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Adhesion is one of the most important properties of living organisms that help them to survive in a
complex environment, but at the same time cause a variety of medical, industrial and economic problems.
A lot of factors may affect adhesion and a variety of chemicals are used to decrease or prevent it, however,
the influence of electromagnetic fields may significantly impact the efficiency of such compounds that is
rarely considered in researches. The biosynthesis of specific adhesins requires energy stored in cells in
the form of high-energy compounds, among which a special place belongs to polyphosphates (poly(P)).
Poly(P) are structural units of the cell walls and influence surface charge as well. The deficiency in
polyphosphatases, enzymes of the poly(P) metabolism, was shown to affect the adhesive properties of
cells. Therefore, the aim of this work was to study the ability of the radiofrequency electromagnetic field
to affect the adhesion of yeast cells to dental alloys and to evaluate the role of PPN1 polyphosphatase in
the perception of electromagnetic signals and cell adhesion. Methods. Saccharomyces cerevisiae yeast
cells of the wild type strains Y-517 and CRY, and the PPNI-deficient cells (strain CNX) were used in the
study. The Ni-Cr (Wiron 99, Wirocer plus, Gialloy CB/N) and Co-Cr (Wirobond 280, Wironit, Gialloy PA)
dental alloys prepared with three different casting methods were used. Yeast cells were treated with radi-
ofrequency electromagnetic fields (RF-EMF) (40.68 MHz, 30 W, 60 min, at thermostatic conditions) before
their interaction with the alloys. Adhesion indexes were determined after direct contact of yeast cells with
the surfaces of the alloys for 60 min at room temperature. Results. Chromium in the composition of the
alloys had a negative effect on the adhesion, while niobium, carbon, and silicon, in contrast, stimulated
it. Alloys prepared by the method of vacuum casting had the highest adhesion, while alloys prepared by
centrifugal casting with melting by high-frequency current showed the greatest resistance to microbial
adhesion. The efficiency of these factors significantly reduced in the case of pretreatment of yeast cells
with RF-EMF and in case of deficiency of cells in PPNI: in both cases, yeast adhesion to all types of
alloys was increased. The mechanisms that underlie such effects, may be different, and considering that
cell surface charge and the hydrophobic properties were not changed, the effect of EMF may be a result
of induction of “adaptive response’ process within the yeast cells that increasing the resistance of the
cell to the action of individual elements in the alloys, while, in the second case, it may be a consequence
of changes in the extracellular polysaccharides composition, which take place it the PPNI1-deficient cells.
Conclusion. Thus, the efficiency of physical and chemical properties of dental alloys, which are aimed at
the reduction of microbial adhesion, may be significantly reduced after RF-EMFs influence on the cells
and in the case of polyphosphatase PPN1 activity disruption.
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One of the features of all microorganisms is
the ability to attach to surfaces of different nature
(biotic and abiotic). This process occurs due to the
physical and chemical (biochemical) properties of
the surfaces and therefore, many biological and
non-biological factors can influence it. The ability
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to attach reflects a number of properties inherent
not only to cell shell (passive adhesion), but also
to an intracellular organization that connected to
a synthesis of specific adhesion factors (active
adhesion). Microorganisms can adapt to live almost
on any surface, but this does not always have



positive consequences and microbial adhesion to
dental alloys becomes extremely relevant today
since related to the spread of oral diseases [1].
To reduce the adverse effects associated with
microbial contamination of various materials,
appropriate standards were proposed to assess
the ability of surfaces to resist microbial adhesion
(bacteria, fungi, yeast, etc.), such as ASTM
(American Society for Testing and Materials)
standards D4300 and D4783. To prevent microbial
adhesion, various chemical elements are added to
metal alloys, but they are toxic not only to the oral
microbiota but to the cells of macroorganism, with
which they come into contact, as well [2]. The line
of toxicity of metals that are part of dental alloys
Hg—Ag—Au—Cu, Ni, Co, Zn, determined on
the model of Saccharomyces cerevisiae cells [2],
indicates fairly high toxicity of mercury and the
lowest toxicity of nickel and cobalt, which are
currently the main components of a wide range
of nickel-chromium and cobalt-chromium alloys.
Nevertheless, chromium, nickel, and cobalt may
cause apoptosis at concentrations below those that
lead to cellular necrosis [3].

However, the cells of all living organisms are an
open biological system that changes dynamically
in response to physicochemical fluctuations in
the environment. One of the main abiotic factors
of anthropogenic origin that gains growing
influence in the last decades is the non-ionizing
electromagnetic fields (EMFs). This factor is
considered to be the cause of a number of medical
and biological problems that include an increase of
microbial resistance to antibiotics, an increasing
number of cardiovascular and cancer diseases, etc.
[4]. EMFs are not studied among factors that may
affect denture contamination, however, they are
able to change the properties of cells depending on
physical parameters of the field (frequency, power,
etc.) and physiological and biochemical properties
of the cells [5]. Ion channels in membranes, volutin
granules in vacuoles and acidocalcisomes, enzyme
active centers, etc., can be intracellular receptors of
non-ionizing radiation of anthropogenic and natural
origin [4, 6, 7]. In turn, the metabolism of inorganic
polyphosphates, which contain high-energy bonds
and are the main components of volutin granules,
affects many intracellular processes, including
various enzymatic processes and gene expression
processes, as well as adhesion, motility, virulence,
etc. [8]. These molecules (polyphosphates) and
the enzymes of their metabolism respectively can

be one of the main factors in the perception of
external electromagnetic signals [7]. Three main
polyphosphatases (PPN1, PPN2, and PPX1) are
known in yeast cells. The PPX1 is located in the
cytoplasm, outer membrane, mitochondria, and,
along with providing an exopolyphosphatase
activity PPX1 is involved in the transport of
mannose across the cytoplasmic membrane to
the cell wall [8]. Both PPN1 and PPN2 enzymes
have an endopolyphosphatase activity, and PPN1
also exhibits exopolyphosphatase activity, they are
located in vacuoles and are considered the main
enzymes of volutin granules degradation [8, 9].
In mammalian cells and yeasts, the PPN1 is also
present in the nuclei, where it promotes the release
of mRNA, and in yeast cells defective in PPX1, the
PPNI1 activity is observed in the cytoplasm.

The aim of this work was to study the ability of
the radiofrequency electromagnetic field to affect
the adhesion of yeast cells to dental alloys and to
evaluate the possible role of PPN1 in this process.

Materials and Methods

Yeast strains and cultivation parameters

Saccharomyces cerevisiae yeast strains Y-517,
CRY, and CNX were used in the study. Strain
Y-517 was obtained from the Ukrainian Collec-
tion of Microorganisms at Zabolotny Institute
of Microbiology and Virology of the National
Academy of Sciences of Ukraine, Kyiv, Ukraine.
The other two strains were kindly provided from
the Institute of Biochemistry and Physiology
of Microorganisms of the Russian Academy
of Sciences (Pushchino). Cells of Y-517 and
CRY strains were of the wild type (Wt), diploid
and haploid, respectively. Cells of CNX strain
were originated from CRY strain [10] and
were deficient on the PPN/I gene (encodes the
endopolyphosphatase PPN1) only that was
confirmed by PCR with primers to PPN/ and
PPX1 (exopolyphosphatase PPX1) genes. The
next primers were used: PPN1, 5’-TTTCCACATA
ACATGTTTGCACTAGGA-3’ and PPNI, 5°-TT
CAGTTTCTTCGTCCTCTTCATTACTG-3’ with
expected amplicon length 531 bp, and PPX1, 5'-AC
ACAAAGGGTTAGAGATTGGTCTTTC-3" and
PPX1,5-CTTCCAGGTTTGAGTACGCTTCC-3’
with expected amplicon length 362 bp.

Yeasts were initially grown on agar medium
at 28°C for 24 h and then washed off with sterile
distilled water, filtered through a sterile cotton filter,
twice washed off from the remnants of the nutrient
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medium by centrifugation at x500g in the distilled
water and diluted in the same water to 107 cells/ml.

RF-EMF treatment

Solenoid connected to the generator of EMF
with frequency 40.68 MHz (27.5 V/m, 22 A/m, the
capacity of radiation 30 W, polarized in a horizontal
plane) was used as a source of electromagnetic
radiation. The RF-EMF parameters were measured
with Magnetometer TESTLA DKP-B-2827 (Czech
Republic). The irradiation of cells was performed
under room temperature for 60 min. The control
samples were kept under the same conditions
without irradiation.

Dental alloys

Nickel-chromium alloys (Ni-Cr) (Wiron 99,
Wirocer plus, Gialloy CB/N) and cobalt-chromium
alloys (Co-Cr) (Wirobond 280, Wironit, Gialloy
PA) produced by BEGO GmbH & Co. KG
(Germany) and BK Giulini GmbH (Germany)
were used in the study. Each alloy was cast in three
different ways: centrifugal casting with open flame
melting, centrifugal casting with induction melting
(dental casting machine “Ducatron Quatro”, Ugin’
Dentaire, France) and vacuum casting (vacuum
pressure-casting machine “Nautilus T”, BEGO
GmbH & Co. KG, Germany). Samples with a
size of 1010 mm were formed and the surfaces
were polished with the gradual use of abrasives to
decrease roughness to about 5 nm.

Study of yeast cell adhesion to metal alloys

Immediately before the start of each series of
experiments, the samples of alloys were washed
in running water, dried, treated with 95 % etha-
nol, and dried. Aliquots (50 ml) of yeast cell
suspensions were dropped on the alloy surface.
The samples were placed in a glass chamber to
prevent evaporation of moisture from the surface
of the alloys and left at room temperature for
60 min, after which each sample was transferred
into a container with 4.95 ml of sterile distilled
water and stirred vigorously to resuspend the non-
adherent cells. From the obtained suspensions a
series of dilutions was performed and plated on
agar nutrient medium to determine the colony-
forming unit. All experiments were performed
under sterile conditions.

Yeast adhesion to alloys surfaces was checked
with scanning microscopy techniques. Adhesion
(in %) was determined as the difference between
the initial concentration of cells in the suspension
and the number of cells that grew on the surface
of agar nutrient medium after interaction with the
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surface of the alloys.

Statistics

Data analyses were performed with Statistica 10
software (StatSoft Inc., 2011). The significance of
differences between mean values was assessed
by the F-test. The influence of individual factors
was evaluated using factorial ANOVA. Linear
and quadratic effects of the studied factors on the
adhesion index were evaluated by the method of
central composite. Correspondingly, the cate-
gorical predictors and independent variables in
these analyzes were alloys properties (the type
of casting and melting), component composition
(which corresponds to the name of the alloy),
the group to which the alloy belongs is nickel-
chromium or cobalt-chromium (Ni-Cr or Co-Cr),
the content of individual elements in the alloys,
RF-EMF treatment, and strain properties (which
corresponded to the strain number). The results of
the calculations are presented in the form of box-
plots and Pareto charts, which show the magnitude
of the effects of each factor in absolute values and
the level p <0.05.

Results

Adhesion of yeast cells to the surface of dental
alloys

Yeast cells formed dense, sometimes
multilayered groups on the surface of metal alloys.
The number of adhered cells per unit of area varied
significantly depending on the type of metal alloy
and the method of its casting (Fig. 1A). In some
cases, the contact of yeast cells with the studied
alloys resulted in the stimulation of their growth
that was determined by the optical density of the
cell suspension and the corresponding increase
(1.5-3 times) of the number and diameter of
colonies formed on agar medium. This effect
was marked for the yeast cells of strain Y-517
after their interaction with nickel-chromium alloy
Wiron 99 prepared by open flame melting and
with cobalt-chromium alloys Wirobond 280 and
Gialloy PA prepared by induction melting, as well
as for cells of strain CNX after their contact with
the alloy Gialloy PA prepared by vacuum casting.
The growth stimulation was exclusively strain-
dependent.

The adhesion of the yeast cells to nickel-chro-
mium alloys was slightly higher compared to
cobalt-chromium alloys, but the difference showed
no statistical significance (Fig. 1B). The individual
properties of the alloys were found to be the most



important factor determining the adhesion index
(Fig. 1B) and the highest value of adhesion of
yeast cells was observed for the nickel-chromium
alloy Wiron 99, while the lowest one for the cobalt-
chromium alloy Gialloy PA (Fig. 1A).

The individual features of alloys include sur-
face roughness, surface charge, hydrophobicity,
component composition, etc. The roughness of the
surface is considered among the primary factors
that may influence the adhesion of microorganisms.

However, the alloys were polished by the same
technology and their roughness did not exceed
6 nm, which allows to exclude this indicator
as a potential adhesion factor. The potential on
the surface of the alloys and their hydrophobic
properties were different for the alloys, but they
showed only limited (not for all studied strains)
correlations with the determined adhesion indexes,
and therefore possess no predictive value (data not
shown).
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Fig. 1. The effect of RF-EMF (40.68 MHz, 15W, 30 min) on the adhesion of yeast cells
Saccharomyces cerevisiae strains Y-517, CRY, and CNX to the nickel-chromium and
cobalt-chromium alloys. (A) — the percentage of adhesion depending on the type of alloy
and the method of its preparation (melting and casting). (B and C) — Pareto charts showing
the significance of the studied factors effects on adhesion.

Legends: “MF” —
“yC” —

melting with flame, “HFC” —
vacuum casting, “CC” —

high-frequency current,
centrifugal casting.
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Dependence of the yeast adhesion on the
content of specific elements in the alloys

Evaluation of the yeast cells adhesion to the
surface of alloys that differ in the content of ma-
jor components (nickel, cobalt, and chromium)
showed an inverse relationship with the content of
chromium: cell adhesion decreased significantly
with increasing of chromium content, and not

depended on the content of nickel and cobalt
(Fig. 2). The absolute content of chromium
was the main factor of the normal grown yeast
cells adhesion. However, this dependence was
disrupted after pretreatment of the yeast cells with
RF-EMF, the adhesion of which showed depen-
dence on the ratio of all three major components

(Fig. 5).
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Fig. 2. Dependence of adhesion of irradiated and non-irradiated with RF-EMF cells of yeast
Saccharomyces cerevisiae strains Y-517, CRY and CNX to nickel-chromium and cobalt-chromium
alloys with different content of major components (nickel, cobalt and chromium)

The nickel-chromium and cobalt-chromium
alloys contain varying amounts of other elements
such as Nb, Fe, W, Mo, Si, C, Mn and Ga. Analysis
of dependencies between the content of these
elements and the yeast cells adhesion showed that
in the composition of nickel-chromium alloys the
main factor was niobium (¥ = 9.4 and p = 0.002),
which content positively correlated with the
adhesion (Fig. 3) and the effect of which slightly
prevailed over the negative effect of chromium
(F£=9.0 and p = 0.003) (Fig. 5). Another element,
molybdenum, had a statistically significant effect
only for the adhesion of yeast cells treated with
RF-EMF and, like niobium, increased adhesion of
irradiated cells (Fig. 5).

The cobalt-chromium alloys do not contain
niobium but contain molybdenum that was one of
three main factors affecting adhesion. Molybde-
num in cobalt-chromium alloys had a negative
effect (-2.5 absolute units at = 6.4 and p = 0.01)
on adhesion of the yeast cells and the magnitude
of it effect was close to the effect of chromium
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(-2.6 absolute units at F'=6.7 and p =0.01) (Fig. 5).
The other two factors were silicon (F = 5.6 and
p =0.02) and carbon (#'=4.0 and p = 0.05), which
had a positive effect on the adhesion index and
thus can be considered the mediators of adhesion
of the yeast cells to the surface of cobalt-chromium
alloys. The role of silicon and carbon was more
important for yeast cells treated with RF-EMF for
which molybdenum had no significant effect and
thus adhesion positively depended on the content
of silicon and carbon, and negatively on the
chromium content (Fig. 5).

Influence of the alloy casting method on the
yeast cells adhesion

The type of alloy casting was also a significant
factor that had an impact on the adhesion of
yeast cells (£ = 65.2 at p < 0.001) (Fig. 1B, C).
The highest adhesion values of yeast cells were
determined for alloys prepared by vacuum casting
(Fig. 1A). The type of alloy melting (with flame
or with the high-frequency current) did not have
significant effect.
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Fig. 3. Dependence of adhesion of irradiated and non-irradiated with RF-EMF yeast cells
to nickel-chromium and cobalt-chromium alloys on the content of minor components
(Nb — niobium, Mo — molybdenum, Si — silicon, C — carbon)

The method of alloy casting determines, first of
all, the features of microcrystalline structure: the
degree of texturing and the ratio of crystalline and
amorphous phases, which has a significant impact
on the anticorrosive properties of the alloy surface
[11, 12]. Consequently, the cobalt-chromium alloys
prepared by centrifugal casting with induction
melting had the highest corrosion resistance.
Among cobalt-chromium alloys the Wirobond
280 alloy resistance was the highest, however, the
adhesion of yeast cells to this alloy did not show
significant differences from other cobalt-chromium
alloys (Fig. 1), and therefore it should be concluded
that anticorrosive properties of the alloys do not
impact significantly the yeast adhesion and could
not be a determining factor.

Influence of the RF-EMF exposure of yeast
cells on their adhesion to the surface of alloys

The RF-EMF was one of the most important
factors that influenced yeast adhesion regardless
of the alloys’ composition and method of casting.
This was marked for the cells of both wild-type
strains Y-517 and CRY. However, this RF-EMF
had no significant impact on the adhesion of the
ppnlA-cells (deficient in polyphosphatase PPN1),
which adhesion depended on the alloys component
composition and the method of their preparation
(Fig. 4), the factors that were important for the
wild-type cells as well.

That is, adhesion of the ppniA-cells to nickel-
chromium and cobalt-chromium alloys did not
depend on the action of RF-EMF that was the main
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difference between these cells and the wild-type
cells.

The reason for the marked differences in the
adhesive properties of the ppniA-cells and the
Wt-cells may be in the specific properties of their

65

surfaces. The most important factors influencing
the adhesive properties of yeast cells are the charge
of the cell surface and their hydrophobicity, as well
as such biological factors, as specific adhesion
factors, among which are adhesins, and so on.
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Fig. 4. Influence of the RF-EMF (40.68 MHz) on adhesion of yeast cells to nickel-chromium
and cobalt-chromium dental alloys (A), (B) — Strain-specific impact of the RF-EMF

Analysis of the yeast cell surface charge showed
that the cells of the studied strains, including ppn I A-
cells, have the same negative charge -20.5 mV. The
effect of the RF-EMF did not cause changes in this
indicator and the only factor that had an impact was
the slight fluctuations in the properties of the buffer
system in which the relevant determinations were
performed. The maximum observed value of the
surface charge was -27 mV, but it was the same
for cells of all studied yeast strains. Therefore,
this indicator was stable for cells of different yeast
strains, did not depend on deficiency in PPN1, and
did not change after exposure with RF-EMF.

Hydrophobicity of the yeast cells that was
determined in a mixture of water : n-octane, as well
as water : n-hexane, was the same for yeast cells of
the studied strains and did not change after the RF-
EMF exposure. In general, the cells had a fairly low
level of hydrophobicity — 14—18 %.

An attempt to detect on the cells surface some
specific adhesion factors, adhesins with a lectin-
like type of adhesion, by the agglutination test
with the rabbit erythrocytes, showed that yeast
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cells do not have such structures on their surface.
The disadvantage of this method was in the rather
narrow specificity to mannan-associated adhesion.
Therefore, the obtained negative result, of course,
did not exclude the possibility of existence of
adhesins specific to other sugar residues on the
yeast surfaces or the existence of other types of
adhesins as well.

In general, the result showed that the basic
physical properties of the yeast cell surface were
the same for cells of different strains and did not
change after the action of RF-EMF, and therefore
they cannot be the cause of marked changes in the
adhesion of these cells to different metal alloys.

Discussion. The degree of adhesion of yeast
cells to nickel-chromium and cobalt-chromium
alloys depended on both biological (strain) and
non-biological (alloy type, component composition,
etc.) factors (Fig. 5). The charge on the cell surface
and its hydrophobicity are among the main factors
of the nonspecific adhesion, however, these values
were the same for cells of the different yeast



strains and did not change in cells defective in
polyphosphatase PPN1, as well as after the action
of the RF-EMF 40.68 MHz.

The biotic strain-specific factors and several
non-biological factors (the individual properties
of the alloys, their elemental composition, and
the method of casting) had the biggest effect on
the yeasts cells adhesion. The individual effects of
each factor were more significant compared to their
interactions. The role of abiotic factors increased
after the treatment of cells with the RF-EMF, and
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the role of biological factors decreased (Fig. 5) that
stimulated adhesion. However, the efficiency of the
adhesion of even irradiated yeast cells depended
on the casting method (centrifugal or vacuum).
Casting, along with the chemical composition,
predetermines the microcrystalline structure of
the alloys, the roughness of their surfaces, their
hydrophobic properties, and potential, but only
some of these properties showed rare links with the
adhesion of yeast cells to the alloys and thus had no
prognostic value.
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Fi g. 5. Dependence of the yeast adhesion to the nickel-chromium and cobalt-chromium alloys
on the chemical composition of the alloys and the action of RF-EMF 40.68 MHz.
Note: standardized individual effects and linear interactions of the factors (marked by “vs”) are
shown. The factors whose influence on adhesion was significant at p < 0.05 are highlighted in bold.

The deficiency of yeast cells in PPN1 signi-
ficantly affected the sugar composition of the
extracellular matrix in which an increased amount
of N-acetylneuraminic acid and a decreased content
of N-acetylglucosamine and N-acetylgalactosa-
mine were marked [13]. Considering that other

10

properties of the cells’ surfaces (their charge and
hydrophobicity) were the same for cells of these
strains, it could be assumed that some components
of the extracellular matrix may be the factors that
specify yeast cells adhesion to the surface of alloys

(Fig. 6).
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In contrast, the treatment of yeast cells with the
RF-EMF 40.68 MHz did not have a direct effect on
the content of sugar residues, but affected the way
the extracellular sugars content change in response
to the stress factors [13], thereby increasing the
resistance of yeast cells to the stresses. Considering
that content of chromium in the alloys had a
negative effect on adhesion, thus being a potential
stress factor, it can be assumed that the RF-EMF
exposure increased cell resistance to this element
and thus increased yeast cells adhesion.

Casting type: Centrifugal casting

Thus, the action of the RF-EMF increased cell
adhesion, while the deficiency in PPN1 reduced cell
sensitivity to the action of this EMF and increased
adhesion of yeast cells as well. Therefore, it can be
assumed that this type of RF-EMF may decrease
the activity of PPN1 through the direct action of
the EMF on a conformational state of the enzyme.
And, as a result, the composition of sugars in the
extracellular matrix of irradiated cells changed
and adhesion of these cells to the alloys increased

(Fig. 6).

Vacuum casting

Ve —=zmmwszoo_

Alloy: Ni-Cr

Alloy’s elements: / 52/1- /
T
v

Co-Cr
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GleNAc - N-acetylglucosamine
GalNAc - N-acetylgalactosamine
NANA - N-acetylneuraminic acid
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m - Hypothetical influence

- Increase of content/activity
- Decrease of content/activity

- Factors whose role appears only after
exposure of yeast cells with RF-EMF

]

- Factors whose role increase after
exposure of yeast cells with RF-EMF

Fig. 6. Scheme of the RF-EMF 40.68 MHz action on the adhesion of yeast cells deficient
in polyphosphatase PPN1 to nickel-chromium and cobalt-chromium alloys.

Conclusion. Adhesion of the yeast cells to the
surface of nickel-chromium and cobalt-chromium
dental alloys depends on both the biological
properties of cells, and the physical-chemical
properties of alloys. The chromium content as
well as the method of preparation of alloys by
centrifugal melting with high frequency current
negatively affected adhesion. However, the
deficiency of yeast cells in polyphosphatase PPN1,
as well as the action of the RF-EMF 40.68 MHz
on the cells increased their adhesive properties
regardless of the alloy type. The RF-EMF was
one of the most important factors that enhanced
the adhesion of the yeast cells to nickel-chromium
and cobalt-chromium dental alloys. In contrast, the
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activity of PPN1 aimed at reducing the adhesion.
The RF-EMF exposure reduced the role of PPN1,
increasing yeast adhesion, while the deficiency in
this enzyme reduced the sensitivity of yeast cells to
the action of this type of EMF. Therefore, a close
relationship exists between the functional activity
of the polyphosphatases PPN1 and the biological
effects of the RF-EMF.
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Pesome

Anresis — ofHa 3 HABaXTUBIIINX BIACTHBOCTEH
JKUBHX OPTaHi3MiB, siKa JOMOMarae iM BHJKUBATH B
CKJIaJIHUX YMOBax, ajieé B TOW K€ 4ac BOHA € MPUYHU-
HOIO 6aratbox MpoodjaeM MEIUYHOTO, IPOMHUCIOBOTO
Ta eKOHOMIYHOTO Xapakrepy. Huska (hakTopiB MOXyTH
BILIMBATH Ha ajare3iro. s ii 3MeHIIeHHs a00 ITOBHO-
T0 3armo0IraHHs 3aCTOCOBYIOTHCS PI3HOMAHITHI XiMid-
Hi cionyku. Tum He MeH1e, epeKTUBHICTD 11T TaKUX
CIIOJIYK MOYKE CYTTE€BO 3MIHIOBAaTUCS B pe3ynbTari Jil
Ha KJIITHHU JKUBUX OPTaHi3MiB €JIEKTPOMArHiTHOTO
BHUITPOMIHIOBaHHS, 110 HE YaCTO BPAXOBYETHCS B JI0-
CJIJDKeHHSX. biocuHTe3 crienu(pivHnX aJre3nHiB BU-
Marae eHeprii, sika 30epiraeTbcs B KIITHHAX Y BHITISII
BHUCOKOCHEPTETHYHUX CIONYK, CePel IKHX 0COOIHIBE
Micue HanexuTthb nonidocdaram (momi(d)). [Toni(D)
— II€ TaKOX CTPYKTYpHI OAMHUII KIITHHHHUX CTIiHOK,
SIK1 BIUTMBAIOTh Ha MIOBEpXHEBHIA 3apsl. JleekTHICTh
3a iouti(®)azamu, pepmenTamu meradoizmy moui(d)
BIUTMBAE Ha aATe3WBHI BIACTHBOCTI KIITHH. Tomy
METOI0 JIaHOi poOOTH OyJI0 BUBYUTHU 3JaTHICTh Pai-
0YaCTOTHOTO €JIEKTPOMArHiTHOTO BUIIPOMIHIOBAaHHS
(PU-EMB) BrnmuBatH Ha aare3iro KIITHH JPIKIDKIB 10
CTOMATOJIOTIYHUX CIIJIaBiB Ta OIIHUTU poib moii(d)
asn PPN1 y cipuiiHATTI eleKTpOMarHiTHUX CHUTHa-
B Ta aare3ii KIiTHH. MeToau. Y H0CHiKeHHI OyiH
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BUKOPHUCTAH1 KJIITHUHHM IPLKIKIB Saccharomyces
cerevisiae nukoro tumy mtamiB Y-517 ta CRY, a
TakoX KJIiTUHH, AedekTHi 32 PPN1 (mram CNX).
BuxopuctoBysanu Ni-Cr (Wiron 99, Wirocer plus,
Gialloy CB/N) Ta Co-Cr (Wirobond 280, Wironit,
Gialloy PA) croMaTosI0Ti4HI CIUTaBH, TPUTOTOBIICHI
3a JOMOMOTOI0 TPbOX PI3HUX MeToAiB nuTTA. Kii-
TUHH JIpDKIKIB 00pobnsnu PU-EMB (40,68 MI'1,
30 Bt, 60 xB, B TEPMOCTAaTHUX YMOBAX) JI0 MOMEHTY
X B3aeMonii 31 crutaBaMu. [HaekcH aaresii BUsHaYaiIn
micysi 0e3MmocepeTHOT0 KOHTAKTY KIIITHH JPIkKIKIB
3 MMOBEPXHSMH CIUIABIB POTAroM 60 XB 32 KIMHATHOT
temrieparypu. Pesyabrarn. XpoMm y CcKiajii CIUIaBiB
HEraTUBHO BIUIMBAB Ha a/Ire3ito, TOJi K Hi00iH, ByT-
Jenpb 1 cUIiNii, HaBnaKu, cTuMyitoBany ii. CrutaBu,
MIPUTOTOBIICHI METOZIOM BaKyyMHOTO JIUTTS MaJIH Haii-
OUTBIII TOKA3HUKH aJIre3ii, B TOW Yac, K CIUIaBH, IPH-
TOTOBJICHI METOJIOM LIEHTPOOIKHOTO JIUTTS 3 TIABKOIO
BHCOKOYACTOTHUM CTPYMOM BHSIBJISUTH HaWOIIbIIY
MPOTUAI0 MIKpOOHi# anresii. OnHak e(eKTUBHICTD
[IUX YNHHUKIB CYTTEBUM YMHOM 3HWKYyBaslacs B pasi
Je(eKTHOCTI KIIITHH APKKIB 3a nomi(d)azoro PPN1
1 micns aii Ha kinithHA apixmkie PU-EMB: B 060x
BUNAJKaX BigMiueHe 301blICHHS BEIUYMHU aaresii
KJITUH JPDKPKIB 10 BCIX THIIB CIUIaBiB. B ocHOBI
nux eQeKTiB, BOUEBU/Ib, JIGKATh Pi3HI MEXaHI3MU 1
B MEPIIOMY BHITAJIKy — II€ MOXKe OyTH 3MiHa CKJla-
Jly TIO3aKJIITHHHUX TIOJIiCaXapyiB, sSika Ma€e MicIle B
ppnlA-KIiTHH, a B IPYTOMY — II€ Pe3yJIbTar iHAYKIIii
MpoILeCy «aJanTUBHOI BIAMOBIII», SKUH Ma€e Micie
BHACIIIJIOK JIii JAHOTO THUITY BUTIPOMIHIOBAaHHS Ha KITi-
TUHH APDKIUKIB: 301IbIIEHHS CTIHKOCTI ONPOMIHEHUX
KIIITHH JIPKJDKIB 10 [T OKPEeMHUX €JIEMEHTIB y CKIIaJIi
cruiaBiB. BucHoBku. He3zBaxaroun Ha BMICT y CKJIa-
Il CIJIaBIB XIMIYHHX CITOJYK, SIK1 37IaTHI 3HW)KYBaTH
MIKpOOHY aJre3iro JI0 MOBEPXHI CIJIaBIB, aKTHBHICTh
(hepmenTiB ochopHOro MeTadoI3MYy, @ TAKOXK JTis HA
KIITUHH MikpoopraHizmiB PU-EMB MoxyTb HiBemt0-
BaTH aHTUMIKpPOOHY €(EeKTUBHICTH (Di3MKO-XIMIUHUX
YUHHUKIB 1 MPU3BECTH JIO ITiABUIICHHS MiKpOOHOT
anresii.

Kniouogi crosa: aaresisi, CTOMaToJIOTIYHI CILIABH
MeTaliB, IpikKi, nomidocdarasza, pagioyacToTHe
CJICKTPOMArHiTHE BUIIPOMIHIOBAaHHS.
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