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The effects of sodium bicarbonate on the sensitivity of Saccharomyces cerevisiae
yeast to hydrogen peroxide and ferrous sulfate were studied. Viability of yeast cells
treated with 10-25 mM H,0, and 0.1-0.2 mM FeSO, was significantly decreased when
25 or 50 mM NaHCO, was added to the medium. In the absence of bicarbonate, the
levels of oxidative stress markers, namely protein carbonyls, total and oxidized glu-
tathione in cells exposed to 0.2 mM FeSQO, did not differ from such levels in control cells
(without FeSO,). Yeast cells incubated with 0.2 mM FeSO, and 50 mM NaHCO, had
similar levels of oxidized glutathione and carbonyl groups in proteins but lower level of
total glutathione compared to cells treated with FeSO, in the absence of NaHCO,. Yeast
cells exposed to a mixture of “2 mM H,O, + 2 mM FeSO,” in 50 mM sodium bicarbonate
buffer survived better than cells treated with these oxidants in 50 mM potassium phos-
phate buffer. The addition of 10 mM alpha-ketoglutarate led to the increased yeast sur-
vival in both buffers under the treatment with “Fe?*/H,0,". The protective effect of alpha-
ketoglutarate can be due to its H,0,-scavenging activity. The results suggest that bicar-
bonate ions can enhance or alleviate the toxic effects of redox-active compounds on
S. cerevisiae. Pro/antioxidant effects of bicarbonate ions are likely to depend on the ki-
netics of interaction between HCO,™ and produced ROS.

Abbreviations: AKG (alpha-ketoglutarate); CP (carbonyl proteins); Cu, Zn-SOD
(Cu, Zn-superoxide dismutase); KPi (potassium phosphate buffer); OD (optical density);
ROS (reactive oxygen species).

Keywords: Saccharomyces cerevisiae, alpha-ketoglutarate, bicarbonate ions,
carbonate radical, oxidative stress.

INTRODUCTION

Production of the reactive oxygen species (ROS) and carbon dioxide (CO,) is a part
of normal aerobic cellular metabolism [19, 26]. ROS such as superoxide anion radical
(0,7), hydrogen peroxide (H,0,), and hydroxyl radical (OH) are potentially dangerous
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due to their high reactivity and capability to interact with virtually all cellular components.
Toxicity of ROS is largely dependent on the presence of ions of transition metals, such
as iron and copper. Transition metals can participate in the formation of highly reactive
hydroxyl radical in the Fenton reaction [24]: Fe*" + H,O, — Fe®" + 'OH + OH". Excessive
ROS production and/or decrease in antioxidant defense leads to the development of
oxidative stress, which is implicated in aging and many human diseases [19].

Carbon dioxide and its hydrated forms (HCO,™ i CO,?") are components of carbo-
nate buffer system which plays an important role in pH regulation in biological liquids
[23]. Bicarbonate buffer that is composed of 1.3 mM CO, in equilibrium with 25 mM
HCO, in serum and 14 mM HCO;" intracellularly, has well-demonstrated redox effects
[20, 23]. A number of studies demonstrated that HCO,™ or CO,/HCO," can stimulate the
oxidation, peroxidation, and nitration of various molecules [1, 2, 5, 6, 10, 14, 28]. Carbon
dioxide and (bi)carbonate ions enhance metal-catalyzed decomposition of H,O, [5, 14]
and peroxidase activity of Cu,Zn-superoxide dismutase (Cu,Zn-SOD) [9, 15, 28]. At the
same time, (bi)carbonate-mediated peroxidase activity of Cu,Zn-SOD leads to the for-
mation of carbonate radical (CO,), which has strong oxidizing properties [1, 3, 20, 26,
28]. CO,~ formation was shown to be responsible for the increased oxidation of proteins
and lipids in carbonate buffer under exposure to transition metals [2]. It should be noted
that articles cited above and many similar articles used in vitro systems. There is a little
information about similar processes in vivo. We have previously shown that bicarbonate
buffer sensitized Saccharomyces cerevisiae yeast to menadione, a redox-active com-
pound which is able to generate superoxide anion radical [17]. The inactivation of aco-
nitase and the decrease in glutathione level in yeast cells treated with menadione in
bicarbonate buffer were observed.

Taking into account that bicarbonate ions can intensify free radical processes, it
seems possible that the exogenous antioxidant compounds can alleviate these pro-
cesses. Recently, the antioxidant properties for alpha-ketoglutarate (AKG) as an impor-
tant intermediate in the Krebs cycle were demonstrated. In particular, the ability to scav-
enge hydrogen peroxide was shown for AKG [4].

This study was aimed at studying the effects of sodium bicarbonate on sensitivity of
yeast S. cerevisiae to hydrogen peroxide, iron ions and their mixture. The ability of AKG
to prevent yeast cell death in bicarbonate buffer under combined treatment with H,O,
and Fe?" was also studied.

MATERIALS AND METHODS

The S. cerevisiae strain YPH250 (MATa trp1-A1 his3-A200 lys2-801 leu2-A1 ade
2-101 ura3-52) was used in this study. The strain was kindly provided by Dr. Y. Inoue
(Kyoto University, Japan). Cells were grown at 28 °C with shaking at 175 rpm in liquid
medium containing 1 % yeast extract, 2 % peptone, 2 % glucose (YPD). Exponential-
phase cells were harvested after cultivation for 24 h (ODg,,=1.4-1.5). In one series of
experiments, cells were suspended in 100 mM HEPES buffer (pH 7.5)-contained 0.1 %
glucose and different concentrations of NaHCO,. The resulted cell suspensions were
exposed to (i) 10-25 mM H,0, or (ii) 0.1-0.2 mM FeSO, for 2 h. In other series of ex-
periments, cells were suspended in 50 mM potassium phosphate buffer (KPi) (pH 7.5)
or in 50 mM sodium bicarbonate buffer (pH 7.5) and then were exposed to: (i) 2 mM
H,O, + 2 mM FeSO, or (ii) 2 mM H,0, + 2 mM FeSO, + 10 mM AKG for 1 h. AKG was
used in the form of disodium salt of alpha-ketoglutarate. The control cell suspensions
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were incubated under the same conditions without stressors. Cell survival after stress
exposure was monitored by counting of colony-forming units on YPD agar plates.

Cell extracts were prepared by vortexing yeast cells with glass beads (0.5 mm), as
described [17]. The content of carbonyl groups in the proteins (CP) was measured by
determining the amount of 2,4-dinitrophenylhydrazone formed upon the reaction with
2,4-dinitrophenylhydrazine. Carbonyl content was calculated from the absorbance max-
imum of 2,4-dinitrophenylhydrazone at 370 nm with molar extinction coefficient of
22 mM"'-cm~ [13]. The level of total glutathione was measured as described in the pa-
per [18]. Yeast cells were suspended in 1.3 % dinitrosalicilic acid and disrupted by vor-
texing with glass beads (0.5 mm) for three cycles (1 min of disruption and 3 min of
cooling on ice). For determination of oxidized glutathione, the aliquots of supernatants
were incubated with 5 % 2-vinylpyridine for 1 h at room temperature. Protein concentra-
tion was determined by Bradford [7] basing on binding of Coomassie brilliant blue G-250
dye with protein.

Experimental data are expressed as mean of 4—6 independent experiments + the
standard error of the mean (SEM), and statistical analysis used Dunnett’s test and Stu-
dent’s t-test [8].

RESULTS AND DISCUSSION

The survival of yeast cells upon treatment with hydrogen peroxide or ferrous sulfate
in the presence of sodium bicarbonate at different concentrations was studied (Fig. 1).
Hydrogen peroxide decreased yeast survival in both control and bicarbonate-supple-
mented suspensions (Fig. 1, A). The survival was decreased with increasing of H,O,
concentration. In particular, cell viability was 79 and 35 % in the control suspensions
treated with 10 and 25 mM H,0O,, respectively. The addition of 10 mM NaHCQO, did not
influence yeast resistance to H,0,, whereas 25 mM NaHCO, enhanced sensitivity of
yeast cells to 10 mM and 15 mM H,0O,. Yeast cells were the most sensitive to H,0, in the
presence of 50 mM NaHCO, with 73 and 17 % of survival after treatment with 10 and
25 mM H,0,, respectively.

The incubation of yeast cells with 0.1-0.2 MM FeSO, did not affect cell survival in the
control (without bicarbonate) and in the medium, containing 10 mM NaHCO, (Fig. 1, B).
However, the treatment with ferrous sulfate in the presence of 25 or 50 mM NaHCO,
decreased yeast viability with more sensitizing effect of 50 mM NaHCO,. Thus, the sur-
vival decreased by 19 and 56 % after treatment with 0.2 mM FeSO, in the presence of
25 and 50 mM NaHCOQO,, respectively. The obtained results suggest that bicarbonate ions
can enhance sensitivity of S. cerevisiae cells to hydrogen peroxide and iron ions.

Our results are consistent with previous reports in vitro which showed the ability of
bicarbonate ions participate in redox-processes [3, 20, 23, 26]. In particular, the in-
crease in peroxidase activity of Cu, Zn-SOD was shown in the presence of bicarbonate.
The enzyme decomposes H,0, with the formation of superoxide anion radical which is
a direct substrate of SOD: SOD-Cu?* + H,0, - SOD-Cu™+ O,~ +2H*; SOD-Cu™ +
H,O0, — SOD-Cu?-"OH +OH". At this process, the enzyme is converted to intermediate
inactive form SOD-Cu?'-"OH which can undergo further oxidative inactivation or can be
restored to initial form (SOD-Cu?*) by interaction with (bi)carbonate ions. HCO,™ and/or
CO,% undergo one-electron oxidation to carbonate radical CO,~: SOD-Cu?*-"OH +
HCO,  — SOD-Cu*+H,0 + CO," [9, 15, 20, 26, 28]. It was also shown that in vitro CO,~
can be formed in the reaction of carbonate ions with peroxinitrite (ONOQO") or directly

ISSN 1996-4536 (print) e« ISSN 2311-0783 (on-line) e BionoriyHi CTyaii / Studia Biologica e 2016 e« Tom 10/Ne2 e C. 53-62



56 M. M. Bayliak

with hydroxyl radical (OH) [3, 16, 20]. It was shown that the sensitivity of Escherichia
coli bacteria and S. cerevisiae yeast to y-radiation was significantly increased in the bi-
carbonate buffer. That was due to the formation of carbonate radical in the reaction of
HCO,” with products of water photolysis [12]. Our results suggest that the enhanced
cytotoxic action of H,0, and Fe?* in the presence of bicarbonate ions can be associated
with the intracellular generation of carboxyl radical, because there is no information re-
garding direct non-enzymatic reaction between HCO,™ and H,0O, or iron ions [11]. It was
assumed that bicarbonate ions can enter yeast cells through mammalian Slc4-like pro-
teins which were also indentified in yeast as bicarbonate transporters [21]. In cells,
HCO," can enhance H,O,-scavenging activity of Cu,Zn-SOD, as it was shown in vitro
[15]. Thus, CO,~ can be produced in this reaction. CO," is more reactive compound
than H,O,, and this fact can explain a higher sensitivity of yeast cells to hydrogen per-
oxide in the presence of bicarbonate ions. The enhanced sensitivity of S. cerevisiae to
ferrous sulfate treatment in the presence of bicarbonate (Fig. 1, B) can also be ex-
plained by CO,~ formation. It is known, the toxicity of Fe?" is connected with its ability to
generate hydroxyl radical in Fenton reaction [24]. In turn, hydroxyl radical can react with
HCO,/CO,* to form CO,~ [3, 16, 20]. Despite CO," is less reactive compound than
‘OH, CO,™ has a much longer half-life and can therefore diffuse further and oxidatively
modify distant cellular targets [16].
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Fig. 1. Survival of S. cerevisiae YPH250 cells treated with H,0, (A) or FeSO, (B) for 2 h in the presence of
NaHCO, * - significant different from respective values of the group without NaHCO,, # — from respec-
tive values of the group treated with 10 mM H,O, (A) or with 0.1 mM FeSO, (B) with P<0.05 using
Dunnett’s test, n = 4-6

Puc. 1. BuxusanHs knituH S. cerevisiae YPH250 nicna gsorogmHHoi iHky6auii 3 H,0, (A) Ta FeSO, (B)
3a HasisHocTi NaHCO,. * — BiporigHo BiApi3HAETLCSA Bif, BiAMOBIAHNX 3HaYeHb y npobax 6e3 NaHCO,,
# — Bip 3HaueHb y npobax, nigaaHux gii 10 mM H,0, (A) abo 0,1 MM FeSO, (B) 3 P<0,05 3a TecTom
[aHHeTTa, n = 4-6

Since the ability of bicarbonate ions to potentiate toxicity of hydrogen peroxide and
iron ions could be connected with the intensification of free radical processes, the levels
of oxidative stress markers such as protein carbonyl groups and glutathione were mea-
sured in yeast cells. Content of carbonyl group in proteins (CP) is a widely used param-
eter of oxidative damages of proteins [9, 17, 22]. Glutathione (GSH) is a low molecular
mass antioxidant which plays an important role in the maintenance of redox homeosta-
sis in S. cerevisiae [25]. CP levels and levels of oxidized glutathione (GSSG) were
similar control cells and in cells treated 0.2 mM FeSQO, in the absence or presence of
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NaHCO, (see Table). At the same time, total GSH was decreased in cells treated with
0.2 mM FeSO, in the presence of NaHCO, at higher concentrations. Accordingly, the
total GSH was 22 % lower in cells treated with 0.2 mM FeSO, and 50 mM NaHCO,.

Similar results were obtained when the ability of bicarbonate to modulate sensitivity
of yeast cells to menadione was studied [17]. Bicarbonate enhanced cytotoxicity of
menadione that was accompanied by decreased GSH level in cells without changes in
CP levels. The absence of changes in CP level could suggest that CO,~ generated in
bicarbonate buffer might promote other types of protein damages which are different
from carbonylation. For example, CO,~ was found can form tyrosyl radical and tyrosine
cross-links and oxidize SH-groups of cysteine [1, 6, 26]. CO, can also damage DNA by
reacting with guanine base producing 8-oxoguanine [27]. The decrease in level of GSH
which is a cysteine-containing tripeptide seems not to be connected with its oxidation
because the level of GSSG was unchanged in cells co-treated with ferrous sulfate and
NaHCO, (See Table). Obviously, the synthesis GSH de novo can be decreased under
these conditions. The decreased GSH level can lead to disturbing redox balance in cells
and reduce antioxidant defense. It could enhance yeast sensitivity to oxidative stress
inductors in bicarbonate buffer.

Level of glutathione and carbonyl proteins in S. cerevisiae YPH250 cells treated with
FeSO, in the presence of NaHCO, (M £ m, n = 4-5)

BwmicT rnyTaTtioHy Ta KapOoOHiINbHUX rpyn GinkiB y kniTuHax S. cerevisiae YPH250, npoin-
KybosaHux 3 FeSO, 3a HaaBHocTi NaHCO, (M £ m, n = 4-5)

NaHCO,, mM
0 10 25 50

2.61+0.04 2.51+0.12 2.36x0.17 2.25+0.14

Conditions Parameter

Total GSH, uM/
ODGOD

Sl GSSG, UM/OD,,,  0.626£0.049 0.642+0.112 0.526£0.064 0.61120.052
CP, nmol/mg protein ~ 3.9310.21 4.04+0.25 3.86+0.61 3.65+0.16
Tﬁﬁj}gDSH’ 274:0.04  2.36:0.19  228:0.05  2.13:0.18

0.2 mM FeSO, o

GSSG, yM/OD,,,  0.655+0.034 0.660+0.075 0.601+0.041 0.580+0.045
CP, nmol/mg protein ~ 4.17+0.29 3.8410.25 4.15+0.17 3.86+0.28
Comment: ’Significantly different from respective values of the group without NaHCO, with P<0.05 using

Dunnett’s test

Mpumitka: ‘BiporigHo BiApisHsETbCA BiA BiANOBIAHOMO 3Ha4eHHs y npobax 6e3 NaHCO, 3 P < 0,05 3a Tec-
Tom [laHHeTTa

In next step of experiments, the survival of yeast cells treated with mixture of “2 mM
H,O, + 2 mM FeSO,” was studied. Hydroxyl radicals are directly generated in this mix-
ture. The survival of YPH250 cells treated with “Fe?*/H,0,” in 50 mM KPi (pH 7.5) or in
50 mM sodium bicarbonate buffer (pH 7.5) was calculated (Fig. 2). The number of the
viable cells was significantly decreased in both buffers but the cells treated in sodium
bicarbonate buffer were more resistant to “Fe?*/H,0,” with 1.6-fold higher survival com-
pared to the one in KPi. The results suggest that bicarbonate can alleviate toxic action
of Fe?/H,0, system. Given that HCO, can react with "OH forming CO,", it can be sup-
posed, that CO," is less toxic, than ‘OH, and therefore cells survived better. At the same
time, the experiments above showed that bicarbonate enhanced toxicity of H,0, and
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Fe?" if yeast cells were treated with these compounds separately. Similar results were
observed previously on E. coli Ta S. cerevisiae exposed to radiolysis products [12].
Yeast and bacteria were more sensitive to CO,™, than to"OH, but under the combined
treatment with these radicals cells survived better than in the medium where ‘OH was
only generated. The protective effects of bicarbonate were increased when high
amounts of "OH were produced [12]. The authors explained these results by compli-
cated kinetics of an interaction between HCO,/CO,*, CO,~ and "OH. It can be sup-
posed, if ‘'OH and CO,™ are produced in relatively moderate amounts, the combination
of these radicals enhances their toxic action. When ‘OH is produced in high concentra-
tions, it is more dangerous than CO,~ due to very short life time. Under treatment with
system “Fe®*/H,0,” in bicarbonate buffer, most "OH produced can rapidly react with bi-
carbonate ions with formations of large amounts of radical CO,. On the other hand, at
high amounts, CO,~ can react with each other to form non-radical ions: CO,~+ CO,"—
CO, + CO,* [3]. This can explain a decreased toxicity of “Fe*/H,0,” in bicarbonate buf-
fer, but not in KPi. When yeast cells were exposed to Fe?* and H,O, separately, it seems
that production of ‘OH was lower, therefore, toxicity of CO,™ was more expressed and
yeast viability was reduced.

1009150 mm phosphate buffer (pH 7.5) Fig. 2. Survival of S. cerevisiae YPH250 cells treated with
| B 50 mM bicarbonate buffer (pH 7.5) “2 mM H,0, + 2 mM FeSO,” for 1 h in 50 mM potas-
80 - sium phosphate buffer (pH 7.5) or 50 mM sodium
bicarbonate buffer (pH 7.5) without or with 10 mM
AKG. " - significant different from respective values
of the group without AKG, # — from respective values
in KPi with P<0.05 using Student’s t-test, n = 5-6

Puc. 2. BuwxuBaHHs knituH S. cerevisiae YPH250 nicns iHKy-
6auii npotsrom 1 rog y cuctemi «2 mM H,O, + 2 MM
FeSO,» y 50 MM kanin-pocatHomy (pH 7,5) abo
50 MM HaTtpin-6ikapboHaTtHoMy Bydepi (pH 7,5) 6e3
Ta 3 gogaBaHHaM 10 MM AKT. * — BiporigHo BigpisHs-
€TbCS Bif, BignoBigHWX 3Ha4yeHb y npobax 6e3 AKT,

0 # — Big BiANOBIAHUX 3Ha4YeHb Npob y KOB 3 P<0,05 3a
_AKG + AKG Tectom CTbloeHTa, n = 5-6
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Since pro-oxidant and protective effects of bicarbonate ions could depend on the
intensity of ‘OH production, the ability of antioxidant compounds to modulate these bi-
carbonate activities was studied. Alpha-keroglutarate, an important intermediate of the
Krebs cycle, was chosen as an antioxidant. In our previous works, the powerful H,O,-
scavenging in vitro activity of AKG was demonstrated [4]. As seen from Fig. 2, the addi-
tion of 10 mM AKTI” enhanced yeast survival in system “2 mM H,0, + 2 mM FeSQO,” in
both KPi and bicarbonate buffers. The protective effects of AKG can be attributed its
ability to non-enzymatically react with H,0, and to prevent OH production [4]. The pro-
tective effect of AKG was more expressed in KPi buffer (cell survival increased from 29
to 68%), than in sodium bicarbonate buffer (cell survival increased from 49 to 79%).
Thus, the presence of antioxidant compounds interferes partly with protective effects of
bicarbonate ions.
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CONCLUSIONS

The obtained results suggest that bicarbonate ions at physiological concentrations
(25-50 mM) can enhance and alleviate the toxic effects of hydrogen peroxide and iron
ions on yeast S. cerevisiae. Both effects are likely to be caused by the formation of car-
bonate radicals. The level of ROS produced and their complicated interaction with bicar-
bonate ions seems to determine the direction of bicarbonate action. Bicarbonate ions
sensitize yeast cells to the oxidants when "OH is produced in relatively low levels. When
‘OH is produced in high amounts, the protective effects of bicarbonate can be observed.
Alpha-ketoglutarate protects yeast cells under exposure in system “Fe?*/H,0,” in KPi and
bicarbonate buffers, although the protective effect is lower in bicarbonate buffer. Thus,
HCO,™ and CO,? ions which are widely distributed in biological systems, can show both
prooxidant and antioxidant properties. The latter depend largely on the intensity of ROS
production and the activity of other antioxidant compounds. The redox-activity of CO,,
HCO,™ and CO,? ions suggests that the main physiological buffer can modulate oxidative
injuries resulting from ROS generated endogenously in vivo under physiological or patho-
logical conditions. For example, carbon dioxide retention due to hypoventilation resulting
from airway obstruction, emphysema, respiratory muscle paralysis and pulmonary fibro-
sis increases bicarbonate-carbon dioxide levels above the physiological ones and this
may be relevant to the oxidative damage associated with these clinical conditions. Even
at physiological levels, the bicarbonate-carbon dioxide pair stimulates oxidations media-
ted by Cu, Zn-SOD, hydrogen peroxide or iron ions. Thus, the study of the oxidants de-
rived from the bicarbonate-carbon dioxide pair is likely to provide new mechanistic in-
sights into the understanding and control of numerous pathological states.
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OocnigxeHo BnnvB BikapboHaTy HaTpito Ha YyTNUBICTb APiKAXIB Saccharomyces
cerevisiae [o NepoKCMay BOAHIO Ta cynbdaty 3anida. KXUTTe3gaTHiCTb ApiKaxis, niag-
AaHnx aii 10-25 M H,O, ta 0,1-0,2 MM FeSO,, 3HauHO 3HMXKyBanacs 3a AogaBaHHA Y
cepeposwmLLe iHKybaLii 25 abo 50 MM NaHCO,. 3a 06po6ku 0,2 MM FeSO, 6e3 bikap-
OoHaTiB BMICT y KNiTMHAaX MapKepiB OKCUAATUBHOIO CTpecy, a came BinkoBux kapboHinb-
HWX rpyn, 3aranbHOro  OKUCNEHOro rnyTaTioOHy He BiAPI3HABCS Bif BIiANOBIAHWX Nokas-
HuKiB y koHTponi (6e3 FeSO, TaNaHCO,). Y knituHax apikaxis, iHkybosaHux 3 0,2 MM
FeSO, ta 50 MM NaHCO,, BMmicT 3aranbHOro riytaTioHy 6yB HWKYMM 3aBAAKN 3HUKEH-
HIO AOTO CUHTE3Y, a BMICT KapOOHINbHMX rpyn y Ginikax i BMIiCT OKMCINEHOrOo rMyTaTioHy He
BiApPI3HABCS BiA BIiAMOBIAHMX NOKA3HUKIB Y KNiTWH, ki nigaasanvca aii FeSO, 6es Gikap-
6oHatiB. KnitnHu gpixaoxis, migaadi gii cymiwi “2 mM H,0, + 2 mM FeSO,” y 50 mM
HaTpin-cikapboHaTHOMY Oydhepi BMXMBaNU Kpale, HiX KniTuHWM, obpobneHi gaHumm
okeugaHtamu y 50 MM kanin-coccatHomy bydepi. logasaHHs 10 MM ansda-keTtorny-
TapaTty niaBuWLLYyBano BMXMBAHHS KNiTUH, o6pobneHnx y cuctemi “Fe?/H,0,”, B 06ox
Oydepax. 3axmcHu edpekT anbga-keTornyraparty, O4eBUAHO, MOB’A3aHMIA 3 NOro 3aaT-
HicTio 3HewkogxyBatTn H,0,. OTpuMaHi pedynbrati cigvatb nNpo Te, Wwo GikapboHaTHi
iOHM MOXYTb SIK MOCUIIOBATK, TaK i NOCNabnioBaTh TOKCUYHY A0 peaoKC-aKTUBHUX CMo-
NyK Ha KNiTuHKU S. cerevisiae. IMOBIPHO, L0 Npo-/aHTUOKcaaHTHa ais 6ikap6oHaris 3a-
nexwuTsb Bif KiHeTMkM B3aemopii HCO,™ 3 ADK, aki yTBOPIOIOTLCA Mif Yac Ail OKCUAAHTIB.

Knroyoei crioea: Saccharomyces cerevisiae, anba-ketornyrtapar, bikapboHaT-
ioHN, KapboHaTHUI pagukan, oKCuaaTUBHUIA CTPEC.

BINMUAHUE BUKAPBEOHATOB U AJIb®A-KETOIMYTAPATA
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WccnepoBaHo BnusiHme GukapboHaTa HaTpWsi Ha YyBCTBUTENbHOCTb OPOXOKEN
Saccharomyces cerevisiae k nepekicy Bogopoaa u cynbdara xenesa. >KusHecnocob-
HOCTb Apoxoken, obpaboTtaHHbix 10-25 mM H,0, n 0,1-0,2 MM FeSO,, 3HaunTensHo
yMeHbLuanacbk npu gobaeneHunn B cpeay nHkybauum 25 unn 50 MM NaHCO,. Mpu 06-
pabotke 0,2 MM FeSO, B oTcyTcTBMNE BrKapboHATOB, coaepKaHne B KNeTkax MapkepoB
OKUCITUTENBHOTIO CTpecca, a UMEHHO 6ernKoBbIX KapOOHMITbHBIX rPYNM, OGLLEro U OKUCIEH-
HOro rnyTaTMoHa He OTNMYanoCb OT COOTBETCTBYHOLUMX MOKa3aTeren B KOHTPOMbHbIX
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knetkax (6e3 FeSO, n NaHCO,). B knetkax gpoxoken, MHKybuposaHHbix ¢ 0,2 MM
FeSO, n 50 MM NaHCO,, coaepxaHne obLuero rmyTatmoHa ObIfio HbKe 3a CHET CHIKe-
HUS1 €ro CUHTE3a, a COAEPXKaHWE OKUCIIEHHOrO [MyTaTMoHa U KapOOHWIMbHbBIX TPymnn
B Oenkax He OTnMYyanocb OT COOTBETCTBYIOLLUX MOKa3aTenen y KrneTtok, KoTopble nog-
Bepranuck Bosaenctenio FeSO, 6e3 bukapboHaToB. KneTku gpoxoken, obpaboTaHHble
cmecbio “2 MM H,0, + 2 MM FeSO,” B 50 MM HaTpun-6ukapboHatHom Bydepe, BbbKu-
Banu nyJwle, Yem KrneTkn, obpaboTaHHble AaHHbIMU okcnaaHTamm B 50 MM kanui-coc-
daTtHom Oydpepe. dobaeneHne 10 MM anbda-keTornytapara MoBbILANO BbhK1Bae-
MOCTb KIeTok, obpaboTtaHHbIX B cucteme “Fe*/H,0,”, B obonx Bydepax. 3alimTHbIN
achdbekT anbga-keTornytapara, O4EBMAHO, CBSI3@H C €ro CMocoOHOCTLI0 06e3BpeXu-
Batb H,O,. lNonyyeHHble pesynbraTbl CBUAETENbCTBYIOT O TOM, YTO GukapboHaTHble
WOHbI MOTYT KaK yCUNuBaTh, Tak 1 0CabnsTb TOKCMYECKOEe AENCTBNE PEOOKC-aKTUBHbIX
CoeaMHEHUN Ha KneTkn S. cerevisiae. BeposiTHO, YTO Npo-/aHTUOKCMAAHTHOE AeNCTBNE
H6ukapboHaToB 3aBUCUT OT kKMHeTUkKM B3ammogencTtaus HCO,™ ¢ ADK, kotopblie obpasy-
HOTCS NPV BO3OENCTBUN OKCUOAHTOB.

Knrouyeenie cnoesa: Saccharomyces cerevisiae, anbda-ketornytapar, 6ukapbo-
HaT-NOHbI, KapOOHATHbLIV paguKarn, OKUCIIUTENbHbIA CTPECC.
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