January 2009

Trade Science Ine.

Volume 4 Issue 1

Snviconmental Science

A Tndéian Journal

—= Qurrent Research Peapers

ESAIJ, 4(1), 2009 [45-50]

Effect of water deficit stresson proten, proline, lipid per oxidation,
chlorophyll and car bohydr ates of maizeleaves

Seyed Ali Mohammad M odarres Sanavy*!, Farhad Fattahi Neisianit, Faezeh Ghanati?
tAgronomy Department, Faculty of Agriculture, Tarbiat M odar esUniver sity, Tehr an-14115-336, (I RAN)
2Plant Science Department, Faculty of Science, Tarbiat M odar esUniver sity, Tehran-14115-336, (IRAN)

Tel: 0098-21-44196522-3; Fax: 0098-21-44196524

E-mail : modar esa@modar es.ac.ir

Received: 26" April, 2008 ; Accepted: 1% May, 2008

ABSTRACT

The effects of water deficit stress on accumulation of proline, as well as
contents of chlorophyll, carbohydrates, malondialdehyde, and lignin were
studied inleaves of Zea mays L. cv. 704. The experiments were conducted
using six replicationsin acompletely randomize design treatment including
control and water deficit treatments before and after flowering. Theresults
showed that under water deficit stress the proline, malondialdehyde, chlo-
rophyll b, lignin and glucose contents of leaves were significantly higher
than those of control plants, while protein, chlorophyll a (as well as total
chlorophyll) and xylose contents were decreased by water deficit stress.
The results suggested that water deficit stress affects adversely on normal
plant metabolism through increasing of reactive oxygen species that re-
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sulted in peroxidation of membranelipidsin turn.
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INTRODUCTION

Oneof themost crucial functionsof plant cdlsis
their ability to respondto fluctuationsin their environ-
ment. Understanding the connectionsbetween aplant’s
initial responseand the downstream eventsthat consti-
tute successful adjustment toitsaltered environment is
one of thenext grand challenges of plant biology. Ad-
verse environmental conditions such asdrought are
among themajor factorslimiting the growth and pro-
ductivity of land plants. Water stressresultsin ssomatal
closureand reduction of transpiration rates, decrease
of water potential of plant tissues, decrease of photo-
synthesisand inhibition of growth, Accumulation of ab-

scisicacid (ABA), proline, mannitol and sorbitol, and
Insome cases, increasing of radical scavenging com-
pounds(e.g., ascorbate, glutathione, and a-tocopherol)
areamong other symptomsusually observedin plants
under water deficit conditiong™.

Theincreaseof proline content inresponseto wa:
ter deficit isawell-documented fact? and alarge body
of dataindicatesapositive correl ation between proline
accumul ation and enhanced tolerance to drought and
sdt stress¥. Other experimenta evidences suggest that
theaccumulation of prolineisasymptom of stressin-
jury rather than anindicator of stresstoleranceg?. Nev-
erthel ess, prolineaccumul ation seemsto beauseful in-
dex of drought stressin plants®.
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Chlorophyll content a so can be changed by stress
condition and can be considered asa parameter show-
ingsalt tolerancein crop plantg®. Chlorophyll fluores-
cence hasbeen regarded asatool for determining the
photoinhibition of photosynthesisand anindicator of
oxidative stressed”. Rapid estimates of photosynthetic
potentia can beimportant for studieson gasexchange
and the C cycle. Reactive oxygen species (ROS) e.g.,
superoxideradical (O27), hydrogen peroxide (H,0,)
and hydroxyl radical (OH") which arenaturaly pro-
duced by plantsareincreased and accumul ated during
salinity, water stress, and some other stresses®. Accu-
mulation of ROS damagesthe membranesand essen-
tial macromol ecul es such asphotosynthetic pigments,
proteins, DNA and lipids?.

Theobjective of thiswork wasto investigate the
effect of drought Stresson protein content, proline, chlo-
rophyll, carbohydrates, MDA and Lignininleavesof
maize.

MATERIALSAND METHODS

Seeds of maize (ZeamaysL. cv. 704) were sown
in25K g potscontaining sty loam soil. Theexperiment
was conducted in acompletely randomize design with
three treatmentsi.e., control conditions (S0), water
deficit before (S1) and after flowering (S2), with six
replicationseach. Theplantswereirrigated at field ca-
pacity level until the treatment being applied. Water
potential (‘¥'( was measured between 11:00AM and
01:00PM , twice, 24h &fter irrigation (initiation of stress
and at theend of stress). Water potential was about -
0.5 bar at theinitiation of stressand was-7.5 bars at
theend of thetreatment.

Sampling

2 hours before ending of water stress period the
middleleavesof each plant wereharvested and frozen
by liquid N, and kept at -80°C until used for biochemi-
cd andysis.
Prepar ation of extracts

Leaf samples (0.2 g) werehomogenized inamor-
tar and pestlewith 3 ml ice-cold Na-Pi buffer 25mM,
(pH 7.8). The homogenate was centrifuged at 18,000
gfor 30 min at 4°C, and then the supernatant was fil-
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tered through filter paper. The supernatant wasused as
acrude extract for the assay of enzymesand protein
content. All experimentswerecarried out at 4°C.

Protein assay

Totd protein content was determined using bovine
serum abumin (BSA) asastandard, according to the
method of Bradford (1976)19.

Prolineassay

Samplesof leaves (0.2 g) werehomogenizedina
mortar and pestlewith 3ml sulphosdlicylicacid (3% w/
v), and then the homogenate was centrifuged at 18,000
gfor 15 min. Two milliliters of the supernatant were
then putinto atest tubeintowhich 2 ml of glacid acetic
acid and 2 ml of freshly prepared acid ninhydrin solu-
tion (1.25 gninhydrindissolved in 30 ml glacial acetic
acid and 20 ml 6 M orthophosphoric acid) were added.
Tubeswereincubated in awater bathfor 1 hat 100°C,
and then allowed to cool to room temperature. Four
millilitersof toluenewere added and mixed on avortex
mixer for 20 seconds. Thetest tubeswere allowed to
stand for at least 10 minto alow the separation of the
toluene and agueous phases. Thetoluene phase was
carefully pipetted out into aglasstest tube, and itsab-
sorbance was measured at 520 nm by spectrophotom-
eter (GBC, Cintra6, Australia). The concentration of
prolinewas cal cul ated from aproline standard curve
and wasexpressed asmmol per gram of freshweight!*Y,

Chlorophyll assay

Chlorophyll content wasdetermined by extraction
with 80% acetonefollowed by reading absornbances
at 645 and 663 nm*2, The concentration of chloro-
phyll was expressed asmg/g FW.

Lipid peroxidationrate

Thelevel of membrane damagewasdetermined by
measuring MDA astheend product of peroxidation of
membranelipidg®3. Inbrief, ssmpleswerehomogenized
inan agueous solution of trichloroacetic acid (10% w/
v), and aliquotsof thefiltrateswere heated in 0.25%
thiobarbituric acid. Theamount of MDA was deter-
mined from the absorbance at 532 nm, followed by
correction for the non-specific absorbance at 600 nm.
The concentration of MDA was determined using the
extinction coefficient of malondial dehyde(e=155uM

Snvivonmental Science (=
A Jndian ﬂo«/maZ



ESAIJ, 4(1) January 2009 Seyed Ali Mohammad Modarres Sanavy et al. 47

—== Qurrent Research Papsr

cnl).

Deter mination of Iignin content ‘m___ G AT

00 4-mmen
038 4-nen
VM

Cell wall preparationswere obtained by homog-

enization of frozen samplesinwater withamortar and
pestlefollowed by centrifugation at 1000 g and sequentia o
washing of the pellet with EtOH, CHCL -MEOH (2:1) T -
and acetone and then dryingin air. Lignin content of B =
wall preparationswas measured viaamodified acetyl _ | water dresstreatment _
bromide procedure®. Thelignin content was deter- Figurel: Protein content_m_c maizeleavesin contr ol condi-

. . . tions (S0) and water deficit stressbefore (S2) and after
mined by measuring of absorbanceat 280 nmusing owering (S1), (p<0.05)
specific absorption coefficient vaue20.0gL cm.

imgig FW)

Carbohydratesassay e T M T
Samples (0.2g) werehomogenized with 3ml of dis- o bl

tilled water and homogenateswerefiltered by filter pa- 2 el

per. Then 0.5ml of aquatic phenol solution (5%) and 2 w _

2.5ml of high concentrated sulfuric acid (98%) were £

added to 50pl of homogenates and incubated at 25°C el

for 15 minutes. The absorbancewas recorded at 480 Y om0 u

(xylose), 485 (glucose) and 490 (mannose) nm, water stresstieatment
o . Figure2: Prolinecontent of maizeleavesin control condi-

Satistical analysis tions (S0) and water deficit stressbefore (S2) and after

Each experiment wascarried out withsix replica- ~ flowering (S1), (p<0.05)

tionsand datawere analyzed using SAS software¢l, e e
When anadysisof variance (ANOVA) showed signifi- P U
cant trestment effects, Duncan’s multiple range test was 04 -

applied to comparethe means at P<0.05. =T e
& E
RESULTS E &
Water stressresulted in remarkabl e reduction of water stress treatment

protein content of mai zeleaves beforeflowering, com- Figure3: Chlorophyll aobtained from maizeleavesin con-

. trol conditions (S0) and water deficit stressbefore (S2)
pared to that of control plantswhich had themost pro- and after flowering (S1), (p<0.05)

tein content (Figure 1).
Water stress increased proline content of maize T
leavesd ongwith thetreatments, so that proline content 045 J-ma-
of theplantsat theflowering stagewashigher thanthat & ° 1~
of those stressed plants beforeflowering and of thelat- 2 w
ter was higher than that of the control ones (Figure2). E "Df - - J
The content of chlorophyll awas decreased by il 7
water deficit and althoughit was, at least in part, com- U = ; = ; &
pensated with theincrease of chlorophyll bintreated v;“e.- stress treatment
plants, thetotal chlorophyll content of treated plants ~ Figure4: Chlor ophyll b obtained from maizeleavesin con-
was|ower that of nontreated plants (Figures 3-5). trol conditions (S0) and water deficit stressbefore (S2)

Therateof peroxidation of membranelipidswas ~ andafter flowering (S1), (p<0.05)
also affected by water stressand increasd along with
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Figureb5: Total chlorophyll obtained from maizeleavesin
control conditions(S0) and water deficit stressbefore(S2)
and after flowering (S1), (p<0.05)
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Figure6: M DA obtained from maizeleavesin contr ol con-
ditions(S0) and water deficit stressbefore(S2) and after
flowering (S1), (p<0.05)
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Figure7: Lignin percent obtained from maizeleavesin
control conditions(S0) and water deficit stresshefore(S2)
and after flowering (S1), (p<0.05)
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Figure8: Glucose obtained from maizeleavesin control
conditions(S0), and water deficit stressbefore (S2) and

after flowering (S1), (p<0.05)
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thetreatments. Themost level of MDA wasagain seen
inthose plantsunder water deficit conditionsafter flow-
ering stage of their devel opment (Figure6). Likewise,
thelevel of MDA of the stressed plants before flower-
ing stagewashigher than that of the non-stressed plants
(Figure6).

Thelignin content of wall cdlsof water deficit stress-
plantswashigher than that of non-stressed plants. There
was not however, significant difference betweenlignin
content of, plantsbeforeand after flowering tages (Fig-
ure7?).

The content of soluble carbohydratesof leaveswas
affected by water stress. Glucose content of water
stressed-plants before and after flowering was both
higher than that of the control plants(Figure 8). Xylose
content of plantshowever, decreased under water defi-
cit stressafter flowering and xylose content of water
stressed-plants before flowering wasidentical to that
of the control ones (Figure 9) Mannose content of
stressed- and non-stressed plants were identical
(Figure 10).

DISCUSSION

It is well accepted that stress conditions, e.g.,
drought, st stress, extremetemperatures, nutrient dep-
rivation, UV-B radiation, and air pollutants can cause
changesin cdll metabalites.

Reduction of protein content resultsfrom avariety
of environmental stressessuch aswater stresshasbeen
reported by other studied*”). Water stressmay inhibit
protel n synthesisviadecreasein the number of poly-
somes*8, or accel erate degeneration of proteinsthrough
accumulation of reactive oxygen species (ROS),
Lipid peroxidation isoften used asan indicator of in-
creased oxidative damage®. Increased rate of proxi
dation of membranelipids of water deficit stressed-
maizein the present study and reduced levelsof pro-
teinsof them imply the hypothesisthat one aspect of
adverseeffectsof water deficit on plantsgrowthiscon-
ducted viaproduction of ROS.

Accumulation of prolineinleavesof water stressed-
maizein the present study isin accordance with other
reports?Y. Thebeneficia roleof prolinein plant stress
tolerance assuggested by early correlative studieswas
recently confirmed by genetic aswd| astransgenic sud-
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Figure9: Xylose obtained from maizeleavesin control
conditions (S0) and water deficit stressbefore (S2) and
after flowering (S1), (p<0.05)
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Figure10: M annoseobtained from maizeleavesin control
conditions (S0) and water deficit stressbefore (S2) and
after flowering (S1), (p<0.05)

ies, which demonstrated that proline canincreasethe
tolerance of plantsto abiotic stress?. Thisis probably
dueto, among others, the ability of osmolytesto scav-
engereactive oxygen species, athough theunderlying
mechanismispresently unclear’®?.

Water deficit stress by increase of ROS can play
important rolein production of lignin. Hydrogen perox-
ide, adangerous species of oxygen and an electron
acceptor for wall bound peroxides, playsamajor role
in polymerization of phenolic monomersinthesynthe-
sisof lignin and establishment of covalent bonds be-
tween ligninand carbohydratein cell walls%. Increase
of ligninincdl walsof plantsunder water deficit condi-
tionsinthe present research, againimpliesthat smilar
to other abiotic stresses, adverse effect of water deficit
may a so be mediated by increasing ROS.

In the present study in water stressed-mai ze pho-
tosynthetic pigments (chlorophyll a, and total chloro-
phyll) as chief components of the photosynthetic sys-
tem governing thedry matter participation, decreased.
Chlorophyll content isfundamental to understand a
plant’s response to the environment in which it resides!®.
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Chlorophyll fluorescence has been regarded asatool
for determiningthephotoinhibition of photosynthessand
an indicator of oxidative stresses”. Dela-Rosa and
Maiti? found aninhibitionin chlorophyll biosynthesis
in sorghum plantsbecause of sdt stress?4. Chlorophyll
content has also been reported as one of the param-
etersof sdt tolerancein crop plants®. Higher chloro-
phyll degradation was observed in sodium chloridesen-
sitivepeacultivar ascompared to tolerant one?!.

Result showed increasing in glucose and decreas-
inginxyloseand no changein mannose. Water deficit
stressasastressful condition |eadsto mobilization of
stored carbohydratesto supply for energy and carbon
skeletonsto synthesize stressmol ecul es. Water deficit
stress causes ssomataclosure, limitstranspiration, and
increases|eaf temperature as aconsegquence. Both sto-
mataclosure and heat stress decrease photosynthesis
yield?®. Many tissues of stressed plantsarelikely to
have an increased demand for rapidly metabolizable
carbohydrate in order to initiate the responses that
would guarantee stresstol erance. Thismust be satis-
fied despitealikey decreasein carbonfixation and may
lead to the mobilization of carbonfrom storage. The
mobilization of stored carbohydratescouldincreasethe
gl ucose content aconsequence of sucrose catabolism.
Glucoseitsdlf may havearole asosmolyte?”. Stored
carbohydrates could aso bemobilized in order to syn-
thesizeprolineto copewith drought stress. The pattern
of glucose accumulationin sugar beet rootsrecordedin
thiswork resemblesthat of proline: thelevel of glucose
increased inthelast stage of the crop. Environmental
stresseslikedrought, cold and salinity lead to major
dterationsin carbohydrate metabolism!?®, and up regu-
lation of many genes corresponding to carbohydrate
metabolism®!

CONCLUSIONS

Inconclusion, thisstudy hasshown that water defi-
cit stress can decreased protein and chlorophyll and
increased prolineand lipid peroxidation for plantsun-
der water stressconditions. Theseindexescan beused
for determineres stanceto water deficit stress. Partial
inhibition of water stress-induced increased inlipid
peroxidation, and an increased damageto plant cell.
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