ISSN 2409-4943. Ukr. Biochem. J., 2021, Vol. 93, N 6

UDC 58.036:577/.112/152.1./19:582.542.11 doi: https://doi.org/10.15407/ubj93.06.130
DIFFERENTIAL IMPACT OF THE TEMPERATURE STRESS
AND SOIL DROUGHT ON LIPOXYGENASE ACTIVITY
INWINTER RYE PLANTS

L. M. BABENKO, K. 0. ROMANENKO®, I. V. KOSAKIVSKA

M.G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine, Kyiv;
*e-mail: katerynaromanenko4@gmail.com

Received: 5 July 2021; Accepted: 12 November 2021

Lipoxygenase cascade is a source of physiologically active compounds, the presence of which is con-
sidered not only as a sign of damage but also as a trigger of adaptive responses to stress. The aim of the study
was to determine the effects of short-term (2 h) heat (40°C) and cold (4°C) temperature stress and moderate
soil drought on lipoxygenase (LOX) activity in 14-day-old winter rye (Secale cereale L. ‘Boguslavka’) plants.
The shoots were found to have both membrane-bound 9-LOX, and 9-LOX, and soluble 13-LOX activity, the
roots — membrane-bound 9-LOX activity. After heat stress, the activity of 9-LOX, and 9-LOX, in the shoots
increased by 3 and 2 times, respectively, the activity of 9-LOX in the roots — by 2 times, and 13-LOX activity
in the shoots decreased by 1.5 times. After the cold stress, the activity of 9-LOX, and 9-LOX, in the shoots
raised by almost 1.5 times, the activity of 9-LOX in the roots — by 1.2 times. Moderate soil drought caused
enhancement in the activity of both membrane-bound isoforms of 9-LOX in the shoots by 1.5-2 times and in
the roots — by 3 times. The established fluctuations indicate that molecular forms of LOX with different locali-
zation are differentially involved in the winter rye response to temperature stress and moderate soil drought.

Keywords: Secale cereale, lipoxygenase activity, hyperthermia, hypothermia, water deficit.

among the most common abiotic stressors

that adversely affect plant growth, develop-
ment, and yield. According to the European Climate
Assessment and Dataset, the number of extremely
hot days in Europe has more than tripled in the last
two decades, and during 1950-2018 the temperature
in hot extremes increased by 2.3°C. At the same
time, the number of days with extremely low tem-
peratures decreased 2—3 times [1].

To overcome stress, plants apply certain
adaptive strategies, which include morphological,
physiological, and biochemical responses, and pre-
determine growth success and productivity. Recent
research has shed light on the formation of a stress-
resistance mechanism that combines the perception
and transduction of external signals and the subse-
quent triggering of specific metabolic processes [2].
One of the negative effects of stress is a disturbance
of the functional properties of cell membranes, their

E xtreme temperatures and soil drought are

restructuring, which is to a large extent related to
lipids [3].

Lipid signalling compounds include multi-
functional oxylipins — products of the lipoxygenase
(LOX) cascade of oxidation of polyunsaturated fatty
acids (PUFA). Their occurrence is considered not
only as a sign of damage but also as a trigger mecha-
nism of adaptive response [4]. The products of LOX
metabolism also include anti-stress hormones - trau-
matic and jasmonic acids, the biosynthesis of which
is enhanced by stress-accumulated reactive oxygen
species (ROS) [5]. Oxylipins have been identified in
plants of different taxonomic groups. They are in-
volved in the regulation of growth, development, the
formation of responses to environmental signals, and
the attack of pathogens [4, 6].

Oxylipins can be formed spontaneously and
as a result of enzymatic reactions. Spontaneous
formation occurs under optimal conditions and
abiotic and biotic stresses. Moreover, the intensity
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of this process increases, especially in antioxidant
deficiency [6]. Metabolism of oxylipins begins
with the oxidation of PUFA with the formation
of hydroperoxides affected by lipoxygenases.
Lipoxygenases (linoleate: oxygen: oxidoreductase
EC 1.13.11.12) catalyse the attachment of molecular
oxygen at the sites of double bonds of the PUFA
carbon chain and have the oxidation specificity
of C-9 (9-LOX) or C-13 (13-LOX). Fatty acid
hydroperoxides can be further utilized with the
involvement of a number of enzymes resulting in
the production of a significant amount of various
oxylipins (jasmonates, traumatin, aldehydes, ketols,
epoxyalcohols, divinyl ether, etc.) that have specific
biological functions [4, 6].

Initial responses to temperature stresses and
soil drought are associated with the activation of
signalling systems and an increase in plant cells of
intermediates involved in the transduction of abiotic
signalling to the genome. One such intermediate
is LOX [6]. The analysis of the literature showed
that the research on abiotic stress influence on the
enzymatic activity of LOX of cereals is fragmentary,
and the results are not always unambiguous. The
lipoxygenase molecular weight in seedlings of
winter wheat Triticum aestivum L. was found to be
90 kDa and the enzyme amino acid composition is
characterized by a high content of glutamic acid,
proline, valine, isoleucine, leucine, and low-histidine,
tyrosine, phenylalanine, threonine, tryptophan, and
cysteine. Changes in LOX activity depended on
the resistance of the wheat genotype to Fusarium
graminearum Schwabe. Salicylic acid induced an
enhancement in enzyme activity [7]. Changes in
LOX activity associated with endogenous ethylene
synthesis and leaf blade detachment were observed
in winter rye (Secale cereale L. cv. ‘Priekulu’
plants. The maximum LOX activity was detected in
young, fast-growing tissues of winter rye leaves and
coincided with the high rate of ethylene production.
Treatment of seedlings with ethylene synthesis
stimulants ethephon and 1-aminocyclopropane-1-
carboxylic acid (ACC) led to some raise in LOX
activity. A sharp increase in LOX activity after
treatment with ethephon and ACC indicates that the
enzyme is involved in a rapid metabolic response to
changes in hormonal balance [8]. In durum wheat
(Triticum durum Desf.), of the six LOX genes, only
one TdLpx-A2E gene was overexpressed under
osmotic and salt stresses that was accompanied by
a significant enhancement in enzyme activity [9].
Three isoforms of lipoxygenases and their genes

LoxA, LoxB and LoxC [10] were identified in the
germinal axes of barley Hordeum distichum L.
Isoforms, LOX-1 and LOX-2, the synthesis of which
encodes the genes LoxA and LoxC, are described in
detail, whereas the LOX isoform encoded by the LoxB
gene was not isolated [11]. Plants are characterized by
a pronounced dependence on ambient temperature.
9-LOX and 13-LOX activity was identified in the
mesocotyl of etiolated maize seedlings. Under
short-term hypothermia, only 13-LOX activity was
enhanced. It is suggested that the intensification of
the 13-LOX pathway for oxylipin synthesis, aimed at
forming the plant cell response at low temperatures,
may be involved in the implementation of anti-stress
programs [12]. Under drought stress, the activity of
membrane-bound LOXs enhanced and the activity
of soluble forms of LOX in the leaves of winter wheat
declined. A relationship between LOX activity and
drought resistance index was registered. Isoforms of
the enzyme differentially involved in the adaptation
of winter wheat to water deficit [13]. Under drought
the transcription of LOX and LOX, genes enhanced
that led to increase of the corresponding mRNA
levels, content, and activity of lipoxygenases.
However, abscisic acid did not mediate an increase
in LOX expression but caused a decrease in LOX,
activity and did not affect LOX| activity. Under the
water deficit, LOX isoenzymes induced oxidative
modification of membrane lipids by increasing the
content of hydroperoxides through the esterification
of lipid bilayer fatty acids [14].

Rye is one of the important cereals and ranks
firstamong cereals in regions where wheat cultivation
is difficult or impossible. It is the most cold-resistant
of cereals, less demanding on soil fertility and
humidity compared to wheat and barley. Unlike
other cereals, rye can be grown without the use of
herbicides and in most cases without fungicides that
ensure an ecological harvest [15]. Since lipoxygenase
compounds play an important role in the formation
of adaptive responses our work aimed to identify
lipoxygenases in winter rye (Secale cereale) plants
and study the effect of abiotic stresses, including
short-term hyper- and hypothermia and soil drought
on their activity.

Materials and Methods

Plant material. Winter rye (Secale cereale L.),
cv. ‘Boguslavka’ plants were studied. The genotype
is medium-ripe, winter- and cold-resistant. The
seeds were sterilized in 80% ethyl alcohol solution,
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washed with distilled water, and soaked for 3 h. The
seeds were germinated in a thermostat in cuvettes
on water-soaked filter paper at 24°C for 21 h. Peeled
grains were planted in 2-liter containers. Calcined
river sand was used as a substrate. Plants were grown
under controlled conditions at a temperature of
20/17°C (day/night), light intensity 190 pmol m-s,
photoperiod 16/8 h (day/night), relative humidity
65 + 5%. The humidity of the substrate was
maintained at 60% of the total moisture content.
Watering was performed daily with Knop solution
at the rate of 50 ml per vessel.

Abiotic stress treatments and sample collection.
To simulate stress, 14-day-old plants were exposed
to the short-term (2 h) effect of temperatures of
40°C and 4°C at the specified mode of humidity
and lighting. Soil drought was obtained by stopping
watering of 14-day-old plants for four days until
the leaves wither and halving the moisture content
of the substrate. The second and third leaves were
examined.

Isolation of lipoxygenase. To isolate LOX
preparations, plant samples were homogenized in
cooled to 4°C 0.1 M phosphate buffer (pH 6.3), which
contained 2 mM phenylmethylsulfonylfuoride,
0.04% sodium metabisulfate. Homogenate was
centrifuged (K-24, Germany) at 4000 g for 30
min at 4°C. The obtained supernatant was used to
determine LOX activity. To construct curves of
pH-dependence of lipoxygenase oxidation standard
rates of linoleic acid, 0.1 M sodium-acetate (pH 4.0-
5.5), 0.1 M sodium-phosphate (pH 6.0-8.0) and
borate 0.1 M (pH 8.0-9.5) buffer solutions were used.
Linoleic acid concentrations in the 2.5 ml reaction
mixture were 40-100 uM, with or without 50 M of
lubrole.

Determination of lipoxygenase activity.
The 9- and 13-LOX activities were determined
spectrophotometrically at A = 234 nm using linoleic
acid as substrate at pH 4.5-9.5 in the presence or
absence of 50 uM lubrole, respectively [12]. LOX
activity was measured using the spectrophotometer
Jenway UV-6850 (Great Britain). The reaction
was initiated by adding 50-100 pl of enzyme
solution (protein concentration of 0.5-1.0 mg/ml)
and at the constant temperature of 25 + 0.1°C. The
reaction was observed considering an increase in
reaction mixture optical density at A = 234 nm that
corresponds to maximum absorption of conjugate
diene chromophore in molecules of linoleic acid
hydroperoxide whose molar extinction coefficient
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is 23000 M*cm™. Protein content was measured
according to the method [16].

Statistical analysis. All measurements were
performed with two biological and three analytical
replicates. The results were statistically analysed
using the One-way ANOVOA. Differences were
considered significant at P < 0.05, 0.01. The data
shown in the figures are mean values + standard
error (SE), n = 3.

Results and Discussion

In the shoots of 14-day-old winter rye plants
were identified membrane-bound forms of LOX:
9-LOX, (pHopt 6.0) and 9-LOX, (pHOpt 6.5) and
soluble 13-LOX (pHOpt 6.8), in the roots there was the
membrane-bound form — 9-LOX (pH, 6.2) (Fig. 1).

It was shown that differentiated changes in
lipoxygenase activity took place under abiotic
stresses. Thus, after short-term hyperthermia,
the activity of membrane-bound LOX increased,
and the activity of soluble LOX decreased. In the
shoots, the 9-LOX, and 9-LOX, activities enhanced
by three and two fold, respectively, in the roots —
twice. The maximum LOX activity was recorded
for membrane-bound 9-LOX, from the shoots.
The activity of cytosolic 13-LOX, on the contrary,
decreased by 1.5 fold and reached minimal level
(Fig. 2). After short-term hypothermia the activity
of 9-LOX, and 9-LOX, enhanced almost by 1.5 fold
in the shoots, and by 1.2 fold in the roots. A slight
increase in the activity of soluble 13-LOX in the
shoots was observed. Under moderate soil drought
conditions, the shoots of winter rye plants showed
some rise in the activity of both membrane-bound
isoforms of 9-LOX by 1.5 and 2 fold, and the activity
of 9-LOX in the roots enhanced almost threefold. At
the same time, in the shoots, there was a decrease in
the activity of soluble 13-LOX.

Thus, non-specific response to abiotic stresses
was an increase in the activity of membrane-bound
9-LOX, and 9-LOX, of the shoots and 9-LOX of rye
roots. At the same time, specific traits were identified
to respond to individual stresses. The activity of
LOX,, localized in the shoots, was more sensitive
to heat stress and LOX, to cold stress, while the
activity of 9-LOX in the roots was more sensitive
to moderate soil drought. On the other hand, the
response of soluble 13-LOX differed significantly.
After heat and drought stresses, a decrease in
enzyme activity was observed, and only after cold
stress, there was a slight enhancement in LOX



L. M. Babenko, K. O. Romanenko, I. V. Kosakivska

H 6.5
16 P
12 |
=
E
I3
£
=3 8T
>‘z7‘)
4 F
0 L L
4.5 55 6.5 pH

Fig. 1. Dependence of the stationary rate (Vst) of oxidation reaction of linoleic acid on pH of incubation envi-
ronment in shoots (1, 2) and roots (3) of 14-day-old winter rye. 1 and 3 — 9-LOX, 2 — 13-LOX
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Fig. 2. Effects of abiotic stresses on lipoxygenase activity (umole hydroperoxide linoleic acid min™xug protein)
in 14-day-old winter rye plants. Note. The activity 9-LOXI (pH, ot 6.0), 9-LOX2 (pH, ot 6.5), 13-LOX (pH, ot 6.8)
in the shoots and 9-LOX (pH | ot 6.2) in the roots after short-term (2 h) heat (40°C), cold ( 4°C) temperature and
moderate soil drought, asterisks denote significant differences between the parameters of the control and the
experimental groups: *P < 0.05; **P < 0.01
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activity. So, our study revealed differential features
in the change of lipoxygenase activity affected by
abiotic stresses.

Numerous scientific studies indicate that the
activity of LOX can be considered as a biological
marker of the physiological state of the plant
[13, 17]. Plant lipoxygenases are localized mainly
in vegetative tissues; however, they are also present
in seeds, especially in legumes. Lipoxygenase
isoforms are soluble proteins found in the stroma
of chloroplasts, vacuoles, cytosols, mitochondria,
and lipid bodies [4]. At the same time, LOX
substrates are poorly soluble in an aqueous medium
at physiological pH values. It is suggested that the
activation of soluble LOX occurs due to the optional
Ca?*-dependent association with cell membranes
[18]. LOX activity is regulated by phosphorylation
and release of LOX-PUFA substrate [19].

The functions of vegetative LOXs have been
studied and characterized in detail, while the role
of seed LOXs has been insufficiently investigated.
Thus, five vegetative isoforms of LOX and four
seed ones were identified in Glycine max Moench.
Detailed comparative analysis of the crystal
and conformational structure of vegetative and
seed isoforms of the enzyme revealed important
differences that explain various aspects of activity
and positional specificity. It was found that
the substrate of vegetative LOX is free PUFA
(18:2 and 18:3), and the substrate of seed LOX -
triglycerides. Multiple LOX isoforms have unique
biochemical properties and different cellular and
tissue localization. Thus, vegetative soybean LOXs
localized in the bean-specific paravenal mesophyll
cell [18]. Plants are characterized by a pronounced
dependence on ambient temperature. The effects
of temperature on LOX activity were shown to
depend on the heat resistance of plants, intensity,
and duration of stress. Thus, LOX activity in the
roots of Cucumis sativus L. sensitive to low positive
temperatures did not change at low temperature,
while in the cold-resistant pumpkin species
Cucurbita ficifolia Bouché the activity of all LOX
isoforms enhanced [20]. In cucumber fruits at low
positive temperature LOX activity increased, and at
temperature 37°C — decreased. It is suggested that
the decrease in activity may be the result of thermal
inactivation of the enzyme [21]. It is shown that
after short-term cold stress the activity of LOX in
seedlings of a heat-resistant variety of rape Brassica
napus L. cv. ‘“Triangel’ reduced by 34%, while after
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short-term heat stress did not change. At the same
time, the activity of LOX of the cold-resistant cv.
‘Milena’ declined almost twice after short-term heat
stress and did not change after short-term cold stress
[22]. Information on the isoenzyme composition
of cereals lipoxygenases is quite limited. Thus,
molecular forms of LOX were identified in mature
grains and that affects the content of spare proteins
and the quality of gluten [23]. It was established
that with increasing LOX activity, the content of
carotenoids in wheat grain declined. The nutritional
quality of bread and the level of antioxidants in it can
be improved through the use of genotypes with low
LOX activity in the grain [24]. Lipoxygenase with a
molecular weight of 100 kDa (LOX ) was identified
in the leaves of winter wheat. After exogenous
treatment of plants with methyl jasmonate, chitin
oligosaccharides, and chitosan, its content increased.
On the other hand, treatment of the rusty fungus Pgt
(Puccinia graminis f. sp. tritici) ellicator reduced
the amount of LOX,; and induced the emergence
of two new isoforms of LOX [25]. A study of the
leaf proteome of 8-day-old wheat plants revealed a
higher level of LOX and jasmonate-induced proteins
in drought conditions [26]. In our previous research,
we showed that in the shoots of the 14-day-old spelt
Triticum spelta cv. ‘Frankenkorn’ there are three
molecular forms of 9-LOX: LOX, (pH,_, 5.5), LOX,
(pHopt5.8), and LOX, (pHOpt 6.2) and one form of
9-LOX (pHOpt 6.0) — in the roots. The activity of
LOX, and LOX, of the shoots as well as the activity
of 9-LOX of the roots, enhanced significantly after
short-term hyperthermia [27]. Under moderate soil
drought conditions, there was a substantial rise in
the activity of LOX, and LOX, in shoots, while the
increase in the activity of LOX, was less pronounced.
The highestincrease inenzyme activity was recorded
for 9-LOX, localized in the roots of spelt [28].
Changes in LOX activity under hyperthermia we
observed along with ultrastructural rearrangements
in mesophyll cells of T. spelta leaves. Thus, in the
stroma of chloroplasts, there was partial destruction
of thylakoid membranes, which was expressed in the
wavy packing of thylakoids and significant expansion
of lumenal gaps and accumulation of plastoglobules.
The number of lipid droplets increased in the
cytoplasm [29]. Lipid-like substances (carotenoids,
tocopherol, plastoquinone) and specific proteins with
enzymatic and structural functions were observed
to be deposited in plastoglobules [30, 31]. Similar
data we obtained with frost-resistant T. aestivum cv.
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‘Volodarka’. Thus, during short-term hyperthermia
(40°C, 2 h), a higher activity of membrane-bound
LOX (pH,, 7.0) and LOX (pH,, 6.0) occurred in
the shoots of 14-day-old plants, as well as LOX
(pHOpt 6.5) in roots. The number of lipid droplets in
the cytoplasm of mesophilic cells increased [17].

The results of our study on winter rye plants
agree with previously obtained data on other crops.
Differential changes in lipoxygenase activity after
temperature stress and drought (Fig. 2) indicate
that different forms of the enzyme are involved
in different ways in the regulation of metabolic
response to stress. After short-term hyperthermia,
the activity of membrane-bound LOX increased,
while the activity of soluble LOX decreased. The
LOX-1 activity localized in the shoots was more
sensitive to heat stress, and LOX-2, to cold stress,
while the 9-LOX activity in the roots was more
sensitive to soil drought. The activity of soluble 13-
LOX differed significantly from membrane-bound
9-LOX. After heat stress and drought, a decrease
in 13-LOX activity was observed, and only after
cold stress was a slight increase in 13-LOX activity
observed.

The publication of recent years reported
that in genome of Brassica rapa were identified
thirteen divergent lipoxygenase genes. However,
the expression of only two of them — BraA.LOX5
and BraA.LOX2 was improved under drought
and high-temperature conditions. Under heat
stress, BraA.LOX5 expression rose by 6.16 fold,
while BraA.LOX2 expression increased by 15.76
and 18.67 fold, respectively, under drought and
combined stress. The expression of these genes was
positively correlated with accumulation of the main
biochemical stress indicator — malondialdehyde
(MDA) [32]. Early activation of MtLOXI specific
lipoxygenase gene expression occurred in the
roots of the drought-resistant chickpea genotype
Cicer arietinum L., which was accompanied by the
accumulation of oxylipins [33].

The synthesis of signal compounds involved
in the formation of plant adaptation strategy is one
of the key physiological functions of lipoxygenases.
Changes in the lipoxygenase activity take place
during ontogenesis and in response to external

and internal stimuli and are regulated at the
transcriptional, translational, and posttranslational
levels [4, 6]. Phytohormones are involved in the
regulation of LOX activity. Thus, in leaves of
Solanum tuberosum L. endogenous ABA activated
the 9-LOX gene, while the effect on the activity of
the 13-LOX gene was less pronounced. However,
lipoxygenase gene expression was not observed
during exogenous hormone treatment. In Solanum
lycopersicum exogenous ABA enhanced the
expression of the gene encoding 9-LOX synthesis
[34]. Studies conducted on the leaves of Brassica
rapa have demonstrated that ABA is the main
regulatory element of LOX gene expression under
heat stress. Under heat stress, overexpression of
ABA-regulated Bra4.LOX5.a was found coding for
cytoplasmic LOX protein whereas, under drought
and combined stress, the major gene was methyl
jasmonate-regulated BraA.LOX2.a coding for
chloroplast LOX protein suggesting the differential
role of LOX [32].

Conclusion. The results of our study on winter
rye plants, together with previously obtained data
on winter wheat and spelt genotypes, allow us to
conclude that vegetative lipoxygenases are involved
in the formation of the response to abiotic stresses.
The revealed changes in the lipoxygenase activity
showed that molecular forms of lipoxygenase, which
have different localization, are differentially involved
in the adaptation of rye to stress temperatures and
soil drought.
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BIIJIUB TEMIIEPATYPHUX CTPECIB
TATPYHTOBOI IOCYXH HA
JIIITOKCUTEHA3HY AKTUBHICTb
O3UMOI'O ’KUTA

JL M. Babeuko, K. O. Pomanenxo™,
I B. Kocaxiscvka

IncturyT Gotaniku iM. M.I"XomnonHoro
HAH VYkpainu, Kuis;
*e-mail: katerynaromanenko4@gmail.com

Jlimoxcurenasu (JI01r") - JDKEPeTIo
(hi310JIOTIYHO AKTHBHUX CIONYK, HASBHICTH SKUX
PO3MIISIAAETHCS HE JIMLIE SIK O3HAKA MOLIKOMKCHHS,
aje 1 sk MyCKOBUU MeXaHi3M (opMyBaHHS ajar-
TUBHUX peakuiil Ha ctpec. MeTOow AOCIHiIKEHHS
OyJI0 BUBYEHHS BIUTUBY KOPOTKOTPUBAIUX (2 TOM)
teroBoro (40°C) i xomomoBoro (4°C) Temmepa-
TYPHHUX CTPECIB Ta MOMIPHOI TPYHTOBOI IIOCYXH Ha
AKTHBHICTB JIOKCUTeHAa3 14-1000BUX POCIHH 03H-
MOT0 JKuTa. BcTaHoBIeHO, 1110 y Ha3eMHIN YacTHHI
JokamizoBaHo MeMOpaHo3p’si3ani  ¢popmu  JIOIL™:
9-JIOI', Ta 9-JIOI", Ta po3unnna popma 13-JIOT, Toxi
SIK y KOpEHSIX — 3B’s13aHa 3 MeMOpanoro 9-JIOI. [Ticus
TEIIOBOrO CTpecy akTueHicTh 9-JIOI', Ta 9-JIOI, y
HaJ[3eMHII YaCTHHI 3pocia BiAmoBiqHO y 3 Ta 2 pasu,
akTuBHICTB 9-JIOI" y KOpeHsx — BABIYi. AKTHBHICTH
13-JIOI' y Hang3eMHi# wacTuHi 3MeHIIiIachk y 1,5
pasa. [licnsa xononosoro crpecy aktuBHicTh 9-JIOT',
ta 9-JIOI', y Haxzemuiii yacTuHi 3pocna Maixe y
1,5 paza, aktuBHicTh 9-JIOI" y kopensx —y 1,2 pa3za.
[licns TpyHTOBOI TOCYXHM y HaJI3eMHIH YacTHHI
criocTepiraim TIEBHUH PpICT aKTUBHOCTI 000X
MeMmOpaHo3B’si3anux popm 9-JIOI (y 1,5-2 pasa) Ta
Maiike BTpUi 301TbIIIEHHS aKTUBHOCTI IIBOTO €H3H-
My B KOpeHsiX. {111 BUCHOBKY, 1110 MOJIEKYJISIPHI
thopmu JIOI" 3 pi3HOIO JIOKaIi3aIli€r0, He OJTHAKOBO
3aIisHI B ajanTallii 03UMOTO XUTa JI0 CTPECOBUX
TEeMIepaTyp Ta HOMipHOi TPYHTOBOI IIOCYXH.

Secale  cereale,
rimepTepMis,

KnmodoBi cloBa:
JIIMOKCUTCHA3HA aKTHBHICTD,
rimoTepMisi, FPyHTOBA MOCyXa.
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