
SUMMARY 

The present study deals with the "Bioactivity of low molecular weight peptides 

isolated from some important crop plants under various treatments and conditions". 

The thesis was designed with twelve chapters, which excludes 'General Introduction' 

and 'Summary'. At the onset of the work, brief review of literature in the line of 

investigation has been presented. The review has started with the development of 

conceptual background and brief historical perspectives of peptide discovery. Then 

the origin of peptides in pre-biotic world was briefly discussed. Also the glimpses of 

vast array of animal and bacterial peptides were highlighted. Among plant peptides, 

the main area of review includes post-translational modification and biological action 

of peptide hormones essentially named systemin, SCR/SPll, CLAVATA3, RALF, 

ENOD40, atrial natriuretic peptides, POLARIS, CLE, EPFIIEPF2 and stomagen. 

Next the various modem aspects of isolation, purification, detection, amino acid 

analysis and sequencing methodology were analyzed in details. Among different 

physiological roles so far studied, the functional response of plant peptides in 

germination and amylase induction, cell division and cell cycle regulation, stomatal 

guard cell aperture control, their role in callogenesis, morphogenesis and 

differentiation, and oxidative stress mitigation by peptides during heavy-metal 

phytotoxicity were reviewed. Peptide mediated seed priming and their interaction 

particularly with phenolic compounds were also emphasized in review. Lastly, the 

direction of research and future perspectives was pointed out in 'Literature review', 

which is 'Chapter-!' of the thesis. The rest of the chapters were written on the basis of 

work performed for fulfilling the objectives of the present work. In these chapters, 

details of the experimental procedures and techniques have been described elaborately 

in the 'Materials and methods' section and analysis of results along with comparative 

discussion were incorporated in 'Results and Discussion' section. 

'Chapter-II' deals with dynamic changes of peptide profile during germination 

and post-germination phases of developing Vigna radiata (mung bean) seedlings. 

Seeds of mung bean were germinated and oligopeptides were isolated from different 

germination stages. The basic steps standardized during isolation and purification of 

peptides includes cryocrushing, cold centrifugation, solvent partitioning, ion exchange 

chromatography with strongly acidic cation and basic anion exchange resin Dowex-50 
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and Dowex-2 respectively for trapping amphoteric molecules, ultrafiltration for 

specific isolation of 0.5 to 3.0 kDa molecules and Sephadex LH-20 gel exclusion 

chromatography for obtaining different fractions. During initial isolation, protease 

action of extracts was minimized with liquid nitrogen and serine protease inhibitor 

phenylmethylsulfonyl fluoride (PMSF). After LH-20 purification, fractions were 

accumulated for the preparation of dependable fingerprint. Expression of peptides 

during different germination stages were evaluated through 2D-paper chromatography 

and high-voltage capillary electrophoresis. Peptide spots in 2D-chromatogram were 

located through ninhydrin development and the region of clustering was determined. 

On the basis of capillary representation, electropherogram was prepared for different 

germination hours and days. From that, temporal difference in abundance and 

dynamic shifting of low molecular weight peptides were recognized. Through this 

investigation, it can be speculated that the peptides present throughout the 

germination period were basically implicated in essential maintenance of cellular 

processes whereas the peptides appeared transiently possibly involved in 

developmental phase specific bioactivity. 

In next four subsequent chapters (from III to VI), hormone-like actions of 

isolated peptides were evaluated because so far growth regulating mechanisms of this 

low range spectrum of peptides were not properly understood. Emphasis was mainly 

given on standard hormonal bioassays related with amylase induction, stomatal guard 

cell regulation, chlorophyll retention, coleoptile elongation or assessment of seedling 

vigour. From our initial experiments with V. radiata, it was revealed that in embryo

axis detached cotyledons, the rate of increase of a-amylase was extremely low when 

compared with that in attached cotyledons. Therefore, it appears that the presence of 

embryonic axis is necessary for amylase expression at high levels in dicot seeds. It 

was further clarified that the amylase induction was more pronounced when the 

cotyledons were removed from embryo proper. So some inhibitors actually migrated 

from cotyledons may restrict the activity of amylases in embryo axes in normal 

seedlings. On the other hand, the axis might supply some inducing components which 

counteract this inhibitor response. 

Oligopeptides isolated from one week old V. radiata seedlings could induce 

amylases in cotyledons and embryo-proper of self and also in embryo less half wheat 

seeds, which determines that the amylase induction property of peptides was universal 

in nature. For more appropriate study, peptides isolated from different germination 
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phases of V. radiata were further utilized for determining their amylase inducing 

potency on embryo less half wheat seeds. Induction of 11-amylase was intensified with 

peptides isolated during 64h germination stages and the bioactivity was gradually 

reduced with peptides isolated during prolonged post-germination phases after 3 days. 

In contrast, inhibitory peptides were also accumulated at the time of initial stage of 

germination indicating the functional heterogeneity of processed peptides during 

different germination phases through which temporal expression of amylases might be 

harmonized with the requirement of developing embryo. 

Isolated oligopeptides from seven days old seedlings of Vigna radiata (mung 

bean), Triticum aestivum (wheat), Oryza sativa (rice) and Cicer arietinum (chick pea) 

were analyzed through tube gel electrophoresis followed by fluorescent scanning, 

capillary electrophoresis and paper chromatography after ultrafiltration and in all 

cases heterogeneous existence of oligopeptides was confirmed. Paper 

chromatographic profile and bioassay comparison of autoclaved and UV irradiated 

peptides with their untreated counterparts also confirmed their stability in adverse 

physical conditions. After initial screening of bioactivity of these peptides and 

comparing their action with standard growth regulators, bioassay-guided purification 

was initiated with LH-20 separated peptide fractions. Among different hormonal 

bioassays indicated above, more or less improved response was obtained only in case 

of amylase induction and opening of stomatal guard cell aperture from peptides of all 

the plant samples chosen for investigation. But the time of appearance of bioactive 

peptides from LH-20 column recovery and their quantum of response vary widely, 

indicating their versatile nature and existence in plant kingdom. Capillary 

electrophoresis of LH-20 showed the presence of bioactive peptides ranging between 

molecular weight 1800 and 2800 Dalton. In mung bean and wheat, these two 

responses were achieved from completely separated LH-20 fractions and they were 

further studied with HPLC elution profile. Variable numbers of peaks were obtained 

from HPLC by the bioactive fractions of rice, wheat and mung bean after separating 

through reverse phase C18 column. Amino acid analysis of these bioactive peaks 

indicates that the acidic amino acids were predominantly represented in these 

peptides, whereas the cysteine content was very poor among them; indicating that 

almost no chances were available for intra-chain disulphide bridge formation in these 

peptides. It again determines that these peptides were not phytochelatin in nature. 

Sequencing of only one peptide having prominent amylase inducing property was 
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successfully performed from different bioactive HPLC fractions of V. radiata. 

Similarity searching of this peptide sequence indicates that they may participate in 

regulating vital signals of different cellular processes. These results also indicate that 

naturally occurring peptides isolated from germination stages of young seedlings can 

induce various plant physiological processes. 

In contrary to the induction process, the inhibitory action of plant peptides 

were also evaluated after separately isolating peptides from different internodes of 

mature V. radial a plant (Chapter-VII). Our investigations suggest that the isolated 

internodal peptides may accelerate senescence by increasing the rate of chlorophyll 

degradation, closing stomatal aperture, enhancing mitotic index of root tip by 

promoting only prophase and retarding coleoptile growth. All the actions were 

comparable with standard phytohormone abscisic acid at its optimal dose. Isolated 

peptides from different internodes expressed a clear functional gradient of inhibition 

pattern in basipetal order (i.e. gradual higher inhibition with peptides isolated towards 

basal internodes), that was more pronounced at higher applied doses. So oligopeptides 

involved in regulation of senescence are accumulated progressively with ageing 

process. 

Effect of isolated peptides on callogenesis and multiple shooting was 

monitored in vitro with MS-medium and their interaction with auxin and cytokinin 

was studied in Chapter VIII. Though callus induction was noticed in all media 

formulations having auxin and cytokinin in different combinations within 20 days of 

incubation of cotyledonary embryo explants of Cicer arielinum, callogenesis was not 

observed if the peptides of rice, wheat, mung bean and chick pea seedlings (one week 

old) were incorporated in both auxin and cytokinin deprived medium. Interestingly 

however, when the peptides were combined with either auxin (2,4D) or cytokinin 

(BAP), prominent increase in callus tissue was noticed, particularly with the peptides 

of mung bean. For detecting bioactive peptides controlling morphogenesis during 

germination, peptides were isolated from different germination stages of mung bean 

and were applied with in MS medium along with auxin or cytokinin. It was observed 

that callogenesis or multiple shooting was improved markedly by applying peptides of 

64-72 hours germination stages in combination, when the media was fortified with 

either auxin or cytokinin respectively. Therefore in true sense germination induced 

p.eptides enhanced the sensitivity of particular hormones during tissue culture, but the 

peptide alone has no capacity to induce callogenesis or multiple shooting in C. 
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arietinum. In carrot discs, however restricted callogenesis was observed in lower 

frequency by the application of wheat peptides. These peptides also enhanced mitotic 

index in dividing cells of Allium cepa root apical meristem by enhancing prophase 

percentage. Peroxidase activity was also checked during different stages of tissue 

culture. Higher peroxidase activity was detected during multiple shooting stages of 

chickpea in cytokinin peptide combined medium and during embryoids regeneration. 

Hence this experiment established the association of peroxidase with organogenesis 

under the influence of oligopeptides and phytohormones. 

Besides regulating morphogenesis, the role of specific peptides affecting water 

homeostasis, which was parametrically assessed through absorption of solutes, 

transpiration, stomatal guard cell regulation and upward solute flow, was discussed in 

Chapter-IX. Here peptides of V. radiata (64 hours germination stage) were separated 

through one-dimensional paper chromatography and four fractions were obtained 

according to their pattern of distribution in paper with different Rr values. Peptides of 

Rr zone I and 3 was found most effective for improving solute flow, absorption and 

transpiration rate in plants. Also the peptides isolated from same Rr zones have 

dramatic effect on opening of stomatal aperture in dark, swelling of mesophyll cell 

protoplast and increase in overall seedling vigour. Peptide mediated stomatal opening 

in dark was comparable with cytokinin action and could antagonize the action of 

abscisic acid in a competitive manner (i.e. concentration-dependent action). It was 

observed that peptide dependent expansion of intact rice coleoptile cell protoplasts 

was inhibited by the application of guanylate cyclase inhibitor LY83583. Also the cell 

permeant cGMP analog 8-Br-cGMP had the effect on protoplast volume expansion 

when applied alone. This clearly indicates that the swelling of protoplasts by peptides 

was mediated through the activation of guanylate cyclase signaling and amplification 

of secondary messenger cGMP. Interestingly the peptides of Rr zone-3 displayed 

striking similarities with atrial natriuretic peptides in amino acid composition. 

Therefore, from this study it can be stated that plant peptides might co-ordinate the 

physiology of seedlings by mitigating turgor-driven cell wall extensibility and 

balancing water homeostasis. 

Chapter-X was specifically concentrated on the ability of synthetic phenolic 

acids and natural polyphenols isolated from seeds of V. radiata to inhibit gibberellin 

or peptide induced amylase synthesis in embryoless half wheat seeds. Natural 

phenolic components of V. radiata seeds were first detected through capillary 
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electrophoresis. The observed inhibitory action of synthetic phenolics against peptides 

was correlated with the number of free hydroxyl groups associated with benzene ring. 

Gallic acids and their glycosylated derivatives were most potential for the said 

purposes as determined from our experiments. It was also observed that cinnamic acid 

derivatives showed lesser antagonistic action against gibberellic acid and peptides 

when compared with benzoic acid derivatives. Phenolic components isolated from the 

seeds of V. radiata strongly inhibited the growth response of peptides may be due to 

prevalence of sinapic, syringic or p-coumaric acid having only one free hydroxyl 

group associated with benzene ring. Interestingly some phenolics like protocatechuic, 

chlorogenic or caffeic acids when applied alone improved germination rate, but 

strongly antagonized the amylase inducing property of peptides. From that, it might 

be concluded that phenolic acids practically quench with the action of peptides, when 

applied in combination. 

It is well known that peptides like glutathione (GSH), phytochelatin (PCs) and 

metallothionins (MTs) have extraordinary efficiency regarding intoxication of heavy 

metals in plant system. Most of these peptides have thiol containing cysteine residues 

through which .they can chelate heavy metals. As discussed previously, peptides 

isolated from V. radiata seedlings had insignificant amount of cysteine and 

methionine, as confirmed from amino acid and sequence analysis; hence the 

possibility of thiol group involvement in any process was nullified. Chapter-XI was 

aimed at exploring the bioactivity of this germination induced non-thiol peptides 

during heavy metal (Cd, Cu and Hg) stress. Low molecular weight peptides isolated 

from V. radiata seedlings under heavy metal stress were characterized according to 

their solvent partitioning profile in paper chromatography. The efficacy values of 

these peptides were then measured on seedlings grown in presence of excess heavy 

metals. All these heavy metals executed potential phytotoxicity in V. radiata 

seedlings from the very beginning of germination, but the stress was imposed in order 

of Hg > Cd > Cu, as established from morphological attributes of seedlings under 

heavy metal stress. In all cases, seed priming significantly improved the cultured 

seedlings from heavy metal induced phytotoxicity. Seedling vigour was remarkably 

improved particularly with salicylic acid and peptide priming. Under heavy metal 

toxicity, cotyledon weight was enhanced whereas reversal of this situation was 

observed in case of embryo proper, might be due to perturbation of activity of 

hydrolytic enzymes present in cotyledons. Peptide priming improved this situation 
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considerably. Not only had that, priming also reduced the biochemical attributes of 

oxidative stress like MDA, peroxide, proline, soluble phenolics and ascorbic acid. The 

enzymes like catalase, superoxide dismutase, ascorbate peroxidase, glutathione 

peroxidase and guaiacol peroxidase could not induce sharply in primed seedlings 

indicating that the antioxidant enzymes were not the only constituent regulating redox 

homeostasis or oxidative stress might be alleviated through other different 

mechanisms such as spatial/temporal partitioning of heavy metals from primary 

metabolism. The association among different attributes during heavy metal 

phytotoxicity was further analyzed through principal component analysis (PCA). 

PCA plot illustrates that the morphometric or biochemicallenzymological attributes 

were clustered in opposite direction, indicating that the decline of seedling vigour 

(reduced morphometric traits) was correlated with increment of biochemical attributes 

or induction of antioxidant enzymes. 

For further analyzing key-point of tolerance mechanism, activity of guaiacol 

peroxidase and superoxide dismutase were further evaluated in cotyledons and 

embryo proper separately after peptide priming. Interestingly, these two enzymes 

were enhanced sharply only in cotyledons but not in embryo proper. This 

phenomenon stimulates the idea of spatial partitioning of oxidants in cotyledon and 

embryo proper; i.e. peptide priming might be mitigating oxidative stress in embryo 

axes by inducing antioxidant enzymes specifically in cotyledons. 

Did peptides alone have the capacity to mitigate oxidative stress situation? For 

solving this question, peptides of different molecular weight range (0.5-3.0 and 3.0-10 

kDa) were first isolated and purified from one monocot (T. aestivum) and one dicot 

(V: radiata) plant sample and their in vitro free-radical scavenging potential was 

studied in Chapter-XU. Isolated peptides from both monocot and dicot were found to 

possess significant antioxidant activity but peptides of low molecular weight range 

(0.5-3.0 kDa) seems to be comparatively more efficient in scavenging free-radicals 

such as ABTS+, DPPH, nitric oxide a well as superoxide than peptides of high 

molecular weight ranging from 3.0 to 10 kDa. So these peptides constitute an 

important part of defense system during germination. 

In a nutshell, it can be stated that the low molecular weight peptides isolated 

from plants were implicated in the physiology of germination to senescence, for 

modulating totipotency and organogenesis and mitigation of oxidative stress. These 

peptides regulate the physiology of water transport, absorption and stomatal 
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conductance as well as prefer to maintain functional homeostasis with hormones and 

phenolics. The present study have confirmed and also extended some of the fmdings 

of the earlier workers that peptides might regulate the physiology of growth, 

morphogenesis, water homeostasis and cellular redox system. During this study, 

certain new facts of fundamental importance have also been revealed. The important 

findings are as follows: (a) oligopeptides were expressed during different germination 

stages in an organized pattern; (b) peptides mimicked the action of hormones; (c) 

priming with peptides improved oxidative stress; (d) peptides might antagonize the 

action of phenolic compounds during germination; (e) basipetal pattern of action of 

internodal pep tides modulating senescence and (e) free-radical scavenging properties 

of isolated oligopeptides. On the way of establishing all the facts, a reliable, 

inexpensive and reproducible method for isolation, purification and detection of 

oligopeptides was initially standardized. The peptide mediated induction of a

amylase, stomatal conductance and oxidative stress tolerance is a matter of concern in 

relation to agriculture. Conversely, the peptides having free-radical scavenging 

properties might be used in formulating functional food and nutraceuticals. The 

results of this study also supported the functional importance of peptide fractions in a 

molecular range of 0.5 to 3.0 kDa in cell signaling. 
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