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ABSTRACT

The paper deals with impact of water deficit and heat shock on activity of sucrose-phosphate synthase (SPS) - (UDP-glucose: D-fructose-6-
phosphat-2-a-glucosyltransferase, E.C. 2.4.1.14) — an enzyme involved in sucrose synthesis, on activity of soluble lectins, as well as sucrose and
abscisic acid (ABA) content in germinating kernels of corn lines with different drought tolerance (Zea mays L.). The paper demonstrates that
drought-tolerant corn lines are characterized by increased activity of soluble lectins, sucrose-phosphate synthase, abscisic acid and sucrose
content in tissues of sprouts under the impact of adverse abiotic factors (water deficit and hyperthermia) compared to reference value.

AHHOTaIMA

Visy4eHO BNMsAHME BOJTHOTO AeUINTA M TEIVIOBOTO III0OKA HAa aKTUBHOCTH caxaposodocdarcuurassl (CPC) - (YID-rmokosa D-dpykroso-6-
docdar-2-a-rmokosuntpancepasa, K.®. 2.4.1.14) - sH3MMa CMHTe3a Caxaposbl, aKTUBHOCTb JIEKTMHOB, a TAK)XXE COflepP)KaHNe Caxaposbl U
ABK B mpopacraiommx 3epHOBKaX KOHTPACTHBIX II0 IPM3HAKY 3aCyXOYCTONYMBOCTHM JNMHMII KyKypyssl (ZeamaysL.). ITokasaHo, uto pfce
[jecnjqxbdst nuHMM KYKypy3bl XapaKTepM3YIOTCS IIOBBILIEHMEM aKTMBHOCTYM PacTBOPMMBIX JIEKTMHOB, caxapo3odocdarcuHTassl U
cofiepykaHust aGCIM30BOIT KIMCTIOTBI CaXapo3bl B TKAHAX HPOPOCTKOB PV BO3IENCTBIM a0MOTNYECKIX HEOIATONPUSITHBIX (haKTOPOB (BOZHOTO

HeduumTa U IUNIEPTEPMUN).
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1. Introduction

One of the most pressing issues nowadays is a study of the
plants’ response to changes in meteorological conditions of
environment. This problem is studied now by a new science
- meteomics. Advantages of assessment of joint impact of
meteorological factors on plants lie in the fact that such
approach enables to simulate a real situation in nature.

Drought and high temperature are one of the key factors
of the environment limiting crop capacity of grains.
Response of the plants to drought and high temperature is
very complex and includes interaction between various
molecular, physiological and biochemical processes.
Significant changes take place in hormone balance of plant
cells under various stresses, contributing to change in
structure and functions of plant cells under normal

conditions into those under stress conditions. Abscisic acid
(ABA) plays a key role in regulation of changes in gene
expression of plant cells under stress. Under such conditions
ABA level rises drastically, which leads to decreasing activity
of metabolic processes in cells, namely, total protein
synthesis, on the one hand, and induced creation of over a
dozen of stress proteins, on the other hand [1, 2, 3].
Synthesis of a number of proteins present under normal
conditions, including lectin, increases along with synthesis
of stress proteins under adverse conditions, as well as
treatment with exogeneous ABA [4, 5, 6]. This is supported
by data concerning significant accumulation of lectin in
roots of wheat sprouts under osmotic shock and drought, in
sprouts in response to salinity of the environment, in cell
culture under heat shock, as well as developing wheat
kernels under water deficit [7, 8, 9]. Taking into account
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variety of lectins, their presence in various types of plants,
and presence of various agglutinating proteins in organs of
one and the same plant, one can assume that these molecules
play an important physiological role in metabolism. One of
the defence mechanisms of lectins under stresses of various
nature is their possible impact on cytoskeleton’s
destabilization and stabilization cycle, which plays a key part
in regulation of the plant’s response to biotic and abiotic
stimuli. Growth in lectin content may also lead to oxidative
stress inhibition and decrease in active forms of oxygen,
which along with stabilization of the cytoskeleton’s new
configuration takes the cell back to unexcited state. Based on
the given data, lectin may be viewed as a party to nonspecific
responses of the plants.

It is known that stress factors (drought, hypothermia,
hyperthermia and others) may trigger both decrease and
increase of soluble sugar content in cells. One of the most
important osmoprotectors under stress conditions is
sucrose. It is the main form of sugar transport in most
plants. Moreover, sucrose serves as a sign for activation or
repression of specific genes in various tissues [10, 11]. Since
sucrose content in plants is determined by dynamic balance
of its synthesis and hydrolysis, stress-induced change in
sucrose content can be contributed to regulation of activity
of enzymes synthesizing and engaging this disaccharide into
metabolism. Sucrose-phosphate synthase (SPS - E.C.
2.4.1.13) is a key enzyme in sucrose biosynthesis. Major part
of the SPS in sucrose accumulation is verified by genetic
engineering methods [12]. SPS activity regulation under
stress may be affected by metabolite accumulation level,
genotypic features, plant’s tolerance to an adverse factor [13,
14].

In consideration of the foregoing premises the goal of our
study is to identify the patterns and characteristics of
changes in the activity of soluble lectins, sucrose phosphate
synthase, and the content of sucrose and abscisic acid in
maize seedlings with different drought tolerance under water
and heat stress in order to create new biochemical methods

for assessing drought tolerance.
2. Material and Methods

Three-day young sprouts of corn lines (Zea mays L.) with
different levels of drought tolerance were used in the
research: drought-tolerant lines Od 329, IK107 zM, non-
drought-tolerant lines GK 26, IK107VS3 / 66. Material was
prepared and provided by A. O. Belousov, Dr. Sc. (Biology),
Head of Laboratory of Genetic and Biotechnological
Methods of Corn Selection of the Genetic Selection Institute
- National Centre for Study of Seeds and Varieties.
Undamaged corn kernels were used in the research. They
were let germinate on filter paper in a germination chamber
at 250 C at relative humidity 60%. Water deficit (WD) was
created by placing the sprouts in the chamber with relative
humidity 35-40%. Heat shock (HS) was created by placing
the sprouts in the germination chamber at 370 C. Stress
factors were applied for 6 hours. Plants in the reference
group were subject to optimum humidity conditions at 250
C. Upon completion of exposure dissected aboveground
parts of sprouts, endosperm and roots were frozen at -400 C.
Lectin activity was determined on the basis of their ability to
agglutinate trypsinized erythrocytes of white rats [15]. Total
protein content in the extract was determined by Lowry
protein assay [16]. Abscisic acid content was determined by
gas chromatography [17]. Sucrose content was determined
by gas chromatography [18]. Activity of sucrose-phosphate
synthase (SPS) — (UDP-glucose: D-fructose-6-phosphat-2-a-
glucosyltransferase, E.C. 2.4.1.14) was determined by the
standard method [14]. Results were subject to mathematical
and statistical processing in accordance with standard
practices [18]. Data were expressed as means * standard
deviation (SD) for triple determinations.

3. Results

The following was found in the course of study of the

Table 1 | Induced Change of Activity Soluble Lectins in Sprouts of Corn Lines with Different Levels of Drought Tolerance. Note: * Probable
difference P < 0.05 against reference value. VIHfynmMpoBaHHOe VM3MeHeHNe aKTMBHOCTM PAaCTBOPMMBIX JI€KTMHOB B IPOPOCTKAX JIMHUIA
KYKYPY3BI C Pas3/IM4HbIM YPOBHEM 3aCyXoycToitanBocT. [Ipumedanne. * OTnmdus fOCToBepHHI mpyt p < 0,05 OTHOCUTENBHO KOHTPOJIS.

Lectin activity (ug protein/ml)!

% of reference value

Li . .
e Reference Water deficit Heat shock Water deficit Water deficit Heat shock Water deficit
value + heat shock + heat shock
Drought-tolerant lines
1IK107 zM 14+1 13+1 38+ 1* 34 + 3* 97.4 276.0 244.1
0d329 16 +2 19+ 1* 45 + 2% 26 £ 1* 121.1 281.0 163.0
Non-drought-tolerant lines
GK26 zM 6.0+04 4.6 +£0.2% 2.4 +0.1* 22+0.2* 76.2 39.8 37.2
IK107VS;/66 53+0.1 35+0.1 59+0.3 25+0.1 66.8 111.4 47.5
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impact of stress factors, water deficit and high temperature
on the total soluble lectin activity in tissues of whole sprouts
and ABA content in tissues of the aboveground part and
roots of 3-day young sprouts of corn lines with different
levels of drought tolerance. The study enabled us to identify
the increase in soluble lectin activity (160 - 280 % of
reference value ) and ABA content (135 - 320 % of reference
value) under the given stress factors in drought-tolerant
lines, and the decrease in soluble lectin activity (37 - 76 % of
reference value ) and ABA content (88 — 54,3 % of reference
value, GK26zM) under the given stress factors in drought-
tolerant lines (Tables 1, 2). Diverse changes in lectin activity
under stress factors in plants with various levels of tolerance
may occur due to synthesis of isoforms more adjusted to
stresses, prevailing synthesis of which facilitates maintaining
cellular metabolism at the necessary level. Moreover, reserve
forms of lectin mRNA were found through inhibition assay
when studying synthesis and accumulation of lectins in cells
of the wheat germ [20]. The authors of the paper suggested
that there was some kind of a pool of untranslated lectin
mRNA and its precursors in wheat cells, and that a stress
factor might contribute to mobilization of reserve forms of
lectin mRNA into translation stage and trigger acceleration
in processing of lectin precursors. It is probable that changes
in lectin activity that we observed in tissues of the corn in
response to the given stress factors are identified using the

same or similar mechanism. One can assume that high level
of induced accumulation of lectins in the aboveground part
and roots of sprouts of drought-tolerant corn lines under
stress factors may be connected with a higher speed of
mobilization of reserve forms of lectin mRNA into
translation stage, and, consequently, acceleration in
processing of lectin precursors. Undoubtedly, this
assumption requires verification by experiment and is a task
of our further research. Transfer of plants into the state of
nonspecific resistance, as well as many other processes
connected with impact of stresses, frequently correlate with
immunologically significant shifts in the plant’s hormone
system. In the first place it applies to abscisic acid (ABA),
which is called a stress phytohormone. According to
reference sources, increase in ABA content preceded
increase in lectine content under stress factors of varying
nature. Data on ABA and lectin concentration kinetics
enabled us to conclude that there is a cause-effect
relationship between stress-induced accumulation of ABA
and increase in lectin content (activity). However, lectin
activity and ABA content may be affected by other factors as
well, first of all, genetic nature of plant lines and initial
content of lectins and abscisic acid.

According to reference sources, sucrose-phosphate
synthase activity and sucrose content may serve as auxiliary
criteria for assessment of the plants’ response to drought

Table 3 | Sucrose-Phosphate Synthase (SPS) Activity and Sucrose Content in Corn Sprouts Grown amid Water Deficit and Hyperthermia
Note: * Probable difference P < 0.05 against reference value. AktuBHOCTb caxaposodocdarcuutaser (COC) u comeprkaHme caxapossl B
[POPOCTKAX KYKYpY3bl, BBIPAIEHHBIX B YCIOBUAX BOJZHOro pAeduumura u rumeprepmmy Ilpumevanue. * Ilpumedanme. * Ormmaus

nocroBepHbI Ipy p < 0,05 OTHOCUTEIBHO KOHTPOJIA.

Sucrose-phosphate synthase activity(sucrose pmol /

Sucrose content

protein mg per hour) (mg/g on dry basis)
Line
Water deficit+ % of reference Reference Water deficit + % of reference
Reference value
heat shock value value heat shock value
Drought-tolerant lines
0d 329
Aboveground part 34+0.1 48+0.1* 143.5 15+1 32+ 3% 215.0
Roots 3.1+0.1 6.7 £ 0.3* 217.2 111 25+ 1* 225.2
IK107 zM
Aboveground part 3.8+0.1 41+0.1 110.0 19+1 28 +2* 143.3
Roots 29+0.1 33+0.1 114.3 151 21+ 1% 139.2
Non-drought-tolerant lines
GK26 zM
Aboveground part 33%0.1 2.56 £ 0.03* 76.6 14.0+0.1 15.1+0.1 107.4
Roots 3.1+0.1 1.98 £ 0.03* 64.3 11.2+£0.1 13.3 £0.2% 119.3
IK107VS;/66
Aboveground part 57+0.2 29+0.1* 50.1 245+04 26.8+0.3 109.5
Roots 4.1+0.2 1.98 £ 0.01* 48.1 23.7+0.1 24+ 1 100.6
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tolerance only during a short drought, because a long
drought inhibits the enzyme regardless of genotype
tolerance to this stress. That is why sucrose-phosphate
synthase activity and sucrose content were studied in sprouts
of corn lines with different level of drought tolerance under a
short joint impact of water deficit and hyperthermia. The
study showed that sucrose-phosphate synthase was
positively activated under stress factors in drought-tolerant
corn lines both in the aboveground part and roots of the
plants (143 - 217% of reference value - Od329, 110 - 114% of
reference value - IK107zM) (Table 3). Stress factors in non-
drought-tolerant corn lines inhibited sucrose-phosphate
synthase activity in the aboveground part and roots of the
plants (76,6 - 48% of reference value). Stress factors also
affected the level of sucrose content in corn sprouts. For
instance, activation of sucrose-phosphate synthase in
drought-tolerant corn lines was accompanied by significant
increase in sucrose content both in the aboveground part
and in roots of the sprouts (140 - 225% of reference value).
Inhibition of sucrose-phosphate synthase activity amid water
deficit and hyperthermia in non-drought-tolerant corn lines
had little effect on sucrose content in sprouts, though there
was a tendency towards growth thereof (107 - 119% of
reference value) (Table 3). In other words, activation of
sucrose-phosphate synthase and sucrose accumulation amid
water deficit and hyperthermia in corn depend on the
genotype’s drought tolerance and may serve as auxiliary
criteria for assessment of prospective drought tolerance of
corn lines.

4. Concluding Remarks

Therefore, it has been established that corn lines with
positively ~different levels of drought tolerance are
characterized by varying activity of soluble lectins, content
of abscisic acid, activity of sucrose-phosphate synthase and
sucrose content in tissues of the sprouts under adverse
abiotic factors (water deficit and hyperthermia). Activation
of soluble lectins, sucrose-phosphate synthase and
accumulation of abscisic acid in corn amid water deficit and
hyperthermia depend on the line’s drought tolerance and
may be used as biochemical criteria for assessment of
drought tolerance of corn lines.

3aknroyeHne

VTak, yCTaHOB/IEHO, YTO JIMHUM KYyKypY3bl, KOTOpBIE
TOCTOBEpHO OTIMYAIOTCA IO YPOBHIO 3aCyXOYCTOYMBOCTH,
XapaKTepU3yITCA HEOJVHaKOBBIMMI aKTMBHOCTBIO
pPacTBOpUMBIX  JIEKTUHOB, abCI30BOI KICTIOTHI,
caxapo3odocdaTcuHTasbl ¥ COJep>)KaHMeM Caxapo3bl B
TKaHAX IPOPOCTKOB TIPM BO3[EMCTBUU aOMOTUYECKUX
HeOmaronpuATHeIX  (akTOpoB (BogHOro gmeduumra WU
runeprepmMmn). AKTUBAIMA pacTBOPUMBIX JeKTuHOB, COC
M aKKyMY/IAIMA abCIM30BOI KMC/IOTHL B YCIOBUAX BOJHOTO
mebuunTa U IUIEPTEPMUN B PACTEHUAX KYKYPY3bl 3aBUCAT

OT YPOBHsA 3aCyXOYCTOMYMBOCTM /IMHUM M MOTYT OBITH
VICIIOZIb30BAHBI B KaueCTBe OMOXMMUYECKUX KPUTEPMEB IIpK
OlLieHKe YPOBHA 3aCyXOyCTOMYMBOCTY IMHMI KYKYPY3BI.
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