
CHAPTER-VI 

INVESTIGATION OF PEPTIDES OF CICER 

ARIETINUM SEEDLINGS AND THEIR ROLE IN 

HORMONE ACTION 

360 



CHICKPEA PROD CTIO~ I~ I~DIA 

ll im~u.· ha t p,..dr~h 

Puajob 

Goa 

Pnod .. b 

Mnalak 

Jborkbon,.d 

(' \ U: 

,, .,., 
n.., •• 

T ripuno 

\1.\JOR ( IIICKPL\ PROD\ C no' 

• • D 

lligh 

\tedium 

f igure 6.1 Annual production of chickpea tn lndia 

'\"ogoland 

\ti.J:oram 

361 



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. 

365 



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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