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Metal nanoparticles are widely used in medicine, veterinary medicine, and biotechnology. The aim of the study
was to investigate the antagonistic activity of metal-containing compositions based on the probiotic strain Lacto-
bacillus plantarum with gold, silver and iron nanoparticles against the test cultures Escherichia coli ATCC 25922,
Enterococcus faecalis ATCC 29213, Staphylococcus aureus ATCC 25923, Pseudomonas aeruginosa ATCC 27853, Ser-
ratia marcescens, Escherichia coli 055, Enterobacter aerogenes, Acinetobacter baumannii, Staphylococcus aureus
209, Staphylococcus epidermidis, Klebsiella pneumoniae, Salmonella typhimurium, Shigella sonnei, Shigella flexneri,
Proteus mirabilis, Proteus vulgaris, Candida albicans. Colloidal-chemical, biochemical and microbiological methods
were used in the study. Compositions of metal nanoparticles with L. plantarum cells (1x109 CFU/ml): (1) a compo-
sition with a mixture of Au/Ag/Fe nanoparticles 0.32 Au/160.0 Ag / 100.0 Fe ug/ml; (2) a composition with 30 nm
silver nanoparticles (160.0 ug/ml); and (3) a composition with 4 nm NBC silver nanoparticles (content of Ag 8x10-5
ug/ml) were developed and their effective antagonistic effect against all studied test cultures of microorganisms was
established. Plasmid-eliminating effect of the developed compositions containing silver nanoparticles was revealed

which gives the ability to prevent the transfer of antibiotic resistance genes to the host intestinal commensals.
Key words: metal nanoparticles, Lactobacillus plantarum, antagonistic activity, elimination of antibiotic resis-

tance plasmids, metal-probiotic.

Connection of the publication with planned re-
search works.

The work was carried out within the framework of
the research work: “Development of environmentally
friendly and biocompatible nanomaterials for biomedi-
cal purposes” (state registration number 0121U113443).

Introduction.

The specific properties of metals in the ultradis-
persed state open up wide possibilities for their use in
medicine, veterinary medicine and biotechnology.

Researchers are focusing considerable interest on
studying the modulating ability of metal nanoparticles
(MeNPs) in relation to physiological and biochemical
processes in prokaryotic and eukaryotic organisms [1, 2].
In addition, metal nanoparticles have high antimicrobial,
anti-inflammatory, regenerative, and plasmid-eliminat-
ing activity [3-5].

These biological properties of MeNPs are important
and relevant in terms of their interaction with prokary-

otic and eukaryotic cells and determine the feasibility of
their use in the creation of metal-containing composi-
tions of probiotic preparations.

Modern biotechnology for the production of probiot-
ic preparations faces a number of problems, namely: in-
sufficient biomass growth rate of producer strains, long
rehydration time of probiotic cultures after lyophilisa-
tion, which requires the use of a complex set of growth
substrates and inevitably affects the high cost of probiot-
ic preparations. These problems can be avoided by using
substances that can stimulate the metabolic activity of
probiotic cells. Such substances can be metal nanopar-
ticles [6].

In addition to the probiotic properties, the value of
metal-containing probiotics can be determined by the
presence of MeNPs as a source of trace elements.

One of the main biological properties of probiotic
preparations determining their effectiveness is antago-
nistic activity [7]. The microbiological component in the
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metal-containing compositions studied in this work is
represented by the probiotic strain Lactobacillus planta-
rum, which has a significant level of antagonistic activity.
It was expedient to analyse the effect of metal nanopar-
ticles on the manifestation of this particular strain char-
acteristic.

The aim of the study.

Study of the antagonistic activity of metal-containing
compositions based on the probiotic strain L. plantarum
with gold, silver and iron nanoparticles.

Object and research methods.

The culture of L. plantarum from the preparation
“Lactobacterin” (produced by “Biopharma”, Kyiv), which
contained lyophilised cells at a concentration of at least
2x10° CFU/ml, was used in this study. Cultivation was
performed in MRS medium [8] in the following modifica-
tion, g/L yeast extract — 30.0, glucose — 20.0, pancreatic
casein hydrolysate — 10.0, manganese sulphate — 0.2,
magnesium sulphate — 0.1, double-substituted potassi-
um phosphate — 2.0, sodium acetate — 2.0, ammonium
citrate — 1.0, water — up to 1.0 L, pH 6.4 agar — 2.0 (in
case of using solid medium). The bacterial biomass was
grown for 3 days at 35°C or 5 days at 30°C in a CO,-en-
riched atmosphere (microaerophilic conditions).

Gold nanoparticles (d=30 nm, C 1544 ug/ml) syn-
thesized by reduction of hydrochlorlc acid (HAuCI4°3H 0)
(299.9% trace metals basis, Sigma-Aldrich) with sodium
citrate in the presence of potassium carbonate; iron
nanoparticles (d=40 nm, C.=10.0 mg/ml) synthesized by
reduction of iron (ll1) chloride with sodium borohydride;
silver nanoparticles (d=30 nm, CA =8.0 mg/ml) synthe-
sized by the reduction of silver nitrate (AgNO ) with tan-
nin in the presence of potassium carbonate EK co ) and
silver nanoparticles (d=4 nm, C, _15 6 mg/g dry matter)
obtained as part of a nanoblocomp05|te (NBC) based on
L. plantarum cells [9] were used in this study.

The mixture of Au/Ag/Fe nanoparticles was obtained
by mechanical mixing of aqueous dispersions of silver,
gold and iron nanoparticles. The concentration of the
mixture of silver (d=30 nm), gold (d=30 nm) and iron
(d=40 nm) nanoparticles was: 1.6 mg Ag; 0.1 mg Fe;
3.088 pg Au per 1 ml [10].

Lyophilisation and rehydration of bacteria were
performed according to the methodological recom-
mendations [11]. Before lyophilisation, a protective su-
crose-gelatin medium was added to the suspension of
bacterial cells with MeNP in a ratio of 1:3. Lyophilisation
was carried out under sterile conditions using freeze-dry-
ing ALPHA 1-4 LD-2 (Germany) with preliminary freezing
of the biomass at -65°C.

The antagonistic activity of metal-containing compo-
sitions was studied by the method of agar blocks [12], in
which the growth of antagonist strains and test cultures
was carried out on different nutrient media optimal for
each strain. As test cultures, 17 strains were used from
the collection of the Laboratory of Microbiology and
Chemotherapy of the SI “The Institute of Traumatology
and Orthopedics” by NAMS of Ukraine: Escherichia coli
ATCC 25922, Enterococcus faecalis ATCC 29213, Staph-
ylococcus aureus ATCC 25923, Pseudomonas aerugino-
sa ATCC 27853, Serratia marcescens, Escherichia coli
055, Enterobacter aerogenes, Acinetobacter baumannii,
Staphylococcus aureus 209, Staphylococcus epidermidis,
Klebsiella pneumoniae, Salmonella typhimurium, Shigel-

la sonnei, Shigella flexneri, Proteus mirabilis, Proteus vul-
garis, Candida albicans.

The process of elimination of R-plasmids from bac-
terial strains was studied using the model recombinant
plasmids pUC19, which carries the ampicillin resistance
gene (Gen Bank Assignment Number LO9137) and the
plasmids pBR322, which contains the ampicillin and tet-
racycline resistance genes (Gen Bank Assignment Num-
ber J01749). The plasmids pUC19 and pBR322 were in
E. coli XL1-Blue Kan (Stratagene). Elimination of pUC19
plasmids from E. coli cells was performed by sponta-
neous elimination and by treatment of plasmid-con-
taining bacteria with NBC. The level of elimination was
assessed by culturing plasmid-containing E. coli bacteria
on meat peptone agar medium for 18 hours.

Research results and their discussion.

As shown earlier, the silver, gold, and iron nanoparti-
cles used in this study to create compositions with cells
of the probiotic strain L. plantarum demonstrated a high
level of biological activity. For example, silver and gold
nanoparticles had a high anti-inflammatory potential,
which was more pronounced when using a combina-
tion of these nanoparticles [10], and iron nanoparticles
were characterized as a substance with high antianae-
mic properties and the ability to stimulate the growth
of normal intestinal microflora in in vitro and in vivo
studies [13]. In addition, the modulating effect of these
nanoparticles on the physiological and biochemical pro-
cesses of microbial cells, in particular probiotic strains,
including under freeze-drying/rehydration conditions,
was also revealed [9].

Taking into account the biological activity of Ag, Au
and Fe nanoparticles, their compositions with cells of the
probiotic strain L. plantarum (cell concentration 1x10°
CFU/ml) were obtained in the following composition: (1)
a composition with a mixture of Au/Ag/Fe nanoparticles
(content of (Au 0.32)/(Ag 160.0)/(Fe 100.0) pg/ml); (2) a
composition with 30 nm silver nanoparticles (content of
Ag 160.0 pug/ml); and (3) a composition with 4 nm NBC
silver nanoparticles (content of Ag 8x10° ug/ml).

The experimental results of the antagonistic activity
for the studied metal-containing compositions (1) and
(2) are shown in table 1.

As can be seen from the data, the obtained met-
al-containing compositions (1) and (2) showed antag-
onistic activity at the level of the basic probiotic strain
L. plantarum against all studied test cultures of patho-
genic and opportunistic microorganisms.

It should be noted that in composition (1), compared
to the peculiarities of the biological action of gold and
iron nanoparticles, silver nanoparticles are a known anti-
microbial agent, and their used concentration is high for
the manifestation of antimicrobial action [14]. However,
the data obtained on the antagonistic activity of both
the composition with a mixture of Au/Ag/Fe nanoparti-
cles and the composition with 30 nm silver nanoparticles
indicate that L. plantarum cells don’t experience a neg-
ative effect from the nanoparticles in the studied con-
centrations and retain their level of antagonistic activity.
Given the established corrective therapeutic effect of
the Au/Ag/Fe mixture in the model with DMH-induced
colon adenocarcinoma in situ [10], these nanoparticles
can increase the overall level of efficacy of probiotic
drugs. This creates the background for the development
of metal-probiotics with the studied nanoparticles.
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Table 1 — Antagonistic activity of the probiotic strain L. plantarum and its compositions with
a mixture of Au/Ag/Fe nanoparticles and 30 nm silver nanoparticles against test strains
of pathogenic and opportunistic microorganisms

. Diameter of growth inhibition Diameter of growth inhibition
Diameter of growth . .
L zones (mm) under the influence of |zones (mm) under the influence
. . . inhibition zones (mm) - -
Test- strains of microorganisms . composition (1) of composition (2)
under the influence of . . o
L L. plantarum with a mixture of Au/Ag/ L. plantarum with silver
. plantarum . ]
Fe nanoparticles nanoparticles

Escherichia coli ATCC 25922 10 10 9
Enterococcus faecalis ATCC 29213 9 9 9
Staphylococcus aureus ATCC 25923 11 11 11
Pseudomonas aeruginosa

ATCC 27853 10 11 1
Serratia marcescens 11 11 10
Escherichia coli 055 10 9 10
Enterobacter aerogenes 11 10 11
Acinetobacter baumannii 11 11 11
Staphylococcus aureus 209 11 9 9
Staphylococcus epidermidis 11 11 12
Klebsiella pneumoniae 11 11 10
Salmonella typhimurium 11 11 11
Shigella sonnei 11 11 12
Shigella flexneri 8 15 14
Proteus mirabilis 8 8 8
Proteus vulgaris 11 11 12
Candida albicans 8 8 8

Notes: The diameter of the agar block is 8 mm. The table shows typical experimental data from a series of 5 independent reproducible experiments.

Along with the use of metal nanoparticles synthe-
sized by chemical methods, metal nanoparticles ob-
tained as products of ‘green synthesis’ are of great
interest for probiotic preparations development [15].
Such products include nanobiocomposite (NBC) silver
nanoparticles used to create the composition (3). Table
2 shows the results of the evaluation of the antagonistic
effect of composition (3) in comparison with the basic
probiotic strain of L. plantarum.

The received data indicate that the
antagonistic activity of composition (3)
remained at the level of the base strain
with a tendency to increase against

ver nanoparticles at a concentration of Ag 8x10° pug/ml,
which corresponds to the concentration used to create
the composition (3), are presented in table 3.

The frequency of plasmid elimination during the
treatment of plasmid-containing bacteria E. coli XL1-
Blue (pUC19) and E. coli XL1-Blue (pBR322) with NBC sil-
ver nanoparticles significantly exceeded the frequency
of spontaneous elimination and was 97+1% and 95+1%,
respectively.

Table 2 — Antagonistic activity of the probiotic strain L. plantarum
and its composition with NBC silver nanoparticles against test strains
of pathogenic and opportunistic microorganisms

. R . Diameter of growth
the test strains Pseudomonas aerugi- Diameter of inhibition Zonis (mm)
nosa ATCC 27853, Proteus mirabilis, Test-strains of microorganisms zgc:ge\ivst(hr’r:rrl':)lzlr:::r under the influence
Staphy/oco.c.cus aureus ATCC 25923._ . the influence of L. of composition (3) L.
In addition to antagonistic activi- plantargm | Pl@ntarum W'”;_NIBC silver
modern requirements for probiot- nanoparticies
Fy’ ode . equirements for p .Ob ot Escherichia coli ATCC 25922 10 11
ic preparations pay great attention to :
the genetic aspect: a probiotic micro- Enterococcus faecalis ATCC 29213 9 9
organism should not contain elements |3{aphylococcus aureus ATCC 25923 11 13
of horizontal transmission of antibiotic | Pseudomonas aeruginosa ATCC 27853 10 13
resistance genes [16]. The problem of Se”at'j"‘ marcescens 11 12
overcoming transmissible antibiotic |Escherichia coli 055 10 10
resistance can be solved with the use |Enterobacter gerogenes 11 11
of metal nanoparticles. Acinetobacter baumannii 12 12
The ability to eliminate antibiot- |Staphylococcus aureus 209 12 12
ic resistance plasmids was previously |Staphylococcus epidermidis 11 12
shown for silver and gold nanoparti- |Klebsiella pneumoniae 11 11
cles in compositions (1) and (2) [17]. Salmonella typhimurium 11 11
In this work, along with the level |Shigella sonnei 11 12
of antagonistic activity of composition | shigella flexneri 8 8
(3), the possibility of plasmid-eliminat- | proteus mirabilis 8 10
ing action of its component — NBC sil- | proteus vulgaris 11 12
ver nanoparticles — was evaluated. Candida albicans 8 3

The results of the evaluation of the
plasmid-eliminating effect of NBC sil-

Notes: The diameter of the agar block is 8 mm. The table shows typical experimental data from
a series of 5 independent reproducible experiments.
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Table 3 — Plasmid-eliminating effect of NBC silver nanoparticles

2. The effective antagonistic

Concentration Frequency effect of the developed compo-
Plasmids elimination type L= plasmtld-.contalnlng SIS il.lvler of plasmid sitions of metal-conta|n|.ng probi-
sEal nanoparticles, | ;i otion (%) | otics based on Lactobacillus plan-
, (%)
pg/ml by metal tarum tablished
Soontaneous elimination £ coli XLL-Blue (pUC19) 3742 a “3 "ﬁs esda IIS € g
i £ coli XL1-Blue (pBR322) 3421 sitior;s baesed ez)”ri Otl:;1ee :gtr)?c?t?;
Elimination of plasmids under| E. coli XL1-Blue (pUC19) 8x10° 97+1 . . P
the influence of NBC silver ) strain Lactobacillus plantarum
nanoparticles E. coli XL1-Blue (pBR322) 8x10° 9541 containing silver nanoparticles

It determines the prospect of development probiot-
ics based on Lactobacillus and NBC silver nanoparticles
with a potential preventive mechanism for blocking epi-
demiological pathways of antibiotic resistance transmis-
sion in bacteria.

Conclusions.

1. Compositions based on the probiotic strain Lacto-
bacillus plantarum with gold, silver, and iron nanoparti-
cles were created.

DOI 10.29254/2077-4214-2024-4-175-525-532
YAOK 577.1:616-003.269:636

have a plasmid-eliminating ef-
fect and are able to prevent the
transmission of antibiotic resistance genes to the host
intestinal commensals.

4. The created compositions are promising for the
development and production of metal-probiotics.

Prospects for further research.

Further research will focus on the development and
production of metal-containing probiotics and the study
of their therapeutic efficacy.

Pe3HiueHkKo /1. C., Tpy3iHa T. I., Modonbcbka B. 1., iky6erHko /1. M.,
TpuweHko H. I., 2Bimpak K. B., ¥Tromko O. b., 'Jubkoea C. M.

JOCNIAXEHHA AHTATOHICTUYHOT AKTUBHOCTI KOMNO3ULIT HAHOYACTUHOK
METANIB (Au, Ag, Fe) 13 KNITUHAMMW NPOBIOTUYHOIO LUTAMY Lactobacillus
plantarum ANA PO3POBKU METAIOMNPOBIOTUKIB

IHcTUTYT BioKonoigHoI Ximii imeHi ®. [l. OBuapeHka HAH YKpainu (m. Kuis, YKpaiHa)
21y «IHcTUTyT TpaBmatonorii Ta optoneaii HAMH YKpainn» (m. Kuis, YKpaiHa)
sdybkova@gmail.com

HaHoyacmuHKU memarie Marome WUPOKE 30CMOCY8AHHA Yy MeOuyuHi, semepuHapii, biomexHonozii. Memoto
pobomu 6yno 00cnidOneHHa aHMA20HICMUYHOI AKMUBHOCMI MemasnoemiCHUX KOMMO3uyill, cmeopeHux Ha OCHO8|
npobiomuy4Hozo wmamy Lactobacillus plantarum ma HaHoyacmuHok 30a10ma, cpibna i 3ani3a, 8IOHOCHO Mecmosux
Kkynemyp Escherichia coli ATCC 25922, Enterococcus faecalis ATCC 29213, Staphylococcus aureus ATCC 25923,
Pseudomonas aeruginosa ATCC 27853, Serratia marcescens, Escherichia coli 055, Enterobacter aerogenes, Acine-
tobacter baumannii, Staphylococcus aureus 209, Staphylococcus epidermidis, Klebsiella pneumoniae, Salmonel-
la typhimurium, Shigella sonnei, Shigella flexneri, Proteus mirabilis, Proteus vulgaris, Candida albicans. ¥ pobomi
BUKOPUCMAHI KO0iOHO-XiMiYHI, BioximiyHi ma mikpobionoziuHi memodu docnidxnceHb. CmeopeHo KOMNo3uuii Ha
ocHogi npobiomuyHozo wmamy L. plantarum i3 HOHoYacmMuHKamu 30710ma, cpibaa, 3aai3a HacMynHo2o cknady: (1)
KOMMo3uyis i3 cymiwwio HaHoyacmuHok Au/Ag/Fe (emicm Au 0,32 / Ag 160,0 / Fe 100,0 mxe/mn); (2) komno3uuis
3 HaHoyacmuHkamu cpibaa 30 Hm (emicm Ag 160,0 mke/mn); ma (3) Komnosuuis 3 HAHOYacMuHKamu cpibna 4
HM y cknadi HBK (emicm Ag 8x10-5 mkz/mn). BcmaHo81eHO GHMA20HICMUYHY O0il0 CMEOPEeHUX KoMMo3uyili
Ha pieHi 6a308020 npobiomuyHozo wmamy L. plantarum 8iOHOCHO Yycix 00CniOHEeHUX mecmosux Kysnbmyp
MiKpoopeaHiamie, a 0118 Komnosuyii (3) nokazaHo meHdeHuito 00 i nidsuuweHHaA. LocnioxceHi Komno3suyii 3
8MICMOM HAHOYACMUHOK cpibnaa 8onoditoms naasmiooenimiHyroyoro diero ma 30amHi 3anobieamu rnepedayi eeHig
aHmMubiomuKope3ucmeHmMHOCMi KUWKOBUM KOMEHCA/AM.

Karouoei cnosa: HaHoyacmuHKu memanis, Lactobacillus plantarum, aHmazoHicmuyHa akmusHicme, enimiHauis
naa3mio aHmubiomuxkope3ucmeHmMHoCcmMi, Memanonpobiomux.

38’A30K ny6niKauii 3 nnaHOBMMU HAyKOBO-AOCAIA-
HUMK poboTamu.

PoboTa BMKOHaHa B pamkax HayKOBO-Z4OCAIAHOI po-
60Tn: «Po3pobka ekobesneyHnx Ta HIOCYMICHUX HaHO-
maTepianie 6iomeanMyHOro MPU3HAYEHHA» (OeprKaBHUM
peecTpauinHnii Homep 0121U113443).

Bcryn.

CneumndiyHi BnacTMBOCTI MeTaniB B ynbTpaaucnepc-
HOMY CTaHi BIAKPUBAOTb LLUMPOKiI MOMJIMBOCTI iX BUKOPU-
CTaHHA B Megu1LMHI, BeTepuHapii, bioTexHonorii.

3HayHUI iHTEpec AOCNIOHWKIB KOHLEHTPYETbCA Ha
BMBYEHHI MOAYNHOKOYOI 34aTHOCTI HAHOYACTUHOK MeTaniB

(H4Me) cTocoBHO disionoro-bioximiuHmx npouecis npo-
KapioTMYHKUX Ta eyKapioTUyHMX opraHiamis [1, 2]. Okpim
LbOro, HAHOYACTUHKM METasliB BOIOAiOTb BUCOKOKO aHTU-
MiKpO6HO, NPOTM3aNaibHO, PEFEHEPYHOYOLD, M1a3Mi-
[0eniMiHy4o akTUBHICTHO [3-5].

3a3HaueHi bionoriyHi Bnactmeocti HUMe € Baxu-
BMMMW Ta aKTya/IbHMMM 3 TOUYKM 30pY iX B3aEMOZ,i 3 npo-
KapioTUYHUMM Ta eyKapPiOTUYHMMM KniTuHamu Ta oby-
MOBJIIOIOTb AOUINIbHICTb IX BUKOPUCTAHHA NPW CTBOPEHHI
MEeTaNoBMICHMX KOMNO3ULi NPobioTUYHKMX NpenapaTis.

CyyacHa 6ioTexHosOriA oAep)KaHHA NPOBIOTUYHKX
npenapariB CTUKA€eTbCA 3 pAagom npobnem, a came: Heao-
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CTaTHA WBKUAKICTb NPUPOCTY BioMacK LTamiB-NpoayLeH-
TiB, TPMBaNWIi Yac perigpaTauii NPobioTUUHUX KyAbTYyp
nicna nioginisoBaHoro craHy, Wo norpebye BUKOPUCTaH-
HS CKNaZHOro KOMM/EKCY POCTOBMX CybCTpaTiB Ta HEMMU-
Hy4ye MO3HAYaETbCA Ha BMCOKIM cobiBapTocTi NpobioTnu-
HUX NpenaparTis. YHUKHYTM 3a3HayeHnx npobaem MoKHa
BUKOPUCTOBYHOUM PEYOBUMHM, AKI 34aTHI CTUMYAOBATH
MeTabosliyHy aKTUBHICTb KMITWMH LWTamiB-npobioHTiB. B
AKOCTi TaKMX PEYOBUH MOXKYTb BUCTYMATU HAHOYACTUHKM
meTanis [6].

OKpiMm MpoBIOTUYHUX BnacTMBOCTEM 3 OOKy LWTa-
MiB-NPOBIOHTIB, LIHHICTb MeTasoBMiCHMX NPOB6IOTUKIB
MOKe BU3HayaTmUcA i HaaBHICTIO B HUX HuMe Ak axkepena
MiKpO€e/NleMeHTiB.

OfHielo 3 0OCHOBHMX BionoriyHMx BNacTMBOCTEN Npo-
6i0TMYHMX NpenapaTiB, AKi BU3HAYalOTb iX ePeKTUBHICTD,
€ aHTaroHiCTMYHa akTUBHICTb [7]. MikpobionoriuHa Kom-
NMOHeHTa B AOC/iAKYBaHMX Yy AaHi poboTi meTanoBmic-
HMX KOMMO3MUIAX MNpeacTaB/ieHa LTaMOM-NPOoBioHTOM
Lactobacillus plantarum, aknin Bonogje 3Ha4HUM PiBHEM
QHTArOHICTMYHOI aKTMBHOCTI. JouinbHO 6yno npoaHani-
3yBaTW BMN/IMB HAHOYACTUHOK MeTaiB Ha NPOAB came Liiel
XapaKTePUCTUKK LITaMy.

MeTa gocnigKeHHs.

JocnigKeHHA aHTaroHiCTMYHOI aKTMBHOCTI MeTaso-
BMiCHMX KOMMNO3WLiiA, CTBOPEHMX HA OCHOBI NPO6IOTUYHO-
ro wramy L. plantarum Ta HAHOYACTMHOK 30/10Ta, cpibna
Ta 3anisa.

06’eKT i meToaM pJoCNigyKEeHHA.

Y poboTi BMKOpUCTaHa Ky/abTypa /flakTobakTepint L.
plantarum 3 npenapaty «/lakTo6akTepuH» (BUPOBHULTBO
MpAT «biodapma», Kuis), Aka mictuna niodinisoBaHi Kni-
TUHW Y KOHUEeHTpaLi He meHw 2x10° KYO/mn. Kynstusy-
BaHHA npoBoaunun y cepenosuii MPC [8] B mogudikau;i,
r/n: apixaxosui ekctpakt — 30,0, miokosa — 20,0, naH-
KpeaTuUyHui rigponisat KaseiHy — 10,0, cynbdat mapraH-
yto — 0,2, cynbdat marHito — 0,1, pocdat Kanito ABo3ami-
WweHun — 2,0, aueTaT HaTpito — 2,0, umMTpaT amoHito — 1,0,
Boga — Ao 1,0 n, pH 6,4 arap — 2,0 (y BUNaaKy BUKOpU-
CTaHHA TBepAoro cepefosmiLa). biomacy 6akTepiii Hapo-
Lysanu npotarom 3 aHis npu 35°C abo 5 aHis npu 30°C
B aTmocdepi, 36aradeniii CO, (MikpoaepodinbHi ymosnm).

B pob6oTi BMKOpUCTaHi HaHOYacTUHKKM 30n0Ta (d=30
Hm, C, =154,4 MKr/MN1), CUHTE30BaHi BiAHOBAEHHAM 30-
noToxnopuctosoaHesoi kncnotn (HAUCI, #3H,0) (299,9%
uncrtoTn, Sigma-Aldrich) umTpatom HaTpito B NpUCYTHO-
CTi KapboHaTy Kanilo; HaHOYaCTMHKKM 3ani3a (d=40 HMm,
C.=10,0 Mr/MA1), CUHTE30BaHi BigHOB/MEHHAM Xa0puAay
3aniza (lll) boporigpnaom HaTpito; HAHOYACTUHKK Cpibna
(d=30 Hm, CAg=8,O Mr/Mmn), CUHTE30BaHI LUIAXOM BifHOB-
neHHa HiTpaty cpibna (AgNO,) TaHiHOM y mpucyTHOCTI
KapboHaty Kanito (K,CO,) Ta HaHo4acTUHKKM cpibna (d=4
HM, CAg=15,6 Mr/T CyXoi peqoBUHM), OTPUMaHI y CKnagi Ha-
Hobiokomnosuty (HBK) Ha ocHoBi KniTuH L. plantarum [9].

Cymill HaHo4YacTUHOK Au/Ag/Fe oTprMyBanM LLIAXOM
MeXaHi4YHOro 3MillyBaHHA BOAHMX AUCNEPCi HAHOYaCTU-
HOK cpibnia, 30/10Ta Ta 3ani3a. KoHLUeHTpaLia cymiwi Ha-
HOYACTUHOK cpibna (d=30 Hm), 30s10Ta (d=30 HMm) i 3ani3a
(d=40 Hum) cTaHoBmna B 1 ma: 1,6 mr Ag; 0,1 mr Fe; 3,088
MKr Au [10].

Niodinisaujto Ta perigpaTauito H6aKkTepii nposoanan
3riAHO 3 MeToAMYHMMM pekomeHaaLlismu [11]. Mepep ni-
odinisaujieto oo cycneHsii 6akTepiaNbHMX KAITMH 3 HUMe
[0oOaBanu y CniBBiAHOLWEHHI 1:3 3axuMcHe caxapo3oxe-
natuHoBe cepegosulue. Jliodinisauito npoBoanan y cre-
PUABHMX YMOBaX 3 BMKOPUCTAHHAM Ni0DiNbHOI CyLLKM

ALPHA 1-4 LD-2 (HimeyunHa) i3 nonepegHim 3aMopoKy-
BaHHAM 6iomacu npwm -65°C.

AHTaroHiCTUYHY aKTUBHICTb METa/IOBMiCHMX KOMMO3M-
Ui gocniarKysanm metonom araposux 6s0kiB [12], npwm
AKOMY HApOLLYyBaHHA LUTAMiB-aHTAroOHICTIB i TECT-Ky/AbTyp
BiAOyBanocb Ha Pi3HMX MOXKMBHUX CepPeOoBMLLAX, ONTU-
MaNbHUX A/1A KOXKHOIO WTamy. Y AKOCTi TECTOBUX KyNbTyp
6y BUKOpUCTaHi 17 wTamiB 3 Konekuii nabopatopii mi-
Kpobionorii Ta ximioTepanii 1Y «IHCTUTYT TpaBmaTosiorii Ta
optoneaii HAMH Ykpaiuu»: Escherichia coli ATCC 25922,
Enterococcus faecalis ATCC 29213, Staphylococcus aureus
ATCC 25923, Pseudomonas aeruginosa ATCC 27853,
Serratia marcescens, Escherichia coli 055, Enterobacter
aerogenes, Acinetobacter baumannii, Staphylococcus
aureus 209, Staphylococcus epidermidis, Klebsiella
pneumoniae, Salmonella typhimurium, Shigella sonnei,
Shigella flexneri, Proteus mirabilis, Proteus vulgaris,
Candida albicans.

BuBueHHs npouecy enimiHauii R- nnasmig 3 6aktepi-
ANbHUX LUTAaMiB NPOBOAUNAM 3 BUKOPUCTAHHAM MOAENbHOI
pekombiHaHTHOI naasmiam pUC19, wo Hece reH cTiliKocTi
0o amniuuniny (Gen Bank Assession Number LO9137) Ta
nnasmign pBR322, AKa MICTUTb reHNn Pe3nCTEHTHOCTI A0
amniunniny i TeTpauuKnidy, (Gen Bank Assession Number
JO1749). Nnasmign pUCI19 Ta pBR322 3Haxoamaucs B
6akTepiax E. coli XL1-Blue Kan (Stratagene). EnimiHau,ito
nnasmig pUC19 3 KknituH GakTtepint E. coli 3aincHioBa-
IV WNAXOM CMOHTaHHOI enlimiHaLii Ta Wwasaxom o6pobKu
naasmigosmicHux 6aktepiit HBK. PiBeHb enimiHaLii oui-
HIOBaZIM MPWU KyNbTUBYBAHHI NAa3MifoBMiCHUX HGaKTepii
E. coli Ha cepeposuwi MIMA npotarom 18 roguH.

Pe3ynbTati gocniaKeHHs Ta ix 06ropopeHHs.

fIK NOKa3aHO HamMM paHille, HaHOYaCTUHKK cpibna,
30/10Ta i 3a/i3a, BUKOPUCTAHI B AaHili poboTi ans cTBO-
PEHHA KOMMO3WLiM 3 KAiTUHaMK NPOBIOTUYHOrO LWTamy
L. plantarum, NpoaeMOHCTPYBaNMU BUCOKUIN piBeHb Bio-
JIOTiYHOI aKTMBHOCTI. TaK, HAHOYACTUHKM cpibna i 30/10Ta
BOJIOAi/IN BUCOKMM MPOTM3anabHUM NOTEHLLaI0M, AKUIA
6yB 6ifbll BUPAKEHUM MPU BUMKOPUCTAHHI KombiHauii
UMX HaHoyacTMHOK [10], a HaHOYaCTUHKK 3anisa 6yau
OXapaKTepM30BaHi fIK PEYOBMHA 3 BUCOKMMM aHTUAHe-
MiYHWUMM BNACTUBOCTAMM Ta 34aTHICTIO CTUMY/IIOBATK picT
HOPMa/IbHOI KULLKOBOI MiKpodiopn B AOCNIAMKEHHAX in
vitro Ta in vivo [13]. Hapsay 3 uum, 6ys BuaBaeHUi i mo-
OyNIOK04MIA BNMB 3a3HAYEHMX HAHOYACTUHOK Ha ¢iziono-
ro-6ioximiuHi Nnpouecy KNiTMH MikpoopraHiamis, 30Kpema
LITaMiB-Npo6ioHTIB, B TOMY YmMcai B ymoBax niodinisauii/
perigpaTauii [9].

BpaxoBytoumn BCTaHOBEHY 6i0N0rYHY aKTUBHICTb Ha-
Ho4acTMHOK Ag, Au Ta Fe, 6ynn oTpMmaHi ix Komnosuuii
3 KNiTMHamu npobioTuyHoro wramy L. plantarum (KoH-
ueHTpauia KaitnH 1x10° KYO/mn) HacTtynHoro cknaay: (1)
KOMMNO3ULjf i3 cymilwo HaHovacTMHok Au/Ag/Fe (BmicT
(Au 0,32)/(Ag 160,0)/(Fe 100,0) mkr/mn); (2) Komnosuuis
3 HaHo4acTMHKamK cpibna 30 Hm (BmicT Ag 160,0 mKr/
mn); Ta (3) Komno3sunuis 3 HAaHOYaCTMHKaMK cpibna 4 HM y
cknaai HBK (Bmict Ag 8x10™° mkr/mn).

EKcneprmeHTanbHi pe3ynstaTv, OTPMMaHI Npu TecTy-
BaHHI QHTArOHICTUYHOI aKTUBHOCTI OAEPXKAHUX MeTano-
BMiCHMX Komno3uuiii (1) i (2), HaBegeHi B Tabauui 1.

AIK BUAHO 3 NpeACTaB/eHUX AAHWUX, OTPUMaHi meTa-
NoBMicHi Komno3uuii (1) i (2) BMABUAM aHTaroHICTUYHY
aKTMBHICTb Ha piBHI 6a30Boro NpobioTMYHOro wramy L.
plantarum BiAHOCHO YCiX LOCNIAXKEHUX TECTOBUX KY/NbTYP
MaTOreHHMX Ta YMOBHO-MATOreHHUX MiKPOOPraHi3miB.

Cnig, BigMiTUTK, WO B KOomno3suuii (1), nopiBHAHO i3
XapakTepom b6ionoriyHoi Aii HaHOYaCTMHOK 30/10Ta i 3a-
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Tabnuua 1 — AHTaroHicTUYHa aKTUBHiCTb NpobioTuuHoro wramy L. plantarum Ta ioro Komno3suuii
i3 cymiwwio HaHouacTMHOK Au/Ag/Fe i HaHoOuacTUHKamum cpibna 30 HM BigHOCHO TECTOBUX LWITaMiB

NaToOreHHUX Ta YMOBHO-NATONreHHUX MiKpOOpI'aHi3MiB

X . X [iameTp 30H NpUrHiYeHHsA
[LiameTp 30H [iameTp 30H NpUrHiYEHHA pocTy (MM) .

. . - NPUrHIYEHHA poCcTy niZ BNiMBom Komno3suuii (1) o) (0] 033 Bnmsom

TecToBi LUTaMKN MiKPOOpPraHi3mis . : . Komno3uuii (2)
(Mm) mig BnABOM L. plantarum i3 cymiwwio L. plantarum 3
L. plantarum HaHouyacTMHOK Au/Ag/Fe P .

HaHOYaCTUHKamu cpibna
Escherichia coli ATCC 25922 10 10 9
Enterococcus faecalis ATCC 29213 9 9 9
Staphylococcus aureus ATCC 25923 11 11 11

Pseudomonas aeruginosa

ATCC 27853 10 1 1
Serratia marcescens 11 11 10
Escherichia coli 055 10 9 10
Enterobacter aerogenes 11 10 11
Acinetobacter baumannii 11 11 11
Staphylococcus aureus 209 11 9 9
Staphylococcus epidermidis 11 11 12
Klebsiella pneumoniae 11 11 10
Salmonella typhimurium 11 11 11
Shigella sonnei 11 11 12
Shigella flexneri 8 15 14
Proteus mirabilis 8 8 8
Proteus vulgaris 11 11 12
Candida albicans 8 8 8

MpumiTtkK: giameTp araposoro 6,10Kka 8 mm. B Tabmui HaBeaeHi TUNOBI AaHi eKcnepuMeHTY i3 cepii 5 He3aneKHUX BiATBOPIOBAHUX AOCAIAMKEHD.

Ni3a, HaHO4YaCTUHKK cpibna € BiAOMMM aHTUMIKPOBHNM
areHToM, a iX BUKOPUCTaHA KOHLIEHTPAL,iA € BUCOKOLO AN
nposAsy aHTUMiIKpobHoI aji [14]. MpoTte, oTpumaHi AaHi
LLLOAO NPOABY aHTArOHICTUYHOI aKTUBHOCTI AK KOMNO3ULLiT
i3 cymiwwio HaHo4acTHOK Au/Ag/Fe, TaKk i Komnosuuii 3
HaHOYacTUHKaMu cpibna 30 HM, € CBIAYEHHSAM TOrO, WO
KniTnHW L. plantarum He Big4YyBatoTb HEraTUBHOIO BM/IU-
BY 3 OOKY AOCANIAKEHUX HAHOYACTUHOK Y BUBYEHUX KOH-
LeHTpaujiax Ta 36epiratoTb CBiM piBeHb
QHTArOHICTUYHOI aKTMBHOCTI. 3 ornagy
Ha BCTAaHOBNEHMWI KOperyounin Tepane-
BTMUHUI edeKT cymiwwi Au/Ag/Fe B mo-
peni 3 DMH-iHAyKoBaHOW afeHoKap-

3 TEHAEHLE0 A0 NiABULLEHHA BiAHOCHO TECTOBUX LUTAMIB
Pseudomonas aeruginosa ATCC 27853, Proteus mirabilis,
Staphylococcus aureus ATCC 25923.

OKpim aHTaroHICTUYHOI aKTUBHOCTI cepen, Cy4acHMX
BMMOT [0 NPO6IOTUYHMX NpenapaTisB BeAUKa yBara npuai-
NAETbCA TEHETUYHOMY acneKTy: NPobioTUYHUIA MiKpoop-
raHi3m He NMOBMHEH MICTUTU eNeMEeHTIB FTOPU30HTANbHOI
TPAHCMICIT reHiB CTiMKOCTi A0 aHTMbioTHKIB [16]. Mpobne-

Tabnuua 2 — AHTaroHiCTUYHa aKTUBHICTb NPO6iOTUYHOrO WITamy
L. plantarum Ta iioro Komno3uuii 3 HaHOYacTUHKaMM cpibna y cknagi
HBK BigHOCHO TecToBMX WITaMiB NAaTOreHHUX Ta YMOBHO-NATOreHHUX

MiKpoopraHiamis

LIMHOMOIO TOBCTOI KULWKKM in situ [10], ; AiameTp 30H NpurHiveHHs
L[ HAHOYACTUHKU MOKYTb MiABULLYBaTI Aiametp son | pocty (MM) niA naneom
o . . . . . - NPUrHiYeHHs pocTy| Komnosuuii (3)
3ara/lbHuii piseHb I.'Ip06IOTMLIHOI edek- | TecTosiwTamu mikpoopraHizmis (Mm) nig Bnavsom| L. plantarum 3 naHo-
TMBHOCTI Npenaparis Takoro knacy. Lle L. plantarum YacTMHKamu cpibnay
CTBOPIOE NepesyMoBM ANA CTBOPEHHSA cknaai HBK
MeTanonpobioTHKIB i3 A0CNIAXKEHUMU | Escherichia coli ATCC 25922 10 11
HaHOYaCTUHKamMM. Enterococcus faecalis ATCC 29213 9 9
Mopag 3 BUKOPWUCTAHHAM Y CKNAAI | Staphylococcus aureus ATCC 25923 11 13
”p06i0TW“_'MX npenaparis HaHOYaCT1- | pseydomonas aeruginosa ATCC 27853 10 13
HOK METaiB, CUHTE30BAHWX XIMIMHUMM (5o rratia marcescens 1 12
MeTOAaMM, BENMKWIA IHTEPEC NPUBEP- o porichia coli 055 10 10
TalOTb HAHOWACTUHKM METaNiB, OTPU- [ oo oo ) 1
MaHI AK MPOAYKTA «3ene.Hor(.) CMHTESY» Acinetobacter baumannii 12 12
[15]. Jo Takmx NpoAayKTiB BiAHOCATHCA
HaHOYaCTUHKN cpibna y cknagi Hawo- |otaphylococcus aureus 209 12 12
6iokomnoauty (HBK) Ha ocHOBI knitun |Staphylococcus epidermidis 11 12
L. plantarum, BukopuctaHi ana creo- |Klebsiella pneumoniae 11 11
peHHA Komnosuuii (3). B Tabnuui 2 Ha- | Salmonella typhimurium 11 11
BeAEeHi pesynbTaTh OUIHKM aHTaroHic- |Shigella sonnei 1 12
TUYHOI Aji Komno3uuii (3) B NopiBHAHHI | Shigella flexneri 8 8
3 6a3oBUM NPOBIOTUYHMM WTaMom L. | Proteus mirabilis 8 10
p/antarum. Proteus vulgaris 11 12
OTpumaHi AaHi cBig4aTb, WO aHTa- | candida albicans 8 8

FOHICTUYHA aKTMBHICTb Komno3uuii (3)
3a/MWanacb Ha piBHi 6asoBoro wramy

MpumiTtkK: giameTtp araposoro 6;10ka 8 Mm. B TabauLi HaBeAeHi TUMOBI AaHi eKCNepuMeHTy i3

cepii 5 He3aneKHWX BiATBOPIOBAHUX AOC/IAMKEHDb.

530

ISSN 2077-4214. Bichuk npo6nem 6ionorii i meguumnnn — 2024 - Bun. 4 (175) / Bulletin of problems in biology and medicine — 2024 - Issue 4 (175)




MIKPOBIONOTIA / MICROBIOLOGY

Ma noAaos1aHHA TpaHCMiCM6eI’Ib-

Tabnuua 3 — MNnasmigoenimiHytoua Ais HaHOYACTUHOK cpibna y cknaai HBK

HOI aHTMBIOTUKOPE3UCTEHTHOCTI

MoxKe byTu BupileHa 3 3acTocy-

BaHHAM HAaHOYACTMHOK MeTaniB.
[Ona HaHO4YacTMHOK cpibna i

Tun enimiHauii nnasmig,

KoHueHTpauia Ha-

HOYACTUHOK cpibna

y cknagi HBK, mkr/
MJ1 32 METaJIoM

YacToTa enimiHa-

MnasmigoBmicHUI WTam .
A uii nnasmia, (%)

30/10Ta, WO BXOAATb A0 CKAaay
Komnosuuini (1) i (2), 3gaTHicTb Ao

enimiHauii nnasmig aHTMbIOTMKO-
PE3UCTEHTHOCTI MOKasaHa Hamu
paHiwe [17].

cpibnay cknaai HBK

Cronmania eniminauy  |E_COl XLLBlue (pUCL) 37+2

H E. coli XL1-Blue (pBR322) 3411
EnimiHauis nnasmig nig, E. coli XL1-Blue (pUC19) 8x10° 971
BnAMBOM HAROUACTIHOK 1 £ oli XL1-Blue (pBR322) 8x10° 95+1

B maHii poboTi pasom 3 pis-

HEeM aHTaroHiCTMYHOT aKTMBHOCTI Komno3uii (3) byna oui-
HeHa MOKAMBICTb NIA3Mig0eNiMiHYOYOT Aii Moro cknago-
BOI — HAHOYACTUHOK cpibna y cknaai HBK.

Pe3ynbtaT OUHKM niasmigoenimiHyoyoi gii HaHo-
YaCTMHOK cpibna y cknagi HEK B KoHueHTpauii Ag 8x10°
MKr/MA, WO BiANOBIAAE KOHLEHTPALLT, BUKOPUCTaHI npu
CTBOPEHHI MeTanoBMicHOT Komno3uuii (3), npeacTasneHi
B Tabnuui 3.

YacToTa enimiHauii nnasmig npu obpobui nnasmigo-
BMicHMX 6aKTepiit E. coli XL1-Blue (pUC19) Ta E. coli XL1-
Blue (pBR322) HaHo4acTMHKamu cpibna y cknagi HBK
3HAaYHO MepeBuLLYBasia YacTOTy CMOHTAHHOI eniMmiHaLl i
cTaHoBWAa 97+1% T1a 95+1% BignosigHo.

Lle obymoB/to€e NepcnekTUBHICTb CTBOPEHHA Npobio-
TUKIB HAQ OCHOBI IaKTOBALMA Ta HAHOYACTUHOK cpibna y
cknagi HBK 3 NoTeHUiMHUM NPeBEHTUBHMUM MeXaHi3MoM
610KyBaHHA eniaemioNorivYHnX WAAXIB nepeaadi aHTM6io-
TUKOPE3UCTEHTHOCTI y HakTepii.

BucHoBKw.

1. CTBopeHi Komnosuuii Ha OCHOBi MPOBIOTUYHOIO
wramy Lactobacillus plantarum i3 HaHoYacTUHKamK 30/10-
Ta, cpibna, 3anisa.

2. BctaHoBNeHO edeKTUBHY aHTArOHICTUYHY Aito CTBO-
PEHMX KOMMO3MULLIN MEeTaIOBMiCHMX NPOBIOTMKIB HA OCHO-
Bi Lactobacillus plantarum.

3. CTBOpeHi Komnosuuii Ha OCHOBi MPOB6IOTUYHOrO
wramy Lactobacillus plantarum 3 BMicTom HaHOYaCTUHOK
cpibna BONOAIOTL NAa3MiA0EeNiIMiIHYIOUOLO A€t Ta 34aTHI
3anobirat nepepgadi reHiB aHTMBIOTMKOPE3UCTEHTHOCTI
KULLIKOBMM KOMEHCalam rocnogaps.

4. CTBOpEHi KOMMNO3MKLii € NepCneKTUBHUMMN ANA PO3-
pPOBKM Ta CTBOPEHHS MeTaNonpobioTuKiIB.

MepcneKTMBKM NOAANbLUNX AOCNIAMXKEHD.

Moganbli gocnigKeHHA 6yayTb CpAMOBaHI Ha Po3-
pPObKY Ta CTBOPEHHSI METaNoBMICHMX NPOBIOTHKIB Ta BU-
BYEHHSA iX TepaneBTUYHOT ePEeKTUBHOCTI.
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DOCNIAMEHHA AHTATOHICTUYHOT AKTUBHOCTI KOMNO3ULLIT HAHOYACTUHOK METAIB (Au, Ag, Fe) 13 K/I-
TUHAMMU NPOBIOTUYHOIO LUTAMY Lactobacillus plantarum A1 PO3POBEKU METAJIOMNPOBIOTUKIB

Pe3HiueHKo /1. C., lpysiHa T. I, MogonbcbKa B. 1., AKy6eHKo J1. M., MpuweHKo H. I., Bitpak K. B., /ltotko O. b.,
Ounbkosa C. M.

Pestome. YHiKabHi 6i0n10riYHi BNACTMBOCTI HAHOYACTMHOK METANIB € BAaXK/IMBMMM Ta aKTyasIbHUMU 3 TOUKM 30pY
iX B3aemogii 3 NPOKapiOTUYHMMM Ta €YKaPIOTUYHUMM KNITMHAMKM Ta 0BYMOBAIOIOTb AOLINBHICTb IX BUKOPUCTAHHA NpuU
CTBOPEHHI MEeTaIoBMiCHMX KOMMO3MLi NpobioTMYHMX npenapaTie. MeTolo poboTn 6yno AO0CNIAMKEHHA aHTAroHic-
TUYHOI aKTMBHOCTI METaNIoBMICHMX KOMMO3WULLiI, CTBOPEHMX Ha OCHOBI NpobioTnyHoro wramy Lactobacillus planta-
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rum Ta HaHOYACTMHOK 30/10Ta, cpibaa i 3ani3a BiAHOCHO TecToBUX KynbTyp Escherichia coli ATCC 25922, Enterococcus
faecalis ATCC 29213, Staphylococcus aureus ATCC 25923, Pseudomonas aeruginosa ATCC 27853, Serratia marcescens,
Escherichia coli 055, Enterobacter aerogenes, Acinetobacter baumannii, Staphylococcus aureus 209, Staphylococcus
epidermidis, Klebsiella pneumoniae, Salmonella typhimurium, Shigella sonnei, Shigella flexneri, Proteus mirabilis,
Proteus vulgaris, Candida albicans. Y pob6oTi BUKOpUCTaHi KONOiAHO-XiMmiuHi, BioximiuHi Ta mikpobionoriyHi meToam
nocnigkeHb. OTpUMaHi KOMNO3MULii HAHOYACTMHOK MeTaniB 30/10Ta, Cpibna, 3ani3a 3 KNiTMHaMM NPOBIOTUYHOTO WTamy
L. plantarum (KoHueHTpaujia KAiTMH 1x10° KYO/mn) HacTynHoro cknagy: (1) Komnosuuia i3 cymiwiwio HaHOYaCTUHOK
Au/Ag/Fe (BmicT (Au 0,32)/(Ag 160,0)/(Fe 100,0) mKkr/mn); (2) Komnosuuis 3 HaHOYaCTUHKaMK cpibna 30 Hm (BmicT Ag
160,0 mkr/mn); Ta (3) KoMno3uLLisa 3 HaHoYacTUHKaMu cpibna 4 HM y cknaai HBK (Bmict Ag 8x10° mkr/mn). Metano-
BMiCHi Komno3uuii (1) i (2) BUABMAM aHTAroHICTUYHY aKTMBHICTb Ha piBHI 6a30Boro npobioTnyHoro wrtamy L. plantarum
BiLHOCHO YCiX AOCAIAXKEHWNX TECTOBMX KY/IbTYP MAaTOr€HHUX Ta YMOBHO-NATOrEHHWX MiKpOOpraHi3mis. BctaHoBneHO, Wwo
QHTAroHICTMYHA aKTMBHICTb KOMMo3uLi (3) 3anMWwanack Ha piBHIi 6a30BOro WTaMy 3 TEHAEHLED A0 NiABULLEHHS Bif-
HOCHO TecToBMX WTamiB Pseudomonas aeruginosa ATCC 27853, Proteus mirabilis, Staphylococcus aureus ATCC 25923.
Komnosuuiii 3 BMiCTOM HaHOYaCTUHOK cpibna BOMOAIIOTb M1a3mMifoeniMmiHyo4o0 Aieto Ta 34aTHI 3anobiratv nepeaadi
reHiB aHTMBIOTMKOPE3UCTEHTHOCTI KMLLKOBMM KOMeHcanam rocnogapa. CTBOpeHi Komnosulii € nepcnekTMBHUMM ann
pPO3p0obKM MeTanonpobioTMKIB Ta BUBYEHHS iX TepaneBTUYHOI ePpeKTUBHOCTI.

Kntovosi cnoBa: HaHOYACTUHKKM MeTaniB, Lactobacillus plantarum, aHTaroHICTUYHA aKTUBHICTb, eliMiHaLiA Naa3mig,
aHTUBIOTMKOPE3UCTEHTHOCTI, METaNONPOBIOTHK.

INVESTIGATION OF ANTAGONISTIC ACTIVITY OF METAL NANOPARTICLES (Au, Ag, Fe) COMPOSITION WITH
PROBIOTIC STRAIN Lactobacillus plantarum FOR THE DEVELOPMENT OF METAL-PROBIOTICS

Rieznichenko L. S., Gruzina T. G., Podolska V. ., Yakubenko L. M.,

Gryshchenko N. 1., Vitrak K. V., Liutko O. B., Dybkova S. M.

Abstract. The unique biological properties of metal nanoparticles are important and relevant in terms of their
interaction with prokaryotic and eukaryotic cells and determine the feasibility of their use in the creation of metal-con-
taining compositions of probiotic preparations. The aim of the study was to investigate the antagonistic activity of
metal-containing compositions based on the probiotic strain Lactobacillus plantarum and gold, silver and iron nanopar-
ticles against the test cultures Escherichia coli ATCC 25922, Enterococcus faecalis ATCC 29213, Staphylococcus aureus
ATCC 25923, Pseudomonas aeruginosa ATCC 27853, Serratia marcescens, Escherichia coli 055, Enterobacter aerogenes,
Acinetobacter baumannii, Staphylococcus aureus 209, Staphylococcus epidermidis, Klebsiella pneumoniae, Salmonella
typhimurium, Shigella sonnei, Shigella flexneri, Proteus mirabilis, Proteus vulgaris, Candida albicans. Colloidal-chem-
ical, biochemical and microbiological methods were used in the study. Compositions of gold, silver, and iron metal
nanoparticles with cells of the probiotic strain L. plantarum (cell concentration 1x109 CFU/ml) of the following compo-
sition: (1) a composition with a mixture of Au/Ag/Fe nanoparticles (content of (Au 0.32)/(Ag 160.0)/(Fe 100.0) pug/ml);
(2) a composition with 30 nm silver nanoparticles (content of Ag 160.0 pg/ml); and (3) a composition with 4 nm NBC
silver nanoparticles (content of Ag 8x10-5 pg/ml).The metal-containing compositions (1) and (2) showed antagonistic
activity at the level of the basic probiotic strain L. plantarum against all studied test cultures of pathogenic and oppor-
tunistic microorganisms. It was found that the antagonistic activity of composition (3) remained at the level of the base
strain with a tendency to increase against the test strains Pseudomonas aeruginosa ATCC 27853, Proteus mirabilis,
Staphylococcus aureus ATCC 25923. The compositions containing silver nanoparticles have a plasmid-eliminating effect
and are able to prevent the transmission of antibiotic resistance genes to the host intestinal commensals. The created
compositions are promising for the development of metal-probiotics and the study of their therapeutic efficacy.

Key words: metal nanoparticles, Lactobacillus plantarum, antagonistic activity, elimination of antibiotic resistance
plasmids, metal-probiotic.
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