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Abstract. Changes in the soluble protein content, electrophoretic profiles of total and thermostable 

proteins and polypeptides in endosperms and roots of wheat seedlings germinated under optimal and 

stress conditions were investigated. Low and high temperature, 0.2 M NaCl, 0.5 M sucrose, 30 µM ABA 
and 10 mM H2O2 were applied as stress factors and seeds germinated for 72 hours. The results obtained 

show that the time course of soluble protein mobilization at early germination depended on the nature of 

stress factors applied. The response to stress conditions was tissue specific. Low temperature stress 

elicited the greatest number and most intense total polypeptides in the roots of treated seedlings. High 

temperature most strongly influenced the thermostable polypeptide profile in endosperms. Content of a 
25-kDa polypeptide related to cold tolerance increased in the roots of stressed seedlings. A thermostable 

polypeptide with a molecular weight of 42 kDa was found in H2O2 stressed samples that was highly 

intensive and probably constitutes a stress specific response. 
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Introduction 

Proteins are compounds of fundamental importance for all functions in the cell [1]. It 

is well known that alteration of gene expression is always involved in preparing plants 

for an existence under stress. Protein variation is an essential part of plant response to 

environmental stress as well as for adaptation to environmental conditions [2],[3]. 

Under conditions of water deficit (dehydration) numerous processes are modified or 

impaired [4]. Water stress affects the protein levels of plants but the results of different 

authors are contradictory. Some authors show decreased protein levels under water 

stress [5],[6]. Others found an absence of deleterious effects of drought on protein levels 

[7]. Increasees in protein levels have also been reported [8]. One way of plants to 

tolerate abiotic stresses to some degree is by biosynthesis of so called stress proteins. 

Among them are dehydrins that accumulate in plants in response to ABA, low 

temperature and any other environmental influence that has a dehydration component, 

such as drought, salinity or extracellular freezing. [9]; [10], [11], [12].  

A total of 73 genes encoding proteins were detected by Rabbani et al.[13] as stress 

inducible in rice. Among them 36, 62, 57, and 43 genes were induced by cold, drought, 

high salinity, and ABA, respectively. Fifteen genes responded to all four treatments. 

The kinetics of mobilization of storage protein reserves in germinating seeds under 

optimal conditions has received considerable attention [14],[15]. The disturbances to 

this process under stressed conditions are less well understood [16] that means the role 

of protein mobilization in plant responce to different stresses is still not well 

understood.  
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In order to determine whether seeds have evolved unique mechanisms to deal with 

environmental stresses we studied the effect of chronic stress on protein and 

polypeptide profiles in wheat seedlings subjected to different kind of abiotic stresses 

(extreme temperatures, salinity, osmotic shock). The common feature of all stresses 

applied is a dehydration component. ABA was used as a dehydration stress confirming 

standard. 

Materials and methods 

Plant material and stress treatments  

Wheat seeds (Triticum aestivum L, Sadovo 1 cultivar) derived from field grown 

plants were used throughout the experiments. Sadovo 1 is a Bulgarian high productive 

cultivar resistant to pathogens, cold and drought. Seeds were germinated in filter paper 

rolls wetted with tap water, in darkness under optimal (24°C control), low (10°C) or 

high (38°C) temperature or in the presence of 0.2 M NaCl, 0.5 M sucrose, 30 µM ABA 

or 10 mM H2O2, at 24°C. The point at which water (or the treatment solution) was added 

to “dry seeds” was taken as time zero with respect to the duration of germination. 

Endosperms and roots of wheat seedlings grown for 72 hours were analyzed.  

 

Protein extraction  

Cell-free extracts from seedlings subjected to various treatments were analyzed for 

soluble protein content, electrophoretic protein and polypeptide spectra on non-

denaturing and denaturing gels. Freshly harvested endosperms and roots samples were 

ground in 0.1 M tris-HCl buffer, pH 7.1. The fresh material / buffer ratio was 1:3 for 

endosperms, and 1:10 for roots. The homogenate was centrifuged at 12 000 x g for 30 

min at 4°C. The supernatant was used for investigations. Protein samples were mixed 

with equal volumes of 40% sucrose solution (in the case of native PAGE) or sample 

buffer in (the case of SDS-PAGE) and stored at –20°C. 

 

Thermostable protein fraction  

The fraction of thermostable soluble proteins was obtained by the procedure of [17]. 

The supernatants with soluble proteins were boiled at 100°C for 10 min, stored on ice 

and then centrifuged at top speed (15 000 x g) in a microcentrifuge for 15 min. The 

supernatants contained thermostable soluble proteins. 

 

Total protein content determination  

Protein content in the crude extracts was determined after TCA precipitation 

according to the method of Lowry et al. [18], using BSA as a standard. 

 

Native polyacrylamide gel electrophoresis  

Native PAGE in a 7.5 % cylindrical gels with no reducing or denaturing agents 

was carried out according to the method of Davis [19]. One hundred µg of protein was 

loaded per tube and two mA per tube applied during electrophoresis. The gels were 

stained for protein with Coomassie brilliant blue R-250. The stained protein profiles 

were scanned densitometrically (ERI-10, Germany) at 600nm. Quantitative differences 
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between protein spectra were evaluated by the intensity of the staining of bands and 

qualitative differences were estimated by the number and Rm values. 

 

Rm  

(relative mobility) is the ratio between distance in centimeters from the start of the 

gel to the place of the protein band on the gel and the distance from the start of the gel 

to the front (marker dye bromphenol blue). 

 

SDS-PAGE  

was conducted on 12.5 % acrylamide gels according to the description of Laemmli 

[20]. An electrophoresis calibration kit of MBI Fermentas was used to determine the 

molecular weight of proteins. Protein bands were detected by the silver staining outlined 

by Nesterenko et al. [21]. 

The data presented in this paper were obtained in three independent experiments. 

Results 

The results of total protein content in endosperms could be ordered from greatest to 

lowest as follows: low temperature >sucrose >NaCl >H2O2 >control >ABA >high  

temperature (Fig. 1).  
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Figure 1.  Protein content of endosperms and roots of 72 hour old wheat seedlings germinated 

under normal and stressed conditions 

 

For root samples the order was: low temperature >sucrose >high temperature >ABA 

>NaCl >H2O2 >control. 

A total of 15 bands ranging in Rm values from 0.05 to 0.66 were observed in the 

spectrum of total soluble proteins in endosperms (Fig. 2-A).  
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Figure 2. Electrophoresis of total soluble protein fractions on 7.5% polyacrylamide cylindrical 

gels after the method of Davis (1964). A – endosperms; B – roots 

 

Individual treatments contained between 7 (low temperature) and 11 (ABA) different 

bands. The bulk of the protein across all treatments was located among moderate 

migrating bands (N 4-10, Rm 0.19-0.44). Eighteen protein bands were distinguished in 

root samples (Fig. 2-B). In contrast to the endosperm samples, in the roots quantitative 

as well qualitative differences in the total soluble protein spectra of seeds germinated 

under optimal and stressed conditions were also revealed. The lowest number of bands 

(6) was observed in the roots of seedlings germinated under low temperature. In the 

endosperm bands with lower electrophoretic mobility (N 3-9, Rm 0.14-0.39) prevailed, 

while in the roots moderate migrating bands dominated (N 9-12, Rm 0.39-0.52). 

Electrophoretic spectra of thermostable proteins from endosperms of seedlings 

germinated under stress conditions varied in the quantity and quality of stained bands 

(Fig. 3).  
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Figure 3. Electrophoresis of thermostable soluble protein fractions on 7.5% polyacrylamide 

cylindrical gels  
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Most of the high intensive total protein bands in the endosperms were thermostable. 

In the endosperms of NaCl and sucrose germinated seedlings numerous sets of intensive 

bands were detected. In the roots of 72 hours old seedlings thermostable proteins were 

detected in trace amounts (data are not shown).  

Figure 4 shows the greatest number of polypeptides (15) detected in endosperms 

germinated at low temperature, while the lowest number (10) was found in the 

endosperm of sucrose-germinated seedlings. The most significant difference however, 

was the induction of a 65 kDa polypeptide in stressed endosperms that was absent in the 

control (Fig. 4).  

 

 

Figure 4. Polypeptide spectra (SDS-PAGE) of total soluble proteins in the endosperm of 

seedlings. Lane 1 –molecular mass markers (indicated on the left in kDa) -β-galactosidase; 

bovine serum albumin; ovalbumin; lactate dehydrogenase; restriction endonuclease Bsp981; β-

lactoglobulin; lysozyme, Lane 2 –control, Lane 3 -high temperature, Lane 4 –low temperature, 

Lane 5 –0.2 M NaCl, Lane 6 –0.5 M sucrose, Lane 7 –30 µM ABA, Lane 8 –10 mM H2O2. 

Twenty µg of total protein was loaded in each lane  

 

 



Bakalova et al.: Protein profiles in wheat seedlings subjected to dehydration stress 

- 42 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 6(2): 37-48. 

http://www.ecology.uni-corvinus.hu ● ISSN 1589 1623 

 2008, Penkala Bt., Budapest, Hungary 

Polypeptides detected in the endosperms following germination segregated into four 

groups. The groups, based on molecular weight (MW) were: 65-62 kDa, 46-38 kDa, 29-

21 kDa and 14.4 kDa. The high MW grouping was most intensive in the endosperm of 

H2O2 germinated seedlings followed in decreasing intensity by the high and low 

temperature, NaCl and ABA treatments. The most intensive polypeptides for the second 

grouping (46-38 kDa) were detected in H2O2, control, high and low temperature 

treatments, while the lowest intensity was in sucrose-germinated seedlings. The three 

most intensive polypeptide bands in the third MW grouping were found in the high 

temperature treated endosperms. Finally, the 14.4-kDa band was most intensive in high 

and low temperature, ABA and H2O2 treated endosperms, but was weak in the sucrose 

and NaCl treatments.  

Between six and eight thermostable polypeptides were found in control endosperms 

and all stress treated endosperms. One very intensive thermostable polypeptide with 

MW 14.4 kDa was found in the endosperms of seedlings tested (Fig. 5).  

 

 

Figure 5. Polypeptide spectra (SDS-PAGE) of thermostable proteins in endosperm samples. 

Twenty µg of total protein was loaded in each lane. Lane order as in Figure 4. Molecular mass 

markers are indicated on the left in kDa 
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The total proportion of thermostable polypeptides was greatest in the endosperm of 

high temperature treated seedlings. One highly intensive polypeptide band at 42 kDa 

was found only in the H2O2 treated endosperms. The high temperature treatment elicited 

polypeptides with MW of 60 and 66 kDa. The same MW 66 kDa polypeptide was also 

found as trace amounts in ABA, sucrose and H2O2 treated endosperms.  

In contrast to the endosperms, there was greater variation in the total number of 

polypeptide bands revealed in root samples.  

 

Figure 6. Polypeptide spectra (SDS-PAGE) of total soluble proteins in the roots of 

seedlings. Twenty µg of total protein was loaded in each lane. Lane order as in 

Figure 4. Molecular mass markers are indicated on the left in kDa 

 

 

In the roots of control seedlings six total polypeptide bands were revealed (Fig. 6), 

and were most intense at MW of 56 kDa. At high temperature 10 bands were detected 

and the band intensity pattern was most similar to the control sample. The greatest 

number (18-19) and the most intensive polypeptide bands were revealed in roots of low 

temperature germinated seedlings. Bands of particular note included a number above 80 

kDa, a group with MW between 60 and 52 kDa, a 25-kDa band and four polypeptides 
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with MW between 20 and 17 kDa. Twelve bands were found in roots treated with NaCl 

during germination. Bands with MW between 60 and 52 kDa and 25 kDa were most 

intensive. In sucrose treated roots, 16-17 polypeptides stained, with those between 60-

52 kDa, 25 kDa and 20-19 kDa being present in the greatest quantity. The same number 

of bands were present in the ABA treatment, but the spectra was dominated by bands at: 

66-52 kDa, 42 kDa, 27 kDa and 25 kDa. Twelve bands were revealed for the H2O2 

treatment, being most intensive at MW of 66-52 kDa, 42 kDa and 25 kDa. It is 

interesting to note that the highest molecular weight polypeptides (> 80 kDa) were 

present only in seeds germinated under stressed conditions, being most intense in low 

temperature treatment. In NaCl, ABA and H2O2 treated roots a polypeptide with a MW 

of 66 kDa was detected. Induction of polypeptides between 56-52 kDa occurred in the 

roots of low temperature, NaCl, sucrose, ABA and H2O2 treated seeds (Fig. 6). Two 

bands (MW between 45-41 kDa) were present in ABA, sucrose and H2O2 treated roots, 

that were more intensive compared to other stress treated seedlings, and were absent in 

the control. A 25 kDa polypeptide in the roots from seedlings exposed to low 

temperature, NaCl, ABA and sucrose was significantly more intensive compared to the 

control and high temperature treated roots. A significant difference between the low 

temperature stressed roots and other treatments was observed for polypeptides located 

in a zone at 20-17 kDa. These polypeptides were absent in all other treatments except 

the sucrose. 

Discussion 

There was a higher total protein content in our endosperm samples exposed to low 

temperature, NaCl, or sucrose stress compared to control samples. We also detected 

unusually high total protein in root samples exposed to a low temperature treatment of 

10°C during germination.  

In a previous study we established a retardation of germination rate and reduction of 

seedling growth as estimated by the reduced FW in all seedlings subjected to low and 

high temperature, sucrose, ABA, NaCl and H2O2 treatment. There was a 94 % decrease 

in growth of roots in low temperature stressed seedlings as compared to the control. The 

presence of sucrose, high temperature, ABA and NaCl suppressed root growth by 88%, 

87%, 78% and 53 %, respectively. In addition, H2O2 suppressed root growth by 43 %. 

There were no significant differences between endosperms of seedlings subjected to the 

stress factors studied [22].  

A significant decrease of total protein content during the process of early 

germination has been established previously in wheat [15], and in triticale [23], [24] 

seeds germinated under stress- free conditions. In stressed seeds a delay in protein 

reserve mobilization occurs in maize [25] and pea [16]. These authors reported that the 

degradation of protein reserves during germination was closely associated with 

prevailing temperature. Of particular note was that no changes in polypeptide 

composition occurred in pea embryos imbibing at high temperature (38°C and 40°C) 

[16]. A suggestion thus arose that a decrease in the activity of proteolytic enzymes may 

be a contributing factor to the poor germination observed under high temperature stress. 

Our results for total protein contrast with these observations in pea in that we noted a 

significant depression of protein degradation at low, not high, temperature in the roots 

of young seedlings and to a much lesser degree in endosperm tissue. Protein 

degradation in early germination process was well balanced with the synthesis of new 
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polypeptides, which began during the initial hours of embryo imbibition [26]. We 

propose that the high protein content detected in roots at low temperature was due to the 

suppression of protein mobilization rather then to protein synthesis based on the fact 

that seedling growth under low temperature conditions was strongly reduced. This 

conclusion is based on two premises. Firstly that cold stress inhibits DNA replication, 

gene transcription and translation [27]. Secondly, Minamikawa et al. [28] demonstrated 

that the degradation of most of globulin proteins at the embryonic axis is likely to be 

dependent on de novo synthesis of proteolytic enzymes. 

We observed high molecular weight polypeptides (> 80 kDa) only in seeds 

germinated under stress conditions. In the control seeds they were absent. Chumikina et 

al., [24] revealed that under optimal conditions (control seedlings) at this stage of 

germination the same proteins had already been degraded. 

We observed high qualitative and quantitative specificity between polypeptide 

spectra and stress treatments. Stress parameters we have previously investigated 

(growth and antioxidant enzymes, Bakalova et al. [22]) revealed high similarity 

between control and H2O2 treatment and also between low temperature and sucrose 

treatment. It is noteworthy that the lowest number of low intensive polypeptides was 

observed in sucrose. It could be noted that the polypeptides from first and second group 

were most intensive in the endosperm of H2O2 treatment compared with other 

treatments and also to other polypeptides.  

We found polypeptides in the endosperms and roots of wheat germinated under 

stress conditions ranging from 150 to 14.4 kDa. Four grouping of polypeptides between 

14.4 and 66.2 kDa detected in endosperms and five groupings between 18 and 150 kDa 

were noted in root samples. 72 hours after the onset of imbibition under normal 

conditions the mobilization of embryo reserves should be almost complete and 

mobilization of endosperm reserves just begining [14], [15], [24]. In stressed seedlings 

there were different amounts of high molecular weight polypeptides (Fig. 6) that could 

be due to delayed mobilization and this was especially well pronounced in the case of 

low temperature treatment. There is much data in the literature to indicate that embryos 

become self-supporting relatively early on in the germination process [28], [24] through 

the manufacture and utilization of their own protein reserves. Qualitative and 

quantitative changes in polypeptide composition in wheat embryos begin around 24 

hours after the onset of germination when root growth has begun.[29]. Visible changes 

in the endosperm begin in triticale after about 96 hours of germination [24]. Our results 

show that the biochemical composition of roots and endosperms were shown to exhibit 

certain differences. The roots contained polypeptides of over 66 kDa, while the 

endosperm contained a low molecular polypeptide with MW 14.4 kDa that was entirely 

absent in the root. The most significant difference however, was the induction of a 65 

kDa polypeptide in stressed endosperms that was absent in the control  

Our spectra of total polypeptides highlighted differences between treatments in both 

roots and endosperms. We found that the time course of protein mobilization is different 

depending on the particular stress factor applied. In particular we noted tissue specific 

responses to extreme temperatures. Low temperature stress elicited the greatest number 

and concentration of polypeptides in roots, and which coincided with a high total 

protein content observed in the roots. Polypeptide profiles in endosperms were most 

strongly affected by high temperature. This variance in response to high and low 

temperature according to tissue type is similar to the variable responses reported by 

Fowler and Tomashov [30] and Sung et al. [31]. The content of thermostable 
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polypeptides in the endosperm of high temperature treated seedlings was greater than 

those germinated at low temperature. Our observations of an absence of thermostable 

proteins in the roots of 72 hour old seedlings concurs with the results found in other 

species such as soybean, where thermostable proteins in seedlings decreased and 

disappeared after 18 hours of germination [32].  

One possible explanation for delayed protein mobilization in response to ABA stress 

is suggested by the data on cereals presented by Fincher [33]. The data suggest that 

ABA-induced proteins include inhibitors of key enzymes necessary for the germination 

process. ABA inducible genes could mediate a transient arrest in endosperm protein 

mobilization in response to unfavorable environmental conditions such as water, 

temperature and salt stress. We observed a total number of 6-8 thermostable 

polypeptides in our endosperm samples and a polypeptide with MW 25 kDa was very 

intensive in stressed endosperms, especially in the high temperature treatment. Marian 

et al. [12] observed in Rhododendron species the same number of dehydrins 

(thermostable proteins) with MW between 25 and 73 kDa. Our data are consistent with 

their proposal for a key role of dehydrin with MW 25 kDa in protecting Rhododendron 

leaves from freezing injury. Data on the correlation between 25 kDa dehydrin 

accumulation and the level of freezing tolerance were also presented for other species 

like blueberry [34] and wheat [35]. Our data show that this dehydrin may play 

protective role in other stress factors like high salinity, high osmoticum, and high 

temperature. 

The conclusions of this study are that low temperature stress elicited the greatest 

number and the most intensive total polypeptide spectra in the roots of treated seedlings. 

High temperature most strongly influenced the profile of thermostable polypeptides in 

the endosperm of seedlings. The time course of protein mobilization depended on the 

stress factors applied. The amount of a 25 kDa polypeptide (dehydrin) increased in the 

roots of stressed seedlings. A thermostable polypeptide with a molecular weight of 42 

kDa was found in H2O2 stressed samples that was highly intensive and probably 

constitutes a stress specific response like protector against oxidative stress. 
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