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not resonant frequencies for water (Sinitsyh et al., 2000) and their effects on E. coli should
be clarified. .

The most significant targets responsible for the cellular effects of EMI at resonant
frequencies are water, bacterial membrane and its surface characteristics, which are
responsible for substance transport and energy-conversing processes, and genome and in
other cellular structures (Pakhomov, Murphy, 2000; Banik, st al., 2003; Beneduci et al.,
2005; Torgomyan, Trchounian, 2013). Wlth the most probablhty EMI affects directly on
cell membrane or that mediated by water structure changes (Fesenko et al, 1995; Cojocaru
et al., 2005). However, the specific mechanisms of induction of biological effects are not
-, Clear yet.

) Research goals and taskS. The aim of this study was to investigate the effects of
coherent EMI of 70.6 and 73 GHz on E. coli. Constituted tasks of the research were to:

1. study the effects of 70.6 and 73 GHz EMI on E. coli cell growth, viability, cell
morphology and on membrane functional activity (ATPase activity, H2 production, H*/K*
exchange, the number of accessible SH groups, membrane potential);

2. reveal the role of medium (distilled water, minimal salt solution, growth medium) and
period of irradiation on bacterial effects;

3. establish the EMI effects on bidistiled water properties (pH, conducnwty, optical
density, redox potential and surface tansion) and determine the role of this effect on
bacteria;

4. investigate the irradiated bacterial growth dependence on medium pH values and the
presence of reducer;

5. determine the medium (distilled water, minimal salt solution, growth medium)
mediated effects on bacterial growth;

6. reveal the combined effects of EMI and some antibiotics on bacterial growth, survival
and on H*/K* exchange across membrane;

7. compare the effects of different frequencies — 70.6; 73 GHz and 51.8; 53 GHz on E. coli.

Scientific novelty and applied value of the study. Within the scopes of this work was
established that coherent 70.6 and 73 GHz EMI depressed E. coli growth. Such effect can be
connected with EMI primary effects on membranes or mediated by the changes in water
clusters structures (Fesenko et al, 1995; Cojocaru et al., 2005). EMI bacterial effects with the
main probability connected with its membrane and about that indicated the changes in H*
and K+ ions fluxes across the membrane, Hz production process, also structural changes in
membrane. At the same time the water physicochemical properties also were changed. EMI
effects on bacterial growth and survival were dependent on medium pH. Also, after EMI
bacteria become more sensitive toward the chemicals (DTT, DCCD, antibiotics). During the

4

comparative research it ’i;ecame clear that EMI effects on bacteria were more visible with
53 GHz, and then with 73 GHz than with 51.8 GHz and 70.6 GHz.

The study of effects of different extremely high frequencies EMI on bacteria is essential
for investigation of fundamental knowledge about EMI action mechanisms. Also it will give
an opportunity to find out more effective frequencies for their use in microbiology and in
biotechnology — in controlling microorganisms, in food prevention and in medicine as a
mono-therapy or combined with drugs (such as antibiotics) - treating the range of bacterial
diseases.

Main points to present at defense.

1. The effect of low intensity 70.6 and 73 GHz EMI on E. coli, particularly on their
growth, viability, cell morphology and cell membrane function.

2. The effect of 70.6 and 73 GHz EMI on water physicochemical properties and the role of
liquid medium on EMI bacterial effects.

3. The straightened combined effects of 70.6 and 73 GHz EMI and some antibiotics on
bacteria.

Work approbation. Main results of the dissertation were discussed at seminars in
Department of Biophysics, Biology Faculty of Yerevan State University, and at scientific
conferences: 14 Int. School-Conference for Young Scientists (Pushchino, Russia, 2010),
Int. symposium on salvation and ionic effects in biomolecules: theory to experiment
(Tsakhkadzor, Armenia, 2010), IV Sissakian readings “Problems of biochemistry, radiation
and space biology” (Alusta, Ukraine, 2010), Int. conference & DAAD Alumni seminar
“Biotechnology and Health -4” (Yerevan, Armenia, 2010), 10® Int. Congress of the
European Bioelectromagnetics Association (Rome, Italy, 2011), 17 Int. Biophysics
Congress & 12th Chinese Biophysics congress (Beijing, China, 2011), 112* General Meeting
of American Society for Microbiology (San Francisco, USA, 2012) and 6* Int. Congress on
low and super low fields and radiations in biology and medicine (S.-Petersburg, Russia,
2012).

Publications. According to experimental data observed in dissertation 16 works,
including 7 papers in peer-reviewed journals and 2 papers in proceedings, were published.

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 164
papers and books). The document consists of 134 pages, 7 tables and 25 figures.

MATERIALS AND METHODS
Bacteria, bacterial cultivation and preparation for experiments. The E. coli wild type strain
K-12(A) was used in this study. Bacteria were grown under anaerobic conditions at 37°C in
5
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the peptone medium that contains 0.2 % peft'ane, 0.5 % NaCl and 0.2 % K2HPOQ4, with ’

addition of 0.2 % glucose at pH 7.3. Bacterial growth was monitored by changes in optical
density (OD) of bacterial suspension using a spectrophotometer at a wave light of 600 nm.
The bacterial suspension was washed and concentrated by centrifugation. Thereafter they
were diluted into distilled water or appropriate medium and transferred into the plastic
plate (Petri dish) for subsequent irradiation with suspension thicknéss of 1 mm.

The pH of mediums was measured by a pH-potentiometer with selective electrode.
Bacterial irradiation. The 1rrad1at10n process was performed by using a generator of G4-142
type with coherent electromagnetic waves of 70.6 GHz and 73 GHz frequencies (4.23 and
4.33 mm wavelengths, flow flux intensity is 0.06 mW/cm?) which was supplied by Dr. V.
Kaléntaryan (Yerevan State Univérsity). The changes in temperature of exposed sample
were below 0.1 °C during the exposure (non-thermal effects).

Determination of bacterial growth characteristics and survival. The lag growth phase
duration as a period before bacterial culture absorbance doubling and the specific growth
rate (u) as a 0.693/time doubling of OD of bacterial suspension, were determined
(Torgomyan, Trchounian, 2012; Torgomyan et al.,, 2013). The bacterial survival was
determined by transferring them into saline medium (46 mM KHPO4, 23 mM KH:PQq, 8
mM (NH4)2504, 0.4 FeSO4, 6 pM MgSOs4), (Markaryan et al., 2002; Torgomyan, Tadevosyan,
et al,, 2011). The quantity of bacteria in unit volume was determined in the same time
during 4 days using spectrophotometer at 600 nm wave length and by counting colony
forming units. In some experiments different antibiotics were added into the medium.
Electron microscopy assays. £ coli cells were visualized by transmission electron
microscopy (TEM) and by scanning electron microscopy (SEM). Electron microscopy
imaging analysis was performed using the program “Video-Test Structure-5,
nanotechnology” (Torgomyan et al., 2012).

Determination of surface tension. The mediums suspension tension was measured by Du
Noiiy ring method; the surface tension is calculated from the diameter (0.6 cm) of the ring
and the tear-off force (dyn/cm) (Torgomyan et al., 2012).

Measuring of Eh and determination of Hz production. Ex was measured by both platinum
and titanium-silicate (Ti-Si) electrodes. H2 production rate was calculated through the
difference between the initial rates of decrease in platinum (Pt) and titanium-silicate (Ti-Si)
electrodes redox potentials (Ex). It was measured electrochemically per time and expressed
in mV Ex min?! mg! of dry weight of bacteria as reported elsewhere (Gabrielyan et al.,
2010; Torgomyan, Trchounian, 2012).

Proton and potassium ions transport study. H* and K* fluxes through the bacterial
membrane in the whole cells were studied by monitoring changes in their activity in the
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medium with the use of appropriate selective electrodes (Tadevosyan et al., 2009;
Torgomyan, 2012). Ion fluxes are expressed as the change in external activity of the ion in
mM/min per number of cells in a unit of medium volume (ml).

Determination of membrane potential. The membrane potential (AY) was determined by
the distribution of tetraphenylphosphonium cation (TPP*) inside and outside of cell, which
dependent on AY value (Trchounian et al., 2012).

Accessible SH-groups and ATPase assay. Accessible SH groups of membrane vesicles were
determined by Ellmann’s reagent (5,5'-dithiobis-2-nitrobenzoic acid); corrections were
made for blanks without membrane vesicles. Right side out membrane vesicles were
isolated by lysis of protoplasts with lyzosime using appropriate method (Konings and
Kaback, 1973). Membrane vesicles were treated with the reagent and OD was measured
after 2 hours. The level of SH- groups were expressed in nmol per mg protein (Torgomyan,
Trchounian, 2011).

ATPase activity 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 (Taussky
and Shorr, 1953). Relative ATPase activity was expressed in nmol Pi per mg protein in 1
min.

Data processing. The average data aré presented from three independent measurements;
standard errors were not more 3 % if not indicated. The Student’s validity criteria (p) were
calculated to show the reliability of difference between changed values and control.

T~

RESULTS AND DISCUSSION

EMI effects on E. coliK-12 growth and survival

The growth rate of E. coli decreased after irradiation in bi-distilled water and in the
assay buffer (Fig. 1) with 70.6 and 73 GHz EMI during 1 h: decrease of p was 1.2 fold (p =
0.011) and 1.4 fold (p = 0.003), respectively. These data point out bactericidal effects of EMI
with the frequencies of 70.6 and 73 GHz both. Note, 0.5 h was not sufficient exposure for
such irradiation to revealing bactericidal effects (see Fig. 1) (p values differs from 0.2 to 0.5;
there were a statistically insignificant difference between the input groups). Moreover, the
effect of 2 h EMI was essentially identical to that observed following 1 h one (interval of p
values for the comparisons differed from 0.001 to 0.005). This means that EMI exposure to
observe valuable bactericidal effects was 1 h (Fig. 1). Besides, 2 h rest of the bacteria after
EMI with 1 h exposure had renewal effect on E. coli growth: p increased on 1.2-fold
compared with the bacterial growth immediately after irradiation in the cases of two
frequencies. Further repeated EMI of such bacteria had an insignificant action on p
compared with non-irradiated control (not shown). There were no noticeable differences in
results obtained from irradiation performed in water or in buffer.
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Also there was investigated the EMI effects on E. coli cells ability to form colony
forming units. The EMI of bacteria was performed in water suspension or on solid growth
medium (direct irradiation). So, the numbers of E. coli viable cells during 4 days decreased
too after 70.6 and 73 GHz EMI exposures of bacterial suspension compared with control.
These were 1.1 and 1.3 fold lower (Fig. 2). The results with direct irradiation of bacteria on
solid growth medium with the frequencies of 70.6 and 73 GHz indicated the decreases of
the settled colonies numbers compared with non-irradiated control was 1.3 fold (p < 0.001)
with 70.6 GHz and 1.5 fold (p < 0.001) with 73 GHz (Fig. 3). Interestingly, EMI influenced
not only on decreases of the colonies numbers, but also on their dimensions.
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Fig. 2. The effects of EMI of the 70.6 GHz and 73 Fig. 3. The changes in E. coli colony-forming
GHz frequencies on E. co/i K12()) survival. The units number of spread on solid growth medium
control was without EMI. Bacteria were held in irradiated with 70.6 and 73 GHz. In control,

the minimal salt medium during 4 days. bacteria without irradiation (100 %).

Bacterial growth and survival are important properties for characterization the
influence of extremely high frequency EMI resulted to deep reorganizations in a membrane
and inside a cell. The obtained results are indicated that 70.6 and 73 GHz EMI are

“resonant” frequencies for E. coli. Compared with the earlier data of 51.8 and 53 GHz EMI,
8
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it became clear that the effects on bacteria were more visible with 53 GHz, and then with
73 GHz than with 51.8 GHz and 70.6 GHz. Also, 51.8 GHz and 70.6 GHz EMI depressed
bacterial growth similarly. But on E. coli viability 51.8 GHz EMI had more depressive effect
(Torgomyan, Trchounian, 2012).
EMI effects on E. coli cell sizes and structure

To find out the changes in cell sizes and structure by EMI, electron microscopy analysis
of E. coli cells was performed. It was shown that after EMI with 51.8, 53, 70.6 and 73 GHz
compared with non-irradiated control bacterial cell sizes and structure changes were
occurred (Fig. 4). Bacterial cells widths changes were negligible but the lengths increased
significantly; more changes were observed with 70.6 GHz — 1.6 fold (p=0.03), then with 53
GHz - 1.4 fold (p=0.05) and with 73 GHz — 1.2 fold (p=0.01). Compared with non-irradiated
control, after EMI with 53 and 73 GHz (see Fig. 4) and 51.8 and 70.6 GHz (not shown) the
number of filamentous cell forms increased; outer membrane bulging, cytoplasm
vacuolization and bacterial shape changes by EMI were also detected. The results obtained
indicate that EMI affects on E. coli cell morphology and modifies the cytoplasmic
membrane (Zhou et al., 2010; Shamis et al., 2011; Torgomyan et al., 2012).

A Cc

Fig. 4. Microphotographs of £. co/i K12 cells in control (A) and after bacterial suspension irradiation at
the frequencies of 53 (B) and 73 GHz (C).

Besides, lipid membranes - water interfaces are known to be dielectric transition
regions. Their local organizations are sensitive to weak electric field with dramatic
consequences on the membrane structure and functioning. There is evidence, that low
intensity EMI of extremely high frequency (at specific frequencies) can destabilize the
structure of hydrogen bonds in water near to the membrane surface and within the cell
(Kuznetsov et al., 2006). This affects on the cellular functions and creates conditions for
biological response (Teissie, 2007; Torgomyan, Trchounian, 2013). It is not ruled out that

the alterations in cell morphology might result by changes in water properties.
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Irradiated £, coligrowth at different medium pH values and in presence of reducer

E. coli growth depression by low intensity 70.6 and 73 GHz EMI has been determined
at different pHs - pH 6.0; 7.3 (similar to pH 7.5) and 8.0. Inhibition of . colf growth by
EMI at the pH values was demonstrated. At pH 7.3 pu was depressed 1.3 and 1.4 folds (p =
0.011; p = 0.003) by EMI of 70.6 and 73 GHz, correspondingly, but at pH 6.0 and 8.0 the
inhibitions were lower — 1.1 and 1.2 folds only (p = 0.002), coxﬁpared with control (Fig. 5).
Moreover, bacteria exposed to 70.6 GHz prolonged lag-phase 1.5 fold (p = 0.003). But,
bactericide effect of 73 GHz EMI was reflected clearly at pH 7.3, when lag-phase was
prolonged 2 fold (p = 0.05), (not shown).

-
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DTT action on irradiated E. coli growth was established only at pH 7.3; the effect of
DTT did not depend on pH (Kirakosyan et al., 2004). DTT (3 mM) (Fig. 6) had depressive
effect on E. coli growth compared with control. DTT led to decrease of p in 1.2 fold (p =
0.003) and to prolong Iag-phasé (not shown) in 1.6 fold (p = 0.003) in non-irradiated and
even more in irradiated bacteria. The inhibitory effect of DTT on bacterial growth was not
new, but its enhanced action by EMI was novel. Certainly, EMI changed bacterial
sensitivity toward DTT, which was more effective in the case of 73 GHz, as the u was
decreased 1.6 fold (p = 0.002) and the lag-phase was prolonged 2.2 fold compared with
control. But with 70.6 GHz the changes in mentioned growth characteristics were lower 1.5
(p =0.002) and 1.9 folds, respectively.

DTT as a strong reducer resulted the loss of activity or specificity of membrane surface
proteins to alter cell surface redox state or to induce oxidative stress with subsequent
dramatic alterations within the cell. Perhaps, inhibition of u and prolongation of lag-phase
in control and in case of EMI exposed bacteria was a result of DTT stimuli, which elicited
complex but functionally-coordinated alterations in functions of membrane proteins
(Torgomyan, Trchounian, 2011).
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EMI mediated effects on bacteria

The indirect effects of 70.6 and 73 GHz EMI on bacteria, by means of water, assay
buffer and growth medium were examined (data not presented). After 15 min of incubation
in preliminarily irradiated (1 h) mediums with the noted frequencies of the electromagnetic
field, bacteria were transferred into growth medium. The mediated consequence of 70.6
and 73 GHz EMI on E. coli growth was absolutely insignificant (the specific growth rate
and lag-phase duration were mot changed) due to non-greatb difference in values of
compared groups (p = 0.356). It is different for 51.8 and 53 GHz medium mediated effect,
because clear inhibitory effects on bacterial growth were demonstrated, especially with 53
GHz (Torgomyan et al., 2012). - _

EMI effects on water

The analyses were made to determine the 70.6 and 73 GHz EMI effects on--
electrophysical parameters of bi-distilled water. Firstly, its OD was observed in wide
spectra (200-1000 nm; not shown), but essential changes were presented only in near
ultraviolet region (200-340 nm). Especially, 70.6 GHz exposure was the strongest one,
because the absorption intensity elevated compared with non-irradiated water, and also
with 73 GHz exposure (not shown). These effects could be connected with changes in the
energetics of unshared pairs of electrons in water molecules and creation of ionic and
orientation defects (Golovleva et al., 1997).

Interestingly, 1 h irradiation of these frequencies changed pH and conductivity of bi-
distilled water; those were more revealed in the case of 73 GHz (Table 1). In the cases of
water at pH 4.0 and 6.0 non-significant alkalizations occurred after 70.6 GHz. Moreover,
the water with pH 8.0 after irradiation had changed to acidification. The evidence on that
the energy of extremely high frequency EMI could be accumulated into the structures of
water till critical values and increase of free H* and OH- dispersions by modification of
molecular cluster structuring (Sinitsyn et al., 2000) might explain these results.

11
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The oscillating and fluctuating character of pH values in bi-distilled water depending
on time, and other types of intra correlation between physical and chemical parameters of
water can occur (Fesenko et al., 1995). And water conductivity changes might result by pH
changes:

Thereby, after 70.6 and 73 GHz EMI of the water conductance more increased in the
case of pH 6.0 — accordingly on 1.5 and 2.14 folds. In the” remainder of the cases, the
increases were less (Table 1). The increased conductivity might be explained due to the
number of ions present in solution and their mobility connected with their charge and mass
or size: ions with more charge conducted more current; larger ions conducted less. Further,

'+ the mentioned results could.be connected also with more flexible cluster structuring of

water at pH 6.0 (Torgomyan et al., 2011).

Table 1. The water pH and conductivity after 70.6 and 73 GHz EMI*

Control 70.6 GHz 73 GHz
conductivity conductivity conductivity

P ) Pt (15) prt ©5)

40 4720:0.10 4.26+0.05 48.60 + 0.20 450+0.10 49.10:0.15
p < 0.001 p =0.003 p < 0.001 p < 0.001

60 154:0.2 6.62 +0.15 232:0.1 6.72+0.05 3.30+0.30
p=0.004 p < 0.001 p < 0.001 p < 0.001

80 4.17x0.20 7.73 £ 0.07 4.84+0.10 753+0.10 5.46+0.15
p < 0.001 p s 0.001 p = 0.002 p < 0.001

‘irradiation time was 1 h, in control the measurements were done after 1 h.

EMI effects on E. coli membrane vesicles ATPase activity and the number of accessible SH-
groups

The influence of 51.8 and 53 GHz EMI on the H*-transporting FoF1-ATPase activity as
a result of conformational changes was suggested in earlier work (Tadevosyan et al., 2008).
Interestingly, overall ATPase activity changed negligibly by 70.6 GHz and 73 GHz (not
shown). 11% decrease in total ATPase activity occurred only with 70.6 GHz irradiation
compared with control (p < 0.001) (not shown). Similarly, compared with control, DCCD-
sensitive ATPase activity decreased 12% (1.13 fold) only by 70.6 GHz (p < 0.001). These
results were in conformity with the data of DCCD-sensitive H* efflux obtained. So,
probably the conformational or other changes in FoF1 suggested for the other frequencies
did not occur with 70.6 and 73 GHz frequencies (Torgomyan, Trchounian, 2012).

For understanding the role of membranes in primary targeting of 70.6 and 73 GHz EMI
signals, the number of accessible SH-groups of membrane vesicles was defined from non-
irradiated and irradiated bacteria. The suggestion that low intensity EMI effects might be
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related with modifications in structure, stability, interactions with each other, enzymatic
activity and other function of membrane proteins could be supported with decreased
number of SH-groups by 70.6 and 73 GHz EMI in 1.4 and 1.6 folds, correspondingly,
compared with control (p = 0.003) (Fig. 7). Furthermore, it was shown that ATP increased
the SH-groups number in control and in 70.6 GHz exposed cells 1.2 fold, and in 73 GHz
exposed bacteria a little less - 1.1 fold. The treatment of membrane vesicles with DCCD also
had enhancing effect on the number of SH-groups, but in control it was less (1.1 fold) than
in 70.6 and 73 GHz irradiated samples - 1.2 fold. After DCCD treatment and subsequently
ATP addition this number compared with their initial level in control (in membranes
without ATP and DCCD) was decreased 1.3 fold, but in vesicles of 73 GHz irradiated
bacteria it was increased 1.2 fold. This was not changed in the case of 70.6 GHz exposure.
These data might be as a result of changed intra- and inter- disulfide-dithiol transitions and
conformational changes in membrane proteins, especially by EMI.

- uo r g = Membrane Fig. 7. The changes in the number of accessible

ggloo A N . ::_: :QZZD SH-groups in membrane vesicles of £. coli after

FE |l aN), — -pmaw " irradiation with 70.6 and 73 GHz. Membrane

§ E’ N " vesicles were treated with DCCD (0.2 mM) for

§ ] 8 r \-:\\\ 10 min prior assays and ATP (3 mM) was added

ES | ~), T A when mentioned. The value was a difference
60 | e between the values in presence and absence of
. . . , membranes in assay medium.

non-irrad. 70.6 GHz 73 GHz

Similarly, the number of SH-groups in membrane vesicles was determined also after
DTT treatment at the same conditions as those were above. In this case, the number of SH-
groups was 5.8 fold lower than in control (p=0.003), and in irradiated with 70.6 and 73 GHz
were - 10 and 4.7 folds less, respectively (not shown). However, DTT cannot reduce buried
(solvent-inaccessible) disulfide bonds, so this could mean that 70.6 GHz, but not 73 GHz
EMI decreased the accessibility of intra- and inter-molecular SH-groups. Therefore, EMI of
the used frequencies most likely primarily affected not only the FoFi-ATPase, but
preferably changed the interaction between membrane proteins, especially through
disulfide cross links, by modifying their structure and stability (Torgomyan, Trchounian,
2011; 2012).

EMI effects on E. coli membrane-associated energy-dependent processes

The bactericidal effects of 70.6 GHz and 73 GHz EMI seems to be complex. They are

not explained only by the changes of water physicochemical properties. The alterations in
13
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conformations and functions of ;embmne proteins might be involved in these effects. So,
energy (glucose) driven processes associated with the cell membrane — H*, K+ fluxes, H2
production and membrane potential were assayed to reveal the role of bacterial membranes
in EMI effects.

Itswas defined that EMI lowered the glucose-dependent H* and K* transport processes
across bacterial membrane (Fig. 8A, B). Non-damaged E. coli K-12 cells carried out H* and
K* exchange during glucose fermentation by secreting 2 H* with FoF1-ATPase and uptaking
a K* by TrkA system (Torgomyan, Trchounian, 2013). The EMI, however, showed no effect
on the H*/K* exchange direction and ratio (2/1). The overall H* secretion from 70.6 and 73
GHz irradiated cells decreased 1.2 fold (p<0.035) and 1.3 fold (p<0.05), respectively (Fig.
8A). Addition of DCCD (0.2 and 0.4 mM) inhibited H* efflux 1.6 fold (p<0.02) and 1.9 fold
(p<0.035), respectively. DCCD also had depressive effect on irradiated bacteria. That effect
was clearer with 0.4 mM DCCD. The H* efflux in the presence of 0.4 mM DCCD from 70.6
GHz and 73 GHz irradiated bacteria was depressed 2 fold and 2.7 fold (p<0.05), respectively
(Fig. 8A).

A B
120 & DCCD 1 . 8. DCCD
- DCCD (0.2 mM) 120 ¢ 0+ DCCD (0.2 mM)
100 8- DCCD (0.4 mM) O+ DCCD (0.4 M)
i 100
se 80 se 80
+- 60 +
5 %o
40 F 40
20 20
0 ! o
g SV i > KH A
l\*‘} b‘:\ ,“C’\ -\<(° (>\\ ,\Q\\
- D A .;.\‘Q' '\\\_k\ i

Fig. 8. Glucose-dependent total H* (A) and K* (B) fluxes (in %) through the whole £ co/i K12 cell
membrane after 70.6 and 73 GHz EMI. DCCD was added into assay medium with final concentrations
of 0.2 mM and-0.4 mM.

The K* influx was only slightly depressed (1.1 fold; p<0.025) after the exposure to 73
GHz compared with the control flux (Fig. 8B). Furthermore, K* flux in control (non-
irradiated) after DCCD addition (0.2 and 0.4 mM) was inhibited 2.63 fold (p<0.05) and 11.5-
fold (p<0.025), respectively. Such depressive effects for two DCCD concentrations on
irradiated bacteria were 2.72 fold (p<0.01) and 22 fold (p<0.03) with irradiation of 70.6 GHz
and 2.52 fold (p<0.01) and 19-fold (p<0.035) with irradiation of 73 GHz, respectively (Fig.
8B).
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The change in ions fluxes, especially by 73 GHz EMI could be due to the alterations in
the activities of FoF1 and TrkA and interaction between these proteins. This correlated well
with the changed number of accessible SH-groups in membrane vesicles of irradiated
bacteria (higher alterations were found with 73 GHz), as a consequence of rearrangement in
intra- and inter-molecular disulfide bonds in membrane proteins (Torgomyan, Trchounian,
2011). Also, decrease of organic acids secretions, fermentation end products, might have
effect on H* flux rate (Torgomyan, 2012). Addition of 0.4 mM DCCD in the case of
irradiated bacteria exhibited higher inhibiting effect on both ion fluxes than in control.
Thus, DCCD addition showed that 73 GHz had stronger effect on H* efflux and 70.6 GHz -
on K* influx.

Glucose fermentation by E. coli at pH 7.5 yielded different organic acids and H:
(Torgomyan, Trchounian, 2012; 2013). E. coli produces H2 by formate hydrogen lyase
(FHL), a membrane-bound multi-enzyme complex (Bagramyan et al., 2002). Interestingly,
H2 production was suggested to relate to the interactions between FHL and FoF1. The latter
is supplying reducing equivalents from FHL to TrkA (K* transport) system. This might
specify the relation between H2 production by FHL, the FoFi-ATPase activity, and H+/K~
transporting processes that is occurred by dithiol-disulfide transitions. The modification of

this interaction might initiate the disturbance of H2 production.

6 ® Overall
Fss | & DCCD-incubated Fig.9. The changes in H2 production rate by
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Control 70.6GHz 73GHz

En measured by Pt electrode decreased down to low negative values — 640 + 24 mV as a
result of H2 evolution by E. coli during glucose fermentation. The ability of bacteria to
utilize glucose and to produce H2 could be partly depressed by EMI. Indeed, irradiated
bacteria had depressed H2 production: at 70.6 GHz particularly H2 production was only 81.3
% of the control (considered as 100 %); the inhibition was increased with 73 GHz — 64.2 %
(Fig. 9). Moreover, H2 production was determined after DCCD treatment as well. DCCD
inhibited H2 production was in the control (45%) (p = 0.002) and even more in irradiated
bacteria - 35% by 70.6 GHz and 37.1% by 73 GHz (p < 0.001). DCCD-sensitive H>
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production rate compared with control was more depressed by 73 GHz EMI - 2.04 fold (p =

r

-z 0.002). Although by 70.6 GHz EMI the depression was only 1.2 fold (p = 0.004).

So, the changes in overall H* efflux and H2 production indicated changed activity of
FHL. This was probably a result of interaction disruption between FoF1 and FHL.

. Also there were revealed that EMI had no effects on E. coli membrane potential (not
shown). -

EMI and antibiotics effects on E. coli growth, viability and glucose-déﬁendent H* and K*
transport across membrane

The effects of different antibiotics — chloramphenicol (Chl), ceftriaxone (Cef),
kanamycin (Kan) and tetracycline (Tet), of minimal inhibitory concentrations (4 uM, 0.4
uM, 15':‘|iM and 4 pM), on irradiated baéteria were examined by determination of bacterial
growth and survival. Bactericidal effects were inferred from decreased p (Fig. 10) and
increased lag phase duration (not shown) of E. coli growth. 70.6 GHz and 73 GHz EMI
exposed E. coli growth inhibitions compared with non-irradiated cells were 1.2 and 1.4,
respectively (p = 0.002). Antibiotics enforced the bactericidal effect of EMI. Chl did not
enforce the effect of 70.6 GHz irradiation. But the growth of 73 GHz irradiated bacteria
with this antibiotic compared with control was 1.65 fold depressed (p = 0.002) (Fig. 10). The
Cef effects on irradiated bacteria by 70.6 GHz and 73 GHz were enhanced 1.62 and 1.82
fold, respectively (p = 0.003) (if Cef only — 1.5 fold). But Kan and Tet had similar and more
harmful effects on irradiated bacterial growth. Such as, 70.6 GHz and 73 GHz EMI
depressed bacterial growth 1.95 fold and 2.2 fold (p = 0.004), correspondingly (on the
control bacteria - 1.56 fold, p = 0.003).

The numbers of E. coli viable cells EMI decreased too. EMI also enforced the effects of
antibiotics on E. coli survival in minimal salt medium by lowering the number of colonies
within 4 days. The effects of antibiotics on viability decrease were 1.1 fold more compared
with control. These were with more efficiency on EMI exposed E. coli: dependent on
antibiotics, in case of 73 GHz exposure it was from 1.6 to 2 (p = 0.007) and with 70.6 GHz -
1.4 to 1.7 fold (p = 0.003), (Table 2).

Again, on E. coli exposed by 70.6 and 73 GHz EMI similar to the growth results, Cef
and Chl had less enhanced effects - 1.4 fold and 1.6 fold, respectively. More strong effects
were with Kan (1.6 and 1.7 fold; p = 0.003) and tetracycline (1.7 and 2 fold). The depressive
effects of these antibiotics on viability were higher at two frequencies. It was especially of
Tet, when EMI damaged membrane and facilitated antibiotics permeability through it
(Torgomyan, Trchounian, 2012). These data corroborate that combined stressful effects of
EMI (especially of 73 GHz) and antibiotics on E. coli growth and survival were with more
efficacy.
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=09 —8—Cef Fig. 10. The effects of EMI with frequencies of 70.6
‘2 0.8 i?:," GHz and 73 GHz in combination with antibiotics -
:.; 0.7 chloramphenicol (Chl), ceftriaxone (Cef), kanamycin
< o6 (Kan) and tetracycline (Tet) on E. coli specific
€ os % growth rate. Control was without EMI and
[
é.,“ antibiotics.

0.3 . 4
non-irrad 70.6 GHz 73 GHz

Table 2. Decrease in the ability of E. coli to form colony-forming units during 4 days after
irradiations and in presence of different antibiotics’

Decrease in the number of colonies (fold)

Antibiotics

non-irradiated © 70.6 GHz 73 GHz
Control 1.15 +0.04 1.30+0.04 1.50+0.04
Chloramphenicol 1.20 + 0.04 1.40 +0.04 1.60+0.05
Ceftriaxone 1.25 £ 0.04 1.40+£0.04 1.65+0.05
Kanamycin 1.30 + 0.04 1.62+0.05 1.70+0.05
Tetracycline 1.45 + 0.04 1.70 £ 0.05 2.00+0.06

‘there were presented data of divisions of the number of colonies in Tie-1* day. to the 4® day; control -

—

without antibiotics, p < 0.001, the number of replicates was five.

The effects of EMI and antibiotics on energy-dependent H* and K* transport across the
membrane of whole cells was also studied. Cef and Kan depressed H* flux 1.25-fold
(p<0.025) and 1.62-fold (p<0.01) (not shown) and K* flux 1.13-fold and 1.5-fold (p<0.02),
respectively. However, they did not change the H*/K* exchange direction and the ratio.
Addition of DCCD showed higher depressive effects with 0.4 mM ‘on overall H* and K*
fluxes. The effects of antibiotics on irradiated bacteria, especially on H* flux were stronger
compared with antibiotics alone. Cef and Kan depressed H* flux of 70.6 GHz irradiated
bacteria 1.4-fold (p<0.025), but of 73 GHz irradiated bacteria 1.9-fold (p<0.035) and 2.12-
fold (p<0.02), respectively (not shown). Cef also depressed 70.6 and 73 GHz irradiated
bacterial K* flux 1.2-fold and 1.33-fold (p<0.015), respectively. DCCD (0.4 mM) inhibited
glucose-dependent ion fluxes, especially H* efflux. The H* flux of 70.6 and 73 GHz
irradiated bacteria with Cef was depressed 1.74-fold and 2-fold, respectively and with Kan
3.6-fold (p<0.025) and 4.7-fold (p<0.035), respectively. Interestingly, 70.6 GHz EMI and
Kan also depressed K* flux (11.5-fold; p<0.015), which was a little higher compared with
Kan used alone.
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The DCCD-sensitive ions fluxes, whidsr primarily indicate the FoF1 ATPase operation
was calculated as well. The DCCD-sensitive fluxe§Tor both ions were more visible with 0.4
_ mM DCCD concentration (not shown). The decrease of DCCD-sensitive H* flux was
insignificant after EMI, but K* flux was decreased 1.2-fold (p<0.025) after exposure to 73

GHz irradiation Ceftriaxone decreased these ions flukes 1.2-fold (p<0.015) and kanamycin -

1.9-fold (p<0.035)‘compared with the control (non-irradiated; without antibiotics). On 70.6

” GHz irradiated bacterial H* and K fluxes, only ceftriaxone had higher dgcreasing effect 1.7-
fold and 1.3-fold (p<0.02), respectively. In case of 73 GHz irradiated bacteria, two
antibiotics depressed DCCD-sensitive H* flux and decrease with ceftriaxone and kanamycin
was 2-fold and 2.6-fold (p<0.05), respectively. Ceftriaxone had higher decreasing effect on

73 GHz irradiated bacterial DCCD-sensitive K* flux; the flux was decreased 1.5-fold

(p<0.026). However, kanamycin showed“increasing effect on DCCD-sensitive K* flux of 70.6

GHz irradiated bacteria, but had no effect on 73 GHz irradiated bacteria.

Thus, Cef and Kan had effects on both ions fluxes with irradiation; especially 73 GHz
strengthened the effect of Cef. Kan showed higher effect on H* flux as compared with Cef,
but the latter exhibited higher effect on DCCD depressed H* and K* fluxes than Kan.
Interestingly, EMI and antibiotics alone had no effect on these ions ratios, which was 2 and
1 for H* and K* fluxes, respectively. However, the combined action of EMI of 73 GHz and
antibiotics changed the ratio to 1.5-fold (p<0.01), but in case of 70.6 GHz, such change was
only with Cef.

CONCLUSIONS

The following conclusions were made based on experimentally obtained data:

1. The irradiation of anaerobically grown (during glucose fermentation) E. coli K12(4)
bacteria with low intensity, coherent 70.6 and 73 GHz EMI led to inhibition of bacterial
growth, viability and the ability to form colonies. Moreover, the 73 GHz EMI had
stronger effects.

2. The irradiation effects on bacteria with these frequencies are dependent on irradiation
period and irradiation medium.

3. The mentioned frequencies have no medium mediated effects on bacteria, although
they changed water physicochemical properties.

4. The effects of these frequencies depend on medium redox state (different pH values, the
presence of reducer).

5. These frequencies led to cell morphology and cytoplasmic membrane modifications, the
activity of membrane transport and enzimatic complexes are changed as a result of
altered specific interactions between protein components.
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6. Theses frequencies, espec(igily 73 GHz increased the bactericidal effect of some
antibiotics in their minimal inhibitory concentrations, which evidenced their common
and supplementary action mechanism on cells in which the main role belong to bacterial
membrane.

7. The comparative analysis showed that 73 and 70.6 GHz EMI had on bacteria less
depressive effects than 53 and 51.8 GHz EMIL.
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PArenNUsuy 261hLE UDPYR

OU3LUZEN, RUC2C SUCREL 2UKURNRE3NRLLENNY UNZELELS
ELBUSLUUUSLPUUYUL ULPRLELE Escherichia coli RUUSELPULELE AU
LELANLONRE3UL UBRULPQULENE 9 2UUEUUSUYUL 46MLNRONRESARLE

Udthnthwghp

QuiliqmguyhG pwntp® Escherichia coli, tityupuiwqGhuwywt Swnwqwjpnul, pulnbphwGbph we,
posh  Ywnmgqwdp, Ubdwqujh whwhympymb, hwuwGbh SH-fudpkp, H-K'-wlwG
thnfuwGuympynG, hwiwphmnhyGhip: :

JkpghG wwphGbphG pninp opqubhquGtpp’ wjuwd ShwpeheGliphg dhsk Ywpnp, wybh wwn L6
hGpwplpmy shewywjph hqhjwlwa qnponGh’ wwpptp hwdwumpjw 6L EUS-h wqntigmpjwp
(Pakhomov ct al., 1998; Pakhomov, Murphy, 2000): wwjwutu nw wwjfwGwynpfwd t Gpwlng, np
OR EUG-G YkGnwGh opquGhquGtph Ynnihg oquuugnpdynd t hhdGwhwl $hqhninghwiwb
PmGyghwGtph ntjwywpiwG hwdwp (Nikolacv, 2000; Trushin, 2003; Reguera, 2011): hGy
ytnwpbpynud t pwlpntphwGbpht, www hwjnGwpkpdb) b, np pwumhnhwﬁhm} L wyp pehelitin Ywnnn
G thnfuwqnhy Shiijuwbg htwn EUS-h dhengny (Nikolacv, 2000; Trushin, 2003; Reguera, 2011): 8nyg t
wpyt; Gul, np ORQ LEUG-h wqnigmpjudp dhdwglmd bt pwlwnbphwbph, hGyubu Gl
pwljntphwGbph YhGuwtpnh qquymbnpynfp wwppbp hwjwphnnhyGiph Gyuwwndwdp (Torgomyan,
Trchounian, 2013): UhulGnyG dwiwlwly UL FEUG-G wppelG puyGnpiG  Yhpwnymd &G
yaGuwwnbuGnnghwymyd, pdynpymbny, wlGwuGwpmdmpimimy, pnuwpmdnipynlmyd, uGGnh
wpryniGupbpnipyniGmd b wy) nnpunGkpmud (Rojavin, Ziskin, 1998;-Honga et al., 2004; Lagunas-Solar ct
al., 2006; Usichenko et al., 2006; Shamis et al., 2008; Ukuku et al., 2008; Geveke ct al., 2609; Zand ct al.,
2010): YhGuwpwlwwl hwiwlwpqbph Yanihg 682 EUG-h Jjubnuip jufuwd L hwiwiump)mbhg,
nidqGmpymbhg, Swnwquypiwl wtnnmpyniGhg L wy gmgwGhyGhphg (Banik, 2003; Belyacv, 2005;
Torgomyan, Trchounian, 2013):

Qnympymb mGhG dh 2wpp JuplwoGhp YuGuwpwluwlwl hwiwlwpgph htn Swrwgqwpdwd
wpdwquilpwjhl hnfjuwqngmpyuG hGupuwynpmpjwl dwuhG: ORL EUG-h posh Ypw pnnuo
wqntgmpjwl hhiGwyw phpwiuGtp Ywpnn 66 (hGey 9ph dngbynyGpp, peewpwnubpp, YtpghGhu
htn jwupwo pGhupwihG  uyhwnwymglGipny m wotuwgnptpny b peoh qhltimhywlywl wwpptpp
(Pakhomov, Murphy, 2000; Banik et al., 2003; Beneduci et al., 2005; Torgomyan, Trchounian, 2013):
UwluyG wdkGhg thd hwjwlwiulnmpjudp YhGuwpwluliwG opjhlipnGtph ypw OLRL EUG-h
wqntgnipymGp  wuwjiwluynpud L peowpwnuGph yYpw mGhgwd mnnuyh Ywd b eph
dheGnpnnipjuwdp pnninn wqntigmpjudp (Fesenko et al, 1995; Cojocaru et al., 2005): UikG nhujpmd
pohoGhph L opqulhquGtph Ypw BRL EUG-h ny gtipiuwyhG wqpignipjuG Hhghfwphihwjwb L
ungtinywpeowhG dhfuwGhquGtpp Wmd GG YtpgGwjwlwwbu jpugwhwjnywd:

Uzluwwnwlpnid gpujwo GGtk htanlywy lulghpGipGipp’ mundGuuhpty 70,6 L 73 G1g R
EUG-h wqntgnipyniGp pwljntphwlbph wéh, YhGumGuympjwul, qunmplph pwlwynipjwG, pegh nm
poowwwwh Yunmgywoph, UEb-wqujhG whmhympjul, dmbynipuihG epwdotGh wpunwnpmpyud
wpwqnipjul, H/K-wiwl hnfuwGuympjwl, hwuwGbh unydhhnphiw)hG judpbph pwlwlmpjwd,
punwlpwjhG wnunbtGghwih Ypw: bGyybtu Gl mumdGwuppb; wwppbp hwiwphnnpyGeph L
Swnwqupiwi hwiwwnbn wentgmpymbp pwynbphwlbph wsh, YaGuniGwynpjwb b H/K -wlwd
thnfuwGuympyuG ypw:
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<LLwnwqnnmpymGGbph w[uymﬁpnuibémjg t wpyty, np YnhtiptGun 70,6 L 73 Q-4g EUA-G Ywpnn GG
hwnhuwGwy wpdwqulpwihG hwéwfumpnGGp £. coli-h hwiwp, pwih np §67nid GG pwlpnbtphwh
wdp, YhGumGuympymGp, hGswbu Gl pwintphwGtph Ynnthg qquipwm.ugwgnuig: Pwgwhwjunyty
6 pwynbphwltph GwnwqujptwlG Showywyph pwnunpmpymGhg (pnpwd 9mp Yuwd wnwjhG
Uhowwyp) b Gunwqujpiwl wlnnmpimbhg Ywhjwd GAL EUG-h wqntigmpmlp (Torgomyan,
Kalantaryan et al., 2011): Mwpq t nupdby, np pwlnbtphwlph Swerwqupdwl hwdwn oupnpdwy k1
dwd wlnnmpynbp: hGswhu Gwh gnmyg ¢ wpyby, np pulpnbphwlbph Swnwqwypnuip 70,6 U 73 9-<g
EUG-n] gpnud L thnpéwpwpwlwl monypnd ponGnud b 667hy wqntigmpymG, wwlw)G npnywlgh
wwpptpnipymGGtpny (Torgomyan et al., 20T1): huly YpyGwlh Swrwquypmip gptipk wqntignipymG sh
pnnGnui’ pwlntphwih wéh gmgwGhyGtpp YhpwnunGnud &6 sGwnwquipdwdohl pinpny wpdtpGuphG
(Torgomyan et al,, 2011), <Gwpwynp nupdwy LpwnpmpjniG6 wyG dwupl, np pwlnbphwGkpp
mGhG JpuwlwbqGnpuywi dtfluwbhquGhp (Tadevosyan et al., 2007):

Muwnq t updty, np Swpwqujpnuihg htinn pwlmbphwyh wép hnfuymd t jwiugwd Shewgw)ph
pH-h wpdbpGtphg U dhowywjpmd JpwhwGqGhy dhwgmpjwG wnefwinpjnbhg: Ywhujwd
dhowjwjph pH-hg 0RL EUG-h 6G2hs wqnbgnipiniGp pwymbphwlbph widw6 b YEGunGuynipjwb
Ypw Ympuymd b Qdwnjwybu, Swnwquipyud pwynbppwltpmd  Guumd t phthwywl
thwgmpymGatph ('S, hwlwphnnhyGbp) Guntusp qquyniGnipjwl wé (Torgomyan, Trchounian,
2011; 2012; 2013):

8nyg t wpybky, np 70,6 L 73 9<g EUG-G sh pnnlmyd dhowjwypm] (pnpwd 9nmip, wnwjhG
dhowyuwyp, wdiwl dhowywjn) dheGnppuinpwd  wqngnipymGp  pwyunbphwltph  watwh
whuwjwpwp wpugmpjwl ypu: dwuwwnyby b wyl, np Swnwquypnuip pnnlnud & wqngmpymG
pnpwd oph phahywphdhwiwl gmgwlhyGiph Unw, nph wpyymbpmd phnjujnd & 9ph pH-p,
bibywpwhwnnppujuGnipymbp, owwmhyjwljwG funnmpymGp, opuhnwytpwlwiqGnnuywt
wnubtiGghwip, huly dwytplnypwjhG pwpjwompjwl wpdtpp qptipt sh thnfuymd (Torgomyan et al.,
2012): Mwpq & nunGmyd, np nmwppbp hwwfumpymGGtph EUG-h wqnigmpymGp pwywntphwjh ypw
Juwjujwo t Gwl shewjwjph, dwulGwynpuwbu 9ph dnitiynyGph, htiw wwpptp thnfuwgntgnipynilhg
Yud b pwywmbphwjh ypw pnnwd nipnuiyh wqntgnipjudp:

‘Unpnyp b Gub wyl, np hwennykg gniyg wmwy, np £, co/ih Ywjunyph Gwnwqujpnuip pipmd k
pwiwtphwjh junrniggwdph b swihubph thnthnfumpymGGtph, wpnwphl punwlph wpnwihpndGiph
(Torgomyan et al., 2012): EUG-h pwlywnbphwjh pwnubph ypw panud ninnuiyh wqpbgmpjul SwuhG
hhip 6 hwlnhuwlnd Swnwqujpiwl wqntgnipjudp pogh pwnulpwiww qnpopGpwgGtph’
pwnubpny H-h L K*-h wbnuihnfumpymGGph, H; wpunmwnpnipyw6 6G2nuip, hGsupbu Gub punuGpnud
JunnigywopwjhG thnhnfumpymGGtph wrwowgnip: Cwwn htwwppphp bt pwgwhwynmiG w6
dwiuh(, np 70,6 U 73 Q4g EUG-G (hwunljwugbtu' 73 G-4g-p) dtdwglmd &G E. coli pwlnbtphwbbph wéh,
yEGumGuympjuwl L HYK'wiwl hnpuwGuwympjwi Ypw hwhwphnwhyGhph pnnlnn  6Gphy
wqntgnipymGp: Wuwhuh wqntgnmpjul wywwndwn Jupnn 6 hwinhuwGuwy punubpGinmd L pegh
Ghpumd Yuwunwpynn thnhnfumpymGGtpp: EUG-6G mpnuijhnptG juwd Gpypnpnw)Gnptl (hwenpptiyny
oph  dniynyGtph  Ywnmgywopmd L hwunympymGiipmd  Ywwwpynn  thnhnfjumpynGGtphG)
wnwowglimy bt thnhnfumpymGGip peoh pwnubpGipnui U pwnuGpwlwuy qnpopGpwgGhpnud
(Torgomyan, Trchounian, 2013): QwljwphnnhYGtpG t; hptGg hbtpphG thnhnfumpymGGtp GG
wnwowglimyi pwlmbtiphwih punubipnd, npl wpnmwhwpnymd t punuGph hwnympymGGtph, peoh
Junmgywoph L pwunubph htin juuywo YaGuwphihwlw gnpdplpwgbtph thnthnfumpymGGpny:
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TOPI'OMSIH 3I'HHE PAOHUKOBHA

MEXAHH3MbI U CPABHUTEJIbHBIA AHAJIU3 JEACTBUS KOTEPEHTHOIO
SJIEKTPOMATHHUTHOI'O U3JTYUEHUSA KPAMHE BHICOKUX YACTOT HA
BAKTEPWUM ESCHERICHIA COLI

PE3IOME

Kmniouesste cnoBa: Escherichia coli, 3neKTPOMarHMTHOE U3Ny4eHUe, pocT 6aKTepuu, CTpyKkTypa
kierkn, ATdazHas akTMBHOCTb, focTynHeie SH-rpynnel, H'-K*-Brlit 06MeH, aHTHGHOTHKH.

B nocneaHue Tofbl BCE OPraHu3Mbl, OT ONHOKJIETOYHHMX N0 4eOBeka, cramd Gonblie
nojBeprathes eicTBuio (usnyeckoro ¢akTopa OKpyKarolWek Cpeibl — MEKTPOMArHUTHOIO
m3nyuenus kpaiine Bbicokux wacror (OMHW KBY), (Pakhomov et al, 1998; Pakhomov,
Murphy, 2000). Oto css3aHo ¢ TeM, uto DMH KBU ucrons3syercs KUBLIMM OpraHu3MaMu As
yTpaBiieHHs OCHOBHLIMH (hH3HONIOrHHECKHMH QYHKUMAMH. Bbio ycTanosseHo, uTo Gakrepun
M Jpyrve KJIeTKM MOryT B3auMogelcTBoBaTh Apyr ¢ apyrom uepes OMHU (Nikolaev, 2000;
Trushin, 2003; Reguera, 2011). [TokazaHo, uto MU KBY yBennunBaer uyBCTBHTENLHOCTD
GakTrepuii U ux 6MouAMOB K pasHeiM aHTHGHOTHKaM (Torgomyan, Trchounian, 2013). K Tomy
e OMHU ¢ 3(1)d)e|cmBHoEruo npuMeHsercas B OHOTEXHOJAOTMM, B MEOMLHMHE, B
JHBOTHOBOZACTBE, B PACTEHUEBOACTBE, B MUIUEBOH-TIPOMBILINEHHOCTH M T.A. (Rojavin, Ziskin,
1998; Honga et al., 2004; Lagunas-Solar et al., 2006; U\sichenko et al., 2006; Shamis et al.,
2008; Ukuku et al., 2008; Geveke et al., 2009; Zand et al., 2010). —

Mornomwenne DMU KBUY 6HONOTHYECKUMH CHCTEMAaMH 3aBHUCHT OT 4acToTel OMU,
HHTEHCHBHOCTH, NPOJO/DKMTENBHOCTH Bo3aedcteus M ap. (Banik, 2003; Belyaev, 2005;
Torgomyan, Trchounian, 2013).

EcTh HECKOBKO THMMOTE3 O BO3MOXKHOM B3aumozneiicteun OMHU KBU ¢ 6uosnoruueckumu
cucremamu. OcHosHEMM MumeHsmi DMH KBU Ha K1eT0O4HOM YPOBHE SBNSIOTCA MOJIEKYJEI
BOZBI, KIETOYHBIE MeMOpaHbl M KieTouHblit reHom (Pakhomov, Murphy, 2000; Banik et al.,
2003; Beneduci et al., 2005; Torgomyan, Trchounian, 2013). BeposTHo, 4TO H3MEHEHMH,
MPOUCXOsIUME B BOJE H B MEMOpaHe KJETKH nocie Bo3aeiicteus OMH, co3maiot ycnoBus as
knerouHoro orera. (Fesenko et al, 1995; Cojocaru et al., 2005). dusnxo-xumuueckue
MexauusMsl BiusHus OMHU KBY Ha kieTKy oCcTaloTcs A0 KOHLA HEU3BECTHBIMH.

B pabore 6binu mocraBneHbl ciienylolMe 3ana4u — udydeHue BausHus 70.6 u 73 I'Tu
OMH Ha pocT, BEDKMBAEMOCTh, HHUC0 KOJNOHUHM, Ha CTPYKTYPY KJIETKH W KIETOYHYIO CTEHKY,
AT®a3Hy10 aKTHBHOCTb, IPOU3BOACTBO MOJIEKYIAPHOro Boxopoaa, H'/K* o6MeH, konuuecTso
JOCTYNHBIX CYAQTHAPUIHBIX TPynn, MeMOpaHHbIi noteHuMan. Takke 6bUI0 H3yYEHO BNUSHHE
OMH KBY u pa3HbIX aHTHOHOTHKOB Ha pocT, BhbkuBaemocTb 1 H'/K™ 06meH Gakrepwuit.

Hccnenosanus nokasanu, 4yto 70.6 u 73 I'Tu OMHU sasnsatorcs 3¢ dexTHBHBIMM YacTOTaMK
g E. coli, Tak Kxak MoAaBjfIOT POCT, BEDKUBAEMOCTh U 006pa3oBaHHe KONOHMI GakTepuaMu.

IMokaszano, wuro Bo3gelicreue OMM Ha OGakrepuM 3aBMCHT OT COCTaBa  Cpelbl
/
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(IMCTMIIIMPOBAHHAs BOJA WJIM COJIEBOIt pOCTBOp) M npoposnkutensHoctd OMU (Torgomyan,
Kalantaryan et al., 2011). Bbi10 noka3aHo, 4To ONTHMAJILHBIHM EPUO 1l BO3AeHCTBH | yac.
70.6 1 73 I'Tu OMH oka3pIBalOT pa3HOe BIMSHHE HA GAKTEPUM TPH OOJIYYEHHH B BOAE H B
conesom poctBope (Torgomyan et al., 2011). [ToBTOpHOE BO3AEHCTBHE HE BIHMSIET HA POCT
Oaktepuii (Torgomyan et al., 2011). CTano BO3MOKHBIM NPEATIONOKEHHE O TOM, YTO OAKTEPHH
MMEIOT BOCCTaHOBUTENbHBIE MexaHu3Mbl (Tadevosyan et al., 2007).

YCTaHOBIEHO, YTO POCT OOJMy4EHHBIX GAKTEpHH 3aBUCHT OT pH Cpeabl M MPUCYTCTBHS
BoccraHoButens. IlpumeyaTenbHo, 4TO HAOGMOAAETCS M3MEHEHHE 4YBCTBHTEIBLHOCTH
00y4eHHbIX OakTepuit k XumuueckuM coeauHeHusM ([TT, antubuoruku), (Torgomyan,
Trchounian, 2011; 2012; 2013).

Beuio mokazano, yro 70.6 u 73 ITu DOMM He uMmeer orocpeaoBaHHOE Cpenoii
(aMcTHIIIMPOBAHHAs BOJA, COJNEBOM POCTBOP, pOCTOBAs cpesia) BiusiHue Ha Oakrepun. Ho OMU
BJIMAET Ha (DU3MKO-XMMMYECKHE XapaKTEPUCTHKH BOXBIL, B pesyibrare Hu3MeHsercs pH,
NPOBOAMMOCTb, ONTHYECKAS TJIOTHOCTb, OKMCIMTENbHO-BOCCTAHOBUTEIBHBIM MOTEHLMAI BObI,
a NOBEPXHOCTHOE HaTsykeHHe He MeHsiercst {Torgomyan et al., 2012). IToxoxe, 4To BIHsIHHE
OMMH Ha OakTepuii 3aBUCHT Kak OT OKpY)KalOLIed Cpe/bl, B 4aCTHOCTH OT MOJICKYJ BOAbI, HJIH
K€ OTPEENIAETCS MPSIMBIM B3aUMOICHCTBHEM C OAKTEPHUAMH.

HoBuzna paboTsl Takke B TOM, YTO YAAlOCh Moka3arh, 4To DMM usmeHsieT crpykrypy,
pasmep E. coli ¥ npuBOAMT Kk M3MeHeHHsM BHewHeii memOpanbl (Torgomyan et al., 2012).
Takoke 0 MpsIMOM BJIMSHUM Ha MeMOpaHy rnoka3biBaloT H3MeHeHHst B ATda3Hol akTHBHOCTH,
TIPOM3BOJICTBE MOJIEKYISPHOro Bogopoaa, H'/K™ obmene u cTpykTypHble u3MuHenus. Tarkoke
ObU10 ycTaHoBnaeHo, uto 70.6 u 73 I'Tu DMMU (ocobenno 73 I'T'1) yBeaMuUBaeT AENPECCHBHOE
BJIMSIHWE aHTUOMOTHKOB — xjopaMmeHukoaa, ue()TpHaKCOHa, KaHaMHUMHA M TETPaUMKIHHA
(Torgomyan, 2013; Torgomyan, Trchounian, 2012; 2013) na pocT, BelkuBaeMocTh U Ha H'/K™
oOMeH OakTepuil.

Taxoe BO3/1eHCTBHE MOXKET MPUBECTH K U3MEHEHHSIM B MeMOpaHe M BHYTpH KieTku. DMHU
NpsAMO MJIM OMOCPENO0BAHHO (C MOMOILBIO H3MEHEHHS! B CTPYKTYPE BOJIbI) BHI3bIBAECT H3MEHECHHS
B MeMOpaHax KJeTKH MM MeMOpaHHoCBsi3aHHbIX npoueccax (Torgomyan, Trchounian, 2013).
AHTUOMOTHKH B CBOIO OYepe]b ACHCTBYIOT Ha OakTepUalbHyl0 MeMOpaHy, YTO OTpaKaercs B
cBoifcTBax MeMOpaHbl, CTPYKTYpe U OMOXMMHYECKHX MpOLECcaX, CBS3aHHBIX C M3MEHEHHSIMH
MeMOpaH.
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