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Cloning and c h a r a c t e r i s a t i o n of cDNAs encoding the major, pea 
storage p r o t e i n s , and exp r e s s i o n of v i c i l i n i n E.cot'i 
ASHTON JOSEPH DELAUNEY 

ABSTRACT 
A cDNA l i b r a r y was const r u c t e d using mRNA from developing 

seeds of pea {Pisum s'ativum h.) . Clones encoding legumin and 
v i c i l i n , the major storage p r o t e i n s , were i s o l a t e d and c h a r a c t e r i s e d , 
i n s e v e r a l cases to the extent of complete DNA sequencing. 

The composite DNA sequence of the two longest legumin cDNAs 
extended over almost 90% of a complete legumin gene coding sequence. 
Both these clones contained three 'V'54bp tandem repeats i n the region 
encoding the a c i d i c subunit. Evidence i s presented that these 
repeats may be present i n a l l chromosomal legumin genes and con­
sequently, t h a t the absence of the repeats from a p r e v i o u s l y i s o ­
l a t e d legumin cDNA probably represented a c l o n i n g a r t e f a c t . 

Two, near f u l l - l e n g t h , v i c i l i n cDNAs encoding 50000-Mr 
v i c i l i n s u b u n i t s , and another encoding a 41000-MT subunit were 
sequenced. The 50000-Mr v i c i l i n cDNAs were almost i d e n t i c a l over 
most of t h e i r lengths, but one contained an a r t e f a c t u a l , i n v e r s e 
repeat a t i t s 5' terminus, w h i l e sequence d i f f e r e n c e s at the 3' 
te r m i n i i n d i c a t e d the use of a l t e r n a t i v e polyadenylation s i t e s . 
Comparisons of p r o t e i n and cDNA-encoded amino a c i d sequences 
i n d i c a t e d t h a t v i c i l i n s are s y n t h e s i s e d as polypeptide precursors 
which subsequently undergo the removal of an N-terminal s i g n a l pep­
t i d e and p o s s i b l y a C-terminal extension, as w e l l as being s u s c e p t i b l e 
to e n d o - p r o t e o l y t i c p r o c e s s i n g . Extending these comparisons to 
legumin and l e c t i n sequences suggests that endo-proteolysis of these 
seed p r o t e i n s occurs on the C-terminal s i d e of asparagine r e s i d u e s 
l o c a t e d w i t h i n B-turn conformations i n h y d r o p h i l i c regions of the p r o t e i n s . 

Two v i c i l i n cDNAs were expressed as both fused and unfused 
products i n Escherichia coli under the i n f l u e n c e of the phage lambda, 
l e f t w a r d promoter (XP ) . L e v e l s of expression obtained with d i f f e r e n t 
e x p r e s s i o n plasmid c o n s t r u c t i o n s supported previous hypotheses that 
t r a n s l a t i o n a l e f f i c i e n c i e s were lowered when the Shine-Dalgarno sequence 
was sequestered i n t o double-stranded regions of the mRNA. There was 
a l s o some i n d i c a t i o n t h a t s y n t h e s i s of a v i c i l i n polypeptide bearing a 
s i g n a l peptide had a d e l e t e r i o u s e f f e c t on the v i a b i l i t y of the host 
s t r a i n . 
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1. INTRODUCTION. 



1.1. General I i t t r o d u c t i o n . 

A g r i c u l t u r e i s the e x p l o i t a t i o n of the a b i l i t y of crop p l a n t s to 
convert simple n u t r i e n t s i n t o products that are r e a d i l y a s s i m i l a b l e by 
man and h i s l i v e s t o c k . C e r e a l s and legumes are the most important 
food crops, t h e i r seeds providing about 70% of the d i e t a r y p r o t e i n 
of humans (Oram and Brock, 1972). Man's dependence on these crops 
i s even g r e a t e r , c o n s i d e r i n g t h a t farm animals are e x t e n s i v e l y fed on 
seed meals. Yet, d e s p i t e t h e i r undisputed n u t r i t i v e value, c e r e a l 
g r a i n s and legume seeds are not i d e a l sources of p r o t e i n s f o r mono-
g a s t r i c animals s i n c e they are, with few exceptions, d e f i c i e n t i n 
c e r t a i n e s s e n t i a l amino a c i d s . The storage p r o t e i n s of legume seeds 
are g e n e r a l l y d e f i c i e n t i n sulphur amino a c i d s , whereas c e r e a l pro­
t e i n s are d e f i c i e n t i n l y s i n e , threonine and tryptophan (Shewry 
et al.3 1981.) An improvement i n the n u t r i t i o n a l value of seed 
storage p r o t e i n s to make them b e t t e r s u i t e d to the d i e t a r y r e q u i r e ­
ments of humans and other monogasts such as pigs and poultry, i s 
t h e r e f o r e h i g h l y d e s i r a b l e . A d d i t i o n a l l y , there i s an urgent need 
f o r an i n c r e a s e i n o v e r a l l a g r i c u l t u r a l p r o d u c t i v i t y to meet the 
requirements of the ever growing world population. The l a t t e r 
o b j e c t i v e may be acheived e i t h e r by improving the methods of e x p l o i t ­
i n g the p h o t o s y n t h e t i c c a p a c i t y of crop p l a n t s , or by improving 
t h e i r i n n a t e performance. 

The f i r s t of these measures has been s u c c e s s f u l l y adopted over 
the pas;t few decades i n the h i g h l y i n d u s t r i a l i s e d c o u n t r i e s where 
modern, i n t e n s i v e farming p r a c t i c e s have r e s u l t e d i n steady i n c r e a s e s 
i n crop y i e l d s . However, such c a p i t a l - i n t e n s i v e technology, with 
i t s dependence on a r t i f i c i a l f e r t i l i s e r s , growth r e g u l a t o r s , herb­
i c i d e s , p e s t i c i d e s , massive inputs of energy and a s o p h i s t i c a t e d 
i n d u s t r i a l base, i s u n l i k e l y to be widely a p p l i c a b l e i n economically 
underdeveloped c o u n t r i e s where the s h o r t f a l l between food supply and 
demand i s most pronounced. To feed the expanding population of the 
T h i r d World, i t w i l l be necessary to improve, both q u a l i t a t i v e l y and 
q u a n t i t a t i v e l y , the i n t r i n s i c p r o d u c t i v i t y of crop p l a n t s . 

I n f a c t , s i n c e man f i r s t harvested c e r e a l s for food some 17-
18300 y e a r s ago (Wendorf et al.^IQIQ), considerable s u c c e s s has been 
achieved i n breeding new improved v a r i e t i e s of crop p l a n t s , the most 
s p e c t a c u l a r being t h a t which brought about the s o - c a l l e d "green 



r e v o l u t i o n " of recent y e a r s . Conventional p l a n t breeding i n v o l v e s 
the c r o s s i n g of s e v e r a l v a r i a n t s followed by s c r e e n i n g of the progeny 
fo r improved phenotypes. The technique i s an e m p i r i c a l e x e r c i s e 
based on p r i n c i p l e s e s t a b l i s h e d l a r g e l y by t r i a l - a n d - e r r o r . Though i t 
has been proved to be extremely powerful and w i l l , no doubt, continue 
to be e x t e n s i v e l y used, i t i s hampered by the f a c t that the s e l e c t i o n 
of improved progeny occurs at the phenotypic - l e v e l , with n e i t h e r a 
p r e c i s e understanding nor c o n t r o l of the underlying molecular mechan­
isms. Consequently, when a d e s i r a b l e t r a i t has been s u c c e s s f u l l y 
bred, i t i s often accompanied by other u n d e s i r a b l e c h a r a c t e r i s t i c s . 
T r a d i t i o n a l p l a n t breeding programs a l s o s u f f e r from the b a s i c b i o ­
l o g i c a l c o n s t r a i n t t h a t only s e x u a l l y compatible c u l t i v a r s can be 
c r o s s e d . Moreover, e x t e n s i v e inbreeding narrows the genetic base 
of widely c u l t i v a t e d crop p l a n t s with the concommitant r i s k t h a t 
genes f o r important t r a i t s such as pathogen r e s i s t a n c e and s t r e s s 
t o l e r a n c e might be permanently l o s t . 

The advent of recombinant DNA technology promises to r e v o l u ­
t i o n i z e p l a n t breeding programs. I t i s a n t i c i p a t e d t h a t , using 
g e n e t i c engineering techniques, i t w i l l e v e n t u a l l y be p o s s i b l e to 
t r a n s f e r to crop p l a n t s the s p e c i f i c gene, or genes, r e s p o n s i b l e f o r 
d e s i r a b l e phenotypes. The t r a n s f e r r e d genes might o r i g i n a t e from 
s e x u a l l y incompatible s p e c i e s and even, conceivably, from animals and 
micro-organisms. Thus, g e n e t i c d i v e r s i t y stands to i n c r e a s e , r a t h e r 
than decrease, as a r e s u l t of the a p p l i c a t i o n of genetic engineering 
methodology to the improvement of crop p l a n t s . 

S e v e r a l s t r a t e g i e s f o r improving crop p r o d u c t i v i t y have been 
widely d i s c u s s e d as being amenable to the g e n e t i c engineering approach. 
These i n c l u d e i n c r e a s i n g r e s i s t a n c e to p l a n t pathogens and h e r b i ­
c i d e s , widening the range of p l a n t s p e c i e s with the a b i l i t y to f i x 
n i t r o g e n , i n c r e a s i n g s t r e s s t o l e r a n c e , enhancing photosynthetic cap­
a c i t i e s and improving the n u t r i t i o n a l q u a l i t y of plant p r o t e i n s . 
The p o t e n t i a l f o r accomplishing these o b j e c t i v e s has been reviewed 
r e c e n t l y (Croy and Gatehouse, 1985; Barton and B r i l l , 1983; L a r k i n s , 
1983; Shewry et a l . , 1 9 8 1 ) ; what emerges i s that the prospects for 
e v e n t u a l s u c c e s s are hindered by two important f a c t o r s . 

The f i r s t i s a t e c h n i c a l b a r r i e r . I t has been p o s s i b l e f o r 



some time now, to introduce f o r e i g n DNA sequences i n t o plant c e l l s 
v i a t r ansformation v e c t o r s d e r i v e d from Agrobactevium Ti-plasmids 
(e.g. Matzke and C h i l t o n , 1981; Leemans et at., 1981; Barton et at., 
1983; Shaw et at., 1983) but i t i s only i n the past eighteen months or 
so t h a t phenotypic e x p r e s s i o n of f o r e i g n genes i n transformed p l a n t s 
has been achieved (reviewed by Shaw,1984). F i r s t Ti-plasmid v e c t o r s 
c o n t a i n i n g c himaeric, b a c t e r i a l a n t i b i o t i c r e s i s t a n c e genes which 
functioned as dominant, s e l e c t a b l e markers i n transformed p l a n t c e l l s 
were c o n s t r u c t e d ( H e r r e r a - E s t r e l l a et aZ^.jl983 a,b; F r a l e y et al.^ 
1983; Bevan et aZ..jl983). Using s i m i l a r v e c t o r s , expression of a 
bean p h a s e o l i n gene i n transformed sunflower c e l l s (Murai et al.^ 
1983) and l i g h t - r e g u l a t e d e x p r e s s i o n of a pea r i b u l o s e - l , 5 - b i s p h o s -
phate c a r b o x y l a s e s m a l l subunit gene i n transformed petunia c e l l s 
( B r o g l i e et aZ^.jl984) have subsequently been obtained. However, a 
number of problems concerning p l a n t transformation remain unresolved. 
One l i m i t a t i o n i s the narrow host range s p e c i f i c i t y of Agrobaaterium 

s p e c i e s . T i - p l a s m i d v e c t o r s can, so f a r , only be used to t r a n s f e r 
genes to dicotyledonous p l a n t s , s i n c e monocotyledons, i n c l u d i n g " ~ 
many major crop p l a n t s , are not s u s c e p t i b l e to Agpobaoteriwn i n ­
f e c t i o n ( F l a v e l l and Mathias, 1984). Another problem i s that i n i t i a l 
t r a n s f o r m a t i o n experiments are performed at the l e v e l of the s i n g l e 
p r o t o p l a s t , and i f g e n e t i c engineering techniques are to have any 
great impact on p l a n t breeding, i t w i l l be necessary to regenerate 
h e a l t h y whole p l a n t s , from c u l t u r e d transformed c e l l s . Horsch et at.. 

(1984) and De Block et at. (1984) were able to generate morpholog­
i c a l l y normal and f e r t i l e p l a n t s from tobacco c e l l s transformed with 
T i - p l a s m i d - d e r i v e d , a n t i b i o t i c r e s i s t a n c e v e c t o r s , but unfortunately, 
many agronomically important p l a n t s p a r t i c u l a r l y the monocot crop 
s p e c i e s have proved r e f r a c t o r y to regeneration from c e l l c u l t u r e 
( F l a v e l l and Mathias, 1984), Nevertheless, none of these problems 
appear to be insurmountable. The development of hybrid Ti-plasmid : 
gemini v i r u s v e c t o r s has been proposed as a means of circumventing 
the l i m i t e d host s p e c i f i c i t y of Agrobaateriian (Buck and Coutts, 1983). 
The use of v e c t o r s i n c o r p o r a t i n g p l a n t transposable elements 
(Fe d o r o f f , 1983) i n a manner analagous to the transformation of 
Drosophila with P-element-derived v e c t o r s (Rubin and Spradling, 1982) 
i s another promising avenue to be explored. Vectors based on the 
Ri - p l a s m i d of Agrobacterium rhizogenes might enable e a s i e r regen­
e r a t i o n of whole p l a n t s from transformed c e l l s ( C h i l t o n et al.jl982). 



There i s c l e a r l y no shortage of i d e a s , and i t seems reasonable to ex­

pect t h a t t h i s very a c t i v e a r e a of r e s e a r c h w i l l y i e l d refinements 

of c u r r e n t procedures and s o l u t i o n s to p r e s e n t l y unresolved d i f f i ­

c u l t i e s . 

A more formidable b a r r i e r to the implementation of genetic 
e n g i n e e r i n g techniques i n t o p l a n t breeding i s the f a c t that l i t t l e 
i s understood at present about the p h y s i o l o g i c a l and molecular 
p r o c e s s e s underlying many of the t r a i t s that the p l a n t breeder might 
wish to a l t e r . Given the r e c e n t advances i n p l a n t transformation 
technology, i t i s l i k e l y that molecular b i o l o g i s t s w i l l be able to 
r o u t i n e l y obtain e x p r e s s i o n of f o r e i g n genes i n many of the important 
crop p l a n t s , before i t i s known what genes might be g a i n f u l l y t r a n s ­
f e r r e d to these p l a n t s . 

One exception to t h i s g e n e r a l i z a t i o n i s the prospect of being 
able to improve the n u t r i t i o n a l q u a l i t y of food crops by manipul­
a t i n g the storage p r o t e i n genes of these crops. Considerable e f f o r t 
has been devoted, s i n c e the beginning of t h i s century, to the 
c h a r a c t e r i s a t i o n of storage p r o t e i n s and to the study of t h e i r syn­
t h e s i s and d e p o s i t i o n i n the developing seeds of legume and c e r e a l 
c rops. The techniques of recombinant DNA technology have r e c e n t l y 
been added to the armoury of i n v e s t i g a t o r s studying these systems. 
As a r e s u l t , an i m p r e s s i v e body of information on d i v e r s e aspects of 
storage p r o t e i n biochemistry has been accximulated ( f o r recent reviews 
see Derbyshire et a l . j l 9 7 6 ; B o u l t e r , 1981; L a r k i n s , 1981; Browii 
et at.3 1982; Gatehouse et al., 1984; Higgins, 1984; Croy and Gate­
house, 1985; and Vol.304B of P h i l . T r a n s . R . Soc. Lond.,1984, pp. 
273-407). 

The impetus f o r the study of seed storage p r o t e i n s d e r i v e s 
l a r g e l y from the n u t r i t i o n a l and economic value of these p r o t e i n s . 
R e c e n t l y however, i n t e r e s t has been st i m u l a t e d f o r a d i f f e r e n t reason. 
Storage p r o t e i n s y n t h e s i s i s a s t r i c t l y c o n t r o l l e d process whereby 
c e r t a i n t i s s u e s produce a few s p e c i f i c p r o t e i n s i n v a s t q u a n t i t i e s 
during p r e c i s e periods i n the d i f f e r e n t i a t i o n of the seed. The 
s p e c i f i c i t y of storage p r o t e i n s y n t h e s i s , being the r e s u l t of tem­
p o r a l l y and s p a t i a l l y r e g u l a t e d gene expression, t h e r e f o r e provides 
an i d e a l system f o r i n v e s t i g a t i n g the mechanisms of gene r e g u l a t i o n . 
A d e t a i l e d understanding of the r e g u l a t i o n of gene expression i n 



eukaryotes i s probably the most c h a l l e n g i n g goal of modern biology 
and s t u d i e s have p r e v i o u s l y been concentrated on analagous systems 
such as haemoglobin s y n t h e s i s i n e r y t h r o i d c e l l s and ovalbumin 
s y n t h e s i s i n chicken oviducts (O'Malley et aZ., 1977). Now, an 
i n c r e a s i n g amount of work focusses on the developing seed as a model 
system. The f i r s t f r u i t s to be borne from t h i s area of r e s e a r c h i n 
p l a n t molecular biology have been the i s o l a t i o n and c h a r a c t e r i z a t i o n 
of genes encoding s e v e r a l d i f f e r e n t types of legume and c e r e a l 
seed storage p r o t e i n s (see Sorenson, 1984). Although the e l u c i d a t i o n 
of the molecular mechanisms of gene r e g u l a t i o n i s s t i l l a long way 
o f f , t h e a v a i l a b i l i t y of cloned storage p r o t e i n genes combined with 
the accumulated information on storage p r o t e i n biochemistry provides 
the p o t e n t i a l f o r improving the n u t r i t i o n a l q u a l i t y of seed storage 
p r o t e i n s by means of g e n e t i c manipulation techniques. Before exam­
i n i n g t h i s p o t e n t i a l f u r t h e r , i t i s necessary to consider the s t r u c ­
t u r e and p r o p e r t i e s of seed storage p r o t e i n s and t h e i r genes. The 
f o l l o w i n g d i s c u s s i o n w i l l be l i m i t e d to legume, p a r t i c u l a r l y pea, 
seed storage p r o t e i n s and t h e i r coding sequences. 

1.2. S t r u c t u r e of Pea Storage P r o t e i n s . 

Seed storage p r o t e i n s are g e n e r a l l y defined as p r o t e i n s which 
( i ) are s y n t h e s i s e d only i n the seed, during seed development, and 
u s u a l l y accumulate to l e v e l s which c o n s t i t u t e a l a r g e proportion of 
the t o t a l seed p r o t e i n ; ( i i ) are deposited i n membrane-bound organ­
e l l e s — t h e p r o t e i n bodies; and ( i i i ) are hydrolysed during germination 
to provide n u t r i e n t s ( n i t r o g e n , sulphur and some carbon) f o r the 
developing s e e d l i n g . 

Using a c l a s s i f i c a t i o n system based on the s o l u b i l i t y of pro­
t e i n s i n d i f f e r e n t s o l v e n t s , Osborne (1924) found that legume seeds 
contained p r i m a r i l y a group of p r o t e i n s e x t r a c t a b l e with 5% s a l i n e 
and which he c a t e g o r i s e d as " g l o b u l i n s " . Danielsson (1949), using 
d e n s i t y gradient c e n t r i f u g a t i o n to analyse the g l o b u l i n f r a c t i o n , 
showed t h a t i t c o n s i s t e d of two major types of p r o t e i n f r a c t i o n s 
w i t h sedimentation c o e f f i c i e n t s of ^11-13S and 7-8S. The r e l a ­
t i v e proportions of these types of p r o t e i n s vary considerably w i t h i n 
the Leguminosae : at one end of the s c a l e , Phaseolus Vulgaris con­
t a i n s very l i t t l e , i f any of the 'v.llS p r o t e i n , whereas at the other 



extreme, the I I S p r o t e i n i s the predominant storage p r o t e i n i n Vieia. 

faha (Gatehouse et al.j 1984). Pisum sativum i s a t y p i c a l legume, 

c o n t a i n i n g approximately equal amounts of both types of p r o t e i n s which 

together account f o r ^^70% of the seed p r o t e i n though there i s some 

v a r i a t i o n among d i f f e r e n t g e n e t i c l i n e s (Schroeder, 1982). The I I S 

and 7S g l o b u l i n s are c a l l e d legumin and v i c i l i n r e s p e c t i v e l y . Both 

legumin and v i c i l i n are composed of subunits which e x h i b i t a s i g ­

n i f i c a n t amount of s i z e and charge heterogeneity. 

1.2.1. The Legumin F r a c t i o n . 

The accepted s t r u c t u r a l model fo r legumin was o r i g i n a l l y derived 
from s t u d i e s on the l l S p r o t e i n from Yicia faba (Wright and Boulter, 
1974) , and the s t r u c t u r e of Pisum sativum legumin was subsequently 
shown to be e s s e n t i a l l y c o n s i s t e n t with i t (Croy et aZ.jl979>. The 
b a s i c model proposes t h a t legumin i s a hexameric molecule of ^ r 
360000-400000 c o n s i s t i n g of s i x subunit p a i r s , each of which comprises 
a '\'40000-Mr subunit l i n k e d by d i s u l p h i d e bonds to a 'X'20000-Mr subunit. 
The l a r g e r or a-subunits have p i v a l v e s of 4.8-6.2 and are thus r e ­
f e r r e d to as " a c i d i c " , whereas the s m a l l e r or 3-subunits have pi 
v a l u e s of 6.2-8.0 and are r e f e r r e d to as " b a s i c " subunits ( Matta 
et al.j 1981). SDS-PAGE of p u r i f i e d legumin under reducing con­
d i t i o n s shows prominent bands corresponding to the 40000-M.r and 
20000nlifr. s u b u n i t s . However, the subunit p a i r i s regarded as the 
fundamental u n i t of the legumin h o l o p r o t e i n s i n c e i t has been demon­
s t r a t e d t h a t legumin i s s y n t h e s i s e d as a '\'60000-^^r precursor poly­
peptide which i s subsequently cleaved to produce the s m a l l e r sub-
u n i t s (Croy et a J . j 1 9 8 0 a ) . The model j u s t described i s accepted as 
a f a i r approximation of the general s t r u c t u r e of legumin-type glob­
u l i n s throughout the Leguminosae, but i n f a c t , the a c t u a l s t r u c t u r e 
of pea legumin i s r a t h e r more complex. Matta et at. (1981) showed 
t h a t superimposed on t h i s simple model i s a c o n s i d e r a b l e degree of 
h e t e r o g e n e i t y with r e s p e c t to the e x i s t e n c e of d i f f e r e n t molecular 
forms, the molecular weights of subunit p a i r s , and the molecular 
weights and p i v a l u e s of the c o n s t i t u e n t subunits. I t was suggested 
t h a t the observed polypeptide heterogeneity probably r e s u l t e d both 
from g e n e t i c heterogeneity as w e l l as from p o s t - t r a n s l a t i o n a l pro­
t e i n m o d i f i c a t i o n s . 



1.2.2. The V i c i l i n , F r a c t i o n . 

The pea v i c i l i n f r a c t i o n comprises two major heterogeneous 

p r o t e i n types of Mr̂ /V 170000 and 'v- 280000. The subunit composition 
of t h i s f r a c t i o n i s very complex, major polypeptides of approximate 
MT'S 71000, 50000, 33000, 19000, 16000, 13500 and 12500 being r e ­
vealed hf, SDS-PAGE. For some time, there was confusion as to the r e ­
l a t i o n s h i p between these subunits and the h o l o p r o t e i n s ; r e c e n t l y , a 
c l e a r e r p i c t u r e has emerged. The 280000-Mr p r o t e i n , named c o n v i c i l i n , 
has been shown to be separable from the 170000 iMr p r o t e i n by non-
d i s s o c i a t i n g techniques (Croy et at.^ 1980b; Casey and Sanger, 1980). 
I t i s thought to c o n s i s t of three or four 71000-Wr subunits which 
are not disulphide-bonded although sulphur amino-acids are present i n 
the s u b u n i t s . D i f f e r e n t c o n v i c i l i n subunits have d i f f e r e n t p i values 
but microheterogeneity appears to be l e s s than that of legumin or vi= 
c i l i n ( C r o y et al., 1980b). V i c i l i n i t s e l f , Mr :v.vi70000, i s thought 
to be s y n t h e s i s e d and assembled from three, non-disulphide-linked 
s u b u n i t s of Mr 50000 (Gatehouse et at., 1981). These subunits show 
c o n s i d e r a b l e sequence heterogeneity : some of them contain up to 
two s p e c i f i c s i t e s f o r p r o t e o l y t i c cleavage, and the s m a l l e r v i c i l i n 
s u b u n i t s observed on denaturing polyacrylamide g e l s are derived 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 of s u s c e p t i b l e 50000-Mr subunits 
(Gatehouse et al., 1982 ;.Spencer al.^ 1983). Pea v i c i l i n con­
t a i n s s m a l l amounts of c o v a l e n t l y l i n k e d carbohydrate, u n l i k e : 
legumin and c o n v i c i l i n which are not g l y c o s y l a t e d (Gatehouse et aZ., 

1984, and r e f s . t h e r e i n ) . G l y c o s y l a t i o n i s confined to two v i c i l i n 
s u b u n i t s of Mr 50000 and 16000; the l a t t e r appears to be a glycosy­
l a t e d v a r i a n t of the 125CX)-^r subunit (Gatehouse et a Z . j l 9 8 4 , and 
r e f s . t h e r e i n ) . Though v i c i l i n and c o n v i c i l i n are d i s t i n c t p r o t e i n s , 
they have been shown to be a n t i g e n i c a l l y r e l a t e d s i n c e antibodies 
r a i s e d a g a i n s t v i c i l i n r e a c t with c o n v i c i l i n (Croy et aZ., 1980b). 
However, the degree of r e l a t e d n e s s at the s t r u c t u r a l or sequence l e v e l 
was not i n v e s t i g a t e d f u r t h e r . 

1.3.: Pea Storage P r o t e i n Genes. 

S e v e r a l r e s e a r c h groups have applied the techniques ofjrecQmbinant 

DNA methodology to the study of the storage p r o t e i n genes of legumes 

and c e r e a l s (reviewed by Sorenson, 1984). Since a s i g n i f i c a n t 



proportion of the r e s u l t s to be presented i n t h i s t h e s i s c o n s i s t s 
of the c l o n i n g and c h a r a c t e r i s a t i o n of pea storage p r o t e i n cDNAs, 
the f o l l o w i n g Information w i l l be r e s t r i c t e d to data which were 
a v a i l a b l e p r i o r to the conmiencement of t h i s work and to more recent 
data which do not pre-empt the contents of the " R e s u l t s " and " D i s ­
c u s s i o n " s e c t i o n s . 

1.3.1. Legumin genes. 

Two legumin cDNAs were sequenced by Croy et at. (1982), the 
longer of which comprised '^38% of the legumin mRNA. That cDNA con­
t a i n e d the e n t i r e coding sequence of the 20000-Mi; legumin B-subunit 

at the 3' end of the c l o n e , and some 30 amino a c i d r e s i d u e s of the 
C-terminal region of the AQQOO-Mx a-subunit. There were no in-phase 
i n i t i a t i o n or termination codons i n the region immediately upstream 
of the g-subunit coding sequence which confirmed the in vitro t r a n s ­
l a t i o n data (Croy et al.-, 1980a) showing that legumin subunit p a i r s 
were s y n t h e s i s e d as 600004^r p r e c u r s o r s . I n the absence of C - t e r ­
minal amino a c i d sequence data f o r the a c i d i c subunit, i t was not 
p o s s i b l e to l o c a t e the p r e c i s e s i t e of cleavage between the two sub-
u n i t s , though Croy et a l . . ( 1 9 8 2 ) speculated that cleavage might occur 
at a p a i r of a d j a c e n t a r g i n i n e r e s i d u e s f i v e r e s i d u e s upstream of the 
N-terminus of the 3-subunit, by analogy with the processing of c e r ­
t a i n animal hormone p r e c u r s o r s . 

R e c e n t l y , four d i f f e r e n t legumin genes were i s o l a t e d from pea 
genomic banks (Croy et at. ,1985). One of these genes has been com­
p l e t e l y sequenced, r e v e a l i n g a number of important f e a t u r e s ( L y c e t t 
et at.i 1984a). The gene encoded a legumin precursor which contained 
a 21 amino-acid-long s i g n a l peptide followed by a 36440-Mr a-subunit 
and a 20190-Wr B-subunit. The product of t h i s p a r t i c u l a r gene was 
r e l a t i v e l y r i c h i n sulphur amino- a c i d s , c o n t a i n i n g 3 met and 5 cys 
r e s i d u e s i n c o n t r a s t to the cDNA sequenced by Croy et at. (1982) 
which encoded a s i n g l e methionine and a s i n g l e c y s t e i n e residue out 
of a t o t a l of 216 r e s i d u e s . Two small i n t r o n s , each 88bp long, 
i n t e r r u p t e d the sequence encoding the a-subunit while a t h i r d i n t r o n , 
99bp long, was present i n the sequence encoding the 3-subunit. The 
boundary sequences of these i n t r o n s were t y p i c a l of higher p l a n t genes, 
The 5' u n t r a n s c r i b e d f l a n k i n g region of the gene contained a l l the 
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p u t a t i v e t r a n s c r i p t i o n c o n t r o l sequences i n c l u d i n g a "TATA" box, a 

"CAAT" box and an "AGGA" box, while the 3' f l a n k i n g region contained 

three p u t a t i v e polyadenylation s i g n a l s . 

Using a cloned cDNA to probe r e s t r i c t i o n d i g e s t s of pea genomic 

DNA, Croy et at, (1982) estimated t h a t there were 0.4 copies of legumin 

genes per h a p l o l d genome. That f i g u r e i s probably an underestimate 

s i n c e the h y b r i d i s a t i o n experiments were done under high stringency 

c o n d i t i o n s , and r e s u l t s to be des c r i b e d l a t e r show that DNA fragments 

s h a r i n g 95% homology may f a i l to c r o s s - h y b r i d i s e s i g n i f i c a n t l y under 

these c o n d i t i o n s . Indeed, S h i r s a t (1984), using a genomic legumin 

clone to probe pea genomic d i g e s t s , c a l c u l a t e d t h a t there were at 

l e a s t 7 legumin genes i n the h a p l o i d genome. Thus, the legumin pro­

t e i n s are encoded by a s m a l l , multigene family which probably accounts 

f o r some of the het e r o g e n e i t y seen amongst the p r o t e i n subunits. 

1.3.2. V i c i l i n Coding Sequences. 
cDNA clone s coding f o r v i c i l i n subunit p r e c u r s o r s were a l s o pro­

duced by Croy et aZ. (1982). S e v e r a l of these clones h y b r i d -
s e l e c t e d mRNA s p e c i e s encoding 500(X)^r,precursors,, while one s e l e c t e d 
an mRNA which encoded a AlOOO^r p r e c u r s o r . As noted i n s e c t i o n 
1.2.2., v i c i l i n subunits of Mr <50000 are derived 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 of '\'50000-MT p r e c u r s o r s ( i n c l u d i n g the 47000-

Mr s u b u n i t ) . Gatehouse et aZ.(1982) were able to e s t a b l i s h the 
o r d e r i n g of the s m a l l v i c i l i n subimits r e l a t i v e to a 50000-Mr pre­
c u r s o r polypeptide by comparing the p r o t e i n sequences p r e d i c t e d from 
a p a r t i a l l y sequenced 50000-Mr cDNA with amino a c i d sequences deter­
mined from p u r i f i e d v i c i l i n s u b u n i t s . 

1.3.3. C o n v i c i l i n Coding Sequences. 
A cDNA encoding p a r t of a c o n v i c i l i n 71000-Mr subunit has: r e c e n t l y 

been cloned (Domoney and Calsey, 1983) ; I t s sequence was found to share 

s u b s t a n t i a l homology with the sequences of v i c i l i n cDNAs (Casey 

et aZ.,1984), c o n s i s t e n t with the s e r o l o g i c a l r e l a t e d n e s s of v i c i l i n 

and c o n v i c i l i n . However, the coding sequences were s u f f i c i e n t l y 

d i v e r g e n t to prevent c r o s s - s e l e c t i o n of mRNA t r a n s c r i p t s by cDNAs 

for e i t h e r of the two p r o t e i n s i n h y b r i d - r e l e a s e t r a n s l a t i o n e x p e r i ­

ments . 
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1.4. Genetic Engineering of Legume Storage P r o t e i n Genes. 
Two r e c e n t reviews have d e a l t i n d e t a i l with the prospects f o r 

improving the n u t r i t i o n a l value of seed storage p r o t e i n s by genetic 
e n g i n e e r i n g techniques (Croy and Gatehouse, 1985; L a r k i n s , 1983). 
E x h a u s t i v e coverage of the s u b j e c t i s t h e r e f o r e inappropriate here 
and only a b r i e f d i s c u s s i o n of the p o s s i b i l i t i e s w i l l be presented. 

As mentioned p r e v i o u s l y , the major n u t r i t i o n a l l i m i t a t i o n of 
legume storage p r o t e i n s i s the d e f i c i e n c y of methionine and c y s t e i n e . 
Using techniques f o r in vitro s i t e - d i r e c t e d mutagenesis, i t might 
be p o s s i b l e to s u b s t i t u t e codons f o r the e x i s t i n g amino ac i d s i n the 
p r o t e i n genes with codons fo r the d e f i c i e n t amino a c i d s . However, 
the s u c c e s s f u l implementation of t h i s s t r a t e g y may be thwarted by the 
f o l l o w i n g c o n s t r a i n t s . ( i ) The i n t r o d u c t i o n of these sulphur amino 
a c i d s should not perturb the molecular p r o p e r t i e s of the p r o t e i n 
e s s e n t i a l f o r i t s proper packaging, s t a b i l i t y and metabolism. I n 
c e r t a i n c a s e s , i t might even be n e c e s s a r y to conserve the second­
ary s t r u c t u r e of the mRNA i t s e l f s i n c e there i s some evidence that 
s p e c i f i c sequences may be important f o r the s t a b i l i t y and metabolism 
of Gtycine max seed mRNAs (S c h u l e r et aZ-.j 1982a). ( i i ) The develop­
i n g seed and the p l a n t as a whole must be able to accommodate the 
i n c r e a s e d demands f o r sulphur amino a c i d s on the amino a c i d pool 
i f the new p r o t e i n i s to be e f f i c i e n t l y s y n t h e s i s e d . ( i i i ) S i n c e 
the storage p r o t e i n s are encoded by multigene f a m i l i e s , i t w i l l be 
n e c e s s a r y to modify a l l the i n d i v i d u a l genes, or at l e a s t those 
which are most a c t i v e l y t r a n s c r i b e d . ( i v ) The a b i l i t y to r e g u l a t e 
gene e x p r e s s i o n , both s p a t i a l l y and temporally, i n synchrony with the 
normal developmental p a t t e r n or i n any other way d e s i r e d w i l l be an 
important o b j e c t i v e , but a l s o an e l u s i v e one given that so l i t t l e 
i s a t present understood about the mechanisms of gene r e g u l a t i o n i n 
eukoryotes. 

Other s t r a t e g i e s f o r seed p r o t e i n improvement which obviate the 
need f o r remodelling the s t r u c t u r e of e x i s t i n g storage p r o t e i n s have 
been proposed. For example, the expression of genes coding for pro­
t e i n s which normally occur i n s m a l l amounts i n the seed, but which 
are n u t r i t i o n a l l y more balanced, might be enhanced so that these 
p r o t e i n s a r e accumulated to higher l e v e l s . Even w i t h i n a p a r t i c u l a r 
c l a s s of storage p r o t e i n s , say pea legumin, c e r t a i n subunit p a i r s 
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may c o n t a i n reasonably high l e v e l s of sulphur amino ac i d s while other 
subunit p a i r s c o n t a i n r e l a t i v e l y l i t t l e (Casey and Short, 1981; 
L y c e t t et aZ., 1984a), A m p l i f i c a t i o n of genes coding f o r 
high-sulphur subunits, probably coupled with the s i l e n c i n g of low-
sulphur p r o t e i n genes might b e ^ p o s s i b i l i t y . A l t e r n a t i v e l y , seed 
p r o t e i n s might be made more n u t r i t i o u s by d e l e t i o n of genes coding f o r 
an t i m e t a b o l i c or t o x i c p r o t e i n s which c o n t r i b u t e to the poor d i g e s t ­
i b i l i t y and low n u t r i t i o n a l s t a t u s of legume p r o t e i n s . 

Among the v a r i o u s s t r a t e g i e s d i s c u s s e d above, i t i s widely 
b e l i e v e d t h a t the approach l i k e l y to y i e l d p o s i t i v e r e s u l t s the , 
soonest i n v o l v e s the i s o l a t i o n of p a r t i c u l a r storage p r o t e i n genes, 
the a l t e r a t i o n of t h e i r coding sequences to c o r r e c t amino a c i d d e f i ­
c i e n c i e s , and the r e i n s e r t i o n of the modified genes i n t o the same or 
c l o s e l y r e l a t e d s p e c i e s . The c o n s t r a i n t s imposed on that approach 
are by no means t r i v i a l but alr e a d y , a v a i l a b l e techniques i n recom-
binant DNA methodology point the way to^how they may be t a c k l e d . 

X-ray d i f f r a c t i o n techniques are the only p r e s e n t l y a v a i l a b l e 
methods f o r determining the s t r u c t u r e s of p r o t e i n s a t the l e v e l of 
d e t a i l which w i l l be r e q u i r e d f o r p r o t e i n engineering. However, 
p r o t e i n c r y s t a l l o g r a p h y i s a la b o r i o u s and time-consuming process, 
and the methodology f o r p r e d i c t i n g three-dimensional p r o t e i n s t r u c ­
t u r e s from amino a c i d sequences i s c o n t i n u a l l y being developed 
(Ulmer, 1983). Some progress has already been made; for example, 
u s i n g a combination of sequence and p h y s i c a l data and computer 
modelling techniques, Argos et aZ. (1982) have formulated a model 
for the t e r t i a r y s t r u c t u r e of z e i n p r o t e i n s . I t i s a n t i c i p a t e d that 
the a b i l i t y to p r e d i c t t e r t i a r y s t r u c t u r e s s o l e l y on the b a s i s of 
primary s t r u c t u r a l data w i l l be very important f o r the long-term 
s u c c e s s of p r o t e i n engineering. I t w i l l enable the e f f e c t s of amino 
a c i d changes on the s t r u c t u r e of p r o t e i n s to be p r e d i c t e d and by com­
p a r i n g the s t r u c t u r e s of homologous polypeptides, information w i l l be 
obtained regarding which regions might t o l e r a t e amino a c i d s u b s t i t ­
utes without v i o l a t i n g the s t r u c t u r a l f e a t u r e s of the p r o t e i n s . 
Cloning and sequencing of the genes provide the si m p l e s t and q u i c k e s t 
means of determining the primary s t r u c t u r e s of large numbers of pro­
t e i n s , and the employment of these techniques t h e r e f o r e c o n s t i t u t e s 
the f i r s t step i n any p r o j e c t aimed at p r o t e i n engineering. The 



13 

i n d i v i d u a l cloned genes can a l s o be used to assay the l e v e l s of t h e i r 
corresponding mRNAs and thus determine the r e l a t i v e e f f i c i e n c i e s of 
t r a n s c r i p t i o n of d i f f e r e n t chromosomal genes. T h i s information w i l l 
be u s e f u l i n i d e n t i f y i n g a c t i v e genes whose sequences might be mod­
i f i a b l e to the g r e a t e s t e f f e c t . Once amino a c i d s u b s t i t u t i o n s have 
been s u c c e s s f u l l y engineered i n a chosen gene, the pred i c t e d e f f e c t s 
o f t h e s e a l t e r a t i o n s on the s t r u c t u r a l and f u n c t i o n a l p r o p e r t i e s of 
the encoded polypeptide can be d i r e c t l y i n v e s t i g a t e d on samples of 
the modified product s y n t h e s i s e d i n b a c t e r i a or y e a s t s before the 
modified gene i s introduced i n t o a p l a n t . These approaches, when 
combined w i t h the expected advances i n p l a n t transformation technol­
ogy and an i n c r e a s i n g understanding of the mechanisms of plan t gene 
r e g u l a t i o n , are l i k e l y to usher i n a new e r a i n the improvement of 
seed storage p r o t e i n s by ge n e t i c manipulation. 

1.5. O b j e c t i v e s , R a t i o n a l e and Content of the Present Research. 
I t has already been seen t h a t the pea seed storage p r o t e i n s 

are encoded by multigene f a m i l i e s . Whereas the p u r i f i c a t i o n and 
amino a c i d sequencing of i n d i v i d u a l gene products from these complex 
mixtures of homologous p r o t e i n s are p r o h i b i t i v e l y d i f f i c u l t and time-
consuming, the use of molecular c l o n i n g techniques enables the ready 
i s o l a t i o n of i n d i v i d u a l genes of absolute p u r i t y , and gives a t r u e r 
p i c t u r e of the complexity of the p r o t e i n f a m i l i e s . DNA sequencing, 
from which the p r o t e i n sequence can be deduced, i s simpler and more 
r e l i a b l e than d i r e c t p r o t e i n sequencing. Other important advantages 
accrue from studying storage p r o t e i n biochemistry a t the DNA l e v e l . 
Analyses of gene sequences r e v e a l the nature of the primary poly­
peptide products s y n t h e s i s e d which might give some i n s i g h t i n t o the 
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 and t r a n s p o r t pathways of the pro­
t e i n s . As mentioned e a r l i e r , the s p e c i f i c i t y of storage p r o t e i n syn­
t h e s i s c o n s t i t u t e s a good model system f o r studying gene expres­
s i o n i n eukaryotes, and the s t r u c t u r e and o r g a n i s a t i o n of storage 
p r o t e i n genes might give c l u e s as to how the expression of these 
genes i s developmentally regulated. As noted i n the preceding 
s e c t i o n , the c l o n i n g and s t r u c t u r a l c h a r a c t e r i s a t i o n of storage, 
p r o t e i n genes i s v i r t u a l l y a p r e - r e q u i s i t e f o r the eventual im-; 
provement of these p r o t e i n s by ge n e t i c manipulation techniques, and 
of course, i t i s at the gene l e v e l t h a t the engineering of p r o t e i n s 
w i l l be e f f e c t e d (see Ulmer, 1983). 
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P r i o r to the commencement of t h i s r e s e a r c h p r o j e c t , very l i t t l e 
sequence data of pea storage p r o t e i n s and t h e i r genes had been pub­
l i s h e d . The data were l i m i t e d to the N-terminal amino a c i d sequences 
of the a c i d i c and b a s i c subunits of legumin (Casey et aZ, , 1981a; Casey 
et at. ,1981b) aiid the n u c l e o t i d e sequences of two legumin cDNA clones 
which covered only '̂ •38% of the legumin mRNA (Croy et aZ. ,19Q2) . The 
cl o n i n g of a number of v i c i l i n cDNAs had been reported (Croy et aZ., 
1982) but t h e i r sequences had not been determined. Thus, there was a 
need f o r the c o n s t r u c t i o n of longer legumin cDNAs and more extensive 
c h a r a c t e r i s a t i o n of the cloned v i c i l i n genes. 

T h i s t h e s i s d e s c r i b e s the c o n s t r u c t i o n of a pea cDNA l i b r a r y 
and the i s o l a t i o n of cDNAs t r a n s c r i b e d from legumin and v i c i l i n mRNAs. 
Advances i n recombinant DNA methodology have s i m p l i f i e d the con­
s t r u c t i o n and s c r e e n i n g of l i b r a r i e s of genomic DNA i n bacteriophage 
X or cosmid v e c t o r s (reviewed by Maniatis et a l . l 9 8 2 ; Brammar, 
1982; van Embden, 1983), and the a n a l y s i s of genomic clones i s 
u s u a l l y an i n t e g r a l p a r t of any study of gene s t r u c t u r e and function. 
However, th e r e i s often j u s t i f i c a t i o n f o r the c o n s t r u c t i o n of cDNA 
clones i n preference to, or i n conjunction with, genomic clones. 
cDNA l i b r a r i e s are g e n e r a l l y e a s i e r to screen than genomic l i b r a r i e s 
(see W i l l i a m s , 1981), and i n f a c t , s c r e e n i n g of the l a t t e r frequently 
r e l i e s on the a v a i l a b i l i t y of c h a r a c t e r i s e d cDNA probes. T h i s 
f a c t o r i s p a r t i c u l a r l y p e r t i n e n t i n the i n i t i a l c l o n i n g of the 
storage p r o t e i n genes s i n c e there are a r e l a t i v e l y small number of 
chromosomal genes, whereas the mRNA t r a n s c r i p t s encoding the major 
storage p r o t e i n s comprise a l a r g e proportion of the t o t a l , cotyledon 
mRNA popu l a t i o n (Morton et aZ., 1983). 

cDNA c l o n i n g has other advantages. I t allows the determination 
of the sequence o r g a n i s a t i o n of a gene, i . e . the p r e c i s e l o c a t i o n 
of i t s i n t r o n s and of the 5' and 3' te r m i n i of i t s mRNA, by a com­
p a r i s o n of the cDNA and genomic DNA nu c l e o t i d e sequences. Also, i f 
the e x p r e s s i o n of cloned genes i n b a c t e r i a i s d e s i r e d , i t i s essen­
t i a l t h a t the coding sequences are not i n t e r r u p t e d by i n t r o n s which are 
a common f e a t u r e of e u k a r y o t i c genes but are absent from cytoplasmic 
mRNA t r a n s c r i p t s from which cDNAs are copied (see Williams, 1981). 

cDNA clones i s o l a t e d from a clone bank may be analysed by a 
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v a r i e t y of techniques : h y b r i d i s a t i o n to p r e v i o u s l y c h a r a c t e r i s e d 

DNA molecules, h y b r i d - s e l e c t i o n of mRNAs followed by r e l e a s e of the 

mRNA and in vitro t r a n s l a t i o n , s i z i n g of cDNA i n s e r t s on agarose or 

polyacrylamide g e l s , and mapping of r e s t r i c t i o n enzyme cleavage s i t e s 

( see M a n i a t i s et at. ,1QS2). U l t i m a t e l y , sequence a n a l y s i s must be 

undertaken f o r the f u l l e s t c h a r a c t e r i s a t i o n of a cloned gene, and the 

development of r a p i d DNA sequencing techniques has become a corner­

stone of recombinant DNA technology ( f o r reviews see Maxam and G i l ­

b e r t , 1980; Messing, 1983; Davies, 1982). These techniques make 

i t p o s s i b l e to determine the exact n u c l e o t i d e sequences of genes and 

t h e i r p u t a t i v e c o n t r o l l i n g elements, and i n t h i s r e s e a r c h p r o j e c t , 

the legumin and v i c i l i n clones i s o l a t e d from the cDNA l i b r a r y were 

e x t e n s i v e l y c h a r a c t e r i s e d , s e v e r a l of them to the l e v e l of DNA se­

quence a n a l y s i s . 

Although the storage p r o t e i n s are s y n t h e s i s e d i n l a r g e q u a n t i t i e s 

i n the developing seed, the deposited p r o t e i n f r a c t i o n s comprise mix­

t u r e s of homolgous polypeptides from which i t i s d i f f i c u l t to p u r i f y 

i n d i v i d u a l products. Moreover, some of the subunit precursors are 

s u b j e c t to r a p i d , p r o t e o l y t i c processing in vivoy and thus cannot be 

r e a d i l y i s o l a t e d . However, i t may be p o s s i b l e to obtain u s e f u l amounts 

of these p r o t e i n s by the e x p r e s s i o n of cloned genes i n b a c t e r i a . The 

f i n a l p a r t of t h i s work d e s c r i b e s the expression of a number of e s s ­

e n t i a l l y f u l l - l e n g t h v i c i l i n cDNAs i n E'-eoti under the c o n t r o l of the 

bacteriophage XP promoter. The r a t i o n a l e f o r these expression ex-

periments was t h r e e - f o l d : ( i ) to t r y and e s t a b l i s h a general model 

system f o r studying the e x p r e s s i o n of p l a n t genes i n E.-cotij ( i i ) to 

o b t a i n s u f f i c i e n t q u a n t i t i e s of pure '\J50000-MT v i c i l i n subunits to 

enable d e t a i l e d i n v e s t i g a t i o n s i n t o the in vivo endoproteolytic pro­

c e s s i n g of s u s c e p t i b l e p r e c u r s o r s ; and ( i i i ) to have the means of 

s t u d y i n g the s t r u c t u r a l and f u n c t i o n a l e f f e c t s of sequence modifi­

c a t i o n s introduced in vitro i n t o the v i c i l i n genes. 
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2. MATERIALS AND METHODS. 
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2.1. M a t e r i a l s . 

2.1.1. Chemical and B i o l o g i c a l Reagents. 
Reagents, u n l e s s otherwise i n d i c a t e d , were obtained from BDH 

Chemicals L t d . , Poole, Dorset, UK, and were of a n a l y t i c a l grade or 
the b e s t a v a i l a b l e . The f o l l o w i n g m a t e r i a l s were purchased from the 
designated sources. 

Ethidium bromide, 4 - c h l o r o - l - n a p t h o l , adenosine triphosphate 
(ATP), spermidine, bovine albumin (98-99% albumin), d i t h i o t h r e i t o l 
(DTT), HEPES (N-2-hydroxyethylpiperazine-N-2-ethanesulfonic a c i d ) , 
T r i s (hydroxymethyl) aminomethane (Trizma base,reagent grade), 
a m p i c i l l i n , kanamycin, chloramphenicol, t e t r a c y c l i n e , RNase-A , 
egg white lysozyme, E- coti iWA. (type X X I ) , p o l y a d e n y l i c a c i d and 
h e r r i n g sperm DNA were from Sigma Chemical Co., Poole, Dorset, UK. 

Caesium c h l o r i d e and sodium c h l o r i d e (A.R.) were from 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 , UK. 

Sephadex G-50, Sepharose 6B-CL and F i c o l l 400 were from 

Pharmacia F i n e Chemicals, Uppsala, Sweden. 

N i t r o c e l l u l o s e f i l t e r s (BA85, 0.45 pm) were from S c h l e i c h e r and 
S c h i i l l , Anderman and Co. L t d . , Kingston-upon-Thames, Surrey, UK. 

3MM paper and DEAE-cellulose (DE-81) paper were from Whatman 

Lt d . , Maidstone, Kent, UK. 

Bacto-Tryptone, Bacto-Agar and Bacto-Yeast E x t r a c t were from 

D i f c o L a b o r a t o r i e s , D e t r o i t , Michigan, USA. 

BBL t r y p t i c a s e peptone was from Becton Dickinson and Co., 

C o c k e y s v i l l e , MD, USA. 

Oligo ( d T ) , - was from C o l l a b o r a t i v e Research Inc.., Waltham 12-18 
MA, USA. 

R e s t r i c t i o n endonucleases were from Bethesda Research Labora­
t o r i e s (UK) L t d . , Cambridge, UK, The Boehringer Corporation (London)Ltd., 
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Lewes, E a s t Sussex, U.K., or New England B i o l a b s , CP L a b o r a t o r i e s 

L t d . , Bishop's S t o r t f o r d , H e r t s . , UK. 

C a l f i n t e s t i n a l a l k a l i n e phosphatase, endonuclease-free E.-aoti 
DNA polymerase 1, T4 p o l y n u c l e o t i d e k i n a s e , T4 DNA l i g a s e and S I 
nuc l e a s e were from The Boehringer Corporation (London) L t d . 

E:-aoti DNA polymerase 1 l a r g e fragment (Klenow enzyme), T4 DNA 
polymerase, BamHI l i n k e r s (decameric) and agarose ( e l e c t r o p h o r e s i s 
grade) were from Bethesda Research L a b o r a t o r i e s (UK) Ltd. 

Mung-bean nu c l e a s e , deoxy- and dideoxynucleoside triphosphates 
were from Pharmacia P.L. Biochemicals I n c . , Pharmacia (Great B r i t a i n ) 
L t d . , Milton Keynes, Bucks,, UK. 

DNase 1 (DPFF) was from Worthington Biochemicals, M i l l i p o r e 

(UK) L t d . , London, UK. 

Avian m y e l o b l a s t o s i s v i r u s (AMV) r e v e r s e t r a n s c r i p t a s e was from 

the D i v i s i o n of Cancer Cause and Prevention, National Cancer I n s t i t ­

u te, NIH, Bethesda, MD, USA. 

P l a c e n t a l r i b o n u c l e a s e i n h i b i t o r (RNasin) was from Biotech, 

Madison, Wisconsin, USA. 

Radiochemicals and n i c k t r a n s l a t i o n k i t s were from Amersham 

I n t e r n a t i o n a l p i c , Amersham, Bucks., UK. 

P o l y ( A ) * mRNA, prepared from 14-day-old cotyledons of Pisum 
sativum L. var. Feltham F i r s t (Sutton Seeds L t d . , Reading, Berks., 
UK), was a generous g i f t from Dr. I.M. Evans. 

Genomic DNA prepared from l e a v e s of Pisum sativum L. var. 
Feltham F i r s t , a n d a f f i n i t y - p u r i f i e d , r a b b i t a n t i v i c i l i n IgG were 
s u p p l i e d by Dr. J.A. Gatehouse and Mr.D.Bown. 

2,1.2. B a c t e r i a l S t r a i n s and Plasmids. 
A l l b a c t e r i a l s t r a i n s used i n t h i s work were d e r i v a t i v e s of 
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E.coZi K-12 and are l i s t e d i n Table 1. Plasmids used i n cloning 
experiments and as sources of DNA fragments are a l s o l i s t e d i n Table 1. 

TABLE 1. P r o p e r t i e s of E.coZi S t r a i n s and Plasmids Used. 

B a c t e r i a l S t r a i n s G enetic C h a r a c t e r s Reference/Source 

910 Ap^ Tc^ (.803 SupE SupF ReoBC'). W.J.Brammar,Dept. 
of Biochemistry, 
U n i v e r s i t y of 
L e i c e s t e r , UK. 

K-12AHlAtrp Sis^, ZacZam, Lbio-uvvB, htrpEA2. 
(XNam7,Nam53,Gl857,hEl) 

Remaut et aZ.jlQ81 

SG4044 [pel857] Zao~, Zonb. 100, A (gaZ^ Zu)stvA 
eI857,km 

Remaut et aZ.j1983a; 
Remaut et aZ-.j 1983b. 

N99Xel'^ ZacZ ]y. gaZK , thi , su° A e i ^ Young ret.aZ.y 1983, 
N99XCI857 ZacZ , gaVK. ,thi jSu°,Xcl857 Rosenberg e t aZ.,1983. 

N5151(elts857) XCI857 Young et aZ.j 1983, 

Plasmids 
pBR322 . R „, R 

Ap , Tc B o l i v a r et aZ.,1977 

pDUB2 R + Ap , 50K V i c L y c e t t et aZ-.j 1983a. 

pDUB3 A R -. + Ap , l e g Croy et aZ., 1982. 

pDUB4 R + Ap , 47K v i e L y c e t t et aZ., 1983a. 

pPL,c24 Ap«, XO^P^' Remaut et al.j 1981. 
i 

pPLc245 A p ^ XD^V^' Remaut et aZ., 1983a. 

p'ASl A p ^ iD^^- Rosenberg, et- aZ.,X983, 

Key: [pcI857] , harbouring plasmid pcI857; Sm", r e s i s t a n c e to s t r e p -
• • R R tomycin; kin , r e s i s t a n c e to kanamycin; Ap , r e s i s t a n c e to 

R + a m p i c i l l i n ; Tc , r e s i s t a n c e to t e t r a c y l i n e ; 50K v i e ,presence 
of cDNA coding f o r p a r t of pea v i c i l i n 50000-Mr subunit; 47K 
v i c ^ , presence of cDNA coding f o r part of pea v i c i l i n 47000-Mr 

subunit; l e g ^ , presence of cDNA coding f o r part of pea legumin 
subunit; AC P presence of the Xleftward operator-promoter L L 
region; 

2.1.3 Notes on the E-.ooZi E x p r e s s i o n Systems. 
The e x p r e s s i o n plasmid, pPLc24, contains the l e f t w a r d operator-
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promoter region {XO P ) of bacteriophage X, followed by the t r a n s -
l a t i o n i n i t i a t i o n s i g n a l s and the N-terminal region of the b a c t e r i o ­
phage MS2 r e p l i c a s e gene cloned i n t o a pBR322 d e r i v a t i v e (Remaut et al. ̂  

1981; Table 1 ) . I n s e r t i o n of f o r e i g n gene sequences i n the c o r r e c t 
r eading frame at a unique BamHI s i t e i n the plasmid leads to the 
s y n t h e s i s of f u s i o n p r o t e i n s c o n t a i n i n g the N-terminal 98 amino a c i d 
r e s i d u e s of MS2 r e p l i c a s e . 

The plasmid, pPLc245, was designed f o r the expression of unfused 
p r o t e i n s and i s a d e r i v a t i v e of pPLc24 i n which a p o l y l i n k e r sequence 
has been i n s e r t e d immediately downstream from the i n i t i a t i o n ATG 
codon of the MS2 r e p l i c a s e gene (Remaut et aZ.. j 1983a; Table 1 ) . The 
G-residue of the i n i t i a t i o n codon c o n s t i t u t e s the 3' end of a unique 
S a i l cleavage s i t e w i t h i n the p o l y l i n k e r sequence. Thus l i n e a r i s a t i o n 
of pPLc245, followed by removal of the protruding 5' terminus to give 
a b l u n t end, leaves the ATG codon a c c e s s i b l e f o r d i r e c t coupling to 
the coding sequence of a f o r e i g n gene. Genes which contain compat­
i b l e r e s t r i c t i o n enzyme s i t e s near t h e i r N-terminl can a l s o be l i g a t e d 
to pPLc245 v i a the cohesive ends of the l i n e a r i s e d vector. 

The plasmid pASl, l i k e pPLc245, can be used f o r expression of 
unfused p r o t e i n s . The v e c t o r i s a pBR322 d e r i v a t i v e i n t o which has 
been cloned the XO^P^ region and t r a n s l a t i o n i n i t i a t i o n s i g n a l s from L L 
the X c I I gene (Rosenberg et al.,1983; Table 1 ) . The G-residue of 
the i n i t i a t i o n ATG of the Xoll gene c o n s t i t u t e s the 3' end of a 
unique BamHI cleavage s i t e which i s e x a c t l y analagous to the S a i l 
s i t e i n pPLc245. Genes which c o n t a i n compatible r e s t r i c t i o n enzyme 
s i t e s near t h e i r N-termini can a l s o be i n s e r t e d d i r e c t l y i n t o the 
BamHI s i t e of pASl. 

I n a l l three e x p r e s s i o n plasmids above, c o n t r o l over gene 
e x p r e s s i o n i s e f f e c t e d by maintaining the plasmid i n a d e f e c t i v e 
lysogen c a r r y i n g a t e m p e r a t u r e - s e n s i t i v e mutation (Aelts857) i n the 
Xel gene (see Table 1 f o r examples of such s t r a i n s ) . A f u n c t i o n a l 
cl r e p r e s s o r i s s y n t h e s i s e d at low temperatures (30°C) but the rep­
r e s s o r i s i n a c t i v a t e d at e l e v a t e d temperatures (42°C); thus c e l l s har-

o 
bouring the e x p r e s s i o n plasmid can be grown to high d e n s i t y at 30 C 
without e x p r e s s i o n of the i n s e r t e d gene, and subsequently induced to 
s y n t h e s i z e the re q u i r e d product by s w i t c h i n g the c u l t u r e to 42°C. 
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2.2. Methods. 

2.2.1. Biochemical Techniques. 

2.2.1.1. Glassware and P l a s t i c w a r e . 
A l l p l a s t i c w a r e used f o r handling n u c l e i c a c i d samples was 

s t e r i l i s e d by a u t o c l a v i n g before use. A l l glassware and p l a s t i c 
eppendorf tubes were s i l i c o n i s e d w i t h "Repelcote" (Hopkins and 
Wil l i a m s , Romford, U.K.).prior to being autoclaved. 

2.2.1.2. Alcohol P r e c i p i t a t i o n of DNA. 
0.1 volume of 3M sodium a c e t a t e pH 5.2 and 2.5 volumes of 

ethanol were added to the DNA s o l u t i o n and kept at r80°C f o r 20 
min. or at -20°C overnight. The p r e c i p i t a t e d DNA was p e l l e t e d at 
12000g f o r 15 min. (MSE Micro Centaur m i c r o c e n t r i f u g e ) f o r small 
samples, or at 25000g f o r 30 min. ( S o r v a l l RC-5B c e n t r i f u g e ) f o r 
l a r g e r samples. The p e l l e t was u s u a l l y washed twice i n 70% (v/v) 
e t h a n o l , d r i e d b r i e f l y under vacuuum, and r e d i s s o l v e d i n a small 
volume of water or TE b u f f e r ( lOmM T r i s - H C l pH7.5, ImM EDTA). To 
minimize the volume of the sample to be ce n t r i f u g e d , isopropanol 
was sometimes used i n s t e a d of ethanol. I n these c a s e s , 0.6 - 1.0 
volumes of isopTopanol were added to the DNA s o l u t i o n and the mix­
ture was kept at -20°C f o r 20 min. p r i o r to c e n t r i f u g a t i o n . 

2.2.1.3. Phenol E x t r a c t i o n of DNA Samples. 
S o l u t i o n s of DNA were d e p r o t e i n i s e d by two s u c c e s s i v e e x t r a c ­

t i o n s with phenol-chloroform-isoamyl a l c o h o l (25:24:1 v / v ) — h e n c e ­
f o r t h r e f e r r e d to simply as "phenol". 1.5 volumes of phenol were 
added to the DNA sample and mixed by vortexing. The aqueous and 
phe n o l i c phases were separated by a b r i e f c e n t r i f u g a t i o n Cv/15s i n 
a m i c r o c e n t r i f u g e ) . The upper aqueous phase was t r a n s f e r r e d to a 
f r e s h tube and the phenol e x t r a c t i o n was repeated. When e x t r a c t i n g 
minute amounts of v a l u a b l e DNA, the phenol phases were "back-
e x t r a c t e d " with equal volumes of TE b u f f e r and the aqueous phase from 
a b a c k - e x t r a c t i o n was combined w i t h the o r i g i n a l aqueous phase-. 
Phenol e x t r a c t i o n s were followed by two to three e x t r a c t i o n s with 
3 volumes of d i e t h y l ether to remove the remaining t r a c e s of phenol. 
The DNA was recovered by a l c o h o l p r e c i p i t a t i o n . 
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2.2.1.4 D i a l y s i s of DNA S o l u t i o n s . 
S u i t a b l e lengths of v i s k i n g d i a l y s i s tubing ( S i z e 1T8/32'J; 

M e d i c e l l I n t e r n a t i o n a l L t d . , London, UK) were b o i l e d f o r 20 min i n 
10 mM EDTA, then thoroughly r i n s e d i n d i s t i l l e d water. One end of 
the tubing was clos e d with a knot and the DNA sample was pipetted 
i n through the open end. A space was l e f t above the s o l u t i o n to allow 
fo r an i n c r e a s e i n the l i q u i d volume, and the open end of the 
tubing was knotted. The s e a l e d d i a l y s i s bag was then placed i n a 
l a r g e volume of TE b u f f e r (>il;) which was s t i r r e d f o r s e v e r a l hours 
at 4°C. The TE b u f f e r was changed 2-3 times over a period of "^24 hr. 

2.2.1.5. Spectrophotometric Q u a n t i t a t i o n of DNA S o l u t i o n s . 
The o p t i c a l d e n s i t y (O.D.) of DNA s o l u t i o n s i n quartz g l a s s 

c e l l s were recorded from 320 to 230 nm i n a Pye Unicam SP8-150 
u v / v i s spectrophotometer operated i n the scanning mode. 

An 0.D.„„ of 0.02 corresponds to a DNA concentration of 
'V'iyg/ml. A pure DNA sample has an ̂ • 260^^' 280 '^1.8 
and the 0.B.^^^/O.D.ratio i s higher than the O.D.^gQ/O.D.^gQ 
r a t i o . A l s o , the O.D. i s zero. D e v i a t i o n s from these r e l a t i o n -
s h i p s i n d i c a t e d the presence of p r o t e i n , phenol or p a r t i c u l a t e contam­
i n a n t s , i n which c a s e s a c c u r a t e q u a n t i t a t i o n of the DNA was not 
p o s s i b l e . 

2.2.1.6. Storage of B a c t e r i a . 
o 

B a c t e r i a l c o l o n i e s were r e g u l a r l y stored at 4 C for up to 6 
weeks on i n v e r t e d agar p l a t e s s e a l e d with Nescofilm (Nippon S h o j i 
K a i s h a L t d . , Osaka, Japan). For long-term storage, b a c t e r i a l lawns 
grown from s i n g l e c o l o n i e s on s e l e c t i v e agar p l a t e s were t r a n s f e r r e d 
to s t e r i l e 2 ml a l i q u o t s of a s o l u t i o n comprising 50% L broth and 
40% g l y c e r o l , mixed thoroughly by vort e x i n g , and stored at -80°C. 

2.2.2. Rapid M i n i - p r e p a r a t i o n of Plasmid DNA. 
The method used was e s s e n t i a l l y that of Birnboim and Doly (1979) 

with minor m o d i f i c a t i o n s as des c r i b e d below. The plasmid-bearing 
o o 

s t r a i n was grown to s a t u r a t i o n a t 37 C (or 30 C f o r temperature-
i n d u c i b l e e x p r e s s i o n plasmids) i n 10 ml of L broth supplemented with 
appropriate a n t i b i o t i e s . 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 
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at '\>6000g f o r 5 min i n an MSE bench c e n t r i f u g e ( u s i n g the c u l t u r e 
b o t t l e s as c e n t r i f u g e t u b e s ) , and resuspended by vortexing i n 200 
yJl of f r e s h l y prepared SOmM glucose, 25 mM T r i s - H C I pH 8.0, 10 mM 
EDTA pH8.0, 4 mg/ml lysozyme. The suspension was t r a n s f e r r e d to 
a 1.5 ml-eppendorf tube and placed on i c e f o r 15-20 mins. 500 yJl 
of f r e s h l y prepared 0.2M NaOH, 1% SDS were added, mixed gently by 
i n v e r s i o n , and kept on i c e f o r 5 min. 375 \il of 3M sodium ac e t a t e 
pH 4.8 were added and thoroughly mixed. The mixture was placed on 
i c e f o r 30 min. with vigorous a g i t a t i o n every 5 min. during that 
period. The sample was c e n t r i f u g e d at 120(X)g f o r 15 min. Cold 
isopropanol (0.6ml) was added to the supernatant (1.0 ml), mixed 
by i n v e r s i o n , and kept at -20°C f o r 15 min. The DNA was p e l l e t e d 
at 12000g f o r 10 min., resuspended i n 400 yJl of TE bu f f e r , and 
r e p r e c i p i t a t e d with ethanol. The p r e c i p i t a t e was again p e l l e t e d , 
washed twice i n 70% eth a n o l , and d r i e d under vacuum. The DNA 
p e l l e t was d i s s o l v e d i n 20-40 of TE bu f f e r and stored at -80°C. 

2.2.3. L a r g e - s c a l e P r e p a r a t i o n of .Plasmid DNA. 

Two methods were r o u t i n e l y used to prepare plasmid DNA on a 
l a r g e s c a l e . One was adopted from the procedures of Clewell(1972) 
and Katz e t aẐ . (1977) and involved chloramphenicol a m p l i f i c a t i o n 
of the plasmid followed by l y s i s of the b a c t e r i a with SDS. The 
second procedure was e s s e n t i a l l y a scaled-up v e r s i o n of the a l k a ­
l i n e - l y s i s mini-prep method de s c r i b e d p r e v i o u s l y ( s e c t i o n 2.2.2.). 
I t was used f o r preparing XP^^-containing e x p r e s s i o n plasmids s i n c e 
Bernard et aZ.(1979) had warned against t h e i r chloramphenicol amp­
l i f i c a t i o n on the b a s i s t h a t continued plasmid r e p l i c a t i o n i n the 
absence of p r o t e i n s y n t h e s i s may r e s u l t i n the a c t i v a t i o n of the 

P promoter. L 

2.2.3.1. SDS-Lysis Method. . 
The plasmid-bearing s t r a i n was grown at 37°C i n 250 ml of L 

broth c o n t a i n i n g the appropriate a n t i b i o t i c s to an O-^.ggQ of 0.8. 
Chloramphenicol (170 yg/ml) was added and incubation was continued 
at 37°C f o r 15-20 hr. The c e l l s were harvested by c e n t r i f u g a t i o n 
at 6000g f o r 10 min. a t 4°C, resuspended i n 5.0 ml of 25% sucrose 
i n 50mM T r i s - H C l pH 8.0, and c h i l l e d on i c e . 1.0 ml of a f r e s h l y 
prepared lysozyme s o l u t i o n (10 mg/ml i n 25% sucrose, 50 mM T r i s -
HCI pH 8.0) was added and incubated with shaking f o r 2 min at 37°C, 
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then f o r an a d d i t i o n a l 10 min on i c e . 5.0 ml of 0.2M EDTA were 
added, and the shaking on i c e was continued f o r 10 rain. 1.0 ml 
of 20% SDS was added and the mixture was rocked gently at room tem­
perature u n t i l the suspension c l a r i f i e d . 3.0 ml of 5M NaCl were 
added, mixed thoroughly, and store d on i c e f o r at l e a s t 2 hr. The 
suspension was c e n t r i f u g e d at 27000g f o r 90 min at 4°C. 0.6 ml 
of a 10 mg/inl stock of ethidium bromide (EtdBr) was added to the 
supernatant, followed by the a d d i t i o n of Cs C l to 48.4%(w/w). 
The s o l u t i o n was s t o r e d on i c e f o r 30-60 min and then centrifuged 
at 12000g f o r 30 min at 4°C. The red p e l l i c l e on the sur f a c e of 
the supernatant was removed and the supernatant was cen t r i f u g e d 
i n a Beckman v e r t i c a l r o t o r VT.iSO at 44000 rpm f o r 18-24 hr at 
15°C. The lower plasmid band was removed with a syringe and needle 
i n s e r t e d through the s i d e of the c e n t r i f u g e tube. The harvested 
plasmid DNA was sometimes r e p u r i f i e d by c e n t r i f u g a t i o n through a 
second C s C l g r a d i e n t as de s c r i b e d above. The EtdBr was e x t r a c t e d 
4 or 5 times with C s C l - s a t u r a t e d isopropanol and the plasmid was 
d i a l y s e d overnight a g a i n s t TE b u f f e r . The DNA was then p r e c i p i t a t e d 
w i t h e t h a n o l , washed twice with 70% ethanol and r e d i s s o l v e d i n 200-
300 M£ of TE b u f f e r . 

2.2.3.2. A l k a l i n e L y s i s Method. 

The plasmid-bearing s t r a i n was grown to s a t u r a t i o n at 30°C 
i n 250 ml of antibiotic-supplemented L broth. The c e l l s were har-

o 
vested by c e n t r i f u g a t i o n at 6000g f o r 10 min at 4 C, resuspended 
i n 2.0 ml of 50mM glucose, lOmM EDTA, 25mM T r i s - H C l pH 8.0, placed 
on i c e , and 4.0ml of a f r e s h l y prepared lysozyme s o l u t i o n (4mg/ml 
i n . 50mM glucose, lOmM EDTA, 25 mM T r i s - H C l pH 8.0) were added. 
The mixture was incubated with shaking f o r 2 min at 37°C, then for 
an a d d i t i o n a l 20 min on i c e . The suspension was t r a n s f e r r e d to a 
30 ml-Corex tube. 12ml of 0.2M NaOH, 1% SDS were added and mixed 
u n t i l n e a r l y homogeneous. The mixture was store d on i c e f o r 10 
min. 9.0 ml of i c e - c o l d 3M sodium acetate pH 4.8 were added and 
thoroughly mixed. The mixture was kept on i c e f o r 45 min with 
o c c a s i o n a l i n v e r s i o n s . The p r e c i p i t a t e was p e l l e t e d at 12000g 
f o r 30 min at 4*^0. An approximately equal volume of isopropanol 
(27ml) was added to the supernatant, mixed, and stored at -20°C 
f o r 15 min. The DNA was p e l l e t e d by c e n t r i f u g a t i o n , washed once 
i n 70% eth a n o l , and d r i e d b r i e f l y i n a vacuum d e s s i c a t o r . The 
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p e l l e t was r e d i s s o l v e d i n TE b u f f e r , followed by the addition of 
EtdBr to 400 pg/ml and C s C l to 48.4% (w/w). P u r i f i c a t i o n of the 
plasmid through one or two EtdBr-CsCl g r a d i e n t s was c a r r i e d out 
as d e s c r i b e d i n the preceding s e c t i o n . 

2.2.4. Enzymic Reactions Used Routinely i n DNA Manipulations. 

2.2.4.1. R e s t r i c t i o n Endonuclease D i g e s t i o n . 

DNA molecules were d i g e s t e d with t y p e - I I r e s t r i c t i o n endo-
n u c l e a s e s i n one of the 4 b u f f e r s recommended by Maniatis et at. 
(1982). The b u f f e r s , modified to incl u d e spermidine, were those 
shown i n Table 2. 

TABLE 2. R e s t r i c t i o n Endonuclease D i g e s t i o n B u f f e r s . 
B u f f e r Components (mM) 

T r i s - H C I pH7.5 MgCl^ DTT Spermidine NaCl KCl 

Low S a l t 10 10 1.0 2.0 - -
Medium S a l t 10 10 1.0 2.0 50 -
High S a l t 50 10 1.0 2.0 100 -
Smal 10(pH8.0) 10 1.0 2.0 20 

G e n e r a l l y , the enzymes were used at a concentration of 2-5u/ 
IJg of DNA and incubated a t the temperature recommended by the manu­
f a c t u r e r s f o r l - 3 h r . Many of the enzymes have been shown to work 
adequately a t d i f f e r e n t NaCl con c e n t r a t i o n s (New England B i o l a b s 
1983/84 Cata l o g u e ) ; thus, m u l t i p l e d i g e s t i o n s could u s u a l l y be 
performed s i m u l t a n e o u s l y i n the same b u f f e r . For d i g e s t i o n of 
mini-prep plasmid DNA, 25yg/ml of RNase ( p r e - b o i l e d f o r 30 min 
to i n a c t i v a t e contaminating DNases) were included i n the r e a c t i o n 
mixture. 

2.2.4.2. 5'-Dephosphorylation of DNA with A l k a l i n e Phosphatase. 

The 5' phosphate groups of DNA molecules were removed by 
treatment w i t h c a l f i n t e s t i n e a l k a l i n e phosphatase i n 50mM T r i s - H C l 
pH 9.0, ImM MgCl_, O.lmM ZnCl_ and ImM spermidine (Maniatis et al., 
1982). For fragments with protruding 5' t e r m i n i , the r e a c t i o n 
mixture was incubated f o r I h r at 37°C w i t h 0.2u/iJg of DNA. To 
dephosphorylate blunt-ended molecules, the r e a c t i o n was incubated 
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O O 
f o r 15 min periods f i r s t at 37 C, then at 56 C. A second a l i q u o t 

of phosphatase was then added and the incubations at both temper­

atu r e s repeated. Following •)"Vie pinospliatase r - e . Q . c i i o r \ , c r \ T . i ^ r v \ c 

2.2.4.3. DNA L i g a t i o n . 

dsi-DNA molecules w i t h compatible, protruding ends or blunt 

ends were c o v a l e n t l y j o i n e d by treatment with T4 DNA l i g a s e i n a 

minimal volume of KLP b u f f e r (50mM T r i s - H C l pH7.5, lOmM MgCl., 

lOmM DTT - so designated because the same b u f f e r was used f o r k i n a s e , 

^ i g a s e and polymerase r e a c t i o n s ( S i p p e l et al,,1978)) containing 

ImM ATP. Cohesive t e r m i n i were l i g a t e d at 12°C for 12-20 hr 

whereas blunt ends were l i g a t e d at 6-8°C for up to 48 hr. 

2.2.4.4. 3'^r>-.5'Exonuclease D i g e s t i o n of ds-DNA with T4 DNA Polymerase. 

The 3'-termini of ds-DNA fragments were p r o g r e s s i v e l y digested 

with T,4 DNA polymerase (0.6 u/yg DNA) i n 106 ul of 33mM T r i s -

a c e t a t e pH 7.9, 66mM potassium a c e t a t e , lOmM magnesium acetate, 

0.5 mM DTT, 0.1 mg/ml BSA at 37°C. Under these c o n d i t i o n s , the 

r a t e of exonuclease e x c i s i o n from each 3' end i s '̂ '10 n u c l e o t i d e s / 

min ( M a n i a t i s et aZ-.,1982) . D i g e s t i o n was terminated at a s e l ­

ected n u c l e o t i d e by i n c l u d i n g the appropriate dNTP (200yM) i n 

the r e a c t i o n mixture such that d i g e s t i o n proceeded u n t i l a nucleo­

t i d e complementary to t h a t dNTP was exposed on the opposite DNA 

s t r a n d . When that n u c l e o t i d e was exposed, the 5'->:3'polymerase 

a c t i v i t y of the enzyme blocked any f u r t h e r exonuclease a c t i v i t y . 

The above b u f f e r was used both f o r cleavage of DNA with BamHI 

and f o r subsequent exonuclease d i g e s t i o n when the r e s t r i c t i o n r e a c ­

t i o n immediately preceeded the T4 polymerase r e a c t i o n . 

2.2.4.5. D i g e s t i o n of ss-DNA with Mung-bean Nuclease. 

S i n g l e - s t r a n d e d protruding t e r m i n i on ds-DNA molecules were 

removed by treatment with mung-bean muclease (5y/yg DNA) i n 50 mM 

sodium a c e t a t e pH5.2, 50mM NaCl, 2mM ZnCl ImM DTT f o r 20 min at 

22°C (Kroeker et al.,l976) . 

2.2.5. Agarose Gel E l e c t r o p h o r e s i s . 

DNA fragments i n the s i z e range 0.1-30kb were re s o l v e d on 

agarose g e l s of v a r i o u s c o n c e n t r a t i o n s as i n d i c a t e d i n Table 3. 
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Table 3. A p p l i c a b i l i t y of Agarose Ge l s of Various Concentrations 
fo r F r a c t i o n a t i o n of DNA Fragments. 

Agarose Approx. s i z e - r a n g e of e f f i c i e n t l y r e s o l v e d l i n e a r 
C o n c e n t r a t i o n fragments (Kb). 
(%) 

0.5 1.0 -- 30 

0.8 0.6 -- 10 

1.0 0.4 -- 6 

1.5 0.2 -- 4 

2.0 0.1 • - 3 

H o r i z o n t a l g e l s , submerged i n e l e c t r o p h o r e s i s b u f f e r (40mM 
T r i s - a c e t a t e pH7.7, 2mM EDTA, lyg/ml EtdBr) were used. Gels of the 
appropriate c o n c e n t r a t i o n measuring 18.5 x 15.2 x 0.6 cm, were 
prepared as de s c r i b e d by Maniatis et at.(1982) except that a pers-
pex g e l mould (Shandon Southern Products L t d . , Cheshire, U.K.), 
he l d i n p l a c e on a h o r i z o n t a l g l a s s p l a t e by a t h i n l a y e r of 
vacuum grease, was used and EtdBr was added to the g e l s o l u t i o n to 
a f i n a l c o n c e n t r a t i o n of l.Oyg/ml. DNA samples were mixed with 
0.3 volumes of agarose beads (lOmM T r i s - H C I pH 8.0, lOmM EDTA, 
30%(v/v) g l y c e r o l , 0.1%(w/v) bromophenol blue, 0.1%(w/v) xylene 
cyanbl, 0.2%(w/v) agarose - autoclaved, then extruded through a 
s y r i n g e and f i n e needle when s e t ) loaded i n t o 0.9-1.2 cm wide 
s l o t s and el e c t r o p h o r e s e d at 1.6V/cm. DNA bands i n the gel were 
v i s u a l i s e d by UV l i g h t (254 nm)- induced EtdBr f l u o r e s c e n c e . Gels 
were photographed through a red-orange f i l t e r (Kodak 23A Wratten) 
u s i n g t r a n s m i t t e d UV l i g h t at 254nm and P o l a r o i d Type 667 (3000 
ASA) f i l m . An exposure of 10s at f5.6 enabled as l i t t l e as 
'V8ng of DNA to be detected. 

2.2.6. Recovery of DNA from Agarose G e l s . 

The method of Dretzen et at.(1981) was used with minor mod­
i f i c a t i o n s . S t r i p s of DEAE-cellulose paper (Whatman DE81) were 
processed by soaking f o r s e v e r a l hours i n 2.5M NaCl, washed 
thoroughly with water, and st o r e d dry between sheets of 3MM paper 
at room temperature. A f t e r g e l e l e c t r o p h o r e s i s , s t r i p s of the 
DE A E - c e l l u l o s e paper were i n s e r t e d i n t o s l i t s made immediately i n -
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f r o n t and behind the d e s i r e d fragment. E l e c t r o p h o r e s i s was r e ­
sumed u n t i l the fragment had completely entered the paper. The 
s t r i p of paper i n s e r t e d behind the band served t o prevent contam­
i n a t i o n by l a r g e r fragments and was subsequently discarded. The 
DEAE - c e l l u l o s e paper c o n t a i n i n g the d e s i r e d fragment was washed i n 
d i s t i l l e d water, and b l o t t e d dry on 3MM paper. The immobilised 
DNA was l o c a t e d on the paper by UV fl u o r e s c e n c e and the excess 
paper was trimmed o f f . The paper was then placed i n a 1.5ml-

eppendorf tube and 300yl of e l u t i o n b u f f e r (1.5M NaCl, 20mM 
2 

T r i s - H C I pH 7.5, ImM EDTA) per 30mm of paper were added. The 
paper was shredded by v o r t e x i n g and was incubated at 37°C for 
2hr w i t h o c c a s i o n a l a g i t a t i o n . The s l u r r y was then t r a n s f e r r e d 
to a 1ml p i p e t t e - t i p plugged with s i l i c o n i z e d glass-wool and the 
el u a t e was "blown out" i n t o an eppendorf tube using a stream of 
p r e s s u r i s e d n i t r o g e n gas. The shredded paper was washed twice with 
100 \ii a l i q u o t s of e l u t i o n b u f f e r and the washings were combined 
with the primary e l u a t e . The t o t a l e l u a t e was c e n t r i f u g e d a t 
12000g f o r 3min. and the supernatant was t r a n s f e r r e d to a f r e s h 
tube. I t was then e x t r a c t e d with 2 volumes of e l u t i o n b u f f e r -
s a t u r a t e d isoamyl a l c o h o l , and the DNA recovered by ethanol pre­
c i p i t a t i o n . DNA fragments recovered by t h i s procedure r e q u i r e d 
no f u r t h e r p u r i f i c a t i o n before subsequent enzymic r e a c t i o n s . 
Recovery was estimated to be 70-80% f o r l i n e a r molecules of 0.1-
6.0 kb. 

2.2.7. F r a c t i o n a t i o n of DNA on Polyacrylamide G e l s . 

Polyacrylamide s l a b g e l s were used to ( i ) analyse, oligomeric 
32 

forms of BamHI l i n k e r s ( s e c t i o n 2.2.10.3); ( i i ) i s o l a t e p - l a b e l l e d 
DNA fragments from p r e p a r a t i v e g e l s , ( s e c t i o n 2.2.20.1); and ( i i i ) 
o b t a i n high r e s o l u t i o n of ss-DNA molecules f o r DNA sequencing 
( s e c t i o n 2.2.20.3), 

32 
2.2.7.1. F r a c t i o n a t i o n of P - l a b e l l e d , Oligomeric L i n k e r s . 

10% g e l s 15 cm long x 18 cm wide x 0.15cm t h i c k , were prepared 
u s i n g the r e c i p e i n Table 4 and run i n a Studi e r - t y p e e l e c t r o -
p h o r e s i s apparatus ( S t u d i e r , 1973) obtained from Raven S c i e n t i f i c 
L t d . , H a v e r h i l l , U.K. Samples con t a i n i n g 0.3 volumes of a g l y ­
c e r o l dye s o l u t i o n (lOmM T r i s - H C l pH8.0, lOmM EDTA, 80%(v/v) g l y ­
c e r o l , 0.1%(v/v) bromophenol blue, 0.1%(w/v) xylene cyanol) were 
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e l e c t r o p h o r e s e d at 5V/cm u n t i l the bromophenol blue was '̂ 5cm from 

the bottom of the g e l . 

Table 4. R e c i p e s . f o r the P r e p a r a t i o n of D i f f e r e n t Polyacrylamide 
Gel Types. 

F i n a l acrylamide concentration (%) 

10 (a) .(b) ,(c) 

I n g r e d i e n t s Volume and weight required. 

(e) 

40% acrylamide stock 
(d) 

s o l u t i o n (ml) 

10 X TBE b u f f e r (ml) 

Urea (g) 

G l y c e r o l (ml) 

Water to f i n a l volume (ml) 

20% (w/v) Ammonium 

persulphate (ml) 

TEMED (ml) 

20.0 

8.0 

20.0 

80 

20.0 

16.0 

160 

7.5 

5.0 

24. Og 

50 

Mix and deaerate under vacuum 

0.8 1.1 0.3 

0.025 0.1 0.02 

Mix and pour g e l immediately 

10.0 

5.0 

24. Og 

50 

0.3 
0.02 

a. G e l s used f o r the a n a l y s i s of oligomeric BamHI l i n k e r s (see 
s e c t i o n 2.2.7.1). 

b. P r e p a r a t i v e g e l s f o r i s o l a t i o n of DNA fragments f o r DNA • 
sequencing ( s e c t i o n 2.2.7.2) 

c. DNA sequencing g e l s ( s e c t i o n 2.2.7.3) („/v") 
d. 40% acrylamide stock : 38% (w/v) acrylamide, 2%j;^bisacrylamide. 
e. lOx TBE b u f f e r : 108g T r i s base, 55.Og b o r i c a c i d , 9.3g EDTA-

-Na2.2H 0 per l i t r e (pH'b'v8.3) . IX b u f f e r was used as the e l e c t r o ­
p h o r e s i s b u f f e r . 

2.2.7.2. P r e p a r a t i v e Gel E l e c t r o p h o r e s i s . 
5% g e l s , 36cm long x 18 cm wide x 0.15cm t h i c k , were prepared 

according to Table 4 (apparatus d e s c r i b e d by Davies, 1982). 0.5 
volumes of a g l y c e r o l dye s o l u t i o n (see ; preceding s e c t i o n ) were 
added to the DNA samples and g e l s were run at "^l^V/cm u n t i l the 
m i g r a t i o n of the marker dyes i n d i c a t e d adequate r e s o l u t i o n of the 
DNA fragments : the bromophenol blue comigrated with fragments of 
'V'40bp w h i l e the xylene cyanol comigrated with fragments of '\'190bp. 
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2.2.7.3. DNA Sequencing G e l s . 
Denaturing g e l s , 38 x 18 x 0.035cm, of 6 or 8% polyacrylamide 

c o n t a i n i n g 8M urea (see Table 4) were used f o r e l e c t r o p h o r e s i s of 
sequencing samples. The g e l s were constructed and run e s s e n t i a l l y 
as d e s c r i b e d by Davies (1982). E l e c t r o p h o r e s i s was c a r r i e d out at 
'\'25mA (1500-1700V) which maintained the temperature of the g e l 

o 
at '\'70 C. Depending on the length of the fragment being sequenced, 
m u l t i p l e sample loadings (up to three) were applied to each g e l . 
The i n t e r v a l s between each loading were judged by the migration 
of the marker dyes, and were chosen so as to allow at l e a s t 20 
n u c l e o t i d e s of sequence overlap between s u c c e s s i v e loadings. The 
bromophenol blue comigrated with s i n g l e - s t r a n d e d fragments of 
'\J23 and '^'19.nucleotides long on 6 and 8% g e l s r e s p e c t i v e l y , while 
the xylene cyanol comigrated with fragments of '̂ '98 and '\'72 nucleo­
t i d e s long. 

2.2.8. F r a c t i o n a t i o n of Denatured P r o t e i n s on SDS-Polyacrylamide 
G e l s . 

Mixtures of polypeptides, d i s s o l v e d and denaturediiby'boiling 
i n SDS sample b u f f e r ( s e c t i o n 2.2.22. ) were f r a c t i o n a t e d on 12.5, 
15 or 17% SDS-polyacrylamide s l a b g e l s using a discontinuous 
b u f f e r system (Laemmli, 1970). Recipes f o r the preparation of 
the r e s o l v i n g and s t a c k i n g g e l s are given i n Table 5. Ge l s , 
15 X 18 X 0.15cm were con s t r u c t e d and run i n ,a ' S t u d i e r -; 
type g e l apparatus e s s e n t i a l l y as described by Hames (1981). The 
r e s e r v o i r i : b u f f e r comprised 192 mM g l y c i n e , 25mM T r i s base, 
0.1% SDS. Three drops of t r a c k i n g dye ( l % ( w / v ) bromophenol blue 
i n ethanol) were added to the b u f f e r i n the top r e s e r v o i r p r i o r 
to the s t a r t of e l e c t r o p h o r e s i s and the g e l s were run at 8mA over­
night or at 25mA f o r 'v4.5hr u n t i l the bromophenol blue reached 
the bottom of the g e l . On completion of e l e c t r o p h o r e s i s , the 
pr o t e i n s were v i s u a l i s e d e i t h e r by s t a i n i n g the g e l , by f l u o r o -
graphy i f t r i t i u m l a b e l l e d ( s e c t i o n 2.2.17.), or by 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 followed by immunological screening 
( s e c t i o n 2.2.25). The g e l was s t a i n e d by soaking f o r s e v e r a l hours 
i n '\'350ml of Kenacid blue s t a i n (0.05%(w/v) Kenacid blue R i n 50% 
(v/v) methanol, 7%(v/v) a c e t i c a c i d ) . Excess s t a i n was removed 
by soaking the g e l i n 2-3 changes of d e s t a i n s o l u t i o n (50% (v/v) 
methanol, 7%(v/v) a c e t i c a c i d ) over a period of 'v8hr. 
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Table 5. Recipes f o r the prep a r a t i o n of SDS-Polyacrylamide g e l s 
u s i n g the discontinuous b u f f e r system. 

F i n a l acrylamide concentration (%) 
12.5<"> 15<^> 17^"> 3^^> 

Components Volume (ml) 
(c ) 

30% acrylamide stock 25 30 34 2.0 
l.OM Tris-HCa pH8.8^*^ 

or 6:8(^> 22.5 22.5 22.5 2.5 
H O to f i n a l volume 60 60 60 20 

Mix and deaerate under vacuum 

10%(w/v) SDS 0.6 0.6 0.6 0.2 
1.5%(w/v) Ammonium p e r s u l - J . 

phate 1.5 1.5 1.5 no.5 
TEMED 0.02 0.02 0.02 0.02 

Mix and pour immediately 

a. 'Recipe f o r the r e s o l v i n g g e l . 
b. 'Recipe f o r the s t a c k i n g g e l . 
c. 30% acrylamide stock : 30%(w/v) acrylamide, 0.135%(w/v) 

b i s a c r y l a m i d e f o r the r e s o l v i n g g e l , and 30% (w/v) 
acrylamide, 0.433% (w/v) b i s a c r y l a m i d e f o r the s t a c k i n g 
g e l . 

2.2.9. Transformation of E.coti C e l l s by Plasmid DNA. 
E.ooti c e l l s were made competent f o r DNA transformation by 

the procedure of Dagert and E h r l i c h (1979). B r i e f l y , 50ml of the 
E,coti. c u l t u r e were grown at 37°C (or 30°C with lysogens to be 
transformed with temperature-inducible expression plasmids) to an 
O.D.„, of 0.2. The c u l t u r e was c h i l l e d on i c e f o r 10 min and 

650nm 
the c e l l s were p e l l e t e d at 6000g f o r 5 min at 4°C. The p e l l e t was 
resuspended i n 20ml of i c e - c o l d O.IM CaCl„ and placed on i c e f o r 
20-30 min. The c e l l s were again harvested by c e n t r i f u g a t i o n , 
resuspended i n 2ml of i c e - c o l d O.IM CaCl^, and kept on i c e u n t i l 
used. The maximum transformation e f f i c i e n c y was obtained a f t e r 
24 hr on i c e . 

For transformation, the DNA, d i s s o l v e d i n 5-20 y2. of water, 
TE or l i g a t i o n b u f f e r , was added to 100-200 yJi of the competent 
c e l l suspension. The mixture was kept on i c e f o r 20 min. and then 
incubated a t 37°C (or 32°C with temperature-inducible expression 
plasmids) f o r 5 min. 0.8ml of L broth was added, mixed, and 
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incubated f o r 1 hr at 37°C (or 30°C where appropriate) without 

shaking. A l i q u o t s of the transformation mixture (10-200yJl) were 

spread onto s e l e c t i v e agar p l a t e s and incubated overnight at 37°C 

(or 30°C where a p p r o p r i a t e ) . 

2.2.10. C o n s t r u c t i o n of a Pea Cotyledon cDNA L i b r a r y . 

2.2.10.1. P r e p a r a t i o n of poly (A)"*" RNA. 

P o l y ( A ) ^ RNA was a g i f t from Dr. I.M.Evans and was prepared 

from polyribosomes i s o l a t e d from pea cotyledons 14 days a f t e r 

f l o w e r i n g (Evans"at, 1979) , and p u r i f i e d twice on o l i g o ( d T ) -

c e l l u l o s e columns (Evans et aZ^j.1980) . 

2.2.10.2. S y n t h e s i s and S i z e - F r a c t i o n a t i o n of ds-cDNA. 

The s y n t h e s i s of ds-cDNA was based on the method of Wickens 

et at.(1978). For f i r s t s t r a n d cDNA s y n t h e s i s , 6.0yg of p o l y ( A ) ^ 

mRNA were incubated at 37°C f o r 30 min i n lOOyA of 50mM T r i s - H C i 
except <«.CTf>, 

pH 8.3, lOOmM KCl, 8mM MgCl^, 8mM DTT, 0.8mM of each dNTP^ 50jjCi 

^H-dCTP, 30 u n i t s RNasin, 0.4yg o l i g o ( d T ) , - and 170 u n i t s AMV 

r e v e r s e t r a n s c r i p t a s e . The mixture was then heated at 100 C f o r 

3 min and cooled r a p i d l y on i c e . The second cDNA strand was syn-

t h e s i s e d by adding to the ss-cDNA mixture an equal volume of a 

b u f f e r comprising lOOmM HEPES pH 6,9, 200mM KCl, 0.32mM of each 

dNTP, 50yCi ^H-dCTP and 20 u n i t s of E-^ooli DNA polymerase 1 l a r g e 

fragment, and was incubated at 37°C fo r I h r . The r e a c t i o n mixture 

was then phenol e x t r a c t e d , and the DNA was separated from unin­

corporated dNTPs by chromotography on a column of Sephadex G-50 

e q u i l i b r a t e d and e l u t e d with 300mM NaCl, 50mM T r i s - H C l pH7.5. 

F r a c t i o n s c o n t a i n i n g the cDNA as determined by Cerenkov counting 

were pooled, and the DNA was recovered by ethanol p r e c i p i t a t i o n 

i n the presence of lOyg of carrier-S" .coZ^i tRNA. The cDNA was 

d i g e s t e d w i t h 1000 u n i t s of S I nuclease i n 34 yJl of 200mM NaCl, 

ImM ZnSO^, 50mM sodium a c e t a t e pH4.4, f i r s t at 37°C fo r 30 min 

and then at 25°C f o r an a d d i t i o n a l 30 min. The r e a c t i o n was 

stopped by the a d d i t i o n of EDTA to 5mM followed by phenol e x t r a c ­

t i o n and ethanol p r e c i p i t a t i o n . To maximize the number of molecules 

w i t h p e r f e c t l y blunt ends, the ds-cDNA was t r e a t e d with 1 u n i t of 

E.coli DNA polymerase 1 f o r 30 min at 13°C i n 20y£ of KLP b u f f e r 
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(see s e c t i o n 2.2.4.3.) con t a i n i n g 0.25mM of a l l four dNTPs. The 

mixture was then electrophoresed on a 0.5% agarose g e l and two 

f r a c t i o n s comprising molecules of l-2klj and >2kb were recovered 

from the g e l as p r e v i o u s l y d e s c r i b e d ( s e c t i o n 2.2.6.), and each 

r e d i s s o l v e d i n 20yJl of KLP b u f f e r . The fol l o w i n g s e r i e s of r e a c ­

t i o n s were based on the procedures of S i p p e l et aZ..(1978). 

2.2.10.3. T e s t Phosphorylation, L i g a t i o n and R e s t r i c t i o n of 
BamHI l i n k e r s . 

1.35yg (200pmol) of BamHI l i n k e r s (CCGGATCCGG) were t r e a t e d : 

with 4.5u of T4 po l y n u c l e o t i d e k i n a s e i n 12y£ of KLP buff e r (see 

s e c t i o n 2.2.4.3.) c o n t a i n i n g 40yCi of y-^^P-ATP. A f t e r a 30 min 

inc u b a t i o n a t 25°C, cold ATP was added to ImM and incubation was 

continued at 25°C f o r 3hr. The kinased l i n k e r s were l i g a t e d with 

3u of T4 DNA l i g a s e i n 40y5, of KLP b u f f e r c o n t a i n i n g ImM ATP at 

12°C f o r 15hr. A f t e r the l i g a t i o n r e a c t i o n , the enzyme was 

i n a c t i v a t e d by heating at 70°C f o r 10 min. A 10y5, (50 pmol) 

a l i q u o t was withdrawn. I t s volume was i n c r e a s e d to 50 yJl 

c o n t a i n i n g lOmM T r i s - H C I pH7.5, 10 mM MgCl„, lOmM NaCl,~5mM DTT 

and v a r y i n g amounts of BamHI (see R e s u l t s , s e c t i o n 3.1.2.), and 

was incubated at 37°C f o r 2hr. The r e s t r i c t e d sample and an equiv­

a l e n t amount of the l i g a t e d , kinased l i n k e r s (50pmol) were e l e c t r o ­

phoresed on a 10% polyacrylamide g e l and the l a b e l l e d oligonucleo­

t i d e s were v i s u a l i s e d by autoradiography of the frozen g e l . 

2.2.10.4. L i n k e r i n g and R e s t r i c t i o n of cDNAs. 

Two 400 pmol a l i q u o t s of BaimHI l i n k e r s were each t r e a t e d with 

9u of T4 po l y n u c l e o t i d e k i n a s e at 25°C f o r 3.5hr i n 12y«, of KLP 

bu f f e r c o n t a i n i n g ImM ATP. The kinased l i n k e r s were l i g a t e d to the 

two cDNA s i z e c l a s s e s (l-2Kb and >2Kb) with 5u of T4 DNA l i g a s e at 

12°C f o r 16hr i n 52yJl of KLP b u f f e r c o n t a i n i n g ImM ATP. The l i g a s e 

was then i n a c t i v a t e d by heating at 70°C f o r 10 min. Each l i n k e r e d 

cDNA sample was then d i g e s t e d with BamHI and, fo l l o w i n g the 

ad d i t i o n of 20 yg of E-r-coti tRNA, e x t r a c t e d with phenol. The cDNA 

was separated from the monomeric l i n k e r s by chromatography on a 

column of Sepharose 6B-CL e q u i l i b r a t e d and el u t e d with lOmM 

T r i s - H C I pH 7.5, lOOmM NaCl, ImM EDTA. F r a c t i o n s containing the 

cDNA (as i n d i c a t e d by ^H- counting) were pooled and ethanol-pre-

c i p i t a t e d . The DNA p r e c i p i t a t e s were washed with-70% ethanol and 
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resuspended i n 40yJl of KLP b u f f e r . I t was estimated by ^H-counting 
that 5yg of the l-2Kb cDNA s p e c i e s and 2yg of the 5>2Kb spe c i e s 
had been recovered. 

2.2.10.5. P r e p a r a t i o n of the Plasmid Vector f o r L i g a t i o n to 
L i n k e r e d cDNAs. 

30yg of pBR322 were di g e s t e d with BamHI and the r e s t r i c t e d DNA 
was e x t r a c t e d with phenol, recovered by ethanol p r e c i p i t a t i o n , and 
r e d i s s o l v e d i n 40y£ of water. Two s t r a t e g i e s were adopted for 
l i g a t i n g the l i n k e r e d cDNAs to the plasmid v e c t o r . I n one, the 
cDNA was l i g a t e d to a molar excess of the l i n e a r i s e d plasmid, and 
recombinant molecules were recovered a f t e r f r a c t i o n a t i o n of the 
l i g a t i o n products by e l e c t r o p h o r e s i s on an agarose g e l . 

I n the other s t r a t e g y , the l i n e a r i s e d plasmid was f i r s t 5' -
dephosphorylated and then l i g a t e d to the cDNA. The l i g a t i o n 
products were then used d i r e c t l y f o r transformation. 20yg of the 
B a m H I - l i n e a r i s e d plasmid were t r e a t e d with a l k a l i n e phosphatase 
and the r e a c t i o n stopped by phenol e x t r a c t i o n . The DNA was 
e t h a n o l - p r e c i p i t a t e d and resuspended i n lOOyJl of water. A small 
sample C\'0.2yg) was electrophoresed through an agarose g e l to 
v e r i f y t h a t l i n e a r i z a t i o n of the plasmid had gone to completion 
and the DNA had not been degraded by phosphatase treatment. 

2.2.10.6. L i g a t i o n of cDNAs to pBR322. 

i ) Phosphatase-treated plasmid. 
0.5yg of the l-2Kb, BamHI-digested, l i n k e r e d cDNA was l i g a t e d 

to a 9 - f o l d molar excess of the BamHi-digested, 5•-dephosphorylated 
pBR322. I n a p a r a l l e l r e a c t i o n , 0.5yg of the >2Kb, BamHI-digested 
cDNA was l i g a t e d to a 6-fold molar excess of the phosphatased vec­
t o r . A s m a l l sample of each l i g a t i o n mixture (=0.5yg of plasmid) 
was e l e c t r o p h o r e s e d on an agarose gel to monitor the products of 
the l i g a t i o n r e a c t i o n . The remainders of the l i g a t e d DNA were 
e t h a n o l - p r e c i p i t a t e d and r e d i s s o l v e d i n 100y£ a l i q u o t s of ImM 
EDTA. 

i i ) Nonphosphatased Plasmid. 
0.25yg of the l-2Kb, BamHI-restricted cDNA was l i g a t e d to a 

9 - f o l d molar excess of BamHI-restricted pBR322, while 0.25yg of 
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the >2Kb BamHI-cut cDNA was l i g a t e d to a 6-fold molar excess of 

BamH I - r e s t r i c t e d pBR322. 

2.2.10.7. F r a c t i o n a t i o n and I s o l a t i o n of 6DNA-plasmid Chimaeras. 

The l i g a t i o n products formed by the l i g a t i o n of the two cDNA 
s p e c i e s to the nonphosphatased pBR322 were electrophoresed on a 
0.5% agarose g e l . Vector-cDNA hybr i d s were recovered from the g e l 
as p r e v i o u s l y d e s c r i b e d ( s e c t i o n 2.2.6.), and d i s s o l v e d i n 50y£ 
a l i q u o t s of ImM EDTA. 

2.2.10.8. Transformation of E.coti and Screening f o r T e t r a c y c l i n e -
s e n s i t i v e (Tc ) Transformants. 

Competent E.coti. 910 c e l l s were transformed to a m p i c i l l i n 
r e s i s t a n c e with 15 y l ;,aliqu6ts (out of 50yJl t o t a l s ) of the chimaeric 
DNA molecules recovered from the g e l , and with 20 yS, a l i q u o t s 
(out of lOOyJi t o t a l s ) of the l i g a t i o n products de r i v e d from the 

R 
phosphatase-treated pBR322. A m p i c i l l i n - r e s i s t a n t (Ap ) t r a n s -
formants were t r a n s f e r r e d , u s i n g s t e r i l e t o o thpicks, i n a re g u l a r 
g r i d p a t t e r n ("patched") onto d u p l i c a t e L Ap and L Ap+-Tc p l a t e s . 
Tc transformants which f a i l e d to grow on the L Ap Tc p l a t e were 
r e a d i l y i d e n t i f i a b l e on the d u p l i c a t e L Ap "master" p l a t e . 

2.2.11. ^ ^ P - l a b e l l i n g of DNA by N i c k - t r a n s l a t i o n . 

In vitro l a b e l l i n g of DNA was based on the method of Rigby 
et at. (1977) and was performed using the Amersham n i c k - t r a n s l a ­
t i o n k i t as d e s c r i b e d i n i t s i n s t r u c t i o n s . A t y p i c a l r e a c t i o n f o r 
l a b e l l i n g DNA to a s p e c i f i c a c t i v i t y of 10®dpm/yg contained 10y£ 
C^O.Syg) of DNA, lOyS, of s o l u t i o n 1 (100 yM dNTE;5x:'nick-trans­
l a t i o n b u f f e r ) , 5yJl(50yCi; 125pmol) of a-^^p-dCTP, 5y«, of s o l ­
u t i o n 2 (2.5u DNA polymerase 1,50 pg DNase .l)and 20y£ of water. 
The mixture was incubated at 15°C f o r 2hr a f t e r which SDS was added 
from a 10% (w/v) stock s o l u t i o n to a f i n a l concentration of 0.1%. 
The l a b e l l e d DNA was separated from the unincorporated l a b e l by 
chromatography on a column of Sephadex G50 ( s u p e r f i n e grade) 
e q u i l i b r a t e d and e l u t e d with 150 mM NaCl, lOmM EDTA, 50mM Tris - H C I 
pH 7.5, 0.1% SDS. A lyA a l i q u o t of the c o l l e c t e d DNA e l u a t e 
^1.6ml) was d i s p e r s e d i n 50ml of s c i n t i l l a t i o n f l u i d (3.37g 
PPO/667 ml toluene, 333 ml T r i t o n X-1(X) per l i t r e ) , and the r a d i o ­
a c t i v i t y was determined using a Packard (PL T r i - c a r b P r i a s ) l i q u i d 
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s c i n t i l l a t i o n counter. 

2.2.12. end l a b e l l i n g of RNA. 

P o l y ( A ) * molecules were l a b e l l e d by the method of Bedbrook 
et aZ^. (1980). 5.0)jg of RNA were s u b j e c t e d to p a r t i a l h y d r o l y s i s 
by h e a t i n g a t 95°C fo r 5 min i n lOuS, of 5mM T r i s - H C l pH 9.5, lOmM 
EDTA, O.lmM spermidine, and then cooled on i c e . 5yJl of 4X kinase 
b u f f e r (2CX) mM T r i s - H C l pH 9.5, 50mM MgCl„, 40mM DTT, 20% g l y c e r o l ) , 
5y5, (50yCi) of y-^^P-ATP, and lyJ2.(5u) of T4 polynucl e o t i d e k i n a s e 
were added and incubated at 37°C fo r 30min. lyJ, of 10 mM ATP was 
added and the inc u b a t i o n was continued at 37°C fo r 30min. The 
mixture was d i l u t e d to 200 yJl w i t h TE b u f f e r , and a f t e r the 
a d d i t i o n of 40yg of S'.coẐ 'i ;t'JlNA, i t was e x t r a c t e d with phenol, 
ethanol p r e c i p i t a t e d and r e d i s s o l v e d i n TE b u f f e r . The l a b e l l e d 
RNA was p u r i f i e d by e l e c t r o p h o r e s i s through a column of a 1% 
agarose g e l i n a 1 ml p i p e t t e t i p e s s e n t i a l l y as described by 
Gruns t e i n and W a l l i s (1979). 

2.2.13. P r o c e s s i n g of B a c t e r i a f o r in situ Colony H y b r i d i s a t i o n . 

The procedure used was based on the method of Grunstein 
and W a l l i s (1979) and included m o d i f i c a t i o n s described by Maniatis 
et aZ-. (1982). B a c t e r i a l c o l o n i e s were "patched" i n r e p l i c a t e onto 
a "master" agar p l a t e c o n t a i n i n g s e l e c t i v e a n t i b i o t i c s , and onto 
n i t r o c e l l u l o s e f i l t e r d i s c s (82mm) o v e r l a i d on s e l e c t i v e agar 
p l a t e s . The c o l o n i e s were grown to '̂ 'Imm diameter at 37°C (or 30°C with 
c l o n e s harbouring temperature-inducible e x p r e s s i o n p l a s m i d s ) , a t 

o 
which stage the "master" p l a t e was st o r e d at 4 C. With c o l o n i e s 
harbouring a m p l i f i a b l e plasmids, f i l t e r s were sometimes t r a n s f e r r e d 
to p l a t e s c o n t a i n i n g chloramphenicol (170yg/ml),and incubated over­
n i g h t a t 37°C (or 30°C). The c o l o n i e s were processed for h y b r i d ­
i s a t i o n by s e q u e n t i a l l y p l a c i n g the f i l t e r , colony s i d e up, for 
5min. per i o d s on s t a c k s of 4 sheets of 3MM paper s a t u r a t e d with 
the f o l l o w i n g s o l u t i o n s : i ) 10% SDS; i i ) 0.5M NaOH, 1.5M NaCl; 
i i i ) 0.75M T r i s - H C l pH 7.5, 1.5M NaCl; i v ) 3 x SSC (0.45M NaCl, 
0.045M Na C i t r a t e pH 7.0). The f i l t e r was a i r - d r i e d , then baked 
between 2 s h e e t s of 3MM paper f o r 2hr at 80°C under vacuum. 
Screen i n g of the clones wit/i a ^ ^ P - l a b e l l e d probe was as described 
i n s e c t i o n 2.2.15. P o s i t i v e clones were i d e n t i f i e d by autoradiography. 
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and the r e l e v a n t c o l o n i e s were s e l e c t e d from the "master" p l a t e . 

2.2.14. Southern B l o t t i h g : T r a n s f e r Of DNAfroni Agarose Gels 
to N i t r o c e l l u l o s e Paper. 

The procedure used was modified from the method o r i g i n a l l y 
d e s c r i b e d by Southern (1975). DNA fragments, f r a c t i o n a t e d by gel 
e l e c t r o p h o r e s i s were denatured by a g i t a t i n g the g e l i n denaturing 
b u f f e r (1.5M NaCl, 0.5M NaOH, l.OmM EDTA) for 30min with one 
change of b u f f e r . The g e l was then n e u t r a l i s e d by shaking for 
30 min i n n e u t r a l i s i n g b u f f e r (3.0M NaCl, 0.5M T r i s - H C l pH 7.0, 
ImM EDTA) wi t h one change of b u f f e r , and then e q u i l i b r a t e d i n 
20x SSC (3.0M NaCl, 0.3M Sodium c i t r a t e adjusted to pH 7.0 with 
HCl) f o r 15 min. C a p i l l a r y b l o t t i n g of the DNA was performed by 
o v e r l a y i n g the gel with a n i t r o c e l l u l o s e f i l t e r and absorbent 
towels as d e s c r i b e d by Maniatis et ail. (1982) with the fol l o w i n g 
m o d i f i c a t i o n s : i ) 20x SSC was used as the t r a n s f e r b u f f e r ; 
i i ) the n i t r o c e l l u l o s e f i l t e r was prewetted by f l o a t i n g on the 
s u r f a c e of d i s t i l l e d water and was then submerged i n 20x SSC for 
15 min. ; and i i i ) the n i t r o c e l l u l o s e f i l t e r was o v e r l a i d with a 
sheet of 3MM paper wetted i n 20x SSC, three sheets of dry 3MM 
paper and three l a y e r s ('̂ 'Scm) of dispo s a b l e baby nappies (Boots, 
Nottingham, U.K.). The t r a n s f e r was allowed to proceed fo r at 
l e a s t 15hr at 4°C. 

2.2.15. H y b r i d i s a t i o n of ^ ^ P - l a b e l l e d Probes to Fi l t e r - b o u n d DNA. 

Th i s technique was used to det e c t DNA which had been t r a n s ­
f e r r e d t o n i t r o c e l l u l o s e f i l t e r s by in situ lysis of b a c t e r i a l 
c o l o n i e s ( s e c t i o n 2.2.13) or by Southern b l o t t i n g ( s e c t i o n 2.2.14). 
A l l f i l t e r washes and the h y b r i d i s a t i o n i t s e l f were c a r r i e d out 
i n h e a t - s e a l e d p l a s t i c bags submerged i n a shaking waterbath at 
50-68°C depending on the d e s i r e d s t r i n g e n c y . The f i l t e r was 
e q u i l i b r a t e d f i r s t i n 3X SSC (l-2ml per cm^ of f i l t e r ) f o r 15min., 
then i n 3X SSC, lOX Denhardt's s o l u t i o n (o.2%(w/v) each of BSA, 
p o l y v i n y l p y r r o l i d o n e , andFifcoi'l 400) f o r an a d d i t i o n a l 15 min. 
I t was then p r e h y b r i d i s e d i n 3X SSC, lOX Denhardt's s o l u t i o n con­
t a i n i n g 100 yg/ml each of denatured h e r r i n g sperm DNA, ATP and 
poly(dA)(0.1-0.5 ml per cm^ of f i l t e r ) f o r l - 2 h r . DNA probes were 
denatured by b o i l i n g f o r 10 min. before a d d i t i o n to the pre-
h y b r i d i s a t i o n s o l u t i o n whereas RNA probes did not re q u i r e heat-
de n a t u r a t i o n before use. H y b r i d i s a t i o n was u s u a l l y allowed to 
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proceed overnight though h y b r i d i s a t i o n times as short as 5hr were 
s u c c e s s f u l l y employed on occasi o n . A f t e r h y b r i d i s a t i o n , the hybrid-

o 
i s a t i o n mixture was poured o f f and s t o r e d at -20 C f o r re-use l a t e r . 
I f low h y b r i d i s a t i o n s t r i n g e n c y was d e s i r e d , the f i l t e r was washed 
f o r four 15min. periods i n 3X SSC b u f f e r at 50°C. For higher 
s t r i n g e n c i e s , the i o n i c s t r e n g t h of the wash s o l u t i o n s was pro­
g r e s s i v e l y decreased. For very high s t r i n g e n c y , f o r example, the 
f i l t e r was washed a t 68°C f o r two 15min. periods i n 3X SSC, two 
15 min, peri o d s i n IX SSC and f i n a l l y two 30 min. periods i n 
O.IX SSC. I t was then b l o t t e d dry on a sheet of 3MM paper and 
autoradiographed. 

2.2.16. Autoradiography. 

Autoradiography was used to l o c a t e ^ ^ P - l a b e l l e d n u c l e i c 
a c i d s on n i t r o c e l l u l o s e f i l t e r s and i n polyacrylamide g e l s . The 
fo l l o w i n g manipulations were done i n a dark-room under a red s a f e -
l i g h t . A sheet of p r e f l a s h e d X-ray f i l m ( F u j i RX; Laskey and 
M i l l s , 1975) and an i n t e n s i f y i n g screen (Dupont Cronex L i g h t i n g -
P l u s ) was p l a c e d over the sample, sandwiched between two g l a s s 
p l a t e s , and secured with rubber bands. The assembly was placed i n 
thr e e , b l a c k p l a s t i c bags to exclude l i g h t , and exposure 
(-80°C or room temperature) was v a r i e d from 30min. to s e v e r a l weeks 
depending on the sample. The f i l m was developed i n Kodak X-Omat 
developer a t room temperature f o r 3-8min., washed f o r 1 min. i n 
water, f i x e d i n Kodak f i x e r f o r 3min., washed again i n water f o r 
30min. and a i r - d r i e d a t room temperature. 

2.2.17. Fluorography. 

SDS-polyacrylamide g e l s c o n t a i n i n g f r a c t i o n a t e d , t r i t i u m -
l a b e l l e d polypeptides were processed f o r fluorography by a method 
adapted from Bonner and Laskey (1974). The g e l s were soaked for 
30 min. with constant a g i t a t i o n i n DMSO, followed by a second 
30min.; immersion i n f r e s h DMSO. They were then soaked f o r 3hr 
i n a s o l u t i o n of PPO (30% (w/v) i n DMSO), and then f o r I h r i n 30% 
(v/v) methanol. The g e l s were d r i e d under vacuum ( B i o . Rad Model 

224 g e l s l a b d r y e r ) between two l a y e r s of cellophane (W.E. Cannings, 
o 

Avonmoutb, B r i s t o l , U.K.) and exposed a t -80 C to p r e s e n s i t i s e d 
F u j i RX f i l m as de s c r i b e d i n the _pr^Qeding s e c t i o n . 
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2.2.18. R e s t r i c t i o n Mapping of Cloned cDNAs. 

Samples of plasmid DNA ('V'0.5pg) were di g e s t e d i n i t i a l l y with 
enzymes t h a t recognised hexauucleotide sequences and thus l i k e l y 
to c l e a v e the i n s e r t i n f r e q u e n t l y . The r e s t r i c t e d DNA was e l e c t r o -
phoresed on a 0.5-1% agarose g e l and the p o s i t i o n s of cleavage 
s i t e s i n the i n s e r t s were deduced from the s i z e s of the r e s t r i c ­
t i o n fragments and a knowledge of the t a r g e t s i t e s i n the pBR322 
vec t o r ( S u t c l i f f e , 1978). For more d e t a i l e d mapping, d i g e s t i o n s 
were c a r r i e d out simultaneously with enzymes r e c o g n i z i n g t e t r a -
n u c l e o t i d e sequences and w i t h BamHI. An i n s p e c t i o n of the r e s ­
t r i c t i o n fragments on an agarose g e l immediately i n d i c a t e d whether 
the BamHI-excisable, cDNA i n s e r t had been clea v e d . To map the 
s i t e s of enzymes which cl e a v e d the i n s e r t , a d d i t i o n a l m u l t i p l e 
d i g e s t i o n s were performed and analysed by agarose gel e l e c t r o p h o r e s i s 
u n t i l a l l the cleavage s i t e s were unambiguously assigned to 
i n t e r n a l l y c o n s i s t e n t p o s i t i o n s . 

2.2.19. C h a r a c t e r i s a t i o n of Cloned cDNAs by H y b r i d - s e l e c t e d 
T r a n s l a t i o n . 

A c t i v a t e d diazobenzoyloxymethyl (DBM) paper was prepared by 
the method of Alwine et dl. (1977). Recombinant plasmids were 
r e s t r i c t e d with BamHI to e x c i s e t h e i r cDNA i n s e r t s , and 25yg 
a l i q u o t s were denatured and bound to d i s c s of DBM paper e s s e n t i a l l y 
as d e s c r i b e d by Smith et a l . (1979) . Poly(A)'*' RNA (50yg) prepared 
from 14-day-old pea cotyledons was h y b r i d i s e d to the immobilised 
plasmids f o r 3hr at 37°C i n 550 y£ of h y b r i d i s a t i o n b u f f e r (20mM 
PIPES pH 6.4, 0.9M NaCl, 0.2% SDS, ImM EDTA, 50% formamide, 300 
u n i t s / m l M i a s i n ) . The f i l t e r s were then washed twice with 500y£ 
a l i q u o t s of h y b r i d i s a t i o n b u f f e r and once with 500y£ of 20mM 
NaCl, 8mM sodium c i t r a t e , ImM EDTA,0.2% SDS, 50% formamide, 
300 u n i t s / m l RNasin, at 37°C fo r 30min. pe r i o d s . The s p e c i f i c a l l y 
bound RNA was e l u t e d by i n c u b a t i n g a t 37°C f o r 30min. i n lOOyA of 
2Q:'.mMV PIPES pH 6.4, ImM EDTA, 0.5% SDS, 90% formamide, 300 units/ml 
RNasin. The e l u t e d RNA was recovered by ethanol p r e c i p i t a t i o n and 
t r a n s l a t e d i n the r a b b i t r e t i c u l o c y t e l y s a t e system using t r i t i u m -
l a b e l l e d . l e u c i n e (0.5yCi/ml) as the r a d i o a c t i v e l a b e l (Croy et dl. 

o 
1980a). A f t e r a I h r incubation at 37 C, t r a n s l a t i o n products 

were ana l y s e d by SDS-PAGE on 17% g e l s followed by fluorography as 

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

The dideoxynucleotide-terminated, n i c k - t r a n s l a t i o n method 
o r i g i n a l l y d e s c r i b e d by Maat and Smith (1978) and l a t e r modified by 
S e i f et at. (1980) was used f o r sequencing. DNA fragments with 
s i n g l e l a b e l l e d 5' t e r m i n i were generated (Maxam and G i l b e r t , 1980) 
f o r use i n the n i c k - t r a n s l a t i o n r e a c t i o n s . The steps i n the 
sequencing p r o t o c o l a r e o u t l i n e d below. 

2.2.20.1. P r e p a r a t i o n of DNA Fragments with S i n g l e L a b e l l e d 5' 
Termini. 

12-15yg o f restriction-mapped DNA ( u s u a l l y recombinant 
pBR322 plasmids) were d i g e s t e d to completion with a r e s t r i c t i o n 
enzyme(s) which gave 5' protruding t e r m i n i . Where d i f f i c u l t y was 
experienced with e n d - l a b e l l i n g c e r t a i n DNA prepa r a t i o n s , the 
r e q u i r e d fragment(s) was p u r i f i e d on an agarose g e l before pro­
ceeding w i t h the next r e a c t i o n . The r e s t r i c t e d DNA fragments were 
5'-dephosphyorylated by treatment with a l k a l i n e phosphatase ( s e c t i o n 
2.2.4.2.), and e n d - l a b e l l e d by treatment with 20 u n i t s of T4 
po l y n u c l e o t i d e k i n a s e a t 37°C fo r 45 min i n 25y£ of 50mM T r i s - H C l 
pH 7.6, lOmM MgCl^, 5mM DTT, O.lmM EDTA, 1.5mM spermidine, G.8yM 
ATP and lyM (125yCi) y-^^P-ATP. The r e a c t i o n was terminated by 
the a d d i t i o n of 200y£ of a 2.5M ammonium a c e t a t e s o l u t i o n . Iy5. 
of a lyg/yJ!, s o l u t i o n of E.coH.tPJ^A was added and the DNA was 
ethanol p r e c i p i t a t e d . Most of the unincorporated l a b e l was removed 
by two s u c c e s s i v e resuspensions o f the DNA i n 300yJl a l i q u o t s o f 
0.3M sodium a c e t a t e followed by ethanol p r e c i p i t a t i o n s . To gen­
e r a t e fragments l a b e l l e d a t only one 5' terminus, the DNA was 
di g e s t e d with a second r e s t r i c t i o n enzyme(s) t h a t cut the f r a g ­
ment ( s ) a s y m m e t r i c a l l y . A sm a l l sample (^^6%) of the undigested 
DNA was kept f o r use as a s i z e marker and c o n t r o l on the pre­
p a r a t i v e g e l . The r e s t r i c t e d DNA was ethanol p r e c i p i t a t e d and 
r e d i s s o l v e d i n a small volume i'^lQ\i%) of TE b u f f e r . Both the 
r e s t r i c t e d sample and the c o n t r o l sample were f r a c t i o n a t e d on a 5% 
polyacrylamide g e l ( s e c t i o n 2.2.7.2.), and the l a b e l l e d fragments 
were v i s u a l i s e d by autoradiography at room temperature f o r 20-
40 min. Using the autoradiogram as a guide, small s e c t i o n s con­
t a i n i n g :the r e q u i r e d fragments were e x c i s e d from the g e l . The 
fragments were recovered by the crush-soak procedure d e s c r i b e d by 
Maxam and G i l b e r t (1980) except t h a t the e l u a t e was c o l l e c t e d by 
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being 'blown out' with a stream of N gas i n s t e a d of by c e n t r i -
f ugation, and the crushed g e l was washed with 150yJi a l i q u o t s of 
the e l u t i o n b u f f e r ( g e n e r a l l y 2 to 3 washes) u n t i l a Geiger counter 
i n d i c a t e d t h a t most of the l a b e l l e d DNA had been recovered. The 
l a b e l l e d DNA was e t h a n o l - p r e c i p i t a t e d , resuspended i n 400 \il of TE 
b u f f e r , r e p r e c i p i t a t e d with ethanol, and f i n a l l y r e d i s s o l v e d 
i n 20y£ of water. 

2.2.20.2. Dideoxynucleotide-terminated N i c k - t r a n s l a t i o n Sequencing 
R e a c t i o n s . 

S o l u t i o n s of the f o l l o w i n g NTP mixtures were used i n the 
forwards ( F ) and backwards (B) sequencing r e a c t i o n s (see S e l f 
et ail.tL980) . 

FG ImM ddGTP, 200yM dATP, 200yM dTTP, 200yM dCTP 
FA ImM ddATP, 200yM dGTP, 200yM dTTP, 200yM dCTP 
FT ImM ddTTP, 200yM dGTP, 200yM dATP, 200yM dCTP 
FC ImM ddCTP, 200yM dGTP, 200yM dATP, 200yM dTTP 
BG ImM ddGTP 
BA ImM ddATP 
BT ImM ddTTP 

Narrow p l a s t i c tubes (narrow enough to f i t i n t o small • 
s c i n t i l l a t i o n v i a l s f o r Cerenkov coxonting) were l a b e l l e d FG,FA, 
FT, FC, BG, BA, BT and BC. l . l y J i ' a l iquots of the appropriate NTP 
mixture were dispensed i n t o each tube which was immediately placed 
on i c e . To the 20y£, of the l a b e l l e d DNA were added lOyJl of 5X 
S e i f b u f f e r (33mM T r i s - H C l pH7.5, 33mM MgCl„, lOmM DTT, lOmM NaCl), 
8\ii of endonuclease-free DNA Polymerase 1 (5 units/yi!.) , and 2y£ of 
DNase 1 (lOOng/ml) . 4.5 y^, of t h i s DNA-enzyme mixture were 
added to each of the NTP mixtures. The tubes were spun b r i e f l y 
i n a m i c r o c e n t r i f u g e and were incubated at 37°C f o r 30min. 
of O.IM EDTA was added to each of the B tubes and the tube contents 
were t r a n s f e r r e d to the corresponding F tube. Small holes were 
made i n the caps o f the F tubes which were then s t o r e d at -80°C 
f o r 30min. The samples were then l y o p h i l i s e d f o r at l e a s t I h r . 

2.2.20.3. E l e c t r o p h o r e s i s of Sequencing Samples. 

10y£ of formamide dye s o l u t i o n (lOmM MaOH, 1mm EDTA, 80%(v/v) 
formamide, Img/ml bromophenol blue, Img/ml xylene cyanol) were 
added to each sample which was then heated at 90°C f o r 5 min. 
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The r a d i o a c t i v i t y of the samples was determined i n a s c i n t i l l a t i o n 

counter (Packard T r i c a r b P r i a s P L ) . The tubes were subsequently 

s t o r e d on i c e . J u s t p r i o r to loading, each sample was heated at 

90°C f o r 1 min., then returned immediately i n t o i c e . 2.5yJ!, a l i q u o t s 

of each sample, were el e c t r o p h o r e s e d per t r a c k on t h i n 6 or 8% 

polyacrylamide-urea g e l s (see s e c t i o n 2.2.7.3). 

When e l e c t r o p h o r e s i s was completed, the g e l was dr i e d at 
80°C f o r I h r under vacuum (Bio-Rad Model SE 1125B g e l sl a b dryer) 
and autoradiographed a t -80°C. An estimate of the required exposure 
was obtained from the formula : 

„ , 1.3 X 10® exposure ( h r ) = 
r a d i o a c t i v i t y of sample (cpm) per gel t r a c k 

U s u a l l y , an exposure of 24-60hr was r e q u i r e d . Highly r a d i o ­

a c t i v e samples were often re-autoradiographed without an i n t e n ­

s i f y i n g s c r e e n as t h i s procedure gave sharger bands on the auto-

radiograph. The r e q u i r e d exposure was then 10-15 times as long 

as w i t h a s c r e e n . 

2.2.21. C o n s t r u c t i o n of V i c i l i n E x p r e s s i o n Plasmids. 

The c o n s t r u c t i o n of v i c i l i n e x p r e s s i o n plasmids involved 
e s s e n t i a l l y the subcloning of v i c i l i n cDNA fragments i n t o various 
e x p r e s s i o n v e c t o r s . I n some c o n s t r u c t i o n s , the v e c t o r DNA 
(1.5-3yg) was cleaved with a s u i t a b l e enzyme, 5'-dephosphorylated 
with a l k a l i n e phosphatase, and then l i g a t e d i n 3 to 5-fold molar 
excess to a cDNA fragment with compatible ends. I n other c a s e s , 
the cDNA fragment was 5'-dephosphorylated and l i g a t e d i n 10 to 20-
f o l d molar excess to the ve c t o r (0.2-0.8 yg) r e s t r i c t e d with an 
appropriate enzyme. Both these s t r a t e g i e s were designed to mini­
mize the proportion of non-recombinant, r e c i r c u l a r i s e d plasmid 
molecules formed i n the l i g a t i o n r e a c t i o n . The choice between them 
was l a r g e l y d i c t a t e d by the a v a i l a b i l i t y of the p a r t i c i p a t i n g DNA 
s p e c i e s and d e t a i l s of the a c t u a l methods used are given i n the 
" R e s u l t s " . 

2.2.22. A n a l y s i s of E.coli E x p r e s s i o n Systems by SDS-PAGE. 

C u l t u r e s of c e l l s harbouring X P _-expression plasmids were grown 
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at 30°C i n L broth c o n t a i n i n g 50yg/ml a m p i c i l l i n . Aliquots of 
the c u l t u r e were withdrawn at va r i o u s c e l l d e n s i t i e s (see s e c t i o n 
3.5.2.) and were induced by incubation a t 42°C using two s l i g h t l y 
d i f f e r e n t procedures ( s e c t i o n 3.5.2.). Incubation of the remainders 
of the c u l t u r e s was continued at 30°C. At the end of the induct i o n , 
1.5 ml a l i q u o t s of both induced (42°C) and uninduced (30°C) c u l t u r e s 
were p e l l e t e d at 12000g f o r 15min. , resuspended i n lOOyJ!. a l i q u o t s 
of sample b u f f e r (20mM T r i s - H C l ph 6.8, 2%(w/v) SDS, 2%(v/v) 
mercaptoethanol, 10%(v/v) g l y c e r o l ) , and heated i n a b o i l i n g water 
bath f o r 5 min. I n s o l u b l e c e l l d e b r i s was spun down at 12000g f o r lOmin 
and 30y£ a l i q u o t s of the supernatants were subjected to SDS-PAGE. 
The p r o t e i n s were v i s u a l i s e d by s t a i n i n g with Kenacid blue and by 
immunological s c r e e n i n g of Western b l o t s . 

2.2.23. Western B l o t t i n g : E l e c t r o p h o r e t i c T r a n s f e r of P r o t e i n s 
from SDS-polyacrylamide Gels to N i t r o c e l l u l o s e Paper. 

P r o t e i n s were t r a n s f e r r e d from SDS-polyacrylamide g e l s to 
ni t r o c e l l u l o s e ; . p a p e r i n a T r a n s - B l o t C e l l ( B i o . Rad L a b o r a t o r i e s ) 
c o n t a i n i n g deaerated t r a n s f e r b u f f e r (25mM T r i s base, 192mM g l y c i n e , 
20% ( v / v ) methanol, pH 8.3) at 7V/cm f o r at l e a s t 12hr (Towbin et at. 
1979; B u r n e t t e , 1981). 

2.2.24. P r o c e s s i n g of B a c t e r i a Harbouring E x p r e s s i o n Plasmids 
f o r in situ Colony Immtinoassay. 

The procedure of Helfman et dl. (1983) was used. B a c t e r i a l 
o 

c o l o n i e s were "patched out" and grown at 30 C on a s e l e c t i v e , 
"Blaster" agar p l a t e and i n d u p l i c a t e on a n i t r o c e l l u l o s e f i l t e r 
o v e r l a i d on a s e l e c t i v e p l a t e . When the c o l o n i e s had grown to 
l-2mm i n diameter, the "master" p l a t e was s t o r e d at 4°C while the 
c o l o n i e s on the f i l t e r were incubated at 42°C f o r 2.5hr. The c e l l s 
were l y s e d in situ by suspending the f i l t e r i n an atmosphere s a t ­
u r a t e d w i t h chloroform vapour f o r 20min. I t was then t r a n s f e r r e d 
to a p e t r i d i s h c o n t a i n i n g 10ml of 50mM T r i s - H C l pH 7.5, 
150mM NaCl, 5mM MgCl_, 30mg/ml BSA, lyg/ml DNasel.l and 40yg/ml 
lysozyme, and was incubated overnight at room temperature with 
g e n t l e a g i t a t i o n . 

2.2.25. Immunological Detection of F i l t e r - b o u n d V i c i l i n Polypeptides, 

T h i s technique, based on the method of Towbin et aZ.(1979) was 
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used to s c r e e n p r o t e i n s which had been t r a n s f e r r e d to n i t r o c e l l u l o s e 
f i l t e r s by Western b l o t t i n g ( s e c t i o n 2.2.23.) or by in situ l y s i s 
of b a c t e r i a l c o l o n i e s ( s e c t i o n 2.2.24). The Western-blotted f i l ­
t e r was incubated with gentle a g i t a t i o n i n 100ml of T r i s - s a l i n e 
b u f f e r (20mM T r i s - H C l pH 7.4, 0.9% (w/v) NaCl) con t a i n i n g 5% (w/v) BSA 
f o r I h r at 40°C i n a h e a t - s e a l e d p l a s t i c bag. The f o l l o w i n g s t e p s 
apply to: both Western-blotted and colony s c r e e n f i l t e r s . The f i l -
t e r was r i n s e d b r i e f l y at 25 C i n 100ml of T r i s - s a l i n e b u f f e r i n a 
p l a s t i c bag. I t was then incubated f o r 2-3hr with 30y)i of a f f i n i t y -
p u r i f i e d , r a b b i t a n t i v i c i l i n IgG d i l u t e d i n t o 10ml of T r i s - s a l i n e 
b u f f e r , 5% BSA i n a p e t r i d i s h ( a t room temperature) f o r b a c t e r i a l 
colony s c r e e n s , or 40yi!, of antibody d i l u t e d i n t o 30ml of buffered 
BSA i n a p l a s t i c bag ( a t 25°C) f o r Western b l o t s . The f i l t e r was 
washed f o r '\'45min i n 4 changes of T r i s - s a l i n e b u f f e r (100-200ml 
per wash) at 25°C. i;t" was then incubated f o r I h r at room temper­
ature w i t h 30y£ of swine, peroxidase-conjugated, a n t i r a b b i t IgG 
(Orion D i a g n o s t i c a , H e l s i n k i , F i n l a n d ) d i l u t e d as above for colony 
s c r e e n s , or with 40y5, of antibody at 25°C f o r Western b l o t s . 
F i l t e r s were then washed i n T r i s - s a l i n e b u f f e r as above. 20ml of 
a s o l u t i o n of 4-chloro-l-napthol (3mg/ml i n methanol) were d i l u t e d 
i n t o 100ml of T r i s - s a l i n e b u f f e r , and 40y£ of 30%(v/v) hydrogen 
peroxide s o l u t i o n were added. The n i t r o c e l l u l o s e f i l t e r s were 
pl a c e d i n t h i s mixture and kept i n the dark. The r e a c t i o n was 
stopped a f t e r s u i t a b l y i n t e n s e s t a i n i n g had been achieved (20-30 
min) by washing the f i l t e r thoroughly i n water. The b l o t s were 
d r i e d between sheets of 3MM paper and s t o r e d i n the dark. 
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3. RESULTS. 
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3.1. C o n s t r u c t i o n of cDNA L i b r a r y . 

3.1.1. S y n t h e s i s and S i z e F r a c t i o n a t i o n of ds-cDNA. 

Double-stranded cDNA (ds-cDNA) was s y n t h e s i s e d from pea. 
cotyledon poly(A)+ mRNA as p r e v i o u s l y described ( s e c t i o n 2.2.10;2.) 
The mRNA used f o r the cDNA s y n t h e s i s had p r e v i o u s l y been c h a r a c t e r ­
i s e d and shown to be enr i c h e d i n s p e c i e s encoding the major seed 
storage p r o t e i n s (Evans et al.,1980) . The ds-cDNA molecules obtained 
were predominently i n the s i z e range of 0.2 - 3.0 Kb as estimated 
by agarose g e l e l e c t r o p h o r e s i s ( F i g . l ) . To maximize the cl o n i n g 
of long cDNA molecules, two f r a c t i o n s comprising cDNAs of lengths 
'^1-2 Kb\ and >2Kb; were recovered from the g e l . I t was c a l c u l a t e d 
from ^H-incorporation t h a t '\'5yg of the former and '^2yg of the 
l a t t e r s i z e f r a c t i o n were recovered. 

3.1.2. T r i a l 'Phosphorylation, L i g a t i o n and R e s t r i c t i o n of BamHI 
L i n k e r s . 

Decameric, BamHI l i n k e r s ( C o l l a b o r a t i v e Research) with 
5'-hydroxyl ends had to be phosphorylated p r i o r to l i g a t i o n . The 
a b i l i t y of the l i n k e r s to undergo phosphorylation, l i g a t i o n and sub­
sequent r e s t r i c t i o n w i t h BamHI was t e s t e d i n a p i l o t experiment 
p r i o r to being used f o r cDNA c l o n i n g . The l i n k e r s were phosphory­
l a t e d w i t h ^-32p_ ^TP, s e l f - f i g a t e d and then digested with BamHI 
( S e c t i o n 2.2.10.3.). Samples were analysed by PAGE followed by 
autoradiography, and the r e s u l t s are shown i n F i g . 2 . The t r a c k s 
c o n t a i n i n g the s e l f - l i g a t e d l i n k e r s show that the phosphorylation 
and blunt-end l i g a t i o n worked e f f i c i e n t l y s i n c e l a b e l l e d , oligomeric 
l i n k e r molecules (up to 10-mers ) are v i s i b l e on the autoradiograph. 
I n the i n i t i a l t r i a l r e s t r i c t i o n , a sample of the l i g a t e d l i n k e r s 
was d i g e s t e d with 5.4 u n i t s of BamHI which gave only p a r t i a l r e s ­
t r i c t i o n ( F i g . 2 , Track. A2). The d i g e s t i o n was repeated on a second 
a l i q u o t of the l i g a t e d l i n k e r s u s i n g 11 vinits of BamHI which then 
gave complete r e s t r i c t i o n ( F i g . 2 , t r a c k B2). I d e n t i c a l d i g e s t i o n 
c o n d i t i o n s were subsequently used for the d i g e s t i o n of l i n k e r e d 
molecules i n the cDNA c l o n i n g experiment. 

3.1.3. L i g a t i o n of cDNA to pBR322 Vector. 

BamHI-digested, l i n k e r e d cDNA molecules from both s i z e f r a c ­
t i o n s were l i g a t e d i n separate r e a c t i o n s to phosphatase-treated and 



47 

FIGURE 1. S i z e f r a c t i o n a t i o n of double-stranded cDNA from pea 
cotyledon mRNA, by e l e c t r o p h o r e s i s through a 0.5% agarose g e l . 

Ti^acks: 

1) pBR322 r e s t r i c t e d with A l u l ; 

2) and 3) pea ds^cDNA; 

4) pBR322 r e s t r i c t e d with H i n d l l . 

FIGURE 2. Autoradiographs of ^^P-phosphorylated, l i g a t e d and 
r e s t r i c t e d BamHI l i n k e r s separated by PAGE. 

T r a c k s : 

Al) and B l ) l i g a t e d l i n k e r s ; 

A2) l i g a t e d l i n k e r s r e s t r i c t e d w i t h 5.4 u n i t s of BamHI; 

B2) l i g a t e d l i n k e r s r e s t r i c t e d w i t h 11 u n i t s of BamHI. 
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non-phosphatase-treated, BamHI-linearised pBR322. ( s e c t i o n 2.2.10.6) 

Agarose g e l e l e c t r o p h o r e s i s of a sm a l l a l i q u o t of the l i g a t i o n pro­

ducts of the cDNA and phosphatased pBR322 showed that no s i g n i f ­

i c a n t amounts of ol i g o m e r i c pBR322 molecules were present ( g e l 

not photographed). By c o n t r a s t , oligomeric forms of the vector 

were prominent among the g e l - f r a c t i o n a t e d products of the l i g a t i o n 

between the cDNA and the nonphosphatased plasmid ( F i g . 3 ) . Vector-

cDNA hy b r i d s presumably made up the f a i n t smears v i s i b l e between 

the monomeric and dimeric vector bands. These h y b r i d molecules 

were recovered from the g e l f o r transformation of an E.coli host. 

3.1.4. S c r e e n i n g of B a c t e r i a l Transformants f o r Recombinant 
Plasmids. 

B a m H I - r e s t r i c t e d , l i n k e r e d cDNAs were l i g a t e d i n t o the BamHI 

s i t e i n pBR322 and transformed i n t o E.aoti 910. R e s i s t a n c e to 
R 

a m p i c i l l i n (Ap ) allowed i d e n t i f i c a t i o n of transformants, and 
g 

s e n s i t i v i t y to t e t r a c y c l i n e (Tc ) caused by i n s e r t i o n a l i n a c t i v a t i o n 
R 

o f the Tc gene i n pBR322 i d e n t i f i e d clones harbouring recombinant 
plasmids. The numbers of Ap c o l o n i e s obtained a f t e r transform-

g 
a t i o n w i t h v a r i o u s vector-cDNA samples, and the numbers of Tc 

c o l o n i e s subsequently i d e n t i f i e d are shown i n Table 6. The 

numbers of Ap transformants obtained from the phosphatased p l a s ­

mids were 5-6-fold h i g h e r than the numbers obtained from the non-
g 

phosphatased plasmids. The proportion of Tc transformants was very low i r r e s p e c t i v e of the o r i g i n of the DNA used f o r trans-

Al 
S 

formation out of 3530 Ap^ transformants screened, only 129 

(3.7%) were found to be Tc 

Table 6. R e s u l t s of Transformation of E.coli c e l l s with pBR322-cDNA 
L i g a t i o n Products. 

R R S Transforming No. of .Ap No. of Ap No. of Tc 
(a) transformants c o l o n i e s screened c o l o n i e s 

A 'V.3500 930 52 

B '̂ 4̂500 1250 49 

C 'V 800 750 23 

D 'V 700 600 5 

Key :Ap^ = a m p i c i l l i n - r e s i s t a n t ; Tc = t e t r a c y c l i n e - s e n s i t i v e . 
a. A = l i g a t i o n products of lT2Kb, > cDNA and phosphatased v e c t o r 

B = l i g a t i o n products of >2Kb cDNA and phosphatased vector; 
C=hybrid l-2Kb cDNA-vector molecules recovered from g e l ; 
D=hybrid > 2Kb cDNA-vector molecules recovered from g e l . 
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FIGURE 3. L i g a t i o n products of cDNAs and BamHI - l i n e a r i s e d 
pBR322, f r a c t i o n a t e d on a 0.5% agarose g e l . 

T r a c k s : 

1) XNM258 DNA r e s t r i c t e d with EcoRI; 

2) 1-2 Kb cDNA f r a c t i o n l i g a t e d to v e c t o r ; 

3) >2 Kb cDNA f r a c t i o n l i g a t e d to v e c t o r . 

FIGURE 4. Autoradiographs of n i t r o c e l l u l o s e f i l t e r s b e a r i n g E.coH 

c o l o n i e s h y b r i d i s e d to ̂ ^ P - l a b e l l e d mRNA and cDNA probes as fol l o w s : 

A) pea cotyledon p o l y ( A ) ^ mRNA; 

B) pDUB3 legumin cDNA i n s e r t ; 

C) pDUB4 v i c i l i n cDNA i n s e r t ; 

D) pAD2-l v i c i l i n cDNA i n s e r t . 
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3.2. C h a r a c t e r i s a t i o n of cDNAs from the Clone L i b r a r y . 

3.2.1. Notes on Previously Characterised cDNA Clones Used f o r 
Screening of the L i b r a r y . 

P r e v i o u s l y i s o l a t e d and characterised legumin and v i c i l i n 
cDNA clones were used t o screen the present cDNA l i b r a r y . The 
legumin clone pDUB3, was o r i g i n a l l y designated pRC2.11.7 (Croy 
et al.fl982) before renaming s y s t e m a t i c a l l y (Z^urham f / n i v e r s i t y Sotany) 
The 830bp cDNA i n s e r t encodes the basic subunit of a legumin mole­
cule and t h i r t y C-terminal residues of the a c i d i c subunit. 

The v i c i l i n clones pDUB2 and 4 (L y c e t t et al.,1983a) were 
o r i g i n a l l y designated pRC2.2.1 and 2.2.10 r e s p e c t i v e l y (Croy et at., 
1982). The 910bp i n s e r t from pDUB2 encodes pa r t of a 50000-Mr 
v i c i l i n s ubunit, whereas the 210bp i n s e r t from pDUB4 encodes pa r t 
of a 47000-Mr subunit. 

3.2.2. I d e n t i f i c a t i o n of cDNA Clones by Colony H y b r i d i s a t i o n . 

I n order t o c l a s s i f y the cloned cDNAs i n t o storage p r o t e i n ­
ic S 

s p e c i f i c groups, the Ap Td transformants were grown on r e p l i c a t e 
n i t r o c e l l u l o s e f i l t e r s and screened by in sitU'Colony h y b r i d i s a t i o n 
w i t h ^ ^ P - l a b e l l e d RNA and cDNA probes. The r e s u l t s are summarised 
i n Table 7. 59 of the 129 clones screened h y b r i d i s e d to a p o l y ( A ) ^ 
RNA probe under high stringency conditions (0.1 x SSC at 65°C; Fig. 
4A). Of these, 23 h y b r i d i s e d under s i m i l a r high stringency c r i t e r i a 
to the legumin cDNA excised from pDUB3 (Croy et at,,1982; Fig.4B). 

One of the pDUB3-hybridising cDNAs, pAD4-4, was shown by sub­
sequent r e s t r i c t i o n mapping (Fig. 6 ) t o extend by '\'300bp beyond the 
5' end of pDUB3. The 360bp (BamHI-Bgll) 5' te r m i n a l fragment of 
pAD4-4 (see Fig.6) was used t o rescreen the cDNA l i b r a r y . No 
a d d i t i o n a l p o s i t i v e s were scored, and the r e l a t i v e i n t e n s i t i e s of 
h y b r i d i s a t i o n were ge n e r a l l y less than t h a t seen w i t h the pDUB3 
probe (see Table 7 ) . This i n d i c a t e d t h a t most of the cloned legumin 
cDNAs d i d not extend as f a r as the pAD4-4 i n s e r t towards the 5' end 
of the legumin inRNA. Notable exceptions were pADlO-3, 10-4, 10-5 
and 10-6 which h y b r i d i s e d more s t r o n g l y t o the pAD4-4 5' terminus 
than to pDUB3. 
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Table 7. Ch a r a c t e r i s a t i o n of cDNA Clones (a) by Colony H y b r i d i s a t i o n 
and Sizes of I n s e r t s . 

Clone '̂̂ ''̂ ^ pDUB No/°^ 

H y b r i d i s a t i o n (b)- to l a b e l l e d probes 

Approx.size mRNA^®^ pDUB3^*^ pAD4-4 pAD2-l 
of i n s e r t 
(bp) 

i n s e r t 350bp 
5' 
region 

i n s e r t 

pADl-4 830 +++ +++ + 

pADl-5 830 +++ *++ + 

pAD2-l pDUB9 1430 +++ +++ 

pAD2-2 ND + 

pAD2-3 ND + 

pAD2-ll 1020 +++ 

pAD3-l ND +++ 

pAD3-2 1650^^^ +++ ++ +++ 

pAD3-4 pDUB7 1080 +++ ++ 

pAD3-10 ND + 

pAD3-12 820 ++ 

pAD3-13 ND + 

pAD4-4 pDUB6 1120 +++ +++ +++ 

pAD4-10 + 

pAD4-ll ND + 

pAD4-12 1000+530^^^ +++ +++ 

pAD5-4 pDUB28 1200 +++ + • 

pAD5-5 pDUB29 530 + + 

pAD5-8 
530 

++ + 

pAD5-10 980 ++ 

pAD5-12 ND + 

pAD5-13 800 +++ 

pAD6-2 1850 +++ 

pAD6-8 1000+530^^^ +++ +++ 

pAD6-ll pDUBlO 1950 +++ +++ 

PAD6-15 <300 + + 

pAD7-3 pDUBSl 860 +++ ++ 

pAD7-4 560 ++ + 

pAD7-7 560 ++ + 

pAD7-8 830 ++ +++ + 

pAD7-ll ND + 

pAD7-12 830 +++ +++ + 

pAD7-13 pDUBll 1820 +++ +++ 

pAD8-5 1000+530^^' +++ +++ 
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Table 7 continued. 

Clone pDUB No. Approx.size mRNA pDUB3 
of i n s e r t i n s e r t 
(bp) 

pAD4-4 
350bp 
5' 
region. 

pAD2-l 
i n s e r t , 

pAD8-6 560 ++ -!- + 

pAD8-14 pDUB30 560 •f+ + 

pAD8-15 ND + 

pAD9-2 1850 +++ 

pAD9-3 830 +++ +++ + 

pADlO-1 ^(h) ++ ++ 

pADlO-2 980 +++ 

pADlO-3 950 +++ + +++ 

pADlO-4 950 +++ + +++ 

pADlO-5 pDUB8 950 +++ + +++ 

pAD10^6 950 +++ + +++ 

pADlO-7 1000 ++ 

pADlO-9 830 +++ ++ + 

pADll-2 1000 ++ 

pADll-3 830 +++ +++ + 

pADll-4 830 +++ +++ + 

pADll-5 830 +++ ++ + 

pADll-6 ND ++ 

pADll-7 ,(h) + ++ 

pADll-9 830 +++ ++ + 

pAD12-l 830 ++ +++ + 

PAD12-2 r,(h) ++ ++ 

pAD12-3 830 +++ +++ + 

pAD12-4 / h ) ++ ++ 

PAD12-5 830 +++ +++ + 

a. Only clones which h y b r i d i s e d to the mRNA probe are included i n the table, 
b. Approximate, r e l a t i v e i n t e n - ^ i t i e s of h y b r i d i s a t i o n are in d i c a t e d on a 

scale of "+" to "+++" 
c. Notes on nomenclature : a l l the recombinant plasmids from the cDNA 

bank were i n i t i a l l y i d e n t i f i e d by a pAD number according t o t h e i r 
o r i g i n a l p o s i t i o n s oh the colony h y b r i d i s a t i o n f i l t e r s . This system 
of nomenclature i s used throughout the the s i s t o d i f f e r e n t i a t e 
c l e a r l y between these clones and plasmids obtained from other sources. 
Some of the pAD plasmids were subsequently given pDUB (Z^urham 
l / n i v e r s i t y Botany) numbers as i n d i c a t e d , and w i l l be r e f e r r e d t o by 
these pDUB designations i n papers f o r p u b l i c a t i o n . 

d. Clones pADl-4 and pADl-5 were obtained from transformation w i t h 
DNA "D"; pAD2-l t o pAD5-13 from DNA "A"; pAD6-2 t o pAD9-3 from DNA "B"; 
and pADlO-1 t o pAD12-5 from DNA "C" (see footnotes to Table 6 f o r 
d e t a i l s of A,B,C and D). 
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e. mRNA = poly(A) RNA prepared from pea cotyledons 14 days a f t e r 
f l o w e r i n g . 

f . Formerly designated pRC2.11.7 (Croy et al,\982) . 
g. See s e c t i o n 3.2.4. 
h. This plasmid contained only one BamHI s i t e . 

Screening of the l i b r a r y w i t h the v i c i l i n cDNAs from pDUB2 and 
4 (L y c e t t et aL,1983a) gave very high backgrounds on the autoradio-
graphs making i t impossible t o i d e n t i f y clones which s p e c i f i c a l l y 
h y b r i d i s e d t o these probes (Fig.4C). To i n i t i a l l y i d e n t i f y v i c i l i n 
cDNAs, plasmid mini-preps from a s e l e c t i o n of clones were digested 
w i t h BamHI, f r a c t i o n a t e d by agarose gel ele c t r o p h o r e s i s , b l o t t e d onto 
n i t r o c e l l u l o s e f i l t e r s and probed w i t h l a b e l l e d pDUB2 and 4 i n s e r t s 
(see s e c t i o n 3.2.3). One of the v i c i l i n cDNAs, pAD2-l, i d e n t i f i e d by 
Southern b l o t h y b r i d i s a t i o n and subsequently f u l l y characterised, 
was used t o rescreen the clone bank by colony h y b r i d i s a t i o n . A s a t i s ­
f a c t o r y autoradiograph w i t h a "clean" background was obtained under 
moderate stringency conditions ( F i g . 4D). 16 clones hybridised t o 
the pAD2-l excised i n s e r t , o f which 14 had previously been i d e n t i f i e d 
as v i c i l i n clones by t h e i r Southern b l o t h y b r i d i s a t i o n to the pDUB2 
and 4 i n s e r t s ( L y c e t t aZ..,1983a; section 3.2.3,). 

The l i b r a r y was also screened w i t h a l a b e l l e d cotyledon rRNA 
probe under high stringency c o n d i t i o n s . None of the clones 
h y b r i d i s e d t o t h a t probe ( r e s u l t s not shown). 

3.2.3. I n i t i a l I d e n t i f i c a t i o n of V i c i l i n Clones by Southern 
H y b r i d i s a t i o n s . 

Plasmid DNA was prepared from a number of clones which 
h y b r i d i s e d s t r o n g l y t o p o l y ( A ) ^ mRNA but not t o the pDUB3 (legumin) 
cDNA probe. The plasmid mini-preps were digested w i t h BamHI t o 
excise t h e i r cDNA i n s e r t s , f r a c t i o n a t e d on agarose gels, and b l o t t e d 
onto n i t r o c e l l u l o s e f i l t e r s . The b l o t s were probed w i t h the 
l a b e l l e d v i c i l i n cDNAs from pDUB2 and pDUB4 (L y c e t t et aZ.,1983a) 
and washed under high stringency conditions. Fig.SA shows a 1% 
agarose g e l of r e s t r i c t e d , plasmid samples and the corresponding 
autoradiograph of the b l o t t e d DNA probed w i t h the pDUB4 i n s e r t 
i s shown i n Fig.SB. A f t e r exposure of the autoradiograph, the 
n i t r o c e l l u l o s e f i l t e r was washed f o r three 20 min.periods i n Ĥ O 
at 65°C t o remove the h y b r i d i s e d probe. The f i l t e r was then 
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FIGURE 5. Southern b l o t . h y b r i d i s a t i o n s of v i c i l i n cDNA probes t o 
recombinant plasmids. 

A: BamHI-restricted DNA samples (except t r a c k 1) were electrophoresed 
through a 1 % agarose g e l as f o l l o w s : 
1) XNM258 DNA r e s t r i c t e d w i t h H i n d l l l ; 
2) pAD2-l; 
3) pAD3-4; 
4) pAD5-4; 
5) PAD6-11; 
6) PAD7-13; 
7) pAD7-8; 
8) pAD7-4; 
9) pAD7-7; 

10) pDUB2; 
11) pDUB3; 
12) pDUB4( inserl" lr\tiica.Ud h>^^ an ArroiS). 

B: The DNA was b l o t t e d onto a n i t r o c e l l u l o s e f i l t e r and probed w i t h 
the 32p_iabelled pDUB4 i n s e r t . The pDUB2 h y b r i d i s a t i o n band i s 
i n d i c a t e d by an arrow. 

C: The f i r s t probe was washed o f f and the f i l t e r was re h y b r i d i s e d t o 
the ^ ^ P - l a b e l l e d pDUB2 i n s e r t . The pDUB4 h y b r i d i s a t i o n band i s 
i n d i c a t e d by an arrow. 
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reprobed w i t h the pDUB2 excised i n s e r t ( F i g . 5C). A conspicuous 
fea t u r e of the h y b r i d i s a t i o n r e s u l t s i s tha t both the pDUB2 and 
pDUB4 i n s e r t probes, p a r t i c u l a r l y the former, hybridised s t r o n g l y 
t o the vector (pBR322) DNA — - t h e reason f o r t h i s behaviour i s 
not known. I n a d d i t i o n t o a r e s t r i c t e d pDUB4 sample included as 
a c o n t r o l on the b l o t , only the pAD3-4 i n s e r t hybridised appreciably 
t o the pDUB4 i n s e r t probe (Fig.5B). Weak hybr i d i s a t i o n s of t h a t 
probe t o the i n s e r t s from pAD2-l, 5-4, 6-11 and 7-13 were j u s t 
d i s c e r n i b l e . The i n s e r t s from pAD2-l, 3-4, 6-11 and 7-13 hy b r i d ­
i s e d t o a s i g n i f i c a n t extent t o the pDUB2 i n s e r t probe though not 
nearly as s t r o n g l y as t h a t cDNA hybr i d i s e d t o i t s e l f (Fig.5C). 
pAD5-4, 7-4 and 7-7 hyb r i d i s e d weakly t o the pDUB4 probe under 
high str i n g e n c y c o n d i t i o n s . S i m i l a r Southern h y b r i d i s a t i o n 
analyses (not shown) revealed t h a t the cDNA i n s e r t s from pAD5-5, 
8-6 and 8-14 hy b r i d i s e d weakly t o both the pDUB2 and pDUB4 cDNAs 
while the pAD7-3 i n s e r t h y b r i d i s e d weakly t o the pDUB2 i n s e r t 
only. Three plasmids, pAD5-8, 12-2 and 12-4 which contained s i n g l e 
BamHI s i t e s and were l i n e a r i s e d upon d i g e s t i o n w i t h BamHI were 
i d e n t i f i e d as v i c i l i n clones by t h e i r weak h y b r i d i s a t i o n to the 
pDUB2 i n s e r t probe but the high background h y b r i d i s a t i o n of 
the probe t o the vector made t h a t i d e n t i f i c a t i o n somewhat te n t a ­
t i v e . I t i s noteworthy t h a t the i n s e r t s from pDUB2 and 4 did not 
cross- h y b r i d i s e appreciably (Figs. 5B and 5C) although t h e i r 
sequences were '\'95% homologous (Lyc e t t et al.,1983a) . The sizes 
of the v i c i l i n cDNA i n s e r t s ranged from "^bZQ to 1950 bp (see 
Table 7.) 

3.2.4. Southern H y b r i d i s a t i o n Analysis of Putative Legumin Clones. 

The presence of legumin cDNA i n s e r t s i n legumin clones 
i d e n t i f i e d by colony screening w i t h the pDUB3 cDNA probe was con­
firmed by Southern b l o t h y b r i d i s a t i o n s . Most of the plasmids 
contained BamHI-excisable i n s e r t s which hybridised strongly t o the 
^2 p - l a b e l l e d pDUB3 cDNA. Apart from pAD6-15 which had an i n s e r t 
of <300 bp, the sizes of the legumin i n s e r t s ranged from '\/830 
t o '^'llOO bp (see Table 7) , A remarkably high p r o p o r t i o n of the 
plasmids, 13 out of 23, contained i n s e r t s of '\'830 bp. Some 
plasmids gave anomalous BamHI cleavage patterns : pAD 3-2 gave 
two fragments of '\'5200 and 1650 bp (note pBR322 = 4363 bp) both 
of which h y b r i d i s e d r e l a t i v e l y weakly t o the pDUB3 cDNA probe; 
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pAD's 4-12, 6-8 and 8-5 gave three BamHI fragments of ̂ -̂4400, 1000 
and 530 bp of which only the 1000 bp fragment hybridised to the 
pDUB3 i n s e r t . The s t r u c t u r e s of these anomalous plasraids were 
not i n v e s t i g a t e d f u r t h e r . 

3.2.5. R e s t r i c t i o n Mapping of Clones I s o l a t e d from the cDNA Bank. 

pAD4-4 was chosen f o r f u r t h e r c h a r a c t e r i s a t i o n since i t con­
taine d the longest insert/(A^llOObp) among the pDUB3-hybridising 
clones. pADlO-5 was also selected due t o i t s strong h y b r i d i s a t i o n 
t o a 5' t e r m i n a l fragment from pAD4-4 (see Section 3.2.2.). 
R e s t r i c t i o n maps f o r the pAD4-4 and pADlO-5 legumin cDNA i n s e r t s 
are shown i n Fig.6. Subsequent sequencing of these cDNAs revealed 
t h a t the mapped r e s t r i c t i o n s i t e s were accurate t o w i t h i n - 30bp and 
the p o s i t i o n s of the s i t e s i n d i c a t e d i n Fig.6 have been adjusted 
s l i g h t l y t o make them f u l l y compatible w i t h the sequence data. 
The r e s t r i c t i o n map of the previously sequenced i n s e r t from 
pDUB3 (Croy et al.jl982) i s presented f o r comparison w i t h the 
pAD4-4 and 10-5 i n s e r t s . This comparison shows t h a t the pAD4-4 
cDNA extended beyond the 5'end of the pDUB3 i n s e r t by '\'300 bp, 
and t h a t the pADlO-5 i n s e r t extended about another 400 bp towards 
the 5' end of the legumin mRNA but lacked a s u b s t a n t i a l p o r t i o n 
CbBOO bp) of the 3' region. The alignment of common r e s t r i c t i o n 
s i t e s among the three cDNAs showed t h a t t h e i r overlapping segments 
were very s i m i l a r except i n a region at the 5' terminus of the 
pDUB3 cDNA which d i f f e r e d markedly from the corresponding regions 

i n pAD4-4 and pADlO-5 pDUB3 contained an Aval s i t e '̂ 30 bp 
upstream from a B g l l s i t e common t o a l l three cDNAs; pAD4-4 and 
pADlO-5 lacked t h a t p a r t i c u l a r Aval s i t e but contained one "^170 bp 
upstream from the B g l l s i t e . Since the pDUB3 and pAD4-4 cDNAs 
contained a second Aval s i t e i n i d e n t i c a l p o s i t i o n s near t h e i r 3' 
t e r m i n i , the two types of i n s e r t could be d i s t i n g u i s h e d simply 
by the sizes of t h e i r respective Aval i n t e r n a l fragments. Clones 
which had pr e v i o u s l y been shown t o have i n s e r t s of the same len g t h , 
'u830bp, as pDUB3 (pADl-4, 1-5, 7-8, 7-12, 9-3, 10-9, 11-3, 11-4, 
11-5, 11-9, 12-1, 12-3, and 12-5) were r e s t r i c t e d w i t h Aval and 
analysed by agarose g e l e l e c t r o p h o r e s i s . The separation of the 
Aval s i t e s w i t h i n the i n s e r t s was found to be i d e n t i c a l t o tha t 
i n the pDUB3 i n s e r t ( r e s u l t s not shown). The o r i e n t a t i o n s of the 
i n s e r t s i n the vector were also the same as i n pDUB3 except pAD9-3 
which contained the i n s e r t i n the opposite o r i e n t a t i o n . 
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FIGURE 6. R e s t r i c t i o n maps and sequencing st r a t e g y f o r various 
legumin cDNAs; The h o r i z o n t a l scales represent bp numbered from 
the 5' end of the coding strands. S o l i d arrows i n d i c a t e the 
d i r e c t i o n and extent of sequence determinations. The dashed arrow 
i n d i c a t e s vector sequences and i s not drawn t o scale.-*EcoRI and 
-•Sail i n d i c a t e the o r i e n t a t i o n of the i n s e r t s r e l a t i v e to the EcoRI 
and S a i l s i t e s i n pBR322. The BamHI s i t e s at the t e r m i n i of the 
i n s e r t s are l i n k e r sequences. 
R e s t r i c t i o n s i t e s are abbreviated as fo l l o w s : 
A = Aval; C = AccI; 
N = BstNI; 0 = Xhol; 

D = H i n d u ; 
P = P s t l . 

G = B g l l ; M = BamHI; 
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Fig.7 shows a comparison of r e s t r i c t i o n maps f o r various 
v i c i l i n cDNAs. The p o s i t i o n s of r e s t r i c t i o n s i t e s i n the subse­
quently sequenced cDNAs have been adjusted t o make them f u l l y com­
p a t i b l e w i t h the sequence data. The maps of the pDUB4 and pAD3-4 
i n s e r t s appeared t o overlap, consistent w i t h the strong h y b r i d i s ­
a t i o n observed between these two cDNAs. Sub s t a n t i a l regions of the 
pAD2-l, 6-11 and 7-13 maps were also very s i m i l a r t o one another 
but apart from these s i m i l a r i t i e s , the d i f f e r e n t v i c i l i n clones 
i n general appeared t o have very heterologous r e s t r i c t i o n maps. 
Thus, the cDNAs i n Fig.7 were aligned mainly on the basis of the 
p o s i t i o n s of the a : 3 and 3 : Y processing s i t e s i n the i n s e r t s 
( p r e d i c t e d from the DNA sequences, see Fig.11), but i n the absence 
of sequence data, the maps of pAD5-4 and pAD7-3 were t e n t a t i v e l y 
aligned on the basis of common r e s t r i c t i o n s i t e s . Preliminary 
r e s t r i c t i o n mapping of the i n s e r t s from pAD5-5 and pAD7-4 ( r e s u l t s 
not shown) i n d i c a t e d t h a t both these cDNAs were d i s t i n c t from the 
other cDNAs shown i n Fig.7. 

A r e s t r i c t i o n map f o r the BamHI i n s e r t (1850 bp) from pAD9-2 
(which h y b r i d i s e d s t r o n g l y t o p o l y ( A ) ^ mRNA but not t o legumin or 
v i c i l i n cDNAs) i s shown i n F i g . 8. Preliminary r e s t r i c t i o n map­
ping data i n d i c a t e d t h a t the i n s e r t from pAD6-2 was very s i m i l a r 
t o the pAD9-2 cDNA. 

3.2.6. C h a r a c t e r i s a t i o n of V i c i l i n cDNAs by Tr a n s l a t i o n of 
Hybrid-selected:mRNAs. 

Clone pAD7-13, the i n s e r t from pAD3-4 and a pBR322 c o n t r o l 
were subjected t o hybrid-selected t r a n s l a t i o n ( F i g . 9 ) . A degree 
of n o n - s p e c i f i c s e l e c t i o n of abundant mRNAs by the pBR322 c o n t r o l 
was v i s i b l e on the fluorograph. Cross-selection of two size classes 
of v i c i l i n mRNAs by the f i l t e r - b o u n d cDNAs was also evident which 
introduced some ambiguity i n the i n t e r p r e t a t i o n of the r e s u l t s . 
R e l a t i v e i n t e n s i t i e s of the hybrid-selected t r a n s l a t i o n products 
suggested t h a t the pAD3-4 i n s e r t predominantly selected mRNAs f o r 
a 470(X)-Wr v i c i l i n subunit, whereas pAD7-13 predominantly selected 
t r a n s c r i p t s encoding a 50000-Mr subunit. 

3.2.7. Sequence Analysis of Legumin cDNA Clones. 

R e s t r i c t i o n maps i l l u s t r a t i n g the sequencing s t r a t e g i e s f o r 
the pAD4-4 (1120 bp) and pADlO-5 (937 bp) legumin cDNA i n s e r t s are 
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FIGURE 7. R e s t r i c t i o n maps and sequencing s t r a t e g i e s f o r various 
v i c i l i n cDNAs. Symbols are as i n Fig.6. w i t h the f o l l o w i n g 
a d d i t i o n s : 
B = B g l l l ; E = B s t E I I ; F = HphI; H = H i n d l l l ; I = H i n f I ; 
U = Sau96I; X = Xbal. 
The H i n f I and HphI s i t e s ( i n d i c a t e d by dotted l i n e s ) were derived 
from the DNA sequences and are included only because these s i t e s 
were used i n sequencing or i n the co n s t r u c t i o n of hy b r i d v i c i l i n 
cDNAs ( see s e c t i o n 3.4.5.). 



60 

M W Y X R| D W Y M 

-I U IL -1 1 1 I • ' J 1 L 
200 4 00 600 800 1000 1200 1400 1600 1800 

pAD9-2 

Fig. 8 

Fig. 9 



61 

shown i n Fig.6. Fig.10 shows the sequences of these cDNAs w i t h the 
pr e v i o u s l y published composite sequence of pDUBl and pDUB3 f o r 
comparison. The most conspicuous feature of the pAD4-4 and pADlO-5 
sequences i s the presence of three ^̂ 54 bp tandem repeats i n the 
region coding f o r the legumin a c i d i c subunit. Only h a l f of one 
repeat i s present i n pDUB3. Apart from these repeats, the legumin 
cDNA sequences share extensive ('\'99%) homology. 

3.2.8. Sequence Analysis of V i c i l i n cDNA Clones. 

The cDNA i n s e r t s i n pAD2-l, 3-4 and 7-13 were completely 
sequenced whereas only a short region of pAD6-ll was sequenced. 
Fig.7 shows the sequencing s t r a t e g i e s f o r these v i c i l i n cDNAs. 
The DNA sequences of pAD2-l and 3-4 are shown i n Fig.11 w i t h the 
p r e v i o u s l y published sequences of the i n s e r t s from the v i c i l i n 
clones pDUB2 and pDUB4 (Lyce t t et aZ.^983a) f o r comparison. 

There i s extensive homology among the sequences of a l l f our 
v i c i l i n clones. I n f a c t , the overlapping regions (52 bp) of pAD3-4 
and ppUB4 are i d e n t i c a l which suggests t h a t the two cDNAs were 
derived from mRNA t r a n s c r i p t s from the same gene, and i n the 
f o l l o w i n g comparisons o f sequence homology, reference to the pAD3-4 
sequence means the composite pAD3-4/pDUB4 sequence. Where sequence 
data are a v a i l a b l e f o r pairwise comparisons t o be made, the coding 
regions of pAD2-l and pAD3-4 are 83.9% homologous, pAD2-l and 
pDUB2 are 85.6% homologous, which pAD3-4 and pDUB2 are 83.9% homol­
ogous. The 3' noncoding regions of the cloned cDNAs show more 
v a r i a t i o n than the coding sequences. There are 18 out of 73 (25%) 
bp mismatches i n the pDUB2 and pAD2-l sequences f o l l o w i n g the 
doublet stop codons; the pAD3-4 sequence does not extend i n t o t h i s 
r e gion t o allow sequence.comparisons. 

Though not included i n Fig.11, the sequence of another 
v i c i l i n cDNA, pAD7-13, was determined (see Fig.7 ) . The pAD7-13 
sequence was very s i m i l a r t o the pAD2-l sequence over an i n t e r n a l 
region of '̂ '1360 bp. Only 2 bp d i f f e r e n c e s occured w i t h i n t h a t 
overlapping region these are i n d i c a t e d i n Fig.11. However, 
the pAD7-13 sequence diverged s i g n i f i c a n t l y from the pAD2-l 
sequence at both ends of the i n s e r t s . The r e l a t i o n s h i p between 
pAD7-13 and pAD2-l i s shown schematically i n Fig.12. At the end 
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p A D i e - 5 G GCC a c T a C6T GCT A C C c n CGC AAC GCC CTT CGC AGA CCT TAC TAC TCC M T GCT CCC CAA GAA A H H C ATC CAA CAA GCT 

m TAT TTT G K ATG GTA n c c c c GGT TGT CCT GAG ACC TTT G A G C C A C l M G M T C T G M t C M G G A M G G G A C G C A G G T A C A G A 

AGA CAT m G H M C C G A T T C AGA GAG GCT GAT ATC A n 6CA G r r CCT ACT GCT A H CTA T n TG6 ATG TAC AAC GAC CAA GAC 

p A O l f l - 5 ACT CCA GTT ATT GCC GTC TCT CTT ACT GAC A H A(M AGC TCC M T M C CAG cn GAT CAG ATG CCT AGG A » nC TAT cn GCT GGG AAC 

pM)l»-5 CAC 
pAD4-4 

IMG D M GAG TTT a A TAC CAG CAT C M C M 6GA GGA M G CAA G M G(M M T G M GGC M C M C A n n c ACT GGC nc AAG 

A6G GAT TAC nc « T GCT nc*ttc GT6 ML m CAT ATA CTA M C A G A C T T C M G G C A K M T G M G A C G M M G A A G G G A G C C A n 

Aval i Repeat 1-
l ^ i e - S CTC M A CTG GCT GGA CTC A I X ATC ATA AGC CCA CCC (MG M G C M 6C6 CGC CAC CAG AGA & C AGC AIM C M GAG GAA GAT GAA GAT 
p A I M - 4 A 
pOUB3 G 

Repeat 2-( ) — »•!.. Repeat 3 
p A D i e - 5 G M GAG M G CAG CCG CGC (MC CAG AGA G ^ A G C AGA C M GAG M G G M GAT D M GAT 6 M GAG AG6 M G CCG CCT t A T C M AGO AIM 
^m-A 

I 
pAD10-5 A G A ( % A I M 6 G A G G M D M G M G A C M G M % G A G C G C G 6 C ( » C A 6 C C M ( V M C S C ' A M AGC AGA AGG C M G M GAC M T ' G G C C n IMG D M 
p A M - 4 . . . . . . . . . C . 

P A D 1 8 - 5 ACA Cn TGC A C T »:T « W ) cn CGA nC M C An GGC CCG TCT TCA T M CCA GAC ATC TAC M C CCT G M GCT GCT AD^ ATC A M A C T en 
pAiM-4 . . . 
pOUB3 

l iAOlB-5 ACC AGC CTG GAC CTC CCA CTT CTC A6G T66 CTC M M CT 
fm-A A A C T GCT GAG M T GGA T C T CTC CAC A M M T GCT ATG Tn CTG CCT CAC TAC 
pOUB3 , A A 

p A D 4 ^ M C CTG M T G O ) AAC A C T ATA ATA TAC GCA n G M G GGA CCT GCA AGG CTA C M CTA CTG M C TGC M T GGC M C A C C CTG T n IMT GGA 
pDUB3 C 

pA04-4 M G CTA G M GCC GGA CGT GCA nC ACA CTG CCA C M M C TAT GCT CTG GCT GCA M G TCA CTA AGC (MC A S ) n C TCA TAT CTA G(M nC 
pOU63 .A 

p A D 4 - 4 M G ACC M T D ) T AGA GCT Q>T A n GCA AGA CTT GCA G«i A D ) T D ) T D ) 6 n ATA M T M T CTG CCG nG GAT CTG G n « M GCT A t t nC 
pOUB3 G C 

p A D 4 H M C CTG W G AGG M T GAG GD) AGG CAG CTC M G TCC M C M T CCC n c WW Tn CTA Gn C W GCT CCT (MG TCT DM3 M C AGA GCT TC6 
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Figure 10. Comparisons of the nucleotide sequences of the cDNA i n s e r t s 
from pADl6-5 and pAD4-4, and the pr e v i o u s l y published composite sequence 
of pDUB3/.pDUBl (Croy et al.,,1982). Dots represent nucleotides which 
are i d e n t i c a l t o those i n the uppermost sequence. Broken l i n e s (- - -) 
i n d i c a t e gaps i n s e r t e d i n the sequences t o maximize homology. The 
repeats are in d i c a t e d by l a b e l l e d arrows oyer the pADlO-5 sequence, 
and the : hexanucleotide d u p l i c a t i o n i n the second repeat (GAGGAA) i s 
bracketed. The cleavage s i t e between the a- and g-legumin subunits i s 
in d i c a t e d by a v e r t i c a l arrow. The 3' noncoding sequences are shown i n 
lower case, and the consensus polyadenylation s i g n a l sequence, AATAAA, 
i s boxed ( | 1 ) . Other p u t a t i v e s i g n a l sequence var i a n t s are enclosed 
i n broken boxes ( C l I ' ) . R e s t r i c t i o n s i t e s used f o r the preparation of 
s p e c i f i c legumin cDNA probes (see sec t i o n 3.3.) are l a b e l l e d . 
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pOUB2 G G . . . A M AG . . T A C T . . C A A . . A G 

pAD3-4 GCA GGT CAC CCC en GCC A 
pOUB4 TA M T GCC TCC T M M T CTC M T CT6 A n G M TO GCT ATC M T GCC MG M C M C M 6 A M M C TO CTT 
pAD2-l C . , T . . A C . . . A . . T A . . . . T 6 . . T . . C . . . G . . T T T T C . . . 6 T . . . 
pOUB2 T . . T G . . . M . . T . . A . . . A T . . C T . . T . . A 

pOUB4 GCA G6T M G G M GAC M T CTC ATA A C T C M CTA MA A M CCA G n A M GAG C n GCA Tn CCT GM T C T T C T M T GAG cn M T AGG 
p(a)2-l C . . T . . G . . T G . . T G A . . C . G C G C A G . . . . A ATA 
pDUB2 G G 6 A . . C.G . A . .A . . . G T . . . A G . . . . A C . . . C . 

pAD2-l CTA M G M T CAG A M C M TCC CAC T n GCA M T GCT C M CCT C M C M AGG M G A M GM ACT CGT GM ACA A M M T CCT CTA TCT TCA 
pDUB2 A T T.T A A . . . . C . A . . . . C . M . . . . T . .AG . . A .A . . . G .A . . . . 

p A D 2 - l Gn T M Mi g t t t c t t a a t g a g t g g a c a a a a t a e t a t g t a t g t a t g e t a l e a a g a g a t a t a t e t e a e g g g g a g q a a t g j a a t a a a j a c a a t g 
pDlJfl2 A . . . T 6 GG6 . C C . T a . a t t . t . . c a . . . . a e . . . . g . . . . t a a t g'. t e . 

(M02-1 t t a t c t t a t a a c f a t a a t t a t a t a t e e a e t t t t e t a e t a t g a a t a 
* 

Figure 11. Comparisons of the nucleotide sequences of the cDNA 
i n s e r t s from pAD3-4 and pAD2-l, and the previously published pDUB2 
and pDUB4 sequences ( L y c e t t et at,j 1983a). The two as t e r i s k s (*) 
below the pAD2-l sequence define the boundaries of the sequence 
which i s homologous t o the pAD7-13 sequence. The 430bp sequence 
upstream ifrom the; f i r s t a s t e r i s k i n pAD7-13 comprises an inverse 
repeat (see Fig/12), whereas a poly(A) t a i l extends downstream from 
the second a s t e r i s k . Where p a i r s of nucleotides are shown i n the 
pAD2-l sequence, the lower one i n d i c a t e s the nucleoti'de found at 
th a t p o s i t i o n i n pAD7-13. The codon s p e c i f y i n g the N-terminus of a 
mature 50000-Wr subunit i s underlined. Other symbols are as used 
i n Fig.10. 
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FIGURE 127 Schematic representation of the r e l a t i o n s h i p between 
the pAD2-l and pAD7-13 cDNAs. The h o r i z o n t a l scale i s nimbered i n 
bp from the 5' end of the pAD7-13 coding strand. 

= regions which are v i r t u a l l y i d e n t i c a l i n both clones. 
P S 5 S = 430bp i n v e r t e d repeat at the 5' end of pAD7-13. 

= i n t e r n a l sequence, common t o both clones, which i s duplicated 
i n pAD7-13. 

The DNA sequence at the 5' end of the duplicated region i s i n d i c a t e d 
t o i l l u s t r a t e the o r i e n t a t i o n of the repeat, AAA indicates the 
presence of a pOly(A) t a i l i n the pAD7-13 cDNA. 
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corresponding to the 5' terminus of the coding s t r a n d i n pAD7-13 
was a 430 bp sequence which was an exact i n v e r s e repeat of an 
i n t e r n a l sequence l o c a t e d 225 bp f u r t h e r downstreaiii. The i n v e r s e 
repeat contained 7 in-phase stop codons and shared no homology 
wit h the corresponding regions i n the pAD2-l and pAD3-4 sequences. 
At the 3' ends of the i n s e r t s , pAD7-13 had a poly(A) t a i l attached 
to an A r e s i d u e ( i n d i c a t e d by an a s t e r i s k i n F i g . l l ) 32bp up­
stream from the 3' terminus of the pAD2-l cDNA coding s t r a n d . 

Only a sho r t region of pAD6-ll was sequenced (see F i g . 7 ) . 
The 90 n u c l e o t i d e - l o n g sequence obtained was i d e n t i c a l to the 
sequences of the corresponding regions i n pAD2-l and pAD7-13 (see 
F i g . 7 ) . 

3.3. Probing of Pea Genomic D i g e s t s with Legumin cDNA Probes. 

Genomic DNA from pea l e a v e s was digested to completion with 
v a r i o u s r e s t r i c t i o n enzymes as i n d i c a t e d i n Fig.13, f r a c t i o n a t e d 
i n t h r e e a l i q u o t s on a 1% agarose g e l , and b l o t t e d onto a n i t r o ­
c e l l u l o s e f i l t e r . The f i l t e r was subsequently cut i n t o three s t r i p s 
each c o n t a i n i n g a r e p l i c a t e sample of the r e s o l v e d genomic fragments. 
The t h r e e samples were i n d i v i d u a l l y probed with ^ ^ P - l a b e l l e d f r a g ­
ments of legumin cDNAs corresponding approximately to the coding 
sequences f o r the b a s i c subunit (pAD4-4 B g l l - BamHI 765 bp f r a g ­
ment) , the a c i d i c r e p e a t s (pAD4-4 Aval - B g l l 193 bp fragment), 
and the a c i d i c subunit upstream from the repeats (pADlO-5 BamHI -
Aval 580 bp fragment). The r e s u l t s are shown i n F i g . 13. The 
p a t t e r n s of the bands h y b r i d i s i n g to the probes f o r the a c i d i c and 
b a s i c subunit regions were p r a c t i c a l l y i d e n t i c a l . A l l the f r a g ­
ments which h y b r i d i s e d to these two probes a l s o h y b r i d i s e d to the 
probe f o r the repeat u n i t s though there was some v a r i a t i o n i n the 
r e l a t i v e i n t e n s i f i e s of the h y b r i d i s a t i o n bands. The l a t t e r probe 
a l s o h y b r i d i s e d weakly, but d i s t i n c t l y , to a number of a d d i t i o n a l 

genomic fragments which di d not bind the a c i d i c and b a s i c subunit 
o 

probes at the s t r i n g e n c y used (0.5 x SSC at 60 C ) . 

3.4. C o n s t r u c t i o n of V i c i l i n E x p r e s s i o n Plasmids. 

3.4.1. pAII2-l .expl. 
The c o n s t r u c t i o n of pAD2-l. exp.l"- involved the l i g a t i o n of the 
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FIGURE 13. Southern b l o t h y b r i d i s a t i o n of s p e c i f i c r e g i o n s of the 
legumin cDNAs to pea genomic DNA. lOyg. a l i q u d t s of pea DNA were r e s ­
t r i c t e d w ith EcoRI, H i n d l l l , and Hindlll/BamHI, and e l e c t r o p h o r e s e d 
through a 1% agarose g e l . The DNA was t r a n s f e r r e d to n i t r o c e l l u l o s e 
paper, and probed with ^ ^ P - l a b e l l e d cDNA fragments ( s p e c i f i c a c t i v i t y 
=10^ cpm/yg) corresponding approximately to the legumin b a s i c sub-
u n i t ( b ) , the a c i d i c r e g i o n upstream of the repeats ( a ) , and the 
re p e a t s i n the a c i d i c subunit ( r ) . The top three autoradiographs 
were exposed f o r seven days, whereas the bottom t h r e e were 

exposed f o r 2 days. (N.B. A t r a c k c o n t a i n i n g pBR322 s i z e markers 
was c u t o f f from the autoradiographs s i n c e l a b e l l e d , contaminating 
pBR322 sequences i n the b a s i c s probe h y b r i d i s e d s t r o n g l y to these 
fragments. The i n t e n s e h y b r i d i s a t i o n s have " s p i l l e d over" and are 
v i s i b l e i n t r a c k s h y b r i d i s e d with the b a s i c s probe). 
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BamHI i n s e r t from pAD2-l (see F i g . 6 . ) d i r e c t l y i n t o the BamHI 
s i t e of the e x p r e s s i o n plasmid pPLc24 (see S e c t i o n 2.1.3.). The 
c o n s t r u c t i o n i s shown s c h e m a t i c a l l y i n Fig.14. pPLc24 was l i n ­
e a r i s e d w i t h BamHI, t r e a t e d with a l k a l i n e phosphatase, and l i g a t e d 
i n 3 - f o l d molar excess to the BamHI i n s e r t from pAD2-l. I n t h i s 
l i g a t i o n , the coding sequence of the pAD2-l cDNA was i n s e r t e d i n 
the same r e a d i n g frame as t h a t of the MS2 r e p l i c a s e gene present 
i n the v e c t o r . Ei-coli K12AHlAtrp was transformed to a m p i c i l l i n 
r e s i s t a n c e with the l i g a t i o n mixture. Out of 115 transformants 
screened by colony h y b r i d i s a t i o n with a ^ ^ P - l a b e l l e d pAD2-l i n s e r t 
probe, 65 were p o s i t i v e . Plasmid DNA from 8 randomly chosen pos­
i t i v e c l o n e s was d i g e s t e d with H i n d i I I and run on an agarose g e l 
to determine the o r i e n t a t i o n of t h e i r pAD2-l i n s e r t s . Out of f i v e 
plasmids w i t h the i n s e r t i n the appropriate o r i e n t a t i o n f o r expres­
s i o n , one was chosen f o r f u r t h e r work and was designated 
pAD2-l .expl(;.+); . One of the 3 plasmids with the i n s e r t i n the 
opposite o r i e n t a t i o n was designated pAD2-l,expl(-) and was used as 
a n e g a t i v e c o n t r o l . 

3.4.2. pAD2-l.exp2. 

For the c o n s t r u c t i o n of pAD2-l.exp^,the pAD2-l cDNA i n s e r t 
was s p e c i f i c a l l y "trimmed" so that the 5' t e r m i n a l codon encoded 
the N-terminus of a mature v i c i l i n subunit. The trimmed cDNA was 
then i n s e r t e d by blunt-end l i g a t i o n i n t o the e x p r e s s i o n plasmid 
pPLc 245 ( s e e S e c t i o n 2.1.3.). The c o n s t r u c t i o n i s shown schemat­
i c a l l y i n F i g . 1 5 . Plasmid pPLc245 was l i n e a r i s e d with S a i l , made 
blunt-ended with mung-bean nuclease and then t r e a t e d with a l k a l i n e 
phosphatase. Plasmid pAD2-l was digested with BamHI and t r e a t e d 
w i t h T4 DNA poljonerase i n the presence of dTTP. I n the T4 poly­
merase r e a c t i o n , each DNA s t r a n d was degraded i n a 3'-> 5' d i r e c ­
t i o n u n t i l the f i r s t A r e s i d u e was encountered on the opposite 
s t r a n d , at which point the exonuclease a c t i v i t y of the enzyme was 
masked by i t s s t r o n g e r 5' -> 3' polymerase a c t i v i t y . I n the pAD2-l 
cDNA, the f i r s t A encountered from the 5' end of the coding strand 
happens to be the A of the N-terminal AGG codon of mature v i c i l i n . 
Thus as a r e s u l t of the T4 poljoaerase d i g e s t i o n , a 15 bp 5' pro­
t r u d i n g end was generated upstream from the N-terminal codon; t h i s 
s i n g l e - s t r a n d e d e x tension was removed with mung-bean nuclease. 
The r e s u l t i n g blunt-ended fragment was l i g a t e d to a 5-fold molar 
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Bam HI 
phosphatase Bam HI 

T4DNA 

igose 

F i g u r e 14. C o n s t r u c t i o n of pAD2-l. expl (see t e x t f o r d e t a i l s ) 
wm^ = phage A operator-promoter region showing d i r e c t i o n of 

t r a n s c r i p t i o n . 

7777^ = ribosome binding s i t e and sequence encoding the N-terminal 
98 amino acids- of the phage MS2 r e p l i c a s e gene 

fTTxl = v i c i l i n cDNA i n s e r t i n pAD2-l 

Ap R = a m p i c i l l i n r e s i s t a n c e gene 
Only r e l e v a n t r e s t r i c t i o n s i t e s are shown and are abbreviated as 
fo l l o w s : 

B = BamHI; H = H i n d l l l 
pAD2-l.expl(+) contains the cDNA i n s e r t i n the appropriate 
o r i e n t a t i o n f o r ex p r e s s i o n . 
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pPLC245 

ATG 
TACAGCT 

i)Mung-bean nuclease 
ii lPhosphatase 
$'rQ 

Bam H I 

— B 

G A T C C G G T T T C T T C T A G G 

T4 DNA polymerase dTTP | 
P X 

G A T C C G G T T T C T T C T A G G ™ ^ ^ , 

Mung-bean nuclease | 
P X 

AGG^ 
T C C " 

T4 DNA 
ligase 

F i g u r e 15. C o n s t r u c t i o n of pAD2-l.exp2 (see t e x t f o r d e t a i l s ) . 
y///A = ribosome binding s i t e of the phage MS2 r e p l i c a s e gene. 
B = BamHI; P = P s t I ; R = EcoRI; S = S a i l ; X = Xbal 
Other symbols are used i n F i g . 14, The n u c l e o t i d e sequence across 
the MS2-CDNA j u n c t i o n ( • - . - i ' ) was v e r i f i e d by DNA sequencing, 
pAD2-l.exp2(+) contains the cDNA i n s e r t i n the appropriate o r i e n t a t i o n 
f o r e x p r e s s i o n . 
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excess of the mung-bean n u c l e a s e - t r e a t e d pPLc245, and E.ooli 

K12AHlAt;rp was transformed to a m p i c i l l i n r e s i s t a n c e with the 
l i g a t i o n product. Out of 800 transformants screened by colony 
h y b r i d i s a t i o n with a ^ ^ P - l a b e l l e d pAD2-l i n s e r t probe, 4 were 
p o s i t i v e . Plasmid DNA from these 4 clones was digested with 
EcoRI and Xbal to determine the o r i e n t a t i o n s of t h e i r pAD2-l 
i n s e r t s . One plasmid, designated pAD2-l.exp2(+) contained the 
i n s e r t i n the c o r r e c t o r i e n t a t i o n f o r e x p r e s s i o n . The three other 
plasmids, one designated pAD2-l.exp2(-), contained the i n s e r t i n 
the opposite o r i e n t a t i o n . To v e r i f y the c o n s t r u c t i o n of pAD2-l.exp2(+), 
an E c o R I - P s t I fragment spanning the j u n c t i o n between the expression 
v e c t o r and the 5' end of the pAD2-l i n s e r t (see Fig.15) was sequen­
ced. The sequence a c r o s s the j u n c t i o n read:5'...AGGATTACCCATGAGGTCT... 3 
( i n i t i a t i o n codon underlined) which confirmed t h a t the d e s i r e d con­
s t r u c t i o n had been achieved (see Remaut et aZ.1983a). The remainder 
of the determined sequence was i n complete agreement with the pub­
l i s h e d sequence of the MS2 genome (Min Jou et al.1972') and the pAD2-l 
sequence ( F i g . l l ) . 

3.4.3. pAD2-l.exp3. 

I n the c o n s t r u c t i o n of pAD2-l.exp3; the BamHI i n s e r t from 
pAD2-l was l i g a t e d d i r e c t l y i n t o the BamHI s i t e of pASl (see S e c t i o n 

2.1.3. ) . The c o n s t r u c t i o n i s shown i n Fig.16. The cDNA i n s e r t 
of plasmid pAD2-l was e x c i s e d with BamHI, t r e a t e d with a l k a l i n e 
phosphatase, and l i g a t e d i n '^'lO-fold molar excess to a sample of 
B a m H I - l i n e a r i s e d pASl. E: coli N99Xei857 was transformed to a m p i c i l l i n 
r e s i s t a n c e with the l i g a t i o n products. Out of 26 transformants 
screened by colony h y b r i d i s a t i o n with a ^ ^ P - l a b e l l e d pAD2-l i n s e r t 
probe, 13 were p o s i t i v e . Out of 8 p o s i t i v e plasmids r e s t r i c t e d 
w i t h H i n d l l l and analysed by agarose g e l e l e c t r o p h o r e s i s , 4 con­
t a i n e d the i n s e r t i n the appropriate o r i e n t a t i o n f o r expression. 
One of these was designated pAD2-l.exp3(+). A plasmid with the 
i n s e r t i n the opposite o r i e n t a t i o n was designated pAD2-l.exp3(-). 

3.4.4. pAD2-l.exp4. 

The s t r a t e g y used f o r the c o n s t r u c t i o n of pAD2-l.exp4 was 
i d e n t i c a l to that f o r the c o n s t r u c t i o n of pAD2-l.exp2 except that 
pASl (see S e c t i o n 2.1.3.) was the e x p r e s s i o n plasmid used (see F i g . 
1 6 . ) . pASl was l i n e a r i s e d with BamHI and t r e a t e d with mung-bean 
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i Bam H I 

tiScTAG 
Bam H I 

Phosphatase 

BamHI 
T4 DNA polymerase 

M.B. nuclease 
B phosphatase 

H 
T4 DNA 

ligase 

nuclease 

T4 DNA 
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pADM.exp4{-) 

see 
Fig.15 

F i g u r e 16, C o n s t r u c t i o n of pAD2-l.exp3 and pAD2-l,exp4 (see t e x t 
f o r d e t a i l s ) . 

= ribosome binding s i t e of the phage Xcll gene. 
Other symbols are used as i n F i g , 14. Plasmids pAD2-l.exp3(+) and 
pAD2-l.exp4(+) co n t a i n the cDNA i n s e r t s i n the c o r r e c t o r i e n t a t i o n 
f o r e x p r e s s i o n . 
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n u c l e a s e . pAD2-l was r e s t r i c t e d with BamHI and t r e a t e d with T4 DNA 
polsonerase i n the presence of dTTP. The DNA fragments were b l u n t -
ended w i t h mung-bean nuclease and then t r e a t e d with a l k a l i n e phos­
phatase. The blunt-ended pAD2-l i n s e r t was l i g a t e d i n '\'20-fold molar 
excess to the mung-bean n u c l e a s e - t r e a t e d pASl. The l i g a t i o n products 
were used to transform competent c e l l s of E.coZi N99AeI* and 
E<^,coH- N99AcI857 to a m p i c i l l i n r e s i s t a n c e . 5 out of 40 of the 
N99XeI857 transformants and 22 out of 198 of the N99XcI^ t r a n s -
formants were p o s i t i v e i n a colony h y b r i d i s a t i o n screen with a 
^ ^ P - l a b e l l e d pAD2-l probe. H i n d i I I d i g e s t i o n of the plasmids from 
the p o s i t i v e c l o n e s , followed by agarose g e l e l e c t r o p h o r e s i s , 
i n d i c a t e d t h a t 2 of the N99AeI857 and 11 of the N99XeI^ plasmids 
contained the i n s e r t i n the r i g h t o r i e n t a t i o n f o r expression. 
Samples of plasmids obtained from these 11 N99XcI^ clones were t r a n s ­
f e r r e d i n t o N99AeI857 c e l l s . S i n c e the enzymic r e a c t i o n s used i n 
the c o n s t r u c t i o n of these plasmids were more error-prone than those 
used i n the c o n s t r u c t i o n s i n v o l v i n g s t r a i g h t forward subcloning v i a 
cohesive t e r m i n i , c e l l s harbouring the 13 plasmids with the pAD2-l 
i n s e r t i n the appropriate o r i e n t a t i o n f o r v i c i l i n expression were 
immunologically screened in situ f o r the production of v i c i l i n . 
Only one plasmid appeared to d i r e c t h i g h - l e v e l s y n t h e s i s of a pro­
t e i n which r e a c t e d with the a n t i v i c i l i n antibody; i t was designated 
pAD2-l.exp4(+). One of the plasmids with the i n s e r t i n the opposite 
o r i e n t a t i o n was designated pAD2-l,exp4(-). 

3.4.5. pAD3-4.expl. 

Fo r the c o n s t r u c t i o n of pAD3-4,expl, a v i c i l i n cDNA encoding a 
c l e a v a b l e 3 : Y e n d o p r o t e o l y t i c s i t e was i n s e r t e d i n t o the BamHI 
s i t e of pASl. The c o n s t r u c t i o n i s shown i n Fig.17. Since the 
only v i c i l i n cDNA encoding a c l e a v a b l e p r o c e s s i n g s i t e , pAD3-4, 
lacked some 3'-proximal coding sequence (see F i g . l l ) , an essen­
t i a l l y f u l l - l e n g t h , h y b r i d cDNA c o n s i s t i n g l a r g e l y of pAD3-4 was 
c o n s t r u c t e d as shown i n Fig.17 (see F i g . 7 f o r d e t a i l e d r e s t r i c t i o n 
maps of the v i c i l i n cDNAs). 

A 1353 bp S a i l - B s t E I I fragment, a 102 bp BstEII-HphI f r a g ­
ment and a 288 bp HphI fragment were i s o l a t e d on an agarose gel 
from r e s t r i c t i o n d i g e s t s of pAD3-4, pDUB4 and pDUB2 r e s p e c t i v e l y . 
The 1353 bp and 288 bp fragments were t r e a t e d with a l k a l i n e phosphatase. 
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F i g u r e 17. Co n s t r u c t i o n of pAD3-4,expl (see t e x t f o r d e t a i l s ) 
= v i c i l i n cDNA i n s e r t s i n pAD3-4 and pDUB4 (overlapping 

•J cDNAs from the same gene - see s e c t i o n 3,2,7), The 0:y 
cleavage s i t e encoded by pAD3-4 i s i n d i c a t e d by a dotted 
arrow. 

= v i c i l i n cDNA i n s e r t i n pDUB2 

B = BamHI; E = B s t E I I ; F = HphI; S = S a i l , 
Other symbols are used as i n Fig,16, pAD3-4.expl(+) contains the 
hy b r i d cDNA i n s e r t i n appropriate o r i e n t a t i o n f o r expression, 
TKe alii-Acf\o<n s of He. fraw sUf ional r-«.aciii%^ froLY^es of Hie cI>A/(R inserts 
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l i g a t e d i n approximately equimolar q u a n t i t i e s to the 102 bp fragment, 
and then c l e a v e d with BamHI. (N,B, Because the HphI cleavage s i t e 
i s removed from the r e c o g n i t i o n sequence, only one terminus of the 
288 bp HphI fragment was compatible with the HphI terminus on the 

102 bp B;stElI-HphI fragment see F i g , 1 7 ) , The r e s u l t i n g t r i -
h y b r i d 1447 bp BamHI fragment was p u r i f i e d on an agarose g e l and 
l i g a t e d to an estimated 3 - f o l d molar excess of phosphatase-treated, 
BamHI-linearised pASi, E.ooli N99XcI^ was transformed to a m p i c i l l i n 
r e s i s t a n c e w i t h the l i g a t i o n products. Out of 1600 c o l o n i e s screened 
by colony h y b r i d i s a t i o n to a ^ ^ P - l a b e l l e d pAD3-4 i n s e r t probe, 3 
p o s i t i v e s were scored. Combined d i g e s t i o n with S a i l and Xbal, 
followed by agarose g e l e l e c t r o p h o r e s i s , showed th a t a l l 3 p l a s ­
mids had the i n s e r t i n the opposite o r i e n t a t i o n to the d i r e c t i o n of 
t r a n s c r i p t i o n . One of the 3 plasmids, designated pAD3-4.expl(-), 
was s e l e c t e d f o r f u r t h e r work. To confirm t h a t the hybrid i n s e r t 
had been c o r r e c t l y assembled, cleavage s i t e s f o r Xbal, B s t E I I and 
B g l l l were mapped on the i n s e r t and were found to be c o n s i s t e n t 
with the expected r e s t r i c t i o n p a t t e r n . 

The h y b r i d i n s e r t of pAD3-4,expl{-) was e x c i s e d with BamHI 
and r e c l o n e d i n t o a 'V'3-fold molar excess of phosphatased, BamHI-
l i n e a r i s e d pASl. Competent c e l l s of E.ooli N99Ac?I857 and N99Xel'*' 
were transformed to a m p i c i l l i n r e s i s t a n c e with the l i g a t i o n prod­
u c t s . 72 N99A(3I857 transformants were obtained and were immuno­
l o g i c a l l y screened 'In situ f o r the production of v i c i l i n . None 
of the transformants produced any p r o t e i n which reacted with the 
a n t i v i c i l i n probe. However, i n a p a r a l l e l colony h y b r i d i s a t i o n 
s c r e e n with a ^ ^ P - l a b e l l e d pAD3-4 i n s e r t probe, 62 p o s i t i v e s were 
scored out of the 72 N99XCI857 transformants. Plasmid DNA from 8 
randomly s e l e c t e d transformants which h y b r i d i s e d to the pAD3-4 
probe was d i g e s t e d with Xbal and S a i l to determine the o r i e n t a ­
t i o n of t h e i r i n s e r t s . Agarose g e l e l e c t r o p h o r e s i s showed that a l l 
8 plasmids contained the i n s e r t i n the wrong o r i e n t a t i o n f o r 
ex p r e s s i o n , i , e , they were i d e n t i c a l to pAD3-4,expl(-), Presum­
ably, the remainder of the 62 p o s i t i v e clones a l s o contained the 
i n s e r t i n the wrong o r i e n t a t i o n . Out of 44 N99XcI^ transformants 
probed w i t h a ̂ ^ P - l a b e l l e d pAD3-4 i n s e r t probe, 34 p o s i t i v e s were 
scored, 3 out of 8 randomly chosen p o s i t i v e clones were shown to 
c o n t a i n plasmids which had the i n s e r t i n the c o r r e c t o r i e n t a t i o n f o r 
ex p r e s s i o n . One of the three plasmids was designated pAD3-4,expl(+), 
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3.4.6. pAD3-4.exp2(+). 

The c o n s t r u c t i o n of pAD3-4.exp2(+) involved e s s e n t i a l l y the 
replacement of the 5' terminus of the hybrid i n s e r t i n pAD3-4.expl(+) 
by the 5' terminus of the pAD2-l cDNA, thus removing the v i c i l i n 
s i g n a l peptide sequence present i n the pAD3-4 cDNA. The construc­
t i o n i s shown s c h e m a t i c a l l y i n Fig.18. Plasmid pAD3-4.expl(+) was 
r e s t r i c t e d w i t h Xbal and S a i l , and the 1197 bp fragment was p u r i ­
f i e d on an agarose g e l . pAD2-l.exp3(+) was s i m i l a r l y r e s t r i c t e d 
with Xbal and S a i l . The 6079 bp fragment generated was p u r i f i e d 
on an agarose g e l , phosphatased, and l i g a t e d i n 3-fold molar excess 
to the 1197 bp fragment from pAD3-4.expl(+). The l i g a t i o n products 
were used to transform E.coliNBdXal'^ to a m p i c i l l i n r e s i s t a n c e . Since 
a d i r e c t i o n a l subcloning procedure was used and the proportion of 
recombinant plasmids formed was expected to be c l o s e to 100%, 
the u s u a l colony h y b r i d i s a t i o n screen was omitted. Plasmid DNA 
from 8 randomly chosen transformants was digested with S a i l and 
Xbal, and analysed by agarose g e l e l e c t r o p h o r e s i s which showed 
t h a t a l l 8 plasmids contained r e c o n s t i t u t e d Xbal and S a i l s i t e s i n 
the expected p o s i t i o n s . One of these plasmids was designated 
pAD3-4.exp2(+) ; i t e f f e c t i v e l y c o ntains a 1394 bp t e t r a h y b r i d , 
v i c i l i n cDNA i n s e r t comprising fragments o r i g i n a l l y derived from 
pAD2-l(476 bp), pAD3-4(453 bp), pDUB4(102 bp) and pDUB2(263 bp). 

3.5. E x p r e s s i o n of V i c i l i n Genes i n E.ooli. 

3.5.1. D e t e c t i o n of Sy n t h e s i s e d V i c i l i n by in situ Colony Immunoassay. 

Four d i f f e r e n t Aclts857 lysogens, transformed with each of 
the v i c i l i n e x p r e s s i o n plasmids, were screened in situ f o r v i c i l i n -
s p e c i f i c a n t i g e n i c determinants by r e a c t i o n with a n t i v i c i l i n IgG 
as p r e v i o u s l y d e s c r i b e d ( s e c t i o n s 2.2.24 and 2.2.25). The r e s u l t s 
( F i g .19) show that a l l the exp(+) plasmids with the exception of 
pAD2-l.exp2(+), d i r e c t e d the s y n t h e s i s of p r o t e i n s which reacted 
w i t h the antibody. The r e l a t i v e e f f i c i e n c i e s of expression were 
pAD2-l.expl(+) » pAD2-l.exp4(+) ~pAD3-4.expl(+) >pAD3-4.exp2(+) 
>pAD2-lexp3(+). Negative c o n t r o l s (exp(-) plasmids) did not pro­
duce any d e t e c t a b l e v i c i l i n . The best host s t r a i n s appeared to be 
K12AHlAtrp and N99XCI857, 
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B_ XbQ I , SqI I , phosphatase 
XbQl 

Sal I 

T4 DNA 

ligase 

F i g u r e 18. C o n s t r u c t i o n of pAD3-4.exp2(+) (see t e x t for d e t a i l s ) . 
Symbols are as used i n F i g s . 15 and 17. pAD3-4.exp2(+) contains 
the h y b r i d v i c i l i n cDNA i n the c o r r e c t o r i e n t a t i o n f o r expression. 
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FIGURE 19, De t e c t i o n of v i c i l i n s y n t h e s i s by colony immunoassay. 
,o. A f t e r i n d u c t i o n at 42 C f o r 2,5hr, 

r a b b i t , a n t i v i c i l i n IgG. 
Lysogenic s t r a i n s used as h o s t s : 
A and E = K12AHlA*rp; 

the c o l o n i e s were r e a c t e d with 

B = SG4044{pcI857}; 
C = N99XCI857; D = N5151 ( C I 8 5 7 ) , 
Plasmids: 
lA - ID = pAD2-l e x p l ( + ) ; I E = pAD2-l.expl( -) 
2A - 2D = pAD2-l exp2(+); 2E = pAD2-l,exp2( -) 
3A - 3D = pAD2-l exp3(+); 3E = pAD2-l,exp3( -) 
4A - 4D = pAD2-l exp4(+); 4E = pAD2-l,exp4( -) 
5A - 5D = pAD3-4 e x p l ( + ) ; 5E = pAD3-4,expl( -) 
6A - 6D = pAD3-4 exp2(+). 

FIGURE 20, O p t i m i s a t i o n of c o n d i t i o n s f o r the i n d u c t i o n of v i c i l i n 
s y n t h e s i s in E:. aoti K12MllAtrp. A : e l e c t r o p h o r e s i s of b a c t e r i a l c e l l 
e x t r a c t s ( e q u i v a l e n t of 400yl of c u l t u r e per t r a c k ) on a 12,5% 
SDS-polyacrylamide g e l s t a i n e d w i t h Kenacid blue. Track 1 co n t a i n s 
30yg of p u r i f i e d v i c i l i n . E x t r a c t s of c e l l s transformed with 
pAD2-l.expl(+) ( t r a c k s 2^10) and pAD2-l.expl(-) ( t r a c k s 11,12) are 
shown. I n d u c t i o n procedures were as f o l l o w s 

TRACKS: 
2) induced at O.D 
3) 
4). induced at O.D 
5) 
6) induced at O.D 
7) 
8) induced at O.D 
9) 

10) uninduced; 
11) induced a t O.D 
12) uninduced. 

650 

650 

0.36, switched to 42 C; 
65 + 42 C (s e e s e c t i o n 3.5.2.); 

0.56, switched to 42 C; 
65 + 42 C; 

650 

650 

650 

= 0.72, switched to 42 C; 
65 + 42 C; 

=0.9 , switched to 42 C; 
65 + 42 C; 

= 0,64, switched to 42 C; 

Prominent bands found s p e c i f i c a l l y i n the induced exp(+) t r a c k s are 
i n d i c a t e d by arrows, 
B : Western b l o t of a d u p l i c a t e g e l r e a c t e d with a n t i v i c i l i n IgG, 
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3,5,2, Opti m i s a t i o n of Conditions f o r the Induction of V i c i l i n 
S y n t h e s i s . 

The s i z e s of the s y n t h e s i s e d v i c i l i n molecules were deter­
mined by SDS-PAGE a n a l y s i s of b a c t e r i a l c e l l e x t r a c t s and immuno­
assay of Western b l o t s . Before comparing the p r o t e i n s produced by 
d i f f e r e n t plasmids, i n d u c t i o n c o n d i t i o n s were optimised as fo l l o w s , 
A c u l t u r e of K12AHlAtep;cells harbouring pAD2-l.expl(+) was grown 
at 30°C and a l i q u o t s were withdrawn f o r in d u c t i o n at various c e l l 
d e n s i t i e s as i n d i c a t e d i n Fig.20. Induction was e f f e c t e d e i t h e r by 

o 
t r a n s f e r r i n g the c u l t u r e s d i r e c t l y to 42 C or by thorough mixing 
w i t h equal volumes of L broth prewarmed to 65°C, and then incubating 
at 42°C (henceforth r e f e r r e d to as the "65+42°C" procedure). 
A f t e r i n c u b a t i o n f o r 2.5hr at 42°C, t o t a l c e l l e x t r a c t s were sub­
j e c t e d to SDS-PAGE a n a l y s i s . New p r o t e i n bands of Mr '\'62000 and 
^48000 were d e t e c t a b l e by Kenacid blue s t a i n i n g i n the induced 
c u l t u r e s but not i n uninduced c e l l s or i n c e l l s transformed with 
p A D 2 - l . e x p l ( - ) ( F i g , 2 0 A ) . These bands were most prominent i n c e l l s 
induced a t O.D.-_-'s of 0.56 and 0.72 by the "65+42°C" procedure. 
Fig.20B shows a Western b l o t of a d u p l i c a t e g e l screened with a n t i ­
v i c i l i n IgG, The antibody r e a c t e d s t r o n g l y with p r o t e i n bands of 
'^^62000-^/r present s p e c i f i c a l l y i n the induced c e l l s harbouring 
pAD2-l,expl(+); there were a l s o weaker r e a c t i o n s with a number of lower Mr bands. The s t r o n g e s t r e a c t i o n was with p r o t e i n s from 
c e l l s induced at an O.D.^^„ of 0,72 by the "65+42°C" method, 1 

c o n d i t i o n s were adopted f o r a l l subsequent i n d u c t i o n s . 

3,5.3, Comparisons of V i c i l i n S y n t h e s i s D i r e c t e d by D i f f e r e n t 
Plasmids. 

E.ooZi N99XCI857 c e l l s harbouring the v a r i o u s v i c i l i n expression 
plasmids were induced as de s c r i b e d i n the ypreoeding s e c t i o n , and 
K12AHlAt;rp c e l l s harbouring pAD2-l. expl(+) and pAD2-l ,exp4(+) were 
s i m i l a r l y induced f o r comparison of the e f f e c t s of the host s t r a i n 
o n v i c i l i n s y n t h e s i s . The b a c t e r i a l p e l l e t s obtained from the 
N99XeI857 c u l t u r e s were n o t i c e a b l y s m a l l e r than the K12AHlAtrp 
p e l l e t s , and t h i s was r e f l e c t e d i n an a n a l y s i s of the t o t a l c e l l 
e x t r a c t s by SDS-PAGE (Fig,21A). The g e l shows th a t considerably 
l e s s p r o t e i n was recovered i n general from the induced N99XeI857 
c u l t u r e s compared to an uninduced c u l t u r e or to the induced 
K12AHlAt:rp c u l t u r e s . The only p r o t e i n band detected s p e c i f i c a l l y 
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FIGURE 2 1 . Comparisons o f v i c i l i n s y n t h e s i s by d i f f e r e n t e x p r e s s i o n 
p l a s m i d s . A : e l e c t r o p h o r e s i s o f b a c t e r i a l c e l l e x t r a c t s on a 15% 
SDS-polyacrylamide g e l s t a i n e d w i t h K e n a c i d b l u e . T r a c k 1 c o n t a i n s 
20yg o f p u r i f i e d v i c i l i n . E x t r a c t s o f b a c t e r i a l c e l l s ( e q u i v a l e n t 
o f 4 0 0 p l o f c u l t u r e per t r a c k ) t r a n s f o r m e d w i t h t h e f o l l o w i n g p l a s m i d s 
are compared. 

T r a c k : 
2) p A D 2 - l . e x p l ( + 
3) p A D 2 - l . e x p l ( + 
4) pAD2-l.exp2(+ 
5) pAD2-l.exp3(+ 
6) pAD2-l,exp4(+ 
7) pAD2-l.exp4(rf^ 
8) pAD3-4.expl(+ 
9) pAD3-4.exp2(+ 

10) p A D 2 - l . e x p l ( + 
11) p A D 2 - l . e x p l ( -

i n K12AHlAtrp 
i n N99XCI857 
i n N99Xel857 
i n N99AeI857 
i n K12AHlAtrp 
i n N99XCI857 
i n N99XeI857 
i n N99ACI857 
i n N99Ael857 
i n K12AHlAtrp 

i n d u c e d ; 
i n d u c e d ; 
i n d u c e d ; 
i n d u c e d ; 
i n d u c e d ; 
i n d u c e d ; 
i n d u c e d ; 
i n d u c e d ; 
u n i n d u c e d ; 
i n d u c e d . 

A 'v62000-Mr v i c i l i n f u s i o n p r o t e i n i s i n d i c a t e d by an arrow. 
B : Western b l o t o f a d u p l i c a g e g e l r e a c t e d w i t h a c t i v i c i l i n IgG. 
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i n t h e i n d u c e d c u l t u r e s was t h e ^'62000-Mr p r o t e i n i n c e l l s h a r ­
b o u r i n g p A D 2 - l . e x p l ( + ) . A d u p l i c a t e g e l was s u b j e c t e d t o Western 
b l o t t i n g and screened w i t h a n t i v i c i l i n IgG <Fig,21B). The a n t i b o d y 
r e a c t e d w i t h p r o t e i n s i n in d u c e d c e l l s t r a n s f o r m e d w i t h p A D 2 - l . e x p l ( + ) , 
pAD2-l.exp3(+) , pAD2-l.exp4(-f) and pAD3-4.expl(+) . The t e s t e d 
K12AHlAtrp h o s t c e l l s accumulated more ( 3 - 1 0 - f o l d ) v i c i l i n t h a n t h e 
N99XeI857 c e l l s t r a n s f o r m e d w i t h t h e same p l a s m i d s . 

No v i c i l i n was d e t e c t a b l e i n induced c e l l s h a r b o u r i n g pAD2-l.exp2(+), 
pAD3-4.exp2(+) and p A D 2 - l . e x p l ( - ) , o r i n uninduced c e l l s h a r b o u r i n g 
p A D 2 - l . e x p l ( + ) . The r e l a t i v e e f f i c i e n c i e s o f v i c i l i n s y n t h e s i s 
d i r e c t e d by t h e v a r i o u s p l a s m i d s were s i m i l a r t o t h a t observed i n 
t h e c o l o n y immunassay ( s e c t i o n 3.5.1.) and i s summarised i n Table 8 
t o g e t h e r w i t h t h e Mr's o f t h e s y n t h e s i s e d v i c i l i n s . 

The above e x p e r i m e n t was r e p e a t e d u s i n g K12AHlA^rp c e l l s as 
h o s t s f o r t h e e x p r e s s i o n p l a s m i d s . The g e l showed t h e expected 
presence o f t h e 'v.62000-A/r p r o t e i n s y n t h e s i s e d by pAD2 - l . e x p l ( + ) b u t 
ao . , o t h e r u nique bands were d e t e c t a b l e i n t h e induced c e l l s con­
t a i n i n g t h e o t h e r e x p r e s s i o n p l a s m i d s ( F i g . 2 2 A ) . The Western b l o t 
showed t h a t a l l t h e induced exp(+) p l a s m i d s except pAD2-l.exp2(+) 
d i r e c t e d t h e s y n t h e s i s o f p r o t e i n s which r e a c t e d w i t h t h e a n t i ­
v i c i l i n IgG (F4g. 2 2 3 ) . The y i e l d s o f b a c t e r i a - s y n t h e s i s e d v i c i l i n 
were e s t i m a t e d by comparison w i t h known amounts o f v i c i l i n samples 
and a r e i n d i c a t e d i n T a b l e 8. 

3.5.4. E f f e c t s o f Temperature on t h e Growth o f two E.coZi Lysogens. 

Fig . 23 shows t h e growth r a t e s o f K12AHlAtPp and N99AcI857 
o 

c e l l s , b o t h h a r b o u r i n g p A D 2 - l . e x p 4 ( + ) , when i n c u b a t e d a t 30 C 
and upon i n d u c t i o n by t h e "65+42°C" method (see S e c t i o n 3.5.2.). 

o 
B o t h c u l t u r e s d i s p l a y e d t y p i c a l l y s i g m o i d a l g r o w t h curves a t 30 C 
as d i d t h e K12AHlAtrp c u l t u r e a t 42°C, r e a c h i n g p l a t e a u s a t 
O.D. 's o f ' ^ ' l . l and 0.85 r e s p e c t i v e l y . By c o n t r a s t , t h e c e l l 
d e n s i t y o f t h e N99XcI857 c u l t u r e decreased s h a r p l y when i n c u b a t e d 
a t 42°C. A f t e r d r o p p i n g t o an O.D.g^^ o f '^^0.11, e x p o n e n t i a l 
g r o w t h was resumed r e a c h i n g a p l a t e a u o f O.D.g^^ -0.22. 
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T able 8. Summary o f c o n s t r u c t i o n s and p r o p e r t i e s o f v a r i o u s 
e x p r e s s i o n p l a s m i d s . 

Plasm'id C o n s t r u c t i o n 

Approx. 
Mr o f 
p r o d u c t 

Approx. 

p A D 2 - l . e x p l ( + ) 

MS2 
coding 

pAD2-1 cDNA 62000 1.0 

pAD2-l.exp2(+) 
^ W RBS' 

trimmed pAD2-1 cDNA 

pAD2-l.exp3(+) pAD2-1 cDNA 50000 0.2 

pAD2-l.exp4(+) 

Xcll 
RBS" 

trimmed pAD2-1 cDNA 50000 0.3 

pAD3-4.expl(+) 

X c I I 
RBS' 

1 
vicilin 
leader 

pA03-4 hybrid cDNA 47000 0.2 

pAD3-4.exp2(+) 

A c I I 
RBS' 

pAD3-4 hybrid cDNA 

B 1 Y 
47000 0.2 

a. R.E. = r e l a t i v e e f f i c i e n c y o f v i c i l i n s y n t h e s i s i n t h e b a c t e r i a . 
'V'25yg o f v i c i l i n p er ml o f c u l t u r e were s y n t h e s i s e d by pAD 2 - l . e x p l ( + ) 
as e s t i m a t e d by comparisons w i t h s t a n d a r d amounts o f p u r i f i e d v i c i l i n 
on a Western b l o t (see F i g . 22B). "Trimmed" cDNA r e f e r s t o t h e 
removal o f l i n k e r and s i g n a l p e p t i d e sequences f r o m t h e pAD2-l cDNA 
i n s e r t s so t h a t t h e N - t e r m i n a l codon o f mature v i c i l i n was p o s i t i o n e d 
a t t h e 5' t e r m i n u s o f t h e cDNA. H o r i z i o n t a l arrows over t h e v i c i l i n 
i n s e r t s i n d i c a t e t h e d i r e c t i o n o f t h e cDNA t r a n s l a t i o n a l r e a d i n g frame. 
e x p ( - ) c o n s t r u c t i o n s had t h e cDNAs i n t h e o p p o s i t e o r i e n t a t i o n . V e r t i c a l 
arrows i n t h e pAD3-4.expl(+) and pAD3-4.exp2(+) c o n s t r u c t s i n d i c a t e 
c l e a v a b l e s i t e s encoded by t h e cDNAs. 
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FIGURE 22. Comparisons o f v i c i l i n s y n t h e s i s by d i f f e r e n t e x p r e s s i o n 
p l a s m i d s m a i n t a i n e d i n s t r a i n K12AHlAt2?p. A: e l e c t r o p h o r e s i s o f 
b a c t e r i a l c e l l e x t r a c t s on a 12.5% SDS-polyacrylamide g e l s t a i n e d 
w i t h K e n a c i d b l u e . T r a c k s 1 , 2 and 3 c o n t a i n 5, 10 and 20 yg o f 
p u r i f i e d v i c i l i n r e s p e c t i v e l y . E x t r a c t s o f c e l l s ( e q u i v a l e n t o f 400vil 
o f c u l t u r e p e r t r a c k ) t r a n s f o r m e d w i t h t h e f o l l o w i n g p l a s m i d s are 
compared. 
Tr a c k : 

4) p A D 2 - l . e x p l ( + ) 
5) pAD2-l.exp2(+) 

6) pAD2-l.exp3(+) 
7) f)AD2-^.l.exp4(+) 
8) pAD3-4.expl(+) 
9) pAD3-4.exp2(+) 

10) p A D 2 - l . e x p l ( - ) 
11) p A D 2 - l , e x p l ( + ) 

i n d u c e d ; 
i n d u c e d ; 
i n d u c e d ; 
i n d u c e d ; 
i n d u c e d ; 
induced; 
induced; 

u n i n d u c e d . 

A 'V'62000-Mr v i c i l i n f u s i o n p r o t e i n i s i n d i c a t e d by an arrow. 
B:Western b l o t o f a d u p l i c a t e g e l r e a c t e d w i t h a n t i v i c i l i n IgG. 
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FIGURE 23. E f f e c t o f t e m p e r a t u r e on t h e g r o w t h o f two E.coH 
l y s o g e n s . C u l t u r e s were grown i n i t i a l l y a t 30 C; t h e n , at^O.D^^^ 
=0.66, a l i q u o t s were w i t h d r a w n and i n d u c e d by t h e "65 + 42 C" 
p r o c e d u r e (see s e c t i o n 3.5.2.). The O.D dropped i m m e d i a t e l y by 
'\'40% upon i n d u c t i o n . 

0 0 = O.D„_- o f s t r a i n N99Xel857 t r a n s f o r m e d w i t h pAD2-l.exp4(+). 
650 

X X = O.D^^- o f S t r a i n K12AElAtrp t r a n s f o r m e d w i t h pAD2-l.exp4(+) 
650 
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3.6. R e c o n s t r u c t i o n o f pAD2-l.exp2(+). 

The f a i l u r e o f pAD2-l.exp2(+) t o s y n t h e s i z e d e t e c t a b l e amounts 
o f v i c i l i n prompted t h e r e c o n s t r u c t i o n o f t h e p l a s m i d . I n t h i s 
r e c o n s t r u c t i o n , t h e vector-5'cDNA j u n c t i o n i n t h e o r i g i n a l con­
s t r u c t i o n was s u b c l o n e d i n t o t h e a p p r o p r i a t e segment o f p A D 2 - l . e x p l ( + ) , 
t h u s e f f e c t i v e l y r e p l a c i n g t h e XO P r e g i o n i n t h e o r i g i n a l p l a s m i d 

L LI 

w i t h t h e homologous r e g i o n f r o m p A D 2 - l . e x p l ( + ) . The r e c o n s t r u c t i o n 
i s shown s c h e m a t i c a l l y i n F i g . 2 4 . K12AHlAtrp c e l l s t r a n s f o r m e d 
w i t h t h e r e c o n s t r u c t e d p l a s m i d d i d n o t produce any v i c i l i n as 
judged by SDS-PAGE a n a l y s i s and immunoassay o f Western b l o t s . 
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I EcoR I , Bgl n EcoRI 
Bgin 

T4DNA 
ligase 

F i g u r e 24. R e c o n s t r u c t i o n o f pAD2-l.exp2(+) (see t e x t f o r d e t a i l s ) . 
O ther symBdls aJe as used i n F i g s . 14 and 15. The p l a s m i d c o n s t r u c t i o n 
was v e r i f i e d by r e s t r i c t i o n w i t h EcoRI and X b a l , f o l l o w e d by agarose 
g e l e l e c t r o p h o r e s i s . 
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4. DISCUSSION. 
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4.1. G e n e r a l Assessment o f Methods used f o r t h e C o n s t r u c t i o n o f 
th e cDNA L i b r a r y . 

S e v e r a l methods have been developed f o r t h e c o n s t r u c t i o n o f 
cDNA l i b r a r i e s ( f o r r e v i e w s see W i l l i a m s , 1981; M a n i a t i s et ol., 

1982; Forde, 1983a, b ) . I n t h e p r e s e n t work, a cDNA l i b r a r y was 
c o n s t r u c t e d from s i z e - f r a c t i o n a t e d cDNAs, s y n t h e s i s e d from pea 
c o t y l e d o n mRNAs, and c l o n e d i n t o t h e BamHI s i t e o f pBR322 u s i n g BamHI 
l i n k e r s . The i n i t i a l s c r e e n i n g o f t h e l i b r a r y was based on t h e 

R 
i n a c t i v a t i o n o f t h e t e t r a c y c l i n e r e s i s t a n c e (Tc ) gene i n t h e v e c t o r . 
An u n s a t i s f a c t o r y f e a t u r e o f t h e r e s u l t s o b t a i n e d was t h e s m a l l 

g 
p r o p o r t i o n o f t e t r a c y c l i n e - s e n s i t i v e (Tc ) cl o n e s scored among t h e 
a m p i c i l l i n - r e s i s t a n t (Ap ) t r a n s f o r m a n t s (see Tab l e 1 ) . Since t h e 

R R 
h i g h p e r c e n t a g e o f Ap .Tc c o l o n i e s o b t a i n e d must have a r i s e n from 
c e l l s w h i c h had been t r a n s f o r m e d w i t h e i t h e r r e c i r c u l a r i s e d o r 
o l i g o m e r i c p l a s m i d m o l e c u l e s , t h e s t r a t e g i e s adopted f o r m i n i m i z i n g 
t h e f o r m a t i o n o f these p l a s m i d s p e c i e s need t o be re-examined. 

One s t r a t e g y i n v o l v e d phosphatase t r e a t m e n t o f t h e v e c t o r 
t o p r e v e n t s e l f - l i g a t i o n . A l t h o u g h agarose g e l e l e c t r o p h o r e s i s 
o f t h e l i g a t i o n p r o d u c t s formed between t h e p h o s p h a t a s e - t r e a t e d 
pBR322 and t h e cDNA i n d i c a t e d t h e absence o f r e c i r c u l a r i s e d o r 
o l i g o m e r i c v e c t o r m o l e c u l e s , these m o l e c u l a r s p e c i e s were p r o b a b l y 
p r e s e n t i n q u a n t i t i e s t o o low t o be v i s u a l i s e d on t h e g e l b u t i n 
s u f f i c i e n t amounts t o y i e l d a h i g h background o f nonrecombinant 
t r a n s f o r m a n t s . I n c o m p l e t e l i n e a r i s a t i o n i n t h e i n i t i a l r e s t r i c ­
t i o n o f t h e pBR322 DNA may a l s o have c o n t r i b u t e d t o t h e presence o f 
t r a c e amounts o f nonrecombinant p l a s m i d m o l e c u l e s . A number o f 
t r i a l l i g a t i o n and t r a n s f o r m a t i o n e x p e r i m e n t s (Goodman and McDonald, 
1979; M a n i a t i s et- al. 31982) may be performed t o a s c e r t a i n t h a t t h e 
l i n e a r i s e d v e c t o r i s n o t co n t a m i n a t e d w i t h uncut DNA and t o m o n i t o r 
t h e e f f i c i e n c y o f t h e phosphatase t r e a t m e n t . The d i f f i c u l t y 
e x p e r i e n c e d i n t h i s work i n s c r e e n i n g f o r recombinant c l o n e s would 
s u p p o r t t h e s u g g e s t i o n t h a t such t r i a l e xperiments s h o u l d be made 
an i n t e g r a l p a r t o f t h e cDNA c l o n i n g p r o t o c o l . 

The a l t e r n a t i v e s t r a t e g y employed f o r r e d u c i n g t h e p r o d ­
u c t i o n o f nonrecombinant c l o n e s i n v o l v e d t h e r e c o v e r y o f c h i m a e r i c 
p l a s m i d m o l e c u l e s f r o m an agarose g e l p r i o r t o t r a n s f o r m a t i o n . 
Though t h i s p r o c e d u r e s h o u l d t h e o r e t i c a l l y have e x c l u d e d any 
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r e c i r c u l a r i s e d o r o l i g o m e r i c p l a s m i d s , i t proved t o be even l e s s 

s u c c e s s f u l t h a n t h e phosphatase t r e a t m e n t procedure. The presence 

o f c o n t a m i n a t i n g nonrecombinant m o l e c u l e s i n t h e DNA used f o r t r a n s ­

f o r m a t i o n may be e x p l a i n e d , a t l e a s t p a r t i a l l y , by t h e i n a b i l i t y 

o f agarose g e l e l e c t r o p h o r e s i s t o e f f e c t an a b s o l u t e s e p a r a t i o n o f 

DNA m o l e c u l e s . T h i s c o n t e n t i o n i s s u p p o r t e d by t h e f a c t t h a t when 

cDNA i n s e r t s , i s o l a t e d f r o m agarose g e l s , are l a b e l l e d t o h i g h 

s p e c i f i c a c t i v i t y and used t o probe Southern b l o t s , some h y b r i d ­

i s a t i o n t o v e c t o r f r a g m e n t s p r e s e n t on t h e b l o t s i s i n v a r i a b l y 

observed ( t h i s i s d i s c u s s e d i n more d e t a i l i n s e c t i o n 4.3). I t 

i s a l s o p o s s i b l e t h a t i n an e f f o r t t o maximize t h e y i e l d o f h y b r i d 

p l a s m i d s , some c o n t a m i n a t i o n by nonrecombinant p l a s m i d molecules 

o c c u r r e d i n t h e process o f r e c o v e r i n g t h e DNA from t h e g e l . 

An i m p o r t a n t f a c t o r w h i c h must have c o n t r i b u t e d t o t h e h i g h 
background o f nonrecombinant p l a s m i d s was r e c o g n i s e d o n l y a f t e r 
c o m p l e t i o n o f t h e c l o n i n g e x p e r i m e n t . Using t h e same procedure 
d e s c r i b e d i n s e c t i o n 2.2.10. f o r cDNA s y n t h e s i s , I.M. Evans ( p e r s . 
commun.) has c o n s i s t e n t l y found t h a t t h e y i e l d s o f d o u b l e - s t r a n d e d 
cDNA (ds-cDNA) were 20-30% o f t h e s t a r t i n g mass o f p o l y ( A ) ^ mRNA, 
Percentage y i e l d s o f s i m i l a r magnitude a r e a l s o r e p o r t e d by M a n i a t i s 
et aZ..V(1982). Thus, t h e maximum y i e l d s o f ds-cDNA s y n t h e s i s e d 
from Byg o f p o l y ( A ) ^ RNA would be 'vi.Syg which would be reduced 
t o < i y g a f t e r t h e r e c o v e r y o f s i z e - f r a c t i o n e d m o l e c u l e s f r o m an 
agarose g e l as c a r r i e d o u t i n t h i s work. C l e a r l y t h e r e f o r e , t h e 
c a l c u l a t e d r e c o v e r i e s o f t h e l-2Kb ('V'5yg) and >2Kb('\'2yg) cDNA s i z e 
c l a s s e s were o v e r - e s t i m a t e d . Consequently, i n t h e l i g a t i o n o f 
t h e cDNA t o t h e p l a s m i d v e c t o r , t h e v e c t o r must have been p r e s e n t 
i n 'V'lOx h i g h e r excess t h a n was e s t i m a t e d , i . e . i n 6 0 - 9 0 - f o l d 
m o l a r excess o v e r t h e cDNA. The use o f such a l a r g e excess o f 
t h e v e c t o r would o n l y have served t o i n c r e a s e t h e p r o p o r t i o n o f 
nonrecombinant m o l e c u l e s formed. B e a r i n g i n mind t h a t t h i s mis­
c a l c u l a t i o n would have had a g r e a t e r e f f e c t on t h e s t r a t e g y i n ­
v o l v i n g phosphatase t r e a t m e n t , and y e t t h a t s t r a t e g y proved t o be 
more e f f i c i e n t t h a n t h e i s o l a t i o n o f c h i m a e r i c plasmids from a g e l , 
i t may be conclu d e d t h a t t h e phosphatase t r e a t m e n t procedure i s 
more e f f e c t i v e i n m i n i m i z i n g t h e p r o d u c t i o n o f nonrecombinant 
t r a n s f o r m a n t s i n cDNA c l o n i n g . 
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Ah a d d i t i o n a l problem e n c o u n t e r e d i n s c r e e n i n g t h e l i b r a r y 
S 

was t h a t o n l y about h a l f o f t h e Tc t r a n s f o r m a n t s h y b r i d i s e d t o a 
c o t y l e d o n p o l y ( A ) * RNA probe. The o r i g i n s o f t h e plasmids which 
d i d n o t h y b r i d i s e t o t h e probe was n o t i n v e s t i g a t e d i n d e p t h , b u t 
t h e p o s s i b i l i t y t h a t t h e y were t r a n s c r i b e d from c o n t a m i n a t i n g 
rRNA m o l e c u l e s i n t h e p o l y ( A ) ^ RNA p r e p a r a t i o n can be d i s c o u n t e d 
s i n c e none o f t h e recombinant p l a s m i d s h y b r i d i s e d t o a c o t y l e d o n 
rRNA probe. I t i s p o s s i b l e t h a t t h e y arose from o l i g o m e r i c p l a s ­
mid forms w h i c h were s u b j e c t t o v a r i o u s m o l e c u l a r rearrangements 
o r d e l e t i o n s e f f e c t e d e i t h e r by enzymic r e a c t i o n s i-n vitro o r 
i n s i d e t h e b a c t e r i a l c e l l s . 

Out o f 59 mRNA-hybridising c l o n e s o b t a i n e d from one cDNA 
l i b r a r y , 39 (68%) were shown by co l o n y h y b r i d i s a t i o n s t o c o n t a i n 
l e g u m i n o r v i c i l i n cDNAs (Figs.4B and 4D), r e f l e c t i n g t h e f a c t t h a t 
t h e mRNA p o p u l a t i o n o f t h e d e v e l o p i n g seed i s h i g h l y e n r i c h e d f o r 
s t o r a g e p r o t e i n messages (Morton et a Z . . j l 9 8 3 ) . R e s t r i c t i o n map­
p i n g and DNA sequencing r e v e a l e d t h a t no f u l l - l e n g t h cDNA molecules 
had been c l o n e d and t h a t , i n a d d i t i o n , sequence a r t e f a c t s had been 
i n c o r p o r a t e d i n some o f t h e c l o n e s . 

The f a i l u r e t o o b t a i n f u l l - l e n g t h cDNAs was, i n f a c t , p a r t l y 
a f e a t u r e o f t h e c l o n i n g p r o c e d u r e used. T h i s procedure r e l i e s f o r 
second s t r a n d cDNA s y n t h e s i s on p r i m i n g by t h e h a i r p i n l o o p s t r u c ­
t u r e s a t t h e 3' end o f t h e f i r s t cDNA s t r a n d s . D i g e s t i o n o f t h e 
h a i r p i n l o o p s w i t h S I nu c l e a s e ( w h i c h must precede t h e i n s e r t i o n 
o f t h e cDNA i n t o t h e v e c t o r ) i n v a r i a b l y removes p o r t i o n s o f t h e 
cDNA c o r r e s p o n d i n g t o t h e extreme 5' end o f t h e mRNA. The use o f 
S I n u c l e a s e may e f f e c t f u r t h e r l o s s e s o f c l o n e d DNA sequences due 
t o t h e tendency o f t h e enzyme t o " n i b b l e " a t t h e t e r m i n i o f ds-DNA 
mo l e c u l e s ( Shenk et aX.^lQlS) and, when used i n h i g h c o n c e n t r a t i o n s , 
t o c l e a v e t r a n s i e n t l y s i n g l e - s t r a n d e d r e g i o n s caused by p a r t i a l 
d e n a t u r a t i o n o f ds-DNA ( L a t h e et al.,1983). I t i s p o s s i b l e t h a t 
o v e r - d i g e s t i o n w i t h S I nuc l e a s e may have caused t h e l o s s o f 3' 
sequences f r o m s e v e r a l o f t h e cDNAs; a l t e r n a t i v e l y , t h i s may a l s o 
have r e s u l t e d from i n c o m p l e t e second s t r a n d s y n t h e s i s f o l l o w e d 
by l e g i t i m a t e s i n g l e - s t r a n d e d s c i s s i o n o f t h e p r o t r u d i n g ends 
( F o r d e , 1983a). 

A l t e r n a t i v e methods f o r ds-cDNA s y n t h e s i s w h i c h o b v i a t e t h e 
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r e q u i r e m e n t f o r S I n u c l e a s e d i g e s t i o n have been developed. I n 
the s e methods, t h e 3' end o f t h e f i r s t s t r a n d i s t a i l e d w i t h dT 
(Rougeon et al.jl975) o r dC r e s i d u e s (Land et al.jl981), and t h e 
second s t r a n d i s t h e n s y n t h e s i s e d u s i n g an o l i g o ( d A ) o r o l i g o ( d G ) 
p r i m e r r e s p e c t i v e l y . A second s e t o f homopolymer t r a c t s i s a t t a c h e d 
t o t h e r e s u l t i n g d u p l e x DNA w h i c h i s t h e n annealed t o a p l a s m i d v e c t o r 
t a i l e d w i t h complementary n u c l e o t i d e r e s i d u e s . The main a t t r a c t i o n 
o f t h e s e p r o c e d u r e s and v a r i a t i o n s d esigned t o improve t h e c l o n i n g 
e f f i c i e n c i e s (Okayama and Berg, 1982; Heidecker and Messing, 1983) 
i s t h a t t h e y enable t h e c l o n i n g o f f u l l - l e n g t h cDNAs. 

However, homopolymer t a i l i n g c l o n i n g methods s u f f e r c e r t a i n : 
d i s a d v a n t a g e s compared t o t h e methods employing r e s t r i c t i o n enzjmie 
l i n k e r s : ( i ) t h e use o f l i n k e r s enables t h e cDNA i n s e r t t o be 
p r e c i s e l y e x c i s e d and hence e a s i l y p u r i f i e d w h i c h i s n o t always 
p o s s i b l e w i t h t h e t a i l i n g methods. Even when t h e p a r t i c u l a r t a i l ­
i n g s t r a t e g y used r e c o n s t i t u t e s r e s t r i c t i o n s i t e s at each end o f 
t h e i n s e r t e d DNA t h u s a l l o w i n g r e s e c t i o n o f t h e cDNA (e. g . V i l l a -
Komaroff et a Z . . j l 9 7 8 ) , t h e i n s e r t i s e x c i s e d w i t h t h e homopolymer 
t a i l s s t i l l a t t a c h e d . T h i s may p r e s e n t problems i f t h e l a b e l l e d 
cDNA i s used i n h y b r i d i s a t i o n e x p e r i m e n t s i n whi c h t h e t a r g e t DNA 
c o n t a i n s n u c l e o t i d e t r a c t s complementary t o t h e cDNA t a i l s . 
A n o t h e r p r o b l e m , o f w h i c h a t l e a s t one example i s known, i s t h a t 
t h e homopolymer t a i l s may prove r e f r a c t o r y t o enzymatic removal 
(Edens et al.^ 1982). ( i i ) Under t h e c o n d i t i o n s n o r m a l l y used 
f o r t h e t e r m i n a l t r a n s f e r a s e r e a c t i o n s , homopolymer t a i l s may be 
added a t i n t e r n a l n i c k s i n t h e ds-cDNA (Nelson and B r u t l a g , 1979) 
and may t h u s cause s e r i o u s l o s s e s o f cDNA sequences ( e . g . Kupper 
et a2.,_,.1981) . By c o n t r a s t , cDNA c l o n e s o b t a i n e d by t h e l i n k e r 
method s h o u l d t h e o r e t i c a l l y c o n t a i n i n s e r t s as l o n g as t h e s t a r t i n g 
ds-cDNA m a t e r i a l ( W i l l i a m s , 1981). ( i i i ) t h e i n f e c t i v i t y o f annealed 
r e c o m b i n a n t p l a s m i d s i s c o n s i d e r a b l y l o w e r t h a n t h a t o f c o v a l e n t l y 
c l o s e d ones, and c o n s e q u e n t l y , t h e l i n k e r methods r e q u i r e a much 
s m a l l e r amount o f mRNA t o g e n e r a t e a g i v e n number o f cDNA clone s 
( W i l l i a m s , 1981). 

I n v i e w o f t h e above c o n s i d e r a t i o n s , i t would seem d e s i r a b l e 
t o d e v e l o p a method f o r c l o n i n g f u l l f l e n g t h cDNAs which t a k e 
advantage o f t h e r e l a t i v e m e r i t s o f t h e l i n k e r methods. The f o l l o w i n g 
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c l o n i n g scheme i s t h e r e f o r e proposed : ( i ) s y n t h e s i z e t h e f i r s t 
CDNA s t r a n d on a p o l y ( A ) ^ mRNA t e m p l a t e by s t a n d a r d procedures 
( M a n i a t i s et al.,1982). ( i i ) A t t a c h l i n k e r s t o t h e cDNA-mRNA 
h y b r i d u s i n g a c o m b i n a t i o n o f T4 DNA l i g a s e and T4 RNA l i g a s e . 
( i i i ) h y d r o l y s e t h e mRNA w i t h a l k a l i and s y n t h e s i z e t h e second cDNA 
s t r a n d u s i n g E.ooli DNA polymerase 1. The l i n k e r s a t t a c h e d t o t h e 
3' end o f t h e f i r s t cDNA s t r a n d s h o u l d serve as a s u i t a b l e p r i m e r 
f o r second s t r a n d s y n t h e s i s . A l t e r n a t i v e l y , r e p l a c e t h e mRNA 
s t r a n d u s i n g t h e combined a c t i v i t i e s o f RNase H and E.ooli DNA 
polymerase ! (as i n Okayama and Berg, 1982). ( i v ) D i g e s t t h e l i n k -
e r e d ds-cDNA w i t h t h e a p p r o p r i a t e r e s t r i c t i o n enzyme t o generate 
c o h e s i v e t e r m i n i and l i g a t e i n t o a p h o s p h a t a s e - t r e a t e d p l a s m i d 
v e c t o r . 

The o n l y q u e s t i o n a b l e s t e p i n t h e o u t l i n e d procedure concerns 
t h e e f f i c i e n c y o f t h e l i g a t i o n o f l i n k e r s t o t h e cDNA-mRNA h y b r i d . 
However, t h e p r o p e r t i e s o f T4 DNA l i g a s e ( r e v i e w e d by E n g l e r 
and R i c h a r d s o n , 1982) suggest t h a t t h e enzjnne s h o u l d c a t a l y s e t h e 
b l u n t - e n d l i g a t i o n o f t h e l i n k e r s t o t h e DNA s t r a n d o f t h e h y b r i d . 
T4 RNA l i g a s e i s i n c l u d e d i n t h e l i g a t i o n r e a c t i o n s i n c e i t i s 
known t o s t i m u l a t e t h e a c t i v i t y o f T4 DNA l i g a s e on bl u n t - e n d e d 
DNA m o l e c u l e s a p p r o x i m a t e l y 2 0 - f o l d (Sugino et al. ,19713.) , and i s 
i t s e l f a c t i v e w i t h b o t h DNA and RNA s u b s t r a t e s (Sugino et al.,1977b; 
Brennan et aZ^.jl983; H a r r i s o n and Zimmerman, 1984). The sequence 
a r t e f a c t s e v i d e n t i n some o f t h e c h a r a c t e r i s e d c l o n e s w i l l be d i s ­
cussed l a t e r i n t h e c o n t e x t o f s p e c i f i c examples, b u t i t may be 
no t e d h e r e t h a t t h e i n c i d e n c e o f some o f these a r t e f a c t s may be 
reduced by t h e use o f methods w h i c h do n o t r e l y on s e l f - p r i m i n g 
f o r second s t r a n d cDNA s y n t h e s i s , 

4.2. A n a l y s i s o f Legumin cDNAs. 

Legumin cDNAs i n t h e c l o n e bank were i d e n t i f i e d by h y b r i d ­
i s a t i o n t o t h e cDNA i n s e r t f r o m pDUB3 ( f o r m e r l y pRC2.11.7.— Croy 
et at.,1982) and t h e sequences o f two o v e r l a p p i n g c l o n e s , pAD4-4 
and pADlO-5 were d e t e r m i n e d . The composite sequence o f pAD4-4 
and pADlO-5 extends over almost 90% o f t h e c o d i n g sequence o f a 
legu m i n a-6 s u b u n i t p a i r as w e l l as c o n t a i n i n g t h e 3' u n t r a n s l a t e d 
r e g i o n o f t h e message. A l i g n i n g t h e cDNA sequences w i t h t h e com­
p l e t e sequence o f a leg u m i n genomic c l o n e ( L y c e t t et al., 1984a) 
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shows t h a t t h e 5' t e r m i n u s o f pADlO-5 c o i n c i d e s w i t h t h e codon 
f o r t h e f o r t y - s e v e n t h amino a c i d r e s i d u e o f mature legumin. 

pAD4-4 and pADlO-5 are c o m p l e t e l y homologous i n t h e r e g i o n 
where t h e y o v e r l a p (550 bp) w i t h t h e e x c e p t i o n o f two n u c l e o t i d e 
s u b s t i t u t i o n s (see F i g . 1 0 ) , and i t was i n i t i a l l y u n c e r t a i n whether 
t h e s e mismatches r e f l e c t e d r e a l d i f f e r e n c e s between two legumin 
genes o r were due t o e r r o r s by r e v e r s e t r a n s c r i p t a s e d u r i n g cDNA 
s y n t h e s i s (see L y c e t t et aZ^ . j 1984b). However, comparisons w i t h t h e 
sequence f o r a complete legumin {,Zeg k) gene ( L y c e t t et aZ^. j 1984a) 
r e v e a l t h a t t h e pADlO-5 sequence i s c o m p l e t e l y homologous t o t h e 
sequence o f t h e leg.'A gene and i s p r o b a b l y , t h e r e f o r e , d e r i v e d 
from i t , whereas t h e pAD4-4 sequence d i f f e r s i n f i v e p o s i t i o n s from 
th e leg A sequence and i s l i k e l y t o have o r i g i n a t e d from a d i f ­
f e r e n t gene. Comparisons o f t h e pDUB3/pDUBl composite sequence 
(Croy et a L j l 9 8 2 ) w i t h t h e pAD4-4 and pADlO-5 sequences ( F i g . 10) 
i n d i c a t e t h a t pDUB3 and pDUBl were d e r i v e d from y e t another gene. 
The 3' u n t r a n s l a t e d r e g i o n o f pAD4-4 i s i d e n t i c a l t o t h a t o f 
pDUB3/l (N.B. t h i s r e g i o n i s m i s s i n g from t h e pADlO-5 cDNA). As 
d e s c r i b e d p r e v i o u s l y ( L y c e t t et aZ..^ 1983b), t h i s r e g i o n c o n t a i n s 
m u l t i p l e and o v e r l a p p i n g p o l y a d e n y l a t i o n s i g n a l sequences, b u t on 
th e e v i d e n c e o f t h e cDNA sequences o b t a i n e d t o d a t e , these do n o t 
g i v e r i s e t o v a r i a b i l i t y i n t h e p o l y a d e n y l a t i o n o f legumin messages. 

A s t r i k i n g d i f f e r e n c e between t h e pAD4-4 and pADlO-5 sequences 
on t h e one hand, and t h e pDUB3 sequence on t h e o t h e r i s t h e p r e ­
sence i n t h e f o r m e r o f t h r e e 54 bp d i r e c t r e p e a t s i n t h e r e g i o n 
c o d i n g f o r t h e legumin a - s u b u n i t whereas o n l y h a l f o f one r e p e a t 
sequence u n i t i s p r e s e n t i n t h e pDUB3 cDNA (see F i g . 1 0 ) . These 
r e p e a t s are i m p e r f e c t : t h e second r e p e a t u n i t c o n t a i n s an i n t e r ­
n a l h e x a n u c l e o t i d e d u p l i c a t i o n and thus, i n f a c t , comprises 60 bp; 
moreover, a p a r t f r o m t h i s i n t e r n a l d u p l i c a t i o n , t h e f i r s t and sec­
ond r e p e a t s are more s i m i l a r t o each o t h e r ('̂ -96% homology) than 
t o t h e t h i r d {'^^70% homology) . T h i s suggests t h a t t h e d u p l i c a t i o n 
e vent w h i c h gave r i s e t o t h e f i r s t and second r e p e a t s o c c u r r e d 
a f t e r an i n i t i a l d u p l i c a t i o n w h i c h gave r i s e t o t h e t h i r d r e p e a t . 

F i g . 2 5 compares t h e amino a c i d sequences deduced from t h e 
le g u m i n cDNAs w i t h t h e p a r t i a l p r o t e i n sequences d e t e r m i n e d a n a l y t ­
i c a l l y f r o m p u r i f i e d l e g u m i n s u b u n i t s ( d a t a t a k e n from L y c e t t et al.j 
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F i g u r e 25. Comparisons of p r o t e i n sequences p r e d i c t e d from the 
legumin cDNAs (see Fig.10) with p a r t i a l amino a c i d sequences d e t e r ­
mined d i r e c t l y from p u r i f i e d a - and B - subunits. The d i r e c t amino 
a c i d sequence data are taken from L y c e t t et a l . (1984b), and incl u d e 
9 r e s i d u e s (underlined) from the sequence of g l y c i n i n . Symbols are 
as used i n Fig.10 and blank spaces i n the a n a l y t i c a l l y determined 
p r o t e i n sequences i n d i c a t e unsequenced regions. I i n d i c a t e s that 
the N-terminus was determined d i r e c t l y . 
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1984b). There i s almost complete homology between the predicted 
and determined sequences which confirms that the cDNAs code for 
p r e c u r s o r s of the legumin subunits. Furthermore, i t can be 
seen t h a t the tandem repeats i n pAD4-4 and pADlO-5 do not d i s r u p t 
the t r a n s l a t i o n a l reading frame of the cDNA sequences, and thus 
give r i s e to three amino a c i d repeats i n the p r e d i c t e d p r o t e i n 
sequence. Each p r o t e i n repeat i s extremely h y d r o p h i l i c , con­
t a i n i n g a high proportion of b a s i c r e s i d u e s over the f i r s t h a l f 
of the repeat followed by a preponderance of a c i d i c r e s i d u e s . 
Though the r e l e v a n t region i n the legumin a c i d i c subunit has not 
been f u l l y sequenced, the a v a i l a b l e amino a c i d sequence data 
( L y c e t t et al., 1984b; Fig.25) confirms the presence of pa r t of 
these r e p e a t s . 

A fundamental q u e s t i o n a r i s e s as to whether the absence of 
the r e p e a t s from the pDUB3 cDNA r e f l e c t s genuine d i f f e r e n c e s 
between two types of legumin genes or whether i t i s a r t e f a c t u a l . 
I t i s known th a t s e v e r a l copies of the legumin genes e x i s t i n the 
pea genome — est i m a t e s range from three to four (Croy. e t a ^ . , 
1982) to at l e a s t seven ( S h i r s a t , 1984). Furthermore, Matta 
et at. (1981) have demonstrated that legumin a c i d i c subunits show 
s u b s t a n t i a l Mr v a r i a t i o n and are considerably more heterogeneous 
than the b a s i c s u b u n i t s . The decrease in/•^r.of/vBOOO r e s u l t i n g 
from the d e l e t i o n of the repeats i n pDUB3 c l o s e l y matches Mr 
d i f f e r e n c e s observed between the 35000 - 38500-Mr and 43000-Mr 
a c i d i c legumin subunits (Matta et a J . j l 9 8 1 ) . 

The extreme h y d r o p h i l i c i t y of the repeats suggests a l o c a t i o n 
on the s u r f a c e of the folded p r o t e i n , and i t i s conceivable that 
s i g n i f i c a n t v a r i a t i o n i n the s u r f a c e morphology of d i f f e r e n t 
s ubunits could be t o l e r a t e d without d i s r u p t i n g the core s t r u c t u r e 
of these p r o t e i n s . Moreover, there i s evidence t h a t t h i s region i n 
the legumin molecule i s s u b j e c t to v a r i a t i o n s i n c e the c o r r e s ­
ponding sequence i n soybean legumin (Nielsen,1984) comprises a 
s i n g l e copy of a sequence showing p a r t i a l homology to the pea 
legumin r e p e a t s . The above c o n s i d e r a t i o n s o r i g i n a l l y l e d us 
( L y c e t t et aZ.,1984b) to favour the view that the two types of 
legumin cDNAs represented t r a n s c r i p t s from d i f f e r e n t types of 
legumin genes, although the p o s s i b i l i t y that pDUB3 represented an 
a r t e f a c t could not be discounted. 
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To t r y and r e s o l v e t h i s ambiguity, r e p l i c a r e s t r i c t i o n d i g e s t s 
of pea, genomic DNA were probed with cDNA fragments corresponding 
r e s p e c t i v e l y to regions encoding the legumin b a s i c subunit, the 
repe a t s and the a c i d i c subunit region upstream from the repeat s . 
The r a t i o n a l e f o r t h i s experiment was that legumin gene fragments 
which l a c k e d the repeats ought to be i d e n t i f i a b l e by h y b r i d i s a t i o n 
to the a c i d i c and/or b a s i c subunit probes and concommitant absence 
of h y b r i d i s a t i o n to the probe f o r the repeats. The r e s u l t s showed 
t h a t a l l the bands which h y b r i d i s e d prominently to the a c i d i c and 
b a s i c subunit probes a l s o h y b r i d i s e d s t r o n g l y to the repeats probe 
(see F i g . 1 3 ) . T h i s suggests t h a t a l l the major legumin genes det­
e c t a b l e by Southern b l o t h y b r i d i s a t i o n to the legumin cDNAs do 
con t a i n the r e p e a t s . I t i s , n e v e r t h e l e s s , p o s s i b l e that c e r t a i n 
legumin genes were undetected by the cDNA probes used, and these 
may, or may not, c o n t a i n the r e p e a t s . Indeed, a 1.5 Kb H i n d i I I 
fragment (not d e t e c t a b l e under the condi t i o n s used by Croy et at,, 
1982) h y b r i d i s e d to the probes f o r the a c i d i c and b a s i c subunits 
at an i n t e n s i t y of MD.75 gene e q u i v a l e n t s (assuming that each of 

the four EcoRI fragments correspond to 'V'l gene equivalent 
Croy e t ; aZ.. J 1982) , and h y b r i d i s e d even more weakly to the probe 
f o r the r e p e a t s . T h i s r e s u l t suggests that the 1.5 Kb fragment i s 
l e s s homologous to the cDNAs than the gene fragments p r e v i o u s l y 
i d e n t i f i e d by Croy et dl. (1982), and furthermore, that that p a r t ­
i c u l a r fragment may l a c k a part of the repeat s . I n f a c t , p r e l i m­
i n a r y d a t a from the sequencing of d i f f e r e n t legumin genomic clones 
confirm t h a t the 1.5 Kb H i n d l l l fragment c a r r i e s a legumin pseudo-
gene ( p r e s e n t on the 'V'lS Kb EcoRI fragment i n a d d i t i o n to a normal 
legumin gene) which shows s i g n i f i c a n t sequence divergence from the 
other legumin genes and contains only pa r t of the repeats (R.Croy, 
p e r s . commun.). However, the o v e r a l l pDUB3 cDNA sequence i s hi g h l y 
homologous to that of the other legumin cDNAs, and the chromosomal 
gene from which i t was t r a n s c r i b e d would be expected to h y b r i d i s e 
s t r o n g l y w i t h the pAD4-4 and pADlO-5 cDNA probes used here. 

... Even i f :,, as i s suggested by. the present data, . a l l . the legunin 
chromosomal genes co n t a i n the re p e a t s , i t may s t i l l be argued that 
the pDUB3 cDNA a c c u r a t e l y represented the s t r u c t u r e of an mRNA 
molecule from which the repeats had been s p l i c e d out. The occur­
rence of a l t e r n a t i v e s p l i c i n g of primary t r a n s c r i p t s to generate 
d i f f e r e n t gene products has been documented i n animal and v i r a l gene 
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e x p r e s s i o n ( D a r n e l l , 1982 and r e f s . t h e r e i n ) , and C r a i k et ol.^ 
(1983) have p o s t u l a t e d the " s l i d i n g " of intron-exon j u n c t i o n s as a 
mechanism f o r generating sequence polymorphisms ; i n p r o t e i n f a m i l i e s . 
However, the occurrence of s i m i l a r processes i n the legumin genes 
i s u n l i k e l y s i n c e an examination of the sequences i n pAD4-4 and 10-5 
corresponding to the sequence mis s i n g from the pDUB3 cDNA ( F i g . l O ) 
does not r e v e a l the c h a r a c t e r i s t i c intron-exon boundaries which 
would be expected i f the deleted region c o n s t i t u t e d an optional exon 
tha t was s u b j e c t to d i f f e r e n t i a l ^ s p l i c i n g . However, we cannot 
dis c o u n t the p o s s i b i l i t y t h a t the sequence of the legumin gene from 
which pDUB3 was de r i v e d encodes the necessary s p l i c i n g s i t e s which 
could e f f e c t the d e l e t i o n of the sequences missing from that cDNA. 

On balance, the data suggest that the absence of the repeats 
from the pDUB3 cDNA i s an a r t e f a c t . The f a c t t h a t the deleted 
region i s bounded by i d e n t i c a l hexanucleotide sequences, GGCAGC 
(see F i g . l O ) suggests t h a t the d e l e t i o n may have a r i s e n from a 
recombination event i n the E.coti host used f o r cl o n i n g . A l t e r n a ­
t i v e l y , t r a n s i e n t b a s e - p a i r i n g during cDNA s y n t h e s i s may have 
e f f e c t e d the l o s s of an i n t e r n a l p o r t i o n of the mRNA sequence. 

R e s t r i c t i o n endonuclease an a l y s e s of the legumin clones 
i s o l a t e d from the cDNA l i b r a r y i n d i c a t e d that many (13 out of a 
t o t a l of 23) were s i m i l a r to pDUB3 i n that they a l s o appeared to 
l a c k the re p e a t s ( s e e s e c t i o n 3.2.4.). T h i s f i n d i n g appears, 
i n i t i a l l y , to be i n c o n s i s t e n t with the hypothesis that the absence 
of the re p e a t s from pDUB3 i s an a r t e f a c t . However, the f i n d i n g that 
a l l the new pDUB3-like clones appeared to contain i n s e r t s of the 
same length as the pDUB3 i n s e r t suggests that they may not be 
independent clones, but may, i n s t e a d , have a r i s e n from the inad­
v e r t e n t contamination by pDUB3 of the cDNA or vector (pBR322) DNA 
samples used f o r the c o n s t r u c t i o n of the present l i b r a r y . Sequencing 
of the 5' and 3' te r m i n i of one or more of the new pDUB3-like cDNA 
i n s e r t s should i n d i c a t e whether they are indeed i d e n t i c a l to pDUB3 
as i s suggested by the r e s t r i c t i o n mapping data, or whether they 
are independent clo n e s i n which case sequence d i f f e r e n c e s should be 
evident ( a t l e a s t ) i n the lengths of t h e i r poly(A) t a i l s . 

By analogy with the legumin genes, Hu et at. (1982) have 
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p r e v i o u s l y reported the occurrence i n a z e i n genomic clone of a 96bp 
tandem d u p l i c a t i o n which i s absent from two otherwise e x t e n s i v e l y 
homologous cDNAs. These workers noted the presence of consensus 
s p l i c i n g sequences near the j u n c t i o n s of each d u p l i c a t e d sequence, 
but a l s o pointed out t h a t s p l i c i n g at e i t h e r of these p u t a t i v e 
s i t e s would change the t r a n s l a t i o n a l reading frame of the gene 
l e a d i n g to premature termination of p r o t e i n s y n t h e s i s . Thus, i t 
remains u n c l e a r whether the observed d i f f e r e n c e s between the genomic 
and cDNA z e i n clones are genuine or a r t e f a c t u a l . 

Ah unexpected r e s u l t from the genomic b l o t was that a number 
of genomic fragments which h y b r i d i s e d weakly to the a c i d i c and b a s i c 
subunit probes h y b r i d i s e d r e l a t i v e l y s t r o n g l y to the probe fo r the 
r e p e a t s , and i n a d d i t i o n , c e r t a i n fragments h y b r i d i s e d e x c l u s i v e l y , 
a l b e i t weakly, to t h i s probe (see F i g . 1 3 ) . T h i s may be due p a r t l y 
to the f a c t t h a t the G + C content of the repeats probe (55%) 
was higher than t h a t of the probes f o r both the a c i d i c s (45%) 
and the b a s i c s ( 4 1 % ) . Thus although the h y b r i d i s a t i o n f i l t e r s 
were washed under i d e n t i c a l c o n d i t i o n s , the f i l t e r screened with 
the r e p e a t s probe was e f f e c t i v e l y washed at a lower string e n c y . A 
more i n t r i g u i n g p o s s i b i l i t y i s that sequences homologous to the 
r e p e a t s are present i n other p o s s i b l y nonlegumin, genes. The 

r e l a t i v e l y strong h y b r i d i s a t i o n of the 4.4Kb H i n d i I I fragment to 
the r e p e a t s probe (see Fig.13) a l s o r a i s e s the i n t e r e s t i n g p o s s i b ­
i l i t y t h a t a legumin gene c o n t a i n i n g more than three repeats i s 
borne on t h a t fragment. 

The 6.5 Kb EcoRI genomic fragment which h y b r i d i s e d e x c l u s i v e l y 
to the probe fo r the repeats probably corresponds to the 6.4 Kb 
EcoRI fragment present i n the ALEG3 genomic clone produced by 
S h i r s a t (1984). A genomic fragment of s i m i l a r s i z e was shown to 
h y b r i d i s e to a l a b e l l e d , 1.8 Kb ALEG3 subfragment c a r r y i n g the legumin 
gene sequence ( S h i r s a t , 1984). The 6.4 Kb genomic fragment was not 
apparently detected by Croy et at. (1982), and was s i m i l a r l y 
not d e t e c t e d i n the present work by probes f o r the a c i d i c and b a s i c 
s u b u n i t s . 

A noteworthy f e a t u r e of the genomic h y b r i d i s a t i o n s i s that 
the cumulative h y b r i d i s a t i o n i n t e n s i t y of the bands i n the H i n d l l l 
or Hindlll/BamHI t r a c k s i s apparently gre a t e r than that i n the EcoRI 
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t r a c k s . T h i s may r e f l e c t the i n e f f i c i e n c y with which the r e l a t i v e l y 
l a r g e EcoRI legumin fragments were t r a n s f e r r e d to the n i t r o c e l l u l o s e 
f i l t e r compared to the t r a n s f e r of the sm a l l e r H i n d l l l fragments. 
Thus the thr e e EcoRI fragments, each of >7 Kb, which appear to 
h y b r i d i z e with an i n t e n s i t y of 'v̂ l gene equivalent (Croy et at., 

1982), may i n r e a l i t y c a r r y more than one legumin gene. Indeed, as 
p r e v i o u s l y noted, the a n a l y s i s of genomic clones has i n d i c a t e d the 
presence, of a legumin pseudogene i n a d d i t i o n to a normal legumin 
gene on the '̂ 1̂3 Kb fragment (R.Croy, pers.commun.) . Tne a n a l y s i s 
of the s m a l l e r fragments i n the H i n d l l l and Hindlll/BamHI t r a c k s 
should t h e r e f o r e provide a more accurate e s t i m a t i o n of the legumin 
gene copy number. Comparing the i n t e n s i t i e s of the bands i n these 
t r a c k s to the i n t e n s i t y of the 4.2 Kb EcoRI fragment suggests the 
presence of at l e a s t seven legumin genes i n the pea genome which 
i s c o n s i s t e n t with the estimate of S h i r s a t (1984). 

4.3. A n a l y s i s of V i c i l i n cDNAs. 

Sc r e e n i n g of the cDNA bank f o r v i c i l i n cDNAs was complicated . 
by the f a c t t h a t very high backgrounds of n o n s p e c i f i c h y b r i d i s a t i o n 
were obtained i n colony h y b r i d i s a t i o n experiments using the then 
a v a i l a b l e v i c i l i n cDNA i n s e r t s from pDUB2 and pDUB4 ( L y c e t t et at., 
1983a) as probes (see F i g . 4C), S i m i l a r anomalous r e s u l t s with 
these two probes have been independently obtained i n t h i s l a b o r a ­
tory (R.Croy, J.Gatehouse pers.communs.), and both probes have 
been shown by Southern b l o t a n a l y s i s to h y b r i d i s e to pBR322 ( F i g . 
5 ) , but the reasons f o r t h i s are not understood. Contamination by 
ve c t o r sequences of the cDNA i n s e r t s recovered from agarose g e l s 
appears to be the most l i k e l y explanation s i n c e i t has been a s c e r ­
t a i n e d by computer-assisted comparisons of DNA sequences that the 
pDUB2 and pDUB4 i n s e r t s do not share any s i g n i f i c a n t homology with 
any r e g i o n i n pBR322 ( G . L y c e t t , pers.commun.). The apparent 
i n a b i l i t y of agarose g e l e l e c t r o p h o r e s i s to e f f e c t an absolute 
s e p a r a t i o n of DNA fragments has been noted p r e v i o u s l y ( s e c t i o n 4.1). 
However, i t i s not c l e a r whether the problem i s inherent i n the 
e l e c t r o p h o r e s i s process or whether i t i s due to the presence i n 
the r e s t r i c t e d DNA sample of p a r t i a l l y degraded vector fragments, 
some of which i n v a r i a b l y match the s i z e of, and hence comigrate 
wit h , the d e s i r e d i n s e r t . U s u a l l y , the l e v e l of contamination i s 
q u i t e low (e.g. i n the case of the legumin cDNAs) and does not . 
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i n t e r f e r e w i t h colony h y b r i d i s a t i o n r e s u l t s (see F i g . 4B), but i n 
the case of the pDUB2 and pDUB4 i n s e r t s , the contamination was, 
for unknown reasons, r e l a t i v e l y very high (see Pig.4C). The prob­
lem was not encovintered with a l l v i c i l i n cDNAs s i n c e the i n s e r t s 
from the subsequently i s o l a t e d v i c i l i n c l o n e s pAD2-l and pAD3-4, 
gave good r e s u l t s when used as probes i n colony h y b r i d i s a t i o n assays 
(e.g. F i g . 4 D ) . 

V i c i l i n cDNAs i n the clone l i b r a r y were i n i t i a l l y i d e n t i f i e d 
by Southern b l o t h y b r i d i s a t i o n to the pDUB2 and pDUB4 l a b e l l e d 
i n s e r t s ( s e e F i g . 5 ) . One of the cDNAs obtained was used to r e -
s c r e e n the l i b r a r y by colony h y b r i d i s a t i o n a t o t a l of 16 clones 
h y b r i d i s e d to that probe (Fig.4D; Table 7 ) . A number of these 
clones were f u r t h e r c h a r a c t e r i s e d by h y b r i d - r e l e a s e t r a n s l a t i o n 
( F i g . 9 ) , r e s t r i c t i o n mapping ( F i g . 7 ) and DNA sequencing ( F i g . 1 1 ) . 

C o n s i d e r a b l e homology, '^85%, was found between coding regions 
of the sequenced v i c i l i n c l o n e s . The cDNAs which encoded 50000-Mr 
sub u n i t s were more c l o s e l y homologous to each other than to a cDNA 
which encoded a 47000-Afr subunit. T h i s , and the f a c t that the 
cDNAs encoding 50000- and 4 7 0 0 0 ^ r subunits could be d i s t i n g u i s h e d 
by h y b r i d - s e l e c t e d t r a n s l a t i o n experiments (see F i g . 9 ) , suggests 
the e x i s t e n c e of s u b f a m i l i e s w i t h i n the v i c i l i n multigene family. 
I t i s noteworthy t h a t the d i f f e r e n t v i c i l i n cDNAs show more 
sequence v a r i a t i o n than the legumin cDNAs which, excluding the 
d e l e t i o n of the repeats i n c e r t a i n c lones, are t y p i c a l l y more than 
98% homologous. 

The cDNA which extended the f u r t h e s t towards the 5' end of 
the v i c i l i n mRNA, designated pAD3-4, encoded a 19 residue long 
s i g n a l peptide upstream from the N-terminus of a mature v i c i l i n 
s ubunit ( d i s c u s s e d i n s e c t i o n 4.4.2.) plus 342 amino ac i d s of a 
47000-Mr v i c i l i n subunit,but lacked '^^266 bp of 3' coding sequence 
and a l l of the 3' u n t r a n s l a t e d r e g i o n (see F i g . 1 1 ) . The 3' term­
i n a l 52 bp of pAD3-4 was completely homologous with the 5' end of 
another 47000-MT v i c i l i n cDNA, pDUB4 ( L y c e t t et at.,1983a); thus, 
these two clone s are thought to be derived from t r a n s c r i p t s of the 
same gene. 

Another v i c i l i n c l o n e , pAD2-l, encoded two r e s i d u e s of the 
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s i g n a l peptide, the e n t i r e sequence of a 50000-Mr subunit, and 
130 bp of the 3' u n t r a n s l a t e d region ( F i g . 1 1 ) . There was almost 
complete homology between a l a r g e p a r t of the pAD2-l sequence and 
that of another sequenced cDNA, pAD7-13 : only 2 nucleotide sub­
s t i t u t i o n s were found i n an overlapping region of 1360 bp (see F i g . 
12). T h i s i n d i c a t e s t h a t the cDNA i n s e r t s i n pAD2-l and pAD7-13 
were d e r i v e d e i t h e r from very s i m i l a r ( a l l e l i c ? ) genes or from a 
s i n g l e gene, the observed mismatches being the r e s u l t s of i n a c c u r a t e 
copying by r e v e r s e t r a n s c r i p t a s e which i s known to be error-prone 
(Gopinathan e t at.,1979). Outside the ex t e n s i v e regions of homo­
logous sequences, s i g n i f i c a n t sequence divergences were apparent 
at both the 5' and 3' t e r m i n i of the pAD2-l and 7-rl3 c l o n e s . The 
occurrence of these sequence d i f f e r e n c e s does not c o n t r a d i c t the 
suggestion t h a t the two cDNAs were de r i v e d from the same gene s i n c e , 
as d i s c u s s e d below, the d i f f e r e n c e s at the 5' ends of the clones 
probably r e f l e c t a c l o n i n g a r t e f a c t i n the pAD7-13 cDNA, whereas 
the sequence divergence a t the 3' te r m i n i appears to have a r i s e n 
from d i f f e r e n t i a l p o l y a d e n y l a t i o n of the primary mRNA t r a n s c r i p t s 
( d i s c u s s e d i n s e c t i o n 4.3.1.). 

The 430 bp sequence a t the 5' end of the pAD7-13 cDNA con­
s i s t s of an i n v e r t e d repeat (absent from pAD2-l) of an i n t e r n a l 
s t r e t c h of sequence (see F i g . 1 2 ) . S i m i l a r i n v e r t e d sequences have 
been p r e v i o u s l y reported i n numerous cloned cDNAs (e.g. Fagan et at., 
1980; V o l c k a e r t e t at., 1981; Weaver e t a Z . j l 9 8 1 ; Geraghty e t at., 
1982; Rasmussen . e t at., 1983). These i n v e r s e repeats are thought 
to be a r t e f a c t s of cDNA c l o n i n g r e s u l t i n g e i t h e r from the f i r s t 
cDNA s t r a n d "looping back" on i t s e l f during the r e v e r s e t r a n s ­
c r i p t a s e r e a c t i o n , or from the " s l i p p a g e " of the h a i r p i n loop during 
second s t r a n d s y n t h e s i s . (Thte reader i s r e f e r r e d to Fagan e t at. 
(1980) f o r d e t a i l s of these mechanisms). The resemblance of the 
pAD7-13 i n v e r s e repeat to the p r e v i o u s l y reported examples, plus 
the f a c t t h a t i t c o n t a i n s seven in-phase stop codons and has no 
homology wi t h the corresponding regions i n other v i c i l i n clones, 
s t r o n g l y suggests t h a t i t i s an a r t e f a c t . 

R e s t r i c t i o n mapping and p r e l i m i n a r y sequence data from another 
v i c i l i n cDNA, pAD6-ll, i n d i c a t e d that i t too shared an eistensive 
r e g i o n of sequences i d e n t i c a l to the pAD2-l and pAD7-13 sequences, 
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but t h a t i t probably a l s o contained an a r t e f a c t u a l 5' i n v e r s e 
repeat s i m i l a r to,but d i f f e r e n t from, that seen i n pAD7-13 Csee 
F i g . 7 ) . No other v i c i l i n cDNAs were sequenced, but r e s t r i c t i o n map­
ping a n a l y s e s showed t h a t a number of clones which h y b r i d i s e d to the 
^ ^ P - l a b e l l e d pAD2-l i n s e r t belonged to four a d d i t i o n a l c l a s s e s . 
Thus, i n c l u d i n g the p r e v i o u s l y d e s c r i b e d pDUB2 and pDUB4 i n s e r t s 
( L y c e t t et a Z . ^ 1 9 8 3 a ) , the p r e s e n t l y c h a r a c t e r i s e d v i c i l i n cDNAs 
(r e p r e s e n t e d by pDUB2, pAD3-4, 2-1, 5-4, 5-r5, 7-3 and 7-5) appear 
to be d e r i v e d from at l e a s t seven d i s t i n c t v i c i l i n genes. When 
these cDNAs are al i g n e d on the b a s i s of common r e s t r i c t i o n s i t e s 
(see F i g , 7 ) , one of them pAD7-3, appears to extend f u r t h e r than 
any of the sequenced clones towards the 5' end of the v i c i l i n mRNA. 
I f t h i s p r e l i m i n a r y observation i s confirmed by more d e t a i l e d r e s ­
t r i c t i o n mapping, then the sequencing of that clone should give 
more information on the s t r u c t u r e of the v i c i l i n s i g n a l peptide 
(see s e c t i o n 4.4.2.), and the 5' end of the v i c i l i n mRNA. 

4.3.1. S t r u c t u r a l Polymorphism i n the 3' Untranslated Regions of 
V i c i l i n cDNAs• 

The 3' noncoding sequence of pAD2-l i s i d e n t i c a l to that of 
pAD7-13 except t h a t i t extends i n t o a 31 bp A+T-rich region beyond 
the point a t which a poly(A) t a i l i s attached i n pAD7-13 (see F i g . 
11). The pAD2-l cDNA apparently l a c k s a poly(A) sequence, but 
s i n c e the mRNA template was i s o l a t e d on an Gligo(dT) column, and 
second s t r a n d cDNA s y n t h e s i s was primed by oli g o ( d T ) , a if)'oly(A) 
t a i l must o r i g i n a l l y have been present downstream from the cloned 
3' terminus. The d i f f e r e n c e s between the 3' noncoding sequences 
of the two cDNAs, t h e r e f o r e , s t r o n g l y suggest that a l t e r n a t i v e 
poly(A) a d d i t i o n s i t e s were used to terminate the t r a n s c r i p t s of 
the same, or two very s i m i l a r , v i c i l i n genes. Evidence f o r d i f ­
f e r e n t i a l p o l y a d e n y l a t i o n of primary t r a n s c r i p t s has been p r e v i o u s l y 
found i n z e i n cDNAs (Heidecker and Messing, 1983), hordein cDNAs 
(Rasmussen et a L j l 9 8 3 ) , AgvohaatevLum T-DNA genes (Dhaese et aZ., 
1983), and i n a number of animal cDNAs (e.g. T o s i et al.^ 1981; 
S e t z e r et at., 1982, E a r l y et a Z . j l 9 8 0 ) . The fu n c t i o n of t h i s 
mRNA heterogeneity i s not c l e a r i n most cases ( a s i n t h i s work), 
where the use of a l t e r n a t i v e poly(A) a d d i t i o n s i t e s a f f e c t s only 
the length of the 3' u n t r a n s l a t e d region and not the encoded pro­
t e i n , u n l i k e the s i t u a t i o n where one of the p o t e n t i a l poly(A) s i t e s 
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occurs w i t h i n the gene coding sequence and d i f f e r e n t i a l polyadeny­
l a t i o n l e a d s to the production of f u n c t i o n a l l y d i f f e r e n t p r o t e i n s , 
e.g. the membrane and s e c r e t e d forms of immunoglobulin y chains 
( E a r l y e t at.,1980). S t r u c t u r a l polymorphism i n the 3' untrans­
l a t e d r e g i o n might conceivably a f f e c t t r a n s p o r t of the processed 
mRNAs from the nucleus to the cytoplasm ( S e t z e r et at.,1982) and 
may have a r o l e i n the r e g u l a t i o n of gene expression by a f f e c t i n g 
the s t a b i l i t y of the t r a n s c r i p t s . 

S i n c e the po l y a d e n y l a t i o n of c e r t a i n v i c i l i n mRNAs may occur 
at a l t e r n a t i v e poly(A) s i t e s , i t might be i n s t r u c t i v e to examine 
the d i s t r i b u t i o n of p u t a t i v e polyadenylation s i g n a l sequences i n 
the 3' noncoding regions of the v i c i l i n c l o n e s . Various s t u d i e s 
( F i t z g e r a l d and Shenk, 1981; Montell e t at.,1983; Higgs e t at., 
1983) have shown th a t the h i g h l y conserved sequence AAUAAA, found 
11-30 n u c l e o t i d e s upstream from the p61y(A) t a i l i n most animal 
mRNAs (Proudfoot,1982) i s e s s e n t i a l f o r the formation of the 
mature 3' end of the message p r i o r to polyadenylation. However, 
sequence data from p l a n t genes suggest that the polyadenylation 
s i g n a l sequences i n p l a n t mRNAs are more v a r i a b l e than t h e i r 
animal counterparts;, both with r e s p e c t to the a c t u a l sequences i n ­
volved and i n t h e i r d i s t a n c e from the polyadenylation s i t e . 
Reported v a r i a t i o n s i n c l u d e point-mutated homologues of the 
AAUAAA sequence, and overlapping or separate repeats of the 
ar c h e t y p a l sequence, and many p l a n t genes appear to have the 
normal AATAAA sequence c l o s e to the stop codon w h i l e a v a r i a n t 
of i t occurs i n the more u s u a l p o s i t i o n ^-20 bp upstream from the 
poly(A) t a i l ( L y c e t t e t aZ.,1983b; Messing e t at.,1983; Dhaese 
e t at.,±983). Not s u r p r i s i n g l y , s e v e r a l p u t a t i v e polyadenylation 
s i g n a l s can be i d e n t i f i e d i n the 3' noncoding regions of the 
a v a i l a b l e v i c i l i n cDNAs. 

An AATAAA sequence precedes the poly(A) t a i l by 21 bp i n 
the pAD7-13 cDNA ( F i g . 1 1 ) and i s probably r e s p o n s i b l e f o r the 
s e l e c t i o n of the poly a d e n y l a t i o n s i t e i n that clone. However, i t 
may not be the major s i g n a l sequence s i n c e the pAD2-l cDNA i s 
apparently polyadenylated at a s i t e f u r t h e r downstream. I n both 
pAD7-13 and pAD2-l, the AATAAA sequence overlaps with a v a r i a n t 
of the consensus sequence to give AATGAATAAA which i s s i m i l a r to 
the minor p o l y a d e n y l a t i o n s i g n a l sequence, AATGAATATA, i n the octo-
pine synthase gene (Dhaese e t at.,1983). The pDUB2 cDNA a l s o has 
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an AATAAA sequence i n the same r e l a t i v e p o s i t i o n , but i t i s not 
known whether that sequence f u n c t i o n s as a polyadenylation s i g n a l 
s i n c e the cloned cDNA terminates only 13 bp f u r t h e r downstream 
and does not have a poly(A) t a i l . The composite sequence, AATGAATAAA, 
present i n pAD2-l and pAD7-13 i s not conserved i n pDUB2 where the 
f i r s t T i n t h a t sequence i s s u b s t i t u t e d by a G. The extent to 
which the s e l e c t i o n of a l t e r n a t i v e polyadenylation s i t e s i s a c t u a l l y 
i n f l u e n c e d by these p u t a t i v e s i g n a l s i s not known, but i n the 
case of pAD2-l and pAD7-13, i t seems l i k e l y that the primary 
t r a n s c r i p t s from which these clones were de r i v e d contained an 
a d d i t i o n a l s i g n a l sequence downstream from the point at which the 
pAD7-13 mRNA was polyadenylated. I t may be worthwhile to sequence 
the 3' terminus of the pAD6-ll i n s e r t , i n the event that i t was 
polyadenylated at the same s i t e as i n pAD2-l, to see Whether any 
a d d i t i o n a l 3'-proximal s i g n a l sequences are indeed present. 

The 3' u n t r a n s l a t e d sequences of the v i c i l i n cDNAs are l e s s 
conserved than the coding sequences. T h i s c o n t r a s t s with the 
f i n d i n g t h a t the 3' noncoding regions of the c o n g l y c i n i n (soybean 
v i c i l i n ) genes are more conserved than the coding regions ( S c h u l e r 
et a l . J 1982b), but i s s i m i l a r to the r e l a t i v e degrees of sequence 
c o n s e r v a t i o n found i n the genes of other c l o s e l y r e l a t e d p r o t e i n s 
i n c l u d i n g the g l o b i n genes of d i f f e r e n t s p e c i e s ( E f s t r a t i a d i s 
et al., 1980), the a c t i n genes of Drosophila (Fyrberg et al.j 

1981) , and the i n s u l i n genes of v a r i o u s s p e c i e s (Sorokin et al.j 

1982) , To e x p l a i n t h e i r unusual observation, Schuler et at. 

(1982b) suggested t h a t the requirement f o r a p a r t i c u l a r secondary 
s t r u c t u r e i n the 3' noncoding regions of the c o n g l y c i n i n mRNAs 
may have c o n s t r a i n e d t h e i r divergence. However, s i m i l a r con­
s t r a i n t s do not appear to have been imposed on the 3' u n t r a n s l a t e d 
r e g i o n i n pea v i c i l i n mRNAs. 

4.3.2. Amino Acid Sequences P r e d i c t e d from V i c i l i n cDNAs. 

Fig.26 shows a comparison of p r o t e i n sequences pr e d i c t e d from 
the v i c i l i n cDNAs with p a r t i a l and complete amino a c i d sequences 
determined from p u r i f i e d v i c i l i n subunits ( p r o t e i n sequence data 
from L y c e t t et a l . j 1 9 8 3 a ) . The e x t e n s i v e homology evident among 
the v i c i l i n cDNAs i s r e f l e c t e d by a high degree ("^80%) of amino a c i d 
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p^m-^ IKPLMLLAI AFLASyCVSS RSOQENPFIF KSNRFQTLYE NENGHIRLLQ KFDKRSfdFE HQNYRLLEY KSKPHTLFLP QYTDADFILV 
pAD2-l PQ.S K....F Q I . . . .H,...Y... 
a FQ 0 .. .ON... 
a + 6 I R " N . 

F V 0 D 
a + 3 + Y 
p^D3-4 VLSGKATLTV LKSNDRNSFN LERGOAIKLP A6S!AYF(WR tWEEPRtAD LAIPWKPGQ LOSFLLSGTQ NQKSSLSGFS f^ILEWFNT 
pAD2-l I PD T T...Ly L R N. ..QNY S... 

a T.. L DL R... .. 
S 

a + 3 T...L DL Q 
Y R N L S 

a + g + Y .F... .LP R... S... 

oC : 4 6 
p^D3-4 NYEEIEKVLL EQQEOEPQHR RSLKDRRffil NEEWIVKyS RDQIEELSKN AKSSSKKSMS SES6PFNLRS RNPIYSNKF6 KFFEITPEKN 
pAD2-l D EH.K.T K..OS Q L. .G T...6.. ...E G E 
pDUB2 DNA....I.. .EH.K.TH.. .G.R.K..OS Q.K KK R,E....K. SD OY K.. 

a / 6 I L 9^ R R D NS 
E N S 

a + 3 H G.R....OS Q.K E RR NY 
TH 6 SO 

Qi^+^+y D ... .. ... ...E....K. SD...; 
K . 

0 i Y 
pA03-4 QQLQDLDIFV Na/DIKUGSL IIPNYNSRAI ViyTWEGKG DFELVGQRNE NQ—GKEN DKEEEQ-EEET SKQVQLYRAK LSPGOVFVIP 
pAD2-l P E..E H OEQR..D .E...,G...I N....N.K.. ..S 
pDUB2 P Y.E..E... W..H .QGLRE.D .E....R.,.. KN...S.K.. .T 
6/Y E... .1 LVIW — . . . l { g . . . . -
a + p / Y ^ E... ........ ....| -
a + 6 + Y E H.... 
pAD3-4 AGHPVAllwS SDLWLIGFGI NAEfWEIWFL AGEEDNVISQ VERPVKEIAF P6SSHEV0RL 
pAD2-l LK.. .N.D.L.. 0 D IQ AQ....I LENQKQSHFA DAQPQQRERG SRETRDRLSS 
pDUB2 UR.. .N...L.. IQKQ..D.T. ...AQ Y.. N TR .Q.IKEHLY. 

? Y.. N...L...TR .Q.I 
L A 

a + 6 + Y . R.. .N.D D D ..Q.... .TR 

Y 

pAD2-l V 
pDU82 ILGAF 

F i g u r e 26. Comparisons of p r o t e i n sequences preducted from the v i c i l i n 
cDNAs (see F i g.11) with p a r t i a l and complete amino a c i d sequences 
dete.rrained d i r e c t l y from p u r i f i e d v i c i l i n subunits (a,B,Y.o'+B, a + 3 + Y — 
see F i g . 27 f o r the d e r i v a t i o n of these subunits. The d i r e c t amino a c i d 
sequence data are;: taken from L y c e t t e t a Z . ( 1 9 8 3 a ) . The sequence 
l a b e l l e d pAD3-4 comprises a composite pAD3-4/pDUB4 - derived amino 
a c i d sequence. 

I i n d i c a t e s t h a t the N- or C-terminus was determined d i r e c t l y . 
Other symbols are as used i n F i g . 25. I n place of the boxed H 
r e s i d u e down stream from the, B:Y cleavage s i t e i n the Y~subunit, 
Spencer e t at. (1984) determined a K re s i d u e which matches the sequence 
p r e d i c t e d by the pAD3-4 cDNA. A p o t e n t i a l g l y c o s y l a t i o n s i t e encoded 
by pAD3-4 i s o v e r l i n e d . 
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c o n s e r v a t i o n i n the overlapping regions of the p r e d i c t e d p r o t e i n 
sequences. The amino a c i d s u b s t i t u t i o n s which occur are g e n e r a l l y 
d i s p e r s e d throughout the sequences, but there are three "hot spots" 
w i t h i n which sequence d i v e r g e n c i e s are concentrated. 

Two occur i n the v i c i n i t i e s of p o t e n t i a l p r o t e o l y t i c cleavage 
s i t e s and are d i s c u s s e d i n s e c t i o n 4.4.2. The other occurs i n the 
C-terminal regions encoded by pAD2-l and pDUB2 (N.B. the pAD3-4/ 
pDUB4 sequence does not extend i n t o t h i s r e g i o n ) . The p r o t e i n 
sequence encoded by pDUB2 i s terminated at a phe r e s i d u e by a p a i r 
of tandem stop codons (see F i g . 1 1 ) . Though the i d e n t i c a l stop 
codons are present i n pAD2-l, the encoded p r o t e i n ends at a v a l x 
r e s i d u e four r e s i d u e s upstream from the p r e d i c t e d , pDUB2-encoded 
C-terminus of the p r o t e i n . The 17 amino a c i d s immediately pre­
ceding the tandem stop codons i n pAD2-l and pDUB2 contain 13 (77%) 
mismatches ( s e e F i g . 2 6 ) . D i r e c t amino a c i d sequencing has iden­
t i f i e d the g l u r e s i d u e which occurs t h i r t e e n r e s i d u e s upstream 
from the p a i r e d stop codons as the C-terminus of the 16000-Mr (y) 
v i c i l i n subunit ( L y c e t t et czZ^.j 1983aj F i g . 2 6 ) . T h i s suggests that 
C-terminal extensions may be removed p o s t - t r a n s l a t i o n a l l y from 
some v i c i l i n p r e c u r s o r s , assuming that the mature products of the 
pDUB2- and pAD2-l- encoded subunits have the same C-termini as 
the 16000-Mr subunit. 

The p r o t e i n sequence deduced from the pAD3-4 cDNA (Fig.26) 
c o n t a i n s an N-A-S sequence which i s a p o t e n t i a l s i t e f o r 
N - g l y c o s y l a t i o n ( S t r u c k et at.,\218). The f a i l u r e of d i r e c t 
p r o t e i n sequencing to i d e n t i f y the r e s i d u e o c c u r r i n g i n the 1 6 0 0 0 ^ r 
subunit i n the p o s i t i o n of the p r e d i c t e d asn (see Fig.26) suggests 
t h a t t h i s s i t e i s g l y c o s y l a t e d in vivo. P o t e n t i a l g l y c o s y l a t i o n 
s i t e s are completely absent from the other p r e d i c t e d p r o t e i n 
sequences, 

4.4. P r o t e o l y t i c P r o c e s s i n g of Pea Storage P r o t e i n s . 

4.4.1. Legumin. 

None of the a v a i l a b l e cDNAs extend f a r enough towards the 
N-terminus of the legumin subunit precursor to show the e x i s t e n c e 
of a s i g n a l peptide. However, the p r o t e i n sequence deduced from 
a legumin genomic clone ( L y c e t t et a Z . j 1 9 8 4 a ) showed that a 21 
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r e s i d u e - l o n g peptide which has a l l the c h a r a c t e r i s t i c s of a s i g n a l 
peptide (see von H e i j n e , 1983) precedes the N-terminus of the mature 
p r o t e i n . The presence of s i g n a l peptides has been demonstrated i n 
almost a l l the st u d i e d seed storage p r o t e i n s , and there i s evidence 
t h a t they are removed c o - t r a n s l a t i o n a l l y as the polypeptides are 
sequestered i n t o the endoplasmic r e t i c u l u m (reviewed by Gatehouse 
e t at.,1984; Higgins, 1984). 

Legumin polypeptide p r e c u r s o r s a l s o undergo p o s t - t r a n s l a t i o n a l 
e n d o - p r o t e o l y t i c cleavage to generate the a c i d i c ( a - ) and b a s i c ( 3 - ) 
subunits (Croy e t at. ,1980a.; Spencer and Higgins, 1980). The amino 
a c i d sequences p r e d i c t e d by pAD4-4 and pADlO-5 i n the v i c i n i t y of 
the cleavage s i t e are i d e n t i c a l to the p r e v i o u s l y published pDUB3/l -
encoded sequences (Croy e t at.,1982; see F i g . 2 5 ) . Croy e t a Z . ( 1 9 8 2 ) 
s p e c u l a t e d t h a t cleavage might occur at a p a i r of adjacent a r g i n i n e 
r e s i d u e s f i v e amino a c i d s upstream from the N-terminus of the b a s i c 

subunit by analogy with the p r o c e s s i n g of animal hormone pre­
c u r s o r s . I f th a t hypothesis i s c o r r e c t , then f u r t h e r p e p t i d o l y t i c 
p r o c e s s i n g would be r e q u i r e d to generate the N-terminus of the 
mature 3-s u b u n i t (Croyi e t at.,1984). A s i m i l a r mechanism i n v o l v i n g 
the removal of a short l i n k e r between the a c i d i c and b a s i c subunits 
of g l y c i n i n (soybean legumin) has subsequently been proposed 
( N i e l s e n , 1984). However, the r e c e n t determination of the C-terminal 
sequence of the pea legumin a c i d i c subunit ( L y c e t t e t aZ.j1984b; 
see Fig.25) shows t h a t i t extends to the asparagine residue adjacent 
to the N-terminus of the b a s i c subunit. T h i s data i n d i c a t e s that 
p o s t - t r a n s l a t i o n a l cleavage of legumin p r e c u r s o r s occurs at only a 
s i n g l e s i t e on the C-terminal s i d e of the asparagine residue w i t h i n 
the sequence R-R-Q-G-D-N-/G-L-E-E-T, and probably not at the pa i r e d 
R-R r e s i d u e s . 

4.4.2. V i c i l i n . 

Data from v a r i o u s in vitro t r a n s l a t i o n s t u d i e s have p r e v i o u s l y 
shown t h a t v i c i l i n p r e c u r s o r polypeptides contain a s i g n a l peptide 
at t h e i r N-terminus which, as with legumin, i s removed during 
t r a n s l o c a t i o n of the p r o t e i n across the endoplasmic reticulum mem­
brane (reviewed by Gatehouse e t a Z . j l 9 8 4 ) . C o n s i s t e n t with t h i s 
data, the cDNA i n pAD3-4 encodes a s i g n a l p e p t i d e - l i k e sequence 
(von H e i j n e , 1983) of 19 amino a c i d r e s i d u e s at i t s 5' terminus 
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( F i g . 2 6 ) . A p r e d i c t e d methionine occurs 15 r e s i d u e s upstream from 
the N-terminus of the mature subunit, but i t i s not c l e a r whether 
th a t methionine c o n s t i t u t e s the i n i t i a t i o n codon or whether t r a n s ­
l a t i o n of the pAD3-4 mRNA i s i n i t i a t e d at another methionine codon 
f u r t h e r upstream from the 5' terminus of the cloned cDNA, By way 
of comparison, p h a s e o l i n (French bean v i c i l i n ) contains a s i g n a l 
peptide of 21-26 r e s i d u e s (Slightom et a Z ^ . j l 9 8 3 ) , 

The p o s s i b i l i t y t h a t v i c i l i n subunits may undergo C-terminal 
p r o t e o l y t i c p r o c e s s i n g was noted e a r l i e r ( s e c t i o n 4,3.2.). Other 
p l a n t p r o t e i n s which are s u b j e c t to C-terminal p r o t e o l y s i s include 
thaumatin (Edens et a Z ^ . j l 9 8 2 ) and pea l e c t i n (Higgins et a Z . ^ 1983a) 
A 6 r e s i d u e - l o n g C-terminal peptide i s cleaved from the thaumatin 
p r e c u r s o r . T h i s peptide i s predominantly a c i d i c , i n c o n t r a s t to 
the o v e r a l l , h i g h l y b a s i c c h a r a c t e r of thaumatin, and may be i n ­
volved i n the compartmentalization and u l t i m a t e l y i n the s t a b i l i t y 
of the p r o t e i n (Edens et a l . j 1 9 8 2 ; Edens et a l . j 1 9 8 4 ) . Four 
C-te r m i n a l r e s i d u e s a l s o appear to be cleaved from the pea l e c t i n . 
The f u n c t i o n s of the C-terminal extensions i n the v i c i l i n s and the 
l e c t i n are unknown, but the occurrence of C-terminal processing 
of these p r o t e i n s i s c o n s i s t e n t with the l o c a l i z a t i o n of a 
carboxypeptidase i n the seed p r o t e i n bodies of Vigna radiata ' 

( H a r r i s and C h r i s p e e l s , 1975), assuming t h a t the terminal r e s i d u e s 
are removed s e q u e n t i a l l y r a t h e r than as an oligopeptide. 

I n a d d i t i o n to the removal of the N-terminal s i g n a l peptide 
aiid the p o s s i b l e removal of C-terminal extensions, v i c i l i n subxinits 
of Mr 'V '50000 are a l s o s u b j e c t to e x t e n s i v e endoproteolytic pro­
c e s s i n g . Unlike legumin where cleavage of a l l p r e c u r s o r s appears 
to be o b l i g a t o r y , only c e r t a i n ' V 5 0 0 0 0 - Mr subunits undergo c l e a v ­
age. From comparisons of amino a c i d sequences p r e d i c t e d by v i c i l i n 
cDNAs wi t h d i r e c t p r o t e i n sequence data, Gatehouse et at. (1982) 
and Spencer et a l . (1983) independently presented a model which 
accounts f o r the d e r i v a t i o n of v i c i l i n polypeptides of Mr < 5 0 0 0 0 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 of s u s c e p t i b l e '^50000-Mr subunits 
(see F i g . 2 7 ) . T h i s model envisages the presence of up to two 
p o t e n t i a l cleavage s i t e s , designated the a : 6 and Q : y r s i t e s 

(Gatehouse et at. ^ 1982) i n the 50000-Mr v i c i l i n p recursors and a l l 
the s m a l l e r v i c i l i n s u b u n i t s ( a , 3 , Y , o i + 3 and B + y ) are generated 
by p r o t e o l y s i s a t one or both of these s i t e s . 
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FIGURE 27. D e r i v a t i o n of v i c i l i n s u b u n i t s from p r e c u r s o r s of 
^50000-Mr. The SDS-polyacrylamide g e l (on the r i g h t ) shows the 
major v i c i l i n s u b u n i t s i n the v i c i l i n f r a c t i o n i s o l a t e d from mature 
pea seeds. (From Gatehouse e t a l . , 1984). 
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The a v a i l a b i l i t y of the new cDNA clones, pAD3-4 and pAD2-l, 
allows more e x t e n s i v e comparisons of sequences i n the regions of 
p o t e n t i a l p r o t e o l y t i c cleavage. The pAD3-4 cDNA i s p a r t i c u l a r l y 
important i n t h i s regard s i n c e i t encodes a 47000-Mr precursor t h a t 
i s known to be p r o t e o l y t i c a l l y cleaved in vivo at the B:Y s i t e to 
give a 33000-A/r (a+3) subunit as one of the products (Gatehouse 
et a ^ . J 1981). P r o t e i n sequences d e r i v e d from the a v a i l a b l e v i c i l i n 
cDNAs have been compared with the determined p a r t i a l sequences of 
v i c i l i n s ubunits i n Fig.26. The sequence p r e d i c t e d by pDUB2 i s 
almost i d e n t i a l (only one l y s -> arg s u b s t i t u t i o n occurs i n a 20 
r e s i d u e - l o n g sequence) to the sequence of the 33000-Mr (a+3) 
subunit i n the region spanning the a:B cleavage s i t e , but shows 
s i g n i f i c a n t l y l e s s homology with the N-terminal sequence of a 
19000-Mr (3) subunit. T h i s suggests that the pDUB2-encoded prod­
uct i s not s u s c e p t i b l e to cleavage at the a:g s i t e . S i m i l a r l y , 
the pAD3-4 and pAD2-l encoded polypeptides would a l s o not be 
expected to undergo cleavage at the a:3 s i t e s i n c e although the 
p r o t e i n sequences p r e d i c t e d by these cDNAs show l e s s homology to 
the 33000-Mr subunit sequence, the d i v e r g e n c i e s are c o n s e r v a t i v e 
ones : e . g . r g l y c i n e and arginine' r e s i d u e s are s u b s t i t u t e d by 
f u n c t i o n a l l y s i m i l a r s e r i n e and l y s i n e r e s i d u e s r e s p e c t i v e l y . 

The r e g i o n i n the v i c i n i t y of the p o t e n t i a l 3:Y cleavage 
s i t e shows marked d i f f e r e n c e s i n the amino a c i d sequences pre­
d i c t e d by the v a r i o u s cDNAs. I n t h i s region, the amino a c i d 
sequence d e r i v e d from pAD3-4 i s completely homologous to the d e t e r ­
mined t e r m i n a l sequences of the subunits produced by cleavage at 
t h a t s i t e ( i . e . the 3 or a+3 subunits, and the y- s u b u n i t ) , but 
d i f f e r s from the sequence of an uncleaved SOOOO^r subunit. T h i s 
p e r f e c t matching of the p r e d i c t e d and determined amino a c i d • 
sequences i s c o n s i s t e n t with the proposed cleavage of the pAD3-4-
encoded subunit at the 3:Y s i t e (Gatehouse et al.jl981). 

The p r e d i c t e d sequence of the pDUB2- encoded subunit contains 
an e x t r a four amino a c i d s r e l a t i v e to the pAD3-4-encoded product 
i n the immediate v i c i n i t y of the 3:Y s i t e , and matches the 
p a r t i a l l y determined sequence of an uncleaved 50000-Mr subunit 
which c o n t a i n s at l e a s t three of these four e x t r a r e s i d u e s (see 
F i g , 2 6 ) . On that b a s i s , the pDUB2 subunit would not be expected 
to undergo cleavage at the 3:Y s i t e . The p r o t e i n sequence deduced 
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from pAD2-l resembles the pDUB2-derived sequence to the extent 
t h a t i t a l s o c o n t a i n s four e x t r a amino a c i d r e s i d u e s r e l a t i v e 
to the cleaved p r e c u r s o r , but these e x t r a r e s i d u e s are not homol­
ogous to the p a r t i a l l y determined sequence of the uncleaved sub-
u n i t . The twenty amino a c i d s downstream from the p o t e n t i a l 3:Y 
s i t e i n the pAD2-l-encoded p r o t e i n c o n t a i n s i x mismatches ( i n c l u d i n g 
a one-residue i n s e r t i o n ) when compared with the N-terminal sequence 
of the Y-subunit. Unfortunately , no p r o t e i n sequence data are 
a v a i l a b l e f o r t h i s region i n the uncleaved precursor, but the 
s i g n i f i c a n t degree of sequence divergence with the y-subunit 
tends to suggest t h a t the pAD2-l-encoded subunit i s a l s o not 
s u s c e p t i b l e to cleavage at the 3:Y s i t e . 

4.4.3. Sequence S p e c i f i c i t y of the E n d o - p r o t e o l y t i c Cleavage 
S i t e s i n Seed P r o t e i n s . 

The p r o t e i n sequences d e r i v e d from the legumin and v i c i l i n 
cDNAs give only l i m i t e d c l u e s to the sequence s p e c i f i c i t y of the 
e n d o - p r o t e o l y t i c p r o c e s s i n g s i t e s s i n c e only two p r e c u r s o r s which 
undergo cleavage ( i . e . legumin and 4 7 0 0 0 ^ r v i c i l i n ) have been 
i d e n t i f i e d . However, c e r t a i n members of another group of seed 
p r o t e i n s , the l e c t i n s , are a l s o s u s c e p t i b l e to endo-proteolytic 
p r o c e s s i n g i n a manner apparently analagous to the major storage 
p r o t e i n s ( C h r i s p e e l s , 1984; Higgins et a Z . j l 9 8 3 b ) . The l e c t i n s 
from pea, l e n t i l and Yicia faba are s y n t h e s i s e d as high molecular 
weight p r e c u r s o r s which are cleaved p o s t - t r a n s l a t i o n a l l y i n the 
p r o t e i n bodies to produce two subunits of '^'17000- and 'v>6000-Mr, 
whereas other l e c t i n s i n c l u d i n g those from Phaseolus vulgaris, 

soybean, s a i n f o i n , jackbean and Dioclea grandiflova are not sub­
j e c t to the same form of p r o c e s s i n g . 

To t r y and determine the sequence s p e c i f i c i t y of the endo-
p r o t e o l y t i c cleavage, the sequences i n the v i c i n i t y of the poten­
t i a l cleavage s i t e s i n legumin and the v i c i l i n s , as w e l l as 
g l y c i n i n and s e v e r a l l e c t i n s are compared i n Table 9. Examin­
a t i o n of the sequences allows two g e n e r a l i s a t i o n s to be made : 
( i ) the cleavage s i t e s occur w i t h i n h i g h l y h y d r o p h i l i c regions 
of the p r o t e i n s ; and ( i i ) cleavage occurs on the C-terminal s i d e 
of an asparagine r e s i d u e . A consensus sequence, N-ZX^^-X^-g- E 
i n the v i c i n i t y of the cleavage s i t e may be formulated i n three 
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of the four cases f o r which f u l l sequence data are a v a i l a b l e f o r 
the cleaved p r e c u r s o r s , X i s a s m a l l , n e u t r a l r e s i d u e (G or S) 
while X i s a hydrophobic r e s i d u e (L or I ) . However, as d i s c u s s e d 
l a t e r , i t i s l i k e l y t h a t t h i s sequence may be involved i n making 
the a s p a r a g i n y l bond g e n e r a l l y a c c e s s i b l e to the peptidase, r a t h e r 
than being s p e c i f i c a l l y r e q u i r e d f o r enzyme a c t i v i t y . 

I n pea l e c t i n (Higgins et a^.j1983a) and i n g l y c i n i n ( N i e l s e n , 
1984), e n d o p r o t e o l y t i c cleavage at the s p e c i f i e d asparagine r e s ­
idue appears to be accompanied by f u r t h e r p e p t i d o l y t i c p r o c e s s i n g 
to generate the te r m i n i of the mature subunits. S i m i l a r processing 
i s thought to occur a f t e r the primary cleavage r e a c t i o n i n the 
l e n t i l and Y.faba l e c t i n s ( F o r i e r s et aZ^.jl981), and s i n c e only 
p r o t e i n sequence data f o r the mature subunits are a v a i l a b l e , as 
opposed to mRNA sequence data f o r the p r e c u r s o r s , i t i s not p o s s i b l e 
to confirm whether the i n i t i a l cleavage occurs w i t h i n the sequence 
s p e c i f i e d above. 

The p r e c u r s o r s of c a s t o r bean l e c t i n s ( a g g l u t i n i n and r i c i n ) 
are a l s o c l e a v e d to produce two subunits. However the cleavage 
s i t e s i n the p r o l e c t i n s (Lamb, 1984) do not appear to be located 
w i t h i n an obviously h y d r o p h i l i c region as i n the other p r o t e i n s 
d i s c u s s e d . Moreover, the a g g l u t i n i n and r i c i n sequences (Lamb,1984) 
have l i t t l e homology with the other l e c t i n sequences (and have thus 
been omitted from Table 9 ) , and i t i s p o s s i b l e that the mechanism 
of t h e i r p r o c e s s i n g v a r i e s somewhat from that observed i n other 
s p e c i e s . N e v e r t h e l e s s , an a n a l y s i s of the sequences of pro-
a g g l u t i n i n and p r o r i c i n suggests that cleavage may occur i n i t i a l l y 
at an asparagine r e s i d u e ( w i t h i n the sequence N-/A-D-V-C),followed 
by c a r b o x y p e p t i d o l y t i c p r o c e s s i n g to remove a 12 residue-long 
l i n k e r between the mature s u b u n i t s . 

The l e c t i n s from jackbean and Dioolea grandiflora undergo 

e n d o p r o t e o l y t i c p r o c e s s i n g a t d i f f e r e n t s i t e s from those i n the 
pea, l e n t i l and V.faba l e c t i n s . I t i s noteworthy that i n these 
c a s e s too, cleavage apparently occurs at asparagine r e s i d u e s w i t h i n 
the sequences N-/S-T-H-Q-T (jackbean; Wang et al.jl975) and 
N_/S-i-A-D-A (,D.grandifloraj Richardson a^., 1984). 

E 
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I n g e n e r a l , the sequences of the p r o t e i n s which are not 
s u s c e p t i b l e to e n d o - p r o t e o l y t i c cleavage (see Table 9) are completely 
divergent i n the immediate v i c i n i t y of the p o t e n t i a l cleavage s i t e . 

I t has p r e v i o u s l y been suggested (Gatehouse et aZ^.jl983) 
t h a t the presence of a f u n c t i o n a l l y d i s t i n c t , neutral-hydrophobic-
b a s i c r e s i d u e sequence preceding the p o t e n t i a l p rocessing s i t e i n 
v i c i l i n p r e c u r s o r s was not conducive to cleavage. That hypothesis 
was based on the occurrence of G-L-R or S-L-K sequences preceding 
the uncleaved a:3 s i t e i n the pAD3-4- and pDUB2-derived p r o t e i n 
sequences and a G-L-R sequence preceding the uncleaved 3:Y s i t e 
i n the pDlIB2-encoded subunit (see Table 9 ) . However, i t does not 
seem to be g e n e r a l l y a p p l i c a b l e s i n c e no s i m i l a r c l e a v a g e - i n h i b i t o r y 
sequences can be i d e n t i f i e d i n the region preceding the uncleaved 
3:Y s i t e i n the pAD2-l-encoded v i c i l i n subunit, nor i n any of the 
uncleaved l e c t i n s . 

Even i f the p o s t u l a t e d N-/X-X-^-E consensus sequence proves 
to be an a c c u r a t e formulation of the sequence recognized by the 
p r o c e s s i n g enzyme system, the mere presence of that sequence i n a 
seed p r o t e i n w i l l probably not ensure cleavage. Presumably, other 
f a c t o r s , such as the a c c e s s i b i l i t y of the s i t e and the three-
dimensional p r o t e i n s t r u c t u r e i n the immediate v i c i n i t y are a l s o 
l i k e l y to be important. By analogy, although the t r i p e p t i d e 
sequence N-X-^ s p e c i f i e s the g l y c o s y l a t i o n of asparagine r e s i d u e s 
( S t r u c k et a Z . j l 9 7 8 ) , r e l a t i v e l y few of these sequences i n p r o t e i n s 
are a c t u a l l y g l y c o s y l a t e d ( M a r s h a l l , 1972). I n s t e a d , the r e s i d u e s 
which do undergo g l y c o s y l a t i o n have been found to be a s s o c i a t e d 
with 3-turn conformations and/or h y d r o p h i l i c regions of the p r o t e i n 
(Aubert and Loucheux-Lefebvre, 1976; Aubert et aZ.,1976). The 
g l y c o s y l a t i o n of these s p e c i f i c asparagine r e s i d u e s i s thought to 
r e f l e c t the f a c t t h a t both 3-turns and h y d r o p h i l i c regions are 
t y p i c a l l y a s s o c i a t e d with the s u r f a c e s of g l o b u l a r p r o t e i n s 
(Beeley, 1977; Struck et a Z . j l 9 7 8 ) . I n t e r e s t i n g l y , the secondary 
s t r u c t u r e s p r e d i c t e d f o r the legumin and v i c i l i n p r e c u r s o r s (Croy 
and Gatehouse, 1985) i n d i c a t e t h a t the cleavage s i t e s i n these 
p r o t e i n s a r e a l s o a s s o c i a t e d with 3-turn conformations o c c u r r i n g 
between regions of more r i g i d l y defined s t r u c t u r e ( a - h e l i x or 
3 - s h e e t ) , and 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 defined domain 
f a c i l i t a t e s the i n t e r a c t i o n with the p r o c e s s i n g enzyme. I t may be 
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t e n t a t i v e l y concluded t h a t the e n d o p r o l e o l y t i c , p r o c e s s i n g enzyme 
l o c a l i z e d i n the p r o t e i n bodies s p e c i f i c a l l y c l e a v e s at asparagine 
r e s i d u e s , and the s u s c e p t i b i l i t y of p a r t i c u l a r a s p a r a g i n y l bonds 
r e s u l t s from t h e i r being s i t u a t e d i n a c c e s s i b l e regions ( t y p i c a l l y ; 
3-turn conformations i n h y d r o p h i l i c r e g i o n s ) of the p r o t e i n . 

4.4.4. Functions of the P r o t e o l y t i c P r o c e s s i n g of Pea Storage P r o t e i n s , 

The f u n c t i o n s of the e n d o p r o t e o l y t i c p r o c e s s i n g of legumin and 
v i c i l i n p r e c u r s o r s are u n c l e a r . P r o t e o l y s i s of legumin (and a l l 
other l i s g l o b u l i n s s t u d i e d Higgins, 1984) appears to be 
o b l i g a t o r y and may a f f e c t the molecular s t r u c t u r e of the p r o t e i n 
i n a way t h a t i s v i t a l f o r i t s proper packaging and d e p o s i t i o n , or 
m o b i l i s a t i o n during seed germination. 

P o s t - t r a n s l a t i o n a l cleavage of v i c i l i n subunits may have sim­
i l a r f u n c t i o n s . However, s i n c e uncleaved 50.000-Mr v i c i l i n subunits 
are the most abundant s i z e c l a s s i n the n a t i v e v i c i l i n f r a c t i o n of 
pea, p r o c e s s i n g i s not a b s o l u t e l y e s s e n t i a l f o r the storage and 
metabolism of the v i c i l i n p r o t e i n s . C o n s i s t e n t with t h i s view 
i s the f a c t t h a t the v i c i l i n s of P.vulgaris (Slightom et al., 1983) 
and G.max (Beachy et al., 1981) do not undergo s i g n i f i c a n t post-
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 t i s p o s s i b l e that i n those v i c i l i n s 
which are processed, cleavage d i d not o r i g i n a l l y serve any u s e f u l 
f u n c t i o n , and i n s t e a d merely r e f l e c t e d the e x i s t e n c e of s i t e s that 
were a c c e s s i b l e to an a s p a r a g i n e - s p e c i f i c protease present i n the 
p r o t e i n bodies. I t may be noted t h a t the l o c a t i o n of these s i t e s 
w i t h i n 3-turn conformations on the s u r f a c e of the p r o t e i n minimizes 
the d i s r u p t i o n of secondary and t e r t i a r y s t r u c t u r e that may r e s u l t 
from cleavage at these s i t e s . However, t h i s i n i t i a l l y f o r t u i t o u s 
p r o c e s s i n g may have a f f e c t e d the speed w i t h which the p r o t e i n s were 
m o b i l i s e d a t the onset of germination. Thus, the varying degrees 
to which the 78 p r o t e i n s are p r o t e o l y t i c a l l y processed i n d i f f e r e n t 
s p e c i e s may r e f l e c t d i f f e r e n c e s i n the timing and r a t e at which 
storage r e s e r v e s need to be m o b i l i s e d during germination ( L y c e t t 
et al.3 1983a). 

4.5, Homology of Pea Storage P r o t e i n s to Other Legume Storage 
P r o t e i n s , 

Despite: the frequent absenceiiofj immuiholbgical, c r o s s - r e a c t i o n s , 
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the physico-chemical p r o p e r t i e s of the I I S and 7S pro t e i n s from 
v a r i o u s legumes have long suggested that these p r o t e i n s are very 
s i m i l a r (Derbyshire et al.,1976; Gatehouse et al.jl984). The recent 
a c q u i s i t i o n of DNA sequence data f o r legumin and g l y c i n i n genes 
has . enabled more p r e c i s e comparisons of the homology between 
these p r o t e i n s . Using dot matrix comparisons of legumin and 
g l y c i n i n amino a c i d sequences deduced from t h e i r nucleotide 
sequences, Croy et al. (1984) have shown that the two pro t e i n s are 
h i g h l y homologous over t h e i r e n t i r e length except i n the region of 
the tandem repeats i n pea legumin. As noted p r e v i o u s l y , g l y c i n i n 
c o n t a i n s only a s i n g l e copy of a sequence r e l a t e d to the legumin 
repeat sequences. I n t e r e s t i n g l y , legumin-type p r o t e i n s have a l s o 
been di s c o v e r e d i n non-legume s p e c i e s such as oats (Brinegar and 
Peterson, 1982) and r i c e (Yamagata et al.,19S2; Wen-Ming et al., 
1983) . 

The a v a i l a b i l i t y of n u c l e o t i d e sequences f o r the 7S pr o t e i n s , 
of pea, soybean and French bean has confirmed that these p r o t e i n s , 
too, are h i g h l y homologous over much of t h e i r length ( L y c e t t et al., 
1983a; Croy et 0 ^ , 1 9 8 4 ) . However, the v i c i l i n sequence d i f f e r s 
markedly from those of p h a s e o l i n and c o n g l y c i n i n i n the regions 
of the en d o p r o t e o l y t i c p r o c e s s i n g s i t e s ( L y c e t t et a l . j 1 9 8 3 a ) . 
T h i s i s s i g n i f i c a n t s i n c e the l a t t e r two p r o t e i n s do not undergo 
p r o c e s s i n g comparable to tha t of v i c i l i n . I t w i l l be i n t e r e s t i n g 
to compare the (as y e t u n a v a i l a b l e ) sequences i n these regions 
of the v i c i l i n from V.faha which i s processed s i m i l a r l y to pea 
v i c i l i n ( S c h o l z et al.,19SZ). A p a r t i a l - l e n g t h cDNA clone f o r 
c o n v i c i l i n has shown that i t too shares s u b s t a n t i a l homology with 
v i c i l i n , but l e s s homology with p h a s e o l i n or c o n g l y c i n i n (Casey 
et al.,\9SA). 

4.6. Cloned cDNAs Encoding Seed P r o t e i n s Other than Legumin or 
V i c i l i n . 

Twenty of the f i f t y - n i n e clones which h y b r i d i s e d to cotyledon 
p o l y ( A ) ^ RNA did not h y b r i d i s e to cDNAs f o r legumin or v i c i l i n 
p r o t e i n s . The i n t e n s i t i e s of h y b r i d i s a t i o n of these clones to 
the mRNA probe were i n most cases r e l a t i v e l y weak and the cDNAs 
were not e x t e n s i v e l y c h a r a c t e r i s e d . Of the few which gave strong 
s i g n a l s w i t h the mRNA probe, the cDNAs from two clones, pAD9-2 
and pAD6-2, were s u b j e c t e d to r e s t r i c t i o n mapping analyses s i n c e 
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t h e i r s i z e s ('̂ '1850 bp) suggested t h a t they were about the r i g h t 
length to code f o r a c o n v i c i l i n 71000-Mr subunit. The derived 
r e s t r i c t i o n maps of the two cDNAs appeared to be very s i m i l a r to 
each other (see F i g . 8 ) , but bore no s i g n i f i c a n t resemblance to 
the map of the c o n v i c i l i n cDNA i s o l a t e d by Domoney and Casey 
(1983). T h i s does not preclude the p o s s i b i l i t y that pAD6-2 and 
pAD9-2 are c o n v i c i l i n cDNAs s i n c e there i s more than one c o n v i c i l i n 
polypeptide (Croy et aZ.j1980b) and thus s e v e r a l c o n v i c i l i n genes 
i n the pea genome, and as the data from the v i c i l i n cDNAs i l l u s ­
t r a t e , r e s t r i c t i o n maps of even q u i t e c l o s e l y homologous cDNAs 
may va r y c o n s i d e r a b l y . 

Domoney and Casey (1984) have i d e n t i f i e d a cDNA which h y b r i d -
s e l e c t s mRNAs encoding an 80000-Wr v a r i a n t of a legumin precursor 
dubbed "big legumin". I t i s t h e r e f o r e a l s o p o s s i b l e that the 
^flI)9-2 and pAD9-2 cDNAs encode a "big legumin" subunit. Unfortun­
a t e l y , no r e s t r i c t i o n map i s a v a i l a b l e f o r the 80000-Wr legumin 
cDNA to allow comparisons with the map of pAD9-2. 

Apart from the storage p r o t e i n s , other r e l a t i v e l y abundant 
seed p r o t e i n s whose mRNAs may comprise a s i g n i f i c a n t proportion 
of the t o t a l mRNA population i n c l u d e the pea l e c t i n and a number 
of albumin p r o t e i n s of Mr 'v.aOOO, 25000 and 100000 (Gatehouse 
et a L j l 9 8 4 ) . The length of the pAD9-2 cDNA i n d i c a t e s that i t i s 
too long to code f o r the l e c t i n p r e c u r s o r (Mr - 2 5 0 0 0 — H i g g i n s 
et a ^ . J 1983a) or the s m a l l e r albumins, but i t could encode part 
of the 100000-Mr albumin. I t should be noted t h a t the d i s t r i b ­
u t i o n of r e s t r i c t i o n s i t e s i n pAD9-2 (Fi g , 8 ) i n d i c a t e s the absence 
of d u p l i c a t e d sequences comparable to the a r t e f a c t u a l repeat i n 
pAD7-13, and i t may th e r e f o r e be assumed that the clone contains 
a genuinely long cDNA i n s e r t . F u r t h e r c h a r a c t e r i s a t i o n of pAD9-2 
by h y b r i d - s e l e c t e d t r a n s l a t i o n and, i f necessary, DNA sequencing 
should t h e r e f o r e be undertaken. I t may a l s o be worthwhile to 
c h a r a c t e r i s e more f u l l y other i s o l a t e d cDNAs which h y b r i d i s e d 
s t r o n g l y to the p o l y ( A ) * RNA probe but not to legumin or v i c i l i n 
cDNA probes (e.g. pAD2-ll, 3-1, 5-13 and 10-2; see Table 7 ) . The 
pAD3-l cDNA was not s i z e d but the s i z e s of the other cDNAs mentioned 
('VJO.8-1.0 Kb) suggest that they may encode e i t h e r the pea l e c t i n 
or the albumin p r o t e i n s . 
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4.7, E x p r e s s i o n of V i c i l i n Subunits i n E.eoli. 

Various f a c t o r s l i m i t the i s o l a t i o n of c e r t a i n subunit pre­
c u r s o r s ( s e e the .Introduction, s e c t i o n 1.5.). However, to study 
the p r o c e s s i n g of v i c i l i n s ununits i n d e t a i l at the molecular l e v e l , 
pure samples of these p r e c u r s o r s are e s s e n t i a l , and to t h i s end, 
s e v e r a l e x p r e s s i o n plasmids designed to express v i c i l i n molecules 
i n E.Goli c e l l s were con s t r u c t e d ( f o r recent reviews on the 
ex p r e s s i o n of e u k a r y o t i c genes i n E.coli, see Maniatis et al., 

1982; H a r r i s , 1983; Gatenby, 1983). I n these plasmids, the operatort 

promoter region of phage A(X(9 P ) was fused to v a r i o u s v i c i l i n 
L L 

cDNA sequences v i a t r a n s l a t i o n i n i t i a t i o n s i g n a l s derived from 
e i t h e r the r e p l i c a s e gene of phage MS2 or the X e l l gene. Thermo-
i n d u c i b l e r e g u l a t i o n of the P promoter was e f f e c t e d by maintain-
ing the plasmids i n d e f e c t i v e lysogens containing a temperature-
s e n s i t i v e mutation (AcI857) i n the phage r e p r e s s o r gene. Under 
inducing c o n d i t i o n s , the l e v e l s of v i c i l i n accumulated by the 
b a c t e r i a v a r i e d d r a m a t i c a l l y depending on the host c e l l used and, 
i n p a r t i c u l a r , on the plasmid c o n s t r u c t i o n . 

4.7.1. E f f e c t of Host S t r a i n on V i c i l i n S y n t h e s i s . 

In situ immunoassay of v a r i o u s X'e:i.857 s t r a i n s harbouring the 
ex p r e s s i o n plasmids i n d i c a t e d that the EZcoli s t r a i n s K12AHlAtr'p 
and N99XCI857 were best s u i t e d f o r the expression of v i c i l i n ( F i g . 
19 ) . The use of a p r o t e a s e - d e f i c i e n t s t r a i n , SG4044(pcI857), 
did not lead to any apparent i n c r e a s e i n v i c i l i n y i e l d s . By con­
t r a s t , Remaut et al. ,(1983a) obtained a 100% i n c r e a s e i n the 
accumulation of 3-iOterferon i n s t r a i n SG4044(pel857) compared to 
K12AHl&trp. The present r e s u l t s suggest that p r o t e o l y t i c degrad­
a t i o n of v i c i l i n i n the b a c t e r i a l c e l l s was not a major i n f l u e n c e 
on the y i e l d s obtained. 

V i c i l i n e x p r e s s i o n i n K12AHlAt;rp and N99XCI857 was a l s o 
monitored by SDS-PAGE a n a l y s i s of t o t a l b a c t e r i a l c e l l e x t r a c t s . 
I n c o n t r a s t to the r e s u l t s of the m sijta immunoassays (Fig.19) 
which i n d i c a t e d t h a t K12AHlAtrp and N99AeI857 c e l l s were e q u a l l y 
w e l l s u i t e d to v i c i l i n e x p r e s s i o n , much higher l e v e l s of v i c i l i n 
e x p r e s s i o n were d e t e c t a b l e i n the K12AHlAtrp c e l l s as judged by 
the e l e c t r o p h o r e t i c a n a l y s i s (see F i g . 2 1 ) . I n the preparation of 
the c e l l e x t r a c t s , i t was no t i c e d that a r e l a t i v e l y small mass of 
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c e l l s was recovered by c e n t r i f u g a t i o n of the induced N99XcI857 
c u l t u r e compared to the s i z e of the p e l l e t recovered from the 
induced c u l t u r e or from induced and uninduced K12AHlAtep c e l l s . 
T h i s phenomenon was f u r t h e r i n v e s t i g a t e d by monitoring the growth 
c h a r a c t e r i s t i c s of N99XcI857 and K12AHlAtrp c e l l s under non-
inducing (30°C) and inducing (42°C) co n d i t i o n s . The 0,D.^_-

650 
of the N99AcI857 c u l t u r e i n c r e a s e d normally at 30 C but decreased 
s h a r p l y upon i n d u c t i o n ( F i g . 2 3 ) , which suggested that c e l l l y s i s 
was o c c u r r i n g under inducing c o n d i t i o n s . Thus the apparently low 
l e v e l s of v i c i l i n accumulation shown by SDS-PAGE a n a l y s i s was 
probably due to the f a c t t h a t a l a r g e proportion of the p r o t e i n 
was r e l e a s e d i n t o the c u l t u r e medium upon c e l l l y s i s . Such an 
occurrence would not have a d v e r s e l y a f f e c t e d the r e s u l t s of the 
•in situ s c r e e n i n g . 

4.7.2. V i c i l i n Y i e l d s Obtained from D i f f e r e n t Plasmid C o n s t r u c t i o n s . 

The v i c i l i n e x p r e s s i o n plasmids pAD2-l.expl(+) and pAD2-l.exp2(+) 
are d e r i v e d from the exp r e s s i o n v e c t o r s pPLc24 (Remaut et aL,198i;) 
and pPLc245 (Remaut et al,jl983a) r e s p e c t i v e l y . Both these v e c t o r s 
c o n t a i n the ̂ 0 P region and the t r a n s l a t i o n i n i t i a t i o n s i g n a l s 

L LI 

O f the phage MS2 r e p l i c a s e gene (see s e c t i o n 2.1.3). I n pAD2-l.expl(+), 
the v i c i l i n cDNA i s attached to the N-terminal 98 amino ac i d s of MS2 
r e p l i c a s e w h i l e i n pAD2-l.exp2(+) the cDNA i s attached d i r e c t l y 
to the i n i t i a t i o n codon. A p r o t e i n of Mr '̂ '62000 which reacted 
with a n t i v i c i l i n IgG was accumulated to high . l e v e l s (very approx­
imately '^5% of the t o t a l c e l l p r o t e i n as judged by a purely v i s u a l 
i n s p e c t i o n of the g e l ; see Fig.20) i n induced K12AHlAtrp c e l l s 
transformed with pAD2-l.expl(+). The s y n t h e s i s of t h i s p r o t e i n i s 
c o n s i s t e n t w i t h the p r e d i c t e d Mr of the MS2 r e p l i c a s e - v i c i l i n f u s i o n 
product. A negative c o n t r o l plasmid, pAD2-l.exp2(-), which con­
t a i n s the pAD2-l i n s e r t cloned i n t o pPLc24 i n the opposite o r i e n t 
t a t i o n to the d i r e c t i o n of P - i n i t i a t e d t r a n s c r i p t i o n , did not 

L 
s y n t h e s i z e any d e t e c t a b l e v i c i l i n ( F i g s . 1 9 and 20 ) . T h i s confirms 

th a t i n the exp(+) plasmids, the s y n t h e s i s of v i c i l i n i s under the 

c o n t r o l of the promoter. 
By c o n t r a s t , pAD2-l.exp2(+) f a i l e d to d i r e c t the s y n t h e s i s 

of any d e t e c t a b l e amounts of v i c i l i n ( F i g s . 19,21 and 22). Faced 
w i t h t h i s d i s c r e p a n c y , i t was necessary, f i r s t of a l l , to estab­
l i s h t h a t pAD2-l.exp2(+) had been constructed c o r r e c t l y ( i . e . m a i n t a i n i n g 
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the c o r r e c t phasing of t r a n s l a t i o n a l reading frames). Sequencing 
ac r o s s the j u n c t i o n between the 5' terminus of the v i c i l i n cDNA 
and the v e c t o r DNA (see Fig.15) r e v e a l e d that the N-terminal codon 
of mature v i c i l i n had been c o r r e c t l y l i g a t e d to the i n i t i a t o r codon. 
Furthermore, e x t e n s i v e r e s t r i c t i o n mapping d i d not r e v e a l any 
gross molecular rearrangements i n the plasmid. Since i t was s t i l l 
p o s s i b l e t h a t the operator-promoter region i n pAD2-l,exp2(+) had 
s u f f e r e d a sm a l l molecular rearrangement which was not det e c t a b l e 
by r e s t r i c t i o n mapping, t h i s region was replaced by the homologous 
region i n pAD2-l,expl(+) which was p r e v i o u s l y shown to be f u l l y 
f u n c t i o n a l (see F i g , 2 4 ) . However the re c o n s t r u c t e d plasmid s t i l l 
f a i l e d to produce any d e t e c t a b l e v i c i l i n . Thus, i t may be concluded 
t h a t the f a i l u r e of pAD2-l,exp2(+) to d i r e c t the s y n t h e s i s of v i c i l i n 
was not due to f a u l t s i n the c o n s t r u c t i o n of the plasmid. A l t e r ­
n a t i v e e x p l a n a t i o n s w i l l be considered i n s e c t i o n 4,7,3, 

The plasmids pAD2-l.exp3(+) and pAD2-l,exp4(+) were constructed 
from the ex p r e s s i o n v e c t o r pASl (Rosenberg et ai.,1983) which con­
t a i n s the AO P region and t r a n s l a t i o n i n i t i a t i o n s i g n a l s from the 
A c l l gene (see s e c t i o n 2.1.3.). The pAD2-l.exp3(+)- encoded p r o t e i n 
should c o n t a i n at i t s N-terminus three r e s i d u e s encoded by the 
BamHI l i n k e r p l u s the two r e s i d u e s of the v i c i l i n s i g n a l peptide 
present on the pAD2-l cDNA i n s e r t . I n pAD2-l.exp4(+) on the other 
hand, the l i n k e r and s i g n a l peptide r e s i d u e s were deleted by the 
combined a c t i v i t i e s of T4 DNA polymerase and mung-bean nuclease, so 
that the s y n t h e s i s e d product should correspond to a mature v i c i l i n 
subunit f r e e of any extraneous sequences. Upon induction, both 
plasmids s y n t h e s i s e d 'x̂ SOGOG-Mr p r o t e i n s which reacted with a n t i -
v i c i l i n ( F i g . 2 2 ) . However, the l e v e l s of s y n t h e s i s achieved was 
'v^3-5-fold lower than i n c e l l s harbouring pAD2-l.expl(*) (see Table 8), 

F o r the reasons p r e v i o u s l y d i s c u s s e d ( s e c t i o n 4.4.2,), the 
p r o t e i n s s y n t h e s i s e d from the plasmids c o n t a i n i n g the pAD2-l 
i n s e r t would not be expected to undergo cleavage i n the pea seed. 
On the other hand, the cDNA i n s e r t i n pAD3-4 encodes a v i c i l i n sub-
u n i t which i s cleaved in Vivoat the 3:Y s i t e , but some 265 bp of 
v i c i l i n coding sequence i s missing from i t s 3' terminus. To ob­
t a i n an e f f e c t i v e l y f u l l - l e n g t h cDNA encoding a c l e a v a b l e proteo­
l y t i c s i t e , the appropriate 3'-proximal fragments from the pDUB4 
and pDUB2 cDNAs corresponding to the missing pAD3-4 region were 
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added on to the 3' terminus of the pAD3-4 i n s e r t ( F i g . 1 7 ) . Though 
the r e s u l t i n g v i c i l i n cDNA was assembled from three separate cDNA 
molecules, i t may j u s t i f i a b l y be regarded as a d i h y b r i d molecule 
s i n c e the pAD3-4 and pDUB4 cDNAs are thought to be derived from 
the same gene. Thus, only '̂ '13% of the h y b r i d cDNA was contributed 
by a heterologous source ( i . e . the pDUB2 cDNA). 

The plasmid pAD3-4.exp2(+) comprised the pAD3-4 hybrid i n s e r t 
cloned i n t o pASl (see s e c t i o n 2.1,3.). T h i s plasmid d i r e c t e d the 
s y n t h e s i s of a '\'47000-Mr p r o t e i n which reacted with a n t i v i c i l i n 
IgG ( F i g s . 21 and 2 2 ) . However, i n the c o n s t r u c t i o n of pAD3-4.expl, 
i t was evident t h a t a strong s e l e c t i o n p r e s s u r e had been exerted 
a g a i n s t plasmids c o n t a i n i n g the hybrid i n s e r t i n the appropriate 
o r i e n t a t i o n f o r ex p r e s s i o n . The l i g a t i o n products formed between 
pASl and the h y b r i d i n s e r t were i n i t i a l l y used to transform s t r a i n 
N99XeI857. The r e s u l t i n g transformants a l l contained plasmids 
with the i n s e r t p o s i t i o n e d i n the opposite o r i e n t a t i o n to the 
d i r e c t i o n of t r a n s c r i p t i o n , and i t was e v e n t u a l l y necessary to 
transform a e l * s t r a i n (producing a wild-type e l r e p r e s s o r ) to 
obtain plasmids with the i n s e r t i n the appropriate o r i e n t a t i o n f o r 
ex p r e s s i o n . The f a c t t h a t plasmids c o n t a i n i n g the i n s e r t i n both 
o r i e n t a t i o n s could be i s o l a t e d i n roughly equal proportions from 
transformed e l * h o s t s i n d i c a t e s t h a t the negative s e l e c t i o n p r e s ­
sure d i d not operate a t the l e v e l of the l i g a t i o n of the i n s e r t to 
the v e c t o r . Rather, the evidence suggests that probably low-
l e v e l e x p r e s s i o n of the v i c i l i n cDNA i n a eI857 host gave r i s e to a 
d e l e t e r i o u s phenotype which k i l l e d , or a r r e s t e d the growth of c e l l s 
harbouring the r e l e v a n t plasmids. 

A s i m i l a r phenomenon has been described p r e v i o u s l y by 
Shimatake and Rosenberg (1981). These workers i n i t i a l l y attempted 
to overproduce the A e l l gene i n E.coZi c e l l s under the i n f l u e n c e of 
stro n g , c o n s t i t u t i v e promoters, but found that the c l l gene f r a g ­
ment was i n v a r i a b l y i n s e r t e d i n an o r i e n t a t i o n opposite to the 
d i r e c t i o n of t r a n s c r i p t i o n . However, by i n s e r t i n g the gene i n t o a 
ve c t o r c a r r y i p g the A(9 P region, and in t r o d u c i n g the recombinant 
plasmids i n t o eI857 lysogens, the l e t h a l f u n c t i o n of the e l l gene 
was suppressed, and plasmids c o n t a i n i n g the i n s e r t i n both o r i e n ­
t a t i o n s were r e a d i l y obtained. The conclusion' drawn from these 
r e s u l t s was th a t the amount of r e p r e s s o r s y n t h e s i s e d i n a eI857 
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lysogen grown under non-inducing conditions was s u f f i c i e n t to reduce 
c l l e x p r e s s i o n to a n o n - l e t h a l l e v e l . 

I t might have been expected, t h e r e f o r e , that even i f the 
pAD3-4 h y b r i d i n s e r t encoded a harmful phenotype, i t s expression 

would be s i m i l a r l y r e p r e s s e d at low temperatures i n a eI857 host. 
The present data suggest t h a t perhaps a low l e v e l of expression of 
cloned genes under P c o n t r o l does occur i n uninduced cI857 h o s t s , 
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and whereas that l e v e l of e x p r e s s i o n may normally be below d e t e c t i o n 
l i m i t s , i t s presence may be d e t e c t a b l e i n c e r t a i n circumstances, 
e.g. i f the gene encodes a s u f f i c i e n t l y " t o x i c " product. A s i m i l a r 
c o n c l u s i o n was reached by Remaut et .al. (1983a). To e x p l a i n the 
f a c t t h a t uninduced l e v e l s of 3 - i n t e r f e r o n s y n t h e s i s e d from 
APj^-plasmids was f i v e orders; of magnitude lower than i n induced 
c e l l s , whereas uninduced l e v e l s of trpk were only 300-fold lower 
than induced l e v e l s , these workers advanced the hypothesis that 
low l e v e l s of p r o t e i n were s y n t h e s i s e d under non-inducing conditions 
i n both c a s e s , but t h a t the s m a l l amount of the i n t r i n s i c a l l y 
u n s t a b l e 3 - i n t e r f e r o n was degraded to a g r e a t e r extent by the 
host c e l l s ' p r o t e a s e s . 

The d e l e t e r i o u s phenotype a s s o c i a t e d with the pAD3-4 hybrid 
cDNA was apparently not shared by the pAD2-l cDNA s i n c e a f t e r 
t r a n s f o r m a t i o n of c I 8 5 7 lysogens with mixtures of recombinant 
e x p r e s s i o n plasmids, plasmids c o n t a i n i n g the l a t t e r cDNA i n the 
appropriate o r i e n t a t i o n f o r e x p r e s s i o n were r e a d i l y i s o l a t e d . 
The d i f f e r e n c e between the two cDNAs which provides the most 
l i k e l y e x p l a n a t i o n f o r t h i s phenomenon i s the presence of the 
v i c i l i n s i g n a l peptide encoded by pAD3-4. Although i t has been 
demonstrated that c e r t a i n e u k a r y o t i c s i g n a l sequences are f u n c t i o n a l 
i n E.coli (Talmadge et al.,\92,Q; F r a s e r and Bruce, 1978), the 
presence of s i g n a l peptides i n other p r o t e i n s merely enables a 
f r a c t i o n of these p r o t e i n s to become attached to the inner membrane 
(B a s s f o r d et al., 1979; H a l l and S i l h a v y , 1981; Kadonaga et al., 

1984) , 

I t i s p o s s i b l e t h a t the a s s o c i a t i o n of a v i c i l i n subunit /. 
with the b a c t e r i a l membrane might, i n some way, impair b a c t e r i a l 
metabolism. The r e s u l t s of two groups, of workers lend support to 
t h i s c o ntention. F i r s t l y , Remaut et al.-. (1983a) found that s e v e r a l 
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E.aot'C s t r a i n s ceased to grow upon induction of 3 - i n t e r f e r o n 
s y n t h e s i s , and suggested t h a t t h i s e f f e c t was r e l a t e d to the hydro-
p h o b i c i t y of the p r o t e i n which caused i t to s t i c k to the b a c t e r i a l 
membrane. Secondly, H a l l and S i l h a v y (1981) have demonstrated 
th a t over-production of c e r t a i n lamB - l a c Z , ompF - lacZ and malE-lacZ 
f u s i o n p r o t e i n s i n E.coli causes c e l l l y s i s . These f u s i o n products 
c o n t a i n the s i g n a l peptides of p r o t e i n s normally exported to the 
outer membrane or the p e r i p l a s m i c space, and H a l l and S i l h a v y 
(1981) have provided evidence that l y s i s was not due to the over­
production, per s g j of the h y b r i d p r o t e i n s but was, i n s t e a d , due 
to the "jamming" of the b a c t e r i a l export machinery, and the con­
sequent i n a b i l i t y of the c e l l s to e f f i c i e n t l y l o c a l i z e l a r g e amounts 
of the h y b r i d p r o t e i n . S i n c e i t has been shown that s t r a i n N99XeI857 
l y s e s under inducing c o n d i t i o n s ( F i g . 2 3 ) , i t i s tempting to spec­
u l a t e t h a t the s y n t h e s i s of v i c i l i n subunits bearing leader sequences 
renders t h i s s t r a i n more prone to c e l l l y s i s even under non-
inducing c o n d i t i o n s . 

To f u r t h e r i n v e s t i g a t e the s i g n i f i c a n c e of a leader sequence 
i n r e l a t i o n to the e x p r e s s i o n of v i c i l i n polypeptides i n E.coli, 

the 5' terminus of the i n s e r t i n pAD3-4.expl(+) was replaced by 
the 5' terminus of the pAD2-l cDNA which contains only two r e s i d u e s 
of the v i c i l i n s i g n a l peptide (see F i g . 1 8 ) . The r e s u l t i n g plasmid, 
pAD3-4.exp2(+) d i r e c t e d the s y n t h e s i s , i n s t r a i n N99XeI857 of a 
s m a l l amount of a '\'47000-Mr v i c i l i n subunit which was j u s t d e t e c t ­
able by Western b l o t t i n g ( F i g . 2 1 ) . T h i s p r o t e i n was s y n t h e s i s e d 
with an e f f i c i e n c y s i m i l a r to t h a t of pAD2-l.exp3(+) (N.B. the 5' 
t e r m i n i of the v i c i l i n mRNAs produced by pAD2-l.exp3(+) and 
pAT)3-4.exp2(+) are i d e n t i c a l ) , but which was s i g n i f i c a n t l y l e s s 
than t h a t of pAD3-4.expl(+). T h i s r e s u l t emphasizes that many 
f a c t o r s may p o t e n t i a l l y a f f e c t the y i e l d s of p r o t e i n s s y n t h e s i s e d 
i n E.ooticells, q u i t e apart from the p o s s i b l e " t o x i c i t y " of the 
encoded product (see s e c t i o n 4,7.3.). 

I t was subsequently demonstrated that s t r a i n K12AHlAtrp, 
transformed with pAD3-4.exp2(+), accumulated approximately twice 
the l e v e l s of the 47000-Mr v i c i l i n subunits as when transformed 
w i t h pAD3-4.expl(+) (see F i g . 2 2 ) . C l e a r l y , s e v e r a l imknown v a r i a ­
b l e s are o p e r a t i o n a l i n these d i f f e r e n t plasmid/host s t r a i n systems. 
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and i t i s t h e r e f o r e , d i f f i c u l t to a s s e s s from these r e s u l t s , the 
r o l e played by the v i c i l i n s i g n a l peptide i n i n f l u e n c i n g the 
e f f i c i e n c y of v i c i l i n s y n t h e s i s . 

I t i s i n t e r e s t i n g t h a t both pAD3-4.expl(+) and pAD3-4,exp2(+) 
d i r e c t the s y n t h e s i s of p r o t e i n s of p r a c t i c a l l y i d e n t i a l Mr 
(-^47000 as estimated by SDS-PAGE,Fig.22) although the former 
plasmid encodes a v i c i l i n subunit with an e x t r a seventeen amino 
a c i d s (= 2000-Mr) a t i t s N-terminus. T h i s suggests the p o s s i b i l i t y 
t h a t the v i c i l i n s i g n a l peptide may be c o r r e c t l y processed i n the 
b a c t e r i a . 

4.7.3. I n f l u e n c e of Secondary S t r u c t u r e on T r a n s l a t i o n of V i c i l i n 
mRNAs. 

H i g h - l e v e l e x p r e s s i o n of genes i n E.coli depends on e f f i c i e n t 
t r a n s c r i p t i o n of these genes and on e f f i c i e n t t r a n s l a t i o n of the 
r e s u l t i n g mRNAs. S i n c e a l l the expression plasmids constructed i n 
t h i s work were based on the AP promoter, the e f f e c t s of promoter 

L 
s t r e n g t h i n r e l a t i o n to the va r y i n g l e v e l s of v i c i l i n s y n t h e s i s 
obtained can be disr e g a r d e d . I n s t e a d , a t t e n t i o n w i l l be focussed 
on the t r a n s l a t i o n a l e f f i c i e n c i e s of the d i f f e r e n t mRNAs. 

E f f i c i e n t e x p r e s s i o n of a b a c t e r i a l mRNA r e q u i r e s the presence 
of a "s t r o n g " ribosome-binding s i t e (RBS). The major c o n s t i t u e n t s 
of the RBS are the i n i t i a t i o n codon, a p u r i n e - r i c h sequence of 3-9 
bases known as the Shine-Dalgarno. (SD) sequence, and the spacing 
( u s u a l l y 5-10 bases) between the two (Gold et al.,19Q\). The SD 
sequence i s complementary to the 3' end of the 16S rRNA component 
of the 30S ribosomal subunit (Shine and Dalgarno, 1974) and pro­
motes bi n d i n g of the b a c t e r i a l mRNA to the l a t t e r during the 
i n i t i a t i o n of t r a n s l a t i o n ( S t e i t z and Jakes, 1975). Despite an 
overwhelming body of sequence data of known RBS's (see Gold et al., 
1981) , our understanding of s p e c i f i c f a c t o r s governing the e f f i c i e n c y 
of i n i t i a t i o n at a given RBS i s s t i l l very incomplete. However, 
s e v e r a l s t u d i e s have suggested t h a t mRNA secondary s t r u c t u r e s 
i n v o l v i n g the RBS p l a y a major r o l e i n determining the e f f i c i e n c y 
of t r a n s l a t i o n . 

To e x p l a i n the r a d i c a l v a r i a t i o n s i n the l e v e l s of \cvo p r o t e i n 
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synthesised from different lac-cro gene fusions, Iserentant and 
Fi e r s (1980). examined secondary structure models derived for the 
various mRNAs and proposed that translational e f f i c i e n c i e s were 
lowered when the RBS, and p a r t i c u l a r l y the i n i t i a t i o n codon, was 
made inaccessible to the ribosomes by sequestration into double-
stranded regions of the mRNA. These proposals have been broadly 
supported by the more recent studies of Wood et al. (1984), Tessier 
et al.. (1984) and Schottel et al. (1984), though the l a t t e r 
workers concluded that i t was a c c e s s i b i l i t y ( i . e . single-strandedness) 
of the SD sequence, not the i n i t i a t i o n codon, which was of primary 
importance for e f f i c i e n t translation. 

To see whether the differences i n the levels of v i c i l i n syn­
thesised by the various plasmid constructs correlated with changes 
in the l i k e l y a c c e s s i b i l i t y of the RBS's, secondary structures were 
computed using an RNA-folding program (Zuker and Stiegler, 1981; 
see Fig.28), The v i c i l i n mRNA synthesised by pAD2-l.expl(+) has 
the potential to form a f a i r l y stable hairpin structure (AG = -10.5 kcal) 
which buries the i n i t i a t i o n codon into i t s stem but only p a r t i a l l y 
sequesters the SD sequence. By contrast, the hairpin structure 
derived for the pAD2-l.exp2(+) mRNA (AG = -14.5 kcal) sequesters 
the SD sequence into i t s stem but exposes the i n i t i a t i o n codon 
within an open loop. The finding that pAD2-l.exp2(+) synthesises 
very l i t t l e , i f any, y i c i l i n i s consistent with the proposal by 
Schottel et al. (1984) that involvement of the SD sequence in base-
pairing with neighbouring nucleotides sharply reduces the i n i t i a t i o n 
of translation. To confirm that the lack of expression of v i c i l i n 
from pAD2-i.exp2(+) i s indeed due to the poor t r a n s l a t a b i l i t y of 
i t s mRNA, i t w i l l be necessary to compare the levels of v i c i l i n -
s p e c i f i c mRNA accumulated i n c e l l s harbouring the plasmid with 
c e l l s harbouring, say pAD2-l.expl(+) (see Schoner et aZ.jl984). 

I t should be noted that the structure calculated for the 
pAD2-l.exp(+) mRNA (Fig.28) i s c h a r a c t e r i s t i c of the i n i t i a t i o n 
region of the phage MS2 replicase gene (Min Jou et al.jl972), 
and not s p e c i f i c for the v i c i l i n sequence. I t i s known that this 
p a r t i c u l a r secondary structure i s compatible with e f f i c i e n t trans­
l a t i o n since the replicase protein i s accumulated to high levels 
i n E.coli c e l l s when the gene i s placed downstream from the XP^ 
promoter (Remaut et al.^ 1982). By contrast, the structure derived 
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Figure 28. Computed secondary structures (Zuker and Stiegler, 1981) 
in the v i c i n i t y of the RBS for the v i c i l i n mRNAs synthesised from 
b a c t e r i a l plasmids. S.D. ;s'equences are labelled, and the i n i t i a t i o n 
codons are indicated by arrows. R.E. i s the r e l a t i v e efficiency of 
v i c i l i n synthesis. The thermodynamic s t a b i l i t y of each structure i s 
as a free energy (AG in k c a l ) . 
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for the pAD2-l.exp2(+) mRNA i s s p e c i f i c for the v i c i l i n sequence. 

Very similar hairpin structures were calculated for the mRNA 
molecules synthesised from pAD2-l.exp3(+) (same as pAD3-4.exp2(+)), 
pAD2-l.exp4(+) and pAD3-4,expl(+) (see Fig.28) which i s consistent 
with the s i m i l a r i t y in v i c i l i n yields produced by a l l these plas­
mids. I t should be emphasized however, that because of their low 
AG values (-2.9 to -3.9 kcal) i t i s possible that these theoretical 
structures do not accurately r e f l e c t the structures which actually 
e x i s t in vivo. 

I t may be concluded that formation of mRNA secondary struc­
tures affecting the a c c e s s i b i l i t y of the SD sequence provides a 
plausible explanation for the differences in v i c i l i n expression seen 
in c e l l s harbouring the different expression plasmids. However, 
th i s conclusion must be treated with caution. For example, the MS2 
replicase gene i s accumulated to '̂ 3̂5% of total c e l l protein when 
synthesised under the control of the AP̂ ^ promoter (Remaut et at,, 
1982), whereas the MS2 r e p l i c a s e - v i c i l i n fusion product produced 
by pAD2-l,expl(+), using the same promoter and translation i n i t i a ­
tion signals, accumulates to only '̂ '5%. Thus, i t i s obvious that 
other parameters such as the s t a b i l i t y of both the mRNA and the 
translated protein must be involved in determining the efficiency 
of expression. However, the factors which influence these para­
meters are not well defined. 
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