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ABSTRACT

Background. In recent years, special attention has been paid to the studying the con-
sortia of probiotic bacteria. In these associations, the properties of individual microor-
ganisms can be enhanced, in particular, their antagonistic activity which is an effec-
tive indicator for screening of probiotic potential. The development of probiotics based
on such consortia with antibacterial properties is critical in the light of the growing
problem of drug resistance in microorganisms.

The aim of the work. To study the antagonistic activity of monocultures and consortia
of lactobacilli against multidrug-resistant isolates of opportunistic bacteria.

Materials and methods. The antagonistic activity of lactobacilli monocultures
and their consortia was assessed simultaneously by two methods: the cross streak
method and the well diffusion method.

Results. All strains of lactobacilli and their consortia, depending on the research meth-
od, had varying degrees of antagonistic activity. Five consortia had stronger antago-
nism to test cultures as compared to monocultures, while in one consortium, the effect
of antagonistic activity was reduced compared to monocultures. The results of studying
the antagonistic activity of two consortia (Limosilactobacillus fermentum 44/1 and Lac-
ticaseibacillus rhamnosus 12L, Latilactobacillus curvatus LCR-111-1 and Lactiplantiba-
cillus plantarum 8PAZ) contradict data on the biocompatibility of strains in these con-
sortia. Differences in the degree of antagonistic effects of lactobacilli on gram-positive
and gram-negative species of opportunistic bacteria were revealed.

Conclusion. The study showed that both the biocompatibility of the probiotic strains
and the antagonistic activity of the consortium are the important requirements for cre-
ating a probiotic consortium with effective probiotic potential. To study the antagonistic
properties of lactobacilli, the number of isolates of target gram-positive and gram-neg-
ative bacteria and normobiota should be increased. This will allow us to determine
effective strategies for using probiotics in conditions of the spread of drug resistance
of microorganismes.

Key words: lactobacilli, probiotic consortia, probiotic potential, antagonistic activity,
opportunistic bacteria, multidrug-resistant isolates

For citation: Pendyukhova A.S. Belkova N.L, Okhotina Yu.S. lIvanchikov E.A.
Shchekotova A.V., Semenova N.V., Rychkova L.V. Antagonistic activity of monocultures
and consortia of lactobacilli against multidrug-resistant isolates of opportunistic
bacteria as a screening of their probiotic potential. Acta biomedica scientifica. 2024; 9(3):
121-129. doi: 10.29413/ABS.2024-9.3.12

121

Microbiology and virology



ACTA BIOMEDICA SCIENTIFICA, 2024, Vol. 9, N 3

AHTATOHUCTUYECKAA AKTUBHOCTb MOHOKVYJIbTYP U KOHCOPLIMYMOB
JNAKTOBALUWIIJ1 B OTHOWEHWN NOJIMPE3UNCTEHTHDBIX U30JIATOB YCJIOBHO-
NATOFEHHbIX BAKTEPUN KAK CKPUHUHI UX MPOBUOTUYECKOTO

NMOTEHUUAIJIA

MenbaroxoBa A.C.',
benbkoBa H.J1.",
OxotuHa 10.C.",
MBaHuunkos E.A.?,
LLlékoTtoBa A.B.2,
CeméHoBa H.B.',
PbiukoBa J1.B.'

! OIBHY «HayuHbIi LeHTp npobnem
300POBbsA CEMbM U PEMNPOAYKLNN
yenoBeka» (664003, . pKyTcK,

yn. Tumunpssesa, 16, Poccun)

2 OrbOY BO «BocTouHo-Cnbunpckiii
roCyAapCTBEHHbBIN YHUBEPCUTET
TEXHONOMMI 1 yNpasieHNa»

(670013, 1. Ynan-Yg3, yn. KnioueBckas, 408,
Poccun)

ABTOP, OTBETCTBEHHbII 32 MEPENUCKY:
MeHbploxoBa AHHa CepreeBHa,
e-mail: annapend@yandex.ru

Cratba noctynuna: 29.03.2024
CraTba npuHAaTa: 18.06.2024
Cratba ony6aukosana: 15.07.2024

PE3IOME

AKkmyanbHocmo. B nociiedHue 20061 0cob60e BHUMAHUe yoesigemcs UyyeHUr KOH-
copyuymog npobuomuyeckux 6akmeputi. B smux accoyuayusx ceoticmea omoesib-
HbIX MUKPOOP2aHU3MO8 MO2ym yCUsUBAMbCS, 8 YACMHOCMU UX dHMAzoHuUcmuye-
CKAs AKMUBHOCMb, KOMOpPas A8/5emcs 3¢hheKmuHbIM NOKAazamesiem 018 CKpUHU2a
npobuomuyecko2o nomeHyuasna. Paspabomka npobuomukos Ha 0CHO8E MAKUX KOH-
copyuymo8 ¢ aHmubakmepuaabHbiMu cgolicmeamu umeem peuwidaroujee 3HayeHue
8 ceeme pacmyujeli npobsieMbl ieKapcmeeHHoU ycmoi4ugocmu MUKpPOOP2aHU3MOs.
Lleno pabomel. V13y4eHue aHmazoHUCMuU4Yeckol akmugHOCMU MOHOKYJ1bmyp U KOH-
CopyuyMo8 1akmobayusii 8 OMHOWeHUU NoJIupe3uCMeHMHbIX U30/19mMo8 YCr108-
HO-namozeHHbIx 6akmepudl.

Mamepuansi u Memodbl. AHMA2OHUCMUYECKYI0 AKMmUBHOCMb MOHOKYJ/1IbMyp J1aK-
mobayusii u ux KOHCOPYUYMOB OUeHUBAIU NapasiesnbHo 08yMs Memooamu: Memo-
00M nepneHOUKYAPHbLIX WMPUX08 U MemoOOM JIyHOK.

Pesynemamel. Bce wmammsl 1akmob6ayusn u ux KOHCOpYUyMbl 8 3d8ucumocmu
om mMemoda uccnedosaHus 0651adanu pdsHol cmeneHblo aHMazoHucmMuyeckou
aKmueHoOCmMu. B namu KoHcopyuymMax aHmazoHuU3M K mecmoseiM Kyabmypam bl
CUsIbHEe, YeM 8 MOHOKY/Ibmypax, 8 mo epeMs Kak 8 0OHOM KOHcopyuyme 3pgekm
aHmazoHucmuyeckol dKMUBHOCMU CHU3UJICA NO CPABHEHUIO C MOHOKYJ/1IbMypamu.
Pe3ynibmamel  uccne0o8aHus AaHmMazoHUCMuyYeckol akmueHOCMU 08YX KOHCOp-
yuymos (Limosilactobacillus fermentum 44/1 u Lacticaseibacillus rhamnosus 12L,
Latilactobacillus curvatus LCR-111-1 u Lactiplantibacillus plantarum 8PA3) npomugo-
peyam 0aHHbIM 0 6UOCOBMECMUMOCMU WMAMMOB 8 3MUX KOHCOPYUYMAax. BuisieieHbl
pasnuyus 8 cmeneHu dHMAzoHUCMUYecko2o 8030elicmaus 1akmobayusi Ha 2pam-
noJsioxumersibHble U 2pamMompuyameribHble 8UObl yC/I0BHO-NAMO2eHHbIX 6akmepu.
3aknr4deHue. Vicciedo8aHue NOKA3aa0, YmMo 8AXHbIMU MpebosaHusMuU 0715 co30d-
HUsA NpobuoMUuYecKo20 KOHCOPYUYMA C 3¢hgheKmusHbIM NPObUOMUYECKUM NOMEHYU-
anom A8/1AIMCA KaKk 6U0Co8MeCmMUMOCMb NPOBUOMUYeCKUX WMAMMOo8, MakK U aH-
mazoHUCMu4eckas akmugHOCMb KOHCOPYUYMA. [1n1s u3yyeHUs AHMAazoHUCMuUYecKux
ceolicmg slakmobayusl c/iedyem ygeauyums KOJIUHeCmB0 U30/19mMo8 yesiesblx
2PAMNOJIOXXUMEsIbHbIX U 2pamMompuyamerbHelix 6akmepuli u HopMobuomesl. 3mo
nossosium onpedesiums 3ppekmusHsle cmpameauu NpuMeHeHUs npobuomuKos
8 YCJ108USX pacNpOCMpaHeHus ekapcmeeHHoU ycmouyugocmu MUKpPOOpP2aHU3MO8.

Kniouyeewie cnoea: nakmobayusisioi, npo6uomuquKue KOHCOpyuymel, npo6uomuqe-
CKUul homeHyuasa, aHmazoHucmuyeckas akmugHoOCMe, YCJ108HO-NAMOo2eHH®ble 6ak-
mepuu, nosiupe3ucmeHmHole U30/19Mmaol

Ona yntuposaHus: Menbatoxosa A.C., benbkosa H.J1., OxotuHa 10.C,, ViBaHunkos E.A.,
LLlékoToBa A.B., CeméHoBa H.B., PbiukoBa J1.B. AHTaroHncTnyeckas akTMBHOCTb MOHO-
KyNbTyp M KOHCOPLMYMOB NaKTobaLuin B OTHOWEHUN MOMNPE3NCTEHTHBIX M30SIATOB
YCJIOBHO-TMATOFEHHbIX 6aKTeprin Kak CKPYHUHF UX MPo6roTMyeckoro noteHumana. Acta
biomedica scientifica. 2024; 9(3): 121-129. doi: 10.29413/ABS.2024-9.3.12

122

Microbiology and virology



BACKGROUND

Recently, the human body has been considered
as a system of symbiotic relationships with the commu-
nity of microorganisms that inhabit it. This community
includes bacteria, archaea, viruses, fungi, and proto-
zoa and is called microbiota [1, 2]. Research shows that
an imbalance in the intestinal microbiota not only leads
to problems with the digestive system, but also increas-
es the likelihood of cardiovascular and endocrine dis-
eases and causes disturbances in the psychoemotional
state [3-5].

Probiotics are an effective means of restoring a healthy
balance of intestinal microbiota [2]. Today, special empha-
sis is placed on the study of associations (consortia) of pro-
biotic microorganisms, in which the diversity of strains
and species of bacteria determines the range of positive
effects on the body [6]. The scientific literature indicates
that one of the important reasons for the inconsistent
clinical efficacy of multi-strain probiotic drugs is the lack
of consideration of the biocompatibility of microorgan-
isms when creating a consortium. This leads to a decrease
in the viability of microorganisms and the loss of significant
properties. In addition, it is reported that consortia of mi-
croorganisms are often unstable [6]. Therefore, the main
goal of developing a complex probiotic is the selection
of microorganisms with biocompatibility and similar bi-
ological and technological properties and maintaining
a constant composition of these strains. The biocompati-
bility of strains is assessed using the direct co-cultivation
method, taking into account the ability of lactobacilli
to produce bacteriocins and other biologically active sub-
stances that determine the degree of strain antagonism
in relation to representatives of its genus and affect the na-
ture of interstrain interactions [7-9].

Modern methods, including next-generation se-
guencing (genomic, proteomic and metabolomic
studies), are used to characterize the fundamental
mechanisms of the bacteria probiotic effect on vari-
ous functions of the macroorganism. New scientific
technologies make it possible to assess the role of nor-
mal human microbiota and identify the subtle mecha-
nisms of its response to various stressful environmen-
tal influences, and determine the factors that maintain
the biochemical, metabolic and immunological balance
necessary for stable relationships between the macro-
organism and symbiotic microorganisms [10, 11].

However, the characterization based on genetic
mechanisms and their potential for implementation
should be investigated both in vivo and in vitro. Require-
ments for probiotic strains include resistance to low pH
of gastric juice and bile acids, antagonism to opportunis-
tic and pathogenic microorganisms, stability of compo-
sition and viability of bacteria during long-term storage.
In addition, the safety of probiotic use should be con-
firmed in in vitro and in vivo animal studies and in the first
phase of clinical trials [12].

Studying the biocompatibility = of strains
and the biotechnological potential of the consortium
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in vitro is an initial but very important stage
in the development of an effective probiotic drug based
on the consortium.

A correctly selected probiotic consortium may
produce a synergistic effect, a phenomenon in which
the combined action of several factors produces a more
significant effect than the action of each of them sep-
arately. The synergistic effect allows the consortium
to form a single system capable of resisting the effects
of other microorganisms. The protective properties
of the consortium are due to the antagonistic activity
of bacteria and the synthesis of a number of biologically
active substances [13].

Antagonistic activity against opportunistic and patho-
genic microorganisms is not only one of the classic char-
acteristics of probiotic bacteria, but also an important
indicator of the efficacy and safety of a probiotic prod-
uct, determined in vitro [14]. As knowledge of the struc-
ture and functions of the intestinal microbiota develops,
it is becoming increasingly clear that, in addition to a large
number of external factors causing microbial imbal-
ance, antibiotics have a significantly more harmful effect
on the microbiota. The resistance of opportunistic micro-
organisms to antimicrobial drugs, which is growing ev-
ery year, is one of the global health problems worldwide
[15]. In this regard, the development of effective consortia
of probiotic strains with antagonism to multiresistant op-
portunistic microorganisms is extremely necessary.

THE AIM OF THE WORK

To study the antagonistic activity of monocultures
and consortia of lactobacilli against multidrug-resistant
isolates of opportunistic bacteria.

METHODS

Research objects
Gram-positive facultative anaerobic
and/or microaerophilic bacteria of the family
Lactobacillaceae

Lactobacillus strains and their consortia were ob-
tained as part of the research work on the topic of “Ob-
taining microecological agents based on different lacto-
bacillus strains” from the East Siberian State University
of Technology and Management (ESSUTM) (agreement
No. 6 dated May 10, 2023).

The following strains were obtained: Lactobacillus
curvatus (Latilactobacillus curvatus) LCR-111-1, Lactoba-
cillus fermentum (Limosilactobacillus fermentum) 44/1,
Lactobacillus acidophilus 100ASH, Lactobacillus rhamno-
sus (Lacticaseibacillus rhamnosus) 12L, Lactobacillus pa-
racasei (Lacticaseibacillus paracasei) k-406, Lactobacillus
plantarum (Lactiplantibacillus plantarum) 8PAZ Lactoba-
cillus casei (Lacticaseibacillus casei) MDP-1 [16].

The following consortia were received: L. fermen-
tum 44/1 w L. acidophilus T00ASH (+); L. fermentum 44/1
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n L. rhamnosus 12L (£); L. curvatus LCR111-1 wn L. fer-
mentum 44/1 (+); L. curvatus LCR-111-1 u L. acidophilus
100ASH (+); L. curvatus LCR-111-1 u L. plantarum 8-RA-
3 (+); L. curvatus LCR-111-1 wn L. casei MDP-1 (+); L. aci-
dophilus 100ASH wn L. rhamnosus 12L (+); L. acidophilus
T00ASH u L. casei MDP-1 (+) [16].

The biocompatibility of the strains is indicat-
ed in brackets: “+" — the strains are compatible; “-* -
the strains are incompatible; “+” - moderate antagonism
is observed (“exit to the top” of one of the cultures) [16].

Normobiota and polyresistant isolates of opportunistic
bacteria

Seven bacterial isolates were used as test cultures
for testing antagonistic activity, including one strain
belonging to the intestinal normobiota and six isolates
of opportunistic bacteria with multiple antibiotic re-
sistance (ABR) included in the “Human Microbiota Col-
lection of the Irkutsk Region” of the Scientific Center
for Family Health and Human Reproduction Problems
[15]. The species composition of the bacterial test cul-
tures is presented in Table 1.

Research methods

Cultivation of test cultures for in vitro experiments

The test culture strains were plated on the surface
of meat-peptone agar (Research Center for Pharmaco-
therapy LLC, Russia) in a Petri dish and cultured at 37°C
until the exponential growth phase was reached. Under
sterile conditions, colonies of the exponential culture
of the test strain were selected and suspensions were
prepared in 10 ml of physiological solution, which were
brought to the turbidity of the 0.5 McFarland standard.

Determination of antagonistic activity
by the perpendicular streak method

The studied strain/consortium of lactobacilli was
streaked on the surface of the Bifidum agar medium (State
Research Center for Applied Biotechnology and Microbi-
ology, Russia) in a Petri dish and incubated in an anaerobic
jar with gas-generating bags (Anaerogas GasPak, Russia)
at 37 °Cfor 48 h to allow the formation and diffusion of in-
hibitory compounds into the agar. Then, an exponential

TABLE 1

SPECIES COMPOSITION OF BACTERIAL TEST CULTURES

Type of microorganism

Number of isolates, abs.

culture of the test strain was streaked perpendicular-
ly from the edge of the dish to the streak of the grown
culture/consortium of lactobacilli. The dish was incubat-
ed again, but under conditions favorable for the growth
of the test culture: 37 °C without an anaerobic jar for 24 h.
The experiment was repeated 3-4 times.

The presence and width of growth inhibition zones
of microorganism test cultures were taken into ac-
count. Cultures that formed growth inhibition zones
of the indicator strain from 4 to 9 mm were considered
weak in antagonistic relation to lactobacilli; cultures
that formed a zone from 9 to 14 mm were considered
medium in antagonistic relation to microorganisms; cul-
tures that formed a zone from 14 mm and more were
considered highly active antagonists [14].

Determination of antagonist activity
by the well method

The test cultures were inoculated with three-way
streaking movements onto the Miller-Hinton medi-
um (HiMedia Laboratories, India). No later than 15 min
later, 10 mm diameter wells were cut in the agar layer
containing the test strain using a cork drill and 0.1 ml
of the lactobacillus monoculture/consortium suspen-
sion (cell count of at least 109 CFU/cm?3) were placed
into each well. The cultures were incubated in a ther-
mostat at 37 °C for 48 h. The experiment was repeat-
ed 2-3 times. The presence of growth inhibition zones
and the diameters of the zones were taken into account
with an accuracy of 1 mm, taking into account the di-
ameter of the well itself. Weak antagonists include lac-
tobacilli, the metabolites of which form growth inhibi-
tion zones for test cultures from 10 to 15 mm, medium
antagonists - from 15 to 20 mm, and strong antagonists
— more than 20 mm [14].

Statistical methods

Data on growth inhibition zones are presented
as the arithmetic mean of the diameters of growth in-
hibition zones of test cultures (M) and the standard de-
viation (m).

Statistical data processing was performed using
the PAST v. 4.03 program (Sweden). A nonparametric

Labeling of isolates

Human normobiota

Escherichia coli

1 No. 10

Opportunistic bacteria with multiple resistance to antimicrobial drugs

Enterobacter hormaechei
Klebsiella pneumoniae
Pseudomonas aeruginosa

Staphylococcus aureus

1 No. 2
2 No. 9, No. 12
2 No. 34, No. 38
1 No. 19
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criterion for assessing statistical significance (Mann -
Whitney U-test) was calculated for data on the antag-
onistic activity of consortia and individual lactobacilli
strains included in their composition. Differences in sta-
tistical indicators were considered significant at p < 0.05.

The work was carried out using the equipment
of the Collective Usage Center “Center for the Develop-
ment of Progressive Personalized Health Technologies”
and the Scientific Research Institution “Human Micro-
biota Collection of the Irkutsk Region” of the Scientif-
ic Center for Family Health and Human Reproduction
Problems (Irkutsk), as well as the equipment of the Col-
lective Usage Center “Progress” and the Biotechnology
Center of ESSUTM (Ulan-Ude).

RESULTS AND DISCUSSION

When studying lactobacilli monocultures using
the perpendicular streak method, 5 strains showed an-
tagonistic activity against test bacterial cultures: L. cur-
vatus LCR-111-1, L. rhamnosus 12L, L. plantarum 8PAZ,
L. casei MDP-1 and L. paracasei k-406 (Table 2).

TABLE 2

According to the experiment results, weak antago-
nists are strains of L. plantarum 8PAZ, L. rhamnosus 12L
and L. paracasei k-406 in relation to the gram-positive
isolate of S. aureus No. 19. In relation to the gram-nega-
tive isolates of E. hormaechei No. 2, K. pneumoniae No. 9,
K. pneumoniae No. 12, P. aeruginosa No. 34, P. aerugino-
sa No. 38 and E. coli No. 10, all 5 strains of lactobacilli
showed moderate antagonism.

In a well-based study, two strains showed antagonis-
tic activity: L. acidophilus 100ASH and L. fermentum 44/1,
against all isolates of the test cultures, while the other
five lactobacilli strains had no effect. At the same time,
the strain L. acidophilus 100ASH was a weak antago-
nist against the gram-positive isolate S. aureus No. 19
and a highly active antagonist, along with L. fermentum
44/1, against gram-negative isolates No. 2, No. 9, No. 12,
No. 34, No. 38, and No. 10.

It should be noted that the effect of antagonis-
tic activity of lactobacilli may be different depending
on the type of opportunistic microorganisms with which
they interact. This is probably due to the fact that
gram-positive and gram-negative bacteria have differ-
ent cell wall structures and mechanisms of interaction

ANTAGONISTIC ACTIVITY OF LACTOBACILLI MONOCULTURES AGAINST MULTIDRUG-RESISTANT ISOLATES

OF OPPORTUNISTIC BACTERIA AND E. COLI

Growth inhibition zones (M + m)

Labeling L. curvatus L.acidophilus L.rhamnosus L.plantarum L. casei L. fermentum L. paracasei
of test cultures LCR-111-1 100ASH 12L 8PAZ MDP-1 441 k-406
Perpendicular streak method
No. 2 10.5+2.0 0 10.0+0.2 10014 9.5+0.2 0 9.5+20
No. 9 120+ 1.4 0 10.0+0.1 120+0.4 120+0.8 0 11.5+0.7
No. 12 125+0.7 0 125+0.7 120+1.4 11.5+0.7 0 120+0.2
No. 19 10.0+0.3 0 80+14 8.8x0.6 8603 0 85x14
No. 34 10.0+0.1 0 10.0+0.3 10.0+£0.3 11.0£14 10.0£1.4
No. 38 11.5+2.0 0 13.0+0.2 11.0+1.4 16.0+5.6 0 125+0.7
No. 10 10.0+4.0 0 120+ 14 11.0+1.4 11.5+0.7 0 11014
Well method
No. 2 0 22.0+0.8 0 0 0 23.2+£0.6 0
No. 9 0 235+04 0 0 0 233+05 0
No. 12 0 225+0.7 0 0 0 22.0+0.8 0
No. 19 0 185x0.6 0 0 0 23.0+£0.8 0
No. 34 0 243+1.2 0 0 0 245+0.7 0
No. 38 0 24.0+0.8 0 0 0 223+1.2 0
No. 10 0 22.7+0.5 0 0 0 223+09 0

Note. No. 2 - E. hormaechei; No. 9 - K. pneumoniae; No. 12 - K. pneumoniae; No. 19 - S. aureus; No. 34 - P. aeruginosa; No. 38 - P. aeruginosa; No. 10 - E. coli.
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with other bacteria. In addition, different isolates (No. 34
and No. 38) of the same species — P. aeruginosa — showed
different results of antagonistic activity (different growth
inhibition zones). This may indicate that the more iso-
lates of the same species are tested, the more effectively
the antagonistic properties of lactobacilli will be studied.

Among the consortia, antagonistic activity
in the study using the perpendicular streak method was
noted in two (table 3):

« L. curvatus LCR-111-1 and L. plantarum 8PAZ, which
showed weak antagonism towards isolates No. 2, No. 9,
No. 19, No. 34 and moderate antagonism towards iso-
lates No. 12, No. 38 and No. 10. Moreover, the antago-
nism of the consortium was statistically significantly
weaker than the antagonism of individual strains of lac-
tobacilli included in its composition (p = 0.002);

TABLE 3

« L. curvatus LCR-111-1 and L. casei MDP-1, which
showed weak antagonism towards isolate No. 2
and moderate antagonism towards isolates No. 9,
No. 12, No. 19, No. 34, No. 38 and No. 10.

Unlike lactobacilli monocultures, which exhibit
different antagonistic activity towards gram-positive
and gram-negative isolates of opportunistic microor-
ganisms, such differences are not observed in consortia:
according to the degree of antagonistic effect, isolates
are combined regardless of the type of cell wall or any
specific mechanisms of interaction.

In a well-based study, 6 consortia (highly active
antagonists) containing L. acidophilus 100ASH and/
or L. fermentum 44/1 strains showed antagonistic ac-
tivity, with five of them having statistically significantly
more pronounced antagonism than individual strains:

ANTAGONISTIC ACTIVITY OF LACTOBACILLI CONSORTIUMS AGAINST MULTIDRUG-RESISTANT ISOLATES

OF OPPORTUNISTIC BACTERIA AND E. COLI

Growth inhibition zones (M + m)

w w w w
= 3 E 3 g S
i Sz - 9 - &I - -8 <&I EI 8~
lbeln9 §=8% S:z5e §cfg §-8% S-Ey §-S7 sEfq sEis
of test ESSo gs e ST8Y STCs £E535a =£T40 o< JIc4n
=S¥ S8 NI S SxwY 3xSSe 3xxan Segs ToO =" TSoovs
WL 5E H 395 JYa- 594 R S+ d §- 2
~ - - -l - = - =
4 3 < 2 T o 2 ® <~ 2 -~ °
c < < c c c
c © © © © ©
Perpendicular streak method
No. 2 0 0 0 7.0+0.1* 85+0.7 0 0
No. 9 0 0 0 0 8.0 £ 0.3* 9.5+0.7 0 0
No. 12 0 0 0 0 9.0 +0.2* 11+£0.3 0 0
No. 19 0 0 0 0 6.0 £0.3* 9.5+0.7 0 0
No. 34 0 0 0 0 8.0+ 14* 9.0+14 0 0
No. 38 0 0 0 0 9.5 +£2.0* 10+£0.2 0 0
No. 10 0 0 0 0 9.5+ 2.0* 10.5+0.7 0 0
Well method
No. 2 245+ 0.7* 24.3 £ 0.9*% 23.7+£1.2% 228+ 1.4* 0 0 233 +1.2% 19.0+6.3
No. 9 24.3 £ 0.6 24.3 £0.9*% 243 £0.5% 23.3+0.5* 0 0 23 +£0.8* 233+0.5
No. 12 23.5+1.5% 23.3+£0.5% 233+£1.2% 247 +0.5* 0 0 23.7 £0.5% 23.0+0.8
No. 19 23.3+£0.9% 23.7 £1.2% 240+0.3* 243 +0.6*% 0 0 24.7 £ 1.5% 242+1.2
No. 34 255 +£1.0% 24.3 £0.9* 253 +£1.2% 232+1.6% 0 0 232 £1.4% 222+6.7
No. 38 26.5 +1.8*% 26.3+1.7% 26.5+1.0% 24.7+1.2% 0 0 24.7 £ 1.2% 23.7+£0.9
No. 10 23.6 £2.0* 233 £1.2% 235+£1.9% 243+20* 0 0 25.7 £ 1.2% 233x24

Note. No. 2 - E. hormaechei; No. 9 - K. pneumoniae; No. 12 — K. pneumoniae; No. 19 - S. aureus; No. 34 - P. aeruginosa; No. 38 - P. aeruginosa; No. 10 — E. coli; * - statistical
significance of differences between the consortium and individual strains of lactobacilli included in its composition (p < 0.05).
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« L. fermentum 44/1 and L. acidophilus 100ASH
(p =0.002);

« L. fermentum 44/1 and L. rhamnosus 12L (p = 0.001);

« L. curvatus LCR-111-1 and L. fermentum 44/1

(p =0.002);

« L. curvatus LCR-111-1 and L. acidophilus 100ASH
(p =0.002);

« L. acidophilus 100ASH and L. rhamnosus 12L
(p =0.002);

« L. acidophilus 100ASH and L. casei MDP-1 (p = 0.198).

The studied lactobacillus strains in the declared con-
sortia had high biotechnological potential and biocom-
patibility level, with the exception of the consortium
based on L. fermentum 44/1 and L. rhamnosus 12L strains,
which showed moderate antagonism (+) [16]. Compari-
son of the results of strain biocompatibility and consortia
antagonistic activity revealed the following features:

1. In a consortium based on the strains L. curvatus
LCR111-1 and L. plantarum 8PAZ, which was character-
ized by a high level of biocompatibility (+), a statisti-
cally significant decrease in the effect of antagonistic
activity was revealed in comparison with the activity
of monocultures.

2. In a consortium based on L. fermentum 44/1
and L. rhamnosus 12L strains, in which moderate antago-
nism (+) was demonstrated between the strains, the an-
tagonistic activity against opportunistic microorganisms
was statistically significantly more pronounced than that
of individual strains.

The study showed that a high degree of compatibili-
ty of lactobacilli strains does not guarantee a synergistic
effect. In the context of lactobacilli, synergy can be ex-
pressed as an increase or decrease in antagonistic activi-
ty against pathogenic microorganisms, affecting the pro-
biotic potential of the consortium. Therefore, key aspects
for the creation of an effective probiotic consortium are
both the biocompatibility of probiotic strains and the an-
tagonistic activity of the consortium. A probiotic product
developed taking into account these criteria can demon-
strate increased efficacy and a wider range of beneficial
properties for the body.

The antagonistic activity of probiotic strains is studied
using various methods: at the first stage, in vitro methods
are used (diffusion methods, analysis in liquid nutrient
media, etc.), at the second stage, in vivo methods (recep-
tion of antagonist live culture by a person or experimental
animals with subsequent analysis of changes in the intes-
tinal microbiota). All these methods differ in the degree
of complexity of implementation, efficiency, the possibili-
ty of comparison and the accuracy of the results obtained
[17,18]. For example, the results obtained by two classical
methods (the perpendicular streak method and the well
method), based on the diffusion of components pro-
duced by lactobacilli in the thickness of agar, are difficult
to compare. Thus, the perpendicular streak method gives
an advantage to individual strains producing inhibitory
compounds of small molecular weight. The well method
is convenient, in turn, for testing the antagonistic activ-
ity of not only monocultures, but also consortia, since
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a ready-made suspension of bacteria, including their
metabolites, is placed in the well. Thus, both of these
methods complement each other and should be used
in combination, as they provide a more complete pic-
ture of the antagonistic activity of lactobacilli and their
consortia, which is one of the characteristics of probiotic
potential.

CONCLUSION

The results of the study showed that all lactobacilli
and their consortia, depending on the study method,
had different degrees of antagonistic activity against
multiresistant isolates of opportunistic bacteria. In five
studied consortia, the antagonistic effect against test
cultures was more pronounced than that of individual
strains, while one consortium, on the contrary, showed
a decrease in the effect of antagonistic activity com-
pared to monocultures. The obtained results of the study
of the antagonistic activity of two consortia (L. fermen-
tum 44/1 and L. rhamnosus 12L, L. curvatus LCR111-1
and L. plantarum 8PAZ) are not consistent with the data
on the biocompatibility of strains in these consortia.
Consequently, the compatibility of strains does not
always lead to a positive synergistic effect, which can
manifest itself in increased antagonistic activity. Thus,
the creation of probiotic consortia requires fine-tuning
and selection of bacterial strains, taking into account
both the biocompatibility of the strains and the antag-
onistic properties of the consortium to ensure effective
and safe action to improve human health.

The detected antagonistic activity against the E. coli
isolate may be due to the same mechanism of lactoba-
cilli action on both opportunistic bacteria and normobi-
ota. The analysis of the obtained results revealed differ-
ences in the degree of lactobacilli antagonistic action
on gram-positive and gram-negative bacterial species.
Moreover, such differences may also be observed in dif-
ferent isolates of the same species. Given the identified
features, a wider range of both gram-positive bacteria
and normobiota isolates should be included in the ex-
periment for a more detailed study of the lactobacilli
antagonistic properties. In addition, it would be advis-
able to use not different species, but different isolates
of the same species: E. coli and target intestinal op-
portunistic bacteria, for example, K. pneumonia, one
of the mostdangerous types of opportunistic pathogens.
This will help to determine more effective strategies
for the probiotics use in the context of the mass spread
of drug resistance of opportunistic microorganisms.
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