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Impact of Biologically Active Complexes of Lactobacillus rhamnosus GG
and Saccharomyces boulardii After Storage Under Low Temperatures
on Biofilm Forming Ability in Corynebacteria

Pedbepat: Y poboTi 06rpyHTOBaHO TemnepaTypHi pexumun i TepMiHn 36epiraHHs GioNoriYHO aKTUBHWX KOMMMEKCIB (CTPYKTYPHMUX
KOMMOHeHTIB i meTaboniTiB) Lactobacillus rhamnosus GG i Saccharomyces boulardii, ki nposBNsOTE NPOTUMIKPOOHY aKTUBHICTb Ta
3HIKYIOTE (hOopMyBaHHs GionmiBok y natoreHHux 36yaHukiB Corynebacterium spp. NokasaHo 36epexeHiCTb 6i0noriYHoi akTMBHOCTI
KoMMmekciB nicns 6 micauiB (TepmiH cnoctepexeHHsi) 3a Temnepatypu (-23 + 1)°C ta npotarom 60 Ai6 (TepmiH cnocTepexeHHs)
y rinotepmidyHnx ymoax npu (4 + 1)°C. CTyniHb NpUrHiYeHHs yTBOPeHHSA GionniBoK maToreHHnx KopuHebaKTepin 3anexas Big YyTnu-
BOCTI WTamy TecT-kynbTypu Corynebacterium spp. 40 NpoayKTiB MiKpOOHOro noxomkeHHs. HanmeHLwwe hopmyBaHHs 6ionniBkM TOKCUMIeH-
HUMU WITamamu kopuHebakTepin cnocTepiranocs nig BNAMBOM CyMmilli meTaboniTiB naktobaktepint i caxapomiueTiB (p < 0,05). OTpu-
MaHi pesynbratu CBig4YaTb MPO MOXIMBICTb 3aCTOCYyBaHHS 30epexeHux GionoriYHO aKTMBHMX pevoBUH 3a Temnepatyp 4 Ta —23°C
y KOHCTpytoBaHHi komnnekci L. rhamnosus GG i S. boulardii, a Takox y TeXHOMOrYHMX npouecax ix BUpobHuuTBa AN NpodinakTukm
nepcucTeHuii 36yaHvkiB andTepii.

Kno4yoBi cnoBa: H13bkoTemnepaTtypHi pexxunmMm 36epiraHHs, kopuHebakTepii, 6ionnisku, 6ionoriyHo akTuBHI komnnekcu, Lactobacillus
rhamnosus GG, Saccharomyces boulardii, aHTu6ionniBkoBa akTUBHICTb.

Abstract: This paper describes the temperature regimens and shelf life of biologically active complexes (structural components
and metabolites) of Lactobacillus rhamnosus GG and Saccharomyces boulardii, which have antimicrobial activity and reduce biofilm
formation in pathogenic agents of Corynebacterium spp. Preservation of biological activity of complexes after 6-month storage
(observation period) at (-23 £ 1)°C and for 60 days (observation period) under hypothermia at (4 + 1)°C has been demonstrated. The
degree of inhibition of biofilm formation in pathogenic corynebacteria depended on sensitivity of the Corynebacterium spp. test-culture
strain to products of microbial origin. A mixture of lactobacillus and saccharomycete metabolites displayed weak biofilm formation
by toxicogenic strains of corynebacteria (p < 0.05). Our findings testified to a possible use of biologically active substances, stored
at 4 and -23°C in designing the L. rhamnosus GG and S. boulardii complexes and in technological processes of their production
to prevent the persistence of the diphtheria pathogens.

Key words: low temperature regimens of storage, corynebacteria, biofilm, biologically active complexes, Lactobacillus rhamnosus
GG, Saccharomyces boulardii, anti-biofilm formation activity.

Emimemionoridaa cuTyariiss CTOCOBHO PO3IMOBCION-
keHHST nudrepiiinol iH(EKIii XapaKTepHu3yeThes
CTIOPaJIMYHIMU CIIATaXaMHU Ta IMOCTIHHOI IUPKYIIS-
i€l 30yqHUKA y BUDIAII 3A0POBOTO OakTepioHO-
cilicTBa cepesl pi3HUX BepcT HaceseHHs [9]. Ha cho-
TOJIHI PO3pO0JICHO €(EeKTHBHI 3acO0M JIIKyBaHH:I
XBOpHX, MpOTe NPOQINaKTHYHI MpenapaTd MpOTH
[IEPCUCTEHINT TMATOreHHUX KOpUHEOaKTepiii Bij-
CYTHI.

EdextuBHuM HanpsMoM npodimakTuku  Oak-
TepianbHOl MEPCUCTEHII € MPUTHIYeHHS 3JaTHOCTI
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Epidemiological situation in diphtheria spreading
is characterized by sporadic outbreaks and a constant
circulation of pathogen via healthy bacteria carrying
among different population groups [14]. To date,
the efficient treatments have been developed for
patients with diphtheria, but there are no drugs
preventing the persistence of pathogenic coryne-
bacteria.

An efficient way to prevent bacterial persistence
is inhibiting the microorganisms’ ability of biofilm
formation [3-6, 15, 16, 18, 20]. The biofilm for-
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MIKpOOpraHi3MiB 10 yTBOpeHHs OiomuiBku [12-18,
20]. Ioka3zano, mo ¢opmyBanHs OiomiIiBKH cradi-
JIOKOKaMH TallbMYIOTh KaTIOHHHWH MENTHI BapHEPiH
i qumeTtmicynbpokcu [2].

s mpuTHIYeHHS YTBOPEHHsI O10TUTIBOK KIIITHH
Staphylococcus aureus i Staphylococcus epidermidis
MEPCIIEKTUBHE 3aCTOCYBAaHHS METa0ONITIB JIaKTO-
6armn (Lactobacillus plantarum L3 i Lactobacillus
fermentum 97) [10]. Bouu mpusBoaaTs a0 3arubesi
30yIHUKIB, BUKJIUKAHOI yABTPACTPYKTYpPHUMH 3MiHA-
MU B KIITHHaX-MIIICHAX 1 MOPYIIEHHSIM >KUTTEBO
BXIIMBHX TIporieciB (aijeHHst kiituH, cuaTe3 JJHK
1 TIENTUIOTIIKAHOBOTO Iapy, BiATOPTHEHHS TEMITH-
JIOTIIKAHOBHX IIOOYIT 13 TIOBEPXHI KJIITHHHOT CTIHKU
y 30BHIIIHE CEPEIOBHIIIE).

Hamu po3pobneno 3paszku QinbTpartis, sKi mposiB-
JISIIOTH TPOTUMIKPOOHY aKTUBHICTb Ta 3HUKYIOTh 010-
IUTIBKOB1 BJIACTMBOCTI NMaTOT€HHHUX KOpuUHeOaKTepiit
[3-7]. Lle OiomoriuHo akTHBHI KomIuiekcu (BAK)
MmikpoOHux kiitun Lactobacillus rhamnosus GG a6o
Saccharomyces boulardii: crpykrypHi KOMIOHEHTH,
OTpPUMaHi TicJIT 0OpPOOKH KIIITHH MPOOIOTHKA YIBT-
Pa3BYKOBUM OIPOMiHEHHSIM, i METaboiTH i3 cepe-
JIOBUII KYJTBTHBYBaHHS MPOOIOTHKIB ¥ CTPYKTYPHHUX
komronenTax L. rhamnosus GG a6o S. boulardii.
Ha chorogni BaxkiuBI Taki NMHUTaHHS, K BHBUCHHS
YMOB 1 BH3Ha4€HHS TEpPMiHIB 30epiranHs ofepixa-
HUX PEYOBUH JUIsl 30epexeHHs] 010J0riYHOi aKTHB-
HOCTI 3pa3KiB Qinsrparis [2-8, 10].

s BupoOHmITBa Ta 3acrocyBaHHs BAK mpo-
OIOTUYHOTO TMOXO/KEHHS B TMPAKTHYHIA MEIUIUHI
OUTBII AOLITFHO BUKOPUCTOBYBAaTH TiMOTEPMil0 Ta
MOMIPHO HHU3BKI TEMIIEpPaTypH, OCKIIbKM BOHU Ha
BiIMiHY Bi/l KPIOKOHCEPBYBaHHs MalOTh PsiJ IIepeBar
(mocTymHIiCTh, MPOCTOTAa Ta €KOHOMIYHICTh). Bapro
3a3HAuUTH, 110 PaHille JOCHIIKEHHS 3 JOBrOCTPO-
KoBOro 30epiranus pedoBur L. rhamnosus GG i
S. boulardii, onepxanux 3a aBTOPCHKOIO METOMKOIO,
HE MPOBOJMIIN.

Merta poboTH — OOTPYHTYBaHHS PEXUMIB 30epi-
ragas OlOJOTIYHO aKTWBHUX KOMIDIEKCiB Lacto-
bacillus rhamnosus GG Ta Saccharomyces boulardii,
AK1 TIPOSIBIAIOTH MPOTUMIKPOOHY aKTHUBHICTH 1 3HH-
KYIOTh (popMyBaHHS OIOIUIIBOK y TAaTOreHHHUX 30y
uukiB Corynebacterium spp.

Marepiaiau Ta MeTOIH

Y po0OOTi BHKOPUCTOBYBAJIM HACTYIHI IITAMHU-
MIPOYICHTH:

- mpobiotnunmnii mram L. rhamnosus (LGG®)
ATCC 53103, onepxanuii i3 cumbioTrka «PREEMA®»
(«Schoneny, IllBeiinapis). Peectparito 3a3Hadve-
HOTO Ipernapary B YKpaiHi miITBepIKEeHO BUCHOBKOM
JIep>KaBHOI ~ CaHITapHO-EIIiIEMIOIOTi9HOI  eKcIep-
tusu (Ne 05.03.02-03/28238);

mation by staphylococci have been shown to in-
hibit the cationic peptide warnerin and dimethyl
sulfoxide [7].

To suppress the biofilm formation in Staphylococ-
cus aureus and Staphylococcus epidermidis cells,
the use of lactobacillus metabolites (Lactobacillus
plantarum L3 and Lactobacillus fermentum 97)
is promising [17]. Their use results in a death of
pathogens, caused by ultrastructural changes in
target cells and disruption of vital processes (cell
division, synthesis of DNA and peptidoglycan
layer, rejection of peptidoglycan globules from
cell wall surface to external environment).

We have designed the samples of filtrates, that
exhibit antimicrobial activity and reduce the bio-
film properties of pathogenic corynebacteria [8—12].
These are the biologically active complexes (BACs)
of microbial cells of Lactobacillus rhamnosus GG
or Saccharomyces boulardii: structural components
obtained after treating probiotic cells with ultrasound
irradiation, and metabolites from probiotic culture
media in structural components of L. rhamnosus GG
or S. boulardii. Today, of importance are studying
the conditions and determining the shelf life for the
obtained substances in order to preserve biological
activity of filtrate samples [7-13, 17].

To produce and enroll the BACs of probiotic
origin into practical medicine, it is more appropriate
to use hypothermia and moderately low tempera-
tures, because they have a number of advantages
(availability, simplicity and cost-efficiency) in cont-
rast to cryopreservation. Notably, that a long-term
storage of L. rhamnosus GG and S. boulardii, obtained
by the author’s technique, has not been previously
investigated.

The research aim was to substantiate the storage
regimens of biologically active complexes of Lac-
tobacillus rhamnosus GG and Saccharomyces bou-
lardii, exhibiting antimicrobial activity and redu-
cing the biofilm formation in Corynebacterium spp
pathogenic agents.

Materials and methods

In this study, the following producing strains were
used:

- probiotic strain of L. rhamnosus (LGG®) ATCC
53103, obtained from the symbiotic ‘PREEMA®’
(Schonen, Switzerland). This drug registration in
Ukraine is confirmed by the hygiene certificate from
the State Sanitary and Epidemiological Service
(N2 05.03.02-03 / 28238);

- S. boulardii CNCM 1-745 fungi, isolated from
probiotic preparation ‘BULARDI® (Schonen). This
drug registration in Ukraine is confirmed by
the hygiene certificate from the State Sanitary
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- tpubu S. boulardii CNCM 1-745, Bumineni 3
npobiotuynoro npenapary «BULARDI®» («Scho-
neny»). Peectpairo 3a3HaueHoro npenapary B Ykpaini
MiATBEPPKEHO BHCHOBKOM JIEPYKaBHOI CaHITapHO-
emigemionoriyoi  ekcrieptuzu  (Ne  05.03.02-03/
58212).

ramu L. rhamnosus (LGG®) i S. boulardii Bupo-
LIyBaJIM Ha TBEPIUX XUBHUJIBHUX CEPEIOBUINAX, SKI
BIJIMOBiTajI Xap4OBUM TMOTpedaM MIKpOOpTraHi3MiB:
nmaktobakarap ta cepeposumie Calypo [10]. Imky-
Oarlifo 3pa3kiB HPOBOAMIN MpoTsiroM 18—20 romuH
3a temmepatypu (37 + 1)°C, 3MuBamu 3 cepenoBu-
ma KynsTuByBaHHS 0,9%-M po3uMHOM XJOpHIy Ha-
TPif0 Ta TPUPA30BO BiAMHBAIMA MIKpOOHY Macy Bij
3anumKiB cepenoBuia. Cycnensii MiKpoopraHismis
L. rhamnosus i S. boulardii roryBanu B 0,9%-my
PO3YHHI XJIOPULY HATPIIO 3 3aCTOCYBAHHSIM MPHUIIALY
«Densi-La-Meter» («PLIVA-Lachema Diagnostika,
Yexist) 1 TOBOIWIM 10 ONTUYHOI IiyibHOCTI 10,0 omu-
HUIB 3a mKkanor McFarland 3rimHo 3 iHCTpyKIi€to
no mpuinany. MikpoOHI KIITHHH JaKTOOaKTepii
1 caxapoMineTiB 00poOJSUIA YIBTPa3ByKOM i3 BHKO-
puctanasM Teneparopa «I'3—109» (BemikomyKkebKuit
pamiosaBox, Pocist). O6po6ieni 3pasku L. rhamnosus
GG (L) i S. boulardii (S), siki MiCTATh CTPYKTYpHI
KOMIIOHEHTH, 3aCTOCOBYBAllM JUIS BUPOIYyBaHHSI
KyJBTYp JakToOakTepiil 1 rpubiB, a TakoX JJIsl MPo-
BEJICHHS EKCIICPUMEHTIB [6, 7].

Mera6omitu L. rhamnosus (ML) ta S. boulardii
(MS) onepxxyBamu 3 CepeIOBMIL KyJIbTHBYBaHHS
MPOIYLEHTa B CTPYKTYPHHUX KOMIOHEHTaxX Mpooio-
TUKiB. MikpoOHi cycmeH3ii jgakroOakTepiii abo ca-
XapoMilleTiB i3 onTH4HOIO TycTuHO0 10,0 oguHUIb
3a mkanoo McFarland BHOcunm y BmacHi cTpyk-
TYpPHI KOMIIOHEHTH, KyJIbTHUBYBAaJIU 3a TEMIIEpPaTypH
(37 £ 1)°C ympoumosx 72 roawH, HeHTpU(YTyBaIn
ta ¢insrpyBanu [7]. Jns oTpuMaHHS OpUTiHATBHHIX
MEeTa0OoMITIB MIKPOOHY CYCIIEH3il0 CaxapOMIIeTiB
JOJTAaBaJI IO CTPYKTYPHUX KOMITOHEHTIB JIAKTOOaK-
tepitt (LS) abo BHOCWIM CyMiIlli MIKpOOHHUX KITITHH
JaKTOOaKTepid 1 caxapoMILETiB /0 CTPYKTypHHUX
xommonenTiB L. rhamnosus GG (MLS) [6].

OO0poOIIeHi yIBTPa3ByKOBUM ONPOMIHEHHSIM 3pa3-
ku L. rhamnosus GG (L) i S. boulardii (S), ski
MICTATh CTPYKTYpHI KOMIIOHEHTH, MPOAYKTH METa-
Oonismy maktobakrepiii (ML), caxapominetiB (MS,
LS) i cymim (MLS), nenrpudyrysamu mpu 1000g
ynpopoBk 30 XB, a CylnepHaTaHT IPOITyCKajH
yepe3 mMeMOpanHuil ¢insrp «Bnaginop» M®PAC-b
Ne 4 (miamerp mop 0,2 mxm). Ilomanpmii mgocmif-
JKCHHS TPOBOAMIIM Ha JIBOX TpyHax 00’ €KTiB: CTPyK-
TypHuX KommnoneHTax (L, S) ta merabomitax (ML,
MLS, MS, LS) L. rhamnosus GG i S. boulardii,
ski € BAK mpoOioTHYHHX MIiKpoOpraHi3miB [6,
71.
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and Epidemiological Service (Ne 05.03.02-03/
58212).
The L. rhamnosus (LGG®) and S. boulardii

strains were cultured on solid nutrient media
that met the nutritional needs of microorga-
nisms: Lactobacagar and Sabouraud medium [17].
Samples were incubated for 18-20 hrs at (37 = 1)°C,
rinsed out of culture medium with 0.9% sodium
chloride solution. Then the microbial mass was
three-fold washed out of medium residues. Sus-
pensions of L. rhamnosus and S. boulardii micro-
organisms were prepared with 0.9% sodium chlo-
ride using Densi-La-Meter device (PLIVA-Lachema
Diagnostika, Czech Republic) and brought to an
optical density of 10.0 units by McFarland stan-
dards according to the manufacturer’s instructions.
Microbial cells of lactobacilli and saccharomycetes
underwent ultrasonic treatment using G3-109 ge-
nerator (Velikoluksky Radio Plant, Russia). The
treated samples of L. rhamnosus GG (L) and S. bou-
lardii (S), containing structural components, were
used to culture lactobacilli and fungi, as well as
for experiments [11, 12].

Metabolites of L. rhamnosus (ML) and S. bou-
lardii (MS) were procured from the producer
culture media in structural components of probio-
tics. Microbial suspensions of lactobacilli or saccha-
romycetes with an optical density of 10.0 units by
McFarland standards were introduced into the own
structural components, cultured at (37 £ 1)°C for
72 hrs, then centrifuged and filtered [12]. To obtain
the original metabolites, a microbial suspension of
saccharomycetes was supplemented to structural
components of lactobacilli (LS) or the mixtures of
lactobacilli and saccharomycetes microbial cells
were added to structural components of L. rhamnosus
GG (MLS) [11].

Samples of L. rhamnosus GG (L) and S. boulardii
(S), treated with ultrasonic irradiation, containing
structural components, metabolic products of lac-
tobacilli (ML), saccharomycetes (MS, LS) and
mixture (MLS), were centrifuged at 1,000g for
30 min, and the supernatant was filtered through
membrane filter ‘Vladipor’ MFAS-B Ne 4 (0.2 um
pore diameter). Further studies were performed in
two groups of objects: structural components (L, S)
and metabolites (ML, MLS, MS, LS) of L. rhamnosus
GG and S. boulardii, being the BACs of probiotic
microorganisms [11, 12].

Biologically active complexes of structural com-
ponents and metabolites (metabolic compounds)
of L. rhamnosus GG and S. boulardii were stored
under different conditions:

- for 6 months in a frozen state at (-23 £ 1)°C.
The BACs samples were frozen by passive cooling




Bionoriuno akTHBHI KOMIUIEKCH CTPYKTYPHHX
KOMITOHEHTIB 1 METaboiTiB (MeTabONIITHUX CIOIYK)
L. rhamnosus GG Ta S. boulardii 36epiramu 3a pi3-
HUX YMOB:

- 6 MicAIliB Y 3aMOpPOXKEHOMY CTaHi 3a TeMIle-
parypu (23 + 1)°C. 3pa3ku BAK 3amopoxyBanm
MTACUBHUM OXOJIOJDKCHHSM Y MOPO3WIBHIN Kamepi
xonmogmnbHKa «Samsung RB29FSRNDSA» («Sam-
sung», Kopest). Ilicas mporo 3pa3ku po3MOpPOXKY-
BaJI Ha BOJsHIN OaHi 3a Temmneparypu (37 £ 1)°C;

- 6 MicAIiB y rinorepmivHAX ymoBax mpu (4 + 1)°C;

- 60 116 y rinorepmiunux ymoBax npu (4 = 1)°C.

YTBOpeHHs OiomniBok npeacraBHukamu Coryne-
bacterium BuBYamM Ha TOKCHI€HHHX TECT-IITaMax
KOpUHEOAKTEepii, 5K 30epiraroThbCcs B KOJEKINT MiK-
poopraHizmiB  J1aboparopii mnpo¢inakTUKKM  Kparl-
muaaux iHpeknin (AY «IMI HAMH», VYkpaina):
Corynebacterium ulcerans tox+ 112; Corynebacte-
rium diphtheriae gravis tox+ 108; Corynebacterium
diphtheriae gravis tox+ 149 Ta Corynebacterium
diphtheriae belfanti tox+ 147. MikpoopraHi3mMu BH-
pOLIyBaJIM HA CHPUSTIAMBHUX U 3a3HAUCHHUX I1aTO-
TeHHUX OakTepidl MOKUBHHUX CepeloBHIIAX (KpOB’s-
Ho-TenmyputoBuii arap) [11]. Kymerypm cuHXpO-
Hi3yBaJIi B TIMIOTEPMIYHUX yMOBax 3a TeMIIEpaTypH
(4 £ 1)°C mpotsrom 30 xB [1]. 3aBuch mikpoop-
raHi3MiB TOTYBaJd 3 JOOOBUX KYJBTYpP TOKCHICH-
HUX IITaMiB KopuHeOakTepid. ONTHYHY TYCTHHY
cycrieH3ii Oakrepiit 3a mkanorw McFarland («Densi-
La-Meter», «PLIVA-Lachema Diagnostika», Yexis).
Konuenrpauis mikpoonux ximitun Corynebacterium
y KiHIIeBOMY po3BezieHHi ckimanaia 1,5 x 107 KYO / mu.

MikpoOHi OIOIUTIBKM TMMAaTOTeHHUX 30YJHHKIB
OTPHMYBAJM B CTEPUJILHUX TONICTHPOIOBUX TUIOC-
KOJIOHHUX 96-nmyHKOBHX TutaHIeTax («Excimkap-
rorpei», Ykpaina) 3a meromom S. Stepanovic’ Ta
crniBasT. [19]. B yci mocnigHi Ta KOHTPOJIBHI JIyHKH
BHOCWIHX 110 110 MKJ TPINTiKa30-COEBOTO OYIILHOHY
ta 1% mmoko3u. IlocTynoBo nociimHi JIyHKH J0-
noBHioBaiin BAK, a koHTponbHI — (i3i0onoriyHuIM
po3urHOM Hatpito xinopuay no 30 mxin. o nocmin-
HUX Ta NO3UTUBHHUX KOHTPOJIBHUX JIYHOK (KOHTPOJIb
KyneTypu) noxaBanu 1mo 10 Mii cycneHsii KITHH
Corynebacterium, y HeraTuBHi KOHTPOJbHI JIYHKH
(KOHTpOIIb CepefoBHINa) 3aMiCTh 3aBHUCI TECT-KYIb-
Typ KopuHEeOaKTepil — Pi3i0IOTIIHIIA pO3INH HATPIFO
xjopuay. [epMeTHIHO yakoBaHi TUIAHIIIETH 1HKYOY-
BaJI B TEPMOCTATi MPOTATOM 24 TOAMH 3a TemIiepa-
typu (37 £ 1)°C. Ha HacTymHOMY eTami BHIAJSIIN
BMICT JIYHOK, Tpu4i M’siko BimmuBanmu 0,1 M doc-
¢darHo-conboBrM Oydepom (pH 7,2) i3 HacTymHUM
BUCYIIYBaHHSM IUIAHIIETIB YNpoaoBxk 60 XB mpu
(60 = 1)°C. 3adikcoBaHi OiOIUTIBKH 3a0apBIFOBAIIN
1 %-M pozunHOM KpucTtansionery (150 Mk Ha JTyH-
Ky). [licns peTenbHOT0 IpOMHUBAHHS TUCTUIILOBAHOIO

in a freezer of ‘Samsung RB29FSRNDSA’ refrige-
rator (Samsung, South Korea), followed by samples’
thawing in a water bath at (37 + 1)°C;

- for 6 months under hypothermia at (4 = 1)°C;

- for 60 days under hypothermia at (4 = 1)°C.

The biofilm formation by Corynebacterium
representatives was studied in toxigenic cory-
nebacteria test strains, stored in the collection of
microorganisms of the Laboratory of the Airborne
Infections Prevention (SI ‘Mechnikov Institute for
Microbiology and Immunology of the National
Academy of Medical Sciences of Ukraine’, Uk-
raine): Corynebacterium ulcerans tox+ 112; Cory-
nebacterium diphtheriae gravis tox+ 108; Coryne-
bacterium diphtheriae gravis tox+ 149 and
Corynebacterium diphtheriae belfanti tox+ 147. Mic-
roorganisms were cultured with nutrient media
favorable for these pathogenic bacteria (blood-
tellurite agar) [1]. Cultures were synchronized
under hypothermia at (4 + 1)°C for 30 min [2].
The microorganism suspension was prepared from
daily cultures of toxigenic strains of corynebacteria.
Optical density of bacterial suspensions was de-
termined by the McFarland standards (Densi-La-
Meter, PLIVA-Lachema Diagnostika, Czech Repub-
lic). The concentration of Corynebacterium mic-
robial cells in the final dilution was 1.5 x 10’ CFU / ml.

Microbial biofilms of pathogens were obtai-
ned in sterile polystyrene flat bottom 96-well
plates (EximCargoTrade, Ukraine) by the method
described by S. Stepanovic et al. [19]. All the
experimental and control wells were filled with
110 pl of trypticase-soy broth and 1% glucose.
Experimental wells were gradually filled with
BACs, and by 30 pl of saline were introduced into
the control ones. The experimental and positive
control wells (culture control) were supplemented
with 10 ul of Corynebacterium cell suspension,
and the saline was introduced into the negative cont-
rol wells (medium control) instead of the suspen-
sion of corynebacterial test cultures. Hermetically
sealed plates were incubated in a thermostat for
24 hrs at (37 + 1)°C. The next step included
the removal of well content, three-fold washing-
out with 0.1 M phosphate-buffered saline (pH 7.2),
followed by plate drying for 60 min at (60 £+ 1)°C.
The fixed biofilms were stained with 1% crystal
violet solution (150 pl per well). After thorough
washing with distilled water, the wells were fil-
led with 150 pl of 96° ethanol and kept at room
temperature for 30 min. The optical density (OD)
of the experimental and control samples was mea-
sured using the ‘Lisa ScanTM EM’ 8-channel
microplate analyzer (Erba Mannheim, Czech Re-
public) at 630 nm wavelength. The presence or
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BOJIOIO Y JIyHKH BHOCWIM 10 150 Mkn 96° eranomy
ta BuTpuMyBaiu 30 XB 3a KIMHATHOI TeMIiepary-
pu. ONTHYHY TYCTHHY IOCHITHUX 1 KOHTPOJIBHUX
3pa3KiB BHMIPIOBAJIM 3a JIOTIOMOTOI0 8-KaHAILHOTO
MIKpOTUIaHIIIeTHOTO aHami3aropa «Lisa Scantm EM»
(«Erba Mannheimy», Yexis) mpu MOBKHHI XBHII
630 HM. 3a 3MiIHOIO ONTHYHOI HIUTBHOCTI TECT-KYIb-
TypH B IOCTIAHIN MpoOi1 MOPIBHIHO 3 KOHTPOIHLHUM
3pa3koM BHU3HAYald HasIBHICTE ab0 BIICYTHICTH
BIDTHBY JociiukyBanuX bAK Ha yTBOpeHHS O10TUTIBKH
rmatoreHoM. Po3paxyHOK 3MaTHOCTI JOCIIHKYBaHHUX
PCUOBHH BIUIMBATH Ha OIOIJIIBKOYTBOPEHHS 30yjI-
HUKIB MPoBOIMIH 32 hopmysioro [19]:

ODy,, = ODc - ODs,

ne ODc — cepenre nocimigHoro mramy, ODB — 3HaueHHS
BIJICIYKH (BiIpMBHE 3HA4YEHHS), SKE pPO3PaXOBYBa-
mu HacTymHuM drHOM: ODB = ODHK + (3 X SDHK),
ne ODHK — cepefHe HETATUBHOTO KOHTPOIO, SDHK —
CTaHJapTHE BIIXWIICHHS HETATUBHOTO KOHTPOITIO.

CyTh pO3paxyHKy MOJATAE B YCEPEIHEHHI OTPH-
MaHHX pe3yibTariB (cepenni 3HaueHHss OD Bu3Haue-
HO IS BCIX JOCHIJHUX TECT-IITAMIB 1 HETaTUBHUX
KOHTpOJIiB), @ TaKkoXX Yy BCTaHOBIICHHI TI'paHHYHO-
ro 3HaueHHs OD 3a gomoMoror TphOX CTaHAApPT-
Hux BigxwieHb SD. Ilin yac OIIHKY Ta MOPIBHSIHHS
pesynbratiB popMyBaHHS OiOILTIBOK TECT-KYJIBTYP,
PO3paxoBaHMX 32 BUILEHABEACHOIO (POPMYJIOI0, HEeTa-
TUBHHMI KOHTPOJIb € BUXIJIHUM JJIsl BCIX PO3PaxyHKiB
[19]. Yci BunpoOyBaHHSI BUKOHYBAJIH TPUYl B TPHOX
MTOBTOpax.

OOpoOKy ofiep)KaHUX PE3YNBTATiB AO0CIiHKEHb
3MIACHIOBAIM Ha MEPCOHAIBHOMY KOMIT IOTEpi 3a
moriomororo mporpamu «Excel 2010» («Microsofty,
CIIA). Po30iKHOCTI MK TTOKa3HMKAMH BBayKau
CTAaTUCTHYHO 3HauyImwmMu mipu p < 0,05.

Pe3yabTaTn Ta 06roBOpeHHs

[Ticast 6-Micsi9HOTO 30€piraHHs y 3aMOPOKCHOMY
crani npu (—23 £ 1)°C Bci BAK L. rhamnosus GG
i S. boulardii moka3anu BHCOKY 31aTHICTH MpHUT-
HiYyBaTd YTBOPEHHsI OIOIUIIBKH TECT-KYJIbTypamMH
TOKCUTCHHUX KopuHeOakTepil (puc. 1). CratucTnd-
HO 3Hauylle 3HWKEHHS (opMyBaHHS OlOIUIIBKH
C. ulcerans tox+ 112 cnocrepiraau Tmia BIUJIH-
BOM 3pa3kiB S B 5,8 Ta 18,7 paziB micis BUTPUMKH
3 MS mnopiBHsHO 3 KoHTponeM (p < 0,05). Bracmi-
mok BrumBy iHmmx BAK (L, ML, MSL, LS) Ha
C. ulcerans tox+ 112 MOBHICTIO NPHUTHIYYBaIOCST
YTBOPEHHS OIOTUTIBKM 3a3HAYCHUM IAaTOTEHOM. YCi
eKCTIepUMEHTANIbHI 3pa3Ku Ticis 6-micsaHoro 30e-
piraHHs aKTUBHO BIUTMBAIU 1 HA TECT-KYIBTYPY
cnaborokcureHnoro npesacraBauka C.d. gravis tox+
108. BincyTHicTh (GOpMyBaHHS OiOTUTIBOK JaHUM
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absence of the impact of the studied BACs on
biofilm formation by pathogen was evaluated by
the change in OD of the test culture in the studied
sample as compared with the control. The ability
of the studied substances to affect the biofilm
formation of pathogens was calculated by the for-
mula [19]:

OD,,.,= ODm - ODc,

where ODm is the mean of experimental strain, ODc
is the cut-off value, calculated as follows: ODc¢ =
ODnc + (3 x SDnc), where ODnc is the mean of
negative control, SDnc is the standard deviation
of negative control.

This calculation consisted in averaging the re-
sults obtained (the mean values of OD were
determined for all the studied test strains and ne-
gative controls), as well as in establishing the
limit value of OD using three standard devia-
tions. When evaluating and comparing the results
of biofilm formation in test cultures, calculated by
the above formula, the negative control is initial
for the whole calculations [19]. All the tests
were performed three times in 3 replicates.

The data obtained were processed with ‘Excel 2010’
software (Microsoft, USA). Differences between
indices were considered significant at p < 0.05.

Results and discussion

After 6-month storage in a frozen state at
(23 £ 1)°C, all the BACs of L. rhamnosus GG
and S. boulardii showed a high ability to inhibit
the biofilm formation by test cultures of toxigenic
corynebacteria (Fig. 1). Under the samples S
impact, a biofilm formation in C. ulcerans tox+
112 was significantly decreased by 5.8 times, and
after exposure to MS it reduced by 18.7 times Vs.
the control (p < 0.05). Due to the impact of other
BACs (L, ML, MSL, LS) on C. ulcerans tox+ 112,
the biofilm formation by the mentioned pathogen
was completely inhibited. All the experimental
samples after 6-month storage actively affected
the test culture of a weakly toxigenic species of
C.d. gravis tox+ 108 as well. Absence of biofilm
formation by this strain after exposure to the
substances of probiotic origin testified to a higher
sensitivity of the specified pathogen to experimen-
tal BACs.

The results of studying the effect of L. rham-
nosus GG and S. boulardii BACs, stored for 6 months
under hypothermic conditions (4 + 1)°C, on the
formation of biofilms by the above toxigenic
Corynebacterium species are presented in Fig. 2.
No significant difference in the reduction of bio-
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Puc. 1. Bnnue GionoriyHo aktmBHUX KoMnnekcis L. rhamnosus GG i S. boulardii, siki 36epiranncst y 3amopoXXeHomy CTaHi
npoTarom 6 micsuiB, Ha opmyBaHHSA GiONNiIBKM TOKCMreHHUMK npeacTtaBHukammu Corynebacterium: A — C. ulcerans tox+
112; B-C.d. gravis tox+ 108; C — n03nTUBHUIA KOHTPOIb (YTBOPEHHA BioNNiBOK TOKCUreHHUMM 36yaHukammn Corynebacterium
B MPUCYTHOCTI hi3ionoriYHoro po3vmHy HaTpito xnopuay); L — cTpykTypHi komnoHeHTu L. rhamnosus GG, oTpumaHi nicns
06pO6KM MIKPOBHMX KNITUH NakTobakTepili ynNsTpasBykoBUM ONpoMiHeHHAM; ML — meTtaboniTtu (MeTaboniTHi cnonyku) nak-
TobakTepin; MLS — kombiHauis meTaboniTiB caxapomileTiB i naktobakTepiin; S — CTPYKTYpHi KoMnoHeHTn S. boulardii, oT-
pvMaHi nicns 06pobkun MiKpoBHMX KNITUH caxapoMILETIB yrNbTPa3ByKOBUM ONPOMiHEHHAM; MS — meTabonitv (MeTaboniTHi
CMOMyKK) caxapoMiLEeTiB i3 cepefoBuLL KynbTMBYBaHHS S. boulardii y cTpyKTypHMX KOMMOHeHTax S; LS — metabonitn (me-
TaboniTHi cnonyku) caxapoMmileTiB i3 cepenoBuLL, KynbTMBYBaHHA S. boulardii B CTPYKTYpHUX KOMMOHeHTax L; * — BigMiH-
HOCTI 3HauyLLi BiAHOCHO KOHTponto, p < 0,05.

Fig. 1. Effect of biologically active complexes of L. rhamnosus GG and S. boulardii, stored in a frozen state for 6 months,
on the formation of biofilms by toxigenic Corynebacterium species: A — C. ulcerans tox+ 112; B — C.d. gravis tox+ 108;
C — positive control (formation of biofilms by toxigenic Corynebacterium pathogens in presence of physiological sodium
chloride solution); L — structural components of L. rhamnosus GG, obtained after treatment of lactobacilli microbial cells with
ultrasonic irradiation; ML — metabolites (metabolic compounds) of lactobacilli; MLS — a combination of saccharomycetes
and lactobacilli metabolites; S — structural components of S. boulardii, obtained after treatment of microbial cells of
saccharomycetes with ultrasonic irradiation; MS — metabolites (metabolic compounds) of saccharomycetes from
S. boulardii culture media in structural components of S; LS — metabolites (metabolic compounds) of saccharomycetes

from S. boulardii culture media in structural components of L; * — significant differences relative to control, p < 0.05.

LITaMOM TICJIsl BIUIMBY PEYOBHH NPOOIOTHYHOTO
MOXO/PKEHHS CBIUUTH MPO OUNIBIIY YyTIHBICTH 3a3-
HaueHOTOo naroreHy a0 pocmigaux BAK.

Pesynpraru BuBueHHs BBy BAK L. rhamnosus
GG i S. boulardii, sixi 36epiramucs TpoTIroM 6 Mi-
camiB y rinorepmiuamx ymoBax ((4 = 1)°C), Ha
(hopMyBaHHS OiOTUTIBOK 3a3HAYCHWMH BHIIE TOKCH-
reHHHUMH TIpefcraBHuKkamMu Corynebacterium mpen-
ctaBiaeHo Ha puc. 2. CTaTUCTUYHO 3HAYYIIOI pi3-
HUIl 3HIDKEHHS yYTBOPEHHSA OIOIUTIBOK MAaTOTEHAMHU
MOPIBHSIHO 3 KOHTPOJIEM He BCTaHOBJICHO (p > 0,05).
[Micns BrmuBy 3paskie L, ML, MSL ¢opmyBanHs
O10TUTIBOK TOKCHI'€HHUMH TMpeAcTaBHUKamMu Cory-
nebacterium Gymo Ha piBHI KOHTpOJIO a00 HEe3HAUY-
mie 3MeHIyBanocs. 3actocyBanust BAK (S, MS, LS)
3Hauylle 3011blIyBano GopMyBaHHS OiOMIIBOK J0-
CIIITHIMH TECT-KYJIbTypaMH MOPiBHIHO 3 KOHTPOJIEM
(p < 0,05). BigminHOCTEll BIUIMBY JOCTIIHUX MPOO
3aJIeKHO BiJ INTAMy TOKCHUICHHOTO IPEACTaBHUKA
Corynebacterium ue Bigmiueno.

[licnss ckopodeHHs TepMiHy 30epiraHHs TIpH
(4 £ 1)°C mo 60 mi6 maxi mromo 3matHOCTI BAK
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film formation by pathogens compared with the
control was found (p > 0.05). After exposure to
L, ML, MSL samples, the formation of biofilms
by toxigenic Corynebacterium species was at the
control level or slightly decreased. The use of BACs
(S, MS, LS) significantly increased the formation
of biofilms by experimental test cultures compared
with the control (p < 0,05). No differences in
the effects of experimental samples depending
on the strain of the toxigenic Corynebacterium
species were observed.

After reducing the shelf life at (4 = 1)°C to
60 days, the data on the ability of L. rhamnosus
and S. boulardii BACs to inhibit the formation of
biofilms by corynebacteria differed from the pre-
vious ones (Fig. 3). A significant decrease in the
formation of biofilms by both test cultures compa-
red to the control (p < 0.05) was observed after
exposure to S in 1.6 and 7.8 times depending on
the sensitivity of the experimental strain.

Metabolic compounds of saccharomycetes sig-
nificantly reduced the biofilm formation in one
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Puc. 2. Bnnue GionoriyHo aktuBHUX komnnekcie L. rhamnosus GG i S. boulardii, siki 36epiranuncst y rinotepmiyHnx ymo-
Bax npotsarom 6 micsauis, Ha popMyBaHHA GionniBKM TOKCUreHHUMK nNpedcTtaBHukamm Corynebacterium: A — C. ulcerans
tox+ 112; B — C.d. gravis tox+ 108; K — no3WTUBHMI KOHTPOMb (YTBOPEHHS BionniBok ToKcureHHumn 36ygHukamu Co-
rynebacterium y npucyTHOCTI i3ionoriyHOro po3ynHy HaTpito xnopuay); L — cTpykTypHi komnoHeHTu L. rhamnosus GG,
oTpuMaHi nicrs 06pobky MIKPOBHMX KNiTUH NakTobakTepin ynsTpa3ByKOBMM OMPOMiHEHHSIM; ML — meTtabonitn (MeTaboniT-
Hi cnonykn) naktobaktepin; MLS — kombiHauia meTaboniTiB caxapoMmiueTiB Ta naktobakTepin; S — CTPYKTYPHI KOMNOHEH-
T1 S. boulardii, oTpymaHi nicnst 06pobkn MiKPOBHUX KNITUH caxapoMiLETIB yNbTPa3ByKOBUM OMNPOMiHEHHSIM; MS — meTa-
6oniTn (MeTaboniTHI cnonykn) caxapoMmileTiB i3 cepefoBuL, KynbTuByBaHHA S. boulardii B CTPYKTYpPHMX KOMMOHEHTax S;
LS — wmertabonitn (metaboniTHi cnomyku) caxapoMmileTiB i3 cepedoBuL, KynbTMBYBaHHA S. boulardii B CTPYKTYpHMX
KomnoHeHTax L; p < 0,05.

Fig. 2. Effect of biologically active complexes of L. rhamnosus GG and S. boulardii, stored under hypothermic conditions
for 6 months, on the formation of biofilms by toxigenic Corynebacterium species: A — C. ulcerans tox+ 112; B — C.d.
gravis tox+ 108; C — positive control (formation of biofilms by toxigenic Corynebacterium pathogens in the presence of
saline sodium chloride); L — structural components of L. rhamnosus GG, obtained after treatment of lactobacilli
microbial cells with ultrasonic irradiation; ML — metabolites (metabolic compounds) of lactobacilli; MLS — a combination
of saccharomycetes and lactobacilli metabolites; S — structural components of S. boulardii, obtained after treatment of
microbial cells of saccharomycetes with ultrasonic irradiation; MS — metabolites (metabolic compounds) of saccharo-
mycetes from S. boulardii culture media in the structural components of S; LS — metabolites (metabolic com-

pounds) of saccharomycetes from S. boulardii culture media in the structural components of L; p < 0.05.

L. rhamnosus i S. boulardii mpurriayBati yTBOpeHHS
010TUTIBKM KOPHHEOAKTEPiSIMU BIAPIZHSUIUCS Bij TO-
nepeaHix (puc. 3). CTaTUCTUYHO 3HAUYIIE 3HMKCH-
HSl YTBOPEHHs OIiOILTIBOK 00OMa TECT-KYJIbTypamu
nopiBHsHO 3 KoHTpoieM (p < 0,05) crocrepiranocs
micnst BBy Sy 1,6 Ta 7,8 pasiB 3ainexHO Big 4yT-
JIUBOCTI JTOCITITHOTO IITaMy.

MeTa0oiTHI CIIONYKH CaXxapOMIIIETiB 3HAUYIIe
3MEHITyBajdu (QopMyBaHHS OIOTUTIBKH Yy OJHOTO i3
narorediB Corynebacterium (p < 0,05) B 18,5 pa3
BIIHOCHO KOHTPOITIO, & y APYroro (OiIbIT Iy TINBOTO
1m0 BAK mpencraBamKa KopuHEOaKTepiit) BimMiueHe
MOBHE MPUTHIYCHHS YTBOPEHHS OiOMJIiBKH. 32 yMOB
3actocyBanHs 3paskiB L, ML, MSL ta LS B 000x
TOKCHUTCHHUX ITamax crocrepiranocs mosHe (100 %)
MPUTHIYEHHsT yTBOpeHHs OiorutiBku. JlocmimHi pe-
YOBWHH, SIKI 3HAXOMATHCS y TINOTEPMIYHHX YMO-
Bax MpOTAroM MeHIoro yacy (60 ni6), 30epiraroThb
antubiorutiBkoBy aktuBHicTh BAK L. rhamnosus
i S. boulardii mo BiJHOLIEHHIO [0 TOKCUTEHHUX
tecT-Kynsryp Corynebacterium. Otpumani pe3yib-
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of the pathogens of Corynebacterium (p < 0.05)
in 18.5 times relative to the control, and in other
(more sensitive to BACs corynebacteria species)
the biofilm formation was completely inhibited.
Under the conditions of application of L, ML,
MSL and LS samples in both toxigenic strains,
a complete (100%) inhibition of biofilm forma-
tion was observed. The test substances being
under hypothermic conditions for a shorter time
(60 days), retained the antibiotic film activity
of L. rhamnosus and S. boulardii BACs against
toxigenic Corynebacterium test cultures. The obtai-
ned results coincide with the data presented in Fig. 1
regarding the retention of test substances for a
long time (6 months) in a frozen state.

Thus we confirmed the efficiency of storage
of the objects under study in a frozen state at (—23 +
+ 1)°C for 6 months. All experimental samples
of L. rhamnosus and S. boulardii BACs retain
the ability to reduce the formation of biofilms
by toxigenic Corynebacterium species.
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Puc. 3. Bnnue 6ionoriyHo aktuBHUx komnnekcis L. rhamnosus GG i S. boulardii, siki 36epiranucs y rinotepmiyHnx ymosax
npotarom 60 ai6, Ha hopmyBaHHs GionniBkM TOKCMreHHUMKM NpeacTaBHukamy Corynebacterium: A — C. ulcerans tox+ 112;
B — C. d. gravis tox+ 108; K — no3uTuBHU KOHTPOMNb (YTBOPEHHSI GionniBok TOKkcUreHHMKU 36yaHnkammn Corynebacterium
y NPUCYTHOCTI i3ioNoriYHOro po3ymHy Hatpito xropuay); L — cTpykTypHi komnoHeHTu L. rhamnosus GG, oTpumaHi nicnsi
06pO6KM MIKPOBHMX KNITUH NakTobakTepivi ynsTpasBykoBUM ONpoMiHeHHAM; ML — meTtabonitu (MeTaboniTHi cnonyku) nak-
TobakTepin; MLS — kombiHauis meTaboniTiB caxapoMiLeTiB Ta nakTtobakTepiii; S — CTPYKTypHi komnoHeHTH S. boulardii,
oTpumaHi nicng o6pobkm MiKpOOHUX KIITUH CaxapoMILETIB YNbTPa3BYKOBUM ONpoMiHeHHAM; MS — meTabonitn (MeTabonit-
Hi CMONyKM) caxapoMILETIB i3 cepefoBuLL KynbTuByBaHHA S. boulardii B CTpyKTypHMX KOMMoHeHTax S; LS — meTtabonitn
(meTaboniTHi cnonykun) caxapoMmiueTiB i3 cepenoBuLL, KynbTMBYBaHHs S. boulardii B CTpyKTYypHUX KOMMoOHeHTax L; * — Big-
MiHHOCTI 3HauyLLi BiGHOCHO KOHTpornito, p < 0,05.

Fig. 3. Effect of biologically active complexes of L. rhamnosus GG and S. boulardii, stored under hypothermic conditions
for 60 days, on the formation of biofilms by toxigenic Corynebacterium species: A — C. ulcerans tox+ 112; B — C. d. gravis
tox+ 108; C — positive control (formation of biofilms by toxigenic Corynebacterium pathogens in the presence of saline
sodium chloride); L — structural components of L. rhamnosus GG, obtained after treatment of lactobacilli microbial cells with
ultrasonic irradiation; ML — metabolites (metabolic compounds) of lactobacilli; MLS — a combination of saccharomycetes
and lactobacilli metabolites; S — structural components of S. boulardii, obtained after treatment of microbial cells of
saccharomycetes with ultrasonic irradiation; MS — metabolites (metabolic compounds) of saccharomycetes from S.
boulardii culture media in the structural components of S; LS — metabolites (metabolic compounds) of saccharomycetes
from S. boulardii culture media in the structural components of L; * — significant differences relative to control, p < 0.05.

TaTH CHIBMAJAI0Th 3 JaHUMHU pHC. | BITHOCHO yTpH-
MaHHS JOCIIAHUX PEYOBHH TPUBAIHHN dac (6 MicCAIIiB)
y 3aMOPOKEHOMY CTaHI.

OTxe, HAMH TATBEPKEHO eEeKTUBHICTH 30epi-
raHHst 00’ €KTIB JIOCHI/HKCHHS B 3aMOPOKCHOMY CTaHI
npu (—23 £ 1)°C Bopoaomx 6 micsauiB. Yci gocmigHi
3pasku BAK L. rhamnosus i S. boulardii 36epiratots
3[0aTHICTb 10 3HW)KEHHSI YTBOPEHHs OiOMJIIBOK TOK-
CUTeHHMMHU nipencTaBHIKamu Corynebacterium.

[Tics BUTPUMKH 3pa3KiB BiAMOBIAHUE Yac y rino-
TepMivyHUX ymoBax mpH (4 £ 1)°C Ha BigMiHY BiX
30epirannas npu (—23 £ 1)°C moka3HUK aHTHUO10TLTIB-
KOBOi akTUBHOCTI y mpobax L, S, ML MSL 3umxy-
BaBCs, IO MPOSBIISUIOCS B 3MEHIIEHHI (OpMYBaHHS
OlOTUTIBOK TAaTOTCHHUMH KopuHeOakTepismu. [Ipu
npoMy 3pasku MS i LS 3a Takux ymMOB HE BIUTHBa-
U Ha CKOPOYEHHA TEPMiHY YTBOPEHHS OlOTIIiBKH
3a3HaueHNMHU MATOTCHAMHM W HATOMICTh CTATHCTHY-
HO 3Hauylle CTHMYIOBaiu (OPMYyBaHHS OiOIIIIBOK
TECT-KYIBTYPaMH.

Ha puc. 4 npencraBneHo cTymiHb yTBOpeHHs 010-
IUTIBOK TATOTCHHUMU MPEICTaBHUKAMHM, SKi BiJpi3-
HSIFOTHCS BIJI JIOCHIJKCHUX PaHillle KOpUHEOAKTEPiid.
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After keeping the samples for a certain time
under hypothermic conditions at (4 + 1)°C in contrast
to storage at (23 + 1)°C, the index of antibiofilm
activity in L, S, ML MSL samples was decreased, that
was manifested in a reduced biofilm formation by
pathogenic corynebacteria. In this case, the MS and
LS samples under such conditions did not affect the
reduction of the time of biofilm formation by these
pathogens and instead significantly stimulated the
formation of biofilms by test cultures.

Fig. 4 shows the degree of formation of biofilms
by pathogens that differ from the previously studied
corynebacteria. Toxigenic strain of C. d. gravis tox+
149 from the previous toxigenic test culture has a
lower level of biofilm formation. The formation
of this pathogen biofilm was completely inhibited
after exposure to all experimental L. rhamnosus and
S. boulardii BACs, stored under hypothermic con-
ditions for 60 days, except S, which did not
significantly reduce the time of biofilm formation by
pathogenic bacteria.

Test culture C. d. belfanti tox+ 147 was
less sensitive to experimental samples of L. rham-
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Puc. 4. Bnnue 6ionoriyHo aktuBHMx komnnekcie L. rhamnosus GG i S. boulardii, siki 36epiranucs y rinoTepmiyHnx ymoBax
npotarom 60 fi6, Ha dpopmyBaHHS GionniBkKM TOKCUreHHUMK NpeacTaBHkamu Corynebacterium: A — C. d. gravis tox+ 149;
B — C. d. belfanti tox+ 147; K — n03MTUBHWI KOHTPOrb (YyTBOPEHHS BionniBok TOkcureHHMMK 36yaHukamu Corynebacterium
B MPUCYTHOCTI hi3ioNOriYHOro Po34MHy HaTpito xnopuay); L — CTpykTypHi komnoHeHTH L. rhamnosus GG, oTpumaHi nicns
06pO6KM MIKPOBHMX KNITUH NakTobakTepil ynsTpasBykoBUM ONpoMiHEHHAIM; ML — meTaboniTu (MeTaboniTHi cnonyku) nak-
To6akTepin; MLS — kombiHauis meTaboniTiB caxapomileTiB Ta naktobakTepi; S — CTPYKTYpHi komnoHeHTH S. boulardii,
oTpuMaHi nicng o6pobkn MiKPOOGHUX KNITUH CaxapoMILETIB YNbTPa3BYKOBUM ONpoMiHeHHAM; MS — meTabonitn (MeTaboniT-
Hi CMoNykKM) caxapoMiLETIB i3 cepenoBuLy KynbTuByBaHHSA S. boulardii B cTpyKkTypHUX KOMMoHeHTax S; LS — meTtabonitn
(meTaboniTHi cnonykn) caxapoMmileTiB i3 cepefoBuLL, KynbTMBYBaHHsS S. boulardii B CTpyKTypHUX KOMMNoOHeHTax L; * — Big-
MiHHOCTI 3HauyLLUi BIiQHOCHO KOHTporto, p < 0,05.

Fig. 4. Effect of biologically active complexes of L. rhamnosus GG and S. boulardii, stored under hypothermic conditions
for 60 days, on the biofilm formation by toxigenic Corynebacterium species: A — C. d. gravis tox+ 149; B — C. d.
belfanti tox+ 147; C — positive control (formation of biofilms by toxigenic Corynebacterium pathogens in the presence
of physiological sodium chloride solution); L — structural components of L. rhamnosus GG, obtained after treatment of
lactobacilli microbial cells with ultrasonic irradiation; ML — metabolites (metabolic compounds) of lactobacilli; MLS —
a combination of saccharomycetes and lactobacilli metabolites; S — structural components of S. boulardii, obtained after
treatment of microbial cells of saccharomycetes with ultrasonic irradiation; MS — metabolites (metabolic compounds) of
saccharomycetes from S. boulardii culture media in structural components of S; LS — metabolites (metabolic compounds)
of saccharomycetes from S. boulardii culture media in structural components of L; * — significant differences relative

to control, p < 0.05.

Tokcurennuit mwram C. d. gravis tox+ 149 mopis-
HSTHO 3 TIONEPEIHBOI0 TOKCUTCHHOIO TECT-KYIBETYPOIO
Mae OiTbII HM3BbKHH PiBEHb YTBOPEHHs OiOMIIiBKH.
[loBHe mnpurHiueHHs QopMyBaHHS BKa3aHUM IIa-
TOTEHOM OIOTUTIBKH CIIOCTEPIranocsl MiCJs BILTUBY
Bcix gociigaux BAK L. rhamnosus i S. boulardii,
10 30epiragucs B TIMOTEPMIYHUX YMOBaX MPOTSITOM
60 110, OKpiM S, AKHUI CTATHCTUYHO 3HAYYIIE HE CKO-
poUYyBaB TEPMiH YTBOPEHHS OiOTUTIBKU ITATOTEHHUMH
OakTepisIMHu.

Tect-kynsrypa C. d. belfanti tox+ 147 BusBuia-
Csl MEHII YYTJIUBOIO IO BiJHOIICHHIO JIO EKCIIEpH-
MeHTanbHuX 3paskiB L. rhamnosus i S. boulardii.
CraructnyHo 3Hauymie npurHideHHs (y 1,3 pasis)
yTBOpEHHsI OiomuTiBkM TokcureHHuM mTamom C. d.
belfanti tox+ 147 mopisHusHO 3 KOHTpOSEM (p < 0,05)
crioctepiraiocsi micis 3actocyBanHs MSL. Brums
iHmmx pocnigaux peuoud (L, ML, S, MS, LS) Ha
(hopmyBaHHs OIOTUTIBKM 3a3HAYEHOK) TECT-KYJIBTY-
POIO CYNPOBOKYBABCA HE3HAUYILIUM HMPUTHIYCHHSIM
YTBOPEHHS OIOIUTIBKM MIKPOOPTaHi3MOM BiJTHOCHO
KoHTpoOJIO (p > 0,05).
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nosus and S. boulardii. The biofilm formation by
toxigenic strain C. d. belfanti tox+ 147 compared
with control (p < 0.05) was significantly inhi-
bited (1.3 times) after MSL application. The
effect of other test substances (L, ML, S, MS, LS)
on the biofilm formation by this test culture was
accompanied with a slight inhibition of the bio-
film formation by the microorganism relative to
the control (p > 0.05).

The degree of antibiotic effect of L. rham-
nosus GG and S. boulardii BACs in relation to
pathogenic corynebacteria was found to be stipulated
by the sensitivity of bacteria to the experimental
samples.

Previously obtained qualitative data on the
preservation of antimicrobial properties of derivate-
containing filtrates of bifidobacteria after storage
in a frozen state was not inferior to that in the
newly obtained samples, while the results of the
quantitative method showed a more pronoun-
ced decrease [13]. The data presented in this paper
confirm that the described conditions of keeping
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BcranoBneHo, mo CTymiHb aHTHOIOILTIBKOBOTO
BBy BAK L. rhamnosus GG i S. boulardii no
BiJIHOIIICHHIO JIO MAaTOT€HHUX KOpWHEOakTepiit 00y-
MOBJICHUH Yy TJIMBICTIO OaKTepii 40 AOCIIAHUX 3pa3-
KiB.

OpneprkaHi paHilme 3a SKICHAM METOIOM JaHi
moa0 30epeXeHHsT MPOTHUMIKPOOHUX BIIAaCTUBOCTEH
JIepUBaT-BMiCHUX (GiabTpaTiB OidimodakTepiid micis
30epiraHas B 3aMOPOKCHOMY CTaHiI HE ITOCTYIIalln-
Csl TAKOMY y IIOMHO OTPUMAaHUX 3pa3Kax, MPH [bOMY
pe3yIbTaTH KUTBKICHOTO METOY ITOKa3aJIH OiJIbIIT BH-
paxene Horo 3umxeHHs [8]. [Ipencrasneni B poOoTi
JlaHi TITBEPIKYIOTh, IO OMMCaHI YMOBH yTPUMaH-
st BAK L. rhamnosus GG i S. boulardii y 3amopo-
KeHoMy cTaHi 3a Temneparypu (—23 + 1)°C mo3Bo-
JSI0TH 30epirati 0i0J0TiuHYy aKTHBHICTH 3pa3KiB Ta
€ TIEPCIECKTUBHUMHU JJIs1 30epeKeHHS METa010THKIB.
Crin 3a3HaunTH, O TPUBaja BUTPUMKA JOCIiAHOTO
Marepiaidy NnpoOiOTHYHOTO MOXOMKEHHS y TiloTep-
MiuHEX ymoBax ((4 £ 1)°C) He 3a0e3mneuye 30epiran-
Hsl aHTHOIOTUTIBKOBOI aKTHBHOCTI 3pa3KiB JIAKTOOAK-
Tepiil i caxapoMileTiB.

[IpencraBneni Ha puc. 2 maHi yTBOpeHHs Oio-
IIiBKY TokcurenunM mramoM C. d. gravis tox+ 108
mpu 3actocyBanui BAK L. rhamnosus i S. boulardii,
ITiCIIA TPUBAJIOTO 30epiraHHs B 3aMOPOKEHOMY CTaHi
MOKa3yIOTh HalOiNbIIe TpUrHiueHHs (QopMyBaHHS
OIOTUTIBKM TICHS B3aEMOJIl KyIBTYpH 3 CYMIIIIIIIO
MeTaboumiTiB TakToOakTepiit i caxapominetiB (MSL).
[TomiOHI pe3ynbTaTi MaKCUMaJIbHOTO 3MEHIIICHHS yT-
Bopenns 6iomtisku C.d. belfanti tox+ 147 mopisusiHO
3 koHTpOoseM (p < 0,05) oTprMaHO MicCIIs BIUTUBY aHa-
noriganx mpod (MSL) (puc. 4). Amami3 mpencras-
JIGHUX PE3ybTaTiB MATBEPIDKYE OIEp KaHl paHiIe
JaHl 3 BUBYEHHS MPOTHMIKpOOHOI akTuBHOCTI BAK
L. rhamnosus i S. boulardii, sxi nmokazanu BHCOKI
npoTUAU(TEPiIHI BJIIACTUBOCTI BIHOCHO INTaMIB
Corynebacterium spp. tox+, mpu bOMY HaWOITBII
BUPAXCHOIO MPOTHMIKPOOHOIO JTI€I0 10 MATOTCHHUX
KOpUHEOAKTEPiil BOJIO1IA CyMilll METa0OJITiB JIAKTO-
Oakrepii 1 caxapomiuetiB (MSL).

Moxuicts pedoBuH L. rhamnosus GG i S.
boulardii mpurnidyBaT 1IaHKTOHHI Ta O1OTUTIBKOBI
¢dopmu TOokcurennux Corynebacterium mae Tepa-
neBTHUYHEe 3HadeHHs. [ 0opoThOuM 31 30yaHMKAMU
OaxrepiiiHnx iH(EKI pi3HOrO TeHe3ly Ha OCHOBI
VIBTPA3BYKOBUX JE3IHTErpaTiB MPOOIOTHKIB Iep-
CIIEKTHBHUM € OTPHUMAaHHS BHUCOKOAKTUBHHX pPEUO-
Bun Lactobacillus rhamnosus GG ta Saccharomyces
boulardii mpotu mmaHKTOHHUX 1 GiOTUIIBKOBUX (OpM
MIKPOOPTaHi3MiB. Y IMOAANBIIOMY IHIAHYETHCS TIPO-
BECTH CKCIIEPUMEHTAJIbHI JIOCII/PKEHHS BIJIHOCHO
BIUIMBY JIOCII/DKYBAaHHX PEUYOBMH 000X (GopM aH-
THOI0TUKOPE3UCTEHTHUX YMOBHO-TIATOTCHHUX Oak-
Tepili 3 METOI CTBOpeHHs Ha ocHOBI BAK nakto-

L. rhamnosus GG and S. boulardii BACs in a
frozen state at a temperature of (-23 + 1)°C allow
to preserve the biological activity of samples and
are promising for the preservation of metabo-
lites. It should be noted that long-term exposure
of the test material of probiotic origin under
hypothermic conditions (4 = 1)°C does not ensure
the preservation of antibiofilm activity in the samples
of lactobacilli and saccharomycetes.

Fig. 2 shows the formation of a biofilm by
a toxigenic strain of C. d. gravis tox+ 108 when
using L. rhamnosus and S. boulardii BACs, after
long-term storage in a frozen state demonstrate
the highest inhibition of biofilm formation after
the interaction of the culture with a mixture of
lactobacilli and saccharomycetes metabolites (MSL).
Similar results of the maximum reduction in the
formation of biofilm by C.d. belfanti tox+ 147 com-
pared with the control (p < 0.05) was obtained
after exposure to alike samples (MSL) (Fig. 4).
The analysis of the presented results confirms
the previous findings on studying an antimicro-
bial activity of L. rhamnosus and S. boulardii BACs,
which showed high antidiphtheria properties against
Corynebacterium spp. tox+ strains, herewith a mix-
ture of metabolites of lactobacilli and saccharomy-
cetes (MSL) revealed the most pronounced anti-
microbial action against pathogenic corynebac-
teria.

The ability of L. rhamnosus GG and S. boular-
dii to inhibit plankton and biofilm forms of toxigenic
Corynebacterium is of a therapeutic importance.
For the control of pathogens of bacterial infections
of different genesis on the basis of ultrasonic
disintegrates of probiotics, the obtaining of Lac-
tobacillus rhamnosus GG and Saccharomyces bou-
lardii highly active substances against plankton
and biofilm forms of microorganisms is promising.
In future we are planning the experiments to
investigate the effects of test substances of both
forms of antibiotic-resistant opportunistic bacteria
to create on the basis of lactobacilli and sac-
charomycetes BACs the means of overcoming severe
inflammations.

Conclusions

1. The ability of biologically active complexes
of L. rhamnosus and S. boulardii to reduce the
formation of pathogenic corynebacteria biofilms,
that can be used to design the drugs, preventing
the spread of toxigenic strains of Corynebacterium
spp. in the focus of a diphtheria infection, has been
established.

2. Experimental samples of L. rhamnosus and
S. boulardii retain the initial inhibitory activity of
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OakTepuil 1 caxapoMIileTiB 3aCO0IB MOMI0JAHHS BaXK-
KHUX 3alMajbHUX TPOIIECIB.

BucHosknu

1. BcraHoBineHO 31aTHICTD O10J0TIYHO aKTUBHUX
komruiekciB L. rhamnosus i S. boulardii 3umxyBaru
YTBOPEHHsSI NAaTOTCeHHUMH KopuHeOakTepisiMmu Oio-
IUTIBOK, L0 MOXE OyTH BHKOPHUCTAHO Y KOHCTPYIO-
BaHHI NpenapariB, NPU3HAYCHHUX JUIS MTOTICPEIHKEHHS
PO3MOBCIO/KEHHSI TOKCUTeHHHX InTamiB Corynebac-
terium spp. B ocepenky audrepiitoi iHdeKii.

2. Mocmimui 3pasku pedosud L. rhamnosusi S. bou-
lardii 36epiraroTh BUXiIHY IPUTHIIYIOUY aKTHBHICTH
YTBOPEHHsI O1OMIIIBOK TOKCUTCHHUMH IPEICTABHU-
kamu Corynebacterium sa Temmeparypu (-23 + 1)°C
YIPOIOBXK 6 MICHIIIB, @ B TIMOTEPMIYHIX YMOBax (4 +
+ 1)°C monaiimenme 60 mi0.

3. 3uwkeHHS (opMyBaHHS OI1OIUIIBOK IaTOTEH-
HUMH KOpHUHEOAKTepisiMH A0 IOBHOTO iX NPUTHi-
YEHHS CIIOCTEPIranocs MiJ| BIUIMBOM Pi3HHUX 3pa3KiB
i 3amexano BiJl YyTJIUBOCTI IITaMy TECT-KyJIbTypH
Corynebacterium mo mgocrimkeHuX OIOJOTIYHO aK-
TUBHHUX KOMILIEKCIB.

4. HaiiOinpm BHpakeHEe NpUTHIYEHHS (opMy-
BaHHs OiOMIiBOK TOKcureHHuMu Mmramamu C. d.
gravis tox+ 108 ta C. d. belfanti tox+ 147 nopiBus-
HO 3 IMO3UTUBHUM KOHTpOJIEM (YTBOPEHHS OiOTLTIBOK
30ynuukamu Corynebacterium y mpucytHOCTI po3-
quHy HaTpiro xjiopuay (p < 0,05)) BimMiueHO ITif
BIUTUBOM CYMIiIIli Oi0JIOTIYHO aKTUBHUX KOMILICKCIB
L. rhamnosus i S. boulardii (MSL).
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biofilm formation by toxigenic Corynebacterium
species at a temperature of (23 = 1)°C for 6 months,
and in hypothermic conditions (4 + 1)°C for at
least 60 days.

3. The decrease in the formation of biofilms
by pathogenic corynebacteria to their complete
suppression was observed under the influence of
different samples and depended on the sensitivity of
the Corynebacterium test culture strain to the studied
biologically active complexes.

4. The most pronounced inhibition of the for-
mation of biofilms by C.d. gravis tox+ 108 and
C. d. belfanti tox+ 147 toxigenic strains compared
with the positive control (formation of biofilms
by Corynebacterium pathogens in the presence
of sodium chloride solution (p < 0.05)) was obser-
ved under the influence of a mixture of biologi-
cally active complexes of L. rhamnosus and S. bou-
lardii (MSL).
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