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of the hydrolysate was determined in an automated amino acid 

analyser according to the protocol described by Raina and 

Datta (1992). 

For the determination of the N-terminal amino acid 

sequence of the 26 kD lysine rich protein subunit, the sam­

ple, was analyzed by SDS- PAGE on 10% gels according to 

Lamelli (1970). The protein was subsequently transferred to a 

PVDF membrane using the Nova according to the protocol of 

Matsudara (1987). Before transfer the PVDF (Polyvinyl difluo­

ride) membrane was cut to the required size (slightly larger 

than the gel) and soaked in methanol (HPLC grade for 1-2 

minutes) before use. After wetting the membrane in methanol, 

it was soaked for 10 minutes in 25 mM Tris-Glycine buffer (pH 

8.3) containing 15% methanol (Matsudaria, 1987; Speicher, 

1989). Transfer of the protein to the membrane was carried 

out in a semidry type Novoblot apparatus (Pharmacia) as 

described earlier. Detection of the protein on PVDF membrane 

was carried out by staining the membrane for 15 minutes with 

0.1% commassie blue R-250 prepared in 5.0% methanol. The 

membrane was destained with 50% methanol. Care was taken not 

to use acetic acid during staining or de staining the mem­

brane. The destained membrane was extensively washed Mili-Q 

deionized water (5 changes), air dried and stored at - 20°C. 

The segment having the protein was excised, washed with Mili­

Q deionized water and then used directly for sequencing by 

automated Edman gas phase sequenator coupled to PTH - amino 

acid analyzer as described by Matsudara (1987). The protein 

transferred to PVDF membrane was directly loaded to the 
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cartridge. Coupling was carried out by moistening the glass 

fiber disc with phenyl isothiocyanate, in the presence of 

trimethyl amine and ethyl acetate. The cleavage reaction was 

carried out with gaseous TFA to form anitinotniozolinone 

(ATZ) derivative. Both the coupling and cleavage reactions 

were carried out in a temperature controlled reacti0~ 

chamber. The free ATZ-amino acid extracted to the conversion 

flask by n-butyl chloride. The ATZ- amino acid was converted 

to the more stable PTH - amino acid by reaction with 25% TFA. 

The PTH-amino acid was dissolved in acetonitrile and injected 

into the HPLC. The residual amino acid was separated on RP­

HPLC. The PTH- amino acid was identified and quantified. From 

the data on quantification recovery of the protein was calcu­

lated. The results were displayed and recorded. A standard 

PTH- amino acid profile is shown in Fig. 3.5. 

Gene Bank Data Base Search: 

The FASTA programme (Pearson and Lipman, 1988 ) was 

used for a search of sequences in data bases available witn 

EMBL (European Molecular Biology Laboratory, Heidelberg, 

Germany) wing the first 17 N-terminal amino acid residues of 

purified BWG 26 as a query sequence. A total of 19214 resi­

dues in 41 sequences were compared by using protein matrix. 

The alignment of the sequence on the basis of homology to 

amino acid sequence of the 26kD protein isolated from buck­

wheat grains was carried out. 



CHAPTER IV 
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EXPERIMENTAL: 

For the determination of the extent of relationship 

between the level of proteolytic activity and the mobiliz~' 

tion of reserve proteins during early stages of germination 

in seeds of common buckwheat (Fagopyrum esculentum Moench), 

healthy and mature seeds of common buckwheat procurred from 

the regional station of NBPGR were washed under running tap 

water and sterilized with 0.025% sodium hypochlorite for 15 

minutes. The seeds were subsequently washed thoroughly with 

sterile MilliQ deionized water and kept for germination in 

petriplates on moist Whatman no. 1 filter paper. Samples were 

harvested in triplicate a 2, 6, 14, 18, 24, 36, 48 ad 72 

hours of imbibiytion. Following the harvest the seed coat was 

removed and the seeds discected to separate the embryo a! 1 

endosperm tissues. Portions of the harveted samples were 
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used for the determination of moisture and the dry matt 

content of the endosperm and embryo tissues. The rest of the 

harvested samples were used for the estimation of free a­

amino nitrogen, soluble protein, and proteolytic activity in 

the endosperm and the embryo tissues. The tissue level of TeA 

insoluble as well as TeA soluble phosphorus was measured 

separately in the embryo, endosperm and the seed coat of 

seeds harvested at various stages of germination. Respiratory 

activity has been measured in mitochondria isolated ~rom 

intact seeds of common buckwheat harvested at various stages 

of germination. 

All the samples were taken in triplicate and the ex­

periments repeated at least twice to ensure reproducibility 

of the results. 

RESULTS: 

Immediately upon exposure to water the seeds showed a 

rapid uptake of water from the ambient environment. Within 

two hours of incubation, there was a more that 3 fold in­

crease in the moisture content of endosperm in the grains of 

common buckwheat. After 2 hours, the rate of increase in the 

moisture content slowed down till it attained a plateau at 24 

hours of incubation. The pattern of changes in the moisture 

content in the embryo of germinating seeds was, howeve' 

different than that observed for the endosperm. In the 

embryo the uptake of moisture showed a lag upto 14 hours of 

incubation with no marked change in the level of moisture. 

After 14 hours the moisture content of the embryo started to 

increase gradually with progressing time. Between 14 and 72 



46 

hours, there was a more than 3 fold increase in the moisture 

content of the embryo tissues ( table 4.1) 

Corresponding with changes in the moisture content, the 

dry matter content of endosperm in buckwheat seeds showed a 

rapid decline with germination. The endosperm tissues showed 

a more than two fold decrease in the dry matter content 

during the initial 6 hours of incubation. Between 6 and 72 

hours, however, the rate of decrease in the total dry matter 

content of the endosperm slowed down till there was no sig" 

nificant change in the dry matter content of the endosperm 

after 24 hours of incubation (table 4.2, Fig. 4.1). In the 

embryo there was a more than two fold increase in the content 

of total dry matter during the first 14 hours of incuba­

tion; the magnitUde of increase was, however, more marked 

during the initial 2 hours of incubation. Beyond 14 hours the 

dry matter content in the embryo showed a marginal decline 

with progressing germination (table 4.2, Fig. 4.1). 

Irrespective of the reference parameter there was no 

marked change in the respiratory activity in mitochondria 

isolated from germinating seeds during the initial two hOUi 

of imbibition. After two hours of imbibition, respiratory 

activity in the mitochondria showed a gradual increase with 

progressing germination. While there was a more than five 

fold increase in the rate of respiration in germinating seeds 

between 6 and 72 hours of incubation, the magnitUde of in­

crease in respiratory activity was more marked between 14 and 

48 hours (table 4.3; Figs. 4.2, 4.3). 

Irrespective of the reference parameter, the content of 



FIG4.1 Changes in the dry matter content of endosperm and' 
embryo expressed as mg total dry weight/endosperm and 
mg total dry weight/embryo respectively in seeds of 
common buckwheat during germination Vertical lines 
represent LSD at P 0.05. 
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Table 4.1: Changes in the moisture content of the endosperm 
and embryo in seeds of common buckwheat (Fagopyrum 
esculentum Moench) during germination upto 72 hours. 

Hours after 
imbibition 

o 
i 
6 

14 
18 
24 
36 
48 
72 

Percent moisture 
endosperm embryo 

18.2 
57.1 
70.0 
75.0 
85.7 
93.3 
93.7 
94.1 
94.4 

20.0 
25.0 
25.0 
22.3 
40.0 
58.3 
64.3 
68.7 
76.5 

Table 4.2: Changes in the total dry matter content of the 
endosperm and embryo in seeds of common buckwheat (Fagopyrum 
esculentum Moench) during germination upto 72 hours. 

Hours after 
imbibition 

o 
2 
6 

14 
18 
24 
36 
48 
72 

Total dry matter (mg) 
endosperm embryo 

12.27 
7.5 
6.0 
5.0 
5.0 
2.5 
2.5 
2.5 
2.4 

7.0 
14.0 
15.0 
17.5 
15.0 
12.5 
12.5 
12.5 
10.0 

-----------------------------------------------------------



Table 4.3 Changes in respiratory activity in mitochondria isolated from 
seeds of common buckwheat (Fagopyrum esculentum Moench) at 
various stages of germination upto 72 hours. 

Hours after 
imbibition 

0 
2 
6 

14 
18 
24 
36 
48 
72 

m mole 02consume~ 
l?Omg ~lesh wt.­
m1.nute 

0.001 
0.001 
0.002 
0.003 
0.003 
0.004 
0.004 
0.006 
0.005 

m mole 02 consumed 
l?Omg ~lY wt.- 1 
m1.nute 

m moll 02 consumed 
seed-
minute- 1 

0.001 3.24x10- 4 

0.002 3.75x10- 4 

0.002 8.0 x10- 4 

0.003 1.27x10- 3 

0.006 1. 8 x10- 3 

0.011 2.7 x10- 3 

0.015 3.0 x10- 3 

0.033 4.95x10- 3 

0.037 4.37x10- 3 

-----------------------------------------------------------------------



fig 4.2: Respiratory activity in asolated mitocondria of 
germination seeds of common buckwheat (Fagopyrum 
esculetum Moench) as expressed m mole 02 consumed 
per 100 mg fresh weight per minute and m mole 02 
consumed per 100 mg dry weight per minute respec 
tively. 



fig 4.3 Respiratory activity in isolated mitocondria of 
germinating seeds of common buckwheat (Fagopyrum 
esculemtum Moench)expressed as m mole 02 consumed 
per seedling per minute. 
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free amino acids in the endosperm of germinating seeds showed 

a marked decline during the initial 2 hours of imbibition. 

Thus, between 0 and 2 hours a nearly five fold decrease in 

the level of free amino acids could be observed in the endos­

perm of germinating buckwheat seeds. The content of fr'" 

amino acids in the endosperm started to increase thereafter 

till 48 hours of incubation. During this period, there was a 

more than 10 fold increase in the content of free amino acids 

in the endosperm tissues. A sharp decline in the content of 

free amino acids was, however, observed between 48 and 72 

hours (table 4.4; Figs. 4.4, 4.5a). When expressed as percent 

of fresh weight, there was no marked change in the level of 

free amino acids in the embryo tissues during seed germinaion 

upto 18 hours. Between 18 and 72 hours, the content of free 

amino acids showed a gradual increase with progressing seed 

germination; during the period a nearly three fold increa~~ 

in the level of free amino acids was observed in the embryo 

tissues. However, when expressed either as percent of dry 

weight or as mg free amino acids per embryo, a four fold in­

crease in the content of free amino acids was observed in the 

embryo during the initial 2 hours of incubation. There was no 

significant change in the level of free amino acids in the 

embryo with progressing seed germination between 2 and 18 

hours after which it increased gradually with progressing 

germination upto 72 hours (table 4.5; Figs. 4.4, 4.5a). 

Expressed as percent of fresh weight the level of solu­

ble protein ,in the endosperm showed a gradual decrease with 

progressing seed germination. When expressed as percent 01 



fig 4.4 Changes in the lavel of fre amino acids in endos­
perm and emboyo expressed as lOOmg fresh weght and 
lOOmg dry weight of seeds of common buckwheat 
during germination 
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grain dry weight, there was marked change in the level of 

soluble protein upto 14 hours. Beyond 14 hours, the conte 

of soluble protein showed a sharp increase with progressing 

seed germination. However, when changes in the level of 

soluble protein where expressed on per endosperm bas is, a 

progressive increase in the level of soluble protein was 

observed upto 36 hours of germination. During this period an 

almost four fold increase in the level of soluble protein was 

observed in the endosperm. Beyond 36 hours, the content of 

soluble protein in the endosperm decreased somewhat upto 72 

hours (table 4.4; Figs. 4.6a; 4.7a). Expressed either as 

percent of grain fresh weight or grain dry·weight, the level 

of soluble protein in the embryo showed a gradual increa c 

upto 36 hours of germination after which it decreased mar­

ginally upto 72 hours. However, when expressed as mg soluble 

protein per embryo the content of soluble protein showed a 

more than six fold increase with progressing seed germination 

upto 72 hours. The increase in the level of soluble protein 

was, however, more marked during the i~i tial 2 hours of 

incubation; during this period there was a nearly two fold 

increase in the content of soluble protein. in the tissue 

(table 4.5; Figs. 4.6b, 4.7b). 

Irrespective of the reference parameter, the ratio of 

free amino acids to soluble protein in both endosperm as well 

as the embryo tissues followed a trend similar to that ob­

served for free amino acids (tables 4.4,· 4.5; Fig. 4. 5b) . 

There was no marked change in the electrophoretic mobility of 

the 280 kD globulin of buckwheat grains during the initial 24 



Table 4.4: Changes in the content of free amino nitrogen, 
soluble protein and the ratio of free amino 
nitrogen to soluble protein in the endosperm 
tissues of seeds of common buckwheat (Fagopyrum 
esculentum Moench) during germination upto 72 
hours. 

Hours after 
imbibition 

o 
2 
6 

14 
18 
24 
36 
48 
72 

o 
2 
6 

14 
18 
24 
36 
48 
72 

o 
2 
6 

14 
18 
24 
36 
48 
72 

free amino 
nitrogen 

total soluble 
protein 

amino nitrogen / 
soluble protein 

mg per 100 mg fresh weight 

0.12 
0.04 
0.04 
0.08 
0.16 
0.20 
0.376 
0.240 
0.12 

1.229 
1.629 
1.858 
1.987 
2.087 
1.945 
1.945 
0.973 
0.902 

mg per 100 mg dry weight 

0.146 
0.093 
0.133 
0.320 
1.120 
3.000 
6.016 
4.080 
2.162 

0.032 
0.007 
0.008 
0.016 
0.056 
0 .. 075 
0.150 
0.102 
0.054 

1. 542 
3.801 
6.193 
7.948 

14.614 
29.204 
31.120 
16.547 
16.252 

mg per endosperm 

0.337 
0.285 
0.371 
0.397 
0.730 
0.729 
0.778 
0.413 
0.405 

0.0976 
0.0245 
0.021 
0.040 
0.076 
0.102 
0.193 
0.246 
0.133 

0.0976 
0.0245 
0.021 
0.040 
0.076 
0.102 
0.193 
0.246 
0.133 

0.0976 
0.0245 
0.021 
0.040 
0.076 
0.102 
0.193 
0.246 
0.133 

-------------------------------------------------------------



fig 4.5 a. Changes in the level of free ami~o acids in endos­
perm Cmg free aminoacids/endosperm) and embryo C mg free 
amino acids / embryo) of seeds of common buckwheat during 
germination vertical line represents LSD at Po .. 05. 

b. Changes in the ratio fo free amino acids to soluble 
protien in endosperm and embryo of seeds of common buckwheat 
during germination. Vertical lines represent LSD at P O .. 05. 
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Table 4.5: Changes in the content of free amino nit:ogen, 
soluble protein and the ratio of free amlno 
nitrogen to soluble protein in the embryo tissues 
of seeds of common buckwheat (Fagopyrum esculentum 
Moench) during germination upto 72 hours. 

Hours after 
imbibition 

o 
2 
6 

14 
18 
24 
36 
48 
72 

o 
2 
6 

14 
18 
24 
36 
48 
72 

o 
2 
6 

14 
18 
24 
36 
48 
72 

free amino 
nitrogen 

total soluble 
protein 

amino nitrogen / 
soluble protein 

mg per 100 mg fresh weight 

0.08 
0.08 
0.08 
0.08 
0.08 
0.12 
0.16 
0.20 
0.28 

1.287 
1. 287 
1.116 
1.116 
1.116 
0.945 
0.945 
0.773 
0.773 

mg per 100 mg dry weight 

0.100 
0.106 
0.106 
0.102 
0.133 
0.288 
0.448 
0.640 
1.190 

0.004 
0.0159 
0.0159 
0.0178 
0.0199 
0.036 
0.056 
0.080 
0.119 

1.608 
1.716 
1. 488 
1.434 
1.860 
2.268 
2.646 
2.473 
3.255 

mg per embryo 

0.064 
0.257 
0.223 
0.251 
0.279 
0.283 
0.330 
0.309 
0.328 

0.062 
0.062 
0.071 
0.071 
0.071 
0.126 
0.169 
0.258 
0.362 

0.062 
0.062 
0.071 
0.071 
0.071 
0.126 
0.169 
0.258 
0.362 

0.062 
0.062 
0.071 
0.071 
0.071 
0.126 
0.169 
0.258 
0.362 

-------------------------------------------------------------
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hours of germination. After 24 hours, the electrophoretic 

mobility of the protein increased with progressing seed 

germination. The magnitude of increase in the electrophoretic 

mobility was, however, more marked after 48 hours of incuba~ 

tion ( Fig. 4. 8a). When subjected to electrphoresis under 

denaturing conditions, there was no marke~. difference between 

the electrophoretic profile of 13S globulin extracted f.rom 

dormant grains and those allowed to imbibe water for 24 

hours. After 24, hours there was a gradual decrease in the 

width and intensity of bands representing protein subunits 

58, 48 and 37 kD molecular weight. During the same period, a 

protein corresponding to 31 kD molecular weight could be 

detected as a band on the electrophotogram (Fig. 4.8b). 

When analyzed by agar double diffusion test, protein 

extracted from grains harvested at 24, 48 and 72 hours of 

imbibition showed positive cross reactivity with antibodies 

raised against the 280 kD globulin from mature buckwheat 

grains. However, no precipitin line was observed for proteins 

extracted from seeds harvested at 96 hours (Fig. 4. 9a) . 

However, when tested by the Western immunoblot assay, anti 

280 kD activity was detected in proteins extracted fr' . 

seeds harvested at various stages of germination upto 96 

hours. The immunoblot confirmed the changes in the electro­

horetic mobility of the protein (Fig. 4.9b) 

Irrespective of the reference parameter there was no 

marked change in the activity of protease, leading to the 

release of free amino acids, in the endosperm during the 

initial 18 hours of germination. After 18 hours the activity 



FIG. 4 fJ a: Changes in the lavel of soluble protien (0) and 
protease activity ( ) in endosperm expressed as mg protien / 
100 mg frwt, and IJ. mole of amino acid rel./100mg f.w. in 
endosperm tissue respectively. (J represent mg soluble 
protien/100 mg dry (] and (] represent protease actively 
expressed as (] mole of amino acid [] /100 mg dry wt. in 
germinating seeds of buckwheat. 

FIG 4.6 b: Changes in the level of soluble protein ('0) and 
protein and protease activity [] in embryo expressed as mg 
protein/lOa mg frwt and IJ. mole of amino acid []/IOO mg f.WL 
respectively. (] represents mg soluble protein/IOO mg dry 
ut. and (J represent protease activity expressed as IJ. mole r'~ 
amino acid rel/1-- mg dry ut. in germinating seeds of buck­
wheat. 
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FIG 4.7 (a) Changes inthe level of soluble protien (.') ex­
pressed as mg soluble protien / endosperm and proteol,ytic 
activity <p) expressed as?" mole amino acid released / mg 
soluble protien/hr in the endosperm of seeds of common buck­
wheat during germination verticle lines represent LSD at 
PO .05. 
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Table 4.6 Changes in proteolytic activity in the endosperm tissues 
of seeds of common buckwheat (Fagopyrum esculentum 
Moench) during germination upto 72 hours. 

Hours after 
imbibition 

0 
2 
6 

14 
18 
24 
36 
48 
72 

t mol amino acids released 
100 mg fresh 100 mg ~ry 
weight- weight-

1. 065 1.301 
1. 065 2.485 
1. 598 5.326 
2.098 8.392 
2.820 19.747 
3.364 50.510 
3.730 59.680 
3.930 66.836 
3.930 70.828 

mg so~u~le 
proteln 

0.866 
(J.653 
0.860 
1.055 
1.351 
1.729 
1.9 1 "7 

4.(uJ 
4.358 

Table 4.7: Changes in proteolytic activity in the embryo tissues 
of seeds of common buckwheat (Fagopyrum esculentum 
Moench) during germination upto 72 hours. 

Hours after 
imbibition 

0 
2 
6 

14 
18 
24 
36 
48 
72 

t mol amino acids reieased 
100 mg fresh 100 mg ~ry 
weight- weight-

1.620 1.820 
1.620 1.820 
1.620 1.820 
1.809 1.915 
1.809 2.340 
2.989 7.820 
3.890 12.860, 
4.980 15.129 
5.029 22.360 

mg so~u~te 
proteln 

1'.258 
1.258 
1.451 
1.620 
1.620 
3.160 
4. 1 ~\ 
6.110 
6.500 

-------------------------------------------------------------



FIG 4.8a:Electro phoretic analysis of the purified 125 globu­
lin at 0, 48, 72 and 96 hours samples of the total globulin 
previously isolated on the sepharose-6B column from buckwheat 
seeds. Lane 1 to 4, on 7% PAGE. 

FIG 4.8b:Ch~nges in the SOS-PAGE (10%) profile of 135 globu­
lin from seeds of common buckwheat molecular weight markers 
[J Lane 2, 3, 4, 5, 6, 7, and 8: seeds imbibed foro, 24, 
48, 72 and 96 hours respectively with and without 2-ME .. pa 
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FIG 4.9~ : Double immune diffusion in 0.8% agar gel 
of extracts from dormant buckwheat seeds (a), seeds imbibed 
for 24 hours (b) and seeds germinated for 45 hours (c), 72 
hours (d) and 96 hours (e). Polyclonal antibodies to 135 
globulin from dormant seeds were used. The antibodies were 
placed in the central well. 

FIG 4.9b:Western blot of total protien extracts of seeds of 
common buckwheat with antiserum directed against the 280- [] 
globulin Lane 1 : dry seeds, lanes 2, 3, 4 and 5 seeds im­
bibed for 24, 48, 72 and 96 hours respec~ively. 
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FIG 4.10: Changes in total TCA soluble phosphorus in embryo 
(tI endosperm ~ and seed coat ~ expressed as iJ. mole (tp] /100 
mg fresh weight, at 0.24, 36, 48 and 72 hours of imbibition. 

FIG 4.11 :Changes in total TCA insoluble phosphorus in 
embryo IiII8 endosperm mil and seed coat l!JJ expressed as iJ. mole 
if/IOO mg fresh weight ixt 0,24,36,48 and 72 hours of imbibi­
tion. 
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Table 4~ :Changes in the content of TCA soluble phosphor-us in the 
endosperm, embryo and seed coat of seeds of common 
buckwheat (Fagopyrum esculentum Moench) during 
germination upto 72 hours. 

Hours after 
imbibition 

0 
24 
36 
48 
72 

endosperm 

0.65 
0.70 
0.75 
0.91 
1. 20 

mol iP per 100 mg fresh weight 

embryo seed coat 

0.67 0.3 
0.68 0.66 
0.58 0.60 
0.48 0.54 
0.40 0.30 

Table 4.g:Changes in the content of TCA insoluble pho~phorus in 
the endosperm, embryo and seed coat of seeds of common 
buckwheat (Fagopyrum esculentum Moenc~) during 
germination upto 72 hours. 

------------------------------------------------------------------1 
Hours after 
imbibition 

0 
24 
36 
48 
72 

endosperm 

0.11 
0.10 
0.09 
0.09 
0.02 

mol ip per 100 mg fresh weight 

embryo seed coat 

0.11 0.16 
0.11 0.153 
0.10 0.14 
0.10 0.13 
0.06 0.11 
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of the enzyme increased gradually with progressing germina­

tion upto 72 hours. During this period a nearly four fold 

increase in the activity of the enzyme could be observed 

(table 4.6; Figs. 4.6a, 4.7a). In the embryo, however, .the 

activity of protease remained stationary during the initial 

six hours of imbibition after which it showed a progressive 

increase with seed germination upto 72 hours. During th 

period there was a nearly 7 fold increase in the activity of 

the enzyme in the embryo tissues of germinating buckwheat 

grains (table 4.7; Figs. 4.6b, 4.7b). 

Marked changes were observed in the content of various 

phosphorus fractions in buckwheat seeds guring germination. 

The content of acid soluble free phosphorus showed signifi­

cant increase in the endosperm tissues of germinating seeds 

during the enitre period of germination upto 72 hours. In the 

embryo, however, the content of free phosphorus showed a a 

marked decline during the same period. In the seed coat too, 

the level of acid soluble free phosphorus showed mark 

decline between 24 and 72 hours of imbibition 

(table 4.8; Fig. 4.10 ). In contrast to changes taking place 

in the level of free phosphorus, the level of TeA insoluble 

phosphorus showed marked decline in embryo, endosperm and the 

seed coat tissues of germinating buckwheat seeds. The magni­

tude of decrease was, however, more marked in the endosperm 

tissues where it registered a more than five fold decrease 

during seed germination upto 72 hours (table 4.9; Fig. 4.1.1). 

DISCUSSION: 

The physiological and biochemical processes underlying 



~l 

seed germination and ear ly seedl ing growth are important' to 

the establishment of a plant in its environ~ent. The degrada­

tion of storage proteins during seed germination has been 

studied for a long time, the starting points being the detec 

tion of changes in proteolytic activity in seeds. Since then 

studies on protein degradation have provided a lot of infor­

mation on the temporal, histochemical, physiological and 

molecular characteristics of the process,which would eventu­

ally lead to the release of free amino acids for transport to 

the growing axis. 

Two important events associated with seed germination 

are the uptake of water and the initiation of hydrolysis' of 

the storage reserves, the products of which are used by the 

growing embryo for sustaining its growth. Immediately upon 

exposure to water the seeds of common buckwheat (Fagopyn .. ' 

esculentum Moench) showed a rapid uptake of water from the 

ambient environment without any lag phase. Thus, within two 

hours of incubation, there was a more that 3 fold increase in 

the moisture content of endosperm. The pattern of changes 

in the moisture content in the embryo was, however, different 

from that observed for the endosperm. In the embryo the 

uptake of moisture showed a lag upto 14 hours, after which 

the level of moisture started to increase gradually with 

progressing time. Between 14 and 72 hours, there was a more 

than 3 fold increase in the moisture content of the embryo. A 

large number of reports have appeared in literature concer 

ing the uptake of water by seeds during their early stages of 

germination. Bewely and Black (1978, 1985) have reported a 
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triphasic pattern of uptake of water by seeds of Allium cepa, 

Daucus carota, Impatiens and Apium during germination. While 

the 1st and 2nd phase of uptake has been ascribed to matric 

forces the third phase 

with the emergence of 

has been reported to be associated 

radicle. In the present study the 

uptake of water by the endosperm followed a typical be­

haviour. While there was a clear distinction between the 1st 

and 2nd phase with the phase I lasting for 6 hours, phase III 

could not be distinctly identified from phase II. In the 

embryo a clear distinction could be made into phase I II and 

III. Phase I lasted for initial 2 hours and was followed h u 

phase II which lasted between 2 and 14 hours. After 14 hours 

of incubation there was a sharp increase in the moisture 

content of the embryo indicating the onset of phase III. 

Corresponding with changes in the moisture content, the 

dry matter content of endosperm in buckwheat seeds showed a 

rapid decline with germination. In the embryo there was a 

more than two fold increase in the content of total dry 

matter during the first 14 hours after which it decreased 

marginally upto 72 hours of incubation. Our observations' on 

the changes in the dry matter content of the endosperm and 

the embryo indicate a remobilization of stored reserves from 

endosperm to the embryo during seed germination. The decrease 

in the total dry matter content of the 'embryo during later 

stages of germination could be ascribed to increased respira­

tory activity in the tissues during later stages of germina­

tion. 

Nawa and Asahi (1971) have demonstrated a rapid in-
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crease in the mitochondrial respiration in Alaska pea seeds 

during the first 6 hours of imbibition. In the present 

study there was no marked change in the respiratory activity 

during the initial two hours of imbibition after which the 

rate of respiration showed a progressive increase with ~eed 

germination. While a number of studies hav~ revealed a rapid 

increase in the respiratory activity with incubation time in 

germinating seeds ( Levari, 1960; Kolloffel, 1967; Nawa anu 

Asahi, 1971), our studies reveal an initial lag in mitochond­

rial respiration during germination of buckwheat seeds. Such 

a lag could be ascribed to the fact that this period coin­

cides with phase I of water uptake, a period during which the 

metabolic activity is quite low. Such a lag phase in the 

respiratory activity has also been described for germination 

seeds of Pisum sativum, Phaseolus vulgaris, Zea mays and 

Glycine max (Bewley and Black, 1983). Bewley and Black (1g83) 

have suggested that the lag phase could p~rhaps represent a 

time of temporary anaerobiosis due to restricted oxygen 

supply by the surrounding structures or the time taken f",,_ 

the development of a secondary respiratory system i . e. 

mitochondria with efficiently coupled oxidative phosphoryla­

tion); mitochondria present in dry seeds have been suggested 

to be deficient in cristae. 

The degradation of storage proteins and mobilization of 

the released amino acids from storage tissues to the growing 

axis is an integral part of the process of seed germination. 

Our investigations on changes in the pool of free amino aoids 

in the endosperm as well as the embryo of germinating buck-



wheat seeds reveal a marked decline in the content of free 

amino acids during the initial 2 hours of imbibition. The 

. initial decline was subsequently followed. by a consistent 

increase in the level of free amino acids with progressinn 

seed germination. However, a four fold increase in the cont-

ent of 

during 

free amino 

the initial 

acids could be observed in 

2 hours of imbibition after 

the embryo 

which the 

content of free amino acids showed a progressive increase 

with progressing seed germination. The increase in the cont­

ent of free amino acids could be a result of degradation of 

reserve proteins in the storage tissues of the seed leading 

to the release of free amino acids for sustaining the growth 

of embryonic axis. An analysis of the changes in the lever of 

free amino acids, soluble protein and the ratio of free amino 

acids to soluble protein, during the first 6 hours of imbibi­

tion by buckwheat seeds, as observed in the present investl 

gation, indicates a utilization of the pre existing free 

amino acids in the endosperm for the synthesis of soluble 

proteins in the embryo. While Nawa and Asahi (1973) have 

shown that cotyledons of germinating pea seeds were capable 

of incorporating 3H-leucine within 6 hours of the start of 

imbibition. Similar observations had been reported earlier by 

Maherchandani and Naylor (1972) for aleurone tissues of Avena 

fatua seeds. However, in this case the tissues were showrr to 

be capable of incorporating amino acids within 10 minutes of 

imbibition. They concluded that the tissues had an innate 

capacity for protein synthesis and that all the requiremen;. 

for this synthesis were present in the dry mature seed tis-



sues. Changes in the level of free am~no acids and solub_ 

protein in the embryo of germinating buckwheat seeds observed 

in the present investigation indicate the existence of such a 

capacity in embryos of buckwheat seeds also. 

As determined by ~estern blot assay using antibodies 

raised against the 280 kD globulin from mature buckwheat 

grains, there was no marked change in the electrophoretic mo­

bility of the main storage protein of buckwheat grains during 

the initial 24 hours of germination. After 24 hours, .the 

electrophoretic mobility of the protein showed a significant 
.... ~. 

increase with progressing seed germination. The magnitude of 

increase in the electrophoretic mobility was, however, mo 

marked after 48 hours of incubation. Under denaturing condi-

tions too, no marked differences in the electrophoretic 

profile of the protein could be observed' upto 24 hours of 

imbibition. After 24 hours, however, there was a gradual de-

crease in the width and intensity of bands representing some 

high molecular weight subunits of the main storage protein. 

These results indicate that during early stages of seed 

germination, the main seed storage protein in common bl\ck-

wheat undergoes partial cleavage leading to the release of 

some low molecular weight subunits. These results are in 

agreement with the observations of Dunaevsky and Belozers 

(1989). They have observed that the protein retained its 

structural integrity upto 3 days following imbibition. Re-

sults of the western blot assay obtained in the present 

investigation, however, clearly establish that the 280 kD 

globulin of buckwheat seeds retained its antigenic identity 
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even upto 96 hours of imbibition. Till this time the process 

of radicle and plumule emergence is nearly complete. It can 

therefore be assumed that the in vivo proteolysis of the 280 

kD globulin during seeds germination in common buckwheat is 

not completed even upto 96 hours of germination and prob~bly 

the basic elements responsible for the structural integrity 

of the protein are not affected during this period. Similar 

observations have been reported for B-conglycinins of so 

bean (Bryant et al., 1995). 

During grain development the basic storage reserves 

(carbohydrates, lipids and proteins) are laid down in all 

parts of the grain or seed. After germination, hydrolysis of 

these reserves is seen first in the cotyl~don and then in the 

endosperms (Jacobsen et al., 1979). In the present study a 

low level of proteolytic activity could be detected even in 

ungerminated seeds of common buckwheat. There was no marked 

increase in proteolytic activity in the endosperm tissues 

during the initial 6 hours of imbibition·. After 6 hours, 

however, activity of the enzyme showed a nearly four fo' ~ 

increase with progressing seed germination upto 72 hours. In 

the embryo, protease activity remained stationary during the 

initial two hours of imbibition. Between 2 and 72 hours, 

proteolytic activity in the embryo showed a progressive 

increase with seed germination, registering a nearly 7 fold 

increase during the period. 

According to the available data there are two possible 

pathways for the degradation of storage proteins during seed 

germination. In legume seeds a limited proteolysis of the 
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storage proteins has been reported to start a few days after 

the beginning of seedling growth (Bewely and Black, 1985; 

Shutov and Vaintraub, 1987). In contrast, Hara and Matsubara 

(1980) have shown that limited proteolysis of the main star 

age protein in germinating pumpkin seeds starts almost simul-

taneously with the onset of seedling growth. Buckwheat seeds 
iI' 

too showed a slight increase in proteolytic activity imme-

diately upon imbibition of water. However, marked increases 

in the activity of the enzyme occurred only after 18 hours of 

imbibition. These results are in agreement with the observa-

tions of Fujimiki et al. (1977) and Hav et al. (1991) who 

have also reported a low level of general protease activity 

in endosperm of germinating maize seeds during the initial 48 

hours of imbibition followed by a sharp· increase in the 

activity of the enzyme with progressing seed germination. 

Considered together with changes taking place in the 

main seed storage protein and the levels of proteolytic 

activity in buckwheat seeds during the process of germina-

tion, our results indicate that the 280 kD globulin may not 

be the source of amino acids that are utilized by the growing 

embryo during early stages of germination. Contributions 

towards this pool as a result of proteolytic cleavage of the 

main storage protein presumably start much later. It is 

possible that the source of amino acids required for sustain-

ing the growth of embryonal axis during the early stages of 

buckwheat seed germination may either lie in the aleurone 

tissues or in the pre-existing pool of free amino acids 111 

the endosperm of the seed. 



Shutov and Vaintraub (1987) have observed that the 

onset of degradation of reserve material in the seeds is not 

directly related to uptake of water and increase in the 

metabolic activity in the seeds during germination. They have 

suggested that the onset of degradation of stored materials 

is to a large extent determined by other processes taking 

place in the seed. They ahve implicated a positive role of 

embryonal axis in the degradation of storage proteins in 

germinating seeds. In the present investigation too, there 

was no marked increase in the level of soluble proteins and 

free amino acids in the endosperm of seeds from which t' 

embryonal axis had been removed. Endosperm tissues of such 

seeds showed a marked drop in the level of free amino acids 

during the initial two hours of imbibition after which the 

level of amino acids remained stationary (Fig. 4.12). These 

results indicate a marked suppression of protein degradation, 

mos probably due to the removal of the sink effect of the 

embryonal axis. 



CHAPTER V 



59 

EXPERIMENTAL: 

Grains of common buckwheat (Fagopyrum esculentum 

Moench) were procured from cultivators fields in the Western 

Himalayas and the North Eastern Regional Station of the 

National Bureau of Plant Gen~tic Resources, Shillong. Healthy 

seeds from the collection were screened out and used for the 

present study. The hull portion of the seeds was removed and 

the groat powdered in a ball mill. The powdered groat w;-'~ 

defatted by extraction with petroleum ether and then used for 

protein fractionation into albumins, globulins, prolamins and 

gluteI ins . The freshly harvested seeds were also fixed in 

glutaraldehyde for electron microscopic examination of pro­

tein bodies after ultra microtomy. Protein bodies were also 

extracted from the freshly harvested seeds by the aqueous 

extraction protocol. The protein bodies were stained with 



PLATE 

8 



60 

phosphotungstic acid and visualized under the electron micro-

scope. 

For the isolation and purification of the seed storage 
. 

protein( 50~ (w/v) extracts of the dehulled seeds was made in 

50 mM Tris-Cl buffer (pH 8.0). The extract.after centrifuga-

tion was used for protein purification using combinations of 

ammonium sulphate precipitation and gel filtration tech-

niques. The purified protein was analyzed for its secondary 

structure and amino acid sequence using CD spectral analysis 

and automated amino acid analyzer respectively. 

For the determination of antigenic homology of the 

protein with seed storage proteins from other crops, antibod-

ies to the purified protein were raised in rabbit. The anti-

serum collected after the last booster doze was used for the 

determination of antigenicity of proteins using the Ouchter-

lony agar double diffusion test. 

RESULTS: 

Grains of cornmon buckwheat (Fagopyrum esculentum 

Moench), obtained from the Western Himalayas and the North 

Eastern Regional Station of the National Bureau of Plant 

Genetic Resources were analyzed for grain protein quality and 

quantity. When expressed on dry weight basis,'the grains had 

a more than 16 percent protein content. The grain storage 

proteins were fractionated into albumins, globulins, prola­

mins and glutelins. When expressed as percent of dry weight, 

the grains had 8.06 percent globulins, 2.42 percent albumrns, 

1.2 percent prolamins and 1.4 glutelins. Residual proteins 

constituted 2.2% of the total grain dry weight (table 5.1). 
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Thus, the globulin fraction constituted about more than 50 

percent of the total protein content of the grains. Albumins, 

prolamins, glutelins and the residual proteins consti tut ; 

15.8, 7.83, 9.27 and 14.43 percent of the total protein 

content of grains, respectively (table 5.1). 

The main storage protein of common tuckwheat is present 

within protein bodies located in the endosperm tissues of the 

grains (Fig. 5.1). Protein bodies were isolated by the 

aqueous extraction protocol. The protein bodies were intact 

spherical in shape and ranged in diameter form 5-8 ~m. The 

protein bodies were composed of an amorphous protein matrix . 
with a single globoid inclusion. The amorphous proteinaceous 

matrix was in turn enclosed by a single membrane (Fig. 5.2). 

Electron microscopic examination of the isolated protE": ,. 

bodies of buckwheat grains revealed the presence of a mem­

brane like boundary layer surrounding the globoid inclusion. 

When expressed as percent of protein body dry weight, 

the protein bodies of buckwheat grains . had a 70 percent 

protein content. Phytins and carbohydrate constituted 25 

percent and 2.7 percent of the protein body on dry weight 

(table 5.2). 

Among the large number of buffers used to extract total 

seed proteins of dicotyledonous plants, the buffer used in 

our study was always found to give reproducible results. The 

defatted meal of dehulled buckwheat grains was extracted wit~ 

50 mM Tr is-Cl buffer (pH 8.0) containing 0.1 M NaCl, 5 % 

polyvinyl pyrrolidone (PVP) and 2% phenyl methyl sulphonyl 

fluoride (PMSF). The extract was brought to 80 percent 



Table 5.1: The content of albumins ,globuilns ,prolamins and 
glutelins and residual protein in grains of common 
buckwheat (Fagopyrum esculentum Moench.) expressed 
as percent of grain dry weight as well as percent 
of total grain protein. 

-------------------------------------------------------------
Protein 
fraction 

Albumins 

Globulins 

Prolamins 

Glutelins 

Residual 

mg per 100mg 
grain dry weight 

2.42 

8.06 

1. 20 

1. 42 

2.21 

mg per 100 mg 
total grain protein 

15.80 

52.64 

7.83 

9.27 

14.43 

Table 5.2: Partial chemical composition of the protein bodies 
isolated from mature grains of ~ommon buckwheat 
(Fagopyrum esculentum Moench.) expressed as 
percent of protein body dry weight. 

Constituent mg per 100 mg 
protein body dry weight 

Protein 70.00 

Phytin 25.00 

Carbohydrate 2.72 
-------------------------------------------------------------



fig.5.l: Electronmicrograph of an ultrathin section of buckwheat 
endosperm from mature grains, stained with uranyl 
acetate and lead citrate showing the cellulr localization 
of protein bodies. 



F· ,g. 5.1 



fig.5.2: (a) A single isolated protein body s howing t he p rotein 
matrix (PM) and the phytin globoid(G); (b) a magnifi e d 
view of a protion of PM showing t he e l ec t r on d e nse 
amorphous protein matrix and th e ' pro tein boundr y me mb ra ne , 
(c) an enlarged view of the phytin globoid (G). No t e t he 
presence of a membrane like boundary (arrow) so r ro l 1n ~ i n 0 

the phytin globoid. 



Fig. 5.2 
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saturation level of anunonium sulfate and then eluted on a 

Sepharose 68 column with 50 mM Tris-CI buffer (pH 8.0). The 

elution pattern of the anunonium sulphate fractionated and 

dialyzed extract on Sepharose 6B column is shown in Fig. 

5. 3a. The extract could be fractionated into two peaks. Of 

these the major peak corresponded to fractions numbers 6, 7, 

8; the other peak corresponded to fraction numbers 15, 16 and 

17. 13S globulin, the major storage protein in grains. of 

common buckwheat (Fagopyrum esculentum Moench) was eluted in 

a single peak corresponding to fraction numbers 6,7 and 8 

and a native molecular mass of approximately 280 kD (Fi.". 

5. 3a). The fractions were pooled together and lypholysed. 

When subjected to electrophoresis on a 7.5% acrylamide gel, 

the protein resolved into a single band (Fig. 5.3b). Analysis 

of the subunit composition of the 13S globulin under reduc­

ing and non-reducing conditions on SDS-PAGE revealed that 

the protein was composed of 3 main groups of subunits desig­

nated as a, Band r. The polypeptides of a group ranged in 

molecular mass from 55-60 kD. The polypeptides of the BAnd 

the r groups had molecular weights ranging between 32-44 

and 16-29 kD respectively (Fig. 5.3c). Polypeptides belonging 

to the a group could not be detected on the electrophoret -

gram when the protein was subjected to electrophoresis under 

reducing condi~ions. Correspondingly there was an increase in 

the intensity of bands representing polypeptides of the Band 

r groups (Fig. 5.3c). 

The 280 kD globulin isolated from buckwheat grains had 

a 5.7 percent lysine, 2.4 percent tryptophan, 1.8% methionine 



fig.5.3:(a) Elution profile of the ammonium sulphate fractionated 
crude protein from grains of common buckwheat from Sphuro 
6B column. 

(b) Polyacrylamide gel electrophoresis of the pooled 
peak A fractions eluted from sepharose 6 B column. 

(c) SDS-PAGE profile under non-reducing conditions (lane 
1) and redcing conditons (lane 2) of the purified 13 s 
globulin from grais of common buckwheat. 
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and 5.8 percent leucine content (table 5.3). 

Figure 5.4a shows the immunoprecipitation of the 280 kD 

globulin of buckwheat grains with antibodies raised against 

the protein in rabbit. A single precipitin line obtained 
. 

against the antiserum indicated the antigenic homogeneity of 

the purified protein. In order to study. the accumu lation 

pattern of the 280 kO globulin in buckwheat grains durinn 

their development, grain development in buckwheat was classi-

fied into 5 stages viz. 1. milky (10 OAF), 2. milk mature (20 

DAF), 3. early mature (30 OAF), 4. mature (40 DAF) and 5. 

late mature (45 OAF). From each collection total proteins 

were extracted and analyzed for anti 280 kD activity by agar-

ose double immunodiffusion. No cross reactivity was detected 

in extracts from grains harvested at milky (10 OAF), milk 

mature (20 OAF) and early mature (30 DAF) stages of develop­

ment. Extracts of grains harvested at mid maturation stage of 

development showed strong cross reactivity with antibodies 

raised against the 280 kO globulin from mature buckwheat 

grains. The sharp precipitin line indicated the presence OL 

the protein in grains at this stage (Fig. 5.4b). Correspond­

ingly developing buckwheat grains accumulated most of their 

dry matter between milky and early mature stages. During this 

period there was a nearly 4 fold increase in the grain dry 

weight (table 5.4; Fig. 5.5). 

When tested for antigenic homology with seed storage 

proteins of other crops by agar immunodiffussion test, the 

280 kO globulin from buckwheat grains showed antigenic homol-

ogy with the legumin group of seeds storage proteins. Anti-



Table 5.3: Percentage of some essential amino acids in the 
280 kD globulin isolated from mature grains of 
common buckwheat (Fagopyrum esculentum Moench) 
compared with the values of same amino acids for 
grain amaranth, chenopodium, cow milk casein and 
the WHO recommended values of amino acids for a 
nutirinationlly balanced protein 

Amino acid mole % 

1 2 3 4 5 
Lysine 5.9 5.0 4.9 6.7 5.5 

Methionine 1.8 4.4 2.8 2.1 3.5 

Tryptophan 2.4 1.4 NO 0.9 1.0 

leucine 5.8 4.7 3.0 8.2 7.0 

~80 kD globulin from buckwheat grains ; 2grain amaranth; . 
chenopodium ; 4cow milk casein ; 5WHO recommended values 

source: 1: present study, 2: Raina & Datta. (1992), 3: Dey and 
Mandal (1993), 4:cow milk casein (Gordon et al. (1949); 
5: WHO recommended values. 



Table5.4: Changes in the fresh and dry weight of seeds of 
common buckwheat (Fagopyrum esculentum Moench) during various 
stages of seed development. 

Stage 

I (10 DAF) 

II (20 DAF) 

III (30 DAF) 

IV (45 DAF) 

fresh weight (gm) 
per 100 seeds 

2.38 

3.57 

4.545 

6.25 

dry weight (gm) 
per 100 seeds 

1. 428 

2.181 

3.125 

----------------~--------------------------------------------



fig 5.4a: Ouchterlony double diffusion test with undilulted 
ntiserum raised against purified 13s globulin of buckwheat 
grains showing a single precipitin line. 

fig.5.4b:Ouchterlony doubel diffusion with undiluted antiserum 
raised aginst purified 13s buckwheat globulin in the 
central well and extracts from buckwheat grains 
at different stages of maturity in the sorrounding 
wells. l:milky stage; 2: milk mature stage; 3:early 
mature stage; 4:mid mature stge; 5:late mature stage. 
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fig.5.5:Changes inthe total dry weight (rng) of seeds of common 
buckwheat (Fagopyrum esculentum Moench) during various stages 
of development. 
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raised against the 280 

buckwheat cross reacted 

kD globulin from grains. of 

positively with the 11-128 

proteins form soya bean, mung bean and pea. However no such 

cross reactivity could be detected for storage proteins fr 

broad bean, wheat, rice and grain amaranth (Fig. 5.6a,b). 

A comparison of the globulin content in the protein 

bodies of buckwheat with some other crops and the extent of 

antigenic homology of the 280 kD buckwheat globulin with 

storage proteins of some important crops is presented in 

table 5.5. When compared with storage proteins from wheat, 

rice, soya bean, mung bean, pea, broad bean and grain amar­

anth, the 280 kD globulin from buckwheat seeds showed the 

highest antigenic homology with soya bean glycinin. The 

intensity of the precipitin line was relatively low for pea 

globulin. No serological homology could be detected wi~' 

prolamins from wheat, glutelins from rice, globulins from 

broad bean and albumins from grain amaranth. 

Fig. 5.7 depicts the fluorescence emission spectra of 

the partially purified 280 kD globulin from buckwheat grains. 

The maxima for excitation wavelengths of 275 and 295 nm cen­

tered at 317 and 325 run respectively. The two excitation 

maxima are typical of a tryptophan containing protein. 

In order to determine which of the subunits of the 280 

kD protein had the highest lysine level, the protein was 

subjected to gel filtration on Sephadex G-120 after reduction 

and alkalization. The elution profile of the protein is sho,··r 

in Fig. 5.8. The protein resol ved into 3 peaks designated 

A, B and peak C. The contents of each peak were pooled to-



fig.5.6:0uchterlony double diffusion with undiluted antiserum 
raised against purified 13S globulin of grains of 
common buckwheat in the central well and crude protein 
extracts from grains/seeds of different crps in .the 
sorrounding wells. (a) 1, buckwheat; 2,wheat;3, rice; 4, 
kidney ben; 5, soyabean; (b) 1, buckwheat; 6, mung bean; 
7, broad bean; 8, pea; 9, french bean and 10, grain 
amaranth. 
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Table 5.5: Antigenic homology of the 280 kD globulin isolated 
from mature grains of common buckwheat (FagopYl"" 
esculentum Moench) with storage proteins from 
grains of some important crops . 

Speccies 

Buckwheat 

Wheat 

Rice 

Soyabean 

Mung bean 

Pea 

Broad bean 

Amaranthus 

Major storage 

280 kD globulin 

Prolamin 

Glutelin 

Glycinin (Legumin 

Total protein as 
percent of protein 
body dry weight 

70 

72 

82 

) 83 

Globulin (Legumin) 

Globulin (Legumin) 

Globuin (Vicilin) 

Albumin (Cytosolic) 

Antigenic 
homology 
with 280 kD 
buckwheat 
globulin 

++++ 

+++ 

++ 

+ 

++++ > +++ > ++ > + Reletavie intensity of cross 
No cross reactivity reactivity 



fig5·7a: Fluorescence emission spectra of the 280 KD globulin 
isolated from seeds of common bckwheat (Fagopyrum 
esculentumMoench)( )buffer,(-------------------) 
protein(a) buffered protein. 
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gether and lypholysed. Analysis of the proteins of each pe ' 

for the content of lysine revealed a lysine content of 1.8 

percent in proteins of peak A, 6.4 percent in proteins of 

peak Band 1.2 percent in proteins present in peak C. Thus 

the protein having the highest lysine content was eluted in 

peak B corresponding to fraction number·· 11-15. The protein 

was again chromatographed on a pre calibrate.d Sephadex G-50 

column. (2.5 x 30 em). The column was eluted with 50 mM Tris­

el buffer (pH 8.0) at a flow rate of 24 ml per hour. A total 

of 121 fractions of 2 ml each were collected. The protein re­

solved into 9 peaks. (Fig. 5.9). Fractions of each peak were 

pooled together I lypholysed and subjected to partial amj' 

acid analysis. Analysis of the amino acid composition of the 

separated proteins revealed that the protein which had sepa­

rated under fractions 42-48 had a 6.93 percent lysine, 2.73 

percent threonine and 6.17 percent leucine. Besides the 

protein was also rich in sUlphur amino acids. On SDS-PAGE the 

purified protein resolved into a single band corresponding to 

a molecular mass of 26 kD (Fig. 5.10). 

The complete amino acid composition of the 26 kD sub­

unit of the 280 kD globulin from buckwheat grains is present­

ed in table 5.6. In addition to the high levels of some 

essential amino acids the protein also had 

glutamine and arginine. For comparison of 

a high content ~~ 

the nutritional 

quality of this protein, the amino acid composition of cow 

milk casein, considered as an ideal protein and also Brassica 

compestris 2S protein, chenopodium & grain amaranth are also 

presented in the table along World Health Organization recom-



fig.5.B: Elution profile of the reduced and alkalized glolbulin 
isolated from seeds of common. buckwheat(Fagopyrum 
esculentum Moench} on sephadex G-120 column. 



0.7 - ( b) 
E 0·6 
c: 

0 0·5 00 
N 

0·4 -C1J 
u 0·3 c: 
0 
.c 0·2 .... 
0 
en 0·1 .c 
« 

0 
0 5 10 15 20 25 

Fraction N u m be r 



fig.5.9: Column chromatography profile of ~he proteins eluted in 
Peak -B' of sephadex G-120 column,Fechromatographed on 
sephadex G-50. 
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fig.S.lO: SDS-PAGE of the 26 KD subunit of globulin of seed of 
common buckwheat (Fagopyrum esculentum Moench). 
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Table 5.6: Comparison of the amino acid composition of the 
purified 26 kD subunit of the 280 kD globulin from 
mature buckwheat grains with the 31 kD protein of grain 
amaranth, 15 kD protein from chenopodium seeds, 2S 
protein from Brassica seeds, casein from cow milk and 
the WHO recommended values of amino acids for a 
nutritionally balanced protein. 

Amino 
acid 

buckwheat 

Crop 

grain Chenopodium 
amaranth 

Brassica cow WHO 
milk values 

------------------------------------------------------------------
amino acid content (mole %) 

Asx 12.30 16.6 5.0 1.6 6.3 
Glx 25.70 8.9 17.9 23.9 18.0 
Ser 5.11 6.6 5.6 4.9 7.4 
Thr 2.73 5.3 5.1 3.3 4.9 4.0 
His 2.40 3.3 5.7 3.3 2.4 
Gly 10.40 12.0 5.8 6.6 4.3 
Ala 4.06 5.3 4.3 4.2 3.9 
Tyr 2.13 2.13 4.8 3.0 0 .. 8 
Arg 5.93 5.3 7.5 4.2 3.9 
Met 1. 57 1.6 2.8 3.3 2.1 3.5 
Val 3.00 5.6 3.4 4.9 7.2 5.0 
Pro 2.57 3.6 6.1 8.2 11. 6 
Phe 1. 93 5.6 5.4 1.6 3.6 
Lys 6.93 6.6 4.9 6.6 6.7 6.5 
lIe 3.02 5.0 3.8 4.2 5.5 4.0 
Leu 6.17 7.6 3.0 6.6 8.2 7.0 
Trp ND ND ND 0.8 0.9 1.0 
CyS 1. 03 0.7 5.8 6.6 0.2 

ND: Not determined 
source: buckwheat, our study; grain amaranth, Raina and Datta 
(1992); chenopodium, (Dey and Mandal (1993); Brassica, Dasgupta 
and Mandal (1991); cow milk, Gordon et ai. (1949). 



Table 5·7 

Amino acid 

Asx 
Glx 
Ser 
Thr 
His 
Gly 
Ala 
Tyr 
Arg 
Met 
Val 
Pro 
Phe 
Lys 
lIe 
Leu 
Trp 
CyS 

Amino acid composition of the 26 kD subunit of the 
280 kD globbulin isolated from mature grains of 
common buckwheat (Fagopyrum esculentum Moench) 

residues (mole %) 

12.30 
25.70 

5.11 
2.73 
2.40 

10.40 
4.06 
2.13 
5.93 
1. 57 
3.00 
2.57 
1. 93 
6.93 
3.02 
6.17 
* 
1. 03 

-----------------------------------------------------------
* Not determined 
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mend values for a protein with nutriotionally balanced amino 

acid composition. As is evident from the table , the purified 

26 kD protein from buckwheat grains contains appreciable 

amounts of all essential amino acids like ·lysine, Leucine 

methionine and threonine. An analysis of the amino acid 

composition of the 26 kD subunit of buckwheat globulin 're-

veals that content of some essential amino acids viz. methio-

nine, lysine, leucine matches the requirements of a nutri-

tionally balanced protein as per WHO requirements. 

Figs. 5.11 shows the CD spectrum of the purified 26 kD 

protein from buckwheat grains taken at pH 7.0, 8.0 and 10.0. 

Two distinct negative peaks at 208 and 222 nm could be 

detected. Alkalization did not affect the overall conforma-

tion of the 26 kD protein. The protein depicted a predomi-

nantly a-helical structure which could undergo a transition 

to a -B structure, with a decrease in hydrophobicity. When 

the pH of the ambient medium was 7.0, the protein showea a 

33.0% a-helical structure.With increase in the hydroxyl ion 

concentration of the ambient medium, however, the a-helical 

content of the protein showed a consistent decrease. Thus, 

pH 8.0, the protein had a 13.79%. a-helix which dropped to 

12.8% at pH 10.0 (table 5.7). The a-helical content was 

calculated from the far-UV-CD spectral data according to the 

method of Greenfield and Fasman (1969) using the following 

formula : 

[If' )208-4000 
helix= -------------x100 

33000-4000 



fig.5.11: Circular 
regions 
seed of 
Moench.} 

dichroism (CD) spectra in the far and near-UV 
of 26 KD subunit of the 280 KD globulin from 
common buckwheat (Fagopyrum esculentum 
at pH 7.0(a)j pH B.O(b) and pH 10.0(c). 
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Table 5.B':Elipticity [0;, specific elipticity [~]~ , molecular 
elipticity [-e),>. and the perce:1t helical content of 
the purified 26 kD subunit of the 280 kD globulin 
isolated from buckwheat seeds, at varying H+ ion 
concentrations of 50 mM Tris-Cl bu£.f~r. 

pH 

7.0 

8.0 

10.0 

Elipticity 
(mo/cm) 

1.0 

1.0 

1.0 

Specific Molecular 
elipticity elipticity 

(deg.cm2decimol-1) (deg.cm2 mol-1x10-3) 

2.0 x 104 -14.0 

2.0 x 103 -9.8 

1. 2 x 103 0.9 

Percent 
-helix 

33.00 

13.79 

12.80 



67 

The elipticity, specific elipticity and molecular 

elipticity of the 26 kD protein at different ambient hydroxyl 

ion concentrations is shown in table 5.8. With change in the 

pH of the ambient medium there was a marked decrease in the 

electronegativity of the molecular elipticity of the protein. 

Thus with a change in pH from 7.0 to 10.0 I the molecular 

elipticity of the protein changed from -14x10- 3 deg. cm 2 mol' 

1 to 0.9xI0- 3 deg. crn2 mol-I. Changes were also observed in 

the specific elipticity of the protein which showed an In­

crease from 2xl0 4 deg. crn2 deci mol- l to 1.2xl03 deg. cm2 

deci rnol- I with change in pH of the ambient medium from 7.0 

to 10.0 (table 5.8). 

The sequence of the first 17 N-terminal amino acid 

residues of the protein was established by automated sequenc­

ing. The sequence reads as : GLY-ILE-ASP-GLU-ASN-VAL-CYS-THR­

MET-LYS-LEU-ARG-GLU-ASN-ILE-LYS-SER. The aljgnment of the N­

terminal sequence with the corresponding regions of proteins 

from grains of some economically important crops is shown lu 

Fig. 5.12. Analysis of the alignment reveals considerable 

similarity between the 26 kD protein isolated from buckwheat 

grains an storage proteins subunits of soya bean, pea, rice 

etc. The protein had 73.3 percent sequence homology with the 

GIl G2 , G31 and G5 precursors of soya bean glycinin and 66.7 

percent homology with G4 subunit of soya bean glycinin. The 

pea legumin A and A2 subunits had 66.7 percent with the 

purified lysine rich 26 kD subunit of the 280 kD globulin 

from buckwheat grains. The protein had the least (46.7%) 



BIOCHEM.SEQ, 17 aa vs C:\EMBL\GLOBULIN 3 library 
using protein matrix 

initn initl 
2 0 0: 
4 0 0: 
6 0 0: 
8 0 0: 

10 0 0: 
12 5 5:=== 
14 0 0: 
16 9 9:===== 
18 9 9:===== 
20 0 0: 
22 1 1:= 
24 2 2:= 
26 0 0: 
28 0 0: 
30 0 0: 
32 0 0: 
34 0 0: 
36 1 1:= 
38 0 0: 
40 6 6:=== 
42 0 0: 
44 0 0: 
46 2 2:= 
48 1 1:= 
50 0 0: 
52 0 0: 
54 1 1:= 
56 1 1:= 
58 0 0: 
60 0 0: 
62 0 0: 
64 0 0: 
66 2 2:= 
68 1 1:= 
70 0 0: 
72 0 0: 
74 0 0: 
76 0 0: 
78 0 0: 
80 0 0: 
80 0 0: 
19214 residues in 41 sequences 

mean initn score: 24.0 (12.70) 
mean initl score: 24.0 (12.70) 

15 scores better than 27 saved, ktup: 2, fact: 8 scan time: 
The best scores are: initn initl 
GLC2 SOYBN GLYCININ G2 PRECURSOR (CONTAINS: A2 AND BlA 67 67 
GLC3 SOYBN GLYCININ G3 PRECURSOR (CONTAINS: A AND B CH 66 66 
GLCI-S0YBN GLYCININ Gl PRECURSOR (CONTAINS: Al AND BX 66 6~ 
GLC5_S0YBN GLYCININ PRECURSOR (CONTAIN: A3 AND B4 CHAI 55 55 
GLC4_S0YBN GLYCININ G4 PRECURSOR (CONTAINS: A5, A4 AND 53 53 
GLU3 ORYSA GLUTELIN TYPE II PRECURSOR. 48 48 
GLU2 ORYSA GLUTELIN TYPE I PRECURSOR (CLONE PREE 103) . 46 46 
GLUl ORYSA GLUTELIN TYPE I PRECURSOR (CLONE PREE 61) . 46 46 

1 

():oo: 

op 
6 
6 
I, 

(:, 

6 



11SB CUCMA lIS GLOBULIN BETA SUBUNIT PRECURSOR. 40 40 5 
GLU4 ORYSA GLUTELIN PRECURSOR. 40 40 S 
GLUB ORYSA GLUTELIN TYPE-B 1 PRECURSOR. 40 40 S 
GLU5 ORYSA GLUTELIN PRECURSOR. 39 39 4 
LEG2 PEA LEGUMIN A2 PRECURSOR. 39 39 5 
LEGA PEA LEGUMIN A PRECURSOR. 39 39 5 
GLUC ORYSA GLUTELIN TYPE-B 2 PRECURSOR. 36 36 4 

GLC2 SOYBN GLYCININ G2 PRECURSOR (CONTAINS: A2 AND B1A 67 67 67 
73-:-3% identity in 15 aa overlap 

10 
BIOCHE GIDENVCTMKLRENIKS 

X::: .. :::.::. :X 
GLC2 S QEEDDDDEEEQPQCVETDKGCQRQSKRSRNGIDETICTMRLRQNIGQNSSPDIYNPQAGS 

280 290 300 310 320 330 

GLC2 S ITTATSLDFPALWLLKLSAQYGSLRKNAMFVPHYTLNANSIIYALNGRALVQVVNCN(;F.R 
340 350 360 370 380 ~~o 

GLC3 SOYBN GLYCININ G3 PRECURSOR (CONTAINS: A AND B CH 
73-:-3% identity in 15 aa overlap 

10 
BIOCHE GIDENVCTMKLRENIKS 

X::: .. :::.::. :X 

66 66 

GLC3 S PTEEQQQRPEEEEKPDCDEKDKHCQSQSRNGIDETICTMRLRHNIGQTSSPDIFNPQAGS 
270 280 290 300 310 320 

GLC3 S ITTATSLDFPALSWLKLSAQFGSLRKNAMFVPHYNLNANSIIYALNGRALVQVVNCNGER 
330 340 350 360 370 380 

GLC1 SOYBN GLYCININ G1 PRECURSOR (CONTAINS: Al AND BX 
73-:-3% identity in 15 aa overlap 

BIOCHE 
10 

GIDENVCTMKLRENIKS 
X::: .. ::: .:: .:X 

66 66 

GLC1 S EEEEDEKPQCKGKDKHCQRPRGSQSKSRRNGIDETICTMRLRHNIGQTSSPDIYNPQAGS 
290 300 310 320 330 340 

GLCl S VTTATSLDFPALSWLRLSAEFGSLRKNAMFVPHYNLNANSIIYALNGRALIQVVNCNGER 
350 360 370 380 390 400 

GLC5 SOYBN GLYCININ PRECURSOR (CONTAIN: A3 AND B4 CHAI 
73-:-3% identity in 15 aa overlap 

10 
BIOCHE GIDENVCTMKLRENIKS 

: .. X:.:::::.::X 

55 55 

GLC5 S EDQPRPDHPPQRPSRPEQQEPRGRGCQTRNGVEENICTMKLHENIARPSRADFYNPKAGR 
320 330 340 350 360 370 

GLC5 S ISTLNSLTLPALRQFGLSAQYVVLYRNGIYSPDWNLNANSVTMTRGKGRVRVVNC0GNAV 
380 390 400 410 420 430 

GLC4 SOYBN GLYCININ G4 PRECURSOR (CONTAINS: AS, A4 AND 
66-:-7% identity in 15 aa overlap 

2 

S.1 

66 

66 

67 

( . r 
1 ) 



10 
BIOCHE GIDENVCTMKLRENIKS 

: .. X:.::.::.::X 
GLC4 S RKSREWRSKKTQPRRPRQEEPRERGCETRNGVEENICTLKLHENIARPSRADFYNPKAGR 

350 360 370 380 390 400 

GLC4 S ISTLNSLTLPALRQFQLSAQYVVLYKNGIYSPHWNLNANSVIYVTRGQGKVRVVNCQGNA 
410 420 430 440 450 460 

GLU3 ORYSA GLUTELIN TYPE II PRECURSOR. 
52~9% identity in 17 aa overlap 

48 48 56 

10 
BIOCHE GIDENVCTMKLRENIKS 

: .X:. ::: .. :. :X .. 
GLU3 0 QEQEQGQMQSREHYQEGGYQQSQYGSGCPNGLDETFCTMRVRQNIDNPNRADTYNPRAGR 

280 290 300 310 320 330 

GLU3 0 VTNLNSQNFPILNLVQMSAVKVNLYQNALLSPFWNINAHSIVYITQGRAQVQVVNNNGKT 
340 350 360 370 380 390 

GLU2 ORYSA GLUTELIN TYPE I PRECURSOR (CLONE PREE 103) . 
47~1% identity in 17 aa overlap 

46 46 54 

10 
BIOCHE GIDENVCTMKLRENIKS 

: .X:. :: ... :. :X .. 
GLU2 0 QEQEQGQVQSRERYQEGQYQQSQYGSGCSNGLDETFCTLRVRQNIDNPNRADTYNPRAGR 

280 290 300 310 320 330 , 

GLU2 0 VTNLNTQNFPILSLVQMSAVKVNLYQNALLSPFWNINAHSVVYITQGRARVQVVNNNGKT 
340 350 360 370 380 390 

GLU1 ORYSA GLUTELIN TYPE I PRECURSOR (CLONE PREE 61) . 
47.1% identity in 17 aa overlap 

10 
BIOCHE GIDENVCTMKLRENIKS 

: .X:. :: ... :. :X .. 

46 46 

GLU1 0 QEQEQGQVQSRERYQEGQYQQSQYGSGCSNGLDETFCTLRVRQNIDNPNRADTYNPRAGR 
280 290 300 310 320 330 

GLU1 0 VTNLNTQNFPI LSLVQMSAVKVNLYQNALLS PFWNINAHSVVYITQGRARVQVVNNNG KT 
340 350 360 370 380 390 

11SB CUCMA lIS GLOBULIN BETA SUBUNIT PRECURSOR. 
46~7% identity in 15 aa overlap 

10 
BIOCHE GIDENVCTMKLRENIKS 

: .. : .. X: .. : .. :X 

40 40 

11SB C DEDFEVLLPEKDEEERSRGRYIESESESENGLEETICTLRLKQNIGRSVRADVFNPRGGR 
270 280 290 300 310 120 

11SB C ISTANYHTLPILRQVRLSAERGVLYSNAMVAPHYTVNSHSVMYATRGNARVQVVDNFGQS 
330 340 350 360 370 380 

GLU4 ORYSA GLUTELIN PRECURSOR. 
52~9% identity in 17 aa overlap 

3 

40 40 

54 

58 

51 



10 
BIOCHE GIDENVCTMKLRENIKS 

: .. X: ::.:.: :X .. 
GLU4 0 LTQQQEQAQAQDQYQQVQYSERQQTSSRWNGLEENFCTI KVRVNI ENPSRADSYNPRA GR 

280 290 300 310 320 330 

GLU4 0 ITSVNSQKFPILNLIQMSATRVNLYQNAILSPFW~AHSLVYMIQGRSRVQVVSNFGKT 
340 350 360 370 380 390 

GLUB ORYSA GLUTELIN TYPE-B 1 PRECURSOR. 
52~9% identity in 17 aa overlap 

10 
BIOCHE GIDENVCTMKLRENIKS 

: .. X: ::.:.: :X .. 

40 40 

GLUB 0 LTQQQEQAQAQDQYQQVQYSERQQTSSRWNGLEENFCTIKVRVNIENPSRADSYNPRAGR 
280 290 300 310 320 330 

GLUB 0 ITSVNSQKFPILNLIQMSATRVNLYQNAILSPFWNVNAHSLVYMIQGRSRVQVVSNFGKT 
340 350 360 370 380 390 

GLU5 ORYSA GLUTELIN PRECURSOR. 
58~8% identity in 17 aa overlap 

10 
BIOCHE GIDENVCTMKLRENIKS 

: .X:: ::.: : :X .. 

39 39 

GLU5 0 QQEQAQQQEQAQAQYQVQYSEEQQPSTRCNGLDENFCTIKARLNIENPSHADTYNPRAGR 
280 290 300 310 320 330 

GLU5 0 ITRLNSQKFP I LNLVQLSATRVNLYQNAI LS PFWNVNAHS LVY IVQGHARVQVVSNLGK T 
340 350 360 370 380 390 

LEG2 PEA LEGUMIN A2 PRECURSOR. 
66~7% identity in 15 aa overlap 

10 
BIOCHE GIDENVCTMKLRENIKS 

: .. : .X:: ::: :X 

39 39 

LEG2 P HQRRRGEEEEEDKKERRGSQKGKSRRQGDNGLEETVCTAKLRLNIGPSSSPDIYNPEAGR 
310 320 330 340 350 360 

51 

47 

5 3 

LEG2 P IKTVTSLDLPVLRWLKLSAEHGSLHKNAMFVPHYNLNANSIIYALKGRARLQVVNCNGNT 
370 380 390 400 410 420 

LEGA PEA LEGUMIN A PRECURSOR. 
66~7% identity in 15 aa overlap 

10 
BIOCHE GIDENVCTMKLRENIKS 

: .. : .X:: ::: :X 

39 39 

LEGA P HQRRRGEEEEEDKKERGGSQKGKSRRQGDNGLEETVCTAKLRLNIGPSSSPDIYNPEA(;R 
310 320 330 340 350 360 

LEGA P IKTVTSLDLPVLRWLKLSAEHGSLHKNAMFVPHYNLNANSIIYALKGRARLQVVNCNGNT 
370 380 390 400 410 ~~n 

4 

53 



GLUC ORYSA GLUTELIN TYPE~B 2 PRECURSOR. 
52~9% identity in 17 aa overlap 

10 
BIOCHE GIDENVCTMKLRENIKS 

: .. X: ::.: : :X .. 

36 36 

GLUC 0 PTLTQQQEQAQAQYQEVQYSEQQQTSSRWNGLEENFCTIKARVNIENPSRADSYNPRAGR 
270 280 290 300 310 320 

GLUC_O ISSVNSQKFPILNLIQMDATRVNLYQNAILSPFWNVNAHSLVYMIQGQSRVQVVSNFGKT 
330 340 350 360 370 380 

Library scan: 0:00:02 total CPU time: 0:00:17 

5 

47 



fig.S.12: Homology of the N-terminal region of the 26 KD globulin 
subunit from seeds of common buckwheat (Fagopyrum 
esculentum Moench) with the corresponding regions 
of soyabean glycinin precursors (G 1 ,GZ,G 3 , 
G4 , and GS ) rice glutelin, pealegumin and 
cucumber globulin. Conserved residues are boxed with 
solid lines and identical amino acids are in bold 
type. Figures in parenthesis represent % homolOGY. 
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sequence homology with the J3-subunit of lIS globulin from 

cucumber seeds. A statistical evaluation of these alignments 

revealed that the sequence homologies were highly signifi­

cant. Out of the 17 residues compared 6 residues were high~~ 

conserved and 5 residues matched closely in that they are 

amino acids with similar functional groups there by repre­

senting conservative replacements. Amongst the conserved 

amino acids are glutamic acid, cysteine, threonine, aspara­

gine and isoleucine at position numbers 4, 7, 8, 14 and 15 

respectively. Amongst the conserved bonds was the cysteine­

threonine linkage at residue numbers 7, 8 and the asparagine­

isoleucine linkage at residue numbers 14, 15. One of .the 

significant aspects revealed by the alignment was the pres­

ence of lysine and serine at position numbers 16 and 17 

respectively in the purified 26. kD globulin purified fr 

buckwheat grains. None of the other sequences matched had 

these residues at position numbers 16 and 17. 

DISCUSSION: 

Seed storage proteins, intended as a source of nitrogen 

for germinating seedlings, constitute an important source of 

dietary proteins for human consumption. Al though cereal 

grains and legume seeds are a major source of dietary pro­

teins, the storage proteins in both are generally defic~ent 

in essential amino acids such as lysine, tryptophan and 

methionine (Higgins, 1984; Hoffman et al., 1988; Shotwell et 

aI., 1989 and Krishnan et aI., 1993). Likewise zein, t 

storage protein of Zea mays has been reported to be deficient 

in tryptophan and lysine (Nelson, 1969). While many attempts 
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have been made over the years to improve the amino acid 

composition of storage proteins of important crops through 

conventional breeding programmes, molecular approaches 

towards improving the nutritional quality of seed proteins 

provide alternative strategies to conventional breeding 

programmes. An important approach towards improving the 

amino acid composition of seed storage protein could be to 

express the gene for a heterologous protein with a balanced 

amino acid composition. The generality of the approach by 

which foreign proteins rich in desired amino acids may be 

introduced is, however, constrained by scanty information in 

respect of suitable heterologous proteins. While a number OI 

seed protein rich in sulphur containing amino acids are 

available (Coulter & Benley, 1990), not many lysine rich seed 

storage proteins have been identified so far. 

In common buckwheat more than 50% of the seed storage 

protein is the soluble globulin. Thus, the main storage 

protein of buckwheat seeds is of globulin type. Another 

characteristic feature of buc~wheat seed proteins is the low 

content of prolamins. These results are in agreement with 

those of Sokolov and Semihov (1976). That ~he protein frac­

tions are an important element in protein quality was shown 

by Kirilenko (1981) in his study of protein composition ..L •• 

nine buckwheat varieties derived by different techniques. The 

main fraction in all the varieties was the globulin. Globu­

lins and albumins showed a positive correlation to the cont­

ent of total proteins. In contrast the prolamin and glutelin 

fractions were smallest at higher levels of total proteins in 



70 

the seeds. Storage proteins are not found at the early stage 

of seed formation. It is synthesized during the develop­

mental stage of seed formation and accumulated within the 

seed. As observed by agar immunodiffusion test the main seed 

storage protein of buckwheat started to accumulate in the 

seeds 40 days after flowering. The protein could not be 

detected in the early stage of seed formation. During this 

period there was a significant increase in the content 

total dry matter in the seed. Our results on the temporal 

pattern of accumulation of the 280 kD globulin in buckwheat 

seeds are however, not in agreement with those of Sokolov and 

Semihov (1974) who have reported the highest rate of globulin 

accumulation in the seeds at milky stage. Our results suggest 

that the globulin accumulation starts from early maturation 

stage of seed development. 

The main storage protein of common buckwheat is present 

within protein bodies located in the endosperm tissues of the 

grains. Protein bodies isolated by the· a·queous extraction 

protocol were intact spherical in shape and ranged in diame~­

er form 5-8 ~m. Miege and Mascherpa (1976) and Pusztai et al. 

(1978, 1979) have laid emphasis on the medium to be used for 

the isolation of protein bodies. They have observed that the 

protein bodies were readily destroyed during homogenization 

of the seeds in an aqueous medium. They have suggested the 

use of organic non-aqueous medium and density gradient cen­

trifugation for the isolation of protein bodies from seeds. 

In the present investigation intact protein bodies could be 

obtained by homogenization in Tris-buffer containing appro-
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priate concentrations of salt and protease inhibitors fol-

lowed by gel filtration. The protein bodies were compose~ of 

an amorphous protein matrix with a single globoid inclusion; 

the matrix was enclosed by a single membrane. Electron 

microscopic examination of the isolated protein bodies 

buckwheat grains revealed the presence of a membrane like 

boundary layer surrounding the globoid inclusion also. On the 

basis of their morphology, Tully and Beevers (1976), Sobolev 

et al. (1976) and Pernollet (1978), have divided protein 

bodies into two types: 1. those consisting of an amorphous 

protein without any inclusions (peanut, soya bean, and corn), 

and 2. those consisting of the amorphous protein matrix with 

either globoid or a crystalloid inclusions (Cannabis, Cu~ur­

bit, Yucca, Cotton). Protein bodies without any inclusion 

have been described as "simple" while those with inclusion 

are described as "complex". On the basis of this classific 

tion , the protein bodies in seeds of common buckwheat can 

described as of "complex" type. While the existence of a 

single membrane surrounding a protein body has been long 

established (Pernollet, 1978), the question regarding the 

presence of a similar membrane surrounding the globoid has 

not been fully resolved. Poux (1965) has observed that the 

globoids of Cucumis sati vus were membrane bound. However, 

Lott et al. (1971) could not find any evidence for the exist-

ence of a membrane surrounding the globoid inclusion in 
. 

Cucurbita maxima. The presence of a membrane like boundary, 

which did not have the ultrastructure of a typical biologic~' 

membrane, has been reported for protein bodies isolated from 
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barley aleurone (Jacobsen et al., 1971), castor bean endos­

perm (Tulley, 1976; Mettler and Beevers, 1979) and Pinu,::, 

sylvestris seeds (Simola, 1974). Our results on the ul­

trastructure of protein bodies of buckwheat seeds clearly 

show the presence of a membrane-like boundary layer surround­

ing the globoid inclusion. The globulin content of protein 

bodies of buckwheat seeds closely matches the values reported 

for soya bean, broad bean, barley and rice (Pernollet, 1978). 

The 280 kD globulin, the main storage protein of buck­

wheat seeds, is a large neutral oligomeric protein. t· is 

composed of three groups of polypeptides with molecular 

weight ranging between 55-60 kD (a - group), 33-44 kD (B -

group) and 16-29 kD (r- group). Under reducing conditions ti.~ 

a- group species of polypeptides, in 55 kD range, disappeared 

and gave two kinds of polypeptides with Mr corresponding to 

those of the initial Band r protein species. such behaviour 

under reducing conditions is common to the legumin group of 

proteins (Schwenke et al., 1981; Dalgalavvondo et al., 1986; 

Sjodahl et al., 1991 and Rodin and Rask, 1990). These re­

sults supports the notion that native 280 kD globulin of 

buckwheat seeds is composed of subunits with large and small 

polypeptides linked by disulphide bonds and of similar or 

closely related polypeptides which are not covalently bonded. 

That the proteins of Band r groups could be detected ev 

under reducing conditions indicates that contrary to the a 

group, the Band r group proteins are not constituted by the 

association of disulfide bridge linked polypeptides. Staswick 

(1984) has reported that in maize globulins at least two 
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polypeptides components are non-covalently associated. 

Dalgalarrando et al (1986) have suggested that such non 

covalent linkages could be the hydrophobic interactions. 

Antibodies raised against the 280 kD globulin of buck­

wheat seeds reacted positively with the globulins extracted 

from soya bean, mung bean and pea. However, no such cross 

reactivity was observed for salt soluble proteins extracted 

from rice, wheat, broad bean and grain amaranth. These re­

sults clearly demonstrate the existence of immunologicAl 

homology between seed globulins from soya bean, mung bean, 

pea and common buckwheat. However, no such homology could be 

detected with the globulin from seeds of broad bean. While 

the seed storage globulin from soya bean, pea and mung bean 

belong to the legumin family, the globulin from broad bean 

belongs to the vicilin family of proteins. 

The partial amino acid composition of the oligomeric 

complex revealed the presence of a high proportion of lysine, 

methionine and tryptophan that are otherwise deficient in 

most legumes and cereals. The composition closely matches the 

WHO recommended values for a nutritionally balanced lysine 

rich protein. 

When screened by SDS-PAGE, the 26 kD subunit of the 280 

kD globulin protein resolved into a single band. The protein 

had 6.93 percent lysine , 2.73 percent threonine and 6.17 

percent leucine. Besides the protein was also rich in sulphur 

amino acids. Compared to other storage proteins, the 26 kD 

subunit also has a high content of glutamine and arginine. 

The presence of high levels of arginine is consistent with 
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the role of crystalloid seed storage proteins as a nitrogen 

source during seed germination (Shotwell and Larkins, 1989). 

As is evident from the data on amino acid composition, .the 

26 kD protein from buckwheat grains contains appreciable 

amounts of all essential amino acids like lysine, Leucine 

methionine and threonine. An analysis of the amino ac 

composition of the 26 kD subunit of buckwheat globulin re­

veals that content of some essential amino acids viz. methio­

nine, lysine, leucine matches the values for essential amino 

acids recommended by World Health Organization making it more 

important nutritionally. 

The sequence of the first 17 N-terminal amino acid 

residues of the protein was established by automated sequenc­

ing The alignment of the N-terminal sequence with the 

corresponding regions of proteins from grains of some econom­

ically important crops reveals considerable similarity bet­

ween the 26 kD protein isolated from buckwheat grains c' 

storage proteins subunits of soya bean, pea, rice etc. The 

protein had 73.3 percent sequence homology with the G1 , G2 , 

G3 , and GS precursors of soya bean glycinin and 66.7 percent 

homology with G4 subunit of soya bean glycinin. The pea 

legumin A and A2 subunits had 66.7 percent with the purified 

lysine rich 26 kD subunit of the 280 kD globulin from buck­

wheat grains. The protein had the least (46.7 % ) sequence 

homology with the B-subunit of lIS globulin from cucumber 

seeds. A statistical evaluation of these alignments revealed 

that the sequence homologies were highly significant. Out of 

the 17 residues compared 6 residues were highly conserved a""" 
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5 residues matched closely in that they ar~ amino acids with 

similar functional groups there by representing conservative 

replacements. Amongst the conserved amino acids are glutam~~ 

acid, cysteine, threonine, asparagine and isoleucine at 

position numbers 4, 7, 8, 14 and 15 respectively. Amongst the 

conserved bonds was the cysteine-threonine linkage at resi­

due numbers 7, 8 and the asparagine-isoleucine linkage at 

residue numbers 14, 15. One of the significant aspects re­

vealed by the alignment was the presence of lysine and serine 

at position numbers 16 and 17 respectively in the purified 26 

kD globulin purified from buckwheat grains. None of the other 

sequences matched had these residues at position numbers 16 

and 17. staswick et ale (1984) have provided evidence for the 

involvement of cysteine residue at position no. 7 in t. 

formation of disulphide bridge linking the basic and acidic 

subunits of glycinin. The strict conservatio~ of this residue 

in the buckwheat 26 kD protein as well as'the precursors of 

soya bean glycinin (Nielsen et al., 1989), pea legumin 

(lycett et al., 1984) and the B subunit of lIS globulin from 

cucumber ( Hayashi et al., 1988) indicates the importance of 

these interchain bonds in the stability of these proteins. 

Sequence conservation observed in reported groups of stor-age 

proteins has been interpreted as identifying regions of 

structural importance. On the basis of our observations on 

gross subunit composition, serological as well as sequen 

homologies with legumin group of proteins from seeds of some 

other crop plants, it is clear that the 280 kD globulin from 

seeds of common buckwheat is a legumin type of protein. 
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Globulins from a range of flowering plants have been 

shown to have a conserved N-terminal sequence GLY-LEU/ILE-

GLU/ASP-GLU, the probability of the sequence at random being 

1 in 10 6 sets of amino acids (Simon et al., 1985). This 
.. 

sequence of amino acids is conserved in the 26 kD subunit of 

280 kD buckwheat globulin also where it reads as GLY-ILE-ASP-

GLU-ASN-VAL-CYS. Comparative analysis of the protien sequenc-

es, as well as the gene sequences, suggests that the 11 s 

globulins of angiosperms have arisen from ~ common ancestor 

(Borroto and Dure, 1987; Mishra and Green, 1994». 

Legumin group of proteins are known to be synthesized 

as precursors of the form of a - B - C02H, which undergo a 

limited post - translational proteolysis during maturation. 

Lycett et al. (1984) and Nielsen (1984) have observed that 

the cleavage site for the post translational maturation of 

legumin precursors always occurred between the C-terminus ASN 

of the a - polypeptide and an N-terminal GLY of the B sub-

unit. They have emphasized the conserved nature of ASN-GLY 

cleavage site. On the basis of these arguements, Borroto ~nd 

Dure (1987) have proposed the existence of .a conserved endo-

protease recognition site in these proteins. 

The amino acid composition of the protein clearly 

revealed the lysine rich nature of the protein. This signi-

fies the importance of the protein in human nutrition. Common 

buckwheat being an unconventional food cultivar with the seed 

storage protein having a high content of essential amino 

acids, the 26 kD subunit of the 280 kD globulin from the 

plant could be used as a tool in future work related to 
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compensating the amino acid deficiencies of the legumin group 

of seed storage proteins. 



GENERAL SUMMARY 
& 

CONCLUSION 
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CENERAL SUMMARY AND CONCLUSIONS: 

Seed storage proteins, intended as a source of nitro­

gen for gf'!rrninating seedlings, constitute an important 

source of dietary proteins for human consumption. Al though 

cereal grains and legume seeds are a major source of dietary 

proteins , the storage proteins in both are generally defi­

cient in essential amino acids such as lysine , tryptophan 

and methionine . Over the years many attempts have been made 

to improve the amino acid composition in important crops 

through conventional breeding programmes. Molecular approach­

es towards improving the nutri tional quality of seed pro-

teins I however I provide al ternati ve strategies to conve""-

tional breeding programmes . An important approach towards 
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improving the amino acid composition of seed storage proteins 

could be to express the gene for a heterologous prote 

with a balanced amino acid composition. The generality of 

the approach by which foreign proteins rich in desired amino 

acids may be introduced is however constrained by scanty 

information in respect of suitable heterologous proteins 

While a number of seed proteins rich in sulphur containing 

amino acids are available not many lysine 

age proteins have been identified so far . 

rich seed stor-

The North Eastern region of India is extremely rich. in 

floristic wealth and is home to a large variety of tradition-

al crops that could form an essential component of human diet 

in times to come. Common buckwheat (Fagopyrum esculent " 

Moench.) is one such plant that has been classified by IBPGR 

as an important but underutilized crop. The plant is a dicot 

psedocereal with a high protein content (18\) of its grains. 

Further unlike cereals, where the main stbrage proteins are 

the prolamins, 

belongs to 

the main storage protein in buckwheat seeds 

the globulin family In order to use the 

available germpalsm for improvement programs , the charac­

terization of seed storage proteins from the plant woul~ be 

a prerequisite. 

Even though seed storage proteins constitute an im­

portant component of dietary proteins for human nutri tio 

their primary role in seeds would be to provide free amino 

acids to the growing axis during early stages of seed germi­

nation. The physiological and biochemical processes underly­

ing seed germination and early seedling growth are, thus, im-
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portant to the establishment of a plant in its environment 

and ultimately determine its yield potential. One crucially 

important aspect is the mobilization of storage materials 

during the early stages of germination in plants. The degra­

dation of storage proteins during seed germination has also 

been studied for a long time, the starting points being the 

establishments of protein degradation and the detection· of 

proteolytic activity in seeds. Studies on the degradation of 

seed storage proteins during seed germination have provided 

information about histochemical and molecular characteri~ 

tics of the process. Until recently, enzymatic aspects of 

storage protein degradation remained unclear since almost all 

studies dealt with proteolytic enzymes in seeds irrespective 

of function (Shutov and Vaintraub, 1987). 

Even though much work has been done on soya bean 

(Hill and Briendenback, 1974), pea (Millard et a1. I 1978; 

Higgins et al., 1986; Hoffman et al., 1988) I Lupinus albus 

(Melo et al., 1994), Oryza sativa (Takaiwa et al., 19.87; 

Krishnan and Pueppke 1993), Oat (Shotwell et al., 1990), 

Cumcumis sativus (Kim and Smith, 1994) and Phaseolus vulgaris 

(Goossens et al., 1994), not much information is available ,~1 

seed storage proteins of cornmon buckwheat (Fagopyrum esculen­

tum Moench). An understanding of the individual protein 

fractions and the proteases involved in the degradation of 

these fractions is essential for a better utilization of the 

seed proteins as food for human nutrition. 

Studies were carried out to determine the relationship 

between the levels of proteolytic activity and the mobiliza-
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tion of reserve proteins during early stages of buckwheat 

seed germination. Results of our investigations revealed a 

rapid uptake of water and mobilization of storage proteins in 

buckwheat seeds during early stages of germination. ~he 

pattern of increase in the level of moisture in endosperm 

followed a typical hyperbolic behaviour without any lag 

phase. In the embryo, however the uptake of water showed 

lag upto 18 hours of incubation after which it followed a 

pattern similar to that shown by the endosperm. During the 

same period there was a six fold decrease in the dry matter 

content of the endosperm. The embryo, however, 

two fold increase upto 14 hours after which 

marginally upto 72 hours of incubation. 

registered a 

it decreased 

There was no marked change in the electrophoretic mo­

bility of the main storage protein during the initial. 24 

hours of germination. Beyond 24 hours, the electrophoretic 

mobility of the protein increased with progressing seed 

germination. correspondingly there was no marked differen '. 

in the SDS-PAGE profile of the main storage protein extracted 

from ungerminated seeds and those allowed to imbibe water for 

24 hours. After 24 hours a gradual decrease in the ammount 

of some high molecular weight subunits of the protein and 

increase in the levels of some low molecular weight proteins 

was observed with progressing germination. When tested by the 

Western blot assay I strong anti 280 kD activity could be 

detected in proteins extracted from seeds harvested at v~ri­

ous stages of germination upto 96 hours. The immunoblot also 

confirmed the changes taking place in the electrophoretic 
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mobility of the protein with progressing germination. These 

results indicate that during early stages of seed germina­

tion, the main seed storage protein in common buckwhear 

undergoes a partial cleavage leading to the release of some 

low molecular weight subunits. Results of the western blot 

assay obtained in the present investigation clearly establish 

that the 280 kD globulin of buckwheat seeds retained its 

antigenic identity even upto 96 hours of imbibition. Till 

this time the process of radical and plumule emergence is 

nearly complete. 

A low level of proteolytic activity could be observed 

in the endosperm of buckwheat seeds upto 18 hours of germina­

tion. Increases in the activity of the enzyme occurred only 

after 18 hours of imbibition. In the embryo, however, the 

activity of the enzyme started to increase after after u 

hours of imbibition only. Corresponding with changes in the 

activity of proteases a marked increase in the tissue level 

of free amino acids was observed in the endosperm and embryo 

tissues with progressing germination after 14 hours. However, 

the content of soluble protein in these tissues showed a 

consistent increase throughout. Considered together with the 

changes taking place in the main storage protein and the 

levels of proteolytic activity in the seeds during germtna­

tion, these results indicate that the 280 k~ globulin may not 

be the source of amino acids that are utilized by the growing 

embryo during the initial stages of germination. Contribu 

tions towards this pool as a result of proteolytic cleavage 

of the main storage protein into small peptides and amino 
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acids presumably start much later. The significant decrease 

in the level of free amino acids in the endosperm during the 

initial 2 hours of imbibition and the increase in the level 

of soluble protein in the embryo during the same period 

indicates that a pre-existing pool of free amino acids in the 

endosperm tissues could be the source of amino acids to be 

utilized for the synthesis of soluble proteins during the 

initial stages of germination. A low level of proteolytic 

activity could be observed in the endosperm of buckwheat 

seeds upto 18 hours of germination. Increases in the activity 

of the enzyme occurred only after 18 hours of imbibition. ~"" 

the embryo, however, the activity of the enzyme started to 

increase after after 6 hours of imbibition only. Correspond­

ing with changes in the activity of proteases a marked in­

crease in the tissue level of free amino acids was observed 

in the endosperm and embryo tissues with progressing germina­

tion after 14 hours. However, the content of soluble protein 

in these tissues showed a consistent increase throughout. 

Considered together with the changes taking place in the main 

storage protein and the levels of proteolytic activity in the 

seeds during germination, these results indicate that the 280 

kD globulin may not be the source of amino acids that arr 

utilized by the growing embryo during the initial stages of 

germination. Contributions towards this Fool as a result of 

proteolytic cleavage of the main storage protein into small 

peptides and amino acids presumably start much later. The 

significant decrease in the level of free amino acids in the 

endosperm during the initial 2 hours of imbibition and the 
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increase in the level of soluble protein in the embryo during 

the same period indicates that a pre-existing pool of free 

amino acids in the endosperm tissues could be the source of 

amino acids to be utilized for the synthesis of soluble 

proteins during the initial stages of germination. 

In order to assess the protein qual~ty and quantity of 

buckwheat seeds, the seeds of common buckwheat (Fagopyrum 

esculentum Moench), obtained from the Western Himalayas a: 1 

the North Eastern Regional station of NBPGR, were analyzed 

for the content of total proteins. On dry weight basis, the 

seeds had a protein content of about 16 percent out of which 

more than 50 percent was present in the globulin fraction. 

Albumins, prolamins, gluteI ins and the residual proteins 

constituted 15.8, 7.83, 9.27 and 14.43 percent of the total 

protein content of the grains respectively. 

The main storage protein in seeds of common buckwheat 

is localized within protein bodies present in the endosperm 

tissues of the seed. The protein bodies of common buckwheat 

are spherical in shape and range in diameter from 5-8 ~m. l' 

protein bodies are composed of an amorphous protein matrix 

with a single globoid inclusion. The protein matrix is 

enclosed by a single membrane. Electron microscopic examina­

tion of the isolated protein bodies of buckwheat seeds also 

revealed the presence of a membrane like boundary layer 

surrounding the globoid inclusion. The protein body of buck­

wheat seeds has been thus classified as of "complex" type.The 

protein bodies of buckwheat seeds had about 70 percent p,ro­

tein conten1;:; phytin and carbohydrates respectively consti-
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tuted 25 and 2.7 percent of the protein body dry weight. An 

analysis of the pattern of accumulation of the main storage 

protein in buckwheat seeds revealed that the protein started 

to.accumulate only after early mature stage of seed develon­

ment. When extracts from seeds at various stages of develop­

ment were analyzed by double diffusion test with antibodies 

raised against the 280 kD protein from mature buckwheat 

seeds, no cross reactivity was observed with extracts from 

seeds harvested upto early mature stage of development. A 

precipitin line with extracts from seeds harvested at mid 

mature stage of development clearly indicated the presence of 

the protein at this stage. 

The main seed storage protein of buckwheat was purified 

by (NH4) 2S04 fractionation, dialysis and .chromatography on 

Sepharose 6B column. The protein showed a molecular mass of 

280 kD. Electrophoresis on a 7.5% polyacryl~mide gel resolveu 

the protein into a single band. Under denaturing conditions 

the protein resolved into three groups of subunits designat­

ed as a, Band r with molecular weight ranging between 

(55-60 kD, a); (32- 44 kD, B) and ( 16-29 kD , r). The 280 kD 

protein revealed an oligomeric structure typical to the 11-

12S groups of legumin type globulins . When tested against 

antibodies raised against the 280 kD globulin from mature 

seeds of common buckwheat, the protein extract from ungermi­

nated buckwheat seeds as well as the 280 ~D globulin showed 

single precipetin lines indicating the antigenic homogeneity 

of the protein. The protein showed antigenic homology wi L. •• 

11-12S seed storage proteins from soya bean , mung bean 
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and pea; the protein showed strongest homology with glycinlu 

from soya bean seeds. No cross reactivity was observed for 

storage proteins extracted from broad bean , wheat , rice and 

grain amaranth. Based on the gross subunit composition and 

its antigenicity with seed storage proteins of other crops, 

as observed in the present investigation, it can be assumed 

that the 280 kD globulin of buckwheat seeds belongs to the 

legumin subfamily of proteins. 

In order to determine which of the subunits of the 280 

kD globulin had the highest lysine level, the protein was 

subjected to gel filtration on Sephadex G-120 and Sephadex 

G-50 after reduction and alkalization. Fractions of each pe~. 

were pooled together and lypholysed. Analysis of the partial 

amino acid composition of the separated proteins revealed 

that a protein which had separated under fractions 42-48 on 

Sephadex G-50 column had the highest (6.93 %) lysine cont­

ent. Besides the protein was also rich in some sulphur amino 

acids. 

On SDS-PAGE .the purified subunit resolved into a 

single band corresponding to 26 kD molecular mass. The amino 

acid composition of the subunit revealed high levels of 

essential amino acids such as lysine, threonine, leucine and 

some sulphur containing amino acids. Compared to other se 

storage proteins, the 26 kD subunit also showed a high 

content of glutamine and arginine . The role of high level of 

arginine is consistent with the role of crystalloid seed 

storage proteins 

germination The 

as a 

amino 

nitrogen source during seed 

acid composition of the protein 
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also closely matches the values of essential amino acids 

recommended by the World Health Organization for a nutrition­

ally balanced protein. 

The sequence of 17 N-terminal amino acid residues of 

the protein was established by automated sequencing. The 

sequence reads as: 

GLY-ILE-ASP-GLU-ASN-VAL-CYS-THR-MET-LYS-LEU-ARG-GLU-ASN-ILE­

LYS-SER 

Alignment of the sequence with the corresponding re­

gions of proteins from seeds of some economically important 

crops revealed considerable similarity in the sequences. The 

protein showed 73.3% sequence homology with the G1 , G2 , G3 

and G4 precursors of soya bean glycinin. The second highest 

homology (66.7%) was shown with pea legumin. The least homol­

ogy of 46.7% was observed with the B subunit of lIS globulin 

from cucumber seeds. Out of the 17 residues compared, 6 were 

highly conserved and 5 residues matched closely in that they 

were amino acids with similar functional groups, thereby 

representing conservative replacements. Am~ngst .the conserved 

bonds was the cysteine-threonine linkage at residue numbe~ 

7, 8 and the asparagine-isoleucine linkage between residue 

numbers 14, 15. One of the significant aspects revealed by 

the alignment was the presence of lysine and serine at posi­

tion numbers 16 and 17 respectively in the 26 kD globulin 

subunit of buckwheat seeds. None of the other sequence 

matched had these residues at position numbers 16 and 17. 

The physical characterization of the 26 kD globulin 

subunit of buckwheat by circular dichrosim and fluorescence 
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spectroscopy revealed that the protein had a predominantly a­

helical structure. The protein had a 33% a-helix which un~er­

goes a transition to a-B structure with a decrease in hydro­

phobicity . 
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