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Abstract

Bacteriocins are of great interest as potential antimicrobial agents against various types of bacteria,
fungi, and viruses. Isolates of microorganisms derived from natural sources were used in the current
study, including lactic acid bacteria and other antagonistic microorganisms. The species of the
microorganisms were determined using 16S rDNA and ITS nrDNA analyses. E. coli, S. enterica, S.
aureus, P. aeruginosa, B. mycoides, A. faecalis, P. vulgaris, S. flexneri , L. monocytogenes, C. albicans,
A. flavus, and P. citrinum were used as pathogenic and opportunistic strains. It was found that 11
strains of antagonistic microorganisms have significant antimicrobial activity against all pathogenic
and opportunistic microorganisms. The antimicrobial properties of these microorganisms are currently
under study.
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INTRODUCTION

The discovery of antibiotics was a major
breakthrough in treating infectious diseases,
significantly improving the quality of life and
longevity worldwide. However, after several years
of antibiotic use, resistance to antimicrobials
emerged. Since then, its spread has become
a severe health problem.'Gram-positive and
gram-negative bacteria are increasingly showing
multidrug resistance to the main antibiotics and
drugs used in clinical practice, such as drug-
resistant methicillin-resistant Staphylococcus
aureus, resulting in higher morbidity and mortality
than usual.** Multidrug resistance of enterococci
to vancomycin has also been reported. Drug
resistance has placed a burden on patient health
and the economies of hospitals and communities,
indicating the need for developing new antibiotic
drugs. Additionally, rational use of existing
antibiotics could alleviate this problem.>

Many natural resources, including plants,
animals, and microorganisms, have been studied.®
Combining chemical and biotechnology tools,
these resources can provide several compounds
that may prove to be promising antimicrobial
agents.”Bacteria have also been studied in natural
resources for their ability to resist other bacteria.
The discovery of the first bacteriocin in 1925 made
it possible to develop an entire field of research,
including several studies aimed at identifying novel
antimicrobial compounds of microbial origin in
the subsequent decades.'® Bacteriocins are of
increasing interest as potential antibacterial agents
against various bacteria, fungi, and viruses.'*13
Naturally resistant structures such as bacterial
biofilm can also be similarly exploited.’**> These
natural peptides are synthesized by ribosomes
and produced by bacteria living in competitive
microbial environments and can be used to kill
other bacteria, especially those that are closely
related to the biofilm producers.’*° Consequently,
the considerable variety of bacteriocins provides
a wide range of activity.?*?? Ribosomes produce
bacteriocins and convert them into molecules
unlike synthetic antibiotics,?® such as lipopeptides
and glycopeptides.?®

Although bacteriocins are produced in a
gram-positive form,* most registered bacteriocins
are gram-negative,”® especially Lactobacillus.*>*
These microbial compounds are predominantly

bacterial in origin, and some studies have
shown that virtually any bacteria can produce
bacteriocins.?”? Due to the diversity of bacteria
producing bacteriocins, numerous bacteriocins
have been identified, and some bacteria can
produce more than one bacteriocin.?® These
bacteriocins can be used in various fields of
biotechnology, industry, and pharmaceuticals.?>3031

The food industry is one of the main
areas for potential bacteriocin use.*’ Due to
their probiotic properties, some LABs and their
metabolites are generally considered safe for usein
the food industry.**Therefore, LABs can inhibit the
biological capacity of competing flora,* especially
that of foodborne pathogens such as Listeria
monocytogenes, Clostridium, Staphylococcus,
and E. coli. Lactic acid bacteria (LAB) can be used
in multiple ways, including fermentation and
food preservation.3*3¢As bacteriocins are readily
degraded by proteolytic enzymes, they can be
considered safe for human use, e.g., proteases in
the gastrointestinal tract of mammals.*

Unlike antibiotics, bacteriocins can
act on particular pathogens without affecting
other symbiotic flora .> The European Union
has now authorized the use of the bacteriocin
nisin as a food preservative; by the World Health
Organization nisin has been registered as a food
additive under the number E234%

However, the development of bacteriocins
as biological preservatives is still of great interest.
Bacteriocins have been widely studied, particularly
in relation to the food industry. For example, it
has been shown that bacteriocins can improve
the biological safety of vegetable products®’,
and they can be utilized in effective packaging.*
Various methods can be used to add bacteriocins
to foods. Bacteriocins can be added via direct
inoculation or indirectly as lactic acid bacteria
that produce bacteriocin products, as purified
bacteriocins for food preservation, and the
addition of LAB-containing fermentation products
as food components.*-#2

Another important potential use of
bacteriocins is in combating antibiotic-resistant
bacteria.'*** Drug-resistant bacteria reduce
antibiotic efficacy, a major problem in societies
due to the challenges in developing alternative
antibiotic treatment methods.>***” Due to
the presence of a survival factor in bacteria,
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bacteriocins can antagonize antibiotic-resistant
bacteria, and the mechanisms they use to
overcome resistance are unique.'® Pneumococci,
Pseudomonas aeruginosa, and Escherichia coli
are resistant to penicillin and have attracted
considerable attention due to their pathogenic
potential.**?* Molecular diversity, specificity of
antimicrobial mechanisms, and potential synergism
with other drugs are among the advantages that
make bacteriocins attractive pharmacological
targets. However, some disadvantages, such as
sensitivity to proteolytic enzymes and possible
adverse effects on mammalian cells, exist.*®*°
Bacteriocins have enormous potential to replace
antibacterial compounds or could be used in
combination with antibiotics.* In vivo studies have
shown that bacteriocins can be effective against
recurrent infections (mycobacteria, streptococci,
etc.).

This study aims to evaluate
the antimicrobial potential of antagonistic
microorganisms.

MATERIALS AND METHODS
Isolation of antagonistic microorganisms

Isolates of microorganisms from water,
soil, plants, and fresh vegetables (Kemerovo
region, Russia) were used as they contain a large
number of LAB strains. Samples were collected
and stored under sterile conditions at 4°C before
delivery to the laboratory.

The samples were weighed on a technical
scale (10 g) by pouring with a spatula on sterile
paper to isolate the microorganisms. A flask
containing MRS medium was placed in a water
bath and heated until the medium was completely
melted. The molten nutrient medium was poured
under heat into sterile Petri dishes (10 mL each),
mixed by careful swaying, and left to solidify.
A sample of soil water, crushed plant parts, or
vegetables was placed in a flask containing 90 mL
of sterile water and gently shaken periodically in
a circular motion for 5 min.

All 20 isolates were cultured as described
below. The resulting suspension (1 mL) was
transferred using a sterile pipette into a smaller
volume flask. Nine milliliters of sterile water was
added and slightly shaken, after which 1 mL of
the resulting mixture was transferred to another
flask. From the test tubes of the third and fourth

dilutions, 1 mL of the suspension was transferred
to sterile petri dishes containing liquid agar. To
optimize the conditions for bacterial growth, the
nutrient medium was acidified with 0.4% lactic
acid. Afterinoculation, the dishes were wrapped in
sterile envelopes and incubated at 23-25°C for 5 to
10 d. Pure cultures were obtained from individual
colonies of lactobacilli and stored on MRS medium.
16S rDNA and ITS nrDNA sequencing and
phylogeny

DNA extraction was performed using the
DNeasy Ultra Clean Microbial Kit (Qiagen, Hilden,
Germany). Samples were amplified using gPCR
mix-HS Mix (Eurogen) in duplicate. The annealed
regions of the primers coincided with the standard
primer 1492R 5'-CGGTTACCTTGTTACGACTT-3,
primer 27F 5'-AGAGTTTGATCMTGGCTCAG-3',
primer ITS3 F 5'-GCATCGATGAAGAACGCATTAGC-3/,
and primer ITS4 RCCGATGATGATTGATT
GATGATTGATTGATTGATTGATTGATT GATTGATT
GATTGATTGATITS4 RCCGATGATGATCITS4
RCCGATGATGATTGATTGATTGATTGATTGAT
TGATTGATTGATITS4. Amplification was carried
out using a BioRad C1000 thermal cycler (BioRad
Laboratories, Hercules, CA, USA) as follows:
denaturation at 98 °C for 30 s, annealing at 57
°C for 30 s, and extension at 72 °C for 90 s. The
libraries were purified using the Cleanup Mini
kit (Eurogen). The quality of the purified libraries
was checked by agarose gel electrophoresis, and
the library concentrations were measured using a
Qubit 2.0 Fluorometer (Thermo Fisher Scientific,
Waltham, MA, USA).

Capillary sequence analysis was
performed using a Big Dye Terminator Cycle
Sequencing kit (Applied Biosystems, Foster
City, CA, USA) with a Genetic Analyzer (Applied
Biosystems). The sequence reads obtained were
assembled into contigs using CLC Genomics
Workbench software. Bioinformatic analysis was
conducted using local algorithms and information
from GenBank and the Ribosomal Database
Project. Analysis of the phylogenetic sequences
of the 16SrRNA and pDNA genes was performed
using MEGA X.

Physiological and biochemical properties of
microorganisms

The physiological and biochemical
properties of bacteria were evaluated using
the API 50 test system (Pro-mix, Moscow,
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Table 1. Results of the identification of microorganisms depending on the isolation sources

Isolate Isolation Species Isolate  Isolation Species
source source
A | B. subtilis K I} P. pentosaceus
B | P. glabrum L Il L. casei
C I P. lagena M Il L. fermentum
D | P. koreensis N | B. hypermegas (M. hypermegale)
E 1l P. ochrochloron 0] | B. ruminicola(P. ruminicola)
F v L. lactis P I} Ps damnosus
G v L. plantarum Q | Bacteroides paurosaccharolyticus
H 1] L. mesenteroides R Vv H. profundi
| | P. acidilactici S I} G. stearothermophilus
J I L. mesenteroides T | B. caldotenax

| - soil; Il - fruits and vegetables; Ill -natural water bodies; IV — food wastes; V — wastewater

Isolate C (Penicillium la
Penicillium lagena CBS
Penicillium marthae-ch
Penicillium variratense
Penicillium cantabricun

Penicillium aeris CBS 1

Penicillium pulvillorum
Isolate E (Penicillium oc
Penicillium ochrochlorc
Penicillium svalbardens

Penicillium camponotui

Penicillium at
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Penicillium glabrum CB
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Fig. 1. Phylogenetic tree showing the relative position of fungi isolates based on ITS nrDNA (a) and on 16S rDNA

(b) sequences, using the neighbor-joining method
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Russia). Additionally, M21 medium with analyzed
carbohydrate (10 g/L) and bromocresol purple dye
(BCP; 32 mg/L) were used. Sugar utilization was
confirmed by the color change of the colonies and
nutrient medium to yellow.

The ability of bacteria to degrade esculin
was determined using a medium consisting of
0.5% casein peptone, 0.3% meat extract, 0.05%
iron citrate, 0.1% esculin, and 1.5% agar 1.5 at pH
6.6. Microorganisms were cultivated by incubation

Pathogenic microorganisms

Test strains of pathogenic microorganisms
were purchased from the State Collection of
Pathogenic Microorganisms and Cell Cultures
(GKPM-Obolensk, Russia). Pathogenic effects were
determined using E. coli ATCC 25922, S. enterica
ATCC 14028, S. aureus ATCC 25923, P. aeruginosa
B6643, B. mycoides EMTC9, A. faecalis EMTC 1882,
P. vulgarisella ATCC 63, P. vulgarisella ATCC 7644,
C. albicans EMTC 34, A. flavus ATCC 9643, and P.

citrinum ATCC 9849.

Cultivation of test microorganism strains
Media for cultivating pathogenic

microorganisms were prepared immediately

for 12 h at 37 °C. For esculin fermentation,
medium darkening around the colonies and loss
of fluorescence were observed.
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Fig. 2. Results of determination of antimicrobial activity against test-cultures | — E. coli; Il = S. enterica; Ill = S.

aureus; IV — P. aeruginosa; V — B. mycoides; VI - A. faecalis; VIl — P. vulgaris; VIl - S. flexneri; IX — L. monocytogenes;
X —C. albicans; XI - A. flavus; XIl = P. citrinum in a liquid nutrient medium isolates of microorganisms: K1 — control
(culture medium without any additions); K2 — ciprofloxacin; isolates A — B. subtilis; B — P. glabrum; C — P. lagena;
D — P. koreenis; E — P. ochrochloron; F — L. lactis; G — L. plantarum; H — L. mesenteroides; | — P. acidilactici; J — L.
mesenteroides; K — P. pentosaceus; L — L. casei; M — L. fermentum; N — B. hypermegas; O — B. ruminicola; P — P.
damnosus; Q- B. paurosaccharolyticus; R — H. profundi; S — G. stearothermophilus; T — B. caldotenax. Test-cultures
| = E. coli; 11 = S. enterica; Il - S. aureus; IV — P. aeruginosa; \/ — B. mycoides; V1 - A. faecalis; VIl — P. vulgaris; VIl = S.
flexneri; IX — L. monocytogenes; X — C. albicans; X| — A. flavus; XIl = P. citrinum
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before testing. Bacterial strains were cultivated
for 24 h at 30-37 °Ciin special media®. The optical
density and number of bacteria were determined
at 595 nm.
Screening of isolated microorganisms for
antimicrobial activity

Screening for the detection of
microorganisms with antagonistic properties was
carried out using the spot method according to
Lucke and Schillinger with some modifications®.
Briefly, the cultures were placed on plates (1.2%
agar) and incubated for 24 h at 30 °C to release
metabolites and multiply bacteria. Approximately
5 107 CFU/mL of indicator strains important in
food industry (E. coli, S. enterica, S. aureus, P.
aeruginosa, B. mycoides, A. faecalis, S. flexneri, L.
monocytogenes, and C. albicans and P. citrinum)
were inoculated into 100 mL of soft trypticase
soy agar containing 0.7% agar and poured over
a plate in which the isolated LAB were grown.
After a 24-hour incubation at 37 °C, the inhibition

Table 4. Statistical analysis results

of microorganisms from the edge of the zone
was measured using a caliper and expressed in
millimeters.
Statistical analysis

Experiments were performed in three
sequences, experimental values were expressed as
mean + standard error, and statistical processing
was performed using Microsoft Office Excel 2007
(Microsoft Corporation, Redmont, WA, USA) and
Statistica 10.0 (StatSoft, Tulsa, OK, USA). Equality
of means was tested using the median test and
the nonparametric Kruskal-Wallis test; if p d” 0.05,
then the differences were considered significant.

RESULTS

Identification of microorganisms based
on 16S rDNA sequencing is presented in Table 1.
The LAB position according to the 16S rDNA and
ITS nrDNA sequences is shown in the phylogenetic
tree. Bordetella pertussis and Saccharomyces
cerevisiae were investigated separately using

Isolates Test cultures

1] 1l v Vv W Vil VI IX X Xl Xl
A - - + + + + + + + + + +
B - - - - - - - - - - - -
C - - - - - - - - - - - -
D - - + - - - + - - - - -
E - - - - - - - - - - - -
F + + + + + + + + + + + +
G + + + + + + + + + + + +
H + + + + + + + + + + + +
| + + + + + + + + + + + +
J - + + + + + + + + + + +
K + + + + + + + + + + + +
L + + + + + + + + + + + +
M - + + + + + + + + + + +
N - - - - - - * + - - - -
0] - - - - - - s + - - - -
P - + + + + + + + + + + +
Q - - - + + - * + - - - -
R - - - - - - - - - - - -
S + + + + + + + + + + + +
T + + + + + + + + + + +

-+"” no statistically significant differences in values in comparison with the antibiotic; --

”

no statistically significant

differences in values in comparison with the control; «*» - statistically significant differences in values in comparison
with both antibiotic and control. Test-cultures | — E. coli; Il - S. enterica; Il - S. aureus; IV — P. aeruginosa; V — B. mycoides;
VI - A. faecalis; VI — P. vulgaris; VIl = S. flexneri; IX — L. monocytogenes; X — C. albicans; XI — A. flavus; XIl — P. citrinum.
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MEGA-5; the starting position for 1,000 replicas is
shown at the nodes of the phylogenetic tree. The
scale bar corresponds to 0.05 units of the number
of base substitutions per site. The phylogenetic
trees are shown in Figure 1.

The ability to ferment various
carbohydrates, including sugars, alcohols, and
organic acids, underlies the distinguishing
characteristics of bacteria. In the present study, the
ability of microorganisms to use various organic
substances as carbon and nitrogen sources was
investigated.

The physiological and biochemical
properties of the microorganisms isolated
from natural sources are presented in Table
2. Isolate A (B. subtilis) ferments D-glucose,
D-mannitol, D-maltose, D-lactose, D-sucrose,
starch. Isolate B (P. glabrum) and isolate C (P.
lagena) actively ferment glycerol, L-arabinose,
D-glucose, D-mannose, L-sorbose, dulcitol,
inositol, D-mannitol, D-sorbitol, methyl-aD-
mannopyranoside, methyl-oD-glucopyranoside,
salicin, D-cellobiose, D-maltose, D-lactose,
D-sucrose, D-trehalose, D-raffinose, and starch.
Isolate E (P. ochrochloron) and isolate F (L. lactis)
ferment, D-glucose, D-fructose, D-mannose,
esculin, D-maltose, D-lactose, D-melibiose,
D-sucrose, D-trehalose. Isolate G (L. plantarum)
ferments L-arabinose, D-glucose, D-fructose,
D-mannose, D-mannitol, amygdalin, esculin, salicin,
D-cellobiose, D-sucrose, D-trehalose, D-raffinose,
gentiobiose, potassium gluconate, potassium
2-ketogluconate. Isolates H and J ferment
L-arabinose, D-xylose, D-glucose, D-fructose,
D-mannose, D-mannitol, amygdalin, esculin,
salicin, D-cellobiose, D-lactose, D-melibiose,
D-sucrose, D-trehalose, D-raffinose, gentiobiose,
D-turanose, potassium gluconate.

All microorganisms were isolated using
one type of medium under similar conditions,
which were optimal for their cultivation. The
antimicrobial properties of lactic acid bacteria and
other antagonistic microorganisms are presented
in Table 3 and Fig. 2.

Data analysis (Fig. 2, Table 3) showed
that isolate A (B. subtilis) exhibited antimicrobial
activity against all pathogenic and opportunistic
microorganisms, with the greatest antimicrobial
activity against B. mycoides (22.0+ 1.1), S. enterica
(20.0 £1.0), P. aeruginosa (20.0 + 1.0), A. faecalis

(20.0 £ 1.0), and A. flavus (21.0 £ 1.1). Isolate B
(P. glabrum) was only slightly active against S.
aureus (5.0 £ 0.3), P. vulgaris (7.0 £ 0.4), and S.
flexneri (4.0 £ 0.2). Isolate C (P. lagena) exhibited
moderate to low antimicrobial activity against E.
coli (6.0 £ 0.3), S. enterica (10.0 £ 0.5), S.flexneri
(8.0+£0.4),A. flavus (4.0 £ 0.2), and P. citrinum (5.0
+ 0.3). Isolate D (P. koreenis) exhibited moderate
antimicrobial activity against E. coli (12.0 + 0.6),
S. enterica (5.0 + 0.3), S. aureus (18.0 £ 0.9), A.
faecalis (17.0+£0.9), P. vulgaris (15.0 £ 0.8), and S.
flexneri(10.0 £ 0.5). Isolate E (P. ochrochloron) had
low antimicrobial activity against A. faecalis (6.0
+0.3) and L. monocytogenes (4.0 £ 0.2). Isolate F
(L. lactis) exhibited antibacterial activity against all
pathogenic and opportunistic bacteria, with the
greatest antimicrobial activity against B. mycoides
(24.0 £ 1.2), A. flavus (23.0 + 1.2), and S. enterica
(22.0 £ 1.1). Isolate G (L. plantarum) showed
antibacterial potential against all pathogenic and
opportunistic bacteria; its greatest antimicrobial
activity was against L. monocytogenes (23.0 =
1.2), B. mycoides (22.0 = 1.1), A. flavus (22.0 +
1.1), and A. faecalis (21.0 £ 1.1). Isolate H (L.
mesenteroides) exhibited antibacterial activity
against all pathogenic and opportunistic bacteria;
its greatest antimicrobial activity was against B.
mycoides (22.0 + 1.1), L. monocytogenes (21.0
+ 1.1), and A. flavus (21.0 £ 1.1). Isolate | (P.
acidilactici) showed antibacterial potential against
all pathogenic and opportunistic bacteria with the
highest antimicrobial activity against A. flavus (24.0
+1.2), B. mycoides (23.0 £ 1.2), A. faecalis (21.0 +
1.1), S. enterica (21.0+ 1.1), and L. monocytogenes
(21.0 £ 1.1). Isolate J (L. mesenteroides) showed
antibacterial activity against all pathogenic and
opportunistic bacteria with the highest activity
against B. mycoides (20.0 + 1.0), L. monocytogenes
(20.0 £ 1.0), and A. flavus (20.0 £ 1.0). Isolate K
(P. pentosaceus) showed antibacterial activity
against all pathogenic and opportunistic bacteria;
its greatest antimicrobial activity was against B.
mycoides (24.0 + 1.2), A. flavus (24.0 £ 1.2), and
A. faecalis (22.0 £ 1.1). Isolate L (L. casei) showed
antibacterial potential against all pathogenic and
opportunistic bacteria; its greatest antimicrobial
activity was against L. monocytogenes (22.0
+ 1.1) and A. flavus (22.0 + 1.1). Isolate M (L.
fermentum) exhibited antibacterial potential
against all pathogenic and opportunistic bacteria,
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with the greatest antimicrobial activity against
B. mycoides (21.0 = 1.1) and L. monocytogenes
(21.0 £ 1.1). Isolate N (B. hypermegas) exhibited
moderate antimicrobial activity against E. coli
(12.0 £ 0.6), S. enterica (10.0 £ 0.5), P. aeruginosa
(14.0 £ 0.7), A. faecalis (9.0 £ 0.5), P. vulgaris
(11.0 £ 0.6), and S. flexneri (13.0 + 0.7). Isolate O
(B. ruminicola) exhibited moderate antimicrobial
activity against E. coli (7.0 £ 0.4), S. enterica (11.0
+0.6), P. aeruginosa (12.0 £ 0.6), A. faecalis (7.0 +
0.4), P. vulgaris (10.0 £ 0.5) and S. flexneri (15.0 +
0.8). Isolate P (P. damnosus) exhibited antibacterial
potential against all pathogenic and opportunistic
bacteria, with the greatest antimicrobial activity
against B. mycoides (23.0 £ 1.2), S. enterica (22.0
+1.1), S. flexneri (21.0 £ 1.1), and A. flavus (21.0 =
1.1). Isolate Q (B. paurosaccharolyticus) exhibited
moderate antimicrobial activity against E. coli (15.0
+0.8), S. enterica (13.0+0.7), P. aeruginosa (16.0 =
0.8), A. faecalis (12.0 £ 0.6), P. vulgaris (14.0 £ 0.7,)
and S.flexneri (17.0 = 0.9). Isolate R (H. profundi)
exhibited moderate antimicrobial activity against
Staphylococcus aureus (11.0 = 0.6), Bacillus
mycoides (14.0 £ 0.7), and Listeria monocytogenes
(10.0 £ 0.5). Isolate S (G. stearothermophilus)
exhibited antibacterial potential against all
pathogenic and opportunistic bacteria, with the
greatest antimicrobial activity against Aspergillus
flavus (24.0 + 1.2), B. mycoides (22.0 + 1.1), S.
enterica (22.0 + 1.1), and S. flexneri (21.0 £ 1.1).
Isolate T (B. caldotenax) exhibited antibacterial
potential against all pathogenic and opportunistic
bacteria; the greatest antimicrobial activity was
against S. enterica (23.0 £ 1.2), L. monocytogenes
(23.0 £ 1.2), and A. faecalis (22.0 £ 1.1).

DISCUSSION

The largest number of strains of lactic acid
bacteria and other antagonistic microorganisms
were isolated from the soil and natural water
bodies (Table 1), including B. subtilis, P. glabrum,
P. koreenis, P. ochrochloron, L. mesenteroides, P.
acidilactici, P. pentosaceus, B. hypermegale, B.
ruminicola, P. damnosus, B. paurosaccharolyticus,
G. stearothermophilus, and B. caldotenax.

A culture liquid without metabolites of
isolated microorganisms, without antimicrobial
characteristics, was considered as a control.
The antibiotic ciprofloxacin has antimicrobial

properties. Statistical analysis was performed
using the nonparametric Kruskal-Wallis test. The
median test for two independent samples for each
test culture established the presence or absence
of antimicrobial characteristics by confirming or
refuting the equality of the means in the samples
when compared with the antibiotic or control.
The absence of statistically significant differences
(p < 0.05) from the control was considered to be
due to the absence of antibacterial characteristics,
and the absence of statistically significant
differences with the antibiotics was considered
as the presence of antibacterial properties.
Statistically significant differences between the
control and antibiotic groups were interpreted
as mild antibacterial characteristics of the isolate
(Table 4).

The isolates F-I, K, L, S, and T, which
affected all test cultures under consideration, were
the most promising for further research. These
isolates included both lactic acid bacteria and other
microorganisms. All lactic acid bacteria isolated
from natural sources exhibited antimicrobial
efficacy.

The results of our studies are consistent
with those presented by other authors.>>>* In the
present study,>> LAB strains were characterized,
and their antimicrobial activity was investigated.
Of the 800 isolates, 20 inhibited the growth of
enterotoxigenic E. coli and S. enterica. Based
on the 16S rRNA sequence analysis, 20 isolates
were identified as L. casei (7), L. paracasei (2), L.
plantarum (4), L. rhamnosus (2), E. avium (3), E.
faecium (1), and E. lactis (1). The natural ability
of L. plantarum and L. rhamnosus to inhibit P.
aeruginosa growth has been established®’. In a
previous study,> lactic acid was isolated from 32
samples of lactic acid bacteria, and 13 (13/32)
of the best Lactobacillus isolates were selected
by preliminary selection as potential probiotics
with antimicrobial activity against pathogenic
bacteria. All Lactobacillus isolates were then
characterized in vitro for their antimicrobial activity
against pathogens. The isolates were resistant
to all investigated pathogens, including E. coli
(opportunistic bacterium causing gastroenteritis
in humans), S. enterica (opportunistic bacterium
causing gastroenteritis in humans), P. vulgaris
(opportunistic bacterium causing acute intestinal
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infections in humans), S. flexneri (causative
agent of bacterial dysentery in humans), and L.
monocytogenes (causative agent of listeriosis in
humans).

CONCLUSIONS

Out of the 20 tested microorganisms,
11 exhibited high antimicrobial activity against
all tested strains of pathogenic and opportunistic
microorganisms. Among the isolated strains, some
demonstrated limited antimicrobial activity against
only gram-positive or gram-negative test strains,
and this requires further study.

As the number of antibiotic-resistant
strains among pathogenic and opportunistic
microorganisms continues to grow, the study
of bacteriocins that are safe for humans as
alternative antimicrobial substances is very
timely. Non-toxicity, biological safety, and the
possibility of combining bacteriocins with other
antimicrobial agents (antibiotics, bacteriophages,
etc.) will determine their use alone or combined
with drugs for antimicrobial therapy. Bacteriocin
production is an important characteristic of lactic
acid bacteria strains, which should be considered
when developing drugs for correcting dysbiotic
conditions. Considering the significant potential of
bacteriocins and their growing demand, methods
for their selection and subsequent chemical
synthesis are currently under development.*
Recently, information on the possibility of
using bacteriocins to fight oncological diseases
has been made available. Research in this
direction continues, and several research groups,
including ours, are studying the possibility of using
bacteriocins in treating oncological and infectious
bacterial diseases as an alternative to antibiotics.
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