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To study the influence of graphene (GN) and the low-intensity electromagnetic radiation (LEMP) in the range of
39.5—48.0 GHz on the vital activity of the Saccharomyces cerevisiae yeast, an investigation of the rate of gassing power of
yeast suspensions in the concentration of 0.03-0.12 wt. % by means of a volumetric method is reported. Three independent
series of experiments were performed: the first one included the dependence of gassing power rates of yeast suspensions on
the GN concentrations; the second and third ones were done to research the rates of gassing power in the presence GN
and at various LEMR frequencies, where the irradiation procedure was different. It has to be noted that the yeast aqueous
suspensions (alone and in the combination with GN) were irradiated in the second series while the yeast in anabiotic state
were irradiated afterward the substrate with GN was added in the third series. The respiration intensity of the yeast
suspensions was assessed comparing with the blank during each experiment.

The vital processes of yeast suspensions are increased by 20-25 % compared to the blank in the presence of GN in
the suspension, but no change of the gassing power rate behavior (as namely an acceleration or deceleration of lag phase,
the change of the curve shape, etc.) in the presence of GN was observed in some cases. The presence of GN in suspensions
containing dry yeast is a motivating factor. The initial stage is more sensitive to the presence of GN in the suspension. The
activity of the yeast at the final stage is more stable, almost linear and independent on the GN content in the GN
concentration range. The value of the relative gassing power rate of the yeast suspensions containing GN is higher than
that of blank experiment (about 30 %).

The mechanism of LEMR influence on microorganisms is under discussion for a long time, there is no common
hypothesis concerning the reasons of this phenomenon, as the radiation wavelength significantly exceeds not only the size
of the cell organelles, but also the size of the cell. Periodicity of the peaks in the case of yeast may indicate that the
resonance phenomenon takes place not due to the actions of the first harmonics but as a result of its higher one. Namely, if
the living organisms were exposure to the irradiation with monochromatic LEMR sources in the millimeter range, the
resonance effect would not occur. It must be noted that the effect of resonance action can occur in the radio transparent
atmosphere (A = 8—14, 50-100 microns) as radiation passes the waveguides filled with air and the filtration of the signal
by the atmosphere components may occur.
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INTRODUCTION and others. The interaction of graphene
nanoparticles depends on the physical, chemical
and electrical properties, the surface charges,
morphology (size, shape, sharp edges) and surface
functionalization. The determining factors affected
the reaction mechanism and the behavior of cells
on graphene materials are the number of layers, the
presence of crystalline and amorphous states,
purity and synthesis methods, and others [2—4].
Adaptive effects arising under the low-
intensity electromagnetic radiation (LEMR) are
associated with plasmatic and intracellular
membranes.  Morphological and  functional
deviations of membranes are immediately revealed
after exposure, even at low doses. The appeared
changes can cause the proliferative processes, the
acceleration of sodium cations transportation, the

The great attention of researchers has been
attracted to the influence of graphene containing
materials on the environment and human health
[1, 2]. Nowadays, there is no definite opinion about
its effect on the living organisms where a negative
influence of graphene nanocomposites on the
environment is dominated. The study of the
mechanisms of its action on the living systems is
significant for the further development and safe use
of graphene and its nanomaterials.

The investigation of graphene cytotoxicity
included the graphene effect on the viability and
morphology of cells, the integrity of membranes,
the formation of reactive oxygen species, the
damage of deoxyribonucleic acid, gene expression
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activation of peroxide oxidation of unsaturated
fatty acids and the separation of the oxidation and
phosphorylation processes in mitochondria [5]. It is
known that the biological response of the cell to
LEMR influence is selective, and the surface
phenomena resulted in the interaction with the high
dispersive  particles and  carbon-containing
compounds play an important role in the living
organisms processes. The experimental works
connected with the simultaneous effect of LEMR
and high dispersive particles on the vital processes
of cells have essential interest.

The aim of this work is to study the changes in
the vital processes of the Saccharomyces cerevisiae
yeast in nutritional medium containing graphene
nanoplates (GN) after prolonged exposure of cell to
LEMR in the anabiotic state, as well as the
influence of different frequencies of LEMR on
yeast in suspension in the presence of GN.

METHODS AND MATERIALS

Graphenes  were synthesized by the
electrochemical dispergation of graphite electrodes
in low concentrated alkaline electrolyte (potassium
hydroxide) passing the current from 6.0 to
60.0 mA/cm?. The electrodes were placed between
the polypropylene filters to separate the large
graphite particles from nanosized ones.

The dehydrated Saccharomyces cerevisiae
yeast used in this investigation was obtained from
«S.l.Lesaff» (France). The influence of GN (in the
concentration range of 0.03-0.12wt. %) and
LEMR (in the frequency range of 39.5-48.0 GHz)
on the activity of yeast in suspension was studied.
Irradiation of LEMR was carried out by a generator
G4-141 for 1 h. The rate of gassing power of the
yeast suspensions was controlled by a volumetric
method. Three independent series of experiments
were performed: the first one included the
dependence of gassing power rates of yeast
suspensions on the GN concentrations; the second
and third ones were done to research the rates of
gassing power in the presence of GN and at various
LEMR frequencies, where the irradiation
procedure was different. It has to be noted that the
yeast aqueous suspensions (alone and in the
combination with GN) were irradiated in the
second series while the yeast in anabiotic state
were irradiated afterward the substrate with GN
was added in the third series [6]. The respiration
intensity of the yeast suspensions was assessed
comparing with the blank during each experiment.
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EXPERIMENTAL RESULTS
AND DISCUSSION

The dependence of the rate of gassing power
on GN concentration (Fig. 1) is almost linear and
hardly dependent on the GN content in the
concentration range of 0.03-0.12 %. The vital
processes of yeast suspensions are increased by
20-25 % compared to the blank in the presence of
GN in the suspension, but the changes of the
gassing power rate behavior (as namely an
acceleration or deceleration of lag phase, the
change of the curve shape, etc.) in the presence of
GN were not observed in some cases. Thus, the
presence of GN in yeast suspensions is a
motivating factor and it does not cause the negative
effects on vital processes at the cellular level.

The initial stage is more sensitive to the
presence of GN in the suspension. The activity
of the yeast at the final stage is more stable,
almost linear and independent on the GN content
in the GN concentration range (Fig. 1, curve 2).
The value of the relative gassing power rate of
the yeast suspensions containing GN is higher
than that of blank experiment (about 30 %).

The dependence of relative gassing power rate
of yeast suspensions irradiated in the anabiotic state
at 46.5 GHz frequency (curve 2) and non-irradiated
ones (curve 3) on GN concentrations is shown in
Fig.2. The result presented in curvel is
independent on the concentration, it represents
experimental values obtained in a single
experiment, and curve 2 shows those for yeast
irradiated at the frequency of 46.5 GHz. As shown
in Fig. 2, the negative effect of LEMR on the
activity of yeast suspensions (curvel) is
compensated by the presence of GN (curve 3) to
the level of activity of non-irradiated yeast. The
low GN concentrations have more significant
effect, although the experimental data are changed
at the level of errors.

The values of relative gassing power rate
(Fig. 3) are disordered, where the deviation on the
average value is within the experimental error and
can be averaged for the aqueous suspension
(curve 1) and the suspension with GN (curve 2).
The influence of frequency (curvel) is not
pronounced due to significant absorption of
electromagnetic energy by water [7]. The intensity
of the suspension with GN (curve 2) is higher
indicating a general trend of yeast suspensions to
activate the vital processes in the presence of GN.
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Fig. 1. Dependence of the relative gassing power rate
of yeast suspensions on GN concentrations; 7 —
the initial and 2 - final stages of suspension
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Fig.2. Dependence of the relative gassing power rate
of yeast suspensions on GN concentrations: 7 —
irradiation without GN; 2 — without irradiation;
3 —irradiation with different GN content
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Fig. 3. The dependence of relative gassing power rate
of irradiated yeast suspensions on LEMR
frequency 7 — the agueous suspension; 2 — the
suspension with GN (0.12 %)
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The dependence of relative gassing power rate
of irradiated yeast in dehydrated state (curve 1) and
in the presence of GN suspension (curve 2) on the
radiation frequency displays the narrow peaks of
activity that are separated by broad frequency
range corresponded to the inhibition of the vital
processes (Fig.4). General view of curvel is
correlated with the previously obtained results [6]
for the reported frequency range. The increase in
the activity of vital processes of yeast suspensions
containing GN (curve 2) by 20-25 % compared to
the blank occurs, but the changes of gassing power
rate behavior with time are not observed. The
presence of GN in suspensions containing dry
yeast is a motivating factor.

The mechanism of LEMR influence on
microorganisms is under discussion for a long
time, there is no common hypothesis concerning
the reasons of this phenomenon, as the radiation
wavelength significantly exceeds not only the size
of the cell organelles, but also the size of the cell.
Periodicity of the peaks [6] in the case of yeast
(Fig.4) may indicate that the resonance
phenomenon takes place not due to the actions of
the first harmonics but as a result of its higher one.
Namely, if the living organisms were exposure to
the irradiation with monochromatic LEMR sources
in the millimeter range, the resonance effect would
not occur. It must be noted that the effect of
resonance action could occur in the radio
transparent atmosphere (A = 8-14, 50-100 microns)
as radiation passes the waveguides filled with air
and the filtration of the signal by the atmosphere
components may occur.
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Fig. 4. The dependence of relative gassing power rate of
yeast suspensions irradiated under anabiotic
conditions: / — without GN; 2 — with GN
(0.12 %) suspension on LEMR frequency
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CONCLUSIONS by significant absorption of electromagnetic energy
in the frequency range reported above by water.

The relative gassing power rate of irradiated
dry yeast has a resonant character: the narrow
peaks of activity are split by the wide frequency
range where the vital processes are inhibited.
Filling the suspension containing the irradiated
yeast with GN is a stimulating acidity factor
(20-25 %) and does not cause the negative effects
on the vital processes at the cellular level.

The increased activity of the yeast vital
processes by ~30 % is observed in the presence of
GN (0.03-0.12 wt. %) in suspension while it does
not depend on the concentration of GN in the
nutrient substrate. The intensity of gassing power
of the yeast suspensions irradiated in the hydrated
state (and also in the presence of GN) is not
correlated with the frequency opposite to the ones
irradiated in the anabiotic condition. It is explained

BB MiKpOXBHJILOBOI0 HU3LKOIHTEHCUBHOI0 €JIEKTPOMATHITHOI0 BUNIPOMiHIOBAHHS HA
JKUTTENISIVIBHICTD KJIITHH APIKIKIB Yy IPUCYTHOCTI rpadeHiB
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3 memoro susgneHHs GNIUBY SPAPEHI8 MA HUZLKOIHMEHCUBHO20 eNIeKMPOMASHINHO20 BUNPOMIHIOBAHHSL YACIOMHO20
dianasony 39.5-481Ty wna owcummeodianvuicmo Opiscodcie Saccharomyces cerevisiae npoedeHo O00CIONCEHHS
weuoKocmi  2a308udiNeHHs Cychensitl opixcoxcie 6 inmepeani xonyenmpayit 0.03—0.12 mac. % eontomempuurum
Memodom.

Ilpu esedenni 6 cycnensii Opiscodrcie epaghenis giobysanace akmusizayis npoyecie srcummeoisivrocmi 0o 30 %. /[na
OpidcOdIci6, AKI ONPOMIMIOBANUCL 6 CYCHeH3ii (3 epagenamu maxoic) Kopensyii [HMeHCUBHOCMI 2a3068UOLTEHHS. 3
uacmomolo He CHOCMepiacmucs, Wo OOYMOGIeHO 3HAYHUM NOTUHAHHAM  eleKMPOMAasHImHOL  eHepeii 800010.
3anesxcnicme 8IOHOCHOT WBUOKOCMI 2A308UOLIEHHST ONPOMIHEHUX 8 CYXOMY CMAHL KIMUH OPINCOACI8 MAE Pe30HAHCHULL
Xapaxkmep: 8Y3bKi NiKU AKMUSHOCMI PO30LIEHO WIUPOKUM THMEPBAOM YACHOM, HA SIKOMY NPOYECU JHCUMMEQISIbHOCE
npueHiyyiomocs. Beedenns epaghenie 6 cycnewnsiro 3 OnpoOMiHeHUMU KIIMUHAMU OPIXCONCIE CMUMYTIOE NpPoYecu
HCUMMEOILILHOCI | HE CNPUYUHALE HE2AMUBHOL0 6NIUGY HA KIITMUHHOMY DIGHI.

Kntouogi cnosa: Opidxcoonci, epagenu, HUZbKOIHMEHCUBHE eNeKMPOMASHIMHE GUNPOMIHIOBAHHS, PE30OHAHCHUIL
eghexm

BiiMsiHMe MEUKPOBOJIHOBOI0 HU3KOMHTEHCUBHOTI'O 3JIEKTPOMATHUTHOIO U3JIy4eHHs Ha
JKM3HeAesATeJIbHOCTD KJIETOK IP0Keill B MPUCYTCTBUHU rpad)eHOB
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Hnemumym xumuu nosepxnocmu um. A.A. Yyuxo Hayuonanvrot akademuu nayk Yxkpaunsl
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C yenvio 6bIsAGNIEeHUsE GIUSHUSL 2PAPEHO8 U HUBKOUHMEHCUGHO20 INEKMPOMACHUMHO20 U3NIYYEHUsl YACHOMHO20
ouanazona 39.5—48 Ty Ha oscusHedesmenvHocms Opooscorcell Saccharomyces cerevisiae npogedeHo uccredosaue
cKopocmu 2a308bl0eieHus cycneHsull opodcosceti 6 unmepsane kouyenmpayuii 0.03—0.12 macc. % eonromempuueckum
Memodom.

Ilpu  esedenuu 6 cycnemsuu OpodNCHCEl  HAHOUACMUY — 2pagena NpoucXooum aKmuU3ayus Npoyeccos
arcusnedesmenvrocmu 00 30 %. /s Oposrcorceti, Komopole 0OIyHATUCH 8 CYCNEH3UU (C epagenamu modice) Koppeusiyuu
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UHMEHCUBHOCIU  2A306bIOCNEHUsL ¢ YACMOMOU He HAOMOOaemcs, Ymo OOYCIOGNIEHO 3HAYUMENbHLIM NO2IOUEHUEM
NEKMPOMASHUMHOU dHEpeUU 80001l 3A8UCUMOCHL OMHOCUMENbHOU CKOPOCMU 2a308bl0eIeHUs OONVYEHHbIX 8 CYXOM
COCMOSIHUU  KNEMOK  OPOJICIICell UMeen DPe30HAHCHbIN Xapakmep. Y3Kue HUKU aKMUSHOCMU paszoeneHvl WUpOKUM
UHMEPBATIOM YaACMOM, HA KOMOPOM NPOYECCbl HCU3HeOesimelbHocmu nodasisiiomcest. Beedenue epaghenos 6 cycnensuio ¢
OONYUEHHBIX KILEMOK OPONCHCE CIMUMYIIUPYEem NPOYecchl HCUSHEOESIMEIbHOCIU U He OKA3bl6aem OmpUuyameibHO20
GNUSHUS HA KIIEMOYHOM YPOBHE.

Knrwouesvle cnoea: Opoodicoicu, epagenvl, HUBKOUHMEHCUBHOE INEKMPOMASHUMHOE U3TyYeHUue, Pe30HAHCHbIU
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