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EFFECT OF SHORT-TERM SALT STRESS
ON OXIDATIVE STRESS MARKERS AND ANTIOXIDANT
ENZYMES ACTIVITY IN TOCOPHEROL-DEFICIENT
Arabidopsis thaliana PLANTS
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Changes of carotenoids and anthocyanins content, lipid peroxidation, and activity of antioxidant en-
zymes were studied in wild type and tocopherol-deficient lines vtel and vte4 of Arabidopsis thaliana subjected
to 200 mM NaCl during 24 h. The salt stress enhanced the intensity of lipid peroxidation to different extent in
all three plant lines. Salt stress resulted in an increase of carotenoid content and activity of catalase, ascorbate
peroxidase, guaiacol peroxidase and glutathione reductase in wild type and tocopherol-deficient vtel mutant.
However, the increase in anthocyanins concentration was observed in vtel mutants only. In vte4 mutant, which
contain y-tocopherol instead of a-tocopherol, the response to salt stress occurred via coordinative action of su-
peroxide dismutase and enzymes of ascorbate-glutathione cycle, in particular, ascorbate peroxidase, glutathione
reductase, dehydroascorbate reductase, and glutathione-S-transferase. It can be concluded, that salt stress was
accompanied by oxidative stress in three studied lines, however different mechanisms involved in adaptation of

wild type and tocopherol-deficient lines to salt stress.

Key words: Antioxidant enzymes; Arabidopsis thaliana; Oxidative stress; Salt stress; Tocopherols.

tic stresses and affects many aspects of plant

physiology and homeostasis [1, 2]. The effects
of high salinity on plants can be mainly classified
as two different factors: osmotic stress induced by
high salt concentration in the environment and the
toxic effect of sodium accumulated in the cell. For
most plants, these two effects are clearly separated
in time. The first, osmotic stress, starts immedi-
ately after increase of salt concentration around
the roots and leads to turgor loss and stomatal clo-
sure. The second stress is related with ion toxicity
and starts when salt accumulates in plant cells to
toxic concentrations [2]. High concentrations of
sodium ions can inhibit activity of many essential
enzymes, cell division and expansion, disorgan-
ize membrane, which finally can lead to death of
old leaves and growth inhibition of young leaves
[2]. Along with these primary effects, secondary
stress, such as oxidative, occurs because high con-
centrations of ions disrupt cellular homeostasis
and increase generation of reactive oxygen species
(ROS) such as singlet oxygen ('O,), superoxide an-
ion (O,7), hydrogen peroxide (H,0,) and hydroxyl
radical (OH) [1]. The enhanced ROS production
during stress can induce oxidative modification of
lipids, nucleic acids, and proteins [3].

S alt stress is one of the most significant abio-
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Plants possess several mechanisms to detoxify
ROS which include non-enzymatic antioxidants as
well as antioxidant enzymes [3]. Tocopherols are
considered as important scavengers of singlet oxy-
gen, hydroxyl radical and lipid peroxy radicals [4].
Among four forms of tocopherols (a-, B-, y- and
3-), found in plants, a-tocopherol possesses the
highest antioxidant activity and is the most abun-
dant form in leaves, whereas y-tocopherol domi-
nates in seeds [5]. Numerous studies have reported
the important role of a-tocopherols in salt stress
tolerance of different plant species [6—8]. In Arabi-
dopsis (Columbia ecotype) the level of a-tocopherol
decreased, whereas the level of y-tocopherol in-
creased in response to short-term salt stress [9].
Function of tocopherols was studied in tobac-
co plant exposed to long-term salt stress [10].
It was shown that y-tocopherol can’t substitute
a-tocopherol under salt-induced oxidative stress,
but it improves the plant’s physiological status un-
der sorbitol-induced osmotic stress. Moreover, un-
der salt stress o-tocopherol may indirectly better
protect macromolecules than y-tocopherol, which
suggests a specific role of a-tocopherol in plants via
its participation in cellular signaling as well [10].
In our previous work, we showed that tocopherol-
deficient vrel and vte4 lines of Arabidopsis were
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resistant to long-term salt stress [11]. Recently Cela
and colleagues [12] showed that vfe4 mutants had
reduced jasmonic acid and ethylene signaling gene
expression levels in mature leaves under salt stress
conditions as compared to the wild type.

In this work, we have studied oxidative stress
response of two tocopherol-deficient mutants of
Arabidopsis thaliana subjected to short-term high
salinity. The vfel mutant is deficient in tocopherol
cyclase and consequently lacks all four tocopherols,
as well as plastoquinone, but accumulates the re-
dox active pathway intermediate dimethylphytylb-
enzoquinone (DMPBQ) [13, 14]. The vte4 mutant
is deficient in y-tocopherol methyltransferase ac-
tivity and lacks a-tocopherol, but instead accumu-
lates y-tocopherol in leaves [15]. The potential in-
fluence of tocopherol composition on carotenoids
and anthocyanins content, lipid peroxidation, and
antioxidant enzyme activities under salt stress was
studied in the above mentioned plant lines.

Materials and Methods

Seeds of Arabidopsis thaliana wild type (Co-
lumbia) and mutant lines vte4 (SALK _03676) and
vtel (GABI_11D07), defective in VTE4 and VTEI
genes, respectively, were obtained from the Salk
Institute [16] and GABI-Kat [17] and selected ho-
mozygote plants from the seeds at the Institute of
Botany of Kiel University (Germany) were used in
the present investigation. The plants were grown
in hydroponic system using Rockwool supports as
described by [18] at 28°C and naturally illuminated
environmental conditions. The Gibeau nutrient so-
lution [18] was used and changed every two weeks.
Ten-week-old plants were subjected to salt stress
by supplement of their nutrient solution with NaCl
to final concentration 200 mmol/1 for 24 h. Con-
trol plants were grown on nutrient solution without
NaCl. After 24 h fully expanded leaves of plants
were harvested and frozen with liquid nitrogen.

Contents of carotenoids and anthocyanins
were measured spectrophotometrically in leaves
as described by [19]. Tissues were homogenized
in a Potter-Elvjeham glass homogenizer with ice-
cold 96% ethanol (1 : 10, w/v) in the presence of
CaCO, (for preventing of pheophytinization). The
homogenates were centrifuged at 8000 g during
10 min (4 °C) using centrifuge OPN-8 (USSR),
supernatants were collected and the pigments were
repeatedly extracted two times from pellets with
1 ml ice-cold 96% ethanol. All supernatants were
collected and concentrations of carotenoids were
measured spectrophotometrically at 470 nm wave-
length in the combined resulting extracts [19]. Ca-
rotenoids content was calculated as described by
[11]. Anthocyanin content was determined after
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extract acidification with concentrated HCI to its
resulting concentration 1%. The anthocyanin con-
centration was assayed spectrophotometrically at
530 nm wavelength and an absorption coefficient
of 30 mM-'cm! was used [20].

To measure the level of lipid peroxidation and
activity of antioxidant enzymes the frozen leaves
were powdered in liquid nitrogen with mortal and
pestle and mixed (1/5, w/v) with 50 mM potas-
sium-phosphate buffer (pH 7.0) that contained 1
mM EDTA and 1 mM phenylmethylsulfonylfluo-
ride (PMSF). Ascorbic acid (1 mM) was added to
potassium-phosphate buffer in the case of ascor-
bate peroxidase (APX) assay. The homogenates
were centrifuged at 13,000 g for 20 min at 4 °C in
Eppendorf 5415R (USA) centrifuge. The superna-
tant obtained from each sample was collected and
used for further assay.

Supernatants were mixed with an equal ali-
quot of 40% (w/v) trichloroacetic acid (TCA) and
then centrifuged for 10 min at 5000 g. The super-
natants were used for determination of lipid per-
oxide level. The degree of lipid peroxidation was
evaluated as the level of thiobarbituric acid reactive
substances (TBARS) as described by Heath and
Packer [21].

The activity of superoxide dismutase (SOD;
1.15.1.1) was assayed as a function of its inhibitory
action on quercetin oxidation [22]. One unit of
SOD activity is defined as the amount of enzyme
(per protein milligram) that inhibits quercetin oxi-
dation reaction by 50% of the maximum value,
which was calculated using ‘KINETICS’ program
for non-linear inhibition [23].

Catalase (1.11.1.6) activity was measured
spectrophotometrically at 240 nm [24]. The activi-
ty of ascorbate peroxidase (APX; 1.11.1.11) was
monitored following the decrease of absorbance
at 290 nm (¢ = 2.8 mM'cm™) due the oxida-
tion of ascorbic acid to dehydroascorbate [25].
Guaiacol peroxidase (GuPx; 1.11.1.7) activity
was assayed spectrophotometrically following the
increase in absorbance at 470 nm due to guai-
acol oxidation (¢ = 26.6 mM-cm™) [26]. Dehy-
droascorbate reductase (DHAR; 1.8.5.1) activity
was determined by measuring the increase in ab-
sorbance at 265 nm due the formation of ascor-
bic acid (¢ = 14 mM-'cm') [27]. Glutathione-S-
transferase (GST; 2.5.1.18) activity was measured
by monitoring the formation of adduct between
GSH and 1-chloro-2,4-dinithrobenzene (CDNB)
at 340 nm (¢ = 9.6 mM-cm') [22]. Glutathione
reductase (GR; 1.6.4.2) activity was deter-
mined as the decrease in absorbance at 340 nm
(e = 6.22 mM'cm'l) due to the oxidation of re-
duced NADPH [22].
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One unit of CAT, APX, GuPx, DHAR,
GR and GST activity is defined as the amount
of the enzyme consuming 1 pmol of substrate or
generating 1 pmol of product per minute; the ac-
tivities were expressed as international units (or
milliunits) per milligram of protein.

Protein concentration was determined with
Coomassie brilliant blue G-250 according to Brad-
ford’s method [28] with bovine serum albumin as
a standard.

All values were expressed as means = S.E.M.
of three independent experiments. For statistical
analysis, the Student’s t-test was used to compare
values under stress conditions with their corre-
sponding controls values, and to compare vfe4 and
vtel mutant lines with the wild type.

Results and Discussion

It has been suggested that a-tocopherol and
B-carotene cooperate in protection against singlet
oxygen induced damage to photosystem II [5]. In
our study, the concentration of carotenoids was in-
creased by 43 and 38% in leaves of salt-treated wild
type and vfel mutant line, respectively, but did
not change in vfe4 mutants as compared with the
control values (Table). It is possible, that not only
a-tocopherol, but also its redox-active precursor
DMPBQ could cooperate with carotenoids in scav-
enging of singlet oxygen during the stress. Previous
studies indicated that deficiency in a-tocopherol
resulted in enhanced anthocyanin level induced by
stress [29]. Our data are in good agreement with
that. Under salt stress conditions, anthocyanin
content increased by 16% in vrel mutant line, but
did not differ from control in the wild type and
vte4 mutants (Table).

It has been shown that ROS production,
particularly O,” and H,O,, is stimulated under
salt stress conditions [30]. Free radical-induced
peroxidation of lipids is one of the markers of
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Fig. 1. TBARS concentrations in leaves of wild type,
vted and vtel plants of A. thaliana after 24 h exposure
to 200 mM NaCl. *Significantly different from
respective control group (P < 0.01). “'Significantly
different from respective control group of wild type
plants (P < 0.05)

stress-induced damage [31]. Decomposition of li-
pid hydroperoxides results in formation of diverse
products including malondialdehyde (MDA) [31].
In this work the product of MDA condensation
with thiobarbituric acid (TBA) was measured as
thiobarbituric acid reactive substances (TBARS).
In our study, the level of TBARS increased in salt
stressed wild type, vfe4, and vfel mutant lines by 79,
23 and 33%, respectively compared to the control
values (Fig. 1). However, TBARS concentration in
the vte4 mutant was lower compared to wild type
under salt stress. Similar tendency was observed
in y-TMT transgenic tobacco under both salt and
sorbitol stresses [10]. It is likely, that during salt
stress y-tocopherol (present in vte4 mutants) con-
trols the extent of lipid peroxidation directly or in-
directly via unknown mechanisms. Some studies

Effect of short-term salt stress on the carotenoids and anthacyanins content (umol/gww) in the leaves of wild
type, vted, vtel plants of A. thaliana. *Significantly different from the respective control group (P < 0.0I).
v Significantly different from the respective group of wild type plants, "' vtel mutant line (P < 0.05)

Carotenoids Anthocyanins
Control | 200 mM NaCl Control | 200 mM NaCl
Wild type
0.21 + 0.02 0.30 £ 0.02* 0.44 £ 0.02 0.45 + 0.02
vted
0.29 £ 0.02vtveel 0.28 = 0.02 0.49 £ 0.02vtveel 0.46 = 0.02
vtel
0.16 + 0.02% 0.22 + 0.02* 0.37 £ 0.02* 0.43 + 0.02*
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suggested that in salt tolerant plant species a lower
TBARS increase could be due to the higher activi-
ty of antioxidant enzymes, in particular SOD and
APX, under the salt stress conditions [32—34].
SOD belongs to the first line of defense and
catalyses the dismutation of O,” to molecular
oxygen and H,O, [35]. This enzyme plays criti-
cal protective role against oxidative damage, since
superoxide acts as a precursor for more cytotoxic
or highly reactive oxygen derivatives, such as per-
oxynitrite or hydroxyl radical [3]. In our study, salt
stress did not change SOD activity in wild type and
vtel plants, but increased it by 26% in the leaves
of vte4 mutant line (Fig. 2, A). It can be supposed
that substitution of a-tocopherol with y-tocopherol
compensates the increase of SOD activity and
thereby provides the vfe4 mutants with better pro-
tection against salt-induced oxidative damage of
lipids evidenced by a lower TBARS Ilevel. In salt
stressed wild type and vfel mutants plants the lack
of change in SOD activity may indicate that this
enzyme is not crucial for ROS detoxification, and
non-enzymatic routes for conversion of O, to

600
[ control [ 200 mM NaCl

N

450 - *

300 |

150 -

SOD activity (U mg ' protein)

vted vtel

1000

[ control 200 mM NaCl

a

750 | *

500

250 |

APX activity (mU mg 'protein)

wt vted vtel

H,0, via antioxidants (glutathione and ascorbate)
may compensate this.

Metabolism of H,O, depends on various
functionally interrelated antioxidant enzymes such
as catalase, APX and peroxidases. Catalase has
been found predominantly in leaf peroxisomes
[36]. Treatment with 200 mM NaCl enhanced
catalase activity in wild type, vte4, and vtel mutant
plant lines by 47, 35 and 28%, respectively, in com-
parison with respective controls (Fig. 2, B). APX
which uses ascorbate as a reductant in the first
step of the ascorbate-glutathione (AsA-GSH) cyc-
le is the most important plant peroxidase in H,O,
detoxification [3, 37]. In response to the stress,
APX activity increased in wild type, vte4, and vtel
mutant plant lines by 181, 66 and 27%, respec-
tively, in comparison with control groups (Fig. 2,
(). The fact, that the activity of APX was higher in
salt stressed vfe4 plants than in wild type and vrel
mutant plants, probably, indicates that this enzyme
is responsible for elimination of SOD generated
H,0,. In addition, it has been reported that higher
APX activity correlated with lower levels of lipid
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Fig. 2. Activity of SOD (A), catalase (B), APX (C) and GuPx (D) in the leaves of wild type, vte4 and vtel
plants of A. thaliana after 24 h exposure to 200 mM NaCl. *Significantly different from the respective control
group (P < 0.025). v'Significantly different from the respective control group of wild type plants, V**vte4 mutant

lines (P < 0.05)
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peroxidation under salt stress [38]. In addition to
APX, guaiacol peroxidase (GuPx) is also involved
in the scavenging of soluble hydroperoxides in
plants [3]. Similarly to catalase and APX, the ac-
tivity of GuPx increased 3.8, 2.4 and 2.8 times in
the leaves of NaCl treated wild type, vte4 and vrel
plants, respectively, as compared to the respective
controls (Fig. 2, D). The increase in activity of
APX, catalase and GuPx in response to salt stress
in wild type and both mutant lines, confirms pre-
vious results indicating that all three enzymes are
involved in scavenging of H,O, during salt stress
19, 32, 38].

Regeneration of ascorbate via AsA-GSH cyc-
le requires the activity of MDAR, DHAR and
GR [39]. The salt stress enhanced by 25% DHAR
activity in vfe4 mutant plant leaves as compared to
the control, whereas in the rest groups it was not
affected (Fig. 3, A). The increase in DHAR activi-
ty may be required to sustain cycling of oxidized
ascorbate when the flux through the AsA-GSH
cycle is increased [40, 41]. That may occur in salt
stressed vfe4 mutants, which posses the enhanced
SOD and APX activities. The lack of changes in
DHAR activity in wild type and vfe/ mutant can
be associated with higher constitutive activity of
this enzyme. GR is the last enzyme of ascorbate-
glutathione cycle and catalyzes the NADPH-de-
pendent reduction of oxidized glutathione [39]. In
response to salt stress, the activity of GR increased
by 19, 42 and 27% in leaves of wild type, vte4 and
vtel plants, respectively, in comparison with con-
trols (Fig. 3, B). It seems that the increase of GR
activity helps plants to maintain higher ratio of
GSH/GSSG, which is required for ascorbate re-
duction.

Glutathione-S-transferase conjugates GSH
with diverse electrophiles, resulting in their de-
toxification [3]. The response of this enzyme to
salt stress treatment was observed in many plant
species [7, 42]. In our experiments, treatment with
200 mM NacCl increased GST activity by 34% in
the leaves of wild type and vfe4 mutant lines, as
compared to the controls, whereas in vfe/ mutants
no changes were found (Fig. 3, C). This indicates
that wild type and vfe4 mutant lines possess effec-
tive mechanisms to conjugate with GSH and de-
toxify electrophiles when exposed to the salt stress
conditions.

It can be concluded that salt stress may
be accompanied by enhanced ROS generation,
thereby leading to increased lipid peroxidation and
activities of antioxidant enzymes, such as catalase,
APX, GuPx and GR (Fig. 4). However, different
mechanisms may be involved in adaptation of
wild type and tocopherol-deficient lines to the salt
stress. It can be suggested, that in vfe4 mutant,
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Fig. 3. Activity of DHAR (A), GR (B) and GST
(C) in leaves of wild type, vte4 and vtel plants of
A. thaliana after 24 h exposure to 200 mM NaCl.
*Significantly different from respective control group
(P < 0.025). »Significantly different from respective
control group of wild type plants, v'vtel mutant lines
(P <0.05)

which contain y-tocopherol instead o-tocopherol,
co-operative action of SOD and enzymes of
ascorbate-glutathione  cycle  provide  better
protection against lipid peroxidation. At the same
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Fig. 4. Involvement of tocopherol in antioxidant system of plant. Abbreviation: AsA, ascorbate; MDA, mono-
dehydroascorbate; DHA, dehydroascorbate; GSH, reduced glutathione; GSSG, oxidized glutathione; Toc, to-
copherol; Toc*, tocopheryl-radical; LOOH, lipid hydroperoxide; LOO", lipid peroxyl radical. Enzymes involved:
APX, ascorbate peroxidase; GR, glutathione reductase; DHAR, dehydroascorbate reductase; MDAR, monode-
hydroascorbate reductase, CAT, catalase; SOD, superoxidedismutase; POD, peroxidase

time, the lack of tocopherols in vfe/ mutant plants
may be compensated by an increase of carotenoid
and anthocyanin concentrations in response to the
salt stress.

BIIJIMB KOPOTKOTPUBAJIOI'O
COJIBOBOI'O CTPECY HA MAPKEPU
OKCUIATHUBHOI'O CTPECY TA
AKTUBHICTb AHTUOKCUJAHTHHNX
EH3UMIB Y TOKO®EPOJI-
JEPILUTHUX POCIINH Arabidopsis
thaliana

H. M. Cemuyk, 0. B. Bacuauk,
Ok. B. Jlywak, B. 1. Jlywax

[IpukaprnaTcbkuii HalliOHAJIBHUI YHIBEPCUTET iMeHi
Bacung Credanuka, IBano-®paHKiBchbK, YKpaiHa;
e-mail: lushchak@pu.if.ua

JlocigxeHo BMICT KapOTHUHOIIiB,
aHTOlliaHiB, pIiBEHb MNEPOKCUAHOIO OKMCJICH-
HS JIITAiB Ta aKTUBHICTh AHTHMOKCHUIAHTHUX
€H3UMIB y pociuH Arabidopsis thaliana nukoro
TUIY i JeeKTHUX 3a 0IOCHMHTE30M TOKO(epoay
ginigx vtel ta vte4 3a nii 200 MM NaCl nporg-

46

roM 24 roguH. CoOJILOBUII CTpeC IIPU3BOAMB OO0
3pOCTaHHSI iIHTEHCUBHOCTI TEPOKCHUIHOIO OKHC-
JICHHS JIIMiAiB Y BCiX TPhOX AOCHIIXKYBAHMUX JiHIiNA
pociuH. 3a Aii CONIbOBOrO CTpeCcy KOHLEHTpAallis
KapOTMHOIIIiB Ta aKTUBHICTb KaTaja3u, acKop-
OaTnepokcuaasu, IBasiKOJINEPOKCU A3 Ta
MIyTaTiOHPEeAYKTa3u 3pOCTalv Y POCIUH JUKO-
ro TUIy Ta Tokodepoa-aediuuTHOI JiHil viel,
npoTe, MiABUINEHHSI KOHLEHTpallil aHTOLiaHiB
CHOCTEepirayocs TIJIBKU Y POCIMH MYTaHTHOI JiHil
vtel. Y pOoCIIMH MYTaHTHOI JIiHi1 vie4, siKka MiCTUTb
y-ToKO(epoJl 3aMiCTh a-TOKO(MEpPoJy, BiIMNOBilb
Ha COJIbOBMI CTpec BiaOyBajiacsi 4epe3 y3ro-
JKeHY Jil0 CYNepOKCUIIMCMYTa3u Ta EH3UMiB
ackopOaT-rIyTaTioOHOBOrO UKy, a caMe acKop-
OaTnepoKCcUaasu, JerigpoackopbaTpeayKrasu,
MIyTaTiOHpeAyKTa3u  Ta  [JIYTaTioH-S-TpaHC-
(epazu. MoxHa OiliTU BUCHOBKY, 1110 COJIbOBUIA
CTPEC CYIMPOBOMXYETHCS OKCUJATUBHUM CTPECOM
Yy TPbOX AOCHIJXYBaHUX JIiHil POCIMH, pa3oM 3
THUM Pi3HI MeXaHi3MM 3aisiHi B aganTauii pocJauH
JUKOTO TUITY Ta TOKO(pepon-1eiuuTHUX JTiHilA.

KnwouyoBi cinoBa: aHTUOKCUIAHTHI €H-
3uMu, Arabidopsis thaliana, okcuaaTUBHUI CTpecC,
COJILOBU CTpec, TOKO(EpOJIn.
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BJIMAHUE KPATKOBPEMEHHOI'O
COJIEBOI'O CTPECCA HA MAPKEPbBI
OKCUIATHUBHOI'O CTPECCA N
AKTUBHOCTb AHTUOKCUJIAHTHBIX
DOH3NUMOB B TOKODPEPOJI-
JE@PUIINTHBIX PACTEHUAX
Arabidopsis thaliana

H. M. Cemuyk, IO. B. Bacuauk,
Ok. B. Jlywak, B. H. Jlywak

ITpukaprnarckvMii HallMOHAIBHBIA YHUBEPCUTET UMEHU
Bacunsg Credpanuka, UBaHo-PpaHKOBCK, YKpanHa;
e-mail: lushchak@pu.if.ua

HccaemoBaHo comepKaHWe KapOTHHOWIOB,
AHTOIIMAHOB, YPOBEHbB MEPOKCUIHOTO OKMCICHUS
JUTINAOB M aKTUBHOCTh AHTUOKCHAAHTHBIX DH-
3UMOB B pacteHusix Arabidopsis thaliana nukoro
THna 1 Ie(EeKTHBIX M0 OMOCHHTE3y TOKOodeposa
JuHusx vtel u vte4 nipu BozaeiictBuu 200 MM
NaCl B teuenmue 24 yacoB. CoyieBoil cTpecc Io-
BBIIIIAJT WHTEHCUBHOCTH TIEPOKCUIHOTO OKMCIIE-
HUS JIUTTUIOB BO BCEX TPEX MCCIEAYEMBIX JIMHUSIX
pactenmii. [Ipu comeBoM cTpecce KOHIIEHTpPAIIHs
KapOTUHOMIOB M aKTUBHOCTH KaTajla3bl, acKop-
OaTTiepoOKCHUIa3bl, TBAasSKONIEPOKCUIA3Bl U TIIy-
TaTUOHPEAYKTa3bl TIOBBIIIAJIMCH B PACTEHUSIX
IUKOTO TUTIA U TOKO(MEepoa-IeUIINTHON JTUHUN
vtel, omHAKO, yBeJIWUYEHUE KOHIIEHTPAIIMM aHTO-
IIMaHOB HAOJIONAIOCh TOJBKO B PACTEHUSIX MY-
TaHTHOUW JIMHUM Vtel. B pacTeHMAIX MyTaHTHOMI
JVHUN Vie4, comepxalieil y-TOKodepos BMECTO
a-ToKodeposia, OTBETOM Ha COJIEBOI cTpecC OBbLIO
COTJIaCOBAaHHOE NEWCTBUE CYTIEPOKCUIINUCMYTAa3bI
W DH3WMOB acKopOaT-TIIyTaTMOHOBOTO ITMKJA, a
WMEHHO acKopOaTTepOKCHU A3k, TIYTaTUOHPETyK-
Tas3bl, JETUAPOACKOPOATPEAYKTA3hl M TIYTaTUOH-
S-TpaHcdepasbl. MoXHO ciefaTh BbIBOA, YTO CO-
JIEBOM CTpecC COIMPOBOXIACTCS OKCHUIATUBHBIM
CTPECCOM Y TPEX UCCIEAYEMBIX JIMHUM PACTEHU,
BMECTE C TeM pa3IMYHble MEXaHU3MBI 3aIeCTBO-
BaHBI B aJlalTalliM PacTeHUI JUKOTO THUTIA U TO-
Kodepo-n1e UM THBIX TMHUA.
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