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ABSTRACT 

Selec t e d a s p e c t s of the mechanism of p r o t e i n s y n t h e s i s 

on plant 80S ribosomes were i n v e s t i g a t e d u s i n g amino a c i d 

i n c o r p o r a t i n g systems i s o l a t e d from the plumules of germinated 

seeds and the developing cotyledons of V i c i a faba ( L ) . 

Complete and t r a n s f e r amino a c i d i n c o r p o r a t i n g systems 

were c h a r a c t e r i s e d u s i n g ribosomes and enzyme f r a c t i o n 

prepared i n a v a r i e t y of ways. 

The s o l u b l e f r a c t i o n obtained from the developing 

cotyledons was p a r t i a l l y r e s o l v e d by chromatography on 

Sepharose 4B i n t o two complementary f r a c t i o n s required 

f o r peptide chain elongation. Chromatography on 

Sephadex-G200 f a i l e d to r e s o l v e the enzyme f r a c t i o n i n t o 

complementary f r a c t i o n s . F u r t h e r p u r i f i c a t i o n of the 

p a r t i a l l y r e s o l v e d f r a c t i o n s was e l i m i n a t e d by the extreme 

l a b i l i t y of the f r a c t i o n s . 

An attempt was made to demonstrate the s y n t h e s i s of the 

storage g l o b u l i n , legumin, by a microsomal system from 60 

day developing cotyledons. I n a d d i t i o n to the expected 

|_ Sj methionyl t r y p t i c peptides a number of a d d i t i o n a l 

fragments were obtained suggesting that peptides other than 

the c o n s t i t u e n t peptides of legumin were s y n t h e s i s e d i n 

the endogenous mRNA d i r e c t e d system. The p o s s i b l e nature 

of these products i s d i s c u s s e d . 

Chromatography on B D - c e l l u l o s e or DEAE-cellulose was 
m A + 

used to r e s o l v e the tRNA s p e c i e s present i n the t o t a l tRNA 

from developing cotyledons. In both ca s e s two major t R NA m e t 

N 



s p e c i e s were r e s o l v e d , one of which appeared to fu n c t i o n 

as a chain i n i t i a t o r as demonstrated by data from AUG 

dependent binding, the AUG dependent r e a c t i o n with puromycin, 

and N-terminal a n a l y s e s of the products of Poly(AUG), Poly(UG) 

or endogenous mRNA d i r e c t e d i n c o r p o r a t i o n . In a d d i t i o n 

B D - c e l l u l o s e chromatography p a r t i a l l y r e s o l v e d a t h i r d 

tRNA s p e c i e s probably equivalent to the i n i t i a t o r 

tRNA of c e l l o r g a n e l l e s . Although t h i s system contains an 

a c t i v e transformylase a c t i v i t y , the cytoplasmic i n i t i a t o r 

tRNA i s not formylatable i n c o n t r a s t to that of animal 

and m i c r o b i a l systems. 



ABBREVIATIONS 

The a b b r e v i a t i o n s , symbols and conventions used i n 

t h i s t h e s i s are i n accordance with the recommendations of 

the Biochemical Journal 131 (1973) 1-20, with the fo l l o w i n g 

exceptions and a d d i t i o n s : -

hr hour(s) 

S sedimentation c o e f f i c i e n t 

sec second(s) 

TCA t r i c h l o r o a c e t i c a c i d 

GMPPCP 5' guanylyl-methylene-diphosphonate 

Occasional a b b r e v i a t i o n s have been defined where they 

occur i n the t e x t . 

In a d d i t i o n , the fo l l o w i n g conventions have been adopted:-
Met 

tRNA Unresolved mixture of deacylated 
methionine accepting tRNA s p e c i e s . 

met-tRNA Unresolved mixture of methionine 
accepting tRNA s p e c i e s amino-
a c y l a t e d with methionine 

Phe 
S i m i l a r l y f o r tRNA and phe-tRNA 
met-tRNA^ G e n e r a l i s e d e u k a r y o t i c i n i t i a t o r 

tRNA s p e c i e s . 

TF^ has been used throughout to denote the eu k a r y o t i c amino-

a c y l tRNA binding enzyme, and i s equ i v a l e n t to T r a n s f e r a s e 1 of 

Moldave (1968) the binding enzyme of McKeehan and Hardesty 

(1969) and to T1 of Legocki and Marcus (1970). 

T F 2 has been used throughout to denote the e u k a r y o t i c 

t r a n s l o c a s e enzyme (ribosomal p e p t i d y l t r a n s f e r a s e ) , and i s 

equivalent to T r a n s f e r a s e I I of Moldave (1968), t r a n s f e r f a c t o r 

I I of McKeehan and Hardesty (1969) and to T 2 of Legocki and 

Marcus (1970). 

F j , F 2 and F g have been used throughout to denote the 
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b a c t e r i a l i n i t i a t i o n f a c t o r s and are equivalent to A, C and B 

r e s p e c t i v e l y of Revel and Gros (1966). Since the e u k a r y o t i c 

i n i t i a t i o n f a c t o r s remain incompletely c h a r a c t e r i s e d the 

nomenclature adopted by i n d i v i d u a l workers has been r e t a i n e d 

throughout. 
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INTRODUCTION 

The b i o s y n t h e s i s of p r o t e i n can be i n v e s t i g a t e d at a 

v a r i e t y of l e v e l s from the i n vivo s i t u a t i o n using whole 

organisms to the i n v i t r o l e v e l u s i n g the p u r i f i e d components 

i n s t r i c t l y defined c o n d i t i o n s . • Each l e v e l of i n v e s t i g a t i o n 

recommends i t s e l f to the s o l u t i o n of a d i f f e r e n t type of 

problem and each has i t s a s s o c i a t e d advantages and d i s a d 

vantages. 

Studies at the whole plant l e v e l have been concerned 

mainly with the dynamics of p r o t e i n turnover ( V i c k e r y et a l . , 

1940; Hevesy et a l . , 1940; and H a l l & Cocking, 1966), and 

the e f f e c t of environmental v a r i a b l e s upon the y i e l d of t o t a l 

p r o t e i n ( w i t n e s s the reviews of McKee, 1958). 

For s t u d i e s on mechanistic and developmental aspe c t s 

of p r o t e i n s y n t h e s i s , the whole organism has s e v e r a l d i s 

advantages. The most insurmountable d i f f i c u l t y i s that 

presented by the wide v a r i e t y of t i s s u e types present, each 

c h a r a c t e r i s e d by an assortment of s p e c i a l i s e d c e l l s . 

I n t e r p r e t a t i o n i n terms of s y n t h e s i s of s p e c i f i c p r o t e i n s 

by s p e c i f i c c e l l s under s t r i c t l y defined c o n d i t i o n s becomes 

impossible and a l l t h a t can be followed i s change i n t o t a l 

p r o t e i n content. Since the t o t a l organism i s composed of 

such a wealth of c e l l types each s y n t h e s i s i n g i t s own 

p a r t i c u l a r types of p r o t e i n , the problem of s e p a r a t i o n and 

c h a r a c t e r i s a t i o n of the newly s y n t h e s i s e d p r o t e i n s becomes 

immense. I t may be p e r t i n e n t , however, to s t r e s s that 

d e s p i t e the v a s t number of types of p r o t e i n s y n t h e s i s e d by 

the d i f f e r e n t c e l l types, there i s an u n d e r l y i n g biochemical 

?I:C 1973 ) 
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u n i t y i n t h a t a l l p r o t e i n s are s y n t h e s i s e d by the same 

fundamental mechanism ( C r i c k , 1968) us i n g information stored, 

t r a n s c r i b e d and t r a n s l a t e d by a u n i v e r s a l process. 

The study of both developmental and mechanistic a s p e c t s 

of p r o t e i n s y n t h e s i s r e q u i r e s that substances be supplied 

to the system under r i g i d l y s p e c i f i e d c o n d i t i o n s and the 

e f f e c t upon the process noted. At the i n vivo l e v e l 

i n t e r p r e t a t i o n of the e f f e c t s of exogenously supplied 

substances i s complicated by problems of r a t e - l i m i t i n g uptake, 

subsequent m o d i f i c a t i o n and problems of i n t e r n a l c oncentration 

g r a d i e n t s . I t may appear at f i r s t s i g h t t h a t such d i f f i c u l t i e s 

could be overcome by the use of u n i c e l l u l a r organisms. 

However, even i n t h i s case such problems of uptake and 

mo d i f i c a t i o n occur, as w e l l as the complexity a s s o c i a t e d 

with a system i n which d i f f e r e n t p r o t e i n s are s y n t h e s i s e d 

at s p e c i f i c i n t r a c e l l u l a r s i t e s . However, Peterson & 

Torrey (1968) u s i n g Fucus embryos found t h a t exogenously 

supplied I CI l e u c i n e did not e q u i l i b r i a t e with the main 

s o l u b l e l e u c i n e pool before i n c o r p o r a t i o n and t h a t uptake 

was pr o p o r t i o n a l t o the e x t e r n a l c o n c e n t r a t i o n . These 
I"l4l 

authors used s t u d i e s of ^ 9J l e u c i n e uptake i n vivo to 

follow p r o t e i n s y n t h e s i s f o l l o w i n g f e r t i l i z a t i o n of Fucus 

eggs. However, the r e s u l t s of such s t u d i e s are confined 

to s p e c u l a t i o n upon the p o s s i b l e s i t e s and r o l e of the newly 

s y n t h e s i s e d p r o t e i n . A major disadvantage of us i n g c u l t u r e s 

of u n i c e l l u l a r organisms i s that r e s u l t i n g from the 

heterogeneity of the population with r e s p e c t to p o s i t i o n i n 

the l i f e c y c l e . However, using the technique of synchronous 
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c u l t u r e (Tamiya, 1966; P i r s o n & Lorenzen, 1966), a homogeneous 

population can be obtained. Although such c u l t u r i n g techniques 

are r e a d i l y a v a i l a b l e for many u n i c e l l u l a r organisms, the 

use of such c u l t u r e s i n vivo has contributed l i t t l e to our 

knowledge of the mechanism of p r o t e i n s y n t h e s i s but has found 

ext e n s i v e a p p l i c a t i o n i n the e l u c i d a t i o n of the problems 

a s s o c i a t e d with the sequence of events involved i n the timing 

of DNA s y n t h e s i s i n the l i f e c y c l e (Cummins, 1969). In vivo 

s t u d i e s have demonstrated that p r o t e i n s are sy n t h e s i s e d de 

novo i n most, i f not a l l , t i s s u e s (von der Decken, 1967), and 

that organs p r e f e r e n t i a l l y s y n t h e s i s i n g p r o t e i n f o r export 

are c h a r a c t e r i s e d by high r a t e s of p r o t e i n s y n t h e s i s (Campbell 

& Work, 1952). Rapidly growing c e l l s and c e l l s s y n t h e s i s i n g 

storage p r o t e i n s e x h i b i t high r a t e s of p r o t e i n s y n t h e s i s , 

w h i l s t organs s y n t h e s i s i n g p r o t e i n s f o r i n t r a c e l l u l a r u t i l i 

s a t i o n show only low r e l a t i v e s y n t h e t i c a c t i v i t i e s (von der 

Decken, 1967). 

Knowledge of the r e a c t i o n s involved i n p r o t e i n s y n t h e s i s 

i n vivo has been considerably extended by the use of i n v i t r o 

amino a c i d i n c o r p o r a t i n g systems. I t appears to be accepted 

(with c e r t a i n r e s e r v a t i o n s ) t h a t the i n v i t r o s i t u a t i o n w i l l 

l a r g e l y r e f l e c t the i n vivo mechanism and the use of i n 

v i t r o systems has made i t p o s s i b l e to e l u c i d a t e to a 

considerable extent the r e a c t i o n s involved i n the s y n t h e s i s 

of p r o t e i n and the mechanism whereby p r o t e i n s y n t h e s i s i s 

reg u l a t e d . 

In v i t r o i n v e s t i g a t i o n s of p r o t e i n s y n t h e s i s can be 

conducted at the c e l l u l a r and s u b c e l l u l a r l e v e l . The 

pe r f u s i o n technique used i n animal systems, whereby an 
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i s o l a t e d organ i s c o n t i n u a l l y perfused with a p h y s i o l o g i c a l 

f l u i d supplemented with a l a b e l l e d amino a c i d , together with 

a l l the requirements for i t s normal metabolic f u n c t i o n , has 

no simple equivalent i n p l a n t systems because of the nature 

of the p l a n t conductive t i s s u e s . The perfused organs r e f l e c t 

the a c t i v i t y of the o r i g i n a l organ without being a f f e c t e d 

by the metabolism of the whole animal and provides a means 

of i s o l a t i n g s p e c i f i c f u n c t i o n a l u n i t s . However, t h i s 

technique has l i m i t e d a p p l i c a t i o n i n mechanistic s t u d i e s 

because of i t s inherent complexity. The method has been 

used with animal systems to e l u c i d a t e the s i t e of s y n t h e s i s 

w i t h i n perfused organs of v a r i o u s types of p r o t e i n . Using 

such a technique M i l l e r ejt a l . (1951) demonstrated the 

i m p l i c a t i o n of the l i v e r i n the s y n t h e s i s of plasma p r o t e i n s 

and subsequently using a technique of continuous p e r f u s i o n 

of the non-hepatic, caudal part of the r a t , demonstrated 

that a - g l o b u l i n was s y n t h e s i s e d i n the bone marrow and lymph 

nodes ( M i l l e r ejt al.', 1954). 

The t i s s u e s l i c e system has been widely used i n animal 

systems to study the i n c o r p o r a t i o n of amino a c i d s i n t o 

p r o t e i n (Askonas & Humphrey, 1958; Perlmann et a l . , 1959; 

H u l t i n et a l . , 1960). As with perfused organs the a c t i v i t y 

of the t i s s u e s l i c e s r e f l e c t s the a c t i v i t y of the o r i g i n a l 

t i s s u e independently of the metabolism of the whole animal 

and has the advantage that the suspending medium can be more 

s t r i c t l y defined. The technique i n v o l v e s the preparation 

of t h i n s l i c e s of t i s s u e which are suspended i n a s t r i c t l y 

defined p h y s i o l o g i c a l l y balanced medium supplemented with 
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( f o r the study of p r o t e i n s y n t h e s i s ) a r a d i o a c t i v e l y l a b e l l e d 

amino a c i d . The uptake and i n c o r p o r a t i o n i n t o p r o t e i n of 

the l a b e l l e d amino a c i d i s followed. However, i n t e r p r e t a t i o n 

of the r e s u l t s of such i n v e s t i g a t i o n s are o f t e n complicated 

by such f a c t o r s as problems of uptake and subsequent modifi

c a t i o n , leakage of enzymes, coenzymes, mine r a l s , and osmotic 

uptake of water. I t must be s t r e s s e d that i n such systems 

i t i s not always p o s s i b l e to e x t r a p o l a t e from the e x t e r n a l 

bathing medium to the i n t r a c e l l u l a r environment. S e v e r a l 

i n v e s t i g a t o r s have used t i s s u e s l i c e s from mammalian sources 

to i n v e s t i g a t e problems of s i t e s of production of s p e c i f i c 

p r o t e i n s , i n most cas e s the p r o t e i n studied could be detected 

by s p e c i f i c techniques which did not r e q u i r e e x t e n s i v e 

f r a c t i o n a t i o n and p u r i f i c a t i o n procedures. Askonas & 

Humphrey (1958) u s i n g s l i c e systems from v a r i o u s organs, 

i n v e s t i g a t e d the s i t e s of production of a - g l o b u l i n and a n t i 

bodies i n immunised r a t s . The l a b e l l e d a n t i b o d i e s 

s y n t h e s i s e d were lo c a t e d by p r e c i p i t a t i o n by t h e i r s p e c i f i c 

a ntigens. Perlmann et a l . (1959) used agar d i f f u s i o n 

methods (Ouchterlony, 1949) to c h a r a c t e r i s e the l a b e l l e d 

a n t i g e n i c p r o t e i n s a f t e r i n c o r p o r a t i o n of r a d i o a c t i v e amino 

a c i d s by l i v e r s l i c e s . Hanking & Roberts (1964) used a 

s l i c e system to study the e f f e c t of i n t r a c e l l u l a r l e v e l s 

of amino a c i d s on r a t e s of p r o t e i n s y n t h e s i s and turnover. 

There are few recorded i n s t a n c e s of s l i c e systems from 

plant m a t e r i a l . B a i l e y eib a l . (1970), u s i n g cotyledon 

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

s y n t h e s i s e d p r o t e i n , i n combination with electron-microscope 
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autoradiography, demonstrated that i n V i c i a faba, g l o b u l i n 

i s s y n t h e s i s e d on the rough endoplasmic r e t i c u l u m and i s 

transported to the developing p r o t e i n bodies v i a the endo

plasmic r e t i c u l u m and not a c r o s s the cytoplasm. Thus, such 

a system lends i t s e l f to the study of developmental r a t h e r 

than mechanistic aspects of p r o t e i n s y n t h e s i s . 

One of the inherent d i f f i c u l t i e s of the i n vivo method, 

and of the p e r f u s i o n and s l i c e techniques, i s the heterogeneous 

nature of the c e l l populations. When in c o r p o r a t i o n of 

amino a c i d i s measured i t i s not c e r t a i n which of the c e l l 

types are most a c t i v e i n p r o t e i n s y n t h e s i s . In order to 

minimise the problems of i n t e r p r e t a t i o n r e s u l t i n g from the 

use of a heterogeneous c e l l population, attempts have been 

made to separate the d i f f e r e n t c e l l types i n r a t l i v e r and 

to use these homogeneous c e l l populations to determine the 

s i t e s of s y n t h e s i s of s p e c i f i c p r o t e i n s (Perlmann e t a l . , 

1964; Lundkvist et a l . , 1964). One of the most r e a d i l y 

a v a i l a b l e homogeneous c e l l populations i s the mammalian 

r e t i c u l o c y t e . These immature blood c e l l s a c t i v e l y s y n t h e s i s e 

p r o t e i n and possess the great advantage t h a t 80% of the 

s o l u b l e p r o t e i n s y n t h e s i s e d i s haemaglobin which i s r e a d i l y 

i s o l a t e d and p u r i f i e d . D i n t z i s (1961) used i s o l a t e d r e t i c u -

haemaglobin. However, s i n c e r e t i c u l o c y t e s are incomplete 

c e l l s , l a c k i n g n u c l e i , t h e i r a p p l i c a t i o n i s l i m i t e d to 

problems of p r o t e i n s y n t h e s i s at the t r a n s l a t i o n a l l e v e l . 

A f u r t h e r type of homogeneous c e l l population i s that 

presented by e x c i s e d c e l l s grown i n c e l l c u l t u r e . S e v e r a l 

l o c y t e s to study the i n c o r p o r a t i o n N l e u c i n e i n t o 
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t i s s u e c u l t u r e systems using plant c e l l s have been described 

( r e f e r to S t r e e t , 1969; Steward et a l . , 1969). However, i t 

must be s t r e s s e d t h a t r e s u l t s obtained from the use of such 

homogeneous c e l l populations cannot be appli e d without due 

c o n s i d e r a t i o n to the i n t a c t organism from which the o r i g i n a l 

c e l l s were obtained. A mass of u n d i f f e r e n t i a t e d c a l l u s 

may appear s u p e r f i c i a l l y s i m i l a r to a developing cotyledon i n 

i t s e a r l y s t a g e s . However, i n many cotyledons at some 

s p e c i f i c point i n the development, the s y n t h e s i s of massive 

amounts of storage p r o t e i n i s i n i t i a t e d . Hence, comparison 

may be v a l i d before t h i s point but i t i s no longer p o s s i b l e 

to equate the s i t u a t i o n i n developing cotyledons with that 

i n c e l l c u l t u r e s of the corresponding m a t e r i a l , once storage 

p r o t e i n s y n t h e s i s has been i n i t i a t e d . The problems of 

uptake, m o d i f i c a t i o n , i s o t o p i c d i l u t i o n as w e l l as those of 

c h a r a c t e r i s a t i o n of both the medium and the product s y n t h e s i s e d 

confine the a p p l i c a t i o n of such c e l l c u l t u r e s to developmental 

aspects of p r o t e i n s y n t h e s i s ( S t r e e t , 1969; Steward ejt a l . , 

1969). 

In view of the problems a s s o c i a t e d with the use of i n 

vivo and i n v i t r o systems of the va r i o u s types mentioned, 

i t would seem t h a t i n order to study the r e g u l a t i o n of and 

mechanism of assembly of amino a c i d s i n t o p r o t e i n s , i t i s 

necessary to use hi g h l y p u r i f i e d p r e p a r a t i o n s of the b a s i c 
(RNP), 

components, r i b o n u c l e o p r o t e i n p a r t i c l e s / t r a n s f e r r i b o n u c l e i c 

a c i d (tRNA) and s o l u b l e enzymes supplemented by a v a r i e t y of 

sol u b l e f a c t o r s i n a s t r i c t l y defined buffered medium. I t 

i s only by the d i s r u p t i o n of the c e l l and subsequent 
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f r a c t i o n a t i o n and p u r i f i c a t i o n of the components involved 

t h a t i t i s p o s s i b l e to unequivocally equate observed e f f e c t s 

with the presence, concentration, m o d i f i c a t i o n e t c . , of any 

f a c t o r involved i n p r o t e i n s y n t h e s i s i n the absence of other 

explanations i n v o l v i n g uptake phenomena e t c . 

Whilst i t must be agreed that our understanding of the 

mechanism of p r o t e i n s y n t h e s i s has been l a r g e l y derived from 

the use of c e l l - f r e e systems from micro-organisms, i t i s 

important to understand that s u b t l e d i s t i n c t i o n s w i l l e x i s t 

and i t i s not p o s s i b l e to d i r e c t l y apply r e s u l t s obtained 

with the b a c t e r i a l system to the cytoplasmic ribosomal 

system of e u k a r y o t i c organisms. A wide v a r i e t y of sub

c e l l u l a r i n v i t r o systems from both p l a n t ( B o u l t e r , 1970; 

Allende, 1969) and animal sources (von der Decken, 1967) 

have been described. Since p r o t e i n s y n t h e s i s i n the 

e u k a r y o t i c c e l l occurs at s i t e s other than the cytoplasmic 

ribosomes, such systems are c l a s s i f i e d as " o r g a n e l l e " or 

"cytoplasmic". The c l a s s i f i c a t i o n being based on the 

o r g a n e l l e ( c h l o r o p l a s t , mitochondria, or n u c l e i ) used or 

from which the components were d e r i v e d . Ribosomal systems 

have been divided i n t o two broad c a t e g o r i e s on the b a s i s 

of t h e i r sedimentation c o e f f i c i e n t s . Those of the p r o k a r y o t i c 

organisms (Stegeman et a l . , 1970), mitochondria ( K u n t z e l & 

N o l l , 1967), and c h l o r o p l a s t s ( L y t t l e t o n , 1962; Boardman 

et a l . , 1965; Sager & Hamilton, 1967) are approximately 

70S, w h i l s t the e u k a r y o t i c cytoplasmic ribosomes are 

approximately 80S. However, there i s no sharp d i s t i n c t i o n 

between the types and s e v e r a l exceptions have been described 
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(Schmitt, 1969; Morimoto e t a l . , 1971; R i f k i n ejt a l . , 1967). 

C i f e r r i & P a r i s i (1970) point out that o r g a n e l l e ribosomes 

with high sedimentation c o e f f i c i e n t s (80S) show gr e a t e r 

f u n c t i o n a l s i m i l a r i t i e s w ith the 70S type than with the 80S 

cytoplasmic type. 

A wide v a r i e t y of amino a c i d i n c o r p o r a t i o n data u s i n g 

i n t a c t c h l o r o p l a s t s and mitochondria and amino a c i d i n c o r 

p o r a t i n g systems e x t r a c t e d from these o r g a n e l l e s are 

described ( B o u l t e r , 1970; von der Decken, 1967; Boulter 

et a l . , 1972). The preparation of such systems i n v o l v e s 

homogenisation of the c e l l , p u r i f i c a t i o n of the o r g a n e l l e , 

and subsequent i s o l a t i o n of the component involved i n p r o t e i n 

s y n t h e s i s . I n the preparation of both types of o r g a n e l l e 

the major d i f f i c u l t y i s the r a p i d i t y with which l y s i s and 

subsequent l a c k of i n t e g r i t y occurs f o l l o w i n g homogenisation 

of the t i s s u e , and precautions must be taken to ensure the 

f a s t e s t p o s s i b l e s e p a r a t i o n of the o r g a n e l l e from the 

remaining cytoplasmic matrix. 

The study of amino a c i d i n c o r p o r a t i o n by i n t a c t c e l l -

f r e e o r g a n e l l e p r e p a r a t i o n s i s complicated by the d i f f i c u l t y 

of i s o l a t i n g a c t i v e p r e p a r a t i o n s f r e e of contaminating 

b a c t e r i a (App & Jagendorf, 1964; Lado & Schwendimann, 1966), 

and other o r g a n e l l e s and experiments must be r i g o r o u s l y 

c o n t r o l l e d to avoid m i s i n t e r p r e t a t i o n of data. 

Studies of amino a c i d i n c o r p o r a t i o n by c h l o r o p l a s t s 

and mitochondria have h i g h l i g h t e d the e s s e n t i a l s i m i l a r i t y 

between the mechanism of p r o t e i n s y n t h e s i s on p r o k a r y o t i c 

and e u k a r y o t i c 70S type ribosomes ( C i f e r r i & P a r i s i , 1970; 
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B i a n c h e t t i et a l . , 1971). The i n t e r c h a n g e a b i l i t y of the 

components of the b a c t e r i a l and e u k a r y o t i c 70S amino a c i d 

i n c o r p o r a t i n g systems ( C i f e r r i & P a r i s i , 1970; Morimoto et 

a l . , 1971) has been used as evidence of the endosymbiont 

hypothesis (Margulis, 1970). Studies on p r o t e i n s y n t h e s i s 

by o r g a n e l l e s i n v o l v i n g c h a r a c t e r i s a t i o n of the p r o t e i n s 

s y n t h e s i s e d may e v e n t u a l l y r e s o l v e the problem of the autonomy 

of these o r g a n e l l e s . 

S e v e r a l workers ( r e f e r to Boulter e t a l . , 1972) have 

stu d i e d the e f f e c t of a v a r i e t y of i n h i b i t o r s upon amino a c i d 

i n c o r p o r a t i o n by o r g a n e l l e p r e p a r a t i o n s . However, caution 

must be e x e r c i s e d i n i n t e r p r e t i n g such i n h i b i t o r s t u d i e s , 

s i n c e p r o t e i n s y n t h e s i s may represent only one of a v a r i e t y 

of i n t e r r e l a t e d processes c a r r i e d out by the i n t a c t o r g a n e l l e s , 

the i n h i b i t i o n of any one of which may r e s u l t i n a change i n 

the amount or type of p r o t e i n s y n t h e s i s e d . 

The bulk of the p r o t e i n s s y n t h e s i s e d i n a e u k a r y o t i c 

c e l l (with the exception of the l a r g e sub-unit of F r a c t i o n 1 

p r o t e i n i n green l e a v e s ) , are s y n t h e s i s e d not i n the o r g a n e l l e s 

but i n the cytoplasm, upon f r e e or membrane-bound 80S 

ribosomes, and i n order to study the mechanism and r e g u l a t i o n 

of p r o t e i n s y n t h e s i s the components must be p u r i f i e d , charac

t e r i s e d and t h e i r i n t e r a c t i o n s e l u c i d a t e d . Thus, f o r 

mechanistic s t u d i e s , the end point of which must be a s e q u e n t i a l 

understanding of the mechanism of p r o t e i n s y n t h e s i s on the 

80S ribosomes, the cytoplasmic c e l l - f r e e system remained, 

u n t i l very r e c e n t l y , unsurpassed. Such systems have been 

described from a v a r i e t y of plant and animal t i s s u e s (von der 
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Decken, 1967; B o u l t e r , 1970) and contain r i b o n u c l e o p r o t e i n 

p a r t i c l e s , tRNA and v a r i o u s s o l u b l e enzymes. I n a l l , some 

120 d i f f e r e n t macromolecules are known to be involved i n 

t r a n s l a t i o n (Lengyel & S o i l , 1969). I n the presence of a 

s u i t a b l e messenger RNA (mRNA), such systems incorporate 

r a d i o a c t i v e l y l a b e l l e d amino a c i d s i n t o polypeptide m a t e r i a l . 

Such systems have been used to study developmental (Duffus, 

1967; Mascarenhas & B e l l , 1969; Payne, 1970) and mechanistic 

problems (Lengyel & S o i l , 1969). 

For a v a r i e t y of problems c e l l - f r e e systems possess 

severe l i m i t a t i o n s . Most c e l l - f r e e amino a c i d systems 

described are a c t i v e f o r only a l i m i t e d period of time, 

i n c o r p o r a t i o n being complete under standard c o n d i t i o n s i n 

20-30 min. Exceptions have, however, been d e s c r i b e d . Using 

red beet microsomes, E l l i s & MacDonald (1967) found that 

i n c o r p o r a t i o n continued at a l i n e a r r a t e f o r 1 hr , w h i l s t 

Payne (1970) u s i n g microsomes from developing cotyledons of 

V i c i a faba d e s c r i b e s a complete amino a c i d i n c o r p o r a t i n g 

system, i n which i n c o r p o r a t i o n was l i n e a r over a period of 

2 hr. The more u s u a l l y reported i n s t a b i l i t y of such systems 

probably r e s u l t s from accumulative degradative, s t r u c t u r a l 

and f u n c t i o n a l changes i n the components t a k i n g place during 

the incubation period at temperatures of 25-37 °. However, 

i n some cas e s i t may be that changes i n the c o n c e n t r a t i o n of 

components of the incubation mixture may r e s u l t i n one or 

more components becoming l i m i t i n g and the r a t e of r e a c t i o n 

w i l l t h e r e f o r e p r o g r e s s i v e l y decrease ( B o u l t e r , 1970). In 

an attempt to e l i m i n a t e such c o n c e n t r a t i o n changes, Coleman 
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(1969) has devised a "dynamic" assay system. A polysome-

tRNA-enzyme mixture i s e l u t e d down a Sephadex-G25 column 

e q u i l i b r i a t e d with a r a d i o a c t i v e amino a c i d mixture, GTP and 
2+ 

ATP u s i n g a T r i s , Mg , KC1 b u f f e r . The polysome-tRNA-enzyme 

mixture i s excluded from the gel p a r t i c l e s and i s i n c o n t i n u a l 

contact with a f r e s h and r e l a t i v e l y constant supply of amino 

a c i d s , GTP and ATP. Whilst at the same time, low molecular 

weight degradation products enter the g e l p a r t i c l e s and 

t h e r e f o r e , move down the column a t a slower r a t e than the 

a c i d i n c o r p o r a t i o n i n t o p e p t i d y l form i n a t y p i c a l " s t a t i c " 

c e l l - f r e e system from B a c i l l u s a m y l o l i q u e f a c i e n s to i n c o r 

poration achieved u s i n g the same components i n a Sephadex 

column "dynamic" system under a s p e c t i c c o n d i t i o n s . Over a 

40 min incubation period i n c o r p o r a t i o n i n the "dynamic" 

system was f o u r - f o l d greater than that i n the s t a t i c system. 

Coleman suggests t h a t the t a i l o f f i n in c o r p o r a t i o n a f t e r 

20 min was due to exhaustion of the polysome supply, s i n c e 

l e v e l s of low molecular weight p r e c u r s o r s were not l i m i t i n g . 

A severe c r i t i c i s m of the u s u a l s t a t i c i n v i t r o amino 

a c i d i n c o r p o r a t i n g system i s the low o v e r a l l i n c o r p o r a t i o n 

obtained as compared to that obtained i n the i n t a c t organism. 

In most cas e s the r a t e barely approaches that found i n v i v o . 

phenylalanine i n t o p e p t i d y l m a t e r i a l i n response to endogenous 

mRNA by a ^ faba c e l l - f r e e system under standard c o n d i t i o n s 

was 1% of that found jLn v i v o . 

Most t i s s u e s lend themselves to some form of homogenisation 

polysome-tRNA-enzyme mixture. Coleman compared N amino 

Payne (1970) found that the r a t e of i n c o r p o r a t i o n of 
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technique but not a l l y i e l d a c t i v e amino a c i d i n c o r p o r a t i n g 

systems. The l a c k of a c t i v i t y probably r e f l e c t s the a c t i v i t y 

of h y d r o l y t i c enzymes and i n h i b i t o r y substances l i b e r a t e d 

during the homogenisation technique, and may r e s u l t from the 

rupture of vacuoles, lysosomes e t c . , i n which the enzymes 

have been p r e v i o u s l y i s o l a t e d from t h e i r s u b s t r a t e s . There 

have been s e v e r a l attempts to reduce degradative a c t i v i t i e s 

to a minimum during the homogenisation technique, the most 

popular being the use of nuclease i n h i b i t o r s . Watts & 

Mathias (1967) and T e s t e r & Dure (1966) used bentonite to 

s e l e c t i v e l y absorb r i b o n u c l e a s e (RNase) during e x t r a c t i o n 

of p l a n t polysomes. Murthy & Rappoport (1965) report t h a t 

the i n c o r p o r a t i o n a b i l i t y of r a t b r a i n microsomes and 

i s o l a t e d RNP p a r t i c l e s was enhanced when bentonite, an i n h i b i t o r 

of RNase a c t i v i t y was present during p r e p a r a t i o n . However, 

Lonsdale (1972) found t h a t i n c l u s i o n of bentonite i n the 

e x t r a c t i o n medium did not i n h i b i t degradation of rRNA during 

e x t r a c t i o n of polysomes from cotyledons of V. faba. Also, 

T e s t e r & Dure (1966) demonstrated that bentonite was capable 

of absorbing s i g n i f i c a n t q u a n t i t i e s of ribosomes, thus 

e f f e c t i v e l y d e c r e asing the y i e l d . 

Two other RNase i n h i b i t o r s have been described, poly-

v i n y l s u l p h a t e (Moller & Boedtker, 1962) and d i e t h y l p y r o -

carbonate (Weeks & Marcus, 1969; Anderson & Key, 1970; 

Lonsdale, 1972). However, these i n h i b i t o r s are s e v e r e l y 

l i m i t e d i n t h e i r a p p l i c a t i o n s i n c e they i n h i b i t i n v i t r o 

ribosomal amino a c i d i n c o r p o r a t i o n (Weeks & Marcus, 1969). 

The RNase i n h i b i t o r s d escribed above are a l l n o n - p h y s i o l o g i c a l , 
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have a range of e f f e c t s and are of doubtful general u s e f u l n e s s . 

Roth (1956) has described the use of a n a t u r a l nuclease 

i n h i b i t o r from r a t l i v e r which has been used with some success 

i n the p r eparation of polysomes from a wide range of m a t e r i a l 

(Northup et a l . , 1966). 

Since the use of RNase i n h i b i t o r s i s not always completely 

s u c c e s s f u l , perhaps the most a t t r a c t i v e s o l u t i o n to the 

problem of the l i b e r a t i o n of degradative enzymes f o l l o w i n g 

homogenisation, i s a system whereby homogenisation i s 

e l i m i n a t e d . S e v e r a l such systems have been prepared from 

b a c t e r i a l sources; Schaechter et a l . (1965) d e s c r i b e a l y s a t e 

system from B a c i l l u s megaterium, w h i l s t Scheinbuks et^ a l . 

(1969) prepared a c e l l - f r e e amino a c i d i n c o r p o r a t i n g system 

from Azotobacter v i n e l a n d i i . Using an osmotic shock technique 

to d i s r u p t c e l l s , they showed t h a t 80-90% of the c e l l u l a r 

ribosomes r e l e a s e d were i n the form of polyribosomes. T i s s u e 

from more complex organisms does not lend i t s e l f r e a d i l y to 

such techniques because of the d i f f i c u l t y a s s o c i a t e d with 

the c e l l u l a r s t r u c t u r e , as w e l l as that of o b t a i n i n g homogeneous 

c e l l c u l t u r e s . However, recent a p p l i c a t i o n of the technique 

of l y s i s to r e t i c u l o c y t e p r e p a r a t i o n s by Hunt ejt a l . (1972) 

y i e l d e d a completely u n f r a c t i o n a t e d system i n which the 

i n i t i a l r a t e of globin s y n t h e s i s was c l o s e to the steady 

s t a t e r a t e i n i n t a c t r e t i c u l o c y t e s , degradation being reduced 

to a minimum. No matter how gentle the e x t r a c t i o n techniques 

may be, the i n t r i c a t e s p a t i a l r e l a t i o n s h i p between the c e l l 

and a host of f a c t o r s present i n the i n t a c t organism i s l o s t 

when the c e l l s are removed from t h e i r environment i n the 
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organism and i t must be with caution that f i n d i n g s made i n 

what may be an a r t e f a c t u a l i n v i t r o system, are ex t r a p o l a t e d 

to the i n vivo s i t u a t i o n . 

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

ribosome. However, ribosomes may be segregated i n t o those 

which are f r e e i n the cytoplasm ( f r e e ribosomes) or those 

which are attached to the membranes of the endoplasmic reticulum^ 

membrane-bound ribosomes (mb-ribosomes) (e.g. Palade, 1958; 

Campbell, 1960; Moui6", 1964; Blobel & P o t t e r , 1966; 

Campbell & Sargent, 1967; Campbell & Lawford, 1967). In 

the establishment of a c e l l - f r e e amino a c i d i n c o r p o r a t i n g 

system, a choice e x i s t s between types of ribosomes to use 

and t h i s must be based upon the type of problems to which 

the system w i l l be a p p l i e d . Since c e l l s which s e c r e t e l a r g e 

amounts of p r o t e i n , e.g. l i v e r , often have most of t h e i r 

ribosomes bound to membranes, i t has been assumed that 

p r o t e i n s y n t h e s i s e d f o r "export" i s s y n t h e s i s e d on membrane-

bound ribosomes. Table 1 shows the s i t e of s y n t h e s i s of 

a v a r i e t y of p r o t e i n s and i n d i c a t e s t h a t i n s e v e r a l c a s e s 

mb-ribosomes s y n t h e s i s e p r o t e i n s d i s t i n c t from those syn

t h e s i s e d on f r e e polysomes. However, i t must not be 

assumed t h a t a l l p r o t e i n s s y n t h e s i s e d on mb-ribosomes are 

f o r export. A t t a r d i e t a l . (1969) showed that 10-20% of 

the polysomes of HeLa c e l l s , which have no apparent s e c r e t o r y 

f u n c t i o n , are membrane-bound, w h i l s t Andrews & Tata (1971) 

have shown that r a t c e r e b r a l cortex and s k e l e t a l muscle 

have a minimum of 22% and 9% of t h e i r ribosomes bound to 

membranes, des p i t e the f a c t t h at n e i t h e r are s e c r e t o r y 
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TABLE 1. 

D i f f e r e n t i a l s y n t h e s i s of s p e c i f i c 
p r o t e i n s by f r e e and membrane-bound polysomes 

„ „ S i t e of „ „ System P r o t e i n Reference s y n t h e s i s 
f r e e mb-
poly- poly
somes somes 

Rat l i v e r serum albumin Campbell et a l . 
(1960); 

Ganoza & Williams 
(1969); 

Redman (1968). 

membrane 
p r o t e i n 

D a l l n e r et a l . 
(1966)1 

non-serum 
p r o t e i n 

Ganoza & Willi a m s 
(1969); 

NADPH-cyto-
chrome £ 
reductase 

Ragnotti e t a l , 
(1969); 

R e t i c u l o c y t e globin Bulova & Burka 
(1970); 

non-globin 
p r o t e i n 

Pancreas amylase - + Redman et a l . 
(196677 

R e s u l t s were obtained from i n v i t r o s t u d i e s . 
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t i s s u e s . I t i s l i k e l y t h a t i n these i n s t a n c e s , as i n that 

reported by Da l i n e r ejt a l . (1966) i n r a t l i v e r , the p r o t e i n s 

s y n t h e s i s e d on such mb-ribosomes may be involved i n membrane 

s t r u c t u r e . In order to study aspects of the s y n t h e s i s and 

tr a n s p o r t of such exported p r o t e i n s , a system i n which the 

intimate r e l a t i o n s h i p between membrane and ribosome i s preserved, 

i s e s s e n t i a l . 

I t i s u n l i k e l y that the r e l a t i o n s h i p between the membrane 

and i t s attached ribosomes i s simply a topographical one i n 

which the ribosomes l i e at random on the s u r f a c e of the 

membrane. Redman & S a b a t i n i (1966) have shown t h a t , u n l i k e 

f r e e polysomes from both s e c r e t o r y and non-secretory t i s s u e 

which r e l e a s e t h e i r nascent p r o t e i n s i n t o the surrounding 

f l u i d matrix, the nascent p r o t e i n s y n t h e s i s e d on mb-ribosomes 

from s e c r e t o r y t i s s u e was r e l e a s e d i n t o the lumen of the 

microsomal v e s i c l e s , i n d i c a t i n g some intimate and p r e c i s e 

r e l a t i o n s h i p between the membrane and the attached ribosomes. 

A considerable body of evidence now suggests t h a t , when a p r o t e i n 

i s not s y n t h e s i s e d i n s i t u , an i n t r a c e l l u l a r t r a n s p o r t 

mechanism i n v o l v i n g the endoplasmic r e t i c u l u m (and i n some 

i n s t a n c e s the Golgi bodies) i s involved i n i t s t r a n s l o c a t i o n 

( f o r animal systems see Palay, 1958; Caro & Palade, 1964; 

Jamieson & Palade, 1965; Schramm, 1967; Beams & K e s s e l , 

1968; and f o r plant systems, Bain & Mercer, 1966; Engleman, 

1966; Opik, 1968; B a i l e y e t a l . , 1970). Since v e c t o r i a l 

r e l e a s e of nascent p r o t e i n s s y n t h e s i s e d on mb-ribosomes 

does occur, t h i s presents a f u r t h e r problem to the use of 

such mb-ribosomes i n c e l l - f r e e systems, e s p e c i a l l y where 
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the end point i s the c h a r a c t e r i s a t i o n of the s p e c i f i c p r o t e i n 

s y n t h e s i s e d . In t h i s case the p r o t e i n must be r e l e a s e d from 

the lumen of the membrane or v e s i c l e s before i t can be 

c h a r a c t e r i s e d . 

To what extent f r e e and mb-ribosomes do represent 

d i s t i n c t c l a s s e s of ribosomes i s u n c e r t a i n . The evidence of 

Payne (1968) and Payne & Boulter (1969) i n d i c a t e s that the 

dramatic i n c r e a s e i n the number of mb-ribosomes fol l o w i n g 

the i n i t i a t i o n of storage g l o b u l i n s y n t h e s i s i n V. faba, i s 

due to a p r e f e r e n t i a l s y n t h e s i s of new mb-ribosomes, r a t h e r 

than the attachment of p r e - e x i s t i n g ribosomes to membranes. 

Both the above workers and O'Neal Nicholson & Flamm (1965) 

have, however, demonstrated an i n c r e a s e i n f r e e ribosomes 

under conditions of decreased metabolic a c t i v i t y , as a r e s u l t 

of a detachment of mb-ribosomes and not of de novo s y n t h e s i s . 

I n c o n t r a s t , some meristematic c e l l s which are r a p i d l y d i v i d i n g 

have mostly f r e e ribosomes, which are l a t e r bound to the 

membrane as the c e l l matures (Whaley et a l . , 196Q). Data 

c o n s i s t e n t with the idea of a l a c k of exchange between f r e e 

and mb-ribosomes comes from observations on the mechanism of 

subunit assembly on the membrane. Using mouse myelona 

c e l l s i n t i s s u e c u l t u r e , B a g l i o n i et a l . (1971) showed t h a t 

the 60S l a r g e ribosomal subunit binds d i r e c t l y to the membrane 

of the endoplasmic r e t i c u l u m ( E R ) , probably at a s p e c i f i c 

binding s i t e (Sunshine e t a l . , 1971). The i n i t i a t i o n complex 

between the mRNA, 40S subunit and i n i t i a t o r tRNA and i n i t i a t i o n 

f a c t o r s takes place i n the cytoplasm and i s apparently 

capable of d i s t i n g u i s h i n g between f r e e and membrane-bound 
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60S subunits. The nature of the f a c t o r ( s ) r e s p o n s i b l e f o r 

t h i s s p e c i f i c attachment remainsuncertain but the p o s s i b i l i t y 

cannot be excluded that the s p e c i f i c i t y may r e s i d e i n s p e c i f i c 

mRNA molecules. That such a s p e c i f i c r e c o g n i t i o n may occur 

between subunits, membrane and p o s s i b l y mRNA, suggests the 

p o s s i b l e dangers a s s o c i a t e d with removal of membranes from 

a system i n which p r o t e i n s y n t h e s i s i s normally a membrane-

a s s o c i a t e d process. 

One of the major d i f f i c u l t i e s a s s o c i a t e d with the use 

of mb-ribosome or microsome preparations i s the heterogeneous 

nature of the p r e p a r a t i o n . Not only are there present the 

attached ribosomes and t h e i r a s s o c i a t e d p r o t e i n and n u c l e i c 

a c i d components, but a wide v a r i e t y of enzymatic a c t i v i t i e s 

have been shown to be a s s o c i a t e d with the ER (Dowben, 1969). 

I t i s p o s s i b l e t h a t some of these enzymes or f a c t o r s may be 

sti m u l a t o r y to p r o t e i n s y n t h e s i s by mb-ribosomes and t h e i r 

removal would s i g n i f i c a n t l y reduce the a c t i v i t y of such 

p r e p a r a t i o n s . However, others are most c e r t a i n l y degradative. 

For the study of the s t e p s involved s o l e l y i n the elongation 

of polypeptide c h a i n s i n response to a s y n t h e t i c mRNA 

molecule, i t i s u n l i k e l y t h a t removal of ribosomes from the 

membrane w i l l have adverse e f f e c t s ; there has been no 

reported evidence of a s p e c i f i c a s s o c i a t i o n between the 

f a c t o r s involved i n peptide chain elongation and the ER. 

However, i n order to study the s y n t h e s i s , under the d i r e c t i o n 

of an endogenous message, of a s p e c i f i c p r o t e i n , then a 

preparation i n which ribosomes and polysomes are attached 

to the ER would appear the i d e a l choice, e s p e c i a l l y i f 
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s y n t h e s i s i n vivo occurs on mb-polysomes. 

The general procedure f o r the preparation of microsomes 

i n v o l v e s homogenisation of the t i s s u e , removal of d e b r i s by 

low-speed c e n t r i f u g a t i o n , removal of mitochondria and other 

o r g a n e l l e s sedimenting at 30,000 x g f o r 20 min, and s e d i 

mentation from the post-mitochondrial supernatant of a 

microsomal f r a c t i o n a t 105,000 x g for 60 min (Campbell & 

Sargent, 1967). However, t h i s microsomal p e l l e t i s 

heterogeneous i n nature co n t a i n i n g the f o l l o w i n g c o n s t i t u e n t s : -

(1) fragments of rough-surfaced ER; 

(2) fragments of the smooth-surfaced ER; 

(3) f r e e ribosomes which are unattached to membranes; 

(4) f r e e polysomes which are unattached to fragments 

of the rough-surfaced ER. 

I t i s t h i s heterogeneous microsomal preparation which i s often 

used i n the study of developmental asp e c t s of p r o t e i n 

s y n t h e s i s (Payne, 1970; Redman ejt a l . , 1966), s i n c e the 

proportion of the v a r i o u s c l a s s e s of ribosomes probably 

approximates c l o s e l y to the i n vivo d i s t r i b u t i o n . I t should 

be s t r e s s e d that the o r i g i n a l scheme of d i f f e r e n t i a l c e n t r i 

fugation described by Claude (1943) and extended by Hogeboom 

et a l . (1948), i s not a p p l i c a b l e to a l l t i s s u e s . S i e k e v i t z 

(1962) found that h e a r t microsomes i s o l a t e d by t h i s method 

showed biochemical p r o p e r t i e s of both mitochondria and ER. 

Care must be taken to f u l l y c h a r a c t e r i s e , by both biochemical 

and s t r u c t u r a l a n a l y s e s , such prep a r a t i o n s before i n c o r p o r a t i o n 

data can be meaningful. However, i n t e r p r e t a t i o n of amino 

a c i d i n c o r p o r a t i o n data i n terms of a s p e c i f i c t y p e ( s ) of 
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p a r t i c l e ( s ) by such preparations i s complicated by the 

heterogeneous nature of the p e l l e t , s i n c e biochemical s t u d i e s 

suggest that both the membrane-bound ribosomes and f r e e 

ribosomes are engaged i n the s y n t h e s i s of s p e c i f i c p r o t e i n s . 

In r a t l i v e r the bulk of the serum albumin has been shown to 

be s y n t h e s i s e d on mb-polysomes, w h i l s t f e r r i t i n was s y n t h e s i s e d 

on f r e e polysomes (Ganoza & Williams, 1969; Hicks et a l . , 

1969; Redman, 1969). 

A l t e r n a t i v e methods of preparation are r e q u i r e d f o r the 

pre p a r a t i o n of homogeneous samples of mb-ribosomes and mb-

polysomes or f r e e ribosomes or polysomes. The f r e e ribosomes 

and polysomes i n the microsome f r a c t i o n can be separated from 

the bound ribosomes and polysomes by sucrose d e n s i t y gradient 

c e n t r i f u g a t i o n . Rosbash & Penman (1971) d e s c r i b e the 

s e p a r a t i o n on a 15-30% sucrose d e n s i t y gradient of mb-

ribosomes and mb-polysomes from the f r e e ribosomes and poly

somes of HeLa c e l l s arid have demonstrated t h a t mb-ribosomes 

may be c l a s s i f i e d as " l o o s e l y " or " t i g h t l y " bound, according 

to the ease of d i s s o c i a t i o n from the membrane by EDTA, 

puromycin or RNase. Such techniques are u s e f u l i n i m p l i 

c a t i n g the s y n t h e s i s of a s p e c i f i c p r o t e i n with a s p e c i f i c 

c l a s s of ribosomes. 

For the study of steps involved i n polypeptide c h a i n 

elongation, a wide v a r i e t y of systems prepared from a range 

of t i s s u e s having widely d i f f e r e n t proportions of f r e e or 

mb-ribosomes, have been used and i n the m a j o r i t y of i n s t a n c e s 

the ribosomes and polysomes have been removed from the 

membrane using one of a s e l e c t i o n of detergents (Mans & 



-22-

N o v e l l i , 1964b; Moldave & Skogerson, 1967; R i c h , 1967; 

E i s e n s t a d t & Brawerman, 1967a). L i t t l e f i e l d e t a l . (1955) 

employed the detergent, sodium deoxycholate (DOC) to i s o l a t e 

ribosomes e t c . from r a t l i v e r microsomes. However, because 

of the a s s o c i a t i o n with membranes of s i g n i f i c a n t amounts of 

n u c l e a s e s (Lawford et a l . , 1966; B l o b e l & P o t t e r , 1966), i t 

has been found more p r a c t i c a b l e to l i b e r a t e ribosomes e t c . 

from the membranes p r i o r to sedimentation at 105,000 x g. 

Campbell & Sargent (1967) suggest t h a t when the microsomal 

f r a c t i o n i s t r e a t e d with detergent i n the presence of the 

c e l l sap, an endogenous ri b o n u c l e a s e i n h i b i t o r may prevent 

polysome degradation. I t i s e s s e n t i a l that excess deoxy

cho l a t e be removed from the p r e p a r a t i o n p r i o r to use i n 

amino a c i d i n c o r p o r a t i o n systems s i n c e deoxycholate i s 

i n h i b i t o r y to c e l l - f r e e systems. P r e p a r a t i o n s made by the 

use of deoxycholate and other detergents, f o r example, 

Lu b r o l W (Rendi & H u l t i n , 1960), iso-octane (Hawtry & 

S c h i r r e n , 1962), T r i t o n X100 (Lonsdale, 1972), have been 

shown to c o n t a i n f r e e ribosomes, polysomes and s u b u n i t s . 

I t i s the use of such s t i l l heterogeneous p r e p a r a t i o n s 

t h a t has, to a c o n s i d e r a b l e extent, e l u c i d a t e d our present 

knowledge of the mechanism of p r o t e i n s y n t h e s i s . However, 

the p r e c i s e r o l e which each type of p a r t i c l e p l a y s i n 

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

of monomeric ribosomes a s s o c i a t e d with a strand of messenger 

RNA, which s e v e r a l biochemical s t u d i e s suggest i s l o c a t e d 

between the subunits (Moore, 1966a; Takanami & Zubay, 1964; 

Takanami e t a l . , 1965), i s the a c t i v e u n i t i n p r o t e i n s y n t h e s i s 
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(Warner et a l . , 1962; Warner ejt a l . , 19634* Polysomes have 

been demonstrated i n a v a r i e t y of t i s s u e s and c o n s i s t of 

ribosomes i n the process of t r a n s l a t i n g an endogenous mRNA. 

In order to study the s y n t h e s i s of a s p e c i f i c protein, i t i s 

e s s e n t i a l to preserve polysomes i n t a c t and fo r such s t u d i e s 

gentle e x t r a c t i o n and p u r i f i c a t i o n techniques must be employed. 

The best method of pr e s e r v i n g i n t a c t the i n vivo polysome 

p r o f i l e i s that used by Warner ejt a l . (1962) with r e t i c u l o c y t e s . 

Following gentle l y s i s i n hypotonic b u f f e r , i t was demonstrated 

that a high proportion of polysomes contained 5-6 ribosomes. 

The use of polysome preparations to e l u c i d a t e the steps 

involved i n peptide chain elongation would appear to be 

i n f i n i t e l y p r e f e r a b l e to the use of s y n t h e t i c messengers, 

f o r example, p o l y u r i d y l i c a c i d ( p o l y ( U ) ) , but i t , unfortunately, 

l i m i t e d by the extreme l a b i l i t y of such p r e p a r a t i o n s . However, 

i t must be pointed out that r e s u l t s obtained i n such s t u d i e s 

would be supe r i o r to those obtained i n an a r t e f a c t u a l 

s i t u a t i o n . 

The r o l e of f r e e ribosomes i s s t i l l confused; i t appears 

to be now ge n e r a l l y accepted that i n i t i a t i o n of pr o t e i n 

s y n t h e s i s i n v o l v e s the formation of an i n i t i a t i o n complex 

i n v o l v i n g the small ribosome subunit, to which the l a r g e r subunit 

i s subsequently j o i n e d to produce a f u n c t i o n a l u n i t a c t i v e 

i n t r a n s l a t i n g the mRNA. Af t e r the mRNA has been t r a n s l a t e d 

i t appears to be the general s i t u a t i o n that the f u n c t i o n a l 

u n i t (ribosome) i s r e l e a s e d and then d i s s o c i a t e d i n t o i t s 

component subunits ready f o r the next round of i n i t i a t i o n . 

T h i s ribosome c y c l e w i l l be disc u s s e d i n more d e t a i l l a t e r 
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but i t poses a problem as to the r e l a t i v e i n vivo s i g n i f i 

cance and s y n t h e t i c function of the monomeric ribosome which 

has been so widely used i n e l u c i d a t i n g the steps involved i n 

pro t e i n s y n t h e s i s . The inference would appear to be that 

the monomeric ribosome population which i s unattached to mRNA, 

repre s e n t s merely an i n a c t i v e pool of ribosomal subunits. 

The t y p i c a l "complete" c e l l - f r e e ribosomal system capable 

of amino a c i d i n c o r p o r a t i o n has been summarised by Boulter 

(1970), and c o n s i s t s of the f o l l o w i n g components: monovalent 
+ + 2+ c a t i o n ( u s u a l l y K or NH4 ) , Mg , ATP and an ATP regenerating 

system, GTP, tRNA's, supernatant enzyme f r a c t i o n , ribosomes 

(or microsomes), one or more r a d i o a c t i v e l y l a b e l l e d amino 

a c i d s , and i s buffered f o r autoxidation and f o r hydrogen ion 

content. I n a d d i t i o n , some form of mRNA i s e s s e n t i a l . 

T h i s may be supplied, (a) endogenously as an i n t e g r a l 

component of a polysome preparation; (b) by the a d d i t i o n 

of a s y n t h e t i c p o l y r i b o n u c l e o t i d e , e.g. poly(U) or poly(A) 

(Lengyel et a l . , 1961; Nirenberg & Matthaei, 1961a); or 

(c ) by the a d d i t i o n of an RNA f r a c t i o n which possesses the 

p r o p e r t i e s and c h a r a c t e r i s t i c s of mRNA. In the complete 

system described above, aminoacylation of the tRNA takes 

place during the assay. In the s o - c a l l e d ' t r a n s f e r system 1 

added to the other components l i s t e d and the l a b e l l e d amino 

a c i d and ATP regenerating system omitted. T h i s system 

possesses the advantage that fewer r a d i o a c t i v e counts need 

to be added and i n v e s t i g a t i o n of steps involved i n peptide 

chain elongation can be c a r r i e d out independently of tRNA 

aminoacylat ion. 

a or other r a d i o a c t i v e l y l a b e l l e d aminoacyl-tRNA i s 



-2F1-

I t i s now accepted that the process of p r o t e i n s y n t h e s i s 

i n l i v i n g c e l l s i n v o l v e s two stages, t r a n s c r i p t i o n and t r a n s 

l a t i o n . The DNA sequence i s t r a n s c r i b e d i n t o an UNA i n t e r 

mediate, which has a ri b o n u c l e o t i d e sequence complementary 

with the deoxyribonucleotlde sequence of one of the s t r a n d s 

of DNA. In t h i s t r a n s c r i p t i o n a l stage the DNA a c t s as an 

informational template w h i l s t the mRNA a c t s as an information 

c a r r y i n g intermediate or messenger, hence i t s designation 

mRNA. In the t r a n s l a t i o n a l step, the mRNA at t a c h e s to the 

r i b o n u c l e o p r o t e i n p a r t i c l e s , the ribosomes, which are the s i t e 

of p r o t e i n s y n t h e s i s . The mRNA determines the order of 

polymerisation of amino a c i d s i n t o p r o t e i n ( A t t a r d i , 1967; 

Matthaei et a l . , 1968; Ochoa, 1968). mRNA i s t r a n s l a t e d 

i n the 5' to 3* d i r e c t i o n (Ochoa, 1968). Hence the s y n t h e s i s 

of a p r o t e i n i s i n i t i a t e d at the amino-terminal amino a c i d 

(N-terminus) and proceeds i n a stepwise f a s h i o n towards the 

carboxy-terminal amino a c i d ( A t t a r d i , 1967; Bishop e_t a l . , 

1960; D i n t z i s , 1961; Matthaei e t a l . , 1968; Ochoa, 1968). 

T r a n s l a t i o n begins at a s p e c i f i c group of three adjacent 

n u c l e o t i d e s (codon) i n the mRNA and subsequent codons are 

t r a n s l a t e d i n a s e q u e n t i a l manner. I t i s the group of three 

bases, or codon, which s p e c i f i e s the i d e n t i t y of the amino 

a c i d which i s to be attached to the growing peptide c h a i n . 

The codons which s p e c i f y the twenty ' p r o t e i n 1 amino a c i d s 

have been e l u c i d a t e d and c o n s t i t u t e the Genetic Code ( r e f e r 

to the Cold Spring Harb. Symp. quant. B i o l . , 1966). The 

l i n e a r sequence of amino a c i d s which c o n s t i t u t e the primary 

s t r u c t u r e of a polypeptide chain, possess a l l the information 
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req u i r e d for the production of the three-dimensional s t r u c t u r e 

of the n a t i v e p r o t e i n molecule (Anfinsen, 1967). 

In d i s c u s s i n g the mechanism of p r o t e i n s y n t h e s i s , i t i s 

convenient to d i v i d e the process i n t o : -

( i ) amino a c i d a c t i v a t i o n and formation of aminoacyl-tRNA 

( i i ) peptide chain i n i t i a t i o n ; 

( i i i ) peptide chain elongation; 

( i v ) peptide c h a i n termination. 

I t must be s t r e s s e d that the process i s , however, normally a 

continuous one and i t s d i v i s i o n i n t o a r b i t r a r y steps o c c u r r i n g 

independently of one another, i n no way r e f l e c t s the s i t u a t i o n 

i n v i v o . 

( i ) Amino a c i d a c t i v a t i o n and formation of 
aminoacyl-tRNA 

The i n i t i a l step of p r o t e i n s y n t h e s i s proper i s the 

formation of aminoacyl-tRNA. The formation of the aminoacyl-

tRNA i s c a t a l y s e d by the aminoacyl-tRNA synthetase or l i g a s e 

(AA-tRNA synthetase) and has been, u n t i l r e c e n t l y , considered 

to be a two-step r e a c t i o n i n v o l v i n g a c t i v a t i o n of the amino 

a c i d s by the formation of enzyme-bound aminoacyl-adenylates 

( S t u l b e r g & N o v e l l i , 1962; Allende et a l . , 1966; C a s s i o , 

1968; Rouget & C h a p e v i l l e , 1968), and t r a n s f e r of the 

aminoacyl-adenylate to a s p e c i f i c tRNA molecule ( t r a n s -

a c y l a t i o n ) (Allende & Allende, 1964; N o r r i s & Berg, 1964). 

The g e n e r a l l y accepted o v e r a l l r e a c t i o n may be represented:-

A c t i v a t i o n : „ 
— Enzyme 

(1) amino a c i d + ATP + enzyme ^ * 'aminoacyi - AMP̂  + 

pyrophosphate (PPi) 
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T r a n s f e r ; QAXu-me 

( i i ) aminoacyl - AMP + tRNA aminoacyl-tRNA + 

enzyme + AMP 

The o v e r a l l r e a c t i o n i s u s u a l l y s tudied by measuring the 

aminoacylation of tRNA by r a d i o a c t i v e l y l a b e l l e d amino a c i d s . 

The i n i t i a l a c t i v a t i o n r e a c t i o n can be studied independently 

from the t r a n s f e r r e a c t i o n by the amino a c i d dependent exchange 

|_ Pj-labelled pyrophosphate ^ PPi] with ATP, or by the ATP 

dependent s y n t h e s i s of amino a c i d hydroxymates ( S t u l b e r g & 

N o v e l l i , 1962). 

Rouget & C h a p e v i l l e (1971) suggest t h i s scheme may, i n 

f a c t , be an o v e r s i m p l i f i c a t i o n of the i n v i v o s i t u a t i o n . These 

workers have shown that with leucyl-tRNA synthetase of E. c o l i 

the binding of ATP to the enzyme i s the f i r s t step of l e u c i n e 

a c t i v a t i o n and the binding of the amino a c i d occurs a f t e r the 

formation of an enzyme-ATP complex. Using threonyl-tRNA 

synthetase, Allende e t a l , (1970), Berry & Grunberg-Manago 

(1970) with lysyl-tRNA synthetase, P a r i n et a l . (1970) with 

trytophanyl-tRNA synthetase, have obtained s i m i l a r r e s u l t s . 

L o f t f i e l d (1972) however, suggests that recent evidence 

throws doubt on the g e n e r a l l y accepted two-step mechanism. 

He suggests t h a t : (1) the p h y s i o l o g i c a l concentrations of 

enzyme and tRNA and the a s s o c i a t i o n c onstants of these macro-

molecules suggest that e s s e n t i a l l y a l l the enzyme i s present 

i n the c e l l as Enz. tRNA complex. I n the cases of a r g i n i n e , 

glutamine and glutamate, the tRNA-free enzyme i s t o t a l l y unable 

to form enzyme bound aminoacyl-adenylates Enz. (AA AMP); 

(2) The r e a c t i o n of Enz. (AA AMP) with tRNA i n v i t r o i s so 

[32H 
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slow and so incomplete that t h i s r e a c t i o n f a i l s by a f a c t o r 

of 100 or 1000 to account f o r the i n v ivo e s t e r i f i c a t i o n of 

tRNA or the i n v ivo r a t e of p r o t e i n s y n t h e s i s ; (3) With many 

enzyme - tRNA systems, i t i s p o s s i b l e to obtain aminoacyl-tRNAs 

under circumstances where there i s no evidence of an Enz. (AA/^AMP) 
2+ 

complex. For i n s t a n c e , spermine r e p l a c e s Mg as a c a t a l y s t f o r 

the e s t e r i f i c a t i o n of many tRNAs but f a i l s to c a t a l y s e ATP:PPi 

exchange. S i m i l a r l y , dATP supports the s y n t h e s i s of most tRNA 

e s t e r s , while p a r t i c i p a t i n g only i n the p h e n y l a l a n i n e - c a t a l y s e d 

dATP:PPi; (4) S e v e r a l s t u d i e s show that the a d d i t i o n of 

s u b s t r a t e s to the enzyme must be random, depending only on 

the concentration and Kd's ( d i s s o c i a t i o n constants) of the 

s u b s t r a t e s (because of which the tRNA w i l l g e n e r a l l y add f i r s t ) ; 

(5) General bases, such as imidazole, ammonia and hydroxy1amine, 

a l l s t i m u l a t e the e s t e r i f i c a t i o n of tRNA while being potent 

i n h i b i t o r s of ATP:PPi exchange £and by in f e r e n c e Enz. (AA AMP) 

s y n t h e s i s ^ . Balance s t u d i e s show t h a t base i n h i b i t i o n of 

ATP:PPi exchange and PPi i n h i b i t i o n of tRNA e s t e r i f i c a t i o n or 

amino a c i d hydroxamate formation cannot r e s u l t from competition 

fo r the a c t i v a t e d amino a c i d , the enzyme bound aminoacyl-

adenylate. 

L o f t f i e l d submits, t h e r e f o r e , that the g e n e r a l l y accepted 

mechanism of tRNA e s t e r i f i c a t i o n i s of doubtful a p p l i c a t i o n i n 

the case of many amino a c i d s , and that although under non-

p h y s i o l o g i c a l conditions the s y n t h e t a s e s do c a t a l y s e the 

s y n t h e s i s of Enz. (AA^x^AMP), that t h i s complex i s not o r d i n a r i l y 

an intermediate i n p r o t e i n s y n t h e s i s . He suggests that i n the 

p h y s i o l o g i c a l s i t u a t i o n , where the concentrations of spermine 
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may be gre a t e r than Mg , and where almost a l l enzyme i s 

a s s o c i a t e d with tRNA, a concerted r e a c t i o n i n which tRNA, amino 

a c i d , f r e e enzyme and ATP r e a c t to form aminoacyl-tRNA, AMP, 

P P i and f r e e enzyme with no d i s c r e t e intermediates, may be 

involved. Such a r e a c t i o n mechanism i s represented diagram-

mat i c a l l y i n F i g . 1, and e x p l a i n s a l s o the formation of the 

amino a c i d hydroxamate i n the presence of hydroxylamine as 

involved i n the hydroxamate assay:-
NH20H 

Enz. + ATP + AA x
 s Enz. (AA ~ AMP) > Enz. + AA - NHOH. 

+ PPi 

In every organism i n which i t has been t e s t e d , there 

e x i s t a t l e a s t 20 aminoacyl-tRNA synthetases which l i n k the 

c o r r e c t amino a c i d to the 3'-hydroxy1 (McLaughlin & Ingram, 

1964) of the t e r m i n a l adenosine of a s p e c i f i c tRNA molecule. 

I n order to maintain f i d e l i t y of p r o t e i n s y n t h e s i s t h e 

AA-tRNA syn t h e t a s e s must maintain a high degree 

of s p e c i f i c i t y ( L o f t f i e l d & Eigner, 1966; N o v e l l i , 1967; 

Peterson, 1967). S p e c i f i c i t y must be e x h i b i t e d at the l e v e l 

of amino acid a c t i v a t i o n , as w e l l as i n the t r a n s f e r step, 

although s p e c i f i c i t y at the l a t t e r i s higher than at the former. 

Using m a t e r i a l from E. c o l i , i t was shown besides a c t i v a t i n g 

t h e i r cognate amino a c i d s , isoleucyl-tRNA synthetase a c t i v a t e s 

v a l i n e , and valine-tRNA synthetase a c t i v a t e s threonine (Baldwin 

8s Berg, 1966; Bergmann e t a l . , 1961; H i r s c h & Lipmann, 1968). 

These 'wrong1 amino a c i d s are not then t r a n s f e r r e d to the tRNA. 

L o f t f i e l d (1972) suggests t h a t i n such c a s e s the 'mistakes 1 

may r e s u l t from a l l o s t e r i c e f f e c t s , r e s u l t i n g from non-

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

stearthermophilus c a t a l y s e s the attachment of v a l i n e to 
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F i g . l . A schematic representation showing how tRNA, amino acid 

and ATP react to form aminoacyl-tRNA, AMP and PPi. I t i s 
2+ 

proposed that a metal ion (M ) bound tig h t l y through a protein 

sulphur a s s i s t s i n orienting the substrate and delocalising 

developing charges. The 2'-OH of the tRNA serves as a general 

base accepting the proton from the 3'-OH of adenosine. The now 

very nucleophilic 3 '-d*^of the adenosine attacks the amino acid 

carboxyl, displacing an oxygen to theo<-P - of ATP^in turn 

forcing the release of the 6"~^ P's as MgP2072-. The reaction 

i s f u l l y r eversible so that exogenous f Pj PPi may become 
incorporated into ATP. In the event that NHgOH occupies the 
2+ 

M s i t e , the same s e r i e s of reactions occur, with the concerted 

formation of amino acid hydroxamate, AMP and PPi, however, i n t h i s 

case, thermodynamic considerations make the reaction i r r e v e r s i b l e . 
(Reproduced from Lt t f t f i e l d (1972) by kind permission of Academic P r e s s ) . 
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tRNA at extreme temperatures (Area et a l . , 1967) or i n 3M 

urea or 10% ethanol (Area e t a l . , 1968). 

Although regarded then as being g e n e r a l l y h i g h l y s p e c i f i c , 

these enzymes do show a much reduced s p e c i f i c i t y a g a inst amino 

a c i d s not normally present i n the c e l l . A z e t i d i n e - 2 - c a r b o x y l i c 

a c i d , a lower homologue of p r o l i n e , i s a c t i v a t e d and t r a n s f e r r e d 
Pro 

to tRNA by prolyl-tRNA synthetases from r a t l i v e r ( A t h e r l y 

& B e l l , 1964), E. c o l i (Fowden & Richmond, 1963) and mungbean 

(Peterson & Fowden, 1965). However, i n C o n v a l a r i a and 

Polygonaturn, where a z e t i d i n e - 2 - c a r b o x y l i c a c i d occurs n a t u r a l l y , 

the enzyme d i s t i n g u i s h e s between the two compounds and 

a z e t i d i n e - 2 - c a r b o x y l i c a c i d i s not incorporated i n t o an amino-

acyl-tRNA compound. Such f i n d i n g s may be c o r r e l a t e d with the 

i n v i v o t o x i c i t y of t h i s compound to mungbean, where i t i s 

incorporated i n t o p r o t e i n s i n place of p r o l i n e , but not-to 

Polygonatum. I n other c a s e s , amino a c i d homologues e i t h e r 

bind to the enzyme or form aminoacyl-adenylates without being 

e s t e r i f i e d to tRNA. Thus, 2-amino-4-methylhex-4-enoic a c i d , 

a homologue of phenylalanine o c c u r r i n g n a t u r a l l y i n Aesculus 
Phe 

c a l i f o r n i c a , i n h i b i t s the formation of Phe-tRNA to the 

point of t o x i c i t y i n microorganisms (Anderson & Fowden, 1970), 

while i t i s only a c t i v a t e d but not t r a n s f e r r e d to tRNA by the 

Aesculus c a l i f o r n i c a system. There i s only one reported 

i n s t a n c e of a D-amino a c i d ( D - t y r o s i n e ) being attached to a 

tRNA (Calender & Berg, 1966); t h i s i s thoroughly documented 

and must, t h e r e f o r e , be accepted. 

S p e c i f i c i t y between synthetase and tRNA from the same 

organism ( i . e . homologous system) i s very high; however, 
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m i s r e c o g n i t i o n between enzyme and tRNA has been observed i n 

heterologous systems. Since Doctor & Mudd (1963) studied the 

c r o s s r e a c t i o n between synthetases and tRNAs from E. c o l i , 

y e ast and r a t l i v e r , and showed that both homologies and 

d i f f e r e n c e s e x i s t e d between s p e c i e s , s e v e r a l workers have 

i n v e s t i g a t e d the s p e c i e s s p e c i f i c i t y of p l a n t synthetases. 

Using p u r i f i e d v a l y l - , p h e n y l a l a n y l - , and leucyl-tRNA synt h e t a s e s 
it 

prepared from ye a s t and E. c o l i , L a r g e r k v i s t & Waldenstrom 

(1964) studied arainoacylation of tRNAs i n the heterologous 

systems. The yeast enzymes a l l charged E. c o l i tRNA, 

although the leucyl-tRNA synthetase would only charge 60% of 

the E. c o l i tRNA compared with the homologous enzyme. In 

c o n t r a s t , of the three E. c o l i enzymes, only the valyl-tRNA 

synthetase would aminoacylate y e a s t tRNA. The p o s s i b i l i t y 

should not be excluded that i t was mitochondrial derived 

synthetases from ye a s t which aminoacylated the E. c o l i tRNA, 
V a l 

and i t was mitochondrial tRNA t h a t was charged by the E. c o l i 

enzyme. Barnett and co-workers ( B a r n e t t , 1965; Barnett & 

E p l e r , 1966; Barnett & Brown, 1967; Barnett e t a l l f 1967) 

demonstrated that phenylalanyl-tRNA synthetase from the 

mitochondria of Neurospora and from E. c o l i were interchangeable, 

w h i l s t the cytoplasmic Neurospora synthetase was s p e c i f i c f o r 
phenylalanine only with the homologous tRNA and aminoacylated 

V a l A l a 

both tRNA and tRNA from E. c o l i w ith phenylalanine. I t 

has been g e n e r a l l y assumed that whenever f r e e interchange of 

synthetases and whole tRNA prepar a t i o n s have been reported, 

f i d e l i t y of acceptor tRNA i s maintained; the work of Barnett 

et a l . cautions a g a i n s t such assumptions. 
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Species s p e c i f i c i t y i n the synthe t a s e s of higher p l a n t s 

has been l e s s thoroughly i n v e s t i g a t e d . Ermokhima et a l . (1965), 

u s i n g crude p r e p a r a t i o n s of synthetases and of tRNA from pea, 

yeast and algae, showed t h a t w h i l s t there was l i t t l e s p e c i e s 
Phe Met s p e c i f i c i t y f o r tRNA and synthetases, the tRNA and 

enzymes from pea and algae, though themselves completely i n t e r 

changeable, could not e f f e c t i v e l y r e p l a c e the yeast components; 

mixed systems r e s u l t e d i n only 40-50% of the charging obtained 

with the homologous system. Moustafa (1966) showed t h a t the 

enzymes from pea seed and wheat-germ c a t a l y s e d aminoacylation 

with homologous tRNA f a s t e r than with heterologous tRNA and 

tha t tRNA aminoacylated with l y s i n e i n the presence of l y s y l -

tRNA synthetase from one organism would not accept f u r t h e r 

l y s i n e i n the presence of the enzymes from the other, although 

both enzymes were chromatographically d i s t i n g u i s h a b l e on 

calcium phosphate g e l s . 

One of the main problems s t i l l unresolved a t the present 

time i s s p e c i f i c i t y of aminoacyl-tRNA synthetases with r e s p e c t 

to i s o a c c e p t i n g tRNA molecules ( i . e . d i f f e r e n t tRNA s p e c i e s 

accepting the same amino a c i d ) . I t i s not known whether i n 

an organism having a number of i s o a c c e p t i n g tRNA molecules, 

there i s an e q u i v a l e n t number of s p e c i f i c s y n t h e t a s e s . 

There are s i x d i f f e r e n t l e u c i n e - a c c e p t i n g tRNA s p e c i e s i n 

soyabean, each of which may have a s p e c i f i c synthetase a c t i v i t y . 

Anderson & Cherry (1969) found t h a t while soyabean cotyledons 

contained s i x tRNA s p e c i e s aminoacylatable with homologous 

synt h e t a s e s , only four major leucyl-tRNA s p e c i e s are found 

when a homologous hypocotyl system was used, although there 
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were t r a c e s of the other two (leucyl-tRNAs and leucyl-tRNAg). 
These two i s o a c c e p t i n g s p e c i e s were, however, more r e a d i l y 
a c y l a t e d by means of cotyledon s y n t h e t a s e s . In c o n t r a s t , the 
hypocotyl synthetase did not a c y l a t e cotyledon tRNAg and 
tRNAg . The d i f f e r e n c e s could not be c o r r e l a t e d with 
d i f f e r e n c e s i n the amounts of mitochondria or other o r g a n e l l e s 
between the two t i s s u e s . The leucyl-tRNA synthetase a c t i v i t y 
of soyabean cotyledon has now been r e s o l v e d by Kanabus & Cherry 
(1971), i n t o 3 f r a c t i o n s . One of these f r a c t i o n s e x c l u s i v e l y 
aminoacylates tRNAg 6 U and tRNAg e u, w h i l s t the remaining two 
aminoacylate the other four tRNAs e q u a l l y w e l l . Since the 
former f r a c t i o n i s absent from the hypocotyl i t may be concluded 
t h a t not only does soyabean c o n t a i n three leucyl-tRNA 
syn t h e t a s e s but a l s o that they d i s p l a y a considerable degree of 
organ s p e c i f i c i t y . 

A number of workers (Kelmers e l t a l . , 1971; Shugart & 

N o v e l l i , 1971; Gillam & Tener, 1971) have described and 

r e s o l v e d chromatographically separable i s o a c c e p t i n g tRNA s p e c i e s , 

however, Sueoka & Kano-Sueoka (1970) point out that the number 

of chromatographically separable tRNA s p e c i e s capable of 

accep t i n g a p a r t i c u l a r amino a c i d may be misleading, s i n c e not 

a l l may be able to t r a n s f e r the amino a c i d i n t o p r o t e i n . I t 

i s suggested that a r t e f a c t s of preparation and chromatography 

may r e s u l t i n aggregation or m o d i f i c a t i o n of the tRNA molecules 

such t h a t the acceptor c a p a c i t y remains unimpaired, but the 

a b i l i t y to donate the amino a c i d i s l o s t . 

I t appears to have been g e n e r a l l y accepted, d e s p i t e a l a c k 

of concrete evidence, t h a t the codons ( i . e . the sequence of 



three bases i n the mRNA which s p e c i f y a p a r t i c u l a r amino a c i d ) 

used by higher p l a n t s are the same codons used by microorganisms. 

B a s i l i o e t a l . ( 1 9 6 6 ) demonstrated that the amino a c i d codons 

recognised by wheat-germ ribosomes d i r e c t e d by u r i d y l i c - r i c h 

p o l y n u c l e o t i d e s coincided almost p e r f e c t l y with those reported 

f o r E. c o l i . 

The s t r u c t u r e of tRNA and i t s i n t e r a c t i o n with the 

synthetases has been e x t e n s i v e l y reviewed (Miura, 1967; Holley, 

1 9 6 8 ; Mehler, 1970 ; Chambers, 1 9 7 1 ; Jacobson, 1 9 7 1 ) . The 

tRNA molecules are a l l approximately the same s i z e , c o n t a i n i n g 

between 7 5 - 8 0 n u c l e o t i d e s . Since they c o - c r y s t a l l i s e e a s i l y 

they must have a s i m i l a r shape (Blake e_t a l . , 1970) and the 

d i s t a n c e from the anticodon to -C-C-A terminus must be almost 

i d e n t i c a l for a l l s p e c i e s . 

Despite numerous e f f o r t s to e l u c i d a t e the r e c o g n i t i o n 

s i t e s , i . e . those atoms or groups of atoms t h a t inform the 

a c t i v a t i n g enzyme t h a t a tHNA i s s p e c i f i c f o r the c o r r e c t 

amino a c i d , i t now appears that no one atom, nuc l e o t i d e or 

group of n u c l e o t i d e s i s e s s e n t i a l to r e c o g n i t i o n but that 

almost a l l are involved. I t i s now obvious t h a t the minor 

(o r r a r e ) bases play no general determinative r o l e i n enzyme 
et a L 

tRNA r e c o g n i t i o n ( L o f t f i e l d , 1 9 7 2 ) . CramerJ(196&) d e s c r i b e 

numerous experiments which show t h a t , except f o r the anticodon 

and the t e r m i n a l adenosine, the v a s t m a j o r i t y of bases are 

sequestered, protected from chemical a t t a c k . L o f t f i e l d ( 1 9 7 2 ) 

argues t h a t , whatever s t r u c t u r e should be e s t a b l i s h e d , tRNA 

i s a molecule whose outer s u r f a c e i s a monotonously rep e a t i n g 

s e r i e s of r i b o s e and phosphate with most of the bases d i r e c t e d 
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inwards and t h a t , with the exception of the anticodon, there 

are no exposed bases t h a t are not common to a l l or many tRNAs. 

Since the anticodon can be deleted or modified without modi

f i c a t i o n of the amino a c i d s p e c i f i c i t y (Bayev e_t a l . , 1967; 

Yoshida et . a l . , 1968), i t i s u n l i k e l y that i t i s involved i n 

tRNA»enzyme r e c o g n i t i o n . I t appears, t h e r e f o r e , that the 

s p e c i f i c i t y with respect to synthetase r e c o g n i t i o n i s the 

r e s u l t of i n t e r a c t i o n of a l l those parameters which determine 

the t e r t i a r y s t r u c t u r e of the molecule. Changes i n the p h y s i c a l 

p r o p e r t i e s of tRNA which may modify i t s t e i t i a r y s t r u c t u r e can 

a l t e r i t s i n t e r a c t i o n with the synthetase enzymes. Cramer 

et a l . (1968) and Schlimme £t a l . (1969), report t h a t temperature 
Ser 

dependent aminoacylation of tRNA from yeast shows a marked 

drop at 39 °, which i s not due to denaturation of the enzyme 

which occurs only at 45° and above. The r e c e n t l y published 

x-ray c r y s t a l l o g r a p h i c data of Kim ejt a l . (1973) on the t h r e e -
Phe 

dimensional s t r u c t u r e of tRNA from yeast w i l l perhaps 

r e s o l v e the problems a s s o c i a t e d with the mode of a c t i o n of 

t h i s molecule. The polynucleotide chain has a secondary 

s t r u c t u r e which i s c o n s i s t e n t with the c l o v e r l e a f conformation 

of Holley (1968); however, i t s f o l d i n g i s d i f f e r e n t from t h a t 

proposed i n any model (Cramer et a l . , 1968; L e v i t t , 1969; 

Connors et a l . , 1969). The molecule i s made of two double-

stranded h e l i c a l regions o r i e n t e d at r i g h t angles to each 

other, i n the shape of an L. One end of the L has the -CCA 

acceptor; the anticodon loop i s at the other end, and the 

dihydrouridine and T̂ 'C loop form the corner. The CCA stem 

p r o j e c t s out and appears f r e e from contact with the r e s t of 

the molecule. I t i s p o s t u l a t e d that t h i s stem may be capable 
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of changing i t s o r i e n t a t i o n and such an e f f e c t may be important 

during the process of p r o t e i n s y n t h e s i s . However, e l u c i d a t i o n 

of the t e r t i a r y s t r u c t u r e of tRNA has not yet revealed the 

r e l a t i o n s h i p between the molecules s t r u c t u r e and f u n c t i o n . 

Evidence from d i f f e r e n t i a l i n a c t i v a t i o n of synthetases 

suggests t h a t the a c t i v a t i o n and t r a n s f e r f u n c t i o n s of AA-tRNA 

synthetases may be i n some way separable and may involve 

d i f f e r e n t enzymatic s i t e s ( C a s s i o , 1968; Papas & Mehler, 1968; 

Yaniv & Gros, 1969). In c o n t r a s t , Yarus & Berg (1969), 

Helene et a l . (1971) have suggested an i n t e r a c t i o n between the 

two c a t a l y t i c s i t e s of these enzymes. 

The ribosome i s the s i t e a t which amino a c i d s are polymerised 

to form p r o t e i n both i n vivo and i n v i t r o ( L i t t l e f i e l d e t a l . , 

1955). As mentioned e a r l i e r , two d i f f e r e n t s i z e c l a s s e s of 

ribosomes e x i s t : 70S which occur i n p r o k a r y o t i c organisms, 

mitochondria and c h l o r o p l a s t s ; and 80S which occur i n the 

cytoplasm of eukaryotes. Separation of ribosomes i n t o these 

board groups i s convenient though a r b i t r a r y . The ribosome 

c o n s i s t s of two unequal subunits; 30S and 50S i n 70S ribosomes 

( T i s s i e r e s & Watson, 1958), and 40S and 60S i n 80S ribosomes 

(Chao, 1957). The s m a l l e r subunit of the 70S type ribosome 

c o n t a i n s a s i n g l e molecule of 16S RNA and about 20-30 s t r u c t u r a l 

polypeptide chain; w h i l s t that of the 80S type c o n t a i n s a 

s i n g l e 18S p o l y r i b o n u c l e o t i d e chain and about 60 s t r u c t u r a l 

polypeptide chains ( S p i r i n , 1969). The l a r g e subunit of the 

70S ribosome cont a i n s two molecules of ribosomal RNA (rRNA), 

23S and 5S and 40-43 polypeptide chains of s t r u c t u r a l ribosomal 

p r o t e i n . The 60S subunit a l s o c o n t a i n s two molecules of rRNA, 

28-30S and 5S and about 100 s t r u c t u r a l polypeptide chains 
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( S p i r i n , 1969). 

Both 70S and 80S type ribosomes perform e s s e n t i a l l y the 

same funct i o n i n p r o t e i n s y n t h e s i s , suggesting t h a t the general 

f e a t u r e s of s t r u c t u r e have been preserved i r r e s p e c t i v e of 

d i f f e r e n c e s i n s i z e and chemical composition. Only the complete 

ribosome, c o n s i s t i n g of both l a r g e and s m a l l subunits, can b r i n g 

about the process of t r a n s l a t i o n . Neither of the ribosomal 

subunits i n d i v i d u a l l y can r e p l a c e the complete ribosome i n the 

s y n t h e s i s of polypeptide chains ( G i l b e r t , 1963a; Pestka & 

Nirenberg, 1966). However, Shakulov et a l . (1962) pointed 

out that the formal i n t e g r i t y of a ribosome, as e s t a b l i s h e d by 

p h y s i c a l methods, does not always serve as a c r i t e r i o n f o r 

f u n c t i o n a l a c t i v i t y of a ribosome. Kucan (1966) showed that 

even a s i n g l e break i n rRNA w i t h i n a ribosome i s s u f f i c i e n t to 

render i t i n a c t i v e i n p r o t e i n s y n t h e s i s . 

Although t r a n s l a t i o n i s a f u n c t i o n of the complete 

ribosome, c e r t a i n s p e c i f i c f u n c t i o n s can, i n f a c t , be assigned 

to the subunits. A region on the s m a l l ribosome subunit i s 

known to i n t e r a c t w ith the template polynucleotide (mRNA) 

(Takanami & Okamoto, 1963Q^ Okamoto & Takanami, 1963; Dahlberg 

& Haselkorn, 1967). The s m a l l ribosome subunit has a s p e c i f i c 

aminoacyl-tRNA binding s i t e (Matthaei ejt a l . , 1964; Suzuka 

et a l . , 1965; K a j i & K a j i , 1966 ) and, as described l a t e r , i t 

possesses the s p e c i f i c "adherence s i t e s " , to which the i n i t i a t i o n 

f a c t o r s and i n i t i a t o r tRNA bind ( E i s e n s t a d t & Brawerman, 1967b; 

Nomura & Lowry, 1967; H i l l e et a l . , 1967). Since i n t e r a c t i o n 

of the small ribosomal subunit with GTP g i v e s i t competence to 

bind the i n i t i a t o r tRNA, i t i s l i k e l y that there i s a s p e c i f i c 

region on the small subunit capable of r e c o g n i s i n g GTP 
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(Lipraann e t a l . , 1967; Lucus-Lenard & Lipmann, 1967). One 

of the f l a t t e n e d s u r f a c e s of the s m a l l ribosome subunlt must 

possess a s p e c i a l a f f i n i t y f o r a d e f i n i t e s u r f a c e of the l a r g e 

ribosomal subunit which a l l o w s them to a s s o c i a t e i n t o a complete 

ribosome. T h i s c o n t a c t i n g s u r f a c e must bear groups which 

s e l e c t i v e l y bind the l a r g e subunit i n t o the s p e c i f i c f u n c t i o n a l 

conformation. There i s i n d i r e c t evidence i n favour of binding 

by i n t e r a c t i o n between both rRNAs (Marcot-Queiroz & Monier, 

1965a, b; Moore, 1966b) and ribosomal p r o t e i n s (Morgan et a l . , 

1963; Zak £t a l . , 1966; Tamaoki & Miyazawa, 1967). However, 

the p o s s i b i l i t y remains that the subunits are held together by 

the p a r t i c i p a t i o n of peptidyl-tRNA, which i s probably p o s i t i o n e d 

i n the t r a n s l a t i n g ribosome on the border between the u n i t s 

( S c h l e s s i n g e r e t a l . , 1967). 

S p i r i n (1969) suggests that the complexity of the p r o t e i n 

component of the l a r g e subunit has a d i r e c t r e l a t i o n to the 

formation of the important f u n c t i o n a l c e n t r e s l o c a l i s e d 

thereupon. The l a r g e subunit bears the s i t e of "non s p e c i f i c " 

binding of tRNA which i s a loose a s s o c i a t i o n of tRNA i n the 

absence of mRNA (Cannon ejt a l . , 1963; Cannon, 1967). A 

d e f i n i t e s m a l l f r a c t i o n of s t r u c t u r a l ribosomal p r o t e i n has 

been i m p l i c a t e d i n t h i s binding ( S p i r i n , 1969; Raskas & 

S t a e h e l i n , 1967). I f the f u n c t i o n i n g ribosome, s y n t h e s i s i n g 

polypeptide, i s d i s s o c i a t e d i n t o the c o n s t i t u e n t subunits, 

then the peptidyl-tRNA remains f i r m l y bound on the l a r g e 

subunit ( G i l b e r t , 1963b), suggesting t h a t the s i t e of 

peptidyl-tRNA-binding s i t e (P s i t e ) i s on the l a r g e subunit. 

Cannon (1967) has shown that t h i s s i t e i s i d e n t i c a l to that 

involved i n " n o n - s p e c i f i c " binding of aminoacyl-tRNA, and i t 
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i s t h i s s i t e which c a r r i e s out the f u n c t i o n of holding and 

a p p r o p r i a t e l y o r i e n t a t i n g the growing peptide; attached to 

tRNA i n a t r a n s l a t i n g ribosome. I t has been shown that the 

l a r g e subunit possesses the p e p t i d y l - t r a n s f e r a s e enzyme involved 

i n peptide bond formation, and that the p e p t i d y l - t r a n s f e r a s e 

centre i s an i n t e g r a l p a r t of the subunit s t r u c t u r e (Traut & 

Monro, 1964; R y c h l i k , 1966; Zamir et a l . , 1966; Monro & 

Marcker, 1967; Monro, 1967). I t i s most probable t h a t t h i s 

a c t i v i t y r e s i d e s i n a p r o t e i n component of the l a r g e subunit. 

As w i l l be a m p l i f i e d l a t e r , the 50S subunit p a r t i c i p a t e s i n 

the formation of a GTP-ase c e n t r e , i n combination with the 

t r a n s f e r f a c t o r G, and the 30S subunit. 

The f u n c t i o n of the 5S UNA, which i s bound to the 23S 

RNA by four p r o t e i n s (Mornitr , 1972), remains u n c e r t a i n but 

Comb & Sarkar,(1967) suggest i t i s involved i n s t a b i l i s i n g the 

a s s o c i a t i o n between the l a r g e and small subunits, w h i l s t 

Forget & Reynier (1970) suggest a purely s t r u c t u r a l r o l e . 

Erdmann et a l . (1971) have shown t h a t r e c o n s t i t u t e d ribosomes 

i n which the 5S RNA has been omitted, are d e f i c i e n t i n 

(a) polypeptide s y n t h e s i s ; (b) p e p t i d y l t r a n s f e r ; ( c ) ĴH]-

UAA dependent binding of R^ termination f a c t o r ; (d) G-

dependent [̂HJ-GTP binding; ( e ) codon d i r e c t e d tRNA binding 

as assayed i n the presence of 30S subunits. 

Numerous i n v e s t i g a t o r s have studied the s t r u c t u r e and 

arrangement of rRNA and p r o t e i n i n the ribosomes i n attempts 

to e l u c i d a t e more p r e c i s e l y the r o l e of the v a r i o u s components 

i n the process of p r o t e i n s y n t h e s i s (Nanninga, 1963; Cotter 

et a l . , 1967; Malkin & Rich, 1967; Peterman & Pavlovec> 1969). 
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The s t r u c t u r e of the ribosome i s g e n e r a l l y assumed to be a 

s l i g h t l y p r o l a t e e l l i p s o i d of r e v o l u t i o n , the most c h a r a c t e r i s t i c 

f e a t u r e of which i s the presence of a groove perpendicular to 

the long a x i s which d i v i d e s the complete ribosomes (as seen 

i n the e l e c t r o n microscope) i n t o the two equal p a r t s c o r r e s 

ponding to the sub u n i t s . The shape of ribosomes i s u n i v e r s a l 

and does not vary from s p e c i e s to s p e c i e s . Cox & Bonanou 

(1969) suggest that the h e l i c a l regions of rRNA are arranged 

on the i n s i d e and outside of the ribosomal subunits, and are 

l i n k e d by the s i n g l e stranded n o n - h e l i c a l r e g i o n s . The p r o t e i n s 

are a s s o c i a t e d with the n o n - h e l i c a l regions of the rRNA, and 

t h e i r l o c a t i o n i s s p e c i f i e d by the nucl e o t i d e sequence of the 

rRNA (Osawa, 1968; Cox & Bonanou, 1969). Nomura et a l . 

(1968) showed that a l t e r a t i o n of only 6-8 bases of the 16S 

RNA by n i t r o u s a c i d , i n the absence of any degradation, 

r e s u l t e d i n rRNA th a t could no longer form a f u n c t i o n a l 30S 

subunit with 30S ribosomal p r o t e i n . However, the p e r s i s t e n c e 

of 70S and 80S ribosomes as d i s t i n c t s t r u c t u r a l e n t i t i e s 

a f t e r e x t e n s i v e h y d r o l y s i s of the RNA moiety i n d i c a t e s the 

importance of p r o t e i n : p r o t e i n i n t e r a c t i o n s i n maintaining the 

secondary s t r u c t u r e of ribosomes (Santer, 1963; Cox, 1969), 

despite complete l o s s of s y n t h e t i c a c t i v i t y . The i n a c c e s s i 

b i l i t y of a segment of mRNA of about 25 n u c l e o t i d e s length 

(Takanami & Zubay, 1964; Takanami et a l . , 1965) and the 

p r o t e c t i o n of about 30-35 amino a c i d s of the growing poly

peptide chain from p r o t e o l y t i c a c t i v i t y (Malkin & Ri c h , 1967), 

suggests that the s i t e at which peptide bond formation and 

polypeptide elongation occur i s a protected region w i t h i n the 
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ribosome. T h i s has been assigned to the c l e f t between the 

two subunits i n the f u n c t i o n a l ribosome ( S p i r i n , 1969). 

The ribosome has been described as the "work bench" f o r 

p r o t e i n s y n t h e s i s , but i t should perhaps be s t r e s s e d t h at i t 

c a r r i e s out i t s f u n c t i o n i n p r o t e i n s y n t h e s i s i n a s s o c i a t i o n 

with the other components of the p r o t e i n s y n t h e s i s i n g system. 

The s o - c a l l e d " t r a n s f e r f a c t o r s " involved i n peptide chain 

elongation and the three i n i t i a t i o n f a c t o r s may be present i n 

a permanent, a l b e i t , l a b i l e a s s o c i a t i o n with the ribosome, 

w h i l s t the polynucleotide template and the aminoacyl-tRNAs 

are only temporarily a s s o c i a t e d with i t during the process of 

funct i o n i n g . During the course of t r a n s l a t i o n , the ribosome 

does not accommodate the e n t i r e mRNA, but draws i t , i n a ste p 

wise f a s h i o n , from one end to the other, at each given moment 

being bound to only a d i s c r e t e s e c t i o n of the template 

(Watson, 1963; Warner e t a l . , 1963b; G i e r e r , 1963; N o l l 

et a l . , 1963; Spirin, 1963). Simultaneously with the drawing 

of the mRNA through the ribosome, the polypeptide chain i s 

s y n t h e s i s e d . The ribosome t r a n s l a t e s the information encoded 

i n the form of the l i n e a r sequence of bases of the mRNA chain, 

continuously being d i s p l a c e d r e l a t i v e to t h i s c hain ( S p i r i n , 

1969). 

( i i ) Peptide chain i n i t i a t i o n 

The mechanism of polypeptide c h a i n i n i t i a t i o n on 70S 

mi c r o b i a l ribosomes has been c l e a r l y e s t a b l i s h e d f o r s e v e r a l 

y e a r s and i s summarised i n F i g . 2. 

The o r i g i n a l i m p l i c a t i o n of methionine i n b a c t e r i a l poly

peptide chain i n i t i a t i o n came from the work of Waller (1963), 
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F i g . 2 . The mechanism of p r o t e i n s y n t h e s i s on the 70S 

m i c r o b i a l ribosome. 
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Mechanism of protein synthesis on the 70s microbial ribosome. 
Initiation 

1,2: Dissociation of monomer into native subunits requires initiation factor F , (dissociation 
factor D F ) , which also promotes binding of mRNA to 30S subunit. 'a' and ' p' indicate relative 
positions of aminoacyl- and peptidyl-sites respectively. 

3: Formation of initiation complex requires factors Fx and F l t G T P and f-met-tRNA. 
The latter is shown entering directly into the ' p' site, alternatively it may enter the ' a' site and 
then move to the ' p' site. 
4: Functional ribosome formed by addition of 50s subunit; initiation factors released. 

Chain elongation 
5: Transfer factors T , and T u and G T P required for binding of aminoacyl-tRNA in 'a' 

site. 
6: Peptide bond formation requires peptide synthetase (peptidyl-transferase) thought to 

be a function of the ribosome. 
7: G T P and transfer factor G are required for displacement of discharged tRNA and trans

location of peptidyl-tRNA to the ' p' site. Although often referred to as the ' translocase', factor 
G appears to promote the release (uncoupled from translocation) of the dencylarcd tRNA 
molecule from the 'a' site, while translocation per se seems to be a function of the 50s subunit 
(Roufa, Skogerson & Ledcr, 1970; Tanaka, Lin & Okuyama, 1971; however, cf. Lucas-
Lenard& Haenni, 1969). 

8: Chain elongation proceeds by repetition of steps 5, 6 and 7. 
Chain termination 

9: Requires release factors R, , R, and S. 

Reproduced from Boulter, E l l i s and Yarwood 
(1972), with permission. 
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who found t h a t the N-terminal amino a c i d s of most E. c o l i 

p r o t e i n s appeared to be r e s t r i c t e d to methionine, a l a n i n e and 

s e r i n e , accounting f o r 45%, 30% and 15% r e s p e c t i v e l y , of the 

t o t a l N-terminal r e s i d u e s , d e s p i t e the f a c t t h at methionine 

c o n s t i t u t e s only 3% (Sueoka, 1961) of the t o t a l amino a c i d 

composition of E. c o l i p r o t e i n s . Over 60% of the methionine 

r e s i d u e s attached to E. c o l i tRNA have t h e i r a-amino group 

formylated and no other N-formylated aminoacyl-tRNA has been 
i i 

described (Lengyel & S o l i , 1969). There are two methionine 

accepting tRNAs i n E. c o l i designated tRNAp and tRNAjj, both 

are aminoacylated by the same synthetase enzyme (H e i n r i k s o n 

& Hartley, 1967). Methionyl-tRNAj, (Met-tRNAj,) can be formylated 

by a supernatant enzyme, methionyl-tRNAj, transformylase 

(Dickerman et a l . , 1967) u s i n g N ^ - f o r m y l t e t r a h y d r o f o l a t e as 

the formyl donor (Adams & Capecchi, 1966; Dickerman et a l . , 

1967; Marcker, 1965). The formylation of the a-amino group 

of methionine occurs a f t e r e s t e r i f i c a t i o n by tRNA m e* (Marcker 

& Sanger, 1964). Methionyl-tRNA M (Met-tRNA M) cannot be 

formylated ( C l a r k & Marcker, 1965; 1966b). The tRNAj, has 

unusual base p a i r i n g near the 3' and 5' ends (Dube ejt a l . , 

1968), which d i s t i n g u i s h e s i t from a l l other tRNAs whose 

sequences have been determined. 

Met-tRNA M has been shown to bind to E. c o l i ribosomes i n 
2+ 

the presence of the t n n u c l e o s i d e diphosphate, AUG; the Mg 

optimum f o r t h i s binding, l i k e t h a t for other tRNA binding, 

i s 25 mM. Met-tRNAj, and formyl methionyl-tRNAj, (f-met-tRNAj,) 

are bound to ribosomes by the t r i p l e t s AUG, GUG, and, l e s s w e l l , 
2+ 

by UUG. T h i s binding i s optimal at 10 mM Mg . Both the 
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low magnesium ion concentration and the degeneracy ( i . e . 

r e c o g n i t i o n of both the normal methionyl codon, AUG, and 

r e c o g n i t i o n , when placed N-terminally, of GUG, the codon 

normally s p e c i f y i n g v a l i n e w i t h i n a peptide chain) are unique 

f e a t u r e s of tRNAj, ( C l a r k & Marcker, 1966a; Kellogg e_t a l . , 

1966; Sundararajan & Thach, 1966; Ghosh e t a l . , 1967). 

Both f-met-tRNAj, and met-tRNAj, can donate methionine i n t o 
2+ 

t r i c h l o r o a c e t i c a c i d (TCA) i n s o l u b l e polypeptides at 10 mM Mg 

i n response to the s y n t h e t i c random messengers, poly (UG) or 

poly (UAG), i n an E. c o l i i n v i t r o system. The formyl 

methionine and methionine occupy e x c l u s i v e l y N-terminal p o s i t i o n s . 

However, met-tRNA M can a l s o donate methionine i n t o polypeptides 

i n response to random poly (UAG) and t h i s methionine i s found 

only i n i n t e r n a l p o s i t i o n s ( C l a r k & Marcker, 1965; 1966a). 

The RNA of bacteriophage fg and R 1 7 » a c t i n g as a messenger, 

d i r e c t s the s y n t h e s i s of at l e a s t three v i r u s - s p e c i f i c p r o t e i n s 

i n an E. c o l i i n v i t r o system (Capecchi & Gussin, 1965; 

Nathans et a l . , 1962). Each of these p r o t e i n s has N-formyl 

methionine as the N-terminal amino a c i d (Adams & Capecchi, 

1966; Webster ejt a l . , 1966; Vineula et a l . , 1967; Lodish, 

1968), i n d i c a t i n g the i m p l i c a t i o n of f-met-tRNAj, i n chain 

i n i t i a t i o n u s i n g n a t u r a l messengers. The dependence of f 2 

RNA-directed i n v i t r o p r o t e i n s y n t h e s i s by e x t r a c t s of 

Trimethoprim (an i n h i b i t o r of d i h y d r o f o l a t e reductase, B u r c h a l l 

& H i t c h i n g s , 1965) t r e a t e d c e l l s on f-met-tRNA was shown by 

E i s e n s t a d t & Lengyl (1966), who showed that f 2 RNA-directed 

p r o t e i n s y n t h e s i s was dependent upon added f-met-tRNAj, or 

N 1 0 - f o r m y l t e t r a h y d r o f o l a t e . T h i s dependence was found only 
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at low Mg concentration (4-8 mM); a t higher Mg the 

inco r p o r a t i o n was only p a r t i a l l y or not at a l l dependent on 

f-met-tRNA F (Kolakofsky & Nakamoto, 1966). Capecchi (1966), 

u s i n g a c e l l - f r e e e x t r a c t of E. c o l i i n which p r o t e i n s y n t h e s i s 

was d i r e c t e d by an endogenous mRNA, demonstrated that one 

f-met r e s i d u e was incorporated per 150 amino a c i d r e s i d u e s 

and that formyl methionine was the only formylated amino a c i d . 

Thus, there appears to be s u b s t a n t i a l evidence f o r the i m p l i 

c a t i o n of f-met-tRNAj, i n chain i n i t i a t i o n i n b a c t e r i a l systems 

under p h y s i o l o g i c a l c o n d i t i o n s ( i . e . low magnesium ion 

c o n c e n t r a t i o n ) . 

In a c o n s i d e r a t i o n of the steps involved i n chain i n i t i a t i o n 

i t i s convenient to accept the b a s i c , but somewhat c o n t r o v e r s i a l , 

premise that two ribosome binding s i t e s e x i s t . The acceptor 

or aminoacyl s i t e (A s i t e ) and the donor of" p e p t i d y l s i t e 

(P s i t e ) . Binding of aminoacyl-tRNA to the A s i t e i s i n h i b i t e d 

by the a n t i b i o t i c t e t r a c y c l i n e (Gottesman, 1967), w h i l s t 

puromycin, an analogue of the t e r m i n a l aminoacyladenosine pa r t 

of aminoacyl-tRNA ( G i l b e r t , 1963b) can r e a c t with peptidyl-tRNA 

present i n the P s i t e (Morris & Scheet, 1961), g i v i n g r i s e to 

peptidyl-puromycin and r e l e a s i n g f r e e tRNA (Monro e_t a l . , 1967). 

Hence, i t i s p o s s i b l e to d i s t i n g u i s h between d i f f e r e n t tRNA 

binding s i t e s on the ribosomes by j u d i c i o u s use of such a n t i 

b i o t i c s . 

I n i t i a t i o n of n a t u r a l mRNA i n E. c o l i has been shown to 

req u i r e the presence of a t l e a s t three p r o t e i n f a c t o r s , 

designated F^, Fg and Fg, or A, C and B r e s p e c t i v e l y (Brawerman 

& E i s e n s t a d t , 1966; E i s e n s t a d t & Brawerman, 1966; Revel & 



-47-

Gros, 1966; Stanley e t a l . , 1966; S a l a s et a l . , 1967). 

Unfortunately, the d i f f e r e n t f a c t o r s i s o l a t e d by the d i f f e r e n t 

groups do not appear to bear any simple r e l a t i o n s h i p to one 

another. Stanley et a l . (1966) recover t h e i r i n i t i a t i o n 

f a c t o r s from the supernatant f r a c t i o n of ribosomes washed i n 

high s a l t (0.5-1.0 M ammonium c h l o r i d e ) , and these f a c t o r s are 

not normally present i n the supernatant enzyme f r a c t i o n . 

E i s e n s t a d t & Brawerman (1966) obtain t h e i r f a c t o r s from the 

supernatant f r a c t i o n s , w h i l s t f a c t o r s B and C of Revel & Gros 

(1966) are a s s o c i a t e d with a DNA-rich f r a c t i o n of a crude 

e x t r a c t . I n i t i a t i o n f a c t o r s a re, however, most fr e q u e n t l y 

obtained from the supernatant a f t e r washing ribosomes with 

1.0 M-ammonium c h l o r i d e . The crude wash f r a c t i o n has been 

r e s o l v e d i n three components, F-p F2 and Fg, which are 

e s s e n t i a l f o r t r a n s l a t i o n of mRNA with i n i t i a t o r codons at low 
2 + 

Mg concentration. 

The i n i t i a l step i n polypeptide chain i n i t i a t i o n i s the 

binding of mRNA to the 'nat i v e ' (see l a t e r ) 30S subunit. The 

binding of mRNA to the 30S subunit i s dependent upon the 

presence of the i n i t i a t i o n f a c t o r s , F-̂  and Fg (Sabol e_t a l . , 

1970), and i s independent of F 2« Greenshpan & Revel (1969) 

i m p l i c a t e F 2 i n mRNA binding; however, Sabol e t a l . (1970) 

suggest that such an a c t i v i t y of Fg was the r e s u l t of contaminating 

i m p u r i t i e s or was due to n o n - s p e c i f i c i n t e r a c t i o n s . 

I n the presence of i n i t i a t i o n f a c t o r s F-̂  and F 2» and 

GTP, f-met-tRNAj, i s bound to the mRNA-30S subunit to form 

complex I (Allende & Weissbach, 1967; Anderson e t a l . , 1967; 

E i s e n s t a d t & Brawerman, 1967b; Herschey & Thach, 1967; 
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L u c a s — L e n a r d & Lipmann, 1967; Nomura & Lowrey, 1967). 

The i n i t i a t i o n complex I can be r e t a i n e d on M i l l i p o r e f i l t e r 

(Lengyel & S o i l , 1969). 5'-Guanylyl-methylene-diphosphonate 

(GMPPCP), a GTP analogue having a methylene bridge between the 

J3 and -tf phosphorus atoms and hence not e n z y m a t i c a l l y cleaved 

i n t o GDP + P i (Herschey & Monro, 1966), can s u b s t i t u t e f o r the 

l a t t e r i n the formation of complex I (Anderson et a l . , 1967; 

Mukundan et a l . , 1968), i n d i c a t i n g t h a t GTP cleavage does not occur 

during the formation of complex I . The complex I formed i n 

the presence of GMPPCP i s s t a b l e to f i l t r a t i o n through a 

M i l l i p o r e f i l t e r , but l a r g e l y d i s s o c i a t e s i n the course of 

c e n t r i f u g a t i o n through a sucrose gradient (Kondo e t a l . , 1968). 

The p r e c i s e ribosomal s i t e at which f-met-tRNAp i s 

i n i t i a l l y bound i s s t i l l u n c e r t a i n ; u n l i k e other aminoacyl-

tRNAs, i t may enter the P s i t e d i r e c t l y or i t may enter 

i n i t i a l l y at the A s i t e and be subsequently t r a n s l o c a t e d to 

the P s i t e . B r e t s c h e r (1969) suggests that s i n c e f-met-tRNAp 

and met-tRNAp bound to ribosomes with the t r i p l e t AUG at 

10 mM magnesium, y i e l d e d formyl-methionyl-puromycin and methionyl-

puromycin r e s p e c t i v e l y with puromycin ( B r e t s c h e r , 1966; 

B r e t s c h e r & Marcker, 1966), the f-met-tRNAp can enter d i r e c t l y 

at the p e p t i d y l s i t e . B r e t s c h e r suggests that the dual coding 

of AUG and GUG f o r f-met-tRNAp may be a f e a t u r e of the P s i t e , 

whose codon-anticodon r e c o g n i t i o n may be l e s s s p e c i f i c than 

i n the A s i t e and may be a device whereby GUG ( a codon f o r 

v a l i n e ) does not get confused with formyl-methionine and why 

AUG does not code fo r f-met-tRNAp i n the i n t e r i o r of poly

peptide c h a i n s . However, the above work does not exclude the 
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p o s s i b i l i t y that f-met-tRNA„ e n t e r s i n i t i a l l y at the A s i t e . 

Ohta et a l . (1967) have demonstrated that f-met-tRNAj, i n 

i n i t i a t i o n complex I formed i n the presence of GMPPCP, does 

not r e a c t with puromycin, suggesting t h a t the i n i t i a t o r tRNA 

i s not bound to the P s i t e under these c o n d i t i o n s . Furthermore, 

t e t r a c y c l i n e was found to block the binding of f-met-tRNAj, to 

ribosomes i n the presence of GTP, mRNA and i n i t i a t i o n f a c t o r s 

( S a r k a r & Thach, 1968), i n d i c a t i n g that f-met-tRNA i s bound, 

at l e a s t i n i t i a l l y , to the A s i t e . Kuechler (1971) i n v e s t i 

g a t ing the r o l e of GTP h y d r o l y s i s i n the p o s i t i o n i n g of f-met-

tRNA on the 30S subunit, suggests f-met-tRNAj, i s d i r e c t l y bound 

to the P s i t e i n a s t a t e i n s e n s i t i v e to puromycin, or that i t 

e n t e r s the A s i t e and i s t r a n s l o c a t e d by GTP h y d r o l y s i s 

which i s not accompanied by a r e l a t i v e movement of ribosome 

and mRNA. 

The p r e c i s e r o l e and i d e n t i f i c a t i o n of the i n i t i a t i o n 

f a c t o r s r e s p o n s i b l e f o r the formation of complex I , i s s t i l l 

u nresolved. Fac t o r Fg has been i m p l i c a t e d ( I w a s a k i e_t a l . , 

1968; Revel et a l . , 1970) i n messenger s e l e c t i o n s i n c e E. c o l i 

ribosomes recognise s p e c i f i c a l l y n a t u r a l mRNA from other poly

n u c l e o t i d e templates only i n i t s presence. I t has been 

po s t u l a t e d that F 3 r e p r e s e n t s a kind of s p e c i f i c r e c o g n i t i o n 

f a c t o r p e r m i t t i n g the ribosomes to s t a r t t r a n s l a t i n g n a t u r a l 

messengers at defined sequences. Although Fg has been shown 

to bind t o p u r i f i e d mRNA (I w a s a k i e t a l . , 1968), i t cannot 

be a s s e s s e d to what extent such binding, outside of ribosomes, 

i s s p e c i f i c and r e l a t e d with i t s i n i t i a t i o n , f a c t o r a c t i v e l y 

proper. I t i s l i k e l y , however, that F3 r e c o g n i s e s some 
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s p e c i f i c i n i t i a t o r sequence of n a t u r a l mRNAs, most probably a 

sequence much l a r g e r than the AUG i n i t i a t o r codon. Groner & 

Revel (1971) have e s t a b l i s h e d the r o l e of a complex between 

i n i t i a t i o n f a c t o r s Fg and Fg i n the s e l e c t i v e r e c o g n i t i o n and 

binding of f-met-tRNAj,. 

Evidence t h a t the 30S subunit was involved i n i n i t i a t i o n 

complex I was obtained i n experiments i n which "heavy" 70S 

" l i g h t " 50S subunits, poly AUG, f-met-tRNAj, and i n i t i a t i o n 

f a c t o r s . f-met-tRNAj, was found to be bound to hydrid 70S 

ribosomes, c o n s i s t i n g of a heavy 30S subunit and a l i g h t 50S 

subunit. I t i s argued t h a t these hybrid ribosomes could only 

have a r i s e n i f the heavy 70S ribosomes d i s s o c i a t e d , l i b e r a t i n g 

heavy 30S subunits, which a f t e r the formation of the i n i t i a t i o n 

complex, would have complexed with l i g h t 50S subunits (Guthrie 

& Nomura, 1968). More r e c e n t l y , Slobin (1972) has provided 

more concrete evidence f o r the i m p l i c a t i o n of the 30S subunit 

i n the formation of the i n i t i a t i o n complex I . T h i s author 

demonstrated t h a t u s i n g ribosomes i n which the 30S and 50S 

subunits had been c r o s s - l i n k e d c o v a l e n t l y by the b i f u n c t i o n a l 

imidoester, dimethylsuberimidate, the i n i t i a t i o n complex 

could not be formed with f 2 RNA and f-met-tRNAj,. However, 

c r o s s - l i n k e d ribosomes r e t a i n e d 80% of the a c t i v i t y of 

unmodified ribosomes f o r polyphenylalanine formation i n a 

poly U-dependent system r e q u i r i n g i n i t i a t i o n f a c t o r s and N-

acetylphenylalanyl-tRNA. As w e l l as i n d i c a t i n g the n e c e s s i t y 

of the 30S subunit i n the formation of the "proper" i n i t i a t i o n 

complex I , these r e s u l t s i n d i c a t e the a r t e f a c t u a l s i t u a t i o n 

ribosomes, l a b e l l e d with and deuterium were mixed with 
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which obtains i n the 70S poly^U] system. I t i s suggested t h a t 

the two tRNAs bind to d i f f e r e n t s i t e s . I t i s most probable 

t h a t the N-actylphenylalanyl-tRNA binds to the P s i t e , w h i l s t 

the f-met-tRNA F may enter at a form of P s i t e , the tr u e entry 

s i t e . 

Subsequent to the formation of i n i t i a t i o n complex I , the 

50S subunit i s attached to complex I to form complex I I . T h i s 

j u n c t i o n does not re q u i r e the h y d r o l y s i s of GTP (Kolakofsky 

e t a l . , 1968a). The f-met-tRNA F i n complex I I i s thought to 

be bound a t the A s i t e of the ribosome (Ghosh & Khorana, 1967; 

Nomura et a l . , 1967; Kolakofsky et EQ. , 1968a; Kondo ejt a l . , 

1968; Sarkar & Thach, 1968). I f the analogue GMPPCP i s used 

i n s t e a d of GTP i n the formation of complex I , the 50S subunit 

i s s t i l l j o i n e d to the complex to form the 70S complex, but 

the f-met-tRNA F i s u n r e a c t i v e towards puromycin or other 

aminoacyl-tRNAs (Kolakofsky e t a l . , 1968a; Ohta & Thach, 1968). 

GTP h y d r o l y s i s i s , t h e r e f o r e , r e q u i r e d to convert the bound 

f-met-tRNAj, from an u n r e a c t i v e to a r e a c t i v e s t a t e ; t h i s 

conversion occurs on the 70S ribosome (Kolakofsky e t a l . , 1969). 

When the 50S subunit j o i n s to the complex I i n i t i a t i o n f a c t o r 

F-̂  i s r e l e a s e d (Hershey et a l . , 1969). However, f a c t o r F 2 

appears to remain attached to the new complex I I a t l e a s t 

u n t i l GTP h y d r o l y s i s has taken p l a c e . F 2 has been demonstrated 

(Kolakofsky e t a l , , 1968b) to c a t a l y s e the ribosome-dependent 

h y d r o l y s i s of GTP and Kolakofsky and h i s co-workers suggest 

t h a t the GTPase a c t i v i t y of f a c t o r F 2 may be involved with 

the t r a n s l o c a t i o n of f-met-tRNAj, from i t s u n r e a c t i v e s t a t e 

i n the A s i t e i n t o the P s i t e , ready f o r peptide bond formation. 



-52-

Since i n i t i a t i o n f a c t o r s are not found on e i t h e r 70S ribosomes 

or f r e e 50S subunits ( P a r e n t i - R o s i n a et a l . , 1969), i t i s 

concluded that F 2 i s r e l e a s e d from the 70S i n i t i a t i o n complex 

a f t e r the h y d r o l y s i s of GTP and the t r a n s l o c a t i o n of f-met-

tRNAj, i n t o the p e p t i d y l s i t e . However, the exact mode and 

s i t e of a c t i o n of both and the GTPase a c t i v i t y remains 

u n c l e a r . Once f-met-tRNAj, has been t r a n s l o c a t e d to the P 

s i t e , the A s i t e remains f r e e to accept another aminoacyl-tRNA, 

and chain i n i t i a t i o n i s complete. 

Unformylated met-tRNAj, cannot i n i t i a t e p r o t e i n s y n t h e s i s 
2+ 

i n E. c o l i a t low Mg c oncentration (Kolakofsky & Nakamoto, 

1966) and i n vivo p r o t e i n s y n t h e s i s stops i f formylation of 

met-tRNA F i s i n h i b i t e d ( S h i h et a l . , 1966). 

Another i m p l i c a t i o n of the importance of N-blocked amino

acyl-tRNA i n chain i n i t i a t i o n comes from the work of Lucus-

Lenard & Lipmann (1967). Using Pseudomonas fl u o r e s c e n e , 

these workers reported t h a t N-acetylphenylalanine could a c t 

as a chain i n i t i a t o r i n the poly(U) system at low magnesium 

conc e n t r a t i o n (4 mM). T h i s f i n d i n g has been confirmed f o r 

both 70S and 80S ribosomes. I g a r a s h i (1970) r e p o r t s t h a t 
Phe 

any N-blocked p e p t i d y l - l i k e tRNA w i l l a c t as an i n i t i a t o r 

f o r the poly ( U) dependent polyphenylalanine system, s t r e s s i n g 

f u r t h e r the a r t e f a c t u a l nature of such a system. 

Although the b a s i c mechanism of polypeptide i n i t i a t i o n 

on 70S ribosomes has been understood f o r s e v e r a l y e a r s , i t i s 

only r e c e n t l y that information regarding the mechanism i n 

e u k a r y o t i c c e l l s has been forthcoming. S e v e r a l workers have 

demonstrated that f-met-tRNA-, i s the i n i t i a t o r tRNA i n 
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mitochondria and c h l o r o p l a s t s (Schwartz e t a l . , 1967; Smith 

& Marcker, 1968; Burkard ejt a l . , 1969; Galper & DarneU, 

1969; Marcker & Smith, 1969; B i a n c h e t t i e t a l . , 1971), and 

i t has been proposed (Smith & Marcker, 1968; Marcker & Smith, 

1969), that f-met-tRNAj, i s the u n i v e r s a l i n i t i a t o r of p r o t e i n 

s y n t h e s i s on 70S ribosomes. However, there i s no unequivocal 

evidence o l the presence of f-met-tRNAj, i n the cytoplasm of 

eukaryotes. 

A number of workers have, however, demonstrated two major 

methionine-accepting tRNA s p e c i e s i n the cytoplasm of mammals 

(Caskey et a l . , 1967; RajBandary & Ghosh, 1969; Smith & 

Marcker, 1970) and i n y e a s t ( T a k e i s h i et a l . , 1968). Since 

the cytoplasm of these s p e c i e s l a c k s an a c t i v e transformylase, 

n e i t h e r of these s p e c i e s are formylated under normal c o n d i t i o n s , 

e i t h e r i n vivo or i n v i t r o , u s i n g the homologous enzyme 

preparat i o n . 
Met Met One of these tRNA s p e c i e s , designated tRNA-* , can be 

formylated i n the presence of added E. c o l i transformylase and 

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

from those of f-met-tRNAj, (Caskey e t a l . , 1968; Marcker & 

Smith, 1969). Despite a d i f f e r e n c e t h e i r primary s t r u c t u r e s 

(Marcker & Smith, 1969) the tRNA™* can s u b s t i t u t e f o r the 

E. c o l i i n i t i a t o r i n the E. c o l i c e l l - f r e e system ( T a k e i s h i 

et a l . , 1968). T h i s suggests that the unique s t r u c t u r a l 

f e a t u r e of f-met-tRNAj., necessary f o r i t s f u n c t i o n as the s p e c i f i c 

i n i t i a t o r has been conserved i n y e a s t and mammalian met-tRNAj,*. 

The presence of such a met-tRNAj,* s p e c i e s i n the cytoplasm of 

these eukaryotes suggests t h a t i n i t i a t i o n on mammalian and 
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y e a s t 80S ribosoraes i n v o l v e s a formylatable ( i n the presence 
Met 

of E. c o l i t r a n s f o r m y l a s e ) , but unformylated tRNA s p e c i e s . 
I n i t i a t i o n of haemoglobin s y n t h e s i s has been c o n c l u s i v e l y 

Met 
demonstrated to involve an unformylated tRNA s p e c i e s as the 

i n i t i a t o r tRNA (Bhaduri e t a l . , 1970; Gupta et a l . , 1970; 

Houseman et a l . , 1970; Jackson & Hunter, 1970; Wilson & 

D i n t z i s , 1970). T h i s i s i n d i r e c t c o n t r a d i c t i o n of e a r l i e r 

work i m p l i c a t i n g a valyl"tRNA s p e c i e s i n i n i t i a t i o n of haemaglobin 

(Rahamimoff & A r n s t e i n , 1969). 

The s i t u a t i o n with r e s p e c t to the i n i t i a t o r tRNA i n plant 

systems i s l e s s w e l l documented. A number of workers ( L e i s 

& K e l l e r , 1970; Marcus ejt a l . , 1970b; Tarrago et a l . , 1970; 

Ghosh e t a l . , 1971) report the o c c u r r e n c e , i n the monocotyledon 
Met 

wheat, of two major and one minor tRNA s p e c i e s . Evidence 

i s presented i n t h i s t h e s i s f o r a s i m i l a r s i t u a t i o n i n V i c i a 

faba, a dicotyledon. Despite the presence i n the supernatant 

of an a c t i v e transformylase ( L e i s & K e l l e r , 1970) capable of 
Met 

formylating E. c o l i met tRNA^, n e i t h e r of the major tRNA 
s p e c i e s from wheat-germ are formylatable e i t h e r by homologous 

Met 
or by E. c o l i t r a n s f o r m y l a s e . One of the tRNA s p e c i e s has 

however, been i d e n t i f i e d as the s p e c i f i c i n i t i a t o r tRNA on the 

b a s i s of AUG dependent-binding (Tarrago e_t a l . , 1970), AUG 

dependent r e a c t i o n with puromycin ( L e i s & K e l l e r , 1970), and 

N-terminal a n a l y s e s of the product of tobacco mosaic v i r a l 

RNA-directed (TMV RNA-directed) i n c o r p o r a t i o n (Marcus ejt a l . , 

1970b). 

The p r e c i s e r e a c t i o n sequence whereby the s p e c i f i c i n i t i a t o r 

methionine tRNA (met-tRNA^) i n t e r a c t s with the 40S subunit and 
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subsequently the 60S subunit to form the i n i t i a t i o n complex 

has not yet been c l a r i f i e d . However, there are i n d i c a t i o n s t h at 

although e s s e n t i a l l y s i m i l a r f a c t o r s may be involved, the 

sequence of events may be d i s t i n c t from that observed i n 70S 

systems. Using crude l y s a t e s of r a b b i t r e t i c u l o c y t e s which 

s y n t h e s i z e p r o t e i n at a r a t e comparable with that i n the i n t a c t 

c e l l , Legon e_t a l . (1973) present evidence that the i n i t i a l 

s t ep i n i n i t i a t i o n i n t h i s system i s the a s s o c i a t i o n of the 

i n i t i a t o r tRNA (met-tRNA^) with the 40S subunit, i n the absence 

of mRNA, to form a methionyl-tRNA^-40S subunit complex. These 

authors b e l i e v e that bound GTP i s an i n t e g r a l component of 

the complex. An e s s e n t i a l l y s i m i l a r r e s u l t has been obtained 

by S c h r e i e r & Staehelin (1973a) u s i n g a f r a c t i o n a t e d mammalian 

system, the e f f i c i e n c y of which approached that of u n f r a c t i o n a t e d 

crude c e l l - f r e e e x t r a c t s ( S c h r e i e r & S t a e h e l i n , 1973a). 

These authors have shown that globin mRNA does not promote the 

binding of methionyl-tRNA^ to 40S subunits, but t h a t the 

i n i t i a t o r tRNA a s s o c i a t e s with the 40S subunit i n the absence 

of mRNA under the d i r e c t i o n of the appropriate i n i t i a t i o n 

f a c t o r s . I t should perhaps be s t r e s s e d that although both 

groups of workers were i n v e s t i g a t i n g i n i t i a t i o n of globin 

s y n t h e s i s , they a r r i v e d a t the c o n c l u s i o n u s i n g very d i f f e r e n t 

experimental techniques. These r e s u l t s a re, however, i n 

s t r i k i n g c o n t r a s t to those of Weeks e t a l . (1972). Using 

40S and 60S subunits derived from messenger-free wheat-germ 

ribosomes and TMV-RNA, they present evidence that i n i t i a t i o n 

i n v o l v e s the formation of a 40S subunit-mRNA-met-tRNA complex 

(Complex I ) , which subsequently combines with a 60S ribosomal 
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subunit to form on 80S monoribosome (complex I I ) f u n c t i o n a l 

i n p r o t e i n s y n t h e s i s . Burgess & Mach (1971) a l s o i n t e r p r e t 

i n v e s t i g a t i o n s of met-tRNA i binding to washed e u k a r y o t i c 

ribosomes i n terms of the model proposed f o r the b a c t e r i a l 

system. Legon et a l . (1973) question the s i g n i f i c a n c e of 

such r e s u l t s obtained with many f r a c t i o n a t e d e u k a r y o t i c systems 

on the b a s i s of t h e i r very low e f f i c i e n c y . 

There i s evidence f o r the p a r t i c i p a t i o n of s p e c i f i c 

i n i t i a t i o n f a c t o r s i n e u k a r y o t i c systems. I n p l a n t s , Marcus 

(1970a, b) r e p o r t s the formation of an i n i t i a t i o n complex 

between r a d i o a c t i v e TMV-RNA and wheat-germ ribosomes, which 

r e q u i r e s the preserve of ATP and two p r o t e i n f a c t o r s i s o l a t e d 

by chromatography on DEAE-Cellulose from the supernatant f l u i d 

a f t e r high-speed c e n t r i f u g a t i o n . The requirement f o r ATP was 

i n i t i a l l y throught to be absolute; however, L i d d e l l (1972) 

r e p o r t s that GTP can r e p l a c e ATP. When tRNA was added to the 

i n i t i a t i o n complex, peptide s y n t h e s i s occurred and the r a d i o 

a c t i v i t y was found to be a s s o c i a t e d with polysomes. 

Confirmation of the e x i s t e n c e of two such i n i t i a t i o n f a c t o r s 

comes from s t u d i e s u s i n g the i n h i b i t o r a u r i n t r i c a r b o x y l i c 

a c i d (ATA), which has been shown to s p e c i f i c a l l y i n h i b i t the 

attachment of ±2 RNA to E. c o l i ribosomes (Groilman & Stewart, 

1968; Webster & Zinder, 1969; Stewart e t a l . , 1971). Marcus 

et a l . (1970a) have shown that ATA i n h i b i t s the formation of 

the i n i t i a t i o n complex i n wheat-germ. T h i s data suggest that 

i n wheat-germ at l e a s t , the i n i t i a l step i n the formation of 

the i n i t i a t i o n complex i s independent of met42tNA^ or indeed 

any other aminoacyl-tRNA. T h i s i s i n s t r i c t c o n t r a d i c t i o n 



-57-

to the work of Legon et a l . (1973), who suggest t h a t the 

i n i t i a l step i n the formation of the i n i t i a t i o n complex i s 

independent of mRNA and in v o l v e s GTP and met-tRNA i; and, 

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

Three p r o t e i n f a c t o r s , M̂ , M2 and M̂ , i s o l a t e d from a 

0.5M-potassium c h l o r i d e r a b b i t r e t i c u l o c y t e ribosomal wash 

f r a c t i o n , have been shown to be req u i r e d f o r i n i t i a t i o n i n 

c e l l - f r e e haemoglobin s y n t h e s i s at 3 mM magnesium ( S h a f r i t z 

et a l . , 1970; P r i t c h a r d et a l . , 1970; Kerwar e t a l . , 1970 ) . 

The f a c t o r s , M-̂  and Mg» bind met-tRNA.^ but not met-tRNAjj to 

r e t i c u l o c y t e ribosomes i n the presence of AUG. 

There i s evidence that one of the i n i t i a t i o n f a c t o r s may 

be messenger s p e c i f i c . Heywood (1969) demonstrated the 

i n a b i l i t y of myosin mRNA from c h i c k muscle to fu n c t i o n w ith 

washed r e t i c u l o c y t e ribosomes, u n l e s s muscle, not r e t i c u l o c y t e , 

i n i t i a t i o n f a c t o r s were present. Washed muscle ribosomes 

with i n i t i a t i o n f a c t o r s from r e t i c u l o c y t e s a l s o cannot t r a n s l a t e 

myosin mRNA. T h i s s p e c i f i c i t y may be due to i n a b i l i t y of 

myosin mRNA to bind to r e t i c u l o c y t e ribosomes i n the presence 

of r e t i c u l o c y t e i n i t i a t i o n f a c t o r s . Such data i s h i g h l y 

suggestive of the e x i s t e n c e of c e l l - s p e c i f i c messenger 

r e c o g n i t i o n f a c t o r s present on the ribosomes, which may be 

involved i n r e g u l a t i o n of mRNA binding. Naora & Kodaira 

(1970) a l s o present evidence suggesting that mRNA from one 

t i s s u e cannot be t r a n s l a t e d by ribosomes and f a c t o r s from 

another. 

I f a methionyl-tRNA s p e c i e s i s the u n i v e r s a l i n i t i a t o r 

tRNA, i t would not be unreasonable to expect a l l polypeptide 
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c h a i n s to c a r r y an N-terminal methionyl r e s i d u e . That t h i s 

i s not so, a t t e s t s to the presence i n many c e l l s of s p e c i f i c 

enzymes capable of removing the N-terminal (and perhaps other 

t e r m i n a l l y s i t u a t e d ) amino a c i d s . However, there should be 

evidence that at sometime s h o r t l y a f t e r t h e i r i n i t i a t i o n , 

newly s y n t h e s i s e d polypeptide chains (perhaps while s t i l l 

a ttached as peptidyl—tRNA) w i l l bear an N-terminal methionine 

r e s i d u e . The m a j o r i t y of E. c o l i p r o t e i n s have methionine, 

a l a n i n e , s e r i n e or threonine, as the N-terminal amino a c i d . 

On the other hand, most, i f not a l l , E. c o l i p r o t e i n s are 

i n i t i a t e d by N-formylmethionine, suggesting t h a t E. c o l i 

and, presumably, other b a c t e r i a have an enzyme(s) capable of 

removing the formyl r e s i d u e , and i n some c a s e s the t e r m i n a l 

methionine r e s i d u e . Enzymes (deformylases) c l e a v i n g f-met 

peptides i n t o formate and methionyl-peptides have been recognised 

i n E. c o l i , B. stearothermophilus and B. s u b t i l i s , and are 

found to have those c h a r a c t e r i s t i c s of s p e c i f i c i t y r e q u i r e d of 

an enzyme whose funct i o n i n vivo i s to remove formyl r e s i d u e s 

from nascent peptides (Adams, 1968; Fry & Lamborg, 1968; 

Takeda & Webster, 1968). Since f-met-tRNAj, i s not a s u b s t r a t e 

f o r the enzyme, i t i s concluded t h a t deformylation occurs a f t e r 

the i n c o r p o r a t i o n of the formylmethionyl r e s i d u e i n t o a 

peptide. The e x i s t e n c e i n E. c o l i and B. s u b t i l i s of s p e c i f i c 

enzymes (aminopeptidases) capable of removing methionine 

r e s i d u e from the N-terminal hexapeptide of ±2 coat p r o t e i n 

(but only a f t e r deformylation), suggests that removal of the 

N-terminal N-formylmethionyl r e s i d u e occurs i n two d i s t i n c t 

s t e ps (Takeda & Webster, 1968). Evidence ( t o be d i s c u s s e d 
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l a t e r ) e x i s t s that a s i m i l a r s i t u a t i o n e x i s t s i n eu k a r y o t i c 

c e l l s , where N-terminal methionyl r e s i d u e s are cleaved from 

the nascent p r o t e i n . 

T r a n s l a t i o n i n v i t r o r e q u i r e s the presence of an i n i t i a t i n g 

codon at the 5' end of the RNA sequence to ba t r a n s l a t e d . 

However, considerable evidence e x i s t s t h a t the i n i t i a t i n g 

t r i p l e t does not occupy the 5' terminus of mRNA molecules 

but i s preceded by a sequence of u n t r a n s l a t e d codons. In 

the case of p o l y c i s t r o n i c messages, one or more i n i t i a t i n g 

regions probably occur i n t r a m o l e c u l a r l y . Sequence deter

minations on bacteriophage MSg-RNA (De Wachter e t a l . , 1971) 

i n d i c a t e t hat the i n i t i a t i n g codon, AUG, i s l o c a t e d i n 

nucl e o t i d e p o s i t i o n s 130-132. Adams & Cory (1970) have 

deduced that the i n i t i a t i n g codon i n bacteriophage-R^-RNA 

i s preceded by an u n t r a n s l a t e d sequence of a t l e a s t 91 

nu c l e o t i d e s , w h i l s t B i l l e t e r e t a l . (1969) report an u n t r a n s l a t e d 

sequence of 61 n u c l e o t i d e s i n the RNA of bacteriophage-QB. 

The presence of such u n t r a n s l a t e d N-terminal sequences 

i n e u k a r y o t i c mRNAs i s l e s s w e l l documented. G a s k i l l & 

Kabat (1971) have shown t h a t the haemoglobin mRNA contai n s 

at l e a s t 200 more n u c l e o t i d e s than are r e q u i r e d to code f o r 

the globin c h a i n s . Smith (1972) has described the i s o l a t i o n 

and p r o p e r t i e s of a fragment of RNA from Encephalomyocarditis 

(EMC) v i r u s with the p r o p e r t i e s of the i n i t i a t i o n s i t e , and 

found a region r i c h i n adenosine o c c u r r i n g on the 5' s i d e of the 

i n i t i a t i o n s i t e . The fragment had an unusual primary and 

secondary s t r u c t u r e which, i t i s suggested, f u n c t i o n s as a 

messenger r e c o g n i t i o n s i t e f o r i n i t i a t i o n f a c t o r s or ribosomes. 
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A number of workers (Kates, 1970; Lim & C a n e l l a k i s , 1970; 

Edmonds ejt a l . , 1971; D a r n e l l ejt a l . , 1971) report the presence 

w i t h i n mammalian v i r a l , polysomal and nu c l e a r RNA s p e c i e s of 

regions r i c h i n a d e n y l i c a c i d r e s i d u e s , the s o - c a l l e d poly(A) 

r e g i o n s . These regions have been demonstrated on the 3* end 

of a number of mRNAs. The immunity from mutation and 

conservat i o n throughout ev o l u t i o n of such u n t r a n s l a t e d sequences 

of n u c l e o t i d e s , i m p l i e s a s t r i c t requirement f o r that region. 

They may be involved i n the process of r e g u l a t i o n of gene 

expression; however, t h e i r f u n c t i o n , as yet, remains obscure. 

Kwan & Brawerman (1972) present evidence f o r the a s s o c i a t i o n 

of a p a r t i c l e with these poly(A) r e g i o n s . The p a r t i c l e i s 

i d e n t i f i e d as composed mainly of p r o t e i n . The s i t u a t i o n of 

such a p a r t i c l e on the 3' end of the mRNA i n d i c a t e s that i t i s 

not involved i n the i n i t i a t i o n process; i t s f u n c t i o n i s s t i l l 

u n c l e a r . 

Since p o l y c i s t r o n i c mRNAs contain i n t e r n a l i n i t i a t i n g codons, 

i n i t i a t i o n may e i t h e r be s e q u e n t i a l , i . e . begin only at the 5' 

terminus and proceed towards the 3' terminus or ribosomes may 

a t t a c h at any of the i n t e r n a l i n i t i a t i o n s i t e s . Lodish (1968) 

has shown that the a d d i t i o n of bacteriophage-f 2-RNA to an E. 

c o l i i n v i t r o system r e s u l t s i n the simultaneous s y n t h e s i s of 

two d i f f e r e n t polypeptides, and Rekosh e t a l . (1970) have 

shown that an E. c o l i system with polio-vlrus-RNA i n i t i a t e s at 

l e a s t eight d i s t i n c t s i t e s . I n the case of the h i s t i d i n e 

operon of Salmonella typhimurium (coding f o r 10 enzymes involved 

i n h i s t i d i n e b i o s y n t h e s i s ) , s e q u e n t i a l t r a n s l a t i o n has been 

shown to occur under co n d i t i o n s where h i s t i d i n e was l i m i t i n g 
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(dere p r e s s i o n ) ( B e r b e r i c h e t a l . , 1967) and the i n t r a c e l l u l a r 

f o r m y l t e t r a h y d r o f o l a t e pool was low. However, when the 

i n t r a c e l l u l a r f o r m y l t e t r a h y d r o f o l a t e pool was l a r g e , simultaneous 

s y n t h e s i s of a l l the enzymes of the h i s t i d i n e operon r e s u l t e d . 

The b a c t e r i a l i n i t i a t i o n f a c t o r s have been i m p l i c a t e d 

as, a t l e a s t , part of the t r a n s n a t i o n a l c o n t r o l mechanism 

involved i n the a l t e r a t i o n i n mRNA t r a n s l a t i o n brought about 

by T4 phage i n f e c t i o n (Hsu & Weiss, 1969; Dube & Rudland, 

1970; Schedl e t a l . , 1970; S t e i t z et a l . , 1970). Hattman 

(1970) r e p o r t s the s u p e r i n f e c t i o n , with T^ phage, of E. c o l i 

c e l l s p r e v i o u s l y i n f e c t e d with an RNA phage such as fg or M 2̂> 

r e s u l t s i n i n h i b i t i o n of s y n t h e s i s of the RNA phage coat 

p r o t e i n . A s i m i l a r s i t u a t i o n was observed i n v i t r o . When 

ribosomes from T ^ - i n f e c t e d c e l l s were allowed to t r a n s l a t e 

E. c o l i mRNA, MS 2 RNA or f 2 RNA they t r a n s l a t e d E. c o l i mRNA 

only 50% as e f f i c i e n t l y , and RNA phage RNA l e s s than 20% as 

e f f i c i e n t l y as normal (Hsu & Weiss, 1969). Chloramphenicol 

t r e a t e d ribosomes behaved l i k e ribosomes from un i n f e c t e d c e l l s 

i n d i c a t i n g that such a change i n ribosome-mRNA s p e c i f i c i t y was 

dependent upon p r o t e i n s y n t h e s i s . A h e a t - l a b i l e f a c t o r 

e x t r a c t e d from i n f e c t e d ribosomes conferred the r e s t r i c t i o n 

on T ^ - i n f e c t e d ribosomes and when added to normal ribosomes, 

the f a c t o r conferred upon them a s p e c i f i c i t y f o r T4 RNA 

t r a n s l a t i o n . Schedl e t a l . (1970) suggest that a change 

occurs i n the i n i t i a t i o n f a c t o r F 2 , w h i l s t Dube & Rudland 

(1970) c i t e a change i n F 3 as re s p o n s i b l e f o r the s p e c i f i c i t y . 

The c a p a c i t y of uninfect e d E. c o l i ribosomes to bind to the 

three d i f f e r e n t R17 i n i t i a t i o n s i g n a l s can be a l t e r e d by the 
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a d d i t i o n of an i n i t i a t i o n f a c t o r preparation from phage-

i n f e c t e d ribosomes ( S t e i t z et a l . , 1970). Ribosomes with the 

i n i t i a t i o n f a c t o r s from u n i n f e c t e d c e l l s bound to a l l three 

c i s t r o n s of the R17 RNA, whereas those with i n i t i a t i o n f a c t o r s 

from i n f e c t e d c e l l s bound only to the i n i t i a t i o n point of the 

maturation p r o t e i n c i s t r o n . Such r e s u l t s suggest t h a t f o l l o w i n g 

i n f e c t i o n , a new i n i t i a t i o n f a c t o r ( s ) i s made, s p e c i f i e d by 

the i n f e c t i n g phage, or a mo d i f i c a t i o n of p r e - e x i s t i n g host 

f a c t o r s r e s u l t s , such that ribosomes now recognise the s t a r t i n g 

s i g n a l s of only T 4 mRNA. There i s l i t t l e data on such changes 

i n mRNA s p e c i f i c i t y f o l l o w i n g v i r a l i n f e c t i o n of eukaryotes, but 

such changes may be important i n the l o s s of c e l l u l a r c o n t r o l 

f o l l o w i n g the i n f e c t i o n by ca r c i n o g e n i c v i r u s e s . 

( i i i ) Peptide Chain Elongation 

A f t e r the 'priming' of the ribosome by the formation of 

the i n i t i a t i o n complex (f-met-tRNA-mRNA-30S subunit) and i t s 

coupling with a 50S subunit to form a 70S monosome, the process 

of peptide chain elongation can occur by the stepwise a d d i t i o n 

of one amino a c i d a t a time i n a r e p e t i t i v e c y c l e . 

The elongation c y c l e i n v o l v e s three d i s t i n c t events:-

(1) codon-directed binding of aminoacyl-tRNA to a ribosomal 

s i t e (A) adjacent to th a t occupied by the i n i t i a t o r or 

peptidyl-tRNA ( P ) ; (2) p e p t i d y l t r a n s f e r between the newly 

bound aminoacyl-tRNA and the i n i t i a t o r or peptidyl-tRNA; 

and (3) t r a n s l o c a t i o n of both the mRNA and the newly s y n t h e s i s e d 

peptidyl-tRNA from the acceptor (A) to the donor ( p e p t i d y l , P) 

s i t e on the ribosome, thus, f r e e i n g the A s i t e f o r f u r t h e r 

rounds of elongation. Concomitant with the t r a n s l o c a t i o n 
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s t e p the tRNA which donated the p e p t i d y l moiety i s r e l e a s e d . 

The events involved i n peptide chain elongation on the 70S 

ribosome w i l l be desc r i b e d s i n c e they have been more completely 

e l u c i d a t e d than those t a k i n g place on 80S ribosomes. 

The b a s i c mechanism on 70S and 80S ribosomes i s i d e n t i c a l ; 

however, s l i g h t d i f f e r e n c e s do e x i s t and w i l l be d i s c u s s e d . 

Elongation of peptide chains r e q u i r e s K +, Mg2+, GTP and charged 

tRNA and a s o l u b l e enzyme f r a c t i o n . Three p r o t e i n f a c t o r s 

involved i n peptide chain elongation have been r e s o l v e d from 

the s o l u b l e f r a c t i o n of the c e l l . They have been i s o l a t e d 

from a range of microorganisms by the v a r i e t y of workers, each 

a s s i g n i n g t h e i r s p e c i f i c nomenclature to what appeared to be 

analogous p r o t e i n s . Lucas-Lenard 8s Lipmann (1966) i s o l a t e d 

from E. c o l i and P. fluoresceins, three f a c t o r s , Ts, Tu and G. 

These appear to correspond to the f a c t o r s S i , S3 and S2 i s o l a t e d 

by S k o u l t c h i e t a l . (1968) from B. stearothermophilus and the 

f a c t o r s F I S , F I U and F I I of Ravel & Shorey (1969). I n the 

absence of a unifor m i t y of nomenclature the Ts notation w i l l 

be used throughout the d e s c r i p t i o n of the events involved i n 

peptide chain elongation. Tu and Ts together c o n s t i t u t e the 

' t r a n s f e r ' f a c t o r T, w h i l s t f a c t o r G f u n c t i o n s as a t r a n s l o c a s e . 

The adapter hypothesis ( C r i c k , 1957) r e q u i r e s only the 

i n t e r v e n t i o n of tRNA between the mRNA codon and the amino a c i d s 

t h a t are polymerised i n t o the nascent p r o t e i n . However, 

the mechanism whereby the aminoacyl-tRNA i s attached to the 

ribosomes i s more complex than was i n i t i a l l y proposed, and 

i n v o l v e s the p a r t i c i p a t i o n of the f a c t o r s I s , Tu and GTP. 

There i s con s i d e r a b l e evidence t h a t aminoacyl-tRNA i s brought 
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to the vacant A s i t e i n the form of a complex i n v o l v i n g f a c t o r 

Tu and GTP. In the s o l u b l e f r a c t i o n of the c e l l , the Tu and 

Ts f a c t o r s are a s s o c i a t e d and together c o n s t i t u t e the T f a c t o r 
2+ 

(Nishizuka & Lipmann, 1966b). Tu, i n the presence of Mg , 

forms a complex with GDP or GTP, which i s r e t a i n e d on M i l l i p o r e 

f i l t e r s . However, i n the presence of aminoacyl-tRNA and Ts, 

the binding s p e c i f i c i t y of the Tu i s changed (Cooper & Gordan, 

1969) and Tu forms a te r n a r y complex with GTP and aminoacyl— 

tRNA, and no longer binds GDP or Ts (Ravel et a l . , 1967; 1968; 

Gordan, 1968). T h i s complex formation i s s p e c i f i c f o r 

aminoacyl-tRNA which cannot be re p l a c e d by uncharged tRNA 

(Gordan, 1967; Ravel et a l . , 1967), N-acetylated aminoacyl-tRNA 

(Ravel e t a l . , 1967), f-met-tRNA (Ono et a l . , 1968), or 

deaminated aminoacyl-tRNA ( J e r e z e t a l . , 1969). f-met-tRNA F 

does not normally form a complex with Tu. The GTP analogue, 

GMPPCP, can form the te r n a r y complex, i n d i c a t i n g that GTP 

h y d r o l y s i s i s not involved i n the formation of the complex. 

GTP and aminoacyl-tRNA are present i n a r a t i o of 1:1 (Haenni 

et a l . , 1968; Ono et a l . , 1969a). Addition of the T-GTP-

aminoacyl-tRNA complex to i n i t i a t e d ribosomes r e s u l t s i n r a p i d 

binding to the ribosomes of the complex and the formation of 

dipeptidyl-tRNA between the i n i t i a t o r tRNA and the aminoacyl-

tRNA (Lucas-Lenard & Haenni, 1968). The r a t e of r e a c t i o n i s 

cons i d e r a b l y g r e a t e r when the preformed te r n a r y complex i s 

added to the i n i t i a t e d ribosomes, than when a l l the c o n s t i t u e n t s 

were added a t zero time suggested that the complex i s an 

intermediate i n the binding of aminoacyl-tRNA to the ribosomes 

and t h a t Tu i s e f f e c t i v e l y a c a r r i e r of aminoacyl-tRNAs to 
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ribosomes (Lucas-Lenard & Haenni, 1968; S k o u l t c h i e_t a l . , 1969). 

( i ) Tu - GDP + Ts s
 N Tu - Ts + GDP 

( i i ) Tu - Ts + GTP + AA - tRNA^=^Tu - AA- tRNA - GTP 
+ Ts 

ribosomes 
( i i i ) Tu - AA- tRNA - GTP — — >. AA - tRNA - mRNA -

mRNA 
ribosome + Tu + GDP + P i 

Although GMPPCP can r e p l a c e GTP i n the formation of the 

T-GTP-aminoacyl-tRNA complex and i n the binding of aminoacyl-

tRNA, binding of such a complex does not r e s u l t i n the formation 

of a dipeptide between the newly bound aminoacyl-tRNA and the 

adjacent i n i t i a t o r tRNA. Although GTP remains unhydrolysed 

during the formation of the te r n a r y complex ( S k o u l t c h i e t a l . , 

1968), i t i s hydrolysed to GDP and inorganic phosphate i n the 

t r a n s f e r of aminoacyl-tRNA to the ribosomes, and there i s a 

s t o i c h i o m e t r i c breakdown of GTP compared to the amount of 

aminoacyl-tRNA bound to the ribosome (Shorey e t a l . , 1969; 

Lucas-Lenard e t a l . , 1969; Ono et a l . , 1969b). GTP h y d r o l y s i s 

was i n s e n s i t i v e to i n h i b i t i o n by c h l o r t e t r a c y c l i n e (Hierowski, 

1965), an i n h i b i t o r of aminoacyl-tRNA binding, and to sparsomycin 

(Goldberg & Mitsugi, 1967), an i n h i b i t o r of p e p t i d y l t r a n s f e r a s e , 

and to f u s i d i c a c i d , an i n h i b i t o r of f a c t o r G mediated 

t r a n s l o c a t i o n , i n d i c a t i n g t h at the GTP h y d r o l y s i s was not 

req u i r e d f o r e i t h e r binding of aminoacyl-tRNA or for peptide 

bond formation or f o r t r a n s l o c a t i o n of the bound aminoacyl-

tRNA. When the aminoacyl-tRNA-GMPPCP-Tu complex i s bound 

to ribosomes, the Tu and GMPPCP remain attached to the ribosomes 

(Lucas-Lenard ejt a l . , 1969 ;n S k o u l t c h i ejt a l . , 1970), whereas 

when the GTP co n t a i n i n g complex i s bound the Tu and GDP are 
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removed from the ribosome as a Tu-GDP complex (Ravel e t a l . , 

1969; S k o u l t c h i e t a l . , 1969; Hachmann e t a l . , 1971). Ts 

d i s p l a c e s Tu from the Tu-GDP complex as i n d i c a t e d i n equation 

( i ) , r egenerating the Tu-Ts complex ( M i l l e r & Weissbach, 1970). 

Although the r o l e of Tu i n t r a n s p o r t i n g the aminoacyl-

tRNA to the ribosome i s c l e a r l y understood, there seems to be 

l i t t l e information on the mechanism whereby the aminoacyl-tRNA 

i s bound to the appropriate codon. Kurland (1972) summarises 

the evidence i n d i c a t i n g t hat the codon-anticodon i n t e r a c t i o n 

i s i n s u f f i c i e n t l y strong to account f o r the s t a b i l i t y and 

f i d e l i t y of aminoacyl-tRNA binding. The author reviews the 

evidence f o r the i m p l i c a t i o n of both ribosomal RNAs and 

p r o t e i n s i n the binding and concludes t h a t i n t e r a c t i o n s i n v o l v i n g 

ribosomal p r o t e i n s are most l i k e l y involved i n the s t a b i l i s a t i o n 

of the codon-aiyt icodon i n t e r a c t i o n . 

Kurland (1971) has proposed a model i n which the codon and 

a group of p r o t e i n s provide a k i n e t i c b a r r i e r through which the 

most l i k e l y tRNA to pass i s that with an anticodon comple

mentary to the codon; the tRNA which passes t h i s b a r r i e r i s 

then n o n - s p e c i f i c a l l y bound to the ribosome. 

The s i t u a t i o n concerned aminoacyl-tRNA binding i n 

eukaryotes i s e s s e n t i a l l y s i m i l a r to that described f o r pro-

kar y o t e s . A t r a n s f e r or elongation f a c t o r , e q u i v a l e n t to 

the Tu + Ts complex, has been p u r i f i e d from a v a r i e t y of sources, 

and i n the absence of a uniform nomenclature w i l l be r e f e r r e d 

to a s T P j . T F i a c t i v i t y has been demonstrated i n r e t i c u l o c y t e s 

(McKeehan & Hardesty, 1969), r a t l i v e r ( G a s i o r & Moldave, 1965), 

c a l f l i v e r (Kloppstech e t a l . , 1969) and from the plant sources, 
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wheat embryo ( J e r e z et a l . , 1969), yeast (Ayuso & Heredia, 1968 

R i c h t e r & K l i n k , 1967). 

A complex analogous to the b a c t e r i a l Tu-GTP-aminoacyl-tRNA 

complex has been demonstrated ( I b u k i et a l . , 1966) i n r a t l i v e r 

r e t i c u l o c y t e , wheat and yeast systems. The e u k a r y o t i c Tpj 

f a c t o r can be r e p l a c e d by the b a c t e r i a l T f a c t o r i n the binding 

of aminoacyl-tRNA to e u k a r y o t i c ribosomes and i n polyermisation 

when supplemented with the e u k a r y o t i c t r a n s l o c a s e f a c t o r TjJ^ 

( K r i s k o et a l . , 1969). However, e u k a r y o t i c T ^ w i l l not 

s u b s t i t u t e f o r b a c t e r i a l T f a c t o r on b a c t e r i a l ribosomes. 

The e u k a r y o t i c TJJ f a c t o r , l i k e the T f a c t o r , has an aminoacyl-

tRNA and ribosomal dependent GTPase. 

Af t e r the attachment of the aminoacyl-tRNA to the ribosome 

the a-amino group of the aminoacyl-tRNA i s immediately involved 

i n peptide bond formation with the carboxy1-terminal r e s i d u e 

of the neighbouring i n i t i a t o r or peptidyl-tRNA present i n the 

donor (P) s i t e . The r e a c t i o n i s c a t a l y s e d by the enzyme, 

p e p t i d y l - t r a n s f e r a s e , which i s a c o n s t i t u e n t p r o t e i n of the 

50S subunit (Monro e t a l . , 1967; Maden e t a l . , 1968). The 

r e a c t i o n i s completely independent of GTP or supernatant 

f a c t o r s (Monro e t a l . , 1967). Peptide band formation has 

been shown to be independent of the 30S subunit by the use of 

methanol ( 3 3 % v/v) t r e a t e d 50S s u b u n i t s . The a l c o h o l causes 

an uncoupling of p o l y m e r i s a t i o n from sequence c o n t r o l and 

other r e a c t i o n s i n p r o t e i n s y n t h e s i s , s i n c e under these 

c o n d i t i o n s p e p t i d y l t r a n s f e r between f-met-tRNAj, and aminoacyl-

tRNA, and between f-met-aminoacyl-tRNA and another aminoacyl-

tRNA, can occur g i v i n g r i s e to a s e r i e s of random d i - , t r i - , 
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and t e t r a p e p t i d y l tRNAs (Monro, 1969). 

When f-met-tRNA was digested with r i b o n u c l e a s e T l , a 

s e r i e s of fragments were i s o l a t e d c o n t a i n i n g v a r i o u s p o r t i o n s 

of 3' terminal-CAACCA-(f-met) fragment. Using such fragments 

i n the s o - c a l l e d "fragment r e a c t i o n " i t was demonstrated that 

the minimum fragment able to a t t a c h to the p e p t i d y l s i t e and 

p a r t i c i p a t e i n p e p t i d y l t r a n s f e r , was the -CCA-(f-met). I t 

was concluded that the i n t e r a c t i o n a t the donor s i t e of the 

p e p t i d y l - t r a n s f e r a s e involved the 3'-terminal CCA moiety of 

the aminoacyl-tRNA s p e c i e s (Monro et a l . , 1968). The 

p e p t i d y l - t r a n s f e r a s e a c t i v i t y has been assigned to the 

core of ribosomal p r o t e i n s but i s only a c t i v e i n the presence 

of the r e s t of the 50S subunit (Staehdin et a l . , 1969). 

The p e p t i d y l - t r a n s f e r a s e a c t i v i t y of r a b b i t r e t i c u l o c y t e s 

was o r i g i n a l l y thought to be a f u n c t i o n of the s o l u b l e t r a n s f e r 

f a c t o r Tp^(Arlinghaus et a l . , 1964). I t has now been c l e a r l y 

demonstrated i n both mammalian (Skorgerson & Moldave, 1968a; 
systems 

Vazquez et a l . , 1969) and plant/(Neth et a l . , 1970) to be an 

i n t e g r a l part of the 50S subunit and i s capable of c a r r y i n g 

out the fragment r e a c t i o n . 

Following binding of the aminoacyl-tRNA and the formation 

of the f i r s t peptide bond, the peptidyl-tRNA i s attached to 

the acceptor s i t e and elongation stops s i n c e no f u r t h e r 

aminoacyl-tRNA can bind u n t i l the acceptor s i t e i s vacated and 

a new mRNA codon i s exposed. Incubation of these ribosomes 

with f a c t o r G and GTP r e s u l t s i n the binding of f u r t h e r 

aminoacyl-tRNA or puromycin, suggesting that G f a c t o r and 

GTP are involved i n t r a n s l o c a t i n g the peptidyl-tRNA from the 
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acceptor to the donor s i t e (subsequently r e l e a s i n g the f r e e 

tRNA held on the donor s i t e ) (Haenni & Lucas-Lenard, 1968). 

The G mediated t r a n s l o c a t i o n i s i n h i b i t e d by f u s i d i c a c i d (Haenni 

& Lucas-Lenard, 1968) and GMPPCP cannot s u b s t i t u t e f o r GTP i n 

the formation of p e p t i d y l puromycin, hence GTP h y d r o l y s i s must 

be r e q u i r e d f o r t r a n s l o c a t i o n . The r o l e of G f a c t o r as a 

t r a n s l o c a s e was e l e g a n t l y demonstrated (Erbe & Leder, 1968; 

Erbe e_t a l . , 1969) ,using the s y n t h e t i c messenger AUG-UUlHJUU 

as a template. I n s e r t i o n of f-met i n response to the AUG 

codon was shown to r e q u i r e p u r i f i e d i n i t i a t i o n f a c t o r s , and GTP. 

The formation of f-met-Phe by t r a n s l a t i o n of the second codon 

and peptide bond formation requ i r e d , i n a d d i t i o n , T f a c t o r and 

GTP. Unless f a c t o r G was present the t r i p e p t i d e f-met-Phe-Phe 

was not formed. T r a n s l a t i o n of the t h i r d codon re q u i r e d T 

f a c t o r , GTP and G f a c t o r . Thus, i t was concluded that the 

G f a c t o r was e s s e n t i a l f o r making the t h i r d codon a v a i l a b l e 

by the t r a n s l o c a t i o n of the peptidyl-tRNA and mRNA. A s i m i l a r 

c o n c l u s i o n has been reached by Roufa et a l . (1970), u s i n g QB 

v i r u s . Modolell e t a l . (1971) demonstrated t h a t the G f a c t o r 

i n t e r a c t s with the 50S ribosomal subunit a t a s i t e which i s 

d i s t i n c t from the p e p t i d y l - t r a n s f e r a s e , and t h a t i t e n t e r s 

and l e a v e s the s i t e during each round of p r o t e i n s y n t h e s i s . 

T r a n s l o c a t i o n of the peptidyl-tKNA from the acceptor to 

the donor s i t e i n v o l v e s the removal, from the donor s i t e , of 

the tRNA which has donated i t s p e p t i d y l moiety. Lucas-

Lenard & Haenni (1969) have demonstrated t h a t G f a c t o r and 

GTP are involved i n removal of the f r e e tRNA and th a t d i s 

charge tRNA cannot be r e l e a s e d from the ribosome u n l e s s 
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t r a n s l o c a t i o n takes place simultaneously. The r a t e of r e l e a s e 

of discharged tRNA was the same as the r a t e of t r a n s l o c a t i o n of 

the peptidyl-tRNA. Tanaka et a l . (1971) studying the 

d i f f e r e n t i a l i n h i b i t i o n of the t r a n s l o c a t i o n and G f a c t o r 

c a t a l y s e d r e l e a s e of deacylated tRNA by the a n t i b i o t i c s , f u s i d i c 

a c i d and bottromycin A21 suggest t h a t G f a c t o r p r i m a r i l y p a r t i 

c i p a t e i n the r e l e a s e of deacylated tRNA and that t r a n s l o c a t i o n 

per se i s c a t a l y s e d by the 50S ribosomal subunit. 

The mechanism whereby G f a c t o r i n t e r a c t s with the ribosome, 

mRNA and peptidyl-tRNA, to cause t r a n s l o c a t i o n , i s u n c e r t a i n . 

A ribosome-GTP-G f a c t o r complex has been observed by M i l l i p o r e 

binding and g e l f i l t r a t i o n (Brot e t a l . , 1969); however, i t s 

fun c t i o n s are u n c e r t a i n . 

One of the major problems s t i l l unresolved i s the 

stoichiometry, r o l e and s i t e of GTP h y d r o l y s i s during peptide 

c h a i n elongation. I t was i n i t i a l l y assumed that the energy 

l i b e r a t e d by f a c t o r G mediated GTPase was used to boost the 

carboxyl a c t i v a t i o n of amino a c i d s , but the energy r e q u i r e d 

f o r l i n k i n g a peptide bond appears to be amply supplied by 

the e n e r g y - r i c h e s t e r l i n k between the amino a c i d or p e p t i d y l -

carboxyl group and the 3'-terminal adenosine i n the tRNA 

(Nishizuka & Lipmann, 1966a). Assuming one molecule of GTP 

i s hydrolysed during aminoacyl-tRNA binding and another i s 

required f o r t r a n s l o c a t i o n , then c o n s i d e r i n g only peptide 

chain elongation a stoichiometry of two molecules of GTP 

hydrolysed per peptide bond formed, would be expected. 

However, a r a t i o of 1:1 has been reported (Nishizuka & Lipmann, 

1966b). T h i s could be explained i f the GTP hydrolysed i n 



-71-

aminoacyl-tRNA binding i s coupled to t r a n s l o c a t i o n ; t h i s has, 

however, been disputed (Ono et a l . , 1969b). 

The mammalian t r a n s l o c a s e f a c t o r , ^ 2 j i s i n most r e s p e c t s 

s i m i l a r to the G f a c t o r i n that i t complements i n polymeri

s a t i o n , i t possesses a ribosome-dependent GTPase ( K a z i r o et 

a l . , 1969), i s i n h i b i t e d by f u s i d i c a c i d , and i s r e q u i r e d , i n 

conjunction with GTP, i n the t r a n s l o c a t i o n r e a c t i o n . I n 

e u k a r y o t i c systems the donor s i t e i s reported to be f i l l e d 

only with peptidyl-tRNA as a r e s u l t of t r a n s l o c a t i o n and 

p e p t i d y l or analogues of peptidyl-tRNA cannot d i r e c t l y enter 

the donor s i t e ( S i l e r & Moldave, 1969). B a l i g a & Munro 

(1971) have shown that a'ff^'GTP complex binds s p e c i f i c a l l y at 

the acceptor s i t e . 

TF2 i s s p e c i f i c f o r mammalian ribosomes and cannot sub

s t i t u t e f o r or be s u b s t i t u t e d by, b a c t e r i a l G f a c t o r ( K r i s k o 

et a l . , 1969). Unlike b a c t e r i a l G f a c t o r , a l l mammalian 

TFg f a c t o r s examined have been shown to be i n h i b i t e d by d i p h t h e r i a 

t o x i n i n the presence of NAD (Lucas-Lenard & Lipmann, 1971). 

Evidence obtained by the use of d i p h t h e r i a t o x i n i n h i b i t i o n 

i n the presence of f a c t o r T ^ , suggests t h a t l e s s than 10% of 

the c e l l s c a l c u l a t e d content o f f ? 2 molecules are found i n the 

high-speed supernatant. I t i s suggested t h a t f P ^ remains 

attached to the ribosome and i t s r e l e a s e i s dependent upon 

the movement of ribosomes along mRNA and perhaps upon d i s 

s o c i a t i o n of the ribosomes f o l l o w i n g c hain termination ( G i l l 

et a l . , 1969). 

The nature of the GTP-dependent mechanism whereby t r a n s 

l o c a t i o n of the peptidyl-tRNA from the acceptor to donor s i t e 
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occurs, remains u n c l e a r . Woese (1970) has proposed a model 

based on the Fuller-Hodgson (1967) model of the anticodon 

loop of tRNA i n v o l v i n g a GTP-mediated change i n ribosome 

conformation a l l o w i n g t r a n s i t i o n between two conformational 

s t a t e s of the tRNA. There i s , as yet, no evidence f o r such 

a model. 

In a d d i t i o n to the t r a n s f e r f a c t o r s mentioned above 

Kuwano & S c h l e s s i n g e r (1970) have i m p l i c a t e d cyclic-AMP (cAMP) 

i n chain elongation i n E. c o l i . cAMP a s s o c i a t e s with the 

G-factor and GTP and the above workers suggest that i t s r o l e 

may be one of i n h i b i t i o n of a c t i v a t i o n of a ribosomal nuclease 

(ribonuclease-V) by f a c t o r G, GTPase, hence, suggesting the 

r o l e of cAMP i n r e g u l a t i n g the balance between mRNA t r a n s l o c a t i o n 

and degradation by ribosomes. 

( i v ) Peptide c h a i n termination 

Following s e v e r a l rounds of peptide c h a i n elongation the 

s y n t h e s i s of the nascent p r o t e i n i s complete. I t i s , however, 

not r e l e a s e d immediately upon completion, r e l e a s e of the nascent 

p r o t e i n has been shown to be a dynamic process i n v o l v i n g 

s p e c i f i c t ermination codons and a v a r i e t y of p r o t e i n f a c t o r s . 

The i n i t i a l evidence f o r the i m p l i c a t i o n of s p e c i f i c 

t ermination codons comes from the ochre and amber (nonsense) 

mutations of E. c o l i i n which premature chain termination 

occurred (Brenner & Beckwith, 1965; S t r e t t o n & Brenner, 1965), 

as a r e s u l t of gene mutations. Using supressor mutations, 

i . e . s t r a i n s of mutant E. c o l i capable of t r a n s l a t i n g the 

nonsense mutations as an amino a c i d r a t h e r than as a terminator 

codon, the amber mutation was i d e n t i f i e d as UAG ( S t r e t t o n & 
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Brenner, 1965) and the ochre mutation as UAA (Brenner & 

Beckwith, 1965). Brenner e t a l . (1967) l a t e r i d e n t i f i e d UGA 

as a terminator codon. 

A l l attempts to f i n d a s p e c i f i c terminator tRNA(s) which 

recognised the terminator codons were u n s u c c e s s f u l (Capecchi, 

1967; B r e t s c h e r , 1968; Fox & Ganoza, 1968). Using an amber 

mutation i n the phage R17 RNA which caused premature termination 
(L 

of the coat p r o t e i n givingj[hexapeptide, Capecchi (1967) 

demonstrated the requirement f o r r e l e a s e of t h i s fragment f o r 

a f r a c t i o n (R) d i s t i n c t from the elongation f a c t o r s . The R 

f a c t o r was r e s o l v e d i n t o two components, R l which t r a n s l a t e d 

UAA and UAG, and R2 which was r e q u i r e d to t r a n s l a t e UAA and 

UGA ( S c o l n i c k ê t a l . , 1968). An a d d i t i o n a l f a c t o r , S, was 

l a t e r i d e n t i f i e d by Milman ejb a l . (1969) . T h i s f a c t o r alone 

had no r e l e a s e a c t i v i t y but s t i m u l a t e d the r a t e of r e l e a s e 

dependent upon a p a r t i c u l a r R f a c t o r and the c o r r e c t codon. 

Since R f a c t o r s form a complex with ribosomes and the 

appropriate t r i n u c l e o t i d e codon ( S c o l n i c k & Caskey, 1969), i t 

i s l i k e l y that an R factor-terminator-codon-70S ribosome 

intermediate i s involved i n terminator codon r e c o g n i t i o n . 

There i s some evidence fo r the p a r t i c i p a t i o n of p e p t i d y l -

t r a n s f e r a s e i n termination. A n t i b i o t i c s that i n h i b i t the 

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

(Capecchi & K l e i n , 1969). Lucas-Lenard & Lipmann (1971) 

suggest that the termination step can be divided i n t o a 

terminator codon-dependent R- f a c t o r binding r e a c t i o n and a 

h y d r o l y t i c r e a c t i o n i n which the R f a c t o r a l t e r s the s u b s t r a t e 

s p e c i f i c i t y of the p e p t i d y l - t r a n s f e r a s e so that i t , i n f a c t , 
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a c t s as a hydrolase, causing the t r a n s f e r of the p e p t i d y l 

moiety of peptidyl-tRNA to water r a t h e r than t o aminoacyl-tRNA. 

Evidence now suggests that f o l l o w i n g termination the 

completed polypeptide i s r e l e a s e d i n t o the supernatant as the 

f r e e peptide r a t h e r than attached to a tRNA molecule as 

peptidyl-tRNA. The f r e e tRNA i s thus l e f t on the ribosome i n 

the donor s i t e . The means by which t h i s i s removed remains 

c o n t r o v e r s i a l . Lucas-Lenard & Haenni (1969) suggest that the 

G f a c t o r and GTP cannot r e l e a s e t h i s tRNA, s i n c e there i s no 

peptidyl-tRNA adjacent to i t on the acceptor s i t e to synchro

n i s e t r a n s l o c a t i o n with removal, and there i s no evidence f o r 

a GTP or G requirement f o r termination. However, data of 

Tanaka et a_l. (1971) suggest that G f a c t o r i s r e s p o n s i b l e f o r 

removing f r e e tRNA from the p e p t i d y l s i t e . A f a c t o r (TR) 

has been i s o l a t e d t h a t r e l e a s e s tRNA from ribosomes when no 

t r a n s l o c a t i o n i s involved ( K a j i elb a l . , 1969). However, the 

s i t e a t which such a f a c t o r i s a c t i v e remains u n c l e a r , whether 

i t a c t s before d i s s o c i a t i o n of the 70S monosome or a f t e r , and 

i t s p o s s i b l e r e l a t i o n s h i p to the d i s s o c i a t i o n f a c t o r ( d e s c r i b e d 

l a t e r ) (Davis, 1971), are yet to be r e s o l v e d . 

Whilst the terminator codons must be towards the 3' end 

of the sequence of the message to be t r a n s l a t e d , i t i s not a 

p r e r e q u i s i t e t h a t they, i n f a c t , l i e a t the 3 1 terminus of 

the mRNA cha i n . Sequence s t u d i e s of portions of the 

bacteriophage-Ri7~RNA r e v e a l an i n t e r c i s t r o n i c region of 

10 codons between the 2, 3' ter m i n a l termination co<Jor\5 for the 

coat p r o t e i n c i s t r o n and the 5 1 terminus of the synthetase 

c i s t r o n (Nichols, 1970). 
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Beaudet & Caskey (1971) u s i n g r e l e a s e f a c t o r p reparations from 

r e t i c u l o c y t e s , Chinese hamster l i v e r or guinea-pig l i v e r , i n 

combination with r a b b i t r e t i c u l o c y t e s , have demonstrated t h a t 

the same three terminator codons probably a c t i n the same way 

i n eukaryotes. E s s e n t i a l d i f f e r e n c e s have been noted, however, 

between the s i t u a t i o n i n p r o k a r y o t i c and euk a r y o t i c systems. 

A l l attempts to r e s o l v e the s i n g l e mammalian r e l e a s e f a c t o r 

i n t o d i f f e r e n t components have f a i l e d ; the p o s s i b i l i t y e x i s t s 

however, t h a t i t i s made up of su b u n i t s . K h a i r a l l a h & P i t o t 

(1967) have demonstrated a requirement f o r energy i n the 

r e l e a s e of polysome-bound p r o t e i n s of r a t l i v e r , w h i l s t 

G o l d s t e i n e t a l . (1970) have shown th a t GTP s t i m u l a t e s the 

R-dependent r e l e a s e of f-met from an f-met-tRNA-ribosome 

complex. 

Despite s u b s t a n t i a l evidence, mammalian peptide termination 

appears to proceed by a mechanism e s s e n t i a l l y s i m i l a r to th a t 

i n b a c t e r i a . There i s no data a v a i l a b l e about the mechanism 

of p r o t e i n c h a i n termination i n pl a n t systems. 

The p a r t i c i p a t i o n of the 30S ribosomal subunit i n the 

formation of the i n i t i a t i o n complex and the subsequent t r a n s 

l a t i o n of the mRNA by the 70S monomer, r a i s e s the problem as 

to the source of the 30S subunits involved i n i n i t i a t i o n . 

I n order to maintain a pool of 30S subunits capable of 

i n i t i a t i o n , i t i s necessary to p o s t u l a t e the d i s s o c i a t i o n of 

70S monosomes a f t e r the completion of a round of p r o t e i n 

s y n t h e s i s , i . e . a sub-unit c y c l e i n which d i s s o c i a t i o n of the 

70S monosome y i e l d s a pool of subunits which are a v a i l a b l e 

f o r the i n i t i a t i o n of a new round of p r o t e i n s y n t h e s i s and 
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which a s s o c i a t e i n the presence of mRNA forming the t r a n s l a t i n g 

monosome which a f t e r termination i s again d i s s o c i a t e d . The 

subunit c y c l e i n E. c o l i i s w e l l documented, but the p r e c i s e 

r o l e of the f a c t o r s involved i s s t i l l c o n t r o v e r s i a l . 

E a r l y s t u d i e s by T i s s i e r e s e t a l . (1959) revealed the 

r e v e r s i b l e d i s s o c i a t i o n of the 70S ribosome i n t o a 30S and 50S 

subunit under c o n d i t i o n s of low magnesium concentration. These 

"d e r i v e d " subunits d i f f e r e d from the " n a t i v e " subunits found i n 

l y s a t e s of E. c o l i prepared i n the presence of adequate 

magnesium i n that they a s s o c i a t e d to form 70S ribosomes a t 

in c r e a s e d magnesium c o n c e n t r a t i o n s . Both T i s s i e r e s e t a l . 

(1960) and Watson (1964) postulated some form of ribosomal 

c y c l e i n v o l v i n g d i s s o c i a t i o n and r e - a s s o c i a t i o n of subunits. 

The f i r s t unequivocal demonstration of a p h y s i o l o g i c a l 

d i s s o c i a t i o n of the ribosome was provided by Kaempfer et a l . 

(1968). An E. c o l i c u l t u r e was grown i n i t i a l l y i n a medium 

co n t a i n i n g heavy isotopes [^N]^ and then t r a n s f e r r e d to 

a medium co n t a i n i n g l i g h t i s o t o p e s . A n a l y s i s of the ribosomes 

i n d i c a t e d e xtensive subunit exchange had occurred. C l o s e r 

k i n e t i c evidence with p r o t e i n - s y n t h e s i s i n g e x t r a c t s suggested 

t h a t the ribosome undergoes subunit exchange i n each round of 

t r a n s l a t i o n (Kaempfer, 1968; Kaempfer & Meselson, 1969). 

The unequivocal demonstration of a subunit c y c l e did not 

however, r e v e a l the f u n c t i o n of such a c y c l e . The observation 

that the i n i t i a t i o n of t r a n s l a t i o n of bacteriophage-f2-RNA takes 

p l a c e on the 30S subunit, and not on the 70S ribosome as had 

been supposed, o f f e r e d an explanation f o r subunit exchange 

(Nomura & Lowry, 1967; Nomura et a l . , 1967). Nomura et a l . 
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proposed a model of i n i t i a t i o n i n which the 30S subunit 

s e l e c t i v e l y r e c o g n i s e s the i n i t i a t i o n codon on mRNA and binds 

to i t ; f-met-tRNA then attaches to the 30S subunit to form 

the i n i t i a t i o n complex. Evidence f o r the d i s s o c i a t i o n of 70S 

monosomes p r i o r to i n i t i a t i o n was obtained i n experiments i n 

which "heavy" 70S ribosomes were mixed with " l i g h t " 50S 

subunits, poly (AUG), f-met-tRNA and i n i t i a t i o n f a c t o r s . The 

presence of f-met-tRNA bound to hybrid 70S monosomes could 

only be explained by the d i s s o c i a t i o n of the "heavy" 70S 

monosomes and the a s s o c i a t i o n of a heavy 30S subunit with a 

" l i g h t " 50S subunit (Guthrie & Nomura, 1968). 

That a subunit c y c l e l i n k e d t o rounds of p r o t e i n s y n t h e s i s 

does e x i s t i s now g e n e r a l l y accepted. What, however, remains 

c o n t r o v e r s i a l i s the mechanism of and sequence of d i s s o c i a t i o n 

of the s u b u n i t s . 

One of the paramount d i f f i c u l t i e s has been the preparation 

of l y s a t e s which r e v e a l the i n vivo d i s t r i b u t i o n of polysomes, 

monosomes and sub u n i t s . 

The e a r l y work u s i n g d r a s t i c methods of d i s r u p t i n g b a c t e r i a l 

c e l l s has been c r i t i c i s e d i n that t h e y y i e l d e d exceedingly high 

proportions of monosomes r e s u l t i n g from polysome degradation. 

Mangiarotti & S c h l e s s i n g e r (1966) described a gentle method 

of l y s i s which y i e l d e d only polysomes and subunits. I t was 

assumed that other " g e n t l e " methods which r e v e a l e d s i g n i f i c a n t 

proportions of 70S monosomes, r e s u l t e d i n degradation of 

polysomes and that the 70S monosome was completely a r t e f a c t u a l . 

Because the c e l l appeared to l a c k 70S ribosomes i t was concluded 

that a ribosome r e l e a s e d a t the end of a round of t r a n s l a t i o n 
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immediately and spontaneously d i s s o c i a t e d i n t o a p a i r of subunits. 

In order to t e s t the assumption t h a t ribosomes a f t e r t h e i r 

runoff from polysomes d i s s o c i a t e completely, Kohler e t a l . 

(1968) i n v e s t i g a t e d the r e l a t i v e d i s t r i b u t i o n of monosomes, 

subunits and polysomes under v a r i o u s c o n d i t i o n s where runoff 

was i n c r e a s e d . In a l l c a s e s the decrease i n polysome peak 

was p a r a l l e l e d by an i n c r e a s e i n the 70S peak r a t h e r than i n 

the subunits. Using other methods of runoff, MacDonald & 

Yeater (1968) and A l g r a n a t i e_t a l . (1969) independently obtained 

s i m i l a r r e s u l t s . These runoff 70S monosomes lacked nascent 

polypeptides and mRNA and are more d i s s o c i a t a b l e than 70S 

monosomes derived from polysomal fragmentation. P h i l l i p s & 

F r a n k l i n (1969) suggest that runoff y i e l d s only f r e e subunits 

and that the K + used i n the preparation of l y s a t e s , u n l i k e the 

p h y s i o l o g i c a l ion, Na + allowed the formation of 70S i n i t i a t i o n 

complexes. Despite a co n s i d e r a b l e d i f f e r e n c e i n the proportion 

of 70S monosomes obtained by d i f f e r e n t i n v e s t i g a t o r s , i t now 

appears t h a t the steady s t a t e 70S peak i n growing c e l l s i s a 

mixture of f r e e and complexed ribosomes ( i . e . held together 

by the presence of peptidyl-tRNA). A f u r t h e r complication has 

been introduced by the demonstration by Infante & Krauss (1971) 

t h a t high h y d r o s t a t i c pressure i n the c e n t r i f u g e tube promotes 

ribosome d i s s o c i a t i o n . 

Despite an i n c r e a s e i n the 70S monosome peak f o l l o w i n g 

runoff, the subunit peak remained approximately constant 

suggesting that runoff ribosomes are not i n spontaneous e q u i l i 

brium with n a t i v e subunits, but that the i n t e r v e n t i o n of some 

f a c t o r i s r e q u i r e d f o r t h e i r d i s s o c i a t i o n . The f a c t o r has 

been c a l l e d d i s s o c i a t i o n f a c t o r (DF), and i t i s argued (Davis, 
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1971) t h a t s i n c e ammonium c h l o r i d e t r e a t e d ribosomes can 

i n i t i a t e e f f e c t i v e l y when supplied with the known i n i t i a t i o n 

f a c t o r s , and because t h i s process r e q u i r e s d i s s o c i a t i o n , t h a t 

one of the i n i t i a t i o n f a c t o r s must f u n c t i o n i n d i s s o c i a t i o n . 

Subramanian et a l . (1968) demonstrated that runoff but not 

complexed ribosomes were d i s s o c i a t e d by a crude i n i t i a t i o n 

f a c t o r p r e p a r a t i o n . Subramanian e£ a l . (1969) i d e n t i f i e d 

DF as i n i t i a t i o n f a c t o r F3 and c a l c u l a t e t h at the concentration 

i n the c e l l i s i n the c o r r e c t order for one molecule per small 

subunit and i t s low a f f i n i t y f o r the ribosome i s c o n s i s t e n t 

with a c y c l i c f u n c t i o n i n which i t i s bound at one stage and 

d i s p l a c e d a t another. 

The r e c o g n i t i o n of a d i s s o c i a t i o n f a c t o r however, does 

not r e s o l v e the c o n f l i c t as to whether the runoff 70S monosomes 

were the i n i t i a l product of runoff or were secondary products 

and that the i n i t i a l product of termination was subunits. 

Kaempfer (1970) allowed "heavy" and " l i g h t " polysomes to run 

of f together, the r e s u l t i n g 70S monosomes were of hybrid d e n s i t y , 

i n d i c a t i n g t h a t subunit exchange had occurred and t h a t runoff 

y i e l d s subunits and that s t a b l e 70S monosomes are formed only 

when i n i t i a t i o n i s prevented. Although the s p e c i f i c point 

i n the c y c l e at which d i s s o c i a t i o n occurs remains c o n t r o v e r s i a l , 

i t seems that f r e e monosomes are i n r a p i d e q u i l i b r i u m , under 

p h y s i o l o g i c a l i o n i c c o n d i t i o n s , with a very low concentration 

of f r e e subunits. Such a conclusion has been reached 

independently by Infante & B a i e r l e i n (1971), who studied 

sedimentation p a t t e r n s obtained under high h y d r o s t a t i c p r e s s u r e s . 

I n c o n t r a s t to the i d e n t i f i c a t i o n of DF as i n i t i a t i o n 
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i t i s suggested by M i a l l et a l . (1970) 
f a c t o r Fg by Subramanian oM Dasiis(1971),/that DF i s i d e n t i c a l 

to i n i t i a t i o n f a c t o r F^. These workers suggest t h a t DF tends 

to aggregate i n the absence of urea and under such co n d i t i o n s 

i t would be r e t a i n e d on DEAE-cellulose along with F3, hence 

the DF a c t i v i t y i n the Fg f r a c t i o n . 

Kaempfer (1971)has presented data, based on d e n s i t y 

gradient p r o f i l e s , to support the hypothesis that i n i t i a t i o n 

f a c t o r F3 does not fun c t i o n as a ribosomal d i s s o c i a t i o n f a c t o r 

as suggested by Subramanian & Davis (1971), but r a t h e r f u n c t i o n s 

as an a n t i - a s s o c i a t i o n f a c t o r which prevents the r e a s s o c i a t i o n 

of 30S and 50S subunits to form i n a c t i v e 70S monosomes. Under 

con d i t i o n s favouring s y n t h e s i s , run-off from polysomes r e s u l t s 

i n subunits d i r e c t l y . These subunits are prevented from r e -

a s s o c i a t i n g by F3. When co n d i t i o n s do not favour p r o t e i n 

s y n t h e s i s , the supply of subunits exceeds that of Fg, and 

they recombine and are s i d e t r a c k e d i n t o an i n a c t i v e pool of 

s i n g l e monosomes which only slowly d i s s o c i a t e i n t o subunits. 

Subramanian & Davis (1971) however, us i n g glutaraldehyde 

f i x e d ribosomes, have demonstrated a r a p i d exchange of f r e e 

monosomes and subunits, an obvious c o n t r a d i c t i o n to the slow 

d i s s o c i a t i o n proposed by Kaempfer. They p o s t u l a t e t h a t Fg 

can a c t r e v e r s i b l y , so i t cannot only d i s s o c i a t e ribosomes 

but can c a t a l y s e an exchange of subunits by mediating a 

subunit a s s o c i a t i o n to form monosomes. 

The aim of the present work was to i n v e s t i g a t e some 

as p e c t s of the mechanism of p r o t e i n s y n t h e s i s i n an i n v i t r o 

system prepared from V i c i a faba ( L ) . Previous work i n the 

Botany Departments of the U n i v e r s i t i e s of L i v e r p o o l and Durham 
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has r e s u l t e d i n the development of a crude, homologous, 

complete amino a c i d i n c o r p o r a t i n g system prepared from e i t h e r 

the developing cotyledon or plumules of germinated beans. 

T h i s system u t i l i s e s a crude microsomal preparation c o n t a i n i n g 

f r e e and membrane-bound ribosomes and polysomes, and the un-

f r a c t i o n a t e d 105,000 x g supernatant as a source of the enzymes 

involved i n p r o t e i n s y n t h e s i s . I n a d d i t i o n the crude tRNA 

used i s of low and v a r i a b l e acceptor c a p a c i t y . Work was 

i n i t i a l l y d i r e c t e d towards the p a r t i a l p u r i f i c a t i o n and charac

t e r i s a t i o n of these components. Since developing beans are 

a v a i l a b l e f o r only a l i m i t e d period throughout the year, 

germinated beans have been used as a source of m a t e r i a l and 

the i n t e r c h a n g e a b i l i t y of components from v a r i o u s sources 

i n v e s t i g a t e d . An attempt was made to r e s o l v e the enzymes involved 

i n peptide chain elongation; however, i n view of the l i m i t e d 

s u c c e s s of other works i n t h i s f i e l d , an attempt was made 

simultaneously to i n v e s t i g a t e the mechanism of i n i t i a t i o n on 

the 80S ribosome of V i c i a faba ( L ) . 
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MATERIALS AND METHODS 

1. B i o l o g i c a l M a t e r i a l s 

A. Developing seeds 

Seeds of V i c i a faba ( L ) cv. T r i p l e White, were obtained 

from Tyneside Seed Co. Ltd., Sunderland. P l a n t s were grown 

i n the B o t a n i c a l Gardens, U n i v e r s i t y of Durham. Seeds planted 

p r i o r to the end of March were sown i n pots i n heated greenhouses, 

and the s e e d l i n g s planted outdoors a t the end of March. Sowings 

a f t e r t h i s date were made d i r e c t l y i n the open. D a i l y obser

v a t i o n s were made and the flowers l a b e l l e d on the f i r s t day of 

opening. Pods were c o l l e c t e d immediately p r i o r to use and 

the m a t e r i a l standardised by d i s c a r d i n g m a t e r i a l d i f f e r i n g 

s i g n i f i c a n t l y i n s i z e from the norm. The m a t e r i a l was f u r t h e r 

s t andardised by s e l e c t i n g seeds of approximately the same s i z e 

from each pod. A l l such s e l e c t i o n s were s u b j e c t i v e . I t 

was assumed t h a t p o l l i n a t i o n occurred on the day that the 

flower opened and hence the age of the m a t e r i a l given i n the 

t e x t r e f e r s to the number of days t h a t the pod had developed 

a f t e r flower opening. Previous work (Wheeler, 1965; B r i a r t y , 

1967) has shown that t h i s method r e s u l t s i n m a t e r i a l which i s 

on average the same age. 

B. Germinating seeds 

Dry seeds of V. faba (L) cv. T r i p l e White, were s u r f a c e 

s t e r i l i s e d by immersing i n calcium h y p o c h l o r i t e s o l u t i o n 

c o n t a i n i n g 3.5% a v a i l a b l e c h l o r i n e , f o r two min. The 

hyp o c h l o r i t e s o l u t i o n was decanted and the seeds f u r t h e r 

washed with co l d running tap water f o r 8 hours. The seeds 
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were then soaked overnight i n f r e s h , s t i l l tap water at room 

temperature. The t o t a l washing/soaking time was 24 hr. 

P r i o r to sowing the seeds were again s u r f a c e s t e r i l i s e d 

and washed with s t e r i l e tap water u n t i l they no longer smelled 

of c h l o r i n e . The seeds were sown i n seed t r a y s l i n e d with 

absorbent paper t o w e l l i n g moistened with s t e r i l e tap water, i n 

such a way that there was no contact between neighbouring 

seeds. The t r a y s were covered with g l a s s and germination 

allowed to proceed i n the dark at 30° f o r 72 hr, a f t e r which 

time the plumules had emerged from beneath the t e s t a and were 

about 1 cm i n length. 

The plumule was cut o f f j u s t behind the plumular hook 

and the region i n c l u d i n g plumular hook and l e a v e s c o l l e c t e d i n 

a beaker on i c e . Plumules were e i t h e r used immediately or 

quick frozen i n l i q u i d n i t rogen and stored at -70 °. There 

was no s i g n i f i c a n t d e t e r i o r a t i o n i n amino a c i d i n c o r p o r a t i n g 

a c t i v i t y of components prepared from such m a t e r i a l a f t e r three 

months storage. 

C. Rats 

Male, a l b i n o r a t s , type Wistar, were obtained through the 

Department of Zoology, U n i v e r s i t y of Durham. 

D. Rabbit r e t i c u l o c y t e f r a c t i o n s 

Regular and deoxycholate t r e a t e d ribosomes, 40/70 enzyme 

f r a c t i o n and deacylated tRNA prepared from r a b b i t r e t i c u l o c y t e s 

were a g i f t of Dr. Boyd Hardesty, Clayton Foundation Biochemical 

I n s t i t u t e and Department of Chemistry, the U n i v e r s i t y of Texas, 

A u s t i n , Texas, U.S.A. ( M o s t e l l e r et a l . , 1967; L i n et a l . , 
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1966; Ravel ejt a l . , 1966). 

E. A frozen paste of E s c h e r i c h i a c o l i s t r a i n M.R.E. 600 

was a g i f t of Pro f e s s o r K. Marcker, U n i v e r s i t y of Aarhus, Denmark. 

2. Chemicals and Reagents 

With the exceptions l i s t e d below, a l l chemicals were obtained 

from B r i t i s h Drug Houses (B.D.H.) Ltd., Poole, Dorset, and were 

of a n a l y t i c a l grade:-

Adenosine-5'-triphosphate, disodium s a l t (ATP), 

Guanosine-5•-triphosphate, sodium s a l t (GTP), 

Cr e a t i n e phosphate, 

Phosphocreatine kinase (PCK), 

T r i t o n X100, 

2-Mercaptoethanol (BME), 

P o l y u r i d y l i c a c i d , ammonium or potassium s a l t ( p o l y ( U ) ) , 

Trizma base ( T r i s ) , A n a l y t i c a l grade, 

Bovine serum albumin F r a c t i o n V (BSA), 

Ribonuclease A from Bovine Pancreas Type 1A, 

T i r i b o n u c l e a s e , 

Calcium phosphate g e l , 

Puromycin 

Ribonuclease T^ from A s p e r g i l l u s oryzae (Grade 111) 

were obtained from The Sigma Chemical Co. Ltd., London. 

L-amino a c i d , "A" grade, 

D i t h i o t h r e i t o l (DTT), 

Soluble r i b o n u c l e i c a c i d from E s c h e r i c h i a c o l i ( E . c o l i ) , 

were obtained from The C a l i f o r n i a Corporation f o r Biochemical 

Research, Los Angeles, U.S.A. 
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2,5-Diphenyloxazole (PPO), 

l , 4 - b i s ( 2 - ( 5 - p h e n y l o x a z o l y l ) ) - b e n z e n e (POPOP), 

Ninhydrin, 

Glutathione, reduced (GSH), 

were obtained from Koch-Light L a b o r a t o r i e s L t d . , Colnbrook, 

Bucks. 

Radiochemicals were obtained from The Radiochemical Centre, 

Aylesbury, Bucks, and were:-

Soluble r i b o n u c l e i c a c i d from Brewer's yeast was obtained 

from Boehringer Mannheim Biochemicals, London. 

Rhodium on alumina was obtained from Johnson Matthey 

Chemicals Ltd., London. 

R.B.S. 25 from Chemical Concentrates L t d . , London. 

Repelcote from Hopkin and Williams. 

P o l y a d e n y l i c a c i d ( p o l y ( A ) ) , mol. wt. 100,000, 

Pol y - D L - l y s i n e , 

Poly(AUG) (1:2-5:1), 

Poly(UG) ( 1 : 1 ) , 

ApUpG 

were obtained from Miles Labs. I n c . , E l k h a r t , Indiana, U.S.A. 

T r y p s i n from Worthington Biochemical Comp., Freehold, New 

Jersey, U.S.A. 

Other m a t e r i a l s 
V i s k i n g d i a l y s i s tubing was obtained from The S c i e n t i f i c 

Instrument Centre L t d . , Leeke S t . , London, W.C.I. 

L-p h e n y l ( a l a n i n e ) - 1 Sp. a c t . 50 mc/mM 

Lysi n e Sp. a c t . 310 mc/mM 

L-methionxne Sp. a c t . - as quoted i n t e x t . 
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M i l l i p o r e f i l t e r HAWP 00010 from M i l l i p o r e Corporation, 

Bedford, Mass., U.S.A. 

Sephadex G25, G200, 

DEAE-Sephadex A50, 

Sepharose 4B, 

were obtained from Pharmacia, Uppsala, Sweden. 

Chromatography and f i l t e r paper from Whatman. 

Benzoylated DEAE-Cellulose ( B D - c e l l u l o s e ) , 50-100 mesh, 

was obtained from Schwarz B i o r e s e a r c h L t d . , Orangeburg, New 

York, U.S.A. 

Amicon PM30 u l t r a f i l t r a t i o n membranes were obtained from 

Amicon (N.V.), Oosterhout (N.B.), Holland. 

3. Preparation of reagents and s o l u t i o n s . 

S o l u t i o n s used i n the i s o l a t i o n of s u b - c e l l u l a r p a r t i c l e s . 

E x t r a c t a n t A. 

0.05M-Tris/HCl buffer, pH 7.6 at 0°; 0.5M-sucrose, 

5mM-magnesium c h l o r i d e ; 25mM-potassium c h l o r i d e and 5mM-2-

mercaptoethanol. The mercaptoethanol was added immediately 

before use. 

Resuspending Medium A. 

O.OlM-Tris/HCl buffer, pH 7.6 at 0°; ImM-magnesium 

c h l o r i d e , 25mM-potassium c h l o r i d e , 5mM-reduced glutathione (GSH) 

Resuspending Medium B. 

T h i s was i d e n t i c a l to Resuspending medium A but mercap 

toethanol was replaced by 5mM-dithiothereltol (DTT). T h i s 

s o l u t i o n replaced Resuspending medium A i n l a t e r experiments. 
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Ammonium c h l o r i d e wash s o l u t i o n f o r ribosomes. 

0.05M-Tris/HCl buffer, pH 7.6 at 0°; lOmM-magnesium 

c h l o r i d e ; 0.5M-ammonium c h l o r i d e . 

S o l u t i o n s used i n the preparation of E. c o l i DE52 
supernatant. 

E x t r a c t a n t . 

lOmM-Tris/HCl, pH 7.8 at 0°; lOmM-magnesium c h l o r i d e ; 

60mM-potassium c h l o r i d e , 5mM-2-mercaptoethanol. The mercapto-

ethanol was added j u s t before use. 

S c i n t i l l a t i o n f l u i d . 
2,5-Diphenyloxazale 4.5 g 

1,4-bis(2-(5-phenyloxazolyl))-benzene 0.1 g 

Toluene to I I 

- p r o t e i n amino a c i d mixture - phenylalanine 

Alanine 0.00891g Leucine 0.01312g 

Arginine 0.02102g L y s i n e 0.01827g 

A s p a r t i c a c i d 0.01331g Methionine 0.01492g 

Asparagine 0.01501g P r o l i n e 0.01151g 

Cysteine 0.01756g Serine 0.01051g 

Glutamic a c i d 0.01472g Threonine 0.01191g 

Glutamine 0.01462g Tryptophan 0.02042g 

Gly c i n e 0.00751g Tyrosine 0.01812g 

H i s t i d i n e 0.02096g Va l i n e 0.01172g 

I s o l e u c i n e 0.01312g 

Water to 100 ml 

-p r o t e i n amino a c i d mixture - l y s i n e 

The l y s i n e i n the above amino a c i d mixture was omitted 

and r e p l a c e d by 0.01652 g of phenylalanine. 
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12 -p r o t e i n amino a c i d mixture - methionine 
The methionine i n the former amino a c i d mixture was 

omitted and replaced by 0.01652 g of phenylalanine. 

Ionophoresis b u f f e r . 
Pyridium a c e t a t e , pH 3.5 ( P y r : A c e t i c 0.3:3.33%) 

P y r i d i n e 10 ml 

G l a c i a l A c e t i c a c i d 100 ml 

Water 2890 ml 

4. E x t r a c t i o n of s u b - c e l l u l a r p a r t i c l e s 

Precautions were taken throughout the preparation to 

minimise the r i s k of m i c r o b i a l contamination. Where p o s s i b l e , 

a l l glassware and s o l u t i o n s were s t e r i l i s e d before use. G l a s s 

ware was autoclaved before use. Volumetric glassware was 

r i n s e d with "Analar" d i e t h y l e t h e r , and d r i e d . P i p e t t e s were 

plugged with cotton wool and autoclaved. A l l s o l u t i o n s were 

prepared using s t e r i l e d i s t i l l e d water. 

A. E x t r a c t i o n of microsomes from the cotyledons of 
developing seeds of V. faba 

A l l stages i n the pr e p a r a t i o n were c a r r i e d out at 0-4°. 

Beans were harvested as p r e v i o u s l y described. The pods were 

s u r f a c e s t e r i l i s e d with a l c o h o l , the seeds harvested and t h e i r 

t e s t a s removed u s i n g s t e r i l e s c a l p e l and f o r c e p s . Cotyledons 

were r a p i d l y ground i n a 1:1 r a t i o w ith E x t r a c t a n t A, i n an i c e -

cold mortar u s i n g c o l d a c i d washed sand. The r e s u l t a n t b r e i 

was c e n t r i f u g e d a t 1,000 x g av. f o r 5 min i n the 4 x 500 ml 

swingout r o t o r of an M.S.E. M i s t r a l 4L c e n t r i f u g e , and the 

supernatant decanted o f f . The p e l l e t was reground with a 

f u r t h e r volume of E x t r a c t a n t A and again c e n t r i f u g e d . The 
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two supernatant f r a c t i o n s were combined and mitochondria and 

b a c t e r i a p e l l e t e d at 38,000 x g av. f o r 15 min i n the 8 x 50 ml 

angle r o t o r of an M.S.E. 18 c e n t r i f u g e . The supernatant 

(post-mitochondrial supernatant) was decanted through s t e r i l e 

gauze, p r e v i o u s l y dampened with c o l d E x t r a c t a n t A. Microsomes 

were p e l l e t e d at 105,000 x g av. f o r 90 min. i n the 10 x 10 ml 

titanium angle r o t o r of an M.S.E. Superspeed 65 c e n t r i f u g e . 

The supernatant (high-speed or 105,000 x g supernatant) was 

decanted through s t e r i l e gauze dampened with E x t r a c t a n t A, 

quick frozen i n l i q u i d nitrogen and stored u n t i l r e quired at 

e i t h e r -70° or i n l i q u i d n i t rogen. The c e n t r i f u g e tubes 

c o n t a i n i n g the p e l l e t s were i n v e r t e d over absorbent paper and 

allowed to d r a i n f o r 1 min, any remaining l i q u i d was removed 

using t i s s u e . The su r f a c e of the p e l l e t s and s i d e s of the 

c e n t r i f u g e tubes were washed twice with Resuspending medium A 

and f i n a l l y the p e l l e t s were homogenised i n Resuspending medium 

A u s i n g a manually operated T e f l o n homogeniser. The 

conce n t r a t i o n was adjusted to 20 mg microsomes/ml as determined 
260 

from the E^ c m measured i n a Unicam SP800 spectrophotometer 

(see S e c t i o n 5 below). The microsomes were stored i n sma l l 

batches at-70° or i n l i q u i d n i t r o g e n . 
B. E x t r a c t i o n of microsomes from the plumules of 

germinating seeds of V. faba 

Plumules were removed from 72 hr germinated s e e d l i n g s and 

batches of 100 were ground to a f i n e powder under l i q u i d 

n i t rogen i n a mortar and p e s t l e . Plumules which had been 

stor e d i n l i q u i d nitrogen were t r e a t e d s i m i l a r l y , without 

a l l o w i n g them to thaw. The frozen powder was t r a n s f e r r e d 
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to a r i m l e s s t h i c k - w a l l e d Pyrex b o i l i n g tube and homogenised 

i n 10 ml of E x t r a c t a n t A with 6 s t r o k e s of a T e f l o n homogeniser 

at a speed of 400-600 r.p.m. with a tube c l e a r a n c e of 0.25-

0.33 mm. The combined homogenates were c e n t r i f u g e d a t 

1,000 x g av. f o r 5 min. The supernatant was decanted through 

s t e r i l e gauze p r e v i o u s l y moistened with the e x t r a c t a n t . The 

p e l l e t was rehomogenised, the homogenate c e n t r i f u g e d , and the 

supernatant f i l t e r e d . Mitochondria and b a c t e r i a were removed 

from the combined supernatants as described f o r developing 

seeds, and microsomes p e l l e t e d a t 105,000 x g av., as p r e v i o u s l y 

d e s c r i b e d . The c e n t r i f u g e tube and p e l l e t s were washed 

i n the same manner as f o r developing seeds, and microsomes 

were resuspended i n Resuspending medium A at a concentration 

of 20 mg microsomes/ml. 

C. C l a r i f i c a t i o n of microsomal p r e p a r a t i o n s 

Before use, microsomal preparations from both developing 

and germinating seeds were c l a r i f i e d by c e n t r i f u g a t i o n at 

30,000 x g av. f o r 5 min. The c o n c e n t r a t i o n was determined 

as d escribed i n Methods, Sec t i o n 5. 

D. E x t r a c t i o n of ribosomes from the cotyledons 
of developing seeds and plumules of germinating 
seeds u s i n g T r i t o n X100 

The procedure was a m o d i f i c a t i o n of that described f o r 

the e x t r a c t i o n of microsomes from cotyledons of developing seeds 

and from the plumules of germinating seeds. For the e x t r a c t i o n 

of ribosomes from germinating seeds the f i l t e r e d post-mito-

c h o n d r i a l supernatant was adjusted to 1% (v/v) T r i t o n X100 using 

a s o l u t i o n of 10% (w/w) T r i t o n X100 i n 0.05M~Tris, pH 7.6 at 
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4 , and the s o l u t i o n allowed to stand i n i c e f o r 15 min. In 

the case of developing seeds the post-mitochondrial supernatant 

was adjusted to 4% (v/v) T r i t o n X100. Ribosomes were p e l l e t e d 

at 105,000 x g av. f o r 120 min i n the 10 x 10 ml angle r o t o r 

of an M.S.E. Superspeed 65 c e n t r i f u g e as p r e v i o u s l y described. 

The supernatant was decanted o f f and discarded, the p e l l e t s 

and s i d e s of the tube were washed as before with Resuspending 

medium A. The p e l l e t s were pooled, resuspended i n Resuspending 

medium A and ribosomes r e p e l l e t e d at 105,000 x g av. as above. 

The ribosomes were f i n a l l y resuspended i n Resuspending medium 

A at a concentration of 20 mg ribosomes/ml as determined by 

the E ? ^ „ , and stored i n small batches a t -70° or i n l i q u i d l cm' 
nitrogen. 

E. E x t r a c t i o n of ribosomes from the cotyledons of 
developing seeds and from the plumules of 
germinating seeds u s i n g sodium deoxycholate 

The procedure was based on t h a t described f o r the i s o l a t i o n 

of microsomes from the cotyledons of developing seeds and from 

the plumules of germinating seeds. To the f i l t e r e d post-

mitochondrial supernatant was added, dropwise, sodium deoxy

cholate s o l u t i o n ( 5 % , w/v) to a f i n a l concentration of 0.5% 

( v / v ) . The s o l u t i o n was allowed to stand i n i c e f o r 15 min; 

ribosomes were then p e l l e t e d at 105,000 x g av. f o r 120 min, 

as described above. The p e l l e t s were resuspended i n Resus

pending medium A and freed of remaining detergent by r e p e l l e t i n g 

as described i n Methods, S e c t i o n 4D. The p e l l e t was f i n a l l y 

resuspended i n Resuspending medium A at a concentration of 

20 mg ribosomes/ml, and stored i n l i q u i d nitrogen or at -70° 

i n small batches. 
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5. Determination of the concentration of microsomal 
and ribosomal suspensions 

The concentration of microsomal and ribosomal suspensions 
2fin 

was determined from the E, of s u i t a b l e d i l u t i o n s , assuming 
1 cm ' 

an o p t i c a l d e n s i t y of 11.3 f o r a 1 mg/ml suspension of 

microsomes or ribosomes (Ts'o 8s Vinograd, 1961). 

6. Prep a r a t i o n of ammonium c h l o r i d e washed ribosomes 

Ribosomes were prepared as described i n Methods, s e c t i o n 

4D. A f t e r resuspension and washing i n Resuspending medium A, 

the ribosomes were p e l l e t e d a t 105,000 x g av. f o r 120 min, 

as p r e v i o u s l y described. The p e l l e t was resuspended i n 

ammonium c h l o r i d e wash s o l u t i o n (approximately 60 mg ribosomes/ 

20 ml wash f l u i d ) and allowed to stand i n i c e f o r 15 min. 

The r e s u l t a n t white f l o c c u l e n t p r e c i p i t a t e was removed by 

c e n t r i f u g a t i o n at 30,000 x g av. f o r 5 min and the p e l l e t 

d i s c a r d e d . Ribosomes were p e l l e t e d from the supernatant by 

c e n t r i f u g a t i o n at 105,000 x g av. f o r 120 min. The ribosomal 

p e l l e t s were again resuspended i n ammonium c h l o r i d e wash 

s o l u t i o n , l e f t i n i c e and the p r e c i p i t a t e removed by c e n t r i 

fugat ion as above. Ribosomes were f i n a l l y p e l l e t e d as 

above. The p e l l e t was resuspended a t a conc e n t r a t i o n of 

approximately 30 mg ribosomes/ml Resuspending medium A, usi n g 

a manually-operated T e f l o n homogeniser. The ribosomal 

suspension was t r a n s f e r r e d to a pre-soaked d i a l y s i s sac and 

d i a l y s e d f o r 4 hr at 0° ag a i n s t 4 x 1 1 0.05M-Tris/HCl, pH 

8.0 at 0°; 5mM-2-mercaptoethanol. The conc e n t r a t i o n of 

ribosomes was determined as described i n s e c t i o n 5. Ribosomes 

were st o r e d i n sma l l batches i n l i q u i d n i t r o g e n . 
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7. I s o l a t i o n of ribosomes from st o r e d microsomal 
pr e p a r a t i o n 

Attempts were made, us i n g detergents, to i s o l a t e ribosomes 

from stored (4 months) preparations of microsomes from developing 

seeds. 

A. Using sodium deoxycholate 

The method used was based on t h a t of Ravel e_t a l . (1966). 

Previous work (Payne, 1968) showed t h a t 0.5% (v/v) sodium 

deoxycholate was s u f f i c i e n t f o r complete s o l u b i l i s a t i o n of 

microsomal membranes, and t h i s c o n c e n t r a t i o n was used i n 

preference to the 1% used by Ravel et a l . (1966), where removal 

of t r a n s f e r f a c t o r s from the ribosomes was a l s o involved. 

A l l operations were c a r r i e d out a t 0°. Stored microsomes 

were allowed to thaw to 0° i n i c e , and the microsomal suspension 

slowly brought to 0.5% (v/v) sodium deoxycholate u s i n g 5% (w/v) 

sodium deoxycholate i n Resuspending medium A. A f t e r standing 

i n i c e f o r 15 min the suspension was c e n t r i f u g e d a t 30,000 x g av. 

f o r 5 min. The c l a r i f i e d supernatant was decanted o f f and 

ribosomes p e l l e t e d a t 105,000 x g av. f o r 120 min. The 

p e l l e t was washed as described i n Methods, s e c t i o n 4D, 

resuspended by homogenisation i n Resuspending medium A and 

ribosomes p e l l e t e d from the suspension at 105,000 x g av. f o r 

120 min. The tube and p e l l e t were washed as before and 

f i n a l l y resuspended i n Resuspending medium A at a co n c e n t r a t i o n 

of 20 mg ribosomes/ml. The ribosomes were sto r e d i n s m a l l 

batches a t -70 ° or i n l i q u i d n i t r o g e n . 

B. Using T r i t o n X100 

The procedure was c a r r i e d out at 0 °. Thawed microsomes 
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were d i l u t e d with Resuspending medium A to a c o n c e n t r a t i o n of 

10 mg microsomes/ml. The suspension was c o n s t a n t l y a g i t a t e d 

while T r i t o n X100 was added drop-wise to a c o n c e n t r a t i o n of 

4% (v/v) and the s o l u t i o n was s t i r r e d i n i c e f o r 30 min. The 

suspension was c l a r i f i e d by c e n t r i f u g a t i o n at 30,000 x g av. 

for 5 min, the supernatant decanted, and ribosomes p e l l e t e d a t 

105,000 x g av. f o r 120 min. The tubes and p e l l e t s were 

washed as p r e v i o u s l y described and ribosomes f i n a l l y sedimented 

from the resuspended p e l l e t . The ribosomes were st o r e d at a 

c o n c e n t r a t i o n of 20 mg ribosomes/ml as p r e v i o u s l y . 

8. P r e p a r a t i o n of enzyme f r a c t i o n s from the 105,000 x g. 
supernatant f r a c t i o n derived from microsomal prep a r a t i o n s 

A. D i a l y s i s of supernatant 

T h i s method was a p p l i c a b l e to e i t h e r f r e s h l y prepared or 

st o r e d 105,000 x g supernatant obtained fran microsomal 

pr e p a r a t i o n s from e i t h e r developing or germinating seeds. A l l 

s t e p s were c a r r i e d out at 0-4 °. Frozen supernatant was thawed 

at 0-4° i n i c e . M a t e r i a l was t r a n s f e r r e d to a p r e v i o u s l y 

soaked and washed d i a l y s i s sac and d i a l y s e d f o r 18 hr a g a i n s t 

a 1000-fold excess of b u f f e r (5 mM-Tris/HCl, pH 7.6 at 4°, 

ImM-EDTA and lmM-2-mercaptoethanol). Any p r e c i p i t a t e was 

removed by c e n t r i f u g a t i o n f o r 15 min at 1,000 x g av. P r o t e i n 

was estimated by the Lowry F o l i n method (see Methods, s e c t i o n 

10). The preparation, which i s r e f e r r e d to as d i a l y s e d 

supernatant, was stored batchwise e i t h e r i n l i q u i d nitrogen 

or at -70° u n t i l r e q u i r e d . 
B. Concentration of the 105,000 x g supernatant 

by f r e e z i n g 
The 105,000 x g supernatant f r a c t i o n from microsomal 
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p r e p a r a t i o n s was o r i g i n a l l y stored frozen a t -20 i n c o n i c a l 

f l a s k s . The i n i t i a l f r e e z i n g was c a r r i e d out with the f l a s k s 

i n an i n c l i n e d p o s i t i o n to minimise the r i s k of breakage on 

expansion of the contents. Once the contents were frozen, 

the f l a s k s were returned to the v e r t i c a l p o s i t i o n f o r ease 

of storage so that the frozen supernatant now formed a l a y e r 

a g a i n s t one s i d e of the f l a s k and was i n c l i n e d to the bottom 

of the f l a s k at a steep angle. A f t e r one to two weeks storage 

the appearance of the f l a s k contents changed as a v i s c u s 

yellow component, o r i g i n a l l y trapped i n the i c e , drained down to 

the bottom of the f l a s k l e a v i n g almost c l e a r i c e at the top 

of the f l a s k . The v i s c u s m a t e r i a l which could be e a s i l y 

separated from the i c e , appeared to be a concentrated e x t r a c t 

of many of the components of the o r i g i n a l supernatant i n 

strong sucrose s o l u t i o n . Since p r e l i m i n a r y experiments 
s o l u t i o n 

showed that t h i s r e l a t i v e l y concentrated protein/contained 

a l l the s o l u b l e components (normally derived from the supernatant) 

r e q u i r e d f o r i n v i t r o i n c o r p o r a t i o n of amino a c i d s i n the 

c e l l - f r e e system, t h i s d i f f e r e n t i a l f r e e z i n g technique was adapted 

and employed as an i n i t i a l c o n c e n t r a t i n g step f o r those 

components. Large volumes of supernatant were frozen i n 

measuring c y l i n d e r s i n c l i n e d a few degrees above the h o r i 

z o n t a l , and the c y l i n d e r s returned to the v e r t i c a l to allow 

the v i s c u s unfrozen m a t e r i a l to d r a i n down. T h i s was then 

c o l l e c t e d and e i t h e r used as the s t a r t i n g m a t e r i a l f o r the 

va r i o u s p r e p a r a t i v e procedures described below, or e l s e s t o r e d 

at -70° u n t i l r e q u i r e d . 
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C. Chromatography of the 105,000 x g supernatant 
on Sephadex G25 

An attempt was made to f u r t h e r p u r i f y the 105,000 x g 

d i a l y s e d supernatant by chromatography on Sephadex G25. The 

" d i a l y s e d supernatant" was a p p l i e d to a 4*0 x 60 cm column of 

Sephadex G25, p r e v i o u s l y e q u i l i b r i a t e d with 0.05M T r i s / H C l , 

pH 7.6 at 0°, ImM 2-mercaptoethanol. P r o t e i n was e l u t e d at 

a flow r a t e of 240 ml/hr u s i n g the same b u f f e r . An I s c o 
280 

u.v. monitor was used to fol l o w the E Q 5 of the e f f l u e n t and 

the broad peak of 280 nm absorbing m a t e r i a l e l u t i n g immediately 

a f t e r the void volume was c o l l e c t e d , the e l u t i o n being continued 

u n t i l the O.D. f e l l to the base l i n e value ( F i g . 3 ) . The 

concentration of p r o t e i n i n the eluant was determined u s i n g 

the Lowry F o l i n method (see Methods, s e c t i o n 10) and i f necessary 

the s o l u t i o n was concentrated by u l t r a f i l t r a t i o n (see below). 

The p r o t e i n s o l u t i o n was sto r e d i n s m a l l batches i n l i q u i d 

nitrogen or a t -70°. The pre p a r a t i o n was r e f e r r e d to as G25 

supernatant. 
D. Removal of n u c l e i c a c i d s from the 105,000 x g 

supernatant v i a chromatography on DEAE-cellulose 

The method described wasused f o r the removal of n u c l e i c 

a c i d s from e i t h e r d i a l y s e d or G25 supernatant obtained from 

germinating or developing beans. The supernatant was absorbed 

on to a 2.4 x 15 cm column of DEAE-cellulose (Whatman DE52), 

c h l o r i d e form, p r e v i o u s l y e q u i l i b r i a t e d with 0.05M T r i s / H C l 

pH 7.6. P r o t e i n was e l u t e d from the column at a flow r a t e 

of 15 ml/hr u s i n g 0.05M-Tris/HCl, pH 7.6; 0.15M-sodium 

c h l o r i d e . The absorption at 280 nm was monitored u s i n g an 

Is c o u.v. monitor and the broad peak of 280 nm absorbing 

m a t e r i a l which e l u t e d a f t e r the colamrvvolume, was c o l l e c t e d 

( F i g . 4 ) . P r o t e i n was estimated by the Lowry F o l i n method 
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F i g . 3 . Chromatography of d i a l y s e d 105,000xg supernatant 

on Sephadex G25. 50 ml of supernatant were 

ap p l i e d to the column and e l u t e d as described i n 

the methods ( S e c t i o n 8c.) 
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Fig.4. Chromatography of V.faba 105,000xg supernatant on 

DEAE-cellulose. 20 ml of e i t h e r d i a l y s e d or G25 

supernatant were appl i e d to the column and e l u t e d 

as described (Methods, s e c t i o n 8D). 

F i g . 5 . Chromatography of E . c o l i S100 on DEAE-cellulose. 

20 ml of S100 were a p p l i e d to the column and 

el u t e d as described (Methods, s e c t i o n 9 ) . 
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(see Methods, s e c t i o n 10) and the supernatant, f r e e of n u c l e i c 

a c i d s , was stored i n batches as p r e v i o u s l y . T h i s preparation 

w i l l be r e f e r r e d to as DE52 supernatant. 

E. Concentration of enzyme f r a c t i o n s by 
u l t r a f i l t r a t i o n 

The concentration of p r o t e i n i n the above supernatants was 

often too low to enable an optimum volume to be added to 

incubations, hence i t was concentrated by u l t r a f i l t r a t i o n . 

The procedure was c a r r i e d out a t 4 The apparatus used 

was an Amicon D i a f l o u l t r a f i l t r a t i o n c e l l , f i t t e d with a 

washed PM 30 membrane. U l t r a f i l t r a t i o n was e f f e c t e d at a 

pressure of 75 p . s . i . n i t rogen. The volume was reduced by 

a c a l c u l a t e d amount, the c e l l d e p r e s s u r i s e d and the supernatant 

removed and, i f necessary, c l a r i f i e d at 1,000 x g av. f o r 

15 min, and the f i l t r a t e was disc a r d e d . The concentration of 

p r o t e i n was estimated by the Lowry F o l i n method (see Methods, 

s e c t i o n 10), and the supernatant stored i n s m a l l batches as 

p r e v i o u s l y . 

F. Concentration of DE52 supernatant by 
p r e c i p i t a t i o n with ammonium sulphate 

DE52 t r e a t e d 105,000 x g supernatant was brought to 70% 

s a t u r a t i o n ( a t 0°) with r e s p e c t to ammonium sulphate, by the 

slow a d d i t i o n , at constant pH, of s o l i d ammonium sulphate. 

The s o l u t i o n was allowed to stand i n i c e f o r 30 min. The 

p r e c i p i t a t e d p r o t e i n was p e l l e t e d at 38,000 x g av. f o r 15 min 

and the supernatant d i s c a r d e d . The p e l l e t e d p r o t e i n was 

d i s s o l v e d i n buf f e r (5mM-Tris/HCl, pH 7.6 at 0°; ImM-EDTA; 

ImM 2-mercaptoethanol) and d i a l y s e d a g a i n s t three changes of 

a 1000-fold excess of the same b u f f e r . The supernatant was 
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st o r e d i n s m a l l batches i n l i q u i d n i t rogen. P r o t e i n was 

estimated as p r e v i o u s l y . 

9. P r e p a r a t i o n of E s c h e r i c h i a c o l i DE52 supernatant 

A frozen paste of E. c o l i was thawed to room temperature 

and mixed with an equal weight of e x t r a c t a n t u n t i l a homogeneous 

mixture was obtained. The b a c t e r i a were l y s e d by a process of 

f r e e z i n g and thawing; the s l u r r y was quick frozen i n l i q u i d 

nitrogen and thawed to 37°, the process was repeated four times. 

A f u r t h e r 4 volumes of e x t r a c t a n t were added and the r e s u l t a n t 

s l u r r y mixed w e l l to a homogeneous suspension. The suspension 

was c e n t r i f u g e d at 105,000 x g av. f o r 120 min and the p e l l e t 

d i s c a r d e d . The supernatant (S100) was decanted through 

p r e v i o u s l y wetted gauze and n u c l e i c a c i d s removed by chromato

graphy on DEAE-cellulose (Whatman DE52). The S100 was absorbed 

onto a 1 x 19- cm column of DEAE-cellulose DE52, c h l o r i d e form, 

which had been e q u i l i b r i a t e d overnight with e x t r a c t a n t . P r o t e i n 

was e l u t e d at a flow r a t e of 20 ml/hr u s i n g a b u f f e r c o n t a i n i n g 

0.05M-Tris/HCl, pH 7.5 at 0°; 0.15M-sodium c h l o r i d e ; lOmM-

magnesium c h l o r i d e ; 60mM-potassium c h l o r i d e and 5mM-2-

mercaptoethanol. A broad peak of 280 nm absorbing m a t e r i a l 

( F i g . 5 ) , which e l u t e d a f t e r the void volume, was c o l l e c t e d . 
280 

The °* t n e effluent was monitored u s i n g an I s c o u.v. 

monitor and e l u t i o n continued u n t i l the o p t i c a l d e n s i t y f e l l 

to a base l i n e v a l u e . The e f f l u e n t was d i a l y s e d overnight 

a g a i n s t a 1,000-fold excess of e x t r a c t a n t . P r o t e i n was 

estimated u s i n g the Lowry F o l i n method. The s o l u t i o n , which 

was r e f e r r e d to as E. c o l i DE52 supernatant, was stored i n 

s m a l l batches i n l i q u i d n i t r o g e n . 
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10. E s t i m a t i o n of p r o t e i n 

P r o t e i n was determined by the method of Lowry e_t a l . (1951). 

A c a l i b r a t i o n curve was prepared u s i n g standard s o l u t i o n s of 
750 

bovine serum albumin ( F i g . 6 ) , and c m was measured u s i n g a 

H i l g e r Watts Uvispek spectrophotometer. 
11. E x t r a c t i o n of t r a n s f e r r i b o n u c l e i c a c i d from 

developing seeds of V i c i a fa"b"a 

Developing seeds of approximately 50-60 days old were 

harvested and the pods discarded. 500 g seeds were homogenised 

with 500 ml of a 1:1 mixture of 90^(w/w) aqueous phenol 

( r e d i s t i l l e d ) : b u f f e r (0.lM-Tris/HCl, pH 7.6 at 0°; 3mM-

magnesium c h l o r i d e ; 24mM-potassium c h l o r i d e and 5mM-2-

mercaptoethanol) i n a Waring blender at 0° f o r 5 x 30 sec a t 

half-speed, followed by 3 x 30 sec at f u l l - s p e e d . The r e s u l t a n t 

b r e i was s t i r r e d a t room temperature f o r 1 hr, cooled i n i c e 

for a f u r t h e r 1 hr, and c e n t r i f u g e d a t 5,000 x g av. f o r 15 min 

to remove c e l l d e b r i s . The supernatant was decanted and the 

phases separated by c e n t r i f u g a t i o n a t 38,000 x g av. f o r 30 min. 

The upper aqueous phase was removed, care was taken not to 

d i s t u r b the p r e c i p i t a t e d p r o t e i n at the inte r p h a s e . 1.0M-

potassium a c e t a t e , pH 6.0, was added to the separated aqueous 

phase to give a f i n a l c o n centration of 0.1M. N u c l e i c a c i d s were 

p r e c i p i t a t e d by the a d d i t i o n of 2 volumes of 95% ethanol, the 

s o l u t i o n was s t i r r e d v i g o r ously and p r e c i p i t a t i o n allowed to 

proceed at -20" for 2 hr. The p r e c i p i t a t e was recovered by 

c e n t r i f u g a t i o n a t 5,000 x g av. f o r 30 min, and the supernatant 

d i s c a r d e d . The p e l l e t was drained of excess ethanol and 

d i s s o l v e d i n 200 ml. 0.1M-potassium a c e t a t e , pH 6.0; any 
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F i g . 6 . C a l i b r a t i o n graph f o r the determination of 

p r o t e i n by the method of Lowry et a l . ( 1 9 5 1 ) . 



\ CM 

\ CVJ \ CO 

\ CO 

i-m \ \ 
\ 

\ I 
CM CD 

Misuap le o j i d n 



-103-

i n s o l u b l e m a t e r i a l was removed by c e n t r i f u g a t l o n at 5,000 x g av. 

f o r 30 min. Two volumes of ethanol were added to the supernatant 

and n u c l e i c a c i d s were p r e c i p i t a t e d a t -20° f o r 2 hr. The 

p e l l e t was recovered by c e n t r i f u g a t i o n at 5,000 x g av. f o r 

30 min and drained of excess ethanol. The p e l l e t was 

d i s s o l v e d i n 1.8M-Tris/HCl, pH 8.9; 5mM-2-mercaptoethanol, and 

the tRNA deacylated by incubation a t 37 ° for 45 min. Any 

i n s o l u b l e m a t e r i a l was removed by c e n t r i f u g a t i o n at 5,000 x g 

av. for 30 min, and n u c l e i c a c i d s were p r e c i p i t a t e d by the 

ad d i t i o n of 2 volumes of 95% ethanol and p r e c i p i t a t i o n completed 

at -20° overnight. The p r e c i p i t a t e d n u c l e i c a c i d s were 

recovered by c e n t r i f u g a t i o n at 5,000 x g av. f o r 30 min and 

d i s s o l v e d i n a 50mM-Tris/HCl, pH 7.5 at 0°; 5mM-2-mercapto-

ethanol. tRNA was separated from other n u c l e i c a c i d s p e c i e s 

by chromatography on DEAE-cellulose, DE52. The n u c l e i c a c i d 

s o l u t i o n was absorbed on to a 15 x 2.4 cm column of DE52, 

c h l o r i d e form, e q u i l i b r i a t e d with 0.05M-Tris/HCl, pH 7.5 at 

0°, 5mM-2-mercaptoethanol. The s o l u t i o n was washed i n t o the 

column u s i n g the same buffer and the column was washed with 
260 

the buffer u n t i l the E Q 5 c m f e l l to a background value. The 
2fiO E n _ of the column e f f l u e n t was monitored using an I s c o u.v. 0.5cm 

monitor. tRNA was e l u t e d from the column with l.OM-sodium 

c h l o r i d e , 5mM-2-mercaptoethanol. The broad peak of 260 nm 

absorbing m a t e r i a l was c o l l e c t e d and tRNA p r e c i p i t a t e d by the 

a d d i t i o n of 2 volumes of 95% ethanol. The p e l l e t was f i n a l l y 

recovered by c e n t r i f u g a t i o n a t 5,000 x g av. f o r 30 min, 

drained of excess ethanol, and f i n a l l y d i s s o l v e d i n 0.05M-

T r i s / H C l , pH 7.5 at 0°; 5mM-2-mercaptoethanol, at a 
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co n c e n t r a t i o n of 10 mg tRNA/ml. The tRNA was s t o r e d i n l i q u i d 

n itrogen u n t i l r e q u i r e d . 

12. Spectrophotometric e s t i m a t i o n of tRNA concentration 

tRNA samples were r o u t i n e l y d i s s o l v e d i n 0.05M-Tris/HCl, 

pH 7.5 a t 0°, p r i o r to charging. A f t e r bulk charging tRNA 

samples were d i s s o l v e d i n and d i a l y s e d a g a i n s t O.OlM-potassium 

a c e t a t e , pH 6.0 at 0 T h e concentration of both types of 
2fin 

tRNA samples was determined from the E, . u s i n g an SP800 
1 cm* 

spectrophotometer (Unicam Instruments L t d . ) . An e x t i n c t i o n 

c o e f f i c i e n t of 24.0 (Yarwood, 1968) for a 1 mg/ml s o l u t i o n was 

used i n i t i a l l y . However, i n l a t e r experiments an e x t i n c t i o n 

c o e f f i c i e n t of 20.0 was adopted ( B o u l t e r , personal communi

c a t i o n ) . 

13. S t a n d a r d i s a t i o n of magnesium c h l o r i d e s o l u t i o n s 

A l l s o l u t i o n s of magnesium c h l o r i d e used i n the incubation 

of s u b c e l l u l a r p a r t i c l e s and i n the aminoacylation of tRNA, 

were sta n d a r d i s e d by the method of Mohr, as described by 

dimming & Kay (1939). 
14. C h a r a c t e r i s a t i o n of ribosome and microsome 

pr e p a r a t i o n s 

A. Sucrose density gradient c e n t r i f u g a t i o n 

The ribosome and microsome preparations were analysed on 

sucrose d e n s i t y g r a d i e n t s . Gradients were prepared u s i n g the 

apparatus described by Henderson (1969). The mixing chamber 

had an i n t e r n a l height of 6.0 cm and an i n t e r n a l diameter of 

2.70 cm. Convex gradients were produced i n 23 ml polycarbonate 

c e n t r i f u g e tubes at 4 °, and c e n t r i f u g e d i n the 3 x 23 ml r o t o r 

i n an MSE Superspeed 65 at 4°. Gradients were f r a c t i o n a t e d at 
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0.5 ml/min with 50% (w/v) sucrose, 0.5% (w/v) sodium benzoate 

us i n g an I s c o d e n s i t y gradient f r a c t i o n a t o r , Model 180. The 
260 

E q g c m of the gradient was monitored u s i n g an I s c o o p t i c a l 

u n i t , and recorded on a Servoscribe potentiometrie recorder, 

Model Re511. 20, at a c h a r t speed of 12 cm/hr. 

A l l sucrose used i n the preparation of gradients was of 
Analar grade and had been s t e r i l i s e d i n an autoclave at 0.7 

2 
kg/cm for 15 min. 

Sucrose volumes, slope of gradients and c e n t r i f u g a t i o n 

parameters are given i n the legends to the f i g u r e s . 
B. Examination of ribosome and microsome preparations 

i n the a n a l y t i c a l u l t r a c e n t r i f u g e 
The sedimentation c o e f f i c i e n t s of the major components of 

bean microsome and ribosome preparations were determined using 

a fieckman Model E u l t r a c e n t r i f u g e using the sedimentation 

v e l o c i t y technique. The dimensions of c e l l wedge, bar angle, 

and c e n t r i f u g a t i o n data, exposure times, are given i n the 

legend to the f i g u r e s . A Shardlow micrometer was used to 

measure the d i s t a n c e from the maximum (peak) ordinate to the 

r e f e r e n c e hole. The d i s t a n c e s on the p l a t e were converted 

to true d i s t a n c e s i n the c e l l by d i v i d i n g them by the magni

f i c a t i o n f a c t o r of the camera l e n s (2.2) and added to 5.70, to 

give the true d i s t a n c e from the a x i s of r o t a t i o n to the peak 

( r) ( F i g . 7 ) . The temperature r i s e throughout the run was 

assumed to be s m a l l . The sedimentation c o e f f i c i e n t ( s ) i s 

defined as the v e l o c i t y of the sedimenting molecule per u n i t 

f i e l d : -
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F i g . 7 . Dimensions of the Beckman Model E r o t o r used i n 

the determination of sedimentation c o e f f i c i e n t s , 

'a' and 'b1 are r e s p e c t i v e l y the inner and outer 

r e f e r e n c e edges. 
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dx 

1 d lnx _ g 
w 2* dt 

2.303 d log x 
w2 dt 

Where x = d i s t a n c e of the 
boundary i n cm from the 
a x i s of r o t a t i o n . 
t = time i n seconds. 
w = angular v e l o c i t y 
w « 2 r . p . s e c . 

2.303 _1 d log x = 

w 2 go dt 

P l o t log x us t (min) 

S°, the sedimentation c o e f f i c i e n t a t zero concentration was 

determined by performing S value determinations upon a s e r i e s 

of d i l u t i o n s and p l o t t i n g S versus concentration and e x t r a 

p o l a t i n g to Co. 

C. E s t i m a t i o n of RNA content or ribosomes 
and microsomes 

The method used was the Schmidt Thannhauser procedure as 

described by F l e c k & Munro (1962). P r e p a r a t i o n s c o n t a i n i n g 

approximately 5 mg of ribosomes or microsomes were d i l u t e d 

to a t o t a l volume of 0.5 ml with d i s t i l l e d water i n a P i c c o l o 

c e n t r i f u g e tube. An equal volume of i c e cold 2.1N-perchloric 

a c i d was added and the tubes stood i n i c e f o r 15 min to complete 

p r e c i p i t a t i o n . A f u r t h e r 1 drop of p e r c h l o r i c a c i d was added 

to ensure complete p r e c i p i t a t i o n and the p r e c i p i t a t e p e l l e t e d 

at f u l l - s p e e d f o r 5 min i n a P i c c o l o c e n t r i f u g e . The p e l l e t 

was washed by resuspension with 0.5 ml 0.7N-perchloric a c i d , 

the p r e c i p i t a t e was r e p e l l e t e d and the washing procedure repeated 

twice. To the washed p e l l e t was added 1.3 ml lN-potassium 

hydroxide and 3 ml of d i s t i l l e d water to a d j u s t the suspension 

to 0.3N-potassium hydroxide. The tube was incubated at 37° 

fo r 1 hr to hydrolyse the RNA to o l i g o n u c l e o t i d e s . The tube 
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was a g i t a t e d i n t e r m i t t e n t l y throughout the period of h y d r o l y s i s . 

The hydrolysate was n e u t r a l i s e d by the a d d i t i o n of 0.13 ml of 

ION-perchloric a c i d , and 4.5 ml of I N - p e r c h l o r i c a c i d were 

added. Any p r e c i p i t a t e was removed by c e n t r i f u g a t i o n and 

washed by resuspension with 5 ml of 0.5N-perchloric a c i d . The 

p r e c i p i t a t e was r e p e l l e t e d and washed with a f u r t h e r 6 ml of 

0.5N-perchloric a c i d . The combined supernatants (20 ml) were 
Ogrv 

adjusted v o l u m e t r i c a l l y to 100 ml with water and E, read i n 
l cm 

a Unicam SP800 spectrophotometer at room temperature u s i n g a 
260 

0 . I N - p e r c h l o r i c a c i d blank. In order to determine E, f o r 
l cm 

bean RNA fol l o w i n g h y d r o l y s i s by 0.3N-K0H for 1 hr, samples of 

bean RNA i n 0.3N-potassium hydroxide were incubated at 37° 

i n the constant temperature c e l l of a Unicam SP800 s p e c t r o -
260 

photometer and the E.̂  c m followed throughout hydrolyses. There 
2fiO 

was on average a 4% r i s e i n E-̂  c f f l during the h y d r o l y s i s period. 260 260 Assuming an E-̂  c m - 24.0 p r i o r to h y d r o l y s i s , the E-̂  c m f o r 1 hr 
hydrolysed V. faba RNA - 24.97. 

2fiO 
Samples i n which E^ c m exceeded 1.0 were q u a n t i t a t i v e l y 

260 d i l u t e d s i n c e the r e l a t i o n s h i p between E, and concentration 1 cm 
260 was only l i n e a r f o r E, below 1.0. 1 cm 

15. Aminoacylation of bean or yeast tRNA with [j^c ] -
phenylalanine" 

P r e l i m i n a r y charging experiments 

The phenylalanine acceptor a c t i v i t y of samples of 

bean or yeast tRNA was assayed by incubation i n a system 

c o n t a i n i n g 0.lM-Tris-HCl, pH 7.6 at 30"; 2mM-ATP; 15mM-
Tl4l 

magnesium c h l o r i d e ; lOmM-dithiothreitol; 2 0 M - [_ CJ phenyl

a l a n i n e sp. a c t . 48mC/mM ; 20yu M- -p r o t e i n amino a c i d 
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mixture minus phenylalanine, 0.1 mg tRNA and the enzyme 

f r a c t i o n (Bean DE52, optimum concentration having been s e p a r a t e l y 

determined); i n a t o t a l volume of 1 0 0 ^ 1 . The handling of 

these s m a l l volumes was f a c i l i t a t e d by the use of s i l i c o n i s e d 

15 ml g l a s s c e n t r i f u g e tubes i n which the r e a c t i o n mixture 

remained as a d i s c r e t e drop at the bottom of the tube r e s u l t i n g 

i n a q u a n t i t a t i v e mixing of the components without any l o s s e s 

due to wetting of the incubation tube w a l l s . Incubation 

mixtures were made up u s i n g i c e - c o l d reagents and were maintained 

at t h i s temperature u n t i l incubation was i n i t i a t e d . Incubations 

were c a r r i e d out i n a water-bath at 30* f o r 20 min, with 

o c c a s i o n a l a g i t a t i o n and were terminated by the a d d i t i o n of 

1.0 ml i c e - c o l d 10% (w/v) TCA. 

16. Measurement of r a d i o a c t i v i t y i n aminoacyl-tRNA 

A. M i l l i p o r e f i l t e r method 

Following termination of the incubation by 10% (w/v) 

t r i c h l o r o a c e t i c (TCA), p r e c i p i t a t i o n of the tRNA was completed 

by standing f o r a t l e a s t 1 hr a t 0 °. The p r e c i p i t a t e was 

resuspended using a "Whirlmix" a g i t a t o r and q u a n t i t a t i v e l y 

c o l l e c t e d and washed on a 2.5 cm diameter M i l l i p o r e f i l t e r 

under a low vacuum. The incubation tube was washed X3 with 

2.5 ml of i c e - c o l d 10% (w/v) TCA and the washings drawn 

through the f i l t e r . The f i l t e r and f i l t e r - h o l d e r were then 

washed a f u r t h e r three times u s i n g 2.5 ml of 5% (w/v) TCA. 

T h i s extensive washing procedure was found necessary to 

reduce background r a d i o a c t i v i t y to a n e g l i g i b l e l e v e l when 

working with high s p e c i f i c a c t i v i t y radiochemicals and was 

adopted as standard procedure. Also, i n those experiments 
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i n v o l v i n g {^5sJ methionine, the 10% (w/v) TCA contained 0.1M-

[̂ ŝj methionine to reduce background [j^sj to a minimum value. 

The washed f i l t e r was removed, dri e d under an I.R. lamp 

and counted i n a Beckman LS200B s c i n t i l l a t i o n counter, with 

automatic background s u b t r a c t i o n . The counting e f f i c i e n c y of 
ft 4 "1 

the s c i n t i l l a t i o n counter f o r C] was determined using a 

sealed reference v i a l c o n t a i n i n g a known amount of n-hexadecane. 
f i 4 l 

1- I C di s p e r s e d i n s c i n t i l l a t i o n f l u i d . The M i l l i p o r e f i l t e r 

method of counting r a d i o a c t i v i t y was a p p l i c a b l e to both pre

l i m i n a r y charging experiments and to the assay of column 

f r a c t i o n s a f t e r the chromatographic s e p a r a t i o n of tRNA m e t s p e c i e s . 

B. F i l t e r paper d i s c assay 

In order to i n v e s t i g a t e the time course of tRNA amino-

a c y l a t i o n the incubation s i z e was i n c r e a s e d (1 ml) and 0.1 ml 

a l i q u o t s were removed at s p e c i f i c time i n t e r v a l s and p i p e t t e d 

onto a 2.0 cm diameter d i s c of Whatman 3MM chromatography paper. 

The d i s c was d r i e d i n a stream of a i r and subjected to the 

washing procedure of Mans & N o v e l l i (1960), except that the 

hot (90°) TCA wash was omitted. The r a d i o a c t i v i t y present i n 

the washed d i s c was measured u s i n g a s c i n t i l l a t i o n counter as 

above. 
The f i l t e r paper d i s c method was a l s o a p p l i c a b l e to the 

f l 4 l 
counting of I C -aminoacyl-tRNA s o l u t i o n s . 
17. Preparation of aminoacyi-tRNA: bulk charging 

tRNA was aminoacylated u s i n g the above system at a con

c e n t r a t i o n of 1 mg/ml. A f t e r incubation f o r 20 min at 30* the 

r e a c t i o n was terminated by shaking f o r 15 min at room temperature 
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w it h an equal volume of 90% (w/w) phenol. The r e a c t i o n mixture 

was cooled i n i c e for 1 hr, and the phases separated by c e n t r i 

fugation at 1,000 x g av. The aqueous phase was removed and 

adjusted to 0.1M-potassium a c e t a t e by the a d d i t i o n of 1M-

potassium a c e t a t e , pH 6.0 at 0°. The phenolic l a y e r was r e -

e x t r a c t e d by shaking with 0.lM-potassium a c e t a t e , pH 6.0 at 0 

the phases separated, and the aqueous l a y e r removed. To the 

combined aqueous l a y e r s was added 2 J volumes of 95% ethanol 

and p r e c i p i t a t i o n of tRNA completed by standing at -20° f o r 

at l e a s t 1 hr. The p e l l e t was c o l l e c t e d by c e n t r i f u g a t i o n 

and d i s s o l v e d i n 0.lM-potassium a c e t a t e . A f u r t h e r 2 j volumes 

of 95% ethanol were added and tRNA p r e c i p i t a t i o n completed at 

-20° for 1 hr. The p e l l e t was recovered by c e n t r i f u g a t i o n 

and d r i e d i n a d e s s i c a t o r under vacuum. The d r i e d aminoacyl-

tRNA was stored as a l y o p h i l i s e d powder at -70° or d i s s o l v e d 

i n O.OlM-potassium acetate (pH 6.0 at 0°) and d i a l y s e d a g a i n s t 

18 1 of O.OlM-potassium a c e t a t e (pH 6.0 at 0°) f o r 18 hr a t 

0°. The aminoacyl-tRNA s o l u t i o n was stored batchwise i n 

l i q u i d N2 u n t i l r e q u i r e d . 

T l 4 l 
18. E s t i m a t i o n of the s p e c i f i c a c t i v i t y of L 01 -

aminoacyl- tRNA 
The s p e c i f i c a c t i v i t y of aminoacyl-tRNA samples was 

expressed i n terms of pmoles of amino a c i d e s t e r i f i e d per mg 

of tRNA. 

19. In v i t r o amino a c i d i n c o r p o r a t i n g systems 

A l l incubations were c a r r i e d out i n p r e v i o u s l y s t e r i l i s e d 

glassware and a l l s o l u t i o n s were prepared u s i n g p r e v i o u s l y 

autoclaved (0.7 Kg/cm*2 f o r 15 min) d i s t i l l e d water. Incubations 
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were c a r r i e d out i n t h i c k - w a l l e d , s i l i c o n i s e d t e s t tubes as 

pr e v i o u s l y described (see Methods, s e c t i o n 15). P r i o r to 

incubation, a l l s o l u t i o n s were maintained i n ice and on a d d i t i o n 

of ribosomes or microsomes were incubated i n a water bath at 

30 °. The incubation tubes were shaken manually every few 

minutes and p r i o r to the removal of a l i q u o t s for assay. Zero 

time c o n t r o l s were r o u t i n e l y c a r r i e d out and a l l r e s u l t s 

c o r r e c t e d f o r the values obtained. 

A. Poly(U) d i r e c t e d t r a n s f e r system 
f l 4 l 

The poly(U) d i r e c t e d t r a n s f e r of [_ CJ -amino a c i d s from 
-aminoacyl- tRNA to p e p t i d y l m a t e r i a l was assayed i n a 

system c o n t a i n i n g 60mM-Tris/HCl, pH 7.6 at 30°; 0.2mM-GTP; 

5mM-dithiothreitol; 7mM-magnesium c h l o r i d e ; 70mM-potassium 

c h l o r i d e ; 0.2 mg poly ( U ) ; 0.2 mg (or that concentration which 

promoted maximum in c o r p o r a t i o n of phenylalanine) tRNA amino-

ac y l a t e d with [^c] phenylalanine ( s p . a c t . 48mC/mM) and 19X 

P"^cj-amino a c i d s ; 0.5 mg ribosomes or microsomes as determined 
260 by E, , and bean DE52 (or other) enzyme (the optimum volume x cm 

having been s e p a r a t e l y determined and being that volume which 

promoted maximum in c o r p o r a t i o n of p h e n y l a l a n i n e ) , i n a t o t a l 

volume of 500 v^l . Incubations were c a r r i e d out at 30° f o r 
T l 4 l 

20 min, u n l e s s otherwise s t a t e d , and in c o r p o r a t i o n of |__ CJ 

phenylalanine i n t o p e p t i d y l m a t e r i a l was determined by e i t h e r 

the M i l l i p o r e f i l t e r or f i l t e r paper d i s c method. In the case 

of the M i l l i p o r e f i l t e r method, incubation was terminated by 

the a d d i t i o n of a 10-fold excess of i c e - c o l d 5% (w/v) TCA and 

the tubes were heated at 90 ° f o r 15 min i n a water bath to 
(14 1 

hydrolyse remaining |̂  CJ phenylalanyl-tRNA. Tubes were 
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cooled to 0 i n i c e and f i l t e r e d through a 2 . 5 cm diameter 

M i l l i p o r e f i l t e r and washed as p r e v i o u s l y described (see Methods, 

s e c t i o n 1 6 A ) . 

When the f i l t e r paper d i s c method of assay was used, 0 . 1 ml 

a l i q u o t s were withdrawn from the incubation tube and a p p l i e d to 

a 2 . 5 cm diameter d i s c of Whatman 3MM f i l t e r paper. The 

d i s c s were d r i e d i n a stream of a i r and h y d r o l y s i s and washing 

were c a r r i e d out according to the method of Mans & N o v e l l i ( 1 9 6 0 ) . 

Dried M i l l i p o r e f i l t e r s and f i l t e r paper d i s c s were 

counted i n a Beckman LS 2 0 0 B s c i n t i l l a t i o n counter u s i n g 

automatic background s u b t r a c t i o n . 

B. Poly(U) d i r e c t e d complete system 

The i n c o r p o r a t i o n of [^4c| phenylalanine i n t o p e p t i d y l 

m a t e r i a l was assayed i n the complete incubation system. The 

incubation mixture contained the f o l l o w i n g 6 0 mM-Tris/HCl 

buff e r ; pH 7 . 6 at 3 0 0 . 2 mM-GTP; 5 mM-dithiothreitol; 

1 6 mM-magnesium c h l o r i d e ; 7 0 mM-potassium c h l o r i d e ; 4 mM-

ATP; 1 0 mM-creatine phosphate; 3 0 p h o s p h o c r e a t i n e ki n a s e ; 

20y^ M- f 4 c f phenylalanine ( s p . a c t . 48 mC/mM) , 2 0 ^ M-p" 2cj-

p r o t e i n amino a c i d mixture minus phenyalalnine; 0 . 2 mg-poly(U), 

0 . 2 mg deacylated tRNA, bean DE 5 2 enzyme (optimum volume s e p a r a t e l y 

determined) and 0 . 5 mg ribosomes or microsomes as determined 
2 fin by Ei ; i n a t o t a l volume of 5 0 0 Incubation was J 1 cm' / 

c a r r i e d out at 3 0 ° f o r 2 0 min, u n l e s s otherwise s t a t e d . 

The |^ 4c| phenylalanine incorporated i n t o hot ( 9 0 ° ) TCA 

i n s o l u b l e m a t e r i a l was assayed by the M i l l i p o r e f i l t e r or 

f i l t e r paper d i s c methods as described above. 

2 0 . P r e s e n t a t i o n of r e s u l t s of |^ 4cl-amino a c i d 
i n c o r p o r a t i o n experiments 
The r e s u l t s of a l l experiments, u n l e s s otherwise s t a t e d , 
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f l 4 l 

are presented i n terms of pmoles of |__ CI -amino a c i d incorporated/ 

mg rRNA. 
21. Poly(A) d i r e c t e d complete system 

A. Pr e p a r a t i o n of 5% (w/v) TCA -0.25% (w/v) 
sodium tungstate • ~ 

The pH of 5% (w/v) TCA was adjusted using 10 N-sodium 

hydroxide to between pH 1.5 and 2.0. To the s o l u t i o n was 

added, with constant s t i r r i n g , 10 mis of 25% (w/v) sodium 

tungstate. Throughout the a d d i t i o n of tungstate the pH of 

the s o l u t i o n was maintained between pH 1.5 and 2.0 by the 

simultaneous a d d i t i o n of 5% (w/v) TCA. The volume was adjusted 

to I 1 with 5% (w/v) TCA and the pH maintained at pH 1.5 

<^2.0 by simultaneous a d d i t i o n of lON-NaOH. The s o l u t i o n was 

prepared f r e s h l y j u s t p r i o r to use. 

14, B. Poly(A) d i r e c t e d i n c o r p o r a t i o n of 
l y s i n e i n t o p e p t i d y l materiaT 

f l 4 l 
The i n c o r p o r a t i o n of [ CJ l y s i n e i n t o m a t e r i a l i n s o l u b l e 

i n 5% (w/v) TCA - 0.25% (w/v) sodium tungstate was assayed i n 

a system c o n t a i n i n g 100 mM-Tris-HCl; pH 7.6 at 30°; 0.2 mM-

GTP; 10 mM-GSH; 8 mM-magnesium c h l o r i d e ; 10 mM-creatine 

phosphate; 30yW-g phosphocreatine ki n a s e ; 4 mM-ATP; 20/UM-

{^4cj l y s i n e (sp. a c t 310 mC/mM); 20y& M [ 1 2 c J-protein amino 
a c i d mixture minus l y s i n e ; 0.2 mg P o l y ( A ) ; 0.2 mg deacylated 

tRNA; and the optimum volume ( a s s e p a r a t e l y determined) of 

bean 105,000 x g supernatant p r o t e i n as enzyme source, and 
2 fin 

0.5 mg as determined by E-, . of bean ribosomes i n a t o t a l 
* i cm' 

volume of 500 ̂ .1. Incubations were c a r r i e d out f o r 20 min 

at 30°, as p r e v i o u s l y described. 
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The i n c o r p o r a t i o n of Cj l y s i n e i n t o p e p t i d y l m a t e r i a l 

was assayed on f i l t e r paper d i s c s . At the end of the incubation 

period, 0.1 ml of 2% (w/v) p o l y l y s i n e were added to act as a 

c a r r i e r , the contents of the tube were mixed and the two 0.1 ml 

a l i q u o t s were withdrawn and pi p e t t e d d i r e c t l y on to 2.0 cm diameter 

d i s c s of Whatman 3MM f i l t e r paper. The d i s c s were d r i e d i n 

a stream of a i r and washed according to the method of BoHum 

(1967). The d r i e d d i s c s were counted i n a Beckman LS 200B 

s c i n t i l l a t i o n counter with automatic background s u b t r a c t i o n . 

22. Resolution of complementary f r a c t i o n s involved 
i n peptide chain elongation 

A. Gel f i l t r a t i o n on Sephadex G200 

The r e s o l u t i o n and p a r t i a l p u r i f i c a t i o n from bean concen

t r a t e d d i a l y s e d 105,000 x g supernatant of complementary 

f r a c t i o n s involved i n the t r a n s f e r of amino a c i d s from aminoacyl-

tRNA i n t o p e p t i d y l m a t e r i a l , was c a r r i e d out e s s e n t i a l l y 

according to the method of Moldave (1968). 

The s i n g l e calcium phosphate g e l treatment was repl a c e d 

by two treatments, the calcium phosphate g e l p e l l e t s being 

combined and el u t e d as a whole. 

The p a r t i a l l y p u r i f i e d s o l u b l e p r o t e i n was ap p l i e d to a 

30 x 2.4 cm Sephadex G200 column which had been p r e v i o u s l y 

e q u i l i b r l a t e d at 4 * with a bu f f e r containing 0.05M-Tris/HCl 
o -4 buff e r , pH 7.6 at 4 ; 0.15M-potassium c h l o r i d e ; 10 M-EDTA 

and lO ̂ GSH. The sample was washed i n with, and the column 

developed by upward flow with the above buffer at a flow r a t e 

of 11.5 ml/hr. F r a c t i o n s were c o l l e c t e d a t 30 min i n t e r v a l s 
280 

and the E n ,- of the e f f l u e n t was monitored u s i n g an I s c o 
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o p t i c a l u n i t attached to a Servoscribe potentiometric c h a r t 
280 recorder. E l u t i o n was continued for 48 hr u n t i l the E^ K _ 0.5 cm 

f e l l to a b a s e - l i n e value. 

B. Assay of the column f r a c t i o n s 

The column f r a c t i o n s and samples taken throughout the 

p u r i f i c a t i o n procedure were assayed f o r p r o t e i n by the method 

of Lowry jet a l . (1951), and fo r t h e i r a b i l i t y to promote the 

poly(U) d i r e c t e d i n c o r p o r a t i o n of l^cl phenylalanine from 
Tl4l 
I CJ phenylalanyl-tRNA in t o p e p t i d y l m a t e r i a l using ammonium 

c h l o r i d e washed V. faba ribosomes. The assay system contained 

60 mM-Tris/HCl, pH 7.6 at 30°; 0.2 mM-GTP; 70 mM-potassium 

c h l o r i d e ; 10 mM-magnesium c h l o r i d e ; 4 mM-GSH; 0.2 mg pol y ( U ) , 0.2 mg yeast | C| phenylalanyl-tRNA; 0.5 mg ( a s determined 
2 fin by E, ) ammonium c h l o r i d e washed ribosomes. and e i t h e r 1 mg l cm * 

p a r t i a l l y p u r i f i e d supernatant p r o t e i n or 0.02 ml a l i q u o t of 

the column f r a c t i o n s i n a t o t a l volume of 500 y * l . No allowance 

was made f o r the K + present i n the column f r a c t i o n s . 

Incubations were c a r r i e d out f o r 20 min at 30° and the i n c o r -
fl4 1 fl4 1 poration of I CI phenylalanine from I CJ phenylalanyl-tRNA 

i n t o p e p t i d y l m a t e r i a l was determined u s i n g the M i l l i p o r e f i l t e r 

method. 

Assays were c a r r i e d out at 4 mM-GSH to prevent a c t i v a t i o n of 

contaminating ribosomal T F ^ . 

Complementary f r a c t i o n s were detected by ass a y i n g a l l other 

f r a c t i o n s i n combination with f r a c t i o n s corresponding to peaks 

of aminoacyl t r a n s f e r r i n g a c t i v i t y . F r a c t i o n s were assayed 

as above. 

C. Gel f i l t r a t i o n on Sepharose 4B 
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A 2.4 x 30 cm column of Sepharose 4B was e q u i l i b r i a t e d 

a t 4° with a buffer c o n t a i n i n g 0.05M-Tris-HCl, pH 7.5 at 4*; 
—4 -3 0.15M-pptassium c h l o r i d e , 10 M-EDTA and 10 M-GSH. 10 ml 

of concentrated d i a l y s e d 105,000 x g bean supernatant was a p p l i e d 

to the top of the column. When the sample had been absorbed, 

the column was developed with the same buffer at a flow r a t e 

of 40 ml/hr. F r a c t i o n s were c o l l e c t e d at 6 min i n t e r v a l s and 
280 

the EQ g c m of e f f l u e n t monitored using an I s c o o p t i c a l u n i t 
attached to a Servoscribe patentiometric recorder. E l u t i o n 

280 was continued u n t i l E_ c reached a b a s e - l i n e v a l u e . 0.5 cm 
The f r a c t i o n s were assayed f o r p r o t e i n by the method of 

Lowry eib a l . (1951), and f o r a c t i v i t y i n promoting the t r a n s f e r 

of j ^ 4 c j phenylalanine from P"4c] phenylalanyl-tRNA i n t o 

p e p t i d y l m a t e r i a l , as described above. The a s s a y s were c a r r i e d 

out without c o r r e c t i n g f o r K + i n the column f r a c t i o n s . 

Complementary f r a c t i o n s were detected by a s s a y i n g a l l other 

f r a c t i o n s i n combination with f r a c t i o n s corresponding to peaks 

of aminoacyl t r a n s f e r r i n g a c t i v i t y . 

D. Comparisons of d i f f e r e n t enzyme prepa r a t i o n s and 

f r a c t i o n s are made i n terms of t h e i r S p e c i f i c A c t i v i t y . 

S p e c i f i c A c t i v i t y = u n i t s of enzyme/mg p r o t e i n . 1 u n i t i s 

taken to be the amount of enzyme c a t a l y s i n g the i n c o r p o r a t i o n 
f l 4 l 

of 1 pmole CI phenylalanine under the assay c o n d i t i o n s 

d e s c r i b e d . 

23. C h a r a c t e r i s a t i o n of the products of i n v i t r o system 

A. Preparation of the microsomes 

I n an attempt to avoid p o s s i b l e mRNA degradation during 

storage, p a r t i c l e s were prepared and used on the same day. 

The p a r t i c l e s were prepared from 60 day developing cotyledons 
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by e i t h e r the normal procedure (see Methods, s e c t i o n 4A), or 

u s i n g a r a t - l i v e r high-speed supernatant f r a c t i o n (prepared 

according to Bio b e l 8s P o t t e r , 1966), reported to contain an 

endogenous RNase i n h i b i t o r (Roth, 1956; Bio b e l & Potte r , 1966 

Northup <3t a l . , 1966), as the e x t r a c t a n t . 

B. Incubation procedure 

The p a r t i c l e s were incubated i n the complete system 

described e a r l i e r (see Methods, s e c t i o n 19B), except that the 

t o t a l volume was 5 ml, poly(U) was omitted, and the r a d i o a c t i v e 

Incubations were c a r r i e d out f o r 40 min at 25 . At the end of 

each incubation period, 0.1 ml samples were taken from each 

incubation, hydrolysed, f i l t e r e d , washed and counted to 

determine the amount of i n c o r p o r a t i o n . 

C. Carboxymethylation of p r o t e i n 

To each incubation was added an equal volume of 6M-

guanidinium hydrochloride i n 2M-Tris b u f f e r , pH 8.7 and 0.1 ml 

2-mercaptoethanol. A f t e r 2 hr at 35*, a 2 molar excess of 

s o l i d i o d o a c e t i c a c i d was added together with s u f f i c i e n t s o l i d 

T r i s buffer to br i n g the mixture to pH 7.8. The mixture was 

l e f t to r e a c t i n the dark at room temperature u n t i l i t gave 

a negative n i t r o p r u s s i d e t e s t . I t was then d i a l y s e d overnight 

a g a i n s t running tap water i n the cold room and then the p r o t e i n 

p r e c i p i t a t e d by the a d d i t i o n of 2 volumes of co l d e t n a n c l . 

A f t e r 1 hr the p r e c i p i t a t e was c o l l e c t e d by c e n t r i f u g a t i o n 

and r e s i d u a l ethanol removed under vacuum and the p r e c i p i t a t e 

resuspended i n 2 ml d i s t i l l e d water. 

amino a c i d was L 3 5i methionine (26 ntfloles; sp. a c t . 15C/mM). 
o 
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D. T r y p t i c d i g e s t i o n 

The carboxymethylated p r o t e i n was digested with t r y p s i n 

( 2 % t r y p s i n / p r o t e i n ) at 35°, the pH being maintained at pH 8.2 

by means of an a u t o t i t r a t o r containing 0.05M-sodium hydroxide. 

When the d i g e s t i o n was complete (approximately 90 min) the 

d i g e s t was c l a r i f i e d by c e n t r i f u g a t i o n and the c l a r i f i e d d i g e s t 

was then f r e e z e - d r i e d . 

E. F i n g e r p r i n t ing 

The f r e e z e - d r i e d d i g e s t was d i s s o l v e d i n 0.2 ml of 

e l e c t r o p h o r e s i s buffer pH 3.5 and applied as a 1 cm s t r e a k to a 

58 x 68 cm sheet of Whatman No. 3 chromatography paper. The 

o r i g i n was 15 cm from the top and edge of the paper and the 

d i r e c t i o n of chromatography was p a r a l l e l to the short a x i s of 

the paper. A marker spot of methyl orange was placed next to 

the sample. Descending chromatography us i n g the solvent 

B u t a n o l / G l a c i a l A c e t i c acid/water/pyridine (60:15:48:40) was 

c a r r i e d out i n a c l o s e d tank u n t i l the marker spot had moved 

35 cm (about 18 h r ) . The chromatogram was a i r - d r i e d i n a fume 

hood and a second marker spot of methyl orange was ap p l i e d 

adjacent to the o r i g i n and the paper rechromatogrammed u n t i l 

the marker spot had again run 35 cm. A f t e r the chromatograms 

had been again thoroughly d r i e d overnight, they were subjected 

to high-voltage e l e c t r o p h o r e s i s , pH 3.5 i n a d i r e c t i o n perpendi

c u l a r to chromatography. The sample was placed nearest the 

anode and 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 2.5 wV f o r 60 

min. The f i n g e r p r i n t was thoroughly d r i e d and subjected to 

autoradiography. 
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24. R e s o l u t i o n of methionyl-tRNAs 

A. P r e p a r a t i o n of the formyl donor (N 1 0- formyl 
t e t r a h y d r o f o l i c a c i d ) 

The formyl donor was prepared by the method of Marcker 

(personal communication). 

1 0 0 mg of f o l i c a c i d were d i s s o l v e d i n 4 ml Analar formic 

a c i d and shaken at 0 * i n the dark f o r 48 hr. E xcess formic 

a c i d was removed (by evaporation) i n a vacuum d e s i c c a t o r . 

The r e s u l t a n t s o l i d was r e d i s s o l v e d i n 0.1M-potassium a c e t a t e , 

pH 7.7, and N 1 0 formyl f o l i c a c i d was p r e c i p i t a t e d by the 

drop-wise a d d i t i o n of h y d r o c h l o r i c a c i d . P r e c i p i t a t i o n was 

completed at 0° and the p r e c i p i t a t e c o l l e c t e d by c e n t r i f u g a t i o n . 

The N"^ formyl f o l i c a c i d was washed by resuspension i n water 

and r e p e l l e t e d and the procedure repeated. The p r e c i p i t a t e 

was d r i e d i n a vacuum d e s i c c a t o r and s t o r e d i n a f o i l - c o v e r e d 

tube i n a vacuum d e s i c c a t o r at -20°. Immediately p r i o r to 

use the N* 0 formyl f o l i c a c i d was reduced. Approximately 1 mg 

of N 1^ formyl f o l i c a c i d was d i s s o l v e d i n 1 - 2 ml of 0.1M-

potassium a c e t a t e , pH 7; and c a t a l y t i c a l l y reduced by gaseous 

hydrogen i n the presence of a few g r a i n s of a 5% Rhodium on 

alumina f o r 9 0 - 1 2 0 min. The s o l u t i o n , c o n t a i n i n g N ^ - f o r m y l -

t e t r a h y d r o f o l i c a c i d , w i l l be r e f e r r e d to as the formyl donor 

and 100yU.i were used per 1 ml i n c u b a t i o n . 

B. Chromatography of V. faba tRNA on DEAE-
Sephadex A50 = = 

DEAE-Sephadex was washed by the method of Nishimura et a l . 

(1967). A 1 x 50 cm column was poured and e q u i l i b r i a t e d a t 

0° with b u f f e r A (0.375M-sodium c h l o r i d e ; 0.008M-magnesium 

c h l o r i d e ; lmM-2-mercaptoethanol and 0.02M T r i s / H C l , pH 7.5 
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o. at O ) . Approximately 20 mg deacylated V. faba tRNA (prepared 

as described i n Methods, s e c t i o n 11) i n Buffer A was applied to 

the column and el u t e d with a l i n e a r gradient of 250 ml Buffe r A 

and 250 ml Buffer B (0.475M-sodium c h l o r i d e ; 0.016M-magnesium 

c h l o r i d e , lmM-2-mercaptoethanol and 0.02M T r i s / H C l , pH 7.5 at 

0 * ) . The flow r a t e was maintained at 12 ml/hr u s i n g an LKB 

pump and 2.4 ml f r a c t i o n s were c o l l e c t e d at 12 min i n t e r v a l s 

u s i n g an LKB f r a c t i o n c o l l e c t o r . The E~ ^ of the column 

e f f l u e n t was continuously monitored u s i n g an Isc o o p t i c a l u n i t 

and a n a l y s e r system connected to a Servo s c r i b e potentiometric 

recorder. Column f r a c t i o n s were e i t h e r assayed immediately 

f o r methionine acceptor a c t i v i t y or were stored a t -20° u n t i l 

assayed. The methionine acceptor a c t i v i t y was determined on 

50yul a l i q u o t s i n a system co n t a i n i n g 0.1M-Tris/HCl, pH 7.6 

at 30°; 5mM-ATP; 15mM-magnesium c h l o r i d e ; lOmM-DTT; 70 mM-

and bean DE52 supernatant enzyme (the optimum volume having 

been s e p a r a t e l y determined) i n a t o t a l volume of 200^.1. 

The samples were incubated at 30° and the r a d i o a c t i v i t y 

determined by the p r e v i o u s l y described M i l l i p o r e f i l t e r method. 

Since comparisons were made only between d i f f e r e n t incubations 

performed on the same occasion, and s i n c e the tRNA content of 

the f r a c t i o n s v a r i e d , the methionine acceptor a c t i v i t y of the 

column f r a c t i o n s i s presented i n terms of counts per minute 

(c.p.m.). 

C. Chromatography of V. faba tRNA on BD-Cellulose 

Commercial B D - c e l l u l o s e (Schwartz B i o r e s e a r c h ) was washed 

by a g i t a t i o n with 2M-NaCl and then with B u f f e r I (0.3M-sodium 

potassium c h l o r i d e ; 0.02mM methionine (Sp. a c t 150 mC/mM) 
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c h l o r i d e ; ImM-EDTA; lOmM-sodium a c e t a t e ; pH 4.5 at 4 ; 

ImM 2-mercaptoethanol). A 1 x 32 cm column was poured and 

e q u i l i b r i a t e d with Buffer I at 4° overnight. 28 mg of deacylated 

bean tRNA i n 4 ml of Buffer I were appl i e d to the column and 

elut e d with a l i n e a r gradient of 300 ml Buffer I and 300 ml of 

Buffer 2 (l.OM-sodium c h l o r i d e ; ImM-EDTA; lOmM-sodium a c e t a t e ; 

pH 4.5 at 4°, ImM-mercaptoethanol). A flow r a t e ofl2ml/hr 

was maintained by an LKB p e r i s t a l t i c pump and f r a c t i o n s were 

c o l l e c t e d at 15 min i n t e r v a l s i n tubes c o n t a i n i n g a concentrated 

s o l u t i o n of T r i s - H C l , pH 7.6 at 4°, and magnesium c h l o r i d e to bring 
2+ 

the f i n a l pH of the f r a c t i o n s to pH 7.5 and f i n a l Mg to lOmM. 

The column e f f l u e n t was continuously monitored a t 260 nm, 

usi n g an I s c o o p t i c a l u n i t and a n a l y s e r attached to a Ser v o s c r i b e 

potentiometrie chart recorder. The f r a c t i o n s were mixed by 

a g i t a t i o n immediately a f t e r c o l l e c t i o n and stored a t -20* u n t i l 

assayed. 

F r a c t i o n s were assayed f o r methionine acceptor a c t i v i t y 

as described above f o r DEAE-Sephadex f r a c t i o n s , u s i n g 

methionine (sp. a c t . 510 mC/mM). 
D. Aminoacylation with (j^s) methionine of 

separated methionine accepting tRNAs 

Methionine acceptor tRNAs r e s o l v e d by the above methods 
[35 1 

were aminoacylated with I Sj methionine ( s p . a c t . as s t a t e d ) 

i n the presence and absence of formyl donor u s i n g bean DE52 

supernatant or E. c o l i DE52 supernatant. 1 ml a l i q u o t s of 

those f r a c t i o n s corresponding to peaks of methionine acceptor 

a c t i v i t y were aminoacylated i n a t o t a l volume of 4 ml "in 

the p r e v i o u s l y described system. E. c o l i DE52 supernatant 

(the optimum volume having been s e p a r a t e l y determined), 
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replaced bean DE52 supernatant i n incubations charged by E. c o l i 

enzyme. Incubations were c a r r i e d out at 30° f o r 30 min i n 

s i l i c o n i s e d t h i c k - w a l l e d t e s t tubes. Incubation was terminated 

by the a d d i t i o n of an equal volume of i c e - c o l d d i s t i l l e d water 

and the r e a c t i o n mixture was adjusted to 0.lM-potassium a c e t a t e . 

An equal volume of 80% (w/w) f r e s h l y r e d i s t i l l e d phenol was 

added and the tubes s e a l e d and shaken f o r 15 min at 4°. The 

phases were separated by c e n t r i f u g a t i o n at 1,000 x g av. fo r 

30 min. The aqueous phase was removed us i n g a Pasteur p i p e t t e , 

and tRNA was p r e c i p i t a t e d by the a d d i t i o n of 2 volumes of 

absolute ethanol. P r e c i p i t a t i o n was completed by standing 

at -20° for 1 hr. In those incubations i n which the tRNA 

conc e n t r a t i o n was low, p r e c i p i t a t i o n was completed by standing 

at -20° overnight. The p r e c i p i t a t e was c o l l e c t e d by c e n t r i 

f u g a tion f o r 30 min at 1,000 x g av., the ethanol decanted 

and the p e l l e t washed by resuspension i n absolute ethanol at 

-20°. The p e l l e t was c o l l e c t e d by c e n t r i f u g a t i o n and the 

ethanol decanted. The p e l l e t was d i s s o l v e d i n the minimum 

volume of 0.lM-potassium a c e t a t e , pH 6.0 at 4°, and r e -

p r e c i p i t a t e d by 2 volumes of ethanol. The p e l l e t e d tRNA was 

again washed by resuspension i n ethanol and the f i n a l p e l l e t 

was d r i e d i n a d e s i c c a t o r under vacuum. The changed tRNA 

was s t o r e d i n a vacuum d e s i c c a t o r at -20° u n t i l r e q u i r e d . 

25. D i g e s t i o n of [ 3 5s1 methionyl-tRNAs with 
p a n c r e a t i c ribonuciease 

prepared 0.lM-potassium a c e t a t e , pH 6.0 at 4 , and incubated 

at room temperature for 5 min with lOyU. g of bovine p a n c r e a t i c 

RNase A. The r e a c t i o n mixture was a p p l i e d as a 1 cm s t r e a k 

L 3 5s] SI methionyl-tRNA was d i s s o l v e d i n 50 ixl of f r e s h l y 
o 
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at the o r i g i n of a sheet of Whatman 3MM chromatography paper 

(50 x 15 cm), and a i r - d r i e d . Control spots of f ^ s ] -
r35 i 

methionine were a l s o a p p l i e d at the o r i g i n . The I Si 
(35 "| 

methionyl-adenosine e s t e r and formyl— I Si methionyl-adenosine 

e s t e r l i b e r a t e d by RNase d i g e s t i o n , were separated by iono-

p h o r e s i s i n pyridium a c e t a t e buffer, pH 3.5 at 3 kV f o r 1 hr. 

The ionogram was d r i e d i n a i r overnight and an autoradiograph 

prepared by exposing the ionogram to I n d u s t r i a l G x-ray f i l m 

f o r 18-48 hr, depending upon the a c t i v i t y present. 
26. D i g e s t i o n of [ 3 5g] methionyl-tRNA with 

ribonuclease T ^ 

The P^sj methionyl- tRNA was d i s s o l v e d i n lOmM-potassium 

a c e t a t e pH 6.0, c o n t a i n i n g ImM-EDTA. Ribonuclease T^ was 

then added to co n c e n t r a t i o n of 1/20 of the tRNA present. 

When the concentration of [ f^s j methionyl-tRNA was very low, 

0.25 mg deacylated E. c o l i tRNA was added to a c t as c a r r i e r . 

The f i n a l concentration of tRNA was 1 mg/ml. The r e a c t i o n 

mixture was incubated i n s i l i c o n i s e d g l a s s c e n t r i f u g e tubes 

f o r 20 min at 37 °. A f t e r incubation the r e a c t i o n mixture 

was f r e e z e - d r i e d . The d r i e d r e a c t i o n mixture was d i s s o l v e d 

i n 5 0 j * l of lOmM-potassium a c e t a t e and streaked on the c e n t r a l l y 

placed o r i g i n of a sheet of Whatman 3KM chromatography paper. 

The s t r e a k s were a i r - d r i e d and the o l i g o n u c l e o t i d e s separated 

by ionophoresis i n pyridium acetate buffer pH 3.5, at 3 kV 

f o r 2\ hr. An autoradiograph was prepared as above. 

27. Au t h e n t i c a t i o n of r a d i o a c t i v e fragments 

The i d e n t i t y of the [̂ **s] methionyl-adenosine e s t e r and 

the formyl- methionyl-adenosine e s t e r obtained a f t e r 
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ionophoresis of p a n c r e a t i c RNase d i g e s t s were aut h e n t i c a t e d 

by e l u t i o n , h y d r o l y s i s and r e - e l e c t r o p h o r e s i s of the r a d i o a c t i v e 

spots. The r a d i o a c t i v e spots were cut out of the ionogram 

and s t a p l e d to a piece of Whatman 3MM chromatograph paper. 

The s t r i p s were e l u t e d with 3 ml of water i n a sa t u r a t e d 

atmosphere. The el u a t e was d r i e d i n a d e s i c c a t o r under 

vacuum. The el u a t e was hydrolysed i n 1 ml of 0.5M-ammonium 

hydroxide pH 11.0, a t 37° f o r 1^ hr. The hy d r o l y s a t e s were 

evaporated i n a d e s i c c a t o r under vacuum u n t i l f r e e of any 

t r a c e of ammonia and then applied as a 1 cm s t r e a k to the 

o r i g i n of a s t r i p of Whatman 3MM chromatography paper and 

s u b j e c t to ionophoresis and autoradiography as p r e v i o u s l y 

described. A comparison of the e l e c t r o p h o r e t i c m o b i l i t i e s 

of the r a d i o a c t i v e spots before and a f t e r a l k a l i n e h y d r o l y s i s 

could then be made. 

F i g . 8 shows a t y p i c a l autoradiograph of a p a n c r e a t i c 

RNase d i g e s t of bean [ 3 5 s ] methionyl-tRNA. T r a v e l l i n g towards 

the cathode were two d i s t i n c t bands i n a d d i t i o n to f r e e 

methionine. Band A c o n s i s t e d of two d i s c r e t e bands which when 
to 

s u b j e c t / a l k a l i n e h y d r o l y s i s r e t a i n e d t h e i r o r i g i n a l 

m o b i l i t y . T h e i r m o b i l i t y c l o s e l y corresponded with t h a t of 
T35 1 

f r e e |_ Si methionine applied as a marker, suggesting t h e i r 

i d e n t i f i c a t i o n as f r e e [f^SJ methionine and an ox i d a t i o n 

product (methionine s u l p h o x i d e ) . Band B appeared only i n 

those prep a r a t i o n s i n which formylation occurred i n the 

presence of a formyl donor and was very f a i n t i n a l l c a s e s . 

Following a l k a l i n e h y d r o l y s i s i n d i l u t e d ammonium hydroxide 

(pH 11.0), the substance e l u t e d from band B, did not give 

methionine, but a compound which was a c i d i c at pH 3.5 and 
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Fig.8. A u t h e n t i f i c a t i o n of the r a d i o a c t i v e fragments 

obtained by d i g e s t i o n of 60 day developing bean 

[ 3 5sJ met-tRNAs with bovine p a n c r e a t i c RNase. 

8a.Diagrammatic r e p r e s e n t a t i o n of an autoradiograph of an 

ionogram of p a n c r e a t i c RNase d i g e s t of 60 day developing 

bean | 3 5 s ] met-tRNA. The [ 3 5 s | met-TRNA was prepared as 

described (Methods,section 24D) and digested with 

p a n c r e a t i c RNase (Methods,section 25). The d i g e s t was 

s u j e c t e d to ionophoresis f o r 1 hr., pH 3.5, 3kV. 'M' r e f e r s 
35. to f r e e SI methionine a p p l i e d as a marker spot. 

8b.Diagrammatic r e p r e s e n t a t i o n of an autoradiograph of an 

ionogram (pH 3.5, 3kV, 1 hr.) of (1) [ ^ m e t h i o n i n e ; 

( 2 ) band A ( F i g . 8 a ) e l u t e d and reelectrophoresed; 

(3) band A e l u t e d and hydrolysed i n d i l u t e NR"3 (pH 11.0) 

at 37- f o r 1.5 hr.; (4) band B(Fig.8a) e l u t e d and 

r e e l e c t r o p h o r e s e d ; (5) band B e l u t e d and hydrolysed 

as f o r (3) above; (6) band C ( F i g . 8 a ) e l u t e d and 

r e e l e c t r o p h o r e s e d ; (7) band C e l u t e d and hydrolysed 

as f o r (3) above. 
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migrated towards the anode. T h i s i n d i c a t e d that i t had 

gained an a d d i t i o n a l negative charge a f t e r h y d r o l y s i s s i n c e 

before i t was s l i g h t l y b a s i c . T h i s was c o n s i s t e n t with i t s 

i d e n t i t y as N-formyl-methionyl-adenosine, the aminoacyl 

linkage having been cleaved by h y d r o l y s i s to y i e l d N-formyl -

methionine i n which the a-amino group i s blocked. 

Band C was present i n a l l p r e p a r a t i o n s and on subsequent 

e l u t i o n and h y d r o l y s i s m a t e r i a l from band C was converted 

methionine. T h i s was c o n s i s t e n t with known a l k a l i - l a b i l i t y 

of the aminoacyl-tRNA e s t e r linkage and suggested that i t was 

the methionyl-adenosine e s t e r . 

28. N-terminal a n a l y s i s of |_ S] - l a b e l l e d polypeptides 
r 3 5 "1 

|_ Sj methionine was incorporated i n t o p e p t i d y l m a t e r i a l 

i n the p r e v i o u s l y described complete system (Methods, s e c t i o n 

(peak 1) from DEAE Sephadex (1 pmole - 22,500 c.p.m.). The 
2+ o Mg concentration was 4mM. A f t e r i n c ubation at 33 for 

30 min, the r e a c t i o n tubes were cooled i n i c e and the r e a c t i o n 

l O j ^ g of bovine p a n c r e a t i c RNase A. Enzymatic d i g e s t i o n was 
/ / 

allowed to proceed for 2 min at 33 ° and terminated by the 

ad d i t i o n of 5 ml i c e cold 5% (w/v) TCA, 0.1M- [ 3 2 s j methionine. 

P r e c i p i t a t i o n was completed by standing i n i c e f o r 1 hr and 

the p r e c i p i t a t e p e l l e t e d at 1,00 x g av. for 30 min. The 

supernatant was c a r e f u l l y decanted, and the p e l l e t washed by 

The t o t a l r e a c t i o n volume was reduced to 100 i>l. and 19B) 

0.2 mg poly(U) was replaced by 60 wg poly(AUG) (1:2.5:1) or 

50 i>-g poly(UG) (1:1) The deacylated tRNA was repl a c e d by 
Is 5 met-tRNAj^ (peak 2) or 6 pmolesi 7 pmoles of et-tRNA 

terminated by the a d d i t i o n of 100 1 of 0.1M-EDTA con t a i n i n g 
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resuspension i n i c e cold TCA . The p r e c i p i t a t e was again 

p e l l e t e d and washed a f u r t h e r twice as above, and d r i e d over

night i n a d e s i c c a t o r under vacuum. N-terminal a n a l y s i s was 
et a l 

performed by the method of Blomback^(1966). A f t e r e x t r a c t i o n 

of the r e a c t i o n mixture with n-butyl a c e t a t e the aqueous and 

organic phases were q u a n t i t a t i v e l y t r a n s f e r r e d to s c i n t i l l a t i o n 

v i a l s and dr i e d i n a d e s i c c a t o r under vacuum. 10 ml of 

s c i n t i l l a t i o n f l u i d was added and the samples counted i n a 

Beckman LS200B s c i n t i l l a t i o n counter with automatic background 

s u b t r a c t i o n . Control v i a l s i n which appropriate volumes of 

aqueous and organic phase had been d r i e d were a l s o counted. 

The r e s u l t s were expressed as % r a d i o a c t i v i t y present i n 

the N-terminal p o s i t i o n . 
r 3 5 1 

29. AUG dependent binding of L Sj met-tRNA s p e c i e s 
to V. faba ribosomes 
AUG dependent binding of |_ SJ met-tRNA s p e c i e s to bean 

ribosomeswas determined by the method of Nirenberg and Leder 

(1964). The r e a c t i o n mixture contained i n a t o t a l volume of 

45yu.l, 88mM-Tris-HCl, pH 7.6 at 25°, 55mM-potassium c h l o r i d e , 

2.8mM-DTT, 6.66mM-GTP, 0.25 mg bean ribosomes ( a s determined 

by ) , 0.10 u n i t s of the s y n t h e t i c t r i p l e t AUG, and e i t h e r 

40 pmoles [ 3 5 sj met-tRNA-^ 20 pmoles [ 3 5s] met-tRNA 2 or 7 pmoles 

sj met-tRNA 3, together with the i n d i c a t e d Mg conc e n t r a t i o n . 

Incubations were c a r r i e d out f o r 15 min at 25°. Reaction was 

terminated by the a d d i t i o n of 3 ml of i c e - c o l d buffer c o n t a i n i n g 

88mM-Tris-HCl, pH 7.6 at 25°, 55mM-potassium c h l o r i d e , lOmM 
2+ 

Mg . The r e a c t i o n mixture was q u a n t i t a t i v e l y t r a n s f e r r e d 

to a M i l l i p o r e f i l t e r and washed us i n g 3 x 3 ml of i c e - c o l d 

b u f f e r . The d r i e d M i l l i p o r e f i l t e r s were counted i n a 
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Beckman LS200B s c i n t i l l a t i o n counter with automatic background sub 

t r a c t i o n . The r e s u l t s are presented i n terms of pmoles P^sj 

met-tKNA bound per incubation and are c o r r e c t e d f o r binding 
2+ 

i n the absence of AUG at the r e l e v a n t Mg concentration. 

30. Release of methionyl-puromycin from V. faba 
ribosomes 

The r e l e a s e by puromycin of AUG dependently bound [^5sJ 

met-tRNA from bean ribosomes was assayed u s i n g the above system. 

A f t e r incubation at 25° f o r 15 min, 5jx. 1 of lOmM-puromycin 

( n e u t r a l i s e d to pH 7.0) added and the r e a c t i o n mixture r e -

incubated f o r 15 min. The r e a c t i o n was terminated by the 

a d d i t i o n of 1 ml of 0.lM-disodium hydrogen phosphate pH 8.1, 

and 1.5 ml of e t h y l a c e t a t e ( s a t u r a t e d with NagHPO^ b u f f e r ) . 

The phases were mixed on a Whirlimix ten times, 5 sees each, 

and the phases separated by c e n t r i f u g a t i o n at 1,000 x g av. 

f o r 15 min at 4*, 1 ml of the organic l a y e r was removed, d r i e d 

on a hot p l a t e and the residue counted i n a Beckman LS200B 

s c i n t i l l a t i o n counter with automatic background s u b t r a c t i o n 

The r e s u l t s are expressed i n terms of pmoles of j^^sj methionyl-

puromycin r e l e a s e d per incubation and are c o r r e c t e d f o r binding 

i n the absence of AUG at the r e l e v a n t Mg^ concentration. 



-130-

RESULTS 

1. C h a r a c t e r i s a t i o n of microsome and ribosome p r e p a r a t i o n s i s o l a t e d 
from developing and germinating seeds of V. faba. 

A. Absorption s p e c t r a 

The a b s o r p t i o n s p e c t r a of s u i t a b l e d i l u t i o n s of microsome and 

ribosome p r e p a r a t i o n s i s o l a t e d from germinating and developing seeds 

of V i c i a faba a r e shown i n F i g s . 9 and 10. D e t a i l s of the changes 

i n a b s o r p t i o n maxima and minima and 260:235 nm absorption r a t i o a r e 

presented i n Tables 2,3. 

B. Sucrose d e n s i t y g r a d i e n t c e n t r i f u g a t i o n 

Because of the e s s e n t i a l s i m i l a r i t y of the c l a r i f i e d microsome 

p r e p a r a t i o n s obtained from developing and germinating seeds, the 

sucr o s e d e n s i t y g r a d i e n t p r o f i l e of microsomes i s o l a t e d from 

developing seeds was assumed to be r e p r e s e n t a t i v e of microsome 
260 p r e p a r a t i o n s . C e n t r i f u g a t i o n of 2 mg as estimated by E, , of 

j 1 cm 

microsomes on a 15-45%( W / /v) i s o k i n e t i c s u c r o s e g r a d i e n t ( F i g . 11) 

r e s u l t e d i n a l a r g e broad peak of membrane-bound m a t e r i a l which 

t r a v e l l e d f u r t h e s t down the g r a d i e n t followed by 5 polysome peaks, 

a l a r g e monosome and 2 sm a l l sub-unit peaks. The monosome peak 

was i d e n t i f i e d as such on the b a s i s of i t s n u c l e i c a c i d content. 

Lonsdale (19)12) has shown i t to c o n t a i n both 25S and 186 RNA.. 

P a r t i c l e s having a sedimentation r a t e g r e a t e r than the monosome peak 

were assumed to be polysomes and those w i t h a sedimentation r a t e 

l e s s than the monosome peak were assumed to be s u b - u n i t s . 

Ribosomes prepared from developing beans i n the presence of the 

non-ionic detergent T r i t o n X100 were ana l y s e d on i s o k i n e t i c g r a d i e n t s 

( F i g . 1 2 ) . A sharp monosome peak was r e s o l v e d from the r a p i d l y sedimenting 
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F i g . 9 . Absorption s p e c t r a of microsome and ribosome 

preparations from 60 day developing cotyledons of 

V.faba. 

The preparations were resuspended i n water a t a s u i t a b l e 

d i l u t i o n and the absorption s p e c t r a determined u s i n g 

a Unicam SP 800 spectrophotometer. 

( a ) Microsomal prepar a t i o n . 

(b) T r i t o n X-100 ribosomes. 

( c ) NIL, CI washed ribosomes. 
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T a b l e 2 

Changes i n absorption s p e c t r a and 260nm : 235nm ab s o r p t i o n 

r a t i o of microsomes and ribosomes prepared from 60 day developing 

cotyledons of V i c i a f a ba. 

Absorption run 

Type of p r e p a r a t i o n Minimum Maximum 260 : 235 r a t i o 

C l a r i f i e d microsomes 238 258 1.26 

4%(w/w) T r i t o n X100 
ribosomes 236 257 1.50 

NH.C1 washed and 
d i a l y s e d ribosomes 234 256 1.56 

The microsomal or ribosomal p r e p a r a t i o n s were resuspended i n 

water a t a s u i t a b l e d i l u t i o n and the absorption spectrum determined 

u s i n g a Unicam SP800 spectrophotometer. 
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Fig.10. Absorption s p e c t r a of microsome and ribosome preparations 

from 3 day germinated seeds of V.faba. 

The p r e p a r a t i o n s were suspended i n water at a s u i t a b l e 

d i l u t i o n and the absorption s p e c t r a determined u s i n g 

a Unicam SP 800 spectrophotometer. 

( a ) Microsomal suspension. 

(b) T r i t o n X-100 ribosomes. 

( c ) NH^Cl washed ribosomes. 
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Table 3 

Changes i n absorption s p e c t r a and 260nm : 235nm abso r p t i o n r a t i o 

of microsomes and ribosomes prepared from plumules of 3-day 

germinated seeds of V i c i a f a b a. 

Type of p r e p a r a t i o n 

Absorption nm 

Minimum Maximum 260 : 235 r a t i o 

C l a r i f i e d microsomes 237 256 1.24 

1% T r i t o n X100 
ribosomes 236 256 1.48 

NH.C1 washed and 
d i a l y s e d ribosomes 235 254 1.71 

The microsomal or ribosomal p r e p a r a t i o n s were resuspended i n 

water a t a s u i t a b l e d i l u t i o n and the abso r p t i o n spectrum determined 

using a Unicam SP800 spectrophotometer. 
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F i g . l l . Sucrose gradient sedimentation p r o f i l e of 

microsomes prepared from 60 day developing cotyledons 

of V.faba. 

The microsomes were prepared as d e s c r i b e d i n the 

Methods ( S e c t i o n 4A). 

2 mg. microsomes were la y e r e d onto a gradient prepared 

from 6 ml 15% sucrose and 20 ml 55% sucrose, buffered i n 

lOmM-Tris, 25mM-KCl, lmM-MgCl2,pH 7.6. The gradient was 

ce n t r i f u g e d a t 95,000xg av. f o r 3 hr. inthe 3 x 23 ml 

swing out r o t o r of an M.S.E. Superspeed *65' c e n t r i f u g e . 

'T' and 'B' i n d i c a t e top and bottom of the gradient 

r e s p e c t i v e l y . 
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Fig.12. Sucrose gradient sedimentation p r o f i l e o f 

T r i t o n X-100 ribosomes prepared from 60 day 

developing cotyledons of V.faba. 

The ribosomes were prepared as described i n the 

(Methods,section 4D. 

One mg of ribosomes were l a y e r e d onto a gradient 

prepared from 10 ml 8% sucrose and 20 ml 30% 

sucrose, buffered as i n Fig.11. The gradient was 

c e n t r i f u g e d a t 65,000xg av. f o r 2 hr i n the 3 x 23 

r o t o r of an M.S.E. Superspeed '65' c e n t r i f u g e . 

'T' and ' B 1 are top and bottom of the gradient 

r e s p e c t i v e l y . 
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polysomes and l e s s r a p i d l y sedimenting s u b u n i t S i Ribosome 
w / 

p r e p a r a t i o n s prepared using 4%( 'w) T r i t o n X100 showed a g r e a t e r 

proportion of polysome m a t e r i a l than microsomal p r e p a r a t i o n s from 

the same m a t e r i a l . Up to four d i s t i n c t polysome peaks were 

r e s o l v e d . The proportion of s u b - u n i t s remained e s s e n t i a l l y the 

same i n both microsome and ribosome p r e p a r a t i o n s . There was, 

however, i n ribosome p r e p a r a t i o n s no evidence of the d i f f u s e peak 

a t t r i b u t a b l e i n microsome p r e p a r a t i o n s to membrane-bound m a t e r i a l . 

C. RNA content 

The % RNA i n a v a r i e t y of microsome and ribosome p r e p a r a t i o n s 

a s determined by the modified Schmidt Thannhausen procedure i s shown 

i n Table 4. 

D. A n a l y s i s i n the Model E a n a l y t i c a l u l t r a c e n t r i f u g e 

Microsome and ribosome p r e p a r a t i o n s from 3 day germinated beans 

were ana l y s e d i n the Model E u l t r a c e n t r i f u g e and the r e s u l t s presented 

i n F i g . 13a. The upper s e c t i o n of the photographs shows the 

behaviour of a microsome p r e p a r a t i o n , the lower s e c t i o n a ribosome 
w / 

suspension prepared i n the presence of 0.5%( v ) sodium deoxycholate. 

The microsome p r e p a r a t i o n showed four d i s t i n c t peaks of sedimenting 

m a t e r i a l and t h e r e i s evidence of a very s m a l l , r a p i d l y sedimenting 

peak f o r which no a c c u r a t e S value could be determined. The 0 . 5 % ( W ^ ) 

DOC ribosome p r e p a r a t i o n a l s o showed evidence of four major sedimenting 

f r a c t i o n s e s s e n t i a l l y s i m i l a r to those of the microsomepreparation, 

and t h e r e was a l s o evidence of an a d d i t i o n a l peak of m a t e r i a l 

sedimenting a t a slower r a t e . No a c c u r a t e S v a l u e could be a s s i g n e d 

to t h i s peak because of the d i f f u s e nature and s m a l l amplitude of 

the peak. T h i s m a t e r i a l must be assumed to r e p r e s e n t only a minor 
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Table 4 

% RNA i n ribosome and microsome p r e p a r a t i o n s as determined 

by the modified Schmidt Thannhauser procedure. 

% RNA 

Type of p r e p a r a t i o n 3 day 60 day 
germinating developing 

bean bean 

U n c l a r i f i e d microsomes 35,5 12.7 

C l a r i f i e d microsomes 39.5 39.5 

T r i t o n X100 ribosomes 43.4 43.5 

The % RNA was determined u s i n g the modified Schmidt Thannhauser 

procedure as d e s c r i b e d i n the Methods, S e c t i o n 14c. 
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Fig,13a. S c h l i e r e n p r o f i l e s of a microsome and a 

ribosome preparation frmm 3 day germinated seeds 

of V.faba. 

Pre p a r a t i o n s (10 mg/ml) were c e n t r i f u g e d at20° i n 

a 12mm, 4° c e l l at 52,000 rev./min. Photographs 

were taken at 2 min i n t e r v a l s u s i n g a 3 sec exposure. 

The bar angle was 70 °. 
t 

"A" i s a microsome prepara t i o n . 

"B" i s a 0.5%( w/ v)D0C ribosome pr e p a r a t i o n . 
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component of the ribosome p r e p a r a t i o n . 

w/ 

F i g . 13b shows the sedimentation behaviour of a 1%( w) T r i t o n X 

100 ribosome p r e p a r a t i o n from 3 day germinated beans. As w e l l as 

the four major sedimenting f r a c t i o n s common to a l l t h r e e p r e p a r a t i o n s 

there was some evidence of two a d d i t i o n a l more r a p i d l y sedimenting 

peaks. A l l the p r e p a r a t i o n s used contained approximately 10 mg 
260 as determined by E, , of microsomes or ribosomes/ml. S v a l u e s l cm 

were c a l c u l a t e d f o r each p r e p a r a t i o n and are presented i n Table 5. 

I n order to a s s i g n a c c u r a t e S v a l u e s to each f r a c t i o n the 

e f f e c t of c o n c e n t r a t i o n upon S value was determined. The four 

major f r a c t i o n s p r e s e n t i n a l l t h r e e p r e p a r a t i o n s were assumed to 

r e p r e s e n t the same ribosome s p e c i e s i n each case t h e r e f o r e the 

v a r i a t i o n i n S v a l u e s obtained was assumed to r e p r e s e n t c o n c e n t r a t i o n 

d i f f e r e n c e s i n the p r e p a r a t i o n s and experimental v a r i a t i o n . The 
w/ 

c o n c e n t r a t i o n dependence of S v a l u e was determined f o r the 0.5%( v) 

DOC ribosome p r e p a r a t i o n and the r e s u l t s shown i n F i g . 14. 
o 

The graphs were e x t r a p o l a t e d to zero c o n c e n t r a t i o n to o b t a i n S , the 

sedimentation c o e f f i c i e n t a t zero c o n c e n t r a t i o n . The v a l u e s obtained 

were assumed to r e p r e s e n t the sedimentation c o e f f i c i e n t s of the major 

components of microsome and ribosome p r e p a r a t i o n s from 3 day germinated 

bean. Peak 3 was equated w i t h the monosome peak, w h i l s t peaks 1 and 2, 

sedimenting a t a slower r a t e , assumed to r e p r e s e n t ribosome s u b - u n i t s . 

The most r a p i d l y sedimenting peak, was assumed to be a dimer 

c o n s i s t i n g of two monomeric ribosomes. Assuming the ribosome to 

be a g l o b u l a r s t r u c t u r e , the t h e o r e t i c a l S value f o r a dimer (2n) 

composed of 2 x n monomers was c a l c u l a t e d u s i n g the formula: 
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F i g . l 3 b . SchEeren p r o f i l e of a 1%( / ) T r i t o n X-100 

ribosome p r e p a r a t i o n from 3 day germinated seeds 

of V.faba. D e t a i l s of c e l l s i z e , and c e n t r i f u g a t i o n 

parameters are given i n the legend to F i g . 13a. 
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Table 5 

Sedimentation c o e f f i c i e n t ( s ) of the major f r a c t i o n s of microsome 

and ribosome p r e p a r a t i o n s from 3 day germinated seeds of V i c i a f a ba. 

D i r e c t i o n of sedimentation * 
Peak 1 Peak 2 Peak 3 Peak 4 

Type of p r e p a r a t i o n 
and c o n c e n t r a t i o n i n 
mg/ml 

Microsome (11.5 mg/ml) 

0 . 5 % ( W / v ) DOC ribosomes 
(10.0 mg/ml) 

1 % ( W A / ) T r i t o n X100 
ribosomes (11.3 mg/ml) 

38 58 69 106 

37 56 69 103 

40 61 71 110 

Parameters of c e n t r i f u g a t i o n as d e t a i l e d i n the legend to F i g . 13. 
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F i g . 1 4 , The e f f e c t of ribosome c o n c e n t r a t i o n upon sedimentation 
w 

c o e f f i c i e n t . The 0.5% ( /v)D0C ribosome p r e p a r a t i o n was 

d i l u t e d to the r e q u i r e d c o n c e n t r a t i o n and sedimentation co

e f f i c i e n t determinations were c a r r i e d out as d e s c r i b e d i n the 

legend to F i g . 1 3 a . 

(Peak 1 

I Peak 2 

rPeak 3 

_QPeak 4 

S (sedimentation c o e f f i c i e n t a t 
zero c o n c e n t r a t i o n ) 
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0.61 2 = M 

M 

0.61 x S, 

l _ J 

where S = sedimentation c o e f f i c i e n t , M = molecular weight 

Assuming o be 85.0 and M^M = 2, the t h e o r e t i c a l 'S' value 

f o r a dimer composed of 2 monomer ribosomes was c a l c u l a t e d to be 

129. Peak 4 was t h e r e f o r e i d e n t i f i e d as a polysome c o n t a i n i n g 

two ribosomes. 

2. Counting of N and [35s] compounds 
The counting e r r o r , 20"*, was a u t o m a t i c a l l y determined by 

the s c i n t i l l a t i o n counter f o r each sample counted. The value 

i s r e l a t e d to the a c t i v i t y of the sample and decreases r a p i d l y 

a s the counting time i n c r e a s e d . A l l data presented i n t h i s 

t h e s i s i s based on a 10 min sample count, the counting e r r o r being 

between -3% and -5%, however samples of low a c t i v i t y i . e . 

200 c.p.m. were counted f o r 30 min. The background l e v e l 

remained approximately 50-60 c.p.m/sample w i t h a counting e r r o r 

of -15%. S i n c e the e f f i c i e n c y of the s c i n t i l l a t i o n counter f o r 

both [ 1 4c]and [35s] compounds was i n exc e s s of 85% the values 
obtained were not c o r r e c t e d f o r e f f i c i e n c y . 

3. I n t e r c h a n g e a b i l i t y of the components of the poly U-dependent 
amino a c i d i n c o r p o r a t i n g system 

The major components of the amino a c i d i n c o r p o r a t i n g systems 

(microsomes/ribosomes, tRNA and enzyme f r a c t i o n ) prepared from 

developing or germinating seeds of V i c i a faba(L)were to a c o n s i d e r a b l e 

extent i n t e r c h a n g e a b l e . Table 6 shows the v a l u e s r o u t i n e l y obtained 

i n the complete and t r a n s f e r system w i t h the v a r i o u s types of microsome 
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T a b l e 6 

I n c o r p o r a t i o n obtained i n the p o l y ( u ) dependent complete and 

t r a n s f e r systems with microsomes and ribosomes i s o l a t e d from developing 

and germinated seeds of V i c i a faba ( L ) 

Type of p r e p a r a t i o n Incorpora t ion 
(pmoles p h e n y l a l a n i n e 
/mg rRNA i n complete 
system) 

I n c o r p o r a t i o n 
(pmoles p h e n y l a l a n i n e / 
mg rRNA i n t r a n s f e r 
system) 

60 day developing 
bean 

unwashed microsomes 
microsomes washed by 
res u s p e n s i o n i n 
resuspending medium 
4% (w/w) T r i t o n X100 
ribosomes 

NH„C1 washed ribosomes 4 

530.00 74.50 

55.30 

71.8 
19.20 

3 day germinated bean 

unwashed microsomes , 
microsomes washed by 
res u s p e n s i o n i n 
resuspending medium 
1%( W4) T r i t o n X100 
ribosomes 

NH.C1 washed ribosomes 4 

422.0 

530.0 
44.6 

165.7 

156.5 

157.0 
81.20 

The complete and t r a n s f e r systems a r e d e s c r i b e d i n the Methods. 
I n a l l c a s e s 0.2mg of y e a s t tRNA were used i n c o n j u n c t i o n w i t h the 
optimum volume of bean d i a l y s e d enzyme. 
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or ribosome p r e p a r a t i o n s . Microsomes from e i t h e r type of 

m a t e r i a l had approximate e q u i v a l e n t a c t i v i t y i n the complete 

system. However i n the t r a n s f e r system the micromes or ribosomes 

prepared from germinating seeds were more a c t i v e than those 

obtained from 60 day developing seeds. 

Table 7 i n d i c a t e s t h a t tRNA and DE52 enzyme f r a c t i o n 

prepared from developing and germinating beans were completely 

i n t e r c h a n g e a b l e w i t h no s i g n i f i c a n t v a r i a t i o n i n a c t i v i t y . 

tRNA and enzyme f r a c t i o n s were, however, r o u t i n e l y prepared 

from 60 day developing seeds because of the g r e a t e r a v a i l a b i l i t y 

of m a t e r i a l and the ease of ha n d l i n g . Both tRNA and enzyme 

f r a c t i o n s were s t o r e d f o r up to 1 y e a r i n l i q u i d n i t r o g e n without 

l o s s of a c t i v i t y . 

Bean DE52 enzyme f r a c t i o n c a t a l y s e d the aminoacylation 

of commercially obtained y e a s t tRNA wi t h only a 20% decrease 

i n a c t i v i t y as c a l c u l a t e d u s i n g the s u p p l i e d s p e c i f i c a t i o n s for 
2+ 

l e v e l s of aminoacylation w i t h the homologous enzyme. The Mg 

optimum f o r aminoacylation of bean tRNA w i t h DE52 supernatant 

was lOmM (Payne, 1970)^ f o r y e a s t tRNA the optimum was d i s p l a c e d 

to 16mM. 

The deacyla-ted y e a s t tRNA s u b s t i t u t e d f o r bean tRNA i n the 

complete system w i t h a r e s u l t a n t i n c r e a s e i n a c t i v i t y . Using 

bean tRNA l e v e l s of 300-350 pinoles p h e n y l a l a n i n e incorporated/mg 

rRNA were obtained, i n the complete system w h i l s t l e v e l s of 400-550 

p moles p h e n y l a l a n i n e incorporated/ng rRNA were obtained u s i n g y e a s t 

tRNA. From charging experiments r a t i o of the s p e c i f i c 
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Table 7 

I n t e r c h a n g e a b i l i t y of tRNA and DE52 enzyme f r a c t i o n from germinated 

and developing bean i n the Poly(U) dependent complete system. 

G G G 

G D D 

D G D 

I n c o r p o r a t i o n (pftoles 
phenylalanine/mgrRNA) 491.0 504.8 477.0 518.2 

I n c o r p o r a t i o n as % of 
complete germinated 100% 102% 97% 105% 
system 

1%( w) T r i t o n X100 ribosomes G 

DE52 enzyme G 

Deacylated tRNA G 

The complete system i s d e s c r i b e d i n the Methods, and contained 

0.2mg of deecylated tRNA and the optimum volume ( a s s e p a r a t e l y 

determined) of DE52 enzyme f r a c t i o n i n a t o t a l volume of 500pl, 

I n the t a b l e G i n d i c a t e s t h a t the component was d e r i v e d from 3 

day germinated beans, and D from 60 day developing cotyledons of 

V. faba. 
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a c t i v i t y (pmoles phenylalanine/mg tRNA) of bean: y e a s t tRNA 

was shown to be 29.5:38.0. I t seems l i k e l y , t h e r e f o r e , that 

the d i f f e r e n c e i n i n c o r p o r a t i o n i n the complete system may be 

l a r g e l y a t t r i b u t a b l e to d i f f e r e n c e s i n s p e c i f i c a c t i v i t y of 

the tRNA used. S u b s t i t u t i o n of bean tRNA by y e a s t tRNA r e s u l t e d 
2+ 

i n a displacement of the Mg optimum f o r complete amino a c i d 

i n c o r p o r a t i n g system from 10 mM to 16 mM. 

Aminoacylated y e a s t tRNA could s u b s t i t u t e f o r aminoacylated 

bean tRNA i n the t r a n s f e r system, with an i n c r e a s e i n a c t i v i t y 

which r e f l e c t e d the g r e a t e r s p e c i f i c a c t i v i t y w i t h r e s p e c t to 
2+ 

p h e n y l a l a n i n e of the y e a s t tRNA, The Mg optimum f o r the 

t r a n s f e r system was independent of tRNA source and was 7 mM. 

Ribosomes, tRNA and 40/70 enzyme f r a c t i o n prepared from 

r a b b i t r e t i c u l o c y t e s could s u b s t i t u t e f o r the a p p r o p r i a t e bean 

component w i t h v a r y i n g degrees of e f f i c i e n c y . R e t i c u l o c y t e 

ribosomes and tRNA could r e p l a c e bean T r i t o n X100 ribosomes 

and bean tRNA i n both the complete and t r a n s f e r systems without 

s i g n i f i c a n t v a r i a t i o n i n the l e v e l s of a c t i v i t y . However 

s u b s t i t u t i o n of bean d i a l y s e d supernatant by r e t i c u l o c y t e 

40/70 enzyme f r a c t i o n was a s s o c i a t e d w i t h a s i g n i f i c a n t 

r e p r o d u c i b l e i n c r e a s e i n a c t i v i t y i n both the complete and 

t r a n s f e r system. Table 8 shows the e f f e c t of s u b s t i t u t i o n of bean 

d i a l y s e d enzyme by r e t i c u l o c y t e 40/70 enzyme f r a c t i o n u s i n g 

microsomes or ribosomes prepared by a v a r i e t y of methods. The 
w/ 

i n c r e a s e was most pronounced with 0,5% ( w) DOC ribosomes and 

NH.C1 ribosomes. 
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Table 8 

I n t e r c h a n g e a b i l i t y of bean d i a l y s e d enzyme f r a c t i o n and r e t i c u l o c y t e 
40/70 enzyme f r a c t i o n i n the Poly(U) dependent complete system u s i n g 
microsomes or ribosomes i s o l a t e d from 3 day germinated bean. 

Method of 
p r e p a r a t i o n 
of microsomes 
or ribosomes 

I n c o r p o r a t i o n 
(pmoles phenyl-
alanine/mgrRNA ) 
w i t h bean d i a l y 
sed enzyme 

I n c o r p o r a t i o n 
(pmoles phenyl-
alanine/mgrRNA) 
w i t h r e t i c u l o c y t e 
40/70 enzyme 
f r a c t i o n 

I n c o r p o r a t i o n by 
r e t i c u l o c y t e 40/70 
enzyme as a % of th a t 
obtained with bean 
enzyme 

Unwashed 
microsomes 

l % ( W / w ) T r i t o n 
X100 ribosomes 

0.5%( W/v)D0C 
ribosomes 

NH^Cl ribosomes 

512.0 

570.0 

16.20 

44.50 

1032.0 

1008.0 

162.5 

246.5 

201% 

176% 

1002% 

548% 

The complete system i s given i n the Methods. A l l microsomes or ribosomes 

were prepared from 3 day germinated beans and i n a l l c a s e s 0.2mg de a c y l a t e d 

y e a s t tRNA, was used. I n both c a s e s the optimum volume of enzyme, 

as s e p a r a t e l y determined, was used. 
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4. Comparison of the e f f i c i e n c y i n p o l y ( U ) - d i r e c t e d amino a c i d 

i n c o r p o r a t i o n of microsomes and ribosomes prepared by v a r i o u s methods. 

Table 6 shows the v a l u e s r o u t i n e l y obtained i n the complete 

and t r a n s f e r system w i t h the v a r i o u s types of mlcromes and ribosomes. 

There was no s i g n i f i c a n t d i f f e r e n c e i n a c t i v i t y between unwashed and 

washed micromes and T r i t o n X100 ribosomes from the same t i s s u e when 

compared i n the same system, u s i n g the same enzyme and tRNA source. 

However Table 8 i n d i c a t e s t h a t the l i b e r a t i o n of ribosomes from the 

endoplasmic r e t i c u l u m by treatment of the post m i t o c h o n d r i a l 

supernatant w i t h 0.5%( W^v)D0C r e s u l t e d i n a s i g n i f i c a n t decrease 

i n a c t i v i t y , A s i m i l a r decrease i n i n c o r p o r a t i o n was observed 

i n the t r a n s f e r system when 0.5%( /v)D0C ribosomes were used. 

Treatment of ribosomes w i t h 0.5M-ammonium c h l o r i d e i n an attempt 

to remove the f a c t o r s i n v o l v e d i n peptide c h a i n e l o n g a t i o n was 

a s s o c i a t e d with a concomitant decrease i n i n c o r p o r a t i o n i n both 

the complete and t r a n s f e r systems (Table 6 ) . 

When r e t i c u l o c y t e 40/70 enzyme f r a c t i o n was used as 

the enzyme f r a c t i o n w i t h microsomes or T r i t o n X100 ribosomes 

prepared from 3 day germinated bean t h e r e was an approximate 100% 

i n c r e a s e i n amino a c i d i n c o r p o r a t i o n i n the poly(U) dependent 

complete system as shown i n Table 8. S u b s t i t u t i o n of bean 

enzyme by r e t i c u l o c y t e 40/70 enzyme r e s u l t e d i n approximately 

500% and 1000% i n c r e a s e i n i n c o r p o r a t i o n with NH^Cl and 0 . 5 % ( W / v ) 

DOC ribosomes r e s p e c t i v e l y . 

Table 9 shows the e f f e c t of the method of x'ibosomes 

p r e p a r a t i o n on the dependence of i n c o r p o r a t i o n upon added enzyme, 

i n the t r a n s f e r system. Washing of the microsomes by r e p e l l e t i n g 
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Table 9 

E f f e c t of method of ribosome p r e p a r a t i o n upon the enzyme dependence 

of P o l y ( U ) dependent amino a c i d i n c o r p o r a t i o n i n the t r a n s f e r system. 

Method of 
microsome or 
ribosome 
p r e p a r a t i o n 

I n c o r p o r a t i o n 
(pmoles phenyl-
alanine/mgrRNA) 
i n the t r a n s f e r 
system w i t h bean 
d i a l y s e d enzyme 

In c o r p o r a t i o n 
(pmoles phenyl-
alanine/mgrRNA ) 
i n the t r a n s f e r 
system i n the 
absence of enzyme 

I n c o r p o r a t i o n i n 
the absence of enzyme 
as a % i n c o r p o r a t i o n 
i n the presence of 
enzyme 

Unwashed 
microsomes 165.7 11.10 6.65% 

Microsomes 
W a s h e d b y . 156.5 1.53 1% r e s u s p e n s i o n 
from resuspend
ing medium 

l % ( W / w ) T r i t o n 

X100 ribosomes 157.0 2.160 1.38% 

NH 4C1 ribosomes 25.40 0.64 2.52 

The t r a n s f e r system i s d e s c r i b e d i n the Methods. A l l microsomes 

or ribosomes were prepared from 3 day germinated beans and i n a l l c a s e s 

0.3mg of dfcacylated y e a s t tRNA was used, the volume of enzyme 

employed was determined s e p a r a t e l y and was t h a t volume promoting 

maximum i n c o r p o r a t i o n of p h e n y l a l a n i n e . 
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from resuspending medium r e s u l t e d i n a c o n s i d e r a b l e decrease 

i n the i n c o r p o r a t i o n obtained i n the absence of added enzyme. 
W j 

L i b e r a t i o n of ribosomes from the ER by treatment w i t h 1%( 'w) 

T r i t o n X100 r e s u l t e d i n a s i m i l a r i n c r e a s e i n the dependence 

upon added enzyme. Washing of the l % ( W / w ) T r i t o n X100 

ribosomes with 0.5M-ammonium c h l o r i d e r e s u l t e d i n a c o n s i d e r a b l e 

decrease i n i n c o r p o r a t i o n i n the presence of enzyme as w e l l as 

i n the absence of added enzyme. When the i n c o r p o r a t i o n i n the 

absence of enzyme i s expressed as a % of t h a t obtained i n i t s 

presence the decreased i n c o r p o r a t i o n i n the absence of enzyme 

i s no longer obvious. Values f o r i n c o r p o r a t i o n by NH^Cl 

ribosomes i n the absence of enzyme were o f t e n not s i g n i f i c a n t l y 

g r e a t e r than the zero time c o n t r o l v a l u e . 

5. C h a r a c t e r i s a t i o n of the i n v i t r p amino acid i n c o r p o r a t i n g systems 

A. tRNA aminoacylation system 

T h i s system was used i n the p r e l i m i n a r y assay of aminoacylation 

of y e a s t and bean tRNA, and i n the bulk p r e p a r a t i o n of aminoacyl-

tRNA. 

Using y e a s t tRNA, l e v e l s of 450pmoles phenylalanine/mg tRNA were 

obtained i n p r e l i m i n a r y charging experiments, however i n bulk 

charging experiments l e v e l s of 380pmoles phenylalanine/mg tRNA 

were r o u t i n e l y obtained. Table 10 i n d i c a t e s t h a t the major l o s s 

i n r a d i o a c t i v i t y occurred during the i n i t i a l e t hanol p r e c i p i t a t i o n 

i n v o l v e d i n recovery of the aminoacylated tRNA from the incubation 

mixture. 
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Table 10 
r i 4 i ri4 "i 

Loss of I C p h e n y l a l a n i n e from I Cjphenylalany1-tRNA during 

recovery from the aminoacylation i n c u b a t i o n mixture. 

Sample removed a t end 
of aminoacylation p e r i o d 
(pmoles p h e n y l a l a n i n e / 

mgtRNA 

Samples removed a f t e r 
f i r s t ethanol p r e c i p 
i t a t i o n (pmoles pheny 
lalanine/mg tRNA) 

Sample removed 
a f t e r second 
ethanol p r e c i p i t 
a t i o n (pmoles 
phenylalanine/mg 
tRNA) 

474.2 367.2 341.3 

l o s s of radio
a c t i v i t y 

22.5% 28.0% 

lOOmg of y e a s t tRNA were aminoacylated w i t h C J p h e n y l a l a n i n e 

as d e s c r i b e d i n the Methods. 2x0.lml samples were removed a t the 

end of the above s t a g e s and 5.0ml 5 % ( W / v ) TCA i c e c o l d TCA were added. 

A f t e r s t a n d i n g f o r 1 hr i n an i c e bath the p r e c i p i t a t e was c o l l e c t e d 
w 

on a M i l l i p o r e f i l t e r and washed u s i n g 3 x 5 ml of i c e c o l d 5%( /v) TCA 

andl counted as d e s c r i b e d i n the Methods. The tRNA c o n c e n t r a t i o n was 
260 

determined from the E u s i n g a f u r t h e r 0.1ml sample. 
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The e f f e c t of temperature on arainoacylation of y e a s t 

tRNA w i t h p h e n y l a l a n i n e u s i n g bean HE52 supernatant as enzyme 

f r a c t i o n i s shown i n F i g . 1 5 . There was a r a p i d i n c r e a s e i n 
o _ o 

aminoacylation as the temperature i n c r e a s e d from 0 -20 . 

Between 20-30° there was a l i n e a r , but very s l i g h t , i n c r e a s e 
o 

i n a m inoacylation w i t h i n c r e a s i n g temperature. Beyond 30 

the degree of aminoacylation decreased w i t h i n c r e a s i n g temperature. 

At 30° more than 60% of the observed aminoacylation occurred 

w i t h i n the f i r s t 10 min. of in c u b a t i o n , and the aminoacylation 

was complete w i t h i n 20 min ( F i g . 1 6 ) . 

The e f f e c t of magnesium c o n c e n t r a t i o n on aminoacylation i s 

shown i n F i g . 1 7 . The degree of aminoacylation of y e a s t tRNA 
2+ 

with p h e n y l a l a n i n e i n c r e a s e d with i n c r e a s i n g (Mg ) , re a c h i n g 

a maximum a t 16mM. T h e r e a f t e r , i n c r e a s i n g the c o n c e n t r a t i o n 

to 20mM had no f u r t h e r e f f e c t . Such a r e s u l t i s i n s t r i k i n g 

c o n t r a s t to t h a t of Payne (1 9 7 0 ) . Using a bean 105,000xg av. 

supernatant as enzyme source, t h i s author found a sharp magnesium 

optimum f o r aminoacylation of tRNA e x t r a c t e d from 80 day developing 

beans a t lOmM. "With a second optima a t 20mM (between the two 

optima t h e r e was a minimum a t 15mM). 

The degree of aminoacylation i n c r e a s e d with i n c r e a s i n g enzyme 

volume up to a maximum l e v e l , beyond which a d d i t i o n of f u r t h e r 

enzyme had no s i g n i f i c a n t e f f e c t upon the amount of aminoacylation 

obtained ( F i g . 1 8 ) . That t h e r e was no s i g n i f i c a n t decrease i n 

aminoacylation w i t h a d d i t i o n of enzyme i n excess of the amount 

r e q u i r e d f o r maximum i n c o r p o r a t i o n optimum i n d i c a t e s the r e l a t i v e 

absence from the enzyme p r e p a r a t i o n of r i b o n u c l e a s e s and e s t e r a s e s . 
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.15. E f f e c t of temperature on the am i n o a c y l a t i o n of y e a s t tRNA 
Tl4 1 

w i t h C p h e n y l a l a n i n e (48mC/mM). The tRNA aminoacylation 

system i s d e s c r i b e d i n Methods 15 and contained O.lmg y e a s t 

tRNA and the optimum volume ( a s s e p a r a t e l y determined) of 

DE52 supernatant i n a t o t a l volume of lOOy.i.1. The in c u b a t i o n s 

were maintained f o r 20 min a t the s t a t e d temperature. 
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.16. The time course of aminoacylation of y e a s t tRNA wi t h 

Cj p h e n y l a l a n i n e . The tRNA aminoacylation system i s 

d e s c r i b e d i n Method 15 and contained O.lmgtRNA and the 

optimum volume ( a s s e p a r a t e l y determined) of bean DE52 

supernatant i n a t o t a l volume of l O O y j l . Incubations were 
o 

maintained a t 30 f o r the s t a t e d time i n t e r v a l . 
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.17. The e f f e c t of magnesium c o n c e n t r a t i o n upon the aminoacylation 
f l 4 l 

of y e a s t tRNA by CI p h e n y l a l a n i n e (48mC/mM), The tRNA amino

a c y l a t i o n system i s d e s c r i b e d i n the methods ( s e c t i o n 15) and contained 

O.lmg y e a s t tRNA and the optimum volume of bean DE52 supernatant 

i n a t o t a l volume of 100 
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.18. E f f e c t of V. faba DE52 supernatant enzyme on aminoacylation 

of y e a s t tRNA w i t h ^ 1 4 c jphenylalanine(48mC/mM). The 

aminoacylation system i s d e s c r i b e d i n Methods, S e c t i o n 15. 
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The c o n c e n t r a t i o n of the DE-52 supernatant was u s u a l l y approximately 

15mg/ml, c o n c e n t r a t i o n s of approximately lmg DE52 enzyme/ml i n c u b a t i o n 

promoted maximum am i n o a c y l a t i o n . 

Both aminoacylated and d e a c y l a t e d tRNA st o r e d i n l i q u i d 

n i t r o g e n remained a c t i v e f o r p e r i o d s i n excess of 1 y e a r . Repeated 

f r e e z i n g and thawing had no e f f e c t upon the a c t i v i t y of e i t h e r 

aminoacylated or d e a c y l a t e d tRNA. 

B. The poly(U)-dependent complete system 

I n the presence of microsomes or ribosomes, d e a c y l a t e d tRNA 

and enzyme f r a c t i o n c o n t a i n i n g a l l those enzymes r e q u i r e d f o r amino

a c y l a t i o n of tRNA, and peptide change e l o n g a t i o n and t r a n s l o c a t i o n , 

and a s u i t a b l e i n f o r m a t i o n a l template^ f r e e amino a c i d s can be 

inc o r p o r a t e d i n t o hot (90°) TCA i n s o l u b l e ( p e p t i d y l ) m a t e r i a l . 

I n t h i s work the i n c o r p o r a t i o n of y Cj p h e n y l a l a n i n e i n 

response to the s y n t h e t i c messenger, poly(U) was c h a r a c t e r i s e d 

u s i n g m a t e r i a l prepared from developing and germinating beans. 

The b a s i c c h a r a c t e r i s t i c s of the system were the same w i t h m a t e r i a l 

prepared from developing or germinating beans and the only s i g n i f i c a n t 

d i f f e r e n c e noted was i n the l e v e l s of i n c o r p o r a t i o n obtained ( T a b l e 6 ) . 

Table 11 shows the requirements of the system u s i n g microsomes 

from germinated seeds. There was an almost complete dependence 

upon added messenger, P o l y ( U ) . L e v e l s of 300-500 pmoles p h e n y l a l a n i n e 

incorporated/rag rRNA were r o u t i n e l y obtained i n the presence of P o l y ( U ) , 

i n i t s absence l e v e l s of 10-25 pmoles phenylalanine/mg rRNA were 

obtained. 
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Table 11 

Dependence of i n c o r p o r a t i o n of CJph e n y l a l a n i n e i n the Poly(U) 

dependent complete system upon added components. 

Incubation I n c o r p o r a t i o n 
(pmoles p h e n y l a l a n i n e / 

mg rRNA) 

% complete 

complete system 358 100 

complete-Poly(U) 23 6 

complete-GTP 242 67 

complete-ATP 61 17 

complete-ATP 
generating system 177 49 

complete-ATP-ATP 
gene r a t i n g system 3 1 

complete-DTT 209 58 

c omplete-enzyme 21 6 

complete-tRNA 33 9 

complete-microsomes 1 < 1 

The complete system used was as d e s c r i b e d i n the Methods and contained 

0.5mg microsomes i s o l a t e d from 3 day germinated beans, 0.2mg 

dea c y l a t e d y e a s t tRNA and the optimum volume ( a s s e p a r a t e l y determined) 

of bean d i a l y s e d enzyme i n a t o t a l volume of 500ul. 
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The e f f e c t of pH on the Poly(U) dependent i n c o r p o r a t i o n 
of p h e n y l a l a n i n e i s presented i n F i g . 1 9 . The sharp pH optimum 
a t pH7.6 was followed by a decrease i n i n c o r p o r a t i o n w i t h 
i n c r e a s i n g pH up to pH8.6 a t which point the i n c o r p o r a t i o n had 
f a l l e n to 75% of i t s value a t the pH optimum. An i n c r e a s e of 
0.6 pH u n i t s above the optimum mt pH7.6 was accompanied by a 
17% decrease i n a c t i v i t y whereas d e c r e a s i n g the pH0.6 u n i t s below 
the optimum r e s u l t e d i n an 86% f a l l i n a c t i v i t y . 

The r a t e of Poly(U)-dependent p h e n y l a l a n i n e i n c o r p o r a t i o n 

was s t r o n g l y temperature dependent ( F i g . 2 0 . ) The time course 

of p h e n y l a l a n i n e i n c o r p o r a t i o n ( F i g . 2 1 ) a t 30° shows a l i n e a r 

i n c r e a s e i n i n c o r p o r a t i o n w i t h time up to 40 min a t 30°, whereas 

a t 37° the i n i t i a l r a t e of i n c o r p o r a t i o n was g r e a t e r but the 

maximum i n c o r p o r a t i o n was lower and was a t t a i n e d over a per i o d of 
o o 

30 min. At both 30 and 37 i n c o r p o r a t i o n was v i r t u a l l y complete 

a f t e r 40 min and f u r t h e r i n c u b a t i o n f o r peri o d s of up to 120 min 

did not r e s u l t i n a s i g n i f i c a n t i n c r e a s e i n i n c o r p o r a t i o n i n d i c a t i n g 

the r e l a t i v e absence of s i g n i f i c a n t amounts of b a c t e r i a from the 

pr e p a r a t i o n s (Mans and N o v e l l i , 19641}. 

F i g u r e 22 shows the dependence of i n c o r p o r a t i o n upon added 

magnesium. I n c o r p o r a t i o n i n c r e a s e d w i t h i n c r e a s i n g magnesium 

to reach a maximum between 16-18mM, a d d i t i o n of f u r t h e r magnesium 

up to 20mM was accompanied by a decrease i n i n c o r p o r a t i o n . 

As shown i n Table 11, maximum l e v e l s of ph e n y l a l a n i n e 

i n c o r p o r a t i o n were dependent upon the a d d i t i o n of GTP and ATP. 

The i n c o r p o r a t i o n obtained was a l s o dependent upon the a d d i t i o n of 

enzyme. I n most c a s e s d i a l y s e d supernatant or DE52 supernatant 



-162-

F i g , 19. E f f e c t of pH upon the Poly(U) dependent i n c o r p o r a t i o n of 

c ]phenylalanine i n the complete system. The complete system 

i s d e s c r i b e d i n Methods, S e c t i o n 19B and contained 0.5mg 

microsomes prepared from 3 day germinated seeds of V. faba and 

0.2mg deac y l a t e d y e a s t tRNA and the optimum volume of d i a l y s e d 

bean supernatant i n a t o t a l volume of 500 y l . 
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F i g . 20. E f f e c t of temperature on the Poly ( U ) dependent 

The complete system I s d e s c r i b e d i b Methods, S e c t i o n 19B and 

contained 0.5mg microsomes prepared from 3 day germinated beans 

0.2mg d e a c y l a t e d y e a s t tRNA and the optimum volume as 

s e p a r a t e l y determined of bean d i a l y s e d DE52 enzyme i n a 

t o t a l volume of 500yxl. Incubations were maintained a t 

the s t a t e d temperature f o r 20 min. 

i n c o r p o r a t i o n of 4 i p h e n y l a l a n i n e i n the complete system. 
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F i g . 2 1 . The time course f o r i n c o r p o r a t i o n of CJ p h e n y l a l a n i n e 

i n the Pply-(U) dependent complete system. The complete 

system i s d e s c r i b e d i n Methods, S e c t i o n 19B and contained 

0.5mg of microsomes from 3 day germinated seeds of V. faba •, 

0.2mg de a c y l a t e d y e a s t tRNA and the optimum volume of bean 

d i a l y s e d enzyme i n a t o t a l volume of 500 i ^ l . 
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F i g , 2 2 . E f f e c t of magnesium c o n c e n t r a t i o n on the Pol y ( U ) 
f l 4 l 

dependent i n c o r p o r a t i o n of C p h e n y l a l a i n e i n the complete 

system. The complete system i s d e s c r i b e d i n Methods, 

S e c t i o n 19B, 
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was used as enzyme source. The amount of enzyme used was t h a t 

volume which r e s u l t e d i n the maximum amount of i n c o r p o r a t i o n and 

was r o u t i n e l y i n the r e g i o n of 1 mg protein/1 ml i n c u b a t i o n . 

Table 11 a l s o shows th a t there i s c o n s i d e r a b l e dependence upon 

added tRNA, however dependence upon added tRNA was always l e s s 

than upon added enzyme. There was no s i g n i f i c a n t i n c o r p o r a t i o n 

i n the absence of microsomes or ribosomes. 

C. Poly(U) dependent t r a n s f e r system 

The t r a n s f e r of p h e n y l a l a n i n e from aminoacyl l i n k a g e i n 

CJphenylalanyl-tHNA i n t o peptide bond i n p o l y p h e n y l a l a n i n e was 

measured i n the Poly(U) d i r e c t e d t r a n s f e r system. ( T a b l e s 12 and 13) 

was s t r o n g l y dependent upon the presence of the s y n t h e t i c 

messenger, P o l y ( U ) , I n the absence of Poly(U) only low but 

s i g n i f i c a n t and r e p r o d u c i b l e l e v e l s of i n c o r p o r a t i o n were obtained, 

these a r e a t t r i b u t e d to n a t u r a l messenger RNA at t a c h e d to the 

microsomes or ribosomes. I n the absence of microsomes or ribosomes 

th e r e was no s i g n i f i c a n t i n c o r p o r a t i o n of p h e n y l a l a n i n e . 

I n the absence of added enzyme the i n c o r p o r a t i o n by bean 

microsomes was decreased to 6% of t h a t obtained i n the complete 

t r a n s f e r system. However u s i n g 1% T r i t o n X100 ribosomes the l e v e l 

of i n c o r p o r a t i o n i n the absence of added enzyme f e l l to 2% of 

t h a t obtained w i t h the complete system. Using e i t h e r bean microsomes 

or ribosomes $nly p a r t i a l dependence upon added GTP and DTT could 

be demonstrated, and i n each case the l e v e l of dependence was 

c l o s e l y s i m i l a r . 

L 1 4 c 

I n c o r p o r a t i o n of N p h e n y l a l a n i n e i n t o peptide 
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Table 12 

Dependence of Poly(U) d i r e c t e d t r a n s f e r system upon added c o f a c t o r s 

u s i n g bean microsomes. 

Component I n c o r p o r a t i o n 
(pmoles p h e n y l a l a n i n e / 

mgrRNA) 

% complete 
t r a n s f e r system 

complete 
t r a n s f e r system 

complete-enzyme 

complete-Poly(U) 

complete-GTP 

complete-DTT 

complete-microsomes 

143 

8.7 

5.9 

73.7 

17.5 

1.2 

6 

4 

52 

12 

1 

The t r a n s f e r system contained 0.5 mg of microsomes from 3 

day germinated beans, 0.2mg y e a s t I C -phe-tRNA (311 pmoles/ 

mgtRNA) and the optimum volume ( a s s e p a r a t e l y determined) of bean 

d i a l y s e d enzyme. Incubation was c a r r i e d out a t 30° f o r 20 min. 
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Table 13 

Dependence of the Poly(U) d i r e c t e d t r a n s f e r system upon added 

c o f a c t o r s u s i n g bean ribosomes. 

Component I n c o r p o r a t i o n 
(pmoles p h e n y l a l a n i n e / 

mg rRNA 

% complete 
t r a n s f e r system 

complete 
t r a n s f e r system 

complete-enzyme 

complete-Poly(U) 

complete-GTP 

complete-DTT 

complete-ribosomes 

141.0 

2.44 

4.21 

81.00 

18.40 

0.92 

2% 

3% 

57% 

13% 

1% 

The t r a n s f e r system contained 0.5mg of 3 day germinated bean T r i t o n 
fl4 1 

X100 ribosomes, 0.2mg of y e a s t I C -phe-tRNA (311 pmoles/mgtRNA) 

and the optimum volume ( a s s e p a r a t e l y determined) of bean d i a l y s e d 

enzyme. The c o n d i t i o n s of i n c u b a t i o n were as d e s c r i b e d i n the 

Methods. 
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The t r a n s f e r system was s t r o n g l y dependent upon added 

magnesium, i n c o r p o r a t i o n i n c r e a s i n g w i t h i n c r e a s i n g l e v e l s of 

magnesium to reach a sharp optimum a t 7mM. The a d d i t i o n of 

f u r t h e r magnesium up to 20mM being accompanied by an approximately 

88% decrease i n ph e n y l a l a n i n e i n c o r p o r a t i o n . F i g u r e 23 shows the 

e f f e c t of magnesium c o n c e n t r a t i o n s upon i n c o r p o r a t i o n with v a r i o u s 

types of microsomes or ribosome p r e p a r a t i o n s prepared from 3 day 

germinated seeds, the shape of the curve i s b a s i c a l l y s i m i l a r 

i n each c a s e , and the magnesium optimum f o r a l l four types of 

p r e p a r a t i o n was 7mM. 

In c o r p o r a t i o n of ph e n y l a l a n i n e i n the Poly(U) dependent 

system e x h i b i t e d a sharp temperature optimum a t 30° ( F i g , 2 4 ) , 

F i g u r e 25 shows the time courses f o r i n c o r p o r a t i o n a t 25°, 30° 

and 37°, At 25° and 30° in c u b a t i o n continued throughout the 

60 min assay p e r i o d . I n each c a s e the high i n i t i a l l i n e a r r a t e of 

i n c o r p o r a t i o n was maintained f o r approximately 20 min a f t e r which 

t h e r e was a gradual d e c l i n e i n the r a t e of i n c o r p o r a t i o n . 

The h i g h e s t l e v e l of i n c o r p o r a t i o n was achieved a t 30°. At 
o 

37 however the i n i t i a l r a t e of i n c o r p o r a t i o n was f a s t e r but was 

maintained f o r only 5 minutes and i n c o r p o r a t i o n was v i r t u a l l y 

complete w i t h i n 20 min and the maximum i n c o r p o r a t i o n obtained was 

50% lower than t h a t obtained a t 30°. 

In c o r p o r a t i o n of p h e n y l a l a n i n e was dependent upon the 

c o n c e n t r a t i o n of f"^cjphenylalany1-tRNA added to the inc u b a t i o n 

tRNA/50Cy,l i n c u b a t i o n . T h i s amount of [ Cjphe-tRNA was t h e r e f o r e 

r o u t i n e l y added to the t r a n s f e r system r a t h e r than adding a constant 

( F i g . 2 6 ) , i n c r e a s i n g to a maximum l 1 4 c a t approximately 0.20 mg phe 
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F i g . 2 3 . E f f e c t of magnesium c o n c e n t r a t i o n on the Poly( U ) 

t r a n s f e r system. The t r a n s f e r system contained 0.2mg 

H-4 1 
y e a s t C Phe-tRNA ( s p . a c t . 342pmoles/mgtRNA) and 0.5mg 

of the s t a t e d type of microsomes or ribosomes from 3 day 

germinated beans, and the optimum volume ( a s s e p a r a t e l y 

determined) of bean d i a l y s e d supernatant. 

dependent i n c o r p o r a t i o n of p h e n y l a l a n i n e i n the 

• unwashed microsomes 

D 
O 

-a 
NH.Cl ribosomes 4 
1% ( W / w ) T r i t o n X100 ribosomes 

o washed microsomes 
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F i g , 2 4 . E f f e c t of temperature upon the P o l y ( U ) dependent i n c o r p o r a t i o n 
f l 4 1 

of C p h e n y l a l a i n e i n the t r a n s f e r system. The t r a n s f e r 

system i s d e s c r i b e d i n Methods, S e c t i o n 19A and contained 0.5mg 

of NH^Cl ribosomes prepared from 3 day germinated beans, 0,2mg 
Tl4 1 

y e a s t C Phe-tRNA (sp.act.382pMoles/mgtRNA) and the 

optimum volume ( a s s e p a r a t e l y determined) of G25 supernatant 

prepared from 60 day developing beans. Incubations were maintained 

a t the s t a t e d temperature f o r 20 min. 
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F i g , 2 5 . Time course f o r the Poly(U) dependent t r a n s f e r system a t 

d i f f e r e n t temperatures. The t r a n s f e r system i s d e s c r i b e d 

i n Methods, S e c t i o n 19A and contained 0.5mg of NH^Cl 

ribosomes, 0.2mg of y e a s t ^'L4cJ Phe-tRNA (sp.act.382pMoles/ 

mgtRNA) and the optimum volume ( a s s e p a r a t e l y determined 

of G25 supernatant. 
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Tl4 1 
F i g , 2 6 , E f f e c t of C Phe-tRNA c o n c e n t r a t i o n upon the 

hil 
i n c o r p o r a t i o n of C p h e n y l a l a n i n e i n the Poly(U) dependent 
t r a n s f e r system. The t r a n s f e r system i s d e s c r i b e d i n 

Methods, S e c t i o n 19A, and contained the s t a t e d amount of y e a s t 

Phe-tRNA (sp,act,382pmoles/mgtRNA), 
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number of counts of p h e n y l a l a n i n e s i n c e i t appears l i k e l y 

t h a t the optimum in c u b a t i o n c o n d i t i o n s as determined and 

d e s c r i b e d above p r e v a i l only f o r a s p e c i f i c tRNA c o n c e n t r a t i o n 

I t seems l i k e l y t h a t a v a r i a t i o n i n the amount of tRNA added 

to the system would r e s u l t i n an a l t e r a t i o n i n the parameters 

of the system. 

There was a sharp pH optimum a t pH7.6, i n c r e a s e or 

decrease i n pH beyond t h i s p oint r e s u l t e d i n a decrease i n 

i n c o r p o r a t i o n ( F i g . 2 7 ) . The system was however more s e n s i t i v e 

to d e c r e a s i n g pH, a f a l l of 0.6 pH u n i t s from the optimum a t 

pH7.6 r e s u l t e d i n a 88% decrease i n i n c o r p o r a t i o n , w h i l s t an 

i n c r e a s e of 0.6pH u n i t s was accompanied by only a 33% decrease 

i n a c t i v i t y . 

For each batch of enzyme used, the c o n c e n t r a t i o n of enzyme 

necessary f o r maximum i n c o r p o r a t i o n was determined, v a l u e s 

i n the r e g i o n of lmg p r o t e i n / l m l i n c u b a t i o n were r o u t i n e l y 

obtained f o r d i a l y s e d supernatant. 

6, Comparison of the e f f i c i e n c y of v a r i o u s enzyme p r e p a r a t i o n s 
i n the P o l y ( U ) dependent t r a n s f e r system 

Table 14 shows a comparison of the e f f i c i e n c i e s of v a r i o u s 

enzyme p r e p a r a t i o n s i n the Poly(U) dependent t r a n s f e r system u s i n g 

1% T r i t o n X100 ribosomes prepared from 3 day germinated beans. 

The a c t i v i t y of the crude 105,000xg av. supernatant was i n c r e a s e d 

by 350% by d i a l y s i s and removal of p r e c i p i t a t e d g l o b u l i n s . 

F o l l o w i n g d i a l y s i s however, the c o n c e n t r a t i o n of the supernatant 

was so low as to n e c e s s i t a t e i t s c o n c e n t r a t i o n by u l t r a f i l t r a t i o n , 

t h i s was t h e r e f o r e adopted as a r o u t i n e procedure. 

r a t h e r than f o r a s p e c i f i c p h e n y l a l a n i n e c o n c e n t r a t i o n . 
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F i g . 2 7 . E f f e c t of pH on the Poly(U) dependent i n c o r p o r a t i o n of 

C|phenylalanine i n the t r a n s f e r system. The t r a n s f e r system 

i s d e s c r i b e d i n Methods, S e c t i o n 19A and contained 0.5mg of 

microsomes prepared from 3 day germinated beans, 0.2mg y e a s t 

^cJphe-tRNA (sp.act,382pmoles/mgtRNA) and the optimum volume 

of bean d i a l y s e d supernatant i n a t o t a l volume of 500 
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Table 14 

E f f i c i e n c i e s of v a r i o u s enzyme pr e p a r a t i o n s i n the P o l y ( U ) -

dependent t r a n s f e r system. 

Enzyme p r e p a r a t i o n Incorpora t ion (pmoles fc 1 p h e n y l a l a n i n e / 
mg rRNA) 

Crude 105,000xg av. 
supernatant 44.8 

D i a l y s e d 105,000xg av. 
supernatant 146.0 

Concentrated d i a l y s e d 
supernatant 157.0 

Gni. supernatant 134.2 

DE52 supernatant 171.8 

7 0 % ( N H 4 ) 2 S 0 4 f r a c t i o n 103.7 

DE52 supernatant a f t e r 
u l t r a f i l t r a t i o n 164.7 

The e f f i c i e n c i e s of v a r i o u s enzyme p r e p a r a t i o n s was compared 

i n the Poly(U)-dependent t r a n s f e r system c o n t a i n i n g 0.5mg of 3 day 
Tl4 1 

germinated bean T r i t o n X100 ribosomes, 0.2mg of CI -phe tRNA 

( s p . a c t 311 pmoles/mg tRNA) and the optimum volume (as s e p a r a t e l y 

determined) of the s t a t e d enzyme. 
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The a c t i v i t y of enzyme prepared i n t h i s manner was 
e q u i v a l e n t to t h a t prepared by d i a l y s i s of the concentrated 
p r o t e i n s o l u t i o n which drained from i n c l i n e d f l a s k s of 105,000xg av. 
supernatant. 

Removal of contaminating s m a l l molecules by chromatography 

on Sephadex G o c. and of tRNA by chromatography on D E A E - c e l l u l o s e 

DE52 r e s u l t e d i n 300% and 380% i n c r e a s e i n a c t i v i t y r e s p e c t i v e l y . 

C o n c e n tration of DE52 supernatant by p r e c i p i t a t i o n a t 70% ammonium 

sulphate r e s u l t e d i n a 40% decrease i n a c t i v i t y compared to the 

o r i g i n a l DE52 supernatant. 

f l 4 1 
7. I n c o r p o r a t i o n of |_ C j l y s i n e i n the P o l y ( A ) d i r e c t e d complete system 

Table 15 shows a comparison of the Poly(U) d i r e c t e d i n c o r p o r a t i o n 

of ^ ^ c j p h e n y l a l a n i n e i n t o p o l y p h e n y l a l a n i n e and the Poly(A) 

d i r e c t e d i n c o r p o r a t i o n of ( 1 4 c J l y s i n e i n t o p o l y l y s i n e . I n 

both the r e t i c u l o c y t e and bean complete systems the a d d i t i o n of 

Poly(U) r e s u l t e d i n a g r e a t e r than ten f o l d i n c r e a s e i n i n c o r p o r a t i o n 

over the—Poly(U) l e v e l . However i n both the r e t i c u l o c y t e and bean 

complete systems t h e r e was no s i g n i f i c a n t d i f f e r e n c e i n the l e v e l s 
f i 4 I 

of i n c o r p o r a t i o n of (_ C l l y s i n e i n the presence or absence of P o l y ( A ) . 

However the r e s u l t s obtained w i t h each system were r e p r o d u c i b l e . 

S i n c e the l e v e l s of i n c o r p o r a t i o n obtained w i t h the r e t i c u l o c y t e 
and bean system were not i d e n t i c a l i t seems u n l i k e l y t h a t they 

f i 4 1 

re p r e s e n t only ^ C l l y s i n e which remained on the f i l t e r paper 

a f t e r the- washing procedure, 
8. R e s o l u t i o n of the complementary f r a c t i o n s i n v o lved i n peptide 

c h a i n e l o n g a t i o n 
A. Chromatography on Sephadex G200 
The method used was e s s e n t i a l l y t h a t of Moldave (1 9 6 8 ) . 
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Table 15 

Comparison of Poly ( U ) d i r e c t e d i n c o r p o r a t i o n of ph e n y l a l a n i n e and 

T l 4 l 

Poly(A) d i r e c t e d i n c o r p o r a t i o n of Cl l y s i n e i n the complete system 

with r e t i c u l o c y t e ribosomes and microsomes prepared from 60 day 

developing beans. 
Incubation c o n d i t i o n s I n c o r p o r a t i o n 

(pmoles p h e n y l a l a n i n e / 
mg rRNA) 

I n c o r p o r a t i o n 
(pmoles l y s i n e / 

mg rRNA) 

R e t i c u l o c y t e 
ribosomes-Poly(U) 56.4 

R e t i c u l o c y t e 
ribosomes+Poly(U) 611.0 

R e t i c u l o c y t e 
ribosomes-Poly(A) 214.0 

R e t i c u l o c y t e 
r ibosomes+Poly(A) 198 

Bean microsomes-Poly(U) 20.0 
Bean microsomes+Poly(U) 215.7 
Bean microsomes-Poly(A) 130.0 
Bean microsomes+Poly(A) 126.0 

D u p l i c a t e determinations were c a r r i e d out i n a l l c a s e s and the 

average v a l u e s p r e s e n t e d . The Po l y ( A ) complete system i s d e s c r i b e d 

i n the methods and contained 0.5mg of r e t i c u l o c y t e ribosomes or bean 

microsomes, 0.2mg of deac y l a t e d r e t i c u l o c y t e or bean (germinating) 

tRNA, and the optimum volume ( a s s e p a r a t e l y determined) of r e t i c u l o c y t e 

40/70 enzyme or bean 105,000xg av. supernatant. The s p . a c t . of 
1*14 1 

the Cl l y s i n e used was lOOmC/mM. 
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Samples were taken a t each step i n the p u r i f i c a t i o n procedure 
and assayed f o r t h e i r a b i l i t y to promote Poly(U) dependent 
i n c o r p o r a t i o n of {_ ( ^ phenylalanine from {, Cjphe-tRNA i n t o 
p e p t i d y l m a t e r i a l , using . ammonium c h l o r i d e washed bean ribosomes. 
I n each c a s e approximately 1 mg of p r o t e i n , a s determined by the 
Lowry F o l i n e s t i m a t i o n , was used. The s p e c i f i c a c t i v i t y of 
the p r o t e i n f r a c t i o n i n c r e a s e d throughout the p u r i f i c a t i o n 
procedure and the s p e c i f i c a c t i v i t y of the 25-60% ammonium sulphate 
f r a c t i o n a p p l i e d to the G200 column was almost twice t h a t of the 
i n i t i a l supernatant ( T a b l e 1 6 ) , 

A s i n g l e peak of 280mn absorbing m a t e r i a l was e l u t e d from 

the column. When 0.2ml a l i q u o t s of the f r a c t i o n s were assayed 

i n d i v i d u a l l y f o r t h e i r a b i l i t y t o promote P o l y ( U ) dependent 

i n c o r p o r a t i o n , a s i n g l e peak of a c t i v i t y extending from f r a c t i o n s 
( F i g . 2 8 ) 

16-55 was found. T h i s p r o t e i n f r a c t i o n e l u t e d ahead of the main 

peak of e f f l u e n t p r o t e i n . 0.1ml samples of f r a c t i o n 25 were 

assayed i n combination w i t h other f r a c t i o n s i n order to r e s o l v e 

any p r o t e i n f r a c t i o n s having a complementary e f f e c t i n peptide c h a i n 

e l o n g a t i o n . The f r a c t i o n s 25-65 were simultaneously r e a s s a y e d i n d i v 

i d u a l l y . 

Despite i n d i c a t i o n s of t h r e e peaks of a c t i v i t y ( F i g . 2 9 ) t h e r e 

was no evidence of any complementation between the v a r i o u s f r a c t i o n s 

s i n c e i n no cas e was the a c t i v i t y of any combination of f r a c t i o n s 

g r e a t e r than t h a t of f r a c t i o n 25 alone. When f r a c t i o n s 25-65 were 

reassayed i n d i v i d u a l l y on t h i s second o c c a s i o n the shape of the peak 

obtained was e s s e n t i a l l y s i m i l a r to t h a t obtained i n i t i a l l y and 

ther e was no s i g n i f i c a n t decrease i n the a c t i v i t y of the p r o t e i n 

f r a c t i o n s . 
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Table 16 

Changes i n the a c t i v i t y of 60 day developing bean concentrated 
d i a l y s e d supernatant during the s t e p s i n v o l v e d i n the r e s o l u t i o n 
of the enzymes involved i n peptide c h a i n e l o n g a t i o n . 

Step i n the P u r i f i c a t i o n pmoles ph e n l y a l a n i n e i n c o r p o r a t e d / 
procedure mg rRNA/mg enzyme p r o t e i n i n Pol y ( U ) 

dependent t r a n s f e r system ( S p . a c t . ) 

I n i t i a l concentrated 
d i a l y s e d supernatant 26.0 

pH5.2 supernatant n e u t r a l i s e d 
to pH7.0 31.9 

Gnc. e f f l u e n t 40.7 

C a 3 ( P 0 4 ) 2 e f f l u e n t 41.2 

25-65%(NH / 1) 0 S0„ f r a c t i o n 53.6 4 2 4 

The modified Poly(U) dependent system used to assay a c t i v i t y of bean 

concentrated d i a l y s e d supernatant during the step s i n v o l v e d i n the r e s o l u t i o n 

of the enzymes involved i n peptide c h a i n e l o n g a t i o n i s d e s c r i b e d i n 

the Methods. I n each c a s e approximately lmg of p r o t e i n / 5 0 0 u 1 i n c u b a t i o n 

was used, 0.2mg yeastlphe-tRNA (sp.act.335 pmoles/mg tRNA) and 0.5mg 

ammonium c h l o r i d e ribosomes prepared from 60 day developing bean. 

I n the absence of added enzyme, a background l e v e l of 2.94 pmoles 

p h e n y l a l a n i n e were inco r p o r a t e d per mg rRNA. 
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F i g . 2 8 . Chromatography on Sephadex G200 of p a r t i a l l y p u r i f i e d 

V. faba s o l u b l e p r o t e i n . 120mg of p a r t i a l l y p u r i f i e d p r o t e i n 

(25-65%) (NH ) SO f r a c t i o n (Methods, S e c t i o n 22A), i n a volume 

of 8 ml were chromatographed on a 30x2.4cm column o f sephadex 

G200. F r a c t i o n s of approximately 5.75 ml were c o l l e c t e d 

and the a b i l i t y of f r a c t i o n s to promote the Poly(U) dependent 
f l 4 I f l 4 1 i n c o r p o r a t i o n of C[ p h e n y l a l a n i n e from CjPhe-tRNA i n t o 

p e p t i d y l m a t e r i a l was assayed u s i n g NH^Cl washed ribosomes 

prepared from 60 day developing cotyledons of V. fa b a . 0.2ml 

a l i q u o t s of the v a r i o u s f r a c t i o n s were incubated w i t h 0,5mg 

of ribosomes and 0.2mg y e a s t ^ CjPhe-tRNA ( s p . a c t 335pmoles/ 

mgVRNA) i n the modified t r a n s f e r system (Methods, S e c t i o n 22B) 

The background l e v e l o f i n c o r p o r a t i o n i n the absence of added 

enzyme i s i n d i c a t e d 

N 



6i 

I 
< 

a 
o 3 

CO 
CO 

rlO 0 

\06a$«> \ 5> 1 CMO LU 
04 

K>2 
0 0 40 i b0 80 100 

Fraction no. 



-182-

F i g . 29. Complementary e f f e c t of G200 f r a c t i o n 25 upon aminoacyl 

t r a n s f e r by f r a c t i o n s 28-65. The complementary e f f e c t of 

0.1ml of f r a c t i o n 25 upon aminoacyl t r a n s f e r of the f r a c t i o n s 

25-68 was measured i n the modified t r a n s f e r system (Methods, 

s e c t i o n 22B) c o n t a i n i n g 0,5mg NH^Cl washed ribosomes prepared 

f o r 60 day developing beans, 0,2mg y e a s t JjL 4cJ Phe-tRNA ( s p . 

a c t , 335pmoles/mgtRNA) and 0.1ml of the s t a t e d f r a c t i o n . 

F r a c t i o n s were 25-65 and were assyed i n d i v i d u a l l y i n the above 

d e s c r i b e d system. 

^ ^ 0.1ml F r a c t i o n s 25-65 assayed i n d i v i d u a l l y 

Q Q 0,1ml F r a c t i o n 25 i n combination w i t h 0.1ml of 

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

The background l e v e l of i n c o r p o r a t i o n i n the absence of added 

enzyme i s i n d i c a t e d 
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Between each s e t of a s s a y s the f r a c t i o n s were s t o r e d a t 

-20°. When the f r a c t i o n s were thawed on the t h i r d o c c a s i o n 

there was a complete l o s s of a c t i v i t y . 

The experiment was repeated on a f u r t h e r o c c a s i o n w i t h a 

s i m i l a r l a c k of r e s o l u t i o n . 

B. Chromatography on Sepharose 4B 

10ml of concentrated d i a l y s e d 105,000xg av. bean supernatant 

were chromatographed on a Sepharose 4B column, a t a flow r a t e of 

40ml/hr as d e s c r i b e d i n the methods. F r a c t i o n s were c o l l e c t e d 

a t 6 min i n t e r v a l s . Two poorly r e s o l v e d peaks of 280nm 

absorbing m a t e r i a l were e l u t e d f o r the column ( F i g . 3 0 . ) 

0.1ml samples of the f r a c t i o n s were assayed f o r t h e i r a b i l i t y 

[14 1 Cftphenylalanine 

114 1 CJphe-tRNA i n t o peptide m a t e r i a l u s i n g ammonium c h l o r i d e 

x 2 washed ribosomes. 

Two d i s t i n c t peaks of t r a n s f e r a c t i v i t y were obtained, a major 

peak extending from f r a c t i o n s 25-50, which appeared to r e p r e s e n t 

two incompletely r e s o l v e d peaks of a c t i v i t y , and a minor peak 

extending from f r a c t i o n 50-63. 

0.1ml of f r a c t i o n 37, corresponding to the peak of aminoacyl 

t r a n s f e r a c t i v i t y was assayed i n combination w i t h 0.1ml of f r a c t i o n s 

40-67 i n order to d e t e c t any complementation between the v a r i o u s 

f r a c t i o n s . Simultaneously f r a c t i o n s 37-67 were re a s s a y e d i n d i v i d u a l l y . 

When f r a c t i o n s 37-67 were assayed i n d i v i d u a l l y on t h i s second o c c a s i o n 

the peak of a c t i v i t y was found to be d i s p l a c e d , the a c t i v i t y of 

f r a c t i o n 37 having decreased r e l a t i v e to i t s former v a l u e , the 
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F i g . 3 0 . Chromatography of con c e n t r a t e d d i a l y s e d bean 105,000xg 

supernatant on Sepharose 4B. 10ml of concentrated d i a l y s e d 

105,000xg supernatant were chromatographed on a 2.4x30cm 

column of Sepharose 4B (Methods, S e c t i o n 22c) and the column 

f r a c t i o n s assayed i n the modified t r a n s f e r system (Methods, 

S e c t i o n 22B). The background l e v e l of i n c o r p o r a t i o n i n the 

absence of added enzyme i s i n d i c a t e d ........... 
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a c t i v i t y of f r a c t i o n 40 remained e s s e n t i a l l y unchanged w h i l s t 
the a c t i v i t y of f r a c t i o n 43 had increased by approximately 15%. 
F r a c t i o n 43 now represented the peak of t r a n s f e r a c t i v i t y . 
There was no i n d i c a t i o n of the minor peak extending from f r a c t i o n 
50-63 which was evident i n the i n i t i a l set of assays and the 
values obtained f o r these f r a c t i o n s were equivalent t o those of 
the minus enzyme background c o n t r o l . 

When f r a c t i o n s 40-67 were assayed i n combination w i t h 

f r a c t i o n 37, 2 peaks of aminoacyl t r a n s f e r a c t i v i t y were detected 

( F i g . 3 1 ) . The peak extending from f r a c t i o n s 40-53 coincided 

w i t h the second p a r t of the double peak obtained i n the o r i g i n a l 

assay (Fig.30) but because of the d i f f e r e n c e i n a c t i v i t i e s obtained 

on the second assay, i t appeared as a d i s t i n c t peak. 

A novel peak extending from f r a c t i o n s 53-63 was obtained, 

t h i s peak coincided w i t h the p o s i t i o n of the second peak obtained 

i n the i n i t i a l assays which, when assayed on the second occasion, 

was no longer apparent. I t may be assumed t h a t t h i s peak represents 

a complementary e f f e c t of f r a c t i o n 37 upon the t r a n s f e r a c t i v i t y 

of the f r a c t i o n s 53-63 since combination of f r a c t i o n 37 w i t h these 

f r a c t i o n s r e s u l t s i n a 100% increase i n t r a n s f e r a c t i v i t y . 

o 

The f r a c t i o n s were stored a t -20 between successive sets of 

assays (performed *n consecutive days) but on thawing f o r a t h i r d 

occasion there was a complete loss of t r a n s f e r a c t i v i t y . 

9. C h a r a c t e r i s a t i o n of the product of i n v i t r o system 

A. Levels of i n c o r p o r a t i o n 

Table 17 shows the l e v e l of i n c o r p o r a t i o n achieved by the 

normal microsomeSand microsomes prepared i n the presence of r a t 
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F i g . 31, Complementary e f f e c t of Sepharose 4B f r a c t i o n 37 

upon aminoacyl t r a n s f e r by f r a c t i o n s 40-67, 

The complementary e f f e c t of f r a c t i o n 37 upon aminoacyl 

t r a n s f e r by f r a c t i o n s 40-67 was assayed i n the 

modified t r a n s f e r system described i n the lengend t o 

F i g . 29. 

^ ^ O . l r a l f r a c t i o n s 37-67 assayed i n d i v i d u a l l y 

^ ^O.lml F r a c t i o n 37 i n combination w i t h 0.1ml 
o o 

of the i n d i c a t e d f r a c t i o n 

The background l e v e l of i n c o r p o r a t i o n i n the absence of added 

enzyme i s i n d i c a t e d ,.. 
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Table 17 

[35 I 
I n c o r p o r a t i o n of I SJ methionine i n response t o endogenous mRNA by 

normal microsomes from 60 day developing seeds of V. faba and microsomes 

prepared i n the presence of r a t l i v e r high speed supernatant. 

Normal microsomes 
(cpm/5ml in c u b a t i o n ) 

Microsomes prepared 
i n presence of r a t 
l i v e r s/n, 
(cpm/5ml in c u b a t i o n ) 

1,152,750 938,100 

The complete system i s described i n the methods and contained 5 mg 

of micitsomes, 2 mg of deacylated tRNA prepared from 60 day developing 

bean and the optimum volume (as separately determined) of V. faba 

concentrated, d i a l y s e d enzyme f r a c t i o n . Since J^sj methionine 

i n c o r p o r a t i o n d i r e c t e d by endogenous mRNA was measured, Poly(U) was 
Ti2 T-

o m i t t e d , and a C -amino a c i d mixture - methionine replaced the 
amino aci d mixture - phenylalanine. Incubation was c a r r i e d 

out a t 25 f o r 40 min. 
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l i v e r h i gh speed supernatant. The a c t i v i t y of the normal 
microsome preparations was 18% greater than those prepared i n 
the presence of r a t l i v e r high speed supernatant. 

^ T r y p t i c F i n g e r p r i n t 

The t r y p t i c f i n g e r p r i n t i s shown i n Fig.32. Despite a 

considerable degree of s t r e a k i n g a number of d i s t i n c t spots 

could be i d e n t i f i e d . For purposes of comparison the overlay 

t o f i g . 3 2 shows a map of the n i n h y d r i n p o s i t i v e t r y p t i c 

f i n g e r p r i n t s of CM-legumin. (B a i l e y and B o u l t e r , 1970). The 

overlay i s p o s i t i o n e d so t h a t the n e u t r a l peptides of Bailey 

and Bou l t e r are al i g n e d w i t h the area of most dense r a d i o a c t i v i t y 

i n the carboxymethylated (CM-) i n v i t r o product. Two of the 
r 3 51 
L Sjmethionyl peptides of the digested CM-in v i t r o product ran 

t o approximately the same p o s i t i o n as two o f the [^s] methionyl 

peptides obtained on t r y p t i c d i g e s t i o n of p u r i f i e d CM-^^j-legumin. 

10. Resolution of methionyl tRNA's 

A, Chromatography on DEAE-Sephadex A50 

18mg of 60 day developing bean deacylated tRNA i n b u f f e r A 

(0.375M-NaCl, 0.005M-MgCl2> ImM-mercaptoethanol and 0.02M-Tris-HCl 

pH7.5) were a p p l i e d t o a 1 x 50 cm column o f DEAE-Sephadex A50 and 

e l u t e d using a l i n e a r gradient of 250ml b u f f e r A and 250 b u f f e r B 

(0.475M-NaCl, 0.016M-MgCl2, lmM-mercaptoethanol, 0.02M-Tris-HCl 

pH7.5). The e l u t i o n p r o f i l e , as determined by continuous 

mo n i t o r i n g a t 260nm, and the methionine acceptor capacity of 

selected f r a c t i o n s of tRNA a f t e r chromatography are shown i n Fig.33. 

Two d i s t i n c t peaks of 260nm absorbing m a t e r i a l were e l u t e d . The 

f i r s t peak t o e l u t e was a w e l l defined peak e l u t i n g between f r a c t i o n s 

10-25, the second peak was a broad d i f f u s e peak extending from 



F i g . 32. Autoradiograph of a t r y p t i c f i n g e r p r i n t of the 

£ S j - l a b e l l e d CM-in v i t r o product. 

Microsomes prepared from 60 day developing cotyledons of 

V.faba were incubated i n the complete system (Methods, 

s e c t i o n 19B) c o n t a i n i n g 26 nMolesj^sjmethionine (15C/mM) 

i n a t o t a l volume of 5.0ml. Carboxymethylation was c a r r i e d out 

as described (Methods, s e c t i o n 23C) and the CM-in v i t r o 

product was digested with t r y p s i n and f i n g e r p r i n t e d 

as described (Methods, s e c t i o n s 23D & E ) . The overlay 

i s a diagrammatic r e p r e s e n t a t i o n of the ninhydrin p o s i t i v e 

t r y p t i c peptides of CM-legumin, p o s i t i o n e d so that the 

n e u t r a l peptides are a l i g n e d with the area of most dense 

r a d i o a c t i v i t y i n the CM-in v i t r o product. The overlay 

a l s o i n d i c a t e s the sulphur containing peptides ( h o r i z o n t a l 

hatching) obtained from t r y p t i c d i g e s t s of carboxymethylated 

S j - l e g u m i n . V e r t i c a l hatching i n d i c a t e s r a d i o a c t i v e 
" Il4 1 peptides from d i g e s t s of C karboxymethylated-legumin; 

cross-hatched peptides were t h e r e f o r e r a d i o a c t i v e i n 

both digests.The o r i g i n i s at the top r i g h t hand corner 

and i s i n d i c a t e d r . 

The overlay i s reproduced from B a i l e y and B o u l t e r (1970) 

with permission. 
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f r a c t i o n s 25-75. When selected f r a c t i o n s were aminoacylated 
using 60 day developing bean DE52 supernatant as enzyme source, 
two incompletely resolved peaks of methionine acceptor a c t i v i t y 
were obtained e l u t i n g a t 0.39M-and 0.40M-sodium c h l o r i d e and 
extending from f r a c t i o n s 25-63. The peaks of methionine acceptor 
a c t i v i t y w i l l be r e f e r r e d t o as Peak 1 and Peak 2 i n order of e l u t i o n . 
Both peaks were aminoacylated t o approximately the same extent 

• 
^by bean DE52 supernatant. 

This type of separation was r o u t i n e l y obtained when f r a c t i o n s 

were assayed using 60 day developing bean DE52 supernatant as the 

enzyme source, however during the development of t h i s technique 

E . c o l i DE52 supernatant was used as a source of enzymes and 

separations of the type as shown i n Fig.34 were obtained. The 

- d i f f e r e n c e i n e l u t i o n p r o f i l e of the tRNA may be ascribed t o 
• 

. d i f f e r e n c e s i n the co n d i t i o n s under which separation was performed 

and t o the absence of 2-mercaptoethanol from the b u f f e r s . Two 

peaks of methionine acceptor a c t i v i t y were obtained. The methionine 

acceptor a c t i v i t y obtained was approximately 40% of t h a t obtained 

using bean supernatant under the c o n d i t i o n s described i n the legend 

t o Fig.33. The f i r s t peak e l u t i n g a t 0.408M-NaCl was equated w i t h 

the Peak 2 e l u t i n g a t 0.40M under the p r e v i o u s l y described c o n d i t i o n s 

and the novel peak e l u t i n g a t 0.425M-NaCl probably represents a 

met-tRNA species not prev i o u s l y resolved. However the extremely 

low degree of aminoacylation w i t h E . c o l i DE52 supernatant precluded 

any f u r t h e r i n v e s t i g a t i o n of t h i s peak. 
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Fig.33. Chromatography of V. faba tRNA on DEAE-sephadex A50. 

Methionine acceptor capacity assayed using bean DE52 

enzyme, 20mg o f deacylated 60 day developing bean tRNA 

(prepared as described i n Methods, Section 11) were 

chromatographed on a 1x50 cm column of DEAE-sephadex A50 

and the methionine acceptor capacity assayed using bean 

DE52 supernatant enzyme as described i n Methods, Section 24B. 



6 

/ 

i 0-5 
co 

» 
in 

CO 
CD 

0-4 2-5 CD 

co CO 
CD 

8 20 CD 

CO 1 

CMO 1 
LU 

10 
K>5 

Q3 i • i i 20 eio 40 60 100 Fraction no. 



-192-

F i g . 34, Chromatography of V. faba tRNA On DEAE-Sephadex A50. 

Methionine acceptor capacity assayed using E, c o l i DE52 

enzyme. Chromatography was c a r r i e d out as described i n 

Methods, Section 24B except t h a t the lmM-2-mercaptoethanol 

was omitted from e i t h e r the columns e q u i l i b r i a t i o n or e l u t i o n 
o 

b u f f e r s and chromatography was c a r r i e d out a t 20 , The 

methionine acceptor capacity of the f r a c t i o n s was assayed 

as described i n Methods, Section 24B using E, c o l i DE52 

supernatant enzyme. 
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B. Chromatography on BD-cellulose 

28 mg of bean deacylated tRNA were chromatographed on 

a 1 x 32cm column of BD-cellulose. Five poorly resolved major 

peaks of 260nm absorbing m a t e r i a l were e l u t e d (Fig.34b). When 

the f r a c t i o n s were assayed f o r methionine acceptor capacity using 

bean DE52 supernatant two major and one minor peak of a c t i v i t y 

were obtained. I n keeping w i t h the nomenclature used by the 

wheat germ workers (Tarrago et a l . , 1970; Leis and K e l l e r , 1970; 

Garcia » 1970), these are r e f e r r e d t o as tRNA^ e t, tRNAg™16* 

and tRNAg 6*, i n order of t h e i r e l u t i o n from the column. The 

tRNA^ m e t e l u t e d a t 0.55M-sodium c h l o r i d e , between f r a c t i o n s 

63-78 i n a w e l l defined peak, w h i l s t t R N A 2
m e t e l u t e d a t 0.68M-

sodium c h l o r i d e , between f r a c t i o n s 103-115 and was incompletely resolved 
met 

from tHNAg which e l u t e d a t 0.73M-sodium c h l o r i d e extending 

from f r a c t i o n s 115-128. The r e l a t i v e methionine acceptor 
met 

c a p a c i t i e s using bean DE52 supernatant were i n the order tRNA.̂  ^ > 
, . met . , . met 
tRNA g tRNAg 

C. E f f e c t of enzyme source on the degree of aminoacylation 
of the separated column f r a c t i o n s 

Fractions corresponding t o peaks of methionine acceptor 

a c t i v i t y were aminoacylated using 60 day developing bean or 

E . c o l i DE52 supernatant i n the presence or absence of formyl 

donor. Only i n the case of DEAE-Sephadex peak 2 was there a 

s i g n i f i c a n t a l t e r a t i o n i n the degree of aminoacylation by bean 
(Table 18) 

enzyme i n the presence of the formyl donor. A d d i t i o n of the 

formyl donor r e s u l t e d i n a 30% decrease i n the acceptor capacity 

of peak 2. Using the f r a c t i o n s separated by e i t h e r method, only 

one of the major f r a c t i o n s CtRNAj"161' and DEAE-Sephadex peak 2) was 
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F i g . 34b. Chromatography o f 60 day d e v e l o p i n g bean tRNA on 

B D - c e l l u l o s e . 28mg o f d e a c y l a t e d tRNA were chromatographed 

on a 1x32cm column o f B D - c e l l u l o s e and t h e column f r a c t i o n s 

assayed f o r m e t h i o n i n e a c c e p t o r a c t i v i t y u s i n g bean DE52 

s u p e r n a t a n t enzyme as d e s c r i b e d i n Methods, S e c t i o n 24B. 
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a m i n o a c y l a t e d w i t h E . c o l i enzyme i n e i t h e r t h e presence o r absence 

o f a f o r m y l donor. Only i n t h e case o f DEAE-Sephadex peak 2 d i d 

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

t h e degree o f a m i n o a c y l a t i o n by E . c o l i DE52. I n t h e presence o f 

t h e f o r m y l donor t h e r e was a 28% i n c r e a s e i n t h e m e t h i o n i n e 

a c c e p t o r a c t i v i t y o f DEAE-Sephadex peak 2. C o n t r o l samples o f 

u n f r a c t i o n a t e d c o m m e r c i a l l y o b t a i n e d E . c o l i tRNA were a m i n o a c y l a t e d 

w i t h bean o r E . c o l i DE52 s u p e r n a t a n t , w i t h o r w i t h o u t f o r m y l donor. 

A d d i t i o n o f t h e f o r m y l donor r e s u l t e d i n 28% and 27% i n c r e a s e s 

r e s p e c t i v e l y i n t h e degree o f m e t h i o n i n e a c c e p t o r a c t i v i t y . 

1 1 . I d e n t i f i c a t i o n o f m e t h i o n i n e a c c e p t i n g tRNA s p e c i e s 

T35 1 
A. D i g e s t i o n o f |_ SJ methionyl-tRNA s w i t h p a n c r e a t i c 

r i b o n u c l e a s e 
f 3 5 1 

( i ) U n f r a c t i o n a t e d 60 day d e v e l o p i n g bean L SJmethionyl-tRNA 

100/ig o f 60 day d e v e l o p i n g bean tRNA were a m i n o a c y l a t e d w i t h L S j m e t h i o n i n e (sp.act.530mG/mM) i n t h e presence o f f o r m y l donor 

u s i n g 60 day d e v e l o p i n g bean DE52 s u p e r n a t a n t as an enzyme s o u r c e . 

As a c o n t r o l a s i m i l a r q u a n t i t y o f c o m m e r c i a l l y o b t a i n e d un

f r a c t i o n a t e d d e a c y l a t e d E . c o l i tRNA was a m i n o a c y l a t e d under i d e n t i c a l 

c o n d i t i o n s u s i n g E . c o l i DE52 s u p e r n a t a n t . F o l l o w i n g d i g e s t i o n by 

b o v i n e p a n c r e a t i c RN'ase and subsequent e l e c t r o p h o r e t i c s e p a r a t i o n 

o f t h e aminoacy1-adenylates an a u t o r a d i o g r a p h ( F i g 3 5 ) was p r e p a r e d . 

I n t h e case o f E . c o l i i^sl methionyl-tRNA t h e major r a d i o a c t i v e 

a l s o p r e s e n t s u b s t a n t i a l amounts o f a fra g m e n t i d e n t i f i e d as N - f o r m y l -

f r a g m e n t was i d e n t i f i e d as m e t h i o n y l - a d e n o s i n e There was 

Sj m e t h i o n y l - a d e n o s i n e as w e l l as t r a c e s o f f r e e m e t h i o n i n e . 
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F i g . 3 5 . A u t o r a d i o g r a p h o f an ionogram o f b o v i n e p a n c r e a t i c RNase 

A d i g e s t o f u n f r a c t i o n a t e d J^35sJmet-tRNA fr o m E. c o l i and 60 

day d e v e l o p i n g bean. U n f r a c t i o n a t e d tRNA's were a m i n o a c y l a t e d 

m e t h i o n i n e (sp.act,6.3C/mM) by homologous DE52 

s u p e r n a t a n t i n t h e pr e s e n c e o f f o r m y l donor. A f t e r r e - i s o l a t i o n 

t h e p 5sjmet-tRNA's were d i g e s t e d w i t h p a n c r e a t i c RNase (10yi»g) 

and a p p l i e d t o Whatman 3MM paper and e l e c t r o p h o r e s e d a t pH3.5, 

3kV, l h r . l . D i g e s t o f u n f r a c t i o n a t e d E. c o l i 3 5 S met-tRNA; 
f 3 5 * | 

2, digest<£ 60 day d e v e l o p i n g bean S met-tRNA. 

X = f r e e m e t h i o n i n e 

Y = N - f o r m y l ' - m e t h i o n y l - a d e n o s i n e 

Z = methionyl«adenosine 



4: Mt,fm©*yt -**t**\mt. 
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D i g e s t i o n o f bean £ 3 5s]methionyl—tRNA a l s o y i e l d e d m e t h i o n y l -
a d e n o s l n e as t h e major f r a g m e n t b u t w i t h o n l y a s l i g h t t r a c e o f 
N - f o r m y l - m e t h i o n y l - a d e n o s i n e . Free m e t h i o n i n e was a g a i n a l s o 
p r e s e n t i n t r a c e amounts. 

( i i ) £ 3 5S^methionyl tRNA's r e s o l v e d by DEAE-Sephadex 
chromatography 

DEAE-Sephadex f r a c t i o n s c o r r e s p o n d i n g t o peaks o f m e t h i o n i n e 
F35 1 

a c c e p t o r a c t i v i t y were a m i n o a c y l a t e d w i t h (_ S J m e t h i o n i n e ( s p . a c t , 

279G/mM) u s i n g E . c o l i DE52 and 60 day d e v e l o p i n g bean DE52 s u p e r n a t a n t s 

i n t h e presence o f f o r m y l donor and t h e methionyl—tRNA d i g e s t e d 

by p a n c r e a t i c RN'ase. S e p a r a t i o n by i o n o p h a r e s i s and subsequent 

a u t o r a d i o g r a p h y gave t h e r e s u l t s shown i n F i g . 3 6 ) . The 

i d e n t i f i c a t i o n o f t h e r a d i o a c t i v e f r a g m e n t s was a u t h e n t i c a t e d by 
[35 1 

comparison w i t h t h o s e o b t a i n e d u s i n g u n f r a c t i o n a t e d [. SJmethionyl'-

tRNA p r e p a r e d and d i g e s t e d s i m u l t a n e o u s l y under i d e n t i c a l c o n d i t i o n s 

and, as p r e v i o u s l y d e s c r i b e d , by e l u t i o n , h y d r o l y s i s and r e -

e l e c t r o p h o r e s i s . I n t h e case o f t h e E . c o l i tRNA a m i n o a c y l a t e d 

by e i t h e r bean o r E . c o l i s u p e r n a t a n t , s p o t s c o r r e s p o n d i n g t o m e t h i o n y l -

adenosine and N - f o r m y l - m e t h i o n y l - a d e n o s i n e were^as expected, o b t a i n e d 

i n a d d i t i o n t o f r e e m e t h i o n i n e . 

The f r a c t i o n c o r r e s p o n d i n g t o DEAE-Sephadex peak 1 when 

a m i n o a c y l a t e d by E . c o l i s u p e r n a t a n t showed i n a d d i t i o n t o f r e e 

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

a denosine and N - f o r m y l - m e t h i o n y l - a d e n o s i n e , however, i n view o f 
f 3 5 1 

t h e v e r y h i g h s p e c i f i c a c t i v i t y o f t h e (_ S j l m e t h i o n i n e i t must be p o i n t e d 

o u t t h a t t h e s e r e p r e s e n t components p r e s e n t i n a l m o s t i n s i g n i f i c a n t 

p r o p o r t i o n s . When peak 1 was charged by bean s u p e r n a t a n t a s t r o n g 

s p o t i d e n t i f i e d as m e t h i o n y l - a d e n o s i n e was o b t a i n e d as w e l l as 
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F i g . 3 6 . A u t o r a d i o g r a p h o f an ionogram o f b o v i n e p a n c r e a t i c 

RNase A d i g e s t s o f u n f r a c t i o n a t e d E. c o l i p 5sj met-tRNA and DEAE-
f35 1 

sephadex peak 1 and peak 2 Slraet-tRNA s. A m i n o a c y l a t i o n w i t h 

SJ m e t h i o n i n e (sp.act,27C/mM) was c a r r i e d o u t i n t h e presence o f 

f o r m y l donor as d e s c r i b e d i n Methods, S e c t i o n s 24D, A f t e r 
r 3 5 1 

r e - i s o l a t i o n t h e I Sjmet-tRNA's were d i g e s t e d w i t h b o v i n e p a n c r e a t i c 

RNase A as d e s c r i b e d i n Methods, S e c t i o n 25 and e l e c t r o p h o r e s e d 

a t pH3.5, 3ky, l h r , 1 . D i g e s t o f E. c o l i tRNA a m i n o a c y l a t e d by 

E. c o l i DE52 s u p e r n a t a n t ; 2, d i g e s t o f E. c o l i tRNA a m i n o a c y l a t e d 

by bean DE52 s u p e r n a t a n t ; 3, Peak 1 tRNA a m i n o a c y l a t e d as f o r 1; 

4, Peak 1TRNA a m i n o a c y l a t e d as f o f 2; 5,peak 2 tRNA a m i n o a c y l a t e d 

as f o r 1; 6, peak 2 a m i n o a c y l a t e d as f o r 2, 

M = f r e e m e t h i o n i n e a p p l i e d as a s t a n d a r d 

X = f r e e m e t h i o n i n e 

Y = N - f o r m y l - m e t h i o n y l - a d e n o s i n e 

Z = m e t h i o n y l - a d e n o s i n e 
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s l i g h t i n d i c a t i o n s o f an N - f o r m y l - m e t h i o n y l - a d e n o s i n e r e s i d u e . 
T h i s i s c o n s i s t e n t w i t h t h e d a t e o f T a b l e 18 showing a low degree 
o f a m i n o a c y l a t i o n o f peak 1 by E . c o l i s u p e r n a t a n t . 

When peak 2 was a m i n o a c y l a t e d i n t h e presence o f E . c o l i 

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

was o b t a i n e d . I n a d d i t i o n t o f r e e m e t h i o n i n e t h e r e was some 

i n d i c a t i o n o f a frag m e n t i d e n t i f i e d as N - f o r m y l - m e t h i o n y l - a d e n o s i n e . 

Using, bean enzyme o n l y t h e m e t h i o n y l - a d e n o s i n e a n d - m e t h i o n i n e 

s p o t s were i d e n t i f i a b l e . 

( i i i ) £ 3^slmethionyl-tRNA's r e s o l v e d by chromatography 
on BP c e l l u l o s e 

F i g u r e 37 shows t h e a u t o r a d i o g r a p h o b t a i n e d a f t e r i o n o p h o r e s i s 

o f p a n c r e a t i c RN'ase d i g e s t s o f BD c e l l u l o s e f r a c t i o n s c o r r e s p o n d i n g 
f35 1 

t o SJmethionyl-tRNA^, tRNAg and tRNAg w h i c h had been a m i n o a c y l a t e d 

i n t h e presence o r absence o f f o r m y l donor u s i n g 60 day bean DE-52 
f35 1 

s u p e r n a t a n t . E . c o l i _̂ SJmethionyl-tRNA was used as a c o n t r o l . 

I n b o t h t h e presence and absence o f f o r m y l donor E . c o l i j ^ s j m e t h i o n y l -

tRNA gave s p o t s c o r r e s p o n d i n g t o m e t h i o n y l - a d e n o s i n e and 

N - f o r m y l - m e t h i o n y l - a d e n o s i n e however i n t h e presence o f t h e f o r m y l 

donor t h e r e was a c o n s i d e r a b l y g r e a t e r p r o p o r t i o n o f t h e N - f o r m y l -

m e t h i o n y l - a d e n o s i n e . 

When tRNA^ was a m i n o a c y l a t e d i n e i t h e r t h e presence o r absence 

o f f o r i u y l donor o n l y one s p o t c o r r e s p o n d i n g t o m e t h i o n y l - a d e n o s i n e 

was i d e n t i f i e d . S i m i l a r l y , f o r tRNA„, t h e r e was no i n d i c a t i o n 

o f any s p o t c o r r e s p o n d i n g t o N - f o r m y l - m e t h i o n y l - a d e n o s i n e , The 

degree o f a m i n o a c y l a t i o n o f tRNA^ was so low t h a t no s p o t s c o u l d 

be i d e n t i f i e d on t h e f i g u r e shown. However o t h e r a u t o r a d i o g r a p h s 
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F i g . 3 7 , A u t o r a d i o g r a p h o f an ionogram o f p a n c r e a t i c RNase d i g e s t o f 

u n f r a c t i o n a t e d E. c o l i [ 3 5 s j met-tRNA, |"35s] met-tRNA™ 6*, [ 3 5s] met-tRNA 
and j ^ s j met-tRNA™ 6*. A m i n o a c y l a t i o n by ^ ^ s j m e t h i o n i n e ( s p . a c t 

510mC/mM) was c a r r i e d o u t as d e s c r i b e d i n Methods, S e c t i o n 24D. 

and t h e r e - i s o l a t e d ^^sj met-tRNA 1 s were d i g e s t e d by b o v i n e 

p a n c r e a t i c RNase A as d e s c r i b e d i n Method, S e c t i o n 25, l , t R N A m e t 

a m i n o a c y l a t e d by 60 day d e v e l o p i n g bean DE52 s u p e r n a t a n t i n t h e 
met 

absence o f added f o r m y l donor; 2,tRNA g a m i n o a c y l a t e d as f o r 

l ; 3 , t R N A m e t a m i n o a c y l a t e d as f o r l $ 4 , u n f r a c t i o n a t e d E. c o l i tRNA 

a m i n o a c y l a t e d as f o r l } 5 , t R N A " e t a m i n o a c y l a t e d by bean DE52 s u p e r 

n a t a n t i n t h e presence o f added f o r m y l d o n o r } 6,tRNA n ig t a m i n o a c y l a t e d 

as f o r 5; 7,tRNA™ 6* a m i n o a c y l a t e d as f o r 5 j 8, u n f r a c t i o n a t e d E. c o l i 

tRNA a m i n o a c y l a t e d as f o r 5; M= f r e e m e t h i o n i n e a p p l i e d as a s t a n d a r d 

X = m e t h i o n i n e 

Y = N - f o r m y l - m e t h l o n y l adenosine 

Z = m e t h i o n y l a d e n o s i n e 

met 
2 



• 19 
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p r e p a r e d u s i n g h i g h s p e c i f i c a c t i v i t y (27C/mM) m e t h i o n i n e 

r e v e a l e d t r a c e s o f an N - f o r m y l - m e t h i o n y l - a d e n o s i n e s p o t . 

B. D i g e s t i o n o f m e t h i o n y l tRNA's w i t h T, r i b o n u c l e a s e 

( i ) DEAE-Sephadex peaks 1 and 2 

F r a c t i o n s c o r r e s p o n d i n g t o DEAE-Sephadex peak 1 and peak 2 

and u n f r a c t i o n a t e d d e a c y l a t e d E . c o l i tRNA were a m i n o a c y l a t e d w i t h 

s j m e t h i o n i n e ( s p . a c t . 14C/mM) i n t h e presence o r absence o f 

f o r m y l donor u s i n g 60 day bean DE52 s u p e r n a t a n t o r E . c o l i DE52 
f 3 5 1 

s u p e r n a t a n t . The |_ Sj methionyl-tRNA s were d i g e s t e d by T^ 

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

i o n o p h o r e s i s . 
F i g u r e 38 i s an a u t o r a d i o g r a p h o f an i o n o p h o r e t o g r a m 

f 3 5 I 
o f t h e I Sj methionyl-tRNA' s c o r r e s p o n d i n g t o DEAE-Sephadex 

Peaks 1 and 2j shows t h a t t h e s e d i f f e r i n n u c l e o t i d e 

c o m p o s i t i o n f r o m t h e c o r r e s p o n d i n g E . c o l i tRNA's. I n a d d i t i o n 

t o s p o t s c o r r e s p o n d i n g t o m e t h i o n i n e and m e t h i o n i n e s u l p h o x i d e , t h r e e 

l a b e l l e d o l i g o n u c l e o t i d e s were i d e n t i f i e d i n T.̂  d i g e s t s o f E . c o l i 

u n f r a c t i o n a t e d r 5 S j m e t h i o n y l - t R N A . These a r e i d e n t i f i e d as 

f r a g m e n t s . 

Peak 1 tRNA was n o t s i g n i f i c a n t l y a m i n o a c y l a t e d by E . c o l i DE52 

i n e i t h e r t h e presence o r absence o f f o r m y l donor and no r a d i o a c t i v e 

f r a g m e n t s were d e t e c t a b l e . When peak 1 tRNA was a m i n o a c y l a t e d i n 

t h e p resence o f bean DE52 s u p e r n a t a n t , o n l y one l a b e l l e d fragment,, 

i n a d d i t i o n t o m e t h i o n i n e and m e t h i o n i n e s u l p h o x i d e was i d e n t i f i a b l e . 

The l a b e l l e d o l i g o n u c l e o t i d e d i d n o t move as a d i s c r e t e s p o t b u t 

s t r e a k e d b a d l y towards t h e p o s i t i v e e l e c t r o d e . The m o b i l i t y was 

a n d 

c o r r e s p o n d i n g t o t h e met-tRNA,,(X), met-tRNA^CY) and f-met-tRNA_(Z) V 



-202-

F i g . 3 8 . A u t o r a d i o g r a p h o f an ionogram o f a T r i b o n u c l e a s e d i g e s t 

o f E. c o l i and bean I SImet-tRNA's. U n f r a c t i o n a t e d E. c o l i tRNA 

and DEAE-sephadex , Peak 1 and Peak 2,were a m i n o a c y l a t e d w i t h 

S I m e t h i o n i n e (sp.act,14C/mM) as d e s c r i b e d i n Method, S e c t i o n 

24D, a f t e r r e - i s o l a t i o n t h e [ 3 5s] met-tRNA' s were d i g e s t e d w i t h 

r i b o n u c l e a s e as d e s c r i b e d i n Methods, S e c t i o n s 26. 

a, a m i n o a c y l a t e d by 60 day d e v e l o p i n g bean DE52 s u p e r n a t a n t 

i n t h e presence mi added f o r m y l d o n o r , b , as f o r a i n t h e absence 

o f f o r m y l donor; c, a m i n o a c y l a t e d by E. c o l i DE52 s u p e r n a t a n t i n 

t h e p r esence o f f o r m y l donor; d, as f o r c i n t h e absence o f f o r m y l 

donor. Peak 1 was n o t a m i n o a c y l a t e d under c o n d i t i o n s c and d 

and o n l y one sample was e l e c t r o p h o r e s e d . 

M,, M_ a r e m e t h i o n i n e s u l p h o x i d e and m e t h i o n i n e r e s p e c t i v e l y . 

35 S 

met-tRNA.. f r a g m e n t M 
met-tRNA_ f r a g m e n t F 

n met-tRNA„ f r a g m e n t 



• • • % f M 
m # * $ M 

/ 

•J 

E.co l i Peak 2 Peak 1 
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q u i t e d i s c r e t e f r o m t h a t o f e i t h e r peak 2 o r E . c o l i |_ Sj 

o l i g o n u c l e o t i d e s . The \^s\methionyl-oligonucleotide fr o m 

met 

peak 2 r a n towards t h e anode as a d i s c r e t e s p o t . I t s m o b i l i t y 

was g r e a t e r t h a n t h a t o f t h e c o r r e s p o n d i n g f r a g m e n t f r o m 

E . c o l i met-tRNA b e i n g a l m o s t t h e same as t h a t f r o m f-met-tRNA . F r 

Only i n t h e case o f E . c o l i tRNA was t h e r e any s i g n i f i c a n t d i f f e r e n c e 

between samples a m i n o a c y l a t e d i n t h e presence and absence o f 

f o r m y l d o n or. 

F i g u r e 39 shows an a u t o r a d i o g r a p h p r e p a r e d under s i m i l a r 

c o n d i t i o n s t o t h a t shown i n F i g . 3 8 . However t h e s p e c i f i c a c t i v i t y 
f 3 5 1 

o f t h e [_ Sj m e t h i o n i n e used i n a m i n o a c y l a t i o n was i n c r e a s e d t© 

27C/mM. The r e s u l t s a r e i d e n t i c a l t o t h o s e shown i n F i g . 3 8 , 

o l i g o n u c l e o t i d e d e r i v e d f r o m peak 1 tRNA. When peak 1 tRNA was 

a m i n o a c y l a t e d by bean DE52 s u p e r n a t a n t i n e i t h e r t h e presence o r 

absence o f t h e f o r m y l donor a major f r a g m e n t was o b t a i n e d w h i c h 

s t r e a k e d towards t h e anode. T h i s f r a g m e n t was absent when 

E . c o l i DE52 s/n was used as t h e enzyme s o u r c e . However i n a l l 

f o u r samples t h e r e was e v i d e n c e o f a fragment w i t h i d e n t i c a l 

m o b i l i t y t o t h a t o f t h e E . c o l i met-tRNA^ f r a g m e n t , when a m i n o a c y l a t i o n 

t o o k p l a c e i n t h e presence o f f o r m y l donor t h e r e i s e v i d e n c e o f a 

fragm e n t c o r r e s p o n d i n g t o t h e E . c o l i •F-met-tRNA,, f r a g m e n t . When 
— r 

a m i n o a c y l a t i o n t o o k p l a c e i n t h e presence o f E . c o l i enzyme w i t h o u t 

f o r m y l donor t h e r e i s ev i d e n c e o f a fragment c o r r e s p o n d i n g t o t h e 

E . c o l i met-tRNA f r a g m e n t . There i s a l s o p r e s e n t a f r a g m e n t w i t h - jr 

m o b i l i t y i d e n t i c a l t o t h a t o f peak 2 tRNA i n d i c a t i n g i n t h i s case 

i n c o m p l e t e r e s o l u t i o n o f t h e t h r e e tRNA s p e c i e s . I t i s u n l i k e l y 

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

b u t i n t h i s ease, t h e r e i s e v i d e n c e o f more t h a n one met 
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F i g . 3 9 . As f o r F i g . 3 8 . Aminoacylation was c a r r i e d out u s i n g 

methionine (sp.act,27C/mM^and samples of Peak 1 

aminoacylated under c o n d i t i o n s C and d were e l e c t r o p h o r e s e d . 



W W 

• • • 
h p H 

a b e d a b c d a b e d 

Peak 2 Peak J E . c o l i 
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tRNA fragments a r e de r i v e d from contaminating E . c o l i DE52 supernatant 

s i n c e an equal volume of supernatant was used i n the p r e p a r a t i o n 

of peak 2 tRNA samples and i n t h i s c a s e t h e r e i s no evidence of such 

fragments. I t must be s t r e s s e d t h a t because of the very high 

s p e c i f i c a c t i v i t y of the [^s] methionine (27C/mM) used, these 

spots r e p r e s e n t fragments p r e s e n t i n extremely low p r o p o r t i o n s . 

( i i ) tRNA.,, tRNA , tRNA as r e s o l v e d by B D - c e l l u l o s e 
X A o 

met met met F r a c t i o n s corresponding to tRNA , tRNA , and tRNA 
r 3 5 1 

were aminoacylated with |_ Sj methionine (510mC/mM) u s i n g 60 day 

developing bean DE52 supernatant i n the presence or absence of formyl 

donor. The [^s] methionyl-tRNA's were d i g e s t e d with T r i b o n u c l e a s e 

and the r e s u l t a n t o l i g o n u c l e o t i d e s were separated by I o n o p h o r e s i s . 

F i g u r e 40 shows the r e s u l t a n t ionophoretogram. U n f r a c t i o n a t e d 
f 3 5 4 _ 

E . c o l i L SImethionyl-tRNA, prepared and d i g e s t e d under i d e n t i c a l 
c o n d i t i o n s was used as a marker. 

The r e s u l t s a r e e s s e n t i a l l y s i m i l a r to those obtained w i t h 

peak 1 and peak 2 as r e s o l v e d by DEAE-Sephadex. tRNA^ was not 

aminoacylated to a s u f f i c i e n t extent to produce d i s c e r n i b l e spots 

a f t e r autoradiography. 

f35 1 

|_ SI m e t - o l i g o n u c l e o t i d e s i d e n t i f i e d as d e r i v e d from the met-

tRNA^, met-tRNAp, and f-met-tRNAp s p e c i e s (X, Y and Z r e s p e c t i v e l y ) 

were obtained w i t h E . c o l i tRNA. I n the absence of formyl donor the 

i n t e n s i t y of the spot corresponding to the met-tRNA - d e r i v e d 

F 
fragment was g r e a t e r than i n the presence of the formyl donor w h i l s t 

T35 1 

the r e v e r s e was t r u e of the fragment from f-met-tRNAp. [_ SJ met-

o l i g o n u c l e o t i d e d e r i v e d from tRNA.^ r a n as a d i s c r e t e spot having 

a m o b i l i t y almost the same as t h a t of I S - o l i g o n u c l e o t i d e from E . c o l i 
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F i g . 40. Autoradiograph' of an ionpgram of Tj. r i b o n u c l e a s e d i g e s t s of. j 

u n f r a c t i o n a t e d E . c o l i ' |*5sJmet-tRNA and bean p 5sj raet-tRNAs r e s o l v e d 

by chromatography on BD-celXulose. Aminoeoylation by bean 

DE52 supernatant ^ 3 5s| methionine .(sp^act. 14C/mNI) and d i g e s t i o n 

were c a r r i e d out as d e t a i l e d i n the legend to F i g . 3 8 . 

l^tKNA™ 6* /amindacylated i n the-absence of added formyl donor; . 

2|tRNA? e t aminoacylated as f »r 1; 3,tRNA™®* aminoacylated a s 
met 

for, 1$4, E . c o l i tRNA aminoacylated a s f o r l ; - 5 , tRNAj 

amindacylated i n the presence of..formyl donor; 6,tBNAg^* 

aminoacylated as f o r 5 j 7, tHNA^g* aminoacylated a s f o r 5; 

8, E . c o l i tRNA aminoacylated as for; 5.. M 1 - methionine : 

sulphoxide and methionine r e s p e c t i v e l y . .7 . 

^ 3 5 s j met-.-tRNAj^ fragment , 
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T a b l e 19 

N-terminal a n a l y s i s of methionine polypeptides 

Messenger 

Methionine i n N-terminus 

met-tRNA, met-tRNA, 

Endogenous 

Poly(AUG) 

Poly(UG) 

69% 

59% 

82% 

13% 

14% 

20% 

Percentage i n c o r p o r a t i o n i n t o N-terminal p o s i t i o n . The complete 

amino a c i d i n c o r p o r a t i n g system has been d e s c r i b e d i n Methods; i t 

a l s o contained i n a t o t a l v o l . of 100y».l, GOj^g poly(AUG) or 50 jxg 

Poly(UG), together with 7 pmoles met-tRNA^ or 6 pmoles met-tRNAg 

from DEAE-Sephadex (1 pmole = 22500 c.p.m.) [^g 2^ w a s 4mM, A f t e r 

30 min,, 10 jig p a n c r e a t i c RNase i n lOOyxl o f lOOmM EDTA was added 

and incubated f o r 2 min. The r e a c t i o n was terminated by the 

a d d i t i o n of 5 ml i c e c o l d 5% (w/v) TCA, 0.1 M Methionine and the 

p r e c i p i t a t i o n washed x 3 w i t h the same s o l u t i o n . N t e r m i n a l a n a l y s 

was by the method of Blomback e t a l , , ( 1 9 6 6 ) . 
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r 3 5 l F-met-tRNA . Whilst the I a met-oligonucleotide from tRNA-., F J 2 
l ike that from peak 1 from DEAE-Sephadex, streaked towards the 

met 
anode. Peak 1 and 2 DEAE-Sephadex correspond to tRNA^ and 

met 

tRNÂ ^ respectively from BD-cellulose, yielding identical 

fragments with identical electrophonetic behaviour. In no case 

was there evidence of additional fragments with mobility related 

to those of the E.coli [^ 5sJ met-oligonucleotides. 
[351 

12. N-terminal analysis of |_ SJ methionine polypeptides (Table 19). 

Methionine labelled polypeptides synthesised in response 

to the synthetic messengers, Poly(AUG) Poly(UG) and to endogenous [351 ^ met J, [35*1 ^ i T O T A met L Sj met-tRNA and |_ Sj met-tRNA were messenger, using k ^ w * . , . ^ L ^ ^ 

analysed for % methionine in the N-terminal posit ion. In a l l 

cases met-tRNA^1"61' ( i . e . peak 2 from DEAE-Sephadex) was more 

effective in donating methionine into the N-terminal position 

than was [ 3 5 s l met™tfM(\(DEAE-Sephadex Peak 1) . Using [ 3 5s| -met -

tRNA no signif icant results could be obtained because of the 

extremely low proportion of this met-tRNA species in the bean 

tRNA preparations and i t s low degree of aminoacylation. 

r 3 5 1 

13. AUG dependent binding of L sj met-tRNA species to bean ribosomes 

The ab i l i t y of [ ^ s j met-tRNA1 s to bind to bean ribosomes in 

response to the synthetic t r i p l e t AUG was assayed. Table 20 
2+ 

shows that met-tRNA and met-tRNA_ were bound at low Mg concentrations 
2+ 

( i . e .< . lOmM), whereas 20mM Mg was required for signif icant binding 
n-P mo+- + RNA -
s*r -»- *aaw St L i X U m g • 
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Tafcle 20 

AUG dependent binding of S met-tRNA s p e c i e s to bean ribosomes 

mMMg 2.2 4.4 6.6 11.0 20.0 

met-tRNA., 

pmoles bound 0.05 0.15 0.19 0.17 0.76 

met-tRNA 2 

pmoles bound - 0.04 0.23 

met-tRNA 3 

pmoles Bound 0.06 0.05 0.08 0.10 0.13 

The AUG dependent b i n d i n g of | SJ met-tRNA to ribosomes e x t r a c t e d 

from 3 day germinated beans was determined by the method of Nirenberg 

and Leder (1964) as d e s c r i b e d i n S e c t i o n 28, Methods. met-tRNA s p e c i e s 

were r e s o l v e d by chromatography on B.D. c e l l u l o s e and aminoacylated w i t h 
r 3 5 1 

S methionine (sp.act.510mC/mM)using 60 day developing bean DE52 

sup e r n a t a n t . A l l f i g u r e s have been c o r r e c t e d f o r binding i n the absence 
2+ 

of AUG a t the r e l e v a n t Mg c o n c e n t r a t i o n . 
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14. R e l e a s e of methionyl-puromycin from bean ribosomes AUG dependent 
r 3 5 i 

The r e a c t i o n between puromycin and [_ g met-tRNA bound i n 

response to the t r i p l e t AUG, was used to d i s t i n g u i s h between 

b i n d i n g a t the i n i t i a t i o n ( p e p t i d y l ) and aminoacyl-tRNA s i t e s 

( B r e t s c h e r and Marker, 1966) on bean ribosomes. The r e s u l t s 

i n Table 21 i n comparison those i n Table 20 show t h a t only 
T35 T r35~| methionine bound as [ SJ met-tRNA^ or a s [ Eg met-tRNAg i s 

r e l e a s e d as methionyl-puromycin. met-tRNA^ bound i n 

response AUG a t high magnesium c o n c e n t r a t i o n was not r e l e a s e d 

by i n c u b a t i o n with puromycin. The a d d i t i o n a l molecules of the 

met-tRNA bound a t high magnesium were not r e l e a s e d by 

puromycin. 
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T a b l e 21 

The r e l e a s e by puromycin of p ŝj met-tRNA bound to bean ribosomes 

i n response AUG. 

mMMg2+ 2.2 4.4 6.6 11.0 20.0 

met-tRNA 1 pmoles 
r e l e a s e d 0.08 0.14 0.12 0.18 0.21 

met-tRNA 2 pmoles 
r e l e a s e d 

met-tRNA„ pmoles 
r e l e a s e d 0.03 0.04 0.05 0.04 0.05 

The r e l e a s e of AUG dependently bound [_ SJ met-tRNA as |_ Sj methionyl-

puromycin was assayed i n the system d e s c r i b e d i n S e c t i o n 29, Methods. 

A l l f i g u r e s have been c o r r e c t e d f o r r e l e a s e i n absence of AUG a t 
2+ 

the r e l e v a n t Mg c o n c e n t r a t i o n . 
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DISCUSSION 

During p r o t e i n s y n t h e s i s , e i t h e r i n v i v o or i n v i t r o , a 

complex s e r i e s of r e a c t i o n s occur i n v o l v i n g a p a r t i c u l a t e component 

(microsome, ribosome or polysome), tRNA, and a v a r i e t y of enzymes 

which r e s u l t i n the p o l y m e r i s a t i o n of amino a c i d s i n t o a p o l y p e p t i d e . 

The r e a c t i o n betwee'n these b a s i c components i s f a c i l i t a t e d by a 

number of s o l u b l e f a c t o r s which a c t i n s e v e r a l d i f f e r e n t ways. 

I n order to understand the i n t e r a c t i o n s between the components 

involved i n p r o t e i n s y n t h e s i s i t i s e s s e n t i a l t h a t the components 

themselves be f u l l y c h a r a c t e r i s e d . Because components d e r i v e d from 

d i f f e r e n t sources d i f f e r i n t h e i r degree of r e a c t i v i t y , no a b s o l u t e 

c r i t e r i o n of r e a c t i v i t y can be e s t a b l i s h e d , e.g. p u r i f i e d tRNA 

pr e p a r a t i o n s from d i f f e r e n t sources may e x h i b i t widely d i f f e r e n t 

s p e c i f i c a c t i v i t i e s . However, such components do e x h i b i t strong 

p h y s i c a l s i m i l a r i t i e s , e s p e c i a l l y i n the c a s e of p a r t i c l e s and 

tRNA and i t i s t h e r e f o r e p o s s i b l e to check the p u r i t y or homogeneity 

of a p r e p a r a t i o n by comparison with a s e r i e s of c r i t e r i a . However 

i t must be s t r e s s e d t h a t such c r i t e r i a of p u r i t y g i v e a b s o l u t e l y 

no guide to the i n v i t r o a c t i v i t y of such p r e p a r a t i o n s . Ktican 

(1966) has demonstrated t h a t a s i n g l e l e s i o n i n rRNA w i t h i n a 

ribosome i s s u f f i c i e n t to render i t i n a c t i v e i n p r o t e i n s y n t h e s i s 

but would have no e f f e c t on the p h y s i c a l c h a r a c t e r i s t i c s of such 

a p a r t i c l e . 

The p a r t i c u l a t e component of the p r o t e i n s y n t h e s i s i n g machinery 

has been i s o l a t e d from a number of sources by a v a r i e t y of methods. 

A l l these methods i n v o l v e rupture of the c e l l s to expose the c y t o 

plasmic m a t r i x and s e p a r a t i o n of the ribosomal p a r t i c l e s from the 

remaining p a r t i c u l a t e and s o l u b l e m a t e r i a l by c e n t r i f u g a t i o n . 
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As d i s c u s s e d i n the I n t r o d u c t i o n the type of p a r t i c u l a t e p r e p a r a t i o n 

i s d i c t a t e d by the type of problem under i n v e s t i g a t i o n . I n those 

c e l l s i n which the bulk of the p r o t e i n i s known to be s y n t h e s i s e d 

upon membrane-bound ribosomes i t would appear l o g i c a l to use a 

p r e p a r a t i v e procedure i n which t h i s i n t i m a t e s p a t i a l r e l a t i o n s h i p 

was maintained. However as has been s t r e s s e d i n the I n t r o d u c t i o n 

the endoplasmic r e t i c u l u m i s a h i g h l y heterogeneous component 

a s s o c i a t e d w i t h which a r e a host of degradative a c t i v i t i e s . I t i s 

f o r t h i s reason t h a t many workers p r e f e r to s a c r i f i c e the s p a t i a l 

r e l a t i o n s h i p of membrane and ribosome. 

The s i m p l e s t c r i t e r i o n of the p u r i t y of a p r e p a r a t i o n of 

microsomes or ribosomes i s the shape of i t s u l t r a v i o l e t a b s o r p t i o n 

spectrum. The RNA component of such p r e p a r a t i o n s absorbs maximally 

a t 260 nm w h i l s t the p r o t e i n absorbs more s t r o n g l y a t s h o r t e r wave 

le n g t h s , i t f o l l o w s t h e r e f o r e t h a t the l e s s extraneous p r o t e i n 

p r e s e n t the higher the r a t i o of a b s o r p t i o n a t 260 nm: 235 nm w i l l be. 

From the data presented i n T a b l e s 2 and 3 i t can be seen t h a t the 

removal of the p a r t i c l e s from the endoplasmic r e t i c u l u m by the non 

i o n i c detergent, T r i t o n X100 r e s u l t s i n a displacement of both the 

a b s o r p t i o n maxima and minima towards s h o r t e r wave lengths and 

a concomitant i n c r e a s e i n the r a t i o 260 nm: 235 nm. Assuming a 

p a r t i c l e w i t h 50% RNA: 50% p r o t e i n to have a r a t i o of 260 nra: 235 nm 

of 1.67, the r a t i o of 1.26 and 1.24 i n the c a s e of microsomes from 

developing cotyledons and the plumules of germinated seeds r e s p e c t i v e l y , 

i n d i c a t e s t h a t i n both c a s e s t h e r e i s a c o n s i d e r a b l e degree of 

contamination a s s o c i a t e d w i t h such p r e p r a t i o n s . (Peterman, 1964). 

The r a t i o of 1.50 and 1.48 i n the c a s e of T r i t o n X100 ribosomes from 
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the two types of m a t e r i a l i n d i c a t e s approximately 20% extraneous 

p r o t e i n ( i . e . a r a t i o of % RNA: % p r o t e i n mf 40:60) a t t a c h e d to the 

p a r t i c l e s (Peterman, 1964). On the b a s i s of i t s e f f e c t upon the 

260 run: 235 nm r a t i o , washing of the p a r t i c l e s w i t h 0.5M - ammonium 

c h l o r i d e and subsequent d i a l y s i s appears to c o n s i d e r a b l y reduce 

the amount of e x t r a p r o t e i n a t t a c h e d to ribosomes prepared from 

germinated seeds w h i l s t having no e f f e c t upon those from developing 

m a t e r i a l . I t i s u n l i k e l y t h a t this i s i n f a c t so, t h e r e appears 

to be no reason to assume t h a t the ribosomes e x t r a c t e d by T r i t o n X100 

from the two sources should i n any way d i f f e r from one another. 

Assuming th a t a l l membrane m a t e r i a l has been completely s o l u b i l i s e d , 

the remaining p r o t e i n s a t t a c h e d to the ribosome should be those 

i n t i m a t e l y i n v olved w i t h the f u n c t i o n of the ribosome i n p r o t e i n 

s y n t h e s i s ^ and ammonium c h l o r i d e should be e q u a l l y capable of removing 

such p r o t e i n s from both types of p r e p a r a t i o n . Payne (1968) has 

demonstrated t h a t the m a j o r i t y of the ribosomes i n the 60 day 

developing bean a r e membrane-bound, and furthermore these r e p r e s e n t 

a d i s c r e t e type of p a r t i c l e which does not exchange w i t h the f r e e 

c y t o p l a s m i c ribosomes. The p o s s i b i l i t y t h e r e f o r e e x i s t s t h a t some 

p r o t e i n a s s o c i a t e d with the attachment of these p a r t i c l e s to the 

membrane remains f i r m l y a t t a c h e d to the ribosome and i s not removed 

by the ammonium c h l o r i d e treatment. A r a t i o of 260 nm: 235 nm of 

1.71 would i n d i c a t e an RNA content i n e x c e s s of 50%, t h i s would not 

appear unreasonable i n view of the r e s u l t s of Yarwood (1968) who 

found a r a t i o of RNA : p r o t e i n of 1:1 f o r microsomes from the 

plumules of germinated beans. 
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One of the most f r e q u e n t l y used c r i t e r i a f o r the p u r i t y of 

a ribosomal p r e p a r a t i o n i s the RNA content, estimated e i t h e r from 

i t s a b s o r p t i o n spectrum or determined c h e m i c a l l y . Ribosomes 

from p l a n t sources have been shown to c o n s i s t of 40 - 60% RNA 

and 60 - 40% p r o t e i n and the r e s u l t s obtained here from the 

chemical c h a r a c t e r i s a t i o n of the microsomal and ribosomal p r e p a r a t i o n s 

a r e i n agreement with these v a l u e s ( T a b l e 4 ) . The value of 12.7% 

RNA obtained f o r u n c l a r i f i e d microsomes i s o l a t e d from 60 day 

developing bean c o r r e l a t e s w e l l w i t h t h a t obtained by Payne (1970) 

u s i n g the O r c i n o l method ( a s d e s c r i b e d by Campbell and Sargent, 

1967). Such a low value i s h i g h l y i n d i c a t i v e of a c o n s i d e r a b l e 

degree of contamination. That such contaminating m a t e r i a l i s 

present can be seen from the e f f e c t on the %RNA value of a s i n g l e 

low speed c e n t r i f u g a t i o n use^ to c l a r i f y such p r e p a r a t i o n s . 

A f t e r such a c l a r i f i c a t i o n the % RNA obtained was i d e n t i c a l to 

th a t obtained with c l a r i f i e d microsomes from germinated m a t e r i a l . 

The microsomes prepared from germinated seeds were s i m i l a r l y 

c l a r i f i e d by a low speed c e n t r i f u g a t i o n however the s l i g h t change 

i n % RNA a t t e s t s to the much lower degree of contamination of 

such m a t e r i a l by fragments of membrane e t c . When the microsomes 

prepared from developing bean a r e p e l l e t e d and resuspended, a 

t u r b i d green p r e c i p i t a t e r a p i d l y s e t t l e s out, removal of t h i s 

m a t e r i a l by c e n t r i f u g a t i o n and examination of i t s U.V. a b s o r p t i o n 

spectrum r e v e a l s a c o n s i d e r a b l e degree of U.V. absorbing m a t e r i a l . 

The a b s o r p t i o n spectrum of t h i s m a t e r i a l i s r e l a t i v e l y l i n e a r 

between 230 run and 300 run and shows n e i t h e r the maximum a t 260 nm 

a s s o c i a t e d w i t h RNA or the maximum a t 280 nm a t t r i b u t a b l e to p r o t e i n . 

I t absorbs s t r o n g l y a t wavelengths below 230 nm, suggesting i t i s 
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probably a complex mixture of d i s r u p t e d membrane m a t e r i a l . 
The value f o r RNA i n T r i t o n X100 ribosomes from the two sources 
c o r r e l a t e s w i t h the U.V. absorption data which p r e d i c t s a r a t i o 
of % RNA:% p r o t e i n of 40:60. I t i s s i g n i f i c a n t t h a t approximately 
equal v a l u e s a r e obtained f o r c l a r i f i e d microsomes and ribosomes 
from the two c l a s s e s of m a t e r i a l , suggesting t h a t a t l e a s t 
c h e m i c a l l y t h e r e i s no s i g n i f i c a n t d i f f e r e n c e between the ribosomes 
from the two s o u r c e s . 

A n a l y s i s on sucrose d e n s i t y g r a d i e n t s of microsomes and 

T r i t o n X100 ribosomes prepared from 60 day developing cotyledons 

r e v e a l e d e s s e n t i a l l y s i m i l a r p r o f i l e s . The major difference being 

the presence i n the microsome p r e p a r a t i o n of a broad band of 

r a p i d l y sedimenting m a t e r i a l . T h i s was i d e n t i f i e d as membrane-

bound m a t e r i a l and i t s absence from the ribosome p r e p a r a t i o n 

i n d i c a t e s the e f f i c i e n c y of T r i t o n X100 i n s o l u b i l i s i n g membrane 
and concomitant i n c r e a s e i n the amount of polysomes 

m a t e r i a l . The disappearance of the membrane-bound m a t e r i a l j i n 

p r e p a r a t i o n s made i n the presence of T r i t o n X100, suggests t h a t 

the membrane-bound m a t e r i a l c o n s i s t s to a c o n s i d e r a b l e extent of 

membrane-bound polysomes r a t h e r than s i n g l e ribosomes or s u b u n i t s . 

E s s e n t i a l l y s i m i l a r g r a d i e n t p r o f i l e s have been reported f o r 

microsome and ribosome p r e p a r a t i o n s from V i c i a faba ( L ) by Lonsdale 

(1972) and Payne (1970) and from l e a f t i s s u e by Pearson (1969) 

and Pearson and Wareing ( 1 9 7 0 ) . 

The p a r t i c l e p r e p a r a t i o n s a p p l i e d to these g r a d i e n t s were 
o 

an a l y s e d immediately a f t e r p r e p a r a t i o n and p r i o r to storage a t -70 . 

As a matter of convenience p a r t i c l e p r e p a r a t i o n s were s t o r e d f o r 

c o n s i d e r a b l e p e r i o d s a t -70° or -196° p r i o r to u s e. Lonsdale (1972) 
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has shown t h a t the polysome d i s t r i b u t i o n remains u b a f f e c t e d by 

a s i n g l e f r e e z i n g a t -70° but t h a t r e f r e e z i n g on a second occ a s i o n 

r e s u l t s i n c o n s i d e r a b l e breakdown of polysomes. The major breakdown 

product was i d e n t i f i e d as ribosomal s u b u n i t s . I t i s f o r t h i s r e a son 

t h a t p a r t i c l e p r e p a r a t i o n s were d i v i d e d i n t o s m a l l batches and 

used only once a f t e r f r e e z i n g . 

The i d e n t i f i c a t i o n of a p a r t i c u l a r component on a sucrose 

g r a d i e n t was based on t h a t of Lonsdale ( 1 9 7 2 ) . The most p o s i t i v e 

method of i d e n t i f i c a t i o n of a sedimenting f r a c t i o n i s on the b a s i s 

of i t s sedimentation c o e f f i c i e n t a t zero c o n c e n t r a t i o n , S ° . The 

sedimentation c o e f f i c i e n t of 129S f o r the most r a p i d l y sedimenting 

component of these p a r t i c l e p r e p a r a t i o n s i s i n agreement w i t h 

i t s i d e n t i f i c a t i o n as a dimer composed of 2, 85S monosomes (T a b l e 5 ) . 

The v a l u e of 85S c o r r e l a t e s w e l l the v a l u e of 82S c a l c u l a t e d by 

Payne (1968) and Yarwood (1968) u s i n g sucrose d e n s i t y g r a d i e n t a n a l y s i s 

of V i c i a faba microsomes. The sedimentation c o e f f i c i e n t s of 

the l e s s r a p i d l y sedimenting peaks s t r o n g l y support t h e i r 

i d e n t i f i c a t i o n as ribosomal s u b u n i t s ( F i g . 1 3 ) . The absence of 

s i g n i f i c a n t amounts of polysome m a t e r i a l from these sedimentation 

p r o f i l e s may be explained by the mode of handling of the 

p a r t i c l e p r e p a r a t i o n s . P r i o r to examination the p r e p a r a t i o n s 

were fr o z e n overnight a t -70° f o l l o w i n g which they were maintained 

i n i c e f o r a p e r i o d of 6 hours. Such degradation i s not 

unexpected i n view of the known l a b i l i t y of polysomes and 

Lonsdale (1972) has shown t h a t c o n s i d e r a b l e degradation of V i c i a faba 
o 

polysomes r e s u l t s when p r e p a r a t i o n s a r e maintained a t 0 . 

Although i t i s commonplace to r e f e r to e u k a r y o t i c c y t o p l a s m i c 

ribosomes as 80S f as has been p r e v i o u s l y s t r e s s e d , t h i s i s p u r e l y a 
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broad d i s t i n c t i o n based on f u n c t i o n a l s i m i l a r i t i e s e x h i b i t e d 

by ribosomes w i t h high sedimentation c o e f f i c i e n t s . Values of 

80 - 83S have been obtained f o r cytoplasmic ribosomes of cabbage, 

c l o v e r , r y e g r a s s , tobacco, s p i n a c h and kidney beans ( L y t t l e t o n , 

1960; 1962; C l a r k e t a_ l . , 1964; Spenser, 1965; Boardman e t a l , , 1965; 

Odintsova e t a l . , 1967). The l i n e a r dependence of the sedimentation 

c o e f f i c i e n t upon c o n c e n t r a t i o n i n d i c a t e s t h a t t h e r e i s not a 

s i g n i f i c a n t amount of i n t e r a c t i o n between ribosomes and other m a t e r i a l 

present i n the p r e p a r a t i o n (Hess and Lagg, 1963). 

C h a r a c t e r i s a t i o n of the p a r t i c l e p r e p a r a t i o n s on sucrose 

d e n s i t y g r a d i e n t s and i n the a n a l y t i c a l u l t r a c e n t r i f u g e r e v e a l e d 

a c o n s i d e r a b l e p r o p o r t i o n of the ribosomes were pr e s e n t as f r e e 

ribosbmes. I n view of the r e s u l t s of Legon e t a_l. (1973) and 

Bishop (1966) i m p l i c a t i n g the 40S ribosomal subunit i n i n i t i a t i o n 

i n e u k a r y o t i c systems, and of the e x i s t e n c e of su b u n i t s i n 

p a r t i c u l a t e p r e p a r a t i o n s , i t may be p e r t i n e n t to d i s c u s s the 

s i g n i f i c a n c e of the s i n g l e ribosome (monosome) pool demonstrated 

i n the above p r e p a r a t i o n s . The r o l e of the monosome, be i t f r e e 

or membrane-bound, i n e u k a r y o t i c systems remains c o n t r o v e r s i a l . 

There i s now evidence of the e x i s t e n c e i n eukaryotes of a subunit 

c y c l e s i m i l a r to t h a t d e s c r i b e d f o r the p r o k a r y o t i c organisms. 

I t i s c l e a r t h a t pools of s u b u n i t s , monosomes and polysomes e x i s t 

i n e u k a r y o t i c systems ( G i r a r d e t a l . , 1965; Ristow and Kohler, 1966; 

Bishop, 1966; J o k l i k and Becker, 1965; Lonsdale, 1972). Using 

long term l a b e l l i n g experiments Hogan and Korner (1968) demonstrated 

t h a t f r e e s u b u n i t s a r e i n e q u i l i b r i u m w i t h those i n polysomes w h i l s t 

Kaempfer (1969) has demonstrated t h a t y e a s t ribosome undergo 

e x t e n s i v e subunit exchange during growth, a l l of which a r e s u g g e s t i v e 
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of the e x i s t e n c e of a ribosome subunit c y c l e e s s e n t i a l l y s i m i l a r 

to t h a t d e s c r i b e d for p r o k a r y o t e s . Jacobs - Lorena and B a g l i o n i 

(1970) p r e s e n t evidence f o r the e x i s t e n c e of such a subunit c y c l e . 

These authors have shown th a t when n a t i v e He La ribosomal s u b u n i t s , 

l a b e l l e d i n the rRNA, a r e added to an a c t i v e c e l l - f r e e r a b b i t 

r e t i c u l o c y t e system they enter i n t o polysomes and are subsequently 

converted to ribosomes. I n c u b a t i o n of the ribosomal s u b u n i t s i n 

a c e l l - f r e e system from which polysomes have been removed f a i l e d 

to promote conv e r s i o n to ribosomes, the conversion of subunits 

i n t o polysomes and f i n a l l y i n t o ribosome was shown to be dependent 

upon a c t i v e p r o t e i n s y n t h e s i s . Kaempfer (1969) p r e s e n t s s i m i l a r 

evidence f o r the e x i s t e n c e of such a c y c l e i n the y e a s t Candida k r u s e i . 

There may be a s i g n i f i c a n t d i f f e r e n c e i n the c y c l e i n eukaryotes 

s i n c e the f r e e ribosome pool does not e q u i l i b r i a t e r a p i d l y w i t h the 

added s u b u n i t s or wit h f r e s h l y run o f f ribosomes ( J o l i k and Becker, 

1965; Jacobs - Lorena and B a g l i o n i , 1970; Howard e t a l . , 1970). 

These authors r e p o r t t h a t the r a t e of ent r y i n t o polysomes i s slower 

than might be expected i f a l l r e i n i t i a t i o n s were c a r r i e d out by the 

f r e e s u b u n i t s added. Jacobs-Lorena and B a g l i o n i (1970) suggest 

t h a t upon t e r m i n a t i o n the ribosomes r e l e a s e d from the polysome a r e 

d i s s o c i a t e d and the subunits so produced a r e used p r e f e r e n t i a l l y i n 

r e i n i t i a t i o n . These authors e x p l a i n such p r e f e r e n t i a l u t i l i s a t i o n 

on the b a s i s of a conformational r e s t r a i n t of mRNA such t h a t ribosomes 

r e l e a s e d a t the 3' end a r e maintained i n c l o s e proximity to the 5' 

i n i t i a t i o n s i t e . Howards e t a_l. (1970) suggest t h a t s p e c u l a t i o n s 

upon mRNA conformation a r e unnecessary and c a l c u l a t e , on the b a s i s 

of mRNA s i z e and subunit c o n c e n t r a t i o n s , t h a t s t a t i s t i c a l l y reattachment 

a t a subunit should be s t r o n g l y favoured over exchange with the 

subunit pool. 
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As w e l l as the evidence f o r the e x i s t e n c e of a subunit 
c y c l e most of the nece s s a r y f a c t o r s have been i s o l a t e d from 
eukaryotes. The i n i t i a t i o n f a c t o r s , so i n t i m a t e l y a s s o c i a t e d 
w i t h the e x i s t e n c e of such a c y c l e , have been i s o l a t e d from the 
ribosomes of r a b b i t r e t i c u l o c y t e s . ( P r i t c h a r d e t aj . , , 1970) 
and a d i s s o c i a t i o n f a c t o r e q u i v a l e n t to DF (Fg) or a n t i - a s s o c i a t i o n 
f a c t o r has been i s o l a t e d by P e t r e (1970) from Saccharomyces 
c e r e v i s i a e and by Kaempfer and Kaufman (1972) from r a b b i t r e t i c u l o c y t e s . 
Kyner and L e v i n (:1972) have i s o l a t e d from mouse f i b r o b l a s t ribosomes 
a r e a s s o c i a t i o n f a c t o r (RF) which promotes the r e a s s o c i a t i o n of 
40S and 60S ribosomal s u b u n i t s . R e a s s o c i a t i o n i s independent 
of mRNA and aminoacyl - tRNA but i s enhanced by GMPPCP and 
i n h i b i t e d by a u r i n t r i c a r b o x y l i c a c i d . A s i m i l a r f a c t o r has been 
d e s c r i b e d by W e i t e n h a l l e t a_l. (1971) from r a t l i v e r . 

Given that a subunit c y c l e does e x i s t i n eukaryotes, the 

o r i g i n and f u n c t i o n of the f r e e monosome i s s t i l l c o n t r o v e r s i a l . 

The demonstration by Adamson e t a_l. (1972) t h a t i n r a b b i t r e t i c u l o c y t e s 

the f r e e monosome pool does not exchange w i t h e i t h e r the ribosomes 

i n polysomes or w i t h the f r e e ribosome pool s t r o n g l y suggests 

t h a t the f r e e ribosome peak observed i n p a r t i c u l a t e p r e p a r a t i o n s 

r e p r e s e n t s not ribosomes which have j u s t completed t r a n s l a t i o n and 

have not y e t d i s s o c i a t e d but an i n e r t pool whereby subun i t s can be 

shunted o f f and maintained i n an i n a c t i v e form u n t i l r e q u i r e d . 

During low r a t e s of p r o t e i n s y n t h e s i s , when the r e t u r n of s i n g l e 

ribosomes to the a c t i v e ribosomal pool i s not favoured, sub u n i t s 

newly r e l e a s e d from polysomes would be expected to r e c y c l e p r e f e r e n t i a l l y . 

Such p r e f e r e n t i a l r e c y c l i n g has been demonstrated i n the r e t i c u l o c y t e 

c e l l - f r e e system (Adamson e t a l . , 1969). I n the cas e of E . c o l i 
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ribosomes t h e r e i s evidence t h a t the s i n g l e ribosomes can be 

d i s t i n g u i s h e d by p h y s i c a l and f u n c t i o n a l c r i t e r i a . Kaempfer 

(1970) a s s i g n s an S value of 65S to f r e e ribosomes compared 

to a v a l u e of 70S f o r monosomes obtained by RNase d i g e s t i o n 

of a polysome e x t r a c t . S i n g l e ribosomes, u n l i k e polysomes 

a r e d i s s o c i a t e d by RNase i n t o s u b u n i t s . Ron e t a_l. (1968) and 

K e l l e y and Schaechter (1969) have shown t h a t s i n g l e ribosomes 
2+ 

r e q u i r e a higher Mg ion c o n c e n t r a t i o n to prevent t h e i r d i s s o c i a t i o n 

than do polysomal ribosomes. 

Having concluded t h a t the f r e e ribosome peak r e p r e s e n t s an 

i n e r t pool whereby subunits a r e s t o r e d under c o n d i t i o n s f a v o u r i n g low 

r a t e s of p r o t e i n s y n t h e s i s i t must then be assumed th a t the 

p a r t i c l e s engaged i n v i v o i n rounds of t r a n s l a t i o n a r e the n a t i v e 

subunits and the polysomes. I t must-be w i t h c a u t i o n however 

t h a t such c o n c l u s i o n s a r e e x t r a p o l a t e d to an i n v i t r o s i t u a t i o n 

where u n l i k e t h a t i n v i v o , t r a n s l a t i o n of a s y n t h e t i c message i s 
2+ 

o c c u r r i n g i n an u n p h y s i o l o g i c a l l y high Mg c o n c e n t r a t i o n s . 

I t has been demonstrated t h a t under c o n d i t i o n s of high magnesium 

the need f o r 'proper' c h a i n i n i t i a t i o n i s e l i m i n a t e d ( E i s e n s t a d t 

and Lengyel, 1967) and i t i s l i k e l y t h a t a s s o c i a t i o n of the s y n t h e t i c 

messenger, P o l y ( U ) , w i t h the ribosome template can occur i n the 

absence of d i s s o c i a t i o n i n t o s u b u n i t s and under such c o n d i t i o n s the 

f r e e ribosomes may become in v o l v e d i n t r a n s l a t i o n . 

F i n a l l y the p o s s i b i l i t y must not be ignored t h a t the i n v i t r o 

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

and i n s u c r o s e d e n s i t y g r a d i e n t s i n no way r e f l e c t s the i n v i v o 

d i s t r i b u t i o n . The preponderance of f r e e ribosomes observed may have 

r e s u l t e d from the a s s o c i a t i o n of n a t i v e s u b u n i t s as a r e s u l t of the 
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e x t r a c t i o n procedure, or may r e p r e s e n t f r e e ribosomes r e l e a s e d by 
degradation of polysomes. Such f r e e ribosomes tend not to d i s s o c i a t e 
because of the presence of peptidyl-tRNA which s t a b i l i s e s the 
i n t e r a c t i o n between the l a r g e and s m a l l subunit ( S p i r i n and G a v i l o v a , 
1969). Vournakis and R i c h (1972) have d i s t i n g u i s h e d between 
f r e e and polysome ribosomes ( i . e . those r e l e a s e d by degradation of 
t r a n s l a t i n g polysomes) on the b a s i s of sedimentation c o e f f i c i e n t . 
F r e e ribosomes sedimented a t 78S i n comparison to polysome ribosomes 
which sedimented a t 85S. T h i s v a l u e i s i n agreement w i t h the v a l u e 
obtained f o r V. faba ribosomes and would suggest t h a t the l a r g e 
monosome peak i n p a r t r e p r e s e n t s ribosomes l i b e r a t e d from degraded 
polysomes. 

The adaptor molecule, tRNA, i s r o u t i n e l y prepared by many 

workers from the high speed supernatant remaining a f t e r the p a r t i c l e s 

have been p e l l e t e d . The method i n v o l v e s p r e c i p i t a t i o n of the tRNA 

a t pH5 and s e p a r a t i o n from contaminating p r o t e i n by treatment w i t h 

water s a t u r a t e d phenol ( R a v e l e t al., 1966). Such a method i s , 

however, a p p l i c a b l e only to those t i s s u e s i n which t h e r e i s l i t t l e 

RNase a c t i v i t y ( e . g . r e t i c u l o c y t e s ) . I n order to o b t a i n p r e p a r a t i o n s 

of tRNA having high amino a c i d acceptor c a p a c i t y i t i s e s s e n t i a l 

t h a t n u c l e a s e a c t i v i t y be reduced to a minimum. T h i s can be 

achieved by homogenisation of the t i s s u e d i r e c t l y i n the presence of 

w a t e r - s a t u r a t e d phenol and b u f f e r e d e x t r a c t a n t . The e f f e c t of the 

phenol i s to i n h i b i t the a c t i o n of endogenous n u c l e a s e s as w e l l as 

b r i n g i n g about d e p r o t e i n i s a t i o n of the t i s s u e . I f the phenol 

e x t r a c t i o n i s delayed u n t i l a f t e r the p e l l e t i n g of s u b c e l l u l a r p a r t i c l e s 

c o n s i d e r a b l e n u c l e a s e a c t i v i t y r e s u l t s . Such a method i s commonly 
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used w i t h p l a n t m a t e r i a l which i s c h a r a c t e r i s e d by s i g n i f i c a n t 

amounts of endogeneous n u c l e a s e s ( A l l e n d e , 1969; G l i t z and Dekker, 

1963; Anderson and Cherry, 1969). Yarwood (1968) and Payne (1970) 

used the d i r e c t phenol e x t r a c t i o n technique f o r the i s o l a t i o n of 

crude tRNA p r e p a r a t i o n s from developing cotyledons of V i c i a faba ( L ) 

Using polyaerylamide g e l e l e c t r o p h o r e s i s , Payne (1970) has shown 

tha t tRNA prepared from s i m i l a r t i s s u e by an i d e n t i c a l method i s 

h i g h l y contaminated w i t h 25S and 18S and 5S rRNA. Chromatography 

on DE52 removed a l l of the high molecular weight rRNA's and most 

of the 5S rRNA, l e a v i n g an almost homogeneous p r e p a r a t i o n of 4S RNA 

( i . e . tRNA). 

tRNA i s a r e l a t i v e l y complex molecule which depends f o r 

i t s a c t i v i t y upon the maintenance of a s t r i c t l y defined t e r t i a r y 

s t r u c t u r e . I t can however be degraded to a c e r t a i n extent without 

any s i g n i f i c a n t a l t e r a t i o n i n i t s p h y s i c a l c h a r a c t e r i s t i c s . 

Care must be taken t h e r e f o r e i n equating the p h y s i c a l ' p u r i t y ' 

of tRNA w i t h i t s f u n c t i o n a l a c t i v i t y . S i m i l a r l y the degree of 

aminoacylation of a tRNA p r e p a r a t i o n i s no i n d i c a t i o n of i t s t o t a l 

a b i l i t y to donate the amino a c i d i n t o p r o t e i n . Nishimura and 

N o v e l l i (1964) have shown t h a t tRNA's of E . c o l i have d i f f e r e n t 

s u s p e c t i b i l i t i e s to RNase and t h a t some of the p a r t i a l l y 

d i g e s t e d tRNA's s t i l l a c cept amino a c i d s but do not t r a n s f e r them 

i n t o p r o t e i n . There a r e s e v e r a l reported examples of the 

r e c o n s t i t u t i o n of fragments of tRNA molecules which a r e capable of 

a c c e p t i n g an amino a c i d . (Oda e t a _ l . , 1969; Imura e t aJL., 1969). 

A l l e n d e (1969) o u t l i n e d t h r e e o b j e c t i v e s of i n v i t r o amino a c i d 

- i n c o r p o r a t i n g systems: 
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(1 ) The determination of the r e l a t i v e a c t i v i t i e s of the 
p r o t e i n s y n t h e s i s i n g mechanisms of t i s s u e s under s p e c i f i c c o n d i t i o n s . 

(2 ) the study of the p r o p e r t i e s of the components involved i n 

the p r o c e s s of p r o t e i n s y n t h e s i s . 

(3) the achievement of the s y n t h e s i s of a s p e c i f i c p r o t e i n . 

In order to a c h i e v e the f i r s t o b j e c t i v e i t i s e s s e n t i a l to use a 

system which i n t e r f e r e s as l i t t l e a s p o s s i b l e w i t h the components 

and approximates a s c l o s e l y as p o s s i b l e to the i n v i v o s i t u a t i o n . 

By d e f i n i t i o n such systems should be d i r e c t e d by an endogen ous 

mRNA. P a r i s i and C i f e r r i (1966) have c h a r a c t e r i s e d such a system 

from c a s t o r bean s e e d l i n g s . The a c t i v i t y of such systems i s 

u s u a l l y low and they a r e extremely s u s c e p t i b l e to n u c l e a s e s . 

In order to study the p r o p e r t i e s of the components in v o l v e d 

i n the p r o c e s s of p r o t e i n synthesis., a s i m p l i f i e d system -using 

h i g h l y p u r i f i e d components and the b e s t a t t a i n a b l e i n c o r p o r a t i o n 

i s d e s i r a b l e . I n order to completely understand the p r o p e r t i e s and 

i n t e r a c t i o n s of a l l the components i n v o l v e d one s i n g l e system may 

he inadequate. I t i s e s s e n t i a l l y through the use of s i m p l i f i e d 

P o l y ( U ) dependent system from E . c o l i s i m i l a r to t h a t d e s c r i b e d by 

N i s h i z u k a and Lipmann (1966b) t h a t the mechanism of polypeptide 

c h a i n e l o n g a t i o n has been e l u c i d a t e d . T h i s system, however, 

provided l i t t l e r e l e v a n t information on the mechanism of polypeptide 

c h a i n i n i t i a t i o n under p h y s i o l o g i c a l c o n d i t i o n s . I t was only 

w i t h the advent of systems d i r e c t e d by n a t u r a l messengers ( e . g . 

bacteriophage RNA) t h a t t h i s problem was r e s o l v e d . 

The f i r s t two o b j e c t i v e s have been r e a d i l y achieved u s i n g 

c e l l - f r e e amino a c i d i n c o r p o r a t i n g systems. Data f o r p l a n t m a t e r i a l 
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i s l i m i t e d , t h i s seems to r e f l e c t the number of groups involved 

r a t h e r than any i n h e r e n t c h a r a c t e r i s t i c of the m a t e r i a l . 

U n t i l r e c e n t l y the t h i r d o b j e c t i v e has proved s i n g u l a r l y 

e l u s i v e ; the i n t e g r i t y of a system developed to s y n t h e s i s e a 

s p e c i f i c p r o t e i n must be c a r e f u l l y maintained. There a r e now 

s e v e r a l f i r m l y s u b s t a n t i a t e d r e p o r t s i n the l i t e r a t u r e of the 

s y n t h e s i s of s p e c i f i c p r o t e i n s by i n v i t r o systems from animal and 

b a c t e r i a l s o u r c e s . (Lockard and L i n g r e l , 1969; Laycock and Hunt, 

1969; Matthews e t a l . , 1971; Stavnezer and Huang, 1971; B e r n s ^ l 9 7 2 ) . 

To date t h e r e has been no unequivocal demonstration of the s y n t h e s i s 

of a s p e c i f i c p r o t e i n i n a p l a n t amino a c i d - i n c o r p o r a t i n g system. 

Schwartz e t a_l. (1965) s y n t h e s i s e d a phage coat p r o t e i n i n a Euglena 

g r a c i l i s c h l o r o p l a s t i c system d i r e c t e d by fg bacteriophage RNA, 

S.ela .and Kaesberg (1969) u s i n g tobacco c h l o r o p l a s t ribosomes 

d i r e c t e d by tobacco mosaic viral-RNA c l a i m to have s y n t h e s i s e d 

the v i r a l coat p r o t e i n . K l e i n e t a l * ( 1 9 7 2 ) have s y n t h e s i s e d 

a v i r a l coat p r o t e i n i n a wheat embryo system d i r e c t e d by s a t e l l i t e 

tobacco n e c r o s i s viral-RNA. I t i s s i g n i f i c a n t t h a t i n a l l these 

c a s e s the product was not a p l a n t p r o t e i n . Duffus (1967) r e p o r t s t h a t 

a microsomal c e l l - f r e e system from the aleurone l a y e r s of germinating 

b a r l e y i s capable of s y n t h e s i s of Of - amylase. I n view of the 

requirements of t h i s system i t i s more l i k e l y t h a t the i n c r e a s e i n 

(X - amylase reported r e s u l t s not from de novo s y n t h e s i s but from 

a c t i v a t i o n of a p r e c u r s o r molecule. 

Hoagland (1960) has pointed out t h a t the following c r i t e r i a 

should be f u l f i l l e d i f i n c o r p o r a t i o n of a r a d i o a c t i v e amino a c i d 

i s tobe equated w i t h p r o t e i n s y n t h e s i s . 

e t a l 
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( i ) I n c o r p o r a t i o n of the L-amino a c i d should be i r r e v e r s i b l e 
once the amino a c i d has entered the p r o t e i n . The t o t a l amount of 
r a d i o a c t i v e amino a c i d i n the p r o t e i n should not subsequently be 
reduced by continued i n c u b a t i o n i n the presence of an excess of the 
same c o l d amino a c i d . 

( i i ) I n c o r p o r a t i o n should be dependent upon the a d d i t i o n of a 

metabolic energy s o u r c e . 

( i l i ) I n c o r p o r a t i o n of the r a d i o a c t i v e amino a c i d should be shown 

to be i n a t r u e peptide l i n k a g e i n the p r o t e i n , as seen by i t s 

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

the p r o t e i n . 

( i v ) The amino a c i d should be l o c a t e d i n t e r n a l l y w i t h i n the 

peptide and not merely i n the t e r m i n a l p o s i t i o n . 

( v ) The amino a c i d should appear i n a s i n g l e s p e c i f i c i s o l a t a b l e 

p r o t e i n of the c e l l of o r i g i n . 

The above c r i t e r i a have seldom a l l been s a t i s f i e d i n any one 

p a r t i c u l a r system and only r e c e n t l y has t h e r e been unequivocal 

demonstration of the l a t t e r p o i n t . 

One of the major problems a s s o c i a t e d w i t h the use of i n v i t r o 

amino a c i d - i n c o r p o r a t i n g systems, e s p e c i a l l y those i n which 

i n c o r p o r a t i o n i s determined as a hot t r i c h l o r o a c e t i c a c i d i n s o l u b l e 

p r e c i p i t a t e , i s t h a t of a t t r i b u t i n g the observed i n c o r p o r a t i o n to 

the endogenous or s u p p l i e d mRNA and not to b a c t e r i a l contamination. 

T h i s problem becomes p a r t i c u l a r l y acute when working w i t h p l a n t 

m a t e r i a l which may be contaminated w i t h micro-organisms from the 

s u r f a c e of the p l a n t . P r e p a r a t i o n s from animal sources a r e l e s s 

l i k e l y to be s u b j e c t to contamination i f they a r e taken from i n t e r n a l 

organs. Yarwood (1968) has shown t h a t the m a j o r i t y of contaminating 
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micro-organisms present i n homogenates of V, faba cotyledons a r e 

sedimented along with the mitochondria by c e n t r i f u g a t i o n a t 20,000 x g 

av. f o r 30 min. 

Many workers have p r e s c r i b e d c r i t e r i a f o r the r e c o g n i t i o n 

of m i c r o b i a l p a r t i c i p a t i o n i n amino a c i d - i n c o r p o r a t i n g systems 

(App and Jagendorf, 1964; Mans and N o v e l l i , 1964)>;Hall and Cocking, 

1966; A l l e n d e , 1969; B o u l t e r , 1970; Beevers and Poulson, 1972). I n 

gene r a l the c r i t e r i a a r e : a dependence upon an exogenously s u p p l i e d 

source of energy; a s h o r t time course of i n c o r p o r a t i o n ; and a sharp 
2+ 

Mg optimum. 

B o u l t e r (1970) s t a t e s t h a t most c e l l - f r e e systems a r e 

un s t a b l e and t h a t amino a c i d i n c o r p o r a t i o n i s completed w i t h i n 20-

30 min or l e s s . Beevers and Poulson (1972) reach a s i m i l a r c o n c l u s i o n 

but s t a t e t h a t the cause of the l i m i t a t i o n of r e a c t i o n ( i n the c a s e 

of P o l y ( U ) d i r e c t i o n ) i s not c l e a r . A l l e n d e (1969) c a u t i o n s t h a t 

the components of most c e l l - f r e e systems r a p i d l y become 

l i m i t i n g and t h a t i f i n c o r p o r a t i o n c o n t i n u e s a t a good r a t e a f t e r 

1.5-2 h r s b a c t e r i a l contamination should be suspected. Although 

t h i s appears g e n e r a l l y to be a v a l i d c r i t e r i o n s e v e r a l examples 

have been d e s c r i b e d of systems i n which i n c o r p o r a t i o n continued 

f o r such p e r i o d s of time i n the absence of ' s i g n i f i c a n t ' amounts 

of b a c t e r i a ( E l l i s and MacDonald, 1967; Payne, 1970). 

The d e f i n i t i o n of a ' s i g n i f i c a n t ' amount of b a c t e r i a i s 

n e c e s s a r i l y vague and must be made w i t h r e s p e c t to a s p e c i f i c system. 

Davis and Cocking (1967) suggest t h a t i n incu b a t i o n s w i t h l e s s 
3 

than 10 b a c t e r i a / m l , i n c o r p o r a t i o n due to b a c t e r i a i s n e g l i g i b l e . 

I n c o n t r a s t App and Jagendorf (1964) reported t h a t t h e r e was no 
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l i n e a r r e l a t i o n s h i p between l e v e l s of b a c t e r i a l contamination 

and amino a c i d i n c o r p o r a t i o n by c h l o r o p l a s t p r e p a r a t i o n s . Davis 

and Cocking (1967) suggest t h a t d i f f e r e n t micro-organisms vary 

g r e a t l y i n t h e i r a b i l i t y to i n c o r p o r a t i o n amino a c i d s under the 

c o n d i t i o n s of i n v i t r o i n c u b a t i o n s . Caution must always be e x e r c i s e d 

i n e x t r a p o l a t i n g from a b a c t e r i a l count on a p l a t i n g medium to 

a c t i v i t y under the i n v i t r o c o n d i t i o n . B a c t e r i a vary enormously 

i n t h e i r a b i l i t y t o produce c o l o n i e s on any one medium, and b a c t e r i a l 

a s s a y s a r e s u b j e c t to v a r i a t i o n s i n p l a t i n g time, temperature and 

c o n s t i t u e n t s of medium. I n order to be a t a l l meaingful the 

c o n d i t i o n s of p l a t i n g must s i m u l a t e those of the i n v i t r o i n c u b a t i o n 

monitored. 

The most r e l i a b l e d i a g n o s t i c t o o l f o r the r e c o g n i t i o n of 

b a c t e r i a l p a r t i c i p a t i o n i n v o l v e s a combination of ( a ) k i n e t i c time 

course of i n c u b a t i o n , (b) dependence upon added components. A 

c o n s i d e r a t i o n of the k i n e t i c s of i n c o r p o r a t i o n should be hi g h l y 

i n d i c a t i v e of unwanted contamination. Mans and N o v e l l i (1964) 

d e s c r i b e the t y p i c a l b i p h a s i c curve of b a c t e r i a l contamination i n 

which there i s l i t t l e i n c o r p o r a t i o n f o r the f i r s t 60 min compared 

wi t h a subsequent r a p i d i n c r e a s e i n a c t i v i t y . T h i s i s i n 

comparison to t h a t obtained with ribosomal i n c o r p o r a t i o n which 

proceeds l i n e a r l y over the f i r s t 20 - 60 min and then f a l l s o f f as 

the s u b s t r a t e becomes depleted and products accumulate. The time 

a r e t h e r e f o r e ribosomal time cou r s e s r a t h e r than b a c t e r i a l . 

S i n c e w i l d type b a c t e r i a ( t h e most l i k e l y contaminants i n 

such i n c u b a t i o n s ) have minimal requirements, the g r e a t e r the dependence 

of i n c o r p o r a t i o n upon added substances the l e s s l i k e l y i n c o r p o r a t i o n 

c o u r s e s f o r i n c o r p o r a t i o n of N 9 p h e n y l a l a n i n e / F i g s . 21 and 25 
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i s to be due to m i c r o b i a l contamination. A c o n s i d e r a t i o n of 

the dependence upon added c o f a c t o r s of both the complete and» t r a n s f e r 

systems ( T a b l e s 11, 12 and 13) i n d i c a t e s t h a t i n c o r p o r a t i o n i s 

u n l i k e l y to be due to b a c t e r i a . I n order to demonstrate the r e q u i r e 

ments of a p a r t i c u l a r system i t i s e s s e n t i a l t h a t the ribosome (or 

microsome), tRNA and enzyme source a r e f r e e of contaminating components, 

f o r example, contaminating GTP i n the enzyme p r e p a r a t i o n may be 

s u p p l y i n g the GTP of an apparently non GTP-dependent system. I n 

order to diagnose m i c r o b i a l contamination i t i s not s u f f i c i e n t to omit 

one component, a s y s t e m a t i c omission of a permutation of components 

i s r e q u i r e d before i n t e r p r e t a t i o n i n terms of i n c o r p o r a t i o n by 

micro-organisms can be e l i m i n a t e d . S i n c e b a c t e r i a l contamination 
3 4 

i n V. faba systems has been p r e v i o u s l y found to be 3 x 10 - 2 x 10 

b a c t e r i a / m l (Yarwood, 1968, Payne, 1970) r o u t i n e p l a t i n g of a l i q u o t s 

of i n c u b a t i o n mixture was not n e c e s s a r y , however i n many c a s e s c o n t r o l s 

experiments were included from which e s s e n t i a l components had been 

omitted and where f e a s i b l e time c o u r s e s were c o n s t r u c t e d . 

A p o r t i o n of t h e work d e s c r i b e d here was an attempt to r e f i n e 

a p r e v i o u s l y used microsomal system (Yarwood, 1968) by p u r i f i c a t i o n 

of the components i n v o l v e d . T h i s system inc o r p o r a t e d |^ 4cjphenyl

a l a n i n e i n t o a hot t r i c h l o r o a c e t i c a c i d i n s o l u b l e p r e c i p i t a t e 

( p o l y p h e n y l a l a n i n e ) i n response to the s y n t h e t i c messenger P o l y ( U ) . 

The system r e q u i r e d the presence of tRNA aminoacylated w i t h C 
I " l 2 l L J 

p h e n y l a l a n i n e and the remaining 19 I C|-amino a c i d s and was dependent 

upon ATP and an ATP generating system (phosphocreatine and phosphocreatine 

k i n a s e ) . Amino a c i d i n c o r p o r a t i g systems tend to be c l a s s i f i e d a s 

one of two t y p e s : Complete systems i n which tRNA i s aminoacylated and 

t r a n s f e r r e d , i n t o p e p t i d y l l i n k a g e and the r e s u l t a n t i n c o r p o r a t i o n of 
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r a d i o a c t i v e amino a c i d i n t o p e p t i d y l form only i s assayed ( o f t e n 
i n the form of hot TCA i n s o l u b l e p r e c i p i t a t e ) . During the assay 
method any C - aminoacyl-tRNA i s hydrolysed during the hot a c i d 
treatment and here aminoacylation per se i s not measured. The so 
c a l l e d t r a n s f e r system measures the t r a n s f e r of r a d i o a c t i v e amino 
a c i d from r a d i o a c t i v e l y l a b e l l e d aminoacyl - tRNA into, p e p t i d y l 
form. The i n c o r p o r a t i o n of amino a c i d i s assayed i n a s i m i l a r 
manner to t h a t f o r the complete system, any r e s i d u a l aminoacylated -
tRNA being hydrolysed by the hot TCA. The t r a n s f e r system r e q u i r e s 
the a d d i t i o n of l a b e l l e d aminoacyl-tRNA but i s independent ofATP 
or an ATP generating system, t h e r e being no requirement f o r ATP i n 
the s t e p s proceeding tRNA am i n o a c y l a t i o n . I n order to study the 
s t e p s i n v olved i n the t r a n s f e r of amino a c i d from aminoacyl-tRNA 
i n t o peptide l i n k a g e the t r a n s f e r system i s p r e f e r a b l e to the 
complete system s i n c e t r a n s f e r can be s t u d i e d i n the absence of 
a m i n o a c y l a t i o n . The aminoacylation of tRNA can be s t u d i e d i n a 
s e p a r a t e system from which ribosomes and BTP a r e omitted and i n which 
aminoacylation i s measured by the i n c o r p o r a t i o n of r a d i o a c t i v e 
l a b e l i n t o a c o l d TCA i n s o l u b l e p r e c i p i t a t e . The i n c u b a t i o n 
c o n d i t i o n s with r e s p e c t to i o n i c c o n c e n t r a t i o n of these t h r e e 
systems a r e c l o s e l y s i m i l a r and i n d i s c u s s i n g the dependence of 
such systems upon added components i t i s convenient to d i s c u s s 
a l l t hree together. 

Two b a s i c methods e x i s t f o r the c o l l e c t i o n and washing of the TCA 

i n s o l u b l e p r e c i p i t a t e s obtained i n such systems. Mans and N o v e l i i 

(1960) d e s c r i b e a method whereby a l i q u o t s of i n c u b a t i o n mixture 

a r e p i p e t t e d on to 2 cm d i s c s of Whatman 3 MM f i l t e r paper and a i r d r i e d , 

These d i s c s can then be washed w i t h TCA ( c o l d or h o t ) , d r i e d and counted, 
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However such a treatment i n v o l v e s c o n s i d e r a b l e time expenditure. 

I f d i s c s a r e to be t r e a t e d d i f f e r e n t l y , t h i s procedure i s cumbersome. 

The p r e f e r a b l e method i s t h a t of Nirenberg and Leder (196 4) i n 

which the p r e c i p i t a t e i s f i l t e r e d , under s l i g h t vacuum, through a 

n i t r o c e l l u l o s e M i l l i p o r e f i l t e r of the c o r r e c t pore s i z e . The 

p r e c i p i t a t e i s r e t a i n e d i n the pores of the f i l t e r and can be 

washed r a p i d l y . An obvious advantage i s t h a t samples can be handled 

much f a s t e r , ( t h e delay between i n c u b a t i o n and washing can be l e s s 

than 1 min). Such a procedure a l l o w s d i f f e r e n t i n c u b a t i o n s to be 

washed u s i n g d i f f e r e n t methods. A v a r i e t y of l a b i l e complexes can 

be r e t a i n e d on such f i l t e r s which would merely be washed out of 

f i l t e r paper d i s c . (Witness the use of such f i l t e r s i n i n v e s t i g a t i o n 

of the complexes formed by the b a c t e r i a l e l o n g a t i o n f a c t o r s T g , T^ 

and G, Lucas-Lenard and, Lipmann, 1971). Unpublished-work from t h i s 

l a b o r a t o r y has shown th a t t h e r e i s no s i g n i f i c a n t d i f f e r e n c e 

between i d e n t i c a l i n c u b a t i o n s assayed by the f i l t e r paper and 

M i l l i p o r e f i l t e r technique and hence a l l the data presented here 

has been obtained u s i n g the l a t t e r method. The c o n d i t i o n s d e s c r i b e d 

by Yarwood (1968) f o r counting of f i l t e r paper d i s c s have been 

shown to be e q u a l l y a p p l i c a b l e to the M i l l i p o r e f i l t e r d i s c s . 

A c o n s i d e r a b l e amount of the data presented here r e l a t e s to the 

M fl4 1 C p h e n y l a l a n i n e from y e a s t I CI Poly(U) dependent t r a n s f e r of |̂  C j p h e n y l a l a n i n e from y e a s t 

phenylalany1-tRNA i n t o peptide l i n k a g e i n a heterologous system u s i n g 

ribosomes and enzyme prepared from V. f a b a . The c h o i c e of a commercial 

y e a s t p r e p a r a t i o n i n p r e f e r e n c e to the homologous bean tRNA was 

d i c t a t e d by the r e l a t i v e s c a r c i t y of bean tRNA. Although bean tRNA 

can be prepared throughout the y e a r from the plumules of germinated 

beans, t h i s process i s extremely time consuming s i n c e each plumule 
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must be d i s s e c t e d i n d i v i d u a l l y , o therwise high l e v e l s of RNase 

a r e encountered and y i e l d s of tRNA a r e low. The developing bean 

was a v a i l a b l e f o r only a l i m i t e d time, s i n c e only f i e l d grown m a t e r i a l 

r e a d i l y f r u i t s and the q u a n t i t y of tRNA t h a t could be prepared was 

i n s u f f i c i e n t f o r both the experiments i n v o l v i n g the c h a r a c t e r i s a t i o n 

of the amino a c i d - i n c o r p o r a t i n g systems and those i n v o l v i n g 

r e s o l u t i o n of methiony-tRNA. I t seemd, t h e r e f o r e , p r e f e r a b l e to 

conserve bean tRNA fo r the l a t t e r experiments where a heterologous 

tRNA would not have s u f f i c e d . 

Y e a s t tRNA was c o n s i s t e n t l y found to be a c y l a t e d with |^ Cj 

p h e n y l a l a n i n e to a higher degree than was bean tRNA u s i n g the same 

enzyme under i d e n t i c a l c o n d i t i o n s . From charging experiments the 

r a t i o of the s p e c i f i c a c t i v i t y (pmoles/mg tRNA) wi t h r e s p e c t to 

|̂  C j p h e n y l a l a n i n e of bean: y e a s t tRNA was found to be 29.5:38.0. 

T h i s i s i n s t r i k i n g c o n t r a s t to the r e s u l t s of L i d d e l l (1972) who 

found a r a t i o o f approximately 188:56. The d i f f e r e n c e most probably 

r e f l e c t s the d i f f e r e n c e i n the enzyme source. L i d d e l l (1972) 

used a high speed supernatant f r a c t i o n from Phaseolus aureus as 

the source of aminoacyl s y n t h e t a s e s i n c o n t r a s t to the V. faba 

p r e p a r a t i o n used i n t h i s work. L i d d e l l i n v e s t i g a t e d the a b i l i t y of a 

P. aureus supernatant to c a t a l y s e the aminoacylation by s i x d i f f e r e n t 

amino a c i d s of four independent tRNA's and found t h a t f o r the amino 

a c i d s t e s t e d the acceptor c a p a c i t i e s were, on average, i n the 

order germinated V. faba^> developing V. i g a b a ^ P. aureus ^ y e a s t tRNA. 

Data of t h i s type suggests t h a t the d i f f e r e n c e i n amino a c i d acceptor 

c a p a c i t y r e s u l t s not only from v a r i a t i o n s i n the amount of the d i f f e r e n t 

tRNA s p e c i e s i n a given sample, but may, to c o n s i d e r a b l e extent r e f l e c t 

the i n t e g r i t y of the p r e p a r a t i o n i t s e l f . I t seems u n l i k e l y t h a t the 

> yea s t P. aureus 
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a c c e p t o r c a p a c i t y of y e a s t tRNA f o r a l l s i x amino a c i d s should be 

i n h e r e n t l y l e s s than t h a t of a V i c i a faba p r e p a r a t i o n . There i s a 

c o n s i d e r a b l e degree of v a r i a t i o n among the reported l e v e l s of 

ph e n y l a l a n i n e of V. faba tRNA p r e p a r a t i o n s aminoacylation by 

prepared simultaneously from the same m a t e r i a l under i d e n t i c a l 

c o n d i t i o n s by independent i n v e s t i g a t o r s ( w i t n e s s the r e s u l t s of 

Yarwood, 1968; Payne, 1970; L i d d e l l , 1972). I n the absence of any 

ab s o l u t e v a l u e f o r the acceptor c a p a c i t y of a p a r t i c u l a r tRNA 

p r e p a r a t i o n i t must be concluded t h a t the v a r i a t i o n r e p r e s e n t s not 

v a r i a t i o n i n a b s o l u t e a c c e p t o r c a p a c i t y but v a r i a t i o n i n the tRNA 

and enzyme p r e p a r a t i o n s used. Although the aminoacy1 s y n t h e t a s e s 

have been demonstrated to e x h i b i t s p e c i e s s p e c i f i c a l l y i t would be 

unwise to evoke such d i f f e r e n c e s as accounting f o r the above r e s u l t s , 

s i n c e such l a c k of i n t e r c h a n g e a b i l i t y i s u s u a l l y evidence between tRNA 

from p r o k a r y o t i c and e u k a r y o t i c sources (Hayashi, 1966; L a g e r k v i s t and 

Waldenstrom, 1964). Yarwood (1968) has shown complete i n t e r o h a n g e a b i l i t y 

of crude s y n t h e t a s e p r e p a r a t i o n s from V. faba and r a b b i t r e t i c u l o c y t e . 

Although a number of workers have recorded lower a c y l a t i o n i n heterologous 

than homologous systems (Moustafa, 1966; L o f t f i e l d and E i g n e r , 1963), 

i t should be s t r e s s e d t h a t t h e s e r e p r e s e n t comparisons r a t h e r than 

a b s o l u t e v a l u e s . 

I t would be, perhaps, more p e r t i n e n t to c o n s i d e r not the degree 

of i n t e r c h a n g e a b i l i t y of the s y n t h e t a s e and tRNA p r e p a r a t i o n s from y e a s t 

and V, faba but the extent to which the heterologous tRNA can donate 

the amino a c i d i n t o peptide l i n k a g e . The r a t i o of the e f f i c i e n c y of 

bean:yeast tRNA i n donating the accepted amino a c i d s t r o n g l y suggests 

t h a t such d i f f e r e n c e s r e f l e c t only d i f f e r e n c e s i n the s p e c i f i c a c t i v i t y 

of the CI p h e n y l a l a n i n e tRNA p r e p a r a t i o n s , and the heterologous 



-233-

systera appears to f u n c t i o n as e f f i c i e n t l y as the homologous. 

Such an argument i s , however, only a p p l i c a b l e to the P o l y ( U ) 

d i r e c t e d system a t 'high' (7mM) magnesium c o n c e n t r a t i o n , where 

the need f o r p h y s i o l o g i c a l i n i t i a t i o n i s bypassed. S u b s t i t u t i o n 

of heterologous tRNA under those c o n d i t i o n s where 'proper' i n i t i a t i o n 

was r e q u i r e d ( i . e . low magnesium, i n the presence of a messenger 

RNA c a r r y i n g i n i t i a t i o n codons) may produce a completely a r t e f a c t u a l 

s i t u a t i o n with no resemblance to t h a t i n v i v o . 

P r i o r to i t s use i n the complete system and as a p r e l i m i n a r y 

t o the p r e p a r a t i o n of C -aminoacyl-tRNA fo r use i n the t r a n s f e r 

system, the acceptor c a p a c i t y of s m a l l samples of tRNA was a s s a y e d . 

I t was r o u t i n e l y the c a s e t h a t the degree of aminoacylation obtained 

i n a s m a l l p r e l i m i n a r y i n c u b a t i o n was never achieved when the 

procedure was repeated on a p r e p a r a t i v e s c a l e ^ ^Table 1 0 ) . The 

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

the tRNA f o l l o w i n g i t s recovery from the phenol-denatured i n c u b a t i o n 

mixture and a t the f i n a l washing by r e p r e c i p i t a t i o n . The l o s s cannot 

be explained by a l o s s of tRNA a t each step s i n c e t h i s would only 

reduce the y i e l d and not the s p e c i f i c a c t i v i t y of the p r e p a r a t i o n . 

S i n c e the f a l l i n aminoacylation cannot be c o r r e l a t e d w i t h the 

l e n g t h of time f o r which the aminoacy1-tRNA was maintained as an 

e t h a n o l i c p r e c i p i t a t e i t i s u n l i k e l y t h a t the h y d r o l y s i s occurs a t 
o 

t h i s s t e p . I t seems most l i k e l y t h a t the h y d r o l y s i s occurs a t 0 

i n O.lM-potassium a c e t a t e p r i o r to r e p r e c i p i t a t i o n or during the 

phenol d e p r o t e i n i s a t i o n of the i n c u b a t i o n mixtui*e a t room temperature. 

A s i m i l a r phenomenon has been reported by Payne, ( 1 9 6 8 ) . 



-234-

The complete system may be regarded as a s y n t h e s i s of the 

aminoacylation and t r a n s f e r systems s i n c e both r e a c t i o n s a re o c c u r r i n g 

simultaneously and i t may be argued t h a t the optimum c o n d i t i o n s 

f o r the complete system r e p r e s e n t a compromise between those of the 

aminoacylation and t r a n s f e r system. I t must be assumed th a t when 

the parameters governing the aminoacylation r e a c t i o n a r e matched 

by those governing the t r a n s f e r r e a c t i o n , t h a t maximum i n c o r p o r a t i o n 

w i l l be a c h i e v e d . I f however the parameters governing the two 

r e a c t i o n s a r e widely divergent then i n c o r p o r a t i o n w i l l be dependent 

upon a compromise between such parameters. For example, the optimal 

temperature f o r both aminoacylation of tRNA phe and for the t r a n s f e r 

of tRNA * > h e i n t o peptide l i n k a g e ( F i g s . 15 and 24) was i d e n t i c a l and 

i s r e f l e c t e d i n an i d e n t i c a l optimum temperature f o r the complete 

system. A mutual c o n c e s s i o n i s e x e m p l i f i e d by the d i s s i m i l a r response 
2+ 

of the r e a c t i o n s of aminoacylation and t r a n s f e r t o changes i n Mg 

( F i g s . 17, 22 and 2 3 ) . 

An e s s e n t i a l component of a l l p r o t e i n s y n t h e s i s i n g systems i s some 

form of mRNA molecule. mRNA c o n s t i t u t e s only a s m a l l p roportion of 

a l l the RNA molecules being s y n t h e s i s e d a t any time and although i t 

i s known to be a s s o c i a t e d with a c t i v e l y t r a n s l a t i n g ribosomes, polysomes, 

i t has proved to be very e l u s i v e , e s p e c i a l l y from p l a n t m a t e r i a l s . 

I d e a l l y a polysome p r e p a r a t i o n should r e q u i r e no supplementation w i t h 

exogenous mRNA, t h i s has r a r e l y proved however to be so. Payne (1970) 

has demonstrated the almost complete dependence of a V. faba amino a c i d 

i n c o r p o r a t i n g system upon exogenous P o l y ( U ) . mRNA i s extremely l a b i l e and 

i t s e x t r a c t i o n from p l a n t polysomes p r e p a r a t i o n s has not proved 

f e a s i b l e . There a r e however, r e p o r t s of a mRNA i s o l a t e d from 

r e t i c u l o c y t e s polysomes, however i t i s only when such mRNA's a r e shown 
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to produce a c h a r a c t e r i s a b l e product t h a t t h e i r i d e n t i t y as 

mRNA i s s u b s t a n t i a t e d . L a b r i e (1969) r e p o r t s the i s o l a t i o n 

from animal r e t i c u l o c y t e polysomes of an RNA f r a c t i o n having the 

p r o p e r t i e s of mRNA. Drach and L i n g r e l (1966) found a r e t i c u l o c y t e 

RNA f r a c t i o n s t i m u l a t e d amino a c i d i n c o r p o r a t i o n i n an E . c o l i system. 

C h a r a c t e r i s a t i o n of the product r e v e a l e d ^ however, t h a t i t was not 

g l o b i n but a b a c t e r i a l p r o t e i n , Pemberton e t a_l. (1972) r e p o r t 
c 

the i s o l a t i o n and c h a r a c t e r i s a t i o n from dijk r e t i c u l o c y t e polysomes 

of the haemoglobin mRNA, T h i s 10S RNA molecule d i r e c t s the 

s y n t h e s i s of t h e o t H c h a i n of duck haemoglobin i n a r a b b i t r e t i c u l o c y t e 

c e l l - f r e e system. S i m i l a r RNA m o l e c u l e s d i r e c t i n g the s y n t h e s i s of 

i d e n t i f i a b l e p r o t e i n s have been i s o l a t e d by a number of workers 

(Laycock and Hunt, 1969; Lockard and L i n g r e l , 1969; Heywood, 1969; 

Stavnezer and Huang, 1971; Mathews e t a l , , 1971). I t i s however 

notable t h a t t h e r e a r e as y e t no confirmed r e p o r t s of the i s o l a t i o n of 

a p l a n t mRNA capable of d i r e c t i n g the s y n t h e s i s of a c h a r a c t e r i s a b l e 

p l a n t p r o t e i n . Lonsdale (1972) f a i l e d to e x t r a c t the g l o b u l i n mRNA 

from the polysomes of developing cotyledons of V. faba. Even i n the 

presence of RNase i n h i b i t o r s , t h e r e was no evidence of an undegraded 

RNA s p e c i e s w i t h c h a r a c t e r i s t i c s expected of such a molecule. 

The use of bacteriophage RNA's i n b a c t e r i a l systems has become 

commonplace ( L o d i s h , 1968; Coolsma and Haselkorn, 1969); i n such 

systems the product has been c h a r a c t e r i s e d as v i r a l s p e c i f i c p r o t e i n s . 

A number of workers r e p o r t the use of p l a n t v i r a l mRNA i n 

b a c t e r i a l systems (Voorma e t a_ l , , 1965; Von Ravensway C l a a s e n ejt a l . 

1967; A l b r e c h t e t a l , , 1969), however the products l a c k any resemblance 
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t o or show l i m i t e d s i m i l a r i t y t o the a u t h e n t i c coat p r o t e i n . A 

mammalian system has now been d e s c r i b e d which s y n t h e s i s e s v i r a l s p e c i f i c 

p olypeptides i n response to adenovirus mRNA ( C c t f f i e r e t a l , , 1971). 

B o u l t e r (1970) has observed t h a t the establishment of a n a t u r a l 

messenger system i s necessary before the understanding of the mechanism 

of p r o t e i n s y n t h e s i s on p l a n t ribosomes i s complete. S i n c e p l a n t 

mRNA's a r e not a v i a b l e p r o p o s i t i o n , then RNA's der i v e d from v i r u s e s 

which i n f e c t p l a n t s a r e regarded as a p o s s i b l e s u b s t i t u t e . L i d d e l l 

(1972) has c h a r a c t e r i s e d an i n v i t r o system from P. aureus d i r e c t e d by 

Turnip Yellow Mosaic v i r u s - RNA (TYMV - RNA), however i n view of the 

host s p e c i f i c i t y e x h i b i t e d by TYMV the v a l i d i t y of the TYMV-RNA as 

a model of a P.aureus mRNA i s d o u b t f u l . 

The use of v i r a l mRNA to e l u c i d a t e a s p e c t s of the mechanism of p r o t e i n 

s y n t h e s i s , on e u k a r y o t i c ribosomes, although f e a s i b l e , i s not without 

i t s d i f f i c u l t i e s . As has been d e s c r i b e d i n the I n t r o d u c t i o n , the 

i n t r o d u c t i o n of a bacteriophage RNA i n t o a b a c t e r i a l system r e s u l t s 

i n a c e s s a t i o n of the s y n t h e s i s of the normal host p r o t e i n s and a 

p r e f e r e n t i a l a s s o c i a t i o n of the b a c t e r i a l ribosomes w i t h the 'phage 

RNA. The i n i t i a t i o n f a c t o r s have been i m p l i c a t e d i n t h i s mRNA s p e c i f i c i t y . 

S i n c e the change from h o s t - d i r e c t e d to phage-directed p r o t e i n s y n t h e s i s 

i s s e n s i t i v e to chloramphenicol, i t i m p l i e s t h a t s y n t h e s i s of new 

and s p e c i f i c p r o t e i n s i s a p r e r e q u i s i t e f o r the change i n mRNA 

s p e c i f i c i t y . I t seems t h a t i n t h i s manner v i r a l mRNA's may be 

regarded as competetively s u p e r i o r to normal mRNA's and we must 

t h e r e f o r e ask how f a r these v i r a l RNA's a r e i n f a c t comparable to 

normal mRNA's. 
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Although the a d d i t i o n of v i r a l mRNA's to p l a n t systems may be 

a t t r a c t i v e , i t i s u n c e r t a i n how s u c c e s s f u l i t may prove. A c o n s i d e r a b l e 

body of evidence suggests t h a t one of the i n i t i a t i o n f a c t o r s i s 

messenger s p e c i f i c . These messenger s p e c i f i c f a c t o r s a r e thought 

to be pr e s e n t on the ribosome and may be i n v o l v e d i n i n i t i a t i o n of 

p r o t e i n s y n t h e s i s by bi n d i n g the mRNA's to the ribosome. I t would 

seem t h e r e f o r e t h a t the use of p l a n t v i r a l mRNA's w i l l be most 

s u c c e s s f u l i n c e l l - f r e e systems prepared from p l a n t s s u s c e p t i b l e 

to the p a r t i c u l a r v i r a l i n f e c t i o n . Because of the presence of a 
V a l 

tRNA s t r u c t u r e w i t h i n i t s s i n g l e RNA c h a i n , TYMV can be amino-

a c y l a t e d by v a l i n e . I n view of the absence of such s t r u c t u r e s from 

normal e u k a r y o t i c mRNA's the a p p l i c a b i l i t y of v i r a l RNA's as models 

of c y t o p l a s m i c RNA's remains u n c e r t a i n . 

I n the absence of a s u i t a b l e n a t u r a l mRNA rec o u r s e must be made 

to a s y n t h e t i c messenger, such as homo -and h e t e r o p o l y n u c l e o t i d e s . 

I n order to i n t e r a c t with the ribosome and perform i t s templace 

r o l e a template p o l y n u c l e o t i d e should not poss e s s a p e r f e c t secondary 

s t r u c t u r e or a l a r g e f r a c t i o n of s t a b l e c o - o p e r a t i v e h e l i c a l r e g i o n s 

( S p i r i n and G a v r i l o v a , 1969). Thus, n e i t h e r the u s u a l n a t i v e DNA's 

nor double - stranded v i r a l RNA's nor h e l i c a l complexes of s i n g l e 

p o l y r i b o n u c l e o t i d e s of the type of the P o l y ( A ) - P o l y ( U ) complex, 

as w e l l as s y n t h e t i c p o l y n u c l e o t i d e s w i t h an e s p e c i a l l y l a r g e G 

content, p o s s e s s template a c t i v i t y and a r e g e n e r a l l y incapable of 

combining w i t h ribosomes (Takanami and Okamoto, 1963 a,b; Nirenberg 

and Matthaei, 1961b; S i n g e r , e t a l . , 1963; Nirenberg e t a l . , 1963). 

I n order to a s s o c i a t e with the ribosome, the p o l y n u c l e o t i d e must p o s s e s s 

s i n g l e - s t r a n d e d h e l i c a l r e g i o n s , and i t i s important t h a t the 5'- t e r m i n a l 
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n u c l e o t i d e should not be i n c l u d e d w i t h i n the h e l i x . I t has been 

suggested ( S p i r i n and G a v r i l o v a , 1969) t h a t provided the ribosome 

can a t t a c h to a 5 ' - n o n h e l i c a l end of a p o l y n u c l e o t i d e t h a t the 

t r a n s l a t i n g ribosome can u n c o i l s h o r t h e l i c a l regions of the 

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

The most widely used s y n t h e t i c template has been P o l y ( U ) . I t 

i s the use of P o l y ( U ) which has e l u c i d a t e d most of the s t e p s i n v o l v e d 

i n peptide c h a i n e l o n g a t i o n ; However, P o l y ( U ) i s l i m i t e d i n the 

extent to which i t i s a p p l i c a b l e to problems of i n i t i a t i o n and 

t e r m i n a t i o n . Both of these f u n c t i o n s a r e t h e r e s u l t of s p e c i f i c 

codons, other than UUU, which a r e absent from P o l y ( U ) . 

I t i s now accepted t h a t i n i t i a t i o n i n v i v o i n v o l v e s the s p e c i f i c 

b i n d i n g , a t low magnesium and i n the presence of s p e c i f i c i n i t i a t i o n 

f a c t o r s , of an i n i t i a t o r tRNA to an i n i t i a t i o n codon (AUG, or l e s s 

probably GUG). Although Lucas-Lenard and Lipmann (1967) have 

demonstrated a s p e c i f i c i n i t i a t i o n mechanism o p e r a t i v e w i t h P o l y ( U ) 

a t low magnesium which i n v o l v e s the binding of an i n i t i a t i n g aminoacyl -

tRNA such as N-acetyl-phenylalanyl-tRNA, t h i s i s now recognised as 

a completely a r t e f a c t u a l s i t u a t i o n and has l i t t l e r e l e v a n c e to 

the process i n v i v o . App and Barton (1965) r e p o r t t h a t streptomycin 

i n h i b i t s the i n v i t r o P o l y ( U ) - d i r e c t e d i n c o r p o r a t i o n of p h e n y l a l a n i n e 

by r i c e embryo ribosomes, whereas the polysome i n c o r p o r a t i o n , 

u s i n g endogenous messenger, was c o n s i d e r a b l y more streptomycin r e s i s t a n t 

s u ggesting t h a t c a u t i o n should be e x e r c i s e d i n a c c e p t i n g Poly(U) as 

an a u t h e n t i c model f o r n a t u r a l r i c e mRNA. 

Moore (1966$, studying the b i n d i n g of P o l y ( U ) to E . c o l i ribosomes 

found t h a t the formation of polysomes depends on the r a t i o of P o l y ( U ) : 
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ribosomes. When ribosoraes were p r e s e n t i n molar e x c e s s over P o l y ( U ) , 

polysome complexes were formed, but when Poly ( U ) was i n excess i t 

complexed w i t h s i n g l e ribosomes. I n the pr e s e n t work Poly ( U ) has 

been added i n e x c e s s , hence the Poly ( U ) would be expected to be 

a s s o c i a t e d w i t h the monosome peak. Using i s o k i n e t i c g r a d i e n t s i t 

has i n f a c t been demonstrated t h a t the r a d i o a c t i v i t y present i n a 

V i c i a faba P o l y ( U ) - dependent microsomal amino a c i d i n c o r p o r a t i n g 

system i s a s s o c i a t e d w i t h the monosome f r a c t i o n . (Payne e t a _ l . , 1971). 

A l a g phase i s rep o r t e d to be c h a r a c t e r i s t i c of Poly(U) 

dependent systems (Nakamoto e t a l . , 1963; A l l e n d e e t a l , , 1964; 

Nis h i z u k a and Lipmann, 1966b). However F i g s . 21 and 25 r e v e a l 

the complete absence of a l a g phase i n e i t h e r the Po l y ( U ) dependent 

complete or t r a n s f e r systems. The absence of such a l a g phase may 

be e a s i l y e x p l a i n e d on t h e - b a s i s t h a t - i n s u f f i c i e n t samples were 

assayed a t d i f f e r e n t times i n the i n i t i a l phase of r e a c t i o n , thus 

by g r a p h i c a l l y connecting the po i n t a t ze r o time t o t h a t of the 

f i r s t sampling i n t e r v a l , an apparently l i n e a r response was obtained. 

S i m i l a r r e s u l t s have been reported f o r other V. faba amino a c i d 

i n c o r p o r a t i n g systems (Yarwood, 1968; Payne, 1970). Both these 

workers found the i n c o r p o r a t i o n proceeded l i n e a r l y a f t e r 5 min of 

in c u b a t i o n , s u g g e s t i n g t h a t the d u r a t i o n of the l a g phase i n these 

systems was l e s s than 5 min. 

A l a g phase i s a f e a t u r e of the i n v i t r o systems i n which the 

template p o l y n u c l e o t i d e l a c k s a s p e c i f i c i n i t i a t i n g codon, i t i s 

p r e c i s e l y the i n i t i a t i o n s t e p which, i n such systems i s r a t e l i m i t i n g . 

That i n i t i a t i o n does occur i s evident from the a c t i v i t y of such systems, 

but i n the absence of a p r e c i s e i n i t i a t i o n mechanism the pro c e s s becomes 



-240-

random and the s t a t i s t i c a l p r o b a b i l i t y of such an event becomes so 
low as to become r a t e - l i m i t i n g . S i n c e the process of i n i t i a t i o n 
i n v o l v e s the entry of a s p e c i f i c methionyl-tRNA (or an analogue of i t ) 
i n t o the p e p t i d y l (P) s i t e , be i t d i r e c t l y or v i a the A s i t e , i t has been 
suggested t h a t s i n c e the u s u a l aminoacyl - tRNA's a r e not r e t a i n e d i n 
t h i s s i t e , i t i s the frequency of t h i s r a r e event which i s r a t e -
l i m i t i n g . Nakamoto and Kolakofsky (1966) obviated the l a g phase 
i n a Poly(U) system by exogenous supplementation of a d i p e p t i d y l -
tRNA, an analogue, of the i n i t i a t o r tRNA, 

The absence of any s i g n i f i c a n t l a g phase i n the aminoacylation 

r e a c t i o n ( P i g . 1 6 ) may be due s o l e l y to the frequency of sampling 

but t h e r e i s no apparent reason why such a l a g phase of the type 

d e s c r i b e d f o r the amino a c i d i n c o r p o r a t i n g systems, should e x i s t . 

Given the presence of enzyme ( i . e . s y n thetase)and s u b s t r a t e s t h e r e 

should be no s i g n i f i c a n t delay i n the i n s t i g a t i o n of r e a c t i o n . However, 

L o f t f i e l d (1972) has noted t h a t the a d d i t i o n of s u b s t r a t e s to the 

s y n t h e t a s e i s a random pr o c e s s dependent only upon the c o n c e n t r a t i o n 

and Kd's of the s u b s t r a t e s , and under c o n d i t i o n s where a l l parameters 

a r e optimal the l a g phase w i l l be reduced to a minimum. 

The absence of any s i g n i f i c a n t m i c r o b i a l c o n t r i b u t i o n to 

i n c o r p o r a t i o n measured i n e i t h e r aminoacylation, t r a n s f e r or complete 

system, i s suggested by the l i n e a r i t y of the i n c o r p o r a t i o n over the 

f i r s t 30 min (15 i n the c a s e of a m i n o a c y l a t i o n ) and the subsequent 

l e v e l l i n g o f f of i n c o r p o r a t i o n over p e r i o d s of up to 120 min. The 

i n i t i a l l i n e a r i t y and subsequent l e v e l l i n g o f f i n the r a t e of 

i n c o r p o r a t i o n i n a l l t h r e e systems i n d i c a t e s t h a t some change i n the 

i n c u b a t i o n c o n d i t i o n has occurred such t h a t the i n c o r p o r a t i o n of 

r a d i o a c t i v i t y i s no longer favoured. Three p o s s i b l e a l t e r n a t i v e s e x i s t 
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to e x p l a i n t h i s phenomenon ( a ) exhaustion of s u b s t r a t e s ; 

(b) accumulation of i n h i b i t o r y components; ( c ) an inherent 

i n s t a b i l i t y i n the components of the i n c u b a t i o n f o l l o w i n g i n c u b a t i o n 

for extended p e r i o d s of time a t the temperature of i n c u b a t i o n . 

The most s i g n i f i c a n t c o n t r i b u t i o n to the decrease i n a c t i v i t y i s 

probably the d e p l e t i o n of the components of i n c u b a t i o n mixture, 

Coleman (1969) u s i n g a 'dynamic' system, i n which the c o n c e n t r a t i o n s 

of ATP, GTP and amino a c i d s were maintained e s s e n t i a l l y c o n s t a n t , 

a t t r i b u t e d a decrease i n a c t i v i t y a f t e r 20 min to the d e p l e t i o n 

of the polysome supply. Sincey^the 'dynamic' system low mol.wt, 

degradation products were c o n t i n u a l l y removed from the i n c u b a t i o n 

mixture by the o c c l u s i o n w i t h i n the pores of the g e l , i t i s u n l i k e l y 

t h a t the t a i l i n g o f f i n a c t i v i t y observed i n such systems i s 

s i g n i f i c a n t l y due to the accumulation of degradation compounds. 

The f a c t t h a t the i n s t a b i l i t y of the P o l y ( U ) dependent amino-acid 

i n c o r p o r a t i n g system during the p e r i o d of i n c u b a t i o n i s a f u n c t i o n 

of the temperature i s i n d i c a t e d by the form of the time course a t 

d i f f e r e n t temperatures ( F i g s , 21 and 2 5 ) . Although a t 30°, the 

optimum temperature for P o l y ( U ) dependent i n c o r p o r a t i o n , the i n i t i a l 

r a t e of r e a c t i o n was lower than t h a t a t 37°, the i n c o r p o r a t i o n 

continued i n a l i n e a r f a s h i o n f o r a longer p e r i o d and a higher l e v e l 

of i n c o r p o r a t i o n was achieved suggesting t h a t a t temperatures above 
o 

30 the f a l l i n g o f f i n i n c o r p o r a t i o n r e s u l t s rot only from d e p l e t i o n 

of the s u b s t r a t e s but flom an i n h e r e n t i n s t a b i l i t y of the system a t 

t h i s temperature. I f the system was as s t a b l e a t 37° as a t 30°, an 

equal l e v e l of i n c o r p o r a t i o n should have been a t t a i n e d but w i t h i n a 

s h o r t e r time i n t e r v a l . I t would seem J u s t i f i a b l e t h e r e f o r e , to assume 

t h a t the l e v e l l i n g o f f a t 30° r e s u l t s predominantly from a d e p l e t i o n 
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of the components of the i n c u b a t i o n mixture w h i l s t a t temperatures 
fir 

above the optimum i n s t a b i l i t y as a r e s u l t / d e g r a d a t i v e changes become 

s i g n i f i c a n t . Although both aminoacylation and Poly(U) dependent 

amino a c i d i n c o r p o r a t i o n e x h i b i t e d temperature optima ( F i g s . 15, 

20, 24) of 30°, t h e r e i s a s u b t l e d i s t i n c t i o n between the temperature 

dependence of these systems. I n a l l t h r e e systems t h e r e was very 

l i t t l e a c t i v i t y below 5° and i n c u b a t i o n a t temperatures above 30° 

r e s u l t e d i n a decrease i n the t o t a l a c t i v i t y of the system. However 

the a c t i v i t i e s of the aminoacylation and complete systems were 

r e l a t i v e l y independent of temperature between 20° and 30°. At 20° 

the a c t i v i t i e s of the aminoacylation and complete systems were 

r e s p e c t i v e l y ' - 8 2 . 5 % and 90% of t h e i r v a l u e a t 30°, w h i l s t the t r a n s f e r 

system e x h i b i t e d a g r e a t e r degree of temperature dependence, a c h i e v i n g 

a t 20° only 55% of the a c t i v i t y obtained a t 30°. The a c t i v i t y of 

the complete system appears, i n t h i s i n s t a n c e , to be l i m i t e d by the 

aminoacylation r e a c t i o n r a t h e r than the t r a n s f e r r e a c t i o n . 

The temperature dependent i n c r e a s e i n the v e l o c i t y of an enzyme 

r e a c t i o n may be mediated by a v a r i e t y of f a c t o r s , such as an e f f e c t on 

the r a t e of formation of the enzyme-substrate complex; an e f f e c t on pH due 

to an a l t e r a t i o n of the pKa of one or more components, or to a change 

i n the pH of the b u f f e r . The complexity of the systems used excludes 

any p r e d i c t i o n of the p r e c i s e s t e p s which a r e temperature dependent. 

However the form of the time course curves a t v a r y i n g temperatures 

a r e p r e c i s e l y those p r e d i c t e d by Dixon and Webb (1958) f o r a system 

i n which an i n c r e a s e i n the r a t e of r e a c t i o n a t i n c r e a s e d temperature 

i s counterbalanced by decreased s t a b i l i t y . 
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S i n c e the b i n d i n g of poly(U) to ribosomes a t high magnesium 

c o n c e n t r a t i o n occurs non-enzymatically ( S p i r i n and G a v r i l o v a , 1969) 

i t would appear to be r e l a t i v e l y temperature i n s e n s i t i v e . Krahn 

and Paranchynch (1970) have shown t h a t the binding of P o l y ( U ) to 

E . c o l i ribosomes occurs more e f f i c i e n t l y a t the c r i t i c a l temperature 

a t which the ordered h e l i c a l s t a t e i s converted to a random c o i l . 

I n the absence of s i g n i f i c a n t n u c l e a s e a c t i v i t y the a f f i n i t y of P o l y ( U ) 
o 

fo r E . c o l i ribosomes i s g r e a t e r a t 10 , more than f i v e times g r e a t e r 

than a t 37°. S i n c e the b i n d i n g of P o l y ( U ) was completed i n 30 s e c the 

authors conclude t h a t a t i n c u b a t i o n temperature above 30° binding 

a t Poly(U) to ribosomes i s not a r a t e l i m i t i n g parameter f o r temperature 

optima of polypeptide s y n t h e s i s . 

In P o l y ( U ) dependent systems a f a c t o r which may c o n t r i b u t e to the 

temperature optimum i s the s t a t i s t i c a l l y random i n s e r t i o n w i t h i n the 

P s i t e , of the f i r s t phenylalanyl-tRNA molecule. McLaughlin e t aJL. (1966) 

have recorded t h a t the formation of a t e r n a r y complex i n v o l v i n g 

ribosome-template-aminoacy1-tRNA s t a b i l i s e s the a s s o c i a t i o n of the 

ribosome and template. T h i s r e a c t i o n has been shown to be favoured 

by i n c r e a s i n g temperature, a t 37° the binding of aminoacy1-tRNA i s 

double t h a t a t 24°, a t 15° i t i s many times lower than a t 24°, w h i l s t 

a t temperatures of 0-5° such b i n d i n g i s d i f f i c u l t to observe. A f t e r 

the i n s e r t i o n of the f i r s t aminoacy1-tRNA i n t o the P s i t e the remaining 

r e a c t i o n s of p r o t e i n s y n t h e s i s a r e enzymatic and t h e r e f o r e show 

c o n s i d e r a b l e temperature dependence. 

The cou n t e r b a l a n c i n g i n s t a b i l i t y introduced i n t o the systems 

by i n c r e a s i n g temperature r e s u l t s from an i n a c t i v a t i o n of the 

components a t temperatures i n excess of some optimum. The temperature 

s t a b i l i t y of the v a r i o u s l a b i l e oomponents in v o l v e d i n the system w i l l 
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vary and the optimum temperature f o r i n c o r p o r a t i o n r e f l e c t s the sum 

t o t a l of a l l the temperature s e n s i t i v e r e a c t i o n s i n v o l v e d . 

The i n t e g r i t y of the ribosomes i s maintained by a v a r i e t y 

of weak f o r c e s and i s profoundly temperature dependent. Bodley (1969) 

reported d e n a t u r a t i o n of E . c o l i ribosomes w i t h i n c r e a s i n g temperature, 

w h i l s t numerous i n v e s t i g a t o r s have i m p l i c a t e d mRNA breakdown a t 

i n c r e a s e d temperatures as one of the causes of i n s t a b i l i t y i n 

t h e i r i n v i t r o systems ( S c h i e b e l e t a _ l . , 1969; B y f i e l d and Scherbaum, 

1966; 1967a, b ) . Mangiantini e t al»(1965) and Friedman (1968) have 

suggested t h a t the optimum temperature of amino a c i d i n c o r p o r a t i o n 

r e f l e c t s the temperature a t which an organism l i v e s and t h a t the 

t h e r m o s t a b i l i t y of the ribosome may be a r a t e - l i m i t i n g f a c t o r i n 

determining the upper growth temperature of an organism. 

I t i s u n l i k e l y t h a t ribosomal t h e r m o s t a b i l i t y a l o n e i s the prime 

determinant of the optimum temperature of amino a c i d i n c o r p o r a t i o n 

systems. Payne (1970) working w i t h e s s e n t i a l s i m i l a r systems to 

those d e s c r i b e d here, but u s i n g developing V. faba tRNA, c o n s i s t e n t l y 

found temperature optima of 25°, suggesting t h a t to some extent the 

t h e r m o s t a b i l i t y of such systems i s a f u n c t i o n of the tRNA source. 

S a r i n e t a l . ( 1 9 6 6 ) have demonstrated s e v e r a l changes i n the 
o 

p h y s i c a l p r o p e r t i e s of the tRNA between 35-40 , t h e s e changes a r e 

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

l i k e l y t h a t the sharp drop i n aminoacylation e x h i b i t e d a t temperatures 

above 30° was due to conformational changes i n the tRNA molecule. 

The temperature a t which tRNA denat u r a t i o n occurs i s h i g h l y v a r i a b l e 

and N o v e l l ! (1967) concluded t h a t d i f f e r e n t tRNA's can be denatured 

under a v a r i e t y of c o n d i t i o n s . 
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The i n s t a b i l i t y of the system must a l s o to an extent r e f l e c t 
the i n s t a b i l i t y of the many enzymes i n v o l v e d . The temperature i n s t a b i l i t y 
of wheat embryo t r a n s f e r f a c t o r s has been d e s c r i b e d by A l l e n d e ( 1 9 6 9 ) . 
I n c u b a t i o n a t 37° f o r 10 min r e s u l t e d i n a 90% decrease i n a c t i v i t y . 
D e s p i t e some p r o t e c t i o n o f f e r e d by s u l p h y d r y l compounds, i n c u b a t i o n 
f o r 10 min i n the presence of g l u t a t h i o n e r e s u l t e d i n a 75% f a l l 
i n a c t i v i t y . 

The aminoacylation of y e a s t tRNA p n e has been shown by L i d d e l l 

(1972) to be independent of pH over the range pH7.4-8.9. S i n c e 

s i m i l a r r e s u l t s have been obtained by other workers the effect of 

pH upon the aminoacylation r e a c t i o n was not i n t e n s i v e l y i n v e s t i g a t e d . 

Innumerable workers have reported t h a t the pH optima of the a m inoacyl-

tRNA s y n t h e t a s e s l i e towards the a l k a l i n e s i d e of n e u t r a l i t y (Mans, 

1967). The aminoacyl-tRNA e s t e r l i n k a g e becomes l a b i l e a t high pH, 

hence the p r a c t i c e of c a r r y i n g out d e a c y l a t i o n of pH8,9 i n s o l u t i o n s 

of high i o n i c s t r e n g t h ( 2 M - T r i s ) . 

There was a s t r i k i n g s i m i l a r i t y between the pH dependence of the 
phe 

complete and t r a n s f e r systems* S i n c e the aminoacylation of tRNA 

i s r e l a t i v e l y independent of pH i n the range pH7.4 - 8.9, the decrease 

i n a c t i v i t y of both systems w i t h i n c r e a s i n g pH would suggest t h a t 

t h i s i s due to an e f f e c t of pH on r e a c t i o n s proceeding the amino

a c y l a t i o n . 

A pH optimum i s c h a r a c t e r i s t i c of most enzyme r e a c t i o n s and may be 

due to ( a ) a t r u e r e v e r s i b l e e f f e c t on the v e l o c i t y of r e a c t i o n , ( b ) 

an e f f e c t of the pH on the a f f i n i t y of the enzyme f o r i t s s u b s t r a t e , 

( c ) an e f f e c t of pH on the s t a b i l i t y of the enzyme, which may become 

i r r e v e r s i b l y destroyed on one or both s i d e s of the optimum. S i n c e 
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t h e system s t u d i e d may be regarded as a multi-enzyme system i t i s 

d i f f i c u l t to determine e x a c t l y which enzymes a r e s e n s i t i v e to pH i n 

the r e g i o n employed and i n what way pH changes e f f e c t the a c t i v i t y 

of the enzyme. S i n c e the pH curves a r e not symmetrical i t i s 

u n l i k e l y t h a t the optimum r e f l e c t s the a c t i v i t y of a s i n g l e enzyme 

which e x i s t s i n only one a c t i v e s t a t e . I n such a case the i o n i s a t i o n 

of two p a r t i c u l a r groups i n the a c t i v e c e n t r e w i l l l a r g e l y determine 

the a c t i v i t y , namely those which i o n i s e f i r s t a s the pH moves away 

from the optimum on the a c i d and a l k a l i n e s i d e s r e s p e c t i v e l y . McKeehan 

and Hardesty (1969) r e p o r t t h a t p u r i f i e d r a b b i t r e t i c u l o c y t e T F I 

( i . e . b inding enzyme) e x h i b i t e d a broad pH optimum between pH£ 

and pHIO, suggesting the involvement of f u n c t i o n a l groups with 

pKa's of approximately 5.5 and 9.5. Maden and Monro (1968) found 

t h a t the a c t i v i t y of E . c o l i p e p t i d y l - t r a n s f e r a s e was maximal over the 

range pH8.5 - 9.5 and from pH8.5 the r e was a r a p i d f a l l o f f i n 

r a t e . I t i s most probable t h a t the pH optimum observed i n both 

complete and t r a n s f e r systems r e f l e c t s not the optimum for a s i n g l e 

enzyme but r e p r e s e n t s a mutual c o n c e s s i o n among a l l the enzymes 

inv o l v e d i n peptide c h a i n e l o n g a t i o n . 

The pH optimum of 7,6 reported here i s i n s t r i k i n g c o n f l i c t 

to a r e p o r t by Heredia and Halvorson ( 1 9 6 6 ) . Using a t r a n s f e r system 

from the y e a s t h y b r i d Saccharomyces f r a g i l i s X S a c c h a r o m y c e s d o b z a n s k i i 
o 

the s e workers found a pH optimum a t pH6.5 a t 20 . These workers 

a t t r i b u t e the low pH optimum to an i n s t a b i l i t y of y e a s t phenylanyl-tRNA 

at a l k a l i n e pH. S a r i n and Zamecnick (1964) have s i m i l a r l y reported 

t h a t a t pH7.5 and 35°, a r a p i d spontaneous d e a c y l a t i o n of 
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phenylalany1-tRNA occurs which i s a c c e l e r a t e d by T r i s . The 
d i f f e r e n c e i n pH s t a b i l i t y of the y e a s t tRNA used i n t h i s study 
must be a t t r i b u t e d to s p e c i f i c d i f f e r e n c e s . The tRNA used 
being i s o l a t e d from the y e a s t S. c e r e v i s i a e . Although the pH 
s t a b i l i t y of the aminoacyl l i n k a g e was not i n v e s t i g a t e d i n 
t h i s system i t i s most u n l i k e l y ^ i n view of the pH dependence 

of both complete and t r a n s f e r systems, t h a t the y e a s t tRNA used 

here was u n s t a b l e i n the r e g i o n of pH7.5. 

The aminoacylation, complete and t r a n s f e r systems e x h i b i t e d 
2+ 

a marked dependence upon added Mg ( F i g s . 17, 22 and 2 3 ) . I n 
2+ 

a l l c a s e s the Mg c o n c e n t r a t i o n of the i n c u b a t i o n i s the 
c o n c e n t r a t i o n of exogenously s u p p l i e d magnesium and i s not 

2+ 
c o r r e c t e d f o r Mg present i n the p a r t i c l e or enzyme p r e p a r a t i o n s 
which was assumed to be n e g l i g i b l e , i n comparison. The s t r i k i n g 

2+ 
d i f f e r e n c e between the Mg dependence of the complete and t r a n s f e r 

systems r e p r e s e n t s a f u r t h e r example of a c o n c e s s i o n between the 
2+ 

a m i n o a c y l a t i o n and t r a n s f e r r e a c t i o n s . S i n c e the Mg 

requirement of the t r a n s f e r system i s much lower than t h a t of 
2+ 

the complete system i t can be concluded t h a t the a d d i t i o n a l Mg 

r e q u i r e d by the complete system i s i n v o l v e d i n the aminoacylation 

r e a c t i o n s and the r e a c t i o n s proceeding aminoacylation have a 
2+ 

lower requirement f o r Mg . The pronounced optimum e x h i b i t e d 

a t 7mM f o r the t r a n s f e r system c o n t r a s t s with the much l e s s sharp 

optimum f o r aminoacylation and complete systems. I n the c a s e of the 
2-i-

t r a n s f e r r e a c t i o n s Mg c o n c e n t r a t i o n s above 14mM are i n h i b i t o r y , 

whereas a d d i t i o n of magnesium beyond an optimum va l u e (up to 20mM) 

di d not s i g n i f i c a n t l y i n h i b i t e i t h e r the aminoacylation or complete 
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2+ systems. A l l e n d e (1969) r e p o r t s a s i m i l a r r e d u c t i o n i n Mg 

requirement between complete and t r a n s f e r systems from wheat embryo. 

I g a r a s h i and Paranchynch (1967) r e c o r d a r e d u c t i o n i n the magnesium 

requirement between E . c o l i P o l y ( U ) d i r e c t e d complete and t r a n s f e r 
2+ 

systems. These authors i n v e s t i g a t e d Mg dependence i n the range 
2+ 

2-50mM f o r the complete system and found t h a t Mg c o n c e n t r a t i o n s 

i n e x c e s s of 20mM were i n h i b i t o r y . S i n c e a m i n o a c y l a t i o n was 
2+ 

independent of Mg i n the range 8-24mM, i t i s l i k e l y t h a t the 

i n h i b i t i o n of the complete system above 20mM r e s u l t s from an i n h i b i t i o n 

of the t r a n s f e r r e a c t i o n a t such c o n c e n t r a t i o n s . 

F i g u r e 23 i n d i c a t e s t h a t the magnesium requirement for the 

t r a n s f e r r e a c t i o n was not i n f l u e n c e d s i g n i f i c a n t l y by the type 

of p a r t i c l e p r e p a r a t i o n used, suggesting t h a t the contaminating 
2+ 

Mg present i n such p r e p a r a t i o n s i s e i t h e r ( i ) n e g l i g i b l e , or 

( i i ) i d e n t i c a l . S i n c e both microsomal and ammonium c h l o r i d e 

p r e p a r a t i o n s have the same optimum i t i s l i k e l y t h a t the only 
2+ 

s i g n i f i c a n t l y Mg a s s o c i a t e d w i t h the p a r t i c l e p r e p a r a t i o n s i s 

th a t i n t i m a t e l y i n v o l v e d i n m a i n t a i n i n g the s t r u c t u r a l i n t e g r i t y 

of the ribosome. 

Using a V. faba tRNA p r e p a r a t i o n L i d d e l l (1972) and Payne (1970) 
2+ 

r e p o r t a Mg optimum of lOmM f o r the V. faba complete system 
2+ 

i n d i c a t i n g t h a t the Mg requirements of amin o a c y l a t i o n a r e to 

some extent dependent upon the tRNA source. B o u l t e r (1970) 
2+ 

summarising the Mg requirement of 10 p l a n t systems concludes 

t h a t the v a r i o u s Mg^+ optima re p o r t e d a r e i n p a r t a r e f l e c t i o n of 
2+ 

the d i f f e r e n t Mg l e v e l s used i n the p r e p a r a t i o n of ribosomes and 

enzyme f r a c t i o n and subsequent storage s i n c e ribosomes a r e known 
2+ 

to absorb Mg during i s o l a t i o n and s t o r a g e . 
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As w i t h a l l enzyme u t i l i s i n g ATP, the aminoacyl s y n t h e t a s e s 
2+ 

r e q u i r e Mg ( L o f t f i e l d , 1972). ATP takes p a r t i n the 

aminoacylation r e a c t i o n s i n the form of i t s magnesium c h e l a t e . 

L o f t f i e l d suggests t h a t the o c c a s i o n a l l y observed i n h i b i t i o n 
2+ 

of the ATP:PPi exchange r e a c t i o n by Mg r e s u l t s from decreased 
2~ 

c o n c e n t r a t i o n s of MgPgO^ and i n c r e a s e d c o n c e n t r a t i o n s of MggPgOy-
2+ 

I n some i n s t a n c e s the Mg requirement f o r aminoacylation can be 

re p l a c e d by spermine (Takeda and I g a r a s h i , 1970). 
Magnesium has been shown to be inv o l v e d i n m a i n t a i n i n g the 

i n t e g r i t y of the ribosome ( T i s s i e r e s and Watson, 1958), and i n 

bin d i n g mRNA to the ribosome (Moore and Asano, 1966), R a v e l 

and Shorey (1969) have d e s c r i b e d the s t a b i l i s a t i o n of the Tu-GTP-
2+ 2+ aminoacyl-tRNA complex by Mg . I n the absence of Mg , GTP 

and aminoacyl—tRNA a r e shown to d i s s o c i a t e from the complex, hence 
2+ 

the p a r t i c i p a t i o n of Mg i n aminoacyl-tRNA b i n d i n g . Ayuso 
2+ 

and Heredia (1968) f a i l e d to d e t e c t a Mg optimum for enzymatic 

binding of phenylalanyl-tRNA to y e a s t ribosomes, but binding below 

lOmM was dependent upon a supernatant f a c t o r and GTP w h i l s t t h i s 

dependence was l a r g e l y overcome by i n c r e a s i n g the magnesium 

c o n c e n t r a t i o n t o 20mM. A s i m i l a r r e s u l t has been demonstrated 

i n t h i s l a b o r a t o r y , (unpublished data) u s i n g Sf. faba enzyme 

f r a c t i o n s . L i n ejt a_l. f (1969) r e p o r t a sharp magnesium optimum 

of 8mM f o r the GTPase a c t i v i t y of r a b b i t r e t i c u l o c y t e TF1. 
2+ 

L e v e l s of approximately lOmM Mg a r e commonly reported f o r the 

t r a n s f e r and complete systems f o r eukaryotes w h i l s t p r o k a r y o t i c 
2+ 

systems r e q u i r e approximately 15-20mM. These l e v e l s of Mg a r e 

g e n e r a l l y r e f e r r e d to as 'high' when compared to those r e q u i r e d 

f o r the t r a n s l a t i o n of n a t u r a l mRNA molecules c o n t a i n i n g s p e c i f i c 
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i n i t i a t o r codons. Under c o n d i t i o n s of 'high' magnesium 

i n i t i a t i o n proceeds v i a a non p h y s i o l o g i c a l mechanism. (Lengyel 

and S & l l , 1969). The 'high' magnesium l e v e l s i n systems u t i l i s i n g 

s y n t h e t i c messages has been shown to be r e q u i r e d only a t the 

i n i t i a t i o n s t e p f o r r a p i d passage through the l a g phase and once 
2+ 

t r a n s l a t i o n i s proceeding the Mg c o n c e n t r a t i o n can be reduced 

to 7-10mM i n profearyotic systems ( R e v e l and H i a t t , 1965; Nakamoto 

and Kolakofsky, 1966). The requirement f o r 'high' magnesium 

has been i m p l i c a t e d i n the s t a b i l i s a t i o n of the tenary complex 

of ribosome - template - aminoacy - tRNA and i n i n c r e a s i n g the 

a f f i n i t y of the P s i t e f o r the aminoacyl - tRNA. Thus the 

p r o b a b i l i t y of an a p p r o p r i a t e neighbouring arrangement of the two 

aminoacyl - tRNA's on the ribosome i s i n c r e a s e d and the f i r s t 

p eptide bond can be formed. Analogues of the i n i t i a t o r tRNA 

can s e r v e as c h a i n i n i t i a t o r s under c o n d i t i o n s of low magnesium. 
Phe 

I g a r a s h i (1970) has demonstrated t h a t peptidy1-tRNA can 

i n i t i a t e P o l y ( U ) dependent amino a c i d i n c o r p o r a t i o n a t 5mM i n 

an E . c o l i system. T h i s author a l s o showed t h a t the a d d i t i o n 

of modified aminoacy1-tRNA's a t 'high' magnesium to such a system 

was i n h i b i t o r y . Nakamoto and Kalakofsky (1966) obviated the l a g 

phase i n a P o l y ( U ) system by the use of the diphenylalany1-tRNA,• w h i l s t / L e n a r d and Lipmann (1967) showed t h a t N - a c e t y l p h e n y l a l a n y 1 -

tRNA had a s i m i l a r e f f e c t . A s h i f t i n the magnesium optimum 

f o r p h e n y l a l a n i n e p o l y m e r i s a t i o n from 7mM to 4mM has been achieved 

by p r e - i n c u b a t i o n of V. faba ribosomes and P o l y ( U ) i n the presence 

of d e a c y l a t e d tRNA (Yarwood e t a _ l . , X970). A s i m i l a r r e s u l t has 

been reported by M o s t e l l e r _et a l . (1968) f o r a r a b b i t r e t i c u l o c y t e 

system. Such r e s u l t s have been e x p l a i n e d by S c h r e c e r and N o l l 

Lucas-
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(1970) on the b a s i s of what i s p o s t u l a t e d to be a p r i m i t i v e 

i n i t i a t i o n mechanism. These authors suggest t h a t under c o n d i t i o n s 

of high magnesium, i n the presence of deacy l a t e d tRNA, i n i t i a t i o n 

proceeds by a s e r i e s of events represented as 

-I (1) P o l y ( U ) P o l y ( U ) 30S 30S 

^ P o l y ( U ) 30sj Phe (2) tRNA OH 

H (3) 50S 

(4) Phe-tRNA GTP + Tu + GDP Tu 

/ jjosj PPJ ^ F 0 ^ it ( 5 ) Phe-tRNA Tu GTP + Tu + GDP 

In t h i s c a s e , i n i t i a t i o n i s considered as a s p e c i a l c a s e of c h a i n 

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

tRNA occupying the P s i t e of the 50S su b u n i t . For mRNA l a c k i n g 

an i n i t i a t i o n t r i p l e t , AUG, the i n i t i a t i o n complex i s formed by 

i n t e r a c t i o n of the 30S subu n i t , the S' t e r m i n a l codon, (UUU 

i n the c a s e of P o l y ( U ) ) , and the cognate d e a c y l a t e d tRNA. A d d i t i o n 

of the 50S subunit r e s u l t s i n the formation of a 60S p a r t i c l e . 

The d e a c y l a t e d tRNA s t a b i l i s e s the i n t e r a c t i o n between the mRNA 

and 30S subunit and by s u i t a b l e conformational changes a l i g n s 

the 50S p a r t i c l e w i t h the 30S p a r t i c l e to form the 60S complex. 

In the f o l l o w i n g s t e p ( e . g . 4) the GTP dependent b i n d i n g of the 

bi n d i n g complex Phe-tRNA . Tu . GTP c a t a l y t i c a l l y c o n v e r t s the 

60S complex i n t o a 70S complex. The a d d i t i o n of the f i n a l Phe-

tRNA molecule n e c e s s a r y f o r peptide bond formation, i s p o s t u l a t e d 

by these authors to be i n t o a t h i r d ribosomal s i t e , such t h a t 

t r a n s l o c a t i o n occurs before peptide bond formation and advances the 
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two Phe-tRNA molecules i n t o the r e a c t i v e P and A s i t e s . These 

workers p r e s e n t s u b s t a n t i a l evidence i n favour of such a r e a c t i o n 

and i t i s most probable t h a t a r e a c t i o n sequence of t h i s type i s 

inv o l v e d i n i n i t i a t i o n a t high Mg . The observed ' s h i f t ' i n 
2+ 

Mg optimum f o l l o w i n g p r e - i n c u b a t i o n i n both the V. faba and 

r e t i c u l o c y t e s systems i s r e a d i l y e x p l a i n e d on the b a s i s of such 

i n i t i a t i o n o c c u r r i n g a t high magnesium during the p r e - i n c u b a t i o n 
2+ 

which then a l l o w s t r a n s l a t i o n to proceed a t low Mg . 

Only a p a r t i a l GTP dependence could be demonstrated f o r 

both the complete and t r a n s f e r systems ( T a b l e s 11, 1 2 ) . Using 

s i m i l a r systems L i d d e l l (1972) and Payne (1970) r e p o r t no 

s i g n i f i c a n t dependence upon GTP, w h i l s t A l l e n d e (1969) u s i n g wheat 

embryo systems r e p o r t s a 64% and 90% dependence i n the complete and 

t r a n s f e r systems. I n view of the a b s o l u t e requirement f o r GTP 

i n aminoacyl-tRNA binding and i n t r a n s l o c a t i o n , the r e l a t i v e 

independence of t h i s system i s merely a r e f l e c t i o n of the degree 

of contaminating GTP present i n the p a r t i c l e and enzyme f r a c t i o n s . 

A l l e n d e (1969) r e p o r t s the GTP independence of apparently s t e r i l e 

c h l o r o p l a s t and mi t o c h o n d r i a l amino a c i d i n c o r p o r a t i n g systems. 

I n view of the ab s o l u t e n e c e s s i t y f o r ATP i n the aminoacylation 

r e a c t i o n and i t s l a c k of f u n c t i o n i n the t r a n s f e r r e a c t i o n , the 

ATP dependence of these systems was not i n v e s t i g a t e d . The complete 

system showed a c o n s i d e r a b l e dependence upon added ATP s i n c e i n the 

absence of ATP and ATP generating system the a c t i v i t y f e l l to 1% 

of i t s v a l u e i n the complete system. However the 17% a c t i v i t y 

obtained i n the absence of ATP but i n the presence of the ATP 

generating system i m p l i e s t h a t the ATP r e g e n e r a t i n g system was, i n 
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p a r t , a b l e to supply the systems need for ATP. Such a phenomenon 

has been reported by a v a r i e t y of workers (Van Kammen, 1967, A l l e n d e , 

1969, L i d d e l l , 1972). L i d d e l l (1972) u s i n g a P o l y ( U ) dependent 

system from P. aureus found only p a r t i a l dependence upon ATP and an 

ATP generating system with V. faba and P. aureus tRNA's w h i l s t a 

complete dependence was demonstrable w i t h y e a s t tRNA. The author 

concludes t h i s was due to contaminating ATP i n the tRNA p r e p a r a t i o n s . 

Step-henson and Zamecnik (1961) p r e s e n t data c o n s i s t e n t with such 

a s u g g e s t i o n . These workers demonstrated t h a t ATP c o - p r e c i p i t a t e d 

with tRNA during e t h a n o l i c p r e c i p i t a t i o n and could be detected by 

the r a t i o of absorption a t 260nm:280nm. A r a t i o of g r e a t e r than 2 

being d i a g n o s t i c of contaminating ATP. T h i s can be removed by 

d i a l y s i s . 

The high energy compound, c r e a t i n e phosphate i s i n c l u d e d along 

with the enzyme, phosphocreatine k i n a s e (ATP-creatine t r a n s p h o r p h o r y l a s e ) 

as an ATP generating system. During a c t i v a t i o n AMP i s formed which 

i s phosphorylated to y i e l d ATP. An anomaly e x i s t s here s i n c e AMP i s 

not a s u b s t r a t e f o r phosphocreatine k i n a s e . I t i s l i k e l y t h a t some 

form of myokinase a c t i v i t y i s i n v o l v e d i n a t r a n s p h o s p h o r y l a t i o n 

r e a c t i o n between ATP and AMP to form two molecules of ADP which can 

accept a phosphate group from c r e a t i n e phosphate. 

The dependence of the t r a n s f e r system on the presence of a 

s u l p h y d r y l compound (DTT) was almost complete w h i l s t the complete system 

showed a 42%/upon DTT. I n view of the requirement of the 

s y n t h e t a s e enzymes f o r - SH groups the marked d i f f e r e n c e i n DTT 

dependence i s i n e x p l i c a b l e . I t may be t h a t aminoacylation i s l e s s 

s e n s i t i v e to the omission of s u l p h y d r y l compounds. The t r a n s f e r 
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f a c t o r s and the p e p t i d y 1 - t r a n s f e r a s e have a w e l l documented 

requirement f o r - SH groups. The requirement f o r s u l p h y d r y l compounds 

i n both aminoacylation and amino a c i d i n c o r p o r a t i n g systems i s 

b a s i c a l l y to b u f f e r the e s s e n t i a l - SH groups of the enzymes a g a i n s t 

changes r e s u l t i n g from a u t o - o x i d a t i o n r e a c t i o n s . E a r l y work 

performed i n the course of t h i s i n v e s t i g a t i o n used 2-mercaptoethanol 

or reduced g l u t a t h i o n e (GSH) as the s u l p h y d r y l reagent, however 

i n view of the u n p r e d i c t a b i l i t y of such compounds, the more powerful 

s u l p h y d r y l compound, d i o t h i o t h r e i t o l was used. Skogerson and 

Moldave (1968D r e p o r t the s t i m u l a t i n g e f f e c t of DTT upon TF1 and 

TF2 a c t i v i t y . 

The s m a l l , but n e v e r t h e l e s s s i g n i f i c a n t , i n c o r p o r a t i o n obtained 

i n the complete system, i n the absence of added tRNA and enzyme 

usi n g V. faba microsomes i s i n d i c a t i v e of some contamination p r e s e n t 

i n the microsome p r e p a r a t i o n s . I t i s s i g n i f i c a n t t h a t the 

contamination by tRNA was r o u t i n e l y found to be g r e a t e r than by enzyme. 

When an i n v i t r o system i s c h a r a c t e r i s e d i t i s necessary t h s t 

c e r t a i n parameters be a r b i t r a r i l y f i x e d and the other parameters 

v a r i e d to f i n d the optimum c o n d i t i o n s r e l e v a n t to those f i x e d parameters, 

Such f i x e d parameters i n the amino a c i d i n c o r p o r a t i n g systems d e s c r i b e d 

were the ribosome and tRNA c o n c e n t r a t i o n s . The ribosome c o n c e n t r a t i o n 

was f i x e d a t lmg ribosomes/ml, the c o n c e n t r a t i o n being determined 
260 

on the b a s i s of E, . The tRNA c o n c e n t r a t i o n of the complete system lcm 

was f i x e d a t 0.4mg de a c y l a t e d tRNA/ml i n c u b a t i o n and the other 

parameters v a r i e d to y i e l d maximum amino a c i d i n c o r p o r a t i o n under th e s e 

c o n d i t i o n s . S i m i l a r l y f o r the t r a n s f e r system, Fig.26 i n d i c a t e s t h a t 

under the c o n d i t i o n s d e s c r i b e d maximum i n c o r p o r a t i o n was promoted by 

the a d d i t i o n of approximately 0.4mg/ml of | ^ 4 c|phenylalanyl-tRNA. 
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The s l i g h t decrease i n i n c o r p o r a t i o n i n the presence of e x c e s s 

aminoacy1-tRNA probably r e s u l t s from sub-optimal c o n d i t i o n s f o l l o w i n g 

a v a r i a t i o n i n the i n c u b a t i o n composition. 

The dependence of aminoacylation upon added enzyme f r a c t i o n 

was almost complete, ( F i g . 1 8 ) i n d i c a t i n g the l a c k of contaminating 

s y n t h e t a s e s i n the y e a s t tRNA p r e p a r a t i o n . A d d i t i o n of e x c e s s 

enzyme did not r e s u l t i n decreased i n c o r p o r a t i o n suggesting t h a t 

under the c o n d i t i o n s of aminoacylation there was no s i g n i f i c a n t 

n u c l e a s e a c t i v i t y . The absence of s i g n i f i c a n t p r o t e a s e a c t i v i t y 

under the c o n d i t i o n s employed i n the t r a n s f e r and complete systems 

can be seen from f i g u r e s 21 and 25, s i n c e prolonged i n c u b a t i o n d i d 

not r e s u l t i n a decreased recovery of incorporated l a b e l . Although 

the p r o t e i n c o n c e n t r a t i o n of the DE52 enzyme was r o u t i n e l y determined 

i t was not found to be a r e l i a b l e guide to the volume r e q u i r e d f o r 

maximum aminoacylation or amino a c i d i n c o r p o r a t i o n . Enzyme 

c o n c e n t r a t i o n curves were prepared f o r a l l enzyme f r a c t i o n s , and 

the volume promoting maximum amino a c i d i n c o r p o r a t i o n was 

used i n a l l subsequent work. 

The complete and t r a n s f e r systems both showed a complete 

dependence upon the s y n t h e t i c messenger, Pol y ( U ) hence i t was 

r o u t i n e l y added to i n c u b a t i o n s . 

I t i s customary to express the a c t i v i t y of i n v i t r o systems 

i n terms of pMoles of r a d i o a c t i v i t y incorporated/mg rRNA. i n 

the absence of any standard incubation time i t becomes d i f f i c u l t 

t o compare the a c t i v i t i e s of v a r i o u s systems. The maximum l e v e l of 

i n c o r p o r a t i o n achieved i n the complete system was approximately 
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500 pMoles phenylalanine/mgrRNA i n a 20 rain i n c u b a t i o n . T h i s i s 

i n accordance w i t h v a l u e s reported by Payne (1970) and compares 

favourably with l e v e l s of 160 and 100 pMoles phenylalanine/mgrRNA 

achieved i n wheat and c a r r o t r o o t ribosomal systems ( A l l e n d e 

and Bravo, 1966; Leaver and Key, 1967). 

The lower a c t i v i t y of the t r a n s f e r system ( T a b l e 6) 

probably r e f l e c t s the f a c t t h a t the c o n c e n t r a t i o n of p h e n y l a l a n y l -

tRNA soon becomes l i m i t i n g . I n those i n c u b a t i o n s i n which maximum 

i n c o r p o r a t i o n was achieved (approx. 150 pMoles phenylalanine/mgrRNA) 

run 
80% of the r a d i o a c t i v e counts added as Cl phneylalany1-tRNA 

were recovered i n the hot TCA i n s o l u b l e p r e c i p i t a t e . The 

c o n s i d e r a b l y g r e a t e r l e v e l s achieved i n the complete system r e s u l t 

from the r e g e n e r a t i o n of aminoacy1-tRNA during the i n c u b a t i o n . 

Although comparisons of the l e v e l of i n c o r p o r a t i o n achieved 

by i n v i t r o systems may be u s e f u l they a r e r e l a t i v e l y meaningless 

s i n c e the p r o t e i n s y n t h e t i c a c t i v i t i e s of the t i s s u e s from which 

they were d e r i v e d vary g r e a t e r . I t i s , t h e r e f o r e , of more r e l e v a n c e 
to compare the r a t e s achieved i n vi.tro w i t h the i n vivo r a t e s . 

0 

Payne (1968) has c a l c u l a t e d t h a t , on average, the i n v i v o r a t e of 

storage p r o t e i n s y n t h e s i s i n the developing cotyledon of V. faba 

i s approximately 112^.g.protein/mgrRNA/hr. Poly ( U ) dependent 

i n c o r p o r a t i o n of p h e n y l a l a n i n e i n V. faba complete system u s i n g a bean 

enzyme f r a c t i o n was 500 pMoles/mgrRNA/20min. T h i s was e q u i v a l e n t to 

about 0.25^{/Lg p h e n y l a l a n i n e incorporated/mgrRNA/hr. I n d i c a t i n g t h a t 

the i n v i t r o i s w e l l below 1% of the i n v i v o r a t e . 

The low l e v e l s of i n c o r p o r a t i o n i n i n v i t r o amino a c i d 

i n c o r p o r a t i n g systems undoubtedly r e s u l t s from massive degradative 

http://vi.tr
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changes a s s o c i a t e d w i t h the removal of extremely l a b i l e components 

from a p r e c i s e s p a t i a l r e l a t i o n s h i p w i t h i n the c e l l and t h e i r 

mixing together i n h o s t i l e c o n d i t i o n s i n the t e s t tube. The 

i n t r o d u c t i o n of l e s s d r a s t i c e x t r a c t i o n techniques w i l l no doubt 

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

enhanced r a t e s of r e a c t i o 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 used by Legon et a_l. (1973) s y n t h e s i s e d p r o t e i n a t a r a t e 

comparable with t h a t i n v i v o f o r a p e r i o d of up to 1 h r , a t t e s t i n g 

to the extreme mildness of such an e x t r a c t i o n technique. Unfortunately 

the presence of r e l a t i v e l y impermeable c e l l w a l l s l i m i t s the 

a p p l i c a t i o n of such a technique to the m u l t i c e l l u l a r p l a n t s . 

For reasons p r e v i o u s l y d e s c r i b e d i t was most convenient to 

use y e a s t tRNA i n the amino a c i d i n c o r p o r a t i n g systems d e s c r i b e d 

here, and as a l s o e x p l a i n e d , i t was completely interchange w i t h 

i t s V. faba counterpart w i t h a d i f f e r e n c e i n a c t i v i t y which was a 

r e f l e c t i o n only of the d i f f e r e n c e i n s p e c i f i c a c t i v i t i e s of the 

two p r e p a r a t i o n s w i t h r e s p e c t to p h e n y l a l a n i n e acceptor c a p a c i t y . 

S i n c e the enzyme f r a c t i o n r e q u i r e d f o r amino a c i d i n c o r p o r a t i o n 

was r o u t i n e l y obtained from developing beans, and the ribosomes were 

obtained from e i t h e r developing or germinated beans i t was necessary 

to v e r i f y the i n t e r c h a n g e a b i l i t y of these components. The data 

presented i n Table 7 demonstrates the complete i n t e r c h a n g e a b i l i t y of 

tRNA and enzyme f r a c t i o n from developing and germinated beans w i t h 

T r i t o n X100 ribosomes from germinated beans. Yarwood (1968) 

demonstrated a s i m i l a r i n t e r c h a n g e a b i l i t y of the components of 

the V. faba and r a b b i t r e t i c u l o c y t e amino a c i d i n c o r p o r a t i n g systems. 
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The i n t e r c h a n g e a b i l i t y of the components of p r o k a r y o t i c and 

e u k a r y o t i c amino a c i d i n c o r p o r a t i n g systems has been reviewed 

by Cifexri and P a r i s i ( 1 9 7 0 ) , these authors conclude t h a t t h e r e 

i s almost complete i n t e r c h a n g e a b i l i t y of components from systems 

w i t h the same b a s i c ribosome type ( i . e . 70S or 8 0 S ) . I n view 

of which the complete i n t e r c h a n g e a b i l i t y of the developing and 

germinated tRNA i s unremarkable. Payne (1970) has shown t h a t 

the i n v i t r o a c t i v i t y of ribosome, tRNA and enzyme f r a c t i o n s from 

developing cotyledons of V. faba i s dependent upon the age of the 

seed. I n a l l t h r e e c a s e s , p r e p a r a t i o n s from 60 day beans showed 

maximum a c t i v i t y . T h i s was c o r r e l a t e d w i t h the maximum r a t e 

of storage p r o t e i n formation i n v i v o . I n view of such a f i n d i n g , 

a discrepancy might have been expected between the a c t i v i t y of 

pr e p a r a t i o n s from developing and germinated beans. The l a c k of 

d i f f e r e n c e i n the a c t i v i t y of the tRNA suggests t h a t t h e r e a r e 
Phe 

no s i g n i f i c a n t changes i n the a c t i v i t y of tRNA s p e c i e s between 

germination and subsequent seed development. S i n c e only P o l y ( U ) 

dependent p h e n y l a l a n i n e i n c o r p o r a t i o n was measured i t would be 

unwise to assume t h a t the whole spectrum of tRNA s p e c i e s remains 

u n a l t e r e d . The approximately i d e n t i c a l a cceptor c a p a c i t y of tRNA 

prepared from the two sources i s a f u r t h e r i n d i c a t i o n t h a t no 
Phe 

dramatic change i n the tRNA s p e c i e s occurs between germination 

and f r u i t i o n . 

The almost i d e n t i c a l a c t i v i t y of the enzyme f r a c t i o n from 

developing and germinated beans may be a r t e f a c t u a l . U n l i k e the high 

speed supernatant f r a c t i o n used by Payne (1970) the enzyme p r e p a r a t i o n 

used here has been passed through a D E A E - c e l l u l o s e column to remove 
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tRNA. In a l l c a s e s the volume of enzyme promoting maximum 

i n c o r p o r a t i o n was used. T h i s may have masked d i f f e r e n c e s i n 

the amounts of the enzymes i n v o l v e d i n p r o t e i n s y n t h e s i s i n the 

supernatant which would have been r e v e a l e d i f a s p e c i f i c amount 

of p r o t e i n had been added to the i n c u b a t i o n . I t i s l i k e l y t h a t 

changes i n the s p e c i f i c a c t i v i t i e s of the enzymes in v o l v e d would 

have been r e v e a l e d had the enzyme f r a c t i o n s been r e s o l v e d i n t o 

the v a r i o u s enzymes r e q u i r e d f o r p r o t e i n s y n t h e s i s . 

A comparison of the a c t i v i t i e s of va r i o u s types of p a r t i c l e s 

fgom germinated and developing seeds i n the P o l y ( U ) dependent 

complete and t r a n s f e r systems ( T a b l e 6) i s again i n d i c a t i v e of the 

f a c t t h a t the a c t i v i t y of the complete system more s t r o n g l y r e f l e c t s 

the aminoacylation than the t r a n s f e r f u n c t i o n s i n v o l v e d . The 

gr e a t e r a c t i v i t y of p a r t i c l e p r e p a r a t i o n s from germinated beans than 

from developing beans i n the t r a n s f e r system i s independent of the 

method of ribosome p r e p a r a t i o n . There i s no simple unequivocal 

e x p l a n a t i o n of the d i f f e r e n c e i n a c t i v i t i e s . The f a c t t h a t the 

d i f f e r e n c e i n a c t i v i t y i s independent of p r e p a r a t i v e method would 

seem to suggest t h a t i t i s a t r u e f u n c t i o n of the ribosomes r a t h e r 

than a n a r t e f a c t of p r e p a r a t i v e methods. More r e l e v a n t data may 

have been obtained from a comparison of the a c t i v i t i e s of both 

types of p r e p a r a t i o n w i t h endogenous mRNA. I n the absence of 

a p p r e c i a b l e l e v e l s of i n c o r p o r a t i o n d i r e c t e d by endogenous mRNA, 

i t would have been p e r t i n e n t to f r a c t i o n a t e p r e p a r a t i o n s a c t i v e l y 

engaged i n Poly(U) dependent peptide s y n t h e s i s on sucr o s e d e n s i t y 

g r a d i e n t s i n order to i n v e s t i g a t e which components of the p r e p a r a t i o n 

were i n v o l v e d . I t i s l i k e l y t h a t i n the p r e p a r a t i o n s from germinated 
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beans t h e r e i s a higher proportion of f r e e 80S type ribosomes 

to which P o l y ( U ) can bind than i n p r e p a r a t i o n s from developing 

beans where a s i g n i f i c a n t p r o p o r t i o n of the p a r t i c l e s may c o n t a i n 

mRNA ( i n t a c t or degraded) and a r e thus unable to form a complex 

w i t h P o l y ( U ) . I f such was the e x p l a n a t i o n one might expect 

s i g n i f i c a n t l y g r e a t e r l e v e l s of i n c o r p o r a t i o n i n response to 

endogenous mRNA, Data from t h i s l a b o r a t o r y (unpublished) suggests 

t h i s may be so but the l e v e l s of i n c o r p o r a t i o n achieved i n each 

c a s e a r e so low as to be almost i n s i g n i f i c a n t . 

One of the aims of t h i s work, was as d e s c r i b e d p r e v i o u s l y , 

to r e f i n e an e x i s t i n g crude microsomal system i n order to study the 

mechanism of i n t e r a c t i o n of the components i n v o l v e d i n p r o t e i n 

s y n t h e s i s . P r i o r to the r e s o l u t i o n of the t r a n s f e r f a c t o r s p resent 

i n the supernatant i t was nece s s a r y to e s t a b l i s h a w e l l defined 

ribosomal system i n which i n c o r p o r a t i o n was completely dependent 

upon added enzymes. At the same time i t was d e s i r a b l e to ach i e v e 

a system i n which a p p r e c i a b l e l e v e l s of i n c o r p o r a t i o n were obtained, 

A t r a n s f e r system i s the i d e a l system i n which t o study the i n t e r a c t i o n 

of the t r a n s f e r enzymes and to r o u t i n e l y a s s a y f r a c t i o n s obtained 

during the course of t h e i r p u r i f i c a t i o n . I n view of the heterogeneity 

of the E.R. i t was f e l t t h a t a microsomal system was not the i d e a l 

system f o r such work, d e s p i t e the almost complete dependence upon 

added enzyme shown by washed microsomes from 3 day germinated beans. 

(T a b l e 9 ) . The i n c r e a s e i n enzyme dependence, i n 1 the absence of a 

s i g n i f i c a n t decrease i n a c t i v i t y , of the T r i t o n X100 ribosomes 

suggests t h a t t h i s procedure had removed some of the contaminating 

t r a n s f e r f a c t o r s a s s o c i a t e d w i t h the ribosome without a p p r e c i a b l y 

a f f e c t i n g ribosomal i n t e g r i t y . The almost i d e n t i c a l response of 
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unwashed microsomes and T r i t o n X100 ribosomes to r a b b i t r e t i c u l o c y t e 

40/70 enzyme i n d i c a t e s the f u n c t i o n a l s i m i l a r i t y of these two 

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

Many i n v e s t i g a t o r s have reported the use of the b i l e s a l t , 

sodium deoxycholate (DOC) i n s o l u b i l i s i n g microsomal membranes 

(s e e Von der Decken, 1967). Payne (1968) r e p o r t s the complete 
w/ 

s o l u b i l i s a t i o n of V, faba microsomal membranes a t 0.5%( v)D0C. 

However because of the d r a s t i c f a l l i n a c t i v i t y f o l l o w i n g the 

use of t h i s detergent i t was not adopted as a r o u t i n e procedure. 

Lonsdale (1972) has a t t r i b u t e d the l o s s of a c t i v i t y f o l l o w i n g DOC 

treatment to ribosomal d e n a t u r a t i o n . The d e s t r u c t i o n of ribosomes 

by DOC has been p r e v i o u s l y noted by Burka (1967) and Golub and 

Clegg ( 1 9 6 9 ) , and i s a t t r i b u t e d to de n a t u r a t i o n and l o s s of ribosomal 

p r o t e i n s . 

Washing of T r i t o n X100 ribosomes, to remove t r a n s f e r f a c t o r s 

w i t h 0.5M-ammonium c h l o r i d e was a l s o accompanied by a c o n s i d e r a b l e 

decrease i n a c t i v i t y , s i n c e t h i s procedure has, however, been 

shown to remove t r a n s f e r f a c t o r s from r a t l i v e r ribosomes without 

s i g n i f i c a n t l y a f f e c t i n g ribosome i n t e g r i t y (Moldave and Skogerson, 

1967) i t was used as a r o u t i n e procedure p r i o r to the assay of 

t r a n s f e r f a c t o r c o n t a i n i n g f r a c t i o n s . Use of t h i s procedure 

reduced the a b s o l u t e i n c o r p o r a t i o n in/absence of added enzyme to a 

low l e v e l but because of the low t o t a l a c t i v i t y of such p r e p a r a t i o n s 

the % dependence upon added enzyme was l e s s than f o r other p r e p a r a t i v e 

methods. 
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The data i n Table 8 demonstrating the d i f f e r e n t i a l response 
of the v a r i o u s p r e p a r a t i o n s to the a d d i t i o n of r e t i c u l o c y t e 40/70 
enzyme f r a c t i o n suggests t h a t some f a c t o r removed by the ammonium 
c h l o r i d e and DOC procedures, and e s s e n t i a l f o r the a c t i v i t y of 
the system, i s p r e s e n t i n sub-optimal amounts i n the bean d i a l y s e d 
enzyme f r a c t i o n , hence the s t i m u l a t i o n by 40/70 enzyme. I f 
t h i s f a c t o r i s regarded as sub-optimal (or u n s t a b l e ) i n the bean 
enzyme, then the l e s s pronounced enhancement by r e t i c u l o c y t e 40/70 
enzyme of the a c t i v i t y of microsomal or T r i t o n X100 p r e p a r a t i o n s 
suggests t h a t t h i s f a c t o r must be present on ribosomes prepared 
by these methods. I t s apparent presence on these ribosomes 
may be i n d i c a t i v e of i t s s t a b i l i s a t i o n when a s s o c i a t e d w i t h the 
ribosome. For reasons to be d i s c u s s e d l a t e r i t i s suggested 
t h a t t h i s f a c t o r which i s l i m i t i n g i n the bean enzyme p r e p a r a t i o n 
and which i s removed from the ribosome during ammonium c h l o r i d e 
and DOC washing, i s the b i n d i n g enzyme which i s i n v o l v e d i n the 
enzymatic binding of the aminoacy1-tRNA to the A s i t e on the ribosome. 

The V. faba amino a c i d i n c o r p o r a t i n g system d e s c r i b e d by 

Yarwood (1968) used a 105,000 x g. supernatant as a source of the 

enzymes i n v o l v e d i n p r o t e i n s y n t h e s i s . Using t h i s enzyme only low 

l e v e l s of aminoacylation could be achieved, and i t was necessary 

to use r e t i c u l o c y t e 40/70 enzyme f r a c t i o n to aminoacylate the bean 

tRNA. I n c o r p o r a t i o n of a -SH reagent i n t o the ribosome e x t r a c t a n t , 

and subsequent d i a l y s i s of the supernatant a g a i n s t a b u f f e r , 

c o n t a i n i n g -SH reagent and removal of p r e c i p i t a t e d g l o b u l i n 

r e s u l t e d i n a c o n s i d e r a b l e i n c r e a s e i n a c t i v i t y . T h i s may have 

r e s u l t e d from the removal of l a r g e q u a n t i t i e s of s u c r o s e and other 

s m a l l molecules. I t i s noteworthy t h a t d i a l y s i s r e s u l t e d i n the 



-263-

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

substances ( a s determined by t h i n l a y e r chromatography), suggesting 

i t s e f f e c t i n reducing the endogenous amino a c i d content of the 

s u p e r n a t a n t . D i a l y s i s of the supernatant r e s u l t e d i n a 350% 

i n c r e a s e i n a c t i v i t y i n the t r a n s f e r system i n d i c a t i n g 

t h a t d i f f u s a b l e substances p r e s e n t i n the supernatant had a l s o been 

i n h i b i t o r y to the t r a n s f e r r e a c t i o n s . 

Passage of the supernatant through a G25 column had a s i m i l a r 

e f f e c t upon the a c t i v i t i e s of the enzymes i n v o l v e d i n both 

aminoacylation and t r a n s f e r r e a c t i o n s , again i m p l i c a t i n g the 

removal of s m a l l molecules i n i n c r e a s i n g the a c t i v i t y of these enzymes. 

In order to study the t r a n s f e r r e a c t i o n s , and more e s p e c i a l l y 

to assay the r e s o l u t i o n of methionyl-tRNA' s a supernatant f r e e of 

contaminating tRNA was r e q u i r e d . T h i s was achieved by passage of 

d i a l y s e d or G25 supernatant through a D E A E - c e l l u l o s e column. The 

a c t i v i t y of t h i s p r e p a r a t i o n remained e s s e n t i a l l y the same as 

t h a t of d i a l y s e d and G25 supernatants ( T a b l e 14) but attempts to 

aminoacylate the supernatant i n the absence of added tRNA were 

u n s u c c e s s f u l , i n d i c a t i n g the complete absence of contaminating 

tRNA. 

Passage of the supernatant through D E A E - c e l l u l o s e o f t e n 

r e s u l t e d i n c o n s i d e r a b l e d i l u t i o n and the volume of the supernatant 

r e q u i r e d f o r maximum aminoacyiation or t r a n s f e r was o f t e n 

i n c o n v e n i e n t l y l a r g e . I t was n e c e s s a r y to i n c r e a s e i h e c o n c e n t r a t i o n of 

t h i s supernatant, by one of two r e a d i l y a v a i l a b l e methods. 

Co n c e n t r a t i o n by u l t r a f i l t r a t i o n r e s u l t e d i n no s i g n i f i c a n t decrease 

i n a c t i v i t y w h i l s t c o n c e n t r a t i o n by p r e c i p i t a t i o n with ammonium 



-264-

s u l p h a t e , d e s p i t e c o n s i d e r a b l e c a r e i n i t s e x e c u t i o n , was r o u t i n e l y 
accompanied by a 40% decrease i n the a c t i v i t y of the supernatant 
(T a b l e 1 4 ) . I t must be assumed th a t t h i s was due to some degree 
of d e n a t u r a t i o n mi the p r o t e i n s . P r e c i p i t a t i o n by ammonium 
sul p h a t e has been r o u t i n e l y adapted to e f f e c t a p a r t i a l p u r i f i c a t i o n 
and c o n c e n t r a t i o n of the enzymes involved i n aminoacylation and t r a n s f e r 
r e a c t i o n s from r a b b i t r e t i c u l o c y t e s without s i g n i f i c a n t l o s s of 
a c t i v i t y ( L i n , e t a l , , 1966) a t t e s t e d once more to the extreme 
l a b i l i t y of the V, faba t r a n s f e r f a c t o r s . 

Perhaps i t would not be supe r f l u o u s to poi n t out t h a t the 

i n t e r c h a n g e a b i l i t y of the r e t i c u l o c y t e and V. faba enzyme f r a c t i o n s 

( T a b l e 8) a t l e a s t suggests t h a t the g e n e t i c code used by both 

r a b b i t s and beans i s e s s e n t i a l l y s i m i l a r , o f f e r i n g f u r t h e r c o n f i r m a t i o n 

of the u n i v e r s a l i t y of the g e n e t i c code. I t should be s t r e s s e d , 

however, t h a t the f a c t o r s have only been demonstrated to be i n t e r 

changeable i n P o l y ( U ) dependent systems. The f i n a l proof t h a t 

both organisms u t i l i s e the same code w i l l be demonstration, i n a complete 

r e t i c u l o c y t e system, of the s y n t h e s i s of a bean p r o t e i n i n response 

to bean mRNA and v i c e v e r s a , the s y n t h e s i s by a complete bean system, 

of the r a b b i t haemoglobin i n response t o the haemoglobin mRNA. 

The l a t t e r p o s s i b i l i t y should not prove u n f e a s i b l e i n view of the 
mRNA 

rec e n t i s o l a t i o n of haemoglobin^from a v a r i e t y of s o u r c e s . 

I n view of the known l i m i t a t i o n s of Po l y ( U ) a s an i d e a l mRNA, 

i t was decided to i n v e s t i g a t e the use of Po l y ( A ) as a s y n t h e t i c 

messenger. The complete l a c k of Poly(A) dependent i n c o r p o r a t i o n 

i n both bean and r e t i c u l o c y t e systems under the c o n d i t i o n s of the 

i n c u b a t i o n s suggests t h a t P o l y ( A ) was unable to a c t a s a s y n t h e t i c 
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mRNA i n these systems (Table 1 5 ) . I t i s noteworthy t h a t the 

l a c k of a c t i v i t y could not be a t t r i b u t e d to i n a c t i v i t y of the 

microsome p r e p a r a t i o n s i n c e both systems showed a c o n s i d e r a b l e 

a c t i v i t y w i t h a Poly(U) template. I t may be argued t h a t the l a c k 

of a c t i v i t y r e s u l t s from incomplete p r e c i p i t a t i o n of the r e s u l t a n t 

[iO 
P o l y - L - C l l y s i n e . T h i s seems u n l i k e l y i n view of the presence 

of added c a r r i e r p o l y - L - I C l y s i n e which was p r e c i p i t a t e d by the 

5% TCA c o n t a i n i n g 0.25% sodium t u n g s t a t e a t pH2 ( S e l a and 

K a t c h a l s k i , 1959). T h i s p r e c i p i t a n t i s known to p r e c i p i t a t e 

p o l y c a t i o n i c p e p t i d e s . I n c o n t r a s t to the average s i z e of the 

polypeptide product d i r e c t e d w i t h P o l y ( U ) (about 30 r e s i d u e s , 

G i l b e r t , 1963b), the o l i g o l y s i n e p e ptides produced i n an E . c o l i 

P o l y ( A ) d i r e c t e d system v a r i e s between about 3 and 10 r e s i d u e s . 

Peptides of t h i s s i z e a r e p r e c i p i t a t e d by TCA/tungstate. B r e t s c h e r 

(1964) has demonstrated t h a t the abundance of d i l y s i n e obtained i n 

the E . c o l i P o l y ( A ) d i r e c t e d system i s not due to d i g e s t i o n of the 

p o l y l y s i n e with a t r y p s i n - l i k e enzyme pr e s e n t i n the b a c t e r i a l 

e x t r a c t , s i n c e most of the p o l y l y s i n e i s a t t a c h e d to tRNA. The 

reason f o r the d i f f e r e n c e i n s i z e of the polypeptide products w i t h 

P o l y ( U ) and P o l y ( A ) i s u n c l e a r ; however, the complex of ribosome, 

P o l y ( A ) and polylysy1-tRNA appears to be much l e s s s t a b l e than the 

corresponding ribosome, P o l y ( U ) , polyphenylalany1-tRNA complex 

( B r e t s c h e r e t a _ l . , 1965; Ganoza and Nakamoto, 1966). 

Using a r a t l i v e r complete system, Gardner e t a I , ( 1 9 6 2 ) 

demonstrated the P o i y ( A ) dependent i n c o r p o r a t i o n of l y s i n e i n t o a 

TCA/tungstate i n s o l u b l e p r e c i p i t a t e . The l e v e l of P o l y ( A ) needed 

to promote maximum i n c o r p o r a t i o n was of the order of 160^lg/ml, 

however even a t 1,200/tg/ml s i g n i f i c a n t i n c o r p o r a t i o n was s t i l l o b t a i n e d . 
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I n view of such f i n d i n g s i t i s u n l i k e l y t h a t the Poly(A) 

c o n c e n t r a t i o n used here (400yftg/ml) was e i t h e r l i m i t i n g f o r 

or i n h i b i t o r y to i n c o r p o r a t i o n . 

A s i m i l a r l a c k of P o l y ( A ) dependent i n c o r p o r a t i o n has been 

reported by B a s i l i o e t aJL, ( 1 9 6 6 ) . Using a wheat gerin system these 

workers f a i l e d to d e t e c t P o l y ( A ) dependent i n c o r p o r a t i o n over a 

wide range of magnesium c o n c e n t r a t i o n s and i n c u b a t i o n c o n d i t i o n s . 

B a s i l i o e t al„ suggest t h a t the l a c k of P o l y ( A ) d i r e c t e d i n c o r p o r a t i o n 

r e f l e c t s the i n a b i l i t y of P o l y ( A ) to bind t© wheat germ ribosomes. 

S p i r i n and G a v r i l o v a (1969) suggest t h a t the b i n d i n g of mRNA to 

the ribosome i n v o l v e s i n a d d i t i o n to a b i n d i n g c e n t r e formed by a 

p r o t e i n component, a degree of i n t e r a c t i o n between the template 

p o l y n u c l e o t i d e and rRNA. The demonstration of P o l y ( A ) dependent 

i n c o r p o r a t i o n i n both the E . c o l i and r a t l i v e r systems i n d i c a t e s 

t h a t these ribosomes must be capable of b i n d i n g P o l y ( A ) . S p i r i n 

and G a v r i l o v a p o i n t out t h a t the complex, ribosome-mRNA, i s 

s t a b i l i s e d by the i n t r o d u c t i o n of the a p p r o p r i a t e aminoacyl-tRNA. 

The i n t r o d u c t i o n of lysyl-tRNA i n t o the system of ribosomes and 

P o l y ( A ) has been shown to make the b i n d i n g of ribosomes to P o l y ( A ) 

even somewhat s t r o n g e r than the b i n d i n g of the ribosome to P o l y ( U ) 

i n the presence or absence of phenylalanyl-tRNA (McLaughlin e t a l , , 

1966). I t seems l i k e l y t h a t the l a c k of P o l y ( A ) d i r e c t e d i n c o r p o r a t i o n 

may r e f l e c t an i n a b i l i t y of p l a n t ribosomes to p a r t i c i p a t e i n the 

formation of a Poly(A)-ribosome complex. The p o s s i b i l i t y must not 

be excluded t h a t such a complex could be formed under other 

i n c u b a t i o n c o n d i t i o n s . 
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P o l y ( U ) dependent amino a c i d t r a n s f e r from aminoacyl-tRNA 

i n t o peptide l i n k a g e has been shown to be dependent upon GTP and 

two s o l u b l e aminoacyl t r a n s f e r f a c t o r s i n both mammalian and 

b a c t e r i a l systems ( A r l i n g h a u s , e t aL, 1964; G a s i o r and Mald($ve, 

1965; Lucas-Lenard and Lipmann, 1966; S k o u l t c h i e t a l . , 1968; 

F e l i c e t t i and Lipmann, 1968). 

A p r e l i m i n a r y attempt was made to demonstrate the presence 

i n V. faba supernatant of two complementary f r a c t i o n s r e q u i r e d f o r 

aminoacyl t r a n s f e r . S i n c e the s e p a r a t i o n of two such complementary 

f r a c t i o n s from r a t l i v e r was w e l l documented (Moldave, 1968), the 

a p p l i c a t i o n of such methods to the r e s o l u t i o n of the V. faba t r a n s f e r 

f a c t o r s was i n v e s t i g a t e d . I t was assumed t h a t the p l a n t f a c t o r s 

would resemble more c l o s e l y those of the mammalian than the b a c t e r i a l 

system and would t h e r e f o r e be most probably r e s o l v e d by methods 

s i m i l a r to those a p p l i e d to the r a t l i v e r system. B a s i c a l l y 

the technique i n v o l v e s the column chromatographic r e s o l u t i o n of a 

p a r t i a l l y p u r i f i e d p r o t e i n f r a c t i o n and the d e t e c t i o n of 

complementary f r a c t i o n s u s i n g washed ribosomes. 

Although the t r a n s f e r f a c t o r s a r e u s u a l l y regarded as 

supernatant i n o r i g i n , they a r e a s s o c i a t e d w i t h both microsomes 

and ribosomes. I n order to demonstrate complementation between 

r e s o l v e d f a c t o r s i t i s e s s e n t i a l t h a t the ribosomes used i n the 

assay methods a r e e s s e n t i a l l y f r e e of contaminating t r a n s f e r f a c t o r s . 

Moldave and Skogerson (1967) have o u t l i n e d a technique f o r the removal 

of contaminating f a c t o r s i n v o l v i n g DOC and ammonium c h l o r i d e 

washing procedures. Crude ribosomes a r e prepared by e x t r a c t i o n 

of microsomes w i t h DOC s o l u t i o n s and p u r i f i e d by s e v e r a l washes i n 
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2+ 2+ 
s o l u t i o n s c o n t a i n i n g high Mg (1 x 0.05M and 4 x 0.01M Mg ) . 

The c r i t e r i o n used f o r ribosomal p u r i f i c a t i o n being the absence 

from the ribosomes of a m i n o a c y l - t r a n s f e r r i n g enzymes. R e s i d u a l 

TF2 although d i f f i c u l t to remove from the ribosome, can be removed 
2+ 

by treatment w i t h 0.5M-ammonium c h l o r i d e i n the presence of 0.01M Mg . 

Treatment of V. faba microsomes with DOC leads to complete l o s s of 

a c t i v i t y as a r e s u l t of high endogenous RNase a c t i v i t y a s s o c i a t e d 

w i t h the microsomal membranes. I n order to circumvent t h i s l o s s 

of a c t i v i t y due to RNase, the ribosomes were l i b e r a t e d from the 

E.R. by T r i t o n X100 treatment of the post-mitochondria1 supernatant. 

L i b e r a t i o n of ribosomes a t t h i s step v/as not accompanied by l o s s 

i n a c t i v i t y ( T a b l e s 6 and 9 ) . Contaminating t r a n s f e r f a c t o r s were 

removed from washed T r i t o n X100 ribosomes by treatment with 0.5M-

ammonium c h l o r i d e , as d e s c r i b e d i n the Methods. R e s i d u a l ammonium 

c h l o r i d e being removed by d i a l y s i s . T h i s wash procedure was 

accompanied by a c o n s i d e r a b l e decrease i n the a c t i v i t y of the 

p r e p a r a t i o n s and a d d i t i o n of supernatant f a i l e d to r e s t o r e the 

a c t i v i t y to i t s previous v a l u e . ( T a b l e 1 4 ) . The extremely 

low i n c o r p o r a t i o n obtained w i t h s u c h p a r t i c l e s i n the absence of 

added enzyme probably r e f l e c t s the absence of contaminating t r a n s f e r 

f a c t o r s from ammonium c h l o r i d e washed ribosomes. R i c h t e r and K l i n k 

(1967) d e s c r i b e a wash procedure f o r the p r e p a r a t i o n of t r a n s f e r faertor-
w/ 

f r e e ribosomes from y e a s t , i n v o l v i n g a treatment w i t h 0.8%( v)D0C 

followed by c e n t r i f u g a t i o n through a discontinuous sucrose d e n s i t y 

g r a d i e n t . These ribosomes a r e completely dependent upon added 

enzyme but have a c o n s i d e r a b l y decreased a c t i v i t y i n p o l y m e r i s a t i o n 

i n the presence of added supernatant. The addition of spermine 

r e s u l t e d i n i n c r e a s e d a c t i v i t y but the a c t i v i t y of the p a r t i c l e s 
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remained 100% lower than t h a t of unwashed p a r t i c l e s . 

The supernatant from ammonium c h l o r i d e wash s o l u t i o n would 

seem an i d e a l source of t r a n s f e r f a c t o r s , however d i a l y s i s of t h i s 

wash f l u i d and q u a n t i t a t i v e a d d i t i o n to ammonium c h l o r i d e washed 

ribosomes f a i l e d to promote s i g n i f i c a n t amino a c i d i n c o r p o r a t i o n . 

The procedure of Moldave (1968) was f o l l o w e d , the only 

v a r i a t i o n introduced being the a d d i t i o n of 10 M g l u t h a t h i one to 

the£ephadex-G200 e q u i l i b r i a t i o n and e l u t i o n b u f f e r s . I n view 

of the known l a b i l i t y of the t r a n s f e r f a c t o r s i n the absence of -SH 

compounds, i t was f e l t t h a t the i n c l u s i o n of such i n the b u f f e r 

may help t o p r o t e c t the f a c t o r s from a u t o - o x i d a t i v e d e n a t u r a t i o n . 

Table 16 i n d i c a t e s the i n c r e a s i n g s p e c i f i c a c t i v i t i e s of the 

t r a n s f e r f a c t o r s during the p r e l i m i n a r y p u r i f i c a t i o n procedures 

p r i o r to chromatography on G200. The i n c r e a s e i n the s p e c i f i c 

a c t i v i t y of the f a c t o r s during these p r e l i m i n a r y procedures 

i n d i c a t e s t h a t no r e s o l u t i o n had occurred p r i o r to G200 chromatography. 

F r a c t i o n s were assayed i n a modified t r a n s f e r system i n which the GSH 

c o n c e n t r a t i o n was 4mM to prevent a c t i v a t i o n of ribosomal TF2. 

The s i n g l e peak of t r a n s f e r a c t i v i t y obtained when G200 

f r a c t i o n s were assayed f o r t h e i r a b i l i t y to promote P o l y ( U ) 

dependent i n c o r p o r a t i o n of p h e n y l a l a n i n e w i t h ammonium c h l o r i d e 

washed ribosomes i n the modified t r a n s f e r system suggested t h a t 

th ere had been no r e s o l u t i o n of the f a c t o r s . However, as pointed 

out by Moldave, (1968) TF2 i s a frequent contaminant of ribosomal 

p r e p a r a t i o n s and the p o s s i b i l i t y e x i s t e d t h a t t h i s peak of a c t i v i t y 

r e p r e s e n t e d i n c o r p o r a t i o n promoted by a combination of ribosomal TF2 

and the r e s o l v e d TF1. When a p a r t i a l l y p u r i f i e d r a t l i v e r t r a n s f e r 



-270-

f a c t o r p r e p a r a t i o n i s a p p l i e d to a G200 column and assayed as 

d e s c r i b e d the aminoacyl t r a n s f e r r i n g a c t i v i t i e s of the i n d i v i d u a l 

column f r a c t i o n s i s extremely low. There a r e , however, very s l i g h t 

i n d i c a t i o n s of two peaks of a c t i v i t y . When a l i q u o t s from the r e g i o n 

of the f i r s t peak a r e assayed i n combination w i t h the remaining 
c f 

f r a c t i o n s , a p e a k ^ t r a n s f e r r i n g a c t i v i t y i s found c o i n c i d e n t w i t h 

the p o s i t i o n of the second s m a l l peak, and v i c e v e r s a . A l i q u o t s 

from each of the peak f r a c t i o n s t h e r e f o r e complement one another 

i n d i c a t i n g the r e s o l u t i o n of the two f a c t o r s , TF1 i s shown to e l u t e 

f i r s t followed by, but almost completely separated from, TF2. 

Ass uming such a s i t u a t i o n to be the c a s e w i t h the V. faba 

t r a n s f e r f a c t o r s , the peak of aminoacyl t r a n s f e r r i n g a c t i v i t y 

pbtained when the f r a c t i o n s were assayed i n d i v i d u a l l y ( F i g . 2 8 ) i s 

i n the c o r r e c t p o s i t i o n , and i s c o n s i s t e n t with the complementation 

of r e s o l v e d TF1 by ribosomal TF2. I n an attempt to v e r i f y t h a t such 

was i n f a c t the same, the f r a c t i o n (25) corresponding t o the peak 

of t r a n s f e r a c t i v i t y was assayed i n combination w i t h the remaining 

f r a c t i o n s . The complete l a c k of complementation of the type 

obtained i n the r a t l i v e r system i n d i c a t e s t h a t under the c o n d i t i o n s 

of chromatography t h e r e had been no r e s o l u t i o n of the V, faba t r a n s f e r 

f a c t o r s . A 0.2ml a l i q u o t was used to assay f r a c t i o n s i n d i v i d u a l l y 

w h i l s t on the o c c a s i o n of the second assay 0.1ml a l i q u o t s of the 

f r a c t i o n s was assayed i n d i v i d u a l l y and i n combination w i t h the 0.1ml 

of the peak f r a c t i o n . The almost q u a n t i t a t i v e h a l v i n g of the 

a c t i v i t y obtained when f r a c t i o n s were assayed i n d i v i d u a l l y on the 

second o c c a s i o n i n d i c a t e s a l i n e a r dependence of i n c o r p o r a t i o n upon 

c o n c e n t r a t i o n and the s t a b i l i t y of the f a c t o r s to a t l e a s t one c y c l e 

of f r e e z i n g and thawing. 
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S u p e r f i c i a l l y Fig.29 may be thought to r e v e a l 3 peaks of aminoacyl 

t r a n s f e r a c t i v i t y . When f r a c t i o n s 28-65 were assayed i n combination w i t h 

the peak f r a c t i o n , however, the r e s u l t a n t a c t i v i t i e s were not s i g n i f i c a n t l y 

g r e a t e r than when f r a c t i o n 25 was assayed a l o n e . 

I t may be s i g n i f i c a n t t h a t , u n l i k e t h a t used by Moldave, 

the e q u i l i b r i a t i o n and e l u t i o n b u f f e r contained g l u t h a t h i o n e ; i t 

seems u n l i k e l y t h a t the i n c l u s i o n of t h i s -SH reagent could i n f l u e n c e 

the s e p a r a t i o n of the f a c t o r s , TF1 from r a t l i v e r e x i s t s i n 

m u l t i p l e forms, but they a l l appear to be aggregates of TF1, 

t h e i r mol. wt. ranging from 100,000 to g r e a t e r than 300,000 

( S c h n e i r and Moldave, 1968), the TF2 from r a t l i v e r has a mol. 

wt. of between 60,000-65,000. Assuming the V. faba f a c t o r s to have 

molecular weights i n t h i s range, t h e i r s e p a r a t i o n p u r e l y on the 

b a s i s of molecular weight d i f f e r e n c e s would have been a n t i c i p a t e d 

on Sephadex-G200. McKeehan and Hardesty (1969) r e p o r t the d i s s o c i a t i o n 

of TF1 from r a b b i t r e t i c u l o c y t e i n t o t h r e e i d e n t i c a l s u b u n i t s of 

mol. wt. 62,000. Chromatography on Sephadex G200 would not r e s o l v e 

completely such s u b u n i t s from TF2, I t i s s i g n i f i c a n t , however, 

t h a t such s u b u n i t s a r e e n z y m a t i c a l l y i n a c t i v e . 

The l a c k of demonstrable complementation may have r e s u l t e d from 

the use of l i m i t i n g amounts of one of the f r a c t i o n s . Using 

e s s e n t i a l l y the same p u r i f i c a t i o n procedure adopted here Moldave 

(1968) i n d i c a t e s t h a t the r a t i o of the c o n c e n t r a t i o n s o f r e s o l v e d 

TF1 to TF2 r e q u i r e d f o r demonstrable complementation was 

approximately 1:5, The presence of extremely low c o n c e n t r a t i o n s 

of one of the f a c t o r s f o l l o w i n g chromatographic r e s o l u t i o n s may 

e x p l a i n the l a c k of complementation. To t h i s end i t would have 

been u s e f u l t o assay f o r complementation u s i n g v a r y i n g c o n c e n t r a t i o n s 
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of each column f r a c t i o n . 

I f i t i s assumed t h a t TF2 i s l i k e l y to be pr e s e n t as a 

ribosomal contaminant, then the peak of i n c o r p o r a t i o n obtained 

when the f r a c t i o n s were assayed i n i t i a l l y c o u l d be due to 

complementation between r e s o l v e d TF1 and ribosomal TF2. I n the 

absence of contaminating TF1 no complementation between r e s o l v e d 

TF2 and ribosomal TF1 would be seen and hence the absence of a 

second peak. S i n c e only f r a c t i o n s 25-68 were assayed f o r 

complementation, the p o s s i b i l i t y cannot be excluded t h a t the 

two f a c t o r s had been completely r e s o l v e d and t h a t TF2 a c t i v i t y 

e l u t e d beyond f r a c t i o n 68 and was not t h e r e f o r e demonstrated. 

I n view of the s i m i l a r i t y i n mol.wt. of the t r a n s f e r 

f a c t o r s from r a t l i v e r and r e t i c u l o c y t e s , i t seems l i k e l y t h a t 

those of V. faba w i l l be approximately s i m i l a r . Assuming mol.wts 

of approximately 100,000 and 60,000 f o r the V. faba TF1 and TF2 

r e s p e c t i v e l y , they should be separated on a Sepharose 4B g e l 
4 6 ( e x c l u s i o n l i m i t s 1x10 — 3 x 10 ) . 

Si n c e the demonstration of complementation between two 

t r a n s f e r f a c t o r s c o n s t i t u t e d only a p r e l i m i n a r y i n v e s t i g a t i o n .prior 

to t h e i r r e s o l u t i o n , the i n i t i a l p u r i f i c a t i o n s t e p s were abandoned 

and the behaviour of concentrated d i a l y s e d supernatant on 

Sepharose 4B was i n v e s t i g a t e d . 

Two major f r a c t i o n s of t r a n s f e r a c t i v i t y were obtained when 

the column f r a c t i o n s were assayed i n d i v i d u a l l y ( F i g . 3 0 ) . The 

r e l a t i v e a c t i v i t i e s of the f r a c t i o n s ore c o n s i s t e n t w i t h the 

suggestion t h a t the peak e l u t i n g f i r s t r e p r e s e n t e d a c t i v i t y due to 
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r e s o l v e d TF1, s i n c e TF1 i s e a s i e r to remove from ribosomes 

than TF2 t h e r e f o r e the contamination due to TF2 would be expected 

to be g r e a t e r than TF1. 

When a l i q u o t s of f r a c t i o n s 40-67 were assayed i n combination 

w i t h a l i q u o t s of f r a c t i o n 37, complementation was seen to oc©ur 

between f r a c t i o n 37 and f r a c t i o n s 50-67 ( F i g . 3 1 ) . Between each 

s e t of a s s a y s (a p e r i o d of 24 h r ) the f r a c t i o n s were s t o r e d f r o z e n 

a t -20°. The complete absence of the second peak ( i . e . f r a c t i o n s 

50-67) on the o c c a s i o n of the second assay i n d i c a t e s the 

l a b i l i t y of some component p r e s e n t to f r e e z i n g and rethawing. 

However the i n c r e a s e i n t r a n s f e r a c t i v i t y observed when these 

f r a c t i o n s were assayed i n combination w i t h f r a c t i o n 37 suggests 

th a t t h e s e f r a c t i o n s were complemented by f r a c t i o n 37. I t i s 

noteworthy t h a t the a c t i v i t y of these" f r a c t i o n s i n combination 

with f r a c t i o n 37 was s i g n i f i c a n t l y g r e a t e r than t h a t due to f r a c t i o n 

37 a l o n e , i n d i c a t i n g t h a t the i n c r e a s e i n a c t i v i t y r e s u l t e d from 

a complementation between the two f a c t o r s and was not simply due 

to f r a c t i o n 37 a l o n e . The presence of an a c t u a l peak of a c t i v i t y 

between f r a c t i o n s 52-63 i s f u r t h e r evidence t h a t a c t i v i t y r e s u l t e d 

from a degree of i n t e r a c t i o n between f r a c t i o n s . I f the a c t i v i t y 

of the combination a s s a y s r e p r e s ented only a c t i v i t y due to f r a c t i o n 

37 i t i s probable t h a t the value obtained would have been i d e n t i c a l 

i n a l l c a s e s . 

Because of the complete l a c k of a c t i v i t y of f r a c t i o n s 50-67 

when the f r a c t i o n s were thawed on the second o c c a s i o n the p o s s i b l e 

complementary e f f e c t of f r a c t i o n 60, upon the a c t i v i t y of f r a c t i o n s 

25-50 was not i n v e s t i g a t e d . Assuming the mol.wts, of the V. faba 
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t r a n s f e r f a c t o r s were i n t h e same range as those of t h e i r r a t 

l i v e r c o u n t e r p a r t s , the peak e l u t i n g f i r s t from Sepharose 4B 

would be expected to be due to TF1 a c t i v i t y , w h i l s t t h a t e l u t i n g 

second would be analogous to the r a t l i v e r TF2. 

Despite the demonstration of complementation between the 

two p r o t e i n f r a c t i o n s , c e r t a i n f a c t s r e q u i r e an e x p l a n a t i o n . 

When the column f r a c t i o n s were i n i t i a l l y a ssayed i n d i v i d u a l l y 

maximum a c t i v i t y was obtained w i t h f r a c t i o n 37, t h i s was 

assumed t h e r e f o r e to r e p r e s e n t a peak of e l u a n t p r o t e i n which 

when assayed i n combination with ammonium c h l o r i d e ribosomes 

e x h i b i t e d t r a n s f e r a c t i v i t y ^ w h i l s t the s u b s i d i a r y peak a t 

f r a c t i o n 43 was assumed to r e p r e s e n t e i t h e r experimental 

v a r i a t i o n and a shoulder of a c t i v i t y . On the oc c a s i o n of the 

second a s s a y , the a c t i v i t y of f r a c t i o n 37 had s i g n i f i c a n t l y 

decreased w h i l s t t h a t of 40 and 47 had remained approximately 

constant and the f r a c t i o n showing maximum transfer a c t i v i t y was 

d i s p l a c e d to f r a c t i o n 43. T h i s r e s u l t e d i n the absence of the 

i n i t i a l peak of a c t i v i t y , and the appearance of a new peak a t 

f r a c t i o n 43. S i n c e f r a c t i o n s 25-33 were not r e a s s a y e d on t h i s 

second o c c a s i o n i t i s impo s s i b l e to a t t r i b u t e the displacement 

of the peak u n e q u i v o c a l l y to a change i n the a c t i v i t y of the 

f r a c t i o n s c o n s t i t u t i n g t h i s p o r t i o n of the peak but the p o s s i b i l i t y 

a t l e a s t w arrants an e x p l a n a t i o n . The form of the f i r s t peak suggests 

i t may r e p r e s e n t two incompletely r e s o l v e d components, the 

change i n the form of the peak may have r e s u l t e d from the i n s t a b i l i t y 

of the component e l u t i n g f i r s t . As has been d e s c r i b e d p r e v i o u s l y 

t h e r e i s c e r t a i n j u s t i f i c a t i o n f o r the assumption t h a t the peak 

e l u t i n g f i r s t r e p r e s e n t s the binding enzyme TF1 w h i l s t TF2 type 
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a c t i v i t y e l u t e s a f t e r t h i s . The b a c t e r i a l binding enzyme ( T ) 
has been r e s o l v e d by chromatography on gephadex G200 i n t o sub-
f r a c t i o n s , Tu which e l u t e s f i r s t and i s uns t a b l e and Ts which 
e l u t e s l a t e r and i s more s t a b l e (Lucas-Lenard and Lipmann, 1966). 
The p o s s i b i l i t y cannot be ignored t h a t the e s s e n t i a l l y double 
nature of the peak e l u t i n g f i r s t r e s u l t s from the presence of two 
components both having t r a n s f e r a c t i v i t y w i t h ammonium c h l o r i d e 
ribosomes and v a r y i n g i n t h e i r s t a b i l i t y to f r e e z i n g and thawing. 

When E , c o l i t r a n s f e r f a c t o r s a r e r e s o l v e d on DEAE-Sephadex 

two major peaks of a c t i v i t y a r e obtained (Lucas-Lenard and Lipmann, 

1966). The double peak e l u t i n g f i r s t r e s u l t s from the incomplete 

s e p a r a t i o n of T s , from a mixture of Ts+Tu. In view of the d i f f e r e n t 

s e p a r a t i o n p r o c e s s e s i n v o l v e d i t i s d i f f i c u l t to compare the 

r e s o l u t i o n of the V, faba enzymes w i t h t h a t of the b a c t e r i a l counter

p a r t s . I t i s most l i k e l y however t h a t the r e s o l u t i o n of Ts and Tu 

®n G200 would approximate most c l o s e l y to the s i t u a t i o n on G200. 

The p o s s i b i l i t y cannot be e l i m i n a t e d t h e r e f o r e t h a t the change i n 

a c t i v i t i e s of the f r a c t i o n s r e s u l t s from the d i f f e r e n t i a l s t a b i l i t y 

of two incompletely r e s o l v e d components. Evidence c o n s i s t e n t 

w ith such an e x p l a n a t i o n i s however l i m i t e d . The r e s o l u t i o n 

of the b a c t e r i a l f a c t o r T i s w e l l documented but the e u k a r y o t i c 

b i n d i n g enzyme TF1 has not been r e s o l v e d i n t o a c t i v e s u b t r a c t i o n s 

(Lucas-Lenard and Lipmann, 1971). 

A f u r t h e r p o s s i b i l i t y i s t h a t the i n i t i a l double peak 

r e p r e s e n t s the incomplete s e p a r a t i o n of the dimer/monomer form of 

a s i n g l e t r a n s f e r f a c t o r . I n such a ca s e the dimer would e l u t e 

f i r s t followed by the monomer, hence the double peak and the 
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d i s s o c i a t i o n of the dimer f o l l o w i n g f r e e z i n g and thawing would 
r e s u l t i n the absence of the f i r s t peak on subsequent r e a s s a y . 
Only when the monomeric form of the enzyme was present i n l i m i t i n g 
amounts, would an i n c r e a s e i n the proportion of the monomeric 
form be accompanied by a concomitant i n c r e a s e i n the a c t i v i t y 
of the second p o r t i o n of the peak. TF1 of r a t l i v e r has been 
shown to e x i s t i n m u l t i p l e forms, a l l of which possess enzymatic 
a c t i v i t y ( S c h n e i r and Moldave, 1968). S i n c e the mol.wt. of 
e u k a r y o t i c TF1 i s approximately 100,000 a c o n s i d e r a b l y g r e a t e r 
degree of r e s o l u t i o n of dimer/monomer would have been expected, 

A f u r t h e r e x p l a n a t i o n of the change i n a c t i v i t i e s of the 

peak e l u t i n g f i r s t from Sepharose 4B i s p o s s i b l e i n terms of 

the e x i s t e n c e of two d i s c r e t e s e t s of t r a n s f e r f a c t o r s . I t i s 

p o s s i b l e t h a t two s e t s of t r a n s f e r enzymes e x i s t i n V. faba one 

d e r i v e d from the cytoplasm and s p e c i f i c f o r 80S ribosomes, 

and another d e r i v e d from o r g a n e l l e s and s p e c i f i c f o r 70S ribosome, 

K r i s k o , e t a_l, (1969) have shown th a t b a c t e r i a l f a c t o r T can 

s u b s t i t u t e f o r TF1 i n the b i n d i n g of aminoacyl-tHNA to e u k a r y o t i c 

ribosomes, and i n p o l y m e r i s a t i o n when supplemented w i t h cytoplasmic 

e u k a r y o t i c TF2. U n l i k e TF1 e u k a r y o t i c c y t o p l a s m i c TF2 cannot 

be r e p l a c e d by b a c t e r i a l G f a c t o r . Thus assuming t h a t V, faba 

c o n t a i n s 2 s e t s of t r a n s f e r f a c t o r s and a c c e p t i n g the above 

i n t e r c h a n g e a b i l i t y of "JT but not G w i t h TF1 and TF2 r e s p e c t i v e l y 

on 80S ribosomes, and a l s o the probable contamination of the 

ribosome p r e p a r a t i o n by TF2, a s i t u a t i o n may e x i s t whereby the 

double peak e l u t i n g f i r s t r e p r e s e n t s unresolved T and TF1 a c t i v i t i e s . 

I n t h i s c a s e p o l y m e r i s a t i o n would r e s u l t from complementation of 

both T and TF1 w i t h ribosomal TF2, The second peak to e l u t e must 
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t h e r e f o r e r e p r e s e n t a complementation between e u k a r y o t i c type TF2 

and ribosomal TF1. I n view of the i n a b i l i t y of p r o k a r y o t i c 

f a c t o r G to s u b s t i t u t e f o r f a c t o r TF2 on 80S ribosomes, t h i s 

component would not be demonstrable i n the a s s a y s i n v o l v i n g 80S 

type ribosomes. The d i f f e r e n c e i n the a c t i v i t y of the double 

peak on the second assay must be p o s t u l a t e d to r e s u l t from the 

i n s t a b i l i t y of one of the components. 

Data reported by C i f e x t i and P a r i s i (1970) may be r e l e v a n t 

to such an argument. These workers present evidence f o r the 

e x i s t e n c e of two d i s c r e t e s e t s of p o l y m e r i s i n g enzymes i n c e l l -

f r e e e x t r a c t s from the non-photosynthetic a l g a Prototheca ^ o p f i , 

one s e t i s a c t i v e on ribosomes of the 70S type w h i l s t the other 

i s a c t i v e on those of the 80S type. The two G type a c t i v i t i e s 

c o uld be r e s o l v e d from one another and from the T type a c t i v i t y 

by chromatography on DEAE-Sephadex, w h i l s t the two T type a c t i v i t i e s 

were not r e s o l v e d . 

Yarwood e t al« (1970) have presented data c o n s i s t e n t w i t h the 

proposed i d e n t i f i c a t i o n of the complementary f r a c t i o n s . V. faba 

supernatant was chromatographed on sepharose 4B under approximately 

i d e n t i c a l c o n d i t i o n s . The f r a c t i o n s were then assayed for 

complementation with p a r t i a l l y p u r i f i e d r e t i c u l o c y t e TF1 ( b i n d i n g 

enzyme) and TF2 f r a c t i o n s . The peak e l u t i n g f i r s t complemented 

r e t i c u l o c y t e TF2 w h i l s t the peak e l u t i n g second was complemented 

by r e t i c u l o c y t e TF1 suggesting the i d e n t i f i c a t i o n of the f i r s t 

peak as a V. faba binding a c t i v i t y w h i l s t the second peak must 

r e p r e s e n t V. faba t r a n s l o c a s e a c t i v i t y . The order of e l u t i o n was 

thus i d e n t i c a l to t h a t proposed above. In a d d i t i o n the peak e l u t i n g 
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f i r s t was shown to promote the Po l y ( U ) dependent enzymatic 
Tl4 1 

binding of C p h e n y l a l a n i n e to r e t i c u l o c y t e sodium f l u o r i d e , 

DOC r e t i c u l o c y t e ribosomes ( i . e . f r e e of t r a n s f e r f a c t o r s ) , 

t h i s i s i n agreement w i t h i t s proposed i d e n t i t y as the V. faba 

binding enzyme. 

At t h i s p o i n t i t may be u s e f u l to review the evidence f o r 

the r e s o l u t i o n of bi n d i n g and t r a n s l o c a s e a c t i v i t i e s i n other 

higher p l a n t s . A l l e n d e (1969) r e p o r t s a p a r t i a l p u r i f i c a t i o n 

of the wheat embryo t r a n s f e r f a c t o r s by ammonium sulphate p r e c i p i t a t i o n 

followed by D E A E - c e l l u l o s e chromatography. Using stepwise 

e l u t i o n a s i n g l e peak of t r a n s f e r a c t i v i t y was demonstrated, 

attempts to r e s o l v e the a c t i v i t y i n t o s e v e r a l complementary 

components were completely u n s u c c e s s f u l . The author a t t r i b u t e s t h i s 

l a c k of s u c c e s s to the extreme l a b i l i t y of these f a c t o r s , and 

demonstrates a 100% l o s s of t r a n s f e r a c t i v i t y f o l l o w i n g i n c u b a t i o n 

of p a r t i a l l y p u r i f i e d wheat embryo t r a n s f e r f a c t o r s a t 37° f o r 

12 min. Some s l i g h t p r o t e c t i o n was observed i n the presence of 

0,02M-glutathione. 

Legocki and Marcus (1970) r e p o r t the complete r e s o l u t i o n and 

p a r t i a l p u r i f i c a t i o n of the t r a n s f e r f a c t o r s from wheat germ. 

The f a c t o r s were r e s o l v e d from one another by chromatography on a 

DE A E - c e l l u l o s e column u s i n g stepwise e l u t i o n . These workers 

do not however r e p o r t the procedure whereby the chromatographic 

r e s o l u t i o n of the f a c t o r s was monitored. The f r a c t i o n e l u t i n g 

f i r s t was shown to c a t a l y s e a GTP and Poly ( U ) dependent binding 

of phenylalanyl-tRNA to wheat germ ribosomes. The second f a c t o r 

f a c i l i t a t e d the formation of peptidyl-puromycin from nonenzymatically 

bound phenylalanyl-tRNA suggesting t h a t t h i s f a c t o r i s a t r a n s l o c a s e , 
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presumably t r a n s f e r r i n g the nonenzymatically bound p h e n y l a l a n y l -
tRNA from a p o s i t i o n non r e a c t i v e w i t h puromycin (A s i t e ) to a 
r e a c t i v e p o s i t i o n (P s i t e ) . In view of the sigmoid r e l a t i o n s h i p 
between p h e n y l a l a n i n e polymerised and TF1 c o n c e n t r a t i o n a t low 
l e v e l s of the f a c t o r , the authors suggest the p o s s i b i l i t y of 
complementary s u b f r a c t i o n s or a c o o p e r a t i v e type of f u n c t i o n . 
Attempts to o b t a i n such s u b f r a c t i o n s were completely u n s u c c e s s f u l . 

Using a r i c e embryo system, App (1969) has demonstrated the 

dependence of P o l y ( U ) d i r e c t e d p h e n y l a l a n i n e i n c o r p o r a t i o n upon 

two s o l u b l e components. 

I t can be concluded t h a t the o v e r a l l mechanism of peptide 

c h a i n e l o n g a t i o n i n p l a n t s i s undoubtedly the same as i n b a c t e r i a l 

and mammalian c e l l s but t h a t the enzymes i n v o l v e d a r e l e s s w e l l 

c h a r a c t e r i s e d . 

I n view of the l i m i t e d s u c c e s s of other workers to r e s o l v e 

the enzymes i n v o l v e d i n peptide c h a i n e l o n g a t i o n from higher p l a n t 

sources i t would seem j u s t i f i a b l e to p e r s e v e r e w i t h t h i s p a r t i c u l a r 

a spect of the work d e s c r i b e d here. S i n c e the use of ammonium 

c h l o r i d e washed ribosomes n e c e s s i t a t e s a c o n s i d e r a b l e expenditure 

of time p r i o r to the assay of column f r a c t i o n s i t may be p o s s i b l e 

t o use T r i t o n X100 ribosomes which have been washed by r e s u s p e n s i o n 

from resuspending medium. The p a r t i c l e s should be almost 

completely dependent upon added enzyme ( T a b l e 9) and may be 

s u f f i c i e n t l y f r e e of t r a n s f e r f a c t o r s to enable t h e i r use i n the 

r o u t i n e assay of column f r a c t i o n s . The use of low -SH c o n c e n t r a t i o n 

i n the i n c u b a t i o n s (4mM) should prevent the a c t i v a t i o n of 

contaminating ribosomal TF2 (Moldave, 1969). 
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The extreme l a b i l i t y of the p a r t i a l l y r e s o l v e d f r a c t i o n s 

may be overcome by the a d d i t i o n of g l y c e r o l to the column 

f r a c t i o n s . McKeehan and Hardfisty (1969) have demonstrated t h a t 

the binding enzyme from r a b b i t r e t i c u l o c y t e was s t a b i l i s e d by 

the i n c l u s i o n of 50% g l y c e r o l i n the standard b u f f e r . 

Although work presented here demonstrates complementation 

between two p a r t i a l l y r e s o l v e d f r a c t i o n s i n peptide c h a i n 

e l o n g a t i o n the enzymes involved have y e t to be une q u i v o c a l l y 

i d e n t i f i e d . The s i m p l e s t method by which t h i s may be achieved 

would i n v o l v e the demonstration t h a t one of the enzymes 

brought about a GTP dependent enzymatic b i n d i n g to V, faba 

ribosomes and the i d e n t i f i c a t i o n of the bound product as 

phenylalany1-tRNA. The complementary f r a c t i o n s may a l s o be 

i d e n t i f i e d i n a manner d e s c r i b e d by Yarwood e t a_l. (1970) u s i n g 

p a r t i a l l y p u r i f i e d b i n d i n g enzyme and t r a n s l o c a s e from other 

s o u r c e s , p r e f e r a b l y from wheat embryo. /^n enzyme r e s p o n s i b l e 

f o r t r a n s l o c a t i o n of the peptidy1-tRNA from A to P s i t e may 

be i d e n t i f i e d by i t s a b i l i t y to form a puromycin peptide from 

p r e v i o u s l y bound phenylalany1-tRNA (Le g o c k i and Marcus, 1970), 

and i t s i n h i b i t i o n by f u s l d i c a c i d ( K a z i r o e t _ a l . , 1969) and d i p h t h e r i a 

t o x i n and NAD (Goor and Pappenheimer, 1967). 

The techniques used above f o r r e s o l u t i o n of the complementary 

f r a c t i o n s both i n v o l v e d a s e p a r a t i o n on the b a s i s of molecular 

weight d i f f e r e n c e s . The use of an ion exchange r e s i n such as 

DEAE or T E A E - c e l l u l o s e , coupled w i t h s t e p w i s e or gr a d i e n t e l u t i o n 

may be u s e f u l i n r e s o l v i n g the two enzymes. 
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One of the c r i t e r i a which Hoagland (1960) suggested should 

be f u l f i l l e d i f i n c o r p o r a t i o n of a r a d i o a c t i v e amino a c i d i s to 

be equated with p r o t e i n s y n t h e s i s was tha t the amino a c i d should 

appear i n a s i n g l e s p e c i f i c i s o l a t a b l e p r o t e i n of the c e l l of o r i g i n . 

There has, a s y e t , been no unequivocal demonstration of a s y n t h e s i s 

of a p l a n t p r o t e i n d i r e c t e d by a p l a n t mRNA, by an amino a c i d 

i n c o r p o r a t i n g system d e r i v e d from a p l a n t s o u r c e . 

Two b a s i c approaches e x i s t f o r the demonstration of 

p r o t e i n s y n t h e s i s i n amino a c i d i n c o r p o r a t i n g systems. F i r s t l y , 

use can be made of a i s o l a t e d p u r i f i e d mRNA which d i r e c t s the 

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

i s o l a t i o n of undegraded mRNA molecules from p l a n t m a t e r i a l s has 

not y e t been d e s c r i b e d . The second approach i n v o l v e s the use of 

endogenous mRNA pre s e n t i n polysome p r e p a r a t i o n s . T h i s approach 

i s l i m i t e d by the a v a i l a b i l i t y of undegraded polysome p r e p a r a t i o n s . 

I n order t o c h a r a c t e r i s e the product of such polysome systems 

i t i s n e c e s s a r y to choose a system i n which a c o n s i d e r a b l e p r o p o r t i o n 

of the amino a c i d s i n c o r p o r a t e d a r e i n t o a s i n g l e w e l l c h a r a c t e r i s e d 

p r o t e i n . The i d e a l t i s s u e f o r such an approach i s t h e r e f o r e a 

hi g h l y s p e c i a l i s e d t i s s u e i n which the s y n t h e s i s of p r o t e i n i s 

d i r e c t e d towards the production of a s i n g l e major product. I t 

i s f o r t h i s reason t h a t the developing cotyledon of V. faba would 

appear to be an i d e a l m a t e r i a l f o r the e s tablishment of a polysome 

system d i r e c t e d by endogenous mRNA, the major product of which 

should be the r e l a t i v e l y w e l l c h a r a c t e r i s e d storage g l o b u l i n s , 

v i c i l i n and legumin. 
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I n V, faba, storage p r o t e i n may account f o r up to 20% of the 
dry weight of the mature seed ( G r z e s u i k e t a _ l . , 1962) and c o n s i s t s 
of two major p r o t e i n components, v i c i l i n and legumin (DanieHson, 
1952). The m a j o r i t y of the storage g l o b u l i n i s s y n t h e s i s e d i n 
about 30 days during the development of the s e e d s . Polysomes 
e x t r a c t e d from developing cotyledons during the p e r i o d of storage 
g l o b u l i n s y n t h e s i s should c o n t a i n the endogenous mBNA d i r e c t i n g 
the s y n t h e s i s of v i c i l i n and legumin. Storage p r o t e i n accumulates 
w i t h i n d i s c r e t e o r g a n e l l e s i n the cytoplasm, p r o t e i n bodies, which 
ar e bounded by a l i p o p r o t e i n membrane and appear to o r i g i n a t e by 
s u b d i v i s i o n of the c e l l vacuole ( B r i a r t y e t a l , , 1969). I t has 
been u n e q u i v o c a l l y demonstrated (Yarwood, 1968) t h a t p r o t e i n 
s y n t h e s i s does not occur i n p r o t e i n bodies, nor do they c o n t a i n 
any of the components i n v o l v e d i n p r o t e i n s y n t h e s i s . I t has 
been demonstrated ( B a i l e y e t a _ l . , 1970) t h a t s y n t h e s i s of storage 
g l o b u l i n o c c u r s on c y t o p l a s m i c ribosomes. The maturation of 
V. faba seeds takes about 100-120 days, during which time c h a r a c t e r i s t i c 
anatomical and biochemical changes a r e o c c u r r i n g i n the s e e d s . 
Three main phases can be recognised i n the development of the 
cotyledon ( B r i a r t y , e t a l , , 1969). 

( i ) Phase of r a p i d c e l l d i v i s i o n l a s t i n g from days 1-25 a f t e r 

f l o w e r i n g , followed by c e l l expansion from days 25-40. During t h i s 

p e r i o d the major organs of the embryo a r e formed. 

( i i ) T h i s i s followed by a p e r i o d of i n t e n s e s y n t h e t i c a c t i v i t y , 

when the storage p r o t e i n s of the seed accumulate. T h i s occurs 

between days 45-70. 

( i i i ) A f t e r completion of the s y n t h e s i s of the storage products, 

the seed e n t e r s the f i n a l p e r i o d of maturation and dehydration p r i o r 
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t o dormancy. Payne (1970) has d e s c r i b e d the anatomical changes 

i n the c e l l s of the developing cotyledon during i t s development. 

P r i o r to the i n i t i a t i o n of storage g l o b u l i n s y n t h e s i s , the c e l l s 

c o n t a i n mainly f r e e ribosomes, w i t h l i t t l e endoplasmic r e t i c u l u m . 

By 50 days, t h e r e has been a tremendous p r o l i f e r a t i o n of endoplasmic 

r e t i c u l u m and membrane-bound ribosomes predominate over f r e e 

ribosomes. Payne (1968) has shown t h a t the membrane-bound 

ribosomes r e p r e s e n t a new and d i s c r e t e c l a s s of p a r t i c l e s and have 

not a r i s e n by the attachment of p r e - e x i s t i n g f r e e ribosomes to 

the newly formed endoplasmic r e t i c u l u m . Storage p r o t e i n s y n t h e s i s 

begins around day 45 and t r a c e s of p r o t e i n can be d i s t i n g u i s h e d 

around the periphery of the p r o t e i n b o d i e s . By 60 days, storage p r o t e i n 

i s being r a p i d l y s y n t h e s i s e d and the p r o t e i n bodies a r e being f i l l e d 

up. Storage p r o t e i n s y n t h e s i s i s complete by about 80 days and 

dehydration i s beginning to occur . A s s o c i a t e d w i t h dehydration i s 

the breakdown of the endoplasmic r e t i c u l u m and r e l e a s e of the membrane-

bound ribosomes. I n the mature dehydrated seed t h e r e i s h a r d l y 

any t r a c e of E.R. and ribosomes a r e found f r e e i n the cytoplasm. 

I t i s evi d e n t t h a t s t r i k i n g changes a r e o c c u r r i n g i n the ribosome 

population which can be c o r r e l a t e d w i t h s p e c i f i c developmental changes. 

Payne (1968) and Payne and B o u l t e r (1969) separated microsomes 

prepared from d i f f e r e n t ages of developing V. faba seeds on d i s 

continuous s u c r o s e g r a d i e n t s i n t o f r e e and membrane-bound m a t e r i a l 

and determined the r a t i o of free:membrane-bound rRNA. They 

found t h a t changes i n the r a t i o of f r e e : membrane-bound ribosomes 

c o r r e l a t e d w i t h i n v i v o changes i n ribosome d i s t r i b u t i o n . The 

ribosome content of the microsomal p r e p a r a t i o n , t h e r e f o r e does 

appear to r e f l e c t the i n v i v o d i s t r i b u t i o n of ribosomes. 
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S i n c e s y n t h e s i s of storage g l o b u l i n i s p a r a l l e l e d by an 
i n c r e a s e i n the p r o p o r t i o n of membrane-bound ribosomes the i n f e r e n c e 
i s t h a t s y n t h e s i s of stor a g e g l o b u l i n occurs on membrane-bound 
ribosomes. T h i s i s c o n s i s t e n t w i t h the idea t h a t i t i s not u t i l i s e d 
i n s i t u but must be tr a n s p o r t e d to the p r o t e i n b o d i e s . 

I n order to ac h i e v e the s y n t h e s i s of storage g l o b u l i n i n 

a c e l l - f r e e system the i d e a l system would appear to be a microsomal 

p r e p a r a t i o n from 60 day developing V. faba i n which the polysome 

p r o f i l e was maintained a s c l o s e as p o s s i b l e to the i n v i v o s i t u a t i o n . 

I n these p r e p a r a t i o n s a high proportion of the polysomes should c o n t a i n 

the endogenous storage g l o b u l i n mRNA's. Payne (1970) i n v e s t i g a t i n g 

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

s y n t h e s i s prepared a t d i f f e r e n t s t a g e s during the development of 

the cotyledon, has shown t h a t a c t i v i t y due to endogenous mRNA 

was g r e a t e s t i n microsome p r e p a r a t i o n s from 60 day seeds. Although 

s y n t h e s i s of storage g l o b u l i n probably occurs on membrane-bound 

polysomes, the r o l e of the membrane remains u n c l e a r . The 

int i m a t e s p a t i a l r e l a t i o n s h i p may be n e c e s s i t a t e d by the a s s o c i a t i o n 

of mRNA w i t h the membrane or i t may be1 d i c t a t e d by the n e c e s s i t y f o r a 

p r e c i s e v e c t o r i a l r e l e a s e of the nascent polypeptide i n t o the lumen 

of the membrane (Redman and S a b a t i n i , 1966). The f u r t h e r p r o b a b i l i t y 

t h a t the a s s o c i a t i o n of the mRNA w i t h the membrane may o f f e r a p r o t e c t i o n 

a g a i n s t RNase a c t i o n cannot be excluded. I n order t o maintain a 

high proportion of undegraded polysomes i t i s n e c e s s a r y to reduce 

n u c l e a s e a c t i v i t y t o i t s low l e v e l . To t h i s end microsomes were 

prepared i n the presence of r a t l i v e r high speed supernatant. 

Although r a t l i v e r supernatant may i n h i b i t a r a t l i v e r n u c l e a s e ( s ) 

t h e r e appears to be no evidence of a s i m i l a r e f f e c t of such an 
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i n h i b i t o r upon bean n u c l e a s e s s i n c e no s i g n i f i c a n t d i f f e r e n c e 

i n l e v e l s of i n c o r p o r a t i o n was observed i n the presence or absence 

of the i n h i b i t o r ( T a b l e 1 7 ) . 

The s i m p l e s t method of c h a r a c t e r i s i n g the product of i n v i t r o 

p r o t e i n s y n t h e s i s i s to compare the t r y p t i c f i n g e r p r i n t of the 

product w i t h t h a t of the p u r i f i e d p r o t e i n . An i d e n t i c a l f i n g e r p r i n t 

of the i n v i t r o and i n v i v o product i s good c o n f i r m a t i o n of the 

i d e n t i t y of the two p r o t e i n s . Although the storage g l o b u l i n of 

V. faba c o n t a i n s two p r o t e i n s , v i c i l i n and legumin, the l a t t e r i s the 

predominant component, comprising about 75% of the t o t a l g l o b u l i n 

s y n t h e s i s e d i n v i v o . Assuming the two p r o t e i n s a r e s y n t h e s i s e d 

i n the same proportion i n v i t r o , the major product of the c e l l - f r e e 

system would be expected to be legumin. 

Legumin has a molecular weight of approximately 330,000-410,000 

and i s composed of three types of p o l y p e p t i d e s . The molecular 

weight of the t h r e e polypeptides a r e 56,000, 42,000 and 23,000 

and they a r e p r e s e n t i n molar r a t i o s of 1:3:6, B a i l e y and B o u l t e r 

(1970) r e p o r t the presence of 140 n i n h y d r i n - p o s i t i v e peptides 

f o l l o w i n g t r y p t i c d i g e s t i o n of carboxymethylated-legumin (CM-legumin). 

I f | ^ 4 ^ j -amino a c i d mixture had been used to l a b e l the ' i n v i t r o ' 

product d i f f i c u l t i e s could have a r i s e n i n comparing the t r y p t i c 

map because of the great number of p e p t i d e s . I t was decided t h e r e f o r e 
r 3 5 " i 

to l a b e l w i t h I S| methionine s i n c e t h e r e a r e only t h r e e methionine 

c o n t a i n i n g t r y p t i c peptides i n CM-legumin ( B a i l e y and B o u l t e r , 

1970). S i n c e v i c i l i n c o n t a i n s very l i t t l e sulphur, i t was assumed 

t h a t the f i n g e r p r i n t would not be obscured by s m a l l amounts of 

v i c i l i n s y n t h e s i s e d s i m u l t a n e o u s l y . The f i n g e r p r i n t of the 
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r 3 5 ~ i 
S l a b e l l e d CM- i n v i t r o product ( F i g . 3 2 ) r e v e a l e d c o n s i d e r a b l y 

T35~l 

more than the expected t h r e e S methionlne-containing t r y p t i c 

peptides p r e d i c t e d by B a i l e y and B o u l t e r ( 1 9 7 0 ) , The s t r e a k e d 

n a t u r e of the chromatogram r e s u l t s probably from the s t i c k y 

nature of the d i g e s t a p p l i e d to the paper which was h i g h l y 

heterogeneous c o n t a i n i n g not only peptides d e r i v e d from t r y p s i n 

d i g e s t i o n of the CM-in v i t r o product but a l s o CM-derivatives 
a n d 

a r i s i n g from d i g e s t i o n of the supernatant/ribosomal p r o t e i n s . 

During the p r e p a r a t i o n of the f i n g e r p r i n t the peptides were 

separated by chromatography i n one d i r e c t i o n and e l e c t r o p h o r e s i s 

i n the o t h e r . During the e l e c t r o p h o r e t i c s e p a r a t i o n of the p e p t i d e s , 

not only do the charged peptides move by v i r t u e of t h e i r charge 

but a l s o m i g r a t i o n of the n e u t r a l peptides occurs from the o r i g i n 

i n an ascending d i r e c t i o n by electroendosmosis which r e s u l t s i n 

a displacement of t h e s e p e p t i d e s . T h i s movement depends probably 

to some extent upon the c o n d i t i o n s of e l e c t r o p h o r e s i s and makes 

comparison of the r e s u l t s w i t h those of B a i l e y and B o u l t e r d i f f i c u l t . 

These workers found t h a t 8 of the 16 I S i - c o n t a i n i n g t r y p t i c 

p eptides migrated w i t h the n e u t r a l peptides i n a l i n e a r f a s h i o n o 

towards the cathode and formed a l i n e of r a d i o a c t i v e spots a t 90 

to the d i r e c t i o n of e l e c t r o p h o r e s i s . T h i s area contained the most 

dense d i s t r i b u t i o n of r a d i o a c t i v i t y . I f t h e s e spots a r e used as 

a r e f e r e n c e p o i n t and a l i g n e d with the most dense s t r e a k of 

r 3 5 i 
r a d i o a c t i v i t y obtained i n the f i n g e r p r i n t of the I SI l a b e l l e d 

CM-in v i t r o product as arranged i n Fig.32 then comparison of the 

f i n g e r p r i n t s i s p o s s i b l e . T h i s assumes t h a t t h i s s t r e a k e d l i n e 

r e p r e s e n t s the p o s i t i o n reached by electroendosmosis by the n e u t r a l 

peptides; i t must be s t r e s s e d t h a t t h i s i s merely an assumption. 
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A s t r o n g spot i s noted moving towards the anode, t h i s must 

r e p r e s e n t a very a c i d i c r e s i d u e , t h i s i s completely absent from 

the t r y p t i c f i n g e r p r i n t of CM-legumin and i t s source i s completely 

unknown. When the supposedly n e u t r a l peptides a r e a l i g n e d as 

i n F i g . 3 2 t h e r e i s an almost complete correspondence between the 

r 3 5 ~| 
two major a r e a s of S methionine d i s t r i b u t i o n and two of the 

methionine c o n t a i n i n g peptides of the CM-legumin. I t i s perhaps 

s i g n i f i c a n t t h a t the a r e a s c o n t a i n i n g the g r e a t e s t amounts of 

r a d i o a c t i v i t y should be c o i n c i d e n t w i t h two methionine c o n t a i n i n g 

p e p t i d e s . I f i t was assumed t h a t these r e p r e s e n t the same methionine 

c o n t a i n i n g peptides as the homologous spots on the f i n g e r p r i n t 

of CM-legumin, then the absence of the t h i r d methionine c o n t a i n i n g 

peptide suggests t h a t a l l t h r e e c o n s t i t u e n t polypeptides of legumin 

were not s y n t h e s i s e d by the i n v i t r o system. There i s however a 

r a d i o a c t i v e peptide with a m o b i l i t y c l o s e l y s i m i l a r to that of 

the t h i r d methionine c o n t a i n i n g peptide i n CM-legumin, I t i s 

p o s s i b l e t h a t t h i s may r e p r e s e n t the same or p a r t of the same 

pe p t i d e . 

There a r e a number of spots which have no e q u i v a l e n t on the CM-

legumin f i n g e r p r i n t and must r e p r e s e n t novel p e p t i d e s . 

I f under the c o n d i t i o n s of i n c u b a t i o n the c o n s t i t u e n t p o l y 

peptides of legumin were not s y n t h e s i s e d i n t h e i r e n t i r e t y but 

fragments of these poly p e p tides were formed then novel t r y p t i c peptides 

would be formed with completely new m o b i l i t i e s . The s y n t h e s i s of 

fragments of legumin polypeptides may account f o r the presence of 

r35~j 
more than t h r e e I S I - l a b e l l e d p e p t i d e s . 
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B a i l e y and B o u l t e r (1970) r e p o r t t h a t the N-terminal 

r e s i d u e s of the c o n s t i t u e n t polypeptides of legumin a r e l e u c i n e , 
T35 1 

g l y c i n e and threomine. A d d i t i o n a l S methionine c o n t a i n i n g 

peptides may be expected i f the i n i t i a t i o n of legumin by a 

methionine r e s i d u e was followed by c l e a r a g e of the N-terminal 

methionine r e s i d u e (and p o s s i b l y other t e r m i n a l amino a c i d s ) 

p r i o r to the completion of the polypeptide c h a i n s . I n t h i s 

c ase new SImethionine peptides would be detected which were 

not present i n d i g e s t s of pure CM-legumin. 

A s i m i l a r s i t u a t i o n would o b t a i n i f the N-terminal methionine 

was not c l e a v e d u n t i l the completed polypeptides were r e l e a s e d 

from the ribosome. In t h i s c a s e p o l y p eptides s t i l l a t t ached 

to the ribosome may c o n t a i n an a d d i t i o n a l methionine c o n t a i n i n g 

p e p t i d e . 

The presence of e x t r a peptides may i n d i c a t e t h a t polypeptides 

other than the c o n s t i t u e n t polypeptides of legumin a r e being 

s y n t h e s i s e d . I t i s p o s s i b l e t h a t the membrane-bound ribosomes, 

i n a d d i t i o n t o the s y n t h e s i s of g l o b u l i n , a r e a c t i v e l y s y n t h e s i s i n g 

new membrane m a t e r i a l and the a d d i t i o n a l peptides may be membrane-

s p e c i f i c p e p t i d e s . B a i l e y e t a _ l . , (1970) u s i n g a V. faba cotyledon 

s l i c e system to f o l l o w the s y n t h e s i s and i n t r a c e l l u l a r t r a n s p o r t 

of g l o b u l i n showed t h a t r a d i o a c t i v i t y was i n i t i a l l y a s s o c i a t e d 

with the endoplasmic r e t i c u l u m and was l a t e r found i n the p r o t e i n 

b o d i e s . However, some r e s i d u a l a c t i v i t y could not be chased from 

the endoplasmic r e t i c u l u m suggesting t h a t some of the i n c o r p o r a t e d 

r a d i o a c t i v i t y remains a s s o c i a t e d w i t h i t . The p o s s i b i l i t y should not 

be excluded t h a t such r e s i d u a l a c t i v i t y r e p r e s e n t s the s y n t h e s i s 

of new membrane m a t e r i a l . 
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The presence i n the microsome p r e p a r a t i o n of an a c t i v e 
n u c l e a s e would r e s u l t i n degradation of the polysome p r e p a r a t i o n . 
The presence of a d d i t i o n a l spots may r e s u l t from the t r a n s l a t i o n 
of fragments of the legumin mRNA thus y i e l d i n g new p e p t i d e s . 

I n a d d i t i o n to the spots corresponding to the th r e e methionyl 

peptides t h e r e i s a f a i r l y c l o s e correspondence between s e v e r a l 

of the other spots and spots p r e s e n t on. the t r y p t i c f i n g e r p r i n t 
f l 4 l 

of I CM-legumin ( i . e . c y s t i n e c o n t a i n i n g p e p t i d e s ) ( B a i l e y and 

B o u l t e r , 1970), S i n c e the I S(methionine used was almost f r e e 

of SI c y s t e i n e , t h e r e should be no l a b e l i n peptides other than [35 I S methionine. The c l o s e s i m i l a r i t y between 

some of the c y s t i n e - c o n t a i n i n g t r y p t i c peptides of j CM-legumin 

and some of the peptides obtained a f t e r d i g e s t i o n of the j ^ ^ ^ J " 
l a b e l l e d i n v i t r o product suggests t h a t p o s s i b l y there has been some 

[35 "1 T35 I conversion of I SJmethionine to SI c y s t e i n e . I n view of the 

t r a n s - s u l p h u r a t i o n whereby methionine sulphur i s t r a n s f e r r e d to 

c y s t e i n e (Simmonds, e t a l . , 1953) such an e x p l a n a t i o n appears 

q u i t e f e a s i b l e . To summarise, although the s y n t h e s i s of legumin 

by the V, faba amino a c i d i n c o r p o r a t i n g system c o u l d not be 

une q u i v o c a l l y demonstrated t h e r e appears to be some degree of 

s i m i l a r i t y between the t r y p t i c peptides of the i n v i v o and i n v i t r o 

products. 

I n the method adopted the i n v i t r o product was not separated 

from the remainder of the i n c u b a t i o n components p r i o r to carboxymethylation, 

I n f u t u r e attempts a t such a c h a r a c t e r i s a t i o n i t may be p r o f i t a b l e 

to s e p a r a t e the I S Jlegumin by the a d d i t i o n of a high c o n c e n t r a t i o n 

of c a r r i e r 1 Sllegumin and p u r i f y i t p r i o r to carboxymethylation. 
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Such an approach would perhaps y i e l d b e t t e r f i n g e r p r i n t s but would 

i d e n t i f y only the legumin product and would d i s r e g a r d any other 

p o s s i b l e products. S i n c e i n t h i s c a s e a much g r e a t e r c o n c e n t r a t i o n 

of t r y p s i n d i g e s t e d legumin would be a p p l i e d to the chromatogram 

pe p t i d e s by autoradiography but to d e t e c t c y s t i n e and methionine 

spots by the use of p l a t i o n i c - i o d i d e reagent ( E a s l e y , 1965), 

A f u r t h e r p o s s i b l e approach to the i d e n t i f i c a t i o n of the 

product of i n v i t r o p r o t e i n s y n t h e s i s as legumin may be devised 

based on the use of anti l e g u m i n to s p e c i f i c a l l y p r e c i p i t a t e 

polysomes engaged i n the s y n t h e s i s of r a d i o a c t i v e l y l a b e l l e d legumin 

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

Although the developing cotyledon of V. faba t h e o r e t i c a l l y 

should p r e s e n t an i d e a l system f o r the c h a r a c t e r i s a t i o n of the 

product of a p l a n t c e l l - f r e e amino a c i d i n c o r p o r a t i n g system, 

i t appears t h a t the advantages of such a system a r e o f f s e t to a 

c o n s i d e r a b l e extent by the complexity of the sto r a g e p r o t e i n 

s y n t h e s i s e d i n v i v o and the high endogenous n u c l e a s e content of 

the t i s s u e ( L o n s d a l e , 1972), 

The second p a r t of the work d e s c r i b e d here was an attempt to 

i n v e s t i g a t e the mechanism of polypeptide c h a i n e l o n g a t i o n on 

the 80S ribosomes of V, f a b a . 

I n i t i a t i o n of the s y n t h e s i s of polypeptide c h a i n s i n v o l v e s 

N-formylmethionyl-tRNA(f-met-tRNA ) i n b a c t e r i a l systems (Marcker 

and Sanger, 1964; Webster e t a l . , 1966; and Adams and Capecchi, 1966), 

and i n mitochondria and c h l o r o p l a s t s of eukaryotes (Smith and 

Marcker, 1968; Marcker and Smith, 1969; B i a n c h e t t i e t a l , , 1971; 

i t may prove p o s s i b l e not only to l o c a t e N methionine c o n t a i n i n g 
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Galper and D a r n e l l , 1969; Schwartz e t a l , , 1967). I t has t h e r e f o r e 

been proposed t h a t t h i s tRNA s p e c i e s i s the u n i v e r s a l i n i t i a t o r 

of p r o t e i n s y n t h e s i s on 70S ribosomes (Smith and Marcker, 1968; 

Marcker and Smith, 1969). Despite numerous attempts to i d e n t i f y 

an f-met-tRNA s p e c i e s i n the cytoplasm of eukaryotes t h i s molecule 
F 

has not been demonstrated. Cytoplasmic tRNA p r e p a r a t i o n s from 

mammals (Caskey e t a _ l . f 1967; Smith and Marcker, 1970; RajBandary 

and Ghosh, 1969), y e a s t ( T a k e i s h i , e t a l . , 1968) and higher p l a n t s 

( A l l e n d e , 1969) c o n t a i n two major methiony1-accepting tRNA's. 

Although an a c t i v e t r a n s f o r m y l a s e enzyme has not been detected 
met 

i n the cytoplasm of mammals or y e a s t , one of the tRNA s p e c i e s 

i s formylated by E . c o l i t r a n s f o r m y l a s e and the product i s 

i n d i s t i n g u i s h a b l e from E . c o l i f-met-tRNA,, and can bind to E . c o l i 
— ——— r — 

ribosomcs i n the presence of AUG w i t h the same requirements and 

e f f i c i e n c y as E . c o l i f-met-tRNA . (Marcker and Smith, 1969), 

The f o r m y l a t a b l e l i v e r met-tRNA a l s o has a high a f f i n i t y f o r the 

i n i t i a t o r s i t e on E . c o l i ribosomes as measured by the puromycin 

r e l e a s e assay (Caskey, e t a l , , 1968). I n a d d i t i o n , T a k e i s h i e t a l . 

(1968) haVsshown t h a t y e a s t f-met-tRNA can s u b s t i t u t e f o r b a c t e r i a l 
f-met-tRNA as an i n i t i a t o r i n an E . c o l i c e l l - f r e e system programmed F 
w i t h fgRNA. Thus i t appears t h a t many of the unique s t r u c t u r a l 

f e a t u r e s of f-met-tRNA r e q u i r e d f o r i t s a c t i o n a s a c h i n i n i t i a t o r 
F 

have been r e t a i n e d i n one of the met-tRNA s p e c i e s from the cytoplasm 

of mammals and y e a s t s i n c e e n z y m a t i c a l l y formylated f-met-tRNA from 

these organisms appears to be i n d i s t i n g u i s h a b l e from E . c o l i f-met-tRNA 

i n i t s a c t i o n i n the E . c o l i c e l l - f r e e sytem. Such a s i m i l a r i t y 

i s indeed s t r i k i n g i n view of the d i f f e r e n c e i n the primary s t r u c t u r e 
of tRNA™ 6* and the corresponding s p e c i e s from y e a s t and mammals F 
(Marcker and Smith, 1969). 
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I n s p i t e of the above evidence f o r the presence of 

a cy t o p l a s m i c f o r m y l a t a b l e met-tRNA s p e c i e s i n mammals and 

y e a s t , t h e r e was l i t t l e data a v a i l a b l e f o r higher p l a n t s . 

A s e r i e s of p r e l i m i n a r y experiments were c a r r i e d out 

by Dr. A. Yarwood i n 1968 i n c o n j u n c t i o n with Dr. K, Marcker 

(M.R.C. Laboratory of Molecular B i o l o g y , Cambridge) to i n v e s t i g a t e 

whether a fo r m y l a t a b l e met-tRNA s p e c i e s was pr e s e n t i n V. faba 

u n f r a c t i o n a t e d c y t o p l a s m i c tRNA p r e p a r a t i o n s . A crude V, faba 

presence and absence of formy1 donor u s i n g both E . c o l i DE52 

supernatant and a crude V. faba 105,000xg av, supernatant e s s e n t i a l l y 

as d e s c r i b e d i n the Methods ( S e c t i o n 23D). I n a c o n t r o l experiment, 

an u n f r a c t i o n a t e d E . c o l i tRNA sample was aminoacylated under 

i d e n t i c a l - c o n d i t i o n s . F o l l o w i n g d i g e s t i o n with bovine p a n c r e a t i c 

RNase, the r a d i o a c t i v e fragments were s e p a r a t e d by ionophoresis 

e s s e n t i a l l y a s d e s c r i b e d on the legend to F i g . 35. Only when 

E . c o l i tRNA was aminoacylated by E . c o l i enzyme was there evidence 

of a fragment e q u i v a l e n t to N-formyl-methionyl-adenosine. When 

aminoacylation was c a r r i e d out u s i n g V. faba enzyme only the methionyl-

adenosine fragment was obtained i n d i c a t i n g the absence of an 

a c t i v e t r a n s f o r m y l a s e enzyme i n the V. faba 105,000xg av, supernatant, 

Aminoacylation of V. faba tRNA by E . c o l i or V. faba supernatant 

i n the presence of*absence of formy1 donor f a i l e d to r e v e a l the 

e x i s t e n c e of a f o r m y l a t a b l e met-tRNA s p e c i e s (Yarwood, unpublished 

o b s e r v a t i o n s ) . 

The p r e p a r a t i o n s used i n t h i s p r e l i m i n a r y i n v e s t i g a t i o n were 

extremely crude. The tRNA p r e p a r a t i o n had not been p u r i f i e d by 

chromatography on D E A E - c e l l u l o s e and has subsequently been demonstrated 

tRNA p r e p a r a t i o n was aminoacylated w i t h N methionine.in the 
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to c o n t a i n c o n s i d e r a b l e amounts of 25S, 18S and 5S rRNA (Payne, 
1970). The enzyme f r a c t i o n was a crude u n d i a l y s e d 105,000xg av, 
su p e r n a t a n t . I n view of the higher degree of p u r i f i c a t i o n of these 
components r o u t i n e l y used i n these l a b o r a t o r i e s subsequent to 1968 
i t was decided to repeat these e a r l i e r experiments. The work 
presented i n t h i s t h e s i s was c a r r i e d out u s i n g components p u r i f i e d 
by the procedure*described and d i s c u s s e d p r e v i o u s l y . 

The above procedure was repeated u s i n g a p r e p a r a t i o n of 60 

day developing bean tRNA p u r i f i e d by chromatography on D E A E - c e l l u l o s e 

to remove contaminating rRNAs and V. faba enzyme f r a c t i o n p u r i f i e d 

by d i a l y s i s and chromatography on D E A E - c e l l u l o s e . I n t h i s c a s e 

( F i g . 3 5 ) a s w e l l as the major r a d i o a c t i v e fragment, i d e n t i f i e d as 

methionyl-adenosine, the presence of a s l i g h t t r a c e of N-formyl-

methionyl-adenosine, suggested the presence i n V. faba supernatant. 

of a t r a n s f o r m y l a s e enzyme and of a f o r m y l a t a b l e met-tRNA s p e c i e s . 

Comparison of the i n t e n s i t y of the N-formyl-methionyl-adenosine 

from E . c o l i and bean i n d i c a t e d t h a t i n V. faba the f o r m y l a t a b l e 

met-tRNA s p e c i e s was pr e s e n t i n very low amounts. However, i n 

view of the apparent absence of an a c t i v e t r a n s f o r m y l a s e enzyme 

fromthe V. faba enzyme p r e p a r a t i o n s used i n the p r e l i m i n a r y (1968) 

experiments, the p o s s i b i l i t y could not be excluded t h a t the V. faba 

t r a n s f o r m y l a s e was l a b i l e . The presence of t r a c e s of f r e e methionine 

r e s u l t s probably from inadequacies i n the washing procedure and from 

d e a c y l a t i o n of the aminoacylated tRNA during the washing and 

d i g e s t i o n s t e p s . 

I n view of t h i s demonstration of a forraylatable V. faba m e t h i o n y l -

tRNA i t was decided to r e s o l v e the methionyl-tRNA s p e c i e s and to 
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i n v e s t i g a t e the p o s s i b l e i n t e r c h a n g e a b i l i t y of a forraylatable 

V. faba met-tRNA wi t h the E . c o l i f-met-tRNA i n an E . c o l i c e l l -
— • — — r • 

f r e e system. 

I n the absence of the apparatus f o r s e p a r a t i o n based on 

oouitercurrent d i s t r i b u t i o n t e c h n i q u e s , chromatographic s e p a r a t i o n 

techniques were adopted. I n view of the u n p r e d i c t a b i l i t y of 

the V, faba t r a n s f o r m y l a s e a c t i v i t y , an E , c o l i DE52 supernatant 

was used t o assay the s e p a r a t i o n of V. faba met-tRNA on DEAE-

Sephadex A50. One major and one minor peak ( F i g . 3 4 ) of methionine 

acceptor a c t i v i t y were r o u t i n e l y obtained. I n view of the 

extremely low degree of aminoacylation of the second peak, and of 

the demonstration of two major methionine a c c e p t i n g s p e c i e s i n 

other organisms, i t was concluded t h a t one of two s i t u a t i o n s 

obtained. E i t h e r the met-tRNAs were not r e s o l v e d by t h i s technique 

or although r e s o l v e d , one met-tRNA s p e c i e s remained undetected 

s i n c e i t was not aminoacylated by E . c o l i enzyme r e f l e c t i n g some 

degree/species s p e c i f i c i t y on the p a r t of the E . c o l i met-tRNA 

s y n t h e t a s e . The minor peak of met-tRNA obtained when V, faba 

tRNA was r e s o l v e d on DEAE-Sephadex may r e p r e s e n t t h e r e s o l u t i o n of 

a met-tRNA which o r i g i n a t e s from c h l o r o p l a s t s or mitochondria. 

The low degree of ami n o a c y l a t i o n of t h i s f r a c t i o n was a t t r i b u t e d 

not to an in h e r e n t low acceptor c a p a c i t y but to the low c o n c e n t r a t i o n 

p r e s e n t i n the column f r a c t i o n s . 

When V. faba DE52 supernatant was used to ass a y the aminoacylation 

of the column f r a c t i o n s , two major peaks of methionine acceptor 

a c t i v i t y were i d e n t i f i e d ( F i g , 3 3 ) these were assumed to r e p r e s e n t 

two major methionine a c c e p t i n g tRNA s p e c i e s and a r e r e f e r r e d to as 

Peak 1 and Peak 2 i n order of e l u t i o n . The l a c k of s i g n i f i c a n t 
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aminoacylation by Sjmethionine of Peak 1 by E . c o l i enzyme 

i n the presence or absence of formyl donor ( T a b l e 18) suggests 

t h a t t h i s peak was undetected i n those a s s a y s u s i n g E . c o l i enzyme 

( F i g . 3 4 ) . The major peak of methionine acceptor c a p a c i t y i d e n t i f i e d 

i n a s s a y s u s i n g E . c o l i enzyme can be equated w i t h Peak 2 s i n c e only 

t h i s peak shows a s i g n i f i c a n t aminoacylation by.E. c o l i supernatant. 

The major peak de t e c t e d by E . c o l i supernatant e l u t e d a t 0.408M NaCl, 

w h i l s t peak 2 e l u t e d a t 0.40M NaCl suggesting they r e p r e s e n t the same 

met-tRNA s p e c i e s . The minor peak obtained when E . c o l i enzyme 

was used to assay the column f r a c t i o n s remained undetected 

when V. faba supernatant was used. T h i s must r e f l e c t a l a c k of 

r e s o l u t i o n under the c o n d i t i o n s of s e p a r a t i o n and chromatography 

r a t h e r than i n c o m p a t i b i l i t y between t h i s met-tRNA s p e c i e s and methionyl-

tRNA s y n t h e t a s e s p r e s e n t i n the V. faba enzyme p r e p a r a t i o n s i n c e a 

minor met-tRNA was r e s o l v e d on B D - c e l l u l o s e which was aminoacylated 

u s i n g V. faba s u p e r n a t a n t . The absence of t h i s p a r t i c u l a r met-tRNA 

s p e c i e s from those DEAE-Sephadex f r a c t i o n s a s s a y e d by V. faba 

enzyme may r e f l e c t only a v a r i a t i o n i n the amount of t h i s p a r t i c u l a r 

tRNA s p e c i e s i n the u n f r a c t i o n a t e d tRNA p r e p a r a t i o n . T a k e i s h i 

e t a l . , (1968) r e p o r t the s e p a r a t i o n on DEAE-Sephadex of two y e a s t 
met 

methionine tRNA s p e c i e s . The tRNA to e l u t e f i r s t can be 

formylated by E , c o l i supernatant and i s aminoacylated to an equal 
met 

degree by E . c o l i and y e a s t s y n t h e t a s e s w h i l s t tRNA e l u t i n g second 

i s not formylated and i s only p a r t i a l l y charged by E . c o l i enzyme 

under i d e n t i c a l c o n d i t i o n s to those used to charge met-tRNA. 

The demonstration of two major met-tRNA s p e c i e s separable 

by chromatography on DEAE-Sephadex g i v e s no i n d i c a t i o n , however, of 

the p r o p e r t i e s and s p e c i f i c i t i e s of the two tRNAs or the homogeneity 

of the two f r a c t i o n s . I n order to i n v e s t i g a t e the homogeneity and 
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p o s s i b l e f o r m y l a t i o n of two separated methionine accepting 

f r a c t i o n s they were aminoacylated w i t h I SI methionine under a 
r 3 5 - i 

v a r i e t y of c o n d i t i o n s and the S met-tRNAs were digested by 

bovine pancreatic ribonuclease or ribonuclease and the 

l 3 5 l 
[n a l l such experiments u n f r a c t i o n a t e d E. c o l i I S met-tRNA 

r e s u l t a n t r a d i o a c t i v e fragments separated by ionophoresis. 

I i 

was used as a c o n t r o l and the m o b i l i t y of the V. faba fragments 

compared t o those of the E. c o l i fragments. 

The presence of r a d i o a c t i v e fragments i d e n t i f i e d as 

methionyl-adenosine and N-formyl-methionyl-adenosine (Fig.36) 

on autoradiographs of pancreatic RNAse digests of Peak 1 amino-[35 ~| SImethionine i n the presence of E. c o l i or V. faba 

enzyme and form y l donor i n d i c a t e s t h a t t h i s peak contains met-

tRNA species which can be formylated by e i t h e r E.. c o l i or V. faba 

enzyme. This i s i n d i c a t i v e o f the presence of an a c t i v e 

transformylase i n the V. faba supernatant. I n view of the high 

s p e c i f i c a c t i v i t y o f the S[methionine (27C/mM) used i t should 

be pointed out t h a t the low i n t e n s i t y of the N-f ormy 1= methionyl-

adenosine fragment i n d i c a t e s t h a t t h i s component was present i n only 

very s l i g h t amounts. 

Although peak 2 m a t e r i a l showed s l i g h t i n d i c a t i o n s of an 

N-formyl-methionyl-adenosine fragment when aminoacy l a t e d by E. c o l i 

enzyme, i t was absent when aminoacylation was c a r r i e d out using 

V. faba enzyme. I t cannot be argued t h a t the formy 1-methionyl-

adenosine fragment i s derived from contaminating E. c o l i tRNA present 

i n the E. c o l i enzyme f r a c t i o n since t h i s has been f r e e d of tRNA 

by chromatography on DEAE-cellulose. The presence of a tr a c e amount 
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of N-formyl-methionyl adenosine when peak 1 was aminoacylated by V. faba 

enzyme suggests t h a t e i t h e r both peaks of methionine acceptor 

a c t i v i t y represent d i s t i n c t but f o r m y l a t a b l e met-tRNA species, or t h a t 

both represent d i f f e r e n t major met-tRNA species which are unformylatable 

but t h a t both are heterogeneous and contaminated by traces of a 

t h i r d unresolved met-tRNA species which can be formylated by both 

E, c o l i and V. faba enzyme. I n view of the s t r i k i n g d i f f e r e n c e i n 

the degree o f aminoacylation of the two f r a c t i o n s by E. c o l i enzyme 

(Table 18) the l a t t e r explanation seems the more l i k e l y although the 

p o s s i b i l i t y cannot be excluded t h a t the c o n d i t i o n s f o r aminoacylation 

were suboptimal f o r f o r m y l a t i o n of a bean fo r m y l a t a b l e met-tRNA. 

Although d i a g n o s t i c of the presence o f a f o r m y l a t a b l e met-tRNA 

species, pancreatic RNase d i g e s t i o n i s l i m i t e d i n i t s a b i l i t y t o 

d i s t i n g u i s h between d i f f e r e n t unformylatable met-tRNAs since i n each 

case the r a d i o a c t i v e fragments obtained ( i . e . methionyl-adenosine 

and f r e e methionine) have i d e n t i c a l e l e c t r o p h o r e t i c m o b i l i t i e s and 

cannot be resolved. 

I n order t o resolve the two p o s s i b i l i t i e s above, the S 

methionyl-tRNAs were digested w i t h T ribonuclease and the fragments 

examined. Herbert ejt a_l., (1964) have shown du r i n g ribonuclease 

d i g e s t i o n of aminoacy1-tRNA, h y d r o l y s i s of the aminoacyl-tRNA 

bond i s n e g l i g i b l e . Since ribonuclease has a high s p e c i f i c i t y 

f o r guanylic residues (Sato and Egami, 1957) d i g e s t i o n of amino

acyl-tRNA w i t h t h i s enzyme y i e l d s aminoacyl o l i g o n u c l e o t i d e s of 

various lengths depending upon the distance of the f i r s t guanylic a c i d 

species d i f f e r i n e i t h e r the presence of a formyl group or i n the 

primary sequence between the f i r s t guanylic a c i d residue and the -CCA-met 

residue from the amino ac i d acceptor end of the tRNA. met-tRNA I f 
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terminus then they w i l l y i e l d d i f f e r e n t Sjraet-oligonucleotides 

w i t h d i s t i n c t e l e c t r o p h o r e t i c m o b i l i t i e s . Hence d i g e s t i o n w i t h 
r 3 5 i 

RNase can d i s t i n g u i s h between d i s t i n c t unformylated I S met-

tRNAs which y i e l d e d i d e n t i c a l methionyl-adenosine fragments on 
r 3 5 - | 

pancreatic RNase d i g e s t i o n . Comparison of the I S met-oligonucleo-

t i d e s (Fig.38) obtained from Peak 1 and 2 when aminoacylation 
r 3 5 - | 

was c a r r i e d out w i t h 14C/mM I S(methionine i n the presence of 

V. faba enzyme (and also E, c o l i i n the case of peak 2) revealed 

t h a t two d i s t i n c t l y d i f f e r e n t fragments were obtained. Not only 

do the fragments d i f f e r i n e l e c t r o p h o r e t i c m o b i l i t y but also i n t35 1 S I met-oligonucleotide suggests t h a t the I S [ o l i g o n u c l e o t i d e 

obtained i s r e l a t i v e l y l a r g e i n d i c a t i n g t h a t there i s no guanylic 

a c i d residue close t o the 3' OH end o f t h i s molecule. The f a c t 
T35l 

t h a t the major I Slmet-tRNA species from peak 1 and peak 2 

y i e l d such s t r i k i n g l y d i f f e r e n t I S ( o l i g o n u c l e o t i d e s i n d i c a t e s 

a l s o t h a t the two represent d i f f e r e n t met-tRNAs having d i f f e r e n t 

n u c l e o t i d e sequences near the amino a c i d acceptor end. Both 
r 3 5 - | 

are d i s t i n c t from t h e major E. c o l i I S I m e t - o l i g o n u c l e o t i d e s 

i n d i c a t i n g t h a t these represent d i s t i n c t V. faba met-tRNA's. 
r 3 5 " i 

Smith and Marcker (1970) r e p o r t the separation of the I SI met-

o l i g o n u c l e o t i d e s obtained by pancreatic d i g e s t i o n of separated 

met-

^^S^met-tRNAs from a s c i t e s tumour c e l l s . The ^ ^ J 1 

o l i g o n u c l e o t i d e s obtained from the two met tRNA species e x h i b i t e d 

very d i f f e r e n t m o b i l i t i e s , t h a t of met-tRNAM ( t h e met-tRNA species 

which donates methionine i n t e r n a l l y ) moved towards the cathode w h i l s t 

t h a t derived from met-tRHAp^the fo r m y l a t a b l e species which acts 

as i n i t i a t o r tRNA when unformylated) moved towards the anode. 



-299-

15s 1 
I t i s s t r i k i n g t h a t both bean S met-oligonucleotides moved 
towards the anode. The f a c t t h a t a s c i t e s met-tRNA and 

F 
V. faba Peak 2 ( i d e n t i f i e d as the V. faba i n i t i a t o r tRNA) 

|met-oligonucleotides both moved towards the anode i s perhaps 

s i g n i f i c a n t of some degree of s i m i l a r i t y i n the primary sequence 

of these two met-tRNA species. The f - |~ S Jmetp - o l i g o n u c l e o t i d e 

obtained on T, d i g e s t i o n of E. c o l i i n i t i a t o r tRNA,f-met-tRNA 
1 — > F> 

(Fig.38) a l s o moved towards the anode. Smith and Marcker (1970) 

r e p o r t t h a t separated met-tRNAs from mouse l i v e r and yeast y i e l d e d 

s i m i l a r d i g e s t i o n p a t t e r n s . I t i s s i g n i f i c a n t t h a t i n yeast, 

mouse l i v e r and a s c i t e s tumour c e l l s , the met-tRNA fragments 
F 

had i d e n t i c a l m o b i l i t i e s suggesting t h a t the t e r m i n a l sequence 

of a l l these i n i t i a t o r tRNAs were i d e n t i c a l , but as pointed out 

by RajBhandary and Ghosh (1969) they were d i s t i n c t from t h a t of 
the E. c o l i met-tRNA„ fragment. I n the absence of u n i f o r m i t y of — ' r 
d i g e s t i o n c o n d i t i o n s i t i s not po s s i b l e t o compare d i r e c t l y the 

e l e c t r o p h o r e t i c behaviour of the S met-oligonucleotides obtained 

by T.̂  d i g e s t i o n of V. faba met-tRNA's w i t h those of yeast e t c f35~l i s Slmet-oligonucleotide/more c l o s e l y s i m i l a r t o 

t h a t of the met-tRNA species from these eukaryotes than i s t h a t obtained 
F 

from Peak 1. Smith and Marcker (1970) r e p o r t t h a t the | Sjmet^-

o l i g o n u c l e o t i d e from a s c i t e s tumour c e l l s moved towards the cathode 

w i t h a m o b i l i t y j u s t less than t h a t of f r e e methionine and methionine 
fit [35 " I 

sulphoxide. Fig.36 shows/similar m o b i l i t y f o r the E. c o l i Sjmetjj 

o l i g n u c l e o t i d e . I t i s noteworthy t h a t the V. faba peak 1 met-tRNA 

species ( l a t e r i d e n t i f i e d as met-tRNA^) e x h i b i t e d a considerably 

d i f f e r e n t e l e c t r o p h o r e t i c behaviour, moving as a st r e a k towards the 

anode. This i s i n d i c a t i v e not only of d i f f e r e n t n u c l e o t i d e sequence 
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near the amino a c i d acceptor end but also of a d i f f e r e n t o v e r a l l 
fas"! 

charge on I S met-oligonucleotides. 

When e s s e n t i a l l y the same procedure was c a r r i e d out using 
135 1 

27C/mM I S methionine, not only were the fragments described 

above obtained but also a d d i t i o n a l fragments present i n small 

amounts i n Peak 1 were i d e n t i f i e d ( F i g . 3 9 ) . The presence of 
F 3 5 l 

a fragment w i t h m o b i l i t y i d e n t i c a l t o the E. c o l i S met o l i g o n u c l e o t i d e when aminoacylation was c a r r i e d out using E. c o l i 

enzyme, and f u r t h e r the presence of an a d d i t i o n a l fragment i d e n t i c a l 

t o E, c o l i f - I SImetp-oligonucleotide when aminoacylation by E, c o l i 

enzyme was c a r r i e d out i n the presence of formyl donor suggests 

t h a t t h i s fragment r e s u l t s from small amounts of an E. c o l i l i k e 
met 

tRNA i n Peak 1. Since aminoacylation by both b a c t e r i a l and 
F 

bean enzymes revealed s l i g h t i n d i c a t i o n s of an E. c o l i l i k e 

met- o l i g o n u c l e o t i d e fragment i t i s l i k e l y t h a t these represent M 
met 

unresolved tRNA species derived from mitochondria and c h l o r o p l a s t s 
and having i d e n t i c a l coding p r o p e r t i e s and e l e c t r o p h o r e t i c 

met 

behaviour t o E. c o l i tRNA - species. The presence of s l i g h t 

amounts of peak 2 met-tRNA a t t e s t s f u r t h e r t o the heterogeneity 

of Peak 1. The absence o f a d d i t i o n a l fragments when Peak 2 
r 3 5 ~ i 

was aminoacylated using 27C/mM|_ Sjmethionine i n d i c a t e s t h a t t h i s 
f r a c t i o n was homogenous w i t h respect t o tRNA m e t. The lack of 

met 
contaminating E. c o l i l i k e tRNA species i s f u r t h e r evidence 

met 

of the d i f f e r e n c e between the E. c o l i l i k e tRNA species and 

t h a t _v. faba tRNA ~ species i d e n t i f i e d ( f o r reasons discussed 

l a t e r ) as involved i n polypeptide chain i n i t i a t i o n . 
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I n view o f the incomplete r e s o l u t i o n of the two major 

tRNA m e* species on DEAE-Sephadex, i t was decided t o i n v e s t i g a t e 

the r e s o l u t i o n upon BD-cellulose. E s t e r i f i c a t i o n of the hydroxy1 

group of DEAE-cellulose by benzoyl residues leads t o a product 

w i t h a l t e r e d p h y s i c a l properties.,BD-cellulose i s an ion-exchange 

w i t h an increased a f f i n i t y f o r l i p o p h i l i c and aromatic groups. 

Chromatography of crude V. faba tRNA on BD-cellulose y i e l d e d 
met met met 3 peaks, designated tRNA , tRNA , tRNA i n order of e l u t i o n . 
J. Ct >J 

This i s i n keeping w i t h the nomenclature of the wheat germ 

workers (Tarrago e t a j . . , 1970; Leis and K e l l e r , 1970; Marcus et a l . , 

1970b). Tarrago e t a l . , (1970) r e p o r t the separation on BD-

c e l l u l o s e of two major met-tRNA species from wheat embryo, the two 

peaks were not as completely resolved as the corresponding V. faba 

species. There was some s l i g h t i n d i c a t i o n of a t h i r d minor peak 

as obtained w i t h V, faba. An e s s e n t i a l l y s i m i l a r separation i s 

reported by Leis and K e l l e r (1970). These workers showed t h a t 

wheat germ contained three chromatographically d i s t i n c t met-tRNA's. 

The two major species e l u t i n g a t approximately 0.56M7NaCl and 

0.65M-NaCl r e s p e c t i v e l y were less completely resolved from one 

another, than the corresponding species from V. faba. Although 

both V. faba and wheat germ met-tRNA's were e l u t e d a t approximately 

the same NaCl molarity, the apparent lack of r e s o l u t i o n of the 

wheat germ met-tRNAs r e f l e c t s only the d i f f e r e n e e i n f r a c t i o n s i z e . 

I n the case o f V, faba 3 ml f r a c t i o n s were c o l l e c t e d w h i l s t 

Tarrago ejt a l . c o l l e c t e d 7 ml f r a c t i o n s , hence the apparent lack of 
met r e s o l u t i o n . I n both cases the tRNA e l u t e d a t approximately the o 

met 

same m o l a r i t y and was incompletely resolved from tRNAg . Takeishi 

e t al.(1968) r e p o r t the e l u t i o n a t 0.57M-NaCl and 0.72M-NaCl 
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approximately from BB-cellulose of the 2 major tRNA m e t species 

from yeast. Smith and Marcker (1970) r e p o r t the r e s o l u t i o n of two 

methionine tRNA species from a s c i t e s tumour c e l l s on BD-cellulose. 

I t may be p e r t i n e n t t h a t i n t h i s case the f r a c t i o n s e l u t e a t 

approximately 0.5M-NaCl and 0.58M r e s p e c t i v e l y , the f r a c t i o n 

e l u t i n g f i r s t was i d e n t i f i e d as the met-tRNA species. I t i s 
r 

met 
perhaps noteworthy t h a t the tRNA species from the p l a n t sources 
appear t o e l u t e a t c l o s e l y s i m i l a r sodium c h l o r i d e m o l a r i t i e s , 

met 

w h i l s t the a s c i t e s tumour c e l l tRNA species e l u t e a t 

considerably d i f f e r e n t m o l a r i t i e s . 
Although both V. faba tRNA m e t, and tRNA™6* were 

' J. A 

aminoacylated by bean enzyme, the degree of aminoacylation of 

tRNA m e*was almost twice t h a t of tRNA™ e t. i n c o n t r a s t only 
met 

tRNAj^ was aminoacy l a t e d by E. c o l i enzyme suggesting t h a t t h i s 

f r a c t i o n can be equated w i t h peak 2 from DEAE-sephadex. A s i m i l a r 

s i t u a t i o n has been confirmed by the various workers using wheat 
met 

germ tRNA, a l l r e p o r t t h a t the tRNA^ was aminoacylated w i t h 
approximately equal e f f i c i e n c y by both homologous and heterologous 

met 

enzymes, w h i l s t tRNAg was aminoacylated only by the homologous enzyme. 

(Ghosh, et a l . , 1971, Leis and K e l l e r , 1970; Tarrago et a_l. f 1970) 
Autoradiographs of bovine pancreatic digests of j^ 5 s"|met-tRNA m e t, 

met-tRNA m e t (Fig.37) f a i l e d t o r e v e a l any i n d i c a t i o n of an 

N-formyl-methionyl-adenoslne fragment suggesting t h a t n e i t h e r of 
met 

the major tRNA species are formylated by bean transformylase. 
Under the c o n d i t i o n s described i n the legend t o Fig.37 the degree 

met 
of aminoacylation tRNAg was so low t h a t no r a d i o a c t i v e fragments 
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could be i d e n t i f i e d . The use of ^ Sjmethionine of higher 

s p e c i f i c a c t i v i t y (27C/mM) revealed traces of N-formyl-methionyl-

adenosine suggesting t h a t t h i s minor tRNA can be formylated 

by both homologous and heterologous enzyme. This species 

however i s present i n such exceedingly low concentrations t h a t 
met 

i t must be assumed t o represent a contaminating tRNA derived 

from o r g a n e l l e s . I t could be argued t h a t since the steps i n 

i n i t i a t i o n occur r e l a t i v e l y i n f r e q u e n t l y compared t o those 

involved i n chain elongation the amount of s p e c i f i c i n i t i a t i o n 
met 

tRNA r e q u i r e d i s considerably lower than the amount of tRNA^ 
hence i t may be present i n low amounts. I n the b a c t e r i a l system, 

met met 

however i t i s know t h a t the p r o p o r t i o n s of tRNA^ : tRNAj^ 

are approximately 60:40, suggesting t h a t t h i s i s not i n f a c t the 

case. 
The autoradiographs of the T^ digests of £"Sjmet-tRNA™ e t, 

met-tRNA m e t revealed e s s e n t i a l l y s i m i l a r fragments t o those 

obtained from s i m i l a r d i g e s t s of Peak 2 and Peak 1 r e s p e c t i v e l y 

from DEAE-Sephadex. In t h i s instance however, there was no 

evidence of a d d i t i o n a l E. c o l i , l i k e fragments, nor cross contamination 

between the two tRNA m e t species i n d i c a t i n g the homogeneity of 

the f r a c t i o n s w i t h respect t o methionine acceptor c a p a c i t y . The 

absence of s i g n i f i c a n t contamination by E. c o l i l i k e fragments 
met 

probably r e s u l t s from the r e s o l u t i o n of the organelle tRNA 

species as a d i s t i n c t t h i r d peak. I n view of the nature of the 

fragments, and of the aminoacylation by both heterologous and 

homologous enzyme, tRNA m e t i s equated w i t h t h a t - ^ u ^ species which 

e l u t e s i n Peak 2 from DEAE-Sephadex, w h i l s t tRNA m e t i s equated w i t h 

Peak 1 from DEAE-Sephadex. 



-304-

I n summary i t may be stated t h a t , i n accordance w i t h 
s i t u a t i o n i n wheat germ (Leis and K e l l e r , 1970; Tarrago et a_l., 1970; 
Ghosh et a_l,, 1971; Marcus ejt a_l., 1970b) and r a b b i t l i v e r (Bhaduri 
et a l . , 1970) there e x i s t i n V. faba two major methiony1-tRNA's only 
one of which can be aminoacylated by E, c o l i enzyme. Neither of 
the major tRNA m e t species can be formylated by homologous or 
heterologous enzyme and i n i t i a t i o n cannot t h e r e f o r e i n v o l v e a 
formylated met-tRNA species. 

The c h a r a c t e r i s t i c of an i n i t i a t o r tRNA i s t h a t i t should 

donate i t s amino a c i d i n t o the N-terminal p o s i t i o n of the nascent 

polypeptide i n response t o s p e c i f i c i n i t i a t o r codons. As w i l l 

be discussed more f u l l y l a t e r , t h i s amino a c i d does not always 

coincide w i t h the N-terminal amino a c i d o f the released polypeptide 

since the N-terminal r e s i d u e ( s ) may be enzymatically cleaved 

f o l l o w i n g or during the completion of the po l y p e p t i d e . I n order 
met 

t o a s c e r t a i n which of the two major tRNA species donated i t s 
methionine residue N - t e r m i n a l l y , these species were incubated a t 

2+ 

4mM Mg i n a complete amino a c i d i n c o r p o r a t i n g system d i r e c t e d 

by the s y n t h e t i c messengers Poly (AUG) or Poly(UG) and by endogenous 

mRNA present i n the V, faba microsome p r e p a r a t i o n and the percentage 

i n c o r p o r a t i o n i n t o the N-terminal p o s i t i o n o f the r e s u l t a n t p o l y -
2* 

peptides measured. At low Mg the i n i t i a t o r tRNA i s assumed t o 

donate methionine N - t e r m i n a l l y i n response t o the t r i p l e t s AUG 

and GUG, w h i l s t t R N A j J e t w i l l donate methionine i n t e r n a l l y i n response 

t o the t r i p l e t AUG only. The t r i p l e t GUG, a t a l l p o s i t i o n s other 

than the 5' terminus of a t r a n s l a t a b l e sequence of mRNA, codes f o r 
v a l i n e . I n E. c o l i f-met-tRNA has been shown t o donate i t s methionine — F 
s p e c i f i c a l l y i n t o the N-terminal p o s i t i o n and does not donate 

methionine i n response t o i n t e r n a l AUG codons (Clark and Marcker,1966a,b). 
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I t would be expected, t h e r e f o r e , t h a t methionine donated by the 

i n i t i a t o r tRNA i n response t o both Poly(AUG) and Poly(UG) would 
met 

be almost e x c l u s i v e l y N - t e r m i n a l , w h i l s t t h a t donated by "tRNAĵ  

i n response t o Poly(AUG) would be e x c l u s i v e l y i n t e r n a l , and no 

methionine should be donated i n t e r n a l l y i n response t o Poly(UG). 
N-terminal a n a l y s i s of the polypeptide products o f 

i n c o r p o r a t i o n d i r e c t e d by endogenous messengers Poly(AUG) and 

Poly(UG),(Table 19) shows t h a t met-tRNA™6* i s much more e f f e c t i v e 

than met-tRNAg a t donating methionine i n t o the N-terminal p o s i t i o n . 

Although the r e s u l t s suggest t h a t met-tRNA.^ donates methionine 

i n t o the N-terminal p o s i t i o n , the i n c o n c l u s i v e nature of the r e s u l t s 

warrants explanation. The i n c o r p o r a t i o n obtained was extremely 

low, being of the order of 500cpm/100^Ll i n c u b a t i o n w i t h met-tRNAg 

and 120cpm/10Cyil i n c u b a t i o n w i t h met-tRNA.^ and v a r i a t i o n s of 

only a few counts lead t o s i g n i f i c a n t v a r i a t i o n s i n the % methionine 

found N - t e r r a i n a l l y . Marcus ejt J Q , 1970b using wheat embryo system 

programmed by tobacco mosaic v i r u s RNA (TMV-RNA) found t h a t 57% 

o f the methionine donated by the i n i t i a t o r tRNA occurred i n the 

N-terminal p o s i t i o n of the synthesised polypeptides. These authors 

a t t r i b u t e the low value t o a non-quantflative recovery by the 

f l u o r o d i n i t r o b e n z e n e procedure of N-terminal amino a c i d s . Since 

the r e s u l t s presented here were obtained using a modified Edman 
e t a l 

technique (Blomback,^1966) i t i s u n l i k e l y t h a t such an explanation 

i s a p p l i c a b l e here. I t i s however possible i n view of the extremely 

low concentrations involved t h a t s i g n i f i c a n t e r r o r s r e s u l t from the 

incomplete e x t r a c t i o n of the r e a c t i o n mixture f o l l o w i n g the Edman 

degradation. Bhaduri e t a_l. (1970) found t h a t 95% of the r a d i o 

a c t i v i t y donated by r a b b i t l i v e r met-tRNA F i n a r a b b i t r e t i c u l o c y t e 
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system d i r e c t e d by endogenous mRNA was released a f t e r the 

f i r s t c y c l e of . Edman degradation i n d i c a t i n g i t s l o c a t i o n a t 

the N-terminus of the polypeptide products. I n t h i s instance 

the r a d i o a c t i v e degradation product was located by chromatography. 

I t i s po s s i b l e t h a t such a method y i e l d s a more q u a n t i t a t i v e 
T35 ~| 

recovery of N-terminal I S(methionine. I n c e l l - f r e e system 

derived from cytoplasmic e x t r a c t s of c u l t u r e d human (KB) c e l l s 

i n f e c t e d w i t h human adenovirus type 2(Ad2") sy n t h e s i s i n g e i g h t 

Ad2 s t r u c t u r a l polypeptides, i t has been demonstrated t h a t 60% 
15s 1 

of the | S |methionine donated from yeast met-tRNA^ i s incorporated i n t o the N-terminal p o s i t i o n (Cotffier e t a_l,, 1971). Since 

methionine donated by | S |met-tRNA^ was found predominantly i n 

the N-terminal p o s i t i o n and t h a t donated by SJmet-tRNA^ tended 

t o occur i n t e r n a l l y i n polypeptide chains i t can be suggested 

t h a t tRNA™6* i s the i n i t i a t o r tRNA w h i l s t tRNA™6* i s equivalent 
met 

t o the tRNA., which donates methionine i n t e r n a l l y i n response M 
to AUG. 

One of the methods used i n deciphering the genetic code 

was the so c a l l e d ' t r i p l e t b i n d i n g assay 1. This method was 

based on the f a c t t h a t p a r t i c u l a r r i b o n u c l e o t i d e s promote the 

bi n d i n g of d i f f e r e n t aminoacyl-tRNAs t o ribosomes. This b i n d i n g 

can be conveniently assayed since f r e e aminoacyl«-tRNAs are not 

r e t a i n e d on n i t r o c e l l u l o s e membrane f i l t e r s , whereas those whose 

bi n d i n g t o ribosomes i s promoted by the proper codon are r e t a i n e d . 

(Nirenberg and Leder 19S4). One of the d i s c r i m i n a t i n g features 

of the b a c t e r i a l i n i t i a t i o n system i s the b i n d i n g of the f-met-tRNA 
2+ 

t o the ribosomes. At low Mg co n c e n t r a t i o n the r e a c t i o n i s s p e c i f i c 

f o r f-met-tRNA, and i s dependent upon GTP and i n i t i a t i o n f a c t o r s 
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(Allende and Weissbach, 1967; Anderson e t a l , , 1967; Leder and 

Nau , 1967; Ohta et a l , , 1967; H i l l e e t a l . , 1967). Neither the 

unformylated nor any other aminoacyl-tRNA w i l l bind t o ribosomes 

i n such c o n d i t i o n s . Thus an AUG promoted GTP dependent bi n d i n g 
2+ 

a t low Mg i s diagnost i c o f the i n i t i a t i n g tRNA species. 

|^ 5sJmet-tRNA l and |^ 5sJ Table 20 shows t h a t only | Slmet-tRNA.^ and £ Sj met-tRNAg 
2+ 

were s i g n i f i c a n t l y bound a t low Mg concentrations, whereas 20mM 
Mg^+ was re q u i r e d f o r s i g n i f i c a n t b i n d i n g of |""SImet-tRNA^. 

2+ 

The b i n d i n g of the i n i t i a t o r tRNA t o ribosomes a t low Mg i s 

Known t o be independent of the b i n d i n g enzyme (TF^) but i s dependent 

upon the presence of the i n i t i a t i o n f a c t o r s . Since the p a r t i c l e 

p r e p a r a t i o n employed i n t h i s assay was a washed microsomal 

suspension i t was assumed t h a t these f a c t o r s remained associated 

w i t h the ribosomes and no a d d i t i o n a l i n i t i a t i o n f a c t o r s were 

added. A p r e l i m i n a r y s e r i e s of b i n d i n g assays c a r r i e d out i n 

the presence of DE52 supernatant i n d i c a t e d t h a t the e f f e c t of added 

DE52 supernatant was n e g l i g i b l e , suggesting t h a t AUG dependent 

bi n d i n g of the tRNA m e t and tRNA m e t t o V. faba ribosomes was independent 
J . o 

of supernatant b i n d i n g enzyme. I t cannot however be concluded 

t h a t i t was completely independent of b i n d i n g enzyme since t h i s would 

be present as a ribosomal contaminant on the washed microsomes. 

The r e s u l t s do seem, however, t o i n d i c a t e the presence upon V. faba 

ribosomes of i n i t i a t i o n f a c t o r s . A s i m i l a r AUG dependent b i n d i n g 
2+ met met at low Mg by tRNA and tRNA has been reported f o r wheat germ 

J. O 

ribosomes (Eeis and K e l l e r , 1970; Tarrago, e t a l , , 1970; Ghosh, et a l . , 

1971). A s t r i k i n g c o r r e l a t i o n i s evident between the numerical 

values obtained here and those obtained, under s i m i l a r c o n d i t i o n s 
by Tarrago et a l . A s i m i l a r AUG dependent b i n d i n g of met-tRNA t o F 
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r e t i c u l o c y t e ribosomes has been reported by S h a f r i t z and Anderson 

(1970), This b i n d i n g was dependent upon the i n i t i a t i o n f a c t o r s M^ 

and Mg* 

Legon e t a_l., (1973) have suggested t h a t the i n i t i a l step i n 

eukaryotic i n i t i a t i o n i s the i n t e r a c t i o n of the 40S subunit w i t h 

the i n i t i a t o r tRNA i n the absence of mRNA. I n view of this r e s u l t 
2+ 

the relevance of the AUG dependent b i n d i n g a t low Mg of the 

i n i t i a t o r tRNA may seem d o u b t f u l . I t should however be stressed 

t h a t the microsome preparations used i n t h i s assay would co n t a i n 

a s i g n i f i c a n t p r o p o r t i o n of subunits ( F i g s . 11, 12) and would a l s o 

have associated w i t h them the. i n i t i a t i o n f a c t o r r e q u i r e d f o r the 

d i s s o c i a t i o n of ribosomes i n t o subunits capable of new rounds of 

i n i t i a t i o n . 
Although the demonstration of the AUG dependent b i n d i n g a t 
2* met low Mg i s suggestive of the r o l e of tRNA.̂  as a n a t u r a l i n i t i a t o r 

tRNA i n the V. faba c e l l - f r e e system the relevance of such data t o the 

i n v i v o s i t u a t i o n i s u n c e r t a i n . The p o s s i b i l i t y cannot be d i s 

regarded t h a t t h i s b i n d i n g may represent only a v e s t i g i a l 
met 

a c t i v i t y r e t a i n e d by the eukaryotic tRNA species. I t should 

also be stressed t h a t the product of the AUG dependent b i n d i n g 

however t h i s could have been checked by the i n c o r p o r a t i o n of a hot 

was not c h a r a c t e r i s e d . I t was assumed t h a t the bound Sim 

or I Sjmet-tRNA„ were not engaged i n peptide bond formation, 

met-tRNA 

TCA p r e c i p i t a t i o n s t ep. Lack of |3o S met-tRNA necessitated the 

omission of t h i s d u p l i c a t e set of in c u b a t i o n s . 
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The r e a c t i o n of the AUG dependently bound j ^ 5 s j met-tRNA was 

used to d i s t i n g u i s h between b i n d i n g a t the i n i t i a t i o n ( p e p t i d y l ) 

and aminoacy1-tRNA s i t e s (Bretscher and Marcker, 1966). Table 
f35 1 T35 1 21 shows t h a t only methionine bound as I SJmet-tRNA.^ or as I SI 

met-tRNA was released as methionyl puromycin, i n d i c a t i n g t h a t these o 
tRNA m e t species had bound a t the p e p t i d y l s i t e . I n c o n t r a s t 
f s s l T s s l 
I sJmet-tRNA^ and the a d d i t i o n a l molecules of the other I S| 

2+ 
tRNAs bound at high Mg c o n c e n t r a t i o n , were not released on 
treatment w i t h puromycin i n d i c a t i n g b i n d i n g a t the aminoacyl 

met 
s i t e . Such data i s f u r t h e r evidence i m p l i c a t i n g tRNA as a 

met 

cytoplasmic i n i t i a t i n g tRNA equivalent t o the tRNA of the 

mammalian systems. 

met-

In summary i t may be concluded t h a t developing seeds of 
met 

V, faba c o n t a i n two major and one minor tRNA species. 
met N 

Only one of the major species (tRNA^ ) can be aminoacylated 

by E. c o l i enzyme and n e i t h e r can be fo r m y l a t e d . The minor species 

( t R N A m e t ) i s aminoacylated and formylated by both V. faba and E. c o l i 

enzyme. Results of AUG dependent b i n d i n g , release of methionyl-

puromycin, and N-terminal a n a l y s i s of the products of endogenous 

mRNA, Poly(AUG) and Poly(UG) d i r e c t e d i n c o r p o r a t i o n a l l i m p l i c a t e 

tRNA™ e tin p r o t e i n chain i n i t i a t i o n on the cytoplasmic 80S ribosome. 

I n view of i t s low c o n c e n t r a t i o n , f o r m y l a t i o n by both homologous 

and heterologous enzymes, AUG dependent b i n d i n g and release of 

methionyl puromycin, t R N A m e t i s t e n t a t i v e l y ascribed the r o l e of 

i n i t i a t o r tRNA on 70S ribosomes i n the c h l o r o p l a s t s and mitochondria. 

tRNA™6* probably donates methionine i n t e r n a l l y i n response t o i n t e r n a l 

AUG t r i p l e t s . 
E s s e n t i a l l y i d e n t i c a l conclusions have been reached by the wheat 
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germ workers who i d e n t i f y tRNA m e t as the cytoplasmic i n i t i a t o r 

on wheat germ 80S ribosomes. The almost i d e n t i c a l behaviour 

of the tRNA™etspecies from V. faba and wheat germ on chromatography, 

AUG dependent bindingjmethiony1 puromycin release suggests a close 

f u n c t i o n a l s i m i l a r i t y between the two molecules. 

I t appears t h e r e f o r e t h a t i n i t i a t i o n ^ u n d e r the c o n d i t i o n s 

i n v e s t i g a t e d , i n higher p l a n t s does not i n v o l v e an N-blocked 

amino group. Although both wheat and bean appear t o c o n t a i n 

an a c t i v e transformylase, the i n i t i a t i n g tRNA does not appear 

t o be f o r m y l a t a b l e . The source of the transformylase enzyme 

demonstrated i n both V, faba and wheat germ enzyme preparations 

remains u n c e r t a i n . The p o s s i b i l i t y e x i s t s t h a t i t i s derived from 

organelles or t h a t d espite i t s redundancy, i t i s s t i l l r e t a i n e d 

as an e v o l u t i o n a r y v e s t i g e i n the cytoplasm of these higher p l a n t s . 

met 

Two tRNA species have been demonstrated i n yeast 

(Take i s h i e t a l . , 1968; RajBhandary and Ghosh, 1969) and i n a 

number o f mammalian systems (Caskey, et a_l,, 1967; Smith and 

Marcker, 1970), one of which i s for m y l a t a b l e (designated tRNAp^*^ 

the other cannot be formylated and i s designated tRNA,.. Data 
M met from a v a r i e t y of workers suggests t h a t unformylated tRNA F* 

fun c t i o n s as a chain i n i t i a t o r i n eukaryotes when e i t h e r s y n t h e t i c 

polymers or n a t u r a l mRNA's are used as templates (Smith and 

Marcker, 1970; Brown and Smith, 1970; Houseman e t a l , 1970). I n 
met 

a mouse as c i t e s tumour system, met-tRNA^^ appears t o donate i t s 

methionine moiety i n t o the N-terminal p o s i t i o n , i n response t o 

Poly(UG) or polymers such as AUG(U)n, which begin w i t h s p e c i f i c 

i n i t i a t i o n codons. Thus tRNA™ 6 t can be equated w i t h tRNA m e t 

F* 1 
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as the i n i t i a t i n g tRNA. I t i s i n t e r e s t i n g t h a t the p r o p e r t i e s 
of the yeast i n i t i a t o r tRNA are more c l o s e l y s i m i l a r t o those of 
the mammalian than the p l a n t i n i t i a t o r tRNA. 

The evidence a v a i l a b l e seems t o i n d i c a t e t h a t a s p e c i a l 

i n t e r a c t i o n occurs between met-tRNAj ( t h e generalised eukaryotic 

i n i t i a t o r tRNA), AUG and the 80S ribosome. This r e a c t i o n may 

d i f f e r from t h a t i n the b a c t e r i a l system i n the sequence of a d d i t i o n 

of mRNA, but i s probably i n a l l other respects i d e n t i c a l and r e s u l t s 

i n the 'proper' i n i t i a t i o n of polypeptide chain s y n t h e s i s . I n 

the b a c t e r i a l system, an AUG codon a t or near the end of the mRNA 

s i g n i f i e s f-met-tRNA_ and not met-tRNA.,. I f however, as has been 
F M 

suggested by Legon ejt a l . , (1973) the f i r s t step i n eukaryotic 

i n i t i a t i o n i s the i n t e r a c t i o n of the 40S subunit w i t h met-tRNAj 

i n the absence of mRNA then the s e l e c t i o n of the met-tRNAj must be 

some f u n c t i o n of the ribosome and i t s associated i n i t i a t i o n 

f a c t o r s r a t h e r than of a ribosome - mRNA complex - i n i t i a t i o n f a c t o r 

complex. I t would appear t h a t i n t h i s s i t u a t i o n the presence of 

a met-tRNA^ on the 40S subunit synchronises the b i n d i n g of the mRNA 

i n the c o r r e c t reading frame, r a t h e r than v i c e versa as i n the b a c t e r i a l 

system. Schreier and Staehelin (1973a) have studied the p a r t i c i p a t i o n 

of f o u r e u k a r y o t i c i n i t i a t i o n f a c t o r s (IF-E, „ _ , .) i n the i n i t i a t i o n 
1,2,3 and 4 

steps. IF-E 0 and IF-E„ and GTP are a b s o l u t e l y r e q u i r e d f o r the i n i t i a l 

b i n d i n g of met-tRNAj t o 40S ribosome subunits i n the absence of mRNA, 

but only IF-E 0 i s needed f o r the same i n i t i a t i o n complex formation 

i n the presence of a r t i f i c i a l template Poly(AUtt) suggesting IF-Eg i s 

required f o r b i n d i n g of n a t u r a l mRNA. I I _ E 3 from a v a r i e t y of sources 

i s c h a r a c t e r i s e d by i t s large mass, having a sedimentation r a t e of 

about 17S. IF-E 9 was shown t o form a GTP dependent complex w i t h met-tRNA., 
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suggesting i t i s involved i n bi n d i n g met-tRNA^ to the ribosome. 

I n the absence of mRNA met-tRNA^ binding to 40S subunit s was 

j u s t as e f f i c i e n t w i t h I F - E g and I F - E ^ suggesting t h a t I F - E ^ 

promotes the template independent binding of i n i t i a t o r tRNA^, 

presumably complexed w i t h IF-Eg and GTP to 40S s u b u n i t s . met-tRNA^ 

i s not recognised or bound by these i n i t i a t i o n f a c t o r s . I t i s 

suggested t h a t I F - E combines i n i t i a l l y w ith a 40S subunit to 

d i r e c t the binding of met-tRNA^. Subsequently, a t l e a s t the bulk 

of I F ~ E g d i s s o c i a t e s from the i n i t i a t i o n complex. I t i s p o s t u l a t e d 

t h a t a subcomponent of I F - E i s r e v e r s i b l y s p l i t o f f and remains 

on the met-tRNA^,40S complex as a se p a r a t e u n i t to help i n the 

subsequent binding of n a t u r a l mRNA. I F _ E 3 m a v ^ e heterogeneous 

with regard to such a component and thereby determine s p e c i f i c i t y 

of mRNA s e l e c t i o n . 

I n both the b a c t e r i a l and e u k a r y o t i c system, the i n i t i a t o r 

tRNA donates i t s methionine s p e c i f i c a l l y i n t o the N-terminal p o s i t i o n 

of the nascent polypeptide and never i n t e r a n l l y . One of the s p e c i f i c 

p r o p e r t i e s of the b a c t e r i a l i n i t i a t o r tRNA i s i t s i n a b i l i t y to form 

a t e r n a r y complex w i t h the t r a n s f e r or el o n g a t i o n f a c t o r Tu and GTP 

(Ono e t a _ l . f 1968? S k o u l t c h i , .et a _ l . , 1969). T h i s property i s 

e s s e n t i a l f o r i t s f u n c t i o n a s a polypeptide c h a i n i n i t i a t o r s i n c e 

i t prevents entry i n t o the ribosomal A s i t e during the e l o n g a t i o n 

process and consequently b l o c k s i t s i n c o r p o r a t i o n i n t o the i n t e r n a l 

p o s i t i o n s of the polypeptide c h a i n . Tarrago e t a_l. ̂  197o)have 

demonstrated t h a t the i n i t i a t o r tRNA from wheat resembles met-tRNA^ 

from E . c o l i i n i t s i n a b i l i t y to i n t e r a c t w i t h the bi n d i n g enzyme 

from wheat germ. I t a l s o f a i l s to complex w i t h the b a c t e r i a l f a c t o r 
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Tu. Met-tRNA . from wheat i s s i m i l a r to met-tRNA., from E , c o l i i n t h a t M M — 

i t forms the t e r n a r y complex w i t h the enzyme from both organisms. 

S i n c e the b i n d i n g enzyme from V. faba has not been p u r i f i e d such an 

i n t e r a c t i o n could not be i n v e s t i g a t e d . The l a c k of promotion of AUG 
2+ 

dependent b i n d i n g of V. faba met-tRNA.^ and met-tRNAg a t low Mg by 

DE52 supernatant may i n d i c a t e , however, the i n a b i l i t y of the analogous 

V. faba enzyme to promote enzymatic b i n d i n g of met-tRNA or met-tRNA Q 

to V. faba ribosomes. The i n a b i l i t y of the i n i t i a t o r tRNA to form 

a complex with the binding enzyme and GTP has been proposed to 

r e p r e s e n t the mechanism whereby the i n i t i a t o r tRNA i s d i s t i n g u i s h e d 

from the other aminoacyl^tRNA's, R i c h t e r and Lipmann (1970) however, 

have demonstrated t h a t both f o r m y l a t a b l e and non-formylatable met-

tRNAs of y e a s t bind to the y e a s t b i n d i n g f a c t o r T ^ T h i s suggests 

t h a t e i t h e r y e a s t cannot use the same mechanism as E . c o l i f o r 

d i s t i n g u i s h i n g the i n i t i a t o r tRNA or t h a t some other undetected 

f a c t o r i s i n v o l v e d . I n s t r i c t c o n t r a d i c t i o n to t h i s Ghosh and 

Ghosh (1972) r e p o r t the a b i l i t y of met-tRNA from wheat germ to donate 

i t s methionine i n t e r n a l l y i n t o growing polypeptides i n an E . c o l i system. 

T h i s t r a n s f e r which i s l e s s e f f i c i e n t than met-tRNA,, i s dependent upon 
M 

the presence of i n i t i a t i o n f a c t o r s and f-met-tRNA . 
a 

Three p o s s i b l e models f o r i n i t i a t i o n on 80S ribosomes e x i s t . 

( 1 ) met-tRNA^ (without a formyl or other N-blocking group) i s the only 

i n i t i a t o r and i n c o r p o r a t e s methionine i n t o the N-terminal p o s i t i o n 

of a l l nascent p r o t e i n s . S i n c e methionine i s not a common N-terminal 

amino a c i d i n eukaryotes, i t must be removed again i n most c a s e s . 

(2) met-tRNA^ may s e l e c t the r e a d i n g frame only and not be i n c o r p o r a t e d 

i n t o p r o t e i n . Such a mechanism of i n i t i a t i o n would r e s u l t i n a s e r i e s 

of s t e p s q u i t e d i s c r e t e from those i n v o l v e d i n b a c t e r i a l i n i t i a t i o n . 
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( 3 ) a c l a s s of c y t o p l a s m i c tRNAs might e x i s t w i t h s t r u c t u r a l f e a t u r e s 
met 

i d e n t i c a l to tRNA^ , t h e s e would be s p e c i f i c a l l y adapted f o r t h e i r 

r o l e as c h a i n i n i t i a t o r s . 

The b e s t evidence i n favour of model i]^ IS the demonstration of N-

t e r m i n a l methionine on nascent peptides of p r o t e i n s which do not 

normally have a N-terminal methionine r e s i d u e . The o r i g i n a l i n d i c a t i o n 

of methionine as the p r o t e i n i n i t i a t o r i n eukaryotes came from the s t u d i e s 

on i n i t i a t o r mutants i n y e a s t (Stewart e t a _ l . , 1969). S e v e r a l mutants 

of isocytochrome C were i s o l a t e d which had methionine as an a d d i t i o n a l 

amino a c i d a t the N-terminus. I t was t h e r e f o r e suggested t h a t the mRNA 

coding f o r isocytochrome c c a r r i e d an AUG codon t h a t preceded the normal 

N-terminal t h r e o n y l codon and coded f o r methionine. No cytochrome c was 

made when the AUG codon was mutated. F u r t h e r evidence f o r the presence of 

an a d d i t i o n a l methionine r e s i d u e a t the N-terminal of a nascent p r o t e i n has 

been provided by Wilson and D i n t z i s ( 1 9 7 0 ) , These authors demonstrated 

the presence of an a d d i t i o n a l methionine r e s i d u e a t . t h e N-terminus of 

nascent c< haemoglobin c h a i n s a t t a c h e d to the ribosome. I t i s proposed 

t h a t the a d d i t i o n a l methionine r e s i d u e i s c l e a v e d during e a r l y s t ages 

of t r a n s l a t i o n exposing the normal N-terminal r e s i d u e , v a l i n e . The 

removal of the a d d i t i o n a l methionine N-terminal r e s i d u e can occur e i t h e r 

d uring t r a n s l a t i o n or a f t e r the completed p o l y p e p t i d e has been r e l e a s e d 

from the ribosome. Evidence has been provided (Jackson and Hunter, 1970) 

t h a t cleavage of the N-methionine r e s i d u e of nascent g l o b i n c h a i n s occurs 

e a r l y on i n t r a n s l a t i o n . Rabbit r e t i c u l o c y t e ribosomes were synchronised 

w i t h sodium f l u o r i d e , which i n h i b i t s i n i t i a t i o n of new polypeptide c h a i n s 

but does not i n h i b i t completion of p r e - e x i s t i n g c h a i n s . When the sodium 

f l u o r i d e was removed th e s e ribosomes i n i t i a t e d new nascent g l o b i n 

c h a i n s , but e l o n g a t i o n was prevented by the presence of high 

c o n c e n t r a t i o n s of sparsomycin. Ribosomes w i t h a t t a c h e d nascent 
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p e p t i d e s were i s o l a t e d and the peptides shown to c o n t a i n only 

m e t h i o n y l - v a l i n e and methionine a t high sparsomycin c o n c e n t r a t i o n . 

S i n c e the s h o r t peptides s y n t h e s i s e d c a r r i e d methionine a t the N-

terminus w h i l s t longer c h a i n s c a r r i e d the v a l i n e a t the N-terminus 

i t was p o s t u l a t e d t h a t methionine was removed during completion of 

the polypeptide c h a i n s , Ribosomes c a r r y i n g nascent peptide c h a i n s 

i n i t i a t e d i n the presence of sparsomycin were incubated under 

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

Under these c o n d i t i o n s v a l i n e and other amino a c i d s were detected 

i n the long p e p t i d e s , but very l i t t l e methionine, Jac kson 

and Hunter suggest t h a t methionine i s removed from the nascent g l o b i n 

c h a i n s a f t e r the a d d i t i o n of 15-20 amino a c i d s . 

The i n i t i a t o r tRNA^ met-tRNA*, whether from a heterologous 

source such as y e a s t ( T a k e i s h i , e t a l . , 1970; Housman e t a l , , 1970) 

or r a b b i t l i v e r (Bhaduri e t a l , , 1970) or from the homologous source 

(Hunter and Jackson, 1971) donates i t s methionine moiety i n t o the 

N-terminal p o s i t i o n of nascent g l o b i n p e p t i d e s , whereas tRNA^ donates 

i t s methionine only i n t e r n a l l y . 

Wigle and Dixon (1970) have demonstrated a d d i t i o n a l methionine 

r e s i d u e a t the N-terminus of protamine s y n t h e s i s e d by c e l l suspensions 

from t r o u t t e s t i s ; the normal N-terminal r e s i d u e being p r o l i n e . 

Using a c e l l - f r e e system from wheat embryo which s y n t h e s i s e s 

v i r a l s p e c i f i c peptides under the d i r e c t i o n of TMV-RNA, Marcus 

e t a l . , (1970b) have demonstrated the presence of unblocked methionine 

a t the N-terminus of l a b e l l e d peptide products of s h o r t term 

i n c u b a t i o n s . 
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There appears to be no concessions i n the timing of the 

removal of the N-terminal methionine from those p r o t e i n s where 

i t i s not the normal N-terminal r e s i d u e . C a f f i e r e t a _ l . , (1971) 

r e p o r t data c o n s i s t e n t w i t h the suggestion t h a t N-terminal 

methionine i s not n e c e s s a r i l y c l e a v e d w h i l e the p r o t e i n i s s t i l l 

ribosome bound. I n a c e l l - f r e e system from KB c e l l s s y n t h e s i s i n g 

adenovirion p r o t e i n s these authors found t h a t 5% of the methionine 

incorporated i n t o r e l e a s e d p r o t e i n s , both i n v i v o and i n v i t r o , was 

present a t the N-terminus. Methionine does not normally occur 

as an N-terminal amino a c i d of a d e n o v i r i o n p r o t e i n s . I t was 

c a l c u l a t e d t h a t i f the s y n t h e s i s of each of the e i g h t v i r i o n 

polypeptides began w i t h methionine, and the methionine was not 

c l e a v e d immediately, a t l e a s t 7% of the i n c o r p o r a t e d methionine 

i n completed p o l y p e p t i d e s should be N - t e r m i n a l . The data i s 

t h e r e f o r e h i g h l y s u g g e s t i v e of the presence of methionine as 

an a d d i t i o n a l N-terminal r e s i d u e on r e l e a s e d p o l y p e p t i d e s . 

S i m i l a r l y , Wigle and Dixon (1970) suggest t h a t the a d d i t i o n a l N-

t e r m i n a l methionine r e s i d u e present on newly completed protamine 

c h a i n s , s y n t h e s i s e d i n t r o u t t e s t i s c e l l s , may be removed a f t e r 

the completion and r e l e a s e from the ribosome of the polypeptide 

c h a i n . E x t r a c t s of t e s t i s c e l l s c o n t a i n an enzyme a c t i v i t y which 

can c l e a v e the bonds between methionine and the second amino a c i d , 

p r o l i n e . 

Rho and Gib de Busk,(1971) r e p o r t the presence of an a d d i t i o n a l 

methionine r e s i d u e a t the N-tei-minus of s h o r t nascent peptides 

of p r o t e i n s from mycelia of Neurospora c r a s s a . T h i s r e s i d u e i s 

absent from the mature p r o t e i n s where g l y c i n e , a l a n i n e and s e r i n e 

a r e the major N-t e r m i n i , C h a t t e r j e e .et a l , , (1972) s i m i l a r l y 
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r e p o r t the presence of methionine as the N-terminal r e s i d u e of 

p r o t e i n s s y n t h e s i s e d i n v i v o i n H e l a c e l l s . 

There appears to be a c o n s i d e r a b l e body of evidence i m p l i c a t i n g 

a methionyl-tRNA s p e c i e s i n e u k a r y o t i c p r o t e i n c h a i n i n i t i a t i o n . 

I t i s l i k e l y t h a t the fundamental mechanism of p r o t e i n s y n t h e s i s 

may be e s s e n t i a l l y s i m i l a r i n prokaryotes and eukaryotes, the 

s i g n i f i c a n t d i f f e r e n c e being the l a c k of requirement f o r an N-

blocked amino group present on the eukaryote i n i t i a t o r tRNA, 

T h i s may r e f l e c t an e v o l u t i o n a r y s o p h i s t i c a t i o n of the ribosome 

which has enabled i t to take over the f u n c t i o n of the formyl group 

and permitted t h i s a d d i t i o n a l requirement of i n i t i a t i n g tRNA to be 

dispensed w i t h . 

The e v o l u t i o n of an s p e c i f i c mechanism concerned w i t h 

m a i n t a i n i n g the f i d e l i t y of p r o t e i n i n i t i a t i o n was probably 

a l a t e event i n the e v o l u t i o n of the p r o t e i n s y n t h e t i c apparatus 

as we now know i t . I t i s pr.ebable t h a t p r i m i t i v e i n i t i a t i o n 

proceeded v i a a mechanism resembling t h a t proposed by S c h r e i e r 

and N o l l (1970) which was independent of a c c e s s o r y i n i t i a t i o n 

f a c t o r s and s p e c i f i c i n i t i a t i o n tRNAs. I t would seem l o g i c a l t h a t 

such s o p h i s t i c a t i o n s were a l a t e a d d i t i o n which proceeded the 

e v o l u t i o n of s p e c i f i c i n i t i a t i o n s i g n a l s . T h i s idea i s supported 

by the p a t t e r n of degeneracy, which suggests t h a t the i n i t i a t o r 

t r i p l e t AUG was one of the l a t e r a d d i t i o n s to the g e n e t i c code 

( C r i c k , 1968). AUG was probably converted to t h i s s p e c i f i c use, 

a f t e r having functioned f o r c o n s i d e r a b l e epochs as the normal codon 

for methionine. There i s , as y e t , no c o n v i n c i n g e x p l a n a t i o n as 

to the p o s s i b l e reason f o r the c h o i c e of methionine i n p r e f e r e n c e 
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to a l l the other a v a i l a b l e amino a c i d s . Perhaps when the 3-
dimensional s t r u c t u r e of the i n i t i a t o r tRNA i s e l u c i d a t e d , the 
s t r u c t u r a l p e c u l i a r i t y which d i c t a t e d such a c h o i c e w i l l become 
e v i d e n t . The assumption t h a t the i n i t i a t i n g mechanism was a 
l a t e refinement to the a r c h a i c p r o t e i n s y n t h e s i s i n g machinery 
would e x p l a i n the s t a t u s of the i n i t i a t i o n f a c t o r s . These 
f a c t o r s a r e not con s i d e r e d as t r u e ribosomal p r o t e i n s but merely; 
as a c c e s s o r i e s which a r e bound to the ribosome. When s t r i p p e d 
of i t s i n i t i a t i o n f a c t o r s the ribosome may r e v e r t both s t r u c t u r a l l y 
and f u n c t i o n a l l y t o a more p r i m i t i v e mode of t r a n s l a t i o n . I t 
i s p o s s i b l e t h a t the f i r s t i n i t i a t i n g mechanism r e l i e d s o l e l y on 
a t e r m i n a l AUG t r i p l e t and that the e v o l u t i o n of u n t r a n s l a t e d 5' 
n u c l e o t i d e sequences preceeding the i n i t i a t o r AUG was an even l a t e r 
refinement en s u r i n g i n c r e a s e d accuracy of t r a n s l a t i o n . I t i s 
l i k e l y t h a t such s t r u c t u r e s a r e in v o l v e d i n the r e c o g n i t i o n of 
the mRNA by the i n i t i a t i o n f a c t o r s , such a f u n c t i o n may i m p l i c a t e 
these r e g i o n s i n some form of t r a n s l a t i o n a l c o n t r o l . I t i s probable 
th a t i n the p r i m i t i v e p r o t e i n s y n t h e s i s i n g systems, a l l mRNAs were 
t r a n s l a t a b l e . I n c o r p o r a t i o n i n t o the mRNA of some form of s t r u c t u r e 
whereby t r a n s l a t i o n a l c o n t r o l could be mediated would c o n s i d e r a b l y 
reduce the amount of redundant t r a n s l a t i o n . I t i s l i k e l y t h e r e f o r e 
t h a t the e v o l u t i o n of such s t r u c t u r e s was c l o s e l y p a r a l l e l e d by tha t 
of an i n i t i a t i o n f a c t o r ( s ) which could i n t e r a c t only with s p e c i f i c 
pre i n i t i a t o r sequences to mediate a degree of t r a n s l a t i o n a l c o n t r o l . 

U n l i k e the s i t u a t i o n i n prokaryotes where a c o n s i d e r b l e degree 

of c o n t r o l of p r o t e i n s y n t h e s i s i s e x e r c i s e d a t the t r a n s c r i p t i o n a l 

l e v e l (Jacob and Monod, 1961) by the a c t i o n of r e p r e s s o r p r o t e i n s 

and sigma f a c t o r s (&) (Burgess e t _ a L > , 1969), 

evidence suggests t h a t c o n t r o l i s e x e r c i s e d i n eukaryotes mainly a t the 
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t r a n s l a t i o n a l l e v e l . 

The b e s t known example of eukaryote t r a n s l a t i o n a l c o n t r o l i s 

t h a t e x h i b i t e d i n A c e t a b u l a r i a . The behaviour of p u l s e - l a b e l l e d 

RNA (Olszewska and Br a c h e t , 1961) and of some b a s i c p r o t e i n s 

(Olszewska _e_t . a l . , 1961; Werz, 1961; De V i t r y , 1965) as w e l l as 

the e f f e c t s of RNase ( S t i c h and P l a u t , 1958), u l t r a v i o l e t i r r a d i a t i o n 

(Olszewska e t a l . , 1961) actinomycin ( B r a c h e t , e t a l . , 1964) and 

puromycin ( B r a c h e t , 1963) on A c e t a b u l a r i a morphogenesis, have l e d to 

the suggestion t h a t morphogenesis i s probably i n i t i a t e d by a long-

l i v e d mRNA which i s s y n t h e s i s e d i n the nucleus and accumulates a t 

the apex of the s t a l k . I n such a system c o n t r o l would be e x h i b i t e d 

mainly a t the t r a n s l a t i o n a l l e v e l . The mechanism which such a 

c o n t r o l i s mediated i n A c e t a b u l a r i a remains obscure. 

The b i o s y n t h e s i s of haemoglobin appears to be s u b j e c t to 

a c o n s i d e r a b l e degree of t r a n s l a t i o n a l c o n t r o l . Haemoglobin 

i s s y n t h e s i s e d i n the a n u c l e a t e r e t i c u l o c y t e on a s t a b l e mRNA 

and c o n t r o l of i t s s y n t h e s i s must t h e r e f o r e depend upon a t r a n s l a t i o n a l 

r a t h e r than t r a n s c r i p t i o n a l mechanism. Although the p r e c i s e 

mechanism of c o n t r o l i s not understood, both haem and the i n i t i a t i o n 

f a c t o r s have been i m p l i c a t e d i n c o n t r o l mechanism. 

o 

R e t i c u l o c y t e s incubated above 25 i n the absence of haem show 

an abrupt r e d u c t i o n i n the r a t e of gl o b i n s y n t h e s i s and a d i s 

aggregation of polysomes a f t e r about 10 min, both th e s e e f f e c t s a r e 

r e v e r s i b l e by the l a t e r a d d i t i o n a l of haem. A s i m i l e s i t u a t i o n 

i s observed i n r e t i c u l o c y t e l y s a t e s , but shut o f f i s not as r e a d i l y 

r e v e r s e d a f t e r haem supplementation. Gross and R a b i n o v i t z (1972) 

p o s t u l a t e t h a t the c o n t r o l of gl o b i n s y n t h e s i s i s mediated by an 
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i n h i b i t o r ( t r a n s l a t i o n s 1 r e p r e s s o r ) of g l o b i n c h a i n i n i t i a t i o n t h a t 
i s i n a c t i v a t e d by haem and suggest t h a t the i n h i b i t o r i s a 
p h y s i o l o g i c a l r e g u l a t o r . Adamson e t a I., (1972) suggest t h a t 
endogenously formed i n h i b i t o r completes w i t h or somehow a c t i v a t e s 
one or more of the i n i t i a t i o n f a c t o r s . However Hunt e t a l . (1972) 
found t h a t l y s a t e s seem to have a c e r t a i n f i x e d c a p a c i t y to complete 
s e v e r a l rounds of globia s y n t h e s i s before shut down occurs i n the 
absence of haem and proposes t h a t g l o b i n s y n t h e s i s stops i n the absence 
of haem because of the exhaustion or i n a c t i v a t i o n by p r o t e i n s y n t h e s i s 
of some component i n the ribosome supernatant r e q u i r e d for i n i t i a t i o n . 
Kaempfer and Kaufman (1972) suggest t h a t the t r a n s l a t i o n a l c o n t r o l 
of g l o b i n s y n t h e s i s by haem i s e x e r t e d , d i r e c t l y or i n d i r e c t l y , through 
the i n i t i a t i o n f a c t o r i d e n t i f i e d as IF-M^, the e u k a r y o t i c 
e q u i v a l e n t of the b a c t e r i a l F^. These workers found t h a t the 

o 

continued r e c y c l i n g of r e t i c u l o c y t e ribosomes i n l y s a t e s a t 37 

r e q u i r e d an i n i t i a t i o n f a c t o r whose a c t i v i t y was r a p i d l y l o s t i n the 

absence of added haem. T h i s f a c t o r f u l l y maintains the polysomes, ( i i ) 

i n h i b i t s the a s s o c i a t i o n o f 40S and 60S ribosomal subunits i n t o 

polysomes, ( i i i ) promotes the q u a n t i t a t i v e entry of added 60S 

subunits i n t o polysomes, ( i v ) a l l o w s the accumulation of ribosomal 

subunits i n s t e a d of s i n g l e ribosomes when i n i t i a t i o n i s blocked by 

a u r i n t r i c a r b o x y l i c a c i d and ( v ) i s a b s o l u t e l y r e q u i r e d f o r the bi n d i n g 

of g l o b i n mRNA to ribosomes. Such f u n c t i o n s a r e c o n s i s t e n t w i t h 

the p r o p e r t i e s of a f a c t o r whose f u n c t i o n i s to mediate the r e c y c l i n g 

of ribosomes through the subunit c y c l e . The data suggests t h a t 

endogenous IF-M„ a c t i v i t y i s l o s t i n the course of c e l l - f r e e p r o t e i n 

s y n t h e s i s u n l e s s haem i s p r e s e n t . I n the absence of IF-M^ a H 

r e t i c u l o c y t e p r o t e i n s y n t h e s i s should cease s i n c e ribosomal subu n i t s 

would a s s o c i a t e and t h e r e f o r e i n i t i a t i o n would be i n h i b i t e d , 
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lF-Mg, through i t s haem dependence would t h e r e f o r e a l l o w the 

coord i n a t e r e g u l a t i o n of s y n t h e s i s of haem and of polypeptide c h a i n s , 

l a r g e l y g l o b i n , during e r y t h r o i d development. 

The mechanism by which ribosomes r e c o g n i s e the AUG s t a r t 

s i g n a l a t the beginning of a message i s not understood. The 

most obvious p o s s i b i l i t i e s a r e : 

( i ) the secondary s t r u c t u r e of mRNA exposes only the s t a r t i n g 

t r i p l e t and masks i n t e r n a l AUG t r i p l e t s , 

( i i ) the ribosome response to an a d d i t i o n a l s i g n a l , e.g. a 

s p e c i f i c n u c l e o t i d e sequence present only near the i n i t i a t i n g AUG 

t r i p l e t . The l a t t e r p o s s i b i l i t y could e x p l a i n t r a n s l a t i o n a l c o n t r o l 

i f i t was assumed t h a t the s i g n a l was s p e c i f i c f o r c e r t a i n c l a s s e s 

of mRNA, and i f we p o s t u l a t e the e x i s t e n c e of s p e c i f i c pnotein 

adapters t h a t a l l o w ribosomes to re c o g n i s e only t h e i r cognate messengers. 

The most l i k e l y candidate f o r such adaptors i s the i n i t i a t i o n f a c t o r s 

r e q u i r e d f o r the c o r r e c t attachment of ribosomes to n a t u r a l mRNAse 

D i s c r i m i n a t i o n w i t h d i f f e r e n t b a c t e r i a l F^ f r a c t i o n s and bacteriophage 

mRNA's have been reported ( s e e the review of R e v e l , e t a _ l . , 1972). 

Gronery^ (1972) have i d e n t i f i e d a f a c t o r i , i n t e r f e r e n c e f a c t o r , which 

e x i s t s i n combination w i t h F^ and modifies the c i s t r o n s p e c i f i c i t y 

of E . c o l i Fg. 

Evidence t h a t one of the e u k a r y o t i c i n i t i a t i o n f a c t o r s may be 

messenger s p e c i f i c i s t h a t myosin RNA from t h i c k embryo muscle cannot 

f u n c t i o n on washed r e t i c u l o c y t e ribosome, u n l e s s muscle i n i t i a t i o n 

f a c t o r s a r e p r e s e n t (Heywood, 1969). Wigle and Smith (1973) have 

demonstrated t h a t the i n i t i a t i o n f a c t o r , IF-Mg from a s c i t e s tumour 

c e l l s can d i s t i n g u i s h between Enceph(tLomyocarditis v i r a l RNA, and 

glo b i n mRNA, I n c o n t r a s t to r e p o r t s of a t i s s u e or s p e c i e s s p e c i f i c 
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p r o t e i n i n i t i a t i o n f a c t o r s i S the r e p o r t by Fuhr and NatttH(1972) 

of a messenger s p e c i f i c f a c t o r w i t h i n the human r e t i c u l o c y t e 

which i n f l u e n c e s the t r a n s l a t i o n of endogenous mRNA's. Chemical 

and enzymatic c h a r a c t e r i s a t i o n suggests t h a t t h i s f a c t o r i s a low 

mol. wt. (10,000) RNA or p o l y n u c l e o t i d e which possess c o n s i d e r a b l e 

secondary s t r u c t u r e . There seems t h e r e f o r e to be an i n c r e a s i n g 

body of evidence i m p l i c a t i n g the i n i t i a t i o n f a c t o r s i n t r a n s l a t i o n a l 

c o n t r o l . I t should be s t r e s s e d t h a t i n s t a n c e s i n which c o n t r o l 
been 

has/shown to be mediated v i a the i n i t i a t i o n f a c t o r s or 1F-Mg 

a r e h i g h l y a r t e f a c t u a l s i t u a t i o n s and the g e n e r a l a p p l i c a b i l i t y of 

such c o n t r o l mechanisms mediated by such f a c t o r s or t h e i r s p e c i f i c 

adaptors i s s t i l l u n c e r t a i n . 

The presence of mRNA-specific f a c t o r s can only be confirmed 

by f r a c t i o n a t i o n to ob t a i n i n d i v i d u a l f a c t o r s followed by s u i t a b l e 

a s s a y s w i t h mRNA under optimal c o n d i t i o n s . 

I n i t i a t i o n by no means i s the only s t e p i n p r o t e i n s y n t h e s i s 

a t which t r a n s l a t i o n a l c o n t r o l can be e x e r t e d . The r a t e of 

t r a n s l a t i o n can be s u b j e c t to c o n t r o l by a v a r i e t y of f a c t o r s 

i n t e r a c t i n g a t the e l o n g a t i o n and term i n a t i o n s t e p . I t i s however 

l i k e l y t h a t the most economic c o n t r o l of mRNA t r a n s l a t i o n i s 

e x e r t e d a t the s t e p of p r o t e i n c h a i n i n i t i a t i o n . 

I n summary and c o n c l u s i o n one might simply quote more f u l l y 

the anonymous c o n t r i b u t o r to 'Nature' whose words appears on page 
o 

i i of t h i s t h e s i s . 'The c a p a c i t y to s y n t h e i s e p r o t e i n a t 37 C 

i n a d i l u t e aqueous environment i s v i r t u a l l y h a l f the d e f i n i t i o n 

of l i f e . I t would t h e r e f o r e be na'ive to expect the b a s i c pathways 

of p r o t e i n s y n t h e s i s to d i f f e r g r e a t l y between organisms t h a t a r e 

as d i s t a n t l y r e l a t e d as r a b b i t s and b a c t e r i a . P r o t e i n s y n t h e s i s 
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i s too fundamental a property to have been l e f t to the v a g a r i e s 

of p a r a l l e l e v o l u t i o n . But on the f a c e of t h i n g s i t would be 

e q u a l l y na*ive not to expect numerous v a r i a t i o n s on the b a s i c 

theme to have accumulated s i n c e , f o r example, b a c t e r i a and 

eukaryotes shared a common a n c e s t o r . What i s so s u r p r i s i n g i s 

t h a t those a n t i c i p a t e d i d i o s y n c r a s i e s a r e proving so few and 

f a r between'. (Nature (1970), 227, 6 5 9 ) . 

The work presented i n t h i s t h e s i s s e r v e s w e l l to i l l u s t r a t e 

the concept of an u n d e r l y i n g b i o c h e m i c a l u n i t y i n l i v i n g organisms. 

I t may a l s o be used to strengthen the p o i n t s , obvious to some, 

apparently l e s s obvious to o t h e r s , t h a t higher p l a n t s are not 

b a c t e r i a , n e i t h e r a r e they r a b b i t r e t i c u l o c y t e s or r a t l i v e r s , 

and t h a t continued i n v e s t i g a t i o n s of the biochemistry and 

molecular biology of t h i s most important Kingdom a r e not only 

j u s t i f i a b l e but immensely n e c e s s a r y . 
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