
CHAPTER-IV 

STUDY OF BIOACTIVITY OF WHEAT 

PEPTIDES MIMICKING HORMONE ACTION 
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4.1 INTRODUCTION 

Wheat (Triticum aestivum and T. durum) is the most important winter cereal of India and 

is grown during November to mid-April. Wheat growing in India is divided into six 

zones, since they differ agro-economically and varieties have been developed taking into 

account the growth period of the crop, soil type and other general requirements. The 

Indo-gangetic plain comprising the North Western Plains Zone and the North Eastern 

Plains Zones forms the major wheat tract followed by the Central Zone and the 

Peninsular Zone (Figure 4.1 ). At least 60 different varieties of wheat are grown over 25 

rnha of land in India and only a few varieties occupy substantial area (Nagarajan, 2004). 

In India, the state Punjab is suitable for wheat farming. Between Punjab and adjoining 

states, there is a yield difference of about 1.2 tones!ha. Productivity reduces 

approximately by IOOkglha for every IOOkrn, if one migrates from Amritsar in Punjab to 

Jalpaiguri in West Bengal (Nagarajan, 2005) (Figure 4.2). 

In the pre independence era the production of wheat was only 6.46 MT and the 

productivity was merely 663 kglha. The country used to import wheat in large quantities 

for fulfilling the needs from many countries like US"A under PL-480. The reason of lower 

productivity of wheat at that time was (a) a tall growing plant habit resulting in lodging 

when grown under fertile soils, (b) the poor tillering and low sink capacity of the varieties 

used, (c) higher susceptibility to diseases, (d) higher sensibility to thermo and photo 

variations resulting in poor adaptability and (e) longer crop duration resulting in a long 

exposure of plants to the climatic variations and insect pest/disease attacks. The 

discovery of genes responsible for dwarfing and non-lodging habit in 'Norin' wheat 

varieties of Japan opens the door to evolve high yielding varieties of wheat. The dwarf 

wheat, besides having stiffer and stronger straw was capable of giving high yield at the 

high doses of fertilizer, irrigation and other inputs. The harvest index (i.e. grain:straw 

ratio) was also more favourable in terms of grain production. Currently India is the 

second largest producer of wheat in the world after China with about 12% share in total 

world wheat production. Interestingly, wheat production during 1999-2000 was a record 

of 76.37 m ton and the mean of 5 years from 2001 till 2005 stands at 70.55 MT/yr 

(Nagaraj an, 2005). High yield of wheat achieved in India following the green revolution 

257 



WHEAT PRODlfCTIO IN I DIA 

cal' 

I \\l\11 & "\.\11\IIR 

\1\11 \R\.\IIl iU 

J..tlt.\1 \ 

\ ' OIIIU 
I'IU ilfMI 

I \.\111 
'\UI 

ORJ.\.\ \ 

- Jl\1 . .... :. 
- ···· -..... . ...... - ·l6.f 

I I ll 

II" I I ..... 

Figure 4.1 Annual production of wheat in India 

--~ 
-~ -

\IU,\111\1 
rR\1)1 \II 

\.\.\\\1 

........ ,,, 

\II/OK HI 

"-'-.lUH .' 4 '~ t .. U. 
I 'Ll-"'1" 

258 



- 1!'0 300 - 100- 1 ~0 - ~0- 100 
'- 'U - 2!'-~0 

c:::J 1 0-2~ 

c=J 01- 10 

r-:=- J 0 1 

Figure 4.2 Annua l production o f wheat in We t Bengal 

259 



have tended to decline after 5 to 8 years of continuous production in the same field. 

Imbalanced input usage and unavailability of good quality seeds of recent varieties may 

be the major causes for the deterioration of productivity. Uniform sprouting with 

optimized germination rate and regulated a-amylase synthesis by the aleurone cells in 

germinating grains are one of the important criteria for ideal seedling growth and 

sustainable crop production. Late maturity a-amylase in locally available wheat seeds 

may result in the accumulation of unacceptable levels of a-amylase in grains in the 

absence of germination or weather damage and deteriorate seed quality (Kolumbina et 

al., 2006). 

As the a-amylase (alpha-->1-4-glucan 4-glucanhydrolase, EC 3.2.1.1) is the key 

enzyme for hydrolyzing reserve starch in the endosperm of germinating cereals, the 

development of a-amylase activity is essential for enhancing the speed of germination. 

The composition and separation profile of a-amylase isozymes from embryos and 

endosperms of germinating wheat seeds were analyzed by most authors through 

isoelectric focusing and double immunodiffusion methods (Fujioka et al., 1984; Uchida 

et al., 1987). The biochemical performance of a-amylase I and II in germinating wheat 

seedlings were also thoroughly evaluated (Machaiah and Vakil, 1984).lt has been shown 

that a-amylase is synthesized on rough endoplasmic reticulum (Jones and Chen, 1976), 

transported to the lumen of endoplasmic reticulum and glycosylated (Czichi and Lennars, 

1977). Since only deglycosylated amylases exhibit maximum activity, it was observed 

that the expression of glycosylated a-amylase-I is restricted in developing seeds and 

disappeared in the embryos at the first and second days of germination (Uchida et al., 

1987); whereas the a-amylase-II is the secreted active form of the enzyme, expressed 

during 3rd and 41
h days of germination and gradually deglycosylated on the progress of 

germination and post-germination phases (Machaiah and Vakil, 1984). 

It has been well established that the expression of cereal a-amylase is regulated by 

plant hormones GA and ABA (Mitsui and ltoh, 1997) and influenced by environmental 

factors such as temperature (Mitsui and Akazawa, 1986), water (Smith et al., 1987) and 

anoxia (Perata et al., 1992). The observed close correlation between germination and a

amylase activity at various temperatures indicates that a-amylase is an essential factor for 

the temperature-dependent germination of wheat seeds (Sultana et a/., 2000). 
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Pretreatment with growth regulators like gibberellin might promote the germination of 

wheat seeds by stimulating the secretion of a-amylase even when environmental 

conditions are not suitable. But excessive a-amylase in wheat flour lowers its quality. The 

study of a-amylase inhibitors and their interaction pattern were also well studied. Mundy 

et al., (1984), Weselake et al. (1985) and Maeda (1986) reported that seeds contain a 

proteinaceous a-amylase inhibitor with a molecular weight of about 20 KDa. The 

endogenous inhibitor is synthesized and accumulated mainly in the developing 

endosperm (Hill et al., 1995; Robertson and Hill, 1989), and also present in the aleurone 

cells. During imbibition, the inhibitor in the starchy endosperm disappeared from the area 

to which a-amylase was secreted. So this inhibitor does not work effectively in 

endogenous system during germination (Kanzaki et al., 1993) but probably inhibit the 

amylases during seed maturation and desiccation phases. 

The physiology of germination of winter wheat and the factors that influence 

germination were extensively investigated during past few years. Germination of wheat 

seeds may be affected by polyethylene glycol induced osmotic stress (Jajarmi, 2009), 

high salinity (Lin et a/., 2012), radiation induced toxicity (Borzouei et al., 201 0) or the 

field of magnetic inductions (Pietruszewski et al., 200 I). Earlier authors also evaluated 

the germination induced changes in protein pattern and enzyme activity like expression of 

histone and non-histone proteins during germination (Sugita and Sasaki, I 979) or the 

activity of invertase in association with starch and soluble sugars in modem wheat 

varieties (Kashem et al., 1995). Very recently functional proteomic analysis of 

germinating wheat embryo were performed by Mak et al., (2006) through two

dimensional gel electrophoresis and significant abundance changes in proteases, amylases 

and amylase inhibitors, enzymes in lipid metabolism, proteins related to water stress, cell 

wall hydro lases, oxalate oxidases and H+ ATPases were recognized which are very much 

relevant with germination physiology of wheat. With the advancement of analytical 

instrumentations and advanced methodologies the heavy molecular weight proteins have 

been reported but the role of naturally occurring low molecular weight peptides of wheat 

and other cereals are yet to be unveiled. Few authors emphasized on the pharmacological 

significance of wheat peptides expressed during germination. Low molecular weight 

peptides isolated from wheat can effectively modulate immune system and antioxidant 
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activities on immune-suppressed mice (Dai et al., 2009) or may create toxicity by acting 

as dietary antigen in two autoimmune diseases, i.e. celiac disease (Silano et a/., 2008) and 

type I diabetes (Knip, 2005).It was also observed that DNA-binding chromatin peptide 

pool from wheat bud causes growth inhibition, G2-cell cycle arrest and apoptosis 

induction in HeLa cells (Mancinelli et al., 2009). But only few reports are available about 

the implication of germination induced peptide pool on the physiology of plants. The 

present study suggested that wheat peptides of 0.5 to 3 kDa molecular weight may 

regulate many important plant physiological processes. 

4.2 MATERIALS AND METHODS 

4.2.1 Plant Culture 

Seeds of wheat [Triticum aestivum L. (cv. Sonalika RR-21), Poaceae], collected from 

National Seeds Corporation Limited was used in the present investigation. 500g of same

sized seeds were weighed out and surface-sterilized for 5 minutes in sodium hypochlorite 

(5% available chlorine) and rinsed 3 times in sterile deionized water. The germination of 

wheat seeds were carried out in sterile petridishes containing two layers of filter papers 

and the culture conditions were maintained exactly as specified in Chapter III Section 

3.2.1. 

4.2.2 Extraction and purification of low molecular weight peptides 

Aqueous extraction of7 days old whole wheat seedlings (!kg) was performed in the same 

way as mentioned in Chapter III Section 3.2.2. Amphoteric components were separated 

through ion-exchange chromatography and ultrafiltered for isolating 3 KDa to 0.5 KDa 

pools of peptide molecules. Whole wheat sample (!kg) produced 176 mg of semipure 

peptide which showed positive colour reaction with ninhydrin. The purified and 

lyophilized dry extract of wheat was semisolid and brownish. Different bioassays were 

performed with this semi-purified extract for determining the hormone like action of 

these peptides. 

4.2.3 Spectrofluorometric detection of pep tides by tube-gel electrophoresis 

Mentioned in details in Chapter III Section 3.2.3 
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4.2.4 Two dimensional paper chromatography 

Two-dimension paper chromatography was performed with ultrafiltered peptides. At 

first, 100111 of peptides were spotted on to Whatman No-I chromatography paper and 

separated by descending chromatography with two different solvent mixtures 

respectively in two arms [solvent-! in short arm and solvent-2 in long arm]. Then papers 

were stained with freshly prepared ninhydrin location reagent (Friedman, 2004). 

4.2.5 Capillary Zone Electrophoresis 

The high voltage capillary electrophoresis of ultrafiltered semipure peptides and LH -20 

purified bioactive fractions were done separately with Beckman Model PlACE system 

5010. The length of capillary was 2rt7 em and the diameter was 50 11m (neutrally coated). 

Amount of sample loading was 60 111 with 50 second injection time. The neutral capillary 

was designed to deactivate silanol group on the silica capillary wall which reduced the 

electrostatic interaction between peptide and capillary wall (tricene buffer 20 f!M, pH 8.0, 

voltage 13.5 KV, run time 30 min, temperature 30° C, wave length 214 nm). Low 

molecular weight peptides (Sigma Chemical Co., USA) were used as marker by treating 

lysozyme with CNBr produced lysozyme fraction A I 025 (M,). Other peptide used were 

somatostatin 1638 (M,), insulin chain A 2532 (M,) and insulin chain B 3499 (M,) for 

capillary electrophoresis. 

4.2.6 Bioassay for induction of a-amylase release test 

Experimental conditions and brief methodology were specified in Chapter III Section 

3.2.8 

4.2. 7 Stomatal opening and aperture regulation 

Experimental conditions and brief methodology were described in Chapter III Section 

3.2.9 

4.2.8 Chlorophyll retention assay 

Experimental conditions and brief methodology were specified in Chapter III Section 

3.2.10 
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4.2.9 Coleoptile elongation assay 

Surface sterilized rice ( Oryza sativa) seeds were rinsed and soaked aseptically in sterile 

distilled water for 16 hrs at room temperature. The seeds were covered with moist 

blotting paper and incubated at 25°C for 3 days in total darkness. Coleoptile segments, 

about 5mm in length were cut just below the apical cap. For each determination, eight 

such segments were partially submerged in 5ml of I 0 mM potassium phosphate buffer 

pH 7.0 with the indicated addition of phytohormones or wheat peptides contained in 

small Petri dishes. The segments were incubated at 25°C for 48 hrs in darkness. The 

length of the co!eoptile segments was measured with a dissecting microscope fitted with 

a calibrated ocular micrometer. 

4.2.10 Purification of semi-purified extracts through Sephadex LH-20 column 

The semi-purified ultrafiltered bioactive peptides were further fractionated through 

Sephadex LH-20 gel exclusion chromatography column separately fitted with ISCO 

fraction collector, UV recorder and peristaltic pump. The peptide fractions were collected 

in 200 tubes. According to their spectrophotometric responses at 214, 260 and 280 nm 

wavelength, those fractions were grouped and numbered. Bioactivities of those fractions 

in different concentration, based on their fresh weight were determined. Detailed 

accounts of the Sephadex LH-20 column purification are given below: 

Sephadex LH-20 is commercially prepared by hydroxypropylation of Sephadex 

G-25. The hydroxypropyl groups are attached by ether linkages to glucose units of 

dextran chains. The introduction of hydroxypropyl groups does not alter the number of 

hydroxyl groups but increases the ratio of column to hydroxyl. The resultant gel has, 

therefore, both hydrophilic and lipophilic properties. Sephadex LH-20 swells in water, 

polar organic solvents and mixtures of other organic solvents. In solvent mixtures 

containing both polar and non-polar organic solvents, the gel takes up predominantly the 

polar component. Sephadex LH-20 takes minimum swelling time 3 hrs at room 

temperature. They are stable in water, salt solutions, organic solvents, alkaline and 

weakly acidic solutions. Here 30% ethanol is used to keep the fraction free from fungal 

and bacterial growth. 
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LH-20 was loaded in an 80 em x 3 em column (vol. 565 ml) and 2 ml of wheat 

peptide sample was loaded at a time and 190 drops/tube, i.e. 5 mVtube was collected by 

30% ethanol. The concentration of loaded peptide extract was 17.6 mg/ml, which was 

draWJrby a pump set at a speed of 60 digit (ISCO WIZ pump) i.e. approximately 30 

ml/hr. :The recorder was set at 3 cmlh 0.1 O.D. full scales with UV detection module. The 

sell)ipurified peptide fractions were collected in 140 tubes. The solutions (2 m1 each) of 

IAA:/GA3, ABA, 6-benzy1 amino purine (10"3 M) when passed through the same column 

separately they all ·appeared within 30th tube. The collection within 1-30 tubes was 

discarded as void volume. So, the probability of occurrence of free hormones in the 

bioactive fractions of LH-20 can be ruled out. Tubes were clustered according to 

chromatographic peak profile monitored spectrophotometrically at 214 nm and 13 peaks 

wt;re isolated to test their bioactivity. The fractions were lyophilized for removing last 

tract;S/Of alcohol and fmally the peptide fractions (F1 to F15) were mixed with suitable 

volume of distilled.water and similar bioassays were performed described above. 

4.2.il In-gel assay of a-amylase activity 

Amylases were detected in-gel assay following SDS-Polyacrylamide gel electrophoresis. 

Vi:lble barley (Hordeum vulgare) embryoless half seeds were aseptically incubated 

separately with GA3 (10"5 M) or isolated LH-20 purified peptide fractions (I ppm) or in 

combination with GA3 + fractions in same concentrations for 48h in dark (Nicholls and 

·P££1'$, 1963). Enzyme extracts were prepared with suitable dilutions in I OOJ.!L of sample 
' . 

buffer [2.lml glycerol+ 0.8ml10% SDS (w/v) + 0.2ml1% (w/v) bromophenol blue] and 
\ 

subjected to el<!ctrophoresis according to Laemmli (1970). PAGE was performed in 12% 

(w/v) acrylamide for separating gel and 5% for tracking gel with 0.05% SDS. 

Electrophoresis was conducted at 4° C and 160V for around 3h, until the blue due 

reached the bottom of the gel. The gel was rinsed with distilled water and washed by 1% 

Triton-X-100, buffered for 15min. Then the gel was rinsed with distilled water again and 

treated with Tris-HCI buffer (pH 8.0) containing 1% starch solution, 2mM CaCb and 

1 OmM NaCI for 2h. After rinsing the gel in distilled water, amylolytic activity was 

stopped by transferring the gel to the staining solution [1.3% (w/v) 12 and 3% (w/v) KI]. 
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Zones of amylase activities appeared at light bond against dark background (Jbiloue eta/, 

2008). 

4.2.12 Protein determination 

Protein concentration was measured according to the method of Bradford (1976), using 

Bovine Serum Albumin as standard . 

.4.2.13 HPLC analysis of bioactive peptide fractions 

Mentioned briefly in Chapter 111 Section 3.2.13 

4.2.14 Analysis of amino acids in bioactive fractions 

Mentioned in details in Chapter Ill Section 3.2.14 

4.3 Results and Discussion 

4.3.1lnduction of amylases during germination 

The aleurone of the barley (Hordeum vulgare L.) grain secretes hydrolases that mobilize 

endosperm reserves during germination (Fincher, 1989; Jones and Jacobsen, 1991, 

Hillmer et al., I 992). The synthesis and secretion of these hydro lases (principally a

amylases) is under hormonal regulation. GA stimulates the synthesis and secretion of a

amylase and ABA reverses this GA effect. Hence, the barley aleurone has been used 

ex~ensively as a model system for the study of signal transduction in response to 

hormones. However, the molecular basis of GA and ABA signal transduction remains 

poorly understood. The peptides in this case may play very important role because 

already it was proven that the peptides are the main transducers of biological perception 

in animal system. In plants, a family of peptide signaling molecules (AtPeps) and their 

plasma membrane receptor are now known to act in defense signaling cascades through 

cGMP mediated cytosolic Ca2+ elevation pathway (Qi et al., 2010). Changes in the level 

of cytosolic calcium often mediate through the regulatory protein calmodulin, are 

recognized as ubiquitous signal transduction element in animal and plant cells (Poovaiah 

and Reddy, 1993; Sathyanarayanan and Poovaiah, 2004, Yang et al., 2010). The cytosolic 

calcium of barley and wheat aleurone cells is elevated five times whereas ABA reduces 
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Table 4.1 Amylase induction in embryo less half barley seeds by incubation with three specified concentrations of LH-20 purified fractions 

of semi-pure wheat peptides (500-3000 Da) 

Peptide 
Amylase activity in different concentrations of peptides Amylase induction with peptides 

[f!g/ml of Reducing Sugar produced (Mean± SD), with three replicates] [Mean percentage increase/decrease over control] 
Fraction 

No. Control 
Peptide concentrations Peptide concentrations 

100 ppm !Oppm I ppm 0.1 ppm 100 ppm !Oppm I ppm 0.1 ppm 

Fl 502±25 445 ± 21 482 ± 14 476 ± 19 563 ± 27 -11.35 -3.98 -5.18 12.15 

F2 515 ± 22 467 ±25 498 ± 18 552 ± 26 601 ± 24 -9.32 -3.30 7.18 16.70 

F3 511 ± 18 457 ± 21 442 ± 19 448 ±20 459 ±25 -10.57 -13.50 -12.33 -I 0.18 

F4 508 ± 26 499 ± 26 522± 22 568 ± 23 614 ± 17 -1.77 2.76 11.81 20.87 

F5 494± 25 437 ± 24 447 ± 18 462± 19 475 ± 26 -11.54 -9.51 -6.48 -3.85 

F6 505 ± 27 518±21 591 ± 23 652 ± 18 686 ± 19 2.57 17.03 29.11 35.84 

F7 517±21 483 ± 16 585 ± 18 641 ± 22 677 ±24 -6.58 13.15 23.98 30.95 

F8 513 ± 23 456 ± 23 442 ± 19 448 ±24 471 ± 25 -11.11 -13.84 -12.67 -8.19 

F9 499 ± 17 692± 28 808± 29 931 ± 23 756 ± 27 38.68 61.92 86.57 51.50 

FlO 491 ± 16 489 ± 18 523 ± 16 557 ± 18 541 ± 24 -0.41 6.52 13.44 10.18 

FJI 498 ± 18 502± 17 554 ± 17 599 ± 19 661 ± 22 0.80 11.24 20.28 32.73 

F12 506 ± 19 964 ±22 1046 ± 28 1078 ± 27 1062 ± 29 90.51 106.72 Jl3.04 109.88 

Fl3 514±21 619 ±26 779 ±24 835 ± 18 :.922 ± 25 20-43 51.56 62.45 79.38 

Fl4 518 ± 24 451 ± 27 462±23 478 ± 21 499 ±26 -12.93 -10.81 -7.72 -3.67 

F15 493 ±23 476 ± 21 487 ± 18 495 ± 16 579 ±25 -3.45 -1.22 0.41 17.44 



the calcium level (Gilroy and Jones, 1994; Leung and Giraudat 1998). It was also proved 

that the calcium dependent protein phosphorylation is the main mediators of gibberellic 

acid response like a-amylase in barley aleurone layers (Ritchie and Gilroy, 1998). Also 

the vacuolar calcium activated channel proteins regulate germination and stomatal 

movement simultaneously in Arabidopsis thaliana (Peiter et a/., 2005, Pottosin and 

Schonknecht, 2007). Since a-amylase induction and stomatal aperture control are the two 

prime events of germination and transpiration respectively and are knotted with a set of 

some decisive and identical downstream secondary messengers of hormonal signals like 

cytosolic calcium, these two physiological actions were chosen for determining the 

hormone-like action of semi-pure peptides isolated from growing phases of wheat 

seedlings. 

Figure 4.3 depicts the comparative analysis of a-amylase induction in barley 

seeds (Hordeum vulgare) by GA3 (10"3M to 10"8M) and semipure peptides (3000-500 

Dalton) of wheat. The effect of peptide concentrations based on fresh weight equivalent 

(1kg fresh weight tissue = 176.2 mg peptides) showed induction in a-amylase activity 

(Fig. I). Optimized effect was produced with 17.6 j.!g/ml peptides in comparison to 

control. The bioassay showed that the heterogeneous mixture of peptide did have some 

role like GA3as it can able to induce a-amylase activity. The real concentration of the 

bioactive peptide might be 1: 104 to 1: 106 indicating the hormonal status up to some 

degree. 

For precise analysis of bioactivity (amylase induction) of specific peptides, 

heterogeneous peptides obtained after ultrafiltration were passed through Sephadex LH-

20 gel filtration column, fitted with peristaltic pump and automated fraction collector. 

Peptides were separated into 200 test tubes among which collections of first 26 tubes 

were considered as void volume. As any of the natural growth regulators like IAA, GA3, 

Zeatin and ABA if present, were eluted within first 30 tubes, these tubes were discarded. 

Remaining 170 tubes were grouped into 15 fractions. Absorbance profile of different 

wheat peptide fractions were represented in Figure 4.4. High absorbance at 214 nm was 

obtained from fractions F6, F9 and F12- Figure 4.5 indicated that the peptides were mainly 

concentrated at fractions F4, F6, F9 and F12, as revealed after ninhydrin treatment. 

Comparative amylase response in embryoless half barley seeds was evaluated by all 
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peptide fractions with four specified concentrations. Amylase activity with the 

application of different peptide fractions and their percentage increase/decrease over 

control were recorded in Table 4.1. Maximum induction was achieved by F12 peptide 

fraction at !ppm optimal dose, where 113% induction over control was observed (Table 

4.1). Good response was also obtained from F9 and F13 at specified doses between 10 

ppm to 0.1 ppm. The amylase inducing property ofbioactive peptide fractions F9, F12 and 

F 13 were further investigated in details with seven different concentrations (from 102 to 

I 04 ppm) along with separate treatment of different doses of GA3 and untreated control. 

Figure 4.6 represented the comparative study of a-amylase induction in barley seeds by 

GA3 (10'3 to 10'9 M) and sephadex LH-20 fractions of Triticum semipure peptide F9, 

F 12and F13 (with their different concentrations based on their presence in fresh weight 

equivalent) and control. From Figure 4.6 it is apparent that the amylase induction by F12 

fraction was significantly higher than all other treatments at all specified doses of 

application. The graph also showed that the induction of a-amylase by F12was 

considerably high even at 10 f!g/ml fresh weight equivalent peptide in comparison to 

control. In case of F9 and F 13 peptide fractions, gradual decrease of amylase induction 

was found with the dilution of peptide doses beyond their optimal dose of 1 ppm and 0.1 

ppm respectively, and these fractions exhibited their activity lower than GA3 (Figure 4.6). 

4.3.2 Separation and electrophoretic mobility of peptides 

Analysis of ultrafiltered wheat peptides through 15% SDS-Polyacrylamide Tube Gel 

Electrophoresis followed by Spectrofluorometric scanning with excitation and emission 

wavelength of 470 nm and 530 nm respectively indicated the heterogeneity of isolated 

peptides. Like the peptides of Vigna radiata, in tube gel also these peptides were mainly 

separated into three distinct bands with overlapped mobility but in contrast, in the 3rd 

band of wheat near bottom-line, the absorption was much reduced under emission 

wavelength (Figure 4.7). 

Heterogeneity of peptides was again confirmed from capillary electrophoresis, 

where another type of unique separation was expressed under high voltage electric field. 

Four major peaks were obtained within 30 minutes runtime, among which all the peaks 

appeared within 3 and 7 minutes, except one which was diagnosed nearly at 28 minutes 
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Figure 4.1 0 In-gel assay of amylases of embryo less barley seeds incubated 
wi th GA3 and peptides of LH-20 fractions 

Table 4.2 hRf (Percentage of relative mobi lity) of peptide spots and their 
relative intensity (semi-quantitative) as appeared on 20 paper chromatography 
after ninhydrin development 

Spot Identity hRfr hR.f, Relatil·e intensity ofspots 

12.38 9.27 ++ 

2 20.95 10.60 ++ 

3 7. 14 17.22 ++ 

4 17. 14 22.52 ++++ 

5 3 1.90 3 1. 13 + 

6 40.95 26.49 ++ 

7 54.76 25.83 ++ 

8 45.24 45.03 ++++ 

9 47. 14 48.34 +++ 

10 75.7 1 72. 19 ++++ 

I I 44.76 96.69 ++ 

12 47.62 94.04 + 
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retention time (Figure 4.8). Similar to Vigna radiata, it was noticed from 

electropherogram that isolated peptides were stable and mobile under high voltage. 

4.3.3 Two dimensional paper chromatographic separation of isolated peptides 

Due to heterogeneity of isolated wheat peptides as evidenced from tube-gel and capillary 

electropherogram, ultrafiltered peptides were separated through two-dimensional paper 

chromatography using two distinct solvent profiles as mentioned in Figure 4.9. As 

represented in Table 4.2, after ninhydrin development 12 spots were distinctly identified. 

Among these, spot number I to 4 exhibited low mobility at both solvents indicating that 

they were less polar peptides and their interaction with acidic and alkaline solvent phase 

was low. Spot number 10 to 12 showed high Rr values at both solvents might be due to 

their additional polar nature and better partitioning in both mobile phase. Though paper 

chromatographic separation is a traditional one, but the technique is easy, cheap and 

reproducible and has immense value for separation and detection of peptides from 

heterogeneous mixture (Rydon and Smith, 1952; Friedman, 2004). 

4.3.4 a-amylase activity by LH-20 purified peptide treatment through starch in-gel 

assay 

Only one distinct isozyme band of amylases from barley seeds extracts were actually 

detected during in-gel assay in every treatment (Figure 4.1 0). Zymogram analysis of a

amylase activities revealed that the amylase activity was least in untreated control seeds 

whereas marked increase in induction response was obtained after GA3application. 

Prominent bands comparable with GA3 were also observed with F9 and F12 peptide 

treatment, followed by F13 (Figure 4.10). Almost no perceptible differences were found 

among bands appeared with F4, F6 and F7 peptide treatment in barley seeds, but these 

bands were apparently looking brighter than control. Ungerminated wheat seed extracts 

inhibited the amylolytic activity of insect gut enzymes of diamond-back moth Plutel/a 

xylostella, as revealed through in-gel assay, where two amylase isozymes of insect gut 

were seriously affected by the presence of wheat seed extracts (Bonoei et a[, 20 13). But 

our observations somehow differ from their opinion in case of germinating wheat 
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seedlings, where expressed peptides might act as inducer of amylases, even in different 

plant genera. 

4.3.5 HPLC analysis of LH-20 purified bioactive fractions of F 9, F 12 and F 13 and 

relative amylase response 

After sephadex LH-20 purification, bioactive fractions of wheat peptide F9, F12 and F13 

having high amylase inducing capacity in embryoless barley seeds were further purified 

through reverse-phase HPLC using C1s colunm. In HPLC chromatogram of F9 fraction 

(Figure 4.11 ), 3 major peaks within retention time (RT) between I 0 to 30 minutes and 3 

minor peaks within RT between 20 to 50 minutes were present, indicating at least six 

different heterogeneous peptides were mixed in that fraction in different quantity. Major 

peak-wise separation of peptides were performed manually after running F9 fraction in 

HPLC by collecting the eluted volume from C1s column in separate eppendorftubes with 

specific time interval (6 minutes). After separation and collection of peptide peaks ofF9, 

amylase induction assay was performed in embryoless barley seeds for separately 

determining the bioactivity of these peaks (Figure 4.11 ). Most potential amylase inducing 

capacity was associated with peak 4, where almost 3 fold increases in amylase activity 

was observed from control. 

HPLC chromatogram of F12 fraction was represented in figure 4.12, where two 

major peaks and 3 minor peaks was observed. From peak-wise separation of peptides 

with specific time interval ( 6 minutes) and further bioassay with the same, manifold 

development of amylase induction by different peptide peaks was revealed, among which 

noticeable upliftment of bioactivity was achieved by HPLC peak 2 and 3 of F12 fraction 

(Figure 4.12). Peak 2 and 3 enhanced amylase up to 205.5% and 193.8% from control 

when applied at their optimal doses. 

On the other hand, F13 HPLC chromatographic profile represented 3 major peaks 

and one minor peak with broad peak area in each cases (Figure 4.13). Peptides 

representing broad peaks were separated from HPLC by manual collection of e1uents at 3 

minutes time interval and bioassay was performed. But marked increase in amylase 

induction was not achieved by the peptide obtained from F 13 fraction. Maximum 145% 

induction was accomplished by peptides of peak 2 followed by 126% of peak 1 (Figure 
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Figure 4.15 PTH-derivatised amino acid content in LH-20 separated bioactive 
fractions of Triticum aestivum (7 days old seedlings) in RP-HPLC, Cis 
column, retention time -10 min, flow rate lmllmin, solvent-acetonitrile: water:: 
60 : 40, 1.=250 nm. injecting volume-10 111 : (A) F9 (B) F12 
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4.13); thus the activity was not comparable with the performance of bioactive peptides 

obtained from Fg and F12. 

This study revealed that more than one bioactive peptide was present in monocot 

seedlings, through which amylase induction may be regulated during germination, in 

addition to GA3• Obviously there were other different peptides which might not 

participate in same signals but their existence in different amount indicated their 

versatility of expression. 

4.3.6 Capillary electrophoresis and amino acid analysis of LH-20 purified bioactive 

fractions 

Capillary electrophoresis of Fg fraction of Sephadex LH-20 (Figure 4.14A) showed the 

presence of several peptides. When the peptides of F9 and F12 were compared with low 

molecular weight markers like lysozyme fragment-A [M, = 1025.61], Somatostatin [M,= 

1637.9], Insulin chain-A [M, = 2531.6] and Insulin chain-B [M, = 3495.6], at least six 

peptides were recognized from those fractions (Figure 4.14B). Peptides obtained from F9 

fraction were separated with in neutral capillary having molecular weights distributed 

between 1600 and 2200 (M,). The F12 fraction of the same column also exhibited the 

presence of more than one peptides ranging between 1800 and 2800 (M,). 

Amino acid analysis by total hydrolysis (Stanford et al., 1958) and derivatization 

with phenyl isothiocyanate confirmed the absence of cysteine in F9 and F12 fractions 

(Figure 4.15A and 4.15B). It proved that these peptides didn't have any disulphide 

linkage within their chains and probably they were not phytochelatin-like peptides. 

Another important sulphur-containing amino acid methionine was almost lacking in both 

fractions. Methionine is one of the storage proteins of legumes (Castillo-Isreal and 

Laurena, 2007). However, these F9 and Fl2 fractions had other amino acids in 

considerable amount (asp, glu, ser, gly, his, thr, ala, pro, tyr, val, leu, phe and lys). So 

these two fractions were identical at least in the content of amino acids. Interestingly, 

some highly polar and charged amino acids like asp, glu, his and lys were predominant in 

both fractions indicating their polar interaction with other cellular components, which 

might be pH dependent. 
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4.3. 7 Stomatal guard cell regulation 

Plant hormone cytokinins have been demonstrated to regulate stomatal behaviour in dark 

and gas exchange in leaves of higher plants (Incoll and Jewer, 1987). But till now exact 

mechanism of stomatal opening in dark remains unclear. Lots of were performed on 

signals associated with cytokinin mediated stomatal opening in dark. Irving el al. (1992) 

reported increase of cytosolic [Ca2+] in guard cells followed by decrease of pHcyt after 

treatment of closed stomata with 6-furfuryl amino purine, resulted in stomatal opening. 

Elicitor mediated stomatal opening in dark might involve induction of membrane 

hyperpolarization by stimulation of electrogenic proton-pump followed by stimulation of 

guanylate cyclase activity or interaction of calcium-calmodlin system (Morsucci el al., 

1991; Pharmawati, 1998). Also the scavengers of nitric oxide (NO) and reactive oxygen 

species (ROS) induced stomatal opening (Yan el al., 2007), and interestingly, cytokinins 

reduced the levels of NO in guard cells and enhanced stomatal conductance in darkness 

(Xiao-Ping and Xi-Gui, 2006). Practically, incomplete stomatal closure during the night 

is found in a diverse range of C3 and C4 plants and can lead to substantial nighttime 

transpirational water loss (Caird el al., 2007), even when photosynthetic carbon gain is 

not occurring and cooling of leaves are not required. This phenomenon alters the 

hypothesis that water loss is an inevitable consequence of stomatal opening for 

photosynthesis; however very little is presently known about this type of guard cell 

behaviour. In another study, increased number of stomatal opening in dark in transgenic 

Arabidopsis lines (C3 plant) with over-expressed phosphoenol pyruvate carboxylase 

indicated the behaviour of Crassulatian acid metabolism-like photosynthetic mechanism 

into C3 plants (Kebeish et al., 2007). So, besides standard phytohormone like auxin and 

kinetin, obviously other group of compounds with wide structural diversity might 

regulate stomatal guard cell aperture for tackling versatile ecological climates of plants. 

In this context, it is essential to analyze the role of plant peptides, which modulate 

stomatal aperture. Fortunately few works performed in this regard. Most works on 

peptide mediated stomatal conductance was focused on atrial natriuretic peptides and 

their plant immuno-analogues, which promote stomatal opening by increasing 

intracellular [Ca2+] and cyclic GMP (Pharmawati, 2001). In this investigation, response 

of isolated peptides on stomatal opening and guard cell behaviour was studied. Figure 
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Table 4.3 Stomatal Opening after application of LH-20 purified wheat peptide fractions in dark 

Peptide 
Percentage of stomatal opening in different concentrations ofpeptides Width of stomatal aperture in different concentrations ofpeptides 

Fraction 
Range of Mean value with standard deviation (11m) 

No. 
Control 1~Lgiml I x 10"2 J.Lg /ml I X 104 J.lg /ml aperture 

I X 10"2 J.lg /ml 1 x 104 J.Lg /ml width (J.Lm) 1 J.Lg/ml 

Fl 0.00 2.42 4.05 1.88 0.66-1.32 0.96 ± 0.35 0.88 ± 0.41 0.67 ± 0.23 

F2 1.08 1.62 0.00 0.00 0.46-0.79 0.48 ± 0.27 0.00 0.00 

F3 1.06 0.00 2.57 8.09 0.76-1.16 0.00 0.77 ± 0.33 0.85 ± 0.31 

F4 2.02 12.44 15.87 17.92 0.66-2.05 0.67± 0.24 1.18 ± 0.88 1.11 ± 0.53 

F5 0.00 0.00 1.58 0.66 0.66-1.22 0.00 0.78 ± 0.35 0.66 ± 0.23 

F6 1.55 33.11 31.26 21.48 1.65-3.29 2.08 ± 1.11 1.82 ± 1.06 1.67 ± 0.56 

F7 1.67 39.35 55.35 47.71 1.15-3.85 1.15 ± 0.67 2.82 ± 1.03 2.11 ± 0.98 

F8 0.00 4.68 12.43 16.92 0.56-1.45 0.51 ± 0.22 0.96 ± 0.42 0.87 ± 0.35 

F9 2.06 20.59 70.73 67.89 1.81-4.56 1.78 ± 0.85 3.35 ± 1.18 2.88 ± 1.06 

FlO 1.83 11.71 17.93 27.36 0.81-2.75 0.83 ± 0.31 1.61 ± 0.42 1.73 ± 0.95 

Fll 0.00 5.05 1.22 0.00 0.66-0.99 0.67 ± 0.18 0.67 ± 0.31 0.00 

Fl2 0.00 6.08 7.89 19.46 0.75-2.31 0.86 ± 0.33 0.75 ± 0.42 1.33 ± 0.98 

Fl3 1.32 8.18 13.78 11.35 l.Ol-2.Dl 1.01 ± 0.67 1.22 ± 0.67 1.15 ± 0.43 

Fl4 1.06 2.35 1.23 0.00 0.72-1.49 1.17 ± 0.28 0.72 ± 0.29 0.00 

Fl5 1.76 0.85 1.67 0.00 0.56-0.99 0.56 ± 0.21 0.67±0.22 0.00 
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4.16 showed the effect of the ultrafiltered semipure wheat peptide extract on stomatal 

opening of Colocasia leaf epidermis. The effect of different concentrations of the peptide, 

based on its presence in fresh weight equivalent tissue was recorded after 3 hours. After 3 

hours light treatment, it was observed that peptides could not influence stomatal opening 

in a better way, when compared with control in same conditions. However, following 3 

hours dark phase, when almost all the stomata were closed without any treatment, the 

effect of peptide induced them to open in different concentrations (Figure 4.16). The 

effective concentrations were in between 0.01 to 0.0001 gm/ml of fresh weight equivalent 

of peptides. In presence of peptides in dark, the stomatal opening gradually increased 

from 10 to 0.001 gm/ml and the optimized activity was observed at 0.001 gm/ml 

concentration. This bioassay showed that some of the peptides may act as growth 

regulator by regulating the movement of stomatal guard cells in dark. 

After Sephadex LH-20 purification of peptides, fractions were evaluated for 

determining their potency on stomatal opening and aperture control. Fraction F 6 to F 10 of 

Sephadex LH-20 was bioactive on stomatal movement (Table 4.3). It was found that 

stomata (97%) were closed in dark. Epidermal peels of Colocasia esculenta with closed 

stomata were treated with different concentrations of peptides for 3h under dark had 

forced to open stomata up to 70% at different concentrations of peptides (Table 4.3). 

Stomatal opening response was best observed with F9 peptide treatment, followed by F7 

and F6. These three fractions also remarkably enhanced stomatal aperture within the 

range between I and 4 J.lm approximately (Table 4.3). For more precision analysis of 

bioactivity, percentage of stomatal opening was evaluated with F6, F7 and F9 bioactive 

fractions at wide range of applied doses between 1 OJ.!glml and I OOpglml (Figure 4. I 7) 

after 3h dark incubation. These fractions could able to open stomata markedly even at 

concentrations as low as I OOpglml. Fraction F9 expressed better results at lower dilutions 

whereas the same response was optimized at I J.!g/ml applied dose in case of F6 (Figure 

4. I 7). When these fractions were challenged with different concentrations of ABA, 

successful stomatal closure was achieved by ABA even when these peptide fractions 

were applied at I 00 J.lg/ml concentrations (Figure 4.18). Dose dependent inhibition of 

stomatal opening by ABA was not restored by the treatment of peptides at two specified 

doses (100 and 1 J.lg/ml) (Figure 4.18). From that, it can be speculated that ABA 
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mediated stomatal closure and peptide mediated stomatal opening could operate in 

different path. 

4.3.8 HPLC analysis of LH-20 purified bioactive fractions of F7 and F9 and relative 

response on stomatal guard cell aperture regulation 

For precise identification of peptides acting on stomatal guard cell aperture regulation, 

HPLC of bioactive LH-20 fraction F1 and F9 were performed with C1 8 reverse phase 

column. HPLC chromatogram (Figure 4.19) of peptide fraction F7 represents six distinct 

peaks within the retention time of I hour, among which peak 2, which appears in between 

10 and 20 min occupies maximum peak area. Many of these peaks were isolated by 

separately collecting the eluents with specific time interval ( 4 min). Stomatal opening 

assay in dark was performed in vitro on epidermal strips of Colocasia esculenta with 

these isolated pep tides representing each HPLC peak. Maximum 44% opening of stomata 

was observed with treatment of peptides associated with peak 2, followed by 31.33% by 

peptides representing peak 3 and 4 (Figure 4.19). Good response was also obtained from 

peptide/s associated with peak 6, where 22.81% stomatal opening was recorded. 

Peptides fraction F9 produced 3 major and 3 minor peaks as represented in the 

chromatogram (Figure 4.20). Percentage of stomatal opening was determined with 

eluents after peak-wise separation of mobile phase volume, collected at specific time 

interval (6 minutes). Marked increase in percentage of stomatal opening in dark was 

recorded with separate treatment of HPLC fractions representing peaks from 1 to 5, 

among which maximum opening response was achieved by fraction associated with peak 

2 and 3 (75.12%) (Figure 4.20). Peptides representing peak I and 5 also had the capacity 

to open stomata more than 40%, when treated separately. 

Like amylase induction, this study also exposed that different bioactive peptides 

might be involved in regulation of stomatal guard cell aperture and transpiration control, 

through which water homeostasis in monocot could be maintained. Recently, it has been 

observed that germination induced peptide pool of Vigna radiata induces opening of 

stomata of Vicia faba in dark at a concentration between 10 mg and 50 mg fresh weight 

tissue per ml of peptide (Mandai et al., 2008). Also mosaic activity of plant peptides from 

500 to 3000 (M,) is quite interesting (Mandai et al., 2000). All these results indicated that 
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naturally occurring peptides can modulate vanous physiological processes including 

stomatal guard cell regulation. Further characterization and sequencing of bioactive 

peptides obtained from HPLC were not performed due to shortage of time. 

4.3.9 Retention of chlorophyll 

Chlorophyll is degraded in monocots as a result of natural or induced senescence, at the 

onset of fruit ripening or under pathogen attack (Barry et a/., 20 12). When senescence is 

initiated, the thylakoids membranes are broken down, chlorophyll is degraded and the 

nutrients are released or recycled to the developing parts of the plant (Hortensteiner, 

2006). In that sense, breakdown of chlorophyll may be considered as a detoxification 

mechanism during senescence, which is vitally important for plant development and 

survival (Kariola, et a/., 2005). In several wheat varieties, it was observed that 

chlorophyll retention during dark-growth was correlated with leaf cytokinin content 

(Banowetz, 1997). But the cytokinin responsiveness in wheat related with retardation of 

chlorophyll degradation varies widely and are not always associated with differences in 

plant stature and morphology (Banowetz, 1997). Besides cytokinin, polyamines are 

reported to retard leaf senescence and chlorophyll loss (Cheng and Kao, 1983). 

Polyamines are effective probably due to their poly-cationic nature. But reports are 

practically rare where peptides can effectively modulate chlorophyll degradation. 

However reports are available where different peptides from chloroplast were generated 

from their precursors through proteolytic processing but the physiological function of 

these peptides were unknown. In wheat, proteolytic processing of light harvesting 

chlorophyll alb protein precursor was achieved in vitro with a soluble extract from lysed 

chloroplast and release of25-KDa peptide was found, which may be utilized during light

mediated import reaction (Lamppa and A bad, 1987). In fact, a wide diversity of proteases 

required to process the large number of polypeptides were found in different cell 

organelles (Bohni et a/., 1983), but till now their exact role at cellular level remains 

obscure. In this investigation, chlorophyll retention activity of detached barley leaf discs 

was measured in vitro with the treatment of different group of cytokinins and wheat 

peptides. Chlorophyll retention activities of different group of cytokinins in leaf discs of 

barley (Hordeum vulgare) were represented in Figure 4.21 and 4.22. Similar activities 
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Table 4.4 Retardation of chlorophyll disappearance in barley (Hordeum 
vulgare) leaf discs after application ofLH-20 purified wheat peptide fractions 
and Benzyl adenine (BA) as standard 

Retardation of chlorophyll disappearance 
(after 96 h ageing) 

Peptide Barley leaf discs (E66sfl 0 leaf discs) Mean % of chlorophyll retention 
Fraction No. [Peptide concentrations] [Peptide concentrations] 

100ppm 10ppm I ppm 0.1 ppm 
100 

10ppm 
0.1 

ppin 
I ppm 

ppm 

Initial State 0.684 ± 0.56 100.00 

Control 0.133 ± 0.16 19.44 

BA (lO-s M) 0.401 ± 0.48 58.63 

Fl 0.113 ± 0.14 0.138 ± 0.22 0.147 ± 0.37 0.125±0.19 16.52 20.18 21.49 18.27 

F2 0.134± 0.27 0.141 ± 0.36 0.152 ± 0.39 0.159±0.35 19.59 20.61 22.22 23.25 

F3 0.121 ± 0.18 0.148±0.27 0.169± 0.29 0.181 ± 0.38 17.69 21.64 24.71 26.46 

F4 0.139±0.29 0.166± 0.31 0.195 ± 0.35 0.229 ± 0.37 20.32 24.27 28.51 33.48 

F5 0.101 ± 0.11 0.119± 0.17 0.126 ± 0.23 0.107± 0.13 14.77 17.40 18.42 15.64 

F6 0.238 ± 0.24 0.249 ± 0.37 0.187 ± 0.26 0.174 ± 0.29 34.80 36.40 27.34 25.44 

F7 0.265 ± 0.22 0.238± 0.31 0.198 ± 0.25 0.193 ± 0.23 38.74 34.80 28.95 28.22 

F8 0.108±0.13 0.114±0.17 0.123 ± 0.24 0.128±0.21 15.79 16.67 17.98 18.71 

F9 0.127 ± 0.25 0.145 ± 0.29 0.177± 0.22 0.268± 0.32 18.57 21.20 25.88 39.18 

FlO 0.128 ± 0.28 0.136±0.32 0.129±0.16 0.121 ± 0.15 18.71 19.88 18.86 17.69 

Fll 0.143 ± 0.21 0.161 ± 0.27 0.202± 0.34 0.229± 0.31 20.91 23.54 29.53 33.48 

F12 0.156±0.18 0.173 ± 0.24 0.211 ±0.21 0.247 ± 0.35 22.81 25.29 30.85 36.11 

Fl3 0.113±0.19 0.117±0.17 0.128 ± 0.12 0.144 ± 0.23 16.52 17.11 18.71 21.05 

F14 0.109 ± 0.09 0.115±0.11 0.137±0.16 0.111 ± 0.15 15.94 16.81 20.03 16.23 

F15 0.112±0.18 0.118 ± 0.12 0.127 ± 0.22 0.133 ± 0.26 16.37 17.25 18.57 19.44 
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were obtained by application of cytokinin witb ring structure at 61
h nitrogen position of 

adenine like Benzyl adenine (BA) and Kinetin (K), where tbe response was optimized at 

1 ppm, below which tbe activity was gradually reduced witb dilution of applied doses 

(Figure 4.21 ). On tbe otber hand, dose-dependent constant increase of activity was found 

up to 10 ppm applied concentrations in case of Benzimidazole (BZI), i.e. cytokinin 

without adenine moiety (Figure 4.20), but tbe chlorophyll retention capacity of BZI was 

much lower !ban BA and K. Among cytokinins with straight side-chains, performance of 

Dihydrozeatin (DHZ) was best at lower concentrations, however at higher concentration, 

chlorophyll retention capacity of Zeatin (Z) was found more effective (Figure 4.22). 

Another straight-chain cytokinin, Isopentenyl adenine (IPA) didn't produce very 

impressive results, when compared witb others. Marked increase in chlorophyll retention 

capacity was observed after application of isolated wheat peptides in leaf discs of barley. 

Wheat peptides could enhance chlorophyll retention capacity up to 194.25% at 1 ppm 

optimal dose, but tbis retention capacity was reduced witb the dilution of applied peptide 

doses (Figure 4.23). 

After LH-20 purification, evaluation of disappearance of chlorophyll in barley 

(Hordeum vulgare) leaf discs were continued for determining senescence retardation and 

cytokinin-like action of specific peptide fractions isolated from wheat after 96 hrs 

treatment with four specified doses. Standard hormone Benzyl adenine (1 o·5 M) 

responded 3 times higher than control by retending 58.63% chlorophyll from its initial 

stage (Table 4.4). Retardation of chlorophyll disappearance was observed by the 

treatment of different LH-20 purified peptide fractions but tbe best response was obtained 

by F6 and F7 peptide application, in which the retention activity was decreased only 

slightly witb the dilution of applied peptide doses up to 0.1 ppm (Table 4.4). After 96 hrs 

incubation, F7 peptides at 100 ppm concentration could preserve chlorophyll up to 39% 

from its initial stage. Besides tbese two fractions, other fractions like F3, F4, F9, F11 and 

F 12showed partial retention capacity of chlorophyll, particularly at lower doses (below 1 0 

ppm); however none of tbe fractions expressed bioactivity equivalent to or higher than 

standard cytokinin (Table 4.4). As tbe convincing results were not obtained by any oftbe 

LH-20 fractions, further bioassay-guided purification of peptides was not continued witb 

tbese fractions for fmal characterization and sequencing of peptides. 
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Figure 4.24 Effect of wheat semi pure peptides and standard phytohormones on elongation of rice coleopti les 



4.3.10 Elongation of coleoptile 

Wheat coleoptile which encompasses leaf primordium and shoot apex is a hollow 

cylindrical structure. Its function is mainly as a protective cover of young foliage leaves 

during their upward growth. The dependence of the rate of coleoptile extension growth 

on the dose of IAA or other phytohormone application was discussed elaborately in 

earlier literature. Previous investigations, based on measurements for more than 12h after 

application of auxin, a bell-shaped curve always obtained from the inhibitory effect of 10· 
5 (M) to 10"3 (M) IAA (Liptay and Davidson, 1971). At sub-optimal concentrations, the 

auxin dependence of coleoptile growth was hyperbolic in nature. Importance of IAA and 

pH on the kinetics of response of wheat coleoptile segments were already evaluated 

earlier (Macdowall and Sirois, 1977). Response of cold-hardened wheat coleoptile 

segments on uptake and growth-promoting activity of IAA were also studied in details 

(Macdowall and Sirois, 1977). During that period more published data were concerned 

with lag time between the addition of auxin and the response of coleoptile segments (Ray 

and Ruesink, 1962). Experiments on uptake of radio-labeled 1AA showed that the entry 

ofiAA is limited at the cut ends and the lag response involved a delay in the longitudinal 

distribution of auxin (Nissl and Zenk, 1969). However recent evidences didn't support 

the view of lag time required for synthesis of new protein that are essential for coleoptile 

growth. Among different proteins, germins and expansins are now generally accepted to 

be the key regulator of wheat or rice coleoptile growth. Coleoptile is a tissue which 

derives its rapid growth from elongation of cells rather than cell division. The mechanism 

of this elongation is a matter of long debate (Fry, 1989; Hohl and Schopfer, 1995). 

Germin proteins were found to have strong oxalate oxidase activity and the activity of 

germin was restricted in epidermis and vascular bundles of developing coleoptiles 

(Caliskan et a/., 2004). Expansins, on the other hand, are cell wall proteins that induce 

cell wall extension by disrupting hydrogen bonds between cellulose microfibrils and 

matrix polymers (Cosgrove, 1999). The growth of wheat coleoptile was closely related to 

the activity and expression of expansins (Gao eta/., 2008). It was found that inhibition of 

expansin activity by their antibodies inhibited both auxin-induced growth and wall

autolysis of com coleoptiles, suggesting that expansin is required for auxin response 

(Inouhe and Nevins, 1991). Current research also demonstrated that the Arabidopsis 
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Table 4.5 Elongation of rice coleoptiles after treatment with LH-20 purified wheat peptide 
fractions 

Elongation of rice coleoptiles segments with wheat peptides 

Peptide Length of coleoptiles (mm) Mean % in respect to control 

Fraction No. [Peptide concentrations] [Peptide concentrations] 

100 ppm 10ppm I ppm 0.1 ppm 
100 

IOppm I ppm 0.1 ppm 
m 

Control 6.8 ± 0.4 100 

IAA (!O"'M) 32.2±4.6 474 

F, 8.4 ± 0.8 8.8±0.6 9.0±0.6 9.5±0.8 124 129 132 140 

F, 7.1 ± 0.5 7.5 ±0.5 7.8 ± 0.8 8.0±0.8 104 110 115 118 

F> 7.8±0.6 8.1 ± 0.8 8.2±0.9 8.5 ± 0.8 115 119 121 125 

F• 9.2 ± 1.0 8.6±0.8 9.3 ± 0.6 9.8±0.8 135 126 137 144 

F, 5.1±0.5 5.9±0.7 5.6±0.6 5.4 ± 0.6 75 87 82 79 

F, 10.6± 1.2 11.2 ± 1.1 11.8±1.2 12.8± 1.4 156 165 174 188 

F, 6.2 ±0.6 6.5±0.8 6.8±0.8 7.2 ± 0.7 91 96 100 106 

F, 5.2 ± 0.5 5.5 ± 0.6 5.8±0.8 6.0±0.6 76 81 85 88 

F• 12.5 ± 1.5 13.4 ± 1.2 14.6 ± 1.6 13.8 ± 1.8 184 197 215 203 

F,, 6.1 ± 0.6 6.6 ± 0.5 5.8±0.8 5.2±0.5 90 97 85 76 

F" 6.3 ±0.8 6.7 ± 0.7 7.5 ± 0.5 7.9±0.9 93 99 110 116 

F, 9.1±0.8 9.5 ±0.8 10.2 ± 1.3 10.8±1.8 134 140 150 159 

F,> 10.1±1.5 10.6± 1.8 11.2 ± 2.2 11.5 ± 1.5 149 156 165 169 

F,. 4.8±0.6 5.0±0.6 5.6±0.8 5.4±0.6 71 74 82 79 

F, 4.9±0.6 5.5 ± 0.5 6.2±0.8 6.9±0.9 72 81 91 101 
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thaliana expansin (AtEXPI) antibody is an inhibitor of stomatal movement. So it might 

be speculated !bat tbe germination-induced wheat peptides, which could open stomata, 

should have some role on expansin activation and subsequently coleoptile elongation. For 

determining tbe role ofthese peptides on coleoptile elongation, 5-mm long rice coleoptile 

segments were taken and in this experiment, standard phytohormone GA3 and lAA was 

chosen as positive control. Dose-dependent curve of GA3 and lAA response on coleoptile 

elongation were represented in Figure 4.24. Performance of GA3 was better than IAA, 

and in botb cases, response was optimized at I o·5 (M) concentration, below which tbe 

activity was declined with dilution of applied doses (Figure 4.24). Rice coleoptiles were 

treated with peptides between I 00 ppm and 0.000 I ppm, and the best coleoptile growth 

was observed at I ppm applied dose. Marked increase of coleoptile length (almost 2.5 

times in respect to control) was achieved by peptide treatment at optimal dose, !bough the 

activity was significantly lower !ban the response of both 1AA and GA3 (Figure 4.24). 

Response of peptides was gradually lower with the dilution of peptides in a logarithmic 

manner. At or below 0.001 ppm applied doses, sensitivity ofpeptides towards coleoptile 

was almost abolished. 

After LH-20 purification, elongation of rice coleoptile segments was evaluated 

after 48 hrs with different fractions at four specified concentrations between I 00 ppm and 

0.1 ppm. IAA (10.5 M) was used as positive standard and coleoptile elongation by IAA 

treatment enhanced almost five times in respect to controf. Marked elongation of 

coleoptile was not observed after application of different peptide fractions, but significant 

positive enhancement from control was recorded with F4, F6, F9, F12 and Fu peptide 

treatment (Table 4.5). In contrast, some fractions also exhibited inhibition of coleoptile 

elongation like F5 and F14. Maximum of 115% increase from control was achieved by F9 

peptide at I ppm concentration, whereas tbe bioactive fractions regulate coleoptile 

elongation positively by enhancing between 35% and 70% from control (Table 4.5). But 

none of tbe fractions exhibited enhanced activity like standard IAA. Again in most 

fractions, it was observed !bat tbe response was optimized at I ppm concentrations. On 

the other hand, inhibition of elongation up to 30% was found by unidentified inhibitory 

components concentrated in F14. From this result, it can be concluded !bat botb positive 

and negative type of growth modulators were present in ultrafiltered (0.5 to 3.0 KDa) 
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Table 4.6 Summary of bioactivity of ultrafiltered and column chromatographic fractions of different peptides isolated from seven days old 
Triticum aestivum (wheat) seedlings and their responses against different experiments. Sephadex LH-20 column (80 x 3 em), volume- 565 
ml approximately, eluted with 30% aqueous ethanol, and fractionated with 5 ml tube with pump speed- 30 mllh. Tube number 1-30 or 150 
ml is void volume approximately and any bioactivity, if found is rejected, and the rest I 50 tubes were collected and screened for bioactivity 

Fnrctio11 Tube N11mher: 00-30 31-.19 40-50 51-63 64-75 76-84 85-97 98-111 113-lll 122-138 139-149 150-163 164-171 172-180 181-190 191-100 

Jol11ed Fraclion Number: VOID Fl F2 FJ F4 FS F6 F7 FS F9 FlO Fll F12 FIJ F14 FIS 

214nm - + + + ++ +++ + - +++ ++ + +++ + 
UV Absorbance: 260nm - - + + 0 0 + - + 

280nm - + + - - ++ + + ++ + 

0.2% Ninhydrin response: - + + + + ++ ++ - +++ ++ ++ +++ + 

a-Amylase Induction: -N/A + + - ++ - + ++++ +++ 
elicitation: Inhibition: -N/A - - + - + - - + - - - - + 

Percentage of 
-N/A - - - + - ++ ++ + +++ + - + + 

Control of 
opening in dark 
Diameter of 

stomatal -N/A + ++ +++ ++++ + + + 
guard cell: 

stomatal aperture 

Percentage of 
-N/A No significant stomatal closure was observed in any fraction 

closing: 

Elongation -N/A + 0 - + - + - - ++ - - + + 
Growth of coleoptiles: 

Inhibition -N/A + - - - - + - + - - - - -
Seedling Growth Root: 
Response: Shoot: 

Bioassay was not performed with wheat pcptidcs 

Retention of chlorophyll: ·-N/A - - - + - + + - + - + + 

Further purification with HPLC: -N/A - 7 Peaks - 6 Peaks - 5 Peaks 4 Peaks 

Rich in 
Amino ncid nnalysis ofbioactive 

Rich in E, 
D,E.S. 

peptides: 
·-N/A - - - - - - - G&H;C - G&H; 

poor 
Cpoor 

l.U Sequencing ofbioactive peptides: -N/A Not pcrfonned 
0 ..., 



fractions, which might be separated after passing through sephadex LH-20 column. 

Further high scale purification with bioactive peptide fractions were not performed, 

because strong bioactivity comparable with standard phytohormones was not obtained 

from these fractions. 

Different bioactivity and biophysical characteristics of isolated wheat peptides 

after LH-20 purification were summarized in Table 4.6. UV-absorbance at 214, 260 and 

280 nm along with ninhydrin response was optimized at fractions F4, F6, F9 Fw, F12 and 

F13, indicating that the peptides after elution through sephadex column were accumulated 

mainly in these fractions. Fraction F 12 exhibited marked increase in amylase induction 

response followed by F13 and F9. Partial inhibition of amylase induction during 

germination was also recorded by F3 and F 5 fraction after treatment in dark. Peptide 

fraction F6, F7 and F9 have the potential to open stomata with greater aperture. Coleoptile 

elongation was significantly achieved only by F9 peptide treatment, whereas the partial 

retention activity of chlorophyll was diffused among different fractions. HPLC analysis 

of bioactive peptide fractions F7, F9, F12 and F13 were performed with C1s column and 

I 0% methanol as mobile phase from which 7, 6, 5 and 4 prominent peaks were generated 

respectively. Amino acid analysis of F9 and F 12 fractions were also performed as these 

fractions exhibited best stomatal opening response and a-amylase elicitation. Sulphur

containing amino acid cysteine was absent in both fractions, indicating that these peptides 

were unable to form disulphide bridge. F9 peptide fractions were enriched with highly 

polar amino acids like aspartate, glutamate along with Histidine; whereas in F 12 peptides, 

besides these three, other aliphatic semi-polar amino acids like serine and glycine were 

also predominant. 

Overall, these results indicate that naturally occurring peptides from wheat 

seedlings can modulate various plant physiological processes associated with germination 

and growth. These peptide fractions may interact with receptors and/or bind to 

gibberellins and then activate the transcription of a-amylases or might act directly on 

promoter regions of a-amylase genes (Richards et al., 2001). Stomatal opening in dark by 

these peptides might have other applications in water homeostasis, through which 

gaseous exchange and guttation during night-time may be achieved. The induction of a

amylase· and stomatal guard cell regulation by these peptides is a matter of concern in 
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relation to agriculture (Ghosh et al., 2010). Partial coleoptile elongation by some of the 

peptide fractions also indicated their significance towards elongation of cells like the 

behaviour of auxin. Lastly, this study also supported the functional importance of peptide 

fractions in the molecular range of 3.0 to 0.5 KDa in cellular transport as opined in case 

of other plants (Mandai et al., 2008). 
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