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Abstract: Enhanced germination and growth of C.pepo seedling in response to a relatively low

concentration of epibrassinolide (EB) was envisaged in terms of increased metabolic activities which

were recorded in a decreased content of soluble sugars and polysaccharides of both the cotyledons

and the seedling. Moreover, there was a noticeable migration of the soluble nitrogenous fractions, the

amino acids and DNA from the cotyledons towards the sinks of the actively growing seedlings in

response to the same treatment, in addition to a significant increase in RNA content of both the

cotyledons and the seedlings. Accumulation of high level of P,Ca  and Mg in cotyledons as a result

of seed soaking in relatively low concentration of EB had contributed in enhancing the mobilization

of reserves of cotyledons participating in its accessibility to translocation to the developed seedlings.

Application of a relatively high concentration of EB retarded seed germination and seedling growth

of C.pepo via accumulating carbohydrate fractions in cotyledons and decreasing their availability for

growth requirement of seedling. Also this treatment led to amarked decrease in soluble nitrogenous

fractions, amino acids,DNA and RNA in both cotyledons and seedling. Moreover, the accumulation

of the element Mg,Ca and P in the cotyledons prevented its participation in the metabolic activities

dependent on these elements .The change in protein banding pattern of C.pepo cotyledons and

seedlings in response to any of the applied concentrations of EB revealed a unique pattern if

compared with the control.
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INTRODUCTION 

Brassinosteroids (BRs) function in various growth and developmental processes in plants. They promote

seed germination of almost all endospermic seeds; however, it does not affect germination of some non

endospermic seeds (Leubner – Metzger, 2001). Thus, it was reported that brassinolide had increased the

germination capacity of Pinus tabulaeformis as well as the length of hypocotyl (Li-Kairong et al. 2002). Also

Takeuchi et al (1995), observed that BRs increased the rate of germination of clover broom rape (Orobanche

minor) seeds.

The effect of brassinosteriods on cell elongation is tissue specific. It can promote elongation of epicotyls,

hypocotyls, mesocotyls and coleoptiles, meanwhile they generally retard root elongation (Kim et al. 2007).

Furthermore, Eun, et al. (1989) and Tominaga et al. (1994) had reported that brassinosteroids stimulated also

elongation of etiolated squash hypocotyl segments and increased its fresh weight.

In this connection also, Goda et al. (2002) reported that exogenous application of brassinosteroids at

nanomolar to micromolar concentrations induces a wide range of physiological effects, including promotion

of cell elongation and division. The same authors added that, recent molecular studies have indicated that

promotion of cell expansion and regulation of photomorphogenic responses are among the most important roles

of BRs.

Brassinosteroids are involved in the process of cell enlargement through their effects on gene expression

and on enzyme activity. The importance of BRs in cell division was also confirmed by the finding that

brassinolide can accelerate or inhibit cell division in isolated leaf protoplasts of Petunia hybrida depending on

the phase of cell development, auxins and cytokinin concentrations of the culture (Khripach et al. 2000).

MATERIAL AND METHODS

A- Materials:

The plant material used in the present investigation was the seeds of squash (Cucurbita pepo L. cv.

Eskandarany). The seeds were obtained from the ministry of agriculture Giza, Arab Republic of Egypt.
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The chemical used in the present work was 24-epibrassinolide (EB) which was obtained from Sigma

Chemical Company, St. Louis, Mo, USA. 24-epibrassinolide is an analogue of brassinolide which has potential

use as a synthetic form of brassinolide.

B- Methods:

Sugars were extracted according to Homme et al. 1992. The total soluable sugar was estimated according

to Fairbarin, 1953; while sucrose was estimated according to Hubbard et al 1990, and polysaccarides was

estimated according to Nagib 1963.

Extraction of nitrogenous constituents was adopted by Wasfi 1970. The estimation of amino acids is

determined by Muting & Kaiser, 1963 while the total soluble-N was determined by Pirie, 1955.

Extraction and estimation of nucleic acids is carried out according to Kalinich et al 1985.

The method of Chapman & Pratt (1978) was followed for extraction and determination of the

macroelements.       

Extraction of protein was carried out according to Laemmli (1970) while the gel running was done

according to Sheri, et al (2000).   

Time Course Experiment:

Squash (Cucurbita pepo L.) is one of the most important vegetable crops in world trade.. 

Deduced from a pilot experiment involved the use of a serial dilution of EB, two concentrations were

chosen ,namely 0.5 and 10mM which exhibited distinct effects on germination and seedling growth .The seeds

2were soaked for 12 hrs either in H O ,0.5 or 10mM of EB

The water content of seeds of the three groups was determined and the seeds were set to germinate in

Petri dishes on water-moisted filter papers for five days at 27°C. At the end of this period, the percentage of

germination was recorded in each case. The cotyledons were separated from the seedlings and their fresh and

dry weights were determined. The water content of seedlings, length of hypocotyls and number of lateral roots,

were recorded. Samples of uniform seedlings and cotyledons from each group were kept frozen in deep-freezer

for electrophoresis. Samples of seedlings and cotyledons were either air-dried for nucleic acid determination

or oven-dried at 80°C for carbohydrate, nitrogenous constituents and element analyses.

The results of the growth parameters were subjected to statistical analysis using Least Significance

Difference (L.S.D.) at 1% and 5% level of probability. On the other hand, the results of the different analyses

subjected to L.S.D. at 5% level only.

RESULTS AND DESCUSSION

Percentage of C.pepo Seed Germination and Parameters of Seedlings 

In response to soaking C.pepo seeds in relatively low and high concentrations of EB, a high significant

increase and a high significant decrease in % of germination was recorded respectively. A high significant

increase in length of both hypocotyls and root and fresh weight of seedlings associated with a decrease in dry

weight was obtained in response to the relatively low applied concentration of EB. The revise was true in case

of applying a relatively high concentration (Table 1). 

The water content of seeds and developed seedlings was highly significantly increased and decreased in

response to seed soaking in 0.5 μM and 10 μM of EB, respectively. The fresh and dry weight of cotyledons

subjected to high significant and significant decrease in response to 0.5μM of EB, and the reverse was true

in case of applying the relatively high concentration.

Contents of Carbohydrate Fractions of C.pepo cotyledons and seedlings:

It is clear from figure (1) that the relatively low concentration of EB significantly decreased the content

of soluble sugars, sucrose and polysaccharides in both cotyledons and seedlings. The high applied concentration

of EB induced significant decrease in soluble sugars sucrose associated with significant increase in

polysaccharide content of cotyledons and seedlings

Contents of Nitrogenous fractions of C.pepo cotyledons and seedlings:

It is evident from figure (2) that the total soluble nitrogen and amino acid content of cotyledons

significantly decreased, meanwhile it was significantly increased in the seedlings due to treatment with 0.5 μM

of EB. As compared with control, the relatively high applied concentration of EB (10 μM) significantly

decreased the total soluble nitrogen content in both cotyledons and seedlings. On the other hand, the amino

acid content subjected to significant decrease in cotyledons and to a significant increase in seedlings in

response to the same treatment (10 μM). 
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Plate. 1: Effect of Epibrassinolode on Growth of  C. pepo seedlings

Fig. 1: Effect of Epibrassinolide (EB) on Carbohydrate Content of C.pepo Cotyledons and Seedlings. 

Each value is a mean of three replicates ± SE

* Refers to a significant change
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Fig. 2: Effect of Epibrassinolid (EB) on Nitrogenous Fractions Content of C.pepo Cotyledons and Seedlings.

Each value is a mean of three replicates ± SE * Refers to a significant change

Nucleic acid content of cotyledons and seedlings of C.pepo:

It is clear from figure (3) that the relatively low applied concentration of EB significantly increased the

DNA content of C.pepo seedlings, meanwhile it significantly decreased it in the cotyledons. On the other hand,

the relatively high applied concentration of EB significantly decreased the DNA content of both the seedlings

and cotyledons of C. pepo when compared with the control. As compared with the control, the RNA content

was significantly increased in both cotyledons and seedlings of C.pepo in response to treatment with 0.5 μM

of EB. The relatively high applied concentration of EB non-significantly and significantly decreased RNA

content of the cotyledons and seedlings of C.pepo respectively.

Content of Macroelements of C.pepo cotyledons and seedlings:

In response to treatment with relatively low concentration of EB, except with the obvious decrease

encountered in K content of cotyledons, its content of Ca, Mg and P subjected to marked increase (figure 4).

The changes in macroelements content of seedlings refer to slight change in Ca, Mg, P and marked increase

in K in response to the same treatment. 

Application of a relatively high concentration of EB (10 μM) led to marked accumulation of the elements

Ca, Mg  and P in the cotyledons with a concomitant sharp decrease in their content in the seedlings, as

compared with the control. A reverse pattern was recorded in K content in response to the same treatment.

Change in protein pattern:

Table (2) indicates the occurrence of twelve common protein bands in the cotyledons of control and in

response to the two applied concentrations of EB (M.wt: 124, 80, 49, 33, 31, 28, 22, 20.6, 16.1, 14.8, 12.7

and 6.5 kDa). Five different polypeptides with molecular weights (92, 60, 25, 11.14 and 9.7 kDa) were

detected as common bands in cotyledons in response to treatment with the relatively low concentration of EB
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and in the control. On the other hand, the same previous five protein bands disappeared as a result of treatment

with the high concentration of EB. Four protein bands (19.9, 8.2, 5.5 and 2.9 kDa) are specific for cotyledons

of the control group. Table (2) revealed that; while the low concentration of EB (0.5 ìM) resulted in the

appearance of two unique protein bands (Mwt: 40 and 7 kDa) in the cotyledons, the high concentration of the

same growth regulator initiates only one unique protein band (Mwt: 34.8 kDa). 

Fig. 3: Effect of Epibrassinolide (EB) on Nucleic Acid Content of C.pepo Cotyledons and Seedlings. Each

value is a mean of three replicates ± SE

* Refers to a significant change

Table (3) indicated that, there are fourteen common protein bands (Mwt: 124, 92, 80, 60, 49, 33, 31, 28,

25, 22, 19.9, 16.1, 14.8 and 12.7 kDa) which are present in seedling developed from the treated or untreated

seeds. There is an alliance between the untreated seedling and the low concentration EB treated seedling; in

three protein bands (Mwt: 20.6, 9.7 and 6.5 kDa). Table (3) also revealed that both concentrations of EB

induced the appearance of three protein bands (Mwt: 209, 34.8 and 21.0 kDa) while it led to the disappearance

of two protein bands (Mwt: 5.5 and 2.9 kDa) in C.pepo seedling in comparison with control. The low

concentration of EB results in the appearance of a unique two protein bands (Mwt: 11.4 and 7.0 kDa) which

appear to be specific for this concentration of EB.

                                    

Discussion:

Soaking C.pepo seeds in a relatively low concentration of 24-epibrassinolide (EB) accelerated the

commencement and increased the percentage of seed germination. Concomitant with this enhancement, a highly

significant increase in water content of C.pepo seeds was recorded. The relatively high water content of seeds

presoaked in relatively low concentration of EB is expected to initiate intense metabolic activity in cotyledons

leading to mobilization of their reserves to translocated-membrane-permeate forms. In this connection, Takeuchi

et al. (1995) reported that BR brought about marked increase in germination potential of seeds via increasing

water inflow into the seeds.                                                          
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Fig. 4: Effect of Epibrassinolide (EB) on the Content of Some Macroelements of C. pepo Cotyledons and

Seedlings

Table 1: Effect of Pre-soaking Cucurbita pepo L. Seeds in   Different Concentrations of Epibrassinolide on Seed Germination and Seedling Growth. (Each value is a mean of ten

variables ±SE)

Criteria % of germination Length of Length of No. of lateral Fresh weight Dry weight % of water content Water content of Fresh weight of Dry weight of

Treatment hypocotyl (cm)  root (cm) roots/ plant of seedling (g) of seedling (g) of seedling seeds presoaked in cotyledons (g) cotyledons(g)

EB, μM either water or EB

Distilled H2O 70±2.88 11.87±0.22 12.46±0.30 38.92±1.65 1.39±0.03 0.118±0.003 90.7±0.548 52.0±0.577 0.825±0.003 0.07±0.033

0.5 μM 95±1.15 13.70±0.29 15.49±0.19 43.86±2.12 1.65±0.04 0.099±0.002 95.09±1.155 65.0±1.155 0.733±0.002 0.05±0.058

(+HS) (+HS) (+HS) (NS) (+HS) (-HS) (+HS) (+HS) (-HS) (-S)

10 μM 40±2.31 4.92±0.27 6.73±0.21 24.93±1.70 1.09±0.02 0.102±0.001 89.67±0.577 41.671±0.57 0.962±0.001 0.09±0.029

(-HS) (-HS) (-HS) (-HS) (-HS) (-HS) (NS) (-HS) (+HS) (+S)

L.S.D at 5% 7.74 0.75 0.7 5.25 0.09 0.002 2.8 2.82 0.007 0.014

L.S.D at 1% 11.72 1.01 0.92 7.03 0.12 0.003 4.25 4.28 0.011 0.021

Table 2: Change Induced by Epibrassionlide (EB) in the Protein Banding Pattern of C.pepo Cotyledons 

1 2 (0 .5  μM ) 3 (10 μM )No of band M .wt. (kDa) M arker (M ) L  (Control) L L

1 209.0 + - - -

2 124.0 + + + +

3 92.0 - + + -

4 80.0 + + + +

5 60.0 - + + -

6 49.0 + + + +

7 40.0 - - + -

8 34.8 + - - +
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Table 2: Continue

9 33.0 - + + +

10 31.0 - + + +

11 28.0 + + + +

12 25.0 - + + -

13 22.0 - + + +

14 20.6 + + + +

15 19.9 - + - -

16 16.1 - + + +

17 14.8 - + + +

18 12.7 - + + +

19 11.14 - + + -

20 9.7 - + + -

21 8.2 - + - -

22 7.0 + - + -

23 6.5 - + + +

24 5.5 - + - -

25 2.9 - + - -

Total No of bands 8 21 19 13

Table 3: Change Induced by Epibrassinolide (EB) in the Protein Banding Pattern of C.pepo Seedlings

1 2 3No of band M .wt. (kDa) M arker(M  ) L (Control) L  (0.5 μM) L (10 μM)

1 209.0 + - + +

2 124.0 + + + +

3 92.0 - + + +

4 80.0 + + + +

5 60.0 - + + +

6 49.0 + + + +

7 34.8 + - + +

8 33.0 - + + +

9 31.0 - + + +

10 28.0 + + + +

11 25.0 - + + +

12 22.0 - + + +

13 21.0 + - + +

14 20.6 - + + -

15 19.9 - + + +

16 16.1 - + + +

17 14.8 - + + +

18 12.7 - + + +

19 11.14 - - + -

20 9.7 - + + -

21 7.0 + - + -

22 6.5 - + + -

23 5.5 - + - -

24 2.9 - + - -

Total No of bands 8 19 22 17

Fig. 5a: Change in Protein Banding Pattern of C.pepo Cotyledons in Response to Epibrassinalide Treatment
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Fig. 5b: Change in Protein Banding Pattern of C.pepo seedlings in Response to Epibrassinoalide Treatment

Fig. 6: Effect of EB on Leakage of Soluble Sugars

In this connection, also brassinolide has been shown to be involved in the modification of the water

transport properties of cell membranes (Morillon et al. 2001). Moreover, the marked increase of K obtained

in the present work could enhance the entry of more water as it is one of the somatically active ions

(Antipova, 1997).

In response to seed soaking in relatively low concentration of EB, a significant increase in fresh weight

and water content of seedlings was observed. Relatively high water content of seedlings could participate in

enhancing seedling growth as a result of its participation in fully hydrating the cytoplasm, activating the

proton-ATPase in plasmalemma which induces acidification of cell walls, their loosening and increased

extensibility (Antipova, 1997). As a result, a high significant increase in length of hypocotyls and root, in fresh

weight of seedlings were recorded.

The strategies employed by BR in increasing elongation of plant organs are very diverse. In this

connection, BR was reported to promote elongation by altering the mechanical properties of the cell wall which

led to their weakening (Wang et al. 1993). BR was also recorded to up regulate gene which encodes a protein

significantly similar to xyloglucan endotransglucosylases (XETs) which is implicated in cell wall loosening

required for cell elongation (Clouse, 1996). BR-induced elongation was envisaged by others in terms of the

re-configuration of microtubules to the transverse orientation which permits and enhances longitudinal growth

(Clouse & Sasse, 1998). 

On applying EB at a relatively high concentration (10μM) a sharp decrease in growth potential of

embryonic axis was observed and was expressed in low percentage of germination, high significant decrease

in length of hypocotyl and root, number of lateral roots, fresh and dry weights of seedlings.
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Retarded effect of relatively high concentrations of EB on seedling growth could partly be due to that the

cotyledons represent one of the major sites of BRs biosynthesis, from where it is transported to other organs

that require BRs for normal growth (Li & Chory, 1999). Thus, exogenous treatment with relatively high

concentrations of EB beside endogenous synthesis in cotyledons may lead to its existence at high level which

exceeds the sensitivity of the emerged embryonic axis.

Efficiency of BRs in stimulating seed germination was proved by a preponderance of authors. Thus, Sasse

et al. (1995) found that BRs stimulated seed germination of a variety of plants. Also, BRs were shown to

improve germination and seedling growth of groundnut (Vidyavardhini & Seetharamarao, 1996). Also, it was

reported that BRs at relatively low concentrations promote seed germination by a direct mechanism that affects

embryo extension growth (Leubner-Metzger, 2001). He reported that BRs like gibberellins promote seed

germination but by distinct signal transduction pathway. When pea seeds were rapidly germinated, the

biologically active BRs reached a maximum, suggesting their significance in seed germination (Nomura et al.

2007).

Completion of radicle emergence during seed germination essentially depends on embryo extension, which

is a turgor-driven process (Bewley, 1997). So it may be assumed that lower levels of reducing sugars and

sucrose recorded in both cotyledons and developed seedlings of C.pepo as a result of their accumulation as

polysaccharides on one hand and due to the leakage out of soluble sugars into the growth media (Figure 6a),

on the other one may contributed in retarding the process of C.pepo seed germination via decreasing the turgor

pressure of cells of both cotyledons and the embryo(Roddick & Guan, 1991).

In response to seed treatment with the relatively high applied concentration of EB, appreciable decrease

in the total soluble nitrogen in both cotyledons and seedlings of C.pepo was observed which could be attributed

to its leakage into the growth media.

Appreciable decrease in RNA & DNA content of C.pepo seedlings and cotyledons was observed as a

result of seed soaking in the relatively high applied concentration of EB. Moreover, the highly significant

decrease in water content of both seeds & seedlings in response to this treatment is expected to retard the

metabolic activities in cotyledons with the result of arrested rate of fuel mobilization, a crucial step pre-

requisite for actively germinating seeds.

The inhibition of root growth by relatively high concentrations of BRs has been recognized by many

investigators (Clouse et al. 1993; Kim et al. 2007). In this regard, Clouse et al. (1993) reported that exogenous

treatment with epibrassinolide inhibited root elongation in Arabidopsis. It was also found that the possible

functions of BRs in the roots include inhibition of growth and formation of adventitious and lateral roots with

occasional promotion by very low concentrations (Roddick & Guan, 1991; Sasse, 1994, Clouse et al. 1996,

Fujioka & Sakurai, 1997). Also, Oh & Clouse (1998), Hu et al. (2000) reported that BRs have inhibitory

effects on cell division in different plant species and cultured cell lines. The mode of action of BRs in

affecting root growth was explained on the basis of its interference with other hormones. Thus, it was observed

to either nullify the inhibition of root growth as well as thickening in diameter which are typical effects of

ethylene (Abeles et al. 1992; Chon, et al. 2008) or the reverse depending on the concentration 

The elements stored within the cotyledons are made available to the embryo after its solubilization from

its chelated forms (Black & Bewley, 2000). So, one may suggest that EB at the higher applied concentration

may decrease the element content of seedlings via decreasing their rate of translocation to the lazy sinks of

retarded seedlings or via decreasing its freeing from the complexed imobile forms. In fact, a good deal of

evidence suggests that the movement of nutrients, in general, is affected not only by the avidity of the sink

but also by the activity of the source (Black & Bewley, 2000). Moreover, the relatively low content of growth

hormones in seedlings in response to same treatment (data not shown) is implicated in reducing the element

content as it plays a crucial role in inducing the mobilization of elements toward the actively growing tissues

(Orcutt & Nilsen, 2000).

The acute shortage of Ca  of C.pepo seedlings in response to treatment with the relatively high+2

concentration of EB is expected to affect greatly the meristematic regions of seedlings, where there Ca retains+2 

crucial role in cell division via participation in the formation of cell plates of newly formed cell walls (Eklund

& Eliasson, 1990). Thus, the relatively high applied concentration of EB via lowering Ca  content had retarded+2

cell division which was expressed in severly stunted seedlings (Plate 1). The sharp decrease encountered in

Mg content of seedlings could contribute in retarding growth and metabolic rates as it acts as stabilizers of

many organelles as the ribosomes and as activator of kinases and enzymes involved in nucleic acid metabolism

(Nilsen & Orcutt, 1996). As phosphorus plays indispensable role in energy metabolism, its marked decrease

in C.pepo seedlings, in response to the high applied concentration of EB could participate in explaining the

mode of action of this concentration of EB in retarding different aspects required for successful germination

and the development of seedlings. The relatively low content of elements of seedlings detected in response to
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the relatively high applied concentration of EB could adversly affect growth of seedlings and these effects

could be hormone mediated or could impact metabolic activity via vital pathways that affect growth and

development.

As previously mentioned, treatment with the relatively low concentration of EB increased the water content

of the seedlings. Under these circumstances, high rate of hydration of reserve carbohydrates is prevailed and

which is necessary for their solubilization prior to hydrolysis (Black & Bewley, 2000). The relatively high

water content of seedlings in response to the relatively low applied conc. had triggered high rate of hydrolysis

of polysaccharides in both cotyledons and seedlings which could account for both the high significant decrease

encountered in both the dry weight of whole seedling and its polysaccharide content. 

The significant decrease encountered in polysaccharide content of both cotyledons and seedling was

associated with significant decrease in the content of total soluble sugars and sucrose. This trend in

carbohydrate metabolism was tentatively explained on the bases of enhancement of the rate of mobilization

in cotyledons under the effect of actively growing seedlings, in response to the relatively low concentration.

Mobilization products of carbohydrates of cotyledons are now available for phloem loading into the seedlings

where they are subjected to high respiratory intensity copes with the requirements of actively growing

seedlings.

Moreover, the marked decrease encountered in different forms of carbohydrates in C.pepo seedlings in

response to 0.5 μM EB treatment could be attributed to the engagement of the carbon skeleton of carbohydrate

in the synthesis of amino acids and other soluble nitrogenous fractions which were significantly increased in

response to the same treatment.

The relatively high applied concentration led to a marked decrease in reducing sugars and sucrose in

cotyledons and seedlings as a result of their accumulation as polysaccharides. The same treatment induced also

appreciable decrease in the total soluble nitrogen in cotyledons and seedlings.   

The macro crucial elements are essential for the process of seed germination as they satisfy metabolic

requirement for this stage of plant development. Most of them have a predominantly structural role and

involved in regulatory roles as maintaining ion balance activating enzymes, acting as a second messenger in

hormone and phytochrome responses. In response to soaking C.pepo seeds in relatively low concentration of

EB (0.5 μM), except with the appreciable increase observed in K content of seedlings, the other analyzed+  

elements (Ca, Mg & P) subjected to slight change, if compared with the control. In response to the same

treatment the element content of cotyledons subjected to an appreciable increase in Ca, Mg & P contents

(Figure 4). This increased level of elements in cotyledons may have been implicated in enhancing metabolic

activities in storage compounds of cotyledons facilitating their mobilization into easily translocated forms from

cotyledons toward the sinks of actively growing seedlings. This suggestion was derived from the fact that the

metabolic activity in storage tissues is under the control of signals released from the embryonic axis (Orcutt

& Nilsen, 2000).                                                                                        

It is evident from figure (4) that except with the marked & slight increase in K content of cotyledons &

seedlings, respectively the higher applied concentration of EB induced marked accumulation of the

macroelements Ca, Mg, and P in the cotyledons associated with sharp decrease in the developed seedlings.

Such effect of the relatively high applied concentration of EB may refer to retarded rate of the translocation

of these elements from cotyledons to the highly retarded embryo and which is known to exert a close control

over the metabolic activities of the storage tissues (Obroucheva & Antipova, 1997).

In response to seed treatment with the relatively low applied concentration of EB, an obvious increase in

the DNA & RNA content of seedlings with a concomitant decrease in their content in the cotyledons were

detected. As DNA & RNA were reported to subject to rapid translocation from cotyledons to active growing

points of embryonic axis (Orcutt & Nilsen, 2000), one may suggest that the vigorous growth of seedlings in

response to the low applied concentration of EB had triggered the movement of nucleic acids from cotyledons

towards the developed seedlings. Moreover, part of this increase may result from de novo synthesis which

commences rapidly as soon as root and shoot are well developed, at which growth mainly depend on cell

division, in contrast to the dependence on cell elongation at the early events of seed germination (Anderson

and Beardall, 1991).                                                                             

Aignificant increase in RNA and DNA polymerase activities and synthesis of RNA and DNA was detected

in bean plants when treated with BR (Kalinich et al. 1985). An increase in RNA and protein synthesis was

recorded in wheat treated with BRs (Sairam, 1993). Activation of synthesis of DNA, RNA and protein was

reported among the wide range of physiological responses elicited by BRs (Khripach et al. 2003; Hayat &

Ahmad, 2003; Sasse, 2003; Yu et al. 2004).
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As a result of seed soaking in relatively high concentration of EB, appreciable decrease in DNA & RNA

of C.pepo seedlings and cotyledons was observed .This decrease may be attributed to lower rate of synthesis

of DNA and RNA as a result of arrested growth of the embryonic axis under the effect of this concentration

of EB and/or due to reduced and delayed growth of embryo which expected to depend mainly in this case on

cell elongation. Hence the transient increase in DNA & RNA synthesis pre-requisete for the initiation of cell

division was sharply reduced. In this regard, high concentration of EB was reported to inhibit cell division of

treated tissues (Hu et al. 2000).

Molecular analysis revealed that these compounds regulate gene expression (Clouse et al. 1992). Also, it

has been demonstrated that BR-induced responses require de novo synthesis of proteins and that BR treatment

induces synthesis of both mRNA and protein (Clouse, 1996).

In the present work, treatment of C.pepo seeds with relatively low concentration of EB had led to the

accumulation of new proteins (M.wts: 40 and 7.0 kDa) in the cotyledons. The protein with the M.wt. 40

belongs to the pathogen-related protein, whereas that with M.wt. 7 is closely related to thionine which have

antifungal activity (Becker and Apel, 1992). The seedlings developed from seeds pre-soaked in the relatively

low applied concentration of EB contained two unique protein bands (M.wts 11.14 and 7.0 kDa), which were

specific for this concentration of EB. 

The protein accumulation induced by BRs was reported to be essential for the proper functioning of

signalling pathways involving steroid receptors and a variety of protein kinases in animal cells (Parsell &

Lindquist, 1993). Some of the proteins accumulated in response to BRs belong to heat shock proteins, and it

was investigated that these proteins participate in BR-mediated signal transduction and that its increased

accumulation in BR-treated plants is a direct response to BRs. Other BR-induced proteins may also play an

important role and may either have a structural role or be involved in the preferential synthesis of stress

proteins (Dhaubhadel et al.1999).

The protein pattern of cotyledons revealed a unique pattern in response to the relatively high concentration

of EB. Thus, the protein bands with M.wt: 92, 60, 25, 11.14 and 9.7 kDa, were detected as common bands

in cotyledons of both control and in treatment with the relatively low concentration and disappeared in response

to this treatment; meanwhile the protein having M.wt. 34.8 kDa was recorded only in response to the relatively

high concentration.      

The protein banding pattern of C.pepo seedlings developed from seeds pre-soaked in relatively high

concentration of EB identified the disappearance of the protein bands with M.wts. 20.6, 9.7 and 6.5 kDa, which

were recorded in seedlings of both control and in treatment with low concentration of EB. On the other hand,

both concentrations of EB shared the presence of the protein bands with M.wts: 209, 34.8 and 21.0 kDa. The

absence of these three proteins in control seedlings may suggest that these proteins are specific for EB,

irrespective of the concentration applied.
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