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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 (H2S) on wheat coleoptile cells 
was investigated. It has been shown that the treatment of isolated coleoptiles with a 100 μM hydrogen sulfide 
donor sodium hydrosulfide (NaHs) caused a transient enhancement of the generation of superoxide anion 
radical (O2

▪–), 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 O2

▪– and neutralized the effect of increasing H2o2 content induced 
by NaHs. One day after treatment with the H2s 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, 
genera ting o2

▪–, and sOD, which turns it into H2o2 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.

K e y  w o r d s: hydrogen sulfide, signal mediators, reactive oxygen species, NaDPH oxidase, superoxide 
dismutase, plant cells, heat resistance. 

A t present, it is known that the formation 
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 (H2S) 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 
signa ling molecules.

Data have also been obtained that indicate the 
role of ROS in transduction of H2S 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 H2O2 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 (O2

▪–), 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.) varie ty 
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 μM hydrogen sulfide donor NaHS or 
inhibitors of NADPH oxidase – imidazole (1 μM) 
[17], peroxidase – sodium azide (NaN3 – 500 μM) 
[18], Cu/ZnSOD – 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 scaven ger 
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 (O2
▪–) 

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 superoxi de anion radical. The superoxide 
producing  activity was evaluated as a change in the 
optical density of the reaction mixture (ΔA530) 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 H2O2 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,Naphosphate buffer (pH 7.6) 
with addition of EDTA (0.1 mM) and dithiothreitol 
(1 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,Naphosphate buffer 
(pH 6.2) supplemented with 0.1% Triton X100 sha
king on a shaker (120 rpm) for 1 h [16]. 0.15% H2O2 
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 O2

▪– 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 H2O2 
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 H2O2 in the coleoptiles corresponded to 
the control values.

To elucidate the possible contribution of 
NADPH  oxidase and apoplastic peroxidase to the 
gene ration 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 O2

▪– 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 O2

▪– and completely did not affect 
the hydrogen sulfideinduced 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 sulfideinduced enhancement of 
O2

▪– 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 activi ty of apoplastic peroxidase of coleoptiles 

t a b l e  1. Dynamics of generation of superoxide anion radical and H2o2 content in wheat coleoptiles at 
treatment with a hydrogen sulfide donor NaHs

Variant
Time of exposure, h

2 3 4 24
O2

▪– 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 μM) 136.0 ± 3.0* 142.0 ± 2.5* 140.0 ± 2.5* 92.5 ± 2.6

H2O2 content (nmol/g f. w.)
Control 114.0 ± 3.1 117.0 ± 2.9 119.0 ± 3.6 117.0 ± 4.3
NaHS (100 μM) 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 NaN3 on co-
leoptiles, there was a significant inhibition of extra-
cellular peroxidase activity (Fig. 2, a), 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 H2O2, 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 O2

▪– 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 

O2
▪– to hydrogen peroxide at action of the H2S 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 leve led 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 activi ty, 

Fig. 1. o2
▪– generation by wheat coleoptiles at the 

action of NaHs, imidazole, DDC and NaN3: 1 – 
control; 2 – NaHs (100 μM); 3 – imidazole (1 μM); 
4 – NaHs (100 μM) + imidazole (1 μM); 5 – NaN3 
(500 μM); 6 – NaHs (100 μM) + NaN3 (500 μM); 7 – 
DDC (1 mM); 8 – NaHs (100 μM) + DDC (1 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

1       2       3       4       5       6       7       8

180

160

140

120

100

80

60

%
 o

f c
on

tro
l

*, #

#



38

ISSN 2409-4943. Ukr. Biochem. J., 2017, Vol. 89, N 4

Fig. 2. activity of extracellular peroxidase (a) and sOD (b) in wheat coleoptiles. a: 1 – control; 2 – NaHs 
(100 μM); 3 – NaN3 (500 μM); 4 – NaHs (100 μM) + NaN3 (500 μM); b: 1 – control; 2 – NaHs (100 μM); 3 – 
DDC (1 mM); 4 – NaHs (100 μM) + DDC (1 mM)

t a b l e  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)

Variant SOD activity
(U/mg protein‧min)

Soluble guaiacol 
peroxidase activity 

(μmol guaiacol/
mg protein‧min)

Survival of 
coleoptiles, %

Control 6.20 ± 0.14 397 ± 14 43.0 ± 2.0
NaHS (100 μM) 10.26 ± 0.20*   589 ± 17*   68.4 ± 2.5*
Imidazole (1 μM) 5.98 ± 0.16 401 ± 11 41.5 ± 1.8
NaHS (100 μM) + imidazole (1 μM)    7.27 ± 0.17*,#  429 ± 13#  42.5 ± 1.5#

DDC (2 mM) – 366 ± 16 40.0 ± 2.0
NaHS (100 μM) + 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

Fig. 3. Content of hydrogen peroxide in wheat co-
leoptiles under the action of NaHs, imidazole and 
DDC. 1 – control; 2 – NaHs (100 μM); 3 – imidazole 
(1 μM); 4 – NaHs (100 μM) + imidazole (1 μM); 5 – 
DDC (1 mM); 6 – NaHs (100 μM) + DDC (1 mM)

eliminated its increase induced by the action of the 
H2S 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 H2S 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 remo val of the 
H2S-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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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 resistan ce 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 sulfidestimulated 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 media tors, 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-
larweight 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 H2S [30]. The study of the “spectrum” 
of hydrogen sulfideinduced 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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Досліджували участь ензиматичних си-
стем, що забезпечують генерацію і перетворен-
ня активних форм кисню (АФК), в реалізації 
стреспротекторного ефекту гідроген сульфіду 
(H2S) на клітини колеоптилів пшениці. По-
казано, що обробка ізольованих колеоптилів 
100 мкМ розчином донора гідроген сульфіду – 
гідросульфіду натрію (NaHS) – спричиняла в 
них транзиторне посилення генерації супер
оксидного аніонрадикала (O2

▪–), підвищення 
вмісту пероксиду водню та активності супер
оксиддисмутази (СОД). Посилення генерації 
АФК усувалося інгібітором NADPHоксидази – 
імідазолом, але не інгібітором пероксидази – 
азидом натрію. Обробка колеоптилів інгібітором 
СОД – діетилдитіокарбаматом натрію (ДДК) – 
посилювала генерацію O2

▪– і нівелювала ефект 
підвищення вмісту H2O2, індукований дією 
NaHS. Через добу після обробки донором H2S 
генерація АФК знижувалася до рівня контролю, 
при цьому помітно збільшувалася активність 
антиоксидантних ензимів і підвищувалася 
стійкість колеоптилів до ушкоджуючого 
нагрівання. Ці ефекти донора гідроген сульфіду 
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усувалися обробкою колеоптилів інгібіторами 
NADPHоксидази (імідазолом) і СОД (ДДК). 
Дійшли висновку, що у формуванні сигналу, 
який індукує протекторні системи і зумовлює 
підвищення теплостійкості рослинних клітин, 
задіяні NADPHоксидаза, що генерує O2

▪–, і 
СОД, яка перетворює його на H2O2, що виконує 
сигнальні функції. 

К л ю ч о в і  с л о в а: гідроген сульфід, 
сигнальні посередники, активні форми кис-
ню, NADPHоксидаза, супероксиддисмутаза, 
рослинні клітини, теплостійкість. 
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Исследовали участие энзиматических 
систем, обеспечивающих генерацию и пре-
вращение активных форм кислорода (АФК), в 
реализации стресспротекторного эффекта се-
роводорода (H2S) на клетки колеоптилей пше-
ницы. Показано, что обработка изолированных 
колеоптилей 100 мкМ раствором донора серово-
дорода – гидросульфида натрия (NaHS) – вызы-
вала у них транзиторное усиление генерации су-
пероксидного анионрадикала (O2

▪–), повышение 
содержания пероксида водорода и активности 
супероксиддисмутазы (СОД). Усиление гене-
рации АФК устранялось ингибитором NADPH
оксидазы – имидазолом, но не ингибитором 
пероксидазы – азидом натрия. Обработка коле-
оптилей ингибитором СОД – диэтилдитиокар-
баматом натрия (ДДК) – усиливала генерацию 
O2

▪– и нивелировала эффект повышения содер-
жания H2O2, индуцируемый действием NaHS. 
Через сутки после обработки донором H2S гене-
рация АФК снижалась до уровня контроля, при 

этом заметно увеличивалась активность антиок-
сидантных энзимов и повышалась устойчивость 
колеоптилей к повреждающему нагреву. Эти 
эффекты донора сероводорода устранялись об-
работкой колеоптилей ингибиторами NADPH
оксидазы (имид азолом) и СОД (ДДК). Сделано 
заключение, что в формировании сигнала, ин-
дуцирующего протекторные системы и обу-
словливающего повышение теплоустойчивости 
растительных клеток, задействованы NADPH
оксидаза, генерирующая O2

▪–, и СОД, превра-
щающая его в H2O2, выполняющий сигнальные 
функции. 

К л ю ч е в ы е  с л о в а: сероводород, сиг-
нальные посредники, активные формы кисло-
рода, NADPHоксидаза, супероксиддисмутаза, 
растительные клетки, теплоустойчивость. 
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