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ABSTRACT 

It is essential for an organism to alter the pattern of protein expression in order to get adapt and resist the 
changes in environmental fluctuations and stress. The over-expressed or newly induced proteins might play a 
crucial role to cope up with stress or to shift plant metabolism on ‘emergency mode’. We used proteomics 
analysis and biochemical measurements to investigate the effect of cadmium on Spinacia oleracea. Two months 
old plants were exposed to Cd (100 µM) for 24 and 72 hours. Two-dimensional gel electrophoresis (2 DGE) 
was used for resolving leaf proteome and differential protein expression was studied using PDQuest software. 
Results show that Cd induces oxidative stress which was higher in plants with longer period of Cd stress. About 
210 protein spots were reproducibly detected on each gel. 117 protein spots were differentially expressed under 
Cd stress, among which 17 were up-regulated and 22 were down-regulated. The differential protein expression 
suggests that spinach modulates its leaf proteome in response to cadmium which might be an adaptive 
mechanism of defence to cadmium stress.  
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1. INTRODUCTION 
Cadmium (Cd) is a toxic element that negatively affects plant growth and development. It is released into the 
environment from industrial processes and phosphate fertilizers; later transferred to the food chain and 
recognized as an extremely toxic pollutant due to its high solubility (Qureshi et al., 2010). It has been ranked on 
number seven among the top twenty toxins (Gaafar et al. 2012). Cd is easily taken up by plant roots and 
transported to the leaves through xylem. Most plants are sensitive to even low concentrations of Cd, which 
inhibit plant growth as a consequence of alterations in the photosynthesis, uptake and distribution of macro- and 
micro-nutrients (Rodríguez-Serrano et al., 2009), chlorosis, wilting, and growth reduction to cell death (Nocito 
et al., 2007). These effects are thought to be mostly linked to extreme capability of Cd to bind sulfhydryl groups 
of proteins leading to inactivation of enzymes. Moreover, Cd induces oxidative stress in plant systems (Qadir et 
al., 2004). At this instant, there is a good amount of work to answer about the types of proteins under or over 
expressed during a particular or integrative stress, their impacts on cellular metabolism and the location of the 
proteins (Qureshi et al., 2007). Proteomics has been used to analyze the changes of protein expression profiles 
responding to various stress conditions (Shin et al., 2010, Chen et al., 2012). The identification of the functional 
genes or proteins that are involved in the responses to heavy metal stress is a functional step in understanding 
the molecular mechanisms of stress responses. Such understanding could lead to the development of transgenic 
plants that have an enhanced tolerance to heavy-metal stress or plants capable of being used in 
phytoremediation. Further, the information would be helpful in nutrient management. With the advent of 
functional genomics technologies such as microarray and two-dimensional electrophoresis (2-DE), integrated 
analysis of Cd response both at RNA and protein level have been initiated to investigate the mechanisms of 
plant response to Cd stress (Wang et al., 2010). In our study, we aim to find the level of proteins, in terms of 
number, associated with Cd treatment, which may show to play a critical role against cadmium stress, and 
contrast these data with those of proteins detected using the two dimensional gel electrophoresis, mass 
spectrometry and bioinformatics tools in Spinacia oleracia. 

2. MATERIAL AND METHODS 
Seeds of spinach (Spinacea oleracea) were surface sterilized and were sown in pots containing sand culture 
(quartz) and maintained in dark. After germination, the pots contain seedlings transferred to growth chamber at 
25ºC 14h light/20 ºC dark cycles and 85% relative humidity. The plants were supplied with 50% Hoagland 
solution (Hoagland and Arnon, 1950). One set of two months old plants grown in pots were as control 
.Hoagland solution of second set were replaced with Hoagland solution contain 100 mM CdCl2  for a period of  
48 hours and 72 hours. After harvesting, leaves were washed with DDW and blotted dry and used to study 
proteome of spinacia oleracia under cadmium stress.  
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       2.1 TBARS (Thiobarbituric acid reactive substances) 
 

TBARS, considered as oxidative damage products, was determined in leaf samples by the method of Heath and 
Packer (1968). One gram of fresh tissue was ground in 10 ml of 1% TCA (Trichloroacetic acid) in pre-cooled 
mortar and pestle. The homogenate was centrifuged at 10,000 rpm for 5 min. 1.0 ml of supernatant was taken in 
a separate tube, to which 4.0 ml of 0.5 % TBA was added. The mixture was heated at 95 0C for 30 min. It was 
then quickly cooled in an ice bath and centrifuged at 5,000 rpm for 5 min. The absorbance of the supernatant at 
532 nm was read and corrected for unspecific turbidity by subtracting the value at 600 nm on uv-vis 
spectrophotometer. 
 
2.2 Proteomics analysis 
 
For protein extraction, frozen leaf were ground in liquid nitrogen and extracted in a buffer containing 30 mM 
Tris-Base (pH 7.5), 2 mM EDTA, 0.07% β-mercaptoethanol, 2% PVP, 1% Triton X100, 10 mM NaCl, 0.1% 
SDS, 1 mM PMSF, 10% glycerol. The extract was centrifuged at 12,000 rpm for 60 min at 4 ºC. The protein 
was precipitated with 10% chilled TCA containing 0.07% β-mercaptoethanol and 2 mM EDTA and left at -20 
ºC overnight followed by a spun at 20,000 rpm/15 min/4 ºC. Pellet washed with chilled acetone, vacuum dried 
and solubilized in solubilization buffer containing 7.0 M Urea, 2 M thiourea, 4% CHAPS, 50 mM DDT and 
0.2% Ampholytes (pH 3-10) followed by a spun at 10000 rpm/5 min/RT. Proteins were quantified by Bradford 
reagent using BSA as standard. An amount of 250 μg protein was focused (1D) on immobilized pH gradient 
(IPG) strips of 11cm (pH 4-7 NL) for 55000 Vh. IE-Focused proteins on IPG strips were equilibrated using DTT 
(130 mM) and iodoacetamide (135 mM). Equilibrated strips were resolved on 12% SDS-PAGE (2D) at 100 
Volts. 2D gels containing proteins were stained using colloidal Coomassie Blue G-250 dye and then de-stained 
in distilled water. 2D gels were digitized and analyzed for differential spot densities. The optimized parameters 
were as follows: saliency 2.0, partial threshold 4, and minimum area 50. The intensity of the spots was 
normalized to that of land mark of proteins used for internal standardization. Spots were quantified on the basis 
of their relative volume, which was determined by the ratio of the volume of a single spot to the whole set of 
spots. Spots with significant change (quantitative changes more than two-fold in abundance) were considered. 
 

3. RESULTS 

Content of TBARS under Cd stress increased by 55% at 24 HAT and 68% at 72 HAT with respect to control 
(Figure.1). The extent of oxidative stress in plants can be demonstrated by TBARS concentration which is a 
general indicator of oxidative damage. Oxyradicals generated during oxidative stress have tendency of altering 
the protein profile in plants (Qureshi et al., 2010). This might be an outcome of oxyradical-mediated signaling 
under cadmium stress which was elevated with the time of Cd exposure. The proteins that might tackle the Cd 
accumulation and subsequent reactions caused by Cd have been seen to upregulate which include defence 
proteins such as antioxidants, metallothioneins, etc. Down-regulated proteins are generally those which are 
associated with plant growth and development. TBARS were estimated at leaf level reflecting a broader degree 
of the oxidative damage. 
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Figure 1. Impact of Cd stress on contents of TBARS (oxidative stress marker) in two-months-old Spinacea 
oleracea studied 24 hours after treatment (HAT) and 72 HAT of Cd (100 µM) in leaf . The values are mean ± SE 
and n=4. 
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Figure 2. Images of 2DGE gels showing proteins expression pattern in two-months-old spinach leaves. 
Control plants (A) and Cd (100 µM/ 72 h) treated (B) plants showed differential protein expression which 
was analyzed with the help of PDQuest analysis software (Bio-Rad, USA). For normalization, a Master (A-
B) gels was used. 

 

Figure 3. Plot of the 2DGE protein spots intensities indicating changes made by cadmium (100 µM) on 
expression levels of different proteins.  

The result of PDQuest analysis of comparing 2D gels of spinach proteins of control with 72 h 100 µM Cd stress 
detected about 210 protein spots reproducibly on each gel. 117 protein spots were differentially expressed under 
Cd stress of which 17 proteins were up-regulated and 22 proteins were down-regulated. Intensities of spots with 
significant change (quantitative changes more than two-fold in abundance) have been shown in Figure 3 and 
were selected for further analysis. The differential expression shows an adaptive mechanism of defence under 
cadmium stress. 
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Figure 4. Impact of Cd stress on proteins expression levels 
which have been mentioned in Figure 2 and 3.  Figure shows 
the up-regulation and down-regulation of proteins by the 
treatment of Cd. At least,  2-fold change in the expression 
level (in terms of pixel intensities) for every protein spot has 
been considered in two-months-old Spinacea oleracea 
studied 72 HAT of Cd (100 µM) in leaf . 
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4. CONCLUSION 

The present study reveals that Cadmium induces oxidative stress in the leaf of spinach. The cadmium exposure 
and Cd-induced oxidative stress altered the profile of leaf proteome analyzed by 2D-proteomics and PDQuest. 
Up-regulated proportion of protein was 8% of the proteome whereas down-regulated proportion was 18% of the 
total proteome. Thus, Cd down-regulated more proteins than it up-regulates in the leaf of spinach. 
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