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ABSTRACT 

An e x p r e s s i o n v e c t o r u t i l i s i n g t h e promoter from the 

y e a s t p h o s p h o g l y c e r a t e k i n a s e gene and a complete 

p r o t e i n - e n c o d i n g sequence, was used t o d i r e c t the 

e x p r e s s i o n of the pea seed s t o r a g e p r o t e i n , legumin, i n 

y e a s t (Ssiccharomyces cerevisiaie) . Levels of e x p r e s s i o n 

of between 1.95 and 2.24% t o t a l c e l l u l a r p r o t e i n were 

o b t a i n e d . The legumin p o l y p e p t i d e expressed i n yeast 

has an e s t i m a t e d Mi-, of 59,000. I n p l a n t s , the legumin 

p r e c u r s o r p o l y p e p t i d e i s processed by c o - t r a n s l a t i o n a l 

p r o t e o l y s i s t o remove a " l e a d e r " sequence and by 

p o s t - t r a n s l a t i o n a l p r o t e o l y s i s t o generate t h e mature 

d i s u l p h i d e - 1 i n k e d « + p p o l y p e p t i d e s (approximate . ' s 

of 38,000 and 21,000 r e s p e c t i v e l y ) . 

A l t h o u g h " l e a d e r " sequence removal i n yeast may take 

p l a c e , p o s t - t r a n s l a t i o n a l p r o t e o l y s i s t o generate the 

two s m a l l e r s u b - u n i t s does not occur. 
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ABBREVIATIONS 

The o n e - l e t t e r n o t a t i o n s f o r amino a c i d s are g i v e n 

i n B i o c h e m i c a l J o u r n a l (1969) 113, 1-4. 

The f o l l o w i n g a b b r e v i a t i o n s were used: 
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cDNA complementary DNA 
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CHAPTER ONE 

1 I n t r o d u c t i o n 

1.1 I n t r o d u c t i o n t o seed s t o r a g e p r o t e i n 
Seed s t o r a g e p r o t e i n s are g e n e r a l l y d e f i n e d as: 

(1) P r o t e i n s which are s y n t h e s i z e d a t a s p e c i f i c 

stage of seed development. 

(2) P r o t e i n s s t o r e d i n membrane-bound o r g a n e l l e s i e 

p r o t e i n b o d i e s . 

(3) P r o t e i n s t h a t s u r v i v e d e s i c c a t i o n d u r i n g seed 

m a t u r a t i o n and are s u b s e q u e n t l y h y d r o l y s e d d u r i n g 

g e r m i n a t i o n t o p r o v i d e carbon and n i t r o g e n sources f o r 

t h e d e v e l o p i n g seed. 

These p r o t e i n s u s u a l l y accumulate t o a l e v e l which 

c o n s t i t u t e s up t o 50% of t o t a l seed p r o t e i n . The 

m a j o r i t y of p r o t e i n s are g l o b u l i n - 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 . There i s a s i g n i f i c a n t amount of 

w a t e r - s o l u b l e albumin p r o t e i n p r e s e n t . The g l o b u l i n 

f r a c t i o n has been e x t e n s i v e l y c h a r a c t e r i s e d , 

p a r t i c u l a r l y i n n u t r i t i o n a l l y i m p o r t a n t legume and o i l 

seeds. The s t o r a g e p r o t e i n s of the legumin f a m i l y 

FaJboideae make up one of t h e most complex p r o t e i n 

systems, m a i n l y by v i r t u e of t h e i r e x t e n s i v e 

p o s t - t r a n s l a t i o n a l m o d i f i c a t i o n s (Croy and Gatehouse, 
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( 9 ) ) , as e x e m p l i f i e d by pea (Pisum sctvitum L.) and 

broad bean iVicia faba. L.) . 

Much of t h e e a r l y work on seed s t o r a g e p r o t e i n s was 

done because of t h e i r economic v a l u e as a major source 

of p r o t e i n s f o r the human d i e t . Since t he e l u c i d a t i o n 

of t h e b a s i s of g e n e t i c i n h e r i t a n c e and the advent of 

t e c h n i q u e s f o r the m a n i p u l a t i o n of DNA, seed p r o t e i n s 

have become t h e i d e a l systems t o i n v e s t i g a t e the 

c o n t r o l of gene e x p r e s s i o n i n eukaryotes. Each p r o t e i n 

i s t h e p r o d u c t of a s i n g l e o r s m a l l f a m i l y of genes, 

which are under s t r i c t developmental c o n t r o l , so t h a t 

these genes are o n l y t r a n s c r i b e d i n the d e v e l o p i n g seed 

a t c e r t a i n stages of development, i n s p e c i f i c t i s s u e s . 

One s t r a t e g y f o r i n v e s t i g a t i n g t h e c o n t r o l of gene 

e x p r e s s i o n i s t o i s o l a t e a p a r t i c u l a r s t o r a g e gene, 

p r e f e r a l l y one known t o be e f f i c i e n t l y expressed, and 

t o i n t r o d u c e t h e gene i n t o a s u i t a b l e host which w i l l 

c o n t i n u e t o r e c o g n i s e t h e indigenous c o n t r o l system. 

Mutated genes w i t h a l t e r e d c o n t r o l sequences can a l s o 

be produced and used t o t e s t t h e e f f e c t s of the 

a l t e r a t i o n . 

1.2 Legumin 

Legumin, a seed s t o r a g e p r o t e i n i n pea {Pisum 

savitum L.) makes an i d e a l model. I t s p r o p e r t i e s , 

s y n t h e s i s and g e n e t i c s have been reviewed (Gatehouse e t 

al, ( 1 6 ) , E r s l a n d e t al. ( 1 5 ) , Casey and Pomorey, ( 3 ) ) . 
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Futhermore, legumin-encoding genes have been i s o l a t e d 

and f u l l y c h a r a c t e r i s e d (Croy e t a l , ( 9 ) , L y c e t t e t aJ, 

( 2 4 ) , N i e l s o n , ( 2 7 ) ) . 

Legumin i s a hexameric p r o t e i n of M,. . 380,000 -

410,000, c o n s i s t i n g of s i x s u b u n i t s . Legumin i s 

s y n t h e s i s e d as a p r e c u r s o r p o l y p e p t i d e which undergoes 

CO- and p o s t - t r a n s l a t i o n a l p r o t e o l y s i s . The major 

legumin s p e c i e s are d e r i v e d from t he Leg A gene 

s u b - f a m i l y . The precusor p o l y p e p t i d e s (Mr-. 58,998) are 

s y n t h e s i s e d on polyribosomes a t t a c h e d t o endoplasmic 

r e c t i c u l u m . They undergo p o s t - t r a n s l a t i o n a l removal of 

a s i g n a l p e p t i d e of 21 amino a c i d s , and 

c o - t r a n s l a t i o n a l s e q u e s t r a t i o n i n t o t he lumen of 

endoplasmic r e c t i c u l u m , f o l l o w e d by f o r m a t i o n of 

o l i g o m e r s . T r a n s p o r t of these o l i g o m e r s t o the g o l g i 

complex may occur v i a t u b u l a r connections between the 

endoplasmic r e t i c u l u m and t h e g o l g i bodies. From the 

g o l g i complex, t h e s t o r a g e p r o t e i n s are t r a n s p o r t e d t o 

th e p r o t e i n b o d i e s . I t i s i n these p r o t e i n bodies, 

where p r o t e o l y t i c p r o c e s s i n g takes place on the 

C - t e r m i n a l s i d e of t h e asparagine 322 t o generate the 

mature d i s u l p h i d e - 1 i n k e d «< and ^ p o l y p e p t i d e s (Mr-, s of 

a p p r o x i m a t e l y 38,000 and 21,000). Processing occurs 

w i t h i n 2 hours of s y s t h e s i s ; t h e r e f o r e the amounts of 

pr e c u s o r p r e s e n t i n v i v o i s s m a l l ( F i g u r e 1 shows the 

b i o s y n t h e s i s of l e g u m i n ) . 
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1 .3 Yeast : Sciccharomyces cerevisiae as a h o s t / v e c t o r system 

W i t h t h e advent of recombinant t e c h n o l o g y , the 

e x p r e s s i o n of e u k a r y o t i c gene pr o d u c t s have been 

l a r g e l y c o n c e n t r a t e d around E s c h e r i c h i a c o J i (E. coli). 

However E. coli proved t o be an u n s u i t a b l e host v e c t o r 

system. I t c o n t a i n s a number of pyrogenic f a c t o r s t h a t 

must be e l i m i n a t e d b e f o r e any p o t e n t i a l l y u s e f u l 

p h a r m a c e u t i c a l p r o d u c t s can be s y n t h e s i z e d . Higher 

e u k a r y o t i c p r o t e i n s are not processed or m o d i f i e d 

a c c u r a t e l y by p r o k a r y o t i c c e l l s . There i s now g r e a t 

i n t e r e s t f o r a l t e r n a t i v e v e c t o r systems. Yeast 

iSaccharomyces cerevisiae) i s one of t h e most u s e f u l 

e u k a r y o t i c organisms f o r t h e study of the r e g u l a t i o n of 

gene e x p r e s s i o n and f o r t h e e x p r e s s i o n of i n t r o d u c e d 

f o r e i g n DNA sequences. The g e n e r a t i o n time of yeast i s 

s h o r t (a few hours) and i t s genome i s s m a l l (1.4 x 

lO'^kb) . T h e r e f o r e y e a s t can be e x p e r i m e n t a l l y 

m a n i p u l a t e d as e a s i l y as most p r o k a r y o t e s . At the same 

tim e i t can be used t o s t u d y some ex t r e m e l y complex 

phenomena s p e c i f i c t o e u k a r y o t e s , i n c l u d i n g chromosome 

s t r u c t u r e , m i t o t i c and m e i o t i c c e l l d i v i s i o n , RNA 

s p l i c i n g , p o s t - t r a n s l a t i o n a l m o d i f i c a t i o n , 

p h o s p h o r y l a t i o n and g l y c o s y l a t i o n . There now e x i s t 

s i m p l e and g e n e r a l methods f o r i s o l a t i n g and a m p l i f y i n g 

v i r t u a l l y any yea s t gene, a l t h o u g h these methods 

g e n e r a l l y r e q u i r e an i n t e r m e d i a t e s t e p i n E. c o l i . 

Futhermore t h e r e i s t h e a v a i l a b i l i t y of t r a n s f o r m a t i o n 
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procedures f o r i n t r o d u c i n g exogenous DNA i n t o y e a s t. 

T h i s has a l l o w e d t h e development of a v a r i e t y of 

p l a s m i d v e h i c l e s f o r c l o n i n g (Kingman et al, ( 1 9 ) , 

S t r u h l e t a l . ( 3 0 ) , Beggs e t aJ. ( 1 ) ) . Powerful and 

s e n t i t i v e h y b r i d i s a t i o n methods have been developed 

t h a t a l l o w d i r e c t p h y s i c a l a n a l y s i s of any chromosomal 

r e g i o n s c o n t a i n i n g a gene t h a t has been i n t e g r a t e d . 

A v a r i e t y of s e l e c t a b l e marker systems, f o r example 

Leu 2+. H i s +, Ura 3+ and Trp 1+, have been developed. 

These markers can be used r e a d i l y t o s e l e c t f o r 

t r a n s f o r m a n t s which complement the cor r e s p o n d i n g 

m u t a t i o n i n y e a s t . These t e c h n o l o g i c a l advances have 

combined t o make t r u l y f e a s i b l e , m o l e c u l a r , as w e l l as 

c l a s s i c a l g e n e t i c m a n i p u l a t i o n s and analyses i n ye a s t . 

Yeast has r e c e n t l y been used t o make s i g n i f i c a n t 

advances i n our u n d e r s t a n d i n g of the m o l e c u l a r b i o l o g y 

of e u k a r y o t e s . 

Beggs e t aJ, (1) i n t r o d u c e d t h e r a b b i t 3 g l o b i n gene 

i n t o y e a s t on a 2 p.m based recombinant molecule. 

T r a n s c r i p t i o n s t a r t e d a t a p o s i t i o n downstream from the 

normal i n i t i a t i o n s i t e and t e r m i n a t e d p r e m a t u r e l y i n 

t h e second i n t r o n . A l s o , t h e Herpes simplex v i r u s 

(Hsv) under t h e t h y m i d i n e k i n a s e gene i s not expressed 

i n y e a s t u n l e s s i t i s under the c o n t r o l of the yeast 

promoter ( K i s s e t al, ( 2 0 ) ) . T h e r e f o r e i n o r d e r t o 

express a h i g h e r e u k a r y o t i c gene i n y e a s t , t he coding 

sequence l a c k i n g i n t r o n s must be placed under the 
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c o n t r o l of a y e a s t promoter. 

The y i e l d s of h e t e r o l o g o u s p r o t e i n s are determined 

b o t h by t h e choice of promoter and the type of v e c t o r . 

For example, t h e "promoter" f r o m the e f f i c i e n t l y 

expressed y e a s t f o r PGK ( H o l l a n d and H o l l a n d , (17)) 

d i r e c t s t h e e x p r e s s i o n of h e t e r o l o g o u s genes w i t h a t 

l e a s t a 5 0 0 - f o l d g r e a t e r e f f i c i e n c y t h a n f r o m 

i n e f f i c i e n t TRP7 promoter (Dobson e t al, ( 1 2 ) , T u i t e e t 

aJ ( 3 1 ) ) . However, a h i g h copy number 2 pm 

Plasmid-based s h u t t l e v e c t o r such as PMA 230 or PMA 301 

( T u i t e e t al, ( 3 1 ) , M e l l o r e t al ( 2 5 ) ) , g i v e s 1 0 0 - f o l d 

h i g h e r y i e l d t h a n t h e u n s t a b l e copy number ARS-based 

p l a s m i d (Hitzeman e t aJ, (18)) or t h e low copy number 

ARS CEN p l a s m i d . 

Several p l a n t p r o t e i n s have been shown t o undergo 

s i g n a l p e p t i d e cleavage, g l y c o s y l a t i o n o r b o t h both 

when s y n t h e s i z e d i n S. cerevisiae (Eden et a l , ( 1 4 ) , 

Cramer e t al, ( 7 ) , ( 8 ) ) . The main advantage of u s i n g 

t h i s system f o r e x p r e s s i o n of h e t e r o l o g o u s e u k a r y o t i c 

p r o t e i n i s t h e presence of w e l l - c h a r a c t e r i z e d pathways 

f o r t h e p o s t - t r a n s l a t i o n a l a l t e r a t i o n s and t r a n s p o r t s 

of p r o t e i n s , o f f e r i n g t h e p o t e n t i a l f o r c o r r e c t 

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

f o r e i g n gene p r o d u c t s . 

By e x p r e s s i n g legumin i n m i c r o b i a l eukaryotes, i t i s 

p o s s i b l e t o examine and compare c o - t r a n s l a t i o n a l and 

p o s t - t r a n s l a t i o n a l p r o t e o l y s i s i n pea p l a n t s and yeast 
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systems, and t o i n v e s t i g a t e t h e e f f e c t s of changes i n 

the sequences of p r o t e i n s , on t r a n s p o r t and proc e s s i n g . 

1.4 C o n s t r u c t i o n of PJY 28 C o n s t r u c t 

A y e a s t e x p r e s s i o n v e c t o r c o n t a i n i n g the complete 

legumin c o d i n g sequence i s d e r i v e d f r o m s e v e r a l s h o r t 

cDNA s p e c i e s . P r e v i o u s s t u d i e s have f a i l e d t o produce 

a f u l l l e n g t h LegA cDNA sp e c i e s . The c o n s t r u c t i o n of a 

h y b r i d sequence d e s i g n a t e d PJY 28 i s shown i n Appendix 

I . 

The r e g i o n of amino a c i d 3 t o 67 was d e r i v e d by 

e x c i s i o n o f an a p p r o p r i a t e fragment f r o m a genomic 

subclone of t h e Leg A gene pRC 6.2 ( L y c e t t e t a ] , 

(23)) . The r e g i o n of amino a c i d 68-231 was d e r i v e d 

f r o m p a r t of the i n s e r t of a cDNA, pAD 10.5 ( L y c e t t e t 

e ] , ( 2 4 ) ) . These fragments were assembled i n p a i r s t o 

a f i n a l l i g a t i o n t o produce t he c o n s t r u c t PJY 28, a PUC 

18 subclone. T h i s c o n s t r u c t lacks t h e f i r s t 7 bases of 

the Leg A cod i n g sequence, which i s s u p p l i e d by 

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

sequences, c o n t a i n i n g t h e m i s s i n g sequence p l u s a BAM 

HI l i n k e r i n t h e t h e a p p r o p r i a t e r e a d i n g frame. The 

i n t e g r i t y of the cod i n g sequence across t he l i g a t i o n 

p o i n t was checked by DNA sequences. BAM HI was used t o 

cu t t h e i n s e r t f r o m PJY 25 and i t was l i g a t e d i n t o t h e 

BGL I I e x p r e s s i o n s i t e of v e c t o r pMA 91 (Mel l o r e t a l , 

(25)) t o produce PJY 28. T h i s c o n s t r u c t c o n t a i n s the 
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y e a s t p h o s p o g l y c e r a t e k i n a s e (PGK) promoter i n c l u d i n g 

t h e 5' and 3' u n t r a n s l a t e d r e g i o n and 94 base p a i r s of 

3' c o d i n g sequence. 

PJY 28 was grown i n E. c o l i , b e f o r e t r a n s f o r m a t i o n 

i n t o y e a s t . The c o n s t r u c t was checked by r e s t r i c t i o n 

a n a l y s i s . T ransformants were i d e n t i f i e d by s e l e c t i o n 

on y e a s t m i n i m a l media, i n t h e absence of a d d i t i o n a l 

l e u c i n e and were t e s t e d f o r c o r r e c t auxotrophy. S i n g l e 

c o l o n i e s were grown and examined f o r legumin 

e x p r e s s i o n . 

1.5 C o n t r u c t i o n of pMA e x p r e s s i o n v e c t o r 

The sandwich e x p r e s s i o n plasmid pMA 91 c o n t a i n s 

sequences f r o m b o t h t h e 5' and 3' r e g i o n s of the PGK 

gene ( M e l l o r e t a l , ( 2 6 ) ) . The 5' r e g i o n s im pMA 91 

was d e r i v e d f r o m pMA 30 (Appendix I l a ) . T h i s plasmid 

c o n t a i n s about 1.5 kb of the PGK 5' f l a n k i n g r e g i o n s , 

e x t e n d i n g t o i n c l u d e t h e n u c l e o t i d e of p o s i t i o n -2 

upstream f r o m the i n i t i a t o r ATG. A unique Bgl I I 

e x p r e s s i o n s i t e was i n t r o d u c e d v i a t h e s y n t h e t i c l i n k e r 

5' -GAAAAGATCTTTTG- 3'. The 3' PGK r e g i o n was d e r i v e d 

f r o m pMA 27 (Appendix l i b ) . I n the c o n t r u c t i o n of pMA 

91, (Appendix H e ) t h e s m a l l Bgl I l - P s t I fragment from 

pMA 301 (Appendix I l a ) was r e p l a c e d w i t h t he small Bgl 

I l - P s t I fragment f r o m PMA 27 (Appendix l i b ) . Bgl I I 

clea v e s w i t h i n t h e PGK coding sequence. pMA 91 

c o n t a i n s 94 bp of coding sequence and 281 bp of 3' 
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f l a n k i n g sequence, which has a l l the s i g n a l s f o r 

e f f i c i e n t t r a n s c r i p t i o n t e r m i n a t i o n . I n pMA 91 the 5' 

and 3' r e g i o n s of t h e PGK gene are l i n k e d v i a a Bgl I I 

s i t e . The n u l c e o t i d e sequence around t h i s j u n c t i o n i s 

shown i n (Appendix I l d ) . The PJY 28 was l i g a t e d i n t o 

t h e Bgl I I e x p r e s s i o n of pMA 91 and i s sandwiched 

between t h e e f f i c i e n t s i g n a l f o r the i d e n t i f i c a t i o n of 

t r a n s c r i p t i o n and t r a n s l a t i o n and f o r t r a n s c r i p t i o n 

t e r m i n a t i o n . 

1.6 Aims of t h e p r o j e c t 

1) To demonstrate t h e e x p r e s s i o n of pea legumin i n 

t r a n s f o r m e d y e a s t by w e s t e r n b l o t t i n g . 

2) Q u a n t i t a t i v e d e t e r m i n a t i o n of legumin produced i n 

t r a n s f o r m e d y e a s t u s i n g ELISA and western b l o t t i n g . 

3) To i n v e s t i g a t e t h e b i o s y n t h e s i s of legumin i n 

d i f f e r e n t media and a t d i f f e r e n t stages of growth i n 

y e a s t . 

4) C h a r a c t e r i z a t i o n of y e a s t legumin. 

5) To i n v e s t i g a t e the p r o c e s s i n g of pea legumin i n 

y e a s t . 
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CHAPTER TWO 

2 M a t e r i a l s and methods 

2.1 M a t e r i a l s 

2.1.1 B i o c h e m i c a l and b i o l o g i c a l r e a g e n t s 

A l l r e a g e n t s , w i t h t h e e x c e p t i o n of those l i s t e d 

below, were o b t a i n e d f r o m BDH Chemical L t d . , Poole, 

D o r s e t , U.K. and were of a n a l y t i c a l grade or the best 

a v a l i a b l e . 

N i t r o c e l l u l o s e membrane (BA 85 0.45 uM), from 

S c h l e i c h e r and S c h u l l and Co. L t d . , K i n g s t o n upon 

Thames, Surrey, U.K. 

3 MM paper, from Whatman L t d . , Maidstone, Kent, U.K. 

B a c t o - t r y p t o n , Bacto-agar and yeast e x t r a c t , from D i f c o 

L a b o r a t o r i e s , D e t r i o t , M i c h i g a n , USA. 

Phenylmethyl s u l f o n y l f l u o r i d e (PMSF), 

3,3,Diaminobenzidine, T r i c i n e , g l a s s beads type V 

(450-500 m i c r o n s ) , Bovine serum albumin, L - l e u c i n e , D-L 

h i s t i d i n e . Adenine and 2,2,Azinobis 

3 - e t h y 1 - b e n z t h i o z o l i n e s u l f o n i c a c i d , f r o m Sigma 

Chemical Company, Poole, Dorset, U.K. 

M i c r o t o t e r p l a t e (NUNC Immunoplates), from GIBCO, 

Washington Road, A b b o t s i n c h I n d u s t r i a l E s t a t e , P a i s l e y 

PA3 4EP. 
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D i a l y s i s membrane and t u b i n g , from Amersham 

I n t e r n a t i o n a l PLC, White L i o n Road, Amersham, 

Buckinghamshire HD6LL, U.K. 

Sodium c h l o r i d e f r o m Koch L i g h t L t d . , H a v e r h i l l , 

S u f f o l k , U.K. 

Guanidine i s o t h i o c y a n a t e and Guanidine h y d r o c h l o r i d e , 

f r o m F l u k a , S w i t z e r l a n d . 

DEAE-sepharose, fr o m Pharmacia Fine Chemicals, Uppsala, 

Sweden. 

Goat a n t i - r a b b i t IgG h o r s e r a d i s h peroxidase conjugate, 

f r o m B i o r a d L a b o r a t o r i e s , 32nd G r i f f i n Avenue, 

Richmond, C a l i f o r n i a . 

A l l heat s t a b l e s o l u t i o n s were s t e r i l i z e d by 

a u t o c l a v i n g (15 minutes a t 120"'C) . 

PJY 28 y e a s t , s u p p l i e d by Dr. J. Yarwood, Durham 

U n i v e r s i t y Botany Department. 

A n t i — l e g u m i n , was r a i s e d i n r a b b i t and p u r i f i e d as 

d e s c r i b e d by Croy e t a l , 1980. 

2.1.2 S t e r i l i z a t i o n 

A l l g lasswares, p l a s t i c - w a r e s , c o c k t a i l s t i c k s and 

media were a u t o c l a v e d p r i o r t o use. 
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2.1.3 Growth media 

Y e a s t - e n r i c h e d medium: 

Yeast e x t r a c t 1% 

Baoto-peptone 2% 

D-glucose 2% 

Amino a c i d supplements 

Mc 16 c o n t r o l y e a s t and PJY 28: Adenine 

Yeast m i n i m a l medium: 

Yeast N-base 0.67% 

D-glucose 2% 

Amino a c i d supplements 

Mc 16 c o n t r o l y e a s t : Adenine, L y s i n e , H i s t i d i n e and 

Leucine. 

PJY 28 y e a s t : Adenine, L y s i n e and H i s t i n e . 

A l l amino a c i d s were added t o a f i n a l c o n c e n t r a t i o n 

of s t o c k s o l u t i o n of 5 ^g/ml from a s t o c k s o l u t i o n of 5 

mg/ml. 

Small s c a l e c u l t u r e 

20 ml of medium i n a 100 ml f l a s k were i n o c u l a t e d by 

u s i n g a s t e r i l e c o c k t a i l s t i c k t o p i c k up a colony of 

y e a s t f r o m an agar p l a t e and p l a c i n g i t i n the f l a s k 

c o n t a i n i n g t h e medium. The a p p r o p r i a t e amino a c i d 

supplements as mentioned above were added. During 
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i n o c u l a t i o n , a s e p t i c t e c h n i q u e s were used whenever 

p o s s i b l e . Forceps were flamed w i t h e t h a n o l b e f o r e 

b e i n g used t o p i c k up any s t e r i l e m a t e r i a l . Stock 

s o l u t i o n b o t t l e s , f l a s k s c o n t a i n i n g the s t e r i l e media 

and s t e r i l e c o c k t a i l s t i c k s were flamed a t the neck 

b e f o r e and a f t e r opening. A l l t r a n s f e r s t o and from 

agar p l a t e s were c a r r i e d out w i t h minimal c o n t a m i n a t i o n 

p o s s i b l e . A f t e r i n o c u l a t i o n , the c u l t u r e f l a s k was 

a t t a c h e d t o a r o t a t i n g s h a k i n g p l a t f o r m (250 rpm) a t 

30°C f o r 48 h r s . 

2.1.4 Storage 

PJY 28 y e a s t was p l a t e d out onto yeast minimal agar 

and Mc 16 c o n t r o l y e a s t were p l a t e d onto yeast e n r i c h e d 

agar. YM agar i s y e a s t minimal medium and y e a s t 

enriched-medium b o t h w i t h 2% bacto-agar added (20 g/1) 

w i t h t h e a p p r o p r a i t e amino a c i d supplements d e s c r i b e d 

i n s e c t i o n 2.1.3. Yeast c e l l s grown i n agar p l a t e s 

were s t o r e d a t 4°C s e a l e d w i t h "Nescofilm". 
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2.2 B i o c h e m i c a l t e c h n i q u e s 

2.2.1 E x t r a c t i o n of p r o t e i n 

2.2.1.1 Yeast p r o t e i n 

Yeast c e l l s (20 ml) were grown f o r 48 hours at 30°C 

i n m i n i m a l medium u n t i l s t a t i o n a r y phase was reached. 

The c e l l s were p e l l e t e d by c e n t r i f u g a t i o n (8,000g). 

The c e l l s were washed once w i t h e x t r a c t a n t b u f f e r (50mM 

T r i c i n e / 20mM NaCl, pH8). The c e l l p e l l e t was 

suspended i n 200 j u l of e x t r a c t a n t b u f f e r w i t h 1 | i l of 

l e u p e p t i n (3 mg/ml) and 15 JJLI PMSF (36 mg/ml i n d r y 

e t h a n o l ) . Supernatant p r o t e i n was e x t r a c t e d by 

v o r t e x i n g w i t h equal volumes of a c i d washed 450 - 500 

mi c r o n g l a s s beads t h r e e t i m e s f o r one minute a t O'C. 

I n s o l u b l e m a t e r i a l s were removed by c e n t r i f u g a t i o n f o r 

5 minutes i n an Eppendorf m i c r o - c e n t r i f u g e . To the 

s u p e r n a t a n t , 1/4 volume of 5 x SDS b u f f e r (IM T r i s / 

10% SDS / 50% sucrose, PH 6.8) was added. Samples were 

b o i l e d f o r 2 minutes a t 100°C. P e l l e t s a s s o c i a t e d w i t h 

t h e r e m a i n i n g p e l l e t were e x t r a c t e d by b o i l i n g w i t h 100 

u l of 1 X SDS b u f f e r (0.2M T r i s / 2% SDS / 10% sucrose) 

f o r 15 min u t e s . I n s o l u b l e m a t e r i a l s were removed by 

c e n t r i f u g a t i o n f o r 10 minutes i n an Eppendorf 

m i c r o - c e n t r i f u g e . 

Yeast c e l l s were a l s o e x t r a c t e d w i t h e x t r a c t a n t 

b u f f e r c o n t a i n i n g 6 M urea and 6 M gua n i d i n e 
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i s o t h i o c y a n a t e . The procedure of e x t r a c t i o n was 

s i m i l a r t o t h a t d e s c r i b e d p r e v i o u s l y , except t h a t a f t e r 

v o r t e x i n g t h e c e l l s w i t h a c i d washed beads, the lysed 

y e a s t c e l l s i n t h e Eppendorf tube were a l l o w e d t o sta n d 

i n i c e f o r 30 minutes b e f o r e e x t r a c t i n g t he supernatant 

p r o t e i n . P e l l e t p r o t e i n was e x t r a c t e d w i t h 1 x SDS 

under t h e same c o n d i t i o n s . The above procedures of 

e x t r a c t i o n were i n t h e absence of r e d u c i n g agents. 

Yeast p r o t e i n s were a l s o e x t r a c t e d under r e d u c i n g 

c o n d i t i o n s . 1% B-mercapethano1 was added along w i t h 

t h e e x t r a c t a n t b u f f e r (50 mM T r i c i n e / 20 mM NaCl) and 

th e same procedures were used. 

2.2.1.2 P r o t e i n e x t r a c t i o n a t d i f f e r e n t stages of growth 

200 ml of YMM and YEM were i n o c u l a t e d w i t h 500 u l of 

YMM c u l t u r e a t s t a t i o n a r y phase and grown a t 30°C on a 

s h a k i n g p l a t f o r m . At t i m e i n t e r v a l s between 2 and 12 

hours, 1 ml of medium was removed under a s e p t i c 

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

was measured a t 590 nm. When the o p t i c a l d e n s i t y was 

more t h a n 0.8, 20 ml of c u l t u r e medium was removed. 

Supernatant and p e l l e t p r o t e i n s were e x t r a c t e d as 

d e s c r i b e d i n s e c t i o n 2.2.1.1. 

2.2.1.3 E x t r a c t i o n of pea p r o t e i n 

50 mg of f i n e l y ground pea meal f r o m 13-17 DAF were 

weighed and e x t r a c t e d i n 500 / i l b o r a t e b u f f e r (50 mM 
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B o r a t e , pH 8) a t 4 C w i t h c o n s t a n t a g i t a t i o n f o r 10 

hours. The d e b r i s was removed by c e n t r i f u g a t i o n f o r 10 

minutes (8,OOOg). 

2.2.2 S e p a r a t i o n of p r o t e i n by SDS-PAGE 

The p r o t e i n e x t r a c t s were f r a c t i o n a t e d by 12.5% and 

17% SDS-PAGE under non-reduced and reduced c o n d i t i o n s . 

The r e c i p e s f o r ac r y l a m i d e are shown i n t a b l e 1 and 2. 
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Table 1 - R e s o l v i n g g e l 

I n g r e d i e n t s 

Main g e l 

(30% a c r y l a m i d e / 

0.135% b i s a c r y l a m i d e ) 

T r i s (IM, pH 8) 

D i s t i 1 l e d w a t e r 

10% SDS 

Ammonium p e r s u l p h a t e 

(15 mg/ml) f r e s h l y made 

TEMED 

F i n a l acrylamide c o n c e n t r a t i o n 

12.5% 17% 

25.8 ml 

22.5 ml 

13.8 ml 

0.6 ml 

1.5 ml 

20 j j l 

43.5 ml 

22.5 ml 

0.9ml 

0.6 ml 

1.5 ml 

20 p i 

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

I n g r e d i e n t s 

S t a c k i n g g e l 

30% a c r y l a m i d e / 

0./.435% b i s a c r y l a m i d e ) 

T r i s (IM pH 8) 

10% SDS 

Ammonium p e r s u l p h a t e 

( f r e s h l y made) 

TEMED 

Volume used 

3.0 ml 

2.5 ml 

0.2 ml 

0.5 ml 

20 jil 
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2.2.2.1 C o n s t r u c t i o n of ac r y l a m i d e g e l 

A g e l of area 15 x 18 x 0.15 cm was c o n t r u c t e d , 

u s i n g a g e l s l a b shown i n f i g u r e 2. The g e l comb was 

s l i d e d on t o p of the g e l s l a b and the p o s i t i o n 2 cm 

above t h e comb marked. The a p p r o p r i a t e volume of the 

main g e l s o l u t i o n and T r i s (as shown i n t a b l e 1) was 

pl a c e d i n a Buchnner f l a s k and degassed under vacuum. 

The r e m a i n i n g i n g r e d i e n t s were added i n t o the f l a s k , 

mixed w e l l and poured onto t h e g e l s l a b t o the marked 

p o s i t i o n . I t was o v e r l a i d w i t h a l a y e r of d i s t i l l e d 

w a t e r and l e f t f o r 30 minutes t o po l y m e r i s e . 

The s t a c k i n g g e l was prepared by p l a c i n g t he 

a p p r o p r i a t e volume of s t a c k i n g g e l s o l u t i o n and T r i s 

i n t o a Buchnner f l a s k and degassed as b e f o r e , f o l l o w e d 

by t h e a d d i t i o n of the r e m a i n i n g i n g r e d i e n t s (as shown 

i n t a b l e 2 ) . The l a y e r of water was removed and g e l 

s o l u t i o n was added t o t h e t o p of t h e g e l s l a b . The 

comb was s l i d e d on t o p , t a k i n g care t h a t no bubble 

formed. I t was l e f t f o r 30 minutes t o po l y m e r i s e . The 

p o s i t i o n of each w e l l was marked b e f o r e removing the 

ge l comb. The bottom spacer was e x t r a c t e d . The g e l 

s l a b was clamped onto a v e r t i c a l e l e c t r o p h o r e s i s tank 

( S t u d i e r t y p e g e l a p p a r a t u s ) . Bubbles were removed 

f r o m t h e base of t h e tank u s i n g a s y r i n g e w i t h a bent 

needle. 500 ml of r e s e r v i o r b u f f e r (192 mM g l y c i n e / 

22mM T r i s , 0.1% SDS) was added t o the top and bottom 

t a n k . 
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2.2.2.2 L o a d i n g of samples 

50 yil of y e a s t p r o t e i n was added t o each w e l l . I n 

the same g e l , 15 p.1 of legumin s t a n d a r d (3 mg/ml) and 

15 u l of c o n v i c i l i n and v i c i l i n s t a n d a r d (3 mg/ml) were 

added t o i n d i v i d u a l w e l l s . Under r e d u c i n g c o n d i t i o n s , 

a drop of ^-mercapethano1 was added. Three drops of 

t r a c k i n g dye ( 1 % w/v bromophenol b l u e i n e t h a n o l ) were 

added t o t h e b u f f e r i n the top tank p r i o r t o s t a r t of 

e l e c t r o p h o r e s i s . The g e l was r u n a t 8 mA o v e r n i g h t or 

a t 25 mA u n t i l t h e dye marker r e a c h e d the bottom of the 

g e l . 

2.2.3 D e t e c t i o n of p r o t e i n 

On t h e c o m p l e t i o n of e l e c t r o p h o r e s i s , the 

f r a c t i o n a t e d p r o t e i n was v i s u a l i s e d by 2 methods. 

2.2.3.1 S t a i n i n g w i t h a dye 

The g e l was s t a i n e d w i t h k e n a c i d b l u e s t a i n (0.05% 

w/v k e n a c i d b l u e R i n 50% methanol and 1% a c e t i c a c i d ) . 

E x c e s s s t a i n was removed by s o a k i n g the g e l w i t h 2 - 3 

changes d e s t a i n s o l u t i o n (50% methanol / 7% a c e t i c 

a c i d ) o v e r a p e r i o d of 12 h o u r s . The g e l was covered 

w i t h d i a l y s i s membrane, whic h was p r e v i o u s l y soaked i n 

d i s t i l l e d w a t e r . The g e l was then p l a c e d i n a g e l 

d r i e r f o r 3 - 4 day s . 
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Western b l o t t i n g 

The f r a c t i o n a t e d p r o t e i n from the a c r y l a m i d e g e l was 

t r a n s f e r r e d t o t h e n i t r o c e l l u l o s e paper and f o l l o w e d by 

imm u n o l o g i c a l d e t e c t i o n . 

2.2.3.2.1 E l e c t r o b l o t t i n g 

The p r o c e d u r e i s d e s c r i b e d i n t h e S a r t o r i u s manual. 

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

Two l a y e r s of 3 MM Whatman paper (16 x 16 cm), soaked 

i n anode b u f f e r 1 (0.3M T r i s / 20% methanol / 0.1% SDS 

pH 10.4) were p l a c e d on top of the g r a p h i t e p l a t e s . 

Next, one l a y e r of 3 MM Whatman paper, soaked i n anode 

b u f f e r 2 (25 mM T r i s / 20% methanol / 0.1% SDS PH 10.4) 

was p l a c e d on top, f o l l o w e d by a n i t r o c e l l u l o s e paper 

w h i c h had been p r e v i o u s l y soaked i n d i s t i l l e d water. 

The a c r y l a m i d e g e l was then p l a c e d on top of the 

membrane, making s u r e no a i r bubbles were trapped i n 

between. The l e f t - h a n d s i d e of the g e l and p o s i t i o n s 

of e a c h w e l l were marked on t h e membrane. An 

a d d i t i o n a l l a y e r of 3 MM Whatman paper, soaked i n 

cathode b u f f e r (40 mM 6,amino-n-hexanoic a c i d / 20% 

methanol / 0.1% SDS/ 25mM T r i s PH 9) was p l a c e d on top 

of t h e g e l f o l l o w e d by a d i a l y s i s membrane. F i n a l l y 

t h e s t a c k was c o v e r e d w i t h two l a y e r s of 3MM Whatman 

paper w h i c h were soaked i n cathode b u f f e r . The l i d t o 

w h i c h t h e cathode p l a t e was a t t a c h e d was then p l a c e d i n 

p o s i t i o n . The e l e c t r o b l o t t e r was connected to a power 
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s u p p l y and was r u n f o r 2 - 3 hours a t 0.3 Amp. 

2.2.3.4 P r o b i n g legumin p o l y p e p t i d e s w i t h a n t i - l e g u m i n 

N i t r o c e l l u l o s e membrane was b l o c k e d o v e r n i g h t i n 

b l o c k i n g s o l u t i o n {5% n o n - f a t dry m i l k / 20mM T r i s / 

10.9% NaCl pH 7 . 2 ) . B l o t was then i n c u b a t e d f o r 2 

h o u r s w i t h a f f i n i t y p u r i f i e d a n t i - l e g u m i n IgG, d i l u t e d 

1:256 i n b l o c k i n g s o l u t i o n . The b l o t was then 

e x t e n s i v e l y washed i n b l o c k i n g s o l u t i o n and i n c u b a t e d 

f o r 2 h o u r s w i t h goat a n t i - r a b b i t IgG h o r s e r a d i s h 

p e r o x i d a s e c o n j u g a t e , d i l u t e d 1:250 i n b l o c k i n g 

s o l u t i o n , f o l l o w e d by T r i s / NaCl b u f f e r . 

2.2.3.5 D e t e c t i o n of legumin by i m m u n o l o c a l i s a t i o n 

25 - 30 mg of D i a m i n o b e n z i d i n e (DAB) was d i s s o l v e d 

i n 100 mis T r i s / NaCl b u f f e r , pH 7. 3 ml of 1% c o b a l t 

c h l o r i d e and 100 p i of 30% HjQ» was added. I n the 

p r e s e n c e of c o b a l t c h l o r i d e the c o l o u r product 

g e n e r a t e d from DAB changed from brown t o b l a c k . 

T h e r e f o r e t h e p r e s e n c e of legumin was v i s u a l i s e d as a 

b l a c k band. 
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2.3 Methods of q u a n t i t a t i v e a n a l y s i s 

2.3.1 Q u a n t i t a t i v e e s t i m a t i o n of t o t a l y e a s t p r o t e i n by 

M i c r o b u i r e t a s s a y ( L e g g e t t e - B a i l e y 1967) 

2.3.1.1 C o n t r u c t i o n of a s t a n d a r d c u r v e 

A s t a n d a r d c u r v e was s e t up u s i n g Bovine serum 

albumin (BSA 1 mg/ml) . 62.5 j a l , 125 p i , 187.5 ;nl and 

250 jjil of BSA was added t o i n d i v i d u a l Eppendorf tube 

and made up t o 250 JJLI w i t h d i s t i l l e d w a t e r . To each 

tube, 750 p i of IM sodium h y d r o x i d e was added, f o l l o w e d 

by 50 ̂ 1 of B e n e d i c t ' s s o l u t i o n [17.3% w/v T r i s o d i u m 

c i t r a t e . 2 P f e O / 10% w/v sodium carbonate.lOHzO / 1.73% 

w/v copper s u l p h a t e . lOH^-O) . A bla n k w i t h 250 jal of 

d i s t i l l e d w a t e r was a l s o s e t up. The m i x t u r e was mixed 

by v o r t e x i n g and l e f t f o r 15 minutes. The absorbance 

of e a ch sample was r e a d a t 330 nm u s i n g a PYE unicam 

u v / v i s s p e c t r o p h o t o m e t e r . 

2.3.1.2 D e t e r m i n t i o n of y e a s t t o t a l p r o t e i n 

25 p i of y e a s t p r o t e i n was p l a c e d i n an Eppendorf 

tube and made up t o 250 p i w i t h d i s t i l l e d w a t e r . The 

pr o c e d u r e mentioned above was used. A bla n k s o l u t i o n 

of T r i c i n e / NaCl and 1 x SDS b u f f e r was s e t up. The 

former was used as t he b l a n k f o r measuring s u p e r n a t a n t 

p r o t e i n , w h i l e the l a t t e r was used as a blan k f o r 

m e a s u r i n g p e l l e t p r o t e i n . 

36 



2.3.2 E s t i m a t i o n of y e a s t legumin by q u a n t i t a t i v e w e s t e r n 

b l o t t i n g 

17% a c r y l a m i d e g e l was c o n s t r u c t e d as d e s c r i b e d i n 

s e c t i o n 2.2.2.1. Volumes of 10 j u l , 25 and 50 p i of 

y e a s t p r o t e i n were loaded i n t o i n d i v i d u a l w e l l s . 

Legumin s t a n d a r d r a n g e s of between 0.5 and 50 )ig were 

loaded i n t o the r e m a i n i n g w e l l s . The g e l was s u b j e c t e d 

t o e l e c t r o p h o r e s i s and f o l l o w e d by w e s t e r n b l o t t i n g as 

d e s c r i b e d i n s e c t i o n 2.2.3.2. The i n t e n s i t y of the 

y e a s t legumin band was compared t o the i n t e n s i t y of 

known s t a n d a r d legumin bands. 

2.3.3 Q u a n t i t a t i v e e s t i m a t i o n of y e a s t legumin u s i n g E L I S A 

E L I S A was performed i n 96 w e l l s m i c r o t i t e r p l a t e s 

(NUNC Immunoplate). 2'2' A z i n o b i s 3 - e t h y l 

b e n z t h i a z o l i n e s u l f o n i c a c i d was used as the s u b s t r a t e 

i n t h e d e t e c t i o n system. I t g i v e s a green c o l o u r 

r e a c t i o n w h i c h can be measured a t 414 nm, u s i n g 

M u l t i s c a n MCC, f i l t e r 1, mode 1. 

2.3.3.1 P r e l i m i n a r y a n t i b o d y b i n d i n g c u r v e 

T h r e e d i f f e r e n t a n t i - s e r a were used as p r imary 

a n t i b o d i e s . 

(1) Preimmune serum = serum o b t a i n e d b e f o r e d 

i m m u n i s a t i o n of r a b b i t . 
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(2) RsB-s serum = crude serum o b t a i n e d a f t e r 

i m m u n i s a t i o n w i t h legumin p r o t e i n . 

(3) A f f i n i t y p u r i f i e d a n t i - l e g u m i n a n t i b o d y . 

The p r e l i m i n a r y E L I S A was t o i n v e s t i g a t e the b e s t 

t y p e and d i l u t i o n of p r i m a r y a n t i b o d y t h a t would g i v e 

t h e l o w e s t p o s s i b l e n o n - s p e c i f i c b i n d i n g , but w i t h the 

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

2.3.3.1.1 C o a t i n g of a n t i g e n 

A p o r t i o n of t o t a l PJY 28 p r o t e i n was d i l u t e d 

1:1,000. 100 p i of t h e d i l u t e d p r o t e i n was added to 

ea c h m i c r o t i t e r w e l l . The p l a t e was c o v e r e d w i t h 

aluminium f o i l t o a v o i d d e s i c c a t i o n and was i n c u b a t e d 

o v e r n i g h t a t 4*C. The c o a t e d w e l l s were washed w i t h 

PBST (phosphate b u f f e r s a l i n e , pH 7.2, i n 0.1% w/v 

Tween) and were t h e n washed once w i t h d i s t i l l e d w a ter. 

The w e l l s were d r i e d by i n v e r s i o n over absorbent paper. 

100 yul of 1% BSA i n phosphate b u f f e r e d s a l i n e ( 8 % w/v 

NaCl / 0.2% w/v K C l / 0.1% T h i o m e r s o l pH 7.2) was added 

to e a ch w e l l and i n c u b a t e d f o r 1 hour a t room 

t e m p e r a t u r e . W e l l s were washed and d r i e d as b e f o r e . 

2.3.3.1.2 B i n d i n g of p r i m a r y a n t i b o d y 

To t h e f i r s t row of d u p l i c a t e w e l l s , 100 p i of 

preimmune serum i n d i l u t i o n s of 1:10, 1:100, 1:1,000, 

1:10,000 and 1:100,000 were added. I n the second and 
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t h i r d rows of d u p l i c a t e w e l l s , s i m i l a r d i l u t i o n s of 

R;sB-,s; serum and RsB;2 IgG were added i n the same or d e r . 

The p l a t e was i n c u b a t e d a t room te m p e r a t u r e f o r 2 

h o u r s . The w e l l s were washed and d r i e d as b e f o r e . 

2.3.3.1.3 B i n d i n g of s e c o n d a r y a n t i b o d y 

100 J J I of goat a n t i - r a b b i t a n t i b o d y IgG p e r o x i d a s e 

c o n j u g a t e (1:1,000 d i l u t i o n ) was added to a l l w e l l s . 

The p l a t e was i n c u b a t e d a t room tempe r a t u r e f o r 2 

h o u r s . The w e l l s were washed and d r i e d as b e f o r e . 

2.3.3.1.4 D e t e c t i o n s y s t e m 

100 jUl of ABTS (0.75 mg/ml ABTS i n c i t r a t e b u f f e r : 

2.3% w/v c i t r a t e monohydrate; 0.05 y.1 33% w/v hydrogen 

p e r o x i d a s e , pH 4) was added to a l l w e l l s and i n c u b a t e d 

f o r 15 m i n u t e s . The samples were r e a d a t 414 nm, u s i n g 

M u l t i s c a n MCC. F i l t e r 1 and mode 1 were used. 

2.3.4 To i n v e s t i g a t e t h e e f f e c t s of y e a s t p r o t e i n on a 

s t a n d a r d c u r v e 

I n o r d e r t o s t a n d a r d i s e an a s s a y t o measure the 

l e v e l of legumin, a s t a n d a r d c u r v e was c o n s t r u c t e d 

u s i n g legumin i n t he p r e s e n c e of y e a s t p r o t e i n . I t was 

n e c e s s a r y t o c o n s i d e r t h e p o s s i b i l i t y of i n t e r f e r e n c e 

r e s u l t i n g from t h e p r e s e n c e of y e a s t p r o t e i n . The 

f o l l o w i n g amount of pure legumin were s e t up: 

1) 0.68ng 
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2) 6.8 ng 

3) 68 ng 

4) 680 ng 

5) 6,800 ng 

6) 68,000 ng 

S e t s of t h e above d i l u t i o n s i n t r i p l i c a t e were 

p r e p a r e d . I n the f i r s t s e t , the legumin s t a n d a r d was 

d i l u t e d w i t h T r i s / NaCl b u f f e r (20 mM T r i s / 30mM 

NaCl, pH9). I n the second s e t , pure legumin s t a n d a r d 

was d i l u t e d w i t h s u p e r n a t a n t p r o t e i n of Mc 16 c o n t r o l 

y e a s t (1:1000 d i l u t i o n w i t h T r i s / NaCl b u f f e r ) . F o r 

the t h i r d s e t , pure legumin s t a n d a r d was d i l u t e d w i t h 

p e l l e t p r o t e i n of Mc 16 c o n t r o l y e a s t ( i n 1:1,000 

d i l u t i o n w i t h T r i s / NaCl b u f f e r ) . 

100 p i of the p r e p a r e d legumin range of 0.68 - 68,000 

ng was loaded i n t o each w e l l i n t r i p l i c a t e . The same 

c o n d i t i o n s were used f o r the c o a t i n g of a n t i g e n . I n 

the p r o c e s s of b i n d i n g p r i m a r y antibody, R2B2; IgG of 

d i l u t i o n 1:5,000 was used. The b i n d i n g of a n t i b o d i e s 

and d e t e c t i o n s y s t e m were s i m i l a r t o the procedure 

d e s c r i b e d p r e v i o u s l y . 

2.3.5 E s t i m a t i o n of y e a s t p r o t e i n by E L I S A 

Y e a s t s u p e r n a t a n t p r o t e i n was d i l u t e d by 1:5,000 and 

p e l l e t p r o t e i n i n a 1:1,000 d i l u t i o n w i t h T r i s / NaCl 

b u f f e r . S e r i a l d i l u t i o n s were made by p l a c i n g 40 p i , 

60 p i , 80 p i and 100 p i of the d i l u t e d s u p e r n a t a n t and 
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p e l l e t p r o t e i n i n t o i n d i v i d u a l w e l l s i n t r i p l i c a t e . 

The f i n a l volume of each w e l l was made up t o 100 jul 

w i t h T r i s / N a c l b u f f e r . The sample i n each w e l l was 

s u b j e c t e d t o E L I S A as d e s c r i b e d i n s e c t i o n 2.2.3. R^i^B^z 

IgG was used a s p r i m a r y a n t i b o d y i n a 1:5,000 d i l u t i o n . 

At t h e same time, a s t a n d a r d curve of pure legumin 

s t a n d a r d , d i l u t e d w i t h Mc 16 c o n t r o l y e a s t was s e t up, 

as d e s c r i b e d i n s e c t i o n 2.3.4. The s t a n d a r d curve was 

i n t h e range of 17.2 - 82.5 ng. 
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2.4 P u r i f i c a t i o n of y e a s t p r o t e i n 

2.4.1 DEAE-sepharose 

2.4.1.1 P a c k i n g of t he column 

A s u s p e n s i o n of DEAE-sepharose was made by mixing 

e q u a l volume of T r i s b u f f e r (50 mM, pH 7.5) and 

DEAE-sepharose t o form a f a i r l y t h i c k s l u r r y . The 

column (1.5 x 30 cm) was mounted v e r t i c a l l y on a 

s u i t a b l e s t a n d . A i r was e l i m i n a t e d from the dead space 

by f l a s h i n g t h e end p i e c e s w i t h 50 mM T r i s b u f f e r , pH 

15. The column o u t l e t was then c l o s e d . The 

i o n - e x c h a n g e r s u s p e n s i o n was poured i n t o t h e column 

down t h e s i d e of t h e chromatographic tube t o a v o i d 

bubble f o r m a t i o n . The column o u t l e t was opened and the 

g e l a l l o w e d t o s e t t l e i n t o t h e column. T h i s was 

r e p e a t e d u n t i l a g e l column of 20 cm was formed. 

2.4.1.2 L o a d i n g of y e a s t p r o t e i n 

200 ml of YMK was i n o c u l a t e d w i t h a 10 ml YMM 

s t a t i o n a r y PJY 28 y e a s t c u l t u r e and was grown at 30*C 

u n t i l i t r e a c h e d e a r l y s t a t i o n a r y phase (O.D.>1.50). 

Y e a s t c e l l s were h a r v e s t e d and e x t r a c t e d w i t h 

e x t r a c t a n t (50 mM T r i c i n e / 20 mM NaCl) c o n t a i n i n g 6M 

u r e a . A p p r o x i m a t e l y 4 ml of s u p e r n a t a n t p r o t e i n was 

y i e I d e d . 

U s i n g a s y r i n g e , t h e p r o t e i n sample was c a r e f u l l y 
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loaded onto the g e l s u r f a c e and was a l l o w e d t o d r a i n 

i n t o the g e l . When a l l the samples had e n t e r e d the g e l 

bed, t h e top column was washed w i t h a l i q o u t s of T r i s 

b u f f e r and was c o n n e c t e d up f o r e l u t i o n . 

A l i n e a r g r a d i e n t of 0 - 0.5 M NaCl a t a f l o w r a t e 

of 8 ml/h was s e t up and e l u t e d f r a c t i o n s were 

c o l l e c t e d by an automated c o l l e c t o r . Appromately 2 ml 

of e a c h f r a c t i o n were c o l l e c t e d . The absorbance of 

e a c h f r a c t i o n was measured a t 280 nm u s i n g PYE unicam 

u v / v i s s p e c t r o p h o t o m e t e r . 

2.4.2 A n a l y s i s of DEAE-sepharose y e a s t p r o t e i n 

2.4.2.1 To d e t e r m i n e the f r a c t i o n t h a t c o n s i s t s M- 59,000 

legumin p o l y p e p t i d e . 

200 )Jil of each peak f r a c t i o n was d i a l y s e d o v e r n i g h t 

and f r e e z e - d r i e d . 100 /J1 of 1 x SDS b u f f e r was added 

to e ach t o r e d i s s o l v e the p r o t e i n . The s o l u t i o n was 

b o i l e d f o r 3 m i n u t e s . 

2.4.2.2 I d e n t i f i c a t i o n of Mr 59,000 p o l y p e p t i d e by 17% SDS-PAGE 

and w e s t e r n b l o t t i n g 

50 p i of each peak f r a c t i o n and 15 p i of legumin, 

v i c i l i n and c o n v i c i l i n were loaded onto i n d i v i d u a l 

w e l l s of 17% p o l y a c r y l a m i d e g e l . The g e l underwent 

e l e c t r o p h o r e s i s and s t a i n e d as d e s c r i b e d i n s e c t i o n 

2.2.2. Another i d e n t i c a l g e l was s e t up and was 
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s u b j e c t e d t o w e s t e r n b l o t t i n g as d e s c r i b e d i n s e c t i o n 

2.2.3.2. 

2-4.2.3 Q u a n t i t a t i v e a n a l y s i s of DEAE-sepharose p u r i f i e d 

p r o t e i n by E L I S A 

200 jul of f r a c t i o n 34 was d i a l y s e d o v e r n i g h t and 

f r e e z e - d r i e d . 100 jul of T r i s / NaCl b u f f e r was added 

and t h e sample was s u b j e c t e d t o E L I S A as d e s c r i b e d i n 

s e c t i o n 2.3.5. 

44 



2 . 5 F u t h e r p u r i f i c a t i o n of legumin M-r 5 9 , 0 0 0 p o l y p e p t i d e by 

r e v e r s e phase HPLC. 

A f t e r d e t e r m i n a t i o n of the f r a c t i o n which c o n s i s t e d 

of Mr . 5 9 , 0 0 0 legumin p o l y p e p t i d e , the f r a c t i o n s 

f a l l i n g under the whole peak were d i a l y s e d . The 

d i a l y s i s t u b i n g was b o i l e d i n d i s t i l l e d w a t e r f o r 5 

m i n u t e s w i t h a s p a t u l a of sodium b i c a r b o n a t e . The 

t u b i n g was r i n s e d and a knot was t i e d a t one end. 

U s i n g a s y r i n g e , the f r a c t i o n s ( 3 2 - 3 7 ) were c o l l e c t e d 

and p l a c e d i n s i d e t h e t u b i n g , and a knot was t i e d a t 

the o t h e r end, a l l o w i n g s u f f i c i e n t room f o r w a t e r to 

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

p l a c e d i n a b e a k e r w i t h 2 l i t r e s of d i s t i l l e d w a t er and 

c o n s t a n t l y a g i t a t e d t o a l l o w maximum d i a l y s i s . T h i s 

was l e f t f o r 2 4 hours w i t h a t l e a s t f o u r changes of 

w a t e r . The d i a l y s e d sample was t r a n s f e r r e d to an 

Eppendorf tube and f r e e z e - d r i e d under vacuum. 

The sample was d i s s o l v e d i n 5 0 0 yil of 6M Guanidine 

h y d r o c h l o r i d e / 0 .1% T r i f l u o r o - a c e t i c a c i d (TFA). The 

s o l u t i o n was mixed by v o r t e x i n g and was spun i n an 

Eppendorf m i c r o c e n t r i f u g e f o r 1 minute t o g e t r i d of 

b u b b l e s . 5 0 0 u l of the s o l u t i o n was i n j e c t e d i n t o a 

column of vydac Cum ( 0 . 5 x 25 cm. T e c h n i c a l , 

S t o c k p o r t ) . A g r a d i e n t of 0 - 30% i n c r e a s e of TFA f o r 

t h e f i r s t 10 minutes and a g r a d i e n t of 10% i n c r e a s e of 

TFA f o r the r e s t ( 1 1 0 m i n u t e s ) . The sample components 

w h i c h emerged from the base of the column were d e t e c t e d 
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by m e a s u r i n g the absorbance a t 215 nm. The r e s u l t s 

were p r e s e n t e d as a s e r i e s of peaks on the c h a r t 

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

c h a r t . A sample was c o l l e c t e d from the o u t l e t where a 

peak was r e c o r d e d on the c h a r t . The f r a c t i o n c o l l e c t e d 

was f r e e z e - d r i e d under vacuum. 

2.6 N - t e r m i n a l s e q u e n c i n g u s i n g a manual Edman method (Chang et 

a l , 1979) 

P r o t e i n was p l a c e d i n an acid-washed tube f i t t e d 

w i t h a Q u i c k f i t g l a s s s t o p p e r , and was d i s s o l v e d i n 80 

u l aqueous p y r i d i n e ( 5 0 % v/v) and t r e a t e d w i t h 40 p i 

DABITC s o l u t i o n (10 nmol/ul, 2.82 mg/ml), which was 

f r e s h l y p r e p a r e d . The tube was f l u s h e d w i t h n i t r o g e n 

f o r s e c o n d s , s e a l e d w i t h a g l a s s s t o p p e r and p l a c e d i n 

a h e a t i n g b l o c k a t 52°C f o r 15 m i n u t e s . 

A f t e r t h e f i r s t c o u p l i n g , 10 p i PITC was added and 

t h e s e c o n d c o u p l i n g r e a c t i o n was a l l o w e d t o proceed a t 

52*C f o r 30 m i n u t e s . A f t e r the r e a c t i o n , the e x c e s s 

r e a g e n t s and by-product were removed by m i x i n g the 

r e a c t i o n m i x t u r e w i t h two p o r t i o n s of 0.5 ml heptane / 

e t h y l a c e t a t e (2:1 v/v) on a v o r t e x m i x e r and 

c e n t r i f u g e d . 

The o r g a n i c phase was removed w i t h a f i n e p i p e t t e 

and d i s c a r d e d . The m i x t u r e was e v a p o r a t e d i n a vacuum 

d e s i c c a t o r . The d r i e d r e s i d u e was d i s s o l v e d i n 50 p i 

of anhydrous t r i f l u o r o a c e t i c a c i d , f l u s h e d w i t h 
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n i t r o g e n , and s e a l e d w i t h a g l a s s s t o p p e r and heated i n 

a h e a t i n g b l o c k a t 52 C f o r 15 minutes. TFA was 

removed i n a vacuum d e s i c c a t o r and the sample was 

d i s s o l v e d i n 50 p i f o r d i s s o l v e d i n 50 p i d i s t i l l e d 

w a t e r . E x t r a c t i o n of c l e a r e d DABTZ-amino a c i d (and 

PTZ-amino a c i d ) was performed by mi x i n g one p o r t i o n of 

200 p i b u t y l a c e t a t e e x t r a c t , the p e p t i d e i n the water 

phase was e v a p o r a t e d i n a d e s i c c a t o r and s u b j e c t e d to 

the n e x t d e g r a d a t i o n c y c l e . The b u t y l a c e t a t e e x t r a c t , 

c o n t a i n i n g t h e r e l e a s e d t h i a z o l i n o n e s , was e v a p o r a t e d 

and t h e r e s i d u e was r e d i s s o l v e d i n w a t e r (20 p i ) and 40 

p i a c e t i c of 50% TFA added. C o n v e r s i o n of t h i a z o l i n e 

of amino a c i d i n t o t h i o h y d a n t i o n was c a r r i e d out at 80' 

C i n a h e a t i n g b l o c k f o r 50 minutes. The sample was 

d r i e d and r e d i s s o l v e d i n 20 jxl of e t h a n o l and was used 

f o r TLC i d e n t i f i c a t i o n . 

2.6.1 I d e n t i f i c a t i o n of DABTH-amino a c i d by t h i n l a y e r 

chromatography 

DABTH-amino a c i d can be i d e n t i f i e d , by 2-dimensional 

chromatography, on polyamide s h e e t (2.5 x 2.5 cm). 

A c e t i c a c i d and w a t e r , (1:2 by volume) were used f o r 

f i r s t d i m e n s i o n a l s e p a r a t i o n . T o l u e n e , hexane and 

a c e t i c a c i d (2:1:1 by volume) were used as s o l v e n t s f o r 

the s e c o n d d i m e n s i o n a l s e p a r a t i o n . DABTH-Leu c o u l d 

o n l y be i d e n t i f i e d on g e l p l a t e s , u s i n g c h l o r o f o r m / 

e t h a n o l (100:3 v/v) as s o l v e n t s f o r one d i m e n s i o n a l 
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s e p a r a t i o n . 

A f t e r TLC s e p a r a t i o n , the p l a t e was d r i e d and 

exposed t o h y d r o c h l o r i c a c i d vapour t o v i s u a l i s e the 

c o l o u r e d DABTH-amino a c i d . E a c h amino a c i d was 

i d e n t i f i e d by t h e d i s t i n c t s p o t p a t t e r n produced. The 

p a t t e r n of t h e s p o t s f o r each amino a c i d i s shown i n 

Appendux I I I . 
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CHAPTER THREE 
3 R e s u l t s 

3.1 D e m o n s t r a t i o n of legumin e x p r e s s i o n i n PJY 28 yeast 

Yeast p r o t e i n was e x t r a c t e d from yeast t r a n s f o r m e d 

w i t h PJY 28 c o n s t r u c t (Leg A I n pMA 91) and a c o n t r o l 

y east s t r a i n , Mc 16. The su p e r n a t a n t was e x t r a c t e d 

under n o n - d e n a t u r i n g c o n d i t i o n s and t h e p e l l e t was 

under d e n a t u r i n g c o n d i t i o n s . Yeast p r o t e i n s were 

s u b j e c t e d t o 17% SDS-PAGE (re d u c e d ) , f o l l o w e d by 

e l e l e c t r o b l o t t I n g onto n i t r o c e l l u l o s e paper and r e a c t e d 

w i t h a n t i - l e g u m i n a n t i b o d i e s (as d e s c r i b e d i n t he 

methods). 

R e s u l t s are shown i n F i g u r e 3. Legumin p o l y p e p t i d e s 

were d e t e c t e d o n l y i n t r a n s f o r m e d y e a s t and not i n the 

c o n t r o l y e a s t s t r a i n . The legumin p o l y p e p t i d e s were 

d e t e c t e d m a i n l y i n t h e p e l l e t f r a c t i o n . A minute 

amount, which was o n l y j u s t d e t e c t a b l e , was observed i n 

the s u p e r n a t a n t f r a c t i o n . The legumin p o l y p e p t i d e has 

an i n d i c a t e d Mr. of 59,000 and was not reduced t o 

s m a l l e r p o l y p e p t i d e s of Mr- 38,000 and 21,000 as 

expected i n pea legume. 
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F , g ; l 

Western- bLot of Leg A 
in PMA91(PJY28) and 

Mc 16 yeast protein f ract ions 

m I— 38K 

21K 

A B C D E 

A = S O J J I M C 16 p^Het protein 

0= SOyl Mc 1G SLipernatant protein 

C= 50JJL PJY 28 pellet protein 

3= 50 j j l RJY 28 supernatant protein 

E - 20jqg le^umin standard , 
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3.2.2 PJY 28 s u p e r n a t a n t p r o t e i n e x t r a c t e d i n 6 M urea 

e x t r a c t a n t and p e l l e t p r o t e i n e x t r a c t e d i n 1 x SDS b u f f e r 

Legumin p o l y p e p t i d e s were d e t e c t e d m a i n l y i n 

s u p e r n a t a n t s , w i t h a s m a l l d e t e c t a b l e amount i n the 

p e l l e t f r a c t i o n s . Under a l l c o n d i t i o n s , Mr- 59,000 

p o l y p e p t i d e s were d e t e c t e d . Traces of p o l y p e p t i d e s 

ranged f r o m Hp.. 30,000 t o 45,000 were d e t e c t e d (Tracks 

B, C, D, I and J.) D e t e c t i o n of h i g h e r m o l e c u l a r 

w e i g h t p o l y p e p t i d e s (over 130,000 t o 160,000) were 

l o c a t e d i n Track C and D. 

3.2.3 PJY 28 s u p e r n a t a n t p r o t e i n e x t r a c t e d i n T r i c i n e / NaCl 

e x t r a c t a n t and p e l l e t e x t r a c t e d i n 1 x SDS 

R e s u l t are shown i n F i g u r e 6. The m a j o r i t y of 

legumin was d e t e c t e d i n t h e p e l l e t f r a c t i o n . Under a l l 

c o n d i t i o n s , IV^. 59,000 p o l y p e p t i d e legumins were 

d e t e c t e d . The presence of h i g h e r m o l e c u l a r weight 

p o l y p e p t i d e s were d e t e c t e d i n Track B (unreduced) and 

Track G ( i n t h e presence of r e d u c i n g a g e n t s ) . 
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F i g u r e 4 - Western b l o t photograph of yeast supernatant 

p r o t e i n e x t r a c t e d i n 6 M g u a n i d i n e i s o t h l o c y a n a t e and 

p e l l e t p r o t e i n e x t r a c t e d i n 1 x SDS i n non-reducing and 

r e d u c i n g c o n d i t i o n s . 

A) 15 ^g legumin s t a n d a r d 

B) 50 jal p e l l e t p r o t e i n e x t r a c t e d w i t h 1% 
B-mercapethano1 

C) 50 p i p e l l e t p r o t e i n + 1 p i B-mercapethanol 

D) 50 p i p e l l e t p r o t e i n 

E) 50 p i s u p e r n a t a n t p r o t e i n e x t r a c t e d w i t h 1% 
B-mercapethanol 

F) 50 p i s u p e r n a t a n t p r o t e i n + 1 p i B-mercapethanol 
G) 50 p i s u p e r n a t a n t p r o t e i n 
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F i g u r e 5 - Western b l o t photograph of PJY 28 yeast 

s u p e r n a t a n t p r o t e i n e x t r a c t e d i n 6 M urea and the 

p e l l e t p r o t e i n e x t r a c t e d i n 1 x SDS i n non-reducing and 

r e d u c i n g c o n d i t i o n s . 

A) 1 5 jLig c o n v i c i l i n and v i c i l i n s t a n d a r d 

B) 5 0 f i l p e l l e t p r o t e i n e x t r a c t e d w i t h 1% 
B-mercapethano1 

C) 5 0 )il p e l l e t p r o t e i n + 1 jul B-mercapethano 1 

D) 5 0 p i p e l l e t p r o t e i n 

E) 5 0 u l s u p e r n a t a n t p r o t e i n 

F) 5 0 j j I s u p e r n a t a n t p r o t e i n + 1 jul B-mercapethano 1 

G) 5 0 j i l s u p e r n a t a n t p r o t e i n e x t r a c t e d w i t h 1% 
B-mercapethano1 

H) 1 5 p g legumin s t a n d a r d 
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F i g u r e 6 - w e s t e r n b l o t photograph of PJY 28 yeast 

s u p e r n a t a n t p r o t e i n T r i c i n e / N a C l e x t r a c t a n t and p e l l e t 

e x t r a c t e d i n 1 x SDS i n non- and r e d u c i n g c o n d i t i o n s . 

A) 15 yig legumin s t a n d a r d 

B) 50 ) i l s u p e r n a t a n t p r o t e i n 

C) 50 p i s u p e r n a t a n t p r o t e i n e x t r a c t e d w i t h 1% 
B-mercapethano1 

D) 50 jal s u p e r n a t a n t p r o t e i n +1 p.1 B-mercapethano 1 

E) 50 p i p e l l e t p r o t e i n 

F) 50 p i p e l l e t p r o t e i n e x t r a c t e d w i t h 1% 
B-mercapethano1 

G) 50 p i p e l l e t p r o t e i n + 1 p i B-mercapethano1 

H) 15 pg c o n v i c i l i n and v i c i l i n s t a n d a r d 

I ) 15 pg c o n v i c i l i n and v i c i l i n s t a n d a r d 
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3.3 E s t i m a t i o n of t h e M--• of yea s t legumin p o l y p e p t i d e . 

Using t h e r e s u l t s f r o m f i g u r e 5 and 6, the d i s t a n c e s 

t r a v e l l e d by yeast legumin p o l y p e p t i d e and known 

m o l e c u l a r markers were measured. A graph of d i s t a n c e s 

t r a v e l l e d by p r o t e i n s was p l o t t e d a g a i n s t t he log of 

Mr-, ( f i g u r e 7) . From graph 7, t h e M--. of yeast 

p o l y p e p t i d e s can be e s t i m a t e d . 

Track d i s t a n c e M̂ .̂  
t r a v e 1 l e d 

F i g u r e 5 A-E 2.50 59,566 

F i g u r e 6 A-C 2.30 58,884 

D-F 2.25 58,210 

Using Graph 7, t h e Mr- , of yeast legumin p o l y p e p t i d e 

l i e s i n t h e range 58,210 - 59,566. 
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3.4 E x p r e s s i o n of legumin i n PJY 28 ye a s t i n minimal and 

e n r i c h e d media a t d i f f e r e n t stages of growth 
Yeast s u p e r n a t a n t p r o t e i n was e x t r a c t e d i n 

n o n - d e n a t u r i n g c o n d i t i o n s and t h e p e l l e t was e x t r a c t e d 

i n d e n a t u r i n g c o n d i t i o n . Yeast p r o t e i n was e x t r a c t e d 

a t t i m e I n t e r v a l s of 2 t o 6 hours. Before each 

e x t r a c t i o n , t h e o p t i c a l d e n s i t y of medium was measured 

a t 590 nm. The p r o t e i n s were s u b j e c t e d t o 11% SDS-PAGE 

f o l l o w e d by w e s t e r n b l o t t i n g . 

3.4.1 E x p r e s s i o n of legumin i n PJY 28 yeast i n minimal medium 

The r e s u l t s are shown i n F i g u r e 8 and 9. The 

r e s u l t s showed t h a t y e a s t e x p r e s s i o n was swi t c h e d on at 

a l l s tages of growth. The y i e l d of legumin p o l y p e p t i d e 

(M-. 59,000) i n c r e a s e d w i t h an in c r e a s e of c e l l d e n s i t y 

and gave maximum y i e l d a t e a r l y s t a t i o n a r y phase. 

There was a l s o a b u i l d up of h i g h m o l e c u l a r weight 

legumin p o l y p e p t i d e s of i n d i c a t e d Mr- . 130,000 -

150,000. 
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F i g u r e 8 - Photograph of w e s t e r n - b l o t of PJY 28 

s u p e r n a t a n t p r o t e i n a t d i f f e r e n t stages of growth i n 

min i m a l medium. 

A) 50 p i s u p e r n a t a n t p r o t e i n e x t r a c t e d a t 0 .D. 0, .69 

B) 50 p i s u p e r n a t a n t p r o t e i n e x t r a c t e d a t 0, ,D. 0. ,88 

C) 50 p i s u p e r n a t a n t p r o t e i n e x t r a c t e d a t 0 .D. 1 .25 

D) 50 p i s u p e r n a t a n t p r o t e i n e x t r a c t e d a t 0, .D. 1, ,39 

E) 50 Ml s u p e r n a t a n t p r o t e i n e x t r a c t e d a t 0 .D. 1 .56 

F) 50 p i s u p e r n a t a n t p r o t e i n e x t r a c t e d a t 0. ,D. 1 , .70 

G) 50 p i s u p e r n a t a n t p r o t e i n e x t r a c t e d a t 0 .D. 1 .87 

H) 50 P l s u p e r n a t a n t p r o t e i n e x t r a c t e d a t 0, .D. 1, ,98 

F i g u r e 9 - Photograph of t h e master b l o t of PJY 28 

p e l l e t p r o t e i n a t d i f f e r e n t stages of growth i n minimal 

medium. 

A) 50 ;ug legumin s t a n d a r d 

B) 50 jul p e l l e t p r o t e i n e x t r a c t e d a t O.D. 0.75 

C) 50 p i p e l l e t p r o t e i n e x t r a c t e d a t O.D. 1.15 

D) 50 p i p e l l e t p r o t e i n e x t r a c t e d a t O.D. 1.55 

E) 50 p i p e l l e t p r o t e i n e x t r a c t e d a t O.D. 1.76 

F) 50 p i p e l l e t p r o t e i n e x t r a c t e d a t O.D. 1.80 

G) 50 p i p e l l e t p r o t e i n e x t r a c t e d a t O.D. 1.89 

H) 15 jig legumin s t a n d a r d 
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3.4.2 Yeast PJY 28 s u p e r n a t a n t and p e l l e t p r o t e i n a t d i f f e r e n t 

s t a ges of growth i n enriched-medium 

The r e s u l t s are shown i n F i g u r e 10 and 11. I n 

s u p e r n a t a n t and p e l l e t f r a c t i o n s , t h e r e was an apparent 

c e s s a t i o n of legumin s y n t h e s i s a t O.D. 1.42. The 

apparent l a c k of legumin p o l y p e p t i d e s suggested 

t u r n o v e r of p r e v i o u s l y s y n t h e s i z e d p o l y p e p t i d e s . 
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F i g u r e 10 - Western b l o t photograph of PJY 28 yeast 

s u p e r n a t a n t p r o t e i n a t d i f f e r e n t stages of growth i n 

enriched-medium. 

A) 15 fig legumin s t a n d a r d 

B) 50 u l y e a s t s u p e r n a t a n t p r o t e i n e x t r a c t e d a t o p t i c a l 
d e n s i t y 0.89 

C) 50 ^ 1 y e a s t s u p e r n a t a n t p r o t e i n e x t r a c t e d a t o p t i c a l 
d e n s i t y 1.15 

D) 50 p i y e a s t s u p e r n a t a n t p r o t e i n e x t r a c t e d at o p t i c a l 
d e n s i t y 1.42 

E) 50 j u l y e a s t s u p e r n a t a n t p r o t e i n e x t r a c t e d at o p t i c a l 
d e n s i t y 1.65 

F) 50 p i y e a s t s u p e r n a t a n t p r o t e i n e x t r a c t e d at o p t i c a l 
d e n s i t y 1.71 

G) 50 p i y e a s t s u p e r n a t a n t p r o t e i n e x t r a c t e d a t o p t i c a l 
d e n s i t y 1.84 

H) 50 ^ 1 y e a s t s u p e r n a t a n t p r o t e i n e x t r a c t e d at o p t i c a l 
d e n s i t y 1.90 

I ) 50 p i y e a s t s u p e r n a t a n t p r o t e i n e x t r a c t e d at o p t i c a l 
d e n s i t y 1.99 
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Figure 11 - Western b l o t photograph of PJY 28 yeast 
p e l l e t p r o t e i n at d i f f e r e n t stages of growth i n 
e n r i ched-medium. 

A) 15 jug legumin standard 
B) 50 p i yeast p e l l e t p r o t e i n e x t r a c t e d at o p t i c a l 

d e n s i t y 0.89 
C) 50 u l yeast p e l l e t p r o t e i n e x t r a c t e d at o p t i c a l 

den's i t y 1.15 
D) 50 ^1 yeast p e l l e t p r o t e i n e x t r a c t e d at o p t i c a l 

d e n s i t y 1.42 
E) 50 jal yeast p e l l e t p r o t e i n e x t r a c t e d at o p t i c a l 

d e n s i t y 1.65 
F) 50 p i yeast p e l l e t p r o t e i n e x t r a c t e d at o p t i c a l 

d e n s i t y 1.71 
G) 50 p i yeast p e l l e t p r o t e i n e x t r a c t e d at o p t i c a l 

d e n s i t y 1.84 
H) 50 )J1 yeast p e l l e t p r o t e i n e x t r a c t e d at o p t i c a l 

d e n s i t y 1.90 
I) 50 jul yeast p e l l e t p r o t e i n e x t r a c t e d at o p t i c a l 

d e n s i t y 1.99 
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3.4.3 Comparison of the l e v e l of legumin expression at same 
period of growth and same o p t i c a l density i n minimal and 
enriched-media 

Results are shown i n Figure 12. They in d i c a t e t h a t 
when grown at i d e n t i c a l o p t i c a l d e n s i t i e s , i n minimal 
and enriched media, the l e v e l of expression was i n the 
l a t t e r medium, suggesting t h a t there were higher levels 
of expression, when growth occurred, i n a s e l e c t i v e 
medium i n which a c t i v e t r a n s l a t i o n from the plasmid was 
necessary t o provide r e q u i s i t e leucine. 

Figure 12 - Western-blot photograph showing the level 
of expression at same preiod of growth and same o p t i c a l 
density. 

A) 15 pg legumin standard 
B) 50 p i p e l l e t p r o t e i n i n minimal medium at O.D. 1.28 
C) 50 p i p e l l e t p r o t e i n i n enriched-medium at O.D. 1.28 
D) 50 p i p e l l e t p r o t e i n i n minimal medium at 48 hours 

(O.D. 1.34) 
E) 50 p i p e l l e t p r o t e i n i n enriched-medium at 48 hours 

(O.D. 1.99) 
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3.4.5 Growth curve of PJY 28 and Mc 16 c o n t r o l yeast 
1 ml of medium c u l t u r e was removed at time i n t e r v a l s 

of 2 - 6 hours. O p t i c a l density at 590 nm was measured 
and time of growth was noted. 

3.4.5.1 Growth curve of PJY 28 i n minimal and enriched media 
The r e s u l t s were p l o t t e d w i t h o p t i c a l density 

against time of growth; shown i n Figure 13. 

3.4.5.2 Growth curve of Mcl6 c o n t r o l yeast i n minimal and 

enriched media 
The r e s u l t s are p l o t t e d w i t h o p t i c a l density against 

time of growth. 
The r e s u l t s from Figure 13 and 14 show t h a t there 

was a large increased i n c e l l density when the yeast 
grown i n enriched-medium. The growth curve of PJY 28 
and Mc 16 yeast have a s i m i l a r p a t t e r n , showing tha t 
legumin expression d i d not s i g n i f i c a n t l y i n t e r f e r e w i t h 
the normal growth of yeast. 
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3.6 Q u a n t i t a t i v e analysis 

3.6.1 Determination of t o t a l yeast p r o t e i n by Microbiuret 
BSA was used t o set up a standard curve (as 

described i n the methods) t o estimate the t o t a l p r o t e i n 
i n yeast e x t r a c t . The standard curve i s shown i n 
f i g u r e 15 w i t h o p t i c a l density p l o t t e d against BSA 
(mg/ml). 25 ^1 yeast p r o t e i n was placed i n an 
Eppendorf tube and made up t o 250 ;al w i t h d i s t i l l e d 
water. 750 ̂ 1 IM sodium hydroxide and 50 ̂ 1 Benedict's 
s o l u t i o n was added. The absorbance at 330 nm was 
measured a f t e r 15 minutes (as described i n the 
methods). From the standard curve, the le v e l of yeast 
p r o t e i n could be estimated. 

Results are shown i n Table 3. 

Table 3 
Yeast e x t r a c t PJY 28 Supernatant PJY28 P e l l e t 

p r o t e i n i n T r i c i n e p r o t e i n i n 
b u f f e r 1 x SDS 

P i l u t i o n 25x 25x 
P.P. (330 nm) 0.236 0.39 
Pr o t e i n (mg) 20.75 30.5 

Tot a l p r o t e i n yeast p r o t e i n = 51.25 mg/ml 
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3.6.2 Estimation of yeast legumin by q u a n t i t a t i v e western 
b l o t t ing 

Yeast supernatant p r o t e i n was extracted under 
non-denaturing c o n d i t i o n and p e l l e t p r o t e i n was 
ex t r a c t e d under denaturing c o n d i t i o n . Protein were 
f r a c t i o n a t e d by 11% SDS-PAGE and e l e c t r o b l o t t e d and 
detected w i t h anti-legumin IgG as described i n the 
methods. The amount of legumin synthesized was 
estimated by comparison w i t h the s t a i n i n g obtained w i t h 
known amounts of p u r i f i e d legumin standard. 

3.6.2.1 Q u a n t i t a t i v e western b l o t t i n g of PJY 28 supernatant 
p r o t e i n 

Results are shown i n Figure 16. The band of 50 ^ 1 
supernatant p r o t e i n gives a s i m i l a r i n t e n s i t y as the 
2.5 ^g legumin standard. Therefore legumin present i n 
supernatant p r o t e i n i s 50 pg/ml. 
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3.6.2.2 Q u a n t i t a t i v e western-blottong of PJY 28 p e l l e t p r o t e i n 
Results are shown i n Figure 17. The band of 10 ̂ 1 

of p e l l e t f r a c t i o n gives a s i m i l a r i n t e n s i t y as the 10 
yag of legumin standard. Therefore legumin i s i n the 
p e l l e t f r a c t i o n of PJY 28 yeast i n 1 mg/ml. 

Level of expression i n PJY 28 yeast 

T o t a l PJY 28 yeast p r o t e i n 1 X 100 
Total yeast p r o t e i n (from the microbiuret estimation i n 
se c t i o n 3.6.1) = 1 / 51.25 x 100 
= 1.95% 
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Fig: 17 
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3.7 Estimatiom of legumin i n PJY 28 yeast by ELISA 

3.7 . 1 P r e l i m i n a r y Antibody b i n d i n g curve 

Three d i f f e r e n t a n t i - s e r a of d i l u t i o n 0 - lO"'^ were 

used i n the ELISA assay. 

1 ) Preimmune serum = serum obtained before 
immunisation. 

2) RsBz serum = serum from immunised r a b b i t a f t e r 
red blood c e l l s removed. 

3) REBS IgG antibody = A f f i n i t y p u r i f i e d 
anti-legumin. 

100 yul of d i l u t e d ( 1 : 1 , 0 0 0 ) PJY 28 t o t a l p r o t e i n and 
Mc 1 6 c o n t r o l t o t a l p r o t e i n was added t o each w e l l i n 
du p l i c a t e s . The three d i f f e r e n t types of serum at 
d i f f e r e n t d i l u t i o n s were used as primary antibodies. 
Goat a n t i - r a b b i t IgG horseradish cojugate and PAB were 
used as the d e t e c t i o n system. The r e s u l t s were p l o t t e d 
i n a graph, w i t h absorbance at 4 1 4 nm against the 
d i l u t i o n f a c t o r (Figures 1 8 and 1 9 ) . 

For Mc 1 6 c o n t r o l yeast ( f i g u r e 1 8 ) , at d i l u t i o n 

1:100, i t gives the highest binding. 1:1,000 (and 

below) d i l u t i o n s show low non-specific binding t o a l l 

a n t i - s e r a . 
For PJY 28 yeast p r o t e i n at 1:1,000 d i l u t i o n , there 

i s s i g n i f i c a n t binding at both R-.i:B̂  serum and RaBs IgG 
but f a l l t o low l e v e l at 1;10,000 d i l u t i o n . 
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At 1:5,000 d i l u t i o n , the binding of R•^.B:^ IgG s t i l l remains 
at a reasonable high l e v e l and Mc 16 c o n t r o l yeast gives a low 
bin d i n g at the same d i l u t i o n . Therefore RaBs IgG antibody at 
d i l u t i o n 1:5,000 i s the best acceptable primary antiboby which 
gives a high colour product. 
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3.7.2 To i n v e s t i g a t e t h e e f f e c t s of yeast p r o t e i n on legumin 
s t a n d a r d curve 

Pure legumin s t a n d a r d was d i l u t e d w i t h 0.2 M NaCl / 

0.3 M T r i s b u f f e r , pH 7.4, i n t o a s e r i e s of d i l u t i o n s 

of legumin range of 0.68 - 68,000 ng. S i m i l a r s e r i e s 

of d i l u t i o n s o f legumin s t a n d a r d were made w i t h 

s u p e r n a t a n t and p e l l e t p r o t e i n of Mc 16 c o n t r o l y e a s t. 

Both s u p e r n a t a n t and p e l l e t p r o t e i n of Mc 16 yeast were 

i n i t i a l l y d i l u t e d (1:1,000) w i t h NaCl / T r i s b u f f e r . 

100 of each d i l u t e d legumin was placed i n each w e l l 

i n t h e m i c r o t i t e r p l a t e i n d u p l i c a t e s . ELISA was 

performed as d e s c r i b e d i n methods. R e s u l t s were 

p l o t t e d on a graph of o p t i c a l d e n s i t y 414 nm a g a i n s t 

legumin s t a n d a r d as shown i n F i g u r e 20. The r e s u l t s 

showed t h a t a l i n e a r r e l a t i o n was found between 0.68 -

368 ng. 
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3.7.3 E s t i m a t i o n o f yea s t legumin by ELISA 

Standard graph of 17.2 - 82.5 ng of d i l u t e d 
s u p e r n a t a n t and p e l l e t p r o t e i n of Mc 16 were s e t up. 

From t h e q u a n t i t a t i v e w e s t e r n b l o t s r e s u l t s d i l u t i o n 

f a c t o r f o r s u p e r n a t a n t p r o t e i n i s 1:500 and p e l l e t 

p r o t e i n i s 1:8,000 so t h a t t h e o p t i c a l d e n s i t y produced 

w i l l f a l l i n t h e l i n e a r p a r t of the s t a n d a r d curve. 

But p r e l i m i n a r y ELISA e s t i m a t i o n gave a h i g h r e a d i n g i n 

PJY 28 s u p e r n a t a n t p r o t e i n which i s o f f the sca l e of 

the s t a n d a r d graph. PJY 28 p e l l e t p r o t e i n gave a very 

r e a d i n g i n s t e a d . T h e r e f o r e a d i l u t i o n of 1:5^000 f o r 

s u p e r n a t a n t p r o t e i n and 1:1,000 f o r p e l l e t p r o t e i n 

p r o t e i n were used. The f o l l o w i n g volume of d i l u t e d 

p r o t e i n (as shown i n t a b l e 4) was placed i n each w e l l 

and made up t o 100 u l u s i n g NaCl / T r i s b u f f e r . 

D u p l i c a t e s were s e t up f o r each and were s u b j e c t e d t o 

ELISA. An average o p t i c a l d e n s i t y was o b t a i n e d from 

t h e r e s u l t s o b t a i n e d f r o m t h e d u p l i c a t e w e l l s were 

average out . The amount of legumin i n ng was found 

f r o m t h e s t a n d a r d curve and the amount of mg/ml were 

t h e n c a l c u l a t e d as shown i n t a b l e 4. 
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Table 4 

Yeast f r a c t i o n Yeast s u p e r n a t a n t p r o t e i n PJY 28 p e l l e t 
e x t r a c t e d i n non- e x t r a c t e d i n 

r e d u c i n g c o n d i t i o n s 

O.D. 41Qnm 

40 ^ 1 y e a s t 

60 jil y e a s t 

80 ^ 1 y e a s t 

100 ^ 1 y e a s t 

Average 
legumin 
(mg/ml) 

0.101 

0.135 

0.152 

0.205 

1.04 

d e n a t u r i n g 
c o n d i t i o n s 

0.310 

0.365 

0.445 

0.523 

0.463 

The r e s u l t s i n Table 4 showed t h a t t he supernatant 

f r a c t i o n c o n t a i n s more th a n t w i c e the amount of l e g i m i n 

t h a n t h e p e l l e t f r a c t i o n . The ELISA r e s u l t 

c o n t r a c d i c t e d t h e by q u a n t i t i v e western b l o t t i n g which 

showed t h a t t h e p e l l e t f r a c t i o n c o n t a i n s 20x amount of 

legumin compared t o s u p e r n a t a n t . 
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3.8 To determine t h e p r o c e s s i n g of yeast legumin by comparing 

t h e m o b i l i t y o f legumin p o l y p e p t i d e w i t h pea legumin u s i n g 

12.5^ SDS-PAGE and Western b l o t t i n g 

3.8.1 12.596 SDS-Page 

Mc 16 c o n t r o l y e a s t p r o t e i n , PJY 28 yeast p r o t e i n 

and pea meal e x t r a c t s f r o m 13-17 DAF were separated on 

12.5% SDS-PAGE and F r a c t i o n a t e d p r o t e i n s were 

v i s u a l i s e d by 0.2% k e n a c i d b l u e s t a i n as d e s c r i b e d i n 

method. The r e s u l t i s shown i n f i g u r e 22. The 

d i s t a n c e s , t r a v e l l e d by known m o l e c u l a r markers were 

measured. A graph of d i s t a n c e s t r a v e l l e d by p r o t e i n s 

was p l o t t e d a g a i n s t l o g M,- . shown i n f i g u r e 23. Using 

t h i s graph, t h e pea ML--. 59,000 precusor band was 

l o c a t e d . Knowing t h e approximate d i s t a n c e t r a v e l l e d by 

th e M-. 59,000 p o l y p e p t i d e of pea, by comparing the 

p r o t e i n band of Mc 16 c o n t r o l y e a s t w i t h PJY 28 yeast 

a t t h a t range. The yeas t legumin p o l y p e p t i d e can be 

l o c a t e d as t h i s band does not appear i n c o n t r o l y e a s t. 

R e s u l t s i n F i g u r e 23 showed t h a t t he d i s t a n c e s 

t r a v e l l e d by b o t h y e a s t and pea legumin i n SDS-PAGE g e l 

was 38 mm. 
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F i g u r e 22 - Photograph of 12.5% SDS-PAGE g e l comparing 

t h e m o b i l i t y of pea and y e a s t l e g u m i n p r e c u s o r 

p o l y p e p t i d e . 

A) 15 ^g c o n v i c i l i n + v i c i l i n s t a n d a r d 

B) 2 |ig BSA 

C) 50 ^1 PJY 28 p e l l e t p r o t e i n 

D) 50 yil PJY 28 p e l l e t p r o t e i n 

E) 5 jjil pea p r o t e i n e x t r a c t a t 17 DAF 

F) 5 p i pea p r o t e i n e x t r a c t a t 16 DAF 

G) 5 p i pea p r o t e i n e x t r a c t a t 15 DAF 

H) 5 p i pea p r o t e i n e x t r a c t a t 14 DAF 

I ) 5 ^ 1 pea p r o t e i n e x t r a c t a t 13 DAF 

J) 5 yil pea p r o t e i n e x t r a c t a t 12 DAF 

K) 5 jil pea p r o t e i n e x t r a c t a t 9 DAF 

L) 15 ^ g legumin 
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3.8.2 Western - b l o t t i n g 

Yeast p r o t e i n and pea p r o t e i n e x t r a c t were separated 

i n 12.5% SDS-PAGE and e l e c t r o b l o t t e d and d e t e c t e d by 

a n t i - l e g u m i n IgG and goat a n t i - r a b b i t IgG h o r s e r a d i s h 

p e r o x i d a s e as d e s c r i b e d i n method. The r e s u l t was 

shown i n F i g u r e 24. The d i s t a n c e t r a v e l l e d by the K-. 

59,000 legumin p o l y p e p t i d e s of pea and yeast was found 

t o be 34 mm ( F i g u r e 2 5 ) . 
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F i g u r e 25 - Photograph of Western b l o t t i n g of PJY 28 

y e a s t and pea p r o t e i n e x t r a c t . 

A) 50 ^ 1 PJY 28 y e a s t s u p e r n a t a n t p r o t e i n 

B) 50 ^ 1 PJY 28 y e a s t s u p e r n a t a n t p r o t e i n 

C) 5 jjLl pea p r o t e i n e x t r a c t at 15 DAF 

D) 5 p i pea p r o t e i n e x t r a c t a t 14 DAF 

E) 15 pg c o n v i c i l i n + v i c i l i n s t a n d a r d 
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3.9 P u r i f i c a t i o n of y e a s t legumin M-: • 59,000 p o l y p e p t i d e 

3.9.1 DEAE-sepharose column 

3 ml of y e a s t s u p e r n a t a n t p r o t e i n was e x t r a c t e d 

u s i n g 6 M urea i n T r i c i n e / NaCl b u f f e r . Yeast legumin 

was p u r i f i e d by r u n n i n g on a DEAE-sepharose column, 

w i t h a g r a d i e n t of 0 - 0.5 M NaCl. F l u t e d f r a c t i o n s 

were c o l l e c t e d and t h e absorbance at 280 nm were 

measured. 

The r e s u l t s were p l o t t e d i n a graph w i t h absorbance 

a t 280 nm a g a i n s t f r a c t i o n s . The r e s u l t s are presented 

i n f i g u r e 26; t h e r e are 10 p r o t e i n peaks. 
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3.9.1.1 11% SDS PAGE 

50 ^1 of each peak f r a c t i o n was loaded i n t o each 

w e l l , w i t h legumin and v i c i l i n s t a n d a r d . The s e p a r a t e d 

p r o t e i n s were v i s u a l i s e d by 0.2% K e n a c i d b l u e . R e s u l t s 

a r e shown i n F i g u r e 27. 

The known d i s t a n c e s of t he known m o l e c u l a r w e i g h t s 

were measured and a graph of d i s t a n c e p l o t t e d a g a i n s t 

l o g of M-. ( F i g u r e 2 8 ) . From the graph, t h e d i s t a n c e 

t r a v e l l e d by t h e 59,000 legumin p o l y p e p t i d e i s 39 cm, 

wh i c h o n l y c o r r e s p o n d s t o t he second major band of 

f r a c t i o n 34 ( F i g u r e 2 7 ) . 
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F i g u r e 27 - Photograph of SDS-PAGE g e l of s e p h a r o s e p u r i f i e d 

y e a s t e x t r a c t . 

A) 50 u l of s e p h a r o s e p u r i f i e d p r o t e i n f r a c t i o n 22. 

B) 50 p i of s e p h a r o s e p u r i f i e d p r o t e i n f r a c t i o n 25. 

C) 50 ^1 of s e p h a r o s e p u r i f i e d p r o t e i n f r a c t i o n 34. 

D) 50 p i of s e p h a r o s e p u r i f i e d p r o t e i n f r a c t i o n 41. 

E) 50 ^1 of s e p h a r o s e p u r i f i e d p r o t e i n f r a c t i o n 47. 

F) 50 p i of s e p h a r o s e p u r i f i e d p r o t e i n f r a c t i o n 57. 

G) 50 u l of s e p h a r o s e p u r i f i e d p r o t e i n f r a c t i o n 68. 

H) 50 |al of s e p h a r o s e p u r i f i e d p r o t e i n f r a c t i o n 96. 

I ) 15 p i of v i c i l i n + c o n v i c i l i n s t a n d a r d . 

J ) 15 p i of legumin s t a n d a r d . 

K) 50 of y e a s t s u p e r n a t a n t e x t r a c t . 

L) 15 jil of y e a s t s u p e r n a t a n t e x t r a c t . 
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3.9.1.2 I d e n t i f i c a t i o n of DEAE-sepharose p u r i f i e d y e a s t legumin 

by 17% SDS-PAGE and w e s t e r n b l o t t i n g 

200 p i of each peak f r a c t i o n was d i a l y s e d o v e r n i g h t , 

f r e e z e d - d r i e d , d i s s o l v e d i n 100 jul of 1 x SDS sample 

b u f f e r and b o i l e d i n 2 m i n u t e s . Only f r a c t i o n 34 

( t r a c k F) r e a c t e d w i t h a n t i - l e g u m i n IgG to produce a 

band of legumin p r e c u r s o r p o l y p e p t i d e of M-. 59,000. 
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F i g u r e 29 - Photograph of the W e s t e r n b l o t of s e p h a r o s e 

p u r i f i e d f r a c t i o n s . 

A) 50 Pl of s e p h a r o s e p u r i f i e d p r o t e i n , f r a c t i o n 96 

B) 50 Pl of s e p h a r o s e p u r i f i e d p r o t e i n , f r a c t i o n 68 

C) 50 P̂  of s e p h a r o s e p u r i f i e d p r o t e i n . f r a c t i o n 57 

D) 50 Pl of s e p h a r o s e p u r i f i e d p r o t e i n . f r a c t i o n 47 

E) 50 Pl of s e p h a r o s e p u r i f i e d p r o t e i n , f r a c t i o n 41 

F) 50 P̂  of s e p h a r o s e p u r i f i e d p r o t e i n . f r a c t i o n 34 

G) 50 p i of s e p h a r o s e p u r i f i e d p r o t e i n . f r a c t i o n 25 

H) 15 Pl of legumin s t a n d a r d . 

I ) 15 Pl of c o n v i c i l i n and v i c i l i n s t a n d a r d . 

J ) 50 Pl of s e p h a r o s e p u r i f i e d p r o t e i n . f r a c t i o n 22 

K) 50 Pl of s e p h a r o s e p u r i f i e d p r o t e i n . f r a c t i o n 15 

L) 50 Pl of s e p h a r o s e p u r i f i e d p r o t e i n . f r a c t i o n 10 

M) 50 Pl of PJY 28 y e a s t s u p e r n a t a n t p r o t e i n . 

N) 50 Pl of PJY 28 y e a s t s u p e r n a t a n t p r o t e i n . 
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3.9.2 Q u a n t i t a t i v e e s t i m a t i o n s of Sepharose p u r i f i e d Legumin 

A s t a n d a r d graph of 0 - 125 jag was s e t up u s i n g pure 
legumin s t a n d a r d , as shown i n F i g u r e 30. From the 2 ml 
f r a c t i o n of 34, 200 p i was removed and d i a l y s e d , 
f r e e z e - d r i e d and d i s s o l v e d i n 100 u l of NaCl b u f f e r . 
50 u l was removed and made up t o 1 ml w i t h NaCl / T r i s 
b u f f e r . T r i p l i c a t e s of 100 ml samples were a s s a y e d , 
u s i n g E L I S A . 

F r a c t i o n P i l u t i o n P.P. Legumin 

number (ng) 

34 10,000 3.12 112 

amount of legumin = 112 x 10.000 x lO"-'^ = 1 . 1 2 mg/ml 

l e v e l of e x p r e s s i o n = amount of legumin / t o t a l y e a s t 

p r o t e i n 

= 1.12 / 50.25 X 100 = 2.24% 
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3-9.3 F u r t h e r p u r i f i c a t i o n of y e a s t legumin i n F r a c t i o n 34 by 

R e v e r s e Phase HPLC 

The f r a c t i o n s which f e l l below the peak of f r a c t i o n 

34 were c o l l e c t e d and p l a c e d i n a d i a l y s i s t u b i n g and 

d i a l y s e d f o r 48 hours and the f r e e z e - d r i e d under a 

vacuum pump as mentioned i n the methods. The s o l i d 

sample was d i s s o l v e d i n 6 M of Guandine h y d r o c h l o r i d e 

and 0.1% T r i f l u o r o - a c e t i c - a c i d and s u b j e c t e d t o r e v e r s e 

phase HPLC ( p r o f i l e of p r o t e i n d i l u t e d i s shown i n 

Appendix V ) . 

The s i x major peaks o b s e r v e d on the c h a r t r e c o r d e r 

r e p r e s e n t t h e s e p a r a t e d p r o t e i n s . These samples were 

f r e e z e - d r i e d and s u b j e c t e d t o N - t e r m i n a l s e q u e n c i n g . 

3.9.4 N-Terminal S e q u e n c i n g by the Edman Method 

A manual double c o u p l i n g Edman method, as d e s c r i b e d i n the 

methods was used. 

The f i r s t p e p t i d e from the f i r s t d e h y d r a t i o n c y c l e were 

a n a l y s e d by t h i n l a y e r chromatography u s i n g both polyamide 

s h e e t and s i l i c a g e l p l a t e s . A f t e r exposure to h y d r o c h l o r i d e 

vapour, no s p o t s were o b s e r v e d . 
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CHAPTER 4 

4 D i s c u s s i o n 

4.1 Comparison of t h e l e v e l of legumin e x p r e s s i o n w i t h 

e x p r e s s i o n of o t h e r h e t e r o l o g o u s p r o t e i n s i n y e a s t 

I t was demonstrated t h a t pea legumin was 

s u c c e s s f u l l y e x p r e s s e d i n y e a s t t r a n f o r m e d w i t h the PJY 

28 c o n s t r u c t . The l e v e l s of e x p r e s s i o n s e s t i m a t e d by 

q u a n t i t a t i v e w e s t e r n b l o t s and E L I S A were comparable ; 

a p p r o x i m a t e l y 1.95% and 2.24% of t o t a l c e l l p r o t e i n 

r e s p e c t i v e l y . Numerous i n v e s t i g a t o r s have demonstated 

t h e e x p r e s s i o n of h e t e r o l o g o u s e u k a r y o t i c gene 

s e q u e n c e s i n S. cerevisiae under t h e c o n t r o l of v a r i o u s 

y e a s t gene 'promoter' r e g i o n s . The y i e l d s of a 

h e t e r o l o g o u s p r o d u c t i n y e a s t have, however been on l y 

1-5% of t o t a l c e l l p r o t e i n , even 2 um p l a s m i d based 

v e c t r o s have been used. I n comparison, the par e n t 

p l a s m i d pMA 27 which c a r r i e s t h e complete a c t i v e PGK 

gene produces a l e v e l of e x p r e s s i o n of PGK of 50-80% of 

th e t o t a l c e l l p r o t e i n ( 2 3 ) . The p o s s i b l e e x p l a n a t i o n s 

f o r t h e low e x p r e s s i o n of h e t e r o l o g o u s p r o t e i n w i l l 

d i s c u s s e d l a t e r . 

Mel l o r e t a l (15) e x p r e s s i n g chymosin cDNA s p e c i e s 

i n v e c t o r s c o n t a i n i n g t h e y e a s t PGK promotor showed 

t h a t t h e l e v e l of e x p r e s s i o n was dependent upon the 

l e n g t h of t o cDNA i n s e r t . L e v e l s of 1-2% of t o t a l 
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y e a s t p r o t e i n were o b t a i n e d when the cPNA c o n t a i n e d an 

i n s e r t ' l e a d e r ' sequence but the removal of l e a d e r 

sequence c a u s e d the l e v e l of chymosin to drop tp 0.5% 

of the t o t a l y e a s t p r o t e i n . A p a r t i a l cPNA l a c k i n g 

both l e a d e r sequence and a p p r o x i m a t e l y 120 bp of coding 

sequence gave a v e r y low l e v e l of e x p r e s s i o n . These 

d i f f e r e n c e s i n l e v e l s of e x p r e s s i o n were shown not t o 

be due t o low p l a s m i d copy number, or t o low l e v e l of 

RNA t r a n s c r i p t i o n , codon b i a s , or t o ATG i n i t i a t i o n 

e n v i r o m e n t . I t was s u g g e s t e d t h a t the low l e v e l s of 

e x p r e s s i o n may have r e s u l t e d from h i g h l e v e l s of 

p r o t e i n t u r n o v e r . However, i n the c a s e of an 

i n t e r e r o n a l p h a - 2 cDNA c o n s t r u c t d i f f e r e n t l i m i t s to 

e x p r e s s i o n were i d e n t i f i e d . I n t e r f e r o n a l p h a - 2 was 

e x p r e s s e d a c h i m e r i c p r o t e i n i n a PGK f u s i o n v e c t o r 

(pMA 230-1) and as a s i n g l e p r o t e i n i n a c l o s e l y 

r e l a t e d PGK v e c t o r (PMA 301-1) (25,31) pMA 203-1 

c o n t a i n s 1.5 kb of 5 ' - f l a n k i n g r e g i o n of the PGK gene 

and 37 bp of c o d i n g sequence. T h i s v e c t o r i s used to 

produce PGK f u s i o n p r o t e i n s i n y e a s t , and i n t h i s 

c o n s t r u c t t h e c o r r e c t ' s i g n a l ' f o r t r a n s c r i p t i o n and 

t r a n s l a t i o n of y e a s t gene have been p r e s e r v e d . pMA 

301-1 c o n t a i n s a l l the 5' f l a n k i n g r e g i o n of PGK gene 

up t o one n u c l e o t i d e b e f o r e the ATG i n i t i a t i o n codon. 

Both pMA 301-1 and pMA 230-1 gave s i m i l a r e x p r e s s i o n 

l e v e l s of i n t e r f e r o n a l p h a ( 1 - 3 % of t o t a l c e l l 

p r o t e i n ) , but the e x p r e s s i o n l e v e l s were c o n s i d e r a b l y 
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l e s s t h a n t h o s e found i n the homogenous s i t u a t i o n i n 

which a p l a s m i d based PGK s t r u c t u r a l gene was under i t s 

own promoter. T h i s d i f f e r e n c e was a t t r i b u t e d p r i m i n a r y 

t o 5-10 f o l d r e d u c t i o n i n l e v e l s of i n t e r f e r o n alpha-2 

mRNA compared t o PGK mRNA r e s u l t i n g from i n e f f i c i e n t 

t r a n s c r i p t i o n i n t h e h e t e r o l o g o u s s i t u a t i o n . A 

d i f f e r e n c e i n s t e a d y s t a t e p r o t e i n l e v e l was a l s o 

p r e s e n t . A number of con s e n s u s sequences f o r 

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

genes have been d e s c r i b e d ( 3 4 ) . These genes c o n t a i n no 

G r e s i d u e i n the 15-20 b a s e s p r o c e e d i n g the i n i t i a t i o n 

codon, an A r e s i d u e a t -3, and a p u r i n e a t +6 (12) A 

number of co n s e n s u s r e q u i r e m e n t s f o r y e a s t t e r m i n a t i o n 

have a l s o been d i s c u s s e d . These a r e p r o v i d e d by the 3' 

r e g i o n of PGK sequence p r e s e n t i n pMA 91, but i n 

a d d i t i o n t h e legumin cDNA has a t e r m i n a t i o n codon and a 

p o l y a d e n y l a t i o n s i t e . However whether t r a n s c r i p t i o n 

t e r m i n a t e s w i t h i n y e a s t o r legumin sequences has not 

been i n v e s t i g a t e 

R e c e n t l y , a few p l a n t s t o r a g e p r o t e i n s have been 

e x p r e s s e d i n y e a s t . The e x p r e s s i o n of the major 

s t o r a g e p r o t e i n of f r e n c h bean, phaseolin, under 

c o n t r o l of n a t u r a l p l a n t DNA sequences y i e l d s a l e v e l 

of 0.01-0.05% of t o t a l c e l l u l a r p r o t e i n ( 7 ) . Under the 

y e a s t p h o s p h a t a s e promoter i n a m u l t i c o p y e x p r e s s i o n 

p l a s m i d , t h e e x p r e s s i o n l e v e l of bean p h a s e o l i n 

i n c r e a s e d t o 3% of t o t a l c e l l p r o t e i n ( 8 ) . When the 
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h i g h e f f i c i e n c y promoter of PGK was used t o e x p r e s s the 

pea s t o r a g e p r o t e i n , v i c i l i n , the l e v e l of e x p r e s s i o n 

was a p p r o x i m a t e l y 5% of s o l u b l e p r o t e i n ( 3 2 ) . The cDNA 

sequence e n c o d i n g v i c i l i n u sed i n t h i s experiment l a c k s 

a l e a d e r sequence, r e s u l t i n g i n the encoding p r o t e i n 

b e i n g l o c a t e d i n t h e c y t o s o l . E s t i m a t i o n of the l e v e l s 

of e x p r e s s i o n i n legumin depend upon v i s u a l comparison 

of t h e i n t e n s i t y s t a i n i n g on w e s t e r n b l o t s . However 

the s t a n d a r d legumin under the d e n a t u r i n g c o n d i t i o n s 

employed i s d i s s o c i a t e d i n t o and B s u b u n i t s , w h i l e 

t h e u n p r o c e s s e d e x p r e s s i o n product remains as a M-

59,000 p r e c u s o r m o l e c u l e . U n p u b l i s h e d d a t a 

c o n s i s t e n t l y demonstrated t h a t the s u b u n i t i s 

c o n s i d e r a b l y more a n t i g e n i c t h a n t h e s u b u n i t . 

S t a i n i n g o b t a i n e d by s u b u n i t i s always exceeds t h a t 

of B s u b - u n i t . However comparison of i n t e n s i t y by 

s t a i n i n g t o e s t i m a t e the l e v e l of e x p r e s s i o n of legumin 

might be u n d e r e s t i m a t e d s i n c e t h e comparison i s not 

between i d e n t i c a l p o l y p e p t i d e s . F u r t h e r experiments i n 

p r o g r e s s u s e monoclonal a n t i b o d i e s t o compare the 

amounts of t y p e s of legumin. 

4.2 P o s t - t r a n s l a t i o n a l p r o t e o l y s i s of legumin 

Legumin p o l y p e p t i d e s a r e s y n t h e s i z e d i n v i v o as 

p r e c u s o r of M,- . 59,000 from wh i c h a 21 amino a c i d 

l e a d e r sequence i s removed, f o l l o w e d by c l e a v a g e of a 

s i n g l e Asn-Gly p e p t i d e bond (24) t o y i e l d the and b 
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s u b u n i t s . The l a t t e r p r o c e s s p r o b a b l y i n v o l v e s a 

s i n g l e enzyme l o c a t e d i n t he p r o t e i n b o d i e s of seed 

c o t y l e d o n s . The p r e s e n c e i n y e a s t of a membrane and 

v a s c u l a r s y s t e m s u g e s t s t h a t such p o s t - t r a n s l a t i o n a l 

m o d i f i c a t i o n s may be c a r r i e d out by y e a s t and indeed 

s e v e r a l p r o t e i n s e x p r e s s e d i n y e a s t have been shown t o 

undergo v a r y i n g d e g r e e s of p o s t - t r a n s l a t i o n a l 

m o d i f i c a t i o n ( 7 , 8 , 1 4 ) . 

The w e s t e r n b l o t s c o n s i s t e n t l y demonstrate a IVU . 

59,000 p o l y p e p t i d e , s u g g e s t i n g t h e f a i l u r e of y e a s t to 

c a r r y out p o s t - t r a n s l a t i o n a l c l e a v a g e of legumin 

p r e c u s o r t o g e n e r a t e the mature, d i s u l p h i d e - 1 i n k e d and 

b p o l y p e p t i d e s (M-. 38,000 and 21,000). 

T h i s c o u l d be due t o s e v e r a l c a u s e s . S i n c e the 

legumin p o l y p e p t i d e can o n l y e x t r a c t e d under d e n a t u r i n g 

c o n d i t i o n s t h i s s u g g e s t s legumin p o l y p e p t i d e i s 

e n c l o s e d i n a membrane system. E l e c t r o n microscopy 

l o c a l i s a t i o n s t u d i e s o f . l e g u m i n s u p p o r t t h i s v i e w ( 3 3 ) . 

Legumin was l o c a t e d u s i n g g o l d l a b e l l e d goat 

a n t i - r a b b i t IgG and r a b b i t a n t i - l e g u m i n IgG Legumin 

p o l y p e p t i d e s were s y n t h e s i z e d a t the endoplasmic 

r e c t i c u l u m and a r e s e q u e s t e r e d w i t h i n g o l g i a p p a r a t u s , 

i n a mannner s i m i l a r t o t h a t o c c u r i n g w i t h i n pea 

c o t y l e d o n a r y t i s s u e . I t i s l i k e l y t h a t t h e newly 

s y n t h e s i z e d legumin may be s e q u e s t e r e d i n t o an 

i n t r a c e l l u l a r compartment i n y e a s t where i t i s 

i n a c c e s s i b l e t o t h e y e a s t p r o t e a s e . 
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I t i s a l s o p o s s i b l e t h a t the s u s c e p t i b l e bond f o r 

the c l e a v a g e may not be a v a l i a b l e . The legumin 

s y n t h e s i z e d i n y e a s t may be a s s o c i a t e d w i t h i n the 

end o p l a s m i c r e c t i c u l u m i n t o an i n s o l u b l e o l i g o m e r i c 

form ( 6 ) . R e s u l t shown i n f i g u r e 4 and 5 show the 

p r e s e n c e of p a r t i a l l y a ssembled m o l e c u l e s . A s i m i l a r 

o b s e r v a t i o n was made f o r v i c i l i n assembly when cPNA was 

e x p r e s s e d i n t h e same h o s t ( 3 2 ) . 

A t h i r d p o s s i b i l i t y i s t h a t y e a s t l a c k s the 

n e c c e s s a r y enzyme t o c a r r y out c l e a v a g e . The 

e n d o p r o t e o l y t i c enzyme w h i c h c a r r i e s out the p r o c e s s i n g 

i n t h e p l a n t i s h i g h l y s p e c i f i c . The 

p o s t - t r a n s l a t i o n a l c l e a v a g e of t h e legumin p r e c u s o r 

o c c u r s a t a s p e c i f i c s i n g l e s i t e , C - t e r m i n a l t o the 

a s p a r a g i n e r e s i d u e i n t h e sequence -R-R-Q-G-D-N/ 

G-L-E-E-T- ( 1 6 ) . The commonly d e s c r i b e d y e a s t p r o t e a s e 

have no s u c h s p e c i f i c i t i e s . Indeed, when l i m i t e d 

p r o t e o l y s i s was a l l o w e d t o o c c u r the legumin 

s y n t h e s i z e d i n y e a s t g e n e r a t e d a h e t e r o l o g o u s p a t t e r n 

of bands r e p r e s e n t i n g p o l y p e p t i d e s of M,- . l e s s than 

59,000 ( F i g u r e 4 and 5 ) . The bands v a r y from 

p r e p a r a t i o n t o p r e p a r a t i o n i n d i c a t i n g t h a t t h i s 

r e p r e s e n t s n o n - s p e c i f i c p r o t e o l y s i s by the abundant 

y e a s t p r o t e a s e . 

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

c l e a v a g e a r e s i t u a t e d i n a c c e s s i b l e r e g i o n of the 

p r o t e i n ( t y p i c a l l y B - t u r n conformation) i n the 
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h y d r o p h i l i c r e g i o n of t h e p r o t e i n (Appendix 6.6 shows 

secondary s t r u c t u r e p r e d i c t i o n and h y d r o p h i 1 i c i t y index 

p r o f i l e f o r amino a c i d sequence of legumi n ) . I t may be 

t h a t t h i s g e o m e t r i c a l l y w e l l - d e f i n e d domain which 

f a c i i a t e s t h e i n t r a c t i o n w i t h t h e p r o c e s s i n g enzymes 

was a l t e r e d and d i s t o r t e d i n y e a s t , when legumin was 

e x t r a c t e d under d e n a t u r i n g c o n d i t i o n . 

Recent i n v e s t i g a t i o n suggested t h a t some s p e c i f i c 

f e a t u r e s of p l a n t s i g n a l sequences were r e q u i r e d f o r 

p o s t - t r a n s l a t i o n a l m o d i f i c a t i o n s t o occur ( 8 ) . Bean 

p h a s e o l i n under t h e yea s t phosphatase promoter w i t h no 

s i g n a l p e p t i d e showed no p o s t - t r a n s l a t i o n a l 

m o d i f i c a t i o n i n y e a s t . P a r t i a l o r complete 

s u b s t i t u t i o n of p h a s e o l i n s i g n a l p e p t i d e w i t h t h a t from 

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

and g l y c o s y l a t i o n , s u g g e s t i n g t h a t some s p e c i f i c 

f e a t u r e of p h a s e o l i n s i g n a l p e p t i d e was r e q u i r e d f o r 

t h i s m o d i f i c a t i o n t o occur. But i t i s not c l e a r 

whether t h e f a i l u r e of a c i d phosphatase s i g n a l p e p t i d e 

t o d i r e c t p o s t - t r a s l a t i o n a l p r o c e s s i n g i n the p a r t i a l 

h y b r i d p r o t e i n examined here was a f u n c t i o n of a 

phosphatase sequence i t s e l f , y east s i g n a l sequence as a 

whole, or some s p e c i a l f e a t u r e of t h e p h a s e o l i n 

p o l y p e p t i d e . When a l a r g e p o r t i o n of the mature and 

phosphatase p r o t e i n was pr e s e n t as a h y b r i d p r o t e i n 

w i t h p h a s e o l i n mature p o l y p e p t i d e , t h i s h y b r i d p r o t e i n 

was g l y c o s y l a t e d i n yea s t c e l l s and underwent a number 
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of p r o t e o l y t i c p r o c e s s i n g s t e p s . I n a d d i t i o n , some 

f e a t u r e of h y b r i d p r o t e i n appeared t o a l l o w p r o t e o l y t i c 

cleavage a t numerous s i t e s i n the a c i d phosphatase 

amino sequence t h a t were not used i n the w i l d type form 

of t h e enzyme. From th e a n a l y s i s of the average 

h y d r o p h o b i c i t y of amino a c i d of a c i d phosphatase and 

p h a s e o l i n . I t was shown t h a t the p h a s e o l i n s i g n a l 

p e p t i d e has a s h o r t h y d r o p h i l i c sequence whereas the 

N - t e r m i n a l of a c i d phosphatase s i g n a l p e p t i d e i s 

h ydrophobic i n n a t u r e . I t i s not c l e a r how t h i s 

d i f f e r e n c e may e f f e c t s on t h e p r o c e s s i n g of the 

expressed h e t e r o l o g o u s p r o t e i n t h e r e f o r e i t i s 

necessary t o develop more u n d e r s t a n d i n g of t h e 

r e q u i r e m e n t s f o r the m o d i f i c a t i o n of the h y b r i d p r o t e i n 

as a whole. 

4.3 C o - t r a n s l a t i o n a l p r o c e s s i n g of legumin i n PJY 28 yeast 

The legumin c o n s t r u c t PJY 28 d i r e c t s the the 

s y n t h e s i s of legumin precusor p o l y p e p t i d e complete w i t h 

s i g n a l p e p t i d e . T r a n s p o r t of newly s y n t h e s i z e d legumin 

i n t o t h e lumen of the endoplasmic r e c t i c u l u m would be 

expected t o i n v o l v e removal of s i g n a l p e p t i d e . 

Comparing t h e m o b i l i t i e s of yeast legumin and pea 

legumin o 12.5% SDS-PAGE and w estern b l o t t i n g ( F i g u r e 

23 and 24) i n d i c a t e d t h a t t h e 21 amino a c i d s i g n a l 

p e p t i d e of t h e precusor legumin p o l y p e p t i d e had been 

removed. T h i s s t r o n g l y suggests a r e c o g n i t i o n of the 
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p l a n t s i g n a l sequence by y e a s t . These r e s u l t s i n d i c a t e 

t h a t p r o c e s s i n g af s i g n a l p e p t i d e s i s accomplished by a 

u n i v e r s a l mechanism. T h e r e f o r e , i t i s assiomed t h a t 

removal of t h e s i g n a l sequence from legumin precusor by 

yea s t occurs a t a s i t e v e r y near t o the cleavage s i t e 

used i n p l a n t . Several p l a n t p r o t e i n s have been shown 

t o undergo s i g n a l p e p t i d e cleavage i n S. c e r e v i s i a e f o r 

example bean p h a s e o l i n (7 and 8 ) , p l a n t thaumatin ( 1 4 ) , 

-amylase ( 2 8 ) , eventhough t h e amylase gene has the 

s i g n a l sequence l o c a t e d i n t e r n a l l y , not a t the 

N - t e r m i n a l . 

However, i n view of somewhat l i m i t e d r e s o l u t i o n of 

SDS-PAGE, and t h e r e l a t i v e l y s m a l l d i f f e r e n c e i n M,-. 

expected between the processed and non processed 

p o l y p e p t i d e , i t i s d i f f i c u l t t o demonstrate 

c o n c l u s i v e l y t h a t t h e l e a d e r p e p t i d e has been removed. 

The f i r s t amino a c i d on t h e N - t e r m i n a l i s 

m e t h i o n i n e . W i t h t h e removal of s i g n a l p e p t i d e , the 

f i r s t amino a c i d on t h e N - t e r m i n a l would be l e u c i n e 

(Appendix 5.5 shows t h e N - t e r m i n a l sequence of 

l e g u m i n ) . A n a l y s i s of t h e amino a c i d sequence i n the 

N - t e r m i n a l of p u r i f i e d y e a s t legumin precusor c o u l d 

t h e r e f o r e c o n f i r m t h a t p r o c e s s i n g does occur. 

However,the a t t e m p t a t amino a c i d sequencing of the 

N - t e r m i n a l was not s u c c e s s f u l . T h i s c o u l d be due t o 

s m a l l amount of p u r i f i e d sample p r e s e n t . Another 

reason m i g h t be t h e N - t e r m i n a l was blo c k e d . The lack 
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of t i m e made i t i m p o s s i b l e t o r e s o l v e t h i s . 

4.4 P o s s i b l e c o n d i t i o n s and s t r a t e g y t o improve y i e l d of 

legumin 

By e x p l o r i n g o t h e r growth media i t might be p o s s i b l e 

t o i n c r e a s e f u r t h e r t he l e v e l of legumin produced from 

the e x i s t i n g c o n s t r u c t . When e x p r e s s i n g a v i c i l i n cDNA 

i n t h e same h o s t t h e r e , i s an inc r e a s e of 75% i n c e l l 

d e n s i t y when yea s t i s growth i n complete e n r i c h e d 

medium compared w i t h c e l l s grown i n minimal medium.This 

r e s u l t s i n a s i g n i f i c a n t i n c r e a s e i n y i e l d of v i c i l i n . 

However, a p r e l i m i n a r y attempt of growing PJY 28 i n 

complete medium r e s u l t e d i n a decrease o r c e s s a t i o n i n 

legumin e x p r e s s i o n when compared w i t h c e l l grown i n 

min i m a l medium. T h i s may be due t o t h e t u r n o v e r of the 

expressed legumin. A l t e r n a t i v e l y , i n the minimal 

medium t r a n s c r i p t i o n and t r a n s l a t i o n f rom the plasmid 

must be o c c u r i n g a t a h i g h l e v e l , i n o r d e r t o supply 

t h e l e u c i n e necessary f o r growth of t h e Leu- yeast i n a 

l e u c i n e f r e e medium. T h i s i s accompanied by h i g h 

l e v e l s of e x p r e s s i o n f r o m t h e legumin cDNA encoded by 

the p l a s m i d . 

Due t o i n s o l u b i l i t y of ye a s t legumin, the 

p o l y p e p t i d e can o n l y be e x t r a c t e d by d e n a t u r a n t s . The 

presence of d e n a t u r a n t causes many problems. I t 

i n t e r f e r e s w i t h many p r o t e i n assays and a l s o supressed 

t h e a n t i g e n i t y of legumin. The ELISA method depends on 

the s u r f a c e a n t i g e n i t y of the a n t i g e n (legumin) b i n d i n g 
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onto t h e s u r f a c e of t h e m i c r o t i t e r w e l l s , and 

subsequent b i n d i n g of t h e p r i m a r y a n t i b o d y t o the 

a n t i g e n f o l l o w e d by b i n d i n g of secondary a n t i b o d y t o 

t h e p r i m a r y a n t i b o d y . As t h e a n t i g e n i t y of the a n t i g e n 

i s supressed le s s legumin w i l l be a n t i g e n i c a l l y 

a v a i l a b l e f o r t h e b i n d i n g t o t h e s u r f a c e of the w e l l s . 

T h i s e x p l a i n t h e low d e t e c t i o n of legumin i n the 

u n p u r i f i e d PJY 28 p e l l e t p r o t e i n , which was e x t r a c t e d 

under d e n a t u r i n g c o n d i t i o n . The low amount of 

e x t r a c t e d under n o n - d e n a t u r i n g c o n d i t i o n showed much 

h i g h e r a n t i g e n i t y . Even though the e s t i m a t i o n of yeast 

legumin by q u a n t i t a t i v e w e s t e r n b l o t and ELISA of 

p u r i f i e d y e a s t p r o t e i n were comparable, the l e v e l of 

e x p r e s s i o n of legumin d e t e c t e d by these methods might 

be u n d e r e s t i m a t e d . I t would be more s u i t a b l e i f the 

encoding p r o t e i n c o u l d be d i r e c t e d t o the c y t o s o l where 

i t can be h a r v e s t e d under n o n - d e n a t u r i n g c o d i t i o n s . 

V i c i l i n cDNA expressed i n y e a s t w i t h o u t a l e a d e r 

sequence r e s u l t e d i n v i c i l i n p o l y p e p t i d e b e i n g l o c a t e d 

i n t h e c y t o s o l ( 3 2 ) . An analogous legumin c o n s t r u c t i s 

i n p r o g r e s s . 

Another p o s s i b i l i t y t o produce s o l u b l e p r o t e i n i s t o 

use a s i g n a l p e p t i d e t o s e c r e t e the encoded p r o t e i n 

i n t o t h e g rowth medium. Hitzeman et al (18) 

c o n s t r u c t e d a s e r i e s of plasmids i n which e i t h e r mature 

i n t e r f e r o n o r p r e - i n t e r f e r o n genes were pl a c e d 

downstream f r o m a PGK promoter such t h a t n a t i v e , as 

118 



opposed t o f u s e d , p r o t e i n were produced. Yeast c e l l s 

c a r r y i n g such plasmids s y n t h e s i z e d i n t e r f e r o n but o n l y 

those encoding p r e - i n t e r f e r o n produced a c t i v e 

i n t e r f e r o n e s e c r e t e d i n t h e growth medium. Expression 

of o t h e r s e c r e t o r y p r o t e i n s such as -amylase (28) and 

prochymosin ( 2 9 ) , b o t h under t h e c o n t r o l of PGK 

promoter w i t h t h e presence of a s e c r e t o r y s i g n a l 

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

t h e growth medium. The s e c r e t e d chymosin i s s o l u b l e 

and a c t i v e . The -amylase was processed and s e c r e t e d 

as an a c t i v e form. 

H e t e r o l o g o u s p l a n t gene and animal gene sequences 

have been s u c c e s s f u l expressed i n y e a s t . The encoded 

p r o t e i n s are processed, m o d i f i e d and s e c r e t e d , as 

p r e v i o u s l y d e s c r i b e d . T h i s c l e a r l y shows t h a t yeast 

systems are able t o r e c o g n i s e f o r e i g n gene s i g n a l 

p e p t i d e s and t o process them c o r r e c t l y . The s u c c e s s f u l 

p r o c e s s i n g and e x p o r t of p l a n t and animal p r o t e i n s 

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

s e c r e t o r y s i g n a l and p r o c e s s i n g apparatus. The yeast 

system t h e r e f o r e p r o v i d e s an a l t e r n a t i v e system i n 

which v a l u a b l e and r a r e p r o t e i n s can be produced. The 

a b i l i t y t o express p l a n t genes i n S. cerevisiae 

f a c i l i a t e s not o n l y t h e p r o d u c t i o n of l a r g e q u a n t i t i e s 

of homogenous p r o t e i n , b u t i s a l s o a v e h i c l e f o r the 

p r o d u c t i o n of n o v e l p r o t e i n s by i n v i t r o mutagenesis, 

i n which p r e d i c t a b l e changes i n amino a c i d sequence can 
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be made, and t h e i r e f f e c t s upon f u n c t i o n a l and 

p h y s i o - c h e m i c a l p r o p e r t i e s can be determined. This 

w i l l a l l o w t h e b a s i s of v a r i o u s p r o p e r t i e s of p r o t e i n s 

t o be d e t e r m i n e d . 

120 



CHAPTER FIVE : BIBLIOGRAPHY 

References 

1) BEGGS,J.D. (1978). " T r a n s f o r m a t i o n of yeast by 

a r e p l i c a t i n g h y b r i d p l a s m i d . " Nature (London) 275, 

104-9. 

2) BELFIELD,G.P. (1986). M.Sc. d e s s e r t a t i o n . 

U n i v e r s i t y of Durham. 

3) CASEY,R. and C. DOMONEY (1984). "The g e n e t i c s 

of legume s t o r a g e p r o t e i n s . " P h i l o s o p h i c a l 

t r a n s a c t i o n s of t h e Royal S o c i e t y , London. B.304, 

349-358. 

4) CHANG,J.Y., D. BRAUER and B. WHITTMAN-LIEHOLD 

(1979). "Microsequence a n a l y s i s of p e p t i d e and p r o t e i n 

u s i n g 4,N,N,Dimethy1-aminoabenzone 4' i s o t h i o c y a n a t e / 

p h e n y l i s o t h i o c y a n a t e double c o u p l i n g method." Febs 

L e t t e r 93, 205-214. 

5) CHRISPEELS,M.J., T.J.V. CRAIG and D. SPENCER 

(1982). "Role of t h e endoplasmic r e t i c u l u m i n the 

s y n t h e s i s of r e s e r v e p r o t e i n and the k i n e t i c s of t h e i r 

t r a n s p o r t t o p r o t e i n bodies i n d e v e l o p i n g pea 

121 



c o t y l e d o n . " J o u r n a l of C e l l B i o l o g y 95, 5-14. 

6) CHRISPEELS,M.J. (1984). " B i o s y n t h e s i s , 

p r o c e s s i n g and t r a n s p o r t of s t o r a g e p r o t e i n and l e c t i n s 

i n c o t y l e d o n of d e v e l o p i n g legume seeds." 

P h i l o s o p h i c a l t r a n s a c t i o n s of the Royal S o c i e t y , 

London. B.304, 309-322. 

7) CRAMER,J.H., K. LEA and J.L. SLIGHTOM (1985). 

"Expression of p h a s e o l i n cDNA genes i n yeast under 

c o n t r o l of n a t u r a l p l a n t DNA sequences." Proc. N a t l . 

Acad. S c i . USA 82, 334-338. 

8) CRAMER,J.H., K. LEA, M.D. SCHABER and R. KRAMER 

(1987). " S i g n a l p e p t i d e s p e c i f i c i t y i n 

p o s t t r a n s l a t i o n a l p r o c e s s i n g of the p l a n t p r o t e i n 

p h a s e o l i n i n Saccharomyces cerevisiae" M o l e c u l a r and 

C e l l u l a r B i o l o g y V o l . 7, No. 1, 121-128. 

9) CROY,R.R.D., J.A. GATEHOUSE, I.M. EVANS and D. 

BOULTER (1980). " C h a r a c t e r i s a t i o n of the sto r a g e 

p r o t e i n s u b - u n i t s y n t h e s i s i n v i t r o by polyribosomes 

and RNA f r o m d e v e l o p i n g pea (Pisum sativum L.)." 

P l a n t a 148, 49-56. 

10) CROY,R.R.D., J.A. GATEHOUSE (1985). I n "Plant 

g e n e t i c e n g i n e e r i n g " , e d i t e d by J.H. Dodds, Chapter 8, 

122 



143-268, Cambridge U n i v e r s i t y Press. 

11) DELAUNEY,A.J. (1984). Ph.D Thesi s . U n i v e r s i t y 

of Durham. 

12) DOBSON,M.J., M.F. TUITE, N.A. ROBERTS, A.J. 

KINGSMAN, S.M. KINGSMAN, R.E. PERKIN, S.C. CONROY, B. 

DUNBAR and L.A. FOTHERGILL (1982). "Conservation of 

h i g h e f f i c i e n c y promoter sequences i n Saccharomyces 

c e r e v i s i a e . " N u c l e i c A c i d Research 10, 2625-2637. 

13) DOBSON,M.J., M.F. TUITE, J. MELLOR, N.A. 

ROBERTS, R.M. KING, D.C. BURKE, A.J. KINGSMAN and S.M. 

KINGSMAN (1983). "Expressions i n ;Saccharomyces 

c e r e v i s i a e of human i n t e r f e r o n alpha d i r e c t e d by the 

TRP 5 r e g i o n . " N u c l e i c A c i d Research 11, 2287-2302. 

14) EDEN,L., I . BOM, A.M. LEDEHOER, J. MAAT, M.Y. 

TOONEN, C. VISSER and C.T. VERRIPS (1984). "Synthesis 

and p r o c e s s i n g of p l a n t Thaumatic i n y e a s t . " C e l l 37, 

629-633. 

15) ERSLEND,D.R., J.W.S. BROWN, R.CASEY andT.C. 

HALL (1983). I n "Seed p r o t e i n : B i o c h e m i s t r y , Genetic 

and N u t r i t i o n v a l u e " , e d i t e d by K.W. G o t t s c h a l and H.P. 

M u l l e r , 355-376. M a r t i n u s N i j h o f f , The Hague. 

123 



16) GATEHOUSE,J.A., R.R.D. CROY and D. BOULTER 

(1984). "The s y n t h e s i s and s t r u c t u r e of pea storage 

p r o t e i n s . " C r i t i c a l Review i n P l a n t Science 1, 

287-317. 

17) HOLLAND,M.J. and J.P. HOLLAND (1978) . 

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

cod i n g f o r enolase; g l y c e r a I d e h y d e 3-Phosphate 

dehydrogenase and phos p h o g l y c e r a t e . " B i o c h e m i s t r y 17, 

4900-4907. 

18) HITZEMAN,R.A., D.W. LEUNG, JENNE L. PERRY, W.J. 

KOHN, H.L. LEVINE and D.V. GOEDER (1983). "The 

s e c r e t i o n of human i n t e r f e r o n s by y e a s t . " Science 219, 

620-625. 

19) KINGSMAN,S.M., M.D. SMITH and C.F. SAMUEL 

(1980). "Mechanism of i n t e r f e r o n a c t i o n : Simian v i r u s 

4 0 - s p e c i f i c e a r l y p o l y p e p t i d e s s y n t h e s i z e d i n an 

u n t r e a t e d and i n t e r f e r o n - t e s t e d monkey k i d n e y c e l l . " 

The Proceedings of t h e N a t i o n a l Academy of Science of 

the U n i t e d S t a t e s of America 77, 2419-2423. 

20) KISS,G.B., R.E. PEARTMAN, K.V. CORNISH, J.D. 

FRIESON and V.L. CHAN (1982). "The Herpes simplex 

v i r u s t h y m i d i n e k i n a s e gene i s not t r a n s c r i b e d i n 

Saccharomyces cerevisiae." J o u r n a l of B a c t e r i o l o g y 

124 



149, 542-547. 

21) LAEMMLI,U.K. (1970). "Cleavage of s t r u c t u r a l 

p r o t e i n s d u r i n g assembly of head of bacteriophage T^." 

Nature (London) 227, 680-685. 

22) LEGETTE-BAILEY,J. (1967). "Technique i n p r o t e i n 

c h e m i s t r y (2nd e d i t i o n ) " , E l s e r v i e w , Amsterdam, 

304-346. 

23) LYCETT,G.W., R.R.D. CROY, A.H. SHIRSATandD. 

BOULTER (1984). "The complete n u c l e o t i d e sequence of a 

legumin gene f r o m pea (Pisum sativum L . ) . N u c l e i c A c i d 

Research ( 1 2 ) , 4493-4506. 

24) LYCETT,G.W., A.J. DELAUNEY, W. ZHOA, J.A. 

GATEHOUSE, R.R.D. CROY and D. BOULTER (1984). "cDNA 

clo n e c o d i n g f o r t h e legumin p r o t e i n of (Pisum sa t i v u m 

L.) c o n t a i n i n g sequence r e p e a t . " P l a n t M o l e c u l a r 

B i o l o g y 3, 91-96. 

25) MELLOR,J., M.J. DOBSON, N.A. ROBERT, M.T. TUITE, 

J.S. EMTAGE, S. WHITE, P.A. LOWE, T. PATEL, A.J. 

KINGSMAN and S.M. KINGSMAN (1983). " E f f i c i e n t 

s y n t h e s i s of e n z y m a t i c a l l y a c t i v e c a l f - c h y m o s i n i n 

Saccharomyces c e r e i / i s i a e . " Gene 24, 1-14. 

125 



26) MELLOR,J., M.J. DOBSON, N.A. ROBERT, A.J. 

KINGSMAN and S.M. KINGSMAN (1985). ''Factors affecting-

h e t e r o l o g o u s gene e x p r e s s i o n i n Saccharomyces 

c e r e i ^ i s i a e . " Gene 33, 215-223. 

27) NIELSEN,W.C. (1984). "The c h e m i s t r y of Legume 

s t o r a g e p r o t e i n s . " P h i l o s o p h i c a l T r a n s a c t i o n s of the 

Royal S o c i e t y of London 304 B, 287-296. 

28) ROTHSTEIN,S.J. , CM. LAERIES, W.E. SMITH, D.C. 

BAULCOMBE, A. A.. GATENBY (1984). " S e c r e t i o n of a wheat 

-amylase, expressed i n y e a s t . " Nature 308, 662-665. 

29) SMITH,R.A., M.J. DUNCAN and D.T. MOIR (1985). 

"Heterologous p r o t e i n s s e c r e t i o n f r o m y e a s t . " Science 

229, 1219-1^244. 

30) STRUHL,K., D.T. STINCHCOMB, S. SCHEREV and R.W. 

DAVIS (1979). "High-frequency t r a n s f o r m a t i o n of yeast 

autonomous r e p l i c a t i o n of h y b r i d DNA molecules." 

Proceedings of t h e N a t i o n a l Academy of Science of the 

U n i t e d S t a t e s of America 76, 1035-1039. 

31) TUITE,M.F., M.J. ROBERTS, N.A. ROBERTS, P.M. 

KING, D.C. BAKER, S.M. KINGSMAN, A.J. KINGSMAN (1982). 

"Regulated h i g h e f f i c i e n c y e x p r e s s i o n of human 

i n t e r f e r o n - a l p h a i n Saccharomyces c e r e v i s i a e . " The 

126 



EMBO J o u r n a l 7, 603-608. 

32) WATSON,M.D., N. LAMBERT, A. DELAUNEY, J.N. 

YARWOOD, J.A. GATEHOUSE, D.J. WRIGHT and D. BOULTER 

(1987). " I s o l a t i o n and e x p r e s s i o n of a pea v i c i l i n 

cDNA i n t h e y e a s t Saccharomyces cerevisiae." I n press. 

33) YARWOOD,J.W., N. HARRIS, A. DELAUNEY, R.R.D. 

CROY, J.A. GATEHOUSE, D. MARTIN, M.D. WATSON and D. 

BOULTER (1987). " C o n s t r u c t i o n of a h y b r i d cDNA 

encoding a major legumin p r e c u r s o r p o l y p e p t i d e and i t s 

e x p r e s s i o n and l o c a l i s a t i o n i n Saccharomyces 

cerevisiae." I n press. 

34) ZARET,K.S. and F. SHERMAN (1982). "DNA sequence 

r e q u i r e d f o r e f f i c i e n t t r a n s c r i p t i o n t e r m i n a t i o n i n 

y e a s t . " C e l l 28, 563-573. 

127 



L D 

X 
I — I 

Q 
UJ 
CL 
Q_ 
< 

t 1 

— a 

3 
c 
m 

3 S 
s c 

a • \ 
S u a 

IN 

1 1 9 



A P P E N D I X 6:2 

RIH3 RI H3 
PGK 5 region 

Bqtsynthetic) 

o n c , i n ^ Transcription fus ion 
expression vector 

pMA 301 

8-35 kb) 
pMA27 

pBR322 
or ig in 

RIH3 

Sandwich 
expression 

vector 
pMA91 

(-9-5 kb) 

PGKS'region 

Bg (expression s i te ) 

PGK3' reg ion 

H3 

Bg (Expression si te) 

.PGK5. .PGK3.! 

- _ A T A T A A A A C . C A AA A.' GAT C TCCC A T — 
-2 

Construct ion of a sand«ich expression vector, (a) Transcr ip t ion fusion vector p M A 3 0 l . Th in line. pBR322 sequenm. SWI 

box. yeasi D N A region containing the 2/i origin of replication and the LEU2 gene; open bo«, 5' region of the yeast PCK gene uph 

nucleotide - 2 (Dobson el al . . 1982). (b) Plasmid p M A 2 7 . T h i n line and dark box as for (a) , open box, 2 95-kb ; / m d l l l fr^jmrt 

containing the entire PCK coding sequence and some 5' and 3' non-coding sequences. The arrow marks the direction of tranv.npii'* 

(c ) Sandwich expre>sion sector p M A 9 l . T h i n line, dark box and open box as in (a) ; hatched area is ihecarboxy terminus of the rtJ 

gene and some 3' non<oding sequence, (d) Immediate nucleotide sequence around the BglW expression site in p M A 9 I . The \rqu<'xi 
between the dots is the remainder of the synthetic oligonucleotide; sequences to the left and right are derived from PCK i j n J J 

regions, respectixely. Bg - fig/ll; H3 - / / m d l l l ; P = PsiX; S - Sail, R I - £ < o R I . 

>̂ 9 



A P P E N D I X 6:3 

to 
o 
O) 
n 
o 

Jo. j . i L. 
I I I I I ' 

4 i - J I ! I 1 

\3o - 1 
~ - T . -



APPENDIX 6'A 

o 

a: 

z 
UJ 

hi 
> 
O 

S O L V E N T ( ACHTTC ACID ^ ^^o^ / . ' 2 ^ 

• I 

MfiroR. D f l S T H AIMWO flCiIiS 
6ypRobuc-r3 

Cct4VERSIONS 

f\ MeTHioNtt/E 

c = = 
=; ASPflRTic Acic> P = P R O U N E 

=. 
f= i r ACG/(\J/r»iE 

6 =̂  S = SEf2lA^E 

H H l S T l b l N f T - T P R E O N W E 

1 I S O LEUCINE' V = V f l U M E 

L V S I N E " 

L - y = T V f 2 o 5 ) N E 

»3l 



APPENDIX 6^5 

I I I I t t H f l K l l M f l l l w M I K I t n i f H I K l l 

Lr>j j:T-Tc».i^-rirciOTC«rx:nnmr:T.wn»:c.:TTac'ni«irTaccoc«::*:^:ciiv-Tt:^^ 
• IUrt< r A » 1. . 

i . I i I i f : f i I t t 6 c f t t f 6 £ c 1 L t « I t i i : ' ' ' t = ' : 

Lf,! JW-ciVi;rv.x:c«-w.<rTK-iTtr.cA*»ii'>iy>i-Tui>i'5TsriMTCT; icl̂ t :i/:Toaiar~:-:iG«ECcrTCX-'W:t--cv: 

• t 4 £ 3 C i 1 £ 'T a N p *; N f. o'f « C * 5 t^f-ijL [ i [ ' A T L Q n :. ri L ? ' P 1 T 5 

Li;3 t;-";;"::ii-^TTc;Tc:»i:ji>r'ir-JTr-wtrtTict«^ETT:>:in»'^rACi-»%~'tyTjau^ 

, i ( , , ; t , ,: IVS-I-

- X -. H J . « ;• r • = t c ' £ : f : t p : t i t e 8 ; 6 ' ^ < • : " • « ••• '̂ " ' 

A.4. > £ E i ; ^•l "r'T ' i I t .: n' •/• ti' t"7 t T ' I A v' i I t t I « ! i C I 

s 

.ir -^~y^:~:''^y--^''-r.-'y.'-:~>'-yy^y.-:^:'ii^-i^':y.i^^ ?;• 
A j . M £ c £ f L : - ! H ; c ; : i : £ 5 £ .̂ ! ! .'I >: 1 F ; 5 • > 1 t ' : : t ii « i: V 

: • : : I! : ( ! s :: £ : £ I « 5 i ; k- ;i n [ c 1 i I 1 s ' ' ; ( t A ; ' ." 

.lii ^;;>y>»C(-SEV^^j:5AA¥ri>*:<~iEi-KtE:-j;cA^£A0AMuii;MA^ 
'.fjA A:-;o:-'jfi:->;:-::—:j-Ei':--t->>-i5;.«:Es;;:iir>ti>;:-EAX.;v;«A£-;w 
A . : . : E i : ; £ E D E C E £ ' ] • ) H c I e : I 0 E [ £ [ C C g C E I 0 ' > t < I 

ii)i-ii;c-«;.:->;--:~i:-i^:-«-;:Kt;:rxt::c—^x.i^-n.^EZ«:A:-:jiT[Mr-w:-vvi^ 
A.-. = ! £ •: £ E £ 3 < S • • C E ; J • 0 « i « « : 3 3 ri J i E E t V C I A i L ' ; 

iK-- Artc : :E-- t^:;<Erf -AC.Ti .E«;n«w5r«»Tw*r-tcK'Ertr^^ •^^'7;*.;:;:', ,- -
tr;A-5-cr-->-.EC.EA>ia«^CE£it«<TE7t:.»T>vAainiay::Ti^.-':Ei.;-;TtA^ rc 

i „ ; M - u - J - TtriTjrm-irTr-r-rEEi-C-u-EJ'—:--ET:r-mT:TE r t - i r t i T - f > l - n E . V ' . ^ - . T : ' . : . - ; ^ - E i - ! 
^^JC^•>J^i•^T^rL.-:.-^t.-lTr-:cE^^-->:r-E^Tm;-:;^T^^:ro:-^>'--w^^^ i'' 

' . • . , • II .; J « « : t V " » c It t » T U F A t E I ; • E ' A Arf. ? A :i . -1 . fi ! I 

A I T •. ; ; N f « V ; - .. ; - ; I < f s V « A F « I s t t « s I A « L A 5 . ^ 

iijs •:^---;-i:;6-t->.Tr;ErE>;r-:irEA.\-XAEAKu-v;-.VfE;.;:iCfc-;tCJ;».'E:crrcM-TTr^ 

l i j i AT_Tj-;̂ ;c;-:£<--57i—K<c:A:>-c--aT5w«»c->;><:-v- ;!-' 
A . . . : 1̂ ; i F . ; t . A - F i; t ' I £ A t ! L i : s (• « • F i: r I V ' A F E •> E ,« 

u;: A y ; - r i ; ; v ~ ^ - ~ : E - u : i ^ T > , T i ^ . r - i : - - A - £ - ^ E T»vcT .¥ : f^^ i':.-
iti« AtAKr;j:r"-:*Tr6z>:;^-CAA-c-iAar-^—'AAE—ic-xrTAi:-£CT:Ti::A:r^ 
A.A. « » ; J A r f i l M 

A.*. •?•/, A - i ' l : -F j l , A i i ' l ! 

LIB-' -Ttt^^;rAs:-%E:i.:y>iAn»EEEriE>E">-»*T>^*roK->'['X:<wtA<i£AT.-.Ji& 

;:_s:-.':-£v-.:.n-t»r;-w.ri-'-^x-»-A-iAicECCTi»i-;<:.-oa'BAi.'!AATf-E.-'At;rf^^ 2AJ-

.1-,! -TT^:x» :—^—>Er;a-r;- .r/ /«CT- iji-ji 
Ltvi TTr<«iCA»~^TT;-.—E£T«AEIEWJ:I;-A(.:TT i2v;, 



LD 

X, 
Q 
UJ 
CL 
Q. < 

•33 


