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ABSTRACT

Background. Using probiotic preparations based on consortia of microorganisms
not only helps to restore the balance of the intestinal microbiota, but also increases
the therapeutic effect of probiotics. Promising sources for obtaining probiotic con-
sortia are milk products that have undergone natural fermentation with the help
of spontaneously formed microbial consortia.

The aim. To study the structure of five microbial consortia with probiotic proper-
ties from naturally fermented milk products and to assess in vitro their antagonistic
activity against opportunistic bacteria and a representative of the human normo-
biota — Escherichia coli.

Materials and methods. The structure of bacterial consortia was analyzed by se-
quencing methods. The antagonistic activity of the consortia was assessed by the disk
diffusion method.

Results. It has been established that the studied microbial consortiums are repre-
sented by Enterococcus spp. and Streptococcus spp. bacteria. In consortiums No. 1,
No. 2, and No. 3, Enterococcus bacteria dominated, while in consortiums No. 4
and No. 5, Streptococcus dominated. Antagonistic activity was shown against four
isolates of opportunistic bacteria: Klebsiella pneumoniae No. 493, Enterobacter hor-
maechei No. 372, Staphylococcus aureus No. 4 and Pseudomonas aeruginosa No. 25
IMB, as well as against one representative of the human normobiota - Escherichia
coli No. 495. The highest growth delay zone is found in E. coli No. 495 isolate. Three
test cultures (K. pneumoniae No. 509, E. coli ATCC25922 and P. aeruginosa No. 3 IMB)
exhibited more dense growth around probiotic consortia.

Conclusion. The results of the study showed that the effect of probiotic consortia
differing in the composition of microorganisms can be neutral and bactericidal.
The presence of antagonistic activity in the studied microbial consortia against
multiresistant isolates of opportunistic bacteria is a prospect for creating probiotics
with antibacterial properties.
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PE3IOME

AkmyanbHocme. [lpumeHeHUe npobuomuyeckux npenapamos Ha 0CHO8e
KOHCOPpYUYMO8 MUKPOOP2aHU3MO8 He MOJIbKO cnocobcmayem 80CccmaHosJie-
HUto 6anaHca Kuwe4yHol MUKpobuomel, HO U ygesuyusaem mepanesmudyeckud
3hchekm npobuomukos. llepcnekmusHbIMU UCMOYHUKAMU NOJTyYeHUs npobuo-
muyeckux KOHCOPYUYMOB AB/IAIMCSA KUC/TOMOJI0YHbIe NpOOyKMbl, nodgepaLuuecs
ecmecmeeHHOMY CK8AWUBAHUIO NPU NOMOWU CNOHMAHHO C(hOpMUPOBABUIUXCHA
MUKPOGHbIX KOHCOPYUYMOB.

Lense pabomel. Vi3ydeHue cmpykmypbl nAmu MUKPOBHbIX KOHCOPYUYMOB C Npo-
buomuyeckumu ceolicmgamu U3 KUC/IOMOJIOYHbIX NPOOYKMOo8 ecmecmeeHHO020
6poXeHUA U OUeHKa uUx aHmazoHucmuy4eckol akmugHoOCMu 8 OMHoweHuu
YC/I08HO-NAMO2EHHBIX 6akmepul u npedcmasumesis HOpMOOUOMbI Yeslo8eKd —
Escherichia coli - in vitro.

Mamepuanel umemodbl. AHau3 cmpykmypsl 6akmepuanbHsIX KOHCOPYUYMO8
nposoousiu Memooamu cek8eHUpPOoB8AHUsA. AHMA2OHUCMUYECKYIO aKMUBHOCMb
KOHCOpYUYyMO8 0yeHUBasu OUCKO-0Up@dy3UOHHbIM MEMOOOM.

Pe3ynemamel. YcmaHo8/1eHO, Ymo ucciedyembie MUKpOOHble KOHCOPYUYMbl
npedcmasneHvl 6akmepusamu Enterococcus spp. u Streptococcus spp. B koHcopyu-
ymax Ne 1, Ne 2 u N° 3 domuHuposanu bakmepuu poda Enterococcus, 8 mo epems
Kak 8 KoHcopyuymax N2 4 u N@ 5 - Streptococcus. [lokazaHa aHmazoHucmu4eckas
aKmugBHOCMb 8 OMHOWEHUU YemblpPEX U30/1Amo8 YC/I08HO-NAMOo2eHHbIx 6akme-
pud:Klebsiellapneumoniae N°493, Enterobacter hormaechei N® 372, Staphylococcus
aureus N°4 u Pseudomonas aeruginosa N° 25 VIMb, a mak»e 00H020 npedcmasgume-
718 HopMmobuomel yesnoseka — Escherichia coli N° 495. Hau6obwas 30Ha 3a0epKKu
pocma ommeydeHay uzonama E. coli N°495. Y mpéx mecm-kynbmyp (K. pneumoniae
Ne 509, E. coli ATCC 25922 u P. aeruginosa N° 3 Mb) Habntodasncs 6onee nnomHelli
pocm 80oKpy2 OUCKO8 C NpobuOMUYeCKUMU KOHCOpUYUYMAamu.

3aknioyeHue. Pe3ynbmamel uccie0o8aHus nokasaau, 4Ymo gausHue npobu-
OMuYecKkUX KOHCOPYUYyMO8, OMIUYAWUXCAa COCMABOM MUKPOOP2aHU3MOS8,
Moxkem 6bImb HelmpasibHbIM U 6akmepuyuoHbiM. Hanudue aHmazoHucmuyeckou
aKmugHoOCMU y uccsiedyeMbix MUKPOOHbIX KOHCOPUUYMO8 8 OMHOWeHUU NoJiu-
pe3ucmeHMHbIX U30/1IAMO8 yC/I08HO-NAMO2eHHbIX 6akmepul — nepcnekmusga
0J19 CO30aHUSA NpobUOMUKO8 C aHMUbAakmepuaabHeIMU ceolicmeamul.

Kniouesoble cnoea: npobuomuku, Cmpykmypa MuKpoGHbIX KOHCOPYUYMO8, pu-
60COMHAS MAKCOHOMUS, YC/TIO8HO-NAMO2eHHbIe 6aKkmepuu, AHMA20HUCMUYECKast
aKkmugHoOCMb

OnauyutnpoBaHma: NeHbatoxosa A.C., benbkosa H.J1., CaBuHoBa t0.C., Boponaesa H.M.,
Cmyposa H.E., KnumeHko E.C., KoHgpaTtos W.I., CeméHoBa H.B., PbiukoBa J1.B. Mpo6uo-
TUYECKME KOHCOPUMYMbI: CTPYKTYPA U aHTaroHNCTUYeckas akTVBHOCTb B OTHOLLEHUN
YCJIOBHO-NATOreHHbIX 6aKTepMin 1 HOPMOBKOTbI YenioBeKa (Ha npumepe Escherichia coli)
in vitro. Acta biomedica scientifica. 2023; 8(4): 20-31. doi: 10.29413/ABS.2023-8.4.3
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OBJECTIVES

An actual way to restore the balance of the micro-
biota of the gastrointestinal tract is the use of probiot-
ic preparations [1]. Recently, much attention has been
paid to consortia of probiotic microorganisms, the use
of which makes it possible to achieve the expected posi-
tive effects from taking probiotics [2]. In a symbiotic con-
sortium, the biological properties of individual strains
are mutually enhanced, which makes it possible to cre-
ate a single biological system with protective proper-
ties against the influence of other microorganisms. Rep-
resentatives of such genera as Lactobacillus, Bifidobacte-
rium, Streptococcus, Propionibacterium and Enterococcus
are most often of commercial interest among microor-
ganisms with probiotic activity [1].

One of the directions of obtaining multistain prepara-
tions is the formation of a natural population of microor-
ganisms. According to research, fermented milk products
obtained by natural fermentation can be promising sourc-
es of such populations [3-5]. In this case, microorganisms
independently form consortia with certain functional prop-
erties. Naturally formed populations of microorganisms
can have a high degree of stability and synergistic effect,
which makes them attractive for use as probiotics. An ex-
ample of the formation of such populations can be a sig-
nificant change in the species diversity of starter cultures
of microorganisms, which, nevertheless, make it possible
to obtain products conforming to GOST [6].

In the screening process of some commercial fer-
ments intended for milk fermentation, despite compliance
with the technology and instructions, microbial consortia
were obtained, which differ from the declared ones on mi-
croscopic examination. At the same time, these consortia
retained their probiotic properties, which was an impor-
tant factor for studying their taxonomic structure and an-
tagonistic activity.

THE AIM OF THE STUDY

To study the structure of five microbial consortia
with probiotic properties from naturally fermented milk
products and to assess in vitro their antagonistic activ-
ity against opportunistic bacteria and a representative
of the human normobiota - Escherichia coli.

METHODS

The objects of research

The objects of the study were five microbial consortia
with probiotic properties obtained from fermented dairy
products of natural fermentation. 56 bacterial isolates
were used as test cultures, of which 16 belong to the in-
testinal normobiota; 4 are reference strains; 36 are iso-
lates of opportunistic bacteria with multiple antibiotic
resistance (ADB), included in the Collection of Human
Microbiota of the Irkutsk Region of the Scientific Cen-

tre for Family Health and Human Reproduction Prob-
lems [7]. Species composition of bacterial test cultures
is shown in Table 1.

TABLE 1
SPECIES COMPOSITION OF BACTERIAL TEST CULTURES

. . Number of isolates,
Type of microorganism

abs.
Human normobiota
Escherichia coli NEA 16
Reference strain
Escherichia coli ATCC 25922 1
Opportunistic bacteria
Enterobacter cloacae 4
Enterobacter hormaechei 1
Citrobacter amalonaticus 1
Klebsiella oxytoca 1
Klebsiella pneumoniae 6
Klebsiella pneumoniae 2
Proteus mirabilis 1
Pseudomonas aeruginosa 12
Staphylococcus aureus 3
Escherichia coli WEA 3
Escherichia coli HA 2
Reference strains
Enterococcus faecalis ATCC 29212 1
Pseudomonas aeruginosa ATCC 10145 1
Staphylococcus aureus ATCC 25923 1

Note. NEA —normal enzymatic activity; WEA — weak enzymatic activity; HA — hemolytic activity.

Study design

1. Study of the structure of five probiotic consortia:

a) sequencing of next generation amplicons (NGS, next
generation sequencing);

b) sequencing of the 16S fragment of the ribosomal
operon using the Sanger method.



2. Testing of the antagonistic activity of five probiot-
ic consortia against test cultures of opportunistic bacteria
and a representative of the human normobiota — Escheri-
chia coli - in vitro.

Methods of study

1a. The structure of bacterial consortia was analyzed
by high-throughput V3-V4 sequencing of variable frag-
ments of the 765 rRNA gene. DNA from storage cultures
was isolated using a commercial set of Quick-DNA Miniprep
Kits (Zymo Research, USA). Amplification of the target frag-
ment was performed on highly conserved bacterial prim-
ers NGS318L and NGS806R with adapters (Table 2). The re-
sulting amplicons were purified from primer dimers using
AMPure XP (Beckman Coulter, USA) according to the man-
ufacturer’s protocol.

Sequencing using lllumina technology was carried out
at the Genomic Technologies, Proteomics and Cell Biolo-
gy of the All-Russian Research Institute of Agricultural Me-
teorology.

TABLE 2
THE STRUCTURE OF PRIMERS USED IN THE STUDY

Name Structure (5’-3’)
NGS318F TCGTCGGCAGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGGCWGCAG
NGS806R GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCMGGGTATCTAATCCKGTT
500F GTGCCAGCAGCCGCGGTAA
1350R GACGGGCGGTGTGTACAAG
pJET1.2-F CGACTCACTATAGGGAGAGCGGC
pJET1.2-R AAGAACATCGATTTTCCATGGCAG
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The NGS results were processed and taxonomically an-
notated using the QIIME2 v. 2022.2 platform and the SILVA
138 nucleotide sequence database.

1b. Identification of the dominant bacteria belong-
ing to the consortium was carried out using ribosomal
phylogeny using a site including V3-V8 variable regions
of the 765 rRNA gene. Primers 500F and 1350R were used
to amplify this fragment (Table 2). Amplicons obtained
by polymerase chain reaction (PCR) were purified in 1%
agarose gel and embedded in the pJET1.2 vector accord-
ing to the manufacturer’s protocol (Thermo Fisher Sci-
entific, USA). The annular plasmid was transformed into
competent E. coli XL-1 cells [8] and direct screening of all
grown colonies was performed for the presence of an in-
sert of the required length on plasmid primers pJET1.2-F
and pJET1.2-R (Table 2).

The sequence reaction was carried out using rea-
gents Brilliant Dye Cycle Sequencing Kit v. 3.1 (Nima-
Gen, the Netherlands) according to the manufacturer’s
protocol.

PCR conditions

Step 1, Cycle =01
T1=95°C t=3min
Step 2, Cycle =25
T1=95°Ct=30s
T2=55°Ct=30s
T3=72°C;t=30s
Step 3, Cycle=01
T1=72°C t=5min

Step 1 Cycle =01
T1=95°C;t=5min
Step 2, Cycle =25
T1=94°Ct=30s
T2=60°C;t=30s
T3=72°C;t=1min
Step 3, Cycle =01
T1=72°C t=5min

Step 1, Cycle=01
T1=95°C t=3 min
Step 2, Cycle =25
T1=94°C;t=30s
T2=60°C;t=30s
T3=72°C;t=1min
Step 3, Cycle =01
T1=72°C;t=5min



Amplicons were sequenced by Sanger on the Nano-
phor-05 device at the Center for the Development of Pro-
gressive Personalized Health Technologies of the Scientif-
ic Centre for Family Health and Human Reproduction Prob-
lems.

Sequents were adjusted visually in the Bioedit v. 7.2.5
software. Species identification was performed by compar-
ing the nucleotide sequence with the NCBI NR and EMBL-
ENA Sequences bases using BLAST and FASTA, respectively.

2. The antagonistic activity of probiotic consortia
was determined by the disc diffusion method, according
to the standard methodology for determining the sensitiv-
ity of microorganisms to antimicrobial preparations [9]. Bo-
rosilicate glass filters Glass Microfiber Filters (GF/F) (What-
man plc., UK) with a diameter of 0.5 cm were used as discs,
on which suspensions of the tested consortia in a volume
of 15 ul were pipetted. The total content of microbial cells
in each consortium was 10'°-10"" CFU/cm3. Dishes were in-
cubated at 37°C for 24 hours.

The measurement of growth retardation zones (GRZ)
of test crops, taking into account the filter diameter, was car-
ried out according to the results of two separate experi-
ments using the ImagelJ v. 1.5.3 graphical editor, which al-
lows for image analysis. At GRZ of 6.0 mm and above,
the consortium was considered to exhibit antagonism.
The data are presented in the form of the arithmetic mean
diameters of the growth suppression zones of test cultures
(M) and the RMS deviation (m).

RESULTS AND DISCUSSION

According to the results of high-performance se-
quencing, Enterococcus spp entered the microbial consor-
tia as dominant bacteria. and Streptococcus spp. (Table 3).

TABLE 3

STRUCTURE OF MICROBIAL CONSORTIA WITH PROBIOTIC
PROPERTIES, %

No. of the microbial consortium
Characteristics

of the taxon
1 2 3 4 5
Enterococcus 89.8 69.2 517 0.2 0.6
Streptococcus 7.2 25.2 36.9 86.6 88.3
Other 222 5.32 8.88 10.48 9.95

The proportion of concomitant bacteria ranged
from 2.22 to 10.48 %. Consortia No. 1 and No. 2 were domi-
nated by representatives of the genus Enterococcus, in con-
sortia No. 4 and No. 5 - Streptococcus, while in consortium
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No. 3 the relative content of representatives of these gen-
erawas 51.7 % and 36.9 %, respectively.

Identification of the dominant bacteria based on ri-
bosomal taxonomy showed that two types of enteroco-
cci were identified in Consortium No. 1 - Enterococcus
durans and Enterococcus thailandicus (Table 4). Consorti-
um No. 2 turned out to be richer in the diversity of ente-
rococci: in addition to the above-mentioned species, En-
terococcus faecium was identified in it. In addition, strep-
tococci made up 25.2 % of the structure of the microbi-
al consortium. They have been identified as Streptococcus
salivarius and Streptococcus thermophilus. In consortium
No. 3, enterococci are represented by the species E. durans,
and streptococci by the species S. salivarius and S. thermo-
philus. The composition of consortium No. 4 is represent-
ed by the S. thermophilus monoculture, while Lactobacillus
brevis was identified in addition to S. thermophilus in con-
sortium No. 5.

Phylogenetic analysis showed that for bacteria
of the genus Enterococcus, the sequences formed either
independent branches or together with sequences of typ-
ical strains (Fig. 1).

E. durans is represented in the structure of consortia
No. 1, No. 2 and No. 3; E. faecium is defined in consortium
No. 2; E. thailandicus - in consortium No. 1.

To assess the ecological and genetic characteristics
of enterococci that are part of the studied consortia, a va-
riety of biotopes of homologous strains were analyzed,
among which fermented dairy products, saliva, gastro-
intestinal tract (GIT) of humans and animals, faeces were
found (Fig. 2).

Representatives of consortia No. 1, No. 2 and No. 3
showed phylogenetic affinity with isolates isolated from the
human intestinal biotope (Fig. 2, highlighted in green), hu-
man breast milk and food dairy products (Fig. 2, highlight-
ed in blue) and from the vaginal biotope (Fig. 2, highlight-
edinred).

The separation of the studied sequences and homol-
ogous strains from the NCBI database into fecal, lactic
and vaginal biotopes indicates the genetic differences of mi-
croorganisms from different ecological groups. Such differ-
ences may cause a different degree of manifestation of pro-
biotic properties. The study of the ecological and genetic
characteristics of microorganisms with probiotic properties
will help to form balanced microbiocenoses for specific hu-
man biotopes [10].

Figure 3 shows a phylogenetic tree based on V3-V8
variable fragments of the 765 rRNA gene for phylotypes as-
signed to the genus Streptococcus and homologous isolates
from different biotopes.

There is a difference between representatives of con-
sortia No. 2, No. 4 and No. 5, which have separated into in-
dependent branches. The tree shows that the represent-
atives of consortium No. 2 had homology with the S. sali-
varius H4 isolate. Also, all the studied consortia were repre-
sented by phylotypes that showed homology with S. ther-
mophilus isolates. Homologous isolates were obtained
from various dairy products and biotope of the human
oral cavity.



TABLE 4

RIBOSOMAL TAXONOMY OF BACTERIA DOMINATED IN MICROBIAL CONSORTIA WITH PROBIOTIC PROPERTIES

Labelling of a clonal sequence

1.10; 1.27
1.19; 1.28
1.20; 1.21; 1.23

1.25

2.1
2.2
2.6
2.8
2.10
2.1

2.13

3.1
33
3.4;3.7;3.11
3.8

3.10

4.1;
42;43
45

4.6;4.7;4.8

5.1
5.3;5.2;5.4;5.5;5.6;5.8

5.7

The nearest bacterial homologue

Consortium No. 1
Enterococcus durans HBUAS54304
Enterococcus durans IPLA 655
Enterococcus thailandicus LM4-1
Enterococcus thailandicus Marseille-AA00296
Consortium No. 2
Enterococcus thailandicus LM4-1
Enterococcus thailandicus Colony540
Enterococcus durans HBUAS54304
Streptococcus salivarius H4
Enterococcus faecium HBUAS66260
Streptococcus thermophilus ST106
Enterococcus durans ABRIINW.N3
Consortium No. 3
Streptococcus salivarius H4
Enterococcus durans ULAG
Streptococcus thermophilus c 21.5
Enterococcus durans HBUAS54304
Streptococcus thermophilus STN57
Consortium No. 4
Streptococcus thermophilus ASR-1
Streptococcus thermophilus IMAU:80427
Streptococcus thermophilus ChR-I-str19
Streptococcus thermophilus BL13-10
Consortium No. 5
Streptococcus thermophilus ChR-I-str19
Streptococcus thermophilus BL13-10

Streptococcus thermophilus PT110
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Percentage of homology, %

99.4; 100
99.5;99.5
99.4-99.5

99.8

100
99.4
100
99.4
99.6
99.9

99.6

99.1
98.7
97.8-98.4
99.4

97.9

98.8
99.1;98.8
99.8

99.0-99.8

99.6
97.9-99.5

84.4



FIG. 1.

Phylogenetic tree based on V3-V8 variable fragments of the 165 rRNA gene for phylotypes assigned to the genus Enterococcus and type

strains: the nodes show values of bootstrap support (%) above 50

The presence of antagonistic activity against pathogen-
icand opportunistic microorganisms (OM) is one of the main
characteristics of the strain for classifying it as a probiot-
ic species. The results of the study showed that the ef-
fect of the probiotic consortia under study, which dif-
fer in the composition of microorganisms, can be neutral
and bactericidal: antagonistic activity was noted against
five isolates of test cultures (Table 5).

All probiotic consortia suppressed the growth of two
isolates: OM - K. pneumoniae No. 493 and a representative
of the intestinal normobiota - E. coli No. 495. The maximum
growth suppression zone was noted in E. coliisolate No. 495
with consortium No. 3. Consortia No. 1,No. 2, No.4 and No. 5
exhibited antagonistic activity against E. hormaecheiNo. 372,
consortiaNo. 1,No. 3 and No. 5 - against S. aureus No. 4, con-
sortium No. 3 —against P. aeruginosa No. 25 IMB.

Three test cultures exhibited more dense growth
around filters with probiotic consortia: K. pneumoniae iso-
late No. 509 and the reference strain of E. coli ATCC 25922
have discs with all five consortia, isolate P. aeruginosa No. 3
IMB - around probiotic consortia No. 1, No. 2, No. 3 and No. 4
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(Fig. 4). This fact requires further detailed study using tech-
niques designed to evaluate the growth-stimulating prop-
erties of bacteria.

Recently, quite a lot of papers have been published
on the use of probiotics based on Streptococcus spp.and En-
terococcus spp. and their beneficial properties for the hu-
man body. Probiotic strains of enterococci and strepto-
cocci are widely used to correct human intestinal dysbi-
osis, as well as in chronic gastrointestinal diseases [11,
12]. S. thermophilus strain belongs to the group of lac-
tic acid bacteria that ferment sugars to lactic acid, exert-
ing an acidifying effect and providing a bactericidal effect
against many pathogenic microorganisms [13]. Enterococ-
cal cultures have long been used for cooking meat, milk
and vegetables. The low content of enterococci in meat
and dairy products does not allow pathogenic staphylo-
cocci and E. coli to multiply [14]. It is known that the anti-
bacterial activity of enterococciis associated with their abil-
ity to synthesize specific proteins — enterocins A, B, L50A/B,
P, Q and Xa/B. The presence of such proteins determines
the antagonistic activity of enterococci against infectious
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FIG. 2.
Phylogenetic tree based on V3-V8 variable fragments of the 165 rRNA gene for phylotypes assigned to the genus Enterococcus, type strains
and homologous strains from various biotopes: the nodes show values of bootstrap support (%) above 50

in the literature. However, the tested isolates have multi-
ple antibiotic resistance, which means they are more adapt-

ed to the effects of negative environmental factors. Proba-

agents such as S. aureus, E. coli, as well as Klebsiella spp., En-

terobacter spp., Streptococcus spp., Listeria spp. and Clostrid-
ium spp. [15, 16]. The data obtained by us on the antago-
nistic activity of probiotic consortia based on Streptococcus
spp. and Enterococcus spp. correspond to the data found
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bly, this can explain the selective sensitivity of resistant iso-
lates of one type of OM to the action of probiotic consortia.
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Phylogenetic tree based on V3-V8 variable fragments of the 165 rRNA gene for phylotypes assigned to the genus Streptococcus and homol-
ogous strains: the nodes show values of bootstrap support (%) above 50

CONCLUSION

In this study, the taxonomic structure and antagonis-
tic activity of five microbial consortia with potential probi-
otic properties were investigated. Using molecular genetic
methods, it was found that the studied microbial consortia
are represented by Enterococcus spp. and Streptococcus spp.
bacteria. n consortiums No. 1, No. 2, and No. 3, Enterococcus
bacteria dominated, while in consortiums No. 4 and No. 5,
Streptococcus dominated. Representatives of the genus En-
terococcus were identified as E. durans, E. thailandicus, E. fae-
cium; the genus Streptococcus was represented by the spe-
cies S. salivarius and S. thermophilus.
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It was shown that the effect of probiotic consortia, dif-
fering in the composition of microorganisms, can be neu-
tral and bactericidal. The probiotic consortia studied sup-
pressed the growth of four isolates of opportunistic bac-
teria, such as Klebsiella pneumoniae No. 493, Enterobacter
hormaecheiNo. 372, Staphylococcus aureus No. 4 and Pseu-
domonas aeruginosa No. 25, as well as one representative
of the human normobiota, Escherichia coliNo.495. The larg-
est growth retardation zone was observed in E. coli isolate
No. 495 in the presence of consortium No. 3.

The presence of antagonistic activity in the studied
microbial consortia in relation to polyresistant isolates
of opportunistic bacteria may be a prospect for the crea-



TABLE 5

ANTAGONISTIC ACTIVITY OF PROBIOTIC CONSORTIA IN RELATION TO OPPORTUNISTIC BACTERIA AND HUMAN
NORMOBIOTA

X . . Growth retardation zones, mm (M + m)
Type of microorganism (isolate number) /

No. characteristic @
No. 1 No. 2 No.3 No. 4 No.5

1 Proteus mirabilis (No.371) / OM, ADB 0 55+0.2 55+0.2 0 0

2 Enterobacter hormaechei (No. 372) / OM, ADB 6.7 +0.3P 6.2+0.2° 57+0.2 6.3+0.3P 7.0+0.2°

3 Klebsiellapneumoniae (No. G) / OM, ADB 54+0.1 57+0.2 56+0.2 54+0.2 55+0.2
4  Enterobacter cloacae (No. 394) / OM, ADB 52+0.1 52+0.1 52+0.1 0 52+0.1

5 Klebsiella oxytoca (No. 439) / OM, ADB 52+0.1 52+0.1 53+0.2 52+0.1 52+0.1
6 Klebsiella pneumoniae (No. 493) / OM, ADB 6.8+0.3b 6.4+0.3P 6.8+0.3P 6.9+0.3b 6.6 +0.3P

7 Klebsiella variicola (No. 672) / OM, ADB 52+0.1 52+0.1 52+0.1 52+0.1 52+0.1

8 Staphylococcus aureus (No. 672), / OM, ADB 52+0.1 52+0.1 52+0.1 52+0.1 52+0.1

9  Staphylococcus aureus (No. 4) / OM, ADB 6.2+0.3b 59+0.1 6.3+0.3P 52+0.1 6.5+ 0.3°
10 Klebsiella pneumoniae (No. 41HE) / OM, ADB 54+0.1 56+03 54+0.2 5.6+0.2 5.3+0.1
11 Staphylococcus aureus (No. 846) / OM, ADB 0 54+03 52+0.1 0 52+0.1
12 Klebsiella pneumoniae (No. 381) / OM, ADB 52+0.1 52+0.1 52+0.1 54+0.2 52+0.1
13 Pseudomonas aeruginosa (No. 25 IMB) / OM, ADB 0 58+0.1 6.3+0.3b 0 59+0.1
14 Pseudomonas aeruginosa (No. 54 IMB) / OM, ADB 52+0.1 52+0.1 53+£0.2 57+0.2 52+0.1
15 Pseudomonas aeruginosa (No. 82 IMB) / OM, ADB 52+0.1 0 52+0.1 52+0.1 52+0.1
16 Pseudomonas aeruginosa (No. 3 IMB) / OM, ADB + + + + 52+0.1
17 Pseudomonas aeruginosa (No. 5 IMB) / OM, ADB 52+0.1 52+0.1 52+0.1 53+0.1 53+0.2
18 Enterobacter cloacae (No. 25) / OM, ADB 52+0.1 52+0.1 52+0.1 55+0.2 5.2+0.1
19 Klebsiella pneumoniae (No. 509) / OM, ADB + + + + +

20 Escherichia coli (No.473) / ADB 52+0.2 52+0.1 52+0.1 52+0.2 52+0.1
21 Escherichia coli (No. 495) / ADB 7.2+0.3° 7.9+0.3P 8.2+0.3P 7.4+0.3P 73+0.3P
22 Escherichia coli (No. 6G) / normobiota 52+0.1 52+0.2 52+0.1 52+0.1 52+0.1
23 Escherichia coli (No. 133HE) / normobiota 52+0.1 52+0.1 52+0.2 0 52+0.1
24 Escherichia coli (ATCC 25922) / reference strain + + + + +

Note. 2 — characteristic of the isolate; OM — opportunistic microorganism; ADB — presence of multiple antibiotic resistance; 0 — no effect; + — denser growth of the test culture around the filter; ® — the consortium
exhibited antagonism.
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a
FIG. 4.

b

Growth of test cultures around filters with probiotic consortiums: a — Klebsiella pneumoniae No. 509; b — Escherichia coli ATCC 25922;
¢ — Pseudomonas aeruginosa No. 3 IMB; 1 — consortium No. 1; 2 — consortium No. 2; 3 - consortium No. 3; 4 — consortium No. 4; 5 - consor-

tium No. 5

tion of probiotic preparations with antibacterial proper-
ties in conditions of widespread drug resistance of micro-
organisms.
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