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ABSTRACT 

Proteomics technique was used to identify of proteins involved in drought tolerance and 
sensitivity of sunflower inbred lines. Based on two years field evaluation under drought stress in 
flowering stage among 16 sunflower lines RGK 21 and BGK 329 were identified as more 
drought sensitive and tolerant lines respectively. In comparison of proteomic pattern using 2DE, 
21 of 347 and 27 of 363 protein spots were affected significantly by drought stress in sensitive 
and tolerant lines respectively, among them 18 proteins were identified in sensitive and 24 in 
tolerant line by nano-LC MS/MS mass spectrometry. In sensitive and tolerant lines 81 and 52% 
of identified proteins were down-regulated respectively. Cytoplasm-chloroplast /metabolism-
energy related proteins constituted the major group of identified proteins. The results indicated 
that preservation of relevant water statues by morpho-physiological changes, supporting natural 
cellular metabolism, and changes in energy and antioxidant defense related proteins were the 
main factors for adaptation and drought tolerance of sunflower. 
Keywords; Sunflower, Proteomics, Drought, Root 

INTRODUCTION  

 Sunflower as a main oilseed crop is a drought tolerant crop however its productivity is 
greatly affected by drought stress (Chimenti et al., 2002). There are different; morphological, 
physiological or molecular mechanisms at different stages for drought tolerance in plants 
(Farooq et al., 2009). At the molecular level drought tolerance is related to differential 
expression of some stress induced proteins as late embryogenesis abundant, aquaporins and heat 
shock proteins (Bartels and Sunkar, 2005). Generally it is believed that under drought stress 
photosynthesis related proteins are reduced as a result of stomata closure while energy and 
defense related proteins are increased to meet energy demands and to protection of sub-cellular 
structures (Dinakar et al. 2012). 

        Nowadays proteomics is an essential methodology for large-scale analysis of proteins in 
various fields of plant biology (Komatsu et al. 2007) which has been used for analysis of 
proteome changes against drought stress in different plants There are limited studies about 
response of sunflower to drought stress. Castillejo et al. (2008) and Fulda et al (2011) used this 
approach to identification of proteins involved in sunflower tolerance to drought stress. Linking 
proteome changes to physiological changes providing protein biomarkers for selection programs 
enable plant breeders to develop new varieties with enhanced drought tolerance.  Considering the 
limited information about sunflower response to drought stress in protein level proteomics 
technique was used to compare changes of proteins induced by drought stress in roots of 
sensitive and tolerant sunflower inbred lines. 

MATERIALS AND METHODS 

Protein extraction from roots of sunflower was adapted from oervious work (Ghaffari et al., 
2013) by some modifications. Protein contents were determined using the Bradford (1976) 
method with bovine serum albumin as the standard. After 2-DE electrophoresis the gels were 
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stained with coomassie brilliant blue for 1 h, and then destained with 35% methanol and 10% 
acetic acid for 12 h.  2-DE images were obtained using a GS-800 calibrated densitometer scanner 
and the position of individual proteins on gels was evaluated with PDQuest software. The 
isoelectric point and molecular mass of each protein was determined using 2-DE standard 

-test was 
used to assess the statistical significant of differences in protein abundance between control and 
drought treatment. The protein spots were excised from 2-DE gels and subjected to reduction and 
rehydration process using DigestPro.  The desalted peptide solution was analyzed by nano-liquid 
column (LC)-MS/MS. 

       A nanospray LTQ XL Orbitrap MS was operated in data-dependent acquisition mode 
with the installed XCalibur software were used to obtaining MS/MS spectra. Full-scan mass 
spectra were acquired in the Orbitrap over a mass range of 150 - 2,000 m/z with a resolution of 
15,000. The 3 most intense ions above an intensity threshold of 1,000 units were selected for 
collision-induced fragmentation in the linear ion trap at normalized collision energy of 35% after 
accumulation to a target value of 1,000 intensity units. The resulting peptide sequence data were 
used to search the NCBInr protein database using the MASCOT search engine.  A homology 
search of the amino acid sequences of identified proteins was performed against the NCBI non-
redundant sequence database using BLASTP to assign protein identities. 

RESULTS AND DISCUSSIONS 

Comparison of 2-DE gels revealed 347 reproducible protein spots in drought sensitive (RGK 
21) and 363 in tolerant (BGK 329) line, among them 18 were affected by drought stress in 
sensitive and 24 in tolerant line significantly. Drought stress made lower reduction in abundance 
of identified proteins in BGK 329 which implies the more flexibility of the tolerant line to 
endurance of drought damages. This is also indicated as a general rule by Rossignol et al. (2006). 
Of the affected protein spots in RGK 21 the relative abundances of 4 were increased and 14 
decreased. Of the protein spots in BGK 329, relative abundances of 10 were increased, 11 
decreased, 2 protein spots turned up as new spots and one spot disappeared. According to the 
direction of changes all identified proteins categorized in 6 groups. 

Classification of all differentially changed protein spots under drought stress based on cellular 
function revealed more impressibility of metabolism followed by energy related proteins in both 
sensitive and tolerant lines. Relative abundance of all metabolism related proteins were 
decreased in sensitive line but 36% of these proteins were increased in tolerant line. Relative 
abundance of disease/defense related proteins were decreased in sensitive while increased in 
tolerant line. According to the sub-cellular localization, cytoplasmic followed by chloroplastic 
proteins were primary drought responsive proteins in both lines. There was more reduction while 
more increase in relative abundance of cytoplasmic proteins in sensitive and tolerant lines 
respectively, however chloroplastic proteins were down expressed considerably in both lines. 

Among the identified proteins, 15 protein spots were commonly affected by drought stress in 
both lines; relative abundance of 4 of them were increased and 6 decreased . Relative abundance 
of the 5 remaining protein spots i.e. sucrose synthase, bifunctional polymyxin resistance protein 
ArnA-like, ATP synthase subunit beta, glyceraldehyde-3-phosphate dehydrogenase, putative 
cytosolic NADP-malic enzyme (protein spots 1, 9, 14, 32 and 33) were expressed differentially; 
decreased in sensitive while increased in tolerant line. There were 3 proteins specific to RGK 21 
and 9 to BGK 329. The abundances of RGK 21 specific proteins were decreased while 3 of BGK 
329 specific proteins; carbonic anhydrase, Cu/Zn superoxide dismutase, methionine synthase 
(spots 7, 13, 29) were increased. 
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Two groups of proteins had same changes in two lines.  Oxygen-evolving enhancer (OEE) 
and ferredoxin-NADP reductase (FNR) as major photosynthetic proteins were suppressed in both 
lines. Impairment to the OEE as a result of drought stress has been reported by  Vander Willigen 
et al. (2003). OEE has a key role in providing of reducing power to the electron transport chain 
(ETC) in chloroplast by splitting of H2O. It seems that OEE act as a primary drought sensor and 
changes of its abundance can shift normal ETC mode to stress tolerance mode. Involvement of 
FNR in ROS scavenging and NADPH/NADP+ homeostasis (Rodriguez et al. 2007) expresses 
this protein as a common intermediate in response to drought stress.  Induction of tubulin alpha-3 
chain in both lines as a cytoskeleton-related protein which is also involves in cell division can 
enhance cellular structure to repel drought injuries.  

Reduction of enolase (spot 16) assumed as a sign of metabolic impairment to the glycolytic 
pathway in sensitive line. Down turning of enolase can limit malate supply for mitochondria 
which is an explanation for reduction of ATP synthase and energetic depletion in sensitive line. 
Drought induced accumulation of carbonic anhydrase (spot 7), Cu/Zn superoxide dismutase and 
methionine synthase was assumed as a BGK 329 specific response to endurance of drought 
injuries. The same results reported in other plants previously (Merewitz et al. 2011). Carbonic 
anhydrase has a key role in CO2 enrichment before Calvin cycle. The energetic cost of this 
adaptation is more ATP which is provided by increased abundance of ATP synthase in the 
tolerant line. 

Enhancement of ROS scavenging capacity by induction of Cu/Zn-SOD constituted one of the 
major aspects of drought tolerance in BGK 329. Induction of this protein by drought was also 
reported by Salekdeh et al. (2002). Increased demand for more methyl groups for lignification 
justifies accumulation of methionine synthase in tolerant line too. Involvement of this protein in 
osmotic adjustment (Yan et al. 2005), imply critical role of osmo-protection and lignification in 
drought tolerance of BGK 329.  

Differential changes in abundances of 5 proteins (spots 1, 9, 14, 32 and 33) can be a cause for 
different response of the lines to drought stress. Drought induced accumulation of sucrose 
synthase has been also reported in Fern-Ally (Wang et al. 2010). We suggest that drought 
induced accumulation of sucrose synthase in tolerant line was an adaptive mechanism to energy 
conservation and maintaining cell structure integrity by invigoration of osmotic adjustment. 

Induction of mitochondrial ATP synthase (spot 14) in tolerant line assumed as a 
compensatory mechanism to meet energy demand and to alleviation of drought effects within 
mitochondrion. Kotapalli et al. (2009) also observed similar results with peanut. Regarding the 
role of NADP-malic enzyme in breaking down of malate which results in reduction of turgor in 
guard cells and so on in stomata closure (Laporte et al, 2002) induction of this protein in tolerant 
line assumed as an adaptive mechanism for water conservation under drought condition.  The 
results of this study indicated that sunflower genotypes shut down photosynthesis by down 
expression of ETC related proteins as a protective mechanism to avoid generation of ROS during 
drought condition. Proteomic changes related to ROS scavenging, energy conservation, cell 
structure integrity and water conservation constituted the major aspects of drought tolerance in 
sunflower. 

 

 

 

 



19th International Sunflower Conference, Edirne, Turkey, 2016 
 

 613 

LITERATURE 
Bradford MM (1976) A rapid and sensitive method for the quantitation of microgram 

quantities of protein utilizing the principle of protein-dye binding. Analytical Biochemistry 72, 
248-254. 

Castillejo MA, Maldonado AM, Ogueta S, Jorrin JV (2008) Proteomic analysis of responses 
to drought stress in sunflower (Helianthus annuus L.) leaves by 2DE gel electrophoresis and 
mass spectrometry. The Open Proteomics Journal 1, 59-71. 

Chimenti CA, Pearson J, Hall AJ (2002) Osmotic adjustment and yield maintenance under 
drought in sunflower. Field Crops Research 75, 235-246. 

Dinakar C., Djilianov D. and Bartels D. 2012. Photosynthesis in desiccation tolerant plants: 
energy metabolism and antioxidative stress defense. Plant Sci., 182: 29-41. 

Farooq M., Wahid A., Kobayashi N., Fujita D. and Basra S. M. A. 2009. Plant drought stress: 
effects, mechanisms and management. Agron. Sustain. Dev., 29: 153-188. 

Fulda S, Mikkat S, Stegmann H, Horn R (2011) Physiology and proteomics of drought stress 
acclimation in sunflower. Plant Biology 13, 632-642. 

Ghaffari M, Toorchi M, Valizadeh M, Komatsu S (2013) Differential response of root 
proteome to drought stress in drought sensitive and tolerant sunflower inbred lines. Functional 
plat Biology 40(6), 609-617. 

Komatsu S, Konishi H, Hashimoto M (2007) The proteomics of plant cell membranes. 
Journal of Experimental Botany 58 (1), 103-112. 

Kottapalli KR, Rakwak R, Shibata J, Burow G, Tissue D, Burke J, Puppala N, Burow M, 
Payton P (2009) Physiology and proteomics of the water-deficit stress response in three 
contrasting peanut genotypes. Plant, Cell and Environment 32, 380-407. 

Laporte MM, Shen B, Tarczynski MC (2002) Engineering for drought avoidance: Expression 
of maize NADPmalic enzyme in tobacco results in altered stomatal function. Journal of 
Experimental Botany 53, 699-705. 

Merewitz EB, Gianfagna T, Huang B (2011) Protein accumulation in leaves and roots 
associated with improved drought tolerance in creeping bentgrass expressing an ipt gene for 
cytokinin synthesis. Journal of Experimental Botany 62, 5311-5333. 

Rodriguez RE, Lodeyro A, Poli Ho ZM, Peisker M, Palatnik JF, Tognetti VB, Tschiersch H, 
Hajirezaei MR, Valle EM, Carrillo N (2007) Transgenic tobacco plants overexpressing 
chloroplastic FNR display normal rates of photosynthesis and increased tolerance to oxidative 
stress. Plant Physiology 143, 639-649. 

Rossignol M, Peltier JB, Mock HP, Matros A, Maldonado AM, Jorrin JV (2006) Plant 
proteome analysis: A 2004 2006 update. Proteomics 6, 5529-5548. 

Salekdeh GH, Siopongco J, Wade LJ, Ghareyazie B (2002) Bennett J Proteomic analysis of 
rice leaves during drought stress and recovery. Proteomics 2, 1131-1145. 

Yan S, Tang Z, Su W, Sun W (2005) Proteomic analysis of salt stress-responsive proteins in 
rice root. Proteomics 5, 235-244.  

 

 


