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The aim of the research was to investigate the ability of cell-free extracts, containing derivatives of probiotic strains Bifidobacterium
bifidum and Lactobacillus reuteri, to influence the proliferation and biofilm formation by Lactobacillus reuteri in vitro; to evaluate
the prospects for the creation of new metabiotics and means of increasing the overall productivity of probiotic cell biomass based
on them.

Materials and methods. Cell-free extracts were obtained from probiotic strains B. bifidum 1 and L. reuteriDSM 17938 by the authors’
method. Probiotic strain L. reuteri DSM 17938 used as a test culture. The investigation of the proliferation and biofilm formation
by L. reuteri was carried out by spectrophotometric method using a microtiter-plate reader “Lisa Scan EM” (Erba Lachema s.r.o.,
Czech Republic).

Results. It has been established that the cell-free extract obtained from L. reuteri culture grown in its own disintegrate, sup-
plemented with glycerol and glucose, is the only one of all studied, which stimulates both proliferation and biofilm formation by
L. reuteri. The cell-free extracts, obtained from L. reuteri and B. bifidum disintegrates and from L. reuteri culture, grown in its own
disintegrate, stimulate proliferation of test-culture to varying degrees (depending on the type of extract and its content in the culture
medium), but have a significant inhibitory effect on the biofilm formation by L. reuteri. The extract, obtained from B. bifidum cul-
ture, grown in its own disintegrate, does not have a significant effect on proliferation and greatly suppresses the biofilm formation
by L. reuteri.

Conclusions. The results of the study allow us to positively evaluate the prospects for the creation of new metabiotics based on
probiotic derivatives. Cell-free extract, obtained from L. reuteri culture, grown in its own disintegrate supplemented with glycerol
and glucose can contribute to the survival and facilitate inoculation of the introduced probiotic in the gastrointestinal tract when
used together.

Derivative-containing extracts with a pronounced growth-stimulating effect can be the basis for creating the means of increasing
the overall productivity of the probiotic cell biomass. The use of such means will increase the economic efficiency of probiotic
cultures production. Obtained data induce further study of the biochemical composition, elucidation of the mechanism of cell-
free extracts action and confirmation of their efficacy in vivo.

BnauB 6€3KAITUHHUX €KCTPAKTIB, WO OTPUMaHi 3 NPo6ioTMUHMX WTamiB
Bifidobacterium bifidum Ta Lactobacillus reuteri, Ha npoaidpepauito
Ta 6ionniBkoyTBOpeHHA Lactobacillus reuteri in vitro

0. B. KHuw

MeTa po60oTu — focnianTyi 3aaTHICTb Be3KMiTMHHUX EKCTPAKTIB, LU0 MICTATb AepuBaTi NpobioTUYHKX WTamis Bifidobacterium bifidum
i Lactobacillus reuteri, Bnnneatv Ha nponicbepaito Ta bionniskoyTeopeHHs Lactobacillus reuteri in vitro; OLiHUTM NepcnekTuBm
CTBOPEHHS! Ha iXHilh OCHOBI HOBMX MeTabioTWKiB, 3aC0DiB NiABMLLEHHS 3aranbHOi NPOAYKTUBHOCTI KNiTMHHOI Giomacy npobioTuka.

Marepianu Ta metogm. BeskniTyHHI excTpakTi oTpumyBanm 3 npobioTuyHmx wramie B. bifidum 1 i L. reuteri DSM 17938 3a
METOAOM, Lo po3pobneHuii asTopamu. MpobioTnynmi wram L. reuteri DSM 17938 BukopucToByBanu sik TecT-kynstypy. Mponi-
thepauito Ta BionniskoyTBOpeHHs L. reuteri nocnigpysany cnekTpooTOMETPUYHIM METOLOM 32 AONOMOFOK MIKPOMITAHLLETHOTO
aHanisaropa «Lisa Scan EM» («Erba Lachema s.r.0.», Yecbka Pecnybnika).

Pesynirati. Be3kniTMHHUI eKCTpaKT, ki OTpUManu 3 Kynstypu L. reuteri, WO BUPOLLEHa y BNAacHOMY Ae3iHTerparti 3 foAaBaH-
HAM TTiLepUHY Ta [MIOKO3K, € EANHWM 3 YCiX AOCRIMKEHNX, KOTPUIA CTUMYITIOE i nponidepaLito, | BionniBkoyTBOpeHHs L. reuteri.
BeskniTWHHI ekcTpakTy, Wo oTpumaHi 3 AesiHTerparis L. reuteri i B. bifidum i 3 kynsTypu L. reuteri, BUPOLLEHOI y BNacHOMy
fesiHTerpari, CTUMYMIOKTb NpornidepaLito TeCT-KynbTypy Pi3HO MIpOH (3aneXHO Bif TUMY eKCTPakTy Ta NOro BMICTY B cepe-
[OBULL KYNBTUBYBaHHS), ane MatoTb 3HaYyLLUIA iHriBITOpHWIA BNNWB Ha GionniBkoyTBOPEHHS L. reuteri. EKCTpaKT, LLLO OTpUMaHNii
3 KynbTypu B. bifidum, BUpOLLEHOT y BNacHOMY AesiHTerpari, He Mae iCTOTHOrO BNMBY Ha nporicepallito Ta CyTTEBO MPUrHidye
GionniBkoyTBOPEHHS L. reuteri.

BucHoBKuM. Peaynsratv fOCTIMKEHHS Aal0Tb MOXMMBICTb NO3UTUBHO OLHUTY NEPCTEKTUBM CTBOPEHHS HOBWX METabioTuKIB Ha
OCHOBI MPOBIOTUYHNX MOXIAHNX. BE3KNITUHHWI EKCTPAKT, Lo OTPUMAaHWIA 3 KynbTypy L. reuteri, sika BUpOLLEHa y BMacHOMY Ae3iH-
Terpati 3 4ofaBaHHAM MiLepyHy Ta rMoKO3W, MOXe CMPUSITU BUXKUBAHHIO Ta MONErLUyBaTy iHOKyNsLo BBEAEHOro npobioTuka y
LUMYHKOBO-KMLLUKOBOMY TPaKTi NPy NOEAHAHOMY BUKOPUCTAHHI.

[epuBat-BMICHi €KCTPaKTU 3 BUPAXEHUM PICT-CTUMYMIOBaNbHAM €DEKTOM MOXYTb CTaTW OCHOBOK ANsi CTBOPEHHS 3acobiB
MiABWLLEHHS 3aranbHOi NPOAYKTMBHOCTI KNITWHHOI Giomack npobioTuka. BukopuctaHHs Takux 3acobiB MiaBULLUTL EKOHOMIYHY
e(hEKTUBHICTb BUPOBHULITBA NPOGIOTUYHIX KynbTyp. Pe3yrnsTaTi CnoHykatoTh 40 NPOLOBKEHHS BUBYEHHS BioXiMiYHOrO cknaay,
3'ACyBaHHs MexaHi3My Aii De3kniTMHHUX eKCTPAKTIB i NiATBEPMXEHHS iXHBOT epeKTUBHOCTI in Vivo.
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BAusiHue 6eCKAETOUHbIX JKCTPAKTOB, MOAYYEHHbIX U3 npoéuomqecmx wrammoB Kniouesble crosa:

Bifidobacterium bifidum w Lactobacillus reuteri, zggagi’fga”““'

Ha npoAaudepaumto u buonreHkoobpasosanue Lactobacillus reuteri in vitro MPOBHOTHKOB,
Bifidobacterium

0. B. KHbiw bifidum,

Llenb pa6oTkl — uccnenosatb CMOCOBHOCTL BECKMETOUHbIX 3KCTPAKTOB, COAEPXKALUMX AepuBaThl NPOBUOTMYECKMX LUTAMMOB Lactolgacr/lus

Bifidobacterium bifidum w Lactobacillus reuteri, BnusiTe Ha nponucdepauyio n GuonneHkoobpasosaHme Lactobacillus reuteri in - " euterl.

vitro; OLieHWTb NePCMeKTVBLI CO3aHNS! Ha X OCHOBE HOBLIX METABMOTIKOB 1 CPELCTB NOBLILLEHMS O6LLEH MPON3BOAUTENBHOCTH

KneTo4Hoit Gruomacce! npobroTuka. 3anopoxckuii
MeAULIMHCKUIN

Marepuans! u MeToabl. BeckneTouHble SKCTPaKTbI Nonyyanu 13 npobruoTnieckux LWtammos B. bifidum 1w L. reuteri DSM 17938
METOAOM, pa3paboTtaHHbIM aBTopamu. [NpobuoTndeckuit wramm L. reuteri DSM 17938 ncnonbaoBanu B ka4ecTse TECT-KYNbTYpbI.
Mponudepauyto 1 GruonneHkoobpasosanue L. reuteri nccnepoBanyt CnekTpoPOTOMETPUYECKAM METOLOM C MOMOLLbH MUKPO-
nnaHLIeTHoro aHanuaatopa «Lisa Scan EM» («Erba Lachema s.r.0.», Yewickas Pecnybnuka).

XypHaa. - 2019. -
T. 21, Ne 6(117). -
C. 828-834

Pe3ynbrathl. BeckneTouHbI 3KCTPaKT, MOMyYeHHbIN 13 KynbTypbl L. reuteri, BblpalleHHOW B COBCTBEHHOM [e3uHTerpate ¢
no6aBneHneM muueprHa 1 roKo3bl, — EAUHCTBEHHBINA 13 BCEX UCCNEA0BaHHbIX, KOTOPbIA CTUMYNMPYET W Nponudepauuto, 1
HuonneHkoobpasoBaHue L. reuteri. BeCKNeTOYHblE KCTPaKTbI, MOMNyYeHHbIE U3 AeanHTerpatoB L. reuteri v B. bifidum v kynbTtypbl
L. reuteri, BbpaLLieHHOW B COBCTBEHHOM Ae3nHTerpate, CTUMYNMPYIOT NponndepaLiyio TECT-KyNbTYpbl B pa3HON CTenexm (B 3aBu-
CMMOCTM OT TUNa SKCTPAKTa 1 Er0 COAEPKaHNs B Cpeae KyNbTUBUPOBAHMS), HO MIMEKT 3HAUUTENBHOE MHIMOUTOPHOE BRMSIHWE Ha
BuonneHkoobpasoBaHue L. reuteri. QKCTPaKT, NONyYEHHbIA U3 KynbTypbl B. bifidum, BeipalleHHo B COOCTBEHHOM Ae3nHTErpare,
He UMEeT CyLLECTBEHHOTO BNWSIHWS Ha NponvdepaLmio 1 3HauUTenbHO nofaenseT bruonneHkoobpasosaxue L. reuteri.

BhIBoAbI. Pesynbrathl UCCnefoBaHust NO3BONSKOT NOMOXUTENBHO OLEHUTL NEPCMEKTHBLI CO3aHNS! HOBbIX METABMUOTIKOB Ha OC-
HOBE NPOBKOTNYECKNX NPOU3BOAHBIX. BECKNETOUHBIA 3KCTPAKT, NOMYyYEHHbIN 13 KyNbTYpbI L. reuteri, BbipaLLeHHON B COOCTBEHHOM
[esuHTerpare ¢ 4o6aBNeHEM MULEPVHA U FTHOKO3bI, MOXET CMOCOBCTBOBATBL BbhKMBAHWIO 1 06NeryaTh MHOKYMSALIMIO BBEAEHHOTO
npoBroTHKa B KenyA04YHO-KMLLEYHOM TPaKTe NPYU COBMECTHOM UCTOMNb30BaHM.

[epviBat-coaepalLime 3KCTPaKTbl C BbIPaXKEHHbIM POCT-CTUMYIIMPYHOLLMM 3ChPEKTOM MOTYT CTaTb OCHOBOM 11151 CO3aHUs CPELCTB
MOBbILLIEHNS O6LLIEN MPOAYKTUBHOCTY KNETO4HOW G1oMacchl npobroTyika. crnons30BaHme Takvx CPeacTs NOBbICUT 3KOHOMUYECKYHO
3(hpeKTMBHOCTb NPOM3BOACTBA NPOBMOTUYECKNX KynbTYp. [onyyeHHble JaHHbIe NOOYXAAtT K AanbHENLLeMy U3ydeHno Groxu-
MUYECKOTrO COCTaBa, BbISICHEHUS MeXaH13Ma AeNCTBUS GECKMETOHBIX SKCTPAKTOB M NOATBEPXAEHNS UX 3QEKTUBHOCTY in Vivo.

Lactobacillus reuteriis one of the first microorganisms colo-
nizing the gut of newborns and determining the subsequent
development of the immune system. This microorganism is
an important natural inhabitant of human breast milk, skin,
urinary tract, and occupies a special position in the gut
ecosystem [1-3]. L. reuteri belongs to probiotic microor-
ganisms due to a number of beneficial effects for the host
organism. These lactobacilli regulate the composition of
the microbiotas. They inhibit the growth of opportunistic
and pathogenic microorganisms due to the production of
antimicrobial substances (organic acids, ethanol, reuterin
and reutericyclin) and compete for receptors and binding
sites on the intestinal mucosa with other microbes, provi-
ding colonization resistance. Thereby L. reuteri strengthens
the intestinal barrier and reduces the microbial translocation
across the intestinal epithelium. It has been shown that
L. reuteri have anti-inflammatory activity: it decreases
the production of many pro-inflammatory cytokines, pro-
mote the formation of T, cells and stimulate ptoduction of
IL-10 [1]. L. reuteri also exhibits anti-cancer activity due to
production of anti-carcinogenic compounds (short chain fatty
acids) and reduction of intestinal absorption of endogenous
and exogenous carcinogens [2,3].

According to the research of Gerhard Reiter and To-
monari Mitsuoka, in the middle of the past century L. reuteri
was one of the dominant lactobacilli. In recent decades,
along with a decrease in the bacterial diversity of the gut
microbiota, reduction of the L. reuteri population size and low
its prevalence in human is observed [4]. This phenomenon
has arguably contributed to an increase in human immune
dysregulation and other negative health consequences.
In this regard, scientists proposed the Microbiome Rewil-
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ding Hypothesis [5]. This hypothesis prompts to realize
the need for “reintroduction” and engraftment of L. reuteri
in the human gut.

L. reuteri as probiotic species is produced by BioGaia
AB. L. reuteriDSM 17938 is the daughter strain of L. reuteri
ATCC 55730 which has an important advantage: it does
not possess undesirable plasmid resistance to antibiotics.
There is much evidence of the effectiveness of L. reuteri
DSM 17938 for the treatment and prevention of diseases in
infants, children and adults: infantile colic and regurgitation,
necrotizing enterocalitis, functional constipation or functional
abdominal pain, diarrhea [1,3,4,6]. However, most studies
show that the beneficial effect of L. reuteriis temporary and
disappears after discontinuation of the probiotic taking [7-9].
Orally taken bacteria do not survive due to the damaging
effects of physicochemical factors in the gastrointestinal
tract, the effects of the host's immune system, competition
with commensal and pathogenic bacteria [8]. Probably one
of the serious reasons why L. reuterileaves the gastrointes-
tinal tract is the lack of important dietary substrates.

Taking into account the importance of L. reuteri for
human health and significant benefits for functioning of
the hosts’ immune system, the development of methods
aimed at improving survival and facilitating the inoculation
of lactobacilli in the gastrointestinal tract has a significant
therapeutic value. One way to increase the survival of
bacteria is to protect them by encapsulation or adhesion to
a semi-permeable biocompatible dextranomer microsphere
in the form of a biofilm [8]. The second way is to use growth
promoting prebiotic ingredients: B-galacto- oligosaccha-
rides, lactulose, fructo-oligosaccharides, inulin, isomaltose
[10]. An alternative approach to increasing colonization of
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the gastrointestinal tract by beneficial microorganisms and
enhancing the protective properties of the immune system
is using the biological activity of the probiotics’ derivatives
[11-13].

The aim

The aim of the research was to investigate the ability of
cell-free extracts, containing derivatives of probiotic strains
Bifidobacterium bifidum and Lactobacillus reuteri, to influ-
ence the proliferation and biofilm formation by Lactobacillus
reuteri in vitro; to evaluate the prospects for the creation
of new metabiotics and means of increasing the overall
productivity of probiotic cell biomass based on them.

Materials and methods

Five cell-free extracts containing probiotics’ derivatives
were investigated:

— L —filtrate of L. reuteri disintegrate;

— ML — filtrate of L. reuteri culture, grown in L. reuteri
disintegrate;

— MLG —filtrate of L. reuteri culture, grown in L. reuteri
disintegrate supplemented with 0.8 M (73.7 g/1) glycerol and
0.4 M (72.1 gll) glucose;

— B —filtrate of B. bifidum disintegrate;

- MB —filtrate of B. bifidum culture, grown in B. bifidum
disintegrate.

Disintegrates and probiotics’ cultures were obtained
from probiotic strains B. bifidum 1 (from medical product
“Bifidumbacterin-Biopharma”, JSC Biopharma, Ukraine)
and L. reuteriDSM 17938 (from medical product “BioGaia”,
BioGaia Production AB, Sweden) using the method deve-
loped by the authors [14]. Disintegrates were prepared by
tenfold cyclic freezing-thawing of the bacterial suspensions
with an optical density of 10 units on the McFarland scale.
Cultures were obtained by growing probiotic microorga-
nisms in their own disintegrates for 72 hours. Disintegrates
and cultures were centrifuged and passed through mem-
brane filters (Vladipor, RF) with a pore diameter of 0.2 ym
to remove microbial cells and cellular debris. As a result,
cell-free extracts were received.

The probiotic strain L. reuteri DSM 17938 was used
as a proliferating and biofilm-forming test culture. The lyo-
philized microbial mass was rehydrated and recovered by
cultivation in tryptone soya broth (TSB; HiMedia, India) in
microaerophilic conditions for 24 hours at 37 °C. After che-
cking the purity of the culture, the cells were washed three
times to remove the components of the nutrient medium.
For this, the cell suspension was centrifuged for 10 min at
1500 g and the pellet was resuspended in a sterile isotonic
saline solution (0.9 % NaCl). The inoculum was prepared
from the suspension of washed cells. It was a microbial
suspension in a physiological saline solution with an optical
density of 10 units on the McFarland scale (~10° CFU/ml).
The turbidity of the suspension was measured using
the Densi-La-Meter Il device (PLIVA-Lachema Diagnostika,
Czech Republic).

The study of the effect of cell-free extracts on the
L. reuteri proliferation was performed in sterile 96-well poly-
styrene microtiter plates (JSC “Eximcargotrade”, Ukraine).
TSB supplemented with 1 % glucose, cell-free extracts

and inoculums were added into the test wells in the ratio
of 8:1:1; 6:3:1 and 4:5:1. Thus, the final concentration of
each extract in the cultivation medium was 10 % vol, 30 %
vol or 50 % vol. TSB supplemented with 1 % glucose,
physiological saline (PhS) and inoculums were added into
the positive control wells (PC) in the same ratio: PC, (10 %
vol of the PhS in the cultivation medium); PC,; (30 % vol
of the PhS in the cultivation medium); PC,; (50 % vol of
the PhS in the cultivation medium). The final concentration
of microbial cells in the test and positive control wells was
~108 CFU/ml. The negative control wells (NC) contained
only TSB. The plates were covered with lids and incubated
in microaerophilic static conditions for 24 hours at 35-37
°C. The optical density (OD) of the wells was measured
at 578 nm using a microtiter-plate reader “Lisa Scan EM”
(“Erba Lachema s.r.0.”, Czech Republic). The inhibition (or
stimulation) indices were calculated by the formula: Inhl
(Stl) = (AOD - AOD,,;) + AOD,.x100%, where AOD and
AQD,,, are the optical density gain in the test and positive
control wells within 24 hours, respectively.

The study of the effect of cell-free extracts on the biofilm
formation by L. reuteri. Cultivation of biofilms in the wells
and subsequent detection by stain for biofilm recognition
were performed according to the method of Stepanovic’
et al. [15]. After measuring the optical density of the wells
the plates were continued to incubate in microaerophilic
static conditions for 24 hours at 35-37 °C. Than the con-
tents of the wells were decanted into discard container.
Each well was carefully washed three times with sterile
0.1 M phosphate-buffered saline (PBS; pH 7.2) using an
appropriate micropipette. Plates were drained in an inverted
position. Attached biofilms were fixed by exposing them to
hot air at 60 °C for 60 min. Then they were stained by 1 %
crystal violet for 15 min. After that, wells were washed ten
times with purified water using a micropipette. Ethanol as
an eluent was gently added into the wells for resolubilization
of the dye. Microtiter plate covered with the lid and was left
at room temperature for 30 min. The optical density (OD)
of the eluate in the test and control wells was measured at
630 nm by using a microtiter-plate reader “Lisa Scan EM”
(“Erba Lachemas.r.0.”, Czech Republic). Based on the OD
values obtained for NC and test samples, biofilm formation
was defined as:

—weak (OD,, < OD = 2xOD,.);

—moderate (2xOD,, < OD < 4x0D,.);

- strong (4xOD,, < OD);

- no biofilm formation (OD < OD, ), according to
the method for quantification of biofilm formation proposed
by In Lee S. et al. [16].

The inhibition (or stimulation) indices were calculated by
the formula: Inhl (Stl) = (OD - OD,,) + OD,,.x100%, where
OD and OD,,, are optical density of the test and control
samples, respectively.

All experiments were performed three times. Each
sample was tested in triplicate. Obtained data were sta-
tistically processed with Excel 2010 software (Microsoft,
USA). Average values of obtained indices (OD or AOD)
with standard deviations (SD) were determined. The sig-
nificance of the difference between the obtained indices of
the test and control groups was determined by Student’s
t-test. Differences were considered significant at P < 0.05.
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Results

At the first stage of research, the effect of cell-free extracts
on L. reuteri proliferation was studied. The data presented
in Fig. 1 suggests that an increase in the volume of the PhS
replacing the nutrient medium in the control sample from
10 % to 30 % and from 10 % to 50 %, is accompanied
by a decrease in the optical density gain of the culture by
an average of 13.8 % and 26.0 %, respectively. This is a
dilution effect due to a decrease in the amount of nutrients
in the cultivation medium. Introduction into the cultivation
medium of the L extract at a concentration of 10 % leads to
asignificantincrease in the optical density gain of the culture
compared to PC,; (Stl is 24.5 %). ML and MLG cell-free
extracts at a concentration of 10 % do not have a significant
effect on the optical density gain of the culture.

The increase of L, ML and MLG extracts’ content in
the cultivation medium for up to 30 % is accompanied by
a significant increase in the optical density gain of the cul-
ture in comparison with PC,; (Stls are 101.4 %; 54.3 %
and 30.0 %, respectively). Introduction into the cultivation
medium of L and ML extracts at a concentration of 50 %
results in a significantly increase of the optical density gain
of the culture compared to PC, (Stls are 81.7 % and 32.7 %,
respectively). MLG extract at 50 % content in the cultivation
medium does not have a significant effect on optical density
gain of culture compared to PC,.

As shownin Fig. 2, cell-free extract Bin the composition
of the cultivation medium at a concentration of 10 % does
not have a significant effect on the optical density gain of
the culture compared to PC, . An increase in the content of
this extract in the composition of the cultivation medium to
30 % and 50 % leads to a significant increase of the culture
optical density gain compared to the PC, and PC,; (Stls
are 19.5 % and 16.3 %, respectively). The presence of B
extract in the cultivation medium does not affect the culture
optical density gain.

At the second stage of research, the effect of cell-free
extracts on biofilm formation by L. reuteri was studied.
Optical density of the eluate enables to indirectly judge
the biofilm formation by bacteria. An increase in the volume
of the PhS replacing the nutrient medium in the control
sample from 10 % to 30 % and from 10 % to 50 %, is ac-
companied by a decrease in the optical density of the eluate
by an average of 8.9 % and 29.8 %, respectively (Fig. 3).
The biofilm formation by L. reuteri culture at 10 %, 30 % and
50 % content of the PhS in the cultivation medium is defined
as strong. The introduction into the cultivation medium of
extract L at a concentration of 10 % is accompanied by
a decrease in the optical density of the eluate compared
with PC, (Inhl is 16.3 %). Extract ML at a concentration
of 10 % does not affect the optical density of the eluate.
An increase in the concentration of extracts of L and ML
to 30 % in the cultivation medium is accompanied by a
significant decrease of the biofilm formation by test-cul-
ture compared to PC,; (Inhls are 63.6 % and 51.3 %,
respectively).

But, despite this, the biofilm formation of the test cul-
ture is defined as strong. An increase in the content of L
and ML extracts in cultivation medium up to 50 % leads to
pronounced inhibition of biofilm formation by L. reuteri com-
pared to PC,, (Inhls are 78.0 % and 48.3 %, respectively).
It should be noted that in the presence of L extract, biofilm
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Fig. 1. The effect of cell-free extracts derived from L. reuteri on the proliferation of L. reuteri (average
AOD + SD, at 578 nm, n = 3).

PC: positive controls (PC, ; PC,; PC, ); L:filtrate of L. reuteri disintegrate; ML: filtrate of L. reuteri
culture, grown in L. reuteri disintegrate; MLG: filtrate of L. reuteri culture, grown in L. reuteri
disintegrate supplemented with glycerol and glucose; *: the differences are significant compared
to the PC,; #: compared to the PC,; }: compared to the PC,, P < 0.05.
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Fig. 2. The effect of cell-free extracts derived from B. bifidum on the proliferation of L. reuteri
(average AOD + SD, at 578 nm, n = 3).

PC: positive controls (PC, ; PC,; PC, ); B:filtrate of B. bifidum disintegrate; MB: filtrate of B. bifidum
culture, grown in B. bifidum disintegrate; #: the differences are significant compared to the PC,;
1: compared to the PC,, P < 0.05.

formation by L. reuteri culture becomes moderate. MLG
extract at 10 % and 30 % concentration in the cultivation
medium significantly stimulates the biofilm formation of
the test culture (Stls are 32.9 % and 25.5 %, respectively).
The degree of biofilm formation by L. reuteriin a cultivation
medium containing 50 % MLG extract does not differ from
biofilm formation by test culture in the PC,,.

As can be seen from the data presented in Fig. 4, B
and MB extracts significantly inhibit biofilm formation of
L. reuteri in a dose dependent manner. Calculated Inhls
of biofilm formation under the influence of introducing B
extract into the cultivation medium at concentrations of
10 %; 30 % and 50 % are: 50.0 %; 82.9 % and 83.7 %,
respectively. The Inhls after the introduction of MB extract
into the cultivation medium at the same concentrations are:
31.0 %; 73.8 % and 73.1 %, respectively. Biofilm formation
by L. reuteri culture in the presence of extracts Band MBin
the cultivation medium at concentrations of 30 % and 50 %
is defined as moderate.
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Fig. 3. The effect of cell-free extracts derived from L. reuteri on the biofilm formation by L. reuteri
(average OD % SD, at 630 nm, n = 3).

PC: positive controls (PC,; PC,; PC,); L:filtrate of L. reuteri disintegrate; ML: filtrate of L. reuteri
culture, grown in L. reuteri disintegrate; MLG: filtrate of L. reuteri culture, grown in L. reuteri
disintegrate supplemented with glycerol and glucose; *: the differences are significant compared
to the Pcm;": compared to the PC,; 1: compared to the PC,, P < 0.05.
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Fig. 4. The effect of cell-free extracts derived from B. bifidum on the biofilm formation by L. reuteri
(average OD £ SD, at 630 nm, n = 3).

PC: positive controls (PC, ; PC,; PC, ); B filtrate of B. bifidum disintegrate; MB: filtrate of B. bifidum
culture, grown in B. bifidum disintegrate; *: the differences are significant compared to the PC, ;
#: compared to the PC, ; $: compared to the PC, P < 0.05.

Discussion

Summarizing the data obtained at the first stage of research,
it should be noted that cell-free extracts obtained from L. re-
uteri disintegrate and culture, grown in its own disintegrate,
stimulate the proliferative activity of L. reuteri to a much
greater degree than the extract obtained from B. bifidum
disintegrate. According to the degree of stimulatory effect
on the L. reuteri proliferation, cell-free extracts arranged
in ascending order: B < MLG < ML < L. The stimulation
abilities of cell-free extracts enhance with increasing con-
centration in the cultivation medium from 10 % to 30 %
and weaken with increasing concentration to 50 % due to
the dilution effect. The most pronounced stimulatory effect
on L. reuteri proliferation is exerted by extract L, containing
disintegration products of L. reuteri. The less pronounced
effect of ML and MLG extracts on the proliferative activity of
L. reuteriis obviously associated with the inhibition effect of
some metabolites contained in these extracts. One of these
metabolites can be reuterin, produced by L. reuteri when

cultivated in a glycerin-containing medium. It is known that
reuterin exhibits pronounced antimicrobial activity toward
to representatives of many genera of bacteria, fungi and
protozoa in concentrations 4-5 times lower than those that
can inhibit the growth of lactic acid bacteria. It is noteworthy
that among all species of the genus Lactobacillus L. reuteri
produces the highest concentrations of reuterin and is most
resistant to its antimicrobial activity [1]. In addition to reu-
terin, proliferative activity can be suppressed by lactic acid
produced by lactobacilli in the process of cultivation. Lactic
acid due its chelating properties can capture essential for
growth elements, such as iron [17,18].

Data obtained at the second stage of research, allow
us to conclude that all cell-free extracts, with the exception
of MLG, inhibit biofilm formation by L. reuteri. According
to the degree of inhibitory effect on the L. reuteri prolif-
eration, cell-free extracts arranged in ascending order:
ML < L < MB < B. The inhibitory and stimulatory abilities
of cell-free extracts are in a concentration-dependent way.
The chemical stimuli that influence the development of
biofilms include nutrients and metabolites, quorum sensing
molecules, and antimicrobials. According to recent studies,
bacterial exposure to subinhibitory antimicrobials of many
chemically different classes increases biofilm formation.
This phenomenon can be considered as a quick and
nonspecific way to protect the population from chemical
threats. It can be explained by relying on the fundamental
biomedical paradigm of hormesis, according to which small
doses stimulate, and large inhibit biological parameters
[19]. We assume that stimulatory effect of MLG extract
on biofilm formation by L. reuteri is related to the content
in the extract of reuterin, which has antimicrobial activity.
To date, we have not established which mechanisms
underlie the inhibitory effect of other extracts on the bio-
film formation by L. reuteri. This issue is to be studied
further. However, we assume the existence of at least
two mechanisms of inhibition. The first mechanism is
based on the ability of disintegration products, which are
signal molecules, to suppress the expression of genes
responsible for biofilm formation. The second mechanism
is associated with the involvement of some structural
components of bacteria (EPSs, proteins, for example) in
non-specific interactions of cells with abiotic and biotic
surfaces [18]. Supposedly, the disintegration products,
which are structural components of lactic acid bacteria,
can disrupt the biofilm formation by shielding cell surface
adhesins and changing its physicochemical properties.

Analysis of the data suggests that the different direc-
tionality and degree of influence of the studied cell-free
extracts on the basic physiological functions of L. reuteri
are due to differences in their composition, which is pre-
determined by the method of preparation and by the type
of derivatives’ producer. It is obvious that extracts from
disintegrates, obtained by repeated freezing-thawing of a
bacterial suspension, contain the structural components
of bacterial cells (MAMPs, microbe-associated molecular
patterns) and bacterial cold shock proteins (DAMPs, da-
mage-associated molecular patterns). These structures
possess powerful bioregulatory potential. For example,
cold induced proteins have the ability to orchestrate multi-
ple cellular processes, including proliferation and differenti-
ation by regulation of transcription, translation, and splicing
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[11,12,20]. Extracts from probiotic cultures additionally
contain metabolic products of actively proliferating cells.
Some substances can be catabolized by lactobacilli and
serve as signaling molecules involved in the regulation of
gene expression and in the quorum sensing mechanism
implementation. Elucidation of the mechanism of action
requires further careful study of the biochemical compo-
sition of cell-free extracts.

Conclusions

1. The results of the study allow us to positively evaluate
the prospects for the creation of new metabiotics based on
probiotic derivatives.

2. Cell-free extract, obtained from L. reuteri culture,
grown in its own disintegrate supplemented with glycerol
and glucose can contribute to the survival and facilitate
inoculation of the introduced probiotic in the gastrointestinal
tract when used together.

3. Derivative-containing extracts with a pronounced
growth-stimulating effect can be the basis for creating of
means for increasing the overall productivity of probiotic cell
biomass. The use of such means will increase the economic
efficiency of the production of probiotic cultures.

4. Obtained data induce further study of the biochemi-
cal composition, elucidation of the mechanism of action of
cell-free extracts and confirmation of their efficacy in vivo.

Prospects for further research: obtained results are
of practical importance and will be used in the development
of new metabiotics and means for increasing the overall
productivity of cell probiotic biomass based on B. bifidum
and L. reuteri derivatives.
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