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ABSTRACT 

Studies have been made on the s t r u c t u r e and 

g e n e t i c s of the major seed storage p r o t e i n , legumin, 

i n Pisum sativum L. and V i c i a faba L.. Two dimensional 

g e l e l e c t r o p h o r e s i s , using non-reducing c o n d i t i o n s i n 

the f i r s t dimension and reducing c o n d i t i o n s i n the 

second dimension, used i n conjunction w i t h other 

d i f f e r e n t combinations of v a r i o u s e l e c t r o p h o r e t i c 

techniques, has been found to be of g r e a t value i n 

e l u c i d a t i n g the s t r u c t u r e of legumin. I n both these 

legumes, legumin has been shown to be composed of a 

number of subunit p a i r s of d i f f e r e n t molecular weights, 

V i c i a legumin (subunit p a i r s of mol. wt. 37,000-79,000) 

being more heterogeneous i n t h i s r e s p e c t than the 

Pisum legumin (subunit p a i r s of mol. wt. 35,000-58,000). 

The subunit p a i r s are a s s o c i a t e d i n t o hexameric 

molecules by non-covalent i n t e r a c t i o n s ? there e x i s t a 

number of d i f f e r e n t molecular forms c o n t a i n i n g the 

subunit p a i r s i n d i f f e r e n t combinations. Each subunit 

p a i r contains a l a r g e , r e l a t i v e l y a c i d i c subunit 

(mol. wt. 22700-58,000 i n V i c i a and 24,500-43,000 i n 

Pisum? p i range 4.6-6.1 i n V i c i a and 4.85-6.15 i n 

Pisum) and a smaller, r e l a t i v e l y b a s i c subunit (mol. wt. 

21,000-23,000 i n V i c i a and 20,700-22,700 i n Pisum; p i 

range 8.2-8.5 i n V i c i a and 6.2-8.0 i n Pisum) l i n k e d 

c o v a l e n t l y by one or more d i s u l p h i d e bonds. 

Genetic s t u d i e s on Pisum sativum have shown t h a t 

v a r i o u s legumin subunits a l l followed monogenic i n h e r i t a n c e , 



the a l l e l e s showing co-dominance w i t h r e s p e c t to each 

other. The genes f o r some but not a l l d i f f e r e n t types 

of legumin subunits have been shown to be i n h e r i t e d 

independently. The gene(s) f o r the a c i d i c subunits 

of the major legumin subunit p a i r ( s ) i s l o c a t e d 15 

map u n i t s d i s t a n t from the t l locus on the si d e away 

from the r locus on chromosome 7„ A f u r t h e r storage 

p r o t e i n gene has been mapped i n that the gene for the 

c o n v i c i l i n subunits i s s t r o n g l y l i n k e d to the locus k 

on chromosome 2. 
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S e c t i o n I INTRODUCTION 

A very simple c l a s s i f i c a t i o n of r e s e r v e p r o t e i n s 

of f r u i t s and seeds i s based on the pioneering work of 

T.B. Osborne with v a r i o u s p l a n t p r o t e i n s . T h i s 

c l a s s i f i c a t i o n i n s p i t e of subsequent m o d i f i c a t i o n s , 

r e t a i n s i t s importance by d e f i n i n g the f o l l o w i n g four 

groups of p r o t e i n s on the b a s i s of t h e i r s o l u b i l i t y 

c h a r a c t e r i s t i c s ( O s b o r n e , 1924): 

1. Albumins : These p r o t e i n s are s o l u b l e i n water 

and the group i s mainly made up by enzymes. 

2. G l o b u l i n s : These a r e i n s o l u b l e i n water but 

s o l u b l e i n s a l t s o l u t i o n and storage p r o t e i n s 

of legumes are the predominant members. 

3. Prolamins : These a r e p r o t e i n s which are s o l u b l e 

i n 70-80% ethanol and i n s o l u b l e i n water and s a l t 

s o l u t i o n s . Members of Gramineae e.g. maize, 

wheat and b a r l e y have prolamins as t h e i r storage 

p r o t e i n s although some c e r e a l s e.g. oats and 

r i c e do not. 

4. G l u t e l i n s : These are i n s o l u b l e i n a l l the above 

s o l v e n t s but s o l u b l e i n d i l u t e a c i d s or d i l u t e 

a l k a l i e s . C e r e a l s l i k e r i c e are r i c h i n g l u t e l i n s 

they a l s o occur i n the other c e r e a l s but to a 

l e s s e r extent than prolamins. 
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While i n v e s t i g a t i n g 'proteids' (a term used 

p r e v i o u s l y f o r p r o t e i n s ) of pea, Osborne and Campbell 

(1898) separated two types of g l o b u l i n s which they 

designated as legumin and v i c i l i n . Studies by repeated 

d i l u t i o n of s a l t s o l u t i o n s showed t h a t v i c i l i n i s 

so l u b l e i n d i l u t e s a l t s o l u t i o n s and coagulates when 

heated to 100°C whereas legumin i s l e s s s o l u b l e i n 

d i l u t e s a l t s o l u t i o n s and does not coagulate on heating. 

Also legumin was found to be r i c h e r i n sulphur content 

(0.42%) than v i c i l i n (0.18%). L a t e r , Osborne and H a r r i s 

(1907) separated these f r a c t i o n s by ammonium sulphate 

f r a c t i o n a t i o n . 

Osborne's separatory techniques have been r e p l a c e d 

by the modern s u p e r i o r methods of u l t r a c e n t r i f u g a t i o n , 

e l e c t r o p h o r e s i s and chromatography. U l t r a c e n t r i f u g a t i o n 

was introduced by Svedberg and Lysholm (1927) who made 

some s t u d i e s on seed p r o t e i n s . L a t e r , e x t e n s i v e s t u d i e s 

of seed p r o t e i n s by u l t r a c e n t r i f u g a t i o n were performed by 

Danielsson (1949) and from h i s work on 34 leguminous 

s p e c i e s he concluded t h a t legume seeds g e n e r a l l y c o n s i s t 

of two types of g l o b u l i n s with sedimentation c o e f f i c i e n t s 

approximately l i s and 7S. The mol.wt. of the heavy 

f r a c t i o n s was c a l c u l a t e d to be 331,000 and th a t of the l i g h t e r 

f r a c t i o n as 186,000. He a l s o equated the l i s and 7S 

pr o t e i n s with Osborne's legumin and v i c i l i n r e s p e c t i v e l y 

by coagulation s t u d i e s on these p r o t e i n s . L a t e r on, 

with the help of e l e c t r o p h o r e t i c techniques, Danielsson 

(1950) determined the i s o e l e c t r i c p o i n t s of legumin and 



v i c i l i n to be 4.8 and 5.5 r e s p e c t i v e l y . By c a r r y i n g 

out some s t u d i e s on the chemical composition of the two 

p r o t e i n s , Danielsson and L i s (1952) showed t h a t legumin 

was r i c h e r i n a c i d i c and b a s i c amino a c i d s than v i c i l i n 

and v i c i l i n had a higher content of n e u t r a l amino a c i d s . 

However, i n c o n s i d e r i n g the values given above 

for legumin and v i c i l i n , i t i s important to r e a l i z e t h a t 

they have been obtained u s i n g 'impure' preparations, 

which i n the case of v i c i l i n c o n s i s t e d of s e v e r a l d i f f e r e n t 

p r o t e i n s and i n the case of legumin contained small 

amounts, l e s s than 5% of i m p u r i t i e s , u s u a l l y v i c i l i n . 

However, few r e s u l t s obtained by modern, t e c h n o l o g i c a l l y 

advanced methods of p r o t e i n chemistry have been reported 

which ch a l l e n g e the b a s i c f i n d i n g s of the e a r l i e r workers. 

Rather, use i s s t i l l made to a c o n s i d e r a b l e extent of the 

fundamental knowledge gained by way of t h e i r experiments. 

As mentioned, o r i g i n a l l y the terms legumin and 

v i c i l i n were coined f o r the g l o b u l i n s of Pisum sativum 

(Osborne and Campbell, 1898) but were extended to s i m i l a r 

p r o t e i n s i n other members of the family Leguminosae 

(Danielsson, 1949). However, f u r t h e r i n v e s t i g a t i o n s 

have shown t h a t these terms should perhaps be r e s t r i c t e d 

to the members of the t r i b e V i c i e a e e.g. V i c i a , Pisum, 

C i c e r , Lens and Lathyrus (Derbyshire et a l . , 197 6 ) . U n t i l 

comparatively r e c e n t l y , modern techniques of p r o t e i n 

s e p a r a t i o n were mostly employed to study the g l o b u l i n 

p r o t e i n s of legumes of other t r i b e s e.g. g l y c i n i n i n 

soyabeans and a r a c h i n i n peanuts. However, l a t e l y , 



c o n s i d e r a b l e work has a l s o been done on the g l o b u l i n s 

of Pisum sativum and V i c i a faba of the t r i b e V i c i e a e . 

Pisum sativum and V i c i a faba provide a favourable 

food f o r a c o n s i d e r a b l e p a r t of the world's population. 

T h e i r seed p r o t e i n content f a l l s i n the range of 20-30% and 

the two crops a r e thus a r i c h source of p r o t e i n . I n most 

v a r i e t i e s , legumin i s the dominating p r o t e i n f r a c t i o n of 

t h e i r g l o b u l i n s and c o n s t i t u t e s as much as 60-80% of the 

t o t a l p r o t e i n (Gatehouse et al_, ,1979). L i k e other legumes, 

the major seed p r o t e i n s of pea and broad bean are 

n u t r i t i o n a l l y f i r s t l i m i t i n g i n the sulphur amino a c i d s , 

methionine and c y s t e i n e . Legumin i s the p r o t e i n f r a c t i o n 

r i c h e r i n these amino a c i d s (Boulter ejfc. a l * / 1973) and thus 

i t was decided to devote the present s t u d i e s to the legumin 

of Pisum sativum and V i c i a faba. 

A f t e r the i n i t i a l s e p a r a t i o n s by Osborne and Campbell 

(1898) and Osborne and H a r r i s (1907), legumin of Pisum 

sativum and V i c i a faba has been separated from v i c i l i n by 

v a r i o u s workers employing d i f f e r e n t methods. Crude legumin 

was i s o l a t e d by i s o e l e c t r i c p r e c i p i t a t i o n (Danielsson, 1949) 

by zonal i s o e l e c t r i c p r e c i p i t a t i o n (Wright and Boulter,1974) 

by ion-exchange chromatography (Grant and Lawrence, 1964), 

by sucrose d e n s i t y gradient c e n t r i f u g a t i o n (Casey 197 9a; 

Utsumi and Mori, 1980) and by h y d r o x y l a p a t i t e column 

chromatography (Gatehouse .et _al., 1980). Highly p u r i f i e d 

legumin has r e c e n t l y been prepared by Casey (197 9a) by 

immunoaffinity chromatography using antilegumin a n t i b o d i e s . 

Molecular weights of legumin reported so f a r f i t 

w e l l i n t o the hexameric model given by Wright and Boulter 



(1974). Using the Svedberg equation, Danielsson (1949) 

determined the mol.wt. of legumin to be 331,000 i n the 

u l t r a c e n t r i f u g e . L a t e r on, l a r g e r v a l u e s were reported 

by the same technique f o r legumin of Pisum sativum 

(Brand et a_l., 1955; Brand and Johnson, 1958; Casey, 

1979a). These workers showed t h a t the mol. wt. v a l u e s 

of pea legumin v a r i e d between 390,000 and 410,000. 

Gel f i l t r a t i o n has a l s o been employed by Casey (1979a) 

and Croy e t al. (1979) to determine mol. wt. They 

reported the mol. wt. value to be 395,000 and 390,000 

r e s p e c t i v e l y . Recently, a somewhat lower mol. wt. 

(350,000^10,000) f o r pea legumin has been reported by 

Blagrove e t al.(1980) who i n s t e a d of using the Svedberg 

equation used the 'meniscus d e p l e t i o n sedimentation 

e q u i l i b r i u m method' i n the u l t r a c e n t r i f u g e . The mol. 

wt. of V i c i a faba legumin has been c a l c u l a t e d to be 

lower than t h a t of Pisum sativum. I t was determined as 

328,000 by sedimentation s t u d i e s (Wright, 1973), as 

347,000 by g e l f i l t r a t i o n (Croy e t al.,1979) and as 

320-400,000 on polyacrylamide gradient g e l s (Utsumi and 

Mori, 1980). The l a t t e r workers obtained four d i f f e r e n t 

molecular forms of legumin whose mol. wt. v a r i e d from 

320,000 to 400,000. 

There have been c o n f l i c t i n g r e p o r t s i n the 

l i t e r a t u r e as to whether legumin i s g l y c o s y l a t e d or not. 

Reports by Basha and Beevers (1976) suggested t h a t 

legumin was a g l y c o p r o t e i n where amino sugars and n e u t r a l 

sugars were a s s o c i a t e d with t h i s p r o t e i n . These r e p o r t s 

were confirmed by Browder and Beevers (1978) who claimed 



to have demonstrated the occurrence of glucosaminyl 

asparagine i n glycopeptides i s o l a t e d from legumin. On 

the other hand, other authors considered that legumin 

i s not a s s o c i a t e d with carbohydrates ( B a i l e y and 

Boulter, 1970; Casey 1979a; Gatehouse e t a l . , 1980). 

A f l u o r e s c e n t l a b e l l i n g technique and a s e n s i t i v e 

r adiochemical l a b e l l i n g technique both f a i l e d to show 

any carbohydrate bound to Pisum legumin and i t was 

concluded by Gatehouse _et _al. (1980) t h a t legumin was 

not a g l y c o p r o t e i n . T h i s controversy has been ended 

by Hurkman and Beevers (1981) who showed t h a t the 

e a r l i e r r e p o r t s of legumin g l y c o s y l a t i o n by t h e i r 

group were a c t u a l l y due to the presence of some low 

mol. wt. glycopolypeptides which c o - p u r i f i e d with 

legumin and not to legumin as such. Thus legumin of 

V i c i a faba and Pisum sativum i s not a g l y c o p r o t e i n . 

Legumin s y n t h e s i s s t a r t s q u i t e l a t e during seed 

development (Wright and Boulter, 1972). They showed 

t h a t legumin s y n t h e s i s i n V i c i a faba s t a r t s a f t e r 

v i c i l i n s y n t h e s i s but t h a t the r a t e of i t s s y n t h e s i s 

i s f a s t e r so t h a t by the time the seed completes i t s 

development, legumin content i s u s u a l l y found to be 

much higher i n the mature seed. However, using i n v i t r o 

developmental s t u d i e s of the cotyledons, M i l l e r d 

e t al.(1975) and Guldager (1978) showed t h a t legumin 

s y n t h e s i s s t a r t s i n very young embryos as soon as c e l l 

d i v i s i o n has ceased. These workers measured the 

amount of legumin s y n t h e s i z e d by Immunoelectrophoresis 
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which i s a more s e n s i t i v e method than t h a t used by 

Wright and Boulter (1972). However, using the h i g h l y 

s e n s i t i v e technique of 'enzyme-linked immunosorbent 

assay' (ELISA), Domoney e t al.(1980) have shown t h a t 

legumin s y n t h e s i s s t a r t s from the i n i t i a l stages of 

embryo development. They could d e t e c t legumin i n 
_3 

embryos weighing as l i t t l e as 2 x 10 g. According 

to these authors, legumin may be s y n t h e s i z e d i n the 

embryo when DNA endo-reduplication i s s t i l l o c c u r r i n g 

but only i n c e l l s which have stopped d i v i d i n g . 

The o v e r a l l amino a c i d composition of Pisum and 

V i c i a legumin shows a c l e a r s i m i l a r i t y between the two 

(Jackson st al>, 1969; B a i l e y and Boulter, 1970; Casey and Short, 

1981). The storage r o l e of legumin i s c h a r a c t e r i z e d 

by the presence of very high percentage of amides 

i . e . asparagine, a r g i n i n e and glutamic a c i d . These 

f i n d i n g s are s i m i l a r to the amino a c i d composition of 

legumin l i k e p r o t e i n s i n many other leguminous and 

non-leguminous seeds (Derbyshire et a l . , 1 9 7 6 ) . 

Resemblance between the legumin of Pisum sativum 

and V i c i a faba has a l s o been shown by immunological 

s t u d i e s performed by a number of workers. Using 

antiserum prepared a g a i n s t Pisum legumin, Danielsson 

(194 9) showed t h a t legumin of V i c i a faba c r o s s - r e a c t e d 

with t h a t of Pisum sativum. L a t e r on with the help 

of a s e m i q u a n t i t a t i v e s e r o l o g i c a l method, Kloz and 

Turkova (1963) showed t h a t the i n t e n s i t y of the V i c i a 
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legumin c r o s s - r e a c t i o n was about 74% of the homologous 

r e a c t i o n to Pisum legumin. A n t i g e n i c i d e n t i t y between 

the two legumins using antilegumin a n t i b o d i e s prepared 

a g a i n s t V i c i a legumin was a l s o shown to occur by 

Dudman and M i l l e r d (1975) and Croy et a l . ( 1 9 7 9 ) ; the 

l a t t e r workers showed t h a t Pisum legumin had one or 

more a n t i g e n i c determinants i n a d d i t i o n to those of 

V i c i a legumin. 

The very high mol. wt. of Pisum and V i c i a legumin 

i s s e l f - i n d i c a t i v e of the subunit s t r u c t u r e of t h i s 

p r o t e i n . Vaintraub and Gofman (1961) i s o l a t e d legumin 

of Pisum sativum by i s o e l e c t r i c p r e c i p i t a t i o n and 

proposed t h a t i t c o n s i s t e d of 12 subunits of mol. wt. 

33,000 each. They a l s o found the N-terminals to be 

g l y c i n e and l e u c i n e . However, Jackson et a l . ( 1 9 6 9) 

showed the presence of N-terminal threonine i n a d d i t i o n 

to the g l y c i n e and l e u c i n e reported by Vaintraub and 

Gofman (1961). The occurrence of these three N-terminals 

has been r e c e n t l y confirmed by Casey (1979a). B a i l e y and 

Boulter (1970) determined the N-terminals of V i c i a legumin 

to be g l y c i n e , l e u c i n e and threonine a l s o . They proposed 

t h a t V i c i a legumin was composed of t h r e e types of 

subunits of mol. wt. 56,000, 42,000 and 2 3,000. By using 

d e n s i t o m e t r i c scanning and i n vivo radiochemical l a b e l l i n g 

of these legumin subunits, they f u r t h e r showed t h a t these 

subunits were present i n the r a t i o of 1:3:6. Thus Pisum 

and V i c i a legumin were shown to be heterogeneous. 



The w e l l known hexameric model of legumin was 

proposed by Wright and Boulter (1974) using V i c i a faba. 

They showed t h a t legumin c o n s i s t s of two types of 

subunits, ( i ) a , a c i d i c subunits of mol. wt. about 

40,000 and ( i i ) 3 , b a s i c subunits of mol. wt. about 

20,000. I t was shown t h a t the two types of subunits 

(one each) were j o i n e d by d i s u l p h i d e bonds to form an 

intermediary of about 60,000 mol. wt. . S i x subunit 

p a i r s were proposed to comprise the legumin molecule. 

They determined the a c i d i c subunits to be of mol. wt. 

37,000 and found three d i f f e r e n t b a s i c subunits of 

mol. wt. 23,800, 20,900 and 20,100. I t was a l s o shown 

t h a t the a c i d i c subunits were r i c h e r i n a s p a r t i c a c i d , 

glutamine and a r g i n i n e than the b a s i c subunits which 

were r i c h e r i n a l a n i n e , v a l i n e and l e u c i n e . 

I t has been demonstrated t h a t the higher mol. 

wt. subunits a r e a c i d i c and the lower mol. wt. subunits 

b a s i c , by e l e c t r o p h o r e s i s i n urea (Thomson e t a l , , 1978; 

Croy .at .aJU , 1979) and by i s o e l e c t r i c focusing (Krishna 

e t a l 1979; Casey, 1979b). E l e c t r o p h o r e s i s on urea-

polyacrylamide g e l s (Thomson e t _al,, 1979) and on 

c e l l u l o s e a c e t a t e membranes (Croy et al.,1979) has 

confirmed these f i n d i n g s by showing that i n a l k a l i n e pH 

la r g e subunits move towards anode and the small subunits 

move towards cathode. 

Heterogeneity i n subunit molecular weight and 

charge has been st u d i e d i n d e t a i l i n Pisum sativum 

(Thomson and Schroeder, 1978; Croy e t al.,1979; Krishna 



e t al.,1979; Gatehouse e_fe a^, 1980). Thomson and 

Schroeder (1978) reported a complex system of 

c l a s s i f i c a t i o n i n which they d i f f e r e n t i a t e d legumin 

i n t o f i v e groups (LA, LB, LC, LD and L E ) . Groups LA, 

LB and LC correspondended to a c i d i c subunits of mol. wt. 

about 40,000, LD to the b a s i c subunits of mol. wt. 

20,000 and LE was c o n s t i t u t e d by subunits of mol. wt. 

25-27,000 of undecided i d e n t i t y . S i m i l a r conclusions 

were reached by Casey (197 9b) who d i v i d e d a c i d i c 

subunits of d i f f e r e n t c o n c e ntrations i n t o major 

(corresponding to LA and LC of Thomson and Schroeder) 

and minor subunits (equivalent to LB of Thomson and 

Schroeder). I s o e l e c t r i c p o i n t s of the major subunits 

were i n the range of 6.0-6.5 and those of minor 

subunits 5.6-5.8. These values f o r i s o e l e c t r i c p o i n t s 

f o r a c i d i c subunits a r e very d i f f e r e n t from those 

determined by K r i s h n a .e± .aJL. (197 9) as 4.55-4.9 and 

by Gatehouse _et _al. (1980) as 5.1-5.3 for a c i d i c 

s ubunits. Use of 6M urea (Krishna et _al., 1979) and 

50% formamide (Gatehouse e t al.,1980) d i d not c a u s e s 

s i g n i f i c a n t d i f f e r e n c e i n the p i values of b a s i c 

subunits which were determined to be 8.45 - 8.8 and 

8.3 - 8.7 r e s p e c t i v e l y by these workers. 

I n a d d i t i o n to the heterogeneity found a t the 

subunit l e v e l , charge and molecular weight heterogeneity 

a t the molecular l e v e l has been observed i n V i c i a faba. 

This has been r e c e n t l y shown by Utsumi and Mori (1980) 

who suggested 7 molecular forms of molecular weight 



320,000, 350,000, 380,000 and 400,000 as measured by 

g r a d i e n t g e l e l e c t r o p h o r e s i s . A c i d i c subunits of mol. 

wt. 61,700, 59,800, 48,000 and b a s i c subunits of mol. 

wt. 23,000, 20,500 and 19,000 were observed. 

Heterogeneity i n the primary s t r u c t u r e has been 

r e v e a l e d by amino a c i d sequence s t u d i e s of b a s i c 

subunits c a r r i e d out by G i l r o y and Boulter (1979) i n 

V i c i a faba and Casey .et a l . (1981) i n Pisum sativum. 

A comparison of these r e s u l t s shows the occurrence of 

sequence microheterogeneity a t three of the same 

p o s i t i o n s i n both the molecules. Thus, t h i s heterogeneity 

seems to have a r i s e n as a r e s u l t of point mutations i n 

the n u c l e o t i d e sequence. 

Few s t u d i e s have been done regarding the 

i n h e r i t a n c e of Pisum legumin. Thomson and Schroeder 

(1978) found t h a t a c i d i c subunits ( c l a s s i f i e d by them 

as LA and LC legumin groups) were each c o n t r o l l e d by a 

s i n g l e p a i r of genes. The genes r e s p o n s i b l e f o r these 

subunits were co-dominant and segregated independently 

of each other. B a s i c subunits represented by LD group 

were found to be under m u l t i g e n i c c o n t r o l . 

Casey (1979b) used two-dimensional e l e c t r o p h o r e t i c 

a n a l y s i s to study the i n h e r i t a n c e of legumin subunits 

and showed t h a t the major a c i d i c subunits of legumin 

followed a 1:2:1 segregation i n generation i . e . were 

c o n t r o l l e d by a s i n g l e p a i r of co-dominant genes. 

Improvement of a c h a r a c t e r by breeding can be 



expedited i f the g e n e t i c s of the c h a r a c t e r i n question 

i s w e l l s t u d i e d . Furthermore i t would appear t h a t 

q u a l i t a t i v e and q u a n t i t a t i v e improvement of pea p r o t e i n 

could be e f f e c t e d through changes i n the legumin 

f r a c t i o n . The legumin f r a c t i o n i s important due to 

i t c o n s t i t u t i n g a comparatively high proportion of the 

seed p r o t e i n s and due to i t s higher content of sulphur-

amino a c i d s than other storage p r o t e i n s . For these 

reasons, s t u d i e s on the ' s t r u c t u r e and g e n e t i c s of 

legumin' was s e l e c t e d as the t o p i c f o r t h i s t h e s i s . 
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S e c t i o n I I MATERIALS AND METHODS 

I . MATERIALS 

A. B i o l o g i c a l m a t e r i a l s 

The v a r i o u s s t u d i e s made use of the f o l l o w i n g 

l i n e s of (a) V i c i a faba L. and (b) Pisum sativum L. 

(a) V i c i a faba L. 

Seeds of the l i n e s 'Wierboon 1, ' F e l i x ' and 

'Minica* were k i n d l y provided by Dr. G. Dantuma, Centre 

f o r A g r o b i o l o g i c a l Research, Wageningen, The Netherlands. 

(b) Pisum sativum L. 

Seeds of the v a r i e t i e s E n g l i s h Wonder, Kelvedon 

Wonder, Pete r Pan, Pioneer, L i t t l e Marvel, Meteor, 

Mangtout and Feltham F i r s t were purchased from Tyneside 

Seed S t o r e s , Gateshead, Co. Durham. L i n e s 110, 180, 

360, 611, 806, 807, 808, 851, 1238, 1249, 1256, 1263, 1293, 

1552 and 2162 were k i n d l y provided by Dr. S. B l i x t , 

Weibullsholm P l a n t Breeding I n s t i t u t e , Sweden. 

B. Chemicals 

Most of the chemicals used were from BDH Ltd., 

Poole, Dorset, U.K. and were of the purest grade a v a i l a b l e . 

Trizma base [ T r i s (Hydroxymethyl) amino methane ] and 

Coomassie b r i l l i a n t blue R250 were from Sigma Chemical 

Company, Poole, Dorset, U.K. C a r r i e r ampholytes f o r 

i s o e l e c t r i c f o c using were manufactured by Pharmacia 

F i n e Chemicals, Uppsala, Sweden and LKB-Produkter A.B., 
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Bromma-Stockholm, Sweden. Hydroxylapatite was from 
BioRad L a b o r a t o r i e s Ltd., Watford, Herts, U.K.; DEAE-
c e l l u l o s e was manufactured by Whatman Ltd., S p r i n g f i e l d 
M i l l , Maidstone, Kent. 

V i s k i n g tubing was obtained from Medical 

I n t e r n a t i o n a l , 49 Queen V i c t o r i a S t . , London. 

C e l l u l o s e a c e t a t e membranes were s u p p l i e d by 

Beckman Instruments I n c . , F u l l e r t o n . 

Uncoated cellophane f o r drying g e l s was obtained 

from W.E. Cannings, Avonmouth way, Avonmouth, B r i s t o l . 

I I . METHODS 

A. Growth of b i o l o g i c a l m a t e r i a l s 

Seeds of pea v a r i e t i e s were germinated i n 

Alkathene polyethylene beads i n a dark spray room a t 

28°C with water m i s t i n g a t r e g u l a r i n t e r v a l s f o r 

5-6 days. Seedlings were then t r a n s f e r r e d to p l a s t i c 

pots containing compost (Levington : John Innes 

No.2 = 1:3 p a r t s ) i n the Botanic Gardens, U n i v e r s i t y of 

Durham. P l a n t s were grown under 12h l i g h t per day and 

a t a minimum temperature of 14°C. P l a n t s were a l s o 

grown i n c u l t u r e b o t t l e s of n u t r i e n t s o l u t i o n i n a 

'Warren Sherer model CEL 511-38' growth cab i n e t under 

c o n t r o l l e d environmental c o n d i t i o n s of l i g h t , temperature 

and humidity, as d e s c r i b e d by Evans et a l . (1979). Pods 

were har v e s t e d when d r y - r i p e and the seeds s t o r e d i n a 

c o l d room a t 4°C. 
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B. P r e p a r a t i o n of s i n g l e seed e x t r a c t s 

The t e s t a was removed from a p a r t of the 

seed and a q u a r t e r of seed (h a l f of the cotyledon) was 

cut o f f t a k i n g c a r e t h a t the r a d i c l e and the other 

p a r t s of embryo were not i n j u r e d . The cotyledon was 

ground and a known weight of seed meal (assumed to have 

20% g l o b u l i n s on dry weight b a s i s ) was f i n e l y suspended 

by whirlmixing and s o n i c a t i o n , i n a known Volume of 

e x t r a c t i o n b u f f e r to get a f i n a l p r o t e i n concentration of 

10 mg/ml of e x t r a c t . The e x t r a c t i o n b u f f e r c o n s i s t e d 

of 0.125M T r i s - H C l pH 6.8 with 2% (w/v) Sodium dodecyl 

sulphate (SDS) and 1% (v/v) 2-Mercaptoethanol. 

Suspended seed meal was heated i n 1.5 ml c e n t r i f u g e tubes 

with frequent shaking i n a b o i l i n g water bath f o r 30 

to 40 min. The e x t r a c t was c l a r i f i e d by c e n t r i f u g a t i o n 

i n a Haematocrit c e n t r i f u g e a t f u l l speed and 10% (v/v) 

g l y c e r o l was added to the supernatant to make i t dense 

f o r subsequent loading on to the g e l s . For e l e c t r o p h o r e s i s 

under non-reducing conditions,2-mercaptoethanol was 

omitted from the e x t r a c t i o n b u f f e r and f o r e l e c t r o p h o r e s i s 

under n o n - d i s s o c i a t i n g c o n d i t i o n s , e x t r a c t i o n b u f f e r 

c o n s i s t e d of only 0.125M T r i s - H C l pH 6.8 and the suspended 

meal i n s t e a d of being heated, was l e f t a t room temperature 

for 3-4h. 
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C. E x t r a c t i o n of Glob u l i n s 

S a l t s o l u b l e p r o t e i n s ( g l o b u l i n s ) were e x t r a c t e d 

by the method of Croy (1977). The t e s t a s were removed 

from dry seeds and the cotyledons were b a l l - m i l l e d t o a 

f i n e powder. A l l subsequent operations were c a r r i e d out 

a t 7°C. Seed meal was d e f a t t e d t w i c e with hexane 

(30ml g-"*") and then e x t r a c t e d w i t h 50mM sodium borate 

b u f f e r pH 8.0 (20ml g - 1 ) . A f t e r 2 h of s t i r r i n g , the 

e x t r a c t was c e n t r i f u g e d a t 16,000 g f o r l h . The 

supernatant which contained d i s s o l v e d g l o b u l i n s and 

albumins was d i a l y s e d overnight a g a i n s t 33mM sodium 

a c e t a t e b u f f e r pH 5.0. The p r e c i p i t a t e d g l o b u l i n s were 

c o l l e c t e d by c e n t r i f u g a t i o n a t 16,000g a t 4°C for 30 min. 

The p e l l e t was washed and suspended i n d i s t i l l e d water 

and then f r e e z e - d r i e d t o give the g l o b u l i n p r e p a r a t i o n . 

Albumins l e f t i n the supernatant were d i a l y s e d a g a i n s t 

water a t 4°C and f r e e z e - d r i e d . 

D. Hydroxylapatite column chromatography 

Legumin was p u r i f i e d from the g l o b u l i n s or the 

t o t a l p r o t e i n e x t r a c t by hy d r o x y l a p a t i t e column 

chromatography fo l l o w i n g the method given by Gatehouse 

e t a l . ( 1 9 8 0 ) . The column (3.2cm x 20cm) was e q u i l i b r a t e d 

with 50mM potassium phosphate b u f f e r pH 8.0. The t o t a l 

e x t r a c t prepared by s t i r r i n g seed meal i n e q u i l i b r a t i n g 

buffer, or g l o b u l i n s d i s s o l v e d i n the e q u i l i b r a t i n g 

buffer, were loaded on top of the column and the column 



washed with e q u i l i b r a t i n g b u f f e r u n t i l the non-bound 

m a t e r i a l s were f u l l y e l u t e d as the f i r s t peak. F u r t h e r 

e l u t i o n was e f f e c t e d by e i t h e r of the f o l l o w i n g methods 

i ) Stepwise e l u t i o n - using 0.3M-phosphate b u f f e r f o r 

the second peak and lM-phosphate b u f f e r f o r the t h i r d 

peak, i i ) Gradient e l u t i o n by using a l i n e a r g r a d i e n t 

of phosphate b u f f e r pH 8.0 wit h m o l a r i t y i n c r e a s i n g 

from 50mM to 1M. 300 ml each of 50mM and 1.0M 

phosphate b u f f e r was used f o r the purpose. The eluant 

was monitored a u t o m a t i c a l l y a t 280nm by the d e t e c t o r 

u n i t Type 8303A of an LKB UVICORD I I UV Absorptiometer. 

The flow of s o l u t i o n s was re g u l a t e d by using an LKB 

Varioperspex 12000 p e r i s t a l t i c pump and the s a l t concent 

r a t i o n of f r a c t i o n s was measured on a ref r a c t o m e t e r . 

F r a c t i o n s r e p r e s e n t i n g v a r i o u s peaks were pooled, 

d i a l y s e d a g a i n s t d i s t i l l e d water f o r two days and then 

f r e e z e - d r i e d on an Edwards Modulyo f r e e z e dryer. A l l 

b u f f e r s used i n t h i s column chromatography contained 

0.05% sodium azide and were s t e r i l i z e d by f i l t r a t i o n 

through a 0.45 vim pore s i z e c e l l u l o s e a c e t a t e f i l t e r . 

E. Ion-exchange chromatography 

Ion-exchange chromatography was performed on a 

DEAE-cellulose column (23 x 1.6cm) e q u i l i b r a t e d with 

50mM-Tris HC1, pH 8.0 cont a i n i n g 0.05% sodium a z i d e . 

Legumin d i s s o l v e d i n the e q u i l i b r a t i n g b u f f e r was 

loaded on top of the column and the column washed with 

the same b u f f e r t i l l the non-bound m a t e r i a l s were e l u t e d 



under the f i r s t peak. Fur t h e r e l u t i o n was c a r r i e d out 

by using a l i n e a r c o n c e n t r a t i o n g r a d i e n t of sodium 

c h l o r i d e from 0.0M to 0.3M. 5ml f r a c t i o n s were 

c o l l e c t e d a t 280nm using an LKB f r a c t i o n c o l l e c t o r 

a t el flow r a t e of 50ml h-''". The r e q u i r e d f r a c t i o n s 

were pooled together, d i a l y s e d a g a i n s t d i s t i l l e d water 

and f r e e z e d r i e d f o r a n a l y s i s by v a r i o u s e l e c t r o p h o r e t i c 

techniques. Molar concentration a t which a p a r t i c u l a r 

p r o t e i n was e l u t e d was c a l c u l a t e d from the r e f r a c t i v e 

index of t h a t f r a c t i o n u s i n g a c a l i b r a t i o n curve. 

F. U l t r o g e l column chromatography 

G l o b u l i n s were chromatographed on a column of 

u l t r o g e l AcA22 (70 x 22cm) e q u i l i b r a t e d with 0.1M T r i s - H C l 

pH8.0 co n t a i n i n g 0.25M-sodium c h l o r i d e and 0.05% sodium 

a z i d e . The column was c a l i b r a t e d f o r mol. wt. by using 

the f o l l o w i n g standard p r o t e i n s : r a b b i t immunoglobulins 

(150,000), c a t a l a s e (232,000), glutamate dehydrogenase 

(340,000), f e r r i t i n (440,000) and t h y r o g l o b u l i n (669,000). 

The sample, i n about 2ml of buffer, was a p p l i e d to the 

column and e l u t e d by upward flow a t the r a t e of 6ml h ~ \ 

The e f f l u e n t was monitored a u t o m a t i c a l l y a t 280nm as 

desc r i b e d f o r h y d r o x y l a p a t i t e column chromatography. The 

apparent mol. wt. of a p r o t e i n was c a l c u l a t e d by measuring 

the e l u t i o n volume of p r o t e i n peak r e l a t i v e to the 

vo i d volume. 

D i s t r i b u t i o n of the subunits i n the e l u t i o n 

p r o f i l e was estimated by f o l l o w i n g the method given by 
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Croy e t a l . ( 1 9 8 0 b ) . One ml of each f r a c t i o n was allowed 

to p r e c i p i t a t e a f t e r a d d i t i o n of t r i c h l o r a c e t i c a c i d 

P r e c i p i t a t e was cen t r i f u g e d , washed t w i c e w i t h ethanol 

and d r i e d by evaporation. T h i s p r e c i p i t a t e d p r o t e i n 

was d i s s o l v e d i n sample b u f f e r c o n t a i n i n g 2-ME and 

analysed by SDS-gel e l e c t r o p h o r e s i s . Q u a n t i t a t i v e 

measurement of the amount of p r o t e i n represented by 

each band was made by scanning the s t a i n e d g e l s t r i p 

on a G i l f o r d spectrophotometer and by i n t e g r a t i n g 

the areas under the peak corresponding t o p r o t e i n bands. 

G. Polyacrylamide g e l e l e c t r o p h o r e s i s 

a. Under d i s s o c i a t i n g c o n d i t i o n s : 

SDS-polyacrylamide g e l e l e c t r o p h o r e s i s was c a r r i e d 

out i n the discontinuous b u f f e r system of Or n s t e i n (1964) 

and Davis (19 64) using the formulations of Laemmli (1970). 

Twelve and a h a l f percent g e l s l a b s were made i n Raven 

g l a s s p l a t e s by u s i n g the fo l l o w i n g stock s o l u t i o n s : 

a-1. Separation g e l 

to a f i n a l c o n centration of 12%, f o r 2 h a t 4°C. 

( i ) Acrylamide stock 25 ml 

(containing 30 g acrylamide 

and 135 mg NN -Methylene-

b i s a c r y l a m i d e ( B i s ) to 

100ml with water) 

( i i ) 1M T r i s - H C l pH 8.8 22.5 ml 

( i i i ) Water 9.9 ml 
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(i v ) 1% Ammonium persulphate 1.5 ml 

degassed 

(v) SDS 0.6 ml 

(vi ) TEMED - NNNN' Tetramethyl 20 u l 

ethylene diamine 

a-2. S t a c k i n g g e l 

( i ) Acrylamide stock 3 ml 

(containing 30g acrylamide 

and 435 mg Bis to 100 ml 

with water) 

( i i ) 1M T r i s - H C l pH 6.8 2.5 ml 

( i i i ) Water 13.8 ml 

(iv) 1% Ammonium persulphate 0.5 ml 

degassed 

(v) SDS 0.2 ml 

(v i ) TEMED 10 u l 

Standard r e s e r v o i r b u f f e r 

( i ) T r i s 3.0 g 

( i i ) G l y c i n e 14.1 g 

( i i i ) SDS 1.0 g 

made to 1 I t w i t h water. 
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E l e c t r o p h o r e s i s was c a r r i e d out a t a c u r r e n t of 
15mA f o r l h followed by 25mA t i l l the t r a c k i n g dye 
(0.1% bromophenol blue) reached the g e l bottom. Power 
was supplied by a Shandon Southern SAE 2761 constant 
c u r r e n t source. P r o t e i n bands were s t a i n e d overnight 
with 0.05% Coomassie b r i l l i a n t blue i n methanol, a c e t i c 
a c i d and water i n the r a t i o 50:7:43 ( v / v ) . G e ls were 
destained by d i f f u s i o n i n the s o l v e n t s as given above 

f o r the s t a i n i n g s o l u t i o n . Gels, where required, were 
A 

scanned by u s i n g / G i l f o r d 2000 spectrophotometer. Molecular 

weights of d i f f e r e n t polypeptides were measured by using 

the method given by Weber and Osborn (1969). A number 

of standard p r o t e i n s were used to c a l i b r a t e g e l s by 

measuring m o b i l i t y of the p r o t e i n with r e s p e c t to the 

r e f e r e n c e marker — bromophenol blue and by p l o t t i n g these 

values a g a i n s t the log of mol. wt. Following standard 

p r o t e i n s were used f o r the purpose : myoglobin (17,500), 

chymotrypsinogen (25,000), ovalbumin (43,000), bovine 

serum albumin (67,000), t r a n s f e r r i n (76,000) and 

phosphorylase b (97,000). 
t>- Under n o n - d i s s o c i a t i n g c o n d i t i o n s 

Polyacrylamide g e l e l e c t r o p h o r e s i s under non-

d i s s o c i a t i n g c o n d i t i o n s was c a r r i e d out by the method 

of G a b r i e l (1971) modified to s u i t s l a b g e l s . Ten 

percent and 7.5% s l a b s were formed using the stock 

s o l u t i o n s and b u f f e r s as d e s c r i b e d f o r SDS-polyacrylamide 

g e l e l e c t r o p h o r e s i s except t h a t SDS was omitted from 

a l l the s o l u t i o n s . 
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c. SDS-polvacrvlamide gradient g e l e l e c t r o p h o r e s i s 

SDS-polyacrylamide gradient g e l e l e c t r o p h o r e s i s 

was performed according to the method given by 

O ' F a r r e l l (1975). Gradients between IS-/- ( l i g h t 

acrylamide s o l u t i o n ) and 22.5% (heavy acrylamide 

s o l u t i o n ) c o n c e n t r a t i o n were generated by the use of 

a Pharmacia P-3 p e r i s t a l t i c pump. Heavy acrylamide 

was poured i n t o the l i g h t s o l u t i o n and the l i g h t 

s o l u t i o n with c o n s t a n t l y i n c r e a s i n g c o n c e n t r a t i o n was 

pumped i n t o the g e l assembly from the bottom. Following 

was the composition of l i g h t and heavy acrylamide 

s o l u t i o n s f o r the se p a r a t i o n g e l : 

L i g h t acrylamide s o l u t i o n 

( i ) Acrylamide stock 6.0 ml 

(29.2g of acrylamide 

and 0.8g of B i s made 

to 100ml with water) 

( i i ) 1.5M T r i s - H C l pH 8.8 6.0 ml 

con t a i n i n g 0.4% SDS 

( i i i ) Water 12.0 ml 

( i v ) 10% Ammonium persulphate 20 y l 

degassed-

(v) TEMED 20 y l 
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Heavy a c r y l a m i d e s o l u t i o n 

( i ) A c r y l a m i d e s t o c k 18.0 ml 

(29.2g of a c r y l a m i d e 

and 0.8g of B i s made 

t o 100ml i n 75% g l y c e r o l ) 

( i i ) 1.5M T r i s - H C l pH 8.8 6.0 ml 

c o n t a i n i n g 0.4% SDS 

( i i i ) 10% Ammonium p e r s u l p h a t e 10 y l 

d e g a s s e d 

( i v ) TEMED 20 y l 

S t a c k i n g g e l c o n s t i t u t i o n and o t h e r c o n d i t i o n s f o r 

e l e c t r o p h o r e s i s were t h e same a s d e s c r i b e d f o r SDS-PAGE. 

Myoglobin, ch y m o t r y p s i n o g e n , ovalbumin, b o v i n e serum 

a l b u m i n and t r a n s f e r r i n were u s e d f o r mol. wt. c a l i b r a t i o n 

of t h e g e l s . 

d. P o l y a c r y l a m i d e g r a d i e n t g e l e l e c t r o p h o r e s i s 

T h e s e g e l s were p r e p a r e d by t h e same method a s 

f o r t h e S D S - g r a d i e n t p o r e g e l s e x c e p t t h a t SDS was 

o m i t t e d from a l l t h e s o l u t i o n s and t h a t c o n c e n t r a t i o n 

g r a d i e n t was from 5% t o 15%. L i g h t and heavy a c r y l a m i d e 

s o l u t i o n s had t h e f o l l o w i n g c o m p o s i t i o n : 

L i g h t a c r y l a m i d e s o l u t i o n 

( i ) A c r y l a m i d e s t o c k 4.0 ml 

(29.2g o f a c r y l a m i d e 

and 0.8g o f B i s made 

t o 100 ml w i t h w a t e r ) 



( i i ) 1M T r i s pH 8.8 9.0 ml 

( i i i ) Water 11.0 ml 

( i v ) 10% Ammonium p e r s u l p h a t e 20 y l 

d e g a s s e d 

(v) TEMED 20 y l 

Heavy a c r y l a m i d e s o l u t i o n 

( i ) Acrylamide s t o c k 15 ml 

(23.4g of a c r y l a m i d e 

and 0.64g of B i s made t o 

100 ml w i t h 75% g l y c e r o l ) 

( i i ) 1M T r i s - H C l pH 8.8 9 ml 

( i i i ) 10% Ammonium p e r s u l p h a t e 10 y l 

d e g a s s e d 

( i v ) TEMED 20 y l 

G e l s were r u n a t a c o n s t a n t v o l t a g e of 100V f o r 

70h t i l l t h e f e r r i t i n marker s t o p p e d moving s i n c e i t had 

r e a c h e d t h e po r e s i z e l i m i t . G e l s were s t a i n e d and 

d e s t a i n e d a s u s u a l . T h y r o g l o b u l i n (mol. wt. 669,000), 

f e r r i t i n (440,000) and c a t a l a s e (232,000) were u s e d a s 

s t a n d a r d p r o t e i n s f o r mol. wt. c a l i b r a t i o n of t h e g e l s . 

H. I s o e l e c t r i c f o c u s i n g 

The methods u s e d were based on comments and 

s u g g e s t i o n s made by V e s t e r b e r g (1975) and Gatehouse e t a l 

( 1 9 8 0 ) . The t e c h n i q u e employed made u s e of a P h a r m a c i a 



f l a t bed a p p a r a t u s FBE 3000 and samples were l o a d e d on 

f i l t e r p aper p i e c e s (5 x 10mm) a f t e r t h e s l a b g e l s were 

p r e f o c u s e d f o r h a l f an hour. A c o n s t a n t power of 

10 w a t t s was m a i n t a i n e d t h r o u g h o u t and t h e c o m p l e t i o n of 

e l e c t r o f o c u s i n g was marked by s h a r p f o c u s i n g of t h e 

s t a n d a r d p r o t e i n . G e l s were f i x e d o v e r n i g h t i n 15% 

t r i c h l o r o a c e t i c a c i d , washed w i t h d i s t i l l e d w a t e r and 

s t a i n e d i n 0.05% Coomassie b r i l l i a n t b l u e i n methanol, 

a c e t i c a c i d and w a t e r i n / r a t i o of 25:7:43 ( v / v ) . A 

s o l v e n t m i x t u r e i n t h e r a t i o a s g i v e n above was u s e d 

t o d e s t a i n t h e g e l s . U r e a s o l u t i o n and formamide f o r 

e l e c t r o f o c u s i n g of a c i d i c and b a s i c s u b u n i t s 

r e s p e c t i v e l y were d e i o n i z e d by s t i r r i n g f o r l h w i t h 

A m b e r l i t e MB-1 mixed bed r e s i n ( l g p e r 100 ml s o l u t i o n ) . 

D e t a i l s r e g a r d i n g t h e g e l s y s t e m s and o t h e r c o n d i t i o n s 

f o r e l e c t r o f o c u s i n g of d i f f e r e n t s u b u n i t s were a s 

f o l l o w s : 

a. A c i d i c s u b u n i t s 

10 x 20 cm g e l s of 6% a c r y l a m i d e c o n c e n t r a t i o n 

w i t h 6M-Urea and 2% ( v / v ) c a r r i e r a m pholytes of m a j o r 

b u f f e r i n g c a p a c i t y i n t h e pH range of 4 - 6.5 were 

u s e d f o r a c i d i c s u b u n i t s of legumin. L y s i s b u f f e r f o r 

p r e p a r i n g t h e sample s o l u t i o n s c o n s i s t e d of : ( i ) 9M Urea 

( i i ) 2% Nonidet P40 and . C i i i ) 1% 2-mercaptoethanol. 

0.03M g l u t a m i c a c i d and 1M e t h y l e n e d i a m i n e were u s e d 

a s a n o l y t e and c a t h o l y t e r e s p e c t i v e l y . Sample p r o t e i n 

and t h e r e f e r e n c e p r o t e i n ( f e r r i t i n i n t h i s c a s e ) were 



l o a d e d on t h e a c i d i c end o f t h e g e l . The f o l l o w i n g 

c o n s t i t u t e d t h e g e l r e c i p e made t o 35 ml w i t h w a t e r : 

( i ) U r e a 12.6 g 

( i i ) A c r y l a m i d e 1.96g 

( i i i ) B i s 0.14g 

( i v ) C a r r i e r a mpholytes 

pH ra n g e 4-6.5 1.4 ml 

pH ra n g e 3-10 0.35ml 

d e g a s s e d 

(v) 10% Ammonium p e r s u l p h a t e 50 \il 

( v i ) TEMED 25 y l 

b. B a s i c s u b u n i t s 

I s o e l e c t r i c f o c u s i n g f o r b a s i c s u b u n i t s was 

performed i n g e l s o f 8% a c r y l a m i d e c o n c e n t r a t i o n 

c o n t a i n i n g 75% formamide, 10% g l y c e r o l and 3% (v/v) 

c a r r i e r a m p h o l y t e s . P r o t e i n s a m p l e s i n t h e l y s i s b u f f e r 

(75% formamide, 2% NP40, 1% 2- m e r c a p t o e t h a n o l ) a l o n g 

w i t h t h e marker p r o t e i n (cytochrome C) were l o a d e d on 

t h e a c i d i c end of t h e g e l . E l e c t r o d e b u f f e r s u s e d 

were O.lM s u l p h u r i c a c i d f o r anode and 1M E t h y l e n e d i a m i n e 

f o r c a t h o d e . TV F o l l o w i n g were used t o make a 10 x 20cm g e l 

( i ) A c r y l a m i d e 2.626 g 

( i i ) B i s 84 mg 

( i i i ) G l y c e r o l 3.5 ml 

( i v ) Formamide 26.25 ml 
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(v) W a t e r 1. 4 ml 

C a r r i e r a m p h o l y t e s 

pH r a n g e 6-8 0. 7 ml 

pH r a n g e 8-10 0.7 m l 

d e g a s s e d 

( v i i ) 3.6% Ammonium p e r s u l p h a t e 1.7 5ml 

I . Two d i m e n s i o n a l e l e c t r o p h o r e s e s 

These e x p e r i m e n t s i n v o l v e d t h e c o m b i n e d use o f 

p o l y a c r y l a m i d e g e l e l e c t r o p h o r e s i s (PAGE), S D S - p o l y a c r y l -

a m ide g e l e l e c t r o p h o r e s i s (SDS-PAGE)/ p o l y a c r y l a m i d e 

g r a d i e n t g e l e l e c t r o p h o r e s i s (PAGGE) and i s o e l e c t r i c 

f o c u s i n g ( I E F ) u n d e r t h e c o n d i t i o n s a l r e a d y d e s c r i b e d . 

These were p e r f o r m e d i n d i f f e r e n t c o m b i n a t i o n s as 

f o l l o w s : 

a. P o l y a c r y l a m i d e g e l e l e c t r o p h o r e s i s — S D S - p o l y a c r y l a m i d e 

g e l e l e c t r o p h o r e s i s 

d i s s o c i a t i n g c o n d i t i o n s i n t h e f i r s t d i m e n s i o n . G e l 

s t r i p s were i n c u b a t e d s e p a r a t e l y i n SDS-sample b u f f e r 

w i t h o r w i t h o u t 1 % 2-ME. A number o f w a s h i n g s were g i v e n 

d u r i n g t h e 2h p e r i o d o f i n c u b a t i o n . G e l s t r i p s w e r e 

s l i d , w i t h t h e h e l p o f a t h i n s p a t u l a , o n t o t h e t o p o f a 

s i n g l e o r s e p a r a t e S D S - p o l y a c r y l a m i d e g e l s o f t h e 

d i m e n s i o n s ( i n c l u d i n g t h i c k n e s s ) s i m i l a r t o t h a t o f t h e 

g e l f o r f i r s t d i m e n s i o n . The s e c o n d d i m e n s i o n g e l s w e r e 

t h e n r u n u n d e r t h e c o n d i t i o n s as d e s c r i b e d b e f o r e f o r 

S D S - p o l y a c r y l a m i d e g e l e l e c t r o p h o r e s i s . 

Ten p e r c e n t o r 7.5% g e l s w e r e r u n u n d e r n o n -
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b. S D S - p o l y a c r v l a m i d e g e l e l e c t r o p h o r e s i s under non-
r e d u c i n g c o n d i t i o n s — • S D S - p o l v a c r v l a m i d e g e l 
e l e c t r o p h o r e s i s under r e d u c i n g c o n d i t i o n s 

G e l d i m e n s i o n s and e l e c t r o p h o r e t i c c o n d i t i o n s 

f o r b oth t h e r u n s were e s s e n t i a l l y t h e same. The o n l y 

d i f f e r e n c e was t h a t t h e unre d u c e d s a m p l e s were r u n i n 

t h e f i r s t d i m e n s i o n on 10% o r 12.5% g e l s and t h e n g e l 

s t r i p s were i n c u b a t e d i n sample b u f f e r c o n t a i n i n g 

1% 2-ME t o r e d u c e t h e p r o t e i n s u b u n i t s b e f o r e l o a d i n g 

onto t h e second d i m e n s i o n g e l and r e - e l e c t r o p h o r e s e d . 

c . P o l y a c r y l a m i d e g r a d i e n t g e l e l e c t r o p h o r e s i s —*• 

SDS p o l v a c r y l a m i d e g e l e l e c t r o p h o r e s i s 

The f i r s t d i m e n s i o n g e l was r u n a s d e s c r i b e d 

under g r a d i e n t p o r e g e l e l e c t r o p h o r e s i s . I n c u b a t i o n 

i n sample b u f f e r w i t h and w i t h o u t 2-ME and e l e c t r o p h o r e s i s 

i n t h e second d i m e n s i o n were s i m i l a r t o t h a t d e s c r i b e d 

f o r PAGE-*- SDS-PAGE. 

d. S D S - p o l y a c r y l a m i d e g e l e l e c t r o p h o r e s i s — • 

I s o e l e c t r i c f o c u s i n g 

S D S - p o l y a c r y l a m i d e g e l e l e c t r o p h o r e s i s i n t h e f i r s t 

d i m e n s i o n was f o l l o w e d by i s o e l e c t r i c f o c u s i n g i n o r d e r 

t o s t u d y t h e i s o e l e c t r i c p o i n t s of p o l y p e p t i d e s 

r e p r e s e n t i n g t h e l a r g e and s m a l l s u b u n i t s o f legumin. 

G e l p i e c e s c u t from t h e f i r s t d i m e n s i o n g e l s of r e d u c e d 

and unreduced s a m p l e s were i n c u b a t e d i n r e s p e c t i v e l y s i s 

b u f f e r s a s g i v e n b e f o r e f o r i s o e l e c t r i c f o c u s i n g of t h e 
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a c i d i c and t h e b a s i c s u b u n i t s . A f t e r i n c u b a t i o n , g e l 

p i e c e s were p l a c e d on t h e a c i d i c end of t h e p r e f o c u s e d 

g e l and e l e c t r o f o c u s i n g c a r r i e d o u t a s d e s c r i b e d 

e a r l i e r . 

e. I s o e l e c t r i c f o c u s i n g — • S D S - p o l v a c r y l a m i d e 

g e l e l e c t r o p h o r e s i s 

d i m e n s i o n was f o l l o w e d by S D S - p o l y a c r y l a m i d e g e l 

e l e c t r o p h o r e s i s . The g e l s t r i p was i n c u b a t e d i n t h e 

sample b u f f e r c o n t a i n i n g 1% 2-ME and r u n i n t h e second 

d i m e n s i o n a s u s u a l . 

J . T h r e e d i m e n s i o n a l e l e c t r o p h o r e s i s 

The v a r i o u s e l e c t r o p h o r e t i c t e c h n i q u e s w i t h 

i n c u b a t i o n b u f f e r and c o n d i t i o n s d i f f e r i n g i n e a c h 

d i m e n s i o n were u s e d i n t h e c o m b i n a t i o n s a s summarised 

below: 

a. PAGE Sample b u f f e r - 2-ME SDS-PAGE 

I s o e l e c t r i c f o c u s i n g performed i n t h e f i r s t 

SDS-PAGE Sample b u f f e r + 2 % 2-ME 

PAGE 

Sample b u f f e r 
+ 2-ME 

9.5M Urea+2%NP40+ 2%2-ME 
A c i d i c s u b u n i t s 

SDS-PAGE I E F 

75% Formamide+2% NP40+2% 2-ME B a s i c s u b u n i t s 
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K. C e l l u l o s e a c e t a t e membrane e l e c t r o p h o r e s i s 

C e l l u l o s e a c e t a t e membrane e l e c t r o p h o r e s i s was 

c a r r i e d out u s i n g 50mM-phosphate b u f f e r pH 7.0 on a 

Beckman m i c r o z o n e a p p a r a t u s . C e l l u l o s e a c e t a t e membranes 

were p r e s o a k e d i n t h e phosphate b u f f e r and d r i e d i n 

f i l t e r p a p e r f o l d s by a p p l y i n g even, p r e s s u r e . About 

2.5 y l of t h e sample (lOmg ml-"*") was a p p l i e d t o t h e 

membrane w i t h t h e h e l p of an a p p l i c a t o r and a c u r r e n t 

o f 8mA a p p l i e d t o t h e membrane f o r 15 min. Membranes 

were s t a i n e d and d e s t a i n e d l i k e a c r y l a m i d e g e l s . 

D r i e d membranes were s c a n n e d i n t h e r e f l e c t a n c e mode on 

a J o y c e L o e b l Chromoscan. 

L. I m m u n o d i f f u s i o n 

I m m u n o p r e c i p i t a t i o n by double d i f f u s i o n was 

c a r r i e d out by s t a n d a r d methods ( O u c h t e r l o n y and N i l s s o n , 

1978) . A n t i b o d i e s were p r e p a r e d by p r e c i p i t a t i o n w i t h 

ammonium s u l p h a t e and chromatography on QAE-A50 

( Q u a t e r n a r y amino e t h y l ) Sephadex f o l l o w i n g t h e method 

of J o u s t r a and Lundgren (1969) o r were a f f i n i t y 

p u r i f i e d by i m m u n o a f f i n i t y chromatography by t h e methods 

g i v e n by Bokhout and Van T i g g e l e (1977) and March 

e t a l . ( 1 9 7 4 ) . P r e c i p i t i n a r c s were c u t o f f and washed i n 

50mM-sodium b o r a t e b u f f e r pH 7.2 ( c o n t a i n i n g 0.15MNaCl) 

t o remove s o l u b l e p r o t e i n s and a n a l y s e d by S D S - p o l y a c r y l -

amide g e l e l e c t r o p h o r e s i s f o l l o w i n g t h e method o f Croy 

e t a l . ( 1 9 8 0 b ) . F o r t h i s , s a m p l e s a f t e r w a s h i n g were 

d i s s o l v e d i n t h e SDS-sample b u f f e r w i t h o u t 2-ME. 
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M. L a u r e l l ' r o c k e t ' i m m u n o e l e c t r o p h o r e s i s 

T h i s i m m u n o e l e c t r o p h o r e s i s was performed i n 1% 

a g a r o s e g e l s (10 x 20 x 0.15cm) u s i n g a Shandon f l a t 

bed e l e c t r o p h o r e s i s a p p a r a t u s a c c o r d i n g t o t h e method 

of L a u r e l l (1966) a s m o d i f i e d by Weeke ( 1 9 7 3 ) . 0.3g 

of a g a r o s e was d i s s o l v e d i n 15 ml wa t e r by b o i l i n g f o r 

2 min and t h e n was k e p t i n a w a t e r b a t h a t 60°C. 

15 ml of 0.5M T r i s - E D T A b o r a t e b u f f e r (0.5M T r i s , 

1.62mM EDTA, 0.075M b o r a t e , pH 8.6) e q u i l i b r a t e d t o 

60°C was mixed w i t h t h e a g a r o s e s o l u t i o n and t h e 

a p p r o p r i a t e a n t i s e r u m (400 .ul of a n t i l e g u m i n o r 600 y l 

of a n t i v i c i l i n a n t i b o d i e s ) . The m i x t u r e was poured 

i n t o t h e g e l p l a t e a s s e m b l y and l e f t f o r l h t o s e t . 

Samples were p r e p a r e d by e x t r a c t i n g s e e d meal (2.5 mg/ml) 

i n 0.5M T r i s - E D T A b o r a t e b u f f e r f o r 2h a t room 

t e m p e r a t u r e . T h e s e s a m p l e s were l o a d e d a l o n g w i t h 

s t a n d a r d s of t h e a p p r o p r i a t e p r o t e i n ( l e g u m i n o r v i c i l i n ) 

i n t o w e l l s made i n t h e g e l . The g e l was r u n o v e r n i g h t 

a t a c o n s t a n t v o l t a g e o f 100V. G e l s were p r e s s e d onto 

a g a r o s e c o a t e d g l a s s p l a t e s and washed e x t e n s i v e l y i n 

0.02M s a l i n e p hosphate b u f f e r f o l l o w e d by w a s h i n g i n 

w a t e r . The g e l s were t h e n p r e s s e d , d r i e d , s t a i n e d i n 

Coomassie b r i l l i a n t b l u e (2 min) and d e s t a i n e d . The 

amounts of legumin and v i c i l i n were d e t e r m i n e d from 

t h e i r r o c k e t h e i g h t s by c o m p a r i s o n w i t h t h e c a l i b r a t i o n 

c u r v e s p r e p a r e d by p l o t t i n g t h e r o c k e t h e i g h t s a g a i n s t 

amounts of t h e s t a n d a r d p r o t e i n s . 



N. S t a t i s t i c a l methods 

a. C h i - s q u a r e v a l u e s were c a l c u l a t e d by f o l l o w i n g t h e 
f o r m u l a g i v e n by F i s h e r (1925) 

2 d 2 

X £ e 

Where 'd' s t a n d s f o r d e v i a t i o n of o b s e r v e d v a l u e from 

t h e e x p e c t e d v a l u e , 'e' r e p r e s e n t s t h e c o r r e s p o n d i n g 

e x p e c t e d v a l u e and '£ ' i s t h e symbol f o r 'summation o f ' . 

b. P e r c e n t a g e of c r o s s i n g o v e r and t h e p r o b a b l e e r r o r 

was c a l c u l a t e d by t h e 'product r a t i o " method of 

Immer ( 1 9 3 0 ) . One of t h e co-dominant f a c t o r s i n t h e 

a l l e l i c p a i r was c o n s i d e r e d a s dominant so t h a t i n a 

d i h y b r i d c r o s s i n v o l v i n g 'dominant and co-dominant' 

f a c t o r s , f a c t o r s were i n a c o u p l i n g phase. 

Nomenclature 

The v a r i o u s t y p e s of l e g u m i n and legumin s u b u n i t s 

a r e r e p r e s e n t e d by t h e f o l l o w i n g a b b r e v i a t i o n s i n 

t h i s t h e s i s : 

a. ' C o n v e n t i o n a l ' l e q u m i n : - Legumin Lg-C 

s u b u n i t p a i r s of c o n v e n t i o n a l legumin 

model (Wright and B o u l t e r , 1 9 7 4 ) . 

b. ' B i g ' l e q u m i n : - legumin s u b u n i t Lg-B 

p a i r s o f mol. wt. h i g h e r t h a n 

t h a t of Lg-C. 

c . S m a l l l e q u m i n ; - legumin Lg-S 

s u b u n i t p a i r s of mol. wt. s m a l l e r 

t h a n t h a t o f Lg-C. 



d. A c i d i c s u b u n i t s o f legumin. Lg-1 

e. B a s i c s u b u n i t s of legumin. Lg-2 

Thus a c i d i c s u b u n i t s of ' c o n v e n t i o n a l 1 , ' b i g ' 

and ' s m a l l ' legumin a r e c a l l e d a s L g - l C , L g - l B and 

L g - l S r e s p e c t i v e l y and t h e b a s i c s u b u n i t s a s Lg-2C, 

Lg-2B and Lg-2S r e s p e c t i v e l y . 
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S e c t i o n I I I RESULTS 

P a r t I PRELIMINARY INVESTIGATIONS 

A. M o l e c u l a r w e i g h t c a l i b r a t i o n of g e l s y s t e m s 

M o l e c u l a r w e i g h t s of t h e p o l y p e p t i d e s on SDS-

p o l y a c r y l a m i d e g e l s were c a l c u l a t e d from a c a l i b r a t i o n 

c u r v e p r e p a r e d by r u n n i n g a number of s t a n d a r d p r o t e i n s 

on 12.5% s i n g l e p o r e and 7-22% g r a d i e n t p o r e g e l s 

( F i g s . 1.1 and 1 . 2 ) . The m o b i l i t i e s of t h e p r o t e i n s 

r e l a t i v e t o t h e bromophenol b l u e dye f r o n t , r u n on 

two t y p e s of g e l s , were a s f o l l o w s : 

S.No. P r o t e i n Mol.Wt. R e l a t i v e m o b i l i t i e s 
S i n g l e pore G r a d i e n t p o r e 

g e l g e l 

a Myoglobin 17,500 0. 984 0.790 

b Chymotryps i nogen 25,000 0.715 0.615 

c Ovalbumin 43,000 0.520 0. 470 

d Bov i n e serum 67,000 0 . 350 0. 330 
al b u m i n 

e T r a n s f e r r i n 76,000 0. 309 0. 310 

f P h o s p h o r y l a s e b 97,000 0.260 _ 

A l i n e a r s e p a r a t i o n a c c o r d i n g t o mol. wt. was 

o b s e r v e d i n t h e r e g i o n of mol. wt. 25,000 and 76,000 i n 

both t h e s y s t e m s whereas a t l o w e r v a l u e s , r e l a t i v e 

m o b i l i t i e s were n o t l i n e a r . A l s o r e l a t i v e m o b i l i t i e s 

of t h e s t a n d a r d p r o t e i n s on g r a d i e n t p o r e g e l s were 

l o w e r a s compared t o t h o s e on t h e s i n g l e p o r e g e l s . 



F i g . 1.1 i C a l i b r a t i o n c u r v e f o r mol.wt. of 

s t a n d a r d p r o t e i n s (a = myoglobin, 

b = c h y m o t r y p s i n o g e n , c = ovalbumin, 

d = b o v i n e serum albumin, 

e = t r a n s f e r r i n , f = p h o s p h o r y l a s e b) 

on s i n g l e p o r e 12.5% S D S - g e l s . 
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F i g . 1.2 : C a l i b r a t i o n c u r v e f o r mol. wt. of 

s t a n d a r d p r o t e i n s (a = myoglobin, 

b = chymotrypsinogen, c = ovalbumin, 

d = b o v i n e serum albumin, 

e = t r a n s f e r r i n ) on g r a d i e n t pore 

g e l s . 
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B. Ana l y s i s and screening f o r v a r i a t i o n of 
storage p r o t e i n s 

A l a r g e number of Pisum l i n e s (see m a t e r i a l s 
and methods section) were examined using s i n g l e pore 
and g r a d i e n t pore g e l e l e c t r o p h o r e s i s by i n v e s t i g a t i n g 
t o t a l p r o t e i n e x t r a c t s or g l o b u l i n preparations (Fig.1.3). 
Based on the r e s u l t s of t h i s a n a l y s i s , the f o l l o w i n g 
storage p r o t e i n bands were i d e n t i f i e d : ( i ) bands of 
mol. wt. 70,000 and 65,000 representing c o n v i c i l i n 
(Croy et al., 1980b), ( i i ) bands i n the region of mol. 
wt. 50,000, 30,000 and 18,000 representing v i c i l i n 
and ( i i i ) legumin bands i n the r e g i o n of mol. wt. 
40,000 and 20,000. Considerable v a r i a t i o n among 
d i f f e r e n t l i n e s was observed f o r a c i d i c subunits of 
conventional legumin (Lg-lC) but very l i t t l e v a r i a t i o n 
was seen f o r v i c i l i n , c o n v i c i l i n and basic subunits 
of legumin. 

When g l o b u l i n s of d i f f e r e n t l i n e s of V i c i a faba 
were examined, the mol. wts. of a l l these components 
were found t o be s l i g h t l y lower except legumin basic 
subunits (Lg-2) which had a mol. wt. somewhat higher 
than s i m i l a r components i n Pisum. More v a r i a t i o n w i t h 
respect t o the number of bands was seen i n Pisum. A 
few bands l y i n g between mol. wt. 50,000 and 70,000, 
l a t e r i d e n t i f i e d as bands of heterogeneous legumin 
which were found i n Vicia, were absent i n Pisum (Fig.1.4). 
I n c o n t r a s t t o the considerable v a r i a t i o n of Lg-lC 
subunits i n Pisum, only one type of p a t t e r n represented 



F i g . 1.3 : SDS-polyacrylamide g e l e l e c t r o p h o r e s i s 
of t o t a l p r o t e i n e x t r a c t s prepared from 
s i n g l e seeds of various l i n e s 
(180, 360, 2162) of Pisum sativum. 
CV stands f o r c o n v i c i l i n , v f o r v i c i l i n , 
Lg-1 and Lg-2 f o r a c i d i c and'basic 
subunits of legumin and Lg-lS f o r a c i d i c 
subunits of small legumin subunit p a i r . 

F i g . 1.4 : SDS-polyacrylamide g r a d i e n t g e l 
el e c t r o p h o r e s i s of g l o b u l i n s of l i n e s 
a) Kelvedon Wonder, b) English Wonder 
and c) Feltham F i r s t of Pisum sativum 
and l i n e s d) Minica and e) Wierboon 
of V i c i a faba. CV stands f o r 
c o n v i c i l i n , V f o r v i c i l i n , Lg-lC 
f o r a c i d i c subunits of conventional 
legumin, and Lg-2 f o r basic subunits 
of legumin. 
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by a band of mol. wt. 35,000 was seen i n V i c i a faba. 

The p a t t e r n of Lg-1 subunits i n V i c i a and Lg-2 
subunits i n Pisum i n a given l i n e was not constant 
always. Single seeds of any given generation of a 
V i c i a l i n e had the same p a t t e r n f o r legumin a c i d i c 
subunits, but when s e l f e d and analysed i n the next 
generation, although a l l the s i n g l e seeds examined 
showed the same patt e r n , t h i s was d i f f e r e n t t o t h a t of 
the previous generation. However, these d i f f e r e n c e s 
only i n v o l v e d q u a n t i t a t i v e d i f f e r e n c e s i n the bands. 
Two p o s s i b i l i t i e s were thought t o be responsible f o r 
t h i s e f f e c t , e i t h e r the developmental stage a t which 
seeds were harvested or some storage e f f e c t s . 

C. P u r i f i c a t i o n of storage p r o t e i n s 

a. G l o b u l i n p r e p a r a t i o n 

The g l o b u l i n f r a c t i o n of Pisum sativum and V i c i a 
faba seeds prepared by the procedure given i n the 
ma t e r i a l s and methods s e c t i o n , consisted of v i c i l i n , 
c o n v i c i l i n and legumin as described p r e v i o u s l y . 

b. H y d r o x y l a p a t i t e column chromatography 

Various f r a c t i o n s of seed p r o t e i n s were separated 
by h y d r o x y l a p a t i t e column chromatography using the 
f o l l o w i n g types of e l u t i o n techniques. 

( i ) Step-wise e l u t i o n : This method was used t o separate 
legumin and v i c i l i n f r a c t i o n s of the g l o b u l i n s . The 



f i r s t peak was obtained by e l u t i o n w i t h e q u i l i b r a t i n g 
b u f f e r (0.05M phosphate b u f f e r , pH 8.0), the second 
peak was e l u t e d by using a b u f f e r of higher c o n c e n t r a t i o n 
(0.3M) and the t h i r d peak by using a s t i l l higher 
c o n c e n t r a t i o n (1M) of phosphate b u f f e r pH 8.0. Analysis 
by SDS-gel e l e c t r o p h o r e s i s showed t h a t no p r o t e i n s were 
e l u t e d i n the f i r s t peak, legumin was obtained i n the 
second and v i c i l i n i n the t h i r d peak. However, t h i s 
method d i d not prove e f f e c t i v e enough because i t d i d not 
give a pure separation of any of the p r o t e i n f r a c t i o n s . 

( i i ) Linear g r a d i e n t e l u t i o n : H y d r o x y l a p a t i t e column 
chromatography by l i n e a r g r a d i e n t e l u t i o n was found t o 
be a b e t t e r method f o r f r a c t i o n a t i o n of the p r o t e i n s 
i n the t o t a l p r o t e i n e x t r a c t s . A l l the p r o t e i n s were 
e l u t e d i n the f r a c t i o n s obtained using a gr a d i e n t between 
0.05M t o 1M phosphate b u f f e r (molar concentrations were 
determined by measuring the r e f r a c t i v e i n d i c e s of 
various f r a c t i o n s ? these values were used t o a s c e r t a i n 
the molar concentration from a c a l i b r a t i o n curve already 
prepared). Molar concentrations and the p r o t e i n s 
e l u t e d under d i f f e r e n t peaks are given i n Table 1.1 
and F i g . 1.5. 



Fig.1.5 : E l u t i o n p r o f i l e from chromatography 
on h y d r o x y l a p a t i t e column using 
phosphate-gradient e l u t i o n . For 
d e t a i l s of the peaks see 
t a b l e 1.1. 
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Table 1.1 Major p r o t e i n s and the molar concentration 
at which they were e l u t e d using h y d r o x y l a p a t i t e 

column chromatography 

Peak Molar 
Concent
r a t i o n 

Major p r o t e i n s (mol. wt.) 

A 0.05 N i l 

B 0.05-0.1 Albumins (80,000, 50,000, 30,000, 
25,000, 22,000 and 18,000). 

C 0.13-0.21 Legumin (40,000, 25,000, 20-22,000) 

D 0.21-0.28 Legumin, v i c i l i n and c o n v i c i l i n 

E 0.32-0.37 C o n v i c i l i n (70,000, 65,000) and 
v i c i l i n 

F 0.4 -0.45 V i c i l i n (50,000, 30,000, 18,000). 

D. Q u a n t i t a t i v e determination of lequmin and v i c i l i n 

Estimations of the legumin and v i c i l i n f r a c t i o n s 
i n g l o b u l i n s were c a r r i e d out by various e l e c t r o p h o r e t i c 
and chromatographic techniques as f o l l o w s : 

a) Q u a n t i t a t i o n by e l e c t r o p h o r e s i s 

( i ) Gel e l e c t r o p h o r e s i s and scanning : The g l o b u l i n s 
from bulked seeds of seven commercial l i n e s (English 
Wonder, Kelvedon Wonder, L i t t l e Marvel, Meteor, Peter Pan, 
Pioneer and Feltham F i r s t ) grown i n d i f f e r e n t years were 
e x t r a c t e d and studied on SDS-gradient pore g e l s . A l l the 



l i n e s were observed t o be q u i t e s i m i l a r i n the 
q u a l i t a t i v e p a t t e r n of legumin and v i c i l i n . However, 
the r a t i o of the concentration of legumin and v i c i l i n 
on the basis of i n t e n s i t y of s t a i n i n g of subunits 
showed v a r i a t i o n amongst l i n e s f o r seeds harvested i n 
the same year and v a r i a t i o n f o r the same l i n e i n seeds 
harvested i n d i f f e r e n t years (Table 1.2). As there 
was overlapping of d i f f e r e n t polypeptide bands, a c t u a l 
amounts of the legumin subunits was found by running 
the g l o b u l i n s under reducing and non-reducing c o n d i t i o n s . 
Densitometric measurements of these gels confirmed t h a t 
although the t o t a l c o n c e n t r a t i o n of legumin i n these 
l i n e s showed v a r i a t i o n from year t o year, the r a t i o 
of the a c i d i c and basic legumin subunits i n a l l the 
l i n e s was the same i . e . 1:1 ( a f t e r c o r r e c t i o n i s made 
f o r the d i f f e r e n c e i n the size of legumin s u b u n i t s ) . 
'Feltham f i r s t ' and 'Meteor 1 were found t o have a 
greater legumin t o v i c i l i n r a t i o i n harvests of both 
the years whereas other f i v e l i n e s had lower legumin 
contents r e l a t i v e t o v i c i l i n . S i m i l a r v a r i a t i o n s were 
also observed i n the seed e x t r a c t s of these l i n e s . 
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( i i ) Rocket immunoelectrophoresis : Legumin and v i c i l i n 
were determined by using appropriate a n t i s e r a i n the 
immunoelectrophoretic method given by L a u r e l l (1966). 
Legumin and v i c i l i n contents of each l i n e were estimated 
from the c a l i b r a t i o n curves prepared f o r the 'rocket' 
heights of standard legumin and v i c i l i n samples 
r e s p e c t i v e l y . Results i n Table 1.3 show the v a r i a t i o n 
of legumin and v i c i l i n i n these Pisum l i n e s . Lines 
1238 and J I 181 had a very high content of legumin and 
the l i n e s 1263 and 1238 were r i c h i n v i c i l i n . On the 
other hand, l i n e s Mangtout and 1263 were low i n legumin 
and l i n e s J I 181 and Meteor low i n v i c i l i n content. 

Table 1.3 Q u a n t i t a t i v e a nalysis of legumin and v i c i l i n 
i n t o t a l p r o t e i n e x t r a c t of pea seeds by 

immunoelectrophoresis 

S.No Pisum 
l i n e 

% age of 
legumin 

% age of 
v i c i l i n 

Legumin: 
v i c i l i n 
r a t i o 

1 Feltham F i r s t 24.8 8.48 2.92:1 
2 Meteor 21. 6 5.9 3.66:1 
3 Mangtout 11.6 6. 3 1.84:1 
4 J I 181 34.4 5.3 6.50:1 
5 807 22.0 8.0 2.75:1 
6 851 20.8 9.8 2.12:1 
7 1238 50.8 22.0 2.31:1 
8 1263 12.4 10.2 1.20:1 
9 

i 

110 31.6 8.0 j 3.95:1 j 

i 1 
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( i i i ) C e l l u l o s e acetate membrane e l e c t r o p h o r e s i s : Legumin 
and v i c i l i n i n g l o b u l i n s and t o t a l p r o t e i n e x t r a c t were 
also q u a n t i f i e d by c e l l u l o s e acetate membrane e l e c t r o 
phoresis. V i c i l i n and legumin p r o t e i n bands were 
i d e n t i f i e d by running these p u r i f i e d p r o t e i n s along 
w i t h the samples. M o b i l i t y of v i c i l i n was lower than 
t h a t of legumin but i n low legumin l i n e s the legumin band 
was not c l e a r l y resolved from the v i c i l i n band. These 
r e s u l t s were thus i n f e r i o r t o those obtained on gels 
and were not i n q u a n t i t a t i v e agreement. 

b) Q u a n t i t a t i o n by column chromatography 

Chromatographic separation by stepwise e l u t i o n 
on h y d r o x y l a p a t i t e column was used t o measure the legumin 
and v i c i l i n i n V i c i a g l o b u l i n s . O p t i c a l d e n s i t i e s of 
the f r a c t i o n s under/second and t h i r d peak were measured and-f r a c^~ 
ions pooled t o get the r e l a t i v e amounts of p r o t e i n s e l u t e d 
i n these f r a c t i o n s . The second peak contained about 
5 times more p r o t e i n than t h a t i n the t h i r d peak. 
However, t h i s method of q u a n t i t a t i o n of legumin was also 
found not t o g i v e reproducible r e s u l t s and al s o the 
p r o t e i n s e l u t e d under the peaks were not pure legumin 
and v i c i l i n . 

E. Conclusions 

Single pore gels were found t o be the best system 
f o r q u a l i t a t i v e a n a l y s i s . These gels were very easy 
to make and gave a wide and good separation of legumin 
subunits. On the basis of d i f f e r i n g p a t t e r n s f o r 



various subunits, a number of l i n e s were selected f o r 
f u r t h e r studies on the s t r u c t u r e and genetics of legumi 
These l i n e s were ' F e l i x ' of V i c i a faba and 110, 807, 
1238, 1263, 'Feltham F i r s t 1 and 'Meteor' of Pisum 
sativum. SDS-polyacrylamide g e l e l e c t r o p h o r e s i s 
s u i t a b l y modified was found t o be most s u i t a b l e f o r 
studies on s t r u c t u r e and genetics of legumin. V a r i e t y 
' F e l i x ' of V i c i a faba was selected f o r studies on the 
s t r u c t u r e of legumin only. Genetical studies on V i c i a 
legumin could not be c a r r i e d out as the p a t t e r n f o r 
Lg-1 subunits was not constant from generation t o 
generation and d i f f e r e n c e s i n the subunit were more 
q u a n t i t a t i v e than q u a l i t a t i v e . 
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Part I I . STRUCTURE OF LEGUMIN OF VICIA FABA L. 

A. SDS-Polyacrylamide g e l e l e c t r o p h o r e s i s of V i c i a 
faba g l o b u l i n s 

Globulins of V i c i a faba v a r i e t y ' F e l i x ' i s o l a t e d as 
i n the Methods s e c t i o n were analysed on 12.5% 
SDS-polyacrylamide g e l s . Under reducing c o n d i t i o n s 
(Fig.2.Id) legumin subunits were i d e n t i f i e d by reference 
to the Wright and Boulter (1974) model of legumin. A c i d i c 
subunits were represented by two bands of mol. wt. 37,500 
and 35,000 and basic subunits by bands of mol. wt. 23,000, 
21,600, 21,200 and 21,000. Bands repr e s e n t i n g polypeptides 
p r e v i o u s l y i d e n t i f i e d as c o n v i c i l i n (CV), mol. wt.64,000 
(Croy e t _ a l . , 1980b) and as v i c i l i n (V), mol. wt. 48,000 and 
32,000 (Wright, 1973) as w e l l as a number of other bands, 
were also present. When examined under non-reducing 
c o n d i t i o n s ( F i g . 2 . l a ) , the p r o t e i n banding p a t t e r n was 
found t o be d i f f e r e n t w i t h new bands of mol. wt. 79,000, 
73,000, 67,000, 53,000 and 40,000-37,000. One of these, 
the band H/I r e p r e s e n t i n g the subunit p a i r of conventional 
legumin model (Wright and Boulter, 1974) had a mol. wt. 53,000. 
The bands (A-J) under non-reducing c o n d i t i o n s were found t o 
be due t o components undergoing r e d u c t i v e cleavage i . e . a 
se r i e s of d i s u l p h i d e bonded subunit p a i r s , by two dimensional 
SDS-polyacrylamide g e l e l e c t r o p h o r e s i s , employing non-reducing 
c o n d i t i o n s i n the f i r s t dimension and reducing c o n d i t i o n s 
i n the second dimension (Fig.2.2). The mol. wts. ( i n 
brackets) of two. components of each of the bands 'A-J' 
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were as f o l l o w s : 

A(79,000) = (58,000) + (21,000) 

B(73,000) = (54,000) + (21,200) 

0(70,000) = (52,000) + (21,200) 

D(67,000) = (50,000) + (21,200) 

E(61,500) = (46,500) + (21,000) 

F(60,000) = (43,500) + (21,000) 

G(56,500) = (37,500) + (23,000) 

H/I(53,000) = (35,000 + 21,600), (35,500 + 23,000) 

and (35,500 + 21,600) 

J(40,000 - 37,000; three bands) 

= (22,700 - 23,100) + (21,200 - 21,000) 

Thus, whereas the mol.wts. of the l a r g e r subunits, 
depending on the siz e of the subunit p a i r , v a r i e d from 23,100 
t o 58,000, those of the smaller subunits of a l l the p a i r s 
lay approximately i n the same range (mol.wt. 21,000-23,000). 
Also, whereas mol.wts. of the l a r g e r subunits decreased 
l i n e a r l y from band "A" t o 'H', band ' I * was p e c u l i a r i n 
having a mol.wt. (35,500) greater than t h a t of 'H* (35,000). 
Another c h a r a c t e r i s t i c of the subunit p a i r s 8I° was t h a t 
i n comparison t o one smaller subunit contained i n a l l other 
p a i r s , there were two smaller subunits of mol.wt. 23,000 
and 21,600 r e s p e c t i v e l y associated w i t h subunit p a i r 
of the type 0 1 ' . 



F i g . 2.1 : SDS-polyacrylamide g e l e l e c t r o p h o r e s i s of 
g l o b u l i n s and legumin of V i c i a faba 
v a r i e t y ' F e l i x 1 . Track 'a' : g l o b u l i n s 
under non-reducing c o n d i t i o n s ; t r a c k 'b' 
immunoprecipitated legumin obtained by 
double d i f f u s i o n of V i c i a faba 
g l o b u l i n s and a f f i n i t y p u r i f i e d 
anti-Pisum sativum legumin,° t r a c k 'c' : 
legumin p u r i f i e d by h y d r o x y l a p a t i t e 
column chromatography; t r a c k 'd' : 
g l o b u l i n s under reducing c o n d i t i o n s . 
A-J represent legumin subunit p a i r s 
as defined i n the t e x t . GV, V and 
IgG represent c o n v i c i l i n , v i c i l i n 
and immunoglobulins r e s p e c t i v e l y . 
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B. Lequmin p u r i f i c a t i o n bv h y d r o x y l a p a t i t e column 
Shromatoqraphy 

Legumin o f V i c i a f a b a v a r i e t y " F e l i x ' was 

f r a c t i o n a t e d on h y d r o x y l a p a t i t e columns and examined 

under n o n - r e d u c i n g c o n d i t i o n s on 12.5% g e l s ( F i g . 2 . 1 c ) . 

I t c o n t a i n e d a l l t h e bands o f f i g . 2 . l a e xcept t h o s e 

r e p r e s e n t i n g c o n v i c i l i n and v i c i l i n ? a l l t h e bands p r e s e n t 

corresponded t o ones c o n t a i n i n g d i s u l p h i d e bonded 

s u b u n i t s i . e . bands "A-J". D e n s i t o m e t r i c s c a n n i n g o f t h e 

s t a i n e d g e l s showed t h a t t h e s u b u n i t p a i r H/I c o n s t i t u t e d 

approx. 80% o f t h e t o t a l legumin whereas s u b u n i t p a i r s 

"A-G" and "J" were each p r e s e n t as minor components. 

C. I m m u n o d i f f u s i o n s t u d i e s 

I m m u n o p r e c i p i t a t e s were formed by double d i f f u s i o n 

o f V i c i a f aba g l o b u l i n s a g a i n s t t h e a f f i n i t y p u r i f i e d 

a n t i b o d i e s d i r e c t e d a g a i n s t legumin o f Pisum s a t i v u m , 

w h i c h i s known t o c r o s s - r e a c t w i t h V i c i a faba legumin 

(Croy e t a l . , 1 9 7 9 ) . The sharp p r e c i p i t i n a r c s were 

e x c i s e d , washed and when r u n on SDS-gels ( F i g . 2 . l b ) , 

c o n t a i n e d a l l t h e bands 8A-J° ex c e p t °F 9 seen i n t h e 

p u r i f i e d l e gumin i n Figo2.1,c. T h i s showed t h a t a l l t h e 

s u b u n i t p a i r s e x c e p t "F" had d e t e r m i n a n t s i n common 

w i t h t h e pea le g u m i n . 



F i g . 2.2 : Two d i m e n s i o n a l SDS-polyacrylamide g e l 

e l e c t r o p h o r e s i s o f V i c i a f aba 

g l o b u l i n s . ID : a n a l y s i s under 

n o n - r e d u c i n g c o n d i t i o n s ? band 

p a t t e r n g i v e n as t r a c k ( i ) i n t h e 

f i r s t d i m e n s i o n . 2D : a n a l y s i s under 
r e d u c i n g c o n d i t i o n s i n t h e second 
dimension? band p a t t e r n g i v e n as 

t r a c k ( i i ) . A-J r e p r e s e n t l e g u m i n 

s u b u n i t p a i r s and t h e i r components 

as d e f i n e d i n t h e t e x t CV and v 

r e p r e s e n t c o n v i c i l i n and v i c i l i n 

r e s p e c t i v e l y . 
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Do Two d i m e n s i o n a l e l e c t r o p h o r e s e s 

( i ) Polvacrylamide g e l electrophoresis'/SDS-polvacfrxLamide 
g e l e l e c t r o p h o r e s i s 

G l o b u l i n s were r u n i n t h e f i r s t d i mension under 

n o n - d i s s o c i a t i n g c o n d i t i o n s on 10% p o l y a c r y l a m i d e g e l s 

( F i g . 2 . 3 ) . Three bands 8DLg 8, *F* and *Lg 9 o f r e l a t i v e 

m o b i l i t i e s 0.09, 0.11 and 0.19 r e s p e c t i v e l y were observed, 

t h e l a s t b e i n g t h e major band. A smear was a l s o observed 

a l o n g t h e s i d e s o f t h e g e l t r a c k beyond band "Lg". Gel 

s l i c e s f r o m t h e f i r s t d i mension were r u n under r e d u c i n g 

and n o n - r e d u c i n g c o n d i t i o n s i n t h e second dimension on 

12.5% SDS-polyacrylamide g e l s ( F i g . 2 . 3 ) . Bands 'DLg * 

and 'Lg° were found t o c o n t a i n a l l t h e bands exce p t 'F' 

o f F i g . 2 . I d and F i g . 2 . l a under r e d u c i n g and n o n - r e d u c i n g 

c o n d i t i o n s r e s p e c t i v e l y . Band 8DLg• was c o n s i d e r e d t o 

be due t o dimers o f legumin m o l e c u l e s . Band *F' 

corresponded t o band 'F* o f F i g . 2 . l a under n o n - r e d u c i n g 

c o n d i t i o n s and t o t h e s u b u n i t p r o d u c t s o f band F o f 

Fig.2.2 under r e d u c i n g c o n d i t i o n s . Components o f smears 

corresponded t o t h e bands o f v i c i l i n and c o n v i c i l i n . 

( i i ) P o l y a c r y l a m i d e g r a d i e n t g e l e l e c t r o p h o r e s i s / S D S ~ 
p o l y a c r v l a m l d e ge1 e l e c t r o p h o r e s i s 

The f i r s t d i mension e l e c t r o p h o r e s i s o f g l o b u l i n s 

was c a r r i e d o u t on 5-15% p o l y a c r y l a m i d e c o n c e n t r a t i o n 

g r a d i e n t g e l s . Three bands o f r e l a t i v e m o b i l i t i e s 

0.275, 0.337 and 0.520 were seen ( F i g . 2 . 4 ) . From t h e 

mol.wt. c a l i b r a t i o n c u r v e o f t h e s e g e l s , t h e mol.wt. 



F i g . 2.3 : Two d i m e n s i o n a l a n a l y s i s o f V i c i a f a b a 

g l o b u l i n s . ID : a n a l y s i s by g e l 

e l e c t r o p h o r e s i s ( n o n - d i s s o c i a t i n g 

c o n d i t i o n s ) i n t h e f i r s t d i mension. 

Bands DLg, F and Lg o f i n c r e a s i n g 

m o b i l i t y shown i n t r a c k s ( i ) a r e 

d e f i n e d i n t h e t e x t . 2D : a n a l y s i s 

by SDS-polyacrylamide g e l e l e c t r o p h o r e s i s 

i n t h e second dimension under non-

r e d u c i n g (b) and r e d u c i n g (a) c o n d i t i o n s . 

Band p a t t e r n s shown i n t r a c k s ( i i ) b 

(non-reducing) and ( i i ) a ( r e d u c i n g ) . 

A-J r e p r e s e n t l e g u m i n s u b u n i t p a i r s 

and t h e i r components as d e f i n e d i n 

t h e t e x t . 
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F i g . 2.4 : Two d i m e n s i o n a l g e l a n a l y s i s o f 

V i c i a f a b a g l o b u l i n s . I D : a n a l y s i s 

by g r a d i e n t pore g e l e l e c t r o p h o r e s i s 

under n o n - r e d u c i n g c o n d i t i o n s i n 

t h e f i r s t d i m e n s i o n . 2D ; a n a l y s i s 

by SDS-polyacrylamide g e l 

e l e c t r o p h o r e s i s i n t h e second 

dimension. A-J r e p r e s e n t l a r g e 

a c i d i c s u b u n i t s as d e f i n e d i n t h e 

t e x t . 
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v a l u e s o f these bands were found t o be 630 - 650,000, 

560,000 and 330,000 r e s p e c t i v e l y . Mol. w t . 330,000 o f t h e 

t h i r d band r e p r e s e n t e d t h e mean v a l u e o f a l a r g e number 

of c l o s e l y p l a c e d d a r k bands (as many as 10 i n number) i n 

t h e mol. w t . range o f 280,000 t o 380,000. The s u b u n i t 

p a i r s p r e s e n t i n th e s e bands (mol.wt. 280 - 380,000) were 

r e v e a l e d by a n a l y s i s i n t h e second dimension by u s i n g 

SDS-polyacrylamide g e l e l e c t r o p h o r e s i s under r e d u c i n g 

c o n d i t i o n s ( F i g . 2 . 4 ) . A l t h o u g h t h e r e s o l u t i o n i n t h e 

f i r s t d i m e n s i o n d i d n o t a l l o w complete a n a l y s i s o f s p e c i e s 

p r e s e n t i n t h e major band, s u b u n i t p a i r A, B, C, D were 

p a r t i a l l y s e p a r a t e d and had a lower m o b i l i t y i n t h e f i r s t 

d i m e n s i o n whereas 1 F 1 was p a r t i a l l y s e p a r a t e d t o a h i g h e r 

m o b i l i t y . The legumin s u b u n i t p a i r s 1 H / I ' and t h e s u b u n i t 

p a i r 'G' were f o u n d i n a l l t h e legumin s p e c i e s a n a l y s e d . 

S u b u n i t p a i r 'J' was a l s o f o u n d t o be a s s o c i a t e d w i t h t h e 

s u b u n i t p a i r s 'H/I'. The minor bands a t low e r m o b i l i t y 

i n t h e f i r s t d i m e n s i o n a l s o c o n t a i n e d l e g u m i n s u b u n i t s 

w i t h a d i s t r i b u t i o n s i m i l a r t o t h e major legumin bands. 

( i i i ) SDS-polvacrylamide g e l e l e c t r o p h o r e s i s / I s o e l e c t r i c 
f o c u s i n g 

T h i s t e c h n i q u e i n v o l v e d t h e a n a l y s i s o f V i c i a 

g l o b u l i n s on SDS-polyacrylamide g e l s i n t h e f i r s t d i m e nsion 

f o l l o w e d by i s o e l e c t r i c f o c u s i n g i n t h e pH range 4-6.5 

( f o r a c i d i c s u b u n i t s ) and pH 6-10 ( f o r b a s i c s u b u n i t s ) . 

R e s u l t s a r e shown i n Fig.2.5a and 2.5b f o r a c i d i c and 

b a s i c s u b u n i t s r e s p e c t i v e l y . A l l t h e bands 'A-J' o f F i g . 2 . 

s e p a r a t e d i n t h e f i r s t d i m e nsion under n o n - r e d u c i n g 



F i g . 2.5 : Two d i m e n s i o n a l a n a l y s i s o f V i c i a faba 

l e g u m i n . ID : a n a l y s i s by SDS-

p o l y a c r y l a m i d e g e l e l e c t r o p h o r e s i s 

under non-reducing c o n d i t i o n s i n t h e 

f i r s t d imension. 2D : a n a l y s i s by 

i s o e l e c t r i c f o c u s i n g i n t h e second 

dimension i n t h e a c i d i c range 

(a) and i n t h e b a s i c range ( b ) . 

A-J r e p r e s e n t legumin s u b u n i t p a i r s 

as d e f i n e d i n t h e t e x t . 
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c o n d i t i o n s were shown t o c o n s i s t o f a c i d i c and b a s i c 

s u b u n i t s i n t h e second dimension,, The p i range o f 

a c i d i c s u b u n i t s was 4.6-6.1 and o f b a s i c s u b u n i t s 

8.2-8.5. When s u b u n i t - p a i r - p r o d u c t s s e p a r a t e d i n t h e 

f i r s t d i m e nsion under r e d u c i n g c o n d i t i o n s were s u b j e c t e d 

t o i s o e l e c t r i c f o c u s i n g i n t h e second dimension ( r e s u l t s 

n o t shown) i t was observed t h a t i n each case t h e l a r g e 

s u b u n i t o f a p a i r was a c i d i c and t h e s m a l l e r s u b u n i t 

b a s i c . A l l t h e s u b u n i t s showed charge h e t e r o g e n e i t y 

and t h e p i range o f t h e s u b u n i t p a i r s 'A^G9 and ' J s was 

s i m i l a r t o those o f t h e s u b u n i t s o f c o n v e n t i o n a l 

legumin H / I . 

E. U l t r o g e l column chromatography 

F i g . 2.6 shows t h e e l u t i o n p r o f i l e o f V i c i a f a b a 

t o t a l p r o t e i n s on a column o f u l t r o g e l ACA 22. P r o t e i n s 

i n f r a c t i o n s (No.31-47) r e p r e s e n t i n g g l o b u l i n s i n t h e 

t o t a l p r o t e i n e x t r a c t were p r e c i p i t a t e d i n d i v i d u a l l y by 

a d d i n g t r i c h l o r o a c e t i c a c i d t o a f i n a l c o n c e n t r a t i o n of 

12%. The p r e c i p i t a t e s were a n a l y s e d on 12.5% SDS-gels 

under r e d u c i n g c o n d i t i o n s . P r o d u c t s o f s u b u n i t p a i r s 

"A-J" o f F i g . 2 . I d , r e p r e s e n t i n g l e g u m i n s u b u n i t s , 

dominated t h e f r a c t i o n s 31-44 whereas v i c i l i n and 

c o n v i c i l i n s u b u n i t s were p r e s e n t i n f r a c t i o n s 40-47. 

S t a i n e d g e l s t r i p s o f i n d i v i d u a l f r a c t i o n s were scanned 

d e n s i t o m e t r i c a l l y and t h e peak areas o f a c i d i c s u b u n i t s 

o f p a i r s A, B, D, F and G and t h e b a s i c s u b u n i t s o f a l l 

t h e s u b u n i t p a i r s t a k e n c o l l e c t i v e l y were p l o t t e d t o 



F i g . 2.6 : E l u t i o n p r o f i l e f r o m u l t r o g e l 

column chromatography o f V i c i a 

f a b a "total p ro te ins . Lg r e p r e s e n t s 

t h e f r a c t i o n s i n w h i c h legumin 

i s e l u t e d ; Vo stands f o r v o i d 

volume. 
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g e t t h e e l u t i o n p a t t e r n r e l a t i v e t o t h a t o f t h e a c i d i c 

s u b u n i t s o f p a i r H/I ( F i g . 2 . 7 ) . F r a c t i o n s 32-33, 

r e p r e s e n t i n g h i g h e r mol.wt. c o n t a i n e d s i g n i f i c a n t amounts 

o f a l l t h e s u b u n i t p a i r s and were due jto d i m e r i s e d 

l e g u m i n . A c i d i c s u b u n i t 'G' f o l l o w e d t h e d i s t r i b u t i o n 

o f c o n v e n t i o n a l l e g u m i n s u b u n i t s H/I i n b e i n g p r e s e n t 

i n h i g h e r amounts i n t h e f r a c t i o n s 37 and 38. A c i d i c 

s u b u n i t s A, B and D though e l u t i n g t h r o u g h o u t t h e le g u m i n 

f r a c t i o n s were c o n c e n t r a t e d r e l a t i v e t o H/I i n t h e 

f a s t e r - e l u t i n g f r a c t i o n s 35 and 36. A c i d i c s u b u n i t 'F' 

showed t h e anomalous d i s t r i b u t i o n by e l u t i n g predom

i n a n t l y o n l y i n t h e f r a c t i o n No. 33, between monomer 

and dimer peaks o f H / I . 

Thus a l l t h e bands •A-J* i n t h e g l o b u l i n f r a c t i o n 

o f V i c i a f aba w h i c h r e p r e s e n t e d d i s u l p h i d e bonded s u b u n i t s 

were c o n s i d e r e d as r e p r e s e n t i n g l e g u m i n as t h e y were 

e l u t e d by h y d r o x y l a p a t i t e column chromatography a l o n g 

w i t h H / I , were a n t i g e n i c a l l y s i m i l a r and r a n t o g e t h e r 

under n o n - d i s s o c i a t i n g c o n d i t i o n s on p o l y a c r y l a m i d e 

g e l s and on u l t r o g e l column. 



F i g . 2.7 : D i s t r i b u t i o n o f legumin s u b u n i t s 

a f t e r g e l f i l t r a t i o n chromatography 

d e t e r m i n e d by d e n s i t o m e t r i c scanning 

of s t a i n e d SDS-polyacrylamide g e l 

e l e c t r o p h o r e t i c a n a l y s i s of 

i n d i v i d u a l f r a c t i o n s . E l u t i o n 

volume i n c r e a s e s w i t h f r a c t i o n 

number. Curve H/I : d i s t r i b u t i o n 

o f l a r g e a c i d i c s u b u n i t s o f s u b u n i t 

p a i r s H / I . Curves A, B, D, F, 

G : d i s t r i b u t i o n o f l a r g e a c i d i c 

s u b u n i t s o f s u b u n i t p a i r s A, B, D, 

F, G r e s p e c t i v e l y r e l a t i v e t o H / I . 

i 
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P a r t I I I STRUCTURE OF LEGUMIN OF PISUM SATIVUM L. 

The legumin f r a c t i o n of seed p r o t e i n s of Pisum 

sativum was p u r i f i e d by h y d r o x y l a p a t i t e chromatography 

and analysed by SDS-polyacrylamide g e l e l e c t r o p h o r e s i s 

under reducing and non-reducing c o n d i t i o n s ( F i g . 3 . l a 

and 3.1b r e s p e c t i v e l y ) . Under reducing c o n d i t i o n s , 

mol. wts. of the components v a r i e d from 20,700 to 

43,000. Bands of mol. wt. 35,000 to 43,000 represented 

a c i d i c and those of mol. wt. 20,700 to 22,700 represented 

b a s i c subunits of legumin (Gatehouse e t a l . ,1980). A 

number of bands i n mol. wt. range of 35,000 to 58,000 

were observed under non-reducing c o n d i t i o n s . F a i n t 

bands a t mol. wt. 26,500 and 26,000 were a l s o observed 

i n the absence as w e l l as presence of 2-mercaptoethanol 

and thus these bands represented the subunits t h a t were 

not d i s u l p h i d e bonded. These subunits (mol. wt. 26,000 

and 26,500) and subunit p a i r of mol. wt. 35,000 have 

p r e v i o u s l y been reported as i m p u r i t i e s (Gatehouse _et 

aL, 1980). 

A . Immunodiffusion s t u d i e s 

The t o t a l p r o t e i n e x t r a c t of pea seeds was 

immunoprecipitated a g a i n s t p u r i f i e d anti-legumin 

a n t i b o d i e s of Pisum sativum by double d i f f u s i o n ( F i g . 3 . 2 ) . 

The sharp p r e c i p i t i n a r c when e x c i s e d and examined on 

SDS-gel under non-reducing c o n d i t i o n s (Fig.3.1c) showed 

subunit components s i m i l a r to those of legumin p u r i f i e d 

by h y d r o x y l a p a t i t e column chromatography. Hence a l l 



F i g . 3.1 : Polyacrylamide g e l e l e c t r o p h o r e s i s 

of pea seed p r o t e i n s under d i s s o c i a t i n g 

c o n d i t i o n s ( t r a c k s 'a-d') and under 

n o n - d i s s o c i a t i n g conditions ( t r a c k ' e ' ) . 

Tracks 'a' and 'b' : p u r i f i e d legumin 

under reducing and non-reducing 

co n d i t i o n s r e s p e c t i v e l y ? t r a c k 'c' : 

immunoprecipitated legumin under 

non-reducing conditions? t r a c k 'd' : 

t o t a l p r o t e i n e x t r a c t under non-

reducing conditions? t r a c k 'e' : 

p u r i f i e d legumin. A, B, C and D 

represent legumin molecular forms 

and i m p u r i t i e s as defined i n 

the text? IgG stands f o r immuno

g l o b u l i n s . 
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F i g . 3.2 : Ouchterlony d o u b l e - d i f f u s i o n experiment. 

(a) - Outer w e l l s : 1, 4 Pisum sativum 

t o t a l p r o t e i n e x t r a c t ; 2, 5 Pisum 

sativum legumin; 3, 6 Pisum sativum 

v i c i l i n (b) - Outer w e l l s : 1 - 6 

Pisum sativum t o t a l p r o t e i n e x t r a c t , 

(a) and (b) - inner w e l l s : a f f i n i t y 

p u r i f i e d anti-Pisum legumin IgG. 
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these subunit p a i r s and t h e i r products were considered 

as r e p r e s e n t i n g d i f f e r e n t c o n s t i t u e n t s of legumin. 

& . Composition of subunit p a i r s 

Two dimensional SDS-polyacrylamide gel e l e c t r o 

p h o r e s i s of legumin separating subunit p a i r s under 

non-reducing c o n d i t i o n s i n the f i r s t dimension followed 

by s e p a r a t i o n of r e s p e c t i v e subunits of each p a i r a f t e r 

r e d u c t i o n by 2-mercaptoethanol i n the second dimension 

was employed to understand the r e l a t i o n s h i p of subunit 

p a i r s to t h e i r r e s p e c t i v e subunits ( F i g . 3. 3) .Thefollowing 

subunit p a i r s (mol. wt. i n b r a c k e t s ) were deduced : 

1. (58,000) = (43,000) + (21,300) 

2. (58,000) = (43,000) + (21,900) 

3. (55,000) = (35,000) + (21,900) 

4. (54,000) = (38,500, 37,500 and 35,000) + (22,700) 

5. (35,000) = (24,500) + (21,000 and 20,700) 

The subunits l a c k i n g d i s u l p h i d e bonds ran to the same 

mol. wt. i n both the dimensions. 

C . Composition of legumin molecules 

Legumin when analysed under n o n - d i s s o c i a t i n g 

c o n d i t i o n s on 7.5% polyacrylamide g e l s , showed s e p a r a t i o n 

i n t o a number of components as shown i n F i g . 3.1e. A 

number of f a i n t bands of very high m o b i l i t y (0.8-0.86) 

and t h r e e incompletely separated bands 'A-C of f a i r l y 

low m o b i l i t y (0.27-0.37) were obtained (Table 3.1). 



F i g . 3.3 : Two dimensional SDS-polyacrylamide g e l 

e l e c t r o p h o r e s i s of Pisum legumin. 

ID : a n a l y s i s under non-reducing 

co n d i t i o n s i n the f i r s t dimension; 

band p a t t e r n given as t r a c k ( i ) . 

2D : a n a l y s i s under reducing 

conditions i n the second dimension; 

band p a t t e r n given as t r a c k ( i i ) . 

1, 2, 3, 4 and 5 represent 

components of subunit p a i r s as 

defined i n the t e x t . 
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Table 3.1 Composition of molecular s p e c i e s 

S.No 
Band 

(F i g 3.1e) 
R e l a t i v e 
M o b i l i t y 

Percent
age 

Subunit p a i r s 
percentage ( 

and 
) 

1 A 0.27 23 1 
(45) 

: 4 : 
(52) 

5 
(3) 

2 B 0. 32 20 2 
(4) 

: 3 : 
(4) 

4 
(90) 

: 5 
(2) 

3 C 0.37 47 2 
(15) 

: 3 : 
(32) 

4 
(47) 

: 5 
(6) 

4 D 0.8-0.86 
; 
i 

10 Not legumin subunits 
(impurity) 

Densitometric measurements of these s t a i n e d bands showed 

t h a t legumin form represented by the band ' C c o n s t i t u t e d 

about h a l f of the t o t a l legumin. 

The subunit composition of these bands 'A-D' was 

e s t a b l i s h e d by running the separated bands i n second 

dimension i n the absence and presence of 2-mercaptoethanol 

(F i g . 3.4a and 3.4b r e s p e c t i v e l y ) . T h i s a n a l y s i s c l e a r l y 

showed t h a t bands of high mobility (D) contained only 

the polypeptides of mol. wt. 26,500 and 26,000 

demonstrating thereby t h a t these polypeptides belong to 

a p r o t e i n impurity i n the legumin f r a c t i o n . The 

remaining bands of lower m o b i l i t y (A-C) contained 

subunit p a i r s and t h e i r r e s p e c t i v e subunits i n d i f f e r e n t 

combinations as d e t a i l e d i n Table 3.1. Whereas, the 

subunit p a i r of mol. wt. 54,000 was common to a l l the 

bands, the subunit p a i r of mol. wt. 58,000 was present 



F i g . 3.4 : Two dimensional g e l e l e c t r o p h o r e s i s of 

p u r i f i e d Pisum legumin. ID : (a) and 

(b) - polyacrylamide g e l e l e c t r o p h o r e s i s 

under n o n - d i s s o c i a t i n g c o n d i t i o n s i n 

the f i r s t dimension, see t e x t f o r 

A, B, C and D. 

2D : SDS-polyacrylamide g e l e l e c t r o 

p horesis i n the second dimension, 

(a) : under non-reducing c o n d i t i o n s . 

Boxed areas e x c i s e d f o r ' t h i r d dimension' 

a n a l y s i s shown i n F i g . 3.5.(b) : under 

reducing c o n d i t i o n s . Boxed areas e x c i s e d 

f o r ' t h i r d dimension' a n a l y s i s shown i n 

F i g . 3.6. 
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predominantly i n bands A and C and those of mol. wt. 

55,000 and 35,000 i n band C only. Traces of polypeptides 

of mol. wt. 26,500 and 26,000 were a l s o found i n band C. 

The c o n s t i t u t i o n of the three bands became c l e a r e r 

when run under reducing c o n d i t i o n s . The subunit 

p a i r of mol. wt. 58,000 which appeared to be common to 

A and C, was a c t u a l l y represented by two d i f f e r e n t 

types which d i f f e r e d i n t h e i r subunit composition. Thus, 

the 58,000 p a i r had subunits of mol. wt. 43,000 + 21,300 

and 43,000 + 21,900 i n band A and C r e s p e c t i v e l y . 

Assignment of the subunit p a i r s to molecular 

forms of legumin A, B and C obtained on n o n - d i s s o c i a t i n g 

g e l s was confirmed by t a k i n g the subunit p a i r s obtained 

a f t e r second dimension under non-reducing c o n d i t i o n s 

and running these i n t o a ' t h i r d dimension' SDS-gel 

under reducing c o n d i t i o n s . Thus, t h i s a n a l y s i s made 

apparent the presence of an a d d i t i o n a l subunit p a i r 

(mol. wt. 55,000) i n form C. I t c o n s i s t e d of a l a r g e 

subunit of mol. wt. 35,000 and a small subunit of 

mol. wt. 21,900 ( F i g . 3.5). 

D. I s o e l e c t r i c p o i n t s of ttte legumin subunits 

I s o e l e c t r i c f o c u s i n g (I E F ) of the a c i d i c and b a s i c 

subunits of legumin subunit p a i r s was c a r r i e d out by 

second dimension I E F a f t e r s e p a r a t i o n of the subunits by 

SDS-polyacrylamide g e l e l e c t r o p h o r e s i s under reducing 

c o n d i t i o n s i n the f i r s t dimension. The observed band 

pat t e r n s were then compared with band p a t t e r n s obtained 



F i g . 3.5 : ' T h i r d dimension' SDS-polyacrylamide 

g e l e l e c t r o p h o r e s i s (under r e d u c i n g 

c o n d i t i o n s ) o f legumin m o l e c u l a r 

forms A, B and C s e p a r a t e d by two 

d i m e n s i o n a l g e l a n a l y s i s shown i n 

F i g . 3.4a. 1, 2, 3, 4 r e p r e s e n t 

components o f s u b u n i t p a i r s as 

d e f i n e d i n t h e t e x t . 
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by i s o e l e c t r i c focusing i n the t h i r d dimension of 
component subunits of molecular forms separated i n two 
dimensions by electrophoreses under n o n - d i s s o c i a t i n g 
and d i s s o c i a t i n g c o n d i t i o n s i n the presence of 
2-mercaptoethanol (Fig. 3.6). Table 3.2 l i s t s the 
i s o e l e c t r i c p o i n t s of the subunits. I n a l l subunit 
p a i r s , the l a r g e subunits had lower p i s i . e . were more 
a c i d i c . Most a c i d i c subunits f a l l i n the p i range 
5.0-5.8 (excepting those belonging t o subunit p a i r 2 
and subunit p a i r 5) and most basic subunits f a l l i n 
the p i range 7.4-8.0. The subunit p a i r 1 had p i s of 
i t s basic subunits below 7 (6.2-6.4). Twenty two 
separate a c i d i c subunits and 11 separate basic subunits 
were i d e n t i f i e d . 



F i g . 3.6 : 'Second' and ' t h i r d dimension' g e l 
an a l y s i s by i s o e l e c t r i c focusing of 
legumin basic subunits separated 
by SDS-PAGE under reducing c o n d i t i o n s 
( f o r 'second' dimension) and by 
two dimensional g e l a n a l y s i s as 
shown i n F i g . 3.4b ( f o r ' t h i r d ' 
dimension). 1, 2, 3, 4, 5 represent 
basic subunits as defined i n 
Table 3.2. 2 and 3 i n form B are 
due t o i t s incomplete r e s o l u t i o n 
from C. 
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E. Molecular weight of the molecular forms 

a) Polvacrylamide g r a d i e n t g e l e l e c t r o p h o r e s i s 

Legumin was run i n the f i r s t dimension on 5-15% 
polyacrylamide g r a d i e n t g e l f o r 70h a t a constant 
voltage of 100V. A band of r e l a t i v e m o b i l i t y 0.425 
(mol. wt. 420,000) and a group of bands of r e l a t i v e 
m o b i l i t i e s 0.529-0.571 (mol. wt. 310-270,000) were 
observed. An a n a l y s i s of these bands i n the second 
dimension on SDS-polyacrylamide gels showed t h a t the 
bands of mol. wt. 420,000 corresponded t o form A i n 
having subunit p a i r s 1 and 4 and the lower group of 
bands contained the remaining subunit p a i r s 2, 3, 4 
and 5 (Form C). I m p u r i t i e s of mol. wt. 26,500 and 
26,000 were present i n forms having mol. wt. i n t h i s 
lower group of bands. 

b) U l t r o q e l column chromatography 

Analysis of the mol. wt. d i s t r i b u t i o n of legumin 
molecules c a r r i e d out by g e l f i l t r a t i o n showed t h a t most 
of the legumin e l u t e d w i t h a mean mol. wt. of 
400,000 (^40,000) i . e . s i m i l a r t o t h a t p r e v i o u s l y 
reported (Croy e t _al., 1979). However, subunits charac
t e r i s t i c of legumin molecular form A were d i s t r i b u t e d 
about a s i g n i f i c a n t l y higher mol. wt. (450,000 t 40,000). 
No other separation of legumin molecular forms was 
observed. 
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F. F r a c t i o n a t i o n of lequmin molecular forms 

The occurrence of legumin i n three forms w i t h 
the subunit composition already observed was also 
confirmed by ion-exchange chromatography of legumin 
on DEAE-cellulose column. Legumin was e l u t e d i n a 
broad peak and the f r a c t i o n s pooled i n f o u r p a r t s were 
analysed by PAGE and SDS-PAGE. S t a r t i n g f r a c t i o n s of 
the peak ( e l u t i o n m o l a r i t y 0.16-0.18) contained 
forms A and B (Fig. 3.7); the middle f r a c t i o n s ( e l u t i o n 
m o l a r i t y 0.19-0.23) contained A, B and C forms, form A 
decreasing and C in c r e a s i n g i n c o n c e n t r a t i o n ; and the 
l a t e r f r a c t i o n s ( e l u t i o n m o l a r i t y 0.23-0.26) contained 
no subunits c h a r a c t e r i s t i c of form A but contained 
forms B and C. The i m p u r i t y p r o t e i n s i n legumin 
(mol. wt. 2 6,500 and 26,000) also e l u t e d w i t h the 
l a t e r legumin f r a c t i o n s . 

G. Lequmin and storage e f f e c t 

a) Molecular weights 

I n the r e c e n t l y harvested seeds of a number of 
pea v a r i e t i e s , legumin basic subunits on SDS-
polyacrylamide gels were seen t o have a p a t t e r n d i f f e r e n t 
t o t h a t i n the o l d seeds. An a d d i t i o n a l band of mol. 
wt. 22,200 was observed i n the new seeds. To study t h i s 
observation i n d e t a i l , a l i n e 'Meteor" was selected. 
The normal 'Meteor' legumin had a p a t t e r n of a c i d i c and 
basic subunits s i m i l a r t o t h a t described f o r 'Feltham 
F i r s t ' except t h a t i t had an e x t r a a c i d i c subunit of 



Fig. 3.7 : Two dimensional g e l a n a l y s i s of Pisum 
legumin f r a c t i o n s from ion-exchange 
chromatography. ID : polyacrylamide 
ge l e l e c t r o p h o r e s i s of the i n i t i a l 
f r a c t i o n s ( 1 ) , middle f r a c t i o n s 
(2, 3) and l a s t f r a c t i o n s (4) of 
the legumin peak. 2D : SDS-
polyacrylamide g e l e l e c t r o p h o r e s i s 
of A, B, C bands from ID of 1, 2, 
3 and 4. A, B, C represent legumin 
forms separated i n ID and various 
components of these forms as defined 
i n t he t e x t . Form C i s absent i n the 
i n i t i a l f r a c t i o n s (1) and form A 
i s absent i n the l a s t f r a c t i o n s ( 4 ) . 
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mol. wt. 40,000. A pod w i t h dry mature seeds was 
harvested. Two seeds were frozen i n l i q u i d n i t r o g e n 
immediately a f t e r harvest and one of these f i n e l y 
p u l v e r i z e d . T o t a l p r o t e i n e x t r a c t s from these s i n g l e 
seeds were prepared on the day of harvest, a f t e r a 
p e r i o d of 2 weeks, 4 weeks and 6 weeks. An a n a l y s i s 
of these e x t r a c t s on SDS-polyacrylamide gel (Fig. 3.8) 
showed t h a t the major basic subunit was represented 
by a dark band of mol. wt. 22,200 (white arrow) on the 
day of harvest (zero day of storage). A new band of 
mol. wt. 22,700 (black arrow) appeared i n the 2 week 
o l d seeds.Tkconcentration of t h i s band increased and 
t h a t of mol. wt. 22,200 decreased r e l a t i v e l y w i t h 
increase i n storage p e r i o d (4 and 6 week o l d seeds). 
This e f f e c t was more pronounced i n e i g h t months o l d 
seeds. I n two year o l d seeds, basic subunit was 
represented by the band of mol. wt. 22,700 only and 
t h a t of 22,200 had completely disappeared. Thus, mol. 
wt. 22,200 of the basic subunit appeared t o be s h i f t i n g 
t o 22,700. 

The basic subunit of mol. wt. 22,200 behaved i n 
a s i m i l a r way i n the legumin p u r i f i e d by h y d r o x y l a p a t i t e 
column chromatography of 6 week , 8 month and 2 year 
o l d seeds (Fig. 3.8). When run on n o n - d i s s o c i a t i n g 
polyacrylamide g e l , legumin of the two year o l d seeds 
showed s l i g h t decrease i n m o b i l i t y as compared t o 
6 weeks o l d seeds. Also an a l t e r a t i o n i n the e l u t i o n 
behaviour of legumin was observed on h y d r o x y l a p a t i t e 



F i g . 3.8 : SDS-polyacrylamide g e l e l e c t r o p h o r e s i s 
of t o t a l p r o t e i n e x t r a c t and p u r i f i e d 
legumin from seeds of pea v a r i e t y 
'Meteor' stored f o r various periods. 
White arrows i n d i c a t e legumin basic 
subunit band (mol. wt. 22,200) 
decreasing i n amount and black 
arrows i n d i c a t e the band (mol. wt. 
22,700) inc r e a s i n g i n amount 
w i t h storage. 
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column chromatography whereby legumin of the older seeds 
was e l u t e d comparatively at higher molar concentration. 

b) I s o e l e c t r i c p o i n t s 

A two dimensional g e l e l e c t r o p h o r e s i s of the 
basic subunits separated on an SDS-gel i n the f i r s t 
dimension and the i s o e l e c t r i c focusing i n the second 
dimension showed t h a t i s o e l e c t r i c p o i n t s of a l l the 
basic subunit bands except those of mol. wt. 22,200 
remained the same (Fig. 3.9). The 22,200 mol. wt. 
band consisted of three subunits and w i t h the s h i f t of 
t h i s band t o 22,700, i s o e l e c t r i c p o i n t s of a l l the 
three subunits f e l l by 0.05 u n i t s each. 

There i s a p o s s i b i l i t y t h a t t h i s change i n p i s 
i s causing a s h i f t i n the basic subunit band on 
SDS-gel as these gels have been seen t o give separation 
on the basis of charge as w e l l . 



F i g . 3.9 : Two dimensional e l e c t r o p h o r e t i c a n a l y s i s 
and i s o e l e c t r i c focusing of legumin basic 
subunits of 6 week ( a ) , 8 month (b) 
and 2 year (c) o l d seeds of pea v a r i e t y 
•Meteor'. ID, IEF : i s o e l e c t r i c 
focusing i n the f i r s t dimension; a' 
i s the subunit p a t t e r n redrawn from a. 
ID, SDS-PAGE (SDS-polyacrylamide g e l 
el e c t r o p h o r e s i s i n the f i r s t dimension) 
of a, b and c was fo l l o w e d by 
2D, IEF ( i s o e l e c t r i c focusing i n the 
second dimension). White arrows 
i n d i c a t e subunits decreasing i n 
amount w i t h storage; black arrows 
i n d i c a t e subunits i n c r e a s i n g i n 
amount w i t h storage. 
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Part IV. GENETICS OF LEGUMIN SUBUNITS 
TN PTSUM SATIVUM L. 

A number of Pisum l i n e s were examined f o r legumin 
subunit v a r i a t i o n and fou r l i n e s namely 110, 807, 12 38 
and 126 3 were selected. Appropriate crosses were made 
to study the i n h e r i t a n c e of legumin subunits o f various 
types c l a s s i f i e d (see M a t e r i a l s and Methods section) as 
conventional, b i g and small legumin. F 2 p l a n t s of the 
cross 110 x 807 were analysed on 12.5% SDS-polyacrylamide 
gels i n order t o study the i n h e r i t a n c e of these subunits 
and the linkage r e l a t i o n s h i p s o f the genes c o n t r o l l i n g 
them w i t h respect t o each other. The cross between 
l i n e s 1238 and 1263 was made t o study the l o c a t i o n o f 
the gene c o n t r o l l i n g a c i d i c subunits of conventional 
legumin (Lg-lC) i n r e l a t i o n t o c o n v i c i l i n gene and the 
morphological markers selected f o r d i f f e r e n t linkage 
groups. 

A. Cross 110 x 807 

a) Legumin banding p a t t e r n s 

T o t a l p r o t e i n e x t r a c t s of s i n g l e seeds of the 
two Pisum l i n e s 110 and 807 when examined on 12.5% 
SDS-polyacrylamide gels under reducing c o n d i t i o n s 
d i f f e r e d i n t h e i r legumin banding p a t t e r n s . The bands 
i n the t o t a l p r o t e i n e x t r a c t were i d e n t i f i e d by running 
the e x t r a c t s under non-reducing c o n d i t i o n s i n the f i r s t 
dimension f o l l o w e d by reducing c o n d i t i o n s i n the second 
(Fig.4.1). Subunits obtained i n the second dimension 



Fig- 4.1 : Two dimensional SDS-polyacrylamide g e l 
el e c t r o p h o r e s i s of t o t a l p r o t e i n 
e x t r a c t s of Pisum l i n e s 110 and 807. 
ID : e l e c t r o p h o r e s i s under non-
reducing c o n d i t i o n s i n 10% gels i n 
the f i r s t dimension; band p a t t e r n s 
shown i n t r a c k s ( i ) . 2D : e l e c t r o 
phoresis under reducing c o n d i t i o n s 
i n the second dimension; band p a t t e r n s 
shown i n tracks ( i i ) . A,B, C,D, R,S, 
X,Y, Lg-B, Lg-C and Lg-S represent 
various legumin species as defined 
i n the t e x t . CV and V stand f o r 
c o n v i c i l i n and v i c i l i n r e s p e c t i v e l y . 
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and t h e i r mol. wt. were found as f o l l o w s : 

Subunit type 

Lg-IB 

Lg-IB 

Lg-IB 

Lg-lC 

Pisum l i n e 110 

coded as mol.wt. 

Lg-lS 

Lg-2C 

Lg-2B 

Lg-2S 

1 

C 

2 

3 

4 

X 

43,000 

40,000 

38,000 

37,500 

3 5,500 

24,500 

22, 700 

22,300-21,300 

21,000 

20, 700 

Pisum l i n e 807 

coded as mol. wt. 

1 43,000 

D (absent) 

2 38,000 

B 37,500 

3 5, 500 

3 5,000 

S 2 5,000 

24,500 

3 22,700 

4 22,300-21,900 

Y 21,300 

20,700 

b) I n h e r i t a n c e of legumin subunits 

Legumin subunits 1-1, C-D, 2-2, A-B, R-S, 3-3, 

4-4 amd X-Y i n the l i n e s 110 and 807 r e s p e c t i v e l y , were 

assumed to be s y n t h e s i z e d by a l l e l e s of the same gene 

s i n c e these subunits had s i m i l a r mol. wts. i n the two 

l i n e s and were reduc t i o n products of s i m i l a r subunit 

p a i r s . As the two l i n e s d i f f e r e d i n the p a t t e r n of a 

number of subunits only, i n h e r i t a n c e of A and B, C 

and D, R and S and X and Y only was s t u d i e d . 



63 

( i ) Products of subunit p a i r Lq-C 

T h i s p a i r r e p r e s e n t s the conventional legumin 

subunit p a i r (mol. wt. 53,000) which on r e d u c t i o n g i v e s 

r i s e to two groups of s u b u n i t s . The a c i d i c subunits 

i n l i n e 110 c o n s i s t e d of only one dark band of mol. wt. 

35,500 (Pattern A) but those of l i n e 807 gave three 

bands of mol. wt. 37,500, 35,500 and 35,000 (Pattern B ) . 

T h i s i s i l l u s t r a t e d i n F i g . 4.1 from two-dimensional 

SDS-polyacrylamide g e l e l e c t r o p h o r e s i s . E l e c t r o f o c u s i n g 

s t u d i e s followed by SDS-polyacrylamide g e l e l e c t r o p h o r e s i s 

showed t h a t the band i n l i n e 110 a c t u a l l y c o n s i s t e d 

of two subunits and 3 bands of l i n e 807 c o n s i s t e d of 

one subunit each. One hundred and seventy p l a n t s were 

analysed ( F i g . 4.3) to c a l c u l a t e the chi-square v a l u e s 

(Table 4.1). Chi-square value f o r Lg-lC subunit 
2 

(X (2) = 1*2) was found to be s t a t i s t i c a l l y i n s i g n i f i c a n t 

and was i n good agreement with the hypothesis t h a t these 

subunits are c o n t r o l l e d by a s i n g l e p a i r of co-dominant 

genes. 



Table 4.1 : A n a l y s i s of F» segregation of various legumin 
n 

subunit patter/s and t h e i r c h i-square v a l u e s 

Subunit 
Frequency of the segregating 
p a t t e r n s i n generation x 2 

(n=2) 

Lg-lC 

Observed 

Expected 

A AB B 

48 84 38 

42.5 85 42.5 

1.2 

Lg-2S 

Observed 

Expected 

X XY Y 

43 92 35 

42.5 85 42.5 

1.9 

Lg-IB 

Observed 

Expected 

C CD D 

15 20 17 

13 26 13 

2.92 

Lg-lS 

Observed 

Expected 

R RS S 

10 26 16 

13 26 13 

1.38 



F i g . 4.2 : Cut-out s e c t o r s from SDS-polyacrylamide 

g e l e l e c t r o p h o r e s i s i n the second 

dimension under reducing conditions 

( f i r s t dimension being under non-

reducing c o n d i t i o n s ) showing d i f f e r e n t 

combinations of independently i n h e r i t e d 

subunit p a t t e r n s R,S and X,Y 

(Lg-lS and Lg-2S r e s p e c t i v e l y ) i n 

the F 2 p l a n t s (No. 186, 169, 177) 

of the c r o s s between Pisum l i n e s 

110 and 807. 
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( i i ) Products of subunit p a i r Lq-B 

T h i s subunit p a i r r e p r e s e n t s the legumin of mol. wt. 

higher than t h a t of conventional legumin - hence the 

name Lg-B (Big legumin). A band of mol. wt. 55,000 was 

present i n the l i n e 110 (Pattern C) and absent i n the 

l i n e 807 (Pattern D) under non-reducing c o n d i t i o n s . Two 

dimensional e l e c t r o p h o r e s i s showed t h a t t h i s subunit 

p a i r on reduction gave r i s e t o an Lg-IB subunit of mol. wt. 

40,000 and Lg-2B subunit of mol. wt. 22,000 of which only 

the a c i d i c subunit was c l e a r l y analysed and studied. The 

observed v a r i a t i o n i n the amount of p r o t e i n present was 

a s c r i b e d to a dosage e f f e c t , i . e . depended on the number 

of genes. Thus, the p a t t e r n 'C, a dark spot, was 

assumed to be due to a p a i r of homozygous alleles of the same 

gene of the l i n e 110, 'CD' - a f a i n t e r spot of h a l f the 

i n t e n s i t y of ' C due to a s i n g l e a l l e l e c o n t r i b u t e d by l i n e 110 i n 

the heterozygote and 'D' - absence of t h i s spot i n the 

absence of any e f f e c t i v e a l l e l e was taken as c o n t r i b u t e d by 

the l i n e 807. Chi-square value, with the p r o b a b i l i t y 

of chance v a r i a t i o n being 20-30*, was found to be 

i n s i g n i f i c a n t . Thus the subunit of big legumin was 

a l s o thoughtto be c o n t r o l l e d by a s i n g l e p a i r of 

co-dominant a l l e l e s of the same gene. 

( i i i ) Products of subunit p a i r Lq-S 

This p a i r i s c a l l e d 'Lg-S' because i t has a s m a l l e r 

mol. wt. than t h a t of conventional legumin. The a c i d i c 

and b a s i c subunits d i f f e r e d i n t h e i r p a t t e r n i n the two 



l i n e s . F i f t y two p l a n t s of the generation were 

analysed by two dimensional SDS-polyacrylamide g e l 

e l e c t r o p h o r e s i s f o r Lg-lS subunits represented by R 

and S i n l i n e s 110 and 807 r e s p e c t i v e l y ( F i g . 4.2) 

and 170 p l a n t s f o r Lg~2S represented by X and Y 

( F i g . 4.3). Chi-square values c a l c u l a t e d (Table 4.1) 

were w i t h i n the s t a t i s t i c a l bounds f o r monogenic 

segregation and co-dominance of the alleles r e s p o n s i b l e 

for these subunits. 

c) Linkage r e l a t i o n s h i p s of the subunits 

Chi-square values were c a l c u l a t e d to determine 

the s t a t u s of the genes f o r va r i o u s legumin subunits as 

to whether linkage occurred between the genes for 

va r i o u s legumin subunits or i f they were l o c a t e d on 

d i f f e r e n t chromosomes (Table 4.2). The assumption was 

made t h a t they followed the mendelian law of independent 

assortment with r e s p e c t to each other i n the F2 generation. 

The subunit combinations given below were s t u d i e d f o r 

these linkage r e l a t i o n s h i p s : 

( i ) Lg- 1C (AB) . Lg-2S (XY) 

( i i ) Lg- 1C (AB) . Lg-I S (RS) 

( i i i ) Lg- 1C (AB) . Lg-IB (CD) 

( i v ) Lg- IS (RS) . Lg-2S (XY) 

(v) Lg- IB (CD) . Lg-I S (RS) 

( v i ) Lg- IB (CD) . Lg-2S (XY) 

Some of these combinations and t h e i r behaviour i n F 

generation are i l l u s t r a t e d i n Fig.4.3 and 4.2. 



F i g . 4.3 : SDS-polyacrylamide g e l e l e c t r o p h o r e s i s , 

under reducing c o n d i t i o n s , of t o t a l p r o t e i n 

e x t r a c t s showing d i f f e r e n t combinations 

of A,B and X,Y i n p l a n t s of the 

c r o s s between Pisum l i n e s 110 x 807. 

A, B, C, D, X and Y r e p r e s e n t the 

legumin s p e c i e s as defined i n the 

t e x t . CV and V stand f o r c o n v i c i l i n 

and v i c i l i n r e s p e c t i v e l y . 
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For a l l the aforementioned subunit combinations except 
the l a s t one, c h i - s q u a r e values were i n s i g n i f i c a n t 
and low enough not to i n d i c a t e any l i n k a g e between v a r i o u s 
s u b u n i t s . However, a c i d i c subunits of b i g legumin and 
b a s i c subunits of small legumin fo r which chi-square 
v a l u e s were h i g h l y s i g n i f i c a n t , seemed to show a 
c o n s i d e r a b l e degree of l i n k a g e . 

B. Cross 1238 x 1263 

R e c i p r o c a l c r o s s e s were made between l i n e s 1238 

and 1263 i n order to study the r e l a t i v e assignment of 

the legumin gene to a p a r t i c u l a r l i n k a g e group. I n 

c o n t r a s t to l i n e 1263, l i n e 1238 was double r e c e s s i v e f o r 

the c h a r a c t e r s dwarfness, procumbent branches, 

absence of maculum r i n g , absence of t e n d r i l s , pink 

flowers, k e e l l i k e wings, yellow pods, s t i c k y seeds 

due to tragacanth e x c r e t i o n on the outside, absence 

of a i r pockets below the l e a f epidermis, green 

cotyledons and w r i n k l e d seeds, thus of the genotype 

l e , pro, d, t l , b, k, gp, s, f l , i and r r e s p e c t i v e l y . 

On the other hand, l i n e 1263 was c h a r a c t e r i s e d by the 

absence of anthocyanin pigment, thus of genotype 

r e c e s s i v e a. The two l i n e s d i f f e r e d i n the p a t t e r n of 

Lg-lC subunits and c o n v i c i l i n subunits. Lg-lC subunits 

were represented by three bands of mol. wt. 38,000, 

37,000 and 35,000 i n the l i n e 12 38 (pattern E) and by 

two bands of mol. wt. 35,500 and 35,000 i n the l i n e 

12 63 (pattern F ) . C o n v i c i l i n was represented by bands 

of mol. wt. 70,000 and 68,000 (pattern U) i n the 



F i g . 4.4 : Two dimensional SDS-polyacrylamide g e l 

e l e c t r o p h o r e s i s of t o t a l p r o t e i n 

e x t r a c t s of pea l i n e s 1263 and 1238. 

ID : e l e c t r o p h o r e s i s under non-

reducing c o n d i t i o n s i n 10% g e l i n the 

f i r s t dimension; band patter n s shown 

i n t r a c k s ( i ) . 2D : e l e c t r o p h o r e s i s 

under reducing conditions i n the 

second dimension; band pa t t e r n s shown 

i n t r a c k s ( i i ) . E, F, Lg-1, Lg-2, 

Lg- l S , Lg-B, Lg-C and Lg-S are the 

legumin s p e c i e s and, U and V the 

c o n v i c i l i n p a t t e r n s as defined i n 

the t e x t . CV and V stand for 

c o n v i c i l i n and v i c i l i n r e s p e c t i v e l y . 
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l i n e 1238 and bands of mol. wt. 70,000 and 67,000 

(pattern V) i n the l i n e 12 63 ( F i g . 4.4). 

a) F 1 hybrids 

F^ p l a n t s of r e c i p r o c a l c r o s s e s between the two 

p a r e n t a l l i n e s showed the expected dominant e x p r e s s i o n 

f o r the genes Le, Pro, D, T l , B, K, Gp, S, I , R and 

A. The p a t t e r n of legumin a c i d i c subunits and 

c o n v i c i l i n i n these F^ p l a n t s was t h a t of a hybrid 

combination of the two p a r e n t a l l i n e s ( F i g . 4.5). 

b) Segregation of lequmin and c o n v i c i l i n subunit p a t t e r n s 

The observed frequency of F^ p l a n t s w i t h the 

p a r e n t a l and hybrid p a t t e r n s f o r a c i d i c subunits of 

legumin and c o n v i c i l i n subunits i s given i n Table 4.3. 

For both of these polypeptides, chi-square values provided 

support f o r the hypothesis t h a t genes c o n t r o l l i n g these 

subunits occur as a s i n g l e p a i r of co-dominant a l l e l e s . 

Table 4.3 : A n a l y s i s of F^ segregation and chi-square 
values f o r lequmin subunits Lq-lC and c o n v i c i l i n 

Subunit F£ segregants and t h e i r frequency * 2 ( n = 2) 

Lg-lC E EF F 
Observed 35 67 26 1.55 
Expected 32 64 32 

C o n v i c i l i n U UV V 
Observed 34 58 36 1.19 
Expected 32 64 32 



F i g . 4.5 : SDS-polyacrylamide g e l e l e c t r o p h o r e s i s 

(reducing c o n d i t i o n s ) of the t o t a l p r o t e i n 

extracts of Pisum p a r e n t a l l i n e s 12 38 

and 12 63, and the F, of the 
I s 

r e c i p r o c a l c r o s s between them. 

Lg-1, Lg-2, CV and V r e p r e s e n t a c i d i c 

subunits of legumin, b a s i c subunits 

of legumin, c o n v i c i l i n and v i c i l i n 

r e s p e c t i v e l y . 
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c) T e s t c r o s s f o r l i n k a g e o f l e q u m i n s u b u n i t g e n e s 

To g e t an i d e a o f l i n k a g e b e t w e e n t h e genes f o r 

t h e a c i d i c s u b u n i t s o f l e g u m i n and t h e genes f o r t h e 

s e l e c t e d m o r p h o l o g i c a l m a r k e r s , p l a n t s w e r e 

b a c k c r o s s e d w i t h t h e d o u b l e r e c e s s i v e p a r e n t l i n e 1 238. 

The g e n o t y p e o f 19 p l a n t s as d e t e r m i n e d b y t h i s t e s t c r o s s 

made w i t h r e s p e c t t o v a r i o u s c h a r a c t e r s i s g i v e n i n 

T a b l e 4.4. As c a n be s e e n f r o m t h e r e s u l t s o f t h e t a b l e , 

g enes f o r t h e a c i d i c s u b u n i t s o f c o n v e n t i o n a l l e g u m i n 

a p p e a r e d t o be l i n k e d w i t h t l - r segment o f t h e chromosome 

No.7. P l a n t No.2 an d 8 show r e c o m b i n a t i o n b e t w e e n 

l e g u m i n and t h e t e n d r i l g e ne a n d p l a n t No. 2, 8, 15 a n d 

19 r e p r e s e n t r e c o m b i n a n t s f o r l e g u m i n and s e e d s u r f a c e 

gene r . A h i g h e r number o f r e c o m b i n a n t s b e t w e e n L g - l C 

and r genes p o i n t s t o w a r d s t h e l o c a t i o n o f L g - l C gene 

b e i n g on t h e s i d e o f tl_ l o c u s away f r o m r l o c u s . 
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T a b l e 4.4 : L g - l C p a t t e r n a n d g e n o t y p e ( t l a n d r m a r k e r s 
o f l i n k a g e g r o u p 7) o f t e s t c r o s s p r o g e n y 
f r o m a c r o s s b e t w e e n F^ o f t h e c r o s s 1238 x 1263 

a n d d o u b l e r e c e s s i v e p a r e n t l i n e 1238 

P l a n t No. 

L g - l C p a t t e r n G e n o t y p e o f t h e t e s t c r o s s 
p l a n t s 

P l a n t No. 

E/F T l / t l R/r 

1 F T l R 

2 F t l r 

3 E t l r 

4 F T l R 

5 F T l R 

6 F T l R 

7 F T l R 

8 E T l R 

9 E t l r 

10 F T l R 

1 1 E t l r 

12 E t l r 

13 F T l R 

14 F T l R 

15 F T l r 

16 F T l R 

17 F T l R 

18 E t l r 

j 19 F T l r 
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d) L i n k a g e r e l a t i o n s h i p o f l e q u m i n s u b u n i t gene 

P a t t e r n s f o r a c i d i c s u b u n i t s o f c o n v e n t i o n a l l e g u m i n 

in g e n e r a t i o n a s s o r t e d i n d e p e n d e n t l y o f t h e p a t t e r n f o r 

t h e s t o r a g e p r o t e i n c o n v i c i l i n . The s e g r e g a t i o n o f 

p a t t e r n s f o r t h e s e t w o s t o r a g e p r o t e i n s i n / F ^ g e n e r a t i o n i s 

shown i n f i g . 4.6. C h i - s q u a r e v a l u e (5.06 a t 8 d e g r e e o f 

f r e e d o m ) c a l c u l a t e d f r o m t h e o b s e r v e d number o f d i f f e r e n t 

c l a s s e s showed t h a t t h e genes f o r t h e s e p o l y p e p t i d e s 

w e r e p r e s e n t on d i f f e r e n t chromosomes, o r i f p r e s e n t on 

t h e same chromosome, w e r e d i s t a n t l y l o c a t e d f r o m e a c h 

o t h e r . However, when t h e s e l e g u m i n s u b u n i t p a t t e r n s w e r e 

s t u d i e d i n r e l a t i o n t o t h e F^ s e g r e g a t i o n o f seed s u r f a c e 

t y p e ( r o u n d 'RR' *Rr' o r w r i n k l e d ' r r ' ) a n d t e n d r i l 

c h a r a c t e r ( p r e s e n t ' T l T l ' , ' T l t l ' o r a b s e n t ' t l t l ' ) , t h e 

g e n e f o r a c i d i c s u b u n i t s o f c o n v e n t i o n a l l e g u m i n was 

f o u n d t o be l i n k e d w i t h t l - r s e gment. The c r o s s o v e r 

v a l u e s c a l c u l a t e d by t h e method o f Immer (1930) w e r e 
+ 

18.3-2.6% b e t w e e n t h e l e g u m i n gene a n d t h e r l o c u s and 

15.1^2.3% b e t w e e n t h e l e g u m i n gene a n d t l l o c u s ( T a b l e 4 . 5 ) . 

T h i s c o n f i r m s t h e l o c a t i o n o f l e g u m i n gene a t 15 map u n i t s 

f r o m t h e t l l o c u s on t h e s i d e o p p o s i t e t o r l o c u s s i n c e 

r a n d t l l o c i a r e s e p a r a t e d b y 5 r e c o m b i n a t i o n u n i t s 

a c c o r d i n g t o B l i x t ( 1 9 7 2 ) . 



F i g . 4.6 : S D S - p o l y a c r y l a m i d e g e l e l e c t r o p h o r e s i s , 

u n d e r r e d u c i n g c o n d i t i o n s , o f t o t a l 

p r o t e i n e x t r a c t s s h o w i n g d i f f e r e n t 

c o m b i n a t i o n s o f U,V and E,F i n 

p l a n t s o f t h e c r o s s b e t w e e n P i s u m 

l i n e s 1238 a n d 1263. E, F and U,V 

r e p r e s e n t L g - l C a n d c o n v i c i l i n 

s u b u n i t p a t t e r n s r e s p e c t i v e l y as 

d e f i n e d i n t h e t e x t ; L g - 1 , L g - l S 

and Lg-2 r e p r e s e n t d i f f e r e n t 

l e g u m i n s p e c i e s as d e f i n e d i n t h e 

t e x t . 
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e) L i n k a g e r e l a t i o n s h i p s o f c o n v i c i l i n g e ne 

As s t a t e d e a r l i e r , t h e c o n v i c i l i n s u b u n i t 

p a t t e r n s 'U' and 'V* w e r e i n h e r i t e d i n d e p e n d e n t l y 

o f t h e L g - l C s u b u n i t p a t t e r n s , genes f o r w h i c h a r e 
t h e 

l o c a t e d o n chromosome 7. InfF^ g e n e r a t i o n , t h e 

Cvc p a t t e r n s a n d t h e w i n g t y p e i n t h e f l o w e r s m o s t l y 

showed t h e p a r e n t a l c o m b i n a t i o n s and t h u s t h e gene 

Cvc f o r c o n v i c i l i n s u b u n i t s showed a s t r o n g l i n k a g e 

w i t h t h e l o c u s k on chromosome 2. The c r o s s o v e r 

v a l u e b e t w e e n Cvc and k l o c i was f o u n d t o be 

3.2 - 1 . 1 % ( T a b l e 4 . 5 ) . The d a t a f o r s e g r e g a t i o n 

o f k a n d Cvc l o c i w i t h r e s p e c t t o s_ was n o t s u f f i c i e n t 

e n o ugh t o g i v e t h e e x a c t l o c a t i o n o f Cvc l o c u s i n 

t h e l i n k a g e g r o u p . However, t h e d e t e c t i o n o f l i n k a g e 

b e t w e e n Cvc and s_ l o c i s u p p o r t s t h e l o c a t i o n o f Cvc 

i n t h i s segment o f l i n k a g e g r o u p 2. 



S e c t i o n I V DISCUSSION 

P r e v i o u s w o r k on t h e s t r u c t u r e o f l e g u m i n has 

l e d t o t h e g e n e r a l a c c e p t a n c e o f t h e h e x a m e r i c m o d e l 

o f W r i g h t and B o u l t e r ( 1 9 7 4 ) i n w h i c h e a c h l e g u m i n 

m o l e c u l e i s p o s t u l a t e d t o c o n s i s t o f s i x p a i r s o f 

d i s u l p h i d e bonded a c i d i c ( a p p r o x . 40,000 m o l . w t . ) and 

b a s i c ( a p p r o x . 20,000 m o l . w t . ) s u b u n i t s . However, 

t h e r e w e r e a l r e a d y o b s e r v a t i o n s w h i c h i n d i c a t e d t h a t 

t h e s i t u a t i o n was more c o m p l i c a t e d t h a n t h i s . B a i l e y 

a n d B o u l t e r (1970) h a d c l e a r l y d e m o n s t r a t e d t h e p r e s e n c e 

o f a 56,000 m o l . w t . s u b u n i t i n a d d i t i o n t o t h e 

40,000 and 20,000 m o l . w t . s u b u n i t s o f t h e h e x a m e r i c 

m o d e l i n t h e l e g u m i n o f V i c i a f a b a and t h a t t h e s u b u n i t s 

( m o l . w t . 56,000, 42,000 and 23,000) s t u d i e d by t h e m 

were p r e s e n t i n t h e r a t i o o f 1:3:6 r e s p e c t i v e l y . The 

l a r g e r s u b u n i t s w e re a l s o s u b s e q u e n t l y n o t e d by U t s u m i 

a n d M o r i ( 1 9 8 0 ) . T h i s a d d i t i o n a l c o m p l e x i t y o f t h e 

l e g u m i n m o l e c u l e s has been t h o r o u g h l y s u p p o r t e d by t h e 

r e s u l t s p r e s e n t e d i n t h i s t h e s i s s h o w i n g t h e p r e s e n c e 

o f s u b u n i t p a i r s 'A-J' i n V i c i a l e g u m i n ( F i g . 2.2) 

a n d '1-5' i n P i s u m l e g u m i n ( F i g . 3 . 3 ) . However, a l l 

t h e s e s u b u n i t p a i r s and t h e r e s u l t a n t l e g u m i n m o l e c u l e s 

c a n s t i l l be f i t t e d e a s i l y i n t o t h e o p e r a t i o n a l 

d e f i n i t i o n o f l e g u m i n g i v e n a b o v e . S u b u n i t p a i r s H/I 

i n V i c i a and s u b u n i t p a i r 4 i n P i s u m c o n s t i t u t e a b o u t 

80% o f t h e t o t a l l e g u m i n s u b u n i t p a i r s , i . e . r e p r e s e n t 

t h e p r e d o m i n a n t s u b u n i t s p e c i e s . These a r e t h e 

s u b u n i t p a i r s p r e v i o u s l y c o n s i d e r e d i n t h e h e x a m e r i c 



l e g u m i n m o d e l ( W r i g h t a n d B o u l t e r , 1 9 7 4 ; C r o y e t a l . , 

1 9 7 9 ) . We h a v e , t h e r e f o r e , u s e d t h e f o l l o w i n g nomen

c l a t u r e : s u b u n i t p a i r s H/I and No. 4 i n V i c i a and 

P i s u m r e s p e c t i v e l y a r e c a l l e d Lg-C ( c o n v e n t i o n a l ) ; 

s u b u n i t p a i r s 'A-G' i n V i c i a l e g u m i n and '1-3' i n 

P i s u m l e g u m i n w h i c h h ave a m o l . w t . g r e a t e r t h a n H / I 

a n d 4 a r e c a l l e d b i g l e g u m i n s u b u n i t s i . e . Lg-B. 

S u b u n i t p a i r s o f m o l . w t . 37-40,000 ( J ) i n V i c i a and 

m o l . w t . 35,000 (5) i n P i s u m w h i c h have a l o w e r m o l . 

a r e c a l l e d Lg-S ( s m a l l ) l e g u m i n s u b u n i t s . P i sum i s 

d i f f e r e n t t o V i c i a i n t h a t i t does n o t have t h e s u b u n i t 

p a i r s (Lg-B) w i t h m o l . w t . g r e a t e r t h a n t h a t o f t h e 

c o n v i c i l i n s u b u n i t s a n d w i t h a c i d i c s u b u n i t s ( L g - I B ) o f 

m o l . w t . g r e a t e r t h a n 50,000. P o l y p e p t i d e s o f m o l . w t . 

26,500 a n d 26,000 w h i c h a l w a y s c o - p u r i f y w i t h P i s u m 

l e g u m i n b u t w h i c h a r e n o t d i s u l p h i d e bonded i . e . a r e 

i m p u r i t i e s , seem t o be e n t i r e l y a b s e n t i n t h e c a s e o f 

V i c i a l e g u m i n . 

Two d i m e n s i o n a l e l e c t r o p h o r e s i s e m p l o y i n g 

e l e c t r o p h o r e t i c t e c h n i q u e s i n d i f f e r e n t c o m b i n a t i o n s 

i s a p o w e r f u l a n a l y t i c a l m e t h o d w h i c h has b e e n u s e d t o 

s t u d y t h e c h a r a c t e r i s t i c s o f many p r o t e i n s b y v a r i o u s 

w o r k e r s (Raymond, 1 9 6 4 ; M a r g o l i s and K e n r i c k , 1969; 

K a l t s c h m i d t a n d W i t t m a n , 1970; O ' F a r r e l l , 1 9 7 5 ) . I n 

t h i s s t u d y , t w o d i m e n s i o n a l S D S - p o l y a c r y l a m i d e g e l 

e l e c t r o p h o r e s i s w i t h n o n - r e d u c i n g c o n d i t i o n s i n t h e 

f i r s t d i m e n s i o n a n d r e d u c i n g c o n d i t i o n s i n t h e s e c o n d 

d i m e n s i o n has been shown t o be o f g r e a t v a l u e i n s t u d i e s 



o f t h e s t o r a g e p r o t e i n l e g u m i n . T h i s i s b e c a u s e l e g u m i n 

i s a p r o t e i n c o n t a i n i n g d i s u l p h i d e - b o n d e d s u b u n i t s 

w h i c h r u n as s u b u n i t p a i r s i n t h e f i r s t d i m e n s i o n b u t 

a r e s e p a r a t e d by 2 - m e r c a p t o e t h a n o l u s e d i n t h e s e c o n d 

d i m e n s i o n , c a u s i n g t h e t w o t y p e s o f s u b u n i t s t o l e a v e 

t h e d i a g o n a l p a t h w h e r e a s o t h e r p r o t e i n s r e m a i n a l o n g 

t h e d i a g o n a l . I n t h i s way, bands r e p r e s e n t i n g l e g u m i n 

s u b u n i t s i n a c o m p l e x m i x t u r e o f s e e d p r o t e i n s can 

be r e c o g n i s e d v e r y e a s i l y ; t h i s i s n o t t h e c a s e w i t h 

o t h e r 2-D s y s t e m s . However, t h i s s y s t e m , l i k e o t h e r s , 

does n o t g i v e a c o m p l e t e a n a l y s i s o f t h e h e t e r o g e n e i t y 

p r e s e n t a n d 2-D s y s t e m s s h o u l d be u s e d c o m p l e m e n t a r y 

t o one a n o t h e r . 

The m o l . w t s . o f u n r e d u c e d l e g u m i n s u b u n i t p a i r s 

w e r e l o w e r t h a n t h e sum o f t h e m o l . w t s . o f t h e 

c omponent r e d u c e d s u b u n i t s . T h i s d i s c r e p a n c y c a n be 

a c c o u n t e d f o r by t h e p r e s e n c e o f i n t e r - a n d i n t r a c h a i n 

d i s u l p h i d e bonds i n t h e s u b u n i t p a i r s w h i c h c a n p r e v e n t 

c o m p l e t e u n w i n d i n g o f t h e u n r e d u c e d p o l y p e p t i d e s 

r e s u l t i n g i n an a p p a r e n t m o l . w t . l o w e r t h a n t h e t r u e 

o n e. T h i s has been v e r y c l e a r l y s e e n i n b o v i n e serum 

a l b u m i n w h i c h has an a p p a r e n t m o l . w t . o f a p p r o x . 

55,000 when u n r e d u c e d as c o mpared t o 67,000 when r e d u c e d 

( d a t a n o t p r e s e n t e d ) . C o n s e q u e n t l y t h e m o l . w t . v a l u e s 

f o r r e d u c e d s u b u n i t s a r e t h e more c o r r e c t o n e s . 

M o l e c u l a r w e i g h t s o f t h e l a r g e s u b u n i t s o f a l l 

t h e s u b u n i t p a i r s o f V i c i a f a b a l e g u m i n d e c r e a s e d 

l i n e a r l y a c c o r d i n g t o m o l . w t . o f s u b u n i t p a i r , e x c e p t 



t h a t o f s u b u n i t p a i r ' I ' w h i c h had a m o l . w t . h i g h e r 

t h a n t h a t o f 1 H 1 ( F i g . 2 . 2 ) . Thus, sum o f t h e m o l . w t . 

o f c omponents o f ' 1 1 was h i g h e r w h e r e a s t h a t o f t h e 

u n r e d u c e d ' I ' was l o w e r when compared t o 'H'. T h i s was 

a l s o o b s e r v e d by U t s u m i an d M o r i (1980) f o r t h e s u b u n i t 

p a i r o f c o m p o s i t i o n 36,000 + 2 3,000 w h i c h h a d a l o w e r 

m o l . w t . as c o m p a r e d t o t h e one w i t h s u b u n i t c o m p o s i t i o n 

36,000 + 20,5OO. U t s u m i an d M o r i (1980) a l s o r e p o r t e d 

t h e p r e s e n c e o f a s u b u n i t p a i r ('IV') e q u i v a l e n t t o 

s u b u n i t p a i r ' I ' h e r e , h a v i n g one a c i d i c s u b u n i t b u t 

t w o b a s i c s u b u n i t s , t h u s c o n f i r m i n g t h e p r e s e n t r e s u l t s . 

These a n o m a l i e s i n t h e m o l . w t . o f s u b u n i t p a i r s r e l a t i v e 

t o t h e i r c o m p o n e n t s c a n be a t t r i b u t e d t o t h e p r e s e n c e o f 

i n t e r - a n d i n t r a c h a i n d i s u l p h i d e b o n d s . 

F u r t h e r s t u d i e s o f V i c i a l e g u m i n showed g r e a t e r 

h e t e r o g e n e i t y i n t h e number o f s u b u n i t s when a d d i t i o n a l 

s e p a r a t o r y t e c h n i q u e s w e r e u s e d . The 10 s u b u n i t p a i r s 

s een u n d e r n o n - r e d u c i n g c o n d i t i o n s w e r e shown t o c o n s i s t 

o f a t l e a s t 2 1 c o m p o n e n t s i n a t w o - d i m e n s i o n a l a n a l y s i s 

u s i n g b o t h r e d u c i n g a n d n o n - r e d u c i n g c o n d i t i o n s . U t s u m i 

and M o r i ( 1 9 8 0 ) d e t e c t e d 3 a c i d i c and 3 b a s i c s u b u n i t s 

a n d on t h e b a s i s o f t h e i r r e s u l t s w i t h g r a d i e n t p o r e 

g e l e l e c t r o p h o r e s i s t h e y p r o p o s e d t h e e x i s t e n c e o f 7 

m o l e c u l a r f o r m s o f t h e c o m p l e t e l e g u m i n m o l e c u l e w i t h 

f o u r d i f f e r e n t m o l . w t s . S t u d i e s c a r r i e d o u t i n t h i s 

i n v e s t i g a t i o n u s i n g u l t r o g e l c o l u m n c h r o m a t o g r a p h y and 

g e l e l e c t r o p h o r e s i s a l s o p o i n t t o t h e e x i s t e n c e o f 

s e v e r a l l e g u m i n m o l e c u l a r f o r m s . However, as t h e 13 
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s u b u n i t s ( F i g . 2 . I d ) o b s e r v e d i n f i r s t d i m e n s i o n u n d e r 

r e d u c i n g c o n d i t i o n s e x i s t i n a number o f c h a r g e 

v a r i a n t s ( F i g . 2.5a and 2 . 5 b ) , t h e number o f p o t e n t i a l 

l e g u m i n m o l e c u l e s seems t o be v e r y l a r g e . The r e s u l t s 

o f g e l f i l t r a t i o n a n d g e l e l e c t r o p h o r e s i s o f V i c i a 

l e g u m i n w h e r e s u b u n i t p a i r 'F' r u n s i n d e p e n d e n t l y o f 

t h e o t h e r s u b u n i t p a i r s c a n be e x p l a i n e d by a s s u m i n g 

t h a t i n t h i s c a s e s u b u n i t p a i r s 'F' a s s e m b l e i n d i v i d 

u a l l y i n t o h e x a m e r i c m o l e c u l e s . T h i s i s a l s o s u p p o r t e d 

by t h e f a c t t h a t t h e s u b u n i t p a i r 'F' was t h e o n l y 

s u b u n i t p a i r n o t t o be i m m u n o p r e c i p i t a t e d w i t h t h e 

o t h e r s u b u n i t p a i r s by a n t i - l e g u m i n a n t i b o d i e s o f 

P i s u m s a t i v u m . I t was n o t p o s s i b l e , however, t o 

s e p a r a t e u n d e r n o n - d i s s o c i a t i n g c o n d i t i o n s o t h e r l e g u m i n 

m o l e c u l e s c o n s i s t i n g o f o n l y one t y p e o f s u b u n i t p a i r . 

A p a r t f r o m t h e l e g u m i n w i t h 1 F ' s u b u n i t s , s e v e r a l o t h e r 

l e g u m i n s w e r e p a r t l y s e p a r a t e d b u t m o s t s u b u n i t p a i r s 

w e r e r e p r e s e n t e d i n most m o l e c u l a r f o r m s s u g g e s t i n g 

t h e p o s s i b i l i t y o f random a s s e m b l y o f s u b u n i t p a i r s t o 

f o r m h e x a m e r i c m o l e c u l e s . As t h e s u b u n i t p a i r H / I 

c o n s t i t u t e s a b o u t 80% o f t h e t o t a l l e g u m i n , i t w o u l d 

be f e a s i b l e t o p r e d i c t t h a t t h e most common l e g u m i n 

s p e c i e s was 6 x ( H / I ) ( a l t h o u g h n e v e r i s o l a t e d ) f o l l o w e d 

by v a r i o u s 5 x ( H / I ) + 1 x (X) s p e c i e s o f s l i g h t l y 

d i f f e r e n t m o l . w t . and c h a r g e . The p a r t i a l s e p a r a t i o n 

o f A, B, D f r o m H / I on g e l f i l t r a t i o n a n d g r a d i e n t p o r e 

g e l e l e c t r o p h o r e s i s s u g g e s t s t h a t c e r t a i n c o m b i n a t i o n s 

o f s u b u n i t p a i r s i n h e x a m e r i c m o l e c u l e a r e more l i k e l y 



t h a n o t h e r s . These r e s u l t s t h u s do n o t e n t i r e l y s u p p o r t 

o r d i s p r o v e t h e c o n c l u s i o n s o f U t s u m i and M o r i ( 1 9 8 0 ) . 

L e g u m i n o f P i s u m s a t i v u m a l s o shows c o n s i d e r a b l e 

h e t e r o g e n e i t y i n t h e r a n g e o f m o l . w t . a n d i s o e l e c t r i c 

p o i n t s o f t h e s u b u n i t s and has been p a r t i a l l y s e p a r a t e d 

i n t o d i f f e r e n t m o l e c u l a r f o r m s . As many as 13 s u b u n i t s 

have been o b s e r v e d b y t w o - d i m e n s i o n a l a n a l y s i s i n 

c o n t r a s t t o 21 s u b u n i t s s e e n i n V i c i a . The s u b u n i t s o f 

a l l t h e s u b u n i t p a i r s i n c l u d e c h a r g e h e t e r o g e n e i t y , 

i . e . e a c h s u b u n i t c o n t a i n s a number o f c h a r g e i s o m e r s 

as s p e c i f i e d i n t a b l e 3.2. S u b u n i t p a i r t y p e s a r e 

a s s i g n e d f i r s t l y on t h e b a s i s o f t h e i r m o l . w t . a n d 

t h e m o l . w t . v a l u e s o f t h e i r component a c i d i c a n d b a s i c 

s u b u n i t s and s e c o n d l y , on t h e b a s i s o f t h e common 

s u b u n i t s a n d t h e i r d i s t r i b u t i o n i n m o l e c u l a r s p e c i e s . 

F o r e x a m p l e , i n s u b u n i t p a i r 4, t h e t h r e e a c i d i c 

s u b u n i t s a, b a n d c a l l h a ve a common b a s i c s u b u n i t 

( w i t h t h r e e c h a r g e i s o m e r s ) a n d o c c u r i n a p p r o x i m a t e l y 

e q u a l p r o p o r t i o n s t o e a c h o t h e r i n a l l m o l e c u l a r f o r m s 

w h e r e a s s u b u n i t p a i r s 1 a n d 2 have no s u b u n i t i n common, 

p a i r 1 o c c u r s p r e d o m i n a n t l y i n l e g u m i n m o l e c u l a r f o r m 

A and p a i r 2 p r e d o m i n a n t l y i n f o r m C. Form B l e g u m i n 

c o n t a i n i n g s u b u n i t p a i r 4 seems t o be t h e common f o r m , 

i t s c h a r g e d e c r e a s i n g o r i n c r e a s i n g b y i t s a s s o c i a t i o n 

w i t h p a i r 1 o r 2 r e s p e c t i v e l y . Form A, o f h i g h e r m o l . w t . 

t h a n t h e o t h e r l e g u m i n m o l e c u l a r t y p e s , c o n t a i n s s u b u n i t 

p a i r s 1 a n d 4 i n a p p r o x i m a t e l y e q u a l p r o p o r t i o n s , i . e . 

e a c h h e x a m e r i c m o l e c u l e c o n t a i n s 3 s u b u n i t p a i r s e a c h 
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o f t y p e 1 a n d 4 i . e . [ 3 x (1) + 3 x ( 4 ) ] . From t h e 
g e l e l e c t r o p h o r e s i s and g e l f i l t r a t i o n s t u d i e s i t a p p e a r s 
t h a t f o r m 'C a c t u a l l y c o n s i s t s o f d i f f e r e n t f o r m s 
w h i c h have v a r y i n g p r o p o r t i o n s o f s u b u n i t p a i r s 2, 3 and 
5; p o s s i b l y t h e s e f o r m s a r e [ 2 x (2) + 4 x (4) ] , 
[ 2 x (3) + 4 x (4) ] and [ 2 x (5) + 4 x (4) ] . However, 
s i n c e a c o m p l e t e s e p a r a t i o n o f t h e d i f f e r e n t m o l e c u l a r 
f o r m s c a n n o t be a c h i e v e d , t h e s e c o n c l u s i o n s may be 
c o n s i d e r e d as t e n t a t i v e . 

Thus f r o m t h e s e s t u d i e s o f V i c i a a n d P i s u m l e g u m i n 

a m o d i f i e d m o d e l f o r t h e l e g u m i n m o l e c u l e w h i c h c o n t a i n s 

a number o f s u b u n i t p a i r s o t h e r t h a n t h a t o f c o n v e n t i o n a l 

l e g u m i n ( W r i g h t a n d B o u l t e r , 1974) may be p u t f o r w a r d . 

I n t h i s c a s e , each h e x a m e r i c m o l e c u l e i s f o r m e d by t h e 

a s s o c i a t i o n o f i n d i v i d u a l s u b u n i t p a i r s o f one o r more 

t y p e s , a s s o c i a t i o n b e i n g r e g u l a t e d by t h e r e l a t i v e 

a b u ndance o f s u b u n i t p a i r s and by s t r u c t u r a l c o n s t r a i n t s 

t o g i v e t h e o b s e r v e d s e l e c t i o n o f m o l e c u l a r s p e c i e s . 

L e g u m i n i s t h u s n o t a s i n g l e p r o t e i n s p e c i e s o f d e f i n e d 

a m ino a c i d s e q u e n c e b u t i s a g e n e r i c name f o r a s e r i e s 

o f c l o s e l y r e l a t e d p r o t e i n s . T h i s s i t u a t i o n i s a n a l o g o u s 

t o t h a t f o u n d i n o t h e r p r o t e i n s e.g. t h e i s o e n z y m e s o f 

l a c t a t e d e h y d r o g e n a s e o r i m m u n o g l o b u l i n s . We have 

a d o p t e d t h e o p e r a t i o n a l d e f i n i t i o n o f l e g u m i n o u t l i n e d 

a b o v e . 

C e r t a i n a n o m a l i e s a r e r a i s e d by t h e r e s u l t s 

p r e s e n t e d h e r e i n . F o r e x a m p l e , i t has b een d e m o n s t r a t e d 

t h a t s e p a r a t i o n on g r a d i e n t p o r e g e l i s n o t s o l e l y 



a c c o r d i n g t o m o l . w t . b u t a c h a r g e f a c t o r i s a l s o 

o p e r a t i v e . M o l e c u l a r w e i g h t v a l u e s m e a s u r e d by t h i s 

p o r e l i m i t e l e c t r o p h o r e s i s i n t h e p r e s e n t w o r k a r e 

l o w e r f o r P i s u m l e g u m i n a n d h i g h e r f o r V i c i a l e g u m i n . 

B u t g e l f i l t r a t i o n ( C r oy e t a l . , 1979) a n d u l t r a -

c e n t r i f u g a t i o n s t u d i e s ( D e r b y s h i r e e t a l . , 1 9 76) have 

shown t h a t P i s u m l e g u m i n has a h i g h e r m o l . w t . t h a n 

t h e V i c i a l e g u m i n . The h i g h e r c h a r g e a t pH 8.0 o f 

P i s u m l e g u m i n i n c o m p a r i s o n t o V i c i a l e g u m i n (Croy 

e t a l . , 1979) may e x p l a i n t h e h i g h e r m o b i l i t y o f 

P i s u m l e g u m i n i n g r a d i e n t p o r e g e l s . I t has a l s o been 

p o i n t e d o u t by R o d b a r d e t a l . . (1971) t h a t t h e c o n c e p t 

o f a 'pore l i m i t ' i n g r a d i e n t g e l s i s t h e o r e t i c a l l y 

i n v a l i d . 

The t e r m s a c i d i c a n d b a s i c f o r l e g u m i n l a r g e 

a n d s m a l l s u b u n i t s r e s p e c t i v e l y must be c o n s i d e r e d 

as r e l a t i v e s i n c e b o t h t h e t y p e s o f s u b u n i t s o f 

s u b u n i t p a i r 1 i n P i s u m l e g u m i n have t h e i r p i s b e l o w 7, 

a l t h o u g h t h e s m a l l ( b a s i c ) s u b u n i t s have h i g h e r p i s 

t h a n t h e l a r g e ( a c i d i c ) s u b u n i t s . A l l o t h e r l e g u m i n 

b a s i c s u b u n i t s have p i s a b o v e 7. S m a l l s u b u n i t s o f 

l e g u m i n ( m o l . w t . 21,300) w i t h p i s b e l o w 7, i . e . i n 

t h e a c i d i c r a n g e , w e r e r e p o r t e d b y Casey (1979b) b u t 

w e r e n o t a s s i g n e d as c omponents o f any p a r t i c u l a r 

s u b u n i t p a i r . 

A c i d i c s u b u n i t s o f s u b u n i t p a i r s 1 , 2, 3 a n d 4 

o f P i s u m l e g u m i n c a n be c o m p a r e d w i t h t h e 'LA-LC 

g r o u p s o f l e g u m i n as g i v e n by Thomson a n d S c h r o e d e r 
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(1978) and w i t h minor and major a subunits given 
by Casey (1979b). On the other hand basic subunits 
of a l l the subunits represent 'LD' group of Thomson 
and Schroeder (1978) and 3 subunits of Casey (1979b). 
1LE' group of Thomson and Schroeder (1978) and Y 
subunits of Casey (1979b) are represented by subunits 
of mol. wt. 26,500, 26,000 and 24,500. Of these, 
the subunits of mol. wt. 24,500 i s actually the only 
legumin acidic subunit i . e . of subunit pair 5 i n 
Pisum legumin. The polypeptides of mol. wt. 2 6,500 
and 26,000 (pi 4.5 - 4.7) designated as 'D' bands on the 
non-dissociating gel (Fig. 3.1e) are c l e a r l y not 
legumin species since these are not disulphide bonded 
and can be completely removed from legumin subunit 
pairs under non-dissociating conditions. These 
polypeptides are, therefore, associated with legumin 
molecules by weak non-covalent bonds which are possibly 
dependent on ioni c strength. No further character
i z a t i o n of t h i s protein was attempted and i t s functional 
role i s therefore unknown. 

The high degree of heterogeneity observed i n 
the legumin of Vicia faba and Pisum sativum may be 
expressed i n terms of a h i e r a r c h i a l model as follows, 
where the levels are given i n ascending order. 

( i ) Single substitutions i n amino acid sequences 
of polypeptides? these may be responsible for the 
charge heterogeneity of i n d i v i d u a l subunits, although 
many single substitutions may be unrecognised by the 
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procedure ( i s o e l e c t r i c focusing) used. 

( i i ) More extensive differences i n sequence among 
polypeptides including differences i n the t o t a l 
number of amino acids; these may be considered 
responsible f o r the size heterogeneity among subunits. 

( i i i ) The formation of legumin molecules containing 
subunit pairs i n d i f f e r e n t combinations; t h i s may be 
considered responsible f o r the charge and size heter
ogeneity of legumin under non-dissociating conditions. 

I t i s possible that heterogeneity of types 
( i ) and ( i i ) i s a d i r e c t expression of genetic heter
ogeneity evident i n the t r a n s l a t i o n products synthesized 
i n v i t r o on the polysomes p u r i f i e d from developing 
seeds of Vicia faba and Pisum sativum. Translation 
products were s p e c i f i c a l l y immunoprecipitated against 
anti-legumin antibodies and were shown to be heterogeneous 
in mol. wt. when analysed by SDS-polyacrylamide gel 
electrophoresis and fluorography (Gatehouse, unpublished). 
The evidence that heterogeneity has a genetic basis 
also comes from the studies made by Thomson et al_. (1978) 
who found the progeny to show a pattern additive 
of the two parental patterns. Muller and Gottschalk 
(1973) found some induced mutant lines with patterns 
of globulins d i f f e r e n t from those of the parent l i n e s ; 
t h i s also suggests some mechanism at the primary l e v e l 
responsible f o r the heterogeneity i n these seed proteins. 

Heterogeneity may also arise as a r e s u l t of 
some post-translational modification of the legumin 
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precursor which i s synthesized as a 60,000 mol. wt. 
polypeptide and i s nicked i n some way to give r i s e 
to two types of disulphide bonded subunits a f t e r i t s 
synthesis (Croy et a l . , (1980). Higgins and Spencer 
(1980) a t t r i b u t e d the increase i n mol. wt. of legumin 
basic subunit from 19,000 to 20,000 to the post-
t r a n s l a t i o n a l modification of the long l i v e d precursor 
f o r legumin. A similar observation made by us appears 
to be more of a storage e f f e c t rather than post-
t r a n s l a t i o n a l modification. In the pea l i n e 'Meteor', 
during storage of the dry seeds, a basic subunit band 
seemed to show an apparent increase i n mol. wt. from 
22,200 to 22,700. This apparent s h i f t i n mol. wt. i s 
accompanied by a decrease i n the pis of the three 
subunits c o n s t i t u t i n g the 22,200 mol. wt. band. I t 
seems l i k e l y that t h i s change, as i t occurs on storage 
i n the freeze dried and pulverized seeds, i s due to a 
non-enzymic chemical a l t e r a t i o n of legumin rather than 
a directed enzyme catalysed process. I t may be 
suggested that the most l i k e l y a l t e r a t i o n i n the legumin 
basic subunits to account f o r these observations i s 
deamidation of asparagine or glutamine residues - t h i s 
w i l l lower the p i of the subunit and decrease i t s 
posit i v e charge. This decrease i n posi t i v e charge 
might cause an upward s h i f t of the subunit on SDS-gel 
as SDS-gels have been shown to give separation on the 
basis of mol. wt. as well as charge. Thus heterogeneity 
may sometimes be a r t i f i c i a l and generated during 
storage. 



Heterogeneity i n mol. wt. and i s o e l e c t r i c points 
i s greater f o r acidic subunits than that f o r basic 
subunits. This e f f e c t i s more evident i n Vicia 
legumin. Also, the treatment of the acidic and basic 
subunits belonging to various subunit pairs of Vicia 
legumin with cyanogen bromide showed the cleavage 
products of basic subunits to be more similar. On the 
other hand, the number and mol. wt. of the cleavage 
polypeptides f o r i n d i v i d u a l acidic subunits were much 
d i f f e r e n t from those of each other (data not presented). 
A l l these observations indicate that the structure of 
basic subunits i s more constrained and that the genes 
responsible f o r the basic subunits have been more 
stable whereas those f o r acidic subunits seem to have 
been more prone to mutations and other changes during 
the course of evolution. From t h i s assumption, a 
possible arrangement of the two types of subunits can 
also be deduced which i s that basic subunits are 
situated towards the i n t e r i o r and acidic subunits 
towards the exterior of the hexameric molecule. This 
model i s supported by the observation that the acidic 
subunits carry the antigenic determinants f o r the 
legumin molecule, and that the acidic subunits are 
proteolysed f i r s t on germination (Croy, unpublished 
r e s u l t s ) . 

Recently a great deal of work has been undertaken 
regarding the inheritance of seed proteins of Pisum 
sativum. A number of proteins l i k e ' v i c i l i n ' (Hynes, 
1969), aminopeptidase (Scandalios and E s p i r i t u , 1969), 



acidic subunits of legumin (Thomson and Schroeder, 
1978; Casey, 1979b), v i c i l i n subunits (Thomson and 
Schroeder, 1978) and 'albumin a' ( B l i x t et a l . , 1980) 
have been found to be under the control of a single 
pair of co-dominant genes. Legumin basic subunits, 
however, have been reported to be under multigenic, 
control (Thomson and Schroeder, 1978). These reports 
invalidate the e a r l i e r reports of maternal effects on 
the inheritance of storage proteins i n pea (Davies, 
1973). Results presented i n table 4.1 and 4.3 of t h i s 
thesis also support the monogenic control by 
co-dominant a l l e l e s f o r Lg-lB, Lg-lC, Lg-lS, Lg-2S 
and c o n v i c i l i n subunits. The subunit pattern f o r 
various legumin subunit types may consist of two or more 
than two subunit bands e.g. 3 bands i n l i n e 807 and 
1238 and two bands i n l i n e 1263 for Lg-lC subunits, 
2 bands f o r Lg-lS i n l i n e 807 and 2 bands for Lg-2S 
i n l ines 110 and 807. I t may be assumed that each of 
these bands i s controlled by one gene. Occurrence of 
either parental or the combination of two parental 
patterns i n suggests that genes for these subunits 
are strongly linked. As the 2-D electrophoretic 
studies (SDS-PAGE—*>IEF) have shown that each subunit 
band separated on the SDS-gel further consists of a 
number of charge variants, i t i s very l i k e l y that there 
exist a number of gene copies (more or less i d e n t i c a l ) 
f o r each subunit so closely located that there i s no 
recombination at a l l among them and the genes f o r 
various subunits of a kind act as a single gene. 



Four types of legumin subunits (Table 4.2) and, 
2 Lg-lC and c o n v i c i l i n ( Y / _Q\ = 5 . 0 6 ) seem to be under 
\n— a) 

independent control by the genes which are located 
either on d i f f e r e n t chromosomes or are syntenic,i.e. 
i f located on the same chromosome are d i s t a n t l y located 
from each other so that they do not show any linkage. 
The only exception appears to be i n the case of Lg-IB 
and Lg-2S which show a considerable degree of linkage 
with each other. The s i t u a t i o n f o r most of the legumin 
subunit genes, thus, seems to be similar to zein poly
peptide genes, which though being i d e n t i c a l i n e f f e c t 
are located on d i f f e r e n t chromosomes (Valentini 
et a l . , 1 9 7 9 ) . 

Considerable evidence exists to support the 
hypothesis that legumin subunits are synthesized as 
precursor polypeptides of 60,000 mol. wt. (Croy e t a l . , 
1980; and unpublished results) containing both parts 
of the subunit pair. This implies an adjacent location 
of the genes f o r acidic and basic subunits on the 
same chromosome. (More corr e c t l y , each subunit pair i s 
the product of a single gene). No evidence exists to 
show that t h i s i s not the case with the conventional 
legumin subunit pair i . e . 60,000 mol, wt. However, 
the results of independent inheritance of the genes f o r 
acidic and basic subunits of small legumin would suggest 
that a d i f f e r e n t pathway of synthesis takes place i n 
t h i s case. The absence of a 35,000 mol. wt. precursor 
i n the t r a n s l a t i o n products supports t h i s suggestion. 



Since the e a r l i e s t days of classical genetics, 
Mendel's study material, Pisum sativum, has been one of 
the most extensively used plants f o r genetical studies. 
The f i r s t reports on linkage by Vilmorin and Bateson 
(1912) were followed by the extensive and outstanding 
work of H. Lamprecht (Lamprecht, 1948; B l i x t , 1969). 
Nearly 200 genes, mostly f o r morphological t r a i t s , 
( B l i x t , 1977; Marx and Provvidenti, 1979; Marx, 1980; 
Murfet, 1980; Gri t t o n and Hagedorn, 1980 and B l i x t 
et a l . , 1980) have been assigned to the seven linkage 
groups of pea. The t l and r genes linked to each other 
(Lamprecht, 1948) are located on the short arm of 
chromosome 7 ( B l i x t , 1972). The gene for the acidic 
subunit (Lg-lC) i n the present studies has been found 
to show linkage with these l o c i and i s located 15 map 
units from the j t l locus on the side away from r 
locus. Recently there has been a controversy regarding 
the position of t l - r segment. Lamm (1978) on the basis 
of his studies on translocation lines has suggested the 
position of t l - r segment to be on the long arm of 
chromosome 5 rather than the short arm of chromosome 7. 
However, we have followed the gene map given by B l i x t 
(1972) i n considering the Lq-lC gene linked to t l - r 
segment as being on chromosome 7. As suggested under 
the rules for gene symbols (Annonymous, 1977) t h i s 
Lg-lC gene maps as given below 

Lg-lC 15 t l 5 r 
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The gene fo r c o n v i c i l i n subunits which shows 
independent assortment with respect to Lq-lC gene 
( X ( n-8) = 5.06) shows a strong linkage with the gene 
k f o r keel l i k e wings. I t i s about 3 recombination 
units apart from k. locus, k i n turn being located on 
chromosome 2. However, the exact location of the 
c o n v i c i l i n gene (Cvc) could not be ascertained because 
there was no other suitable marker f o r t h i s linkage 
group i n the cross 1238 x 1263. 

Lastly, i t i s appropriate to discuss the 
implications of the results presented i n t h i s thesis 
on the structure and genetics of legumin to the 
importance of legumes as high protein crops. 

Existing work on seed protein improvement i n 
cereals (Nelson and Burr, 1973) has indicated that 
changing the r a t i o of major seed storage proteins may 
well be the most easy route to protein improvement. 
There are two requirements : ( i ) the existence of seed 
proteins with improved amino acid p r o f i l e . ( i i ) the 
p o s s i b i l i t y of largely increasing the content of those 
proteins r e l a t i v e t o others. As pointed out i n the 
introduction, legumin p o t e n t i a l l y s a t i s f i e s these 
c r i t e r i a . I t s sulphur amino acid content i s superior 
to the other major storage protein v i c i l i n and d i f f e r e n t 
l ines show varying proportions of legumin i n the t o t a l 
seed protein. 

The complexity of the legumin molecule demonstrated 
i n these res u l t s would suggest that the sulphur amino 



acid content of i n d i v i d u a l subunit pairs needs to be 
determined i n order to i d e n t i f y where improvement should 
be made. Furthermore, although the genetic position 
was not f u l l y elucidated, i t would appear complex and, 
therefore, considerable work would be needed to accompli 
the desired r e s u l t s . On the posi t i v e side, however, 
since no linkage occurs between the genes responsible 
for d i f f e r e n t storage proteins, improving the protein 
p r o f i l e n u t r i t i o n a l l y would appear feasible i n p r i n c i p l e 
A discussion of the precise dietary s i t u a t i o n i n which 
such improvements are desirable l i e s out of the scope 
of t h i s thesis. 
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