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RESPONSE OF ANTIOXIDANT DEFENSE SYSTEM TO DROUGHT AND
RE-WATERING IN Triticum aestivum L. VARIETIES

L.M.Aydinli, D.R.Aliyeva, Academician of ANAS I.M.Huseynova

Two local bread wheat varieties (Gobustan, drought tolerant and Tale 38, drought sensitive)
cultivated under normal irrigation conditions after drought exposure were rewatered and leaf
samples were taken after 3 and 7 day rehydration. Level of malone dialdehyde (MDA), photosynthe-
tic pigments, activity and isoenzyme content of catalase enzyme were determined, plant post-dro-
ught recovery performance were studied comparatively in the watered and drought variants. Chlo-
rophyll content was found to increase slightly under drought stress, whereas amounts of caroteno-
ids increased in both variants and after the rehydration returned to the previous level. Catalase
enzyme activity increased 1.3 time in Gobustan variety and 1.5 time Tale-38 variety under water
deficiency compared with watered plants. Only one isoform was detected for the catalase enzyme
extracted from wheat leaves. Obtained results suggest that both genotypes can preserve recovery
ability after rewatering, but the processes of recovery are faster in the tolerant genotype compared

with the sensitive one.
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Introduction

Drought is one of the main factors negati-
vely affecting plant productivity and grain qua-
lity all over the world. Being the major factor
causing a decline in wheat productivity, it causes
the formation of ROS- 0O, ', OH, 0,
H,0,, etc. The balance between the forming and
scavenging of ROS is one of the main conditions
for plant growth under stress. Response of the
plant antioxidant defense system to stress de-
pends on species and physiological status of
plants, and also severity and duration of stress
[1]. According to modern climate models, frequ-
ency, intensity and durability of drought will so-
on increase [2].

The study of the drought tolerance mec-
hanisms of plants and evaluation of the plant
post-drought recovery is considered to be the
major problem of the modern science. Cur-
rently, proteome and metabolome changes in
plants caused by adverse environmental condi-
tions have been extensively investigated by bio-
logists, psychologists and biochemists. The
number of researches focused on reactive oxy-
gen species, which cause oxidative stress, vio-
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lations of the antioxidant system function and
cell metabolism and even lead to apoptosis, ha-
ve increased. Recently, genotypes tolerant to
abiotic stressors or transgenic plants having ge-
nes coding enzymes involved in biosynthesis or
catabolism of antioxidant enzymes and low mo-
lecular weight antioxidants have been used in
the study of the plant adaptation mechanisms
[3,4]. In this point of view, the study of proteo-
me and metabolome changes induced by oxida-
tive stress in vegetative organs of wheat plants
with contrasting stress tolerance and the functi-
on of antioxidant defense system is of great im-
portance.

The main purpose of the presented work
was to study the effects of drought stress and
re-watering on the antioxidant and osmoprotec-
tive systems of bread wheat varieties with cont-
rast drought tolerance.

Materials and methods

Plant materials. The objects of the study
were two local bread wheat (Triticum aestivum L.)
varieties, Gobustan and Tale 38, contrasting in
drought tolerance. Pre-soaked in distilled water
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wheat seeds were planted in 5l vessels contai-
ning the mixture of sand and soil (2:1). Plants
cultivated under well watered conditions were
exposed to drought stress and then rewatered.
Leaf samples taken after 3 and 7 day rehydrati-
on were used for the analysis.

Determinaation of malondialdehyde (MDA)
content. The intensity of lipid perooxidation
was determined based on the MDA level in
wheat leaves. MDA was quantified according
to the reaction performed with tiabarbituric acid
at 532 nm and 600 nm, using the spectrophoto-
metric method [5].

Extraction of the enzyme. Leaf sample
(0.5g) was ground in liquid N,. 100 mM Na-
phosphate (pH 7.8) buffer containing 1 mM
EDTA, 2 mM PMSF, 1% PVP and 0.1% Triton
X-100 was used as a homogenization medium.
Then the sample was centrifuged at 40°C, for
20 min, at 15,000 g and the obtained superna-
tant was used for the analysis of catalase.

Determination of catalase (CAT) acti-
vity. Catalase activity (CAT, EC1.11.1.6) was
measured spectrophotometrically at 240 nm for
1 min based on the hydrogen peroxide destruc-
tion rate [6]. The reaction medium was 60 mM
Na-phosphate (pH 7.8) buffer containing
15mM H,0, and 100 pl of the enzyme extract.
£=39.5mM™* cm™,

Determination of catalase isoenzyme con-
tent. The qualitative analysis of the enzyme was
performed using native electrophoresis in 7%
PAAG, for 3 hours, at 4°C and at constant current
(30 mA). When electrophoresis was completed,
the gel was stained using the medim containing
1% (w/v) K3[Fe(CN)6] and 1% (w/v) FeCls [7].

Determination of photosynthetic pigment
content. Content of pigments were determined
spectrophotometrically according to Sims and
Gamon (2002) using ULTROSPEC 3300 PRO
("Amersham”, USA) [8]. Leaf samples were
extracted in 80% acetone-Tris medium (80:20,
pH 7.8), optical density was measured and the
following formulae were used for calculations:

Chl a (umol/ml) = 0.01373 A663 —
0.000897 A537 —0.003046 A647

Chl b (umol/ml) = 0.02405 A647 —
0.004305 A537 — 0.005507 A663
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Carotenoids (umol/ml) = (A470 — (17.1 X
(Chl a+ Chl b) — 9.479 x anthocyanin)) / 119.26

Statistic analysis. The obtained results
were analyzed using the computer programs
Microsoft Office Word 7 and Excel 7.

Results and discussion

Cessation of watering causes a decline in
soil humidity and thereby some morphological
and physiological alterations in plants. Thus,
long-term water deficiency results in twisted
leaves, decreased leaf surface areas, retarded
stem growth and shortened ears. These parame-
ters were more pronounced in the Gobustan va-
riety compared with Tale 38 (Fig. 1).

(A)

Fig. 1. The effect of drought stress on the ear growth pa-
rameters of wheat varieties with contrasting drought tole-
rance. A — Gobustan, B — Tale 38; a — watered, b — re-
watering
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Long term drought leads to lipid peroxi-
dation in plant cells and a change in the MDA
content is considered as the index of lipid pero-
xidation. We observed an increase in MDA le-
vels under drought which confirms the effect of
oxidative stress. Within three days of re-wate-
ring this index declined and after 7 days the va-
lue of this parameter approached the control
(Fig.2).

Drought stress did not cause significant
changes in the leaf chlorophyll content (Table
1). Thus, although chlorophyll a and b contents
decreased slightly, this parameter increased
upon re-watering and after 7 days it approached
to control. However, carotenoids contents signi-
ficantly increased in both varieties under dro-
ught, which is attributed to the osmoprotective
role of these compounds.

One of the antioxidant enzymes playing
the major role against oxidative stress is catala-
se. This enzyme provides rapid utilization of
H,0, [9]. A high CAT activity was observed in
both genotypes exposed to drought stress. Un-
der water deficiency catalase activity increased
1.3 times reaching 15.93+0.79 umol/mg min in
the Gobustan variety and it increased 1.5 times
and became 16.97+0.84 pmol/mg min in the
Tale 38 variety. High catalase activity under
drought confirms its defensive role against

stress. Catalase is a chromoprotein having an
oxidized heme as a prosthetic (nonprotein) gro-
up. H,O, formed during exchange reactions at
certain concentrations has a toxic effect on the
cell. Catalase scavenges H,O, converting it into
water and inactive molecular oxygen [10].

Malondialdehyde, mg/mol!

Gobustan Tale 38

Fig. 2. Changes in MDA content in the leaves of Gobus-
tan and Tale 38 varieties subjected to drought, followed
by 3- and 7-day re-watering:

1 — Gobustan (control); 2 — Gobustan (stress); 3 — Gobus-
tan ( 3 day re-watering); 4-Gobustan (7 day re-watering);
5 — Tale-38 (control); 6 — Tale-38 (stress); 7 — Tale 38
(3 day re-watering); Tale 38 (7 day re-watering)

Table 1

Changes in the content of Chl a, Chl b and Carotenoids in bread wheat genotypes during drought and

re-watering periods. C-control, D-drought, R;-3 day rehydration, R,-7 day rehydration

Varieties  Variants Chl a (mol*ml™")*10°  Chl b (mol*mI™)*10? Car (umol*ml")*10~

C 0.32+0.016 0.94+0.047 36.21+1.81
Gobustan D 0.24+0.012 0.65+0.033 39.43+1.97

R1 0.28+0.014 0.73+0.037 37.63+£1.88

R2 0.36+0.018 1.32+0.066 36.91+1.85

C 0.27£0.014 0.75+0.038 29.46+1.47
Tale 38 D 0.19+0.009 0.60+0.03 37.68+1.88

R1 0.23+0.012 0.65+0.33 36.45+1.82

R2 0.27+£0.014 0.71+£0.036 29.84+1.49
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Catalase, pmol ascorbate/
mg*protein*min

Fig. 3. Effects of drought stress and re-watering on cata-
lase activity in leaves of wheat varieties contrasting in
drought tolerance. 1 - Gobustan (watered), 2 - Gobustan
(drought), 3 - Gobustan (3 day re-watering), 4 - Gobustan
(7 day re-watering), 5 - Tale 38 (watered), 6- Tale 38
(drought), 7 - Tale 38 (3 day re-watering), 8 - Tale 38
(7 day re-watering)

There were no pronounced quality diffe-
rences (appearing or disappearing of additional
bands in the electrophoregram) in the electrop-
horetic spectra of the studied wheat varieties.
However, the intensity of isoforms in wheat
leaves exposed to stress increased compared
with the control variants (Fig. 3).

Gobustan Tale-38

1 2 3 1 2 3

CAT —

Fig. 4. Effect of drought stress and re-watering on iso-
enzyme content of catalase in leaves of wheat varieties
with contrasting drought tolerance. 1-watered, 2-drought,
3-re-watering. 35ug protein was added to each well of
the gel

As seen in the figure, one isoform of cata-
lase was observed in the enzymatic extract from
wheat leaves. The intensity of this isoform was
higher in plants exposed to drought and rewate-
ring compared with the watered variant, which
can be attributed to the higher activity of this
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enzyme in these variants. Analogical results
were reported previously [11, 12]. The obtained
data show that Tale 38 is more tolerant to dro-
ught than Gobustan. On the other hand, both
genotypes could preserve self-recovery ability
after rewatering, which can be attributed to the
reversible character of the damage caused by
drought. The results of the researches can play
a theoretical role in the creation of new test
systems for the assessment of drought tolerance
of plants.
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Triticum aestivum L. BUGDA SORTLARINDA ANTIOKSIiDANT MUDAFIiO SiSTEMININ QURAQLIGA
VO YENIDON SUVARILMAYA CAVAB REAKSiYALARI

L.M.Aydinl, D.R.9liyeva, i.M.Hiiseynova

Normal suvarilma soraitinds becarilon iki yerli yumsaq bugda sortu (Qobustan - quraghigadavamli vo Tale-38 -
quragliga davamsiz) quragliq stresino moaruz galdigdan sonra yenidan suvarilmis, suvarmadan 3 va 7 giin sonra gotiiriil-
miils yarpaq niimunalarinds malondialdehidinin (MDA), fotosintetik pigmentlorin miqdari, katalaza fermentinin aktivli-
yi vo izoenzim tarkibi tayin edilorak, barpa proseslori suvarilan vo quragliq variantlarla miiqayisali sokilds todqiq edil-
misdir. Milayyan olunmusdur ki, stress zamani xlorofilin migdarinda ciizi azalma miisahids olunsa da, karotinoidlarin
migdart quraghigin tosirindon hor iki variantda shomiyyatli doracods artmis, yeniden suvariimadan sonra iso svvalki so-
Viyyesino qayitmigdir. Qobustan sortunda normal suvarilan bitkilorlo miigayisads su qitligi zamani katalazanin foallig:
1,3 dofo, Tale-38 sortunda isa 1,5 dofs artmugdir. Bugda yarpaglarindan alinmig ferment ekstraktinda katalazanin yalniz
bir izoformasi miisahido olunmusdur. ©1ds olunan naticalordon belo qonasts galmok olar ki, har iki sort yenidon suvar-
madan sonra 6ziiniibarpa gabiliyyatini goruyub saxlaya bilir vo barpa proseslori davamli sortdahassasla miiqayisods da-
ha siiratlo gedir.

Agar sozlor: Triticum aestivum L., antioksidant miidafio sistemi, malondialdehidi, katalaza, fotosintetik pigment-
lar, quraqliq, yenidon suvariima

PEAKIIUSA AHTHOKCUJIAHTHOM 3AINMTHOM CUCTEMBI Y MATKUX COPTOB IMIIEHUAILBI
(Triticum aestivum L.) HA 3ACYXY U IOBTOPHOE OPOILIEHUE

JL.ML.Ajiabinasl, J.P.AnueBa, U.M.I'yceiiHoBa

JlBa MecTHbIX coprta Msrkoi muenunpl ([o0yctan — 3acyxoycronumBblii ¥ Tane-38 — 4yBCTBHTENBHBIA K 3a-
CyXe), KyJIbTHBUPYEMBIC B YCIIOBUSIX OPOLICHHS, IOCIE 2-X HEJICNBHOTO BO3ACHCTBIS 3aCyX0i, MOBTOPHO OpOIIAIHCE. B Kaye-
CTBE MaTepHaya HCCIENI0BaHUs MCIONB30BAINCH JIUCThs, B3SThIE HEMOCPENCTBEHHO MOCHE 3aCyXH, a TaKkxke mocne 3-x u 7-
JTHEBHOTO TIOBTOPHOTO OpoIIeHHs. [3ydanoch copepkanne MasioHoBoro auansaeruaa (M/1A), poTocHHTETHYECKHX THT-
MEHTOB, a TaKKe aKTHBHOCTh M M30()epMEHTHBII COCTaB KaTayiasbl. BEIsIBIEHO, UTO B 000X BapHaHTaX, HECMOTPsI HA HE3HAUH-
TEJIbHOE CHIDKEHHE COJIEp KaHMs XJOopo(riia BO BpeMsl CTpecca, COJep)KaHHe KapOTHHOWJIOB II07 BO3JICHCTBHEM 3aCyXH B
3HAYUTENIBHOM CTENEHH BO3POCIIO, a T0Cie MOBTOPHOTO OPOIIEHHS MPUOIN3UIOCE K TIEPBOHAYAIbHOMY YPOBHIO. AKTUBHOCTD
KaTaja3bl 10 CPABHEHHIO C HOPMAIBHO IOJHMBAEMBIMH pacTeHIsAMH y copta ['o0ycran ysemmumiace B 1,3 pasa, ay cop-
ta Tane-38 — B 1,5 pasa. B anekrpodoperpamme 0OHapyKuIach JIMING OfHA H30(opMa Karajgas3bl B JIACTBSIX IIIICHHUIIBI.
[Nomy4eHHble AaHHBIE TIO3BOJIIIOT HPEATIONIOKUTE, YTO 00a COpPTa COXPAHIUIN CIHOCOOHOCTh K BOCCTAHOBJICHHIO TOCTIE BO300-
HOBJICHHS TI0JTHBA, a TIPOLIECCHI BOCCTAHOBIICHHUS B YCTOHYMBOM COPTE MO CPABHEHHUIO C TyBCTBHTEILHBIM IIPOUCXOIAT OBICTpEE.

Knroueewie croea: Triticum aestivum L., sawumnas cucmema anmuokcuoanmos, MaioHouaiboesud, Kamaiasa,
omocunmemuyeckue nueMenmol, 3acyxa, HOGMOPHOE OPOULEHUE
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