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ABSTRACT

The ameliorative effect of salicylic acid (SA) oadmium (Cd) toxicity in sunflower plants was stddiey
investigating leaves protein content and fatty amdnposition. Sunflower plants in two leaves stages exposed
to CdC}, treatment (0, 50,100,150 and 200 uM) and then virer@ted with salicylic acid (0, 250 and 500 pM) as
foliage spraying. One week after the last salicglid treatment, plants were harvestead growth parameterand
protein contentwere measuredOil of leaf was extracted in a Soxhlet system ity acid composition were
measured by gas chromatography (GC). Statisticalymes showed excess Cd reduced fresh weight andemwf
leaves and SA increased them compared with theatohtaximum reduction in these parameters wasQft @mol
Cd and Oumol of SA. Protein content in leaves aflewer was decreased with increasing concentratioh Cd.
Exogenous application of SA increased the amoumtraiein in sunflower plants exposed to Cd str&x$xSA
interaction on protein content in leaves was sigaifit. Cd caused a shift in fatty acids compositi@sulting in a
lower degree of their unsaturation and an increaseaturated fatty acids in sunflower leaves,wher8a improved
them. SA, particularly increased the percentagdinmflenic acid and lowered that of palmitic acid lye same
proportion. These results suggest that SA alledidke inhibitory effects of Cd gorotein content andaould be
used as a stabilizer of membrane integrity duépiold protection of cadmium-induced oxidative sresimprove
plant resistance to Cd stress.
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INTRODUCTION

Cadmium (Cd) is one of the most toxic metals in émvironment that is toxic to many plant speciedoat
concentrations [23]Cadmium accumulation in soils may originate frdifierent sources, including air pollutants
and soil application of commercial fertilizers, s@e sludge, manure and lime [12].

The high mobility of this metal in soil-plant systeallows its easy entry into the food network, Whinay inciting
any toxic effects on plants, animals and humank [18

Cadmium can cause many toxic symptoms in plant) as the inhibition respiratory, photosynthesig artrogen
metabolism , activation or inhibition of enzymesstdrbances in plant—-water relationships and tienietabolism,
resulting in low biomass accumulation and growthiliition [21,27] At cellular level, Cd toxicity & to the
overproduction of reactive oxygen species (ROS)lamts which are highly reactive and toxic and ead@mage to
membrane integrity due to lipid peroxidation, whictay result in generation of highly cytotoxic compds and
reduction of plant development [8].
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Varied defense processes in plant cells are aetivdtiring exposure to Cd such as complexing ofntieéal by
phytochelatins and metallothioneins, compartmezdtibn in vacuoles, immobilization at the level adll wall,
exclusion through action of plasma membrane anthegis of stress proteins [19,26].

One of mechanisms that plants have developed te with damages caused by cadmium is related withesstress
signaling molecules, such as salicylic acid, jasimancid and ethylene [14 ].All these compoundsenieduced by Cd
treatment, which suggest that they are involved&lh response to Cd toxicity. [22]. Salicylic aqiA) is a simple
phenolic compound involved in the regulation of marocesses and physiological functions in plamtwgh and
development, including stomatal movement, seed igation, ion absorption, sex polarization &nceliciting biotic

and abiotic stress signaling [10]. Protective attaf SA includes the development of anti stressgmms and
acceleration of growth processes recovery afterahval of stress factors. [16]. The protectivection of SA mainly
includes the regulation of ROS and antioxidantgluation of gene expression [29]. Apparently, SA basad but
divergent effects on stress acclimation and dandagelopment of plants. Thus, SA may act directhamasntioxidant
to scavenge the reactive oxygen species and intjiremdulate redox balance through activation ofiaddant

responses [22].

It has been shown that SA provides protection ia plants [21], barley seedlings [15].soybean segd[b],hemp
plants [24] against Cd stress and it induces adapdsponse to copper stress in sunflower [6] odutades plant
responses to salt and osmotic stresses in Mainésdd] drought and herbicides [22].

The sunflower (Helianthus annuus L.) is one of fth@ most important oil crops globally and is groam over 21
million hectares worldwide [30]. The high levelswisaturated fatty acids with low saturated faélswn vegetable
oils such as sunflower oil have become recognizegbad nutritional characteristics for health [11].

Although sunflower is usually regarded as a higtdierant crop, which can cope with elevated heawstam
concentrations in soil, impairment of growth attiali stages of plant development may result in arpcrop

establishment [7]. Previous works have demonstraéibed abiotic stresses like metals, UV-B and saltised

variations in the antioxidant defense system amgigged oxidative damage in sunflower plants [Bijwever, the

role of exogenously applied SA under Cd stressatty ficids profile in sunflower leaves is not stikar and needs
further investigations. Based on the above studies,research has shown the influence of SA onnddded

changes of growth and fatty acid composition inflewver leaves.

MATERIALS AND METHODS

Homogenous seeds of sunflower (Helianthus annuwsil..Euroflor) were obtained from the AgricultuRésearch
Center, Khoy, Iran. Seeds were sterilized with sodihypochlorite solution (1%) for 15 minutes, wakhe
thoroughly with distilled water before use. Six dgewere sown and were cultivated in each pot aner af
emergence; four homogenous seedlings were lefiégh.eTo maintain humidity, 100 ml of distilled watgas used
to each pot every day and 100 ml of Hoagland smutvas applied to each pot every week.

Plants were placed in greenhouse conditions undes°@ and 33.5 °C, respectively, minimum and maximu
temperatures, light intensity 13000 luxs providedfluorescent lamps on top of canopy and 16:8 (liglark)
photoperiod. Two leaves stage plant were expose&ddol treatment. CdGlwas added to each pot with various
concentrations (0, 50, 100, 150, 204d) every week. One week after Cd treatment endéd(niixed with tween-
20 (a surfactant and spreading agent) with threeetrations (0, 250 and 5@d/1) was sprayed on plant leaves
with a sprayer (10 ml per plant) every week. Faylicates were performed for each treatment.

Plant growth (fresh weight and number of leaves) aalysis
One week after the last salicylic acid treatmems, plants were harvested and Leaves were sepaNuetber of
leaves was counted per plant. Fresh weight of aveeated and control plants was estimated (glaat).

Estimation of Protein content: Protein content in leaves (500 mg) was extractediih buffers used, grind well
the samples with a pestle and mortar in 5-10 nibudfer and was centrifuged at 8000 rpm for 94 mesuthe
supernatant was decanted and proteins were detstraiccording to Lowry et al. (1951). Amount of giatwas
measureld at 750 nm by using bovine serum albumthestandard protein. Protein content was exptdeasemg
(100 mly~.

Oil extraction
The leaves were dried at 4@ for 4 h, using a ventilated oven, to reduce nmoéstontent to 5%. Then dried leaves
were crushed with a mortar. One gram of leaf tissas used to oil extract with petroleum ether fdr i@ a Soxhlet
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system (B.chi Universal Extraction System B-811rr@my) according to the AOCS method (AOCS, 1998 T
oil extract was evaporated by distillation at resthg@ressure in a rotary evaporator at>@until the solvent was
totally removed.

Analysis of fatty acids

The oil extracted with hexane/methanol (3:2, vioni the test sample was converted to its fatty awéthyl esters
as described by Marquard (1987). The methyl estetke fatty acids (0.1 pl) were analyzed in a HetPackard
5890B series gas chromatograph (Perkin Elmer Aytie®n XL, USA) equipped with a flame ionizing detec
(FID), and a fused silica capillary column (MNFFABD m x 0.32 mm i.d.; film thickness = 0.25 pm)).

It was operated under the following conditions: mtemperature program, 12@ for 1 min, raised to 250C at a
rate of 65C/min and then kept at 256C for 15min; injector and detector temperaturesew&50::C and 260:C,

respectively, carrier gas, helium, at flow rate 46f ml/min; split ratio, 1/20 ml/min. Peak identdition was
performed by comparing the relative retention timéth those of a commercial standard mixture ofyfatcid

methyl esters. The contents of palmitic (C16:08ast (C18:0), oleic (C18:1), linoleic (C18:2) axidnd linolenic
(C18:3) acids were determined by computing integrah a percentage basis.

Statistical analysis

Statistical analysis was carried out by two-way ANOusing SPSS, version 18 software. When the efiexs
significant, means of the studied parameters wempared by Duncan's test akF0.001, P< 0.01 and & 0.05
levels.

RESULTS

Fresh weight and number of leaves

Fresh weight of leaves in sunflower was decreaggdfisantly under the influence of Cd (66.5 % &02umol and
Opmol of SA, respectively, compared with the conpiants) (Table 1). Contrary, treatment with 50@qi SA in
plants exposed to Cd, increased leaf fresh wekjgu(el).
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Fig 1. Effects of Cd and SA on leaf fresh weighhisunflower, data are means of four replicates. Maes with common letters are
significantly different according to Duncan’s multiple range test.

Leaf number decreased proportionally with incregqsid concentration, and the reduction in the valkiethis
parameter under 200 umol of Cd and Opumol of SA 2&53% compared with the control plants (FigureSA.
treatment decreased Cd toxicity on leaf number IE1gb
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Fig 2. Effects of Cd and SA on leaf number in sutdwer, data are means of four replicates. Means witcommon letters are not
significantly different: ns (not significant) according to Duncan’s multiple range test.

Protein content

Protein content was found to be significantly desesl after Cd treatments at the higher concenteatiested. When
SA was applied there was a increasing in protement in leaves. The minimum content of proteisunflower leaves
(66.29 %) was at 200 umol of Cd and 0 pmol of Sfpared with the control. The maximum content oft@roin
leaves (61.79 %) was at 0 umol Cd and 500 pmoPot@centration compared with the control (Figuye 3
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Fig 3. Effects of Cd and SA on Leaf protein conterin sunflower, data are means of four replicatesDifferent small letters of the same
type of column indicated significant difference bateen lines according to Duncan’s multiple range tés

In Cd treatment, protein content in leaves of sumdr is shown in decreasing trend with increasimigcentrations
of Cd. However, exogenous application of SA furtimereased the amount of protein in sunflower [gaposed
to Cd stress. CdxSA interactions on protein contelgaves were significant (Table 1).
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Tablel- Effect of Cd and SA on leaf number and frésweight, protein content of leaves of sunflower. Values (eans + Std) followed by
different letters in the same columns are significatly different according to the Duncan’s test. nsnot significant,* P<0.05, ** P<0.01, ***

P<0.001.
Treatments
cd SA fresh weight (g) Leave number Protein content (mg (JFW)
0 puM 4.5+0.306 17.50+0.957 0.089+0.003
ouM 250 p 4.899+0.307 17.75+0.500 0.119+0.001
500 p 5.29+0.224 18.75+0.577 0.144+0.005
OpM 3.614+0.316 16.75+0.957 0.067+0.005
50 uM 250 p 3.937+0.432 17.5040.577 0.087+0.005
500 p 4.996+0.203 18.5+0.500 0.123+0.005

OpM 3.101+0.206 15.00+0.816 0.050+0.007
100 uM 250 p 3.489+0.280 16.75+0.957 0.063+0.004
500 u 4.402+0.381 17.75+0.577 0.094+0.006

OuM 2.405+0.082 14.75+0.957 0.040+0.007
150 puM 250 p 3+0.100 15.75+0.957 0.052+0.005
500 p 3.864+0.293 16.50+0.577 0.063+0.007
OuM 1.5+0.022 13.75+0.957 0.030+0.005
200 pM 250 p 2.308+0.235 15.00+0.816 0.039+0.006
500 p 2.51+0.287 15.75+0.500 0.050+0.007
ANOVA
Cd 14.118*+* 20.183*** 0.012%+*
SA 7.504*** 14.517%* 0.008***
CdxSA 0.170* 0.558 ns 0.000***

Fatty acid composition

Results shown in Table 2 are expressed as a pageeaof total leaf fatty acids.Linolenic (0.55%Mpdleic (51.2%),
oleic(25.6%), stearic (4.5%) and palmitic (13.2%ida were the major fatty acids (Figure 4).The ndiiference in
the fatty acid composition of sunflower leaves bsw the control and contaminated plants was a @eera the
percentage of tri-unsaturated fatty acid ; linadesicid (62.3%) and its precursors , oleic acid.Z¥&) under 150
pumol Cd and linoleic acid (2.5%) under 200 pumol & compared with control plants . An increase ia th
percentage of saturated fatty acids including &tesnid (58.3%) angbalmitic acid (67%) under 200 pmol Cd was
observed as compared with control plants . A degred 2.5, 1.1 and 3.5-fold was noted, respectj\felylinolenic
acid (C18:3), linoleic acid (C18:2) and oleic a(il8:1). An increase of 2.4 and 1.6- fold was nptedpectively,
for stearic acid (C18:0) and palmitic acid (C16:Dable 2).

Treatment with SA (250 pmol) with or without Cdatment, significantly increased the amount of lifmbeid
(24.7%) and linolenic acid (45.2%) and decreasedl ¢h stearic acid (8.7%). SA treatment at 500 perdianced
the content of oleic acid (9.3%) and decreaseddhpalmitic acid (48.6%) in leaves with or withoQt treatment
(Table 2). Infact, Cd induced a decrease in tadakent of unsaturated fatty acids and an increasaturated fatty
acids in leaves of sunflower plants. The preserfcanoantioxidant such as SA with or without Cd tmeant
significantly increased the total content of unsation fatty acids and decreased the amount ofat®i fatty acids.

Table 2. Effects of Cd and SA on leaf fatty acidgrofile (% of total lipids) of sunflower plants.
Values (means + Std) followed by different letterin the same columns are significantly different agarding to the Duncan'’s test.

Treatments
Cd SA
ouM 12.85+0.002 4.38+0.009 25.41+0.026 50.78+0.87%.46+0.001
ouM 250 pM  16.2040.012 6.77+0.08 20.05+0.013  54.45+8.63 0.73+0.028
500 uM  13.89+0.077 4.11+0.005 28.10+0.033 51.19%P.4 0.39+0.009
ouM 13.34+0.001 7.88+0.010 23.33+0.01 51.95+0.901.19+0.500
50uM 250 uM  1440.011 4+0.014 14.10+0.012  65.79+0.009 44802020
500 pM  6.55+0.008 4.90+0.002 25.08+0.021  60.83+0.010 02V 01574
0ouM 13.56+0.009 8.81+0.021 11.77+0.002 64.02+0.00®.16+0.030
100 pM 250 uM  15.79+0.041 5.40+0.044 9.99+0.005 65.9040.02 0.77+0.027
500 pM  14.28+0.02 6.75+0.03 12.14+0.06 63.98+0.199 0.5840.
0uM 13.47+0.005 8.81+0.007 10.39+0.19 65.53+0.132.18+0.812
150 pM 250 uM  16.90+0.026 5.94+0.009 6.83+0.008 67.81148.02 0.87+0.023
500 uM  15.82+0.029 7.92+0.034 8.35+0.100 64.78+0.425 DeBY
ouM 21.89+0.009 10.49+0.044  9.84+0.821 49.81+0.00%.36+0.128
200 pM 250 uM  18.07+0.120 8.63+0.020 14.17+0.255 53.6030D.0 0.55+0.002
500 uM  16.12+0.113 5.82+0.06 8.73+0.362 66.12+0.009.79+0.010

Palmitic acid  Stearic acid  Oleic acid Linoleic acid Linolenic acid
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DISCUSSION AND CONCLUSION

Application of different levels of Cdgin sunflower plants adversely decreased their grgeattern (leaf number,
stem and root length, fresh weight of stem, roatleaf) as compared with control plants (Table h¢Se results are
in agreement with those of Tukaj et al. [25] ineggranicroalga and Lopez-Millan et al. [12] in tomatho showed
that cadmium caused a significant reduction in ghoparameters.

The beneficial effect of SA was seen on all gropdlrameters in sunflower. The same positive effécsA on

growth in the presence of Cd was reported by Médywelal. [15] that being exposed to cadmium, rexdumot and
shoot length and fresh weight in barley seedlings SA treatment decreased Cd toxicity. These esultesponse
to Cd stress and SA are also in agreement witretbé®opova et al. [22] in pea plant and Shi ef2a] in hemp

plants. The reduction in growth could be a consega®f the Cd-interference with a number of metaljmocesses
associated with normal development such as phatiesiia pigments production, membrane lipid compaosijt
water uptake and mineral nutrition that would reguldeficiency in essential elements and ultimatelduction in

biomass production [1]. Cadmium growth inhibitiooutd also be due to the inhibition of cell divisi@nd

elongation rate of cells that results in a declimbiomass production. This result mainly ocdwsan irreversible
inhibition of proton pump responsible for the pres4].

Metal toxicity in plants may result from the bindinf metals to protein sulphydryls, which in turowd cause a
modification of protein structures and inhibitiofi enzymatic activities involved in growth. Thesdeghtions
usually lead to growth inhibition and cell death. [3A is needed for the adaptation process andnithéction of

stress tolerance[22]. We assume that the beneéffdtts of SA during a growth period can be ralateavoidance
of cumulative damage upon exposure to cadmiunmodification of compartmentalization. AlternatiyglSA

could be involved in the expression of specifictpitts or defense-related enzymes [10]. SA can flsm a

complex with Cd that may provide Cd tolerance [17].

We showed that Cd stress caused a decrease inpeotgents in sunflower. SA induced a consideréideease in
the content of protein fractions in various orgariscontrol and Cd stressed plants. This may be tduéhe
interactive effect of Cd and SA [6].

In sunflower cells, cadmium induced oxidative sird®eactive oxygen species react with proteins anteigee
oxidation products such as carbonyl groups on prateolecules. Cadmium produced oxidation of prateim
sunflower tissues. Our results indicate that cadmimduced increase in protease specific activityotéin
degradation removes abnormal proteins, facilitétesrecycling of amino acids, and regulates progaitivity by
elimination of molecules that are no longer neej@dd. This work was investigated whether saliciid could be
a protectant to ameliorate the influence of Cdsstien sunflower and thereby increasing its Cd dolee.

In sunflower plants, leaf fatty acids compositidrowed significant changes with Cd stress and thidative

damage was alleviated by SA treatment. The anabfsfiatty acid composition in Cd treated plants pups this
observation (Table 2). A decrease in the percentagunsaturated fatty acids ; C18:3, C18:2 an8:Cand an
increase in the amount of saturated fatty acidh sisc C16:0 and C18:0 was observed under Cd stsessmpared
with control plants . On the other hand, the acclatmn of C16:0 and C18:0 by Cd treatment, coulddape
indication that there are some alterations in bibisgsis pathway between these two acids.

This confirmed that Cd toxicity in sunflower plantgas linked to free radical processes in membrane
components leading to alterations in membrane Igyalaind increasing their permeability. The peratidn of
unsaturated lipids in biological membranes is thesthprominent symptom of oxidative stress in angaald plants
[3]. Furthermore, the protective effect of SA omflanembrane integrity could be related to changebpid
content and fatty acid profiles (Table 2). Given #mown effects of Cd on photosynthesis then it @& n
surprising that the supply of carbon for fatty asiththesis and lipid assembly as lipid biosynthpathways is
altered [22]. SA application seems to reduce thee@ect on lipid unsaturation. In SA-treated sumiéry plants
significant decrease in C16:0 and C18:0 were obserre= amount of linolenic (C18:3), linoleic (C18:@nd
oleic (C18:1) acids was increased (Table 2).Thisl&dde an indication that the desaturase activigytie
transformation of C18:0 to C18:1, C18:2 and C18zswenhanced. The increase of the unsaturated daits
observed under the influence of SA lead to increhsefluidity of lipid membranes that probably affet¢heir
permeability and stability. Membrane unsaturatias tbeen shown to be closely related to the heavwalme
tolerance in many higher plants [20]. Also, it lmeen suggested that the high level of unsaturatfahylakoid
lipids may be required to maintain the degree dflity needed for the diffusion of lipophilic compods and/or
may confer a suitable geometry to the lipid molesyR8].

These results exhibit the beneficial effect of S@atment on leaf lipid metabolism probably in redatiwith
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chlorophyll synthesis, photosynthetic activity asabon supply of sunflower plants exposed to Cd.[28

Therefore SAtreatment of Cd stressed sunflower plants coulehudtite their Cd tolerance via amelioration of
growth parameter and lipid profile.
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