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GENERAL INTRODUCTION 
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"Vasansi jirnani yatha vihaya navani grihnati naro aparnai, 

thata sarirani vihaya jirnanyanyani sanyati navani dehi" 

[Swami Prabhupada 1992] 

According to Hindu mythological philosophy, The Soul is immortal, but the body is 

mortal. So The Soul wears a new body as a new dress, when the present body becomes 

unable to serve the 'The Soul' any more. Now, if we extend this philosophy little bit more 

with respect to our material outlook, we can easily say that, the earth is divided in two 

different worlds. One of them is- "World of living" and the other one is- "World of non

living"; and without moving the way towards any spiritual or supernatural discussion; the 

above terms are more precisely called 'Biotic World' and 'Abiotic World'. Biotic World 

is the key factor, which makes this planet so special, amongst its relatives. The concept 

and flourishing beauty of life is the ultimate execution of Biotic World. Still, the integrity 

of life is completely dependent on the service and supply of the enormously potential 

members of the Abiotic World. Those members, the matters, molecules and atoms; create 

building blocks like protein, nucleic acids, lipids etc; connect among different systems 

through metabolism and care for the benefit and endurance of life. 'The Soul' with its 

present body is the member of 'Biotic World', but when body becomes 'Jima' or 

necrotized, it becomes a part of 'Abiotic World'. So, in a snapshot, life is the most 

beautiful and delicate manifestations of ever happening interactive relationship between 

biotic and abiotic world, where non-livings create, connect, care and livings perform. 

Now the performance of any living organism is mostly dominated by its 

communication skill, the art to connect and to be connected. And the execution of this 

skill/art is mainly dependent on signaling molecules; they connect cell to cell, create 

unity between them and even unfold the extremes. Biotic world shares lots of signaling 

molecules in the form of organic compounds, especially bio-molecules like proteins, 

peptides, hormones, enzymes etc., inorganic compounds and energy. This work is 

completely dedicated for the behavioral study of a specific group of bio-molecules called 

'Peptides'. 

Emil Fischer is the founding father of the field of peptide chemistry and 

originator of the term peptide. In present day scenario, the term 'Peptide' is well 
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established and widely accepted group of biomolecules. Peptide are relatively simple 

and small biopolymers of different amino acids which resemble proteins except that the 

latter are higher molecular weight substance . X-Ray di ffraction studies reveal that the 

peptide bond is nat, i.e.- carbonyl carbon, nitrogen and the hydrogen attached to them, lie 

in a same plane. The C-N Bond di stance of peptide came out to be 1.32 A 0 • compared to 

usual C- single bond di tance of 1.4 7 A 0 , indicating that C- Bond ha resonating 50°·o 

double bond character [Morrison and Boyd, 1983]. 

( ) 

Figure 1 Re onance tabi lization of peptide bond (Berget a/. , 20 12) 

Peptides are vastly distributed in nature. They play the ro les as hormones, 

antibiotic , tox ins, herbicides, food preservat ive , biotic and abiotic stress elicitors along 

with metabolic and signal intermediates. They are widespread in mammals, amphibian , 

insect , plants, bacteria and even viruses. ow, instead of their variable roles, the genesis 

of peptide is highly organized. This can be through central dogma, by regulated cataly is 

of different large protein or even ome peptides can be of auto-replicating in nature. A 

large amount of information also has shown that non-ri bosomal antimicrobia l peptide 

synthe is is performed according to the multiple carri er thio-template mechanism (Stein 

et a/. , 1996). Ln thi template driven assembly, a eries of very large multifunctional 

peptide ynthetases with a modular arrangement, perform the peptide synthesis in an 

ordered fa hion. Even antimicrobial ribo omally synthesized cationic peptides have been 

recogni zed recently through evolutionary tree. 

Apart from all the activit ies, in recent years, peptides have gained their justifi ed 

reputation in li ving kingdom main ly because of their signali ng behaviour. They have 

their widespread impact right from the unicellular bacteria to the multicellu lar, mo t 

evolved angiosperm and mammals. They are the most utilized class of intercellular 

ignal in gram-positive bacteria. Oligopeptide pheromones can be considered as the fi rst 

c lass of prokaryotic communication molecule to be detected (in the 1960's) a 

3 



competence factor in Streptococcus pneumoni and Bacillus subtilis. The tremendous 

diversity of oligopeptides makes them especially suitable when a high degree of 

discrimination is required. This specific group of molecules control fruiting body 

development, chemotactic auto-aggregation, sporulation, transformation, competence, 

virulence factor secretion, agglutinating plasmid transfer etc. in bacteria. 

One of the most interesting phenomena in bacteria is its quorum sensmg 

behaviour. Quorum sensing bacteria produce and release chemical signal molecules 

termed auto-inducer, whose external concentration increases as a function of increasing 

cell population density. Bacteria detect the accumulation of a minimal threshold 

stimulatory concentration of these auto-inducers and alter gene expression, and therefore 

behaviour. The major parts of this bacterial secreted auto-inducing chemical are of 

peptide in nature, known as AlP (Auto-inducing peptides ). 

These molecules also have an undoubted impact on the animal kingdom. 

Beginning with the discovery of insulin in 1922, polypeptides have been established as 

signals that regulate broad spectrum of physiological processes. For example, Oxytocine 

(nine amino acid residue), which is secreted by the posterior pituitary and stimulate 

uterine contraction; Vasopressin having anti-diuretic effect; Bradykinin (nine residue) 

which inhibit the inflammation of tissues and Thyrotropin Releasing Factor, which is 

formed in the hypothalamus and stimulate the release of another hormone Thyrotropin 

from anterior pituitary gland are all peptide hormones. There are still lots of examples of 

peptide hormones in animal world. 

Among neuropeptides, several endogenous opioid peptides like endorphin, 

enkephalin, dynorphin, desmorphin, deltorphin etc. possess interesting morphinomimetic 

properties. Opoid peptides and their G-Protein coupled receptors (delta, kappa mu) are 

located in the central nervous system and peripheral tissues. Two types of endogenous 

opoid peptides exist, one containing Tyr-gly-gly-phe as the message domain (Enkephalin, 

Endorphin, Dynorphins) and the other containing Trp-pro-phe/trp sequence (Endorphin 1 

and 2). In overall approach, peptides play versatile role in the integral survival of the 

animal kingdom and communicate with the essential metabolic junctions of critical and 

dynamic form of life. Recently opoid like bioactive soybean peptides are isolated by 

comparing amino acid sequence databases with the help ofbioinformatics tools. 
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Nearly three decades ago, Green and Ryan (I 972) first indicated the presence of a 

wound induced proteinase inhibitor in plant leaves as a possible defense mechanism against 

insects. The idea ultimately led to the discovery of first peptide hormone in plants, 

'Systemin'. Presently at least five peptides are well known for peptide signaling in plants: 

Systemin, PSK, ENOD 40, CL V 3 and SCR. Tomato systemin is the first identified plant 

signaling peptide. It is composed of I 8 amino acids and is able to confer a systemic 

wounding response in tomato plants attacked by herbivores and insects (Pearce et al., 

I 991). Although more than IOO diverse plant species respond systematically to herbivores 

attacks, homologues of systemin could be identified only in some other Solanaceae 

(Constabel et a/., 1998). It was known that tomato systemin could activate a Mitogen 

Activated Protein Kinase (MAPK) in the medium (Schaller and Ryan, I 994). In tomato 

plant, tomato systemin is able to induce expression of proteinase inhibitor encoding genes 

(Pearce et al., 199 I). Recent advancement shows that small peptides may play a role in 

response to phytohormone. Miklashevichs et a/. (I 997) have reported that small peptides 

(ranging from I2-22 amino acids) may play a role in cell response to phytohormone. Their 

experiment with isolated protoplast showed induction of cell division by auxin and similar 

action was mimicked by a peptide of IO KDa. In the same year van de Sande et al. (I996) 

while working with legume plants observed that the gene ENOD 40 is expressed during 

early stages of legume nodule development. A homologue was isolated from tobacco, 

which like ENOD 40 of legumes encodes one oligopeptide of about IO amino acids. In 

tobacco protoplasts these peptides change the response of auxin at concentration as low as 

10·12 to 10·16 (M) range. They have suggested that the peptides encoded by ENOD 40 

appear to act as plant growth regulator. Ryan et al. (2002) proposed that the two ENOD 40 

polypeptides may serve as a regulatory role in unloading sucrose from the phloem, either 

by modulating enzyme activity or by directing the enzyme to specific intracellular sites. 

Rapid Alkalization Factors (RALF) are another group of peptide hormone, initially 

identified from expressed sequence tag libraries of various organs from 16 species of plants 

representing 9 families (Pearce et al., 200I). RALF is proteolytically processed from a 

larger preprotein. RALF inhibits root-growth, cell division and root hair formation but 

induce MAP Kinase activity more rapidly than Systemins. 
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Two small polypeptide signals were reported by Matsubayashi and Sakagami 

(1996) to regulate plant cell proliferation interspersed Asparagus suspension cultured cells. 

The rates of cell division of suspension-cultured cells have been known for years to be 

strictly dependent on the initial cell density (Stuart and Street, 1969). At low density, the 

mitotic activity is very low, but if the cultures are supplemented with media taken from 

high-density cell cultures (conditioned medium [CM]), the low-density cells rapidly 

proliferate. Two mitogenic factors were isolated from CM of Asparagus officina/is 

mesophyll cell cultures. Structural analysis of the two components revealed that they were 

both small polypeptides modified with sulfate groups (Matsubayashi and Sakagami, 1996), 

and were named Phytosulfokines (PSK-a and PSK-P). The in vivo functional role of PSK

a in plant has not been established, but the polypeptide enhances the differentiation of cell 

cultures of Zinnia into tracheary elements and causes somatic embryogenesis in carrot 

(Kobayashi et al., 1999). CLA V ATA3 (CLV3) is another extra cellular signaling 

polypeptide of 79 amino acids in length that is involved in the determination of cell fate in 

the shoot apical meristem (SAM) of Arabidopsis. The polypeptide synthesized from clv 3 is 

hypothesized to be secreted from superficial cell layers in the central region of the SAM, 

interacting with CLVI, a 105 kD receptor-like kinase (Clark et al., 1997) in underlying 

cells, coordinating the enlargement of CLVI domain with a restriction of the stem cell 

population (Fletcher et al., 1999). The amino acid sequence of CLVI suggests that it is a 

trans-membrane protein consisting of a leader sequence, a putative extracellular domain of 

21 leucine-rich repeats and 15 putative N-Iinked glycosylation sites. 

A family of intercellular signaling polypeptides of 47 to 60 amino acids in length, 

collectively called S-Iocus cysteine rich proteins (SCR) or S-Iocus protein I 1 (SPil) 

(Schopfer et a/., 1999), play a central role in pollen self-incompatibility in the 

Brassicaceae. Each mature SCR/SP II polypeptide contains eight cysteine residues. The 

properties of the SCR polypeptides are consistent with their roles as signals that determine 

pollen SI specificity when recognized by the appropriate receptor. The polypeptides are 

secreted from developing microspores in the tapetum and transported to the pollen coat 

exine layer. SCR translocates into cell walls of the stigma epidermal cells at the pollen

stigma contacts, activating a receptor-mediated cascade leading to SI. 
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Recent peptide researches have looked for homologues of animal polypeptide 

hormones in plants. A 4-kD polypeptide called leginsulin (Watanabe et al., 1994) was 

isolated that caused the autophosphorylation of a 7S Globulin and exhibits some 

characteristics of an insulin receptor. Gehring et al. (1996) suggested that a vertebrate 

peptide hormone, rat atrial natriuretic peptide that function in animals as regulators of salt 

and water balance, and is a mixture of 3- to 10-kD polypeptides induce stomatal opening 

in Tradescantia sp., which is mediated by protein synthesis. They proposed a plant 

analogue of this ANP, which regulates transcription and solute movements in plants. 

Natriuretic peptides could be immunoprecipitated from Hedera helix with anti-animal 

natriuretic peptide antibodies. Jones et al. (1998) suggested that the treatment of wild oat 

aleurone protoplasts with the peptide Mas 7, which stimulates GDP/GTP exchange by 

heterotrimeric G proteins, induced the synthesis of a-amylase. Mas 7 were sequence 

analogue of Mastoparan, originally isolated from wasp. The observed conservation of 

peptide signaling in plants and animals implies that peptide signaling already was 

operational in a common ancestor, and that, in time, kingdom specific features have 

evolved, such as specific proteases and receptors. 

Under stress condition, plants and mammals synthesize different kinds of cysteine 

rich peptide molecules. Glutathione (GSH), present in plants, animal and some bacteria, 

often at high levels, can be thought of a redox buffer. Glutathione probably helps in 

maintaining the sulphydryl groups of proteins in the reduced state and the iron in the 

heam in the ferrous (Fe2
) state. Its redox function is also used to remove toxic peroxides 

formed in the normal course of growth and metabolism under aerobic conditions (Xiang 

et al., 2001). 

Among a variety of adaptive responses to heavy metal toxicity in plants, induction 

of the heavy metal binding peptides, Phytochelatins, whose function is to sequester and 

detoxifY excess metal ions, is an important one. Phytochelatins are a family of related 

peptides with structures (y-GluCys)n-Gly, where n=2 to 7. Phytochelatin is a component 

of a shuttle system for transfer of metals from cytoplasm to vacuole. Complexed Cd may 

be replaced from Phytochelatin at a vacuolar pH of 3.5-6.0. Displacement of Cd by 

protons may allow association of the metals with other ligands like organic acids or 

phytic acids (Cobbett, 2000). 
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Most of the work discussed above mainly focused on the systematic and exclusive 

behaviour of the specific peptide, more particularly related to multicellular 

communication and amplification circuits. But as the living system is a dynamic model of 

multi-factorial bionetwork, so the behaviour of every molecule within its population can 

be an interesting field of study. This work is solely concentrated on biological function of 

peptide pool, both temporal and spatial, with special interest on the extraction and 

purification of low molecular weight group between 3000 Da to 500 Da. Attempts were 

taken to determine the biological activity of low molecular weight peptides under in vitro 

condition, their possible interactive behaviour with standard hormones and phenolic 

compounds considering special attention on germination and stomatal aperture control. 

On the other hand, the possible dynamic changes on the expression of peptides will also 

be accessed, particularly using 20 Paper Chromatography and Capillary electrophoresis. 

Beside this, characterization of expressed low molecular weight peptides were also 

performed through gel and spectrophotometric scanning, HPLC, amino acid composition 

and sequencing. Investigations were performed for considering the role of peptides in 

heavy metal tolerance and changing the response to morphological figure and anti

oxidative defense enzymes by the application of peptides, isolated from same stress 

acclimated plants in vitro. 
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Objectives of Research 

Following objectives will be evaluated on the basis of bioactivity and performance oflow 

molecular weight plant peptides: 

~ Study of dynamic changes of peptide profile during different post germination 

phases of developing seedlings 

~ Investigation of hormone like action of plant peptides isolated from juvenile 

stage of crop plants which will be parametrically assessed through coleoptile 

elongation, amylase induction, chlorophyll retardation and stomatal guard cell 

regulation 

~ Partial purification and biochemical characterization of bioactive peptides 

isolated from same crop plants 

~ Determination of bioactivity of peptides separately isolated from different 

internodes of mature dicot crop plant in basipetal order 

~ Study of water homeostasis and stomatal guard cell control (opening and 

closing) with the help of peptides 

~ Investigation of role of peptides in cell division, morphogenesis and callus 

induction 

~ Study of interaction of peptides with standard growth regulators and 

modulating their responses 

~ Investigation of peptides modulating the morphological, enzymological and 

biochemical behaviour of seedlings during heavy metal stress 

~ Determining the interaction pattern of peptides with phenolic acids 

influencing germination behavior and amylase induction 
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1.1 INTRODUCTION 

Growth, development and physiological behaviour of multicellular organisms require the 

correct spatial and temporal expression of genes, coordinated by fine-tuned signaling 

systems along with intricate network of different metabolites with versatile bioactivity. 

Extensive research on animal system has revealed that this intercellular communication is 

largely mediated by steroids, peptides and other small bioactive compounds. Among 

these, pep tides are the most common ligands probably because of their incredible number 

of sequence diversity and versatile range of post-translational modifications 

(Matsubayashi and Sakagami, 2006). Not surprisingly, peptides are the most commonly 

used bioactive molecules for intercellular communication in prokaryotes, fungi and 

animals. Do plants behave differently in this respect? Until very recently they appeared to 

be. Intercellular communication in plants has been thought to be exclusive playground of 

well-defined classical plant hormones for several decades (Raven et a/., 1992). So the 

concept of physiological regulation in plants was based upon our knowledge of so-called 

five classical plant hormones; namely auxin, gibberellins, cytokinins, ethylene and 

abscisic acid (Guern et a/., 1987). The paradox was how such a small number of 

chemically simple molecules could account for the observed diversity of cellular 

responses in plants (Lindsey et a/., 2002). 

Research in recent years, however, has indicated that peptides may be widely used 

as 'chemical messengers' in plants as well. Endogenous bioactive plant derived peptides 

evoke specific cellular responses, and are involved in defense responses, callus growth, 

meristem organization, self-incompatibility, root-growth, leaf-shape maintenance, 

regulation of stomatal density and aperture, nodule development and organ abscission 

(Matsubayashi and Sakagami, 2006). Furthermore, there is some indication that plants 

contain peptides similar in structure and function to natriuretic peptides in animals for 

homeostatic regulation of water (Gehring, 1999). 

In this review, I highlighted the current conceptual knowledge and brief historical 

viewpoint of peptide science; origin and importance of peptides in probiotic world; 

bioactivities of bacterial and animal peptides; structure, function, processing and signal

transduction properties of plant polypeptide hormones and the physiological role of 
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different isolated low molecular weight peptides related to germination, growth, 

development, senescence and oxidative stress mitigation. Special emphasis was also 

given on principles of isolation, purification and detection of plant peptides; mechanism 

of amylase induction during germination, cell cycle regulation, stomatal aperture control, 

heavy metal stress tolerance, and their association with isolated peptides along with 

peptide-phenolic interaction pattern during germination. Finally the review was 

concluded with a brief discussion about prospects of future studies of peptide ligands in 

plants. 

1.2 PEPTIDE: DEFINITION & CONCEPT 

Since plant synthesizes lots of low molecular weight peptides, proteins and they have 

certain physiological activities to control and maintain different metabolic, 

developmental and functional circuits; several works have been performed regarding their 

occurrence and effects. Both peptides and proteins bear versatile structural flexibilities 

and execute wide range of crucial functions in life processes. The true distinction 

between proteins and peptides are largely empirical because of lack of adequate 

theoretical understanding of their chemical behaviour and structural dynamism in 

biological system. In most cases peptides are only distinguished from proteins by means 

used for separating them. The term 'peptide' as distinct from 'protein' has come to be 

reserved for compounds having molecular weight less than, at most 10 000 or, if of 

higher molecular weight, having unusually simple amino acid composition. Natural 

compounds so far shown unequivocally to belong to this class don't exhibit denaturation 

in its usual sense or, particularly coagulation by heat (Synge, 1975). Peptides are the 

family of molecules formed from the linking, in a definite order, of various Amino Acids. 

The link between one Amino Acid residue and the next is an Amide Bond, sometimes 

referred to as peptide bond. Alternate definition of peptide relies on Amino Acid 

residues, i.e. peptides differ from proteins by virtue of their size. The dividing line is at 

approximately fifty Amino Acids in length, since naturally occurring proteins tend, at 

their smallest, to be hundreds of residues long. The monomers present as repeat units in 

peptides and proteins are a-amino acids (a carboxyl group and an amino group bounded 

to the same carbon atom). The a-Carbon is asymmetric, bonded to four different 
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substituent groups and acts as a chiral center. Almost all amino acids present in peptides 

have L-configuration. D-amino acids have been restricted only in small peptides of 

bacterial cell walls, peptide antibiotics and peptides in South American frog skin. 

Peptide bonds are created by the condensation of two amino acids, where one molecule 

of water is eliminated from a-carboxyl group of one amino acid and a-amino group of the 

other. 

1.3 BRIEF HISTORICAL PERSPECTIVES 

1.3.1 Concept of Peptide Bonds 

The concept of peptide bond was first derived by Emil Fischer with E. Foumeau. Fischer 

first coined the name peptides (from 'pepsis' i.e. digestion or 'peptones' i.e. digestion 

products of proteins) in the 141
h Meeting of German Scientists and Physician on Sept. 22, 

I 902 at Karlbarg. He first synthesized dipeptides, glycylglycine, from partial hydrolysis 

of diketopiperazine of glycine (Fischer, I 890). With Axhausen, he eventually succeeded 

in synthesizing a octapeptide, the sequence of which is L-Leu-(Gly)3-L-Leu-(Gly)3-L

Leu-(Gly)8-Gly. Fischer first converted the dream into scientific reality that nature's most 

impressive and curious molecule can be recreated or reproduced in laboratory. In January 

I 906, at the Deutsche Chemische Gesellschaft at Bar! in, Fischer illuminated the audience 

with his brilliant speculation on the synthetic availability of living matter. The onward 

journey in the golden history of peptide chemistry was further approached with the 

introduction of amino protecting benzyloxycarbonyl group in 1932 by Max Bergmann, a 

first rate protein chemist and Loenidas Zervas. But from 1920 to 1940, a serious question 

was raised, related to the existence of universality of peptide bonds in natural proteins. 

During mid 1930's, controversy was going in critical dimension due to lack of knowledge 

of adequate purification of natural peptides and reliable analytical data. Joseph Fruton 

and Max Bergmann first demonstrated that proteolytic enzymes were also able to cleave 

the synthetic peptide substrates, the result of which amino acids were generated as a 

product. In 1938, Bergmann and Zervas theorized that there was a periodicity of each 

amino acid in a protein. Later this generalization was proven wrong in the laboratory of 

William Stein. A British topologist, Dorothy Wrinch postulated with enthusiasm that 

amino acids were linked by =N-C(OH)= bond rather than peptide bond in globular 
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proteins but the theory was eventually discarded. Before the discovery of X-Ray 

crystallography, it was not possible for biochemists to elucidate the detailed structural 

analysis of proteins, peptides and peptide bonds. Some attempts were made by William 

Astbury iil England in 1926 with keratin of hair, collagen silk etc. but satisfactory X-Ray 

diffraction pattern was established by the group of John Bernal in Cambridge in mid 

1930s with pepsin and Hemoglobin. At that time, it was quite critical to predict the 

dimensions of peptide bond with fuzzy X -Ray data, but Linus Pauling, the first architect 

of protein chemistry, accurately established the C-C and C-N bond lengths (0.01 A") from 

the examination of many organic compounds. In the late I 930s, Pauling and Corey 

embarked on a series of polypeptides and amino acids that laid the foundation of present 

understanding of protein structure. From X-ray diffraction studies of several crystals of 

amino acids and of simple dipeptides and tripeptides by Linus Pauling and Robert Corey, 

it was conclusively proved that the peptide C-N bond is somewhat shorter than the C-N 

bond in a simple amine (Edison, 200 I). So a resonance is configured between the 

carbonyl oxygen and amide nitrogen and an electrical dipole is established between the 

partial negatively charged oxygen and partial positively charged nitrogen atom in peptide 

bond. On the basis of partial double bond character of peptide bond, Pauling concluded 

that peptide bond must be planer, which greatly restricts the structural dynamics of a 

protein. From many helical proteins, Pauling also formulated the length of N-H-0 

hydrogen bonds, present in many crystals all that were close to 2.9 A". The backbone 

configuration of a-Helix which is the simplest arrangement of polypeptide chain with its 

rigid peptide bonds was derived by Pauling and Corey. In 1951, they published their 

helical structures where they claimed the repeat structure of 5.4 A • per tum (Wieland and 

Bodanszky, 1991). 

1.3.2 Development of science of pep tides 

One of the important bioactive peptide hormones is insulin which revolutionizes the 

history of diabetic patients. Insulin was first isolated, purified and available in the form 

capable for therapeutic administration in 1921 (Bliss, 1984). In collaboration with 

biochemist James B Collip and physiologist J J R Macleod, Banting and Best carried out 

experiments that led to the discovery of insulin at the University of Toronto in Canada. 
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Charles Best, a young s tudent, had volunteered to he lp Sir Frederick Grant Banting with 

the experiments. In the hot summer of 1921 , Banting and Best decided to make one of the 

dog diabetic and to extract the pancreas o f another dog whose ducts had been tied 

securely for some five to s ix weeks. It was the extraction of the materia l from this dog 

that proved to be the c rucial turning point in the ir studies. Fortunately, the degenerated 

pancreas was kept chi lled wh ich made success possible. The low temperature prevented 

any remaining protein-digesti ng enzyme of the main g land from inactivating the extract 

they had isolated. The in itial effects were not that d ramatic, but the subs tance was 

lowering the sugar levels in the blood and urine. For the next few weeks they worked day 

and night on a succession of diabetic dogs, us ing the extract to produce life saving 

results. They also observed, that injecting too much of the extract resulted in excessively 

low blood suga r, or ' hypoglycemia '. By late July, they had succeeded in isolating the 

substance we a ll know as insulin (Wrenshall eta/. , 1962). The extract was first referred to 

as " lsletin" after the secreting cells within the pancreas - the islands of Langerhans. 

Later, the name was changed to " Insulin" to aid spelling and pronunciation throughout 

the world . The word Insulin comes from the Greek " Insula" meaning ' island '. In 1928, 

insulin was declared as polypeptide and later its amino acid sequence was derived in 

1955. For e lucidating the entire structure of insulin, Fred Sanger of Cambridge University 

used 2,4-dinitrofluo robenzene as a marker for N-terminal amino acid of peptide. For his 

remarkable contribution in eluc idating the entire structure of insulin from partial peptide 

fragments, he was awarded th e Nobel Prize in Chem istry in 1958. At that time it was 

well-known that anterior pitui tary hom1ones is under the control of hypothalamus, the 

reservoir of several peptide honnones of brain. By producing lesions in the median 

eminence of the hypothalamus, the importance of hypothalamic facto r for the regulation 

o f thyrotropin from pituitary was demonstrated (G reer, 1964). Thyrotropin releasing 

hormone (TRJ.-1) was firs t iso lated from I , 00,000 pig hypothalami and was confirmed by 

the pyro-GLU-HlS-PROamide with thyrotropin re leasing properties. This is the molecule 

by which the hypothalamus through the pituitary regu lates the fu nctions of the thyroid 

g land. 

Nobel Prize fo r Chemistry in 1955 was reserved for Vincent du Vigneaud for his 
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structure determined and synthesized in the laboratory by Vigneaud, is now clinically 

used for the stimulation of uterine contraction in case of labor. It also plays pivotal role in 

milk ejection in lactating glands. In the course of isolation of oxytocin, the second 

hormone of the pituitary, vasopressin, a peptide with pressor and antidiuretic effects, was 

also isolated (Babu, 20 II). 

In 1898, Tigerstedt and Bergman published their observation that kidney extracts 

produce pressor effects. They characterized the substance and named it "renin" (Phillips 

and Schmidt-Ott, 1999). Forty years after the discovery of renin, two independent 

investigative groups in Buenos Aires and Indianapolis, headed by Drs Eduardo Braun

Menendez and Irvine H. Page, respectively, identified the active polypeptide angiotensin 

that explained the pressor effect of renal hypertension (Page, 1939). The vasoactive 

peptide resulting from the action of rennin on an a-globulin was discovered by two group 

of scientists with the result that the peptide received two trivial names, angiotonin and 

hypertensin (Page and Helmer, 1939). After synthesis of the octapeptide (Asp-Arg-Val

Tyr-Ile-His-Pro-Phe), it was named as angiotensin, which was derived from 

angiotensinogen (Braun-Menendez and Page, 1958). Gastrin is another peptide hormone 

that stimulates the secretion of gastric acid (HCI) by the parietal cells of the stomach and 

aids in gastric motility. Its existence was first suggested in 1905 by the British 

physiologist John Sydney Edkins (Modlin et al., 1997), and gastrins were isolated first in 

1964 by Gregory and Tracy in Liverpool (Gregory and Tracy, 1964). 

In later period, the first isolation of 800 mg of luteinizing hormone releasing 

hormone (LHRH or gonadotrophin, pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2) 

from ventral hypothalami of 1,65,000 pigs was achieved by 12 successive purification 

steps by Andrew V Schally and Roger Guillemin, who were awarded the Nobel prize for 

Medicine and Physiology in 1977. LHRH acts on the pituitary to promote rapid release of 

LH and follicle-stimulating hormone (FSH), which in tum regulates ovulation and 

spermatogenesis. LHRH and its analogs, find use as a nonsteroidal male and female 

contraceptive or as fertility agents (Gutte, 1995). Somatostatin, the tetra-decapeptide 

hormone released by the hypothalamus, plays an important physiological role as an 

inhibitor for the release of several hormones (glucagons, growth hormone, insulin and 

gastrin). 
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It has been known for eighty years that the adrenal is vital to the organism, but not 

until 1917 (Wheeler and Swale, 1917) was it shown that only the outer part, the cortex, is 

essential to life. No direct proof of a vital hormone of the cortex was published until 

1927, when two groups of investigators, one in Cleveland (Rogoff and Stewart, 1927) 

and the other at Buffalo (Hartman et a/., 1927) demonstrated that an extract of the adrenal 

cortex could prolong the lives of completely adrenalectomized animals. After 1930, 

cortical controls of adrenal glands by peptide hormones were documented. Within six 

days after hypophysectomy the adrenals ofthe rat were reduced to one-half the weight of 

the controls; maximum atrophy was reached in thirty days. All zones showed marked 

reduction in the cytoplasm (Smith, 1930). ln hypophysectomized rats removal of one 

adrenal did not lead to hypertrophy of the remaining gland as it did in normal animals 

(Reiss et a/., 1936). Pituitary preparations restored degenerating adrenal cortex or, in 

normal animals, could increase the size· of the cortex as much as two-fold (Emery and 

Atwell, 1933). Adrenocorticotropic hormone (ACTH) or Corticotrophin was later 

isolated from anterior lobe of pituitary gland and characterized as 39 residue peptide. 

This doctrine was used in medicine for the treatment of hypophyseal insufficiencies and 

inflammatory processes. McCann and Brobeck in 1954 published the first experiments 

designed to evaluate ACTH-releasing substances in an animal in which ubiquitous ACTH 

release from stress was abolished (McCann, 1988). Saffran and Schally in 1955 

developed an in vitro system of pituitary incubation and published that pressor posterior 

pituitary preparations caused a release of ACTH, but only from glands which were also 

incubated in the presence of norepinephrine. Independently of saffron and Schally, 

Guillemin and Rosenberg in 1955 used a hypothalamic-pituitary co-culture system to 

demonstrate increased ACTH release in the presence of hypothalami which could not be 

accounted for by the small amount of vasopressin released (McCann, 1992). The first 

important work on hypothalamic CRF was performed by Royce and Sayers (1958). They 

found that stalk median eminence extracts from beef would release ACTH in animals 

with acute median eminence lesions and went on to purify the active substance. They 

showed that it was a peptide and obtained preparations which were essentially free from 

vasopressin. 
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The incredible and ever increasing body of knowledge in this area clearly shows 

that the variety of peptides synthesized or isolated from natural sources are of tremendous 

significance. Due to the denaturation and enzymatic degradation of peptide substances in 

the gastrointestinal tract, at present, they find clinical use as parenteral, sublingual or 

intranasal administration. The predominant clinical use of peptide pharmaceuticals and 

their applications in diagnostics have shown significant potential use within its narrow 

limits. 

1.4 ORIGIN OF LIFE AND ITS RELATION WITH PEPTIDES 

1.4.1 Synthesis of Organic Molecules in Pre-biotic World 

Historically, origin of life research has focused upon synthesizing organic monomers in 

reducing atmospheres and examining their assembly into structures ('proteinoids ') and 

macromolecules (i.e. peptides and polynucleotides) whose roles symbolize life's most 

diagnostic properties, namely, its ability to replicate and evolve. Following naturally from 

the traditional theory that life arose within a reducing organic-rich aqueous broth, the 

earliest cells were assumed to have fermentative heterotrophs (Miller and Orgel, 1974). A 

long-standing paradox has been that the functions performed by the nucleic acid-protein 

translation apparatus were assumed to be essential for life to begin; yet this apparatus 

seems too complex to have arisen in the prebiotic milieu. The discovery of 'ribozymes' 

offers one potential solution to this paradox because both information storage and 

catalysis might have been achieved by a single class of compounds early in life's history 

(Cech, 1989). 

The experiments performed by Harold Urey and Stanley Miller under simulated 

conditions resembling those thought at the time to have existed shortly after Earth first 

accreted from the primordial solar nebula. The experiment showed that many of the basic 

organic molecules that form the building blockS of modern life can be formed 

spontaneously from the reducing mixture of gases (methane, ammonia and hydrogen). 

Simple organic molecules are of course long way from fully functional self-replicating 

life forms; however, in an environment with no pre-existing life these molecules may 

have accumulated and provided a rich environment for chemical evolution ("soup 

theory"). On the other hand, spontaneous formation of complex polymers from 
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abiotically generated monomers under these conditions is not at all a straightforward 

process. 

Current research explores in more detail the potential roles played by 

environmental conditions in pre biotic evolution and the origin of life. Some studies have 

recognized that prebiotic chemical processes required sustained energy sources that were 

actually available in the environment. A mildly reducing early atmosphere, sustained by 

thermal processes acting upon a more reduced crust and the upper mantle, might have 

sustained prebiotic organic synthesis (Kasting and Brown, 1999). Hydrothermal systems 

may have hosted prebiotic organic synthesis (Shock and Schulte, 1998). A cold early 

surface environment would have allowed prebiotically important species to survive and 

accumulate (Bada et a!., 1994). It therefore becomes important to defme the nature of 

early habitable planetary environments on Earth and elsewhere. In suitable environment, 

amphiphilic molecules like 'lipids' assemble spontaneously into vesicles that resemble 

cellular membranes and that create chemical microenvironments favourable for the 

development of 'protometabolism' (Deamer and Oro, 1980). Similar amphiphilic 

compounds have been identified in meteorites. Other sources of complex molecules have 

been postulated, including sources of extra-terrestrial stellar or interstellar origin. For 

example, from spectral analyses, organic molecules are known to be present in comets 

and meteorites. In 2004, a team detected traces of polycyclic aromatic hydrocarbons 

(P AH's) in a nebula, the most complex molecule, to that date, found in space. Another 

unsolved issue in chemical evolution is the origin of homochirality. This is essential for 

both proteins and DNA, yet many prebiotic simulations produce a racemic, or equal 

mixture ofleft- and right-handed forms. 

1.4.2 Formation of Amino Acids and Nitrogenous Derivatives 

A small number of precursor molecules form the foundation for the synthesis of 

the complex array of organic compounds detected in the meteorites and in model 

prebiotic experiments (Miller and Orgel, 1974). High-energy molecules such as hydrogen 

cyanide, cyanoacetylene and formaldehyde are not likely to survive long in the 

environment, despite constant synthesis. However, awing to their reactivity, when 
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concentrated they undergo addition and polymerization reactions that generate bioorganic 

compounds rapidly in solution. 

It has been suggested that life began with a self-replicating RNA molecules. The 

prebiotic synthesis of nucleic acid bases is a central issue in the RNA world hypothesis, 

one of the main proposals for the origin oflife, based on the self-assembly of nucleic acid 

monomers (Saladino eta/., 2006). In the pioneering work, Ferris et a/. obtained cytosine 

from urea and cyanoacetylene and from sodium cyanide solution and cyanoacetylene 

(Ferris eta/. 1967). The isolation of the latter from spark discharges in methane/nitrogen 

mixtures suggests the relevance of this synthesis to the origin of life (Sanchez et a/. 

1966). Cyanoacetylene is present in the atmosphere of Titan, in comets, and in the 

interstellar medium and, thus, is indeed of prebiotic relevance (Clarke and Ferris, 1995). 

A quarter of the century later, Robertson and Miller reported the synthesis of cytosine in 

high yields (30-50%) upon heating various concentrations of urea and cyanoacetaldehyde 

in a sealed ampule (Robertson and Miller, 1995). 

Many authors have opined about the synthesis of pyrimidines from urea and 

cyanoacetaldehyde and their relevance with prebiotic world (Shapiro, 1999 and 1998). 

The main concerns are the availability and instability of the reactants. In case of 

cyanoacetaldehyde, it could react with amino acids, undergo hydrolysis to generate 

formate and acetonitrile or form a dimer (Saladino et a/., 2005). Consequently, any 

cyanoacetaldehyde is unlikely to survive long enough to be available in sufficient 

quantity to produce the necessary concentration for cytosine synthesis. A way to 

overcome these problems, along with the problem of cytosine instability through 

deamination to form uracil, has been hypothesized in which ice-water solutions are used 

to generate the appropriate conditions for the reaction through the exclusion of solutes 

from concentrated interstitial brines in the ice matrix (Trinks et a/., 2005). This exclusion 

leads to a concentration enhancement in the microenvironments in the ice upon slow 

freezing of aqueous solutions with organic molecules (Shapiro, 2002). In addition, 

freezing extends the lifetime of labile molecules and gives time for them to be processed 

further, due not only to the protective effect of the ice but also to the low temperatures, 

which tend to retard reaction mechanisms that are prevalent in the liquid phase. Indeed, 

the unique environment generated in the interstitial liquid channels in ice, with high 
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pressures and strong gradients, could favour certain reactions, such as nucleotide 

polymerization (Abelson, 1966). When the icy solution under a reductive, methane-based 

atmosphere was subjected to spark discharge as an energy source for the first 72 hours, 

several organic products like triazines, cyanuric acid, ammeline; the pyrimidines 

cytosine, uracil and 2,4-diaminopyrimidine and the purine adenine were synthesized 

(Menor-Salvan et a/., 2009). The synthesis of pyrimidines from urea is possible under a 

methane/nitrogen atmosphere only at low temperature, in the solid phase. The ice matrix 

of pre biotic earth played the role of a protective medium for pyrimidines by diminishing 

the side chain reactions. 

Assuming that the primitive atmosphere could have been reducing, Miller.(Miller, 

1953 and 1957) working at the University of Chicago in 1953, put the components of a 

reducing atmosphere (ammonia, methane, hydrogen and water) within an apparatus with 

a high energy source, like electrical discharge. After one week of sparking, the products 

were removed from the trap and analyzed by anion-cation-exchange chromatography. At 

present, 18 out of the 20 amino acids found in proteins have been synthesized by methods 

similar to Miller's classic experiment. Tryptophan and glutamine have not been identified 

among the reaction products. Interestingly enough, two amino acids, tyrosine and 

phenylalanine, have been produced only on heating mixtures of the presumed prebiotic 

gases to over I OOO"C (Lemmon, 1970). These results are not consistent with the overall 

evolutionary hypothesis which says that the synthesis must have taken place at 

temperatures less than 150"C (Miller and Urey, 1959). Also, most amino acids are 

especially susceptible to decomposition by irreversible decarboxylation caused by heat. 

Turning to the problems of the actual synthesis of amino acids, it is important to 

note the thermodynamic stability of the products formed in the reducing atmosphere that 

produced them (Bernstein, 2006). Simply stated, the reactions that create the amino acids 

also tend to destroy those (Bertrand et al. 2008). This is due in part to the strength of the 

energy source. One feature of Miller's apparatus and subsequent variations of his 

experiment is a trap suitable for the storage and/or the immediate removal of the products 

of the reaction. Thus, one must propose the existence of a primitive trap on earth during 

the early phases of the chemical evolutionary process. Without such, the destructive 

forces of electrical discharges or ultraviolet radiation would destroy the prebiotic 
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precursors of life that they had produced. A primitive-earth trap has been suggested by 

Bernal (Bernal, 1960); however, it seems precluded by Hull (Hull, 1960). Considering the 

thermodynamics of chemical evolution, especially the equilibrium concentrations of 

synthesized organic compounds, Hull demonstrated that the accumulation of amino acids 

on a primitive earth would result in a concentration hopelessly low and totally unsuitable 

as a starting material (Hull, 1960). Calculating not only the relative rates of formation of 

several amino acids, but also the rates of their decomposition, Hull found the resultant 

concentrations to be on the order of I o·12 moles/liter or less. 

The yields of key amino acids such as aspartic and glutamic acids were very low 

in most experiments and not at all in proportion to the biological system concentrations 

(Tze-Fei-Wong and Bronskill, 1979). The total yield of these two compounds was less 

than 0.07%, while other important amino acids were not even present under the 

conditions producing these. One should keep these particular amino acids in mind, 

because they are very significant when one speculates on mechanisms for the 

polymerization of amino acids into polypeptides. 

Amino acids produced under prebiotic conditions designated would more than 

likely contain equal parts of the D- and L-isomers (a racemic mixture) (Bernstein et al., 

2002). As noted, those amino acids found in living systems are of the L-u-configuration. 

Thus any hypothesis dealing with chemical evolution must ultimately account for the 

incorporation of the specific L-u-configuration over the other alternatives. All biological 

systems have the unique ability to differentiate between stereoisomers. This unique 

stereochemistry is required at the molecular level so that larger molecules will have the 

proper shape allowing them to carry out their varied and specific functions within the 

living cell. This shape is again important in determining the activity and the proper 

functioning of subcellular structures of the cell. There is a definite order and organization 

associated with living systems, and the stereochemistry of the basic building blocks is 

one of the key components of this beautiful structure (Cronin and Pizzarello, 1997). 

1.4.3 Polymerization of Amino Acids and Development of Oligopeptides in 

Prebiotic World 
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The polymerization of amino acids can be achieved in biological system through the 

formation of peptide bonds. This process involves reversing the thermodynamic barrier, 

an energy barrier which does not allow monomers (amino acids) to spontaneously 

combine to form peptides unless they have been activated or energy is supplied. Several 

mechanisms for such polymerization have been proposed. After Hull (1960) stated the 

concentration of the prebiotic precursors in the oceans would never have reached an 

appreciable level for self-polymerization, researchers have sought other devices. Since 

water inhibits the formation of peptide bonds the first step to create a peptide often 

involves removing water. Fox (1960) created chains of amino acids by heating a purified 

concentration of amino acids to 150"C for about 14 hours. At this temperature, water and 

other volatile compounds vaporize. The heat drives off water molecule that is produced 

during peptide bond formation and forcing the reaction in forward direction. Fox 

obtained very long chains when he included high concentrations of the pure mixtures of 

glutamate, aspartic acid and lysine. When dissolved in hot water and allowed to cool, the 

polymer precipitates, forming spherical globules said by Fox to resemble coccoid 

bacteria, the so-called 'protenoids' (Fox, 1965). They are different from normal peptides 

in two important ways. The polymerization of amino acids by heating shows a marked 

degree of racemization of the optically active starting reagents, and stereoselective 

catalysts and surfaces would be nonexistent on a prebiotic earth (Kenyon and Steinman, 

1969). Moreover, the side chains associated with lysine, glutamate and aspertate form 

over half of the peptide bonds. This second feature has led most origin of life researchers 

to drop protenoids as a viable candidate for the first living protein. Stanley Miller in 

particular has criticized thermal proteins as unlikely candidates because the conditions 

within a narrow range (150-l&O"C), and if the heating lasts too long (more than a day), 

then the thermal proteins· are destroyed (Miller and Orgel, 1974). Thermal polymerization 

of amino acids was also achieved by Huber and Wachtershuser (1998) in their 

experimental modeling equivalent to volcanic or hydrothermal geoclimatic conditions. 

They converted amino acids into respective peptides by using coprecipitated (Ni,Fe)S and 

CO in conjunction with H2S (or CH3SH) as a catalyst and condensation agent at lOO"C 

and pH 7 to 10 under anaerobic, aqueous conditions. These results also demonstrated that 

amino acids can be activated under geochemically relevant conditions. They supported a 
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thermophilic origin of life and an early appearance of peptides in the evolution of 

primordial metabolism. 

The catalytic effects of the simple amino acid glycine on the formation of 

diproline and divaline in the prebiotically relevant salt-induced peptide formation (SIPF) 

reaction was investigated by Plankensteiner et a/. (2005) in systems of different amino 

acid starting concentrations and using the two enantiomeric forms of the respective amino 

acid. They showed an improved applicability of the SIPF reaction to prebiotic conditions, 

especially at low amino acid concentrations, as presumably present in a primordial 

scenario. In this reaction chiral selectivity of the active copper complex were also 

observed. Brack (2007) in his review documented that the ~-sheet-forming peptides can 

able to protect their amino acids from racemization. He also stated that the import of 

extraterrestrial amino acids represented the major supply, as evidenced by micrometeorite 

collections and simulation experiments in space and in the laboratory. According to his 

view, selective condensation of amino acids in water was achieved via N-carboxy 

anhydrides. Homochiral peptides with an alternating sequence of hydrophobic and 

hydrophilic amino acids is best for adopting stereoselective and thermostable ~-pleated 

sheet structures. Some of the homochiral ~-sheets strongly accelerate the hydrolysis of 

oligoribonucleotides. Even if peptides are not able to self-replicate, the accumulation of 

chemically active peptides on the primitive Earth appears plausible via thermostable and 

stereoselective ~-sheets made of alternating sequences. 

1.4.4 Importance of Peptides in the formation of Life 

It is widely accepted that short peptides could be formed in the primordial soup and 

survive under its harsh conditions (Rode and Suwannachot, 1999). Furthermore, it was 

argued that peptides could actually self-replicate under these primitive conditions (Rode, 

1998). Usually a catalyst like clay or some other mineral like pyrite is required for 

spontaneous generation of short peptide chains in water. The minerals interact with the C

terminus of another. Clay in particular can form pockets that may help exclude water. 

Now several mechanisms of formation of peptides could be envisioned from primordial 

soup in the microenvironment of clay pockets. These peptides were clearly short enough 

to be formed under prebiotic reactions like the SIPF reaction (Rode and Suwannachot, 
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1999). It should also be noted that self-replicating property of amyloid structure of prions 

are greatly favoured by SIPF mechanism (Rode et a/., 1999). In this connection, self

assembled amyloid structure of polypeptides are particularly considered important 

because this structure can be formed by diverge group of structurally unrelated proteins 

and all amyloid fibrils share similar biophysical and ultrastructural properties (Chiti eta/., 

2001). Obviously it implies that the amyloid configuration actually represents an energy

favourable generic state for most proteins. Recent studies identified very short motifs of 

short peptide chains that are able to self-assemble into amyloid like fibril structure and/or 

into nanotubular arrangements (Reches et al., 2002; Vauthey eta/., 2002). Some of these 

structures were demonstrated to be hollow and cylindrical or spherical. Thus, these 

structures allow the formation of an isolated aqueous environment and may form pockets, 

which can protect and catalyze the formation of RNA oligomers. Some of these self

assembled structures are durable in very harsh environments, including boiling, high 

pressure, autoclave treatment, and in various organic solvents (Reches and Gazit, 2003). 

The formation of the self-assembled structures by the di- and tripeptides is 

especially intriguing in the context of the quest for the origin of life. These short peptides 

might be originated in extra-terrestrial atmosphere because dipeptides and larger amino 

acid polymers were found on carbonaceous chondritic meteorites (Meierhenrich et a/., 

2004). Thus it seems reasonable to assume that such peptides were formed under 

prebiotic conditions and produced amyloid related self-assembled structures. 

Furthermore, a self-replicating amyloid forming peptide was recently constructed 

demonstrating a pathway to the enrichment of such fibrils of the prebiotic world 

(Takahashi and Mihara, 2004). This amyloid forming self-assembled peptides could 

contain small pores (Vauthey et al., 2002). Such pores might enable small molecules to 

diffuse into the tube volume but inhibit larger molecule movement. Hence, NTP's 

monomers would be able to penetrate the structure whereas RNA oligomers would be 

blocked inside. This could give rise to a concentration mechanism of RNA inside the core 

of peptides. So local accumulation of self-assembling peptide fragments on clay particles 

produced an 'RNA oasis'. In this oasis, molecules of RNA could have survived and grow 

slowly inside a peptide structure functioning as an 'RNA factory'. This 

microenvironment would have given a 'Darwinian' advantage to RNA-Peptide 
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cooperative system. Such an evolutionary process could have given rise to primitive 

RNA polymerase machinery that functioned as the first enzyme of the prebiotic world 

(Carny and Gazit, 2005). 

1.5 BACTERIAL PEPTIDES 

1.5.1 Oligopeptide as prokaryotic communication molecule 

Bacteria communicate with one another using chemical signal molecules. In general, 

gram-positive bacteria communicate using modified oligopeptides as signals and 'two 

component' type membrane-bound sensor Histidine kinases as receptors (Kim et a/. 

1992). Oligopeptide pheromones can be considered the first class of prokaryotic 

communication molecule to be detected as competence factors in S. pneumoniae and B. 

subtilis (Tomasz 1965) but their structures were only recently determined (Havarstein et 

a/. 1995; Pestova et a/. 1996; Solomon et a/. 1996). The tremendous diversity of 

oligopeptides makes them especially suitable when a high degree of discrimination is 

required, as in the use of distinct oligopeptide mating pheromones and inhibitors involved 

in regulating the transfer of each of many conjugative plasmids in gram positive cocci 

(Clewell, 1993). Gram-positive oligopeptides are synthesized from larger precursor 

protein and transported outside the cell by ATP-binding-cassette (ABC) transporters. 

Bacteria direct the accumulation of minimal threshold stimulatory concentration of auto

inducing peptides and alter gene expression and therefore behaviour, in response. For 

example, Bacillus subtilis has two auto-inducing peptides functioning in the network 

arrangement that allows B. subtilis to commit to one of two mutually exclusive lifestyles: 

competence and sporulation (Waters and Bassler, 2005). Com X, a 10-amino acid peptide 

(Magnuson eta/., 1994, Solomon el a/., 1996) that is processed and secreted by Com Q 

(Bacon et a/., 2002), is detected by the membrane-bound Histidine sensor kinase Com P. 

In Staphylococcus aureus virulence factor production is largely under the control of the 

accessory gene regulator (agr) quorum sensing system. Each 'agr' gene produces cyclic 

autoinducing peptide (AlP) that activates its cognate receptor and executes virulence 

(George el a/., 2008). The swarming behaviour, i.e. rapid migrations over a surface by 

groups of elongated, hyperflagellated 'swarmer' cells were also controlled by cyclic 

peptides in Serratia sp. (Shapiro, 1998). Swarm cells of Pseudomonas aeruginosa, 
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Escherichia coli, Serratia marcescens, Burkholderia thailandensis and Bacillus subtilis 

show resistance to almost all standard antibiotics, except for the antimicrobial peptides 

(Lai et a!. 2009). 

1.6 ANTIMICROBIAL PEPTIDES 

A plethora of novel gene-encoded antimicrobial peptides from animals, plants and 

bacteria has been described during the last two decades. Among the prokaryotes, 

productions of substances that can antagonize competitors are widespread, and antibiotic 

peptides are one of the major tools in such ecological context. One family of microbial 

defense peptide, bacteriocins are found in almost every bacterial species examined to 

date, and within a species tens or even hundreds of different kinds of bacteriocins are 

produced (James et a!. 1991; Riley and Gordon, 1992). So bacteriocins constitute a 

structurally diverse group of peptides, and it was recently proposed that the bacteriocins 

can be classified into two broad categories: lanthionine containing (Class-!: !antibiotics) 

and non-lanthionine containing (Class-H) (Klaenhammer, 1988; Cotter et a!. 2005). 

Lantibiotics are characterized by the inclusions of the unusual amino acids like u

lanthionine and P-lanthionine and the necessity for posttranslational processing to acquire 

their active forms. Lantibiotics were funther divided into two subgroups, A and B, based 

on structural features and their mode of killing (Jung and Sahl, 1991). Type A !antibiotics 

kill the target cell by depolarizing the cytoplasmic membrane (Schuller eta!., 1989). The 

most common food preservative Nisin, the archetypal and best-studied gram-positive 

bacteriocin, is type-A !antibiotic (Gross and Morell, 1971). Type-B !antibiotics function 

through enzyme inhibition. One example is merssacidin, which interferes with cell wall 

biosynthesis (Brotz eta!. 1995). Class II bacteriocins are heat-stable ranging in size from 

30 to 60 amino acids and act through the formation of pores in the cytoplasmic 

membrane (Riley and Wertz, 2002). 

Antimicrobial peptides of eukaryotic origin can be divided into sub-groups on the 

basis of their amino acid composition and structure (Vizioli and Salzet, 2002; Boman 

1995). One subgroup contains anionic antimicrobial peptides. Among these are small 

(721.6-823.8 Da) peptides present in surfactant extracts, bronchoalveolar lavage fluid and 

airway passage epithelial cells (Brogden eta!., 1996). They require zinc as a co-factor for 
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antimicrobial activity and are active against both gram-positive and gram-negative 

bacteria. A second subgroup contains cationic peptides, which are short ( <40 amino acid 

residue), lack cysteine residues and sometimes have a hinge in the middle (Gennaro and 

Zanetti, 2000). In water, it exhibits a circular dichroism spectrum that is consistent with a 

distorted structure (Johansson et a/., 1998). A third subgroup contains cationic peptides 

enriched for specific amino acids like proline containing peptides from honeybees, 

tryptophan containing peptides from cattle or small histidine-rich salivary peptides. These 

peptides lack cysteine residues and are linear, although some can form extended coils 

(Otvos, 2002). A fourth subgroup of cationic and anionic peptides contains cysteine 

residues and form disulphide bonds and stable P-sheets. These are human or arthropod 

defensins which are crosslinked by disulphide bonds (Ganz, 2002). Finally there are 

anionic and cationic peptides that are fragments of larger proteins. Good examples of this 

class are lactoferricin from lactoferrin, casocidin I from human casein etc. These peptides 

kill micro-organisms through variable mode of action. 

Cationic properties of many anti-microbial peptides result in an electrostatic 

attraction to the negative-charged microbial envelopes, such as lipopolysaccharide of 

gram-negative bacteria, through which microbial populations are categorically restricted 

but have lower toxicity for plant and animal cells (Zasloff, 2002). Regarding amino acid 

sequence, the increase in net positive charge is linked with enhanced antimicrobial 

activity. Likewise, a set of alanine substitution analogues showed the higher contribution 

to its antifungal activity results from its three cationic residues, thus reinforcing the 

importance of ionic attraction (Munoz et a/., 2007). Cell permeabilization is another 

important mechanism of peptides that leads to direct killing of microbes by disrupting 

membrane architecture and cell permeation. It is achieved through folding of peptides, 

which enhance their amphipathicity and thus their antimicrobial properties. However, 

some studies have argued that there is not always a complete correlation between cell 

permeation and antimicrobial activity (Epand and Vogel, 1999). Specific cationic 

peptides, called penetratins, are rich in arginine or aromatic residues and have the 

propensity to cross biological membranes in a nondestructive manner (Henriques et a/., 

2006). Once internalized, antimicrobial peptides may combine with DNA, RNA and/or 

proteins, and interrupt DNA replication, RNA synthesis or enzyme activity, depending on 
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the nature of pcptidcs (Marcos et ul. , 1995). Relevant examples of peptides active against 

plant microbes are those from indolicidin or lactofetTicin group (Uivatne el a/., 2004). 

Due to basic properties of many antimicrobial peptides, their affinity with anionic DNA 

molecule is expected and in vitro binding has been demonstrated in a number of ca es 

(Hsu el a!., 2005). Although such acti vity in vil·o could alter cell homeostasis severely, it 

remains to be determined to what extend this proper1y mediate peptide antimicrobial 

activi ty. Selected examples of natural antimicrobial peptides are enlisted Table I: 

Table 1.1 Bioactiv iti es of some peptides isolated from different animals and their most 

probable sequences. Colours of different amino acid codes are given according to their 

hydropathy profile and chemical grouping 

Sl. Propo;ed 
Reference Pep11dc Source Ammo Acid Sequence Pathogen 

No. Mechamsm 

13acteria, Fu ngi. 
Permeabliizes G IG "-11 HSA"-"- I G 

I. 1\ l cgainin 2 Frog Fusarium Matsuzakt (1998) 
AI \ AI 1--. AL bactcnal membrane 

oxyspomm 

"-" "- I "-"- 110: "- MGI{ :-1 l'ungt. 
Membrane 

2. Crcropin A Si lk Moth IIWGI\ "- AG PAIE\ I Ph_1·topht/10m Gatti era/ ( 1996) 
destabthtmg 

GSA"- AI mfestuns 

"- \\ "- \ I "-1-. IF."- MGK 
Membrane lipid Alan and Earle, 

3. Cccropin B Insect . IR:-IGI\ "- AG PAIA 13actcna & Fungi 
(2002) disrup11on 

\ I GF.A"- AI 

lnhiblls 
Q\\ GRI' CCG\\ GPG Van Loon et ul. 

4. lb· ~I PI Plant l'ungt macromolecular 
RR YC\ R\\ C (2006) 

synthc>ts 

TRSSI' AGL Ql P\ G 
Bactcna 

Bmdmg to nucleic 
Park et ul. (2000) 5. Buforin II Toad 

\ HRI I R"- actd 

G:-1:--I RP\ YIPQPRPP Alter cell Ca~tcels et ul, 
6. Apidaccin I Ioney bees Bactena 

HPRI homeo; tasis ( 1989) 

I LP\\ "- \\ P\\ \\ P\\ R Calctum-calmodulin 13harga\ a 1'1 a/. 
7. lndolicidin 130\ inc Fungt 

(2007) R mteracllon 

Raghuraman and 
lloney bee GIGA \I "- \ l TTGLP 

Chanopadhya~, 8. ~lclillin Bacteria, Vtrus Cytol) ttc 
vcnome AI ISWI"-R"-RQQ 

(2007) 

RRR PRPPYLI'RPRP 
I hghly caltomc and 

Boman er ul. 
9. PR-39 Porcme Bacteria affinlly to\\ards 

p ( 1995) 
nucletc acids 

Electro;,tatic 
Penictllitmt Fungt. Gram(-) Mun071!1 ul. 

10. PAF26 R"-"- \\I\\ anraclton " ith 
cluysogemtm Bacteria (2007) 

hpopoly>acchandc 
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1.7 GLIMPSES FROM VAST ARRAY OF BIOACTIVE ANIMAL PEPTIDES 

In animals, most of the physiological interactions were achieved through peptide 

endocrine signal system. It was recently established that communication is possible 

because the nervous and immune systems share a common biochemical language 

involving shared ligands and receptors, including neurotransmittors, neuropeptides, 

peptide growth factor, neuroendocrine hormones and cytokines (Kelley et a/., 2007). A 

great deal of evidence has accumulated and confirmed that hormones secreted by the 

neuroendocrine system play an important role in communication and regulation of the 

cells of the immune system. Among peptide hormones, this has been clearly documented 

for prolactin, growth hormone and insulin-like-growth-factor-! (IGF-1). It was recently 

proved that IGF-1 acts in cycling cells via insulin receptor substrate-!, 

phosphatidylinositol 3'-kinase and cyclin dependent kinase 2 (CDK2) and the proteins 

were inhibited by TNFu (Shen eta/., 2004). It is further believed that IGF-1 inactivation 

promotes cell survival, but at the same time seems to be associated with a reduction of 

life span. Lots of scientific data now point to the importance of critical homeostasis 

between peptide hormones and cytokines from the immune system. The role of 

proinflammatory cytokines in inducing resistance to IGF-1 (Kelley, 2004), growth 

hormone (Lang et a/., 2005), glucocorticoids (Pace et a/, 2007), G-Protein coupled 

receptors such as catecholamines (Heijnen, 2007) and insulin (Hotamisligil, 2003) have 

been recently highlighted. These new findings underscore the importance of 

understanding the molecular details of communication systems between the immune and 

endocrine systems. 

The family of natriuretic peptides (NP) constitutes another important peptide 

group that comprises at least eight structurally related amino acid peptides stored as three 

different prohormones: 126 amino acid atrial natriuretic peptide (ANP) pro hormones, I 08 

amino acid brain natriuretic peptide (BNP) prohormones and 126 amino acid C-type 

natriuretic peptide (CNP) prohormones (Vesely, 1992). The prohormones ANP contains 

several peptides with blood pressure lowering properties, natriuretic properties, diuretic 

properties and/or kaliuretic properties (Vesely eta/., 1994). The name BNP was derived 

from its initial isolation from the procine brain (Hunt et a/., 1995). CNP has been 

detected in human coronary arteries and in the peripheral circulation in endothelial cells 
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of human veins and arteries of various sites (Komatsu eta/., 1992). CNP lacks significant 

natriuretic function, and serves as a regulator of vascular tone and growth in a paracrine 

or autocrine fashion (Cargil eta/., 1995). 

One group of peptides released from wide range of nerves is considered as 

neuropeptides. Chemically distinct, they exhibit characteristic pattern of localization 

within the peripheral and central nervous system and possess the ability to stimulate a 

range of diverse biological activities. Substance P (SP) was the fust neuropeptide to be 

discovered and was recognized as a sensory neurotransmitter by Lembeck (1953). Other 

neuropeptides have more recently secured their places in the archives through their potent 

and varied biological activities, distinct G-Protein coupled receptor (GPCR) activation 

and potential therapeutic targets (Hay et al., 2004). A flare, which is visible in skin 

around the point of injury due to a spreading nerve-mediated axon reflex, involves 

stimulation of sensory nerves to release neuropeptides that include SP and GCRP. 

Another group, neuropeptide Y (NPY) was purified a decade after the sequencing of SP 

in 1982 by Tatemoto et a/. (1982) using a novel identification process that selectively 

detected carboxy terminal amidated peptides. It is located in, and released from specific 

central neurons and peripheral neurons, sympathetic and sensory nerves. NPY was 

initially shown to exhibit a surprisingly weak direct vasoconstrictor response but a 

powerful potentiation of noradrenaline induced vasoconstriction in a variety of rabbit 

isolated blood vessels. Related nonmammalian neuropeptide PY exists in fish and 

neuropeptide F in Drosophila melanogaster. PY is found in the pancreas of several boney 

fishes but probably it was not the mammalian orthologue (Larhammar et a/., 2004). Some 

of the structural analogs of neuropeptides were also found in mammals like pancreatic 

polypeptide (PP) and Polypeptide Y (PYY), located in neuroendocrine cells of pancreas 

and terminal intestine, respectively. Together, NPY, PYY and PP exert wide ranging 

effects in central and peripheral target tissues. Neuropeptide Y (NPY) acts as an 

inhibitory neurotransmitter and anticonvulsant and antinociceptive actions, in addition to 

its hypertensive and appetite-stimulating effects (Brain and Cox, 2006). In the intestine, 

NPY and PYY act as potent anti-secretory agents in rodents and human tissues (Hyland 

and Cox, 2004). 
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Opioid peptides are another group that mimics the effect of opiates in the brain. 

Opioid peptides may be produced by the body itself, for example endorphins, or be 

absorbed from partially digested food (casomorphins, exorphins and rubiscolins). The 

pentapeptide methionine-enkephalin and leucine-enkephalin were first discovered in the 

brain and adrenal gland (Hughes et a!., 1975). Shortly after, enkephalin-containing 

peptides were identified throughout the central and peripheral nervous system, including 

the afferent neurons terminating in the heart (Tang et a!., 1982). The neural signaling of 

opioid peptides has been well characterized in multiple roles, including bradycardia, 

tachycardia, hypertension and hypotension (Jackson et a!., 2001). Three gene products, 

pro-opiomelanocortin, prodynorphin and proenkephalin are the precursors for 

endorphins, dynorphins and enkephalins, respectively (Barron, 1999). Over the past 

decade, accumulating evidence demonstrates that both proenkephalin and prodynorphin 

and their final products are expressed directly by cardiomyocytes from mammalian 

species, including rat, guinea pig, and dog besides their normal expression in central 

nervous system (Ventura et a!., 1998). Opioid peptides of myocardial origin have been 

shown to protect the heart against hypoxic and ischemic in jury via activation of G 1-

mediated signalling pathway (Pepe eta!., 2004). 

1.8 PLANT PEPTIDE HORMONES 

Plant peptides can essentially be divided into two categories: bioactive peptides that are 

produced by selective action of peptidases on larger precursor proteins (Fricker et a!., 

2006), and degraded peptides that result from the activity of proteolytic enzymes during 

protein turnover, may be utilized through nutritional recycling. Although both groups are 

the products of proteolysis, they differ in how they act within the cell. Recent fmdings 

indicate that first group has a key role in peptide signalling and are also involved in 

various aspects of plant growth regulation including defense responses, callus growth, 

meristem organization, self-incompatibility (SI), root growth, leaf shape regulation, 

nodule development and organ abscission (Matsubayashi and Sakagami, 2006). By 

definition, plant hormones or phytohormones are chemicals that regulate plant growth. 

Plant hormones are signal molecules produced within the plant, and occur in extremely 

low concentrations. Hormones regulate cellular processes in targeted cells through their 
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specific receptors (Kende and Zeevaart, 1997). So along with classical lipophilic growth 

regulators like cytokinins, gibberellins, abscisic acid, ethylene, brassinosteroids and 

jasmonates; peptides of the above class can be placed in 'hormone' category because they 

fundamentally maintain the basic properties of plant hormone. Among peptide hormones, 

one major group of secreted peptides can be categorically characterized by the presence 

of post-translational modification of prepropeptides mediated by specific transferases and 

by their small size (<20 amino acids) resulting from either proteolytic processing or 

programmed degradation (Matsubayashi, 2011). These peptide hormone groups include 

phytosulfokine [PSK] (Matsubayashi and Sakagami, 1996), hydroxyproline rich systemin 

[SYS] (Pearce et a/., 200 I), tyrosine-sulfated peptides [PSY -1] (Amano et a/., 2007), 

tracheary element differentiation inhibitory factor [TDIF] (Ito et a/, 2006), Clavata 3 

[CLV3] (Fletcher eta/., 1999), C-terminally encoded growth factor (CEP I) [Ohyama et 

a/, 2008], root meristem growth factor [RGF] (Matsuzaki eta/., 2010) etc. Interestingly 

primary sequences of these peptides have common structural features and similar 

hydropathy profile. Primary precursor polypeptides for this class exhibit significant 

sequence diversity, with the exception of the conserved C-terminal domain that 

corresponds to the mature peptide sequences. It can be speculated that a number of amino 

acid substitution were accumulated within the sequences digested by proteolytic 

processing during molecular evolution (Matsubayashi, 2011 ). Hyper-variability of amino 

acid sequences outside of the mature peptide domain implies that the region removed by 

protease action are not under strong selection pressure, and thus, genes encoding 

paralogous secreted peptides with similar features may encode small post-translationally 

modified peptides (Matsubayashi, 2012). Recently some of the peptide hormones 

participated in the developmental programme was identified by in silica screening of the 

peptide families with these characteristics (Matsuzaki et a/., 201 0). 

1.8.1 Post-translational modification of peptide hormones 

In plants, three types of post-translational modifications were identified, based on their 

primary sequences and biosynthetic pathways. But understanding the process of peptide 

secretion in soluble cargo to the apoplasm in plants is limited (Rojo and Denecke, 2008). 
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Some of the modifications of peptides are represented in f1owchart (Figure l.l) and in 

brieC they are also discussed below: 

1.8.1 a It-rosine sulfation: 

This modification of peptide ts mediated by a specific enzyme (\Tosylprotein 

su!j()trans/era.•;e (TPST), which catalyzes the transfer of sulfate from 3'

phosphoadenosine 5'-phosphosulfate to phenolic group of tyrosine (Moore, 2003). 

Sulfated peptides play diverge role in plant growth, development and senescence 

programme (Zhou eta!., 2010) . 

1.8.1 b Proline hvdroxvlation: 

This modification is mediated by prolyl-4-hydroxylase (P4H), which catalyzes the 

oxidation of proline residues exclusively at fourth position carbon (Myllyharju, 2003). 

Hydroxyproline residues have been found in systemin, TDIF, CEP and CL V group of 

peptides. Among them CEPl arrests root growth (Ohyama et a!., 2001-\) and TDIF 

suppresses xylem cell differentiation (Hirakawa eta!., 201 0). 

1.8.1 c f(vdroxyproline arabinosylation: 

Hydroxyproline residues of some secreted peptide hormones like PSYI, CLV3 and CLE2 

are further modified with arabinose chain (Ohyama, 2009). Arabinosylated peptides 

interact more strongly with their receptors along with enhancement of their bioactivity. 

1 .S.ld (vstcine-rich peptides: 

Another major group of secreted peptide signals are 'cysteine-rich peptides', where even 

number of cysteine residues are present in their amino acid sequence, thus participating in 

the formation of intra-molecular disulfide bonds (Matsubayashi, 20 II). This peptide 

group is represented by RALF (Wu eta/., 2007), stomagen (Hunt and Gray. 2009). pollen 

guidance factor (LURE pep tides) (Okuda et a!., 2009), epidermal patterning factors 

( EPF I /EPF2) (I lara et a!., 2009) etc. RALF or rapid alkalinization factor is involved in 

various aspects of plant development, stomagen positively regulates stomatal density, 

LURE peptidcs are involved in pollen guidance and act as chemo-attractant for 

competent pollen tube, EPF I /EPF2 regulates epidennal cell patterning. So 'cysteine rich 

pep tides· pursue different vital signals associated with growth development and 

reproduction . 
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Figure 1.1 : Post-translational modification and proteolytic processing of peptides. 
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In general, low molecular weight peptides are produced after post-translational 

modification and proteolytic processing through secretary pathways. Secreted peptide 

hormone genes are initially translated as pre-propeptides, followed by selective removal 

of the N-terminal signal peptide by signal peptidases to afford propeptides. The sites of 

cleavage in the pre-propeptides can be predicted with a high degree of accuracy by Signal 

IP software (Bendtsen et a/., 2004). Many of these processed small peptides have been 

conserved during evolution, suggesting that these energy-expensive modified peptides 

have the physiological benefits worth their high cost in plants (Fukuda and Higashiyama, 

20 II). Here the current knowledge about the functional and signal transduction properties 

of some plant peptide hormones are represented in diagram (Figure 1.2) and summarized 

below: 

1.8.2 Systemin: wound induced systemic response peptides 

Higher plants respond to wounding by insects and pathogens through expression of a set 

of defense proteins in leaves and stems. In Solanaceous plants, wounding triggers the 

expression of serine protease inhibitors such as inhibitor I and II (Green and Ryan, 1972). 

These proteins accumulate not only in wounded leaves but also in undamaged leaves 

distal from the damage sites, indicating the presence of a mobile factor that induces a 

systemic defense response. Biochemical purification of this factor on the basis of its 

proteinase inhibitor-inducing activity led to the identification of a peptide named 

systemin (Pearce et a/., 1991 ). The pure substance was found to be an eighteen amino 

acid polypeptide with the sequence A VQSKPPSKRDPPKMQTD. Chemically 

synthesized systemin induces the expression of proteinase inhibitors in the leaves of 

young tomato plants when supplied at nanomolar levels through their cut petioles. 

Whole-leaf autoradiographic analyses (Narvaez-Vasquez eta/., 1995) showed that when 

[ 14C]systemin was placed on fresh wounds, it was distributed throughout the wounded 

leaf within 30 min, then transported to the petiole, and finally into the upper leaves within 

1 to 2 h of application. Tomato Systemin is produced by proteolytic processing of the C 

terminus of a 200-residue precursor called tomato prosystemin (McGurl et a/., 1992). 

Prosystemin orthologs have only been detected in Solanaceous species, suggesting that 

the systemin-mediated wound response is species specific. The signaling pathway for the 
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activation of defensive genes by systemin is mediated by lipid-derived intermediates 

(Farmer and Ryan, 1992). Systemin activates an intracellular cascade that results in the 

release of linolenic acid (LA) from membranes, with the LA subsequently converted to 

phytodienoic acid (PDA) and jasmonic acid (JA) (Vick and Zimmerman, 1984), both 

powerful inducers of defensive genes in plants (Doares et al., 1995, Weiler, 1997). The 

significance of systemin in the defense response was revealed by experiments in which 

tomato plants were transformed with sense or antisense prosystemin cDNAs under the 

control of the constitutive 35S promoter (McGurl et al., 1994). Overexpression of 

prosystemin resulted in constitutive expression of defense response genes, as if the plant 

were in a permanently wounded state. By contrast, transgenic plants expressing anti

sense systemin transcripts showed a severe depression of systemic proteinase inhibitor 

induction as well as decreased resistance towards herbivorous larvae (Orozco-Cardenas et 

al., 1993). Recent reports suggest that systemin enhances the production of bioactive 

volatile compounds, increases plant attractivity towards parasitioid wasps, and activates 

genes involved in volatile production (Corrado et al., 2007). Perception of systemin by 

the membrane-bound receptor SR 160 results in activation of MAP Kinase and 

expression of defense genes. Cosilencing of MAPKs i.e. MPKJ and MPK2 reduced 

kinase activity, Jasmonic Acid biosynthesis and expression of JA dependent defense 

genes. So MPKI and MPK2 are essential components of the systemin signaling pathway 

and most likely function upstream of JA biosynthesis (Kandoth et al., 2007). 

A new class of peptides having similar signaling properties but little sequence 

homology to systemin have been found and termed Hydroxyproline-rich glycopeptides 

systemins (HypSys) (Narvaez-Vasquez et al., 2007). Until recently these glycopeptides 

were thought to function only in protection from herbivore attack. However more 

recently, HypSys peptides isolated from petunia and sweet potato were found to induce 

defensin and sporamin B gene respectively and are involved in pathogenic defense. 

Sporamin B particularly codes for the major storage protein in tubers with trypsin 

inhibitory activity (Sun et al., 2009). These recent discoveries expand the function and 

range of the Sys and HypSys family of glycopeptides and establish these unique 

inducible signaling molecules as potential components of defense pathways throughout 

the Eudicots (Pearce, 200 I). 
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1.8.3 Phytosulfokine: a peptide elicitor regulating growth and differentiation 

The sulfated peptide phytosulfokine (PSK) is an intercellular signal peptide that plays a 

key role in growth and differentiation. Matsubayashi and Sakagami (1996) isolated and 

identified growth factors from conditioned medium that promoted the growth at low 

density of Asparagus mesophyll cells in tissue culture. They identified a sulfated 

pentapeptide [H-Tyr(S03H)-Ile-Tyr(S03H)-Thr-Gln-OH, abbreviated sYisYTQ], named 

PSK.-u, and a sulfated tetrapeptide [H-Tyr(S03H)-Ile-Tyr(S03H)-Thr-OH], named PSK

~, that were active in the Asparagus cell system. Six genes encoding PSKs (AtPSK1-6) 

have been identified in Arabidopsis. Each encodes a preproprotein precursor of 

approximately 80 residues, with the YIYTQ peptide near their C-termini (Matsubayashi 

and Sakagami, 2006). Proteolytic processing of Arabidopsis phytosulfokine (AtPS~) is 

dependent on subtilisin-like serine protease (Srivastava et al., 2008). PSK apparently 

promotes cell division at nanomolar concentrations even at initial cell densities as low as . 

320 cells ml-1 (Matsubayashi and Sakagami, 1998). PSK also stimulates tracheary 

element differentiation of Zinnia mesophyll cells (Matsubayashi el al., 1999) and somatic 

embryogenesis in carrot under defined conditions (Kobayashi et al., 1999). These 

findings imply that PSK has important regulatory functions related to cell proliferation 

and differentiation in higher plants. It has also been demonstrated that PSK promotes 

various stages of root growth (Kutschmar et al., 2008) including somatic embryogenesis 

(Hanai et al., 2000; Igasaki el al., 2003), adventitious bud formation, adventitious root 

formation (Yamakawa el al., 1998), and pollen germination (Chen et al., 2000). Besides 

controlling development, PSKs also have anti-pathogenic properties as observed against 

Phoma narcissi and Botrytis tulipae (Bahyryczl et al., 2008). PSK precursor genes are 

redundantly distributed throughout the genome (Yang el al., 2001) and are found in a 

variety of angiosperm and gymnosperm plant species (Lorbiecke and Sauter, 2002). 

Recently, four candidates for PSK genes were found in the Arabidopsis database by a 

BLAST homology search using the sequence of the PSK domains, and two of them were 

confirmed to be functional by site-directed mutagenesis, indicating that the Arabidopsis 

genome has a gene family encoding PSK precursors (Yang et al., 2001). The preproPSK 

genes have been cloned from rice and Arabidopsis. The rice gene ( OsPSK) encodes a 

peptide of 89 amino acids that has a 22-amino-acid signal peptide at the amino-terminal 
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end and a PSK sequence near the carboxy-terminal end (Yang eta/., 1999). The aspartic

acid residue just before the PSK sequence is important for tyrosine sulfation, indicating 

that the PSK precursor may be sulfated in a manner similar to that of animal peptides 

(Hanai eta/., 2000). The Arabidopsis genes (AtPSK2 and AtPSK3) have similar structures 

to that of OsPSK. AtPSK2 and AtPSK3 have dibasic amino acids around the PSK 

sequence, which may be the processing sites, indicating an analogy to mammalian or 

yeast prohormones. 

A PSK receptor was first identified in carrot (Daucus carol a) as a leucine-rich 

repeat receptor kinase (LRR-RK) (Matsubayashi eta/., 2002). SDS-PAGE analysis of the 

labeled proteins indicates that a 120-kD protein and a minor 150-kD protein specifically 

interact with PSK. Based on the internal sequence of the PSK-binding protein, the 120-

kD and 150-kD proteins were identified as LRR-RLKs derived from a single gene. The 

PSK-binding LRR-RLK is named PSKRl. Expression of PSKR1 has been detected 

throughout tissues of the leaves, apical meristem, hypocotyl, and root of carrot seedlings, 

although much higher expression has been detected in cultured carrot cells. The carrot 

PSK receptor, PSKR1, exhibits high percentage amino acid identity with several LRR

RLKs found in Arabidopsis. The in vivo function of PSK is currently being studied using 

knockout mutants of the genes for those LRR-RLKs. 

1.8.4 SCRISPll: Peptide mediated self perception 

Self-incompatibility (Sl) is a genetic system present in flowering plants that promotes 

outbreeding by rejecting self-pollen (Takayama and Isogai, 2005). In the case of the SI in 

Brassica, the recognition of self and nons elf pollen at the stigmatic surface is genetically 

controlled by a multiallelic S-locus. The S-locus generally contains three highly 

polymorphic genes: S-locus protein 11 (SPII; or S-locus Cys-rich protein [SCR]), S

locus glycoprotein (SLG), and S-locus receptor kinase (SRK). SP II encodes a secreted 

form of a small basic protein that localizes to the pollen coat (Takayama et a/., 200 I; 

lwano et a!., 2003). SRK encodes a membrane-spanning Ser/Thr receptor kinase that 

localizes to the papilla cell membrane and functions as the sole determinant of the SI 

phenotype of the stigma (Takasaki et a!., 2000). Biochemical studies have clearly shown 

that SP 11 is a ligand for SRK, and the specificity of the SI response can now be 

42 



explained by the S-haplotype-specific interactions between the SPll ligand and the 

membrane bound SRK receptor (Kachroo et al., 2001; Takayama eta/., 2001). Bound 

SCR/SPll induces S-haplotype-specific autophosphorylation of SRK. In contrast to the 

integral and membrane-anchored forms of SRK, which exhibited high affinity binding to 

SP 11, the soluble form of SRK ( eSRK) exhibited no high-affmity binding site. This 

fmding suggests that the membrane anchorage is necessary for SRK to create a high

affinity binding site for SPll (Shimosato et al. 2007). The membrane anchorage is 

necessary for SRK to maintain its configuration in the equilibrium state between the 

inactive monomeric or dimeric low-affinity form(s) and the dimeric active high-affmity 

form. Formation of the active dimer must be supported by the cell membrane, which 

restricts receptor diffusion in two dimensions (Tzahar et al., 1997). 

As opposed to the other known peptides, no further post-translational processing, 

except for the removal of signal peptide, is required to yield mature SCR/SPI I peptide. 

Instead, correct disulfide bond formation is a prerequisite for SCR/SPI I activity. Four 

disulfide bonds between eight conserved cysteine amino acids (C I -C8, C2-C5, C3-C6, 

and C4-C7) stabilize the structure and form a loop in the C3-C4 region of the protein 

(Mishima et al., 2003). This C3-C4 region forms a hyper-variable domain depending on 

each S-haplotype and is considered one of the determinants affecting binding specificity 

to SRK. Another important domain was identified by site-directed mutagenesis, by which 

it was observed that the C3-C4 and C5-C6 regions contribute to this ligand-receptor 

interaction (Chookajorn et a/., 2004). The Arabidopsis genome also includes the large 

SCR-related (SCRL) gene family, which is homologous to SCRISPJJ (Vanoosthuyse et 

a/., 2001). The SCRL family consists of28 homologous genes encoding 4.4-9.5 kD basic 

and hydrophilic peptides that have the N-terminal signal peptide and the eight conserved 

cysteine residues. Some SCRLs are expressed in various tissues including flower buds, 

roots, stems, and leaves, but their functions remain to be characterized. 

1.8.5 CLAVA TA 3: Pep tides for determining shoot apical meristem identity 

The Arabidopsis genes CLAVATA 1 (CLV 1), CLAVATA 2 (CLV2) and CLAVATA 3 

( CLV3) appear to play important roles in the regulation of shoot meristem development. 

The CLV loci promote the transition towards differentiation of cells in the shoot and 
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floral meristems or restrict the proliferation of cells at the center of these meristems 

(Clark et al., 1993; Clark et al., 1995). Loss-of-function mutations in either CLVJ or 

CLV3 cause identical phenotypes, in which stem cells accumulate and there is a 

progressive enlargement of shoot and floral meristems. Double clvl-clv3 mutants have 

the same phenotype, which suggests that CLVJ and CLV3 function in a common 

signaling pathway. CLV3 encodes a 96-residue peptide containing an N-terminal 

secretion signal (Fletcher et a/., I 999). The protein does not contain a potential dibasic 

processing site that could be recognized by a processing enzyme, and anti-CLV3 

antibodies detect an unprocessed polypeptide in Arabidopsis extracts, suggesting a lack 

of further processing in CL V3 biosynthesis. Both CLV3 and CLV 1 are expressed in shoot 

apical meristems, and there is a strong possibility that CL V3 is a ligand for the CL V1 

receptor-like kinase. CLV3 is expressed in the surface Ll and L2 cell layers of the central 

zone, whereas CLVJ is expressed in the inner L3 layer of the same zone (Clark et al., 

I 997). In addition, CL V3 is transported through the secretory pathway and extracellular 

secretion is required for successfully activating the CLV11CLV2 heterodimer receptor 

complex (Rojo et al., 2002). CLV3 acts as a negative regulator of WUS expression, a 

feedback regulatory loop exists in which WUS expression promotes the expression of 

CLV3, which in tum activates a signal transduction pathway that negatively regulates 

WUS expression. This feedback loop is essential for maintaining an optimal balance of 

stem cells in the SAM. Interestingly, over expression of CLV3 results in a loss of 

meristem function in the root apical meristem (RAM) as well as the SAM, indicating that 

activation of a CLV like signaling pathway may also control cell fate in roots (Hobe et 

al., 2003), and that the CLV3-Iike peptide might also be involved in regulating RAM 

growth. 

1.8.6 Rapid Alkalinization Factor 

During systemin purification, another peptide with 49 amino acid residues was identified, 

which causes a rapid alkalinization of the medium, and thus was named rapid 

alkalinization factor (RALF) (Pearce et al., 2001). Like tobacco systemins (Pearce et al., 

2001 ), RALF induces a MAP kinase activity in the cultured cells. The MAP kinase 

activity of RALF is also induced much more rapidly than the activities induced by 
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systemins. Despite the similarities between RALF and the various systemin polypeptides 

in causing the alkalinization and MAP kinase responses, RALF is much larger than the 

systemin and does not induce the synthesis of tobacco trypsin inhibitors in leaves when 

supplied to young tobacco plants, suggesting a signaling role other than defense. RALF 

sequences possess a highly conserved I 7-amino-acid COOH-terminal sequence motif 

containing two cysteine residues that have been found in many plant species, suggesting 

an essential role (Pearce eta/., 2001; Olsen eta/., 2002). Tomato RALF precursor eDNA 

encodes a I 15-amino acid polypeptide containing a signal sequence at its N terminal and 

the RALF peptide at its C terminal (Pearce et a/., 2001). It is not known how mature 

RALF peptide is produced from its precursor, but a dibasic amino acid motif is located 

two residues upstream from the N-terminus of mature RALF. When supplied to 

Arabidopsis seedlings, synthetic tomato RALF peptide causes immediate arrest of root 

growth and slight enlargement of meristem cells. RALF-like genes have been identified in 

many plant species, and are expressed in various tissues including roots, suggesting that 

the peptide has basic physiological roles in plants other than arrest of root growth 

(Germain eta/., 2005, Pearce eta/., 2001). Although Arabidopsis has 34 genes encoding 

RALF-like peptides (Olsen eta/., 2002), their fundamental in vivo functions and possible 

target remain elusive (Matsubayashi and Sakagami, 2006). Because RALF precursor 

genes form a highly redundant family, it is difficult to perform genetic analysis of RALF 

signaling using the ligand. 

1.8.7 ENOD 40: A Nodulation Factor 

The early nodulin gene ENOD40 is expressed in the nodule primordium when it develops 

in the root cortex of leguminous plants after infection by symbiotic rhizobia (Compaan et 

a/., 2001). A comparison of Papilionoideae ENOD40 genes has revealed two conserved 

regions, I and II, located within the 5' end and the central part of the eDNA, respectively, 

and up to six domains of conserved RNA secondary structure (Gu!yyaev and Roussis, 

2007). The legume ENOD40 genes do not contain conserved coding sequences except for 

two short ORFs, ORF A and ORF B, which encode small peptides. ORF A of 10-13 

codons is located in the conserved region I and partially overlaps ORF B. Gene silencing 

of two Medicago truncatula ENOD40 genes, ENOD40-J and ENOD40-2, demonstrated 
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that both genes are involved in nodule initiation and bacteroid development (Wan et al., 

2007). Orthologues of ENOD40 have also been found in other nonlegume plants, 

suggesting roles outside of symbiosis (Kouchi et a/., 1999; Compaan et al., 2003; 

Vleghels et a~., 2003; Gulyyaev and Roussis, 2007). Knockdown of ENOD40 arrests 

functional nodule development, and its overexpression accelerates nodulation, indicating 

that this gene plays a central role in nodule development (Charon et al., 1999). However, 

Overexpression of ENOD40 causes no apparent aberration of plant growth, suggesting 

that this gene does not directly trigger cell division, but rather sensitizes cells to division

inducing signals. In rice, expression of ENOD40 has been detected in stems, especially in 

parenchyma cells surrounding the protoxylem, suggesting that ENOD40 plays a role in 

the development of vascular bundles. These findings indicate that ENOD40 was 

originally involved in another plant developmental pathway, and was then recruited into 

the symbiotic nodulation pathway. The mechanism of ENOD40 gene activity seems to 

be of a dual mode: one relying on the encoded short peptide(s) and the second depending 

on the transcript structure. The growing evidence of the role of plant short peptides 

supports the hypothesis that either the single ENOD40 peptide A or both A and B 

peptides may have biological functions (Barciszewski and Legocki, 1997; Linsey, 2001; 

Wen et al., 2004). The G. max ORF A and ORF B peptides ofENOD40 gene were found 

to interact with sucrose synthase (Rohrig et al., 2002). ORF A and ORF B peptides 

antagonize Zea mays sucrose synthase phosphorylation, decreasing the efficiency of the 

enzyme's proteolysis (Hardin et al., 2003). This competition between ENOD40 peptides 

and plant-specific calcium-dependent kinase, an enzyme involved in regulation of diverse 

cellular processes (Klimecka and Muszynska, 2007), points to an ENOD40 regulatory 

function. In addition to the above in vitro data, ENOD40 peptide A activity was also 

confirmed in Arabidopsis thaliana, where it inhibited expansion of protoplasts similarly 

to overexpression of the full-length ENOD40 gene (Guzzo et al., 2005). 

1.8.8 Atrial Natriuretic Peptides: For Regulating Water Homeostasis in Plants 

In mammals, the natriuretic peptide (NP) was originally discovered in an extract of rat 

atria in 1981 (deB old et al., 1981 ). The atrial natriuretic peptide is encoded by a 152 

amino acid precursor protein, the preproANP. Mature ANP is obtained after removal of 
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signal peptide (proANP) and the cleavage of the propeptide at position 98 and deletion of 

the two carboxy-terminal amino acids, resulting in the C-terminal ANP peptide (99-126), 

which is then circularized through the formation of disulfide bond between amino acids 7 

and 23 (Germain et al., 2006). The biology of the natriuretic peptide (NP) system is 

complex, in animal system it regulates salt and water handling, promotes vasodilation and 

exerts favourable effects on the heart in the context of processes such as heart failure 

(Martinez-Rumayor et al., 2008). 

The first indications for NPs in plants came from radioimmunoassay on Florida 

beauty (Dracena godseffiana) (Versely and Gordano, 1991), where antibodies against the 

N-terminus (ANP, 1-98), the mid-portion (ANP, 31-67) and the C-terminus (ANP, 99-

126) recognized the peptides in leaves and stems. Subsequently, it was demonstrated that 

synthetic rANP can induce stomatal opening in Tradescantia sp. in a concentration 

dependent manner (Gehring et al., 1996). It was further noted that a synthetic peptide 

identical to the C-terminus (amino acids 99- 126) of ANP modulates the osmotically 

induced swelling of potato (Solanum tubersosum) mesophyll cell protoplast in a 

concentration and time dependent manner (Maryani et al., 200 I). Also the 

immunoreactant plant natriuretic peptide hormones (irPNP) have a role in radial water 

movements from the xylem of Tradescantia multiflora stems and hence in water and 

solute homoeostasis (Suwastika and Gehring, 1998). It is noteworthy that Na+ is required 

in the medium for activity in animal systems, which is not the case in plants (Gehring et 

a!., 1996). This suggests that in plants NPs operate on processes other than Na +transport, 

such as K+ transport or the synthesis of compatible solutes. Natriuretic peptides would 

represent the first known conserved hormonal system that is shared between animals and 

plants (Germain et al., 2006). The sequence similarity and homology in the signaling 

mechanism strongly support that this mechanism, involved in homeostasis regulation, 

may have evolved before the last common ancestor of the two kingdoms, 1.6 billion years 

ago (Meyerowitz, 1999). 
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1.9 SOME RECENTLY DISCOVERED PEPTIDES PARTICIPATED IN PLANT 

DEVELOPMENTAL PROGRAMME 

1.9.1 Polaris 

POLARIS (PLS) was identified in a promoter trap transgenic line in which reporter gene 

expression is specially detected in the basal region of the embryo and the root tip 

(Topping eta/., 1994; Topping and Lindsey, 1997). It was later shown that PLS is also 

expressed in the leaf vasculature (Casson eta/., 2002). PLS encodes a short transcript of 

approximately 500 nucleotides, which contains a short ORF encoding a peptide with a 

predicted length of 36 amino acids and a predicted molecular mass of 4.6 kD (Casson et 

a/., 2002). Mutation of the initiation ATG codon of this ORF causes a complete loss of 

PLS gene function, indicating that PLS encodes a functional polypeptide rather than a 

biologically active RNA molecule. The predicted 36-amino acid peptide has no secretion 

signal, suggesting that it functions in the cytoplasm, although no direct evidence of 

intracellular localization has been reported (Matsubayashi and Sakagami, 2006). The PLS 

peptide has not yet been biochemically isolated, despite attempts using protein gel blot 

analysis combined with immunological methods. Physiological studies suggest PLS is 

required for correct cytokinin and ethylene signalling, which modulates root growth 

(Lindsey, 2001). Mutation in PLS results in an enhanced ethylene-response phenotype, 

defective auxin transport and homeostasis and altered microtubule sensitivity to 

inhibitors. New findings suggested that PLS is an essential component in the regulation of 

auxin homeostasis and root growth by restricting ethylene signaling (Chilley eta/., 2006). 

PLS transcription is activated at the root tip by the relatively high auxin concentration 

through which it accumulates and attenuates correct cell division at that position (Friml et 

a/., 2002; Blilou et a/., 2005). In root, PLS acts as negative regulator of ethylene 

signaling, which is inhibitory to cell division and expansion, and therefore root growth 

(Souter et a/., 2004). PLS is also required for correct lateral root initiation, presumably 

via ethylene-mediated control of auxin transport to the Pericycle (Ooi eta/., 2006). More 

experiments are required for determining the molecular events of auxin and ethylene 

interaction with PLS at root tip. 
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· 1.9.2 CLE Peptides 

The CLAVATA 3 (CLV3)/ENDOSPERM SURROUNDING REGION (ESR) [CLE] 

peptides contain 12 or 13 amino acids, including hydroxylated proline residues that may 

or may not contain sugar modifications, and regulate various physiological and 

developmental processes in a non-cell-autonomous fashion. Recently CLE functional 

studies have pointed to their significance in governing meristematic activity in shoot or 

root apex and their signaling pathway are conserved in diverge land plants (Betsuyaku et 

a/., 2011). Overexpression studies and exogenous feeding assays have led to the 

conclusion that there are two major classes of CLEs (Katsir and Davies, 2011 ): A-type 

CLEs can induce termination of the root and/or shoot meristem activity through terminal 

differentiation of stem cells (Whitford et a/., 2008). In contrast, B-type CLEs don't 

induce termination, instead they can suppress xylem differentiation (Kinoshita et a/., 

2007), and in Zinnia, the homologs of these peptides [TDIF, tracheary element 

differentiation inhibitory factor] suppress tracheary element differentiation from cultured 

mesophyll cells (Ito et a/., 2006). Some authors suggested that vascular patterning is a 

process controlled in time and space by different CLE peptides in conjugation with 

hormonal signaling (Whitford et a/., 2008). 

1.9.3 EPF1/EPF2 

The cysteine-rich EPF family is much smaller than the CLE family, and comprising 

eleven different sequences are obtained in Arabidopsis (Hara et a/., 2009). Genetic 

interaction studies in Arabidopsis suggest that LRR-containing receptors mediate EPF 

signaling (Katsir, 2011). Several EPF family members, including EPFl and EPF2, 

function as the negative regulator of stomatal development. Actually stomatal 

development and density are negatively regulated by membrane proteins, including too 

many mouth (TMM) and ERECT A family of receptor-like kinases (ERr) (Shpak, 2005). 

TMM and ERr are thought to dimerize and activate in a tissue-specific manner (Yang and 

Sack, 1995). In this connection, at least two possible ligands of TMM-ERr complex, 

epidermal pat~erning factor EPF 1 and EPF2. are negative regulators of sto_matal density, 

as established through extensive bioinformatic analysis (Ohki, 2011). Although EPFl and 

EPF2 inhibit stomatal development through common receptors, their consequences on 
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epidermal patterning are also distinct (Hara et a/., 2009). EPF2 is expressed in 

protodermal cells that have not yet divided and regulates early decision that impact both 

stomatal and ground cell proliferation. Overexpression of EPF2 inhibits asymmetric 

division into stomatal lineage whereas Joss of EPF2 increases asymmetric division, 

resulting in increased production of guard cells and neighbouring stomatal ground cell 

lineages (Hunt and Gray, 2009). In contrast, when EPFl is over-expressed, protodermal 

cells divide asymmetrically but the resulting meristemoids don't differentiate further. On 

the other hand, epfl mutants have characteristic defects related to incorrect orientation of 

asymmetric division, resulting in pairs of physically adjacent stomata (Hara eta/., 2007). 

In a nutshell, EPF peptides provide useful paradigms for peptide signaling strategies in 

epidermal and stomatal guard cell orientation. 

1.9.4 Stomagen 

Stomagen peptide ligand is a positive regulator of stomatal development and antagonizes 

the function of EPF 1 and EPF2. Stomagen is expressed in the leaf mesophyll layers and 

over expression or application of chemically synthesized peptide increases both stomatal 

density and the presence of physically adjacent stomata (Sugano eta/., 2010). Like EPFl 

and EPF2, STOMAGEN requires TMM to exert its cell fate and cell proliferation

promoting effects (Kondo eta/., 2010), suggesting a shared receptor. RNA interference 

knockdown of STOMAGEN, conversely, results in the appearance of fewer stomata and 

guard cells (Hunt eta/., 2010). TMM is required for stomagen to increase and for EPFI 

and EPF2 to decrease stomatal densities, and stomagen didn't increase stomata in the 

absence of EPFl and EPF2 (Hara et a/., 2009; Hunt and Gray, 2009). Thus all the 

positive and negative regulators of stomagen act on the putative signal receptor, TMM 

acts in a competitive fasthion but the over expression of stomagen could induce stomatal 

clustering abnormally as observed in plants with STOMAGEN under constitutive 

promoter (Kondo eta/., 2010). The external application of stomagen at concentrations as 

low as 10 nM also enhanced stomatal density fantastically as revealed from several other 

.studies (Ohki eta/., 2011). In_contrast, unfolded and misfolded stomagen, and stomagen 

in which Cys41 and Cys43 were replaced by serine, were ineffective, indicating that the 

conserved cysteine residues and their role in correct refolding are essential for stomagen 
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to exhibit activity (Pillitteri and Torii, 2012). So conserved cysteines are distinctive 

features of this family of peptides, and a long loop between these cysteines with an 

enormous variety in sequence and length could account for the functional diversity of 

these peptides (Kondo et al., 2010) 

1.10 ISOLATION & PURIFICATION OF PEPTIDES 

1.10.1 Peptide isolation processes 

Strategies and methodology for the isolation ofpeptides from plant biomass have recently 

received attention for three main reasons. First, plants containing unique 

pharmacologically active peptides have been found within natural products-based drug 

discovery programs (Gustafson eta/., 1994). Second, plants, like animals, are now known 

to make use of peptides as signal substances (Marx, 1996; Bergey eta/., 1996). Finally, 

genetically transformed plants ("transgenic plants") are now considered an attractive and 

cost-efficient alternative to bioreactor based systems for production of high value 

recombinant peptides (Whitelam, 2006). An extensive number of biologically important 

peptides like hormones, neurotransmitters and snake toxins, have been isolated from 

human and animal sources. Until now, however, only a limited number of polypeptides 

have been reported from plants. Consequently, numerous methods for the isolation of 

polypeptides from animal materials are described in the literature, whereas a discussion 

of procedures for the isolation of polypeptides from plant biomass is virtually lacking. 

The plant biomass constitutes a highly complex matrix containing many components, 

e.g., photosynthetic pigments, polysaccharides, tannins, and secondary metabolites that 

are not present in animal materials. Isolation procedures described for animal 

polypeptides therefore are generally not directly applicable to the isolation of 

polypeptides from plant materials. 

A fractionation protocol for the isolation of a highly purified peptide fraction from 

aerial parts of Viola arvensis was described by Claeson et a/., I 998. The protocol 

involves pre-extraction with dichloromethane, extraction with ethanol (50%), removal of 

tannins with polyamide, removal of low-molecular-weight components with size

exclusion chromatography over Sephadex G-10, and fmal removal of salts and 

polysaccharides with solid-phase extraction using reversed-phase cartridges. Some of the 
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popular methods of plant peptide extraction precesses, assigned by different authors are 

represented in Figure 1.3. It is well known that peptides are not soluble in 

dichloromethane, but ubiquitous lipophilic substances such as chlorophyll, lipids, and 

other low-molecular-weight substances (e.g., terpenoids, phenylpropanoids, etc.) are 

extracted and thus removed. 50% aqueous ethanol has several advantages for isolation of 

peptides (Claeson et a/., 1998). This extract almost eliminates polysaccharide 

(Engelbrecht, 1969) or enzymes but all known peptides are solubilized. It needs no 

preservation from microbial growth. But alcoholic extraction always contains ubiquitous 

polyphenols which can be further removed through polyamine column (Cardellina eta/., 

1993). In some protocol, urea and thiourea were also added to the peptide extraction 

medium to weaken the interactions between high molecular mass proteins and low 

molecular mass peptides and peptides were separated from medium through acetone 

precipitation (Fukutomi et a/., 2005). 

It was recently described that antifungal peptides of 3184 Dalton were isolated 

from seeds of Amaranthus hypochondriacus through acidic extraction by 10% acetic acid 

for one hour (Rivillas-Acevedo and Soriano-Garda, 2007). Previous reports were also 

available where peptides were extracted with 5 (N) preheated acetic acid solutions as in 

the case of peptide isolation from germinating barley grains (Higgins, 1981 ). Preheated 

solutions particularly inhibit the function of proteolytic enzymes during extraction but 

simultaneously there is a chance of loss of bioactivity of thermolabile peptides. That is 

why the cold aqueous extraction in neutral pH is the most preferential choice for isolation 

of universal type of peptides. 

1.10.2 Purification of Peptides 

The least empirical procedures for separating peptides from proteins are dialysis and 

ultrafiltration with suitable membranes. Earlier authors purified soluble peptides from 

proteins through physical processes like dialysis, ultrafiltration and heat coagulation 

(Synge, 1955). In all separation procedures it should be noted that no control is exercised 

over the possible retention on the protein of smaller non-protein molecules by adsorption, 

ion-exchange etc. Thus peptides containing residues with basic, acidic, aromatic or higher 

paraffinic side chains would be expected to be selectively retained on protein, and this 
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may explain the rather simple amino acid composition of the peptide-like materials 

detected in ordinary tissues (Synge, 1955). Recently ion-exchange, size exclusion and 

reverse phase columns have been developed for purification of peptides from other 

components (Ooi et a/., 2006; Mant et a/., 2007). Different methods of recently 

developed column purification techniques suggested by different authors are summerized 

in Figure 1.4. High Performance Liquid Chromatography (HPLC) is the method of choice 

for quantification and purification in most cases (Mant et a/., 2007). Purified peptides can 

be obtained from hydrolysates by passing the pepsin and pancreatin digested products 

through G-50 gel filtration chromatography and C1s-based reverse phase HPLC (Megias 

et al., 2004). Peptides below 10 KDa can also be separated from protein by Tricine-SDS

PAGE (Fukutomi et a/., 2005). RP-HPLC based purification and identification of kidney 

peptides were also achieved by the same authors (Fukutomi et al., 2005). Recently 

purification of short antimicrobial peptides from earthworm by ultrafiltration, DE-52 ion 

exchange chromatography, Sephadex G-10 gel permeation and C-18 reversed phase 

HPLC techniques were documented (Liu et al., 2004). In most of the studies low 

molecular weight peptides were separated from higher proteins through ultrafiltration 

with different molecular weight cut-off and the peptides were further purified through ion 

exchange and gel filtration chromatography in accordance with their charge and 

molecular size. Ultrafiltration membrane system were used for isolating peptides from the 

hydrolysates of rice bran (Hamada, 2000) and concentrating peptides in large scale after 

enzymatic hydrolysis of marine products (Vandanjon et a/., 2007). Purification of 

oligopeptides from lipochitooligosaccharide-induced tobacco cells was achieved by 

three-step procedure involving gel chromatography, ion exchange and reverse-phase 

HPLC (John et al., 1997). 3500 Da MW cut-off ultrafiltration and DEAE cellulose ion 

exchange column DE52 was used for the purification of kiwi fruit peptide 'kissper' from 

the supernatant obtained upon precipitation of the soluble fraction with trifluoroacetic 

acid (Ciardiello et al., 2008). LH-20 gel filtration chromatography is particularly useful 

for the purification of shot peptides below 3 KDa as documented in several journals. 

Hydrophobic interaction column (Sephadex LH-20) was utilized for the purification of 

antifungal peptide from the culture filtrate of endophytic bacterium Paenibacil/us sp. 

(Senthil-kumar et al., 2007) and Streptomyces sp. Strain M 10 (Park et al., 2008). Same 
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column was also used for isolation of amide linked peptide conjugate of Indole-3-Acetic 

Acid from Phaseolus vulgaris in last century (Bialek and Cohen, 1986). 

1.10.3 Detection and Profiling of Peptides 

The increasing demand for a functional analysis of gene products in order to understand 

the underlying physiology has made proteomics a highly valuable technology to produce 

functionally reliable data. This method is, however restricted to proteins that are bigger 

than 10 KDa. 2D-Gel Electrophoresis, which is the major tool used in proteomics, fails to 

analyze small peptides for two major reasons. First, peptides smaller than 10 KDa don't 

focus well under Isoelectric focusing. Second, the commonly used staining method like 

Commassie Brilliant Blue and Silver Staining are not efficient in staining small peptides; 

therefore the use of technologies other than traditional 2D-Gel Electrophoresis was 

necessary (Rill and Al-Sayah, 2004). Different modern techniques of detection of 

peptides are diagrammatized in Figure 1.5. But there are some conventional techniques 

for reliable detection and profiling of peptides, which are discussed below: 

1.10.3a Paper Chromatography and Ninhydrin based detection: 

Electrophoresis and chromatography have proved extremely useful techniques for 

separation and detection of small peptides prior to amino acid analysis and sequencing. 

Polarity determines the rate of migration of a peptide during chromatography, whereas 

both charge and size are the main determinant during electrophoresis (Mayes, 1984). The 

earliest attempt to combine electrophoresis with partition chromatography on paper was 

reported in 1948 by Haugaard and Kroner. In later period, the peptides from proteolytic 

digest were separated and identified by two-dimensional paper chromatography and 

electrophoresis, a technique of higher resolving power as described by Katz eta/. (1959). 

The resulting pattern of peptide spots which were referred to as 'Fingerprints' or 'Peptide 

Maps' permitted the detection and characterization of peptides of a single amino acid 

difference (Katz et a/, 1959). Ninhydrin is the best reliable reagent for identification of 

peptide spots in paper and thin layer chromatography. Since the first introduction of 

paper chromatography for the separation and identification of peptides, ninhydrin has 

been used most exclusively as a spraying reagent to reveal the position ofthe spots. 
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Ninhydrin, however, has two serious limitations; it doesn't reacts with cyclic peptides or 

with acylated amino acids or peptides, while with linear peptides, since only the terminal 

amino group enters into the reaction, the colour developed with a given amount of 

material decreases with increasing molecular weight (Rydon and Smith, 1952; Friedman, 

2004). During the past several decades, considerable modifications including different 

heating times, temperatures, buffer systems, pH values of buffer solutions and solvents 

for ninhydrin reagents have complicated this method (Sun et al, 2005), but till today 

ninhydrin reagents are used frequently for detection of plant peptides (WenYan et al., 

2008). Paper chromatographic methods are also used for identification of peptide 

antibiotics (Awais et al., 2008). The reliability and resolution of peptide spots on paper 

and thin layer chromatography are mainly dependent on solvent system and chamber 

saturation. Earlier authors developed most successful pattern of descending paper 

chromatography with the solvent mixture ofn-Butanol-acetic acid-water (4:1:5) followed 

by electrophoresis with pyridine acetate buffer at pH 3.7 (Katz et al., 1959). Peptides in 

the guttation liquid of germinating rice seedlings were also identified by ascending paper 

chromatography by using same solvent composition [Acetic acid: n-butanol: Water: 4:1:1 

v/v] (Horiguchi, 1987). Very recently, Cu(Il)-Ninhydrin positive a-peptides present in 

different spices were detected through circular paper chromatography with the mobile 

phase of lsopropanol:Water [4:1 v/v] (Nitya and Ramachandramurty, 2007). The 

technique of circular paper chromatography was also utilized during the last century for 

the isolation, conformation and estimation of peptides and ·amino acids in the high 

molecular weight proteins of marine algal species (Lewis and Gonzalves, 1962). 

1.10.3b Capillary Electrophoresis: 

Capillary electrophoresis is one of the most potential and excellent tool for peptide 

analysis and fmgerprinting. Electrostatic interactions are believed to play a key role in the 

adsorption of peptides on the capillary wall. The analyte may be attracted to the capillary 

surface by Coulombic forces and hydrogen bonding with hydrophobic interaction joined 

in immobilizing the peptides at the surface between the capillary wall and the electrolyte 

solution (Surugau et al. 2008). Since peptides are amphoteric, they are ideally suited for 

electrophoretic analysis. In capillary zone electrophoresis, separation of neutral species is 

not possible; therefore it is important to maintain a charge on the peptides. So method 
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development in capillary zone electrophoresis for peptide identification is primarily 

focused on buffer composition: pH, ionic strength, the physical properties of buffering 

ion and addition of additives like detergents, ion pairing reagents, cyclodextrins and 

soluble polymers (Heiger et a/., 2008; Scriba and Psurek, 2008). Several authors 

recommended that capillary electrophoresis is the method of choice for monitoring of the 

separation and detection of diversified biologically active plant peptides. Basha (1997) 

suggested the separation process of peanut peptides extracted from seeds, leaves and 

cultured cells by capillary electrophoresis. Separation and identification of 18 amino acid 

polypeptide, Systemin were achieved by capillary electrophoresis and best capillary 

electrophoretic analysis were obtained in 25 mM phosphate buffer at acidic pH with a 

constant operating voltage of 30 kV (Mucha et a/., 1996). Ginseng polypeptide, isolated 

from ginseng roots and its modified peptides were determined by capillary zone 

electrophoresis under acidic and basic conditions by Kajiwara and Hemmings (1998). 

Peptide mapping were also efficiently performed by capillary zone electrophoresis as 

documented in case of casein hydrolysates (Macedo eta/., 2004). 

1.10.3c Amino acid analysis of peptides: 

Amino acid analysis is a classical analytical technique that characterizes proteins and 

peptides based on the composition of their constituent amino acids. Profiling and analysis 

of amino acid is widely applied in research, clinical facilities and industry. It is a 

fundamental technique in biological research, used to determine the concentration of 

peptide solutions, to confirm protein binding in antibody conjugates and for N-terminal 

analysis following enzymatic digestion (Halpine, 2005). But identification and 

quantification of amino acids in biological matrix and peptide is a challenging analytical 

task. Usually, the techniques are based on ion exchange separation coupled with post 

column derivatization (e.g. with ninhydrin, the 'classical' method) are considered more 

precise than those based on pre-column derivatization and reverse-phase high 

performance liquid chromatography (RP-HPLC), because the later techniques imply 

extensive sample manipulation before analysis and are affected by limited stability of the 

performed derivatives (Mengerink eta/., 2002). However, such RP-HPLC methods have 

the advantage of being accessible to most analytical laboratory, since they don't require 

expensive dedicated instruments. Another advantage of robotic sample derivatization is 
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that it is performed just before injection; therefore the time from reaction to injection is 

kept absolutely constant for all samples, thus avoiding differential degradation of labile 

derivatives (Bartolomeo and Maisano, 2006). During the past decades, the two most 

commonly used pre-column derivatization procedures; phenyl isothiocyanate (PITC) and 

o-Phthalaldehyde (OPA) were employed for the analysis of amino acids. Saunders eta/. 

(1988) documented the differential distribution patterns of specific amino acids between 

the cytoplasm and vacuoles of whole leaf by RP-HPLC based derivatization methods 

mentioned above. Amino acid determination of raw seeds of Canava/ia ensiform is were 

also performed by using HPLC coupled with fluorescence detector (Agbede, 2004). 

Hydrolysis of plant tissues by refluxing for 24 hours in a heating block at IIO"C is the 

essential pre-requisite before such analysis. Almost same procedures were also followed 

in case of Mucuna pruriens seeds for OP A derivatization and amino acid analysis (Misra 

and Wagner, 2007). Free amino acids in leaf of cotton plants under water deficit were 

also evaluated by Marur et a/. (1994) through RP-HPLC by utilizing o-Phthalaldehyde 

and 9-F!uorenylmethylchloroformate derivatives. Documents are also available where 

samples were analyzed for amino acids by RP-HPLC with pre-column PITC 

derivatization. The PITC derivatization method has the advantage of being highly 

sensitive, capable of detecting nanogram quantities of amino acids. Using this method 

eighteen amino acids were quantified in nectar samples collected from Silene colora/a 

Poiret [Caryophyllaceae] (Terrab et al., 2007). So the semi-automated method for amino 

acid derivatization and analysis has been validated by several authors and the validation 

parameters like specificity, linearity, accuracy, precision, limit of detection and 

quantification were screened several times (Bartolomeo and Maisano, 2006). 

1.11 ROLE OF PEPTIDES IN GERMINATION AND AMYLASE INDUCTION 

The amylolytic breakdown of starch is one of the central biochemical events in 

cereal seed germination. This degradation of starch is initiated by the induction of a

amylase, although the complete breakdown of starch also requires the concerted action of 

other glycolytic enzymes like ~-amylase and de-branching enzymes (O'Neill et al., 

1990). Hydrolytic enzymes in seeds mainly act on reserve starch, whereas the 

degradation of transitory starch in leaves can be hydrolytic and/or phosphorolytic, 
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catalyzed by starch phosphorylase (Beck and Ziegler, 1989). In germinating cereal grains 

a-amylases are the most abundant starch degrading enzymes. The enzymes are secreted 

by aleurone cells into the starchy endosperm where they degrade the starch grains. Signal 

peptide dependent targeting of a-amylases of plastids and extracellular compartments 

were observed by expressing fused Green Fluorescence Protein (GFP) in transgenic 

tobacco or rice cells (Chen et a/., 2004). At the germinating stage of cereals, 

phytohormone gibberellin induces the synthesis and secretion of a-amylase in aleurone 

layer (Jones and Jacobsen, 1978). Gibberellic acid is de novo synthesized exclusively in 

embryonic organ, particularly in scuteller epithelium and then diffuses to the aleurone 

cells to induce the synthesis of hydrolytic enzymes at the transcriptional level (Kaneko et 

a/., 2002). In fact, a-amylase induction in cereal aleurone provides one of the best 

systems for studying hormonally and developmentally regulated gene expression in 

plants (Davies, 1995). In recent years, a number of components of GA signaling pathway 

leading to the de novo synthesis of a-amylase have been identified and how these factors 

control the response to GA is becoming clearer (Sasaki eta/., 2003; Washio, 2003). Also 

the compounds that have GA-like effects on cereal aleurone cells have frequently been 

discussed in literature (Kim et a/., 1994). Recently, the mastoparan analog Mas7 was 

shown to activate the induction of a-amylase in oat (Avena fatua L.) aleurone, and the 

involvement of heterotrimeric G-protein in GA signaling pathway was proven (Jones et 

a/., 1998). Mas7, a cationic amphiphilic tetradecapeptide that stimulate GDP/GTP 

exchange by heterotrimeric G-Proteins, specifically induced a-amylase gene expression 

and secretion in a very similar manner to GA1• Though in rice, sulphuric acid can able to 

induce a-amylase production in aleurone tissue even in the absence of GA (Mitsunaga et 

a/., 2007), but no reports are available from plant peptides that can able to stimulate 

GTP/GDP exchange by G-Protein and induce amylases independently. 

The biochemistry of germination of dicot plants is somewhat different. During the 

development of legume seeds on the parent plant, storage proteins are accumulated in 

protein storage vacuoles, especially in cotyledons. Following germination, the storage 

proteins are hydrolyzed to free amino acids, which serve as precursor for the synthesis of 

new proteins and other nitrogen containing compounds in the seedlings. Endopeptidases 

play key role in storage protein degradation producing oligopeptides. Cysteine 
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proteinases (CPs) [EC 3.4.22] are the major endopeptidases present in the cotyledons 

during early seedling growth and are assumed to be largely responsible for the 

mobilization of storage proteins (Shutov and Vaintraub, 1987; Muntz, 1996). Two types 

of cysteine proteinases, low-specificity enzymes for the papine family and Asn-specific 

from the legumain family are generally considered to be the major Endopeptidases 

responsible for degradation of seed storage proteins during early seedling growth 

(Zakharov et al., 2004). But the oligopeptides that are produced by the action of 

endoproteinases generally provide nutrition to growing seedlings. Besides mastoparan 

like peptides and gibberellins, other molecules like sodium hypochlorite (NaOCl) has 

been reported to induce the production of a-amylase protein in mungbean cotyledon 

detached from embryonic axes (Kaneko et al., 2002). It is known in dicots that detached 

cotyledons have reduced a-amylase activity as the axes are necessary to increase a

amylase activity following germination, however, NaOCl treatment can restore activity 

upto 70% of that seen in attached cotyledon. The detail mechanism has not been 

documented in all these cases and the entities of receptors of gibberellin like molecules 

on plasma membrane of dicot plant have not yet been confirmed. 

In higher plants three families of proteins have been recognized to transport small 

peptides, the oligopeptides transporters (OPTS), the peptide transporter (PTR) and ATP 

binding cassettes [ABC Superfamily]. The first unambiguous demonstration of a pool of 

peptides in plant tissues described the presence of milimolar concentrations of small 

peptides in the endosperm of germinating cereal grains (Higgins and Payne, 1981 ). Here 

they serve as a supply of nutrients transported across the scutellum to support growth of 

the cereal embryo during the early stage of germination. Subsequently it is became 

apparent that small peptides and their transporter also play a significant role in control of 

plant cell differentiation and organogenesis in addition to the nutritional role (Yang eta/., 

2000; Stacey et al., 2002). The oligopeptide transporter (OPT) family can transport tetra

and pentapeptides whereas the peptide transporter (PTR) family can transport di- and 

tripeptide (Koh et al., 2002). An important distinction between the two families is the 

much more selective nature of OPTs for peptides for only a certain amino acid 

composition and compared with the low selectivity of so far characterized di-/tripeptide 

transporters of the PTR family. Plant peptides like Phytosulfokines (PSKs ), which are 
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sulfated tetra-/pentapeptide with mitogenic activity, are transported by specific peptide 

transporters. Although transduction oftheir mitogenic signal involves interaction of PSKs 

with an integral plasma membrane receptor (Yang et a/., 2000) during germination, but 

this role has yet to be verified. Given the metabolic complexity of plants there is great 

potential for (oligo )-peptides and their transporters to play a number of roles in plant 

physiology. During germination roles for plant PTRs and OPTs in host-pathogen 

interactions (Taylor el ~/., 1972; Dietrich el a/., 2004), responses to mechanical stress of 

wounding (Karim el a/., 2005) and translocation of a number of molecules including 

plant hormone and metal ions around the plant in the form of peptide conjugates have 

also been suggested (Waterworth and Bray, 2006). Besides OPT and PTR families of 

transporters, plant ABC proteins are primary pumps, which use the energy of ATP 

hydrolysis to drive the transport of three peptides or peptide conjugates (Theodolou, 

2000). Arabidopsis PTRs and OPTs appear to play a key role in acquisition of nitrogen, 

iron and phosphorus from the environment and subsequent transport around the growing 

seedlings (Steiner el al., 1994). Recent exciting development in metabolomic analysis 

would yet reveal a more prominent role for peptides in nutrient redistribution and/or 

signaling in plants during germination and post-germination events. 

1.12 PEPTIDES CONTROLLING CELL DIVISION 

1.12.1 Cell Cycle and its regulation 

Cell division plays a crucial role during all phases of plant development. The 

molecular analysis of cell division and its regulation in plants lags far behind such studies 

in yeast (Saccharomyces cerevisiae) and animals. Since the cell theory was proposed by 

Schleiden and Schwann in 1838, many approaches have been taken to elucidate how cells 

divide, but insight into the molecular basis of cell cycle control was initiated in yeast 25 

years ago (Hartwell et a/., 1970). In plants as in all eukaryotes, the four basic phases of 

mitotic cell cycle are conserved. In addition to tbe coupled cycle where DNA replication 

(S phase) is followed by G2 and M phase and hence give rise to daughter cells, 

alternative cycles also occur in certain developmental situations as in the case of 

endosperm development (Huntley and Murray, 1999). The cell cycles are regulated at 

multiple points, but major controls operate at tbe G1-S and G2-M phase boundary. These 
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transitions represent the onset of DNA replication and mitosis respectively. At the 

molecular level, cell cycle transitions in all period are controlled by specific type of 

serine-threonine protein kinases known as Cyclin Dependent Kinases (CDKs). In yeasts 

there is a single CDK involved in central cell cycle control known as Cdc28 in budding 

condition (Mendenhall and Hodge, I 998). Multiple cyclins are present in yeasts and the 

association of different cyclins with the CDK creates different kinase specificity. The 

timing of these activities during cell cycle is also controlled by cyclin association and 

cyclins are transcribed only during specific time windows and are also highly unstable 

proteins whose destruction is controlled in a cell-cycle dependent manner (Inze, 2000). 

Genome wide expression analyses of eukaryotic cells have enabled the identification of 

hundreds of the eukaryotic, cell cycle modulated genes, including those from plants 

(Spellman el al., I 998; Cho et al., 200 I; Breyne et al, 2002). In addition, the completion 

of genomic sequence of Arabidopsis allowed searching for the core cell cycle regulatory 

genes based on their sequence homology (Vandepoele et al., 2002). In the Arabidopsis 

genome, 61 core cell-cycle regulatory genes were identified based on their sequence 

similarities (Vandepoele et al., 2002). 

The plant cyclins represent the main classes of A, B and D type cyclins that are 

divided into three sub-groups of A~, A2, A3, B~, B2 and D1 to D7 (Renaudin et al., 1998; 

Vandepoele et al., 2002). Although the genome sequence alone doesn't reveal the 

functions of the genes (Murray and Marks, 200 I) current scientific knowledge indicates 

that cell cycle regulation is well conserved among eukaryotes (Mironov et al., I 999). 

Similarity to mammalian cyclins, the A type cyclins are induced during late S phase 

while the B type cyclins are specific for G2 to M phase. Like multicellular animal system, 

the plant D type cyclins are involved in cell cycle activation at the G 1 to S transition 

phase (Himanen, 2003). In the D-type cyclins, so called PEST sequence were identified, 

which are involved in their rapid turn over at the end of G1 phase (Soni et al., 1995; 

Renaudin et al., 1998). The G1 to S specific D type cyclin of plants appear to be more 

divergent structure than their mammalian counterparts and it has been proposed that 

different members of D type cyc1ins may alternate in their binding to Cyclin Dependent 

Kinase A, reflecting plant specific regulation during G 1 to S transition (Meijer and 

Murray, 2000). The sessile growth habit demands plants to respond continuously to the 
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flow of signal from the growth environment and D type cyclins may play a role in 

mediating these responses. 

Although higher eukaryotes share the same theme of G1-specific CDK activity 

and the ultimate role of transcription S-phase entry, the other proteins involved are not 

homologues used in yeast. The components present in both animals and plants CycDs, 

whose associated kinase activity is targeted to the Rb protein, resulting in the activation 

of E2F transcription factors (Oakenfull et a!., 2002). CycDs are the rate limiting 

components of cell cycle during the progression through GJ. Their expression in 

mammals is under the control of external signals such as serum growth factors, and they 

therefore are responsible for triggering the cell cycle in response to such mitogenic 

signals (Sherr, 1993). Similarly in plants, CycD levels and activity respond to signals 

such as hormones and carbohydrate levels are important in influencing decision by plant 

cells. In Drosophila and mammals CDK partner CycD is a variant CDK known as CDK4. 

However, there is no evidence for a CDK4 homologue in plants, and indeed there is now 

substantial evidence that the CDKA class is the partners of the plant CycDs in the control 

of G1-S transition. A further significant difference between plant and animal CycDs is 

found in their substrate specificity. Human CycD kinases phosphorylate only the Rb 

protein, and histone H1 is a very poor substrate for CDK4-Cyclin D. Plant CDKA-CycD 

kinases phosphorylate histone H 1 both in vitro and as immunoprecipitated from plant 

extract (Cockcroft eta!., 2000; Healy eta!., 2001). 

Majority of the plant CycDs don't show strong cell cycle dependent mRNA 

regulation but may show tissue-specific expression. CycD 1 is expressed at low or 

undetectable levels in liquid cultured cells, whereas CycD2 and 03 have been shown to 

have constant levels of mRNA from the day one of the growth cycle to early stationary 

phase on day seven (Riou-Khamlichi et a!., 2000). This indicates that the expression of 

the cyclins is dependent on active cell division or the cells being in a particular part of 

growth cycle. However, CycD3 mRNA levels were found to be strongly dependent on 

the continued presence of carbon source in the medium (Healy et a!., 2001; Riou

Khamlichi eta!., 2000). 

Plant shape is elaborated by developmental signals regulating the time and 

orientation of cell division and cell enlargement. The mitogen activated protein kinases 
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(MAPKs) are utilized in eukaryotes to transient diverged stimuli such as mitogens, 

developmental cues or various stresses (Robinson and Cobb, 1997). They are integrated 

into a signalling molecule composed of three linked protein kinases: the MAPK, the 

MAPK-activating kinase (MEK) and the MEK-activating kinase (MEKK) (Madhani and 

Fink, 1998). MAPKs are required to reenter the cell cycle from both G 1 and G2 phases. 

MAPKs stimulated by growth factors exert their effects on the cell cycle by influencing 

G 1 specific cyclin expression (Lavoie et a/., 1996). A MAPK pathway is utilized at two 

points during mitotic cell division in Xenopus: to start oocyte maturation and meiosis-II 

from G2-arrested oocytes and to arrest cell cycle progression in a metaphase-like state at 

the end ofmeiosis-II (Sagata, 1997). Bogre eta/. (1999) reported that Medicago sativa 

MAP Kinase-3 (MMK3) protein could be found during all stages of cell cycle but its 

protein kinase activity was transient in mitosis and correlated with the timing of 

phragmoplast formation. Intact microtubules are required for MAPK activation because 

depolarization of microtubules abolished the activity. Plant MAPKs are responsible for 

the regulation of cytokinesis in cell cycle because MAPKs were found to be concentrated 

between the segregating chromosomes and localized at the mid-plane of cells in later 

stage of division (Bogre eta/., 1999). 

1.12.2 Role of pep tides in Cell Cycle Regulation 

Although various hormones and growth factors in animal system are polypeptide, none of 

the previously known plant growth regulators is peptide in nature. However, the existence 

of peptidyl plant hormones has recently been indicated by the isolation of systemin that 

can initiate signal transduction to regulate the synthesis of different proteins from tomato 

(Ryan and Moura, 2002). Plant cells in low density suspension culture usually display 

strictly low mitotic activity which can be improved by supplementation with known plant 

hormones or defined nutrients. However, proliferation was activated by addition of 

conditioned medium from rapidly growing cells, suggesting that secreted mitogenic 

factors exist. Various efforts have been made to characterize such factors in different 

culture systems during the last few decades. To promote cellular growth at low cell 

population several researchers have successfully used specialized culture techniques such 

as nurse cultures, in which target cells are grown close to but physically separated from 
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high density nurse cells, suggesting that cell to cell communication mediated by a 

chemical factor is involved in cell growth (Raveh et a/., 1973). Matsubayashi and 

Sakagami (1996) observed that diluting mechanically dispersed Asparagus mesophyll 

cells in excess culture medium significantly reduces the rate of callus formation, even if 

sufficient amount of growth regulator and nutrients are supplied. The active factor was 

purified from the conditioned medium and identified as a sulfated peptide composed of 

only five amino acids. Due to the presence of sulfate esters, the peptide was -named as 

'Phytosulfokine' (PSK). Chemically synthesized PSK induces cellular dedifferentiation 

and proliferation of dispersed Asparagus mesophyll cells even at nanomolar 

concentrations. Identical structure of PSK was later identified and derived from cell lines 

of many plants like rice (Matsubayashi et a/., 1997), maize (Matsubayashi et a/., 1997), 

Zinnia (Matsubayashi et a/., 1999), carrot (Hanai et a/., 2000) and Arabidopsis (Yang et 

a/., 2001) indicating that it is widely distributed among the higher plants. Six genes 

encoding PSK (AtPSK 1-6) have been identified in Arabidopsis each encodes a 

preproprotein precursor of approximately 80 residues with N-terminal secretion signal 

(Yang et a/., 1999) and the YIYTQ peptide near C-termini (Matsubayashi and Sakagami, 

2006). 

The PSK binding protein was purified from microsomal fractions of carrot cells 

by different solubilization and ligand-based affinity chromatography using PSK 

Sepharose column (Matsubayashi et a/., 2002). Based on the internal sequence of PSK 

binding protein, the 120-150 KDa protein was identified as LRR2-RLK derived from a 

single gene (Matsubayashi and Sakagarni,2006). Sequence information from the carrot 

protein (DcPSKR1) was used to identify an ortholog in Arabidopsis, AtPSKRl. 

AtPSKR1 over-expressing plants showed delayed senescence, and, as a result, leaves 

continued to expand, resulting in larger leaves than the wild-type. 

Besides phytosulfokines, other low molecular weight peptides are also involved in 

cell cycle regulation, cell proliferation and differentiation. Among them, role of CLV3, 

CLE and RALF peptides are considered very important. Recent studies demonstrated that 

a family of plant-specific genes, CLA VATA3 (CLV3)/ENDOSPERM SURROUNDING 

REGION (ESR) (CLE), which has at least 31 members in Arabidopsis genome, are able 

to generate extracellular peptides to regulate cell division and differentiation (Fiers eta/., 

67 



2007). Plants maintain pool of totipotent stem cells throughout their entire life. These 

stem cells are embedded within specialized tissues called meristem which forms the 

growing point of the organisms. It was suggested that non-autonomous signalling 

between the stem cell pool and the organizing centre is responsible for homeostasis of 

stem cell number (Brand eta/., 2000; Schoof eta/., 2000; Reddy and Meyerowitz, 2005). 

Fundamental to this mechanism is the negative feedback regulation between the 

homeodomain transcription factor WUSCHEL (WUS) and the short secreted peptide 

CL V3. WUS is expressed in organizing center and is essential for the maintenance of 

stem cell fate and expression of CL V3 (Schoof et a/., 2000). CL V3 in tum is secreted by 

stem cells and acts as a non-cell autonomous signal to repress WUS expression in the 

organizing centre via a complex signaling pathway (Rojo et a/., 2002). 

Like CL V3, CLE family of dodecapeptides of Arabidopsis thaliana suppresses 

xylem cell development at a concentration of 10 picoM and promotes cell division (Ito et 

a/., 2006). A-type of CLE peptides promote cell differentiation in root and shoot apical 

meristem, whereas 8-type peptides inhibit the differentiation of tracheary elements as 

observed in Zinnia elegans. The 8-type CLE41 peptide promoted proliferation of 

vascular cells, although differentiation was delayed in phloem and xylem cell lineages. 

However, in combination of both A- and 8-type CLE, massive proliferation of vascular 

cells was observed. This proliferation relied on auxin signaling because it was enhanced 

by exogenous application of synthetic auxin, decreased by an auxin polar transport 

inhibitor, and abolished by a mutation in the 'MONOPTEROS' auxin response factor 

(Whitford et a/., 2008). CLE peptides probably interact with membrane-bound, leucine 

rich repeat receptor-like kinases (LRR-RLKs) to execute the decision between cell 

proliferation and differentiation (Fiers eta/., 2007). 

1.13 STOMATAL GUARD CELL REGULATION 

Stomata are pores formed by a pair of specialized guard cells, which exist in the 

surface of aerial parts of higher plants. The most conspicuous role of stomata is the 

regulation of transpiration and photosynthesis. It also increases the uptake of carbon 

dioxide for photosynthesis (Willmer 1983). However, if water supplies are limited the 

plant's priority changes from maximizing assimilation to restricting transpiration, while 
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maintaining as much assimilation as possible (Mansfield et a!. 1990). In their simplest 

design stomata are small, permanently open pores; in more advanced designs they are 

hydraulically operated valves whose openings are adjustable depending on specific 

demands (Ziegler 1987). 

Stomatal guard cells respond to a range of stimuli, causing changes in cell turgor 

and stomatal pore, due to fluxes of cations and anions across membranes (Ward et al., 

1995; Willmer and Fricker, 1996). For the majority of signals, the molecular identity of 

the sensors of guard cells is not known, with the notable exception of blue light: the 

phototropins PHOTI and PHOT2 were shown to be the blue light receptors in 

Arabidopsis guard cells (Kinoshita et a!., 2001 ). Much evidence supports a role for 

calcium both in the promotion of stomatal closing and in the inhibition of stomatal 

opening (Finkelstein, 2006). Calcium ion influx across the plasma membrane of guard 

cells was increased in response to plant hormone abscisic acid (Staxen et a/., 1996) and 

auxin (Irving et al., 1992), other stimuli such as elevated C02 (Webb et al., 1996) and 

oxidative stress (McAinsh et al., 1996), as detected through calcium imaging and patch 

clamp analysis. In stomatal guard cells, myo-inositol-triphosphate (IP3) is another 

important component in stimulus response coupling pathways (Leckie et al., 1998). IP3 

can able to activate inward K+ channels, whilst at the same time activating an inward 

current that depolarizes the plasma membrane (Blatt et al., 1990). The inhibition of 

inward K+ channels by IP3 is indirect and is probably mediated by Ca2+ (Blatt et al., 

1990) in a process that may involve protein phosphatase activity (MacRobbie, 1997). 

Stomatal opening is driven by plasma membrane proton extruding H+ -A TPases. 

H+-ATPases can drive K+ uptake via K+;n channels (Kwak et al., 2001). A 14-3-3 protein 

has been found to bind to the phosphorylated C-terminus of the guard cell H+ -ATPases. 

The 14-3-3 protein seems to dissociate from H+-ATPase upon dephosphorylation of the 

C-terminal domain. Recent studies have shown that guard cell phototropins are 

phosphorylated by blue light and that they bind the 14-3-3 protein upon phosphorylation 

(Kinoshita et al., 2003). 
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1.13.1 Role of Peptides in Stomatal Opening and Closing 

In recent years, researchers have concentrated on the mechanism of rhythmic stomatal 

movement induced by environmental stresses (Allen eta/., 2000; Pei eta/., 2000; Yang et 

al., 2003). Stomatal opening is associated with net influx of K+ and the plasmalemma 

and either influx of chloride or synthesis of malate in the cytoplasm, whereas stomatal 

closing follows net efflux of K+ and anions from guard cells (Thiel et a/., 1992; 

Roelfsema et a/., 200 I). Evidences shows that cytosolic calcium may also play a central 

and primary role in stomatal movement and changes in endogenous calcium regulate the 

stomatal guard cell behaviour (Allen et a!., 1999 and 2000; Pei et al., 2000; Yang et al., 

2003). Through molecular genetic analysis it was demonstrated that ABA-induced H202 

production and H20 2-activated Ca2+ channels were important mechanism for ABA

induced stomatal oscillation (Pei et al., 2000; Staxen et al., 1999). Very recently Zhang et 

a/. (2009) reported that there is a positive correlation between ABA-sensing and stomatal 

closure in Arabidopsis thaliana. Among peptide hormones, plant natriuretic peptide 

immunoanalogues (irPNP) have been shown to affect a number of biological processes 

including stomatal guard cell movement, ion fluxes and osmoticum-dependent water 

transport. Evidence has been obtained which suggest that these proteins have a function 

in modulating plant water and solutes homeostasis (Gehring, 1999). Exogenous 

application of plant natriuretic peptide (PNP) stimulate stomatal opening (Billington et 

a/., 1997; Maryani eta/., 2001) and activates H+-ATPase pumping system (Maryani et 

a/., 2001). Moreover, irPNP rapidly and specifically induces the transient elevation of 

cGMP levels in maize root in stele tissues (Pharmawati et a/., 1998) and stomatal guard 

cell protoplast (Pharmawati eta/., 2001). Stomata opened by irPNP are induced to close 

in the presence of guanylate cyclase inhibitor, LY 83583 (Wang et al., 2007). These 

fmdings suggest the presence of PNP receptors that contain guanylate cyclase domains. 

Such domains have been identified in the receptors NPR-A and NPR-B for ANP in 

vertebrates (Chinkers et al., 1989). Maryani eta/., (2001) also observed the enhancement 

of osmoticum dependent volume changes in leaf mesophyll protoplasts through the 

application of natriuretic peptides. The effect of cGMP on stomatal opening appears to be 

linked with Ca2+ levels. ANP, irPNP and 8-Br-cGMP all induce stomatal opening and 

this is inhibited by compounds that lower intracellular Ca2+ levels such as ethylene glycol 

70 



bis(~-aminoethyl ether) N,N,N',N'-tetraacetic acid (EGTA), ruthenium red and procaine 

(Pharmawati eta/., 2001). The immuno-reactants (irPNP) directly or indirectly modulate 

net ion fluxes across plant membranes leading to rapid net influx of H+ and delayed net 

influx of Na + and K+ in maize stellar tissues (Pharmawati et a/., 1999). Antibody 

mediated tissue printing revealed that immunoreactive peptides were concentrated in 

vascular tissues of leaves, petioles and stems. Phloem associated cells, xylem cells and 

parenchymatic xylem cells showed the strongest immunoreaction (Maryani et al., 2001). 

In silico analysis has established the evolutionary and functional relationship of irPNP

like molecules within the superfamily of expansins, pollen allergens and distantly related 

molecules such as endoglucanases (Ludidi eta/., 2002; Gehring and Irving, 2003). 

Besides natriuretic peptides another secretory peptide gene of Arabidopsis 

thaliana, EPIDERMAL PATTERNING FACTOR I (EPFI) enforces the asymmetric cell 

division during the development of stomatal precursors and controls stomatal patterning. 

EPFI activity was dependent on the TOO MANY MOUTHS receptor like proteins and 

ERECTA family receptor kinase, suggested that EPFI may provide positional cell 

interpreted by these receptor (Hara et a/., 2007). 

1.13.2 Stomatal Behaviour during Senescence 

Senescence is a normal, energy-dependent developmental process that is 

controlled by the plants' own genetic programme (Taiz and Zeiger, 2006). The 

senescence syndrome in plants has been studied from various view point and by using 

several types of experimental material: seeds, leaves, flowers, fruits and whole plants. In 

leaves, the disappearance of chlorophyll and the hydrolysis of leaf proteins are the two 

most frequently observed criteria of senescence (Thimann and Satler, 1979). It is known 

that stomatal closing induces senescence (Thimann and Salter, 1979) while treatments 

allowing stomata to stay open delay this process which was proved for Hibiscus cutting 

where open stomata enabled escape of internal ethylene from leaf tissues (Kirk et a/., 

1986). There is, however, little or no evidence for the implication of ethylene in the 

senescence of leaves. Stomatal apertures regulation is associated with senescence 

programme as stomatal conductance is the main mechanism by which plant controls 

gaseous exchange and leaf temperature (Jones, 1998). Phytohormones like ABA and 
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cytokinins which affect stomatal closure and opening respectively can also able to control 

senescence. ABA induced stomatal closure were examined in Arabidopsis wild-type 

plants and in an ethylene over-producing mutant (eto-1-1). Using isolated epidermal 

peels, stomata of wild-type plants were found to close within a few minutes in response 

to ABA, whereas stomata of the eto-1-1 mutant showed a similar but less sensitive ABA 

response. In addition, ABA-induced stomatal closure could be inhibited by the 

application of ethylene or the ethylene precursor 1-aminocyclopropane-1-carboxylic acid 

[ACC] (Tanaka et a/., 2005). It was observed that ethylene delays stomatal closure by 

inhibiting the ABA signaling pathway. The same inhibitory effects of ethylene on 

stomatal closure were observed in ABA-irrigated plants and the plants in drought 

condition (Tanaka et a/., 2005). When the detached leaves of Brassica, Capsicum and 

Richinus were exposed to stress, continuous increase in ethylene content was found 

(Aharoni, 1978) but decrease in ethylene production was observed in Gerbera jamesonii 

(Olivella et a/., 1998). Also it was documented that stomatal closure was not always 

regulated by ethylene as in the case of drought-exposed Rosmarinus officina/is leaves 

(Munne-Bosch eta/., 2002). 

Cytokinins are often considered as ABA antagonists in many processes including 

stomatal opening, but the effects are species specific and depend on cytokinin-type, 

concentration and method of application (Pospisilova, 2003). On the other hand, the 

standard preservative solution (8-hydroxyquinoline citrate and 2% sucrose) caused 

closing of stomata in both species and that is why both are considered as 'anti

transpirants' (De Stigter, 1981). They are often included in the commercial preservative 

for cut-flower to diminish transpirational losses and maintain flower turgidity (Skutnik 

and Lukaszewska, 2001). Paradoxically, their effects on leaves were mostly reported as 

negative (Skutnik et a/., 2001) and was also confirmed in plant species of Host a and 

Zantedeschia (Wachowicz et a/., 2006). The preservatives hasten leaf senescence not 

only by accelerating chlorophyll degradation and proteolysis (Skutnik et a/., 2004) but 

also by decreasing stomatal aperture (Wachowicz eta/., 2006). 
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1.14 ROLE OF PEPTIDES IN CALLOGENESIS, MORPHOGENESIS AND 

DIFFERENTIATION 

1.14.1 Peptides regulating Callogenesis 

The commercial use of plant tissue culture involves the production of large number of 

plantlets from embryogenic calli with minimum input expenses. The main factors which 

determine growth, development and micropropagation of plants in vitro are: the genetic 

configuration of plant species, the physical environment and the chemical media for in 

vitro culture. One of the earliest reports was published by Overbeek et al. (1941), who 

succeeded in growing immature Datura embryos in culture by including the liquid 

endosperm of Cocos nucifera (coconut milk) in their culture medium. Coconut milk was 

shown to stimulate cell division in other cultivated tissues and its use as a supplement 

was adopted in many laboratories (Archibald, 1954; Wiggans, 1954). Other complex 

plant juices and liquid endosperms have been shown to possess stimulatory property 

more or less similar to those of coconut milk. These include liquid endosperm from 

immature corn (Netien et al., 1951), tomato juice (Straus and La Rue, 1954), immature 

fruits and seeds (Steward and Shantz, 1959), organic juice, malt extract, casein 

hydrolysates, leaf extracts, sap from a number of plants and tumour extracts (Butenko, 

1968). 

Great interest has always been attached to the identification of the active 

constituents of natural fluid used in tissue culture medium. Straus (1960) has shown that 

tomato juice, yeast extract or casein hydrolysates function by supplying a form of organic 

nitrogen to in vitro cultured explants. Besides nutritional supplements these natural fluids 

may also contain growth promoting and callogenic substances, most of which were 

analyzed in recent decades. 

In contrast to animal cells a high proportion of plant cells, even when fully 

differentiated, can dedifferentiate and proliferate in vitro as totipotent stem cells called 

calli, following treatroent with plant hormones such as auxin and cytokinin. Callus cells 

differentiate iota various organs, which eventually form a new plant, indicatiog that plant 

cells from a given tissue can differentiate into cells of all tissue type (Skoog and Miller, 

1957). The relative rate of dedifferentiation and callus growth in vitro, however, strictly 

depends on the ioitial cell density, even if sufficient amount of auxio and cytokinins are 
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supplied. Cellular dedifferentiation and callus formation significantly suppressed at low 

initial cell density. Interestingly, this suppression is elevated by addition of conditioned 

medium in which cells have previously been grown at high density (Jorgensen et a/., 

1992; Foiling et al., 1995). 

Phytosulfokine (PSK), a five amino acid sulfated peptide that has been detected in 

conditioned medium of plant cell cultures is the primary signal molecule responsible for 

cell-to-cell communication (Matsubayashi and Sakagami, 1996). Addition of chemically 

synthesized PSK to culture medium even at nanomolar concentration significantly 

increases the rate of callus growth even when the initial cell population is below the 

critical density. Sulfated tyrosine residues are often found in secreted peptides in animals 

(Huttner, 1982) but, to date, PSK is the only example of post-translational sulfation of 

tyrosine residues in plants. PSK with an identical structure is present in conditioned 

medium derived from many plant cell lines, including dicotyledon and monocotyledon, 

which indicates that the peptide is widely distributed in higher plants. PSK also 

stimulates tracheary element differentiation of Zinnia mesophyll cells without intervening 

cell division (Matsubayashi et a/., 1999) and stimulates somatic embryogenesis in carrot 

(Kobayashi et a/., 1999). Such cellular dedifferentiation and redifferentiation, however, 

cannot be induced by PSK alone, but require in addition to certain ratios and 

concentrations of auxin and cytokinins (Matsubayashi, 2003). 

In Arabidopsis thaliana, phytosulfokines (AtPSK) are derived from larger 

prepropeptide precursors by a specific subtilisin serine protease (Srivastava et al., 2008). 

Each of the AtPSK precursors has specific subtilase recognition site signature (dibasic 

amino acid) 8-10 residues upstream from the mature peptide (Barr, 1991 ). High levels of 

Subtilase expression may not have anything to do directly with shoot recognition. 

However, higher levels of subtilase expression might promote the proliferation of callus 

from which shoots are derived. Similar reasoning was used by Hanai et a/., (2000) to 

explain the stimulatory effects of PSKs on somatic embryo formation in carrot. They 

concluded that PSKs might promote the proliferation of cells giving rise to somatic 

embryos, rather than influencing the formation of somatic embryos. 
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1.14.2 Role of peptides in morphogenesis and meristem differentiation 

Since the identification of systemin, secretory and non-secretory peptides have been 

shown to regulate various aspects of plant growth and development (Matsubayashi and 

Sakagami, 2006). Several- small secretory peptides encoded by short open reading frame 

are involved in the morphogenesis of multicellular organisms (Hashimoto et a/., 2008). 

Recent studies demonstrated that a family of plant-specific genes, CLA VATA3 

(CLV3)/ENDOSPERM SURROUNDING REGION (ESR) (CLE), which has at least 31 

members in Arabidopsis genome, can able to generate 26 extracellular CLE peptides 

which regulate cell division and differentiation (Sawa eta/., 2006). A hydroxyll2-amino 

acid peptide derived from the conserved CLE motif of CL V3 promotes cell 

differentiation, whereas another CLE-derived peptide suppresses the differentiation. 

CL V3 type of processed peptides of CLE ligand family is particularly required for 

meristem maintenance and performs through CLVIICLV2 receptor mediated signalling 

system (Trotochaud et a/., 1999; Jun et a/., 2008).The peptide ligand family 

INFLORESCENCE DEFICIENT IN ABSCISSION (IDA) is responsible for floral 

abscission and the IDA mediated regulation of floral abscission through HAESA (HAE) 

AND HAESA-LIKE (HSL) receptors was established recently (Stenvik et a/., 2008). 

Intriguingly, both IDA and CLV3 depend on closely related receptor-like kinases (RLKs) 

for their functional identity (Stenvik et a/., 2008). Another 23 amino acid peptide ligand 

AtPepl induces the response of defence genes in the innate immune response and, when 

exogenously applied, induces cell alkalinization (Huffaker et a/., 2006). Mature AtPepl 

is found at the C-terminal conserved part of PROPEPl, one of the six members of the 

PROPEP family in Arabidopsis. AtPepl activates the expression of defense genes 

PDFI.2 (encoding defensin) and its own precursor gene PROPEP through the 

Jasmonate/Ethylene signaling pathway. The elicitation of this defensin was blocked in 

mutant plants deficient in Jasmonate/Ethylene and Salicylate pathways, and in wild-type 

by treatment with diphenylene iodonium chloride, an inhibitor of hydrogen peroxide 

production. Probably the defence peptide like systemin and defensin modulate signaling 

through Jasmonate and Salicylate pathways with the production of H20 2 as toxic 

intermediate (Huffaker and Ryan, 2006). 
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Leaf shape of a plant is determined by polar cell expansion and 

proliferation along the leaf axes. In Arabidopsis thaliana, ROTUNDIFOLIA (ROT4) 

gene controls polar cell proliferation in lateral organs and regulates proximal-distal 

development of leaf. The ROT4 open-reading frame encodes a novel small peptide that 

was not recognized previously in the Arabidopsis genome annotation. Plants having 

dominant mutant of these genes possess short leaves and floral organs. Phylogenetic 

analysis indicates that ROT4 defines a novel seed plant-specific family of small peptide 

in Arabidopsis named ROT4 LIKE (RTFL) (Narita, 2004). Loss-of-function mutations in 

several RTFL genes were aphenotypic, suggesting that there may be some functional 

redundancy between family members. 

Root growth and development angiosperm is also controlled by IS-amino acid 

peptide ligand C-TERMINALLY ENCODED PEPTIDE I (CEPI). CEPI is mainly 

expressed in lateral root primordia and when overexpressed or externally applied, 

significantly arrests root growth (Ohyama et a/., 2008). So this peptide was capable of 

repressing cell division potential in the root apical meristem. Again the rate and plane of 

cell division and anisotropic cell growth are critical for root development. In Arabidopsis 

thaliana, 36-amino acid peptide POLARIS (PLS) is required for correct root growth and 

vascular development. According to Chilley et a/. (2006), PLS expression is repressed by 

ethylene and induced by auxin. Mutation in PLS results in an enhanced ethylene-response 

phenotype, defective auxin transport and homeostasis and cultured microtubule 

sensitivity to inhibitors (Chilley eta/., 2006). 

There are several methods that can be used to dissect components of a signaling 

pathway, including (i) bioassays, where synthetic peptide ligands are used to screen for 

mutated insensitive receptors, (ii) genetic suppressor and activation screens and (iii) 

ligand fishing. But unfortunately, the sequences of only a few classes of peptide signals 

in plants are known and only a few plant peptide ligand-receptor pairs have been 

documented. Even less is known about the downstream effectors of peptide-based 

signalling, although there are indications of the involvement of MAPK cascades similar 

to those found in animals (Cho eta/, 2008). How different signalling inputs are integrated 

by a cell and how they elicit responses in different situation remains a central problem for 

understanding the responses of plants in developmental cues. 
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1.15 PEPTIDES AND REGULATION OF OXIDATIVE STRESS 

1.15.1 Glutathione mediated control of Oxidative Stress 

The ultra-low molecular weight peptide glutathione (GSH: y-glitamylcysteinyl glycine) 

plays a crucial role in plant metabolism and stress response. It is an abundant and 

ubiquitous thiol and plays significant roles in the storage and transport of reduced 

sulphur, the synthesis of proteins and nucleic acids and as a modulator of enzyme activity 

(May et al., 1998). The reduced form of glutathione (GSH) is considered to protect the 

cells from oxidative damage, based on its redox buffering action and abundance in the 

cell (Ogawa, 2005). The level of glutathione has also been shown to correlate with the 

adaptation of plants to extremes of temperature, in the tolerance of plants to xenobiotics 

and to biotic and abiotic environmental stresses. In addition, the size of reduced 

glutathione pool shows marked alterations in response to environmental conditions (May 

et al., 1998). Actually the balance between the reduced (GSH) and oxidized (GSSG) 

forms of these tripeptides play a fundamental role in basic physiological and metabolic 

processes in plants. Recently a remarkable amount of evidence has explained the 

glutathione associated events in plants, in particular, growth and development including 

cell differentiation, cell death and senescence, pathogen resistance, and enzymatic 

regulation. One of the major themes that have emerged from in vitro studies is that GSH 

promotes cell proliferations while GSSG promotes organized development. Thus in vitro 

plant regeneration can be manipulated by the application of this redox compound in 

culture medium (Yeung et al., 2005). The rate-limiting steps in glutathione biosynthesis 

is catalyzed by y-glutaminyl cysteine synthatase, the activity of which is tightly regulated 

at different stages. The enzyme encodes the regulatory mechanism based on redox

sensitive disulfide bridges. In vitro analysis suggests a link between high cellular 

glutathione levels and associated down regulation of its biosynthesis by this enzyme in 

plant stress defence mechanism. 

In plant cells protection against peroxidation is achieved by several antioxidants 

like vitamin-£ and Cor glutathione (Finckh and Kunert, 1985). The lipophilic vitamin E, 

however observed to be the most effective radical chain-breaking substances. It has to be 

reductively regenerated by water-soluble GSH either directly or via a system consisting 
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of GSH and water-soluble vitamin-C (McCay, 1985). To maintain a high level of active 

GSH GSSG has to be rapidly reduced. This reaction is catalyzed by the enzyme 

glutathione reductase in the presence ofNADPH. Increased production of antioxidant and 

elevated activity of antioxidative enzymes like glutathione reductase seems to be a 

general strategy to improve tolerance against toxic oxidations. Enhanced level of GSH 

prevented lipid peroxidation in higher plants (Schmidt and Kunert, 1986). Cells also 

possess a range of peroxidases which includes glutathione and ascorbate peroxidases to 

counter oxidative stress and photo-damage generated during photosynthesis (Moon et a/., 

2002). In mammals and also in Solanaceous family of angiosperm, phospholipids 

hydroperoxide glutathione peroxidases were found to be associated with both soluble and 

membrane fractions, that reduces lipid hydroperoxide (Jung et a/., 2002). Phospholipid 

hydroperoxides are key intermediate in the lipid peroxidation chain reaction, one of the 

major types of oxidative damage in cells associated with membrane perturbation, 

inactivation of membrane proteins and cell lysis. Thus, this peroxidase is an important 

cellular enzyme capable of halting membrane lipid peroxidation and oxidative damage 

(Chen e/ a/., 2004). 

1.15.2 Peptides as molecular alphabets of abiotic stress tolerance 

During growth and development, a plant has to cope with a range of different internal and 

external stresses. The ability to adapt to metabolic and environmental changes is essential 

for survival of growing seedlings. The production of reactive oxygen species (ROS) such 
-

as hydrogen peroxide (H202), superoxide (0" 2) and its more toxic derivatives, hydroxyl 

radicals (OH") and singlet oxygen eo2), is increased when plants are exposed to various 

biotic and abiotic stresses (Asada, 1994; Dat el a/., 2000). Abiotic stress negatively 

influences survival, biomass production and accumulation, and grain yield of most crops 

(Khanna el a/., 1998; Grover eta/., 1998). Different crop ecosystems are affected by 

different abiotic stress factors, and to a differential extent (Khan el a/., 2007). 

Plants have a number of different defence mechanisms by which they respond to 

oxidative stress. These include the production of both non-enzymatic antioxidants such as 

ascorbate and glutathione and enzymatic antioxidants such as catalase, superoxide 

dismutase and ascorbate peroxidase. Plant peptides have a definite role in abiotic stress 

78 



tolerance. In winter wheat, it was observed that small defensin peptides (y-thionin, y

purothionin etc.) and non-specific lipid transfer proteins (LTPs) were induced during low 

temperature hardening. Regulation of defensin transcripts was clearly different from that 

of LTPs under controlled environments. The y-thionin and y-purothionin transcripts were 

not expressed in unhardened plants grown at zoo C and strongly upregulated after 1-3 

days hardened at zo C; whereas the LTP transcripts were constitutively expressed in 

plants growing at zoo C and gradually increased to maximum levels following 14-Z8 days 

after hardening (Gaudet et al., Z003). Generally defensin related peptides confer 

resistance to snow moulds and other fungi but it was observed that y-thionin expression 

was also associated with freezing resistance among different genotypes of winter wheat 

(Gaudet et al., Z003). LTPs are a family of peptides capable of moving various kinds of 

lipid molecules in vitro and in vivo (Kadar, 1996). But LTPs have now revealed to be 

involved in many other biological functions. Non-specific LTPs are sub-divided into two 

multigene subfamilies that differ in molecular mass: ns-LTP1 (9 kDa) and ns-LPTZ (7 

kDa) (Stanislava, Z007). Because an LTP has a signal peptide indicative of a secretory 

protein, and is observed mainly in the cell walls and cuticle, the primary role of plant 

LTP could be the assembly of cutin and was in the surface layers (Cameron et al., Z006). 

LTP may also be responsive to environmental stresses, including salt, drought, abscisic 

acid (ABA) and cold treatment (Hong et al., Z001; Yubero-Serrano et al., Z003; Wu et 

al., Z007). The expression of LTPs genes is developmentally and spatially regulated 

(Kader, 1996). Organ and tissue specificity show a high level of diversity in different 

species. In some species, the expression is differentially regulated by pathogens, defense

related signal molecules, abiotic and environmental stresses (Wu et al., Z007). LTP1 is 

found primarily in aerial organs, whereas LTPZ is expressed in roots. Both peptides are 

located in the aleurone layer of cereal grain endosperm (Capocchi et al., Z005). LTP1 is 

an abundant grain protein, while LTPZ represents a minor fraction. They are secreted 

protein with a hydrophobic N-terminal sequence and localization is restricted to 

peripheral cells, such as the epidermis of leaves or the aleurone layers (Douliez et al., 

ZOOO). Recent data suggests that they also may have intracellular localization in protein 

storage vacuoles and lipid containing vesicles (Dani et al., Z005). 
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1.16 ROLE OF PEPTIDES IN HEAVY METAL STRESS TOLERANCE 

1.16.1 Detoxification of heavy metals with peptides 

Heavy metals whose densities exceed 5g I cm3 (Elmsley, 2001), come in two varieties

those that are and those that are not essential to organisms. Essential heavy metals, such 

as copper and zinc, are required as cofactors in redox reactions and ligand interactions, as 

well as for charge stabilization, charge shielding, and water ionization during biocatalysis 

(Elmsley, 2001; Voet and Voet, 2004). Nonessential heavy metals, such as arsenic, 

cadmium, lead and mercury, are not required as cofactors, but instead interfere with those 

that are and/or stimulate the effects of supraoptimal levels of essential heavy metals (Rea 

et al., 2004). Plants respond to heavy metal toxicity in a variety of different ways. Such 

responses include immobilization, exclusion, chelation and compartmentalization of the 

metal ions, and the expression of more general stress response mechanisms such as 

ethylene and stress proteins (Cobbett, 2000). One recurrent general mechanism for heavy 

metal detoxification in plant and other organisms is the chelation of the metal a ligand 

and, in some cases, a subsequent compartmentalization of the ligand-metal complex. 

Plants make two types of peptide metal-binding ligands; metallothionins (MTs) and 

Phytochelatins (PCs ). MTs were identified as cadmium binding proteins in mammalian 

tissues (Kagi, 1991 ). After the structures of PCs had been elucidated, it was proposed that 

PCs were the functional equivalent of MTs (Grill et al., 1987). Actually PCs have now 

been classified as class-III MTs which play relatively independent functions in respect to 

other PCs during metal detoxification and/or metabolism (Cobbett, 2000). PCs are mostly 

active for detoxification of cadmium like heavy metals. They are structurally related to 

glutathione (GSH: y-Glu-Cys-Gly) and were presumed to be the product of same 

biosynthetic path. A number of structural variants of PCs for example, ( y-Glu-Cys )n-~

Ala, (y-Glu-Cys).-Ser, and (y-Glu-Cys).-Gln were identified in different plant species 

(Rauser, 1995 and 1999). PC-Cd complexes are sequestered to the vacuoles by an 

efficient catalytic enzyme named Phytochelatin Synthase. PCs can also form complexes 

with Pb, Ag and Hg in vitro (Mehra et al., 1996; Rauser, 1999). PCs were induced to 

varying levels by a wide range of metal ions. The most effective metals appeared to be 

Ag, Arsenate, Cd, Cu, Hg and Pb ions. However the only PCs complexes identified in 

vitro were with Cd, Ag and Cu ions. The clearest evidence for the role of PCs in heavy 
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metal detoxification comes from characterization of PC-synthase deficient mutants of 

Arabidapsis and fission yeast. A comparison of a relative sensitivity of Arabidapsis and 

fission yeast mutants to different heavy metals revealed a similar but not identical pattern 

(Ha et a/., 1999). 1n both organisms PCs appear to play an important role in Cd and 

arsenate detoxification and no apparent role in the detoxification of Zn, Ni and selenite 

ions (Cobbett, 2000). Two types of PC-heavy metal complexes were particularly 

involved in vacuolar sequestration: [I] High M, (HMW) and [2] Low M, (LMW). The 

transport and pumping of heavy metals through phytochelatin are ATP dependent and 

mostly linked with proton antiporter system (Oritz et a/., 1995). 1n Brassica napus, 

during Cd- exposure, high ratios of [PCs]/[Cd] and [Glutathione]/[Cd] in the phloem sap 

were observed whereas, only traces of PCs were detected in the xylem sap (Mendoza

Cozatl, 2008). These results suggest that phloem is the major vascular system for long 

distance source to sink transport of Cd as PC-Cd and Glutathione-Cd complexes. 1n case 

of water hyacinth (Eichharnia crassipes) phytochelatin PC3 and PC4 are primarily found 

in HMW -Cd complex. So thiol peptides are also served as an efficient and reliable heavy 

metal chelator in aquatic hyper-accumulators (Jian et a!., 2008). But the mercury 

tolerance strategies of the plant like salt march (Haliniane partulacaides) are somewhat 

different. 1n this plant metal resistance is achieved through immobilization of metals in 

root cell wall rather than metal chelation in the cytosolic fraction. Nevertheless 

phytochelatins were demonstrated to chelate mercury under environmental exposure 

(V alega et a/., 2009). 

1.16.2 Peptide transporter and their role in heavy metal storage and transport 

Plants, being rooted in soil, are unable to escape toxicity resulting from the presence of 

heavy metals in the soil. But there are a small number of terrestrial plant species that not 

only can tolerate high levels of toxic heavy metals in the soil but also can accumulate 

those metals to unusually high levels in their shoot biomass. These fascinating plant 

species, first coined hyperaccumulators by Brooks et a/. (1977), are loosely categorized 

as plants that can accumulate metals in the shoot from I 00- to 1000- fold higher than 

normal, nonaccumulator plants (McGrath et a/., 2002). Hyperaccumulating plant species 

have been identified for a number of heavy metals, including nickel (Ni), zinc (Zn) and 
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cadmium (Cd), as well as for the metalloids selenium and arsenic. One of the distinctive 

hallmarks of metal hyperaccumulators are their ability to translocated efficiently most of 

the absorbed metals from the root to the shoot. A second hallmark of this 

hyperaccumulator is the extreme metal tolerance, which is exhibited both in roots and 

shoots. Mechanism of metal tolerance can involve both ion transporters that transport the 

metal out of the cytoplasm (either into an internal compartment or out of the cell), and the 

synthesis of metal-binding ligands that can detoxify the metals in the cytoplasm 

(Clemens, 2001). 

Plants have developed homeostatic mechanisms to ensure appropriate 

concentrations of transition metals and to minimize the damage from exposure to toxic 

heavy metals. This homeostasis requires a regulated network of transport, mobilization 

and sequestration processes to maintain uptake, allocation and detoxification of metal 

ions. Two common mechanisms are known that plants utilize to eliminate excess metal 

ions from the cytoplasm; efflux into the apoplastic space and compartmentalization (Kim 

et al., 2006). Vacuole of the plant cells are the main storage compartments for toxic 

metals. The known proteins that mediate transport and detoxification of heavy metals in 

plants belong to the following families: the cation diffusion facilitator (CD F) family 

(Blaudez et al., 2003), the heavy metal transporting P18-ATPases (HMA) family 

(Hammond et al., 2006), the natural resistance associated macrophage protein (NRAMP) 

family (Weber et al., 2004) and the ABC family (Lee et al., 2005). CDF family of 

transporters regulates cytoplasmic efflux of transitional metals like zinc, cobalt, cadmium 

and nickel. They are also called metal tolerance proteins (MTP) (Talke et al., 2006). CDF 

family of proteins is highly expressed in hyperaccumulator plants like Arabidopsis halleri 

and Thlaspi caerulescens. Higher transcript levels of MTP genes during heavy metal 

exposure suggest a role in adjustment of metal homeostasis in the hyperaccumulator 

plants (van de Mortel et al., 2006). The HMA family members are involved in pumping 

cations across the membranes and out of the cytoplasm using hydrolyzed ATP as an 

energy source. In Arabidopsis thaliana, HMA2 and HMA4 regulate the mobilization of 

zinc from root-to-shoot via xylem loading and are thought to be plasma-membrane 

localized. It may be possible that HMA4 causes cadmium hyper-accumulation and 

contributes to cadmium tolerance by mediating cytoplasmic cadmium efflux in root and 
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leaf cells (Verret et al., 2004). The NRAMP gene family also plays a role in metal 

homeostasis. Identification and characterization of transporters in metal homeostasis has 

shed light on possible entry pathways into the plant and the mechanism of metal tolerance 

for toxic metals such as cadmium and lead. Heavy metal treatment of plants induces the 

transcription of many genes (Weber eta/., 2004). However, the mechanism by which the 

heavy metal is sensed and the downstream signaling pathways leading to gene induction 

have yet to be elucidated. 

Phytochelatin (PCs) mediated detoxification of heavy metals is well known. A 

putative phytochelatin transporter (CeHMT-1) is recently discovered in C. elegans 

(Vatamaniuk et al., 2005). To date, the identification of an Arabidopsis gene(s) encoding 

the vacuolar transporter for PCs has not been reported. But phytochelatins are small 

peptides, and completion of the Arabidopsis genome sequence has revealed a number of 

potential peptide transporter families for phytochelatins. Peptide transporters have been 

placed into two groups based on their energy source: ( 1) the oligopeptide transporter 

(OPT) and peptide transporters (PTR) families which use proton-motive force, and (2) 

ATP-binding cassette (ABC-type) transporters which use ATP hydrolysis as an energy 

source. A MgATP-energized transport pathway for PCs and PC- Cd2+ complexes, 

analogous to ABC-type transporter, has been characterized in vacuolar membrane 

vesicles isolated from oat roots (Salt and Rauser, 1995). Recently the Arabidopsis ABC

type transporter AtPDR12 was shown to contribute to lead resistance by serving to 

exclude lead and/or lead containing compounds (Lee et a/., 2005). Not only in 

Arabidopsis, but also the peptide transporters play vital roles in tolerance and 

sequestration of heavy metals in almost all angiosperm families. 

1.16.3 Seed priming and mechanism of oxidative stress tolerance 

Rapid and uniform field emergence is the essential prerequisite to improve yield, quality 

and ultimately profits in annual crops. Uneven or poor germination and subsequently 

non-homogeneous seedling growth can lead to great financial losses, by e.g., reduced 

possibilities for mechanization, or lower prices of non-homogeneous plant batches 

(Ghiyasi et a/., 2008). One pragmatic approach to increase crop production is seed 

invigoration (Farooq et a/., 2006). Seed invigoration strategies include hydropriming, 
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osmopriming, osmohardening, elicitor based hardening, hormonal-priming, matripriming 

and others (Kao et al., 2005; Windauer et al., 2007). The invigoration persists under 

oxidative stress conditions like salinity (Abdul Jaleel et al., 2007), heavy metal toxicity, 

temperature extremes (Wahid and Sabbir, 2005), hypoxia (Ruan et al., 2002) and drought 

(Du and Tuong, 2002). Pre-sowing seed treatments (seed priming) can also enhance 

germination index and establishment in many crops like maize, wheat and rice (Ghiyasi 

et a/., 2008b ). 

The three early phases of germination are: (i) imbibition, (ii) lag phase, and (iii) 

protrusion of the radicle through the testa (Simon, 1984). Priming is a procedure that 

particularly hydrates seed, so that germination processes begin, but radicle emergence 

doesn't occur. There are reports that hydration of seeds up to, but not exceeding, the lag 

phase with priming permits early DNA replication (Bray et al., 1989), increased RNA 

and protein synthesis (Fu et al., 1988), greater ATP availability (Mazor et al., 1984), 

faster embryo growth (Dahal et al., 1990), repair of deteriorated seed parts (Karssen et 

al., 1989; Saha et al., 1990), and reduced leakage of metabolites (Styer and Cantliffe, 

1983) compared with checks. Priming of wheat seed in osmoticum or water may improve 

germination and emergence (Ashraf and Abu-Shakra, 1978) and promote vigorous root 

growth (Carceller and Soriano, 1972) under low soil water potential. Osmotica that have 

shown good potential to enhance germination, emergence, growth, and/or grain yield of 

crop plants include solutions of potassium hydrogen phosphate (KH2P04) monobasic 

(Das and Choudhury, 1996), polyethylene glycol (PEG) (Dell'Aquila and Taranto, 1986) 

and potassium chloride (KCl) (Misra and Dwibedi, 1980). Water has also been used 

successfully as a seed priming agent for wheat improvement (Harris et al., 2001). Seed 

pretreatment with hydrogen peroxide (H20 2) can also improve stress tolerance due to its 

biological activity against oxidative stress. When maize seeds were pretreated with 

hydrogen peroxide solution, they exhibited enhanced heat tolerance, a-amylase activity 

and solute sugar contents and decreased H20 2 production, solute-leakage and 

malondialdehyde (MDA) (Wahid et al., 2008). Pretreatment also improved net 

photosynthesis and vegetative growth and decreased membrane permeability under 

oxidative stress in some dicot plants. Advancement of radicle meristem cells into the S 

and 0 2 phases of cell cycle and replicative DNA synthesis has been reported to occur 
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during priming (Gurushinghe et al., 1999). It was observed that the changes in metabolite 

levels are important events during seed priming (Wahid et al., 2008). As revealed from 

microarray studies, seed protein synthesis is a global phenomenon that initiates the up- or 

down-regulation of a number of germination related genes (Gallardo et al., 2001; Soeda 

et al., 2005). Natural or artificial seed priming induces the mobilization and solubilization 

of globulins and the synthesis of late embryogenesis abundant proteins (Capron et al., 

2000; Gamboa-deBuen et al., 2006). Antioxidant enzymes-including superoxide 

dismutase, catalase, and glutathione reductase -were also expressed during seed priming, 

through which oxidative stress can be manipulated by plants during seedling stage (Bailly 

et a/., 2000). Among other pre-germination metabolic changes, seed priming decreased 

the level of malondialdehyde (Bailly et al., 1998, 2000), changed saturated and 

unsaturated fatty acids (Walters et al., 2005), and induced a-amylase to increase the 

soluble sugar pool, thus improving seedling emergence and other related attributes 

(Mwale et al., 2003; Farooq et al., 2006). 

1.16.4 Peptide Mediated Seed Priming 

Seed priming ( osmoconditioning) increases vigour as well as accelerate germination, 

improve stress resistance and enhance plant growth and productivity (Pattan et a/., 2001; 

Burguieres et al., 2006), but priming agents may differ greatly in their effectiveness. It 

was observed that priming-induced improvements in germination and seedling growth 

were associated with de novo protein synthesis, low molecular weight peptide 

accumulation, membrane repair mechanisms and a greater availability of germination 

substrates which resulted in a rapid and energetic start (Mwale et al., 2003). From the 

metabolic changes during priming it is plausible that the priming treatments 

reprogrammed the gene expressiOn for antioxidant synthesis (including peptide 

antioxidants) and mobilized germination substrates in greater amounts (Wahid et a/., 

2007). It was already stated thiol peptides are mainly responsible for oxidative stress 

tolerance. Antioxidant thiol peptide is regarded as one of the major determinants of 

cellular redox homeostasis. Glutathione and Metallothionins are involved in the ascorbate 

I glutathione cycle and in the regulation of protein thiol - disulphide redox status of 

plants in response to abiotic and biotic stress (Mullineaux and Rausch, 2005). But very 
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few efforts are made for judging the efficiency of peptides as an inducer of stress 

tolerance. In recent times, it was established that seed priming with reduced glutathione 

mitigated the oxidative salt stress experienced by different cultivars of canola (Brassica 

napus L.) (Kattab, 2007). Seed priming with reduced glutathione improve seedling 

resistance probably by increasing the activities of antioxidant enzymes like superoxide 

dismutase, polyphenol peroxidase and oxidase as well as ascorbate peroxidase and 

oxidase (Khattab, 2007), but more scientific investigations are required to elucidate the 

mechanism of stress tolerance on the gene level. 

Efforts were also made for stimulating the enzymes of phenyl propanoid pathway 

(PPP) in mung bean sprouts through pentose phosphate and shikimate pathways by 

natural peptide elicitors derived from fish protein hydrolysates (FPH) (Randhir et al., 

2004). Fish hydrolysate derived peptides also enhanced the antioxidant activity in the 

elicited fenugreek sprouts as measured through the scavenging of free-radical like 1,1-

diphenyl-2-picrylhydrazyl (DPPH) and inhibition of P-carotene bleaching (Randhir et al., 

2004). During elicitation, it was detected that the increased activity of antioxidants were 

also correlated with high guaiacol peroxidase (GPX) activity indicating that polymerizing 

phenolics required during lignification with growth have antioxidant function (Randhir et 

al., 2004). Both in the dark and light germinated sprouts of com, higher glucose-6-

phosphate dehydrogenase (G6PDH) activity was observed only in fish protein 

hydrolysate primed treatments during early germination possibly due to the carbohydrate 

mobilization from the cotyledons directed towards the high nutrient requirements of the 

growing sprout (Randhir and Shetty, 2005). Very recently, Randhir et al., (2009) also 

improved the pharmacological properties of Mucuna pruriens sprouts by priming the 

seeds with peptide elicitors of fish protein hydrolysates. After elicitation with peptides, 

Parkinson's disease relevant L-DOPA concentration was enhanced in Mucuna seedlings; 

whereas anti-diabetes relevant a-amylase and a-glucosidase inhibition percent were high 

in the cotyledons and decreased following elicitation and sprouting (Randhir et al., 2009). 

Peptides are indispensable elements during germination, growth and development of 

sprouts as revealed from the expression of different peptide transporters both in monocots 

and dicots during different stages of their growth and development (Waterworth et al, 

2005; Komarova et al., 2008). Peptide transporters also play a critical role during seed 
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development (Song et a/., I 997). All these facts particularly explain the biological 

significance of peptide priming through which the metabolic circuits can be manipulated 

for developing stress tolerance. 

1.16.5 Peptide expression under heavy metal stress 

Many organisms respond to cytotoxic effects of heavy metals by synthesizing metal

chelating proteins or peptides. The predominant class of such molecules in plant, algae, 

and some fungi are the small, cysteine-rich peptides referred to as phytochelatins, Cd2
+ 

binding peptides, cadystins or y-glutamyl peptides (Howe and Merchant, 1992). These 

molecules have the general structure (y-Glu-Cys)n-Gly (Steffens et al., 1986), where n 

can range from 2 to 11 depending on the species from which the peptides are isolated and 

the conditions of their induction (Grill et a/., I 987). A wealth of biochemical evidence 

from experiments conducted in vivo supports a model in which phytochelatins are 

synthesized via a post-translationally activated, metal-dependent, enzymatic pathways 

from precursor GSH (Scheller et al., I 987). The synthesis of phytochelatin from 

glutathione (Grill et al. I 989), homo-glutathione, hydroxymethyl-glutathione (Klapheck 

et al., 1995) or y-glutamylcysteine (Hayashi et al., 1991) is catalyzed by a transpeptidase, 

named phytochelatin synthase, which is a constitutive enzyme requiring post-translational 

activation by heavy metals (De Knecht et al., 1995; Chen et al., I 995). Phytochelatin 

synthase (PCS) has been shown to be activated by a broad range of metals and 

metalloids, in particular Cd, Ag, Pb, Cu, Hg, Zn, Sn, Au and As both in vivo and in vitro 

(Maitani et al., 1996). But phytochelatin-mediated detoxification might not be the most 

effective strategy to cope with toxic exposure to heavy metals in hyper-tolerant plants. 

Phytochelatin synthase genes seems to have been lost in a number of animals and fungal 

lineages, possibly as a consequence of the evolution of more effective and more specific 

matallothionein-based metal sequestration systems (Schat et al., 2002). Phytochelatins 

are enzymatically synthesized peptides whereas metallothioneins are gene-encoded 

polypeptides (Cobbett and Goldsbrough, 2002). The completion of the Arabidopsis 

genome sequence has allowed the identification of entire suite of metallothionein genes 

in higher plants. Expression of type-IV metallothionein is restricted to developing seeds. 

Type-IV metallothionein genes contain promoter sequences with homology to ABA-
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response elements and their expression is regulated by ABA (White and Rivin, 1995). 

Type-III metallothioneins are expressed at high levels in the fruits like banana, apple and 

kiwi, as they ripen (Reid and Ross, 1997). Metallothioneins are mainly associated with 

copper homeostasis as revealed from reporter genes of Arabidopsis metallothionein 

promoters (Himelblau et a/., 1998). 

But the ubiquitous occurrence of phytochelatin throughout the plant kingdom is 

still enigmatic. Somehow the phytochelatins are involved in metal micronutrient 

homeostasis under non-toxic physiological conditions, particularly because plants 

exposed to normal nutritional micronutrients appear to contain phytochelatin at low, but 

detectable concentrations (Schat et a/, 2002). The manipulation of phytochelatin and 

metallothionein expression is one of the potential mechanisms for understanding the 

capacity of plants for phytoremediation (Maity eta/., 2005). Tissue-specific expression of 

genes of phytochelatin biosynthetic pathway on metal tolerance and accumulation will 

lead to indication on their usefulness in this endeavor. 

1.17 INTERACTION OF PEPTIDES WITH PHENOLIC COMPOUNDS 

1.17.1 Phenolic compounds and seed germination 

Phenolic compounds are wide-spread in seeds, fruits, and other tissues, occurring either 

in a free state or conjugated with sugars as glycosides or esters (Harbome, 1998). 

Numerous studies have shown that many phenolics are inhibitory (allelopathic) to 

germinating seeds or growing plants (Williams and Hoagland, 1982). It is also clear that 

phenolics may have indirect effects on physiological processes, through more non

specific effects on intermediary metabolism. For example, many phenolics are capable of 

inhibiting ATP synthesis in mitochondria, of uncoupling respiration and of inhibiting ion 

absorption in roots (Stenlid, 1970). Phenolics may react with plant hormones by 

synergism or inhibition and both situations were recorded in case of plant growth 

stimulation by gibberellic acid. There is evidence that dihydroconiferyl alcohol in lettuce 

has a synergistic effect on the GA3 stimulated elongation of hypocotyls; by contrast 

substitution of dihydroconiferyl alcohol by any of several common hydroxycinnamic 

acids reverses this effect (Kamisaka and Shibata, 1977). It was also observed that tannins 

have generally been shown in most plant systems to have an antagonistic effect on GA3 
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activity (Corcoranm et a/., 1972). Many phenolic compounds present in seeds are 

behaved as germination inhibitors in several plant species. For example, p

hydroxybenzoic acid acts as the major phenolic germination inhibitor of papaya seeds 

(Chow and Lin, 1991). In normal rye caryopsis, five phenolic acids were detected: 

ferulic, sinapic, vanillic, caffeic and p-coumaric, three of which were found in the free 

phenolic fractions. Cells of unripe rye grains reacted to water stress by lowering the level 

of total phenolic compounds. The enforced dehydration stimulated the processes of 

precocious germination of unripe caryopsis. Here also the phenolic acids were considered 

as inhibitors of germination because faster germination was induced only after the 

lowering of the level of phenolic acids after the dehydration treatment (Weidner et al., 

2000). The presence of endogenous phenolics like salicylic, syringic, and chlorogenic 

acids and catechol in small seeds of Artiplex tringularis could account for germination 

inhibition in these seeds (Khan and Ungar, 1986). In Artiplex, inhibition of germination 

by exogenous application of all highly active phenols was alleviated by the application of 

gibberellic acid and kinetin. 

Accumulations of free phenolics in the seed coats are highly influenced by the 

physical environment of storage conditions. High temperature storage induced Navy 

beans (Phaseolus vulgaris) contained higher levels of hydroxycinnamic acids (especially 

ferulic acids) than control in their seed coats and cotyledons (Srisuma eta!., 1989). Large 

increases of free hydroxycinnamic acid content are generally associated with increased 

hardening in beans. In faba beans (Viciafaba L.), a loss in total phenolics, total tannins 

and proanthocyanidins was found with increased darkness of testa and cotyledons during 

storage (Nasar-Abbas et a!., 2008). Age-related changes of phenolic profile during 

storage were observed in seeds of beech (Fagus sylvatica L.). In Fagus germination 

capacity was strongly and positively correlated with the total phenolic compounds, UV

absorbing phenolics and antioxidant accumulation but a strong, negative correlation was 

found between germination capacity and reactive oxygen species (ROS). As the 

phenolics are generally participated in scavenging free-radicals, these compounds could 

play a significant role in maintaining seed viability of beech (Pukacka and Ratajczak, 

2007). Changes in free phenolic acids during stratification were also established. In sugar 

maple, inhibitory phenolics were declined between 36 and 68% of the original 

89 



concentration after stratification (Enu-Kwesi and Dumbroff, 1980). In almost all cases, p

Coumaric acid was tbe principal phenolic component which possesses marked inhibitory 

properties during seed germination. The localization and intensity of cytoplasmic and 

apoplastic deposits of phenolic compounds during embryogenesis and storage are one of 

tbe important decisive factor of germination of common angiosperm seeds. 

1.17.2 Phenolic Compounds and peptide interaction during germinating seeds 

The localization and intensity of cytoplasmic and apoplastic deposits of phenolic 

compounds and the expression of peptides change between embryogenesis and at least 

upto one week after seed germination. During seed maturation phenolic compounds were 

localized in small vesicles or more precisely in vesicular-shaped endoplasmic reticulum 

(ER). In the dormant seeds, the deposits of phenolic compounds were mostly 

concentrated between tbe plasmalemma and the cell wall (Zobel et a/., 1989). The 

occurrence of phenolic deposits and peptide signaling paralleled with embryo activity at 

different stages of development like mitoses, synthesis of DNA, RNA and protein and 

mobilization of storage materials. Phenolic compounds and related enzymes such as 

phenol biosyntbesizing enzymes (phenyl alanine ammonia lyase) and phenol catabolizing 

enzymes (polyphenol oxidase and peroxidase) are determinants for crop utilization as 

human food because they influence product properties and also regulate germination and 

embryo development related peptide expression and signaling (Dicko et a/., 2006). 

During analysis of enzymic hydrolysis of cereal storage proteins, ferulic acid and its 

derivative/complex were detected in the glutenin fraction of wheat and its peptide 

products, but neither in albumin-globulin and gliadin fractions nor in their hydrolysates 

(Karamac et a/., 2007). This indicates positive interaction between ferulic acid and tbe 

hydrolysates of glutenin fraction. In cereal grains like wheat, triticle and rye ferulic acids 

can exist as an extractable form as free, esterified and glycosylated phenolic constituents 

(Weidner eta/., 1999) as well as an insoluble-bound form occurring in tbe outer layers of 

grains (Kim et a/., 2006). Ferulic acid and its derivatives are also responsible for the 

antioxidant properties of cereal grains (Yang et a/., 2001; Kim et a/., 2006). These 

compounds are proven to play a significant role in the dormancy of cereal caryopsis 

(Weidner et a/., 1999). On tbe other hand, transport and nutritional properties of 
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hydrolysates depend on the size of peptides obtained during proteolysis (Karamac et a/., 

2007). So interaction of phenolic acids and the hydrolyzed peptides generated during 

germination may regulate precise time of radicle emergence and oxidative stress 

tolerance. 

It is well-known that tannins particularly interfere with the digestion of proteins 

due to tannin-protein reactions. Non-tannin polyphenols can also undergo oxidation of 

semiquinone and quinones. These can undergo further oxidative polymerization as well 

as coupling to proteins, by a wide variety of chemical reactions. Some of these reactions 

may serve to protect the plant against infections, parasites or predators (Synge, 1975). So 

polyphenols in plants bind to the proteins/peptides leading to the formation of soluble or 

insoluble peptide-polyphenol complexes which could significantly influence their 

biological properties (Synge, 1975). Recent NMR and molecular modeling studies have 

revealed that the strength of the interactions could be positively correlated with 

polyphenol hydrophobicity and the flexibility of peptide chains (Richard et a/., 2006). It 

has become increasingly clear that peptide-polyphenol reactions regulate different phases 

of growth and morphogenesis of plants. Indeed, it is possible that this function has 

determined the evolutionary history of some of these polyphenols as abiotic and biotic 

stress modulators of living system. 

1.17 .3 Future perspective 

Beyond doubt, now it can be concluded that secreted plant peptides are important 

regulators of plant growth, development, and physiology. But till now, identification of 

novel peptide is critical and challenging task. In the classical research approach, peptides 

have been identified by repeated purifications based on their specific biological activities. 

The feasibility of using this approach, however, largely depends on the quality and 

sensibility of the bioassay system. In fact, the major limitation of this approach is the lack 

of an established bioassay system to detect peptide hormones with an unexpected class of 

function. Obviously the alternative strategy is required for defining novel class of 

peptides to overcome the shortage of bioassay-based approaches. There are other 

problems too. When the low molecular weight peptides are encoded by genes, they are 

often missed during gene annotation and in the era of genomics, if a gene is not 
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annotated, it will not be investigated. Again identification of additional peptide signals by 

sequence homology searches has had limited success due to high sequence heterogeneity 

among processed peptides. Bioinformatic approaches are now taken for identification of 

unannotated secreted peptides through empirical analysis of transcriptional activity by 

genome-wide tiling hybridization (Yamada et al., 2003), single-linkage clustering of the 

preproproteins (with signal peptides) with published genome data and reverse 

transcription PCR output (Lease and Walker, 2006). 

It is now known that small post-translationally modified peptides are produced 

through a secretary pathway after post-translational proteolytic processing and 

modifications. This post-translational modification requires considerably higher energy 

compared with normal peptides (Matsubayashi, 2010). Nevertheless, a number of post

translationally modified peptides have been evolutionary conserved, suggesting that these 

'expensive' peptides afford physiological merits in favour of better survival of plants. It 

can be speculated that the structure of unmodified small peptides are thermodynamically 

more unstable in cellular atmosphere than modified peptides, with substituted functional 

groups because of more specific interactions with their receptors and intra-chain 

covalent/non-covalent bonds among substituted groups. So, the proteolytically processed 

modified peptides can be an indicative of biologically active peptides. The peptidomics 

approach targeting these specifically modified peptides has now being identified 

successfully as a novel peptide hormone and recently the specific bioactivity of some 

putative peptide ligands have uncovered through in silica gene screening approaches 

(Ohyama et al., 2008). 

Definitely future research will be directed at identifying new peptide genes and 

their products through more precise genetic, biochemical and bioinformatic tools. 

However, it will equally be aimed at the receptors that interact with these molecules, 

because many orphan receptor kinases are still uncharacterized with no known ligands. 

The availability of yeast two-hybrid and proteomic technologies along with virtual 

molecular dynamic simulation techniques will be expected to solve the path of entire 

peptide signals which will redefine the cellular communication of plants in near future. 
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CHAPTER-II 
DYNAMIC PEPTIDE PROFILES OF 

GERMINATING MUNG BEAN: IN RELATION TO 

THEIR NATURE AND SEPARATION PATTERN 
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2.1 INTRODUCTION 

As already discussed, in recent years, a vast array of bioactive peptides were isolated 

from different spectrum of life form and only some of these low molecular weight 

peptides have been characterized in details. Peptides in plant system possess definite role 

in m:~plifying signals (Lindsey et a/., 2002), nitrogen fixation (Mylona et a/., I 995), cell 

proliferation (Matsubayashi and Sakagami, I 996), generation of polarity (Souter and 

Lindsey, 2000), differentiation, self incompatibility and mediating biotic and abiotic 

stress elicitation with metabolic intermediates. Concept of bioactive peptides like 

Systemin, Phytosulphokine, ENOD 40, CLA V ATA 3 and S-Locus Factors (Ryan et al. 

2002) trigger challenges over the classical definition of narrow viewpoint of plant 

hormones. The genesis of numerous small peptides in different phases of plant system is 

not at all random but oriented through specific molecular programs that may not be 

associated with central dogma of protein synthesis (Lee et a/., I 996; Fletcher et a/., 

1999). 

Now, the basic aim of this work is to explore the separation profile of peptides 

isolated from germinating mungbean [Vigna radiata (L) Wilczek. cv. Sonali BI], which 

is one of the important cultivated variety of mungbean with excellent aroma, taste and 

flavour. Till now there are very few reports in plants solely related to peptide profile or 

fingerprint. This may be due to technical difficulty related to isolation, purification and 

characterization of peptides. More often peptides are characterized through Capillary 

zone electrophoresis (Heintz et al., 2004; Wetterhall, 2004), Mass-spectrometry (Pu et 

a/., I 996), Liquid chromatography (Drykova eta/., 2003), Paper chromatography (Rydon 

and Smith, I 952), Paper electrophoresis (Bailey and Ramsaw, I 973), Capillary electro

chromatography (Kasicka, 2003) etc. based on the principles of the procedure and 

objectives of the work. The work presented in this chapter is an analysis of impending 

changing pattern of peptide profile present in different germinating hours of mung bean 

based on paper chromatography, capillary electrophoresis along with detection of amino 

acids present in these isolated peptides. 
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2.2 MATERIALS AND METHODS 

2.2.1 Plant culture 

Seeds of mungbean [Vigna radiata (L) Wilczek. cv sonali Bl], were collected from 

Central Pulses Research Institute (C.P.R.!.), Berhampur, West Bengal, India; was 

weighed out (each set of 250 g.) and allowed to culture in sterile petriplates with 

absorbent cotton supplied with modified Hoagland solution with one-half strength of 

major nutrients and full-strength micronutrients. The nutrient solution was aerated 

continuously and changed weekly. Experiments were conducted inside a controlled 
·2 .) 

environmental growth chamber with 14 hrs light period (350 Jlmol m s ), 25°/20°C 

day/night temperature, and 80% relative humidity. The seedlings were grown for 

different germination time like Oh, 8h, 24h, 32h, 40h, 48h, 56h, 64h, 72h, 5days, 6days 

and 7days for fulfilling specific experimental objectives. 

2.2.2 Isolation and purification of low molecular weight peptides 

2.2.2a Extraction: 

200 g. material of mungbean, of each set, were washed with distilled water and 

treated with 0.2% Sodium hypochloride solution to avoid pathogenic contaminations. 

Treated materials were rinsed with distilled water three to four times for removing the 

traces of Sodium hypochloride. The seedling pieces were frozen in liquid nitrogen, 

crushed ( cryocrushed) and extracted with measured amount of chilled distilled water by 

blender at 4°C in cold room. After blending, the extracted material was passed through 

Cheese Cloth for initial sieving and then filtration was performed using Buchner funnel 

fitted with a layer of absorbent cotton and Whatrnan No. 1 Filter Paper through suction 

with aspirator for removing the unwanted tissues. The filtrate was Cold Centrifuged at 

10,000 rpm for 30 minutes using Protease inhibitor Phenyl Methyl Sulfonyl Fluoride 

[PMSF] at 4°C to remove the Cell Wall Materials, Organelles and other cellular debris. 

The supernatant was collected and the whole extract [500 mi.] was lyophilized to reduce 

the volume. The lyophilized extract was subjected to ion-exchange chromatography. 
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2.2.2b Jon exchange chromatography: 

The extracts were purified through cation exchange resin, Dowex-50 (Tsunasawa, 

1982) and anion exchange resin, Dowex-1 (Watanabe, 2003) (Both purchased from 

Sigma Chemical Co., USA) filled in two separate glass column (60 em x 2.9 em). 

The fresh cation exchanger resin H+ form Dowex-50 (1.6 meq. /mi. charge) was 

taken in large volume of water and transferred carefully to suitable size column for 

avoiding trapped air bubbles. The resin was washed with 1 to 11h bed volume of 1 (N) 

HCl to convert all resin particles into H+ form. The resin was washed with approx. 2-bed 

volume of distilled water until the effluent gave neutral pH [If the column is not used for 

long time then 50% ethanol should be added to displace the water. Excess 50% ethanol 

should be added at the top to prevent mould and bacterial growth. The column should be 

plugged with cork. This will prevent the resin to be putrefied and one can keep it for 4 to 

5 months or longer period. Acetone should not be used otherwise it might dissolve the 

resin particles]. For charging extract, 900 meq. Cation Exchanger Dowex-50 in H+ form 

was taken per kg. fresh weight equivalent plant material. The plant extract first passed 

through newly activated cation exchanger resin. The resin column was washed with 

distilled water, 50% ethanolic water and finally with water sequentially each of one bed 

volume. In this procedure, acidic compounds and hormones like IAA, GA and ABA were 

removed from the column. Only some basic or amphoteric compounds like cytokinin, 

amino acids, peptides and protein subunits were held up by the Cation Exchange Resin 

Dowex-50. After this the whole resin was poured to a big 1 L beaker and some quantity 

(approx. 50 mi.) of water was added. In cold it was then eluted and neutralized with 

approximate 50% liquid ammonia (Water: Ammonia :: 1:1) with constant agitation to 

avoid exothermic reaction [This part of work is an important task to be done very 

carefully otherwise exothermic system may damage the bioactive compounds of interest]. 

The cation resin (90 meq. was taken) was neutralized with 93 meq. Ammonia [If liquid 

ammonia was 15 (N), then 6.2 mi.], just to convert the resin H+ form into NH/ 

ammonium ion form. Then the liquid was poured to the column again carefully so that 

the air bubbles should not get entrapped. Now the column was again eluted with Yz bed 

volume of 3(N) NH!OH and distilled water. The eluted material from the column was 
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taken for further processing. The column was washed and reactivated with I (N) HCI as 

mentioned in the beginning, for further use. 

The Ammonia was removed from elute with Lyophilization Instrument 

(Secfroid Lyolab B-ll, Germany) fitted with Liquid Nitrogen Trap. The ammonia free 

extract was taken in approx. 30 to 40 mi. water and little dilute HCI was added with 

shaking and make the pH acidic 5 to 6. The liquid was then passed through the anion 

exchanger resin Dowex-2 in OH. exchangeable ion form. 

The Anion Exchanger Resin Dowex-1 was filled in a suitable sized column. 

Trapping of air bubbles was avoided by careful column packing. The Dowex-1 OH- (I 

meq. I mi.) was available to us. It is thermo-stable and workable in wide range of pH. 

After washing the resin (Total Charge 70 meq.) cation eluate was passed through the 

column. It was washed and eluted as like that of Cation Resin mentioned earlier. In this 

case Anion Resin was eluted with I (N) HCI instead of ammonia after taking out of resin 

from the column. The detailed procedure was mentioned at the beginning of Cation 

Resin. The elution of Anion Resin contained HCI. The Hydrochloric Acid was removed 

by Lyophilization in presence of Liquid Nitrogen Trap. The semidried sample, nearly free 

of HCI, was taken and dissolved in approx. 15 mi. water. The pH should be acidic and 

washed with peroxide free ether solvent to remove fats, lipids and traces of IAA, GA, 

ABA etc. 

2.2.2c Ether fractionation: 

50 mi. of Diethyl Ether was taken and made free from peroxide. Approximately 

2.5 to 3.0 gm. of Ferrous Sulfate (FeS04) was dissolved, 0.6 to 0.8 mi. of cone. Sulphuric 

Acid was added and volume made upto 10 mi. Nearly 2 to 2.5 mi. of FeS04 solution was 

poured in the separating funnel containing 50 mi. of ether. It was shaken gently several 

times and then the aqueous Ferrous Sulphate layer was taken off and discarded. The ether 

was washed 3 to 4 times with equal volume of distilled water. This peroxide free ether 

was stored in ambered coloured bottle in deep freeze at -25°C. 

The concentrated liquid of Anion elution ( approx. 20 mi.) was washed four times 

with equal volume of peroxide free ether. This removes ether soluble lipid components 
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along with some phytohormones but highly water soluble peptides were recovered from 

aqueous fraction. The whole operation was done in cold at 4 o to 8°C. 

2.2.2d Ultrafiltration: 

Ultra-filtration set up used was Millipore stirred cell fitted with Amicon 

Molecular Weight cut off Membrane Filter. It is a Nitrogen Gas Pressure (1 to 1.5 

kg/cm2
) connection chamber with changeable permeable membrane to separate different 

species or groups by molecular sieving. The lyophilized ether washed material obtained 

from germinating seedlings of mungbean was undergone ultrafiltration through 10,000 

Da (YMIO), 3000 Da (YM3) and 500 Da (YC05) cut off membrane filter consecutively. 

Precautions were taken for removal of Amino Acids and traces of IAA, GA, Cytokinin 

and ABA from plant extract by using 500 Da cut off ultrafiltration for three times in each 

case. The concentrated liquid of the stirred cell that contain mainly 3000 to 500 mol. wt. 

compounds were taken for peptide profiling. The molecules above 3000 and below 500 

mol. wt. were eliminated. The filtered liquid left over in the stirred cell after 500 cut off 

was layered in the 500 mi. R.B. flask with B24 standard joint in a freezing bath (-40°C) 

and then lyophilized. 

Now, as 200 g of fresh tissue were taken and the ultimate peptide (of desired 

molecular weight) extracted from sample, was dissolved in 2 ml distilled water; so, 

strength of peptide solution is I 00 g/ml peptide present as fresh weight equivalent tissue. 

2.2.3 One Dimensional Paper chromatography 

Each isolated peptide solution of 100 fll (I g fresh weight equivalent) was loaded on to 

Whatrnan No-! 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 :: 10 : 1 : I (v/v) and solvent 2; n-butanol : acetic acid : 

water:: 4 : 1 : 1 (v/v)]. The papers were stained with freshly prepared ninhydrin location 

reagent (Friedman, 2004). The retardation factor (R) values were determined. 
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2.2.4 Purification of semi purified extracts through sephadex LH-20 column 

Semi purified extracts (2 ml) were loaded on Sephadex LH-20 column (80 em x 3 em; 

volume-566 ml), fitted with ISCO fraction collector, peristaltic pump and UV -recorder 

(Andrews 1965). Samples were eluted with 30% ethanol at a collection speed of 190 

drops/tube (approximately 5ml/tube ), drawn by pump set at a speed of 60 digit (ISCO 

WIZ pump) 30 mllh. Recorder was set at 3 cmlh; 0.1 O.D full scale, with UV monitoring 

range at 280 nm. The semi-purified fractions were collected in 200 tubes. After removal 

of void volume (first 24 tubes), tubes were grouped into four major fractions (25 to 50 

tubes for Fraction-I, 51 to 100 tubes for Fraction-2, 101 to 150 tubes for Fraction-3 and 

151 to 200 tubes for Fraction-4) and lyophilized separately. Finally the lyophilized 

peptides were mixed with suitable volume of distilled water and used in chromatography 

or electrophoretic techniques for the purpose of detection. After LH-20 fractionation of 

peptide mixture of different germinating hrs, four fractions of peptides of 32 hand 6 days 

were again subjected to one dimension paper chromatography with two different solvents 

(solvent-! and 2) separately. 

2.2.5 Two dimensional paper chromatography 

Two-dimension paper chromatography was performed with LH-20 purified peptides. At 

first, the last three fractions of LH-20 were mixed together in equal volume, then 100~1 

of that was spotted on to Whatrnan No-1 chromatography paper and separated by 

descending chromatography with two different solvent mixtures respectively in two arms 

[solvent-! in short arm and solvent-2 in long arm]. Then papers were stained with freshly 

prepared ninhydrin location reagent (Friedman, 2004). 

2.2.6 Capillary zone electrophoresis 

After purifying through LH-20 gel exclusion chromatography, the peptides were 

subjected to capillary electrophoresis, Beckman PlACE system 5010 (Beckman 1994). 

60~1 of sample was loaded in each case (with 50 sec injection time), detection 

wavelength 214 nm, used neutral gas nitrogen, capillary volume 50~m x 47cm (neutrally 

coated), voltage-18KV (8.4 ~amps, temperature-20°C) detection time of 5 seconds was 

monitored. eCAPTM citrate buffer pH-3 (20~M citrate) was used as running buffer 
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assuming the isoelectric points of peptides are greater than pH-4 using normal polarity. 

eCAP™ Orange G (0.1% aqueous solution) is used as reference marker. Peak height (Cx 

=k.Hx), peak area (Cx=k.Ax) and area percentage were calibrated from electrophoregram 

using software System Gold Version 810. Molecular weight determination was 

performed by using standard peptides: Insulin (Mw - 5777.6), Insulin chain-A (Mw -

2531.6), Insulin chain-B (Mw -3495.9), Somatostatin (Mw -1637.9) [Sigma Chemical Co. 

USA] and CNBr treated lysozyme fraction A (Mw -1025.61) with the help of Smith's 

Statistical Package (Version-2.5 of Gary Smith) by log10 Mw vs. 1/RMT graph. 

Chromatograms of different peptides of germinating mung bean seedlings were presented 

graphically using Microsoft Excel. 

2.3 RESULTS 

2.3.1 Analysis of peptide spots of one-dimensional paper chromatography 

The overall expression of one dimension paper chromatography is thoroughly 

documented in Figure 2. I .A. From that appearance, it is quite prominent, that in case of 

solvent-!, the separation pattern is little bit better than that of solvent-2, which indicates 

significantly towards the nature of peptides (better resolved in two dimensional paper 

chromatography). Though the same amount of I g fresh weight equivalent of purified 

plant extracts were spotted on chromatographic paper, it was observed that the amount of 

peptides present in 24h, 32h, 40h, 48h, 56h, 64h and 72h was drastically high than that of 

8h, 5 days and 6 days (supported by apparent visibility and intensity of ninhydrin stained 

spots). Now, in both the solvents, some consistent characters were observed throughout 

all the germination hours - like, a definite gap zone (from, Rr-0.25 to 0.35, in solvent- I 

and Rr -0.4 to 0.5, in solvent-2); a very good amount of peptides bear proline or hydroxy

proline in their amino terminal as seen by yellow colour of spot; in solvent-!, a very odd 

spot was present with highest Rr value (0.739) in case of 64h; in solvent-2, peptides of 8 

h had a very weak separation. LH-20 purification was done with 32 h and 6 days 

germinating seedlings because these phases are crucial for developing mung bean. After 

LH-20 purification, different fractions showed better separation in one dimensional 

chromatography. The complete result is mainly documented in Figure 2.l.B. The overall 

expression shows that, the major amount of distinguishable peptides came within 
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fraction-! and 2; though in fraction I, some spots were overlapped. Lesser number of 

spots appeared in fraction 3 and 4 indicating that very low molecular weight peptides 

(taking higher elution time in LH20 column) were less abundant during these germination 

phases. 

2.3.2 Two dimensional paper chromatographic profile 

Two-dimensional paper chromatography was done with peptide mixtures of last three 

LH-20 fractions (just to make the peptide fingerprinting more dependable) of different 

germination hrs with solvent-! and solvent-2, applying in two different arms. The 

peptides ofO, 8, 16, 24, 32, 40, 48, 56, 64,72 hrs separated into 14, 10, 14, 14, 19, 16, 22, 

14, 17 and 16 spots respectively (Table 2.la-j and Figure 2.2-2.6) whereas the peptides of 

4, 5, 6 and 7 days separated into II, 13, 13 and 10 spots respectively (Table 2.lk-n and 

Figure 2.7-2.8). According to their positional clustering, peptides were grouped into ten 

different clusters (mentioned as A to J in the Table 2.1a-n and Figure 2.9). Consistent 

appearance of spots were observed in the region 'E', 'F' and 'G' throughout the 

germination period after water imbibition by dry seeds. High colour intensity of these 

spots indicates higher level of expression as germination proceeds. Spots were also fairly 

regular in region 'B' but their locations in paper were shifted with germination hours. In 

zone 'A' spots appeared and disappeared with germination phases and the intensity of the 

spots were also widely varied. Phase specific spots were emerged in 'H', 'I', and 'J' 

region. Only one spot was present in region 'H' before germination. In 32, 40 and 64 hrs 

some low intensity spots were appeared in region 'I' and "J'. Therefore dramatic changes 

of appearances and disappearances of spots were noticed in between 2 and 3 days. Like 

one dimensional chromatography, after 4 days, spots gradually faded out from many 

regions of two dimensional paper chromatogram. 
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Figur e 2.l.A Comparative One Dimension Paper Chromatography of isolated peptides 

from d ifferent hours of gcnninalion --

A.i - in Isopropano l : Ammonia: Water :: 9 : I : I (v I v I v). 

A.ii - inn-Butano l : Acetic Acid : Water :: 4 :J : I (v I v I v) . 
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Figure 2.1.8 Comparative One Dimension Paper Chromatography of different LH 20 

separated fractions of isolated peptides from 32 hrs. and 6 days of germination -

B.i in Isopropanol : Ammonia : Water :: 9 :I : I ( v I v I v). 

B. ii - inn-Butanol : Acetic Acid : Water :: 4: I : I (v I v I v). 
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Table 2.1 Categorical clustering of peptide spots appeared in 20 paper chromatography after 
ninhydrin development: 

Table 2.l a Peptides isolated from Oh germinat ion phase 

Table 2.1 b Pepti dcs isolated from 8h germjnation phase 
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Table 2.1 c Peptides isolated from 16h germination phase 

Table 2.1d Pcptides isolated from 24h germination phase 

Germination Phase: 24 h 

Spots Rf , Rf y~ 

0.03 

0.03 

Categorical Clusters of spots 

A 8CDEFGHI J 

Intensity 
of spots 

18 0.04 

18 0.06 
~ ~ -

1C 0.08 

2A 0.07 

28 0.10 

3A 0.03 

38 0.09 

4 0.24 

5 0.13 

6 0.14 
~ ~ ~ 

7 0.21 

8 0.29 

9 0.37 

10 0.42 

A + 

A + 

0.03 A + 
----- -·-·---- ---·-- __________ ....,_ ------- ---. 

0.09 A ++ 

0.09 A ++ 

0.13 A + 

0.13 A ++ 

0.16 c ++ 

0.19 c ++ 

0.22 D ++ 
---- ---·- ------ -- --- -- ---------- ., 

0.33 E ++ 

0.39 

0.45 

0.49 

E 

F 

G 

+++ 

++ 

++++ 
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Table 2.1e Pcptidcs isolated from 32h germination phase 

Table 2.1f Pcptidcs isolated from 40h germinat ion phase 

Germination Phase: 40 h Categorical Clusters of spots Intensity 
_ SpCJts ____ B! !.. -----~--- R~ v-~---~_: __ ~_-_c~~ D_~--}~- G-- ~#! __ !~_{ __ ] of spots_ _ 

1A _Q.O! ___ ~_O.O~~-A-·-----~--~------~--~ _ ·-~--------+ __ 
18 0.11 0.05 A ++ 

- - - --- -~-- --- -- - -·---------- -------- ------ -----~-------- ---- - ---· -- ---· ---------
2A 0.08 0.11 A ++ --· ------- -· -- ··-·· ---- ---- ---
28 0.16 0.10 A + 

- - -- . -- . --
3A 0.05 0.15 A ++ 

----- --- --------- ---- --- -·----·-- - --- ---- -- - -----
38 0.09 0.14 A +++ 

.l-.. ... 3c o.29 --------0.14 ----.----- ------a--· ----------t- -- -+++ ____ _ 
-------- - ------- -- ----·--------- -- ----- - ..... -- -- - - ·-- ---- ---..- - --· -- -. - ---- ----- -- -- --------

4A 0.14 0.21 C ++ 
---~--------------- --· ----- - -------------

48 0.18 0.23 D ++++ 
- --------- --------- --------~------------ --- -- --- ----- -- ---- -- --

5 0.23 0.28 D E ++ 
6 o.o6 o:3f --,-------·--·---- 1 -.._ ---

- -- .. --------- ~---- ----~ - -----.--- - ------- - ~ ----·----- ____,_ - ~ -~ -- --- -------------- --
7 0.23 0.33 E +++ 

--- ----------------~---------------- -------. - ---~-- --- . ------- ~---~- ------------
8 0.10 0.35 + 
9 0.33 0.38 E ++++ 

-- ----- --- - - -- - --- ~-- ----- - - -------
10 0.40 0.42 F ++ 

-- ----'--------------~-~-------- - ---- ~ ----

11 0.46 0.47 G +++ 
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Table 2.1 g Peptidcs isolated from 48h gcm1ination ph a c 

Table 2.1 h Pcptides isolated from 56h germination phase 

Germination Phase: 56 h Categorical Clusters of spots 

Spots Rf" Rf A . B . C D E F G H I J . _______ _ y ____ -- .. ----· ·---· · - ------ -----·-

1A 0.07 0.03 A 
----- ·---- -----·----- ---~--------- ----- --- ·-- ---~---------- --

18 0.12 0.03 A 
2 
3 

4A 
48 
SA 
58 
6A 
68 
7 
8 
9 
10 

0.08 0.09 A 
0.04 0.10 A 

---- ---.----------- --·- ------ _____ ____.. __ -- - -~-

0.09 0.12 A 
0.29 0.13 B 

·------ ---------- - -- - --- -----
0.14 0.17 c 
0.17 0.17 c 

- - - ·--· ----·- ------- --- . 
0.14 0.20 c 

- - ------
0.17 0.22 D 
0.22 0.30 

---- --------
0.33 0.35 
0.37 0.40 

.. -
0.43 0.44 

E 
E 

F 
G 

Intensity of 
spots 

++ 

++ 
++ 
+++ 
+++ 

++++ 

++ 
++ 
++ 

++ 
+ 

++++ 
++ 

+++ 
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Table 2.1 i Peptides isolated from 64h germination phase 

Table 2.1j Peptides isolated from 72h germ ination phase 
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Table 2.1 k Peptides isolated from 96h germination phase 

Table 2.11 Peptides isolated from 120h germination phase 

Germination Phases: 120 h Categorical clusters of spots 
Intensity of 

spots 

Spots Rf x Rf y A 8 c D E F G H I J 

1A 0.07 0.03 A ++ 
-- - - --~---- - - - -

18 0.14 0.04 A ++ 

2A 0.05 0.12 A ++ 
- -- -----

28 0.09 0.12 A +++ 
------- -~--

3 0.05 0.14 A ++ 

4 0.14 0.17 c +++ 

5 0.35 0.15 8 ++ 

6A 0.17 0.26 D ++ 
-------- ----- -- - -- --··- - - - -- ---- ---

68 0.21 0.26 D ++ 
- -- - -- ----·-- ------------------ -- --- -- -·- -----

7 0.26 0.30 E + 
----- --- -------

8 0.38 0.42 F +++ 

9 0.44 0.49 G ++ 

10 0.49 0.52 G ++ 
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Table 2. 1 m Peptides isolated fro m 144h germination phase 

Table 2.1 n Peptidcs isolated from 168h germination phase 
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Figure 2.2 Two Dimension Paper Chromatography 

Above- Peptides o.f 0 h; Bollom- Pep/ides o.f 8 h 
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Figure 2.3 Two Dimension Paper Chromatography -
Above- Peptides of 16 h; Bollom- Peptides of 24 h 
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Figure 2.4 Two Dimension Paper Chromatography -

Above - Pep! ides of 32 h; Bottom- Peptides of 40 h 
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Figure 2.5 Two Dimension Paper Chromatography -

Above - Pep! ides of 48 h; Bollom- Peptides of 56 h 
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Figure 2.6 Two Dimension Paper Chromatography -

Above - Peptides of 64 h; Boll om- Pep/ides of 72 h 
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Figure 2.7 Two Dimen ion Paper Chromatography -

Above - Peptides of 4 Days; Bollom- Pep/ides of 5 Days 
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Figure 2.8 Two Dimension Paper Chromatography -

Above - Peptides of6 Days; Bottom- Peptides of7 Days 
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Dimension of ru values: 

A= x: 0.00·0.20 
y: 0.00-0.14 

8 = x: 0.21-0.49 
y: 0.14-0.06 

c = x: 0.14-0.25 
y: 0.15-0.20 

J G 
D = x: 0.15-0.30 

y: 0.21·0.27 

D 
E = x: 0.20-0.34 

y: 0.28..0.40 

D I'= X: 0.35-0.40 

D y: 0.50-0.36 

G = x: 0.41·0.60 

I D I D 
y: 0.41-0.60 

I c I 1= x: 0.05-0.15 

lo I 
y: 0.30-0.40 

J = X: 0.10-0.35 
A y: 0.45-0.55 

Figure 2.9 Domain of clustering of mam peptide spots in 2-Dimensional 

Chromatogram was expressed by box diagram. Range of Rr values in 

each cluster was also incorporated 
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2.3.3 Capillary electrophoretic profile of peptides and electropherogram 

Major peaks have been detected mainly in fraction-2 and fraction -3 by Capillary 

electrophoresis. Peptides of fraction-!, generally executed some overlapping peaks 

with trailing effect and fraction-4, contained lowest number of peaks. Major peptide 

peaks were distinguishable within the molecular weight range of I OOOD to 3000D 

(Figure 2.10-2.21). Some consistent peaks near 2500 mol. wt. were observed in fraction 

F2 after LH20 purification in between 24 h and 72 h germination period (Figure 2.12-

2.18). Some peptides with mol. wt. higher than 4000 D in fraction F 1 were also present 

in minute quantity as detected by capillary electrophoresis. F 4 contains fewer amounts 

of peptides with widely distributed molecular range. At 0 h (before germination has 

started) and 8 h of germination period, very low molecular weight peptides below 2000 

D were predominant in fraction F4 (Figure 2.10-2.11). Probably these were the 

remnants of small degraded peptide fragments, generated during the desiccation phases 

of seed maturation. Comparatively high molecular weight peptides of nearly 3000 D 

were detected in major amount during the late phase of germination after 24 h when the 

radicle has already emerged (Figure 2.22A). After 3 days peptides were again 

fragmented as expressed from electrophoregram (Figure 2.22B). At the stage of 7 days 

of germinating seedlings, when they are almost independent, most of the peaks were 

clustered at fraction F 2 whereas F 1 contain only 1 peak and no peptides were eluted 

from LH20 column with F3 or F4 (Figure 2.2la-d). 
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Figure 2.10 Capillary Electropherogram 

Figure 2.10a 0-Hour Fr-1 

Figure 2.1 Oc 0-Hour Fr-3 
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Figure 2.10b 0-Hour Fr-2 

Figure 2.10d 0-Hour Fr-4 
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Figure 2.11 Capillary Electropherogram contd. 

Figure 2.lla 8-Hour Fr-1 Figure 2.llb 8-Hour Fr-2 
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Figure 2.11c 8-Hour Fr-3 Figure 2.1ld 8-Hour Fr-4 
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Figure 2.12 Capillary Electropherogram contd. 
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Figure 2.13 Capillary Electropherogram contd. 
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Figure 2.13a 32-Hour Fr-1 

Figure 2.13c 32-Hour Fr-3 

Figure 2.13b 32-Hour Fr-2 
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Figure 2.13d 32-Hour Fr-4 
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Figure 2.14 Capillary Electropherogram contd. 
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Figure 2.14d 40-Hour Fr-4 
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Figure 2.15 Capillary Electropherogram contd. 
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Figure 2.17 Capillary Electropherogram contd. 
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Figure 2.18 Capillary Electropherogram contd. 

Figure 2.18a 72-Hour Fr-1 Figure 2.18b 72-Hour Fr-2 

Figure 2.18c 72-Hour Fr-3 Figure 2.18d 72-Hour Fr-4 
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Figure 2.19 Capillary Electropherogram contd. 

Figure 2.19a 5-Days Fr-1 Figure 2.19b 5-Days Fr-2 

Figure 2.19c 5-Days Fr-3 Figure 2.19d 5-Days Fr-4 
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Figure 2.20 Capillary Electropherogram contd. 

Figure 2.20a 6-Days Fr-1 Figure 2.20b 6-Days Fr-2 
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Figure 2.20c 6-Days Fr-3 Figure 2.20d 6-Days Fr-4 
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Figure 2.21 Capillary Electropherogram contd. 
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2.4 DISCUSSION 

Protein fingerprinting, in plants, has its wide application in different fields of study. 

This can be treated - to distinguish different legume cultivars or species (Ahmad and 

Slinkard 1992; Gardiner and Forde 1992; Gepts eta!., 1992; Takehisa eta!., 2001), as 

biological marker in biodiversity study (Tomooka et a!., 1992) or in functional aspect 

of spatial and temporal developmental context (Das et a!., 2006). 

Peptides are also one of the most potent groups of bioactive molecules in the plant 

system (Lindsey et a/., 2002; Mandai et al .• 2006). They perform different biological 

activities with disciplined genesis (Lee eta!., 1996; Fletcher eta!., 1999). So, peptide 

fmgerpiinting is also a controlled and organized representation of its own kind with 

definite execution of internal metabolism. 

In the present study, the primary focus was on the temporal difference in peptide 

pattern of germinating mung bean based on paper chromatography and capillary zone 

electrophoresis. The comparative analysis of peptide profile reveals mainly two groups 

of peptides. One of them is evident throughout the germination period. They might be 

called as "housekeeping peptides" with lower range of partition coefficient, as they 

showed a better separation in alkaline solvent [pH 12.11] (Lala, 1981) in all 

chromatograms. Actually they are more prominent in paper chromatograms with LH-20 

separated fractions of 32 h & 6 days and also in electrophoregram (32 h and 6 days of 

germination periods are chosen because of their diverse nature; in 32h, the developing 

embryo is dependent on storage food reserve but in 6 days, it becomes nearly 

independent). These housekeeping peptides mainly ranges from 1500 Da to 3500 Da 

(consistency of peaks is evident throughout the germination in Capillary Zone 

Electrophoresis). From one dimension paper chromatography, it can also be predicted 

that a perceptible amount of these peptides contains proline or hydroxyproline in their 

amino terminal (Conn eta/., 1999). 

Housekeeping proteins with a wide range of molecular weight have been already 

reported in mung bean (Das et a/., 2006). So, it is quite possible for that plant to carry 

such type of low molecular weight proteins, i.e. peptides, with same short of activity 

for some specific instances. 

The other groups of peptides mainly appear from one day of germination and 

again nearly disappear at later stages. This shows that, they are mainly synthesized 

during the peak period of germination. These peptides are amphoteric in wide range of 
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pH (better resolved in two dimension paper chromatography) with moderate range of 

partition coefficient. The major part of these peptides came within first I SO tubes of 

sephadex Gel Exclusion Chromatography and their molecular weight ranges from 500 

Da to 3500 Da. Depending on the nature and molecular weight, it may be predicted that 

these types of peptides are in most active form for transport, absorption and apoplastic 

migration. During germination, enzymatic hydrolysis of storage proteins forms a 

reservoir of small peptides which are translocated to the growing embryo for nutritional 

supply. Similar phenomenon is observed in pea seed germination (Liu et a/., 1996). 

Transport of these kinds of nutritional peptides has already been demonstrated in some 

monocots and Arabidopsis with specific peptide transporter (Waterworth et a/., 2000. 

Stacey et a/., 2002). Though, in Legumes, the picture is not so clear but similarities can 

be expected. Even, a large number of peptides have been recognized for their 

developmental phase related signaling behaviour (Ryan et a/., 2002). So, a number of 

those specific types of peptides affecting germination might be present in this group. 

In conclusion, the present approach allowed us to recognize the abundance and 

dynamic shifting of low molecular weight peptides during various phases of seed 

germination and seedling establishment in Vigna radiata. Studying changes of 

individual peptide spots over the seedling growth period enable classification according 

to their existence and separation pattern. First group of peptides present throughout the 

germination periods were basically housekeeping in nature. Second group which 

increased gradually up to the stage of development of photosynthetic machinery and 

independence, included peptides may perhaps be involved in nutritional supply. 

Another group where spots appeared transiently just at the time of conversion from 

heterotrophic to autotrophic nature, included peptides possibly involved in 

developmental phase specific bioactivity. So the entire episode principally points on the 

fundamental budding picture of low molecular weight peptides in mung bean, during 

the awakening of its life. In the light this study, one can identify a wide bionetwork of 

different critically interdependent metabolic profile of peptides which in one theme, is 

just unexplainable. 
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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 
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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 
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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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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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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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Figure 3.21 (B) Amino acid sequence of HPLC peak-2 of LH-20 F6 fraction 
[Initial and repetitive yield(%)] 

223 



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 
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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 
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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 

236 



"' +J 

1 

0.9 

r: 0.7 
Ql 

E 
1:11) 

a: 
0.6 

- Kinetin 

- ABA 

30 DAS ~Peptide 

0 0.01 0.1 1 10 0 0.01 0.1 1 10 ppm 

Cone. of Peptides (ppm) or Hormones {M) 

Figure 3.27 Amount of Chlorophyll-a in Vigna radiata after hormone or peptide 
treatment 

0.4 

0.35 

I 
1:11) 0.3 
oil 
E 

"' +J 

~ 0.25 

E 
1:11) 

a: 
0.2 

-+-- Kinetin 

-+-- ABA 

-.-Peptide 

0 0.01 0.1 1 10 0 0.01 0.1 1 10 ppm 

cont. 10-7 10-• 1o-• 10-• cont. 10-7 10-• 10-• 1o-• M 

Cone. of Peptides (ppm) or Hormones {M) 

Figure 3.28 Amount of Chlo rophyll-b in Vigna radial a after hom1one or peptide 
treatment 

237 



3.8 

3.3 

• ~ 
60DAS 

2.8 
0 -+- Kinetin ·.;:. 30 DAS n:l 

0::: 
2.3 

1.8 

0 0.01 0.1 1 10 x o 0.01 0.1 1 10 ppm 

x Cont. 10-7 10-6 10-' 10-• M 

Cone. of Pept ides (ppm) or Hormones (M) 

Figure 3.29 Chlorophyll -alb ratio in Vigna radiata after hom1one or peptide 
treatment 

1.4 

3: 1 .3 u.. 
'i 
tiD 
t>O 1.2 

!. -+- Kinetin 
"' ... 1.1 c: 
(1.1 -+-ABA 

E 
tiD 1 
~ 

~Peptide 

0.9 

0 0.01 0.1 1 10 X 0 0.01 0.1 10ppm 

x Cont. 10-7 lo-• 10-• 10-• M 

Cone. of Peptides (ppm) or Hormones (M) 

Figure 3.30 Status of tota l Chlorophyll in Vigna radiata after hormone or 
peptide treatment 

238 



N 
OJ 
1.0 

~ .... 
'j 
all 
t>D 
E 

"' .... 
c: 
Ql 

E 
all 
ii: 

0.7 

0.68 

0.66 

0.64 

0.62 

0.6 

30 DAS 

0 0.01 

Cont. 10-7 

60 DAS 

0.1 1 10 X 0 0.01 0.1 1 10 ppm 

1o-• 1o-• 1o-• X Cont. 10-7 10-· 10-• 1o-• M 

Cone. of Peptides (ppm) or Hormones (M) 

Figure 3.31 Status of carotene in Vigna radiata after hom1one or peptide treatment 

- Kinetin 

- ABA 

-Peptide 



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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CHAPTER-IV 

STUDY OF BIOACTIVITY OF WHEAT 

PEPTIDES MIMICKING HORMONE ACTION 
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4.1 INTRODUCTION 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(Nagaraj an, 2005). High yield of wheat achieved in India following the green revolution 
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have tended to decline after 5 to 8 years of continuous production in the same field. 

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

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

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

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

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

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

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

al., 2006). 

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

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

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

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

endosperms of germinating wheat seeds were analyzed by most authors through 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

endogenous inhibitor is synthesized and accumulated mainly in the developing 

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

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

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

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

amylases during seed maturation and desiccation phases. 

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

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

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

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

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

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

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

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

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

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

dimensional gel electrophoresis and significant abundance changes in proteases, amylases 

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

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

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

instrumentations and advanced methodologies the heavy molecular weight proteins have 

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

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

significance of wheat peptides expressed during germination. Low molecular weight 

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

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

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

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

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

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

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

regulate many important plant physiological processes. 

4.2 MATERIALS AND METHODS 

4.2.1 Plant Culture 

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

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

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

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

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

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

3.2.1. 

4.2.2 Extraction and purification of low molecular weight peptides 

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

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

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

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

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

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

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

these peptides. 

4.2.3 Spectrofluorometric detection of pep tides by tube-gel electrophoresis 

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

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

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

separated by descending chromatography with two different solvent mixtures 

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

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

4.2.5 Capillary Zone Electrophoresis 

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

purified bioactive fractions were done separately with Beckman Model PlACE system 

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

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

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

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

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

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

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

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

capillary electrophoresis. 

4.2.6 Bioassay for induction of a-amylase release test 

Experimental conditions and brief methodology were specified in Chapter III Section 

3.2.8 

4.2. 7 Stomatal opening and aperture regulation 

Experimental conditions and brief methodology were described in Chapter III Section 

3.2.9 

4.2.8 Chlorophyll retention assay 

Experimental conditions and brief methodology were specified in Chapter III Section 

3.2.10 
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4.2.9 Coleoptile elongation assay 

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

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

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

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

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

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

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

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

a calibrated ocular micrometer. 

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

The semi-purified ultrafiltered bioactive peptides were further fractionated through 

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

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

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

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

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

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

Sephadex LH-20 is commercially prepared by hydroxypropylation of Sephadex 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

chromatographic peak profile monitored spectrophotometrically at 214 nm and 13 peaks 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

stopped by transferring the gel to the staining solution [1.3% (w/v) 12 and 3% (w/v) KI]. 

265 



Zones of amylase activities appeared at light bond against dark background (Jbiloue eta/, 

2008). 

4.2.12 Protein determination 

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

Bovine Serum Albumin as standard . 

.4.2.13 HPLC analysis of bioactive peptide fractions 

Mentioned briefly in Chapter 111 Section 3.2.13 

4.2.14 Analysis of amino acids in bioactive fractions 

Mentioned in details in Chapter Ill Section 3.2.14 

4.3 Results and Discussion 

4.3.1lnduction of amylases during germination 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

No. Control 
Peptide concentrations Peptide concentrations 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

the vacuolar calcium activated channel proteins regulate germination and stomatal 

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

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

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

some decisive and identical downstream secondary messengers of hormonal signals like 

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

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

seedlings. 

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

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

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

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

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

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

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

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

degree. 

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

heterogeneous peptides obtained after ultrafiltration were passed through Sephadex LH-

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

4.3.2 Separation and electrophoretic mobility of peptides 

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

Electrophoresis followed by Spectrofluorometric scanning with excitation and emission 

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

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

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

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

wavelength (Figure 4.7). 

Heterogeneity of peptides was again confirmed from capillary electrophoresis, 

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

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

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

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

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

12.38 9.27 ++ 

2 20.95 10.60 ++ 

3 7. 14 17.22 ++ 

4 17. 14 22.52 ++++ 

5 3 1.90 3 1. 13 + 

6 40.95 26.49 ++ 

7 54.76 25.83 ++ 

8 45.24 45.03 ++++ 

9 47. 14 48.34 +++ 

10 75.7 1 72. 19 ++++ 

I I 44.76 96.69 ++ 

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

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

4.3.3 Two dimensional paper chromatographic separation of isolated peptides 

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

electropherogram, ultrafiltered peptides were separated through two-dimensional paper 

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

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

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

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

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

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

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

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

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

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

assay 

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

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

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

whereas marked increase in induction response was obtained after GA3application. 

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

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

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

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

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

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

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

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

plant genera. 

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

relative amylase response 

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

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

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

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

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

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

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

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

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

amylase induction assay was performed in embryoless barley seeds for separately 

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

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

was observed from control. 

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

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

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

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

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

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

when applied at their optimal doses. 

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

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

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

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

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

induction was accomplished by peptides of peak 2 followed by 126% of peak 1 (Figure 

280 



!1'1 

!I'! l:rs 

!''( '. 

~~~~·~ u:r. !;~~ ~ 
. ;: .. ~} 

11'!1 

it'll lU!IIJl!li' 

It'll 

!U)Ci]i II'! 
H'ile!'l li'HI'! ]• I 

!U!P!li!H !!' ( ........u=;$-c. 

r 
11'~ 

aup!f9 iZ'! 
~ !!'! / 

___.} l 
___."too~· l 

i!'l !!1'1 

11'1 
II'! 

z; 
=" 

!I'll 

il'l 

281 



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

obtained from Fg and F12. 

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

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

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

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

versatility of expression. 

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

fractions 

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

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

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

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

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

fraction were separated with in neutral capillary having molecular weights distributed 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Elicitor mediated stomatal opening in dark might involve induction of membrane 

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

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

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

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

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

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

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

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

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

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

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

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

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

indicated the behaviour of Crassulatian acid metabolism-like photosynthetic mechanism 

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

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

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

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

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

peptide mediated stomatal conductance was focused on atrial natriuretic peptides and 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

different path. 

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

response on stomatal guard cell aperture regulation 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

stomatal guard cell regulation. Further characterization and sequencing of bioactive 

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

4.3.9 Retention of chlorophyll 

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

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

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

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

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

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

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

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

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

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

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

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

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

practically rare where peptides can effectively modulate chlorophyll degradation. 

However reports are available where different peptides from chloroplast were generated 

from their precursors through proteolytic processing but the physiological function of 

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

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

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

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

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

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

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

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

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

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

Retardation of chlorophyll disappearance 
(after 96 h ageing) 

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

100ppm 10ppm I ppm 0.1 ppm 
100 

10ppm 
0.1 

ppin 
I ppm 

ppm 

Initial State 0.684 ± 0.56 100.00 

Control 0.133 ± 0.16 19.44 

BA (lO-s M) 0.401 ± 0.48 58.63 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

doses (Figure 4.23). 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

tbese fractions for fmal characterization and sequencing of peptides. 

296 



N 
1.0 
-.J 

40 

35 

30 

E 25 
E 

.s:::: ... 
ti.O 20 
c 
~ 
~ 15 ·;: 
c. 
0 
~ 

10 0 
u 

5 

0 

100 
I 

I 3 

10 1 0.1 0.01 

4 5 6 7 

Cone. of Hormone [(-Log lO"x) M] or Peptide [ppm] 

0.001 

8 

~Peptide 

-o-GA 

......o- IAA 

0.0001 

9 

Figure 4.24 Effect of wheat semi pure peptides and standard phytohormones on elongation of rice coleopti les 



4.3.10 Elongation of coleoptile 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

germin was restricted in epidermis and vascular bundles of developing coleoptiles 

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

cell wall extension by disrupting hydrogen bonds between cellulose microfibrils and 

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

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

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

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

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

Elongation of rice coleoptiles segments with wheat peptides 

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

Fraction No. [Peptide concentrations] [Peptide concentrations] 

100 ppm 10ppm I ppm 0.1 ppm 
100 

IOppm I ppm 0.1 ppm 
m 

Control 6.8 ± 0.4 100 

IAA (!O"'M) 32.2±4.6 474 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

was almost abolished. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Control of 
opening in dark 
Diameter of 

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

stomatal aperture 

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

closing: 

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

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

Bioassay was not performed with wheat pcptidcs 

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

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

Rich in 
Amino ncid nnalysis ofbioactive 

Rich in E, 
D,E.S. 

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

poor 
Cpoor 

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



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

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

because strong bioactivity comparable with standard phytohormones was not obtained 

from these fractions. 

Different bioactivity and biophysical characteristics of isolated wheat peptides 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

also predominant. 

Overall, these results indicate that naturally occurring peptides from wheat 

seedlings can modulate various plant physiological processes associated with germination 

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

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

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

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

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

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

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

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

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

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

Rice is the important staple food for more than half of the world population and occupies 

11 percent of world agricultural land. The plant rice belongs to the genus Oryza of family 

Poaceae. The genus Oryza has 24 species, of which only two species are cultivated 

namely 0. sativa and 0. glaberrima and the rest 22 species are wild. The varieties of 0. 

sativa are mainly cultivated in Asia, America and Europe whereas the varieties found in 

West Africa belong to species 0. glaberrima. Further, 0. sativa rice varieties of the 

world are commonly clustered into three sub-species -viz. indica, japonica and javanica. 

The varieties developed in Japan and Indonesia is recognized as japonica and javanica 

respectively while the rice grown in India belongs to indica. 

India is the second largest producer of rice in the world after China and occupies 

about 23.3 percent of gross cropped area of the country. Rice contributes 43 per cent of 

total food grain production and 46 per cent of total cereal production. Just after 

independence i.e. during 1950-51, area under rice cultivation was 30 million hectares 

(Mha) and its production at that time was only 35 million tonnes. 1n 2008, this figure has 

increased to 44 mha but the production has raised a significant dimension of 99 million 

tonnes (MT). Therefore the country witnessed an impressive growth in rice production in 

the post-independence era due to the adoption of semi dwarf high yielding varieties 

coupled with the adoption of intensive input based management practices. Rice 

production was increased four times, productivity three times while the area increase was 

only one and half times during this period. 1n order to keep pace with the growing 

population, the estimated rice requirement by 2025 is about 130 MT. But the saturating 

trend in the yield of high yielding varieties, declining and degrading natural resources 

like land and water and acute shortage of labour make the task of increasing rice 

production quite challenging in recent decades. Actually the phenomenal swift in increase 

in rice production and productivity has been uneven, and the disparity is highly pervasive 

among the states and across the diverse ecosystems. Moreover, the yield curve has started 

showing slight declining trend in the later half of the nineties and have been continuing 

thereafter, which appears that the agro techniques related with the cultivation of rice is 

not sustainable. The gain due to modem rice technology has been discriminatory against 
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the resource poor areas, mostly dominated by small and marginal farmers. Productivity 

ranges from a less than 2 tonneslha in rain fed areas to as high as 5.85 tonnes/ha in 

irrigated tract in Punjab (Figure 5.1). This disparity is caused as the research achievement 

failed to fulfil the requirements of demand-driven technology to the target groups for 

wider adoption. 

In West Bengal, the area and production under food grains during 2007-2008 

were 6.37 Mha and 16.06 MT respectively, out of which rice cultivation shares 91% in 

area and 93% in production. Rice grows in this state in three different seasons which are 

Aus (autumn rice), Amon (winter rice) and Boro (summer rice). The percentage shares of 

these three categories of rice were 4.92, 68.65 and 26.43 with respect to area and 

similarly 3.84, 62.69 and 3.47 in production of total rice respectively. In West Bengal 

production of rice has attained a continuous upward trend till 2007-2008 and increased 

substantially in a similar fashion, while the area under rice cultivation has increased 

slightly. All these changes in productivity are mainly due to introduction of improved 

high yielding varieties and enhancement of irrigation facilities along with improved 

package of practices followed by the farmers of West Bengal. 

Flood-prone lowlands are the major areas for extensive cultivation of rice in most 

of the countries. One of the major problems for rice production in this area is poor 

germination and seedling establishment with direct seeding methods due to unpredictable 

flooding events (El-Hendawy eta/., 2011 ). Although direct seeding is advantageous over 

transplanting in terms of labour requirement (Tuong et a/., 2000), many aroma-based 

prime quality and high yielding rice cultivars are not good performers in direct seeding, 

resulting in slow development of direct seeding technology in flood-prone areas. 

Generally rice plants are known to be adopted to flood condition but during germination 

period many cultivars are sensitive to low oxygen levels due to flooding (Yamauchi et 

a/., 1994). Because low oxygen levels enhance coleoptiles elongation during the 

germination of rice seeds (Perata et a/., 1986; Redona and Mackill, 1996), several 

investigators have taken this as evidence and tried to relate coleoptile elongation that are 

initiated by water uptake with tolerance to anaerobic conditions. According to Black 

(1994), water uptake by the seeds follows a triphasic pattern: Phase-! represents rapid 

water uptake followed by a plateau phase (Phase-II) and then a post-germination phase of 
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water uptake (Phase-III) as discussed details in earlier chapters. Many reports have 

shown that the activities of biochemical changes in seeds during germination which are 

essential for radical protrusion, are influenced with water uptake pattern during three 

phases and are affected by many factors like seed structure, physiological potential, 

germination conditions and genotype (Mandai et a/., 2008; Cho, 2010). Yang et a/. 

(2007) considered the relationship between water uptake patterns and biochemical 

changes during seed germination and reported that the protease mediated degradation of 

storage proteins mainly happened in the late stage of germination phase II (imbibed for 

48 hours) while that of seed maturation and desiccation proteins occurred at the early 

stage of phase II (24 hours imbibition) when seeds were imbibed at ambient temperature. 

El-Hendawy et a/., (2011) concluded that rapid water uptake during first two days of 

imbibition of rice probably plays a key role in the ability to germinate under submerged 

condition. Similar observation was also found by Olisa eta/., (2010) who reported that 

rapid imbibition was a cause of reduced germination time for pigeon pea. This could be 

explained by the fact that rapid water uptake during second germination phase may lead 

to quick activation of cr-amylase which plays a significant role in the degradation of 

starch into soluble sugars as the main substrate necessary for generating the energy 

required for growth and maintenance processes (EI-Hendawy et a/., 201 1). In addition, 

rapid water uptake under anaerobic conditions may lead to rapid sugar mobilization 

between the endosperm and embryo. Ismail et a/. (2009) stated that the ability of tolerant 

genotypes of rice to degrade starch into soluble sugars under energy minimized condition 

probably explains their ability to grow faster under anaerobic stress. So for getting 

enhanced rate of germination and healthy seedling vigour anoxia tolerant genotypes are 

required which can able to generate and mobilize soluble sugars more rapidly by 

imbibing water in enhanced rate. Indeed the report of Huang et a/. (2003) reflects the 

same phenomena where anoxia-intolerant cultivar IR-22 grew much slower than anoxia

tolerant type Amaroo. 

But anoxia-tolerant type does not always execute better traits in terms of quality 

and yield. Several locally available aroma rice varieties can't tolerate anoxic or hypoxic 

condition in an efficient way. For converting these susceptible rice cultivars into better 

acclimated form against anoxic stress, there is still much to learn about the biochemical 
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and molecular basis of anaerobic rice germination. Tolerance to low oxygen availability 

is likely to be due to interaction of several physiological factors. Under anoxia, the rice 

coleoptiles elongates, reaching a length greater than that of the aerobic one. Tolerance of 

the rice coleoptiles may be due to shift from cell division to cell expansion, a process 

which is less energy-requiring than protein synthesis (Atwell et a/., 1982). Though the 

activity of expansin and apoplastic acidification is required for cell wall expansion, this is 

not operated through auxin (Pegoraro et a/., 1988). In anoxic tissue, apoplastic 

acidification could be due to putrescine mediated H+ -A TPase activation on the plasma 

membrane (Reggiani et a/., 1992); which subsequently up-regulates the transcript of 

expansin EXPA 7 and EXPB 12 in rice coleoptiles (Lasanthi-Kudahettige eta/., 2007). 

By this way polyamines play an important role during germination of rice seedlings. 

Production of a-amylase during germination also plays an important role for tolerance of 

anoxia in rice. Under aerobic conditions a-amylase production is enhanced in response to 

gibberellins produced by embryos; but the recent results indicate that gibberellins are not 

required for the anaerobic germination of rice grains (Loreti eta/., 2003). 

Rice, with its many varieties and wide adaptability is the only crop that can be 

successfully germinated and grown in different water logged areas of tropical Asia. The 

matters discussed in previous paragraph conclusively state that the classical hormones 

can rarely influence the germination of cereals under anoxia or hypoxia, and the 

phenomena is more suitable for submerged rice cultivation. Therefore other molecules 

like polyamines or peptides besides five classical hormones are definitely involved in 

controlling the germination, water homeostasis and senescence physiology of rice grown 

in submerged condition. Also wide level of fluctuations of endogenous plant hormones in 

isolated rice embryos during embryogenesis and early stage of germination indicates the 

influence of other signal molecules during these processes. Conversely, during aerobic 

germination of rice, it was observed that the balance between GA1 and ABA, rather than 

their absolute contents, controls the process throughout the development (Jun et a/., 

2003). So even during aerobic condition, some other signalling system probably regulates 

the ration of these hormones, till now which is not very clear. In an effort to sustain rice 

as a reliable food crop, design and establishment of scientific research to ameliorate 

agronomically important traits like grain size, vivipary, uniform germination and seedling 
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vigour have become a hot focus in recent years (Martinez-Andujar eta/., 2012; Nambara 

et a/., 20 I 0). Recent studies indicate that rice grains possess a mechanism that enables 

them to survive for longer period of time in dormant condition before germination and 

successful seedling establishment (Costa eta/., 2012). The findings of Sano eta/., (2012) 

indicate that while mature grains contained stored mRNAs sufficient to initiate 

germination events, de novo translation was essential for successful completion of rice 

seed germination. Furthermore recent investigations provide novel insight into how 

plants have the ability to secrete discrete long-lived mRNAs to be translated during early 

germination while others are targeted for degradation. So scientific investigations only on 

five classical hormones (auxin, gibberellins, cytokinin, ethylene and abscisic acid) 

doesn't enlighten enough on developing quality traits of rice as their role is seemingly 

limited in regulating huge transcript pattern of rice during germination. Recent studies 

have indicated that small plant peptides can able to regulate all aspects of growth and 

development by controlling the pattern of transcription as well as translation. Small 

peptides possessing a protein dimerization motif form non-functional heterodimers with a 

group of specific transcription factors and inhibiting their transcriptional activation as 

revealed in Arabidopsis (Yun-Ying et a/., 2008). Similarly Ubiquitin derived small 

peptides may serve for selective protein degradation followed by post-translational 

regulation and these peptides can now be considered as prime players in plant cell · 

regulation (Downes and Vierstra, 2005). To date, post-translationally processed small 

hormonally active peptides have been shown to have diverse function in pants, including 

nearly every aspects of development and morphogenesis. But the actual role of peptides 

in plants is less well defined. The first unambiguous demonstration of a pool of small 

peptides in plant tissues described the presence of millimolar concentrations of small 

peptides in the endosperm of germinating cereal grains (Higgins and Payne, 1981 ). 

Preliminary data indicated that peptides only serve as a supply of nutrients to support the 

growth of cereal embryo. Subsequently, it has become apparent that small peptides also 

play a role in control of plant cell differentiation and organogenesis in addition to a 

nutritional role (Yang eta/., 2000). In rice, plant growth promoting culture solution was 

developed to enhance the accumulation of peptides which are pharmacologically active 

and having antimicrobial, antihypertensive, cholesterol-lowering, antithrombic and 
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antioxidant activities (Wen et a/., 2009). Also rice oligopeptide transporters (OsOPTs), 

expressed during germination were identified, their expression profile and function were 

well characterized (Ouyang et a/., 2010). Oligopeptide transporters transport a range of 

different types of peptides and their derivatives across membranes in an energy 

dependent manner (Lubkowitz eta/., 1998). Some ofOsOPTs play important roles in the 

mobilization of organic nitrogenous compounds and usually associated with tissues that 

show signs of rapid protein turnover, such as germinating seeds and senescent leaves (Liu 

eta/., 2012). 

But till date, to our knowledge no scientific reports are available related with 

hormone action and other physiological roles of rice peptides. So, in this chapter the 

study was undertaken to investigate the physiological roles related with hormone 

mimicking action of peptides isolated from rice seedlings. Attempts were also made to 

compare the role of peptides with standard hormones and their possible interaction. 

Finally the bioactive peptides were partially purified through gel exclusion 

chromatographic method and HPLC for determining the bioactivity of separated peptides. 

5.2 MATERIALS AND METHODS 

5.2.1 Plant materials used for isolation of peptides 

Monocotyledonous plant: Seven days old seedlings of Oryza sativa L. (cv. IR-22) [Rice], 

of family Poaceae, was taken for peptide isolation and purification. 

5.2.2 Plant Materials used for Bioassay 

A] Triticum aestivum L. (cv. Sonalika RR-21) [Wheat], or Hordeum vulgare L. (cv. Br. 

32) dwarf variety [Barley seeds], Poaceae embryoless half seeds were taken for amylase 

induction assay. 

B] Colocasia esculenta (L.) Schott, Araceae or Commelina benghalensis L., 

Commelinaceae lower epidermal peelings having stomatal guard cells were used for 

measuring opening and closing of stomata and aperture regulation. 

C] Raphanus sativus L. [Radish], leaf discs were used for chlorophyll retention. 

D] Oryza sativa L. [Rice], for coleoptile elongation. 

319 



5.2.3 Seed germination and culture condition 

For isolation of peptides, rice seeds were germinated and maintained with culture 

conditions as specified by Wang et al., 2010 with some modifications. Seeds of rice were 

primarily washed with running water for removal of debris, and were soaked in I% (w/v) 

sodium hypochlorite solution for 15 min and then rinsed three times with sterile distilled 

water. Fifty rice seeds were placed in a Petri dish of 9 em diameter with two sheets of 

filter paper, to which 10 ml of distilled water was added. The solution was replaced every 

48h to maintain distilled water volume. All Petri dishes were placed in seed germinator 

(REM! made) at (25 ± I)" C for 7 days with a 12-h light I 12-h dark photoperiod. After 

one week, rice seedlings with endosperm were again surface sterilized with 80% ethanol 

for 5 min, washed thoroughly with sterile water, and placed under laminar air flow for 

removal of traces of water after blot drying. 

5.2.4 Isolation and purification of pep tides 

Cryocrushing, cold centrifugation, cation and anion exchange resin separation, ether 

fractionation, ultrafiltration and Sephadex LH-20 based purification of isolated peptides 

were performed according to the methods discussed in details in Chapter III Section 

3.2.2. 

5.2.5 Bioassays mimicking hormone action 

5.2.5a a-Amylase Induction/Repression: 

This bioassay was performed by incubating the embryo less half of wheat or barley 

seeds for 48h and amount of a-Amylase induction/repression test was verified by the 

presence of reducing sugar through 3,5 Dinitrosalicylic Acid (DNSA) method (Chrispeels 

and Verner, 1967). 

5.2.5b Stomatal Guard Cell opening/closing: 

Stomatal epidermal peels were kept for 3h to 5h in light/dark and their 

opening/closing was measured in microscope pre-calibrated with stage and ocular 

micrometer. These peels were then transferred to peptide solution of different 
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concentrations or untreated control and be kept in light/dark to observe the initiation of 

closing/opening (Smith and Willmer, 1981 ). 

5.2.5c Chlorophyll Retention Test: 

Green leaf discs of radish Raphanus sativus L. was aseptically applied to different 

concentration of peptides against control and after four days, chlorophyll content was 

measured (Lichtenthale and Wellbum 1983; Amon eta/., 1949). 

5.2.5d Coleoptiles 'Elongation Assay: 

The assay was performed as prescribed by Meidner (1984) and specified in details 

in Chapter IV Section 4.2.9. 

5.2.6 HPLC analysis of bioactive peptide fractions 

Mentioned briefly in Chapter III Section 3.2.13 

5.3 RESULTS AND DISCUSSIONS 

5.3.1 Induction of amylases during germination 

The seedling development of cereal grains may be divided into three well defmed stages; 

imbibition, germination and elongation of seedlings (seedling vigour) (Thomas and 

Rodriguez, 1994). After imbibition of seeds, sugars are rapidly consumed by the embryo 

leading to starvation of sugar and subsequently induction of a-amylase gene takes place 

during germination (Yu et al., 1996). The phytohormone gibberellins (GA) are released 

from the embryo and stimulates aleurone cell layer surrounding the starchy endosperm 

from which the secretion and synthesis of a-amylase and other hydrolases take place 

(Chen et a/., 2006). GA is synthesised exclusively from scutellar epithelium of monocot 

embryo and transcriptional activation of hydrolytic enzymes in aleurone layers is 

achieved by this phytohormone (Kaneko et a/., 2002). As the induction of a-amylase is 

sensitive to exogenous GA application, amylase secretion has been most extensively 

studied since it plays a unique role in the degradation of starch (Mitsunaga et a/., 1994). 
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In this study, for analysis of induction or repression of a-amylases by isolated peptides, 

GA was taken as standard, as this phytohormone is frequently used in various 

biochemical experiments associated with signalling of different hydrolases. Amylase 

induction on embryo-less half barley seeds by GA3 was gradually enhanced with the 

increasing applied hormone concentrations and the optimum response was achieved with 

10"5 (M) GA3 concentration, where 741 l!glml of reducing sugar was produced (Figure 

5.2). Besides gibberellins, other different components unrelated with phytohormones may 

contribute in inducing amylases from aleurone layers. Previous studies indicated that pre

treatment of rice aleurone cells with sulphuric acid induced amylase activity but 

interestingly amylase activation on wheat aleurone cells was not found with similar 

treatments (Mitsunaga et al, 2007). Sterilizing agent sodium hypochlorite has also been 

reported to induce the synthesis and secretion of a-amylases in the cotyledons of Vigna 

radiata, even when detached from embryo axis (Kaneko and Morohashi, 2003). 

Mastoparan-7, a cationic amphiphilic toxic tetradecapeptide, originally isolated from 

wasp venom can also induce a-amylase through activation of heterotrimeric G-proteins, 

as established in wild oat aleurone protoplast culture cells (Jones et a!., 1998). In rice 

seeds, a versatile group of oligopeptides are available after enzymatic hydrolysis (Wang 

et al., 2013), some of which are pharmacologically very active (Shih and Daigle, 2000). 

Unfortunately nothing has been accounted on the bioactivity of oligopeptides synthesised 

during germination of rice seedlings. In this investigation, the dose-dependent induction 

or inhibition of amylases of germination induced peptides isolated from rice seedlings 

were evaluated in embryo less-half barley seeds, as it is possible to discard the effects of 

embryo derived gibberellins through this process (Mitsunaga et a!., 2007). Maximum 

amount of reducing sugars were produced ( 607 l!g/ml) by incubating embryoless-half 

barley seeds in I 0 l!g/ml peptide solution for 48 hours (Figure 5.2). Though the induction 

of amylases by isolated rice peptides didn't reach the response produced by optimal GA 

doses, the maximum activity obtained through peptide treatment was significantly higher 

(56.07%) than control (Figure 5.2). A gradual decline in amylase induction was observed 

with peptide treatment when the applied doses were reduced from IO!!g/ml to lOnglml 

(Figure 5.2). 
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Table 5.1 Amylase induction in embryo less half barley seeds by incubation with three specified concentrations 
ofLH-20 purified fractions of semi-pure rice pep tides (500-3000 Da) 

Amylase activity in different concentrations ofpeptides Amylase induction with peptides 
Peptide [~g!ml of Reducing Sugar produced (Mean ± SD), with three replicates] [Mean percentage increase/decrease over control] 

Fraction No. Peptide concentrations Peptide concentrations 
Control 

100 ppm !Oppm I ppm 0.1 ppm 100 ppm I 0 ppm I ppm 0.1 ppm 

Fl 402 ± 25 392± 26 388 ± 19 354 ± 25 344 ± 24 -2.49 -3.48 -11.94 -14.43 

F2 395 ± 33 391 ± 25 412 ± 24 416 ± 22 404 ± 22 -1.01 4.30 5.32 2.28 

F3 405± 21 416 ± 36 456 ± 28 485 ± 26 444 ± 25 2.72 12.59 19.75 9.63 

F4 402 ± 27 432 ± 25 546 ± 25 522± 35 479 ± 32 7.46 35.82 29.85 19.15 

F5 382 ± 22 495 ± 26 644 ± 34 581 ± 26 538 ± 22 29.58 68.59 52.09 40.84 

F6 385 ± 18 543± 26 502 ± 18 488 ± 28 426 ± 28 41.04 30.39 26.75 10.65 

F7 388 ± 18 422 ± 33 468 ± 25 401 ± 24 372 ± 28 8.76 20.62 3.35 -4.12 

F8 415 ± 28 376 ± 26 422± 28 378 ± 34 368 ± 26 -9.40 1.69 -8.92 -11.33 

F9 411 ± 26 428 ± 18 415 ± 24 404 ± 24 388±21 4.14 0.97 -1.70 -5.60 

FlO 408 ± 24 401 ± 22 385 ± 20 381 ± 32 379 ± 24 -1.72 -5.64 -6.62 -7.11 

Fll 418 ± 25 406 ± 24 382± 16 378 ± 26 369± 24 -2.87 -8.61 -9.57 -11.72 

F12 385 ± 24 392 ± 34 354 ± 22 366 ± 28 378 ± 18 1.82 -8.05 -4.94 -1.82 

FIJ 395±32 386 ± 30 368 ± 29 376 ± 24 385 ± 24 -2.28 -6.84 -4.81 -2.53 

F14 408 ± 31 395 ± 24 372 ± 34 368 ± 25 373 ± 26 -3.19 -8.82 -9.80 -8.58 

Fl5 391 ± 28 390 ± 34 388 ± 26 382 ± 24 361 ± 23 -0.26 -0.77 -2.30 -7.67 
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For identification of specific peptides responsible for amylase induction, 

purification through Sephadex LH-20 was performed after ultrafiltration of 

heterogeneous rice peptides. Peptides eluted from Sephadex gel column were collected in 

200 different test tubes with 5 ml each through automated fraction collector associated 

with peristaltic pump. Out of 200 test tubes collected, first 26 tubes (130 ml) were 

considered as void volume of column and rejected. Peptides were distributed in the 

remaining 174 test tubes, which were clustered into fifteen different fractions in 

accordance with UV absorption profile represented in Figure 5.3. UV absorption was 

high at fractions F~, F3 to F7, F13 and F14 (Figure 5.3). A prominent peak was observed 

between F3 to F9, which culminates at F5 (Figure 5.3). The ninhydrin based peptide 

profile of LH-20 is represented in Figure 5.4, in which sharp peaks are observed in F4, Fs, 

F13 and F14, indicating that peptides were concentrated in those fractions. Amylase 

inducing properties of these peptide fractions were determined with four specified 

concentrations (I 00 to 0.1 ppm) in embryoless half barley seeds. Among these, best 

response was obtained from fraction F4, F5 and F6, and highest level of amylase activity 

was observed after incubation with 10 ppm Fs peptide fraction, where 68.59% increase of 

amylase induction was realized from control (Table 5.1). Besides this concentration, 

other different doses of F5 were also essentially bioactive when amylase induction was 

considered. Amylase activity in terms of better yield of reducing sugar per unit grains 

was also noted after 48 hrs incubation of barley seeds with 100 and 1 ppm F 4 applied 

peptides doses (Table 5.1). Peptide fraction F6 exhibited dose-dependent response of 

amylase induction in between 100 to 0.1 ppm concentration, i.e. the response was 

relapsed gradually with the dilution of peptide treatment (with maximum of 41% and the 

minimum of 11% induction was noticed over control within the supplied range of peptide 

doses) (Table 5.1 ). More intensive analysis of amylase induction was performed with 

bioactive peptide fraction F4, F5 and F6 by taking wide range of peptide doses from 100 to 

0.0001 ppm (Figure 5.5). Here also maximum amylase activity was documented with F5 

peptide application where optimum activity was restricted at 10 ppm applied dose (Figure 

5.5). The activity was even better or comparable with standard phytohormone GA3 and 

was effective up to 1 ng/ml of applied peptide doses, which indicates the high sensitivity 

of this peptide fraction towards aleurone layers (Figure 5.5). As stated in Table 5.1, F6 
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fraction was only bioactive at high concentration and the sensitivity of this fraction was 

disappeared at or below I ppm applied doses (Figure 5.5). Fraction F4, on the other hand, 

represents itself in between F5 and F6 in terms of amylase inducing properties and this 

response was restored up to 10 ng/ml of peptide treatment in barley seeds (Figure 5.5). 

For determining the synergistic or antagonistic interaction of LH-20 purified 

bioactive peptide fractions (F4, F5 and F6) with gibberellin or abscisic acid, different 

concentration of peptides were separately applied with different doses of phytohormones. 

Peptide fractions were applied with four specified concentrations (100, 10, 1 and 0.1 

ppm) and their interactions with five different hormone concentrations [I o·3, 104
, 10·5, 

10-6 and 10-7 (M)] were separately studied. In case of GA3 and F4 interaction, better 

amylase induction was obtained from 104 (M) GA3 with relatively lower doses of 

peptides (Figure 5.6). When the peptides from F5 fraction were interacted with GA3, with 

all peptide concentrations and interacted GA3 in between I 04 to 10-5 (M) treatment, 

enhancement of amylase induction was recorded which is more than the activity of 104 

(M) GA3 alone (Figure 5.6). F6 peptides, on the other hand, reduced the amylase inducing 

activity of GA3 during interaction; still the induction was significantly higher than control 

(Figure 5.6). During ABA and peptide interaction, peptides in most cases could able to 

suppress the ABA induced inhibition of amylase induction. Suppression of inhibition was 

more prominent with dilution of ABA doses and enhancement of applied peptide 

concentrations (Figure 5.6). Most antagonistic interaction with ABA was found with the 

application of 10 ppm peptide fractions of F4, F5 and F6, where induction instead of 

inhibition, exceeds more than that of control. 

With bioassay guided purification through LH -20 columns, it was observed that 

highest level of amylase induction in barley aleurone layers was achieved by incubating 

peptides from F5 fraction. Further purification with LH-20 F5 fraction was performed 

through C18 based reverse phase column of HPLC. HPLC chromatogram of Fs fraction 

represents 6 peaks with significant absorbance at 241 nm in between 6 to 14 min 

retention time (Figure 5. 7). This indicates that at least 6 different peptides are present in 

F5 fraction. When amylase induction assay was performed by separating the peaks after 

elution from HPLC column, best observed induction of amylase was associated with peak 

number 5 (Figure 5.7). The two sharp peaks (peak number 1 and 3) with high absorbance 
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value as appeared in chromatogram didn't produce expected results in terms of amylase 

induction. In all cases, the specific activity (i.e. amount of induction per milligram of 

extracts) of peptides representing peak number I to 6 was decreased after HPLC based 

purification. It may happen that the peptides of one or more peaks synergistically act to 

perform amylase induction even better than GA3 during incubation with F5 fractions after 

LH-20 which may not act so efficiently after HPLC-based separation. The role of 

heterotrimemeric G-protein in the induction of a-amylase gene expression was 

established in wild oat aleurone protoplast and this G-protein may interact with different 

compounds and mastoparan-like peptides during regulation of GA3 mediated signals 

(Jones eta/., 1998). Germination induced oligopeptides might interact with the receptors 

or intermediate proteins associated with this signal and different peptides may perhaps 

co-ordinate the signals of amylase induction synergistically. Unfortunately very little 

amount of peptides ( < 1 mg) associated with peak 5 was obtained from HPLC elution 

profile; hence it was not possible for us to proceed through further bioassay-guided 

purification for ultimate identification ofbioactive peptide sequence. 

5.3.2 Stomatal guard cell regulation 

Regulation of stomatal guard cell aperture is an osmotic phenomenon that depends upon 

solute accumulation in the guard cells. Light mediated stomatal opening in epidermal 

strips of Commelina communis is dependent on activation of inward potassium ion pump 

and subsequent accumulation of this ion in guard cells (Sawhney and Zelitch, 1969). 

Reports are also available where voltage dependent potassium channel and hyper

polarization of proton pumps has been recognized as basic mechanisms for controlling 

stomatal movement (Schroeder, 1988). Earlier findings suggested that elevation of 

cytosolic calcium in guard cells inhibits inward rectifying K+ channels, which leads to 

voltage dependent depolarization of conductance and triggers stomatal closure 

(Schroeder and Hagiwara, 1989). In rice cells, the alteration of membrane potential and 

fluxes of proton and potassium through the plasma membrane are all transient 

phenomena as established in suspension culture with 31 P nuclear magnetic resonance 

spectroscopy. Recent studies indicated that different synthetic as well as natural peptides 
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Table 5.2 Percentage of stomatal opening and guard cell aperture width in light and dark after treatment 

with oligopeptides and abscisic acid 

'lime of o6s., S[No. of 
No. of <Percentll(Je of opened' stomata 'Widili of aperture (p m) 

o6served' 
stomata Num6er 

treatment o6served' per of opened' 
and' microscopic 'E. a eli 
conditions Jiefd's microscopic stomata 'Eacli jiefi{ :Mean ±SI}) jiefi{ :Mean ±51}) 

fiefi[ 

I 18 4 16.67 3.35 

II 12 4 25.00 3.45 

Immediately 
III 14 6 42.86 4.29 

38.25 ± 12.90 3.47±0.76 
after peeling 

N 14 8 57.14 2.29 

v 14 5 714 3.96 

Total: 72 27 37.50 

I 21 II 52.38 3.82 

II 14 9 64.29 3.32 

Exposure to III 14 10 71.43 3.96 
bright sunlight 56.04 ± 11.71 3.99 ± 0.47 
for 2 hrs. N 19 8 42.11 4.29 

v 20 10 50.00 4.56 

Total: 88 48 54.55 3.82 

I 20 I 5.00 0.82 

II 17 0 0.00 0 

Placed In dark III 23 I 4.35 0.56 
for2 hrs. 3.83 ±2.17 0.56 ±0.39 

N 19 I 5.26 0.42 

v 22 4.55 1.02 

Total: 101 4 3.96 

I 20 8 50.00 3.67 

II 15 7 46.67 4.12 
2 hrs.llght 
exposure+ III 17 6 35.29 4.56 
heterogeneous 41.23 ±5.24 3.94 ± 0.45 
ollgopeptides N 15 7 60.00 3.38 
[10 110/ ml] 

v 16 6 50.00 3.97 

Total: 83 34 40.96 
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Table 5.2 Contd. 

'lime of o6s., S[J{o. of No. of <Percentage of opened" stomata Widifz of aperture (pm) 
stamata Num6er 

treatment o6servetf o6servetf per of opened" 
ana mr'croscopic 'Eacfi 

conditions fieU!s 
microscopic stomata 'Eacfi fie[,[ :Mean±S<D fiera 

:Mean ±S<D 
fie[,[ 

I 21 8 38.10 3.67 

II 15 6 40.00 3.12 

2 hrs. dark+ III 12 5 41.67 
heterogeneous 

3.56 
oligopeptides 38.51 ± 2.44 3.48 ±0.32 
[10 118/ ml [ IV 17 6 35.29 3.18 

v 16 6 37.50 3.87 

Total: 81 31 38.27 

I 18 5.56 0.67 

II 21 4.76 1.12 

2 hrs. light III 13 0 0.00 0 
exposure+ ABA 4.57 ±2.65 0.72 ±0.44 
[lo·• Ml IV 17 5.88 0.88 

v 15 6.67 0.95 

Total: 84 4 4.76 

I 15 0 0.00 0.00 

II 14 0 0.00 0.00 

2 hrs. dark+ 
III 18 0 0.00 0.00 

ABA (10'5 M} 
IV 

0.00 ± 0.00 0.00 ± 0.00 
20 0 0.00 0.00 

v 16 0 0.00 0.00 

Total: 83 0 0 
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could alter cytoplsmic pH and calcium level in guard cells of different plant species and 

modulate stomatal opening. Previous work has shown that the C-terminal dodecapeptide 

of auxin binding protein (ABPI) induced guard cell alkalinisation and stomatal closure in 

epidermal strips of orchid Paphipedilum tonsum L. (Gehring et al., 1998). This 

oligopeptide is highly charged and unable to permeate the plasma membrane and thus 

bind to the docking site of receptor protein and triggers proton extrusion and stomatal 

closure (Thiel et al., 1993). Naturally occurring wound signal induced oligopeptide 

systemin was also found to block proton pump as established in cell suspension of 

Lycopersicon peruvianum and this proton pump inhibition was abolished when calcium 

influx was blocked (Schaller and Oecking, 1999). On the other hand, calcium influx in 

parsley suspension cells may be mediated through an oligopeptide elicitor derived from 

cell wall of phytopathogenic fungus Phytophthora sojae (Zimmermann et al., 2004). 

Studies on guard cells of maize have shown that external application of auxin modulated 

the voltage gating of anion channels even in excised membrane patches and 

extracellularly applied antibody raised against synthetic peptide with sequence similarity 

of active site of auxin binding protein mimic auxin action and shifted the action potential 

like naphthalene acetic acid (NAA) (Venis et al., 1992). Also the peptides are reported to 

play an important role in downstream signal of calcium ion. Ca2+ -dependent SOS2 

protein of Arabidopsis thaliana can phosphorylate both serine-containing and threonine

containing synthetic peptides having recognition sequence of protein kinase-C and by this 

way the K+ ion homeostasis in plant cells were maintained (Halfler et al., 2000). In guard 

cell membranes of Vicia faba, the existence of G-protein linked 7TMS receptors were 

established and amphipathic tetradecapeptide mastoparan (Mas7) activated that G-protein 

receptor, and modulate the inward rectifying K+ ion channels of guard cells (Blatt and 

Armstrong, 1993). All the above mentioned phenomena indicated that peptides, either 

natural or synthetic origin may modulate ionic homeostasis and participate in stomatal 

guard cell aperture regulation either directly or indirectly. 

In this investigation, the effect of isolated rice peptides on stomatal opening and 

guard cell aperture width was measured in both light and dark conditions. As shown in 

Table 5.2, after immediate peeling, 38.25% stomata were opened, but the opening might 

enhance up to 56.04% after 2 hrs exposure under bright sunlight without any change in 
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Table 5.3 Effect of different LH-20 purified rice peptide fractions on stomatal opening and aperture width 

Percentage of stomatal opening in different concentrations of Width of stomatal aperture in different concentrations of 
peptides pep tides 

Peptide Range of Mean value with standard deviation (I'm) 
Fraction 

No. Control I g I mi I x 10·2 g/ml I X 104 g/ml 
aperture 

lx!0"2 g width I g/ml I x 104 g/ml 
(I'm) /ml 

Fl 0 14.28 4.65 2.56 0.66-1.65 1.45±0.457 0.88±0.331 0.69±0.225 

F2 0 15.38 2.43 1.08 0.66-1.32 1.31±0.328 0.99±0.314 0.75±0.288 

F3 0 2.46 0.00 0.00 0.66-1.32 0.95±0.322 0.00 0.00 

F4 0 7.82 13.71 10.22 0.66-1.65 1.155±0.345 1.58±0.391 0.98±0.322 

F5 0 8.33 7.29 28.73 3.33-4.29 1.78±0.348 2.89±0.882 3.85±0.968 

F6 0 29.8 15.7 11.9 0.66-1.65 1.61±0.422 1.155±0.419 0.75±0.275 

F7 0 22.7 2.3 1.12 0.66-1.65 1.58±0.422 1.155±0.419 0.69±0.226 

F8 0 7.52 13.53 16.2 0.66-0.99 0.716±0.231 0.825±0.211 0.911±0.312 

F9 0 25.2 21.4 15.8 1.65-3.96 2.97±1.882 2.245±0.565 1.73±0.958 

FlO 1.53 2.52 7.21 03.70 0.66-0.99 0.825±0.211 0.755±0.298 0.667±0.228 

Fl1 0 7.56 3.26 11.66 0.66-0.99 0.825±0.245 0.688±0.299 0.667±0.288 

F12 0 18.90 18.8 20.69 0.66-1.65 0. 788±0.421 1.155±0.411 1.592±0.361 

Fl3 0 3.11 9.87 0.00 0.66-0.99 0. 778±0.345 0.825±0.216 0.00 

Fl4 0 38.56 20.22 16.20 3.35-4.29 4.09±0.988 3.85±0.968 3.51±0.994 

F15 0 9.24 5.56 8.42 0.66-0.99 0.825±0.411 0.661±0.344 0. 768±0.288 
w 
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width of aperture. When the same epidermal layers were placed for 2 hrs in dark, 

percentage of opened stomata were reduced up to 3.83% along with decrease in aperture 

width (0.56 11m) (Table 5.2). Two hours exposure under sunlight with heterogeneous 

oligopeptides (lOilglml) didn't enhance stomatal opening (41.23%) beyond control. 

However, when the same concentration of peptides was applied with 2 hrs dark phase, 

percentage of opened stomata (28.51%) was significantly higher (almost 10 times) than 

control (i.e. only in dark). Not only that, guard cell aperture width was also remarkably 

enlarged (almost 6.2 times) after peptide treatment in dark, when compared with 

untreated epidermal peelings in dark (Table 5.2). In contrast, ABA could able to close 

stomata in light and dark up to 95% and I 00% respectively (Table 5.2). 

When the percentage of stomatal opening was measured in dark with the peptides 

of LH-20 purified fractions at three specified concentrations (1, 0.1 and 0.01 ppm) on 

epidermal strips of Commelina benghalensis, significant opening of stomata were found 

in F5, F6, Fs, F9, F12 and F14 fractions, but highest activity was achieved by I ppm ofF14 

peptide treatment (Figure 5.8). With same concentration width of stomatal aperture was 

increased with the application of F5, F9 and F14 peptide fractions (Figure 5.9). As shown 

in Table 5.3, application of peptides with higher concentration didn't always produce 

fruitful results in different fractions. Among different LH -20 purified fractions, three 

bioactive fractions (F5, F9 and F14) were chosen for determining their interaction with 

antagonistic hormone ABA, which is responsible for stomatal closure. In all cases, 

abscisic acid could able to suppress the stomatal opening significantly, particularly at 

higher concentrations (Figure 5.12). When the concentration of peptide doses were 

increased, inhibition of stomatal opening by ABA was to some extent reverted (Figure 

5.12). Maximum inhibition by ABA was observed on 10-9 ppm peptide doses of F14, 

whereas this inhibition was minimized with 10-1 ppm peptide application of F5 fraction 

(Figure 5.12). Percentage of stomatal opening was also measured on epidermal strips 

with various concentrations (10-1 to 10'9 ppm) of peptide treatment available in bioactive 

fraction F5, F6, Fs and F9 for calculating their optimal doses (Figure 5.10 and 5.II). At 10· 
4 ppm fraction, F5 exhibited maximum opening of stomata (Figure 5.10), whereas the 

fraction F9 produced almost same response at I o-6 ppm concentration (Figure 5. I I). Other 

two fractions (F6 and Fs) didn't respond significantly at lower concentrations. 
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Table 5.4 Chemical stmcture and abbreviations of different cytokinins used for 
chlorophyll retention in radish leaf discs 

Name Abbreviations Structure 

R'NH 

Cytokinins 00 N 
H 

R= 

Isopentenyl adenine IPA 
~l 

""-.;; CH, 

Zeatin z J:' 

Dihydrozeatin DHZ 
CH, 

~OH 

Kinetin K -"'"",-{) 

Benzyl adenine BA v 
H 

Benzymidazole BZI C(> 
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For determining exact number of peptides in different LH-20 purified fractions 

which were involved in stomatal guard cell regulation, HPLC analysis of bioactive 

fraction Fs and F14 were performed by using C1s (octadecasilane) reverse phase column 

and methanol as polar mobile phase for elution. Six different peaks were obtained from 

F5 fraction with high absorbance value at 214 nm (Figure 5.13). Percentage of stomatal 

opening in dark was also measured with eluted volume after removal of mobile phase 

collected from HPLC column at fixed time interval. Best dark incubated stomatal 

opening response was associated with peak I and 2, whereas in case of other peaks, 

percentage of opening of stomata was very low (Figure 5. 13). From peptide fraction F 14, 

five different peaks were obtained of which peak number 3 gathered maximum peak area 

with high absorbance value (Figure 5.14). Stomatal opening response was also 

determined with eluted volume and significant percentage of stomatal opening was 

associated with peak 3 and 5 (Figure 5.14). Further analysis and sequence determination 

of these peaks were not performed due to shortage of time. 

5.3.3 Retention of chlorophyll 

During senescence, the catabolic pathway of chlorophyll is mainly regulated by three 

prime enzymes: Chlorophyllase, Pheophorbide-a oxygenase and chlorophyll catabolite 

reductase (Hortensteiner, 2006). Chlorophyll breakdown is a prerequisite for 

detoxification of phototoxic pigments through which chlorophyll binding proteins are 

processed for remobilization of nitrogen in fresh tissue (Hortensteiner and Feller, 2002). 

Previous reports claimed that plant hormone cytokinins retard chlorophyll degradation 

very efficiently (Yu and Kao, 1981). As shown in Table 5.4, phytohormone cytokinins 

may categorized into three main classes: (i) cytokinins with straight chains attached at 

sixth nitrogen position of adenine like Isopentenyl adenine (IPA), Zeatin (Z) and 

Dihydrozeatin (DHZ); (ii) cytokinins with ring structures at sixth nitrogen position of 

adenine such as Benzyl adenine (BA) and Kinetin (K); and (iii) cytokinin without 

adenine moiety like Benzimidazole (BZI). Chlorophyll retention activities of different 

cytokinins in radish leaf discs were represented in Figure 5.15 and 5.16. The chlorophyll 

retention of various cytokinins with straight side chain decreased in radish leaf discs in 

the following order: DHZ > Z > IPA below 0.2 ppm concentrations (Figure 5.16). At 
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Table 5.5 Retardation of chlorophyll disappearance in radish leaf discs after application 

of LH-20 purified peptide fractions and Benzyl adenine (BA) as standard 

Retardation of chlorophyll disappearance 
(after 96 h ageing) 

Peptide Radish leaf discs (E66,110 leaf discs) Mean% of chlorophyll retention 
Fraction No. [Peptide concentrations] [Peptide concentrations] 

100 ppm !Oppm 1 ppm 0.1 ppm IOOppm !Oppm 1 ppm 0.1 ppm 

Initial State 779 

Control 182 23.36 

BA (10"5 M) 526 67.52 

F, 194± 16 216 ± 21 239 ±IS 256 ± 15 24.90 27.73 30.6S 32.S6 

F, 159± 23 162± 17 17S±21 165±15 20.41 20.80 22.S5 21.18 

F, 172±22 215 ± 13 239 ± I6 263 ±IS 22.0S 27.60 30.6S 33.76 

F, 191 ±25 244 ±22 207 ±IS 19S± IS 24.52 31.32 26.57 25.42 

F, 22I ± 23 256±22 218±24 195 ± 26 2S.37 32.S6 27.98 25.03 

F, 186± 14 202± 16 254± IS 291 ± 20 23.88 25.93 32.6I 37.36 

F, 188± 19 228± 15 241 ± I4 303±22 24.13 29.27 30.94 38.90 

F, 185± 12 178±14 164±18 162±12 23.75 22.85 21.05 20.80 

F, 191 ± 14 183± 14 176± 18 161±24 24.52 23.49 22.59 20.67 

F., 195± IS 202± IS 218± 14 205±22 25.03 25.93 27.98 26.32 

Fu 165±22 176±23 168±21 178± 14 21.18 22.59 21.57 22.85 

Fu 188± 16 191 ± 16 196± 14 192± 12 24.13 24.52 25.16 24.65 

F" 218± IS 234± I8 272± IS 307± I4 27.98 30.04 34.92 39.4I 

F" 207 ±22 235 ±24 22I ± 20 181 ± 18 26.57 30.I7 28.37 23.23 

FIS 163± 16 !58± 14 169± 16 !52± 18 20.92 20.28 21.69 19.51 
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higher concentrations of DHZ, retardation of chlorophyll activity were minimized (Figure 

5.16). Zeatin (Z) on the other hand, retards chlorophyll more efficiently at higher applied 

doses. With cytokinins ring structures at the sixth nitrogen position of adenine, the effect 

of retarding chlorophyll degradation was BA > K below 0.2 ppm applied doses (Figure 

5.15). In both BA and K, 0.2 ppm was found to be optimal in nature. At 0.2 ppm, BA 

exhibited 269.4% higher retention capacity than control, which is also superior to the 

activity of other cytokinins at same concentration. BZI at or below 0.2 ppm 

concentrations didn't perform chlorophyll retention activity, indicating that adenine 

moiety is required for cytokinins action (Figure 5 .15). From earlier records, it may be 

stated that urea derivatives with substituted nitro-phenyl ring structure efficiently retard 

chlorophyll in radish leaf disc and leaf senescence at I o·6 (M) concentration (Kefford et 

al., 1973). Plant euginols with 6-substituted phenol can also retard chlorophyll 

disappearance in radish leaf discs (Karanov et al., 1995). Different transit peptides were 

discovered recently from chloroplast and thylakoids of eukaryotes, but their role in 

chlorophyll synthesis and degradation are still obscure (Turkina et al., 2004). Chlorophyll 

retention capacity of isolated rice peptides optimized at 0.0 I ppm applied doses which is 

remarkably 166.49% higher than control (Figure 5.17). But when compared with other 

cytokinins' action, this activity was not looking very significant at their optimized doses. 

At higher peptide doses (~ I ppm), the rate of degradation of chlorophyll was accelerated 

more than control (Figure 5.17). After LH-20 purification, evaluation of disappearance of 

chlorophyll in radish leaf discs was continued for determining senescence retardation and 

cytokinins like action of specific peptides from isolated rice homogenates after 

ultrafiltration. Here BA (I o·5 M) was used as standard and 67.52% chlorophyll retention 

was observed from initial state after BA application (Table 5.5). It was observed that 

chlorophyll retention activity ofpeptides were distributed in FJ, F3, F4, F5, F6, F7, F13 and 

F 14, when applied on radish leaf discs at four specified concentrations (I 00, I 0, I and 0.1 

ppm). Fractions FJ, F3 and F6 were partially bioactive only at lower concentrations (~ I 

ppm) whereas the same activity was more prominent at higher concentrations in F5 and 

F14, however in all cases nearly about 30% of chlorophyll was restored from initial which 

indicates that the results were not very significant (<10% high) in respect to control 

(Table 5.5). Further bioassay guided purification of these peptide fractions were not 
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performed because the initial activity was distributed and no fraction was found to be 

remarkably higher than control or as per the results of cytokinins standard used in this 

experiment. 

5.3.4 Elongation of coleoptile 

In rice, maximum coleoptile elongation rate was achieved under oxygen tension (Nagao 

and Ohwaki, 1953). This phenomenon was related with IAA oxidases activity when the 

coleoptile was not submerged in water (Yamada, 1954). The optimal concentration of 

IAA is higher in submerged sections, when compared floated counterparts. Reports are 

also available where guaiacol promoted the growth of rice coleoptile even in presence of 

oxygen, as the substance inhibited IAA oxidase system in vitro (Wada and Nagao, 1960). 

From the evolutionary viewpoint, under anoxia successful coleoptile growth provides rice 

seedlings with an opportunity to reach above anaerobic mud or standing water, thus 

increasing the chance of survival (Kordan, 1974). This dramatic response of rice 

coleoptiles under anoxia is associated with accumulation of specific amino acids and 

enhanced level of altered metabolite pools (Shingaki-Wells eta/., 2011). It was revealed 

that the morphological changes of rice seedlings was highly correlated with peptide-N

glycanase (PNGase) activity of imbibed rice grains, though the function of this enzyme

catalyzed deglycosylation during post-germinative development is unknown (Chang et 

a/., 2000). It may happen that PNGase catalyzed oligopeptides produce chemical signals, 

which mimic auxin action in developing rice coleoptiles. Coleoptile growth of rye 

seedlings (rice allied family) was also associated with upregulation of specific peptide 

sequences, particularly related with subunit-E of vacuolar H+-ATPase (Kutschera eta/., 

201 0). In this investigation, when IAA was applied on floating and submerged coleoptile 

sections, maximum coleoptile growth was observed at lower dilution of IAA during 

submergence, whereas for attaining the same coleoptile growth in case of floating 

sections, higher applied concentrations of IAA were necessary (Figure 5.18). This 

indicates that exogenous IAA was either more sensitive to submerged coleoptile sections 

or level of endogenous IAA was high in submerged sections; therefore the requirement of 

applied exogenous lAA was low. When the peptides were applied on submerged 

coleoptile sections, optimum response was observed at 0.1 ppm peptide concentration, 
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Table 5.6 Elongation of Triticum aestivum L. coleoptile segments after application of LH-20 

purified rice peptide fractions and IAA as standard 

Elongation of Triticum aestivum coleoptiles segments with rice peptides 

Peptide Elongation (mm) Mean% to the control 
Fraction No. [Peptide concentrations] [Peptide concentrations] 

100 ppm IOppm I ppm 0.1 ppm IOOppm IOppm I ppm 0.1 ppm 

Control 2.0 ± 0.2 100 

IAA (10"5 
5.1 ± 0.4 260 

M) 

F, 1.8 ± 0.2 1.7 ± 0.2 1.9 ±0.1 1.9 ± 0.2 90 85 95 95 

F, 1.7 ± 0.3 1.6±0.2 1.8±0.2 1.8 ± 0.2 85 80 90 90 

F, 1.9 ± 0.2 1.9 ± 0.2 2.1 ±0.2 2.2 ±0.3 95 95 105 110 

F, 2.2 ± 0.3 2.1±0.2 2.2±0.3 2.3 ±0.3 110 105 110 115 

F, 2.3 ± 0.3 2.4 ± 0.3 2.4 ± 0.3 2.6± 0.2 115 120 120 130 

F, 2.3 ±0.3 2.5 ± 0.3 2.6±0.3 2.8 ±0.4 115 125 130 140 

F, 2.2±0.2 2.1 ± 0.3 2.1±0.2 1.9 ± 0.2 110 105 105 95 

F, 2.0± 0.2 2.1±0.3 2.1 ±0.3 2.0±0.3 100 105 105 100 

F, 1.9 ± 0.1 1.7±0.2 1.6 ± 0.2 1.7 ± 0.3 95 85 80 85 

F, 2.0± 0.2 2.1 ±0.2 2.1 ±0.3 2.2±0.2 100 105 105 110 

F, 1.9 ± 0.2 1.9 ± 0.2 1.8 ± 0.1 1.8 ± 0.2 95 95 90 90 

F, 1.8 ± 0.2 1.6 ± 0.3 1.5 ± 0.2 1.8 ± 0.2 90 80 75 90 

F" 2.1 ± 0.3 2.4± 0.2 2.5 ± 0.2 2.5 ± 0.2 105 120 125 125 

F,. 1.7±0.1 2.0±0.1 2.0 ± 0.2 2.3 ±0.3 85 100 100 115 

F., 1.6 ± 0.2 1.5 ± 0.2 1.8 ± 0.3 1.9 ± 0.2 80 75 90 95 
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through which coleoptile growth was attained up to 6.5 mm from 4 mm initial stage after 

72 hrs incubation (Figure 5.18). In contrast, the same response of peptides on floating 

sections was almost insignificant. So it may be concluded that peptide can only produce 

bioactivity (coleoptile elongation) under hypoxic or anoxic stress, when IAA oxidase was 

presumably inactive. Length of coleoptile, mesocotyl and root was also measured in 

intact seedlings 48 hrs after application of peptides, IAA and anti-auxin (Figure 5.19-

5.21). Steady decrease of length of coleoptiles, mesocotyl and roots of rice seedlings 

were observed with applied higher doses of anti-auxin. In case of auxin, increment of 

coleoptile length was optimized at comparatively higher doses; whereas the mesocotyl 

and roots were more sensitive to auxin, when their elongation was considered (Figure 

5.19-5.21). With peptide application, drastic improvement of coleoptile and mesocotyl 

length was not observed, but root length was significantly developed at lower doses of 

peptide treatment in intact seedlings (Figure 5.21). When the antagonistic interaction 

between anti-auxin and auxin or peptides as auxin-agonist was measured, inhibition of 

coleoptile elongation was overcome by auxin at higher doses, but the peptide mediated 

coleoptile elongation was successfully suppressed by anti-auxin even during higher 

applied doses ofpeptides (Figure 5.22). Inhibition of root elongation by anti-auxin, on the 

other hand, was to some extend recovered by auxin or peptide treatment at their higher 

doses (Figure 5.22). After LH-20 purification of rice peptides, response of different 

fractions related with elongation of Triticum aestivum coleoptiles were again evaluated 

along with IAA as standard. IAA application at 10-5 (M) concentration enhanced 

coleoptile segments 160% higher than control. Unfortunately no significant changes in 

coleoptile growth were recorded after application of different fractions except in case of 

Fs, F6 and F13; where 20% to 40% excess elongation of coleoptile was observed from 

control with 1 ppm or lesser dose of peptide treatment (Table 5.6). Most significant 

coleoptile elongation by LH-20 fraction was found with 0.1 ppm F6 peptide treatment, 

but this response was inhibited by application of higher doses of same peptide fraction 

(Table 5.6). Further bioassay guided purification with peptide fractions was not continued 

as highly significant bioactivity was not established by the treatment of different LH-20 

fractions. 
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Table 5.7 Summary of bioactivity ofultrafiltered and column chromatographic fractions of different peptides isolated from seven days old Oryza sativa L. 
(rice) 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 1-26 or 130 ml is void volume approximately and any 
bioactivity, if found is rejected, and the rest 170 tubes were collected and screened for bioactivity 

Fraclion Tube Number: 01-26 27-48 
49-
55 

56-
58 

59-61 62-64 65-68 69-71 72-74 75-78 79-96 97-101 102-126 127-149 150-172 173-200 

Joined Fraction Number: VOID Fl F2 F3 F4 FS F6 F7 F8 F9 FlO Fll Fl2 Fl3 Fl4 FIS 

214nm - ++++ ++ + +++ +++ ++ + + - + - +++ +++ 

UV Absorbance: 260nm + + - - - - - - + + 

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

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

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

elicitation: Inhibition: ·NIA + - - - - - - + + + + + + 

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

Control of 
opening in dark 

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

aperture 

Percentage of 
No significant stomatal closure was observed in any fraction 

closing: 

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

Inhibition -N/A + - - - - - + + - ++ 

Seedling Growth Root: 
Bioassay was not perfonned with rice peptides 

Response: Shoot: 

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

Further purification with HPLC: -N/A - - - 6pcaks - - - - - 5 peaks 

Amino acid analysis ofbioactive 
pep tides: 

-N/A NOT DONE 

Sequencing ofbioactive peptides: -N/A NOT DONE 
w 
ll1 ,..., 



Relative quantum of peptides and response of different bioassays with Sephadex 

LH-20 purified peptide fractions of Oryza sativa were integrally represented in Table 5.7. 

First 26 tubes were considered as void and UV -absorbance were taken from fraction I to 

15 at 214, 260 and 280 nm. UV-absorbance and 2% ninhydrin response of different 

peptide fractions were highly correlated and in both cases better response were revealed 

with F~, F4, F5, F6, F13 and F14 fractions (Table 5.7). When all bioassays were considered, 

amylase induction and stomatal opening response were attributed by rice peptides with 

fraction F5 and F14 respectively in a potential manner. No significant stomatal closure and 

inhibition of amylase induction was established by these peptide fractions. Coleoptile 

elongation and chlorophyll retention activity was produced by peptide fractions in a 

diffused manner. As F5 and F14 strongly represented amylase induction and stomatal 

opening response respectively, further bioassay-guided purification was continued with 

these fractions through HPLC. Ultimately 6 peaks and 5 peaks were obtained from HPLC 

fractions and their respective bioassays were also performed, but it was not possible for 

us to identifY and sequence the final bioactive peptides. 

In conclusion, it may be stated that the peptides isolated from rice seedlings 

mimic the action of hormones related with amylase induction and dark mediated stomatal 

opening. It was observed that the specific activity of peptides was decreased after certain 

stage of purification. During purification it was also noticed that more than one peptide 

fractions were responsible for regulating the same bioactivity. Further elucidation of 

bioactivity relationship of peptides with different signals will ultimately resolve the 

unknown issues of amylase induction and stomatal guard cell regulation during 

germination and post-germination seedling growth. 
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6.1 INTRODUCTION 

Chickpeas ( Cicer arietinum L.) were fust introduced in the Middle East countries nearly 

about seven thousand million years ago (Ladizinsky and Adler, 1976). It is stress 

tolerant crop of the family Leguminosae (Fabaceae) and is used in various food 

preparations in several developing countries. Commercially two types of chickpea 

cultivars are produced worldwide: 'Desi' and 'Kabuli'. 'Desi' type seeds are smaller 

and dark coloured with thick seed coat. 'Kabuli' chickpea seeds, on the other hand, are 

large, cream coloured with thin seed coat (Upadhyaya et al., 2006). In Australia and 

Indian sub-continent, 'Desi' chickpea are primarily cultivated, whereas Canada 

produces both the types of cultivars and the remaining countries like Mexico, Ethiopia, 

US and Turkey mostly emphasize on the production of 'Kabuli' type chick pea. 

Globally 8.9 million tonnes of chickpea are produced and among this, more than 90% 

are consumed by producer countries itsel£ 

Among pulses, chickpea is the premier crop in Indian subcontinent. 

Internationally, India is the largest producer and consumer of chickpea (Gaur et al., 

2008). India alone accounted for 69% of global chickpea production. A partial 

downward trend in chickpea production was observed in India and Australia during last 

decade, whereas Canada was the only country exhibited a major uplift in chickpea 

cultivation. In India, chickpea growing areas are about 6.67 million hectares, which 

represents 30% of the national pulse acreage. Production of chickpea has enhanced from 

3.6 to 5.6 million tonnes during the last fifty years with annual growth rate of 0.58% 

(Agbola et a/., 2000). Mainly six states in India viz., Rajasthan, Maharashtra, Andhra 

Pradesh, Madhya Pradesh, Uttar Pradesh and Karnataka contributes 91% of total 

production and 90% of cultivated area of the country (Figure 6.1). A major change in 

chickpea production area has observed in recent past due to expansion of irrigation 

facilities in northern India. In northern states, chickpea cultivation area has reduced 

from 3.2 to 1.1 m ha due to its replacement with wheat and mustard, while the same 

area has increased from 2.6 to 4.3 m ha in south central states during last few decades. 

This creates a major and dynamic change in the chickpea area from long duration, cool, 

highly productive environment to short duration, warm, rain fed and less productive 

condition (Ramakrishna et a/., 2005). In this scenario, knowledge on the impact of 

quality or characteristic traits of chickpea marketing is of critical importance for 

scientists, exporters and farmers (Kelley, 1999). For achieving targeted production of 
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chickpea in next decades, horizontal expansion through crop diversification and 

strategic research on productivity enhancement is essential. But a large gap has always 

observed between the yield realized in experimental station and the output from actual 

farming. Inappropriate cultivation practices, low yielding and non-responsive genotypes 

against fertilizers, unmanaged pest and disease problem, lack of improved soil, poor rate 

of germination, stress sensitive high yielding cultivars and lack of appropriate support 

are the fundamental constraints, which are accountable for this un-trapped yield 

potential (Shakya et a/, 2008). 

Chickpea is a reliable source of protein for common people. In addition, 

chickpea is rich in minerals like phosphorus, calcium, magnesium, iron and zinc, dietary 

fibres, beta-carotene and unsaturated fatty acids (Jukanti et a/, 2012). Soil fertility is 

also remarkably improved by cultivation of chickpea through fixing atmospheric 

nitrogen (Saraf eta/., 1998). People are now well aware about the utility of this crop 

and the growing demand for chickpea can be efficiently mitigated either by improving 

the traditional cultivars through breeding or enhancing high physiological adaptability. 

Because of high price of seeds, efficient germination rate is of prime importance for the 

cultivation of this crop. But proper germination requires induction of a-amylase within 

seeds in appropriate time. Germination induced a-amylase and protease degrades 

complex starch and proteins respectively; and by this way these enzymes also reduce 

the dietary bulk through improving the digestibility of starch and proteins (Negi et a/., 

2001). In all cases the function of a-amylase is considered with top priority, 

through which the soluble sugars are mobilized by the breakdown of starch in 

germinating legume seeds (Fincher, 1989). Several authors demonstrated the role of 

phytohormones regulating a-amylase induction as well as germination in chickpea. 

Some studies indicated that gibberellic acid and kinetin enhanced the percentage of 

germination and seedling growth in polyethylene glycol induced water stressed 

chickpea seeds (Kaur et a/., 1998). Exogenous application of gibberellic acid also 

enhanced a-amylase in chickpea during critical condition of water potential (Gupta et 

a/., 1993). However the observed data indicated that indole acetic acid (IAA) inhibited 

growth and germination in stressed chickpea seedlings. Enhanced amylase activity was 

recorded in cotyledons and shoot of pea in presence of GA3 and kinetin, whereas 1AA 

reduced root amylase activity (Monerri et a/., 1986). When overall carbohydrate 

metabolism is considered during germination, both GA3 and kinetin increased sucrose 

synthase and sucrose phosphate synthase in cotyledons, thus high level of bound 
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fructose was found in cotyledons; whereas significant increment of reducing sugar in 

shoots after same hormone application may be due to induction of acid invertase (Kaur 

et a/., 2000). During germination of chickpea, cytokinins were first detected in the 

embryonic axes, which played important regulatory role in mobilizing main reserves 

from the cotyledon towards embryo proper (Villalobos and Martin, 1992). Exogenous 

application of other signal molecules like salicylic acid also enhanced a-amylase 

activity during seed development and germination in different pea varieties (Murtaza 

and Asghar, 2012). Besides phytohormones and growth regulators, animal derived 

components also exhibited wide range of bioactivity during germination and growth of 

chickpea seedlings. Exogenous application of mammalian steroidal sex hormones like 

progestesterone and androsterone significantly improved morphological, biochemical 

and antioxidant parameters of chickpea (Erda! et a/, 2012). Conversely, plant based 

components like alkalase derived peptide hydrolysates of chickpea are 

pharmacologically active against angiotensin-! converting enzyme of mammalian 

system (Pedroche et a/., 2002). Antifungal peptides namely cicerin and arietin with N

terminal unique sequences were recently isolated from seeds of chickpea (Y e et a/., 

2001 ). Defensin is another group of antimicrobial peptide isolated from chickpea and 

this peptide showed bioactivity against fungus Pythium aphanidermatum under wide pH 

range (Islam, 2008). But so far the physiological role of oligopeptides expressed or 

accumulated during post-germinating phases of chickpea seedlings are mostly 

unknown. In this study, peptides were isolated and partially purified from one week old 

chickpea seedlings and the bioassays were performed for the a-amylase induction, 

guard cell behaviour, chlorophyll retention and seedling vigour to determine the 

significance of peptide as a modulator of germination, growth and senescence. 

6.2 MATERIALS AND METHODS 

6.2.1 Plant culture 

Seeds of dicotyledonous plant material, chickpea (Bengal Gram) [Cicer arietinum L.], 

collected from Central Pulses Research Institute (C.P.R.!.), Berhampur, West Bengal, 

India was weighed out (500g) and allowed to culture in laboratory conditions as 

specified in Chapter Ill Section 3.2.1. 
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6.2.2 Isolation and purification of low molecular weight peptides 

The isolation and purification of peptides from 1 kg chickpea seedlings was performed 

according to the process mentioned in Chapter Ill Section 3.2.2. 

6.2.3 Bioassay for induction of a-amylase release test 

6.2.3a Materials: 

A) Viable wheat (Triticum aestivum cv. sonalika) or Barley [Hordeum 

vulgare L.] cv. Narendra Barley-I (NDB-209) [Dwarf variety] seeds 

B) Different hours of germinating chickpea 

6.2.3b Enzyme Preparation and assay: 

Mentioned in details in Chapter lll Section 3.2.8b 

6.2.4 Stomatal aperture, opening and closing 

Discussed in details in Chapter lll Section 3.2.9 

6.2.5 Bioassay for chlorophyll retention 

3.2.5a 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. 

6.2.5b Estimation of chlorophyll and pigments: 

Different stages of mature leaves of chickpea [WAS i.e. weeks after sowing] 

were sprayed with specified peptide components or hormones with exact doses and the 

chlorophyll contents of leaves were determined by the method of Arnon (1949) and as 

modified by Kirk (1968). The same extract was measured at 480 nrn, in 

spectrophotometer to estimate the carotene (Kirk and Allen, 1965). The methods were 

discussed in details in Chapter lli Section 3.2.10b. 
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6.2.6 Determination of morphometric parameters 

3.2.6a Seed Priming: 

The seeds were sterilized by using 30% 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 (Basra et a/., 2003 ). 

6.2.6b 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 et a/., 2008). 

6.2.7 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 after discarding first 26 tubes. After 

grouping, all the fractions were lyophilized and suitably diluted for the purpose of 

bioassay. 

6.3 RESULTS AND DISCUSSION 

6.3.1 Amylase induction and mobilization of starch 

During germination of legume seeds, growth and development of embryo proper is 

mainly dependent on mobilization of reserve food materials from cotyledons. Amylases 

are the particular enzymes responsible for conversion of complex polysaccharide into 

simple sugar for active absorption and uptake by embryo proper. As already stated 

gibberellins are the predominant hormones regulating induction and cellular targeting of 

a-amylase in germinating seeds in normal as well as in stressed condition (Kaur et al., 

2000). Besides GA3, the role of steroidal sex hormones of mammalian origin (Erda! et 

a/., 2012) and salicylic acid (Murtaza and Asghar, 2012) were investigated in 
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Table 6.1 Amylase activity (nmoles of maltose generated min-1 g-1 dry matter) of untreated and germinated chickpea seeds soaked with 

GA3 or pep tides isolated from chick pea 

Treatment: Germinated (hours after soaking) 

Untreated GA3 (M) or Soaked 
24 h 48h 72h 96 h 120 h 144 h 168 h 

Peptide (ppm) 

Aqueous 8.57 ± 0.9 12.17 ± 2.3 18.71 ± 2.3 24.73 ± 2.4 32.72± 3.2 39.05 ± 2.7 42.14 ± 2.7 42.75 ± 1.8 

10"' 8.67 ± 1.2 14.22 ± 2.4 21.72 ± 2.5 28.14±2.6 34.18 ± 3.3 40.02± 2.6 45.57 ± 2.9 46.06± 2.5 

10"" 9.35± 1.4 17.43 ± 2.1 26.11±2.3 31.65 ± 2.5 37.69 ± 3.1 44.56 ± 3.1 47.91 ± 3.1 48.98 ± 2.6 

10_, 10.89 ± 1.1 20.63 ± 2.2 30.32± 2.6 36.71 ± 2.8 41.16 ± 3.0 48.93 ± 2.9 54.53 ± 3.4 56.71 ± 3.5 

GA3 10"' 10.21 ± 1.3 19.12±2.4 28.73 ± 2.7 33.91 ± 2.9 38.45 ± 2.9 45.97 ± 3.3 50.97 ± 3.1 52.28 ± 3.2 

10-7 9.87 ± 1.2 16.35±2.1 25.37 ± 2.8 30.88 ± 3.0 36.71 ± 2.8 43.67 ± 3.2 44.56 ± 2.8 46.71 ± 3.3 

10-' 9.54± 1.5 15.61 ±2.5 22.34± 2.7 25.67 ± 2.4 33.48 ± 2.6 42.26 ± 3.1 42.77 ± 2.7 44.93 ± 3.1 
7.01 ± 0.8 

10-' 9.18± 1.1 13.38 ± 2.8 19.87 ± 1.8 22.97 ± 2.5 30.19 ± 2.5 38.38 ± 2.8 40.12± 2.6 40.97 ± 2.7 

10 7.97 ± 1.3 11.38 ± 2.4 15.98 ± 1.9 20.37 ± 2.2 22.91 ± 2.7 32.37 ± 2.5 35.46 ± 2.4 36.11±2.4 

8.22 ± 1.2 12.37 ± 2.5 17.61 ± 2.2 23.88 ± 2.1 31.28 ± 2.8 36.57 ± 2.6 37.29 ± 2.1 38.12 ± 2.3 

Peptide 0.1 8.46 ± 1.3 15.68 ± 2.6 20.19 ± 2.8 29.43 ± 2.6 35.19±2.7 39.83 ± 2.8 44.45 ± 2.5 48.11 ± 2.7 

O.Ql 8.93 ± 1.0 17.19 ± 1.2 21.35 ± 2.9 30.33 ± 3.1 34.22± 3.0 40.82 ± 3.2 45.67 ± 2.8 45.31 ± 2.6 

0.001 9.11 ± 0.9 16.35 ± 1.4 18.81 ± 1.1 25.19 ± 2.6 33.11 ± 2.2 38.17± 3.1 43.91 ± 2.4 44.91 ± 2.3 

0.0001 10.29 ± 1.1 14.55 ± 1.9 16.22 ± 1.7 24.88 ±2.4 30.19 ± 2.4 36.71 ± 2.9 41.19 ± 2.2 40.81 ± 2.1 
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germinating chickpea and it was found that both the components improved the growth 

of embryo proper. In this study, the time dependent induction of total amylases were 

investigated in germinating chickpea seeds treated with low molecular weight (500-

3000 Dalton) oligopeptides obtained after ultrafiltration along with GA3 standard and 

control. Application of GA3 exhibited best response at I o·5 (M) concentration and the 

highest amylase activity was observed after 168 hours of soaking [56.7 nmol 

maltose.min·1.g"1 dry matters]; but when the induction pattern in respect to control was 

considered, maximum enhancement from control was noticed at 24 hours (1 day) 

[69.5%] of seed imbibitions (Table 6.1). Like GA3, isolated peptides also induced 

amylase significantly at 24 hours when compared with control. Though peptide 

application improved amylase activity up to 168 hourS (7 days) of post-imbibition 

phases, rate of enhancement in respect to control was gradually reduced with time after 

soaking. Peptides at concentrations between 0.1 to 0.01 ppm induced best response and 

the activity was enhanced up to 28.81% and 41.25% from control at 24 hours from 

soaking with 0.1 and 0.01 ppm respectively (Table 6.1). 

For evaluation of amylase induction properties of isolated chickpea peptides in 

monocotyledons, the peptides were applied aseptically in embryoless half of wheat 

seeds and amylase activity of peptide treated seeds were monitored after 72 hours of 

incubation with control set. As it is already known that GA3 is very responsive for 

amylase induction from aleurone layers of monocot seeds during germination, the same 

phytohormone was taken here as standard positive control. From Figure 6.2, it is 

apparent that GA3 enhanced total amylase remarkably within 72 hours and the optimal 

hormonal responses were achieved at 10"5 (M) hormonal concentration [56.71 nmoles of 

reducing sugar produced I min I g dry weight of seeds]. Unlike GA3, peptides at higher 

concentrations suppressed amylase synthesis as evidenced from inhibition of total 

amylase activity in wheat seeds, but at concentration I ppm or below, the same peptides 

partially induce amylase in embryoless half wheat seeds. Optimum induction was 

observed at 1 ppm peptide incubation where amylases from germinating wheat seeds 

produce 48.11 nmoles of reducing sugar I min I g dry weight, which is 12.54% higher 

than control (Figure 6.2). This induction was however not achieved by applying peptide 

concentrations lower than or equal to 0.00 I ppm (Figure 6.2). For determining starch 

mobilization capacity, whole wheat seeds were incubated with peptides and after 3 

days, residual starch content in wheat seeds were measured after removal of embryo 

proper. In all cases, it was observed that residual starch content was inversely related 
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with amylase induction pattern (Figure 6.2). Residual starch content was minimum, 

where the seeds were incubated with 10·5 (M) GA3 or 1 ppm peptides (33.18 and 41.97 

mg starch.g·1 FW for GA3 and peptide respectively), which were their optimal doses for 

expression of amylases. The results indicated that peptides isolated from chickpea can 

able to induce amylases, at least partially in respect to GA3 in other unrelated species 

like wheat. So the isolated peptides partly mimic the action of GA3. Further it appears 

that the enhanced amylases by peptides are particularly utilized for degradation and/or 

mobilization of starch from storage organs during germination. Recent reports indicated 

that during salt stress, GA3 can reverse the stress induced inhibition of germination and 

seedling growth. ln chickpea, improved germination and seedling growth during stress 

condition was mediated through enhanced amylase activity and subsequent degradation 

of starch from cotyledons (Kaur et a/., 1998), as observed in our cases, where peptide 

mediated induction of amylases in germinating wheat seedlings were associated with 

retardation of starch content from endosperm. 

As suggested by different authors, after ultra-filtration, gel exclusion and/or ion 

exchange chromatography may be the natural choice for achieving high degree 

purification of bioactive peptides from plants. Two antifungal peptides of 8.2 and 5.6 

.KDa were purified previously from seeds of chickpea through CM-Sepharose (Y e eta/., 

2002). Earlier researchers also isolated angiotensin-! converting enzyme (ACE) 

inhibitory tripeptide Gly-Pro-Pro from buckwheat (F agopyrum esculentum Moench) by 

passing protein extracts through 10 KDa YM-10 ultra-filtration membrane followed by 

further purification with ion exchange, LH -20 gel filtration chromatography and reverse 

phase HPLC (Ma et a/., 1997). ln this study, after performing bioassays, ultrafiltered 

oligopeptides were further purified through Sephadex LH-20 gel exclusion 

chromatography. LH-20 columns were associated with peristaltic pump and the peptides 

were eluted with 30% ethanol and column eluted peptide fractions were distributed into 

200 test tubes with the help of automated fraction collector, from which volumes 

occupied by first 26 test tubes were discarded. As already stated, all the naturally 

occurring hormones (IAA, GA3, Zeatin and ABA) came within first 26 test tubes (130 

ml per column volume of 565 ml), thus chances of existence of phytohormones during 

purification was minimized through removal of 130 ml solution of first 26 test tubes. 

Absorbance of each test tube was measured at 214 nm to determine the amount of 

peptides in each (Figure 6.3). According to their spectrophotometric responses at 214 

nm wavelength, the test tubes were grouped into 15 fractions. From Figure 6.3, it can be 
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Table 6.2 Amylase induction in germinating wheat seeds by incubation with LH -20 purified fractions of semi-pure peptides 

(500-3000 Da) of chickpea 

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

[nmolc of Reducing Sugar produced min"1 g"1 Dry Matter (Mean± SD}, with three replicates] [Mean percentage incrcasc/dccrcase over control] 
Fraction 

No. Control 
Peptide concentrations Peptide concentrations 

JOOppm JOppm 1 ppm 0.1 ppm JOOppm JOppm Jppm 0.1 ppm 

F, 41.75 ± 1.8 38.21 ± 2.3 38.82 ± 1.9 39.29 ± 2.0 40.88 ± 2.2 -8.48 -7.02 -5.89 -2.08 

Fz 41.87± 1.9 44.68 ± 2.1 45.77± 2.2 46.01 ± 2.4 45.87 ± 2.8 6.71 9.31 9.89 9.55 

F, 40.09 ± 2.1 39.23 ± 2.5 40.24± 1.8 41.88 ± 2.3 42.01 ± 2.5 -2.15 0.37 4.46 4.79 

F. 40.04± 1.4 37.81 ± 1.6 36.67 ± 1.5 36.08 ± 1.6 37.22 ± 1.8 -5.57 -8.42 -9.89 -7.04 

Fs 43.88 ± 1.1 40.98 ± 1.7 41.77 ± 2.3 43.97 ± 2.7 42.28 ± 2.3 -6.61 -4.81 0.21 -3.65 

F• 44.21 ± 1.6 43.89 ± 1.9 44.25 ± 2.4 46.87 ± 2.7 47.93 ± 3.1 -0.72 0.09 6.02 8.41 

F, 43.76 ± 2.2 44.67 ± 2.6 45.22± 2.2 45.96 ± 2.8 44.13 ± 2.1 2.08 3.34 5.03 0.85 

F, 41.19 ± 2.5 39.11 ± 2.3 38.76 ± 1.4 39.01 ± 1.7 39.98 ± 1.6 -5.05 -5.90 -5.29 -2.94 

F9 43.99 ±2.3 40.23 ± 1.5 41.17 ± 2.5 42.86± 2.4 43 19 ± 2.9 -8.55 -6.41 -2.57 -1.82 

F10 41.16 ± 2.5 38.89 ± 1.8 38.21 ± 1.9 40.66 ± 2.4 42.35 ± 2.5 -5.52 -7.17 -1.21 2.89 

F11 42.23 ± 2.3 40.69± 2.4 41.26 ±2.7 42.33 ± 2.4 44.15 ± 2.8 -3.65 -2.30 0.24 4.55 

Fl2 40.88 ± 1.5 40.98 ± 1.8 41.24 ± 2.3 42.47 ± 2.5 39.17 ± 2.4 0.24 0.88 3.89 -4.18 

F" 44.02 ± 1.7 41.86 ± 2.4 42.17 ± 2.5 43.52 ± 2.7 42 29 ± 2.9 -4.91 -4.20 -1.14 -3.93 

F,. 43.01 ± 1.6 3~.08 ± 2.6 40.61 ± 1.9 41.22 ± 2.3 42.57 ± 2.8 -9.14 -5.58 -4.16 -1.02 

FIS 41.28 ± 1.8 39.01 ± 2.3 40.44 ± 2.4 41.56 ± 2.6 43.91±2.1 -5.50 -2.03 0.68 6.37 

GA3 42.23 ± 1.9 46.78 ± 2.3 68.75 ± 3.3 57.98 ± 2.8 52.18 ± 2.4 20.25 62.80 37.30 23.56 Standard 
w 
-.J 

"' 



stated that F2, F6, F1 and F u contain significant amount of peptides, when compared 

with other fractions of chickpea peptides. Bioactivity (amylase induction) of those 

peptide fractions in different concentrations based on their fresh weight was determined 

by measuring amylase activity in embryo-less half wheat seeds after 72 hours 

incubation with peptides. Table 6.2 shows concentration dependent amylase activity in 

terms of nano-moles of reducing sugars produced per minute per gram dry weight of 

seeds incubated with different LH-20 peptide fractions and also the percentage of 

induction or inhibition of amylases along with GA3 standard. Amylase activity was best 

realized in seeds incubated with peptide fraction F2 and F6 at their optimal dose of 

lflg/ml and 100ng/ml respectively. Amylase induction may be from 9.3% to 9.9% for 

F2 fractions with applied peptide doses ranges between 10 to 0.1 ppm, whereas the same 

may be from 6% to 8% with 1.0 or 0.1 ppm peptide incubation (Table 6.2). Inhibition of 

amylase activity was also watched in peptide fractions F 1, F5, F9, F 10 and F 14• Inhibition 

was realized mostly when concentrated doses of peptides (1 00 ppm) were applied on 

germinating wheat seeds and highest level of inhibition was detected (9.14%), when F14 

peptide fraction was applied at 100 ppm dose (Table 6.2). Previously angiotensin-! 

converting enzyme inhibitory peptides from F agopyrum escu/entum were separated 

from other proteins by passing through YM-10 (10,000 Da cut-off) ultra-filtration 

membrane and further bioassay guided purification was achieved by using successive 

chromatographic methods involving ion exchange, gel filtration with Sephadex LH-20 

and reverse phase HPLC (Ma et al., 1997). But in this study the restoration of 

bioactivity after LH-20 purification was not very significant (maximum 9.89% 

induction from control). So, further consecutive chromatographic methods were not 

performed for ultimate purification of pep tides. 

6.3.2 Retention of chlorophyll 

In leguminous plants, cytokinins are the main group of phytohormones participate in the 

essential aspects of leaf senescence (Ani! et al., 1985). But evidences suggest that single 

plant hormone may not be functionally responsive in delaying or initiating senescence 

process (Joyce and Thomas, 1980). Leaf senescence in Cicer arietinum appears to be 

significantly correlated with the degradation of essential protein and chlorophyll content 

as well as the reduced assimilation of sugars in leaves (Ali and Bano, 2008). Earlier 

investigations suggested that the foliar application of kinetin delay leaf senescence 

(Hajouj et a!., 2000), whereas ABA was more effective in accelerating the same (Samet 
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Table 6.3 Chlorophyll retention in mature leaves of Cicer arietinum L. [10 WAS] 
after application ofLH-20 purified peptides and benzyl adenine (BA) 

Samples Total Chlorophyll Content (mgL-1
) 

Mean % of chlorophyll 
retention 

Initial 
243 ± 12 

State 

Control 108 ± 05 0.00 

BA (10"' M) 129 ± 09 19.44 

Peptide Peptide concentrations Peptide concentrations 

Fraction 100 10 1.0 0.1 
No. JOOppm JOppm I ppm 0.1 ppm 

ppm ppm ppm ppm 

Fl 101 ± 04 105 ± 06 Ill± 07 104± 05 -6.48 -2.78 2.78 -3.70 

F2 114 ± 07 116 ± 08 112 ± II 109 ± 06 5.56 7.41 3.70 0.93 

F3 109 ± 08 108 ±05 106 ± 08 98±07 0.93 0.00 -1.85 -9.26 

F4 99±05 98±06 97±04 101 ± 12 -8.33 -9.26 -10.19 -6.48 

F5 113 ± 10 106 ± 09 107 ± 06 103 ± 03 4.63 -1.85 -0.93 -4.63 

F6 117 ± 05 115 ± 04 113 ± 06 105 ± 06 8.33 6.48 4.63 -2.78 

F7 118 ± 12 112 ± 09 108 ± 07 102 ± 03 9.26 3.70 0.00 -5.56 

F8 109 ± 05 105 ± 06 101±03 100 ± 04 0.93 -2.78 -6.48 -7.41 

F9 Ill ± 13 107 ± 06 105 ± 05 109 ± 07 2.78 -0.93 -2.78 0.93 

FlO 112 ±II 103 ± 05 106 ± 08 101 ±06 3.70 -4.63 -1.85 -6.48 

Fll 114 ± 07 116 ± 07 119 ±12 108 ± 05 5.56 7.41 10.19 0.00 

Fl2 115 ± 11 118 ± 14 112 ±09 105 ± 06 6.48 9.26 3.70 -2.78 

Fl3 109 ± 10 103 ± 04 101 ± 05 95±05 0.93 -4.63 -6.48 -11.11 

Fl4 110 ± 05 106 ± 07 102 ± 01 98 ±04 1.85 -1.85 -5.56 -9.26 

Fl5 104 ± 05 100± 04 107 ± 06 112 ± 13 -3.70 -7.41 -0.93 3.70 
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and Sinclair, I 980). ABA application significantly decreased leaf chlorophyll content 

and the mature leaves are more susceptible to ABA than their younger counte~parts 

(Chaloupkova and Smart, 1994). Also leaf senescence in chickpea and their influence 

with the application of phytohormones like kinetin and ABA is associated with growth 

and development of plants (Ali and Bano, 2008). As the different growth stages of plant 

and maturity of leaves had significant impact on chlorophyll degradation, the effect of 

isolated peptides on chlorophyll retention were evaluated at different growth stages, 

measured in weeks after sowing (WAS): vegetative (8 WAS), flowering ( 16 WAS), and 

pod filling stages (20 WAS) in young and mature leaves. In all cases, Kinetin and ABA 

was adjusted as positive and negative control respectively and the effect on foliar 

application of these hormones on total chlorophyll content was determined separately. 

In both young and mature leaves, percentage of chlorophyll retention was enhanced by 

the application of kinetin but the retention capacity was improved [72%] during pod 

filling stage [20 WAS] in young leaves, whereas the same phytohormone was more 

responsive at 16 WAS [flowering stage] in case of mature leaves [58% more retention 

of chlorophyll in respect to control] (Figure 6.4-6.9). ABA on the other hand, accelerate 

chlorophyll degradation after the commencement of reproductive stages in young 

leaves, while in mature leaves, the same was accelerated with the approach of growth 

stages (Figure 6.4-6.9). Interestingly, in young leaves peptides retard chlorophyll 

degradation in respect to control significantly during pod filling stages (21% improved) 

but the response was appreciably lower than kinetin (Figure 6.4-6.6). When the same 

peptides was applied on mature leaves, chlorophyll retention capacity was improved at 

1 ppm concentration during flowering stages (16 WAS), but here also the activity was 

much inferior to kinetin action (Figure 6. 7 -6.9). 

After Sephadex LH-20 purification, chlorophyll retention was again performed 

with different peptide fractions in mature leaves of Cicer arietinum during their 

vegetative stages of growth [10 WAS]. Here benzyl adenine [BA: 10·5 (M)] was taken 

as standard and percentage of chlorophyll retention with foliar application of BA in 

respect to control was observed as 19.44% (Table 6.3). In case of peptides, relatively 

high chlorophyll retention was observed in F6, F1, F11 and F12 LH-20 fractions when 

applied on mature leaves, though the bioactivity was much lower than BA (1 o·5 M). 

Among bioactive fractions, I 00 ppm or higher concentrations were required for F 6 and 

F7 for attainment of significant retardation of chlorophyll loss (8-9%) by peptide 

treatment, and in case ofF 11 and F 12, optimized chlorophyll retention was observed, if 
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applied in between 1 to 10 ppm doses (Table 6.3). Some fractions like F1, F4, F10 and 

F 13 also accelerate chlorophyll loss from mature leaves significantly, if incubated at 

their optimized doses. Overall, it may be stated that peptide treatment didn't improve 

chlorophyll retention remarkably from control even after purification through LH-20 gel 

filtration column. ln this scenario, further bioassay guided purification of peptides 

isolated from Cicer arietinum were not carried out, as the productive yield of peptides 

in terms of bioactivity (i.e. considerable chlorophyll retention capacity) was not 

obtained from first column fractions. 

6.3.3 Stomatal guard cell regulation 

Considerable attention has been receiving in recent decades on stomatal aperture control 

and the rate of transpiration through exogenous application of hormones and other 

phytochemicals. By closing or opening of stomata, the guard cells regulate transpira_tion 

rate for controlling water retention or loss and maintaining homeostatic balance of water 

in plant body (Zhang et al., 2001). Abscisic acid (ABA) significantly reduced the 

aperture width of stomata when applied on leaves and thus the hormone was considered 

to be as antitranspirant (Taiba and Larsen, 1975). Conversely, stomatal opening and 

guard cell aperture was increased by the application of cytokinins (Das et al., 1976). 

Stomatal conductance and guard cell aperture was also affected by different light 

treatments. Clear decrease in stomatal conductance was observed in the dark as 

reflected from data obtained by porometer in Vicia faba leaves (BJorn-Zandstra et al., 

1995). On the other hand, sunlight induces stomatal opening and aperture width of 

guard cells significantly in different herbaceous plants (Knapp and Smith, 2006). ln this 

experiment, after ultrafiltration bioactivity of isolated peptides (0.5-3.0 KDa) from 

chickpea on stomatal guard cell response was evaluated under light and dark treatment. 

For determining stomatal behaviour, chickpea peptides were applied in other unrelated 

plant species Commelina benghalensis. Hormones like kinetin and benzyl adenine were 

taken as standard for measuring the degree of opening of stomatal aperture, whereas the 

ABA was taken as an inhibitor of guard cell movement. ln untreated leaves of 

Commelina benghalensis, stomatal opening was 96.3% and 4.2% under illuminated and 

dark condition (Figure 6.1 0). ln dark, benzyl adenine performs best response at 5x 10·5 

ppm concentration where stomatal opening was 29% (approximately 25% higher than 

control) (Figure 6.1 0). Stomatal opening response with peptide application was dose 

dependent in dark, i.e. better opening of stomata was observed with higher doses 
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Table 6.4 Stomatal Opening in Commelina benghalensis after application of chick pea peptides in dark 

Peptide Percentage of stomatal opening in different concentrations ofpeptides Width of stomatal apertnre in different concentrations ofpeptides 
Fraction 

No.I 
Hormone 

I x 10"2 J.tg /ml 
Range of Mean value with standard deviation (J.tm) 

Standard Control 1 J.tg/ml 1 x 10"" J.tg /ml apertnre 
1 X 10"2 Jlg /ml 1 x 10"" J.tg /ml width (J.tm) 1 J.tg/ml 

Benzyl 
3.8 32.7 14.2-18.5 15.8±2.6 Adenine 

F1 3.5 5.6 4.7 4.3 3.1-8.7 4.6 ± 1.6 5.4 ± 1.8 6.2 ±2.2 

F2 4.1 8.9 9.7 10.2 2.8-8.9 5.2 ± 2.4 6.1 ± 2.1 6.8 ±2.3 

F3 3.8 3.5 4.1 4.9 1.4-7.7 3.1±2.1 3.5 ± 1.6 5.7 ± 1.9 

F4 4.2 3.2 3.5 3.1 2.1-7.8 3.6 ± 1.6 3.8 ± 1.9 5.5 ± 2.3 

F5 2.9 6.6 7.9 9.2 1.5-9.9 4.0 ± 2.5 6.1 ± 1.8 6.8±3.1 

F6 3.3 14.8 18.6 19.7 3.7-12.1 7.1 ± 3.6 7.6 ± 3.3 8.8 ±3.2 

F7 4.4 13.2 15.5 21.6 4.7-14.4 7.8 ±3.1 8.1 ± 3.6 10.5 ± 3.9 

F8 3.7 1.2 1.8 2.1 1.1-3.9 2.1±1.1 2.3 ± 1.6 2.7 ± 1.2 

F9 3.9 2.4 2.7 2.9 1.5-6.1 2.8 ± 1.3 3.7 ± 1.7 3.9 ±2.2 

FlO 3.0 3.1 3.8 4.7 0.9-6.4 2.5 ± 1.9 3.2 ±2.6 3.9±2.6 

F11 4.1 7.4 9.8 10.1 1.1-11.9 4.4 ± 3.6 7.5 ± 3.9 8.8±3.2 

F12 3.5 4.5 4.1 3.4 1.5-8.4 3.4 ± 1.9 4.9 ± 2.3 5.5 ±2.7 

Fl3 4.3 2.1 2.8 3.3 0.8-6.4 2.5 ± 1.8 3.9±2.1 4.6±2.8 

F14 2.8 2.7 3.4 3.6 0.7-7.5 1.8 ± 1.1 3.7 ± 1.7 4.8 ±2.8 

F15 3.4 3.5 3.8 4.5 1.0-6.3 3.5 ± 2.5 4.5 ±2.3 4.2±2.1 
w ··-- ---
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of peptide treatment. Remarkably, oligopeptides induced stomatal opening up to 49% 

with maximum higher applied doses, and the response was even better than optimal 

doses of cytokinins (Figure 6. I 0). Under illumination, stomatal apertures of Commelina 

benghalensis leaves were measured under different hormone and peptide treatments. 

Maximum opening of stomatal aperture (22.4 1-1m) was observed with benzyl adenine 

application at 5 x 10·5 (M) concentration (Figure 6.11). Response of kinetin was better 

(stomatal aperture ranges between I 7 to 19 1-1m) when applied between 5 x 104 to 5 x 

10"5 (M) concentrations. Conversely, ABA inhibited the opening of stomatal aperture 

particularly when applied above 1.0 11M doses (Figure 6.1 1). Peptides of chickpea, on 

the other hand, induce opening of stomatal aperture only slightly (16.6 f!m, i.e. 9% more 

than control) in illuminated leaf epidermal cells of Commelina benghalensis (Figure 

6.1 1). 

Stomatal opening in Commelina benghalensis leaves in dark was also measured 

after purification of peptides through LH-20 Sephadex gel column chromatography. In 

dark, only 3.8% stomata were opened in untreated (control) epidermal peels (Table 6.4). 

Benzyl adenine [applied concentration: 5 x 10·5 (M)], which was used as positive 

standard, opened stomata about 32.7% with guard cell aperture width ranges between 

14.2 to 18.5 f!m. Stomatal opening and guard cell aperture width was also evaluated 

with the treatment of fifteen different fraction of peptides obtained from LH-20 column 

at three specified concentrations (Table 6.4). When tested with different fraction of 

peptides, stomatal opening response was best observed with F6 and F7 peptides of Cicer 

arietinum on epidermal peels. Maximum stomatal opening of 19.7% and 21.6% was 

achieved by F6 and F7 peptide treatment with mean aperture width of 8.8 and 10.5 1-1m 

respectively at 100 picogram.ml"1 applied doses (Table 6.4). Though the induction of 

stomatal guard cell movement in dark by F6 and F7 peptide was significantly higher (4.9 

times) than untreated control, the response was much lower than benzyl adenine (8.6 

times higher than control). Other fractions when tested on epidermal peels in dark, 

didn't exhibit significant deviation from control; so these fractions may be considered 

as biologically inactive. As the amount of peptides obtained from bioactive fraction F6 

and F7 was quite lower ( <10 mg), further purification with consecutive chromatographic 

columns were not continued. 
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6.3.4 Improvement of seedling vigour after priming 

It was already established that some plant growth regulators like gibberellins play a 

central role in the integration of cellular metabolic processes during germination, thus 

enhancing the rate of emergence and seedling growth (Kaur et al., 1998). Pre-sowing 

treatment, also known as seed priming generates high impact osmo-conditioning effect, 

which improves seed performance, synchronized germination and seedling vigour 

(Siveritepe and Dourado, 1995). The beneficial impact of priming of seeds with 

different growth regulators have already been successfully utilized in many crop plants 

like sunflower (Kaya et al., 2006), rice (Habib et al., 2010), maize (Nawaz and Ashraf, 

201 0), cotton (Casenave and Toselli, 2007) and mustard (Srinivasan et a/., 1999). Also 

the application of plant growth regulators for improving seedling performance is well 

documented in many vegetables like pepper (Jeong et al., 1994) and high value tree 

species, for example Myrica esculenta (Bhatt et al., 2000). Among phytohormones, 

gibberellins were reported to be an excellent priming agent (Hay and Pederson, 1986). 

Hence, in this investigation, GA3 was applied as standard priming agent for determining 

the priming potential of chickpea peptides for improving overall seedling vigour. 

Priming for 12 hours with GA3 enhanced root and shoot length for about 15.63% and 

76.92% respectively in germinating chickpea seedlings, when applied at optimal dose of 

I 0-6 (M). Not only that, GA3 at 10·5 (M) optimized priming treatment for same duration 

improved fresh biomass of seedlings up to 43.49%. Interestingly, besides conventional 

phytohormones, priming with vitamin (ascorbic acid) and salicylic acid also improved 

root and shoot length, seedling dry biomass and number of secondary roots in many 

crop species, when compared with untreated control (Khan eta/., 2011). For improving 

seedling morphology and vigour index of chickpea, I% aqueous oxygenated peptone 

solution was also used by some authors as pre-sowing soaking treatment (Thakare et a/., 

2006). Among nitrogenous compounds, seed priming with polyamines like putrescine, 

spermine and spermidine also promoted different observed attributes of seed 

germination and early seedling growth in Capsicum annum such as root and shoot 

enlargement, seedling fresh and dry weight, vigour index etc. (Khan et a/., 2012). 

Several studies have also shown the significant positive impacts of other different non

conventional priming agents on seed germination, seedling vigour and development 

(Afzal et a/., 2009). But till now almost no reports are available on application of 

bioactive peptides for improvement of seedling morphology through priming. In this 

study the effects of pre-sowing soaking treatment with different concentration of 
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isolated heterogeneous oligopeptides (0.5-3.0 KDa) were determined on morphological 

parameters of germinating chickpea ( 6 DAS). From Figure 6.12, it may be stated that 

optimal root elongation of 16.8 mm was observed with at 10 ppm priming dose, and the 

improvement of growth was even far better than pre-sowing soaking treatment with 

optimal dose ofGA3 (15.63% enhancement). From Figure 6.13, it is also prominent that 

priming with peptides also improved shoot length significantly and at optimal dose of 5 

ppm, shoot length attained 6.4 mm which is 66.67% higher than control, but the result 

was not so impressive like GA3 (76.92% improvement). When overall fresh biomass is 

considered, pre-sowing soaking treatment with peptides at 10 ppm optimal dose 

enhanced fresh biomass up to 6.89g per seedling which is 33.79% greater than control 

(Figure 6.14). Here also the performance of GA3 was superior (43.49% higher than 

untreated) than isolated peptides. ln a nutshell, priming induced the enlargement of 

shoot in a prioritized manner as reflected from root shoot ratio of pre-soaked seedlings 

in Figure 6.15. When seedling vigour index is considered, optimum vigour was 

achieved by GA3 and peptide priming at 10·6 and 10 ppm concentration respectively 

with improvement of 51.57% and 64.47% respectively from control (Figure 6.16). As 

pre-sowing soaking treatments with GA3 and peptides improved seedling morphology 

significantly from control, during priming application of optimized dose of GA3 and 

isolated peptides with varying concentrations were also given simultaneously for 

determining the synergistic activity of both the components in a combined form. But 

combined application of GA3 and peptide as priming agent on chickpea seedlings didn't 

synergistically improve any of the morphological attributes of development (Figure 11-

15). However combined application of these components as pre-sowing soaking agent 

significantly enhanced root (Figure 6.12) and shoot length (Figure 6.13), seedling 

biomass (Figure 6.14) and vigour index (Figure 6.16) at peptide concentrations ranged 

principally between I to 10 ppm, when compared with control. Recent molecular 

analyses documented that CLE group of oligopeptides in association with FCP1 protein 

functionally impair root and shoot apical meristem development and strongly inhibit 

different morphological attributes of germinating seedlings in different leguminous 

plant like Medicago truncatula (Oelkers et al., 2008). ln this scenario, priming with 

germination induced oligopeptides in chickpea may somehow degrade or prohibit the 

functional expression of inhibitory factors, thus upgrading the developmental attributes 

of embryo proper and mimicking the role of gibberellins during germination. 
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Table 6.5 Summary of bioactivity of ultra-filtered and column chromatographic fractions of different peptides isolated from seven days old Cicer arietinum 
L. (Bengal Gram) 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 1-24 or 120 ml is void volume approximately and any 
bioactivity, if found is rejected, and the rest 176 tubes were collected and screened for bioactivity 

Fraction Tube Number: 

Joined Fraction Number: 

UV Absorbance: 

0.2% Ninhydrin response: 

a-Amylase 
elicitation: 

Induction: 

Inhibition: 

214nm 

260nm 

280nm 

Control of 
stomatal 
guard cell: 

Percentage of opening in dark 

Diameter of stomatal aperture 

Percentage of closing in light: 

Retention of chlorophyll: 

Growth of 
coleoptiles: 

Seedling 
Growth 
Response: 

Elongation: 

Inhibition: 

Root: 

Shoot: 

Seedling 
Biomass: 

Further purification with HPLC: 

Fresh Weight: 

Dry Weight: 

Amino acid analysis ofbioactive pcptidcs: 

"' 00 
0\ 

Sequencing of bioactive peptides: 

OO-Z4 ZS-33 34-51 sz.,;3 64-75 76-84 85-97 98-111 11Z-1Z8 129-145 146-156 157-166 167-171 172-180 181-190 

VOID F1 FZ F3 F4 FS F6 F7 F8 F9 FlO F11 F1Z F13 

+ ++++ + - + +++ ++++ - + ++ ++ + 

+ - - + ++ - + + + 
+ ++ + - - ++ ++ - - + ++ ++ 

+++ + - ++ +++ - - + ++ + 
N/A - ++ + + + 
N/A + - + - - - + + + -
NIA - + - + ++ ++ + 
N/A - - - + + - + 

No significant stomatal closure was observed in any fraction 

N/A - + - - - + + - - ++ + 

This bioassay was not pcrfonncd with Cice1· arietinum pep tides 

Root length increased up to 32.03 %above control at 10 ppm optimal crude peptide (ultrafiltcred) concentration, not perfonned with LH-20 peptide fractions. 

Shoot length increased up to 66.67% above control at 5 ppm optimal crude peptide (ultra filtered) concentration, not perfonned with LH-20 peptide fractions. 

Fresh biomass increased up to 33.79 % above control at I 0 ppm optimal crude peptide (ultrafiltcrcd) concentration, not performed with LH-20 peptide fractions. 

NOT MEASURED 

NOT PERFORMED 

NOT PERFORMED 

NOT PERFORMED 

F14 

+ 

191-ZOO 

FIS 



The physico-chemical characterization and the relative strength of different attributes of 

bioactivity of Sephadex LH-20 purified peptide fractions of Cicer arietinum were 

represented in Table 6.5. UV-absorbance and the ninhydrin response were better 

observed in F2, F6, and F7 indicating that the peptides were accumulated in these 

fractions with high quantity. When the profile of bioactivity was concerned, most of the 

attributes exhibited promotive effect, associated with germination, growth and 

development of seedlings. Amylase induction was most prominently performed by 

peptides of F2, whereas the dark mediated opening of stomata was observed by peptides 

present in F6 and F7• Again chlorophyll retention was partially exhibited by peptides of 

F 11 fraction. Possibly heterogeneous group of peptides were distributed in different LH-

20 fractions and performing a wide array of bioactivity related with germination and 

improvement of seedling growth. Most probably these peptides are proteolytically 

processed and secreted from cellular compartments and contribute in different 

functional physiology of germination either independently or in association with 

hormones. Different oligopeptide transporters were already characterized in germinating 

seeds and embryo proper of different crop species but the exact role of these transporter 

were yet known (West et al., 1998). Presumably the transported peptides escalate 

different vital processes associated with germination besides nutritional role. In 

chickpea, different secretory protein database (secretome) has developed from 

suspension culture very recently (Gupta et al., 2011). Unfortunately peptide secretome 

database has not yet available, through which functional characterization of isolated 

peptides may be predicted. 

In conclusion, isolated oligopeptides from one week old chickpea may play 

various physiological roles associated with germination and growth of seedlings at their 

early stages. Suitable application of these peptides or priming may be beneficial for 

improved germination but needs further in-depth investigations for establishing the 

exact molecular mechanism. For appropriate identification and determining structure

function relationship of these oligopeptides, more sophisticated purification module 

should be followed after large scale isolation of peptides from chickpea. 
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CHAPTER-VII 

BASIPETAL ACTION PATI'ERN OF 

INTERNODAL PEPTIDES ISOLATED FROM 

VIGNA RADIATA 
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7.1 INTRODUCTION 

All plant shoots can be interpreted as a series of developmental modules, which are 

produced from shoot apical meristem. Internodes are the crucial organs of the shoots, 

which carry water, hormones, and food materials from node to node in plants. Recent 

results indicate that the inputs from environments are channelled through internodes 

and execute complex interactions with hormones and transcription factors (Smith and 

Hake, 2003). In that sense each internode may be considered as a reservoir of 

signalling components associated with growth, development and senescence of lateral 

organs including leaves. Among several regulatory signals of senescence, 

phytohormone abscisic acid plays an important role as senescence inducer by 

breaking down of chlorophyll pigments (Aharoni and Richmond, 1978). Young leaves 

have the highest abscisic acid level although this is mainly originated and transported 

from the older leaves (Zeevaart and Creelman, 1988). Also dramatic increase in the 

endogenous abscisic acid level was observed in internodes and older leaves after 

initiation of chlorophyll degradation during senescence (Gan, 2007). Functionally 

senescence is the recycling process, by which nutrients accumulate in senescing 

tissues redirect to the other areas of the plant where they can be used for the 

production of new vegetative organs (Roberts et a/., 2012). Protein degradation, 

which allows recycling of amino acids, is probably the most important degradation 

process that occurs during senescence (Guo et a/., 2004). It was demonstrated that 

proteases that are involved in senescence are mainly active in chloroplast organelles 

(Thayer et a/., 1988). Also ubiquitin mediated protein degradation is observed in the 

cytosol of cellular compartments at the time of senescence. During proteolysis, lots of 

peptides are accumulated by sequential breakdown of larger proteins, but not all of 

these peptides are utilized by plant tissues for nutritional purposes (Huffaker, 1990). 

So it may be hypothesised that the peptides, which are generated during senescence or 

programmed cell death, may contribute in regulating the same process. Similarly it 

can also be assumed that some house-keeping peptides may perform as senescence 

inducer along with conventional phytohormone, through which the basipetal pattern 

of senescence may be regulated in different internodes along the stem. Unfortunately, 

till now no relevant data were obtained through which this type of interpretations can 

be drawn. But the bioactivity of these peptides should be checked in the perspective 

of senescence physiology for better understanding the 
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intricate role of these peptides. In present study, the bioactivity of different internodal 

peptides was assessed in the frame of their inhibitory roles related with vital 

physiological processes. Maturity of internodes generally approached towards 

basipetal direction with the main axis of the aerial parts (i.e. stem) of the plant. For 

isolation of peptides of different maturation stages of internodes, 28 days mature 

plants of Vigna radiata (vegetative stage) having four distinct internodes were 

selected. Numbering of internodes was assigned basipetally in ascending order i.e. the 

apical one was considered 1'1 and the basal was the 41
h internode (Figure 7.1). 

Peptides were separately isolated from these internodes and bioassay related with 

senescence, stomatal closure, mitotic cell division and pattern of inhibition of 

coleoptile elongation was evaluated with the different doses of these peptides. In all 

cases, the activity of peptides was expressed with the performance of standard 

phytohormones. 

7.2 MATERIAL AND METHODS 

7 .2.1 Isolation and purification of pep tides 

7.2.la Plant Material 

Twenty-eight days old mature plants of mung bean [Vigna radiata (L) 

Wilczek.] at vegetative stage and having with four internodes 

7.2.lb Isolation and purification of low-molecular weight peptides 

Four different internodes from apex to base were separated from plants. After 

surface sterilization, 250g of each internodal sections were separately taken and 

cryocrushed. After that, aqueous extraction and further purification of peptides up to 

the stage of ultrafiltration were performed in the same way as mentioned in Chapter 

III Section 3.2 .2. 

7 .2.2 Chlorophyll degradation and senescence control 

The isolated peptides were used to study their bioactivity on chlorophyll retention test 

using leaf discs of Hibiscus rosa-sinensis. Different concentrations of internodal 

extracts having peptides were tried on Hibiscus leaf discs after incubation with the 

same solution for 48 hours for evaluating their capacity to induce the degradation of 

chlorophyll in comparison to control. The chlorophyll content of Hibiscus leaf discs 
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were determined by the method of Arnon (1949) as specified in Chapter III Section 

3.2.10b 

7 .2.3 Regulation of stomatal guard cell aperture 

The stomata of Colocasia leaf epidermis were subjected to light treatment after 

peeling. The stomatal parameters like total number of stomata, number of opened 

stomata, its percentage of closure and pore width of guard cells were measured. It was 

under the treatment of water (untreated control) and different internodal semi-purified 

peptide extracts and different concentrations of abscisic acid in between 104 to 10-7 

(M) for observing their effect on stomatal closure in presence of light. Aperture of 

stomatal guard cells was measured with the help of ocular and stage micrometer. 

7 .2.4 Study of mitotic index and cell division 

7 .2.4a Plant Material: 

Root meristems of Allium cepa L. (2n = 16) 

7 .2.4b Pre-treatment: 

Four different concentrations of isolated peptides [I 0, 25, 50 and I 00 Jlg/ml] 

and ABA [10-7
, 10-6

, 10-5 and 104 (M)] were prepared just before the root treatment. 

When the roots of A. cepa L. were about 2 em long, they were aseptically exposed to 

freshly prepared test solution separately and incubated for 12h at 25° C. Control roots 

were simultaneously treated with water to compare with peptides and ABA. 

7 .2.4c Analysis of Mitotic Index: 

After treatment, the root tips were fixed immediately in acetic-alcohol (I :3) 

for 24h and then transferred in 70% and stored in refrigerator until further use. Root 

tips were hydrolysed in 5 (N) HCI for 20 min at room temperature and then stained in 

2% acetocarmine for I h. Root tips were then squashed in 2% aceto-orcein stain in 

45% acetic acid as described in Lamsal eta/., 2010. Different stages of dividing cells 

were observed and photographed under Olympus research microscope. 

7 .2.5 Inhibition of coleoptile elongation 

Surface sterilized barley (Hordeum vulgare) seeds were rinsed and soaked aseptically 

in sterile distiJled water for 16 hrs at room temperature. The seeds were covered with 
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moist blotting paper and incubated at 25°C for 3 days in total darkness. Coleoptile 

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

determination, eight such segments were partially submerged in Sml of 10 mM 

potassium phosphate buffer pH 7.0 with the indicated addition of abscisic acid [104 to 

10"7 (M)] or different internodal peptides contained in small Petri dishes. The 

segments were incubated at 25°C for 48 hrs in darkness. The length of the coleoptile 

segments was measured with a dissecting microscope fitted with a calibrated ocular 

micrometer and their inhibition were determined in respect to untreated control. 

7.3 RESULTS AND DISCUSSION 

7 .3.1 Senescence regulation and chlorophyll loss by internodal oligopeptides 

isolated from Vigna radiata 

Senescence is an important developmental process in plants that eventually leads to a 

death through endogenously controlled degenerative process. This is a type of 

programmed cell death and in plants, cellular and molecular events associated with 

senescence include chlorophyll breakdown, chloroplast disintegration, a decline in 

photosynthesis, exposition of carotenoid pigments, stomatal closure, degradation of 

proteins, nucleic acids along with essential biopolymers and loss of plasma membrane 

integrity as a result of which increase of membrane permeability (Smart, 1994; 

Chandlee, 2001 ). From previous works on different internodes and whole stem, it 

appears that internal senescence-inducing factors are hormonal in nature (Kawa

Miszczak et a/., 1999). Though the senescence processes can be stimulated or 

retarded by low molecular weight plant growth regulators treatment, the initiation and 

progression of plant senescence can be influenced by various external factors like 

abiotic and biotic stresses, desiccation, temperature, wounding and detachment 

(Chandlee, 2001; Kawa-Miszczak eta/., 2005). So besides classical phytohormones, 

molecules like peptides having wide scale versatility are highly expected to play an 

important role in regulation of senescence as the process is influenced by so many 

environmental and pathogenic interactions. Among conventional phytohormones, 

abscisic acid is one of the important molecules for developing desiccation tolerance. 
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along with stress acclimation. ABA also accelerates senescence in several plant 

species (Lim et a/., 2007). Since ABA stimulates nodal senescence as evidenced from 

internodes and leaf discs application of the same in some genotypes of tulip (Kawa

Miszczak et a/., 2005), bioactivity of semi-purified plant peptides mimicking ABA 

action has been evaluated critically. 

Different internodal extract of semi-purified peptides (0.5-3 KDa) were used 

to study their bioactivity on chlorophyll retention test using leaf discs of Hibiscus 

rosa-sinensis. The twenty eight days matured plants were selected with four 

internodes. The basal was the 4'h whereas the apical was the I'' internode. These 

internodal extracts of peptides were tried on Hibiscus leaf discs and observed whether 

they could induce the degradation of chlorophyll pigments in respect to control. The 

effect was more pronounced with the application of peptides towards basal internodes 

which was optimized at 4'h internodal peptide treatment (about 8.53% in average) 

(Figure 7.2 & 7 .3). The inhibition of chlorophyll retention was minimized gradually 

with the application ofpeptides towards upper internodal extracts i.e. 3'd, 2nd and I'' 

which was approximately 54%, 41% and 30% respectively at their highest applied 

concentrations (Figure 7.3). Again the bioactivity was dose-dependent i.e. higher 

concentrations of semi-purified peptide extracts showed high chlorophyll loss. At low 

concentration of peptides (10 Jlg/ml), sensitivity of bioassay was found to be 

insignificant, whereas the same inhibition was more prominent when the leaf discs 

were treated with higher dose of peptides (>25 Jlg/ml). Above 50 f!g/ml peptide 

concentration, this inhibitory effect exhibited towards saturating trend (Figure 7 .2). 

With I 0 and 80 Jlg/ml peptide treatment, the difference between I" and 41h internodal 

peptide bioactivity (chlorophyll retention) was found to be restricted approximately 

between 6% and 53% respectively (Figure 7.3). Different concentrations of ABA (10-

4 to 10"7 M) were also tried to observe its effect on chlorophyll loss. As expected, it 

enhanced the degradation of chlorophyll pigments. ABA at 104 M concentration 

produced the maximum loss of chlorophyll up to 87% or retention only up to 13%, 

whereas in case of control (treatment with sterile distilled water), this retention was as 

high as 92% (Figure 7 .3). The extraction and purification process of these peptides 

clearly revealed the absence of endogenous ABA in the sample. However the effect of 

basal internodal plant peptides (especially 4'h internode) showed a similar induction of 

chlorophyll loss, which may suggest that these peptides were growth regulators or 

senescence promoter like abscisic acid. 
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It is well known that different phytohormones play an important role m 

regulation of chloroplast degradation and senescence. Chlorophyll retention IS 

strongly inhibited by ABA and ethephon, whereas greatly enhanced after application 

of IAA and benzyl adenine (Kawa-Miszczak et a/., 2005). In present study, response 

of abscisic acid in favour of senescence by chlorophyll breakdown is quite natural. 

During senescence proteins are degraded into large polypeptides, oligopeptides and 

amino acids by the enzymatic cleavage of peptide bonds (Schaller, 2004). 

Unsurprisingly, the proteolytic enzymes involved in degradation of chlorophyll and 

plastidial architecture are up-regulated in senescing stems and leaves (Fisher, 2000). 

Several oligopeptides transporters engaged in nutrient recycling are now well 

characterized (Lalonde et al., 2004). Besides their nutritional role, other bioactivities 

of these plant derived oligopeptides are till date inadequately known. But the peptides 

derived from divergent pathogenic fungi or bacteria may induce senescence and 

necrosis in plants. One such peptide Nep 1, produced by plant pathogen Fusarium 

oxysporum may induce ethylene and trigger cell death thereby generating necrotic 

spots during host-pathogen interaction (Veit et al., 2001). Nepl also caused the rapid 

disintegration of the cutin layer and integral chloroplast membrane architecture 

(Keates et al., 2003). From our investigations, it may be concluded that the peptides 

isolated from 41
h internode are functionally similar with Nepl like peptides (NLP) 

produced by necrotrophs in plants. 

7.3.2 Isolated internodal oligopeptides of Vigna radiata may regulate stomatal 

guard cell aperture 

After observing inhibition of chlorophyll retention, the effect of peptides on stomatal 

guard cell aperture control was monitored. The stomata of Colocasia leaf epidermis 

were subjected to light treatment after peeling and the stomatal parameters like 

number and percentage of opened stomata and aperture width of guard cells were 

measured. The peelings were subsequently under the treatment of sterile distilled 

water as control and different internodal peptide extracts of mature Vigna radiata (1" 

to 4th internode in a basipetal direction) along with abscisic acid of 104 to 10·7 M 

concentrations, which was taken as standard for determining their consequence on 

stomatal opening/closing in presence of light. Sunlight mediated opening responses of 

stomatal guard cells are accomplished by harmonization of light signalling, energy 

conversion, ion transport and altered metabolic activity (Shimazaki et al., 2007). In 
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the present experiment, the percentage of opening of stomatal guard cells of 

Colocasia esculenta under bright sunlight was very high, almost 95%. When these 

stomatal guard cells were subjected to different concentrations of internodal peptides 

under sunlight, surprisingly in most cases significant closure of stomata was observed. 

This stomatal closure was reached at maximum point with the application of 4th 

internodal peptides (approximately up to 93% at I 00 ppm concentration) whereas the 

same inhibitory potency was minimized towards I'' internode ( 41% closure by 

peptide treatment of same concentration) (Figure 7.4). So there is a gradient of 

inhibitory bioactivity in basipetal direction or reversibly it can be stated that the 

closure effect falls towards the apex in acropetal order. Inhibition of stomatal opening 

by peptides was also dose dependent and the percentage of closure was enhanced (up 

to 68%) with the application of higher doses (from 10 to 100 J.lg/ml) of peptides 

(Figure 7.5). Inhibitory activity of 41
h internodal peptides (93%) at their optimized 

doses is comparable with the bioactivity of ABA (98%) at 104 (M) concentration. 

Average width of aperture of opened stomata also significantly reduced in basipetal 

order, i.e. the diameter of aperture between two guard cells of opened stomata 

decreased with the treatment of internodal peptides isolated towards basal direction of 

stem. Width of stomatal aperture after application of apical I" internodal peptide was 

only reduced up to 42% (8.25 J.lm width) at its optimized dose from control (14.32 

J.lm), whereas the treatment with same dose of 41
h internodal peptide decreased this 

reduction up to 90.5% (1.36 J.lm) (Figure 7.6). In this trial, abscisic acid at 104 (M) 

concentration reduced the aperture of opened stomata nearly 96% (0.54 11m width) 

from control. ABA induces stomatal closure by activation of inward Ca2+ channels 

leading to inhibition of K+ influx and subsequent drop in turgor pressure of guard 

cells (Blatt and Grabov, 1997). Recent fmdings suggested that plant peptides can also 

regulate stomatal aperture through adjusting cytosolic calcium ion concentration in 

guard cells. Secretary peptides like extracellular calmodulin (ExtCaM) found in many 

plant species are reported to activate heterotrimeric G-protein, H20 2 generation in 

guard cells and alteration in regulation of stomatal movement (Chen et al., 2004). 

Epidermal strip bioassay in Vicia faba suggested that ExtCaM induces the 

enhancement of cytosolic Ca2+ leading to reduction in aperture of stomatal guard cells 

(Chen et al., 2003). As mentioned in earlier chapters, reversal of guard cell closure i.e. 

stomatal opening is induced by another group of peptides, originally isolated from rat 

atrium (atrial natriuretic peptides, and immune-reactive analogues of these peptides 
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were also isolated from plants) by up-regulating guanylate cyclase enzyme, which is a 

downstream component of G-protein mediated signalling pathway (Pharmawati et. 

a/., I 998) and mimicking kinetin action. Our experiments suggest that 4th internodal 

peptide(s) of 0.5-3.0 KDa molecular weight range in plant system mimic the 

bioactivity of abscisic acid. 

7.33 Effect of oligopeptides of Vigna radiata on the mitotic cell division of root 

tip of Allium cepa 

In higher eukaryotes, the mitotic division involves the chronological division of 

nucleus, i.e. karyokinesis followed by partitioning of cytoplasm, i.e. cytokinesis 

(Fujisawa et al., 2001). On mitotically dividing cells of Allium root tip, different 

internodal peptide extracts isolated from twenty-eight days mature Vigna radiata 

plant showed interesting result. First to fourth internodal semipurified peptides (in a 

basipetal direction) showed a promotive effect by increasing mitotic index (Ml) and 

also by the significant increase in prophase percentage over three other divisional 

phases i.e. metaphase, anaphase and telophase. Later stages were arrested and fmal 

cell division is less. The promotive effect on mitotic index was more pronounced with 

41
h internodal semipure peptide extract (20% in comparison to control 8%) (Figure 

7.7). This was, however
1 

not observed by the treatment of semipure peptide extract of 

acropetal internodes, i.e. 3 rd, 2"d and the topmost; I''. MI was gradually reduced in 

acropetal direction (from 20.12% in basal 41
h to 10.43% in apical 151 internode), along 

with significant decline of prophase percentage (from base to apex downfall of 

12.95% to 4.71 %) by the application of oligopeptides (Figure 7.7). This elicitation of 

cell division by peptides is also dose-dependent. MI declined up to 38%, 29%, 32% 

and 21% in case of 4th, 3'd, 2"d and ! 51 internodal peptide application respectively, if 

the doses of peptides were decreased from 100 to 10 ppm (Figure 7.8-7.11). With 

similar reduction in applied peptide doses, the prophase percentage was dropped up to 

55%, 45%, 45% and 47% for 41
h, 3'd, 2"d and I 51 internodes respectively (Figure 7.8-

7 .II). In contrast, there were no significant dose dependent alteration in the 

percentages of metaphase, anaphase and telophase in all cases, indicating that the 

isolated peptides can only enhance prophase, but not the other phases of mitosis. This 

was more pronounced when the contribution of prophase in mitotic index after 

application of different internodal peptides were evaluated (Figure 7.12). Basal 

internodal (3rd and 41h) peptides with higher applied doses considerably augment the 
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percentage of prophase, when compared with peptides of apical internodes (1" and 

2"d). The result with higher MI under ABA treatment (104 M) on the same root tip 

was also observed (17.56% in ABA in comparison to control 8.11%) (Figure 7.7). 

Interestingly like basal internodal peptides, ABA also enhanced the percentage of 

prophase (11.32%) than control (2.59%) (Figure 7.7). Endogenous ABA at low water 

potential exerts a strong positive effect on root growth and induces mitotic cell 

division in maize seedlings (Saab et al., 1990). Endogenous ABA appears to promote 

mitotic cell division in roots by suppressing ethylene biosynthesis during water stress 

(Taiz and Zeiger, 2006). The obtained data of peptide treatment and ABA with 

increasing mitotic index are in agreement with the above statements. In contrary, 

some authors claimed that ABA inhibited mitosis in a dose-dependent manner in root 

tips of Allium cepa (Mahajan and Sharma, 2008). They suggested that the cell 

division was inhibited mainly due to enhanced catalase activity, an indicator of redox 

metabolism. Polyamines, on the other hand, appear to enhance MI by reducing 

oxidative stress. Possibly time and duration of treatment with ABA alters the pattern 

of MI in Allium root tip. In this experiment also, our findings suggested that 

internodal peptides mimic the action of ABA, and both the components enhance Ml 

by increasing prophase stage only. Similar observations were obtained by earlier 

authors who noticed that peptides from germinating seeds of Vigna radiata increased 

MI by augmenting prophase, whereas the other mitotic stages were significantly 

inhibited (Sarkar et a/., 2011). During interphase, the cell roughly doubles its mass; 

synthesizes DNA and waits for specific signal to enter into mitosis, especially 

prophase. The peptides isolated from plants may act as signalling molecules and 

direct the active cells of meristematic tissue to enter into prophase (Sarkar et al., 

2011 ). Phytosulfokine-a (PSK), a sulphated pentapeptide isolated from mesophyll 

culture of asparagus promoted cell division at nanomolar range at very low initial cell 

densities (Matsubayashi and Sakagami, 1996). Researchers have also identified other 

different oligopeptides like Polaris, Clavata3 etc. which may influence the meristem 

organization and cell division significantly (Farrokhi et al., 2008). All these 

information are again tempting to speculate the existence of similar kind of peptides 

in different internodes which may stimulate inductive signals on mitotic prophase. 

7 .3.4 Effect of internodal oligopeptides on barley coleoptile elongation 
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Charles Darwin with the assistance of Francis Darwin was the first, who investigated 

on physiological behaviour and elongation pattern of intact grass coleoptiles in 

response to light mediated external stimuli (Darwin, 1880). During the past few 

decades, the mode of action of phytohormones, which stimulate cell elongation 

(hypertrophy) in excised segments of coleoptiles of different monocot cereals like 

oats, barley, maize, rye, etc., has been critically analyzed in details (Woodward and 

Bartel, 2005; Schopfer, 2006). However, the fundamental biochemical processes 

involved in the cessation of cell elongation and inhibition of cell division in the 

excised coleoptile segments has not yet been addressed properly (Kutschera et a/., 

20 I 0). It is well established that IAA promoted the elongation of coleoptiles rapidly. 

Zene (1970) first reported that lAA promoted elongation of coleoptiles of Avena 

sativa was inhibited by 104 (M) abscisic acid (ABA). ABA also strongly inhibited 

low pH induced elongation of Avena coleoptiles and this inhibition may involve an 

interaction with metabolic energy expensive processes (Rehm and Cline, 1973). In 

this study, dose dependent ABA-induced inhibition of coleoptiles' length was 

observed in Hordeum vulgare (Figure 7.13). Percentage increase of coleoptiles' 

length from initial was only negligible (6.78%) when ABA was treated with high 

doses (104 M), whereas the same growth with comparatively lower dose of ABA (10" 
7 M) was significant (38.98%) (Figure 7.14). Inhibition of coleoptiles elongation was 

more pronounced in Figure 7.15, where 27.5% inhibition of coleoptiles was observed 

by the application of I 04 (M) ABA in respect to control. Previous workers also 

investigated the response of transcriptional inhibitors like actinomycin-D or inhibitors 

of ribosomal RNA synthesis like a-amanitin and found no effect on inhibition of 

coleoptiles elongation; whereas the treatment with cyclohexamide, a protein synthesis 

inhibitor causes inhibition of coleoptiles elongation with latent period coincided 

exactly within the range required for inhibition by ABA (Rehm and Cline, 1973). 

This indicates that the participation of newly synthesized proteins are probably 

essential in ABA mediated signals associated with inhibition of coleoptiles 

elongation. But so far very few investigations were only performed for detecting the 

role of small proteins or oligopeptides regulating coleoptile growth. Cessation of 

coleoptile elongation and loss of auxin sensitivity was associated with down

regulation of a peptide (eighteen amino acid long) corresponds to subunit E of V -type 

H+ -A TPase, as recognized through two dimensional gel electrophoresis of 

microsomal and cytosolic protein fraction of coleoptiles, where the growth was 

slowed down due to emergence of pnmary leaf 
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(Kutschera et al., 201 0). The LC-MS _ MS spectrum and corresponding library 

matching also depicted that the down-regulated peptides isolated from cytosolic 

fractions of coleoptiles of rye during their cessation phase exhibited high degree of 

sequence homology with V -type H+ -A TPase (Kutschera et a!., 201 0). The above 

investigations also suggest that few peptides are up-regulated during coleoptile 

inhibition but those peptides were not characterized in details. From our experiments 

it was observed that the coleoptile growth was inhibited by the application of 

internodal oligopeptides and the gradient of bioactivity was again basipetal in nature. 

Figure 7.13 indicated the dose dependent inhibition of coleoptile elongation after 

treatment with peptides from 1" to 41
h internode. Also from figure 3.1 0, it is clear that 

the dose-dependent inhibition of coleoptile was most prominent with the peptides of 

4th internode followed by 3'd, 2"d and 1'1 internode. Figure 7.14 depicted the 

percentage increase of original length of coleoptiles from initial with peptide 

application and here also enhancement was reduced with the increment of applied 

peptide doses and the increase was least by 41
h internodal peptide application followed 

by 3nd, 2"d and 1'1 internodal peptides. Figure 7.15 illustrated how much inhibition of 

coleoptile elongation was happened due to internodal peptide application. Inhibition 

percentage was most prominent when the applied peptide dose was 100 J.Lg/ml, 

followed by 50, 25 and 10 J.Lg/ml. Obviously the maximum inhibition was observed 

from peptides of basal internodes ( 41
h and 3nd), followed by apical internodes (2"d and 

1 "). Previous reports suggested that the naturally occurring cyclic tetrapeptides like 

HC toxin and tentoxin, isolated from fungal culture filtrates may inhibit root growth 

or coleoptile inhibition in susceptible maize hybrids (Walton et al., 1982). Even 

synthetically derived simple acyclic tri- or tetrapeptides may contain basic structural 

functionalities and have excellent plant growth regulating properties as evidenced 

from inhibition of elongation of detached wheat coleoptiles in assay medium 

containing these peptides (Edwards and Lax, 1988). The peptides isolated from basal 

internodes of Vigna radiata may act as growth regulators by mimicking the functions 

performed by abscisic acid in plants. As already stated, similar phytotoxic functions 

may be performed by the released peptides from culture filtrate of fungal plant 

pathogen but till now the exact mechanism behind this action is obscure. 

ln conclusion, it can be stated that the peptides isolated from internodes may 

accelerate senescence by promoting chlorophyll degradation, closing stomatal 

aperture, enhancing mitotic index of root tip by promoting only prophase and 
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retarding coleoptile growth. Similar actions were also performed by abscisic acid, 

when applied at optimal concentrations. Isolated peptides from different internodes 

execute a clear functional gradient in basipetal order which was more pronounced at 

higher applied doses. Probably oligopeptides involved in regulation of senescence are 

accumulated gradually with ageing. During different physiological stages peptides 

may be accumulated in plant tissues through proteolytic processing of precursors by 

either proteases or peptidases (Farrokhi et al., 2008). These proteases modifY 

endogenous substrates; specifically produce short peptides which may bear important 

roles in different cellular processes like signalling, defence and biogenesis (Schaller, 

2004). Earlier findings suggest that some extracellular subtilisin proteases are likely to 

perform degradative function at the time of fruit ripening and internodal senescence. 

Senescence specific subtilisin-like proteases were also induced in detached wheat 

leaves incubated in dark for three days (Roberts et al., 2003). In mammalian and 

bacterial system, these proteases act as pre-protein convertases which are critically 

involved in the processing of polypeptide precursors (Schaller, 2001). Most probably, 

these types of proteases, which are expressed during senescence of plant organs may 

involve in degradation of large polypeptides into shorter bioactive forms. Till now the 

biological role of oligopeptides generated during senescence are not focused 

appropriately. Recently several oligopeptide transporters, specifically expressed 

during senescence are characterized through transcript analysis (van der Graaff et al., 

2006) and these transporters are thought to promote nitrogen mobilization during 

senescence by transporting oligopeptides from senescent region. Besides nutritional 

role, our experiments suggest that the oligopeptides accumulated in internodes during 

ageing may also modulate other important functional parameters of senescence, which 

mimics phytohormone action. 
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CHAPTER VIII 
ROLE OF GERMINATION INDUCED PEPTIDE POOL IN 

PLANT TISSUE CULTURE 
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8.1 INTRODUCTION 

The growth and development of higher plants can be considered to be characterized by 

the execution of cell division, expansion and differentiation along two axes: the apical

basal and radial patterning. In evolutionary terms, the apical-basal axis of development 

can be considered to have a strong selective advantage based upon plant competition for 

light, water and nutrients. Because plants are sessile organisms, their success in a 

particular environment will depend on their ability to integrate a complex range of 

external and internal information that may vary from time to time. 

It is now fully recognized that plants exhibit greater morphological and 

developmental plasticity than animals. This conclusion has emerged as a result of 

integrating the data from molecular biological and genetic approaches with data gained 

from whole-plant physiological investigations (Trewavas and Knight, 1994). This 

organogenic plasticity in plants is coordinated by complex interplay between diverge 

signaling systems, leading to its immediate translation in the rate and plane of cell 

division, and cell expansion. The totipotency and plasticity of plant cells and tissues can 

be vividly exhibited when they are cultured in vitro with changing hormonal profiles. 

Basically plant tissue culture relies on the fact that more plant cells have the ability to 

regenerate a whole plant. Importantly totipotent cells must be able to differentiate not 

only into any cell in the organism, but also into extra-embryonic tissue associated with 

the organism. During development, the activities of plant hormones such as auxins, 

cytokinins, ethylenes, gibberellins and abscisic acid depend on cellular context and 

exhibit interactions that can be either synergistic or antagonistic. For example, auxin can 

suppress cytokinin biosynthesis (Nordstrom et al., 2004), auxin and cytokinin can act 

synergistically to induce ethylene biosynthesis (Vogel et a!., 1998) and ethylene can 

modify auxin responses and meristem function (Souter et a!,. 2004; Stepanova and 

Alonso, 2005). 

To date, researchers have identified four major group of peptide-ligand-receptor 

pairs in plants (Ryan et al. 2002), which are involved in a variety of developmental 

processes, such as wound responses, cellular dedifferentiation, meristem organization and 

self-incompatibility. However, these must only be part of the story, because plant genome 
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sequencing has revealed many genes predicted to encode small peptide ligands and 

receptor-like kinases, whose function remain to be uncovered (Shiu and Bleecker, 2001). 

Furthermore, induced mutation in prohormone processing proteases has been shown to 

disrupt plant growth and development. 

In this context peptide fractions isolated from different germination hours of 

Vigna radiata cv. Sonali Bl were analyzed for their bioactivity related to morphogenesis, 

cell division and dedifferentiation. Now, proper embryo development and germination 

are the learning phase for any plant to face the challenge of its adverse world. These two 

phenomena set the 'programming' of upcoming metabolic machinery, which will last till 

the death with minimum 'tuning'. 'Germination' is that crucial period where autotrophic 

plant also behaves heterotropically, which is an excellent manifestation of its selfishness 

and dependence, and slowly empowers its machinery for their future 'autotrophic' nature. 

This 'switch over' is controlled by a number of intrinsic factors, triggered by internal and 

external signal perceptions. This report is an attempt towards the understanding of 

changing pattern of peptide bioactivity isolated from different germination periods (i.e. -

hrs of germination) of sonamung [Vigna radiata (Wilczek) cv. sonali BI] and also the 

interaction of these peptides with different hormones controlling growth and 

development. 

8.2 MATERIAL AND METHODS 

8.2.1 Plant Materials for Germination 

Seeds of dicotyledonous plant material, mung bean, Vigna radiata (Bl sonali var.) were 

collected from Central Pulses Research Institute (C.P.R.!.), Berhampur, West Bengal, 

India. Seeds were weighed (each set of 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 and renewed weekly. Experiments were conducted inside a 

controlled environment growth chamber with following conditions: 14-h light period with 

a light intensity of 350J.lmol m·2 s-1
, 25 °C I 20 °C day I night temperature, and 80% 

relative humidity. The plant materials were grown for different germination hours like Oh, 

8h, 24h, 32h, 40h, 48h, 56h, 64h, 72h, Sdays, 6days and 7days respectively and treated as 
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different sets for definite experimental objective. Likewise certified seeds of rice, wheat 

and chickpea were also processed aseptically and cultured as stated above. 

8.2.2 Isolation and purification of low molecular weight pep tides 

Aqueous extraction and purification of peptides from different plant materials up to the 

stage of ultrafiltration were performed in the same way as mentioned in Chapter III 

Section 3 .2.2. 

8.2.3 Paper chromatography 

100 f!l (I g fresh weight equivalent peptide) of each isolated peptide solution (peptide 

solutions of 8h, 24h, 32h, 40h, 48h, 56h, 64h, 72h, Sdays and 6 days of germination) was 

loaded onto Whatrnan No- I chromatography paper (size-46 em x 57 em, thickness-0.16 

mm), and separated by descending chromatography with Isopropanol: Ammonia: 

Water(IO:l:l v/v).After removal of solvents the paper was sprayed with freshly prepared 

Ninhydrin location reagent (0.2g ninhydrin was dissolved in I 00 ml methanol) (Plummer, 

2003) on paper. The paper was placed in oven at 70°C for a very short period. When the 

bluish-purple spots were developed then it was taken out of the oven and documentation 

was done. 

8.2.4 Study of mitotic index and cell division 

For the present work, root apical meristems of Allium cepa L. (2n = 16) were used. 

Approximately equal sized and healthy looking bulbs of A. cepa were collected from 

local market; surface sterilized, then washed thoroughly and placed with basal side facing 

downward for getting water source for root germination. When the roots of A. cepa L. 

were about 2 em long, they were aseptically transferred to I 00 f!g/ml of isolated peptides 

from one week old germinating mung bean (V. radiata) seedlings and incubated for 12h 

at 25" C. Control roots were simultaneously treated with water to compare with peptides. 

Analysis of mitotic index were performed as described in details in Chapter VII Section 

7.2.4 
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8.2.5 Plant materials for embryo and pith culture 

8.2.5a Carrot pith culture: 

Carrot taproots purchased from the local market were used as plant materials for 

the study. The carrots were chosen according to their tenderness, smoothness and 

freshness. After removing 5 em sections from both ends, the carrots, were peeled and 

washed followed by immersion in 70 % ethanol for 20 min. Sterilization was carried out 

in 3% sodium hypochlorite solution for 15 min, to which two drops of Tween 20 were 

added. This was followed by rinsing three times in sterile distilled water. About 2 mm 

thick discs were cut from the carrots in such a way so as to include the xylem, phloem 

and the cambium. The cubes were inoculated onto the culture medium, maintaining 

polarity. 

8.2.5b Excised and cotyledonary embryo culture ofCicer arietinum: 

Seeds of Kabuli type chickpea ( Cicer arietinum L.) were surface sterilized as 

above, seed coats were removed aseptically and cotyledonary embryo or excised embryo 

proper were used for tissue culture. 

8.2.5c Culture medium and culture conditions: 

The culture medium used for all experiments was based on MS medium 

(Murashige and Skoog, 1962) to which 0.8% Difco Bacto Agar and different 

concentration of peptides were added, but no plant growth regulators. The control 

consisted of basal MS medium supplemented with 2, 4-D and BAP. Medium pH was 

adjusted to 5.8 with KOH before adding the agar. All media were sterilized by 

autoclaving at 121" C and 1 01 KPa for 20 min. Cultures were incubated at 24 ± 2" C and 

exposed for 16 h per day to an illumination of 16 j.lmolm.2s" 1 provided by white 

fluorescent lamps. 

8.2.6 Determination of peroxidase and total protein 

Crude Peroxidase extracts were prepared by grinding a fresh tissue in 0.1 M phosphate 

buffer (pH 7 .0). The homogenate was centrifuged at 15,000g for 15 min. The total 

Guaiacol Peroxidase activity of supernatant was determined spectrophotometrically at 
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470 run (Krsnik-Rasol, 1991). Enzyme activity is expressed as ~70 (g. fresh weight)" 
1min·1

• 

The total protein in the supernatant was determined by the method of Lowry et a/. 

(1951) using Bovine Serum Albumin Fraction-Vas standard. 

8.3 RESULT AND DISCUSSION 

In spite of the importance attained by plant tissue culture and of many studies that have 

been conducted on related developmental process, there are still many aspects of growth 

and dedifferentiation that are not fully understood. Recent progress achieved on 

understanding the interaction between exogenously added plant growth regulators over 

the concentration of endogenous hormones, together with the involvement of sensitivity 

of the tissues to particular hormone groups, might help clarifying the occurrence of 

divergent patterns in callus induction and somatic embryogenesis (Jimenez 2005). In the 

present investigation, callus induction in chickpea was observed onto MS media 

containing different concentrations and combination of 2,4-D, NAA, IAA, BAP and 

Kinetin within 20 days of incubation of cotyledonary embryo explants depending upon 

the concentration and combination of hormones. Callus induction was noticed in all 

media formulations. But there was a wide range of variation in percentage of callus 

formation and average fresh weight of callus. The highest percentage of callus induction 

(90%) was observed on MS media containing 3.0 mg/1 2, 4-D and 1 mg/1 BAP. The 

results are in concordance with Huda et al. (2006) where they showed that 2, 4-D and 

BAP were the most ideal hormonal combination in MS medium for induction of 

callogenesis in Cicer arietinum L. Highest callus growth in terms of fresh weight (0.576 

g) was observed in MS medium fortified with 2 mg/1 2,4-D, 0.5 mg/1 BAP and I 00 J.lg/ml 

of rice peptides. Colour of the calli was mostly light brown to whitish green and light 

green. It was observed that only light green calli produced shoot buds. From this study it 

was observed that 2,4-D without cytokinin could induce callus but for better proliferation 

auxin (2,4-D, NAA and IAA) and cytokinin were required. Maximum shoot buds were 

proliferated from MS media containing 3 mg/1 2,4-D + 2 mg/1 BAP. The shoot buds first 

appeared as nodular growth from cotyledonary axils after 22 days of culture and at the 

end of one month these nodules increased in size and produced leaf primordia. 
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Figure 8.10 Figure 8.11 

Figure 8.13 
Figure 8. 1 Treatment with BAP; Figure 8.2 - Treatment with BAP + 24h Peptide~; Figure 8.3 

Treatment with BAP- 32h Peptidcs; Fig ure SA - Treatment '' Hh BAP - 40h Pepudcs; Figure 11.5 

Treatment with BAP + 4 h Peptides; Fig ure 8.6 Treatment with BAP + 56h Peptides; Figure 8.7 

Treatment '' nh BAP + 64h Pep tides: Figure 8.8 = freatment '' ith BAP - ?:!h Pepudes; Figure 8.9 

T reatment with BAP + 5 day Peptidcs; Figure 8.10 Treatment \\ith BAP - 6 day Pepudes: Figure 

8.11 A om1al culture; Figu re 8.11 B Treatment \\llh BAP ' 6 day Pepudes: Figure 8. 12 onnal 

carrot pith culture: Fig ure 8. 13 Culture \\llh 6 day Peptide~: Figure 8. 14 One dimensiOn paper 

chromatography of germinating mung bean 
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No remarkable enhancement of callogenesis was observed from our experiments 

if the peptides of rice, wheat, mung and chickpea were incorporated in both auxin and 

cytokinin deprived medium. In general, percentage of callus induction was strikingly 

lower when only auxin or cytokinin is present in the medium (also without peptides). In 

this condition, when the above mentioned peptides were combined with either of these 

two hormones (2, 4-D or BAP) prominent increase of callus tissue was noticed and 

peptides isolated from one week old Vigna radiata was most responsive. As the 

bioactivity of Vigna radiata peptides were observed to be most prominent among the 

four, only Vigna radiata peptides isolated from different germination hours of growing 

seedlings were taken for further bioassays. Induction of callus gradually increased in MS 

media fortified with 3 mg/1 of 2,4-D and I 00 J.lg/ml of peptides isolated from 8 to 64 

hours and the maximum response was obtained at 2,4-D + 64 h peptides where 

callogenesis was observed in 86% of the explants. The minimum response of 58% 

callogenesis was observed at 2, 4-D + 5 days peptides combination whereas the callus 

induction was only 49% when only 2, 4-D alone was present in MS medium. So the 

results of the present study conclusively demonstrated that the induction of callogenesis 

was amplified significantly when peptides of germinating mung bean were associated 

with auxin. Restricted callogenesis was observed at cotyledonary nodes when the same 

peptides were combined with BAP (Figure 8.11 A & B). In BAP combined peptide 

medium, the calli were fragile, light green and embryogenic but no callogenesis was 

documented when BAP was only present. But peptides of V: radiata isolated from 

germination stages could efficiently enhance the weight of cotyledonary embryo (Figure 

8.15). Peptides in BAP combining medium enhanced the potency of regeneration of 

multiple shoots (Figure 8.1 - 8.1 0) and maximum percentage of multiple shooting was 

observed at 1 mg/1 BAP + 72 h peptides with almost 79% regeneration capacity (Figure 

8.16). Maximum multiple shooting was only 53% when BAP alone was treated with 

explants (Figure 8.16). So in true sense germination induced peptides improved the bio

efficacy of both the classical hormone 2,4-D and BAP. But peptide alone has no capacity 

to induce and proliferate callogenesis and multiple shooting in Cicer arietinum. Also it 

was further documented that BAP (1 mg/1) combined peptide (100 J.lg/ml.) medium 

reduced the number of multiple shoots per plant, though the same combinations enhanced 
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the percentage of regeneration of multiple shoots from cotyledonary explants when 

compared with BAP (1 mg/1) alone. 

Legumes generally and chickpea particularly is supposed to be recalcitrant and 

difficult to manipulate with in vitro cultures. The alteration in morphogenesis that was 

achieved due to application of plant peptides with either auxin or cytokinin may be 

considered significant because it was required to overcome the recalcitrant behaviour of 

chickpea. Though in chickpea callogenesis was not accomplished only by peptides due to 

this obstacle, in carrot disc culture restricted callogenesis (Figure 8.13) was observed in 

lower frequency (16.82%) by the application of wheat peptide alone in MS medium 

without the combination of any other hormones. Generally in carrot optimum 

callogenesis was observed in combination with 3 mg/1 of 2, 4-D and 1 mg/1 of BAP 

(Figure 8.12), as established from our experimental results and the findings were also 

corroborated with the views of other developmental biologists (Jimenez eta/. 2005). No 

callus induction has been documented in carrot root disc culture in MS without any 

hormones or peptides. 

Form the above discussion it may be concluded that isolated peptides somehow 

mimicked or influenced the callus inducing patterns of chickpea or carrot, regulated by 

auxin. The results were again reasonably fascinating when the peptide fractions of 

different germination hours (0 h. to 6 days) were subjected for incubation with mitotically 

dividing meristematic zones of Allium cepa (Figure 8.17) for observing their direct effect 

on cell division. Like callus induction mitotic index of Allium cepa root tip was also 

increased with the application of Vigna peptides isolated from germinating and post

germinating phases of 0 h to 7 days of seedling age. Mitotic index was maximized with 

peptides representing 64 h of seedling age and after 3 days; the effect of isolated peptides 

was gradually retarded. When the bioactivities of 64 h peptides were further elucidated 

with paper chromatographic separations (Figure 8.14), it was observed that the mitotic 

index drastically increased with two fractions (Rr zone1 and Rr zone3) but the total 

improvement was the reflection of enhancement of prophase. This is again fairly 

interesting because it shows that a preliminary signal induced the mitotically active cells 

to enter in dividing phase (M phase) but due to lack of some components, most of them 
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were specifically arrested in prophase (Figure 8.18). In contrast, application of peptides 

separated from Rr zone 4 reduced the whole mitotic index of the cells. 

Cell cycle is a critical and disciplined phenomenon, which generally shows no by

passes towards the decisive result. The basic machinery of cell cycle is highly conserved. 

In particular, many cellular events during this cycle progression are controlled by cyclin

dependent kinases (CDK.s). Plants possess a unique class of CDKs (B-type CDKs) with 

preferential protein accumulation at 02/M-phases and control the entry into mitosis from · 

02 of interphase (Fobert et al 1996, Segers et al 1996). The regulations of cell cycle 

control of animals are subsequently different in the embryonic and somatic cells 

(Eckardt, 2001). Sauter et al. (1998) hypothesized that zygotic regulation of the first cell 

cycle may contribute to a greater adaptive ability of plants during early embryogenesis, 

unlike animal embryos in which the cell division is more rigidly fixed before fertilization. 

This analysis also might lead to the prediction that embryonic tissues of plants are more 

totipotent than animals with greater morphogenic plasticity which might be due to the 

contribution of diffusible peptides in addition to classical hormones. Endogenous 

bioactive peptides, i.e. plant-derived peptides that evoke specific cellular responses, 

provide the most direct evidence for a general role of peptides in the regulation of plant 

growth and development. Already the peptides like POLARIS, Phytosulfokine, ENOD 

40, Rapid Alkalinization Factor (RALF) and Clavata 3 (CLV3) have pivotal role in plant 

growth and development (Schaller, 2001 ). On the other hand, different physiological 

upsets, like wound or pathogen (e.g. - Agrobacterium tumifacience) mvaswn, can 

stimulate mitotic division. 

As these peptides of ultra low molecular weight range were functional from 

extracellular medium and showed a direct effect on mitotic index, they must have 

diffusible properties, which were thought to be much better suited to penetrate the rigid 

cell walls between adjacent cells as compared to large peptide hormones. Research in 

recent years, however, has indicated that peptides may be widely used as chemical 

signals in plants as well. Like Phytosulfokine these peptides led the cells towards the 

entry into mitotic division phases but unlikely unable to complete the rest. One thing we 

must take in care that the source of peptides is mainly developing embryo and the test 

material is somatic tissue. Therefore, it is quite logical to say that these peptides 
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promoted the cells towards the divisional phase by creating immense impact over 

cell division in developing embryo. As a matter of fact, the peptides of Rr zone-4 have 

negative regulation on both cell division and amylase synthesis. So, it is reasonably 

justified to assume that living system is so disciplined and balanced that it always 

maintains a feedback inhibition within them. Though it is somewhat surprising for the 

same molecule to inhibit both of the above actions but not impossible. Our investigations 

with germinating sonamung support the above view. 

Like all developmental processes, callogenesis and organogenesis was also 

associated with alteration of oxidative stress. Peroxidase activity as well as thiol and 

ascorbic acid contents can be considered as important metabolic markers of oxidative 

stress during development of somatic embryo (Norgaard, I 997). When the peptides were 

tested for regeneration capacity and callogenesis in Cicer tissue, it was observed that 

peroxidase activity increased considerably (Figure 8.19) along with enhanced protein 

content (Figure 8.20) in the callus at the end of the culture. But the highest peroxidase 

activity was determined in the embryogenic line at 6 days of culture in the presence of 

growth regulator BAP and peptides at a concentration of I 00 11g I mi. The minimum 

peroxidase activity was estimated in habituated tissue grew in presence of2,4-D and BAP 

and formed white swollen aggregates of shoots and hypocotyls with strongly reduced 

potential for somatic embryogenesis. An increase in peroxidase activity was also 

recorded in those flasks, where tissue became looser and after few days embryoids were 

noticed. After formation of globular to heart shaped embryoids, peroxidase activity was 

dropped 3 to 4 times, as compared with callus tissues from which they originated. It was 

also detected that peroxidase activity was enhanced during multiple shooting formations 

in cytokinin peptide combined medium. When the tissue specific activity of peroxidase 

was studied, it was noticed that the peroxidase activity was about three times higher in 

bushy multiple shoots than that of single leaf or shoot. This is in agreement with Krsnik

Rasol (1991) where they claimed that bushy transformants and crown gall tissue extracts 

were 6 to 7 times higher level of enzyme activity than in normal leaves. 

As a conclusion, these results shed light on the bioactivity of peptides which play 

a significant role in callogenesis and morphogenic alteration. These data show that 

peroxidase activity can also be associated with organogenesis under the influence of 
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peptides of ultra low range. Further investigations will be required to establish the 

molecular mechanisms of regulation of peptides controlling morphogenesis and cell 

division. 
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CHAPTER-IX 

GERMINATION INDUCED PEPTIDE POOL REGULATE 
WATER HOMEOSTASIS IN PLANTS 
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9.1 INTRODUCTION 

In recent years, a vast array of bioactive peptides is being isolated from different species 

and only some of the low molecular weight peptides have been characterized in details. 

Over the last decade it was apparent that plants also contain peptidic signalling molecules 

that play vital roles in cell-to-cell communication (Matsubayashi et al., 2002; Lindsey et 

al., 2002). Plant peptides are protein molecules smaller than 10 kDa that can essentially 

be divided into two categories: bioactive peptides that are produced by selective action of 

peptidases on longer precursor proteins (Ito et al., 2006), and degraded peptides that 

result from the activity of proteolytic enzymes during protein turnover (Richer and 

Lamppa, 1999). Although both groups are products of proteolysis, they differ in how they 

act within the cell. The first group plays key roles in various aspects of plant growth 

regulation through signalling, endurance against pests and pathogens by acting as toxins 

and elicitors and detoxification of heavy metals by sequestration. Often these peptides 

bear certain sequence patterns or motifs. By contrast, the second group has no such 

pronounced cellular effects, but may play an important role in nutrient mobilization 

across cellular membranes (Higgins and Payne, 1982) or in functions that remain to be 

defmed. 

Evidence was obtained that suggests that low molecular weight peptides have a 

function in modulating plant water and solute homeostasis (Gehring, 1999). Water 

movement in higher plants is treated as a symplastic fluid flow incorporated into a unified 

hydrodynamic system comprising the apoplast and vessels (Zyalalov, 2004). lt is argued 

that colonization of terrestrial areas by plants became possible due to the appearance and 

maintenance of a gradient of water chemical potential between the rhizosphere and 

atmosphere, which drives water flows. As because water flows through plants in well 

constructed interconnected system of vessel elements, rate of water absorption by the root 

is dependent on stomatal aperture movement, dynamics of changing water potential and 

osmolytes in different terminals and diameter of conductive tissues in association with 

number and distribution of root hairs. Stomata, each delimited by a pair of guard cells, 

are crucial for gas exchange and maintaining homeostatic control of water movement in 

plants. Stomatal movements are influenced by a variety of exogenous signals and also by 
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endogenous control of phytohormones like ABA, cytokinins and natriuretic peptides. 

Exogenous plant natriuretic peptides stimulate stomatal opening and activate the H+

ATPase (Maryani et al., 200 I). Moreover, immunoreactive plant natriuretic peptides 

rapidly and specifically induce the transient elevation of cGMP levels in maize root stele 

tissue and stomatal guard cell protoplasts (Pharmawati et al., 2001). Not only do 

immunoreactive peptides influence water movement via opening stomata, it also 

enhances osmoticum-dependent volume changes in leaf mesophyll protoplasts (Maryani 

et al., 200 I). Although the biological characterization of natriuretic peptides isolated 

from mature plants was carried in greater details, to date there is no report on the 

functional significance of total peptide pool isolated from germinating seedlings when 

homeostatic regulation of water is essential for maintaining cellular osmotic potential 

during different growth phases. 

This report is an analysis of peptide profile of ultra low molecular weight range 

isolated from germinating seedlings of Vigna radiata (L) Wilczek. cv. Sonali Bl and an 

investigation of bioactivity of this peptide pool related to water homeostasis. The basic 

goal was to determine if these peptides affect absorption of solute, transpiration, stomatal 

opening and upward solute flow. Finally, the amino acid analysis of most potent 

bioactive peptide was carried out to correlate the amino acid profile of this unknown 

peptide with immunoreactive plant natriuretic peptides. 

9.2 MATERIALS AND METHODS 

9.2.1 Isolation, purification and characterization of pep tides 

One kg of64 hold germinating seedlings of mung bean [Vigna radiata (L) Wilczek. cv 

Sonali Bl] with emerging radicals and plumules were extracted with double distilled 

water in a cold room ( 4 ° C) with appropriate protease inhibitor and centrifuged in cold. It 

was passed through cation exchanger (Dowex 50) and anion exchanger resin (Dowex I) 

followed by ether wash. During this procedure, acidic hormones like IAA, GA, ABA and 

basic compounds like cytokinin were removed through cation and anion resins 

respectively. Only amphoteric compounds, amino acids and peptides were present in the 

solution. The extract was then passed through Amicon's ultra filtration system with filter 

I 0 kDa, 3 kDa and 0.5 kDa sequentially. It was further fractionated through Sephadex 
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LH-20 Column (80 em X 3 em) with 30% ethanol and 200 tubes were collected, each 

with 5 ml and after discarding the first 50 tubes, the remaining tubes were mixed, 

lyophilized and ultimately dissolved in 100 ml double distilled water. IAA, GA3, 6-BAP, 

ABA- each of 2 ml solution (I o-3 M), when passed through the same column separately, 

they appeared with in 451
h tube. So, probability of their free occurrence in bioactive 

fractions of LH-20 was ruled out. After lyophilization, tube number 5 I to 200 were 

accumulated, concentrated through lyophilization and one-dimensional paper 

chromatography was performed after streaking peptide solution on one side of the paper 

through HPTLC sample application device and run through standard mobile phase 

solvents (isopropanol : ammonia : water :: 9 : 1: 1). After paper chromatographic 

separation, one narrow strip of paper parallel to solvent running front was cut and stained 

with ninhydrin reagent for spot development. ln strip, peptide spots were recognized and 

accordingly the paper was cut parallel to sample application side in respect to their 

clustering pattern with different Rr values. The same process was repeated further for 

collecting more peptides required for experimentation. From paper, peptides were eluted 

with water and concentrated as desired. 

Some biophysical aspects of these peptides were studied through paper 

chromatography and capillary electrophoresis. Markers of low molecular weight, like -

insulin, insulin chain-A, insulin chain-B, somatostatin and CNBr treated lysozyme 

fraction A [all purchased from Sigma Chemical Co. USA] were used to determine the 

molecular weight of these peptides through capillary electrophoresis. Total peptide pool 

was hydrolyzed for amino acid analysis by RP-HPLC. 

9.2.2 Measurement of transpiration 

To investigate the effect of peptide pool on transpiration, freshly cut Jarul [Lagerstroemia 

speciosa (L.) Pers.]leaves with six leaves attached to one twig were placed in beakers 

containing 60 ml tap water with 20 ml vegetable cooking oil [olive oil] layered above. 

The layer of cooking oil prevents any evaporation of water so that any decrease in water 

has to be lost through the leaves. ln addition to control leaves, to which no peptide was 

added to the water in the beaker, one more control beaker was kept with water and 

cooking oil but without a leaf bearing twig placed in it. This control lost no water when 
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observed for a ten-day period. The amount of water lost per beaker was recorded hourly 

for the first 12 hand then at 24 and 48 h. To determine the amount of water lost per unit 

area of leaf, an outline of the respective six leaves utilized were added together to define 

the total square inch leaf area. The amount of water lost in the respective beakers (with 

and without peptides) was then divided by the leaf area to determine the effect of water 

lost per unit area of leaf. 

9.2.3 Protoplast isolation 

Protoplasts were isolated from the leaves of one-week-old rice seedlings grown in dark 

according to standard methods by Lin (1980), with slight modifications. The surface 

layers were stripped from the coleoptiles of rice seedlings and they were incubated for 5 

h with regular shaking (30 min) in 20 mM MES (Sigma) buffer solution adjusted to pH 

5.5 and containing 2% (w/v) cellulase (Sigma), 400 mM mannitol, 100 mM glycine and 

5 mM CaCh. After incubation, the protoplast suspension was filtered through a nylon 

filter with a I 00 11m pore size and the protoplasts were washed several times in 20 mM 

Hepes (Sigma), pH 7.0, 500 mM mannitol, 2 mM MgCh and 0.1 mM EGTA, followed 

by centrifugation at 200g for 3 min. After isolation, the protoplast concentration was 

adjusted to 2 x lOs cells ml"1 in the same solution that was used for washing. Protoplast 

viability was tested with the exclusion dye methylene blue (0.3 mM). 

9.2.4 Determination of protoplast swelling 

Protoplasts (5 x lOs in 0.5 ml) were kept in the dark for different time intervals at 22°C 

with or without the addition of peptides. Then, protoplasts were placed on a 

hemocytometer and photographed. The diameters of I 00 protoplasts for each incubation 

time were determined and the mean volume was evaluated, making the assumption that 

the cells were spherical. All measurements of the changes in protoplast volume were 

made in the same medium. 

9.2.5 Measurement of stomatal aperture 

Epidermal peelings (abaxial surface) of Viciafaba L. leaves were rinsed and submerged 

in stomatal assay solution (50 mM KCI, I mM CaC12 and I mM MgCh, pH 6.5) at 25 °C 
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Table 9.1 Comparative amino acid profile of AtANP-A and chromatographically purified peptide of Rr zone 3 isolated from Vigna 

radiata 

Amino Acid Immunoreactive At-ANP A Peptide ofVigna radiata 

Code No of amino acid residue Percent Retention Time in 
Percent composition Percent Deviation 

in the sequence composition Chromatogram (min.) 
Asp 4 3.1 1.632 3.6 +0.5 

Gin+ Glu 5+3 6.1 1.752 6.5 +0.4 

Ser 9 6.9 2.281 2.1 -4.8 

Gly+His 12 +I 10.0 2.370 10.4 +0.4 

Arg 2 1.5 2.541 7.5 +6.0 

Thr 10 7.6 2.678 7.8 +0.2 

Ala+ Pro 14 + 7 16.1 2.699 13.2 -2.9 

Tyr 5 3.8 3.772 6.3 +2.5 

Val 10 7.6 4.214 7.6 +0.0 

Met 3 2.3 4.547 3.8 +!.5 

Cys 7 5.3 5.050 5.1 -0.2 

Lie 10 7.6 5.431 7.9 +0.3 

Leu 5 3.8 5.597 4.9 +1.1 

Phe 4 3.1 6.406 4.4 + 1.3 

Lys 7 5.3 7.256 + 7.440 8.9 +3.6 
-



under an incandescent light (430 nrn at 35 W m-2
) in a microliter plate and treated with 

various chromatographically isolated peptides at a final concentration of 500 nglml and 

I 0 J.lg/ml of crude peptide from pool for an hour_ As a control, an equivalent amount of 

sterile water was mixed with the assay buffer (90 J.ll) to cover the leaf peels under the 

above-mentioned condition. Stomatal guard cell pore widths were viewed using a 

microscope fitted with a calibrated ocular micrometer. 

9.3 RESULTS 

9.3.1 One dimension paper chromatography of peptides 

From the Figure 9.I, it is clear that in case of solvent-!, the separation pattern is better 

than that of solvent-2, which indicates the nature of peptides. The overall expression 

showed that, majority of distinguishable peptides come within fraction-2 and 3; a few 

amount come within fraction - 4 and fraction - 1. In solvent-! peptides were separated 

according to their Rrzones. 

9.3.2 Capillary zone electrophoresis of four fractions of LH - 20 purified peptides 

In capillary electrophoresis, major peaks were detected mainly in fraction-2 and frl!ction -

3. Peptides of fraction - I, displayed some overlapping peaks with trailing effect and 

fraction - 4, contained lowest number of peaks (only one representation is documented in 

Figure 9.2 A). From capillary electrophoresis, five peptides were detected with MW of 

850, I050, I200, 1800 and 2550 Da from germinating peptide pool. 

9.3.3 Amino acid analysis 

Nearly 16 amino acids were detected in isolated peptides (Figure 9.2 B). The amount of 

glycine-histidine and proline-alanine pool was found to be the highest. Amino acids like 

serine and threonine, which contain aliphatic hydroxyl group, were expressed 

moderately. Tyrosine and phenylalanine were present in low amounts. Cysteine is also 

present which indicates the probability of formation of disulphide bond. Methionine was 

found to be insignificant. Amino acid composition bears remarkable similarity with 

immunoreactive atrial natriuretic peptides of Arabidopsis thaliana and in most cases 

deviation is below 5% (Table 9.1). 
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Table 9.2 Bioactivity of Vigna radiata peptides related to flow of solute, absorption and transpiration 

Solute Flow 

Arrival time (min.) of dye 
Protoplast 

Sample coloured water at lowest Absorption Rate Transpiration Rate 
Volume 

Root Length Shoot Length 

flower of inflorescence (mi.) (ml) 
~m' 

(mm) (rnrn) 

With leaf Without leaf 

Control 19.5 ± 2.5 21.5 ± 2.8 2.8 ± 0.4 03± I 4850 ±50 38 ± 8 18 ± 5 

Peptide Pool 18.2 ± 2.2 18.6 ± 2.0 5.0 ± 1.0 09 ±I 5600 ±50 67±7 28±6 

R1 I Peptides 14.3 ± 1.3 15.5± 1.5 6.3 ± 0.5 10± I 7100±75 56±4 31 ± 5 

R1 2 Peptides 20.4 ± 2.5 21.9 ± 2.2 2.5 ± 1.0 04± I 4700 ±50 48±5 20±6 

R1 3 Peptides 12.1 ± 3.0 14.5 ± 2.8 5.7 ± 0.5 II ± I 8700± 75 59±4 33±5 

R1 4 Peptides 27.5 ± 1.2 24.6 ± 1.5 2.9 ± 1.0 1.5 ±I 5050 ± 75 47±8 15 ± 3 

LY 83583 " " " " 4600± 50 

8-Br-cGMP " " " " 5200± 50 

t 
co 



9.3.4 Solute flow in plants 

The isolated low molecular weight peptides of 0.5 to 3.0 KDa markedly increased the 

movement of solute up the stem of the plants. The peptide pool enhanced the arrival time 

of dye coloured water at the respective flowers by 19.5 ± 2.5 (SE) minutes compared 

with control in Polianthes tuberosa L. cv. 'Marginata' with all leaves present in the 

flower stalk (Figure 9.5). The picture was more prominent through one dimension paper 

chromatography, where peptides were separated according to their Rr zones. Purified 

peptides of Rr zone 1 and 3 improved the rate of water flow whereas the peptides 

representing Rr zone 4 could not mimic the same rate over control (Table 9.2). The 

peptides of Rr zone 2 did not significantly enhance the movement of dye coloured water 

to the respective flowers. The percent decrease in time for the dye coloured water to 

reach the flower varied between 26 and 38% for peptides of Rr zone 1 and 3 respectively. 

The elevated time taken by the dye coloured peptides for traveling the same path was 8 

minutes more in case of peptides of Rr zone 4 in respect to control. The experiments were 

performed with all leaves removed from the stem and with all leaves present for 

observing the rate of transpiration. With all leaves removed, the peptides still markedly 

enhanced the flow of dye-coloured water into stems, reaching the flowers 15.5 ± 1.5 

minutes before the control flowers. 

9.3.5 Absorption 

In addition to increasing the rate of flow of solute, the peptides increased the total volume 

of solution (i.e., water+ solute) taken up by the plant. When the above experiments were 

continued for two days, pool of peptides caused 5 ± 1 ml of solution to be taken up as 

verses 2.8 ± 0.4 ml for the control side of the plant (Table 9.2). Peptides isolated from Rr 

zone 1 and 3 significantly enhanced absorption pattern up to 6.3 ± 0.5 ml and 5.7± 0.5 ml 

respectively, while this bioactivity is diminished in case ofpeptides from Rrzone 2 and 4. 

Peptides of Rr zone 2 and 4 caused 2.5 ± 1 and 2.9 ± 1 ml to be absorbed, which is almost 

similar to that of control. 
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Figure 9.3 Opened (left), closed (middle) and partially closed (right) stomata of 

Viciafaba 

Figure 9.4 Isolated rice coleoptile's protop last (left) under microscope and the same 

(right) after application of500 ng/ml ofpeptides 

Figure 9.5 Time course uneven di stribut ion of colour o n o ne side of the inflorescence 

and also in same nower due to accelerated movement of so lute after 

peptide treatment 
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9.3.6 Transpiration 

The isolated peptides caused a transpiration of 9 ± 1 ml of water in 12 h from Jarulleaf 

when 100 f!g/ml fresh weight equivalents of peptides were present in 60 ml tap water. 

On the other hand, control leaves transpired 3 ± I ml of water during the same 12-h 

period. Purified peptides separated by preparative paper chromatography from Rr zone 1, 

2, and 3 enhanced the transpiration rate with 1 0 ± 1, 4 ± 1 and 11 ± 1 ml, respectively in 

12 h. Interestingly, the effect of peptides of Rr zone 4 on transpiration was less than 

control in Jarul leaves and transpired only 1 ± 1 ml in the same time (Table 9.2). The 

beakers without leaves lost no water through the cooking oil during these 12 h and did 

not lose any water, even when the experiments were prolonged for 10 days. The amount 

of water lost per area of the Jarulleaf is represented in Table 1 where it is clear that Rr 

zones 1 and 3 peptides increased transpiration three- and four-folds respectively, whereas 

Rr 2 peptides did not increase the rate of transpiration. Peptides isolated from Rr zone 4, 

when applied, decreased transpiration up to 2-fold. The weight of six Jarul leaves plus 

twig before placing in the beaker was 5.89 ± 0.28 g, whereas their weight after 12 h in 60 

m1 tap water with or without the peptides was 5.72 ± 0.46 g indicating that there is no 

weight loss in 12 h. 

9.3.7 Protoplast volume enlargement 

The experiment of protoplast swelling was started after equilibrium in a protoplast wash 

buffer for 20 minutes at 30" C. Figure 9.4 shows the time course of protoplast swelling 

caused by the application of peptides of different Rr zone and integrated peptide pool. 

Approximately 8% increase in protoplast volume was observed after 30 minutes when 

isolated protoplasts were treated with crude peptides (I 0 f!g I m1) in mannitol isotonic 

buffer. According to our results, 15-min incubation was sufficient for the curves to reach 

a plateau corresponding to about a 12% to 16% increase in volume for peptides 

representing Rr zone 1 and 3, respectively, at a concentration range of 1 to 0.5 f!g I ml 

(Table 9.2). No increase in volume was observed when peptides of Rr zone 2 and 4 were 

applied (Table 9.2). One important finding from the experiment is that the treatment of 

protoplast with a combination of500 ng I ml ofbioactive peptides ofRrzone 1 I 3 and 10 

f!M LY 83583 had no effect on protoplast volume but similar application with 20 f!M LY 
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83583 reduced the protoplast volume up to 28%. Treatment of protoplasts with 10 J.!M 8-

Br-cGMP, however, resulted in a slight increase in volume. 

9.3.8 Stomatal aperture control 

Stomata form pores on leaf surfaces that regulate uptake of C(h for photosynthesis and 

loss of water vapour during transpiration. In the sunlight all isolated peptides were 

effective in promoting the opening of stomatal aperture. Generally in dark, stomatal 

aperture closes but from this experiment it was found that these peptides have the 

potential to promote the opening of stomatal aperture (Figure 9.3). In dark, 500 ng I ml of 

peptide isolated from Rr zone 1 was most effective in promoting the opening of stomatal 

aperture (49.42%) with mean width of 3.85 ± 0.97 J.lm. Other peptides representing Rr 

zone 3 were also effective in opening 38.5% stomatal pores. Peptides from Rrzone I and 

4 had no effect on stomatal guard cell regulation. Again, higher concentrations of all 

peptides were rather inhibitory in the physiological process that generally promote 

stomatal opening. 

Specific concentrations of the bioactive peptides were found to interact with 

hormones that regulate guard cell physiology - when applied to epidermal peelings in 

combination with cytokinin, a known promoter of stomatal opening, or ABA, a known 

promoter of stomatal closing. Though the effect of pure trans-zeatin was highest in 

opening of stomatal aperture in the dark at a concentration of 10'7 M (58.44% opened 

stomata) (Figure 9.6B), its activity was low at a concentration of 10'9 M (48.05% opened 

stomata), in case of combined effects of trans-zeatin and bioactive peptides ofRrzone 1, 

opening of stomatal aperture was pronounced at 10'9 M trans-zeatin concentration. In 

spite of the fact that peptides promoted overall stomatal opening (Figure 9.6A), in 

combined application of trans-zeatin and peptides, peptides behaved as negative 

modulators of trans-zeatin action (Figure 9.6C). Opening of stomatal aperture was 

restricted to 10% when higher concentration ofpeptides (10 J.lg/L) and trans-zeatin (104 

M) was applied in combination (Figure 9.6C), and the promotional effect of stomatal 

opening was normalized only after diluting either peptide solution or zeatin in cocktail. 

No synergistic effects were observed from these experiments. 
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In case of ABA, stomata were found to close almost linearly with the increase in 

concentrations of ABA. But when the peptides and ABA were interacted, peptides were 

able to enhance the opening of stomata significantly at a concentration of I 0 J.lg/ml, even 

if the level of ABA was 104 M (Figure 9 .60). Though I 0 J.lg/ml peptide was found as 

inhibitory dose, when treated alone, it could effectively minimize the closing effect of 

ABA. Here, optimal requirement of effector signals for stomatal opening could probably 

be achieved through peptide action. 

9.3.9 Analysis of root and shoot length 

Significant enhancement of root and shoot growth was observed after the application of 

appropriate dose ofbioactive peptides ofRrzone 1 and 3. When root and shoot lengths 

were measured after six days of aqua-cultured seedlings of Vigna radiata, it was found 

that application of I 0 J.Lg/ml of isolated peptide pool increased the root and shoot length 

up to 76% and 58% respectively, over control. When these heterogeneous peptides were 

separated through paper chromatography, the peptides of Rr zone 1, 2, 3 and 4 at the rate 

of 500 ng/ml stimulated the growth of root up to 48, 25, 55 and 25% respectively, over 

control (Table 9.2). Shoot length was enhanced by the peptides of Rr zone I and 3, 

whereas growth retardation of shoot was noticed by the peptides of Rrzone 4 (Table 9.2). 

Hence, the peptide mediated growth responses of root and shoot of developing seedlings 

are different and probably under the influence of other hormonal control. 

9.4 DISCUSSION 

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

their heterogeneous nature. Depending on partition co-efficient, pH range and solubility 

in that specific solvent mixture, peptides showed a better separation in solvent -1 than in 

solvent -2. As a consequence, it can be said that, a perceptible amount of peptides are 

with net basic and acidic charge but the main amount is amphoteric in nature in wide 

range of pH. 

Earlier authors characterized the electrophoretic mobility of peptides on 

Whatman Paper through changing the polarity and pH of the solvent system. Recent 

reports indicated that potential of capillary electrophoresis can be explored in the field of 

454 



peptidomic research for identification of wheat cultivars or economically important lotus 

species through the analysis of storage proteins and peptides. In the present 

investigation, separation pattern of low molecular weight peptides isolated from 

germinating seedlings of mung bean execute characteristic 'map' or 'fingerprint' of 

peptide profile of that germination stage as revealed by capillary electrophoresis. 

Expressed peptides are mostly located in between 1500 to 3500 MW ranges within LH-

20 fraction I, 2 and 3. Our proposal is that, 64 h of germination is a quite mature and 

crucial phase for Vigna radiata when developing embryo reduces its dependence on 

cotyledonary food material and makes a balance between its heterotrophic and emerging 

autotrophic nature. 

As already indicated in previous chapters, one of the most interesting findings is 

the thermo-stability and 'photo-stability' (against UV irradiation) of these peptides. 

Generally, it is believed that peptides are thermo-stable (Synge, 1955) and our finding 

supports that. They could stand for a temperature as high as 121°C and direct exposure 

under 2 germicidal UV lamps without any change in bioactivity. 

Biological activity of the peptides was tested in the present study in a stomatal 

guard cell assay. Gehring et a/., 1996 demonstrated that rANP could cause stomatal 

opening at micromolar concentration in three plant species. From our results it is evident 

that the low molecular weight peptides, expressed during germination are able to alter 

water homeostasis by regulating the guard cell aperture. It was also demonstrated that 

these peptides have the capacity to modulate either positively or negatively in association 

or interact with other hormones as per the requirement of the plants. These positive or 

negative switch modulators in peptide pool may be mediated through secondary 

messenger like cGMP. The guanylate cyclase inhibitor LY 83583 has been extensively 

used as a tool in peptide research in animals even though there is considerable 

contradiction about its precise mode of action. L Y 83583 inhibits different cGMP 

dependent processes such as GA dependent gene induction in barley aleurone layers and 

stomatal opening in Tradescantia sp. (Penson eta/., 1996; Pharmawati eta/., 1998). The 

treatment of protoplasts with the GA inhibitor LY 83583 resulted in a decrease in 

protoplast volume (as determined microscopically). These results are consistent with the 

previous reports where Maryani eta/. (2001) showed that LY 83583 acts as an inhibitor 
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of soluble rather than particulate guanyl cyclase on natriuretic peptide dependent 

expansion of intact mesophyll cell protoplasts. The cell permeant cGMP analog 8-Br

cGMP (8-bromo-guanosine 3'5'-cyclic monophosphate) had the effect of protoplast 

volume expansion to mimic peptides when applied alone. 

Present investigation demonstrated that isolated peptides can regulate 

transpiration stream in the leaves of phylogenetically unrelated groups. Weighing the 

plants before and after the transpiration experiments revealed that their weights were 

slightly less after completion of the experiments. Because weight of the plant did not 

increase during the experiment, this supports that the loss of water in the beaker was the 

result of transpiration. Removing the leaves of the plants, however, did not eliminate the 

solute movement through the stem. There was never an overlap in the flow of any of the 

solution from one side of the plant to the other in these experiments. When peptides were 

applied to one side of the coloured solution, the coloured solution was migrated at a faster 

rate to only one side of plant, and this pattern of movement of colour to only one-half of 

the flower at a certain time can be visualized dramatically in Figure 9.5. This was also 

found true for the sepals. This distinct flow of solute and nutrients would explain why 

one half of a plant may wither while the other half of the same plant may flourish. 

It was reported earlier that amino terminal end of immunoreactive plant proANP 

significantly increased the flow of coloured solute through xylem vessel and amplified 

the rate of transpiration and absorption (Vesely et al., 1993). In this study, amino acid 

analysis of isolated bioactive peptides of Rr zone 3 when compared with global sequence 

data of atrial natriuretic peptides, displayed striking similarities in amino acid 

composition. So it may be predicted that atrial natriuretic peptide like substances are also 

present in germinating Vigna peptide pool. Plant ANPs were found by Billington et al. 

(1997) using immunoaffinity chromatography to purifY ANP anti-serum-specific epitope 

from the plant extract, followed by size exclusion separation of the eluate. But till now no 

feedback regulatory control of water homeostasis by peptides was assessed, because no 

investigation has performed with the bioactivity of individual peptides from peptide pool. 

Currently, the behaviour of unknown peptides can also be evaluated through in silica 

approach from unannoted secreted peptide database, a resource for plant peptidomics 

(Lease and Walker, 2006). 
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In animal systems, peptide hormones and specific receptors play a major role in 

cell-to-cell communication, as well as coordinating cell growth and differentiation in 

various organs. In contrast, most intracellular communications involved in plant growth 

and development have largely been explained on the basis of signaling by the six non

peptide plant hormones: auxin, cytokinin, ethylene, gibberellin, abscisic acid and 

brassinolides (Matsubayashi, 2003). There is no doubt about the significance of these 

hormones in plant homeostasis and growth, since discoveries over the past decade 

indicated that plant cell communication also made use of small peptide signals and 

specific receptors. Researchers to date have identified four peptide-ligand-receptor pairs 

in plants (Ryan et a/., 2002), which are involved in a number of processes, including 

wound responses, cellular differentiation and self incompatibility (Matsubayashi, 2003). 

Although most of the peptide signals in plants have no homologs in animals, and vice 

versa there are some similarities in the overall logic of peptide signaling systems in plants 

and animals (Takayama and Sakagami, 2002). 

From our experiments it may be concluded that plant peptides, like animal 

peptides can also able to coordinate the physiology of seedlings during germination 

probably by mitigating turgor driven extensibility of cell wall and balancing water 

homeostasis. So, enhanced rate of elongation of root and shoot length after application of 

peptides is not a miracle. But the mode of action can not be ascertained based on present 

experiments. More intensive study will unravel the complex nature of signalling system 

of plant oligopeptides in near future. 
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CHAPTER-X 

EFFECT OF SEED COAT PHENOLICS ON 

GERMINATION AND GROWTH PHYSIOLOGY AND 

THEIR INTERACTION WITH ISOLATED PEPTIDES 

460 



10.1 INTRODUCTION 

It is well known fact that mung or green grams [Vigna radial a Wilczek.] have been 

consumed by humans since the earliest practice of agriculture (Phillips and Mcwaters, 

1991) and they have various food uses in Asia and Africa. One of the major limiting 

factor of utilization of this mung bean as food is the presence of antinutritional factors 

such as trypsin inhibitors, oligosaccharides and phenolic compounds (Chavan et al., 

1989). Phenolic compounds (tannins in particular) are important group of such 

antinutritional factors. They are able to form complexes with food nutrients such as 

minerals and proteins, thus rendering them less soluble or less susceptible to 

enzymatic degradation and less available for absorption (Towo et al, 2003). Legume 

seeds also constitute one of the cheapest and richest sources of protein but its protein 

quality is low due to presence of these tannins and free phenolic acids. 

However phenolic compounds have a beneficial role as well. They are naturally 

concentrated in the seed coat (Preet and Punia, 2000) where they play a major role in 

the physical and chemical defense system of the seeds when exposed to 

environmental factors such as oxidative damage and microbial infections thus 

contributing to antioxidant and antimicrobial activity (Trozynska et al., 2002). 

Physiologically phenolic compounds affect plant growth and germination in several 

cases. A series of experiments in both field and laboratory have indicated during the 

last two decades a role for a number of phenolic derivatives as allelopathic agents. 

These are chemicals exerted by the plants, which may be autotoxic or affect the 

growth of other plants in the environment (Rice, 1984). It has also been found that 

flavonoids, and especially tannins, have a role as feeding deterrents, and protecting 

plants from overgrazing by many animal species (Swain, 1977). 

It has been suggested that phenolic acids from legume green manures may 

contribute to weed control through allelopathy. For this, oxidation reactions of 

phenolic acids in soil and the subsequent effects of oxidation upon phytotoxicity were 

investigated. Soils were reacted for 18 hours with 0.25 mmoi!L benzoic and cinnamic 

acid derivative solutions and manganese release from the suspension was used as a 

marker for phenolic acid oxidation. The extent of oxidation in soil suspensions was in 

order of 3,4-dihydroxy->4-hydroxy-3-methoxy->4-hydroxy->2-hydroxy- substituted 

benzoic and cinnamic acids. The same ranking was observed for Voltametric peak 

currents of the cinnamic acid derivatives. This suggests that the oxidation of phenolic 
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acids is controlled by the electron transfer step from the sorbed phenolic acid to the 

metal oxide. A bioassay experiment showed that the 4-hydroxy, 4-hydroxy-3-

methoxy and 3, 4-dihydroxy-substituted cinnamic acids were bioactive at 0.25 mM/L 

concentration. Reaction with soil for 18 hours resulted in the elimination of 

bioactivity of these three cinnamic acids at the 5% significance level. The oxidative 

reactivity of phenolic acids may limit the potential of allelopathy as a component of 

an integrated weed management system. However, the initial phytotoxicity after soil 

incorporation may coincide with the early, critical stage of weed emergence and 

establishment, so that the allelopathic phenolic acids may still play a role in weed 

management despite their reactivity in soil systems. 

Beside these, phenolic acids play critical role in preventing germination. 

During the development and ripening of rye caryopses, a gradual increase in 

precocious germination ability of the grain was observed. The enforced dehydration 

stimulated the process of precocious germination of developing and ripening rye 

caryopses. Phenolic acids, present in them, were found to be responsible in preventing 

precocious germination and acclimation to dehydration of developing and ripening 

rye grains. Five phenolic acids were analysed in rye caryopsis (i.e. vanillic, caffeic, 

p-coumaric, ferulic and sinapic Acid) by high pressure liquid chromatography, three 

of which (p-coumaric, ferulic and sinapic) were found as free phenolic acids in rye 

caryopsis at the beginning of development. During dehydration, the total level of free 

phenolic acids in rye caryopsis decreased, although much increase of sinapic acid 

content was observed after dehydration treatment in all investigated samples of 

caryopsis of various ripeness. Weidner and Paprocka (I 997) proposed that dormancy 

of cereal caryopsis might be at least partially controlled by the high level of free 

phenolic acids through their inhibitory effect on germination and cell division. 

Because plants are non motile, the choice between continued dormancy and 

germination in the seed is of critical importance to plant survival. The establishment 

of seed dormancy in higher plants is influenced by environment cues such as 

moisture, light and temperature. Seed dormancy has been defmed as the failure of an 

intact, viable seed to complete germination under favourable conditions (Bewley, 

1997). Since in Arabidopsis, removal of the seed coat allows germination of non

germinating and strongly dormant genotypes, Arabidopsis should be described as 

coat-enhanced dormancy (Bewley, 1997). Seed coat imposed dormancy in particular 

is part of the seed survival strategy of many species (Werker, 1981; Kelly et al., 
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I 992). The seed coat exerts its germination restrictive action most of the time by 

being imperbiable to water and/or 0 2 by its mechanical resistance to radicle 

protrusion. These properties have been positively correlated with seed coat colour due 

to phenolic compounds in diverge species e.g. Red seeds of Charlock (Sinapis 

arvensis L.) exhibit a reduced dormancy compared with black seeds (Duran and 

Retamal, I 989). In legumes, white seeds imbibe more rapidly and also suffer greater 

imbibition damage, which affects their viability (Wyatt I977; Werker et a/. I979; 

Powell 1989; Kantar et al. 1996) than coloured seeds and then germinate earlier. In 

wheat, the strongest dormancy is associated with the red seed coat colour, whereas the 

lines with white seed coats are non-dormant or weakly dormant (Gfeller and Svejda, 

I960; Mares, I 994). Dark seeds of prosomillet (Panicum miliaceum L.) have earlier 

seed coats, imbibe and germinate more slowly, suffer less imbibition damage and 

therefore persist longer in soil than light coloured seeds (Khan et al. I 996). It was 

hypothesised that during dehydration of seeds, an enzymatic oxidation of phenolic 

compounds in presence of 0 2 might render the seed coat impermeable to water 

(Marbach and Mayer, 1974; I975). In Arabidopsis, phenolic compounds and their 

derivatives present in the inner layer of the testa, called endothelium, affect seed coat 

properties that influence germination. The flavonoid polymers may play a major role 

in limiting not only water entry, as seen in legumes, but also oxygen supply to the 

embryo, as reported by Corbineau and Come (I993) for cereals, and by contributing 

to the mechanical resistance of the testa. They may also inhibit the leaching of 

germination inhibitors out of the seed, as proposed for char lock (Edwards, I 968; 

I969). Seed dormancy in Arabidopsis can be overcome by, or seed germination is 

activated by the common germination factors such as after-ripening, light, cold 

treatment (also called stratification) and chemicals such as gibberellins and KN03 

(Derks and Karssen, I993). The plant hormone gibberellin plays an important role in 

promoting seed germination without exogenous GAs (Koomneef and van der Veen, 

I 980) e.g. in plants such as Arabidopsis and tomato (Lycopersicon esculentum). GA 

can also play a role in controlling the abundance of ~-glucosidase, which might be 

involved in the embryo cell wall loosening needed for cell elongation and radicle 

extension. Many studies have focused on the role GAs in dormancy breakage 

(Metzger 1983; Hilhorst and Karssen 1988; Derkx and Karssen 1993) and in the 

mobilization of seed reserves during seedling establishment. In the early events 

occurring during seed germination, two main mechanisms have been documented. 
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The first one includes in the induction of endosperm and seed coat weakening. In the 

second mechanism, GAs would be involved in resumption of cell cycle activity 

during germination, as documented for example in tomato seeds (Liu eta/. I 994). To 

investigate the role of GAs in germination of Arabidopsis seeds, the proteome of GA

deficient Arabidopsis in which GA deficiency is conferred were characterized by the 

gal mutation (gal allele). The GAl gene codes for the enzyme ent-copalyl di 

phosphate synthase that catalyses the first step in the GA biosynthetic pathway (Sun 

and Kamiya, 1994).ln addition, the effect of PAC on the proteome of wild type (WT) 

seeds were also analysed during germination. Arabidopsis seed germination is highly 

sensitive to this compound (Debeaujon and Koornneef, 2000), which blocks GA 

biosynthesis and thereby radicle emergence through inhibition of the enzyme ent

kaurene oxidase (encoded by the gene GA3). It was reported that radicle protrusion 

was strictly dependent on exogenous GAs (Koornneeff and Van der Veen, I 980; 

Karrssen and Lacka, 1986; Debeaujon and Koomneef, 2000). A comparison of the 

proteome from WT and gal dry mature seeds revealed six polypeptides that showed a 

substantially higher accumulation level in the gal seeds than in the WT seeds. They 

were all identified as 12s globulin precursors by MALDI-TOF analysis. Thus, it has 

been suggested that GAs play a role in the accumulation of seed storage proteins 

during maturation, presumably by specifically impending the accumulation of 12s 

globulin precursors. The processing of these precursor forms affect the accumulation 

of 12s globulins within protein bodies because unprocessed forms can only associate 

as trimers, whereas mature globulins associate as hexamers. 11-12 s globulins are 

abundant seed storage proteins, which are widely distributed among the higher plants. 

They are synthesised during seed maturation on the mother plant in a precursor form 

consisting of a single protein chain of about 60 KDa. Later, the precursor form is 

cleaved, yielding the mature globulins which are generally found in storage protein 

bodies of dry mature seeds. These are composed of six subunit pair that interacts 

covalently. Each of these pairs consists of an acidic a-subunit of Mr 40,000 and a 

basic ~}-subunit of Mr 20,000, covalently joined with each other by a single disulfide 

group. These subunits are subsequently broken down during germination and used by 

germinating seedling as an initial food source (Bewley and Black, I 994). However, it 

has been noted that the gal mutant plants experienced the action of exogenous GAs 

during their growth; these plants were sprayed once a week with 10 mM GAt+7 to 

stimulate elongation, growth and anther development. This suggests that the action of 
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exogenous GAs did not completely mimic that of endogenous GAs in terms of 

concentrations and I or spatial and temporal patterns of expressions. The presence of 

mature 12s storage proteins in them, suggest that residual exogenous GAs were 

sufficient to induce the cleavage of the precursor molecules. For the mobilization of 

food reserves during germination and early seedling growth, the activity of lipid and 

carbohydrate degrading enzymes such as malate synthase (MLS) and iso-citrate lyase 

(ICL) is required, which are the unique to the glyoxylate cycle. Marriott and 

Northcote (1975) showed that the GAs stimulate the induction of isocitrate lyase 

activity during germination. Arabidopsis mutants, icl-1 and icl-2, which lack the 

glyoxylate cycle because ofthe absence of key enzyme isocytrate lyase, demonstrated 

that the glyoxylate cycle is not essential for germination, but is important for seedling 

establishment and survival. Moreover, it is evident that resumption of cell cycle 

activity is a specific feature of early germination. Gallardo et al. (200 1) revealed an 

accumulation of five proteins associated with cell cycle events during germination of 

the WT Arabidopsis seeds. These proteins were actin 7, a-2,4 tubulin, a-3,5 tubulin, 

P-tubulin and a WD-40 repeat protein. Tubu1ins are associated with cell division and 

cell enlargement. During cell division, they play an important role in separation of the 

organelles and daughter chromosomes (mitosis). Liu et al. (1994) demonstrated a GA

requirement for resumption of cell cycle activity during germination of tomato seeds. 

Cortical microtubu1es are formed in the radicle prior to protrusion with germinating 

tomato and cucumber (Cucumis sativus). These cortical microtubules are most likely 

associated with preparation of cell elongation. Out of five above-mentioned proteins, 

only a-2,4 tubulin showed a distinct pattern of accumulation when comparing the gal 

mutant and the WT Arabidopsis seeds after 1 day of imbibition in water. This protein 

strongly accumulated in the WT seeds, and not in the gal mutant seeds. Moreover, an 

accumulation of this protein occurred during 1 day of imbibition of the gal seeds in 

G~+7 solutions. Therefore, all these data support the conclusion that GAs control the 

accumulation of a-2,4 tubulin during germination. Furthermore, Huang and Lloyd 

(1999) showed that GAs stimulate a-tubulin acetylation and stabilize microtubules in 

maize suspension cells. 

Phenolic compounds that are present in the testa interfere with the physiology 

of seed dormancy and germination. Recessive Arabidopsis mutant with pale brown 

seeds, transparent testa 12 (1112), were isolated from a reduced seed dormancy screen. 

Microscopic analysis of ttl2 developing and mature testas revealed a strong reduction 
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of proanthocyanidine deposition in vacuoles of endothelial cells. TT12 gene is 

expressed specifically in ovules and developing seeds. The phenotype of mutant and 

then nature of the gene suggest that TT12 may control the vacuolar sequestration of 

flavonoids in the seed coat endothelium. As a consequence of their action on testa 

hardening, these compounds play an indirect restrictive role in seed germination by 

hampering radicle protrusion from the integuments and therefore are important 

determinants of seed coat-imposed dormancy (Debeaujon and Koornneef, 2000). In 

general, phenolics have the property of altering mitochondria and chloroplast 

membranes, hindering of energy transfer necessary to ion transport, as observed in 

spinach (Moreland and Novitzky, 1987). Coumarins seem to inhibit mitosis like 

colchicines, showing anti-microtubule effects (Corman, 1946). For phenolic acids, 

polyphenols (but not monophenols) seem to increase IAA-mediated growth by 

inhibiting IAA oxidative decorboxylation. This can be extended for flavonoids. 

Every phenotypic expression, in a plant, is a direct and /or indirect reflection 

of its internal metabolism and the whole metabolism profile, starting from its 

germination, is nothing but a continuous interaction of diverse potential biomolecules. 

As like as other natural phenomena, every "metabolism" (though all of them, as a 

whole, are interconnected) has some inducing and inhibiting factors and mainly 

proteins, peptides, phenolics, phytohormones play those roles. Now, as each "control" 

is multi-factorial and each factor has multidimensional activity; so it is quite natural 

for a factor to act as inducer in one system and inhibitor in other. Ultimately the tussle 

between inducer and inhibitor results in fulfilment of any phenomenon. 

Activity of protein in all stages oflife is a well-established concept. Recently, 

a close neighbour of protein, i.e. peptide, has also established itself as indispensable, 

potential biomolecule in plant system. They mainly work as extracellular signals and 

have their wide spectrum effect on growth, development and defence. Talking about 

these peptides is always something different because they are small with very low 

molecular weight (less than 10 KDa.) and even their genesis can be- through proper 

genetic machinery, or catalytic effect of enzymes or even they can be of self 

replicating in nature. 

In this chapter, the specific role of phenolics and peptides during germination and 

post germination phases were discussed. Here the basic aim is only to investigate the 

interactive and multi-coordinated pattern associated with the physiological processes 

of germination. And for this, 1 have taken Sona Mung (Vigna radaita Bl Sonali 
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Variety), for the extraction oflow molecular weight peptides (3 KDa to 0.5 KDa.) and 

phenolics. Pure Gibberelic Acid and different synthetic Phenolic Acids were also used 

for this experiment. Wheat seeds (Triticum aestivum cv. Sonalika), Barley seeds 

(Hordeum vulgare Dwarf variety) and Sona Mung seeds were taken as test material. 

The overall report is designed with TLC, Capillary Electrophoresis of isolated 

peptides & phenolics from Sona Mung and bioactivity investigations through -

Amylase Induction Test, Germination Percentage Test, Radicle Emergence Test and 

effect on Plant Height. For determining the interaction pattern of phenolic compounds 

and peptides, we combine phenolic compounds with wheat, rice, gram and mung 

peptides and performed the same a-amylase induction assay taking standard as GA 

(amylase inducer) and ABA (amylase induction inhibitor). As it is expected 

germination, radicle emergence and amylase induction were inhibited by the 

application of extracted phenolic acids from sonamung seeds. Not only those, 

peptides isolated from seedlings of different cereals and pulses which can able to 

induce amylase, when combined with these phenolic acids inhibited germination as 

well as amylase induction. So this study points on the phenolic acids as negative 

regulator of amylase induction signal and probably when combine with peptides, 

interfere with the bioactivity ofpeptides. 

10.2 MATERIALS AND METHODS 

1 0.2.1 Plant culture 

Vigna radiata cv. Sonali plant culture; for this job, was done by following the 

methods and specific conditions as described in earlier chapters. 

1 0.2.2 Isolation and purification oflow molecular weight pep tides 

Isolation and purification of low molecular weight peptides (3k Da to 0.5 k Da) was 

performed as described earlier in Chapter-III Section 3.2.2. 

10.2.3 Isolation and purification of phenolic compound 

Fresh and dry 500 g mung bean seeds were crushed in a mixer and grinder with 

methanol and then heated on hot plate in order to concentrate it. It was then kept 

overnight to one day in freezer at 8°C and filtered. The filtrate was again concentrated 

to about 50ml and then, diethyl ether solution was added (450 -500 ml), shaken well 

in separating funnel. Ether part was taken and concentrated. After that, 5%NaHC03 
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was added, shaken well and bicarbonate part was taken. The residue (i.e- ether part) 

was shaken with 5%NaOH and NaOH part was taken out. Both bi-carbonate and 

NaOH part were reduced to pH 5 by adding dilute HCI. Then ethyl acetate was added 

and shaken well. The resultant ethyl acetate part was collected, removed and 

reconstituted in methanol, and then in chloroform solution. Phenolic compounds were 

separated from fractional crystallization of phenol chloroform immiscible solvent. 

10.2.4 Capillary electrophoresis of phenolics 

The extracted phenolics were subjected to capillary electrophoresis, Beckman PlACE 

system 5010. Amount of sample loading in each case is 60 J.!l with 50 second 

injection time.' Hydrodynamic injection was implemented by applying a pressure of 

20 psi to the sample vial. Detection wavelength of 214 nm, used neutral gas nitrogen, 

capillary volume of 50J.!m x 47 em (neutrally coated), voltage-18KV (8.4 Jlamps, 

temperature-20°c) and detection time of 5 seconds was monitored. eCAP ™ citrate 

buffer pH-3 (20J.!M citrate) was used as running buffer. Identification was performed 

by synchronizing authentic marker peaks using standard phenolics: a-hydroxy 

coumeric acid (Mw. ), protocatechuic acid (Mw. ), gallic acid (Mw. ), chlorogenic 

acid(Mw. ), a-hydroxy cinnamic acid(Mw. ), caffeic acid(Mw. ), p-hydroxy benzoic 

acid(Mw. ) and 4-hydroxy cinnamic acid (Mw. ). All the chemicals used for this 

experiment were of analytical grade and purchased from Sigma Chemical Company, 

USA. 

1 0.2.5 Amylase release test 

Wheat (Triticum aestivum cv. sonalika) half seeds without embryo were taken 

aseptically and those half seeds were incubated separately with different 

concentrations of GA3 solutions for 48 hrs under dark. Reducing sugar produced was 

estimated by 3, 5-dinitrosalicylic acid method (Nicholls and Paleg, 1963). 

10.2.6 Germination percentage (g %) test 

Seeds of sonamung [Vigna radiata cv. sonali] were incubated with different 

combination of test solutions separately for 24 hrs and after that the germination 

percentage was properly calculated. 
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10.2.7 Radical emergence test 

After 24hrs of incubation of seeds of sonamung under different combination of test 

solution, the sizes of emerged radical were calculated. 

10.2.8 Effect on plant height 

Growth bioassay was done in terms of measuring plant height. For this, germinating 

barley (dwarf variety) [Hordeum vulgare] seeds were incubated with different 

combination of GA and extracted peptides for 3 days. 

10.2.9 In vitro study for determining any possible interactions between peptides 

andGA 

I0011L of I04 (M) GA & peptide solutions at its bioactive concentrations were 

incubated aseptically at 10°C - 12°C for 24hrs. The peptides and Gibberellic acid 

were then spotted in chromatography paper and one dimensional separation was done 

with n-Butanol: Acetic acid: water. Then peptide spots were detected through 

Ninhydrin location reagent and GA spot was detected with 70%HzS04 under short 

length ultra violet light. 

10.3 RESULTS AND DISCUSSION 

10.3.1 Profile of phenolic acids in the seeds of Vigna radiata 

Considerable amount of phenolic compounds has been found to be present in Vigna 

radiata as determined by Phenol Reagent. The Folin-Ciocalteu method quantifies the 

total amount of phenolic hydroxyl groups present in the sample being assayed 

(Waterman & Mole, 1994) based on the ability of the phenolic hydroxyl groups to 

reduce the phosphotungstic-phosphomolybdate complex in the Phenol (Fo1in

Ciocalteu) reagent. In case of mung bean green (green gram Vigna radiata Wilczek.) 

and golden yellow (golden gram Vigna radiata Wilczek. cv Sonali) variety, the total 

phenol content is 6.43±0.80 & 4.02±0.60 mg catechin equivalent per gram seed 

sample respectively. The wide variation of phenolic content in Leguminous seeds has 

been observed elsewhere (2.23). Preet and Punia (2000) reported total phenolics in 

cowpea ranging between 7.79 to 9.35 mg catechin equivalent I gm. Towo et a/. 

documented total phenolics ranging from 3.47 to 9.14, catechols from 1.58 to 3.51 

and resorcinols from 1.41 to 5.37 mg catechin equivalent I g sample. Structural 
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grouping of phenolic resorcinols, catechols and galloyls is less reported and most 

authors emphasized that catechol and resorcinol contents were relatively higher than 

galloyls in the analyzing legumes. According to Barroga et a/. ( 1985) polyphenols of 

mung bean has low protein precipitating capacity, relatively high flavonol levels and 

were concentrated in the seed coat. Soaking of seeds in water reduce the accessible 

polyphenol contents up to 50%. The high phenol content in the seed coat is because 

phenolic compounds in legumes are known to be concentrated in the seed coat (Preet 

& Punia, 2000) where they play a major role in the chemical and physical defense 

system in the seeds when exposed to environmental factors such as oxidative stress 

during generation of reactive oxygen species and microbial interactions thus 

contributing to antioxidant and antimicrobial activity (Troszynska et al., 2002). From 

the results, also it has been documented that green gram contain high level of total 

phenolics than golden gram. This is in purview with available literature that darker 

coloured legume grains tend to contain higher concentrations of phenolic compounds 

than lighter coloured grains. Chang et al. (1994) reported higher concentrations of 

phenolic compounds in coloured cowpea varieties than the white varieties. The darker 

coloured seed coats of lima beans, pigeon peas, African yam bean and jack bean were 

found to contain significantly higher tannin content than the lighter coloured seed coat 

(Oboh et al., 1998). 

It has been estimated that there are approximately 8,000 naturally occurrmg 

phenolic compounds (Luthria et al., 2006). Polyphenols can be classified into two 

major groups: (1) Phenolic Acids and (2) Flavonoids. Because phenolic acids exist in 

multiple forms, the polarity of each phenolic acid can vary significantly. This has lead 

to difficulty in developing a uniform extraction method for different phenolic acids 

from varying matrices. Methanol infusion and supercritical fluid extraction with C02 

are the two most popular methods for estimation and isolation of polyphenols. 

However most preferred solvent used for extraction and estimation of plant phenolics 

is methanol. Phenols are very susceptible to enzymatic oxidation and phenolic 

material may be lost during isolation procedures, due to the action of specific 

'phenolase' enzymes present in all plants (Harbome, 1998). Extraction of the phenols 

from plants with boiling alcohol normally prevents enzymatic oxidation occurring and 

so many laboratories practice it routinely. One of the most distinctive properties of 

phenols is their weakly acidic character (pKa-10). They form salts with strong bases 
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but not with the corresponding carbonates. Many naturally occurring phenols contain, 

in addition, other functional groups attached directly to the nucleus or to the side 

chains. The separation of phenols from plant materials is based on their weak acidity 

and solubility in organic solvents immiscible with water. Thus phenolic acids are 

extracted from ethereal solution with water solutions of weak alkali hydroxides. The 

phenolates may then be decomposed by bubbling in C02 and the phenols re-extracted 

into ether. An alternative method is to extract the original ethereal solution first with 

2% NaHC03 for separation of phenolic carboxylic groups and then with dilute (5%) 

NaOH to recover phenols. Here also same principles of alternative methods have been 

followed for isolation and separation plant phenolics. For quantification of different 

phenolic· acids present in legume seeds, High Performance Liquid Chromatography 

and capillary Zone Electrophoresis are the reliable methods. Reverse phase HPLC 

using Cis column and solvents of water-methanol-acetic acid (12:6:1) and water

acetic acid-n-butanol (342:1:14) respectively, has successfully resolved mixtures of 

phenolic acids and phenolic aldehydes (Harborne, 1982). Nine different phenolic acid 

peaks were also identified by Mokgope (2006) through HPLC Cis column from 

cowpea seed coats. Recently Capillary Zone Electrophoresis methods have been 

developed by several authors for the separation of polyphenolic antioxidative 

compounds (Vaher and Koel, 2003). The basis of separation in CE is essentially 

identical to other electrophoretic techniques and its major potential is the versatility in 

the separations due to its various modes of operation. Figure 10.1 and Figure 10.2 

shows the Capillary Electrophoretogram of different phenolic acid standards and 

seeds of Vigna radiata green variety at 214 nm detection wavelength. The profile of 

chromatogram of Vigna radiata showed the presence of various free phenolic acids 

(Table I 0.1 ). The majority of phenolic acids exist in plants as structural components 

of the plant such as cellulose, proteins, lignin (Andreasen et a!. 2000) with only a 

minor existing in the free form (Robbins, 2003). The insoluble bound phenolics can 

only be extracted by organic solvent after saponification (Krygier eta!. 1982; Liyana

Pathirana et a!., 2006) or by enzymatic treatment (Landbo & Meyer, 2001) in order to 

break the ester linkages and release the phenolic acids (Robbins, 2003). So the 

identified phenolic acids in this work only after solvent extraction and fractionation 

are principally free phenolic acids. A little amount of available phenolic acids were 

particularly trapped in capillary electrophoresis as shown from electrophoresis profile. 

This is in agreement with work done by Cai et al. (2003), where a very small 
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proportion of cinnamic acid derivatives such as ferulic and p-coumaric acids may 

occur in free form and may be extracted with organic solvents such as methanol. 

Table 10.1 Free phenolic acids content of crude phenolic extracts (CPE) from seeds 

of Vigna radiata Wilczek. 

Phenolic Acids Retention Time 
Peak Area Concentration 
Percentage (mg!JOOg CPE) 

Ferulic Acid 3.74 1.44 0.22 ± 0.06 

Chlorogenic Acid 7.09 2.61 0.40 ± 0.05 

p-Coumaric Acid 7.29 2.70 0.42±0.08 

Syringic Acid 7.95 6.43 1.01 ± 0.41 

Sinapic Acid 8.53 14.73 2.29± 0.27 

o- Coumaric Acid 8.80 17.50 2.73 ±0.35 

Gallic Acid 9.87 1.22 0.19 ± 0.01 

3,4 Dihydroxy Benzoic & 
10.12 0.97 0.15 ± 0.04 

Caffeic Acid 

p-Hydroxy Benzoic Acid 10.72 3.36 0.52± 0.08 

Vanillic Acid 13.03 0.20 0.03 ± 0.01 

Means± SD within the last column with different letters are significantly different (p<O.OS) 

The phenolic components that were traced from the seeds of Vigna radiata 

contained free phenolic acids belonging to the family of Cinnamic acid derivatives 

(ferulic, chlorogenic, p-coumaric, o-coumaric, caffeic and sinapic acids) and benzoic 

acid derivatives (vanillic, gallic, 3,4 dihydroxy benzoic, syringic and p

hydroxybenzoic acids). Of all the identified free phenolic acids, p-coumaric acid was 

found to be the most abundant phenolic acid in Vigna radiata. Considerable amount 

of sinapic, syringic and p-hydroxy benzoic acids were also observed in this plant 

sample. Phenolic acids such as 3,4 dihydroxy benzoic acid (protocatechuic acid), 

syringic and ferulic acids have been previously reported in Vigna unguiculata 

L.(Sosulski and Dabrowski, I 984; Cai et a/., 2003). 

The availability and accumulation of different phenolic acids in free form 

depends on physiological and pathological conditions of the plants in germinating 

seeds. There are two possible routes of these benzoic acid derivatives. They may be 
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formed by the ~-oxidation of C6-C3 hydroxy cinnamic acids, or more directly by 

aromatization of shikimic acid or of cyclohehane derivatives. The weight of evidence 

is in favour of the former route being most important biosynthetically. The actual 

mechanism of oxidation of the C3 side chain was examined by French et al. (1976) in 

potato tuber tissues, and it does not appear to involve the coenzyme A ester, as might 

be expected in the normal ~-oxidation pathway. Instead, the double bond is hydrated; 

there is cleavage of two-carbon fragment and the aldehyde produced is then 

enzymatically oxidized to carboxylic acid, the route being: RCH=CHC02H » 

RCHOHCH2C02H » RCHO » RC02H. 

The most common hydroxy cinnamic acid of plant is caffeic acid which is 

universal in higher plants but in Vigna radiata seeds the observed caffeic acid 

concentration is reasonably less. It may be predicted that this phenolic acid will be 

available in bound form in mung bean or the possibilities may also be there for 

conversion of caffeic into ferulic acid or higher structural polymers. Chlorogenic acid 

is usually present is association with caffeic acid. Besides p-coumaric and caffeic, two 

methylated acids are also very common: ferulic and sinapic. Ferulic acid, in 

particular, can be found in many different contexts. It has been identified as anN-acyl 

terminal group in a protein in barley seed, linked directly to glycine and 

phenylalanine. Ferulic acid can be dimerised to diferulic acid, bound to the 

carbohydrate of cell walls in a number of grasses (Hartley and Jones, 1976). Again, 

ferulic acid is present free in sugar beet and cereal seeds and is reputedly a general 

germination inhibitor (Van Sumere et a/., 1975). Long term storage particularly 

induces higher accumulation of free hydroxy cinnamic acids (especially ferulic acid) 

as observed in Phaseolus vulgaris (Srisuma eta/. 1989). Hydroxy cinnamic acids and 

their derivatives are capable of existing in cis and trans forms, and while there is 

evidence that the natural forms are all trans, isomerisation inevitably occurs during 

extraction, and mixtures of isomers are always isolated. Artefactual oxidation in the a

position can also occur and caffeic acid, in particular, may be partly converted to the 

coumarin during isolation process; that may create the available caffeic acid in lesser 

extent. The enzymatic oxidation of cinnamic acid in the o-position to give o

coumaric acid is the key step in coumarin biosynthesis. The introduction of a second 

hydroxyl group into p-coumaric to give caffeic is characterized by a well known 

group of plant enzymes-the phenolases or polyphenol oxidases. These enzymes 
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normally oxidize the caffeic acid further to the corresponding o-quinone and this then 

polymerizes to dark products. The reaction can be limited to the first stage in presence 

of ascorbic acid as reductant. One process which probably reduces the chance of 

phenolic compounds interfering with enzymatic reactions in the cell is 

polymerization. Undoubtedly, as the molecular weight of a phenolic compound 

increases, its transport within the cell is considerably diminished. Hydrolysable 

tannins are probably the most popular bioactive polyphenols which may interfere with 

the growth and development of seedlings. In hydrolysable tannins, glucose may be 

linked to phenolic groups to render the molecules more water soluble and ensure their 

sequestration in the vacuole. It has also been established that several tannins 

(hydrolysable tannin in particular) are potent inhibitors of gibberellin induced growth, 

whereas growth induced by indoleacetic acid was not repressed by the same. This 

difference in action also suggests specificity between the tannin and Gibberellic acid 

(Corcoran eta/, 1972). 

1 0.3.2 Bioactivity of polyphenols and their interaction with pep tides 

The results presented here shows that the germination and growth of wheat seedlings 

are potentially inhibited by isolated phenolic acids (Figure 10.3) and standard phenols 

(Figure 10.4 and 1 0.5). Phenols can also inhibit the biological action of Gibberellic 

acid and peptide induced amylase enzyme as reflected from our experiment (Figure 

10.6 - 10.10). There is still considerable uncertainty in some points as to whether 

phenolic compounds have a physiological role in plant growth, development and 

metabolism during germination and post-germination phases. Even when most of the 

plant phenolics are not hormones themselves, they may affect the germination and 

growth by interaction with one or other major class of distinguished plant hormones 

like auxin and gibberellin (Harbome 1982). Graphical presentation clearly shows that 

germination processes were enhanced in response to standard Gibberellic acid like 

GA3• Gibberellic acids play a role in the accumulation of seed storage proteins during 

maturation presumably by specifically impeding the accumulation of 12s Globulin 

precursors. To characterize its bioactivity we treated embryoless half wheat seeds 

with a solution of Gibberellic acid instead of plain water. The higher level of 

hormonal signal causes more synthesis of amylase. Gibberellic acids induce sudden 

and rapid cell growth; also stimulate the hydrolysis of starch in germinating seeds by 

induction of amylases. This results in a large acceleration of maltose generation. It is 
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suggested that Gibberellic acid might be involved in controlling the accumulation of 

protein associated with radicle protrusion and post germination processes. 

In our experiments, eleven different types of standard phenolic acids and 

phenolic compounds extracted from seeds of Vigna radiata (Wilczek.) were tested for 

the abilities to inhibit gibberellin and peptide induced amylase syntheses in the 

embryo less half wheat seeds. As already stated in earlier chapters that low molecular 

weight peptides below 3 KDa can able to induce amylase unbiased (no species 

specific) regardless of its origin (Figure 10.11). These peptides could also enhance 

the induction of amylases in combination with gibberellic acids but synergistic 

responses were not observed (Figure 1 0.12). Phenolic acids with free hydroxyl group 

can successfully inhibit this specific biological action of peptides in embryoless half 

wheat seeds (Figure 10.7 -10.10). 

In the absence of Gibberellic acid, except o-coumaric acid, all different kinds 

of phenolic acids potentially executed minimal endogenous expression of functional 

amylases (Figure 10.13 and 10.14). This inhibitory action of phenolics was also 

observed even when half seeds treated with IOJ.im GA3 (Figure 10.15 and 10.16). But 

most interestingly gallic acid and their various galloyl esters and glucose derivatives 

(including tannic acid) are most potent in this respect (Figure 1 0.17). The inhibitory 

action of phenolics were observed to be correlated with the number of free hydroxyl 

group associated with benzene ring, that is why the digalloyl glucose compounds 

were Jess inhibitory than those of tannic acid and gallic acid. No inhibitory actions 

were observed with cinnamic acid where no free hydroxyl group is present and 3,4,5-

trimethoxy benzoic acid where all hydroxyl groups were substituted by methyl group 

(Figure 1 0.18). As gallic acid is one of the components of tannins (gallotannin in 

particular), it is presumable that tannin can also antagonize the biological action of 

Gibberellic acid (Corcoran eta/. 1972). From Figure 10.15 & 10.19, it is also clear 

that cinnamic acid derivatives (Figure 10.15) showed Jesser antagonistic action 

against gibberellic acid in comparison to benzoic acid derivatives (Figure 1 0.19). 

Same picture was also observed in case of peptides isolated from wheat and 

Vigna radiata. The reversibility of the inhibitory effects was tested by adding 

increased amount of gibberellic acid or isolated peptides to constant amount of 

phenolic acids or isolated seed phenolics (Figure 10. 7). This experiment was done 

because overcoming the response of an inhibitor by increasing the amount of 

promoters is consistent with the interpretation that the inhibitor and promoter are 
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involved in the same system. A constant amount of I mM of phenolics was used 

throughout the experiment. The amount of Gibberellin and peptide used ranged from 

10·1 to 10·10 M and 10-6 to !02 mg/g of fresh weight equivalent respectively. The 

inhibitory activity of three different types of phenolic acids (viz. mono-, di- and 

trihydroxy phenolates) was reversed by both Gibberellic acid as well as different 

isolated peptides. But here also the highest concentrations of inducers were required 

for recovering the inhibition of gallic acid which was followed by protocatechuic acid 

and p-hydroxy benzoic acid. The data presented here confirmed that the phenolic 

acids (Figure 10.20 and 10.21), peptides, gibberellic acid and their different 

combinations not only affect germination but also alter seedling morphology (radicle 

and shoot length) (Figure 10.22). Peptide can able to enhance both radicle and shoot 

length elongation of seedlings of chickpea. This is in agreement with recent works 

where low molecular weight peptides like CLAVATA-3 can able to modulate 

physiological activity like meristems determination, apical-basal polarity and radial 

patterning observed in Arabidopsis and other angiosperms. Even when most 

phenolics are not hormones themselves, they may affect plant growth by interaction 

with one or other major classes of plant hormones like auxin. It is well established 

fact that mono-hydroxy cinnamic acid uniformly augment the activity of IAA oxidase 

and thus potential inhibitory effect on growth whereas cinnamate with more than one 

hydroxyl group can able to enhance growth by inhibiting the oxidase activity. In our 

experiment it is observed that almost all kind of phenolic acids inhibited wheat and 

mung bean peptide induced growth of the shoots and most prominent inhibitory action 

was observed in case of phenolics derived from benzoic acid (Figure 1 0.23). The 

phenolic components isolated from seed of Vigna radiata also prominently exhibited 

peptide induced growth inhibition (Figure 1 0.22). The predominant component of 

isolated phenolics includes sinapic acid, syringic acid and p-coumaric acid where only 

one free hydroxyl group is associated with benzene ring. So the inhibitory action 

played by isolated phenolics may be due to the influence of monohydroxy phenolics 

actually present in the seed coat of Vigna radiata. Identical pattern of growth of 

radicle was observed under different treatment of standard phenolic acids and plant 

extracts (Figure 10.20 & 10.21). Gallic acid and ferulic acid were shown to be 

maximum active for inhibition of radicle elongation, also the isolated phenolics 

exhibited potential inhibitory activity. But altered response was observed in case of 

chlorogenic and caffeic acid (with more than one free hydroxyl group) where partial 
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enhancement of growth of radicle was documented from our experiment. Plant 

peptide itself has no significant role on radicle emergence and elongations as noticed 

from our experiment, but when the plant peptides were combined with extracted seed 

phenolics, significant retardation of growth of radicle was observed in all cases. 

(Figure 1 0.22) 

One interesting observation comes out from our experiment that embryoless 

half wheat seeds when treated with peptides can significantly induce amylase. 

Percentage of germination of mung beans was not significantly improved as such after 

the same applications (Figure 10.3). Extracted plant phenolics as well as standard 

phenolic acids generally inhibited the process of germination, when applied 

independently or in combination with gibberellic acid or peptide inducers. Few 

exceptions were there as for example protocatechuic acid, chlorogenic acid and 

caffeic acid where germination is enhanced when applied alone (Figure 1 0.4). It is 

already stated that amylase induction in embryoless half wheat seed is drastically 

inhibited after application of different phenolic acids in free form or in combination 

with inducers (Figure 10.8). So the apparent paradox of the behaviour of some 

phenolic acid in embryo containing and embryoless half seeds can be resolved from 

the observation of combined application of phenolic acids either with peptide or 

Gibberellic acid where inhibition was drastic and significant in all cases. From these 

observations it is probable that phenolic acids cannot directly inhibit the signal of 

germination but practically quench with the activity of Gibberellic acid or peptides. 

From the results discussed above it can be interpreted that germination is a 

multicomponent based interaction processes where degradation of stored starch is 

essential for proper growth and development of the embryo. During germination 

processes, the hydrolysis and mobilization of these nutrients are dependent on 

temporal accumulation and dynamic shifting of inducers and inhibitors respectively. 

Seeds integrate many intrinsic signals to control germination (Koornneef et al 2002). 

The mechanism by which these signals are integrated is still unknown in several 

cases. As most of the works are concentrated on gibberellic acid and its antagonizing 

hormone ABA, less attention has been paid to phenolic components and peptides 

which may couple with several intermediates of different signal transducing 

processes. Phenolic compounds are some of the most widespread metabolites and play 

a significant role in germination, growth and development (Makoi and Ndakidemi, 

2007). Growth-inhibitory compounds of agricultural importance have recently 
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received considerable research attention (Siqueira et al 1991, Indeijit 1996). These 

compounds include phenolic compounds with allelopathic characteristics (Schenk et 

al 1999). Studies have shown that these chemicals include simple phenols, phenolic 

acids derived from benzoic and cinnamic acids, coumarins, flavonoids, isoflavonoids, 

tannins and a variety of phenolic conjugates. Their presence and accumulation in the 

soil may reach the threshold concentrations for inhibition of pre-emergence seed 

germination or post germination, growth and nutrient absorption. Different phenolics 

concentrations have been reported to inhibit seed germination and seedling growth in 

legumes (Beier et a/1983, Zaynoun eta/ 1984, Devi and Prasad 1992). It has been 

observed that phenolic compounds significantly reduce the chlorophyll content, 

soluble protein and nitrate reductase activity. Enhanced contents of thiobarbituric acid 

reacting substances (TBARS) and hydrogen peroxide were documented with phenolic 

treatments. Phenolics can able to enhance the activity of different antioxidant 

enzymes like Superoxide Dismutase, Catalase and Peroxidase below its threshold 

level. But at higher concentrations phenolic compounds significantly reduced the 

antioxidant activity over control. So the susceptibility at higher concentrations may be 

attributed to reduced antioxidant enzyme activity and more membrane damage 

(Djanaguiraman et a/., 2005). Polyphenols of mung bean has low protein precipitating 

capacity, relatively high flavonol levels and were concentrated in the seed coat. 

Leakage of polyphenols from mung bean seeds has started immediately after 

imbibition. Mung bean sprouts had 36% less polyphenols after 48 hours of 

germination (Barroga et a/., 1985). In mung bean sprouts, the phenyl propanoid 

pathway was stimulated through Shikimate and Pentose Phosphate Pathways by the 

natural elicitors like peptides of fish protein hydrolysates (Randhir el a/., 2004). The 

authors showed that increased level of antioxidants was correlated with high Guaiacol 

peroxidase activity, indicating that the polymerizing phenols required during 

lignification with growth have antioxidant function. They hypothesized that enhanced 

mobilization of carbohydrates hastened phenol polymerization contributed to high 

antioxidant activity producing intermediary metabolites. Phenol polymerization also 

reduces the chance of interference of phenolic compounds with enzymatic reactions. 

Undoubtedly, as the molecular weight of phenolic compounds increases, its transport 

within the cell is considerably diminished. The two main types of phenolic polymers 

in plants are lignins and tannins. There are two main categories of tannin available in 

plant kingdom: hydrolysable and condensed tannins. Hydrolysable tannins are 

495 



conjugated form of gallic acid and glucose in different ratio. Condensed tannins i.e. 

Flavolans (C6-C3-C6) " or proanthocyanidine by contrast, appear never to be 

associated with sugar, although there have been occasional reports of glucose being 

present (Harborne, 1998). It is already established that several tannins are potent 

inhibitors of gibberellin induced growth. The inhibition can be overcome with the 

additional GA3 and there is no effect on endogenous growth. Thus tannins qualifY as 

gibberellin antagonists (Corcoran et a/. 1972). The biological activity of condensed 

tannins is limited by their high molecular weight and relative immobility. From the 

experiments with tannic acid [which is a mixture of gallic acid and various galloyl 

esters of glucose], it is observed that approximately 50% inhibition of amylase 

induction was observed when tannin and gibberellic acid tested ratio is 10:1, whereas 

this inhibition was 97% when the same ratio was 1000:1 (Figure 10.17). Clearly 

tannins particularly blocked the gibberellic acid mediated signal of amylase induction. 

As gibberellins appeared to play a dominant role in plant growth, more particularly in 

shoots, it is probable that tannins play a growth regulatory role by inhibiting growth 

caused by gibberellins in the plant. 

The testa or the outer layer of the seed coat is assumed to play a vital role by 

controlling germination through dormancy imposition and by limiting the detrimental 

activity of physical and biological agents during seed storage (Mohamed-Yasieen et 

a/. 1994, Weber et a/. 1996). Most testa mutants showed reduced seed dormancy, as 

ascertained by a lower requirement for after-ripening and higher germination rate 

(Debeaujon et a/. 2000). Over accumulation of the pigment in the seed coat is an 

obstacle to germination. From the vanillin or tetrazolium assays performed by authors 

it was concluded that the replacement of proanthocyanidine polymer by anthocyanin 

may lead to increased permeability of tetrazolium. 
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CHAPTER-XI 

RESPONSE OF HEAVY METAL INDUCED PEPTIDES 

OF VIGNA RADIATA ON SEEDLING TOLERANCE 

AND OXIDATIVE STRESS MITIGATION 
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11.1 INTRODUCTION 

Heavy metals are the fundamental elements with a relatively high density ( 5 g/m3
) and 

are toxic or poisonous at relatively low concentrations. These are mercury (Hg), 

Cadmium (Cd), Arsenic (As), Chromium (Cr), Lead (Pb), Copper (Cu), Zinc (Zn) etc. 

These are among the important pollutants causing world wide environmental 

contaminations and human health problem. Heavy metal pollutants have been discharged 

into the environment through various means including mining, metal work industries, 

urban traffic power station and agricultural fertilizers along with pesticides. 

Though some heavy metals (Cu, Zn) are also essential for normal growth and 

development of plant as they are the constituents of many enzymes and other proteins but 

elevated concentrations of both essential and non-essential metals can result in growth 

inhibition and toxicity symptoms. It is already established that heavy metals exert adverse 

effect on physiological and biological activities of plants (Fomazier eta/., 2002). Similar 

to various other stresses, heavy metal tends to increase the permeability of tissues due to 

membrane destabilization in plants (Pandey and Sharma et a/., 2002). The toxicity 

symptoms observed in the presence of excessive amounts of heavy metals may be due to 

a range of interactions at the cellular/molecular level. Toxicity may result from the 

binding of metals to sulphydroxyl groups in proteins, leading to inhibition of activity or 

disruption of structure, or displacing of an essential element resulting in deficiency 

symptoms. Heavy metals excess may stimulate the formation of free radicals and reactive 

oxygen species perhaps resulting in oxidative stress. Free radical induced lipid 

peroxidation is considered to be an important mechanism of leaf senescence, membrane 

leakage and apoptosis in plant system (Hall2002; Hall and Williams, 2003). 

Based on chemical and physical properties three different molecular mechanisms 

of heavy metal toxicity can be distinguished: (a) Production of reactive oxygen species 

(ROS) by autoxidation and Fenton reaction, this reaction is typical for transitional metals 

such as Fe, Cu. (b) Blocking of essential functional groups in biomolecules. This reaction 

has mainly been reported for non-redox reactive heavy metals such as cadmium and 

mercury. (c) Displacement of essential metal ions from biomolecules, the later reaction 

occurs with different kinds of heavy metals. Exposure of plants to non-redox reactive 
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metals also resulted in oxidative stress as indicated by lipid peroxidation, H202 

accumulation and an oxidative burst. 

Cadmium and some other metals are the cause of a transient depletion of 

Glutathione and an inhibition of anti-oxidative enzymes which indirectly promote the 

generation of reactive oxygen species. Generally high Cd level inhibit the system 

involved in H20 2 removal by inhibiting the expression of Glutathione and Ascorbate, 

which are the main non-enzymatic antioxidants and also antioxidant enzymes like 

Catalase, Glutathione reductase, Peroxidase and causes H20 2 accumulation. Metabolic 

modelling suggests that this loss of antioxidant defences is sufficient to explain the 

observed H20 2 accumulation. Cadmium actually inhibits enzymes which contain sulphur 

containing Ligand -SCH3 and -SH in methionine and cysteine amino acids binding with 

them and replacing Zn from enzymes. It is generally observed that higher level of 

Cadmium accumulation in plant causes reduction in photosynthesis, diminish water and 

nutrient uptake and results in visible symptoms of injury in plants such as chlorosis, 

growth inhibition, browning of root tips, secondary metabolism stimulation, lignifications 

and fmally cell death (Schutzendubel and Polle, 2002). Cadmium also decreases leaf 

area, stomatal frequency, stomatal index and pigment content in 7 days old mung bean 

seedlings grown under laboratory conditions (Vassilev et al., 1998). The metal promotes 

reduction of chlorophyll content, uncoupling of electron transport in chloroplast and 

perturbation of carbon reduction cycle (Woolhouse, 1983). 

Copper can be toxic by their participation in redox reaction producing hydroxyl 

("OH) radicals which are extremely toxic to living cells. Catalase and Glutathione 

Reductase activity are also reduced by excess copper (Streb et al., 1993). Excess copper 

affect the equilibrium between photo-inhibition and repair, resulting in a decrease in 

steady state concentration of active photosystem. 

It has been observed that mercury also produce equivalent grades of toxicity in 

plant system. Mercury affects water channel proteins or aquaporins and seriously 

hampers leaf growth and hydraulic conductance (Yukutake et a/., 2008). Bivalent 

mercurial ions probably react with free sulphydryl groups of aquaporins protein 

associated with root membrane water channels and result in their closure. 
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A promising new technology referred to as phyto-remediation, offers promise for 

cleanup of polluted areas in a cost-effective and environment friendly manner. This 

technology involves removal oftoxic heavy metals from contaminated soils and water or 

rendering them harmless by accumulating, chelating or transforming these contaminants 

into biologically inactive forms through green plants. One possible approach for phyto

remediation is to use 'hyper accumulator' plant species that have evolved to accumulate 

high concentration of heavy metals in their biomass. But due to natural limitations, 

genetic and molecular investigations of plant defence mechanisms involved in heavy 

metal stress have been under way to improve the efficiency of phyto-remediation (Lee et 

a/., 2003). 

Though some of the genetic approaches are experimentally successful in 

laboratory for efficient heavy metal trapping system and switching to its metabolically 

non-toxicated forms, lots of other investigations including bioactive antioxidants and 

peptides are essentially required for proper phytoremediation. My investigation is 

particularly concentrated on those bioactive peptides which can able to combat these 

heavy metal stresses. Biologists very well know that the peptides like Glutathione (GSH), 

Phytochelatin (PCs) and Metallothionins (MTs) have extraordinary efficiency regarding 

the intoxication of heavy metal stress. Therefore this study aimed at exploring the 

interaction of peptides and heavy metal (Cd, Hg, and Cu) stress. The low molecular 

weight peptides that are isolated from 7 days old Vigna seedlings under heavy metal 

stress are characterized according to their solvent partitioning profile in paper 

chromatography and their efficacy values are monitored under stressful conditions, 

derived from the presence of excess heavy metals. These peptides can efficiently manage 

the stressful environment and the plants grown in these peptides containing medium with 

heavy metals or priming seeds with these peptides before sowing perform better response 

and execute lesser toxic symptoms than their counterparts, grown in same environment 

but without peptides. Though the exact mechanism of these responses are not studied due 

to shortage of time, still I think that the findings which are obtained from my works will 

essentially carry some values related to heavy metal tolerance in plant system. 
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11.2 MATERIALS AND METHODS 

11.2.1 Plant Material 

Seeds of mung bean [Vigna radiata (L) Wilczek. cv sonali Bl(sensitive variety to heavy 

metal stress)] were collected from same agriculture research station mentioned in earlier 

chapters and stored at 10" C cooling temperature inside freeze in the desiccator until 

further use. 

11.2.2 Culturing of Plants 

Seeds were surface sterilized with 4% sodium hypochlorite solution for 3 minutes and 

then washed thoroughly with sterile distilled water three times under laminar air flow. 

Seeds were allowed to culture in sterile petriplates with absorbent cotton supplied with 

modified Hoagland solution with one-half strength major nutrients and full-strength 

micronutrients. The nutrient solution was renewed weekly. Experiments were conducted 

inside a controlled environmental growth chamber with 14-h light period (350 1-1mol m·2 

s" 1
), 25"/20°C day/night temperature, and 80% relative humidity. 

11.2.3 Induction of heavy metal stress 

Modified Hoagland was intentionally contaminated with 5 mM Cu2+ as copper sulphate 

[CuS04, 5H20] and 2mM each ofC~2 & Hg+2 in the form of cadmium chloride [CdCh, 

H20] and mercuric chloride solutions in separate flasks. Just after germination Vigna 

seedlings were cultured for one week in this heavy metal inoculated medium for 

expression of heavy metal stress induced peptides. 

11.2.4 Isolation and purification of low molecular weight peptides 

Isolation and purification of low molecular weight peptides (3k Da to 0.5 k Da) were 

performed as described in Chapter III Section 3.2.2. Mung been seedlings, which were 

grown on heavy metal stressed condition, were used for peptide extraction. The extracted 

peptides were mercury stress induced peptides isolated and purified from plants cultured 

in acute mercury stressed conditions. Similarly cadmium and copper stress induced 

peptides were isolated and purified in same manner from seedlings that acutely faced the 

respective heavy metal stresses. 
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11.2.5 Aseptic culturing of Vigna seedlings with peptides 

After isolation of heavy metal stress induced peptides, Vigna seedlings were co-cultured 

in the peptide & heavy metal containing medium in fully aseptic condition. For that, 

seeds were surface sterilized and aseptically transferred in a suitable medium for 

observing the morphological and biochemical changes associated with heavy metal 

stress. 

11.2.Sa Seed germination: 

Before germination, seeds were surface sterilized successively with 2% sodium 

hypochlorite and 70% alcohol followed by 4 times washing with sterile distilled water. 

The seeds were then aseptically transferred to sterile Petri plates containing cotton. The 

Petri dishes were placed inside the germinator under 25° /20°C day/night temperature, 

90% relative humidity and I 4 hrs I I 0 hrs. light I dark cycle. 

11.2.Sb Aseptic seedling transfer to modified MS medium: 

After emergence of radical, I 0 seeds were transferred aseptically with sterile 

forceps to each sterile flask containing modified MS medium with different 

concentrations of heavy metals and peptides inside laminar air flow. The basic 

composition of modified MS medium was half strength MS Major, full strength MS 

minor, MS Iron and MS Vitamin with 0.5% sucrose and 0.9% agar (bacteriological 

grade). No hormones were added inside that MS medium. After proper sterilization and 

autoclaving, heavy metals were inoculated inside this MS medium through proper 

melting and mixing, the final concentrations of which were enlisted Table ILl 

Table 11.1 Concentrations of heavy metals introduced in MS-medium 

Cone. of Mother soln. added 
Final cone. of Vol. ofsoln. added in each 

Heavy Metals Mother to modified 
Heavy Metals Petri dishes for culturing 

Stock Hoagland 

CuS04.5H20 I (M) 
I f!L 50 f!M 

20ml 
4 f!L 200 f!M 

CdCI2.H20 0.5 (M) 
I f!L 25 f!M 

20ml 
4 f!L 100 f!M 

HgCI2 0.5 (M) 
I flL 25 f!M 

20m! 
4 flL 100 f!M 
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Similarly peptides were aseptically introduced inside the MS medium with their 

respective concentrations mentioned Table 11.2 

Table 11.2 Amount of Vigna radiata peptides introduced in MS-medium 

Cone. of peptide Mother stock 
VolumeofMS 

Final cone. of 

Peptide Sample 
mother stock added toMS 

medium in each 
peptide in MS 

(Fresh Wt. medium in each 
flask 

medium (Fresh 
Eq/ml) flask Wt. Eq/ml.) 

100 gm/ml 200 j.Ll 20ml I gm/ml 
Copper stress 

lgmlml 200 J.ll 20ml 10 mg/ml 
induced peptides 

10 mg/ml 200 J.il 20ml 100 J.lg/ml 

!00 gm/ml 200 J.il 20m! I gm/ml 
Cadmium stress 

I gm/ml 200 J.il 20ml 10 mg/ml 
induced peptides 

10 mg/ml 200 J.il 20ml 100 J.lg/ml 

100 gm/ml 200 J.il 20ml I gm/ml 
Mercury stress 

lgmlml 200 J.il 20 mi 10 mg/ml 
induced peptides 

10 mg/ml 200 J.il 20 ml 100 J.lg/ml 

In case of control, plants were cultured without any heavy metal or peptide 

contaminations. 

11.2.5c Maintenance of seedlings: 

After inoculation of seeds, the flasks were kept under fluorescent tube for 12 hours and 

placed under dark for another 12 hours. 24 °-26 ° C temperatures were always maintained. 

11.2.6 Pre-soaking or priming of seeds of Vigna radiata 

After proper surface sterilization, fifty seeds of Vigna radiata were primed with 1 0 ml 

each of water, 500f.LM of salicylic acid and lgrn/ml of two different peptide solutions 

(isolated from cadmium and mercury stress induced plants) separately for 7 hours. 

During this period agitation was constantly maintained for preventing anaerobiosis. 

509 



Priming was stopped before radical emergence. Temperature of 25°C and light of 350 

Jlmol m-2 s'1 was also maintained within this time. After priming, seeds were completely 

air-dried and kept in refrigerator till further use. 

11.2.7 Culturing of primed seeds in heavy metal containing medium 

For observing the performance of primed seeds, they were aseptically transferred to 

different flasks containing 50, I 00, 150, 200, 250 ppm of cadmium, copper and mercury 

separately. For nutritional supply to seedlings modified Hoagland solution containing 

one-half strength major and full-strength micronutrients was used as basal medium. The 

flasks were aseptically placed inside the controlled environmental growth chamber with 

14-h light period, 25°C/20°C day/night temperature and 80% relative humidity. 

Morphological, biochemical and enzymological performance of seedlings were measured 

after 6 days of culturing in these physiological conditions. 

11.2.8 Study of Morphological parameters 

The records of morphological parameters as length of the shoot, hypocotyls and shoot, 

area of leaf, lateral root number, weight of a pair of cotyledons and embryo proper were 

measured after one week of culture with the help of suitable instruments (millimetre 

scale, digital balance etc.). Photographs were also taken for those seedlings that truly 

reflect the observed morphological changes among lots of plants. 

11.2.9 Induction/repression of antioxidative enzymes 

Following enzymes will be assayed after extraction from plant tissues with or without 

challenging peptides and priming with salicylic acid, water or peptides: 

11.2.9a Catalase (EC 1.11.1.6): 

Catalase (CAT) activity was estimated as described by Patterson eta!. (1984). Here the 

decomposition of hydrogen peroxide was monitored considering ll.& 43.6 mM cm-1 at 240 

nm. 3 ml of Reaction mixture contained 10.5 mM H20 2 in 0.05 M potassium phosphate 

buffer (pH 7.0) and the reaction was initiated after the addition of 0.1 ml enzyme extract 

at 25 °C. The decrease in absorbance at 240 nm was used to calculate the activity. One 
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unit of CAT activity is defined as the amount of enzyme that catalyzes the conversion of 

I mM ofH202 min-1 at 25 °C. 

11.2.9b Ascorbate Peroxidase (EC 1.11.1.11): 

Ascorbate Peroxidase (APX) activity was determined according to the method of Nakano 

and Asada (1981). The reaction mixture (2.0 ml) consisted of 0.05 M potassium 

phosphate buffer (pH 7.0), 0.2 mM EDTA, 0.5 mM ascorbic acid and 0.25 mM H20 2. 

The reaction was initiated by the addition of 0.1 ml enzyme extract at 25 °C. The 

decrease in absorbance at 290 nm for one minute was recorded and the amount of 

ascorbate oxidized was calculated from the extinction coefficient of 2.8mM cm-1
• The 

unit of activity is expressed as micromole of ascorbic acid oxidized min -I at 25 °C. 

11.2.9c Guaiacol Peroxidase (EC 1.11.17): 

Guaiacol Peroxidase (GPX) activity was determined spectrophotometrically at 25 °C 

according to the method mentioned by Tatina et a/. (1999). 2.0 ml of reaction mixture 

contained 0.05 (M) potassium phosphate buffer (pH 7.0), 2 mM H202 and 2.7 mM 

guaiacol. The reaction was started by the addition of 0.1 ml enzyme extract. The initial 

rate of oxidation of guaiacol was determined by the rate of formation of tetraguaiacol and 

was measured at 470 nm (il& = 26.6 mM cm-1
). One unit is defined as the amount of 

enzyme required to catalyze the conversion of one micromole of H20 2 with guaiacol as 

hydrogen donor, per minute under specified conditions. 

11.2.9d Glutathione Reductase (EC 1.6.4.2): 

Glutathione reductase (GR) activity was measured spectrophotometrically at 25°C by 

determining the rate of NADPH oxidation as a decrease in absorbance at 340 nm (Ll& = 

6.2 mM cm-1
) according to the method of Halliwell and Foyer (1978). The reaction 

mixture (1.0 ml) consisted of 100 mM Tris-HCI buffer (pH 7.8), 21 mM EDTA, 0.005 

mM NADPH, 0.5 mM oxidized glutathione, and the enzyme extract. NADPH was added 

to start the reaction. Unit activity is defmed by the expression reduced 1.0 mmol of 

oxidized glutathione per minute under standard assay conditions. 

11.2.9e Superoxide Dismutase (EC 1.15.1.1): 

Superoxide Dismutage (SOD) activity was determined spectrophotometrically. 

The reaction mixture containing Tris-HCI Buffer (pH 8.9) EDT A, tetra-ethylene diamine, 

BSA and nitro-blue tetrazolium (NBT) with riboflavin in KOH were illuminated under 
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fluorescent light and increase in absorbance was monitored at 560 nm (Giannopolitis & 

Reis, 1997). 

11.2.10 Estimation of total protein content 

Proteins were extracted by homogenizing 500 mg of fresh seedlings in I 0 ml of 50 mM 

pre-chilled Tris-HCI (pH 8.0) and centrifuged at 10,000 rpm for 15 min at 4°C and an 

aliquot from the supernatant was mixed with an equal volume of ice cold 10% 

trichloroacetic acid (TCA; w/v) and incubated at 0°C for 1 h to precipitate the proteins. 

The protein pellet was collected by centrifugation at 5,000 rpm for 15 min at 4°C and 

dissolved in 1 (M) NaOH. Protein content was estimated by the procedure of Lowry eta/. 

(1951) with BSA used as a standard. Protein content was quantified immediately after 

harvest. 

11.2.11 Paper chromatography 

100 1-11 (1 g fresh weight equivalent peptide) of each isolated heavy metal stress induced 

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 mobile 

solvent phase [Isopropanol: Ammonia: Water (10:1:1 v/v or 8:1:1 v/v)] in one

dimension; and for two-dimensions, two solvents were used separately [solventl

lsopropanol: Ammonia: Water (10:1:1 v/v or 8:1:1 v/v) and solvent 2-n-Butanoi:Acetic 

acid :water (4:1:1 v/v or 6:1:2 v/v)]. The chromatograms were stained with freshly 

prepared ninhydrin location reagent (Hirao el. a/., 2000). The retardation factor (Rr) 

values were determined as before. 

11.2.12 Determination of biochemical parameters 

Following biochemical events were estimated with seven days old seedlings of V. radiata 

after seed priming with water, salicylic acid or peptides. 

11.2.12a MDA determination: 

MDA content was measured by the thiobarbituric acid (TBA) as described by Heath and 

Packer (1968). After homogenizing the leaves with 5% TCA, the homogenate is directly 

used for MDA estimation. 1 ml of 5% TCA and 4 ml of TBA reagent (0.5% in 20% 
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TCA) was mixed and used as a blank. For correction of blank, I ml of homogenate and 4 

ml of 20% TCA and for sample I ml of homogenate and 4 ml of TBA reagent were 

mixed. After heating at 95°C for 30 min in a water bath the mixture was cooled and 

centrifuged 4,000 rpm for 10 min. The absorbance was determined at 532 nm and 

corrected for non-specific absorbance at 600 nm and for the absorbance at 532 nm of the 

correction blank. MDA content was calculated by using an extinction coefficient at 155 

mM'1.cm·1
• MDA level is routinely used as an index of lipid peroxidation and was 

expressed as nmol g FW-1
• 

11.2.12b Peroxide estimation: 

100 mg of fresh seedlings were homogenized with 5% TCA and centrifuged at 15,000 

rpm at 4°C for 10 min. The supernatant was used for peroxide estimation by fern

thiocyanate methods mentioned earlier by Sagisaka (1976). Reaction mixture contained 2 

ml tissue extract, 0.4 ml of 50% TCA, 0.4 ml ferrous ammonium sulphate and 0.2 ml 

potassium thiocyanate. The absorbance of ferrithiocyanate complex was determined 

spectrophotometrically at 480 nm and compared to H20 2 standard. Peroxide content was 

expressed as f.!mol g FW-1
• 

11.2.12c Estimation of proline: 

Spectrophotometric determination of proline content was estimated according to the 

method of Bates et a/. (1973) based on reaction of proline with ninhydrin. For proline 

estimation, a 1: 1: 1 solution of proline, ninhydrin and glacial acetic acid was incubated at 

1 OO"C for 1 hour. The reaction was arrested in an ice bath and the chromophore was 

extracted with 4 ml toluene and its absorbance at 520 nm was determined 

spectrophotometrically. 0.5 g of tissues was mixed with 2 ml of 3% sulfosalicylic acid. 

The supernatant after centrifugation was mixed in a 1: 1: 1 ratio with ninhydrin and glacial 

acetic acid. The method was calibrated for each determination with standard proline 

solutions within the detection range of the method (0-100 f.lg. ml'1). 

11.2.12d Determination of ascorbic acid: 

Ascorbic acid of mung bean seedlings was measured using 2,6-dichloroindophenol (DIP) 

titrimetric method, as reported by Dewanto eta/., (2002) and modified slightly. Briefly, 2 

g of seedlings was blended in a Waring blender using 30 ml of chilled 2% (w/v) 

metaphosphoric acid for 5 min. Samples were then homogenized for 3 min. The 
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homogenates were centrifuged at 2000g for 5 min. The extract solutions were filtered 

(Whatman no. 1) for titration. A total of I ml of ascorbic acid standard solution (I mg/ml) 

was 1dded to 50 ml conical flask, and then mixed with I 0 ml of 2'% (w/v) 

metaphosphoric acid. Ascorbic acid was titrated with 2, 6-dichloroindophenol solution 

until the colour turned pink and persisted for at least l 5 sec. The measurement was 

expressed as milligram of ascorbic acid per 100 grams of sample. Data were reported as 

mean± SD for at least three replicates. 

12.2.12e Determination a_{ total soluble phenolics: 

The total phenol contents of seedlings of V. radiata were determined by the Folin

Ciocalteu colorimetric method (Singleton, 1999). All extracts were diluted appropriately 

in order to obtain readings that ranged within the standard curve concentration range of 

0.0 to 600.0 ~tg gallic acid mr 1
• For each analysis, I 00 ~tl of the standard gallic acid 

solution or extracts was added to 0.4 ml of deionized water in a test tube. Folin-Ciocalteu 

reagent (0.1 m) was added to the solution and allowed to react for 10 min to ensure that 

the Folin-Ciocalteu reagent reacted completely with the oxidizable phenolates in the 

sample. Then, 1 ml of 7% sodium carbonate solution was added to raise the pH, and 0.8 

ml of deionized water was added into the test tubes to adjust the final volume to 2.4 ml. 

The samples were mixed and allowed to stand for 90 min at room temperature. After the 

colour was developed, absorbance was read at 760 nm using a UV -VIS 

spectrophotometer (S ystronics, 2201 ). Results were calculated based on the standard 

curve of gallic acid concentrations and expressed as milligram per 100 grams of dry 

weight for triplicate. 

11.2.13 Statistical analysis 

All analysis was carried out in triplicate. Results were presented as mean ± standard 

deviation. Bivariate Pearson's correlation co-efficient was performed through SPSS 

(Version 21, IBM SPSS Inc., Chicago, USA). Significant differences were declared at p < 

0.05. The results were submitted to PCA analysis using XLST AT 2009 compatible with 

Excel versions of Windows 2007. 
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Control CdCb HgCb CuS04 
Heavy metals used for peptide induction 

Mobile Solvent Phase- Isopropanol: Ammonia: Water :: 10:1 :1 

Figure 11.1 One-dimensional paper chromatography of peptides e lic ited with 
cadmium, mercury and copper salts 
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11.3 RESULTS & DISCUSSION 

11.3.1 Paper chromatography of heavy metal stress induced pep tides 

One dimensional paper chromatography was done with isolated peptides m solvent 

mixture of Isopropanol : Ammonia : Water :: 10 : 1 : 1. After some permutation and 

combinations of solvent ratio, it was observed that best resolution and greater number of 

imaginary separation planes were achieved in above mentioned solvent ratio. The 

peptides that were expressed in normal condition were mostly suppressed in copper 

stress. Though the apparent pattern of expression of peptides during cadmium stress is 

more or less same, the intensity of spots were reduced when Rr values were greater than 

0.10 (Figure 11.1 ). One additional spots were appeared in each of HgCb and CuS04 lane, 

which indicate that new peptides may be expressed during mercury and copper stress 

(Table 11.3). It was also observed that apparent migration of expressed peptides in this 

solvent mixture was slow and the Rr values were restricted within 0.6 probably due to 

lower affinity of peptides in alkaline solvent (Table 11.3). 

Table 11.3 Distribution of spots of heavy metal expressed peptides depending on Rr 

values [Solvent- Isopropanol: Ammonia: Water (10:1:1 v/v)] 

Spot no. Rr values Control CdCiz HgCI2 CuS04 

1 0.03 ++++ ++++ +++ ++ 

2 0.05 ++++ ++++ ++++ ++ 

3 0.09 +++ ++ +++ + 

4 0.13 ++++ ++ ++++ + 

5 0.22 +++ ++ +++ + 

6 0.28 Absent Absent ++ + 

7 0.31 ++ Absent Absent Absent 

8 0.39 +++ ++ +++ + 

9 0.48 +++ ++ +++ + 

10 0.56 +++ ++ +++ + 

+ denotes apparent colour intensity of spots 
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Table 11.4 2D Paper Chromatographic Fingerprint of Cadmium Chloride induced peptides expressed in one week old Vigna radiata (L) 

Wilczek. cv sonali B I 

SPOTS IN GROUP 

Vertical 
No. of 

A B c D 

spots Apparent 
Rr 

Apparent 
Rr 

Apparent 
Rr 

Apparent 
Rr 

Intensity Intensity Intensity Intensity 

+ (0.06,0.13) 

2 ++++ (0.14, 0.15) +++ (0.19,0.15) 

3 + (0.0 1,0.19) + (0.04,0.19) + (0.07, 0.19) + (0.15, 0.20) 

4 + (0.1 0, 0.22) 

5 + (0.13,0.25) +++ (0.16,0.25) ++ (0.42, 0.26) 

6 ++++ (0.26,0.34) 

7 +++ (0.48,0.49) 

8 ++ (0.59,0.57) 

9 ++ (0.62,0.61) 



"' -00 

Table 11.5 2D Paper Chromatographic Fingerprint of Copper Sulfate induced peptides expressed in one week old Vigna radiata (L) 

Wilczek. cv sonali B I 

VertiMI~Apparent Intensity represented by no. of'+' symbols. SPOTS IN GROUP 

of spots A B c D E 

AI Rr AI Rr AI Rr AI Rr AI Rr 

1 ++ (0.14, 0.09) ++ (0.19, 0.09) 

2 + (0.17, 0.17) 

3 + (0.26, 0.26) 

4 + (0.44, 0.43) 

5 + (0.55, 0.51) 

6 + (0.57, 0.55) 

7 + (0.35, 0.88) ++ (0.38, 0.88) + (0.42, 0.88) + (0.54, 0.94) + (0.64, 0.94) 

8 + (0.59, 0.97) 
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In two dimensional paper chromatography, Isopropanol : Ammonia : Water in 

8:1:1 and Butanol: Acetic Acid: Water in 6: 1 :2 ratios resolved the spots best; 15 spots 

were developed from cadmium (Table 11.4), 14 from mercury and 13 from copper 

induced peptides (Table 11.5). If all the conditions were same and stable, these solvent 

mixtures produce dependable fingerprint of respective heavy metal stress induced 

peptides. Like 1 D, 2D chromatogram also shows low apparent intensity of spots in 

CuS04 induced peptides (Figure 11.2). Among CuS04 induced peptides, the migration 

distance of some were high in alkaline front (Rr > 0.80) which was not observed in other 

cases. In normal as well as in cadmium and mercury induced peptides, intense spots were 

distributed near its origin which indicate that a significant quantity of expressed peptides 

have low Rr value ( <0.5) in both alkaline and acidic solvents. 

11.3.2 Induction of phytotoxicity under heavy metal stress and possible remediation 

through application of pep tides 

All the three heavy metals viz. cadmium, copper and mercury executed potential 

phytotoxicity on mung bean from the very beginning of germination phase. In all cases of 

heavy metal contaminations root length, shoot length, leaf area and embryo proper weight 

was drastically reduced (Figure 11.3-11.6). Even after one week, cotyledons of seedlings 

held considerable weight in heavy metal contaminated samples (Figure 11.6). This 

indicates that cotyledonary reserve foods were not appropriately utilized by embryo 

proper and these heavy metals perturbed the mobilization of storage reserves from 

cotyledon to embryo proper. Clearly the heavy metals have some visible phytotoxicity 

which might be operated through malfunctioning of basic physiological systems and 

ultimately hindered the normal atmosphere of seedling growth and development. 

Although copper is an essential micronutrient for plants, it was already 

documented that uptake of excess copper beyond threshold could be harmful for most 

plants (Fernandes and Henriques, 1991). Copper mediated free radical formation has 

been reported in intact roots (DeVos eta/., 1993), in detached leaves (Luna eta/., 1994) 

and in intact leaves (Weckx and Clijsters, 1996). Excess copper has been shown to induce 

leaf senescence (Dhindsa eta/., 1981) and lipid peroxidation. The activities of enzymes 

involved in active oxygen metabolism like catalase, glutathione reductase & superoxide 
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dismutase were reduced or not affected by excess copper (Chen et al., 2000). It was also 

established that copper induced phytotoxicity and lipid peroxidation is strongly 

associated with free radicals. As because copper is a transitional metal, copper induced 

generation of hydroxyl radical and other free radicals are mainly operated through Fenton 

reaction. Application of non-enzymatic antioxidants like ascorbate, thiourea and sodium 

benzoate strongly reduced copper mediated phytotoxicity, senescence and lipid 

peroxidation in rice leaves (Chen et al., 2000). 

The story of cadmium and mercury is somewhat different. Both the heavy metals 

are well known environmental pollutants and induce high level of phytotoxicity even in 

case of trace of contaminations. Cadmium accumulation causes reduction in 

photosynthesis, diminishes water and nutrient uptake (Sanita and Gabbrielli, 1999) and 

results in visible symptoms of injury in plants such as chlorosis, growth inhibition, 

browning of root tip and finally death (Kahle, 1993). Unlike copper, contrasting results 

have been reported in case of cadmium induced antioxidative enzyme expression. 

Cadmium also caused lipid peroxidation suggesting that the tissues suffered from 

oxidative stress (Chaoui et al., 1997). Cadmium doesn't belong to the group of 

transitional metals like copper, iron, and zinc which may induce oxidative stress via 

Fenton type reactions. Accumulation of hydrogen peroxide was observed during 

cadmium toxicity and that was probably due to inhibition of enzymes involved in H20 2 

removal like catalase and ascorbate peroxidase (Polle, 200 I). Cadmium binds to thiol 

groups and thereby inactivates thiol-containing enzymes such as glutathione reductase 

(Creissen and Mullineaux, 1995; Mullineaux and Creissen, 1997). The same inhibition 

mechanism may be possible for ascorbate peroxidase being sensitive to thiol reagents 

(Chen and Asada, 1989). 

Vigna radiata seedlings grown in presence of 50 to 250 f!M Cd2
+, Hg2+ or Cu2

+ 

showed significant growth reduction in both root and shoot lengths along with embryo 

proper weights after one week, which were also visually distinct (Figure 11.7-11.9). 

Among three heavy metals, copper induced stress was minimized (Figure II. 9), whereas 

the stresses imposed by mercury were mostly prominent at concentrations beyond I 00 

f!M (Figure 11.8). In the control, fresh weight of both root and shoot increased linearly 

over a 96 hours period. Thereafter it gradually reached the plateau phase for next three 
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days. These three heavy metals under 100 J.LM concentrations did not affect the growth of 

either root or shoot significantly over the first 24 hours; next the fresh weight increased 

linearly with the time, though with lower rates than control. After 5 days of cadmium and 

mercury treated plants, the visible symptoms of chlorosis and necrotic areas began to be 

evident at their tips. Roots did not show any apparent damage at 100 J.LM heavy metal 

concentrations. Though chlorosis was common but marginal necrosis was not observed in 

case of copper stress. At higher concentrations of heavy metal (above 100 J.LM) exposure, 

growth of the root was more hampered than shoot (Figure I 1.3-11.5 A and B). Root fresh 

weight improved with the increment of 8.4 mg d" 1 under control growth conditions and at 

7 days, root growth has reached up to 58 mm. The treatment with 100 J.LM of cadmium, 

mercury or copper decreased root growth from 58 mm to 5, 31 and 3 mm respectively 

(Figure 11.3-11.5 A). So growth of roots was drastically reduced in respect to control 

whereas 68%, 30% and 82% retardation of shoot growth was observed after seven days 

under these heavy metal stresses (cadmium, copper and mercury respectively) (Figure 

I I .3-I I .5 B). If root growth is hampered and number of lateral roots is minimized, ion 

absorption and uptake of essential ions from soil can be reduced. Decrease in leaf area as 

revealed from our experiments (Figure I 1.3-1 1.5 C) means hampering of rate of 

photosynthesis which ultimately affect in production of triose sugars which means that 

the seedlings are largely dependent on stored carbohydrate present in cotyledons. Weight 

reduction of cotyledons was also to some extent para! ysed under heavy metal stress 

(Figure I 1.6 A, C and E) which means the blockage of energy source from both 

photosynthesis and stored foods. Priming particularly helps embryo in recovering from 

this breathless situation. 

In all cases of culturing plants with peptides or pre-soaking the seeds with 

peptides decreased the heavy metal induced phytotoxicity. The beneficial effect of 

peptides was seen with all growth parameters and was shown to be statistically 

significant. In case of pre-soaking, seeds were hydro primed, and for the same period, 

seeds were also primed with peptides and salicylic acids. Both salicylic acid and peptides 

alleviated the cadmium, copper and mercury induced phytotoxicity in hydroponics 

culture (Figure 1 1.3-1 1.9). As already stated, phytotoxicity of mercury among seedlings 

was highest; whereas the copper induced toxicity was less significant. Primed seeds 
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executed significant deviation from unprimed seeds during growth and development of 

seedlings up to 200 ppm of cadmium, copper and mercury. Seeds under peptide priming 

at different doses performed best tolerance and their root, shoot and hypocotyls length, 

lateral root number, leaf area and embryo proper weight was enhanced (Figure 11.3-

11.9). Peptide priming with lower doses (10 to 0.1 ppm) significantly improved root and 

shoot length under cadmium and copper stress (Figure 11.10-11.11 and 11.16-11.17), 

whereas priming with higher concentrations of peptides (1000 ppm) was required for 

alleviation of mercury phytotoxicity might be due to higher sensitivity of Vigna radiata 

seedlings towards mercury toxicity (Figure 11.22-11.23). It was also observed that leaf 

area was remarkably improved under heavy metal toxicity at lower doses of peptide 

priming (Figure 11.12, ll.J8 and 11.24), but for improvement ofhypocotyllength under 

cadmium toxicity, priming with higher dose of peptides were essentially required (Figure 

11.13). In all cases of heavy metal toxic situation, cotyledon weight was enhanced with 

higher dose of metal concentration whereas the reversal of this situation was observed in 

case of embryo proper, i.e. the embryo proper weight was deteriorated seriously along 

with higher concentrations of heavy metal treatment (Figure 11.14-11.15, 11.20-11.21 

and 11.26-11.27). It may happens that heavy metal toxicity drastically perturb the activity 

of hydrolytic enzymes present in cotyledons. Therefore the nutrient polymers present in 

cotyledons might be less utilized by embryo proper which could ultimately hamper the 

growth of embryo proper. Peptide priming at lower doses improved this situation in case 

of cadmium (Figure 11.14-11.15) and copper stresses (Figure 11.20-11.21 ), but here also 

priming with higher dose of peptides were required for mitigation of mercury toxicity 

(Figure 11.26-11.27). Embryo proper weight was improved significantly with lower dose 

of peptide pre-soaking up to 50 ppm toxic concentration of cadmium (Figure 11.15) and 

up to 250 ppm in case of copper (Figure 11.21 ), but higher dose of peptides were 

necessary as pre-soaking agent. Unfortunately, no significant improvement of embryo 

proper was observed with peptide per-treatment in mercury phytotoxicity (Figure 11.27). 

Therefore, it can be assumed that, after peptide priming, seeds were capable for 

better absorption and survival than unprimed seedlings, which means better physiological 

acclimation under heavy metal stress. Seed priming before the emergence of radicle 

trained embryo the strategies of survival in desiccated conditions. When the embryo and 
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seed is hydrated, the basic programme for seed germination has started and several 

structural protein and hydrolytic enzymes are released in a planned genetic fashion which 

is essential for growth and development of embryo. Now when these seeds are going to 

be dehydrated slowly after hydration for 5-6 hours, the growing embryo feel extreme 

desiccation stress and the embryo then generate stress tolerant protein like LEA protein, 

hormone like abscisic acid and antioxidative enzymes, which help the embryo to tolerate 

against these desiccation. The survived embryo can able to manage the extreme 

environment in heavy metal toxicity in a better reformed fashion. 

Now the basic understanding of heavy metal induced toxicity and tolerance in 

plants is related to the experimental design performed in this section and the available 

reports from existing literature performed by different authors in different plants. Any 

types of stress fundamentally induce oxidative stress in plant system. Even cadmium and 

mercury, which are not transitional metals, may cause oxidative stress. Enhancement of 

lipid peroxidation and accumulation of malonaldehyde (MDA) particularly proves this. 

In this investigation, the MDA accumulation which was observed during stress conditions 

was partially minimized after priming indicating lesser lipid peroxidation (Figure 11.28 

A). Cadmium induced malonaldehyde accumulation was also proved in Scots pine roots 

(Schutzendubel and Polle, 2002), supporting our opinion. Proline was generally 

accumulated in higher amount during stress conditions and may be designated as 

oxidative stress markers. In case of heavy metal induced phytotoxicity, proline 

accumulation was observed in unprimed seedlings, whereas after priming proline content 

in seedlings was reduced (Figure 11.28 B). The detoxification of oxygen free radicals 

may be achieved through several paths. One of the metabolic fates of this active oxygen 

is the generation of hydrogen peroxide. In our experiments, peroxide content was 

significantly accumulated during heavy metal stress conditions, but priming particularly 

with salicylic acid and peptides significantly reduced this peroxide accumulation in 

seedlings (Figure 11.29 A). In association with improved oxidative homeostasis after 

priming, total protein content also enhanced predominantly after salicylic acid and 

peptide pre-treatment (Figure 11.29 B). This hydrogen peroxide may induce phenyl 

propanoid path and accumulate polyphenols and flavonoids which may take part in redox 

reactions. Lignification is another manifestation of this process. During heavy metal 
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induced phytotoxicity, soluble phenolics and ascorbic acid, which was considered as the 

reservoir of non-enzymatic antioxidants enhanced sharply in unprimed seedlings but 

these antioxidant reservoir was declined after priming (Figure 11.30 A and B), indicating 

that their essentiality was reduced after priming and the tolerance mechanism of seedlings 

was somewhat different. Generation of reactive oxygen species (ROS) is the obvious fate 

of heavy metal stress. The enzymes like catalase, superoxide dismutase (SOD), Ascorbate 

peroxidase, glutathione peroxidase and guaiacol peroxidase can scavenge this 

metabolically active oxygen and oxidative stress may be neutralized through this path. 

Vigna radial a seeds primed with water, salicylic acid and peptides couldn't induce 

catalase, peroxidase and SOD permanently, though transient stimulation of these 

enzymes were observed in non-primed seedlings with 100 J.LM Cd2+, Cu2+ and Hg2+ 

concentrations (Figure 11.31-11.33). Ascorbate and glutathione peroxidase activity is 

mostly induced in hydro- and peptide primed seedlings and this induction persists with 

higher dosage of mercury stress (Figure 11.32 A and B). In salicylic acid primed 

seedlings, all peroxidase activity was reduced in respect to control during stress 

conditions (Figure 11.32 A and B; Figure 11.33). But most interestingly, the activity of 

guaiacol peroxidase and SOD was drastically reduced in respect to control after peptide 

priming even under sub-acute lethal dose of heavy metal toxicity (100 J.LM) (Figure 11.31 

B and 11.33). 

For determining the association among morphometric, biochemical and 

enzymological attributes during heavy metal induced phytotoxicity with or without 

priming, principal component analysis (PCA) was performed. In PCA loading plots, PC1 

and PC2 explained 89.58% of the variables. Figure 11.34 illustrates that the 

morphometric characters (red dots) along with biochemical (green dots) and 

enzymological attributes (blue dots) were mainly loaded on PC1 in opposite direction and 

their positions were far beyond zero. This indicates that they were inversely correlated 

with each other, i.e. the reduction of morphometric characters in segment-A was mainly 

consistent with the increment of biochemical attributes or the activity of antioxidant 

enzymes, principally present in segment-F (Figure 11.34). Figure 11.35 shows the 

association of morphometric characters more precisely, which is actually magnified view 

of segment A, where representation of each dot is explained. Similarly, dots represented 
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in segment F were clearly illustrated in Figure I 1.36, where every biochemical and 

enzyrnoiogicai attributes were clustered except the dots representing SOD activity after 

peptide priming. Figure I I .37 illustrated the dots present in B, C, D, E, G and H. In these 

segments attributes were mainly scattered and have almost no relationship with heavy 

metal induced oxidative stress. 

For detailed analysis of key-point of tolerance mechanism after peptide priming, 

cotyledons were separated from embryo proper and mainly two enzymes viz. guaiacol 

peroxidase and SOD, which exhibited unexpected low activity after priming even at sub

acute toxicity were further studied. Interestingly, both guaiacol peroxidase and SOD was 

not induced under heavy metal stress situation in embryo proper of peptide primed 

seedlings (Figure 11.39, ll.41, I 1.43, I 1.45, I 1.47 and 11.49). Only in case of copper

induced phytotoxicity, peptide priming partially enhanced peroxidase in embryo proper 

up to 50 f1M copper treatment (Figure ll.4 I). But significant enhancement of both 

peroxidase and SOD was noticed in cotyledons after peptide priming. Considerable 

induction of peroxidase was observed with lower dose of peptide pre-soaking (Figure 

I 1.38, 11.40 and 11.42), whereas priming with higher doses exhibited better pattern of 

induction of SOD in mung bean cotyledons (Figure I 1.44, 11.46 and 11.48). The 

contrasting behaviour of this induction pattern in cotyledon and embryo proper may 

explain differential oxidative stress response in these two organs during heavy metal 

stress. In untreated seedlings, the oxidative stress was equally imposed on both cotyledon 

and embryo proper, as revealed from higher induction of both peroxidase and SOD in 

these two organs. From our experiments, it can be speculated that peptide priming 

mitigates the oxidative stress situation of embryo proper by enhancing both peroxidase 

and SOD in cotyledons, which also acts as reservoir of nutrients for embryo proper 

during early stage of its development. The above results were also corroborated with 

enhancement of total protein content in cotyledons (Figure 11.50, 11.52 and 11.54) after 

peptide priming during metal induced toxicity and reversal of this action in case of 

embryo proper (Figure 11.51, 11.53 and 11.55). Peroxidase is reduced with increased 

dose of mercury stress in case of peptide primed seedlings, because it may be assumed 

that mercury can be removed from cytoplasm either by enhancing the transport of 

mercury into vacuoles through direct thiol based phytochelatin and/or metallothionin 
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mediated phytochelation system or mercury can also be excluded from cytoplasm 

through carrier mediated external pumps. In barley seedlings, permanent induction of 

catalase, guaiacol peroxidase and ascorbate peroxidase was observed after cadmium 

administration (Metwally eta/., 2003). In this study, as stated earlier, when the seedlings 

were directly cultured with heavy metal induced peptides in association with heavy 

metals, the stress enzymes like peroxidase and SOD were more active in cotyledons in 

respect to control whereas in embryo proper, reverse situation was recorded. This 

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

embryo proper. It may also happen that the heavy metals are mainly concentrated in 

cotyledons and embryo proper is secured from generation of toxicity. But increased 

antioxidant enzymatic defence appears not to be principally involved for the alleviation 

of heavy metal induced toxicity in salicylic acid and peptide treated plants. General 

inhibition of antioxidative enzyme defence system was observed after salicylic acid and 

peptide priming (Figure 11.31-11.33). Results from lipid peroxidation indicate that the 

malonaldehyde accumulation was lesser in primed seedlings after heavy metal stress 

exposure (Figure 11.28A). Also, the endogenous concentration of H20 2, which is 

considered to be a signalling intermediate in programmed cell death (Alvarez and Lamb, 

1997), was comparatively lower after priming (Figure 11.29A). Reduced rate of uptake of 

Evans Blue by root tips in respect to control indicates that the cell death is significantly 

lesser in primed seedlings (Alvarez and Lamb, 1997). 

Taking together these results suggest that the oxidative stress can be effectively 

managed through priming. More than one hypothetical explanation may account for the 

positive peptide priming effect on heavy metal challenged mung bean seedlings. Peptide 

signalling may activate heavy metal tolerance mechanism different from antioxidative 

defence. One mechanism is avoidance from damage and includes any mechanisms of 

heavy metal binding resulting in lowered plasmatic free toxic metal cations- this may be 

achieved through accumulation signalling of proteins like Phytochelatin and other low 

molecular mass metabolites and peptides like metallothionins that could be involved in 

heavy metal binding (Wong and Cobbett, 2009). Signalling that had passed through 

peptide priming could also enhance and stimulate the expression of certain ABC 

transporters. In case of cadmium, such transporters have been implicated in the vacuole 
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sequestering of the products of cadmium atom rather than cadmium itself (Rea et al., 

1998). During heavy metal stress, growth retardation of shoot and root is observed and 

this may be due to higher accumulation of H20 2. H20 2 in plant system occurs as a part of 

normal developmental programme and strictly controlled in committed cells during 

xylogenesis (Teichmann, 2001 ). The addition of H202 in seedlings leads to increased 

mechanical strength and lowers the extensibility of cell wall through oxidative cross 

linking of cellulose microfibrils. Such a rapid H20 2 mediated rigidification of cell wall 

would explain fast abolishing of growth that occurs within 12 hours and activation of 

peroxidase along with lignification by 24 hours of cadmium application (Schutzendubel 

et at., 2001 ). Induction of phenyl propanoid path and activation of secondary metabolism 

upon heavy metal exposure has also reported before. But the processes leading to 

lignification must be distinguished from those leading to the production of soluble 

phenolics. Peptide priming enhanced the production of soluble phenolics in the cytosol 

(Figure 11.30A) that were induced by the heavy metals and the reaction was much faster 

than lignification and spread over the whole cross sections of the root. From the 

differences in the temporal and spatial response patterns of priming during heavy metal 

stress, it is clear that different signals or differences in the perceptibility of signals must 

have caused rapid accumulation of phenolics on one hand and delayed lignification on 

the other hand (as indicated from lower induction ofperoxidases). Heavy metal mediated 

detoxification pathway induces the developmental programme leading to xylogenesis and 

committed cell death of protoxylem element. Lignification is the final step in this 

process. Phenolics may contribute together with ascorbate and proline, to H20 2 

destruction in the so called phenol coupled ascorbate peroxidase reaction (Polle, 2001). 

During priming, elaborate network oflow molecular weight metabolites may mitigate the 

oxidative stress instead of antioxidative enzymes. In many experimental observations 

with Vigna radiata, ascorbate, proline, soluble phenolics and total thiol were accumulated 

in higher amount in control and lowers after peptide and salicylate priming (Figure 11.28-

11.30). Ascorbate and proline has been reported to accumulate with heavy metal stress 

signals and scavenge different free radicals in certain in vitro generation and detection 

system. Smimoff and Cumbes (1989) demonstrated the hydroxyl radical (OH") 

scavenging property of proline. OH · radicals were commonly generated by 
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ascorbate/Hz02 and detected by hydroxylation of salicylate or by denaturation of malate 

dehydrogenase. Proline might react with OH" under H+ -abstraction by forming a radical 

on the C-5 atom (Rustgi et al., 1977). Exogenous proline in Chlorella was found to 

counteract lipid peroxidation as well as K+ efflux observed after exposure to the heavy 

metals Cu, Cr, Ni & Zn. The significant metal chelation effect of proline has been proved 

in vitro in copper tolerant plants, where proline is thought to exist as a Cu-proline 

complex (Farago and Mullen, 1979). In an aqueous assay system, the preliminary mass 

spectroscopic analysis indicated the formation of proline-Cd complexes of variable 

masses. So definitely proline along with ascorbate plays a cardinal role in heavy metal 

detoxification up to a certain limit after priming. 

Now if we reconstruct hypothetical framework of metabolic model, intrinsic H202 

accumulation would act as a signalling molecule triggering secondary defences. In non

primed seeds, these signals would cause an untimely cell wall rigidification and 

lignification, thereby decreasing cellular viability and finally resulting in cell death 

(Schutzendubel and Polle, 2002). Priming with peptides favours free polyphenol 

accumulation in cytosol through which heavy metal induced stress responses are 

significantly buffered. It is observed from the experiment that protein concentration is 

generally increased in primed seedlings (except copper) with higher dose of heavy metals 

(Figure 11.29B). Probably it indicates the shifting of metabolic and transport pathway of 

non-essential, toxic heavy metals and other essential ions in different profile. The 

changing profile of expression of low molecular weight peptides in response to heavy 

metals (Figure 11.1) may support this view. 

In conclusion, priming with peptides enhanced the level of tolerance of Vigna 

seedlings upon exposure to heavy metal stress and plant redox homeostasis was 

maintained through induction of antioxidant enzymes in appropriate organs (here 

cotyledons). The observed morphological and biochemical changes were the indications 

of beneficial effect of peptide treatment on heavy metal exposed plants. 
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CHAPTER-XII 

IN-VITRO FREE-RADICAL SCAVENGING 

POTENTIAL OF OLIGOPEPTIDES DERIVED 

FROM WHEAT AND MUNG BEAN 
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12.1 INTRODUCTION 

Reactive oxygen species (ROS), like hydrogen peroxide, hydroxyl radical and superoxide 

anion are constantly produced in the form of free radicals in the living cell through 

oxidative metabolic pathways (Fridovich, 1978). These free radicals are responsible for 

causing diseases like cancer, multiple sclerosis, inflammation, coronary heart disease, 

cardiovascular disease, arthritis etc. Antioxidant components are capable of minimizing 

the effects of these free radicals and thus, help in prevention of these diseases (Halliwell 

and Gutteridge, 1999) and also used for preservation in many food industries (Andrea et 

al., 2010). The inhibitory response of proteins towards oxidation reactions makes them a 

vital component of antioxidant based defence system. (Loganayakia et al., 2011). 

In recent years, numerous naturally occurring bioactive peptides have been 

isolated from different living organisms such as bacteria, fungi, plant and animals, which 

are found to be involved in regulation of physiological processes in plants like induction 

of a-amylase synthesis, regulation of stomatal opening in dark etc (Ghosh et al., 201 0). 

Recently, antioxidant potential of peptides derived from different plant sample has 

created a great attention among scientists. The peptides isolated from various plants like 

soybean (Moure et al., 2006), maize (Zhu et al., 2008), chickpea (Li et al., 2008), pea 

seed (Pownall et al., 2010), buckwheat (Tang et al., 2009), alfalfa leaves (Xie et al., 

2008) have reported to possess potential antioxidant activity. The natural antioxidants 

based on peptides isolated from plant sample are effectively used for extending the 

storage period of food (Lagouri and Nisteropoulou 2009, Beermann et al., 2009, 

J acobsena et a/., 2008). The antioxidant activities are affected by molecular weight of 

peptides and also composition and sequences of amino acids present in that particular 

peptides (Saito eta!., 2003). 

Several works have been done on high and low molecular weight peptides of 

various legumes and grains reporting their biochemical and physiological roles but the 

variation in their antioxidant potential are yet to be revealed. In this present study, an 

attempt was made to determine the antioxidant potential of peptides isolated from wheat 

and mungbean seedlings. The peptides of different molecular weight, ranging from 0.5 to 
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3 kDa and 3 to I 0 kDa were worked out and a clear line of difference was established on 

the antioxidant activity of these isolated peptides. 

12.2 MATERIAL AND METHODS 

12.2.1 Plant material and culture conditions 

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

Sonali Bl], collected from Central Pulses Research Institute (C.P.R.I.), Berhampur, West 

Bengal, India and seeds of wheat [Triticum aestivum L. (cv. Sonalika RR-21), Poaceae], 

collected from National Seeds Corporation Limited, was used in the present 

investigation. 500g of same-sized seeds were weighed out and surface-sterilized for 5 

minutes in sodium hypochlorite (5% available chlorine) and rinsed 3 times in sterile 

deionized water. Seed germination was carried out in sterile petridishes containing two 

layers of filter papers and the culture conditions were maintained as specified in Chapter 

III Section 3.2.1. 

12.2.2 Extraction and purification of low molecular weight peptides 

Aqueous extraction of one week old whole wheat and mung bean seedlings (!kg) was 

performed in the same way as mentioned in Chapter III Section 3.2.2. Amphoteric 

components were separated through ion-exchange chromatography and ultrafiltered for 

isolating 3 K.Da to 0.5 K.Da pools of peptide molecules. Whole wheat and mung bean 

sample produced 176mg and 154mg of semipure peptides respectively which showed 

positive colour reaction with ninhydrin. The purified and lyophilized dry extract of wheat 

was semisolid and brownish. Different bioassays were performed with this semi-purified 

extract for determining the hormone like action of these peptides. 

12.2.3 DPPH radical scavenging activity 

DPPH is a relatively stable free radical which has been widely used to examine the free 

radical-scavenging activity of tested samples. The radical scavenging activity of the 

aqueous extracts was measured by DPPH method (Blois, 1958). The reaction mixture 

contained 1.8 ml ofO.l mM DPPH and 0.2 ml of aqueous extracts. The reaction mixture 

was vortexed and kept in the dark at room temperature for 30 min. The absorbance was 
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measured at 517 nm. A reaction mixture without test sample was taken as control. The 

free radical scavenging activity of tested sample were expressed as percentage of 

inhibition and were calculated according to these equation: 

%inhibition ofDPPH activity= [(Ao-AJ)/Ao]X 100% 

Where A0 is the absorbance values of the blank sample i.e. control reaction and A1 is the 

absorbance value of the tested sample. A curve of inhibition percent or percent 

scavenging rate against sample concentration was determined from where IC50 

(concentration of the sample required to inhibit 50 % of free radicals) of tested sample 

were calculated. 

12.2.4 ABTs·+ scavenging activity 

The spectrophotometric analysis of ABTS+ radical cation(s) scavenging activity was 

determined according to Re eta!. (1999) method with some modification. This method is 

based on the ability of antioxidants to quench the ABTS+ radical cation, a blue/green 

chromophore with characteristic absorption at 734 nm, in comparison to that of BHT. 

The ABTS+ was obtained by reacting 7 mM ABTS+ radical cation(s) in H20 with 2.45 

mM potassium persulphate (K2S20s), stored in the dark at room temperature for 6 hrs. 

Before usage, the ABTS+ solution was diluted to get an absorbance of 0.750 ± 0.025 at 

734 nm with sodium phosphate buffer (0.1 M, pH 7.4). Then, 2 ml of ABTS+ solution 

was added to 1 ml of the aqueous extract. After 30 min, absorbance value was recorded at 

734 nm, relative to a blank absorbance. The percentage inhibition of the samples was 

calculated as: 

Inhibition%= (1-A!Ao) x100 

Where A0 is the absorbance at 734 nm of the control, A is the absorbance at 734 nm of the 

sample mixture. 

12.2.5 Reducing power 

The assay was performed according to the method of Oyaizu (1986) with some 

modifications. Extracts were diluted at different concentrations of 2.5 ml of the 0.2 M 

phosphate buffer (pH: 7 .0) and 2.5 ml of I% potassium ferricyanide solution were added 
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with tested sample and vortexed. The mixtures were incubated at 50° C for 20 min in a 

water bath. The tubes were cooled at room temperature and 2.5 ml of 10% trichloroacetic 

acid was added and centrifuged at 3000 rpm for 10 min. 2.5 ml upper layer was mixed 

with 2.5 ml of distilled water and 250 111 of 0.1% aqueous ferric chloride. Fluorescent 

green colour was appeared and absorbance of the final solution was recorded at 700 nm. 

12.2.6 Metal chelating activity 

Determination of chelation of iron (II) ions by extracts was carried out as described by 

Dinis eta/., (1994). To a mixture of 400 11L of extracts and 1.6 ml of methanol, 40 11L of 

2 mM FeCh solution and 80 11L of-5mM ferrozine were added. After 10 min of 

incubation, absorbance of the solution was recorded at 562 nm. 

12.2.7 Nitric oxide Sc~venging assay 

Nitric oxide was generated from sodium nitroprusside and measured by the Greiss 

reaction (Marcocci eta/., 1994). 320 IlL extract, 360 11L (5 mM) sodium nitroprusside

PBS solution, 216 11L Greiss reagent (1% sulfanilamide, 2% H3P04 and 0.1% 

napthylethylenediamine dihydrochloride) was mixed and incubated at 25°C for one hour. 

Finally 2 ml water was added and absorbance was taken at 546 nm. 

Radical scavenging activity was expressed as percentage inhibition from the given 

formula: 

%inhibition of NO· radical= [(Ao-A1) /A0] x 100; 

Where Ao is absorbance of control and A1 is the absorbance of sample. 

12.2.8 Superoxide anion radical scavenging activity 

The superoxide radical scavenging activity was measured by the method of Nishikimi et 

a/., (1972) with slight modification. All solutions were prepared in 0.05 M phosphate 

buffer (pH 7.8). The photo-induced reactions were performed using fluorescent lamps 

(20W). The reaction mixture contained lml of NBT solution (312 11M prepared in 

phosphate buffer, pH- 7.4), lml of NADH solution (936 11M prepared in phosphate 

buffer, pH-7.4), and 1ml of methanolic extract of different concentrations. After 5 min 

incubation, 100111 ofPMS (120 11M prepared in phosphate buffer, pH-7.4) was added to 
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the reaction mixture. The reactant was illuminated at 25°C for 30 min and the absorbance 

was measured at 560 nm against methanol as control. The inhibition percentage of 

superoxide anion generation was calculated by using the following formula: 

Superoxide radical scavenging effect (%) = [Abs. of control - Abs. of sample I Abs. of 

control] xl 00. 

12.3 RESULTS AND DISCUSSION 

12.3.1 DPPH and ABTS"+ scavenging activity 

The results ofDPPH and ABTs·+ free radical-scavenging activity of purified peptides are 

shown in Figure 12.1 and Figure 12.2 respectively. The both free radical-scavenging 

effects of peptide samples isolated from wheat and V. radiata, increased in a 

concentration-dependent manner. The result indicated that the DPPH and ABTS ·+ radical 

scavenging activities of the peptides are molecular size dependent. The LMW peptides 

exhibited better DPPH radical scavenging activities than that of HMW. Higher 

antioxidant activity i.e. lower ICso values were exhibited by LMW wheat peptides 

( 1188.56 f!g/ml) in comparison to HMW peptides which showed higher IC50 values 

(2489 flg/ml). V. radiata peptides showed 50% scavenging potential at concentrations of 

1605.04 f!g/ml (LMW) and 2947.24 f!g/ml (HMW). This result is in agreement with the 

previous findings reported by Aluko and Monu (2003) in quinoa seed, and Girgih et al. 

(2011) in hemp seed, which showed that LMW peptide fractions had higher DPPH 

scavenging activities than HMW peptides. It was also observed that wheat peptides have 

comparatively higher scavenging activity than mung bean peptides in both molecular 

weight ranges. 

12.3.2 Reducing power Assay 

In reducing power assay, the reducing capacity of a biological compound plays a 

significant indicator of its potential antioxidant activity (Kallithraka et a/., 2001 ). As 

shown in Figure 12.3, the low molecular peptides exhibited effective reducing ability 

which increased with an increase in sample concentration. The reducing ability of the 

peptides was determined with ascorbic acid equivalent. Lower ascorbic acid equivalent 

value indicates lower reducing ability of samples. Wheat indicated higher ascorbic acid 
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equivalent value [234.0 mg/g fresh weight tissue (FWT)] and V. radiata has relatively 

lower ascorbic acid equivalent value (220.7 mg/g FWT) in presence of 1000 mg/ml 

peptides (LMW) solution. The LMW peptides had significantly higher reducing power 

when compared to those of HMW peptide(s). HMW peptide of wheat and V. radiata had 

170.9 mg/g FWT and 98.66 mg/g FWT ascorbic acid equivalent value respectively. 

These results indicate that smaller size peptides exhibited better reducing power than high 

molecular weight fractions. In contrast, Girgih et a/. (2011) reported that the reducing 

power activity was enhanced with the increase in molecular weight of peptides in hemp 

seed protein. 

12.3.3 Metal chelating activity 

The chelation of transition metal ions Fe2+ and Cu2+ by antioxidative peptides could 

prevent the oxidation reaction (Dinis et a/., 1994). In Figure 12.4, it is apparent that the 

metal chelating activity ofLMW peptides was markedly reduced in V. radiata (!Cso value 

is 8368 f.Lg/ml) in comparison to wheat (IC50 values 1194.24 mg/ml). Carboxyl and amino 

group in the side chains of the acidic (Glx and Asx) and basic (Lys, His and Arg) amino 

acids play an important role in chelating metal ions (Saiga et al., 2003). These residues 

have been reported to contribute to the metal chelating effect of protein hydrolysates, 

which is commonly related to its imidazole ring (Nam eta/., 2008). 

12.3.4 Nitric oxide Scavenging assay 

The nitric oxide generated from sodium nitroprusside reacts with oxygen and form nitrite. 

The extract inhibits nitrite formation by contending with oxygen to react with nitric oxide 

directly and also inhibits its synthesis (Nikkhah et a/., 2009). In these experiment 

peptides from wheat showed higher nitric oxide scavenging activity than peptides from V. 

radiata. The IC50 values of wheat and V. radiata LMW peptides were 2063.54 f.Lg/ml and 

2398.9 f.Lg/ml respectively (Figure 12.5). In case of HMW peptides, IC50 values of wheat 

and V. radiata were much higher than their LMW peptide counterparts, i.e. 4830 f.Lg/ml 

and 5588.78 f.Lg/ml respectively (Figure 12.5). Like previous observations, nitric oxide 

scavenging activities of these peptides are molecular size dependent. 
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12.3.5 Superoxide scavenging assay 

Superoxide is considered as an initial free ·radical which is formed from mitochondrial 

electron transport systems, to create other cell-damaging free radicals, such as hydrogen 

peroxide, hydroxyl radical, or singlet oxygen (Bloknina eta/., 2003). Peptides can protect 

the cell against toxic effect of some superoxide free radicals (Ajibola et a/., 2011 ). The 

result shown in Figure 12.6 clearly indicates that peptides isolated from wheat have more 

potential superoxide scavenging activity than the V. radiata peptide because wheat 

possess low IC50 values i.e., highly effective antioxidant activity. It was also observed 

that in both the samples low molecular weight peptides exhibited stronger superoxide 

activity than large size peptides. Similarly, Li et a/., 2008 reported that low molecular 

weight peptides from chickpea protein hydrolysates exhibited strong superoxide radical 

scavenging activity and was found to contain higher concentrations of Phe, lie, Leu and 

Val in comparison to other fractions. Therefore it can be suggested that the superoxide 

scavenging activity of peptides might be related with the concentration of these 

hydrophobic amino acids in peptide sequence. 

12.4 CONCLUSIONS 

Results of this study demonstrated that peptides derived from seedlings of wheat and V. 

radiata possess antioxidant properties. Small sized peptides (0.5 to 3 kDa) seem to be 

more effective free radical scavenger such as ABTS ·+, DPPH, nitric oxide and 

superoxide. The peptides isolated from wheat seedlings had better antioxidant properties 

than peptides of V. radiata. Hence, these peptides might be used for formulation of 

functional foods and nutraceautical. Also these seedlings might be explored as natural 

source of antioxidants and preservatives in the food industry for storage of food products 

and to maintain freshness during production. 
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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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Wheat (Triticum aestivum) peptide (s) mimic gibberellin action and 
regulate stomatal opening · 
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Wheat peptiUes (0.5 10 3 KDa t.fJ mimi<:k honnomil activity like that of gibbercllins iUld forced open dark tloscd 
stomata. The deionized amphoteric peptides solution af\cr passing through cation and union e1eehanger resins \~ nm 
through Amieon's ultra filters. 10, 3 nnd 0.5 kDa (M,) cut off system. The 3 to O.S kDa fraction passed through sephadex 
UI-20 colwnn nnd collected in 140 tubes (5 ml in each tube). The two frnctions F 9 (91-100 tubes) und F 12 (121-130) \\-ere 
found much active on stomo.tal opening nnd a-ilntylasc octivity, respectively ond wen:: ninhydrin positive. Cnplll:uy 
clcarophoresis of F 9 froelion yielded severn! peptide$ ranging 1600 to 2200 (M,) and F 12 fraction showed 
1800 - 2SOO(M,). Both the froctions wcro totally hydrolysed for amino n.cid nnllly.sis by HPLC. Most of the mnino acids 
n'CTC present except cystein in both the fmctions. The F 9 froction, (peptide present in 10 pg· fresh \\1 tissue per mT) induced 
the dark grown closed stomata to open upto 70o/o. In F 12 liattion, (pcj'tide p~ in 10 pg fresh WI equivalent tissue per 
mJ) showed a-amylase induction which was much higher lhnn GA, (10 M). The peptide might be present in membmne Wld 
bound wiU1 GA !hill activated a..amylnsc m·RNA synthesis. The peptide might net direttly on a-amylase gene. 

Keywords: a~Amylnse, Gibberellin, Peptidc(s), J,lant honnonc. Stomata, Trillr:um ae:rtivum 

In recent years, a large number of biologically active 
peptides have been isolated from bacterial, fungal, 
plant and animal sourees. Naturally occurring 
peptides are found to regulate several physiological 
processes in plants also. Some of these low molecular 
weight peptides have been characterized in details. 
Peptides in plant srstem play a definite role in 
amplifying signals, nitrogen fucation2

, cell 
proliferation3

, generation of po)arjty... Concept of 
bioactive peptides 1ikc systemin, phytosulfokin~ 
ENOD 40, CLA V ATA 3 and S- Locus factors trigger 
thnllenges over the classical definition of narrow 
viewpoint of plant hormones'. Other physiological 
roles of plant peptides may nat be unusual like 
induction of alpha amylase activity like that of 
gibberellins6

• Relevant infonnations on short peptides 
like receptor for GA have been cited'. It has been 
shown that Vigna catjang internodal peptides 
(0.5 to 3.0 kDn) modulate root tip mitosis of Allium 
salivu!11'. The internodal peptide shows promotive 

•correspondent author 
Telephone: 09Ja OJJ- 2460 a 2544; FM: 09Ja 033 a2476-44J!) 
&DUlll: pbircar@ynhoo.com; amitnbhn:pru.ntik@ynhoo.com 

effect on root growth of A/limn cepa which has been 
supported in maize'. In 2008, dynamic peptide 
profiles of germinating mungbean in relation to their 
nature and separation pattern Wld their induction on 
alpha amylase synthesis has been reported". In the 
same year, it has also been reported that germination 
induced peptide pool regulate water homeostasis in 
plants". With the advancement of analytical 
instrumentations and advanced methodologies. the 
heavy molecular weight proteins have been reported, 
but the role of naturally occurring low molecular 
weight peptides are yet to be unveiled. The present 
study suggested that peptides of 0.5 to 3 kDa 
molecular wejght regulate many important plant 
physiological processes. 

Mnteriols and l\lethods 
To obtain aqueous extract of seedlings, the wheat 

seeds collected from National Seeds Colj>Orntion 
Limited were sown and 7 days old wheat 
(Trlllcum aestivum cv sonalika) seedlings (!kg) 
(were harveSted, washed under running water. then 
with sodium hypochlorite solution (0.2%) to avoid 
excessive contamination and finally washed with 



NBU Journal of 
Plant Sciences 
0 IJnjvtnfr!tr/N"nh Br:ngal. AU Klskt• ~un·~ 

Vol. 3, March 2009 
ISSN No. 0974 6927 

Role of gennination induced peptide pool in plant tissue culture 
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Ahslnlct 
Low molecular v.'cighl peptidcs (ranges from 3.0 KDa to 0.5 KDa) were extracted and purified from rice,. 
wheat. chickPea and mungbca.O through cryocrushing, cold centrifugalion, ether fractionation, cation and 
anion-exchange column chrom:llogmphic separation, l)'ophilisation nnd ultrnfihration. TI1e profile of 
heterogeneous p:ptides was detected through one dimensional paper chromalography. Peptide frn.ctions 
isolated !rom different germination hoUTS of mungbcan enhanced mi1otic index, more particularly prophase 
or root tip or Alliwn ctpa L. :md executed definite control over morphogenesis of excised and cotyledonary 
embryo (:Ulturc of chick-pea seeds (Cicer arielinu.m L). Restricled caiiOgene...Us in carrot pith cn\lure wa.-. 
observed by the application or wheat pcptidcs willwut any other honnones. Our speculation is lhat the 
peptides cnn mimic rhe nction·ofbormone nnd behave as novel kind of bioactive mole£ule through whlch 
the physiological responses can be modulaled. 

Key\vords: peptides, bio-activity, amylase induction, embryo culture, pi1h culture 

The growth and. development of higher plants can be 
considcted to be charucterized by the execution of ull 
diviSion, expansion and differentiation along two axes: 
the apical-basal and radial patterning. In evolutionary 
temlS, the: apical-basal axis of de\'Ciopment can be 
considered to have a strong selective advantage based 
upon plant compelition for light. wn1er and nutrients. 
Because plants arc sessile organisms. their success in a 
particular environment will depend on lheir ability to 
integrate a complex range of cxtcrnnl omd internal 
information that may vary from time to time. 

It is now fully recognized that plants exhibit greater 
morphological and developmemal plasticity than 
nnimnls. This conclusion has emerged as a result of 
integrating 1hC dara from molecular biological and 
genetic approaches with data gained rrom whole--plant 
physiological investigations (Trewnvas and Knight, 
1994). This organogenic plnsticity in plams is 
~oordinated by complex imerpl3y between diverge 
signaling sy::;tem.-;,leading to its immediate translation in 
1he rate and plane of cell division, and cell expansion. 
The totipotency and plasticity of plant cells and tissues 
em be 'ivJdly exhibited when they are cultured in vitro 
with changing hormonal profiles. Basically phmt tissue 
culture relies on the fact tlmt more pima cells have the 
ability 10 tegenerate a whole plant. lmpQrtant1y 
totipotenl cells must be able to differentiate not only into 
any cc:U in the organism, but also into cJ.tra-embryonic 
tissue asso<:iated whh the organism. During 
development, the acthitics of plant hormones such ns 
auxins, cyloldnins. ethylenes, gibbucllins and abscisic 
add depend on ccllulnr context and ~xhibit interactions 
that cnn be either synergistic or antagonistic. For 
example, auxin can suppres.-; cytokinin biosynthesis 

*CorrespLmding autht>r. 
E-mail: nbubotanypalasb@ redi ffmail.com 

(Nordstrom et al., 2004), auxin and cytokinin can net 
synergisticaJly to induce ethylene biosynthesis (Vogeler 
al., 1998) and e1hylcne can modify nuxin responses and 
merislem function (Souter et al,. 2004; Stepanova tt al., 
2005). 

To date, researchers have identified four major group of 
peptide-ligand-rcceplor pairs in plants (Ryan ct ol .• 
.2002). \\o"hich ate involved in a variety or developmental 
processes, such as wound responses, cellular 
dedifferentiation. meristem organiz:nion and self· 
incompatibility. H.owe\·cr, these must only be part of the 
story, because plant genome sequencing hns revealed 
many genes predicted 10 encode small peptide ligands 
and rcceplor-like kinases, whose function remain to be 
uncovered (Shiu and Bleecker, 2001). Furthermore, 
induced mutalion in prohormone processing proteases 
ha.-. been shown to disrupt phinl growth and 
developmenL 

In this context peptide frac1ions isolmcd from different 
germination hours of Vigna radinra cv. Sonali B I were 
analyzed (or their bioactivity related 10 morphogenesis, 
cell division and dedifrercmiation. Now, proper embryo 
development and gennination are the learning pha.'ie for 
~my plant 10 f:1ce the challenge of its adve~e world. 
Tht:Se two phenomena set the 'programming' or 
upcoming metabolic machinery, which will last titl the 
death with minimum 'tuning'. 'Gennination' is that 
crucinl period where autorrophic plant also behaves 
hclcrotropically, which is an excellent manifestation of 
its ~o.-clfishness and dependence. <Uid slowly empowers its 
nmchinery Cor their future 'autolrophic' nature. This 
'switch over' is conlroUed by a number of inlrin.-.;;ic 
factors. triggered by internal and cx1emal signal 
perceplions. This report is an altempl towards the 
understanding or changing pattetn of peptide bioactivity 
isolated from di£ren:nt gennination periods (i.e. - hrs or 
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DYNAMIC PEPTIDE PROFILES OF GERMINATING MUNGBEAN: IN RELATION TO 
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SUMMARY 

Low molecular wciglu peptidcs (3 KDa to 0.5 KDa) from different germinating phases of mung bean 
JVigua rm/iata (L) Wilczek. cY. Sonali Bll were purified through ion exchange, ultrafiltration and sephadex 
gel permeation chromatography. The peptides were subjected to paper chromatographic and capillary 
electrophoretic separation, for the determination of dynamic and temporal manifestation of their 
occurrence. Analysis of peptides re,·ealed mainly two groups, one of which is constitutive throughout 
wllile the other mainly appeared after 24 hrs and disappeared at 5 days of post germination phases. 
Amino acid analysis of these peptides indicated adequate similarities with legume storage protein. Lack 
of cysteine and methionine in peptide pool indicated that they are active in all different shapes suitable 
for transport and absorption. 

Key H'ord.'i: Amino acid analysis, germinating seeds, mungbean, pcptidcs. 

JNTROIHJCTIOl\' 

In recent years. a vast array of bioactivc pcptidcs 
arc isolated from different spectrum of life form and only 
some of these low molecular weight pcptides have been 
characterized in detail. Pcptides in plant system possess 
definite role in amplifying signals (Lindsey eta/. 2002), 
nitrogen fixation (Mylona et a1. 1995), cell proliferation 
(Matsubayashi and Sakagami 1996), generation of 
polarity (Souter and Lindsey 2000), differentiation, self 
incompatibility and mediating biotic and abiotic stress 
elicitation with metabolic intermediates. Concept of 
bioactiYe pcptidcs like Systemin, Phytosulpltokine, ENOD 
40, CLA V ATA 3 and S-Loe us Factors (Ryan cl a/. 
2002) trigger challenges over the classical definition of 
narrow viewpoint of plant hormones. The genesis of 

•corresponding author, E-mail: nbubotanypalash@rediffmail.com 

/lulitm J. Plmrr Pll)liQL. Vol, 13, No. 2. (N.S.) pp. 111-117 {April-June:. 2008) 

numerous small pcptidcs in different phases of plant 
system is not at all random but oriented through specific 
molecular programs that may not be associated with 
central dogma of protein synthesis (Lee et a/. 1996. 
Fletcher et a/. I 999). 

Now, the basic aim of this work is to explore the 
separation profile of pep tides isolated from genninating 
mungbean [Vigna radiata (L) Wilczek. cv. Sonali Bl], 
which is one ofthc important cultivated variety of mung 
bean with excellent aroma, taste and navour. Till now 
there are very few reports in plants solely related to 
peptide profile or fingerprint. This may be due to 
technical difficulty related to isolation, purification and 
characterization of peptides. More often pcptides are 
characterized through Capillary zone electrophoresis 
(Heintz eta/. 2004, WeUcrha112004), Mass·spcctrometry 
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Low molewlnr ptplldcs from 3.0 kDa to O.S kDn wen isolated from gtrndnaling $CedUngs (nfter 64 huun; or 5tlaldng) of Vigna 
radiala (L) \Vlknk cv. sonall Bl and purlnt!d lbrougb lon-ucbauge1 ultrofillratlon and gd prnnentlon chromatography. llt1ero· 
grnrous peptide proOle or germination pool uas detected through paper cbromutogrnpby and capillary zone eltctropbortsls. J:so
Joted peptldes were filrlbu purified through paper chromatography In aecordance ulth tl1cir four distinct R1 zones. Pepi.Ide 
rradlons isolated trom rU'3t ond third lower R, zones apptttlably Increased lht" now nte, absorpllon, transpiration or solute1 root 
and shoot lugtbs or seedlings. Dark Induced slomalal aperture opening and tnhanccmrnt or protoplast \'Olume Wfl!J also obsttvc11 
by the same peptides. These pcptldts antagonized lhe lnhlbllorr action or ADA and mimicked the bloaclivlty or cytoldnlo. tGl\IP 
may be the mediator or this signal os estnblisbtd when LY 83583 deaeao;ed the protoplast volume nftt.:r peptide upplkatlon. Amino 
add analysb: of third R1tone pcptlde .strongly llUpporl the Immunoreactive atrial nutrlurellc behu,·lour or pcptides. Pcptldcs nprt"o 
sentlng Second lower Rt zone did not display bioactivity and pcplldrs from hlgllesl R1 2onc dccre:u:ed the nbove biological pcrt('p. 
lion. In genrral, functional diversity of peptide pool is purtlcularly nlaled wllh the physiological conditioning or water nnd solute 
homeostasis or plants. 

Ke:rworth: Amino acid analysis. capillary electrophoresis, ~;GMP, homeostasis, paper chromatogr;apby. pcptidcs, Wsna rat/iota. 

Introduction 

In recent years, a vast array of bioactivc peptides is 
being isolated from different species and only some 
of the low molecular weight peptides have been 
characterized in details. Over the last decade it was 
apparent that plants also contain peptidic .signalling 
molecules that play vital roles in ceU-_to-ceU communi
cation (Lindsey et aL~ 2002; Matsubayashi el al., 
2002). Plant peptides are protein ·molecules smaller · 
than 10 kDa that can essentially be divided into two 
categories: bioactivc pcptides that are produced by 
selective action of peptidases on longer precursor 
proteins (Ito ~~ al.~ 2006), and degraded peptides that 
result from the activity of proteolytic enzymes dur
ing protein turnover (Richer and Lamppa, 1999). 
Although both groups are products of proteolysis, 
they differ in how they act within the cell. The first 
group plays key rl)les in various aspects of plant 
growth regulation through signalling. endurance 
against pests and pathogens by acting as toxins and 

•For totre!pondenc:c. (t·lll:lil: obnbotmyp~lnsh@n:d.lffmaiLc~) 

elicitors nnd detoxification of heavy metals by se~ 
questration. Oflen these peptides bear certain se~ 

quence patterns or motifs. By contrast. the second 
group has no such pronounced celJular cffccts9 but 
may play an important role in nutrient mobilization 
across cellular membranes (Higgins and Payne~ 
1982) or in functions that remain to be defined. 

Evidence was obtained that suggests that low mo
lecular weight pcptide:s. have a function in modulat· 
ing plant water and solute homeostasis (Gehring, 
1999). Water movement in higher plnnts is treated as 
a symplastic fluid flow incorporated into a unified 
hydrodynamic system comprising the npoplast and 
vessels (Zya.lalov, 2004). It is argued that coloniza· 
lion of terrestrial areas by plants became possible 
due to the appearance and maintenance of a gradient 
of water chemical potential between the rhizosphere 
and atmosphere, which drives water flows. As wa1er 
flows through plants in well-constructed intercon4 

nected system of vessel elements. rate of water ab
sorption by the root is dependent on stomatal aperture 
movement, dynamics of changing water potential 
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Vigna catjang internodal peptides (0.5-3.0 KDa) modulate root 
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Crude aqueous extracts of peplides, from internodes of 28 days grown Vigna caljang 
var. KB51 were semi-purified by Ultrafiltration (0.5 • 3 kDa). The extracts s~owed 
high mitotic indices (MI) In Allium sativum ·root tip cells along with a significant 
increase in prophase percentage over other divisional phases. Later, divisional stages 
were found to be arrested and decreased. This promotive effect on mitosis was 
more pronounced with 4~ internodal peptide extract The effect of the fourth internodal 
peptide was tallied with ABA treatment in the same plant. II showed a strong positive 
effect on root growlh expressed by mitotic cell count The effect might be inhibitory, 
in prophase and other divisional stages, division percentage remitined very low. 

Key words : Vigna calajang, sonamung, internodal peptide extract, mitotic index 

INTRODUCTION 

Saab et al. (1990) noted that endogenous ABA 
increases root growth of maize. Das eta/. (2001) 
also reported same type .of activity with the 
internodal plant peptide on cell division. 
Mikfashevichs et al. (1996) reported a plant 
peptide, with 12 to 22 amino acids, which had 
auxin-like activity in plants. Furthermore, 
hormone-like activity of a oligopeptide that is 
encoded by ENOD40 legume gene, consisting 
of 10 amino acid residues, enhanced 
auxin-response in tobacco protoplasts, at10·12 to 
10·•• M concentrations (Karin et al. 1996). 
Matsubayashi and Sakagami (2006) reviewed the 
literature on bio-reactive plant peptldes. Still data 
are scanty on internodal plant peptides. 

MATERIALS AND METHODS 

Seeds of a dicotyledonous plant material 
sonamung (Vigna catjingvar. K651) were weighed 
(200 g) and were allowed to grow up to 26 days 
when 4 internodes developed. These internodes 
were used tor extraction of peptides, from each 
internode. The top internode was the 1" 
internode and the lowermost was the 4" 
Internodal segment. They were weighed 
separately (95 g, 100 g, 55 'g and 100 g 
respectively), and then crushed separately with 
liquid N2 within cold room environment ·wc)with 
a grinder. The powdered internodal tissues were 
kept separately in a deepfreeze at-2o•c. Sterile 
water was used lor extraction as well as dilution 
of internodal peptides. These extracts were cold 
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Plant~ are C:\.posed to dJITcrcnt kinds or stresses, v.hlch limit the nornnl gJ()\\1h of 
plonb Among them. soil actdity is one of the most impor tilnl fa~.: to~ lor plunt growth 
and development Ac1d !.Oil\ \ignificantly limit crop produc11on world\\ iJe because 
<~pvto..l.rllt.ttcl) 4W• oft!~ \o,.urll.l'~ pot~nt iully arable soils are acl<lk ( 1-.oduan I we; J 
Nttrogen sourlc:. (fcrtilu.ers, manures, legume'>) that contam or fom1 ammo01um mn, 
incrca'ic sot I actdtl) As ammonium is converted to nitmtc m the <oo I (nllltficallon), lit 
1ons .m: rdC<lscd and soil acidity increases. and the mdu\trwl b) -product<; \uch as 
sulphur dto\ide and ntlrtt. acid. which ultmHltcly enter ttl< 'otl Ha ratnfall I hough 
N1tratc uptake l'i laJ"{'el} unaiTcc:tccl at "light I} <~ctdil' pll \Oib lhe upta e of l\ II; 
gcncmll)' decreases wnJ1 dccn.:.1 ing C\tcrnal pH, prob.th!} .1s a re ull of mtrcastng 
compel II ton bel',..:cn 11· anJ NH

4 
(Kleiner, 1981 ). "' tJ mb. ''h&eh an.: <omls \\llh pi I of 

5 c; or IO\\tr. are one of mo'>ltmpormnt limitation~ to agncultural pwJuwon \\ orld'' 1dc 
A:. the soil pll dc."t.rea"es fiom 5 to 3.5 ttlurmnium solubtltt) tncrca">C\ \\htth nhthll'i 
root gtO\\th mp1dl). ''"lth the root apex being the pnnHtr) target pia} ing a LcnlrJI rule 111 

AI tox~<: tty (~fat umoto, 2000). Increased -.oluhlc alumu11um tmpai" the Jlli\ tt; nf If'. 
AI"Pase 111 Pla.sllld Membrane (Aim et vi . :!002) The a rei .. m• - )ndn11nc .. rnlludc' 
tO\ILic,ch oflc, l<; of AI. m.ngancsc {Mn) (Adams. 19811, a:-~J 1run I tel . ..~, "'-'II.J' 
ddietcncu .. ~ ol :.c\c.:rdl c scnua l mml!ral d c1ncnb, \~llh phu.,ph lfLl'> ( P lx·1ng the.: ut.tjor 
lirni tmg nutnent on actd soils (Kitld and Proctor, 200 I) 1 O\\ pH al\0 etlds to" <.hange 
m root archttecture \\ htch m consequence, c.tn reduce a plant abllit) to .Jb~orb '"atcr 
(und nutrienLc;) 
The subject ofth~:. ~per is the study ofmorphologic.ll chant?c!> ltt.c.: p.lr.tl}ltng rtlflt & 
shoot growth (both length & wctght), changes 111 anti ·O\.JUJltH! enTymcs. total protem 

lO\\ mol ular n 1 peptide profile along w11h su~ar parttt1omng lhrou~;.h "hrch the 
status ofo~td:sti ... e. metaboltc & tran port process can be prl,,hcted tn driTerent pans of 
I IRllll rodltJta( L ) Wllc7d.. under high pro1on ' II C'>'>. 

i\.fATERIAU '\'D t f'THOU 
flmtl Material: ·ona \tung c:;eeds ( l 'i~na rudmt<1 (I ) WtiCJe <'\o ' on.llt) 


