2z2ufENhE8UL 69 @hSNhE3UL LUNULNUMNRESNARL
GreduULk 16SUUUL ZUUULUUL UL

unnunuv3uy huvu nruUhyh
dPePuUYUL B9 OLUMUYEMUUULALNNUYUL @NONUVLES D
U2168NkE3NPULE YU LULEIUSPL AUUSELPULEND UKD BY, fUNULELES D
UuygShdNkhE3UL 9LU
©.00.02-«"kuuwdhghur» dwutwghunipyudp

Jhuuwpwtwljut ghinnipinitubph piljuwsnth
ghtnujut wunhguth huyguwt wnbkiwpununipiut

ucuuarr

BrE4dUL-2015

MINISTRY OF SCIENCE AND EDUCATION OF RA
YEREVAN STATE UNIVERISTY

SOGHOMONYAN DIANA RAZMIK
THE EFFECTS OF PHISICHAL AND OXIDOREDUCTION FACTORS ON GROWTH AND
MEMBRANE ACTIVITY OF LACTIC ACID BACTERIA
SYNOPSIS
of dissertation for conferring of scientific degree of
Candidate of Biological Sciences

in the specialty of 03.00.02 — Biophysics

YEREVAN-2015

© National Library of Armenia OCR by Portmind



Uwnbktwjununipjut phdwt hwunwngk) kE Gphwth yhnwljut hadwjuupwinad:

Qhunwljub nEjudup’ 22 QUU. pnpwlhg winwd, YEtu. ghwn.
mnlunp, ypndtunp U. 2. @nsniyub

NMuounnbwlub punphdwpnuutp®  dhquupe. ghn. gnijunnp, wypnd. 9.L. Unwpkjjul,
Ykuu. ghwn. nnljuninp U.Q2. @lithnjul

Unwoutnuip juquulijbpynipmi’ 22 wnnnowwjuwhnipjut twpiwpupnipjut
funwqujpwihtl pdynipjut b wypjusdputph
ghunnwljwt jEuwnpnt, Gphwbt

Uwnbkuwjununipjul yuwonwywinipjniup mknh Yntuktw 2015p. hnituthuh 16 —ht, dudp
14:00-pt, Bplwbh whnwljwt hwdwjuwpwind gopény 22 PN2-h 051
Yhwwdhqhuyh dwubwghwnwlwt funphpph  thunnwd (0025, Gphwb, Ujkp
Uwunijjul th. 1, N2, jEhuwpwinipjui ulnynbkn):

Uwnbkiuwjunumpjutp Jupkh ESwinpwbu) Gphwh yhnwlwt hwdwjuupuih
qpunupuin:
Uwnbkuwjununipjut ubindwughpt wnwpyws £ 2015p. duyhuh 15-ht:

051 dwubiwghwnwljwt junphpnh ghw. pupunninqup,
Jtuu. ghn. phljuwdne, nngkun U.U. Qupuunuiyui

The theme of the dissertation has been approved at Yerevan State University.

Academic supervisor: Corresponding Member of NAS RA,
Dr. of Biological Sciences, Professor A. Trchounian

Official opponents: Dr. of Physico-Mathematical Sciences,
Professor V.B. Arakelyan
Dr. of Biological Sciences A. Z. Pepoyan

Leading organization: Research Center for Radiation Medicine
and Burns, Ministry of Health RA, Yerevan

The defense of the dissertation will be held on 16® June, 2015, at 14:00, at the session of 051
Scientific Specialized Council on Biophysics of HAC of RA at Yerevan State University
(0025, Yerevan, Alex Manoogian str. 1, YSU, Faculty of Biology).

The dissertation is available at the library of Yerevan State University.
The synopsis has been sent on 15 May , 2015.

Scientific Secretary of 051 Specialized Council,
PhD, Associate Professor M. A. Parsadanyan
2

© National Library of Armenia



INTRODUCTION

Topic’s significance. Lactic acid bacteria (LAB) are heterogeneous group of gram-positive
and catalase-negative microorganisms. They can synthesize lactic acid from lactose. Due to
some metabolic properties, LAB were extensively contributed for different processes such
as flavor development and ripening of fermented products (Soghomonyan and Trchounian,
2013). They produce a large number of antimicrobial compounds that are very important
for food fermentation and preservation. Therefore, LAB are used as bio-preservative agents
giving them great economic significance (Topisirovic et al., 2007). Moreover, they are
important inhabitants of the gastrointestinal tract and some species are considered to have
probiotic properties offering a number of benefits for health and well-being. One of the
well-known species of this group is Lactobacillus acidophilus, which remains as the most
widely recognized and commercially distributed probiotic culture, characterized as a homo-
fermentative, gram-positive rod that grows optimally from 37 to 42° C (Altermann et al,,
2005), which can overcome acid and bile barrier of stomach and intestine, respectively, and
then beneficially affect host by improving its intestinal microbial balance (Kajfasz et al.,
2011). There are many physicochemical and physical factors that can affect
microorganism’s growth, survival and membrane processes. The oxidation-reduction
potential (ORP) is one of the most important parameter characterizing the state of bacterial
growth medium and bacterial cells. LAB grown in anaerobic conditions possesses sugar
(glucose) fermentation with the releasing of lactic acid and other organic acids. This process
entails medium acidification and alternation of proton gradient, resulting the drop of
medium pH, alteration of proton permeability, or activity of transport and enzymatic
systems of the cell membrane (Vassilian and Trchounian, 2008; Soghomonyan et al., 2011).
ORP and pH alteration studies in various conditions and the effects of oxidizers and
reducers on the growth parameters of LAB and the processes linked with H* transfer are
important for understanding of growth regulation mechanisms, evaluation of functional
processes in the intestine of animals and humans, and for application of these bacteria for
technological purposes(Vassilian and Trchounian, 2008). The bacterial effects of the
extremely high frequency electromagnetic irradiation (EMI) with low (low-energy)
intensity and with non-thermal action are interesting because of extremely high frequency
EMI is widely applied in therapeutic practice, food and wine preservation (Geveke et al,,
2009; Zhand et al, 2010). This EMI is also used by low-orbital systems of cosmic
communication and different elements of mobile and, moreover, bacteria and the other
cells can interact with each other through EMI (Trushin, 2003; Reguera, 2011). In the
environment and different applications, small and very small doses of this EMI at the
frequencies of 51.8 and 53 GHz have been determined to affect the growth and living
properties of different bacteria, namely Escherichia coli (Tadevosyan et al., 2007;

Torgomyan et al., 2011), Enterococcus hirae (Ohanyan et al., 2008; Torgomyan et al., 2012),
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etc. Among cellular targets are water molecules, plasma membrane, probably the H*-

translocating FoFi1-ATPase, the key enzyme in the membrane, and genome. These targets

are considered as common ones for EMI effects on bacteria (Torgomyan and Trchounian,

2013), but exact primary targets and detailed mechanisms of the effects are not clear yet.

Moreover, the specific mechanisms of induction of biological effects in LAB by these

frequencies should be studied. The B-lactam natural antibiotics (cephalosporins, penicillins)

are the largest group of antimicrobial drugs and have a leading role in the treatment of
infectious diseases (Drawz and Bonomo, 2010), but antibiotics, as an external chemical
factors, left their negative imprint on the life of organisms. Therefore, it is remarkable to
investigate the effects of redox factors (oxidizers and reducers) as well as separate and
combined effects of EMI and ceftazidime (cephalosporin, antibiotic of third generation) on

LAB growth properties and membrane activity.

Research goals and tasks. The aim of this study was to investigate the separate and

combined effects of physical (high frequency EMI) factor and antibiotic, and redox

(oxidizers, reducers) factors on LAB growth survival and membrane activity.

Constituted tasks of the research were to:

1. Investigate the effects of oxidizers and reducers on ZLactobacillus acidophilus and
Lactobacillus salivarius growth rate and redox - oxidation/reduction potential (ORP)
kinetics, as well as on bacterial membrane functional activity (H*/K* exchange,
membrane permeability).

2. Investigate the effects of coherent, extremely high frequency EMI, at the frequencies
51.8 and 53 GHz, on L. acidophilus growth parameters, such as growth rate, and
survival (in minimal and rich, or solid and liquid media).

3. Observe the separate and combined effects of high frequency EMI and ceftazidime on
antibiotic susceptibility and growth parameters.

4. Determine the separate and combined effects of EMI and ceftazidime on redox potential
kinetics and changes of H* fluxes through bacterial membrane.

5. Reveal the separate and combined effects of EMI and ceftazidime on membrane vesicles
ATPase activity dependence on pH of growth (pH 4.0 and pH 6.5) and assay (pH 4.0 and
pH 6.5) media.

6. Explore the separate and combined effects of high frequency EMI and ceftazidime on
survival and antibiotic susceptibility of L. acidophilus using in vitro model of human
gastrointestinal tract.

Scientific novelty and applied value of the study. Within the scopes of this work it was

established that different physical and redox factors affected the growth properties and

membrane activity of LAB. Oxidizer ferrycianide and reducer DTT changed the dynamics
of ORP during growth and affect the ion transport systems, moreover, they suppressed
growth rate of L. salivarius, and this suppression depends on their concentration

(Soghomonyan, et al., 2011). EMI at the frequencies 51.8 GHz and 53 GHz are suppressed L.
4
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acidophilus growth and survival (Soghmonyan and Trchounian, 2013). This is evidenced by
the differences between bacterial colony numbers, which were irradiated on solid or liquid
media. It has been also shown that as a result of exposure the LAB sensitivity to ceftazidime
was increased; ion fluxes and ATPase activity were changed. There was also an increase in
sensitivity of irradiated bacteria not only to antibiotics, but also to other chemical
substances (DCCD). The FoF1-ATPase complex, which is vital for LAB, could be considered
as a target for EMI. It was shown the decreased number of irradiated L. acidophilus in in
vitro model of gastrointestinal tract depending on growth medium pH and digest ferments
and antibiotic (the antibiotic susceptibility was increasing). The investigation of oxidizers
and reducers effects on LAB gives an opportunity to highlight cellular mechanisms of the
impact and makes it possible to control processes of bacterial growth in dairy industry.
Moreover, the study of different frequencies of EMI allows finding out the most effective
frequencies in order to increase their application in food industry, agriculture and
medicine. The increasing antibiotic susceptibility reduces the antibiotic resistance threshold
and therefore reduces the gene transfer risk in gut medium. It should be noted that this
frequencies of EMI have no thermal effects; therefore their application in food industry will
not affect the organoleptic properties of food.

Main points to present at defense:

1. The effects of oxidizers and reducers on ORP dynamics during growth and on
membrane activity (membrane permeability, H* and K* fluxes) of LAB.

2. The effects of low intensity EMI at the frequencies 51.8 GHz and 53 GHz on LAB
growth parameters, membrane activity as well as antibiotic susceptibility.

3. The survival of irradiated LAB in in vitro model of the gastrointestinal tract,
displaying medium pH dependence as well as digestive enzymes and antibiotic
susceptibility.

Work approbation. The main results of the dissertation were discussed at Scientific
seminars at Departments of Microbiology, Plants and Microbes Biotechnology and

Department of Biophysics, Faculty of Biology, Yerevan State University; at scientific

conferences: 14" European Bioenergetics conference (Moscow, Russia, 2006), 14th
International Young Scientists Conference on Biology (Pushchino, Russia, 2010), 6%
International Congress “Low and Super-low Fields and Radiations in Biology and Medicine”
(Saint-Petersburg, Russia, 2012), ISTC International conference "Radiation Safety
Challenges in the 21% Century" (Yerevan, Armenia, 2012), International Student,
Postgraduate and Young Scientists Conference "Lomonosov-2013" (Moscow, Russia, 2012),
114% General Meeting of American Society for Microbiology, (Boston, USA, 2014),
International Summer School for Young Scientists “Enhancing Health Promoting
Compounds in Food” (Bazelati, Georgia, 2014), International Scientific Workshop “Trends
in Microbiology and Microbial Biotechnology” (Yerevan, Armenia, 2014).
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Publications. According to experimental data discussed in the dissertation, 13 works have
been published, including 5 research articles, 3 of which in peer-reviewed journals, and 3
proceedings.

Volume and structure of dissertation. The dissertation contains following chapters:
introduction, literature review (Chapter 1), experimental part (Chapter 2), results and
discussion (Chapter 3), concluding remarks, conclusions and cited literature (total 176

papers and books). The document consists of 123 pages including 3 tables and 22 figures.

MATERIALS AND METHODS

Bacterial strains and their growth conditions. L. acidophilus VKMB-1660 wild type
(Microbial Depositary Center Armenia, 11227), L. salivarius 1588, L. salivarrius 3823,
Lactococcus lactis 3690 and L. acidophilus 101E (Armenian National Agrarian University,
Yerevan) strains were used for experiments. These bacteria were grown in MRS broth and
in adapted peptone medium (pH 6.5). The bacteria were grown at 37° C until stationary
growth phase (20-24 h) under anaerobic conditions upon fermentation of glucose (20 g/1).
Cells grown were concentrated by centrifugation (3,600 g) during 15 min, washed and
diluted in bi-distilled water. Then, the bacterial suspension (at concentration of 107108
colony-forming units (CFU)/ml) was transferred into the plastic plate (Petri dish) with
suspension thickness of ~1 mm for subsequent irradiation or was assayed. Solid nutrient
medium was prepared by the addition of agar (1.5 %) to MRS broth.

Electromagnetic irradiation of bacteria. The irradiation of bacterial suspension was
performed by EMI generator; model G4-14, the coherent in time electromagnetic waves
with the frequencies of 51.8 GHz and 53 GHz or millimeter waves of the 5.79 and 5.66 mm
wavelengths in the option of amplitude modulation with frequency of 1 Hz (frequency
stability was 0.05 %); the flux capacity was of 0.06 mW/cm? and this flux have no effect on
the temperature of bacterial suspension during irradiation: the change in temperature of
suspension was below 0.1° C during the exposure. The generator was supplied by Dr. V.
Kalantaryan (Yerevan State University). After direct irradiation of bacterial suspension for 1
h, cells were immediately transferred into the fresh growth medium or assay mixture. In
some experiments, when mentioned, the bacterial colonies on solid surface (nutrient
medium in Petri plates) were irradiated for 1 h. Note, 1 h exposition has been shown to be
effective for marked effects of low-intensity EMI on E. coli and the other bacteria
(Tadevosyan and Trchounian, 2007; Ohanyan et al., 2008).

Bacterial growth and survival determination. Bacterial growth was monitored
spectrophotometrically, via optical density (ODeso). The specific growth rate was
determined by division of 0.693 (In2) on OD doubling time and expressed as h'. For
bacterial growth yield, colonies (CFU) number was calculated. Bacterial survival was
evaluated by displacement of control and irradiated bacteria into minimal salt medium (46
mM K2HPO4; 23mM KH2PO4; 8 mM (NH4)2SO4; 0.4 mM FeSO4; and 6 mM MgSOs; pH 6.5)
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during 3 days. The survival was assessed by counting of CFU. Before inoculation of bacteria
the 16-20 pM ceftazidime solution was added into the salt medium (Soghomonyan,
Trchounian 2013).

Determination of antibiotic susceptibility. Antibiotic susceptibility for bacteria was studied
by employing the method described by Bauer et al. (1966). This was a standardized
antibiotic disk agar diffusion zone (halos) determination, which was giving a quantified
parameter (zone linear sizes) of growth inhibition for antibiotics.

Determination of ORP kinetics of bacteria and H* transport assay. ORP was measured using
pair of platinum (Pt) and titanium-silicate (Ti-Si) redox and/or combined ORP electrodes.
The irradiated bacterial suspension (1 %) was inoculated into MRS broth. The antibiotic, or
oxidizer and reducer added into the medium before inoculation. ORP changes during the
growth were measured until stationary growth phase. The H* fluxes across bacterial
membranes of whole cells were determined using appropriate selective electrode. The
fluxes were expressed as mMol H* /min per mg dry weight of bacteria (DW). During the
assays bacteria were incubated with ceftazidime (16 pM) and/or NN-
dicyclohexylcarbodiimide DCCD (0.1 mM) for 7-10 min. DCCD-sensitive values were
determined as differences between the values in the presence and the absence of DCCD in
parallel assays (Soghomonyan et al., 2011; Soghomonyan, Trchounian, 2013).

Isolation of membrane vesicles. Right side out membrane vesicles were isolated by lysis of
protoplasts with lyzosime using the Konings and Kabak method (Konings and Kaback,
1973):

ATPase activity. ATPase activity of membrane vesicles was measured by amount of
liberated inorganic phosphate (Pi) after addition of 5 mM ATP, that was determined by the
method of Taussky and Shorr (1953). Relative ATPase activity was expressed in nmol Piper
mg protein in 1 min. Membrane vesicles were incubated with ceftazidime (16-20 pM)
and/or DCCD (0.1-0.2 mM) for 10 min.

Determination of membrane H* conductance. The membrane H* conductance (Cm'*) was
evaluated by registration of H* flux through the membrane up to achievement of
electrochemical balance in the H* distribution on both sides of membrane by addition of
small amounts of HCI (so-called “acid pulse” technique) (Akopyan and Trchounian, 2006).
The H* flux was measured using a pH-meter with selective electrode. The membrane H*
conductance was expressed in uM transferred H* per time (s) per unit of pH and DW.
Determination of survival of irradiated bacteria in in vitro model of gastrointestinal tract.
The irradiated bacteria were passed through 6 tubes of MRS media with different pH values
(7.5; 2.0; 3.0; 4.0; 5.0; 8.0 and 6.5 as a control), appropriate digest enzymes (lysozyme,

pepsin, pancreatin) and bile salts. Ceftazidime was added in each tube with 20 uM final

concentration. The viable counts were determined when irradiated bacteria incubated in 6
tubes for 0 min., 3 min., 20 min., 60 min. (Chen et al., 2009; Movsesyan et al., 2010), and

7
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then the bacterial suspension was disseminated on MRS agar in Petri dishes, after
appropriate dilutions.

Data processing. The average data are presented from 3 independent measurements;
standard errors were not more 3 % if not indicated. The Student’s validity criteria (p) were

calculated to show the validity of difference between changed values and control.

RESULTS AND DISCUSSION

The redox potential changes during growth of LAB. The study of ORP dynamics during
growth of L. salivarius shows, that the acidification by 1-1.5 units of initial pH (data not
shown) and simultaneous decrease of ORP until low negative values (En, registered using
platinum electrode) was observed in stationary growth phase, in growth medium
(Soghomonyan et al., 2011). This decrease of En during growth, for instance L. salivarius
1588, occurred from positive (+50 + 7 mV) in the beginning of log-phase until negative (-
565 + 23 mV) values (Fig. 1) with transition of culture to stationary phase (10-12h). The
link between alterations of these parameters in bacterial media is polysemantic although
the theory of oxidation-reduction processes suggests variability of pH and ORP alteration
(Bagramyan et al., 2002). Dynamics of alterations of these values indicates the importance
of reduction conditions for bacterial growth and supposes that decrease of ORP determines
the growth of culture and its further transition to stationary phase. The value of En
insufficiently increases (by 125 + 12 mV) in the late stationary phase (over 22-24 h) that
indicates acceleration of oxidative processes in culture. The use of a pair of oxidation-
reduction electrodes platinum and titanium-silicate was remarkable. The decrease of ORP
registered using Ti-Si-electrode in L. salivarius occurring with lower rate (Fig. 1);
significant deviation in values of ORP during logarithmic growth phase has been observed.
This difference was registered also in the presence of DTT (Fig.1). Oxidizer ferrycianide
poorly permeating into the cell and supporting the positive values of ORP (+280 +10 mV,
Fig. 1) influenced on the growth of L. salivarius increasing almost by two times the duration
of lag phase and decreasing of growth rate (Fig. 1). This influence depended on
concentration of oxidizer within the range from 1 to 5 mM (Fig.2). Acidification of the
medium increased and the drop of ORP until negative values (-490 £ 10 mV) was observed
later during the logarithmic growth phase. DTT is known as the reducer of thiol groups of
proteins (Kirakosyan et al., 2004; Poladyan et al., 2006). This reagent decreasing ORP until
negative values (=160 mV at 1 mM DTT, Fig. 1) influenced bacterial growth by decreasing
growth rate. The latter was depending on the concentration of DTT (from 1 to 5 mM, Fig.
2). This effect was observed at pH 6.5 and did not differ from DTT effect on the growth
parameters of E. coli or other bacteria (Kirakosyan et al., 2004; Poladyan et al., 2006). Thus,
ORP decreases until low negative values by stationary growth phase of LAB but the nature
of this is not clear.

Influence of oxidizer and reducer on ions transport across bacterial membrane. LAB in
experimental conditions in the medium contained glucose realizing H*—K* exchange (Fig.
3). Ferrycianide decreased and DTT, in contrast, increased the H* and K* fluxes in L.
salivarius (Fig. 3). The influence of these compounds can be explained as a result of direct
simultaneous effect of the reagent onto one or both transport systems or indirectly by the
effect on the state of thiol groups in these proteins by changing dithiol-disulfide channels

8
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between them (Soghomonyan et al., 2011). There is probably an opportunity for
conformational changes in proteins due to alteration of ORP value (Fig. 1) or other
alterations resulting in shifts in CmH* (Fig. 4) and AuH* (data not shown).
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Fig.1. Decrease of ORP registered using platinum
electrode (En) during anaerobic growth of L. salivarius
1588: 1-control without ferrycianide or DTT; 2-in

presence of 1 mM ferrycianide; 3-in presence of 1 mM
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Fig. 2. Alteration of growth rate (u) of L.
salivarius 1588 in presence of ferrycianide or
DTT in different concentrations: Bacteria
were grown anaerobically, at pH 6.5, at
fermentation of glucose.

DTT. Ferrycianide or DTT added in growth medium

Alteration of membrane permeability during growth of bacteria in different conditions.

Cnf* of LAB can serve as indicator of membrane state. This parameter plays a role in the

processes of energy transformation related with H* transport. It considerably changes

during growth of L. acidophilus and L. salivarius (Fig. 4), and other LAB in media with

different pHs. The values of Cm'™* are different in various LAB and their strains: in L.

acidophilus 101 is higher by 1.3-1.6 fold than in L. salivarius 1588 depending on pH

(Soghomonyan et al., 2011).
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Fig. 3. Kinetics of H' release (a) and K+ uptake
(b) by bacteria L. salivarius 1588 in the presence
of 1 mM ferrycianide, 1 mM DTT. Glucose
concentration-20 mM. Concentration of bacteria
was 10° cells/ml.
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Fig. 4. Cut™ L. acidophilus 101 and L. salivarius
1588 grown in the media with different pHs. Y-
axis is Cm'™, umol H*/mg DW/unit pH. Other
conditions are similar to Fig.3.
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The value increased by ~1.4-2.1 fold (dependent on bacterial species) at pH decrease from
slightly alkaline to acidic (Fig. 4) that was shown for other bacteria (Akopyan et al., 2002).
Different values of Cm"™ can be related to alteration of membrane lipid and protein
composition during growth of bacteria in different media (Yohannes et al., 2004).
Alteration of Cn!!* correlated with ORP drop.

Comparable antibacterial effects of EMI and ceftazidime. The L. acidophilus colony number
(Fig. 5a) and specific growth rate (u) (Fig. 6) decreased after low-intensity EMI with the
frequencies of 51.8 GHz and 53 GHz. In both irradiated suspension and irradiated bacteria
on solid surface, the colony number changed markedly (see Fig. 5b). However, some
differences between antibacterial effects for EMI were established (Fig. 5). This seems
invteresting, since the organization of bacterial population, cell-to-cell interaction for
colonies on solid surface and cells in suspension were different, so a further study is
required. The results indicate EMI strong antibacterial effects on L. acidophilus for
revealing EMI action on antibiotic susceptibility of L. acidophilus irradiated bacteria were
exposed to influence of ceftazidime. The latter is known as inhibitor of cell wall synthesis
(Ocana et al., 2006). This antibiotic in minimal inhibitory concentration (16 pM) affected L.
acidophilus specific growth rate (Fig. 6). It was shown that 51.8 GHz and 53 GHz EMI
effects were comparable with the ceftazidime inhibitory effects ( Fig. 5b). Moreover, in
cases of antibiotic susceptibility after EMI in irradiated suspension and irradiated dishes the
diameter of halos increased for both frequencies ~1.7-2.5- folds (Fig.5b).

120 - 2 1
100 M Dishes B Dishes

. h Suspension 20 4 O Suspension

& 80 | g

g s -
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2 40 - 10 4
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g 20 - > ]

)

O = 0 4 T T 1
Control 51.8 GHz 53 GHz Control 51.8GHz 53 GHz

a) b)

Fig. 5. The effects of 51.8 and 53 GHz frequency EMI on L. acidophilus number of colonies (a)
and halo (8) diameter for ceftazidime (b). Bacteria were irradiated in suspension (1) and on Petri
dishes (2). The both controls were without EMI. The number of replicates was 3. The changes at
the 51.8 GHz and 53 GHz were valid if compared with the appropriate controls (p<0.001).

This might indicate EMI-enhanced effect of ceftazidime on bacteria. The enhancing effects
of EMI were observed with L. acidophilus survival in minimal salt medium after EMI and
antibiotic action. For the 2" and 3¢ running days the differences in survival between the
cells affected by 51.8 GHz and 53 GHz EMI and ceftazidime were seen clearly: EMI-
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enhanced separate and combined effects of EMI and ceftazidime were established (Fig. 7).
These results demonstrate decreasing colony number and cell growth properties, as well as
bacterial survival after irradiation of bacteria by EMI at the frequencies 51.8 and 53 GHz.
They indicate EMI strong antibacterial effects on L. acidophilus.
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Fig. 6. L. acidophilus growth specific rate, in the control Fig. 7. The effects of high frequency EMI
and after EMI of 51.8 and 53 GHz frequencies and

ceftazidime. The antibiotic with glucose was added into

in combination with ceftazidime on Z.

acidophilus survival. Bacteria were held in

thegrowth medium before inoculation. The changes at the minimal salt medium during 3 days. 1-

the 51.8 and 53 GHz and/or upon ceftazidime action control, 2-ceft., 3-51.8 GHz, 4-51.8+ceft.,
were valid if compared with the control (p<0.001) 5-53 GHz, 6-53 GHz+ceft.

EMI and ceftazidime effects on ORP kinetics and H*fluxes across bacterial membrane. To
reveal cellular targets and action mechanisms of EMI and ceftazidime effects on L.
acidophilus, ORP kinetics and H* fluxes across the membrane were studied. ORP has been
shown to be a determinant for £ coli and other bacterial growth under anaerobic
conditions (Bagramyan, Trchounian, 1997; Soghomonyan et al., 2011). It had effects on H*
fluxes across the membrane and membrane-associated enzymes activity. Indeed, ORP
decreased up to -180+10 or -190+10 mV in 12 h and then increased to -160+5 mV in 24 h;
the kinetics of ORP by L. acidophilus was changed by 51.8 GHz and 53 GHz EMI and
ceftazidime (Fig. 8a). These changes were stronger by combined effects of EMI and
ceftazidime, especially up to 12 h of growth (Fig. 8b). This might be indicating determinant
effects of ORP in L. acidophilus when bacteria are entering the stationary growth phase.
Moreover, 51.8 GHz and 53 GHz EMI did not change overall energy (glucose)-dependent
H+ effluxes across the L. acidophilus membrane but it increased DCCD-inhibited H* efflux
(Fig. 9). In contrast, this EMI in combination with ceftazidime decreased DCCD-sensitive
H+ effluxes. These findings indicate that the FoF1 -ATPase, for which DCCD is specific
inhibitor (Azzi et al., 1983; Trchounian, 2004) might be a target for EMI and ceftazidime.
The finding is novel for LAB and similar to the effects on £. coli (Tadevosyan et al., 2008;
Torgomyan et al., 2011) and the other bacteria (Ohanyan et al., 2008; Torgomyan et al.,

2012). These results points out universal mechanisms of EMI effect for different bacteria. It
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is interesting that EMI antibacterial action on L. acidophilus growth is comparable with

ceftazidime inhibitory effect. This might be due to similar cellular mechanisms of EMI and

150 = CoONtrol
—o— Control 100 —@— Ceft.
100 —=—51.8 GHz 50 —tr—51.8 GHz + Ceft.
. —a— 53 GHz —@==53 GHz +Ceft.
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B 0 — T T T T
5 — %_50 5 10 15 20,5 30
&50 4 8 12 16 28 =
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150 -150
-200 ~200
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Fig. 8. The kinetics of L. acidophilus ORP after EMI of 51.8 and 53 GHz frequencies(a) and
ceftazidime(b). Ceftazidime (16-20 pM) added into growth media, immediately before inoculation.

ceftazidime although different enhanced effects have been determined with E. coli and
other bacteria and different antibiotics (Lee et al., 2009; Ohanyan, 2012). But, combination
of EMI and ceftazidime enhanced the effects on L. acidophilus viability (Fig. 7).

100
P 8 ®-DCCD B+DCCD Fig. 9. The changes in energy-dependent total
— 60 and DCCD-sensitive H* effluxes (Ju:) through
40 the L. acidophilus membrane after EMI
20 combined with ceftazidime. 1--DCCD, 2-
0 +DCCD The changes in DCCD-sensitive fluxes

> . ] . lid if ith th i
&&9 O& Q,G& & y ng & were valid if compared with the appropriate
«&® Moo 9 contrals (n<0.01).
¢ o5
& o

These results might be explained by a proposal that survival requirements are different
from growth mechanisms for L. acidophilus since different properties of LAB are discussed
(Altermann et al., 2005; Jeanson et al, 2009). Among action targets and cellular
mechanisms of extremely high frequency EMI and antibiotics effects on bacteria, changes
of membrane properties of the cell are discussed in details (Torgomyan and Trchounian,
2013). The changed kinetics of ORP during bacterial growth (Fig. 8) and increased DCCD-
inhibited H* efflux through the membrane by the FoF1-ATPase (Fig. 9) were revealed at the
first time. They might confirm a target role of the FoFi-ATPase and a significance of
membranous mechanisms in antibacterial effects of EMI and ceftazidime on L. acidophilus.
This is similar to the proposal about enhanced effects of EMI and antibiotics on bacteria
that include the FoFi-ATPase (Torgomyan and Trchounian, 2012; 2013).
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The effects of EMI and ceftazidime on L. acidophilus membrane vesicles ATPase activity
at pHs 6.5 and 4.0. 51.8 GHz and 53 GHz EMI didn’t change overall energy (glucose)-
dependent H* effluxes across the membrane, but it increased DCCD-inhibited H* efflux. In
contrast to this, EMI in combination with ceftazidime decreased DCCD-sensitive H+*
effluxes. So it was suggested that the FoFi-ATPase might be a target for EMI and
ceftazidime. Indeed, EMI at the frequencies 51.8 and 53 GHz suppressed the overall ATPase
activity of L. acidophilus membrane vesicles ~1.3 fold and 2.6 fold, respectively (Fig. 10).
The suppression was more considerable in the presence of 0.01 mM DCCD ~2.18 fold and
4.4 fold, respectively (Fig. 10). In case of combination EMI at both frequencies with
ceftazidime a significant decrease in DCCD-inhibited ATPase activity of L. acidophilus:
membrane vesicles after exposure of bacteria with EMI at the frequencies of 51.8 GHz or 53
GHz was determined in the absence and in the presence of ceftazidime. These data confirm
a target role of FoF1 in bacterial action of EMI. Moreover, EMI at the frequency 53 GHz was
stronger to suppress the DCCD- inhibited ATPase activity (Table 1). In case of combination
EMI with 20uM ceftazidime, the inhibition of ATPase activity was much more expressed,
especially in the presence of DCCD ~3.3 fold and 7.5 fold, respectively (Fig. 10). The results
obtained in the presence of ceftazidime indicated that EMI enhanced the effect of
ceftazidime. The changes in the FoFi-ATPase activity point out the membranous effects of

low intensity extremely high frequency EMI on bacteria (Bulgakova et al., 1996).

E 03 0-DCCD Fig.10. The separate and combined effects of
TS TE 02 - m +DCCD EMI and ceftazidime (20pM) on overall
(= % ? W +Ceft ATPase activity of L. acidophilus membrane
E g W +Ceft+DCCD vesicles in presence and absence of 0.lmM
g Ol DCCD.

Control 51.8 GHz 53 GHz

They are similar to those with other bacteria as well as to the effects on lipid bilayers

changing membrane permeability. Thus, in addition to inhibitory effects on L. acidophilus
growth and survival and H- fluxes across the membrane (Soghomonyan et al, 2013), EMI at
51.8 GHz and 53 GHz frequencies enforced the influence of ceftazidime on DCCD-
inhibited ATPase activity. It might be suggested that EMI combined with ceftazidime can
cause conformational changes in FoF1and lead to decrease in its activity. These effects are
scientifically interesting and could be applied in biotechnology, when LAB are used in
different ways. As shown before, the membrane-associated multi-subunit FoF1-ATPase,
which links the production of ATP to the proton motive force (Paul and Colin, 2003;
Skulachev et al., 2010), is an important element in response and tolerance to low pH in
some bacteria through the controlling H* concentration between the cell cytoplasm and

external medium (Martin-Galiano et al., 2005; Skulachev et al., 2010). In this work we
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investigated ATPase activity of L. acidophilus, irradiated with EMI at frequencies 51.8 GHz
and 53 GHz and in the presence of ceftazidime at low pH. The ATPase activity was assayed

in two cases - when bacteria were grown at pH 4.0 or pH 6.5; but the assayed pH was

Ceftazidime ATPase activity (nM Table 1. DCCD sensitive ATPase activity of L.
(20pM) Pi/min/pg protein) acidophilus membrane vesicles under EMI
Control 51.8 53 GHz with 51.8 and 53 GHz frequencies and in the
GHz presence of ceftazidime.
- 43.5+2.2 36.5+2.0 18.0£1.1
+ 37.02.0 205+1.3 225+14

adjusted to 4.0. As shown in Fig. 11, EMI at both frequencies mentioned stimulated ATPase
activity of membrane vesicles from L. acidophilus grown at pH 4.0 and 6.5 and assayed at
pH 4.0. But when bacteria were grown at pH 4.0 ATPase activity was higher ~47 % than
ATPase activity of bacteria which were grown at pH 6.5 (Fig. 11). When the assayed pH
was adjusted to 6.5 EMI at both frequencies ATPase activity of membrane vesicles from Z.
acidophilus grown at pH 4.0 was suppressed ~1.2-1.8 folds (Soghomonyan et al., 2014) as it
was shown before (Fig.10) for LAB grown at pH 6.5 (Soghomonyan, 2013), but at 53 GHz
frequency it inhibited less than when grown at pH 4.0 (Fig. 11b).
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Fig. 11. The effects of 51.8 and 53 GHz frequencies EMI and DCCD on overall ATPase activity of L.

acidophilus membrane vesicles in presence and absence of ceftazididme (20 pM). Control was

b)

without irradiation; 0.2 mM DCCD was added. pH of assay mixture is 4.0. pHs of growth media were
4.0 (b) and 6.5(a).

Either with pH 4.0 or pH 6.5 of growth media and the assays, 0.2 mM DCCD inhibited
ATPase activity of membrane vesicles of non-irradiated (control) and irradiated cells and
this inhibition was much more expressed in the presence of 20 pM ceftazidime. A
significant decrease in DCCD-inhibited ATPase activity after exposure of bacteria with EMI
in the frequencies of 51.8 GHz or 53 GHz was determined in the absence and in the
presence of ceftazidime (Tabl. 2). The DCCD-inhibited ATPase activity was increased,
when the assayed pH was adjusted to 4.0 and in the absence of ceftazidime (Tabl. 2).
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However, the combination of EMI and ceftazidime suppressed the DCCD-sensitive ATPase
activity. Thus, EMI with extremely high frequency stimulated the DCCD sensitive ATPase
activity of membrane vesicles of L. acidophilus grown at acidic pH. FoF1-ATPase, a key
enzyme of bacterial membrane, might be a target for EMI. These results are in accordance
with the literature data (Chen et al., 2009; Kashket et al., 1987; Kobayashi et al., 1984).

Table 2. DCCD-sensitive ATPase activity of L. acidophilus membrane vesicles under 51.8 and 53 GHz

frequencies EMI and in the presence of ceftazidime. pH of growth media 4.0 and 6.5 and assay pH 4.0
and 6.5.

pH of growth medium Assay pH ATPase activity (nM Pi/min/pg protein)
-ceftazidime +ceftazidime
pH 4.0 control pH 6.5 38.0£1.30 19.0+1.03
pH 4.0+51.8 GHz 50.0+1.60 23.0£1.10
pH 4.0 + 53 GHz 35.0£1.04 25.0+1.12
pH 4.0 control pH 4.0 40.0+1.21 13.0+0.60
pH 4.0+51.8 GHz 90.0+3.24 20.0+1.02
pH 4.0+53 GHz 95.0+3.31 28.0+1.10
pH 6.5 control 19.0+1.05 7.7+ 0.40
pH 6.5+51.8 GHz 50.0+1.60 11.0£0.53
pH 6.5+53 GHz 53.0+1.60 13.0£0.70

In summary, in addition to inhibitory effects on L. acidophilus growth and survival and H*
fluxes across the membrane at pH 6.5 (Soghomonyan and Trchounian, 2013) EMI at 51.8
GHz and 53 GHz frequencies enforced the influence of ceftazidime on DCCD-inhibited
ATPase activity at different pHs. But it is of interest that at low pH EMI stimulated the
DCCD sensitive ATPase activity but its combination with ceftazidime and DCCD decreased
ATPase activity. These changes serve as a basis to suggest that FoFi1-ATPase is a target for
EMI even in low pH.

The effects of EMI and ceftazidime on survival of L. acidophilus in in vitro model of
gastrointestinal tract. L. acidophilus is a probiotic strain and the acid tolerance is one of the
main characteristics of probiotics, thus, due to this feature, the L. acidophilus is able to
overcome the acidic barrier of digestive tract and have a beneficial effect on human health
(Kajfasz et al., 2011). Moreover, these bacteria regulate their internal pH close to neutral via
FoF1-ATPase complex. The bacteria in the digestive tract exposed with different pH values
(pH 7.5; 2.0; 3.0; 4.0; 5.0; 8.0) as well as digestive enzymes (pepsin, pancreatin and etc.) and
bile salts. Nowadays, to the adverse conditions of human gastrointestinal tract, added up
two more conditions, which are high frequency EMI and antibiotics. Therefore it is
interesting to investigate the separate and combined effects of EMI at frequencies 51.8 and
53 GHz and ceftazidime on survival of L. acidophilus in in vitro model of human

gastrointestinal tract. It was shown, that the cell number sharply reduced at pH 2.0 without
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irradiation and antibiotic, but when after 20 min the bacteria were transferred into medium
with higher pH, then they survive, but the repressive effects of EMI and ceftazidime are
displayed in all segments (in all appropriate pHs) of digestive tract especially in stomach
pH media. It should be noted that decrease in the number of bacteria at pHs 2.0 and 3.0 is
also due to the highly acidic pH. Especially at pHs 2.0 and 3.0 the viability of irradiated by
51.8 and 53 GHz frequencies bacteria reduced 75 and 83 %, 71.4 and 77% respectively.
Although at pHs 4.0 and 5.0 the cell number of irradiated at both frequencies bacteria
declined 43.3 and 45.7 %, 42.9 and 40.8% respectively, consequently it depends on pH for
this section of digestive tract (in presence of 0.3 % pepsin), but compared to the control

were also noticeable the reducing effects of both frequencies.
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Fig.12. The separate and combined effects of EMI and ceftazidime on viability of L.acidophilus in in
vitro model of gastrointestianl tract. Ceftazidime was (20uM) added to medium before inoculation of

bacteria. Control without digest enzymes, antibiotic and irradiation.

It is evident that at pH 8.0, in the presence of bile salts (0.45%) and pancreatine (0.1%) the

cell number of irradiated at both frequencies bacteria decreased by 54 and 68 %,

respectively. It is also interesting, that there was an increase of antibiotic susceptibility in
all sections of this in vitro model, especially at pH 8.0 the cell number drops by 75.3%. Thus
the EMI at 51.8 GHz and 53 GHz frequencies and ceftazidime have repressive effects on
viability of L.acidophilus in gastrointestinal tract. Moreover the irradiation enhanced the
effect of ceftazidime.

CONCLUSIONS

The following conclusions were made based on experimentally obtained data:

1. The oxidizer ferrycianide and reducer DTT changed the ORP dynamics of LAB during
growth under anaerobic conditions; moreover they suppress the growth rate of L.
salivarius, depending on concentrations of these compounds.

2. Ferrycianide decrease and DTT, in contrast, increased the H* and K* fluxes across the
membrane of L. salivarius, which can be explained as a result of changes in transport
systems due to alteration of ORP value or other alterations resulting in shifts in Cnf™*.

3. The exposure of anaerobically grown L. acidophilus suspension with low intensity,
coherent EMI at frequencies 51.8 GHz and 53 GHz led to decreasing the specific growth

rate, cell number and viability; more expressed effects had observed at the 53 GHz
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frequency. Moreover, EMI with indicated frequencies was causing increase in antibiotic
susceptibility of L. acidophilus.

. The exposure of anaerobically grown L. acidophilus suspension with above mentioned
EMI led to changes in the ion transport systems' activity by the changes of H* fluxes and
DCCD-inhibited ATPase activity.

. The irradiation of L. acidophilus suspension changed the ORP kinetics, especially, in
stationary phase of growth, due to membrane associated alterations.

In the case of L.acidophilus suspension irradiation, the target is the proton translocating
FoF1-ATPase complex which is situated in bacterial membranes. This enzyme is target in
optimal pH as well as in acidic pH.

The low intensity EMI at frequencies 51.8 GHz and 53 GHz and antibiotic ceftazidime
supresses the viability of L. acidophilus in in vitro model of human gastrointestinal
tract.

In the case of effects of oxidizers and reducers on LAB and due to their irradiation,
occured alternations in plasma membrane proteins activity, especially in FoFi-ATPase

activity.
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UN1.NUNL8UL Y ULU rULQURYP

SPePuULUL B4 OLUPUYEMUUU LA LNNUYUL @NLONLUESP URNESNRE3NR UL
GUELUEPIUSPL AULUSEMPULELD ULP B fUNULELESP UUSPINRE3UL 41U

Unlipopoaghp
Zmbgmguyht  punbkp.  Lactobacillus  acidophilus, — Lactobacillus  salivarius, UGdwuquyhl
wlunhynipinil, qunnipbbph phy, LEjupudwqihuwlut fwpwquypnud, hntbbkph  hnup,
YLuuntbwlnipync, hwljuphnuinhly, opuhnuybpujuiiqunpujut wnnkiughuy:

Quplhwpepduyhtt pulubphwitpp (WEL) Gpud-jppujut b juunwjwug-puguuwljui
dwtpktubph htwnbkpngbu unudp Bu, npnup Jupnn ko juptwppent uhiptqb) juljnnghg: YER-u h
ounphhy hpklg wnipwhnpwiwluyhtt wewbdbwhwnlmpeniuitph tkpunynud Ba ubnh
wpuwnpnipjul  wwppkp  toyuhtt  gnpdpupwgubpnud.  utinuupbtpph npnp  whuwlubph
hnuwghtt npufubph pupbjwduwit b hwuntbwgdwi hwdwp (Soghomonyan and Trchounian,
2013): Pwugh wyn, YL twlh dwpunnuljub ninnt «phwlhstubps Eu b wyu odph wdkbwhwpnuh
wnbkuwlubphg t hndndbpdbwwgh Lactobacillus acidophilus-p, npp utiinh wpynibwpbkpnipyui
uke Jujunptt Yhpwnynn wpnphnunhly Yniyunipw b (Altermann et al, 2005): Uju Yupnn L
hwnpwhwpl] dwpunquljut nnnt  «obpupbiyguuny - guydwibbpp  (pepduyght pH, (bnh,
dwpunnuijut dbpudkntbp) b pupbpup wqpkgnipnii niukiuy whpng wennenipju Ypu'
Ytpuwluiqubiny wnhubph dwipkiukph putujujuit hwjwuwpulyppnipiniup (Chen et al., 2009;
Kajfasz et al, 2011): Zwpl E Uok, np dwbpkubpt Bupwpldnud i twb  Jdhow]wyph
bhqhujwphdhwlwi b $pqhjuljub  gopénbubph  wqpbgnipjup, npnbp wgpmd  Lu
pwlnbphutbph wdp pimpwugpny yuhnpnghsubph b puquipuluy gnpépipwgitph Jpu:
Opuhnuybtpuwljuiqunnujut wnnkughuyp (O9MN) pwljnbtphw) pehoutph b upwig wddwb
upgwjuyph (hdwlhp  pimpwgpnn  Yupbnpugnyh ywgmpnohsubphg b fwlubphwibph
wbwbpnp wdh' qpmiyngh judnpdwt  wwydwbtbpnid nbnh £ mubkund Jhowquyph pH-p
wulnud, punuipuhtt puthwiughihmpjut b ppowpwnuuph $tpdbunughtt b whknwuinjuhy
hwdwlupgbph winhymipjub thnthnfunipnit (Vassilian and Trchounian, 2008; Soghomonyan et
al., 2011): U&h pupwgpnmid OYMN-h b pH-h thnthnjunipjub, huyybu twb puljubphwiubph wép
pumpwgpnn swthnpnohsutiph U puwnuupny H* hnuubph wbtnuinpdwi Jpuw opupnhsy b
Ybpwluquhy wniptph wqpbgnipyut nuunidbwuhpnipnibbpp jupbnp o dwupkubph wép
Jupquynpnn dkpwthquubph, htyytu twb dwpgnt b jEunwuhubph wnhpughtt vhowquyypnud
pupwgnn gnpdpupwgubph  wuwwubkpugdwt b wju  pwlunbphwibtph  wkubninghwuljuh
Yhpwenipnibubph hwdwp: Uhttinygt dwdwbwl gwsp hunbtuhynipjudp, swypwhtn pupdp
hwfwpujuinipyudp (0L£2) hEjupuduqihuwjut fwnuquypdut (EUK)' dwbptutph Jpu
niubkgud ny otipduyhtt wgnbgnipniiutpp htwwppphp Eu, pwuh np EUL-U wppbt juwyunpku
Yhpurynud  t phpuybnhly wpwluhumd, ubbnudpbpph U ghunt  wwhywudw
qopdpupwgutipnud (Geveke et al., 2009; Zand et al., 2010): Ykunwuh opquiuthquubkpp, wyy pynud b
dwtptubkpp, du-jhtt wjhpubph vhongny tu hunnppulgynid b nkjwdupnud hpkug hhutwlju
bhqhninghwljuts gnpswrnyputpp (Nikolaev, 2000; Trushin, 2003; Reguera 2011): 8nyg k vipyky, np
51.8 11 53 @2g hwwunipnibubpp wqnnud ki Escherichia coli (Tadevosyan et al.,2007; Torgomyan
et al,, 2011), Enterococcus hirae (Ohanyan et al., 2012; Torgomyan et al., 2012) b wy dwtiptutiph wgh
b Yhuuwgnpdmiimipjutt  Jpu:  fjujunudughtt hwwphnnhlubpp  (ghduynuynphutbp,
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wkthghthutkp) hwwdwbpkught nknudhengubph wdktudbs juntdpl Eu b wnwgwnwp nbp ku
Quunupnud Jupuiljhy hhywinmpnitubph poniddwt gnpdplipugnud (Drawz and Bonomo, 2010),
uwljuy, npybku phuhwlwi gnpénuukp, ppkig pwgwuwlwui htwpt Eu pnpunud Yhunwuh
opqulhqutph, wyy pynd b UEP-h Jpw: Zhdp phynitbng Ykpp pwpugpusp’ wouby
wpnhwljut b hpwnbuwlwy b nwunwdbwuhpl) opuhnhy $Ephghwihnh b JEpwljwuuiquhy
nhphnupkpnnh (ES, 1-5 U Jhpghwljut Ynighinpughwibpny) wqpbgnipmniup YR wép
punipwigpnn swhnpnohsubph, wyy pynwd b OYN-h thnthnjunipjut Ypw, pnuikph hnuptph Jpu:
Puswhu twl' 51.8 U 53 Qg hwdwwuinipjudp RUS-h (fwnuquypdwi nlngmpmnibp 14,
hnuph mdqumpmip 0.06 Udw/ud?) b bLppnpy ubpinh  P-juljnudughtt  hwljwphnnhly
ghpunwqhnphup (16-20 U4U wduqugnyi wqnnn Ynugkinpughuyny) wnwbdhs b gniquygus
wqpkgnipniuibpp WEA-h  wdp  punipwgpnn  suthnpnohstph, wyn pynd b OdM-h
tnhnjunipyut  Jpw, hwlwphnunhih  tjundwdp  qquyniunipju b punubpuluy
gopdpupwgubpp  punipwgpnn  hnuubkph  hnupkph, pwunuipuyhtt  puthwighkihnipjub,
UBdwquyhtt wlupynipjuds (wgh hwdwp tywunwgnp b ppduyhtt pH-ubkpnud)  Jpu
Munudtwuhpyly | bwb EUK b gidunwghnhdph wpwidht b gniqujgdus wqnbgnipniuitpp L.
acidophilus VKMB-1660 owmudh' wnbunmwdnpuwht  wpwlnh iz viero  dnphnud
Yhuuntbwlnmpyut b hwjuwphnnhlh tfundwudp qquyniinipyut pu:

Guunupywsd nunidbwuhpnipniitbph wpgniupnud gnyg b wpygk), np $kphghwhnh b
HES-h wgngmpjudp Supynud b L. salivarius-p w&h nmbuwupup wpugmpmniop b wbnh
niukumd  hnuubph hnupbph thnthnnienit, thopjynud £ owb wddwt dhowduyph O40-h
Yhutnhjui: 8nyg E wpygl twl, np 51.8 b 53 @2g hwdwjumpmnibutpny EU&-p jupnn k
wpdwquupughtt  hwdwpdky L. acidophilus  pwljnbphwutph  hwdwp, pwth np wu
hwdwunipnibbpp £uonud ki wgh mbuwwpup wpugnipniup, tfugnud £ qunnipbbph php:
YujuJws fwnwqujpynn pulnbphwiubph dhowjuwyphg' whin (URTC wqup), Jud hbnniy
(Jupunyp), EU&Lp wqnnud E twb dhgpeowjhtt thnpuwmqntgnipjumtt ypw (Soghomonyan and
Trchounian, 2013): Stnh &t niubumd H* pnuubph hnupbph b UBbwquyhtt wlinhynipjui
tdugnud, bwl wgh vnwghnbwp thnynud O9N-h Jbppupwg thnthnjunipenit (Soghomonyan and
Trchounian 2013): EU&-h U hwlwphwnhly gkpunwughnhuh qniquljgdwt nhypnid nbnh £ niukunid
ybipp pYuplyus wdh punipwgphsubph, huswbu twb hnbubkph hnuptph b UBSwquyht
wlunhynipjut Jypw hwlwphnnhlh &uohs wqnpbgnipjui nidtnugnmd (Soghomonyan, 2013;
Soghomonyan, Trchounian, 2013): Unpnyp Juptkih Ehwdwply, opuhnhy b JEpuluuquhs yynipbph
b EUX dhgngny U@PL-h wgh Jhpwhuljdwt htwpwynpnipniup, twb wyt phunwpynudp, np
Sunuquypdui b gidunughnhuh qgniqulgyus wqpbgnipyut ghuypnid dwpunqujui nign in
vitro Unnkinud wiknh £ mubkunwd L. acidophilus-h YEuuntbwlnipjut tjugnud (wjuju ppyuwght
pH-h, dwpunnuljub $tpdkunubph b (knnt wnbph £ughs wqnpkgnipniihg) b hwljwphninhyh
ujuindwdp qquniunipjut Ukdwgnid (Soghomonyan, 2014): Zkwwppphp E np FoFi-UBbwquht
hwdwhpp fwpwqujpdwt phpwh Ehwinhuwind tnyuhul ppyuyhit 4.0 pH-nud (Soghomonyan
et al,, 2014): Ujuwhuny' opuhnhs b Jhpwlwquhy yniptph, huyytu bwh EUL-h nuignulh, ud
dhgunpnuynpyws (pph Unjklnyubp) wqpbkgnipjudp YEL- punuipwljuy uyhwnwlniguht
hwdwlupgbpnid  wknh o mbbkind jupnigudpugnpswenmipuyhtt  thnthnjunipiniatp
(Soghomonyan, 2013, Soghomonyan and Trchounian, 2013, Soghomonyan et al., 2014): Uwnwugqué
wpnnibpubpp wykh hunwly wunkpugmd i wwhu opuhnhy Ut yhpuljutquhy yniptph
ORZz EU&-h wqpbgnipjub dkjuwuhquubph b ubinh wppmibwpbpoipyut, pdynipjui b
gniquunbnbunipjul ke ipdwsd qgnpénuutph Jhpwnwljub htwpwynpnipmibubph JEpupkpyuyg:
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COI'OMOHSAH JVAHA PASMUKOBHA

BJIMSHUE OUBNYECKVX Y OKUCJIUTEJIBHO- BOCCTAHOBUTEJIbHBIX
®AKTOPOB HA POCT I AKTUBHOCTb MEMBPAH MOJIOYHOKUCJIBIX
BAKTEPUM

PE3IOME

Kuniouessie cmoBa: Lactobacillus acidophilus, Lactobacillus salivarius, aHTHOHOTUK,
AT®a3Hast aKTHBHOCTB, BBDKMBAEMOCTB, OKKCIUTEIBHO-BOCCTAHOBUTEIBHBINA ITOTEHIUAI,
IIOTOK MOHOB, YHCJIO KOJIOHUI, DIeKTPOMATHUTHOE H3JIyYeHHe.

Monounokuciasie GakTepun (MB) — rereporennas rpymma I'paM-TIOIOXHTeIBHBIX,
KaTaIa3a-OTPULATEIbHBIX MUKPOOPTAHU3MOB, KOTOpble CHHTE3UPYIOT MOJOYHYIO KHUCIOTY
u3 JaKTo3bl. MHOrme INTaMMbI G6Jarofaps CBOMM MeTa0OIMYECKUM OCOGEHHOCTAM
WCIIOJIB3YIOTCA B PA3AMYHBIX IPOLECCAX IIPOM3BOACTBA IIMINEBBIX IIPOLYKTOB JIJIs
CO3peBaHUSI HEKOTOPHIX NHUIIEBHIX IPOAYKTOB M yIydlleHus ux samaxa. Kpome toro, MB
ABJIAIOTCA OOUTATeNAMHU MUIIEBAPUTEILHOTO TpakTa. OZWH U3 U3BECTHBIX BUIOB — UIMPOKO
WCIIOJIb3yeMas B IIMINEBON IIPOMBINIIEHHOCTH B KaveCTBe IIPOOMOTHYECKON KYJIbTYPHI
romodepmenTarusHas 6akrepus Lactobacillus acidophilus (Altermann et al.,2005), koTopas
CIocOGHAa IPeoioyeTh  ‘HeQIaronpusTHBE  YCIOBUS  IHIIEBAPUTEIBHOTO  TPaKTa
(xucnoTHBINM Gapbep, Kendb, NMUIEBApDUTEIbHbIe (GepMeHThI) U O6JIarOTBODHO BIUATH Ha
3ZOpOBBe Ye0BeKa MOCPeACTBOM BOCCTaHOBIEHUA MUKpoGHOro Ganarca (Chen et al., 2009;
Kajfasz et al., 2011). Cremyer OTMeTHTb, YTO GaKTepHH IIOJBEPTalOTCA BO3[EHCTBUIO
GU3MKO-XUMUYeCKUX U GU3NIeCKUX (AaKTOPOB OKPY’KaloWlel Cpezbl, KOTOpPBIE BIMAIOT Ha
IIapaMeTphl, XapaKTepHU3yIOlle POCT OakTepuil U MeMOPAaHHOCBA3aHHBIE IIPOIECCHL.
OxwuctutenbHo-BoccTanoBuTenbHbIM moTeHnuan (OBII) — ogun w3 Haubosiee Ba>KHBIX
IIapaMeTPOB, XaPaKTEPUIYIOLIUX COCTOSHME OaKTepUaIbHONM KIETKH U Cpefsl pocTa. Bo
BpeMs aHadPOOHOro pocTa GakTepuii, Ipy COPaXMBAHMY TIIIOKO3BI, HAOIIOMAeTC MajieHue
pH cpenpr, a Taxke MeHsercs MeMOpaHHAas IPOHUIAEMOCTb M AKTUBHOCTH (pepMEHTHBIX
tpaHcopTHbix cucreM (Vassilian and Trchounian, 2008; Soghomonyan et al., 2011).
Vsyuenne usmenenus OBII cpegsl, a Tak e BIMSAHUA OKMC/ISIONIMX ¥ BOCCTAHABIMBAIONINX
CoeIVHEHMI Ha ITapaMeTpsl POCTa U TPAHCIIOPT MOHOB, BA)KHO JJIS BRLABIEHUI MEXaHU3MOB
peryaupoBaHus 6GaKTepHaJIbHOTO POCTa, IPOLECCOB MIPOMCXOAAIINX B KUIIEYHOH cpefie, a
TaKXe /I TexHosjorumdeckoro npumeHenus MB. B To xe BpeMa mHTepec K HETEIIOBBIM
sddexTaM HUBKOMHTEHCHUBHOTO, KpaiiHeBsicokouacTorHoro (KBY) siexrpomarHuTHOrO
nanydenns (OMU) Ha Gaxrepun OOBSICHAETCSA MIPOKUM IIPUMEHEHNEM 3TOTO U3TydeHUsI B
TepaIleBTUYeCKOi IIPAaKTHKe, B IPOIeCCcax XpaHeHUs BUH U NUIIEBsIX mpogykTos (Geveke et
al.,, 2009; Zand et al, 2010). Kpome TOro, MHKpOOpPraHH3MbI B3aUMOJEHMCTBYIOT APYT C
IPYIOM U pEryIupYIOT CBOM OCHOBHBIE (DU3HOTIOTMYECKHe IIPOLECCH C IIOMOIIBIO
munuMerpoBeix BonH (Nikolaev, 2000; Trushin, 2003; Reguera 2011). Bsiro mokasaHo, 4To
51.8 u 53 ITuy wacToTBI BIMAIT HAa POCT U JKU3HexeATeNbHOCTs FEscherichia coli
(Tadevosyan et al., 2007; Torgomyan et al., 2011), Enterococcus hirae (Ohanyan et al., 2012;
Torgomyan et al., 2012) u apyrux GaxTepuii. f-TaKTaMHbIe aHTUOHOTHKY ABJIAIOTCA CAMOM
GOJIBIION IPYNIION aHTUMUKPOOHBIX IPEapaToB U BHIIOIHAIOT BEAYLIYIO POJIb B JI€YCHUU
nHbexoHHbIX 3a6oneBanuit (Drawz and Bonomo, 2010), HO B KayecTBe XUMHYECKHUX
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(baKTOpOB OHM OCTaBUJIM CBOHM OTPUIIATENIBHBIM OTIIE€YATOK HA JKUBBIE OPraHU3MBI, B TOM
uncie u Ha MB. Mcxozs U3 BBIIIEN3I0KEHHOTO, MOXKHO CKa3aTh, YTO aKTyaJIbHbBIM SIBJISETCS
usydeHue BauAHuA 1-5 MM oxucauTensa GpeppUIMaHUa U BOCCTAHOBUTEIA JUTHOTPEUTOIA
(ATT) ma mapameTps! pocTa, B ToM uucie usMmeHeHue OBII, u meMOpaHHOCBA3aHHBIE
Iporeccs! (IIOTOK MOHOB, IPOHHUIIAeMOCTh). Taroke GBLIO M3y4eHO BIMSIHHE OTHETBHBIX U
KOMOMHUPOBaHHBIX 3(PPeKToB [-TaKTaMHOrO aHTUOMOTHKA TPEThero IIOKOJIEHUS
medTasuauMa C MUHHUMAIbHOHM JelicTBytoueil KoHueHTpanumeiil6-20 mxM u OMU c
gacrotamu 51.8 u 53 I'T1y (mpogomkurensHOCTs 061ydernus 1 4, cuna moroka 0.06 MBt cm?)
Ha IapaMeTpsl pocTa, B ToM uucie usMeHeHue OBII, 4yBCcTBUTETBHOCTH K aHTUOHOTHUKY,
noTok noHOB u AT®asuyio akTuBHOCTH (Ipu omrumanpHOM u Kuciaom pH). Kpome Toro
GBLIO M3Y4YeHO BIUAHHUE OTZEIBHBIX U KOMOGHHHPOBaHHHIX dbdexkroB DMU u nedrasusuma
Ha BBDKHMBAeMOCTb M 4yBCTBUTeNBbHOCTH L. acidophilus VKMB-1660 x antuOnoTHKYy Ha in
Vitro MOZey IHIeBapUTEeIFHOTO TPAKTa YeI0oBeKa.

B pesysbraTe ucciemoBaHuil GBUIO MOKa3aHO, uTo deppunuanus u JTT momasitior
YZAeNbHYIO0 CKOPOCTh pocTa L. salivarius, a Takxe MeHseTCs ITOTOK MOHOB 1 KuHernka OBII
(Soghomonyan et al., 2011). MU c vacroramu 51.8 u 53 I'T1 MOTyT GBITH PE30HAHCHBIMHU
pa Gaxrepuit L. acidophilus, TIOCKONBKY IIOZABIAETCS YZAeIbHadA CKOPOCTh pOCTA H
YMeHBIIIaeTCs YHCIO0 KOJMOHU. B 3aBUCHMOCTH OT 06GiydaeMOil Cpembl: TBEpZOH — B BUZE
MPIII arapu3oBaHHOM Cpefbl, WIH >KUIKOW — GaKTepPHUAJIbHOH CYCIEH3UH OOJIydYaeMbIX
Gakrepuii, DMU KBY miamsaior Ha MexxierouHoe B3ammogeiictsue (Soghomonyan and
Trchounian, 2013). Kpome toro, mpoucxozur mazenue AT®a3zHoit axTHBHOCTH,
3aMe/iIeHHe HOHHBIX NOTOKOB u u3MeHeHume OBII B crauuonaphoi#f dase pocra. IIpu
KOMOMHUPOBaHHOM BoszeicTBun antubnoruka 1 DMUY KBY ganusix gactoT Habmomaercs
yCHUJIEHHe BO3ZeMCTBUA aHTHOGHOTHKA Ha BhILIEIIEpEYHCIEHHbIE TIapaMeTPsI POCTa, a TAKXKe
Ha AT®asuyro akTuBHOCTE M MOHHBIe NOTOKU (Soghomonyan, 2013; Soghomonyan and
Trchounian, 2013). HoBusna zaHHO#M paboThI — B BBISBIEHUH BOSMOXKHOCTH PETyIHPOBAHS
pocra GaKTepHil C ITOMOIIBIO OKHUCIAIOIMUX M BOCCTaHABIMBAIOWINX coefuHeHUH u OMU
KBY. Ha in vitro mMozenu mWIeBapUTENBHOTO TPaKTa TaKXe HAGIIONAETCS CHIDKEHHe
BBDKHBAeMOCTH U TIOBBILIEHIE YyBCTBUTEABHOCTH K LePTasuANMY, HECMOTPS Ha YCIOBUA C
Hu3KUM pH, XeJTYHBIMH COJNAMH U THINeBapuTeabHbIMU (epMeHTamMu (Soghomonyan,
2014). Hago ormetuts, uto FoF1-AT®asubrit koMmmiekc ssaserca mumensio aas DM KBY
JaHHBIX yacToT gaxe npu kucaom pH (4.0) (Soghomonyan et al., 2014).

Taxum o6pasoM, IIpy BIUSHUN OKUCIAIONMX U BOCCTAHABIMBAIOIINUX COeSUHEHUH, a
TAKKe NPYU INPSIMOM WJIM OIIOCpefOBAaHHOM (Mosekynbl Bozmpl) zeiicrsuu OMU KBY u
aHTUOMOTHKA, B GaKTepHaJbHOH MeMOpaHe, TOYHee B MeMOPaHHOCBS3aHHBIX OEIKOBBIX
MOJIeKyJIaX IIPOUCXOJAT CTPYKTyPHO-GYHKIMOHAIbHbIe M3MeHeHua (Soghomonyan, 2013;
Soghomonyan and Trchounian, 2013; Soghomonyan et al., 2014). ITony4eHHbIe pe3yIbTaThI
IIO3BOJIAT  JIy4lle  IOHATh  MEXaHW3MBI  BO3JEMCTBUS  KaK  OKHCIAOMUX U
BOCCTaHaBIUBAOIINX coenuHeHuit, Tak 1 DMU KBY, a Taxcke mpefcraBUTh BO3ZMOXXHOCTH
MX IIPaKTHMYECKOTO IPUMEHEHUS B IIHIIEBOI IPOMBIIUIEHHOCTH, MEJUIIUHE U B CEIBCKOM
XO3AHCTBe.
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