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INDUCTION OF PLANT CELLS HEAT RESISTANCE
BY HYDROGEN SULFIDE DONOR IS MEDIATED
BY H,0, GENERATION WITH PARTICIPATION
OF NADPH OXIDASE AND SUPEROXIDE DISMUTASE
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The participation of enzymatic systems carrying out generation and conversion of reactive oxygen
species (ROS), in realization of the stress-protective effect of hydrogen sulfide (H,S) on wheat coleoptile cells
was investigated. It has been shown that the treatment of isolated coleoptiles with a 100 uM hydrogen sulfide
donor sodium hydrosulfide (NaHS) caused a transient enhancement of the generation of superoxide anion
radical (O,”), an increase of hydrogen peroxide content and superoxide dismutase (SOD) activity in them.
The increase in ROS generation was eliminated by the inhibitor of NADPH oxidase imidazole, but not by the
peroxidase inhibitor sodium azide. Treatment of coleoptiles with SOD inhibitor sodium diethyldithiocarba-
mate (DDC) enhanced the generation of O, and neutralized the effect of increasing H,O, content induced
by NaHS. One day after treatment with the H,S donor, the generation of ROS decreased to a control level,
while the activity of antioxidant enzymes increased markedly and the resistance of coleoptiles to damaging
heating was increased. These effects of the hydrogen sulfide donor were eliminated by coleoptiles’ treatment
with inhibitors of NADPH oxidase (imidazole) and SOD (DDC). It was concluded that both NADPH oxidase,
generating O,", and SOD, which turns it into H,0, performing signaling functions, are involved in the forma-
tion of a signal that induces protective systems and causes an increase in heat resistance of plant cells.

Key words: hydrogen sulfide, signal mediators, reactive oxygen species, NADPH oxidase, superoxide
dismutase, plant cells, heat resistance.

t present, it is known that the formation
A of plant resistance to stress factors occurs

with the participation of a number of signal
mediators. The role of calcium ions, reactive oxy-
gen species (ROS) and nitric oxide in transduction
of stress signals into genetic apparatus of a plant cell
and formation of adaptive reactions is most studied
[1-3].

In recent years, hydrogen sulfide (H,S) has
been considered as another inorganic mediating
molecule both in animals [4] and in plant cells [5, 6].

Effects of endogenous hydrogen sulfide con-
tent increasing in plants under action of stressors,
in particular, drought [7], salinity [8], heavy metals
[9] were shown. An increase in content of hydrogen
sulfide at treatment of maize seedlings with NO do-

nors or hydrogen peroxide inducing heat resistance
was revealed [10, 11]. This indicates a close rela-
tionship between hydrogen sulfide, ROS and NO as
signaling molecules.

Data have also been obtained that indicate the
role of ROS in transduction of H,S signal. Increa-
sing resistance of barley plants to UV-B by hydro-
gen sulfide donor was accompanied by an increase
in content of hydrogen peroxide in leaves and this ef-
fect was eliminated by the H,O, scavenger dimethyl-
thiourea [12]. We have previously shown that in-
duced by the hydrogen sulfide donor NaHS increase
in heat resistance of wheat coleoptiles was leveled by
treatment with an antioxidant ionol [13]. At the same
time, however, the role of ROS in realization of the
effects of hydrogen sulfide as a physiologically active
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molecule remains poorly investigated. In particular,
enzyme systems involved in the formation of signa-
ling ROS, when hydrogen sulfide donors act on plant
objects, are hardly studied.

It can be assumed that an increase in ROS con-
tent upon hydrogen sulfide exposure of plant cells
may be due to activation of NADPH oxidase and/
or apoplastic peroxidases [3], generating a super-
oxide anion radical (O,), which turns into a more
stable ROS hydrogen peroxide under the action of
SOD [14]. However, in the literature, we were able to
find only indirect indications of the role of NADPH
oxidase in ROS generation during the treatment of
barley leaves with sodium hydrosulfide [12].

The purpose of this work was to elucidate the
possible role of NADPH oxidase, extracellular per-
oxidase and SOD in the formation of ROS involved
in transmission of the signal of exogenous hydrogen
sulfide, which induces heat resistance of plant cells,
to genetic apparatus. Wheat coleoptile segments
were used for the studies, which are a convenient
model for studying the effect of exogenous com-
pounds on resistance determined by cellular mecha-
nisms, as well as for evaluating the generation of
superoxide anion radical by non-destructive testing
methods [15, 16].

Materials and Methods

Seeds of wheat (Triticum aestivum L.) variety
of forest-steppe ecotype Doskonala (moderate heat-
and drought-resistant) were decontaminated by 6%
hydrogen peroxide solution for 30 min, carefully
washed with sterile distilled water and germinated
in the dark for 4 days at 20 °C. The basal parts of
the coleoptiles were separated from the seedlings,
they were incubated on distilled water for 2 h to re-
move the “wound stress” effect, and then transferred
to Petri dishes with the main incubation medium — a
sterilized 2% sucrose solution with penicillin (Na-
salt, 100,000 Unit/l). Medium of the respective
variants in addition to sucrose and penicillin con-
tained 100 pM hydrogen sulfide donor NaHS or
inhibitors of NADPH oxidase — imidazole (1 uM)
[17], peroxidase — sodium azide (NaN, — 500 uM)
[18], Cu/Zn-SOD — sodium diethyldithiocarbamate
(DDC - 1 mM) [19, 20] or a combination of each
inhibitor with NaHS. The time of incubation of
coleoptiles on a medium containing the hydrogen
sulfide donor was 24 h. In variants with combined
treatment, enzyme inhibitors were added to the co-
leoptiles incubation medium 2 h before NaHS was
added thereto.

Concentrations of enzyme inhibitors and time
of their treatment with coleoptiles were selected
based on preliminary experiments. The optimal con-
centration of the hydrogen sulfide donor, causing the
maximum increase in the heat resistance of wheat
coleoptiles, was established earlier [13]. Previously,
it was also shown the removal of the positive effect of
NaHS treatment of coleoptiles on their heat resistan-
ce by the action of the hydrogen sulfide scavenger
hydroxylamine [13], indicating that the physiological
effects of NaHS are associated specifically with the
formation of hydrogen sulfide.

At the end of incubation time of coleoptiles,
they were exposed to a potentially lethal heating in
a water ultrathermostate in sterile distilled water for
10 min at 43.0 = 0.1 °C [13]. The coleoptiles were
then placed in Petri dishes with a sterile 2% solution
of sucrose with penicillin. After 2 days, they were
assessed for their damage by loss of turgor and ap-
pearance of a specific shade due to tissue infiltration.

Generation of superoxide anion radicals (O,”)
by segments of coleoptiles was determined from re-
duction of nitroblue tetrazolium (NBT), as described
earlier [16]. The optical density was determined
on a spectrophotometer SF-46 (LOMO, Russia) at
530 nm. To check the specificity of generation, in
special experiments, SOD (50 U/ml) was added to
the samples, that inhibited the reduction of NBT
by at least 90%. In this regard, it was believed that
the amount of reduced NBT is determined by the
amount of superoxide anion radical. The superoxide
producing activity was evaluated as a change in the
optical density of the reaction mixture (AA,, ) per
hour of incubation per one piece of coleoptile. The
value of the optical density in the control was taken
as 100%.

The hydrogen peroxide content was determined
by the ferrothiocyanate method, extracting it from
coleoptiles homogenized in the cold by 5% TCA.
The samples were centrifuged on a centrifuge MPW
350R (MPW MedInstruments, Poland) at 8000 g for
10 min at a temperature no higher than 4 °C, and the
concentration of H O, was determined in the super-
natant [21].

The activity of cytosolic superoxide dismutase
(SOD, EC 1.15.1.1) and soluble peroxidase (EC
1.11.1.7) was determined by the methods described
earlier [22]. Samples of coleoptiles were homoge-
nized in cold 0.15 M K,Na-phosphate buffer (pH 7.6)
with addition of EDTA (0.1 mM) and dithiothreitol
(I mM). For the analysis, the supernatant was used
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after centrifuging the homogenate at 8000 g for
10 min at a temperature no higher than 4 °C.

The SOD activity was determined at pH 7.6 of
the reaction mixture using a method based on the
ability of the enzyme to compete with nitroblue
tetrazolium for superoxide anions formed as a result
of the aerobic interaction of NADH and phenazine
methosulfate.

The peroxidase activity was analyzed using
guaiacol as the hydrogen donor, hydrogen peroxide
as the substrate.

The protein content in the samples was deter-
mined by Bradford [23] using bovine serum albumin
as a standard.

To estimate the activity of extracellular per-
oxidase, 15 segments of coleoptiles were placed in
tubes with 5 ml of 0.06 M K,Na-phosphate buffer
(pH 6.2) supplemented with 0.1% Triton X-100 sha-
king on a shaker (120 rpm) for 1 h [16]. 0.15% H,O,
was used as a substrate, and 0.7% guaiacol as a re-
ducing agent. The optical density of the product of
its oxidation was measured at 470 nm.

Measurements were carried out in three bio-
logical and three analytical replications. The mean
values and their standard errors are given. Except the
cases noted specifically, the differences significant at
P <0.05 are discussed.

Results and Discussion

Generation of superoxide anion radical in seg-
ments of wheat coleoptiles practically did not change
during the day of observations (Table 1). At the same
time, 2-4 h after the beginning of exposure of wheat
coleoptiles to hydrogen sulfide donor NaHS, the for-
mation of O, was significantly enhanced, but this
effect was transient and, after 24 h of treatment with

sodium hydrosulfide, the generation of superoxide
anion radical in the experimental variant was even
slightly lower, than in the control (Table 1).

The dynamics of the hydrogen peroxide con-
tent in the coleoptiles of wheat was similar to that
of the superoxide. Thus, in the control, the H O,
content did not change during the experiment, but
in the variant with sodium hydrosulfide it slightly
increased after 2 h and reached a maximum 3-4 h
after the beginning of the treatment (Table 1). After
24 h of exposure to the hydrogen sulfide donor, the
amount of H,O, in the coleoptiles corresponded to
the control values.

To elucidate the possible contribution of
NADPH oxidase and apoplastic peroxidase to the
generation of superoxide anion radical in wheat co-
leoptiles, the effect of imidazole and sodium azide
on this process was investigated. The treatment of
coleoptiles with imidazole by itself caused a small
but significant decrease in the formation of O, at
P <0.05 (Fig. 1). At the same time, this inhibitor
almost completely suppressed the effect of ampli-
fication of the superoxide anion radical generation
on cell surface, which was caused by the hydrogen
sulfide donor. At the same time, the inhibitor of apo-
plastic peroxidase by itself only slightly reduced
the generation of O, and completely did not affect
the hydrogen sulfide-induced increase in the forma-
tion of superoxide anion radical by wheat coleop-
tiles (Fig. 1). In this connection, it can be assumed
that the hydrogen sulfide-induced enhancement of
O, generation on cell surface is associated with an
increase in the activity of NADPH oxidase, rather
than the extracellular forms of peroxidase. In favor
of such a conclusion, the absence of an increase in
the activity of apoplastic peroxidase of coleoptiles

Table 1. Dynamics of generation of superoxide anion radical and H,0, content in wheat coleoptiles at

treatment with a hydrogen sulfide donor NaHS

. Time of exposure, h
Variant
2 | 3 4 | 24
O, generation (% of value at the first point of control variant)
Control 100.0+2.2 101.0 £2.6 102.0 £2.3 102.0 £2.3
NaHS (100 uM) 136.0 £ 3.0%* 142.0 + 2.5*% 140.0 + 2.5* 92.5+2.6
H,0, content (nmol/g f. w.)
Control 114.0 + 3.1 1170+ 2.9 119.0 £ 3.6 117.0 £4.3
NaHS (100 uM) 148.0 £ 3.9* 212.0 £ 5.2% 208.0 = 4.0* 116.0 £4.5

* Differences are significant at P < 0.05 relative to control
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during the NaHS treatment is also evidence (Fig. 2,
A). Moreover, the donor of hydrogen sulfide not only
did not activate, but even inhibited this form of per-
oxidase. Note, that treatment with sodium azide also
reduced the activity of the enzyme, and at combined
action of the hydrogen sulfide donor and NaN; on co-
leoptiles, there was a significant inhibition of extra-
cellular peroxidase activity (Fig. 2, 4), which, how-
ever, did not affect the generation of the superoxide
anion radical (Fig. 1).

It is known that sodium azide is an inhibitor
not only of peroxidase, but of cytochrome oxidase
too [24] and thus can influence the ROS formation
in mitochondria. However, as noted above, in our
experiments sodium azide had no significant effect
on the ROS formation stimulated by the hydrogen
sulfide donor in wheat coleoptiles, but at the same
time inhibited extracellular peroxidase. In this re-
gard, we can talk about a rather specific action of it
as an inhibitor of the apoplastic form of this enzyme.

An increase in the hydrogen peroxide content
occurring in wheat coleoptiles under the influence of
a hydrogen sulfide donor may be due to the conver-
sion of a superoxide anion radical to H,O,, which oc-
curs spontaneously or with the participation of SOD
[20, 25]. As our results showed, 3 h after the start of
coleoptiles’ treatment with NaHS, when the maxi-
mum content of hydrogen peroxide was observed, an
increase in the activity of SOD was observed (Fig. 2,
B). The SOD inhibitor DDC markedly reduced the
activity of the enzyme in the coleoptiles and com-
pletely eliminated the effect of its increase caused by
the hydrogen sulfide donor.

The NADPH oxidase inhibitor imidazole itself
did not significantly affect the content of hydrogen
peroxide in the wheat coleoptiles, but almost com-
pletely removed the increase in its amount caused
by the action of the hydrogen sulfide donor (Fig. 3).
Under the influence of the SOD inhibitor DDC, a de-
crease in the hydrogen peroxide content in wheat co-
leoptiles was noted, and also the treatment of DDC
completely eliminated the effect of increasing the
content of hydrogen peroxide in tissues caused by
the action of NaHS (Fig. 3). It is noteworthy that the
treatment of coleoptiles with DDC in itself caused an
increase in the amount of detected O, and enhanced
the manifestation of the influence of the hydrogen
sulfide donor on the superoxide anion radical genera-
tion (Fig. 1). The totality of these results indicates a
significant contribution of SOD in the conversion of
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Fig. 1. O, generation by wheat coleoptiles at the
action of NaHS, imidazole, DDC and NaN, 1 —
control; 2 — NaHS (100 uM); 3 — imidazole (1 uM);
4 — NaHS (100 uM) + imidazole (I uM); 5 — NaN,
(500 uM); 6 — NaHS (100 uM) + NaN, (500 uM); 7 —
DDC (1 mM); 8 — NaHS (100 uM) + DDC (I mM,).
Note. Here and in Fig. 2, 3: coleoptiles NaHS treat-
ment was carried out for 3 h, enzyme inhibitors were
added to the incubation medium of coleoptiles 2 h
before adding NaHS. *Differences are significant at
P <0.05 relative to control; # differences are signifi-
cant at P <0.05 relative to NaHS

O, to hydrogen peroxide at action of the H,S donor
on wheat coleoptiles.

Consequently, under the influence of exogenous
hydrogen sulfide, the pool of signal hydrogen peroxi-
de in wheat coleoptile cells appears to be formed by
increasing the activity of NADPH oxidase and SOD.
It can be assumed that an increase in the ROS gene-
ration may lead to an increase in the activity of anti-
oxidant enzymes. And indeed, 24 h after the begin-
ning of treatment of coleoptiles with the hydrogen
sulfide donor, the activity of SOD was higher than
the values observed after 3 h after the beginning of
the treatment (Fig. 2, B, Table 2). At the same time,
the increase in SOD activity induced by the NaHS
treatment of coleoptiles was completely leveled by
the action of the NADPH oxidase inhibitor imida-
zole.

There was observed increased activity of the
soluble form of peroxidase 24 h after the begin-
ning of the NaHS treatment of coleoptiles (Table 2),
which, in contrast to the apoplast forms, performs
mainly antioxidant functions [26]. Inhibitors of
NADPH oxidase imidazole and SOD DDC, by them-
selves not causing changes in peroxidase activity,
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Fig. 2. Activity of extracellular peroxidase (4) and SOD (B) in wheat coleoptiles. A: 1 — control; 2 — NaHS
(100 uM); 3 — NaN_ (500 uM); 4 — NaHS (100 uM) + NaN, (500 uM); B: 1 — control; 2 — NaHS (100 uM), 3 —

DDC (1 mM); 4 — NaHS (100 uM) + DDC (1 mM)

Table 2. Activity of antioxidant enzymes in wheat coleoptiles under the influence of NaHS, imidazole and
DDC and their survival after damaging heating (43 °C, 10 min)

Soluble guaiacol
Variant SOD actiyity . peroxidase gctivity SurviYal of
(U/mg protein'min) (umol guaiacol/ coleoptiles, %
mg protein'min)
Control 6.20£0.14 397+ 14 43.0+£2.0
NaHS (100 uM) 10.26 + 0.20* 589 + 17* 68.4 £2.5%
Imidazole (1 uM) 5.98 £0.16 401 = 11 415+ 1.8
NaHS (100 uM) + imidazole (1 uM) 7.27 £ 0.17** 429 + 13 42.5 + 1.5
DDC (2 mM) — 366 £ 16 40.0£2.0
NaHS (100 uM) + DDC (2 mM) - 419 £ 14* 37.5 £2.4*

* Differences are significant at P < 0.05 relative to control; * differences are significant at P < 0.05 relative to NaHS

eliminated its increase induced by the action of the
H,S donor (Table 2).

Thus, inducing of peroxidase by hydrogen
sulfide in wheat coleoptiles depends on the increase
in ROS content, which occurs with the participa-
tion of NADPH oxidase and SOD already in the first
hours after the action of the H S donor. These data
are consistent with earlier findings on the role of hy-
drogen peroxide, formed with the participation of
SOD, in controlling the expression of the ascorbate
peroxidase gene in plant cells [19]. It should also be
noted the dependence of SOD inducing on the for-
mation of a superoxide radical associated with an in-
crease in the activity of NADPH oxidase (Table 2).
This conclusion is supported by the removal of the
H,S-induced increase in SOD activity by the inhibi-
tor of NADPH oxidase imidazole (Table 2). It can be
assumed that antioxidant enzymes are components
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Fig. 3. Content of hydrogen peroxide in wheat co-
leoptiles under the action of NaHS, imidazole and
DDC. I - control; 2— NaHS (100 uM); 3 — imidazole
(1 uM); 4 — NaHS (100 uM) + imidazole (1 uM); 5 —
DDC (I mM); 6 — NaHS (100 uM) + DDC (1 mM)
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of the protective systems of coleoptiles cells induced
by exogenous hydrogen sulfide. Activation of anti-
oxidant enzymes and, probably, of other protective
systems causes an increase in the heat resistance of
wheat coleoptiles when hydrogen sulfide donor acts
on them (Table 2). It is noteworthy that the positive
effect of NaHS on the heat resistance of coleoptiles
was suppressed both by inhibitors of NADPH oxi-
dase (imidazole) and SOD (DDC). At the same time
the inhibitors themselves at the used concentrations
did not have a significant effect on the survival of
coleoptiles after heat stress.

The increase in antioxidant activity and, as a
consequence, the resistance of plants to stressors
under the influence of hydrogen sulfide donors was
also registered in a number of other studies. So, an
increase in the activity of catalase and ascorbate
peroxidase in wheat seedlings under osmotic stress
[27] was shown. In the same species, an increase in
activity of antioxidant enzymes was revealed when
treated by the hydrogen sulfide donor under the sub-
sequent action of toxic doses of copper [28]. In grape
plants under conditions of hypothermia (4 °C), an
increase in the SOD activity was observed at their
treatment with NaHS [29]. In pelargonium plants,
subjected to hydrogen sulfide donor treatment, an
increase in the content of ascorbate and reduced glu-
tathione was revealed during cold stress [30].

As was noted, in only one work, using inhibi-
tor of NADPH oxidase diphenyleniodonium, the
possible participation of this enzyme as an ROS
generator was shown when inducing the resistance
of barley plants to the action of UV-B [12] by the
exogenous hydrogen sulfide. In our work using the
inhibitory method, the causal relationship between
hydrogen sulfide-stimulated and NADPH oxidase-
dependent superoxide anion radical generation, in-
duction of antioxidant enzymes, and development of
heat resistance of wheat coleoptiles was first demon-
strated. For the first time, using the SOD inhibitor
DDC, the value of this enzyme in the formation of
hydrogen peroxide signal pool, necessary for acti-
vating antioxidant enzymes and improving the heat
resistance of coleoptiles, has been shown. In the fu-
ture, it seems relevant to clarify the question of the
functional interaction of hydrogen sulfide with other
signal mediators, primarily calcium ions and nitric
oxide, which have close functional links with ROS
[6, 31, 32].

It is quite natural that the antioxidant system is
not the only protector system induced by hydrogen

sulfide. Thus, to date, data have been obtained on the
increase in content of polyfunctional low-molecu-
lar-weight protectors — sucrose, trehalose, betaine,
in maize plants under the influence of exogenous
hydrogen sulfide [33, 34]. The strawberry has been
shown to induce the synthesis of various groups of
heat shock proteins and aquaporins at the action of
exogenous H,S [30]. The study of the “spectrum”
of hydrogen sulfide-induced protective reactions of
plants, as well as the mechanisms of their activa-
tion, will create prerequisites for their use as part
of stress-protective preparations for plant growing.
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JocmimkyBanu yd4acTh €H3UMaTHYHUX CH-
cTeM, 10 3a0e3MeuyoTh TeHepalilo 1 HepeTBOPEH-
Hs1 akTuBHUX (opMm kucHio (ADK), B peamizamii
CTPEC-IIPOTEKTOPHOTO eeKTy TiAporeH cynbiay
(H,S) ma xnitunu komeonTuiis mmenumi. Ilo-
Ka3aHo, MmO OOpoOKa i30JIbOBAaHUX KOJICONTHIIIB
100 MKM po34rHOM JIOHOpaA TiApOreH Cyibdiny —
rigpocynbdiny Harpito (NaHS) — cnpuunnsana B
HUX TPaH3UTOPHE TMOCWJICHHS TeHepamii cymnep-
OKCHUJHOTO aHIOH-paJuKaia (OZ'*), [T IBUIIEHH S
BMICTY TEpPOKCHY BOJHIO Ta aKTHUBHOCTI CyTmep-
okcuanucmyTasn (CO/l). Ilocunenns reHeparii
A®DK ycysanocs inriditopom NADPH-okcngasu —
iMi/1a30JI0M, ajie He IHTi0ITOPOM MEPOKCUIA3U —
a3uioM Hatpiro. OOpoOKa KOJICONTHIIIB IHTI0ITOPOM
CO/] — mietmnautiokapbamarom HaTpito (JIK) —
nocuiaroBana remepaniro O, 1 HiBemOBana e(ext
M IBUIIIEHHST BMICTY H,0,, IHIIYKOBaHUHN JTi€10
NaHS. Yepes noGy micins o06pobku monopom H,S
rerepauisi AOK 3HmxKyBanacs 10 piBHS KOHTPOJIIO,
OpH [OMY IOMITHO 30iibllyBajnacs aKTHBHICTh
AHTHOKCUJIAHTHUX CH3UMIB 1 [iABUIIyBaJacs
CTIMKICTh  KOJCONTHJIIB JO  YIIKOMKYIOYOTO
HarpiBaHHs. Lli epexTn noHOpa rifgporeH cyiabdiay
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ycyBaJiucss 0OpOOKOIO KOJICONTHIIIB 1HTI0ITOpamMu
NADPH-okcunazu (imigazomom) i COJ (AAK).
Jidmui BUCHOBKY, 10 y (DOpPMYBaHHI CHTHAIY,
KWW 1HAYKYE MPOTEKTOPHI CUCTEMH 1 3yMOBIIIOE
I IBUILIEHHST TEIUIOCTIHKOCTI POCIMHHHMX KJIITHH,
sapisni NADPH-okcupasa, mo renepye O, i
COM, sxa nepersoproe ioro na H,O,, mo Bukonye
CUTHaJBHI QyHKIIIT.

KnwoyoBi cmoBa: riaporeH cymnbdi,
CUTHAJIbHI TIOCePEIHUKH, AKTUBHI (OPMH KHC-
Hio, NADPH-okcunaza, cynepokcuaaucmyTasa,
POCITHMHHI KJIITUHH, TEIJIOCTIHKICTB.
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HccnenoBanu  yyacThe  DH3MMATHYECKHX
cucTeM, OOCCIEeUMBAIOIINX TEHEpaluilo H Tpe-
BpallleHHe aKTHBHBIX GopMm kuciopoaa (ADK), B
peanu3anuu CTpecc-nmpoTeKkTopHoro 3¢ dekra ce-
posonopona (H,S) Ha KieTKH KOJ€ONTUIIEH Mie-
Huwpel. [lokazano, 4To 0O6paboTKa M30IMPOBAHHBIX
kojeontmiei 100 MkM pacTBOpoM OHOPa CEPOBO-
nopona — ruapocynbduaa vHatpus (NaHS) — BbI3bI-
BaJjla y HUX TPaH3UTOPHOE YCUJICHUE TeHEPALINH CY-
NEPOKCHHOTO aHuOH-paauKana (O,”), moBbILIEHHE
COZCP)KaHUsl MEPOKCHAa BOAOPOAa M aKTHBHOCTHU
cynepokcuaaucmyTassl (COJ). Ycunenue rene-
paunu ADK ycrpansnocs naruouropom NADPH-
OKCHJa3bl — WUMHUIA30JI0M, HO HE HMHTUOUTOPOM
nepokcuIasel — a3uoM Harpus. OOpadoTka Koiie-
orntwied uHrubutopom COJl — AUAITHIAUTHOKAD-
O0amarom Hatpust (JI/JIK) — ycunupana reHepanuro
O, n nuBenupoBana >Q(EKT MOBBIMIEHHUS CONEP-
xanusa H,O,, manynupyemblii nercteuemM NaHS.
Yepes cyTku nocne 06padbotku goHopom H.S rene-
panus ADOK cHmxkanach 10 ypoBHS KOHTPOJIS, IpU
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9TOM 3aMETHO YBEIMYUBAIACH AKTUBHOCTH AHTHOK-
CHUJIAHTHBIX YH3UMOB U MOBKIIIATACH YCTOMYHUBOCTD
KOJICONITWJICH K TOBPEXKIAIOIIEMY HArpeBy. JTH
3¢ dekThl IOHOpa CEpOBOAOPOIA YCTPAHSIUCH 00-
paboTkoli koneontuiueir mHruouropamu NADPH-
okcuyassl (mmuaazoniom) u COJ (A1K). Crenano
3aKJIFOYCHHE, YTO B (DOPMHPOBAHWUM CHTHAJIA, MH-
JYIUPYIOIIEr0 MPOTEKTOPHBIE CUCTEMBI U 00Y-
CJIOBIIMBAIOIIETO TOBBIIICHUE TETIOYCTONYUBOCTH
pacTUTENBHBIX KIETOK, 3aneiicTBoBanbl NADPH-
okcupasa, renepupyromas O,”, nu CO/, npespa-
IaroIas ero B H202, BBITIOJTHSIONIMM CUTHAJIbHBIE
¢byHKIUN.

KnmoueBpie cloBa: CepoOBOIOPON, CHT-
HaJIbHBIC MOCPETHUKH, aKTHBHBIC (POPMBI KHCJIO-
pona, NADPH-okcuzaasa, cynepokcuaaucMmyTasa,
PaCTUTENbHBIE KJIETKH, TETIOYCTOWYNBOCTb.
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