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Polyamines are multifunctional stress metabolites of plants. However, information on the effect of exo-
genous polyamines on plant resistance to high temperatures is contradictory, and it remains unclear which
signal mediators are involved in the realization of their physiological effects. The possible involvement of
hydrogen peroxide as a mediator under the action of exogenous diamine putrescine on the resistance of etio-
lated wheat seedlings (Triticum aestivum L.) to hyperthermia (10-minute heating at 46 °C) and the functioning
of antioxidant system was investigated. It was established that the treatment of seedlings with putrescine in
0.25-2.5 mM concentrations caused a significant increase in their heat resistance. In response to the putres-
cine effect, a transient increase in the H,0, content occurred in the root cells. This effect was eliminated by
treatment of seedlings with a diamine oxidase inhibitor aminoguanidine and an NADPH oxidase inhibitor
imidazole. These inhibitors, as well as the scavenger of hydrogen peroxide dimethylthiourea (DMTU), miti-
gated the effects of increased heat resistance of seedlings and increased activity of superoxide dismutase and
catalase caused by putrescine. Under the influence of DMTU and imidazole, but not aminoguanidine, the
effect of increasing the activity of guaiacol peroxidase in the roots of seedlings treated with putrescine was
eliminated. The conclusion was made about the role of hydrogen peroxide and the possible participation of
diamine oxidase and NADPH oxidase in its formation during the implementation of the stress-protective effect
of putrescine on wheat seedlings.

Keywords: polyamines, putrescine, hydrogen peroxide, diamine oxidase, NADPH oxidase, antioxidant
enzymes, heat resistance, Triticum aestivum.

plant cell, able to regulate many vital proce-

sses both under physiologically normal con-
ditions and stress ones [1-3]. An increase in the en-
dogenous content of polyamines under the action of
drought, salinity, hypo-and hyperthermia, hypoxia,
ozone, ultraviolet radiation and heavy metals has
been recorded [4-7].

Under stress conditions, polyamines appear
to perform various functions in plant cells. Due to
their cationic character at physiological pH values,
they are able to reversibly interact with negatively
charged macromolecules (proteins, phospholipid
“heads” of membranes), thereby stabilizing their

P olyamines are necessary components of a

structure [3, 8]. In addition to the direct impact on
the biomacromolecules, polyamines, catabolizing
with the formation of hydrogen peroxide and ni-
trogen monoxide, are involved in cellular signaling
processes [3]. Among the other properties of poly-
amines, antioxidant are important. Many authors
classify them as water-soluble compounds with anti-
oxidant properties along with glutathione, ascorbate,
polyphenols, and proline [7, 9, 10].

It is assumed that one of the components of the
direct protective action of polyamines under stress
conditions is the binding of radical reactive oxygen
species (ROS) [11]. At the same time, polyamines
can have an indirect antioxidant effect, causing an
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increase in gene expression and a rise in the activi-
ty of antioxidant enzymes [12]. In rice plants, an
increase in the activity of catalase and glutathione
reductase was detected under the influence of pu-
trescine at salt stress [13]. Treatment of chickpea
plants with putrescine, spermine and spermidine
contributed to an increase in the activity of catalase
and superoxide dismutase (SOD) under cold stress
[14]. Stevia plants increased their catalase activity
under hypothermia conditions when treated with
synthetic polyamines [15]. Spraying rice plants with
spermidine increased SOD, catalase, glutathione-S-
transferase and ascorbate peroxidase activity after
exposure to heat stress [16].

A magnification of the antioxidant enzymes ac-
tivity against the background of rise in the content of
polyamines in plants may be associated with the for-
mation of a signal inducing the antioxidant system.
One of the most likely mechanisms of such activa-
tion may be an increase in the content of hydrogen
peroxide as a result of the oxidation reaction of poly-
amines by polyamine oxidase or diamine oxidase [3].
However, apparently, this is not the only mechanism
for enhancing the ROS generation in plants under the
influence of polyamines. Thus, there is evidence of
the ability of exogenous polyamines to increase the
activity of NADPH oxidase [17]. On the other hand,
there is data about the inhibition of NADPH oxidase
by putrescine [13].

In general, the possible role of ROS as signa-
ling mediators in the implementation of the stress-
protective effect of polyamines, as well as the contri-
bution of individual enzymes to the change in redox
homeostasis that occurs under their influence, is
still little studied. This fully applies to the processes
of changing heat resistance of plants under the in-
fluence of polyamines, information about which is
contradictory [18]. This limits the practical use of
polyamines, including the most common of them,
putrescine, as a plant stress protectors.

The aim of the work was to establish a possible
causal relationship between changes of redox home-
ostasis caused by putrescine in wheat seedlings and
increasing their heat resistance. The work also in-
cluded an assessment of the contribution of diamine
oxidase and NADPH oxidase to the realization of the
physiological effects of putrescine.

Materials and Methods

The work was carried out on etiolated seed-
lings of soft winter wheat (Triticum aestivum L.)
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var. Doskonala, grown at 22 °C on purified tap wa-
ter. On the third day of seed germination, putrescine
was added to the medium at concentrations of 0.05—
2.5 mM and the seedlings were kept on these solu-
tions for one day. To clarify the involvement of ROS
in the implementation of putrescine physiological
effects, the antioxidant dimethylthiourea (DMTU —
150 uM), the diamine oxidase inhibitor aminoguani-
dine (1 mM) or the NADPH oxidase inhibitor imida-
zole (10 uM) were added to the incubation medium
of seedlings of the corresponding variants [19, 20].
Control samples continued to incubate on purified
water. When processed together with putrescine,
these compounds were introduced into the incuba-
tion medium 2 h before the polyamine was added
to it. The maximum incubation time of seedlings on
solutions of the studied compounds was 24-26 h.

To determine the heat resistance of the seed-
lings, they were subjected to damaging heating
in a water ultrathermostat at a temperature of
46.0 + 0.1 °C for 10 min. After that, samples of all
variants were transferred to purified tap water. In 3
days after exposure to damaging heating, the relative
number of surviving seedlings was assessed [20].

For biochemical analyzes, the roots of intact
seedlings were used, which quickly respond to exo-
genous compounds and are considered a convenient
object for studying the mechanisms of redox homeo-
stasis change [20, 21].

The content of hydrogen peroxide was deter-
mined by the ferrothiocyanate method, extracting it
from the roots pounded in the cold 5% TCA. The
samples were centrifuged in an MPW 350R centri-
fuge (MPW MedInstruments, Poland) at 8000 g for
10 min at a temperature not exceeding 4 °C, and the
H,O, concentration was determined in the superna-
tant [22].

The activity of antioxidant enzymes was de-
termined by the methods described in detail earlier
[20, 23]. Weights of the roots were homogenized at
2—4°C in 0.15 M K,Na-phosphate buffer (pH 7.6)
with the addition of EDTA (0.1 mM), dithiothreitol
(I mM), and detergent Triton X-100 (final concen-
tration 0.1%). For the analysis, the supernatant was
used after centrifuging the homogenate at 8000 g for
10 min at 4 °C.

Total SOD activity (EC 1.15.1.1) was de-
termined at the reaction mixture pH 7.6, using a
method based on the ability of the enzyme to com-
pete with nitroblue tetrazolium for superoxide ani-
ons formed as a result of the aerobic interaction of
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NADH and phenazine methosulfate. Catalase ac-
tivity (EC 1.11.1.6) was analyzed at pH 7.0 by the
amount of H,O, that decomposed per unit of time.
The activity of guaiacol peroxidase (EC 1.11.1.7)
was determined using guaiacol as a hydrogen donor
and hydrogen peroxide as a substrate. Using a K,Na-
phosphate buffer, the pH of the reaction mixture was
adjusted to 6.2.

Measurements were performed in at least three
biological and three analytical replicates. The mean
values and standard errors are given. The signifi-
cance of the differences was evaluated by Student’s
t-test. Except as otherwise specified, differences that
are significant at P < 0.05 are discussed.

Results and Discussion

Treatment of wheat seedlings with putrescine
in concentrations of 0.25-2.5 mM caused a noticeab-
le increase in their resistance to damaging heating
(Fig. 1). The maximum effect was observed with
1 mM putrescine. In this regard, precisely this con-
centration of polyamine was used in subsequent ex-
periments.

Treatment of the roots of intact seedlings with
1 mM putrescine led to a transient increase in hydro-
gen peroxide content in them (Fig. 2). The maximum
was observed 2 h after the putrescine exposure start.
By the end of the incubation (24 h), the H,O, content
only slightly exceeded the corresponding value in
the control.

As noted, the effect of elevating the content of
hydrogen peroxide under the action of polyamines

Survival, %
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Fig. 1. Concentration dependence of the putrescine
influence on the resistance of wheat seedlings to
damaging heating (10 min at 46 °C). Values followed
by the same letter are not significantly different
(P <0.05).

may be due to an increase in the activity of polyami-
ne oxidases and/or NADPH oxidase. To determine
the contribution of these enzymes to the putrescine-
induced accumulation of hydrogen peroxide, seed-
lings before exposure to putrescine were incubated
in a medium supplemented with aminoguanidine, a
diamine oxidase inhibitor, or imidazole, a NADPH
oxidase inhibitor. It turned out that aminoguanidine
itself did not affect the H,O, content in the roots of
seedlings (Fig. 3). At the same time, it completely
eliminated the effect of the accumulation of hy-
drogen peroxide caused by putrescine. Treatment
of seedlings with imidazole caused a tendency to
a decrease in the hydrogen peroxide content in the
roots. At the combined action of imidazole and pu-
trescine, the effect of the latter was largely leveled
out (Fig. 3). The amount of hydrogen peroxide in the
roots was reduced under the influence of an antioxi-
dant DMTU. At the same time, the H,O, scavenger
completely removed the effect of increasing the hy-
drogen peroxide content under the action of putres-
cine (Fig. 3).

The seedlings’ treatment with DMTU, amino-
guanidine and imidazole did not have a significant
effect on their heat resistance (Fig. 4). At the com-
bined treatment of seedlings, scavenger of hydro-
gen peroxide and inhibitors of diamine oxidase and
NADPH oxidase completely eliminated the positive
effect of putrescine on the resistance of seedlings to
heating.

There are reasons to believe that hydrogen per-
oxide, formed during the treatment of seedlings with
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Fig. 2. Dynamics of the hydrogen peroxide content
(umol/g) in the roots of wheat seedlings under the
action of putrescine. 1 — Control; 2 — putrescine
(1 mM). Values followed by the same letter are not
significantly different (P < 0.05)

105



ISSN 2409-4943. Ukr. Biochem. J., 2019, Vol. 91, N 6

0.30

0.25

0.20

015 f

umol/g

-
.

/

RN

010

YIS

0.05

N
N
SN
ol
o
~
©

Fig. 3. The content of hydrogen peroxide (umol/g)
in the roots of wheat seedlings under the action of
putrescine, DMTU, aminoguanidine and imidazole.
1 — Control; 2 — putrescine (1 mM); 3 - DMTU
(150 uM), 4 — putrescine (I mM) + DMTU (150 uM);
5 — aminoguanidine (1 mM); 6 — putrescine (1 mM)
+ aminoguanidine (1 mM); 7 — imidazole (10 uM);
8 — putrescine (I mM) + imidazole (10 uM). The
roots putrescine treatment was carried out for 2 h,
DMTU and enzyme inhibitors were added to the in-
cubation medium of roots 2 h before adding of pu-
trescine. Values followed by the same letter are not
significantly different (P < 0.05)
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Fig. 4. Survival of seedlings (%) after damaging
heating (10 min at 46 °C) after treatment with pu-
trescine, DMTU, aminoguanidine and imidazole.
1 — Control; 2 — putrescine (1 mM); 3 — DMTU
(150 uM), 4 — putrescine (I mM) + DMTU (150 uM);
5 — aminoguanidine (1 mM); 6 — putrescine (1 mM)
+ aminoguanidine (1 mM); 7 — imidazole (10 uM);
8 — putrescine (I mM) + imidazole (10 uM). Values
followed by the same letter are not significantly dif-
ferent (P <0.05)
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Fig. 5. Dynamics of activity of SOD (U/g:min) (A),
catalase (mmol H,O,/g-min) (B) and guaiacol per-
oxidase (mmol tetra guaiacol (TG)/g'min) (C) in the
roots of wheat seedlings under the action of putres-
cine and damaging heating. I-1V — respectively: 1,
2, 4 and 24 h after the start of treatment with putres-
cine, V—4 h after warming up at 46 °C. 1 — control;
2 — putrescine (1 mM). Values followed by the same
letter are not significantly different (P < 0.05)
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putrescine, acts as a signal for inducing protective
systems involved in resistance to hyperthermia. It is
logical to assume that one of these systems is anti-
oxidant. In our experiments, putrescine treatment of
seedlings caused an increase in the total SOD activi-
ty in the roots; the maximum effect was observed
24 h after the start of treatment (Fig. 5, A). In 4 h
after damaging heating, the enzyme activity in roots
of the seedlings of the control and experimental
variants decreased, however, the absolute values of
SOD activity in the variant with putrescine remained
higher.

When treated with putrescine, catalase activi-
ty in the roots also increased (Fig. 5, B). The most
conspicuous effects were noted after 4 and 24 h of
its action. After heating, the activity of catalase in
the roots of seedlings of both variants, as well as the
activity of SOD, decreased. However, the absolute
values of catalase activity in the putrescine variant
were significantly higher than in the control.

The activity of guaiacol peroxidase in the roots
in 4 and 24 h after the onset of exposure to putres-
cine increased slightly but significantly at P < 0.05
(Fig. 5, C). After damaging heating, the activity of
the enzyme in the roots did not change significant-
ly, wherein the values in the putrescine variant re-
mained higher than in the control.

If we assume that ROS are mediators in the
process of inducing enzyme antioxidant system
by putrescine, its effect on the activity of enzymes
should depend on the content of ROS. To test this
hypothesis, we studied the impact of DMTU, amino-
guanidine and imidazole on the activity of antioxi-
dant enzymes in the roots of seedlings during their
treatment with putrescine. The hydrogen peroxide
scavenger DMTU itself did not significantly affect
the activity of SOD and catalase, but caused a slight
decrease in the guaiacol peroxidase activity in the
roots (Fig. 6). At the same time, it completely leveled
off the effects of increasing the activity of all three
antioxidant enzymes caused by the action of putres-
cine.

When seedlings were treated with aminoguani-
dine, the diamine oxidase inhibitor, SOD activity did
not change significantly, catalase activity decreased,
and guaiacol peroxidase activity, on the contrary,
increased (Fig. 6). At the same time, aminoguani-
dine leveled the effect of elevating SOD and catalase
activity by putrescine. At the same time, the activi-
ty of guaiacol peroxidase in the variant with the
combination of aminoguanidine and putrescine was
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Fig. 6. Activity of SOD (U/g-min) (A), catalase (mmol
H,0,/g-min) (B) and guaiacol peroxidase (mmol tetra
guaiacol (TG)/g'min) (C) in the roots of wheat seed-
lings under the action of putrescine, DMTU, amino-
guanidine and imidazole. 1 — control; 2 — putrescine
(1 mM); 3—DMTU (150 uM); 4 — putrescine (I mM)
+ DMTU (150 uM); 5 — aminoguanidine (I mM);
6 — putrescine (I mM) + aminoguanidine (1 mM);
7 —imidazole (10 uM); 8 — putrescine (I mM) + imi-
dazole (10 uM). The roots putrescine treatment was
carried out for 24 h, DMTU and enzyme inhibitors
were added to the incubation medium of roots 2 h
before adding of putrescine. Values followed by the
same letter are not significantly different (P < 0.05)
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higher than in the control; its absolute values were
approximately the same as at the treatment with ami-
noguanidine or putrescine alone.

The treatment of seedlings with imidazole did
not cause significant changes in the activity of all
three studied antioxidant enzymes (Fig. 6). At the
same time, the NADPH oxidase inhibitor eliminated
the rise in SOD, catalase and guaiacol peroxidase
activity caused by putrescine.

Thus, in general, the results obtained indicate
the involvement of hydrogen peroxide as a signal
mediator in the process of the antioxidant system ac-
tivation and heat resistance induction in wheat seed-
lings under the influence of putrescine. Activation of
the enzymatic component of the antioxidant system
is one of the key mechanisms in plant adaptation to
hyperthermia and drought [24-26]. It is noteworthy
that the activation of all three studied enzymes oc-
curred 4-24 h after the start of treatment with putres-
cine (Fig. 5), that is after the maximum increase in
the hydrogen peroxide content, which was observed
2 h after the start of treatment (Fig. 2). Not only the
dynamics of these processes but also the results of
the inhibitory analysis indicate a causal relationship
between the formation of hydrogen peroxide and the
increased activity of antioxidant enzymes under the
influence of putrescine. The positive effect of putres-
cine was completely eliminated by the H,O, scaven-
ger DMTU, which removed the transient effect of
elevating hydrogen peroxide content in the roots
(Fig. 3), the increase in SOD, catalase and guaiacol
peroxidase activity (Fig. 6), and the development of
heat resistance (Fig. 5).

It can be assumed that at least one of the rea-
sons for the enhancing hydrogen peroxide content in
the roots under the influence of putrescine was acti-
vation of diamine oxidase, an enzyme of its catabo-
lism leading to the H,O, formation. This is indicated
by the elimination of the hydrogen peroxide accumu-
lation in the variant with putrescine treatment in the
presence of aminoguanidine (Fig. 3). On the other
hand, an increase in the content of hydrogen peroxi-
de caused by putrescine was also largely suppressed
by the inhibitor of NADPH oxidase, imidazole. The
participation of at least these two enzymes in the
formation of hydrogen peroxide under the action
of putrescine was indicated by the results obtained
on soybean plants [10]. The authors believe that di-
amine oxidase and polyamine oxidase together with
NADPH oxidase provide the cell walls suberization
effect caused by polyamines. In Arabidopsis plants,
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an increase in the NADPH oxidase activity was ob-
served under the influence of exogenous spermidine
[17]. On the other hand, in cucumber plants, exoge-
nous spermidine eliminated the effects of enhancing
activity of NADPH oxidase and content of hydrogen
peroxide caused by the action of low positive tem-
peratures [27]. At the same time, under normal tem-
perature conditions, spermidine did not significantly
affect the activity of the enzyme. Probably, the ef-
fect of polyamines on the NADPH oxidase activity
in vivo depends on many factors and may be partly
due to their participation in membrane stabilization.
Nevertheless, there is a reason to believe that, in our
experimental conditions, the formation of the “signa-
ling pool” of ROS, necessary for the realization of
the putrescine effects, occurs with the participation
of NADPH oxidase. It is noteworthy that NADPH
oxidase in the plasma membrane can be activated by
ROS themselves, initially formed in other cellular
compartments or on the surface of neighboring cells
[28]. It is assumed that an increase in ROS content,
which occurs stochastically under action of stressors,
or with the participation of other enzymes, can turn
into a more powerful signal associated with the acti-
vation of NADPH oxidase [28, 29]. It is not excluded
that the stimulus for the activation of NADPH oxi-
dase under the action of exogenous putrescine may
be the formation of hydrogen peroxide associated
with its catabolism with the participation of diamine
oxidase.

The diamine oxidase inhibitor aminoguanidine
in our experiments eliminated putrescine-induced
effects of elevating the hydrogen peroxide content
in the roots, increasing SOD and catalase activi-
ty, and the development of heat resistance of seed-
lings. Partly similar effects have been reported when
studying the action of another diamine, cadaverine,
on Mesembryanthemum crystallinum L. plants. An
increase in hydrogen peroxide and catalase activity
in roots, caused by cadaverine, was suppressed by
aminoguanidine [19]. On the other hand, on plants
of the same species, it was shown that the effect of
enhancing expression of the gene encoding the cy-
toplasmic isoform Cu/Zn-SOD caused by cadaveri-
ne was not eliminated by diamine oxidase inhibi-
tors, on the basis of which the authors suggested
the possibility of direct influence of polyamine on
gene expression [12]. Thus, one cannot exclude the
presence of several different influence mechanisms
of polyamines on the activity of antioxidant enzymes
in plants.
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In our experiments, a difficult to explain the
effect of increase the guaiacol peroxidase activity
in wheat seedlings under the influence of amino-
guanidine was found (Fig. 6, C). At the same time,
aminoguanidine did not affect the magnitude of the
putrescine-caused activating effect on the enzyme.
In [19], performed on M. crystallinum plants, amino-
guanidine partially eliminated the effect of increased
activity of guaiacol peroxidase caused by cadaveri-
ne. However, in the tissues culture of poplar shoots,
a slight increase in the activity of this enzyme was
shown when introducing aminoguanidine into the
medium [30].

Interpretation of the results with aminoguani-
dine as a diamine oxidase inhibitor is complicated
by the fact that this compound also inhibits an en-
zyme similar to animal NO-synthase, which may be
involved in the formation of nitric oxide in plants
[31, 32]. Moreover, polyamines in catabolic trans-
formations involving diamine oxidase and polyami-
ne oxidase can act as sources of not only hydrogen
peroxide, but also nitric oxide [3, 7]. In addition,
the NO-synthase inhibitor L-NAME (N®-nitro-L-
arginine methyl ester), which is widely used in ex-
perimental practice, can inhibit not only the target
enzyme but also polyamine oxidase [33]. Either way,
aminoguanidine and L-NAME can inhibit catabo-
lism of polyamines, affecting the formation of ROS
and nitric oxide — signal mediators that interact with
each other and have a strong influence on the ac-
tivity and genes expression of antioxidant enzymes
[7, 34]. It is noteworthy that the treatment with L-
NAME, like the impact of aminoguanidine (Fig. 6,
C), caused an increase in the activity of guaiacol
peroxidase in the roots of wheat seedlings [23]. It
is known that nitric oxide, when it enters into the
reactions of protein nitrosylation and nitration, can
have a very complex both activating and inhibiting
effect on the activity of antioxidant enzymes [35]. It
is possible that activation of peroxidase by amino-
guanidine and L-NAME is associated with changes
in NO-homeostasis. However, the discussion of these
effects goes far beyond the scope of this article.

In general, on the basis of the obtained re-
sults, it can be concluded that the induction of heat
resistance of wheat seedlings by exogenous putres-
cine is associated with the formation of ROS, which
occurs with the participation of diamine oxidase and
NADPH oxidase, and subsequent activation of anti-
oxidant enzymes. It is quite likely that nitric oxide,
which can be formed during the catabolism of poly-

amines and is functionally closely related to ROS, is
also involved in the implementation of the effect of
putrescine. Its participation in the putrescine protec-
tive effect under heat stress requires experimental
verification.
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[Tomiaminu HaJIeXaTh bi (o} MYJIBTH-
(hyHKITIOHATFHUX CTPECOBUX META0OIITIB POCIHH.
OpmHak BiIOMOCTI PO BIUTMB €K30TEHHHUX TOJiaMi-
HIB Ha CTIWKICTh POCITHH J0 BHCOKHX TEMIIEPATYP
CYNEepewWInBi, MPU [bOMY 3aJUIIAETHCA HESCHUM,
SIKI CUTHAJIBHI TIOCEPEAHUKHU 3aisHI B peanizallii
ix ¢izionorigaux edekrtiB. JocmimKyBamn MOX-
JUBY YYacTh TiAPOT€H IEPOKCHUIY SK IMOCepe-
HHKa 3a i €eK30TeHHOTO MiaMiHy ITyTPEeCIUHY Ha
CTIMKICTh €TIONBOBAHMX MPOPOCTKIB TIICHUII
(Triticum aestivum L.) no rimeprepmii (10-xBuTHH-
Horo mporpiBauHs npu 46 °C) 1 GpyHKIIOHYBaHHS
AHTHOKCHUJIaHTHOI cucTeMu. BcTaHOBiIEHO, 110 00-
poOKa MPOPOCTKIB MyTPECIIMHOM B KOHIICHTPAITisTX
0,25-2,5 MM cnpuduHsIIa iICTOTHE TiIBHINEHHS 1X
TEIUIOCTIMKOCTI. Y BIANOBIAL HA [0 ITyTPECITH-
HY B KJIITHHAX KOPEHIB BiIOyBajoCs TPaH3UTOPHE
30inbmenns Bmicty H,O,. Taknii edext ycysabcs
00pOOKOI0 TIPOPOCTKIB 1HTIOITOPOM [TiaMiHOKCH-
a3 aMmiHOTyaHigmHOM Ta iHTi0iTopoM NADPH-
okcuaasm imimazomom. Lli iHTiIOiTOpH, a TaKOX
CKaBEHDKEP TIPOTEH TMEPOKCHAY IUMETHIITIOCE-
gopuHa ([AMTC), HiBeMIOBaIN CIPUYWHIOBAHI ITy-
TpeCUMHOM €(EeKTH IiIBHUINECHHS TEIMIOCTIHKOCTI
MPOPOCTKIB Ta 30LIBIICHHS aKTHBHOCTI CYIIEPOK-
cuaaucMyTasu 1 karamasu. [lig BmmBom JIMTC
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Ta iMijazony, ajie He aMiHOT'yaHiIWHY, YCYBaBCS
e(eKT MiJABUIICHHS] aKTHMBHOCTI T'BasKOJIIEPOKCHU-
Jla3u B KOPEHSIX MPOPOCTKiB, 00pOOJIEeHNX Ty Tpec-
LIUHOM. 3pO0JIEHO BHCHOBOK IPO POJIb TiJIpOTeH
MEPOKCHTY Ta MOXKJIHMBY y4acTh JiaMiHOKCHJAA3H i
NADPH-okcua3u B 1ioro yTBOpeHHi 3a peaizamii
CTpeC-MPOTEKTOPHOI Nii MyTpecunHy Ha Mpopoc-
TKY MIIECHUII.

KnwodoBi cioBa: momiaMiHu, TyTPECIHH,
TIIPOTeH Tepokcua, miamiHokcumaza, NADPH-
OKCHJa3a, AHTHOKCHIAHTHI €H3WMM, TEIUIOCTIH-
KicTh, Triticum aestivum.
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