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A b s t r a c t . 

A polypeptide - s y n t h e s i s i n g c e l l - f r e e system d i r e c t e d by 

Poly-U or Turnip Yellow Mosaic Virus-RNA was der i v e d from 

imbibed seeds of Phaseolus aureus; t h i s i n v i t r o system was 

dependent upon exogenous tRNA. The Poly-U-directed system 

functioned i n the presence of tRNAs from P.aureus, V i c i a faba 

and y e a s t , whereas TYMV-RNA was t r a n s l a t e d only i n the presence 

of tRNAs from P.aureus or V.faba. This t r a n s l a t i o n b a r r i e r was 

r e l a t e d to the i n a b i l i t y of the P.aureus high-speed supernatant 

enzyme f r a c t i o n to charge v a r i o u s " p r o t e i n " amino a c i d s to 

yeast tRNA under uniform c o n d i t i o n s . Such i n c o m p a t i b i l i t y d i d 

not e x i s t i n the Poly-U system where incubation con d i t i o n s were 

co n s t r u c t e d to favour only one amino a c i d , i . e . phenylalanine. 

The P.aureus enzyme f r a c t i o n promoted e s t e r i f i c a t i o n of v a l i n e 

to TYMV-RNA. More rigorous conditions were r e q u i r e d for the 

t r a n s l a t i o n of Poly-U i n a Transfer System with yeast tRNA 

than with V.faba tRNA. Poly-U and TYMV-RNA competed fo r 

ribosomal binding s i t e s . The c h a r a c t e r i s t i c s of s y n t h e t i c and 

n a t u r a l templates i n amino a c i d i n c o r p o r a t i o n were c o r r e l a t e d . 
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Abbreviations. 

The majority of 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 J o u r n a l ' , (1972), 126, 4. For typographical 

reasons the following were used i n pl a c e of those recommended:-

CreP 

hr 

PCK 

Poly-U 

s 

sec 

TYMV 

TYMV-RNA 

Cre a t i n e phosphate 

u n i t of g r a v i t a t i o n a l f i e l d 

h o u r ( s ) 

Phosphocreatine k i n a s e 

P o l y u r i d y l i c a c i d 

Svedberg unit 

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

second(s) (time) 

Turnip Yellow Mosaic V i r u s 

RNA der i v e d from TYMV 

Occasio n a l a b b r e v i a t i o n s are notated where they occur i n the tex t 

In a d d i t i o n the f o l l o w i n g convention has been adopted 

i n the R e s u l t s S e c t i o n ; T r a n s f e r System:-

14[u 1 4c] AA-V.faba tRNA 14[u 1 4c[ amino a c i d mixture 

+ 6p"^c| amino a c i d mixture 

charged to V.faba tRNA to 

form an aminoacyl-tRNA complex. 

p-4c] Phenylalanine + 19[* 2cj 
amino a c i d mixture charged 

to V.faba tRNA to form an 

[ 1 4 c ] Phe-V, faba tRNA 

and s i m i l a r l y with the v a r i 

tRNA complexes. 

aminoacyl-tRNA complex. 
I~14l 

I O U S I CI l a b e l l e d aminoacyl-yeast 



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

I t i s g e n e r a l l y h e l d 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 c o n s i s t s of 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 . F i r s t , DNA i s t r a n s c r i b e d i n t o a RNA intermediate. 

The RNA has r i b o n u c l e o t i d e sequence complementary with a 

deoxyribonucleotide sequence of one of the strands of the DNA. 

I n t h i s t r a n s c r i p t i o n stage the DNA i s a c t i n g as a template, and 

the RNA as a messenger. In the t r a n s l a t i o n stage, the mRNA 

atta c h e s to ri 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 s of p r o t e i n s y n t h e s i s . There, the mRNA determines the 

order of linkage 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, Sander, Swan, Kreuzer, C a f f i e r and Parmeggiani, 1968; 

Ochoa, 1968). 

mRNA i s t r a n s l a t e d i n the 5' to 3 1 d i r e c t i o n . (Ochoa, 1968) 

Thus, s y n t h e s i s of a .protein _ i s i n i t i a t e d at the amino-terminal 

amino a c i d and proceeds towards the carboxy-terminal amino a c i d 

( A t t a r d i , 1967; Bishop, Leahy and Schweet, 1960; D i n t z i s , 1961; 

Matthaei, Sander, Swan, Kreuzer, C a f f i e r and Parmeggiani, 1968; 

Ochoa, 1968). I n the process of t r a n s l a t i o n a group of three 

adjacent n u c l e o t i d e s (the codon) i n the mRNA, determines which 

amino a c i d i s to be attached to the forming peptide c h a i n . I t 

has been e s t a b l i s h e d which codons s p e c i f y each of the 20 "p r o t e i n 

amino a c i d s (Cold Spring Harbor Symposium, 1966). This i s the 

Genetic Code. I t would appear that the sequence of amino a c i d s 

i n a polypeptide chain possesses a l l the information r e q 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 
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p r o t e i n molecule (Anfinsen, 1967). 

The d i s c r e t e mechanisms of p r o t e i n b i o s y n t h e s i s have been 

e l u c i d a t e d using c e l l - f r e e i n v i t r o p r o t e i n - s y n t h e s i s i n g systems. 

Nirenberg (1964) has summarised that these systems may be 

prepared by d i s i n t e g r a t i n g c e l l s i n aqueous media, removing 

unbroken c e l l s and d e b r i s by low-speed c e n t r i f u g a t i o n and small 

molecules by d i a l y s i s . Demonstration of p r o t e i n s y n t h e s i s with 

these e x t r a c t s r e q u i r e s the presence of ATP, GTP, an ATP 

regenerating system, a monovalent c a t i o n e i t h e r K + or NH 4
+ and 

2+ 
the d i v a l e n t ion Mg , sulphydryl compounds which s t a b i l i s e the 

system, and amino a c i d s some of which are u s u a l l y r a d i o a c t i v e l y 

l a b e l l e d . I n such a system mRNA can t r a n s l a t e i n t o p r o t e i n , 

when the t r a n s l a t i o n i s assayed by f o l l o w i n g the i n c o r p o r a t i o n 

of l a b e l l e d amino a c i d s i n t o p r o t e i n . 

The presence of a mRNA i s e s s e n t i a l . The mRNA may be 

present i n the e x t r a c t when i t i s the endogenous messenger or i t 

may be added as an exogenous messenger. The exogenous messenger 

can be e i t h e r a n a t u r a l messenger or a s y n t h e t i c poly

r i b o n u c l e o t i d e . (Lengyel, Speyer and Ochoa, 1961; Nirenberg 

and Matthaei, 1961; Nishimura, Jones, Ohtsuka, Hayatsu, Jacob 

and Khorana, 1961). 

The c e l l e x t r a c t may be f r a c t i o n a t e d f u r t h e r by high-speed 

c e n t r i f u g a t i o n to y i e l d a microsomal p e l l e t and a high-speed 

supernatant f r a c t i o n . The microsomal p e l l e t c o n t a i n s ribosomes 

and p r o t e i n s r e q u i r e d f o r peptide chain i n i t i a t i o n . The 

supernatant f r a c t i o n c o n t a i n s t r a n s f e r RNA, aminoacyl-transfer 

RNA synthetases and p r o t e i n s i n v o l v e d i n the elongation and 
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termination of the peptide c h a i n . (Lengyel and S o l i , 1969). 

120 d i f f e r e n t macromolecules are known to be inv o l v e d i n 

t r a n s l a t i o n . (Lengyel and S o i l , 1969). Each i n v i t r o system 

may r e q u i r e supplementation of some of the components to wit n e s s 

the s y n t h e s i s i n g a c t i v i t y more c l e a r l y , so that Boulter (1970) 

d e s c r i b e s a t y p i c a l p l a n t - d e r i v e d "complete" c e l l - f r e e ribosomal 
+ 2+ 

system as containing K , Mg , ATP, ATP regenerating system, 

GTP, tRNAs, supernatant enzyme f r a c t i o n and ribosomes (microsomes), 

one l a b e l l e d and the other 19 unlabelled"protein 1*amino a c i d s , 

b u f f e r e d for autoxidation r e a c t i o n and pH, together with an 

appropriate mRNA. 

Consideration of the v a r i o u s steps i n p r o t e i n s y n t h e s i s 

can conveniently s t a r t with the ribosome. The ribosome i s the 

s i t e of both i n vivo and i n v i t r o p r o t e i n s y n t h e s i s ( L i t t l e f i e l d , 

K e l l e r , Gross and Zamecnik, 1955). I n the b a c t e r i a l c e l l the 

ribosome sediments at a c o e f f i c i e n t of approximately 70s w h i l s t 

an s value of 80 i s h e l d f o r e u k a r y o t i c cytoplasmic ribosomes. 

However, i n the higher organisms, the o r g a n e l l e s such as 

mitochondria, and c h l o r o p l a s t s have ribosomes at 70s. Separation 

of ribosomes i n t o these 2 broad groups i s convenient though 

perhaps a r b i t r a r y ( B o u l t e r , E l l i s and Yarwood, 1972). The 

ribosome c o n s i s t s of 2 unequal subunits 30s and 50s i n 70s 

ribosomes ( T i s s i e r e s and Watson, 1958) and 40s and 60s i n 80s 

ribosomes (Chao, 1957). A great proportion o f information 

about i n v i t r o p r o t e i n s y n t h e s i s p e r t a i n s to the 70s p r o k a r y o t i c 

d e r i v e d ribosome. 
In a c o n s i d e r a t i o n of the t r a n s l a t i o n of mRNA to p r o t e i n 
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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 aminoacy1-tRNA, 

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

( i i i ) peptide chain elongation, 

( i v ) peptide chain termination and r e l e a s e . 

( i ) Amino a c i d a c t i v a t i o n and formation of aminoacy1-tRNA: 

The formation of the aminoacyl-tRNA c a t a l y s e d by the 

aminoacyl-tRNA synthetase i s 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 ( S t u l b e r g and N o v e l l i , 1962; Allende, Allende, 

G a t i c a , C e l i s , Mora and Matamala, 1966; Rouget and C h a p e v i l l e , 

1968; C a s s i o , 1968) and t r a n s f e r (Allende and Allende, 1964; 

N o r r i s and Berg, 1964). The product of the a c t i v a t i o n step i s 

the enzyme-bound aminopyrophosphate. I n the t r a n s f e r step, the 

a c t i v a t e d amino a c i d i s t r a n s f e r r e d onto the tRNA (a t r a n s a c y l a t i o n ] 

to form aminoacyl-tRNA. 

The g e n e r a l l y accepted r e a c t i o n can be expressed:-

A c t i v a t i o n : 
enzyme 

amino a c i d + ATP + enzyme ̂  aminoacyl-AMP + pyrophosphate 

T r a n s f e r : 

enzyme 
aminoacyl-AMP + tRNA;=^» aminoacyl-tRNA + enzyme + AMP 

Rouget and C h a p e v i l l e (1971) have observed that t h i s 

r e a c t i o n p a t t e r n seems o v e r s i m p l i f i e d . With the leucyl-tRNA 

synthetase of E s c h e r i c h i a 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. 

All e n d e , Chaimovich, G a t i c a and Allende (1970) using 
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threonyl-tRNA synthetase, Berry and Grunberg-Manago (1970) 

with lysyl-tRNA synthetase, P a r i n , Savelyev and K i s s e l e v (1970) 

with tryptophanyl-tRNA synthetase, and Papas and Mehler (1971), 

using prolyl-tRNA synthetase, obtained s i m i l a r r e s u l t s . 

A p r e r e q u i s i t e for accurate t r a n s l a t i o n i s the high 

s p e c i f i c i t y of aminoacyl-tRNA synthetases. ( L o f t f i e l d and 

Eigner, 1966; N o v e l l i , 1967; Peterson, 1967). S p e c i f i c i t y 

i s e x h i b i t e d at both steps of the aminoacyl r e a c t i o n . Using 

m a t e r i a l from E . c o l i , i t was shown that 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 valyl»tRNA sythetase a c t i v a t e s threonine. These i r r e l e v a n t 

amino a c i d s are not then t r a n s f e r r e d to the tRNA. (Baldwin and 

Berg, 1966; Bergman, Berg and Dieckmann, 1961; Hirsh and 

Lipmann, 1968). 

Misrecognition between the enzyme and tRNA has been 

observed i n heterologous r e a c t i o n s , for example the e s t e r i f i c a t i o n 

of tRNA and tRNA from E . c o l i by the phenylalanyl-tRNA 

synthetase from Neurospora c r a s s a (Holten and Jacobson, 1969) 

and yeast (Taglang, Waller, Befort and F a s i o l o , 1970) or with 

v a l i n e by the valyl-tRNA synthetase from E . c o l i on v a r i o u s tRNAs 

from yeast (Giege, Kern, E b e l and Taglang, 1971). Lack of 

s p e c i f i c i t y of the isoleucyl-tRNA synthetase from B a c i l l u s 

stearothermophilus at higher temperatures has been reported by 

Area et a l . (1965, 1967). These i n v e s t i g a t o r s have shown that 

at temperatures above 75° the charging of i s o l e u c i n e onto tRNA 

decreases r a p i d l y , and that v a l i n e , s e r i n e and threonine are 
l i e 

t r a n s f e r r e d , most probably, to tRNA 
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Calendar and Berg (1966) showed that c e r t a i n amino a c i d 

analogues a c y l a t e t R N A T y r with tyrosyl-tRNA synthetase from 

E . c o l i and B a c i l l u s s u b t i l i s . 

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 incorporated i n t o mung bean p r o t e i n s when s e e d l i n g s are 

grown i n i t s presence. Where the p r o l i n e homologue occurs 

n a t u r a l l y i n a p l a n t , e.g. C o n y a l a r i a and Polygonatum, the 

prolyl-tRNA synthetase does not a c y l a t e the homologue with the 

p r o l i n e - a c c e p t i n g tRNA. (Peterson and Fowden, 1963). 

Phenylalanyl-tRNA synthetases from a number of p l a n t s have 

proved l e s s s p e c i f i c than other synthetases. Phaseolus aureus 

and Leucaena leucocephala y i e l d phenylalanyl-tRNA synthetase 

which a c t i v a t e s mimosine. (SmilK. amcj F6w.4eh> I 968). 

Using E . c o l i , r a t l i v e r and the fungus Coprinus lagophus, 

Fowden, Lewis and T r i s t r a m (1968) ^howed th a t methionyl-tRNA 
Met 

synthetases a c y l a t e t.RNA with e t h i o n i n e 0 

In E . c o l i a s i n g l e leucyl-tRNA synthetase i s capable of 

a c t i v a t i n g d i f f e r e n t tRNA s p e c i e s (Kan and Sueoka, 1971). 

The l a t t e r r e s u l t i s i n sharp c o n t r a s t to the s t u d i e s of 

Anderson and Cherr.y (1969) who have demonstrated 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 , chargeable with homologous 

synthetase i n soy bean. Four of the tRNA s p e c i e s were 

a c y l a t e d by the soy bean hypocotyl synthetases and the other two 

by cotyledon s y n t h e t a s e s . Further, soy bean leucyl-tRNA 

synthetases have been e l u c i d a t e d as three d i s t i n c t groups - one 

group found i n the cotyledons and two groups i n the hypocotyl. 

(Kanabus and Cherry, 1971). 
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Of p a r t i c u l a r i n t e r e s t to those working with c e l l - f r e e 

i n v i t r o systems i s the degree of s p e c i f i c i t y between aminoacyl-

tRNA synthetases and tRNA derived from d i f f e r e n t s p e c i e s of 

organism. Ermokhina, Stambolova, Z a i t s e v a and B e l o z e r s k i i (1965) 

examined phenylalanyl-tRNA synthetase i n pea, yeast and algae 
Phe 

where the tRNA and synthetase were interchangeable. Though 
Met 

the tRNA and methionyl-tRNA synthetases of pea and algae 

were interchangeable, the r e l e v a n t components of yeast gave 

only 40%-50% charging i n mixed systems. 

Yot, Pinck, Haenni, Duranton and C h a p e v i l l e (1970) when 
th a t the E . c o l i enzymes would a c y l a t e about h a l f these l a b e l s 

to Chinese cabbage tRNA. Hayashi (1966) found there was no 

charging i n heterologous systems using yeast and E . c o l i 

tyrosyl-tRNA synthetases and p u r i f i e d tRNA T y r* 

Allende (1969) r e p o r t s work using wheat embryo enzymes 

and tRNA. Enzymes from a heterologous source charged the p l a n t 

tRNA f u l l y as i n the case of yeast seryl-tRNA synthetase. The 

seryl-tRNA synthetase of wheat embryo charged E . c o l i tRNA 

p a r t i a l l y w h i l s t the E . c o l i synthetase had no charging a b i l i t y 

on the wheat tRNA. 

I n the case of methionyl-tRNA synthetases the E . c o l i 

enzyme charged only 50% of the wheat tRNA, the explanation being 

that E . c o l i synthetase r e c o g n i s e s only one of the two s p e c i e s 

of t R N A M e t present i n wheat embryo. S i m i l a r f i n d i n g s were 

presented by Yarwood, Boulter and Yarwood (1971) using V.faba 

tRNA M e t and E . c o l i enzyme. The same authors subsequently 

a c y l a t i n g E . c o l i tRNA [ " e l with 15 separate amino a c i d s , found 



showed that V.faba synthetases aminoacylated both E . c o l i tRNA 
f r a c t i o n s . (1971). 

The r a t e s of a c y l a t i o n may vary between the homologous 

and the heterologous system. Enzymes from pea seed and wheat 

germ c a t a l y s e d e s t e r i f i c a t i o n of amino a c i d s at a f a s t e r r a t e 

with homologous tRNA than with the heterologous tRNA (Moustafa, 

1966). 

I t i s c l e a r t h at f o r i n v i v o p r o t e i n b i o s y n t h e s i s the 

appropriate tRNA-tRNA synthetase apparatus must be a v a i l a b l e 

to the c e l l , i f the message i s to be t r a n s l a t e d s u c c e s s f u l l y . 

I f the c e l l were subject to messages where t h i s apparatus i s 

not conducive, i t f o l l o w s that such messages would be 

unacceptable and p r o t e i n s y n t h e s i s would not occur. 

I t has been shown t h a t when E . c o l i B. i s i n f e c t e d with 

bacteriophage T or T^ changes i n host tRNA occur (Sueoka 

and Kano-Sueoka, 1.964j Kano-Sueoka and Sueoka- 1966: Kan, 

Kano-Sueoka and Sueoka, 1968; Kano-Sueoka, Nirenberg, Sueoka, 

1968). These changes may be de s c r i b e d a s : ( i ) i n a c t i v a t i o n 

of the host tRNA; . Waters and N o v e l l i (1967, 1968) suggested 

that t h i s i n a c t i v a t i o n i s promoted by a phage-induced nuclease 

s p e c i f i c f o r host tRNA L e u, ( i i ) production of a bacteriophage 

coded tRNA; Weiss, Hsu^Foft and Scherberg (1968) (using a 

technique of h y b r i d i s i n g charged tRNA at low temperature) 

showed that at l e a s t one s p e c i e s of t R N A L e u and tRNA P r o was 

coded for by phage. 

Herpes simplex v i r u s has been shown to s p e c i f y at l e a s t 
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one s p e c i e s of tRNA y (Subak-Sharpe and Hay, 1965; Subak-

Sharpe, Shepherd and Hay, 1966). 

D i f f e r e n c e s i n tRNA s p e c i e s and i n tRNA methylase 

a c t i v i t i e s between n e o p l a s t i c and normal t i s s u e s of human and 

animal o r i g i n have been reported by many i n v e s t i g a t o r s . ( T s u t s u i , 

S r i n i v a s a n and Borek, 1966; T a y l o r , Buck, Grange and Holland, 

1968; B a l i g a , Borek, Weinstein and S r i n i v a s a n , 1969; Yang, 

Hellman, Martin, Hellman and N o v e l l i , 1969; G a l l o and 

Pestka , 1970). 

A l t e r a t i o n s i n tRNA s p e c i e s were studied by Sekiya and 

Oda (1972) i n Simian v i r u s £sV4o| i n f e c t e d and transformed 

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

p r o c e s s . These workers concluded t h a t none of the a l t e r e d 

s p e c i e s of tRNA are encoded i n the SV40 genome, ra t h e r the 

a l t e r a t i o n s were produced by derepressed s y n t h e s i s of the host 

genome ( a f t e r v i r a l i n f e c t i o n ) caused by some c e l l u l a r f u n c t i o n , 

not d i r e c t l y by a v i r a l gene product. 

Rous sarcoma virus-RNA has four c l a s s e s of i n t e r v i r i o n RNA: 

7s, small q u a n t i t i e s of 18s and 28s, 70s and a s u b s t a n t i a l amount 

of 4s (Bishop et a l . , 1970). The 4s of the v i r u s and i t s host 

c e l l 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 i n 10% poly-

acrylamide g e l s and are e q u a l l y methylated. However, s i g n i f i c a n t 

d i f f e r e n c e s i n n u c l e o t i d e compositions are d e t e c t a b l e . 

P u r i f i c a t i o n of RNA from Avian m y e l o b l a s t o s i s v i r u s (a tumour 

v i r u s ) gave E r i k s o n (1969) a 4s component s i m i l a r to host c e l l 

tRNA. The r e s u l t s i n d i c a t e d that the v i r a l 4s RNA was not 

simply a contaminant d e r i v e d from c e l l u l a r d e b r i s . Apparently 
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unbeknown to him ( E r i k s o n ) , Bonar, Sverak, Bolgnesi, L a n g l o i s , 

Beard and Beard (1967) a r r i v e d a t the same conclusions concerning 

Avian m y e l o b l a s t o s i s v i r u s , and had aminoacylated, with a [_14c| 
amino a c i d mixture, the 4s component. Bonar et a l . speculated 

that ribosomal-RNAs and tRNAs present and a c t i n g simultaneously 

with the v i r u s - s p e c i f i c genome are r e q u i r e d f o r i n i t i a t i n g the 

p r e l i m i n a r y stages of i n f e c t i o n . E r i k s o n and E r i k s o n (1972) 

showed the Avian m y e l o b l a s t o s i s v i r u s to have a r g i n i n e , 

tryptophan, c y s t i n e and l y s i n e synthetase a c t i v i t i e s f o r c h i c k 

embryo tRNA. The synthetases are membrane-bound or contained 

w i t h i n membranes but these workers concluded t h a t there i s no 

supporting b i o l o g i c a l evidence to suggest an e s s e n t i a l r o l e f o r 

aminoacylation of s p e c i f i c tRNA i n the r e p l i c a t i o n c y c l e of t h i s 

v i r u s . 

A v a l i n e - s p e c i f i c tRNA-like s t r u c t u r e was demonstrated i n 

Turnip Yellow Mosaic \/irus-RNA by Yot, Pinck, Haenni, Duranton 

and C h a p e v i l l e (1970). They concluded that t h i s tRNA was an 

i n t e g r a l p a r t of the viral-RNA, l o c a t e d i n the v i c i n i t y of 3» 

terminus of the viral-RNA. The v i r a l a c y l a t i o n could be 

c a t a l y s e d by Chinese cabbage, E . c o l i , y e a s t and r a t l i v e r 

valyl-tRNA s y n t h e t a s e s . Yot et a l . a l s o make the observation 

that a l l bacteriophage and v i r a l RNAs examined to date contain 

i d e n t i c a l sequence(-CpCpA or -CpC) at t h e i r 3 f terminus, 

suggesting that these RNAs could a l s o accept an amino a c i d under 

appropriate c o n d i t i o n s , or at l e a s t have r e t a i n e d the v e s t i g e of 

a tRNA-like s t r u c t u r e . In t h i s case only a knowledge of the 

sequence of about the l a s t 50 n u c l e o t i d e s at the 3» terminus of 
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these RNAs would r e v e a l t h i s v e s t i g e . 

Aviv, Boime and Leder (1971) have shown t h a t small amounts 

of Encephalomyocarditis viral-RNA d i r e c t a 50-fold 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 a p p r o p r i a t e l y supplemented a s c i t e s 

tumour c e l l e x t r a c t s under c o n d i t i o n s that give r i s e to a u t h e n t i c 

v i r a l p o l y p e p t i d e s . Incorporation i n these crude e x t r a c t s i s 

almost e n t i r e l y dependent upon the ad d i t i o n of exogenous tRNA. 

Further, t h i s i n c o r p o r a t i o n i s r e s t r i c t e d to that tRNA d e r i v e d 

from a s c i t e s tumour c e l l s or from r a t l i v e r , whereas tRNA from 

yeast and E . c o l i does not permit t r a n s l a t i o n of the viral-RNA. 

The authors c l a i m that the t r a n s l a t i o n a l b a r r i e r s are due p a r t l y 

to an i n c o m p a t a b i l i t y between the tRNA of yeast and E . c o l i and 

tRNA synthetases of the a s c i t e s tumour c e l l s . However, Aviv e t 

a l . showed that E . c o l i tRNA synthetases do not r e s t o r e viral» 

d i r e c t e d p r o t e i n s y n t h e s i s i n the presence of E . c o l i tRNA. 

Using the s y n t h e t i c messenger p o l y u r i d y l i c a c i d i n the a s c i t e s 

system, E . c o l i tRNA d i d not support polyphenylalanine s y n t h e s i s 

whereas yeast tRNA di d . The s y n t h e s i s of polyphenylalanine could 

be r e s t o r e d by using E . c o l i tRNA. F i n a l l y , tRNA from a s c i t e s 

tumour c e l l s and E . c o l i could be aminoacylated by the a s c i t e s 

tumour c e l l enzyme but tRNA from yeast could not. These workers 

suggest t h a t , although c o m p a t a b i l i t y of tRNA and synthetases i s 

important, the r e s t r i c t i o n imposed by tRNA i n t h i s system p o s s i b l y 

i n v o l v e s the favoured use of s p e c i f i c degenerate codon c l a s s e s by 

the v i r u s and the a s c i t e s tumour c e l l . 

The s p e c i f i c r e c o g n i t i o n s i t e on the tRNA f o r i t s r e l e v a n t 

amihoacyl-tRNA synthetase i s s t i l l p r o b l e m a t i c a l . The l a r g e 

degree of homology i n the s t r u c t u r e s of the v a r i o u s tRNAs makes 
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i t d i f f i c u l t to d i s t i n g u i s h a s p e c i f i c continuous n u c l e o t i d e 

i n an i d e n t i c a l p o s i t i o n i n a l l tRNAs as a r e c o g n i t i o n s i t e f o r 

the aminoacyl-tRNA synthetase. Cramer, Doepner, v.d. Haar, 

Schlimme and S e i d e l (1968) have suggested that the p r o c e s s may 

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

C a s s i o (1968), I a c c a r i n o and Berg (1969), Yaniv and Gros 

(1969), Papas and Mehler (1968), P a r i n and K i s s e l e v (1969) with 

s e v e r a l synthetases have c l e a r l y demonstrated that the a c t i v a t i o n 

and the r e c o g n i t i o n s i t e s for tRNA are d i s t i n c t . Yarus and 

Berg (1969); Helene, Brun and Yaniv (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. 

( i i ) Peptide chain i n i t i a t i o n : 

Polypeptide chain i n i t i a t i o n i n b a c t e r i a seems so c l e a r l y 

e s t a b l i s h e d that only a rough o u t l i n e w i l l appear here. About 

40% of the E . c o l i p r o t e i n s have methionine as the N-terminal 

amino a c i d , although methionine c o n s t i t u t e s only 2.5% of the t o t a l 

amino a c i d i n p r o t e i n s . Methionine, a l a n i n e , s e r i n e and 

threonine together account for 95% of the N-terminal amino a c i d s 

i n these p r o t e i n s . (Waller, 1963). 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 «t-amino groups 

formylated. No other N-formylated aminoacyl-tRNA has been 

detected. The formylation of the ac-amino group of methionine 
Met 

takes p l a c e a f t e r e s t e r i f i c a t i o n by tRNA . (Marcker and 

Sanger, 1964). 

The formyl donor i s 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 (Adams and 

Capecchi, 1966; Dickerman, S t e e r s , R e d f i e l d , Weissbach, 1967; 

Marcker, 1965). The formylating enzyme, methionyl-tRNA 



13 

transformylase, has been p u r i f i e d from E . c o l i (Dickerman e t a l . 

1967). There are two c l a s s e s of methionine-accepting E . c o l i 

tRNA s p e c i e s , namely t R N A F
M e t and tRNA^ 6*. Methionyl-tRNA p can 

be formylated by an enzyme; methionyl-tRNAj^ cannot. ( C l a r k and 

Marcker, 1965, 1966). The t R N A p
M e t has unusual base p a i r i n g 

near the 3' and 5» ends (Dube, Marcker, C l a r k and Cory, 1968) 

when compared with a l l other tRNAs of known sequence. 

The RNA of bacteriophage (coliphage) f 2 and R17, 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 i n v i t r o E . c o l i 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. (Capecchi and Gussin, 1965; Nathans, 

Notani, Schwaitz and Zinder, 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 and Capecchi, 1966; L o d i s h , 

1968; Vinuela, S a l a s and Ochoa, 1967; Webster, Engelhardt and 

Zinder, 1966). T h i s i n d i c a t e s that fMet-tRNA p can serve as a 

peptide chain i n i t i a t o r for each of the p r o t e i n s programmed by 

polygenic mRNA. The dependence of i n v i t r o p r o t e i n s y n t h e s i s 

d i r e c t e d by f2-RNA on fMet-tRNA p was shown by B u r c h a l l and 

Hitc h i n g s (1965), and E i s e n s t a d t and Lengyel (1966) showed t h a t 

amino a c i d i n c o r p o r a t i o n d i r e c t e d by f2-RNA depends upon e i t h e r 

added fMet-tRNA_ or 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 i s 
r ?+ 2+ found only at low Mg concentration (4-8 mM). At high Mg 

concentration, the i n c o r p o r a t i o n i s only s l i g h t l y or not a t a l l 

dependent on fMet-tRNA p ( E i s e n s t a d t and Lengyel, 1966; 

Kolakofsky and Nakamoto, 1966). Capecchi (1966) demonstrated, 

i n 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 endogenous mRNA, that one formyl-methionine r e s i d u e 

was incorporated for approximately 150 amino a c i d s and formyl-

methionine was the only formyl-amino a c i d . 
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The work of C l a r k and Marcker (1966); Ghosh, S o i l and 

Khorana (1967); S a l a s , H i l l e , L a s t , Wahba, Ochoa (1967), showed 

that fMet-tT?NA serves as a source of N-terminal methionine 

r e s i d u e s and methionyl-tRNA M s u p p l i e s methionine r e s i d u e s f o r 

i n t e r n a l and C-terminal p o s i t i o n s of the polypeptide c h a i n s . 
Met 

The codons s p e c i f y i n g tRNA p are AUG and GUG, w h i l s t f o r 
Met 

tRNA M the codon i s AUG. ( C l a r k and Marcker, 1965; Ghosh et 

a l . , 1967; S a l a s et a l . , 1967; Sundararajan and Thach, 1966). 

A convenient hypothesis i s that the binding s i t e s on the 

ribosome are an A - s i t e (aminoacyl s i t e ) and a P - s i t e ( p e p t i d y l 

s i t e ) . Given that t h i s premise i s c o n t r o v e r s i a l as to number 

and arrangement of s i t e s , i t has been shown that fMet-tRNA may 

bind to e i t h e r s i t e . T e t r a c y c l i n e , an a n t i b i o t i c i n h i b i t i n g 

the binding of aminoacyl-tRNA to the A - s i t e (Gottesman, 1967), 

was found to block the binding of fMet-tRNA„ to ribosomes i n the 
F . . . . . . 

presence of GTP, mRNA and i n i t i a t i o n f a c t o r s . Puromycin i n h i b i t s 

fMet-tRNA F at the P - s i t e ( B r e t s c h e r and Marcker, 1966; Leder 

and Bursztyn, 1966; Ghta, Sarkar and Thach, 1967; S a l a s et a l . , 

1967). Thus fMet-tRNA may enter at the A - s i t e and move to the 
r 

P - s i t e or i t may enter at the P - s i t e . 

B o u l t e r , E l l i s and Yarwood (1972) have proposed the 

f o l l o w i n g diagram and legend, summarising the knowledge to-date 

of p r o t e i n s y n t h e s i s on the 70s ribosome. F i g ! Page 15. 

P l a n t viral-RNAs are capable of promoting b i o s y n t h e s i s i n 

the E . c o l i i n v i t r o c e l l - f r e e system. (Voorma et a l . , 1965; 

Verhoef et a l . . 1967, 1968; Van Ravenswaay Claasen et a l . . 1967; 

Van Duin et a l . , 1968; Albrecht et a l . , 1969 i ; Hoogendam et a l . , 

1968; Reinecke,^1968). However, the b i o s y n t h e t i c products l a c k 
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F, (DF) 5 ^ 30s deacylated t R N A 8 F-met-aa.-aa 
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Text-fig. Mechanism of protein synthesis on the 70s microbial ribosome. 

Initiation 
1,2: Dissociation of monomer into native subunits requires initiation factor F 8 (dissociation 

factor D F ) , which also promotes binding of m R N A to 30s subunit.' a' and ' p ' indicate relative 
positions of aminoacyl- and-peptidyl-sites respectively. 

3: Formation of initiation complex requires factors F j and F 2 , G T P and f-met-tRNA. 
T h e latter is shown entering directly into the f p ' site, alternatively it may enter the 1 a 1 site and 
then move to the 1 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-transfcrnse) thought to 
be a function of the ribosomc. 

7: G T P and transfer factor G are required for displacement of discharged t R N A and trans
location of pcptidyl-tRNA to the 'p*site. Although often referred to as the' translocase', factor 
G appears to promote the release (uncoupled from translocation) of the dcacylatcd t R N A 
molecule from the ' a ' site, while translocation per se seems to be a function of the 50s subunit 
(Roufa, Skogcrson & Ledcr, 1970; Tanaka, L i n & 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 4 and S. A specific peptidyl-tRNA hydrolase may also be 

required to give the free polypeptide (Cuzin ctal. 1967; Vogcl, Zamii-& Elson, 1968; dc Groot, 
Panct & Lapidot, 1968). Ribosomc may be released in form of subunits, but in absence of F a 

ythese will spontaneously.rccombinc. 

(Reproduced by kind permission of Professor D. Boulter) 
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any resemblance to (Aach et a l . , 1964) or show a l i m i t e d 

s i m i l a r i t y to the a u t h e n t i c coat p r o t e i n , (Van Ravenswaay Claasen 

et a l . , 1967, C l a r k et a l . , 1965) so that i t seems p o s s i b l e that 

d i f f e r e n t mechanisms u n d e r l i e p r o t e i n s y n t h e s i s i n i t i a t i o n i n 

the homologous 70s compared with the heterologous 70s systems. 

Albrecht et a l . , (1969,1) have shown that p l a n t viral-RNA can 

promote the binding of fMet-tRNA_ to E . c o l i ribosomes as does 
r *— 

coliphagc. The binding and i n c o r p o r a t i o n were s t r i c t l y dependent 

on "crude" or f r a c t i o n a t e d ribosomal i n i t i a t i o n f a c t o r s . 

Outstanding d i f f e r e n c e s between the homologous and 

heterologous systems were as f o l l o w s 

( i ) P l a n t viral-RNA can bind to E . c o l i ribosomes i n the absence 

of i n i t i a t i o n f a c t o r s , whereas the binding of MS,,-RNA i s f u l l y 

dependent on these f a c t o r s (Albrecht e t _ a l . , 1969,i and i i ) . 

( i i ) Binding of aminoacyl-tRNA to the phage-RNA-ribosome complex 

r e q u i r e s the previous binding of fMet-tRNAp. (Voorma e t _ a l . , 1969) 

whereas p l a n t viral-RNA can promote the binding of aminoacyl=tRNA 

to ribosomes i n the complete absence of fMet-tRNA . 
Verhoef et a l . , 1968, using a l f a l f a mosaic v i r a l [AMVj-RNA, 

have demonstrated t h a t the viral-RNA-ribosome complex permits 

the binding of only three aminoacyl-tRNAs ( i . e . p h e n y l a l a n y l - , 

i s o l e u c y l - and valy l - t R N A ) . Phenylalanyl-tRNA and isoleucyl-tRNA 

are d i r e c t e d by adjacent codons on the AMV-RNA chain (Verhoef, 

Lupker, C o r n e l i s s e n and Bosch, 1971). Verhoef and Bosch (1971) 

a l s o showed that both these s p e c i e s of aminoacyl-tRNA, when 

N-acetylated, can f u n c t i o n as chain i n i t i a t o r s i n p r o t e i n 

s y n t h e s i s i n c e l l - f r e e systems of E . c o l i . programmed with AMV-RNA. 

[AMV] 
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Many p r o t e i n s c a r r y i n g a N-terminal a c e t y l group have 

been known for some time, but i n general the o r i g i n of the 

a c e t y l group and the mechanism of a c e t y l a t i o n remains obscure. 

Pearlman and Bloch (1963) showed that N - a c e t y l - L - t y r o s i n e 

could be t r a n s f e r r e d to tRNA; subsequently, d e a c y l a t i o n of the 

tRNA y i e l d e d N - a c e t y l - L - t y r o s i n e . I n d i c a t i o n s were a l s o 

obtained by these authors that the N - a c etylated forms of 

tryptophan, a l a n i n e , glutamic a c i d and h i s t i d i n e might a l s o be 

chargeable to tRNA. Haenni and C h a p e v i l l e (1966) attempted to 

repeat t h i s work with E . c o l i enzymes and E . c o l i tRNA spec i e s 

charging for N-acetyl-phenylalanine and N - a c e t y l - l e u c i n e , but 

were u n s u c c e s s f u l . N-acetyl-phenylalanyl-tRNA (produced by 

c h e m i c a l l y a c e t y l a t i n g phenylalanyl-tRNA) when s t r i p p e d of the 

a c e t y l a t e d amino a c i d , was then capable of e s t e r i f y i n g phenyl

a l a n i n e . 

An enzyme has been i s o l a t e d from chicken r e t i c u l o c y t e s 

c a t a l y s i n g the t r a n s f e r of the a c e t y l r e s i d u e from a c e t y l 

coenzyme-A to c e r t a i n p r o t e i n s ( f o e t a l and chicken haemoglobins). 

T h i s f i n d i n g i n d i c a t e s that masking of them-group of the 

N-terminal amino a c i d may occur a f t e r p r o t e i n s y n t h e s i s 

(Marchis-Mouren and Lipmann, 1965). 

There i s no consensus on the u n i v e r s a l i t y of peptide chain 

i n i t i a t i o n on the 80s ribosomes, i . e . cytoplasmic ribosomes of 

eukaryotes. The 70s ribosome i n eukaryotes i s found only i n 

the mitochondria and c h l o r o p l a s t s of these organisms, and i t i s 

now g e n e r a l l y h e l d that the p r o t e i n - s y n t h e s i s i n g mechanism of 

these o r g a n e l l e s i s that of the b a c t e r i a l 70s ribosome; (Ref. 
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B o u l t e r , E l l i s and Yarwood, 1972). 

Caskey, R e d f i e l d and Weissbach (1967), demonstrated two 

s p e c i e s of methionine-accepting tRNA i n guinea-pig l i v e r , one 

of which was formylatable by E . c o l i t r a n s f o r m y l a s e . However, 

no homologous transformylase was found. A s i m i l a r s i t u a t i o n 

obtained with y e a s t (a u n i c e l l u l a r eukaryote). T a k e i s h i , 

Ukita and Nishimura (1968) showed that the formylated methionyl-

tRNA (tRNA designated tRNA ) could r e p l a c e the E . c o l i 

fMet-tRNAp. i n an E . c o l i i n v i t r o system. 

Kewar, Spears and Weissbach (1970) separated two s p e c i e s 

of methionine-accepting tRNA from r a b b i t l i v e r . Drews, Hogenauer, 

Unger and Weil (1971) separated two s p e c i e s from mouse l i v e r . 
Met 

In both c a s e s , one s p e c i e s of tRNA was formylated by E . c o l i 

t r a n s f o r m y l a s e . Three methionine-accepting tRNAs were i s o l a t e d 

from crude r a b b i t l i v e r tRNA by Gupta, C h a t t e r j e e , Bose, Bhaduri 

and Chung (1970). Only one of these s p e c i e s could be charged 

by the E . c o l i synthetase and could be formylated by the E . c o l i 

t r a n s f o r m y l a s e . 

R e s u l t s of i n c o r p o r a t i o n experiments using tRNA c a r r y i n g 

modified v a l i n e r e s i d u e s i n d i c a t e d t h a t no s p e c i a l i n i t i a t i n g 

tRNA e x i s t s other than the valyl-tRNA t r a n s l a t i n g the N-terminal 

codon i n r a b b i t haemoglobin s y n t h e s i s . ( R i c h , Eikenberry and 

Malkin, 1966; A r n s t e i n and Rahamimoff, 1968; Rahamimoff and 

A r n s t e i n , 1969). Confirming t h i s were r e p o r t s that newly 

s y n t h e s i s e d haemoglobin and a l s o the nascent chains on 

r e t i c u l o c y t e ribosomes have v a l i n e as the only d e t e c t a b l e 

N--terminal r e s i d u e . (Rahamimoff, A r n s t e i n , 1969; Gonano and 
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and B a g l i o n i , 1969; M o s t e l l e r , Culp and Hardesty, 1968). 

However, subsequent work has demonstrated that methionyl-

tRNA i s incorporated i n the N-terminal p o s i t i o n of both «t 
r 

and jS chains of r a b b i t haemoglobin during the i n i t i a t i o n process 

of p r o t e i n s y n t h e s i s and i s removed during the e a r l y stages of 

peptide chain growth. (Jackson and Hunter, 1970; Housman, 

Jacobs-Lorena, Rajbhandary and Lodish, 1970; Wilson and D i n t z i s , 

1970; Bhaduri, C h a t t e r j e e , Bose and Gupta, 1970; Gupta et a l . . 

1970; Smith and Marcker, 1970). Jackson and Hunter (1970) have 

suggested that any r e a l i n i t i a t i o n by the v a l i n e r e s i d u e must be 

abnormal, and i t i s t h e r e f o r e of i n t e r e s t that only a s m a l l 

proportion of chains were i n i t i a t e d i n t h i s way. 

A model proposed by Smith and Marcker (1970) demands that 

the methionine r e s i d u e s which i n i t i a t e r a b b i t globin chains a r e 

unmodified and are f u r n i s h e d by a p a r t i c u l a r s p e c i e s of tRNA. 

Caf f i e r , Raskas, Parsons arid Green (1971) using c u l t u r e d human 

c e l l s (KB) i n f e c t e d with human adenovirus type 2 showed t h a t : 

( i ) e x t r a c t s from such i n f e c t e d c e l l s s y n t h e s i s e 

s t r u c t u r a l v i r a l p o l y p e ptides, 

( i i ) these e x t r a c t s i n i t i a t e p r o t e i n s y n t h e s i s with 

methionine i n v i t r o , 

( i i i ) the r e l a t i v e r a t e of i n i t i a t i o n by methionine and 

chain elongation i s the same i n v i t r o and i n v i v o , 
Met 

( i v ) a s p e c i a l s p e c i e s of yeast tRNA p r e f e r e n t i a l l y 

responds to s p e c i f i c N-terminal codons i n these e x t r a c t s . 

The methionine i n i t i a t o r has a l s o been recorded i n the 
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s y n t h e s i s of protamine i n tr o u t t e s t i s c e l l s (Wigle and Dixon, 

1970). 

Galper and D a r n e l l (1969) reported that i n h i b i t i o n of 

formyl a t i o n by aminopterin d i d not a f f e c t the growth of HeLa 

c e l l s . Brown and Smith (1970), using a mouse a s c i t e s system, 

have found that i n i t i a t i o n by methionyl-tRNA-., i s not dependent 
F* 

upon formy l a t i o n at low Mg . Indeed, i n t h i s system formylation 

of methionyl-tRNA destroys i t s i n i t i a t i n g a b i l i t y . 

From wheat germ, L e i s and K e l l e r (1970) demonstrated 3 

chromatographically d i s t i n c t methionine-accepting tRNAs of which 

two s p e c i e s , one major and one minor, appear to f u n c t i o n i n 

p r o t e i n chain i n i t i a t i o n , as demonstrated by the AUG-dependent 

r e a c t i o n with puromycin on wheat germ ribosomes. The minor 

methionyl-tRNA (which probably i n i t i a t e s i n the o r g a n e l l e s ) , was 

formylatable by a transformylase i n wheat germ e x t r a c t s , but the 

i n i t i a t i n g major inethionyl-tRNA was not fo r m y l a t a b l e . 

These r e s u l t s have been confirmed i n wheat germ by Marcus, 

Weeks, L e i s and K e l l e r (1970), Tarrago, Monasterio and Allende 

(1970), and Ghosh, Grishko and Ghosh (1971). Yarwood, Boulter 

and Yarwood (1971) have d e r i v e d s i m i l a r c o n c l u s i o n s from V.faba 

s t u d i e s . 

I n i t i a t i o n i n E . d o l i r e q u i r e s at l e a s t three p r o t e i n f a c t o r s 

( F I , F I I and F i l l ) f o r n a t u r a l mRNA t r a n s l a t i o n . These 

i n i t i a t i o n f a c t o r s are normally a s s o c i a t e d with the ribosome 

(Brawerman and E i s e n s t a d t , 1966; E i s e n s t a d t and Brawerman, 

1966; Revel and Gros , 1966; Stanley, S a l a s , Wahba, Ochoa, 

1966; S a l a s , H i l l e , L a s t , Wahba, Ochoa, 1967; S a l a s , M i l l e r , 
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Wahba, Ochoa, 1967). 

Marcus (1970) using tobacco mosaic virus-T?NA i n a wheat 

embryo system has demonstrated an i n i t i a t i o n complex r e q u i r i n g 

ATP and 2 p r o t e i n f a c t o r s , ( i s o l a t e d from the high-speed 

supernatant). ATP was thought to be an absolute requirement 

but f u r t h e r work i n d i c a t e s that i t may be r e p l a c e a b l e by GTP 

(J.D. Bewley, p r i v a t e communication, 1972). 

( i i i ) Peptide chain elongation 
+ 2 + 

Elongation of the peptide c h a i n r e q u i r e s K , Mg , GTP, 

charged-tRNA, and a s o l u b l e enzyme f r a c t i o n containing the 

"Transfer f a c t o r s " . 

Transfer f a c t o r s have been r e s o l v e d c l e a r l y i n E . c o l i 

and Pseudomonas f l u o r e s c e n s and were designated Tu^Ts and G. 

( K a z i r o and Inoue, 1968; Parmeggiani, 1968; Lucas-Lenard 

and Lipmann, 1966). The f a c t o r s from B a c i l l u s stearothermophilus 

S I , S2, S3, ( S k o u l t c h i , Ono, Moon and Lengyel, 1968) correspond 

to Ts, G and Tu r e s p e c t i v e l y . Yeast t r a n s f e r enzymes were 

r e s o l v e d i n t o 2 f r a c t i o n s comparable with Tu and G ( R i c h t e r and 

K l i n k , 1967; C i f e r r i , P a r i s i , P e r a n i , Grandi, 1968). 

The need for GTP and f a c t o r s i n a t t a c h i n g aminoacyl-tRNA 

to the mRNA-ribosome complex was f i r s t e s t a b l i s h e d i n a c e l l -

f r e e system from r e t i c u l o c y t e s (when 2 t r a n s f e r f a c t o r s were 

recorded) by Arlinghaus, Schaeffer and Schweet (1964). These 

requirements for b a c t e r i a l f a c t o r s were not e s t a b l i s h e d u n t i l 

much l a t e r . 

Chain elongation was s t u d i e d mainly with Poly-U which 
2 + 

promoted poly phenylalanine s y n t h e s i s at "high" Mg con-
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c e n t r a t i o n . At high Mg there was a strong aminoacyl-tRNA 

binding which i s independent of f a c t o r s and GTP. (Kurland, 

1966; Ravel, 1967). Subsequently, work i n the E . c o l i system 

(Ravel, 1967) and the yeast system (Ayuso and Heredia, 1968; 

R i c h t e r and K l i n k , 1968) using the s y n t h e t i c messenger at 
2+ 

lower Mg l e v e l s , demonstrated the need for GTP and t r a n s f e r 

f a c t o r s i n binding phenylalanyl-tRNA to the ribosome-Poly-U 

complex. Pestka (1968) and Ravel (1967) using E . c o l i ribosomes 

and Poly-U, have shown that a ribosome d i p e p t i d y l - p h e n y l a l a n y l -

tRNA may be formed which may or may not be c a t a l y s e d 

e n z y m a t i c a l l y . Diphenylalanyl-tRNA i s an analogue of 

fMet-tRNAp and may serve as a chain i n i t i a t o r . (Lipmann,1967; 

Nakamoto and Kolakofsky, 1966). Although S i l e r and Moldave, 

(1969) using r a t l i v e r , and B u s i e l l o , d i Girolamo and F e l i c e t t i 

(1971) using r e t i c u l o c y t e s , showed that l i t t l e or no 

diphenylalanyl-tRNA was formed when these ribosomes were 

incubated with phenylalanyl-tRNA and Poly-U, Rahamimoff, Baksht, 

Lapidot and de Groot (1972) report that incubation of r a b b i t 

r e t i c u l o c y t e ribosomes with p u r i f i e d phenylalanyl-tRNA i n the 

absence of t r a n s f e r f a c t o r s and GTP gave considerable amounts 

of di-phenylalanyl-tRNA. 

T r a n s f e r f a c t o r s from p l a n t s have been recorded. Allende 

(1969) reported p a r t i a l p u r i f i c a t i o n of wheat embryo f a c t o r s . 

Legocki and Marcus (1970) d e s c r i b e d p a r t i a l p u r i f i c a t i o n of two 

soluble t r a n s f e r f a c t o r s from wheat germ. App (1969) has 

i s o l a t e d two f a c t o r s from the high-speed supernatant from r i c e 

embryos. 
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C i f e r r i , P a r i s i , P e r a n i and Grandi (1968), working with 

an E . c o l i t r a n s f e r system, have i n d i c a t e d that yeast f a c t o r s 

are able to s u b s t i t u t e for Tu and G f a c t o r s of E . c o l i . Ts 

from E . c o l i could not be rep l a c e d by the yeast s u b f r a c t i o n . 

Allende (1969), employing components from wheat embryo, guinea-

pig l i v e r , E . c o l i and tobacco l e a f c h l o r o p l a s t s (70s ribosomes) 

notes that the t r a n s f e r enzymes from p l a n t systems can fu n c t i o n 

with ribosomes from animal sources. The r e v e r s e o b t a i n s , but 

these components cannot be exchanged with t h e i r b a c t e r i a l 

counterpart s. 

Drews, Hogenauer, Linger and Weil (1971) and Chatter j e e , 

Bose, Woodley and Gupta (1971) have i n d i c a t e d that the methionyl-

tRNA from mammalian c e l l s may have a dual 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 . Methionyl-tRNA„„ was found to donate methionine i n t o 

i n t e r n a l p o s i t i o n s of nascent peptide c h a i n s . 

Using systems from mouse l i v e r and a s c i t e s tumour c e l l s , 

Drews, Grasmuk and Weil (1972) report r e s u l t s t h a t T-factor 

does not only promote the binding of methionyl-tRNA^ to 

ribosomes but can a l s o c a t a l y s e the ribosomal attachment of 

methionyl-tRNA_„ very e f f i c i e n t l y . However, the p r e f e r e n t i a l 

i n c o r p o r a t i o n of methionine from methionyl-tRNA^ i n peptide 

chain elongation, which becomes evident when both methionine-

accepting tRNAs are introduced i n t o a c e l l - f r e e system i n 

s a t u r a t i n g c o n d i t i o n s , i s c o l l a t e r a l with the f i n d i n g that 

T - f a c t o r , when provided with both i s o - a c c e p t i n g tRNAs, d i s p l a y s 

a strong preference for the ribosomal binding of methionyl-

tRNA^. I t might be that s t r u c t u r a l f e a t u r e s inherent i n the 
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n u c l e o t i d e sequences of methionyl-tRNA M and methionyl-tRNA^^ 

are r e s p o n s i b l e for q u a n t i t a t i v e d i f f e r e n c e s i n the c a p a c i t i e s 

of these tRNAs to a s s o c i a t e with GTP, T - f a c t o r s and the r i b o -

somal A - s i t e . These authors a l s o showed that the formylation 

of the oc-amino group of methionyl-tRNA p 4 j, i s completely 

p r o h i b i t i v e to the r e c o g n i t i o n of t h i s tl?NA by T - f a c t o r . 

R i c h t e r , Lipmann, Tarrago and Allende (1971) have 

demonstrated the formation of an unstable t e r n a r y complex of 

GTP, methionyl-tRNA_ from yeast or wheat embryo and t r a n s f e r 

f a c t o r p r e p a r a t i o n s from these organisms. The ternary complex 

from yeast was non-functional when introduced i n t o a c e l l - f r e e 

p r o t e i n - s y n t h e s i s i n g system containing yeast ribosomes and 

Poly(AUG) whereas the analogous complex with methionyl-tRNA^ 

was very a c t i v e i n polymethionine s y n t h e s i s , 

( i v ) Polypeptide chain termination and r e l e a s e ; 

Chain termination i n E . c o l i e x t r a c t s occurs f o l l o w i n g 

t r a n s l a t i o n of one of the three terminator codons UAA, UAG or 

UGA. (Capecchi, 1967; Caskey, Tompkins, S c o l n i c k , Caryk and 

Nirenberg, 1968; L a s t , Stanley, S a l a s , H i l l e , Wahba and Ochoa, 

1967). Milman, G o l d s t e i n , S c o l n i c k and Caskey (1969) have 

d i f f e r e n t i a t e d 3 r e l e a s e f a c t o r s of E . c o l i . The f a c t o r s are 

designated R 1, R g and S, where R^ rec o g n i s e s UAA and UAG, R 2 

recognises UAA and UGA and S a c c e l e r a t e s the r e l e a s e r a t e s 

induced by R^ or R,,. 

Beaudet and Caskey (1971) using r a b b i t r e t i c u l o c y t e r i b o 

somes and r e l e a s e f a c t o r s from r e t i c u l o c y t e s , Chinese hamster 

l i v e r and guinea-pig l i v e r , have demonstrated that these 
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terminator codons probably a c t i n the same way i n mammals 

(eu k a r y o t e s ) . R e s u l t s are not a v a i l a b l e f o r polypeptide chain 

termination i n p l a n t s . For more comprehensive treatments of 

chain termination see: B a s i l i O j B r a v o and Allende (1966), S o i l , 

C h e r a y i l and Bock (1967), Caskey, Beaudet and Nirenberg (1968), 

Lengyel and S o i l (1969), Allende (1969), von E h r e n s t e i n (1970) 

and Nirenberg (1970). 

Turnip Yellow Mosaic V i r u s : 

TYMV i s a RNA v i r u s f i r s t d e s c r i b e d by Markham and Smith 

(1946). The a b i l i t y of TYMV to i n f e c t p l a n t s appears to be 

confined almost e n t i r e l y to the C r u c i f e r a e , and the common 

experimental host i s Chinese cabbage, B r a s s i c a p e k i n e n s i s . 

(For a comprehensive review of TYMV see: Matthews and Ralph, 

1966). 

I t seems probable that i n f e c t i o u s TYMV-RNA, l i k e the RNA 

of tobacco mosaic v i r u s , c o n s i s t s of one polynucleotide c h a i n 

r e p r e s e n t i n g the f u l l RNA complement of the i n t a c t v i r u s . 

Klug, Longley and Leberman (1966) suggest that TYMV-RNA e x i s t s 

i n s i t u i n 32 packets. The RNA i s enclosed w i t h i n a s i n g l e 

i c o s a h e d r a l p r o t e i n s h e l l comprising 180 s t r u c t u r e u n i t s . 

( H a r r i s and Hindley, 1961; Symons, Rees, Short and Markham, 

1963). The 180 u n i t s are c l u s t e r e d i n groups of 5 and 6 to 

produce 32 capsomeres. (Nixon and Gibbs, 1960; Huxley and 

Zubay, 1960). 

Bound to the RNA i s v i r u s - s p e c i f i c polyamine. (Johnson 

and Markham, 1962). Subsequently, Beer and Kosuge (1970), 

examining the polyamine, found that spermidine accounted for 

approximately 1% v i r u s weight while spermine accounted for l e s s 
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t h a n 0.04%. 

A s u r v e y of the p e p t i d e f r a g m e n t s , d e r i v e d from t h e 

p r o t e i n components f o l l o w i n g i t s d i g e s t i o n w i t h t r y p s i n , 

l e d t o t h e 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 of 11 uni q u e p e p t i d e 

s e q u e n c e s , w h i c h c o l l e c t i v e l y a c c o u n t f o r t h e e n t i r e 

c o m p o s i t i o n o f t h e v i r u s p r o t e i n . The p r o t e i n of t h e v i r u s 

has t h u s been shown to be composed o f i d e n t i c a l p o l y p e p t i d e 

c h a i n s e a c h c o n t a i n i n g 189 amino a c i d r e s i d u e s . ( H a r r i s and 

H i n d l e y , 1 9 6 5 ) . V a l i n e , i s o l e u c i n e and l e u c i n e a c c o u n t f o r 

2 5 % o f t h e t o t a l r e s i d u e s . 

I t h a s been deduced t h a t t h e r e i s s u f f i c i e n t RNA i n a 

s i n g l e TYMV complement t o code f o r 10-12 p r o t e i n s about t h e 

s i z e of t h e v i r a l c o a t p r o t e i n . However, i f any o t h e r p r o t e i n s 

coded f o r by the v i r a l - R N A were o f a v e r a g e s i z e , fewer t h a n 10 

( p r o b a b l y 2-4) c o u l d be coded f o r i n a d d i t i o n t o t h e v i r a l 

c o a t . One or more o f t h e s e a d d i t i o n a l p r o t e i n s w i l l p resumably 

be t h e v i r a l p o l y m e r a s e o f p o l y m e r a s e s . O t h e r s may be c o n c e r n e d 

w i t h t h e s y n t h e s i s o f t h e poly a m i n e found i n TYMV. I t seems most 

p r o b a b l e t h a t TYMV c o a t p r o t e i n d e r i v e s from t h e 80s ( c y t o p l a s m i c ) 

r i b o s o m e s (Matthews and R a l p h , 1 9 6 6 ) . 

A d o u b l e - s t r a n d e d TYMV-RNA i s a s s o c i a t e d w i t h t h e c h l o r o p l a s t 

f r a c t i o n from i n f e c t e d l e a v e s ( R a l p h and C l a r k , 1 9 6 6 ) . R a l p h , 

B u l l i v a n t and W o j c i k ( 1 9 7 1 ) c o n f i r m e d t h i s r e p o r t and have 

p o s t u l a t e d t h a t v i r a l - R N A r e p l i c a t e s i t s e l f i n t h e c h l o r o p l a s t 

v e s i c l e s , which were f i r s t d e m o n s t r a t e d by Ushiyama and 

Matthews ( 1 9 7 0 ) . The n a s c e n t TYMV-RNA from t h e s e v e s i c l e s 

moves t o " p o c k e t s " between c h l o r o p l a s t s where t h e v i r u s i s 
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r a p i d l y a s s e m b l e d . 

A s t i e r - M a n i f a c i e r and C o r n u e t (1971) have d e m o n s t r a t e d 

a RNA-dependent T?NA-polymerase from the c h l o r o p l a s t i c f r a c t i o n 

of C h i n e s e cabbage l e a v e s . A l though t h e enzyme i s found i n 

a p p a r e n t l y h e a l t h y p l a n t s , i t s s p e c i f i c a c t i v i t y i n c r e a s e s 

d u r i n g t h e f i r s t week o f i n f e c t i o n by TYMV. 

I n summary t h e mechanism f o r t r a n s l a t i o n on t h e 70s 

p r o k a r y o t i c ribosome i s known i n some d e t a i l . Much l e s s i s 

known of t h e mechanism on the 80s c y t o p l a s m i c ribosome of a n i m a l s 

and even l e s s f o r p l a n t s . 

The p r e s e n t i n v e s t i g a t i o n i s an attempt t o d e t e r m i n e some 

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

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

by s y n t h e t i c and v i r a l messenger m o l e c u l e s . To f u r t h e r t h i s , an 

attempt i s made to c h a r a c t e r i s e a c r u d e , homologous c e l l - f r e e 

80s r i b o s o m a l system from P h a s e o l u s a u r e u s and t o s u b s t i t u t e 

tRNAs from a c l o s e l y r e l a t e d legume, V i c i a f a b a , and a u n i c e l l u l a r 

e u k a r y o t e , y e a s t , when t h e s y s t e m i s d i r e c t e d by P o l y - U or RNA 

from T u r n i p Y e l l o w Mosaic V i r u s . The v i r a l - R N A may be r e g a r d e d 

a s non-homologous t o t h e P h a s e o l u s a u r e u s i n v i t r o s ystem s i n c e 

t h e v i r u s i s not known to i n f e c t t h a t p l a n t . 

I t s h o u l d be n o t e d t h a t y e a s t tRNA i s a c o m m e r c i a l 

p r e p a r a t i o n . 
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B i o l o g i c a l M a t e r i a l s . 

A) B r a s s i c a p e k i n e n s i s v a r Wong Bok s e e d s were o b t a i n e d 

from Thompson and Morgan, London Road, I p s w i c h , S u f f o l k , and 

grown a t t he U n i v e r s i t y o f Durham S c i e n c e S i t e greenhouse i n 

an a r t i f i c a l s o i l m i x t u r e i n 4" p l a s t i c p o t s a t 21° - 25° 

N a t u r a l l i g h t was supplemented, i f n e c e s s a r y , w i t h 

f l u o r e s c e n t l i g h t i n g t o g i v e a day l e n g t h o f 15-17 h r . 

P l a n t s were w a t e r e d t w i c e a day i f w a r r a n t e d . 

B ) T u r n i p Y e l l o w Mosaic V i r u s was o b t a i n e d from 

Mr. I.M. Thompson and was the Cambridge s t r a i n p r o p a g a t e d 

by Dr. R.E.F. Matthews i n New Z e a l a n d . 

( 1 ) I noculum: A T Y M V - i n f e c t e d l e a f o f B r a s s i c a 

p e k i n e n s i s v a r Wong Bok was ground i n a mortar w i t h a s m a l l 

amount o f carborundum and s t e r i l e w a t e r . 

( 2 ) I n o c u l a t i o n : P l a n t s were f i n e l y s p r i n k l e d w i t h 

carborundum. An i n d e x f i n g e r was d i p p e d i n t o the i n o c u l u m and 

rubbed l i g h t l y over a l e a f . P l a n t s a t the 4-6 l e a f s t a g e were 

used , b u t more mature p l a n t s c o u l d be use d . 

( 3 ) I n f e c t i o n : About 2 weeks a f t e r i n o c u l a t i o n t h e mosaic 

syndrome was a p p a r e n t . H a r v e s t i n g of l e a v e s took p l a c e a t 

4-8 weeks a f t e r i n o c u l a t i o n . A p p r o x i m a t e l y 4% of p l a n t s 

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

C ) P h a s e o l u s a u r e u s s e e d s were o b t a i n e d from t h e T y n e s i d e 

Seed Company, G a t e s h e a d , Co. Durham, and were us e d e i t h e r 

i m b i b e d or i n a g e r m i n a t i n g s t a t e . 
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( 1 ) I m b i b i t i o n : Dry s e e d s were soaked i n i n t e r m i t t e n t 

r u n n i n g t a p water f o r 24-36 h r , r i n s e d i n s e v e r a l changes o f 

s t e r i l e d i s t i l l e d w a t e r a t room t e m p e r a t u r e , and d r i e d on 

a b s o r b e n t p a p e r . 

(2) G e r m i n a t i o n : Seeds t o be g e r m i n a t e d were t r e a t e d 

f i r s t a s i n C ( l ) . The i m b i b e d s e e d s were p l a c e d i n 7 0 % (V/V) 

e t h a n o l - s t e r i l i s e d p l a s t i c s e e d t r a y s l i n e d w i t h dampened 

a b s o r b e n t p a p e r , and k e p t i n t h e d a r k a t room t e m p e r a t u r e 

under an i n t e r m i t t e n t o v e r h e a d water s p r a y . A f t e r 6 d a y s , 

when h a r v e s t e d , the emergent p l u m u l e s were a p p r o x i m a t e l y 10 cm 

l o n g . 

M i c r o b i a l c o n t a m i n a t i o n was not a p p a r e n t . 

D) V i c i a f a b a v a r T r i p l e w h i t e s e e d s were o b t a i n e d from t h e 

T y n e s i d e Seed Company, G a t e s h e a d , Co. Durham. The s e e d s were 

u s e d e i t h e r i n a g e r m i n a t i n g or d e v e l o p i n g s t a t e . 

( 1 ) G e r m i n a t i o n : Dry s e e d s were soaked f o r 24 hr i n 

i n t e r m i t t e n t r u n n i n g t a p w a t e r . The imbibed s e e d s were immersed 

i n 1 0 % c a l c i u m h y p o c h l o r i t e s o l u t i o n ( 3 . 5 % a v a i l a b l e c h l o r i n e ) . 

A f t e r 3 min c o n t a c t t h e s e e d s were r e p e a t e d l y r i n s e d i n s t e r i l e 

d i s t i l l e d w a t e r a t room t e m p e r a t u r e u n t i l t h e odour o f 

c h l o r i n e was not d e t e c t a b l e . The s e e d s were p l a n t e d i n 

m o i s t e n e d V e r m i c u l i t e i n 7 0 % (V/V) e t h a n o l - s t e r i l i s e d p l a s t i c 

s e e d t r a y s , w h i c h were k e p t i n t h e dark under an i n t e r m i t t e n t 

o v e r h e a d water s p r a y . A f t e r 6-8 d a y s , when h a r v e s t e d , the 

p l u m u l e s were a p p r o x i m a t e l y 5 cm l o n g . 

M i c r o b i a l c o n t a m i n a t i o n was not a p p a r e n t . 
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( 2 ) D e v e l o p i n g : Seeds were grown i n t h e open a t t h e 

U n i v e r s i t y o f Durham S c i e n c e S i t e garden, and were h a r v e s t e d 

50 days a f t e r f i r s t f l o w e r i n g . Some beans were p r o c e s s e d a t 

once, the r e s t f r o z e n under l i q u i d n i t r o g e n , t o be s t o r e d . 

C h e m i c a l s and R e a g e n t s : 

Adenosine 5' t r i p h o s p h a t e , d i s o d i u m s a l t , 

from e q u i n e m u s c l e ; 

G u a n o s i n e 5 1 t r i p h o s p h a t e , sodium s a l t , 

from e q u i n e m u s c l e ; 

C r e a t i n e p h o s p h o k i n a s e , from r a b b i t m u s c l e ; 

P h o s p h o c r e a t i n e , d i s o d i u m s a l t ; 

P o l y u r i d y l i c a c i d , p o t a s s i u m s a l t ; 

L-amino a c i d s ; 

Reduced g l u t a t h i o n e ; 

B o v i n e serum a l b u m i n . 

Y e a s t tRNA. B o e h r i n g e r C o r p o r a t i o n , London. 

2, 5, D i p h e n y l o x a z o l e (PPO) 

1, 4, b i s 2 - ( 5 - p h e n y l o x a z o l y l ) benzene 

(P0P0P) 

amino a c i d s : 
D L - l e u c i n e 55 mCi/mmol. 

59 mCi/mmol 

34 mCi/mmol 

23.4mCi/mmol 

41.4mCi/mmol 

23.6mCi/mmol 

{ u 1 4 c j amino a c i d m i x t u r e (CFB 104) 

D L - p h e n y l a l a n i n e 

D L - v a l i n e 

D L - a l a n i n e 

D L - g l y c i n e 

D L - g l u t a m i c a c i d 

Sigma 

Chem. Co., 

London. 

K o c h - L i g h t , 

C o l n b r o o k , 

B u c k s . 

R a d i o c h e m i c a l 

C e n t r e , 

Amersham, Bucks, 



C o m p o s i t i o n by a c t i v i t y o f 

L - a l a n i n e 1 0 % 

L - a r g i n i n e 6.5% 

L - a s p a r t i c a c i d 9.0% 

L - g l u t a m i c a c i d 1 2 . 5 % 

g l y c i n e 5.0% 

L - l e u c i n e 12.0% 

L - i s o l e u c i n e 5.0% 

C I amino a c i d m i x t u r e ^ 

L - l y c i n e 5.5% 

L - p h e n y l a l a n i n e 7.0% 

L - p r o l i n e 6.0% 

L - s e r i n e 5.0% 

L - t h r e o n i n e 6.0% 

L - t y r o s i n e 3.5% 

L - v a l i n e 7.0% 

S p e c i f i c a c t i v i t y 52 mC/m Atom c a r b o n 

A l l o t h e r c h e m i c a l s were o b t a i n e d from B.D.H. L t d . , P o o l e , 

D o r s e t , E n g l a n d , and were a n a l y t i c a l g r a d e , where a v a i l a b l e 

A r t i f i c i a l S o i l 

Loam 

Sphagnum p e a t 

S h a r p s a n d 

John I n n e s B a se F e r t i l i s e r 

C h a l k 

S c i n t i l l a t i o n f l u i d : 

PP0 

P0P0P 

AnalaR T o l u e n e t o 1 l i t r e 

M i c rosomal e x t r a c t a n t : 

S u c r o s e 

Magnesium c h l o r i d e 

P o t a s s i u m c h l o r i d e 

T r i s - H C l b u f f e r , pH 7.6 a t 0 C 

7 b u s h e l s 

4 b u s h e l s 

2 b u s h e l s 

52 oz 

13 oz 

4.5 g 

0.1 g 

0.4M 

0.005M 

0.016M 

0.05M 
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M i c r o s o m a l R e s u s p e n s i o n medium: 

Magnesium c h l o r i d e 0.001M 

P o t a s s i u m c h l o r i d e 0.001M 

T r i s - H C l b u f f e r , pH 7.6 a t 0° 0.01M 

D i a l y s i s B u f f e r f o r High-Speed S u p e r n a t a n t ; 

Magnesium c h l o r i d e 0.005M 

P o t a s s i u m c h l o r i d e 0.016M 

T r i s - H C l b u f f e r , pH 7.6 a t 0° 0.05M 

T r a n s f e r RNA e x t r a c t a n t : 

Magnesium c h l o r i d e 0.003M 

P o t a s s i u m c h l o r i d e 0.024M 

T r i s - H C l b u f f e r , pH 7.6 a t 20° 0.1M 

TYMV e x t r a c t a n t s ; 

Magnesium b e n t o n i t e was p r e p a r e d by t h e method of Dunn 

and H i t c h b o r n ( 1 9 6 5 ) . F i n a l c o n c e n t r a t i o n : 50 mg b e n t o n i t e / m l , 

S t o r e d a t 5°. 

Disodium hydrogen phosphate ) 
) 0.01M 

P o t a s s i u m d i h y d r o g e n p h o s p h a t e ) 

Magnesium s u l p h a t e 0.005M 

TYMV-RNA e x t r a c t a n t : (Dunn and H i t c h b o r n ) 

Sodium c h l o r i d e 0.5M 

Disodium EDTA 0.01M 

T r i s - H C l b u f f e r , pH 7.6 a t 20° 0.5M 

Sodium b e n t o n i t e s u s p e n s i o n was p r e p a r e d by t h e method o f Dunn 

and H i t c h b o r n ( 1 9 6 6 ) . F i n a l c o n c e n t r a t i o n approx. 26 mg/ml. 

S t o r e d a t 5 ° . 
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S o l u t i o n s r e q u i r e d f o r P o l y a c r y l a m i d e g e l 

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

A c r y l a m i d e and b i s a c r y l a m i d e were r e c r y s t a l l i s e d by 

t h e method o f L o e n i n g (19621). 

2-5% s t o c k a c r y l a m i d e s o l u t i o n : 

R e c r y s t a l l i s e d a c r y l a m i d e 15 g 

R e c r y s t a l l i s e d b i s a c r y i a m i d e 0.75g 

D i s t i l l e d w a t er t o 100 ml 

S t o c k 5 x c o n c e n t r a t e d b u f f e r , pH 7.6 - 7.7 

T r i s 21.8 g = f i n a l r u n n i n g concn. 36 mM 

NaH_ 2P0 42H 20 23.4 g = » » " 30 mM 

Disodium EDTA 2H 20 1.85 g = " " " 1 mM 

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

[ l 2cjami amino a c i d m i x t u r e : 

A l a n i n e , a r g i n i n e , a s p a r a g i n e , a s p a r t i c a c i d , c y s t e i n e , 

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

l e u c i n e , l y s i n e , m e t h i o n i n e , p h e n y l a l a n i n e , p r o l i n e , s e r i n e , 

t h r e o n i n e , t r y p t o p h a n , t y r o s i n e , v a l i n e were t h e 20 L - amino 
Pi 2 1 

a c i d s used i n t h e p r e p a r a t i o n o f t h e C j amino a c i d m i x t u r e s . 

The s o l u t i o n s were made t o 1 mM w i t h r e s p e c t to e a c h amino 

a c i d . Whichever L 1 4cJ l a b e l was used, t h e e q u i v a l e n t 
r i 4 " i 

amino a c i d was o m i t t e d from t h e m i x t u r e , t h u s f o r one |_ CJ 

l a b e l a 19 [^2c] mix was p r e p a r e d ; f o r m u l t i - { ^ " 4 c | l a b e l s a 

6 £j" 2c] mix was p r e p a r e d , c o n s i s t i n g o f L - m e t h i o n i n e , L - c y s t e i n e , 

L - g l u t a m i n e , L - a s p a r a g i n e , L - h i s t i d i n e and L - t r y p t o p h a n . 
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Methods 

1. D e t e r m i n a t i o n of p r o t e i n i n TYMV-RNA p r e p a r a t i o n s ; 

P r o t e i n was d e t e r m i n e d by t h e method o f B r a m h a l l , Noack, 

Wu and Loewenberg ( 1 9 6 9 ) . T h i s method a v o i d s RNA c o m p l i c a t i o n s . 

B o v i n e serum albumin was used a s r e f e r e n c e s t a n d a r d . Ranges o f 

5-25 /ug p r o t e i n were s t a i n e d w i t h X y l e n e B r i l l i a n t C y a n i n G and 

t h e a b s o r b a n c e was d e t e r m i n e d a t 610nm on t h e U v i s p e k s p e c t r o 

photometer ( H i l g e r and W a t t s ) . Ranges o f 50-200 p.g p r o t e i n 

were s t a i n e d w i t h N a p h t h a l e n e b l u e b l a c k (Microme No. 1113) a t 

10 mg/ml i n a c e t i c a c i d : m e t h a n o l : w a t e r ( 1 : 4 : 5 ) and t h e 

a b s o r b a n c e d e t e r m i n e d a t 620nm. 

2. E s t i m a t i o n o f TYMV and RNA from a b s o r b a n c e 

measurements a t 260nm: 

A l l samples were s c a n n e d s p e c t r o p h o t o m e t r i c a l l y from 

190nm - 400nm e n a b l i n g v a r i o u s r a t i o s t o be c a l c u l a t e d . 

(A) TYMV. D e t e r m i n a t i o n s o f v i r u s c o n c e n t r a t i o n s 
1% assumed an e x t i n c t i o n c o e f f i c i e n t o f 70 a t E, ( G o f f e a u and I cm v 

Bove, 1965) a l t h o u g h numerous v a r y i n g e x t i n c t i o n c o e f f i c i e n t s 

appear t o be u s e d (Kaper and L i t j e n s , 1 9 6 6 ) . 

( B ) TYMV-RNA. D e t e r m i n a t i o n of v i r a l - R N A c o n c e n t r a t i o n 
1% assumed an e x t i n c t i o n c o e f f i c i e n t of 233+2 a t E ' ( H a s e l k o r n , — 1cm v ' 

1 9 6 2 ) . 

( C ) tRNA. D e t e r m i n a t i o n of tRNA c o n c e n t r a t i o n assumed 
1% an e x t i n c t i o n c o e f f i c i e n t o f 240 a t E„ (Yarwood, 1 9 6 8 ) . lcm v ' ' 

(D) Microsomes. D e t e r m i n a t i o n o f mic r o s o m a l 

c o n c e n t r a t i o n assumed an e x t i n c t i o n c o e f f i c i e n t o f 113 a t E, 
l c m 

( T ' s o and Vi n o g r a d , 1 9 6 1 ) . 
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3. E s t i m a t i o n of r a d i o a c t i v i t y i n 5%(W/V) 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 e p t i d y l ) m a t e r i a l (90°): 
ft 4 1 

I n c o r p o r a t i o n o f [_ C j amino a c i d s i n t o p e p t i d y l m a t e r i a l 

was d e t e r m i n e d by t h e method o f Mans and N o v e l l i ( 1 9 6 0 , 1 9 6 1 ) , 

u s i n g 3 MM Whatman 2.2 cm diam. f i l t e r - p a p e r d i s c s . The d i s c s 

were d r i e d w i t h a Morphy-Richards h a i r d r y e r and washed by t h e 

method o f Mans and N o v e l l i ( 1 9 6 1 ) . The d i s c s were p l a c e d i n 

v i a l s c o n t a i n i n g 10 ml s c i n t i l l a t i o n f l u i d and t h e r a d i o a c t i v i t y 

e s t i m a t e d w i t h a Beckman L i q u i d S c i n t i l l a t i o n c o u n t e r . Quench 
r ~ i 4 i 

c u r v e s , c a l c u l a t e d f r o m p i p e t t i n g known amounts of | CJ amino 

a c i d s onto d i s c s , i n d i c a t e d an approximate e f f i c i e n c y of 90%. 

A l l s amples were c o u n t e d t o a c o n f i d e n c e l i m i t of _+ 3%, a 

f u n c t i o n o f c.p.m. and t i m e . E x t e r n a l s t a n d a r d s were r e c o r d e d 

w i t h e v e r y sample c o u n t . 

B l a n k d i s c s i . e . d i s c s which had accompanied t h e sample 

d i s c s through t h e washing p r o c e d u r e , were a l w a y s i n c l u d e d i n 

sample c o u n t i n g a t t h e r a t e o f 1 0 % sample t o t a l or 10, w h i c h e v e r 

was t h e l e s s . V i a l s o f s c i n t i l l a n t were a l w a y s c o u n t e d b e f o r e 

u s e and o n l y t h o s e h a v i n g v a l u e s o f between 50-60 c.p.m. were 

u s e d . 
Tl4l 

4. E s t i m a t i o n of L 01 a m i n o a c y l a t i o n o f tRNA; 
fi.4l 

tRNA a c y l a t i o n by |_ Cj amino a c i d s was e s t i m a t e d a s i n 

3, w i t h t h e e x c e p t i o n of t h e 90°, 5%(W/V) t r i c h l o r o a c e t i c a c i d 

wash. 

5. P r e s e n t a t i o n o f R e s u l t s ; 

( A ) P e p t i d y l i n c o r p o r a t i o n : When a s i n g l e |__ ?J l a b e l 
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was u s e d t h e r e s u l t s a r e e x p r e s s e d a s p i c a m o l I Cj amino 

a c i d i n c o r p o r a t e d / m g microsome^ or a s c.p.m./mg microsome. 

R e l e v a n t component q u a n t i t i e s o f t h e i n c u b a t i o n a r e i n c l u d e d . 

(B) A c y l a t i o n s : R e s u l t s a r e p r e s e n t e d a s c.p.m./mg 

tRNA or c.p.m./mg V i r a l - R N A . Component q u a n t i t i e s a r e i n d i c a t e d . 

6. S t e r i l i t y p r e c a u t i o n s : 

Washed g l a s s w a r e , e x c e p t p i p e t t e s and v o l u m e t r i c f l a s k s , 

was k e p t p e r m a n e n t l y i n an oven a t 160°, P i p e t t e s (0.1 ml 

and 0.2 ml) were washed w i t h d e t e r g e n t , r i n s e d i n d i s t i l l e d 

w ater and d r i e d i n an o v e n a t 60° f o r 2 h r . D i s t i l l e d w a t e r , 

used i n i n c u b a t i o n s and s o l u t i o n s , was a u t o c l a v e d and s t o r e d 

a t 4°. V o l u m e t r i c g l a s s w a r e was a u t o c l a v e d , d r i e d and s t o r e d , 

s e a l e d . S p a t u l a s , f o r c e p s , e t c . were b u r n t o f f w i t h e t h a n o l 

b e f o r e u se. 

E s s e n t i a l components o f t h e c e l l - f r e e s y s t e m were o m i t t e d 

a s a m o n i t o r i n g c o n t r o l o f m i c r o b i a l c o n t a m i n a t i o n e f f e c t s . 

7. I s o l a t i o n o f microsomes from imbibed s e e d s o f 

P h a s e o l u s a u r e u s : 

P h a s e o l u s a u r e u s s e e d s were imbibed a s d e s c r i b e d i n 

' B i o l o g i c a l M a t e r i a l s * . The be a n s were shaken i n s t e r i l e 

d i s t i l l e d w a t er t o remove t h e t e s t a s , a s f a r a s p o s s i b l e , and 

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

out a t 2-4°: 100 g beans were ground i n a mortar w i t h 75 ml 

micr o s o m a l e x t r a c t a n t p l u s m e r c a p t o e t h a n o l (0.035 ml 

m e r c a p t o e t h a n o l : 100 ml mic r o s o m a l e x t r a c t a n t ) . 

I n p r e p a r a t i v e work, t h e c e n t r i f u g e s u s e d were: 
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( i ) MSE MISTRAL 4L (4L) 

( i i ) MSE HIGH SPEED 18 (H.S.18) 

( i i i ) MSE SUPER SPEED 65 ( S . S . 6 5 ) 

-X-

The b r e i was c e n t r i f u g e d a t 2,300£ ( 4 L ) f o r 30 min. The 

s u p e r n a t a n t was d e c a n t e d through 8 l a y e r s o f s t e r i l e g a uze. 

The p e l l e t e d c e l l d e b r i s was r e g r o u n d w i t h 25 ml m i c r o s o m a l 

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

The s u p e r n a t a n t was f i l t e r e d and p o o l e d w i t h t h e f i r s t 

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

38,000c| (H.S.18) f o r 15 min and t h e p o s t - m i t o c h o n d r i a l 

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

a t 205,000c[ (S.S.65) f o r 2 h r , to p e l l e t t h e 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 h i g h - s p e e d s u p e r n a t a n t was d e c a n t e d and s t o r e d 

a t -20° f o r d i a l y s i s . The c e n t r i f u g e t u b e s were i n v e r t e d t o 

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

a b s o r b e n t t i s s u e and t h e s u r f a c e o f ea c h p e l l e t washed w i t h 1 ml 

m i c r o s o m a l r e s u s p e n s i o n medium. 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 

were r e s u s p e n d e d i n t h e m i c r o s o m a l r e s u s p e n s i o n medium a t a 

c o n c e n t r a t i o n o f 20 mg/ml microsomes b u t l a t e r i n t h i s work 

c o n c e n t r a t i o n s o f 50 mg/ml microsomes were u s e d . The y i e l d o f 

microsomes was o f t h e o r d e r o f 1 mg microsome/1 g im b i b e d 

b e a n s . 

* The c a l c u l a t i o n o f t h e c e n t r i f u g a l f i e l d i s b a s e d on t h e 

a v e r a g e r a d i u s o f r o t a t i o n o f t h e column o f l i q u i d i n t h e 

r o t o r t u b e s . 



38 

8. D i a l y s i s o f h i g h - s p e e d s u p e r n a t a n t ; 

The f o l l o w i n g p r o c e d u r e was c a r r i e d out a t 2-4° 

The h i g h - s p e e d s u p e r n a t a n t was d i a l y s e d i n V i s k i n g t u b i n g 

a g a i n s t d i a l y s i s b u f f e r . F i v e changes o f b u f f e r a t h o u r l y 

i n t e r v a l s were used a t t h e r a t e o f 100 ml b u f f e r t o 1 ml 

h i g h - s p e e d s u p e r n a t a n t . The h i g h - s p e e d s u p e r n a t a n t was 

c e n t r i f u g e d a t 4,000c[ ( 4 L ) f o r 15 min a t 4° t o p e l l e t 

g l o b u l i n s . The h i g h - s p e e d s u p e r n a t a n t was t u b e d i n 0.5 ml 

amounts i n s t e r i l e t u b e s and s t o r e d a t -70° 

9. E x t r a c t i o n o f t r a n s f e r R i b o n u c l e i c A c i d s : 

The f o l l o w i n g p r o c e d u r e was a p p l i e d to i m b i b e d P h a s e o l u s 

a u r e u s s e e d s , g e r m i n a t i n g P h a s e o l u s a u r e u s , g e r m i n a t i n g V i c i a 

f a b a and d e v e l o p i n g V i c i a f a b a . Imbibed P h a s e o l u s a u r e u s 

s e e d s (and i m b i b e d V i c i a f a b a s e e d s ) gave tRNA w h i c h had v e r y 

low a c y l a t i o n r a t e s , c o n s e q u e n t l y o n l y g e r m i n a t i n g and 

d e v e l o p i n g m a t e r i a l was used. The e x c i s e d p l u m u l e s or 

d e v e l o p i n g s e e d s (500-1000 g) were b l e n d e d by a Townsend and 

Mercer m a c e r a t o r i n 333 ml tRNA e x t r a c t a n t : 666 ml 9 0 % p h e n o l 

( V / V ) , u n t i l a s u i t a b l e homogenate was p r o d u c e d . The homogenate 

was s t i r r e d a t room t e m p e r a t u r e f o r 60 min and t h e n c o o l e d t o 5° 

The aqueous p h a s e , p h e n o l p h a s e and c e l l d e b r i s were s e p a r a t e d 

by c e n t r i f u g a t i o n a t 2,300cj ( 4 L ) f o r 30 min a t 4° The aqueous 

p h a s e was p i p e t t e d o f f and c e n t r i f u g e d a t 23,000g_ (H.S.18) f o r 

30 min a t 4° t o c o m p l e t e s e p a r a t i o n o f the p h a s e s . The aqueous 

p h a s e was t a k e n and a d j u s t e d t o 0.lM-potassium a c e t a t e u s i n g 1M-

p o t a s s i u m a c e t a t e , pH 6. Two v o l . a b s o l u t e ethanoij. ( a t -20°) 
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were added and t h e whole s t o r e d a t -20 f o r a t l e a s t 1 h r . 

The r e s u l t i n g p r e c i p i t a t e was r e c o v e r e d by c e n t r i f u g a t i o n a t 

2,300g_ ( 4 L ) f o r 15 min a t 4° and t h e p e l l e t e d p r e c i p i t a t e 

suspended i n 100 ml lM-NaCl, shaken f o r 30 min a t 0°, when 

t h e low mol.wt. RNA was e x t r a c t e d . The s u s p e n s i o n was 

c e n t r i f uged a t 23,000g_ (H. S. 18) f o r 45 min a t 4° when t h e 

h i g h mol.wt. RNA was p e l l e t e d . S u p e r n a t a n t was t a k e n and 

p r e c i p i t a t e d w i t h 2 v o l . a b s o l u t e e t h a n o l ( a t -20°) and s t o r e d 

a t - 20° f o r a t l e a s t 1 h r . The p r e c i p i t a t e was r e c o v e r e d by 

c e n t r i f u g a t i o n a t 2,300£ ( 4 L ) f o r 15 min a t 4° t h e n d i s s o l v e d 

i n 1.8M-Tris-HCl b u f f e r , pH 9 a t 37° and i n c u b a t e d a t 37° 

f o r 45 min, when the tRNA was d e a c y l a t e d ( M o s t e l l e r , C u l p and 

H a r d e s t y , 1 9 6 7 ) . The s o l u t i o n was p r e c i p i t a t e d w i t h 2 v o l . 

a b s o l u t e e t h a n o l ( a t -20°) and s t o r e d a t -20° f o r a t l e a s t 

1 h r . The p r e c i p i t a t e was r e c o v e r e d by c e n t r i f u g a t i o n a t 

2,300^ ( 4 L ) f o r 15 min a t 4° and t h e p e l l e t e d p r e c i p i t a t e was 

e v a c u a t e d and d i s s o l v e d i n 0.05M-Tris-HCl b u f f e r , pH 7.6 a t 20° 

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 a t 4,000£ ( 4 L ) 

f o r 20 min and t h e s u p e r n a t a n t chromatographed on a DEAE 52 

column. 

10. P r e p a r a t i o n o f DEAE 52 column: 

30 g Whatman p r e s w o l l e n DEAE 52 c e l l u l o s e and 180 ml 

0.05M-Tris-HCl b u f f e r , pH 7.6 a t 20° were s t i r r e d and t h e pH 

a d j u s t e d t o 7.6 w i t h 5N-HC1. The DEAE 52 s e t t l e d and t h e 

s u p e r n a t a n t was d i s c a r d e d . T r i s - H C l b u f f e r was added t o 

o r i g i n a l volume and s t i r r e d , and pH c h e c k e d . T h i s was r e p e a t e d 

u n t i l pH 7.6 o b t a i n e d . The s u s p e n s i o n was p o u r e d i n t o a 500 ml 
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m e a s u r i n g c y l i n d e r and t h e f i n e s were d e c a n t e d a f t e r 20 min. 

0.05M-Tris~HCl b u f f e r , pH 7.6 was added, e q u a l l i n g h a l f t h e 

volume o f s l u r r y . The s u s p e n s i o n was a g i t a t e d and p o u red 

i n t o a 1.5 cm diam. column. The e x c e s s b u f f e r was r u n o f f t h e 

column, compacting t h e DEAE 52. 

11. Chromatography o f t r a n s f e r RNA; (See F I G . l ) 

T h i s p r o c e d u r e was c a r r i e d out a t 2-4° u s i n g t h e method 

o f Smith and Fowden ( 1 9 6 8 ) . tRNA i n 0.05M-Tris~HCl b u f f e r , 

pH 7.6 was a b s o r b e d onto t h e column, t h e column b e i n g c o n n e c t e d 

t o an ISCO model 222 u l t r a - v i o l e t 254nm a b s o r b e n c y a n a l y s e r 

and a c h a r t r e c o r d e r . S t e p - w i s e e l u t i o n was c a r r i e d out u s i n g 

a f i r s t s t e p o f 0.05M-Tris-HCl b u f f e r , pH 7.6 t o remove 

e x t r a n e o u s m a t e r i a l , and a second s t e p o f lM-NaCl i n 0.05M»Tris-HCl 

b u f f e r , pH 7.6 t o d i s p l a c e tRNA. The N aCl e l u a t e was a d j u s t e d 

t o 0.1M w i t h r e s p e c t - t o p o t a s s i u m - a c e t a t e and p r e c i p i t a t e d w i t h -

2 v o l . a b s o l u t e e t h a n o l ( a t -20°) and s t o r e d a t <-20° f o r a t 

l e a s t 1 h r . The tRNA was r e c o v e r e d by c e n t r i f u g a t i o n a t 

4,000g_ ( 4 L ) f o r 30 min a t 4° The p e l l e t was e v a c u a t e d and 

d i s s o l v e d i n a minimum volume o f s t e r i l e d i s t i l l e d w a t e r . The 

m a t e r i a l was s t o r e d i n s t e r i l e t u b e s a t -70°. S p e c t r o p h o t o m e t r y 

d e t e r m i n e d t h e tRNA c o n c e n t r a t i o n . The y i e l d s were not 

p r e d i c t a b l e . G e r m i n a t e d m a t e r i a l y i e l d e d between 5-100 mg/kg o f 

s t a r t i n g m a t e r i a l . tRNA from g e r m i n a t i n g m a t e r i a l h a d a 

c h a r a c t e r i s t i c p i n k c o l o u r from F h a s e o l u s a u r e u s and a v a r i a b l e 

i n t e n s e b l u e c o l o u r from V i c i a f a b a . 
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F i g . l . DEAE52 chromatography of tRNA from 50-day 
developing seed of V. faba. 

0.05M-Tris IM-NaCl—0.05M-Tris 

i n 
CM 0.5 

UJ 

i 

Eiution v o l . Cml x 10"^) 

This trace i s q u a l i t a t i v e l y c h a r a c t e r i s t i c of a l l 
tRNA material processed i n t h i s investigation 
independent of source. 
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12. E x t r a c t i o n of Turnip Yellow Mosaic V i r u s ; 

TYMV was c u l t i v a t e d i n B r a s s i c a p e k i n e n s i s as desc r i b e d 

i n ' B i o l o g i c a l M a t e r i a l * . The method of e x t r a c t i o n was that 

of Dunn and Hitchborn (1965). 100 g of l e a f t i s s u e were ground 

with 50 ml magnesium bentonite and 5 ml 0.1M-MgSC>4. The sap 

expressed from the macerate was c e n t r i f u g e d at 30,000g_ (S.S.65) 

f o r 20 min a t 4°. The supernatant was taken and c e n t r i f u g e d 

at 150,000a. (S.S.65) f o r 1 hr at 4°. The p e l l e t s from t h i s 

c e n t r i f u g a t i o n were suspended i n 0.005M-MgS04—O.OlM-phosphate, 

using a volume equal to approximately 10% that of the sap, and 

0. 1 ml bentonite p r e p a r a t i o n was added per 1 ml of suspension. 

The 30,000g_ c e n t r i f ugation step was repeated to remove bentonite 

and the supernatant was c e n t r i f u g e d at I50,000g_ (S.S.65) f o r 

1 hr at 4° to p e l l e t the v i r u s . The v i r a l p e l l e t was stored 

at 4° and RNA e x t r a c t i o n was accomplished w i t h i n 4 days' 

storage, i n view of evidence t h a t RNA degrades w i t h i n s t o r e d 

v i r u s (Haselkorn, 1962). The y i e l d was estimated spectrophoto-

m e t r i c a l l y and was of the order of 1 mg v i r u s / 1 g i n f e c t e d l e a v e s . 

13. E x t r a c t i o n of RNA from Turnip Yellow Mosaic V i r u s : 

Two methods were employed i n the e x t r a c t i o n of RNA from 

TYMV. The f i r s t method e x a c t l y followed Dunn and Hitchborn (1966) 

1. e. when TYMV i s t r e a t e d with 33% (V/V) ethanol i n the presence 

of sodium c h l o r i d e and at n e u t r a l pH 9the p r o t e i n i s p r e c i p i t a t e d 

and the RNA remains i n s o l u t i o n . Only small q u a n t i t i e s of v i r u s 

could be processed at one time and scaling-up of the technique 

l e d e i t h e r to use of va s t amounts of glassware and the 
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accompanying c e n t r i f u g a t i o n problems, or to denaturing of the 

RNA product when l a r g e r volumes were processed i n one v e s s e l . 

The second method was based on the phenol e x t r a c t i o n 

procedures of Haselkorn (1962) and Fraenkel-Conrat (1969). 

The v i r u s was d i s s o l v e d i n O.OlM-NaCl to give a 1-3 mg/ml 

conc e n t r a t i o n . T h i s was gently shaken with an equal volume 

of 90% (V/V) r e d i s t i l l e d phenol f o r 15 min a t room temperature. 

A f t e r c e n t r i f ugation a t 4,000g_ (4L) for 20 min at 4° the 

aqueous l a y e r was taken and added to an equal volume of 90% 

(V/V) phenol. Shaking and c e n t r i f u g a t i o n were repeated. The 

aqueous l a y e r was washed with s e v e r a l changes of ether u n t i l 

no o p a c i t y was apparent. For every 1 ml of s o l u t i o n 1 drop 

of 3M-sodium a c e t a t e was added, together with 2§ v o l . absolute 

ethanol (at -20°). The whole was stored at -20° for 1 hr, 

when RNA p r e c i p i t a t i o n was accomplished. 

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 

4,000c[ (4L) for 20 min at 4°. The ethanol p r e c i p i t a t i o n and 

c e n t r i f u g a t i o n were repeated. The p e l l e t e d p r e c i p i t a t e was 

evacuated and d i s s o l v e d i n O.OlM-NaCl (see 1 4 ) . The y i e l d of 

viral-RNA was estimated s p e c t r o p h o t o m e t r i c a l l y and was of the 

order of 20-25 mg/100 mg v i r u s . 

14. Viral-RNA Storage; 

A l l viral-RNA p r e p a r a t i o n s were stored at -20° i n 0.3 ml 

q u a n t i t i e s . In the f i r s t stages of the work, viral-RNA was 

store d i n O.OlM-potassium a c e t a t e , pH 6, and l a t e r i n 0.01M-

T r i s - H C l , pH 7.6 or O.OlM-NaCl. Viral-RNA was used once from 
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O.OlM-potassium ac e t a t e or twice from s a l t or T r i s buffer from 

the same storage tube. Control incubations without viral-RNA 

contained the same amount of " v i r a l b u f f e r " as viral-RNA 

experiments. 

15. Polyacrylamide g e l p r e p a r a t i o n s : 

G e l s were prepared a f t e r the method of Loening (1968,i) 

B r i e f l y , 5.0 ml stock acrylamide s o l u t i o n was mixed with stock 

buffer s o l u t i o n and water to give the d e s i r e d g e l concentration 

as f o l l o w s : 

G e l cone. % 2.0 2.2 2.4 2.6 
Buffer (ml) 7.5 6.8 6.25 6.0 
Water (ml) 24.7 22.0 19.7 17.8 

The s o l u t i o n was degassed under vacuum f o r 15 sec and 

2 5 o f Temed (N.N.N'.N'. tetramethylethylenediamine) and 

0.25 ml f r e s h l y d i s s o l v e d 10% ammonium persulphate were added. 

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 followed Loening's method 

(196$), where operations were c a r r i e d out at room temperature, 

using i n the buffer compartments a f i v e times d i l u t i o n of the 

stock b u f f e r s o l u t i o n , i n which sodium dodecylsulphate was 

d i s s o l v e d at 2 g/1. G e l s were pre-e l e c t r o p h o r e s e d at 

5mA/tube 0.25 i n diam. and 8V/cm length of g e l , f o r 1 h r . RNA 

samples (up to 2 mg/ml) were d i s s o l v e d i n the stock buffer 

containing 5% sucrose and 0.2% (W/V) sodium dodecylsulphate 

m a t e r i a l was l a y e r e d on to g e l s ( g e n e r a l l y 2.2% and 2.4%) up 

to 5 0 G e l s were run for 2.5 - 3 hr at the c u r r e n t and 

voltage used i n p r e - e l e c t r o p h o r e s i s . After running, g e l s were 
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soaked i n stock buffer for 1 hr before scanning on the 

Joyce-Loebl chromoscan at 265nm using a 265iwn 

i n t e r f e r e n c e f i l t e r with a medium pressure Hg lamp and a 

l i g h t path of 50-150^*11 x 1-2 mm. Molecular weights were 

c a l c u l a t e d according to Loening (1968 ii,l969) . 

16. Sedimentation c o e f f i c i e n t s determined by 

a n a l y t i c a l u l t r a c e n t r i f u g a t i o n : 

Two 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 s were used, ( i ) G r i f f i n -

C h r i s t Omega I I with S c h l i e r e n o p t i c s , ( i i ) Beckman Spinco E 

with S c h l i e r e n o p t i c s . The d e t a i l s for operation of these 

machines are given i n the Manuals supplied by the manufacturers. 

C e n t r i f u g a t i o n Data; 

Omega I I Spinco E 

Rev./min a)TYMV 35,000 30,000 

b)RNA — 60 , 0 0 0 

Temper at ur e ° 2 0 25(RNA)j 20(TYMV) 

C e l l . 16 mm, s i n g l e sector 12 mm, s i n g l e sector 

Rotor Omega 1 c e l l / 1 r e f . c e l l . An/D 

Photographed Known i n t e r v a l s Known i n t e r v a l s 

Exposure 4 seconds 4 seconds 

Bar angle ° 70 
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The c a l u c a t i o n of Sedimentation c o e f f i c i e n t ( s ) i s based upon 

the p r o p o s i t i o n that s dx 
dt w x 

where w = angular v e l o c i t y of rot o r i n 

radians/second. 

= 2 n rev./min 
60 

and x = d i s t a n c e of boundary ( p a r t i c l e ) 

from rotor c e n t r e 

dx 
dt 

= r a t e of change of x with r e s p e c t to 

t (seconds) 

The equation may be a l t e r n a t i v e l y expressed (Schachman, 

where x^ = p o s i t i o n of boundary a t time t 

from rotor centre 

x^ = p o s i t i o n of boundary a t time t 

from rotor c e n t r e 
-13 

1 Svedberg u n i t = 10 seconds. 
x^ and x^ are c o r r e c t e d according to photographic 

ma g n i f i c a t i o n v a l u e s of the equipment. 

TYMV, TYMV-RNA and E . c o l i T?NA were c e n t r i f u g e d at v a r i o u s 

c o n c e n t r a t i o n s , d e t a i l s of which appear i n the " R e s u l t s " 

s e c t i o n . The buffer used was 0.lM-NaCl-0.02M-Tris-HCl, pH 

7.5 at 20°. 

1959) as s 2 ( x 2 - x ^ 

( x 2 + x ± ) w 2 ( t 2 - t x ) 
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17. Incubations: 

Thin-walled s t e r i l e 4 i n long narrow-bore t e s t tubes were 

used for a l l in c u b a t i o n s . Incubation i n g r e d i e n t s stored at 0° 

and sub-0° were thawed and maintained i n an ice«bath. 

Incubation mixtures were prepared i n tubes i n the i c e bath, and 

t r a n s f e r r e d to a constant temperature water bath, u s u a l l y a t 

30°, although t h i s temperature was v a r i e d when necessary. 

Incubation tubes were gently a g i t a t e d at short i n t e r v a l s and 

p r i o r to a l i q u o t s being removed. 

18- tRNA amino a c y l acceptor c a p a c i t y assay: 

The c a p a c i t y for amino a c y l a t i o n of tRNA, and t h e r e f o r e 

by d e f i n i t i o n a c t i v i t y of the high-speed supernatant d i a l y s e d 

enzyme f r a c t i o n , were estimated i n a system containing T r i s - H C l 
fl4 "I 

buffer, MgCl^, GSH, ATP, a [_ C j amino a c i d , and a d i a l y s e d high

speed supernatant f r a c t i o n with 1 mg tRNA/1 ml in c u b a t i o n . 

Since the q u a n t i t i e s of the i n g r e d i e n t s vary c o n s i d e r a b l y 

i n the incubations, exact d e t a i l s are presented i n legends and 

t a b l e s i n " R e s u l t s " s e c t i o n . 

At v a r i o u s time i n t e r v a l s a l i q u o t s of the mixture were 

removed, p l a c e d on f i l t e r paper d i s c s , and processed as d e s c r i b e d 

i n ( 4 ) . 

19. C e l l - f r e e amino a c i d i n c o r p o r a t i o n systems: 

(A) The Complete system: 

Incubations were of t o t a l volume 1 ml, 0.5 ml or 0.25 ml 

depending on requirements. I n g r e d i e n t s , q u a n t i t i e s and r e a c t i o n 

times vary i n the in c u b a t i o n s . Exact d e t a i l s are presented i n 
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legends and t a b l e s i n " R e s u l t s " s e c t i o n . 

The incubations contained: T r i s - H C l b u f f e r , MgCl 2, 

KC1, GSH, GTP, an energy system comprising ATP, PCK, CreP, 

a |^4c] amino a c i d , a 19 I j ^ c ] amino a c i d mixture, a 

s y n t h e t i c or v i r a l message, i f r e q u i r e d , tRNA, microsomes a t 

1 mg/ml incubations and a high-speed supernatant d i a l y s e d 

f r a c t i o n . 

A l i q u o t s removed were normally 0.05 ml/disc. The d i s c s 

were d r i e d , washed and counted as de s c r i b e d i n ( 3 ) . 

(B) The Transfer system: 

The incubations contained T r i s - H C l b u f f e r , MgCl 2, KC1, GSH, 

GTP, tRNA p r e v i o u s l y charged with 1 {_^4c| amino a c i d + 19 j^2C_ 

amino a c i d s , or tT?NA p r e v i o u s l y charged with a 14 JU CJ amino 
12 I 

a c i d mixture (CFB 104) + 6 j Cj amino a c i d mixture, a s y n t h e t i c 

or v i r a l message i f r e q u i r e d , and microsomes. Q u a n t i t a t i v e 

d e t a i l s of the incubation mixtures accompany the legends and 

t a b l e s i n the " R e s u l t s " s e c t i o n . 

A l i q u o t s were removed and processed as i n ( 3 ) . 

20. Preparation of charged tRNA: 

tRNA was aminoacylated, a f t e r the method of Ravel, 

Mosteller and Hardesty (1966). S i n g l e Q 4 c J or mul t i j j " 4 c ] 

amino a c i d l a b e l s were used to charge V i c i a faba tRNA and yeast 

tRNA. 

(A) Charging of V i c i a faba tRNA with p h e n y l a l a n i n e : 

tRNA from 50 day old developing V. faba seed was used. 

The optimal c o n d i t i o n s for charging i n a 1 ml incubation 

1 mg V. faba tRNA with [~ CJ phenylalanine were: 
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100 /imol T r i s - H C l buffer pH 7.8 at 30°, 20 >imol GSH, 

2 ^umol ATP, 16 ^iinol MgCl 2, a high-speed d i a l y s e d supernatant 

at optimal concentration ( i n t h i s case 0.16 ml), 0.02 ;umol 

mixture, the whole to 1 ml s t e r i l e d i s t i l l e d water. 

The 1 ml incubation was s c a l e d up to 20 ml ( v i z . 20 mg 

tRNA) and incubated i n a s t e r i l e c o n i c a l f l a s k for 20 min at 

added. The f l a s k was shaken for 15 min at room temperature 

and then cooled i n i c e for 1 hr, when a temperature of 5° 

obtained. The mixture was c e n t r i f u g e d at 4,000g_ (4L) f o r 

30 min at 4°. The upper aqueous phase was taken, made 0.1M 

with r e s p e c t to potassium a c e t a t e , 2 v o l . absolute ethanol 

(a t -20°) added, and the whole s t o r e d at -20° for at l e a s t 

1 hr. The phenol phase was r e - e x t r a c t e d with an equal v o l . 

of 0.lM-potassium a c e t a t e , c e n t r i f u g e d and p r e c i p i t a t e d with 

absolute ethanol as before. The p r e c i p i t a t e s were recovered 

by c e n t r i f u g a t i o n at 4,000g (4L) f o r 30 min at 4°. 

Ethanol p r e c i p i t a t i o n s and c e n t r i f u g a t i o n s were repeated 

3 more times and the f i n a l p r e c i p i t a t e d i s s o l v e d i n water. 

The tRNA was d i a l y s e d i n V i s k i n g tubing a g a i n s t 5 hourly 

changes of s t e r i l e d i s t i l l e d water at the r a t e of 200 ml 

water : 1 ml tRNA, the operations being c a r r i e d out a t 2-4°. 

The tRNA was made 0.1M with r e s p e c t to potassium a c e t a t e , 

2 v o l . absolute ethanol (at -20°) were added, and tRNA was 

p r e c i p i t a t e d by s t o r i n g at -20° for at l e a s t 1 hr. The tRNA 

was recovered by c e n t r i f u g a t i o n at 4,000g (4L) for 30 min at 4°. 

phenylalanine, 0.02 /xmol of the [ l 2 c ] amino a c i d 

30°. At t h i s time, an equal v o l . of 90% (V/V) phenol was 
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Ethanol p r e c i p i t a t i o n s and c e n t r i f u g a t i o n s were repeated 

3 more times and the f i n a l p r e c i p i t a t e was d i s s o l v e d i n water. 

The tRNA was d i a l y s e d i n V i s k i n g tubing against 5 hourly changes 

of s t e r i l e d i s t i l l e d water at the r a t e of 200 ml water : 1 ml 

tRNA, the operations being c a r r i e d out at 2-4°. 

The tRNA was made 0.1M with r e s p e c t to potassium a c e t a t e 

and 2 v o l . absolute ethanol ( a t -20°) were added, and tRNA was 

p r e c i p i t a t e d by s t o r i n g a t -20° for at l e a s t 1 hr. The tRNA 

was recovered by c e n t r i f ugation at 4,000a_ (4L) f o r 30 min a t 4°. 

The p e l l e t was evacuated and d i s s o l v e d i n a minimum volume of 

s t e r i l e d i s t i l l e d water. The concentration of tRNA was 

determined spectrophotometrically and the l e v e l of charging 

determined by the s c i n t i l l a t i o n counter. V. faba tRNA m a t e r i a l 

charged to 35,00 c.p.m./mg tRNA. 

(B) Charging of V. faba tRNA with amino 
a c i d mixture: 

tRNA from 50 day developing V.faba seed was used. The 

co n d i t i o n s and i n g r e d i e n t s of the charging technique were almost 
f l 4 l 

i d e n t i c a l to the s i n g l e [_ Cj phenylalanine charging of (20A) , 

except that the 19 [^ 2 c] amino a c i d mixture was r e p l a c e d by the 

6 Q 2 c ] amino acid,mixture, and 1 ml of the CFB 104[L/ 1 4CJ amino 
Tl4 1 

a c i d mixture/20 ml incubation r e p l a c e d the [_ CJ p h e n y l a l a n i n e . 

V. faba tRNA m a t e r i a l charged to a l e v e l of 450,000 c.p.m./ 

mg tRNA. 

(C) Charging of Yeast tRNA with phenylalanine: 

The procedure f o r charging Yeast tRNA was that d e s c r i b e d 

i n (20A), except that the incubation time was 40 min a t 37°. 
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Yeast tlRNA charged to 24,000 c.p.m./mg tRNA. 
Tl4 "I 

(D) Charging of Yeast tKNA with I. Cj l e u c i n e : 
The procedure was that d e s c r i b e d i n (20C), except that 

14 I 114 ~1 [_ C| l e u c i n e was s u b s t i t u t e d for |_ CJ phenylalanine, the 

19 l^^cl amino a c i d mixture contained f ^ c ] phenylalanine as 
R2I • s u b s t i t u t e for _ CJ l e u c i n e , and MgCl 2 was 12 mM. 

Yeast tRNA charged to 27,000 c.p.m./mg tRNA. 

( E ) Charging of Yeast tftNA with LU 1 4Q] amino 

a c i d mixture: 

The procedure was that d e s c r i b e d i n (20B), except that 

the incubation time was 45 min, and MgCl^ was 12 mM. 

Yeast tRNA charged to 250,000 c.p.m./mg tRNA. 

21. The zero-time sample: 

The zero-time sample represented the time r e q u i r e d : ( i ) 

to remove an a l i q u o t from the tube i n the ice - b a t h by p i p e t t e ; 

( i i ) t r a n s f e r the p i p e t t e to the d i s c ; ( i i i ) p i p e t t e the sample 

onto the d i s c ; ( i v ) dry the d i s c ; (v) p l a c e the d i s c i n 10% 

(W/V) t r i c h o l o r o a c e t i c a c i d . 

These operations take up to 45 sec to complete and i n that 

time the temperature r i s e s . Thus, zero-time sample i s not 

n e c e s s a r i l y a true r e p r e s e n t a t i o n of zero-time which i m p l i e s 

zero temperature. In some i n s t a n c e s , p a r t i c u l a r l y p l a n t tRNA 

a c y l a t i o n s , the s u b t r a c t i o n of zero-time f i g u r e s would give 

erroneously low r e s u l t s . I n such c a s e s , the blank d i s c p l u s 

background counts were u s u a l l y s u b s t i t u t e d for zero-time. 
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R e s u l t s 

1. C h a r a c t e r i s a t i o n of TYMV and various RNA preparations 

(A) A n a l y t i c a l u l t r a c e n t r i f u g a t i o n : 

The sedimentation c o e f f i c i e n t s of TYMV and TYMV top 

component (T) were c a l c u l a t e d . 

TYMV: 114.7s o r, r>rTn>n>c-r> 5 f i d u c i a l l i m i t s of e r r o r . 
20 BUFFER' ' 

P = 95%: 95.2 - 104.8% 
T : 52.is„._ „„„„„; f i d u c i a l l i m i t s of e r r o r , 20 BUFFER' ' 

P = 95%: 95.5 - 105.5% 

Most of t h i s i n v e s t i g a t i o n was c a r r i e d out on the Omega I I 

u l t r a c e n t r i f u g e , s i t u a t e d i n the Botany Dept., Univ. Durham, 

but the r e s u l t s were confirmed using the Spinco E of the 

Biochemistry Dept., Univ. Newcastle. ( P l a t e 1) A n a l y s i s of 

the S c h l i e r e n o p t i c a l f i l m p r o f i l e s showed that the e x t r a c t i o n 

procedure of TYMV from Chinese cabbage allowed minimal 

contamination with plant ribosomal m a t e r i a l . 

Spinco E S c h l i e r e n p r o f i l e s showed that TYMV-RNA prepared 

by the exact a l c o h o l method of Dunn and Hitchborn (1965) was 

s i m i l a r to that obtained by the phenol method of Haselkorn 

(1962). When the a l c o h o l method was s c a l e d up 20x severe 

degradation of that TYMV-RNA occurred. Phenol-extracted 

TYMV-RNA sedimented more qu i c k l y than E . c o l i t o t a l RNA. 

( P l a t e s 2,3) I t was concluded that the exact method of Dunn 

and Hitchborn must be followed to provide TYMV-RNA at l e a s t 

comparable with that RNA provided by the phenol method* 

Measurements and observations were made from f i l m 

negatives and not from the type of p r i n t s presented here, 

which are of poor q u a l i t y . 
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P l a t e 1. S c h l i e r e n p r o f i l e s of TYMV„ 

• 

• 

i 
> 

Z L J 

TY-TYMV; R-Ribosomal m a t e r i a l ; T-Top component. 

Photographs were t a k e n a t (A) when S p i n c o E c e n t r i f u g e had 

r e a c h e d 30,000 rev./min, ( B ) a f t e r 4 min, ( C ) a f t e r 8 min, 

(D) a f t e r 16 min„ 

2 c o n c e n t r a t i o n s of TYMV were used, 1 ) 20 mg/ml, 2 ) 10 mg/ml. 
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(B) Polyacrylamide g e l e l e c t r o p h o r e s i s : 

T h i s technique allowed a c a l c u l a t i o n of the molecular 

weight of TYMV-RNA to be made, based upon the premise that 

the 23s and 16s components of E . c o l i RNA have a molecular 
6 6 weight of 1.07 x 10~ daltons and 0.56 x 10~ daltons 

r e s p e c t i v e l y . The value for TYMV-RNA was 2.5 x 10~ daltons 

( F I G . 2 ) . 

The e l e c t r o p h o r e t i c t r a c e s presented (FIGS.3,4) are of 

a l c o h o l - e x t r a c t e d viral-RNA; phenol-extracted m a t e r i a l was 

i d e n t i c a l . Minimal viral-RNA degradation i s i n d i c a t e d . The 

t r a c e s of Chinese cabbage RNA and TYMV-RNA + Chinese cabbage 

RNA i n d i c a t e the r e s o l u t i o n of t h i s e l e c t r o p h o r e t i c technique. 

P l a n t — a n d — v i r a l RNAs were a p p l i e d i n r a p i d sequence to the g e l 

and not mixed p r i o r to admission. (FIGS.5,6) 

(C) Determination of p r o t e i n content of TYMV-RNA 

pre p a r a t i o n s : 

The p r o t e i n content of TYMV-RNA preparations was estimated 

a g a i n s t the Xylene B r i l l i a n t Cyanin-Bovine Serum Albumin 

c a l i b r a t i o n curve ( F I G . 7 ) . The Naphthalene Blue B l a c k 

c a l i b r a t e d range (FIG.8) was not s u i t a b l e for the low content 

of p r o t e i n found i n the viral-RNA p r e p a r a t i o n s . 

Values of 0.5 - 2% p r o t e i n were determined i n a s e r i e s of 

viral-RNA p r e p a r a t i o n s . T o t a l RNA of E . c o l i and yeast had 

p r o t e i n contents of 0.7% and 1.3% r e s p e c t i v e l y . 

(D) Spectrophotometry: 

No d i f f e r e n c e s were observed i n the s p e c t r a l c h a r a c t e r i s t i c s 
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ig.2. Polyacrylamide gel electrophoresis,: TYMV-RNA and 
E. c o l i RNA. 

i n 

CM 
U J TYMV-RNA 

16s 

A 
mobility 

10 pi TYMV-RNA (1.0 mg/ml), 10 >il E. c o l i RNA (2 " mg/ml) 
electrophoreses for 2.5 hr on 2*2% (w/v) g e l . 
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F i g . 3 « Polyacrylamide g e l e l e c t r o p h o r e s i s : TYMV-RNA• 

TYMV-RNA 

in 
CM 
UJ 

\ 

m o b i l i t y 

20 ; i l TYMV-RNA (1 mg/ml) electrophoresed f o r 3 ..hr on 
2.2% (w/v) g e l . 



P i g .4 Polyacrylamide g e l e l e c t r o p h o r e s i s : TYMV-RNA 

TYMV-RNA 

m o b i l i t y } 

20 ;ul TYMV-RNA (1 m^ml) electrophoresed f o r 3 h r 

on 2.1$. (w/v) g e l . 



Pig. 5 . Polyacrylamide g e l e l e c t r o p h o r e s i s : Chinese 
Cabbage RNA• 

25s 

18s 

Ai 
mob i 1 i t y - ^ 

10 ; i l Chinese Cabbage RNA (1.5 ug/ml) electrophoresed 

f o r 2.5 h r i n 2.2% (w/v) g e l . 
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F i g . 6 . Polyacrylaraide g e l e l e c t r o p h o r e s i s t TYMV-RNA 

and Chinese Cabbage RNA. 

in o 
UJ 

TYMV-RNA 

mob i l i t y 

10 pi TYMV-RNA (1.5 ug/ml), 10 jil Chinese Cabbage 

RNA (1.5 mg/ml) electrophoresed f o r 2.5 hr on 2.2% 

(w/v) g e l * 
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Pig , 7 » C a l i b r a t i o n Graphs f o r P r o t e i n Content Determination 

of TYMV-RNA pr e p a r a t i o n (Bramhall et a l .. , 1969) 

9 £ 5 ^ 
^ 0.3 r 

5 IO, , , 15 20 25 , ;ig p rotein/ml (Bovine Serum Albumin) 

Dye: Xylene B r i l l i a n t Cyanin. 

F i g , . 8 . 

40 SO 120 16 0 200 
;ig/ml (Bovine Serum Albumin) 

Dye: Naphthalene Blue B l a c k . 
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of TYMV-RNA prepared by the two procedures ( F I G . 9 ) . The 

c h a r a c t e r i s t i c 225-240nm absorption s h i f t between TYMV and 

TYMV-RNA i s shown i n FIG.10. 

The e f f e c t of DEAE 52 chromatography of tRNA from 

V.faba and P.aureus on the s p e c t r a l c h a r a c t e r i s t i c s , i s 

shown i n FIGS.11 and 12. Such t r a c e s were found to give 

no i n d i c a t i o n of the p o t e n t i a l b i o l o g i c a l a c t i v i t y of the 

t*RNA. 

The n e c e s s i t y for d i a l y s i s of precharged tRNA for use 

i n the Transfer System i s shown i n FIG.13. Non-dialysed 

m a t e r i a l gave 260:280nm = 3-4. D i a l y s i s r e s u l t e d i n a r a t i o 

much c l o s e r to that of the non-charged tRNA, i . e . 2. 

FIGS.14 and 15 represent the t y p i c a l absorption p r o f i l e s 

of yeast tRNA and P.aureus microsomal suspension r e s p e c t i v e l y . 

2. A c y l a t i o n of tRNAs 

The maximum a c y l a t i o n r a t e s i n optimum conditions a r e 

given i n FIGS.16, 17 and 18. Whilst P.aureus and V.faba* 

tRNAs were a c y l a t e d by Va l , Phe and Leu i n 3-18 min, 

maximum a c y l a t i o n of yeast tRNA occurred a f t e r 40 min. 

The e f f e c t of pH on t h i s process was r e l a t e d r a t h e r to 

the source of tRNA than to i n d i v i d u a l amino a c i d s (FIGS.19, 

20,21) and although d e f i n i t e pH optima may be determined, 

there i s a broad range of pH values g i v i n g s a t i s f a c t o r y 

aminoacylation. 

* V.faba tRNA i s that m a t e r i a l derived from 50-day developing 

seeds except i f otherwise s t a t e d . 



P i g . 9 . ABSORPTION SPECTRUM: TYMV-RNA: 

(1) E t h a n o l i c e x t r a c t i o n 

(2) Phenolic e x t r a c t i o n 

! .4 

1.0 

CQ 
(X 

CQ 

0 

• • 
2 50 3 0 0 

Wavelength (nm) 

Determined i n 0.01 T r i s - H C l pH 7.8 at 3 0 ° , at room 

temperature.' 

Spectrophotometer: H i l g e r and Watts U l t r a s c a n I I . 
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Fig.1 0 . ABSORPTION SPECTRUM: TYMV and TYMV-RNA 

(p h e n o l i c e x t r a c t i o n ) . 

-0.9 

03 
(A 

0.5 w 03 

Pi 

0.3 

O.I 

• 

3 0 0 250 2IO" 

Wavelength (nra) 

Determined i n O.OlM-NaCl at room temperature. 

Spectrophotometer: P e r k i n Elmer U02. 



F i g . 11. ABSORPTION SPECTRUM: V. faha tRNA 

(germin a t i n g ) • 

2IO 2 50 
Wavelength (nm) 

300 

Determined i n water at room temperature 

( 1 ) Before DEAE 52 chromatography 

( 2 ) A f t e r DEAE 52 chromatography 

Spectrophotometer: Pye Unicam SP800. 



Pig.12 , ABSORPTION SPECTRUM: P. aureus tRNA. 

2JO 2 50 

Wavelength (nm) 

300 

D i l u t i o n s determined i n water at room temperature 

(1) Before DEAE 52 chromatography. 

(2) A f t e r DEAE 52 chromatography. 

Spectrophotometers Pye Unicam SP800. 
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Pig.1 3 . ABSORPTION SPECTRUM: V. faba tRNA. 

0.7 2 

3 0 0 2 50 
Wavelength (nm) 

2IO 

Determined i n water at room temperature. 

(1) V. faba tRNA (developing) 

(2) V. faba tRNA a c y l a t e d with 20 amino a c i d s but not 

d i a l y s e d . 

(3) V. faba tRNA a c y l a t e d with 20 amino acids and then 

d i a l y s e d . 

Spectrophotometer; P e r k i n Elmer 2+02. 



P i g . l U . ABSORPTION SPECTRUM: Y e a s t tRNA 

03 

03 

0.5 o 

/ 

O.l 

I * I I I I i I I 1 • : 1 — — ' ' 

3 0 0 250 2IO 

Wavelength (nm) 

Determined i n water at room temp. 

Spectrophotometer: P.erkin Elmer U02. 
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F i g . 1 5 . ABSORPTION SPECTRUM: P. aureus Microsomal 

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

0.7 03 

?0 
03 

Q5 

0.1 

I i • » • I 1 1 1 1 < 1 =—» 1 

3 0 0 2 5 0 210 

Wavelength (nm) 

Determined i n water a t room temperature. 

Spectrophotometer: P e r k i n Elmer U02. 



F i g : . l 6 . Time courses of P. aureus tRNA a c y l a t i o n . 

< 
•H 

D> E \ 

i 

E 
a, 
v 

9 12 15 18 21 24 

Time (min) 

0 .5 ml i n c u b a t i o n s contained: 50 ;imol T r i s - H C l pH 7.8 

at 3 0 ° , 1 ̂ umol ATP, 10 ;imol GSH, 0.12 ml high-speed 

supernatant, 0.5> mg tRNA, and e i t h e r 0.01 ̂ mol^^cj Phe 

wi t h 3 jimol MgClg, or 0.01 ^imol Leu with 3 yuiriol 

MgCl 2, or 0.01 ;amol f^d] V a l w i t h 2 ;umol MgClgi Incuba t i o n 

was. at 30° and 0.05 ml samples assayed at times i n d i c a t e d . 

R a d i o a c t i v i t y / d i s c determined as i n Methods U» 



Pig.17. Time courses of V. faba tRNA a c y l a t i o B u 

Leu 
1.5 

( V 

I.O Phc 
© 

Vol 

OH 

O 

_i L . 

O 3 . 6 9 I 2 I 5 18 21 24 

'•' Time(min) 

0.5 ml incu b a t i o n s contained: 50 ;imol T r i s - H C l pH 7.8 

a t 3 0 ° , 1 >imol ATP, 10 ;amol GSH, a08 ml high-speed 

supernatant, 0.5 mg* tRNA and e i t h e r r 0.01 ̂ mol Leu 

wi t h 3 >imol fflgCl,,, or 0.01 ̂ imol V a l with 3 umol MgCl ? 

or- 0.01 ^imol Phe with 8 jiraol MgClg. Incubation was 

at 30° and 0.05 ml samples assayed at times i n d i c a t e d . 

R a d i o a c t i v i t y / d i s c .determined as i n Methods h» 
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F i g . 1 8 . Time course of Yea s t tRNA a c y l a t i o n . 

20 AO 60 80 

Time (mih) 

1 ml incu"bations contained s 100 umol T r i s - H C l pH 7.8 

a t 3 7 ° , 2 jamol ATP, 20 ymol GSH, 0.16 ml high-speed 

supernatant, 1 mg; tRNA and e i t h e r 0.02 ^molQ^ c j v a l 

and h .umol MgClg, or 0.02 ;umol Leu and 12 ;imol 

MgClg or 0.02 >imol I f ^ d l Phe and 15 ;imol MgClg. Incubat i o n 

was a t 37° and 0.1 ml samples assayed a t time i n t e r v a l s -

i n d i c a t e d . R a d i o a c t i v i t y / d i s c determined as i n Methods U* 



Fig.1 9 . E f f e c t of pH on V. faba tRNA a c y l a t i o n . 
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0.25 ml incubations contained: 25 >imol T r i s - H C l at 

varying pH at 30? 0.5 ; ;imol ATP, 5 ,nmol GSH, 0.05 ml 

high-speed supernatant, 0.25 mg tRNA, e i t h e r 0.005 ;iraol 

[ ^ c ] v a l with 0.15 >imoles MgGlg, or 0.005 Jimol ^ c ] Phe 

with ^Aimol MgClg, or 0.005 ,/imol j^cj Leu with 0.15 /imol 

MgClg* Incubations were a t 30° and 0.05 ml samples 

assayed at 0, 15, 30, 1*5 min. R a d i o a c t i v i t y / d i s c 

determined as i n Methods k* 15 min assays are reported* 



Pig,20 . E f f e c t of pH on P. aureus tRNA a c y l a t i o n . 
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0.25 ml incubations contained: 25 ;imol T r i s - H C l at 

v a r y i n g pH at 3 0 ° , 0.5 ;umol ATP, 5 >imol GSH, 0.06 ml 

high-speed supernatant, 0.25 mg tRNA e i t h e r {^cj Vial 

and 1 jamol MgClg, o r j ^ c j E h e and 2.5 ;umol MgCIg. 

Inc u b a t i o n was at 30° and 0.05 ml samples were • 

assayed a t 0* 15, 3>0» h5 min. R a d i o a c t i v i t y / d i s c 

determined as i n Methods k» 15 min a s s a y s are reported. 



F i g . 2 1 . E f f e c t of pH on Ye a s t tRNA a c y l a t i p n 
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0.25 ml incubations contained? 25 >imol T r i s - H C l at 

varying.pH at 30^ 0.5) ;unol ATP, 5 ;imol GSH, O.Oi; ml 

high-speed supernatant, 0.25 mg tRNA; e i t h e r 0.005 ;imol 

f^clval and 1 umol MgCl 2; or 0.005 jumoi [j^c) Leu and 3 

;imol MgCl 2; or 0.005 ^ m o l l j ^ c j Phe and k pmol MgCl 2 < > 

Incubation was at 30° and 0.05 ml samples assayed a t 

0, 15, 30;, U5 min. R a d i o a c t i v i t y / d i s c determined as i n 

Methods i+. 30 min a s s a y s are reported* 
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2 + Mg concentration optima for a c y l a t i o n by V a l of the 

3 tRNAs was almost the same, i . e . 4mM. V.faba tRNA and 
2 + 

P.aureus tRNA were s i m i l a r i n showing no sharp Mg optimum 
for Phe e s t e r i f i c a t i o n , whereas yeast tRNA had a marked 

2+ 
requirement of 15mM for t h i s amino a c i d . The Mg requirements 

for Leu e s t e r i f i c a t i o n were d i f f e r e n t for each tRNA (FIGS.22, 

FIG.25 shows the concentration e f f e c t s of the high-speed 

supernatant en2yme f r a c t i o n i n tRNA a c y l a t i o n by V a l . No 

sharp optimum i s apparent and the r e s u l t s given i n t h i s graph 

could a l s o represent the concentration e f f e c t s when Leu and 

Phe were used. A l l pr e p a r a t i o n s of the high-speed supernatant 

during t h i s i n v e s t i g a t i o n showed t h i s c h a r a c t e r i s t i c absence 

of sharp concentration optimum. 

FIG.26 shows the r a t e s and amounts of a c y l a t i o n achieved 

by yeast tRNA i n r e l a t i o n to temperature and time. The r a t e 

of a c y l a t i o n i n c r e a s e d at higher temperature although at 45° 

and 37° there appeared to be some breakdown of the r e a c t i o n 

a f t e r 40 min. 

Aminoacylation by the 14|U Cj amino a c i d mixture (FIG.27) 

showed the same optimal concentration of the mixture for both 

V.faba and yeast tRNAs. However, there was a d i f f e r e n c e of 

300,000 c.p.m/mg tRNA between the t o t a l a c y l a t i o n s of the 

2 tRNAs. The time course of a c y l a t i o n i n d i c a t e d maximum 

acceptance at 15 min for V.faba tRNA and between 30-60 min 

f o r yeast tRNA. 

& 1 4 i 



Pig.2 2 . E f f e c t of Mg co n c e n t r a t i o n on P. aureus 

tRNA a c y l a t i o n . 
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0.25 ml incub a t i o n s contained: 25 jumol T r i s - H C l pH 7.8. 

at 3 0 ° , 0.5 ;amol ATP, 5 ;imol GSH, 0.0U ml high-speed 

supernatant, 0.25 mg tRNA, varying ;umol MgCl,,, e i t h e r 

0.005 ^umollj-^cl Leu, or 0.005 pmol f^c] V a l , or 0.005 

umol Phe. Inc u b a t i o n was a t 30° and 0.05 ml samples 

assayed at 0, 15, 30, h5 min. . R a d i b a c t i v i t y / d i s c 

determined as i n Methods; i+. 15 min assays are r e p o r t e d . 



Fig.23• E f f e c t of Mg con c e n t r a t i o n s on V. faba tRNA 

a c y l a t i o n . 
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0,25 ml incubations contained; 25 >imol T r i s - H C l pH 7.8 

at 3 0 ° , 0.5 ^mol ATP, 5 ;umol GSH, O.Ol+mlhigh-speed supernatant, 

0.25 mg tRNA,varying ;umol MgClg, e i t h e r 0.005 ;imol j ^ c j 

Leu, or 0.005 ;araol [^c] V a l , or 0.005 >imol [j^c] P h e -

I n c u b a t i o n was a t 30° and 0.05 ml samples, assayed at 

0, 15, 30, 1+5 min. R a d i o a c t i v i t y / d i s c determined as i n 

Methods k» 15 min a s s a y s are reported. 



F i g . 2 U . E f f e c t of Mg + c o n c e n t r a t i o n on Y e a s t tRNA 

a c y l a t i o n . 
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0.5 ml incubations contained: 50 ;umol T r i s - H C l pH 7„8 

at 3 7 ° , 1 )imol ATP, 10 ,umol QSH9 0.08 ml high-speed 

supernatant, 0.5 mg tRNA, e i t h e r 0.01 jumol (^cj V a l , 

or 0.01 ;imol j ^ c ] Leu, or 0.01 >imol j ^ c ] Phe. Incu b a t i o n s 

were at 37° and 0.1 ml samples assayed at 0, 20, 1+0, 60 

mins. R a d i o a c t i v i t y / d i s c determined as i n Methods U. 

20 min assays are r e p o r t e d . 
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Fig-,25o E f f e c t of P. aureus high-speed supernatant; 

enzyme f r a c t i o n on e s t e r i f i c a t i o n of j ^ c ] 

Leu "by tRNAs. 
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0,5 nil incubations contained: 50 ̂ mol T r i s - H C l pH 7.8 

at 30 s or 37° , 1 ;imol ATP, 10 umol GSH, 0.01 j j m o l ^ c ] 

Leu, 0.5 mg tRNA and varying v o l . high-speed supernatant. 

Y e a s t tRNA 37° incubation included 6 p.mol MgClg,* V, fab a 

tRNA 30° incubation i n c l u d e d h umol MgClgJ P. aureus 

tRNA 30° incubation included 6 ^.mol MgClg. 0.1 ml samples 

assayed at 0, 20, k09 60 min. R a d i o a c t i v i t y / d i s c determined 

as; i n Methods U. V. f a b a tRNA and P. aureus tRNA. 20 min 

assays and Y e a s t tRNA.. hO min a s s a y s are report e d . 

A: V. faba tRNA. 

B: Yeast tRNA. 

C: P. aureus tRNA. 
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F i g , 26. E f f e c t of Temperature on Y e a s t tRNA 

a c y l a t i o n by V a l . 
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0.5 ml incubations contained: 50 ;uraol Tris-HCl-pH 7.8, 

1 ;amol ATP, 10 ;imol GSH, 0.01 ^umolQ^c] V a l , 2 jumol 

MgGl 2,0.5 mg ye a s t tRNA, 0.08 ml high-speed supernatant. 

0.05; ml samples assayed at temperatures and times i n d i c a t e d . 

R a d i o a c t i v i t y / d i s c determined as i n Methods l u 



Pig.2 7 . E f f e c t of co n c e n t r a t i o n of 11+ |U CJ amino a c i d 

mixture (CFB0.01+) on tRNA a c y l a t i o n . 
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84. 

TABLE 1 i l l u s t r a t e s the a c y l a t i o n of the va r i o u s sources 

of tRNA using i d e n t i c a l c o n d i t i o n s , other than the temperature 

of i ncubation. O v e r a l l , yeast tRNA was a c y l a t e d at a lower 

l e v e l than the other tRNAs. 

The ATP requirement for Val e s t e r i f i c a t i o n by 3 tRNAs i s 

demonstrated i n TABLE 2. Given a constant l e v e l of endogenous 

contaminating ATP, V a l , Leu and A l a had q u a n t i t a t i v e l y 

d i f f e r i n g ATP requirements. (TABLE 3 ) . 

tTRNA preparations were s t o r e d at -70° for at l e a s t 2 yr 

without apparent l o s s of a c t i v i t y . 

3. E s t e r i f i c a t i o n of V a l to TYMV-RNA* 

The time course of Val e s t e r i f i c a t i o n under optimal 

conditions appeared complete a t 18 min at 30° (F I G . 2 8 ) . 
2 + 

There was a sharp pH optimum at 7.8 (FIG.29), a sharp Mg 

optimum at 12mM (FIG.30) and a temperature optimum at 30° 

(FIG. 3 1 ) . 

There was no sharp concentration optimum f o r the high-speed 

supernatant, s i m i l a r a c t i v i t y being obtained from 0.05 - 0.12ml 

supernatant/0.5ml incubation ( F I G . 3 2 ) . ATP was an absolute 

requirement for the r e a c t i o n (FIG.33) and GTP was not an 

acceptable a l t e r n a t i v e . 

* TYMV-RNA was e x t r a c t e d by the phenol method except i f 

otherwise s t a t e d . 
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TABLE l . E s t e r i f i c a t i o n of aminoacids using P.aureus 

high-speed supernatant enzyme f r a c t i o n with 

various tRNAs and TYMV-RNAs. 

ft] 
amino a c i d 

Yeast tRNA 

c.p.m./mg 

V.faba tRNA 
(germinating) 

c.p.m./mg 

V.f aba tRNA 
(developing) 

Cip.m./mg 

P.aureus tRNA 
(germinating) 

c.p.m./mg 

TTMV-RNA 
(phenolic 
e x t r a c t i o n ) 
c.p.m./mg 

TYMV-RNA 
( a l c o h o l i c 
e x t r a c t i o n ) 
c.p.m./mg 

Leu 58,632 188,080 104,060 62,060 200 300 

V a l 38,222 75,720 64,500 44,780 13,028* 11,820* 

Phe 36,700 180,420 109,500 22,840 0 100 

Glu 3,120 Not done 16,164 17,160 0 0 

Gly 12,998 Not done 58,468 21,166 0 0 

Ala 11,480 42,200 25,726 15,220 0 0 

0.5ml incubations contained; 50 ̂ imol T r i s - H C l pH 7.8 at 30° or 

37°, 1 /imol ATP, 10 pmol GSH, 6 ymol MgCl 2, 0.08ml high-speed 
!~14l 

supernatant and r e s p e c t i v e l y 0,01 ^.imol I CJ amino a c i d and 

0.5mg tRNA. Incubation as directed"!" Yeast tRNA assayed at 

40 min (0.1ml sample) and other tRNAs at 20 min (0.1ml sample). 

R a d i o a c t i v i t y / d i s c determined as i n Methods 4. 

* EXPERIMENTS with high-speed supernatant and [_14cj Val showed 

no charging. 
j. Yeast tRNA at 37°, other RNAs at 30° 



TABLE 2. ATP dependence of a c y l a t i o n of tRNA with V a l . 

tRNA ATP 
c.p.m./mg tRNA % 

-ATP 
c.p.m./mg tRNA % 

P.aureus 53,674 100 40,300 73 

V.faba 72,610 100 23,064 32 

Yeast 24,046 100 10,442 43 

0.5ml incubations contained: 50 ;imol T r i s - H C l pH 7.8 at 

30°, 1 jumol ATP, 10 ̂ mol GSH, 0.01 ̂ mol | j " 4 c ] V a l , 0.08ml 

high-speed supernatant and e i t h e r 0.5mg P.aureus tRNA with 

2 ^imol MgCl 2 or 0.5mg V.faba tRNA^ 3 /imol MgCl 2 or 0.5mg 

yeast tRNA with 2 jumol MgCl 2. Incubation was at 30° and 

0.1ml samples assayed at 0, 15, 30 min. R a d i o a c t i v i t y / d i s c 

determined as i n Methods 4. 30 min assays are reported. 
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TABLE 3. ATP dependence of a c y l a t i o n of tRNA 

(V.faba - germinating) 

E 4 c ] amino a c i d 
ATP 

c.p.m./mg tRNA % 
-ATP 

c.p.m./mg tRNA % 

Val 80,768 100 25,628 32 

Leu 156,632 100 10,220 6 

Al a 52,200 100 5,400 10 

0.25ml incubations contained: 25 y.mol T r i s - H C l pH 7.8 at 

30°, 3 jimol MgCl 2, 0.5 ̂ mol ATP, 5 ̂ imol GSH, 0.05ml high-speed 

supernatant, 0.25mg tRNA and e i t h e r 0.005 ̂ amol [ 1 4c] V a l , Leu 

or A l a . Incubation was at 30° and samples assayed at 0, 15, 

30, 45 min. R a d i o a c t i v i t y / d i s c determined as i n Methods 4. 

45 min ass a y s are reported. 
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]?ig;28. Time course of TIMV-RNA e s t e r i f i c a t i o n of Vai;' 
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1 ml inc u b a t i o n s contained: 100 umol Tris-HCT pH 7o8 

a t 30°, 20 umol GSH, 2 umol ATP, 12 ;umol Mg C l 2 , 0.02 
(14 "1 

;omol [_ CJ V a l , 0.12 ml high-speed supernatant and 1 mg 

T3MV-RNA. I n c u b a t i o n was a t 30° and 0.1 ml samples 

assayed a t times i n d i c a t e d . R a d i o a c t i v i t y / d i s c determined 

as i n Methods 4~.\ 



FIg.29. E f f e c t of pE on. TYMV-RNA e s t e r i f i c a t i o n of 
V a l . 
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0.25 ml in c u b a t i o n s contained; 25 Jimol T r i s - H C l a t 30 , 

0.5 /imol ATP, 5 ;imol GSH, 3 ;amol MgCl 2, 0.005 /unol [ 1 4"cj 

V a l , 0.03 ml high-speed supernatant, and 0.25 mg 

TYMV-RNA. Incubations were a t 30° and 0.05 ml samples 

assayed a t 0:,' 10, 20, 4-0 min. R a d i o a c t i v i t y / d i s c 

determined as ,in Methods 4. 10 min assays are re p o r t e d 0
! 



Fig . -3 .0- E f f e c t of Mg co n c e n t r a t i o n oh TYMV-RNA 

e s t e r i f i c a t i o n of V a l . 
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Oe-5 ml incubations contained; 50 >amol T r i s - H C l pH 7 .8 

a t 3 0 ° , 1 Aimol ATP, 10 jamol GSH, 0 .01 jumolf^c) V a l , 

0*5 mg TYMV-RNA, 0.01+ ml high-speed supernatant and 

var y i n g . .. ̂ mol MgClg. I n c u b a t i o n was at 30° and 0.1 

ml samples assayed 0 , 1 0 , 2 0 , hO min. R a d i o a c t i v i t y / d i s c 

determined a s , i n Methods lw 20 min assays are report e d . 

http://Fig.-3.0-


j};ig,3I» Ei'fec-t of temperature on TOT-RNA 
e s t e r i f i c a t l o n of V a l , 
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0.5 ml incubations contained: 50 ;umol T r i s - H C l pH 7.8 

1 junol ATP, 10 ;imol GSH, 0.01 jimol P"4c] V a l , 6 ;imol 

MgCl 2, 0.5 mg TW-RNA, and 0.04 ml high-speed 

supernatant. 0.1 ml samples assayed a t temperatures 

and times i n d i c a t e d . R a d i o a c t i v i t y / d i s c determined 

as i n Methods 4'.! 



Fig.32. E f f e c t of P« aureus high-speed supernatant 
enzyme f r a c t i o n on e s t e r i f i c a t i o n of Val 
by TYMV-RNA. 
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0.5 ml incubations contained: 50 umol T r i s - H C l pH 7.8 

a t 30°, 1 umol ATP, 10 ;umol GSH, 6 umol Mg C l 2 , 0.01 
[ l 4 ~ l 

umolL C ] V a l , 0.5 mg TYMV-RNA, v a r y i n g v o l . high-speed 

supernatant; i n c u b a t i o n was a t 30°. 0.1 ml samples 

assayed a t 0, 10, 20, 40 min. R a d i o a c t i v i t y / d i s c 

determined as i n Methods 4. ,. 10 min assays are reported. 



l''ig.33. E s t e r i f i c a t i o n of V a l by TYMV-RNA: ATP 
dependence. 
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0,25 ml incubations contained: 25 ;umol T r i s - H C l pH 7.8 

a t 30°, 0V5 Jimol ATP r 5 umol GSH, 3' ;umol MgCl 2, 0.005 

^imol [ ^ c j V a l , 0.03 ml high-speed supernatant and 0 . 2 5 

mg TYMV-RNA.; I n c u b a t i o n was a t 30° and 0.5 ml samples 

assayed a t times i n d i c a t e d . R a d i o a c t i v i t y / d i s c • 

determined as i n Methods 4 . 

A: TYMV-RNA, e x t r a c t e d by A l c o h o l i c procedure. 

B: TYMV-RNA, e x t r a c t e d by Pheno l i c procedure. 
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Each method of e x t r a c t i o n produced TYMV-RNA with s i m i l a r 

charging c a p a c i t i e s (FIG.33, c o n j o i n t TABLE 1 ) . I t was 

p o s s i b l e to deacylate v a l y l - TYMV-RNA by the hot 5% (W/V) 

t r i c h l o r o a c e t i c a c i d procedure (TABLE 4 ) . 

I n the presence of tRNA from y e a s t , P.aureus or V.faba*, 

Poly-U would d i r e c t poly-Phe s y n t h e s i s i n the Complete System 

( F I G . 3 4 ) . With V.faba tRNA the in c o r p o r a t i o n was l i n e a r f o r 

2 hr and terminated at 2.5 hr; with y e a s t and P.aureus tT?NAs 

l i n e a r i t y obtained for' 1.5 hr and terminated at 2.5 hr. 

The requirement for the energy system - ATP, PCK and CreP -

i s demonstrated i n FIGS.35, 36 and TABLE 5. Since microsomes 

and high-speed supernatant enzyme f r a c t i o n s were common 

components of these systems, the r e s u l t s were complex. Whereas 

systems containing V.faba tRNA or P.aureus tRNA were only 

p a r t i a l l y dependent on the energy system, the yeast tRNA system 

was t o t a l l y dependent. Supplementation of ATP alone allowed 

60% a c t i v i t y i n the system c o n t a i n i n g yeast tRNA, and the same 

con d i t i o n f o r V.faba tRNA allowed 87% a c t i v i t y . 
2 + 

Mg concentration g r e a t l y i n f l u e n c e d poly-Phe s y n t h e s i s . 

Optima for systems containing tBNA from V.faba, P.aureus and 

yeas t were lOmM, 12mM and 12mM r e s p e c t i v e l y . These optima 

were sharp and there was l i t t l e i n c o r p o r a t i o n without 
2+ 

exogenously—supplied Mg ( F I G . 3 7 ) . 
* I n a l l i n v i t r o i n c o r p o r a t i o n systems V.faba tRNA i s from 

50-day developing seeds. 

4. Complete System 

(A) Poly-U-directed i n c o r p o r a t i o n of L14cl Phe: 



TABLE 4. Deacylation of TYMV-RNA 

Ac y l a t i o n (Set 1) 
c.p.m./mg TYMV-RNA 

Deacylation (Set 2) 
c.p.m./mg TYMV-RNA 

9,866 350 

lml incubations contained: 100 ̂ imol T r i s - H C l pH 7.8 at 30 

12 ̂ mol MgCl 2, 2 jnnol ATP, 20 ̂ imol GSH, lmg TYMV-RNA, 
r i 4 _ i 

0. 02 ^imoll CI V a l , and 0.08ml high-speed supernatant. 

Incubation was a t 30° and 2 x 0.1ml samples assayed at 0, 

10, 20, 30 min. Set 1 d i s c s were t r e a t e d as i n Methods 3, 

1. e. 5% (W/V) hot TCA wash, and Set 2 as i n Methods 4. 
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P i g . 3 4 . COMPLETE SYSTEM: Poly-U-directed [ } ^ c]phe 

i n c o r p o r a t i o n with tRNAs from V. faba. P. aureus 

and y e a s t * 
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0 .5 ml incubations contained: 30 ;imol T r i s - H C l pH 7.8 or 

8 . 1 at 3 0 ° , 35 >imol K C 1 , 2 ;imol ATP, 5 /imol CreP, 10 ;ig 

PCK, 0 .1 ;umol GTP, 5 ;umol GSH, 0.01 jumol f ^c ] Phe, 0.01 
Il 2 ~ l 

umol 19[_ Cj amino a c i d mixture, 0 .5 mg microsomes, 0 .1 mg: 

Poly-U, e i t h e r 0.2 mg y e a s t tRNA with 6 ;imol MgClg and' 

0.04 ml high-speed supernatant, or 0.2 mg V. faba. tRNA 

with 5 ^mol MgClg and 0.02 ml high-speed supernatant, or 

0.2Jmg P. aureus tRNA with 6 ;araol MgClg and 0.0£jjihigh-

speed supernatant. Bean-tRNA systems at pH 7.8; y e a s t tRNA 

system at pH 8.1. Incubation was at 3 0 ° and 0.05 ml . 

samples assayed at times i n d i c a t e d . R a d i o a c t i v i t y / d i s c 

determined as i n Methods 3« 
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F i g . 35V COMPLETE 'SYSTEM: ATP, PCK. and CreP i n Poly-U-

d i r e c t e d Phe i n c o r p o r a t i o n ( Y e a s t tRNA) 

4 . 0 -

0 . 5 -

Time (mm) . 
* Complete System without Poly-U: 600 c.p.m. per 

mg microsomes a t 15 min. No a c t i v i t y a t other times, 



F i g . 3 6 . COMPLETE SYSTEM: ATP and ATP r e g e n e r a t i n g 

system i n Poly-U-directed [^cj Phe i n c o r p o r a t i o n 

( P . aureus tRNA)» 

P O L Y - U 

2 0 4 0 6 0 
Time (min) 

0.5 ml incubations contained: 30 umol T r i s - H C l pH 7«6 

at 30,° 35 jamol K C 1 , 2 jimol ATP, 5 >*mol CreP, 10 >ig PCK, 

0.1 ;amol GTP, 5 umol 5SH, 0 .01 ;imol [^c] Phe, 0.01 ^mol 

19 amino a c i d mixture, 0 .5 mg microsomes, 6 ;amol 

MgCl 2, O.angtRNA, 0 .1 mg P'oly-U and 0 .04 ml high-speed 

supernatant. (ATP, CreP, PCK, omitted as r e q u i r e d ) . 

I n c u b a t i o n was at 30°a^a and 0.1 ml samples assayed a t ' 

times i n d i c a t e d . R a d i o a c t i v i t y / d i s c determined as i n 

Methods 3 . 
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TABLE 5. COMPLETE SYSTEM: ATP, PCK and CreP i n Poly-U-

d i r e c t e d [^ 4cj Phe in c o r p o r a t i o n (V.faba tRNA) 

c.p.m./mg microsomes % 

Complete 10,700 100 

— ATP 7,466 60 

— ATP-PCK-CreP 7,440 60 

— PCK-CreP 9,384 87 

— Poly-U 200 1.9 

Microsomes - -

0.5ml incubations contained: 30 junoles T r i s - H C l pH 7.8 at 

30°, 35 ̂ umol KC1, 2 ̂ umol ATP, 5 ̂ imol CreP, 10 ^g PCK, 

0.1 pmol GTP, 5 ^umol GSH, 5 ̂ umol MgCl 2, 0.01 ^umol |̂ "4cJ Phe, 
0.01 jamol 19 P"̂ c] amino a c i d mixture, 0.5mg microsomes, 

0.2mg tRNA, O.lmg Poly-U and 0.04ml high-speed supernatant. 

(Omissions made as i n d i c a t e d ) . Incubation was at 30° and 

0.05ml samples assayed at 0, 15, 30, 60 mins. R a d i o a c t i v i t y / 

d i s c determined as i n Methods 3. 15 min as s a y s are reported. 
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Pig.37 COMPLETE SYSTEM E f f e c t of Mg co n c e n t r a t i o n 

on P o l y - u - d i r e c t e d Phe i n c o r p o r a t i o n 

IV. faba tRNA, P. aureus tRNA, Y e a s t tRNA) 

o 15 

* I.O 

a 05 

° 5 7 9 \\ 13 15 

2+ 
mM Mg 

0o5 ml incubations contained: 30 ^imol T r i s - H C l pH 7.8 

at 30° or 37% 35 Jimol KC1, 2 pmol ATP, 5 ;imol CreP, 

10 ug PCK, 0.1 umol G-TP, 5 >imol GSH, 0.1 mg Poly-U 

0.01 ;imol P:he, 0.01 >imol 19 amino a c i d mixture,, 

0.5 mg microsomes and e i t h e r 0.2 mg y e a s t tRNA, V. f a b a 

tRNA or P. aureus tRNA, 0.06 ml high-speed supernatant 

and v a r y i n g ^ymol MgClg. Incubat i o n was 30° f o r V. faba and 

P. aureus tRNAs and 37° f o r y e a s t tRNA. 0.1 ml samples 

were assayed at 0, 15, 30, 60 min. R a d i o a c t i v i t y / d i s c 

determined as: i n Methods 3 . 30 min a s s a y s a r e repor t e d . 
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1 The f a c t t h a t the microsomal p r e p a r a t i o n s were not f r e e 

of enzymatic a c t i v i t y i s shown by the r e s u l t s given i n FIGS. 

38 and 39. However, the optimal concentration for exogenously-

added high-speed supernatant was 0.04ml f o r 0.5ml incubations 

i n v o l v i n g yeast tRNA and P.aureus tRNA, and 0.02ml/0.5ml 

incubation for V.faba tRNA. The high-speed supernatants could 

be s t o r e d f o r at l e a s t 6 months at -70° without l o s s of a c t i v i t y . 

FIG.34 (see a l s o FIG.73) shows t h a t Poly-U-directed 

systems were v i r t u a l l y t o t a l l y dependent on exogenously-

supplied tRNA. 

The e f f e c t of pH on the Complete System showed an optimum 

at pH 7.8 with V.faba tRNA and a l e s s sharp optimum at pH 8.1 

with yeast tRNA (F I G . 4 0 ) . When incubations containing yeast 

tRNA were c a r r i e d out at 30° there was an obvious lag phase, 

which was g r e a t l y reduced when the incubation temperature was 
Q 

r a i s e d to 37 . The o v e r a l l i n c o r p o r a t i o n of t h i s system was 

greater at 30° than at 37° (FI G . 4 1 ) . 

The r e s u l t s given i n TABLE 6 and FIG.42 demonstrate the 

almost t o t a l f a i l u r e to i m p l i c a t e GTP i n these Poly-U-directed 

Complete Systems. 

In the Complete System, which in c l u d e d P.aureus tRNA, 

TYMV-RNA* d i r e c t e d the in c o r p o r a t i o n of \}4c\ Leu (F I G . 4 3 ) . 
2 + 

The Mg concentration optimum for viral-RNA d i r e c t i o n was 

5mM, w h i l s t endogenous a c t i v i t y was maximal at lOmM. This 

* I n a l l i n v i t r o i n c o r p o r a t i o n systems TYMV-RNA was that 

m a t e r i a l obtained by phenol e x t r a c t i o n . 

(B) TYMV-RNA-directed i n c o r p o r a t i o n of [ 1 4 c] C Leu: 
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Pig.38. COMPLETE SYSTEM: E f f e c t of 2 P. aureus 

high-speed supernatant enzyme f r a c t i o n s on 

Poly-U-directed ^ c ] Phe i n c o r p o r a t i o n (V. fab a 

tRNA, P. aureus tRNA) • 

3 -

e o w o 
i . 
o 
•H 
S 
cn 
e 

2 -

i 
o 
r-i 

a 
a 

E N Z Y M E ' l ' A 
o 

ENZYMEY 

O 0 . 0 2 0 . 0 4 0 . 0 6 
E n z y m e (ml) 

0,5 ml incubations contained: 3-0.:>imol T r i s - H C l p H 7 .8 

at 3.0°, 35 >imol KC1, 2 >imol ATP, 5 ̂ mol CreP, 10 ̂ g PCK 9 

0.1 ,umol GTP, 5 Aimol GSH, 0.01 >imol ^ c ] Phe, 0.01 ^imol 

19^ 2 c j amino a c i d mixture, 0.5 mg microsomes,0.1 mg Poly-U, 

e i t h e r 0.2 mg V. faba tRNA with 5 ;umol MgClg, or 0.2 mg 

P. aureus tRNA with 6 ;umol MgClg, and varying v o l . 

high-speed supernatant. Incubation was at 3 0 ° a n d 

0.05 ml samples assayed at v a r i o u s time i n t e r v a l s . 

R a d i o a c t i v i t y / d i s c r determined as i n Methods 3. 30 min 
ass a y s are r e p o r t e d . 
A: V. faba tRNA. 
Bi: P. aureus tRNA. 
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Fig .39 COMPLETE SYSTEM E f f e c t of 2 P. aureus 

high-speed supernatant enzyme f r a c t i o n s on 

Phe i n c o r p o r a t i o n : ( Y e a s t Poly-U-directed 

tRNA) 

o 2.0 

6/ 01 

1.5 

1.0 

0 . 0 2 0 . 0 4 

Enzyme (ml) 
0 . 0 6 

0.5 ml incubations contained: 30 >imol T r i s - K C l pH 7.8 

at 3 0 ° , 35 ;umol KC1, 2 ;umol ATP, 5 >imol CreP, 10 )ig 
PCK, 0.1 ;amol GTP, 5 >imol GSH, 0.01 ^molT^c] Phe, 0.01 

12 I 
^imol 19 _ CJ amino a c i d mixture, 0 .5 mg microsomes, 0.2ingt]$IA., 

6;amol MgClg, 0.1 mg Poly-U. and va r y i n g v o l . high-speed 

supernatant.. I n c u b a t i o n was at 30 min and 0.05 nil 

samples assayed at various time i n t e r v a l s . R a d i o a c t i v i t y / 

d i s c determined as i n Methods: 3« 60 min assays are 

reporte d . 



pig.40. COMPLETE SYSTEM: E f f e c t of pH on poly-U-

d i r e c t e d Phe i n c o r p o r a t i o n . (V." faba 

tRNA, y e a s t tRNA, p. aureus tRNA). 

1 0 
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2 . C 

A- 1.5 

0 , 5 

V . fabo t R N A . 

p a u r e u s 

Y e a s t t R N £ 

pH 

0.25 ml incu b a t i o n s contained: 15 ^uaol T r i s - H C l a t 

v a r y i n g pE a t 30°,. 17.5 /unol KC1, lumol ATP, 2.5 ;umol 

CreP, 5 ;ig PCK, 0.05 >unol G-TP, 0.005 ^unol | ^ 4 c ] Phe, 

0.005 ;umol 19 j ^ c ] amino ac i d mixture, 0.25 mg microsomes 

0.05 mg Poly-U, 0.05 ml high-speed supernatant, and 

e i t h e r 0.1 mg y e a s t tRNA w i t h 3 pmol MgClg or 0.1 mg 

V. faba tRNA with 2.5 ^irnol MgCl 2. I n c u b a t i o n was a t 

30° and 0.05 ml samples assayed a t 0, 30, 60, 120 min. 

R a d i o a c t i v i t y / d i s c determined as i n Methods 3. 30 min 
assays are reported. 
* ( o r P. aureus tRNA). 
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Pig.41. " COMPIETE SYSTEM: E f f e c t of temperature on 

Poly-U-directed |j^c] Phe i n c o r p o r a t i o n ( Y e a s t tRNA) 

w 
0) 
B o w o w u 
•H 
6 
o> e 

- \ 
-* i 

e 

o 

O 3 0 $̂Lme (minj 2 i O 

0.5 ml incubations contained: 30 jmol T r i s - H C l pH 7.8 
o o 

a t 30 or 37 ., 35 jumol KOI, 6 jwol MgCl 2, 2 ;umol ATP, 

5 pmol CreP, 10 }ig PGK, 0.1 ;imol GTP, 5 ;umol GSH, 0.01 

>uaol j^ 4 c] Phe 90.01 >umol 19 B2.cj amino a c i d mixture, 0.1 

mg Poly-U, 0.2 mg tRNA, 0.5 mg microsomes and 0.06 ml 

high-speed supernatant. I n c u b a t i o n was at 30° or 37° 

and 0.05 ml samples assayed a t times- i n d i c a t e d . 

R a d i o a c t i v i t y / d i s c determined as i n Methods 3V 
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TABLE 6. COMPLETE SYSTEM: GTP dependence i n Poly-U-directed 

j j ^ 4 c ] Phe incorporation and TYMV-RNA-directed Q 4cj Leu 
inc o r p o r a t i o n (V.faba tRNA) 

tRNA 
COMPLETE 

c. p. m. / mg 
microsomes % 

COMPLETE — 
c . p. m. /mg 
microsomes 

GTP 

% 

V. faba 10,700 100 10,800 100.9 

P.aureus 3,556 100 3,502 98 

TYMV-RNA 1,820 100 1,800 99 

Incubation d e t a i l s : V.faba and P.aureus as i n TABLE 5 with 

appropriate omissions and s u b s t i t u t i o n s . TYMV-RNA system: 

0.5ml incubations contained: 30 umol T r i s - H C l pH 7.8 at 30°, 

35 umol KC1, 2 jamol ATP, 5 >amol CreP, 10 PCK, 0.1 /imol 

GTP, 2.5 jimol MgCl 2, 5 ̂ mol GSH, 0.01 ;umol [ } 4 c \ Leu, 0.01 yumol 

19 P"2c] amino a c i d mixt°ur'e^0^/5mg microsomes, 0.25mg TYMV-RNA 

and 0.04ml high-speed supernatant. Incubation was at 30° and 

0.05ml samples assayed at 0, 10, 15, 30, 45, 60 min. 

R a d i o a c t i v i t y / d i s c determined as i n Methods 3. 30 min as s a y s 

are reported. 
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Fig.42. COMPLETE SYSTEM: GTP dependence i n 

Poly-U-directed p^cjphe i n c o r p o r a t i o n 

( Y e a s t tRUA).!' 
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— POLY-U 

3 0 
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0.5 ml incub a t i o n s contained: 30 umol T r i s - H C l pH'7.8 

at 30° 35 ^mol KC1, 2 jamol ATP, 5 Jimol CreP, 10 PCK, 

0.1 ;amol GTP, 5 jwol GSH, 0.01 ;mol (^"cj Phe, 0.01 >imol 
r i 2 i 

19l_ Cj amino a c i d mixture, 0.5 mg microsomes, 6 ;imol 

M g C l ^ O ^ mg tRNA, 0.1 mg Poly-U and 0.06 ml high-speed 

supernatant. I n c u b a t i o n was at 30°and 0.05 ml samples 

assayed a t times i n d i c a t e d . R a d i o a c t i v i t y / d i s c determined 

as i n Methods 3. 



Plg.U3» COMPLETE- SYSTEM: TYMV-RNA-directed^c) Leu 

i n c o r p o r a t i o n ( P . aureus tRNA ) . 
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mM Mg 2 + 

'A ; TYMV-RNA wi thou t tPNA supplementation. 

0.5 ml incubations contained: 30 pmol T r i s - H C l pH 7o8 

at 3 0 ° , 3-5 /imol KC1, 2 ;imol ATP, 5 ;umol CreP, 10 jiigr PCK, 

O.l ^iraol, GTP, var y i n g ;umol MgCl 2, 5 jxmol GSH, 0.01 pmol 

{ ^ c j L e u , 0.01 ;umol 19^ 2 cj amino a c i d mixture and 0.5 mg 

microsomes, 0.2 mg P. aureus tRNA, 0.1 mg TYMV-RNA 0.08 

ml high-speed supernatant. I n c u b a t i o n was at 28° and 0.1 

ml samples assayed at 0, 30, 60 min. R a d i o a c t i v i t y / d i s c 

determined as i n Methods 3 - 30 min a s s a y s are reported. 
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graph a l s o records the marginal a c t i v i t y promoted by 

TYMV-RNA i n the absence of exogenously-supplied tRNA^but t h i s 

was an exceptional r e s u l t . 

I n the Complete System which i n c l u d e d V.faba tRNA, optimal 
2+ 

TYMV-RNA d i r e c t i o n was at 2mM Mg w h i l s t the endogenous 

a c t i v i t y was again more pronounced at lOmM (F I G . 4 4 ) . There 

was no a c t i v i t y i n the absence of tRNA supplementation. The 

time course of inc o r p o r a t i o n was complete at 30 min (FIG.45). 

Dependence of the in c o r p o r a t i o n upon ATP, PCK and CreP 

i s shown i n TABLE 7; GTP dependence i s shown i n c o n j o i n t TABLE 6. 

In general, the Complete System with yeast tRNA showed no 

a c t i v i t y i n the presence of TYMV-RNA. V a r i a t i o n s of parameters 

having f a i l e d to promote viral-RNA d i r e c t i o n , a higher s p e c i f i c 
r~i4~i 

a c t i v i t y t'\__ CJ Leu was used. The r e s u l t s are shown i n FIGS. 

46 and 47. The recorded response c o n t r a s t s sharply with the 

presented p r o f i l e s of viral-RNA d i r e c t i o n i n the presence of 

bean tRNAs. 

In the Complete System, TYMV-RNA was presented i n 0.01M-

potassium a c e t a t e b u f f e r . Viral-RNA f a i l e d to d i r e c t 

i n c o r p o r a t i o n i f thawed and frozen more than once, but repeated 

f r e e z i n g and thawing d i d not a f f e c t the charging p r o p e r t i e s of 

the RNA. Viral-RNA preparations were st o r e d at -20°. 

In Poly-U- and TYMV-RNA-directed systems, microsomes were 

s t o r e d at -70° at a conc e n t r a t i o n of 20mg/ml, maintaining t h e i r 

a c t i v i t y for at l e a s t 6 months with repeated f r e e z i n g and 

thawing. The endogenous l e v e l s of a c t i v i t y , however, were not 

repr o d u c i b l e and once-thawed microsomal prep a r a t i o n s had a 
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r i g . 4 4 . COMPLETE SYSTEM: TYMV-RNA-directed 

i n c o r p o r a t i o n (V. faha tRNA). 

14 
Leu 

ENDOGENOUS 

mM Mg 2+ 

0.5 ml incubations contained: 30 umol T r i s - H C l pE 7.8 

at 30°, 35 jumol KOI, 2 umol ATP, 5 juaol CreP, 10 ug 

PCK, 0.1 umol GTP, v a r y i n g jumol MgCl 2 > 5 ;uaol G-SH, 0.01 

umol Leu, 0.01 >imol 19 amino a c i d mixture, 0.5 mg 

microsomes, 0.13 mg TYMV-RNA, 0.2 mg V. faba tRNA and 

0.04 ml high-speed supernatant. Incu b a t i o n was a t 30° 

and 0.05 samples assayed a t oy 10, 20, 30, 40, 60 min. 

R a d i o a c t i v i t y / d i s c determined as i n Methods 3. 20 min. 

assays are reported. 



'Fig.45. COMPLETE SYSTEM: Time course of TW-KM-

d i r e c t e d ^ c ] Leu i n c o r p o r a t i o n ( V . faba tRNA)', 
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W: T Y M V - R N A without tRNA supplementation. 

0.5 ml incubations contained: 30 ;imol T r i s - H C l pH 7 0 8 

at 30° 9 35 ;iiaol K C l f 2 ywol ATP, 5 ;unoi CreP, 10 p.g 

PCK, 0.1 ;omol GTP, 2.5 yumol MgCl 2. 5 >unol GSE, 0.01-

Aimol [ l 4"c] Leu, 0.01 /imol 19 l ^ c l amino a c i d mixture, 0.5 

mg microsomes, 0 .13 mg TYMV-RNA, 0.2 mg V. faba "tRNA and 

0.04 ml high-speed supernatant. I n c u b a t i o n was a t 30° 

and 0.05 ml samples assayed a t times i n d i c a t e d . Radio

a c t i v i t y / d i s c determined as i n Methods 3.' 
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TABLE 7. COMPLETE SYSTEM: ATP, PCK, Cre P i n TYMV-

RNA-directed |_ Cl Leu i n c o r p o r a t i o n (V.faba tRNA) 

Complete Complete - ATP, PCK, Cre P 

c.p.m./mg 
microsomes 

% c.p.m./mg 
microsomes 

% 

TYMV-RNA 820 100 766 93 

0.5ml incubations contained: 30 jimol T r i s - H C l pH 7.8 at 30 , 

35 jimol KC1, 2 ̂ amol ATP, 5 jimol CreP, 10 yg PCK, 0.1 umol 

GTP, 2.5 /imol MgCl 2, 5 jimol GSH, 0.01 ;imol p-4cj Leu ,0.2flgtRN&, 

0.01 jamol 19 amino a c i d mixture, 0.5mg microsomes, 0.25mg 

TYMV-RNA and 0.04ml high-speed supernatant (ATP, PCK, CreP 

omission as i n d i c a t e d ) . Incubation was a t 30° and 0.05ml 

samples assayed a t 0, 10, 15, 30, 45, 60 min. R a d i o a c t i v i t y / d i s c 

determined as i n Methods 3. 30 min assays are reported. 
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Pig.il.6. COMPLETE SYSTEM: Time course of TYMV-RNA-

d i r e c t e d f^cj Leu i n c o r p o r a t i o n ( Y e a s t tRNA) • 
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Pig..U7. COMPLETE SYSTEM: E f f e c t of Mg 2 + concentration 

on TYMV-RNA-directed ^ c j Leu i n c o r p o r a t i o n 

( Y e a s t tRNA). 
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greater apparent endogenous a c t i v i t y than repeatedly frozen 

and thawed p r e p a r a t i o n s . 

5. Transfer System tl 4 ~ | I 14 ""I 
CI Leu , I CJ Phe or 

the 14(u 1 4 c jamino a c i d mixture (Methods 2 0 ) . V.faba tRNA 
r " i 4 i r i 4 i 

was precharged with[__ C| Phe or the 14 |U CJ amino a c i d 

mixture (Methods 2 0 ) . 
nun 

(A) Poly-U-directed i n c o r p o r a t i o n of I CJ Phe : 
A sharp optimum at 80mM K + was shown for the [̂ ĉ] Phe-

yeast tRNA Transfer System, whereas the optimum for the 
l ~ 1 4 l 

14|U C|AA-V.faba tRNA system at 80mM was much l e s s c r i t i c a l 
(FIGS.48, 49). 

2 + 
The Mg optimum i n each Tr a n s f e r System was 8mM (FIGS.50, 

5 1 ) , though the yeast system showed a more c r i t i c a l response than 

the V.faba. The pH e f f e c t c o n t r a s t e d sharply i n the two systems 

(FIGS.52, 53). In the V.faba system there was no optimum between 

pH 7.3 - 8.5; i n the yeast system there was a c t i v i t y i n the range 

pH 7.3 - 8.1 with a d i s c e r n i b l e optimum a t pH 7.6. 

The enzymatic p r o p e r t i e s of the microsomal preparation 

are i l l u s t r a t e d by FIGS.54 and 55. Addition of the high-speed 

supernatant enzyme f r a c t i o n d i d not enhance i n c o r p o r a t i o n . 

Dependence of the Tr a n s f e r System on GTP was p a r t i a l 

(FIGS.56, 57) and some depression of a c t i v i t y was observed when 

ATP was added to the j ^ 4 c j Phe-yeast tRNA system (F I G . 5 7 ) . 

Most of the graphs show the Poly-U dependence of the 

inc o r p o r a t i o n s and endogenous a c t i v i t y was not apparent 
I14I r i 4 ~ i 

i n systems using |_ CJ Phe-yeast tRNA and 14[_U CJ AA-yeast 

tRNA (FIGS.55, 57, 58). Transfer from F 4 c J Phe-



Fig..2+8. TRANSFER SYSTEM: E f f e c t of K + c o n c e n t r a t i o n 

on Poly-U-directed Phe i n c o r p o r a t i o n from 

Phe-Yeast tRNA• 

8 0) 

in 

O \ 

O AO 8 0 120 160 

mM K + 

0,25 ml incubations contained: 15 ^umol T r i s - H C l pH 7,8 

at 30° v a r y i n g ̂ umol KC1, 2 umol MgCl 2 > 0.05 jwnol GTP ? 

2,5 jumol GSHjO.05! rag Foly-U, 0.25 mg microsomes, 0.1 mg 

y e a s t tRNA precharged w i t h ^ c ] Phe. Incubation was at 30 

and 0.05 ml samples assayed at 0> 15, 30, 60 min. 

R a d i o a c t i v i t y / d i s c : determined as i n Methods 3 . 3X) min 

as s a y s are re p o r t e d . 



Pig » k 9 . TRANSFER SYSTEM: E f f e c t of K + c o n c e n t r a t i o n 

on Poly-U-directed Phe incorporation.from 

Ik U ^ c j AA^-V. fab a tRNA • 

mM K 

0.25 ml incub a t i o n s contained: 15 umol T r i s - H C l pH 7*8 

at 30° varying ;umol KC1, 2 ;umol MgClg 0.05 >imol GTP, 

2.5 ;umol GSH, 0.05 mg Poly-U, 0.25 mg microsomes, 0.1 mg 

V. faba tRNA precharged with 1U l u ^ c ] AA. Incubation was 

at. 30° and 0.05 ml samples assayed at 0, 15, 30, 60 min. 

R a d i o a c t i v i t y / d i s c determined as i n Methods 3. 30 min 

as s a y s are reported. 



2+ Fig.5 0 . TRANSFER SYSTEM: E f f e c t of Mg conc e n t r a t i o n 
on Poly-U d i r e c t i o n of Phe i n c o r p o r a t i o n from 
fe*c] Phe-V. faba tRNA' and 1U j u ^ g ] AA-V. faba tRNA. 
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0o25 ml incubations contained:: 15 /imol T r i s - H C l pH 7.8 

a t 3 0 ° , 20 umol KC1,varying ;umol MgCl 2, 0.05 umol GTP, 

2,5 ^mol GSH, 0.05 mg Poly-U., 0'.25 mg microeomes, and 

0.1 mg V. faba tRNA precharged with e i t h e r [ ^ c j P h e or 

i z * j u l u c | AA. I n c u b a t i o n was at 30° and 0*05 ml samples, 

assayed at 0, 15, 30, 60 min. R a d i o a c t i v i t y / d i s c 

determined a s i n Methods 3 . 30 min a s s a y s are reported. 



118 

F i g . 5 1 . 
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TRANSFER SYSTEMt E f f e c t of M g 2 + c o n c e n t r a t i o n 
of Poly-U d i r e c t i o n of Phe i n c o r p o r a t i o n from 
Ik ly 1 2*c| A A-Yeast tRNAo 

mM Mg 

0.25 ml incubations, contained: 15 ;amol T r i s - H C l pH 7.8 

at 30°> 20 ;imol KC'l, varying ^umol MgCl 2, 0.05 /imol GTP, 

2*5 >imol GSH, 0.05 mg Poly-U, 0.25 mg microsomes and 

0 .1 mg yeast tRNA precharged with 1U j u ^ c j AA . Inc u b a t i o n 

was a t 30° and 0.05' ml samples assayed at 0, 20, kOf 80 min. 

R a d i o a c t i v i t y / d i s c determined as i n Methods 3. kO min 

assays are r e p o r t e d . 



F i g . 5 2 . TRANSFER SYSTEM: E f f e c t of pH on Poly-U-

d i r e c t e d Phe i n c o r p o r a t i o n from^^c] Phe — 

V. faba tRNA. 
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0,25 ml incubations containedr 15 umol T r i s - H G l v a r y i n g 

pH" a t 3 0 ° 15 jumol KC1, 2 umol MgCl 2, 0 .05 umol GKTP, 

2 .5 ;imol GSH, 0 .05 mg Poly-U, 0 .25 mg microsomes and 

0.1 mg V. faba tRNA precharged with Phe. In c u b a t i o n 

was a t 3 0 ° and 0 .05 ml samples assayed a t 0 , 15 , 3,0, 60 

min. R a d i o a c t i v i t y / d i s c determined as i n Methods 3 i . 

15 min assays are reported* 



Fig.5 3 . TRANSFER SYSTEM: E f f e c t 0 f pH on Poly-U 

d i r e c t e d Phe i n c o r p o r a t i o n from Phe 

Y e a s t tRNA• 
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0.25 ml incubations containedr 15 uraol T r i s - H C l v a r y i n g 

pH a t 30° , 20 umol K C l , 2 umol MgCl 2, 0.05 pmoi GTP, 2.5 

umol GSH, 0.05. mg Poly-U, 0.25 mg microsomes and 0.1 mg 

ye a s t tRNA precharged with Phe. Incubation was at 

3.0 and 0.05 ml samples assayed a t 0, 15, 30, 60 min. 

R a d i o a c t i v i t y / d i s c determined as in Methods 3 . 30 min 

assays a r e r e p o r t e d . 
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Fig.5*4-. . TRANSFER SYSTEM: E f f e c t of supplementation of 

P. aureus high-speed supernatant enzyme f r a c t i o n 

on Poly-U-directed Phe i n c o r p o r a t i o n from. 

Phe-V. faba tRNA. 
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0.25 ml incubations contained: 15 umol T r i s - H C l pH a t 3.0° 

15 pmol K C 1 , 2 umol MgClg, 0.05 umol GTP, 2.5 umol GSH, 

0.05 mg Poly-U, 0.25 mg microsomes, 0.1 mg V. faba tRNA 

precharged with f^c] Phe, and v a r y i n g v o l . high-speed 

supernatant. I n c u b a t i o n was at. 30° and 0.05 ml samples 

assayed a t 0, 15, 30, 60 min. R a d i o a c t i v i t y / d i s c determined 

as i n Methods 3 . 30 min a s s a y s are report e d . 



Pig.55?. TRANSFER SYSTEM: E f f e c t of supplementation of 
P. aureus high-speed supernatant ensyme f r a c t i o n 
on Poly-U-directed Phe i n c o r p o r a t i o n from 
Phe-Yeast tRNA. 
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0.5 ml incubations ccontained: 30 /imol Tris-HCl pH 7.8 

at 3 0 ° , kO pmol KC1, h jimol MgClg, 0.1 ;umol GTP, 5 /amol. 
GSH, 0.5 mg microsomes,0.1 mg Poly-U, 0.1 mg yeast tRNA 
precharged w i t h P^CJ Phe, w i t h and without O.O&Ahigh-speed 
supernatant. ..Incubation was a t 30° and 0.05 ml samples 
assayed as. i n d i c a t e d . R a d i o a c t i v i t y / d i s c determined as 
i n Methods 3* ' . 



Figo56. TRANSFER SYSTEM: GTP dependence on Poly-U-
d i r e c t e d Phe i n c o r p o r a t i o n f r o m j j ^ c l Phe — 
V. faba. tRNA and Ik 
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0 ,23 ml incubations contained: 15 ;umol Tris-HCl pH 7.8 at 
3 0 % 0 .05 ̂ mol GTP, 2.5 ;imol GSH, 2 jimol MgClg, 20 juriol 
KC1, 0 .05 mg Poly-U, 0 .25 mg microsomes and 0.2 mg V. faba. 
tRNA pre charged wi t h [^c ] Phe or l u j u ^ c ] AA. I n c u b a t i o n 
at 30° and 0.05 ml samples .assayed at times i n d i c a t e d * 
R a d i o a c t i v i t y / d i s c determined as i n Methods 3. 

—o- : i 4 l u 1 4 q ) AA-V. faba tRNA. 

fi4c]phe-y. faba t-KNA. 
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Pig.57» TRANSFER SYSTEM: GTP dependence o f Poly-U-
r i u i 

d i r e c t e d Phe i n c o r p o r a t i o n f rom |_ CJ Phe-Yeast 
tRNA. 
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0,5 ml incubations contained: 3)0 /imol Tris-HCl pH 7.8 
at 30° 0.1 >imol GTP, 5 ;umol GSH, k ;imol MgGlgj UO >imol 
KC1 S0.1 mg Poly-U !, 0.5 mg microsomes and 0„2i mg tRNA 
precharged w i t h L ^ c f Phe« A d d i t i o n 2 ;amol ATP as i n d i c a t e d . 
I n c u b a t i o n was at 30° and 0.05> ml samples assayed at. 
times i n d i c a t e d , R a d i o a c t i v i t s / d i s c determined as i n 
Methods 33. 
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Pig.58. TRANSFER SYSTEM: Poly-U-directed Phe i n c o r p o r a t i o n 
from Ih u l u c ~ W •Yeast tRNA. 
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0.5 ml incubations contained: 30 ;imol Tris-HCl pH 7.8 

at 3 0 ° , 0.1 ;zmol OTP, 5 ;umol GSH, h pmol MgCl 2, kO jumol 
KC1, 0.1 mg ?oly-U, 0.5 mg microsomes, and 0.2 mg yeast 
tRNA precharged w i t h lh |u12+c]aA\. Incubation was at 30° 

and 0.05 ml samples assayed at times i n d i c a t e d . R a d i o a c t i v i t y / 
d i s c determined as i n Methods 3» 
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r 1 4 I 

V.faba .tRNA and 14 I U q AA-V.faba tRNA showed i n c o r p o r a t i o n 

i n the absence of Poly-U (FIGS.56,59 ) . 

There was an obvious lag phase i n in c o r p o r a t i o n from 

precharged y e a s t tKNA Tran s f e r Systems (FIGS. 57,58). T h i s 5 min 

lag was not apparent i n precharged V.faba tTOJA systems. 

L e v e l s of inc o r p o r a t i o n a c t i v i t y d i f f e r e d considerably 
r 1 4 1 

between 14 U C AA-V.faba tRNA and i t s yeast counterpart -
the l a t t e r only achieving some 10% a c t i v i t y . I n c o r p o r a t i o n 

l~14"| 
from (_ Cj Phe-precharged tTRNAs from yeast and V.f aba were of 

the same order. 

The r a t e s and completion of inc o r p o r a t i o n v a r i e d between 

the y e a s t and V.faba precharged system. G e n e r a l l y , the yeast 

system had terminated a t 1 hr whereas V.faba gave a l i n e a r 

response to about 30 min, terminating at 30 - 60 min. 

The optimal concentration of precharged tRNA i n the 

Transfer System was 0.4mg tRNA/1ml incub a t i o n . ( F I G . 6 0 ) . 

(B) TYMV-RNA-directed i n c o r p o r a t i o n of |J"4cj amino a c i d s : 

No viral-RNA a c t i v i t y was demonstrated i n Tran s f e r Systems 

containing \"14c\ Phe-V.faba tRNA, I 1 4 c J Phe-yeast tRNA or 
[-141 " 

C j Leu-yeast tRNA. 

In the Tran s f e r System from 14 [u 1 4cT] AA-V.faba tT?NA, 

TYMV-RNA d i r e c t e d i n c o r p o r a t i o n of \}4c\ l a b e l at a Mg2* 

optimum of 2mM (FI G . 6 8 ) . The r e a c t i o n was p a r t i a l l y GTP 

dependent (FIG.61) and the temperature response of i n c o r p o r a t i o n 

was observed as i n FIG.62. 

The time-course of TYMV-RNA-directed i n c o r p o r a t i o n was 



Pig.5 9 . TRANSFER SYSTEM: Poly-U d i r e c t i o n of Phe 
i n c o r p o r a t i o n from l ^ c l Phe-V. faba tRNA and 
l f t A A - V . faba tRNA, 
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0.5 ml incubations contained: 30 ;imol Tris-HCl pH 7.8 

a t 3 0 ° , 1+0 ;unol KC1 ,0.1 ;imol G-TP, 5 Jimol GSH, h /xmol. 
MgGlg, 0.1 mg P'oly-U, 0.5 mg microsomes and 0.2 mg 
V» faba tRNA precharged w i t h e i t h e r P^c] Phe or Ik V^cJ 
AA. I n c u b a t i o n was a t 30° and 0.05 ml samples assayed a t 
times i n d i c a t e d . R a d i o a c t i v i t y / d i s c determined as. i n 
Methods 3 . . 

'A : 14 ( y 1 ^ AA-V. faba tRNA + Poly-U 

AA-V. faba tRNA - Poly-U 
" B : QUclpne-V. faba tRNA + Poly-U 
b •' [uc\ Phe-V. . faba tRNA - Poly-U 
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Pig.60 . TRANSFER SYSTEM: S a t u r a t i o n curve f o r |^c] Phe — 
V. faba tRNA i n Poly-U-directed Phe i n c o r p o r a t i o n , 
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0.25 ml incubations contained: 15 umol Tris-HCl pH 7.8 

at 3 0 ° , 15 umol KC1, 2 umol MgClg, 0 . 0 5 -pool GTP, 2o5->imol 
GSH, 0.05 mg Poly-U, var y i n g mg V. faba tRNA precharged 

., f i u n pnd Oiim'soiries. D w i t h (_ CJ Phe^ i n c u b a t i o n was at 30 and 0.05 ml samples 
assayed a t 0, 15, 30, 60 min. R a d i o a c t i v i t y / d i s c 
determined as i n Methods 3» 30 min assays are re p o r t e d * 



Pig.61... TRANSFER SYSTEM: GTP dependence of TYMV-Re
d i r e c t e d i n c o r p o r a t i o n from l i j . AA o_ V._ faba 
tRNA. . 
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0,25 ml incubations contained: 15 ;zmol Tris-HCl pH 
7.8 at 3 0 ° , 20 jmol KC1, 0.5 ;nnol MgClg, 0.05 >imol GTP, 
2.5 Jimol GSH, 0.25 mg microsomes, 0.2 mg TYMV-RNA and 
0.1 mg T.f aba tRNA precharged w i t h 11+ (u l i ; c | AA. I n c u b a t i o n 
was a t 3 0 ° and 0.05 ml samples assayed at times i n d i c a t e d . 
R a d i o a c t i v i t y / d i s c determined as i n Methods 3 . 
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Fig. 6 2 . TRANSFER SYSTEM: E f f e c t o f temperature on 
TYMV-RNA-directed i n c o r p o r a t i o n from li+ ju^c ] AA-

V. fab a tRNA » 
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0.25 ml incubations contained:: 15 umol Tris-HCl pK 7*8 

at 0° and 3 0 ° , 20 jimol KCl, 0.5 >imol MgCl 2 > 0.05 >imol 
GTP, 2.5 ^mol GSH, 0.25 mg microsomes , 0.2 mg TYMV'-RHA and 
0.1 mg V.f aba tRNA precharged w i t h 12; AA. In c u b a t i o n 
was at 0° and 30° and 0.05 ml samples assayed a t times, 
i n d i c a t e d . R a d i o a c t i v i t y / d i s c determined as i n Methods 3o 
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v a r i a b l e (FIGS.61,62). When f u l l time-courses are not reported 

or s u b - l i n e a r l e v e l . 

A competitive e f f e c t between Poly-U- and TYMV-RNA-

d i r e c t i o n i n the Tran s f e r System was observed. Thus a t 8mM 
2+ 2 + Mg ( P o l y - U 9 Mg optimum), i n c o r p o r a t i o n was reduced i n the 

presence of viral-TSMA. The time curve of t h i s r e a c t i o n shows 

a lag phase not present with Poly-U alone. There was l i t t l e 

i n c o r p o r a t i o n d i r e c t e d by TYMV-RNA (F I G . 6 3 ) . 
2 + 

At a Mg optimum s u i t a b l e f o r TYMV-RNA in c o r p o r a t i o n 

d i r e c t i o n , an a d d i t i v e e f f e c t was shown when both messenger 

molecules were present; the in c o r p o r a t i o n response was b i p h a s i c , 

u n l i k e the r e s u l t s obtained with Poly-U and viral-RNA alone 

(F I G . 6 4 ) . The 14 JjJ CJ AA-yeast tRNA Transfer System showed no 

s i g n i f i c a n t a c t i v i t y with regard to viral-RNA d i r e c t i o n . The 

r e s u l t s recorded i n FIGS.65,66 represent the g r e a t e s t response 

achieved i n repeated attempts to demonstrate s i g n i f i c a n t 

a c t i v i t y . 

TYMV-RNA d i r e c t e d i n c o r p o r a t i o n from 14 ju C j AA-V.faba 

tRNA only i n the presence of K +. There was no c r i t i c a l optimum 

of concentration, s i n c e 20 - 80mM maintained the i n t e g r i t y of 

the system ( F I G . 6 7 ) . Endogenous a c t i v i t y showed optimal K + 

e f f e c t s at 60 - lOOmM. 

The endogenous a c t i v i t y i n the precharged V.faba tT?NA 

Transfer System, u n l i k e viral-T?NA and Poly-U d i r e c t i o n , v a r i e d 

i n the f i g u r e s and t a b l e s , r e s u l t s are recorded at a l i n e a r 

L » 1 4 c J 

t 1 4 c ] 
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Fig.63. TRANSFER SYSTEM: Competitive e f f e c t of poly-U 

tRNA). 1U 2+ and TYMV-RNA at 8mM Mg U ̂ C AA-V. faba 
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0.25 ml incubations contained: 15 jumol Tris-HCl pHI 7.8 
at 3,0° 20 ;amol KC1, 2 ;amol MgCl 2, 0.05> ;umol GTP, 2.5 Jimol 
GSH, 0.25 mg microsomes, e i t h e r 0.2 mg TYMV-RNA , and/oz» 
0.05 mĝ  Poly-U and 0.1 mg V. f aba tRNA precharged w i t h 
lh|_U^cj AA. In c u b a t i o n was at 30° and 0.05 ml samples 
assayed at times i n d i c a t e d . R a d i o a c t i v i t y / d i s c determined 
as i n Methods; 3 . 



F i g # 6 l j . . TRANSFER SYSTEM: Competitive e f f e c t of Poly-U 
and TYMV-RNA at 2mM Mg 2 + (lh | u 1 1 ; c | AA- V. faba 
tRNA^ 
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0»25 ml incubations contained: 15 ^imol Tris-HCl pH 7.8 

at 30° 20 ^mol KC1, 0.5> ̂ mol MgClg, 0.05 )imol GTP, 2.5 

umol GSH, 0.25> mg microsomes, e i t h e r 0.2 mg TYMV-31NA. and/ 
or 0.05 mg Poly-U and 0.1 mg V. faba tRNA precharged w i t h 

AA. In c u b a t i o n was a t 30° and 0.05 ml samples 
assayed at times; • i n d i c a t e d . R a d i o a c t i v i t y / d i s c determined 
as. i n Methods 3» 
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Fig.65 TRANSFER SYSTEM: TYMV-RNA-directed i n c o r p o r a t i o n 
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0,25 ml incubations contained: 15 umol Tris-HCl pK 7.8 

at 3 0 ° , 20 >imol KC1, 0.25 ^GTP, 2.5 >*mol GSK, 0.25 mg 
microsomes, v a r y i n g jumol MgCl 2, 0.2 mg TYMV-RNA" and 

u l l l c AA. In c u b a t i o n 0.1 mg yeast tRNA precharged w i t h li+ 
was a t 30° and samples assayed at 0, 15, 30, 60 min. 
R a d i o a c t i v i t y / d i s c determined as i n Methods 3 . 30 min. 
assays are r e p o r t e d . 
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Fig.6 6 . TRANSFER SYSTEM; TYMV-RNA-directed i n c o r p o r a t i o n 
from l i t AA-Yeast tRNA 
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0.251 ml incubations contained: 15 jimol Tris-HCl pH 7.8 a t 
3 0 ° , 20 umol KC1, 1.0 jaraol MgClg, 0.5 jWGTP, 2.5 umol 
GSH, 0.25 mg microsomes, 0. Ŝ TYMV-RNA and 0.1 mg yeast tRNA 
precharged w i t h 12+[y^c] AA. Incubation was at 30° and 
samples assayed a t times i n d i c a t e d . R a d i o a c t i v i t y / d i s c 
determined as i n Methods 3« 



Fig.67 . TRANSFER SYSTEM: E f f e c t of K + on TYMV-RNA-
direc.ted incorporat ion from Ik fu^clAA-V. fab 
tRNA. 
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0.25 ml incubations contained? 15 umol Tris-HCl pH 7.8 

at 30° , v a r y i n g ;imol KC1, 0.5 umol MgCl 2, 0.05 /imol 
GTP, 2.5 ^mol GSH, 0.25 mg microsomes, 0.2 mg TYIvIV-RNA, 
and 0.1 mg V. faba tRNA precharged w i t h l f t [ l l ^ c ] AA. 
Inc u b a t i o n was a t 30° and 0.05 ml samples assayed at 0, 

15» 30, 60 min. Radioactivity/disc-, determined as i n 
Methods 3* 30 min assays are r e p o r t e d . 
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from preparation to pr e p a r a t i o n . Most s i g n i f i c a n t endogenous 

a c t i v i t y was shown by microsomal preparations which had been 
2 + 

thawed once p r i o r to use. The Mg optimum for endogenous 
was 6mM (FI G . 6 8 ) . The graph shows suppression of endogenous 

2 + 
a c t i v i t y i n the presence of TYMV-RNA at Mg concentrations 
not conducive for viral-T?NA promotion of amino a c i d i n c o r p o r a t i o n . 

2 + 
The p r o f i l e a l s o shows the general r e l a t i o n s h i p of Mg to 

viral-RNA d i r e c t i o n and endogenous i n c o r p o r a t i o n . These r e s u l t s 

are more c l e a r l y i l l u s t r a t e d i n FIGS.69,70,71 and 72. 

The r e s u l t s of adding ATP and Val to the TYMV-KNA-directed 

14 Qj 1 4c] AA-V.faba tRNA Transfer System are demonstrated i n 

TABLE 8. Complete suppression of the system occurred with ATP 

and ATP + V a l . L i t t l e suppression occurred with Val alone. 

The microsomal preparation described i n TABLE 8 was used i n a 

Poly-U-directed Complete System without supplementation with the 

high-speed supernatant. This system was devoid of endogenous 

t"RNA ( i . e . Phe-accepting-tRNAs), and was enhanced by a d d i t i o n 

of ATP; conversely the a c t i v i t y was reduced (though not 

eli m i n a t e d ) i n the absence of ATP (F I G . 7 3 ) . 

In the Tran s f e r System, TYMV-RNA was presented i n 

O.OlM-NaCl or 0.OlM-Tris-HCl pH 7.8 at 30°, and viral-RNA 

would promote i n c o r p o r a t i o n i f thawed and frozen more than 

once. Microsomal preparations were st o r e d at -70° at a 

concentration of 50mg/ml i n c o n t r a s t to the storage at 20mg/ml 

used i n the Complete System. 
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P i g . 6 8 . TRANSFER SYSTEM: E f f e c t of Magnesium co n c e n t r a t i o n 

on TYMV-RNA-directed i n c o r p o r a t i o n and Endogenous 

i n c o r p o r a t i o n from lh AA-V. faba tRNA. 

18 

4 
o 

10 
CM 

a, 

lO 8 
mM Mg 2 + 

0 . 2 5 ml incubations contained: 1 5 >iraol T r i s - H C l pH 7 * 8 

at 3 0 ° , 2 0 j L i m o l KC1, varying ;amol MgClg, 0 . 0 5 >imol GTP 9 

2 . 5 jumol GSH, 0 . 2 5 mg microsomes, 0 . 2 mg TYMV-RNA and 0 . 1 

mg V. faba tRNA pre charged w i t h 1 U ju^cj AA • Inc u b a t i o n 

was; at 3 0 ° and . 0 . 0 5 ml samples assayed at 0 , 1 5 , 3 0 , 6 0 min. 

R a d i o a c t i v i t y / d i s c determined as i n Methods 3 . 3)0 min 

as s a y s are report e d . (See Pigs. 6 9 , 7 0 , 7 1 , 7 2 ) 
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' i g o 6 9 o TRANSFER SYSTEM: TYMV-RNA-directed i n c o r p o r a t i o n 
2 + 

and Endogenous i n c o r p o r a t i o n a t 6 mM Mg from 
lulu^cl AA-V. fab a tRNA„ 

IS 

O (/) 
o 
•H 
e 
6 \ Incubation: 

as F i g 0 6 8 o CM 
i o 
X 

B 
ft 
o 

* T Y M V - R N A , 

O I 5 6 G 

Fig„ 7 0 , 

30 4 5 
Time (min) 

TRANSFER SYSTEM: TYMV-RNA-directed i n c o r p o r a t i o n 
and_Endogenous i n c o r p o r a t i o n at. 8 mM Mg' 
lk I t J ^ c j AA-Vo fab a tRNA . 

1 8 

2 + fr.om 

Incubation: 
as F i g . SQo 

Q) 
p 0 (/) o 
u 
V 
•H 
£ 

B X 
CM 

I O 
X 

e 
ft 
o 

T Y M V - R N A 

3 0 4 5 
Time (min) 

6 O 
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F i g . 7 1 o T R A N S F E R S Y S T E M : T Y M V - R N A - d i r e c t e d i n c o r p o r a t i o n 

and Endogenous i n c o r p o r a t i o n a t 2 mM Mg ' from 
I k j u ^ c j A A - V . ^ f aba t R N A o 

Incubation: 

as P i g . 6 8 , 

w 
Q) E 0 
in 0 
u o 
•H 

e 
e CM 

i 
O 
r - l 

E 
NDOGE 

15 3 0 4.5 
Time (min) 

6 0 

F i g o 7 2 - . o T R A N S F E R S Y S T E M : T Y M V - R N A - d i r e c t e d i n c o r o o r a t i o n 
:2+ " arid Endogenous i n c o r p o r a t i o n at k mM Mg£ 

lk |TJ: l kc| AA-V. faba t R N A o 

1 8 

i r-om 

Incubat ion: 

as F i g o 6 8 o 

cu E o w o 
u 
u 
•ri 

E 
D» E 

•4 

r i o 

o 
I - l X 

e 

o 

ENDOGENOUS 

! 5 3 0 4 5 
Time (miri) 

6 0 
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C12c] TABLE 8. TRANSFER SYSTEM: E f f e c t o f ATP and |_ C j V a l 

a d d i t i o n to TYMV-RNA-directed i n c o r p o r a t i o n 

from 14 [ p 1 4 ^ AA-V.faba tRNA. 

TRANSFER 
c . p. m. /mg 
microsomes 

+ V a l i n e 
c . p. m. /mg 
microsomes 

+ ATP 
c.p.m./mg 
microsomes 

+ V a l + ATP 
c . p. m. /mg 
microsomes 

TYMV-RNA 1,892 1,360 - 60 

Endogenous 240 560 - 20 

TYMV-RNA 
— microsomes - - - -

Endogenous 
— microsomes - - - -

0.25ml i n c u b a t i o n s c o n t a i n e d : 15 pmol T r i s - H C l pH 7.8 a t 30 , 

20 jimol KC1, 0.5 ;umol MgCl 2, 0.05 jimol GTP, 2.5 ̂ imol GSH, 

0.25mg microsomes, 0.2mg TYMV-RNA, O.lmg V . f a b a tRNA 
f ~ 1 4 ~ l 

p r e c h a r g e d w i t h 14 |U C j AA and ( a s i n d i c a t e d ) 1 |imol A T P 

and 0.01 jumol 0*"2cj V a l . I n c u b a t i o n was a t 30° and 0.05ml 

samples a s s a y e d a t 0, 15, 30, 60 min. R a d i o a c t i v i t y / d i s c 

d e t e r m i n e d a s i n Methods 3. 30 min a s s a y s a r e r e p o r t e d . 
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tfig.73.' COMPLETE SYSTEM: Poly-U-directed i n c o r p o r a t i o n 

of [Ho] Phe. System not supplemented with ATP 

regenerating; system or high-speed supernatant 

enzyme f r a c t i o n * 

s. 20 

- P O L Y - U ; 

60 8 O 
Time (min) . 

! 20 
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D i s c u s s i o n . 

T h r e e o b j e c t i v e s o f 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 

e x p e r i m e n t s have been o u t l i n e d by A l l e n d e ( 1 9 6 9 ) : 

( 1 ) t h e d e t e r m i n a t i o n of t h e r e l a t i v e a c t i v i t y of t h e 

p r o t e i n - s y n t h e s i s i n g m achinery o f 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 ) s t u d y o f t he component p r o p e r t i e s o f p r o t e i n s y n t h e s i s ; 

( 3 ) the achi e v e m e n t of t h e s y n t h e s i s o f a s p e c i f i c p r o t e i n . 

C e r t a i n e x p e r i m e n t a l c o n d i t i o n s a r e n e c e s s a r y f o r a t t a i n m e n t 

o f t h e s e o b j e c t i v e s . The f i r s t may be a c c o m p l i s h e d i n t he 

development o f a s y s t e m t h a t i n t e r f e r e s a s l i t t l e a s p o s s i b l e 

w i t h t h e components i n v o l v e d . Such a sy s t e m f u n c t i o n s , by 

d e f i n i t i o n , under t h e d i r e c t i o n o f an endogenous mRNA and may not 

need s u p p l e m e n t a t i o n w i t h a l l t h e known r e q u i r e d components some 

o f w h i c h may be p r e s e n t a s c o n t a m i n a n t s . 

The second o b j e c t i v e r e q u i r e s a s i m p l i f i e d s y s t e m w i t h 

i s o l a t e d components and t h e maximum i n c o r p o r a t i o n a t t a i n a b l e . 

N i r e n b e r g and M a t t h a e i ( 1 9 6 1 ) d e s c r i b e d such a s y s t e m u s i n g 

P o l y - U to d i r e c t a p o l y p h e n y l a l a n i n e s y n t h e s i s a l t h o u g h f o r a 

comple t e u n d e r s t a n d i n g o f t h e seco n d o b j e c t i v e s e v e r a l d i f f e r e n t 

s y s t e m s a r e n e c e s s a r y . 

The t h i r d o b j e c t i v e i s more d i f f i c u l t t o a c h i e v e ; a s y s t e m 

d e v e l o p e d t o 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 

m a i n t a i n e d t o p r e s e r v e i t s i n t e g r i t y . 

We a r e much c l o s e r t o a c h i e v i n g t h e f i r s t and seco n d 

o b j e c t i v e s i n 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 - s y s t e m s from 

p l a n t s o u r c e s , w i t n e s s t h e e x t e n s i v e r e v i e w s of H o l l e y ( 1 9 6 5 ) , 
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Mans ( 1 9 6 7 ) , A l l e n d e ( 1 9 6 9 ) and B o u l t e r ( 1 9 7 0 ) . The t h i r d 

o b j e c t i v e h a s not been u n e q u i v o c a b l y a c c o m p l i s h e d i n p l a n t 

s y s t e m s t o - d a t e . S c h w a r t z , E i s e n s t a d t , Brawerman and Z i n d e r 
t 

( 1 9 6 5 ) s y n t h e s i s e d a phage c o a t p r o t e i n i n a E u g l e n a g r a c i l i s 

c h l o r o p l a s t i c s y s t e m d i r e c t e d by f 2 b a c t e r i o p h a g e ; S e l a and 

K a e s b e r g ( 1 9 6 9 ) u s i n g t o b a c c o c h l o r o p l a s t r i b o s o m e s d i r e c t e d by 

t o b a c c o m o s a i c v i r a l - R N A , c l a i m t o have s y n t h e s i s e d t h e v i r a l 

c o a t p r o t e i n ; K l e i n , Nolan, L a z a r and C l a r k ( 1972) have s y n t h e s i s e d 

v i r a l c o a t p r o t e i n i n a wheat embryo sy s t e m d i r e c t e d by s a t e l l i t e 

t o b a c c o n e c r o s i s v i r a l - R N A . I t i s s i g n i f i c a n t t h a t t h e p r o d u c t s 

a r e not p l a n t p r o t e i n . I t s h o u l d be n o t e d however, t h a t t h e 

second and t h i r d o b j e c t i v e s c a n n o t be so r e a d i l y s e p a r a t e d and 

a n a l y s e d i n d i f f e r e n t systems a s may become e v i d e n t d u r i n g t h e 

D i s c u s s i o n . 

A main c o n c e r n of i n v e s t i g a t o r s w orking w i t h c e l l - f r e e 

s ystems i s t h a t t h e amino a c i d i n c o r p o r a t i o n , p a r t i c u l a r l y when 

d e t e r m i n e d a s a hot t r i c h l o r o a c e t i c a c i d p r e c i p i t a b l e m a t e r i a l , 

r e s u l t s from t h e i n t e n d e d d i r e c t o r component and not from 

m i c r o b i a l i n t e r f e r e n c e i n the i n v i t r o s y s t e m . 

Much has been w r i t t e n on t h e e f f e c t s o f m i c r o b i a l 

c o n t a m i n a t i o n i n i n v i t r o s y s t e m s (Mans and N o v e l l i , 1964; App 

and Jagendorf, 1964; H a l l and C o c k i n g , 1 9 6 6 ; A l l e n d e , 1 9 6 9 ; 

B o u l t e r , 1 9 7 0 ; B e e v e r s and P o u l s o n , 1 9 7 2 ) and c r i t e r i a a r e 

p r e s c r i b e d f o r r e c o g n i t i o n of unwanted m i c r o b i a l p a r t i c i p a t i o n . 

I n g e n e r a l t h e c r i t e r i a a r e : a dependence upon e x o g e n o u s l y -

s u p p l i e d components, p a r t i c u l a r l y t h e e n e r g y system; a s h o r t 
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t i m e - c o u r s e o f i n c o r p o r a t i o n ; a s h a r p Mg optimum. 

C o n t r a d i c t o r y o p i n i o n s a r e h e l d on the d e f i n i t i o n " s h o r t 

time c o u r s e " . B o u l t e r ( 1 9 7 0 ) s t a t e s t h a t most c e l l - f r e e s y s t e m s 

a r e u n s t a b l e and amino a c i d i n c o r p o r a t i o n i s c o m p l e t e d under 

s t a n d a r d c o n d i t i o n s i n 20 - 30 min or l e s s . B e e v e r s and P o u l s o n 

( 1 9 7 2 ) a g r e e w i t h t h i s o b s e r v a t i o n and add t h a t t h e - causes" o f 

t h e l i m i t a t i o n of r e a c t i o n ( f o r P o l y - U d i r e c t i o n ) a r e not known. 

A l l e n d e ( 1 9 6 9 ) m a i n t a i n s 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 hr b a c t e r i a l c o n t a m i n a t i o n s h o u l d be 

s u s p e c t e d , s i n c e a l l c e l l - f r e e s y s tems a r e u s u a l l y e x h a u s t e d by 

t h a t t i m e and need complementation w i t h energy s o u r c e s , mRNA or 

even w i t h f r e s h enzymes. B e c a u s e w i l d - t y p e b a c t e r i a have m i n i m a l 

r e q u i r e m e n t s , t h e more i n g r e d i e n t s t h a t a r e found t o be n e c e s s a r y 

f o r i n c o r p o r a t i o n t h e l e s s l i k e l y i t i s t h a t the a c t i v i t y i s due 

t o m i c r o b i a l e f f e c t s . 

C a r e must be t a k e n t o r e v e a l any e s s e n t i a l components 

p r e s e n t i n the c e l l - f r e e system i n o r d e r t o c o n f i r m , f o r example, 

t h a t endogenous ATP i s not s u p p l y i n g t h e r e q u i r e m e n t s of an 

a p p a r e n t l y non-ATP-dependent system. A P o l y - U - d i r e c t e d s y s t e m 

can be shown not to be m i c r o b i a l l y a f f e c t e d by t h e c o n t r o l 

e xperiment which o m i t s P o ly-U. S i n c e P o l y - U might be t h e s o u r c e 
2 + 

of m i c r o b i a l c o n t a m i n a t i o n s y s t e m a t i c o m i s s i o n o f Mg or tRNA 

or e n e r g y system and o m i s s i o n o f s e l e c t e d and p e r m u t a t e d componen 

w i l l e l u c i d a t e i n f o r m a t i o n r e q u i r e d . 

A c o n s i d e r a t i o n o f the k i n e t i c s of t h e i n v i t r o s y s t e m 

under v a r i o u s c o n d i t i o n s w i l l a s s i s t i n d i a g n o s i n g m i c r o b i a l 
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e f f e c t s . Mans and N o v e l l i ( 1964) d e s c r i b i n g t h e t y p i c a l b i p h a s i c 

c u r v e of b a c t e r i a l i n c o r p o r a t i o n , i l l u s t r a t e t h e method by which 

t o t a l i n c o r p o r a t i o n promoted by m i c r o - o r g a n i s m s may be 

demo n s t r a t e d . T h e r e i s l i t t l e i n c o r p o r a t i o n f o r t h e f i r s t 60 min 

compared w i t h the subsequent r a p i d i n c r e a s e i n i n c o r p o r a t e d 

l a b e l . 

The v a r i o u s c r i t e r i a o f f e r a g u i d e w h i c h must be s p e c i f i c a l l y 

i n t e r p r e t e d i n t h e c o n t e x t o f t h e i n v i t r o s y s t e m under 

i n v e s t i g a t i o n . The u l t i m a t e c r i t e r i o n of i n v i t r o amino a c i d 

i n c o r p o r a t i o n may be t h e i d e n t i f i c a t i o n o f t h e f i n a l p r o d u c t , 

a r g u a b l y t h e most e l u s i v e f a c t o r of p l a n t - d e r i v e d c e l l - f r e e 

s y s t e m s . 

I n t h i s p r e s e n t i n v e s t i g a t i o n , m i c r o b i a l e f f e c t s i n the 

i n v i t r o s y s t e m s were m o n i t o r e d i n e v e r y s e t of i n c u b a t i o n s . 

M o n i t o r i n g was a c c o m p l i s h e d by a p r o c e s s of e s s e n t i a l component 

o m i s s i o n and t h e c o n s t r u c t i o n o f a k i n e t i c c u r v e o f i n c o r p o r a t i o n , 

made p o s s i b l e by s a m p l i n g t h e i n c u b a t i o n a t v a r i o u s t i m e s . The 

c o n s t r u c t i o n of time c o u r s e s , though t e d i o u s , d i d a f f o r d 

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

e x p e r i m e n t , so t h a t a s s u m p t i o n s n e c e s s i t a t e d by "one-time a s s a y s " 

were not r e q u i r e d . I t i s c o n c l u d e d from the r e s u l t s o b t a i n e d 

t h a t t h e i n c o r p o r a t i o n e x p e r i m e n t s d e s c r i b e d i n t h i s i n v e s t i g a t i o n 

d i d not r e s u l t f r o m m i c r o b i a l a c t i v i t y . 

B e f o r e d i s c u s s i n g t h e main r e s u l t s i n d e t a i l i t i s 

a p p r o p r i a t e h e r e t o comment on t h e c h a r a c t e r i s t i c s o f t h e n a t u r a l 

t e m p l a t e , TYMV-RNA, which was u s e d . 
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TYMV was c h a r a c t e r i s e d by a n a l y t i c a l u l t r a c e n t r i f u g a t i o n . 

The s e d i m e n t a t i o n c o e f f i c i e n t s o b t a i n e d f o r v i r u s and T 

component (TYMV p r o t e i n w i t h o u t RNA) a g r e e w i t h t h e p u b l i s h e d 

f i g u r e s o f : 

TYMV T 

L y t t l e t o n and Matthews ( 1 9 5 8 ) 108s 50s 

H a s e l k o r n ( 1 9 6 2 ) 116s 

Kaper, Kupke, U l r i c h 

and Weber (1 9 6 6 ) 116-117s 53-54s 

S c h l i e r e n f i l m p r o f i l e s showed p a t t e r n s s i m i l a r t o t h o s e 

p u b l i s h e d by Dunn and H i t c h b o r n ( 1 9 6 5 ) . V i r u s p r e p a r a t i o n s 

showed T component and a s m a l l amount o f p l a n t r i b o s o m a l m a t e r i a l 

but s i n c e v i r a l - R N A p r e p a r a t i o n s had a v e r y low p r o t e i n c o n t e n t 

i t was c o n c l u d e d t h a t the v i r a l - R N A e x t r a c t i o n p r o c e d u r e s would 

e l i m i n a t e unwanted p r o t e i n o c c u r r i n g i n t h e v i r u s p r e p a r a t i o n s . 

H a s e l k o r n ( 1 9 6 2 ) e s t i m a t e d t h e m o l e c u l a r w e i g h t o f 

TYMV-RNA a s 2.3+^ 0.15 x 1 0 ~ 6 d a l t o n s u s i n g a n a l y t i c a l 

u l t r a c e n t r i f u g a t i o n t e c h n i q u e s . Kaper and L i t j e n s ( 1 9 6 6 ) have 

s u g g e s t e d t h a t 1.9 x 10~ d a l t o n s i s a more a p p r o p r i a t e v a l u e ; 

M i t r a ( 1 9 6 4 ) from s e d i m e n t a t i o n v i s c o s i t y s t u d i e s and H i r t h , 

Horn and S t r a z i e l l e ( 1 9 6 5 ) from l i g h t - s c a t t e r i n g measurements 

o f t h e i s o l a t e d RNA concur w i t h the l a t t e r f i g u r e . 

The m o l e c u l a r w e i g h t of 2.5 x 10~ d a l t o n s , r e c o r d e d by 

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

agreement w i t h H a s e l k o r n ' s (1962) f i g u r e . However, L o e n i n g ( 1 9 6 9 ) 

showed t h a t t h e m o l e c u l a r weight o f t o b a c c o mosaic v i r a l - R N A 

was o v e r e s t i m a t e d 10 -2 0 % by p o l y a c r y l a m i d e g e l e l e c t r o p h o r e s i s . 
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B i s h o p , C l a y b r o o k and Spiegelman ( 1 9 6 7 ) a l s o found t h a t t h e 

m o l e c u l a r w e i g h t of t o b a c c o mosaic v i r a l - R N A was o v e r e s t i m a t e d 

about 1 2 % when r e l a t e d t o 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 bromegrass 

mosaic viral-IflMA and E . c o l i RNA. Tobacco m o s a i c v i r a l - R N A h a s , 

t o some e x t e n t , t h e p r o p e r t i e s o f DNA, i n which t h e m o b i l i t y i s 

almost independent o f t h e m o l e c u l a r weight and does not v a r y 

much w i t h g e l c o n c e n t r a t i o n ( L o e n i n g , 1 9 6 7 ) . However, t h e r e s u l t s 

p r e s e n t e d i n F I G S . 3 and 4 show an o b v i o u s d i f f e r e n c e i n TYMV-RNA 

m o b i l i t y on g e l s of d i f f e r e n t c o n c e n t r a t i o n . 

Matthews and R a l p h ( 1 9 6 6 ) r e c o r d t h a t TYMV-RNA has an u n u s u a l 

c a p a c i t y t o combine i n s o l u t i o n w i t h o t h e r n u c l e i c a c i d s , s u c h a s 

p l a n t r i b o s o m a l RNA. T h i s t e n d ency a p p e a r s t o be a f u n c t i o n o f 

the h i g h c y t o s i n e c o n t e n t of TYMV-RNA s i n c e t h e phenomenon was 

not o b s e r v e d w i t h t o b a c c o m o s a i c v i r a l - l ? N A (Matus, R a l p h and 

Mandel, 1 9 6 4 ) . The r e s o l v i n g o f TYMV-T?NA and C h i n e s e cabbage 

TRNA ( F I G . 6 ) i n t o d i s t i n c t e l e c t r o p h o r e t i c peaks may seem t o 

c o n t r a d i c t t h i s r e p o r t but s i n c e t h e v i r a l - and C h i n e s e cabbage 

"RNA were mixed o n l y a t t h e top of t h e g e l i t i s p o s s i b l e t h a t 

c o m b i n a t i o n was p r e v e n t e d by immediate a p p l i c a t i o n o f e l e c t r i c a l 

c u r r e n t . P e a r s o n (1972 - p r i v a t e c ommunication) h a s o b t a i n e d 

s i m i l a r r e s o l v i n g of TYMV-RNA and C h i n e s e cabbage RNA i n t h e one 

g e l . 

P i n c k , Y o t j C h a p e v i l l e and Duranton ( 1 9 7 0 ) have shown t h a t 

TYMV-RNA, when i n c u b a t e d w i t h ATP and n u c l e i c a c i d - f r e e e x t r a c t s 

of E . c o l i , b i n d s v a l i n e . The amino a c i d i s bound by an e s t e r 

l i n k a g e t o t h e 3' t e r m i n a l n u c l e o t i d e o f t h e RNA m o l e c u l e i n a 
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manner a n a l o g o u s t o t h a t e n c o u n t e r e d i n a m i n o a c y l - tRNA. Y o t , 

P i n c k , H a e n n i , Duranton and C h a p e v i l l e ( 1 9 7 0 ) d e m o n s t r a t e d 

t h a t the n u c l e o t i d e c o m p o s i t i o n near t h e v a l i n e - b i n d i n g s i t e 

i s d i f f e r e n t f o r TYMV-RNA and t R N A V a l from C h i n e s e cabbage, 

c o n s e q u e n t l y h o s t tRNA^a"^ i s not i n v o l v e d i n t h e o b s e r v e d c h a r g i n g 

of TYMV-RNA w i t h v a l i n e . F u r t h e r , t h e TYMV-RNA a p p e a r s t o have a 

tRNA - l i k e s t r u c t u r e a t or near i t s 3' end t h a t i s r e c o g n i s e d 

by t h r e e d i f f e r e n t enzymes w h i c h s p e c i f i c a l l y c a t a l y s e r e a c t i o n s 

i n v o l v i n g tRNA. I n o t h e r e x p e r i m e n t s Yot e t a l t ( 1 9 7 0 ) f ound t h a t 

p a r t i a l l y p u r i f i e d v a l y l - t R N A s y n t h e t a s e s from y e a s t and r a t 

l i v e r were a l s o a c t i v e i n b i n d i n g v a l i n e t o TYMV-RNA. When 

E . c o l i v a l y l s y n t h e t a s e was h i g h l y p u r i f i e d TYMV-RNA was not 

ch a r g e d . However, i f tRNA n u c l e o t i d y l t r a n s f e r a s e was i n c l u d e d 

i n t h e r e a c t i o n m i x t u r e AMP was i n c o r p o r a t e d a t t h e 3 1 end o f 

th e RNA and v a l i n e was then a t t a c h e d t o TYMV-RNA. The p u r i f i e d 

v a l y l - t R N A s y n t h e t a s e s u f f i c e d t o c h a r g e v a l i n e to both E . c o l i 

and C h i n e s e cabbage tRNAs w i t h o u t a n u c l e o t i d y l t r a n s f e r a s e 

i n v o l v e m e n t . 

I n t h e p r e s e n t i n v e s t i g a t i o n , t h e h i g h - s p e e d s u p e r n a t a n t 

enzyme f r a c t i o n of P.aureus was c a p a b l e o f promoting t h e b i n d i n g 

of v a l i n e t o RNA e x t r a c t e d from TYMV by t h e ph e n o l and a l c o h o l 

p r o c e d u r e s . The r a t e s and l e v e l s of v i r a l - R N A c h a r g i n g were 

s i m i l a r , i r r e s p e c t i v e of t h e e x t r a c t i o n p r o c e d u r e . E ndogenously-

s u p p l i e d ATP was n e c e s s a r y f o r t h e r e a c t i o n . The enzyme d i d not 

promote v i r a l - R N A c h a r g i n g w i t h 5 o t h e r 0 c ] amino a c i d s , a l t h o u g h 

i t was c a p a b l e of c h a r g i n g t h e s e amino a c i d s t o P.aureus tRNA, 

V . f a b a tRNA and, t o a l e s s e r e x t e n t , y e a s t tRNA (TABLE 1 ) . 
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T r e a t m e n t o f v a l y l — TYMV-RNA w i t h h o t t r i c h l o r o a c e t i c a c i d 

r e s u l t e d i n l o s s o f bound r a d i o a c t i v i t y a n a l o g o u s t o t h e 

h y d r o l y s i s of t h e e s t e r bond w h i c h t a k e s p l a c e when c h a r g e d 

tRNA i s t r e a t e d i n t h i s manner. 

Al t h o u g h no a p p r e c i a b l e d i f f e r e n c e s were d e t e c t e d between 

TYMV-RNA e x t r a c t e d by e i t h e r p r o c e d u r e , t h 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 S c h l i e r e n p a t t e r n s f o r a s c a l e d - u p a l c o h o l 

p r o c e d u r e showed RNA t h a t was s e v e r e l y degraded (when C h i n e s e 

cabbage p l a n t s were c h a l l e n g e d w i t h t h i s p r e p a r a t i o n no i n f e c t i o n 

r e s u l t e d ) . S i n c e i t a p p e a r s t h a t t h e component q u a n t i t i e s of t h e 

Dunn and H i t c h b o r n ( 1 9 6 6 ) method a r e c r i t i c a l w i t h r e s p e c t t o 

volume a s w e l l a s t o p r o p o r t i o n , t h e ph e n o l method o f e x t r a c t i o n 

was p r e f e r r e d ; c o m p a r a t i v e l y l a r g e q u a n t i t i e s o f TYMV up t o 

lOOmg c o u l d be p r o c e s s e d i n one f l a s k to y i e l d s u i t a b l e RNA. 

I t was c l e a r from t h e m o l e c u l a r c h a r a c t e r i s t i c s and v a l i n e -

c h a r g i n g p r o p e r t i e s t h a t t h e TYMV-RNA p r e p a r a t i o n s used h e r e were 

comparable w i t h t h o s e o f o t h e r w o r k e r s . 

The p r e s e n t work i s c o n c e r n e d w i t h t h e i n c o r p o r a t i o n of 

Poly-U- and TYMV-RNA-directed amino a c i d s i n t o p e p t i d y l m a t e r i a l 

on P.aureus r i b o s o m e s ; i t i s c o n v e n i e n t t o c o n s i d e r f i r s t 

P o l y - U d i r e c t i o n . 

A l a g phase was a c h a r a c t e r i s t i c f e a t u r e o f t h e k i n e t i c s 

of P o l y - U d i r e c t i o n o f p o l y p h e n y l a l a n e s y n t h e s i s on t h e P.aureus 

ribosome i n t he Complete System. The d u r a t i o n of t h e l a g p h a s e 

depended on t h e s o u r c e o f tRNA, i n c u b a t i o n t e m p e r a t u r e and 

p r e s e n c e of a s u i t a b l e c o n c e n t r a t i o n o f components e s s e n t i a l t o 
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t h e system. N e v e r t h e l e s s when o p t i m a l c o n d i t i o n s p e r t a i n e d a 

l a g phase was s t i l l g e n e r a l l y d i s c e r n i b l e . However, FIG.36 does 

show a l i n e a r r e s p o n s e from O-time. T h a t t h e a b s e n c e o f a l a g 

p hase h e r e was an a r t e f a c t may be 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 a s s a y e d a t d i f f e r e n t t i m e s i n t h e 

l i n e a r p h a s e . Thus, by g r a p h i c a l l y c o n n e c t i n g t h e O-time p o i n t 

t o the p o i n t where l i n e a r i t y was t e r m i n a t i n g ^ a r e s p o n s e c u r v e 

was produced w i t h o u t l a g . 

A more or l e s s p r o l o n g e d l a g p h a s e , l a g p e r i o d or i n d u c t i o n 

p e r i o d i s a f e a t u r e of i n v i t r o s y s tems where t h e t e m p l a t e 

p o l y n u c l e o t i d e does not b e a r an i n i t i a t i n g codon. S p i r i n and 

G a v r i l o v a ( 1 9 6 9 ) have p o i n t e d out t h a t t h e main c a u s e o f t h e l a g 

l i e s i n t h e f a c t t h a t a l l the u s u a l a m i n o a c y l - tRNAs, b e i n g w e l l 

r e t a i n e d i n t h e A - s i t e of t h e ribosome, a r e not r e t a i n e d e a s i l y 

i n t h e P - s i t e and i n such a c a s e t h e f o r m a t i o n o f t h e f i r s t 

p e p t i d e bond o c c u r s o n l y o c c a s i o n a l l y and i s o f r e l a t i v e l y low 

p r o b a b i l i t y . Even though t h i s p r o b a b i l i t y i s o f low o r d e r , t h e 

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

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

i n i t i a t i n g codon. 

The l a g phase i s c h a r a c t e r i s t i c o f the Poly-U s y s t e m s of 

Nakamoto, Conway, A l l e n d e , S p y r i d e s and Lipmann ( 1 9 6 3 ) , 

A l l e n d e , Monro and Lipmann ( 1 9 6 4 ) , N i s h i z u k a and Lipmann (19661), 

and Sander and M a t t h a e i ( 1 9 6 9 ) . Only a f t e r 30 s e c t o s e v e r a l min 

have e l a p s e d does p o l y p h e n y l a l a n i n e s y n t h e s i s t a k e p l a c e , i t t h e n 

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

s y stem w i t h P o l y - U i t i s p r e c i s e l y i n i t i a t i o n t h a t i s h i n d e r e d 

s i n c e t h e f i r s t p e p t i d e bond i s a p r e r e q u i s i t e o f t r a n s l a t i o n . 
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When t h e f i r s t p e p t i d e bond i s formed i . e . diphenyl-phenylalanyl» 

tKNA, then t h e c o u r s e o f t r a n s l a t i o n p r o c e e d s v i g o r o u s l y . 
2 + 

One o f t h e main f a c t o r s a f f e c t i n g t h e l a g phase i s t h e Mg 
2 + 

c o n c e n t r a t i o n , though Mg must not be c o n s i d e r e d t o a c t s o l e l y i n 

t h i s manner. The i o n m a i n t a i n s t h e i n t e g r i t y o f the ribosome 

( T i s s i e r e s and Watson, 1 9 5 8 ) , b i n d s mRNA t o t h e ribosome (Moore 

and Asano, 1966) and b i n d s aminoacyl-tRNA to t h e ribosome 
2 + 

( R a v e l and Shorey, 1 9 6 9 ) . S h a r p Mg optima ( F I G . 3 7 ) were 

o b t a i n e d i n t h e P o l y - U - d i r e c t e d i n v i t r o Complete Systems i n 

th e p r e s e n t i n v e s t i g a t i o n ; where tRNA from y e a s t or P.aureus 
2+ 

were i n c l u d e d i n the Mg optimum was 12mM and V . f a b a tRNA 
2 + 

systems were lOmM. S t r i c t l y , t h e Mg optima r e f e r t o t h a t 
2 + 

q u a n t i t y o f Mg i o n added s p e c i f i c a l l y t o t h e i n c u b a t i o n so t h a t 
2+ 

t h e Mg p r e s e n t i n o t h e r i n g r e d i e n t s o f t h e i n c u b a t i o n , s u c h a s 
t h e m i c r o s o m a l p r e p a r a t i o n and t h e h i g h - s p e e d s u p e r n a t a n t enzyme 
f r a c t i o n , i s i g n o r e d . B o u l t e r ( I 9 7 0 ) h a s p o i n t e d out t h a t t h e 

2 + 
v a r i o u s Mg o p t i m a l l e v e l s r e p o r t e d f o r p l a n t — d e r i v e d c e l l - f r e e 

2+ 
systems a r e i n p a r t a r e f l e c t i o n o f t h e d i f f e r e n t Mg l e v e l s 
u s e d i n p r e p a r a t i o n s o f r i b o s o m e s and enzyme f r a c t i o n s and 

2 + 

subsequent s t o r a g e s i n c e r i b o s o m e s a r e known t o a b s o r b Mg i n 

the i s o l a t i o n p r o c e d u r e . 
2 + 

I t seems t h a t a p p r o x i m a t e l y lOmM Mg a r e commonly u s e d 

i n P o l y - U - d i r e c t e d p l a n t - d e r i v e d c e l l - f r e e s y s t e m s (Payne 1 9 7 0 ) . 

P r o k a r y o t i c s y stems u t i l i s e v e r y a p p r o x i m a t e l y 15 - 20 mM 
2+ 2+ Mg ( S p i r i n and G a v r i l o v a , 1 9 6 9 ) . These l e v e l s o f Mg a r e 

g e n e r a l l y r e f e r r e d t o a s " h i g h " when compared w i t h n a t u r a l 
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messenger systems and t h e i n i t i a t i o n a s not " p r o p e r " when 

compared w i t h systems p o s s e s s i n g i n i t i a t i n g codons ( L e n g y e l 

and S o i l , 1 9 6 9 ) . I t has been found t h a t " h i g h " l e v e l s of Mg 2 + 

a r e o n l y r e q u i r e d a t t h e b e g i n n i n g o f p o l y p e p t i d e s y n t h e s i s f o r 

the r a p i d p a s s a g e through t h e l a g phase; when t r a n s l a t i o n i s 
2 + 

p r o c e e d i n g f u l l y the Mg c o n c e n t r a t i o n c a n be l o w e r e d t o e.g. 

7 - lOmM i n p r o k a r y o t i c c e l l - f r e e s y s t e m s , ( R e v e l and H i a t t , 

1965; Nakamoto and K o l a k o f s k y , 1 9 6 6 ) . An e x p l a n a t i o n f o r t h e 
2 + 

i n i t i a t i n g r o l e o f Mg i s t h a t a t i n c r e a s e d c o n c e n t r a t i o n o f 

t h a t i o n the t e r n a r y complex o f ribosome — t e m p l a t e — 

aminoacyl-tRNA becomes s u f f i c i e n t l y s t a b l e even w i t h o u t i n i t i a t o r 

tRNA, and a t the same time t h e a f f i n i t y o f t h e aminoacyl-tRNA 

f o r t h e P - s i t e i s i n c r e a s e d . Thus, t h e p r o b a b i l i t y o f an 

a p p r o p r i a t e n e i g h b o u r i n g arrangement of t h e two aminoacyl-tRNAs 

on t h e ribosome i n c r e a s e s , l e a d i n g t o t h e c o r r e s p o n d i n g 

c o m p a r a t i v e l y r a p i d f o r m a t i o n of t h e f i r s t p e p t i d e bond. 

D i p e p t i d y l - t R N A , analogue of fMet-tRNAp., may s e r v e a s a c h a i n 

i n i t i a t o r ( L e n g y e l and S o l i , 1969) and when such m o d i f i e d 
2+ 

aminoacyl-tRNAs a r e added t o the s y s t e m t h e Mg c o n c e n t r a t i o n 
r e q u i r e m e n t i s r e d u c e d ( I g a r a s h i , 1 9 7 0 ) . T h i s a u t h o r a l s o 

2 + 

de m o n s t r a t e d t h a t a t Mg c o n c e n t r a t i o n s c o n d u c t i v e f o r Po l y - U 

d i r e c t i o n , w i t h o u t i n i t i a t o r , t h e a d d i t i o n o f m o d i f i e d 

aminoacyl-tRNAs d e c r e a s e d o v e r a l l i n c o r p o r a t i o n . Nakamoto and 

K o l a k o f s k y ( 1 9 6 6 ) o b v i a t e d t h e l a g phase i n a Po l y - U s y s t e m 

by t h e exogenous s u p p l e m e n t a t i o n of d i p h e n y l - p h e n y l a l a n y l - t R N A . 

I t i s e v i d e n t t h a t exogenous p e p t i d y l - t R N A can r e a d i l y occupy 
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the peptidyl-tRNA binding s i t e as a r e s u l t of i t s great a f f i n i t y 
f o r i t ( R y c h l i k , 1966 i and i i ) . F urther, Springer and Grunberg-
Manago (1972), using the fMet-tRNA^. analogue N-acetyl-Phenylalanyl-
tRNA i n a Poly-U E . c o l i c e l l - f r e e system, have shown t h a t at 

2 + 
lOmM Mg the analogue binds poorly t o the ribosome, but at 5mM 
the bi n d i n g i s s t r o n g l y enhanced. 

I n considering the f o l l o w i n g i t i s i m p l i c i t t h a t Poly-U 
f l 4 l 

codes f o r | CI phenylalanine and only those parameters which 
govern phenylalanyl-tRNA need be considered. 

The optimal c o n d i t i o n s f o r the Poly-U-directed Complete 
Systems v a r i e d according t o the source tRNA used. I t must be 

Phe 
premxsed t h a t the parameters which govern the tRNA 
aminoacylation r e a c t i o n , when matching the parameters which 
govern those other r e a c t i o n s i n the Complete System, must r e s u l t 
i n maximal i n c o r p o r a t i o n . Conversely, i f the parameters 
governing the aminoacylation r e a c t i o n do not conform w i t h those 
other r e a c t i o n s of the Complete System, then a c o n d i t i o n obtains 
whereby i n c o r p o r a t i o n i s dependent upon a compromise between 
these 2 sets of r e a c t i o n s ; then the i n c o r p o r a t i o n i s below the 
a r b i t r a r y maximum. Indeed, the sharper the parameter optima the 
greater the degree of compromise. 

The c o n d i t i o n o f "matching" was i l l u s t r a t e d by the i d e n t i c a l 
o p t imal responses of the reactions of aminoacylation and 

Phe 
i n c o r p o r a t i o n w i t h V.faba tRNA t o v a r i a t i o n s i n pH. (FIGS. 
19,40). A muj/al concession was e x e m p l i f i e d by the d i s s i m i l a r 
optimal responses o f the re a c t i o n s of aminoacylation and 
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i n c o r p o r a t i o n w i t h yeast tRNA (FIGS.21, 40) and P.aureus 
tRNA (FIGS.20, 40) t o v a r i a t i o n s i n pH. Notwithstanding 
these d i s c e r n i b l e pH optima, i t should be noted t h a t i n the 
Poly-U-directed Complete Systems a broad pH range ( r e l a t e d 
s p e c i f i c a l l y t o the source tRNA ) allowed s i g n i f i c a n t 
polyphenylalanine synthesis, c h a r a c t e r i s t i c of other p l a n t - d e r i v e d 
i n v i t r o systems (Payne ?1970; Beevers and Poulson,1972). 

2 + 
No c r i t i c a l Mg optima w i t h i n the range of 2 - 16mM were 

recorded f o r the e s t e r i f i c a t i o n of phenylalanine t o tRNAs from 
2 + 

V.faba and P.aureus, t h e r e f o r e the Mg requirement o f the l a t t e r 
2 + 

r e a c t i o n would not appear t o compromise the Mg requirement of 
2 + 

the Complete System (FIG.37). The Mg optimum f o r the 
e s t e r i f i c a t i o n of phenylalanine to yeast tRNA was sharper at 

2 + 
15mM, whereas the Mg optimum f o r the Complete System w i t h t h a t 
source tRNA was 12mM; po s s i b l y an example of concession. 

The comparable r a t e s of polyphenylalanine synthesis i n the 
Complete System w i t h yeast tRNA or P.aureus tRNA d i d not p a r a l l e l 
the r a t e s of a c y l a t i o n by phenylalanine of these 2 source tRNAs; 
yeast tRNA r e q u i r e d about 40 min f o r t o t a l a c y l a t i o n whereas 
P.aureus tRNA was t o t a l l y a c y l a t e d i n 5 min. The r a t e of 
aminoacylation i n these Complete Systems was not, t h e r e f o r e , 
l i m i t i n g . 

I t i s an a t t r a c t i v e p r o p o s i t i o n t h a t the charging capacity 
Phe 

of V.faba tRNA , being much greater than t h a t capacity f o r 
yeast and P.aureus tRNAs (TABLE 1) was r e f l e c t e d i n the greater 
i n c o r p o r a t i o n of the Poly-U-directed Complete System c o n t a i n i n g 
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V.faba tRNA (FIG.34). Although t h i s may be t r u e , Sueoka and Kano-
Sueoka (1970) have p o i n t e d out tha t chromatography of tRNA 
preparations may lead t o m o d i f i c a t i o n s of tRNA, which though 
chargeable, are not capable of t r a n s f e r r i n g the amino a c i d t o the 
polypeptide chain. 

I t would appear, t h e r e f o r e , t h a t f o r maximal synthesis of 
polyphenylalanine by Poly-U d i r e c t i o n i n the P.aureus microsomal 
system, a heterologous tRNA i s b e t t e r able t o meet the requirements 
necessary f o r the synthesis than the homologous tRNA. The 
s i g n i f i c a n c e of t h i s f i n d i n g may simply be t h a t , a r t e f a c t u a l l y , 
the s y n t h e t i c messenger imposes on the system a set of non-
p h y s i o l o g i c a l parameters t o which V.faba tRNA conforms more e a s i l y 
than do the other source tKNAs. On the other hand, i t i s possible 
t h a t a preparation of tRNA from developing P.aureus seed might 
allow increased polyphenylalanine synthesis i n the system. 
Payne (1970), using tRNA derived from ranges of 30 100-day 

developing seed of V.faba, has shown t h a t 60-day m a t e r i a l showed rl 4 I 114 I 
_ Cj phenylalanine and the 14 1 CJ 

amino a c i d mixture. I n the present i n v e s t i g a t i o n , tRNA m a t e r i a l 
from 50-day V.faba developing seed was not found t o have superior 
phenylalanine - charging p r o p e r t i e s , compared w i t h tRNA m a t e r i a l 
derived from germinating V.faba (TABLE 1 ) . 

Other workers quote such a v a r i e t y o f in c u b a t i o n times t h a t 
i t i s d i f f i c u l t to compare them. Allende and Bravo (1966), using 
a wheat embryo system, r e p o r t e d 160 pmol phenylalanine 
incorporated/mg RNA i n 45 min. Leaver and Key (1967), using 
c a r r o t r o o t ribosomes, achieved 100 pmol phenylalanine 
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incorporated/mg RNA i n 30 min. Payne, et al.(1971) , w i t h a 
V.faba Complete System, recorded 900 pmol phenylalanine 
incorporated/mg RNA i n 40 min and 1,500 pmol i n 120 min. The time 
courses of phenylalanine i n c o r p o r a t i o n presented here (FIG.34) 
make possible a c o r e l l a t i o n between each of the times mentioned 
above. Since these r e s u l t s are expressed as pmol/mg microsomes 
each value may be doubled, on the assumption t h a t RNA forms 50% 
of the microsomes. Thus, the Complete System w i t h V.faba tRNA 
at 30, 45 and 120 min recorded 400, 600 and 1,800 pmol 
phenylalanine incorporated/mg RNA, r e s p e c t i v e l y . For yeast tRNA 
and P.aureus tRNA systems corresponding values were 200, 300, 
800-900 approximately. 

A l l Poly-U-directed Complete Systems were dependent upon an 
exogenously-supplied energy system. In considering the Complete 
System w i t h yeast tRNA the f o l l o w i n g s i t u a t i o n obtained. No 
a c t i v i t y was promoted i n the absence of ATP, PCK and CreP, 
i n d i c a t i n g complete dependence of the system on an exogenously-
supplied energy source. About 30% a c t i v i t y compared w i t h t h a t 
of the Complete System was allowed i n the absence of ATP, implying 
t h a t the ATP regenerating system, i . e . PCK and CreP, was able t o 
meet p a r t of the system's energy requirements. S i m i l a r f i n d i n g s 
have been reported f o r a wheat embryo ribosomal system 
(Allende, 1969) and a tobacco l e a f ribosomal system. (Van 
Kammen, 1967). 

I n the present work ATP supplementation alone allowed 60% 
a c t i v i t y , and the a d d i t i o n of CreP enhanced t h a t a c t i v i t y a 
f u r t h e r 20%, i l l u s t r a t i n g i t s f u n c t i o n i n the regenerating system. 
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The combination of ATP and PCK d i d not allow greater a c t i v i t y than 
d i d ATP alone. Indeed, a f t e r 40 min i n c u b a t i o n the r a t e w i t h ATP 
and PCK f e l l away i n comparison t o the r a t e w i t h ATP alone, so i t 
may be t h a t prolonged incubation times lead t o PCK becoming 
i n h i b i t i n g i n the absence of CreP. 

Creatine phosphate (phosphocreatine) i s a high energy 
phosphate compound, f i r s t shown t o be necessary, together w i t h 
ATP, i n the microsomal system by Zamecnik and K e l l e r (1954). I t 
i s assumed t h a t the purpose of the high energy phosphate compound 
i s t o regenerate ATP e i t h e r from ATP or from AMP r e s u l t i n g 
from amino a c i d a c t i v a t i o n . Thus i t i s usual t o add 
phosphocreatine kinase t o the system. (Phosphoenolpyruvate [ P E P J 
and pyruvate kinase (J'KJ are also commonly used as a regenerating 
system). 

Using an i n v i t r o r a t l i v e r system, Todd and Campbell (1969) 
showed the complexity of the r e l a t i o n s h i p between concentrations 
of ATP, CreP w i t h PCK,PEP w i t h PK, and Mg T. Unlike PEP, CreP 

2 + 
has poor c h e l a t i n g p r o p e r t i e s so t h a t increased Mg 
concentrations i n h i b i t o r y t o an i n v i t r o system using ATP + CreP 
may not be i n h i b i t o r y to a system using ATP + PEP. (Staehelin $ 

2+ 
(1969) found t h a t 10 ^imol PEP binds 5 ^mol Mg )« .Further i n c r e a s i n g 

2 + 
of Mg concentration i n the absence of PEP l e d to an increase of 
i n c o r p o r a t i o n i n presence of ATP alone, though the l e v e l of 
i n c o r p o r a t i o n allowed by ATP + PEP was never a t t a i n e d . Todd and 
Campbell (1969) also demonstrated t h a t a myokinase i s necessary 
f o r the regeneration of ATP and i t i s suggested t h a t t h i s enzyme 
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be sought i n other i n v i t r o systems. They concluded t h a t an 
energy regenerating system i s necessary i n microsomal systems 
and th a t PEP i s the most a c t i v e , but f o r polysomal systems an 
energy-regenerating system i s not r e q u i r e d , p r o v i d i n g e x t r a ATP 

2 + 
and Mg ions are added. I t i s worth n o t i n g , however, t h a t 
Zamecnik and K e l l e r (1954) showed CreP and PEP t o have equivalent 
a c t i v i t y i n t h e i r i n v i t r o system. 

P a r t i a l dependence on ATP and the regenerating system was 
shown i n the Poly-U-directed Complete Systems w i t h V.faba tRNA 
or P.aureus tRNA. I t would seem t h a t there must be high 
contaminating l e v e l s of ATP i n these systems. Since the tRNAs 
are the only m a t e r i a l s of d i f f e r i n g source i n the P.aureus 
microsomal Complete System, i t i s arguable t h a t the contaminating 
ATP was not present i n the microsomal and/or the P.aureus 
high-speed supernatant enzyme preparations. I t w i l l be convenient 
to enlarge upon t h i s phenomenon i n a l a t e r p a r t of the Discussion. 

GTP was not a dependent f a c t o r i n the Poly-U-directed 
Complete System w i t h V.faba or P.aureus tRNAs (TABLE 6 ) . The 
Complete System w i t h yeast tRNA showed some dependence though 
marginal (FIG.42). S i m i l a r f i n d i n g s were reported by P a r i s i and 
C i f e r r i (1966) and Payne (1970). I t was assumed by these authors 
t h a t GTP was present as a contaminant of the microsomal and 
high-speed supernatant enzyme f r a c t i o n s . 

The notable i n c o r p o r a t i o n achieved without exogenously— 
supplied high-speed supernatant enzyme f r a c t i o n (FIGS.38, 39) 
i s not unusual. Allende (1969)> Payne (1970), Marei, Gadallah 
and K i l g o r e (1972) have r e p o r t e d s i m i l a r f i n d i n g s i n t h e i r 
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respective wheat germ, V.faba and Fig f r u i t i n v i t r o Poly-U-
d i r e c t e d systems. I t i s i n t e r e s t i n g t h a t the present work showed 
a depression of i n c o r p o r a t i o n between endogenously - and 
exogenously - supplied enzyme when the l a t t e r was not o p t i m a l . 
This depression, apparent i n the Complete Systems having yeast or 
P.aureus tRNAs present was absent i n the V.faba tRNA system. 
This may have r e s u l t e d from not adding the exact amount of 
high-speed supernant enzyme f r a c t i o n t o promote t h i s i n c o r p o r a t i o n 
depression. No simple explanation o f the depression response 
seems a v a i l a b l e . 

The temperature of a l l i n c o r p o r a t i o n experiments was 
a r b i t r a r i l y f i x e d at 30°, consequent upon the f a c t the TYMV i s 
p a r t i c u l a r l y s e n s i t i v e t o temperatures above 30°. Matthews and 
L y t t l e t o n (1959) showed t h a t when Chinese cabbage p l a n t s i n which 
TYMV was m u l t i p l y i n g were held at 33°, v i r u s m u l t i p l i c a t i o n 
ceased. These authors concluded t h a t the lack of i n f e c t i v i t y of 
v i r u s at 33° was due t o breaks o c c u r r i n g i n the viral-RNA. 
Matthews and Ralph (1966) s t a t e d the p r o b a b i l i t y t h a t heat 
i n a c t i v a t i o n i n vivo i s due t o breaks i n the RNA, w i t h loss of 
RNA secondary s t r u c t u r e . This premise was f i r s t proposed by 
Haselkorn (1962) from heat i n a c t i v a t i o n studies on TYMV-RNA 
i n v i t r o . The charging of TYMV-T?NA by v a l i n e optimal at 30° 
(FIG.31) may t h e r e f o r e be s i g n i f i c a n t . 

Payne (1970) has observed t h a t the optimum temperature of 
a Poly-U-directed system i s dependent upon a compromise between 
2 sets of rea c t i o n s - the f i r s t , a simple thermo-dynamic e f f e c t 
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of increased 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 temperature and a 
second, counterbalancing e f f e c t , the decreasing s t a b i l i t y of 
ribosomes and mRNA at higher temperature. Krahn and Paranchynch 
(1970) have shown t h a t i n the binding of Poly-U t o E . c o l i 
ribosomes, the p o l y n u c l e o t i d e attaches more e f f i c i e n t l y at a 
c r i t i c a l temperature consistent w i t h the ordered-state (a h e l i x ) 
t o random c o i l t r a n s i t i o n . The a f f i n i t y o f Poly-U f o r E . c o l i 
ribosomes i s greatest at 10°, more than 5 times greater than at 
37°. Nuclease experiments i n d i c a t e d t h a t the r e d u c t i o n at 37° 
was not due t o degradation e f f e c t s . Above 10° the r e d u c t i o n i n 
binding was analogous to " m e l t i n g " curves f o r double-stranded 
(complementary) RNA. These authors conclude t h a t the b i n d i n g of 
Poly-U t o ribosomes, completed i n 30 sec, i s not a r a t e - l i m i t i n g 
parameter f o r temperature optima of polypeptide synthesis (where 
optima f o r t h a t c o n d i t i o n are above 10°) a S p i r i n and Gavrilova 
(196 9) record t h a t increased temperature promotes the formation 
of the complex 30s ( E , c o l i ) — template — aminoacyl-tRNA whether 
the template be p o l y n u c l e o t i d e or o l i g o n u c l e o t i d e . At 37° the 
r a t e of binding o f aminoacyl-tRNA i s double t h a t at 24°; at 15° 
i t i s many times lower than at 24°, while at temperatures from 
0-5° binding i s very d i f f i c u l t t o observe. 

I n the Poly-U-directed Complete System w i t h yeast tRNA 2 
d i s t i n c t time-courses of phenylalanine were seen (FIG.41). At 
30° the i n c o r p o r a t i o n had a pronounced lag phase, then l i n e a r i t y 
obtained u n t i l a plateau was reachedjwhich i n d i c a t e d e i t h e r t h a t 
a constant e q u i l i b r i u m of the systems obtained or t h a t the system 
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was exhausted of e s s e n t i a l component(s). At 37 the lag phase was 

much reduced, suggesting a simple thermo-dynamics e f f e c t i n 

a c c e l e r a t i n g the speed of the i n i t i a t i n g r e a c t i o n i . e . i n c r e a s i n g 

the random chance p r o b a b i l i t y of the formation of the f i r s t 

peptide bond. The subsequent l i n e a r i t y was s l i g h t l y steeper than 

at 30° and the p l a t e a u was reached e a r l i e r i . e . the o v e r a l l 

i n c o r p o r a t i o n was lower. Unlike the system demonstrated by Krahn 

and Paranchynch (1970) the P.aureus high-speed supernatant enzyme 

f r a c t i o n and microsomal preparation used here are not guaranteed 

n u c l e a s e - f r e e , so that i n c r e a s e d nuclease a c t i v i t y concomitant 

with the higher temperature may play a part i n terminating 

polyphenylanine s y n t h e s i s e a r l i e r at 37° rather than 30°. 

Ribosome d i s s o c i a t i o n may be i n f l u e n c e d by temperature. 

Peterman (1964) demonstrated d i s s o c i a t i o n (and a s s o c i a t i o n ) of 

Jensen Sarcoma ribosomes to be temperature-influenced. Bodley 

(1969) reported denaturation of E . c o l i ribosomes with i n c r e a s i n g 

temperature. S c h i e b e l , Chayka, de V r i e s and Rusch (1969) and 

B y f i e l d and Scherbaum (1966, 1967 i and i i ) have i m p l i c a t e d mRNA 

breakdown at i n c r e a s e d temperature i n t h e i r i n v i t r o systems. 

Using a trout l i v e r c e l l - f r e e system, Rosen, Murray and 

N o v e l l i (1967) detected a t r a n s f e r a s e f r a c t i o n of the enzyme to 

be h e a t * l a b i l e . This l a b i l i t y was r e l a t e d to time and temperature, 

s i n c e at 23° and 37° the i n i t i a l r a t e s of polyphenylalanine 

s y n t h e s i s were comparable but a f t e r 35 min more polypeptide was 

incorporated at 23° than at 37°. Mangiantini, Tecce, Toschi and 

Trentalance (1965) and Friedman (1968) have suggested that the 
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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 at which the organism l i v e s . Further, the thermo
s t a b i l i t y of the ribosomes may be a l i m i t i n g f a c t o r i n determining 
the upper growth temperature of the organism. 

Phe 
The effect of temperature on a c y l a t i o n of tRNA was not 

considered i n the present work. Payne (1970) showed t h a t V.faba 
Phe o tRNA charging between 15 - 37 was more or less independent 

of temperature, and s i m i l a r f i n d i n g s were re p o r t e d by Thiebe and 
Phe 

Zachau (196©) f o r charging of tRNA from wheat and yeast. 
However, the e f f e c t s of temperature on charging yeast tRNA w i t h 
v a l i n e were considered (FIG.26). I t i s clear t h a t the r a t e s of 
a c y l a t i o n were a f u n c t i o n of increased temperature from 0 - 45 . 
At 40 min the a c y l a t i o n s at 20° and at 25° were s t i l l l i n e a r , 
i n d i c a t i n g t h a t t o t a l a c y l a t i o n has s t i l l t o be achieved. At 
30°, t o t a l a c y l a t i o n was obtained at 80 min ( l i n e a r i t y t o 40 min). 
At 37° and 45° a c y l a t i o n r a t e s increased but a f t e r 40 min bound 
r a d i o a c t i v i t y was diminished. This may i n d i c a t e t h a t at these 
times and temperatures tRNA was no longer capable of a c y l a t i o n and 
charged tRNA was de - a c y l a t i n g . 

Sa r i n , Zamecnik, Bergquist and Scott (1966) have shown t h a t 
several p h y s i c a l p r o p e r t i e s i n tRNA are changed between 35 - 45°. 
These changes are a t t r i b u t e d t o u n f o l d i n g o f t e r t i a r y s t r u c t u r e . 
Schlimme, v.d. Haar and Cramer (1969) c o r r e l l a t e d these changes 

Ser 
w i t h the r a t e o f aminoacylation of p u r i f i e d yeast tRNA and 

Phe 
tRNA . They concluded t h a t the sharp drop i n charging e x h i b i t e d 
at 39° was due t o conformational changes i n the tRNA molecule, but 
t h a t an e q u i l i b r i u m between the ordered and p a r t i a l l y - u n f o l d e d 
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s t r u c t u r e e x i s t e d . 
Fresco, Adams, Ascione, Henley and Lindahl (1966) demonstrated 

t h a t E . c o l i valyl-tRNA formation was q u a n t i t a t i v e up t o 55°, was 
about 80% at 60° and dropped t o 0 at 65°. The aminoacylating 
a c t i v i t y l o s t at 65° was f u l l y recovered upon lowering the 
temperature. 

N o v e l l i (1967) summed up the p o s i t i o n w i t h regard t o heat 
i n a c t i v a t i o n of tRNAs when he s t a t e d t h a t d i f f e r e n t tRNAs can 
be denatured under a v a r i e t y of c o n d i t i o n s . I n some cases the 
conditions leading t o denaturation can be s t a b i l i s e d i n the 
denatured c o n f i g u r a t i o n and as such are incapable of becoming 
aminoacylated. I n other cases the c o n d i t i o n s leading t o 
denaturation are so m i l d t h a t they preclude any i n t e r r u p t i o n of 
secondary s t r u c t u r e . 

The time r e q u i r e d f o r heat i n a c t i v a t i o n at 60° v a r i e d w i t h 
two d i f f e r e n t aminoacyl-tRNA synthetases studied by Reznikova (1965) 
A d d i t i o n of the appropriate amino a c i d p a r t i a l l y s t a b i l i s e d the 
enzyme, whi l e a d d i t i o n of amino acid together w i t h ATP d i d not 
f u r t h e r increase s t a b i l i t y . A p u r i f i e d isoleucyl-tRNA synthetase 
was s t a b i l i s e d at 55° by a d d i t i o n of s a t u r a t i n g amounts o f amino 
ac i d , ATP, amino a c i d + ATP, l i s t e d i n order of s t a b i l i t y which 
suggests t h a t the conformation o f the enzyme i s most stable when 
the enzyme occurs as i t s aminoacyladenylate complex (Baldwin and 
Berg, 1966), 



165 

In order to i n t e r a c t with the ribosome and perform i t s 

template r o l e i n polypeptide s y n t h e s i s i n g systems, the template 

po l y n u c l e o t i d e e v i d e n t l y should s a t i s f y a s i n g l e necessary c o n d i t i o n 

- i t should NOT possess 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 e s p e c i a l l y s t a b l e co-operative h e l i c a l r e g i o n s. Thus 

nei t h e r the us u a l n a t i v e DNAs nor double-stranded viral-RNAs, nor 

h e l i c a l complexes of s y n t h e t i c p o l y n u c l e o t i d e s of the type of the 

Poly-A — Poly-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 with 

an e s p e c i a l l y l a r g e G content, possess template a c t i v i t y and they 

are g e n e r a l l y incapable of combining with the ribosomes (Takanami 

and Okamoto, 1963, i and i i ; Nirenberg and Matthaei, 1961; Singer, 

Jones and Nirenberg, 1963; Nirenberg, Jones, Leder, C l a r k , S l y and 

Pestka, 1963). Nevertheless n a t u r a l mRNA and s i n g l e - s t r a n d e d 

viral-RNAs e.g. TYMV-RNA, are i d e a l templates although they possess 

a r a t h e r developed secondary s t r u c t u r e ( S p i r i n , 1963; Bautz, 1963; 

H a s e l k o r n > F r i e d and Dahlberg, 1963). In 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 p r i m a r i l y must possess s i n g l e -

stranded n o n - h e l i c a l regions. I t i s e s p e c i a l l y important that the 

5' terminal n u c l e o t i d e s should not be incl u d e d w i t h i n the h e l i x , 

s i n c e the ribosome i s p r e f e r e n t i a l l y attached to the 5' end of the 

poly n u c l e o t i d e . 

In the present i n v e s t i g a t i o n s , TYMV-RNA was found to promote 

t r i c h l o r o a c e t i c a c i d p r e c i p i t a b l e m a t e r i a l , i n the Complete 

System with V.faba or P.aureus tRNAs. (FIGS.44, 43). 

The time-course of TYMV-RNA-direction ( F I G . 4 5 ) , showing no 

the i n c o r p o r a t i o n of a amino a c i d , determined as a hot 
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apparent l a g phase, i s t y p i c a l of a n a t u r a l messenger-RNA, w i t h 
i n i t i a t i n g codon and/or i n i t i a t i n g c o n d i t i o n s present i n the 
in c u b a t i o n . ( S p i r i n and Gav r i l o v a , 1969). 

together w i t h i s o l e u c i n e and v a l i n e account f o r 25% of the residue 
found i n the p r o t e i n s h e l l of the v i r u s (Matthews and Ralph, 1966) 

ac i d binds t o the 3 1 terminus of TYMV-RNA, even though v a l y l — 
TYMV-RNA was deacylated by the hot t r i c h l o r o a c e t i c a c i d procedure 
(TABLE 4 ) . 

In the Complete System w i t h P.aureus or V.faba tRNAs the 
2 + 

Mg optima f o r viral-RNA d i r e c t i o n were 5mM and 2mM r e s p e c t i v e l y . 
2 + 

These concentrations p a r a l l e l the Mg optima f o r Poly-U 
d i r e c t i o n which were correspondingly 12mM and lOmM. I n the 
Complete System w i t h V.faba tRNA considerable i n c o r p o r a t i o n was 

2 + 
promoted by viral-RNA i n the absence of exogenously—supplied Mg 

2 + 
but as p r e v i o u s l y discussed an amount of Mg was present i n the 
microsomal and high-speed supernatant enzyme preparations. 

No absolute statement may be made w i t h regard t o a u n i v e r s a l 
2 + 

concentration requirement f o r Mg f o r n a t u r a l messenger-directed 
i n v i t r o systems. S p i r i n and Gavrilova (1965) have s t a t e d t h a t the 

2 + 
optimum concentration of Mg i s from 5mM t o 15 - 20mM; i n the 
presence of increased concentrations o f monovalent cations 
/ + + +» 2+ 
(K , NH^ , T r i s ) somewhat l a r g e r concentrations o f Mg are 
req u i r e d . I t has been shown t h a t at concentrations greater than 
9mM the a s s o c i a t i o n of the ribosome w i t h the template and the 

:C I leucine was used i n the experiments since leucine 

I t was thought advisable not v a l i n e to use since t h i s amino 
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usual tRNAs becomes stronger and the ribosomes begin t o form the 
i n i t i a l complex less s p e c i f i c a l l y , independent of whether there 
i s an i n i t i a t i n g codon present analogous t o the s i t u a t i o n w i t h 
Poly-U (Nakamoto and Kolakofsky, 1966; Kolakofsky and Nakamoto, 
1966; Sundararajan and Thach,1966). 

The work of Verhoef and Bosch (1971) shows how a viral-RNA 
2 + 

messenger can i n i t i a t e at 2 Mg optima. Using E . c o l i ribosomes, 
a l f a l f a mosaic viral-RNA r e q u i r e d i n i t i a t i n g f a c t o r s , GTP and 

2 + 
fMet-tTRNAp, t o promote i n c o r p o r a t i o n at low Mg concentrations. 
When N-acetylaminoacyl-tRNAs were present i n the system a l f a l f a 
mosaic viral-RNA promoted i n c o r p o r a t i o n i n the absence of f a c t o r s , 2+ GTP and fMet-tRNA at r e l a t i v e l y high Mg concentrations. Since r 

these workers d i d not i d e n t i f y the polypeptides produced under the 
two c o n d i t i o n s i t remains t o be determined whether both i n i t i a t i n g 
systems have relevance i n v i v o . The f a i l u r e to-date t o 
demonstrate unequivocably a mechanism f o r a c e t y l a t i o n of 
aminoacyl-tRNAs, other than the e s t a b l i s h e d fMet-tRNA^ mechanism, 
must caution statements which regard i n v i t r o i n c o r p o r a t i o n 

2 + 
promoted by viral-messengers at high Mg concentrations as a 
r e f l e c t i o n of an i n v i v o s i t u a t i o n . 

2 + 
The Mg optima r e q u i r e d f o r TYMV-RNA d i r e c t i o n r e p o r t e d i n 

t h i s present i n v e s t i g a t i o n (FIGS.43, 44) compared w i t h those 
shown by Marcus (1970) i n a tobacco mosaic viral-RNA wheat 
embryo ribosomal system i . e . 3.4mM, and by K l e i n , Nolan, Lazar 
and C l a r k (1972) i n a s a t e l l i t e tobacco necrosis viral-RNA wheat 
embryo ribosomal system i . e . 3mM. 
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I t i s worth n o t i n g t h a t the comparatively low Mg 
requirements f o r these 80s ribosomal systems, compared w i t h 70s 
systems, may be a consequence of the f a c t t h a t b a c t e r i a l ribosomes 

2 + 
can be d i s s o c i a t e d r e a d i l y at ImM Mg i n t o sub-units and mRNA 
(Gros, H i a t t , G i l b e r t , Kurland, Risebrough and Watson, 1961; 
Schlessinger and Gros , 1963). Eukaryotic ribosomes appear more 

„ 2+ 2+ . . , s t a b l e at Mg concentrations lower than ImM Mg ( A r n s t e i n , 1963). 
The TYMV-RNA-directed Complete System w i t h V.faba tRNA 

showed l i t t l e GTP dependence (TABLE 6) p a r a l l e l i n g the same lack of 
dependence e x h i b i t e d by the Poly-U-directed Complete System w i t h the 
same tRNA. The ATP, PCK, CreP dependence of viral-RNA d i r e c t i o n 
i n the Complete System was also minimal (TABLE 7) but, as 
p r e v i o u s l y discussed, the Complete System w i t h V.faba tT?NA was 
contaminated w i t h ATP capable of supplying the requirements of the 
viral-RNA-directed system. 

I n Complete Systems i n v o l v i n g n a t u r a l messengers i t i s 
e s s e n t i a l t h a t the f u l l aminoacyl-tRNA apparatus be present, since 
n a t u r a l mRNAs code f o r a l l the usual 2o"protein namino acids. 
Consequently, the Complete Systems used i n t h i s i n v e s t i g a t i o n were 
exogenously-supplied w i t h these 20 amino acids, despite the f a c t 
t h a t many workers have r e p o r t e d a s u f f i c i e n c y of contaminating 
amino acids present i n microsomal systems (Matsushita, Mori and 
Hata, 1968; P a r i s i and C i f e r r i , 1966, and Pearson, 1969). I t may 
be added t h a t i n Poly-U systems only phenylalanine need be 
supplemented (Allende, 1969) although S p i r i n and Gavrilova (1969) 
do p o i n t out t h a t the presence of other aminoacyl-tRNAs i n 
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Poly-U systems may i n f l u e n c e the r a t e of synthesis. 
A general survey o f the Results Section would show t h a t 

maximum i n c o r p o r a t i o n promoted by approximately O.lmg TYMV-RNA 
i n the Complete System w i t h tRNAs from P.aureus or V.faba was 

microsomes. 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 was promoted by the 
viral-RNA i n the Complete System w i t h yeast tRNA. These r e s u l t s 
c ontrast w i t h Poly-U d i r e c t i o n of the Complete System where much 
higher r a t e s of i n c o r p o r a t i o n were obtained ( o f the order 10- t o 
40- f o l d ) and where V.faba was the best source of tRNA used, 
rat h e r than P.aureus as i n the viral-RNA system. 

At equivalent concentrations of the 2 messenger molecules, i t 
might be expected t h a t TYMV-RNA d i r e c t i o n would r e s u l t i n a lower 
i n c o r p o r a t i o n value than Poly-U d i r e c t i o n because TYMV-RNA d i r e c t s 

these i n the polypeptide chain. I n a synthesised polypeptide chain 
of a r b i t r a r y u n i t l e n g t h , the amount of leucine must p e r f o r c e be 
less than the amount present i n a polyphenylalanine chain. There 
are other reasons why viral-RNA d i r e c t i o n would lead t o lower 
i n c o r p o r a t i o n , f o r example breaks i n the mRNA molecule. (Haselkorn, 
1962). 

TYMV-RNA f a i l e d t o d i r e c t polypeptide synthesis i n the 
Complete System w i t h yeast tRNA. This suggests t h a t the amino-
a c y l a t i o n of t h a t source tRNA by P.aureus high-speed supernatant 
enzyme f r a c t i o n was not conducive t o the t r a n s l a t i o n of the n a t u r a l 
messenger molecule, c o n t r a s t i n g w i t h the s a t i s f a c t o r y performance 

r e s p e c t i v e l y 25 and 15 pmol leucine incorporated/mg 

20 amino acids and the leucine l a b e l i s d i s t r i b u t e d amongst 
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of yeast tRNA i n the Complete System d i r e c t e d by Poly-U, using 

the same high-speed supernatant enzyme f r a c t i o n . Subsequent 

experimentation was made to compare the a c t i v i t y of the high-speed 

supernatant enzyme f r a c t i o n i n a c y l a t i o n of the d i f f e r e n t source 

tRNAs and various amino a c i d s . I t may be judged e m p i r i c a l l y that 

the same volume of F.aureus high-speed supernatant enzyme f r a c t i o n 
2 + 

(at 12mM Mg , at a constant ATP concentration and at a constant 

T r i s + c o n c e n t r a t i o n ) charged yeast tRNA l e s s w e l l than V.faba or 

P.aureus tRNAs (TABLE 1 ) , with one exception, namely that there 

was 30% greater formation of yeast phenylalanyl-tRNA compared with 

P.aureus phenylalanyl-tRNA. When V.faba tRNA and yeast tRNA were charged with the 14|ir CJ 

amino a c i d mixture under the same c o n d i t i o n s , the l a b e l bound to 

yeast tRNA was about h a l f that bound to V.faba tRNA. Allowing that 

the commercially-obtained yeast tRNA preparation was not j u s t 

simply damaged i n e x t r a c t i o n , s e v e r a l explanations are f e a s i b l e : 

1. V.faba tRNA m a t e r i a l possesses more tRNA s p e c i e s 

cognate with the p a r t i c u l a r 1 amino a c i d s found i n the 

mixture than does yeast tKNA m a t e r i a l ; 

2. Fewer s p e c i e s of tRNA are charged by the P.aureus 

high-speed supernatant enzyme f r a c t i o n i n the yeast preparation 

than i n the V.faba preparation; 

3. I n d i v i d u a l s p e c i e s of tRNA are not charged by the 

P.aureus high-speed supernatant enzyme f r a c t i o n as s u c c e s s f u l l y 

i n the yeast as i n the V.faba m a t e r i a l . 

At present, l i t t l e data i s a v a i l a b l e on the exact tRNA 

complement of any source tRNA. Some information has been 
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published which i n d i c a t e s the proportion and a c t i v i t y of some 

tT?NAs change during organism development, but these are comparative 

r a t h e r than absolute v a l u e s . (Yang and Comb, 1968; Zeikus, 

Taylor and Buck, 1969; Kaneko and Doi, 1966; Doi, Kaneko and 

I g a r a s h i , 1968; Anderson and Cherry, 1969). 

Although parameters p e r t a i n i n g to phenylalanine a c y l a t i o n 

have been r e f e r r e d to i n a c o n s i d e r a t i o n of the Poly-U-directed 

Complete System, i t i s u s e f u l to r e v i s e them here when d i s c u s s i n g 

the parameters a f f e c t i n g a c y l a t i o n of v a l i n e , and l e u c i n e with the 

source tRNAs. I n the a c y l a t i o n of these amino a c i d s to tRNAs, 

whereas the P.aureus high-speed supernatant f r a c t i o n promoted 

r a p i d r a t e s with V.faba and P.aureus tRNAs, the r a t e s with yeast 

tRNA were decreased considerably (FIGS.16, 17, 18). Lower a c y l a t i o n 

r a t e s have been recorded i n heterologous r e a c t i o n by a number of 

workers, L o f t f i e l d and Eigner (1963), L a g e r k v i s t and Waldenstrom 

(1964), Kalousek and R y c h l i k (1965), Kalousek, Cerna, R y c h l i k and 

Sorm (1966), and Moustafa (1966), E . c o l i valyl-tRNA synthetase 
Val 

i s known to r e a c t very slowly with yeast tRNA , but L o f t f i e l d 

and Eigner (1963) have shown that the M i c h a e l i s constants are 

remarkably s i m i l a r for the heterologous and homologous systems. 

These authors concluded that the d i f f e r e n c e between the r a t e s was 

probably due to s t r u c t u r a l d i s t i n c t i o n s a f f e c t i n g valyl-tRNA 

formation. 

A general comment on the e f f e c t of pH on a c y l a t i o n of v a l i n e , 

l e u c i n e and phenylalanine to the d i f f e r e n t source tRNAs could be 

that pH was optimal above 8 for yeast tRNA, and below 8 for tRNAs 
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from V.faba and F.aureus (FIGS. 19, 20, 2 1 ) . I n n e a r l y a l l 

r e s p e c t s the ranges of pH and optima were d i f f e r e n t for the 

e s t e r i f i c a t i o n of each amino a c i d to each tRNA. 

Information about pH e f f e c t s on aminoacyl-tRNA synthetases 

i s l i m i t e d when compared with the data a v a i l a b l e on other governing 

parameters. The aminoacyl-tRNA e s t e r bond does, however, become 

i n c r e a s i n g l y unstable at high pH v a l u e s , f o r example at pH 8 a 

h a l f - r e a c t i o n time of 9 min occurs for spontaneous s p l i t t i n g of 

l y s i n e from the e s t e r bond. (Kalousek and R y c h l i k , 1965). An 

examination of the e f f e c t of pH on synthetase a c t i v i t y i n e x t r a c t s 

of wheat germ has shown that the optimum v a r i e s with the enzyme, 

the values v e e r i n g 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 . 

(Moustafa and L y t t l e t o n , 1963). Optimal pH values f o r p u r i f i e d 

enzymes can vary from 6.8 - 7.1 for aspartyl-tRNA synthetase from 

yeast (Moustafa and Peterson, 1962). to 8.5 - 9 for the valyl-tRNA 

synthetase from. E . c o l i (Bergman, Berg and Dieckmann, 1961). I n 

an e a r l y r e p o r t , Davie et a l (1956) showed that tryptophanyl-tRNA 

synthetase from pancreas d i d not e x h i b i t an optimum pH value. 

Makman and Cantoni (1966) demonstrated that the c o n d i t i o n s 

necessary for yeast seryl-tRNA synthetase to e s t e r i f y s e r i n e were 

more s t r i n g e n t with E . c o l i tRNA than with yeast tRNA as s u b s t r a t e . 

In the report of these authors the pH optimum was higher with 

E . c o l i tRNA as s u b s t r a t e . 
2 + 

Mg i s necessary for the aminoacylation r e a c t i o n . Peterson 
2 + 

(1967) summarised that the optimum concentration of Mg and the 

r e l a t i v e a c t i v i t y on e i t h e r s i d e of the optimum v a r i e s with each 
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enzyme. Mans (1967) emphasised that the optima for aminoacyl-tRNA 

synthetases with regard to pH, i o n i c s t r ength and e s p e c i a l l y the 
2 + 

Mg /ATP r a t i o , would be d i f f e r e n t for each a c t i v a t i n g enzyme, 
both w i t h i n s p e c i e s and between s p e c i e s . 

2 + 

The Mg optima for v a l i n e , l e u c i n e and phenylalanine a c y l a t i o n 

of yeast tRNA had a r e l a t i v e l y smaller a c t i v i t y e i t h e r s ide the 

optimum than the tRNAs from V.faba or P.aureus (FIGS.22, 23, 2 4 ) . 

This i s p a r t i c u l a r l y emphasised, s i n c e i n the absence of 
2 + 

exogenously supplied Mg the yeast tRNA i s s c a r c e l y a c y l a t e d 

w h i l s t the a c t i v a t i o n of V.faba and P.aureus tRNAs i s s t i l l 
2 + 

marked - these a c y l a t i o n s being dependent on contaminating Mg 

present i n the i n c u b a t i o n s . In the V.faba tRNA and P.aureus 

tRNA a c y l a t i o n s the r e l a t i v e a c t i v i t y e i t h e r s ide of the optimum 

was so great that the high-speed supernatant enzyme f r a c t i o n was 

capable of promoting marked e s t e r i f i c a t i o n of v a l i n e and 
2 + 

phenylalanine at the Mg optimum f o r l e u c i n e , and v i c e v e r s a . 
A s i m i l a r s i t u a t i o n obtained with P.aureus tRNA, but not with y e a s t 

2 + 
tRNA. At the Mg optimum for phenylalanyl-yeast-tRNA formation, 

the enzyme f r a c t i o n allowed only poor e s t e r i f i c a t i o n of v a l i n e , 

and the converse held. Leucine, however, could be charged 
2 + 

reasonably w e l l at the Mg optimum for phenylalanine and v a l i n e . 

T h i s i m p l i e s a s i t u a t i o n whereby an bptimum c o n d i t i o n for one 

amino acid-tT?NA e s t e r i f i c a t i o n i s i n h i b i t i n g to another , which may 
have been the reason why yeast tRNA charged glutamic a c i d so poorly 

2 + 
at 12mM Mg (TABLE 1 ) . The i n f e r e n c e may a l s o be drawn that i n 

the TYMV-RNA-directed Complete System containing y e a s t tRNA, l a c k 
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of a c t i v i t y was due to a c o n s t r a i n t p l a c e d upon the system; for 
2 + 

example, Mg requirements for r e a c t i o n s other than aminoacylation 

precluded s a t i s f a c t o r y a c y l a t i o n of the yeast tRNA to the u s u a l 

20 " p r o t e i n " amino a c i d s . This l i m i t i n g condition would not apply 

to tRNAs from V.faba and P.aureus, s i n c e they could f u n c t i o n under 

the r e s t r a i n t s of the Complete System. 

I t has been p r e v i o u s l y deduced that ATP was a contaminant i n 

the Poly-U-directed Complete System with V.faba or P.aureus 

tRNAs, by v i r t u e of the a c t i v i t y allowed i n the absence of 

exogenously-supplied ATP. I n the a c y l a t i o n a c t i v i t y of the 3 

source tRNAs by v a l i n e using P.aureus high-speed supernatant 

enzyme f r a c t i o n i n the absence of exogenously-supplied ATP, various 

reductions were recorded (TABLE 2 ) . At the simplest e v a l u a t i o n , 

the r e s u l t s i n d i c a t e d that there was contaminating ATP present i n 

the r e a c t i o n , i f the r e a c t i o n were a true t h e o r e t i c a l e n z y m a t i c a l l y -

promoted aminoacylation. The contaminating ATP might w e l l be 

a s s o c i a t e d with tRNA having s u r v i v e d the e x t r a c t i o n p r o c e s s , or i t 

might be present i n the high-speed supernatant enzyme f r a c t i o n , 

even though these f r a c t i o n s had been d i a l y s e d to remove ATP. The 

r e s u l t s presented i n Table 3 show the r e l a t i v e r eduction i n 

a c y l a t i o n a c t i v i t y with l e u c i n e , v a l i n e and phenylalanine with one 

source tRNA - i n t h i s case tRNA from V.faba germinating seed. 

Again at the simplest e v a l u a t i o n , t h i s r e s u l t showed that d i f f e r e n t 

amino a c i d s r e q u i r e d d i f f e r e n t amounts of ATP for e s t e r i f i c a t i o n 

to tRNAs, s i n c e the l e v e l of contaminating ATP i n the r e a c t i o n was 

the same although of unknown qua n t i t y . 



175 

Nevertheless, as Mans (1967) has pointed out, i t i s the 
2+ 2 + r a t i o between Mg and ATP, and not Mg alone which conditions 

2 + 
the parameters of Mg optima f o r s p e c i f i c aminoacylation r e a c t i o n s , 

I n t h i s present i n v e s t i g a t i o n , exogenously-supplied ATP was kept 

constant but s i n c e the concentration of contaminating ATP was 
2 + 

obviously unknown the Mg optimum obtained could be s a i d to be 

a r b i t r a r y . I n the d i f f e r e n t r eductions of a c t i v i t y among the 

three amino a c i d s with the same source of tRNA, the absence of 

exogenously-supplied ATP may merely have l e d to a reduction i n 
2 + 

a c t i v i t y consequent upon the a l t e r a t i o n of the Mg /ATP r a t i o . 
The values presented i n Table 3 show that the three amino a c i d s 

2 + 
have d i f f e r i n g Mg /ATP optimal r a t i o s . 

2 + 
Mans (1967) reported that the optimum r a t i o of Mg /ATP for 

E . c o l i leucyl-tRNA synthetase i s 10, while that f o r prolyl-tRNA 
i 

synthetase i s 30. Further, comparing the leucyl-tRNA synthetase 

of E . c o l i and r a t l i v e r , the optimum of the former i s 10, and of 

the l a t t e r i s 1. Indeed, at 10, r a t l i v e r leucyl-tRNA synthetase 

shows hardly any d i s c e r n i b l e r e a c t i o n . 

In summary, when optimal condit i o n s have been determined for 
2 + 

r e a c t i o n s containing ATP and Mg , the omission of ATP, r e s u l t i n g 

i n a depression or absence of a c t i v i t y i n d i c a t e s ATP dependence. 

I t should be emphasised that the presence of the remaining 
2 + 

endogenous ATP c o n s t i t u t e s a Mg /ATP r a t i o , non-optimal for the 
2 + 

r e a c t i o n . Therefore, i t i s a d v i s a b l e to determine the Mg 

optimum i n terms of the contaminating ATP, when the percentage 

d i f f e r e n c e s i n a c t i v i t y between exogenously-added ATP i n the 
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presence of contaminating ATP, and contaminating ATP alone, are 

then more meaningful. 

There are innumerable i n s t a n c e s quoted where the heterologous 

synthetase does not recognise a tRNA s p e c i e s . This i s claimed 

to be an absolute phenomenon, not simply a question of providing 
2 + 

the c o r r e c t pH, i o n i c and Mg /ATP r a t i o environment. (For r e f . 

see N o v e l l i , 1967? and B o u l t e r , 1970). To demonstrate such 

phenomena, i t i s necessary to f r a c t i o n a t e the high-speed 

supernatant enzyme i n t o i n d i v i d u a l am inoacyl-tRNA synthetases, i n 

order that c r o s s - r e a c t i v i t y with p u r i f i e d tRNA s p e c i e s may be 

i n v e s t i g a t e d . I t was not f e a s i b l e to enter upon such a p r o j e c t 

i n the context of the present work, but i t i s a p o s s i b i l i t y that 

one or more aminoacylating tRNA synthetases of P.aureus high-speed 

supernatant enzyme f r a c t i o n did not recognise yeast tRNA s p e c i e s . 

I t should be borne i n mind that V.faba tRNA — P.aureus 

high-speed supernatant enzyme f r a c t i o n i s a heterologous system, 

which does not i n h i b i t - the TYMV-RNA-directed Complete System, as 

does i t s yeast tRNA counterpart. 

I t was apparent that the co n d i t i o n s were d i f f e r e n t f o r the 

formation of aminoacyl-tRNA with each source tRNA. I f these 

conditions were c o n s t r a i n i n g on the Poly-U-directed P.aureus 

Complete Systems, and i n the case of yeast tRNA, i n h i b i t i n g i n the 

TYMV-RNA-directed P.aureus Complete System, r a t h e r than a l l o w i n g 

the aminoacyl-tRNA complex to be formed i n s i t u the p r o v i s i o n of 

aminoacyl-tRNA was l i k e l y to overcome these b a r r i e r s . The 

p r o v i s i o n of such preformed aminoacyl-tRNA to the p o l y p e p t i d e — 

s y n t h e s i s i n g i n v i t r o system c o n s t i t u t e s the Tra n s f e r System. 
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P.aureus tHNA was becoming i n c r e a s i n g l y d i f f i c u l t to produce 

p r a c t i c a b l y so i t was decided not to employ that m a t e r i a l i n the 

Transfer System i n v e s t i g a t i o n s . 

Although viral-RNA d i r e c t i o n of the Complete System gave 

c l e a r l y d i s c e r n i b l e and reproducible a c t i v i t y i t was hoped to 

magnify the amount of r a d i o a c t i v i t y from the Tr a n s f e r System by 

using a m u l t i - | C| l a b e l , which would a l s o f a c i l i t a t e the 

i d e n t i f i c a t i o n of a viral-RNA-synthesised product by var i o u s 

radiochemical techniques a v a i l a b l e . There are a l s o i n d i c a t i o n s 

that s i n g l e l a b e l s on a Tran s f e r System derived from p l a n t sources 

and d i r e c t e d by viral-RNA caused complications because the 

shortness of v i r a l - s y n t h e s i s e d peptide chains leads to 

d i f f i c u l t i e s i n d i s c e r n i n g the s i n g l e l a b e l a c t i v i t y (van Kammen, 

1967: J . Bewley, 1972, p r i v a t e communication). Indeed Matthews 

and Korner (1970), using a v i r a l - R N A - d i r e c t e d mammalian c e l l - f r e e 

system demonstrated an i n i t i a l lag phase of 4 min which was 

e n t i r e l y a r t e f a c t u a l s i n c e a t that time the p a r t i c u l a r l y short 

peptide chain length was a c i d s o l u b l e . 

The T r a n s f e r System was i n v e s t i g a t e d using both s i n g l e - and 

m u l t i - l a b e l l e d aminoacyl-tRNA.* I t should be noted that the 

14{u 14 CI amino a c i d mixture (CFB 104) i s composed of 14 
l~14 

i n d i v i d u a l l y p u r i f i e d L- amino a c i d s - |U C 

approximately the same proportions as a t y p i c a l a l g a l p r o t e i n 

* A l l aminoacyl-tI?NAs were c o n s t r u c t e d from the 20 u s u a l amino 

a c i d s . S i n g l e - l a b e l means oneJ^ 4c|amino a c i d + 19 F 2c|amino 

a c i d s ; m u l t i - l a b e l means 14[u 1 4c]amino a c i d s + 6 [J 2c]amino a c i d s 

(See Methods). 

mixed i n 
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hydrolysate.. I t i s not that m a t e r i a l obtained by a c i d h y d r o l y s i s 

of a l g a l p r o t e i n (CFB 25) which the Radiochemical Centre, Amersham 

Bucks, recommend as not being s u i t a b l e for p r o t e i n s y n t h e s i s i n g 

systems. 

Since i t i s g e n e r a l l y h e l d t h a t the f u n c t i o n of ATP and the 

regenerating system i s i n aminoacylation of tRNAs these components 

were omitted from the c o n s t i t u t i o n of the Transfer System, a 

procedure commonly adopted ( I g a r a s h i and Paranchynch, 1967; 

Payne, 1970) although some workers in c l u d e PEP and PK or CreP 

and PCK i n Tran s f e r Systems to regenerate GTP (Allende, 1969; 

Marcus, 1970). 

The T r a n s f e r System was f i r s t c h a r a c t e r i s e d i n terms of 

aminoacyl-tRNAs de r i v e d from yeast or V.faba tRNAs. The s i n g l e -

[_ C| l a b e l was phenylalanyl-tRNA. Although not every Poly-U 

experiment d i s c u s s e d here was performed with s i n g l e - and m u l t i -

CJ l a b e l s , s u f f i c i e n t were performed to allow an assumption 

that the parameters conditioning polyphenylalanine s y n t h e s i s 

were the same with each type of l a b e l . 

Aspects of the s y n t h e s i s of polyphenylalanine i n the Transfer 

System were markedly d i f f e r e n t from the s y n t h e s i s i n the Complete 

System. The o v e r a l l a c t i v i t y promoted by Poly-U was much lower 

and the time-course of i n c o r p o r a t i o n much shorter i n the Tr a n s f e r 

System (FIGS.34, 55 - 5 9 ) . Allende and Bravo (1966) and Payne 

(1970) have reported s i m i l a r c o n t r a s t s between Transfer and 

Complete Systems. T h i s reduction of a c t i v i t y may be consequence 

Poly-U d i r e c t i o n using both L 1 4c] sxngle- and multi l a b e l l e d 

L 1 4cl 
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of the phenylalanine t r a n s f e r r e d from the aminoacyl-tRNA 

complex being r a t e - l i m i t i n g , whereas i n the Complete Systems 
l~14 1 
I C l l a b e l l e d amino a c i d s were i n excess. A l t e r n a t i v e l y , s i n c e 

the aminoacyl-tRNA preparation might contain non-acylated tRNA 

(Allende^1969) t h i s might become charged i n the incubation with 
ri2i 

contaminating | C| phenylalanine and any ATP p r e s e n t , r e s u l t i n g 
t l 4 l 

i n I CI polyphenylalanine s y n t h e s i s becoming d i l u t e d by i t s 
Tl 2 1 
I Cj counterpart with a consequent redu c t i o n of r a d i o a c t i v i t y / 

u n i t peptide c h a i n . When ATP was added to the yeast aminoacyl-

tRNA Transfer System a marked depression of a c t i v i t y occurred, 

i l l u s t r a t i n g that such a phenomenon was p o s s i b l e (FIG.57) or that 
2 + 

the supplementation of ATP induced Mg absorption rendering 
2 + 

sub-optimal the a v a i l a b l e Mg . I t was u n l i k e l y that tRNA was 

a contaminant of the microsomal preparation ( F I G . 7 3 ) . 

The s i g n i f i c a n c e of the d i f f e r e n t r a t e s of i n c o r p o r a t i o n of 

polyphenylalanine from yeast and V.faba aminoacyl-tRNAs i n the 

Transfer System may a l s o be a r e f l e c t i o n of v a r y i n g amounts of 

non-acylated tRNA present i n the r e s p e c t i v e p r e p a r a t i o n s , s i n c e 

K a j i and K a j i (1964), Kurland (1966), L e v i n (1966), Seeds and 

Conway (1966) have a l l shown that f r e e tRNA i s well-bound with 

the ribosome i n the presence of template. T h i s c h a r a c t e r i s t i c 

may a l s o account for the overal1 lower i n c o r p o r a t i o n c a p a c i t y 

of the Transfer as compared with the Complete System. 

The l a c k of enhancement when exogenously-supplying high-speed 

supernatant enzyme f r a c t i o n to the Transfer System may have been 
r12i 

due to an unwanted supplementation of |_ C | amino a c i d s But t h i s 
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seems u n l i k e l y s i n c e these enzyme f r a c t i o n s were e x t e n s i v e l y 

d i a l y s e d , o s t e n s i b l y to remove such contaminants (FIGS.54, 55). 

A l t e r n a t i v e l y , exogenous supplementation of enzyme may merely 

have i n c r e a s e d the t o t a l c o n centration of enzyme above i t s 

optimum. A s i m i l a r s i t u a t i o n , though a l i t t l e more complex, was 

obtained i n the Complete System alr e a d y d i s c u s s e d . I t i s obvious 

that the microsomal preparation r e q u i r e s much more thorough 

washing to r i d preparations of t h i s enzymatic i n f l u e n c e but t h i s 

was d e l i b e r a t e l y avoided i n case e s s e n t i a l c o - f a c t o r s necessary 
2 + 

f o r v i r a l - R N A - d i r e c t i o n were l o s t . Since the Mg optimum for 
the y e a s t aminoacyl-tRNA Tra n s f e r System was c r i t i c a l (FIG.51) i t 

2 + 
was a l s o p o s s i b l e that the Mg present i n the high-speed 

2 + 
supernatant enzyme f r a c t i o n rendered the t o t a l Mg concentration 
non-optimal. In a l l Transfer System incubations the enzyme, 

t h e r e f o r e , was not supplemented exogenously. 
2 + 

The Mg requirement i . e . exogenously-supplemented, i n the 

Poly-U-directed Transfer System with each source aminoacyl-tRNA 

complex was optimal at 8mM, c o n t r a s t i n g with the Complete System 

at 12mM (yeast tT?NA) and lOmM (V.faba tRNA). Allende (1969) 
2 + 

reported a s i m i l a r reduction i n Mg requirement between Complete 
and Transfer System d e r i v e d from wheat embryo. An explanation f o r 

2 + 
t h i s r e d u c t i o n i s that i n the Complete System the e x t r a Mg was 
necessary to meet aminoacylation r e a c t i o n requirements. I g a r a s h i 

2 + 
and Paranchynch (1967) record i d e n t i c a l Mg optimal for Poly-U-

d i r e c t e d E . c o l i - d e r i v e d Complete and Transfer Systems but the 

range allowing polyphenylalanine s y n t h e s i s was much l e s s i n t h e i r 
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Transfer than i n t h e i r Complete System. 

K + was an absolute requirement i n yeast or V.faba 

aminoacyl-tRNA Tra n s f e r System though the optimum f o r the former 

was much more c r i t i c a l (FIGS.48, 4 9 ) . The high concentrations of 
+ 

K needed f o r maximal a c t i v i t y are again reminxscent of the 

Allende (1969) wheat embryo Transfer System, and as that author 

points out these were very s i m i l a r for the E . c o l i - d e r i v e d 

T r a n s f e r System of Nakamoto, Conway^Allende, Spyrides and Lipmann 

(1963). 

GTP could be c l e a r l y i m p l i c a t e d i n the Poly-U-directed 

Tr a n s f e r System using yeast or V.faba aminoacyl-tRNA complexes 

(FIGS.56, 5 7 ) . This i n c r e a s e d dependence compared with the 

Complete Systems may be a consequence of the absence of high-speed 

supernatant enzyme f r a c t i o n c o n t r i b u t i n g GTP. 

S t r i k i n g d i f f e r e n c e s between the yeast and V,faba aminoacyl-

tl?NA complexes i n the Transfer System were found i n t h e i r response 

to pH v a r i a t i o n (FIGS.52, 53). There was no optimum for 

in c o r p o r a t i o n i n the range pH 7.3 - 8.5 for the V.faba complex, 

c o n t r a s t i n g with the range of pH 7.3 - 8.1 with a d i s c e r n i b l e 

optimum at pH 7.6, for the yeast complex. T h i s i n d i c a t e d that the 

P.aureus t r a n s f e r enzymes common to each Transfer System were much 

more s t r i n g e n t i n t h e i r pH requirements for the t r a n s f e r of the 

yeast aminoacyl-tRNA. Secondly, the t r a n s f e r enzymes were much 

l e s s s t r i n g e n t i n t h e i r pH requirements than the aminoacylation 

enzymes i n the i n v i t r o systems c o n t a i n i n g V.faba tRNA, s i n c e i n 

the Transfer System with V.faba aminoacyl-tRNA there was no 
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optimal response i n the range of pH 7.3 - 8.5, c o n t r a s t i n g with the 

d i s c e r n i b l e optimum of pH 7.8 i n the Complete System with that 

source tT?NA. T h i r d l y , i n i n v i t r o systems c o n t a i n i n g yeast tRNA 

there appeared 2 divergent optimal pH responses for t r a n s f e r 

enzymes and aminoacylation enzymes, - the former at pH 7.6 and the 

l a t t e r at pH 8.1. 

E v i d e n t l y , i n the Complete System containing yeast tRNA 

there i s a mutual concession, towards optimal i n c o r p o r a t i o n , 

between the aminoacylation r e a c t i o n stage and the t r a n s f e r stage, 

a c o n d i t i o n not apparent i n the corresponding V.faba tRNA system. 

The v a r i o u s time-courses of i n c o r p o r a t i o n i n the Transfer 

System (FIGS. 54 - 5 9 ) , show lag phases concomitant with Poly-U 

d i r e c t i o n . The higher l e v e l of a c t i v i t y recorded with the m u l t i -

l a b e l l e d V.faba aminoacyl-tRNA compared with the s i n g l e l a b e l 

to V.faba tRNA using the 14[u" C] amino a c i d mixture than using 
[_ Cj phenylalanine, which would be r e f l e c t e d i n i n c o r p o r a t i o n i f 

the aminoacyl-tRNA t r a n s f e r e n c e of phenylalanine were r a t e - l i m i t i n g 

for p e p t i d y l i n c o r p o r a t i o n . On the other hand, data has been 

published showing that Poly-U can d i r e c t the i n c o r p o r a t i o n of 

s u b s t a n t i a l amounts of l e u c i n e i n an E . c o l i - d erived i n v i t r o 

system (Bretscher and Grunberg-Manago, 1962; Matthaei, Jones, 

Martin, and Nirenberg, 1962). T h i s anomalous Poly-U-directed 

i n c o r p o r a t i o n of l e u c i n e has a l s o been demonstrated i n 80s 

ribosomal i n v i t r o systems as w e l l as i n other 70s systems. 

(Sager, Weinstein and Ashkenazi, 1963; B r e t s c h e r and Jones, 1967; 

(FIG.59) may simply s i g n i f y t h a t P C phenylalanine charged more 

[ 1 4 c ] 
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Stavy, 1968; Friedman, Berezney and Weinstein, 1968). This 

e f f e c t i s e x p l i c a b l e i n terms of t r a n s l a t i o n a l e r r o r s induced by 

the n o n - p h y s i o l o g i c a l nature of i n v i t r o systems ( B o u l t e r , E l l i s 

and Yarwood, 1972). S e r i n e , i s o l e u c i n e and l e u c i n e were shown to 

be d i r e c t e d i n t o p e p t i d y l m a t e r i a l by Poly-U but at concentrations 
2 + 

below lOmM Mg i . e . more c l o s e l y resembling p h y s i o l o g i c a l 

c o n d i t i o n s , the anomalous i n c o r p o r a t i o n was e l i m i n a t e d (Szer and 

Ochoa, 1964). A l l the anomalous amino a c i d s r e f e r r e d to above were present i n the 14 u 1 4c amino a c i d mixture 

Pl4~ 14|U C 

I t must be remembered that aminoacyl-tRNAs l a b e l l e d with 

amino a c i d s were e s s e n t i a l l y f o r use i n TYMV-RNA-directed 
2 + Transfer Systems, so that the yeast tRNA was charged at 12mM Mg 

with the m u l t i - l a b e l , on the understanding that the y e a s t -

aminoacyl-tRNA preparation would contain r e p r e s e n t a t i v e s of a l l 

20 " p r o t e i n " amino a c i d s . As mentioned p r e v i o u s l y , i f the m a t e r i a l 
2 + 

had been charged at the Mg optimum f o r phenylalanine i t was 

probable that v a l i n e , at l e a s t , would have e s t e r i f i e d to tRNA at 

a low l e v e l and t h i s would not be conducive to a n a t u r a l messenger-
2 + 

coding propensity. Since the Mg optimum was not so c r i t i c a l f o r 
production of V.faba aminoacyl-tRNA, t h i s condition was not 

\l4~\ 
r e l e v a n t . The s i n g l e l a b e l yeast i . e . I CI phenylalanine, 

2 + 
aminoacyl-tRNA preparation was charged at the phenylalanine Mg 

optimum to f a c i l i t a t e Poly-U d i r e c t i o n i n the Transfer System. 

This would e x p l a i n the higher l e v e l s of polyphenylalanine s y n t h e s i s 

i n the s i n g l e - l a b e l l e d y e a s t aminoacyl-tRNA Transfer System, 

compared with i t s m u l t i - l a b e l l e d counterpart. 
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Despite the f a c t that each source aminoacyl-tRNA functioned 

i n the Transfer System, the i o n i c and pH parameters governing the 

r e a c t i o n with yeast aminoacyl-tRNA were more s t r i n g e n t than those 

with the V.faba complex. Since the p r o v i s i o n of ready-formed 

aminoacyl-tRNA s t i l l permitted d i f f e r e n c e s between yeast and V.faba 

complexes, i t would appear that c e r t a i n q u a n t i t a t i v e r e s t r i c t i v e 

i n f l u e n c e s l a y beyond the aminoacylation stage. P a r i s i et a l . (1967 ), 

K l i n k and R i c h t e r (1966), I l a n and Lipmann (1966), Allende (1969) 

and C i f e r r i and P a r i s i (1970) have a l l reported r e s u l t s which show 

i n c o m p a t i b i l i t i e s w i t h i n heterologous ribosome-transfer enzyme 

systems, although B o u l t e r , E l l i s and Yarwood (1972) have concluded 

that there i s a f a r greater degree of i n t e r c h a n g e a b i l i t y of 

components from d i f f e r e n t e u k a r y o t i c systems than there i s between 

those of eukaryotes and prokaryotes. 

In the Transfer System, containing 14 j_U CJ V.f aba 

aminoacyl-tRNA, TYMV-RNA d i r e c t e d the s y n t h e s i s of polypeptide by 

t h i s r e a c t i o n was 2mM, o s t e n s i b l y the same as i n the Complete 
2 + 

System, but completely dependent upon exogenously-added Mg 

i . e . MgCl 2, si n c e no viral-RNA a c t i v i t y was observed without that 

s a l t supplementation. Since the Complete System was exogenously-
supplemented with the high-speed supernatant enzyme f r a c t i o n 

2 + 
(containing Mg ) , the T r a n s f e r System optimum c o n s t i t u t e d a 

2 + 
reduction i n the Mg requirements, corresponding to s i m i l a r 

a temperature-dependent r e a c t i o n ( F I G . 6 2 ) . The Mg 2 + optimum for 
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reductions i n the Poly-U Transfer Systems*. This was taken to 
2 + 

i n d i c a t e that a portion of the Mg supplied to the Complete 

System was r e q u i r e d for aminoacylation r e a c t i o n s . 

Dependence on GTP was shown, the p a r t i a l i t y again 

demonstrating that the microsomal preparation used here was 

contaminated with GTP (F I G . 6 1 ) . K + ion was an absolute 

requirement f o r viral-T?NA-directed (and Poly-U) i n c o r p o r a t i o n 

( F I G . 6 7 ) . The formation of the ternary complex, ribosome — 
+ 

template — aminoacyl-tRNA, i s s p e c i f i c a l l y s t i m u l a t e d by K or 
4 

NH c a t i o n s ( S p i r i n and G a v r i l o v a , 1969). S t i m u l a t i o n may range 
from strong ( S p y r i d e s , 1964) to s l i g h t (Pestka and Nirenberg, 

2 + 
1966). The Mg ion i s e s s e n t i a l for the formation of the 

2 + 
t e r n a r y complex; from the Mg optimum determined i n the 

present work, i t may be deduced t h a t binding of the aminoacyl-

tRNAs with ribosomes would use GTP and Tran s f e r f a c t o r s . Only 
2 + 

i n v i t r o systems which f u n c t i o n above lOmM Mg , a somewhat 

a r b i t r a r y f i g u r e , are GTP and Tr a n s f e r f a c t o r s not r e q u i r e d . 

(Spyrides and Lipmann, 1962; Conway, 1964; K a j i and K a j i , 

1964; S p y r i d e s , 1964; Nirenberg and Leder, 1964; Nishiz u k a 

and Lipmann, 1966 i i , Kurland, 1966). 

S p i r i n and G a v r i l o v a (1969) have pointed out that the 

K ion serves another u s e f u l purpose i n the suppression 

of " n o n - s p e c i f i c binding" of tRNA or aminoacyLtRNA s p e c i e s . 

* Microsomes for the Transfer System were stored at 50 

mg/ml, compared with those for the Complete System st o r e d 

at 20 mg/ml. Their presence i n the incubation at 1 mg/ml 
2 + 

r e p r e s e n t s a f u r t h e r reduction i n Mg 
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t o the ribosome i n t h e absence o f t e m p l a t e , or where t e m p l a t e i s 

not ribosome-bound. T h i s n o n - s p e c i f i c complex, r e a d i l y formed a t 

0 - 4 ° needs n e i t h e r e n e r g y s o u r c e nor p r o t e i n f a c t o r s f o r 
+ 

f o r m a t i o n . I n t h e ab s e n c e o f K , i n the work r e p o r t e d were, i t 
r i 4 ~ i 

was n o t e d i n e x p e r i m e n t s w i t h 14 lU C l - V . f a b a aminoacyl-tRNAs 

t h a t 0-time samples showed h i g h r a d i o a c t i v i t y , p o s s i b l y owing, 

i n p a r t , t o n o n - s p e c i f i c a m i n o a c y l - b i n d i n g . U s i n g t h e N i r e n b e r g 

and Leder ( 1 9 6 4 ) m o d i f i e d b i n d i n g t e c h n i q u e ( i . e . no a m i n o a c y l -

tRNA p r e s e n t ) , D a h l b e r g and H a s e l k o r n ( 1 9 6 7 ) i n v e s t i g a t e d t h e 

b i n d i n g p r o p e r t i e s o f TYMV-RNA t o E . c o l i r i b o s o m e s and showed t h a t 

t h e v i r a l - R N A i s a t t a c h e d t o the 30s r i b o s o m a l s u b u n i t ; t h i s c o u l d 
2 + 

t a k e p l a c e a t ImM Mg , t h e r e a c t i o n b e i n g t e m p e r a t u r e - d e p e n d e n t . 

C a t i o n s a r e r e q u i r e d t o n e u t r a l i s e t h e phosph a t e groups of 

TYMV-RNA and the r i b o s o m a l T?NA ( G o l d b e r g , 1 9 6 6 ) , t h e r e b y a l l o w i n g 

t h e two s t r u c t u r e s t o i n t e r a c t . T h i s n e c e s s i t y f o r c h a r g e 

n e u t r a l i s a t i o n , b e f o r e i n t e r a c t i o n can o c c u r , i n d i c a t e s t h a t t h e 

v i r a l - R N A a p p r o a c h e s a r e g i o n o f h i g h n e g a t i v e c h a r g e d u r i n g t h e 

b i n d i n g p r o c e s s . The complex, once formed, i s s t a b i l i s e d by 
2 + 

d x v a l e n t c a t i o n s , Mg . However, D a h l b e r g and H a s e l k o r n ( 1 9 6 7 ) 
showed t h a t t h e s t a b i l i s a t i o n o f t h e complex c o u l d not be due t o + 2 + c h a r g e n e u t r a l i s a t i o n a l o n e , s i n c e K tended t o a n t a g o n i s e Mg 

2 + 
and d e - s t a b i l i s e t h e complex when Mg was above 5mM. Below 

2+ + 

5mM, Mg and K d i d not compete but a s s i s t e d i n n e u t r a l i s i n g 

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

t e m p l a t e t o the ribosome was s t a b i l i s e d both on ac c o u n t o f non

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

p a r t i c i p a t i o n o f d i v a l e n t c a t i o n s . 
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The c o m p e t i t i o n between P o l y - U and TYMV-RNA d i r e c t i o n was 

r e c o r d e d i n t h e V . f a b a a m i n o a c y l - t R N A - c o n t a i n i n g T r a n s f e r System 

( F I G S . 6 3 , 6 4 ) . T h i s r e a c t i o n h a s been r e p o r t e d p r e v i o u s l y . 

( H a s e l k o r n and F r i e d , 1964 i and i i ; D a h l b e r g and H a s e l k o r n , 

1965, 1 9 6 7 ) . I n summary E . c o l i r i b o s o m e s were not d i v i d e d i n t o 

2 c l a s s e s , one b i n d i n g P o l y - U and t h e o t h e r TYMV-RNA, t h e r e f o r e 

t h e two p o l y n u c l e o t i d e s competed f o r t h e same r i b o s o m a l s i t e . 

The e q u i l i b r i u m c o n s t a n t s f o r r i b o s o m a l a s s o c i a t i o n were o f t h e 

same o r d e r o f magnitude so t h a t when TYMV-RNA was i n e x c e s s i n t h e 

i n c u b a t i o n , P o l y - U d e p r e s s e d TYMV-RNA b i n d i n g . When P o l y - U and 

TYMV-RNA were u s e d t o g e t h e r t o d i r e c t i n c o r p o r a t i o n of amino a c i d s , 

CJ p r o l i n e i n c o r p o r a t i o n was d e p r e s s e d , compared w i t h TYMV-RNA-

d e p r e s s e d s l i g h t l y when a m i x t u r e of TYMV-RNA and Pol y - U was u s e d . 

I n i n c o r p o r a t i o n and b i n d i n g e x p e r i m e n t s , b o t h messengers 
2 + 

were c a p a b l e of both a c t i v i t i e s , a t t h e same Mg optimum. A 

c o n s i d e r a b l e l a g p h a s e (3 min) was o b s e r v e d i n TYMV-RNA-promoted 

i n c o r p o r a t i o n which t h e a u t h o r s a t t r i b u t e d t o ( a ) a s s o c i a t i o n o f 

RNA and ribos o m e s p r o c e e d i n g i n t h e a b s e n c e o f p r o t e i n s y n t h e s i s , 

and ( b ) t o p e p t i d e c h a i n i n i t i a t i o n . T h i s l a g was not o b v i o u s w i t h 

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 w h i c h was lOx g r e a t e r 

t h a n t h e p r o l i n e i n c o r p o r a t i o n s . 

I n o b s e r v i n g the c o m p e t i t i v e e f f e c t s of P o l y - U and TYMV-RNA 

i n t h e T r a n s f e r System w i t h V . f a b a aminoacyl-tRNA, t h e r e was one 
major parameter d i f f e r e n c e from t h e s y s t e m of H a s e l k o r n e t a l . 

2 + 
The Mg r e q u i r e m e n t s were not e q u i v a l e n t f o r Poly-U-and TYMV-RNA-

d i r e c t e d i n c o r p o r a t i o n o f t h a t amino a c i d . [ 1 43 p h e n y l a l a n i n e was 
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d i r e c t e d i n c o r p o r a t i o n . At 2mM Mg v i r a l - R N A promoted 

s i g n i f i c a n t i n c o r p o r a t i o n o f amino a c i d s and a t t h a t 

c o n c e n t r a t i o n P o l y - U - d i r e c t i o n was markedly s u b - o p t i m a l . At 
2 + 

8mM Mg , P o l y - U o p t i m a l l y d i r e c t e d p o l y p h e n y l a l a n i n e s y n t h e s i s 
whereas t h e r e was l i t t l e v i r a l - R N A - d i r e c t e d i n c o r p o r a t i o n . I n 

2 + 

the p r e s e n c e of TYMV-RNA a t t h e Pol y - U Mg optimum, 

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

l a g phase was o b s e r v e d . The r e a s o n f o r t h e l a g p h a s e , w i t h b o t h 

mRNAs p r e s e n t , may have been t h a t t h e l a g was more a p p a r e n t a t 

the lower l e v e l o f p o l y p h e n y l a l a n i n e s y n t h e s i s , or t h a t t h e 

b i n d i n g r a t e o f viral-'RNA was more r a p i d t h a n t h a t o f P o l y - U 

i n t h e i n i t i a l s t a g e s o f b i n d i n g . 

The h ot t r i c h l o r o a c e t i c a c i d p r o c e s s (Methods, 3 ) 

a l l o w s r e c o v e r y of m i n i m a l p o l y p e p t i d e c h a i n s ; i t i s not 

d i a g n o s t i c o f b i n d i n g . With t h i s i n mind, t h e i n h i b i t i o n o f 

p o l y p h e n y l a l a n i n e s y n t h e s i s was see n to i n d i c a t e t h a t TYMV-RNA 

was b i n d i n g t o r i b o s o m a l s i t e s o c c u p i a b l e by Po l y - U . I f t h e 

g e n e r a l p r e m i s e i s a c c e p t e d t h a t mRNA-binding to r i b o s o m e s i s 

t h e f i r s t s t e p i n t r a n s l a t i o n , i t i s p e r p l e x i n g t o no t e t h e 

a b i l i t y of TYMV-RNA t o b i n d but not to promote p o l y p e p t i d e 

s y n t h e s i s . Y e t , E . c o l i r i b o s o m e s have been shown t o a s s o c i a t e 

r e a d i l y w i t h TYMV-RNA a t 0° i n t h e co m p l e t e a b s e n c e o f p r o t e i n 

s y n t h e s i s . ( B o s c h , v a n Knippenberg, Voorma and van Ravenswaay 

C l a a s e n , 1966; Voorma, Gout, van Duin, Hoogendam and B o s c h , 
1 9 6 5 ) . S i m p l e m i x i n g o f t h e washed r i b o s o m e s a t t h e 

2 + 

a p p r o p r i a t e Mg c o n c e n t r a t i o n r e s u l t e d i n heavy c o m p l e x e s , 

c h a r a c t e r i s e d by s u c r o s e d e n s i t y c e n t r i f u g a t i o n , which s e d i m e n t e d 

much more q u i c k l y t h a n s i n g l e 70s p a r t i c l e s . The r e l a t i v e 
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abundance of t h e s e complexes was s t r o n g l y dependent on t h e 
2 + 

ribosome : v i r a l - R N A r a t i o and Mg c o n c e n t r a t i o n . These 

a u t h o r s a l s o p o i n t e d out t h a t i n a ra n g e of p l a n t v i r a l 

m e s s engers s t u d i e d t h i s was a unique p r o p e r t y o f TYMV-RNA. 

P o l y - U s u b - o p t i m a l l y promoted p o l y p h e n y l a l a n i n e s y n t h e s i s . 

I n t h e p r e s e n c e o f both mRNAs, an i n c r e a s e d r e c o v e r a b l e 

r a d i o a c t i v i t y was noted, r e p r e s e n t i n g v i r a l - T ? N A - d i r e c t e d 
r~i4~ i 

i n c o r p o r a t i o n of 14 |U C| amino a c i d s , i n c l u d i n g p h e n y l a l a n i n e , 

was a p p a r e n t l y no d e p r e s s i o n of P o l y - U s y n t h e s i s o f 

p o l y p h e n y l a l a n i n e i n the p r e s e n c e o f TYMV-RNA, and t h e c o n v e r s e 

h e l d . 
2 + 

I t i s p o s s i b l e t h a t , a t a Mg c o n c e n t r a t i o n s u i t a b l e f o r 

TYMV-HNA d i r e c t i o n of p o l y p e p t i d e s y n t h e s i s , o n l y t h e 

a p p r o p r i a t e i n i t i a t i o n s i t e on the TYMV-RNA m o l e c u l e i s bound 

t o the ribosome. D a h l b e r g and H a s e l k o r n (1966) have shown t h a t 

e a c h i n t a c t m o l e c u l e o f TYMV-RNA c o n t a i n s 4 r i b o s o m e - b i n d i n g 

s i t e s , one w i t h a s t r o n g e r a f f i n i t y f o r t h e ribosome than t h e 

o t h e r t h r e e . 

I n the p r e s e n t work, the i n c o r p o r a t i o n promoted by 

TYMV-RNA t e r m i n a t e d a t 30 min, whereas an i n c r e a s e o f a c t i v i t y 

w i t h P o l y - U a l o n e was s t i l l b e i n g r e c o r d e d between 30-60 min. 

I n t h e p r e s e n c e of both m e s s e n g e r s , t h e i n c o r p o r a t i o n r e s p o n s e 

seemed p u r e l y a d d i t i v e up to 30 min, f o l l o w e d by an i n c r e a s e 

i n i n c o r p o r a t i o n t h e r a t e o f w h i c h between 30-60 min was 

At 2mM Mg 2 + TYMV-RNA promoted p o l y p e p t i d e s y n t h e s i s and 

i n c o r p o r a t i o n of 14 U C 

E 1 4cl and P o l y - U - d i r e c t e d p o l y p h e n y l a l a n i n e s y n t h e s i s . T h e r e 
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g r e a t e r t h a n t h a t d i r e c t e d by P o l y - U a t t h a t t i m e . The r a t e 

o f i n c r e a s e a f t e r 30 min w i t h b o t h messengers was p a r a l l e l t o 

t h a t o b t a i n e d w i t h P o l y - U a l o n e , from 0-15 min. I t must be 

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

30 min i n t h e p r e s e n c e o f both messengers was i n e f f e c t t h e 

r e s u l t o f P o l y - U d i r e c t i o n o n l y . I t i s i m p l i c i t t h a t t h e 

TYMV-RNA messenger m o l e c u l e , h a v i n g been t r a n s l a t e d , was 

r e l e a s e d from t h e ribo s o m e , t h e r e b y a l l o w i n g f r e s h r i b o s o m e s 

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

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

s y n t h e s i s . 

R e v e l , Greenshpan and Her2berg ( 1 9 7 0 ) have d e m o n s t r a t e d 

t h a t phage T4 -RNA i s t r a n s l a t e d by E . c o l i r i b o s o m e s i n 

p r e f e r e n c e t o most s y n t h e t i c t e m p l a t e s . T h i s p r e f e r e n c e i s 

a t t r i b u t e d t o i n i t i a t i o n f a c t o r s and not s i m p l y t o t h e p r e s e n c e 

of the i n i t i a t i n g codon AUG, s i n c e b l o c k e d c o p o l y n u c l e o t i d e s 

c o n t a i n i n g t h e codon AUG had no c o m p e t i t i v e a c t i v i t y . L o d i s h 

( 1 9 6 9 ) r e p o r t e d s p e c i e s s p e c i f i c i t y i n the r e c o g n i t i o n o f t h e 

d i f f e r e n t 'phage f 2 RNA c i s t r o n s . 

When endogenous a c t i v i t y was r e c o r d e d i n t h e T r a n s f e r 

System, TYMV-RNA i n h i b i t e d t h a t a c t i v i t y a t 8 - 10 mM Mg 2 + 

2 + 
( F I G S . 6 8 , 7 0 ) , and s u p p r e s s e d i t a t 6mM Mg s i n c e i n t h e 
e q u i v a l e n t TYMV-RNA i n c u b a t i o n , a c t i v i t y was l e s s t h a n i n t h e 

2 + 

endogenous c o n t r o l ( F I G . 6 9 ) . At t h e Mg o p t i m a l f o r TYMV-RNA-

d i r e c t i o n o f i n c o r p o r a t i o n , t h e endogenous c o n t r o l s i n d i c a t e d 

l e s s a c t i v i t y than i n the i n c u b a t i o n s c o n t a i n i n g TYMV-RNA. 
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The s u p p r e s s i o n o f endogenous a c t i v i t y by TYMV-RNA may be a n a l o g o u s 

w i t h the s i t u a t i o n o b t a i n i n g w i t h P o l y - U added t o TYMV-RNA. Any 
2 + 

c o n t r o l i n c u b a t i o n s , t h e r e f o r e , p e r f o r m e d a t t h e Mg optimum f o r 

v i r a l - R N A d i r e c t i o n b u t e x c l u d i n g v i r a l - R N A , must be t r e a t e d 

c i r c u m s p e c t l y . That i s to s a y , such endogenous a c t i v i t y may not 

n e c e s s a r i l y o c c u r i n t h e p r e s e n c e o f t h e v i r a l - R N A . 

For t h i s r e a s o n , t h e p r a c t i c e o f s u b t r a c t i n g endogenous 

a c t i v i t y from v i r a l - R N A - p r o m o t e d a c t i v i t y h a s been a v o i d e d i n t h i s 

t h e s i s . To e v a l u a t e f u l l y t h e c o m p e t i t i o n e f f e c t s shown by TYMV-RNA, 

i t w i l l be n e c e s s a r y t o c o n s i d e r i n v i t r o s y s t e m s where t h e 

promoters o f a c t i v i t y a r e i n s a t u r a t i n g c o n d i t i o n s . The i s o l a t i o n 

o f endogenous mRNAs i s e s s e n t i a l t o d e m o n s t r a t e any p r e f e r e n t i a l 

s e l e c t i o n by the ribosome o f v i r a l - or homologous-mRNAs. 

An attempt to i n v e s t i g a t e t h e r o l e of v a l y l — TYMV-RNA i n t h e 

T r a n s f e r System l e d t o complete i n h i b i t i o n o f t h e system (TABLE S ) . 

T h i s c o u l d be i n t e r p r e t e d t h a t c h a r g e d TYMV-RNA was i n c a p a b l e o f 

promoting p o l y p e p t i d e s y n t h e s i s , b u t i t was s i g n i f i c a n t t h a t t h e 

endogenous a c t i v i t y r e c o r d e d i n t h e a b s e n c e o f ATP was a l s o i n h i b i t e d 

w i t h ATP p r e s e n t . T h i s i n d i c a t e d t h a t i n h i b i t i o n was a g e n e r a l 

p r o p e r t y of t h e i n v i t r o s y s t e m , r a t h e r t h a n a s p e c i f i c v i r a l - R N A 
f u n c t i o n . The i n h i b i t i o n was p r o b a b l y i n d u c e d by ATP e i t h e r 

2 + 

a b s o r b i n g Mg from t h e system r e n d e r i n g i t n o n - o p t i m a l or promoting 

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

be f o und i n t h e aminoacyl-tRNA p r e p a r a t i o n f o r i t was u n l i k e l y t h e r e 

was tRNA i n t h e mic r o s o m a l p r e p a r a t i o n ( F I G . 7 3 ) . The a c t i v i t y • 

d i l u t i o n of the l a b e l . N o n - a c y l a t e d tRNA, i f p r e s e n t , would 
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r e c o r d e d i n t h i s F i g . i n t h e absence o f ATP i n d i c a t e d t h a t ATP 

was c o n t a m i n a t i n g e i t h e r i n the mic r o s o m a l f r a c t i o n and/or t h e 

V.f a b a tRNA. High - s p e e d s u p e r n a t a n t enzyme f r a c t i o n was not added, 

so t h a t f r a c t i o n was e l i m i n a t e d a s a c o n t a m i n a t i n g s o u r c e o f ATP. 

The problem o f c o n t a m i n a t i n g -ATP and -GTP h a s been a 

c o n s t a n t problem i n t h i s i n v e s t i g a t i o n ; f u t u r e work must e n s u r e 

t h a t such endogenous components a r e removed from t h e microso m a l 

p r e p a r a t i o n by means o f thorough washing, column c h r o m a t o g r a p h i c 

p r o c e d u r e s or s u c r o s e g r a d i e n t t e c h n i q u e s . Thorough washing o f 

the mic r o s o m a l p r e p a r a t i o n s a l s o v a l i d a t e s t h e c l a i m t h a t 

e l o n g a t i o n f a c t o r s a r e found o n l y i n t h e h i g h - s p e e d s u p e r n a t a n t 

enzyme f r a c t i o n . (Nathans and Lipmann, 1961: L e n g y e l and S o i l , 

1 9 6 9 ) . 

I t i s d o u b t f u l whether t h e v i r a l - R N A was uncharged i n t h e 

Complete System. The p a r a m e t e r s g o v e r n i n g e s t e r i f i c a t i o n o f v a l i n e 

t o TYMV-RNA ( F I G S . 2 8 , 29, 30, 32) match t h o s e r e q u i r e d by t h e 

Complete System d i r e c t e d by Poly-U, a l t h o u g h i n the TYMV-RNA-
2 + 

d i r e c t e d Complete System t h e Mg r e q u i r e m e n t s f o r o p t i m a l 

f o r m a t i o n o f valyl-TYMV-RNA were r e l a t i v e l y h i g h e r . A more 

s u c c e s s f u l approach must be through t h e p r o v i s i o n o f p r e - c h a r g e d 

TYMV-RNA t o t h e p o l y p e p t i d e - s y n t h e s i s i n g s y s t e m , where t h e e f f e c t 

o f c h a r g e d or non-charged v i r a l - R N A might be e v a l u a t e d . 

The t r u e b i o l o g i c a l s i g n i f i c a n c e of t R N A - l i k e s t r u c t u r e s i n 

v i r a l - R N A s i s not known a t p r e s e n t , b u t i t i s known t h a t s p e c i f i c 

amino a c i d s e i t h e r have an i n h i b i t o r y e f f e c t or a r e e s s e n t i a l t o 

v i r a l m u l t i p l i c a t i o n ( E a t o n , S c a l a and Low, 1964; Medvedkina, 

Maslova and Shirma n , 1969, 1972, and O b e r t , T r i p i e r , B i n g e n and 
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G u i r , 1 9 7 1 ) . 
r i 4 ~ i 

When y e a s t 14 [U Cj aminoacyl-tRNA was u s e d i n the T r a n s f e r 

System n e i t h e r was t h e r e s i g n i f i c a n t i n c o r p o r a t i o n promoted by 

TYMV-RNA nor endogenously-promoted a c t i v i t y . The c o n c l u s i o n must 

be t h a t t h e p r o v i s i o n of y e a s t aminoacyl-tRNA d i d not overcome t h e 

b a r r i e r o b s e r v e d i n t h e TYMV-RNA-directed Complete System w i t h y e a s t 

tRNA. As a l r e a d y d i s c u s s e d , y e a s t tRNA i n t h e Complete and T r a n s f e r 

Systems d i r e c t e d by P o l y - U showed marked parameter d i f f e r e n c e s from 

t h e c o r r e s p o n d i n g V . f a b a tRNA s y s t e m s . I t would be i n t e r e s t i n g t o 

s e e whether a y e a s t h i g h - s p e e d s u p e r n a t a n t enzyme f r a c t i o n would 

p e r m i t TYMV-T2NA d i r e c t i o n o f a P.aureus m i c r o s o m a l s y s t e m w i t h 

y e a s t tRNA. I f i t s h o u l d not be e f f e c t i v e t h e n o t h e r f a c t o r s may 

be n e c e s s a r y f o r s u c c e s s f u l v i r a l - R N A t r a n s l a t i o n . A v i v , Boime and 

Led e r ( 1 9 7 1 ) have p o s t u l a t e d t h e u s e o f s p e c i f i c d e g e n e r a t e codon 

c l a s s e s by v i r a l - R N A ; t h e y s u g g e s t t h a t t h e b a r r i e r s o f h e t e r o l o g y 

may e x t e n d t o l e s s c l o s e l y r e l a t e d h i g h e r o r g a n i s m s , t o s p e c i a l i s e d 

o r gans of a s i n g l e s p e c i e s , t o organs a t v a r i o u s s t a g e s o f 

development or even t o c e r t a i n v i r u s e s and t h e i r h o s t s . 
I t was t o be e x p e c t e d t h a t no a c t i v i t y was r e c o r d e d w i t h 

l~14'l 

s i n g l e |_ CJ l a b e l l e d p h e n y l a l a n y l - y e a s t tRNA and t h e c o r r e s p o n d i n g 

l e u c y l - t R N A . I t was r a t h e r p r o b l e m a t i c a l however, t h a t V . f a b a 
f~i4~! 

C p h e n y l a l a n y l - t R N A p r e s e n t i n t h e T r a n s f e r System d i r e c t e d by 

TYMV-12NA a l l o w e d no a c t i v i t y . P o s s i b l y t h e amount o f 

p h e n y l a l a n i n e i n c o r p o r a t e d i n t o a c i d - i n s o l u b l e m a t e r i a l was not 

s u f f i c i e n t t o be r e c o r d e d . Other w o r k e r s g e n e r a l l y use much h i g h e r 

s p e c i f i c a c t i v i t y l a b e l s t h a n were u s e d h e r e . K l e i n , N o l a n ? L a z a r 
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and C l a r k ( 1 9 7 2 ) showed t h a t t h e u s e of [ 1 4c] a l g a l h y d r o l y s a t e 

m i x t u r e l i m i t e d t r a n s l a t i o n i n an i n v i t r o Complete System d i r e c t e d 

by s a t e l l i t e t o b a c c o n e c r o s i s v i r a l - R N A . These w o r k e r s c l a i m e d t h a t 

s uch m i x t u r e s c r e a t e d s i z e n o n - u n i f o r m i t i e s i n t h e product _ p j r o ' t e i n s 

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

p r o b l e m was overcome by u s i „ g a n i x t u r e o f 1 5 [ " c J a m i „ 0 a c i d s 

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

B o u l t e r ( 1 9 7 0 ) h a s o b s e r v e d t h a t t h e e s t a b l i s h m e n t o f a 

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

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 r i b o s o m e s i s c o m p l e t e . 

C e r t a i n l y t h e use of s y n t h e t i c m e ssengers has r e n d e r e d c o m p r e h e n s i b l 

many o f the b r o a d p r i n c i p l e s o f p r o t e i n b i o s y n t h e s i s , but t he 

c o n d i t i o n s they r e q u i r e f o r promotion o f p o l y p e p t i d e s y n t h e s i s may 

not be a t r u e r e f l e c t i o n of t h e p h y s i o l o g i c a l s t a t e . An e x a m i n a t i o n 

of t h e c o n d i t i o n s r e q u i r e d , i n v i t r o , by a n a t u r a l messenger m o l e c u l 

d e r i v e d from a p l a n t c e l l , s h o u l d more a c c u r a t e l y r e f l e c t t h e 

i n v i v o s i t u a t i o n . S i n c e the i s o l a t i o n o f p l a n t mRNAs i s y e t t o be 

a c h i e v e d , t h e n RNAs d e r 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 

r e g a r d e d a s a v i a b l e s u b s t i t u t e . Comparisons have been made i n 

t h i s d i s c u s s i o n between t h e c h a r a c t e r i s t i c s o f Po l y - U d i r e c t i o n 

and TYMV-T?NA d i r e c t i o n o f p o l y p e p t i d e s y n t h e s i s ; i t i s , p e r h a p s 

n e c e s s a r y a t t h i s p o i n t t o c o n s i d e r t h e r e l a t i o n between t h e p l a n t 

mRNA and v i r a l mRNA. 

I n t h i s i n v e s t i g a t i o n a v i r a l - l ? N A h a s been u s e d i n an i n v i t r o 

s y s t e m d e r i v e d from a p l a n t w h i c h t h e v i r u s does not i n f e c t . The 

main p r a c t i c a l r e a s o n f o r t h e s e l e c t i o n o f t h i s p l a n t - d e r i v e d 

[ 1 2c] C amino a c i d s . 
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s y s t e m was t h a t Durham U n i v e r s i t y ' s Department o f Botany had a l r e a d y 

c o n s i d e r a b l e e x p e r i e n c e w i t h i n v i t r o s y s t e m s u t i l i s i n g components 

from legumes. However, i t might be a r g u e d t h a t t h e c o n d i t i o n s 

n e c e s s a r y f o r t h e promotion by TYMV-RNA o f p o l y p e p t i d e s y n t h e s i s 

i n a l e g u m e - d e r i v e d c e l l - f r e e s ystem, a r e a r t e f a c t u a l by d e f i n i t i o n 

s i n c e a c o r r e s p o n d i n g i n v i v o s t a t e does n o t , i n t h i s c a s e , e x i s t . 

I t i s n e c e s s a r y t o r e c a l l some f a c e t s o f h o s t - s p e c i f i c i t y o f v i r u s e s 

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

F r a e n k e l - C o n r a t ( 1 9 6 9 ) p o i n t e d out t h a t h o s t - s p e c i f i c i t y i s , i n 

p a r t , a p r o p e r t y o f t h e v i r a l c o a t p r o t e i n ; i n f e c t i o u s RNA has been 

shown i n s e v e r a l i n s t a n c e s t o be c a p a b l e o f i n f e c t i n g t i s s u e not 

s u s c e p t i b l e t o t h e i n t a c t v i r i o n . 

I n d e e d , when t h e r e p l i c a t i o n o f v i r u s e s i s under c o n s i d e r a t i o n , 

h o s t - s p e c i f i c i t y may be a f u n c t i o n o f one or more of the f o l l o w i n g 

s t a g e s . R e p l i c a t i o n i s p r e c e d e d by t h e e n t r y o f t h e v i r u s i n t o a 

h o s t c e l l , t h e r emoval of the v i r a l e n v e l p e and/or c a p s i d p r o t e i n . 

Then v i r a l n u c l e i c a c i d i s t r a n s p o r t e d t o t h e s i t e s where i t i s 

r e p l i c a t e d , t r a n s c r i b e d t o RNA i f need be, and t r a n s l a t e d . F i n a l l y , 

t h e progeny components mature to v i r u s p a r t i c l e s and u s u a l l y l e a v e 

t h e h o s t c e l l t h r o u g h budding, e x t r u s i o n or l y s i s o f t h e c e l l . 

R e l a t i v e l y l i t t l e i s known about the e a r l i e r and l a t e r s t a g e s o f - t h e 

p r o c e s s . D o u b l e - s t r a n d e d DNA v i r u s e s have mechanisms o f r e p l i c a t i o n 

most c l o s e l y r e s e m b l i n g t h o s e w h i c h o c c u r i n t h e normal c e l l . I n 

t he r e p l i c a t i o n of the s i m p l e s t v i r u s e s ( s u c h a s t h e P i c o r n a 
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g r o u p ) * , c o n t a i n i n g l i n e a r RNA r e g a r d e d a s ana l o g o u s to t h e rnRNA 

of t h e normal c e l l , t w o - t h i r d s of the r e p l i c a t i o n p r o c e s s a r e 

c o n s i d e r e d e q u i v a l e n t t o t h o s e o c c u r r i n g i n the h e a l t h y c e l l : 

n u c l e i c a c i d r e p l i c a t i o n and t r a n s l a t i o n . ( F r a e n k e l - C o n r a t , 1 9 6 9 ) . 

I n c o n s i d e r i n g i n i t i a t i o n o f p r o t e i n b i o s y n t h e s i s i n v i v o , 

the q u e s t i o n must be r a i s e d whether t h e ribosome p r e f e r e n t i a l l y 

b i n d s v i r a l - R N A r a t h e r t h a n the h o s t RNA. T h e r e were i n d i c a t i o n s 

d u r i n g the p r e s e n t i n v e s t i g a t i o n t h a t TYMV-RNA p r e v e n t e d endogenous 

i n c o r p o r a t i o n a nd P o l y - U d i r e c t i o n , though a l l r e a c t i o n s were 
2 + 

c o n d i t i o n e d by v a r i o u s Mg c o n c e n t r a t i o n s . However, a s s t a t e d 

p r e v i o u s l y , amongst v i r a l - R N A s TYMV-RNA has unique b i n d i n g 

p r o p e r t i e s which may i n d e e d make i t an u n s u i t a b l e c h o i c e f o r s t u d i e s 

d e s i g n e d t o c l a r i f y a g e n e r a l s t a t e m e n t on v i r a l - R N A p r e f e r e n t i a l 

ribosome b i n d i n g , s h o u l d such a phenomenon e x i s t . I t i s g e n e r a l l y 

h e l d t h a t one o f t h e e a r l y e f f e c t s of v i r a l - i n f e c t i o n i n a n i m a l 

c e l l s i s t h e a r r e s t of h o s t RNA- and p r o t e i n - s y n t h e s i s . A s i m i l a r 

s i t u a t i o n o b t a i n s a f t e r 'phage i n f e c t i o n o f b a c t e r i a l c e l l s . 

To a c c o u n t f o r t h i s i n h i b i t i o n i n d u c e d by t h e 'phage p a r t i c l e , 

two mechanisms have been p r o p o s e d . The f i r s t i n v o l v e s a p r o t e i n 

s y n t h e s i s e d a f t e r i n f e c t i o n under 'phage c o n t r o l . E n n i s ( 1 9 7 0 ) h a s 

* The P i c o r n a group c o n t a i n s t h e v i r u s e s of p o l i o m y e l i t i s , 

e n c e p h a l o m y o c a r d i t i s , foot-and-mouth d i s e a s e ; t h e f 2 c l a s s o f 

b a c t e r i o p h a g e . TYMV i s a l s o a member o f t h i s group. 
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d e m o n s t r a t e d s u c h a p r o t e i n i n a 'phage T4 - E . c o l i B c e l l - f r e e 

s ystem. T h i s worker c o n c l u d e d t h a t e i t h e r t h i s p r o t e i n , n e c e s s a r y 

f o r t h e maximum t e r m i n a t i o n of h o s t RNA s y n t h e s i s , may be l a b i l e 

or i t s f o r m a t i o n and a c c u m u l a t i o n may be r e g u l a t e d . The se c o n d 

mechanism ( B o u v i e r e , Wyngaarden, C a n t o n i , Gros and Kepes, 1968) 

demands no 'pha s e - i n d u c e d p r o t e i n to s h u t o f f h o s t s y n t h e s i s . 

I n d e e d , p r o t e i n s y n t h e s i s p l a y s no p a r t a t a l l : i t i s r e l a t e d 

e n t i r e l y t o the m u l t i p l i c i t y o f i n f e c t i o n , i . e . t h e g r e a t e r t h e 

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

F r a e n k e l - C o n r a t ( 1 9 6 9 ) i n agreement w i t h t h i s p r e m i s e , h a s s t a t e d 

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

a n i m a l c e l l s i s a c o i n c i d e n t a l r e s u l t o f e a r l y v i r a l development 

and not an i n t r i n s i c a c t i v i t y o f v i r a l i n f e c t i o n . 

I n c o n c l u s i o n , many q u e s t i o n s r e m a i n t o be answered w i t h 

r e g a r d t o t h e f u n c t i o n i n g o f v i r a l - R N A s i n c e l l - f r e e s y s t e m s , and 

c a u t i o n must be e x e r c i s e d i n t h e g e n e r a l a s s u m p t i o n t h a t mRNA 

d e r i v e d from p l a n t v i r u s e s b ehaves i n e x a c t l y t h e same manner a s 

mRNA found i n h e a l t h y p l a n t c e l l s . A f u l l u n d e r s t a n d i n g o f 

v i r a l - R N A p romotion o f p r o t e i n b i o s y n t h e s i s may not be r e a c h e d u n t i l 

t h e 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 o f a p l a n t messenger m o l e c u l e 

has been a c h i e v e d ; t h e n t h e p r o p e r t i e s o f t h e s e messenger m o l e c u l e s 

may be c o r r e l a t e d . 
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