralized with 1 M NaOH were brought to the wells. The zones of growth
inhibition were detected after the overnight cultivation at 37 °C.
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Results and Discussion
The next results of the search for the genes responsible for bacteriocin synthesis in
studied L. plantarum strains isolated from the home-made dairy products, were obtained
(Tab. 1).
Table 1

Presence of the genes involved in plantaricin synthesis in L. plantarum strains
from dairy products

Strain plnA | pInB | pInC | pInD | pInEF | pInG | pinl | pinJ | plnK | pInN | pinW
L. plantarum OHY 87 - - - + + + |+ | + + + -
L. plantarum OHY 206 | - - - + + + + + - + -
L. plantarum OHY 991 | - - - + + + | + - - + -

As the obtained data show, none of the studied strains possess all the tested genes of plan-
taricin regulon. Genes of the recognition system responsible for the synthesis of an inducible
peptide-pheromone PInA, a histidine protein kinase PInB and a response regulator PInC
were absent. Also none of the strains contained the p/nl¥ gene. This gene was described in
literature only for the one strain, and it was found out that this sequence is rare in L. plantarum
[7]. Thus, our obtained data coincide with the data of literature.

All the strains possessed the genes of plantaricin synthesis p/nEF and the gene encod-
ing own immunity against it (p/nl) [13], and that allowed us to suppose that the studied strains
isolated from dairy products could produce the bacteriocin (Fig. 1).

In the strains isolated from dairy products, gene p/nK was revealed only in one strain —
L. plantarum ONU 87, but genes p/nD, pInEF, pinN, plnl were found in all of the three strains
mentioned in the table (Fig. 2).

Lack of genes plnA, pInB, p/nC and pinK, but the presence of p/nD allows to sup-
pose that strains L. plantarum ONU 206 and L. plantarum ONU 991 are similar to the strain
L. plantarum J23described in the literature possessing operon p/NCSIF-NCS8HK-D encoding
an inducible peptide PLNCSIF, a hystidine kinase PLNC8HK and response regulator PInD
instead of the regulatory operon p/nABCD. Besides, this strain lacks the gene p/nK [11].

The presence of genetic sequences indicates the potential ability of L. plantarum
strain to produce plantaricin, but in some cases a strain possessing all necessary genes
does not secrete active bacteriocin in a medium, or its synthesis is non-regulatory [9].
To check the ability to synthesize bacteriocins as antagonistic compounds, tests on the lawns
of indicator-strains were carried out. Applying cultural supernatants of the studied strains of
L. ivanovii INRA, Rhizobium radiobacter C58, Ralstonia solanacearum B-1109-UCM,
Erwinia carotovora ZM1, Rhizobium vitis ONU 389, R. vitis ONU 388, R. vitis 379 and
R. rhizogenes 15834 we found out that only the supernatants with initial low pH (4.1-4.3)
caused zones of growth inhibition on the lawns of all indicator-strains.

Neutralized cultural supernatant did not affect the growth of test-strains. This allowed
us to make a conclusion that inhibition of phytopathogens and listerias was the result of
low pH of cultural supernatants.
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PInEF plnD
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Fig. 1. Electrophoregram of amplification products of PCR with primers to genes pinEF
(amplicon size 428 b.p., M — marker of molecular weight pBR322 DNA/Alul, Fermentas,
Lithuania), plnD (amplicon size 414 b.p., M — marker of molecular weight pUC19/Mspl,
Fermentas, Lithuania), p/nN (amplicon size 146 b.p., M — marker of molecular weight
pUC19/Mspl, Fermentas, Lithuania), plnG (amplicon size 453 b.p., M — marker of
molecular weight pUC19/Mspl, Fermentas, Lithuania) and plnl (amplicon size 450 b.p.,
M — marker of molecular weight pUC19/Mspl, Fermentas, Lithuania), with DNA of the
Lactobacillus plantarum strains: 1 —strain ONU 991; 2 — strain ONU 206; 3 — strain ONU 87.

plnK pinJ
908
659 908
521 659
403 521
281 403
257 281
226 257

226
M 1 2 3 M 4 5 6

Fig. 2. Electrophoregram of amplification products of PCR with primers to gene plnkK
(amplicon size 246 b.p., M — marker of molecular weight pBR322 DNA/Alul, Fermentas,
Lithuania) with DNA of the strains Lactobacillus plantarum (1 —strain ONU 87; 2 — strain
ONU 206; 3 — strain ONU 991); gene p/nJ (amplicon size 475 b.p., M — marker of molecular
weight pBR322 DNA/Alul, Fermentas, Lithuania): 4 —strain ONU 87; 5 — strain ONU 991;

6 — strain ONU 206)
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Thus, the presence of genetic sequences indicates the potential ability of the strain
to synthesize bacteriocins but did not allow to make a preliminary conclusion about the
active production of antagonistic substances into a medium.

Fig. 3. Zones of growth inhibition on R. vitis ONU 388 lawn caused by the supernatants of
L. plantarum ONU 87, ONU 206 and ONU 991 (from left to right)

Although the tested strains L. plantarum ONU 87, L. plantarum ONU 206 and
L. plantarum ONU 991 possessed some genes of plantaricin regulon, in investigations
in vitro they caused the inhibition of the phytopathogens and listerias due to the low pH
of the cell-free cultural liquids but not due to the synthesis of bacteriocins.
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BUSABJIEHHSA I'EHIB IIVTAHTAPUIIUHIB ¥ IITAMIB
LACTOBACILLUS PLANTARUM — AHTAT'OHICTIB
®ITOIMATOTEHHUX BAKTEPIA

Pedepar

Memoto Oocniodcenns 6y10 GUABUMIU HAABHICMb 2eHI8 CUHME3Y OAKMEPIOYUHI8 )
wmamig Lactobacillus plantarum, axi maiome eupasxicenuti aHMA2oHICIMUYHULL BNIUB
npomu epamne2amusHux gimonamozenie. Memoou. /[na eusenenns 00uHaoysamu
2eHi6, 3a0iAHUX Y CUHME3 NAAHMAPUYUHIE, BUKOPUCTOBYBANU NONIMEPAZHY TAHYIO208Y
peakyiro. /[is nepesipku 30amHocmi 0o CuHme3sy 6aKmepioyuHie K aHMAazoHICMUYHUX pedo-
BUH 30IICHIOBA/IU MECMYBAHHA HA 2a30Hax mecm-wmanmis Listeria ivanovii INRA, Rhizobium
radiobacter C58, Ralstonia solanacearum B-1109-UCM, Erwinia carotovora ZM1,
Rhizobium vitis OHY 389, R. vitis OHY 388, R. vitis 379 i R. rhizogenes 15834. Pe-
3yremamu. B cenomax oocnioscenux wmamie L. plantarum oyau 6iocymuimu ceHu
plnA, plnB, plnC, pInW, ane npucymmni cenu plnD, pInEF, pinG, pinl, plnN. Hanecenns kynomy-
PANbHUX PIOUH NAKMODAYUIL HA 2A30HU MECI-WUMAMIG NOKA3AIL0, WO JUlle KYIbmypaibHd
piouna 3 nepgunnum Husbkum pH (4,1-4,3) cnpuuunana 30mu 3ampumKy pocmy Ha
2asonax ycix mecm-wmamie. Helimpanizoeana KynvmypanbHa piouHa He 6n1ueana Ha picm
mecm-uimamis. Bucnoeox. J{ocniosceni wimamu L. plantarum OHY 87, L. plantarum
OHY 206 i L. plantarum OHY 991, xoua i micmunu HU3Ky 2eHi8 NIAHMAapUyuH08020
Pe2VIIOHY, ¥ 00CAI0ax in Vitro CnpuyuHAIY npucHiveHHs imonamoaceHie ma aicmepit
34 paxyHoK HU3bLKUX 3Hawenv pH KynemypanoHoi piounu, a ne 3a paxyHox cunmesy
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baxmepioyunis. 3a cKi1a0oM 2eHie NIaHmMapuyunosull pe2yion wmamie L. plantarum
OHY 206 ma L. plantarum OHY 991 6ys natibnuoicue 0o onucanoeo y iimepanmypi wmmamy
L. plantarum J23.

Knwuoei cnoea: Lactobacillus plantarum, anmaeconicmu, 6axmepioyuru,
¢imonamoeenu.
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BbIABJIEHUE 'EHOB IINTAHTAPUIIUHOB Y HLITAMMOB
LACTOBACILLUS PLANTARUM — AHTATOHUCTOB
®UTOIATOTEHHBIX BAKTEPUI

Pedepar

Lenvio uccnedosanus 6bin0 GblAGIEHUE HATUYUAL 2€HO8 CUHME3d OAKMEPUOYUHOB )
wmammos Lactobacillus plantarum, komopule umeiom 8blpadcentbvlii aHmazoHucmuye-
ckutl a¢hghexm npomue epammecamuenvix humonamozenos. Memoowt. /{15 svisignenus
OOUHHAOYAMU 2eHOB8, 300eUCMBOBAHNBIX 8 CUHMe3e NAAHMAPUYUHOB, UCHOIb306ANU
NONUMEPA3HYIO YenHYI0 peakyuio. /s npogepku cnocoonocmu Kk cunmesy baxmepuo-
YUHOB KaK AHMASOHUCTNUYECKUX 8eWeCTNE OCYUeCMEISIU MeCMUPOSAHUE HA 2A30HAX
mecm-wmammog Listeria ivanovii INRA, Rhizobium radiobacter C58, Ralstonia
solanacearum B-1109-UCM, Erwinia carotovora ZM1, Rhizobium vitis OHY 389,
R. vitis OHY 388, R. vitis 379 u R. rhizogenes 15834. Pe3ynomamot. B cenomax uc-
cnedogantvlx wmammos L. plantarum omcymemeosanu eenvl plnA, plnB, plnC, plnW,
HO OvLu 6visignenvl eenvl plnD, pInEF, plnG, plnl, pInN. Hanecenue kynvomypanvhvix
JACUOKOCHIEN TAKMOOAYUILT HA 2A30HbL TNECT-WUMAMMO8 NOKA3AI0, YO MOJbKO KY/b-
MypanbHas Hcuokocms ¢ nepsudnvim Huskum pH (4,1-4,3) npusoouna k nosgnenuio
30H 300€pPIUCKU POCA HA 2A30HAX 6ceX mecm-wumammos. Helimpanuzoeannas Kynio-
MYPAbHASL HCUOKOCTL He GNUSLA HA POCH mecm-umammos. Beteoo. Hcciedosannvie
wmammol L. plantarum OHY 87, L. plantarum OHY 206 u L. plantarum OHY 991,
XOMsL U COOepICcanu psid 2eH08 NAAHMAPUYUHOBO20 Pe2yNIOHd, 8 ONbIMAX IN VItro 6bl-
3bL8ANU YeHEemeHUe pOCma (YUMonamo2eno8 u IUCMepull 3a ciem HU3Kux suadenutl pH
KYI6IYPAbHOU HCUOKOCIU, A He 6 pe3yiibmame cunmesa bakmepuoyunos. Ilo cocmagy
2eH06 nianmapuyurosull pe2yion wmammos L. plantarum OHY 206 u L. plantarum
OHY 991 6b1n Onudice k onucannomy 6 tumepamype wmammy L. plantarum J23.

Knwuesvie cnoea: Lactobacillus plantarum, anmaeonucmol, dbaxmepuoyuHol,
Gumonamozerul.
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OXIDATIVE MODIFICATION OF PROTEINS AND
SPECIFIC SUPEROXIDE DISMUASE ACTIVITY
OF DESULFUROMONAS ACETOXIDANS
IMV B-7384 BACTERIA UNDER THE INFLUENCE
OF FERRIC CITRATE

Aim. Investigation of oxidative modification of proteins and specific su-

peroxide dismutase activity of Desulfuromonas acetoxidans IMV B-7384 bacteria
under the influence of ferric citrate. Methods. Generation of protein carbonyl groups
(CG) were determined in reaction with 2,4-dinitrophenylhydrazine. Specific Superox-
ide dismutase activity was measured by the ability of enzyme to inhibit autoxida-
tion of quercetin at pH 10 in the presence of tetramethylethylenediamine. Results. The
content of protein CG under the influence of ferric citrate changed in dependence of
duration of bacterial cultivation. Under the influence of all investigated concentra-
tions of ferric citrate on second and third days of cultivation no significant increase of
protein CG in comparison with control sample was observed. The increase of content
of protein CG by 2—4 times under the influence of metal salt was reached on the fourth
day of cultivation. Addition of ferric citrate caused substantial enhancing of specific
SOD activity. Under the influence of all investigated concentrations of ferric citrate
specific SOD activity increased with enhancing of duration of cultivation. Conclusions.
Accumulation of significant concentrations of CG in D. acetoxidans IMV-B7384 pro-
teins under the influence of ferric citrate indicates free radical mechanism of damage
of cell proteins. Under these conditions neutralization of reactive oxygen species in
D. acetoxidans IMV-B7384 bacteria is evidently made by the enzymes of antioxidative

defense system, including SOD.

Key words: superoxide dismutase, oxidative modification of proteins, ferric citrate,
Desulfiromonas acetoxidans.

Desulfuromonas acetoxidans is one of the first microorganisms which can receive
energy needed for growth by the complete oxidation of organic compounds with
simultaneous Fe (III) —and Mn (IV) —reduction [5]. The capability of D. acetoxidans
to support Fe (IIT) — and Mn (IV) —reduction with simultaneous oxidation of organic
compounds causes its favourableness in practical application since it could be used
for creation of biotechnological methodologies for treatment of wastewater, which
is polluted with heavy metals and organic compounds. Also Fe (II) —and Mn (IV) —
dissimilative reduction is the basis for exoelectrogenic activity of described bacteria
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which is highly favorable for microbial fuel cell construction [11]. Functional neces-
sity of ferric ions as a factor playing the significant role in redox processes of the
range of biochemical reactions is indisputable. Although ferric ions also possesses
biologically dangerous properties since they catalyze generation of reactive oxygen
species (ROS). Toxicity of ferric ions is based on Haber-Weiss and Fenton reactions
[1]. Recently lipid peroxidation is considered as one of the main reasons of cell
damage and death under the influence of ROS [3]. Equally significant violations are
appeared under the oxidative modification of proteins (OMP). Changes in their hydro-
phobicity, isoelectric point and thermal stability, increased sensitivity to proteolysis
and lost enzymes activity could be observed under OMP [7]. It was shown recently
that modification of protein molecules under the influence of ROS can be resulted in
appearance of additional carbonyl groups (CG) in protein molecules. The content of
CG in protein molecules mostly can be detected by reaction with 2,4-dinitrophenyl-
hydrazine [9]. Aerobic and facultative anaerobic microorganisms possess effective
complex of defensive enzymatic and non enzymatic systems of ROS destruction.
They synthesize enzymes of DNA reparation (endonuclease III and endonuclease
IV produced by Escherichia coli) and regulators of defense against oxidative stress.
Similar mechanisms of antioxidative defense in anaerobic microorganisms have not
been studied enough [1, 2]. Usually oxidative stress in anaerobic microorganisms
is caused by the influence of superoxide anion radical (O,). As a result superoxide
dismutase (SOD) is one of the crucial enzymes of antioxidative defense [2]. The
processes of OMP and activity of antioxidant system, especially SOD activity in the
cells of anaerobic microorganisms at the influence of heavy metals is not enough
investigated. Investigation of defense mechanisms of D. acetoxidans bacteria under
stress conditions such as gradual increasing of heavy metals concentration is crucial
for understanding the mechanisms of bacterial metabolism regulation during the
process of wastewater treatment. Thus, the aim of our work was to investigate the
oxidative modification of proteins and specific activity of superoxide dismutase of
D. acetoxidans IMV B-7384 bacteria under the influence of various concentrations
of ferric citrate.

Materials and methods

The object of investigations was Desulfuromonas acetoxidans IMV B-7384 bac-
terium. Bacteria were cultivated in the modified Postgaite C medium for four days
[10]. Sodium fumarate (6 g/l) was added as electron donor and its acceptor. Ferric
citrate was added into the growth medium in concentration 10-20 mM. It was shown
that these concentrations of ferric citrate caused decreasing of biomass by 20-50%
[8]. Metal salt was not added into the control. After the second, third and fourth day
of bacterial growth cells were disintegrated on the ultrasonic homogenizer at 22 kHz
at 4 °C and cell-free extracts were obtained [8]. Protein concentration in cell-free
extract was determined by Lowry method [6]. Appearance of additional carbonyl
groups in the proteins was determined by the method indicated in [7]. Specific SOD
activity was determined as described in [7]. Statistical calculation of results was car-
ried out by application of the Origin and Excel programs [4] The crucial statistical
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indexes were calculated on the basis of direct data, such as arithmetical mean (M)
and standard deviation of arithmetical mean (m). Student coefficient was calculated
for the estimation of validity of difference between statistical characteristics of five
alternative blocks of data. The difference was claimed to be valid under the index
of validity P>0.95.

Results and its discussion

The highest content of CG in proteins of D. acetoxidans IMV B-7384 bacteria
cultivated in the medium without ferric citrate was observed on the third day of growth
(fig. 1). Continuation of cultivation time up to four days caused the decreasing of
CG content. The CG content in proteins changed dependently on time of bacterial
cultivation under the influence of ferric citrate. Slight increasing of CG content in
bacterial proteins was observed on the second and third day of D. acetoxidans IMV
B-7384 growth under the influence of all investigated concentrations of ferric citrate
in comparison with control.
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Fig. 1. The content of additional CG in proteins of D. acetoxidans IMV B-7384 bacteria
under the influence of ferric citrate
(K — control;* — p > 0.95, n=5;** — p > 0.99, n=5 — in comparison with control)

Significant increasing of carbonyl proteins under the influence of metal salt was
observed on the fourth day of cultivation. Addition of ferric citrate in concentrations
10, 12 and 14 mM on the fourth day of cultivation caused enlargement of content of
additional CG in proteins by 2.6; 3 and 3.5 times, respectively.

The content of CG in bacterial proteins also changed dependently on concen-
tration of metal salt in cultural medium. Under the addition of ferric citrate in con-
centrations 10—14 mM the content of CG in proteins significantly increased on the
fourth day of bacterial cultivation comparing with control. The raising of metal salt
concentration up to 20 mM caused the decreased content of CG in comparison with
content of CG in proteins under the influence of 14 mM of ferric citrate but it was
higher than in control. In our previous studies it was shown that addition of ferric
citrate into cultural medium of D. acetoxidans IMV B-7384 led to the increasing
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content of lipid hydroperoxides, conjugated dienes and thiobarbituric reactive sub-
stances [8]. Accumulation of significant amounts of products of lipid peroxidation
and additional CG in proteins in the cells of D. acetoxidans IMV B-7384 bacteria
under the influence of ferric citrate confirms the free radical mechanism of oxidation
of polyunsaturated fatty acids and cell proteins.

Antioxidative defense system supports cell protection against destructive influ-
ence of reactive oxygen species. SOD, catalase, peroxidase and oxidase provide the
first stage of bacterial cell protection against reactive oxygen species [1]. Specific
SOD activity changed dependently on growth phase of D. acetoxidans IMV B-7384
bacteria grown on the cultural medium without addition of ferric citrate. Activity of
enzyme increased with continuation of duration of cultivation (fig. 2).
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Fig. 2. Specific SOD activity of D. acetoxidans IMV B-7384 bacteria
under the influence of ferric citrate
(K — control; * —p > 0,95 — compared with control)

Addition of ferric citrate caused significant increasing of specific enzyme activity.
Specific SOD activity was also increased by 12 times on the second day of cultivation
under the influence of 10 mM of ferric citrate in comparison with control. Significant
raising specific SOD activity was observed under the influence of all investigated
concentrations of ferric citrate. Specific SOD activity increased with continuation
of duration of cultivation under the influence of investigated metal salt (fig. 2). On
the second day of growth specific SOD activity equaled 546.8+33.25 U/minxmg
of protein at the influence of 10 mM of ferric citrate. Increasing of concentration of
metal salt up to 20 mM led to decreasing of specific enzyme activity. On the third
day of cultivation enzyme activity remained at the level 580-605 U/minxmg of
protein under the addition of 10-14 mM of investigated metal salt. Addition of 16
and 20 mM of ferric citrate into the growth medium caused increasing of specific
SOD activity in comparison with the influence of 10—-14 mM of metal salt. On the
fourth day of cultivation specific enzyme activity increased with enlarging of ferric
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citrate concentration. Maximal specific SOD activity was observed on the fourth
day of cultivation under the addition of 20 mM of ferric citrate.

The influence of several transition metals on specific SOD activity of D. acetoxi-
dans under its growth in Postgaite C medium that contains lactic acid as the electron
donor and elemental sulfur as the electron acceptor has been previously determined
[12]. It was shown that addition of various concentrations of ferric (III) chloride
(0.5 -2.0 mM) caused significant increase of specific enzyme activity starting from
the second day of cultivation. Specific SOD activity decreased with the increasing
of duration of cultivation to four days under the influence of all investigated ferric
(IIT) chloride concentrations.

Changing conditions and growing bacteria in the medium with addition of so-
dium fumarate and without sulfur we did not observe hydrogen sulfide formation.
Under this conditions metal ions are not precipitated in the forms of insoluble metal
sulfides. Using ferric citrate as a component of the growing medium maintains the
presenc of Fe*" ions. It is known that Fe** ions could stimulate formation in cells of
microorganisms ROS [1].

The addition of ferric citrate in concentrations 10-20 mM caused the increase
of additional carbonyl groups in proteins of D. acetoxidans IMV B-7384 bacteria
by 1.5-3.5 times in comparison with control. Under those conditions specific SOD
activity increased by 1.5-3.5 times. Thus, addition of ferric citrate into the growth
medium of D. acetoxidans IMV B-7384 led to formation of active oxygen species
that was confirmed by the appearance of additional carbonyl groups in proteins of
bacteria. Superoxide dismutase is involved in neutralization of free radicals of oxygen
under the influence of ferric citrate in D. acetoxidans IMV B-7384 cells.

0.[. Macaoscbka, C.O. I'narym

JIpBiBCHKHIT HAIlIOHAIFHAUN YHiBepcHUTET iMeHi [BaHa DpaHka,
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OKHNCHA MOJUPIKAILIA BIJIKIB TA INTOMA AKTUBHICTD
CYINEPOKCHUIJIUCMYTA3U BAKTEPII DESULFUROMONAS
ACETOXIDANS IMB B-7384 3A BIIVIUBY ®EPYM LIUTPATY

Pedepar

Mema. J[ocnioumu oxucHy moougikayiro 6iIKie ma numomy axmuHicme cy-
nepokcuooucmymasu doaxmepiti Desulfuromonas acetoxidans IMB B-7384 3a
8NIUBY PI3HUX KOHYeHmpayiti epym yumpamy. Memoou. Ysopenns 000amrogux
Kapoouinenux epyn (KI') y 6iuHux nanyroeax amiHOKUCIOM BUSHAYANU Y pearyii 3
2,4-0unimpogenineiopasurom. [Tumomy axmugnicmo cynepoxcudoucmymasu (COZL)
BUBHAUANU 30 30aMHICMIO (epmenmy ineibyeamu agmooKucHeH s Keepyemuny npu pH
10y npucymnocmi mempamemunemunenouaminy. Pesynemamu. Bumicm KI'y 6inkax 3a
BNAUBY hepyM yumpamy sMiHI08aB8Cs 3dNENHCHO BI0 UACY KYIbMUGY8aANHA bakmepii. 3a
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YCIX Q0CHIOACEHUX KOHYEHMPAyill hepym yumpamy Ha opy2y ma mpenmio 000y Kyiibmu-
8y6amHs cnocmepieanu He3naune spocmanns emicmy KI'y 6inkax baxmepiil, nOpigHsIHO
3 GMICIOM YUX 2PYN Y KOHMPOIbHOMY 3pa3Ky. 3pocmanns emicny KI'y binkax y 2—4
Pasu 3a GNUGY COLi Memany 3aghikco8ano Ha wemeepmy 000y Kynbmueyeans. Buecen-
H3l (hepym yumpamy 3ymoeneano cymmese spocmanms numomoi akmusnocmi COJL.
3a ennugy ycix docniodxcenux Konyenmpayitl hepym yumpamy numoma akmueHicn
CO/ 3pocmana 3i 36invuwiennsam yacy xynvmusgyeanns. Bucnoexu. Hazpomaooicenns
V KAIMuHax sHayHux Kinekocmet oooamxosux KI'y oinkax 6axmepii D. acetoxidans
IMB-B7384 3a énnusy ¢pepym yumpamy c8iouums npo iibHOPAOUKATbHUL MEXAHIZM
NOWKOONCEHHS KIIMUHHUX OLIKI6. 3a YUX YMO8 3HEUUKOOINCEHHS AKMUGHUX Memadorimie
oxcueeny y knimunax D. acetoxidans IMB-B7384 30iticuioioms, ouesuono, pepmenmu
cucmemu anmuoxkcuoanmuozo saxucmy, sokpema CO/L.

Knwuosi cnosa: cynepoxcuooucmymasa, okucHa moougixayis npomeinis, pepym
yumpam, Desulfuromonas acetoxidans.
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OKHUCJIUTEJBHAA MOAN®UKALIUA BEJIKOB U YIEJIbHAS
AKTUBHOCTbH CYNIEPOKCHIJIMCMYTA3bI BAKTEPUI
DESULFUROMONAS ACETOXIDANS UMB B-7384 I1PH
BO3JEMCTBUM [IUTPATA JKEJIE3A

Pedepar

Lenv. Hccnedosams okuciumensHy0 MOOUGUKAyUI0 OEIKO8 U YOelbHYI0 AKMUSHOCb
cynepokcudoucmymaszvl oaxmepuil Desulfuromonas acetoxidans UMB B-7384 npu
6030€lCcmeUU PA3TUYHBIX KOHYeHmpayull yumpama oicenesa. Memoowvt. Obpazosa-
Hue dononnumenvuvlx kapoouurbhwlx epynn (KI') 6 60Kkosbix yensx amMuHoOKUCIOm
onpedensiiu ¢ peakyuu ¢ 2,4-0unumpoghenuneuopasunom. YoeibHyr akmueHocms
cynepoxcudoucmymasvl (CO/I) onpedensinu no cnocobnocmu pepmenma uneuOU-
posamb agmooxucHenns keepyemuna npu pH 10 6 npucymcmeuu mempamemuns-
munenouamuna. Pezynemameot. Cooepoicanue KI' 6 6enkax npu enusHuu yumpama
Jrcene3a MeHsN0Ch 8 3aBUCUMOCIU OM BPEMeHU KYyIbmueuposanus baxmepuil. Ilpu
BIUSIHUU BCEX UCCTIEOYEMbIX KOHYEHMPayull pepym yumpama Ha mopbwvle u mpemou
CYMKU KYTbMUBUPOBAHUS HAOIIOOAIU He3HAYumenbHoe nogvluenue cooeprcanus KI°
8 benkax bakmepuil N0 CPAGHEHUIO C COOEPIAHCAHUEM OAHHBIX SPYNN 8 KOHMPOIbHOM
obpasye. Pocm cooeporcanus KI” 6 6enkax ¢ 2—4 pasza npu enusiHuu conu Memaiia 3a-

@ukcuposano na uemeepmoie Cymku Kyibmusuposanus. Bnecenue yumpama sicenesa
npueoouo K 3nauumenvHomy pocmy yoenorou akmusrocmu CO/. Ipu enusnuu écex
UCCNE008AHHBIX KOHYeHmpayuli yumpama sicenesa yoenvnas akmusiocms CO/l 603-
pacmana ¢ yeenudenuem pemMeHu Kyibmusuposatus. Bereoosl. Haxonnenue 6 knemkax
3HauUmMenbHuIX Konuyecme oonoanumenvuuix KI° ¢ benxax baxmepuii D. acetoxidans
HUMB B-7384 npu eénrusnuu yumpama sicenesa ceudemenbcmsyem o c60000Hopadu-
KAIbHOM MeXanume no8peNCcOeHUsl KIemounvlx 6enkos. B smux ycnosusx obezspesicu-

ISSN 2076—05658. Mikpobionozis i 6iomexnoroeia. 2015. Ne 2. C. 34-40 —— 39



0./1. MaciioBebka, C.O. 'HaTymn

BaHUe AKMUBHBIX Memaboiumos kuciopooa 6 kiemrxax D. acetoxidans UMB B-7384
OCYUecmesiiom, 04e8UOHO, (hepMeHmbl CUCTEMbl AHMUOKCUOAHMHOU 3auumal, 6
uacmuocmu CO/.

Kniouesvie cnosa: cynepokcudoucmymasa, OKUCIUMENbHAS MOOUDUKAYUSL RPOMEUHO8,
yumpama sicenesa, Desulfuromonas acetoxidans.
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PICT I YTBOPEHHSA KAPOTHHIB IITAMAMUA

BACILLUS AMYLOLIQUEFACIENS YKM B-5113

TA B. SUBTILIS 1.1 B YMOBAX INITUBUHHOI'O
KYJIbTUBYBAHHAA

Mema. Jlocrioumu Ounamixy pocmy ma ymeopeHnHs KapomuHie wmamamu
B. amyloliquefaciens YKM B-5113 ma B. subtilis 1.1 & ymosax enubunnozo Kyiv-
mugyeanns. Memoou. baxmepii Kynemugyeanu Ha cuHmemuuHomMy cepeoosuwi ma
cepedosuyi 3 Menacoro y nepiooudnux ymosax. Kinekicms abcontommuo cyxoi biomacu
bakmepil (2/11), 3a2a1bHULL 8MiCM KAPOMUHOIOI8 (Me/11) 6CMAHOBI08ANU CREeKMPOGhO-
momempuuHo 3a 008xcunu xeuni 540 ma 440 um, 8ionogiono. Excmpaxuyiro nizmenmis
npoeooUU 3 BUKOPUCAHHAM cyMiuii xaopogopmy ma memarnony (2:1). Peynema-
mu. Maxcumanvhi konyenmpayii 6akmepianorux xiimutn wimamig B. subtilis 1.1 ma
B. amyloliquefaciens YKM B-5113 3a xy1emugy8anusa Ha cepeoosuuyi 3 Mensacoio
cmanosunu 3,6+0,2x10" ma 4,5+0,3x10"° KYO/mn, 6ionogiono, wo y 10 pasis
nepesuiyysano 3Ha4eHHs, OMpUMAri Ha CUNIMEeMUYHOMY cepedosuwyi. Buxio biomacu
v wmamy B.subtilis 1.1 na naniecunmemuynomy cepedosuwyi cmanosus 4,5 2/1, a
Ha cunmemuunomy — 1,7 2/n; y wmamy B. amyloliquefaciens VKM B-5113 — 5,0 2/n
ma 2 e/n, 8i0nogiono. 3azanvhutl emicm kapomunoioie wmamy B. subtilis 1.1 na
po3pobrenomy cepedosuwyi cknadas 965 me/n, na cunmemuynomy — 197 me/n; ona
wmamy B. amyloliquefaciens YKM B-5113—1356 me/n ma 173 me/n, 8ionogiono.
Bucnoexu. /[na ompumanus 8ucoxoi Kinekocmi Oiomacu i KapomuHoiOHUx niemenmie
00CiOHCeHUX Wmamie baxkmepiti HeoOXiOHO BUKOPUCIOBY8AMU HANIBCUHMEMUYHe
cepeoosuuje 3 menacor. Kinekicme scummesoamuux kaimun wmamie B. subtilis
1.1 ma B. amyloliquefaciens YKM B-5113 3a kynomugysanus baxmepii Ha maKomy
cepedosuwyi byna oinvuioro Hidie Ha cunmemuynomy y 10 pasis, nakonuuena biomaca —y
3 ma 2,5 pasu, 3aeanbHuii emicm kapomunoioie —y 5 ma 8 pasie, 6i0nogioHo.

Knwuosi cnoesa: kapomun, B. amyloliquefaciens, B. subtilis, niemenmoymeopenus.

[adexmiiini 3aXBOprOBaHHS ITUTYHKOBO-KHIITKOBOTO TPAKTY Ta Ae(PIinT BiTaMiHy A
MIPU3BOAATH J10 3HAYHUX BTPAT MOTOJIB S MTHIIl, 3HIKSHHSI IPUPOCTY MACH NTHUII Ta
STATICHOCHOCTI TOMIO. Y 3B 513Ky 3 IIUM B)KE€ CTBOPEHO Psijl BETEpUHAPHUX IPETIapaTiB Ha
OCHOBI KApOTHHCHUHTE3YBAILHUX CTPETITOMIIIETIB 1 APIKIKIB, IPOOIOTUIHUX IITAMIB
OakTepii, MPOTE KOMIEH 3 HUX HE MOETHYE Y CO01 IKOCTI KAPOTUHBMICHOT JOOABKH Ta
npobioTryHOTO TIpemnapary [ 1, 6]. BukopucranHs KapOTHHCHHTE3YBAILHUX OaKTepii
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pony Bacillus, siKi XapaKTepH3yIOThCs TPOOIOTHYHUMH BJIACTUBOCTSIMH € TIEPCIICKTUB-
HHUM HanpsIMKOM BUpiIeHHs i€l mpobnemu [11, 13].

Binomo, 1110 32 TMTMOMHHOTO KyJIBTUBYBaHHS OaKTepiii MaKCUMaIbHOT IPOIYK-
TUBHOCTI MOXKJIMBO JIOCATHYTH Y MeBHiH (ha3i iX pocTy, OHaK, IaHi HI0/10 AUHAMIKU
CHUHTE3Y KapOTHHOI/IB, B3aEMO3B 513Ky X YTBOPEHHS 3 HAKONMMUYEHHSIM Oiomacu Ta
CIIOPOYTBOpEHHSIM OakTepiil poxy Bacillus mpenctaBieHi Juiie y MOOAMHOKHX
nmyOmikarisx [11, 13].

3 omIsi1y Ha BUIIEBHUKIIAZICHE, METOI0 poOOTH OYyII0 AOCTIINTH JUHAMIKY POCTY
Ta MrMEHTOYTBOPEHHSI KAPOTUHCHHTE3YBANBHUX IITaMIB B. amyloliquefaciens YKM
B-5113 ta B. subtilis 1.1 B ymoBax rMMOWHHOTO KYJIbTHBYBaHHS.

Marepiayiu Ta MeTOIU

O06’exToM gociimkeHHs OylM KapOTHHCUHTE3yBalbHI mtamu B. subtilis 1.1
ta B. amyloliquefaciens YKM B-5113 3 my3eto Bigainy antu0ioTukiB [HCTUTYTY
Mmikpo6iosorii 1 Bipycosorii imeni JI.K. 3a6onornoro HAH Ykpainu. Panime namu
OyJ10 TOKa3aHo, 110 3a3Ha4YeHi KyJIbTypu OakTepiil 37aTHI CHHTE3yBaTH MIrMEHTH
KapOTHHOIAHOT NpUpoau, a mram B. subtilis 1.1 KpiM IIbOT0O XapaKTepU3y€eTHCS PO-
OIOTUYHMMHU BIIACTUBOCTAMU [3, 4].

Bakrepii BupomryBanu Ha cuHTeTHdHOMY cepenosuii (pH = 7,0+0,3) (r/m7):
Na,C,H,0_x3H,0-1,29, (NH,),HPO,—4,75,KH,PO, - 9,60, MgSO, - 0,18, rmoxo-
3a— 20,00 Ta HanliBcuHTeTHYHOMY cepenoButi (pH = 7,5+0,2) (r/m): memnsica (JACTY
3696-98) — 23; (NH,),SO, — 4,6; K. HPO, — 2,0; FeSO, — 0,035. Hopma BHeCeHHs
THOKYJIATY KOXKHOT KyJIBTypu OakTepiit ckinanana 5 00. %, mo Bianosinamno 10107
KOJIOHI€YTBOPIOBATBHUX OAMHUIB Ha 1 Ma cepenoBumia (KYO/min). KyneruByBanns
Oaxrepiii 3nificHIOBaIM Ha Kayankax (n =200 06/xB) 3a temneparypu 37 C mpoTsirom
36 rox. [Tapamerpu pocty ((pa3u pocTy, MUTOMY IBUIKICTH POCTY, Yac TeHepallii)
oOpaxoByBaiu 3rigHo 10 pekomennanii [epr C. [Ix. [5].

KUTbKICTh KUTTE3MaTHUX KIITHH OaKTepidl y CepeIOBUINI BU3HAYAIN MUISIXOM
BuciBy 0,1 M 3 IecATUKpAaTHUX PO3BEICHb CYCIEH31i HAa M SICO-NIENITOHHUN arap.
Excrpaxiito mirMeHTiB MpoBOAMIM IUISIXOM TOMOTEHi3allii cyXxoi 6ioMacH ImrTamiB
B. subtilis 1.1 Ta B. amyloliquefaciens YKM B-5113 y cTyni 3 mocTynoBum oaa-
BaHHSM CyMilni xsiopoopmy Ta Metanoiy y criiBigHomeHHi 2:1 [11, 13]. KinbkicTb
abcomoTHO cyxoi 6iomacu (ACB) Gaxrepiit (r/m), 3araqbHUIl BMICT KapOTHHOIIIB
(MT/11) BCTAaHOBITIOBAJIM CIIEKTPO(GOTOMETPUYHO 3 TIEPEPAXyHKOM 32 KaiOpyBalbHU-
MU KPUBHMH, 1110 OTPUMaHI HIJISIXOM BUMIPIOBaHHS ONITUYHOI T'yCTHHHU KYJIBTYpPaTbHOT
PIAVHM Ta €KCTPaKTIB MIrMEHTIB 3a AOBXUHHU XBUIl 540 Tta 440 HM, BiAMOBITHO.
Crniopu ¢apOysanu 3a meroaukoro Hleddepa-Dyntona [12].

JInst OIHKK JTIOCTOBIPHOCTI €KCHEPUMEHTAIBHHUX JTAaHWX, BUKOPHCTOBYBAJIM Ta-
paMeTpU4Hi KpUTEPii HOPMAILHOTO PO3MOILTY, OOYHCITIOIOYH CepeHE apu(METHIHE
(X p)> CCPEIIHIO KBA/IPATHYHY nOXUOKYy (S, Cep') 3a KUTBKOCTI IOBTOPIB AOCHIIIB N = 6
Ta piBHAX 3HauuMoOcCTi 0,05 [2].
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Pe3yabTaTu Ta iX 00roBOpeHHs

[IpocTuM y IpUTOTYBaHHI Ta JEHICBUM Y BUPOOHHUIITBI € CEPETOBHIIEC 3 MEJISI-
CO¥0, sIKy OakTepii BAKOPUCTOBYIOTh SIK OCHOBHE JKepesio KapOoHy Ta eHeprii [7].
Tomy Hamu OyJI0 TOCIIKEHO POCTOBI MOKA3HUKHU Ta PiBEHb MITMEHTOYTBOPEHHS
mramiB B. subtilis 1.1 ta B. amyloliquefaciens YKM B-5113 nHa cunTeTHUHOMY
Ta HaliBCUHTETUYHOMY CEpeOBHIIaX. BcTaHOBIEHO, IO BUIE3raaHi MITaMU 3a
KyJbTUBYBaHHS HA CHHTETUYHOMY Ta HAaIlIBCHHTETUYHOMY CEpPEIOBHINAX XapaKTe-
pHU3yBaJKCS TUTIOBUMH S-TIOIOHUMHU KPUBUMHU POCTY (puc. 1).
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Puc. 1. lnnamika pocrty 0akrepiii wuramiB B. subtilis 1.1 (A)
Ta B. amyloliquefaciens YKM B-5113 (b) 3a KyJIbTHBYBAHHSI HA HAIIBCUHTETUYHOMY
Ta CHHTETHYHOMY Cepel0BUIIAX

Fig. 1. Dynamics of bacteria growth of the strains B. subtilis 1.1 (A)
and B. amyloliquefaciens UCM B-5113 (B) during cultivation on semi-synthetic
and synthetic mediums

Ha cepenoBuiiii 3 Memnsicoro MakcuMasbHa KOHIIEHTpallis 6akrepiit B. subtilis 1.1
ta B. amyloliquefaciens YKM B-5113 cranoBuiu 3,6+0,2x10'° 1a 4,5+0,3x10'° KYO/
M1, BIATOBIJHO, 1110 Y 10 pa3iB nepeBulllye 3Hau€HHs, OTPUMaHI 3a KyJIbTUBYBaHHS
0akTepiil Ha CUHTETUYHOMY CEPEIOBHILI.

Cuiz 3a3Ha4UTH, 1110 POTATOM 36 roinH Ky/IbTUBYBaHHsI mTamiB pH cunTeTny-
HOTO 1 HaMBCUHTETUYHOTO CepeoBUII 3HIKYBajocs Bix 7,0+0,3 17,5+0,2 1o 6,3+0,2
Ta 6,5+0,2, BIAMOBIIHO, 1110 BKa3y€ Ha PO3KJIa/laHHs BYIJIEBOJIIB 3 YTBOPEHHSIM Op-
ra"iyHux kuciotr. CnopoytBopeHHs mraMiB B. subtilis 1.1 ta B. amyloliquefaciens
YKM B-5113 po3nounnanocs Ha 19 Ta 21 roauny KynsTUBYBaHHs, BiinoBiaHo. Ha 36
TOJIMHY KyJIbTUBYBaHHs 15% OakTepiii yTBOPIOBaIM €HI0CTIOPH, TOJII SIK B1IOMO, 1110
JUIs OLIBIIOCTI POOIOTHUHUX OakTepiit pony Bacillus BiAIOBIAHUN OKA3HUK CTa-
HOBUTH 011n3bK0 90%. BusiBieHi BiIMIHHOCTI MO>KJIMBO OB’ S13aH1 3 pi3HUM piBHEM
eKcIpecii T'eHiB CIIOPOYTBOPEHHsI a00 0COOIMBOCTAMH YMOB KyabTUBYBaHH: [10].
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[Toxazuuku pocty mramiB B. subtilis 1.1 Ta B. amyloliquefaciens YKM B-5113
3a KyJIbTHBYBaHHS Ha CHHTCTHYHOMY Ta HAIliBCHHTETUYHOMY CEpEIOBHINAX TPE/-
CTaBJICHI B TaOJIHIII.

Tabnums
IHoxa3snuku pocty mramis B. subtilis 1.1
Ta B. amyloliquefaciens YKM B-5113 y norapugmiuniii ¢pa3i pocty
Table

Growth parameters of the strains B. subtilis 1.1
and B. amyloliquefaciens UCM B-5113 during logarithmic growth phase

KinekicTs
Yucao Yac IIuToma
CepenoBuiie JKHTTE3IATHUX . .
Tam . KJITHHHHX | reHepanii, | IIBUAKICTH
KyJ'leI/IByBaHHfI KJIITHH, l'lOZ[iJ'liB rox 0CT 1"0[['1
KYO/ma - | POty
CuHTEeTHYHE 4,3+0,2x10% | 4,85+0,15 | 1,28+0,06 | 0,56+0,01
B. subtilis 1.1

Hamiscunrernune | 3,7+0,3x10'° | 8,36+0,20 | 1,11+0,10 | 0,64+0,02

. . CunHreTnyHe 4,7+£0,1x10° | 5,78+0,08 |1,61+0,08 | 0,45+0,02
B. amyloliquefaciens

YKM B-5113

Haniscunrernune | 4,8+0,2x10'° |10,10+0,20 | 1,23+0,07 | 0,58+0,02

Ha cknmagHOMy cepemoBHIIi pOCTOBA aKTHBHICTH (ITMTOMA MIBHKICTH POCTY)
mraMiB B. subtilis 1.1 ta B. amyloliquefaciens YKM B-5113 Gyna 6inb111010, Hi>K Ha
cuHTeTHYHOMY Ha 14 Ta 28%, BinmoBigHO. OKpiM IILOTO, TUTOMA IMIBUKICTH POCTY
000X JTOCIIDKYBaHUX KyJIbTyp nepeBuiiyBaia Ha 0,09—0,13 rog! 3a3HaucHMi mokas-
HUK TTPOOioTHYHOTO TITamy B. subtilis 534 3a HOTO KyJIETUBYBAaHHS Ha CEPEAOBHIITI
noAI0HOMY JI0 HaImMBCUHTETUYHOTO [6]. OTprMaHi pOCTOBI MapaMeTpu A0 CIIHKEHUX
KYJBTYD € XapaKTepHUMH T OakTepiit poxy Bacillus 3 BACOKUM piBHEM POCTOBOT
aKTHBHOCTI [9].

OCHOBHMMH ITOKa3HUKAMU POAYKTUBHOCTI KAPOTHHCUHTE3YBAIBHUX IITAMIB €
Buxig ACB Ta KiTbKiCTh KApOTHHOTIHKX MIrMeHTIB [S]. Tomy Hamu OyIto JOCIiHKe-
HO JIMHAMiKy HAKOMUYEHHS KapOTWHOITHUX MIrMEeHTiB. BCTaHOBIEHO, IO CHHTE3
KapOTHHOIAHUX MIrMeHTiB mramamu B. subtilis 1.1 ta B. amyloliquefaciens YKM
B-5113 3a BupomryBaHHs Ha CHHTETUYHOMY Ta HAIlIBCHHTETHYHOMY CEPEIOBHUIIAX
MTOYMHABCS Y KIHITI eKCTIOHEHITIHOT (pa3u poCTYy, 110 XapaKTePHO TAKOXK JIsI CHHTE3Y
nikoniny y Streptomyces globisporus 1912 ta anoxaporunoinis y Bacillus indicus
HU36 [1, 13].

[TokazaHo, 1110 Ha CEPEIOBHIII 3 MEJISICOI0 MAKCUMAITLHUH BUXIJT 010MacH MTamMy
B. subtilis 1.1 cranoBuB 4,5+0,2 1/, 110 y 3 pa3u MepeBUITyBaJIO HAKOTIHYEHY 010-
Macy Ha CHHTETHYHOMY cepenoBuIii. /1o Toro » HaiOUIbIIe 3HAYEHHS 3araTbHOTO
BMICTY KapOTHHOIIIB mTamy B. subtilis 1.1 Ha cepemoBHII 3 MEJISICOI0 CTAHOBUIIO
965+45 mr/i1, Mo Maibke y 5 pasiB OubIIe 32 KITbKICTh KAPOTHHOIIIB OTPHUMAHUX
Ha CHHTETHYHOMY cepeoBHIi (puc. 2).
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Puc. 2. lnnamika cuHTe3y KAapOTHHOIAIB IITaMoM B. subtilis 1.1 na cunrernunomy (A) Ta
HaniBcuHTeTuuHOMY (B) cepenoBumax

Fig. 2. Dynamics of carotenes synthesis by the strain B. subtilis 1.1 on synthetic (A) and
semi-synthetic (B) mediums

Hnst mramy B. amyloliquefaciens YKM B-5113 makcumanbHa Hakonr4aeHa 010-
Maca Ta 3arajJbHUi BMICT KAPOTUHOIAIB PH KYJIBTHUBYBAaHHI HA HAITIBCUHTETUYHOMY
cepenoBulii Oynu OuTbIUME Yy 2,5 Ta 8 pa3iB BIANOBIAHO, 32 TOKa3HUKW OTPUMaH1
Ha CUHTETUYHOMY cepeioBuiLl, 1 ctaHoBuwIX 5,0+0,2 r/n ta 1356486 mr/xa (puc. 3).
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Puc. 3. lnnamika cuHTe3y KapoTHHOIAIB ITamoM B. amyloliquefaciens YKM B-5113 na
cuHTeTHYHOMY (A) Ta HaniBcuHTeTHYHOMY (B) cepenoBumax

Fig. 3. Dynamics of carotenes synthesis by the strain B. amyloliquefaciens UCM B-5113 on
synthetic (A) and semi-synthetic (B) mediums

PocToBa akTHBHICTB Ta IPOMYKTHUBHICTH JIOCIIKEHUX KYJABTYp OyJIH OLTBITUMEU
Ha CepPEIOBHIIT 3 MEJSICOI0, Hi’K HA CHHTETHYHOMY, OCKIJIBKH, MEJISICa OKPIM IyKpPiB
(Iykpo3u, TIIIOK03H, ()PYKTO3M) MICTHTh BITAMIHH Ta aMiHOKHCIIOTH, 1[0 MOXKYTh
MTOKpAIyBaTH PICT 1 MIrMEHTOYTBOPSHHS IITaMiB; HOHH 3aj1i3a IHIYKYIOTh CIIOPO-
YTBOPEHHS Ta KAPOTHHOTEHE3 y 3B’ A3KY 3 TUM, 110 BOHH € KO(aKTopaMu (pepMEeHTIB
1 3IaTHI BUCTYNATH 1HIYKTOPAMH aHTHOKCHJIAHTHHUX CHUCTEM 3aXHCTy MIKpOOHOT
KmiTuHy [8, 14].
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Criz 3a3Ha4UTH, 10 Yy BCIX BapiaHTaX KyJIbTUBYBaHHs mTamiB B. subtilis 1.1 ta
B. amyloliquefaciens YKM B-5113 BiagmiueHO HasBHICTh IBOX MaKCUMYMiB HaKoO-
MUYEHHS KAPOTUHOITHHUX MirMeHTiB. Tak, mepmmii MaKCHMyM TpUIa/iaB Ha KiHelb
eKCTIOHEHIIIHOT (pa3u pocCTy, APyTruil — Ha KiHeIlb CTAIliOHApHOT U a3y CTapiHHS
KyJbTYp. MOXIIMBO, B TIEPIIOMY BHUIAAKY KAPOTHHOIIH IMEPEBAKHO aCOIIOBaHi 3
MOJIOIUMH BET€TaTUBHUMH KIIITHHAMH, B IPyTOMY — 31 cllopamu. Take MpUITyeHHs
IPYHTYETBCS HA TOMY, 1110 KAPOTUHOIIHI MIrMEHTH 3aXHIIAI0Th MOJO/I KITITUHH, SIK1
HIBUJIKO JUIATHCS, BiI OKUCHOTO CTPECY, a Y CKJIAJi CIIOp — MiABUIIYIOTh IX pe3uc-
TEHTHICTh JI0 HECIPUATIMBUX YUHHUKIB [ 13].

Takum 9MHOM, IJI1 OTPUMaHHS BUCOKOi KUTBKOCTI 06i0MacH 1 KapOTUHOITHUX
MIrMEHTIB AOCHI/PKEHHUX ITaMiB OaKkTepiid pory Bacillus mouinbHO BUKOPHCTOBYBATH
HaIiBCUHTETHYHE CEPEOBHUIIIE 3 MEISACO0. KiTbKICTh )KUTTE3IaTHUX KITITHH IITaMiB
B. subtilis 1.1 ta B. amyloliquefaciens YKM B-5113 3a xynbsTHUBYBaHHS OaKTepiid
Ha TaKOMY CepeoBuIli Oyia OLIbIIo0, HIX Ha CHHTeTHYHOMY Yy 10 pasiB, murtoma
HIBUJIKICTB pOCTY — Ha 14 Ta 28%, HakonuueHa 6iomaca —y 3 ta 2,5 pasu, 3arajJbHUN
BHXI1J] KAPOTHHOIAIB — Y 5 Ta 8 pasiB, BIAMOBIIHO. BIOTEXHOIOTIYHI TOKa3HUKH JIJIsI
000x mTamiB Oy MakCUMalnbHUMU 3 18 110 24 ronuHy KyJIbTUBYBaHHS.
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GROWTH AND CAROTENE SYNTHESIS BY THE STRAINS BACILLUS
AMYLOLIQUEFACIENS UCM B-5113 AND B. SUBTILIS 1.1 AT SUBMERGED
CULTIVATION

Summary

Aim. The aim was to study the dynamics of the growth and carotene synthesis by the
strains B. amyloliquefaciens UCM B-5113 and Bacillus 1.1 at submerged cultivation.
Methods. Bacteria were cultured on synthetic medium and medium with molasses
in periodic conditions. The amount of absolutely dry bacterial mass (g/l), the total
content of carotenoids (mg/l) were determined spectrophotometrically at a wavelength
of 540 and 440 nm, respectively. The pigments extraction was carried out with the
use of mixture of chloroform and methanol (2:1). Results. The maximum bacterial
cells concentration of the strains B. subtilis 1.1 B. amyloliquefaciens UCM B-5113
after cultivation on medium with molasses were 3.6 £ 0.2 x10" and 4.5 £ 0.3 x 10"
CFU/ml, respectively, and 10 times higher than the values obtained in the synthetic
medium. Biomass yield of the strain B. subtilis 1.1 on complex medium was 4.5 g/l,
and on synthetic —1.7 g/l; the data for B. amyloliquefaciens UCM B-5113 — 5.0 g/l
and 2 g/l, respectively. Total carotenoid content of the strain B. subtilis 1.1 on complex
medium was 965 mg/l of completely dry biomass (CDB), on the synthetic — 197 mg/I;
the data for the strain B. amyloliquefaciens UCM B-5113 — 1356 mg/l and 173 mg/I,
respectively. Conclusion. The complex medium with molasses needs to be used to obtain
a high amount of bacterial biomass and carotenoid pigments of investigated strains.
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The quantity of viable cells of the strains B. subtilis 1.1 and B. amyloliquefaciens
UCM B-5113 after cultivation on medium with molasses was 10 times higher than
on synthetic, the maximum biomass — 3 and 2.5 times higher, the total carotenoid
content — 5 and 8 times higher, respectively.

Key words: carotene, B. amyloliquefaciens, B. subtilis, pigment production.
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POCT U OBPA3OBAHUE KAPOTUHOB IITAMMAMM BACILLUS
AMYLOLIQUEFACIENS YKM B-5113 U B. SUBTILIS 1.1 I1PA
INTYBUHHOM KYJIbTUBUPOBAHUU

Pedepar

Iens. Hccneoosamsv ounamuxy pocma u 06pa308aHusi KApOMUHOS8 WmMamMmamu
B. amyloliquefaciens VKM B-5113 u B. subtilis 1.1 6 ycrnosusix enyounHo2o Kyibmu-
suposanusi. Memoowt. Bakmepuu Kyibmueuposaiu Ha CUHMemu4eckoll cpeoe u cpeoe
¢ menacou 6 nepuoduyeckux ycrogusx. Konuvwecmeo abconiomuo cyxoil 6uomaccol
bakmepuil (2/1), obwee codepoicanue KapoMuHoOUoos (Me/) onpeoensiiu CHeKmpo-
gdomomempuuecku npu onure 60aHsl 540 u 440 Hm, coomeememeenHo. IKCMPAKYuro
NUSMEHMO8 OCYWECMBIIU C UCRONb30BAHUEM CMeCU Xaopogopma u memanona (2:1).
Pezynemamut. Maxcumanvhvie Konyenmpayuu OAKmMepuaibHbIX K1emox wumammos
B. subtilis 1.1 u B. amyloliquefaciens YKM B-5113 npu kyntemueuposanuu Ha cpeoe ¢
menacoti cocmagnanu 3,6+£0,2 %10 u 4,5+0,3 10" KYO/mn, coomeéemcmeento, umo
6 10 paz npesvliuano 3Havenus, NOIYYEHHbIL HA CUHmMemu4eckou cpede. Buixoo ouo-
macewt wmamma B. subtilis 1.1 na nonycunmemuueckotl cpede cocmaesun 4,5 e/1, a na
cunmemuyecxou — 1,7 2/n; y wmamma B. amyloliquefaciens YKM B-5113 — 5,0 o/n u
2 2/n, coomeemcmeenno. Obuyee cooepoicarie Kapomunouoos y wmamma B. subtilis 1.1
Ha NOyCUHmMemu4eckou cpeoe cocmaguio 965 me/n, na cunmemuuecxou — 197 me/n; y
wmamma B. amyloliquefaciens YKM B-5113 — 1356 me/n u 173 me/n, coomeemcmeerHo.
Bo1600w1. [{115 nonyuenus 6onbuio2o Koauecmea Ouomaccyl U KapomuHouOHbIX NuMeH-
MOB UCCTEDYeMbIX WIMAMMOE 6akmepuil HeoOX00UMO UCNONb3068AMb NOJYCUHMEMUYe-
cky1o cpedy ¢ menacot. Konuuecmeo sicusnecnocodonvix knemox wmammos B. subtilis
1.1 u B. amyloliquefaciens YKM B-5113 npu kynemusuposanuu baxmepuii Ha maxot
cpede b0 Donvue yem Ha cunmemuyeckol 6 10 pas, naxonienue d6uomaccol — 6
3 u 2,5 pasa, obwee codepoicanue KapomuHouoos — 8 5 u 8 pas, COOmeemcmeeHHo.

Knwuesvie cnoea: xapomun, B. amyloliquefaciens, B. subtilis, nuemenmoobpa-
306aHue.
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JTOCJIIDKEHHS TPUPOINA AHTATOHICTUYHOT
T ITAMIB LACTOBACILLUS PLANTARUM 11OJ1IO
YMOBHO-ITIATOTEHHUX TA ®ITOMATOTEHHUX
MIKPOOPTAHI3MIB

Mema. Busuumu npupody awmacoHicmuyHoi 0ii wmamie L. plantarum, wo 6yau
suoineri 3 hepmenmosanux npooykmie, 0ocaioumu ix 30amuicms 00 NPoOyKyii
nepekcudy 600HI0, A MAKOIC 3ANLEHCHICMb CNEKMPY AHMALOHICIMUYHOI AKMUGHOCH
w000 YMOBHO NAMO2EHHUX MA (IMONAmMo2eHHUX MIKPOOP2aHi3Mi8 8i0 HAABHOCMI
8 nooscuerHomy cepedoguwyi enokozu ma mein-80. Memoou. [Ipooykyiro nepexucy
600H10 wimamamu L. plantarum eusyanu na cepedosuwyi MRS, wjo micmumbe nepox-
cuoasy Xpomy ma mempamemuioeH3uout. AnmazoHicmuiny akmueHicms 6U3HAYANU
MemoOOoM I0CMPOUEHO20 AHMAZOHIZMY, BUKOPUCTOBYIOUU CEPe00sUWa. MPaouyiine
MRS, MRS 6e3 enroxosu, MRS 6e3 msin-80. Pesynomamu. 3 109-mu euxopucmarux
wmamie, auwe mpu (2,75%) npodykyeanu nepoxcud 6oowio. binvwicms wmamie
L. plantarum (53—68%) 36epicaru anmazonicmuyny axmuenicmo wo0o 14-mu iz 17-
My BUKOPUCMAHUX Mecm-KYIbmyp Ha cepedosuuii MRS 6e3 enoxoszu. Biocymuicmo
2I0KO3U Y cepedosUuyi Maildice He BNIUGANA HA AHMALOHICMUYHY AKMUGHICIb UWMAMIG
L. plantarum wooo Shigella flexneri, Staphylococcus epidermidis ma Candida albi-
cans, npucHiuysanviy 0iio 3oepieanu 6auzvko 75% wmamie. Halbinbw 3anexcnoio 6io
nassnocmi mein-80 suasunacs akmusnicmos 0o Clavibacter michiganensis, Hatimerut
3anedcrolo — 0o Pseudomonas aeruginosa (akmuenicme 30epicanu 26% i 92% wmanmis,
8i0nogiono). Ilpueniuyeansny diio 36epicaru 67-88% wmamise L. plantarum wodo
pewmu mecm-Kyivmyp Ha cepedosuuyi 6es mein-80. Bucnoexu. Monouna kucioma
ma nepokcud 800HI0 He € OCHOBHUMU YUHHUKAMU AHMA2OHICMUYHOI Oii 6inbuiocmi
docnioxcenux wimamis L. plantarum. 3anescnicms cnekmpy anmazonicmuunoi 0ii 6io
Hasgrnocmi eniokosu yu meiny-80 y cepedosuwyi Ky1bmugysanHs modxice ceiouumu npo
cunmes 6aKmepioyuHonoiOHUX PEUOBUH AK 3 WUPOKUM, MAK I 3 BV3bKUM CNEKMPOM
0ii. Cnekmp aHmazoHicmuyHoi aKMU8HOCMI € WMamoCcneyu@iuHuM i pisHUMbCs U000
VYMOBHO-NAMO2EHHUX MA (IMONAMONAMO2eHHUX MIKPOOP2AHIZMIE.

Kuniouoei cnoea: Lactobacillus plantarum, anmazonicmuuna akmueHicmb, NepoK-
CUO 80OHIO, YMOBHO NAMO2EHHI | (Dimonamocenti MiKpOopeanizmu.

OnHi€ero 3 BAXXIMBHX BIacTUBOCTEH MonogHokucux 6akrepiit (MKDB) € ix aH-
TaroHICTUYHA aKTHBHICTH 1010 30y/THUKIB 3aXBOPIOBaHb JIFOMUHU, TBAPUH, & TAKOK
pociuH [5, 13]. BuBueHHIO IpUPOIM YHMHHUKIB aHTArOHICTUYHOI Ji1 MPUCBIICHO
Oarato HayKoBUX poOiT. OCHOBHUMH PEYOBHHAMH 3 aHTArOHICTHYHOIO aKTHBHICTIO
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€ OpTaHiuHi KHUCJIOTH, 30KpeMa MOJIOYHA KHCIIOTa, IKa € OCHOBHUM METa0OJiTOM
pu 30pO/KyBaHHI BYTJIEBOJIIB MOJIOYHOKUCIIMMHU Oaktepismu. Kpim mieoro, MKb
3/1aTHI JI0 TPOAYKIIii 1HIIMX PEYOBHH 3 aHTUMIKPOOHOIO JI€I0, TAKUX SK MTEPOKCH]T
BOJIHIO, JTIAIIETHII, & TAaKOXK OakTepionuHiB [4, 5, 10]. Bigomo, mo anTaronictuyHa
AKTHBHICTb MOYKE 3MIHIOBATHCS 3QJIC)KHO BiJl YMOB KYJILTUBYBaHHS, 30KPEMa BAXKIIUBY
POJIb Biirpae CKiIal MOKUBHOTO cepeoBHIa. Tak, MPOAYKIIisl MOJIOYHOI KHCIIOTH
3aJISKUTH BiJl BMICTY BYIJIEBOIB y cepenoBuiii. Kpim Toro, 6ararbMa g0CiiTHUKaMu
Oys1a BCTAaHOBJIEHA BayKJIMBa POJib TBIH-80 y CepeOBHILI )1 CUHTE3y OaKTEep1OIUHIB
mramamu MKB [12].

Panimie Hamu Oys10 BUBUEHO aHTAarOHICTUYHY aKTUBHICTB IITaMiB L. plantarum
10710 TECT-KYJIBTYP YMOBHO-IIATOTeHHUX MiKpoopraHi3mis (YIIM) monunu 1 TBapuH
Ta (hitomaroreHHUX Mikpooprasizmis (PIIM) [1].

Mertoro naHoi poGotu Oya0 BHBYMTH NMPHUPOLY AHTATOHICTHYHOI Aii mITamiB
L. plantarum, mo Oynu BuaIeH1 3 EpMEHTOBAHUX MPOIYKTIB, JOCTIAUTH iX 3/1aT-
HICTB JI0 MMPOIYKITiT IEPOKCHIY BOIHIO, a TAKOXK 3AJICIKHICTh CIIEKTPY aHTAarOHICTHY-
HOI aKTUBHOCTI I110/10 YMOBHO ITaTOr€HHUX Ta (PITONATOr€HHUX MIKPOOPTaHi3MiB BiJl
HasIBHOCTI B TIO)KMBHOMY CEpE/IOBUILI INIIOKO3HU Ta TBIH-80.

Marepiaju i MmeToau

B po6ori Bukopucrani 109 wramis L. plantarum, mo Oynu 130160BaHi 3 Qep-
MEHTOBaHMX OBOYEBHUX Ta KHCIOMOJOYHUX NPOAYKTiB. [lonmepenubo KynbTypu
aKTHUBI3yBaJIU IIUISIXOM JIBOX IepeciBiB Ha cepenosuiii MRS [3].

[ponykuiro nepokcuay soauio (H,O,) mramamu L. plantarum suB4anu 3a
OITHCaHOIO0 METOJUKOIO [4].

AHTaroHiCTUYHY aKTUBHICTB 1110710 TeCT-KynbTyp Y MII Ta ®IIM nocnimxysanu
METOIOM nepreHANKYIsipHuX mTpuxis [1]. ltamu L. plantarum KyasTUByBaiu Ha
TpaauiiitHoMy cepenoBuini MRS, a Takox Ha cepemoBuiti MRS, mo He MicTHIIO
TI0K03y Ta Ha cepenoBuili MRS 6e3 TBiH-80. Bigmivyany HassBHICTD YU BiJICYTHICTh
30HU 3aTPUMKHU POCTY TECT-KyJibTyp. TecT-Kyaprypamu ciayryBanu 11 pedepenc-
[ITaMiB YMOBHO-TIATOT€HHUX MIKpOoOpraHi3MiB: Pseudomonas aeruginosa YKM IMB
B-900, Staphylococcus epidermidis YKM IMB B-119, Shigella flexneri TUCK 337,
S. sonnei TUCK 233169, Proteus vulgaris YKM IMB B-905, Escherichia coli YKM
IMB B-906, Bacillus cereus. YKM B-908, S. aureus YKM IMB B-904, Klebsiella
pneumoniae YKM IMB B-920, Salmonella enterica YKM IMB B-921, Candida
albicans YKM IMB Y-2681, Ta micth mramiB (piTONaTOreHHUX MiKpPOOPTaHi3MiB:
Pseudomonas syringae YKM IMB B-10277, P. fluorescens YKM IMB 8573, Pec-
tobacterium carotovorum YKM IMB B-1095", Agrobacterium tumefaciens YKM
IMB B-1000, Xanthomonas campestris YKM IMB B-1049 (8003 ), Clavibacter
michiganensis YKM IMB 10,.

CrarucTHyHe ONpaIFOBaHHS JAHUX MIPOBOJIUIIN 32 3arajIbHO IPUHHATHMHU METO-
nmukamu. KnactepHuii aHauti3 mpoBOIMIN 3 BUKOPUCTAHHIM Tiporpamu Statistica 7.0.
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Pe3ysabTaTn 1ocaigkeHb Ta ix 00roBOpeHHs

[Tpu KyIBTUBYBaHHI Ha TpaauLiitHOMY cepenoBuii MRS nepeBakHa OL1bIIICTD
mramiB L. plantarum BUSBUIM aHTaroHiCTUYHY aKTUBHICTH MO0 BCiX BUKOPHC-
TaHUX TECT-KYJIBTYP YMOBHO-TIATOTEHHHUX Ta (PITOMATOrEHHUX MIKPOOPTaHi3MiB
(puc. 1). Onnak Ha cepenoBuii MRS, o He MICTHIIO TIIOKO3Y, KIJIBKICTh IITAMIB
L. plantarum 3 aHTaroHiCTUYHOIO JII€I0 3MEHIITYBajacs, OPIBHIHO 3 TPAAULIHHUM
cepenoBuiieM MRS. Tak, TiIbKH TpeTHHA MITaMiB 30€pPETITH CBOIO aKTUBHICTB L1010
P. fluorescens. bnu3bKo TOJOBUHY IITaMiB 30epiraiy akTUBHICTh 100 P. syrin-
gae, P. carotovorum Ta S. aureus. BinCyTHICTb IJTIOKO3H y CEpEIOBUILI HAaiIMEHIIIE
BILTMBAJIa HA aHTArOHICTUYHY aKTUBHICTb IITaMiB o0 S. flexneri, S. epidermidis
ta C. albicans. [lpurHidyBanbHy Jito 30epiranu 61mu3pKko 75% mraMiB. AHTaroHic-
TUYHY aKTHBHICTH IIIOJIO IHITUX BUKOPUCTAHMX TECT-KYJIbTYp 30epiramu 53-68%
mramiB L. plantarum.

TECT-KyNbTYpH BMRS OMRS 6e3 mroko3u B MRS 6e3 1BiH-80

Candida albicans

Bacillus cereus
Staphylococcus epidermidis
Staphylococcus aureus
Shigella flexneri

Shigella sonnei

Salmonella enterica
Klebsiella pneumoniae
Escherichia coli

Proteus vulgaris

Pseudomonas aeruginosa
Pseudomonas syringae
Pseudomonas fluorescens
Pectobacterium caratovorum
Xantomonas campestris

Clavibacter michiganensis

Agrobacterium tumefaciens

100

KUIbKiCTB wITaMiB L. plantarum, 1o BUSBUBMIIN aHTarOHICTUYHY Jif0, %

Puc. 1. AHTaroHicTU4Ha akTUBHICTb WTaMiB Lactobacillus plantarum mono yMmoBHO-
NMATOreHHHUX Ta (PiTONATOreHHUX MiIKPOOPraHi3MiB Ha cepeJOBHMILAX Pi3HOIO CKJIALY

Fig. 1. Antagonistic action of strains of Lactobacillus plantarum to opportunistic and
phytopathogenic microorganisms on the culture medium of the different composition
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Buxittouenns 3 cepenosuiia MRS 1BiHy-80 npu3Boauio 10 3SHUKHEHHS aHTa-
TOHICTUYHOI JTii IO OKPEMHUX TECT-KYJIbTYp Y ACSIKUX mTamiB L. plantarum (puc. 1).
Haii0116111 3a71€)KHOTO BiJT HAABHOCTI TBI1H-80 BUsIBHIIacsa akTUBHICTS 111010 C. michi-
ganensis, HAWMEHIII 3aJIe)KHOI0 — 010 P. aeruginosa (akTuBHICTH 30epiranu 26%
1 92% mrtamis, BianosigHo). {070 iHIIMX TECT-KyJIbTYyp MPUTHIYYBAIbHY [0 Ha
cepenosuli 6e3 TBiH-80 30epiranu 67-88% mramis L. plantarum.

[IpurHiuenus pocty Tect-kynasryp YIIM npu BupomyBanai MKbB na cepen-
OBHIII 0€3 BYIIIEBO/IIB MOXKE CBITYMTH PO MPOAYKIIIIO 1HIIUX aHTHOAKTEPIaIbHUX
YUHHUKIB, 30KpeMa IMEPOKCHUTY BOIHIO UM OaKTepionuHiB [7]. 3a IeIKUMU TaHUMU
MPOAYKIIiSl TEPOKCHTY BOJTHIO € OLITBIT XapaKTEPHOIO O3HAKOIO i OCHOBHUM YHHHHU-
KOM aHTaroHi3My y BHJIB JJAKTOOAIIMJI, 1110 € TepeBaKaIbHUMU y TixBi [8]. ¥V Toi
e yac Oyno mokazano 1o 38,88% mramiB L. plantarum, i301b0BaHUX 3 KO35UOTO
CUpY, TPOTyKYBaJIH TIEPOKCH T BOAHIO [7].

JlocmiKeHHsT 3MaTHOCTI mTaMiB L. plantarum 1o MpOIyKIlii MEPOKCUITY BOJI-
HIO TI0KA3aJ10, 0 TUTBKH TPH ITamMu (2,75%) BUSBUIM TaKy BIACTUBICTH (IITaMU
L. plantarum 25, 969k, 321a T).

3a HasBHICTIO 30HH 3aTPUMKH POCTY KOXKHOT TECT-KYJIBTYPH, IPH BUPOIILyBaHHI
MITaMiB JAKTOOAITWII Ha PI3HUX CEPelOBHUIIAX, OyJa0 BHAUICHO 8 mpodiiiB 3MiHU
aHTaroHiCTHUYHOI mii (Tadm. 1).

Taomur 1
IIpodini antaronictuynoi akTuBHOCTI TamiB L. plantarum
moao tecT-KyJasTyp YIIM Ta ®IIM Ha ceperoBHIaX Pi3HOTO CKIAXY

Table 1

Profiles antagonistic action of the strains Lactobacillus plantarum on opportunistic and
phytopathogenic microorganisms on the culture medium of the different composition

[po¢inb antaronicTuynoi aii mramis L. plantarum
(«+» — € aKTUBHICTD, «-» — HEMA€ AKTUBHOCTI)

CepenoBuiue
1 2 3 4 5 6 7 8
MRS tpanguuiiine
- - - - + + + +
(tmroko3a — 2%, TBiH-80 — 1%)
MRS 6e3 nroko3u ) - + + + - - +
MRS 6e3 TBiH-80 - + + - + + - -

Tpunusate mramis (27,5%) He BUSBUIM aKTUBHOCTI HAa TPbOX BUKOPHUCTAaHUX
cepenosuiiax (mpodiunp 1) xoya 6 10 OnHIET 3 CIMHAAUATH TECT-KyAbTyp. s
IHIIUX [ITaMiB HABIIAKH, BUKIIOYCHHS 3 cepepoBunia MRS rmoko3u um TBiH-80
HPU3BOJIUIIO /10 MOSBU aHTArOHICTUYHOI aKTUBHOCTI IIOZI0 OKPEMHUX TECT-KYIBTYP.
Tak, 23 mwTamMu NpUTHIYYBaIM PICT TECT-KYJIBTYp IPU BUKIIIOYEHHI 3 CEpelOBUILA
TB1H-80 (podinb 2), HaituacTime ue Oynau Staphylococcus aureus ta Shigella son-
nei.3a BIICYTHOCTI Y CEpeIOBUIIII INTFOKO3H y 21 mTaMy 3’ siBjisiyiacsi aHTaroHICTUYHA
akTUBHICTH (mpo¢ins 4) mono 10 tect-kyneTyp, B ocHoBHOMY mmono C. albicans
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(y 8 321 mrramiB). Y 32 mtamiB criocTepiraiu MOsSBY aKTUBHOCTI IIOJI0 OKPEMHX
TECT-KYJBTYp SIK Ha CEPEIOBUIII Oe3 IITIOKO3H, TaK 1 Ha cepeoBuIli 6e3 TBiHy-80
(mpodine 3), mpuyomy Haifgacriie e cnocrepiranocs i S. flexneri, S. epidermidis,
S. sonnei, C. albicans (y 16,5-18,3% mramiB).

Cepen mramiB L. plantarum, 1o NpUTHIYYBaIX PICT TECT-KYJIBTYp Ha TPaju-
uitHomy cepenoBuili MRS yacTrHa 3 HUX BTpayaiy aHTAaroHICTUYHY [0 HA Ce-
penoBuii 6e3 Trroko3u (mpodite 6) 9u Ha cepemoBuil 6e3 TBiHy-80 (podins 8).
VY 65 mramiB ciocTepirany BTpaTy aKTUBHOCTI IIOJI0 TECT-KYJBTYp SIK Ha Cepelio-
BHIII O€3 ITIOKO3H, TaK 1 Ha cepenoBuii 6e3 TBiHy-80 (mpodins 7). B Toit ke gac
MPaKTUYHO BCl AOCIIPKEHI mTamMu L. plantarum 30epiraiv aHTaroHiCTUYIHY IO
010 PI3HUX TECT-KYJIBTYp NPH BUKIIOYCHHI 13 CKJIATy CepelOBHUIIA ITIOKO3U YU
TBiHYy-80 (mpodink 5). Crig 3a3Ha4UTH, 10 KOXKEH mTaM L. plantarum mae sk of-
HaKOBI, TaK 1 pi3Hi MPodiTi 10 OKPEMHUX TECT-KYIBTYD.

Ha puc. 2 HaBeneHo neHaporpaMu nogiOHOCTI mtaMiB L. plantarum 3a mipo-
(biIIMU aHTaroHICTUYIHOT aKTUBHOCTI o710 YIIM, ®@IIM Ha TpaauiiitHoMy cepen-
ouii MRS Ta Ha cepenoBumax MRS 6e3 mmokos3u, un 6e3 TBiH-80 (puc. 2a), a
TaKOXK MOMIOHICTh TECT-KYJIBTYpP 3a UYTIUBICTIO 0 aHTAarOHICTUYHOI Jii IMITamiB
L. plantarum (puc. 20).

Knacrep 1 Brirouae 11 mramiB L. plantarum (6 mtamiB 3 pepMEeHTOBaHUX OBO-
9iB, 5 — 3 KHCJIOMOJIOUHUX MTPOAYKTiB). [TIeprn 3a Bce, BOHU BiIPI3HSIIUCS BiJT IHIIIMX
ITaMiB aKTUBHICTIO mono P. aeruginosa, K. pneumoniae, S. enterica, S. flexneri,
S. sonnei, P. vulgaris, S. epidermidis, C. albicans, X. campestris, P. fluorescens i
C. michiganensis, O BUSBIISIIACS BUKJIIOYHO HA TpaauiliiHOMy cepenoBuini MRS
(mpocpii 6, 7 1 8). llTamu kiacTepy 2 Oyiv MOAUICH] HAa TPH MiKIACTEPH: TIKIIACTEP
2.1 Bximrouae 52 mramu (28 mramMiB — 3 KUCIIOMOJIOUHUX MTPOIYKTIB, 24 —3 OBOUEBHUX );
JI0 TiaKIacTepy 2.2 BiIHECEHO 25 MTaMiB, TEPeBaKHO OBOYEBOTO MOXOKeHHS (19
3 25 mrramiB), y migkiactepi 2.3 00 eqHano 21 mTam, nmepeBakHO 130Jb0BaHUX 3
KHCIIOMOJIOYHHUX MPOAYyKTiB (14 mrramiB). [lltamu migkmacrepy 2.1 B mepeBakHil
OUTBIIIOCTI MaJIM aKTUBHICTH Ha BCIX cepenoBuiax (mpodiss S) momo P. carotovorum,
B. cereus, mopiBHSHO 3 mTamMamu miakiacrepy 2.2 1 2.3, P. syringae — MOpiBHSIHO 3
knacrepom 2.2, 1 S. aureus, P. aeruginosa — mopiBHSHO 3 MigKIacTepom 2.3.

B 3anexHOCTI Bijl 3MiHU 9yTJIIMBOCTI 10 aHTAroOHICTHYHOT Aii mramiB L. plan-
tarum TecT-KyJabTypHu Oy 00’ €qHaHI y KJIaCTEPH, J0 Tepiioro yBiumu Bci GIIM
(xmactep A), no apyroro —S. sonnei, S. flexneri, P. vulgaris, S. epidermidis ta C. al-
bicans (knactep b), no Tpetsoro — E. coli, K. pneumonia, S. enterica, P. aeruginosa,
S. aureus, B. cereus (xmacrep B). Ciix 3a3HaunTH, M0 MOSBA aHTArOHICTUYHOT
aKTUBHOCTI Ha MoauQikoBaHUX cepenoumax (rmpodim 2, 3, 4) 10 TECT-KYIBTYp
knactepy b, 3a BunATKOM P. vulgaris, dactime Oyia XapakTepHOIO JIJIs 130JIATIB 3
(hepMEHTOBAaHUX OBOYIB.

MoykHa MPHUITYCTUTH 10, 32 3MIHOIO CIEKTPY aHTAroOHICTUYHOI Mdii, ITaMu
L. plantarum npoayKytOTh JEKiIbKa YAHHUKIB aHTArOHI3MY IOJI0 BUKOPUCTAHUX
TecT-KynbTyp. Tak, y mramiB knactepy | OCHOBHUM YMHHUKOM aHTAaroHi3My, Haii-
BIpOTiTHIIIE, € MOJIOYHA KUCJIOTA, OCKUIBKH BOHU TIPOSBIISUTH aKTUBHICTD JIUIIIC Ha
TpaaumiitHoMy cepenoBuili MRS. Ase B Toii ke wac nesiki 3 Hux (mramu L. plan-
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tarum 228k, 689t, 1116k, 94m) 30epiraiau aKTUBHICTh MIONO ACSKHX TECT-KYJIBTYP
3a BIICYTHOCTI DJIIOKO3U y cepenoBHIli (mpodinb 5, puc. 2a). Y mramiB migkiac-
Tepy 2.2. aKTUBHICTh BITHOCHO ()ITONATOTeHIB BUSBIISIIACS 3a HASIBHOCTI ITFOKO3U
y CEepeloBHIL, TOMI K JO YMOBHO-NATOTEHHUX TECT KYJIbTYp OUIBIIICTH IITaMiB
30epirajiv MpUrHivyBaJIbHY J1it0 3 BIZICYTHOCTI IITFOKO3U. JIJ1s ITaMiB miikiactepy
2.3 3anexHicTh aHTUMIKpOOHOI Aii om0 PIIM ta YIIM Bia HasBHOCTI TIIOKO3H Y
cepenoBuli Oyia mpotuiexkHow. Ha ocoOnuBy yBary 3aciyroByrOTh IITaMH, IO
o pizHomy nitots Ha OIIM ta YIIM. llltamu 1015k Ta 7951 BUsABHIM aHTaroHic-
TUYHY aKTHBHICTb 110710 BCiX TecT-KynbTyp YIIM Ta ®OIIT Ha BCiXx BUKOpHCTAHUX
CepeOBHUIIIAX.

Binomo, 1110 3a HaSBHOCTI IIIFOKO3U Y CEPEOBHMIII BHACIIJIOK 11 30pO/KyBaH-
HSl MOJIOYHOKUCIIUMHU OAKTEPisIMH YTBOPIOETHCS MOJIOYHA KHUCIIOTA, KA € OJHUM
13 OCHOBHUX YMHHHUKIB aHTarOHICTUYHOI Jii MOJIOYHOKUCIIUX OaKTepiid. 3 METOr0
BU3HAYEHHS MPOIYKIIi IHIIMX METa0OMITIB, 10 MOXKYTh MaTH aHTaroOHICTUYHY aK-
TUBHICTb, 3a3BHUYail BAKOPUCTOBYIOThH CepeIOBHINA Oe3 BYIJIEBO/IB, 10 MPAKTHYHO
YHEMOJKJIMBITIOE YTBOPEHHS MOJIOYHOT KUCIIOTH.

B 6ararpox poborax Oyio mokasaHo, 1mo TBiH-80 € HeoOXiTHUM (HaKTOPOM IS
MPOAYKIIiT OaKTEepiOUMHIB 3aBISKH CBOEMY BIUIMBY Ha CTPYKTypy OakTepiaiabHOi
MemOpanu [11, 14]. HasBHaicTh TBiH-80 B cepenoBuiii MRS minBuryBana mpoayk-
miro Oakrepionuny mramoM L. plantarum ST13BR Ha 50% [12]. L crumynsiis
Moke OyTH MOsiCHEHa THM, 110 TBiH-80 3HIKY€ afacopOIito OaKkTepionnHy Ha Kili-
THUHaX npoayueHTa [2, 6]. KpiM Toro, nokaszano, mo TBiH-80 MiICKIIIOE aKTUBHICTD
0aKTepioUHY YW YyTIHUBICTh 1HIUKATOPHOTO mTamy [6]. 3 iHmoro 00Ky BizoMmo,
o Oakrepionman MKB ancopOyroThes sk Ha KIIITHHAX IITaMy-TPOAYLEHTA, TaK
1 IHIIMX TpaM-TIO3UTUBHUX OakTepil MpH HelTpanbHOMY 3HadueHHI pH 1 HaBmakwy,
BUTICHSIETHCS MU Kucaux 3HaueHHsAX pH [15]. Takum ynHOM, 1Tist GaKTepioLUHOIIO-
TIOHUX PEYOBHMH TaKOXK MOXKE 3aJIeKaTH BiJl HASIBHOCTI BYIJIEBOJIIB y CEPEIOBHIII.

Oco0nmBY 3alliKaBJICHICTh BUKIMKAIOTD IITAMH, Y SIKUX HE OyJI0 3apeecTpOBaHO
AHTaroHICTHYHOI Ji1 Ha TpaauuiHOMy cepenosuili MRS. B Toii e yac BUKIIOYEH-
HS TJTFOKO3U YU TBiHY-80 MPHU3BOAMIIO 10 TIOSBU aKTUBHOCTI MIOJI0 OKPEMHX TECT-
KybTyp. Lle Morke OyTH OB’ 13aHO 31 CTUMYJISILIEI0 TPOAYKIIIT aHTUMIKPOOHUX pedo-
BUH TPU BUPOIIYBaHHI Ha IITIOK030- Ta TBIH-80-1ehiMTHUX cepeoBUIIax. 30Kkpema
€ TIOBIZIOMJICHHSI IIOJI0 CTUMYJIALIT TPOAYKITiT OaKTepiOUMHIB PU CyOONITUMAITBHIX
YMOBaX pOCTy IITaMy-NPOAYILEHTAa. YMOBH HAWBHIOI MPOIYKIii OaKTepionuHIB
MOXYTb BIIPI3HATHUCS Bl ONTUMAIILHUX JJISl POCTY KJIITHUH Ta MPOAYKIii Jakraty [9].

TakuM 9YMHOM, AOCHTIKEHI TaMu L. plantarum € TpoayleHTaMH KOMIUIEKCIB
MeTaboJIITiB 3 aHTArOHICTHYHOO akTHBHICTIO 100 Y IM Ta ®IIM. Monovna kuc-
JIOTA 1 MEPEKNC BOJAHIO € OCHOBHUMH YMHHUKAMH aHTAroOHICTHYHOI il OLIBIIOCTI
JOCTIKEHUX B poOOTi ITamiB L. plantarum. 3anexHiCTh CHEKTPY aHTaroHiCTHYHO1
JUi1 BiJ] HASIBHOCTI IVTFOKO3H UM TBIiH-8(0 Y cepeToBHII KyJIbTHBYBAHHS MOYKE CBITIUTH
PO CUHTE3 OaKTEPIONMHONONIOHIX PEYOBHH SIK 3 IIUPOKUM, TaK 1 3 By3bKHM CIICK-
TpoMm ii. CHeKTp aHTaroHiCTHYHOI aKTUBHOCTI € MTaMOCHeM(DIYHUM 1 PI3HUTHCS
mozno YIIM ra ®IIM.
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NCCIEAOBAHME ITPUPO/ABI AHTATOHUCTUYECKOI'O
JEUCTBUS IITAMMOB LACTOBACILLUS PLANTARUM
B OTHOIIEHUH YCJIOBHO-ITATOI'EHHBIX 1
OUTOIMATOI'EHHBIX MUKPOOPI'AHU3MOB

Lenv. H3yuums npupody anmazoHucmuyeckozo oeticmeus wimammos Lactobacillus
plantarum, evi0enenHvlx U3 hepMeHMUPOBAHHBIX NPOOYKMOS, UCCAe008aMmb UX
CROCOOHOCMb K NPOOYKYUU NEPeKUc 6000pood, a Maxdice 3a8UCUMOCMb CREKMpa
AHMALOHUCMUYECKOU AKMUBHOCMU 68 OMHOWeHUU yciogHo-namozennvlx (YIIM) u
gumonamozennvix Mukpoopeanuzmos (PIIM) om nanuyus 6 numamenbHou cpeoe 2io-
Ko3vl u meun-80. Memoowt. IIpodykyuio nepexucu 6odopoda wimammamu L. plantarum
uzyuanu na cpede MRS, komopas codepoicum nepokcuoasy xpema u mempamemu-
Oenzudun. AnmazoHuCmu4ecKylo akmusHOCmMb ONpedensiiu MemoooM OMCPOUEHHO20
aHmazoHusma, ucnonwv3ys cpeovl. mpaouyuonHyro MRS, MRS 6e3 entokosvl, MRS
oe3 meun-80. Pesynomamot. M3 109-mu ucnonvzosannvix, mpu wmamma (2,75%)
npooyYUpoBan nepexucb 6o0opooa. 53—68% wmammos L. plantarum coxpansanu
AHMALOHUCMUYECKYIO AKMUBHOCMb 8 OmHowenuy 14-mu uz 17-mu ucnonib308aHHbIX
mecm-Kynomyp Ha cpede MRS 6e3 enoxoszvl. Omcymcemaue enoKossl 8 cpeoe npak-
Mu4ecKu He 6IUAN0 HA AHMALOHUCIMUYECKYIO AKMUBHOCHb wmammos L. plantarum
6 omuowenuu Shigella flexneri, Staphylococcus epidermidis u Candida albicans,
Yyenemarowjee oeticmaue coxpamsanu okono 75% wmammos. Haubonee sasucumoti om
nanuyusa meun-80 okasanace akmusnocms 6 omuoutenuu Clavibacter michiganensis,
HaumeHee 3a8ucumoll — 6 omnowenuu Pseudomonas aeruginosa (akmugnocmu co-
xpanunu 26% u 92% wmammos, coomeemcmeeHHo). Yenemarowee Oeticmeue co-
xpansau 67-88% wmammos L. plantarum 6 omnowenuu opyaux mecm-Kyibmyp Ha
cpeoe 6e3 meun-80. Bvioodwl. Monounas Kucioma u nepekucs 6000pood He A6IAI0Mmcs
OCHOBHBIMU PAKMOPAMU AHMALOHUCTNUYECKO20 0eUCMBUS DONbUUHCINGA U3YYEHHbIX
6 pabome wmammos L. plantarum. 3asucumocmos chekmpa anmazoHUCmMuuecko2o
Oeticmeus om Haauyusa 2moKko3vl unu meun-80 6 cpede KyIbmusuposanus Moicem
CBUEMENbCMBOBAMb O CUHmMe3e 6aKMePUOYUHONOOOOHBIX BeujeCm8 KAK C WUPOKUM,
Mak u ¢ y3kum cnexmpom oevicmeus. Cnekmp aHmazoHUCmMu4eckoll akmugHoCmu 16-
JALeMCS WMAaMMOCeYUPUUeCKUM U OMAUAemcs 8 OMHOUWEHUU YCIOBHO-NAMO2EHHbIX
U pumonamozennbix MUKpOOP2AHUIMOB.

Kniwueswvie cnosa: Lactobacillus plantarum, anmazonucmuueckas akmueHoCms,
nepexucs 8000pood, yCI08HO-NAMO2EHHbIE U PUMONAMOLEHHBLE MUKDOOP2AHUSMBI.
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STUDY OF THE ANTAGONISTIC ACTION NATURE OF STRAINS
OF LACTOBACILLUS PLANTARUM TO OPPORTUNISTIC AND
PHYTOPATHOGENIC MICROORGANISMS

Aim. To study the nature of the antagonistic action of the strains Lactobacillus
plantarum, isolated from fermented foods, to determine their ability to produce hy-
drogen peroxide and the dependence of the spectrum of antagonistic activity against
opportunistic and phytopathogenic microorganisms from the presence of glucose
and Tween-80 in culture medium. Methods. The ability of the strains L. plantarum to
synthesize hydrogen peroxide was studied on MRS medium, which comprised horse-
radish peroxidase and tetramethylbenzidine. Antagonistic activity was determined
by the deferred antagonism using the medium: the basic MRS, MRS without glucose,
MRS without Tween-80. Result. Among 109 used strains only three (2.75%) produced
hydrogen peroxide. The absence of glucose in the medium had practically no effect on
the antagonistic activity of the strains of L. plantarum against Shigella flexneri, Staphy-
lococcus epidermidis and Candida albicans and inhibitory effect had about of 75%
the strains. The antagonistic activity retained 53—68% of strains L. plantarum against
other test cultures. The antagonistic activity against Clavibacter michiganensis was
very dependent of the presence of tween-80 and not dependent — against Pseudomonas
aeruginosa (26% retained activity and 92% of the strains, respectively). For other test
cultures inhibitory effect on the medium without Tween-80 retained 67-88% of strains
of L. plantarum. Conclusions. Lactic acid and hydrogen peroxide are not the major
factors of antagonistic activity in the most examined L. plantarum strains in this study.
Antagonistic action spectrum dependence of the presence of glucose or Tween-80 in
the culture medium, may be indicative synthesis of bacteriocin-like substances with a
broad or narrow spectrum of action. The spectrum of antagonistic activity is strain-
specific and differs with against opportunistic and phytopathogenic microorganisms.

Key words: Lactobacillus plantarum, antagonistic activity, hydrogen peroxide,
opportunistic and phytopathogenic microorganisms.
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BILIMB AHTUCEINITUKIB I JE3IH®EKIIMHAX
MPENAPATIB HA IIIIBKOYTBOPIOBAJIbHI BAKTEPII

Mema. Busuumu echexmuericms 0ii HecneyuiuHux anmubaxmepiaioHux npenapamis
Ha 6ionniexu, ymeopeHi bakmepismu, wo SUOLIEHI 3 NOBEPXOHb NPUMILYEHD,
BIONPAYbLOBAHUX MEOUUHUX Mamepianie ma wKipu pyk. Memoou. baxmepii Ons
00CHIONCEHNS [301108ANU 3 NOBEPXOHb CIYHCOOBUX NPUMILYEHb, BIONPAYLOBAHO2O
incmpymenmapiio, a maxooic 3i wikipu pyx 11 ocio-0obposinvyie. 30amuicmes 00
NII6KOYMEOPEHH S SUOLIEHUX [301Mi6 ma IX cmitiKicmb 00 pPi3HUX Hecneyuiunux
anmubaxkmepiaibHux NPenapamie 6UGHAIU 6 NIACMUKOGUX NIAHUEMAX 3d YMO8
inkyboayii 6ionnieok 3 anmucenmukamu ma oezingexmanmamu. Pezynemamu.
Buoineno 179 wmamise daxmepiu, sxi 6yno ioenmughixosano sx Bacillus spp. —
53,6%, S. epidermidis — 17,3%, S. aureus — 3,4%, E. coli — 12,3%, Acinetobacter
spp. — 8,4%, Klebsiella spp., P. aeruginosa ma Pseudomonas spp. — no 1,1%, En-
terobacteriacea — 3,4%. 62% 3pasKie ompumano 3 no6epxoHv npumiujenv, 12,3% — 3
DYk, 25,7% — 3 euxopucmarno2o meduurnozo incpymenmapiro. Ilokazano, wo 93,5%
wmamis S. epidermidis eonoodinu 30amuicmio 00 ymeopenus Oioniisku, wo 0y1o
O0OHUM 3 HAUSUWUX NOKASHUKIE ceped 00cniodcenux wmamie. Ilicas inkybayil
3-000060i Oionnieku Yyux wWmamié 3 pizHUMU AHMUOAKMEPIATbHUMU NPEnapamamu
07131 noHAao 60% Kybmyp 6CMAanoBLEHO GIOCYMHICIb POCTY, A OJist IHUUX — KLIbKICMb
baxmepitl, wjo supociu 3 2omozenamy ne nepesuugyeaia 10° KYO/mn. Maxcumanonuil
ehexm npucHivenHsl NIi6KOB020 POCMY GUABLEHO NPU 3ACMOCYSAHKI 0e3iHpeKxmanmy
oezaxmug-xaop. Ilpu euxopucmanni aHMUCENMUKa X10peKecuoury y KoHyenmpayii
5% uwymaueumu y niiekosomy cmani sussuaucsa 84,6% wmamie. Bucnosku. Ilpu
BUKOPUCAHHI aHmubaxkmepiaibHux npenapamie npomu 3-00606ux 6IONNIGOK GU-
JrcusanHs bakmepii npu 2-200uHHIN HKYOAyil 3 00CAIONCYBAHUMU NPEnapamamu
He nepesuwgysana 40%, wo 6Ka3ye HA MONCIUBICIb eHEeKMUBHO20 3ACMOCYBAHHSI
00CNIOANCYBAHUX HECReYUPIUHUX aHMUOAKmepiaibHux npenapamis 0jisi bopomvou 3
NOUUPEHHSIM OIONIIEKOYMBEOPIOGAILHUX UM AMIE.

Knwuosi cnoesa: 6ioniieka, 6axmepii, uymiusicmo, anmubaxmepiaivHi npe-
napamu.

CporoziHi BBaXXa€ThCsI, 1110 IIepeBakHA OUIBIIICT YCKIIAJHEHb MU 1H(EKIH-
HUX 3aXBOPIOBAHHAX acoLiOBaHa 31 3JaTHICTIO 30y/HUKIB ()OpMYBaTH O10ILIIBKY
[8, 12, 15], y cTaHI1 sSiKOi MIKpOOPIaHi3MU CTatOTh OUIBII CTIHKUMU J10 Ji1 GaKTopiB
JOBKIJUISA, 110 YaCTKOBO CHpHUs€ iX momupeHH:o [5, 17]. BuBduenns ¢akropis, 110
BIUTMBAIOTh Ha PO3BUTOK O10TUTIBKHU, J1I03BOJISIE PO3POOUTH MPO(IAKTUYHI 3aX0TU
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37151 YIEPE/HKCHHS TI09aTKy PO3BUTKY OI1OIUIIBOK, MO OCOOJMBOI aKTyaJIbHOCTI
HaOyBae mpu Je3iH(EeKIlii MPUMIIIeHb, BiAMPaIlbOBAHOTO MEIMYHOTO 1HCTPYMEH-
Tapiro Ta pyK MepcoHaTy JIKyBUIBHUX 3aKJIAJIB, Kl € TIOTCHI[IHHUMU JHKEpeIaMu
MOTIMPEHHS TUTIBKOYTBOPIOBAIBHUX I TAMIB.

CyuacHi ae31H(eKIIiiHI 3ac00H, MpeCTaBIeH] IIMPOKUM CIIEKTPOM XiMIYHUX
CIIONTYK PI3HUX KJIaciB, OE€THAHI 3arajbHOIO 3AaTHICTIO IO 3HUIICHHS MiKpOOpTa-
HI3MiB HaBiTh Y HEBHCOKHX KOHIIEHTpaisx. OfHaK, 11l 3ac001 3aCTOCOBHI JIUIIIE JIJIsT
00poOKH MOBEPXOHBb 00’ €KTIB, a HE MIKiPH JFOIWHHU, X04a ITEPCOHAJ, 10 MepecyBa-
€ThCSI JTIKAPHSIHUM 3aKJIaJIOM BBOKAETHCS OJTHAM 3 JKEPEJT OIIUPEHHS TOCITITATbHAX
mramiB. Kpim Toro, 3actocyBaHHs OLIBIIOCTI 3 AE31HPEKITIHHAX MPOTUMIKPOOHHIX
3aco0iB po3paxoBaHe IS HETUTIBKOBHX KYIBTYp MikpoopraHismiB [1, 2]. Jlis 06-
poOKH IIKipH iICHY€ HU3KA 3ac00iB, ajie MUTAHHS PO iX e(EKTHBHICTH CTOCOBHO
010TITIBOK TaKOX TOTpPeOy€e BUBYCHHS.

Bimomo [10, 16, 18], 10 1uTiBKOYTBOPIOBAJIBHI IITaMH OaKTEpiid y O10TUTIBIII ITPO-
SIBIISTFOTH TIOCHJICHY CTIHKICTh JJO aHTHO10THKIB, 110 3HAYHO YCKJIATHIOE JTIKYBaHHS.

MeToro po60oTH OyJ10 BUBYHTH €(EKTUBHICTS JTii HECTICIIM(IIHUX aHTHOAKTEPi-
aJBbHUX TIpernapariB Ha O10TUTIBKH, yTBOPEHI OaKTEPisIMH, 110 BHJIIJICH] 3 TOBEPXOHb
MPUMIIIICHB, BIPAIIbOBAHUX MEIUIHUX MaTepiajiB Ta MKIPHA PYK.

Marepiauu i MmeToan

VY po6ori BuB4Yau e(peKTUBHICTh BILIMBY HECHEIM(PIUHUX aHTHOAKTEpiaIbHUX
3ac00iB Ha O1OTUTIBKH IMTaMiB OaKTepii, sKi OyIi BHIIJICH] 3 TOBEPXHI MEIUYHOTO
IHCTpyMEHTapiro (BiAMPaIbOBaHi ypeTpasibHi KaTeTepH), 3 pyk 11 0ci0-100poBiIbITIB
(2 — MoToImIMii MEIMYHUH TIEPCOHA JTIIKapHi, 5 — MpaiBHUKA KOMYHAJILHOTO 3a-
knanay «lIpodaesindexiisy, 4 — moOpOBLIBIN 3 YKCIa OCIO, MO HE MPAIIOIOTh Y
BKa3aHUX OpraHi3amisix) Ta MOBEPXOHb (IiJIOTa, CTIHHU, MiABIKOHHS) CITYy)KOOBHX
MPUMIIIEHb KOMyHaIbHOTO 3aknany «lIpodaesindekiisy.

Buninenns Tta imeHTHIKAIIIO MIKPOOPTaHi3MiB 3IIHCHIOBAIMA BiIMTOBIIHO 10
03HaK, HaBEJICHUX y BUBHAYHUKY OakTepiit bepmxki [9]. Beworo Oymno orpumano 153
3pa3Ku Marepiany, 3 SKUX BUAUICHO 179 mramis.

31aTHICTH J10 MJTIBKOYTBOPEHHS BU3HAYAJIH HA ITACTUKOBUX IIAHIIETAX, Y JTyH-
KH KuX BHOCHIIN 0,5 MJT ITO)KMBHOTO CEpeIOBHINA (M’ SICO-TICIITOHHUH OyJIbHOH) Ta
50 MK cycrieH3ii 1000BOi KyJIbTypH KIITHH BUAUICHUX IITaMIB, 110 MiCTHIH 1X103
KYO/mn. [Tnanmery iHkyOyBasiu mpoTsirom 3—5 1116, Ticist 4oro MnpuIieM BigOupanm
cepenoswuie. [Ipu 3aBucanHi Ha CTiHKaX a00 JHI TUTAHIIETY TTOMITHOT TUTIBKH IITaM
BBa)KaJIH TUTIBKOYTBOPIOBAIBHNM [6, 11].

Jlist BU3HaueHHsT €(peKTUBHOCTI BIUTMBY Ha O10TLIiBKOYTBOPIOBAJIbHI IMITAMU
aHTHOAKTEpiaJIbHUX 3aC00iB BUKOPUCTOBYBAJIHM YUCTI KYJIBTYPH BUIUICHUX OaKTEPiH.
JLitst mocImiKeHb BUKOPUCTOBYBAIIH JJOOOBI arapoBi KyJIBTYpH MiKPOOPTaHi3MiB.

OCKITbKHM TIEpEeBa)KHY OUTBIIICTh J1€31H(EKTaHTIB 3aCTOCOBYIOTh Y BHIJIAII
BOJTHUX PO3YMHIB, YHKIIIOHAIbHI BIACTHBOCTI IKMX BU3HAYAIOTHCS KOHIICHTPAITIEI0
MIPUCYTHBOI Y X CKJIa i aKTUBHOT JIIF0Y01 PEYOBUHH, 00’ EKTUBHOIO XapaKTEPUCTHKOIO
YYTIMBOCTI JIO TIperapary CIIy)KHTh KOHIICHTpAIlis JIe31HPEKTaHTY, 0 BUKIINKAE
3aru6ens 100% BHeceHux OakTepiil y ¢ikcoBanuit gac [1, 3, 7].

60 —— /ssw 2076-0558. Mikpo6ioroeisn i 6iomexnoroeisn. 2015. Ne 2. C. 59-67



BIUIMB AHTUCEIITUKIB I JIE3IH®EKIIMHMX ITPEIIAPATIB HA IIJIIBKOY TBOPIOBAJIbHI BAKTEPII

Jist nocnipkeHb BUKOPUCTOBYBAIIM aHTHOAKTEepiasibHI perapath: 4%-i po3unH
mizeroiny, 10%-ii po3uun «I'iracenty», 5%-it po3unn «l'ekcakBapt popren, 1-, 2- Ta
5%-Bi po3zunnu xnoprexkcuauny, 0,11%-i pozunn «/le3akTuB-Xja0py», MO 103BO-
JIeH1 10 BUKOPUCTAHHS B YKpaiHi 3rigHo JlepkaBHOTO peecTpy Ae3iH(iKyBaIbHUX
3aco0iB Ha 2014 pik [4]. /1 BUBYEHHS BIUTUBY TEPETiYCHUX 3aC001B MPOBOIMIIN
JIOCITI/KCHHSI HAsIBHOCTI POCTY IIICHS X BHECEHHS y BKasaHii KoHIeHTtpartii. 1o
JYHKH TIaHIIeTa 3 3-1000BOK0 TUTIBKOO (BUpoITyBasid B ogHOMY Mt MITB) BHOCH-
7 BHOCWIIM | MJT mpenapara y pobodiit mo3i. [Ticis iHKyOarii mpoTsarom 2-X TOauH
TUTIBKY B1IOMPaIH 3 JIYHKH, TIEPSHOCHITH Y CKIISTHANA TOMOT€HI3aTop JIJIst HOAPIOHSHHS
Ta cTaHaapTU3yBain 1o koHneHrpaii 10° KYO/mir. [oMoreHaT KIiTHH BHCiBaIH HA
LIJTEHE TTO)KUBHE CEPEIOBHILIE.

BrutuB pi3sHHX KOHIIGHTpAIlii XJIOPTeKCHIMHY BUBYAIIN HA 3-1000Bii O10TUTIBIT
mraMiB S. epidermidis. Ilpu iboMy BU3HA4aIHM 3MiHY KIJTBKOCTI OaKTepiid, 10 poCcin
B rOMOTeHaTi O10TITIBKH ITiCIsl 2 TOJT iHKYOAallii 32 yMOB BIUIMBY PiI3HUX KOHIICHTpAITIH
nesiadexranTa — 0,5; 1,0; 2,0 Ta 5,0%.

Pe3yabTaTn Ta iX 00roBOpeHHs

Bupuenns 179 BUAiIEeHUX MTaMiB J03BOJIMIO 1MeHTU(]IKYBATH iX SK:
S. epidermidis — 31 (17,3%), S. aureus — 6 (3,4%), Bacillus spp. — 96 (53,6 %),
E. coli—22 (12,3%), Acinetobacter spp. — 15 (8,4%), Klebsiella spp., P. aeruginosa
ta Pseudomonas spp. — 1o 2 (1,1%). Tpu mramu (3,4%) inenTudikoBani Juiie 10
pomunu Enterobacteriaceae (puc. 1).

Jlis BUUIEHUX MITaMiB BUBYAIIM 3[JaTHICTH 10 YTBOPEHHS O10TUTiBKU. 3 OTpH-
MaHUX JIaHUX MOYKHA TTo0aunTy (puc. 2), Mo HAOLIbIa YacTKa 31aTHUX 10 TUTiB-
KOYTBOpEHHS mTaMiB Oysa BusiBieHa cepen ncesaomonan (100%) ta cradinokokis
(emipmepmanibHOTO cTadinokoka — 93,5% Ta 3o0moTucToro craginokoka — 66,7%
mramiB). Cepes IHIINX MTaMiB 34aTHICTH J0 IJTIBKOYTBOPEHHS TPAIUIsIIacs piJiiie.

12,3%
r1,1% - -
B S. epidermidis
1,1% [ Bacillus spp.
-1,1% E. coli
P. aeruginosa
53,6% 8,4% & Pseudomonas spp.
—3,4% ] Klebsiella spp.
1 7% Acinetobacter spp.
S. aureus
,3% iHWi eHTepobakTepii

Puc. 1. Cnektp 0akTepiii, BUIIJICHNX 3 IOBEPXOHB NPHUMIIlleHb,
IHCTpyMeHTapilo Ta pyk oci0-100poBoJILLIB

Fig. 1. The spectrum of bacteria isolated from the surfaces of rooms,
instrumentals and skin of volunteers
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JI1st mogatb X JTOCHTiPKEHB 3 BUBYCHHS JTi1 HeCTIeIUpIYHIX aHTHOAKTEpiaTb-
HUX 3ac001B Ha O10TUTIBKY BUKOPHUCTOBYBAJIH JIUIIIC IIITAMH €IT1IepPMaIbHOTO cTadisio-
KOKY (26 mrramiB), 1o OyJid BHITIJICHI 3 BAKOPUCTAHOTO MEMYHOTO IHCTPYMEHTAPII0
(xarerepwm). L{ro rpymy mTamiB 0OpaHO 3 OISy Ha Te, IO 33 ICHYIOUNMHU JaHUMH
[13, 14] cradiiokOKH € OMHUMU 3 HAWOIBIIT BiIOMHX, 3AaTHAX 10 YTBOPEHHS 0i0-
TUTIBKA MIKPOOPTaHi3MiB.

Jlist oOpanHux mTamiB cTagiJOKOKIB IMMPOBEIECHO aHaJi3 KUTBKOCTI OakTepi y
3-n000Bi# OGlorwTiBIi mics 11 iHKyOaIii 3 OCIiHKYBaHUMH IperapaTaMu MPOTIATOM
2 rox (puc. 3). Pe3ynbraT nmpencTaBieHo Y TOPiBHAHHI 3 KOHTposieM — 3-mo0oBa
TUTIBKA TIET 5K KyJBTYpH, ajie 0e3 1oaBaHHs Iperaparis.

BiamoBigHO 10 OTpUMaHUX pe3yinbTaTiB MOXKHA IMOOAYUTH, 110 B YCIX KOHTP-
OJIbHUX 3pa3kax MaB Micie pict Bix 107 no 10'° KYO/mu (raitOunbine kynbryp — 20
(76,9%) — naBanu pict y mexkax 10 KYO/min), y Toit gac siK y )KOXHOMY 3 JIOCIITHUX
3pa3KiB KUTbKICHUI TOKa3HUK pocTy He mepeBuiryBas 10° KYO/mi (eauHa KynabTy-
pa). dnst 6inbmocti qocniaHux KynsTyp (moHan 60%) micns iHkyOarii 3 aHTuOaK-
TepiaJIbHUMH TIperapaTaMy MPOTATOM 2 ToJ 3a(hiKCOBaHO BIJICYTHICTh POCTY TpH
BUKOPUCTaHHI OY/b-SIKOTO 3 HUX.

100

90 A

80 -

70 7

60

50 A

40 7

30 A

% NNiBKOYTBOPIOKOYMX LUTaAMIE

Puc. 2. Yactora BUSIBJIEHHS 31aTHOCTI /10 IUTIBKOYTBOPEHHS
cepel I0CHiIKYBaAaHUX ITaMiB OaKTepiii:
1 —S§. epidermidis, 2 — S. aureus, 3 — Bacillus spp., 4 — E. coli,
5 — Acinetobacter spp., 6 — Klebsiella spp., 7T — P. aeruginosa, 8 — Pseudomonas spp.,
9 — iHmi enTepodakTepii
Fig. 2. The frequency of determination of filmforming ability
among isolated strains of bacteria:
1 —S. epidermidis, 2 — S. aureus, 3 — Bacillus spp., 4 — E. coli,
5 — Acinetobacter spp., 6 — Klebsiella spp., 7 — P. aeruginosa, 8 — Pseudomonas spp.,
9 — another enterobacteria
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Haii6inpury eheKTHBHICTD BUSBIICHO IIPH BUKOPUCTAHHI Mpenapary Jle3akTus-
XJIOP, 10 MICTUTh aKTUBHI CTIONYKHU XJ10py: BimMiueHo 100% rnpurHiueHHs M1iBKOBO-
TO POCTY, IO CBITYMTH HA HAWKPAII[l IEPCIIEKTUBH BUKOPHCTAHHS [IHOTO Mpenapary
JUTSE Te31H(EKIIHHOT 00pOOKH TPUMIIIICHb.

PicT BigcyTHin

Ig 10

= 3,8

76,9

s 3,8

Ig 3 [ 3,8

i 23,1

2119,3

20 30 40 50 60 70 80 90 100
%

Kontponb EJliseton & lMracenT @ Mekcaksapt ®opTe & XnoprekeuanH 5% 5 [Je3aktme-xnop

Puc. 3. HacTka KyJbTYp 3 pi3HOI0 iHTEeHCUBHICTIO POCTY NMPH BUKOPHCTAHHI Pi3HUX
Hecnenn(piyHNX aHTUOAKTepiaJILHUX MpenapaTis

Fig. 3. The percent of the cultures with different intensity of growth under use of different
non-specifical antibacterial preparates

Jpyrum 3a epeKTUBHICTIO BUSIBUBCS XJIOPTEKCUINH, Yy TIUBUMH JIO i1 IKOTO Y
KoHIIeHTpaii 5% BusiBuincs 84,6% mramis, a periTa gaBaja picT MOOAUHOKUX KO-
JIOHIH. BukoprcTaHa KOHIIEHTpALlisl TperapaTy He € peKOMEHI0BaHOO JIIst 0OpOOKH
010JIOTIYHHMX TKaHWH. 3a3BUYail sl 0OPOOKH YpasKeHHX TKAaHHH BUKOPUCTOBYIOTh
koHneHTpartito 0,1-0,2%. HaromicTb, 3Ba)karouu Ha IMiABHUIICHY CTIHKICTh OakTepiil y
CKJ1a/11 O10TLTIBKH J10 (DAKTOPIB JOBKIUIS, TOIUTBHUM OYJI0 TOCIIIUTH 1 BIUTUB O1J1b-
IIMX KOHIEHTpaliil. ToMy y HacTyIHIN eKCTIepUMEHTalIbHIN cepii BUBYAIN BILUIUB
koHreHtpariii Big 0,5 1o 5%. [Ticns 2-roguHHO1 iHKYyOaIii 3-1000BUX O10TLTIBOK 3
AQHTHCENTUKOM Yy PI3HUX KOHIICHTPALISX BU3HAYAIH 3HIYKCHHS KIJTBKOCT1 KJIITHH, 10
BIKIIIK. BCTaHOBNIEHO, 10 31 3pOCTaHHSM KOHIICHTpAIIil BiI0yBalOCs 3HUKCHHS
KUTBKOCTI KYJBTYp, IO JaBajy picT. MakcuMabHe 3HaYEeHHS OyJI0 OTPUMAHO ISt
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KOHIIEHTpaIlii 5%, 1mo Oyiro moka3aHo Butie. EQeKkTHBHICTS MEHIIIMX KOHIICHTpAITii
MPAKTUYHO OyJia OJIM3BKOIO J10 e(heKTy MaKCHMaJIbHOI 3 3aCTOCOBaHUX. Tak, IpH 3a-
ctocyBaHHi 0,5%-BOro po3unHy XJIOPreKCUANHY HAlOLIBIINI KUTbKICHUI ITOKa3HUK
pocty cranoBuB 10° KYO/Mn s 2 kynetyp (7,6%), 102 KYO/mit — st 3 kyasTyp
(11,5%), 10" KYO/mt — st 6 kynbTyp (23,1%), most 15 (57,7%) — pocTy He BU3HaY€HO
B3araii. [Ipu 3acrocyBanHi 1%-Boro po3unny xioprekcuauny 10> KYO/mn manu 4
KyneTypH (15,4%), 10' KYO/™mi — 3 xynerypu (11,5%), 19 (73,1%) — He gaBanm poc-
Ty. [Ipu BukopucranHi 2%-Boro po34rHy XJIOPTreKCHINHY KUTbKICTh KOJIOHIH csArana
Big 10 ta 10°KYO/mn st 2 (pasom 15,2%) kynetyp, aist 22 (84,6%) KyasTyp pocTty
BUsBIEHO He Oyino. ToOTo edext KoHneHTpamii y 2% MiTKoM MOPiBHSAHUI 13 JTi€I0
5%-Boro po3unHy XJoprekcuanny. OTpuMaHi pe3yabTaTH BKa3yloTh Ha MOTpedy y
MPOBEICHHI MOAAIBIITUX JTOCHIDKCHD 13 BU3HAYCHHSI €PEKTY JIii aHTUCENTHKIB, 10
BUKOPHUCTOBYIOTHCS K IPO(DITAaKTHYHI Ta JIIKYBaJIbHI ITpenapaTH, Ha O10TUTIBKOYT-
BOPCHHS Y MIKPOOpPTaHi3MiB.

VY pe3yabrari T0CHTiKEeHh BCTAHOBIICHO, 1110 31 179 ineHTH(IKOBaHUX MITaMiB
HaWBUIIMH BiJICOTOK 3/1aTHUX JIO IUTIBKOYTBOPEHHsI OyB cepe TaMiB S. epidermidis —
93,5%.

[Tpu 06poO1Ii KyJABTYP IITIBKOYTBOPIOBAILHUX IITAMIB S. epidermidis podounmu
PO3YMHAMH TTOKA3aHo, 110 JJis moHa 60% KynbTyp micis iHKyOaii 3 anTubaxrepi-
aJTBHUM 3aC000M MPOTATOM 2 T 3a)iKCOBAHO BiJICYTHICTh POCTY.

HaiiGinbiry eexTuBHICTS cepen ne3iHPEKIIHHNX TTpernapaTiB BUIBICHO MPU
BUKOpHCTaHHI npenapary Jlezaktus-xiop: BigmiueHo 100% 3aruberni miiBKOBOTO
pocty. IIpy BUKOpHCTaHHI aHTHCENTHKIB HAHOUIBIT e(eKTUBHUM OYyJI0 3acTOCY-
BaHHS XJIOPTECHJIMHY Y KOHIEHTpalii 5%, 4yTIUBUMH A0 Jii SKOTO BUSIBUINCS
84,6% mramiB. [IpakTnyHO Takuii camuii epeKkT AaBaja KOHIEHTpAIlsl PO3YUHY
XJoprekcuaunay 2%.

JIJIL. Cenas, O.C. BoponkoBa, E.A. CupokBaiua, T.H. llleBuenko,
A.A. BunHnKOB

JlHenporneTpoBCcKuid HAMOHABHBIN yHUBepcuTeT nMeHn Onecst [oHdapa,
mpocn. [arapuna, 72, J{nenponetposck, 49050, YkpanHa,
e-mail: voronkova olga@inbox.ru

BJIMSAHUE AHTUCEIITUKOB U JE3UHO®EKIINOHHbIX
INPEITAPATOB HA IIVIEHKOOBPA3YIOIIIUE BAKTEPUUN

Pedepar

Lensy. Uzyuyumoe s¢pghexmusnocms Oeticmsus necneyuuueckux aHmubaxKmepuaiob-
HbIX Npenapamos Ha OUONIEeHKY, 00pA3068aHHble 6AKMEPUAMU, 8blOELEHHLIMU C NO-
8epxHOCmell nomMeweHul, OmpadboOManHHbIX MEOUYUHCKUX MAMEPUATIO8 U KOICU DYK.
Memoodwvr. bakmepuu 015 ucciedo8anus U30IUPOSATU C NOBEPXHOCEL CYHCCOHBIX
nomeweHutl, ompabomaHHo20 UHCMPYMEeHmapus, a maxoce ¢ Koxcu pyk 11 auy-
0o6posonvyes. CnocooHocms K NieHKOOOPA308aHUID BbLOCTEHHbIX U30NAMO8 U UX
VCMOTMUBOCMb K PASHBIM HeCneyupuueckum anmubaKxmepuaibHelM npenapamam
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U3YHAU 8 NIACTUKOBBIX NAAHUEMAX NPU YCI08UU UHKYOayuUu OUONIEHOK ¢ aHmucen-
muxamu u oezungexmanmamu. Pesynomamut. Boioeneno 179 wmammos 6axmepuii,
Komopwie dvliu uoenmugpuyuposanwvl kax. Bacillus spp. — 53,6%, S. epidermidis —
17,3%, S. aureus — 3,4%, E. coli — 12,3%, Acinetobacter spp. — 8,4%, Klebsiella
spp., P. aeruginosa u Pseudomonas spp. — no 1,1%, Enterobacteriaceae — 3,4%.
62% obpazyos nonyuenvl ¢ nogepxnocmet nomewenul, 12,3% — ¢ pyk, 25,7% — ¢
UCNONBb30BAHHO20 MeOUYUHCKO20 uncmpymenmapusi. Tlokazano, 93,5% wmammos
S. epidermidis obradanu cnocobrHocmpio K 06paz08aHUI0 GUONIEHKU, YMO ObLIO OOHUM
u3 Hauboee 8blCOKUX NOKA3amenell cpedu u3yueHHuIX wmammos. llocie unkyoayuu
3-x cymounoll OuonIeHKy dMUX Wmammos ¢ pa3iuyHbIMU aHMUOAKMePUATbHbIMU
npenapamamu 0ns bonee uem 60% Kynomyp Gvls61eHO OMCYmMcmsue pocma, d 0is
Opy2ux — KOIUYECmE0 8bIPOCUUX U3 20MO2EHAMA K1emok He npegviuiano 10° KOE/wa.
Maxcumanvuviii d¢pghexm yenemenus nieHOUH020 pOCMA bIsGNEH NPU UCHONb308AHUU
oezungpexmanma oezaxmue-xaop. Ipu ucnonb308anuu AaHMUCENMUKA X10peeKCUOUHa
6 KoHyenmpayuu 5% 4y6cmeumenbHblMu K HeMy 6 NJIEeHOYHOM COCIOAHUU OKA3AUChH
84,6% wmammos. Bereoowl. Ilpu ucnonv3osanuu aumudoaxmepuaibHblx npenapamos
nPOmMuE 3-XCymouHvlx OAKMepuanrbHblx OUONIEHOK BbIJCUBAEMOCTb DaKmepull npu
2-xuacosoil uHKyOayuu OUONIEHKU C UCCIeOYeMbIMU NPEeNnapammiu He npesuiuand
40%, umo yxazvleaem Ha 603MONCHOCIb IPDEKMUBHO20 NPUMEHEHUS U3YUEHHBIX He-
cneyupuueckux aHmubaKmepuaIbHblX NPenapamos st Gopbowbl ¢ pACHPOCMPaHeHUem
NJIEHKOOOPA3YIOWUX WMAMMO8 OaKmepull.

Knwuesvie cnosa: 6u0n]l€HKa, 6a1<mepuu, uyecmeumeilbHoCcnb, aHmu6a1<mepu-
djlbHble npenapanibl.

L.L. Sedaya, O.S. Voronkova, E.A. Sirokvasha, T.N. Shevcheno, A.I. Vinnikov

Oles Honchar Dnipropetrovsk National University,
72, Gagarin av., Dnipropetrovsk, 49050, Ukraine,
e-mail: voronkova olga@inbox.ru

INFLUENCE OF ANTISEPTIC AND DESINFECTIVE PREPARATES ON
FILMFORMING BACTERIA

Summary

Aim. Study the efficacy of action of non-specific antibacterial agents on biofilm, formed
by bacteria, isolated from the surface facilities, waste materials and the skin. Methods.

Bacteria for research were isolated from the surfaces of stuff rooms, used instruments
and also from the skin of 11 volunteers-patients hands. The ability to biofilmforma-
tion of isolated strains and their resistance to different antibacterial preparates under
incubation with antiseptics and desinfectants were studied on plastic plates. Results.

179 strains were isolated and identified as: Bacillus spp. — 53.6%, S. epidermidis —
17.3%, S. aureus — 3.4%, E. coli— 12.3%, Acinetobacter spp. — 8.4%, Klebsiella spp.,

P aeruginosa and Pseudomonas spp. — 1.1%, Enterobacteriaceae — 3,4%. 62% of
isolates were received from the surfaces of stuff rooms, 12.3%— from the skin, 25.7% —
from used instruments. It was shown, that 93.5% of S. epidermidis strains can form
biofilm, that was one of the highest range between studied strains. After incubation
of 72 h. biofilms of these strains with different antibacterial preparates for more than
60% of cultures shown absence of growth, for another — number of cells, that grew
from homogenates, were no high as 10° CFU/ml. Maximal effect on inhibition of film
growth was shown under use of disinfectant desactive-chlor. Under using of antiseptic
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chlorhexidin in concentration 5% sensitive to them in film were 84.6% of the strains.
Conclusion. Under using of antibacterial preparates against 72 h. bacterial biofilm
survivance of cells after 2 h. incubation of films with studied preparates was not
more than 40%, that indicated on possibility of effective use of studied non-specific
antibacterial agents against the spread of filmforming strains.

Key words: biofilm, bacteria, sensitivity, antibacterial preparates.
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XAPAKTEPUCTHUKA IHTAMY BREVIBACTERIUM
FLAVUM IMB B-7446 TA OHITUMI3ALLA
BIOCUHTE3Y TPEOHIHY

Mema. [0enmuixayis ma onmumizayis npoyecy 6iocunmesy MymanmHo20 wmamy-
npooyyenma mpeoniny Brevibacterium flavum IMB B-7446. Memoou. [[Imam
Brevibacterium flavum IMB B-7446 oocnidoicysanu 3a 00nomocor cmanOapmHux
MiKpobionociuHux ma OioximivHux memooie. @paemenm eenomuoi JHK eudindnu
3 aeaposnozo eenio 3a donomozor nabopy «Macherey-Nagel NucleoSpin Extracty
32i0HO 3 IHCMPYKYiew @ipmu-eupobrHuKa ma cukeeHysanu. IlopisHanvHull ananis
30IUCHEHO MemoOOM OYIHKU CMAMUCIMUYHOT 3HAUUMOCHI GUPIBHIOBAHbL HYKIEO-
muoHux nocnioosnocmeii 3 gukopucmannam npoepamu ClustalW. @inocenemuuna
0enopoepama cmeopeHda 3 8UKOPUCTIAHHAM Memo0i8 NOEOHAHHA HAUOIUNCUUX
cycioie ma maxcumanvhoi nodionocmi. Pesynemamu. JJocniodceno eniue pizHux
MEeXHONO2IUHUX NAPAMEMPIE KYIbMUBYBAHHS HA CUHME3 MPEOHIHY MYMAHMHUM
wmamom Brevibacterium flavum IMB B-7446 ma iioco cmabinonicms. Onmumizayiio
cunmesy 6yn0 00CAZHYMO 3a PAXYHOK 6HECEHHs. pOCMOBUX (hakmopie y cepedosuiye
Kynomusyeantsi. [106y0osano denopoepamy QinoceHemuunux 36 si3Ki¢ 00CaI0NCY8AHUX
wmamis ma CNOpiOHeHux 3 HUMU wimamis opegioaxmepiti i3 6azu oanux « GenBanky.
Bucnosxu. [opisenanvruil ananiz Hykieomuonux nociioognocmeti eeny 16S pPHK 3
nocnioognocmsamu, exuovenumu 0o 6asu oanux GenBank, noxkazas, wo euxionuii ma
MYMaumuutl wmamu marome Haiexcamu 0o pooy Corynebacterium. Mymanmnuil
wmam mae Hausuwuil 8iocomok nodionocmi (98%) 3 euoom C. glutamicum. IIpo-
6€0eHO onmuMizayiio cepedosuuia OJis KyJIbMuey8aHHs npooyyeHma ma 6U3Ha4eHo
onmumanbui napamempu Kyivmusysanus (memnepamypa, pH, xinexicme pozuumne-
HO2O KUCHIO, KITbKICMb 8HECEeH020 IHOKYIIANMY, POCMOSUX (hakmopis, pisHi ddcepena
gyeneyio). B onmumizosanux ymosax KyibmueyeanHs wmam npooyKyeas mpeoHin y
xinokocmi 11,9 2/om’.

Key words: Brevibacterium flavum, mpeonin, 16S pPHK, mymanmnuii wmam,
onmumizayis Giocunmesy.

L-tpeoHnin (o-amiHO-B-TiIpoKCUMAacsTHA KUCIIOTa), B OCHOBHOMY, OTPUMYIOTh
MIiKpOOIOJIOTIYHUM CTIOCOOOM, TOMY iHTEHCH(IKallis mpoiecy 010CHHTE3y MOXe
3MIACHIOBATHCS 32 PaxXyHOK IiJBUIICHHS MPOAYKTUBHOCTI IITaMiB-TIPOIYIICHTIB
a0o omTuMizartii mporecy 6iocunTesy [3, 4, 10].

[aTeHcudikalito 610CHHTE3y MOXKHA JIOCSATHYTH SIK 32 PaxyHOK Oe3mocepe-
HBOTO BIUIMBY Ha INTAaMU-TIPOIYIEHTH, JJIs CTBOPECHHS INTaMiB 3 ITiIBHIEHOIO
NPOIYKTHBHICTIO, TaK 1 MIJISIXOM PO3LIMPEHHS CIIEKTPY BUKOPUCTAHHS CyOCTparTiB,
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OTITHMI3AIliEI0 YMOB KYJIETUBYBAHHS, BJIOCKOHAJICHHIM MaCOOOMIHHHX ITPOIIECIB Ta
TEXHOJIOTYHOro obnagHannsg [3,13].

OnHuM 13 METO/IIB OfIep>KaHHS BUCOKOTIPOAYKTUBHUX IITAMIB MiKPOOPTaHi3MiB
€ CeJIeKIis KJIIOHIB IpH 1ii pi3Hux myTareHis [ 1, 15]. CioHTaHHI MyTaHTH 3a3BUYait
BUSBIISIOTH 3 4acToTo0 10°—10%, Ky MOXHA CyTTEBO MiABHUIIUTH, OOPOOHUBIIN
KJIITHHU MyTarcHaMH.

Jlst omeprkaHHS TIPOAYIIEHTIB TPEOHIHY 13 POJUHHU KOpiHEOAKTepiil BUKOPHC-
TOBYIOTH CEJICKIIII0 PETYISATOPHUX MYTAHTIB, Y SIKHX TOMOCEPHUH/IETIIpOreHa3a He
YyTIHBA JI0 TPEOHIHY. SIK CEIeKTUBHHI areHT BUKOPUCTOBYIOTh aHAJIOT TPEOHIHY
B-oxcuHOpBaIiH (2-aMiHO-3-0KcHBaJIepiaHOBa KucioTa). Mytantu Brevibacterium
flavum, cTiiiki 10 B-OKCHHOPBaJIiHY, MalOTh JB1 pErYJIATOPHI MyTallii, Ki MOPYIITyIOTh
PeTpoiHriOyBaHHs SIK TOMOCEPUH/IETIIPOTeHA3H, TAK 1 acTiapTaTKiHa3u. Y TaKHX IITa-
MiB OJTHOYACHO BUAUTSUTMCS y CEPEIOBUIIE 1 TPEOHIH, 1 JIi3uH. J[y>ke piako BIaeThCs
BHJIIJTUTH MYTaHTH, Y SIKAX JICCCHCHOLTTI30BaHa TIIbKM TOMOCEPHUH/IET1IporeHasa i
SIK1 HAKOTTMYYIOTh Y cepenoBuiii 10—12 r/am® TpeoHiHy 0e3 JoMIIIoK i3uHy [3].

MeTtoro gociipkeHHsT Oyia iIeHTHdiKaIiss MyTaHTHOTO ITaMy-TIPOAyIIeHTa
TPEOHIHY Ta BU3HAYCHHS ONITUMAJILHUX ITapaMETPiB KyJI6THBYBAaHHS. 3aBIaHHS: TIPO-
BECTH aHaJIi3 HyKJICOTUAHUX MocitoBHOCTeH 3a reHoM 16S pPHK Ta dinorenerny-
HUIi aHaJTi3 MyTaHTHOTO IITaMy 3 BUKOPUCTAHHIM METOIIB ITO€THAHHSI HAHOIMKINX
CyCiJliB Ta MaKCHUMaJIbHOT MOMIOHOCTI; JOCHIIIUTH BIUIUB Pi3HUX TEXHOJIOTIUHUX
nmapameTpiB KyJIbTUBYBaHHS (Temneparypu, pH, KUIBKOCTI pO3YMHEHOTO KHUCHIO,
KUTBKOCTI BHECEHOTO 1HOKYIIATY, POCTOBUX (DAKTOPIB, pi3HUX JHKEPEIT BYIIICIIO) Ha
CUHTE3 TPEOHIHY MYTaHTHUM IIITAMOM Ta HOTO CTaOIIbHICTb.

Marepiajin Ta MmeToau

O06’exkTamu TOCiKEeHb OyiM BUXiITHUN mTaM Brevibacterium flavum TH7, 3
SIKOTO OTPUMAHO MyTaHTHUH mtam Brevibacterium flavum IMB B-7446 [1] 3 «Ko-
JIEKIIIi TamMiB MIKpOOPTaHi3MiB Ta JIIHIH POCIWH JIJIs XapyoBOi 1 CLIBCHKOTOCIIO-
napcekoi 6iotexnomnoriin Y «IHctuTyT XapuoBoi 6iotexHounorii i renomikmy HAH
VYxpaiau (nani Konexkris).

JLyst BUpOIITyBaHHS BUX1HOTO Ta OTPHUMAHOTO IITaMiB-IIPOYIICHTIB BUKOPHC-
TOBYBAJIM TOBHOIIIHHI TIOXHUBHI cepeoBHUINa M’sico-mienTonamnii arap (MIIA) Ta
M’sico-TieniToHHmi arap 30aradenuit (MITA 30.) [1]. [nerTudikariro mpoBoamau 3a
pe3yabTaTaMu KyJIBTYpabHO-MOP(HOIIOTIYHOTO Ta (i31070T0-010XIMITHOTO aHATi3Y
3rigHo [2].

Jlis BU3HAUYEHHS HAKOMIMYEHHSI TPEOHIHY KyJIbTHBYBAaHHS MPOBOAMIN HA Me-
JsicHoMmy cepenosuii: (r/am®): memsca — 160,0, kykypyassauii ekctpakt — 40,0;
(NH,),SO, - 15,0; KH,PO, - 0,5; K,HPO, - 0,5; MgSO, x7H,O — 0,25; 6ioTun —
3,0x10%; nefimun — 2,0x10; FeSO, x7H,0 — 0,01; MnSO, xH,0 - 0,01; ZnSO,
x7H,0 - 0,001; CuSO, - 0,2; NiCl, - 0,02.

[Ticas crepuiizaiii BHOCHIM CTEPUIbHY Kpeiay B KiabkocTi 10 r/am® s
CTBOpEHHS Oy(epHOCTI cepeioBuIIa B IIpolieci MeTadorizMy OakTepiid. [mmOnHHe
KyJbTHBYBaHHs 3/iiiCHIOBaNIM B KoiOax Epienmeriepa 06’emom 0,25 am* 3 mo-
KHUBHUM cepepoBunieM 06’emom 0,03 1m? 3a temmeparypu 31+1°C mpu 240 xB!
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B meiikepi-iakyoaropi “BIOSAN” ES-20 npotsarom Tpbox-uotupbox ai6. [Iporec
KyJbTHBYBaHHS KOHTPOJIFOBAIH 0€3M0CEPEIHBO 3a JJOTIOMOTOI0 MIKPOCKOITIT JKHBHX
mpenapariB Ta 0ioXiMIYHMX aHami3iB KyasTypanbHoi pimuau (KP) ta omiHtoBamm
Ha PIIKUX MMO)KUBHUX CEPEIOBUIIAX BUMIPIOBAaHHSIM KOHIICHTpAIIl KIIITHH B KYJIb-
TypaslbHii piguHi 3a ontu4yHOIO TycTHHOIO (OI'); 32 3miHOI0 pH cepenoBuia, 3a
BUKOPUCTAHHSM ITYKPiB — pe30pIUHOBUM MeTo/ioM [ 12]. KiTbKiCTh CHHTE30BaHHMX
IIJTHOBUX aMIHOKHCIIOT BU3HAYAIN 32 JIOTIOMOTOI aMiHOKHCJIOTHOTO aHaIi3aTopy
«AAA-400» (Ingos, Yexis).

BwMmicT pi3HHX KOMIOHEHTIB CEpeOBHINA 3MIHIOBAIM B 3aJCKHOCTI BiJl ITO-
CTaBIJIEHOTO 3aBIaHHs. J[epesa ByIIIeIio — ITI0K03Y, PPyKTO3y, caxapo3y BHOCHIN
B cepenoBHIle i3 pospaxyHky 40 r/am’. Konnenrpauis Na CO, Bapiropana iz 0,1
1o 0,5 r/am?; mposiny Big 0,4 1o 2,0 mr/nm?; tiaminy HCI 1-5%107 r/am?; Giotuny
1-5x10"*1/nm*; npixmxoBoro ekcrpakty 0,5-2,5 r/am?; i3oeiiiHy Ta METIOHIHY BiJl
0,1 10 0,5 mxr/nM?®. Po3unHu aMiHOKHCIIOT (HaBaXKKa aMiHOKHCIIOTH Macoro 0,19 T B
0,025 amM* TUCTUIILOBAHOT BOIM) CTEPHJIII3YBaIU MPOTATOM 15 XB 3a THCKY 0,5 aTMm.

Jnis BU3Ha4YeHHS €()eKTUBHOCTI aJIbTEPHATHBHUX JKEPEIT BYTJICIIO BUKOPUCTO-
BYBaJI Oy PSIKOBY MEJIISCY, MOJIOYHY CHPOBATKY 1 CHHTETHYHE cepeioBHile. bakrepii
BUPOIIYBAJIN Ha TOKUBHOMY MelisicHOMY cepenosuii (% ra 0,1 qv* BomorposigHOi
Boim): mensaca—16,0; (NH,), SO, - 1,5, KH PO, - 0,05; K. HPO, — 0,05; npixmxoBuit
exctpakT ([1E) —0,25; a Takox cupoBarkoBomy cepenosuiii (% Ha 100 M momogHOT
cupoBarku): mokosa — 8,0; (NH,),SO, — 1,5; nenrron — 0,1; JIE - 0,25.

B cepenoBuiia 101aTKOBO BHOCHIN aMiHOKUCIIOTH Y KIIbKOCTI 2,5 MKr/0,1 am>:
METIOHIH, Ji3MH, 130JeinnH, ab0 0ioTuH B KinskocTi 200 mkr Ha 0,1 mv3.

VY pobGoti Bukopuctano Habip He3aMiHHUX amiHOKuCHOT (Shanghai Seebio
Biotech. Inc., KHP). [IpuroryBanHs peareHTIB 1yisi 010XIMIYHHX Ta eIeKTpodope-
THYHUX OOCHIDKEHD 301MCHIOBAIIM HA OCHOBI OYHINEHOI AeioHizoBaHoi Boau «DI-
RECT Q3», Millipore, CIIIA. Buainenuast IHK nmpoBoawiun BianoBigauM HaOopoM
pearentiB GeneJET Genomic DNA Purification Kit (cat.No 0721) «Fermentasy,
JIutBa-CLIA. 551 enexTpodope3y BUKOPUCTOBYBAIHN araposy, opomiz etuuito (Oa-
30BUH po3uMH y KoHIeHTparllii 10 r/qm*) Ta OpoMdeHOIOBHi CHHIl (BCI peaKTHBU
BUpOOHHUIITBA «Sigmay, CIIA).

s suninenns JIHK kimitnau Gakrepiit Opainu 3 01HO1000BOT KyJIBTYpH, OTPH-
manoi Ha MIIb 306. 3a Temmnieparypu 31+1 °C B ymoBax aepaii 3a 220 xs'. JTHK
BHJIUJTSUTH 33 CTAHIAPTHOIO TPOIISTYyPOIO TS TPaMITO3UTUBHUX Oaktepiit [14]. s
e(dexTuBHIMIOrO Ji3ucy KIiTUH gofaBanu 1% mizouumy (10 mr/mi). Bugineny
JIHK mocnimkyBanu 3a JOMOMOTO0 TOPU30HTAIBHOTO enekTpodopesy Ta [1JIP [6].
Enexrpodopernune posainenns suainenoi JJHK npoBogunu B 1%-my arapoznomy
rel B TpHCc-aleTaTHii OydepHiit cucremi. MonekymsapHy Macy ¢parmentiB JJHK
BU3HAUYAJH 32 iX eJIeKTPOPOPETUIHOIO PYyXIHBICTIO, BUKOPHCTOBYIOUH SIK MApKEPU
1kb — THK mapxkep (1kb Fermentas SM1163).

Awmmutiikamiro reny 16S pPHK 3nilicHIOBanu 3a JOMOMOTOI0 yHIBEpCAIBHUX
Oaxrepianbuux npaiimepis 27f ta 1492r (27F 5°-AGA GTT TGATGG CTC AG-3’;
1492r 5°-TAC GGT TAC CTT GTT ACG ACT T-3’). I1JIP npoBoauiu Ha aMILTi-
dikaropi «Mastercycler personal 5332» (Eppendorf, Benuka bpuranist). Peakiifina
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cyMim ckianganacs 3 ogHokparHoro ITJIP-Oydepa 3 cynbdarom amoniro, 0,2 MKkM
BiAMOBiMHUX TpaiimMepiB, 200 MKM KOXKHOTO 3 J€30KCHHYKIeOTHATpUOoCchaTiB,
0,5 ox. Tag-momimepasu (Fermentas, JIurBa-CIIIA), 2,0 MM xj0puay Marito,
1050 ar IHK-nipo6u. 3aransHuii 00’ eM peakiiitHoi cyminti gopiBHoBaB 200 MKII.

YmoBu ammutigikamii: mouarkoBa aeHarypaiis 3a T=95°C — 3 xB; 32 nukiau
ammigikanii (T=94 °C —30 ¢, T=57 °C —45 ¢, T=72 °C — 30 ¢); kiHIIeBa eJIOHTaIis
BigOyBanacs 3a T=72 °C npotsrom 5 xB [7]. EnexrpodopeTnyne po3aiieHHs OTPH-
MaHHX MPOIYKTiB aMILTi(hiKaIil pOBOIMIN B Tpic-arieTaTHOMY Oydepi. OTpumanuii
(parMeHT BHIUISUTH 3 arapo3HOTO TENIO0 3a JIONOMOTor0 Habopy «Macherey-Nagel
NucleoSpin Extracty 3rizHo 3 iHCTpYyKIIi€r0 (hipMU-BUPOOHNKA Ta CHKBEHYBAJIH I10-
CIIiTOBHOCTI Ha aBTOMaTnaHOMY cukBeHatopi « ABI PRISM 310 Genetic Analyser»
(Applied Biosystems, CILIA). Pe3ynbTytounii KOHTUT CUKBEHYBaHHS OTPUMYBAJIN
[UISIXOM TTOPIBHSHHS MPSMOI Ta 3BOPOTHHOKOMIUIEMEHTAPHOI TIOCITIIOBHOCTEH 3
BukopuctanusaM nporpamu CLC Main Workbench (CLC bio). ['omonoriuni moci-
JIOBHOCTI Bimoupanu 3 6a3u ganux «GenBank» [5].

HopiBHAILHUIT aHATI3 HYKJIEOTHIHUX NOCaiIoBHOCTeH. DijloreHeTUYHUIT
anaJi3. 3 6a3u nanux «GenBanky Oyno BigiOpano mociinoBHocti reHa 16S pPHK
PI3HHX TPEACTaBHUKIB POAMHH OpeBiOaKTEpiid, 10 MatOTh HAHOUTBITUI PIBEHDb HY-
KJICOTHTHOT MOIIOHOCTI 10 CMKBeHOBaHUX (hparMeHTiB rera 16S pPHK mocmimxy-
BaHUX IITaMiB-TIPOIYLIEHTIB Ji3uHy. J{71s1 3’ACyBaHHS CHCTEMAaTUYHOTO MOJIOKEHHS
JOCITIKYBaHHUX TITaMiB 31 CIIOPITHEHUMH OYJIO TIPOBEICHO BHPIBHIOBAHHS BiJIITO-
BIJIHUX HYKJICOTHIHUX MOCioBHOCTEeH B iporpami ClustalW [11] Ta moGymoBaHO
JeHaporpamy (GiTOreHeTHIHMX 3B’ 13KiB. DTOreHeTHYHUI aHami3 OyB MPOBEICHUIH
B iporpami MEGAG [9].

CratucTUYHE OIpAaIOBaHHs JAHUX 3/IHCHIOBAIM 32 JOMOMOTOI0 MPOrpaMu
Microsoft Excel. Yci qocmiau npoBoawiv B 3 TOBTOPEHHSX. Pi3HUITIO MK aBOMA
CepenHIMU BeIMYMHAMHU BBaXKaH BiporimHoto nipu p<0,05.

Pe3yabTaT T2 00rOBOpEHHS

[lITam-ipoyieHT TpeoHiny Brevibacterium flavum IMB B-7446, sixuii 3natHuit
HaKOIMYIYBaTH TPEOHIH B 4 pa3u OuIbIIe HiXK BUXITHUH 1ITaM Brevibacterium flavum
TH7, 6yB orpumanwmii 3a gonomoroto Y@ onpominenss [1]. s miarBepmkeHHsS
TaKCOHOMIYHOTO TIOJIOKEHHSI OTPUMAHOTO MYTAHTHOTO IITamy MPOBEICHO aHaJi3
HOTO KYJIBTYpabHO-MOP(HOJIOTIYHUX Ta (Di310J10T0-010XIMITHIX 0COOIMBOCTEH.

OTtpumanuii MmytanTHuil mwtam (micna 24 rogua pocty Ha MITA) BusiBuBCs
aepoOOM, TPaMITO3UTUBHUM MIKPOOPTaHI3MOM 1 MaB BHIJIS]] aCTIOPOTEHHUX, YacTO
pO3TaIIOBaHUX i KyToM namudok po3mipom (0,7—1,0 x 2,0-4,0) mxm. Kitituau 3
4acOM BKOPOYYBAJIUCH 10 KOKOBUAHMX. [Ipu pocti Ha MITA komoHii Oynu Kpyrii,
OJUCKYYi, HETIPO30Pi, KOBTOTO KOJIHOPY.

[IItam 3acBOIOBaB a30T y BUIVISIZII COJIE aMOHIIO. YTBOPIOBAB KHCJIOTY B Ce-
PENOBHII 3 TTIOKO3010, apabiHo30t0 1 MaHiTOM. Ha cepenoBwiii pizHOTO CKiIany,
JIe JDKepesioM Byriielo Oyima TiIroko3a abo caxapos3a KIITHHH, ITaM CHHTE3yBaB
Tpeonin. Pict kmitun BinOysascs 3a temneparypu Bix 20 g0 40 °C (T° 31+1 °C),
npu pH Bin 4 10 9 (pH__7,0).
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Jlis miaTBepHKEHHSI TAKCOHOMIYHOTO TOJIOKEHHSI OTPUMAHOTO MYTaHTHOTO
[ITaMy BU3Ha4YWIM NociiioBHOCTI reHy 16S pPHK mrramiB-npoayiieHTiB TpeOHIHY
3 Konek1iii Ta BCTaHOBUIIM X (piIIOTEHETHYHE MOJIOKEHHST B MEKaxX HaHOUIBII CIIO-
piAHEHHX IITaMiB poxry Brevibacterium 3 6a3u manux «GenBank» [5].

Awmmuigikarito reny 16S pPHK 3aiiicHioBaiy 3 BAKOPUCTaHHAM YHIBEpCaIbHUX
OakTepianbHux npaimepis 27f ta 1492r 3 noganbIiuM CUKBEHYBaHHSIM.

JIy1st BU3HAYCHHS POAMHHKX 3B’ S3KiB OyB IMPOBEIEHUH (PLIIOTCHETHIHWH aHaI3
1 moOyoBaHoO (inoreHeTHYHe AepeBo. Miporo BiANOBITHOCTI HAOOPY BUPIBHIHUX
MOCJIITOBHOCTEN JaHOT TOMOJIOT11 BBAXKAETHCS Mipa (KpUTEpiil), 3aCHOBaHA Ha PUH-
Ul HalOLIBIIOT TIpaBIonoAiOHOCTI. byna mocimimkena aeHaporpama (iioreHe-
TUYHUX 3B’s3KiB mtaMiB B. flavum TH7 (Buxigawuii mram), B. flavum IMB B-7446
3 Konekiii Ta ¢ijgoreHeTHUHO OMM3BKUX MPEACTAaBHUKIB POIiB Brevibacterium i
Corynebacterium.

Huxue HaBeneHO ¢iioreHeTHYHE AEPEBO 3 HAUBUIIUM 3HAYEHHSM JIorapupmMy
noxionocti (log-likelihood value) — 2171,38, moOynoBaHe 3a 1OIIOMOTOI0 METOIY
MakcUMaIbHOI ipaBronoaionocTi (Maximum likelihood) 3 BukopucTanHsIM Momaeri
Tamura-Nei 114 OlLiHKY €BOMIONIHHOI BifcTaHi. KinbkicTs moBTOpiB (bootstrap) —
1000 (puc. 1). ®inoreneTuyHe IepeBo, NOOYI0BaHE IHIIUM CTATUCTUYHUM METO-
oM — ipueaHanHs cycimiB (Neighbor-joining), Majio TaKky camy TOIOJIOTIIO.

Corvnebactervium glutamicum ATCC 14067

Corynebacterium glutamicum ATCC 13655

Corynebacterium glutamicum ATCC 21492
Corvnebacterium glutamicum DSM 20137

Brevibacterium flavum THT

revibacterium flavim IMV B-7446

Corynebacterium glutamicuwm ATCC 13032

Corvnebacterium glutamicum CICC10112
Corynebacterium glutamicum strain W51912
Kocuria marina AY211385
Brevibacterium album DSM 18261
Brevibacterium flavim ZGH6128
Brevibacterium sp. BS03
Brevibacterium sp. IMY B-7447

Brevibacterium sp. FXJI8 052
Brevibacterium casei DSM 20657

Puc. 1. ®inoreneru4yHe nonoxeHHs mramis Brevibacterium flavum THT ta
Brevibacterium flavum IMV B-7446 cepen npeacraBHUKiB poaiB Brevibacterium, Kocuria
Ta Corynebacterium Ha ocHOBI nocaitoBHocTi rena 16S pPHK

Fig. 1. Phylogenetic position of Brevibacterium flavum TH7 and Brevibacterium
flavum IMV B-7446 strains among representatives of Brevibacterium, Kocuria and
Corynebacterium genera on the basis of 16S rRNA gene nucleotide sequences
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JlocmiKyBaHi IITaMu 3HAXOAATHCS Ha JCHAPOTrpami B OJTHIN TPYIIi 3 THIIOBUMH
mramamu Buny Corynebacterium glutamicum. s rpyna Buainena 3 100% Bipo-
riznicTio (Bootstrap ananizy) Bij iHIIIOT IpyNH, YTBOPEHOI IPEJICTABHUKAMU POJIiB
Brevibacterium 1 Kocuria. Takum 4iHOM, TPOBEACHUI aHaI3 TTOKa3aB, 1110 IITaMu
Brevibacterium flavum THT ta Brevibacterium flavum IMB B-7446 matots OyTH
BinHeceHi o Buny Corynebacterium glutamicum.

Heo0xiHO 3BepHYTH yBary, o MITaMy, sKi BiAHOCWINCS A0 poaiB Brevibac-
terium, Corynebacterium, Microbacterium, Micrococcus abo Artrobacter, Ta iH.,
Brevibacterium chang-fua, Brevibacterium divaricatum, Brevibacterium flavum,
Brevibacterium glutamigenes, Brevibacterium lactofermentum, Brevibacterium
roseum, Brevibacterium seonmiso, Brevibacterium sp., Brevibacterium taipei,
Brevibacterium thiogenitalis, Corynebacterium lilium, Corynebacterium herculis,
Microbacterium ammoniaphilum, Microbacterium sp., Micrococcus maripunicenus,
Artrobacter sp., icIisl YUCENBHAX TAKCOHOMIYHUX JI0CTIKCHD BUSBUJIMCS B KJIACTEPi
Corynebacterium glutamicum [13].

BaxxnuBo Bi3HAYMTH, LI0 KOJEH 3 MPOAYIEHTIB aMiHOKHUCIIOT, BUIY
Brevibacterium, He € cripaBKHIM 4JeHOM pony Brevibacterium [8]. OTxe, YncIeHHI
mramu Oynu nepeknacugikosani sk C. glutamicum. Bumict nykneorunis (G + C)
ans wramiB C. glutamicum 3HaxoauThes B iHTepBadi Big 53 10 58% mol. Bmict
nykieotufiB (G + C) mramy C. glutamicum ATCC 13032 cknas 53,8% mol., BmicT
(G + C) nns mytantHoro mramy B. flavum IMB B-7446 ckinaB 55,4% mol.

HeBiamoBigHICTh, BUSABIEHY B 1€HTU(IKAaLil HAa OCHOBI KOMIJEKCY
KYJBTYPIbHO-MOPQOJIOTIYHUX 1 (Pi310J10T0-010XIMIYHUX OCOOIIMBOCTEH Ta aHAITI-
3yBaHHA cukBeHyBaHHs reHy 16S pPHK moxHa nosicHuTy 3111ICHEHOI0 HEIl0JaBHO
peknacudikauii neskux BuIiB Brevibacterium six Corynebacterium [8]. Taxum
YUHOM, B MTOJIAJIBIIOMY Ma€e OyTH MPOBEACHUN OUTBIN JeTadbHUN aHai3 (TTOBHUAN
CHKBEHC) JJIs1 TOUHO{ i1eHTH(DIKaLlli OTPUMAHOTO HITaMYy.

OnTumizanisi yMOB KyJIbTUBYBAHHS MYTAHTHOIO IITAMY

Jist 3a6e3neueH s MiIBUIIICHHS] HAKOTTUYEHHS aMiHOKHCIIOT B IPOIIECi CHHTE3Y
HEOOXiHO 3MIHUTH CUCTeMY peryJsiii oominy. /s mporo nmorpioHo abo cTumy-
JIIOBATH CTIIOKMBAHHS CyOCTpary B IEIKHUX IUIAXaX O10CHHTE3Y 1 BUAUICHHS aMiHO-
KHCIIOT B CepeloBHINE a00 MPUTHIYYBATH MOOIYHI peakxilii 1 MporecH aerpaarii
aMiHOKHuCHOT [3].

[Tpu onTUMaNbHUX YMOBaX KyJbTUBYBAaHHS IIBUJKICTh HAKOIMYCHHS OioMacH
Ta HIBUJIKICTb YTBOPEHHS MPOJYKTIB )KUTTEISUIBHOCTI 3aJ1€KaTh Bl KIJIBKOCTI 1HO-
KyasTy. Tomy Oy0 BUBYSHO BILTUB KOHIIEHTPAILIii ITOCIBHOTO MaTepialy Ha MPUPICT
OakTepiajabHOI MOMYIISIIT Ta Ha CHHTE3 TPEOoHiHy (puc. 2). BctaHoBIEHO, 110 HallBU-
I1i TOKa3HUKHU BiTHOCHOT IIBUJIKOCT1 CHHTE3Y 010MacH Ta TPEOHIHY CIIOCTEPITaInCs
IIpU BHECEHHI y cepenosuile 20% 1HOKYIATY.
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Fig. 2. Synthesis rate of biomass and threonine

OpnHuM i3 (akTopiB, 110 BILIMBAE HA PICT MIKPOOPTaHi3MiB Ta iX (i3ionoriuny
AKTHBHICTb, € TEMIIEpaTypa KyJIbTUBYBaHHS MiKpoopraHizmis. Hakonmuenns 6iomacu
Ta CUHTE3 TpeoHiHy mramoM B. flavum IMB B-7446 (C. glutamicum) B 3a1eXHOCTI
BiJl TEMIIEpaTypH KyJIbTUBYBAaHHS IMOKa3aHO Ha puC. 3.
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Fig. 3. Temperature cultivation effect on the synthesis of biomass and threonine
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[TigBumenHs Temneparypu 3 28 1o 36 °C 3011b11yBaI0 HAKOITMYCHHS 010MacH.
[Momanbiie migBumeHHs Temmeparypu A0 38 °C 3MeHITyBaIo HaKOMMYeHHs 010MacH.
Cunre3 TpeoHiHy npu 3MiHi Temneparypu 3 28 o 32 °C 3pocras a0 8,8 r/nm’°, 3
MOAJIBIIMM 3POCTAHHSM TeMIIepaTypy CHHTE3 3HIKYBaBcs 110 6,0 r/av’. [Toxanbmni
JOCTIKEHHS TPOBOAMIIHN 3a TeMiiepatypu 32 °C.

CyTTeBHii BIUIMB Ha HAKOITMUEHHS OioMacH Ta CHHTE3 TpeoHiHy Mae pH cepen-
opuma [3]. JIns crabimizamnii pH mpu cuHTE31 TpEOHIHY BUKOPUCTOBYBAN OypepHuit
arenT Na,CO,. KynsTuByBaHHs IIPOIYLEHTY TPEOHIHY IIPOBOIMIM Ipu pH 7.

Jlunamika yTBopeHHs OiomMacu Ta TpeoHiHny OakTepismu B. flavum IMB B-7446
(C. glutamicum) 3an€XHO Bl 3MiHU IIBUIKOCTI PO3YMHEHHS KUCHIO MPEICTaBIeHA
Ha puc. 4. MakcumaibHe HaKOTTMUEHHS O10MacH BiAOyBaJIOCS TIPH MIBUAKOCTI PO3-
YUHEHHSA KUCHIO 10 FOZ/,HM3/FOI[, a MakCHMaJlbHa KUTbKICTh HAKOTIMYEHHS TPEOHIHY
npu 11 r /nv*/ron. 36inbIIeHHs IBUAKOCTI PO3YMHEHHS KHCHIO IPUTHIYYBAJIO PicT
OioMacu Ta TpeoHiHy. B momanpmx q0CTiKCHHSIX BUKOPHCTOBYBAHU MIBUAKICTh
pO3YMHEHHS KHCHIO 11 rOZ/I[M3/r0;[.
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Puc. 4. Bniu mBUAKOCTI pO3YNHEHHS KHCHIO HA CHHTe3 0i0MacH Ta TPEOHiHY

Fig. 4. Influence of oxygen on the dissolution rate of biomass
accumulation and threonine synthesis

Jlnst onTrMizariii yMOB KyJIBTUBYBaHHS JI0CIT1IKYBAJIH 3aJIEKHICTh KOHIIEHTPAITii
TPEOHIHY BiJI BHECEHUX Y CEPENIOBUIIE PI3HUX POCTOBUX (hakTopiB. byso 3HalaeHO
X onTHMasbHI KOoHIEHTpalil (r/nm?): npominy — 0,8; Tiaminy — 0,002; GioTuHy —
2,0-10*; mpi>kmxoBoro ekctpakty — 1,0; cymimii i3omneinuny Ta metioniny (0,4 r/ nm?
KOYKHOT aMiHOKHCIIOTH).

JocaimpkeHo BIUIMB aJbTEPHATHBHUX JDKEpeN Byriiemio (OypskoBa mensca,
MOJIOYHA CHPOBATKa, CHHTETUYHE CEPEOBHINE) HAa CUHTE3 TpeoHiHy. Kpamri mo-
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Ka3HUKH CHHTE3Yy OyJM Ha KOMIIEKCHOMY MEJISICOBOMY CEpPEOBHIII TMOPIBHIHO 3
CHHTETHYHUM Ta CHPOBATKOBUM. [Iporiec KyIbTHBYBaHHSI OTPHMAHOTO MyTaHTHOTO
HITaMy 332 YMOB BH3HAUEHHX ONTHMAIBHUX TApaMETPiB IPOBOIAMIH HA MEIISICOBOMY
CEpEeIIOBUIII 3 JI0IaBaHHAM MaKpOeJIeMeHTiB (Taoi. 1).

Taomurs 1
CuHTe3 HiJILOBOI AMiHOKHCIOTH
Table 1
The synthesis of target amino acid
[oka3HuKH KyJbTYPaJbLHOI PiiMHU
Hponyuentn Konnentpa- | Konnenrtpanis | Konsepcis mykpy
or (1:10), . . . .
pH N wist caxaposm, TPEOHiHY, B WiJILOBY aMiHO-
440 % r/nv? KHCI0TY, %o
Buxinne ceperno-
Bute (0e3 mpo- 7,0+0,1 0,2+0,1 8,2+0,5 0,9+0,1 -
AYLEHTY)
B flavum THT | ¢ 01| 1.120,1 5,402 2,0+0,2 3,92+0,1
(C. glutamicum)
B. flavum IMB
B-7446 (C. glu- | 6,7+0,1 1,4+0,1 1,4+0,3 11,940,3 16,2+0,2
tamicum)

BuxinHuii mtam MaB HU3bKUH PiBEHb CUHTE3y TPEOHIHY Ha MEJIICOBOMY Ce-
PENOBUIII 1 B HE3HAYHIM KIIBKOCTI CTIOKHUBAB ITyKop (KoHBepcis — 3,92%) (Tabu. 1).
MyTaHTHUH 1ITaM NpU KyJIbTUBYBaHHI NPOAYKYBaB y 6 pa3iB OuIble TPEOHIHY Ha
MEJISICOBHX CEPEIOBHINAX HIXK BUXITHUN Ta IHTEHCUBHO CIIOKHUBAB IIYKOpP (KOHBEP-
cis — 16,2%).

TakuMm yMHOM, OPIBHSUIBHUH aHAJ13 HYKJICOTHIHUX ITOCIIZIOBHOCTEHN reny 16S
pPHK 3 mocnigoBHOCTSIMU, BKITtOueHHMHU 70 O0a3u manux GenBank, mokasas, 1o
BUXIJHHUI Ta MyTaHTHUH IITaMU MalOTh Hanexaru 10 pony Corynebacterium. My-
TaHTHUH IITaM MaB HaBUTIHA BicOTOK noaiOHocTi (98%) 3 Bunom C. glutamicum,
X0ua HaJlajai HeOOX1AHO MPOBECTH ONATKOBU aHami3 (MOBHUN CUKBEHC) JUIS BU-
3HaueHHs TOYHOI BUJI0BOI NMpuHaiexXHOCTI. [IpoBeaeHo onTuMizalio cepeloBHILa
JUIs KyJbTUBYBAHHS MPOYLIEHTA Ta BU3HAYEHO ONTUMAJIbHI ITapaMeTpH KYJIbTHBY-
BanHs (Temneparypa 32 °C, pH 7,0, kinbkicTb po3urHeHoro kucHio — 11 1 /nv’/
rojl, KiTbKICTh BHECEHOTO 1HOKYIATY 20%), poCTOBI (haKTOpH, IHKEPETO BYIJIEITIO.
B ontumizoBaHMX yMOBax KyJlbTHBYBaHHsS MyTaHTHUH IITaM NPOAYKYBaB TPEOHIH
y kigpkocti 11,9 r/om’.
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XAPAKTEPUCTUKA IITAMMA BREVIBACTERIUM
FLAVUM IMB B-7446 1 OIITUMU3ALIUA BUOCUHTE3A
TPEOHHMHA

Pedepar

Ienv. Hoenmugukayua u onmumuzayus npoyecca 6UOCUHmMeE3d MYMAHMHO20
wmamma-npooyyenma mpeonuna Brevibacterium flavum IMB B-7446. Memooel.
LImamm Brevibacterium flavum IMB B-7446 ucciedosanu ¢ nomouybio CmaHOapmHuix
MUKPOOUONO2UHECKUX U OUOXUMUYECKUX Memo008. Dpaemenm cenomnoil JJHK 6bloe-
JULIU U3 a2apo3Ho2o 2eisl ¢ nomoubio Habopa «Macherey-Nagel NucleoSpin Extracty
CO2NACHO UHCMPYKYUU hupmbl-npousgooumens u cukeenuposanu. Cpasnumenvulil
AHATU3 OCYUECMBTIALIU MEeMOOOM OYEHKU CIAMUCMUYECKOU 3SHAUUMOCMU 8bIPAGHUBA-
HUL HYKIeOMUOHBIX NOCied08amenvHocmell ¢ uchonvzosanuem npoepammol Clustal W.
QunoeceHemuyeckas OeHOPOSPAMMA CO30AHA C UCTIONb30BAHUEM MEMOO08 COUemManUsl
bnudicatiuux coceoell U MaAKCUMAaibHo2o cxoocmea. Pesynomameol. Hccneoosano
BIUAHUE PAZIUYHBIX MEXHOTOSUYEeCKUX NAPAMempo8 KyIbMUSUPOSanus Ha CUHME3
MPEOHUHA MYMAHMHBIM WMAMMOM. Mumencugurayuio cunmeza 00Cmuehymo 3a
cuem 6HeceHust poCmoguiX (akmopos 6 cpedy Kyromusuposanus. Illocmpoena OeH-
Opocpamma (huioeeHemudeckux ceszell UCciedyemobix WmamMmo8 U pOOCMEEHHbIX UM
wmammos bpesubaxkmepuii uz 6as oannvix « GenBanky. Bwieoowsl. Cpasnumenvhulii
ananu3 HyKieomuoHvlx nocieoogamenvrocmeii eena 16S p/I[HK ¢ nocredosamens-
HOCMAMU, GKIIOUeHHbIMU 8 Oa3y Oanuwix GenBank, noxasan, umo ucxoowuwiil u my-
MAHMHBLU WMamMMbl Mo2ym npunadiexcams k pody Corynebacterium. Mymanmmwiii
wmamm umein 8bicoxull npoyenm cxoocmea (98%) ¢ suoom C. glutamicum. Ilposedena
onmumusayus cpeosl 0JiA KyIbMusUposaHiis nNpooyYeHma u onpeoerieHvl ONMuMaibHble
napamempul Kyivmuguposanus (memnepamypa, pH, xonuuecmeo pacmeopennozo
KUCAOPOOd, KOMUYECMBO GHECEHHO20 UHOKYISMA, POCMOBbIX (PaKmopos, paziuiHble
UCTNOYHUKU Yenepola). B onmumuzupoeanHvlx yciogusax Kyibmusuposanus wmamm
npousze00ul mpeonun 6 konuvecmee 11,9 2/om’.

Knwueevie cnosa: mpeonun, 16S pPHK, mymaumuulil wimamm, ONmumMu3ayusl.
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THREONINE MUTANT STRAIN-PRODUCER BREVIBACTERIUM
FLAVUM IMB B-7446 CHARACTERISTICS AND OPTIMIZATION
PROCESS OF ITS BIOSYNTHESIS

Summary
Aim. Identification and optimization process of biosynthesis threonine of mutant
strain-producer Brevibacterium flavum IMB B-7446. Methods. The strain
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Brevibacterium flavum IMB B-7446 was studied using standard microbiological and
biochemical methods. A fragment of genomic DNA isolated from agarose gel using
a set of «Macherey-Nagel NucleoSpin Extract» according to the instructions of the
manufacturer and sequenced. A comparative analysis was done by evaluation of
statistical significance adjustment nucleotide sequences using the program ClustalW.
Phylogenetic dendrogramm was created using a combination of techniques nearest
neighbors and maximum likelihood. Results. The influence of different process
parameters on the synthesis of cultivation threonine mutant strain and stability.
Intensification synthesis was achieved by introducing growth factors in the culture
medium. Powered dendrogramm of phylogenetic relationships investigated the strains
and related the strains of Brevibacterium databases « GenBanky. Conclusions.
Comparative analysis of nucleotide sequences of gene 16S rRNA sequences included
in the database GenBank, showed that the mutant and parent strains may belong to
the genus Corynebacterium. Mutant strain had a high percentage of similarity (98%)
with a species C. glutamicum. Optimization of the medium for culturing and producing
the optimal cultivation parameters (temperature, pH, dissolved oxygen, the amount
of inoculation, growth factors, various carbon sources) was established. Threonine
strain was produced 11,9 g/dm’ by optimized cultivation conditions.

Key words: threonine, 16S rRNA, mutant strain, optimization.
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[HCTUTYT CUTBCHKOTOCMOAAPCHKOT MiKpOOi0oIoTii Ta arponpomucioBoro BupodoHunrea HAAH
By IlleBuenka, 97, UepHiris, 14027, Ykpaina

HEJIIOJTA3BHA AKTUBHICTDb I'PUBA
ACREMONIUM SP. 502, BUJAIJIEHOI'O 3 YPAKEHUX
POCJIMH OI'TPKIB

Memorw pobomu 6y10 00CHIONHCEHHA YeNoNA3HOI AKMUBHOCMI Wmamy epuba
Acremonium sp. 502 6 3anexcnocmi 6i0 pH cepedosuiya, sk 00H020 i3 GU3HAYANLHUX
gaxmopie nponuknenns ozo 6 pocaunu. Memoou. [Lmam epuba Acremonium sp.
502, sudinenuil 3 X60pux pociun OCIPKis, KYIbMugy8aiu Ha ceped08Uli CYClo8Ull
azap. Lllsuoxicms pocmy suznauanu 3a poamipom oiamempy KOIOHII. [ 6u3HaueHHs
YentoNa3Hoi, eK302NI0KAHA3HOL, eHOOSTIOKAHA3HOT A 2TIOKO3UOA3HOT AKMUBHOCHIL BUKO-
PUCMOBY8ANU iNbMPYSANbHUL NANIP, MIKPOKPUCIMALIYHY YeToN03Y, KapOOKCUMemui-
yenrono3y, yenobiosy 6ionosiono. Kinvkicmes pedykyouux yykpie 6UsHAUaIU Memooom
Hlomooi-Henvcona Pesynomamu. /[locniodceno OuHamiky yenronasnoi akmuenocmi
epuba Acremonium sp. 502, 6U0iNEH00 3 yPANCEHUX POCTUH OCIPKIG, 3d PI3HUX 3HAUEHb
PH noocusroeo cepedosuwa. Maxcumanvui 3HaueHHs hepmenmamueHoi akmueHoCmi
oynu 3agixcosani uepesz 6 mudicHié Kyibmugyeants puba 3a pH cepedosuwa 8,5.
Ipu yvomy 3acanvua yenronazna akmusHicmes cknadana 1,95 o0/mn, exzoenoxa-
Hazua — 3,23, endoentokanasna — 2,85 i f-enoxozudaszna — 2,39 00/mn. Bucnosku.
Bcmanoeneno, wo Acremonium sp. 502 30ammuuii 00 cunmesy eHO0-, eK302NHKAHA3U
ma f-emoxozudasu. Hausuwyy yenonozonimuuny akmuguicmo epub 6us61s6 uepes 6
MUJICHIB KYIbMu8ysanHts 3 noxkasnukom pH cepedosuwa — 8,5. Moocna npunycmumu,
Wo ymeopenHs yentonasHux gepmenmis epubom Acremonium sp. 502 HeobxioHo 0
11020 NPOHUKHEHHS 8 POCIUHY 3 NOOATLULUM POZGUIMKOM 3AX80PIOBAHH.

Knwuogi croea: 3acanvHa yenonasHa, ek302M0KAHA3HA, eHOOLTIOKAHAZHA |
[-enrorosudazua akmuenocmi, Acremonium sp.

MikpoopraHi3aMHu-IPOIyIIEHTH HEN0Ta3HIX (PePMEHTHUX KOMILJIEKCIB Bilirpa-
I0Th BOXKJIMBY POJb B 010AE€CTPYKIii POCIMHHUX PeImToK. He MeHI BaIIMBOIO €
POJIB IETTI0NIA3 B MaToreHesi pocinuH. Bigomo, mo aeski 6akrepii Ta rpudu, BUIICH]
3 YPaXXEHHUX POCIIHH Peaji3yloTh CBOIO IIEII0Ia3HY aKTHBHICTH Ha TMEPIINX eTanax
1H(IKyBaHHS POCIIMH IUISIXOM Tiapoitizy KITHHHOI CTiHKH [10]. s po3mierienHs
KPUCTAIIYHOT IIEII0JI03U BOHU MPOIYKYIOTh HU3KY IENFOI030JIITHYHUX (DEePMEHTIB
(eHI0-, eK30ITIOKaHa3!u Ta B-TIFOK03uAa3 ). 3 GiTonaroreHHUX rprbiB 1301p0BaH1
HeINoIa3Hi (PepMEeHTH sIKi CTIPUSIIOTh MPOHUKHEHHIO B TKAHWHU POCIHHHU-Xa3siHa
1 TO3BOJISIFOTH TprbaM BHKOPHCTOBYBATH TKAHHMHU POCIHH SIK JDKEPEIO BYTIIEITO
[12]. Icaye nqyMKa, 10 YTBOPEHHS LIEIONIa3HUX (EPMEHTIB y Fusarium oxysporum
Schitdl. Bigirpae neBHy posb B maroreHesi 3axBoproBanss [13].

© €.I1. Konmnos, I'B. Lexwmictep, 2015
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JI1st KOKHOTO MIKpOOpraHi3My HasiBHI ONTUMaIbHI Mexi pH, siki BU3HAUar0Th
CTyHiHb aKTUBHOCTI pepmenTy. Tak, y 30ynHuKa 3aXBOpIOBaHHS KBacoui Sclerotinia
sclerotiorum (Lib.) deBary onrrumym pH nemnronaszHoi aktuBHOCTI ctaHOBHTH 3,0 [15],
a ouMIIeHU# npenapar uentonasu F. oxysporum Schltdl., skuii BUKIMKae B’ THEHHS
TOMATIB, XapaKTePU3yBaBCs BUCOKUM CTYIIEHEM aKTHBHOCTI 1 Bke uepe3 20 roauH
BUKJIMKaB Maike HE0OOPOTHE B’ STHEHHSI, TIPH [IbOMY LIEJIOIAa31 rPpruda MPOSBIISIOTH
axktuBHIcTB 32 pH Big 2,0 m0 9,0 3 ontmymom 6,0 [14].

[pencraBauKY pomy Acremonium € CanpoTpohamu, alie 3a IEBHIUX YMOB MOXKYTh
3MIHIOBATH THII )KUBJICHHS Ha Oi0TpodHui. Bimomo, 1110 Acremoniums clerotigenum
Gams mpu MiBUIIEHOMY BMICTi COJIEH y IPYHTI MOXKE POCTH B CyIMHAX POCIHH
oripkiB. [ pubu pony Acremonium Oynu BUAUICHI 3 XBOPUX POCIIMH JIMHD Ta KaByHIB
B Icnanii [11], Itanii [9] Ta CILA [7, 8]. JliTepaTypHi 1aHi MO0 BUIIJICHHS MPe-
CTaBHHKIB pony Acremonium 3 XBOPUX POCIHMH Ha TEPUTOPii YKpaiHU BiACYTHI.

3BaKarouM Ha BHUIlE3a3HAYCHE, METOI0 Hamoi poOOTH OyJ0 TOCIiHKSHHS
IEJTI0JIA3HOI aKTUBHOCTI MmTama rpuda Acremonium sp. 502 B 3amexHocTi Big pH
CEPEIOBUIIA, SIK OJTHOTO 13 BU3HAYATBHUX (PaKTOPIB MPOHUKHEHHS HOTO B POCIIMHHU.

Marepiaju i MeToan

B po6oti OyB BukopucTanuii mram rpuba Acremonium sp. 502, BumiIeHUN
C.I1. HapkepHUYHUM 3 XBOPUX POCIIHH OTIPKiB, SIKi BUPOIIYBAJINCh B YMOBaxX 3a-
KPUTOTO IpyHTY. ONUC KyIbTypatbHO-MOP(}OIOTIYHUX 0cOONMMBOCTEH rpruda HaBe-
neHo Hamu padime [5]. Kyasrypy rpuba nigTpumyBaiu Ha cycioBoMy arapi (4—5%
CYXUX PCUOBHH).

Pict rpuba Bu3Havamm 3a po3mipom kojoHii. [1, 6]. Ipud xyapTHBYBaaM Ha
cepenoBuii cycnoBuid arap (4-5% cyxux pedoBuH) y amianmazoni pH 3,5-12,0 3a
temneparypu 26 + 2 °C 6e3 cBitia, B yamkax [lerpi. JliameTp koioHii BU3HA4YaIH B
TPHOX HANpsSMKax moa000B0, nmpotsrom 10 1i6. Ha 0CHOBI OTprMaHHUX JaHWX BH-
3HAYAJIN PajlialibHy MIBUIKICTH POCTY.

JI1s BUBYEHHSI 1IEIIONIa3HOT aKTUBHOCTI Acremonium sp. 502 moBepXHEBO
KYJIbTUBYBAJIM B MPOOIpKax 3 5 MJI CHHTETHYHOTO cepepoBuma Yameka (T/7:
(NH,),HPO, - 2,5, K HPO, - 1,0, MgSO, - 0,5, KCI - 0,5, FeSO, - 0,01) 3i
sHaueHHsmMu pH — 5,5, 7,0 Tta 8,5, ne enuHUM mKepenoM KapOoHy Oyiaa CMyX-
ka QinprpyBaigpHOTo mamnepy (®@inmprpak) macoro 50 mr. IlociBHUN Marepian
Acremonium sp. 502 oTpUMyBaHM NUISIXOM 3MHBY KOHIIIH 1 ¢parMeHTIB TidiB
rpuba 3 cepenoBumia cycioBuit arap (4-5% cyxux pedoBuH). [l BU3HAUEHHS
TUTPY TMPHUTOTOBIICHOT CYCIIEH31i BUKOPHUCTOBYBaIN Kamepy [opsieBa i mpoBomm
BHCIB Ha IIUIbHE MOXHBHE CepeioBUINE CcycioBuid arap (4—5% cyXux pedoBHUH)
3a METO/IOM I'PYHTOBHUX pO3BeJeHb Bakcmana. BuciB MpoBOIMIIN CYyCIIEH3IEIO CTIOp
(T = 1x10% KYO), B kinmbkocTi 5% BiJ 00’€My MOXHBHOTO cepenoBHIa. Tepmin
KyJIBTUBYBaHHS cKiiafaB 56 mi6 3a 26 + 2 °C.

Lemrona3Hy akTUBHICTh BU3HAYAIM 3TiAHO [1, 2] mpoTsrom 8 THXKHIB KyJIBTH-
BYBaHHS (CTPOK JIOCITIKCHHSI 00YMOBJICHHH MTOSIBOIO CUMIITOMIB 3aXBOPIOBAHHS Ha
pocimHax). KynasrypanbHy piliHy OTPUMYBAJIW MUISXOM (DUTBTpYyBaHHS MIIIETiIO
rpuba gepes cKIssHuN (iasTp. [IoBTOpHICTE AOCIITY TPUpPa30Ba.
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JIiist BU3HAUEHHS 3araJIbHOT IIEITFONIa3HOT aKTUBHOCTI 10 SO MT QiTBTPYyBaIbHOTO
nanepy (PigpTpak) qoaBaNM OAWH MJI KyIbTypaidbHOI piguHu, oguH Ma 0,05 M
Harpiii-uuTparHoro Oydepa Ta iHKyOyBamu mpoTsarom onHiel roqunu 3a 40 °C. 3a
OJTMHUITIO 3aTraJIbHOT IIEJTF0JIa3HOT aKTUBHOCTI MTPUIMAaIIH TaKy KiJTbKiCTh ()epMEHTa,
sika 3a 60 XB yTBOPIOE OJIMH MT PEIyKYHOUuX IyKpiB [1, 2].

Ex3ormiokaHa3Hy aKTHBHICTh BH3HAYQJIM Ha MIKPOKPHUCTATIYHIN IIEITFOJIO31
(Asinen “Eanap”). [l miporo 10 50 Mr MiKpOKpPHUCTIIYHOT IIEITFOII03H JT0/IaBaTl
OJTMH MJI KYJIBTYpaibHOi pinuau, onuH vt 0,05 M Hatpii-nuTparHoro Oydepa Ta
1HKyOyBanu mpoTsroMm onHiei ronuan 3a 40 °C. 3a ONMHHINO €K30TITIOKaHa3HOT
aKTUBHOCTI MPUHAMAaIH TaKy KUIBKICTh (pepMeHTY, ska 3a 60 XB YTBOPIOE OJTUH MT
penyKyounx mykpis [1, 2].

Enpormokana3zHy akTHBHICT BU3HAYAIIH JIIEF0 EPMEHTIB Ha KapOOKCUMETHIIIIC-
mrono3y (KMLI): omun mit 0,5%-ro pozunny Na-KML B 0,05 M Harpiii-untpatHOMy
Oydepi Ta omuH MIT QUTBETPATy KyJIBTYPAIBbHOT piliHU 1HKYOyBamu npoTsrom 30 xB
3a 40 °C. 3a OIMHUIIO SHJIOTIIOKaHA3HOI aKTUBHOCTI MPUIIMANK TaKy KUIbKICTh
dbepmenTy, sika 3a 30 XB i1 YTBOPIOE OIMH MT peAyKYIOUHX IYKpiB [1, 2].

Jlist BU3HA4YCHHS [-TITFOKO3HM1a3HOI (11e71001a3H01) aKTUBHOCTI IO OAHOTO MJI
0,025%-ro pozunny nenobio3u (“Merck’) B 0,05 M Harpiii-uutpatHoMy Oydepi
nomaBaiy | Mur GUIBTpaTy KyJbTYpasIbHOI PIAMHY Ta iHKYOyBaiau mpoTsarom 30 xB
3a 40 °C. 3a omuHUIIO B-TTIOKO3UIa3HOT aKTUBHOCTI MPUWMATA TaKy KiTbKICTh
dbepmenTy, sika 3a 30 XB i1 YTBOPIOE OIMH MT peAYKYIOUHX ITyKpiB [1].

KinmpkicTs peaykyrounx mykpiB Bu3Haqaimu metoaoM [lomomni-Hemscona [1]. s
IILOTO JT0 2 MJI IOCJITHOTO pO34HHY J0aaBaiu 1o 1 mu peaktusy [llomomi Ta iHKyOy-
Basu ipoTsrom 15 xB 3a 100 °C. TToTiM cyMmilI MIBUIKO OXOJIOIKYBAJIN Ha JILOISTHIN
OaHi Ta TomaBajau onuH MIT peakTuBy Hembcona. O0’eM TOBOAMIN TUCTHIIHOBAHOIO
BOJIOIO /10 25 Mu1. Po3unH petensHO nepeminryBani. KoHTponewm ciryryBanu 3pa3ku,
JI€ 3aMiCTh KyJIbTYPaJIbHOI PIAMHYU 101aBaJIA OAMH MJI TOKUBHOTO CEPEIOBHILA.

BusnaueHHs peyKyrodrX IyKpiB TPOBOIUIN Ha (OTOCICKTPOKOIOPHUMETPI 32
IOBXHUHA XBUIL 560 HM.

Po3paxyHk# Ta CTaTUCTHYHE ONPALIOBAHHS PE3y/IbTaTiB IPOBOIMIIN 3 BHKOPHUC-
TaHHSM TIPUKJIaIHUX mporpam Microsoft Excel.

Pe3yabraTu Ta iXx 00roBopeHHs

Kynerypy rpuba 36epiranu B mpoOipkax Ha cepeoBulIli cycioBuii arap (4-5%
Cyxux pedoBuH) 3a Temneparypu 4—6 °C. CyTTeBuX 3MiH MOP(]OIOTO-KyIBTYpaTbHUX
XapaKTepUCTUK Tpuba mpu 30epiranHi He BuUsABICHO. [Ipy BUBUeHHI BIumBy pH
cepeoBuINa Ha picT rpuba Oyiio BCTaHOBIIEHO, 110 Acremonium sp. 502 Ha TTOKUB-
HOMY CEpEJIOBHIII CYCJIOBHI arap po3BUBaeThes B miama3oni pH Bix 3,5 mo 12,0,
ONTHMaJIbHA PEaKIIisl CepeIOBUIIA I pOCTy Tprbda — cimadko syxHa (pH 8,5). Jlia-
MeTp KoJioHii Ha 10-Ty 100y nipu 1iboMy cTaHOBUB 24,75 mwm. LIIBUAKICT JTiHIHHOTO
pocty BapitoBaina Bijx 0,05 mpu pH — 3,5 10 0,10 mm/ron ipu pH — 8,5. Btim, HaBiTh
HWOKHIHN 1 BepXHil Moka3HuKU pH He Oy KpUTHYHUMU 1)1 Tprba, OCKITBKA PICT
MIIIEJTi0 HE 3yMUHABCS [5].
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3aIeKHICTh 3araJIbHOI IeTI0Ia3H01 aKTUBHOCTI Bix pH cepemoBuma mpen-
cTtaBiieHa Ha puc. 1. MakcumaibHa Iellfoja3Ha aKTUBHICTh Oyna 3adikco-
BaHa yepe3 6 TWXKHIB KynbTUBYBaHHS (3a pH cepemoBumia 8,5) i ctaHOBHUIIA
1,95 £ 0,11 on/mn. Ilpu BupouryBanHi Acremonium sp. 502 Ha cepemoBUIIaX 3
pH 5,5 Ta 7,0 nieit noka3znuk OyB 3Ha4yHO HIDKYMM. HeoOXiMHO 3a3HAYUTH, IO Y
KOHTPOJBHUX 3pa3Kax, B sIKMX 3aMIiCTh KyJIbTYPaJIbHOT PiJJHHU JOABAN OIMH MII
MTO’KUBHOTO CEPEIOBUINA, TAKOXK (DIKCYyBaIM HE3HAYHY IIEJTI0Ia3Hy akTHBHICTH (0,43
+ 0,05 ox/mur) BHaCHIIOK pyiiHAaIii (iTbTpyBaIbHOTO TATIEpy ITiT BILTABOM PEaKIIii
MO)KUBHOTO CEePEIOBUIIIA.

2,5 -
g
.E 5 |
g
i
<
1,5 -
1
0,5 -
0
1 2 3 4 5 6 7 8
TukneHb

Puc. 1. 3aranpbHa nesiioja3Ha akTUBHICTb rpuda Acremonium sp. 502
3a pocTy NpH pi3HuX 3Hayennsx pH

Fig. 1. General cellulase activity of Acremonium sp. 502 at different pH values

Ha nmouarkoBoMy eTari riposi3y HeTrI031 J0 TIOKO3H OepyTh Y4acTh €HII0- Ta
€K30TIIIOKO3HU/1a3H, SIK1 JIIF0Th CHHEPriuHO. HasBHICTh €K30TIIIOKO3UIa3H B KYJIBTY-
paibHii piauHI Tprda € CBIAYECHHSM TOTO, IO BiH 3[aTHUM JIerpaayBaTH KPUCTa-
niyHy GopMy 1emrono3u. binbiricTe TpUOiB €K30TITFOKO3UIa3HO aKTUBHICTIO HE
BOJIOZIFOTB 1 3/IaTHI T1IpOITi3yBaTH TUTLKK aMopdHi popmu 1enmtonosu [3]. Oxeprkani
HaMH JIaHi CBiJuarh, 110 HAWBHIA €K30TIIOKaHA3HA aKTHBHICTh Acremonium sp.
502 peectpyBanach 4epes 6 THXKHIB KyJIbTHUBYBaHHs 1 craHoBMA 3,23 + 0,02 on/mn
(puc. 2). Ilpu BupouryBanni Acremonium sp. 502 Ha cepenosumax 3 pH 5,5 Ta 7,0
el MoKa3HUK OyB 3HAYHO HIDKYUM.

Ennormokanasu 3a0e3mnedyoTh riipoii3 aMop(HOT HeroI03u 10 1e00i031.
HaiiBuia KibKicTh peyKyIO4nX IIyKpiB Oyia BUSIBIICHA Yepe3 6 THKHIB KYJIbTHBY-
BaHH, IIPH [IbOMY SHJIOTIIOKaHa3Ha aKTUBHICTh cTaHoBmia 2,85 £ 0,21 on/mi. [pu
BHUpoIyBaHHI Acremonium sp. 502 Ha cepenopumax 3 pH 5,5 Ta 7,0 neit moka3sHuk
OyB 3HAUHO HUX4YUM (puc. 3).
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£
J

AKTHBHICTb, 01*

Puc. 2. Ex3orimiokana3Ha akTUBHICTh rpuda Acremonium sp. 502
3a pocTy NpH pi3HuX 3HayeHusax pH

Fig. 2. Exoglucanase activity of Acremonium sp. 502 at different pH values

depmeHT B-ITI0K031/1a3a 3aBEpIIIy€E PO3LIETIIICHHS [ET0NI03H 1 3a0e3Iedye rij-
poi3 11e5100103H J10 TITIOKO3H. 3aJIeKHICTh B-IITIOKO3UAa3H01 aKTUBHOCTI Acremonium
sp. 502 Big pH cepenoBuia npencrasieHa Ha puc. 4. HaiiBummii nokaznuk OyB 3a-
¢ixcoBanuii Ha cepenosuill 3 pH — 8,5 uepe3 6 THKHIB KYJIBTUBYBaHHS 1 CTAHOBUB
2,39 + 0,10 on/ma. Ilpu BupouryBanni Acremonium sp. 502 Ha cepenoBumiax 3 pH
5,5 ta 7,0 B-miroko3ua3Ha akTUBHICTh OyJia Ha piBHI KOHTPOJTIO.

AKTHBHIiCTB, 01*
N -
W w W

1 1 J

[ ]
I

-
()]
I

Puc. 3. Enioriiiokanazia akTuBHicTb rpuda Acremonium sp. 502
3a pocTy npH pizHux 3Ha4eHHax pH

Fig. 3. Endoglucanase activity of Acremonium sp. 502 at different pH values
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Puc. 4. B-rnoxo3uga3na akTuBHicTh rpuda Acremonium sp. 502
3a pocTy npH pi3HuX 3Ha4YeHHAX pH

Fig. 4. B-glucosidase activity of Acremonium sp. 502 at different pH values

TakuMm 4YUHOM, BCTAHOBIICHO, 10 Acremonium sp. 502 31aTHUN 10 CUHTE3Y
€HJ10-, CK30TIIFOKaHa3| Ta B-ITroKo3u1a3u. HalfBHIIy 11E/TF0TI030TITHYHY aKTUBHICTh
rpul BUSBISIB uepe3 6 TIKHIB KyabTuByBaHHS 3 pH cepenoBuma — 8,5. [1pu ipomy
3arajibHa I[eJIF0JI030IITHYHA aKTUBHICTE CKitagana 1,95 on/mi, ek30rmroKkaHa3Ha aK-
TUBHICTB — 3,23, eHI0TTI0KaHa3Ha — 2,85 Ta -mmroko3upa3Ha akTuBHICTh — 2,39 o/
M1 CITiji BIAIMITUTH, TII0 KPUBA CHHTE3Y IETIONIa3HUX (PEPMEHTIB Ma€ XBUIICTIONIOHII
XapakTep, 110 € CBITYCHHSIM BUKOPUCTAaHHS TPHOOM peIyKyOUUX IyKPiB K JpKeperia
BYTJICITIO, TOMY HE3HAYHE ITIIBUIIICHHS [IEJTI0Ia3HOT aKTUBHOCTI (hiKCYBaJIA TAKOXK 1
yepes 3 THKHI KyJIbTUBYBaHHS.

Panime nHamu OyIto mokaszaHo, 10 PO3BUTOK CHMITTOMIB 3aXBOPIOBAaHHS OT1pKiB
CTIIOCTEpITAEThCS, TOYMHAIOUH 3 (pa3u CrpaBXHiX JIMCTKIB, TOOTO Yepes 5S—7 THKHIB
TiCTIs TOSIBU ¢XO[iB. CHMIITOMH XBOPOOH MPOSIBIITIOTHCS Y TIOKOBTIHHI MPOXKUIIKIB
Ta KpaiB JIUCTOBOI MJIACTUHKY 3 MOJAJBIINM MOOYPIHHSAM, 3’ SIBJISIIOTHCS KOBTYBATI
BKpAIJICHHS Ha TIOBEPXHI JINCTKA 3 TIOAAJIBIIUM iX BiAMUpaHHAM [4]. 3Bakarouu
Ha BUIIEBUKIIAZCHE, MOXHA MPHUITYCTHTH, 110 YTBOPEHHS LIENIONa3HUX (pepMeHTIB
rpudom Acremonium sp. 502 HEOOXiTHO 7SI HOTO MPOHUKHEHHS B POCIHMHY IO
MIPU3BOAUTE JI0 PO3BUTKY 3aXBOPIOBAHHS.
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E.Il. Konsuios, A.B. Ilexmucrep

WHCTHTYT CenbCKOX03SHCTBEHHOW MUKPOOHOIOTUH 1
arponpomsinuieHHoro npoussoactsa HAAH Ykpaunsl,
yi. llleBuenxo, 97, Uepnuros, 14027, Ykpauna

HEJIJIFOJIABHASA AKTUBHOCTD I'PUBA ACREMONIUM SP. 502,
BBIJEJJEHHOI'O U3 ITOPA’KEHHBIX PACTEHUI OT'YPIIOB

Pedepar

Llenvto pabomer ObLIO UZYUUMDb YEANIONAZHYIO AKMUBHOCIb WMAMMA 2puba
Acremonium sp. 502 6 3asucumocmu om pH cpedvi, Kak 00HO20 U3 ONPeOeNAIOUUX
gaxkmopoe ezo nponuxnosenus 6 pacmenus. Memoowt. [LlImamm epuba Acremonium
sp. 502, evidenennviil uz OONLHLIX PACMeHUll 02ypYoes, KYIbMUsSUposalu Ha cpeoe
cycnoswitl azap. Ckopocms pocma epuba onpedenanu no ouamempy koiowuu. /s
onpeoenenus YeunionasHol U IK302M0KAHA3HOU AKMUBHOCU UCNONTb3068AIU (DUlb-
MPOBANLHYIO OYMAZY, MUKPOCKONUYECKYVIO YELNI0N03Y, KapOOKCUMEMUNYELNI0N03Y,
yerobuozy coocmeemcmeenno. Konuuecmeo pedyyupyoumux caxapos onpeoesiiu
memooom LLlomoou-Henvcona. Pesynemamut. Hccieooeana Ounamura yeuonasHou
axmuenocmu epuba Acremonium sp. 502, gvloeneHn020 U3 NOPANCEHHBIX PACMEHUL
02ypyo8, npu pasiuunblx 3Havenuax pH numamenvnoii cpedvi. Makcumanvhoie
3HAUeHUss PepMeHMAamueHoOU aKxmueHocmu ObLIU 3auKcUposansvl uepes 6 Hedeub
Kynomusuposanus epuba npu pH cpeovt 8,5. Ilpu smom obwas yeinionasnas akmus-
nocmo cocmaensna 1,95 eo/mn, exzoenioxanasznas — 3,23, enooeniokanasuas — 2,85 u
f-enokosudasnas — 2,39 ed/ma, umo ceudemenbcmayem 6 noiv3y hepmeHmamusHo2o
MeXanusma nPOHUKHOBEHUs. 2puba 6Hympb MKAHEl pACmeHUll ¢ NOC1e0YIOuUM pas-
sumuem 3abonesanus. Boreodwsl. Ycmarnoesneno, umo Acremonium sp. 502 cnocoben k
cunmesy 3HO0-, eK30210KAnA3bl U f-enoxozudasvl. Hauborvuiyio yeanionosonumuye-
CKYI0 aKMUBHOCMb 2pub npoasisi uepes 6 Hedelb KVIbMUSUPOBAHUs ¢ NOKA3amenem
PH cpeovi —8,5. Mooicro npednonosicums, umo 06pazosanie YernonasHux pepmeHmos
epubom Acremonium sp. 502 HeobX00uMo 0Jis €20 NPOHUKHOBEHUS 8 pACTEHUe ¢ NO-
CReOVIOWUM pazeumuem 3a001e6aHus.

Kniouesvle cnoea: obwas yennionasnas, ek302m0KaHa3nas, eHO0MOKAHAZHASL U
[-entorozudazuasn akmuenocmu, Acremonium sp.

E.P. Kopylov, G.V. Tsehmister

Institute of Agricultural Microbiology and Agroindustrial Manufacture, NAAS,
97, Shevchenko st., Chernihiv, Ukraine

CELLULOLYTIC ACTIVITY OF STRAIN OF THE FUNGUS
ACREMONIUM SP. 502 PICKED UP FROM AFFECTED CUCUMBER
PLANTS

Summary

The aim of the work was to study the cellulase activity of the strain Acremonium sp. 502
depending on medium pH, as a determinant of its penetration into the plant. Methods.
The strain Acremonium sp. 502 was cultivated on wort agar. The optimal pH was
detected by growth diameter of the mold colony. We used filter paper, microcrystalline
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cellulose, carboxymethyl cellulose and cellobiose to fix cellulase, exoglucanase,
endoglucanase and p-glucosidase activity. The amount of reducing sugars was
determined by Somogyi-Nelson method. Results. It was investigated the dynamics of
cellulase activity at different pH values of culture medium of the mold Acremonium
sp. 502 isolated from stroked cucumber plants. Maximal enzyme activity values were
detected after 6 weeks of mold cultivating at pH 8.5. Herewith the general cellulase
activity was 1.95 u/ml, exoglucanase—3.23, endoglucanase —2.85, and p-glucosidase —
2.39 u/ml, which evidences in favor of the enzymatic mechanism of mold penetration
into the plant tissues and the subsequent development of the disease. Conclusions. It
was established that Acremonium sp. 502 is capable to synthesize exo-, endoglucanase
and p-glucosidase. The most cellulolytic activity was detected after 6 weeks of mold
cultivating at pH 8.5. It can be assumed that formation of cellulase enzymes with the
mold is necessary for its penetrating in plant followed by the development of the disease.

Key words: the main cellulase, exoglucanase, endoglucanase and [-glucosidase
activity, Acremonium sp.
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KIVIBKICHI TA ®YHKINIOHAJIBHI ITOKASHUKH
KHIIIKOBOI HOPMOKBIOTH II[YPIB

Mema. Memoto 0anoi pobomu Oyn0 eusHavumu pegpepenc-0ianazonu Mikpooiono2iuHux
NOKA3HUKIG (PeKalbHO20 A NPUCIIHKOBO20 KUUUKOB020 DIOMONY 1a60PAmMOpHUX uypie
ma npogecmu NOPIGHANIbHUL AHANE3 3 ICHYIOUUMU OAHUMU OIS NOKA3HUKIG JTOOUHIL.
Memoou. Mixpobionoeiunuu ananiz ¢gexaniu (KY0O/2) ma npucminkosozo (KYO/
cm?) Giomony wypie camyie ninii Bicmap (170-200 2, n=31) 30iticniosanu wiisxom
BUCIBY BIONOBIOHUX PO36€0eHb HA eleKMUBHO-OUDEPeHYIlHI cepedosuyd, Cnekmp
ma KomyeHmpayiro Kopomko-ianyrocoeux scupnux kuciom (KJDKK) eusnauanu me-
mooom 2azo-piounnoi xpomamozpaii. Pesynomamu. Y ¢hexanisx wypie Kinokicmo
Mikpoopeanizmie pody Bifidobacterium eucieanracs ¢ mexcax 10°—10° KYO/e, Pro-
pionibacterium — 10°-10° KYO/2, Lactobacillus — 10°—10% KYO/2. Bemanosneno
Mmatice piene cniggionowtenns mixc E. coli 3 nopmansnumu (10107 KVO/2) ma
sminernumu (10°—10° KYO/2) pepmenmamusnumu enacmusocmsamu. Kinoxicmo ymosro-
namoeennux 6akmepiil (Citrobacter, Klebsiella, Enterobacter ma in.) ne nepesuwgyeana
10° KYO/e, Clostridium spp. — 10°~10? KYO/2, canpoghimnux npedcmasnuxis pooy
Staphylococcus — 010" KYO/e, S. aureus — 10°—10° KYO/2, 2pubu pooy Candida — 0—10°
KYO/z. l'emonimuunux wumamis ne susieisinu. Y npucminkosomy dionmami moecmoi i
MEePMIHAILHO20 8I00LTY MOHKOI KUULOK WYPIE He OYII0 BUSBILEHO NPeOCMABHUKIE POOi6
Clostridium ma Candida. Anaepobui yyxponimuuni baxmepii podis Bifidobacterium
(10°—10° KYO/em? ), Lactobacillus (10°—10° KYO/em?), Propionibacterium (10°—10°
KYO/em? ) sucisanucs y 100% meapun. Cxnao KIDKK ¢gexaniii wyypis nodionuii oo
maxozo y 1oounu, i micmums: oymosy (C2), nponionogy (C3), macisiny ma i3omacusimy
(C4, iC4), sanepianogy ma izoganepianogy (C5, iC5), a makodc Kanporosy ma
i3okanponosgy (C6, iC6) kucnomu. Bucnoexu. /[na wypis ninii Bicmap eusnaueno
pepepenc-0ianazonu OCHOBHUX 2PYN MIKPOOP2aHizMie ¢hexanivbHo2o Oionmamy, sKi
8PAXOBYI0Mb NPU OYIHYI CMAHY HOPMOOIOMU KUEeYHUKA TT00unU. Bnepuie suznaueno
peepenc-dianazonu Mikpobiomu npucminko8o2o dionmamy moecmoi ma MoHKUX
kuwox wypis. Cnisgionowenns KIDKK y ¢exanisix wypis ninii Bicmap (C2:C3:C4)
cmanosums 41,9:32,2:20,9%.

Knwuoei cnoea: nopmobioma, peghepenc-oianazonu, KOpOMKOIAHYIO208L HCUPHIL
KUCI0MU, MOHKA KUWKA, MOGCMA KUWKA.
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[TpoGnema HeOOX1THOCTI aHAITI3Y CTaHy MIKPOO10TH ITUTYHKOBO-KHIITKOBOTO TPaK-
Ty (ILIKT) Habyma 0co6auBOTO 3HAUEHHS Y 3B’ A3KY 3 POCTOM T'OCTPHX Ta XPOHIYHHX
3aXBOPIOBaHb OPTaHiB TPaBJIEHHS, HETAaTUBHUX HACIIIKIB aHTUOIOTUKOTEparnii Ta
Hee(EeKTUBHOCTI METOIB NPO(pIIAKTUKY Ta Tepamii nux craHiB. Ciijl 3ayBaXXUTH, 110
mpo0OJIeMa HACITIIKIB aHTHO10THKOTEpaIii 3aIUIIA€THCS HAO1IbIII 0OrOBOPIOBAHUM
1, B TOH ke Yac, HalOUIBIII CYTIEPeYTMBUM MTUTAHHSAM Cy4acHOi Menuinan. B Ykpaini
Ta B CBITI, aHTHOAKTEpiaJIbHA TepaITisi 3aiiMae Ipyre MicIle 3a 9aCTOTOIO MPU3HAYCHb
B CXeMax JIIKyBaHHS XBOPUX Ha pi3Hi maroJorii [ 1, 2]. EMnipuyne npu3HaueHHs aH-
TUO10THKIB, a TAKOXK MIBUJKUHN picT OaKTepiaabHOI pe3UCTEHTHOCT] YaCTO BUMarae
KOpEeKIIi1 Tepartii, 1HOA1 1O TPbOX 3MiH aHTUO10TUKY [3].

[TopymieHHs KiJIbKICHOTO Ta SKICHOTO CKJaJXy HOpMOOioTu mpu aucOiozax
MOB’s13aHO 31 3MiHAMU METa0OIYHOT AKTUBHOCTI aHAePOOHOT IIyKPOIITHYIHOT MiKpPO-
0ioTH, siKa BIAMOBITATbHA 32 PO3IICIUICHHS KIIITKOBUHU JI0 KOPOTKO-JIAHITFOTOBHX
xupHux kuciot (KJDKK). 3amkenns pias KJIDKK npusBoauts 10 aucTpodigamx
3MIH MOKPUBHOTO EIITeNi0, MABUILY€ETHCS IPOHUKHICTh KMIIIKOBOTO Oap’epy, Mmo-
PYLIYETbCS BCMOKTYBaHHS BOAM Ta €JIEKTPOIITIB [4]. MoxHa BBaXkaT, 110 A0CHTI-
JoKeHHs KimbKicHoro criBBigHOmeHHss KJIXKK € onHuM 3 KpuTepiiB OLIHKK CTaHy
MiKp00i01I€HO3y LITYHKOBO-KHIIIKOBOTO TPAKTY.

Ha croromui mabopatopHi IIypH € HalOLIBIIT BXXUBAHUM E€KCIIEPUMEHTATLHUM
00’€KTOM JIJIs1 TIPOBEICHHS JOKIIHIYHUX JOCTIKEeHb TpernapariB, CKEpOBaHUX Ha
BIJTHOBJICHHSI MIKpOOIOIIEHO3y OpraHi3My, B TOMY 4MCii KuniedHuka. [IpoBeneHHs
MOBHOI[IHHOT'O €KCIIEPUMEHTY Ta MOPIBHIBHOTO aHai3y OTPUMAaHUX Pe3yJIbTaTiB
nepeadavae 3HAHHS IUPOKOTO CIIEKTPY HOPMATHBHHUX IMOKA3HUKIB ITiJI0CIITHIX
TBapHH. [cHye TocuTh Gararo myOmikariiii oo peepeHTHUX 3Ha4eHb (i310I0TTUHIX
MOKa3HUKIB roMeocTa3y: 010XiMii KpoBi, aOCOIOTHIH Ta BIIHOCHIN Maci 1 po3Mipam
BHYTPINTHIX OpTaHiB i 6ararboM iHIITIM TOKa3HUKAM, ITPOTE ICHYIOTH JIUIIE OOMEKEH1
MOB1JIOMJICHHS IOZI0 SIKICHUX Ta KUIbKICHUX MOKa3HHUKIB HOPMOOIOTH KHUILIEUHUKA
HIypiB Ta iX CIHIBBIAHOIIEHHS 3 piBHeM ix meTabomitiB, KJDKK [5].

ExcniepumenTanbHi JaHi BKa3ylOTh HAa MPOBIAHY POJb B PO3BUTKY MATOJOTIH
MiKpOOi0TH, 1110 KOJOHI3y€ NMPUCTIHKOBHIA map Myuny [16]. [lani momo ocobnu-
BocTei 3miH npucTinkoBoi MikpooOiotu IIIKT y maGoparopHux TBapuH 0OMEKEHI.

Mertoto naHoi po6oTu Oys10 BU3HAUYNTH pedepeHc-TianazoHn MiKpoOioIoTiaHIX
MOKA3HHKIB (DEKaIbHOTO Ta MPUCTIHKOBOIO KUIIIKOBOTO 010TOITY JJAO0OpaTOPHUX LTypiB
Ta [IPOBECTHU NOPIBHSIIBHUHN aHaIII3 3 ICHYFOUMMHU TaHUMHU JJI5 TOKa3HUKIB JIFOIUHM.

Marepiayiu Ta MeTOIU

0O06’exToM mociimkeHHs Oyira MikpoOioTa eKaabHOTO Ta MPUCTIHKOBOTO 010-
NITAaTy TOBCTOI KUIIKH, Ta TPUCTIHKOBOTO 010NTaTy TOHKOI KHIIIKH.

ExcnepumMenTanbHi JociKeHHs mpoBeaeHi Ha 31 mrypi (cami) minii Bictap
(macoro 170-200 r). YTpumaHHsl, XapayBaHHs Ta IPOBEAECHHS €KCIIEPUMEHTY 3/11H-
cHroBasu 3rifHo Hakazy npo [Topsiok mpoBeeHHs HayKOBUMHU YCTaHOBAMU JIOCITI/IIB
Ta eKCIIEPUMEHTIB Ha TBapHHax [6].
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Bcix TBapuH yTpHMyBalld 3a CTAaHJAAPTHUX YMOB TEMIEPATyPHOTO PEKUMY
(21 °C), ocsitiienns (12/12 rox), BOJIOTOCTI Ta pariony XapuyBaHHs (IOBHOIIIHHAN
KopM i 1aboparopuux tBapuH K — 12-4,  Pizan-1”, Ykpaina).

Jlst MikpoGiosorigHoro aHami3y 30upanu 1 r dekamii, Ta TUISTHKA CIM30BO1
o6osonku (1 cM?) TOBCTOT KUIIIKH Ha BificTaHi 2 CM Bijl aHAJIbHOTO OTBOPY Ta TOHKOT
KHIIKY Ha BIICTaHI 2 CM BiJ 1JIEONEKAIILHOT 3aCIIIHKH.

1 T dpekaniit BimOupanu y mpoOipky 3 9 Mut ¢i3i0710TI9HHOTO PO3UHHY, TICIISI YOTO
3aificHIOBan cepito po3seaeHs 3 107! 1o 107 (bekanpHwmii 6ionTar).

BusiBiieHHSI OCHOBHUX TPYI MIKpOOPTaHI3MiB 3IHCHIOBAJIA MIJISXOM BHUCIBY
BIJIMTOBITHUX PO3BEICHB Ha eJIEKTUBHO-U (D epertiiai cepenosumia (HiMedia Labo-
ratories Pvt.Ltd, Tumis). Iloganpiry imeHTH}IKAIIO BHIIICHUX MIKPOOPTaHi3MiB
3MIHCHIOBAIIN 32 MOP(OJIOTIYHUMH, THHKTOPiaTbHUMH Ta (i310JI0T0-MeTa00T I THUMHA
MOKa3HUKaMH.

Amnamniz criektpy KJDKK 3niiicHioBanu Ha razoBomy xpomatorpadi Trace GC
Ultra (Thermo Finnigan USA) [7].

KJDKK imenTHdIKYBaIM IUSIXOM TOPIBHSIHHS 3 4aCOM yTPUMaHHS CTaHIapTiB
(orrToBa, MacisHa, 130MacsUTHA, TIPOITIOHOBA, BaJIep’ THOBA, 130Bajiep’ THOHOBA, TeKca-
HoBa) (Sigma-Aldridi, Himeuunna). KinpkicHy oninky crniekrpy KJDKK npoBonmmm
32 METOJIOM HOPMYBAHHS IJIOMIMH iX MiKiB 1 BA3HAYAIH Y BIZICOTKAX Ta MI/T (heKaTiid.

Craructuuny oOpoOKy pe3ynbTaTiB 31IHCHIOBATIN 32 JOIOMOTOI0 MPOrpaMu
SPSS 17. Kopensmiitauii 38’430k MiXK IPEACTaBHUKaMU HOPMOOIOTH Ta CIIEKTPOM
KJIKK po3spaxoBaHo 3a momomororo koedirtienta [Tipcona. J{ns po3paxyHky duciia
TBapUH 3 MIHIMQJIBHOIO, CEPETHBOI0 Ta MAKCUMAIBHOI KUIBKICTIO TICBHOTO BUIY
MIKpOOpTaHi3MiB, BUPAXOBYBaJIM BiJICOTOK TBapHWH 3 MiHIMAaJIbHUM, CEPEIHIM U1
MaKCHMaJIbHUM ITOKa3HHUKOM BIJIHOCHO BCHOTO MaCUBY JIAHHUX, IPUIMAIOYH 3arajibHy
KiTpKicTh TBapuH 3a 100%. Jlani mpeacTaBieHi y BUINISAII CEpeAHbOTO 3HAYCHHS +
CTaHJapTHA MOMIWIKa cepearporo (M + m).

Pe3ysabTaTH T2 iX 00roBOpeHHs

ExcrniepuMeHTaIbHUM NUIIXOM Oy aJanToBaHi OCHOBHI pPO3BEACHHS JUIS 3a-
CiBy Ha BiZIOBIHI enekTuBHO-IH(pepentiiini cepenoumia (HiMedia Laboratories
Pvt.Ltd, Iunis).

[Tpu nocmimkeHH1 cKaay HOPMOOIOTH JIFOMHHU 32 XapaKTepOM MeTadoIi3My,
B IIEpIIY Yepry, 3BepTaloTh YBary Ha JBl OCHOBHI I'PYIHU: IIyKPOJIITHYHI Ta IPOTEO-
JITHYHI MIKPOOPTaHI3MHU.

IyxpomitTruni Mikpooprasizmu (6idigobakTepii, JTaKTOOAINIHN, JTAKTOKOKH,
npomnioHi0aKkTepii Ta iHII) CIPSIMOBYIOTH CBiif MeTaboIi3M Ha (epMEHTAILIIIO BYT-
JIEBOIB, IO HA/IXOMATH B OPTaHi3M 3 1Kero, 1 ONMIrOyKpUIiB Clu3y (MYLUHIB), 110
CHHTE3YIOThCSI KEJIMXOTONIOHIMH €T TeTIOUTaMH KUIIEYHUKA. 3a JIITepaTypHUMU
JTaHUMU pedepeHC-TIOKa3HUKN QeKalbHOTO OlonTaTy MonuHu 1 Bifidobacterium
cranoByATh 10°—102 KYO/T, Lactobacillus — 10’-10'° KYO/r, Propionibacterium
—107-10" KYO/r [1]. 3a pe3yabpraraMmy HaIUX JOCIIIKSHb KUTbKICTh aHACPOOHHX
LYKPOJIITHYHUX MIKpOOpraHi3miB B 1 T (pekariii mypis € Ha 1—2 MOpsAKU HIDKYOIO B
MOPIBHSHHI 3 HOPMOO10TORO JMouHH (Tad1. 1). Tak, KIIBKICTh MIKPOOPTaHi3MiB POy
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Bifidobacterium BuciBanace B mexax 10-10° KYO/r, Propionibacterium — 10°-10°
KYO/r, Lactobacillus — 10°~108 KYO/r ¢ekanproro 6ionrary. [Ipu ipomy nepeax-
Ha Oinburicts TBapuH (71,4%) Mana cepeaHi 3HaUe€HHS KUTBKOCTI IIyKPOJITHYHHX
aHaepoOHMX MpencTaBHUKIB Ha | T 6iontary: Bifidobacterium —1g 8,5 + 0,5 KYO/r,
Lactobacillus —1g 7,5 + 0,5 KYO/r, Propionibacterium —1g 8,2+ 0,7 KYO/r (Tabmn. 2).

Tabmums 1
Pedepenc-gianazonu KiibKicHUX MOKa3HUKIB HOpMOOioTH exadiii
Table 1
Reference ranges for quantitative characteristics of faeces normobiota
Mi . KiabkicTs Mmikpoopra- | KinbkicTs Mikpoopranis-
1KpoOpranisMu Hi3miB y mypis, KYO/r | miB y snoquan, KYO/r [11]
Bifidobacterium 106 —10° 10° - 10"
Lactobacillus 106—10° 107 - 10
Propionibacterium 10°-10° 107 - 10"
E. coli 10°— 107 10°— 108
3 HOpMaIbHUMH (HhePMEHTATUB BII-MH
E. colr 102 — 103 He Ginsme 10 %
31 3MiHEHUMH (hepPMEHTATUBHUMH BII-MH
‘YMOBHO-TIaTOTeHHI eHTepobaKTepil 0-10° 0-10°
Staphylococcus aureus 10 -10° 103 -10°
Staphylococcus sp. 0-107 -
Clostridium sp. 10 -10* 102 -10°
Candida sp. 0-10° 102-10¢

BinMminHOCTI, y TIOpiBHSHHI 3 (heKaTbHOI MIKpOOIOTO KUIICYHHUKA JTFOIUHH,
BHSIBJICHI 111010 KUTbKICHOTO CHIBBIHOLIECHHS E. coli 3 HOpMaJIbHUMU Ta 3MiHCHUMU
(epMEHTAaTUBHIUMH BIACTHBOCTIMHU. « E. coli 31 3MiHEHMMH ()epMEHTATUBHUMH BJac-
TUBOCTSIMI» — KHIITKOBI MTAJTMYKH 31 3HUKEHOIO 3/IaTHICTIO )EPMEHTYBATH JIAKTO3Y Ta
JaKkTo30-HeratuBHI hopmu. [Tpu omiHIN MIKPOOHOTO Mel3aKy 010TH TOBCTOT KHIITKH
st E. coli oniHIOETBCS 3MaTHICTH (DEPMEHTYBATH JIAKTO3Y, 3aralbHONPUHHITHM €
MOXIIUBICTh 00’ €JHYBaTH B TEPMiH «... 31 3MiHEHUMH ()EPMEHTATUBHUMHU BIIACTH-
BOCTI» Taki ()OpMH, sIKi 30BCiM 200 YaCTKOBO BTPATHIIU 3JAaTHICTH 10 (pepMeHTarii
JIAKTO3H.

Skio s HOpMOOIOTH JTFOMUHU KUTBKICTh E. coli 31 3MiHeHUMU (hepMeHTa-
TUBHUMH BIIACTHBOCTSAMH He mepeBuirye 10% Bix 3aranbHOT KITBKOCTI KAIIKOBUX
nanuyok [11], To A urypiB XapakTEpHUM € Maike piBHE iX CIIBBITHOIICHHs. Tak
y OLIIBIIOCTI TBAPUH 3HAUEHHS TS E. coli 3 HopMalbHUME (pepMEHTATUBHUMHU BIIAC-
TUBOCTIMU Oynmu B Mexax Ig 4,5 + 0,5 KYO/T, a 31 sminennmu g 3,2 + 0,8 KYO/r.
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Ta0mmi 2

BunoBuii Ta kinbkicanii (M+m) ckiax HopMoOioTn gexanabHoOro dionrary
TOBCTOI KHIIKHU 1ypiB (n=21)

Table 2
Species and quantitative composition (M+m) of normobiota
of rats fecal biopsy colon (n=21)
KiabkicTs Mikpoopranismis, Ig KYO/r
(4ucJio TBapuH, %)
Mikpoopranizmu — - - -
MIHIMAJIbHI1 cepeaHl MaKCUMaJIbHI1
SHAYCHHS SHAYCHHSA SHAYCHHSA

Bifidobacterium 6,8 +0,1(14,3) 8,5+0,5(71,4) 9,0 +0,3 (14,3)
Lactobacillus 6,5+ 0,4 (19,0) 7,5+ 0,5 (66,7) 8,5+0,1(14,3)

Propionibacterium

5,5+0,2(14,3)

8,2+0,7(71,4)

9,2+0,1(14,3)

E. coli
3 HOPMAJIbHUMH (DEPMEHTATUB-
HHUMH BJIACTUBOCTIMU

3,9+0,1(9,5)

4,54+0,5(76,2)

6,8 +0,2 (14.,3)

E. coli
31 3MiHEHIMH (pepPMEHTATUBHH-
MH BJIaCTHBOCTSIMH

1,7+ 0,4 (14,3)

3,2+0,8(57,1)

4,7+ 0,3 (28,6)

YMOBHO-NTATOTEHHI CHTEPO-
Oakrepil

0,0 +0,0 (14,3)

2,4+0,3 (47,6)

3,0+0,2 (38,1)

Staphylococcus aureus

2,0+0,1(9,5)

3,5+0,3 (47,6)

4,5+0,2(42,8)

Staphylococcus sp.

0,0 + 0,0 (23,8)

4,5+ 0,8 (61,9)

6,6+ 0,2 (14,3)

Clostridium sp.

1,8 +0,2 (9,5)

2,0 +0,1(61,9)

3,0+ 0,6 (28,6)

Candida sp.

0,0 +0,0 (14,3)

1,8 +0,3(57,1)

2,8 +0,2 (28,6)

VY (exkanmisx mypiB BUSBISIIN yMOBHO-TIaToreHH1 6akrepii (Citrobacter, Klebsi-
ella, Enterobacter Ta in.), ipote iX KUIbKiCTb He niepeBuinyBaia 10° KYO/r. Cepenni
MMOKa3HUKH BUCIBaHHS 3a3HAYCHUX MPEACTaBHUKIB, cTraHoBWM Ig 2,4 + 0,3 KYO/T.

ITpu imentudikamii 6akrepi pony Staphylococcus KinbKiCTh canpodiTHUX
npeacraBHukiB gocsrana 107 KYO/T, a KUIBbKICTh MPEACTaBHUKIB BUAY S. aureus
koiuBasachk B Mexax 10°—10° KYO/r. [eMoniTHYHUX [ITaMiB HE BUSBIISIIH.

[IpencraBaukiB poxy Clostridium BITHOCITH 10 YMOBHO-TIATOTEHHUX OaKTe-
pii, a C. difficili BBaxaioTh oJHUM 3 (aKTOPIB PO3BUTKY TICEBIOMEMOPAHO3HOTO
koJiTy [8]. 3 iHImOro OOKy 3’SIBISIETHCS BCE OUTbINA KiTBKICTh IMOBIOMIICHB PO
HeoOXiTHICTh 1X MPHUCYTHOCTI y CKJIaji 6i0TONy ITyHKOBO-KHIIKOBOTO TPAKTY. 1X
MO3UTUBHY POIIb TIOB’SI3YIOTh 3 THM, 1[0 BOHH € HAWOUIBII aKTHBHUMU IIPOIYIICH-
TaMu OyTUpary (MacisiHa KUCIIOTa), SKUH € HAMKPAITUM €HEPreTHIHUM CyOCTpaToM
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JUTS KJTITHH €TITEI0 TOBCTOI KHIIKK Ta BiJIITPpa€e CYTTEBY POJIb B iX mposmidepartii i
mudepenmiarnii [9, 10]. B mammx nocnimkeHHsx npeactaBauku poxny Clostridium
BuciBanuck y 100% TtBapuH, a Mexi ix BuciBanus Oynu Big lg 1,8 + 0,2 KYO/r no
1g 3,0 + 0,6 KYO/r (Tabm. 2).

I'pubu pony Candida BuciBanuce y 85,7% nocniaKyBaHUX TBApHH, a iX TUTPU
He nepesuinysanu 10° KYO/T.

dekanbHy MiKpOO10TY HE MOYKHA BBaYKATH SIK TAKy, 110 TOBHOIIIHHO BiTo0paxae
MIKpOOHHMIA Meii3ax cIM30BO1 000IOHKM TOBCTOI KUIKK. [IprcTinkoBa MikpobioTa
OuTbII cTabimbHA 1 (i310JI0TIYHA, TAaK SK MIIJTFHO 3B’SA3aHA 3 MYIIMHOBHM IIIaPOM
c30B01 000710HKH. BOHA icHY€ y BUIIISIII MIKPOKOJIOHIH 1y (i310JI0TITYHOMY, CTPYK-
TypHOMY 1 QyHKIIIOHATPHOMY BiJHOIIIECHHI € HEB1J]' €MHUM KOMITOHEHTOM IIPHUETIITe-
JianpbHUX O10J0T1YHO aKTUBHUX IUTIBOK. 32 HOpMaJbHUX YMOB BOHA MPECTAaBICHA
JIOMIHAaHTHUMH MIKpOOpraHi3MaMmu, skl B CUHEpri3Mi 3 1HIIMMHU KOMIIOHEHTaMHU
OiorutiBoK (iMyHOTIIOOY/TiHAMY, IMyHHHUMH KIIITHHAMH, (DePMEHTaMH, MOJIicaXxapH-
JIaMH, Ta 1H.) BUKOHY€E HaWO1IbII 3HaYMMi pizionoriuni pyHkii. OTxe MPUCTIHKOBA
MiKpO0i0Ta ISt MaKpOOPTaHi3My € HaHOLIbII IIIHHOIO YaCTUHOIO MiKPOO10TH, 3MiHU
SIKOT HaMOIIBII CYTTEBO B1IOOPaXKarOTHCS HA BCIX MpOIEcax, MO BigOyBalOThCS Y
Makpoopranizmi [ 10,12]. Tomy HacTymTHIM eTarom Haioi poOoTH OYIT0 0 CITiIKSHHS
KUTBKICHOTO Ta SIKICHOTO CKJIQJy MPUCTIHKOBOT O10TUTIBKM TOBCTOT KUIIIKK YMOBHO-
310pOBUX IIypiB (Tabm. 3).

Ha BinMinHy Bij| pekanabHOro 6ionTary B IPUCTIHKOBOMY He OyJI0 BUSIBJIEHO Npe/-
craBHUKIB poaiB Clostridium ta Candida. AnaepoOHi yKpomiTH4Hi 6akTepii poiB
Bifidobacterium, Lactobacillus, Propionibacterium BuciBamuch y 100% TBapuH.
Taxk Bifidobacterium ta Propionibacterium BuciBamuichk B Mexax 10°—10° KYO/cm?,
a Lactobacillus — 10-10*KYO/cm?.

Jlakro3ono3utuBHi E. coli ne BuciBanucs y 14,3% TtBapun, a'y 71,4% ix Kijb-
KicTh ctanoBmia Ig 1,7 + 0,2 KYO/em?,

B enireniansHOoMy 6ionTaTi yMOBHO-IIaToreHH1 OakTepii BUcisiHo y 14,3% TBapuH
y tatpi Ig 1,4 + 0,3 KYO/cm?.

[IpencraBuuku Buny Staphylococcus aureus BuciBanuch y 28,6% TBapuH B
kinpkocti Ig 1,9 + 0,4 KYO/cm?, a Tutp canpoditHux cTadinokoki qocsras lg 2,7
+ 0,1 KYO/cm? (28,6% TBapuH).

3a aHamizy cTaHy MiKpoOiOIIeHO3y MUTYHKOBO-KHIITKOBOTO TPAKTY TPAIUIIIHHO
BPaxXOBYIOTh JIMIIIE 3MiHH, IO BiIOYBAIOTHCS y TOBCTIH KilllIi, 1 MPAaKTUYHO HIKOJIU
He OepeThCs 10 yBaru Mikpo0ioTa TOHKOT KMIITKH, 3MIHH SIKO1 (TIEpIIT 3a BCE ITi/IBU-
IIeHHs1 0aKTepiaJbHOrO OOCIMEHIHHS TOHKOI KHIIKH) BIIIIPalOTh CyTTEBY POJIb B
MaToJorii TpaBHOTO Tpakty [13].

Mixkpobiora, o Oyna BUALJICHa HAMH 3 IPUCTIHKOBOTO 010MTATy AUCTAIBHOTO
BiJIUTY TOHKOI KAIIIKU MaiKe HE BIIPI3HSIACH BiJ TaKOi TOBCTOI KUIIKH (Tabm. 4).
OcHoBHY ii Macy cKJaiaiay MpeaCcTaBHUKN aHAEPOOHUX IYKPONITUYHUX OaKTEpii.
B TonKi#i kuIi 30BCiM He OyJ10 BUSIBJICHO YMOBHO-TTATOTEHHUX OaKTEPiid, KIIOCTPH-
niit Ta rpu6iB pony Candida.
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Taomus 3

BunoBuii Ta kinskicanii (M+m) ckiax HOpMoOioTH MPUCTIHKOBOTO dionmTaTy

TOBCTOI KHIIKH 1IypiB (n = 21)

Table 3
Species and quantitative composition (Mzm) of normobiota
of wall surface biopsy of rats colon (n =21)
KinbkicTh Mikpooprauizmis, Ig KYO/cm?
. . (4ucii0 TBApuH, %) Pe.q)epenc-
Mikpoopraunizmu __ N - N niama3on
MIHIMAJIbH1 cepeaHl MaKCHUMAaAJIbH1 (KYO/CMZ)
3HAYECHHSA 3HAYEeHHHA 3HAYEeHHHA
Bifidobacterium 2,7+0,3(14,3) | 4,0+0,3(42,8)| 5,7+0,1(42,8) | 10°—10°
Lactobacillus 2,0+0,9(14,3) |3,0+0,2(28,6) | 3,6+0,4(57,1) | 10>°-10*
Propionibacterium 29+0,1(14,3) |42+0,7(57,1) | 5,7+0,4(28,6) | 10°—10°
E. coli
3 HOPMAILHUMH BCD- | 4 (0 (143) | 17403 (71.4) | 3.0+0.5(143) | 0—10°
MEHTATHBHUMH BJIACTH-
BOCTSIMH
E. coli
31 SMIHEHMMH DEpMER- | 1 6 98 6y | 07102 (57.1) | 1.6+ 0.3 (143) | 0— 102
TATUBHUMH BIACTHBOC-
TIMA
‘YMOBHO-IIATOTCHHI -
+ + —102
eHrepobaKTepii 0.0£0,0(71,4) (0,0) 1,4£03(28,6) | 0-10
Staphylococcus aureus 0,0+0,0(71,4) (0-0) 1,9+ 0,4 (28,6) 0-10?
itfdl;fy lococcus epider- | 6 4 0.0(57.1) | 0.7+0428.6) | 27401 (143) | 0-10°
Clostridium sp. 0,0 + 0,0 (100,0) 0.0) 0.0) 0
. + - =
Candida sp. 0,0+ 0,0 (100,0) 0.0) 0.0) 0

[IpumiTka: «-» — MOKa3HUKH B JJAHOMY Jiara3oHi BiICYTHI

Note: «-» — indices in given range are absent

BusiBnenuii B ocranHi poku (pyHAaMeHTanbHUH (pakT 0OMiIHY HU3bKOMOJIEKYJISP-
HUMH METa00IITaMU MK 1HIUTEHHOIO MIKpPOO10TOIO 1 MAKpOOPraHi3MOM MOCTYTYBaB
OCHOBOIO JIJIsl CTBOPEHHSI PUHIIMIIOBO HOBUX METO/IIB OLIIHKU CTaHy MIKPOO10LIEHO3Y
Ta y4yacTi il MeTaboJIiTiB y 3a0€3MeUeHH]1 JIOKATbHUX 1 CACTEMHHUX (PYHKIIIH MaKpOOp-
rasizmy. BctanoBineHo, 1o 10 MeTaboITIB, BIANOBIAAIBHUX 3a €Hepro3ade3neyeHHs
eMITeNII0, IOCTauYaHHsI CyOCTpPATIB JIINO- 1 [TIIOKOHEOreHe3y, MIATPUMaHHs 10HHOTO
0OMiHY, aKTHBallil MiCLIEBOTO IMYHITETY, peryJsisiii Ta Au(epeHLF0BaHHS eNiTelIiIo,
touio, BiHOCATh KJIKK, siki npoayKyOThCsl MIKpOOpraHi3MaMU TOBCTOI KHUILKH.
Busuenns KJDKK npu naronorii KT mae Oi1b11 BUCOKY 4y TJIUBICTS 1 crienugiy-
HICTb y TIOPIBHSHHI 3 TPAIULITHUM OAaKTEp10JIOTTYHUM JIOCIII/PKEHHSIM Ta J03BOJIsLE
PO3IISHYTU CTaH MIKpOO1OLIEHO3Y HAa MOJIEKYJIIpHO-010XIMIYHOMY piBHI. [4, 14].
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Taomuus 4

BunoBuii Ta kinbkicauii (M+m) ckiaaa HopMoGioTH NpUCTIHKOBOrO HionTaTy
TOHKOI KHIIKH JadopaTopHux mypis (n = 21)

Table 4
Species and quantitative composition (M+m) of normobiota
of wall surface biopsy of laboratory rats colon (n = 21)
KinbkicTs Mikpoopranismis, Ig KYO/cm?
. . (ameio TBapuH, %) Pe'q)epenc-
Mikpooprauizmu — - - - nianma3oHn
MIHIMAJIbH1 cepeHl MaKCHUMAaJbHI1 (KYO/CMZ)
3HAYECHHHA 3HAYECHHSHA SHAYCHHHA
Bifidobacterium 4,0+0,3(21,4) |53+0,3(78,6)| 6,0+0,1(7,1) 10— 10°
Lactobacillus 4,04+0,3(36,4) |5,0+0,3(45,4)| 6,2+0,1(18,0) 10*—10°
Propionibacterium 3,1+£0,2(33,3) [40+0,1(11,1)| 5,0+0,1(55,6) 103 -10°
E.coli
3 HOPMATBHIMH QCP-1 4 571y 12,7403 (28,6) | 5.0+0,7(143) | 0— 10°
MEHTAaTUBHUMH BIIACTH-
BOCTSIMH
E.coli
31 3MIHCHUMH EPMEH- | ) (4 () ) 7 4 - 2,7+04(28,6) | 0-10°
TaTUBHUMH BIIACTHBOC- (0,0)
TSIMA
YMOBHO-NIATOTE€HHI €H- - -
+
Tepobakrepii 0,040.0 (100,0) (0,0) (0,0) 0
Staphylococcus aureus | 0,0 + 0,0 (85,7) (0_0) 3,3+0,5(14,3) 0-10*
fn’lf‘ﬁfy lococcus epider-| 1 (0 (57.1) [ 2,0+ 0,1 (14.3)| 49402 (28,6) |  0—10°
. . + = =
Clostridium sp. 0,0 +0,0 (100,0) (0.0) 0.0) 0
. + = =
Candida sp. 0,0 + 0,0 (100,0) (0.0) 0.0) 0

[TpumiTKa: «-» — TBApUHMU 3 IOKA3HUKAMH B JAHOMY Jiana3oHi BiJICyTHI
Note: «-» — animals with characteristics in given range are absent

Hamu noxazano, mo ckian KIDKK dekaniit mypiB moaiOHui 10 Takoro y
monuuH [ 15], 1 Mictuth: orrroBy (C2), mpomioHosy (C3), macisiny Ta i3omacisay (C4,
1C4), BanepiaHoBy Ta 130BasiepiaHoOBY (C5, 1C5), a Tako)K KalIpOHOBY Ta 130KalIPOHOBY
(C6,1C6) xkucnoru. Haiibiib11a KiIbKICTh, TAK caMo fK 1y Jitoauna# [ 15], npunanana
Ha ouroBy kuciaoty (0,211-0,923 mMr/r), A€o MEHIIOW € KUIbKICTh MPOMIOHOBOT

(0,159—-0,897 mr/r) Ta macnsaoi (0,071-0,633 mMr/r) kucior (Tadi. 5)

VY npouentHomy criBBigHOomeHHI ckiaj 3a3HadeHux KJDKK (C2:C3:C4) nna
Jopocoi oauHu aopiBHIoe 63,6 : 19,2 : 17,2% [7]. B Hammx qociiKeHHsX,
JUTst 1y piB JiiHii Bictap Bin ctanoBuB 41,9 : 32,2 : 20,9 %. Inmi KJDKK (CS5, C6),
AQHAJIOTIYHO /71 JitozieH [4], IpUCYTHI y ClIIJOBUX KUIBKOCTSX.
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Kopensmiitanii aHaai3 He BUSIBUB YITKOT 3aKOHOMIPHOCTI MiX CKJIaJI0M
¢dexanpHOT HOpMOOioTn Ta BMicToM KJDKK. Tomy, st 611kl peanbHOI OMIHKA
KapTUHU CTaHy MiKpOOIOTH KHUIIIKOBOTO TPAKTY KIIHIIUCTH MMPOITOHYIOTh KOMITIICKCHE
BUKOPHCTAHHS METOJIIB OIIIHKU MTOKa3HUKIB MIKpOOHOTO roMeocTa3y (KJIaCHIHOTO
OaKTepioOTIYHOTO Ta cydacHoro OioximMiunoro — BusHaueHHs KJDKK) [4]. Ha nanry
JTYMKY BOHH € B3a€MOJIONIOBHIOIOUMMH, 2 HE BUKITFOYAF0UUMU OJTUH OHOTO.

Tabmuus 5
BMmicT KOPOTKO-TAHUIOTOBHX KMPHUX KUCJIOT (MI/T)
y dekanbHOMYy OionTaTi IypiB Ta JIOIUHU
Table 5
Contents of short-chain fatty acids (mg/g) in rats and humans fecal biopsy
Buaacui pocaimkenns (mypu) JliteparypHni Binomocri [15]
KupHi kucjaorn M+m Pedeperc- llypn Jhom
n=31 Aianazon M+m Pedepenc- M+m
- AianasoH -
OnroBa 0,455+ 0,170 |0,211-0,923 | 2,818+ 0,720 | 1,523-3,587 | 0,634+ 0,004

I[Tpomionosa 0,374+ 0,164 | 0,159-0,897 | 0,268+ 0,073 | 0,145- 0,364 | 0,189+ 0,001

MacisHa 0,252+ 0,132 |0,071-0,633 | 1,387+ 0,613 | 0,286-0,155 | 0,176+ 0,004

Banep’siHoBa 0,021+ 0,019 | 0,008-0,035 | 0,053+ 0,022 | 0,022-0,092 -

[30-Banep’stHoBa| 0,018+ 0,162 | 0,005-0,030 | 0,041+ 0,017 | 0,018-0,062 -

[IpumiTka: «-» — He 3a3HAYCHO
Note: «-» — are absent

TakuMm YMHOM, HE 3Ba)KaI0YH Ha Te, 110 IIyPiB HE MOYKHA BBAYKATH I1LIIKOM aJIeK-
BaTHOIO MOJICJUTIO OpTaHi3My JIIOMWHU Y 3B 3Ky 3 BIIMIHHOCTSIMHU Y aHAaTOMIYHIH
oynoi [LIKT i ocobmuBocTsiMu dizionorii (kpuca € kormpodarom), poTe 3HAHHS PO
BiIMIHHOCTI KUTbKICHUX Ta (DyHKITIOHATPHUX TIOKa3HUKIB MIKPOOI1OTH JIAOOPATOPHHUX
IIypiB Ta JTIOIWHU MOKYTh OYTH BUKOPUCTAHI TS OJQTBIITNX JOCIIHKCHD BIUTHBY
pizHOMaHITHUX (haKTOpiB Ha Mikpoekooriaauii craryc LITKT.

BucnoBku: [l nypiB minil Bictap Bu3Ha4eHO pedepeHc-1iana3oHu OCHOBHUX
TPyI MiKpOOpraHi3miB ()eKaIbHOTO Oi0TITaTy, SIKi BpaXOBYIOTh ITPH OITIHIT CTaHy HOP-
MOOI0TH KHIIIEUHUKA JTFOAWHA. Briepie Bu3HaueHo pedepeHc-aiana3onn MikpoOioTn
MIPHUCTIHKOBOTO 0i0MTaTy TOBCTOI Ta TOHKOI KUIIOK 11ypiB. OcHoBHUME KJDKK, siki
BUSIBIISIIOTHCA Yy (hekampbHOMY OiomnTaTi 1mypis, € ourosa (C2), mpomionosa (C3) Ta
macisiaa (C4) kucnoru. Ix cnipigHomenns cranoputs (C2:C3:C4) 41,9:32,2:20,9%.
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KOJMYECTBEHHBIE 1 ®YHKIIMOHAJIBHBIE ITOKA3ATEJIN
KHUIIEYHOM HOPMOBHOTHI KPBIC

Pedepar

ILens. Llenvro dannoii pabomul 6bi10 onpedenums peghepernc-0uanazoHvl MUKpooUo-
Jlo2uyecKUx nokasamenell eKanbHo20 U RPUCMEHOYHO20 KulleyHo2o buomona 1aoo-
PAMOPHBIX KPLLC U NPOBECIU CPAGHUMENbHBII AHAU3Z C CYUWECTBYIOWUMU OAHHBIMU
onA nokasameneti yenogexa. Memoowt. Muxpobuonoeuueckuii ananus ¢exanuii (KOE/2)
u npucmenounozo (KOE/cm?) 6uomona kpvic camyos aunuu Bucmap (170-200 2,
n =31) ocywecmenusu nymem 6vbiceéa COOMEemcmeayIowux pazee0eHull Ha 21eKmueHble-
oughepenyuanvhuie cpedsl, CHeKmp u KOHYEHMPAYUIO KOPOMKO-YENOUEUHBIX HCUPHBIX
xkucrom ( KIDKK) onpedensinu memooom eazo-scuokocmuou xpomamoepaghuu. Pe3yns-
mamul. B ghexanusx kpvic konuuecmeo mukpoopeanuzmog pooa Bifidobacterium svice-
sanuce 6 npedenax 10°—10° KOE/2, Propionibacterium — 10°—10° KOE/e, Lactobacillus —
10°—10° KOE/2. Yemanosneno noumu pasnoe coomnowenue medxcoy E. coli ¢ nop-
manvuvivu (10°—107 KOE/2 ) u usmenennvimu (10°—10° KOE/2) pepmenmamugnvimu
ceoticmeamu. Konuuecmeo ycnosuno-namoeenuvix 6akmepuii (Citrobacter, Klebsiella,
Enterobacter u dp.) ne npesviwana 10° KOE/2, Clostridium sp. — 10°—10* KOE/e,
canpogumuvix npedcmasumenetl pooa Staphylococcus — 0—107 KOE/z2, S. aureus —
10°~10° KOE/2, 2pubwbi pooa Candida — 0—10° KOE/e. I'emonumuueckux wimammos ne
sbla6AIU. B npucmenounom buonmame moacmou u mepmMuHaibHoM omoeiie MmOHKOU
KUK KpbIC He Obl10 00Hapyscerno npedcmasumeneti pooos Clostridium u Candida.
Anaspobuvie caxaponumuueckue baxmepuu pooos Bifidobacterium (10°—10° KOE/cw?),
Lactobacillus (10°—10° KOE/cm?), Propionibacterium (10°—10° KOE/cm?) svicesanuce
v 100% orcusomnuix. Cocmas KLPKK pexanuii kpvic noooben maxkosomy y ueniosexa,
u cooeporcum. ykcycuyro (C2), nponuonosyro (C3), macaanyio u uzomacaanyio (C4,
iC4), sanepwvanosyio u usosanrepuanosyro (C3, iC5), a maxoice KanpoHO8YI0 u U30-
xkanponogyto (C6, iC6 ) kucromul. Beteoowt. /[ns kpuvic aunuu Bucmap onpedenerul
peghepenc-ouanasonvl OCHOGHLIX SPYNI MUKPOOP2AHUSMOE (PeKaibHo20 buonmama,
Komopbule y4umul8aiom npu OyeHke cOCMOAHUSL HOPMOOUOMbL KUUEYHUKA Yell08eKd.
Bnepesvie onpedenenvt peghepenm ouanazoHvl MUKpOOUOMbI NPUCMEHOUHO20 OUO-
nmama moncmotu u mouxoui kuutok kpvic. Coomnowenue KIDKK 6 ¢exanusax kpvic
sunuu Bucmap (C2: C3: C4) cocmagnsem 41,9: 32,2: 20,9%.

Knioueswvie cnosa: nopmobuoma, pepepenc-ouanasom, KOpomrko-yenoueunble HCupHvle
KUCIOMbl, MOHKASA KUWKA, MOJLCMAsL KUWKA.
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KUIbKICHI TA ®YHKIIOHAJIbHI TOKA3HUKU KUIIIKOBOT HOPMOBIOTH 11IYPIB
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L.V. Zakordonets®, L.I. Ostapchenko', G.M. Tolstanova!'

Kyiv National Taras Shevchenko University, Educational and Scientific Center “Institute of Biology”,
64/13 Volodymyrska str., Kyiv, 03022, Ukraine
D.K. Zabolotny Institute of Microbiology and Virology of NASU,
154, akad. Zabolotny str., Kyiv, MSP, D 03680, Ukraine
Bogomolets National Medical University, 13, Bulvar Shevchenko, Kyiv, 01601, Ukraine

QUANTITATIVE AND FUNCTIONAL CHARACTERISTICS OF RAT
INTESTINAL MICROBIOTA

Summary

Aim. The aim of this study was to determine reference ranges of microbiological
parameters of laboratory rats faecal and parietal intestinal biotope and a comparative
analysis of existing data for the human indicators. Methods. Study was done on male
Wistar rats (170-200 g, n=31). The fecal (CFU/g) and parietal (CFU/cm?) microbiota
have been analyzed by bacteriological culture methods, levels of SCFA — by gas chro-
matography. Results. Rat feces contained 10°—10° CFU/g, Bifidobacterium sp. 10°—10°
CFU/g, Propionibacterium sp. 10°—10° CFU/g and Lactobacillus 10°—-10° CFU/g. There
were determined almost equal ratio between lactose (+) E. coli (10°~10" CFU/g) and
lactose (-) E. coli (10°>~10° CFU/g ). Quantity of conditionally-pathogenic bacteria
(Citrobacter, Klebsiella, Enterobacter, etc.) did not exceed 10° CFU/g, Clostridium
sp. — 10°~10? CFU/g, Staphylococcus sp. — 0—10’ CFU/g, S. aureus — 10°~10° CFU/g,
Candida spp. — 0—-10° CFU/g. Hemolytics trains were not detected. Mucosa of the
colon andthe terminalileum was not colonized by Clostridium spp. and Candida spp.
But 100% of investigated animals were colonized with Bifidobacterium (10°—10° CFU/
cem?), Lactobacillus (10°—10° CFU/cm?), Propionibacterium (10°—10° CFU/cm?). The
composition of rat’s SCFU in faeces is similar to human's and contains: acetic (C2),
propionic (C3), butyric and isobutyric (C4 iS4) valeric and isovaleric (C5 iC5) hexanoic
and isocaproic (C6 iC6) acids. Conclusion. Wistar rats were determined with reference
ranges of major groups of microorganisms fecal biopsy, which are taken into account
when assessing the state of human intestinal normobioty. For the first time reference
ranges of rats colon and small intestine parietal microbiota biopsy are defined. The
ratio of SCFA of Wistar rats feces (C2: C3: C4) is 41.9: 32.2: 20.9%.

Key words: normobiota, reference-range, short chain fatty acids, small intestine, colon.
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IHO®OPMALINHE MNOBIAOMJIEHHS /151 ABTOPIB

Hayrosuil sorcypnan « Mikpobionoeis i 6iomexnonoziay zanpoutye Bac 0o cnisn-
payi 3 NUMAaHs BUCEIMIEHHS Pe3YIbMamie HaAyKosux 00CIIi0NCeHb V 2any3i MIKpO-
bionoeii i biomexnonoelii.

IIporpamui nisii BUZaHHSA: BUCBITIIEHHS PE3YyNbTaTiB HAyKOBUX JOCIIKEHb
y Tairy3i Mikpo0ioJorii Ta 610TeXHOJI0T1i, 00’ €KTaMH SKUX € MPoKapioTHi (6akTepii,
apxeOakrepii) Ta eykapioTHI (MIKPOCKOIIYHI TpUOU, MIKPOCKOITIYH1 BOJOPOCTI, Hal-
MIPOCTIIIIi) MIKPOOPTaHi3MH, BIpyCH.

TemaTH4Ha CIPAMOBAHICTB: MiKpOO10JI0Tisl, BIpyCOJIOTis, IMyHOJIOTis, MOJIe-
KyJIsIpHA O10TEXHOJIOTIS,, CTBOPEHHS Ta CEJIEKI[isl HOBUX LITAMIB MIKPOOPIaHI3MIB,
MIKpOOHI mpernapaTH, aHTUMIKpOOHi 3aco0H, 010CEHCOPH, TIarHOCTUKYMH, MIKpO-
OHI TEXHOJIOTIi B CUTCHKOMY TOCITOJIaPCTB1, MIKPOOHI TEXHOJIOTI{ y XapuoBiii Mpo-
MHCJIOBOCTI; 3aXHCT Ta O30POBJICHHS HABKOJIUIIHBOTO CEPEIOBHUINA; OTPUMAHHS
€HEepProHOCIiB Ta HOBUX MarepialiB TOMIO.

MoBa (MoBM) BHAaHHSI: YKpaiHCbKa, POCiiChKa, aHTIIIHChHKA.

PyOpukn xypHaiy: «Oms10B1 Ta TEOPETUYHI CTaTT», « EKkcriepuMeHTalIbHI Ipa-
i», «Jluckycii», « KopoTki OBiIOMIICHHS», «XPOHIKa HAYKOBOTO KUTTs», « CTOPIHKK
icropii», «tOBinei 1 marny», «Penensii», «KHmKKOBa OTHUIISD).

Jlo cTarTi 10Aa€ThCsl PEKOMEH/Iallisl yCTaHOB, OpraHi3alliil, y SIKNX BUKOHYBaJIacs
po0oTa, 3a miIMUCcOM KepiBHUKA Ta MIChbMOBA 3r0/1a KEPIBHUKIB YCTAaHOB, OpraHi3a-
1iH, /1€ IPAIIOIOTh CIiBaBTOPH.

Bumoru 10 opopmiieHHs cTaTei, AKi MOAAIOTHCS 10 PeJaKIil :KypHaIy:

Crartst Ma€ BIAMOBIIATH TEMAaTUYHOMY CIPSIMYBaHHIO JKypHAIy i, BIATOBIA-
HO 70 1. 3 [locranoBu BAK VYkpainu Big 15.01.2003 p. Ne7-05/1, Brirouaru Taxi
CTPYKTYpHI €JIEMEHTH: TIOCTaHOBKA MPOOJIEMH y 3arajbHOMY BHUIVISLI Ta ii 3B’ 530K
13 BOXXJIMBUMHU HAYKOBHUMH UM MPAKTUYHUMHU 3aBIaHHSIMH; aHaJ3 OCTaHHIX JIOCIi-
JOKEHB 1 ImyOsiKaIliid, B IKMX 3all09aTKOBAHO BUPIMIEHHS JTaHOT MPOOJIeMH 1 Ha sIKi
OIIUPAETHCS aBTOP; BUOKPEMJICHHS paHillle He BUPIMIEHUX YaCTHH 3arajbHOi Mpo-
07eMH, KOTPUM TMPUCBIUYETHCS CTATTS; GOPMYITIOBaHHS IiJIel cTaTTi (MOCTaHOBKA
3aBJIaHHs ); BUKJIAJ OCHOBHOTO Marepiary JOCIIHKEHHS 3 TOBHUM OOTPYyHTYBaHHSIM
HayKOBHUX PE3yJIbTaTiB; BUCHOBKH 3 ITAHOTO AOCIIKEHHS 1 IEPCIEKTHBY MOAANBIINX
MOIIYKIB Y JaHOMY HaIpPsIMI.

o npyky npuiiMaroThcs cTaTTi (2 MPUMIPHUKH) 00CSITOM HE OUIbIIEe 8 CTOPIHOK
(3 ypaxyBaHHSM PUCYHKIB, TAaOIMLIb 1 MIANUCIB 10 HUX, aHOTallli, pedepary, CIHCKY
JiTeparypm), o — 10 15 ctop., perensii — 10 3 cTop., KOPOTKi MOBIIOMICHHS —
110 2 cTop.

Jo pykomnucy 1ofaaeThCs eNeKTPOHHUM BapiaHT cTaTTi (30epekeHui y JOKYMEHT1
Word 97-2003 (*.doc) Ha nuckosi (mpudt Times New Roman, kernb 14, inTepBain
aBTOMaTHYHUH, He Oibie 30 psAKiB HA CTOPIHIIL, ITOJIA IO 2 CM).
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IH®OPMALIMHE [TOBIJIOMJIEHHS J1JI51 ABTOPIB

Ipu HanucaHHi cTaTTi HEOOXITHO JOTPUMYBATUCH TAKOIO IJIAHY:

— inpexc Y/IK y miBoMy BEpXHBOMY KyTKY MEPIIOTrO apKyIla;

— TMpi3BHIIA Ta iHiliaau aBropa (aBTOPIB) MOBOIO OpHTiHAIY, Micle poOOTH
KOYKHOTO aBTOpA; MOBHA MOIITOBA a{peca YCTAaHOBH (32 MDXKHAPOJHUMHU CTAaH/IapTa-
Mu); TenedoH, enekTpoHHa aapeca (e-mail). [IpizBuiia aBTOpiB Ta Ha3BU YCTAHOB,
Jie BOHU TIPAIIOIOTh, TO3HAYAIOTh OJTHUM 1 THM CAMHM ITU(PPOBUM 1HIEKCOM (BTOpi);

— Ha3Ba CTaTTi BeJIMKUMH JITEPAMU;

— aHOTaIiA 13 3a3HaYCHHSAM HOBU3HH nociimkerHs (200-250 ciiB);

— KITIOYOBI cJI0Ba (HE OUIBIIE 11 STH);

TekeT cTarTi Ma€ BKJIIOYATH TAKI CKJIAI0BI:

BCTYII; MaTepialy 1 METO/IU; pe3yibTaTh Ta IX OOrOBOPEHHs; BUCHOBKH; JIITE-
parypa.

J10 KOYKHOTO MPUMIPHHUKA CTATTi JOAAETHCS aHOTAIlisl MOBOIO OPUTIHAIY Ta pe-
deparn yKpaiHCHKOIO / POCIMCHKOIO (B 3a7I€KHOCTI BiJl MOBH OpPHTIHATY CTaTTi), Ta
aHMIHCHKOI0 MOBaMHU (KOXEH pedepar Ha okpeMoMy apkyiii). OcoOnuBy yBary ciiz
MPHUIJISATH HAITMCAHHIO PE3IOME CTaTTi aHIIIIMCHKOI0 MOBOFO. J[J1s1 1IHOTO OIIITBHO
KOPUCTYBATHUCS MOCTYraMu KBaTi(iKOBAHUX CIIELIaTICTIB-JIIHTBICTIB 3 OJAIbIIUM
HAyKOBHM pelaryBaHHSIM TeKCTy aBTopoM(-amu). [lepen ciioBoM «pedepaty Heob-
X1JIHO HaIlMCaTy MPi3BUILA Ta 1HIL1aJI1 aBTOPIB, HA3BU YCTAHOB, [IOBHY Ha3BY CTaTTI
BiZIMOBiAHOO MOBOIO. Pedepar oocsrom 200—250 ciriB Mae OyTH CTPYKTYPOBaHUM:
MeTa (4iTko copmyabOoBaHa), METOIU OCTIHKEHHS, Pe3yabTaTH JOCIIKEHHS
(ctrcno), y3araapHeHHS a00 BUCHOBKH. [licis TekcTy pedepary 3 ab3aiy po3mi-
HIYIOTbCS KJIFOYOBI CIIOBA.

V KiHIII TEKCTy CTATTi yKa3aTu Mpi3BUINA, IMEHA Ta 10 OAaTHKOBI yCiX aBTOPIB,
MIOILITOBY ajipecy, TenedoH, dakc, e-mail (1711 KOpecnoHIeHIIii).

Crartst Mae OyTH mianucaHa aBTopoM (yciMa aBTOpaMM) 3 3a3HAYEHHSM JaTh
Ha OCTAaHHIHM CTOPIHIIL.

ABTOpY HECYTh TTOBHY BiJIITOBIAAIbHICTD 32 Oe3710raHHE MOBHE O(OpMITCHHS
TEKCTY, 0COOJIMBO 3a MPaBWJIbHY HayKOBY TepPMIHOJIOTIIO (11 ¢i1i/1 3BipsATH 32 haXOBUMHU
TEPMIHOJIOTIYHIUMH CJIOBHUKAMH).

JlaruHCHK1 010JI0T14HI HAa3BU BUIB, POIB MOAIOTHCS KYPCHUBOM JIATUHUIICIO.

SIKII10 9acTO MOBTOPIOBAH1 y TEKCTI CIIOBOCIIONYYCHHS aBTOP BBKAE 3a TIOTPIOHE
CKOpPOTHUTH, TO abpeBiaTypH 3a MepIIOoro BKMUBaHHS 0OYMOBIIOIOTH y ayXkax. Ha-
MIPUKIIAJ: TToJIiMepa3Ha Jianiorosa peakiis (I[1JIP).

[Tocunanus Ha JiTEepaTypy NOAAIOTHCS Y TEKCTI CTATTI, IU(PPaMH y KBaAPaTHUX
Jy’KaX, 3T1JTHO 3 MOPSIKOBUM HOMEPOM Yy CIHCKY JIITEPaTypH.

Tabnuii MaroTh OyTH KOMIIAKTHUMM, MaTH MOPSIKOBUN HOMEp; rpadu, KOJIOH-
KH MafOTh OyTH TOYHO BH3HAYEHUMH JIOTIUHO 1 TpadiuyHo. Matepian Tabauih (K 1
PHUCYHKIB) Ma€ OyTH 3p03yMUINM 1 He AyOmtoBaTy TekeT cTarTi. Lndposuii Mmarepiain
TaOJIAIB CITi/T OTIPAIIOBATHA CTATHCTUYHO.

PucyHKkM BUKOHYIOTBCSA Y BUINISJl YITKHX KpEcCJEHb (3a AOMNOMOIOI0
KOMIT T0Te€pHOTO TpadigHoro penakropa y hopmari Word, TIF, JPG). Oci koopaunar
Ha rpadikax MarTh OyTH IMO3HAYCHI. PUCYHKH pO3MINIYIOTECS y TEKCTI CTAaTTi Ta
IyOImooThCs okpemuM (aitiom Ha CD.
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Po3nin «Pe3ynbrarn mociimkeHb Ta 1X 0OTOBOPEHHs» Ma€e OyTH HaImUCaHUH
KOPOTKO: HEOOXiTHO YITKO BHUKJIACTH BHSABICHI €(PEeKTH, IMOKa3aTH MPUIUHHO-
pe3yabTaTUBHI 3B’S3KH MK HUMH, TTOPIBHATH OTPUMaHy iH()OpMAIIiiO 3 TaHUMU
JTEpaTypH, 1aTH BIAMOBIIb HA TTMTAHHS, TOCTABJICHI Y BCTYIII.

CrmCcoK JiTepaTypH CKIIaIa€THCs 3a al(aBiTHO-XPOHOIOTTYHUM MOPSIKOM (CTI0-
YaTKy KHPWIHIIS, TTOTIM JIATHHHMIIS) 1 PO3MINIYETHCS B KiHIII CTATTi. SKIO0 mepimii
aBTOP Y JICKUTBKOX TPAISIX OJHMH 1 TOH CaMHi, TO TIPaIll PO3MIIIYIOTECS Y XPOHOJIO-
riunoMy nopsaky. Crimcok nocuians Tpeda mpoHyMepyBaTH, a y TEKCT1 ITOCHIIATHCS
Ha BIMOBITHUI HOMEp JpKepena jriteparyp (y KBaJIpaTHHX JTYKKax).

VY mocunaHHi NUITYTh MPI3BHINA YCiX aBTOPIB. B ekcriepuMeHTanpHIX Mparsix
Mae OyTu He OubIe 15 mocumansb JIiTeparypHUX JHKEped.

[TaTeHTHI TOKYyMEHTH PO3MIIIYIOTHCS Y KiHIIl CITUCKY TTOCHIIAHb.
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Ha aBropedeparu nuceprauii
Onuwyenxo O.M. TakcoHomis 1 aHTHOIOTUYHA aKTUBHICTH Alteromonas-moaioHux
Oaxrepiit YopHoro mopsi: ABroped. auc. ... kaua. 6ion. Hayk. K., 2003. — 21 c.

JlaTor0 HaIXOMKEHHS CTATTi BBAXKAIOTh JICHb, KOJIHU JIO PEAKOJIETii HaAIHIIOB
OCTAaTOYHUU BapiaHT TEKCTY CTATTI MiCIs pEIlCH3yBaHHS.

[Ticns onep»*aHHs KOPEKTYPH CTATT1 aBTOP IIOBUHEH BUITPABUTH JIUIIIE TOMUJIKH
(4iTKO, CHHBOIO 200 YOPHOIO PYUYKOIO HETMPABUIIbHE 3aKPECIIUTH, a TIOPSI 3 IIUM Ha
NOJT1 HAMTMCATH NTPABWIILHUM BapiaHT) i TEPMiHOBO BiJIiCJIaTH CTATTIO HA aJJpecy pej-
KoJIeTii 200 MOBIJJOMUTH PO CBOI MPABKH 110 Tesie(hOHY YU €IEKTPOHHOIO MOIITOIO.

VY pasi 3aTpuUMKH peAaKIlis, T0AepKYOUIHCh rpadika, 3anumiae 3a cO000 MpaBo
3[1aTH KOPEKTYpy 10 ApYyKapHi (y BUPOOHHUIITBO) O3 aBTOPCHKUX MPABOK.

[Tignuc aBropa y KiHII CTAaTTi 03HaYae, IO aBTOP Iepeiae mpaBa Ha BUIAHHS
CBOE€1 CTaTTi pefaxiiii. ABTOp TapaHTye, IO CTATTs OPUTiHAJIBHA; Hi CTATTS, HI PH-
CYHKH 10 Hei He Oynu ormyOniKoBaHi B IHIIMX BHIAHHSIX.

BinxuieHi cTaTTi He MOBEPTAIOTHCS.

Penakuist mpuitmae 10 qpyKy Ha CTOpiHKax i OOKIaJMHKAaX JKypHaIy IUIATHI
PEKJIaMHI OTOJIOIIEHHS O10TEXHOJIOTTYHOTO Ta MEIUYHOTO HAIPSIMiB; BUPOOHHKIB
nabopaTopHOro o0NIaAHAHHS, TUATHOCTUKYMIB, PEAKTHBIB TOIIO JJIsl HAYKOBHX JI0-
CJIiJI’KCHb.
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VBara: nepeapyk, yci BUIH KOIIOBaHHS Ta BIATBOPEHHS MaTepialis,
0 HaJPYKOBaHi y xKypHa «Mikpo0ionorist i 610TeXHOIOTis,
MOYKITMBI JIMIIIIE 32 YMOBH TIOCHIIAHHS Ha JDKEpeIo iHopmarii
Ta 3 JIO3BOJTY PENaKIiifHOl KOJerii.
Yci mpaBa 3axHIIeHi 3TiJHO 3aKOHOaBCTBa YKpaiHu.
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