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3.1 INTRODUCTION 

The sporophytic phase of seed plant encompasses embryonic and postembryonic 

development. Following fertilization, the zygote undergoes cell division to produce the 

embryo. Higher plants elaborate much of their architecture post-embryonically through 

development initiated at the tips of shoots and roots: cell division is activated at the tips 

of shoots and root apical cells, generating the shoot and root meristem. Organogenesis 

from the globular stage of embryo is coordinated by complex interactions between 

diverse signaling systems, leading to changes in the rate and plane of cell division and in 

cell expansion. The seed, containing the embryo as the new plant in immature, is 

structurally and physiologically equipped for its role as a dispersal unit and is well 

provided with food reserves to sustain the growing seedling until it establishes itself as a 

self-sufficient, autotrophic organism. As the function of seed is to establish a new plant in 

suitable environment, an intrinsic regulation on germination is essential for optimizing 

the distribution of successful germination over time in a population of seeds. 

By definition, germination incorporates those events that commence with the 

uptake of water by the quiescent dry seed and terminate with the elongation of the 

embryonic axis (Bewley and Black, 1994). Lots of macromolecules have been 

conditionally expressed, during this phenomenon, to support the growth and development 

of embryo (Bewley, 1997). Amylases and other hydrolytic enzymes are becoming the 

most abundantly expressed enzymes during this episode (Bethke et a/., 1997). Amylase 

breaks down the complex food material (i.e. - starch) of endosperm to simple one (i.e. -

maltose and other simple sugars) (Taiz and Zeiger, 2006) and acts as a 'chef for the 

growing embryo. Now, positive control of internal Gibberellic Acid (synthesized from 

embryo) over amylase induction (Jacobson and Beach, 1985), is a well-established 

phenomenon. Conversely internal ABA (also synthesized from embryo) suppresses the 

amylase induction as well as germination (Varty et a/., 1982). So, supply of fixed 

carbon, on which energy metabolism of growing embryo proper is mostly dependent 

during germination, is primarily regulated by the action of two antagonizing hormones, 

gibberellins and abscisic acid. 
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The enzyme a-amylase is important to both the agricultural (germination of 

cereals and legumes) and brewing (malting quality) industries (Mitsui and Itoh, 1997). 

Alpha amylases play a key role in plant metabolism, as they are responsible for starch 

hydrolysis and, therefore, metabolism of the major carbohydrate storage reserve in most 

plants. In wheat, within 24 hours of imbibition starting, the embryo induces the aleurone 

layer to undergo a series of metabolic changes which result in the release of a-amylase 

(along with a number of hydrolases) into the endosperm, where they degrade the starch 

reserves stored within (Fincher, 1989). This is accomplished primarily through the 1 ,4-a 

endoglycolytic cleavage of amylose and amylopectin, the principal components of starch 

granules in the plant cells (Huang et a/., 1992). Protein sequence comparisons of a

amylases from Triticeae have revealed seven highly conserved domains that correspond 

to sites necessary for enzyme structure and/or function. This indicates a common ancestry 

for the a-amylases and conservation of critical sequences over evolutionary time 

(Nakajima eta/., 1986; Oneill eta/., 1990). 

In contrast to monocot seeds, many non-endospermic dicotyledonous seeds store 

the reserves in cotyledon cells, which are developed from the fusion of an egg cell with a 

sperm cell, and the cotyledon cells are still alive even when the seeds germinate. In 

addition, the pattern of the degradation of storage materials in the cotyledons is well 

ordered. In cotyledons of kidney bean and mung bean seedlings, the mobilization of 

reserves is initiated in the cells positioned furthest from the vascular bundle, and the 

degradation progresses toward the vascular bundle according to the progress of 

germination. On the other hand, the use of reserve material first occurs in the cells nearest 

to the vascular bundles, and the breakdown progresses to the outer cotyledon cells in 

soybean and favabean seedlings (Bewley and Black, 1978). 

In legume seeds, the mechanism for the development of a-amylase activity in 

reserve tissues is also different from monocot. According to Varner et a/. (1963) the 

increase in a-amylase activity in cotyledons is dependent on the presence of the axis. 

Conversely it was also reported that a-amylase reaches higher levels in detached 

cotyledons than in attached ones (Koshiba and Minamikawa, 1983), or that the 

development of the enzyme activity in cotyledons is unaffected by excision of the axis 

(Dale, 1969). In case of pea, cotyledons are starch storing organs which continually 
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mcrease their starch-degrading activity during the early stages of germination. 

Developing pea cotyledons share certain aspects of starch metabolism with mature 

photosynthetic organs. It has been observed that during seed development, starch 

accumulates within cotyledon plastids i.e. weakly grana! chloroplast. It is unclear, 

however, whether starch grains remain within the plastid envelope during germination or 

are in direct contact with the cytoplasm. In pea cotyledons, amylase activity increases for 

at least the first 10 days of germination. The mf\iority of the cotyledon amy1olytic activity 

appears to be due to a-amylase (Yomo and Varner, 1973). In contrast, f)-amylase is the 

major amylase in photosynthetic tissues of pea. 

Among leguminous plants, Vigna radiata (mung bean) is one of the maJor 

cultivated crops in Indian sub-continent. Mung bean in native in Asia and chiefly 

cultivated only in Asia. Among Asian countries, mung bean is cultivated in large scale in 

India, China, Burma, Indonesia and Bangladesh. In India the major cultivated area for 

production of mung bean lies in state of Rf\iasthan, Maharashtra, Karnataka, Andhra 

Pradesh, Orissa, Tamil Nadu and Uttar Pradesh. In terms of annual production of mung 

bean, Maharashtra, Andhra Pradesh and Rajasthan stand I 51
, 2nd and 3'd respectively 

(Figure 3.1). A steady increase in mung bean production was observed during last 

decades (from 1998 to 2008 uplift in production from 953.6 to 1520 thousand tonnes), 

but for the last few years a partial declining trend in production was observed. In 

Bangladesh and West Bengal, major area of mung bean cultivation is replaced by cereals 

(Abedin and Anwarul, 1991). Now a day in West Bengal, it is being cultivated after the 

harvest of Ravi crops. Mung bean is a short duration crop; therefore it can be 

incorporated as a cash crop between major cropping seasons. Mung bean creates dual 

impacts: first of all it provides grains with high protein content (19.5% to 28.5%) for 

human consumption, and it can fix atmospheric nitrogen to soil as well. It supplies 

substantial quantity of nitrogen to the succeeding non-legume crops like rice, grown in 

rotation (Sharma and Prasad, 1999). Therefore mung bean cultivation is gaining 

popularity among educated farmers in recent years. In this context, it is now essential to 

acquire knowledge about the bioactivity of peptides and other signal modulators 

associated with germination and seedling growth for fulfilling production targets and for 

191 



that seed germination without any failure and uniform seedlings with superior vigour 

should be achieved through improvised seed technology for mung bean. 

Peptides like Mastoparan [Mas-7] isolated from wasp, potentially encourage a

amylase secretion from embryo less half wheat seeds through heterotrimeric G-Protein 

activation. Till now, researchers were unable to identify any Mastoparan like peptides 

from the seeds and seedlings of Vigna radiata, but the peptide fragments generated by 

different endopeptidases may mimic the action of hormones and promote germination by 

controlling amylase synthesis. The basic aim of this report is to analyze the amylase 

inducing function of peptide pool isolated from germinating mung bean, because the 

process of germination of legume seeds has not been explored so much (Koizuka et al, 

1990). Mungbean sprouts are high in protein (21%-28%), calcium, phosphorus, and 

certain vitamins. Because of their major use as sprouts, a high quality seed with excellent 

germination is required. Larger seeds with a glassy colour seem to be preferred 

(Oplinger, et. al. 1990). Mungbean is the most important grain legume in Thailand and 

Philippines, and it ranks second in Sri Lanka and third in India, Burma, Bangladesh and 

Indonesia (Lawn and Ahn, 1985). The mungbean is one of the mandated crops addressed 

by the Asian Vegetable Research and Development Centre, Taiwan (Frey, 1971) and 

Sonamung (cv. Sonali) is the cultivated aroma variety, having major role in rural 

economy of our state, West Bengal, India. So, justification behind the choice of this 

agriculturally important crop lies in their development through the application of 

knowledge that will be gathered by the scientific investigations related to peptide 

characterization. 

3.2 MATERIALS AND METHODS 

3.2.1 Plant culture 

Seeds of dicotyledonous plant material, Sonamung [Vigna radiata (L) Wilczek. cv. 

Sonali B 1, mungbean aroma cultiver ], collected from Central Pulses Research Institute 

(C.P.R.!.), Berhampur, West Bengal, India was weighed out (250g) and allowed to 

culture in sterile petri-plates with absorbent cotton supplied with modified Hoagland 

solution with one-half strength major nutrients and full-strength micronutrients. The 

nutrient solution was aerated continuously. Experiments were conducted inside a 
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controlled environment growth chamber with following conditions: 14-h light period with 

a light intensity of 350J.1mol.m·2_s·1, 25° C/20° C day I night temperature, and 80% 

relative humidity. The plant materials were grown for one week or specific germination 

hours, and used for defmite experimental purposes. 

3.2.2 Isolation and purification oflow molecular weight peptides 

3.2.2a Preparation of extraction: 

1 OOg seeds of mung bean for each set, were washed separately and thoroughly 

under tap water and cut into pieces, washed with water and 0.2% Sodium hypochloride 

solution to avoid excessive contamination and finally washed with distilled water. The 

seedling pieces were frozen in liquid nitrogen and crushed and extracted with chilled 

distilled water with a measured amount by blender at 4 °C in cold room. The material was 

centrifuged at 10,000 rpm for 30 minutes using protease inhibiter PMSF at 4°C to remove 

the unwanted materials. The supernatant was collected and stored in deep freeze ( -20 °C) 

for further study. 

3.2.2b Ether wash: 

The extracts were subjected to ether wash at acidic pH to remove endogenous 

hormonal impurities, fats, lipids and oil as impurities. 

3.2.2c Ion exchange chromatography: 

The extracts were purified through cation and anion exchange resin (Dowex 50 

and Dowex !,Sigma Chemical Co., USA), filled in two-glass colunm (60 em x 2.9 em, 

1.6 meq/ml.). Freshly prepared 3(N) ammonia and I (N) HCI were used for elution of 

those peptides from the cation and anion exchanger colunm respectively. The ammonia 

and HCI were made free from extract solution through a liquid nitrogen trap fitted to a 

Lyophilizer (Lyolab Bll). The whole extract was freeze dried to smaller volumes. 

3.2.2d Ultrqfiltration: 

The lyophilized material obtained from each set of respective germination hours 

were separately undergone ultra-filtration through a millipore stirred cell fitted with 
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10,000 Da (YMIO), 3000 Da (YM3) and 500 Da (YC05) cut off ultrafilter membrane 

(Amicon made) separately and the filtrate between 3000 to 500 Da were collected. 

Precautions were taken for removal of amino acids from plant extract by using 500 Da 

cut off ultrafiltration for three times in each case. The ultrafillterd samples were 

lyophilized and dissolved in 10 ml distilled water (for each set) and stored in deep freeze 

(-20 °C) for further use. 

3.2.3 Spectrofluorometric detection of peptides by tube-gel electrophoresis 

After ultrafiltration, fluorescent labeling of peptides were achieved by labeling resin

bound peptides as previously described (Rapaport and Shai, 1991). Briefly, lOmg of resin 

(Dowex-2, anion exchanger) bound peptides were treated with trifluoroacetic acid [50% 

(v/v) in methylene chloride], in order to remove any protecting group from amino

terminal end. The resin-bound peptides were then reacted with 4-Fluoro-7-nitrobenz-2-

oxa-1,3 diazole (NBD-F) [Sigma made] in dry dimethylformamide. The peptides were 

then cleaved from the resins by hydrogen fluoride and finally precipitated with ether. The 

labeled peptides were then loaded on 10 em tube-gel electrophoresis system containing 

15% Polyacrylamide-SDS. After electrophoresis, fluorescent measurement of NBD 

labeled peptides separated through tube-gel, were recorded by length-wise scanning 

through tubes using Perkin-Elmer LS-50B spectrofluorometer with excitation set at 470 

nm and emission set at 530 nm (10 nm slit) (Gazit eta/., 1994). 

3.2.4 One-dimension paper chromatography 

1 00 ~I ( I g fresh weight equivalent peptide ) of isolated peptide solution was loaded onto 

Whatman No-1 chromatography paper (size-46 em x 57 em, thickness-0.16 mm), and 

separated by descending chromatography with two solvents separately [solvent-!, 

Isopropanol: Ammonia: Water (I 0: I: I v/v) and solvent-2, n-Butanol:Acetic acid :water 

(4:1:1 v/v)] (Puchooa and Rambum, 2004).The chromatograms were stained with freshly 

prepared ninhydrin location reagent (0.2g ninhydrin was dissolved in 100 ml methanol) 

(Hirao eta/, 2000). The retardation factor (Rr) values were determined. 
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3.2.5 Capillary zone electrophoresis 

The extracted peptides from germinating Vigna radiata were subjected to capillary 

electrophoresis, Beckman PlACE system 5010. Amount of sample loading in each case 

is 60J.1l (with 50 sec. Injection time), detection length 214 nm, used neutral gas nitrogen, 

capillary volume 50J.lm x 47 em (neutrally coated), voltage-18KV (8.4 J.lamp, temp 20° 

C) detection time of 5 seconds was monitored. eCAP™ citrate buffer pH-3 (20J.1M 

citrate ) was used as running buffer assuming the isoelectric points of peptides are 

greater than pH-4 using normal polarity. The neutral capillary was designed to deactivate 

silanol groups on the silica capillary wall thereby reducing the electrostatic interaction 

between peptide and capillary wall. eCAP™ Orange G (0.1% in aqueous solution) is used 

as reference marker. Peak height (Cx =k.Hx ), peak area (C x =k.Ax ), height and area 

percentage were calibrated from electrophoretogram using software: System Gold 

Version 810. Molecular weight determination was performed by using standard peptides: 

Insulin (mol.wt. -5777.6), Insulin chain-A (mol.wt. -2531.6), Insulin chain-B (mol.wt. -

3495.9), Somatostatin (mol.wt. -1637.9)[all purchased from Sigma Chemical Co. USA] 

and CNBr treated Lysozyme fraction A (mol.wt.-1025.61) with the help of Smith's 

Statistical Package (Version-2.5) by Gary Smith by log10 MW Vs. 1/RMT graph. 

3.2.6 Demonstration of thermostability & photostability (against UV irradiation) of 

peptides 

Two sets of heterogeneous peptide mixtures were taken. One set was autoclaved in 121° 

C for 30 minutes; another set was directly exposed under 2 germicidal UV lamps for 1 

hour. 100J.1l of both sets of peptides were loaded in chromatography paper along with 

control. Then one dimension descending paper chromatographic separation was done 

with solvent-! and chromatogram was stained with Ninhydrin location reagent. Bioassay 

was also done with those peptides. 

3.2. 7 Amylase induction in Vigna radiata seedlings by hormones and pep tides 

3.2.7a Culture conditions: 

Seeds of Vigna radiata were used and treated for different experimental purposes. 

The seeds were immersed in concentrated H2S04 for 8 to 10 min at room temperature, 
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rinsed thoroughly with water, and then soaked in water for 6 h at 28°C in the dark. After 

imbibition, the seed-coats were removed and the two cotyledons of each seed were 

separated, the embryonic axis remaining attached to one of them. The cotyledons with 

(axis-attached cotyledons, AC) or without (axis-detached cotyledons, DC) the axis were 

placed on wet filter paper and incubated at 28°C in the dark. In some experiments, 

H2S04-treated and rinsed seeds were air-dried and the two cotyledons were separated by 

making an incision between them using a razor blade, the axis being detached and the 

seed coat remaining attached to the abaxial side of the separated cotyledons. Such 

cotyledons were imbibed in water for 6 h or 15 min at 28°C in the dark. In the former 

case (6-h imbibition), imbibing water was replaced with fresh water three times (at 15 

min, 30 min, and 3 h) during the imbibition period. The seed coats were removed after 

imbibition and the husked cotyledons were placed on wet filter paper and incubated as 

above (DDC). In the latter case the cotyledons imbibed for 15 min were desiccated by 

placing them in a desiccator over silica gel at room temperature for 15 to 18 h. After this 

time the weight of desiccated cotyledons was almost the same as that of unimbibed initial 

cotyledons. The desiccated cotyledons were reimbibed in water for 6 h during which 

imbibing water changed three times as in DDC, husked and incubated as above (RIC). In 

another set of experiments, detached-cotyledons separated from dry seeds were allowed 

to imbibe water by placing them abaxial side down on wet filter paper for 6 h at 28°C in 

the dark, husked, transferred onto wet filter paper, and incubated as above (FPC). 

3.2.7b Amylase inducing assay in Vigna radiata seedlings: 

a-Amylase activity was determined according to the method of Okamoto and 

Akazawa (1980) with few modifications. The reaction mixture containing 0.5 ml of0.3% 

(w/v) 13-limit dextrin dissolved in 50mM Na-Acetate buffer (pH 5.4) and 1.5 ml enzyme 

extract appropriately diluted with the acetate buffer was incubated at 25°C for 5 min. The 

reaction was stopped by adding 1.0 ml of 12-K.I solution, followed by measuring the 

decrease in absorbance at 620 nm. One unit of the activity was defmed as the enzyme 

activity causing 10% absorbance decrease at 620nm I min under the assay conditions. 
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3.2.8 Bioassay for induction of a-amylase release test 

3.2.8a Materials: 

Viable wheat (Triticum aestivum cv. sonalika) or Barley [Hordeum vulgare L.] cv. 

Narendra Barley-! (NDB-209) [Dwarf variety] seeds 

3.2.8b Enzyme Preparation and assay: 

Seeds were pre-soaked in 50% H2S04 and washed rapidly, dehusked and were blotted, 

embryo portion was removed. The embryo-less half seeds were treated under different 

concentrations of GA3 and peptide solution separately (present in equivalent fresh weight). Seeds 

were kept for 48 hrs in an incubation chamber. The process was carried out in Laminar airflow 

system to maintain aseptic condition as far as possible. The seeds were half submerged in 5 ml 

Erlenmeyer conical flasks with cotton plugging to avoid contaminations. 

After 48 hrs of incubation, the pre-treated seeds were washed with distilled water and 

blotted. The seed extracts were prepared by grinding 5 same-sized pre-weighed seeds with 50 

mM Tris-HCI, (pH 7.0) containing 3 mM CaCI, and 4 mM NaCI and by a motor operated 

homogenizer in a cold condition and centrifuged at 12,00 x g for 15 min at 4°C. The supernatant 

was subjected to assay for a-amylase activity. The enzyme reaction was carried out in I mi assay 

mixture consisting of 25 mM acetate buffer (pH 5.3), 0.25 mM CaCI,, 2.5 mM EGTA and 9.44 

mM of soluble starch at 37°C for 5 min. The reaction was stopped by addition of I ml of DNSA 

reagent [3,5 Dinitrosalicylic acid (DNS) dissolved in 20 ml of2 (N) NaOH and diluted it to 50 ml 

approximately, then 30 g ofNa-K-tartarate (Rochelle salt) was dissolved and volume made up to 

I 00 ml] and the tubes containing the reaction mixture were transferred to a boiling water bath for 

15 min until the dark-orange colour appeared. The tubes were cooled and the intensity of the 

colour was observed at 575 nm. A standard curve was prepared by GA3 concentration and the 

amount of starch degraded into reducing sugar was estimated with respect to controL In same 

way, induction of peptide was also measured. Background concentration of maltose in lml starch 

(I%) was deducted against each reading. 

3.2.9 Stomatal aperture, opening and closing 

To perform the stomatal opening and closing assay, procedure of Willmer and Mansfield 

(I 970) was followed. Fresh leaves of Colocasia esculenta L. or Commelina benghalensis 

L. were taken for this assay. Peels were made from abaxial surface of the leaves at I 0:00 

AM and placed in water for 2h to avoid shock. Stomatal opening and aperture width was 
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calculated from the peels using calibrated stage and ocular micrometer under microscope. 

It was found that above 90% of stomata were opened initially. The closure of 97% 

stomata were obtained after keeping the peels for 2h in darkness and then they were 

transferred to different concentrations of peptide solutions for 3h in dark to observe the 

response of stomata. A few minutes of light interruption didn't cause much opening of 

stomata. 

3.2.10 Bioassay for chlorophyll retention 

3.2.10a Plant cultivation and treatment: 

Seeds of mung bean were sown in well manure field and recommended doses of 

N, P20 5 and K20 were applied before sowing. Different concentrations of hormones and 

peptides were applied twice till drenched, once at pre-flowering vegetative stage and 

second time at flowering reproductive stage. Spraying was done between 8 to 10 am of 

bright sunny days using 0.1% (v/v) Tween-20 as detergent. Altogether 14 treatments 

were given as foliar spray including two types of control - namely water spray and 

without spray. 

3.2.10b Estimation of chlorophyll and pigments: 

The chlorophyll content of 30 DAS (days after sowing) and 60 DAS mature 

leaves at different stages were determined by the method of Arnon (1949) and as 

modified by Kirk (1968). All samples were taken from the middle part of the leaf to 

ensure uniformity of sample material, and four replicates were used. Leaf tissue was 

macerated in a ground glass homogenizer with 1.0 ml 80% acetone and a trace of 

MgC03 was added to prevent acidification. The whole extraction was carried out in the 

dark or under conditions of low light intensity, in order to minimize the destruction of 

chlorophyll. The homogenate was transferred to glass centrifuge tubes and centrifuged 

for 5 min with 8000 rpm rotation. Samples were then transferred to graduated glass tubes 

and the extract made up to 5 ml with 80 % acetone. Absorbance of the extract was read at 

645 nm (chlorophyll a) and at 663 nm (chlorophyll b) against 80% (v/v) acetone blank. 

The chlorophyll content was measured by using the formula given by Amon (1949): 

Chlorophyll-a: c. (g.l"1
) = 0.0127 A66J- 0.00264 A64s 
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Chlorophyll-b: Cb (g.r1
) = 0.0229Aw!s- 0.00468 A66J 

Total Chlorophyll: Ctotai (g.r1
) = 0.0203Awis + 0.00802 A66J 

The same extract was measured at 480 run, in spectrophotometer to estimate the carotene 

(Kirk and Allen, 1965). 

3.2.11 Determination of morphometric parameters 

3.2.11a Seed Priming: 

The seeds were sterilized by using I% sodium hypochlorite for five minutes and 

then washed three times with distilled water. The seeds were then soaked in aerated 

solutions of all the treatments of peptides and hormones for six hours. A non-soaked, 

non-dried treatment was included as a control. After soaking, seeds were given three 

surface washings with sterilized water (Khan, 1992) and re-dried, near to original weight 

with forced air under shade. The seeds were then sealed in polythene bags and stored in 

refrigerator till further use. 

3.2.1lb Measurement of seedling vigour: 

Length and fresh weight (FW) of shoot and root were determined immediately 

after harvesting while dry weight (DW) was determined after drying these tissues at 80°C 

in an oven for 24 hours (Wahid eta/., 2008). 

3.2.12 Bioassay guided purification of isolated peptides through Sephadex LH-20 

The peptides obtained from ultrafiltration were fractionated through Sephadex LH-20 

column (80 x 3) with ethanol (30%) fitted with ISCO fraction collector, UV -recorder and 

peristaltic pump (delivery 30 mllh), and were collected in 200 tubes (5 ml in each tube) 

(Ghosh et a/., 2010). The tubes were grouped into 15 fractions according to spectral 

characteristics and ninhydrin response. The solutions (1 ml each) ofiAA, GA3, ABA and 

6-benzyl amino purine (10-3 M), when passed through the same column separately they 

all appeared within first 301
h tube. The materials of first 30 tubes were collected and 

defmed as F1; any natural hormones would come in this fraction only, if present with 

peptides after ultrafiltration. So the probability of free occurrence of phytohormones in 

the bioactive fractions from F2 to F1s LH-20 can be ruled out. After grouping, all the 
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fractions were lyophilized. Finally the lyophilized peptide fractions were suitably diluted 

with distilled water and the bioassays were performed as mentioned above. 

3.2.13 HPLC analysis of bioactive peptide fractions 

HPLC analysis of bioactive LH-20 purified fractions were performed through Waters ™ 

515 programmable pump with isocratic mobile phase by using 10% methanol, flow rate 

0.5, runtime 60 minutes, pump pressure 4000 psi and Waters TM 486 Tunable Absorbance 

Detector with detection wavelength at 250 nm. Chromatogram was developed from 

computer-generated integration software. 

3.2.14 Amino acid analysis 

After total chemical hydrolysis of isolated peptides, amino acid analysis was done 

according to phenyl isothiocyanate -derivatised method with the help of Applied 

Biosystem (Model 476A) Amino Acid Sequencer of protein (C18 column with reverse 

phase support, 220 mm X 2.1 mm l.D., pH stability 3-12, run time 20 minutes, solvent= 

acetonitrile: water:: 60:40, flow rate lmVmin., wave length-250 nm.) 

3.2.15 Sequencing of peptides 

Sequencing of bioactive peptide separated through HPLC was performed through 

Shimadzu PPSQ-31A automated protein sequencer with 15 cycles operation, reactor 

temperature 60° C, column temperature 37° C with mobile phase by 10% methanol. 

HPLC characterization of PTHs made use of a steel-walled C18 analytical column. After 

each cycle of Edman degradation, the PTH-derivatives were identified through Shimadzu 

UV-Vis SPD-20A Detector with detecting wavelength at 289 nm. System integrator 

calibrated the maximum probable sequence of amino acids. 

3.3 RESULTS AND DISCUSSION 

3.3.1 Alpha-amylase activities in attached and detached cotyledons 

Developmental patterns of a-amylase in Vigna radiata cotyledons during and following 

germination were quite different depending on the differences in the treatment of 

cotyledons during imbibitional stages. Changes in a-amylase activities in cotyledons with 
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attached axes (A C) and in detached cotyledons (DC) are shown in Figure 3 .2. The 

activities in AC increased markedly two days after the start of imbibition, while that in 

DC increased only slightly. Excision of the axis from AC on the first day drastically 

inhibited the development of enzyme activity (Figure 3.2). But, when the axis was 

removed after the second day, there was little effect on the increase in enzyme activity. 

Thus, the presence of the axis at least during the first two days appeared to be enough to 

induce the development of a-amylase activity (Figure 3.2). But the presence of axis is 

necessary for at least 48 hrs during post germination phases for the development of a

amylase in mung bean cotyledons. However, even when the embryo axis was not present, 

an increase in a-amylase activity could be observed when the cotyledons had been 

separated prior to imbibition. Interestingly, during the early time of imbibition, when 

imbibing water was replaced often with fresh water (DDC), the induction of amylase was 

more accelerated (Figure 3.3). Furthermore, repeated imbibition (RIC) brought about a 

remarkable enhancement in the activity and the activity was even far better than that on 

AC (Figure 3.3). When the detached cotyledons, separated from dry seeds were allowed 

to imbibe water by placing them abaxial side down on wet filter-paper (FPC), the 

development of a-amylase activity was drastically retarded as in DC (Figure 3.3). 

3.3.2 Changes in a-amylase activities in cnltnres axes with attached or detached 

cotyledons 

The reduction in relative accumulation of a-amylase activity was investigated after 1 0 

days by culturing embryo proper removed from just below hypocotyl hook. When the 

embryo axes were removed from epicotyls after 0, 2 and 4 days germination, the length 

in each case increased slightly during the first 2 days only as the influence of auxin was 

minimized. In contrast with the observations of detached cotyledons as mentioned above, . 

the a-amylase activities in each case increased approximately on order of magnitude 

(Figure 3.4). So there may be some inhibitors actually migrated from cotyledons when 

attached with embryo axis and these inhibitors restrict the activity of amylase in embryo 

axes in normal seedlings. Also it appears that the ability to respond did not change in 

tissues of comparable physiological ages. When !-em sections were removed from the 

apical Gust below the apical hook) and the basal Gust above the hypocotyls) portions of 
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the stem, their responses were somewhat different. First, although the basal sections were 

slightly thicker, they did not elongate in culture. Second, the sections contained reduced 

amounts of a-amylase as observed from experiments. Most important, the relative 

accumulation of a-amylase activity in the basal sections had a distinct lag phase, a slower 

rate of accumulation and a lower final activity than observed for apical sections (Figure 

3.5). So, it may be concluded that the ability to respond changes as the tissue 'matures' 

and probably the inducers of a-amylase in embryo axes has been accumulated with the 

physiological maturity of seedlings. 

3.3.3 Influence of hormones on a-amylase induction in cotyledons and embryo 

proper 

When the effect of some hormones (IAA, GA3, zeatin and zeatin riboside) on a-amylase 

development were examined, the results were more or less ineffective. Though zeatin 

riboside showed more pronounced effect than all other hormones, the overall 

enhancement of amylase activity even after one week is not encouraging (Figure 3 .6). 

Reversal of the effect has been observed in case of embryo proper. Most of the hormones 

had positive effect on amylase induction in embryo axes. Gibberellin and zeatin riboside 

enhanced the activity of amylase up to 130% as compared with untreated embryo axes 

(Figure 3. 7). From this experiment it may be predicted that differential receptor 

mechanism has been operated in embryo proper and cotyledon for amylase induction. 

3.3.4 Role of isolated peptide pool on a-amylase induction of germinating seedlings 

Low molecular weight peptides below 3000 Da isolated from one week old mung bean 

seedlings significantly increased the a-amylase activity when applied on whole 

cotyledonary seedlings. Mung bean peptides at a concentration of 10 mg lg fresh weight 

equivalent enhanced the a-amylase activity of seedlings up to 30% in respect to control 

(Figure 3.8). Most interestingly it was observed that gibberellins were unable to augment 

amylase activity in legume seedlings over control. As usual ABA inhibited the bioactivity 

in Vigna radiata. The minimum sensitivity of heterogeneous peptides was observed to be 

1 mg I g FW eq. below which the amylase activity was depressed (Figure 3.8). 
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3.3.5 Role of isolated peptides on induction of amylases in cotyledons and embryo 

proper 

When the isolated oligopeptides (0.5-3.0 kDa) at 10 mg /g fresh weight equivalent doses 

were applied on detached cotyledons and cotyledons with embryo proper, inhibition of a

amylase expression was found in both cases in respect to their untreated counterparts 

(Figure 3.9). Amylase induction in cotyledons attached with embryo proper was 

increased in order of magnitude, but the same induction with peptide treatment was 

retarded after day 2 (Figure 3.9). On the other hand, amylase induction was drastically 

reduced on detached cotyledons and the response was more inhibited with peptide 

application (Figure 3.9). In contrast, when the effect of isolated peptides with· same 

applied concentration was studied on embryo proper with or without cotyledons, 

significant induction of amylases was observed in both cases from their untreated 

counterparts (Figure 3.10). Peptide treatment induced amylase activity in embryo proper 

lacking cotyledon in a logarithmic progression up to day 4, there after the rate of 

induction was retarded (Figure 3.10). When the embryo proper is attached with 

cotyledon, amylase induction was much lesser than embryo without cotyledons. In 

untreated cotyledon-attached embryo proper, steady amylase induction was recorded after 

2 days initial lag phase, whereas rapid linear induction was observed on same 

counterparts with peptide treatment up to 6 days (Figure 3.10). 

In Vigna radiata, it was revealed earlier that the level of a-amylase transcript 

markedly increased during three days after imbibition, when embryo axis is attached with 

the cotyledon (Koshiba and Minamikawa, 1983). But in case of axis detached cotyledons, 

the rate of increase of a-amylase was extremely low as compared with that in attached 

cotyledons (Yamauchi et al., 1994). It seems, therefore, that the presence of the 

embryonic axis is necessary for a-amylase to be expressed at the high levels in mung 

bean cotyledons. However, it has been observed that even in absence of the axis, a

amylase transcripts could be markedly increased in amount, depending on the coverage 

of cotyledons with seed coat during the imbibition period (Toyooka et al., 2001). It was 

further examined that hydro-priming of seeds for more than one times could also enhance 

a-amylase secretion in detached cotyledons (Morohashi et al., 1989). All these reports 

suggest that the inhibitory factor/s, if any, present in seed coat or cotyledon itself, may 
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regulate a-amylase expression at the transcriptional level in case of detached cotyledons 

and some authors speculated that the concentration of these inhibitors decreased by 

leaking out of cotyledons during imbibition through uncovered surface or at the time of 

priming with water. There is a possibility that the axis might supply cotyledons with 

some factor(s) which counteracts with inhibitor or that the inhibitor might be removed 

from cotyledon by transport to the axis or by degradation which is controlled by the 

presence of the axis (Beers and Duke, 1990). Another player in this aspect is embryo axis 

itself through which the enhancement of amylase synthesis can be operated. So, synthesis 

and secretion of amylase from the cotyledon of mung bean is a complex interplay among 

inhibitors of cotyledon/seed coat, enhancers from embryo axis and their transport or 

leakage from cotyledons. Hormones like auxin, gibberellins and cytokinins play a very 

little role in this regard. Detached cotyledons were almost non-responsive on n-amylase 

development, when these hormones were directly applied on them. Our findings related 

with induction of amylases in attached or detached cotyledons without any treatment 

supported the opinion of earlier authors. It is now more interesting that the perception of 

hormonal or peptide responses in embryo proper or cotyledons are different may be due 

to existence of different group of receptors or endogenous inhibitory compounds in these 

two organs of l'igno radiota. In Vigna mungo, when the detached cotyledons after 

removal of embryo axes were incubated, the autophagosomes were observed but the 

autophagic process for degradation of starch granules was not detected, suggesting that 

the two autophagic processes were mediated by different cellular signaling (Toyooka et 

a/., 2001 ). This speculation may be equally implemented for explaining differential 

peptide responses in cotyledons and embryo proper of Vigna radiata. 

3.3.6 Amylase induction in cmbryoless-half wheat seeds with peptide treatment 

For detern1ining hormone action of peptides, amylase inducing property of isolated 

peptides of Vigna radiata \vas tested on unrelated sample wheat. Emhryoless-half wheat 

seeds were taken for measuring amylase induction and relative responses were evaluated 

with independent application of different doses of peptides and GA1 as standard. As 

usual, gibberellin produced nice response in between I o--+ to 10-o (M); where amylase 

activity was enhanced up to 133% in respect to control (Figure 3.11 ). Amylase inducing 
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capacity of isolated peptides was comparatively lower than GA3 but much higher than 

control. Peptides at higher dose (I 00 ppm) induced amylase 94.68% more than control, 

and that activity was highly dose-dependent; i.e. induction capacity was reduced with 

lowering of applied peptide doses (Figure 3 .II). The above results indicate that the 

amylase inducing property of isolated peptides was universal in nature. 

3.3. 7 Paper chromatographic separation of isolated peptides 

The separation profile, of isolated peptides, in both separation techniques confirms about 

their heterogeneous nature (Figure 3 .12). Paper chromatography is a typical pm1ition 

chromatography. Jn this technique cellulose is used in the form ofpaper, which makes an 

ideal support medium where water is absorbed between the cellulose fibers and fonns a 

perfect stationary hydrophilic phase (McArthur et a!., 1978) and a mixture of polar and 

non polar solvents could be an ideal mobile phase. In paper chromatography, pH of the 

medium has an important role on the separation, the substances with a net acidic charge, 

at low pH mobile phase, were distributed near the solvent front with greater number of 

imaginary separation plane (i.e.- Rr becomes higher) and in high pH, were trailed ncar the 

point of application (i.e.- Rr becomes lower) and for substances with net basic charge, the 

behavior becomes just the reverse (Lala, 1981 ). In case of solvent mixtures, Isopropanol 

and n-Butanol are both less polar, organic solvents which reduce the dielectric constant of 

the medium; ammonia and acetic acid makes the solvent mixture alkaline or acidic by 

increasing or decreasing pH of the medium. One dimension paper chromatography was 

done directly vvith isolated peptides. And depending on partition co-efficient, pH range 

and solubility in that specific solvent mixture peptides show a better separation in solvent 

-I than in solvent - 2 (Figure 3.12). As represented in Table 3.1, after ninhydrin 

development 18 spots were distinctly identified after running in solvent I. whereas when 

solvent 2 was given as mobile phase, heterogeneous peptidcs were separated into 10 

spots. So il can be stated that a perceptible amount of peptides were with net basic and 

acidic charge but the main amount was amphoteric in nature and distributed in wide 

range of pH. 

With the help of one dimension paper chromatography the thermostability and 

photostability (against UY irradiation) of peptides were observed and the results 
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demonstrated exactly the same Rr values of treated peptides as of the undisturbed, normal 

peptides have (Figure 3.13). Even a-amylase induction assay with those peptides gave the 

same results as of normal peptides performed (data not shown). Generally it is believed 

that peptides are thermostable (Synge, 1955) and our finding supported that. These 

peptides could withstand for a temperature as high as 121 • C & direct exposure to two 

germicidal UV lamps and still there was no change in bioactivity & separation profile. 

Table 3.1 Rrvalue of spots obtained from one-dimensional chromatogram 

SOLVENT No. of Spots 

Solvent-! 18 

Solvent-2 10 

R,Values 

0.07, 0.16, 0.17, 0.22, 0.25, 0.28, 0.30, 0.33, 0.39, 0.46, 0.50, 0.55, 

0.66, 0.70, 0.76, 0.8, 0.84, 0.97 

0, 0.03, 0.06, 0.08, 0.11, 0.22, 0.26, 0.36, 0.48, 0.59 

3.3.8 Separation and electrophoretic mobility of peptides 

Spectrofluorometric analysis after separation of peptides through 15% SDS

Polyacrylamide Tube Gel Electrophoresis indicated the heterogeneity of isolated peptides 

after ultrafiltration but these peptides were mainly separated into three distinct bands with 

overlapped peptides from top to bottom as revealed from tube gel electropherogram 

(Figure 3.14). Capillary electrophoretic separation also points on the heterogeneity of 

peptides and their unique separation behavior under high voltage electric field was also 

expressed. Nearly 3 peaks (mainly with area percent >10%) shows the presence of major· 

peptides (Figure 3.15). Because of theoretical and practical complexity of electrophoretic 

processes there have been few attempts to relate electrophoretic mobility of ultra low 

molecular weight peptide molecules quantitatively to the properties of mass, charge and 

size. Capillary Electrophoretic separations have high efficiency with values around 

I 00,000 theoretical plates and sometimes higher (Sooter et a/., 2007). However, the 

separation of peptides can be troublesome through some capillary columns coated with 

bare fused silica or amine polymers. This is due to nonspecific adsorption of positively 

211 



" " .; 

= " .. 

- f -. 

e----- --~1 

' 

• 
• 

JO ~-----:.. ...... --------·· ·-o-· --- --

Figure 3.14 Spectrorfluorometric analysis of the Gel Band (15% 
SDS) of heterogeneous mixture of peptides of Vigna radial a 

. / 

=::-- ··'---------,--.-----,---.-------' -- ·s 
= ~ 

Figure 3.15 Capillary electrophoresis of semipure heterogeneous 
peptides of V. radiata (3000-500 MW) using neutral capillary 

212 



charged peptides on the silanol groups or negatively charged pep tides on amine groups of 

the capillary surface. The neutral capillary here is much safer to deactivate silanol groups 

on the silica capillary wall thereby reducing the electrostatic interaction between peptide 

and capillary wall (Miksik and Dey!, 1999). From electropherogram it is prominent that 

isolated peptides are stable and mobile under high voltage. 

3.3.9 Bioassay-guided purification of bioactive peptides through Sephadex LH-20 

column 

For further purification of specific peptides responsible for amylase induction, 

ultrafiltered heterogeneous peptides of Vigna radiata were passed through Sephadex LH-

20 column. Peptides were eluted by 30% ethanol and separately accumulated in 200 

different test tubes with 5 ml each through automated fraction collector. Out of 200 tubes 

collected, first 26 tubes (130 ml) were identified as void volume of column, the tubes 

from 1-30 were combined and named as F1• Any bioactivity, if obtained from this 

fraction (F 1), would not be considered for peptides as no peptides would come through 

this void space and it was previously proved that low molecular weight phytohormones 

like IAA, GA3, kinetin or ABA might have obtained in this region, so that bioactivity, if 

any could be due to phytohormone itself. Peptides that were distributed in remaining 170 

test tubes were clustered into 14 different fractions and named as F2 to F15. The UV

absorption profile of different test tubes was represented in Figure 3 .16. From UV

absorbance chromatogram, it can be stated that F5, F6, F7, F10 and F12 would absorbed UV 

light prominently (Figure 3.16), so the peptides present in those fractions might have 

enriched with significant quantity of aromatic amino acids. 

Amylase inducing property of different peptide fractions were obtained in 

embryo less half wheat seeds after 72 hrs incubation with the treatment of peptides at four 

specified concentrations. Highest bioactivity was achieved with fraction F6 treatment 

where 107% to 175% enhanced responses were obtained, when compared with control 

(Table 3.2). At optimal dose of F6, about 778 maltose units per gram dry matter was 

produced from embryoless half wheat seeds (Table 3.2). Noticeable induction of 

amylases was also observed with the application of F7 peptides, where 50% to 70% 

enhancement from control was observed (Table 3.2). At I 0 ppm applied doses of 
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Table 3.2 Amylase induction in embryo less half wheat seeds by incubation with 
LH-20 purified fractions of semi-pure peptides (500-3000 Da) of Vigna radiata 

Amylase activity in different concentrations ofpeptides Amylase induction with peptides 
[in germinated of Vigna radial a seeds (12 hours after soaking)] tMean percentage increase/decrease over 

Peptide [Maltose Unit• g·1 Dry Matter(Mean ±SO), with three replicates] control] 
Fractio 
nNo. Peptide concentrations Peptide concentrations 

Control 100 10 
IOOppm IOppm !ppm O.lppm 

ppm 
I ppm 0.1 ppm 

ppm 

F, 281.5 ± 2.89 279.6 ± 3.13 278.7± 2.15 277.4± 1.89 280.2± 1.63 -0.67 -0.99 -1.46 -0.46 

F, 279.3 ± 1.76 309.1 ± 2.23 341.7± 2.44 296.5 ± 2.15 271.6 ± 2.54 10.67 22.34 6.16 -2.76 

F, 279.8±3.35 285.7±2.18 288.9± 2.97 281.3± 2.34 279.1 ± 2.78 2.11 3.25 0.54 -0.25 

F, 281.1 ± 2.99 275.2 ± 2.56 277.1 ±2.17 278.8± 2.56 283.3 ± 2.75 -2.10 -1.42 -0.82 0.78 

F, 282.3 ± 2.56 349.1 ± 3.14 419.6± 3.71 328.9±2.96 289.6±2.61 23.66 48.64 16.51 2.59 

F, 282.7± 2.89 585.3±3.84 699.2±3.56 778.3± 4.01 611.7±3.22 107.04 147.33 175.31 116.38 

F, 281.8 ± 2.13 424.8±3.05 479.1 ± 3.48 389.5±3.19 254.1 ±2.28 50.75 70.01 38.22 -9.82 

F, 280.9±2.37 268.5 ±2.61 275.7±2.75 274.2 ±2.81 271.8±2.79 -4.41 -1.85 -2.39 -3.24 

F, 278.6 ± 1.87 273.5 ± 2.66 277.9± 2.91 282.3 ± 2.33 291.6 ± 2.68 -1.83 -0.25 1.33 4.67 

F, 279.7± 1.97 349.4± 3.04 374.6± 2.88 328.9 ± 3.11 301.4 ± 2.65 24.92 33.93 17.59 7.76 

F, 279.1 ± 2.13 312.2±3.08 301. 7± 3.13 293.5 ±2.38 282.3± 2.91 11.86 8.10 5.16 1.15 

F, 279.4±2.15 305.5 ±2.45 289.1 ± 2.61 275.5 ± 2.84 264.4± 2.76 9.34 3.47 -1.40 -5.37 

F, 281.9 ± 1.68 285.8 ± 2.23 278.3 ± 2.71 273.2± 2.37 275.5 ± 3.38 1.38 -1.28 -3.09 -2.27 

F,. 280.2 ± 3.08 279.8± 2.63 276.3± 2.18 271.1 ±2.86 269.3±2.83 -0.14 -1.39 -3.25 -3.89 

F., 278.8 ± 1.88 273.3 ± 2.09 269.8± 2.25 265.4± 2.36 261.1 ± 2.59 -1.97 -3.23 -4.81 -6.35 

10-'M lO·SM 11t'M I0·7M 1o-'M to-sM I0·6M 10"7M 
GA3 280.5 ± 2.11 

Standard 557.1 ±3.48 658.4± 4.19 482.3±3.67 345.7± 3.18 98.61 134.72 71.94 23.24 

•t maltose unit is equivalent to the enzyme activity, which liberates I mg of maltose in 30 min. 
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peptides, significant responses were also achieved from fraction F5 and F10• In this 

experiment, GA3 was taken as standard in which amylase activity was increased up to 

134% at 10·5 (M) optimal dose (Table 3.2). The amylase inducing activity of few 

bioactive fractions was represented in Figure 3.17 for comparing their potency with better 

visualization. Marked increase in amylase activity was observed with F6 peptide 

application particularly at lower dilutions, and interestingly the activity was even 

remarkably higher than GA3 (Figure 3.17). Other fractions like F5, F7 and F10 didn't 

produce outstanding results when compared with GA3, but their bioactivity at I 0 ppm 

dose were significantly higher than control (Figure 3.17). 

3.3.10 HPLC ofLH-20 purified bioactive fractions of F6 

Sephadex LH-20 purified bioactive fraction F6 were further analyzed through reverse 

phase HPLC with CIS column. As represented in HPLC chromatogram, at least five 

different peaks were obtained from F6 within 60 minutes retention time (Figure 3.18). 

Among these five peaks, most prominent peak (number 2) was recorded at 20 minutes 

retention time followed by peak number 3 and 4. These major peaks of HPLC were 

isolated by manually collecting the eluted volume from C18 column in separate 

eppendorf tubes with specific time interval (8 minutes). After separation, amylase 

induction assay was again performed with isolated HPLC fractions. Interestingly most 

potential amylase inducing capability was associated with peak number 2, followed by 

peak number 3. Fraction obtained from peak number 2 enhanced amylase activities up to 

2.9 fold, whereas 2.2 fold increase of activity was observed with peptide fraction from 

peak 3 (Figure 3.18). HPLC peak 1 and 4 elicited 1.5 fold increase of amylase activity in 

embryo less half wheat seeds. As most prominent bioactivity was associated with peak 2, 

this peak deserves special attention. For identification of bioactive peptides with 

prominent amylase inducing capacity, the peptide/s obtained from HPLC peak 2 was 

further processed for sequencing. 

3.3.11 Amino acid analysis, sequencing and functional analysis of bioactive 

components 
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Figure 3.19 PTH-derivatised standard amino acid profile in RP-HPLC, C1s 
column, retention time -10 min, flow rate 1ml/min, solvent-acetonitrile :water:: 
60 : 40, 1..=250 nm. injecting volume- (A) 10 fll (B) 25 fll 
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Amino acid analysis by total acid hydrolysis followed by derivatization with phenyl 

isothiocyanate [conventional Edman degradation method (Stanford et a!., 1958)] and 

comparison with standards (Figure 3.19A and 3.19B) confirmed the absence of sulphur 

containing amino acids like cysteine and methionine in F6 fractions. Existence of 

aspartate and glutamate in high quantity might indicate that the peptides present in F6 

were acidic in nature (Figure 3.20). Lysine was mainly representing from basic amino 

acid group but the quantity was comparatively lower than acidic counterparts. Aliphatic 

amino acids like valine, leucine, isoleucine, alanine and glycine were present in moderate 

quantity (Figure 3 .20). Amino acids with hydroxyl side chains were also present in 

sufficient quantity. The percentage of aromatic amino acids like phenyl alanine and 

tyrosine was comparatively lower when other amino acids were considered (Figure 3.20). 

Sequencing of HPLC peak 2 was performed through protein sequencer, where 

automated Edman chemistry involving phenyl isothiocyanate derivatization and TF A 

cleavage was utilized followed by HPLC-based separation of the PTH-amino acids with 

C18 analyzed column (Martin et al., 2004). The elucidated full amino acid sequence of 

peptide representing peak 2 in HPLC chromatogram was shown in Figure 3.21A and 3.21 

B. The peptide sequence contains 14 amino acid residues among which 3 are asperagine 

(21.4%). Sulphur containing amino acids like cysteine and methionine are absent in this 

sequence. Among aromatic amino acids, phenyl alanine is the only candidate present 

here. For determining the novelty of peptide sequence, NCB! protein BLAST (Basic 

Local Alignment Search Tool) was used and position-specific sequence similarity (PSI

BLAST) was calculated by comparing with Swiss-Prot global protein database through 

same software (Stephen et al., 1997). Similarity searching indicated that the peptide 

sequence is a novel one but has some identities with bacteria, plant and fungal proteins. 

This novel peptide exhibited striking similarity with bacterial protein LemA, which is 

associated with two component sensor and response regulator protein (Hrabak and Willis, 

1992). As this type of sensors are also present in plant system and operated during 

hormone mediated signal transduction, it may be predicted that this group of peptides 

might be one of the element of regulation during gibberellin or similar elicitor triggered 

amylase activation in germinating seeds. This speculation is strengthened, when 67% 

identity of query sequence (novel peptide) was established with F -box Leucine Rich 
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(Soquon«> Analysis) 
Slart 11712013 5:23:43 PM 
Reactor 1 
Number of Cycleo 16 
Sequence Schedule C:IPPSQ301SEQPROG11PVDFS.1.SCH 
SamploNamo VIgna Or.Amltavo Ghosh 
Sample Amounqpmoij 100.0 
SampleiD Vigna 
Operator Name JOYDEB 
Dala File Vlgna 07012013 
Start Numbar 1 
Method File Vigna 07012013.LCM 
Batch Fila Vigna 07012013.LCB 
Date Folder Path C:llabSolutlonGIDota\PPSQ3Q\Vlgna 07012013 
Number cf Analyses MIM " 
Stancklrd Fito PTH M STO 6122012_D01.1Cd 

(Sequonco( 
His Asn Asn Thr Lys Vel Glu Thr Ala Phe 
Pro Ser Asn Val 

(Estimated Sequence) 
1 2 3 4 5 6 7 8 9 10 

1Gt His Asn Asn Thr Lys Val Glu Thr Ala Pha 
2nd Tyr Lou Val Trp Tyr Pho LOU Sor Thr Gin 
3rd Gin Glu Gly Gty Pro Mot Trp lie Gin His 
4th Trp Pro Tyr Glu Thr lie Tyr Gin LY!I Trp 
Reliabaily{%) 52.7 6.5 5.9 3.8 3.7 4.6 2.5 6.5 3.2 3.1 

11 12 13 14 
tat Pro Ser Asn Val 
2nd Glu Asp Pra Gin 
3rd Gin Ala Phe LOU 
4th Gly Glu Sor Gly 
Raliebllity(%) 2.2 3.2 3.8 4.5 

[Evaluated Value) 
2 3 1 4 5 6 7 8 9 10 

Asp 1.53 0.74 0.72 0.81 0.86 0.85 0.93 0.66 1.00 0.89 
Glu 1.52 0.78 0.70 091 0.86 0.72 1.10 0.63 1.06 0.99 
Asn 0.83 1.31 1.22 0.81 0.76 0.00 0.00 0.00 0.00 o.oo 
Gin 2.68 0.58 0.62 0.90 0.64 1.00 0.91 0.91 1,16 1.12 
Scr 2.60 0.17 0.73 0.83 0.85 0.82 0.98 1.09 1.12 0.78 
Thr 1.38 0.59 0.60 1.13 0.93 0.63 0.96 1.47 1.35 0.65 
His 20.01 0.33 0.69 0.72 0.82 0.99 0.01 0.85 1.01 1.11 
Gly 2.03 0.69 0.67 0.99 0.63 0.96 0.69 0.83 1.12 100 
Ala 2.41 0.64 0.60 0.46 0.66 0.81 0.92 0.27 1.41 0.64 
Tyr 3.98 0.35 O.S2 0.82 0.99 0.83 1.02 0.57 1.13 0.81 
Arg 1.16 0.20 o.oo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Met 1.24 0.51 0.50 0.80 o.n 1.04 0.69 0.81 0.90 0.93 
Vel 1.11 0.72 0.98 o.e5 0.69 1.35 o.8o 0.54 1.05 096 
Pra 1.32 0.74 0.75 0.87 0.97 o.es 0.65 0.87 0.91 0.94 
Trp 2.87 0.45 0.57 1.06 0.86 0.75 1.05 0.68 0.00 1.07 
Pho 1.76 0.72 0.70 0.79 0.78 1.05 0.81 0.67 1.13 1.19 
Lys 1.26 0.09 0.00 0.00 1.10 0.25 0.00 0.00 1.14 0.44 
lie 0.61 0.51 0.09 0.50 0.53 1.03 0.71 0.97 1.00 0.80 
Lou 0.39 0.92 0.66 0.72 0.85 0.87 1.07 0.76 0.97 0.95 

11 12 13 14 
Asp 0.85 1,43 0.81 0.97 
Glu 0.98 1.22 0.86 1.04 
Asn 0.00 o.oo 1.10 0.06 
Gin 0.98 1.11 0.92 1.25 
Sor 0.81 1.46 0.92 1.04 
Thr 0.67 1.00 0.90 1.05 
Hlo 0.89 1.04 0.85 0.95 
Gly 0.92 1.06 0.81 1.05 
Ala 0.54 1.43 0.63 0.97 
Tyr 0.91 1.02 0.49 0.98 
Arg 0.00 1.02 0.64 0.00 
Met 0.88 0.82 0.80 1.04 
Vol 0.90 0.97 0.60 1.49 

Figure 3.21 (A) Amino acid sequence ofHPLC peak-2 ofLH-20 F6 fraction through 
automated Edman degradation method involving phenyl isothiocyanate derivatization 
[evaluated quantity] 
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Pro 1.00 0.94 
Trp 0.83 0.00 
Phe 0.85 1.19 
Lys 0.00 1.09 
lie 0.70 0.21 
Leu 0.89 0.98 

---· '""""""" 
[Percent Y~eld) 
ArnbloAd<l 
Initial Yreld{%l 
Repelillve Yield(%) 
Conelatlon Coal. 
Number or Data 

(Repetitive Y~eld(%)} 
Val : 0.00( 6·14) 
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Figure 3.21 (B) Amino acid sequence of HPLC peak-2 of LH-20 F6 fraction 
[Initial and repetitive yield(%)] 
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Table 3.3 Global alignment of proteins [SwissProt] with query sequence (14 amino acid length) through BLASTP (Query sequence: 
HNNTKVETAFPSNV, represented with standard !-letter amino acid code) 

Sf 'Narneof 
Source Sequence similarity Score Identities Positives Gaps Expected Functions 

no. rotein 

QU~r.:·y 3 NTKVETAFPSNV 14 
Methanocaldococcus 

26.9 bits 
Prokaryotic two component 

Protein LemA jannaschii 
NTK++T FPSN+ 8112 (67%) 11112 (91%) 1112 (8%) regulatory protein (Hrabak and 

(Bacteria) Sbjct 152 NTKIDT-FPSNI 162 
(56) 

Willis, 1992) 

Query 2 NNTKVETAF 10 Continuous monitoring of redox 
Redox-sensing 

Bacillus cereus NNTK+E AF 24.8 bits state and cellular redox 2. transcriptional 
(Bacteria) (51) 

7/9 (78%) 8/9 (88%) 0/9 (0%) 
homeostasis (Green and Paget, 

repressor Sbjct 107 NNTKIEMAF 115 
2004) 

Query 1 HNNTKVET--AFPSNV 14 Molecular chaperones, 

Arcobacter butzleri HN TKVET F NV 24.0 bits 
modulating polypeptide folding, 

3. HSP·70 cofactor 
(Bacteria) (49) 

10/16 (63%) 10/16 (62%) 2/16 (12%) degradation and translocation 
Sbjct 129 HNITKVETDGEFDPNV 144 across membrane (Kampinga and 

Craig, 2010). 

Query 2 NN-TKVETAFPS 12 Targeted protein degradation, 
F-box/FBD I 

4. LRR-repeat 
Arabidopsis thaliana NN VE AFPS 24.0 bits 

8112 (67%) 8/12 (66%) 1/12 (8%) 
involved in regulating 

(Plant) (49) germination, growth and 
protein Sbjct 331 NNLSRVEAAFPS 342 

development- (Jain eta!., 2007) 

Query l HNNn<VE'T.'AFPS 1.2 
Uncharacterized Schizosaccharo1nyces 

HNNTK ET 23.5 bits 
5. protein pombe 

?S 9/12 (75%) 9112 (75%) 2/12 (16%) Unknown 
Cl3G6.15c (Ascomycota) Sbjct 149 HNNTK-ETS-PS 158 

(48) 

Query 1 HNNTKVETAFPSNV 14 
LOB domain-

Arabidopsis tha/iana 20.2 bits Regulating lateral organ 
6. containing 

+NN E A SNV 
7/14 (50%) 8114 (57%) 0/14 (0%) 

protein 31 
(Plant) Sbjct 124 QNNSRTEAASSSNV 137 

(40) development (Shuai et al .• 2002) 
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• 

• 

• 

• 

Repeat (LRR) sequence of Arahidopsis thaliana. Gibberellins particularly utilized f-box 

proteins for Ubiquitin targeted degradation of DELLA type of repressor proteins through 

SCF-E3 Ub-ligase (Thomas and Sun, 2004). Sequence similarity with F-box protein may 

point towards similar function applicable for this novel peptide. Similarity with HSP-70 

also tempting us to speculate another function associated with folding and protein-peptide 

interaction with downstream receptors of signal (Kampinga and Craig, 201 0). One 

identity was also found with redox-sensing transcriptional repressor of Bacillus cereus, 

which might involve in cellular redox homeostasis (Green and Paset, 2004). Relative 

score, identities, gaps and the pattern of sequence similarity with query sequence was 

represented in Table 3.3. from that, it can be concluded that this peptide might involve in 

regulating various cellular processes during germination, growth and development. 

3.3.12 Amylase induction with peptides isolated from different germination stages 

of Vigna radiata 

Drastic morphological changes were observed during different growing phases of Vigna 

radiata seedlings. The alterations of seed morphology and seedling vigour during 

germination and at post-gennination phases of this plant were represented in Figure 3.22 

(A to N). For determining the role of expressed peptides during different germination 

stages, these peptides were isolated from Vigna radiata with eight hours interval up to 

three days from initial phase of imbibition followed by one day interval up to one week. 

As usually practiced, these isolated peptides were separately purified through ion 

exchange resin, ultrafiltration and sephadex LH-20 column. After automated separation 

of peptides from LH-20 column through fraction collector into 200 test tubes (excluding 

void volume), they were grouped into four fractions after combining the materials from 

tube 1-50, 51-100, 101-150 and 151-200 in fraction f 1, f 2, F, and F-t respectively . 

Amylase induction assay was performed separately with all four fractions isolated from 

different gem1ination stages with three specified doses viz. I g/ml, 100 mg/ml and I 0 

mg/ml in embryoless half wheat seeds. Interestingly peptides isolated up to 48 hrs of 

different germination stages practically inhibited amylase activity at almost all 

concentrations (Figure 3.23). This inhibition was maximum (almost 55%) with Fr-1 

peptide treatment and this response was minimized with the dilution of applied peptide 
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0 hr 8 hrs 

Figure 3.22 Seed morphology and seedl ing vigour of V. radiata during 
gem1ination and post-germination phases (A) 0 hrs (B) 8 hrs (C) 16 hrs 
and (D) 24 hrs 
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Figure 3 .22 contd. (J) 64 hrs (J ) 72 hrs (K) 4 days (L) 5 days (M) 6 

days (N) 7 days 
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doses. Peptides accumulated after two days (56 hrs onward) germination stages 

effectively induced amylase in wheat seeds and this inducing property was maximized 

during 64 hrs germination stages (Figure 3.23). Fr-2 fraction was most effective in all 

cases, when induction was considered. Through Fr-2 peptide application, up to 63% 

induction of amylases from control was achieved (Figure 3.23). Induction potency 

gradually decreased during prolonged post-germination phases beyond 64-hours after 

soaking. Fr-1 fraction didn't activate amylase prominently at all stages, indicating that 

some inhibitory components were accumulated in Fr-1 during sephadex LH-20 

purification. This result also indicates that various groups of heterogeneous peptides were 

expressed or processed during different germination phases with antagonistic function, 

through which temporal activation or inhibition of amylases may be regulated as per 

demand of developing embryo up to the stage of maturation. 

3.3.13 Regulation of stomatal guard cell aperture 

In dicotyledonous plants, stomatal aperture is altered by changes in guard cell volume 

which is mainly regulated by dynamic shift of K+ and cr ions in and out of the cells 

(Blatt, 2000). The guard cell volume is regulated in response to environmental factors 

and by a number of coordinated signals. Earlier observations indicated light induced 

opening of stomatal aperture, whereas elevated C02 levels, darkness and reduced 

humidity promoted closure (Darwin, 1898). It is now known that specifically blue light 

via phosphorylation cascade activates proton pump (H+-ATPase) of guard cell membrane 

to hyperpolarize the cell and activate K+ and cr uptake during stomatal opening 

(Assmann and Shimazaki, 1999). Previous studies also revealed that phytohormone 

kinetin and abscisic acid affect stomatal aperture (Digby and Cooper, 1972). Both kinetin 

and abscisic acid modulate stomatal guard cell response through regulating cytosolic free 

Ca2+ and pH levels (Irving et a/., 1992).During hormone regulated stomatal movement, 

receptor mediated triggering of cGMP may play an important role and in this case some 

peptides may also elicit this response, thus mimicking hormone action (Pharmawati et a/., 

1998). One such peptide, atrial natriuretic peptide (ANP) of animal origin can effectively 

promotes opening of stomata in plants in a concentration and conformation dependent 

manner (Gehring et a/., 1996). Even immuno-affinity purified plant natriuretic peptide 

230 



~ 100 
c 
<11 
a. 
0 

~ 
"' E 
B 
Vl ..... 
0 
<11 
tlO 

"' c 
Q) 
u .... 
Q) 
a. 

80 

60 

40 

20 

0 

I 

I 

0 100 

I 
I 

I 

10 1 0.1 

Concentration of Peptides 

I I 

.J Initial 

I 

3 h Light 

3 h Dark 

0.01 0.001 0.0001 
ppm 

Figure 3.24 Effect of semi pure peptide of Vigna radiata on Co!ocasia 
stomatal openi ng 

L-.......J Benzyl Adenine 

ABA 

E I --Peptides 

~ I Q) 

I I .... 
f 15.3 
<11 
a. 
"' 

11 ht 
~ 

"' E 
0 v; 

0 .......- T 

1 
0.01 0.1 

sx1o-• w-• sx1o-• w-• sx1o-• 

Hormone Cone. (M) 

Figure 3.25 Effect of peptides & hormones on tomatal opening after 
ill umination in Commelina benghalensis 

231 



immuno-analogues (irPNP) modulate stomatal opening with the help of cGMP and 

alteration of K+ uptake in dark (Pharmawati et al., 2001). Therefore responses to irPNP 

and ANP exhibited a considerable and may possibly astonishing degree of similarity 

(Gehring and Irving, 2003). Some recent investigations indicated that auxin-binding 

protein antibodies and C-terminal dodecapeptides derived from the same influence 

stomatal opening by rapid and reversible cytoplasmic alkalinization (Gehring et a!., 

1998).In the present investigation, stomatal guard cell behaviour was studied in light and 

dark with different concentrations of isolated semi-pure peptides of Vigna radial a. Figure 

3.24 represented the percentage of stomatal opening of Colocasia esculenta in light and 

dark phase after various concentrations of peptide treatment from 100 to 104 !lg/ml. It 

was found that isolated mung bean peptides didn't elicit stomatal opening very 

significantly in dark (Figure 3.24). Rather light-induced stomatal opening was observed 

with peptide treatment at highest applied dose (1 00 ppm). In contrast, partial inhibition of 

light-induced stomatal opening was recorded in Colocasia esculenta with 10 or 1 ppm 

peptide application (Figure 3.24).Almost same behaviour on stomatal aperture of 

Commelina benghalensis was obtained under illumination with mung bean peptide 

application along with separate treatment of phytohormone ABA and benzyl adenine 

(BA) as negative and positive control respectively. Dose dependent steady inhibition of 

stomatal aperture was observed with ABA application. BA, on the other hand, 

significantly enhanced stomatal aperture at its optimized dose [5 x 10·5 (M)] (Figure 

3.25). Partial closure of stomatal aperture was found with 1 ppm peptide treatment and 

application of higher peptide doses up to certain point increased stomatal aperture more 

than control (Figure 3.25). Figure 3.26 represented the kinetics of stomatal aperture up to 

6 hrs under illumination with BA, ABA and peptide treatment. Epidermal strips of 

Commelina benghalensis was treated with BA and ABA at 5 x 10·5 (M) concentration, 

whereas the isolated peptides were applied with 1 ppm doses. Stomatal aperture was 

increased almost linearly up to 4 hrs after initial lag phase with BA application whereas 

ABA decreased aperture width linearly up to 3 hrs from initial point of treatment (Figure 

3.26). From this figure, it may be detected that within 2 hrs of initial period, peptides 

could effectively enhance stomatal aperture more than BA and immediately after that, a 

gradual decrease of aperture width was recorded with time. All these results indicate that 
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Table 3.4 Stomatal Opening in Commelina benghalensis after application of Vigna radiata 
peptides in light 

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

Light 
Fraction Mean value with standard deviation 

Nol 
Range of 

Phase I X 10·2 1 X 10-4 ~g aperture (~m) 
Hormone Control I ~g/ml 

~g/ml /ml width I X 10•2 lxJ0-4pg 
Standard I j.lg/ml 

(~m) pg/ml /ml 

Oh Initial 92±2.8 19.7-21.5 20.6±0.9 

Fl 56 57± 1.8 56± 1.3 55± 1.5 7.3-9.4 8.9 ± 0.6 8.3 ± 0.7 7.8±0.5 

F2 55 56±2.1 55± 1.4 52± 1.7 7.5-8.8 8.5 ± 0.5 8.0±0.4 7.7±0.4 

F3 51 53± 2.2 51 ±2.1 45 ± 1.6 6.9-8.2 7.8 ± 0.6 7.3±0.5 7.1 ± 0.5 

F4 56 50± 1.9 48 ± 1.5 49 ± 1.8 6.5-7.8 7.3 ± 0.8 7.1 ±0.7 6.8± 0.6 

F5 54 55±2.1 59± 2.3 62± 1.7 8.5-11.6 11.1±0.7 10.3 ± 1.1 9.3±0.8 

F6 55 51± 1.7 62±2.2 65 ± 2.4 7.6-13.3 8.1 ±0.8 9.7 ± 0.9 12.7±0.7 

F7 55 58± 1.8 61 ±2.1 53± 1.3 8.9-11.8 10.3± 0.6 11.2±0.5 9.8 ± 0.9 

= 0 

-~ 
F8 51 47± 1.2 56±1.4 63 ± 1.7 7.3-10.5 7.8 ± 0.6 8.3±0.9 9.8±0.7 = ·e 

2 F9 54 45± 1.5 48 ± 1.6 52± 1.9 6.4-7.7 6.7± 0.4 7.0±0.6 1.5 ± 0.3 .. 
"' " • 0:: FlO 56 58± 1.6 54± 2.0 51± 1.3 7.9-9.3 9.0 ± 0.4 8.7 ± 0.5 8.2± 0.6 
~ 

Fll 56 55± 1.4 57± 1.6 62± 1.8 82-10.5 8.6± 0.6 9.3 ± 0.7 10.1 ±0.4 

Fl2 55 59± 1.9 61 ±2.2 63 ± 2.3 8.7-11.7 9.1 ± 0.5 10.9± 0.8 11.3± 0.6 

Fl3 54 54± 1.8 51±1.3 46± 1.6 6.4-7.9 6.7±0.4 7.1 ±0.5 7.6±0.3 

Fl4 57 49 ± 1.5 45 ± 1.2 43 ± 1.1 6.3-7.7 7.4 ± 0.5 6.8 ± 0.6 7.2±0.6 

Fl5 55 51 ±2.1 53± 2.0 56± 1.8 7.8-9.1 8.2± 0.6 8.5 ± 0.5 8.9 ± 0.3 

Sxl0-4 Sxlo-s Sx!0-6 5xl0_.. 5xlo-s Sxi0-6 

Benzyl 
56 13.2-18.4 

Adenine 67±2.8 78±3.7 69±3.3 13.8 :t 0.9 17.3± 1.1 15.5± 0.8 

234 



the action of peptide on guard cell opening is more rapid than BA but transient in nature 

and perhaps modulate on same effectors of ABA signals, but in an antagonistic mode. 

For identification of actual peptides responsible for bioactivity, percentage of 

stomatal opening and aperture control was measured with different peptide fractions after 

purification of ultrafiltered semi-purified peptides through Sephadex LH-20 colunm. 

Table 3.4 represented the percentage of stomatal opening and width of guard cell aperture 

in epidermal strips of Commelina benghalensis after 2 hrs illumination with peptides of 

different LH-20 purified fractions at three specified concentrations. In most cases, no 

bioactivity was observed with peptide application, but partial increase in opening of 

stomata and guard cell aperture was recorded after treatment with Fs, F6, F11 and F12 

peptide fractions. Percentage of opening of stomata was enhanced up to 14.81%, 18.18%, 

10.71% and 6.78% with F5, F6, F11 and F12 peptide application respectively at their lower 

doses, when compared with control (Table 3.4). Also significant increase in aperture 

width was observed with the treatment of same peptide fractions where width of guard 

cell aperture was almost 64% to 73% of maximum aperture (17.3 f!m), opened by 

standard BA application at its optimal dose [5 x 10·5 (M)] (Table 3.4). Our previous 

findings indicated that the oligopeptides derived from wheat (0.5 to 3.0 kDa) induced 

dark incubated closed stomata to open up to 70% on epidermal strips of Colocasia 

esculenta (Ghosh et al., 2010). Recently, Sarkar et al. (2011) also worked on mung bean 

oligopeptides between 0.5 to 3.0 kDa range and they suggested conditional expression of 

low molecular weight peptides during active germination. Furthermore, germination 

induced peptide pool of Vigna radiata elicited opening of stomata of Vicia faba at 

concentrations between 1 0 f!g to 500 nanogram fresh weight tissue per ml of peptides 

(Mandai et a/., 2008). In contrast, the findings achieved from this investigation didn't 

corroborate with results of Vi cia faba, as the dark mediated induction of stomatal opening 

in epidermal strips of Colocasia esculenta by peptides of Vigna radiata was not 

observed. This may be due to use of two different plant materials for bioassay, including 

inherent differences in germination rate and processes, there in. However, all these results 

indicated that naturally occurring peptides modulate various physiological processes in 

plants. In this investigation, further purification of peptides through more sophisticated 
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tools were not continued due to lack of prominent bioactivity effective for wide range of 

applied doses. 

3.3.14 Retention of chlorophyll and senescence regulation 

The senescence of leaves in a plant is accompanied by decline in chlorophyll and protein 

content. Exogenous application of ABA directly promotes leaf senescence in many plants 

(Smart, 1994). ABA also enhanced chlorophyll degradation in detached leaves (Lin et 

al., 1999). On the other hand, cytokinins with N6 -substituted adenine derivatives have 

been implicated in delaying leaf senescence through retarding chlorophyll degradation 

(Mok and Mok, 2001). In recent years, significant progress towards the understanding of 

perception and transduction of cytokinin signals was made available and research is now 

going on analyzing the function of individual signal components (Muller and Sheen, 

2007). In this scenario, very few works were actually performed on the role ofpeptides as 

senescence retarding agent. Very recently, it was discovered that a 12-amino acid 

encoded peptide SRDX may combine with Arabidopsis Response Regulator (ARRJ) and 

reproduce the endogenous signal like cytokinin action, as the negative feedback on 

cytokinin signaling pathway was mediated by a member of protein class ARR (Hey! et 

al., 2008). Plant peptides in various cases were already established themselves as 

modulator of growth, development and senescence (Matsubayashi and Sakagami, 2006). 

But application of peptides for retarding senescence has not yet investigated in details. 

Interestingly, recent reports claimed that foliar application of brassinolide and salicylic 

acid as new generation plant growth regulators significantly increased assimilation rate in 

Vigna radiata as revealed from enhanced total chlorophyll content and Hill activity 

(Maity and Bera, 2009). In this study, the effect of isolated peptides of Vigna radiata was 

initially applied on attached leaves of Vigna radiata for screening the amount of 

chlorophyll a, chlorophyll b, their ratio, total chlorophyll and carotene in leaves at 30 

(pre-reproductive) and 60 (post-reproductive) days after sowing (DAS). In this 

experiment, kinetin and abscisic acid was taken as positive and negative standard 

respectively. In all cases, except for carotene content, dose dependent enhancement of 

chlorophyll pigment density and chlorophyll-alb ratio was recorded with kinetin 

application, whereas reversal of this effect was observed with ABA treatment (Figure 
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Table 3.5 Chlorophyll retention assay in mature leaves of V. radial a after application of LH-20 separated peptides 

Chlorophyll retention in marure leaves of Vigna radiata [30 DAS] 

Peptide Fraction Total Chlorophyll Content (mgL-1) Mean % of chlorophyll retention 

No. Peptide concentrations Peptide concentrations 

lOOppm lOppm 1 ppm 0.1 ppm lOOppm lOppm 1 ppm 0.1 ppm 

lnltla1 State 1.258 ± 0.023 

Control 0.684 ± 0.036 54.37 

Kinetin (10-' M) 0.892± 0.029 70.91 

ABA (10"' M) 0.497 ± 0.033 39.51 

Fl 0.6 I 9 ± 0.047 0.6 I 1 ± 0.029 0.603± 0.035 0.626 ± 0.017 49.21 48.57 47.93 49.76 

F2 0.627 ± 0.025 0.659 ± 0.034 0.675 ± 0.027 0.719± 0.016 49.84 52.38 53.66 57.15 

F3 0. 759 ± 0.032 0.738 ± 0.036 0. 722± 0.029 0.705 ± 0.025 60.33 58.66 57.39 56.04 

F4 0. 731 ± 0.027 0.711 ± 0.023 0.688 ± 0.031 0.643 ± 0.033 58.11 56.52 54.69 51.11 

F5 0.748 ± 0.034 0.729 ± 0.031 0. 701 ± 0.027 0.682 ± 0.024 59.46 57.95 55.72 54.21 

F6 0. 794 ± 0.038 0.773 ± 0.036 0.758 ± 0.037 0.633 ± 0.031 63.12 61.45 60.25 50.32 

F7 0.767± 0.034 0.743 ± 0.035 0.709 ± 0.028 0.691 ± 0.027 60.97 59.06 56.36 54.93 

F8 0.633 ± 0.024 0.656 ± 0.019 0.669 ± 0.025 0.672 ± 0.028 50.32 52.15 53.18 53.42 

F9 0.607 ± 0.017 0.623 ± 0.026 0.647 ± 0.022 0.665 ± 0.025 48.25 49.52 51.43 52.86 

FlO 0.721± 0.026 0. 703± 0.025 0.692 ± 0.023 0.678 ± 0.028 57.31 55.88 55.01 53.90 

Fll 0.689 ± 0.018 0.706 ± 0.025 0.677 ± 0.019 0.651 ± 0.017 54.77 56.12 53.82 51.75 

F12 0. 745± 0.034 0. 733± 0.036 0.707 ± 0.029 0.694 ± 0.030 59.22 58.27 56.20 55.17 

Fl3 0.698 ± 0.027 0.686 ± 0.026 0.664 ± 0.028 0.648 ± 0.024 55.48 54.53 52.78 51.51 

Fl4 0.658 ± 0.021 0.639 ± 0.017 0.615± 0.016 0.603 ± O.Ql5 52.31 50.79 48.89 47.93 

Fl5 0.688 ± 0.028 0.673 ± 0.027 0.679 ± 0.029 0.694 ± 0.032 54.69 53.50 53.97 55.17 
N 
-1> 
0 



3.27-3.30). Carotene content was however, enriched with ABA application and 

deteriorated with kinetin treatment. In case of dose-dependent peptide application, 

augmentation of chlorophyll-a pigment (Figure 3.27) was more than that of chlorophyll-b 

(Figure 3.28) in attached leaves both at 30 and 60 DAS. The phenomenon was also 

reflected from decrease in chlorophyll-alb ratio with lowering of applied peptide doses 

(Figure 3 .29). But no significant change in total chlorophyll content was found with dose

dependent peptide application both at 30 and 60 DAS (Figure 3.30). Interestingly, 

marked increase in carotene content of leaves was observed with the application of 

gradual higher dose of peptides, particularly at 30 DAS, but the same was not very 

responsive at 60 DAS (Figure 3.31 ). 

Chlorophyll retention capacity of isolated peptides of Vigna radiata after LH-20 

purification was also monitored on detached mature leaves (30 DAS) of Vigna radiata. 

Here also I 04 (M) kinetin and ABA was taken as positive and negative standard, and 

sephadex LH-20 purified peptide fractions (F1 to F15) were tested for their retention 

capacity in detached leaves after three days incubation treatment at four specified 

concentrations (100, 10, I and 0.1 ppm) (Table 3.5). In untreated leaves, nearly 54% 

chlorophyll retention was observed after 3 days; whereas after kinetin and ABA 

treatment, the same retention was about 71% and 39%. Unfortunately none of the peptide 

fractions performed satisfactory results like kinetin (Table 3.5). However, some fractions 

like F3, F6 and F1 could retard chlorophyll degradation at least partially, as revealed from 

data represented in Table 3.5. Chlorophyll retention capacity of these fractions ranged 

from 59% to 63%, but it was again difficult to calculate their optimal dose due to lack of 

regularity in results. As no promising data were obtained from this experiment, this 

bioassay was not continued further with higher grade of purified fractions. 

3.3.15 Improvement of seedling vigour after priming 

Seed priming is soaking of seeds with any kind of priming agent in soluble form followed 

by rapid dehydration of seeds that initiate germination process without radical emergence 

(McDonald, 2000). Priming is actually pre-sowing strategy for influencing seedling 

development by modulating pre-sowing metabolic performance through which 

germination and morphological vigour of seedlings have improved (Ekskandari and 
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Kazemi, 2011). Previously the seeds of mung bean were invigourated by traditional 

soaking (hydropriming), osmoconditioning (soaking seeds with low water potential 

solution like mannitol, polyethylene glycol (PEG6ooo) and priming through signal elicitors 

like salicylic acid (Umair et al., 2011 ). Seed priming was found effective for better 

establishment and yield in legume crops (Harris et al., 2004). Also in Vigna radiata, seed 

priming significantly improved dry matter yield and biological nitrogen fixation under 

field conditions (Umair et al., 20 II). Several recent studies also indicated that seed 

priming has the potential to improve germination and vigour traits (root and shoot length, 

seedling fresh and dry weight etc.) in different plant species (Kalsa and Abebie, 2012; 

Wahid et al., 2008). But the improvement of seedling vigour through peptidepriming is 

really scanty. It was reported that peptides of specific molecular weight were expressed 

during priming induced metabolic changes as observed in sunflower (Wahid et al., 2008) 

and wheat (Hameed et al., 20 I 0). Some attempts were made with peptide priming on 

fenugreek and the relative response of peptide mediated elicitation of phenolics, 

antioxidants and antimicrobial activity in dark germinated fenugreek sprouts was 

recorded (Randbir et al., 2004). These authors used fish protein hydrolysate as peptide 

source and they also performed same experiments on Mucuna pruriens for improving the 

pharmacologically active components from the sprouts of the same plant (Randhir et al., 

2009). In this investigation, the effect of priming with different concentrations of isolated 

heterogeneous oligopeptides (0.5-3.0 KDa) of mung bean were determined on various 

morphological parameters of germinating Vigna radiata (7 DAS). Root and shoot length 

along with fresh and dry weight of seedlings were considered for measuring vigour traits. 

In all cases, GA3 from 104 to 10·8 (M) was taken as standard. When the seeds of Vigna 

radiata were primed with different concentrations of peptides and GA3 separately, 

maximum root length after germination was observed with 10-6 (M) GA3 and 0.5 ppm 

peptide treatment (Figure 3.32). Enhancement of root length was significantly higher than 

control at all concentrations of GA3 and peptide concentrations from I to I 0 ppm (Figure 

3.32). But the increase of root length with GA3 priming was markedly higher than with 

peptide treatment (Figure 3.32). Optimal priming dose of GA3 and peptide was recorded 

at concentrations of 10·6 (M) and 0.5 ppm respectively through which 4 7.92% and 

29.17% enhancement of root length from control was achieved (Figure 3.32). For 
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determining the synergistic interaction between peptide and hormone, various 

concentrations of peptides were applied with optimal dose of GA3 [10"6 (M)] during 

priming. Though the enhancement of root length (upto 57%) was to some extent higher 

than separate treatments of both GA3 and peptides, these might not be considered as 

synergistic interaction (Figure 3.33). In case of shoot length, response of seedlings were 

not so significant with peptide priming. Maximum increase in shoot length (upto 13.69%) 

was observed at 1 ppm peptide treatment, which might be considered significant, but 

other priming doses practically inhibited shoot length (Figure 3.33). On the other hand, 

significant enhancement of shoot length from control was found by GA3 priming in 

between 104 to 10-7 (M) concentrations, through.which a mximum increament of39.72% 

was observed at 10"5 (M) optipal dose (Figure 3.33). Also no synergistic response was 

achieved with shoot elongation by conjugate application of 10-5 (M) GA3 and different 

concentrations of peptides (Figure 3.33). Priming response of GA3 on attainment of fresh 

and dry weight of seedlings beyond control was observed with different concentrations, 

and maximum fresh and dry weight increase was recorded as 24.19% and 6.59% from 

control with 10"5 (M) and 10-6 (M) optimal doses respectively (Figure 3.34 and 3.35). 

But the response of peptide primining was unsatisfactory as in most cases, significant 

enhancement from control was not recorded. Moreover, inhibition rather than 

enhancement was observed with the application of higher doses of peptides beyond I 

ppm. Both fresh and dry weight gain was maximum at 0.5 ppm optimal dose, where 

16.24% and 3.85% increase for untreated control was recorded (Figure 3.34 and 3.35). In 

both cases, no synergistic impact of peptides and GA3 priming was recorded, when 

treated with optimal GA3 dose along with various concentrations of peptides. All the 

above results indicate that peptide priming didn't remarkably upgrade morphometric 

parameters of seedlings through which vigour index could be improved. In addition, these 

peptides were also unable to produce any synergestic impact with GA3• So probably they 

coordinate the same recognition signals of bioactivity during germination. Again, the 

function of these isolated peptides were specific and didn't participate in every domain of 

seedling germination, growth and development like GA3• 

Different bioactivites of isolated peptides of Vigna radiata seedlings performed 

after ultrafiltration and sephadex LH-20 chromatographic separation were summarized in 
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Table 3.6 Summary of bioactivity of ultra-filtered and column chromatographic fractions of different peptides isolated from seven days old Vigna 
radiata (Sona mung) 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 140 tubes were collected and screened for bioactivity 

Fraction Tube Number: 

Joined Fraction Number: 

UV Absorbance: 

0.2% Ninhydrin response: 

a-Amylase Induction: 
elicitation: Inhibition: 

214nm 

260nm 

280nm 

Control of 
Percentage of opening in dark 

stomatal Diameter of stomatal apcrnuc 
guard cell: 

Percentage of closing in light: 

Growth of Elongation: 
coleoptiles: Inhibition: 

Root: 

Seedling Shoot: 
Growth 
Response: Seedling Fresh Weight: 

Biomass: Dry Weight: 

Retention of chlorophyll: 

Further purification with HPLC: 

Amino acid analysis ofbioactive peptides: 

Sequencing ofbioactive peptides: 

131-142 . 143-155 156-164 165-171 172-180 00-30 31-42 43-53 54-71 72-86 87-101 102- 118-130 
117 

181-190 

FJ FZ F3 F4 FS F6 F7 FS 
(VOID) 

F9 FlO Fll FIZ F13 F14 

+ ++ . ++ ++++ +++ + ++ + ++ + 

+ + ++ + + + + 

+ + ++ ++ + + ++ 

+ ++ + ++ +++ ++ + + + 

+ . ++ ++++ +++ ++ + 
. . . - -

+ + + + 

+ ++ + + ++ 

No significant stomatal closure was observed in any fraction 

This bioassay was not performed with Vigna radiala peptides 

Root length increased up to 29.17% above control at 0.5 ppm optimal crude peptide (ultrafiltered) concentration, not performed with LH·20 peptide fractions. 

Shoot length increased up to 13.69% above control at I ppm optimal crude peptide (ultrnfiltered} concentration, not performed with LH-20 peptide fractions. 

191-
100 

FIS 

Fresh biomass increased up to 16.24% above control at 0.5 ppm optimal crude peptide '(ultrafiltered) concentration, not performed with LH·20 peptide fractions. 

Dry biomass increased up to 3.85% above control at 0.5 ppm optimal crude peptide (ultrafiltercd) concentration, not performed with LH-20 peptide fractions. 

+ + 

8 peaks 

Rich in D 
&E;M& 

Cpoor 

+ 

14 amino acid length: HNNTKVETAFPSNV 



Table 3.6. UV-absorbance at 214 nrn, 260 nm and 280 nrn was most strong at F6 and F1 

fractions followed by F5, F10 and F12 fractions, indicating that the peptides were chiefly 

concentrated in those fractions. Ninhydrin response was also higher in those fractions, 

particularly F5, F6 and F7, which confirms the existance of peptides in higher amount in 

those fractions. Amylase induction was most prominently observed responses among all 

other bioactivity analysed here. Conversely no inhibition of amylases was recorded with 

seven days old Vigna peptides. Regarding amylase induction, best performance was 

achieved by F6 fraction, followed by Fs, F1 and Fw (Table 3.6). F6 fraction was further 

purified through RP-HPLC in which 5 major paks were obtained. Amino acid analysis of 

HPLC fractions indicated the richness of aspartic and glutamic acid, but methionine and 

cysteine was almost absent. Sequence analysis of bioactive HPLC peak indicated 14 

amino acid residues started with histidine. Besides amylase induction, these peptides 

didn't remarkably enhance opening of stomata in dark but the stomatal aperture was 

increased by F6 and F 12 peptide fractions to a certain degree. Also partial increase of root 

and shoot length along with fresh ad dry weight after peptide priming was also recorded, 

through which vigour index could be improved. Again no optimistic data were obtained 

by application of peptides regarding retardation of chlorophyll degradation but some 

positive results in respect to control were restricted within F3, F6 and F7 peptide 

treatment. 

Overall from this study, it may be stated that the peptides expressed during 

different germination phases may induce amylases potentially. During germination, 

embryo proper is required for induction of amylases inside cotyledons of Vigna radiata. 

Perception of gibberellin and peptides were more sensitized in cotyledonary embryo than 

in detached cotyledons. This indicated that in dicot seeds, amylase induction was mainly 

regulated by embryo itself. Functional analysis of peptides isolated from different 

germination phases revealed the existance of both inhibitory and inducing peptides in 

seeds of Vigna radiata. During early stage of germination, the role of inhibitory peptides 

were prominent, whereas after initial lag phase, peptides with potential amylase inducing 

capacity was going functionally dominent, and that was again faded after passing 

prolonged post-germination phases when the embryo itself was independent. The 

bioactive peptides isolated from one week old Vigna radiata seedlings having amylase 
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inducing capacity mimicked the action of GA3, but the functions related with other 

phytohormones were not prompted by the same. Sequence analysis indicated that these 

group of peptides might interact with different developmental signals. Molecular 

designing and further structure-function relationship may elucidate the real nature of 

these peptides in near future. 
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