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3.C. I'opoeuy/, B.A. Hecuucaneé’, E.B. Apanacvesckaa'*, JI.II. Yucmoxuna’,
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Objective. To study the bacteriotropic properties of "KLYUCHI" mineral water in relation to bacteria of
the genera Bifidobacterium, Lactobacillus and Escherichia.

Materials and methods. The impact of “KLYUCHI” mineral water on the representatives of the indige-
nous microbiota of the gastrointestinal tract was determined. Probiotic strains L. plantarum 8P-A3 and B.
bifidum 1 were cultivated on a “starvation” nutrient medium. The level of accumulation of cellular bio-
mass, pH, acid-forming activity and concentration of the carbohydrate component were assessed in the
culture fluid, The influence of mineral water on the physiological state of bacterial cells was studied by
determining the intensity of bioluminescence of the genetically engineered strain E. coli lum+ using var-
ious solvents for rehydration of the lyophilized indicator culture.

Results. “KLYUCHI” mineral water had a significant stimulating effect on the accumulation of biomass and
acid formation of the tested strains of lactobacilli and bifidobacteria. The stimulating effect was more pro-
nounced in the bifidobacteria culture. Contact of bacterial cells with mineral water both in the form of a
solvent for the lyophilized culture and as an additional component of the nutrient medium provided almost
equivalent results. Mineral water had a pronounced stimulating effect on the bioluminescence of the indi-
cator strain, increasing the intensity of its luminescence twice compared to the control.

Conclusions. The stimulating effect of “KLYUCHI” mineral water on the representatives of the indige-
nous intestinal microbiota confirms the validity of its use in the treatment of gastrointestinal diseases,
eating and metabolic disorders, as well as in probiotic therapy.

Keywords. Mineral water, Escherichia, lactobacilli, bifidobacteria, bioluminescence.

Iean. M3ydenne 6aKTepHOTPOIHBIX CBOMCTB MUHEPAILHOH BOAR! «KJIKOYM» B OTHOmEHUY OAKTEPHIT POIOB
Bifidobacterium, Lactobacillus u Escherichia.

Marepuaisl 1 MeToABl. ONpeAe/UIN BOAEUCTBAE MUHEPAIBHON BOfb! «KJIFOUYM»> Ha Npe/ICTaBUTENEN NHUTEH-
HOU MUKPOOUOTHI KEYOYHO-KUIIEYHOIO TPAKTa. [Ipobuotndeckue mramMmet L plantarum 8P-A3 u B. bifidum 1
Ky/IbTUBUPOBA/IM HA «TOJIOJJHOI» TUTATEBHOY cpezie. OLECHUBAIN YPOBEHD HAKOIUIEHHSA KIETOUHOI 6MoMacchl, pH,
AKTHBHOCTb KUCIOTOOOPA30BaHNS M KOHLICHTPAIHIO YITICBOHOTO KOMIIOHEHTA B KY/IbTYPAIbHOM SKUIKOCTH. Brnist-
HY€ MAHEPATBHON BOJIBI HA (PUBHONOTUYECKOE COCTOSHUE OAKTEPUATBHBIX KIETOK U3YJATH IPU ONPEAEICHUH HH-
TEHCUBHOCTH OMOMIOMUHECIIEHIIMY T€HHO-UEKEHEPHOTO MTaMMA E. coli lum+ ¢ NCTIONB30BAHKUEM JJIA PETUPATa-
11U TMO(PUTUBUPOBAHHON MHAMKATOPHOU Ky/IBTYPBI PA3TMYHBIX PACTBOPUTENEH.

Pesyabrarsl. MuHepanbHad Boga «KJIIOYM» OKa3piBaIa BRIPAKEHHOE CTUMYIMPYIONIEE AEHCTBUE Ha HAKOII-
JICHUE OUOMACChl ¥ KUCJIOTOOOPA30BAHUE AMPOOHPOBAHHBIX IITAMMOB JIAKTO- U OU(HUI06AKTEPUI.
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Crumymupyromust 3 QeKT 6b11 6071€€ BBIPAKEH Y KyIbTypbl OU(puo6akrepuil. KOHTAKT 6aKTepUaIbHBIX KIE-
TOK C MUHEPAILHON BOZION B BUJIE PACTBOPUTEIN IMO(DUIU3NPOBAHHON KyJIBTYPhI M B KAYECTBE JJOTIONHH-
TEIBHOTO KOMIIOHEHTA MUTATEMBHONU CPE/Ibl 0OECTICYNBAT MPAKTUYCCKA PABHOZHAYHBIE PE3yMbTaThl. MuHe-
pasbHAA BOJA OKA3bIBAIA BHIPAKEHHOE CTUMYIMPYIONIEE BIMAHUE HA OMOMIOMUHECIIECHINIO UH/IUKATOPHOTO
IITAMM4, BbI3bIBAA [JBYKPATHOE YBEMUEHNE NHTEHCUBHOCTH €70 CBEYEHHA 10 CPABHEHHUIO C KOHTPOJIEM.
BriBoanl. CTUMy/IUpyIOLIEe BIUAHUE MUHEPAILHOM BOAbl «KJIHOYM»> Ha mpeacTaBuTeneil MHAUIEHHON MUK-
POOHOTH! KUIIEYHHKA TTOATBEPAKAAET OOOCHOBAHHOCTD €€ IPUMEHEHNA JUIA JIEYEHHA OOJE3HEN OPTraHOB ITH-
LIEBAPEHMUS, PACCTPOICTB MUTAHUA 1 HAPYIIEHUA OOMEHA BEIECTB, 4 TAKKE IIPY IIPOOUOTUKOTEPAITHYL.
KirogeBnie ¢10Ba. MUHEPATbHAS BOJIA, SMEPUXUH, IAKTOOAKTEPUH, OM(PH00AKTEPUH, GUOMIOMUHECICHITSL.

INTRODUCTION

Longstanding experience in the use of
mineral waters (MW) in medical practice show
that they are one of the main most effective
natural healing factors. It is no coincidence
that balneotherapy is considered an effective
and safe type of spa treatment [1-3]. At the
same time, mineral waters from different
sources differ significantly from each other in
their composition (mineralization level, chem-
ical components, etc.), as well as the mecha-
nism and degree of expression of therapeutic
and bacteriotropic action [4-6].

Due to the fact that therapeutic and table,
drinking mineral waters are mainly used for the
treatment of diseases of the digestive system, the
study of the features of their influence on the vi-
ability and functional activity of obligate taxa of
the intestinal biotope microbiota seems neces-
sary for a more complete and objective assess-
ment of their therapeutic potential. Moreover,
dysbiotic disorders largely determine the patho-
genesis of such diseases [7; 8].

“KLYUCHI” mineral water is classified as
low-mineralized sulfate magnesium-calcium,
slightly alkaline drinking therapeutic table water,
which, according to its chemical composition in
accordance with GOST R 54316-2020, belongs to
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mineral waters of group XIIL It is recommended
for the treatment of diseases of the digestive sys-
tem, endocrine system, nutritional disorders and
metabolic disorders. At the same time, its effect on
representatives of the obligate intestinal microbi-
ota remains unstudied, while its therapeutic effect,
like other mineral waters, may be associated with
a bacteriotropic effect on the intestinal microbio-
cenosis [9; 10].

The aim of the study is to study the bacte-
riotropic properties of “KLYUCHI” mineral wa-
ter in relation to bacteria of the genus
Bifidobacterium, Lactobacillus and Escherichia.

MATERIALS AND METHODS

“KLYUCHI” mineral water from well No.
1/92 of ZAO “Kurort Klyuchi” was studied. Water
samples in sterile vials were stored at a tempera-
ture of (4 + 2) °C for no more than 10 days.

The test cultures were probiotic strains L.
plantarum 8P-A3 and B. bifidum 1, used to ob-
tain lactobacilli and bifidobacteria-containing
preparations, as well as a genetically engi-
neered strain of E. coli lum+ with an integrated
lux operon, which responds to a change in the
level of bioluminescence depending on the
physiological state.

Lyophites (dry lactobacterin and dry bifi-
dumbacterin produced by NPO “Microgene”)
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were rehydrated with 0.9 % sterile sodium chlo-
ride solution (1st series of experiments) and for
control, as well as with mineral water (2nd series
of experiments). Then the bacterial cultures
were added to a “starvation” carbohydrate nutri-
ent medium (0.5 % sterile glucose solution)
L. plantarum to a final concentration of 108 CFU
(colony forming units) in 1 ml and B. bifidum to
106 CFU/ml 10 % (by volume) of mineral water
was added to the prepared bacterial cultures in
the 1st series of experiments, in the control, and
2nd series of experiments — a similar volume
of physiological solution. Lactobacilli cultures
were incubated in a thermostat at a temperature
of (37 £ 2) °C for 22 + 2 hours, bifidobacteria —
44 £ 4 hours.

The acid-forming activity was determined
by acid-base titration with 0.1 M sodium hy-
droxide solution to pH (8.5 £ 0.1). The pH val-
ues were estimated by potentiometric method
using universal ion meter “I-160” (Russia). Acid-
ity was expressed in Turner degrees and calcu-
lated using the formula: °T = A-C-10, where °T is
the conventional value of the amount (ml)
of sodium hydroxide solution used to titrate
100 ml of sample; A is the amount (ml) of 0.1 M
sodium hydroxide solution used to titrate 10 ml
of sample; C is the correction to the titer of so-
dium hydroxide solution.

The growth of bacterial cultures was as-
sessed by the change in optical density (turbid-
ity) in the control and experimental samples us-
ing a KFK-3 photoelectrocolorimeter (Russia) in
a cuvette with a layer thickness of 3 mm at a
wavelength of 540 nm. The glucose content in
the samples at the beginning and end of expo-
sure was determined using an Enziskan Ultra au-
tomatic glucose analyzer (Russia).
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The level of stimulation of bacterial cul-
tures was expressed using coefficients (KC).
The growth coefficient KC(based on optical
density) and acid formation coefficient KC
were calculated separately using the formula:
KC = Ofinal - Oinitial / (Kfinal - Kinitial),
where Ofinal is the average final value in the
test sample; Oinitial is the average initial value
in the test sample; Kfinal is the average final
value in the control sample; Kinitial is the av-
erage initial value in the control sample.

The study of the cultural properties of lac-
tobacilli and bifidobacteria and the biochemi-
cal activity of the strains was carried out under
conditions of maximum restriction of access
to nutrients. The use of a “starvation” nutrient
medium, limiting the needs of the microbial
population with an intracellular reserve of pre-
viously accumulated nutrients, made it possi-
ble to specifically identify the presence of a
stimulating or inhibitory effect of the studied
microbial medium on the model strains. This
methodological approach is more informative
and reliable than cultivation on a complete nu-
trient medium.

Method based on the chemiluminescent
reaction was used to assess the effect of min-
eral water on the physiological state of the
indicator strain E. coli lum+. This test is
related to the general metabolism of bacte-
ria, affecting the oxidation of disoxidized
riboflavin phosphate (FMH-H2) and long-
chain fatty aldehyde, emitting blue-green
fluorescence (490-495 nm [11]. For this pur-
pose, the lyophilized culture of the test
strain was rehydrated with the following
solvents (5 ml per vial): 0.9 % sodium chlo-
ride solution and drinking water (control),
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“KLYUCHI” mineral water (experiment). The
samples to be studied were incubated
at room temperature for 24 hours, periodi-
cally recording the luminescence level using
a Biotox-6M luminometer,

Statistical processing of the obtained data
was performed in the PAST 4.03 software. Dif-
ferences were considered statistically signifi-
cant at p < 0.05. The results in the tables are
presented as the arithmetic mean and its
standard error (M £ m).

RESULTS AND DISCUSSION

Data on the effect of “KLYUCHI” mineral
water on the cultural properties of lactobacilli
and bifidobacteria are presented in Tables 1
and 2. It had a pronounced stimulating effect
on the accumulation of biomass and acid for-
mation of the studied strains.

When cultivating bifidobacteria in the 1st
and 2nd series of experiments, the digital val-
ues of the growth stimulation coefficients, de-
termined by the increase in the turbidity of the
bacterial suspension by the end of the incuba-
tion period, were close. In both cases, their sig-
nificant increase was recorded — by 2.5 and
2.63 times.

In lactobacilli cultures, these indicators
were significantly lower (an increase of 1.2
and 1.4 times), but also sufficient to assess
the positive effect of mineral water on the
accumulation of biomass. It should be noted
that on complete nutrient media, the level of
biomass accumulation of this strain of lacto-
bacilli in terms of CFU/ml can be two orders
of magnitude higher than the similar indica-
tor for the tested strain of bifidobacteria, so
these differences are logical.

Table 1

The influence of mineral water on the accumulation
of biomass and functional activity of lactobacilli, M = m

Gl tra-
Optical density, D Acidity, T° pH UC,OSG concentra
Series of tion, mmol/I
experiment | before | after ke before after ke before ‘ after before after
incubation incubation incubation incubation
Control 0.07 +0.002{0.12 £ 0.006 233+0.11]2533 £0.80 562004 | 39005 [1926+0.17| 987 £0.05
1
(adding MW oo 1 0001|014 20002] 12 2170103233 0881 131 | 55005 | 38003 |1936+0.13| 842:+ 005
to the nutri-
ent medium)
2
(rehydration {008+ 0.001|0.15+0.002" 14 |220£0.10 3166072 1.28 | 58004 | 38005 [19.63£0.09| 845+ 0.04"
of MW)

Note: * — p < 0.001 by #-criterion compared to control; KC - stimulation coefficient; MW — mineral water.
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Table 2

The influence of mineral water on the accumulation
of biomass and functional activity of bifidobacteria, M = m

Optical density, D

Acidity, T° pH

Glucose concentration,

to the nutri-
ent medium)

Series of mmol/l
experiment | before ‘ after KC before nocsie be- | after ‘ KC before nocsie
incubation incubation fore WHKyOauu incubation
Control  [0.01£0.001{0.09 £ 0.003 1.17+0.11| 717031 65+005] 57006 [20.12£0.18 | 17.64 £ 0.08
1
(adding MW

0.01+0.001|0.21 +0.005*|250{1.15 % 0.09|23.17 + 0.32°| 3.67 6.7 +0.07|38+0.01"|20.19 +0.23 |1442 £ 0.27*

2

of MW)

(rehydration {0.01 £ 0.001|0.22 £ 0.004*| 2.63{1.13 £ 0.10|20.33 + 0.50*| 3.20 (6.8 +0.02|3.8 +0.02*| 20.08 +0.22|15.23 £ 0.26"

Note: " — p <0.001 by #-criterion compared to control; KC - stimulation coefficient; MW — mineral water.

It is important to emphasize that various op-
tions for contact of bacterial cells with mineral
water in the form of a solvent for lyophilized
culture or as an additional component of the
nutrient medium provided practically equiva-
lent positive results.

When analyzing the biochemical activity of
bacterial cultures, it turned out that the increase
in acidity of lactobacilli in series of experiments
1 and 2 in absolute terms was more pronounced
(at the level of 30 °T). However, in relative values,
the KC in bifidobacteria was higher: 1.31 and
1.28 compared to 3.67 and 3.12. In this regard, it
should be noted that the L. planiarum 8P-A3
strain used is a very active producer of carboxylic
acids, so the higher values of this indicator in ab-
solute figures for lactobacilli in both the experi-
ments and the control seem natural.

The consequence of the revealed effects of
stimulation of growth and acid-forming activity
of bacterial strains by “KLYUCHI” mineral water

was a more pronounced decrease in the con-
centration of glucose in the culture liquid in
series of experiments 1 and 2 compared to the
control data. The growth of both cultures was
associated with a higher absolute consumption
of glucose in both experimental and control
samples. Such values of the indicators are due
to the active consumption of the carbohydrate
component by bacteria, which is necessary
to meet the energy needs of intensively
developing cells.

When testing the intensity of biolumines-
cence, the change in the luminescence level of
the E. coli lum+ strain was recorded after rehy-
dration with various solvents (drinking water,
mineral water, saline solution) for 24 hours of
exposure at a temperature of 22 & 2 °C. In all
samples, regardless of the solvent, a uniform ki-
netics of luminescence intensity was observed,
which was characterized by a significant increase
during the initial 2-hour physiological adapta-
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tion to the rehydrated state of bacteria, followed
by a gradual return to the initial level at the end
of the observation period. The luminescence in-
tensity of cultures rehydrated with drinking wa-
ter and saline (controls) during the entire expo-
sure period differed insignificantly. At the same
time, mineral water had a pronounced stimulat-
ing effect, causing a twofold increase in the in-
tensity of the indicator strain's glow. This con-
vincingly demonstrated the favorable effect of
the "KLYUCHI" mineral water on the physiologi-
cal state of this Escherichia culture.

CONCLUSIONS

The revealed pronounced stimulating effects
of the action of "KLYUCHI" mineral water on the
accumulation of biomass, physiological state and
functional activity of cells of model representa-
tives of the indigenous intestinal microbiota con-
firm the feasibility and validity of its use for the

treatment of diseases of the digestive organs and
metabolic syndrome, since dysbiotic states of the
human microbiome play a significant role in their
pathogenesis. Along with this, according to mod-
ern concepts, there is a direct connection be-
tween the state of the intestinal microbiota and
the function of various organs and systems of the
human body. Data are provided indicating that
disturbances in the intestinal microbiocenosis
contribute to the development and support of
various pathological conditions [12-14].

The obtained results allow us to recom-
mend the use of mineral water from the
KLYUCHI resort (Perm Region) in the complex
treatment of various diseases, and not only of
the digestive system. It is especially advisable
to use it against the background of probiotic
therapy, including as a solvent for lyophilized
versions of medicinal forms of the correspond-
ing bacterial preparations.
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