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The role of the gasotransmitter carbon monoxide (CO) in signaling and adaptive processes in plants
has been studied insufficiently. There are indirect data indicating jasmonate signaling participation in reali-
zation of CO effects, but the possible connection between carbon monoxide and jasmonate signaling during
plant adaptation to salt stress remains unclear. We studied the carbon monoxide donor hemin effect on the
Arabidopsis of a wild-type (Col-0) and defective in jasmonate signaling coil and jinl mutants response to the
salt stress. Arabidopsis thaliana 4-week-old plants were grown on a modified Hoagland’s medium. Plants
were incubated for 24 h in usual or 2 uM hemin containing culture medium, then transferred to 150 mM NaCl
containing media and incubated for 24 h before the medium was replaced with the usual one. It was shown
that salt stress caused water deficiency and superoxide dismutase and catalase activity decrease in the plants
of all three genotypes. Treatment with 2 uM hemin stabilized the levels of catalase activity and photosynthetic
pigments and increased guaiacol peroxidase activity in a wild-type, but not in coil and jinl mutant plants
after stress induction. Treated with hemin wild-type Arabidopsis plants accumulated more proline and sugars
in response to stress than treated coil and jinl mutants. It was concluded that jasmonate signaling can be
involved in adaptive processes induced by exogenous carbon monoxide.

Keywords: carbon monoxide, jasmonate signaling, salt resistance, wild type Arabidopsis thaliana, coil
and jinl mutants, antioxidant enzymes, pigments, proline.

t present, the participation of gasotransmit-
A ters (gaseous molecules that perform signa-

ling functions) in biochemical and physio-
logical processes of not only animals [1] but also
plants [2, 3] is being intensively studied. The main
gasotransmitters include carbon monoxide (CO), ni-
trogen oxide (NO), and hydrogen sulfide (H,S) [4-6].
Recently, phytophysiologists have also focused on
the signaling functions of methane [7] and gaseous
hydrogen [8]. Gasotransmitters are characterized
by the absence of specific receptors, the presence of
common targets of action, and multilevel functional

interaction with each other [9]. It is largely due to
the presence of common sites for interaction of gaso-
transmitters with protein targets. These sites can be
primarily thiol groups and active sites containing
heme [2]. Other ways of gasotransmitters functional
interaction are associated with their influence on
synthesis of each other. For plant objects, data were
obtained on the effect of CO on NO synthesis, as
well as on the enhancement of CO synthesis under
the action of H,S and vice versa [2]. In this regard,
the same physiological effects, for example, induc-
tion of protective responses that determine resistance
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to stressors, can be achieved using different gaso-
transmitters.

CO is still one of the poorly studied gasotrans-
mitters of plant cells [2, 3]. To date, the effects of en-
hancing its synthesis in plants have been described
under the action of stressors of various natures
[10-12]. Also, the effects of increasing plant resistan-
ce to various adverse influences are shown when
treated with gaseous CO or its donors — hematin and
hemin [13-15]. The action of exogenous CO on plant
salt tolerance has been studied only on cultivated
grains and some legumes [16-18]. It has been shown
that the gaseous CO and hematin enhanced plant
defense reactions such as increased expression of
genes encoding antioxidant enzymes [17, 18] and ac-
cumulation of proline [19]. However, in general, the
influence of CO donors on the functioning of plant
protective systems under salt stress has been poorly
studied. In particular, the effect of exogenous CO
on the salt tolerance of Arabidopsis thaliana plants,
one of the main model objects of experimental plant
biology, remains unexplored.

Gasotransmitters are in close relation to the
plant hormone signaling network. On the one hand,
they are involved in the transduction of phytohor-
mone signals into genetic apparatus [20]. On the
other, changes in the content of gasotransmitters can
affect the hormonal complex [21, 22], in particular,
the content of jasmonates [21]. Thus, a rise in the
amount of latter in plants was recorded under the
influence of exogenous NO [21] and CO [23]. The
action of hyperthermia on tobacco plants caused an
increase in CO synthesis, which, in turn, increased
the formation of jasmonic acid. As a result, the jas-
monate signaling transcription factor NtM'YC2a was
activated that led to the activation of expression of
the putrescine-N-methyltransferase gene NtPMT1
and, ultimately, to the thermal-induced enhancement
of nicotine synthesis [23].

JIN1/MYC2 transcription factor controls the
expression of genes induced not only by jasmonate
but also by abscisic acid [24, 25]. This protein is con-
sidered as one of the key ones in stress signaling,
in particular, during the development of plant de-
fense responses to drought and salinity [24]. Based
on the data obtained by bioinformatics methods, it
was concluded that the MYC family genes are in-
volved in the transduction of NO signals [26]. Our
data on an increase in the salt resistance of Arabi-
dopsis wild-type plants under the influence of NO
and H,S donors and a very weak manifestation of
such effects in mutants jin/ and coil, defective in
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jasmonate signaling, indicates the involvement of
components of this signaling in the implementation
of stress-protective effects of gasotransmitters NO
and H_S [27]. In general, jasmonic acid and its de-
rivatives are considered as one of the important links
in plant adaptation to abiotic and biotic stress factors
[28, 29]. In particular, they are involved in the regu-
lation of such important systems as antioxidant and
osmoprotective [30].

In connection with the data on the role of jas-
monic acid and genes controlled by it in the mani-
festation of CO effects under heat stress [23], as well
as data on the jasmonate signaling involvement in
the realization of stress-protective effects of other
gasotransmitters (NO, H,S) [27], it was of interest
to study the effect of the CO donor hemin on the
salt tolerance of Arabidopsis plants defective in jas-
monate signaling. For this, we used plants of the
coil (mutant for the gene encoding the COI1 pro-
tein involved in the removal of repressor proteins of
jasmonate signaling transcription factors) and jin/
(@ mutant defective in the gene encoding the JIN1/
MYC2 transcription factor) genotypes.

It is well known that high concentrations of Na*
and/or CI- in the environment cause osmotic stress
in plants due to a sharp drop in the water potential
in root habitat [31]. The effect of osmotic stress in
plants in response to an increase in salt concentra-
tion in the medium leads to a decrease in stomatal
conductance. As a result, entry of CO, into cells and
functioning of electron transport chain in chloro-
plasts are disrupted, which leads to an increase in
the ROS formation. Development of oxidative stress
is also facilitated by a salinity-induced change in pH
of cytoplasm, leading to an increase in reactions of
non-enzymatic ROS formation. In this regard, ac-
tivation of antioxidant system and accumulation of
compatible osmolytes [31], primarily proline and
sugars, which also have antioxidant properties, are
considered the key defense mechanisms of plants in
response to salt stress. The objectives of the work
were to compare the functioning of the enzymatic
antioxidant and osmoprotective systems of wild-type
Arabidopsis plants (Col-0) and mutants coil and jinl
above under the action of salt stress and the CO do-
nor hemin.

Materials and Methods

For experiments, we used 4-week-old plants
Arabidopsis thaliana L. wild-type (Col-0) and mu-
tant lines coil and jin/ whose seeds were kindly pro-
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vided by prof. J.-M. Neuhaus (Nashatel University,
Switzerland). Plants were grown in aquatic culture
on Hoagland medium with modifications [32] at a
temperature of 22/16°C (day/night), illumination of
6000 lux, and a 10-h photoperiod [29].

CO donor hemin (Sigma-Aldrich, USA) was
inserted into the culture medium, and plants were
incubated on it for 24 h. After that, they were trans-
ferred to a nutrient mixture without hemin but with
the addition of 150 mM NaCl. After 24-h incubation
of plants in the presence of sodium chloride, the me-
dium was replaced with the usual one. In prelimi-
nary experiments, it was found that such an action
of salt did not lead to a loss of turgor but caused an
increase in the indicator of water deficit and a de-
crease in the chlorophyll content in the leaves with
further growth of plants on medium without NaCl.

The optimal concentration of hemin (2 uM),
which most effectively prevents the development
of water deficiency and a decrease in the content of
chlorophylls in leaves after exposure to salt stress,
was established in preliminary experiments (results
not shown).

For all biochemical analyzes, developed rosette
leaves were used. All parameters, except for the con-
tent of photosynthetic pigments, were determined
immediately after the end of the stress exposure.

Water deficiency was estimated by saturation of
intact leaves with water and expressed as a percenta-
ge of the total water content in a state of complete
saturation [33].

Activities of superoxide dismutase (SOD), cata-
lase, and guaiacol peroxidase were determined by
methods described in detail earlier [30]. The weighed
leaves were homogenized in the cold 0.15 M K, Na-
phosphate buffer (pH 7.6), containing 0.1 mM EDTA
and 1 mM dithiothreitol. For analysis, the superna-
tant was used after centrifuging the homogenate at
8000 g on an MPW 350R centrifuge (MedInstru-
ments, Poland) for 10 min at 4°C. The activity of
the cytosolic SOD (EC 1.15.1.1) was determined at
pH 7.6 using a method based on the enzyme’s abili-
ty to compete with nitroblue tetrazolium for super-
oxide anions formed due to the aerobic interaction
of NADH and phenazine methosulfate. The cata-
lase (EC 1.11.1.6) activity was analyzed at pH 7.0
by the amount of decomposed hydrogen peroxide
per unit time. The activity of guaiacol peroxidase
(EC 1.11.1.7) was determined at pH 6.2 of the reac-
tion mixture, using guaiacol as the reducing agent.
SOD and guaiacol peroxidase activity was expressed

as arbitrary units/(g dry weight-min), catalase activi-
ty —as uM H,0,/(g dry weight-min).

The proline content in the leaves was analyzed
by the method of Bates et al. [34] and expressed in
pmol/g dry weight. The total amount of sugars was
analyzed by the Morris-Rohe method using an an-
throne reagent [35] with our slight modifications
[36].

Photosynthetic pigments were analyzed 2 days
after the action of salt on plants. As preliminary ex-
periments showed, it was precisely at such a time
after stressful exposure that the most noticeable de-
crease in the content of chlorophyll in the leaves was
observed. Pigments were extracted from leaves with
ethanol and the content was determined spectropho-
tometrically [37]. Their amount was expressed in
mg/g dry weight.

Independent experiments were repeated three
times. The results were processed by the dispersion
method. The figures and the table show the mean
values and their standard errors. Except as otherwise
specified, the differences between the variants are
discussed, which are significant at P < 0.05.

Results and Discussion

Under the influence of NaCl, the water deficit
in tissues of Arabidopsis leaves of all three geno-
types was more than doubled (Fig. 1). Treatment of
wild-type plants with the CO donor hemin before
salt stress markedly reduced its manifestation under
stress conditions. At the same time, this effect did
not appear in both mutants defective in jasmonate
signaling. It should be noted that the emergence of
water deficiency in plants under an increase in salt
concentration in the root solution manifests itself
rather quickly and leads to secondary negative con-
sequences, in particular, to stomata closure, limita-
tion of CO, intake, development of oxidative stress,
and growth inhibition [38]. Thus, the decrease in
the water deficit under salt stress in wild-type plants
under the influence of the CO donor indicates an in-
crease in the development of adaptive responses.

One of the integral indicators of plant resistance
to stressors, in particular, salinity, is the preservation
of the photosynthetic pigments pool after exposure
to an unfavorable factor [39]. Under the conditions of
our experiments, 2 days after exposure to 150 mM
NaCl, the content of chlorophylls significantly de-
creased in all three genotypes (Table). The treatment
with hemin partially counteracted the decrease in
chlorophyll a content under salt stress but did not
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Fig. 1. Water deficiency of Arabidopsis leaves un-
der the action of NaCl and hemin (CO donor): 1 -
control; 2 — NaCl (150 mM); 3 — NaCl (150 mM) +
hemin (2 uM). The same Latin letters denote quanti-
ties between which differences are not reliable for
P<0.05

affect chlorophyll b content. At the same time, no
significant changes in the content of chlorophylls
in coil and jinl plants subjected to salt stress were
observed under the treatment with the CO donor.
These results suggest the possibility of jasmonate-
dependent interaction of CO with pathways of chlo-
rophyll a biosynthesis. However, the effect of hemin
as an inductor of heme oxygenase on chlorophyll

synthesis may be associated not so much with the
effects of CO as with the simultaneous increase in
the formation of biliverdin [Xa. There are data in the
literature on the involvement of heme oxygenase 1
(HO1) as an enzyme that catalyzes the conversion
of heme with the formation of biliverdin IXa in the
metabolism of tetrapyrroles, especially chlorophyll
[40]. On the other hand, jasmonate is also involved
in regulating chlorophyll metabolism [41], and under
stressful conditions, it can contribute to the preser-
vation of its pool [42]. It is quite natural that special
studies are needed to conclude on the role of the pos-
sible functional interaction of CO and components of
jasmonate signaling in the regulation of chlorophyll
metabolism under normal and stressful conditions.

The content of carotenoids under the salt stress
influence decreased in leaves of wild-type and coil
mutant; in plants of the jinl genotype, this effect was
manifested at the trend level (Table). Hemin treat-
ment led to a significant increase in the carotenoid
content under stress conditions only in Col-0 plants.
In mutants defective in jasmonate signaling, this ef-
fect was less pronounced. It is possible that the func-
tional relationship between CO and jasmonate may
be involved in the metabolism of carotenoids.

In general, under salt stress, a noticeable posi-
tive effect, determined by the level of water deficit
and the content of photosynthetic pigments, was
exerted by the CO donor treatment on wild-type

Content of chlorophyll and carotenoids (mg/g d.w.) in leaves of Arabidopsis

Option Chlorophyll a \ Chlorophyll b \ Chlorophyllsa + b Carotenoids

Col-0

Control 14.22 £ 0.27¢ 418 + 0.11° 18.40 + 0.29? 2.49 £ 0.07%

NaCl (150 mM) 10.72 £ 0.22¢ 291 +£0.11° 13.63 £ 0.25° 1.99 + 0.06°

NaCl (150 mM)

+ hemin (2 uM) 12.25 + 0.20° 2.65 + 0.10" 14.90 + 0.22° 2.71 £ 0.09
coil

Control 14.89 £ 0.26% 4.32 +0.12° 19.21 +0.29? 2.69 + 0.09°

NaCl (150 mM) 10.72 £ 0.24¢ 2.64 +0.08 13.36 + 0.26 2.00 +0.10°

NaCl (150 mM)

+ hemin (2 uM) 11.39 + 0.23% 218 £ 0.12° 13.57 £ 0.26° 2.55 + 0.15%
jinl

Control 14.70 £ 0.25* 4.38 £ 0.09° 19.08 £ 0.27° 2.21 £0.09°

NaCl (150 mM) 9.66 + 0.22¢ 195+ 0.12° 11.61 + 0.25¢ 2.10+0.10°

NaCl (150 mM)

+ hemin (2 uM) 10.34 + 0.24% 1.89 £ 0.11° 12.23 + 0.26¢ 2.45 +0.12%

*The same Latin letters denote quantities whose differences are not reliable when P < 0.05
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plants, the similar effect of exogenous CO on coil
and jinl plants was less pronounced.

As already noted, one of the key protective sys-
tems involved in the plants adaptation to stressors
of various natures, including salt stress and cross
action of unfavorable factors, is the antioxidant sys-
tem [43, 44]. In further experiments, the influence
of the CO donor on the state of the enzymatic anti-
oxidant system of Arabidopsis was evaluated under
salt stress conditions. The SOD activity in control
in jinl plants was lower than in wild-type and coil
genotype plants (Fig. 2, A), which is apparently due
to genetics and is consistent with the results obtained
in other series of experiments [27]. Incubation of
plants of all three studied genotypes on a medium
with 150 mM NaCl caused a decrease in SOD activi-
ty (Fig. 2, A). Hemin treatment did not significantly
affect the enzyme activity in wild-type plants and
coil mutant. At the same time, in jin/ plants treated
with CO donor, there was a slight but significant in-
crease in SOD activity at P <0.05.

Catalase activity in plant leaves of different
genotypes Col-0 and coil, grown under normal con-
ditions, differed insignificantly, while in jin/ it was
slightly lower. Under the influence of salt stress, it
also decreased in plants of all genotypes (Fig. 2, B).
Preincubation of plants in the presence of hemin
completely prevented this effect of salt stress in wild-
type plants, but not in coil and jin/ plants.

Under normal conditions, the activity of guaia-
col peroxidase in Col-0 plants was higher than in
mutants defective in jasmonate signaling (Fig. 2, C).
Salt stress did not significantly affect the activity of
this enzyme in all three genotypes. Treatment with
the CO donor caused an increase in guaiacol per-
oxidase activity under salt stress in wild-type plants,
but not in mutants defective in jasmonate signaling
genes.

The proline content in Arabidopsis plants
of different genotypes did not differ significantly
(Fig. 3, A). Salt stress in all studied samples caused
an increase in the proline content in leaves by 3.5-4.0
times. Pretreatment with hemin of wild-type plants
significantly enhanced the effect of proline accumu-
lation under conditions of salt stress. At the same
time, in mutants coil and jinl, exposure to the CO
donor did not cause changes in the accumulation of
proline under salt stress (Fig. 3, A).

Under normal conditions, the content of sugars
in leaves of wild-type plants and jin! plants was al-
most the same, while in coil plants it was slightly
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Fig. 2. Activity of SOD (A), catalase (B) and guaiacol
peroxidase (C) in Arabidopsis leaves under the ac-
tion of NaCl and hemin (CO donor): 1 - control; 2 -
NaCl (150 mM); 3 — NaCl (150 mM) + hemin (2 uM).
The same Latin letters denote quantities between
which differences are not reliable for P < 0.05

higher, although this difference was not significant at
P < 0.05 (Fig. 3, B). After salt stress, an increase in
the amount of sugars in leaves of plants of all studied
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Fig. 3. Proline (A) and sugars (B) contents in leaves of Arabidopsis under the action of NaCl and hemin (CO
donor): 1 — control; 2 — NaCl (150 mM); 3 — NaCl (150 mM) + hemin (2 uM). The same Latin letters denote
quantities between which differences are not reliable for P <0.05

genotypes was noted. Under the influence of the
CO donor, the accumulation of sugars in wild-type
plants increased under the action of salt stress. In
mutants defective in jasmonate signaling, this effect
was not observed (Fig. 3, B).

The results indicating the enhancement of pro-
tective systems functioning in the wild-type Arabi-
dopsis plants upon their treatment with the CO donor
before salt stress are consistent with a number of data
obtained for other species. Thus, it was shown that,
in wheat plants, exogenous CO under salt stress in-
creased the expression of Al-pyrroline-5-carboxylate
synthase gene and weakened the expression of pro-
line dehydrogenase gene, which led to the accumula-
tion of endogenous proline [45]. In wheat seedlings
under strong salt stress, treatment with an aqueous
solution of CO prevented the development of pro-
grammed death of root cells, reduced the activity of
NADPH oxidase, and increased the expression of the
Mn SOD gene [17]. Also, it was found that hema-
tin treatment caused an increase in the accumula-
tion of proline and sugars, as well as an increase in
the activity of SOD, catalase, ascorbate peroxidase,
and glutathione reductase in Cassia oltusifolia un-
der conditions of salt stress [13]. In our experiments,
there was no increase in SOD activity in wild type
Arabidopsis and coil plants under salt stress under
the influence of the CO donor (Fig. 2, A). This may
be due to plant species and/or experimental condi-
tions. It is noteworthy, however, that hemin treat-
ment caused a slight increase in SOD activity in jinl
plants. It should be noted that in this genotype un-
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der salt stress there was a stronger decrease in the
activity of this enzyme than in wild-type and coil
plants. It is possible that exogenous CO could par-
tially induce protective systems in jin/ plants, which
could indirectly contribute to the maintenance of
SOD activity. It is quite natural that our results do
not give grounds to exclude the presence of CO
signaling pathways that are not associated with the
components of jasmonate signaling. In general, the
pronounced positive effect of hemin treatment was
manifested only in wild-type Arabidopsis plants.
This treatment promoted the stabilization of catalase
activity, an increase in the activity of guaiacol per-
oxidase, and the accumulation of proline and sugars
(Fig. 2, 3).

At the same time, in the mutant for the gene
encoding the COI1 protein (involved in the removal
of repressor proteins of jasmonate signaling tran-
scription factors), as in plants defective in the gene
encoding one of the main transcription factors of
jasmonate signaling (JINL/MYC?2), under the hemin
influence, a significant increase in salt tolerance was
not noted. The treatment of such plants with the CO
donor did not cause the effect of enhancing the work
of the enzymatic antioxidant system (Fig. 2) and ad-
ditional accumulation of osmolytes (Fig. 3) under salt
stress. This effect of the CO donor on the accumula-
tion of proline and sugars in wild-type plants was es-
pecially pronounced. The compatible osmolytes pro-
line and sugars play a multifunctional role under salt
stress. Accumulating in large quantities, they act not
only as osmolytes and membrane-protective com-
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pounds but also as antioxidants capable of binding
free radicals [44]. Their accumulation in wild-type
Arabidopsis plants treated with CO donor under salt
stress can compensate for the absence of the effect
of increasing SOD activity [46, 47], which was ob-
served in our experiments (Fig. 2).

Thus, the results obtained indicate the involve-
ment of the jasmonate signaling components in the
implementation of stress-protective effects of exoge-
nous carbon monoxide. Undoubtedly, the differences
in response to an action of the CO donor in wild-
type plants and jasmonate signaling mutants do not
provide grounds for concluding that the COI1 and
JINI/MYC2 proteins are directly involved in CO
signal transduction. For more definite conclusions
about the mechanisms of participation of jasmonate
signaling proteins in the implementation of the CO
action, special studies are needed. It is possible that
the role of COI1 and JIN1/MYC2 proteins under
the exogenous CO action is due to the ability of this
gasotransmitter to induce the synthesis of jasmonic
acid [23]. This effect was recorded in tobacco plants.
However, it cannot be ruled out that certain protein
components of jasmonate signaling under the action
of CO are regulated not by jasmonic acid itself, but
by other signaling mediators. JIN1I/MYC2 protein
has recently been considered as a kind of hub in the
transduction of signals not only for jasmonate, but
also ABA [24, 25], and probably also NO and H,S
[27, 29].

So, the marked leveling of defense reactions
induced by the CO donor in Arabidopsis mutants,
which are defective in two key proteins of jasmonate
signaling, recorded in our experiments, indicates the
involvement of this signaling in the implementation
of CO action. Special studies are needed to explain
the mechanisms of jasmonate signaling participa-
tion in CO physiological effects in plants under salt
stress.
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Ponp rasorpaHcMiTeépa MOHOOKCHIY BYTJIE-
1o (CO) B curHanbHUX Ta afalTUBHUX MpoLecax
Yy POCJIHH AOCIHIJKEHO HENOCTaTHhO. € HempsaMi
JaHI TIOMO YYacTi KOMIIOHEHTIB »KaCMOHATHO-
ro curHaiiHry B pearizanii edextis CO, omHax
MOJKJIUBI 3B’SI3KM MK MOHOOKCHJIOM BYTIIEITIO 1
JKACMOHATHUM CHUTHAQJIIHTOM 3a ajamnTamii poc-
JIMH 0 COJBOBOTO CTPECY IOTENep HE BUBYAIIUCS.
Y poboTi OIliHEHO peakIifo Ha COJIBOBHHA CTpec
pocnuH apabinoricucy awmkoro Tumy (Col-0) Ta
MyTaHTiB COIl i jinl, medeKTHHX 3a >KaCMOHAT-
HHAM CUTHAJIHTOM, 32 iX 0OpOOKH TeMiHOM — J0-
HopoM CO. V ekcnepuMeHTaX BUKOPHCTOBYBAJIHU
JoTHpHUTIOKHEBI pocnuuu  Arabidopsis thaliana,
BUPOIIEHI Ha MOINU(IKOBAHOMY CEpeIOBHIII XOT-
naHaa. PocnmwHuM iHKyOyBanmm 24 rom y 3BHYAii-
HOMY a0o remiHBMicHOMY (2 MKM) KymbTypalb-
HOMY CEpENOBMIL, HiCJIsI YOro MHEPEHOCHIIH Y
NaCl-Bmicue (150 MM) cepenoBumie Ta 3HOB
iHKyOyBanu MpoTAaTroM 24 Tox, Hajaji cepeIOBHIIE
3aMiHIOBalIM Ha 3Bu4YaiiHe. [lokazaHo, mo coibo-
BUH CTpEC CIIPUUNHIOE BOAHUM Ae(iluT Ta 3HUKYE
AKTHUBHICTh CYNEPOKCHIIUCMYTA3M 1 Karaja3u B
pOCIMHAX YCiX TPhOX TEHOTHINB. 3a [ii remiHy
BUABJIICHO CcTaOLIi3aIlif0 aKTUBHOCTI Karajla3u Ta
BMICTy (DOTOCHHTETHYHHMX ITiITMEHTIB, a TaKOX
i IBUIIIEHHS] aKTUBHOCTI MEPOKCHAA3H I'BasKONIy B
MiJaHUX CTPECY POCIMHAX AUKOTrO TUILY, ajie HE B
MyTaHTHHX COIl Ta jinl. O6pobseHi reMiHOM poc-
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JUHU apabiJoNCuCy AWKOTO THIY HAKOMHUYYBaJH
OinpIIe MPONIHY Ta IYKPIB Y BIANOBIOL Ha CTpeC,
HiXk 00po0seHi mytanTu COIl Ta jinl. Jlifinum Buc-
HOBKY, 1110 KOMIIOHEHTH ’KaCMOHATHOTO CUTHAJIIHTY
MOXYTh OyTH 3ajydeHi J0 aJalTUBHUX IPOIIECIB,
1HJYKOBAaHUX €K30I€HHUM MOHOOKCHIOM BYTJICLIO.

Knmo4uoBi cioBa: MOHOOKCHJ ByTJe-
1[I0, >KACMOHATHHUHM CHUT'HAJIHI, COJIECTIHKICTb,
Arabidopsis thaliana nukoro tumy, coil Ta jinl my-
TaHTH, aHTHOKCUIAHTHI CH3UMH, ITITMEHTH, TIPOJTiH.
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