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ABSTRACT 

Investigators have demonstrated that the RNA from a variety 
of plant viruses can function as mRNA in i n v i t r o protein 
synthesising systems. An active homologous plant ce l l - f r e e amino 
acid incorporating system has been isolated from Brassica chinensis L., 
leaves, and p a r t i a l l y characterised employing polyuridylic acid(poly(U)) 
and turnip yellow mosaic virus(TYMV) RNA as messengers. A c t i v i t y of th i s 
system has been compared with an active system isolated from developing 
seeds of Vicia faba L., and with mixed B. chinensis - V. faba systems. 
Bacterial contamination was found to be low i n such incubations. 

phenylalanine aminoacylation of B. chinensis tRNA was 
2+ 

maximal at 17.5 mM Mg under which conditions TYMV RNA was found 
to accept C valine 

r i 4 1 
Maximum C phenylalanine poly(U) directed incorporation occurred 

2+ 2+ at 8 mM Mg i n the V. faba and 6 mM Mg i n the B. chinensis system, 
"l4 

TYMV RNA was r e l a t i v e l y inactive when employing a single [_ C amino 
acid, but was active i n the B. chinensis sjistem when employing a I C 

2+ + 
amino acid mixture (maximum incorporation at 6mM Mg and 70 mM K >. 

Pa r t i a l characterisation of TYMV RNA (and other system components) 

was carried out using polyacrylamide gel and analytical ultracentrifugation 

techniques, indicating the infectious v i r a l RNA to have a high 

sedimentation co e f f i c i e n t (c. 33 S). 

Various extraction procedures of plant and v i r a l components are 



discussed with reference to ease of is o l a t i o n and resultant biological 

a c t i v i t y . Microsomes isolated rapidly from young B. chinensis 

leaves were found to be most active i n amino acid incorporation. 

The application of these experiments to studies on biochemical 

aspects of the TYMV infection process are considered i n the l i g h t of 

other work i n th i s f i e l d . 

I t would appear that resistance of V. faba to infection by TYMV 

does not reside at the ribosomal level, and that TYMV protein 

synthesis occurs, at least i n v i t r o , on the '80 S' rather than the 

'70 S' ribosome. 



( i ) 

CONTENTS 

INTRODUCTION 
Uncoating of the parental v i r a l RNA 
V i r a l RNA reproduction 
Protein synthesis 
V i r a l protein synthesis 
In v i t r o plant v i r a l protein synthesis 

PAGE 

3 
6 

15 
31 
38 

MATERIALS AND METHODS 49 
1. Biological Materials 

(a) Chinese cabbage seed (Brassica chinensis, L,) 49 
(b) Vicia faba L. seed 51 
(c) Turnip yellow mosaic virus 53 
(d) Radish (Raphanus sativus) 57 

2. Chemicals and Reagents 
Reagents and solutions 

57 
60 

General Procedures 
Determination of protein 
Determination of ribonucleic acid 
Counting of bacteria 
Preparation of magnesium bentonite 
Assay of magnesium bentonite 
Preparation of sodium bentonite 
Assay of sodium bentonite 

63 
64 
64 
64 
68 
69 
69 
71 

Is o l a t i o n Procedures 
(a) Turnip yellow mosaic virus 71 
(b) Turnip yellow mosaic virus RNA 

• ( i ) Phenolic extraction 74 
(ii) Ethanolic extraction 75 

Ribonuclease on TYMV and TYMV RNA 76 
(c) Total Brassica chinensis leaf RNA 78 
(d) Transfer nucleic acid from B. chinensis leaves 78 
(e) Transfer nucleic acid from developing V. faba 

seeds 81 
( f ) Ion-exchange chromatography of tRNA 

(g) 

( i ) 
( i i ) 

Column preparation 
Chromatography of B̂  chinensis leaf tRNA 

( i ) 
( i i ) 

( i i i ) 
( i v ) 
(v) 

( v i ) 

Microsomal Particles (general methods) 
B. chinensis plumules 
B. chinensis seeds 
B. chinensis "rapid" procedure 
V. faba developing seeds 
V. faba germinating seeds 

(h) Enzyme for incorporation studies 

82 
82 
85 
89 
89 
89 
90 
91 
91 



( i i ) 

PAGE 

Liquid S c i n t i l l a t i o n Counting 
(a) General procedure 92 
(b) Presentation of results 93 

Determination of Aminoacyl Acceptor A c t i v i t y of tRNA 
and Aminoacyl Synthetase A c t i v i t y of the Enzyme 
Preparations 93 

In v i t r o Amino Acid Incorporating Systems 94 
Preparation of samples for assay 96 

Polyacrylamide Gel Electrophoresis 96 

Analytical Ultracentrifugal Analysis 99 

RESULTS 
Biological Materials 102 

V i r a l Extraction 
(a) Ammonium sulphate prec i p i t a t i o n 114 
(b) Magnesium bentonite treatment 117 

Comparative V i r a l Extractions 117 
Comparative RNA Isolation 120 
Analytical Ultracentrifugal Analysis of Turnip Yellow 
Mosaic Virus and i t s Nucleic Acid 122 
Polyacrylamide Gel Electrophoresis of TYMV RNA 127 
Protein Determination 133 
Microsomal Preparations 135 
Analytical Ultracentrifugation of Chinese cabbage 
Plant Sap 144 
Brassica chinensis Transfer Nucleic Acid 

(a) extraction 147 
(b) aminoacylation 147 

Aminoacylation of Turnip Yellow Mosaic Nucleic Acid 158 
Cell-free Amino Acid Incorporation 158 

(a) Vicia faba system 160 
(b) Brassica chinensis system 163 
(c) Mixed systems 170 
(d) Systems employing natural messenger 173 

ri4 1 

(e) Systems employing [ Cj amino acid mixture 176 

Bacterial Counting 182 



( i i i ) 

DISCUSSION 
PAGE 

Experimental Procedures 185 
( i ) Brassica chinensis 196 

( i i ) Microsomal extraction 197 
( i i i ) Total B. chinensis leaf RNA extraction 205 
( i v ) tRNA extraction 206 
(v) TYMV extraction 209 

( v i ) TYMV RNA extraction 211 

Characterisation of the In v i t r o system 216 
Use of the synthetic message - poly(U) 222 
Mixed systems 227 
Use of natural messenger -TYMV RNA 

fl4 1 
( i ) single |. Cj amino acid systems 228 

r i 4 1 
( i i ) C amino acid mixture systems 232 

Application of In V i t r o Amino Acid Incorporation 
Experiments to Biochemical Aspects of the Infection 
Process 247 

Chloroplastic or cytoplasmic ribosomes? , 261 
Transfer nucleic acids 284 
Polyamines - i n v i t r o and i n vivo 291 
Temperature Effects 295 
(a) Temperature effect on i n v i t r o systems 

and protein biosynthesis 296 
(b) Temperature effect on virus host s p e c i f i c i t y 305 

Electron microscopy * 314 

APPENDIX 
Omega Analytical Ultracentrifuge 321 

Notes added i n Proof 327 
BIBLIOGRAPHY 328 

ACKNOWLEDGEMENTS 358 



INTRODUCTION 

The biochemistry of virus infection i n a sense i s synonymous 

with the biochemistry of virus synthesis. The typical plant virus 

has been shown to consist of two chemical components, the infectious 

ribonucleic acid (RNA)* and virus protein. This RNA and protein do 

not occur i n uninfected tissue. The protein has not exhibited any 

known enzymic a c t i v i t y , cannot by i t s e l f i n i t i a t e infection, and 

appears to serve only as the protecting coat for the more delicate 

RNA. The RNA on the other hand possesses the capability of causing 

i n f e c t i o n that results i n the formation of typical virus particles. 

I t therefore appears to carry the genetic information to reproduce not 

only i t s e l f but also the virus protein. 

Most early workers believed that the m u l t i p l i c a t i o n of viruses 

did not d i f f e r essentially from that of microorganisms, i.e. the 

mechanism of reproduction resided within the virus particles and, 

given the proper medium, new progeny would arise from the parent. The 

f i n a l step of reproduction could be longitudinal or transverse f i s s i o n 

followed by growth to maturity. The current view i s that virus protein 

and nucleic acid are formed by two separate systems, the protein and 

nucleic acid then combine to form the stable, complex nucleoprotein 

p a r t i c l e . 

There appears to be no alternative at present but to consider the 

biochemistry of virus m u l t i p l i c a t i o n to be intimately associated with 

two separate but interrelated biosynthetic mechanisms of the host; 

* The abbreviations and conventions used throughout this thesis are 
those recoimnended i n "The Biochemical Journal - Instructions to 
Authors" (Biochem. J. 121, 1-19, 1971). 

LIB! A« 
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the RNA involved with the a c t i v i t y of the nucleus or i t s immediate 

environment and the protein with the ribosomal system. It.may be 

asked whether the virus influences or alters the genetic coding of 

the nuclear DNA to make an obviously foreign RNA or whether, given 

the proper substrates, energy, and enzymes, v i r a l RNA serves as i t s 

own template. I t may also be asked how the v i r a l RNA participates 

i n the synthesis of yet another foreign product, virus protein. 

To v i r o l o g i s t s these are questions of paramount importance for 

i n t h e i r solution may well be the answer to the direct control of 

virus diseases. The following i s a short review of some of the 

l i t e r a t u r e pertaining to the subject, keeping these questions i n 

mind. 

I t has been shown that the RNA moiety of tobacco mosaic virus (TMV) 

(Gierer and Schramm, 1956) and of several other plant viruses 

(Diener and Weaver, 1959; Harrison and Nixon, 1959; Kaper and Steere, 

1959a, 1959b; Kassanis, 1960; Reichmann and Stace-Smith, 1959; 

Rushizky and Knight, 1959) i s capable of i n i t i a t i n g infection on i t s 

own and i s also able to trigger the synthesis of complete virus 

p a r t i c l e s . I t i s therefore implied that the genetic information for 

the complete virus p a r t i c l e i s contained within i t s RNA. 

I f t h i s i s so, the nucleic acid of an RNA virus must be able to 

perform a number of essential functions, namely: 

(1) Before an infecting RNA can act as a template for i t s 

own r e p l i c a t i o n , or as a mRNA for protein synthesis, i t 



must be released from i t s v i r a l coat. This separation i s 

therefore of prime importance. 

(2) Once i n the host c e l l i n a free state, plant virus RNA 

must induce the synthesis of complete virus particles. 

I t must therefore be capable of self-reproduction, so 

as to dire c t the synthesis of copies of i t s e l f . 

(3) In turn i t must be able to direct the synthesis of coat 

and other virus specific proteins, and 

(4) Finally there must be transport of the information for 

these processes to a new host c e l l , i n the form of mature 

virions. 

Uncoating of the parental v i r a l RNA: 

Unequivocal evidence of uncoating i s at present lacking for 

plant viruses, although both direct and indirect experiments suggest 

i t does occur. Shaw (1967) reported that almost a l l TMV particles 

retained by leaves af t e r inoculation are at least p a r t i a l l y uncoated. 

The indirect experiments depend on comparing the susceptibility 

of infections made with whole virus and naked RNA to various 

in a c t i v a t i n g agents. Exposure to u l t r a v i o l e t l i g h t inactivates TMV 

and i t s RNA, or prevents successful infection i f inoculated leaves are 

ir r a d i a t e d soon a f t e r inoculation (Siegel et a l . , 1957). I t was found 

that infectious RNA was more sensitive i n v i t r o , or very soon after 

inoculation, than the in t a c t virus. There was a lag period i n vivo 

of resistance to the effect of i r r a d i a t i o n on the virus, the lag period 

being reduced when the RNA was employed. This delay i n vivo was 
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interpreted as being the time taken for the protein to be removed from 

the virus. 

Bawden and Kleczkowski (1955) distinguished three changes of state 

with respect to photoreactivation of u l t r a v i o l e t inactivated potato 

virus X particles infecting Nicotiana glutinosa. In the f i r s t state, 

exposure to v i s i b l e l i g h t had no effe c t , and lesion number was not 

increased. In the second, the virus could be photoreactivated. I f 

at the end of this period the leaf was not exposed to v i s i b l e l i g h t , 

the p a r t i c l e s became refractory to photoreactivation. The f i r s t stage 

might represent entry and uncoating of the virus, the second the 

establishment of free nucleic acid i n the epidermal cells and the 

t h i r d , the destruction of inactive RNA by host nucleases (Bawden, 1957). 

Various workers have found that the maximum number of local 

lesions appear i n the infected tissues e a r l i e r upon inoculation with 

the v i r a l RNA than with the intact virus; Fraenkel-Conrat et a l . , (1958), 

Kassanis, (1960) with both TMV and tobacco necrosis virus (TNV), 

Schramm and Engler, (1958), with infective TMV-RNA in a free state, 

Kassanis (1960) infective intact TNV. 

Bawden and Kleczkowski (1960) and Bawden (1964) have questioned 

the v a l i d i t y of assuming that the time differences correspond to the time 

periods needed by the v i r a l RNA to separate from i t s protein coat. 

Bawden (1964) found that, for both TMV and TNV intact virus as inoculum 

survived on the leaf and began to i n i t i a t e infection over a considerably 

longer period than the naked RNA. Infection by RNA is better 
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synchronized because RNA complements that do not establish themselves 

successfully soon af t e r infection become inactivated. 

I n f i l t r a t i o n of tobacco leaves with RNase pri o r to, or within 

two hours a f t e r inoculation with TMV leads to abortion of the infection 

(Hamers-Casterman and Jeener, 1957), suggesting that approximately two 

hours are required to free the RNA from i t s protein mantle and during 

t h i s time i t i s vunerable to the action of the i n f i l t r a t i o n enzyme. 

However, i f the i n f i l t r a t i o n takes place after two hours liberated RNA 

w i l l have become protected either by i t s association with the host or 

polymerisation with virus protein. 

[32 1 
Reddi(1966) inoculated tobacco leaves with P -labelled 

i n t a c t TMV and followed the time course of RNase-sensitive RNA 

appearance. About 1% was sensitive at zero time, a significant rise 

(to 2.5%) being detected at three hours after inoculation. After six 

hours, 5% was sensitive the rate of increase l e v e l l i n g o f f . The size 

of the RNase-sensitive RNA was not established, and there was therefore 

no indication to what extent the ri s e was due to the abortive p a r t i a l 

uncoating of virus rods. 
In another dir e c t approach, Shaw (1967,1969) inoculated tobacco 

leaves with reconstituted TMV (prepared from non-radioactive RNA and 
14 1 
C -labelled protein subunits). Employing this technique he 

avoided complications due to labelled degredation products of the RNA. 

In leaf extracts made at ten minutes after inoculation, about 25% 

of the virus protein was found i n the top zone on a sucrose density 
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gradient, clearly separated from the main virus zone, and this amount 

increased over f i v e to nine hours. The i n i t i a l rapid release of coat 

protein was not affected by low temperatures or cycloheximide and so 

the process did not seem to depend on pre-existing or induced enzymes. 

The major d i f f i c u l t y with both Reddi's and Shaw's experiments i s 

that at best, only about 0.01% of the inoculum successfully infects 

c e l l s . Thus, the RNA or protein studied i s mainly the excess inoculum 

that cannot be removed by washing. Attempts have been made, so far 

unsuccessfully, to observe the uncoating process by electron microscopy 

(Cocking and Pojnar, 1968). 

The mechanism of the i n vivo separation of the v i r a l nucleic acid 

from the protein coat of the virus particles i s not known. The 

results of Gordon and Smith (1960,1961), however, suggest that the 

enzymatic machinery of the host c e l l s may be involved. 

V i r a l RNA reproduction: 

Siegel et al.,(1957) suggested that after TMV RNA has separated 

from i t s protein coat, i t i s absorbed by some "receptor" i n the 

host c e l l , probably the host c e l l nucleus. Examination of nuclei 
[32 1 

from P -labelled TMV infected tobacco leaves, revealed the 

presence of a radioactive RNA fraction of similar nucleotide 

composition to that of TMV RNA, thus suggesting the presence of 

parental TMV RNA (Reddi, 1966). 

Various lines of cytological evidence have suggested that there 

i s an RNA accumulation i n the nucleus of cell s shortly after infection 
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With TMV (Bald and Solberg, 1961; von Wettstein and Zech, 1962; 

Zech, 1952,1954; Zech and Vogt-Kohne, 1955). 

Cytochemically, H i r a i and Wildman (1963) showed, i n tomato stem 

hair c e l l s , that RNA rather than DNA accumulated i n the nuclei of 

TMV infected c e l l s . Examining several strains of TMV, Bald (1964) 

using phase contrast microscopy and RNase digestion, came to the same 

conclusion. 

Yasuda and H i r a i (1964) suggested that, on examination of 
3 1 

H -labelled u r a c i l incorporation into TMV infected tobacco leaf 

epidermis, although there was no d i f f e r e n t i a l l a b e l l i n g i n the cytoplasm, 

the rate of incorporation into the nuclei of TMV-infected cel l s was 

higher than i n healthy ones. 

H i r a i and Nakagaki (1966) found a transitory increase, of about 

20%, i n the RNA content of the nuclei of N.tabacum epidermal c e l l s , six 

to eight hours after inoculation with TMV. 

The steps involved i n RNA-synthesis i n the nucleus have been 

examined. Sanger and Knight (1963) demonstrated that actinomycin D, 

a potent i n h i b i t o r of DNA-dependent RNA synthesis, inhibited normal nucleic 

acid metabolism i n plant c e l l s , but not TMV RNA synthesis. Hiruki and 

Kaesberg (1965) obtained similar results when examining brome mosaic 

virus RNA, i n barley tissue. Semal (1967) reinvestigating the effects 

of actinomycin D on brome mosaic virus and TMV synthesis, found the effect 

on TMV production varied according to the time of application of the 

actinomycin D. I t i s suggested that there may be some DNA-dependent 
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host c e l l function required for a very early step i n virus establishment, 

as also suggested by Lockhart and Semancik (1968) working with cowpea 

yellow mosaic virus i n cowpea (and as noted for certain animal and 

bacterial RNA viruses). 

Smith and Schlegel (1965) and Schlegel and Smith (1966) showed 

that t r i t i a t e d uridine was selectively incorporated into the nucleus and 

nucleolus of actinomycin D TMV infected tobacco leaf disks, and 

Vicia faba root t i p s infected with clover yellow mosaic virus. RNase 

and DNase treatment removed the label from uninfected c e l l s , but only 

reduced the label i n infected c e l l s . I t i s suggested that virus 

directed RNA synthesis takes place i n the nucleolus and that at least 

some of t h i s i s v i r a l RNA. Lafleche and Bove (1968) obtained similar 

results with turnip yellow mosaic virus (TYMV)in Chinese cabbage, 

finding that t r i t i a t e d uridine accumulated i n the nucleolus (as well 

as i n the spaces between clumped chloroplasts) i n actinomycin D treated 

tissues. 

Not a l l viruses, however, show localisation of actinomycin D 

resistant incorporation i n the nucleolus. De Zoeten and Schlegel (1967) 

found that broad bean mottle virus i n V.faba roots gave rise to 

actinomycin D resistant incorporation i n the cytoplasm, p a r t i c u l a r l y 

i n the endoplasmic reticulum and the Golgi apparatus. Their preliminary 

results suggest a similar s i t u a t i o n with tomato ringspot virus and 

tomato spotted w i l t virus. 

Babos and Shearer (1969) showed tobacco leaf RNA synthesis was 

inh i b i t e d by actinpmycin D and that application of the optimal 
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conditions of treatment for the suppression of ce l l u l a r RNA synthesis 

to infected tissue enhanced the synthesis of TMV RNA. Moreover, 

infected tissue exhibited an excess AMD-resistant RNA synthesis not 

accounted for by the RNA incorporated into virus particles. In view 

of the existence of t h i s non-viral RNA synthesis i n AMD-treated infected 

c e l l s , i t i s considered impossible to know which kind of RNA i s synthesised 

i n the nucleolus i n such tissue. 

Shipp and Haselkorn (1964) f i r s t reported a double-stranded 

or r e p l i c a t i v e form of TMV RNA, which was resistant to RNase and DNase 

and capable of heat denaturation and reannealment. Burden et al.,(1964) 

confirmed and further characterised t h i s double-stranded form. 

Similarly double-stranded TYMV RNA was isolated from Chinese cabbage 

leaves infected with TYMV (Gigot et a l . , 1965; Mandel et al.,1964; 

Ralph et a l . , 1965). Weissmannet a l . , (1965,1966) was able to isolate 

the TMV minus strand and showed i t to have a base composition 

complementary to that of TMV RNA. The double-stranded form of the v i r a l 

RNA occurs i n low concentrations i n the plant (about 2 ̂ g/g fresh leaf 

weight f o r TYMV i n Chinese cabbage - Bockstahler (1967)). 

Ralph and Clark (1966) were unable to demonstrate the presence of 

double-stranded TMV RNA i n the c e l l nuclei, and suggest that the v i r a l 

duplex RNA may be associated with the mitochondria. Although particles 

of one isolate of tobacco r a t t l e virus have been found i n regular 
* 

contact with mitochondria, Harrison and Roberts (1968) consider there i s 

no convincing evidence for chloroplasts or mitochondria as viral'assembly 

sites. Ralph and Wojcik (1969) found that double-stranded RNA synthesised 
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i n c e l l - f r e e extracts from TMV-infected tobacco leaves, is associated 

with some cytoplasmic structure and not with the nuclei. I t i s 

suggested therefore that infection with TMV induces an increased 

synthesis i n the nucleus of a kind of host RNA that i s r e l a t i v e l y 

resistant to actinomycin D i n h i b i t i o n (e.g. tRNA). 

TYMV duplex RNA has been shown to replicate v i r a l RNA by an 

asymmetric semi-conservative mechanism (Ralph et a l . , 1965) and to appear 

in TYMV-infected Chinese cabbage leaves three days after inoculation, 

i.e. during the latent period preceding the appearance of complete virus 

p a r t i c l e s (Ralph and Clark, 1966). 

I t has been observed that during extraction of v i r a l RNA, the 

double -stranded structure may be formed by base-pairing between the 

minus strand and the p a r t i a l l y completed plus strands attached to i t , 

(Weissmannet a l . , 1968). 

From th i s consideration of v i r a l RNA biosynthesis, i t becomes 

apparent that, as with every process i n a l i v i n g organism, the biosynthesis 

has to be catalyzed by specific enzymes. The genetic code for these 

enzymes has to be contained i n the single stranded plant virus RNA, since 

i t alone i s able to i n i t i a t e the entire infection process. 

The introduction of the virus RNA on infection, represents the 

introduction of one single-stranded polycistronic message into an 

environment already containing between 1,000 and 10,000 endogenous 

c e l l u l a r mRNA's (Spiegelman and Haruna, 1966). Thus, the infecting RNA 

must contain or develop some selective advantages over the endogenous 
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messengers, i f the i n f e c t i o n i s to succeed. I n the case of s i n g l e -

stranded b a c t e r i a l RNA viruses (and probably those o f other species), 

t h i s advantage i s derived through the synthesis of a unique new enzyme. 

The t r a n s l a t i o n a l machinery of the i n f e c t e d c e l l t r a n s l a t e s a p o r t i o n 

o f the i n f e c t i n g RNA t o y i e l d the new s p e c i f i c enzyme(s). This new 

enzyme(s), a s p e c i f i c RNA r e p l i c a s e , u t i l i s e s nucleoside-5'-triphosphates 

to carry out the synthesis o f many new single-stranded v i r u s RNA molecules 

i d e n t i c a l to the i n f e c t i n g RNA (Spiegelman e t _ a l . , 1965). The enzyme 

produced i s s p e c i f i c f o r the RNA of the i n f e c t i n g v i r u s , not reproducing 

other or endogenous RNA's i n the i n f e c t e d c e l l ( F i e r s et al.,1967; 

Haruna e t a l . , 1963; Haruna and Spiegelman, 1965; Spiegelman and Haruna 

1966). This unique fe a t u r e establishes an a u t o c a t a l y t i c s i t u a t i o n , 

r a p i d l y r e s u l t i n g i n a s e l e c t i v e advantage f o r the i n f e c t i n g s i n g l e -

stranded RNA v i r u s . 

The siz e and s t r u c t u r e o f TMV RNA are such as t o allow f o r the 

coding of a number of 'proteins'. Since the p r o t e i n subunits of nVlV 

c o n s i s t of 158 amino aci d residues (Anderer e t a l . , 1960; Tsugita et a l . , 

1960), assuming a t r i p l e t code, 474 nucleotides out of the 6500 

nucleotides present i n TMV RNA are enough to code f o r the v i r u s p r o t e i n . 

The r e s t would s u f f i c e to code f o r a number of enzymes. No v i r u s 

s p e c i f i c enzymes have been found so f a r i n v i r u s i n f e c t e d p l a n t s , except 

f o r a synthetase i n TYMV i n f e c t e d Chinese cabbages (Astier-Manifacier and 

Cornuet, 1965 a,b;1966 a,b). 

Several workers using c e l l f r e e e x t r a c t s of f r a c t i o n s from i n f e c t e d 

leaves have claimed the synthesis i n v i t r o of m a t e r i a l having some of the 
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pr o p e r t i e s of v i r a l RNA. No one, as yet, has achieved the unambiguous 

synthesis of new i n f e c t i v e v i r a l RNA as has been done f o r b a c t e r i a l RNA 

v i r u s Qj3 (Spiegelman et a l . , 1965). Ralph and Wojcik (1966a) found 

t h a t c h l o r o p l a s t and n u c l e i preparations from both healthy and TYMV 

i n f e c t e d Chinese cabbage leaves, w i t h the a d d i t i o n of the four 

ribonucleoside triphosphates and an ATP generating system, synthesised 

single-stranded RNA, and tha t t h i s synthesis could be i n h i b i t e d by 

actinomycin D. They provided no evidence f o r the synthesis of complete 

i n t a c t TYMV RNA i n t h e i r system. S i m i l a r r e s u l t s have been obtained 

f o r e x t r a c t s of brome mosaic v i r u s i n f e c t e d barley leaves (Semel and 

Hamilton, 1968). Suggestions t h a t c e l l - f r e e systems of i n f e c t i v e 

v i r a l RNA has been achieved (e.g. Kim and Wildman,. 1962; Balandin 

et a l . , 1964; Cochran, 1963; Cornuet and A s t i e r - M a n i f a c i e r , 1962; 

Karasek and Schramm, 1962; Tongur e t a l . , 1963) are of doubtful 

s i g n i f i c a n c e (Matthews, 1970; McLaren, 1967; Ralph and Matthews, 1963; 

Takahashi, 1964). Karasek and Schramm (1962) consider th a t the i n v i t r o 

system may be capable of ' f i n i s h i n g o f f some of the unfinished TMV RNA 

molecules present i n the system, and thus produce an increase i n 

i n f e c t i v i t y . 

A s t i e r - M a n i f a c i e r and Cornuet (1964, 1965 a,b, 1966 a,b) claim t h a t 

t h e i r i s o l a t e d enzyme i s able to synthesise i n v i t r o single-stranded 

polynucleotides which are i d e n t i c a l w i t h TYMV RNA. An RNA-dependent 

RNA polymerase which incorporates nucleotides from ribonucleoside 

triphosphates i n t o an acid i n s o l u b l e polymer has been p u r i f i e d from the 

c h l o r o p l a s t i c f r a c t i o n of Chinese cabbage leaves (A s t i e r - M a n i f a c i e r and 

Cornuet, 1971). 
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One of the reasons f o r the f a i l u r e to f i n d v i r u s s p e c i f i c 

enzymes i n i n f e c t e d c e l l s may be t h a t they occur i n such small 

q u a n t i t i e s . Macquaire (1965) used DEAE c e l l u l o s e chromatography to 

f r a c t i o n a t e p r o t e i n s from e x t r a c t s of TYMV i n f e c t e d leaves, but i n these 

attempts t o i s o l a t e RNA-synthetases s p e c i f i c f o r TYMV, the l e v e l s have 

been very low. An increase i n RNA-polymerase a c t i v i t y has been 

observed i n cucumbers i n f e c t e d w i t h cucumber mosaic v i r u s ( G i l l i l a n d 

and Symons, 1968). 

No d e f i n i t e answer can be given as yet t o the o r i g i n o f the 

' b u i l d i n g blocks' o f the newly synthesised v i r u s s p e c i f i c nucleic 

acids. Fry and Matthews (1963) followed the change i n t o t a l RNA content 

o f tobacco l e a f epidermis i n the e a r l y stages a f t e r i n o c u l a t i o n w i t h 

TMV. The mechanical i n o c u l a t i o n process induces a r i s e and f a l l i n RNA 

content over the f i r s t few hours. At about s i x to e i g h t hours a f t e r 

i n o c u l a t i o n , there was a r a p i d r i s e o f about 10% i n the RNA content 

of the TMV inoculated epidermis. Taken together w i t h the evidence 

of H i r a i and Nakagaki (1966), i t i s suggested t h a t there i s a burst 

of RNA synthesis i n the nucleus a t about f i v e to s i x hours and tha t t h i s 

RNA l a t e r migrates t o the cytoplasm. This general p i c t u r e would f i t w i t h 

c y t O l o g i c a l observations. Ralph and Wojcik (1970) found good 

c o r r e l a t i o n between c h l o r o p h y l l content and double-stranded RNA content 

i n various f r a c t i o n s , but no c o r r e l a t i o n w i t h DNA content. 

Kubo e t a l . , (1965) using MAK column chromatography, showed th a t 

the o v e r a l l chromatographic p a t t e r n of nucleic acids from healthy and 

i n f e c t e d tissues was the same, except f o r the occurrence of TMV RNA i n the 
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l a t t e r . Reddi (1963 a) has shown, however, th a t there i s a rap i d 

degradation of tobacco l e a f ribosomal RNA upon i n f e c t i o n w i t h TMV, 

concomitant increase i n TMV RNA. Reddi (1963 b) suggests from 
" 32 

Pj - l a b e l l i n g experiments t h a t ribonucleosides are used i n 

TMV RNA synthesis, Kubo (1966) and Rottger (1965) noted a dramatic 

increase i n RNA w i t h a base composition s i m i l a r to normal l e a f RNA, 

i n TMV-infected tobacco leaves at e a r l y i n f e c t i o n stages. Babos (1966) 

showed t h a t the decrease of ribosomal content was independent of the 

amount of v i r u s synthesised i n the i n f e c t e d leaves, and states t h a t 

the variance of h i s r e s u l t s w i t h those of Reddi may be due to the f a c t 

t h a t "the source of m a t e r i a l s f o r the synthesis of v i r u s RNA i s v a r i a b l e 

and depends on the p h y s i o l o g i c a l s t a t e of the c e l l s i n which the v i r u s 

m u l t i p l i e s " . 

Shigematsu et a l . , (1966) d i d not f i n d any reduction i n 

the amount of ribosomal RNA, two days a f t e r i n f e c t i n g young tobacco 

leaves w i t h TMV, y i e l d s of s-RNA and 17S RNA even showing an increase. 

Cer t a i n i s o l a t e s of tobacco r a t t l e v i r u s are de f e c t i v e i n t h a t they 

i n i t i a t e an i n f e c t i o n i n which v i r a l RNA i s produced, but no i n t a c t 

v i r u s rods are formed, Cadman (1962) suggested that n u c l e i were the 

most l i k e l y s i t e f o r the accumulation of t h i s v i r a l RNA, 

I t has been reported t h a t both wound tumor v i r u s (Black and 

Markham, 1963) and r i c e dwarf virusOWiura et a l , , 1966) are double-

stranded, and so m u l t i p l i c a t i o n of these viruses w i l l involve stages 

d i f f e r i n g from those f o r TMV biosynthesis. 
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Very l i t t l e i s known about the d e t a i l s of p l a n t v i r u s p r o t e i n 

synthesis i n v i v o , most of our knowledge of p r o t e i n biosynthesis being 

based on in f o r m a t i o n obtained from other systems. I t would appear, 

however, t h a t p r o t e i n synthesis f o l l o w s somewhat univer s a l l i n e s , a 

review of which would be advantageous before considering v i r a l p r o t e i n 

synthesis i n p a r t i c u l a r . 

P r o t e i n Synthesis 

For some time i t has been r e a l i s e d t h a t nucleic acids play an 

important r o l e i n p r o t e i n biosynthesis and work i n t h i s f i e l d has been 

inseparably l i n k e d w i t h studies of the nucleic acids and t h e i r 

i n t e r a c t i o n s w i t h p r o t e i n s . The amino acid sequence of a p a r t i c u l a r 

p r o t e i n i s s p e c i f i e d by the sequence of nucleotides (comprising adenine, 

thymine, guanine and cytosine) i n a p a r t i c u l a r segment of the 

deoxyribonucleic a c i d (DNA) molecule. The process of p r o t e i n 

biosynthesis consists e s s e n t i a l l y of two stages. F i r s t l y , the DNA i s 

tr a n s c r i b e d i n t o a r i b o n u c l e i c acid intermediate, messenger RNA (mRNA) 

which has a r i b o n u c l e o t i d e sequence complementary to t h a t of the 

deoxyribonucleotide sequence of one of the strands of the DNA serving as 

template ( t r a n s c r i p t i o n ) (Geiduschek and Haselkorn, .1969). The mRNA 

becomes attached to cytoplasmic 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 (ribosomes) 

which are the s i t e s o f p r o t e i n synthesis, and there i t determines the order 

of linkage of amino acids i n t o a s p e c i f i c p r o t e i n ( t r a n s l a t i o n ) , 

( A t t a r d i , 1967; M a t l k e i e t a l . , 1968; Ochoa, 1968). 

DNA 
t r a n s c r i p t i o n ^ t r a n s l a t i o n ^ p r o t e i n 

^ RNA ^ 

d u p l i c a t i o n 

RNA 

r e p l i c a t i o n 
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I n v i v o and i n v i t r o studies of amino acid i n c o r p o r a t i o n i n a 

wide range o f species have le d to the acceptance o f a general scheme of 

p r o t e i n biosynthesis f o r a l l organisms. 

H u l t i n (1950) working w i t h chicks and K e l l e r (1951) w i t h r a t s 

studied i n vivo i n c o r p o r a t i o n of l a b e l l e d amino acids, and found t h a t 

l i v e r microsomes were more h i g h l y l a b e l l e d than any other f r a c t i o n . 

D i s i n t e g r a t i o n w i t h deoxycholate (an anionic detergent) i n d i c a t e d 

the r a d i o a c t i v i t y t o be i n the deoxycholate-insoluble f r a c t i o n " , 

which L i t t l e f i e l d e t a l . , (1955) showed, by u l t r a c e n t r i f u g a l analysis 

and e l e c t r o n microscopy to consist c h i e f l y of ribosomes. 

I n v i t r o studies followed, such systems developed becoming major 

t o o l s f o r the examination of a l l aspects of the mechanism of p r o t e i n 

b i o s y n t h e s i s . 

'Siekevitz (1952) using the f i r s t i n v i t r o system from r a b b i t l i v e r 

c o n t a i n i n g a microsome f r a c t i o n , mitochondria w i t h energy substrates, 

s o l u b l e cytoplasm and a l a b e l l e d amino acid , reported evidence f o r 

peptide bond formation. Zamecnik and K e l l e r (1954) showed that the 

mitochondria were unnecessary, and could be replaced by ATP and a 

source of high energy phosphate, e.g. phosphoenol pyruvate plus pyruvic 

kinase, to regenerate ATP. 

Stephenson et a l . , (1956) using tobacco l e a f e x t r a c t s , reported 

the f i r s t c e l l - f r e e system to incorporate amino acids from p l a n t material. 

A wide range of p l a n t m a t e r i a l has been employed since, to provide 

a c t i v e amino aci d i n c o r p o r a t i n g systems (reviewed i n Mans, 1967; 

B o u l t e r , 1970). 
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P r o t e i n biosynthesis involves the formation and stepwise elongation 

of peptide chains from the amino-terminal amino aci d , and proceeds 

towards the carboxyl-terminal amino acid ( A t t a r d i , 1967; Bishop et a l . , 

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

a d d i t i o n i s under genetic c o n t r o l , and a group of three adjacent 

nucleotides i n the mRNA s p e c i f i e s which amino ac i d i s to be li n k e d to 

the growing peptide chain. 

S y n t h e t i c polynucleotides o f known composition, but of random 

sequence, were employed i n i t i a l l y as messengers i n i n v i t r o 

i n c o r p o r a t i o n i n Escherichia c o l i systems. Problems i n determining 

the a c t u a l sequence of the bases i n the t r i p l e t s r e s u l t e d , however, i n 

some ambiguities. Unambiguous code e l u c i d a t i o n r e s u l t e d from the 

t r i p l e t b i n d i n g experiments of Nirenberg et a l . , (1966) and the 

employment of sy n t h e t i c polynucleotides of known repeating sequence i n 

i n v i t r o incorporations(Khorana et a l . , 1966). 

A l l 64 possible sequences of the three nucleotides have been 

assigned t o amino acids, w i t h the exception o f UAA, UAG and UGA 

(known as ochre, amber and opal r e s p e c t i v e l y ) . I t appears that the 

sequence of amino acids i n a polypeptide chain contains a l l of the 

i n f o r m a t i o n required f o r generating the three-dimensional s t r u c t u r e 

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

Crick (1957, 1958) postulated the existence of small "adaptor" 

molecules capable o f recognising and binding the amino acids and 

i n t e r a c t i n g w i t h s p e c i f i c nucleotide sequences of the template mRNA. 
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Hoagland e t a l . , (1957) showed the presence of an aminoacyl-RNA complex 

i n an i n v i t r o r a t l i v e r system. This complex dissociated i n the 

presence o f a microsomal suspension, w i t h the i n c o r p o r a t i o n of the amino 

ac i d i n t o the microsomal f r a c t i o n . The RNA f r a c t i o n was termed t r a n s f e r 

RNA (tRNA). C e l l e x t r a c t s contain about 40 species o f tRNA ,(^Lengyel and 

S o l i , (1969) and there i s a t l e a s t one s p e c i f i c tRNA f o r each o f the 

common amino acids employed i n p r o t e i n biosynthesis. 

The tRNA's t h a t accept the a c t i v a t e d amino acids are amino 

a c i d - s p e c i f i c (Doctor e t a l . , 1961) and are characterised by the 

presence of a t l e a s t four f u n c t i o n a l s i t e s : -

(1) the 75 t o 85 nucleotides comprising the o v e r a l l 

structuresalways end i n a 3' sequence of CCA - the amino 

acid acceptor s i t e ; 

(2) the tRNA s t r u c t u r e contains a sequence o f nucleotides t h a t 

i s complementary ( i n the hydrogen bonding sense) to a 

t r i n u c l e o t i d e sequence of mRNA's t h a t i s known to code f o r 

the amino aci d accepted by the s p e c i f i c tRNA (the sequence 

being termed the anticodon); 

(3) a complex s i t e which i s recognised by the aminoacyl tRNA 

synthetase enzyme s p e c i f i c to t h a t species of tRNA, and 

(4) the ribosome i n t e r a c t i o n s i t e . 

There must be, i n a d d i t i o n , regions i n the molecule which are 

recognised by tRNA pyrophosphorylase and the various enzymes which 

generate the unusual bonds, such as the tRNA methylases. Some tRNA's 

may be involved i n regu l a t o r y processes which may re q u i r e special s t r u c t u r a l 

f eatures(von Ehrenstein, 1970), 
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Generalised two-dimensional s t r u c t u r e of tRNA's 
Amino Acid 

Apparent anticodon 
Regions of apparent 
hydrogen bonding 

The f i r s t primary s t r u c t u r e of a tRNA species to be elucidated was 

alanine tRJSTA from yeast, (Holley e t a l . , 1965). Holley et a l . , (1965) 

proposed the "clover l e a f model" f o r the s t r u c t u r e of tRNA molecules, 

and although the t e r t i a r y s t r u c t u r e of tRNA has not been f u l l y elucidated 

i t i s thought t h a t the loops o f the "clover l e a f " are folded over ( i n 

a two-dimensional sense), i n t o s t r u c t u r e s f e a t u r i n g complementary 

hydrogen bonding i n s i m i l a r regions of the molecule. A compact 

s t r u c t u r e i s thus formed, h e l d together by base p a i r i n g and hydrogen 

bonding, and from which the anticodon and the amino acid c a r r y i n g the 3' 

t e r m i n a l adenosine moiety protrude. The complete sequence of several of 

these amino acid s p e c i f i c tRNA's has been determined (Holley et a l . , 1964; 

Madison e t a l . , 1966; Zachau et a l . , 1966). 

At a molecular l e v e l , mRNA t r a n s l a t i o n or p r o t e i n synthesis begins 

w i t h the a c t i v a t i o n of the fre e amino acids (AA) to form enzyme-bound 

amino-acyladenylates (Enz-AMP-AA) (Equation i ),(Demoss et a l . , 1956), 

followed by the formation of aminoacyl tRNA complexes (tRNA-AA) 

(Equation i i ),(Hoagland et a l . , 1957). Both reactions are catalysed by 

aminoacyl tRNA synthetase enzymes (Davie et a l . , 1956) t h a t are s p e c i f i c 
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f o r each tRNA species,(Doctor e t a l , , 1961) and presumably l i n k 

the c o r r e c t amino a c i d to the 3'-hydroxyl of the terminal adenosine of 

a s p e c i f i c tRNA molecule (McLaughlin and Ingram, 1964; Sonnenbichler 

e t a l , , 1963), There are a t l e a s t 20 d i f f e r e n t aminoacyl-t-RNA 

synthetases, one f o r each of the 20 n a t u r a l amino acids ( Berg, 1961; 

Hoagland, 1960), 

Enzyme + AA + ATP < . Enzyme - AMP - AA + PPi A c t i v a t i o n ( i ) 

Enzyme - AMP - AA + tRNA * > tRNA - AA + Enzyme + AMP Transfer ( i i ) 

There i s some evidence t h a t ATP i s bound to the enzyme before the 

amino a c i d (Allende et a l . , 1966; Rouget and Chapeville, 1968) and that 

the s i t e f o r amino a c i d a c t i v a t i o n i s d i f f e r e n t from the s i t e f o r aminoacyl 

t r a n s f e r . 

Although most of the work on aminoacyl tRNA synthetase enzymes has 

been done w i t h m a t e r i a l from b a c t e r i a l or animal sources, there has been 

recent progress i n work on p u r i f e d p l a n t synthetases (e.g. Peterson 

and Fowden, 1965; Smith and Fowden, 1968). The s p e c i f i c i t y of aminoacyl-

tRNA synthetases, a p r e r e q u i s i t e f o r f a i t h f u l t r a n s l a t i o n of the genetic 

message, must be very high ( L o f t f i e l d and Eigner, 1966; N o v e l l i , 1967; 

Peterson, 1967), and i s exercised a t the l e v e l of amino acid a c t i v a t i o n 

as w e l l as i n the t r a n s f e r step, (Lengyel and S o l i , 1969). There i s no 

subsequent check on whether the tRNA i s c a r r y i n g the correct amino aci d 

d u r i n g the formation of peptide bonds on the ribosome. 

The mechanism by which the aminoacyl tRNA synthetase enzymes recognise 
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t h e i r r e l e v a n t species of tRNA i s unknown and i t may be that the 

process v a r i e s between tRNA and i t s cognate aminoacyl-tRNA synthetase, 

(Lengyel and S o i l , 11969). 

The subsequent steps of p r o t e i n synthesis involve mRNA and 

ribosomes. The ribosome, a large 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 , i s the 

s i t e of t r a n s l a t i o n of both i n vivo and i n v i t r o p r o t e i n synthesis. 

Ribosomes are d i f f e r e n t i a t e d i n t o two size classes, 70S occurring i n 

p r o c a r y o t i c organisms, mitochondria and c h l o r o p l a s t s and 808 occurring 

i n e u c a r y o t i c cytoplasm. A l l ribosomes consist of two unequal subunits, 

SOS and SOS i n the 70S ( T i s s i e r e s and Watson, 1958; T i s s i e r e s et a l . , 

1959) and 40S and 60S i n 80S ribosomes,(Chao, 1957). The smaHar subunit 

contains a si n g l e 16S or 18S RNA molecule and about 20 d i f f e r e n t p r o t e i n s , 

w h i l e the l a r g e r subunit contains one molecule of 23S, 258 or 28S, one 

5S RNA molecule and 30 t o 40 d i f f e r e n t p r o t e i n s (Craven and Kurland, 1969; 

Petermann,1964; S p i r i n and Gavrilova, 1969). The two subunits d i f f e r i n 

s t a b i l i t y , the smaller u n i t being more l a b i l e due to the l a t e n t RNase 

associated w i t h i t (Elson, 1959; Tal and Elson, 1963). 

Cotter e t al.., (1967) working w i t h yeast, have suggested a model 

f o r the ribosome i n which the h e l i c a l regions of the rRNA p r o j e c t 

from the surface of the ribosome, and the amorphous, non-helical regions 

w i t h t h e i r associated p r o t e i n s p r o j e c t i n t o the ribosome centre. 

P r o t e c t i o n of about 30 - 35 amino acids of the growing polypeptide chain 

from p r o t e o l y t i c enzymes,(Malkin and Rich, 1967) and the i n a c c e s s i b i l i t y 

of a segment of the mRNA of about 30 nucleotides length (Takanami and 

Zubay, 1964; Takanami et a l . , 1965) suggest t h a t there i s a protected 
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region i n s i d e the ribosome where peptide bond formation and polypeptide 

elongation occur, (Redman and S a b a t i n i , 1966). S i m i l a r conclusions have 

been formed from e l e c t r o n microscopic studies of ribosomes from a wide 

range o f sources (Bruskov and K i s e l e v , 1968a,b; Nanninga, 1963) and 

supported by hydrodynamic measurements, (Petermannand Pavlovec, 1969). 

M a n g i a r o t t i and Schlessinger (1966) and Cundrfnliffe (1968) have 

suggested t h a t f r e e 70S ribosomes do not occur i n E . c o l i i n v i v o , and 

a l l the ribosomes e x i s t as free subunits or as par t s of polysomes. They 

suggest t h a t 70S ribosomes are a r t i f a c t s r e s u l t i n g from polysomal 

breakdown during ribosome preparation. Ribosomal subunit exchange has 

been demonstrated i n vivo (Kaempfer e t a l . , 1968) and i n v i t r o 

(Kaempfer, 1968) and i t was found t o be coupled w i t h p r o t e i n synthesis. 

The sequence o f events o c c u r r i n g during p r o t e i n synthesis may be 

summarised as f o l l o w s : -

1. F i r s t there i s the i n i t i a t i o n step i n which a s p e c i f i c 

aminoacyl-tRNA associates i n a hydrogen-bond-mediated process 

w i t h a t r i n u c l e o t i d e sequence (codon) o f mRNA upon a ribosomal 

subunit. The sequence i n E. c o l i may be summarised as a 30S 

subunit (Eisenstadt and Brawerman, 1967; Nomura et a l . , 1967; 

Nomura and Lowry, 1967) forms a complex w i t h mRNA codon u n i t 

(AUG) or (GUG) (Thach et a l . , 1966) and formylmethionyl tRNA, 

(Capecchi, 1966). The formation of t h i s complex requires GTP, 

(Arlinghaus e t a l . , 1964) and one or more enzymatic " i n i t i a t i o n 

f a c t o r s " (Lengyel and S o l i , 1969; Stanley et a l . , 1966). 
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2. The ' i n i t i a l complex' i s completed w i t h the uptake of a 50S 

ribosomal subunit and a second aminoacyl-tRNA, to y i e l d a 

70S ribosome c o n t a i n i n g two bound aminoacyl-tRNA's, established 

by the mRNA established codon-anticodon i n t e r a c t i o n (Arlinghaus 

e t a l . , 1964; I g a r a s h i and K a j i , 1967; Nomura e t a l . , 1967). 

3. Once the p r o t e i n i s completed, the 70S ribosome dissociates i n t o 

30S and 50S subunits. 

S i m i l a r c y c l i n g of the 80S ribosomal subunits has been reported 

by Hogan and Korner (1968), Kabat and Rich (1969), Kaempfer (1969) and 

Heywood (1970), Heywood suggests t h a t a s i m i l a r sequence of events to that 

suggested by Guthrie and Nomura (1968) occurs i n eucaryotic c e l l s . 

As noted, new aminoacyl residues enter the polypeptide chain attached 

t o tRNA, so th a t during the process of p r o t e i n synthesis, the C 

end o f the polypeptide chain i s not f r e e , but attached t o tRNA (Bretscher, 

1963,1965; ;Gilbert, 1963; Nathans and Lipmann, 1961; Takanami, 1962), 

Peptide bond formation r e s u l t s t h e r e f o r e from a re a c t i o n between p e p t i d y l 

tRNA and aminoacyl tRNA, the p e p t i d y l tRNA being increased by one 

aminoacyl residue, and the f r e e tRNA released. This peptide bond 

formation i s followed by rearrangement of the mRNA upon the ribosome 

so as to f a c i l i t a t e the binding of another aminoacyl tRNA,(Arlinghaus, 

e t a l , , 1964), R e p e t i t i o n of the t r a n s f e r of the formylmethionine 

c o n t a i n i n g component (now a peptide) to the amino acid of the adjacent 

aminoacyl-tRNA continues the cycle. The simultaneous presence of p e p t i d y l 

tRNA and aminoacyl tRNA i n the f u n c t i o n i n g ribosome suggests t h a t there 

are two separate tRNA bin d i n g s i t e s on the ribosome and t h e i r presence has 
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been confirmed experimentally (see S p i r i n , 1968). The mRNA binding 

centre and the aminoacyl tRNA binding s i t e are located on the smaller 

subunit, (Okamoto and Takanami, '1963) and i s o l a t e d 30S subunits show 

the same capacity f o r s e l e c t i v e binding of aminoacyl tRNA i n the presence 

of a template polynucleotide as the complete ribosome(Kaji et a l . , 1966; 

Pestka and Nirenberg, 1966; Suzuka e t a l . , 1965). The p e p t i d y l binding 

s i t e which has an increased a f f i n i t y f o r N-blocked aminoacyl tRNA's, 

and which only binds aminoacyl or deacylated tRNA weakly, i s located 

on the l a r g e r subunit(Bretscher and Marcker, 1966; Cannon, 1967; 

G i l b e r t , 1963). I f the f u n c t i o n i n g ribosome i s dissociated i n t o subunits, 

the p e p t i d y l tRNA remains f i r m l y bound to the l a r g e r subunit, and 

Schlessinger e t a l . , (1967) have shown t h a t the p e p t i d y l tRNA i s the 

major c o n t r i b u t o r to the s t a b i l i s a t i o n of the subunit association i n t o 

a complete ribosome. The p e p t i d y l - t r a n s f e r a s e centre i s also located 

e x c l u s i v e l y on the 50S subunit, and i s an inherent p a r t of i t (Monro, 

1967; Traut and Monro, 1964). The associated s t a t e of subparticles i n 

a complete ribosome i s s t a b l e only w h i l e the ribosome i s engaged i n the 

process of polypeptide synthesis, i . e . r e t a i n s the growing polypeptide, 

( M a n g i a r o t t i and Schlessinger, 1966). 

T r a n s l a t i o n of the mRNA ther e f o r e f a l l s i n t o three phases, 

i n i t i a t i o n , elongation and te r m i n a t i o n . High magnesium l e v e l s , where 

the need f o r "proper" chain i n i t i a t i o n i s elim i n a t e d , were employed i n 

much o f the o r i g i n a l work on i n v i t r o amino ac i d i n c o r p o r a t i o n , 

(Eisenstadt and Lengyel, 1967). Presumably under such conditions, 

aminoacyl tRNA was attached to both aminoacyl and p e p t i d y l ribosomal 

s i t e s , peptide bond formation o c c u r r i n g between them. Mosteller et a l . , 
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(1968) working w i t h the r a b b i t r e t i c u l o c y t e system found that the 
r i 4 1 

magnesium optimum f o r C v a l i n e i n c o r p o r a t i o n i n t o g l o b i n was 

3mM, but f o r p o l y u r i d y l i c a c i d (poly-U) d i r e c t e d polyphenylalanine 

synthesis, i t was lOmM, This could, however, be reduced to 4mM by 

pre i n c u b a t i n g the ribosomes w i t h poly-U, deacylated tRNA, KCl and 

reduced g l u t a t h i o n e , i , e , , to about the same magnesium optimum as 

g l o b i n synthesis by n a t u r a l messenger. tRNA^^^ was found to be 

responsible f o r t h i s s h i f t i n the magnesium optimum, <pulp et a l . , 1968), 

Most of the work on chain i n i t i a t i o n has been c a r r i e d out using 

b a c t e r i a l systems ( e s p e c i a l l y E . c o l i ) , and a mechanism i n v o l v i n g 

formylmethionyl tRNA as the only n a t u r a l chain i n i t i a t i n g tRNA i n 

p r o t e i n synthesis, f o r p r o c a r y o t i c organisms, i s now generally accepted. 

Waller (1964) observed t h a t although methionine c o n s t i t u t e d only 

2.5% of the t o t a l amino acids i n E . c o l i p r o t e i n , about 40% of the 

p r o t e i n had methionine as the N-terminal amino a c i d , suggesting the 

r o l e o f methionine i n polypeptide chain i n i t i a t i o n . Clark and 

Marcker, (1966a) reported two methionine accepting tRNA's i n E . c o l i 

which could both be charged by the same methionyl tRNA synthetase. 

However, whereas the methionine residue of one of them can be 

formylated the methionine of the other cannot. The former i s r e f e r r e d 

to as tRNA^®* and the l a t t e r as tRNA^^* , The fo r m y l a t i o n of tRNA^^* 

i s catalysed by a transformylase w i t h formyl t e t r a h y d r o f o l i c acid a c t i n g 

as the formyl donor OWarcker, 1965). The transformylase i s s p e c i f i c 

f o r met-tRNAj^, and w i l l not formylate any other aminoacyl' tRNA's, 
met 

i n d i c a t i v e of r e c o g n i t i o n of a s t r u c t u r a l region unique to tRNA^ . 
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Both tRNA™^^ respond to the codon AUG, but tRNA™^^ also responds to 
F 

GUG (which i s the code f o r v a l i n e ) . I t has been suggested t h a t 

GUG codes f o r v a l i n e when i t occurs i n t r a m o l e c u l a r l y i n mRNA and f o r 

fMe't-tRNA when i t i s termi n a l (see Ochoa, 1968). fMet-tRNA i s always 

incorporated i n t o the N' te r m i n a l p o s i t i o n i n p r o t e i n s , never i n t e r n a l l y , 

(Clark and Marcker, 1966 a,b) and i t has been suggested t h a t t h i s i s 

due t o i t s i n a b i l i t y to form a complex w i t h the ribosome t r a n s f e r f a c t o r 

F I I and GTP, i n c o n t r a s t t o a l l other aminoacyl tRNA's (Ono et a l . , 

1968). 

met 
tRNA has been reported present i n many other species of 

F 

b a c t e r i a (see Marcker and Smith, 1969 and Lengyel and S o i l , 1969 

f o r r e f e r e n c e s ) , i n the mitochondria of yeast and r a t l i v e r (Smith and 

Marcker, 1968) and i n the mitochondria of HeLa c e l l s (Galper and 

D a r n e l l , 1969). N-formylmethionine was reported as the N-terminal 

residue o f the v i r a l coat p r o t e i n synthesised i n a system containing 

Euglena g r a c i l l i s c h l o r o p l a s t ribosomes, E. g r a c i l l i s high-speed 

supernatant f r a c t i o n and f 2 bacteriophage RNA (Schwartz et a l . , 1967). 

Met-tRNA has not been detected i n the cytoplasmic system 

(Lengyel and S f i l l , 1969). L i t t l e work has been c a r r i e d out on chain 

i n i t i a t i o n i n the 80 S ribosome, although Rich et a l . , (1966) and 

A r n s t e i n and Rahamimoff (1968) have i n d i c a t e d t h a t v a l y l tRNA i s the 

chain i n i t i a t o r f o r haemoglobin synthesis. This i s now proven to be 

i n c o r r e c t and i n i t i a t i o n of haemoglobin i s by unformylated tRNA°®* 

(Bhaduri e t a l . , 1970; Wilson and D i n t z i s , 1970). 

Although the a c t u a l i n i t i a t o r molecule may be d i f f e r e n t , i t seems 
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l i k e l y t h a t the mechanism o f chain i n i t i a t i o n on both 70 and SOS 

ribosomes i s s i m i l a r , i n t h a t the r o l e of the subunits i s common to 

both and i n i t i a t i n g f a c t o r s and GTP are required,(^Hejnwood, (1970). 

I n f o r m a t i o n i s a v a i l a b l e on two p l a n t systems, wheat germ (Ghosh 

e t a l . , 1971; Leis and K e l l e r , 1970; Marcus et a l . , 1970; Tarrago 

e t a l . , 1970) and V^^faba^, (Yarwood e t _ a l . , 1971). 

I t appears t h a t there are three main t r a n s f e r f a c t o r s involved 

i n chain elongation i n p r o c a r y o t i c organisms, and they have been 

i s o l a t e d from a range o f micro-organisms, e.g. from E.coli,( Lucas-

Lenard and Lipmann, 1966), from Pseudomonas fluorescence and B a c i l l u s 

stearothermophilus, (Skoultchi e t a l . , .1968). Transfer f a c t o r s have 

also been reported from yeast e x t r a c t (Ayuso and Heredia, 1968; 

Richt e r and K l i n k , 1968) a r a t l i v e r system, ([buki and Moldave, 1968) 

and the r e t i c u l o c y t e system,(Arlinghaus e t . a l . , .1964). Allende (1969) 

has reported the p a r t i a l p u r i f i c a t i o n of the t r a n s f e r f a c t o r s from wheat 

embryo and App, (1969) has i s o l a t e d two f a c t o r s , required f o r i n v i t r o 

polyphenylalanine synthesis, from r i c e embryos. GTP and a l l three 

p r o t e i n f a c t o r s are necessary f o r the occurrence of chain elongation, 

although the necessity f o r GTP was obscured i n e a r l y work i n which high 

magnesium concentrations were employed (Kurland, 1966; Ravel, 1967). 

De Groot et a l . , (1967) demonstrated GTP dependent enzymatic 

b i n d i n g of phenylalanyl tRNA t o wheat ribosomes and Jerez e t a l . , (1969) 

showed the formation of a GTP-protein complex from e x t r a c t s of wheat 

embryos t h a t w i l l b ind urbtocked aminoacyl tRNA's, although l i t t l e work 

has been performed on the bin d i n g o f tRNA t o p l a n t BOS ribosomes. 
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Denatured tRNA w i l l not re a c t , suggesting the necessity f o r the correct 

tRNA conformation, as w e l l as the unblocked aminoacyl group. 

A f t e r the attachment of the aminoacyl tRNA to the ribosome, 

peptide bond formation occurs between the carbox y l i c group of the terminal 

aminoacyl residue of the p e p t i d y l tRNA and the at -amino group of the 

aminoacyl tRNA, the r e a c t i o n being catalysed by p e p t i d y l transferase 

(a c o n s t i t u e n t of the SOS subunit) (Monro, 1967; Monro and Marcker, 1967; 

Monro e t a l . , 1968). A s i m i l a r sequence i s proposed f o r mammalian 

ribosomes, (Skogerson and Moldave, 1968). GTP and the supernatant 

p r o t e i n s do not appear t o be involved i n the r e a c t i o n , but monovalent 

and d i v a l e n t cations (K"*" or NĤ"*" and Mg*"*" ) are required, (Monro and 

Marcker, 1967; Traut and Monro, 1964). The 3' terminal nucleotide 

sequence (CCA) of both the p e p t i d y l and aminoacyl tRNA molecules seem to 

be involved (Monro et a l . , 1968; Rychlik e t a l . , 1963). 

A f t e r peptide bond formation, the newly formed peptidyl-tRNA 

i s located i n the aminoacyl s i t e on the ribosome (Erbe et a l . , 1969) 

and the discharged tRNA on the p e p t i d y l s i t e , (Lucas-Lenard and Haenni 

1969). T r a n s l o c a t i o n , i n v o l v i n g the movement of the peptidyl-tRNA from 

the aminoacyl to the p e p t i d y l s i t e and the movement of the ribosome along 

the mRNA by the len g t h of one codon, requires GTP (which i s apparently 

cleaved t o GDP and P i ) , (Lengyel and S o i l , 1969) and enzyme f a c t o r F I I 

(Pestka, 1968,19©; Ono e t a l . , 1969a). No f u r t h e r peptide bond formation 

can occur i n the absence of t r a n s l o c a t i o n , (Lucas-Lenard and Haenni, 1969). 

During chain elongation, the growing polypeptide chain remains 

l i n k e d to tRNA and bound to the mRNA-ribosome complex. A f t e r completion 
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the peptide chain i s released from both of these bonds i n the course 

of a composite process known as chain termination (Ganoza, 1966; 

Kossel, 1968; Last et a l . , 1967; Takanami and Yan, 1965; Zinder e t a l . , 

1966). Termination apparently occurs when the ribosome and i t s 

attached p e p t i d y l tRNA reach a t e r m i n a t i o n codon i n i t s progress along 

the messenger. I t i s believed t h a t the codons UAA, UAG and UGA (which 

are designated as nonsense codons) may serve as chain termination signals 

(Brenner e t a l . , 1965; Sambrook e t a l . , 1967; Weigert and Garen, 1965; 

Weigert e t a l . , 1967). These terminator codons occur i n E . c o l i , UAA 

being the one most f r e q u e n t l y used i n vivo,( Garen '1968). 

Formylmethionine release i s promoted by the presence of two release 

f a c t o r s (R and R_). R̂  i s s p e c i f i c f o r t e r m i n a t i o n coded by UAA or 
1 Ci 1 

UAG, and R f o r t h a t coded by UAA or UGA (Capecchi, 1967; Caskey et a l . , 

1968; Scolnick et a l . , 1968). A release f a c t o r - t e r m i n a t o r codon-ribosome 

int e r m e d i a t e , before formylmethionine release, has been reported by 

Scolnick and Caskey (1969). They suggest th a t the r o l e of release 

f a c t o r s may be to recognise t e r m i n a t i o n codons. 

Milman e t a l . , (1969) have i d e n t i f i e d a p r o t e i n f a c t o r S, from 

an E. c o l i B supernatant f r a c t i o n , which stimulates the release of the 

polypeptide chain from the ribosome, possible by s t i m u l a t i n g terminator 

codon r e c o g n i t i o n . 

P h i l l i p s (1971) has noted t h a t a temperature s e n s i t i v e mutant of 

E. c o l i K12 i s d e f e c t i v e i n a p r e v i o u s l y uncharacterised component 

e s s e n t i a l f o r p r o t e i n synthesis, A non-ribosomal component (Z f a c t o r ) 

which rescues the p r o t e i n s y n t h e s i s i n g a c t i v i t y of the mutant crude 

e x t r a c t has been p a r t i a l l y p u r i f i e d fiora a parental s t r a i n . Z f a c t o r i s 
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shown to be d i s t i n c t from G and T t r a n s l o c a t i o n f a c t o r s , and evidence 

suggests i t i s not one of the i n i t i a t i o n f a c t o r s , aminoacyl-tRNA 

synthetases, the release f a c t o r R or the S f a c t o r . 

A f t e r release of the polypeptidyl-tRNA, the mRNA ribosome complex 

f a l l s a p a r t , g i v i n g r i s e t o subunits (Schlessinger and A ^ p i r i o n , 1969; 

Webster and Zinder, 1969) although there are some i n d i c a t i o n s that 

ribosomes may be released from the complex i n f r e e 70S ribosomes which 

are subsequently d i s s o c i a t e d i n t o subunits,(Lengyel and S o i l 1969). 

Ribosomes e x i s t i n two states i n the c e l l , f r e e i n the cytoplasm, 

or attached to the endoplasmic r e t i c u l u m . The p r o p o r t i o n of the two 

classes v a r i e s from c e l l to c e l l , or even i n the same c e l l a t d i f f e r e n t 

stages of i t s development. C e l l s which are a c t i v e l y d i v i d i n g tend to 

contain mainly f r e e ribosomes, whereas u n d i v i d i n g , d i f f e r e n t i a t e d c e l l s 

c ontain mainly membrane bound ribosomes. Secretory c e l l s , e.g. l i v e r , 

pancreas e t c . , contain a much higher p r o p o r t i o n of membrane bound 

ribosomes than non-secreting c e l l s (Blobel and Pott e r , 1967; Henshaw 

et a l . , 1963; Loeb e t a l . , 1967; Palade and Siekevitz,1956) and t h i s 

had l e d t o the suggestion t h a t the f r e e ribosomes synthesis.e p r o t e i n 

f o r i n t r a c e l l u l a r purposes, w h i l e the membrane bound ribosomes synthesise 

p r o t e i n s f o r export (Birbeck and Mercer, 1961; Can^^ell and Sargent, 1967; 

S i e k e v i t z and Palade, 1960). 

The p r o t e i n s y n t h e t i c capacity of both f r e e and membrane ribosomes 

has been compared i n v i v o , ( S e l l i n g e r and Ohlsson, 1969) and i n v i t r o 

(Redman, 1968; P r i e s t l y e t a l . , 1969; Takagi and Ogata, 1968) and both 

are found to be equally a c t i v e . 
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Although the ribosomes are the c h i e f s i t e s of p r o t e i n synthesis 

i n the c e l l , evidence has been accumulating t h a t organelles such as 

the c h l o r o p l a s t and mitochondrion are also capable of l i m i t e d p r o t e i n 

synthesis (see Boulter, 1970for review and references). I t seems, 

however, t h a t these organelles are only semi-autonomous i n th a t they are 

responsible only f o r the synthesis o f c e r t a i n p r o t e i n s , the r e s t being 

under genetic c o n t r o l and synthesis on the cytoplasmic ribosomes, 

( K i r k and Tilney-Bassett,'1967). 

V i r a l p r o t e i n synthesis 

Before the bulk o f i n f e c t i v e , complete v i r u s p a r t i c l e s can be 

detected, p r o t e i n - f r e e RNA accumulatesin the i n f e c t e d c e l l s i n large 

amounts. Evidence also p o i n t s to the f a c t t h a t the p r o t e i n of p l a n t 

viruses also accumulates a t a c e r t a i n stage of the i n f e c t i o n process, 

and i t i s not associated w i t h RNA i n t h i s stage. Takahashi and I s h i i 

(1952) demonstrated the accumulation of a p r o t e i n , absent from healthy 

tobacco leaves, i n TMV-infected leaves. This p r o t e i n has been termed 

X-protein,(Takahashi and I s h i i , 1952), abnormal p r o t e i n and soluble 

antigen (Commoner e t a l . , 1953; Jeener and Lemoine, 1953). Takahashi 

and I s h i i (1953) found the X-protein to cons i s t of RNA-free spherical 

p a r t i c l e s , having an a n t i g e n i c s t r u c t u r e s i m i l a r to t h a t o f i n t a c t 

TMV. TMV p r o t e i n and X-protein have the same amino acid composition, 

(Newmark and Eraser, 1956) and the e l e c t r o p h o r e t i c m o b i l i t y of the 

X-pro t e i n i s c h a r a c t e r i s t i c o f the s t r a i n producing it,(Takahashi 1955), 

i n d i c a t i n g X-protein to be v i r a l s p e c i f i c . The host does not appear 

to i n f l u e n c e the s e r o l o g i c a l p r o p r e t i e s of X-protein,(Takahashi and 
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I s h i i 1953). van Rysselberge and Jeener (1957) observed th a t the 

abnormal p r o t e i n undergoes a r a p i d turnover i n the e a r l y stages of 

i n f e c t i o n and concluded t h a t i t i s a c t u a l l y the immediate precursor 

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

v i r u s and t h a t of the X-protein being i n agreement w i t h t h i s hypothesis), 

From these r e s u l t s i t appeared th a t TMV biosynthesis occurred i n 

two separate stages, v i r a l RNA and p r o t e i n accumulation and f i n a l l y 

assembly. Takahashi (1959) demonstrated r e c o n s t i t u t i o n of anomalous 

p r o t e i n , i s o l a t e d from i n f e c t e d p l a n t s , and n u c l e i c a c i d i s o l a t e d from 

TMV, i n t o h i g h l y i n f e c t i o u s TMV p a r t i c l e s i n v i t r o . I t was suggested 

t h a t TMV could assemble i n vivo by a s i m i l a r mechanism. 

Markham and Smith (1949) demonstrated t h a t p u r i f i e d preparation 

of TYMV contained two types of p a r t i c l e s , one c o n s i s t i n g of a p r o t e i n 

s h e l l enclosing RNA, the other, a p r o t e i n s h e l l containing no RNA. The 

p r o t e i n s h e l l was not found to be i n f e c t i v e and t h i s was perhaps the 

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

the v i r u s was responsible f o r i t s i n f e c t i v e property. I t was suggested 

t h a t synthesis of v i r a l p a r t i c l e s does not necessarily imply the 

simultaneous presence o f prop o r t i o n a t e amounts o f both RNA and p r o t e i n . 

I t may i n v o l v e a mechanism i n which v i r a l p r o t e i n i s produced i n excess. 

Neither w i t h TMV nor w i t h TYMV were pools of detectable q u a n t i t i e s of 

X-protein (Commoner e t a l , , 1953; Jeener, 1954) and top component, 

r e s p e c t i v e l y , found before the appearance of the v i r u s . Subunits of the 

p r o t e i n o f TYMV are able to form v i r u s - l i k e p a r t i c l e s i n v i v o , g i v i n g 

r i s e to the top component, whereas subunits of TMV p r o t e i n are unable to 
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do so, and occur as non-aggregated X-protein. 

Matthews (1960) demonstrated the presence of f i v e v i r u s - l i k e 

n u c l e o p r o t e i n f r a c t i o n s ( i n a d d i t i o n to the top component) w i t h 

approximate RNA contents of 6%, 10%, 20%, 35% and 36% res p e c t i v e l y . 

Only the f r a c t i o n c o n t a i n i n g 36% RNA was i n f e c t i o u s . When the v i r u s 
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i n f e c t e d p l a n t s were l a b e l l e d w i t h [_ P j f o r short periods, the 

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

decreased w i t h i n c r e a s i n g RNA content,(Matthews et al.,.1963). I t i s 

pos s i b l e t h a t the f r a c t i o n s may represent steps i n the assembly of the 

complete v i r u s nucleoprotein. 

I n general, the r e s u l t s suggest t h a t v i r a l n u c l e i c acid and 

p r o t e i n synthesis are not synchronized , and are probably separately 

c o n t r o l l e d . I t may be assumed t h a t the TYMV f r a c t i o n s are formed owing 

to some disturbance i n RNA biosynthesis, p a r t l y formed RNA strands 

being released and coated by the excess p r o t e i n . This i n t e r p r e t a t i o n , 

however, would not give any explanation as to the r e s u l t s of the 

l a b e l l i n g experiments mentioned above. B o l l a r d and Matthews (1966) 

s t a t e d t h a t there was no conclusive evidence as to the r o l e of any of 

the anomalous v i r u s p r o t e i n s i n the i n f e c t e d c e l l , 

Macromolecules varying i n t h e i r RNA content have also been found 

i n p l a n t s i n f e c t e d w i t h squash mosaic virus,(Mazzone et a l , , 1962), 

cherry y e l l o w and n e c r o t i c r i n g spot v i r u s e s , ( W i l l i s o n et a l . , 1961) 

and w i l d cucumber mosaic virus,(Yamazaki and Kaesberg, 1961). 

There i s also evidence to i n d i c a t e t h a t i n some cases p l a n t v i r a l 

RNA m u l t i p l i e s i n the i n f e c t e d c e l l w ithout assembly or inducing the 

formation of i t s p r o t e i n coat. Cadman (1962) showed t h a t the NM form of 
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tobacco r a t t l e v i r u s , although causing severe symptows, e x i s t s i n 

the form o f f r e e n u c l e i c a c i d strands (proably attached to c e l l n u c l e i ) , 

Babos and Kassanis (1962) described unstable v a r i a n t s of tobacco 

necrosis v i r u s which may also e x i s t as free RNA. Siegel et a l . , (1962) 

reported the i s o l a t i o n of two d e f e c t i v e n i t r i t e mutants of TMV, one 

of which (PM^) f a i l e d to induce p r o t e i n synthesis, the other (PM^) 

inducing synthesis o f a v i r u s - l i k e p r o t e i n which, however, f a i l e d to 

aggregate i n vivo w i t h v i r a l n u c l e i c a c i d to form complete v i r u s p a r t i c l e s . 

The s i t e of v i r u s coat p r o t e i n synthesis w i t h i n the c e l l has not 

been e s t a b l i s h e d f o r any p l a n t v i r u s , Schramm and Rottger (1959) using 

f l u o r e s c e n t antibodies f o r i n s i t u i n v e s t i g a t i o n s showed that TMV 

p r o t e i n appeared f i r s t i n a zone around the nucleus, and then spread 

a i l over the cytoplasm, i n i n f e c t e d tobacco p l a n t s . I n t h i s l a t e r stage 

of i n f e c t i o n , most v i r u s p r o t e i n was associated w i t h the microsomal 

f r a c t i o n , no v i r u s p r o t e i n being demonstrated from e i t h e r the n u c l e i 

or the c h l o r o p l a s t s . They concluded t h a t v i r u s p r o t e i n was synthesised 

i n the microsomes. H i r a i and H i r a i (1964) also using fluorescent antibody 

s t a i n i n g , folbwed the appearance of TMV antigen i n l e a f h a i r c e l l s of 

tomato, and also observed the spread i n t o the cytoplasm from the nucleus. 

Reddi (1964) claimed t o have been able to i s o l a t e v i r u s p a r t i c l e s 

from the n u c l e i of i n f e c t e d c e l l s , but found the chl o r o p l a s t f r a c t i o n of 

TMV-infected tobacco leaves to be f r e e from TMV. I n contrast, Z a i t l i n 

and Boardman (1958) demonstrated the release of small amounts of TTWV 

from the c h l o r o p l a s t f r a c t i o n of TMV-infected tobacco leaves, by 
[14 

e x t r a c t i o n w i t h a s u i t a b l e b u f f e r . L a b e l l i n g experiments w i t h |_ C 
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a s p a r t i c a c i d suggested t h a t TMV could be synthesised w i t h i n the 

c h l o r o p l a s t s , moving then i n t o the cytoplasm. Matsushita (1965) 

su b s t a n t i a t e d t h i s suggestion by demonstrating t h a t most of the 

i n f e c t i o n was observed i n the c h l o r o p l a s t f r a c t i o n f o r t y hours a f t e r 

i n o c u l a t i o n , a f t e r which i n f e c t i v i t y i n the c h l o r o p l a s t f r a c t i o n 

decreased and t h a t of the cytoplasm increased w i t h time. 

N.agaraj (1965) studied TMV antigen i n N.glutinosa leaves. Antigen 

was f i r s t detected as t i n y specks of fluorescent m a t e r i a l i n the 

cytoplasm, l a t e r forming l a r g e r masses around the c h l o r o p l a s t s . No 

antigen was detected w i t h i n the n u c l e i or c h l o r o p l a s t s . 

Shalla and Amici (1967) using e l e c t r o n microscopy to examine c e l l s 

t r e a t e d w i t h f e r r i t i n - l a b e l l e d antibody, found t h a t while most of the 

TMV p r o t e i n and a l l the v i r u s rods assembled i n the ground cytoplasm, 

there was some v i r a l p r o t e i n antigen (but no rods) i n s i d e the i n f e c t e d 

c e l l n u c l e i . They concluded t h a t TMV RNA and p r o t e i n are formed i n the 

n u c l e i , but t h a t assembly i n t o nucleoprotein p a r t i c l e s occurs i n the 

cytoplasm. 

Langenberg and Schlegel (1969) detected v i r u s p r o t e i n i n both the 

nucleus and cytoplasm, about s i x hours a f t e r TMV i n o c u l a t i o n of tobacco 

leaves. 

N u c l e i i microsomes and c h l o r o p l a s t s have therefore been equally 

suggested to be the organelles i n which TMV p a r t i c l e s or t h e i r p r o t e i n 

coats are synthesised. The discrepancies may simply be due to d i f f i c u l t i e s 

encountered i n d i s t i n g u i s h i n g between the s i t e of v i r a l p r o t e i n synthesis 
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and the s i t e of v i r u s assembly. 

Spencer and Wildman (1964) demonstrated t h a t 80% of the amino acid 

i n c o r p o r a t i n g a c t i v i t y of c e l l - f r e e e x t r a c t s of tobacco leaves was 

associated w i t h a f r a c t i o n c o n s i s t i n g of c h l o r o p l a s t s and n u c l e i . Most 

of the a c t i v i t y was associated w i t h the c h l o r o p l a s t s , Boardman et a l . , 

(1965) demonstrating t h a t t h i s a b i l i t y was due to ribosomes i n the 

c h l o r o p l a s t s . 

Amino a c i d a c t i v a t i n g enzymes were found t o be mainly i n the 

supernatant f r a c t i o n of tobacco l e a f homogenates, as measured by 

hydroxamate formation, (Hayashi, 1962), but a s i g n i f i c a n t amount was 

present i n the n u c l e i and i n the c h l o r o p l a s t f r a c t i o n . I n leaves t h a t 

had been i n f e c t e d w i t h TMV f o r 3 days, there was a 50% increase i n amino 

acid a c t i v a t i o n i n the supernatant f r a c t i o n . Takahashi and H i r a i (1966) 

found t h a t i s o l a t e d mitochondria from TMV i n f e c t e d tobacco leaves 

incorporated more amino acids i n t o p r o t e i n than d i d those from healthy 

leaves. A t present t h e i r r e s u l t s are d i f f i c u l t to i n t e r p r e t i n r e l a t i o n 

to v i r u s synthesis. 

There are two classes of l e a f ribosomes, the cytoplasmic w i t h 

S 80 and the c h l o r o p l a s t i c w i t h S 68 ( L y t t l e t o n , 1962; Clark 

e t a l . , 1964) but the possible r o l e of these two classes, i n p l a n t 

v i r u s p r o t e i n synthesis, has not been c l e a r l y established. 

Boardman e t a l . , (1966) demonstrated t h a t 70 S ribosomes were ten 

to t w e n t y - f o l d more a c t i v e i n i n v i t r o than 80 S. 

Van Kammen (1963) i n experiments w i t h TMV i n tobacco leaves, 

suggested t h a t uncoated TMV RNA may be associated w i t h the 80 S ribosomes. 
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He employed antibodies p u r i f i e d from TMV antiserum to remove TMV from 

the ribosome f r a c t i o n (which i n t u r n was i s o l a t e d by a lengthy 

sedimentation procedure). The i n f e c t i v i t y of the m a t e r i a l i n the 

ribosome f r a c t i o n was destroyed by RNase a t high concentration. There 

i s some doubt as t o whether van Kammen was studying naked RNA as 

associated w i t h the ribosomes i n v i v o , or contamination of the ribosome 

f r a c t i o n w i t h TMV which had become uncoated during the i s o l a t i o n 

procedure, (Matthews, .1970). 

S i m i l a r l y w i t h Chinese cabbage, the two species of ribosomes have 

been demonstrated,(Clark e t a l . , 1964). Reid and Matthews (1966) and 

Ushiyama and Matthews (1970) have shown t h a t TYMV i n f e c t i o n of Chinese 

cabbage has l i t t l e e f f e c t on the concentrations of 83 S ribosomes and 

f r a c t i o n I I p r o t e i n (both cytoplasmic) but the concentration of 

f r a c t i o n I p r o t e i n (from the c h l o r o p l a s t s ) i s reduced, and 68 S ribosomes 

are e l i m i n a t e d . C y t o l o g i c a l l y , TYMV causes marked abnormalities i n the 

c h l o r o p l a s t u l t r a s t r u c t u r e of i n f e c t e d c e l l s , without much a f f e c t i n g 

other c e l l s t r u c t u r e s ( C h a l c r o f t and Matthews, 1966; Chalcroft and 

Matthews, 1967 a,b; Gerola e t a l . , 1966; M i l i c i c and Stefanat, 1967; 

Reid and Matthews, 1966). Ushiyama and Matthews (1970) observed small 

v e s i c l e s i n c e l l s i n f e c t e d w i t h TYMV, and suggest t h a t the r e p l i c a t i v e 

form o f the v i r a l RNA i s located i n the p e r i p h e r a l vesicles of the 

c h l o r o p l a s t s and t h a t RNA complements move from the vesicles to the 

cytoplasm where coat p r o t e i n synthesis and p a r t i c l e assembly take place. 

One of the best ways to more c l e a r l y understand b i o l o g i c a l processes 

i s t o study them under the simplest and most c l e a r l y defined conditions 
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(Fraenkel-Conrat and Weissmann, 1968). Single c e l l s are therefore 

p r e f e r r e d t o organisms or organs, and c e l l e x t r a c t s are o f t e n of even 

more value. When Matthaei and Nirenberg (1961) established reproducible 
r i 4 1 

c o n d i t i o n s f o r the i n v i t r o study of the i n c o r p o r a t i o n of C amino 

acids i n t o polypeptides or p r o t e i n s , an avenue f o r progress was opened. 

The concept t h a t c e r t a i n types of RNA were required as templates or 

messengers t o sti m u l a t e and d i r e c t such a system was q u i c k l y confirmed 

by t h e i r c e l l - f r e e system and the sy n t h e t i c polynucleotide, p o l y u r i d y l i c 

a c i d . These authors then attempted to employ the most r e a d i l y a v a i l a b l e 

pure n a t u r a l messenger,, RNA, namely, TMV RNA,(Nirenberg and Matthaei ,1961; ), 

The f i n d i n g t h a t t h i s RNA e f f e c t i v e l y stimulated amino acid i n c o r p o r a t i o n 

i n the c e l l - f r e e Escherichia c o l i e x t r a c t s , led to repeated attempts to 

detect among the proteinac*ious products the only then known p r o t e i n 

coded by TMV RNA, namely, the TMV coat p r o t e i n (Aach et a l . , 1964; 

Tsugita e t a l . , 1962). 

I n v i t r o p l a n t v i r a l p r o t e i n synthesis:-

Nirenberg and co-workers developed an e f f i c i e n t , 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 from E. c o l i and were the f i r s t to employ 

p l a n t v i r a l RNA as a messenger i n such systems. A f t e r Nirenberg and 

Matthaei's (1961^) i n i t i a l observation that TMV RNA supported c e l l - f r e e 

p r o t e i n synthesis, Tsugita e t a l . , (1962) studied t h i s system i n some 

d e t a i l . They concluded, on the basis of the coincidence of chromatographic 
14 

p r o f i l e s of t r y p t i c peptides of the C -phenylalanine l a b e l l e d , 

TMV RNA dependent, i n v i t r o product and the known l o c a t i o n of 

phenylalanine w i t h i n TMV coat p r o t e i n t r y p t i c peptides ( and s i m i l a r l y 
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f o r t y r o s i n e ) , t h a t the i n v i t r o product(s) included TMV coat p r o t e i n . 

However, i t was noted t h a t w i l d - t y p e TMV had no h i s t i d i n e i n i t s coat 
r 14 

p r o t e i n , (Knight, 1947), y e t s i m i l a r l e v e l s of C h i s t i d i n e 

i n c o r p o r a t i o n were obtained w i t h w i l d - t y p e TMV RNA and TMV RNA from a 

mutant c o n t a i n i n g h i s t i d i n e i n i t s coat p r o t e i n . No l a b e l was found 
i n the N-terminal peptide, N - a c e t y l - s e r y l - t y r o s i n e , when inc o r p o r a t i o n 

[14 1 
of L c j t y r o s i n e i n t o the TMV RNA-dependent product, was followed 

by the a d d i t i o n of TMV coat p r o t e i n , chymotryptic d i g e s t i o n , and 

i s o l a t i o n of t h i s peptide. Only 10% of the i n v i t r o synthesised p r o t e i n 

was taken up during r e c o n s t i t u t i o n of TMV from TMV coat p r o t e i n and RNA, 

The authors i n t e r p r e t e d t h i s f i n d i n g as support f o r TMV coat p r o t e i n 

synthesis, by reasoning t h a t p a r t i a l l y synthesised coat p r o t e i n molecules 

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

TMV RNA was also employed by other workers as a messenger f o r c e l l -

f r e e p r o t e i n (e.g. Nathans et a l . , 1962). Aach et a l , , (1964) found 

no c l e a r evidence t h a t the TMV RNA-dependent i n v i t r o product p r o t e i n , 

produced by E. c o l i systems, was TMV coat p r o t e i n . This observation 

was subsequently confirmed (Schwartz, 1967). Although f2 v i r u s RNA 

d i r e c t e d the synthesis of a p r o t e i n w i t h some of the properties of f2 

coat p r o t e i n i n a c e l l - f r e e system derived from Euglena g r a c i l i s , TMV RNA 

d i r e c t e d the synthesis of a product which was other than TMV coat p r o t e i n , 

(Schwartz e t a l . , 1965). 

Ofengand and Haselkorn (1962) f i r s t reported that TYMV RNA 

serves as a messenger i n an E, c o l i c e l l - f r e e system. Kolakofsky and 

Nakamoto (1966) and Voorma and Bosch (1965) have subsequently confirmed 

t h i s f i n d i n g . To date, no workers have, however, been able t o characterise 
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the TYMV RNA-dependent i n v i t r o product p r o t e i n produced by an 

E. c o l i system as TYMV coat p r o t e i n , or any other known p r o t e i n , (Haselkorn, 

.1966). 

S i m i l a r l y , TYMV enhances amino aci d i n c o r p o r a t i o n i n a c e l l - f r e e 

system derived from r a b b i t r e t i c u l o c y t e s , ( B e t h e i l and A r n s t e i n 1965). 

The TYMV RNA-dependent product produced by t h i s system had the 1:1, 

v a l i n e t o i s o l e u c i n e r a t i o c h a r a c t e r i s t i c o f TYMV coat p r o t e i n . 

R o l l e s t o n et a l . , (1970) employed TYMV RNA i n a c e l l - f r e e system 

derived from r a t s k e l e t a l muscle, and found t h a t ribosomes from d i a b e t i c 

r a t s were less a c t i v e than normal r a t ribosomes, under TYMV d i r e c t i o n i n 

t h e i r system. 

S a t e l l i t e tobacco necrosis v i r u s (STNV) provided the f i r s t example 

where a p l a n t v i r a l RNA could be shown to code f o r the synthesis of a 

s p e c i f i c p r o t e i n . Studies of the RNA and coat p r o t e i n of STNV suggested 

t h a t i t was composed of homogeneous coat p r o t e i n molecules and a s i n g l e -

stranded monocistronic mRNA (co n t a i n i n g only enough information to code 

f o r no more than two proteins),(Reichmann 1964). Clark et a l . , (1965) 

confirmed t h i s theory i n v i t r o , employing STNV RNA i n an E. c o l i system 

the p o l y p e p t i d e m a t e r i a l obtained, on t r y p t i c d i g e s t i o n , g i v i n g a series 

of peptides s i m i l a r t o , but not i d e n t i c a l w i t h , those found i n the v i r u s 

coat p r o t e i n . 

Bosch e t a l . . (1966) demonstrated t h a t a l f a l f a mosaic v i r u s (AMV) 

RNA derived from the top component, stimulated amino acid i n c o r p o r a t i o n 

i n t o polypeptides, i n a c e l l - f r e e E . c o l i system. Characterisation of the 

i n v i t r o products revealed a s t r i k i n g s i m i l a r i t y t o the v i r a l coat p r o t e i n . 
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The. RNA f r a c t i o n , however, appeared also to govern the synthesis of 

other polypeptide m a t e r i a l , p o s s i b l y i n d i c a t i v e of f u r t h e r messenger 

a c t i v i t y . 

Stubbs and Kaesberg (1967) demonstrated t h a t unfractionated 

bromegrass mosaic v i r u s (BMV) RNA and each of i t s three n a t u r a l l y 

o c c u r r i n g components stimulated i n c o r p o r a t i o n of amino acids i n t o 

peptides i n an E. c o l i c e l l - f r e e system, although the m a j o r i t y of the 

products were not c o a t - p r o t e i n l i k e . 

Spencer and Wildman (1964) and van Kammen (1967) were unable 

to s t i m u l a t e amino aci d i n c o r p o r a t i o n i n c e l l - f r e e p l a n t systems 

(tobacco leaves) using TMV RNA although p o l y u r i d y l i c acid was a c t i v e . 

Sela and Kaesberg (1969) presented evidence t h a t TMV coat p r o t e i n 

was synthesised i n a ribosomal c e l l - f r e e system i s o l a t e d from tobacco 

c h l o r o p l a s t s , the product formed combining w i t h TMV RNA to form a 

nucleoprotein body, having p h y s i c a l , chemical and b i o l o g i c a l p r o p e r t i e s 

of a u t h e n t i c TMV. 

Marcus (1969, 1970; ,b,c) working w i t h a wheat embryo system, found 

t h a t TMV RNA stimulated amino acid i n c o r p o r a t i o n . He suggests t h a t a 

TMV RNA-ribosomal complex i s a d i r e c t precursor o f the polyribosome 

and t h a t the conversion of t h i s complex i n t o polyribosomes requires 

aminoacyl t r a n s f e r . 

From the general p a t t e r n developing, i t has been attempted t o 

ex p l a i n the r e s u l t s obtained w i t h i n v i t r o p r o t e i n synthesis d i r e c t e d 

by p l a n t v i r u s messengers. 

The RNA's of a l l b a c t e r i a l v i r u s so f a r examined contained a 
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triphosphate i n the 5' p o s i t i o n ( G l i t z , 1968; Roblin, 1968; Takanami 

1967). I n i t i a l studies on the nucleotide sequences of the 5' terminal 

ends o f p l a n t v i r a l RNA i n d i c a t e some v a r i a t i o n i n the o r i g i n a l 5' 

ter m i n a l n u c l e o t i d e sequence. TMV RNA contains an unphosphorylated 

5' t e r m i n a l adenosine (Fraenkel-Conrat and Singer, 1962) w h i l s t 

tobacco necrosis v i r u s (Lesnaw and Reichmann,1970) and STNV RNA 

contains a 5' terminal sequence of ppApGpUp... (Reichmann e t a l , , 1966; 

Wimmer and Reichmann, 1968; Wimmer e t a l , , 1968), There i s some 

i n d i c a t i o n t h a t i n i t i a t i o n of p r o t e i n synthesis need not begin w i t h 

the f i r s t t r i n u c l e o t i d e encountered a t the 5' end of the mRNA. 

S p e c i f i c a l l y , MS2, an RNA phage of E. c o l i known to i n i t i a t e p r o t e i n 

synthesis on a l l of i t s c i s t r o n s w i t h formylmethionyl tRNA (Vinuela 

et a l . , 1967) has a 5' terminal sequence of pppGpGpUp... rather than 

the expected ApUpGp.,. or GpUpGp.,,, ( G l i t z , 1968), The i d e n t i t y of the 

5' t e r m i n a l sequence i s considered to be important from the standpoint 

of t h e i r r o l e as a r e c o g n i t i o n s i t e f o r the v i r u s s p e c i f i c RNA rep l i c a s e , 

(Lenshaw and Reichmann, 1970), 

Most of the i n v i t r o studies on p r o t e i n biosynthesis, employing 

p l a n t v i r a l RNA as messenger, have u t i l i s e d E. c o l i systems, E, c o l i 

systems are known to i n i t i a t e , i n v i v o , w i t h formylmethionyl tRNA, 

(Capecchi, 1967) and i t i s probable therefore t h a t formylmethionyl tRNA 

also i n i t i a t e s i n E, c o l i i n v i t r o systems. 

The N-terminal group of the s p e c i f i c p r o t e i n ( s ) synthesised i n 

the presence of TMV RNA, by an E. c o l i system have been analysed, 

Schwartz (1967) found t h a t a high percentage of these s p e c i f i c molecules 
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terminated a t t h e i r N-terminal ends w i t h formylmethionine or 

formylmethionine con t a i n i n g peptides. A high p r o p o r t i o n of the remaining 

molecules synthesised i n v i t r o lacked the formyl group, but were otherwise 

i n d i s t i n g u i s h a b l e from the formylated p r o d u c t ( s ) . 

Hoogendam et a l . , (1968) and Reinecke et a l . , (1968) have demonstrated 

t h a t a hi g h percentage of the coat p r o t e i n molecules of AMV, synthesised 

by an i n v i t r o E. c o l i system, o r i g i n a t e at t h e i r N-terminal end w i t h 

formylmethionine. They demonstated th a t i n v i t r o t r a n s l a t i o n of the top 

component,a, of AMV by a r e c o n s t i t u t e d E. c o l i system i s dependent upon 

N ^ - f o r m y l t e t r a h y d r o f o l i c acid, 

Kolakofsky and Nakamoto (1966) f i r s t demonstrated that TYMV RNA 

i n v i t r o t r a n s l a t i o n , by an E. c o l i system was enhanced by the a d d i t i o n 

of formylmethionyl tRNA, Albrecht e t a l , , (1969) found that binding of 

formylmethionine to ribosomes by TYMV was dependent on the presence of 

ribosomal f a c t o r s , 

Schwartz (1967) demonstrated s i m i l a r l y t h a t i n v i t r o t r a n s l a t i o n of 

TMV RNA was enhanced by the a d d i t i o n of N ^ - f o r m y l t e t r a h y d r o f o l i c acid. 

A l b r e c h t e t a l , , (1969a) demonstrated t h a t ribosomal f a c t o r s F̂ ,̂ 

F and F are required f o r the binding o f formylmethionyl tRNA to 

E. c o l i ribosomes i n the presence of AMV RNA, AMV RNA can bind to 

E. c o l i ribosomes i n the complete absence of i n i t i a t i o n f a c t o r s , ( A l b r e c h t , 

1969, 1969a) such bi n d i n g not r e q u i r i n g binding of formylmethionyl tRNA e i t h e r 

( a d d i t i o n of f a c t o r s even lowering the binding of the pla n t v i r a l messenger), 

E. c o l i c e l l s depleted of f o r m y l t e t r a h y d r o f o l a t e as a r e s u l t of 
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exposure to trimethoprim, a s p e c i f i c i n h i b i t o r of d i h y d r o f o l a t e 

reductase, y i e l d c e l l - f r e e e x t r a c t s demonstrating a requirement f o r 

N^- f o r m y l t e t r a h d y r o f o l a t e during STNV RNA t r a n s l a t i o n (Clark, 1968). 

Both the a b i l i t y o f E. c o l i e x t r a c t s to synthesise, i n v i t r o , a 

m a t e r i a l i n i t i a t i n g w i t h formylmethionine and the a b i l i t y o f E. c o l i 

e x t r a c t s t o demonstrate a dependency upon the formylmethionyl tRNA or 

N^- f o r m y l t e t r a h y d r o f o l i c a c i d are a f u n c t i o n of the magnesium 

concentration employed. These s p e c i f i c syntheses and dependencies upon 

formyl or formylmethionyl donors occur, i n general, at the 'low magnesium' 

l e v e l s of 6 to 8 mM Mĝ"*" (Clark e t a l . , 1965; Hoogendam et a l . , 1968; 

Kolakofsky and Nakamoto, 1966; Reinecke e t a l . , 1968; Schwartz, 1967). 
2+ 

Higher Mg l e v e l s r e s u l t i n less dependency upon s p e c i f i c donors and 

i n v i t r o synthesis of p r o t e i n s having less c l e a r l y defined N-terminal 

groups. 

Developing seeds o f V. faba contain two major and one minor tRNA.''''̂* 

species, only one of the major species (tRNA^®*) being changed by E. c o l i 

enzyme, and n e i t h e r being formylatable. The minor species (tRNA.^®*) i s 
changed or formylated by bean or E. c o l i enzyme. Results i m p l i c a t e 

tRNA^®* i n p r o t e i n chain i n i t i a t i o n (tRNA^®"^ possibly being the i n i t i a t o r 

tRNA of c e l l o r g a n e l l e s ) , (Yarwood et a l . , 1971). 

I t may be t h a t i n v i t r o t r a n s l a t i o n of p l a n t v i r a l RNA's i n 

E. c o l i c e l l - f r e e systems forces the i n v i t r o t r a n s l a t i o n of p l a n t 

v i r a l messengers by E. c o l i r u l e s . I t i s suggested there f o r e , 

2+ 

t h a t a t low Mg concentration, the E. c o l i system scans down from 

the 5' end o f the p l a n t v i r a l RNA u n t i l the f i r s t E. c o l i 
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i n i t i a t o r codon i s found (AUG or GUG), I f t h i s codon i s i n phase, 

c o r r e c t reading frame i s established and a recognisable p r o t e i n i s 

produced. I f i n c o r r e c t (missence) reading frame i s established, an 
2+ 

unrecognisable p r o t e i n i s produced. Higher Mg enhance mistakes i n 

t h i s system. Two kinds of mistake are suggested, namely that the system 

w i l l e i t h e r i n i t i a t e a t the f i r s t AUG or GUG w i t h methionyl tRNA rather 

than formylmethionyl tRNA or tha t the - system w i l l i n i t i a t e randomly 

w i t h various aminoacyl or N-acetyl-aminoacyl tRNA's,(Reichmann and Clark 

;i968). 

Experimental evidence somewhat supports these hypotheses i n that 

TMV and TYMV RNA's i n E. c o l i systems y i e l d m a t e r i a l s that cannot be 

characterised as the coat p r o t e i n of the respective v i r u s . The products 

could be missence products derived from forced i n i t i a t i o n a t the f i r s t AUG 

or GUG, but they could be, as suggested by Schwartz (1967), products 

repre s e n t i n g p r e f e r e n t i a l t r a n s l a t i o n of c i s t r o n s not coding f o r coat 

p r o t e i n . 

I t has been assumed t h a t i t i s the plus v i r u s strand t h a t acts as 

the messenger i n v i v o , r a t h e r than the complementary minus strand, i n 

p r o t e i n biosynthesis, Schwartz (1967) suggested t h a t i n v i t r o synthesis 

of coat p r o t e i n s may be impossible i n a system l a c k i n g a rep l i c a s e , due 

to the f a c t t h a t the coat p r o t e i n c i s t r o n s are a component of the minus 

strand o f the RNA r e p l i c a t i v e form. P a r t i a l c h a r a c t e r i s a t i o n of a p r o t e i n 

synthesised i n v i t r o as v i r a l coat (van Ravenswaay Claasen et a l . , 1967) 

does suggest th a t i t i s the plus strand t h a t i s read as messenger, however. 

Double-stranded v i r a l RNA's would not be expected to act as messenger RNA, 

and t h i s lack of a c t i v i t y has been shown f o r r i c e dwarf v i r u s RNA, (Miura 
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and Muto, 1965). 

I n c o n t r a s t to the TMV and TYMV systems, STNV and AMV top 

component y i e l d , i n v i t r o , i n E. c o l i systems, materials characterised 

as the coat p r o t e i n of the respective v i r u s (Clark e t a l . , 1965; van 

Ravenswaay Claasen et a l . , 1967). These could r e f l e c t the for t u n a t e 

occurrence where scanning o f the RNA's from t h e i r 5' ends i n search 

of the f i r s t AUG or GUG leads to the establishment of correct reading 

frame and synthesis of a recognisable coat p r o t e i n . 

The above theory i s also generally supported by the various e f f e c t s 
2+ 

noted as a f u n c t i o n of the i n v i t r o Mg i o n concentration. Dependence 
of the i n v i t r o t r a n s l a t i o n upon formyl or formylmethionyl donors 

2+ 

decreases w i t h higher Mg concentrations (Clark, 1968; Hoogendam et a l . , 

1968; Kolakofsky and Nakamoto, 1966; Reinecke e t a l . , 1968; Schwartz,1967) 

suggesting t h a t i n i t i a t i o n 'mistakes' i n v o l v i n g i n i t i a t i o n s other than 

those employing formylmethionyl tRNA are encouraged. Studies w i t h AMV 

RNA of the top component i n d i c a t e t h a t s p e c i f i c mistakes such as binding 

of N-acetylphenylalanyl tRNA ( i . e . formation of i n i t i a l N-aminoacyl tRNA, 

mRNA, ribosome complexes) and i n c o r p o r a t i o n of N-acetylphenylalanine 
2+ 

are increased a t higher Mg concentrations,(Verhoef e t a l . , 1967). 
Reinecke (1967) found t h a t the l a b e l was incorpoated i n t o polypeptide 

[14 1 

during i n c u b a t i o n of N-acetyl- C phenylalanyl-tRNA w i t h a c e l l f r e e 

system o f E. c o l i programmed w i t h top a AMV RNA.- STNV RNA f a i l e d to 
r 14 1 

promote i n c o r p o r a t i o n of l a b e l from N-acetyl- C phenylalanyl-tRNA 
r i 4 

but d i d s t i m u l a t e t h a t from C phenylalanyl-tRNA, i n d i c a t i n g that 

d e a c y l a t i o n does not occur under the conditions of the incubations 
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(12 mM Mg^"^), TYMV RNA binds to a number of aminoacyl-tRNA's whereas 

AMV RNA only binds phenylalanyl and valyl-tRNA's, and STNV does not bind 

any,(Bosch, 1967). 

With recent advances, our present knowledge of the i n t e r a c t i o n 

o f v i r u s e s and c e l l s has developed to the p o i n t where a t t e n t i o n i s now 

being focused on p a r t i c u l a r events a t the l e v e l of v i r u s and host c e l l 

macromolecules. To t h i s end, i n v i t r o experimental systems have been 

developed to examine such problems as v i r a l i n h i b i t i o n of host 

macromolecular synthesis, r e p l i c a t i o n of v i r a l n u c l e i c acids, t r a n s l a t i o n 

o f the v i r a l genome i n t o f u n c t i o n a l p r o t e i n s and the assemblyof v i r a l 

polypeptides i n t o infecticus p a r t i c l e s . 

Although much of the e a r l y work on morphology and chemical 

composition of viruses was c a r r i e d out w i t h p l a n t viruses, because of 

inherent d i f f i c u l t i e s only b a c t e r i a l and animal viruses have been 

employed to advantage i n i n v i t r o p r o t e i n synthesising systems. The 

widespread presence of phenolic m a t e r i a l , nucleases, strong c e l l u l o s e 

w a l l s and d i f f i c u l t i e s i n uniformly i n f e c t i n g and l a b e l l i n g large 

numbers of p l a n t c e l l s , have l i m i t e d p l a n t systems i n such i n v e s t i g a t i o n s . 

Most workers t h e r e f o r e , i n attempting to demonstrate pl a n t v i r a l coat 

p r o t e i n synthesis i n v i t r o have used ribosomes, tRNAs and enzyme from a 

b a c t e r i a l source ( u s u a l l y E. c o l i ) . At l e a s t some (but not a l l ) of the 

p r o t e i n s made i n v i t r o have been shown to be s i m i l a r to coat p r o t e i n s of 

the r e s p e c t i v e v i r u s used. 

Recently a f u r t h e r step has been taken i n regards to the study of 
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assembly i n v i t r o , 6 e l a and Kaesberg, ,1969), by u t i l i s i n g p r o t e i n 

synthesised i n v i t r o and studying i t s f u r t h e r assembly i n v i t r o . A 

f u r t h e r advance on these l i n e s would be the coupling of an i n v i t r o 

RNA-synthesising system to such a p r o t e i n synthesising system, to 

determine i f both v i r a l RNA and p r o t e i n synthesised i n v i t r o can be 

assembled i n t o i n t a c t i n f e c t i v e v i r u s . 

As a p r e l i m i n a r y t o such experiments and the possible e l u c i d a t i o n 

of some of the f a c t o r s a f f e c t i n g the i n f e d t i o n process, an i n v i t r o 

p r o t e i n synthesising system has been developed employing TYMV RNA and 

Brassica chinensis ribosomes, enzyme and tRNA. 

TYMV was chosen as the source of v i r a l RNA a f t e r a review of the 

l i t e r a t u r e t o f i n d a v i r u s t h a t could be both e a s i l y c u l t u r e d and i s o l a t e d . 

The f o l l o w i n g pages o u t l i n e some of the problems encountered 

i n the attainment and development of t h i s i n v i t r o system. 



49 

MATERIALS AND METHODS 

1. B i o l o g i c a l M a t e r i a l s : 

(a) Chinese cabbage seed (Brassica chinensis L., var. C h i h l i , 

Pte Sai and Wong Bok) was obtained fiom Thompson and Morgan (Ipswich) 

L i m i t e d . Plants were grown from seed, i n an insect-proofed area 

under normal greenhouse c o n d i t i o n s , at the U n i v e r s i t y of Durham Botanic 

Gardens. Storage of the seed at room-temperature f o r three years had 

l i t t l e e f f e c t on v i a b i l i t y , 

( i ) The seeds were sown e i t h e r s i n g l y i n t o s t e r i l e John Innes 

Number 1 p o t t i n g compost, or 'broadcast' i n John Innes seedling compost. 

Seedlings from 'broadcast' sowings were 'pricked-out', at a s u i t a b l e 

stage i n development, i n t o i n d i v i d u a l pots containing John Innes 

Number 1 or Number 2 p o t t i n g compost (growth i n Number 1 or 2 composts 

showed l i t t l e v a r i a t i o n and the r e f o r e Number 1 was used r o u t i n e l y ) . 

Plants sown s i n g l y were found to take longer t o grow and produce 

sturdy p l a n t s than those broadcast sown and subsequently planted-out 

i n d i v i d u a l l y . The former method was used whenever possible, however, to 

reduce the time and e f f o r t involved i n p l a n t c u l t i v a t i o n . 

Growth i n p l a s t i c pots was found to be b e t t e r than growth i n 

t r a d i t i o n a l clay pots (probably as the round or square p l a s t i c pots 

r e t a i n e d s o i l moisture longer than d i d the c l a y ) . Adequate watering was 

found to be e s s e n t i a l t o maintain sturdy growth and overwatering was 

not found t o be a problem. 

The p l a n t s were grown at a temperature of 20-25°C, i n a heated 

greenhouse, throughout the year, the l i g h t being supplemented 
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a r t i f i c i a l l y from November to May. Under a r t i f i c i a l l i g h t conditions, growth 

was retarded ( e s p e c i a l l y i n i n f e c t e d p l a n t s ) u n t i l n a t u r a l d a y l i g h t 

increased. 

P l a n t s , or l e a f m a t e r i a l , were harvested i n the morning, and the 

age as given i n the t e x t r e f e r s to the age of the plants from the time 

of sowing. Plant m a t e r i a l of the same age and of s i m i l a r l e a f size was 

taken t o a i d i n s t a n d a r d i s a t i o n . 

Growth of uninfected p l a n t s out of doors was attempted, during 

the summer months, but was abandoned a f t e r the f i r s t few crops were 

eaten by r a b b i t s . 

( i i ) C e rtain p l a n t s were allowed to go t o seed, and the seed pods 

harvested immediately before use. The seeds were removed from the pods 

and used f o r experimental purposes (although not f o r the growth of 

stock p l a n t s ) . 

( i i i ) Dry seeds of B. chinensis var. Wong Bok were washed i n tap 

water and then r i n s e d three times i n s t e r i l e water, before being sown 

d i r e c t l y onto absorbent paper t o w e l l i n g (which l i n e d the bases of 

s t e r i l i s e d p l a s t i c t r a y s ) . The seeds were covered w i t h a f u r t h e r layer 

of paper which was moistened w i t h s t e r i l e water, by means of a f i n e 

spray. 

The seeds were allowed to germinate i n the dark at 25°C, f o r 

var y i n g periods, u n t i l the cotyledons had developed (but before they 

had changed colour from yellow to green). A f a i r l y constant humidity was 

maintained throughout germination by covering the t r a y s w i t h a black 
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polythene-sheeting enclosure. 

Any m a t e r i a l showing the s l i g h t e s t sign of i n f e c t i o n was 

discarded (although i n f e c t i o n was very r a r e l y noted during the 

inc u b a t i o n period, or f o r some time aft e r w a r d s ) . 

A f t e r f i v e t o s i x days, the seedlings were 2-3 cm i n length, 

and the f i r s t p a i r of t r u e leaves were j u s t becoming evident. 

( i v ) Dry seeds of B. chinensis var. Wong Bok, were washed and 

r i n s e d i n s t e r i l e water p r i o r to being sown d i r e c t l y i n t o v e r m i c u l i t e 

(contained i n s t e r i l i s e d p l a s t i c t r a y s ) . The v e r m i c u l i t e was 

subsequently moistened w i t h s t e r i l e water, and covered w i t h absorbent 

paper t o w e l l i n g . 

The t r a y s were covered w i t h black polythene-sheeting and the 

temperature of incubation was maintained at 25°C, 

(v) I n some experiments, procedure ( i v ) was modified i n t h a t 

absorbent paper t o w e l l i n g was not placed d i r e c t l y over the seeds ( i . e . , 

on the v e r m i c u l i t e s u r f a c e ) , but was suspended some 5 cm above the seeds. 

This f a c i l i t a t e d removal of the seedlings from the v e r m i c u l i t e , whereas 

i n method ( i v ) they tended t o become attached t o , or interwoven i n , 

the paper t o w e l l i n g . B e t t e r germination r e s u l t e d , however, when method 

( i v ) was employed. 

(b) Seeds of V i c i a faba L. var. T r i p l e White were obtained from the 

Tyneside Seed Company, Gateshead, and pl a n t s were again grown a t the 

U n i v e r s i t y of Durham Science Laboratories. 
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( i ) Seeds were sown i n pots during February and were maintained 

i n heated greenhouses u n t i l the young p l a n t s were transplanted i n t o the 

open ground, a t the end of March. Any sowings made a f t e r t h i s date 

were made d i r e c t l y i n t o the open ground. Plants grown out of doors were 

used as a source f o r large scale e x t r a c t i o n procedures. 

The p l a n t s were observed d a i l y , and t o i n d i c a t e the age of the 

pods, the flowers were d a t e - l a b e l l e d on the f i r s t day they were f u l l y 

open. P o l l i n a t i o n was assumed to occur on the same day as the flower 

opening. Previous work (Wheeler, 1965) has shown that t h i s method gives 

m a t e r i a l which i s on average of the same age. 

Immediately before use the pods were harvested, care being taken 

to sample pods of s i m i l a r s i z e . Standardisation was c a r r i e d f u r t h e r 

by s e l e c t i n g seeds of the same size from the c o l l e c t e d pods. The age of 

the pods given i n the t e x t r e f e r s to the number of days of pod development 

a f t e r the f u l l opening of the flower. 

( i i ) Using standard growth c o n d i t i o n s , pot grown plants were 

maintained under greenhouse co n d i t i o n s . •> Under these conditions, w h i l s t 

growing i n p l a s t i c p l a n t pots, the bean p l a n t s flowered and set seed. These 

p l a n t s were used f o r i n o c u l a t i o n experiments. 

When grown under a mixture of n a t u r a l and a r t i f i c i a l l i g h t , bean 

p l a n t s were not a f f e c t e d t o the same extent as B, chinensis, and t h e i r 

growth was r e a d i l y maintained throughout the w i n t e r months, 

( i i i ) Dry seeds o f V, faba var. T r i p l e White were washed t o remove 

surface d i r t . They were imbibed i n running tap-water f o r 24 h p r i o r to 
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surface ' s t e r i l i s a t i o n ' by shaking, f o r two min i n c h l o r i n a t e d lime 

s o l u t i o n . The lime wash was decanted and the seeds washed w i t h s t e r i l e 

water u n t i l the smell of c h l o r i n e was j u s t p e r c e p t i b l e . The seeds were 

then sown i n rows on absorbent paper (which l i n e d the bases of s t e r i l e 

p l a s t i c t r a y s ) . The seeds were covered w i t h paper and thoroughly 

soaked w i t h s t e r i l e water. The t r a y was covered w i t h black polythene 

sheeting and the germination temperature was maintained at 25°c. 

Germination was allowed to proceed f o r f i v e days, care being 

taken t o remove any seeds showing signs of i n f e c t i o n . A f t e r f i v e days 

the plumules emerged from beneath the testas and were about 5 mm i n length. 

( c ) Samples of t u r n i p yellow mosaic v i r u s (TYMV) i n f e c t e d m a t e r i a l 

were k i n d l y supplied as f o l l o w s : -

( i ) Sample from Dr. J. Bove, 

Chef duc Service de Biochlmie, 

I.F.A.C., 

S t a t i o n Centrale de Physiologie Vegetale, 

Route de St. Cyr, 

V e r s a i l l e s , FRANCE. 

This sample of i n f e c t e d Chinese cabbage p l a n t r e a d i l y i n f e c t e d t e s t 

p l a n t s , the systemic symptoms appearing f i r s t i n the hearts of the r o s e t t e . 

I n f e c t i o n produced by t h i s ' i s o l a t e ' appeared sooner and k i l l e d the 

p l a n t s quicker than the other i s o l a t e s (the other i s o l a t e s very r a r e l y 

k i l l i n g t h e i r h o s t s ) . 
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( i i ) Sample from Dr. G. B e l l i , 

I s t i t u t o d i Patologia Vegetale, 

Milan, ITALY. 

This sample, c u l t u r e d i n I t a l y , o r i g i n a l l y came from Dr. K.M, Smith 

when working i n Cambridge, 

( i i i ) Sample from Dr. E.M.J. Jaspers, 

Biochemisch Laboratorium R i j k s u n i v e s i t e i t , 

Leiden, THE NETHERLANDS. 

This s t r a i n i s i d e n t i c a l w i t h the "type-strain' of Symons et a l , , (1963), 

( i v ) Sample from Professor R.E.F, Matthews, 

Department o f C e l l Biology, 

The U n i v e r s i t y of Auckland, 

NEW ZEALAND. 

This s t r a i n came from the stock c u l t u r e i n Cambridge ( i n 1956). 

Most samples appeared to have come o r i g i n a l l y from the type 

s t r a i n as described by Markham and Smith (1949) (but see Matthews and 

Ralph, 1966), 

(v ) Sample from Professor R.- Markham, 

John Innes I n s t i t u t e , 

Colney Lane, 

Norwich, ENGLAND. 

This i s the o r i g i n a l 'type s t r a i n ' , or one cl o s e l y resembling i t 

(Matthews and Ralph, 1966). 
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Turnip yellow mosaic v i r u s (synonyms, Newcastle ( t u r n i p ) v i r u s 

- C r o x a l l e t a l . , 1953; Brassicavirus octahedron - Roland, 1959') 

i s s e r o l o g i c a l l y r e l a t e d to w i l d cucumber mosaic and cacao yellow 

vi r u s e s (Martyn, 1968). 

Most experiments were performed using c u l t u r e s o r i g i n a t i n g from 

the New Zealand i s o l a t e . This i s o l a t e gave symptoms i n d i s t i n g u i s h a b l e 

from those o r i g i n a l l y described f o r the v i r u s (Markham and Smith, 1949; 

Reid and Matthews, 1966). 

TYMV stock c u l t u r e s were maintained by i n o c u l a t i n g B. chinensis 

p l a n t s grown under standard condi t i o n s . About two to three weeks after sowing, 

when the f i r s t t r u e leaves of the seedlings were r a p i d l y expanding, the 

seedlings were inoculated mechanically w i t h a suspension of TYMV. 

The inoculum used was e i t h e r a p u r i f i e d v i r a l suspension or crude 

i n f e c t e d l e a f - sap. P r i o r to any i n o c u l a t i o n , the leaves of the plants 

were l i g h t l y s p r i n k l e d w i t h f i n e carborundum powder ( t o act as a mi l d abrasive 

and so t o allow easier p e n e t r a t i o n of the leaves by the v i r u s ) , a f t e r 

p r e l i m i n a r y cleaning of the leaves w i t h s t e r i l e water. I t was found 

more e f f i c i e n t to s p r i n k l e the leaves than t o g r i n d the inoculum with 

carborundum as suggested by Jaspars (1969). 

The inoculum was applied d i r e c t l y to the l e a f surface w i t h the 

f o r e f i n g e r . I t was found t h a t consistent r e s u l t s could be obtained 

using the same f o r e f i n g e r (probably as experience was gained as t o the 

degree of pressure to apply so as not t o damage the leaves too s e r i o u s l y ) . 

A f t e r applying the inoculum, there was a two min time lapse before 

l i g h t l y spraying the leaves, f o r 10 sec, w i t h s t e r i l e water ( t o remove 

excess inoculum). 
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When employing p u r i f i e d TYMV suspensions, i t was found necessary 

to w e l l r i n s e the leaves to prevent scorching by NaCl or T r i s b u f f e r s . 

Aqueous suspensions (wi t h o u t b u f f e r ) d i d not cause scorching, 

TYMV RNA was s i m i l a r l y employed as an inoculum, A soaked 

absorbent gauze pad was used t o apply the nucl e i c acid to avoid RNase 

contamination ( l i k e l y t o occur i f the RNA was applied w i t h the f o r e f i n g e r ) , 

The v i r u s and nu c l e i c a c i d were s i m i l a r l y applied to the leaves 

of 45 - 50 day-old (from p l a n t i n g ) V, faba p l a n t s grown i n the greenhouse. 

I n o c u l a t i o n was performed by gently rubbing the l e a f surface, by dipping 

the damaged l e a f i n t o the inoculum or by i n j e c t i o n of the ma t e r i a l i n t o 

a l e a f vein or i n t o the main p l a n t stem. V i r a l RNA was applied t o 

broken l e a f edges or t o the l e a f laminae by means of an absorbent gauze 

pad. 

Various combinations of bean and Chinese cabbage l e a f e x t r a c t s , 

i n f e c t e d and uninfec t e d , were used as inoculum sources, these combinations 

being discussed f u r t h e r under l a t e r headings. 

A l l apparatus was thoroughly cleaned and whenever p r a c t i c a b l e heat 

s t e r i l i s e d , t o ensure no accidental carry-over of TYMV between t e s t plants. 

Throughout a l l i n o c u l a t i o n s , f o r c o n t r o l purposes, comparable 

p l a n t s were rubbed w i t h b u f f e r or uninfected l e a f sap only, to simulate 

i n o c u l a t i o n . 

I t was found t h a t a t l e a s t 50% of the v i r u s suspensions used as 

sources of inocula were v i a b l e a f t e r 2 yr storage a t 4°C. The degree of 

i n f e c t i v i t y was, however, somewhat reduced. A six-month o l d freeze-dried 
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i n f e c t e d l e a f sample provided by Dr. Jaspars i n 1969, was found to 

be i n f e c t i v e . 

Freezing of i n f e c t e d l e a f samples, although suggested as a 

means of v i r a l storage ( B e l l i , 1969) was only used as a safeguard 

over the w i n t e r months, to maintain the stock c u l t u r e s i n the event of 

t o t a l p l a n t loss. Fresh v i r a l e x t r a c t s were normally used f o r a l l other 

experimental purposes, 

(d) Leaves from radish p l a n t s , Raphanus sativus var. Scarlet 

Marvel (R. & G. Cuthbert, Goff's Oak, Herts.) were employed i n one 

experiment. 

2. Chemicals and Reagents 

Except where l i s t e d , chemicals were obtained from B r i t i s h Drug 

Houses (BDH) Chemicals Li m i t e d , Poole, Dorset, and were of a n a l y t i c a l 

grade when a v a i l a b l e . 

Adenosine-5'-triphosphate (disodium s a l t ) (ATP) 

Bovine serum albumin ( f r a c t i o n V) 

Cadaverine d i h y d r o c h l o r i d e 

Creatine phosphokinase 

Guanosine-5'-triphosphate (sodium s a l t ) (GTP) 

Phosphocreatine (disodium s a l t ) 

P o l y u r i d y l i c a c i d (potassium s a l t ) 

Putrescine d i h y d r o c h l o r i d e 

Ribonuclease-A (75 units/mg from bovine pancreas, 5 x c r y s t a l l i s e d ) 
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Spermidine t r i h y d r o c h l o r i d e 

Spermine t e t r a h y d r o c h l o r i d e 

were obtained from Sigma Chemical Company Lim i t e d , London. 

2,5-diphenyloxazole (PPO) 

L-glutathione (reduced) 

1,4-di- 2-(5-phenyloxazolyl) benzene (POPOP) 

were obtained from Koch-light Laboratories, Colnbrook, Bucks. 

L-amino acids ('A' grade) were obtained from C a l i f o r n i a Corporation 

f o r Biochemical Research, Los Angeles, U,S,A, 

Orc i n o l was obtained from Hopkins and Williams Limited, Chadwell 

Heath, Essex. 

Bakers yeast soluble RNA was obtained from Boehringer and Soehne 

GmbH, Mannheim, Germany. 

Napthalene blue black (Michrome no. 1113) 

Xylene b r i l l i a n t cyanin G (Michrome no, 1224) 

were obtained from Edward Gurr Limited, London. 

F e r r i c c h l o r i d e (FeCl . H 0) was obtained from May and Baker Limited, 
3 6 2 

Dagenham, Essex. 

Labelled amino acids were obtained from the Radiochemical Centre, 

Amersham, Bucks, and were 

Amino acid-C14(U) mixture (Table 1 ), s p e c i f i c a c t i v i t y 52mCi/mAtom 
Carbon 

DL-Arginine-1-C14 monohydrochloride,sp. a c t i v i t y 10.7 mCi/mM 
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Ta b l e 1 

C o m p o s i t i o n o f Amino Acid-C14(U) M i x t u r e 

L-amino a c i d s i s o l a t e d from C h l o r e l l a p r o t e i n h y d r o l y s a t e and p u r i f i e d 

by i o n exchange and paper chromatography. The amino acid-C14(U) 

m i x t u r e compounded f r o m t h e i n d i v i d u a l amino a c i d s was composed o f 

( c o m p o s i t i o n by a c t i v i t y ) : 

L - a l a n i n e 10% L - l y s i n e 5.5% 

L - a r g i n i n e h y d r o c h l o r i d e 6.5% L - p h e n y l a l a n i n e 7.0% 

L - a s p a r t i c a c i d 9.0% L - p r o l i n e 6.0% 

L - g l u t a m i c a c i d 12.5% L - s e r i n e 5.0% 

G l y c i n e 5.0% L - t h r e o n i n e 6.0% 

L - l e u c i n e 12.0% L - t y r o s i n e 3.5% 

L - i s o l e u c i n e 5.0% L - v a l i n e 7.0% 

Code CFB. 104 R a d i o a c t i v e : ml/mCi. 

S p e c i f i c a c t i v i t y 52 mCi/mAtom carbon. 
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L - A s p a r t i c a c i d - C 1 4 ( U ) , s p e c i f i c a c t i v i t y 8.7 mCi/mM 

DL-Glutamic a c i d - l - C 1 4 , s p e c i f i c a c t i v i t y 23.6 mCi/jnM 

DL-Leucine-1-C14, s p e c i f i c a c t i v i t y 55 mCi/mM 

L-Lysine-C14(U) m o n o h y d r o c h l o r i d e , sp a c t i v i t y 301 mCi/mM 

D L - 3 - p h e n y l ( a l a n i n e - l - C 1 4 ) , s p e c i f i c a c t i v i t y 48 mCi/mM 

DL-Valine-1-C14, s p e c i f i c a c t i v i t y 48 mCi/mM 

Chlor.;amphenicol was o b t a i n e d f r o m Parke, Davis and Company, 

P o n t y p o o l , Mon. 

C e t y l t r i m e t h l y a m m o n i u m bromide ( C e t r i m i d e ) was o b t a i n e d from 

I . e . I . L i m i t e d , M a c c l e s f i e l d , Cheshire. 

Oxoid N u t r i e n t B r o t h No. 2 was o b t a i n e d from Oxoid L i m i t e d , 

London, and Davis S t a n d a r d Agar, from Davis G e l a t i n e L i m i t e d , Wanvick. 

V e r m i c u l i t e ( V e r i - G r o ) was o b t a i n e d f r o m Pan B r i t a n n i c a I n d u s t r i e s 

L i m i t e d , Waltham Abbey, Essex. 

V i s k i n g d i a l y s i s t u b i n g was o b t a i n e d from S c i e n t i f i c I n s t r u m e n t 

C e n t r e L i m i t e d , London. 

Whatman 3MM paper and DEAE c e l l u l o s e were o b t a i n e d from H. Reeve 

A n g e l and Company, London. 

Reagents and S o l u t i o n s : 

Phosphate b u f f e r r e f e r s t o an 8:2 m i x t u r e o f Na^HPO^:KH^PO^ u n l e s s 

o t h e r w i s e s t a t e d (pH 7.4 a t 20°C). 

C h l o r i n a t e d l i m e s o l u t i o n was p r e p a r e d f r e s h f o r each o p e r a t i o n , and 

c o n t a i n e d a p p r o x i m a t e l y 2,500 ppm o f a v a i l a b l e c h l o r i n e . 
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C h l o r i n a t e d l i m e 1.25 g 

B o r i c a c i d 1.25 g 

Water t o 100 ml 

S o l u t i o n s f o r Lowry's F o l i n Method f o r P r o t e i n D e t e r m i n a t i o n 

( a ) F r e s h l y p r e p a r e d f o r each s e t o f d e t e r m i n a t i o n s , a w o r k i n g 

s o l u t i o n c o n t a i n i n g 

1ml 1 % (w/v) copper s u l p h a t e 

1ml 2% (w/v) sodium p o t a s s i u m t a r t r a t e 

50ml 2% (w/v) sodium c a r b o n a t e i n O.IN NaOH 

( b ) F o l i n - C i o c a l t e u ' s p h e n o l r e a g e n t (used d i l u t e d 1:1 w i t h w a t e r ) 

S o l u t i o n s f o r t h e O r c i n o l D e t e r m i n a t i o n o f RNA 

5% (w/v) t r i c h l o r o a c e t i c a s id 

10% (w/v) r e c r y s t a l l i s e d o r c i n o l i n e t h a n o l 

0 . 1 % (w/v) FeCl-.-H„0 i n c o n c e n t r a t e d HCl 
•i b Z 

S c i n t i l l a t i o n F l u i d 

PPO 4.5 g 

POPOP 0.1 g 

Toluene t o 1 1 

S o l u t i o n s f o r B r a m h a l l ' s Method o f P r o t e i n D e t e r m i n a t i o n 

( a ) lOmg/ml x y l e n e b r i l l i a n t c y a n i n G i n 7% ( v / v ) a c e t i c a c i d 

D e s t a i n s o l u t i o n : 66 ml methanol: 34ml water:1ml c o n c e n t r a t e d 

amnonia. 
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( b ) lOmg/ml n a p t h a l e n e b l u e b l a c k i n 1:4:5 ( v : v : v ) a c e t i c a c i d : 

m e t h a n o l : w a t e r . 

D i e r e l e a s e s o l u t i o n : 0.05 N NaOH. 

N u t r i e n t Agar 

Oxoid n u t r i e n t b r o t h No. 2 25 g 

Da v i s s t a n d a r d agar 20 g 

Water t o 1 1 

M a l t Agar 

M a l t e x t r a c t 20 G 

Dav i s S t a n d a r d agar 18 G 

Water t o 1 1 

S o l u t i o n s f o r P o l y a c r y l a m i d e Gel 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 

Lo e n i n g (1967, 1968) and s t o r e d i n s e a l e d c o n t a i n e r s i n t h e absence 

o f l i g h t . 

( a ) 2-5% Stock 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 l a m i d e 0.75 g 

Water t o 100 ml 

( b ) S t o c k 'E' B u f f e r (5x c o n c e n t r a t e d ) 

NaH PO . Ĥ O 150 mM 
2 4 2 ^ 

d i s o d i u m EDTA. H 0 5 mM ^ 2 
T r i s - r a c e t i c a c i d b u f f e r 180 mM (pH 7,6 a t room temp) 
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( c ) P r e p a r a t i o n o f Gels 

S t o c k a c r y l a m i d e s o l n . 

S t o c k 'E' b u f f e r 

Water 

2.2% 2. 4% 

5.0 ml 5, 0 ml 

6.8 ml 6. 25 ml 

22.0 ml 19. 7 ml 

3. General Procedures F o l l o w e d D u r i n g P r e p a r a t i o n o f M a t e r i a l s , and 
E x t r a c t i o n Procedures: 

Unless o t h e r w i s e s t a t e d , t h e f o l l o w i n g p o i n t s s h o u l d be borne i n 

mind when r e a d i n g t h e t e x t . 

o 

Water used was d i s t i l l e d , s t e r i l i s e d by a u t o c l a v i n g a t 115 C 

(10 l b . p e r sq. i n ) , f o r a t i m e s u f f i c i e n t t o ensure t h a t t h e whole o f t h e 

w a t e r i n t h e s e a l e d c o n t a i n e r was m a i n t a i n e d a t t h a t t emperature f o r 30 min. 

S o l u t i o n s were p r e p a r e d , a s e p t i c a l l y , u s i n g t h i s w a t e r , and were 

s t o r e d a t 0-5°C whenever p r a c t i c a b l e . 

Glassware and a p p a r a t u s used t o p r e p a r e o r t o s t o r e s o l u t i o n s , was 

s t e r i l i s e d by an a p p r o p r i a t e method, e.g., glassware and wedgewood m o r t a r s 

were d r i e d and t h e n h e a t e d t o and m a i n t a i n e d a t 160°C f o r 2-3 h r . 

O p e r a t i o n s and p r o c e d u r e s , where p r a c t i c a b l e , were c a r r i e d o u t i n 

a c o l d - r o o m m a i n t a i n e d a t 4°C, o r i n i c e - b a t h s a t c. 0°C (pH b e i n g 

d e t e r m i n e d a t 4°C). 

G e n e r a l l y , c e n t r i f u g a t i o n s were c a r r i e d o u t a t 2-4°C and a l l 'g' 
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v a l u e s r e f e r t o v a l u e s d e t e r m i n e d a t t h e base o f t h e c o n t a i n e r . 

Where a p p r o p r i a t e , d i s p o s a b l e p o l y t h e n e g l o v e s were worn t o 

m i n i m i s e c o n t a m i n a t i o n o f e x t r a c t s e t c . , w i t h exogenous RNase. 

D e t e r m i n a t i o n o f P r o t e i n : 

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

(1951) ( c a l i b r a t i o n graph f i g . 1 ) o r by t h e method o f Br a m h a l l e t a l . , 

( 1 9 6 9 ) ( c a l i b r a t i o n graphs f i g s . 2A, 2B ) u s i n g b o v i n e serum albumin as 

a c a l i b r a t i o n s t a n d a r d . 

D e t e r m i n a t i o n o f R i b o n u c l e i c A c i d : 

RNA was d e t e r m i n e d by t h e o r c i n o l method o f Mejbaum (1939) as 

d e s c r i b e d by Campbell and Sargent (1967) u s i n g E. c o l i RNA as 

c a l i b r a t i o n s t a n d a r d , ( f i g . 3 ) . 

The c o n c e n t r a t i o n o f microsomal suspensions, s o l u t i o n s o f RNA e t c . , 
260 were a l s o d e t e r m i n e d f r o m E measurements o f s u i t a b l e d i l u t i o n s 1cm 

(assuming an o p t i c a l d e n s i t y o f 11.3 f o r a 1 mg/ml suspension o f 

microsomes (T'so and V i n o g r a d , 1961), an o p t i c a l d e n s i t y o f 24 f o r a 

1 mg/ml s o l u t i o n o f tRNA (Yarwood, 1968) and an o p t i c a l d e n s i t y o f 23 

f o r a 1 mg/ml s o l u t i o n o f TYMV RNA ( H a s e l k o r n , 1 9 6 2 ) ) . 

C o u n t i n g o f B a c t e r i a : 

Samples o f s o l u t i o n s , r e a c t i o n m i x t u r e s e t c . , were ta k e n and 

d i l u t e d , where n e c e s s a r y , w i t h J s t r e n g t h R i n g e r s s o l u t i o n . I n o c u l a t i o n s 

were made by s t a n d a r d t e c h n i q u e s o n t o n u t r i e n t agar and m a l t agar p l a t e s , 

i n c u b a t i o n s b e i n g a t 30°C and 22°C r e s p e c t i v e l y . P l a t e e x a m i n a t i o n was 

made a f t e r 48 h i n c u b a t i o n and t h e n a t 24 hour i n t e r v a l s f o r 5 days. 
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F i g . 1 . C u l l b r u t l o n c urves f o r the e s t i m a t i o n of p r o t e i n 

by the method of Lowry e t a l . (1951) 

0.05 H 
0.04 h 

; 750 
•1cm 

0.03 h 

0.02 h 

0.01 h 

6 8 
fjg protein 

:750 
• Icm 

fjg protein 

T y p i c a l c a l i b r a t i o n c u r v e s f o r t h e d e t e r m i n a t i o n o f 
p r o t e i n , s t a n d a r d s o l u t i o n s o f b o v i n e serum a l b u m i n 
b e i n g r o u t i n e l y t e s t e d t o c o n f i r m c a l i b r a t i o n s u n d e r 
t e s t c o n d i t i o n s . 
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Flo;. 2 . c a l i b r a t i o n curves f o r the de t e r m i n a t i o n 
of p r o t e i n by the method of Bramhall et 
o l . (1969) 

.610 
"Icm 

10 15 
|jg protein 

:620 
• lem 

100 
)jg protein 

200 

A, Xylene b r i l l i a n t cyanin G s e r i e s . 
B. Naphthalene blue blade s e r i e s . 
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F i g C a l i b r a t i o n curve f o r the Me.lbaum method 

of RNA d e t e r m i n a t i o n as d e s c r i b e d by 

Campbell and Sarg;ent(1967) 

670 
Icm 

20 40 60 80 
hydrolysed RNA 

100 

T y p i c a l c a l i b r a t i o n curve f o r the O r c i n o l 
d e t e r m i n a t i o n o f RNA samples. Standard 
RNA s o l u t i o n s were r o u t i n e l y t e s t e d t o 
c o n f i r m c a l i b r a t i o n c u r ves under t e s t 
c o n d i t l o n s . 
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P r e p a r a t i o n o f Magnesium B e n t o n i t e : 

( a ) Magnesium b e n t o n i t e was p r e p a r e d f r o m t e c h n i c a l grade b e n t o n i t e 

powder by a m o d i f i c a t i o n o f t h e method o f Petermann and Pavlovec ( 1 9 6 3 ) . 

The powder was d r i e d a t 100°C and s t e r i l i s e d by d r y heat b e f o r e use. 

B e n t o n i t e (100 g) was s j p r i n k l e d o n t o t h e s u r f a c e o f 21 o f 

10 M MgSO^ - 10~ M phosphate b u f f e r ph 7,4 (20 C), and a l l o w e d t o 

s i n k i n t o t h e l i q u i d . The suspension was shaken on a v i b r a t o r y - m i x e r 

f o r a t l e a s t 2 h, and th e n c e n t r i f u g e d a t 400^ f o r 2 min. The p e l l e t was 

d i s c a r d e d and th e s u p e r n a t a n t c e n t r i f u g e d a t 17,000^ f o r 15 min. The 

s u p e r n a t a n t was d i s c a r d e d and t h e r e s u l t i n g p e l l e t suspended i n 1 1 

""3 ~3 o 

o f 10^ M MgSO^ - 10 M phosphate b u f f e r pH 7.4 (20 C) and v i b r a t o r y -

shaken f o r 2 h. The low and high-speed c e n t r i f u g a t i o n s were then 

r e p e a t e d . The f i n a l h igh-speed p e l l e t s were suspended i n 300-400 ml o f 

the 10~^ M b u f f e r . 

D r y - w e i g h t d e t e r m i n a t i o n s were perfo r m e d on samples o f t h e 

s u s p e n s i o n t o a s c e r t a i n t h e , a c t u a l b e n t o n i t e c o n t e n t . 

( b ) A second method was employed t o produce a more homogenous p r o d u c t . 

B e n t o n i t e (100 g) was suspended i n 2 1 o f 10 M phosphate b u f f e r 

pH 7.4 (20°C) by means o f an Ato-Mix b l e n d e r . The suspension was 

c e n t r i f u g e d a t 450^ f o r 5 min and t h e b l a c k p e l l e t s d i s c a r d e d . A M 

s o l u t i o n o f MgSO^ was added t o t h e s u p e r n a t a n t t o g i v e a f i n a l 
-2 

c o n c e n t r a t i o n o f 10 M MgSO^. T h i s suspension was shaken f o r 2 h 

b e f o r e c e n t r i f u g i n g a t 18,000^ f o r 15 min. The s u p e r n a t a n t was 

r e - c e n t r i f u g e d a t 18,000^, and t h e p e l l e t s r e s u l t i n g from b o t h 

-3 -3 

c e n t r i f u g a t i o n s suspended i n 1 1 o f 10 M MgSO^ - 10 phosphate b u f f e r 

pH 7.4 (20°C). M i x i n g was accomplished by means o f an Ato-Mix b l e n d e r 
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and t h e suspension was t h e n c e n t r i f u g e d a t 18,000^ f o r 15 min 
I 

( r e p e t i t i o n o f t h e low-speed c e n t r i f u g a t i o n b e i n g found u n n e c e s s a r y ) . 
_3 

The r e s u l t a n t p e l l e t was suspended i n 500 ml o f t h e 10 b u f f e r m i x t u r e 

p r i o r t o assay. 

Assay o f Magnesium B e n t o n i t e : 

A^ 5 ml sample o f t h e suspension was taken and t h e b e n t o n i t e 

p r e c i p i t a t e d by t h e a d d i t i o n o f an e q u a l volume o f 90% e t h a n o l . The 

b e n t o n i t e was p e l l e t e d by c e n t r i f u g i n g i n a P i c c o l o Bench C e n t r i f u g e 

a t t o p speed, 2,500^, f o r 15 min. The p e l l e t s were washed t w i c e w i t h 

9 0 % e t h a n o l and d r i e d t o c o n s t a n t w e i g h t a t 105°C. Y i e l d s were u s u a l l y 

i n t h e r e g i o n o f 30% o f t h e s t a r t i n g m a t e r i a l . 

The b e n t o n i t e suspension was a d j u s t e d t o a w o r k i n g c o n c e n t r a t i o n 

o f 50 mg magnesium b e n t o n i t e p e r m l , and s t o r e d a t 5°c u n t i l r e q u i r e d . 

Unless o t h e n v i s e s t a t e d , a l l r e f e r e n c e s t o magnesium b e n t o n i t e are t o 

magnesium b e n t o n i t e p r e p a r e d by method ( b ) and a l l volumes are g i v e n 

as volumes o f t h i s p r e p a r a t i o n c o n t a i n i n g 50 mg/ml ( d e s i g n a t e d MAGBENT 

f o r s i m p l i c i t y ) . 

P r e p a r a t i o n o f Sodixim B e n t o n i t e : 

Sodium b e n t o n i t e was p r e p a r e d from s t e r i l i s e d t e c h n i c a l grade 

b e n t o n i t e , by a method based on t h a t used by B a r r and Guth (1 9 5 1 ) . 

B e n t o n i t e powder (50 g) was s p r i n k l e d o n t o t h e s u r f a c e o f 1 1 o f 

M NaCl - 0.01 M Na EDTA - 0.01 M phosphate b u f f e r , pH 7.4 (20°C) and 

was r e a d i l y d i s p e r s e d by means o f an A t o-Mix b l e n d e r ( t h e h i g h e r i o n i c 
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c o n c e n t r a t i o n a i d i n g h y d r a t i o n and f l o c c u l a t i o n o f t h e powder). The 

s u s p e n s i o n was c e n t r i f u g e d a t 1,300^ f o r 20 min and t h e o p a l e s c e n t 

s u p e r n a t a n t d i s c a r d e d . The p e l l e t s were resuspended i n 1 1 o f t h e 

b u f f e r s o l u t i o n and shaken f o r 3h b e f o r e r e - c e n t r i f u g a t i o n . 

The r e s u l t i n g p e l l e t s were suspended i n n i n e times t h e i r volume o f 

w a t e r and shaken on a v i b r a t o r y - m i x e r f o r 15 min, o r u n t i l e v e n l y 

d i s p e r s e d . The r e s u l t i n g suspension was c e n t r i f u g e d a t 720^ f o r 10 min 

and t h e sediment r e j e c t e d . The b e n t o n i t e i n t h e s u p e r n a t a n t was 

p r e c i p i t a t e d by t h e a d d i t i o n o f 1.5 v o l . o f 90% ( v / v ) e t h a n o l and 

p e l l e t e d by c e n t r i f u g a t i o n a t 1,500^ f o r 15 min a t 5-10*^C ( t h e e t h a n o l / 

b e n t o n i t e / w a t e r m i x t u r e b e i n g t o o v i s c o u s t o a l l o w ready p e l l e t i n g o f the 

b e n t o n i t e a t a l o w e r t e m p e r a t u r e ) . 

The p e l l e t s r e s u l t i n g were a p p r o x i m a t e l y e q u a l i n volume t o t h e 

s u p e r n a t a n t ( t h e t o t a l volume e q u a l l i n g c. 2 1 ) . An equal volume o f 

90% ( v / v ) e t h a n o l was added t o t h e p e l l e t s , and a f t e r m i x i n g , 

c e n t r i f u g a t i o n a t 1,500^ was r e p e a t e d . 

The p e l l e t s f r o m t h i s c e n t r i f u g a t i o n were s i m i l a r l y resuspended 

i n a l c o h o l and r e c e n t r i f u g e d . The f i n a l p e l l e t s were suspended i n 1 1 

a b s o l u t e e t h a n o l , p r i o r t o a s s a y i n g . 

A f t e r a s s a y i n g , t h e suspension was c e n t r i f u g e d a t 1,500^ 

f o r 15 min and t h e p e l l e t s resuspended i n an equ a l volume o f w a t e r . 

The f i n a l c o n c e n t r a t i o n o f t h e sodium b e n t o n i t e was a d j u s t e d t o g i v e a 

c o n c e n t r a t i o n o f 18.mg/ml o f sodium be' n t o n i t e , by t h e a d d i t i o n o f 50% ( v / v ) 

e t h a n o l . 
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Assay o f Sodium B e n t o n i t e : 

A 5 ml sample o f t h e suspension was tak e n and c e n t r i f u g e d a t 3/4 

top-speed o f a P i c c o l o Bench C e n t r i f u g e f o r 15 min, and then f o r 2 min 

a t top-speed ( t o compact t h e p e l l e t s ) . The e t h a n o l was decanted and 

the p e l l e t s g e n t l y d r i e d a t f i r s t , t o remove excess a l c o h o l , b e f o r e b e i n g 

d r i e d t o c o n s t a n t w e i g h t a t 105°C. I n i t i a l slow d r y i n g was found 

necessary w i t h b o t h magnesium and sodium b e n t o n i t e p e l l e t s t o p r e v e n t 

' s p i t t i n g ' and subsequent l o s s o f m a t e r i a l . 

The b e n t o n i t e s u s p e n s i o n , a d j u s t e d t o a w o r k i n g c o n c e n t r a t i o n 

o f 18 mg/ml sodium b e n t o n i t e , ( d e s i g n a t e d SODBENT) was s t o r e d a t 5°C 

u n t i l r e q u i r e d . Samples were b r o u g h t t o room t e m p e r a t u r e i m m e d i a t e l y 

b e f o r e use i n e x t r a c t i o n p r o c e d u r e s . 

The y i e l d o f sodium b e n t o n i t e r e p r e s e n t e d , on average, 44% o f t h e 

s t a r t i n g m a t e r i a l . 

4. I s o l a t i o n Procedures: 

( a ) T u r n i p Y e l l o w Mosaic V i r u s : 

T u r n i p y e l l o w mosaic v i r u s was i s o l a t e d f r o m B r a s s i c a c h i n e n s i s 

l e a v e s by ammonium s u l p h a t e p r e c i p i t a t i o n ( T a b l e 2 ) o r by d i f f e r e n t i a l 

c e n t r i f u g a t i o n ( T a b l e 3 ) . 

-3 -2 

A sample o f v i r u s i n 5 x 10 MgSO^ - 10 phosphate b u f f e r , 

pH 7,4 (20°C) was shaken w i t h MAGBENT ( r e s u l t i n g i n a f i n a l c o n c e n t r a t i o n 

o f 5 mg b e n t o n i t e / m l ) . B e n t o n i t e was removed by c e n t r i f u g a t i o n a t 27,500^ 

f o r 15 min t o l e a v e t h e ' p u r i f i e d ' v i r a l suspension. T h i s t e s t was 

c a r r i e d o u t t o t e s t t h e a d s o r p t i v e power o f t h e magnesium b e n t o n i t e 

s u s p e n s i o n . 
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Tab l e 2 

I s o l a t i o n o f T u r n i p Y e l l o w Mosaic V i r u s from B r a s s i c a c h i n e n s i s 
by. Ammonium S u l p h a t e P r e c i p i t a t i o n ( i ) ( i i ) 

l O O g f r e s h , d e r i b b e d i n f e c t e d l e a v e s 

c h i l l e d f o r 1 h 

ground w i t h 50 ml MAGBENT - 5 ml 0.1 M MgSO^ 

expressed crude sap 

I 
sediment d i s c a r d e d 

c e n t r i f u g e d a t 27,500^ f o r 20 min 
! 

s u p e r n a t a n t 

n e u t r a l i s e d s a t u r a t e d s o l u t i o n o f 
ammonium s u l p h a t e ( i ) added u n t i l a 
t u r b i d i t y developed ( c . 1/3 s a t u r a t i o n ) 

p r e c i p i t a t i o n f o r 24 h ( i i ) 

I 
c e n t r i f u g e d a t 17,500^ f o r 15 min 

L . p e l l e t s c l a r i f i e d by 
suspens i o n i n w a t e r and 
c e n t r i f u g e d a t 27,000^ 
f o r 15 min 

su p e r n a t a n t d i s c a r d e d 

p e l l e t s resuspended and 
ammonium s u l p h a t e p r e c i p i t a t i o n 
s t a g e s r e p e a t e d 

s u p e r n a t a n t d i s c a r d e d 

f i n a l s u p e r n a t a n t c e n t r i f u g e d a t 
127,000^ f o r 75 min 

I . 
v i r a l p e l l e t 
( s t o r e d 2-4°C) 

s u p e r n a t a n t d i s c a r d e d 

( i ) Markham and Smith, 1949 

( i i ) Dunn and H i t c h b o m , 1966 
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Tab l e 3 

I s o l a t i o n o f T u r n i p Y e l l o w Mosaic V i r u s from B r a s s i c a c h i n e n s i s 
by D i f f e r e n t i a l C e n t r i f u g a t i o n ( i ) 

100 g f r e s h , d e r i b b e d i n f e c t e d l e a v e s 

c h i l l e d f o r 1 h 

ground w i t h 50 ml MAGBENT - 5 ml 0.1 M MgSO^ 

expressed crude sap 

c e n t r i f u g e d a t 27,200^ f o r 15 min 
I -

sediment d i s c a r d e d s u p e r n a t a n t c e n t r i f u g e d 
a t 160,700^ f o r 60 min 

I 
p e l l e t s suspended i n 
5 X 10~^ M MgSO^ -
10^ phosphate b u f f e r pH 7,4 (20°C) 
volume e q u a l t o 1/10 o r i g i n a l sap 
vol u m e ) . 0.1 ml MAGBENT added 
p e r ml o f suspension 

s u p e r n a t a n t d i s c a r d e d 

c e n t r i f u g e d a t 27,200^ f o r 20 min 

p e l l e t d i s c a r d e d s u p e r n a t a n t c e n t r i f u g e d 
a t 160,700^ f o r 60 min 

v i r a l p e l l e t 
( s t o r e d a t 2-4°C o r 
used i m m e d i a t e l y ) 

s u p e r n a t a n t d i s c a r d e d 

( i ) Dunn and H i t c h b o r n , 1965 
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The p u r i f i c a t i o n p r o c e d u r e s were f o l l o w e d by d e t e r m i n i n g t h e 

absorbence p r o f i l e s o f t h e v i r u s c o n t a i n i n g p r e p a r a t i o n s by means o f 

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

by d i f f e r e n t i a l c e n t r i f u g a t i o n , w h i c h were a n a l y s e d i n 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 , y i e l d e d o n l y t h e S c h l i e r e n - o p t i c a l peaks c o r r e s p o n d i n g 

t o r e p o r t e d S v a l u e s f o r TYMV components (Matthews and Ralph, 1966). 

Y i e l d s o f 250-1,250 mg e x t r a c t e d v i r u s p er kg l e a f m a t e r i a l were 

o b t a i n e d ( c f . Beer and Kosuge, 1970), 

Dry Weight D e t e r m i n a t i o n o f T u r n i p Y e l l o w Mosaic V i r u s : 

Samples o f TYMV, e x t r a c t e d by d i f f e r e n t i a l c e n t r i f u g a t i o n were 

e x h a u s t i v e l y d i a l y s e d a g a i n s t w a t e r b e f o r e b e i n g d r i e d t o c o n s t a n t 

w e i g h t a t 60°C. 

From t h e o p t i c a l d e n s i t y o f t h e suspensions p r i o r t o d r y i n g , t h e 
+ 2 - 1 

e x t i n c t i o n c o e f f i c i e n t a t 260 nm was found t o be 7.0 - 0.1 cm mg 

( w h i c h i s i n agreement w i t h t h e v a l u e as det e r m i n e d by Goffeau and 

Bove, 1965). 

( b ) T u r n i p Y e l l o w Mosaic V i r u s R i b o n u c l e i c A c i d : 

V i r a l n u c l e i c a c i d was p r e p a r e d f r o m l e s s t h a n one week-old TYMV, 

p r e p a r e d by d i f f e r e n t i a l c e n t r i f u g a t i o n . ( I f f i l t e r e d t h r o u g h a b a c t e r i a -

p r o o f f i l t e r , however, t h e v i r u s p r e p a r a t i o n may be m a i n t a i n e d f o r l o n g e r 

p e r i o d s , a t low t e m p e r a t u r e s ) . 

( i ) P h e n o l i c E x t r a c t i o n based on t h e method o f Has e l k o r n ( 1 9 6 2 ) : 

One ml o f a 0.1 t o 1.0% v i r a l suspension i n 0,01 M NaCl - 0.0C2, M 

T r i s - H C l b u f f e r , pH 7.5 was v i b r a t e d f o r 60 s w i t h an e q u a l volume o f 
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90% (w/w) a n a l y t i c a l grade phenol and c e n t r i f u g e d at 1,750^ f o r 

20 min ( i n an MSE Minor c e n t r i f u g e ) . The supernate was removed and 

an equal volume of 90% (w/w) phenol added. This mixutre was v i b r a t e d f o r 

30 s before c e n t r i f u g i n g a t l , 7 5 0 j f o r 20 min. 

The aqueous phase was washed three times w i t h ether, any ether 

remaining a f t e r the f i n a l wash being removed by blowing n i t r o g e n i n t o 

the s o l u t i o n . 

The RNA was p r e c i p i t a t e d by the a d d i t i o n of an equal volume of 90% 

(v/v) e thanol, the p r e c i p i t a t i o n being allowed to proceed at -20°C 

ove r n i g h t . The RNA was c e n t r i f u g e d down at 1,750^ f o r 20 min, and taken 

up i n 0.01 M sodium acetate, pH 5.5. The RNA was r e p r e c i p i t a t e d w i t h 

a l c o h o l before being f i n a l l y stored under ethanol at -20°C. 

Samples of v i r a l RNA were c e n t r i f u g e d and r e p r e c i p i t a t e d before 

use, to remove any attendant haze. 

I t has been observed t h a t f r e e z i n g and thawing do not appear to 

a l t e r the sedimentation p a t t e r n of the RNA, or lower i t s i n f e c t i v i t y 

(Haselkorn, 1962). 

( i i ) Ethanol P r e c i p i t a t i o n based on the method of Dunn and Hitchborn(1966) 

The v i r u s was suspended i n water a t a concentration of 0.5 - 1.0 mg/ml 

To 0.8 ml of t h i s suspension was added 0.1 ml of 0.5 M NaCl - 0.5 M T r i s -

HCl b u f f e r , pH 7.5 - 0.01 M Na EDTA, 0.15 ml SODBENT and absolute ethanol 
o 

t o provide a f i n a l a l c o h o l concentration of 40% ( v / v ) . 

The mixture was shaken and allowed to stand at room temperature f o r 
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15 min before c o o l i n g i n i c e f o r 2 min. The mixture was then 

c e n t r i f u g e d a t l,750g f o r 20 min ( a t 5-10°as use of a lower 

temperature i s precluded, the v i s c o s i t y o f the alcohol/bentonite 

suspension being too great t o a l l o w adequate separation a t lower 

temperatures). 

To complete the removal of the bentonite and v i r a l p r o t e i n , the 

supernatant was c a r e f u l l y taken and 0.1 ml e x t r a c t i o n b u f f e r and 

0.1 ml 90% (v/v) ethanol added. A f t e r shaking the mixture, i t was 

c e n t r i f u g e d a t 1,750^ f o r 20 min ( a t 5°C). 

To the supernatant was added an equal volume of 90% (v/v) ethanol 

to p r e c i p i t a t e the RNA. P r e c i p i t a t i o n was allowed to proceed overnight 

a t -20°C before c e n t r i f u g a t i o n and decantation of excess alcohol from the 

n u c l e i c a c i d p e l l e t . The p e l l e t s were stored under a small volume of 

alc o h o l a t -20°C. At t h i s temperature, as reported by Dunn and 

Hitchobrn (1966) the v i r a l n u c l e i c acid was found t o be stable f o r a t 

l e a s t two years. P r i o r to use samples were dissolved i n a s u i t a b l e b u f f e r 

and examined spectrophotometrically ( f i g . 4 ) . 

E f f e c t o f Ribonuclease on the I n f e c t i v i t y of TYMV and TYMV RNA: 

A sample o f TYMV RNA prepared by method ( i i ) and a sample o f the 

v i r u s , prepared by d i f f e r e n t i a l c e n t r i f u g a t i o n , were incubated, a t the 

co n c e n t r a t i o n a t which they were to be inoculated, i n 0.01 M Tris-HCl 

b u f f e r , pH 7.5 w i t h 5 j j g RNase per l i t r e , f o r 2h, at 20°C. The 

i n f e c t i v i t i e s o f these preparations and s i m i l a r unincubated samples were 

compared by i n o c u l a t i n g Chinese cabbage p l a n t s . Control and RNase-treated 
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Pig. Absorption spectrum of TYMV RNA 

200 250 
Wavelength (nm) 

300 

TYMV RNA prepared by the method of Dunn and 
Hltchborn(1966> and dissolved I n 0.1 M NaCl-10 
phosphate b u f f e r . pH 7.^(20OC). The absorption 
spectrum of a su i t a b l e d i l u t i o n was determined 
In water. 

-2 
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samples were applied t o opposite halves of ten leaves. 

Lesion assays were not r o u t i n e l y employed as they have been 

found not to be very successful (Matthews and Ralph, 1966). Under 

the c o n d i t i o n s of growth employed, even w i t h the n i t r o g e n content of 

the growing medium l i m i t e d (Diener and J e n i f e r , 1964), systemic i n f e c t i o n 

followed the l o c a l l esions r a p i d l y (and even when using very d i l u t e 

i n o c u l a , the r e s u l t s were o f t e n ambiguous). 

(c) T o t a l Leaf RNA E x t r a c t i o n : 

T o t a l Leaf RNA was ex t r a c t e d from B. chinensis leaves by the method 

of Ralph and Bellamy (1964) (Table 4 ) , and examined 

spe c t r o p h o t o m e t r i c a l l y before use ( f i g . 18 ). 

(d) I s o l a t i o n of tRNA from Brassicachinensis var. Wong Bok: 

I n i t i a l l y , i n an attempt to a i d ease of tRNA e x t r a c t i o n , the Chinese 

cabbage p l a n t s were grown i n the dark, under black polythene sheeting, 

f o r v a r y i n g periods immediately p r i o r t o l e a f harvesting. Periods of 

12, 24, 36, 48 and 72 h were employed i n an attempt to reduce l e a f 

starch/polysaccharide l e v e l s . 

Harvested leaves were then t r e a t e d as described i n Table 5 

to i s o l a t e tRNA, 

The nature of the tRNA was determined by showing that i t s a b i l i t y 

to accept amino acids was dependent on the a d d i t i o n of amino acid 
I . * 

a c t i v a t i n g enzymes, ATP and Mg ions. Furthermore, the bond between the 
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Table 4 

I s o l a t i o n of T o t a l Ribonucleic Acid from Brassica chinensis 
var. Wong Bok Leaves (Ralph and Bellamy, 1964) 

1 g, f r e s h deribbed, uninfected s i x week o l d leaves 
immersed i n ice-water, b l o t t e d dry 

Homogenised w i t h 1.2 ml e x t r a c t a n t (equal parts 0.5% aqueous sodium 
napthalenedisulphonate s o l u t i o n and 90%. (w/v) aqueous phenol, containing 
0.1% 8-hydroxquinoline) i n a cooled MSE Top-Drive Homogeniser at | f u l l 
speed f o r 10 min 

ce n t r i f u g e d ^ a t 5,000^ f o r 5 min 
I ' •Pellet discarded supernatant - two v o l . 95% (v/v) 

ethanol added 

White, f l o c c u l e n t ppt. washed once w i t h 70% (v/v) ethanol, twice w i t h 
95% ( v / v ) ethanol, twice w i t h acetone and twice w i t h ether 

j r dri€ Powder d r i e d over CaCl 

I 
Dissolved i n 0.02 M Trls-HCl b u f f e r pH 8.1, containing 0.025 M NaCl 
( a t 4°C). Equal volumes 2.5 M potassium phosphate b u f f e r , pH 8.0 
and 2-methoxyethanol added 

mixture shaken v i g o r o u r l y f o r 2 min 

ce n t r i f u g e d at 5,000^ f o r 2 min 
I < i i 

P e l l e t discarded Interphase Supernatant -
discarded equal volume o f 

0.2 M sodium acetate 
added j 

RNA p r e c i p i t a t e d w i t h 1% (w/v) Cetrimide 
s o l u t i o n (0.5 ml soln. per ml supernatant) 

c h i l l e d a t 4°C f o r 1 h, centrifugecl at 5,000g f o r 5 min 
, : 1 

Ppt. washed three times Supernatant discarded 
w i t h 70% (v/v) ethanol 
( c o n t a i n i n g 0.1 M sodium acetate) 

I 
c e n t r i f u g e d o f f and washed w i t h 70 and 95% (v/v) ethanol, acetone, 
and ether as above 

P e l l e t stored dry at - 20°C 
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Table 5 

I s o l a t i o n of.tRNA from Leaves of Six to Eight Week Old 
Plants of Brassica chinensis var. Wong Bok 

leaves harvested i n t o i c e - c o l d water, washed three times, b l o t t e d 
dry ( i f stored, weighed, packed i n t o polythene bags, stored a t 
- 20°C) 

ground (dependent on wt./volume) by means of p e s t l e and mortar or 
household meat g r i n d e r . Frozen leaves f i r s t allowed to thaw t o 
room temp. 

1 g ground m a t e r i a l mixed w i t h equal volume of 90% (w/w) aqueous 
phenol, 0.25 ml MAGBENT and 0.25 ml 0.1 Tris-HCl b u f f e r , pH 7.5 
(S^C) ( c o n t a i n i n g 3 mM MgCl_ and 24 -SiM KCl) 

shaken on o r b i t a l shaker or s t i r r e d (200 rev./min f o r 1 h, 250 rev./min 
f o r 2 h, at room temp.) 

ce n t r i f u g e d a t 2,400^ f o r 1 h at 5°C 
. ' I 

I ( 

P e l l e t discarded aqueous supernatant made 0.1 M 
w i t h respect to sodium acetate, 
pH 5.5 (0°C) 2.5 v o l . absolute 
ethanol added, w i t h s t i r r i n g . 
Stored 24 h a t - 20°C. [- • , 

a l c o h o l i c suspension Supernatant decanted/discarded 
r e t a i n e d , c e n t r i f u g e d 2,400^ f o r 1 h 

I ^ ' , 

P e l l e t taken up i n 50% o r i g i n a l f r e s h Supernatant discarded 
l e a f wt. of 1.8 M Tris-HCl b u f f e r , 
pH 8.9. Incubated, 37°C f o r 1 h 
( h y d r o l y s i s of amino acids l i n k e d t o tRNA). Sodium acetate added to 
f i n a l concn. of 0.1 ,M 2.5 v o l . absolute ethanol added, w i t h s t i r r i n g . 
Stored a t - 20°c f o r 12 h 

I 
c e n t r i f u g e d a t 2,400^ f o r 1 h 

I • , 

P e l l e t s taken up i n 1„0 M NaCl Supernatant discarded 
(50% o r i g i n a l f r e s h l e a f wt.) 
Shaken 30 min a t 0 C. 

ce n t r i f u g e d o f f undissolved m a t e r i a l 
r e - e x t r a c t e d p e l l e t s w i t h 1.0 M NaCl 
(25% o r i g i n a l f r e s h l e a f wt.) - re-c e n t r i f u g e d 

t 
P e l l e t s discarded Combined supernatants p r e c i p i t a t e d 

w i t h acetate/ethanol 
c e n t r i f u g e d a t 7,000^ 

P e l l e t s dissolved i n min. Supernatant discarded 
0.05 M Tris-HCl b u f f e r , pH 7.5 

I 
DE 52 chromatography 
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amino a c i d and the RNA was not r e s i s t a n t to hot t r i c h l o r o a c e t i c acid 

treatment. 

(e) I s o l a t i o n of tRNA from Developing Seeds of V i c i a faba: 

The pods were harvested as described above (page 52 ), and the 

i n t a c t seeds c o l l e c t e d . 

The seeds were blended i n an Ato-Mix blender, f o r 2 min, i n a 

mixture o f 1 p a r t 0.003 M MgCl - 0.024 M KCl - 0.1 M Tris-HCl, 

pH 7.5 a t 20°C: 2 p a r t s of 90 (w/w) aqueous phenol, (employing 1.5 ml 

e x t r a c t a n t per g seeds). 

The homogenate was shaken f o r 2 h at room temp, on an o r b i t a l 

shaker (250 rev/min), and the mass then c e n t r i f u g e d at 2,400^ f o r 1 h. 

The aqueous supernatant was s t r a i n e d through f o u r layers of s t e r i l e 

gauze and adjusted t o 0.1 M sodium acetate, pH 5.5. Absolute ethanol 

(2,5 v o l . ) was then added, to p r e c i p i t a t e the nucleic acid, 

p r e c i p i t a t i o n being allowed to proceed f o r 24 h at - 20°C, The 

procedure o u t l i n e d i n Table 5 f o r the e x t r a c t i o n of tRNA from 

Brassica chinensis leaves was followed from t h i s stage, u n t i l the f i n a l 

acetate/ethanol p r e c i p i t a t i o n . The p e l l e t obtained by c e n t r i f u g i n g at 

7,000^ was drained of a l c o h o l , any alcohol remaining being removed under 

vacuum. The dry p e l l e t was dissolved i n a s u i t a b l e solvent and the 

s o l u t i o n stored at - 20°C or - 70°C. The y i e l d of tRNA was 2-3 mg per 

g of seed. 

Unchromatographed V. faba tRNA from 40 day-old beans was r o u t i n e l y 

used i n i n c o r p o r a t i o n experiments, samples being assayed spectrophotometrically 
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before use. 

( f ) Ion-Exchange Column Chromatrography of Transfer Nucleic Acid: 

( i ) The chromatography column f o r tRNA p u r i f i c a t i o n was prepared as 

described i n Table 6, 

( i i ) Chromatography of Brassica chinensis Leaf tRNA: 

Chromat^ography was c a r r i e d out i n a cold-room maintained at 4°C. 

The column was connected t o an Isco model 220 u l t r a v i o l e t l i q u i d flow 

analyser, which was attached to a Servoscribe potentiometric recorder 

(type RE 511.20), set to run at 30 mm/h ( a t a c a l i b r a t i o n of 10 mV), 

The sample was applied c a r e f u l l y to the column, and allowed to run 

i n t o the column a t i t s own r a t e . I f necessary, the tRNA sample was 

c e n t r i f u g e d p r i o r t o column a p p l i c a t i o n . Extraneous mat e r i a l was 

e l u t e d w i t h 0.05 Tris-HCL b u f f e r , pH 7.5 (0°C) causing an increase i n the 

254 nm absorbancy of the eliate. On the r e t u r n of the base-line t o i t s 

o r i g i n a l .position the Tris-HCl b u f f e r was replaced by 0.2 M NaCl - 0.05 M 

Tris-HCl. 

A f t e r c o l l e c t i n g the eluate containing 254 nm absorbing m a t e r i a l , 

and on r e t u r n of the base-line, the tRNA was elute d from the column by 

1.0 M Nacl - 0.05 M Tris-HCl b u f f e r , pH 7.5 (0°C) ( f i g , 5 ). 

The eluates from each stage were adjusted to 0,1 M w i t h respect t o 

sodium acetate, pH 5.5 and 2.5 volumes of absolute ethanol were added to 

each f r a c t i o n , w i t h constant s t i r r i n g . P r e c i p i t a t i o n was allowed to 

proceed f o r 12 h at - 20°C, a f t e r which time the tRNA and other 
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Table 6 

Preparation of the Chromatography Column 

30 g Whatman's microgranular-form diethylaminoethyl c e l l u l o s e 
.52 (DE 52) s t i r r e d r a p i d l y i n t o 180 ml 0.05 M Tris-HCl b u f f e r , 
pH 7.5. pH adjusted to 7.5 by the a d d i t i o n of 5 M HCl. A l l 
operations at room temp. 

l e f t f o r 10 min 

I I 
Sediment supernatant/fines discarded 

Tris^HCl b u f f e r added t o volume, 
s l u r r y r a p i d l y s t i r r e d and pH 
re-adjusted to 7.5 

l e f t f o r 5 min 

procedure repeated 

r e s u l t a n t s l u r r y s t i r r e d v i g o r o u s l y , then allowed to stand f o r 20 min 

s l u r r y supernatant discarded 
I 

a half-volume o f 0.5 M Tris-HCl b u f f e r added, the 
mixture w e l l shaken and poured immediately i n t o 
a chromatography column ( i n t e r n a l diameter 1.5 cm, 
l e n g t h 30 cm) 

I 
DE 52 allowed t o s e t t l e f o r 1 h, excess T r i s b u f f e r f l o w i n g 
out and compacting the column 

f r e s h b u f f e r added t o top of column, stored a t 2°C. 
(Compacted column 12.5 cm i n length) 
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f r a c t i o n s were c o l l e c t e d by c e n t r i f u g a t i o n at 4,000^ f o r 30 min. 

The ethanol was decanted, traces of ethanol being removed from 

the c e n t r i f u g e w a l l s be means of paper t o w e l l i n g . Any alcohol 

remaining was removed under vacuum. 

Chromatography produced a more homogenous product which dissolved 

r e a d i l y i n the minimum of 0.01 M sodium acetate, pH 5.5 (0°C), 

A f t e r spectropholDtmetric assay ( f i g , 6 ) 0,25 ml volumes were 

stored a t - 70°C, Storage over two years at t h i s temperature d i d not 

a f f e c t a c y l a t i o n e t c . , nor d i d f r e e z i n g and thawing. 

I n i t i a l attempts t o employ EDTA b u f f e r s (as suggested by Dunn, 

1969p) were found d i f f i c u l t i n t h a t such b u f f e r s possess an inherent 

high uv absorbance at 254 nm. This necessitated extra column washings 

to 'normalise' the base-line between each e l u t i o n stage. Complete 

removal of unwanted m a t e r i a l at each e l u t i o n stage was therefore d i f f i c u l t 

to a s c e r t a i n . 

(g) I s o l a t i o n of Microsomal P a r t i c l e s : 

( i ) Microsomal p a r t i c l e s were obtained by a number of experimental 

procedures, but only the p r i n c i p l e methods are o u t l i n e d here. B r i e f 

d e t a i l s o f minor v a r i a t i o n s are given i n Table 7 , and the basic 

method i n Table 8 , A l l preparations were examined spectrophotometrically 

and t h e i r a b i l i t y t o incorporate amino acids i n t o hot t r i c h l o r o a c e t i c acid 

s t a b l e m a t e r i a l determined. 
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F i g . tRNA a b s o r p t i o n spectra 

200 250 
W a v e l e n g t h ( n m ) 

300 

A b s o r p t i o n spectra of s u i t a b l e d i l u t i o n s of 
tRNA samples(dissolved I n 0.1 M NaCl-phosphate 
b u f f e r ) I n water. 

a. B.chinensis tRNA sample l ( s e e f i g . 5 ) . 
b. B.chinensis tRNA sample 2(see f i g . 5 ) , 
c. Yeast tRNA. 
d. V.faba tRNA(see page 81 ) . 
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Table 7 

B r i e f O u t l i n e of Methods Employed f o r Microsome I s o l a t i o n 

Number Grinding Method 

Pestle/mortar 
(- sand) 

Ce n t r i f u g a t i o n 

1000^ x 10 min; 4000g x 7 min; 
23000^ X 20 min; 105000^ x 2 h 

1000£ X 10 min; 20000^ x 20 min; 
35000^ X 30 min; 105000^ x 2 h 

3 

4 

Razor chopped 

Pestle/mortar 
(- l i q u i d N^) 

Pestle/mortar 

Pestle/mortar 

4000£ X 5 min; 22500g x 15 min; 
35000^ X 20 min; 105000^ x 2 h 

1000^ X 10 min; sample layered 
over 1 ml 0.5 M and 3 ml 1.6 M 
sucrose and 20000^ x 15 min; 
105000^ x 2 h 

25000^ X 5 min; 38000^ x 10 min; 
105000^ X 2.5 h 

C l a r i f i c a t i o n : 23000 - 30000 g x 10-15 min 

Usual Procedures: Methods 2 and 'quick' method 6 
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Table 8 

I s o l a t i o n of Microsomes from One to Two-week Old 
Brassica chinensis var. Wong Bok Leaves 

leaves harvested i n t o i c e - c o l d water, b l o t t e d dry, deribbed. 
1 g l e a f t i s s u e ground w i t h 2-3 ml e x t r a c t a n t (0.45 M sucrose -
0.01 M magnesium acetate - 0.01 M KCl - 0,05 M Tris-HCl b u f f e r , 
pH 7,5 a t 0°C - 5 mM mercaptoethanol) gently f o r 2-3 min, i n 
a pre-cooled mortar 

c e l l mass pressed through 
gauze,iv'and c e n t r i f u g e d at 

1 

four layers of s t e r i l e 
1,000^ f o r 10 min ; 

1 
p e l l e t discarded. 

1 
supernatant re - c e n t r i f u g e d at 
20,000^ f o r 20 min 

1 
1 

p e l l e t discarded 
1 

post-mitochondrial supernatant 
r e - c e n t r i f u g e d at 35,000^ x 30 min 

1 
p e l l e t discarded 

1 
f i n a l supernatant centrifuged 
at 105,000^ X 2.5 h 

1 
excess e x t r a c t a n t drained 
from p e l l e t s 

1 
high-speed supernatant 
decanted, stored at - 20 C 

1 
dialysed f o r use as 
'soluble' or enzyme 
f r a c t i o n i n i n v i t r o 
amino acid i n c o r p o r a t i o n 
experiments 

surface o f p e l l e t s washed w i t h 
0.5 ml volumes of 0.005 M 
magnesium acetate - 0.0.1 M KCl 
- 0,01 M Tris-HCl b u f f e r , 
pH 7.5 ( a t 0°C) - 5 mM 
mercaptoethanol x f i v e 

. L_ . 
p e l l e t s resuspended i n 
above medium 

washings stored a t 20°C 

suspension c l a r i f i e d by c e n t r i f u g a t i o n at 20,000^ x 10-15 min 

p e l l e t s discarded suspension assayed spectrophotometrically 
by reading absorbancy of a water d i l u t e d 
sample against an appropriate blank, or by 
Orc i n o l RNA determination 

I 
i s o l a t e s used immediately or stored 
at - 70 C i n small a i i q u o t s 
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Tata and Williams-Ashman (1967) observed t h a t the optimal 

concentration of homogenate f o r studies on amino ac i d i n c o r p o r a t i o n 

i n v i t r o by microsomes was 2,5 ml/g of r a t l i v e r . This volume was 

found t o produce a s u i t a b l e homogenate, which was e a s i l y 'worked-up' 

and corresponds to the volume of e x t r a c t a n t found s u i t a b l e and used 

i n the present work. 

The y i e l d of microsomes depended upon the age of the leaves but 

was f a i r l y constant f o r any p a r t i c u l a r l e a f 'age'. Usually a 

concentration of 0.5 mg microsomes/g fr e s h weight of l e a f m a t e r i a l 

was obtained. 

( i i ) I s o l a t i o n of Microsomes from Brassica chinensis var, Wong Bok 
Plumules: 

The seedlings were germinated as described above (page 50 ), and any 

testas remaining removed. 

The small seedlings were c o l l e c t e d i n t o l i q u i d nitrogen cooled, 

pre-weighed tubes. A 1:1 r a t i o of e x t r a c t a n t t o seedlings was used 

( w i t h a small q u a n t i t y of acid-washed sand). Method 4, as o u t l i n e d i n 

Table 7 , was then followed. 

( i i i ) I s o l a t i o n of Microsomes from Brassica chinensis var. Wong Bok 
Seeds: 

The seeds were c o l l e c t e d as described above (page 50 ), and 

microsomes were ex t r a c t e d by the method described f o r plumule e x t r a c t i o n . 

( i v ) I s o l a t i o n of Microsomes from Brassica chinensis var. Wong Bok 
Leaves by a Rapid E x t r a c t i o n Procedure: 

Leaves were harvested r a p i d l y and packed between layers of crushed 
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ic e . The leaves were q u i c k l y b l o t t e d dry and weighed i n t o 10 g 

q u a n t i t i e s . 

The procedure o u t l i n e d above f o r normal l e a f e x t r a c t i o n was then 

employed, using the c e n t r i f u g a t i o n conditions l i s t e d under Method 6 

i n Table 7 , Ribosomes so prepared were used immediately f o r 

experimental purposes. 

( v ) I s o l a t i o n of Microsomes from the Cotyledons of Developing 
Seeds of V i c i a faba: 

Pods were harvested as o u t l i n e d on page 52 and the seeds extracted and 

the testas removed w i t h the a i d of s t e r i l e s c a l p e l and forceps. 

One v o l . microsomal e x t r a c t a n t t o 1 g of seeds was used, together 

w i t h a l i t t l e acid-washed sand. Grinding was accomplished e i t h e r using 

a p e s t l e and mortar or an Ato-Mix blender, depending on ma t e r i a l volume. 

E x t r a c t i o n procedure was b a s i c a l l y as o u t l i n e d f o r normal 

B. chinensis l e a f e x t r a c t i o n (Table 8 ) except t h a t a t the f i r s t 

grinding, a f t e r the low-speed c e n t r i f u g a t i o n , the p e l l e t r e s u l t i n g was 

r e - e x t r a c t e d w i t h a f r e s h volume of e x t r a c t a n t (equal to h a l f the o r i g i n a l 

volume o f e x t r a c t a n t ) . The f i n a l microsomal suspension was stored, i n 
o 

small volumes at - 70 C. 

A s i n g l e batch of (60-65 day) bean microsomes was used, together 

w i t h the di a l y s e d enzyme, f o r the m a j o r i t y of i n v i t r o experiments 

i n v o l v i n g bean m a t e r i a l . These i s o l a t e s maintained t h e i r a c t i v i t y f o r 

over 7 months. Even a f t e r f r e e z i n g and thawing, t h e i r a c t i v i t y was not 

g r e a t l y reduced ( c f . cabbage microsomes where the a c t i v i t y varied g r e a t l y 
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a f t e r p r o l o n g e d s t o r a g e a t - 70°C), 

( v i ) I s o l a t i o n o f Microsomes f r o m t h e Plumules o f G e r m i n a t i n g 
Seeds o f V i c i a f a b a : 

The pl u m u l e s were c a r e f u l l y e x c i s e d and ground under l i q u i d 

n i t r o g e n , t o a f i n e powder. The powder was t h e n homogenised i n a 

g l a s s hand-homogeniser, w i t h one v o l . e x t r a c t a n t . The ground m a t e r i a l 

was t r e a t e d as d e s c r i b e d i n T a b l e 8 ', and t h e f i n a l microsomal 
o 

sus p e n s i o n s t o r e d a t - 70 c i n s m a l l volumes. 

( h ) P r e p a r a t i o n o f Enzyme f o r I n c o r p o r a t i o n S t u d i e s : 

The s o l u b l e o r enzyme f r a c t i o n s used i n i n c o r p o r a t i o n experiments 

c o n s i s t e d o f t h e f i n a l h i g h-speed s u p e r n a t a n t s d e r i v e d from the l a s t 

s t a g e i n microsome i s o l a t i o n . 

The enzyme was used as such, o r was f i r s t d i a l y s e d a g a i n s t 

e x t r a c t a n t b u f f e r (minus s u c r o s e ) f o r 5 h, d u r i n g which t i m e t h e 

d i a l y s i s b u f f e r s o l u t i o n was c o n s t a n t l y s t i r r e d and r e p l a c e d h o u r l y . 

D i a l y s i s was pe r f o r m e d t o remove sucrose and c o n t a m i n a t i n g endogenous 

amino a c i d s ( A l l e n d e , 1969). 

A f i n e f l o c c u l e n t p r e c i p i t a t e o c c a s i o n a l l y formed d u r i n g d i a l y s i s 

and t h i s was removed b e f o r e s t o r a g e o f t h e enzyme a t - 70°C. 

o o Samples o f enzyme s t o r e d a t - 20 C were comparable w i t h - 70 C 

s t o r e d samples w i t h r e g a r d t o t h e i r enzymatic a c t i v i t y . No a t t e m p t was 

made t o c o n c e n t r a t e t h e amino a c i d a c t i v a t i n g a c t i v i t y o f t h e enzyme 

f r a c t i o n s . 
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L i q u i d S c i n t i l l a t i o n C o u n t i n g : 

( a ) The 2 CT c o u n t i n g e r r o r , w h i c h r e p r e s e n t s t h e 95% c o n f i d e n c e l i m i t , 

was d e t e r m i n e d a u t o m a t i c a l l y f o r e v e r y sample. T h i s v a l u e i s r e l a t e d t o t h e 

a c t i v i t y o f t h e sample and t o t h e l e n g t h o f t i m e o f c o u n t i n g , d e c r e a s i n g 

r a p i d l y w i t h i n c r e a s e i n c o u n t i n g t i m e . A s t a n d a r d c o u n t i n g t i m e o f 50 min 

was u s u a l l y employed, t h u s a l l o w i n g even low a c t i v i t y samples t o be 

c o u n t e d w i t h an e r r o r n o t g r e a t e r t h a n 5%. Background r a d i a t i o n 

v a r i e d between 50 t o 100 c.p.m. and agreement between f i l t e r paper d i s c s 

b e a r i n g s i m i l a r samples was found t o be r e a s o n a b l y c o n s t a n t . 

The 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 employed (Beckman, Model LS- 200B) 

had a u t o m a t i c e x t e r n a l r a t i o s t a n d a r d i s a t i o n , and t h i s f a c i l i t y was 

employed t o i n d i c a t e t h e e f f i c i e n c y o f t h e c o u n t i n g procedure t h r o u g h o u t 

t h e e x p e r i m e n t a l work. On r e p e a t c o u n t s t h e e f f i c i e n c y was found t o v a r y 

l i t t l e o v e r a 24 h p e r i o d o f c o u n t i n g . 

The c o u n t i n g e f f i c i e n c y o b t a i n e d under s t a n d a r d e x p e r i m e n t a l 

c o n d i t i o n s was d e t e r m i n e d u s i n g a s t a n d a r d f i l t e r paper d i s c impregnated 
'14 1 

w i t h a s t a n d a r d sample o f Cj p h e n y l a l a n i n e , and p u t t h r o u g h 

t h e s t a n d a r d washing p r o c e d u r e f o r d i s c s . The e f f i c i e n c y o f c o u n t i n g 

was d e t e r m i n e d b y employment o f t h e e x t e r n a l r a t i o s t a n d a r d i s a t i o n , 

and v a r i a t i o n o f t h e volume o f s c i n t i l l a t i o n f l u i d . i n t h e c o u n t i n g v i a l . 

I t i s r e p o r t e d t h a t f o r s o l i d s u p p o r t s n o t r e l e a s i n g m a t e r i a l i n t o t h e 

s c i n t i l l a t i o n f l u i d , v a r i a t i o n i n volume g i v e s an i n d i c a t i o n o f 

c o u n t i n g e f f i c i e n c y , (Mans and N o v e l l i , 1961). The e f f i c i e n c y o f t h e 

t e s t d i s c c o u n t i n g i n c r e a s e d w i t h i n c r e a s i n g s c i n t i l l a t i o n f l u i d volume 

up t o a volume o f 8 m l , above w h i c h apparent e f f i c i e n c y was n o t l i n e a r l y 
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dependent on volume. V a r i a b l e r e s u l t s were o b t a i n e d a l t h o u g h a 

h i g h degree o f e f f i c i e n c y was i n d i c a t e d . A s t a n d a r d 8 ml volume o f 

s c i n t i l l a t i o n f l u i d f o r each c o u n t i n g v i a l was t h e r e f o r e employed 

r o u t i n e l y . 

Under normal e x p e r i m e n t a l c o n d i t i o n s c o u n t i n g e f f i c i e n c y was 

70% and v a r i a t i o n i n sample volume f r o m 0.05 t o 0.1 ml d i d n o t 

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

14 
( b ) R e s u l t s o f L cJ Amino A c i d I n c o r p o r a t i o n : 

R e s u l t s o f e x p e r i m e n t s u s i n g s i n g l e amino a c i d s a r e expressed 

f l 4 1 

as pmole C amino a c i d i n c o r p o r a t e d / m g microsome or per mg 

micros o m a l RNA. 

14 1 
R e s u l t s u s i n g C m i x t u r e a r e expressed as c.p.m./mg 

microsomes o r per mg microsomal RNA. 
R e s u l t s f o r tRNA c h a r g i n g a r e expressed as c.p.m./mg tRNA. 

D e t e r m i n a t i o n o f t h e Aminoacyl A c c e p t o r A c t i v i t y o f tRNA and t h e 

Am i n o a c y l S y n t h e t a s e A c t i v i t y o f t h e Enzyme P r e p a r a t i o n s : 

A l l i n c u b a t i o n s were p e r f o r m e d u s i n g s m a l l , r i m l e s s , g l a s s t e s t -

t u bes ( P y r e x 7.5 cm. x 0.7 cm. i n t e r n a l d i m e n s i o n s ) w h i c h were capped 

t h r o u g h o u t t h e p r e p a r a t i v e and i n c u b a t i o n stages ( t o reduce d u s t and 

a i r - b o r n e m i c r o b i a l c o n t a m i n a t i o n t o a minimum). The i n c u b a t i o n mixes 

were p r e p a r e d and m a i n t a i n e d a t 0°C u n t i l t h e a d d i t i o n o f t h ^ enzyme. 

They were t h e n t r a n s f e r r e d , a f t e r m i x i n g o f t h e tube c o n t e n t s w i t h t h e 
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a i d o f a v i b r a t o r y m i x e r ( ' b u z z i n g ' ) , t o a c o n s t a n t - t e m p e r a t u r e 

w a t e r - b a t h m a i n t a i n e d a t t h e t e m p e r a t u r e o f t h e experiment. D u r i n g 

t h e c o u rse o f t h e ex p e r i m e n t t h e tubes were a g i t a t e d manually, a t 

i n t e r v a l s , t o ensure adequate m i x i n g . On removal o f t h e tubes p r i o r 

t o s a m p l i n g , t h e y were a g a i n 'buzzed'. 

The f o r m a t i o n o f aminoacyl-tRNA and t h e aminoacyl s y n t h e t a s e 

a c t i v i t y o f t h e enzyme f r a c t i o n s were d e t e r m i n e d u s i n g an i n c u b a t i o n 

system c o n t a i n i n g a r a d i o a c t i v e l y l a b e l l e d amino a c i d . 

The t y p i c a l i n c u b a t i o n medium c o n t a i n e d ( p e r m l ) 100 ju moles o f 

T r i s - H C l b u f f e r , pH 7.8, 17.5 ^ m o l e s magnesium a c e t a t e , 20 yj moles 

reduced g l u t a t h i o n e , 2 jjmoles ATP, 0.02 jj moles o f t h e amino a c i d 

r i 4 1 
t o be t e s t e d (and C l a b e l l e d ) , 1.0 mg tRNA and a v a r i a b l e volume 

o f enzyme (dependent on t h e volume r e q u i r e d t o p r o v i d e maximum a c c e p t o r 

a c t i v i t y , o r ' c h a r g i n g ' , o f t h e tRNA under t h e c o n d i t i o n s o f t h e 

e x p e r i m e n t ) . 

I n c u b a t i o n s were n o r m a l l y p e r f o r m e d a t 25°C, and a t t h e s e l e c t e d 

s a m p l i n g t i m e s , 0.05 o r 0.1 ml samples were removed from t h e 0.5 ml 

i n c u b a t i o n m i x t u r e and p i p e t t e d o n t o Whatman 3MM f i l t e r - p a p e r d i s c s 

o f d i a m e t e r 24 mm. The d i s c s were t h e n d r i e d f o r 5 s ( N o l l , 1969) i n 

a s t r e a m o f warm a i r ( t o improve r e p r o d u c t i b i l i t y ) b e f o r e b e i n g washed 

and c o u n t e d as d e s c r i b e d below ( T a b l e 9 ) . 

I n V i t r o Amino A c i d I n c o r p o r a t i n g Systems: 

The i n c u b a t i o n mixes were p r e p a r e d and m a i n t a i n e d a t 0°C u n t i l 

t h e microsome p a r t i c l e s were added. They were t h e n t r a n s f e r r e d t o t h e 

c o n s t a n t - t e m p e r a t u r e w a t e r - b a t h as o u t l i n e d above. 
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The complete i n c o r p o r a t i o n m i x t u r e c o n t a i n e d i n t h e t y p i c a l 

0.5 ml i n c u b a t i o n , 25 pmoles T r i s - H C l b u f f e r , pH 7.8 a t 25°C, 

3 jj moles magnesium a c e t a t e , 35 jjmoles KCl, 5 jjmoles reduced 

g l u t a t h i o n e , 0.1 jjmoles GTP, 2 jj moles ATP, 5 jj moles c r e a t i n e 

phosphate, 10 jjg p h o s p h o c r e a t i n e k i n a s e , 0.2 ing tRNA, 0.5 mg microsomes 

(as d e t e r m i n e d by a b s o r p t i o n s p e c t r o p h o t o m e t r y ) enzyme, t h e volume b e i n g 

t h a t g i v i n g maximum a c t i v i t y as de t e r m i n e d by assay ( i n t h i s i n c o r p o r a t i n g 

s y s t e m ) , and 100 jjg messenger ( p o l y ( U ) o r TYMV RNA). The r a d i o a c t i v e 

r i 4 1 
t r a c e r useid was e i t h e r a s i n g l e amino a c i d (0.02 ̂ m o l e s / m l ) 

14 1 
o r a _ C_ amino a c i d m i x t u r e ( 0 . 0 1 m l ) and dependent upon w h i c h 

[12 
a s u i t a b l e supplement o f t h e r e m a i n i n g [ C j amino a c i d s , was added. 

ammo 
r i 4 • 

The method- o f d e t e r m i n a t i o n o f t h e i n c o r p o r a t i o n o f C 

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 i s based on t h e method o f Mans and N o v e l l ! 

(1960, 1961) samples o f t h e i n c u b a t i o n m i x t u r e b e i n g p i p e t t e d o n t o 

Whatman 3MM f i l t e r - p a p e r d i s c s ( d i a m e t e r 24 mm) and d r i e d p r i o r t o 

immersion i n i c e - c o l d 10% w/v t r i c h l o r o a c e t i c a c i d t o t e r m i n a t e t h e 

r e a c t i o n . 

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

by Mans and N o v e l l ! (1961) washing b e i n g p e r f o r m e d as d e s c r i b e d i n 

Ta b l e 9. 

Assays were conducted i n t r i p l i c a t e , as were samplings, and each 

e x p e r i m e n t i n c l u d e d c o n t r o l tubes w h i c h were t r e a t e d i n an i d e n t i c a l 
14 1 

manner e x c e p t t h a t t h e C amino a c i d was absent, o r was n o t 

added u n t i l t h e end o f t h e i n c u b a t i o n p e r i o d ( t o measure 'noise' and 

o t h e r background i n t e r f e r e n c e ) . 
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The p r e p a r e d d i s c s , f r o m t h e i n c o r p o r a t i o n o r c h a r g i n g 

e x p e r i m e n t s , were p l a c e d c a r e f u l l y i n s c i n t i l l a t i o n v i a l s c o n t a i n i n g 

8 ml o f s c i n t i l l a t i o n f l u i d . The r a d i o a c t i v i t y p r e s e n t was determined 

u s i n g t h e Beckman L i q u i d S c i n t i l l a t i o n Spectrometer w i t h a u t o m a t i c 

i n t e r n a l s t a n d a r d s e t t i n g . Sample c o u n t i n g t i m e was v a r i e d t o s u i t 

t h e a c t i v i t y p r e s e n t i n t h e d i s c s , so as t o o b t a i n s t a t i s t i c a l l y 

a c c e p t a b l e r e s u l t s . 

P r e p a r a t i o n o f F i l t e r - P a p e r D i s c s f o r Radioassay: 

The washing p r o c e d u r e adopted may be c o n v e n i e n t l y d e s c r i b e d i n 

t a b u l a r f o r m ( T a b l e 9 ) 

P o l y a c r y l a m i d e Gel E l e c t r o p h o r e s i s : 

P o l y a c r y l a m i d e g e l e l e c t r o p h o r e s i s (PAGE) was c a r r i e d o u t u s i n g 

Perspex t u b e s o f i n t e r n a l d i a m e t e r 7 mm and l e n g t h 115 mm, as g e l 

s u p p o r t s , i n a two-compartment e l e c t r o p h o r e s i s chamber. P l a t i n u m 

e l e c t r o d e s were used i n each b u f f e r compartment. 

A c r y l a m i d e s t o c k s o l u t i o n , u n d i l u t e d e l e c t r o p h o r e t i c b u f f e r 

('E' b u f f e r ) and w a t e r were mixed t o g i v e t h e d e s i r e d g e l c o n c e n t r a t i o n , 

d i s s o l v e d a i r b e i n g removed r a p i d l y by vacuum. 

I n o r d e r , 25 ^ 1 o f N, N, N', N', t e t r a m e t h y l - e t h y l e n e d i a m i n e 

(Temed) and 0.25 ml 10% (w/v) ammonium p e r s u l p h a t e ( f r e s h l y p r e p a r e d ) 

were added. M i x i n g was accomplished by s w i r l i n g t o a v o i d a e r a t i o n . The 

g e l s were a l l o w e d t o s e t f o r a t l e a s t 30 min and then used i m m e d i a t e l y 

(as s t o r a g e was n o t fou n d t o be p r a c t i c a b l e ) . 
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2. 

3. 

4. 

10. 

T a b l e 9 

P r e p a r a t i o n o f Samples f o r Radioassay 

tRNA/Enzyme Assay D i s c s Amino A c i d I n c o r p o r a t i o n D i s c s 

60 min 10% TCA(10 m l / d i s c ) 0°C A. 

Decant and wash w i t h 5% TCA 

15 min 5% TCA (10 m l / d i s c ) 20°C 

Decant and wash w i t h 5% TCA 

Rinse w i t h E t h e r - E t h a n o l ( 1 : 1 ) 

30 min E t h e r - E t h a n o l ( 1 : 1 ) 
(5 m l / d i s c ) 

37°C 

5 min 

Rinse w i t h E t h e r 

E t h e r (5 m l / d i s c ) 20°C 

B. 

30 min 5% TCA (10 m l / d i s c ) 90 C E. 

Decant, r i n s e t w i c e w i t h 5% TCA F. 

H, 

Decant, wash w i t h E t h e r - E t h a n o l ( 1 : 1) and then w i t h E t h e r I . 

15 min E t h e r (5 m l / d i s c ) 20°C J. 

K. 

A i r d r y and p u t i n 8 ml s c i n t i l l a t i o n f l u i d , i n v i a l s showing l i t t l e 

r e s i d u a l r a d i a t i o n ( i . e . l e s s t h a n 50 c.p.m.) 

TCA - t r i c h l o r a c e t i c a c i d 
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E l e c t r o p h o r e s i s was c a r r i e d o u t a t room t e m p e r a t u r e , u s i n g a 

f i v e t i m e s d i l u t i o n o f t h e s t o c k 'E' b u f f e r i n t h e b u f f e r compartments 

( t h e b u f f e r c o n t a i n i n g 2 g / l sodium l a u r y l s u l p h a t e ) . Pre-

e l e c t r o p h o r e s i s was c a r r i e d o u t f o r 60 min ( t o remove any u l t r a - v i o l e t 

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

i n h i b i t o r , sodium l a u r y l s u l p h a t e i n t o t h e g e l s ) a t 5 mA per tube and 

a t 8 v o l t s p e r cm o f g e l l e n g t h . 

RNA samples, d i s s o l v e d i n d i l u t e d 'E' b u f f e r c o n t a i n i n g sodium 

l a u r y l s u l p h a t e and 6% (w/v) s u c r o s e , were l a y e r e d onto t h e g e l 

s u r f a c e a t 'zero t i m e ' , w i t h no c u r r e n t p a s s i n g , ( 2 5 jjg o f RNA sample/gel), 

E l e c t r o p h o r e s i s was c o n t i n u e d f o r f r o m two t o t h r e e h o u r s , 

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

e l e c t r o p h o r e s i s , t h e g e l s were c a r e f u l l y removed f r o m t h e i r s u p p o r t s 

and soaked i n 'E' b u f f e r f o r 60 min t o a i d i n l o w e r i n g background 

a b s o r p t i o n ( L o e n i n g , 1968, 1969). 

The g e l s were scanned i n a p a r a l l e l s i d e d q u a r t z c o n t a i n e r , i n a 

J o y c e - L o e b l Chromoscan Mark I I (a double beam r e c o r d i n g and 

i n t e g r a t i n g d e n s i t o m e t e r ) a t 265 nm, u s i n g a l i g h t s l i t 50-150 

wide by 1 t o 2 mm. 

I t has been shown t h a t t h e m o b i l i t y o f t h e low m o l e c u l a r w e i g h t 

RNA i n PAGE i s i n v e r s e l y r e l a t e d t o t h e s e d i m e n t a t i o n c o e f f i c i e n t 

( R i c h a r d s e t a l . , 1965) and a l s o f o r r i b o s o m a l RNA ( L o e n i n g and I n g l e , 

1967). From t h i s i t f o l l o w s t h a t t h e r e l a t i v e m o b i l i t y s h o u l d be 

i n v e r s e l y r e l a t e d t o t h e l o g m o l e c u l a r w e i g h t . T h i s was found t o be 

t h e case f o r a range o f v i r a l RNA s p e c i e s ( B i s h o p e t a l . , 1967). 
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The d i s t a n c e s moved by t h e RNA s p e c i e s s t u d i e d ( o r t h e i r 

m o b i l i t i e s ) were t h e r e f o r e expressed g r a p h i c a l l y t o determine 

m o l e c u l a r w e i g h t s and 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 . 

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 l A n a l y s i s : 

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 l a n a l y s i s was c a r r i e d o u t , employing 

an Omega I I P r e p a r a t i v e U l t r a c e n t r i f u g e w i t h A n a l y t i c a l Attachment, 

s t a n d a r d A n a l y t i c a l r o t o r and s t a n d a r d c e l l (See Appendix ) , u s i n g 

S c h l i e r e n o p t i c s . A s m a l l number o f d e t e r m i n a t i o n s , f o r comparison 

purposes were c a r r i e d o u t e m p l o y i n g t h e Beckman Spinco 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 ( P a i n , 1970), u s i n g S c h l i e r e n and u l t r a - v i o l e t o p t i c a l 

systems. Where p o s s i b l e samples were r u n i n s u i t a b l e b u f f e r s 

c o n t a i n i n g 100 mM KCl t o a i d i n s u p p r e s s i n g p o s s i b l e charge e f f e c t s 

( M o l l e r e t a l . , 1969). 

W i t h t h e moving boundary method, 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 are 

g e n e r a l l y e v a l u a t e d f r o m t h e e q u a t i o n ( i i i ) . 

d x / d t „ . / . . . N s = E q u a t i o n ( m ) 

where, i s t h e c e n t r i f u g a l f i e l d and d x / d t i s t h e r a t e o f change 

o f p a r t i c l e d i s t a n c e f r o m t h e c e n t r e o f t h e r o t o r w i t h r e s p e c t t o t i m e . 

T h i s approach t o t h e s e d i m e n t a t i o n c o e f f i c i e n t i s based on t h e 

e q u a t i o n d e f i n e d by Svedberg ( 1 9 4 0 ) . 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 , 

£ , i s t h u s a measurement o f t h e t r a n s p o r t o f t h e m a t e r i a l across t h e 

c e l l under t h e i n f l u e n c e o f a c e n t r i f u g a l f i e l d (and has u n i t s o f cm/sec/dyne/g 
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o r s e c ) . 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 a r e o f t e n r e p o r t e d i n 

-13 
Svedbergs(S) where one Svedberg i s e q u a l t o 10 sec. 

E q u a t i o n ( i i i ) may be w r i t t e n 

s = d ( l n x ) 1 E q u a t i o n ( i v ) 
d t oo"̂  

i . e . , s = 2.303 . d ( l o g x ) 
0^^.60 d t 

E q u a t i o n ( v ) 

E q u a t i o n ( v ) h o l d s t r u e o n l y i f t h e r e i s no i n c r e a s e i n 

t e m p e r a t u r e d u r i n g t h e r u n . From t h i s e q u a t i o n t h e s e d i m e n t a t i o n 

c o e f f i c i e n t o f the macromolecule under i n v e s t i g a t i o n was determined. 

D e t e r m i n a t i o n s were made by p l o t t i n g ' l o g x' a g a i n s t t i m e ' t ' ( i n 

m i n u t e s ) f o r a l l v a l u e s f o r one ex p e r i m e n t . The s l o p e o f t h e graph 

was d e t e r m i n e d and s u b s t i t u t e d i n e q u a t i o n ( v ) , t o determine ^. 

The ^ as d e t e r m i n e d , s h o u l d be c o r r e c t e d t o s t a n d a r d c o n d i t i o n s , 

i . e . , s , t o a medium o f s p e c i f i c g r a v i t y 0.9982 and v i s c o s i t y 
~20,w 

1,0050 c e n t i p o i s e ( i . e . , w a t e r a t 20°C). 

T h i s c o r r e c t i o n can be made i n two sta g e s as a c o n v e n i e n t and 

adequate a p p r o x i m a t i o n (Markham, 1967). The ̂  v a l u e i s m u l t i p l i e d 

by t h e r e l a t i v e v i s c o s i t y o f w a t e r a t t h e t e m p e r a t u r e o f t h e r u n . I n 

d i l u t e s a l t s o l u t i o n s t h i s c o r r e c t i o n i s o f t e n adequate by i t s e l f . 

S econdly, t h e £ i s m u l t i p l i e d by t h e r e l a t i v e v i s c o s i t y o f t h e b u f f e r 

s o l u t i o n used and by t h e f a c t o r 

( 1 - 0.998 V) 
( 1 - V ̂  t o ) 
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where, V i s t h e s p e c i f i c volume o f t h e m a t e r i a l under i n v e s t i g a t i o n 

and yo t t h e d e n s i t y o f t h e s o l v e n t a t t e m p e r a t u r e , t°. The l a t t e r 

may u s u a l l y be taken as t h e d e n s i t y o f t h e b u f f e r a t 20°c m u l t i p l i e d 

by t h e d e n s i t y o f w a t e r a t t ° c . The l a s t f a c t o r u s u a l l y i n v o l v e s a 

v e r y s m a l l o r n e g l i g i b l e c o r r e c t i o n i f aqueous s o l v e n t s are used. I f 

one uses 0.1 M NaCl buffer»ed i f necessary w i t h 0.01 M b u f f e r , a t a 

t e m p e r a t u r e o f 20°C, t h e o v e r a l l c o r r e c t i o n f o r s o l v e n t v i s c o s i t y and 

d e n s i t y w i t h a n u c l e o p r o t e i n v i r u s i s o f t h e o r d e r o f x 1.015 o r l e s s , 

and so may u s u a l l y be n e g l e c t e d . 

I n t h e t e x t t h e r e f o r e , s e d i m e n t a t i o n c o e f f i c i e n t - v a l u e s a r e g i v e n 

as d e t e r m i n e d g r a p h i c a l l y and c o r r e c t e d a c c o r d i n g t o the f o l l o w i n g 

e q u a t i o n (as suggested by P a i n , 1970). 

0 
s o = s o ^ X i ^ r e l . b u f f e r 20°C) x ( U ^ ) H n 
-20 - t . b u f f e r — 2 

where, 7̂  i s t h e v i s c o s i t y o f t h e b u f f e r o r w a t e r a t t h e s t a t e d 

t e m p e r a t u r e (20°C o r t ^ ) . T h i s e q u a t i o n does n o t t a k e i n t o account 

i n t e r p a r t i c u l a t e i n t e r a c t i o n o r t h e e f f e c t o f c o n c e n t r a t i o n on t h e 

s e d i m e n t a t i o n c o e f f i c i e n t . 

Measurements were made fr o m p h o t o g r a p h i c p r i n t s o r from the a c t u a l 

n e g a t i v e s h e l d f l a t i n an e n l a r g e r c a r r i e r . From t h e idea o f . 

Markham, (1967) a t e m p l a t e was d e v i s e d and drawn on graph paper, a t 

a t i m e s t e n m a g n i f i c a t i o n . The n e g a t i v e was p r o j e c t e d o n t o t h i s 

t e m p l a t e and t h e n e g a t i v e r e f e r e n c e p o i n t s l i n e d up w i t h t h o se on t h e 

t e m p l a t e . R e l a t i v e l y easy r e a d i n g o f f o f peak movement d i s t a n c e s was 

t h u s f a c i l i t a t e d . 
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RESULTS 

1. B i o l o g i c a l M a t e r i a l s : 

The p l a n t s grown as B r a s s i c a c h i n e n s i s v a r . Wong Bok bore a c l o s e 

resemblance t o t h e d e s c r i p t i o n o f B. c h i n e n s i s g i v e n by B a i l e y ( 1 9 6 1 ) . 

The seed used was fou n d t o be al m o s t 100% pure and t o have an 85-90% 

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

S i m i l a r good g e r m i n a t i o n was o b t a i n e d w i t h V i c i a faba seeds 

grown b o t h under greenhouse and f i e l d c o n d i t i o n s . 

T y p i c a l symptoms r e s u l t e d f r o m i n o c u l a t i n g Chinese cabbage 

p l a n t s w i t h TYMV. O c c a s i o n a l l y u n i n f e c t e d p l a n t s were seen wh i c h 

e x h i b i t e d some o f t h e symptoms o f i n f e c t e d p l a n t s . B a c k - i n o c u l a t i o n s 

f r o m such specimens d i d n o t r e s u l t , however, i n i n f e c t e d t e s t p l a n t s , 

s u g g e s t i n g a g e n e t i c o r n u t r i t i o n a l f a c t o r . Seed from i n f e c t e d p l a n t s 

d i d n o t produce i n f e c t e d p l a n t s on g e r m i n a t i o n . 

L o c a l c h l o r o t i c l e s i o n s sometimes developed from p o i n t s o f 

i n f e c t i o n f o l l o w i n g m e c hanical i n o c u l a t i o n o f younger p l a n t s , f o l l o w e d 

by o u t s t a n d i n g m o t t l i n g (because o f w h i c h Markham and Smith (1949) gave 

t h e name t u r n i p y e l l o w mosaic t o t h e v i r u s ) . About 8 t o 10 days a f t e r 

i n o c u l a t i o n , marked y e l l o w i n g and d i s c o l o u r a t i o n o f t h e younger leaves 

r e s u l t e d , w i t h g r a d u a l even v e i n y e l l o w i n g i n t h e o l d e r l e a v e s . I n t h e 

f i n a l s t a g e s o f i n f e c t i o n t h e mosaic was v e r y pronounced, r e s e m b l i n g 

a v a r i e g a t i o n o f i n t e n s e y e l l o w - g r e e n o r cream pa t c h e s , i n t e r m i n g l e d 

w i t h d a r k green areas ( f i g s . 7, 8, 9 ) . 



F i g . 7 U n i n f e c t e d and TYMV i n f e c t e d B r a s s i c a c h i n e n s i s p l a n t s 

t o show marked mosaic symptoms 

B. c h i n e n s i s var, Wong Bok i n f e c t e d w i t h 'New Zealand' 
sample o f TYMV. P l a n t on r i g h t u n i n f e c t e d . 

B. c h i n e n s i s var. C h i h l i i n f e c t e d w i t h 'New Ze a l a n d ' 
sample o f TYMV. P l a n t on r i g h t u n i n f e c t e d . 

B. c h i n e n s i s var. P t e S a i i n f e c t e d w i t h 'New Zealand' 
sample ( f r o n t l e f t ) and 'French' sample ( f r o n t r i g h t ) 
o f TYMV. P l a n t i n m i d d l e u n i n f e c t e d . 
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Samples t a k e n f r o m each o f these c o l o u r e d areas produced 

s i m i l a r c o l o u r e d i n f e c t i o n s i n new p l a n t s . S u b - c u l t u r i n g , however 

e v e n t u a l l y r e s u l t e d i n g e n e r a l mixed c o l o u r a t i o n s r e t u r n i n g . 

The French i s o l a t e produced more r a p i d l e a f d i s c o l o u r a t i o n and 

was more n e c r o t i c t h a n t h e o t h e r i s o l a t e s , u s u a l l y k i l l i n g t h e young 

i n f e c t e d p l a n t s . P l a n t s i n f e c t e d by t h e o t h e r samples were v e r y 

r a r e l y k i l l e d and o f t e n f l o w e r e d and s e t seed i f a l l o w e d t o do so. The 

w h i t e 'break' i n t h e y e l l o w f l o w e r s (as n o t e d by Markham and Smith, 

1949) was o c c a s i o n a l l y observed. 

Chinese cabbage p l a n t s i n o c u l a t e d w i t h TYMV RNA e x h i b i t e d 

e x a c t l y t h e same symptoms as produced by t h e i n t a c t v i r u s , a l t h o u g h 

t h e i n f e c t i o n t i m e v a r i e d from 8 t o 15 days. 

The i n f e c t i o n e x h i b i t e d s i m i l a r symptoms i n a l l t h r e e v a r i e t i e s 

o f Chinese cabbage, a l t h o u g h t h e p a l e green l e a v e s o f the Pte S a i 

v a r i e t y were always y e l l o w e r . U n i n f e c t e d p l a n t s o f t h e C h i h l i and 

Wong Bok v a r i e t i e s were a d a r k e r green i n c o l o u r , and so t h e y e l l o w i n g 

was l e s s marked i n i n f e c t e d t e s t p l a n t s . 

C o n t r o l p l a n t s ( s i m i l a r l y t r e a t e d t o t e s t p l a n t s b u t w i t h o u t 

i n f e c t i v e a g e n t ) never e x h i b i t e d any symptoms r e s e m b l i n g i n f e c t i o n 

by TYMV. 

I n i t i a l e x p e r i m e n t s u s i n g t h e Markham s t r a i n o f TYMV i n an 

a t t e m p t t o i n o c u l a t e V. faba p l a n t s were a p p a r e n t l y u n s u c c e s s f u l i n 

t h a t no symptoms o f i n f e c t i o n were n o t e d i n t h e bean. Chinese cabbage 
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p l a n t s i n o c u l a t e d w i t h t h e same i n o c u l a a t t h e same t i m e showed 

t y p i c a l symptoms a f t e r 9 days. 

I n i t i a l e x p e r i m e n t s u s i n g t h e New Zealand s t r a i n were more 

s u c c e s s f u l . V a r i o u s methods o f i n o c u l a t i o n were a t t e m p t e d i n c l u d i n g 

carborundum a i d e d l e a f a b r a s i o n , d i p p i n g o f damaged l e a f edges i n t o 

v i r a l s u s p e n s i o n s and i n j e c t i o n o f suspensions i n t o l e a f v e i n s o r t h e 

main p l a n t stem. I n f e c t i o n was n o t r e a d i l y a p p a r e n t i n t h e bean t e s t 

p l a n t s a l t h o u g h r e a d i l y a p p a r e n t i n t h e Chinese cabbage c o n t r o l s . 

The w h i t e f l o w e r s o f t h e i n o c u l a t e d beans a b o r t e d b e f o r e 

development, however, t o a g r e a t e r e x t e n t than i n t h e c o n t r o l bean 

p l a n t s . F o u r t e e n days a f t e r 'carborundum a b r a s i o n ' i n o c u l a t i o n , a 

s l i g h t r e d m o t t l i n g on t h e s u r f a c e s o f t h e i n o c u l a t e d bean l e a v e s became 

a p p a r e n t , e s p e c i a l l y a t t h e s i t e s o f i n o c u l a t i o n . R e - i n f e c t i o n o f 

h e a l t h y Chinese cabbage p l a n t s w i t h l e a f macerates o f t h e r e d m o t t l e d 

a r e a s was a t t e m p t e d . I n t h r e e cases o u t o f t h r e e , t y p i c a l TYMV i n f e c t i o n 

symptoms were produced ( b u t o n l y 15 t o 21 days a f t e r i n o c u l a t i o n o f t h e 

cabbages). R e - i n f e c t i o n a t t e m p t s u s i n g macerates o f n o n - m o t t l e d bean 

l e a v e s were o n l y p a r t i a l l y s u c c e s s f u l i n t h a t o n l y one t e s t cabbage 

p l a n t i n t h r e e showed symptoms o f i n f e c t i o n . A t t e m p t e d i s o l a t i o n o f 

v i r u s f r o m t h e m o t t l e d bean l e a v e s proved u n s u c c e s s f u l . 

No u n u s u a l symptoms were n o t e d i n t h e bean p l a n t s t h a t had been 

l e a f - d i p p e d o r i n j e c t e d w i t h TYMV suspensions. 

The r e s u l t s o f a f i n a l s e r i e s o f ex p e r i m e n t s t o i m p l i c a t e TYMV 

as an agent o f i n f e c t i o n i n t h e broad bean a r e p r e s e n t e d i n Table 10. 

( t h e New Zealand sample b e i n g used i n t h i s and subsequent i n o c u l a t i o n s ) . 



F i g . 8 Samples of Brassica chinensis and V i c i a faba leaves to show 
v a r i a t i o n i n mosaic symptoms of TYMV i n f e c t i o n 

Various ages of Brassica chinensis var Wong Bok leaves 
i n f e c t e d w i t h TYMV ('New Zealand' sample). Leaf a t 
bottom r i g h t u n i n f e c t e d . 

Two V. faba leaves ( t o p r i g h t ) , l e a f on r i g h t u n i n f e c t e d 
and l e a f on l e f t ' i n f e c t e d ' w i t h TYMV. 

Old, t a l l flower stem leaves o f Brassica chinensis var Wong 
Bok showing marked 'colour-breaking'. 
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F i g . 9 Brassica chinensis leaves and V i c i a faba leaves and p l a n t 
i n f e c t e d w i t h TYMV 

1. B. chinensis older flower s t a l k leaves e x h i b i t i n g 
blooming ( a l s o seen on younger leaves). 

2. V. faba p l a n t on r i g h t i n o c u l a t e d by l e a f abrasion w i t h 
TYMV. Plan t on l e f t u n i n f e c t e d . 
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Table 10 

Results of i n o c u l a t i n g V i c i a faba w i t h TYMV and Brassica chinensis 
w i t h V. faba i s o l a t e s 

Inoculum Source Back-inoculation Result 

A. 
1. Inoculated V. faba l e a f NVS 

No TYMV found on examining 
under E.M. 

2. Leaves immediately above 
inoculated V. faba l e a f NVS 

Leaves immediately below 
in o c u l a t e d V. faba l e a f NVS 

Leaves at apex of 
inocu l a t e d V. faba p l a n t NVS 

5. I n f e c t e d B. chinensis and 
uninf e c t e d V. faba l e a f 

I n f e c t i o n a f t e r 11 days 

6, Uninfected V. faba l e a f NVS 

In f e c t e d B. chinensis I n f e c t i o n a f t e r 10 days 

8. Leaves immediately above 
inoculated V. faba l e a f + 
uninfected B. chinensis 

Symptoms of i n f e c t i o n 
noted a f t e r 15 days 

9. Uninfected B. chinensis NVS 

NVS - No v i s i b l e symptoms of i n f e c t i o n . 
Examination and sampling (back-inoculation) a f t e r 21 days. 
Three t e s t p l a n t s employed f o r each i n o c u l a t i o n and back-
i n o c u l a t i o n . 
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Table 11 

Results of i n o c u l a t i n g V i c i a faba w i t h TYMV and Brassica chinensis 
w i t h V. faba i s o l a t e s 

Inoculum Source Back-inoculation Result 

1. Inoculated V. faba l e a f NVS 

Inoculated V. faba l e a f + 
uninfected B. chinensis 

Grey 'blooming'of c e n t r a l 
r o s e t t e . Plant unhealthy. 

Leaves from above inoculated 
V. faba l e a f 

NVS 

4. Leaves from above inoculated 
V. faba l e a f + B. chinensis 

'Blooming' greater and 
unhealthier than B.2 

5. Uninfected B. chinensis NVS 

6. I n f e c t e d B. chinensis 10 days a f t e r i n o c u l a t i o n 
2 plants showing t y p i c a l 
i n f e c t i o n symptoms., 1 plant 
e x h i b i t i n g 'blooming' and 
s l i g h t l e s i o n i n g 

NVS - No v i s i b l e symptoms of i n f e c t i o n . 
Examination and sampling (back-inoculation) a f t e r 21 days. 
Three t e s t p l a n t s employed f o r each i n o c u l a t i o n and back-
i n o c u l a t i o n . 
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The bean p l a n t s were inoculated by l e a f abrasion w i t h a suspension 

of TYMV, 21 days p r i o r to sampling. Inoculated bean plants d i d not 

e x h i b i t any noticeable symptoms of i n f e c t i o n a t the time of 

sampling. 

To confirm the r e s u l t s from the above series (Table 10 ) and 

to ensure t h a t i n f e c t i o n o f the inoculated Chinese cabbage pl a n t s was 

not due to contamination the experiment was repeated (Table 11 ). 

To compare the e f f e c t , a number of bean pl a n t s were inoculated w i t h 

TYMV RNA (Table 12 ) . Fourteen days a f t e r i n o c u l a t i o n , (and 

subsequently a f t e r 21 days) the bean pl a n t s were examined (Table 13 ). 

In general RNA inoculated bean p l a n t s grew t a l l e r and s p i n d l i e r than 

v i r u s inoculated specimens. Samples inoculated from the beans, 28 days 

a f t e r the i n i t i a l i n o c u l a t i o n s e x h i b i t e d only m i l d d i s c o l o u r a t i o n of 

Chinese cabbage t e s t p l a n t s . "Abortion" o f the bean flowers ceased 

a f t e r t h i s time and subsequent f l o w e r i n g was normal, the seed pods 

showing no abnormal symptoms. 

Using the bean .plants examined i n Tables 12, 13, and i n o c u l a t i n g 

f r e s h Chinese cabbage p l a n t s , the day a f t e r the f i r s t series o f 

i n o c u l a t i o n s were performed, s i m i l a r r e s u l t s to Tables 12, 13 were 

obtained (Table 14). 

Radish pl a n t s are reported to be a host f o r TYMV (Markham and Smith, 
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Table 12 

Results of I n o c u l a t i n g V i c i a faba w i t h TYMV and TYMV RNA 

Inoculum Host Result 

1. TYMV B. chinensis Symptoms a f t e r 12 days 

2. TYMV V. faba No obvious symptoms, 
s l i g h t l y e t i o l a t e d . 

3. TYMV RNA B. chinensis Symptoms a f t e r 13 days 

4. TYMV RNA. V. faba As f o r 2 

TYMV & bean l e a f B. chinensis 
( u n i n f e c t e d ) 

T y p i c a l symptoms 

TYMV RNA &, bean B. chinensis 
l e a f ( u ninfected) 

Ty p i c a l symptoms, not 
so pronounced as 3 

Three t e s t p l a n t s used f o r each inoculum source. 
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Table 13 

Results of Back-inoculating Brassica chinensis from V i c i a faba I s o l a t e s 

Inoculum Source Back-Inoculation Result 

1. Virus inoculated V.faba l e a f NVS 

2. Virus inoculated V.faba l e a f + 
un i n f e c t e d B. chinensis 

Blooming of leaves; non-
inoculated p l a n t i n same 
pot NVS. 

3. V i r u s / l e a f above inoculated 
V. faba l e a f 

S l i g h t m o t t l i n g of leaves 

4. Uninfected B. chinensis + 3 Uncertain 

5. Uninfected V. faba and 
B. chinensis leaves 

NVS 

6. Uninfected V. faba l e a f NVS 

7. Uninfected B. chinensis l e a f NVS 

8. Virus i n f e c t e d B. chinensis Ty p i c a l symptoms a f t e r 8 days 

9. RNA i n f e c t e d B. chinensis Ty p i c a l symptoms a f t e r 10 days 

10. RNA inoculated V. faba above 
in o c u l a t e d p o i n t 

Very s l i g h t blooming/mottling 

11. Uninfected B. chinensis + 10 Blooming on c e n t r a l r o s e t t e 

12. Virus inoculated V. faba + 
r a d i s h l e a f 

Blooming a f t e r 10 days 

NVS no v i s i b l e symptoms 

Sampling a f t e r 14 days and 21 days onto B. chinensis. 
Three t e s t p l a n t s used f o r each i n o c u l a t i o n and back-
i n o c u l a t i o n . 
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Table 14 

Results o f I n o c u l a t i n g Brassica chinensis w i t h V i c i a faba 
Leaf I s o l a t e s 

Inoculum Source Back-Inoculation Result 

1. Virus/Leaf above inoc. V. faba 
l e a f 

S l i g h t blooming 

2. Uninfected B. chinensis + 1. Greater blooming and m o t t l i n g 

3. Uninfected Radish l e a f + 1. Greater blooming and m o t t l i n g 

4. Uninfected Radish l e a f NVS 

5. Uninfected B. chinensis NVS 

NVS - no v i s i b l e symptoms 

Sampling (back-inoculation) f i f t e e n days a f t e r o r i g i n a l 
i n o c u l a t i o n 
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1949). An inoculum was prepared by g r i n d i n g uninfected radish leaves 

w i t h Table '2. TYMV inoculated bean leaves. On a p p l i c a t i o n to 

Chinese cabbage t e s t p l a n t s , a f t e r ten days, "blooming*of the leaves 

of the c e n t r a l r o s e t t e s r e s u l t e d ( t o a greater extent than on 

applying a "pure" bean inoculum). S i m i l a r enhanced " i n f e c t i o n " 

r e s u l t e d on mixing the Table 12 TYMV inoculated bean leaves w i t h 

u n i n f e c t e d cabbage leaves before applying to t e s t p l a n t s (Table 14 ), 

During the course of these experiments samples of bean leaves 

examined under the e l e c t r o n microscope f a i l e d to show the presence 

of t y p i c a l TYMV c r y s t a l l i n e aggregates, as seen i n i n f e c t e d Chinese 

cabbage leaves (page 317 ) . 

Back-inoculation from Chinese cabbage t e s t p l a n t s e x h i b i t i n g 

"blooming" ( i n o c u l a t e d w i t h bean i s o l a t e s ) onto fresh uninfected 

Chinese cabbage r e s u l t e d i n the production o f s i m i l a r "blooming". 

Cabbage p l a n t s showing the more t y p i c a l symptoms of TYMV i n f e c t i o n 

when back-inoculated, occasionally produced "blooming" but more o f t e n 

the t y p i c a l symptoms o f TYMV i n f e c t i o n . 

V i r a l E x t r a c t i o n : 

(a) The ammonium sulphate p r e c i p i t a t i o n procedure f o r the i s o l a t i o n 

of TYMV (page 72 ), was found to be ah easy but time consuming method. 

Samples prepared by t h i s method e x h i b i t e d absorption spectra i n d i c a t i v e 

of contamination by p l a n t m a t e r i a l ( f i g . 10 ) . The sedimentation 

p a t t e r n o f such samples was s i m i l a r to tha t shown by i n f e c t e d p l a n t 
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sap ( f i g . 22 ) , but the contaminants were i n lower concentration. 

The sedimentation p a t t e r n of i n f e c t e d p l a n t sap bore a close 

resemblance to 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 p i c t u r e s by Dunn and 

Hitchborn (1965) and other workers of i n f e c t e d sap. 

Each p r e c i p i t a t i o n step helped to reduce contamination, but 

e l e c t r o n microscopic examination of a t y p i c a l i s o l a t e i n d i c a t e d the 

presence of 18 S p r o t e i n . Ammonium sulphate p r e c i p i t a t i o n removed 

most of the extraneous m a t e r i a l having an absorption maximum a t 

c. 315-320 nm. 

V i r a l i s o l a t e s e x t r a c t e d by t h i s method were i n f e c t i v e , and 

i s o l a t e s examined a f t e r one week of storage at 4°C had no apparent 

change i n absorption spectrum (and were s t i l l i n f e c t i v e ) . 

Extraneous p l a n t m a t e r i a l was removed from p r e c i p i t a t e d samples 

by treatment w i t h MAGBENT, r e s u l t i n g i n an almost pure preparation 

o f top and bottom components of TYMV ( w i t h l i t t l e loss i n concentration 

of the v i r u s ) . 

On t r e a t i n g the p u r i f i e d sample of v i r u s w i t h f u r t h e r magnesium 

be n t o n i t e , i t was found t h a t under v i r a l e x t r a c t i o n conditions only 

1-2% of the v i r u s was adsorbed. This compared favourably w i t h the 

magnesium bentonite prepared and used by Dunn and Hitchborn (1965). 

A f t e r bentonite suspensions had been c e n t r i f u g e d , i n some s a l t 

s o l u t i o n s , the o p t i c a l density of the supernatant was s l i g h t l y higher 

than t h a t o f the corresponding s a l t s o l u t i o n . Normally the c e n t r i f u g a t i o n 

times and speeds were s u f f i c i e n t to e l i m i n a t e t h i s as a major source of 

contamination o f e i t h e r the v i r u s or i t s n u c l e i c acid. 
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(b) Magnesivim bentonite treatment and d i f f e r e n t i a l c e n t r i f u g a t i o n 

proved a more r a p i d and convenient TYMV i s o l a t i o n procedure than 

ammonium sulphate p r e c i p i t a t i o n , y i e l d i n g 'clean' v i r a l samples. 

Such samples y i e l d e d only the S c h l i e r e n - o p t i c a l peaks corresponding 

t o reported S values f o r TYMV components (Matthews and Ralph, 1966), and 

had t y p i c a l absorption spectra. Samples prepared by t h i s method were 

found t o r e a d i l y r e - i n f e c t B. chinensis. 

Treatment of the p u r i f i e d v i r a l suspension w i t h magnesium 

ben t o n i t e , other than a s l i g h t increase i n o p t i c a l density, d i d not 

s i g n i f i c a n t l y a l t e r the absorption spectrum or r e l a t i v e i n f e c t i v i t y of 

the sample ( f i g . n ) , a f t e r bentonite removal. 

Comparative V i r a l E x t r a c t i o n s : 

I n i t i a l experiments i n d i c a t e d t h a t the ' s t r a i n ' of TYMV provided 

by Professor Markham and Professor Matthews, produced the most vigorous 

i n f e c t i o n under the growth conditions employed. 

These two ' s t r a i n s ' were inoculated onto three v a r i e t i e s o f 

B. chinensis and were subsequently i s o l a t e d , by d i f f e r e n t i a l 

c e n t r i f u g a t i o n (method (b) above), t o i n d i c a t e the best h o s t / s t r a i n 

combination (Table 15 ) . 

I n i n f e c t e d p l a n t sap there appeared to be a s l i g h t increase i n a 

component(s) e x h i b i t i n g maximum absorption at c. 315 nm (possibly 

i n d i c a t i v e o f an increase i n phenolic products). No f i n a l p e l l e t or 

any u.v. absorbing m a t e r i a l was obtained when uninfected p l a n t leaves 

were subjected t o v i r u s e x t r a c t i o n procedures ( c e n t r i f u g e tube washings 
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F i g . 11 A b s o r p t i o n spectrum of TYMV 

225 250 275 
Wavelength (nm) 

300 

TYMV prepared by the method o f Dunn and 
Hitchbornj(1965) , suspended I n 5 x 10-3 m 
MgSOi^-10-2 M phosphate b u f f e r , pH 7.4(20°C) 

a. A s u i t a b l e d i l u t i o n I n w a t e r . 
b. A s u i t a b l e d i l u t i o n of a sample t r e a t e d 

w i t h 0.1 v o l . magnesium b e n t o n i t e 
suspenslon(50 mg/ml) and c l a r i f i e d by 
c e n t r i f u g a t i o n . 
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Table 15 

Comparative V i r a l E x t r a c t i o n s from Brassica chinensis V a r i e t i e s 

S t r a i n Brassica chinensis var. 

New Zealand 

Pte Sai Wong Bok C h i h l i 
(mg virus/Kg fresh l e a f wt*) 
500 640 400 

Markham 450 600 625 

Uninfected 

* determined by o p t i c a l density measurement 

Results are the average of three experiments 
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e x h i b i t i n g no a b s o r p t i o n o v e r t h e range 200- 450 nm). 

V i r a l RNA I s o l a t i o n ; 

Samples o f v i r u s p r e p a r e d by ammonium s u l p h a t e p r e c i p i t a t i o n 

were n o t f o u n d t o be s u i t a b l e f o r RNA e x t r a c t i o n u n l e s s e x t e n s i v e l y 

t r e a t e d w i t h b e n t o n i t e . D e g r a d a t i o n o f t h e i s o l a t e d RNA r e a d i l y 

o c c u r r e d , samples b e i n g u n s t a b l e on s t o r a g e f o r even s h o r t p e r i o d s . 

TYMV RNA was t h e r e f o r e r o u t i n e l y i s o l a t e d from TYMV e x t r a c t e d by 

b e n t o n i t e t r e a t m e n t w i t h d i f f e r e n t i a l c e n t r i f u g a t i o n ( T a b l e 3 ) . 

I n f e c t i o u s RNA was p r e p a r e d f r o m TYMV by phenol e x t r a c t i o n and 

e t h a n o l p r e c i p i t a t i o n t e c h n i q u e s . The phenol e x t r a c t i o n procedure 

r e s u l t e d , however, i n r a t h e r low y i e l d s , p r o b a b l y as a r e s u l t o f l o s s e s 

o c c u r r i n g a t t h e i n t e r p h a s e s . No a t t e m p t was made t o reduce these 

l o s s e s , and t h i s method was employed t o p r e p a r e a s m a l l number o f samples 

f o r c o m p a r a t i v e purposes o n l y . 

A b s o r p t i o n s p e c t r a o f e t h a n o l p r e c i p i t a t e d RNA samples ( f r o m 

T a b l e 15 , TYMV samples) i n d i c a t e d t h a t v i r u s from the New Zealand 

' s t r a i n ' c u l t u r e d on B. c h i n e n s i s v a r . Wong Bok had a t y p i c a l TYMV RNA 

spectrum, and t h a t such samples were ' c l e a n e r ' p r e p a r a t i o n s ( f i g . 12 ) . 

TYMV RNA a t 50 ^ g per ml produced f r o m 20 t o 30 l e s i o n s p e r h a l f 

l e a f , and TYMV a p p l i e d t o t h e o p p o s i t e h a l f l e a v e s gave an average o f 

56 p e r 2.5 yyg, 25 p e r 0.5 jjg and 7 p e r 0.1 yug TYMV per m l, 

r e s p e c t i v e l y . Assays were hampered by th e r a p i d o n s e t o f syst e m i c 

i n f e c t i o n . 



- 121 

F i g . 12 . A b s o r p t i o n s p e c t r a o f TYMV and TYMV RNA 

220 250 
Wavelength (nm) 

300 

TYMV p r e p a r e d by t h e method o f Dunn and H l t c h b o r n ( 1 9 6 5 ) , f r o m 
I n f e c t e d B r a s s l c a c h l n e n s l s v a r . Wong Bok l e a v e s 

a. Sample f r o m R.E.P. M a t t h e w s , New Z e a l a n d . 
b. Sample f r o m R. Markham, E n g l a n d . 

TYMV RNA 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 r o m t h e above TYMV I s o l a t e s . 

c. RNA f r o m TYMV sample o r i g i n a l l y s u p p l i e d f r o m New Z e a l a n d ( a ) 
d. RNA f r o m TYMV sample o r i g i n a l l y s u p p l i e d f r o m E n g l a n d ( b ) . 

A l l samples were suspended I n w a t e r and t h e a b s o r p t i o n s p e c t r a 
o f s u i t a b l e d i l u t i o n s d e t e r m i n e d I n w a t e r . 
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A s a n p l e o f TYMV RNA i n c u b a t e d w i t h 5 yUg RNase p e r l i t r e was 

found t o be i n a c t i v e , whereas a sample o f TYMV s i m i l a r l y t r e a t e d produced 

t y p i c a l symptoms o f i n f e c t i o n (and average number o f l e s i o n s ) . 

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 A n a l y s i s o f T u r n i p Y e l l o w Mosaic V i r u s 
and i t s N u c l e i c A c i d : 

V i r u s and v i r a l RNA p r e p a r a t i o n s s u b j e c t e d t o 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 were fo u n d t o e x h i b i t v a r y i n g s e d i m e n t a t i o n 

c h a r a c t e r i s t i c s , dependent somewhat on t h e b u f f e r employed and p a r t l y 

on t h e c o n c e n t r a t i o n o f t h e m a t e r i a l under i n v e s t i g a t i o n . 

TYMV b o t t o m component was found t o have a s e d i m e n t a t i o n c o e f f i c i e n t 

v a r y i n g between 107 - 118 S and t h e t o p component between 50 - 57 ̂  

( i n 0.1 M NaCl - 0.01. M PO^ b u f f e r ) ( f i g . 13 ) . I n s u f f i c i e n t 

d e t e r m i n a t i o n s were p e r f o r m e d t o e x t r a p o l a t e t h e v a l u e s o b t a i n e d t o 

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

Omega and Spinco 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 ( e m p l o y i n g S c h l i e r e n o p t i c s ) 

( T a b l e 16 ) . 

V a r i a t i o n s i n v a l u e s o b t a i n e d f o r v i r u s e x t r a c t e d from d i f f e r e n t 

ages o f p l a n t s were n o t g r e a t e r t h a n t h e normal v a r i a t i o n s between 

d i f f e r e n t v i r a l samples. 

O c c a s i o n a l l y a s m a l l 'peak' was observed between t h e t o p and bottom 

v i r a l components, w i t h a s e d i m e n t a t i o n c o e f f i c i e n t o f c. 80 Ŝ, p o s s i b l y 

i n d i c a t i v e o f i n c o m p l e t e removal o f p l a n t r i b o s o m a l m a t e r i a l . From 

'area under peak' measurements, t h i s r e p r e s e n t e d c. 1 % o f 260 nm 

a b s o r b i n g m a t e r i a l . Treatment o f such p r e p a r a t i o n s w i t h magnesium 

b e n t o n i t e removed t h i s 'peak' w i t h l i t t l e l o s s o f bottom component and 



F i g . 13 S c h l i e r e n p a t t e r n s o f two TYMV p r e p a r a t i o n s t o show 

l e a f m icrosomal c o n t a m i n a t i o n 

TYMV sus p e n s i o n e x h i b i t i n g marked c o n c e n t r a t i o n o f 
'mi d d l e ' component ('80 S' B r a s s i c a c h i n e n s i s l e a f 
l e a f r i b o s o m e s ) , between b o t t o m component (107 - 118 S) 
and t o p component (50 - 57 S ) . 

2. TYMV su s p e n s i o n w i t h low '80 S' component c o n t a m i n a t i o n 

Omega r o t o r speed 
/ Temperature 

Bar a n g l e 
Time ( a f t e r a t t a i n i n g speed) 
B u f f e r 

C o n c e n t r a t i o n 

D i r e c t i o n o f s e d i m e n t a t i o n 

40,000 r e v . / m i n 
20°C 
60° 
6 min 

0.1 M NaCl - 0.01 M phosphate b u f f e r 
pH 7.4 

3 mg/ml 260 nm a b s o r b i n g m a t e r i a l 
l e f t t o r i g h t 
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T a b l e 16 

Comparison o f 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 Determined Using 
Omega and Spinco 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 ( S c h l i e r e n O p t i c s ) 

S C o e f f i c i e n t s o f TYMV* Components 

I n s t r u m e n t Top Component Bottom Component 

Omega 53 116 

Spinco E 54 118 

*TYMV c o n c e n t r a t i o n : 5 mg per ml 

B u f f e r : 0.1 M NaCl - 0.02 M T r i s H y d r o c h l o r i d e , pH 7.5 

(some c o n t a m i n a t i o n i n b o t h d e t e r m i n a t i o n s by an 82 S 

component) 
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o n l y s l i g h t l o s s o f t o p component. No peak due t o 18 S p l a n t p r o t e i n 

was e v i d e n t i n p u r i f i e d v i r a l e x t r a c t s . 

TYMV n u c l e i c a c i d p r e p a r e d by e t h a n o l p r e c i p i t a t i o n , was found 

t o have a s e d i m e n t a t i o n c o e f f i c i e n t o f 32.5 S i n 0.2 M NaCl - 0.02 M 

EDTA - 0.05 M T r i s H y d r o c h l o r i d e , pH 7.5 (Spinco E, u.v. o p t i c s , a t 

40 ^ g p e r m l ) . H e a t i n g a t 65°C f o r 3 min reduced t h e c o n c e n t r a t i o n 

o f RNA s e d i m e n t i n g a t 32.5 S by c. 4 0 % ( s i m i l a r t o t h e f i n d i n g s o f Dunn 

and H i t c h b o r n , 1966). 

When g r e a t e r c o n c e n t r a t i o n s o f RNA were examined by Schlieren o p t i c s , 

ambiguous r e s u l t s were o b t a i n e d . E. c o l i h i g h l y p o l y m e r i s e d r i b o s o m a l 

RNA ( i n 0.1 M KCl - 0.01 M phosphate b u f f e r , pH 7.4) e x h i b i t e d two 

components s e d i m e n t i n g a t 12.9 S and 10.4 S a t 10 mg per m l , and 

8.3 S and 5.5 S a t 15 mg p e r ml. Reported v a l u e s f o r these components a r e 

23.5 and 16.3 ( K u r l a n d , 1960). 

Under s i m i l a r c o n d i t i o n s TYMV RNA (10 mg p e r m l ) e x h i b i t e d a ( f i g . 14) 

s i n g l e component, s e d i m e n t i n g a t 12.7 S. I n an a t t e m p t t o r e l a t e t h e 

two d e t e r m i n a t i o n s , a m i x t u r e o f TYMV RNA (2.5 mg p e r m l ) and E. c o l i 

RNA (5.0 mg p e r m l ) was examined. A f t e r a s h o r t p e r i o d o f 

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

f o r m i n g an opaque g e l . From r e a d i n g s o b t a i n e d b e f o r e g e l f o r m a t i o n , 

t h e TYMV RNA component was s e d i m e n t i n g a t 17.5 S and t h e o n l y E. c o l i 

component obse r v e d , a t 16 S. Assuming a si m p l e c o n c e n t r a t i o n dependence 

and t h a t t h e E. c o l i and TYMV RNA's were b e h a v i n g s i m i l a r l y under t h e 

e x p e r i m e n t a l c o n d i t i o n s employed (and u s i n g o n l y c o e f f i c i e n t s d e t e r m i n e d 

f o r t h r e e c o n c e n t r a t i o n s ) , a s i m p l e e x t r a p o l a t i o n t o zero c o n c e n t r a t i o n 



F i g . 14 S c h l i e r e n p a t t e r n s o f E s c h e r i c h i a c o l i and TYMV RNA's 

1. E. c o l i h i g h l y p o l y m e r i s e d r i b o s o m a l RNA. 

2. TYMV RNA e x t r a c t e d by t h e method o f Dunn and 
H i t c h b o r n ( 1 9 6 6 ) . 

Omega r o t o r speed 
Temperature 
Bar a n g l e 
Time ( a f t e r a t t a i n i n g speed) 
B u f f e r 

C o n c e n t r a t i o n 

D i r e c t i o n o f s e d i m e n t a t i o n 

40,000 r e v / m i n 
5°C 
70° 
45 min 

0.1 M KCl - 0.01 M phosphate b u f f e r , 
ph 7.4 

10 mg/ml 260 nm a b s o r b i n g m a t e r i a l 
l e f t t o r i g h t 
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gave an a p p r o x i m a t e v a l u e o f 23 S f o r t h e TYMV RNA component. Reported 

v a l u e s f o r TYMV RNA range from 22 - 28 S b u t a r e v e r y dependent on 

c o n c e n t r a t i o n and b u f f e r (Dunn and H i t c h b o r n , 1966; H a s e l k o r n , 1962; 

H i t c h b o r n , 1968). 

Spinco E d e t e r m i n a t i o n s gave s i m i l a r r e s u l t s f o r b o t h e t h a n o l 

p r e c i p i t a t e d and p h e n o l e x t r a c t e d samples. A t a c o n c e n t r a t i o n o f 

5 mg p e r m l , E. c o l i components sedimented a t 16.9 and 9.8 S and 

TYMV RNA a t 16 S. RNase degraded samples o f TYMV RNA r e s u l t e d i n broad 

s p r e a d i n g peak, w i t h an average s e d i m e n t a t i o n c o e f f i c i e n t o f c. 5 S . ( f i g . 1 5 ) 

Frozen and thawed samples o f TYMV RNA had s i m i l a r s e d i m e n t a t i o n 

c h a r a c t e r i s t i c s t o f r e s h m a t e r i a l . 

A t t h e h i g h e r c o n c e n t r a t i o n s , some TYMV RNA samples e x h i b i t e d 

a number o f o t h e r , r a t h e r i n d e t e r m i n i t e , peaks w i t h 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 r a n g i n g f r o m 14 - 18 S. A t no t i m e , however, were any 

peaks n o t e d w h i c h would have i n d i c a t e d t h e presence o f complete v i r u s 

o r empty c o a t p r o t e i n s h e l l s . 

A l l TYMV RNA samples examined i n t h e u l t r a c e n t r i f u g e , w i t h t h e 

e x c e p t i o n o f t h e RNase degraded p r e p a r a t i o n , were found t o produce 

t y p i c a l symptoms o f i n f e c t i o n i n B. c h i n e n s i s , b e f o r e and a f t e r 

c e n t r i f u g a t i o n . 

P o l y a c r y l a m i d e Gel E l e c t r o p h o r e s i s o f TYMV RNA: 

TYMV RNA, commercial samples o f h i g h l y p o l y m e r i s e d E. c o l i and 

y e a s t r i b o s o m a l RNA's, and p r e p a r e d t o t a l B. c h i n e n s i s v a r . Wong Bok 



F i g . 15 Spinco E s c h l i e r e n p a t t e r n s o f TYMV, and E s c h e r i c h i a 
c o l i and TYMV RNA 

1. Upper - Degraded TYMV RNA (10 mg/ml) 

Lower - TYMV RNA (10 mg/ml) 
Pr e p a r e d by t h e Dunn and H i t c h b o r n ( 1 9 6 6 ) 
method. 

2. Upper - TYMV RNA (5 mg/ml) p r e p a r e d by t h e method 
o f H a s e l k o r n (1962) 

Lower - E. c o l i h i g h l y p o l y m e r i s e d r i b o s o m a l RNA 
(5 mg/ml) 

3. Upper - TYMV (20 mg/ml) 
Lower - TYMV (10 mg/ml) 

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 (1965) 

(To i l l u s t r a t e s l i g h t c o n c e n t r a t i o n dependence) 

Spinco E r o t o r speed 
Temperature 
Bar a n g l e 
B u f f e r 

1. + 2. 60,000 r e v . / m i n ; 3. 36,000 r e v . / m i n 

1. + 2. 25°C; 3. 22°C 
70° 
1. + 2. 0.1 M NaCl - 0.02 M T r i s HCl, 
b u f f e r pH 7.5 
2' 5 X lO""^ MgSO^ - 10~\ phosphate, pH 7.4 

D i r e c t i o n o f s e d i m e n t a t i o n r i g h t t o l e f t 
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u n i n f e c t e d l e a f RNA, were examined 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 (PAGE) ( f i g s . 16,17 ) and by a b s o r p t i o n s p e c t r o s c o p y 

( f i g . 18 ) . 

From t h e l i t e r a t u r e , v a l u e s o f 23.5 and 16.3 S were assi g n e d 

t o t h e two components o f E. c o l i RNA ( K u r l a n d , 1960) and m o l e c u l a r 

w e i g h t s o f 1.08 and 0.56 r e s p e c t i v e l y ( S t a n l e y and Bock, 1965). 

T o t a l l e a f RNA from B. c h i n e n s i s was found t o have components 

s e d i m e n t i n g a t c. 25, 23, 18 and 16 S when examined on g e l s 

( f i g . 16 ) , Matus e t a l . , (1964) r e p o r t e d v a l u e s o f 24, 16, 12 

and 4 S, t h e 12 S b e i n g DNA and t h e 4 S tRNA. 

Yeast RNA was n o t employed r o u t i n e l y , e i t h e r a l o n e o r i n m i x t u r e s 

as i t gave v e r y v a r i a b l e r e s u l t s , t h e b a s e l i n e s o f scanned g e l s 

a p p e a r i n g uneven and r a i s e d . 

Commercial samples o f E. c o l i RNA were o f t e n found t o be g r o s s l y 

degraded, a number o f batc h e s b e i n g n e c e s s a r i l y r e j e c t e d b e f o r e 

o b t a i n i n g t h e sample employed f o r t h e p r e s e n t work. 

S t o r a g e o f g e l s p r i o r t o use was found t o be u n s a t i s f a c t o r y , o f t e n 

r e s u l t i n g i n ambiguous d e t e r m i n a t i o n s . Samples were r u n on 2.2% and 

2.4% g e l s , as 2.8% g e l s were fo u n d t o be t o o c o n c e n t r a t e d , p r e v e n t i n g 

adequate p e n e t r a t i o n and s e p a r a t i o n o f t h e v i r a l and s t a n d a r d components. 

When r u n on 2.4% g e l s , t h e m i x t u r e o f v i r a l and E. c o l i RNA's 

e x h i b i t e d some form o f com p l e x i n g , w h i c h was n o t apparent on t h e 

2.2% g e l s ( f i g . 17 ) . When v i r a l and B. c h i n e n s i s t o t a l l e a f RNA 

were a p p l i e d t o t h e same g e l , no comp l e x i n g r e s u l t e d ( f i g . 1 6 ) . 



130 

c 
0) 
c 
1-> 
sz 
o 

CO 
o 
•H 
CQ 
03 
u 
m 
•o 
c 
a 
> 

EH 
<u 
O 

CO 
4) 
fn 
O 
£ 
a 
o 

o 

« 

•o 

s 
3! 
i - l 
s» 

o 
ss 
t> 

>H 
o 
OH 

0) 
X) 
.H 
(l 

• o 
^ (0 
^ 0) 

.1 (0 
w 3 
>> 
B CO 
a r-t 
I-l <u 
rH V 
V 
03- A 
"D • 
C AJ 
" c 

£ O a 
iH to 
a -I 

cc w 

4- h 
o o J: 
•c o. 
o o 
£ »H 
4-> •!-> 
4) O 
E t) 

rH 
0) Id X •!-> 
>>'-^ 

XJvO 
vO 

"C OS 
O .H 
4-> w 
o c 
a iH 
1̂ o 

4-' XJ 

0) 

^-'̂  
c 0) 

a a o 
iH 

n
n

 ra
 

(-1 

to
 

O
f 

ca
 

•c CO 
O O O 
m x: 

•p 
br 0) 

a o 
c B 0 

0) O 
x: 

O 

• U T ) 
a >> 0) 
!> X) x J 

s
i 

s
 C 

s
i 

s
 

te
d

 

pa
: 

c o 

n
e
 

a o d 
*-> 

x: * 
o V CO 

"C 
a <: o 
o x: 

BC 4-" cn 0) 
cc > a x: V< 
OQ 

S9Z-



- 131 -

s s 
o 
K 
o 

2 

o 

£ 
o 
to 
u 

c 
CD 

o 

a 
o 
u 

'4-) 
o 

br 
«} 
•c 
«H 
E 
CD 
rH 

1̂ 
o 
CD 
>> 

O 

M 
0 
o 
c3 
U 

aJ 
o 
to o 
m 
o 

o 

<D 
•a c 
a 

to 

o x: 

— c 

^ XI 

O 
m 

to as o 
•p 
0) • . 
VO © 

(I)vO to 
s: OS •p 
>> C . 
XI JHCM 

o XI c x: o o 
4J 

a> •p o 
3] 

0) c 

to 

to 

o 
p. o 
u 

o 
0) 

iH < M H 
E-i O W 

C8 
C 

Q 

S9T-



132 

F i g . 1 8 . RNA a b s o r p t i o n spectra 

200 220 250 
Wavelength (nm) 

300 

RNA samples d i s s o l v e d I n d i l u t e d p o l y a c r y l a m l d e 
g e l e l e c t r o p h o r e s i s b u f f e r ( p a g e 62 ) t h e 
a b s o r p t i o n s p e c t r a of s u i t a b l e d i l u t i o n s being 
determined i n w a t e r . 

a. TYMV RNA prepared by Dunn and H i t c h b o r n 
method(1966). 

b. E »coli h i g h l y polymerised r i b o s o m a l RNA. 
c. B . c h i n e n s i s l e a f RNA prepared by the 

method of Ralph and Bellamy(196i|) . 
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A l l TYMV RNA samples examined were shovm to contain no 

extraneous RNA m a t e r i a l . S l i g h t 'shouldering' o f the v i r a l peak was 

noted w i t h most samples. 

Yeast and v i r a l RNA's run together a l t e r e d the migration p a t t e r n 

of the v i r a l RNA (as compared t o lone runs). This was not observed 

w i t h E. coli/TYMV RNA mixtures, traces of the i n d i v i d u a l components 

being r e a d i l y superimposable on mixed run traces. 

From a graph of l o g mol wt x m o b i l i t y i n the gel (cm), the 

average value f o r the molecular weight of TYMV RNA was found to be 
Q 

2.5 x 10 ( f i g . 19 ) w i t h a corresponding sedimentation c o e f f i c i e n t 

of 32.75 S. Frozen and thawed samples of TYMV RNA gave s i m i l a r r e s u l t s . 

P r o t e i n Determination: 

P r o t e i n determinations performed on simple v i r a l RNA preparations 

by the Lowry method gave spurious r e s u l t s , i n d i c a t i n g a 'background' 

p r o t e i n content of 40 ^ g p r o t e i n per 100-250 jjg v i r a l RNA. 

Determinations performed on commercial samples of E. c o l i and yeast 

ribosomal RNA's in d i c a t e d a 'background' p r o t e i n content of 5 jjg per 

10-75 jjg ribosomal RNA. A sample of guanine s i m i l a r l y t r e a t e d was 

shown t o contain 10 jjg ' p r o t e i n ' per jjg guanine. 

On examination o f the samples by the method of Bramhall et a l . , 

(1969), guanine was found t o be fr e e of detectable p r o t e i n ( i n a 

guanine concentration range o f from 5 t o 50 ^ g ) , commercial samples 

of RNA were shown to contain less than 1% p r o t e i n and TYMV RNA from 

0-2.5% p r o t e i n . On r e p r e c i p i t a t i o n or c e n t r i f u g a t i o n of v i r a l RNA 

samples to remove any attendant 'haze', the p r o t e i n contamination l e v e l 
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P i g . 1 9 . Semi-log p l o t of m o l e c u l a r w e i g h t and 

p l o t o f s e d i m e n t a t i o n c o e f f i c i e n t a g a i n s t 

e l e c t r o p h o r e t l c m i g r a t i o n o f RNA samples 

i n 2,Z% p o l y a c r y l a m i d e g e l 

o 
E 

o 

TYMV 

E.coli 
(23 S) 

E.coli 

'20 

0 5 10 
Electrophoretic 

15 20 25 
migration (cm) 

E l e c t r o p h o r e s i s c a r r i e d o u t as d e s c r i b e d 
i n methods, RNA samples b e i n g i s o l a t e d by 
normal p r o c e d u r e s . The r e s u l t s a r e o f a 
t y p i c a l d e t e r m i n a t i o n , E . c o l i and TYMV 
RNAs and B . c h i n e n s i s and TYMV RNAs b e i n g 
r u n on s e p a r a t e geTs. The combined 
r e s u l t s a r e p r e s e n t e d above. Gel l e n g t h 
was r o u t i n e l y 7-8 cm, the above m i g r a t i o n 
f i g u r e s b e i n g measured d i r e c t l y f r o m t h e 
expanded d e n s i t o m e t e r t r a c i n g . 
B ... B . c h i n e n s i s l e a f RNA 
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was reduced to less than 0.5% (without any apparent reduction i n RNA 

concentration or a c t i v i t y ) . 

Microsomal Preparations: 

V a r i a t i o n i n u.v. absorption spectra of B. chinensis microsomal 

preparations from d i f f e r e n t ages o f l e a f ( f i g . 20 ) r e s u l t e d i n 

d i f f i c u l t i e s i n assessing amino acid i n c o r p o r a t i o n simply on an 

o p t i c a l d ensity estimated 'ribosome' content basis. The RNA content of 

each i s o l a t e was t h e r e f o r e determined and c a l c u l a t i o n s based on a 

standard mg ribosomal RNA. 

Although somewhat dependent upon method of e x t r a c t i o n , young 

B. chinensis l e a f m a t e r i a l (from p l a n t s 8 to 30 days o l d from seed) 

provided more a c t i v e microsomal i s o l a t e s f o r amino acid incorporation 

( f i g . 21 ) . S i m i l a r l y enzyme preparations were more a c t i v e from l e a f 

m a t e r i a l w i t h i n t h i s age group. Deoxycholate (Doc) treatment was not 

found to improve i n c o r p o r a t i o n a b i l i t y to any great extent. Microsomal 

i s o l a t i o n procedures attempted but not r o u t i n e l y employed, and the 

a c t i v i t y o f the r e s u l t a n t i s o l a t e s , are mentioned b r i e f l y i n the 

Discussion Section. 

Microsomal protein:RNA r a t i o s varied l i t t l e over the main range 

of ages, being i n the order of 2:1. Very young leaves, up to c. 11 days 

from p l a n t i n g , had a 1:2 r a t i o , and older leaves, showing an increased 

p r o t e i n content, from 15:1 to 40:1 (the l a t t e r i n 100+ day leaves) 

( f i g . 21). 

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 of the various B. chinensis i s o l a t e s 



136 

Fig.20 . A b s o r p t i o n s p e c t r a of microsome 
p r e p a r a t i o n s from Brassica c h l n e n s l s 
v a r . Wona; Bok leaves 

0) 
u c (0 
SI 
o 
w 
< 

40day 50day 

60day lOOday 

200 250 300 350 200 250 300 350 

Wavelength { nm) 
Microsome p r e p a r a t i o n s I s o l a t e d from B.chlnensls 
leaves by the r a p i d e x t r a c t i o n procedure as 
de s c r i b e d I n Methods. A b s o r p t i o n s p e c t r a are of 
s u i t a b l e d i l u t i o n s I n water. 
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Fig.21 . V a r i a t i o n I n RNA;protein r a t i o and i n v i t r o a c t i v i t y 
of Brassica chinensls l e a f microsomes prepared from 
d i f f e r e n t atges of leaves 

20 40 
Leaf age ( days) 

I n c u b a t i o n c o n d i t i o n s as described i n Methods, samples 
being taken a f t e r 40 min(poly(l)) being used as messenger) 
Microsomes i s o l a t e d by 'quick' method, RNA being 
determined by the O r c i n o l method and p r o t e i n by the 
Lovrry method. 
RNA:protein r e s u l t s are the average of three 
determinations, P-^c] phenylalanine i n c o r p o r a t i o n 
r e s u l t s , the average of two. 

amino acid i n c o r p o r a t i o n 

RNA:protein r a t i o 
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i n d i c a t e d t y p i c a l microsomal preparations, w i t h mainly 80-83 S and t o 

a lesser extent 67-70 S, polyribosomal components and 18 S pl a n t 

p r o t e i n ( f i g . 22 ) . A microsome i s o l a t e from a TYMV i n f e c t e d 

B. chinensis p l a n t (absorption spectrum f i g . 23 ) had a reduced 

70 S component, but was found t o incorporate amino acids to the same 

l e v e l as an i s o l a t e from the same age of uninfected p l a n t , under TYMV 

RNA d i r e c t i o n ( uninfected 1450 c.p.m. per sample, and in f e c t e d 1400 c.p.m. 

per sample). 

E l e c t r o n microscopic examination of a t y p i c a l B. chinensis 

microsome p r e p a r a t i o n i n d i c a t e d the presence of free and, to a lesser 

e x t e n t , membrane-bound ribosomeg w i t h l i t t l e c h l o r o p l a s t i c contamination 

(Cobb, 1970). 

Ribosomes from 65 day o l d developing V. faba seeds were found to be 

f a i r l y a c t i v e i n amino aci d i n c o r p o r a t i o n , as previously reported 

(Payne, 1970), although microsomes from germinating seeds were not. 

Large-scale i s o l a t e s from bean m a t e r i a l were found to have l i t t l e 

a c t i v i t y , probably the length o f time of e x t r a c t i o n c o n t r i b u t i n g 

to ribosomal denaturation. 

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 o f bean plumule microsomes 

i n d i c a t e d the presence of 8.5, 26, 31, 45, 54, 58,, 62, 70-75, 96 and 

120-130 S components. Large-scale i s o l a t e s from developing bean 

y i e l d e d only an i n a c t i v e 79 S component (bean plumule and developing 
2+ 

bean b u f f e r being O.OIM KCl - 0.003WHfe - O.Ol M T r i s Hydrochloride, 

ph 7.4)» ( f i g . 26) 



F i g . 22 S c h l i e r e n p a t t e r n s of a Brassica chinensis l e a f microsome 
pr e p a r a t i o n and TYMV-infected l e a f sap t o show component 
v a r i a t i o n as a r e s u l t of i n f e c t i o n 

Microsome p r e p a r a t i o n from Brassica chinensis leaves 
( p l a n t s under 1 month o l d ) c o n t a i n i n g c. 25 mg/ml 260 nm 
absorbing m a t e r i a l (suspended i n 0,005 M magnesium acetate 
- 0.01 M KCl - 0,01 M T r i s HCl, pH 7.4) 

I n f e c t e d leaves subjected t o TYMV e x t r a c t i o n procedure 
of Dunn and Hitchborn (1965). Supernatant from f i r s t 
h i g h speed spin, (page 73) 

Omega r o t o r speed 
Temperature 
Bar angle 
Time ( a f t e r a t t a i n i n g speed) 
D i r e c t i o n o f sedimentation 

40,000 rev/min 
20°C 
65 
1. 3 min; 2. 5 min 
l e f t t o r i g h t 
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F i g . 23 . A b s o r p t i o n s p e c t r a of microsome 

i s o l a t e s from TYMV i n f e c t e d and 

u n i n f e c t e d B r a ssioa o h l n e n s l s leaves 

5 0.8 

200 250 
Wavelength (nm) 

300 

Microsomes prepared by the r a p i d e x t r a c t i o n procedure 
as d e s c r i b e d i n Methods, from 2? day B . c h i n e n s i s v a r . 
Wong Bok l e a v e s . The a b s o r p t i o n s p e c t r a of s u i t a b l e 
d i l u t i o n s were determined i n w a t e r . 

a. Microsomes i s o l a t e d from u n i n f e c t e d p l a n t s . 

b. Microsomes i s o l a t e d from i n f e c t e d p l a n t s . 



F i g . 24 a E l e c t r o n micrograph of Brassica chinensis l e a f 
microsomal m a t e r i a l ( t o show the absence of 
c h l o r o p l a s t i c contamination) 

b. E l e c t r o n micrograph of a n e g a t i v e l y s t a i n e d sample 
of Turnip Yellow Mosaic V i r u s 

Stained w i t h phosphotungstic a c i d i n an attempt 
to show complete v i r u s p a r t i c l e s and empty 
p r o t e i n s h e l l s . 
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a. 

b. 
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Plg« 2 5 • A b s o r p t i o n s p e c t r a of microsome 

p r e p a r a t i o n s from c^erminatinp; and 

d e v e l o p i n g V i c l a faba seeds 

200 220 250 
Wavelength (nm) 

300 

Microsome p r e p a r a t i o n s i s o l a t e d as de s c r i b e d 
i n Methods, the a b s o r p t i o n s p e c t r a of s u i t a b l e 
d i l u t i o n s b e i n g determined i n w a t e r . 
a. Microsomes i s o l a t e d from 7 day o l d plumules. 

b. Microsomes i s o l a t e d from 65 day o l d 
d e v e l o p i n g bean seeds. 



Fig.26 S c h l i e r e n p a t t e r n s of microsome preparations from 
V i c i a faba and Brassica chinensis 

Microsome p r e p a r a t i o n from V. faba 48 h plumules 
(c. 20 mg/ml 260 nm absorbing m a t e r i a l ) , ( f i g . 25) 

2. Microsome p r e p a r a t i o n from V. faba 65 day o l d developing 
beans (c. 25 mg/ml 260 nm absorbing m a t e r i a l ) , ( f i g . 25). 

Microsome p r e p a r a t i o n from B. chinensis leaves ( p l a n t s 
less than one month o l d ) (c. 25 mg/ml 260 absorbing 
m a t e r i a l ) , ( f i g . 20). 

Omega r o t o r speed 
Temperature 
Bar angle 
Time ( a f t e r a t t a i n i n g speed) 
B u f f e r 

D i r e c t i o n of sedimentation 

40,000 rev./min 
20°C 
1. and 2. 60° 3. 65° 
1. and 2. 5 min; 3. 3 min 
0.005 M magnesium acetate - 0.01 M 
KCl - 0.01 M T r i s HCl, pH 7.4 
l e f t t o r i g h t 
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Small scale preparations from developing bean, examined i n the 

above b u f f e r y i e l d e d only an a c t i v e 79 S component. 

The f i n e white cloud covering the f i n a l high-speed p e l l e t s of 

bean microsome preparations was found to have no i n c o r p o r a t i n g a c t i v i t y 

under t e s t c o n d i t i o n s . S i m i l a r , but green f l o c c u l e n t coverings of 

B. chinensis high-speed microsome p e l l e t s were found to have a c t i v i t y , 

i n some poly(U) i n c o r p o r a t i o n experiments, almost to the same l e v e l as 

the microsome p e l l e t s themselves. 

Microsomes prepared by g r i n d i n g B. chinensis leaves i n 0.005 M 

magnesium acetate - 0.1 M phosphate b u f f e r (Vanyushin and Dunn, 1967), 

sedimented a t 83 S and 117 S i n t h i s b u f f e r , but a t 105, 84 and 66 S 

i n 0.01 M magnesium acetate - 0.05 M phosphate. These ribosomes were 

not a c t i v e i n amino aci d i n c o r p o r a t i o n , ( f i g . 27) 

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 of Chinese Cabbage Plant Sap: 

Samples of B, chinensis leaves extracted as f o r v i r a l e x t r a c t i o n , 

w i t h o u t the a i d of b e n t o n i t e , were examined i n the Omega U l t r a c e n t r i f u g e , 

using Schlieren o p t i c s . T y p i c a l p r o f i l e s r e s u l t e d as seen i n f i g . 

v i r u s p a r t i c l e s being completely absent from t h i s uninfected m a t e r i a l . 

I n f e c t e d leaves e x t r a c t e d s i m i l a r l y were seen t o contain v i r a l 

components, and o c c a s i o n a l l y a ribosome dimer of 120 S. 

Comparison of f i g . 2 8 , 1 (uninfected sap), f i g . 28,3 ( i n f e c t e d sap) 

and f i g . 28, 2 (prepared v i r u s ) i n d i c a t e c l e a r l y the absence of p l a n t 

components i n p u r i f e d v i r a l e x t r a c t s . 
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F i g . 27 . A b s o r p t i o n s p e c t r a of Bra s s i c a c h i n e n s i s 
v a r . Wong Bok l e a f microsome p r e p a r a t i o n s 

2.0 

1.6 

1.2 
o 
o c 

^0.8 
< 

0.4 

200 220 250 
Wavelength (nm) 

300 

Microsome p r e p a r a t i o n s I s o l a t e d by the method 
of Vanyushln and Dunn(1967). 

a. Suspended I n 0.01 M MgSO^-O.OS M phosphate 
b u f f e r , pH 7.4(20Oc). 

b. Suspended I n O.OO5 M MgSOi^-0.01 M phosphate 
b u f f e r , pH 7.4(20Oc). 

A b s o r p t i o n s p e c t r a of s u i t a b l e d i l u t i o n s I n 
wa t e r . 



F i g . 28 S c h l i e r e n p a t t e r n s o f TYMV, i i n i n f e c t e d and TYMV-
i n f e c t e d B r a s s i c a c h i n e n s i s l e a f sap 

U n i n f e c t e d l e a v e s s u b j e c t e d t o TYMV e x t r a c t i o n p r o c e d u r e 
o f Dunn and H i t c h b o r n ( 1 9 6 5 ) . S u p e r n a t a n t f r o m f i r s t 
h i g h - s p e e d s p i n , (page 7 3 ) . 

TYMV e x t r a c t e d by t h e p r o c e d u r e o f Dunn and H i t c h b o r n 
( 1 9 6 5 ) . C o n c e n t r a t i o n 3.0 mg/ml i n 0.1 M NaCl 
- 0.01 M phosphate b u f f e r 7.4 

I n f e c t e d l e a v e s s u b j e c t e d t o TYMV e x t r a c t i o n p r o c e d u r e 
o f Dunn and H i t c h b o r n ( 1 9 6 5 ) . S u p e r n a t a n t f r o m f i r s t 
h i g h - s p e e d s p i n , (page 7 3 ) . 

Omega r o t o r speed 
Temperature 
Bar a n g l e 

Time ( a f t e r a t t a i n i n g speed) 

D i r e c t i o n o f s e d i m e n t a t i o n 

40,000 r e v / m i n 
20°C 
1. 55°; 2. 60°; 3, 65° 
1. 5 min; 2. 6 min; 3. 5 min 
l e f t t o r i g h t 



M 
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B r a s s i c a c h i n e n s i s T r a n s f e r N u c l e i c A c i d : 

( a ) From a t y p i c a l 1 kg sample o f B r a s s i c a c h i n e n s i s v a r . Wong Bok 

l e a v e s ( o f v a r i o u s a g e s ) , 170 mg o f 260 nm a b s o r b i n g m a t e r i a l was 

i s o l a t e d , w h i c h on chromatography y i e l d e d 85-90% o f the o r i g i n a l 

m a t e r i a l . The chromatographed n u c l e i c a c i d was taken t o be tRNA from 

i t s a b s o r p t i o n spectrum ( f i g . 6 ) and i t s a b i l i t y t o accept amino 

a c i d s ( T a b l e 17 ) . D e a c y l a t i o n was found t o improve t h e amino a c y l a t i o n 

c a p a c i t y o f tRNA i s o l a t e s ( T a b l e 17 ) . 

M a t e r i a l p r e p a r e d w i t h o u t the use o f magnesium b e n t o n i t e i n t h e 

i n i t i a l s t a g e s o f i s o l a t i o n e x h i b i t e d a much g r e a t e r a b s o r p t i o n a t 260 nm, 

than b e n t o n i t e p r e p a r e d m a t e r i a l , a t t h e 1.0 M NaCl stage i n chromatography. 

The p r e p a r a t i o n s i s o l a t e d by e t h a n o l p r e c i p i t a t i o n v a r i e d i n 
o 

c o l o u r f r o m w h i t e t o a p a l e fawn. S t o r a g e a t -70 C f o r over one year 

d i d n o t a f f e c t t h e a c t i v i t y o f t h e tRNA, nor d i d f r e e z i n g and tha w i n g . 

R e d i s t i l l e d p h e n o l was fou n d t o r e s u l t i n a degraded tRNA p r o d u c t 

when employed i n t h e i s o l a t i o n p r o c e d u r e , whereas a n a l y t i c a l grade 

p h e n o l , p l u s d i s t i l l e d w a t e r , s t o r e d under n i t r o g e n a t -20°C d i d n o t . 

A n a l y t i c a l grade p h e n o l s o l u t i o n s were found t o be s t a b l e a t room 

t e m p e r a t u r e , whereas r e d i s t i l l e d p h e n o l / w a t e r m i x t u r e s r e a d i l y t u r n e d r e d . 

( b ) A m i n o a c y l a t i o n was found t o be dependent on t h e presence o f tRNA 

(and tRNA c o n c e n t r a t i o n , f i g . 29 ) , ATP and enzyme (Ta b l e s 18 and 20) 

and a l s o on method o f e x t r a c t i o n and t r e a t m e n t ( T a b l e 17 ) . The 

absence i n t h e i n c u b a t i o n mix o f t h e r e m a i n i n g complement 

amino a c i d s reduced t h e c h a r g i n g c a p a c i t y o f t h e enzyme and t h e c.p.m. 

p e r tRNA sample by c. 5%. 

Of 
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T a b l e 17 

Comparison o f A m i n o a c y l a t i o n C a p a c i t y o f V a r i o u s tRNA Samples 

Method o f I s o l a t i o n tRNA Type c.p.m./mg tRNA 

Simpl e g r i n d i n g / s e p a r a t e 
p h e n o l e x t r a c t i o n , no 
magnesium b e n t o n i t e 

B. c h i n e n s i s 
V. faba ( i ) 

971 

12,547 

G r i n d i n g w i t h p h e n o l o n l y , 
no magnesium b e n t o n i t e 

B. c h i n e n s i s 1,185 

Normal e x t r a c t i o n w i t h 
s e p a r a t e p h e n o l and 
b e n t o n i t e t r e a t m e n t s 

B. c h i n e n s i s 2,150 

Combined p h e n o l / b e n t o n i t e 
e x t r a c t i o n 

Subsequent Treatment 

B e f o r e chromatography 

A f t e r chromatography 
(and p r i o r t o d e a c y l a t i o n ) 

B. c h i n e n s i s ( i i ) 

i s ( - > B. chinens 

B. c h i n e n s i s ̂ -̂ -̂ ^ 

3,434 

3,200 

18,200 

P r i o r t o d e a c y l a t i o n 

A f t e r d e a c y l a t i o n 

V. faba ( i ) 

Yeast ( i i i ) 

B. c h i n e n s i s 
( i ) 

( i i ) 

V. faba 
Yeast ( i i i ) 

12,547 

3,775 

22,445 
24,300 
5,270 

A m i n o a c y l a t i o n w i t h [ c] p h e n y l a l a n i n e was c a r r i e d o u t under 
s t a n d a r d e x p e r i m e n t a l c o n d i t i o n s as d e s c r i b e d i n Methods(and i n 
T a b l e 18 ) . 
A tRNA c o n c e n t r a t i o n o f 0.5 mg o f 260 nm a b s o r b i n g m a t e r i a l , a n d 
0,1 ml V i c i a faba 'enzyme' per 0.5 ml i n c u b a t i o n were employed. 

Numbers r e f e r t o t h e same samples a t d i f f e r e n t stages o f t r e a t m e n t 
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Ta b l e 18 

Requirements f o r p h e n y l a l a n i n e a c y l a t i o n o f B r a s s i c a c h i n e n s i s tRNA 

A d d i t i o n s o r o m i s s i o n s Normal washing 

c.p.m./mg tRNA 

Hot t r i c h l o r o a c e t i c 
a c i d wash f o r 30 min 

c.p.m./mg tRNA 

Complete 
r i 2 1 

(- L Cj amino a c i d s ) 
"12 1 

+ C amino a c i d s 

- Enzyme 

- tRNA 
• - ATP 

21,445 

22,580 

1,392 

Background 
o n l y 

1,200 

200 

231 

184 

Background 
o n l y 

178 

The a c y l a t i o n o f B r a s s i c a c h i n e n s i s tRNA was c a r r i e d o u t i n 0.5 ml 
o f a m i x t u r e c o n t a i n i n g 50 jjmol T r i s - H C l , pH 7.8, 8,75 ̂ m o l 
magnesium a c e t a t e , 10 p m o l GSH, 2 ^ m o l ATP, 0,5 mg tRNA, 0,15 ml 
d i a l y s e d B. c h i n e n s i s high-speed s u p e r n a t a n t ('enzyme p r e p a r a t i o n ' ) 
and 0.01 ^ m o l P'̂ C Phe ( s p e c i f i c a c t i v i t y 48 mCi/mmoD. The 
i n c u b a t i o n was f o r 20 min a t 25 C, a f t e r w h i c h t i m e f o u r , 0.1 ml 
feamples were t a k e n and added by s o r p t i o n t o f i l t e r paper d i s c s . 
Two d i s c s were washed n o r m a l l y (page 97 ) , two were s u b j e c t e d t o 
5% (w/v) t r i c h l o r o a c e t i c a c i d a t 90°C f o r 30 min. Background 80 c,p,m. 
R e s u l t s average o f t h r e e d e t e r m i n a t i o n s . 
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29 . E f f e c t of tRNA c o n c e n t r a t i o n on the amlnoaoylatlon 

of B r a s s i c a c h i n e n s i s tRNA wi t h Cj P h e n y l a l a n i n e 

tRNA (mg) 

I n c u b a t i o n c o n d i t i o n s a s d e s c r i b e d I n Methods, 
samples being taken a f t e r 25 min I n c u b a t i o n . 
Magnesium c o n c e n t r a t i o n 10 mM. 
The r e s u l t s a r e the average of t h r e e d e t e r m i n a t i o n s , 
being the c.p.m. per 0.1 ml sample of I n c u b a t i o n 
mix. tRNA c o n c e n t r a t i o n s a r e per O.5 ml 
I n c u b a t i o n . 
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The aminoacyl-tRNA complexes were found t o be h y d r o l y s e d by 5% 

(w/v) t r i c h l o r o a c e t i c a c i d a t 90°C ( T a b l e 1 8 ) , 

The optimum c o n c e n t r a t i o n o f enzyme was de t e r m i n e d e x p e r i m e n t a l l y 

f o r each ' b a t c h ' , t h e r e s u l t s o f a t y p i c a l enzyme assay b e i n g 

e x p r e s s e d g r a p h i c a l l y i n f i g . 30 . i n g e n e r a l t h e volume o f enzyme 

p r o m o t i n g maximum c h a r g i n g w i t h p h e n y l a l a n i n e o f B. c h i n e n s i s tRNA 

was fou n d t o be 0.15 ml o f B. c h i n e n s i s enzyme ( i . e . f i n a l high-speed 

s u p e r n a t a n t ) , and 0.1 ml o f V. faba 'enzyme' ( p e r 0.5 ml i n c u b a t i o n 

v o l u m e ) . The amount o f enzyme v a r i e d s l i g h t l y w i t h t h e age o f t h e p l a n t 

s o urce and t o a l e s s e r e x t e n t w i t h t h e method o f e x t r a c t i o n . 

Magnesium i o n c o n c e n t r a t i o n was found t o have an e f f e c t on 

c h a r g i n g c a p a c i t y . On c h a r g i n g B. c h i n e n s i s tRNA w i t h p h e n y l a l a n i n e , 
2+ 

maximum c h a r g i n g o c c u r r e d a t a Mg c o n c e n t r a t i o n o f 17.5 mM, a l t h o u g h 

t h e r e was l i t t l e v a r i a t i o n over t h e range 10-25 mM ( f i g . 3 1 ) . 

The t i m e course o f tRNA a m i n o a c y l a t i o n v a r i e d somewhat w i t h t h e 

source o f t h e tRNA, t h e source o f t h e enzyme ( f i g s . 32, 33 ) and t o 
14 

a l e s s e r e x t e n t w i t h t h e C amino a c i d employed (Tabl e 19) 

P r o l o n g e d i n c u b a t i o n s were n o t r o u t i n e l y p e r f o r m e d , samples n o r m a l l y 

b e i n g t a k e n a f t e r 20 t o 40 min. t o i n d i c a t e t h e degree o f a m i n o a c y l a t i o n 

as a r e f e r e n c e . p o i n t f o r i n c o r p o r a t i o n e x p e r i m e n t s . 

T o t a l amino a c i d a c c e p t o r a c t i v i t y and t o t a l aminoacyl s y n t h e t a s e 
r i 4 

a c t i v i t y o f t h e enzyme p r e p a r a t i o n s were d e t e r m i n e d u s i n g a I C 

amino a c i d m i x t u r e , and comparison made w i t h s i n g l e amino a c i d 

a m i n o a c y l a t i o n s ( T a b l e 19 ) . Chargi n g was a g a i n found t o be dependent 

upon t h e a d d i t i o n o f tRNA and enzyme ( T a b l e 20 ) . 
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P i g . 30 . E f f e c t of enzyme c o n c e n t r u t l o n on the 

um l n o u c y l u t l o n of tRNA w i t h phenylulunlne 

Enzyme volume (ml) 

I n c u b a t i o n c o n d l i ^ o n s are as described I n Methods 
except t h a t a c o n c e n t r a t i o n of 10 mM was 
employed. Samples were taken a t 20 min, and discs 
washed n o r m a l l y . The r e s u l t s are the average of 
three d e t e r m i n a t i o n s . 

Erasslca c h i n e n s i s tRNA 
Yeast tRKA 
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F i g . 31. E f f e c t of mtiBtneslum ucetute concentration on 
the um 
w i t h 

t l o n of B r u f l a l o M P H I n p n c l e f o ^ f f t 
Cl phenylulunine 

10 20 30 
Magnesium ion concentration (mM) 

I n c u b a t i o n c o n d i t i o n s are as described i n Methods. 
The r e s u l t s are the average of four determinations. 

sample taken a f t e r 20 min 
sample taken a f t e r kO min 
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F i g . 3 2 • Time course of a m i n o a c y l a t i o n of Bras s i c a 
F i ^ 1 

c h i n e n s i s tRNA w i t h L Cj p h e n y l a l a n i n e ! 

S u b s t i t u t i o n of tRNA w i t h yeast tRNA 

20 40 
Incubation time (min) 

I n c u b a t i o n c o n d i t i o n s as d e s c r i b e d I n Methods, 
except t h a t a magnesium a c e t a t e c o n c e n t r a t i o n of 
10 mM was employed, and an enzyme volume of 0.1 ml 
per ml i n c u b a t i o n . The r e s u l t s a re the average 
of t h r e e d e t e r m i n a t i o n s . 

Yeast tRNA 

B.ch i n e n s i s tRNA 
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F l ? . 33 Time course o f a m i n o a c y l a t i o n o f BraBsica 

c h i n e n s i s tRNA w i t h p h e n y l a l a n i n e ; 

Use o f B r a s s i c a c h i n e n s i s and V l c l a faba enzymes 

10 2 0 30 4 0 50 
Incubat ion t ime (min) 

I n c u b a t i o n c o n d i t i o n s as d e s c r i b e d i n Methods, 
e x c e p t t h a t a magnesium a c e t a t e c o n c e n t r a t i o n o f 
10 mM was employed and an enzyme volume o f 0,1 ml 
per ml i n c u b a t i o n . The r e s u l t s a r e t h e average 
o f t h r e e d e t e r m i n a t i o n s . 

V.faba enzyme 

B . c h i n e n s i s enzyme 
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T a b l e 19 

Comparison o f c h a r g i n g c a p a c i t y o f B r a s s i c a c h i n e n s i s tRNA 
14 1 

by v a r i o u s j ci ammo a c i d s 

ri4 ] 
C1 Amino A c i d cp.m. p e r mg tRNA 

M i x t u r e 43,017 

Phe 16,900 

Leu 7,218 

V a l 9,800 

I n c u b a t i o n c o n d i t i o n s as d e s c r i b e d i n Methods (and Tab l e 18) 

I n d i v i d u a l amino a c i d s , 0,01 jjmol p e r 0,5 ml i n c u b a t i o n . 
S p e c i f i c a c t i v i t i e s Phe - 48 mCi/mmol; Leu - 55mCi/mmol; 
V a l - 33.9 mCi/mmol, 
Amino a c i d m i x t u r e , 0,01 ml p e r 0.5 ml i n c u b a t i o n , and 
s p e c i f i c a c t i v i t y 52 mCi/mAtom. 
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T a b l e 20 

Requirements f o r a m i n o a c y l a t i o n o f B r a s s i c a c h i n e n s i s tRNA w i t h 

[^^cl amino a c i d m i x t u r e 

I n c u b a t i o n 
Normal Washing 

c.p.m. p e r mg tRNA 
Hot t r i c h l o r a c e t i c a c i d wash 

c.p.m. per mg tRNA 

Complete 

- tRNA 

- Enzyme 

43,017 

Background count 
o n l y 

1,980 

1,300 

760 

I n c u b a t i o n c o n d i t i o n s as d e s c r i b e d i n Methods(and Tables 18 and 19) 
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T r a n s f e r RNA s t o r e d a t -70°C remained a c t i v e over a t w e l v e month 

p e r i o d , and two samples o f B. c h i n e n s i s tRNA, one s t o r e d a t -20°C 

and t h e o t h e r a t -70°C, were fo u n d t o have s i m i l a r a c t i v i t i e s a f t e r 

t e n months s t o r a g e . Repeated f r e e z i n g and tha w i n g o f these samples 

o r s t o r a g e under a l c o h o l d i d n o t a d v e r s e l y a f f e c t tRNA a c t i v i t y . 

A l t h o u g h a t l e a s t two s e p a r a t e tRNA peaks were o b t a i n e d a t t h e 

1.0 M NaCl stage o f tRNA chromatography, t h e a c t i v i t y o f t h e peaks 

v a r i e d by o n l y 5-10% and so a m i x t u r e o f t h e two peaks was r o u t i n e l y 

used f o r e x p e r i m e n t a l purposes. 

A m i n o a c y l a t i o n o f T u r n i p Y e l l o w Mosaic V i r u s N u c l e i c A c i d : 

14 

Two samples o f TYMV RNA examined were found t o have C v a l i n e 

a c c e p t o r a c t i v i t y under optimum p h e n y l a l a n i n e a m i n o a c y l a t i o n c o n d i t i o n s 

f o r B. c h i n e n s i s tRNA. 

TYMV RNA c h a r g i n g c o n t i n u e d f o r up t o 50 min, then l e v e l l e d o f f , 

whereas B. c h i n e n s i s tRNA l e v e l l e d o f f a f t e r c, 75 min ( f i g . 3 4 ) . 

TYMV RNA was foun d n o t t o ac c e p t p h e n y l a l a n i n e under t e s t c o n d i t i o n s 

and t h e aminoacyl-TYMV RNA complex formed w i t h v a l i n e was found t o be 

h y d r o l y s e d by 5% (w/v) t r i c h l o r a c e t i c a c i d a t 90°C. 

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 : 

Free amino a c i d s were i n c o r p o r a t e d i n t o h o t (90°C) 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 m a t e r i a l i n t h e presence o f tRNA, microsomes and enzyme. 

V a r i o u s c o m b i n a t i o n s o f tRNA, microsomes and enzyme from B r a s s i c a 
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Fl(?. 3 4 . A m i n o a c y l a t l o n o f B r a s s i c a c h i n e n s i s tRNA and TYMV 
RNA w i t h D^c] v a l i n e . 

2 5 50 75 
Incubation time (min) 

100 125 

I n c u b a t i o n c o n d i t i o n s as d e s c r i b e d I n Methods, w i t h RNA 
c o n c e n t r a t i o n o f 1 mg/ml I n each case. R e s u l t s a r e f r o m a 
s i n g l e e x p e r i m e n t . 

B . c h i n e n s i s tHNA(sample 1 f r o m 
c h r o m a t o g r a p h y ) 

TYMV RNA p r e p a r e d by Dunn and 
Hltchborn(1966) method. Two 
samples p r e p a r e d f r o m two batches 
o f TYMV pr e p a r e d by u s u a l methods. 
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c h i n e n s i s and V. fa b a (and y e a s t tRNA) were employed, i n c o r p o r a t i o n 

b e i n g s t i m u l a t e d by e i t h e r t h e a r t i f i c i a l messenger .;poly(U), 

p r o m o t i n g 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 , o r by TYMV RNA. 

( a ) V i c i a f a b a System: 

P r e l i m i n a r y e x p e r i m e n t s u s i n g a ' s t a n d a r d ' V i c i a faba system 

( c o m p r i s i n g enzyme and microsomes from 65-day o l d and tRNA from 40-day 

o l d d e v e l o p i n g bean seeds) were p e r f o r m e d t o d e t e r m i n e t h e a c t i v i t y 

o f an e q u i v a l e n t B r a s s i c a c h i n e n s i s l e a f system. G e r m i n a t i n g bean 

e x p e r i m e n t s (as w i t h g e r m i n a t i n g B. c h i n e n s i s e x p e r i m e n t s ) r e s u l t e d i n 

l i t t l e a c t i v i t y . 

I n t h e bean system, p h e n y l a l a n i n e i n c o r p o r a t i o n was found t o be 

dependent upon t h e a d d i t i o n o f p o l y ( U ) , maximum i n c o r p o r a t i o n o c c u r r i n g 

a t a p o l y ( U ) c o n c e n t r a t i o n o f 200 per ml i n c u b a t i o n ( f i g . 3 5). 

T h i s c o n c e n t r a t i o n was employed as s t a n d a r d i n a l l o t h e r i n c o r p o r a t i o n 

e x p e r i m e n t s i n v o l v i n g p h e n y l a l a n i n e and p o l y ( U ) . Under s t a n d a r d 

c o n d i t i o n s , a f t e r i n c u b a t i o n a t 25°C f o r 40 min, 200-250 pmol o f 

p h e n y l a l a n i n e were i n c o r p o r a t e d . I n t h e absence o f p o I y ( U ) , 

i n c o r p o r a t i o n was reduced t o 10-25 pmol. 

I n c o r p o r a t i o n was found t o be dependent upon t h e a d d i t i o n o f 

microsomes and enzyme ( T a b l e 2 1 ) . 

I n most e x p e r i m e n t s a s i n g l e b a t c h o f V. faba h i g h speed 

s u p e r n a t a n t was employed ( f r o m 65-day o l d d e v e l o p i n g beans), 0.1 ml 

o f t h i s p r e p a r a t i o n s t i m u l a t i n g maximum i n c o r p o r a t i o n . 
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P i g . 35 E f f e c t of poly(U) c o n c e n t r a t i o n on [̂ '̂ cl phenylulanlne 

I n c o r p o r a t i o n I n the V i o l a faba I n v i t r o system 

100 200 300 400 
fjg poly(U) per ml incubation 

500 

I n c u b a t i o n c o n d i t i o n s were as d e s c r i b e d I n Methods, samples 
being taken a f t e r kO mln. The r e s u l t s are d e r i v e d from a 
s i n g l e experiment. 
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Table 21 

E f f e c t of co-factors on phenylalanine i n c o r p o r a t i o n 
i n the V i c i a faba system 

Incubation pmol phe incorporated 
per mg microsomal RNA 

Complete + poly(U) 

- poly(U) 

- microsomes 

- enzyme 

178 

22 

Background count (c. 50 c.p.m./disc) 

28 

Incubation conditions as described i n Methods, samples being 
taken a f t e r 40 min incubation. tRNA from 40-day o l d and 
enzyme and microsomes from 65-day o l d developing V. faba 
seeds. 
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Maximum i n c o r p o r a t i o n occurred when employing a microsome 

concentration of 250-500 microsomal RNA per ml incubation ( f i g . 36) 

although the lower concentration was r o u t i n e l y used. 

Poly(U) d i r e c t e d i n c o r p o r a t i o n was found t o be influenced by 

temperature, maximum i n c o r p o r a t i o n o c c u r r i n g a t 25°C ( f i g . 37). 

A s l i g h t decrease i n the optimum temperature of incubation was noted 

w i t h increase i n len g t h of time of incubation. I n the absence of 

po l y ( U ) , temperature change had l i t t l e i nfluence on the l e v e l of 

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

Incubations performed at 25°C (pH 7.8) were found to be 

s i g n i f i c a n t l y a f f e c t e d by the magnesium concentration. Maximum 
2+ 

i n c o r p o r a t i o n occurred a t 8 imnol per 1 Mg , although a second 
2+ 

maximvun was observed a t 20 mM ( f i g . 38 ). The lower Mg concentration 

was used r o u t i n e l y . 

(b) Brassica, chinensis System: 

Phenylalanine i n c o r p o r a t i o n i n the B. chinensis system was 

found t o be dependent upon the a d d i t i o n of poly(U ) , enzyme (and 

enzyme concentration, f i g . 39 ) and microsomes (Table 22). 

Magnesium i o n concentration e x h i b i t e d a pronounced e f f e c t on 

the l e v e l of i n c o r p o r a t i o n , maximum i n c o r p o r a t i o n occurring at 
2+ 

6 imnol/1 Mg a t pH 7.8. As w i t h the bean system, a second optimum 

was noted (16 mM) ( f i g . 40 ) although again the lower concentration 

was used r o u t i n e l y . Even when i n c o r p o r a t i n g maximally, the cabbage 

system had only 10% o f the a c t i v i t y o f the s i m i l a r bean system. 
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P i g . 36 , E f f e o t of microsome c o n c e n t r a t i o n on l^^c] 

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 I n the V l c l a faba 
I n v i t r o system 

0) O) 

0.25 0.5 0.75 
Microsomal RNA concentration 

(mg per ml incubation) 

1.0 

I n c u b a t i o n c o n d i t i o n s as described I n Methods, 
employing a poly(U) c o n c e n t r a t i o n of 200 pg/ml, 
and a magnesium c o n c e n t r a t i o n of 8 mM. 
The values are the average r e s u l t s from three 
experiments, samples being taken a f t e r 40 mln. 

plus poly(U) 

minus poly(U) 
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F l g . 37 . E f f e c t of temperature on L^^cl Phenvloloninft 
I n c o r p o r a t i o n I n the Vi o l a faba i n v i t r o ayHt-.Pw 

10 20 30 
Incubation temperature 

40 

Incubation conditions us described I n Methods, 
samples being taken a f t e r 40 mln. The r e s u l t s 
are the average of two determinations. 

Incubations wi t h poly(U) 
Incubations minus poly(U) 
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nil 1 

P i g . 38 . E f f e c t of magnesium a c e t o t e c o n c e n t r a t i o n on [ cj 

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 I n the V l c l a faba 

I n v i t r o system 

150 

10 15 20 25 
Magnesium ion concentration (mM) 

I n c u b a t i o n c o n d i t i o n s as described I n Methods, employing 
200 iig/ml I n c u b a t i o n p o l y ( U ) . Samples taken a t kO mln, 
the values being the average of three d e t e r m i n a t i o n s . 

p l u s poly(U) 
minus poly(U) 
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Table 22 

E f f e c t o f co-factors on phenylalanine i n c o r p o r a t i o n 
i n the Brassica chinensis system 

Incubation pmol phe incorporated 
per mg microsomal RNA 

Complete + poly(U) 16 

- poly(U) 

enzyme 

- microsomes Background count only (c. 50 c.p.m./disc) 

Complete + poly(U) + 0.2 mM 
Spermine 

35 

Incubation c o n d i t i o n s as described i n Methods, samples being taken 
a f t e r 20 min a t 25°C, 
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P i g . 3 9 . E f f e c t of enzyme c o n c e n t r a t i o n on [^^cl 

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 I n the 

B r a s s l c a c h l n e n s l s I n v i t r o system 

0 0.05 
E n z y m e 

0.1 
volume 

0.15 
(ml) 

I n c u b a t i o n c o n d i t i o n s as d e s c r i b e d I n Methods. 
Samples taken a f t e r 40 mln, p o l y ( U ) c o n c e n t r a t i o n 
200 }ig/ml I n c u b a t i o n . The r e s u l t s a r e the 
average of t h r e e d e t e r m i n a t i o n s . 
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E r f e c t of mugneslum ue»tute c o n c e n t r a t i o n on fi'^c] phenvlfllttnin» < 
I n the Brassica ehlnensls I n v i t r o system 

ncorporatinn 

» 20 

10 20 
Magnesium ion concentration (mM) 

30 40 

I n c u b a t i o n c o n d i t i o n s as described I n Methods, employln? a poly(U) ooncentratlc ^Lni» I n c u b a t i o n . The r e s u l t s are the average of three d e t e r m i n a t i o n s , 
samples being taken a f t e r kO mln. 

plus poly(U) 

minus poly(U) 
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Under standard c o n d i t i o n s , w i t h 'good' preparations, a f t e r 

20 min i n c u b a t i o n a t 25°C, 10-20 pmol of phenylalanine were 

incorporated under poly(U) d i r e c t i o n . A f t e r 40 min, 20-25 pmol 

per mg microsomal RNA were incorporated. Further a d d i t i o n of 200 ^ g 

poly(U) per ml incubation, a f t e r 40 min of incubation, r e s u l t e d i n 20% 

increase i n i n c o r p o r a t i o n . I n the absence of poly(U), i n c o r p o r a t i o n 

was 5-10 pmol. 

I n the m a j o r i t y of experiments, r e s u l t s were much more v a r i a b l e 

o f t e n only 5-10 pmol phenylalanine being incorporated per mg microsomal 

RNA (above background). 

I n one experiment, i n which 16 pmol phenylalanine were 

incorporated (minus poly(U) e q u a l l i n g 2 pmol) under poly(U) d i r e c t i o n , 

i n c o r p o r a t i o n was doubled to 35 pmol I n the presence of 0.2 mM spermine. 

( c ) Mixed Systems: 

Although B. chinensis and V. faba systems incorporated phenylalanine 

i n v i t r o , t o varying extents under the d i r e c t i o n of poly(U), the time 

courses o f i n c o r p o r a t i o n at 25°C were somewhat s i m i l a r ( f i g . 41). 

L i n e a r i t y was maintained f o r up t o 30 t o 40 min i n both systems. 

Various combinations of enzyme and ribosomes from the two systems 

were employed to t e s t components and i n an attempt to determine i f poly(U) 

was a c t i v e i n a heterologous p l a n t system (Table 23). 

On s u b s t i t u t i n g B. chinensis tRNA i n the bean system, there 
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Time courses o f I n c o r p o r a t i o n 

I n t h e B r a s s i c a c h i n e n s i s and V l c l a 

f a b a systems under TYMV RNA d i r e c t i o n 

2 0 4 0 60 80 
Incubat ion t ime (min) 

100 

I n c u b a t i o n c o n d i t i o n s as d e s c r i b e d I n 
Methods, e m p l o y i n g microsomes f r o m 10 t o 
20 day B . c h l n e n s l s l e a v e s and f r o m 60-65 
day d e v e l o p i n g V.faba seeds. 
The r e s u l t s o r e t h e average o f two 
d e t e r m i n a t i o n s . 

B . c h l n e n s l s system 

-o V.foba system 
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Table 23 

E f f e c t o f mixing Brassica chinensis and V i c i a faba amino acid 
r i 4 1 

i n c o r p o r a t i n g systems on |. Cj phenylalanine i n c o r p o r a t i o n 
under poly(U) d i r e c t i o n 

Incubation 

Enzyme Microsomes tRNA 

a) V V V 

V V B 

pmol [ " c l phe incorporated 

B 

b) V 

V 

c) V 

B 

V 

B 

V 

B 

V 

V 

B 

B 

B 

V 

B 

V 

Y 

V Y 

V Y 

B Y 

per mg microsomal RNA 

108 

109 

17 

139 

28 

20 

84 

2 

10 

11 

where B = Brassica chinensis 
V = V i c i a faba 
Y = Yeast 

Incubation c o n d i t i o n s (25 C) as described i n Methods, samples being 
taken a f t e r 40 min. 
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was l i t t l e change i n a c t i v i t y . I n c o r p o r a t i o n depended mainly on the 

sample of B. chinensis tRNA used. On s u b s t i t u t i n g e i t h e r B. chinensis 

enzyme or microsomes, i n c o r p o r a t i o n usually f e l l by up to 60%. 

Yeast tRNA was found to have a much lower a c t i v i t y than native 

tRNA i n the bean system (Table 23). 

I n a mixed bean and cabbage system ( w i t h e i t h e r bean or cabbage 

microsomes) w i t h bean or cabbage enzyme, a c t i v i t y was reduced t o 12.5% 

the a c t i v i t y of the complete cabbage system. The a c t i v i t y , was 

however, f i v e times the a c t i v i t y of a yeast tRNA s u b s t i t u t e d bean system. 

I t was noted t h a t the degree of i n c o r p o r a t i o n i n minus poly(U) 

incubations was reduced i n those incubations apparently approximating 

more t o 'optimum' conditions f o r i n v i t r o i n c o r p o r a t i o n . 

(d) Systems Employing Natural Messenger: 

As a development from the above experiment, TYMV RNA was 

introduced i n t o the bean and cabbage systems, i n place of poly(U). 

V i r a l RNA showed no apparent a c t i v i t y i n a bean system, which 

under poly(U) d i r e c t i o n incorporated 183 pmol phenylalanine per mg 
2+ 

microsomal RNA (5 mmol/1 Mg ) . Background in c o r p o r a t i o n was, however, 

reduced i n the presence of the v i r a l RNA (Table 24). 

S i m i l a r l y , i n mixed bean/cabbage systems, except when bean 

microsomes were employed w i t h cabbage tRNA and enzyme, no a c t i v i t y 

was evident. I n the a c t i v e system, v i r a l RNA d i r e c t e d the in c o r p o r a t i o n 

of 9 - 10 pmol of phenylalanine per mg microsomal RNA. I n a yeast tRNA 
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Table 24 

Inco;rporation i n i n v i t r o systems under TYMV RNA and Poly(U) 
d i r e c t i o n 

System 

faba 

Messenger 

+ poly(U) 

mM Mg 

5 

2+ 
r i 4 1 

pmol Cj phe 
inc o r p o r a t i o n * 

183 
V. faba + TYMV RNA 5 13.2 
V. faba - message 5 13.6 

V. faba, yeast tRNA + poly(U) 5 94 
V. faba, yeast tRNA + TYMV RNA 5 9.2 
V. faba, yeast tRNA - message 5 9.4 

B. chinensis + poly(U) 5 33.1 
B, chinensis + TYMV RNA 5 6.3 
B. chinensis - message 5 2.8 
B. chinensis + poly(U) 12 27 
B. chinensis + TYMV RNA 12 29.6 
B. chinensis - message 12 4.2 
B. chinensis + poly(U) 16 16.2 
B. chinensis ^ TYMV RNA 16 22 
B. chinensis - message 16 3.4 

* pmol phenylalanine incorporated per mg microsomal RNA 

Incubation c o n d i t i o n s ( a t 25 C) as described i n Methods, w i t h 
samples taken a f t e r 40 min. 
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s u b s t i t u t e d bean system, v i r a l RNA had low a c t i v i t y (Table 24). 

V i r a l RNA e x h i b i t e d no a c t i v i t y when incubated i n a bean system 

a t 5, 10 and 15 mmol/1 Mĝ"*" , w i t h '''̂C l y s i n e or at 5 mmol/1 Mĝ"*" 

w i t h Cj ar g i n i n e or glutamic acid. On s u b s t i t u t i n g yeast tRNA 

i n the bean system, a t 5 mM Mg^^, and employing ''''̂C l y s i n e , 600 c.p.m. 

above background were recorded. Employing C as p a r t i c acid i n e i t h e r 

a bean tRNA or yeast tRNA bean system, r e s u l t e d i n counts of 300 and 400 

c.p.m. above background r e s p e c t i v e l y . On incubation w i t h a mixture 
r i 4 1 

o f the [_ C amino acids (aj-ginine, a s p a r t i c a c i d , glutamic acid and 
l y s i n e ) , v i r a l RNA produced an 850 c.p.m. increase above a background 

2+ 
count of 3450 c.p.m. i n a yeast tRNA bean system (5 mM Mg ). 

2+ 

I n a Chinese cabbage system a t higher Mg l e v e l s , TYMV RNA ex h i b i t e d a 

greater a c t i v i t y (Table 24 ) which was not, however, consistent. Poly(U) 

added t o such systems was a c t i v e . On reaching an inc o r p o r a t i o n plateau 

w i t h TYMV RNA,, a d d i t i o n of poly(U) r e s u l t e d i n a measurable degree of 

i n c o r p o r a t i o n (c. 1-2 pmol). 

Only s l i g h t a c t i v i t y ( i n the order of 1 pmol) a c t i v i t y was obtained 
r i 4 1 [14 1 

when employing TYMV RNA w i t h CJ v a l i n e or [_ Cj leucine, w i t h 

added B. chinensis tRNA, and even less a c t i v i t y (above background count) 

with'tRNA. 
The v a r i a b l e and low a c t i v i t y of si n g l e amino acid i n c o r p o r a t i o n 

r i 4 1 

experiments l e d t o the use of a j _ Cj amino aci d mixture f o r the 

m a j o r i t y of experiments w i t h the B. chinensis system. 
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14 (e) Systems Employing L Cj Amino Acid Mixture 
14 

. CJ amino a c i d mixture i n c o r p o r a t i o n was found to be dependent 

upon the a d d i t i o n of v i r a l RNA (Table 25 ). Incorporation was also 

found to be influenced by temperature ( f i g s . 42,43). maximum in c o r p o r a t i o n 

o c c u r r i n g at 25°C. , I t was observed t h a t an i n i t i a l l a g period of 

4-5 min o f t e n occurred p r i o r t o i n c o r p o r a t i o n i n the Chinese cabbage 

system, when employing TYMV RNA. 

Maximum i n c o r p o r a t i o n occurred when employing a microsome 

concentration of 150 jjg microsomal RNA per 0.5 ml incubation ( f i g . 44) 

although t h i s was to some extent dependent upon the preparation. A 

c h l o r o p l a s t e x t r a c t was found to be i n a c t i v e i n the system. 

I n c o r p o r a t i o n was also found to be dependent upon the presence 

(and concentration) of microsomes, enzyme, tRNA, GTP, ATP and an 

ATP generating system (Table 25 ) and t o be influenced somewhat by 

the a d d i t i o n of polyamines (Table 26 ). A d d i t i o n of ATP and ATP 

generating system a f t e r 20 min incubation, r e s u l t e d i n a s l i g h t 
14 1 

increase i n L Cj amino acid i n c o r p o r a t i o n , although occasionally a 

decrease r e s u l t e d . 

Incorporations were c a r r i e d out a t pH 7.8, and at t h i s pH, magnesium 

and potassium l e v e l s e x h i b i t e d noticeable e f f e c t s on incorporation l e v e l s , 

( f i g , . 45 ). Maximum i n c o r p o r a t i o n r e s u l t e d w i t h a magnesium concentration 

of 6 mmbl/1 and a potassium concentration of 70 mmol/1. 

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 of an i n c o r p o r a t i o n mixture 

( a f t e r i n c o r p o r a t i o n ) and comparison w i t h the microsomal suspension 

employed (before i n c o r p o r a t i o n ) , i n d i c a t e d t h a t the 80 S component 

o r i g i n a l l y present was reduced on i n c o r p o r a t i o n , but t h a t the 70 S 
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Table 25 

C h a r a c t e r i s t i c s o f [ " c l amino aci d mixture i n c o r p o r a t i o n i n 
the complete Brassica chinensis i n v i t r o system 

Incubation c.p.m.* % Complete 

Complete (+ TYMV RNA) 12,800 
- TYMV RNA 1,200 
- enzyme 3,390 26.5 
- microsomes 3,000 23.4 
- tRNA 4,400 34. 4 
- GSH 6,570 51. 3 
- GTP 5,250 41 

+ ATP (- ATP system) 3,900 30.5 
- ATP (- ATP system) 1,060 8. 3 
- ATP (+ ATP system) 4,500 35.2 
+ RNase (0.5 og/ml) '..1'40 1.1 

f 
+ enzyme from i n f e c t e d 

p l a n t 

5,280 41 .3 

( i ) -ATP(-ATP system) at 20 min 650 
( i i ) -ATP(-ATP system) a t 40 min 1,060 

( i i i ) A d d i t i o n of ATP system + ATP 
a f t e r 20 min t o ( i ) 2,430 

* c.p.m. per mg microsomal RNA 

Incubation c o n d i t i o n s ( a t 25°C) as described i n Methods, w i t h 
2+ 

Mg and 100 jjg TYMV RNA per 0.5 ml incubation (Samples taken a f t e r 
40 min) 
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Pl<?.42 E f f e c t o f t e m p e r a t u r e on a m i n o u c l d I n c o r p o r a t i o n i n th#» 
B r a s s i c a c h i n e n p i e i n v i t r o e v s t e m e m p l o y i n g TYKV RKA 
as n a t u r a l m e s s e n g e r 

10 20 30 40 
Incubation temperature 

I n c u b a t i o n c o n d i t i o n s us described i n Methods, employing 
amino a c i d m i x t u r e . Magnesium c o n c e n t r a t i o n 6 mM, potassium 
c o n c e n t r a t i o n 70 mM, and samples taken a f t e r mln. 
Results are the average of two experiments. 
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F l ? . 43 Time curves to show the e f f e c t of temperature on umlnn 

a c i d I n c o r p o r a t i o n I n the Brasslca c h l n e n s i s I n v i t r o 

system employing TYMV RNA as n a t u r a l messenger 

(0 
E o w o 
o 
E 

03 
Q. 

£ d 
6 

40 
I ncubation 

Incut>atlon c o n d i t i o n s as described I n Methods, employing \}^C 
amino a c i d m i x t u r e . Magnesium acetate c o n c e n t r a t i o n 6 mM, 
potassium c h l o r i d e c o n c e n t r a t i o n 70 mM, the r e s u l t s being 
the average of two d e t e r m i n a t i o n s . 

A A 0° ° ° 30° 

15° 3r 
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Table 26 

E f f e c t o f various a d d i t i v e s on 
i n the Brassica chinensis system 

amino acid i n c o r p o r a t i o n 

Incubation A d d i t i v e c.p.m.* 

Complete (+ TYMV RNA) 9,250 
Complete (- TYMV RNA) 500 
Complete (+ TYMV RNA) 0.2 mM Spermine 8,500 

0.4 mM Spermine 7,000 
1.0.mM Spermidine 10,000 
2.0 mM Spermidine 12,500 
1.0 mM Putrescine 11,500 

10.0 mM Putrescine 10,500 
1.0 mM Cadaverine 9,400 
2.0 mM Cadaverine 9,400 

Complete (+ TYMV RNA) - tRNA 6,300 
-tRNA (+ 0.2 mM Spermine) 8,000 
-tRNA (+ 1.0 mM Spermine) 6,500 

Complete (+TYMV RNA) 2.0 mM Spermidine 12,500 
2+ 

(2mM Mg ) 2.0 mM Spermidine 5,000 

Complete (+ TYMV RNA) 7,900 
10 ug Chlora mphenicol 7,750 
50 jjg Chloramphenicol 8,000 

Complete (- TYMV RNA) TYMV (250 ̂ g ) 675 

* c.p.m. per mg microsomal RNA 

Incubation c o n d i t i o n s ( a t 25°C) as described i n Methods, w i t h TYMV 
concentration of 100 ̂ g/0.5mL incubation. Samples taken a f t e r 40 min. 
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Pig.44 . Effect of miorosoae and enzyme oonoentratlons 
on 1 ^ amino acid Incorporation In the 
Brassloa ehlnensls In v i t r o system 

Enzyme volume (ml) •— 
0.15 0.3 ^ 0.45 
T 

0.3 0.6 0.9 1.2 
Microsomal R N A concentrat ion 

(mg per ml incubat ion) o — — o 

Incubation conditions as I n Methods, employing 
\}-^c] amino acid mixture, and TYMV RNA as natural 
messenger. The values are the average of three 
determinations. 

Pig. 45 . Effect of magnesium and potassium Ion concentrations on amino acid 
Incorporation I n the Brassica chlnensls In v i t r o system 

2 0 
P o t a s s i u m ion concentration (mM) 

4 0 60 80 

5 10 
Magnes ium ion concentra t ion (mM) 

15 

Incubation conditions as described In Methods, employing amino 
acid mixture and TYHV RNA as natural messenger. Magnesium series 
employing 70 mM potassium and potassium series. 6 mM magnesium. The 
values are the average of three determinations. 
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component was s t i l l present a f t e r i n c o r p o r a t i o n (and i n approximately 

the concentration expected from the d i l u t i o n of the o r i g i n a l microsomal 

suspension). A number of components w i t h higher sedimentation 

c o e f f i c i e n t s were observed i n the incubation mixture ( f i g . 4 6 ) . 

"14 1 

C amino a c i d mixture i n c o r p o r a t i o n i n the bean system, 

under TYMV RNA d i r e c t i o n , was not as great as i n the cabbage system 

(Table 27 ) . On s u b s t i t u t i n g cabbage enzyme or ribosomes i n t o the 

beannsystem, the a c t i v i t y was reduced even f u r t h e r , although a Chinese 

cabbage tRNA s u b s t i t u t e d bean system was more a c t i v e than the complete 

bean system. 

B a c t e r i a l Counting 

Samples taken from incubation mixtures i n d i c a t e d a b a c t e r i a l 

content of from 1000 t o 2000 b a c t e r i a per ml, the l a r g e r counts 

r e s u l t i n g from samples taken from uncapped incubation tubes. No 

fungal colonies were obtained on p l a t i n g out incubation mix samples. 

E l e c t r o n microscopic examination of ribosomal p e l l e t s d i d not 

demonstrate the presence of b a c t e r i a which were also found t o be 

absent on phase c o n t r a s t examination of v i r a l suspensions. 
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F i g . 46 Schlieren patterns of Brassica chinensis l e a f microsome 
preparations, before and a f t e r i n v i t r o amino acid 
i n c o r p o r a t i o n ( i n an attempt t o show remova'l of '80 S' 
component) 

1. Brassica chinensis microsome preparation, d i l u t e d by 
amino acid i n c o r p o r a t i o n mixture (as described i n 
Methods), a f t e r amino ac i d i n c o r p o r a t i o n . 

2. Brassica chinensis microsome preparation (25 mg/ml of 
260 nm absorbing m a t e r i a l ) suspended i n 0.005 M magnesium 
acetate - 0.01 M KCl - 0.01 M T r i s HCl, pH 7.4 

Omega r o t o r speed 
Temperature 
Bar angle 
Time(after a t t a i n i n g speed) 
D i r e c t i o n of sedimentation 

40,000 re v../min 
20°C 

2. 65 1. 40 
3 min 
l e f t t o r i g h t 
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Table 27 

C h a r a c t e r i s t i c s of t " c ] amino aci d mixture i n c o r p o r a t i o n 

i n mixed i n v i t r o amino acid i n c o r p o r a t i n g systems 

Incubation c.p.m.* Message (TYMV/RNA) 

B. chinensis complete 11720 
1400 

V. faba complete 7200 
850 

V. faba system, B. chinensis tRNA 8100 
950 

V. faba system, B. chinensis enzyme 5200 

V. faba system, B. chinensis microsomes 3000 

*c.p.m. per mg. microsomal RNA 

Incubation c o n d i t i o n s (25 C) as described i n Methods, w i t h 
2+ 

6 mM Mg and samples taken a f t e r 40 incubation. 
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DISCUSSION 

The importance of determining the mechanism of p r o t e i n synthesis 

to b i o l o g i s t s i n general, i s r e f l e c t e d i n the vast amount of l i t e r a t u r e 

t h a t has accumulated i n recent years. The use of c e l l - f r e e systems o f 

p r o t e i n synthesis derived from various s u b - c e l l u l a r organelles, together 

w i t h genetic s t u d i e s , has r e s u l t e d i n remarkable advances of our 

knowledge o f the mechanism of p r o t e i n biosynthesis and the genetic code. 

Such c e l l - f r e e systems are dependent on the presence of messenger 

RNA (mRNA) f o r a c t i v i t y , e i t h e r endogenous or exogenous. They may be 

used f o r the t r a n s l a t i o n of messenger w i t h some f i d e l i t y , as witnessed 

by the i n v i t r o synthesis of coat and other v i r a l p r o t e i n , under phage 

RNA d i r e c t i o n . Several attempts have been made t o i s o l a t e from higher 

organisms n a t u r a l mRNA. The range of materials which have been studied 

includes peanut cotyledons (Jachymczyk and Cherry, 1968), wheat embryos 

(Chen e t a l . , 1968; Marcus and Feeley, 1964), r a t l i v e r (Kempf and 

Mandel, 1968), c a l f lens c e l l s (Konings and Bloemendal, 1969), epidermis 

of the g i a n t s i l k moth (Howells and Wyatt, 1969) and phytohemagglutinin 

s t i m u l a t e d human leucocytes ( S i l b e r e t a l . , 1968). The r e s u l t s obtained 

are, however, confusing and evade c r i t i c a l comparison mainly because 

of d i f f e r e n c e s i n the c e l l - f r e e systems and experimental conditions, methods 

of mRNA e x t r a c t i o n and the absence of proper standards, such as poly(U) 

or v i r a l RNA (Fedorcsak e t a l . , 1969). 

C e l l - f r e e systems may be used i n t r a n s l a t i n g s y n t h e t i c 

p o l y r i b o n u c l e o t i d e s , such systems being w e l l developed as a r e s u l t of 

the d i f f i c u l t i e s encountered i n i s o l a t i n g n a t u r a l mRNA's. 
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Much of our present knowledge of the biochemical mechanics involved 

i n p r o t e i n synthesis has been gained by the i n t e n s i v e study of systems 

i s o l a t e d from b a c t e r i a and mammals, although the study of amino 

i n c o r p o r a t i o n i n systems derived from the cytoplasm of p l a n t c e l l s has 

been g r e a t l y s i m p l i f i e d by t h i s previous work. Many of the e s s e n t i a l 

f e a t u r e s have been found to be s i m i l a r i n the species tested. 

The i n t e r e s t i n extending our knowledge of p r o t e i n synthesis t o 

other organisms i s r e a d i l y apparent, since these studies could give i n s i g h t 

i n t o the mechanics o f macromolecular synthesis t h a t organisms have 

n e c e s s a r i l y adapted because of d i f f e r i n g l i v i n g conditions. 

I n v i t r o systems i n v o l v i n g p l a n t viruses have r e c e n t l y a t t r a c t e d 

great i n t e r e s t , because of the d i f f i c u l t i e s encountered i n o b t a i n i n g 

endogenous mRNA. Such systems provide an access f o r examination of 

mRNA s t r u c t u r e and f u n c t i o n and v i r a l reproduction and p r o l i f e r a t i o n . 

Although p l a n t viruses more than other systems, except c e r t a i n RNA phages 

of Escherichia c o l i , o f f e r the best r e a d i l y a v a i l a b l e supply of w e l l -

c h aracterised viruses f o r study of the basic p r i n c i p l e s of RNA r e p l i c a t i o n 

and t r a n s l a t i o n , i n v i t r o systems have, as ye t , provided l i t t l e u s eful 

i n f o r m a t i o n about the synthesis of p l a n t v i r u s coat p r o t e i n s . 

Various c o n d i t i o n s have been employed i n attempts t o develop i n v i t r o 

p l a n t v i r u s systems: 

, 1 . systems t h a t include s u r v i v i n g membrane-bound organelles; 

2. u n p u r i f i e d systems, not i n c l u d i n g membrane-bound organelles; 

3. systems c o n t a i n i n g p a r t i a l l y p u r i f i e d enzymes and n u c l e i c acids 

. from i n f e c t e d plants,and 
4. i n v i t r o , s y n t h e t i c systems, from organisms other than p l a n t s 

( o f t e n b a c t e r i a ) employing p l a n t v i r u s RNA. 
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Several f a c t o r s have probably c o n t r i b u t e d t o these systems having 

provided l i t t l e d e f i n i t e i n f o r m a t i o n , namely: 

(a) the phenolic m a t e r i a l s t h a t are widespread i n p l a n t tissues 

and which f r e q u e n t l y cause d i f f i c u l t i e s i n v i r u s i s o l a t i o n 
J 

also i n a c t i v a t e enzymes i n t i s s u e e x t r a c t s . 

(b) nucleases are widespread i n p l a n t tissues and r a p i d l y i n a c t i v a t e 

RNA unless removed or i n h i b i t e d ; 

( c ) the presence of a c e l l u l o s e w a l l means th a t f a i r l y severe 

methods o f c e l l breakage are employed. Chloroplasts are 

f r a g i l e organelles, and c h l o r o p l a s t fragments of various 

sizes are d i f f i c u l t to avoid i n many preparations; 

(d) c e l l s i n expanded leaves contain a large vacuole, the contents 

of which may damage cytoplasmic c o n s t i t u e n t s during c e l l 

breakage (before any p r o t e c t i v e materials i n the e x t r a c t i n g 

medium can be e f f e c t i v e ) . 

Bearing i n mind these d i f f i c u l t i e s an attempt has been made t o 

develop c e l l - f r e e systems from V i c i a faba and Brassica chinensis, using 

Turnip Yellow Mosaic Virus (TYMV) RNA as 'n a t u r a l ' messenger, and poly(U) 

as s y n t h e t i c messenger. 

I n p a r t due t o the reasons o u t l i n e d above, although 'working' 

c e l l - f r e e systems have been established w i t h p l a n t m a t e r i a l , net p r o t e i n 

synthesis has not been concl u s i v e l y shown,(Boulter, 1970). Lack of 

p r o t e i n synthesis may al s o be due to the use o f an 'incomplete' messenger 

when employing e x t r a c t e d endogenous or exogenous n a t u r a l messengers. 

There may be three s p e c i f i c objects when c a r r y i n g out i n v i t r o 
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amino a c i d i n c o r p o r a t i o n experiments: 

1. the determination of the r e l a t i v e a c t i v i t y of the p r o t e i n 

synthesising machinery of tissues under s»pod.fic conditions. 

(The obvious disadvantages of using c e l l - f r e e systems f o r 

these studies are counterbalanced by the e l i m i n a t i o n of f a c t o r s 

such as the p e r m e a b i l i t y b a r r i e r s , c e l l u l a r pools e t c , ) 

2. the study of the p r o p e r t i e s of the components that intervene 

i n the processes of p r o t e i n synthesis, and 

3. the achievement o f the synthesis of a s p e c i f i c p r o t e i n . 

The p u r s u i t of the f i r s t o b j e c t requires t h a t the i n v e s t i g a t o r 

attempts to develop a system t h a t i n t e r f e r e s as l i t t l e as possible w i t h 

the components involved. I t i s important to r e t a i n the i n t e g r i t y of the 

system, i f a s p e c i f i c p r o t e i n i s to be produced by a p a r t i c u l a r source 

t i s s u e . The synthesis o f s p e c i f i c p r o t e i n s has been achieved i n v i t r o 

i n several animal systems, (Bishop e t a l . , 1960; Campbell and Kernot, 

1962), but s p e c i f i c p l a n t p r o t e i n synthesis has not been achieved. Schwartz 

e t a l . , (1965) however, haye produced bacteriophage coat p r o t e i n i n an 

Euglena g r a c i l i s system, p u r i f i e d to reduce the endogenous in c o r p o r a t i o n 

and t o enhance the e f f e c t of added v i r a l mRNA. 

I f i t i s required to study the p r o p e r t i e s of the components 

involved i n the processes of p r o t e i n synthesis, a s i m p l i f i e d system w i t h 

isolatedcomponents and the best a t t a i n a b l e incorporation- i s to be p r e f e r r e d . 

Such systems have u s u a l l y made use of p o l y ( U ) , d i r e c t i n g the synthesis of 

polyphenylalanine,(Nirenberg and Mathaei, .1961). 

A number of c h a r a c t e r i s t i c s of a system must be demonstrated i n order 
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to e s t a b l i s h that any observed amino acid i n c o r p o r a t i o n by i s o l a t e d 

ribosomal preparations i s due to the ribosomes themselves. Hoagland 

(1960) has suggested the f o l l o w i n g c r i t e r i a f o r equating amino acid 

i n c o r p o r a t i o n w i t h p r o t e i n synthesis: 

1. i n c o r p o r a t i o n of the L-amino a c i d ( s ) should be i r r e v e r s i b l e 

once the amino aci d has entered the p r o t e i n . Subsequent continued 
12 

incubation i n the presence of excess of the same L C J amino 
r 14 1 

ac i d should not reduce the t o t a l amount of the C amino acid 

i n the p r o t e i n ; 

2. more or less complete dependence of i n c o r p o r a t i o n on the presence 

of a metabolic energy source - ATP and an ATP-generating system; 
r i 4 1 

3. i n c o r p o r a t i o n of the |_ C amino aci d should be shown to be 

i n a t r u e peptide linkage i n the p r o t e i n , as seen by i t s appearance 

i n i d e n t i f i a b l e peptides upon p a r t i a l p r o t e i n h y d r o l y s i s ; 

4. the amino a c i d should be located w i t h i n the peptide chain and not 

s o l e l y i n the t e r m i n a l p o s i t i o n ; 

5. the amino a c i d should appear i n a s i n g l e s p e c i f i c i s o l a t a b l e 

p r o t e i n of the c e l l of o r i g i n , e.g. haemoglobin i n the r a b b i t 

r e t i c u l o c y t e system,(Bishop e t a l . , 1961). 

I n a d d i t i o n the system should show s e n s i t i v i t y to added ribonuclease 

(Allende and Bravo, 1966; E l l i s and MacDonald, 1967; P a r i s i and C i f e r r i 

1966). 

A l l the above c r i t e r i a have seldom been s a t i s f i e d i n any one 

i n v e s t i g a t i o n , requirement (5) having been demonstrated i n r e l a t i v e l y few. 

The present i n v e s t i g a t i o n i s ' t h e r e f o r e , mainly methodological 



190 

i n character, t e s t s not being performed to determine the polypeptide nature 

o f the 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 products formed by the c e l l - f r e e 

systems, under e i t h e r poly(U) or TYMV RNA i n f l u e n c e . The formation of 

t r i c h l o r o a c e t i c acid p r e c i p i t a b l e m a t e r i a l i s however, f o r reasons of 

b r e v i t y , r e f e r r e d t o as ' p r o t e i n synthesis' and the a c t i v i t y of poly(U) 

or v i r a l RNA r e f e r r e d t o as 'template' or 'messenger' a c t i v i t y . 

The r e a c t i o n mixture of c e l l - f r e e systems f o r i n v i t r o p r o t e i n 

synthesis i s based on the requirements f o r the three main reactions o u t l i n e d 

below (see also page 19 f o r f u r t h e r c l a r i f i c a t i o n ) . 

Enzyme + Amino Aci d + ATP > Enzyme-AMP-Amino Acid + PPi 

Enzyme-AMP-Amino Acid + tRNA > tRNA-Amino Acid + Enzyme + AMP 

n( tRNA-Amino Acid) messenger RNA ^ POLYPEPTIDE + ntRNA 

Such c e l l - f r e e systems us u a l l y contain the f o l l o w i n g components: 

1. A p a r t i c u l a t e component ( i . e . microsome, polysome or ribosome), 

u s u a l l y prepared from f r e s h m a t e r i a l by d i f f e r e n t i a l 

c e n t r i f u g a t i o n ( s i m i l a r i n f a c t to methods employed i n v i r a l 

p u r i f i c a t i o n ) ; 

2. Amino acids - twenty o f the L-series are used as the substrate 
r i 4 

f o r polypeptide synthesis, one or more of which i s C 

l a b e l l e d . Acid hydrolysates of r a d i o a c t i v e a l g a l p r o t e i n may 

also be employed. 

3. A c t i v a t i n g and t r a n s f e r enzymes prepared from the high speed 

supernatant a f t e r p e l l e t i n g the ribosomes. The supernatant 

may be used as such or p a r t i a l l y p u r i f i e d by d i a l y s i s , ammonium 
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sulphate p r e c i p i t a t i o n or i s o - e l e c t r i c p r e c i p i t a t i o n a t pH 5; 

4. tRNA - prepared from fresh m a t e r i a l , o f t e n by phenolic 

e x t r a c t i o n ; 

5. GTP, ATP and an enzymatic regenerating system, e.g. pyruvate 

and pyruvate kinase or c r e a t i n e phosphate and phosphocreatine 

kinase; 

6. Magnesium ions, t o preserve ribosome i n t e g r i t y , and monovalent 

cations, e.g. NH^ or K"*̂ ; 
7. A sulphydryl compound, e.g., d i t h i o t h r e i t o l , GSH or mercaptoethanol, 

t o b u f f e r a u t o - o x i d a t i o n r e a c t i o n s ; 

8. Messenger RNA, n a t u r a l or i n the form of s y n t h e t i c polynucleotides. 

Early workers used no messengers and i t may be assured t h a t these 

were present i n the n a t u r a l mixture or t h a t p a r t i a l l y 

synthesised polypeptides were completed. 

The complete r e a c t i o n mixture i s usually buffered, o f t e n w i t h 

t r i s hydroxymethyl amino methane hydrochloride (Tris-HCl), a t pH values 

between 7 and 7.8. The l e n g t h and temperature of incubation are a l t e r e d 

t o s u i t the system under study. 

The f i r s t c e l l - f r e e system derived from p l a n t s that was reported t o 

i n c o r p o r a t e amino acids i n t o p r o t e i n was described by Stephenson e t a l . , 

(1956). Following t h i s p u b l i c a t i o n a large number of systems from d i f f e r i n g 

sources were reported (see references i n Allende, 1969; Boulter 1970; 

Mans 1967; Rowan, 1966). 

The k i n e t i c s of the i n c o r p o r a t i o n vary from system to system, but 

u s u a l l y i n c o r p o r a t i o n i s completed before 150 pmol of labelled amino acid 
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have been incorporated per mg ribosomal RNA (rRNA), (Boulter 1970). 

Two types of system have been employed to study i n c o r p o r a t i o n , (a) the 

'complete' system , measuring t o t a l amino acid i n c o r p o r a t i o n from charging 

tRNA w i t h amino acids, binding of aminoacyl-tRNA to the ribosomes and 

t r a n s f e r o f the aminoacyl moiety t o the growing polypeptide chain, and 
r i 4 

(b) the ' t r a n s f e r ' system, i n which |_ cj aminoacyl-tRNA i s added to the 

other components. 

The advantage of the l a t t e r system i s t h a t fewer r a d i o a c t i v e 

counts need be added than i n the complete system. I n general, however, 

such a system i s less a c t i v e thanthe 'complete', AHende and Bravo (1966) 

f i n d i n g , f o r example, t h a t 135 pmol of l a b e l was incorporated per mg rRNA 

by a complete wheat system, whereas the t r a n s f e r system only incorporated 

15.3 pmol. Comparable values f o r the 4-day-old broad bean plumule system 

are 280 and 40 pmol respectively,(Yarwood and Boulter, '1970).-

Because of t h i s inherent lower a c t i v i t y i n ' t r a n s f e r ' systems a 

'complete' system was employed throughout the present work. 

An important concern of i n v e s t i g a t o r s studying amino acid i n c o r p o r a t i o n 

i s whether the r e s u l t s can be a t t r i b u t e d to b a c t e r i a l contamination, 

( A l l e n d e , .1969). Since, even under c a r e f u l aseptic conditions, bacteria 

have been found i n components t h a t intervene i n i n c o r p o r a t i n g systems 

( H a l l and Cocking, 1966), i t i s important to determine whether the number 

of b a c t e r i a present can e x p l a i n or s i g n i f i c a n t l y c o n t r i b u t e t o the r e s u l t s . 

Preparations from p l a n t sources are l i k e l y to be contauninated w i t h 

micro-organisms from the l e a f surface, whereas preparations from animal 

sources are us u a l l y derived from the 'b a c t e r i a - f r e e , inner animal'. 

2i 
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Contamination i n animal systems i s therefore more l i k e l y to be 

operator introduced. 

Yarwood (1968) showed t h a t most o f the b a c t e r i a were sedimented 

w i t h the mitochondria during V.faba ri b o n u c l e o p r o t e i n p a r t i c l e preparation. 

With s u i t a b l e aseptic precautions, t h e r e f o r e , i t should be possible to 

maintain b a c t e r i a l p a r t i c i p a t i o n to a minimum, even i n p l a n t i n v i t r o 

, systems. 

B a c t e r i a d i f f e r markedly i n the amounts of r a d i o a c t i v i t y they 

i n c o r p o r a t e on a per c e l l basis, (Davies and Cocking 1967). Sandell 

e t a l . , (1967) found t h a t the i n c o r p o r a t i o n o f amino acids i n t o p r o t e i n 

i n m i t o c h o n d r i a l preparations was dependent on the b a c t e r i a l growth 

d u r i n g i n c u b a t i o n r a t h e r than on the number of c e l l s present, again 

suggesting the need f o r s t e r i l e c o n d i t i o n s , e s p e c i a l l y during prolonged 

in c u b a t i o n experiments. 

The time curves of b a c t e r i a l i n c o r p o r a t i o n are, except at very 
7 

high contamination (gr e a t e r than 10 b a c t e r i a / m l ) , q u i t e d i f f e r e n t from 

those o f ribosomal i n c o r p o r a t i o n . The b a c t e r i a l curve i s biphasic, there 

being l i t t l e i n c o r p o r a t i o n i n the f i r s t 60 min incubation period, 

f o l l o w e d by a period o f r a p i d l y a c c e l e r a t i n g i n c o r p o r a t i o n . True ribosomal 

i n c o r p o r a t i o n , dependent somewhat on the source m a t e r i a l and incubation 

c o n d i t i o n s , proceeds l i n e a r l y over the f i r s t minutes of incubation, ( o f t e n 

from 20 t o 60 min), a f t e r which time the r a t e of i n c o r p o r a t i o n may f a l l 

(due i n p a r t to exhaustion of substrates and product accumulation). The 

non-biphasic time courses f o r the i n v i t r o bean ( f i g . 41 , page 171 ) 

and Chinese cabbage ( f i g . 43 , page 179 ) systems are c l e a r l y seen to be 

ribosomal i n nature. 

0 
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Davies and Cocking (1967) suggested t h a t i n incubations w i t h less 
3 

than 10 bact e r i a / m l , i n c o r p o r a t i o n due to b a c t e r i a i s n e g l i g i b l e . 

App and Jagendorf (1964), however, reported t h a t there was no l i n e a r 

r e l a t i o n s h i p between l e v e l s of b a c t e r i a l contamination and amino acid 

i n c o r p o r a t i o n by c h l o r o p l a s t preparations, although d i f f e r e n t micro

organisms d i f f e r g r e a t l y i n t h e i r a b i l i t y to incorporate amino acids 

i n i n v i t r o incubations. 

B a c t e r i a l counts of incubation samples are by themselves u n r e l i a b l e 

unless taken i n conjunction w i t h time course data. They are suspect i n 

t h a t they are g r e a t l y a f f e c t e d by operator technique, p l a t i n g medium 

c o n s t i t u t i o n , temperature and time of incubation of the inoculated plates 

e t c . ,(Thompson 1967). The nature of the amino acid i n c o r p o r a t i o n mixture 

may also a l t e r the r e s u l t s by i n h i b i t i n g or p o t e n t i a t i n g b a c t e r i a l growth. 

Lack o f correspondence between amino acid i n c o r p o r a t i o n and b a c t e r i a l 

counts i s not however, considered to be evidence of t h e i r n o n - p a r t i c i p a t i o n , 

(Boulter 1970). 

B a c t e r i a l counts from samples of Chinese cabbage incubation mixtures 

i n d i c a t e d t h a t contamination was 1,000 - 2,000 organisms/ml. Such low 

counts are i n agreement w i t h amino aci d i n c o r p o r a t i o n time courses, as 

noted above. No fungal contamination was found i n the samples tested. 

The higher b a c t e r i a l counts were obtained from those incubation tubes 

which had been l e f t uncapped during the period of i n c o r p o r a t i o n , suggesting 

o p e r a t o r / a e r i a l contamination. 

No b a c t e r i a l contamination was observed i n e l e c t r o n micrographs 

o f bean and cabbage microsome preparations, m a t e r i a l s i m i l a r t o which was 

used i n i n c o r p o r a t i o n experiments. 
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Swain and Dekker (1969) consider t h a t compliance w i t h the f o l l o w i n g 

p o i n t s r u l e s out s i g n i f i c a n t m i c r o b i a l contamination: 

1. the p l a n t s used i n any study should be germinated under 

e s s e n t i a l l y s t e r i l e c o n d i t i o n s ; 

2. the requirement f o r GTP and f o r poly(U) i s s t r i c t , and 

3. the i n c o r p o r a t i o n of a l a b e l l e d amino acid i n t o p r o t e i n , as 

a f u n c t i o n of length of time of incubation, does not increase 

i n d e f i n i t e l y , but reaches a f i n i t e l e v e l a f t e r a period of time. 

B a c t e r i a l I n c o r p o r a t i o n of amino acids i s independent of added 

GTP and/or ATP and the energy generating system, and the p a r t i a l dependence 

of the Chinese cabbage system on added energy source and messenger tends 

t o suggest low b a c t e r i a l p a r t i c i p a t i o n . Demonstration of a p a r t i c u l a r 

requirement f o r any component i s not always possible i n a microsomal 

system, i n t h a t the microsomes and enzyme preparations may w e l l be 

contaminated w i t h s i g n i f i c a n t amounts of the component(s) under 

i n v e s t i g a t i o n . 

Although b a c t e r i a l i n c o r p o r a t i o n can be eliminated by the addi-tion 

of a n t i b i o . t i c s , t h e i r use, as pointed out by Boulter (1965) and Lado 

and Schwendimann (1966) cannot be wholly r e l i e d upon. I d e n t i f i c a t i o n 

of the f i n a l product p r o t e i n i s undoubtedly the u l t i m a t e c r i t e r i o n . I f 

the product p r o t e i n i s e a s i l y i d e n t i f i a b l e , the problem of b a c t e r i a l 

p a r t i c i p a t i o n i s eliminated,(Allende 1969). 

With l i g h t l y i n f e c t e d s t a r t i n g m a t e r i a l i t was found possible 

t h e r e f o r e , by the usual u l t r a c e n t r i f u g a t i o n techniques, to prepare 

p a r t i c u l a t e and other preparations r e l a t i v e l y f r e e of b a c t e r i a l 
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contamination. Such preparations, supplemented by c a r e f u l l y stored, 

a s e p t i c a l l y prepared, s t e r i l e s o l u t i o n s were employed throughout t h i s 

work, producing mixtures i n which most ( i f not a l l ) the observed 

a c t i v i t y was due to the ribosomes themselves. To a s s i s t s t e r i l i t y , a l l 

i n c u b a t i o n tubes were l i g h t l y capped throughout the i n c o r p o r a t i o n 

experiments. 

Experimental Procedures 

i ) Brassica chinensis: 

Chinese cabbage i s the common experimental host f o r TYMV, but 

according to Ba i l e y (1949), there are two species of Brassica, 

B. chinensis L and B.pekinensis Lour. Rupr. w i t h t h i s common name. 

Brassica p e t s a i P a r i , i s said to be a synonym of B.pekinensis. Menage 

(1966) gives Chinese cabbage as Brassica cernua, l i s t i n g v a r i e t i e s as, 

Pte-Sai, Wong Bok and C h i h l i . 

The p l a n t s grown as B.chinensis var Wong Bok bear the closest 

resemblence to the d e s c r i p t i o n of B.chinensis as o u t l i n e d by Bailey (1949), 

and are from the same source as the v a r i e t y used by Haselkorn (1969), 

namely B.chinensis var. Pte Sai ("pe t s a i " being the Chinese phrase f o r 

cabbage). Matthews and Ralph (1966) noted, however, t h a t the B.pekinensis 

var. Wong Bok used i n t h e i r l a b o r a t o r y , and obtained from plants grown 

from l o c a l commercial seed, showed noticeable v a r i a t i o n i n l e a f shape 

and colour. This they suggested i n d i c a t e d some g e n e t i c a l l y based 

v a r i a t i o n w i t h i n normal v a r i e t i e s . I n a l l three v a r i e t i e s grown a t 

Durham these v a r i a t i o n s were also seen, and so only plants showing the 

same general characters were used f o r experimental purposes. I t may 
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w e l l be t h a t the Chinese cabbage used i n the present work as the 

experimental host f o r TYMV, and named B.chinensis i s synonymous w i t h 

B.pekinensis. I n f a c t the samples of i n f e c t e d l e a f supplied by 

Professor Matthews bore a close resemblence to i n f e c t e d leaves of 

B.chinensis var Wong Bok. 

As noted by Markham and Smith (1949) a white "break" i n the 

yellow flowers of TYMV i n f e c t e d B.chinensis occasionally occurred, and 

i n general the t e s t p l a n t s were small and stunted ( e s p e c i a l l y i f 

i n f e c t e d young). 

i i ) Microsomal E x t r a c t i o n : 

Unlike n u c l e i and mitochondria, the term 'microsome' does not r e f e r 

to a d i s c r e t e cytoplasmic o r g a n e l l e , being an operational term denoting 

the p a r t i c u l a t e f r a c t i o n sedimenting upon c e n t r i f u g a t i o n a t speeds 

exceeding 10000^ (de Duve, 1964; Reid, 1967). D i f f e r e n t types of 

microsomal f r a c t i o n s can ther e f o r e vary both i n s t r u c t u r e and biochemical 

p r o p e r t i e s , not only according to i n t r i n s i c features such as species, 

age and t i s s u e type, but also to extraneous conditions such as n u t r i t i o n a l 

and hormonal statu s , ( T a t a , 1969). The term 'microsomes' however, o f t e n 

r e f e r s t o a mixture of membraneous elements and ribosomes (or polysomes) 

present e i t h e r as separate e n t i t i e s or as complexes (derived from the 

smooth, or agranular, and the rough, or granular, endoplasmic r e t i c u l u m ) , 

and i t i s to such a mixture t h a t the term r e f e r s i n t h i s t e x t . 

Although the i s o l a t i o n of microsomes was described by Claude i n 

1941, the most successful i s o l a t i o n procedure i s t h a t of d i f f e r e n t i a l 

c e n t r i f u g a t i o n devised by Palade and Sie k e v i t z (1956). Most procedures 
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employ a m o d i f i c a t i o n of t h e i r o r i g i n a l , method, i n v o l v i n g separation 

of n u c l e i and mitochondria from the t i s s u e homogenate by low-speed 

c e n t r i f u g a t i o n , followed by u l t r a - c e n t r i f u g a t i o n of the mitochondria-

f r e e supernatant. Ribosomes or polysomes may be prepared from the 

microsomal p e l l e t by t r e a t i n g w i t h detergent, e.g. sodium deoxycholate, 

t o f r e e the membranes. Bloemendal e t a l . , (1964, 1967) have described 

a detergent f r e e method i n which c e n t r i f u g a t i o n through a discontinuous 

sucrose density gradient allows the separation of free polysomes ( a c t i v e 

i n i n c o r p o r a t i n g amino acids i n t o p r o t e i n ) . 

Ribosomes from d i f f e r e n t sources have varying requirements f o r 

c e r t a i n f a c t o r s i n order to sustain t h e i r i n t e g r i t y and hence p r o t e i n 

s y n t h e s i s i n g c a p a b i l i t y . E x t r a c t i o n media and procedures have therefore 

to be chosen so as to meet, as f a r as possible, these i n d i v i d u a l requirements. 

Perzynski e t a l . , (1969) observed t h a t the method of preparation of 

B a c i l l u s stearothermophilus ribosomes played an important r o l e i n the 

f i d e l i t y o f poly(U) t r a n s l a t i o n , the highest ambiguity r e s u l t i n g when the 

ribosomes were d i s s o c i a t e d i n t o subunits and p u r i f i e d i n sucrose. 

S i m i l a r dependence on i s o l a t i o n procedure was noted by Lamfrom and 

Grunberg-Manago (1967) i n r e t i c u l o c y t e ribosomes. Loss of important 

associated f a c t o r s may have accounted f o r a c t i v i t y reduction. 

Means and Baker (1969) showed th a t the y i e l d of polysomes from 

baboon l i v e r (Papio papio) and t h e i r a c t i v i t y i n c e l l - f r e e systems was 

dependent on the method of homogenisation and concentration of deoxycholate. 

Zamecnik (1953), Zamecnik and K e l l e r (1954) and Ganoza et a l . , (1965) 

demonstrated the importance of homogenising conditions i n the preparation 
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of a c t i v e ribosomes from r a t l i v e r . 

That e x t r a c t i o n media composition and procedures need to be 

v a r i e d t o s u i t the use t o which the preparations are to be put, and to s u i t 

the nature o f the t i s s u e has been found to be e s p e c i a l l y tru e f o r p l a n t 

ribosomes (Arglebe and H a l l , 1969). 

I n the present work t y p i c a l microsomal preparations were prepared 

by simple g r i n d i n g of B.chinensis leaves i n 0.005 M magnesium acetate -

0.01 M phosphate b u f f e r (Vanyushin and Dunn, 1967), Such preparations 

however, were i n a c t i v e i n amino ac i d i n c o r p o r a t i o n although components 

i n such samples sedimented at 83 S and occasionally 117 S (when examined 

i n the above b u f f e r ) . On increasing the magnesium concentration, and 

examining i n 0.01 M magnesium acetate - 0.05 M phosphate, the components 

sedimented a t 105, 84 and 66 S (the increased magnesium concentration 

apparently causing a s p l i t t i n g of the ribosomes i n t o s u b u n i t ^ I n a c t i v i t y 

i n these preparations was probably due to ribosome damage as no p r o t e c t i v e 

agents (e.g., sucrose, MCE) were employed. Degradation or removal of 

associated f a c t o r s could also have r e s u l t e d i n a c t i v i t y loss. 

Various methods of homogenisation and e x t r a c t i o n media were therefore 

employed i n an attempt t o o b t a i n a c t i v e bean and cabbage preparations. 

Heavy g r i n d i n g of l e a f m a t e r i a l was avoided as i t reduced the cabbage l e a f 

c h l o r o p h y l l pigmented tissues to such a f i n e s t a t e as to prevent 

sedimentation on c e n t r i f u g i n g . Microsomes prepared w i t h the a i d of heavy 

comminution were i n v a r i a b l y i n a c t i v e , probably as a r e s u l t of physical 

damage. No obvious components were observed when such preparations were 

examined i n the a n a l y t i c a l u l t r a c e n t r i f u g e . 
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Chinese cabbage ribosomes prepared by the method of van Kammen (1967) 

gave poor i n c o r p o r a t i o n o f amino acids, although t h i s was improved by 

adopting a razor blade as the means of comminution. Although the ribosomes 

were more a c t i v e , the method was lengthy and y i e l d s low. 

A 'quick method' was ther e f o r e devised, g i v i n g the best preparations, 

t h i s method being used whenever possible f o r o b t a i n i n g B.chinensis 

ribosomes. Although s t i l l a c t i v e a f t e r f r e e z i n g q u i c k l y and storage a t 
o 

-70 c, Chinese cabbage microsomes gave b e t t e r and more consistent r e s u l t s 

when used immediately a f t e r preparation. Van Kammen (1967) observed t h a t 

although tobacco l e a f ribosomes r e t a i n e d t h e i r a c t i v i t y during d i a l y s i s , 

they d i d not i f frozen. 

For good i n c o r p o r a t i o n , the age of the leaves was found to be of 

importance. E x t r a c t i o n of microsomes from B.chinensis plumules, seeds 

and seedlings r e s u l t e d i n poor preparations, possibly due to physical 

damage d u r i n g i s o l a t i o n . Developing bean preparations from V.faba were 

however, a c t i v e and used r o u t i n e l y . The e x t r a c t i o n of bean microsomes 

by the method of Payne (1970) was found to be s a t i s f a c t o r y f o r producing 

a c t i v e preparations from t h i s source, s l i g h t changes i n the e x t r a c t i o n 

media having apparently l i t t l e or no e f f e c t on the e f f i c i e n c y of the i s o l a t e s . 

Preparations from young leaves were found to be much more a c t i v e 

than from older leaves, possibly as a r e s u l t of increased RNase i n the 

ol d e r leaves. Rapid i s o l a t i o n o f microsomes i s also important from the 

f a c t t h a t l e a f wounding can cause a r a p i d , prolonged and non-specific 

increase i n the RNase a c t i v i t y o f the leaves (Diener, 1961; Bagi and 

Farkas, 1967), which would be de l e t e r i o u s i n an i n v i t r o system. 
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Babos (1966) reported t h a t there was no d i f f e r e n c e i n the 

ribosomal content o f TMV i n f e c t e d and healthy tobacco leaves. I n the 

present work microsomes from i n f e c t e d and uninfected samples of s i m i l a r 

leaves of the same age of B.chinensis plants gave s i m i l a r l e v e l s of 

i n c o r p o r a t i o n , suggesting l i t t l e a l t e r a t i o n of the ribosomal status quo 

i n i n f e c t e d t i s s u e or a t l e a s t i n the ribosome status required f o r 

i n v i t r o a c t i v i t y . 

One of the most important f a c t o r s i n microsome i s o l a t i o n has been 

found t o be the concentration of magnesium ions. The lower the 

concentration i n the p r e p a r a t i v e stages, and the lower the concentration 

i n the resuspending medium, the c l e a r e r the determination of the magnesium 

l e v e l r e q u ired to promote maximum i n c o r p o r a t i o n . O f f s e t t i n g t h i s i s the 

f a c t t h a t the s t a b i l i t y of 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 i s decreased at 
2+ 

low Mg concentration and i n the absence of b i v a l e n t ions, the p a r t i c l e s 
d i s i n t e g r a t e i n t o smaller subunits (Petermannet a l . , 1958). The p a r t i c l e s 

2+ 

hbwever, recombine on the a d d i t i o n of Mg thereby regaining t h e i r 

i n c o r p o r a t i n g a c t i v i t y (Takanami, 1960). 
2+ 

Varying Mg optima have been reported, e.g. f o r ribosomes from 
2+ 

the f i r s t seedling leaves of barley, 1-2 mM Mg (Srivastava and Arglebe, 
2+ 

1967), from wheat plumules, 1 mM Mg (Arglebe and H a l l , 1969). However, 
2+ 

Clark e t a l . , (1964) found 10 mM Mg to be optimal f o r B.pekinensis 

ribosomes, and t h i s concentration was employed i n the present work. 
2+ 

The Mg concentration i n the resuspending medium was reduced to 
2+ 

a s s i s t i n determining optimal Mg concentration f o r amino acid 

i n c o r p o r a t i o n , from the r e l a t i v e l y high l e v e l o f 10 mM i n the e x t r a c t i o n 

medium. 
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The i n c l u s i o n of various other ' p r o t e c t i n g ' agents i n the e x t r a c t i o n 

medium has also been found important. I n microsomal systems, a sucrose 

c o n c e n t r a t i o n o f 0,45 M (as employed i n t h i s work) has been found to 

preserve s t r u c t u r a l i n t e g r i t y (Hogeboom e t a l , , 1948), although very 

a c t i v e preparations of b a c t e r i a l ribosomes have been prepared i n the 

absence of sucrose (Matthaei and Nirenberg, 1961), 

L e s l i e and Mansbridge (1970) noted t h a t sedimentation of r a t l i v e r 

microsomes through dense layers of sucrose, g r e a t l y reduced t h e i r 

a c t i v i t y . S i m i l a r l y Chinese cabbage microsomes prepared by the procedure 

of Pearson (1969), i n the absence of deoxycholate, and employing such a 

procedure were found to have low a c t i v i t y . Twice-washed, DOC prepared 

microsomes were, hoVever, a c t i v e , although less so than microsomes 

prepared by the 'quick e x t r a c t i o n ' method. Undoubtedly f u r t h e r work 

on ribosomes and associated co-factors would help to elu c i d a t e the f a c t o r s 

a f f e c t i n g s t a b i l i t y and subsequent a c t i v i t y i n the i n v i t r o system. 

Several i n v e s t i g a t o r s have included a t h i o l source i n t h e i r 

e x t r a c t i o n medium (Cleland, 1964; Devenuto and Lange, 1967; K a j i , 1968; 

Liao and Williams-A,1962) i n order to p r o t e c t ribosomes and c e l l sap 

enzymes, Mercaptoethanol was used by Parish (1969) i n an attempt to 

s t a b i l i s e E . c o l i polysomes as i t has been shown t h a t t h i o l s p r o t e c t 

E. c o l i monosomes against dissociation. 

Mercaptoethanol was used r o u t i n e l y i n e x t r a c t i n g both bean and 

cabbage microsomes, although i t s absence i n one assay d i d not s i g n i f i c a n t l y 

a l t e r the r e s u l t s . On d i a l y s i s of high-speed supernatant, mercaptoethanol 

was included i n the d i a l y s i n g s o l u t i o n , as a p r o t e c t i v e agent. 
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When microsomes are prepared f o r use i n i n c o r p o r a t i o n experiments 

i t i s o f t e n p r e f e r r e d to use the f i n a l incubation medium throughout. 

Where t h i s i s not p r a c t i c a b l e , the e x t r a c t i o n medium i s supplemented 

w i t h Tris-HCl b u f f e r , KCl (or NaCl or NH^cf) i n varying amounts, 

as employed here. 

The widespread occurrence of RNase i n p l a n t tissues has hampered 

the i s o l a t i o n of polysomes, messenger and other RNAs. A r i s e i n RNase 

a c t i v i t y on i n j u r y or detachment of leaves increases the problem, 

the r i s e being accountable f o r by e i t h e r induced enzyme a c t i v i t y , or 

by new enzyme synthesis ( Hadziyev et a l . , 1969). 

Furthermore young tissues are o f t e n extracted and P h i l l i p s and 

Fle t c h e r (1969) observed i n Phaseolus v u l g a r i s t h a t RNase l e v e l s increased 

i n expanding and maturing t i s s u e , d e c l i n i n g i n senescing t i s s u e . McHale 

and Dove (1968) observed t h a t RNase a c t i v i t y increased almost l i n e a r l y 

i n o l d e r tomato leaves, the a c t i v i t y i n younger leaves increasing to 

an 'RNase plateau'. S a n t i l l i e t a l . , (1962) found a decrease i n RNase 

a c t i v i t y i n leaves of Pinto bean but Reddi (1959) described an increase 

i n the a c t i v i t y o f the enzyme i n ageing tobacco leaves. I t has been 

suggested t h a t such c o n f l i c t i n g r e s u l t s could possibly be resolved on 

the basis t h a t RNase l e v e l s depend on the p h y s i o l o g i c a l age of the 

t i s s u e ( P h i l l i p s and Fletcher, 1969). 

2+ 

RNase i n h i b i t o r s such as Zn (Barker and Rieber, 1966,1967), 

Cu ( H a l l and Cocking, 1966), p o l y v i n y l sulphate (Clark e t a l . , 1964), 

Macaloid (Marcus et a l . , 1967), and be^onite (Brownhill e t a l . , 1959; 

Dunn and Hitchborn, 1965,1966; Fraenkel-Conrat et a l . , 1961; Petermamand 

Pavlovec, 1963; Watts and Mathias, 1967) have been employed i n ribosome 
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e x t r a c t i o n procedures, the presence of these i n h i b i t o r s being thought 

to minimise damage to ribosomes and polysomes. Their use i n homogensising 

media has not always been e f f e c t i v e (Clark et a l , , 1964; Hsiao, 1968; 

Shinozawa e t a l . , 1968) and i n a d d i t i o n may r e s u l t i n considerable loss 

of polyribosomes (Hsiao, 1968; Tester and Dure, 1966), Bentonite was 

found to considerably reduce the size of the microsomal p e l l e t i n 

Chinese cabbage procedures. 

More r e c e n t l y , diethylpyrocarbonate has been employed (Fedorcsak 

and Ehrenberg, 1966; Solymosy e t a l . , 1968) but has been found to have 

a d e l e t e r i o u s e f f e c t on i n v i t r o ribosomal amino acid i n c o r p o r a t i o n 

(Weeks and Marcus, 1969), probably by i n a c t i v a t i n g enzymes (e.g., 

ribosome associated p r o t e i n , e s s e n t i a l f o r peptide synthesis). 

RNase i n h i b i t o r s were not t h e r e f o r e employed r o u t i n e l y i n the 

e x t r a c t i o n of B,chinensis or V,faba microsomes. I t i s i n t e r e s t i n g to 

note t h a t a d d i t i o n of RNase to amino acid i n c o r p o r a t i n g mixtures 

c o n t a i n i n g B.chinensis g r e a t l y reduced the l e v e l of i n c o r p o r a t i o n . I t 

may be i n f e r r e d t h a t such a large reduction i n a c t i v i t y by a low 

concentration of added RNase i n d i c a t e s a n e g l i g i b l e q u a n t i t y of RNase 

being present i n the microsome preparation i t s e l f . 

The pH of the microsome e x t r a c t i o n medium was adjusted to 7,5 at 

0°C as t h i s i s considered to be close t o the optimum pH f o r ribosome 

e x t r a c t i o n (Arglebe and H a l l , 1969; Good et a l . , 1966). 

No attempt was made to study the a f f e c t of v a r i a t i o n of pH i n 

the e x t r a c t i o n medium or incubation mixtures, although i t has been reported 

t h a t t h i s f a c t o r may have a marked e f f e c t on i n c o r p o r a t i o n l e v e l s 

(Payne, 1970). 
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Enzyme d i a l y s i s was performed to remove low molecular weight 

contaminants, counterions and solvent components. Endogenous amino 

a c i d removal was considered necessary so as to prevent swamping of 
r i 4 " 

added C amino a c i d ( s ) w i t h r e s u l t a n t apparent low i n v i t r o a c t i v i t y . 

The d i a l y s i s tubing employed was soaked to remove p l a s t i c i z e r s 

(e.g. g l y c e r i n ) , traces of sulphurous compounds and heavy metal ions 

t h a t may have a f f e c t e d i n c o r p o r a t i o n . 

i i i ) T o t a l Leaf RNA E x t r a c t i o n : 

The procedures employed i n the i s o l a t i o n and p u r i f i c a t i o n of pl a n t 

n u c l e i c acids from whole tissues vary i n d e t a i l according to the nature 

of the m a t e r i a l Used. The method of Ralph and Bellamy (1964) was 

employed i n the present work to o b t a i n t o t a l l e a f RNA from B.chinensis. 

This method involves p r e f e r e n t i a l p r e c i p i t a t i o n of the RNA w i t h 

cetyltrimethylammonium bromide. Ralph and Bellamy (1964) reported t h a t 

TMV RNA prepared by t h i s method was b i o l o g i c a l l y a c t i v e . 

Matus e t a l . , (1964) i s o l a t e d t o t a l Chinese cabbage l e a f RNA by 

t h i s method, and on examination 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 , four 

components were i d e n t i f i e d w i t h sedimentation c o - e f f i c i e n t s of 4 S, 12 S, 

16 S and 24 S as pr e v i o u s l y reported (Ralph and Bellamy, 1964). The 12 S 

component was l a t e r i d e n t i f i e d as DNA, the 4 S tRNA and the 16 and 24 S 

components as ribosomal RNAs. The best preparation obtained by Matus 

et a l . , (1964) gave an O.D. 260/280 = 1.96, t h i s preparation containing 

l i t t l e i m p u r i t i e s . T o t a l B.chinensis l e a f RNA i s o l a t e d f o r the present 

work had an O.D. r a t i o of 1.56 and components of 25, 23, 18 and 16 S 

(any 4'S component not being detectable under t e s t c o n d i t i o n s ) . 
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i v ) tRNA E x t r a c t i o n : 

Hoagland et a l . , (1957,1958) f i r s t observed th a t when amino acids 

are incubated w i t h ATP and the no n p a r t i c u l a t e or soluble f r a c t i o n of 

r a t l i v e r cytoplasmic e x t r a c t s , they are bound to. an RNA component w i t h 

a low molecular weight. They demonstrated that the RNA-bound amino 

acids are incorporated i n t o p r o t e i n on f u r t h e r incubation w i t h GTP and 

the microsomal f r a c t i o n of the cytoplasm, and concluded t h a t these 

complexes are intermediate- i n p r o t e i n synthesis. 

The RNA component o f low molecular weight was named soluble or 

t r a n s f e r RNA, being a mixture of species of molecular weight about 

27,000 (70-80 nucleotides) and sedimentation constant about 4. A number 

of procedures f o r the i s o l a t i o n of tRNA have been devised and described i n 

the l i t e r a t u r e (see reviews by Brown, 1963; Staeha.in, 1963; Weiss and 

Kelmers, 1967), the method employed being l a r g e l y dependent on source 

m a t e r i a l . Since tRNA does not appear to be complexed w i t h p r o t e i n , i t s 

separation mainly requires the removal of soluble p r o t e i n ( i n c l u d i n g 

RNase) and polysaccharides. Phenol e x t r a c t i o n i s commonly used, together 

w i t h high-speed c e n t r i f u g a t i o n f o r long periods to obtain an aqueous phase 

to e x t r a c t . Prolonged c e n t r i f u g a t i o n i s , however, inconvenient, tending 

to degredation (Holden and P i r i e , 1955). To avoid t h i s methods have 

been devised to e x t r a c t t o t a l c e l l RNA w i t h subsequent tRNA i s o l a t i o n , 

by means of concentrated s a l t s o l u t i o n s . 

Further developments have led to methods i n which very l i t t l e 

ribosomal RNA i s e x t r a c t e d o r i g i n a l l y , as such rRNA may " r e g i s t e r " as 

tRNA or may be a c t i v e i n an i n v i t r o system or bind to and block ribosomes. 
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Holley e t a l , , (1961a) used DEAE c e l l u l o s e to free tRNA 

preparations of polysaccharides, p r o t e i n s and small oligonucleotides 

by adsorbing the tRNA on the i o n exchange column m a t e r i a l a t low s a l t 

concentrations, and e l u t i n g w i t h s o l u t i o n s containing 1,0 M NaCl, 

Such step e l u t i o n y i e l d s a mixture containing a l l the tRNAs. 

I n the present work, V.faba tRNA was extracted by the method of 

Payne (1970), but t h i s method proved u n s a t i s f a c t o r y f o r the i s o l a t i o n 

of tRNA from B,chinensis, low y i e l d s of low a c t i v i t y r e s u l t i n g . From 

studies on the use of magnesium bentonite i n the preparation of pla n t 

v i r u s e s (Dunn and Hitchborn, 1965) a method was developed which avoided 

the necessity f o r high-speed c e n t r i f u g a t i o n (and incorporated a means of 

i n h i b i t i n g RNase from the time of tissue maceration). 

Transfer n u c l e i c a c i d was found to be easier to e x t r a c t from p l a n t s 

grown normally, r a t h e r than those subjected t o varying periods of 

darkness before e x t r a c t i o n (the f r a c t i o n s being less viscous and easier 

to handle). With the p l a n t s grown i n the. dark, very viscous e x t r a c t s 

were obtained which r e s u l t e d i n large losses of tRNA at each p u r i f i c a t i o n 

stage. 

Simple g r i n d i n g of B.chinensis leaves w i t h magnesium bentonite 

and MgSO^ (as f o r v i r a l e x t r a c t i o n , page 73) w i t h subsequent c l a r i f i c a t i o n 

and tRNA p r e c i p i t a t i o n (Dunn, 1965) r e s u l t e d i n very low y i e l d s ( i n the 

order of Img/lOOg leaves). The tRNA so i s o l a t e d d i d have a c h a r a c t e r i s t i c 

uv absorption p r o f i l e however, although charging a b i l i t y was poor. 

To increase the y i e l d , a second phenol e x t r a c t i o n of the interphase 

m a t e r i a l was attempted, but t h i s r e s u l t e d i n l i t t l e improvement, and a 
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degraded f i n a l product. P e l l e t s were ' s t i c k y ' , d i f f i c u l t to re-dissolve 

and adhered r e a d i l y to glass vessels during t r a n s f e r s . Such samples 

charged w i t h phenylalanine a t only 10% the e f f i c i e n c y of V.faba tRNA 

(the V.faba tRNA charging at 12500 c.p.m,/mg V.faba tRNA). 

Losses of tRNA by adsorption onto the bentonite was precluded 

by the f a c t that s i m i l a r y i e l d s were obtained i n the absence of bentonite. 

To speed the e x t r a c t i o n process, the bentonite g r i n d i n g and phenol 

e x t r a c t i o n stages were combined. This r e s u l t e d i n a b e t t e r y i e l d and 

a more a c t i v e product. Apparently such mixed e x t r a c t i o n procedures have 

been suc c e s s f u l l y employed by other workers (Rogg e t . a l . , 1969), 

I t i s important t o inhibit/remove RNase, as although i n e x t r a c t i n g 

RNA, RNase i s i n a c t i v e and l a r g e l y extracted by phenol, some does 

remain i n the aqueous phase. On removal of the phenol, the enzyme again 

becomes a c t i v e and the RNA i s r a p i d l y degraded (Huppert and Pelmont, 1962; 

L i t t a u e r and Sela, 1962). H a l l and Doty (1959) found dodecylsulphate 

was i n s u f f i c i e n t w i t h phenol to i n h i b i t RNase, I n v i t r o use of p o l y v i n y l -

sulphate (PVS) by Shinozawa et a l , , (1968) found t h a t aminoacylation of 

tRNA was reduced whereas I I a n and I I a n (1969) found an increase, 

Bentonite, as i t i s p h y s i c a l l y removed and does not a l t e r b i o l o g i c a l 

a c t i v i t y has proved to be a b e t t e r i n h i b i t o r ( B r o w n h i l l e t a l . , 1959; 

Fraenkel-Conrat e t a l . , 1961). 

The tRNA obtained by the phenol e x t r a c t i o n procedures i s p a r t i a l l y 

and v a r i a b l y charged w i t h amino acids, and a d d i t i o n a l treatment i s usually 

r e q u i r e d to remove them (Monier e t al.., 19.60; Lipmannet a l . , 1959). 
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Amino a c i d s t r i p p i n g i n the e x t r a c t i o n stages r e s u l t e d i n great 

improvement, as d i d chromatography, i n charging a b i l i t y . Step-wise e l u t i o n 

i n chromatography y i e l d e d a mixed product. Two separate peaks were 

obtained a t the 1.0 NaCl stage and c o l l e c t e d on chromatography of 

B. chinensis tRNA. The a c t i v i t y of the two peaks were found to be s l i g h t l y 

d i f f e r e n t , probably due to a variance of the tRNA species contained i n 

each f r a c t i o n . No attempt was made to i n v e s t i g a t e t h i s aspect f u r t h e r . 

At low temperatures, e l u t i o n was slow, although d i f f u s i o n i n the 

column, b a c t e r i a l growth and degradation of l a b i l e s are diminished. The 

reverse i s t r u e a t higher temperatures. For t h i s reason a l l chromatograpy 

was c a r r i e d out a t 4°C. Dunn (1970) however, conducted tRNA separations 

a t room temperatures on regenerated chromatographic supports. 

Aminoacylation was found to be t y p i c a l being dependent upon the 

presence of tRNA, ATP and enzyme. Maximum charging of B.chinensis tRNA w i t h phe 
2+ 

was found t o occur a t 17.5mM Mg , t h i s f i g u r e being close to the higher 
2+ 

of the two Mg optima f o r amino acid i n c o r p o r a t i o n i n the presence of 

ribosomes (the e f f i c i e n t charging of the tRNA possibly a i d i n g i n in c o r p o r a t i o n 

o r i n misreading). 
v) TYMV E x t r a c t i o n : 

I s o l a t i o n and p u r i f i c a t i o n of viruses are r a r e l y performed as 

goals i n themselves. To study the basic p r o p e r t i e s of a v i r u s , i t i s 

e s s e n t i a l t o i s o l a t e preparations, more or less free of host m a t e r i a l but 

r e t a i n i n g i n f e c t i v i t y . No one general procedure i s applicable to a l l cases, 

and even d i f f e r e n t s t r a i n s of the same v i r u s may re q u i r e d i f f e r e n t 
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procedures f o r e f f e c t i v e i s o l a t i o n . L i s t e r and Bancroft (1970) noted 

t h a t tobacco streak v i r u s component r a t i o s were influenced by host and 

e x t r a c t i o n procedure. For p l a n t viruses, p u r i t y and homogeneity are 

o p e r a t i o n a l terms defined by the v i r u s and the methods of i s o l a t i o n used. 

A v i r a l p r e p a r a t i o n may be considered 'pure' i f the i m p u r i t i e s or 

v a r i a t i o n s present do not i n t e r f e r e w i t h the p a r t i c u l a r property being 

studied. E f f e c t i v e i s o l a t i o n procedures have now been developed f o r 

a number of p l a n t viruses as can be seen i n the reviews of Steere (1959, 

1964). 

Factors a f f e c t i n g i s o l a t i o n include methods of i n f e c t i v i t y assay, 

choice of s u i t a b l e host p l a n t , conditions of host growth and time of 

harv e s t i n g . The choice of e x t r a c t i o n medium i s also important as i s 

the method of comminution of the i n f e c t e d t i s s u e , i n order to r e t a i n the 

v i r u s i n an i n f e c t i v e unaggregated s t a t e . 

To t h i s end, TYMV was grown on i t s commonest experimental host, 

B. chinensis. S u i t a b l e growth conditions f o r the plants were determined 

by t r i a l and e r r o r , as were methods of i n o c u l a t i o n and choice of the most 

' e f f e c t i v e ' host v a r i e t y . From experimental determinations, i t was found 

t h a t B. chinensis var. Wong Bok gave the s t u r d i e s t plants and yielded 

the highest v i r a l t i t r e by the method of i s o l a t i o n employed. The 

comparative v i r a l e x t r a c t i o n s were however r a t h e r sub j e c t i v e , ' b i o l o g i c a l ' 

f a c t o r s not being taken i n t o account. Repeated e x t r a c t i o n s of the 

d i f f e r e n t i s o l a t e s of TYMV from the three v a r i e t i e s of Chinese cabbage 

r e s u l t e d i n s i m i l a r r e s u l t s , but values f r e q u e n t l y overlapped. 

TYMV has been p u r i f i e d by other workers from c l a r i f i e d p l a n t sap 

by ethanol p r e c i p i t a t i o n and subsequent ammonium sulphate c r s y t a l l i s a t i o n 
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(Markham and Smith, 1949), by a l t e r n a t e cycles of c e n t r i f u g a t i o n 

(Cosentino e t a l . , 1956) and where only the a c t i v e nucleoprotein was 

req u i r e d , by e m u l s i f i c a t i o n w i t h n-butanol and chloroform (Steere, 1956). 

Magnesium pyrophosphate g e l , previously used f o r the p u r i f i c a t i o n of 

animal viruses and bacteriophages, has also been employed ( R i a l d i and 

Zunino, 1969). 

Dunn and Hitchborn (1965) however devised a method of TYMV i s o l a t i o n 

using b e n t o n i t e , the main advantages being a saving i n time and a 

red u c t i o n or e l i m i n a t i o n of RNase contamination. Bentonite i s an e f f e c t i v e 

i n h i b i t o r o f RNase a c t i v i t y ( B r o w n h i l l e t a l . , 1959; Fraenkel-Conrat 

e t al.,1961) and has been f r e q u e n t l y employed i n the preparation of 

both RNA and ribosomes. I t e v i d e n t l y functions by binding the nuclease 

(Brownhil e t a l , , 1959; J a c o l i , 1968) and i s capable of adsorbing other 

p r o t e i n s ( B r o w n h i l l e t a l , , 1959). 

Employing the method of Markham and Smith (1949) contamination 

by p l a n t m a t e r i a l s (e.g. p l a n t p r o t e i n and ribosomal m a t e r i a l ) was 

evident, such preparations r e q u i r i n g f u r t h e r p u r i f i c a t i o n procedures. 

From 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 analysis o f v i r a l preparations 

(page 122 ) i t was found t h a t the method of Dunn and Hitchborn (1965) 

produced a 'cleaner' preparation. As a r e s u l t , t h i s l a t t e r method was 

employed r o u a t i n e l y ( w i t h only a s l i g h t m o d i f i c a t i o n i n the method of 

prep a r a t i o n o f the magnesium b e n t o n i t e ) . 

v i ) TYMV RNA E x t r a c t i o n : 

Although the RNA of TYMV i s r e a d i l y freed from the p r o t e i n by 

treatment w i t h 33% ethanol at n e u t r a l pH (Markham and Smith, 1949), RNA 
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made t h i s way has a much lower molecular weight (Cohen and Schachman, 

1957) than t h a t prepared by the use of phenol (Cheng, 1959; Haselkorn, 

1962). One possible explanation of these r e s u l t s i s that v i r a l 

p r e p a r a t i o n s , l i k e the TMV preparations of P i r i e (1956), are contaminated 

w i t h RNase, which i s i n a c t i v a t e d by phenol but not by ethanol. 

To e l i m i n a t e RNase a c t i v i t y i n TYMV preparations when e x t r a c t i n g 

v i r a l RNA, the method of Dunn and Hitchborn (1966) employing ethanol 

p r e c i p i t a t i o n i n the presence of sodium bentonite was used. Using t h i s 

method Dunn and Hitchborn (1966) obtained 22 S heat stable TYMV RNA, 

c o n t r a s t i n g t o the low molecular weight m a t e r i a l prepared by other 

workers, and employing t h i s method i n the present work, TYMV RNA w i t h a 

high (c. 33S) sedimentation c o e f f i c i e n t was r o a t i n e l y obtained. 

On examination by gel electrophoresis i t was found t h a t the molecular 

weight was 2.5 x 10^, s l i g h t l y higher than the reported value 2.3 x 10^ 

(Haselkorn, 1962). I t has, however, been reported t h a t TMV RNA e x h i b i t s 

a s l i g h t l y excessive molecular weight when examined by gel electrophoresis 

(Loening, 1969). I t i s possible t h a t the molecule i s r e l a t i v e l y unfolded 

compared with rRNA and has a r e l a t i v e l y low sedimentation c o e f f i c i e n t 

(Boedtker, 1960). Although no clea r i n d i c a t i o n of the various components 

of TYMV RNA was seen under 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 , s l i g h t 

'shouldering' was observed on gel examination of the RNA. These shoulders 

may have been i n d i c a t i v e o f the various components of TYMV RNA, or an 

i n d i c a t i o n of inherent 'gel drag'. 

V a r i a t i o n i n 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 f i g u r e s i s possibly the 

r e s u l t o f the f a c t t h a t sedimentation r a t e and sedimentation heterogeneity 

of TYMV are sometimes unpredictable and are q u i t e dependent on f a c t o r s such 
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as, f o r example, the metal content of the v i r u s (Johnson, 1964). 

Sedimentation heterogeneity has been emphasised i n a study by 

Matthews (1960) and Hitchborn (1968) observed t h a t the change i n the 

sedimentation c o e f f i c i e n t o f RNA (from heat t r e a t e d TYMV) from 28 S 

to 22 S, as the i o n i c s t r e n g t h o f the medium was decreased, p a r a l l e l e d 

the behaviour of RNA from TMV and TYMV under s i m i l a r circumstances. 

(Boedtker, 1960; Dunn and Hitchborn, 1966; Haselkorn, 1962). 

Haselkorn (1962) showed t h a t preparations of TYMV containing heat 

s t a b l e 22 S m a t e r i a l were i n f e c t i o u s when prepared by a phenol e x t r a c t i o n 

procedure. I s o l a t i o n i n the present work of TYMV RNA by t h i s method 

y i e l d e d preparations comparable w i t h bentonite prepared samples. Samples 

prepared by the two methods gave s i m i l a r l e v e l s o f amino acid i n c o r p o r a t i o n , 

appeared t o be equally i n f e c t i v e on back i n o c u l a t i o n and to be r e l a t i v e l y 

f r e e o f contaminants. No i n t a c t v i r u s was detected i n such RNA 

preparations when examined i n the a n a l y t i c a l u l t r a c e n t r i f u g e and absorption 

spectra of phenol and ethanol prepared RNA samples e x h i b i t e d t y p i c a l 

'clean' TYMV RNA p r o f i l e s , w i t h maximum absorption at 260 nm and minimum 

a t 232 nm (the max:min r a t i o being i n v a r i a b l y over 2 ) . 

The i n f e c t i v i t y o f the RNA as compared t o the i n t a c t v i r u s was 

found to be s i m i l a r to t h a t found by Dunn and Hitchborn (1966), and 

Kaper and Steere (1959 a,b) (the l a t t e r preparing the RNA by a heating method 

from TYMV p u r i f i e d by the use of the butanol-chloroform procedure of 

Steere (1956)). I t was i n d i c a t e d t h a t TYMV RNA has approximately 1% 

the i n f e c t i v i t y o f the same weight of v i r u s , or 0.3% (w/v) of the 

i n f e c t i v i t y o f the RNA o f the i n t a c t v i r u s . 
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Kaper and Siberg (1969) have i s o l a t e d i n f e c t i o u s TYMV RNA by 

f r e e z i n g and thawing i n v i t r o and Hitchborn (1968) obtained the release 

of 28 S RNA from TYMV heated i n v i t r o . The RNA obtained by Kaper and Siberg 

(1969) sedimented a t 33.5-34.3 S comparable w i t h values obtained i n the 

present work. 

Experimentally degraded TYMV RNA was found to be non-infectious, to 

sediment a t c. 4-5 S and t o be i n a c t i v e i n i n v i t r o amino acid incorporation. 

o 

TYMV RNA heated a t about 40 C was found by L y t t l e t o n and Matthews 

(1958) to sediment a t 2-5 S. Such RNA would almost c e r t a i n l y be 

ex t e n s i v e l y broken down and non-infectious (Hitchborn, 1968), f o r there 

i s much evidence t h a t whole i n f e c t i o u s TYMV RNA sediments at c. 28 S 

(Dunn and Hitchborn, 1966; Haselkorn, 1962). Kaper and Steere (1959b) 

found t h a t the RNA from heated TYMV was i n f e c t i o u s , suggesting that 

degredation of the RNA was not i n t r i n s i c to the process of d i s r u p t i o n 

of the v i r u s by heat. There i s evidence that degredation of RNA may take 

place w i t h i n stored v i r u s p a r t i c l e s (Haselkorn, 1962), and f o r t h i s 

reason a l l the present experiments were c a r r i e d out on f r e s h l y prepared 

v i r u s . The speed of e x t r a c t i o n necessary suggests t h a t RNase i s one 

of the p r i n c i p a l f a c t o r s involved i n degradation, possibly adsorbed onto 

coat p r o t e i n . On storage t h i s RNase may be released i n an a c t i v e s t a t e , 

a t t a c k i n g the RNA when i t i s l i b e r a t e d . 

I t was shown by the absence of l o c a l lesions or systemic i n f e c t i o n 

t h a t the i n f e c t i v i t y of TYMV RNA preparations was completely destroyed by 

RNase, but t h a t the i n f e c t i v i t y of the v i r u s was unaffected. This indicates 

t h a t the i n t a c t v i r u s was not responsible f o r i n f e c t i v i t y of the i s o l a t e d 
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n u c l e i c a c i d , or a c t i v i t y i n amino aci d i n c o r p o r a t i o n . Evidence from 

p r o t e i n a n a l y s i s o f RNA samples also precludes the presence of p r o t e i n , 

e i t h e r o f v i r a l or p l a n t o r i g i n . 

Matus e t a l . , (1964) found t h a t TYMV RNA aggregated i n t o stable 

complexes w i t h ribosomal RNA from Chinese cabbage leaves. When examined 

on PAGE mixtures of Chinese cabbage t o t a l l e a f RNA and TYMV RNA gave 

godd separation and were not apparently complexed. Neither were 

E. c o l i ribosomal RNA and TYMV RNA (although a gel formation was noted 

on 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 o f such a mi x t u r e ) . Matus et a l . , 

(1964) suggested t h a t t h i s complexing i s concerned w i t h metal xins present, 

and i t i s possible t h a t the EDTA present i n the e l e c t r o p h o r e t i c b u f f e r 

s o l u t i o n minimised t h i s e f f e c t , a l l o w i n g ready separation. 



-216 -

C h a r a c t e r i s a t i o n of the I n V i t r o System: 

The demonstration f o r any p a r t i c u l a r component f o r amino acid 

i n c o r p o r a t i o n , i n a microsomal system, i s not always possible. 

Appreciable concentrations of the components under i n v e s t i g a t i o n o f t e n 

contaminate the microsomes and enzyme f r a c t i o n s . Even minor a l t e r a t i o n s 

i n , f o r example, the i o n i c composition can g r e a t l y a l t e r the a c t i v i t y 

of such a system. I t may be remembered also, t h a t any change i n the 

concentration of one component a f f e c t s the environment of the whole 

system and may be counterbalanced or p r e c i p i t a t e other unforeseen changes. 

Absolute dependence on any one component i s , therefore r a r e l y 

shown unless steps are taken to remove 'contaminants'. Such ' p u r i f i c a t i o n ' 

can lead to ready loss i n a c t i v i t y , by the untoward removal of 'essential 

f a c t o r s ' . I f known, these ' f a c t o r s ' may be i s o l a t e d and added to the 

' p u r i f i e d ' system, thus r e s t o r i n g a c t i v i t y . 

I n developing an amino acid i n c o r p o r a t i n g system from B. chinensis 

i t was decided not t o ' o v e r - p u r i f y ' the various f r a c t i o n s , and so only 

elementary de-contamination techniques were employed. Further p u r i f i c a t i o n 

i n an a c t i v e , characterised system would undoubtedly be advantageous, but 

i t was not considered tp be a worthwhile p r o p o s i t i o n a t t h i s stage. 

The a c t i v i t y of i n v i t r o i n c o r p o r a t i n g systems from various sources 

has been expressed i n a number of ways. Results vary depending upon 
256 

whether they are expressed on a microsome content based on E^^^ 

spectrophotometric determination or on rRNA content determined 

independently. P r o t e i n content i n t e r f e r e s w i t h spectrophotometric 
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determinations of RNA and as t h i s can vary between preparations, the 

O r c i n o l method f o r RNA determination was performed r o u t i n e l y . The 

r e s u l t s are th e r e f o r e u s u a l l y expressed as pmol (or c.p.m.) of l a b e l 

incorporated per mg. ribosomal RNA as determined by the O r c i n o l method. 

Comparison of r e s u l t s between systems i s o f t e n d i f f i c u l t i n that 

c o n d i t i o n s employed i n the systems vary g r e a t l y . Amino acid i n c o r p o r a t i o n 

i n the presence of endogenous messenger also varies between systems, 

probably being dependent upon the amount of endogenous messenger and 

f u n c t i o n a l polysomes present. Such i n c o r p o r a t i o n may also be due, i n p a r t , 

to completion of e x i s t i n g , r a t h e r than i n i t i a t i o n of new chains. 

The r a t e of amino aci d i n c o r p o r a t i o n i n i n v i t r o systems i s 

infl u e n c e d to some extent by the presence of RNase i n p a r t i c u l a t e and 

enzyme f r a c t i o n s . Improved techniques of ribosomal e x t r a c t i o n could 

lead t o b e t t e r polysome and mRNA preservation, thus leading to b e t t e r 

amino a c i d i n c o r p o r a t i o n . I n such systems, endogenous messenger a c t i v i t y 

could be studied w i t h greater ease. RNase a c t i v i t y was not found, 

however, t o be a s i g n i f i c a n t problem i n the Chinese cabbage or V. faba 

systems. 

The l e v e l s of amino aci d i n c o r p o r a t i o n i n the v i r a l systems were 

found to be r e l a t i v e l y low, apparent i n vivo i n c o r p o r a t i o n being always 

greater than the 'equivalent' i n v i t r o system. This i s t o be expected 

i n t h a t the i n v i t r o system i s e n t i r e l y a r t i f i c i a l and a poor i m i t a t i o n 

of the n a t u r a l s t a t e . During e x t r a c t i o n from t h e i r n a t u r a l environment, 

some degradation undoubtedly occurs i n ribosome and other preparations. 

Messenger RNA, f o r example, i s known to be extremely l a b i l e and i t s 



218 

i s o l a t i o n from p l a n t sources has not been tremendously successful. 

Coleman (1969) observed t h a t the i n v i t r o system i s less e f f i c i e n t 

than the l i v i n g c e l l i n which there i s a constant environment, d i f f i c u l t 

i f not impossible to achieve i n v i t r o . I n an attempt t o overcome the 

d i f f i c u l t i e s o f maintaining constant optimal l e v e l s of precursors, and 

the removal o f unwanted accumulation products, Coleman (1969) developed 

a novel method f o r achieving c e l l - f r e e synthesis of p r o t e i n , based on a 

""Sephadex" column technique. 

Aminoacylation of Chinese cabbage tRNA was found t o be dependent 

upon the presence of tRNA, ATP and enzyme, the aminoacyl-tRNA complexes 

formed being hydrolysed by 5% (w/v) t r i c h l o r o a c e t i c acid at 90°C. The 

e f f e c t o f v a r i a t i o n o f tRNA concentration on aminoacylation i n c o r p o r a t i o n 

may be dependent upon the f a c t t h a t ATP i s a necessary cofactor f o r the 

process. The optimum concentration f o r aminoacylation varies f o r each 
2+ 

tRNA species, and t h i s i n t u r n i s dependent upon the Mg l e v e l . 
V a r i a t i o n i n tRNA concentration may therefore take the system through a 

2+ 

range o f Mg /ATP optima f o r some species, which may i n t u r n i n h i b i t 

the a c t i v i t i e s o f others (Rubin et a l . , 1967). 

Rubin et a l . , (1967) found t h a t f o r crude and p u r i f i e d tRNA samples, 

the q u a n t i t a t i v e e s t e r i f i c a t i o n of tRNA depends not only on pH but also 

on the k i n d of b u f f e r employed. 

As w i l l be noted i n the sections on amino ac i d i n c o r p o r a t i o n , 

monovalent and d i v a l e n t cations a f f e c t i n c o r p o r a t i o n l e v e l s . The e f f e c t s 
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of various d i v a l e n t cations on the aminoacylation of tRNA from several 

sources have been reported (Allende et aL, 1965; Berg and Ofengand, 1958; 

Devi and Sarkar, 1963; Kalousek and Rychlik, 1965; Schweet and Allen,1958). 

The presence of K^ was found important i n the Chinese cabbage i n c o r p o r a t i n g 

system, but i t s usefulness i n the aminoacylation of tRNA depends on the 

s p e c i f i c system under i n v e s t i g a t i o n (Kalousek and Rychlik, 1965; Schweet 

and A l l e n , 1958). 

aa 

The degree of i n c o r p o r a t i o n of amino acid i n t o tRNA i s dependent 

upon the molar r a t i o of amino ac i d to tRNA, but i n crude tRNA 

prep a r a t i o n s , t o t a l aminoacylation i s less s e n s i t i v e to minor changes 

i n s o l u t i o n v a r i a b l e s . I n the case of cabbage tRNA, charging was found 

t o be p r o p o r t i o n a l t o the volume of amino acid added i n the case of the 

14 
C amino a c i d mixture, and the time course o f aminoacylation varied 

r 14 
somewhat w i t h enzyme source and to a lesser extent w i t h the C 

ac i d i n the case of s i n g l e charging. 

amino 

Aminoacyl-tRlJA synthetases (amino acid a c t i v a t i n g enzymes) catalyse 

the e s t e r i f i c a t i o n s of c e r t a i n amino acids w i t h the corresponding species 

o f tRNA. The complexity of a c t i v a t i n g enzymes i s not described e n t i r e l y 

by a geometric p a t t e r n of binding at c a t a l y t i c s i t e s ; there i s compelling 

evidence f o r the conclusion t h a t conformational changes e s s e n t i a l f o r 

c a t a l y s i s r e s u l t from the i n t e r a c t i o n of enzyme w i t h substrate (Mehler,1970), 

The aminoacyl-tRNA synthetases a l l r e q u i r e the presence of a 

d i v a l e n t c a t i o n f o r a c t i v i t y , but show considerable v a r i a t i o n i n many 

other p r o p e r t i e s ( i n c l u d i n g s t a b i l i t y , e s p e c i a l l y on storage, a c t i v i t y 

w i t h pH and the e f f e c t s of u n i v a l e n t c a t i o n s ) . I n s o l u t i o n many of the 
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enzymes are unstable and lose t h e i r a c t i v i t y w i t h i n a few hours. Chinese 

cabbage and bean enzyme preparations were stored frozen and found to 

r e t a i n t h e i r a c t i v i t y over prolonged storage. 

Biohowsky-Slomnicki (1969) observed t h a t an i n h i b i t o r f o r 

polyphenylalanine synthetases i n an E. c o l i c e l l - f r e e system was present 

i n crude yeast tRNA preparations. This i n h i b i t o r y a c t i v i t y was decreased 

w i t h p u r i f i c a t i o n of the tRNA. The low a c t i v i t y of yeast tRNA i n the 

bean and cabbage systems was, however, probably not a d i r e c t r e s u l t of such 

i n h i b i t o r s , but a f u n c t i o n of aminoacylation enzymes i n the supernatant 

f r a c t i o n . 

Enzyme concentration was found to a f f e c t amino acid incorporation 

i n the cabbage system, an optimum volume being employed f o r maximum 

i n c o r p o r a t i o n . P r o t e i n concentrations were not r o u t i n e l y determined as 

they have been found to vary w i t h the source of m a t e r i a l and to be 

u n r e l i a b l e guides t o the a c t i v i t y of enzyme supernatants (Payne, 1970). 

Rubin e t a l . , (1967) noted t h a t there i s a r e l a t i o n s h i p between the 

q u a n t i t y of crude aminoacyl-tRNA synthetase mixture, added as t o t a l p r o t e i n , 

and the amount of aminoacylation. Above a c e r t a i n q u a n t i t y , i n h i b i t i o n 

may r e s u l t . 

The pH of i n c o r p o r a t i o n mixes was kept constant, although i n general, 

amino a c i d a c t i v a t i n g enzymes di s p l a y a great dependency of a c t i v i t y on 

pH ( w i t h a r e l a t i v e l y sharp optimum). The precise shape and p o s i t i o n of the 

curve appears to depend on the r e a c t i o n that i s measured and many other 
2+ 

environmental f a c t o r s e.g., Mg concentration. 



- 221 -

Normal b u f f e r ions may cause aminoacyl-sRNA synthetase enzyme i n h i b i t i o n 

(Fowden and Frankton, 1968), and although not generally recognised as a 
2+ 

su b s t r a t e , Mg i s e s s e n t i a l f o r at l e a s t some of the p a r t i a l reactions of 

a l l aminoacyl-tRNA synthetases. There are d i f f e r e n c e s of opinion over 

the r o l e of metal ions i n reactions of tRNA, but there i s a general 

agreement t h a t an Mg.ATP complex i s the form i n which ATP reacts w i t h these 
2+ 

enzymes. I t i s s u r p r i s i n g t h a t so many d i f f e r e n t r a t i o s of Mg to ATP 

have been described as optimal f o r various enzymes of t h i s group (the 

answer not l y i n g i n b u f f e r , pH or other f a c t o r s ) . 
Cross reactions of an enzyme w i t h tRNA designed f o r another amino 

a c i d do not occur except i n cases of heterologous reactions i n v o l v i n g 

s i m i l a r s t r u c t u r e s of tRNA' accepting d i f f e r e n t amino acids i n d i f f e r e n t 

organisms. The non-accepting tRNAs of homologous systems apparently are 

not bound to any enzyme to an appreciable extent since they do not act as 

competitive i n h i b i t o r s . The only known s p e c i f i c i n h i b i t o r s of tRNA binding 

are fragments derived from t h a t tRNA. 

Correct t r a n s l a t i o n of genetic i n f o r m a t i o n depends on the corr e c t 

aminoacylation of :tRNA by the aminoacyl-tRNA synthetase. Faulty cross 

r e a c t i o n s could be the reason f o r n o n - i n f e c t i o n by 'foreign' viruses i n a 

non-host p l a n t . S i m i l a r l y , i n t e r u p t i o n of the normal mechanism could occur 

by the v i r a l RNA having a s i m i l a r s t r u c t u r e to the tRNA, thus i n f i l t r a t i n g 

i n t o the normal cycle. The f a c t t h a t TYMV RNA may act a t i s own tRNA 

i s discussed i n a l a t e r s e c tion. 
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Use of Synthetic Message ( p o l y ( U ) ) : 

I n i t i a l experiments were performed w i t h poly(U) to e s t a b l i s h working 

systems having the c h a r a c t e r i s t i c s of c e l l - f r e e amino acid i n c o r p o r a t i n g 

systems. The Chinese cabbage and V. faba i n c o r p o r a t i n g systems were 

found, as might be expected, to be a c t i v e f o r d i f f e r i n g periods of time 

and a t s l i g h t l y d i f f e r e n t rates when employing poly(U) as messenger. This 

v a r i a t i o n i s to be expected i n t h a t the components of the two systems 

come from d i f f e r i n g b i o l o g i c a l sources and were not i s o l a t e d by i d e n t i c a l 

procedures. V a r i a t i o n i n a c t i v i t y may. also r e s u l t from the a v a i l a b i l i t y 

of e s s e n t i a l enzymes, s a t u r a t i o n of the system by product formation 

r e s u l t i n g i n blockage and the presence of degraded ribosomes (as a r e s u l t 

o f poor p r e p a r a t i o n or unsuitable storage c o n d i t i o n s ) . 

V a r i a t i o n i n the a c t i v i t y of the systems could also have been due 

p a r t i a l l y t o the presence of membrane-bound ribosomes which may or may 

not be involved i n p r o t e i n synthesis i n vivo. The presence of membrane-

bound ribosomes i n one system and not i n the other, and a v a r i a t i o n i n 

the p r o p o r t i o n of cytoplasmic t o c h l o r o p l a s t i c ribosomes would undoubtedly 

i n f l u e n c e r e a c t i o n k i n e t i c s i n v i t r o . 

The microsomes from Chinese cabbage were probably not membrane-

bound to any extent, being fre e as expected i n a c t i v e l y growing leaves. 

Older leaves provide a l a r g e r percentage of membrane-bound ribosomes and 

as a r e s u l t are probably less a c t i v e , Whaley e t a l . , (1960) found t h a t 

merestematic c e l l s which are r a p i d l y d i v i d i n g have mostly free ribosomes, 

which become bound t o the c e l l on maturation. 

. The microsomes from the 65-day o l d beans probably contained an 
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appreciable p r o p o r t i o n of membrane-bound ribosomes as previously 

reported (Payne, 1970). At t h i s age i n the developing bean, the 

storage p r o t e i n s , v i c i l i n and legumin are being synthesised r a p i d l y , 

and i t i s a t t h i s stage that, the membrane-bound ribosomes are most 

abundant. Payne (1970) found t h a t maximum i n v i t r o poly(U) i n c o r p o r a t i o n 

occurred using microsomes from t h i s age of bean and p a r a l l e l e d the 

i n vivo a c t i v i t y . 

The f a c t t h a t microsomes were i s o l a t e d from developing bean seeds 

f o r the V. faba system and from leaves f o r the B. chinensis system may 

also be r e f l e c t e d i n the e f f e c t i v e i n v i t r o a c t i v i t y . This aspect of 

microsome v a r i a t i o n warrents f u r t h e r i n v e s t i g a t i o n , but was not considered 

e x t e n s i v e l y i n the present work. 

Under poly(U) s t i m u l a t i o n , bean microsomes incorporated amino 

acids f o r up t o 50 t o 60 min ( a t 25°C), and the cabbage microsomes f o r 

up t o 40 to 50 min. I n c o r p o r a t i o n was e s s e n t i a l l y l i n e a r f o r up to 

30 t o 40 min i n both systems, the r e s u l t a n t f a l l - o f f i n a c t i v i t y 

a f t e r t h i s period p o s s i b l y being due to lack of substrate, product 

accumulation or microsomal breakdown. There was no pronounced f a l l - o f f 

i n pre-formed ' p r o t e i n ' a f t e r the l i n e a r period suggesting low p r o t e o l y t i c 

a c t i v i t y and the a c t i v i t y of added RNase suggests low endogenous RNase 

a c t i v i t y i n the B. chinensis system. 

Microsomes are not us u a l l y considered to be a c t i v e f o r more than 

15 t o 20 min a t 37°C (Zamecnic and K e l l e r , 1954), amino acid i n c o r p o r a t i o n 

being completed, under standard c o n d i t i o n s , i n 20 to 30 min (Boulter,1970). 

An exception has been noted w i t h red beet microsomes ( E l l i s and MacDonald 
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1967) where i n c o r p o r a t i o n was l i n e a r f o r I h . 

Korner (1961) considered t h a t r a t l i v e r ribosomal systems could 

l a s t longer, f o r even up t o three hours, the time being somewhat 

dependent upon the p r e p a r a t i o n a l procedures employed. 

I n other systems i t has been found t h a t i n c o r p o r a t i o n w i t h poly(U) 

may be l i n e a r up t o 30 min (Matthaei et a l . , 1962; Nirenberg et_al,1963) 

then ceasing. Matthaei et a l . , (1962)suggested t h a t the poly(U) was 

broken down by nucleases i n t h e i r E. c o l i e x t r a c t s , or that the 

polypeptides were not released from the ribosomes when the poly(U) was 

read t o the end. I n the l a t t e r case the system becomes saturated. 

V a r i a t i o n of microsome concentration or temperature of incubation 

a l t e r e d r a t e s and degree of amino aci d i n c o r p o r a t i o n , the e f f e c t s of 

temperature being discussed more f u l l y under a l a t e r heading. Saturation 

of the i n v i t r o system w i t h messenger undoubtedly a f f e c t s i n v i t r o 

a c t i v i t y , which i n t u r n w i l l be r e f l e c t e d by a l t e r i n g the microsome 

concentration. A l t e r a t i o n w i l l also a f f e c t other f a c t o r s , i n c l u d i n g 

microsome-bound enzyme/co-factor concentration. Any non-specific binding 

of i n v i t r o system components by microsomes w i l l be a f f e c t e d by a l t e r a t i o n 

i n microsome concentration, which i n t u r n w i l l a f f e c t the i n v i t r o 

a c t i v i t y . V a r i a t i o n i n bound endogenous messenger or RNase w i l l also play 

a p a r t . 

Levels of amino a c i d i n c o r p o r a t i o n recorded i n v i t r o are never as 

high as the r a t e s o f i n vivo p r o t e i n synthesis. This f a c t probably stems 

from the i s o l a t i o n of the various components f o r p r o t e i n synthesis and 

t h e i r subsequent assay i n a purely a r t i f i c i a l system. A c e r t a i n amount 
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of degradation and loss of a c t i v i t y i s bound to occur during microsome 

e x t r a c t i o n and enzyme and RNA i s o l a t i o n s . 

The V. faba system developed i n the present work was found to be 

comparable w i t h the system developed by Payne (1970). Optimal a c t i v i t y 
o 

was a t 25 C w i t h a poly(U) concentration of 200 jjg/ml incubation. There 
2+ 

appeared t o be two Mg optima, one a t 8 mmol and the other a t 20 mmol 
2+ 

of added Mg . The former l e v e l was used r o u t i n e l y , the l a t t e r probably 
2+ 

being a r e f l e c t i o n of accentuated misreading as a r e s u l t of excess Mg 
2+ 

Payne (1970) i n the bean system found a sharp Mg optimum at 10 mmol, 

although the optimum f o r i n c o r p o r a t i o n by endogenous messenger was lower 

at 6 mM. S i m i l a r r e s u l t s t o t h i s were reported by Mosteller et a l . , (1968) 

f o r amino a c i d i n c o r p o r a t i o n by a system from r a b b i t r e t i c u l o c y t e s . 

Unpublished work by Boulter and Yarwood has shown that the magnesium 

optimum f o r phenylalanine i n c o r p o r a t i o n by V. faba microsomes can be 

reduced by pre-incubating the microsomes w i t h poly(U) i n a system s i m i l a r 

t o t h a t reported by M o s t e l l e r e t a l . , (1968). 

2+ 

Allende and Bravo (1966) noted a 10 mM optimum f o r Mg i n t h e i r 

wheat germ embryo system when employing poly(U), and these v a r i a t i o n s 

may r e f l e c t inherent v a r i a t i o n s i n the d i f f e r e n t b i o l o g i c a l systems, or 
2+ 

the v a r i a t i o n i n Mg already present from e x t r a c t i o n procedures etc. 

Maximum i n c o r p o r a t i o n employing 250 jj g microsomal RNA per ml 

i n c u b a t i o n r e s u l t e d i n 200 to 250 pmol of phenylalanine incorporated. 

Payne (1970) obtained s i m i l a r l e v e l s of i n c o r p o r a t i o n i n a comparable 

system, as d i d Allende and Bravo (1966) (160 pmol/mg wheat ribosomal RNA) 
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and Leaver and Key (1967) (100 pmol/mg c a r r o t root ribosomal RNA). 

At some p o i n t ribosomes w i l l become saturated w i t h messenger and from 

t h i s i t may be seen t h a t microsome and messenger concentrations are 

i n t e r r e l a t e d and w i l l a f f e c t r e s u l t a n t i n v i t r o a c t i v i t y (together w i t h 

other v a r i a b l e s ) . 

A c t i v i t y was found i n general to be dependent upon the a d d i t i o n 

of ATP and i n the absence of added enzyme source, the a c t i v i t y was 

considerably less than t h a t of the complete system. B a c t e r i a l 

i n c o r p o r a t i o n i s independent of added ATP and the generating system, and 

the ATP requirement f o r the V. faba system suggests low b a c t e r i a l p a r t i c i 

p a t i o n . The a c t i v i t y o f the system i n the absence of added enzyme (or 

ATP) was probably due to the presence o f contaminating enzyme (or ATP) 

i n the microsome preparations. 

Endogenous RNA a c t i v i t y ( i . e . i n the absence of added poly.(U)) was 

u s u a l l y less than 10 pmol phenylalanine per mg microsomal RNA. This i s 

to be expected as endogenous mRNA i s extremely l a b i l e and no special 

precautions were taken to preserve i t during i s o l a t i o n procedures. The 

a c t i v i t y i n the absence of poly(U) may have been due i n p a r t to completion 

of chains, ra t h e r than t o pronounced endogenous a c t i v i t y . 

A f t e r e s t a b l i s h i n g a working V. faba system using poly(U) as 

a r t i f i c i a l messenger, the system conditions were adopted f o r B-. chinensis 

components. 

Although i n c o r p o r a t i o n l e v e l s were lower than the equivalent bean 
2+ 

system, maximum i n c o r p o r a t i o n a t 6 mmol/1 Mg was usually i n the order of 

20 pmol phenylalanine incorporated per mg microsomal RNA. Further 
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a d d i t i o n of poly(U) during the course of the incubation r e s u l t e d i n a 

20% increase i n a c t i v i t y , suggesting t h a t the low i n i t i a l a c t i v i t y was 

not due t o lack o f substrate. Many f a c t o r s could have contributed t o 

the r e l a t i v e l y low a c t i v i t y of the cabbage system, the main source of 

i n h i b i t i o n probably r e s u l t i n g from the enzyme f r a c t i o n . 

No attempt was made to p u r i f y the enzyme f r a c t i o n , other than 

d i a l y s i s . F r a c t i o n a t i o n and subsequent recombination may have improved 

i n v i t r o a c t i v i t y . 

Chinese cabbage microsomes may be more l a b i l e than bean ribosomes, 

t h e i r degradation r e s u l t i n g i n low a c t i v i t y of the i n v i t r o system. 

As w i t h the bean system, a second magnesium optimum was found 
2+ 

i n the cabbage system, at 16 mmol/1 added Mg , Again t h i s may have 

r e s u l t e d from increased misreading of the a r t i f i c a l messenger. 

The presence of 0.2 mmol spermine increased i n c o r p o r a t i o n , possibly 

s t a b i l i s i n g the system or a i d i n g i n i n i t i a t i o n / t r a n s l a t i o n processes 

(the e f f e c t s of added polyamines are discussed f u r t h e r under a l a t e r 

heading). 

Mixed Systems: 

Combined bean and cabbage systems (or the use of yeasttRNA) were 

never as good as complete bean systems, suggesting some inc o m p a t a b i l i t y 

o f components or the presence/absence of i n h i b i t o r s / e s s e n t i a l components. 

Chinese cabbage tRNA i n the bean system r e s u l t e d i n s i m i l a r order 

i n c o r p o r a t i o n , but s u b s t i t u t i o n of cabbage enzyme caused a marked decrease 

i n a c t i v i t y . I t would appear t h a t the enzyme f r a c t i o n was not pro v i d i n g 
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the r e q u i s i t e f a c t o r s f o r i n c o r p o r a t i o n or t h a t components present 

i n the cabbage l e a f enzyme were i n h i b i t o r y . The l a t t e r i s most l i k e l y , 

although s u b s t i t u t i o n of cabbage microsomes i n the bean system also 

d r a s t i c a l l y reduced a c t i v i t y , suggesting some complex f a c t o r ( s ) 

a f f e c t i n g i n t e r c h a n g e a b i l i t y ( t h e i r examination being beyond the scope 

of the present work). 

Yeast tRNA was not as a c t i v e as n a t i v e tRNA i n the bean and cabbage 

systems, secondary s t r u c t u r e , enzyme or i n h i b i t o r a v a i l a b i l i t y possibly 

causing t h i s e f f e c t . The use of yeast tRNA was therefore reserved to 

t e s t bean or cabbage systems i f n a t i v e tRNA was of suspect a c t i v i t y . 

The r e d u c t i o n i n i n c o r p o r a t i o n a c t i v i t y i n incubations i n the absence 

of poly(U) (under optimum conditions f o r plus poly(U) incubations) 

p o s s i b l y r e s u l t e d from a redu c t i o n i n non-specific b i n d i n g . 

Further aspects on mixed systems, w i t h emphasis on the v i r a l 

message are discussed l a t e r . 

Use of N a t u r a l Message (TYMV RNA): 

f 14 1 
( i ) Single L Cj Amino Acid Systems: 

Synthetic polynucleotides, i n c l u d i n g polyXU), have been widely 

employed as 'messengers' i n i n v i t r o amino acid i n c o r p o r a t i n g systems. 

The use of such messengers i s always open to suspect unless end p r e d i c t 

a n a l y s i s can confirm the expected r e s u l t . The f i r s t s y n t h e t i c 

p o l y r i b o n u c l e o t i d e shown t o act as a messenger i n an i n v i t r o c e l l - f r e e 
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system was poly(U) (Nirenberg and Matthaei, 1961). I t was shown 

t h a t t h i s polymer was h i g h l y s p e c i f i c f o r the conversion of 

1- phenylalanine i n t o an a c i d - p r e c i p i t a b l e form i n an E. c b l i pre-

incubated system. The product of the i n c o r p o r a t i o n had p r o p e r t i e s 

s i m i l a r to those of polyphenylalanine. S i m i l a r l y i n the B. chinensis 

and V. faba systems developed i n the present work, poly(U) was employed 

and assumed to be programming polyphenylalanine synthesis. 

Ambiguity of poly(U) t r a n s l a t i o n was however demonstrated, f i r s t 

i n an E. c o l i c e l l - f r e e system by Matthaei e t a l . , (1962) and Bretscher 

and Grunberg-Manago (1962). These workers showed th a t poly(U) can 

s t i m u l a t e i n c o r p o r a t i o n f o r leucine and v a l i n e as w e l l as phenylalanine. 

Ambiguity i n t r a n s l a t i o n has also been demonstrated f o r other synthetic, 

polynucleotides (Friedman and Weinstein, 1964,1965; Davies, 1966; 

Nishimura e t a l . , 1969). i t has been shown to be dependent upon 

environmental conditions such as temperature, magnesium concentration 

(Szer and Ochoa, 1964), a d d i t i o n of ethanol (So and Davie, 1965), 

polyamines (Friedman and Weinstein, 1964), aminoglycoside a n t i b i o t i c s 

(Davies et a l . , 1964), concentration of sRNA, pH of the medium (Grunberg-

Manago and Dondon, 1965) and the o r i g i n of the i s o l a t e d system (Friedman 

e t a l . , 1968). Preparations obtained from d i f f e r e n t bacteria t r a n s l a t e 

s y n t h e t i c polynucleotides w i t h d i f f e r e n t f i d e l i t y , and i t i s suggested t h a t 

the accuracy of t r a n s l a t i o n i s dependent upon the presence of components 

involved i n p r o t e i n biosynthesis, c h a r a c t e r i s t i c of t h a t given organism. 

I t may also be noted t h a t various workers have reported the 

i n h i b i t i o n of amino-acylation of tRNA by s y n t h e t i c polynucleotides and 

Letendre e t a l . , (1969) have shown th a t poly(U) i n h i b i t s the charging 
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of yeast tRNA by p u r i f i e d yeast l y s y l tRNA synthetase, the i n h i b i t i o n 

being competitive. 

Where possible t h e r e f o r e , the use of n a t u r a l messengers i s to be 

p r e f e r r e d , possibly tending more to i n vivo conditions. Endogenous pla n t 

mRNAs are very l a b i l e and so many workers have employed 'semi-endogenous' 

mRNAs i n the form of p l a n t v i r a l RNA. 

To t h i s end, TYMV RNA was employed.in the present work, and a f t e r 

developing the working V. faba/B. chinensis poly(U) systems, attempts were 

made t o introduce i t i n place of the s y n t h e t i c polynucleotide. These 

attempts were only p a r t i a l l y successful. 

As w i t h the ' s y n t h e t i c ' systems mentioned above, amino acid 

i n c o r p o r a t i o n under TYMV RNA s t i m u l a t i o n varied w i t h microsome content and 

temperature of incubation. The l a t t e r also a l t e r e d the k i n e t i c s o f 

in c o r p o r a t i o n as observed by Katz and Moss (1969) and Wettstein e t al.,(1964) 

I n the main, TYMV RNA showed no apparent a c t i v i t y i n the bean 

system (which was f a i r l y a c t i v e under poly(U) s t i m u l a t i o n ) when employing 
14 1 

the s i n g l e C amino acid phenylalanine. Background i n c o r p o r a t i o n 

was however reduced i n the presence of v i r a l RNA (as noted w i t h poly(U) 

systems above), p o s s i b l y suggesting binding and competitive or non

competitive i n h i b i t i o n of endogenous mRNA i f present. Sela (1969) noted 
r i 2 1 

t h a t amino acid i n c o r p o r a t i o n can occur w i t h C amino acids which 

would not be detected by the assay system used i n the present work and t h i s 

i s another possible cause of apparent i n a c t i v i t y i n the TYMVRNA/bean 

polyphenylalanine system. 
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Many other factors could have been preventing amino acid i n c o r p o r a t i o n 

i n the bean system, i n c l u d i n g the absence of s p e c i f i c tRNAs or enzyme 

f a c t o r s . L i t t l e a c t i v i t y was noted i n mixed bean and cabbage component 
r i 4 1 

systems when employing TYMV RNA and [ C phenylalanine. When 

B. chinensis tRNA and enzyme were used w i t h bean ribosomes, a c t i v i t y was 

noted suggesting t h a t the v i r a l RNA was unable to use bean tRNA, or that 

the Chinese cabbage enzyme contained e s s e n t i a l f a c t o r s missing from the 

bean i s o l a t e . 

I t would appear t h a t the bean ribosomes were not the main source of 

i n a c t i v i t y , being a c t i v e i n the mixed .system. This may suggest t h a t 

i n v i v o , bean ribosomes are not the l e v e l at which TYMV i s prevented from 

i n f e c t i n g bean p l a n t s . 

I n a yeast tRNA s u b s t i t u t e d bean system, v i r a l RNA was i n a c t i v e , again 

suggesting the presence of some e s s e n t i a l f a c t o r i n Chinese cabbage tRNA 

f o r TYMV RNA amino acid i n c o r p o r a t i o n . Conditions may however have been 

simply unsuitable f o r yeast tRNA a c t i v i t y (although yeast tRNA was shown 

to be a c t i v e i n bean and cabbage systems w i t h poly(U)). The importance 

of tRNA and f a c t o r s concerning i t and v i r a l p r o t e i n synthesis are 

discussed l a t e r . 

r i 4 " 

Other s i n g l e [ Cj amino acids, at various magnesium l e v e l s , were 

also employed i n the bea n / v i r a l system, but were found i n a c t i v e unless 

combined. 
r i 4 1 

V i r a l RNA was found to be i n a c t i v e i n the complete single [ C J 

amino a c i d cabbage system, except a t high magnesium l e v e l s (suggesting 

forced misreading of the v i r a l message) although added poly(U) r e s u l t e d i n 
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i n c o r p o r a t i o n . This a c t i v i t y d i d however suggest th a t the cabbage 
r i 4 • 

system was f u n c t i o n a l , and t h a t possibly more [ Cj amino acids were 

r e q u i r e d to record any v i r a l a c t i v i t y . 

The v a r i a b l e and low a c t i v i t y of s i n g l e amino acid incubations led 
r i 4 

t h e r e f o r e -to the employment of a I C amino ac i d mixture, w i t h 

consequent improvement of r e s u l t s . 

( i i ) K l Amino Acid Mixture System: 

r 12 ' 

I n the B. chinensis system, a requirement f o r [ Cj amino acids 

was not a b s o l u t e l y demonstratable, probably due to the presence of 

endogenous amino acids i n the various f r a c t i o n s . Sela (1969) reported 

the non-requirement of exogenous amino acids f o r p r o t e i n synthesis i n 

p l a n t c e l l - f r e e systems. Allende and Bravo (1966) suggested t h a t i t may 

be necessary to pass the enzyme f r a c t i o n through a Sephadex G25 column to 

remove contaminating amino acids. I n the present work, however, enzyme 

preparations were dialysed to e l i m i n a t e endogenous amino acids, as 

suggested by Allende (1969). I t i s probable that t h i s was i n s u f f i c i e n t 

t o remove a l l contaminants. 

Van Kammen (1967) and Allende and Bravo (1966) observed that the 

om i.ssion of the mixture of un l a b e l l e d amino acids from t h e i r systems had 

no s i g n i f i c a n t e f f e c t on amino ac i d i n c o r p o r a t i o n . Korner (1961), 

St a e h e l i n e t a l . , (1967) and Wannemacher et a l . , (1968) however., reported 

the requirement f o r added amino acids to o b t a i n maximal i n c o r p o r a t i o n . 

Huston e t a l . , (1970) found excess amino acids were not i n h i b i t o r y i n t h e i r 
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r a t l i v e r polyribsomal system, whereas Wannemacher et a l . , (1968) found 

the opposite when employing t o t a l 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 . 

I n the B. chinensis system there was fr e q u e n t l y a lag of about 

f i v e minutes before i n c o r p o r a t i o n followed a l i n e a r course f o r 25 to 

30 min. This l a g has also been noted f o r TYMV RNA promoted polypeptide 

synthesis i n an E. c o l i system (Voorma, 1965; Voorma and Bosch, 1965; 

Voorma e t a l . , 1965). 

I n t h e i r system, a f t e r a lag of about 5 min, in c o r p o r a t i o n of 
14 1 
C amino acid followed a l i n e a r course f o r up to about 24 min of 

inc u b a t i o n . The r e a c t i o n was found to stop due to messenger degredation, 
2+ 

i n c o r p o r a t i o n being optimal a t 18 y mol Mg per ml ( c f . Chinese cabbage 
2+ 

system, optimum 6 mmol/1 Mg ). I n the Chinese cabbage system, (employing 
14 " 

C phenylalanine) i n c o r p o r a t i o n may have been l i m i t e d by messenger 

breakdown as a d d i t i o n of poly(U) r e s u l t e d i n f u r t h e r a c t i v i t y . This 

a c t i v i t y suggested the system to be s t i l l a c t i v e , and tha t e i t h e r TYMV 

and poly(U) act at d i f f e r e n t ribosomal s i t e s or t h a t TYMV can be r e a d i l y 

replaced or removed by poly(U). 

A c t i v i t y i n the Chinese cabbage system was found i n general to be 

dependent upon the a d d i t i o n of ATP and was f u r t h e r enhanced by the 

presence o f an ATP-generating system. Omission of ATP reduced in c o r p o r a t i o n 

by 65%, and i t s a d d i t i o n during the course of the incubation, doubled the 

i n c o r p o r a t i o n l e v e l a t the time of a d d i t i o n . I t i s clear t h a t although 

i n c o r p o r a t i o n was energy dependent, added ATP was not the only energy source. 

I n p a r t i c u l a r , the energy generating system appears t o meet only p a r t of 

the energy requirement. Presumably the ribosomal f r a c t i o n contained 
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s u f f i c i e n t AMP or ADP, or both, which together w i t h the generating 

system could have supplied the necessary energy. The dependence, at 

l e a s t i n p a r t , on added ATP does suggest ribosomal rather than b a c t e r i a l 

i n c o r p o r a t i o n , the l a t t e r being independent of ATP. 

The requirement f o r ATP was not found to be consistent. On 

occasion, a d d i t i o n of ATP r e s u l t e d i n a reduction i n in c o r p o r a t i o n . 

This could have been due i n p a r t to the binding of magnesium ions by 
2+ 

the added ATP, ATP being a very strong c h e l a t i n g agent f o r Mg ( M a r t e l l 

and Schwarzenbach, 1956). Zamecnik and K e l l e r (1954) observed that 

ATP added i n high amounts (O.OIM) to microsomal systems d i d act as a 

c h e l a t i n g agent and i n h i b i t e d amino acid i n c o r p o r a t i o n . Korner (1961) 

noted however th a t p u r i f i e d ribosomes are not as s e n s i t i v e to high 

concentrations of ATP when added together w i t h equimolar amounts of MgCl^. 

GTP i s necessary f o r maximal a c t i v i t y i n v i r t u a l l y a l l c e l l - f r e e 

i n c o r p o r a t i n g systems, the Chinese cabbage system being no exception. 

I n c o r p o r a t i o n was however only reduced by 597o i n the cabbage system i n 

the absence of added GTP. Some peptide synthesis d i d occur, possibly 

a r i s i n g from the presence of small amounts of ribosome bound GTP and to 

traces of guanosine nucleotides and nucleoside diphosphate-nucleotide 

triphosphate transphosphorylase a c t i v i t y i n the system (not removed during 

microsome i s o l a t i o n ) (Means and Baker, 1969), Such endogenous ma t e r i a l 

could be hydrolysed to GDP, and the GDP reconverted to the t r i n u c l e o t i d e 

by the ATP generating system. 

The lack of absolute requirement f o r GTP i s not unusual i n the 

u n f r a c t i o n a t e d system (Marcus and Feeley, 1965; Means and Baker, 1969; 
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Robinson and N o v e l l i , 1962; So and Davie, 1963). The extent of 

i n h i b i t i o n due to the absence of t h i s nucleotide varies considerably 

(Campagnoni and Mahler, 1967; Specter and T r a v i s , 1966; Teng and 

Hamilton, 1967), Arlinghaus et al.,(1964) being the f i r s t to r e p o r t the 

requirement f o r GTP and an enzymatic f a c t o r i n the binding of aminoacyl-

tRNA i n the presence of mRNA i n the r a b b i t r e t i c u l o c y t e system. The 

b i n d i n g of aminoacyl-tRNA to E. c o l i ribosomes also involves GTP ( E r t e l 

et a l . , 1968; Lucas-Lenard and Haenni, 1968; Ravel et a l . , 1967,1968). 

Hydrolysis of t h i s n u cleotide allows t r a n s l o c a t i o n of peptidyl-tRNA from 

the donor to the acceptor s i t e i n the ribosome (Ohta and Thach, 1968). 

The use of high magnesium concentrations i n i n c o r p o r a t i o n mixtures 

can also mask GTP requirements (Kurland,1966; Ravel, 1967), and cessation 

of i n c o r p o r a t i o n may be aided by ATP and GTP breakdown by triphosphatases. 

Although i n c o r p o r a t i o n was dependent upon the a d d i t i o n of microsomes 

and "tRNA i n the cabbage system, a c e r t a i n amount of in c o r p o r a t i o n was 

recorded i n t h e i r absence. This was probably again due to the presence of 

these as enzyme contaminants. V a r i a t i o n i n microsome concentration, 

a l t e r e d the l e v e l of i n c o r p o r a t i o n , excess microsomes being i n h i b i t o r y 

(probably p a r t l y due to magnesium and other co-factor b i n d i n g ) . 

The concentration of magnesium i s c r i t i c a l f o r optimum a c t i v i t y 

i n the i n v i t r o amino a c i d i n c o r p o r a t i n g system. An optimum of 4 mmol/1 
2+ 2+ Mg was found f o r the poly(U) d i r e c t e d and 6 mmol/1 Mg f o r the v i r a l 

RNA d i r e c t e d Chinese cabbage systems (magnesium concentrations r e f e r r i n g to 
2+ 

added Mg ). I n the v i r a l RNA system, excess magnesium was found to be 

i n h i b i t o r y , probably combining w i t h other e s s e n t i a l f a c t o r s i n the 

incub a t i o n mix. 
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The s t a b i l i t y of ribosomes i s decreased at low magnesium 
2+ 

concentrations, Mg ions being e s s e n t i a l to maintain ribosomal i n t e g r i t y 

( T i s s i e r e s and Watson, 1958). I n the complete absence of b i v a l e n t ions, 

the p a r t i c l e s d i s i n t e g r a t e i n t o smaller subunits (Petermann et a l . , 

1958). A c t i v i t y i s restored w i t h recombination, occurring on the 
2+ 2+ a d d i t i o n of Mg (Takanami, 1960). Excess Mg may have re s u l t e d i n 

ribosome p r e c i p i t a t i o n as noted by Takanami (1960). 

2+ 

Mg ions are an i n t e g r a l p a r t of p r o t e i n biosynthesis, being 

r e q u i r e d f o r the formation of Enzyme-Amino-Acid-AMP ( f i g . l p 2 0 ) , f o r 

bin d i n g the messenger to the ribosome (Ravel and Shorey, 1969), and f o r 
peptide bond formation etc. Amino acid i n c o r p o r a t i n g systems vary i n t h e i r 

2+ 
Mg requirements, m a t e r i a l from d i f f e r i n g p l a n t sources having d i f f e r e n t 

2+ 

Mg requirements. This v a r i e s from 5 mmol i n tobacco l e a f cytoplasmic 

ribosome systems (Boardman et a l . , 1966) and pea e p i c o t y l systems (Davies 

and Maclachlan, 1969) to 20 mmol i n a castor bean embryo system ( P a r i s i 
2+ 

and C i f e r r i , 1966). Levels between 5 and 10 mmol Mg appear to be the 

most commonly employed. 

The d i f f e r e n t magnesium optima may r e f l e c t the d i f f e r e n t l e v e l s of 

magnesium employed i n the preparation and storage of the ribosomes. The 
2+ 

concentration of Mg ions i n the e x t r a c t i o n medium can influence 

i n c o r p o r a t i o n l e v e l s o f the ext r a c t e d ribosomes considerably (Huston et a l . , 

1970). Ribosomes are known to adsorb magnesium ions and high l e v e l s of 

magnesium i n the e x t r a c t a n t during i s o l a t i o n allow such preparations to be 
2+ 

resuspended and stored a t lower Mg (without apparent loss of a c t i v i t y ) . 
2+ 

The 1:1 complex formation between organic phosphates and Mg i s w e l l 
2+ 

recognised (Manchester, 1970). The concentration of f r e e Mg i s 
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t h e r e f o r e dependent upon the other components of the incubation mix. 

Media f o r i n c u b a t i o n of ribosomes are o f t e n made up on the p r i n c i p l e of 
2+ 

a requirement f o r ATP and GTP, Mg present i n an amount s u f f i c i e n t 

t o chelate the nucleoside triphosphates present plus the q u a n t i t y 

normally r e q u i r e d , an ATP generating system, monovalent s a l t and T r i s 

b u f f e r . A l l these components a f f e c t each other and i n tu r n the o v e r a l l 

p i c t u r e . 
2+ 

For several ribosomal systems, optimal Mg concentrations have 
been s t a t e d and such f i g u r e s may be e m p i r i c a l l y c o r r e c t . I f we assume 

2+ 

however t h a t i t i s the value of Mg tha t i s c r i t i c a l i n determining 

the behaviour and a c t i v i t y of the system, i t i s impossible to make 

adequate assessment or comparisons of the s i g n i f i c a n c e of these f i g u r e s 

w i t h o u t determination of the concentration of the free ion. Insofar as 
2+ 

i t i s reasonable t o analyse published work, optimal Mg concentrations 
f o r i n c o r p o r a t i o n by endogenous messenger i n v i t r o appears to be 2-3 mM, 

but t h i s f i g u r e i s l i k e l y to be an upper l i m i t i n tha t i t takesno account 
2+ 

of Mg bin d i n g by RNA and p r o t e i n , which may be appreciable (Petermann, 
t -

1960; Warren, 1964). I t comes near to what might be considered a 
2+ 

reasonable f i g u r e f o r f r e e Mg concentration i n vivo (England et a l . , 
1967; Kerson et a l . , 1967; Rose, 1968), Conversely attachment of 

2+ 

ribosomes t o poly(U) requires higher concentrations of Mg (Williamson , 

1969). 
2+ 

No attempt was made i n the present work to analyse fre e Mg . I t 
was however assumed t h a t as standard conditions of e x t r a c t i o n and 

standard volumes of enzymes etc., were employed (as f a r as practicable), 
2+ 

Mg added t o the amino acid i n c o r p o r a t i o n incubation r e f l e c t e d the e f f e c t 



- 238 -

2+ of Mg ions on the a c t i v i t y of such systems, and allowed some comparison 
between them. 

Although c e l l - f r e e systems i n general e x h i b i t a requirement f o r 
2+ 

Mg- , some preparations e x h i b i t maximal a c t i v i t y over a wide range of 
2+ 

Mg concentration (Campagnoni and Mahler, 1967; Zomzely et a l . , 1966), 

others r e q u i r i n g a more d e f i n i t e amount f o r maximal a c t i v i t y (Ganoza 

et a l . , 1965; Means and Baker, 1969; Teng and Hamilton, 1967). The 

Chinese cabbage and bean systems f a l l more or less i n t o the l a t t e r 

category, the optimum depending upon messenger type. 

A c e r t a i n dependence upon added K^ f o r amino acid i n c o r p o r a t i o n 

was noted i n the cabbage system, K̂  appearing to be necessary f o r maximal 

a c t i v i t y i n some c e l l - f r e e systems (Hoagland e t a l . , 1956; Teng and 

Hamilton, 1967), others r e q u i r i n g no added K̂  (Means and Baker, 1969; 

Specter and T r a v i s , 1966; Wettstein et a l . , 1963). There appears to be 
2+ + 

some l i n k between ribosome.- s t a b i l i t y and Mg /K concentrations (Satake 

e t a l . , 1965), and i t s p a r t i n supporting ribosomal f r a c t i o n s has been 

considered ( H u l t i n , 1964). Holley et.al., (1961b) reported t h a t the 

a c t i v i t y o f i s o l a t e d t y r o s i n e tRNA synthetase was stimulated by K̂ . 

The l e v e l of K^ i n the e x t r a c t i o n medium can play an important 

p a r t i n determining a c t i v i t y of the r e s u l t a n t ribosomes (Huston et a l . , 

1970). I n the cabbage and bean systems, the K^ l e v e l was maintained 
constant i n e x t r a c t i o n stages, being only varied i n the incubation mixture, 

+ 2+ The requirement f o r K was not as d e f i n i t e as tha t f o r Mg i n the cabbage 

system, ranging over 50 to 90 mmol/1, although the optimum appeared to be 

70 mmol/1. This range and optimum l e v e l corresponds w i t h the 75 mMof the 
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r a t l i v e r polyribosomal system of Huston et a l . , (1970) and the 60 mM 

o f the castor bean embryo system o f P a r i s i and C i f e r r i (1966). Although 

Cooper e t a l . , (1968) obtained s i m i l a r r e s u l t s these high ranges are 

considerably i n excess of the 20 t o 25 mM employed by several other 

i n v e s t i g a t o r s (Campbell et a l . , 1967; Stahl et a l . , 1968; Wunner et a l . , 

1966; Zamecnik and K e l l e r , 1954). 

I t has been demonstrated t h a t i n the r a t l i v e r system, Na^ i s 

i n h i b i t o r y t o p r o t e i n synthesis ( T i l l o t s o n et a l . , 1969). I n the cabbage 

in c u b a t i o n medium, Na^ was added i n the form of disodium creatine 

phosphate ( e f f e c t i v e l y i n c r e a s i n g the t o t a l monovalent ca t i o n concentration). 

Rather than an i n h i b i t o r y e f f e c t , Na^ may have had an a d d i t i v e e f f e c t 

w i t h Kt i n the 20 to 25 mM K"*" range systems. 

I t may be noted t h a t several workers have used NH^^ e i t h e r i n p a r t 

(von der Decken, 1967) or as the sole source (Cooper et a l . , 1968; 

S t a e h i i n , e t a l . , 1967) of monovalent c a t i o n f o r i n v i t r o systems. 

I n the Chinese cabbage system, amino aci d i n c o r p o r a t i o n was reduced 

to 50% by the omission of GSH from the incubation mixture. Allende and 

Bravo (1966) i n t h e i r wheat germ embryo system found t h a t they d i d not 

r e q u i r e GSH. Microsomal systems from mice are stimulated by GSH whereas 

r a t l i v e r systems are i n h i b i t e d by concentrations above 0.0025 M (Sachs, 

1957). I n the mouse system, no i n h i b i t i o n was observed, even a t 

concentrations of 0.04 M (Robinson and N o v e l l i , 1962). 

Von der Decken (1968) showed a requirement f o r GSH added d i r e c t l y 

to the assay medium, using t o t a l r i b o n u c l e p p r o t e i n ribosomes rather than 
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polysomes. Other w o r k e r s ( B a l i g a e t a l . , 1968; Garren a t a l . , 1967; 

S i d r a n s k y e t a l . , 1968) have added t h i o l groups t o t h e assay medium, 

b u t n o t t o t h e e x t r a c t i o n medium. Huston e t a l . , (1970) noted no 

f u r t h e r s t i m u l a t i o n o f i n c o r p o r a t i o n on a d d i t i o n o f e x t r a GSH t o t h e i r 

assay medium, and c o n c l u d e d t h a t a source o f s u l p h y d r y l was b e t t e r 

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

c e l l sap enzymes. 

Henshaw e t a l . , (1963) o b t a i n e d h i g h a c t i v i t y i n p r e p a r i n g r a t 

l i v e r microsomes i n t h e presence o f 0.006 M MCE. 

Van Kammen (1967) observed t h a t amino a c i d i n c o r p o r a t i o n was v e r y 

s e n s i t i v e t o t h e a d d i t i o n o f a s m a l l amount o f p a n c r e a t i c RNase, 0.1 jjg 

g i v i n g 60% i n h i b i t i o n and 1.0 ^ g r e d u c i n g i n c o r p o r a t i o n t o a n e g l i g i b l e 

l e v e l i n a tobacco l e a f system. I n t h e Chinese cabbage system, 0.5 jjg 

p e r ml RNase reduced i n c o r p o r a t i o n t o 1 % o f t h e c o n t r o l . The s e n s i t i v i t y 

t o RNase, as n o t e d p r e v i o u s l y , c o u l d i n d i c a t e t h a t the amount o f 

c o n t a m i n a t i n g a c t i v e n u c l e a s e s i n t h e r i b o s o m a l and enzyme p r e p a r a t i o n s 

i s s m a l l , amounting t o o n l y a f r a c t i o n o f t h e c o n c e n t r a t i o n added. 

S i m i l a r i n h i b i t i o n by RNase i n v a r i o u s systenehas been r e p o r t e d by o t h e r 

w o r k e r s (see Mehta e t a l . , 1969). 

I n t h e Chinese cabbage system, i n c o r p o r a t i o n was found t o be 

dependent upon t h e a d d i t i o n o f v i r a l RNA, t h e c o n c e n t r a t i o n o f which was 

m a i n t a i n e d c o n s t a n t . P o l y ( U ) tends t o s a t u r a t e i n v i t r o systems a t 

r a t h e r low c o n c e n t r a t i o n s ( c . 100-200 m^ mol/ml) (Jones e t a l . , 1964; 

L e n g y e l e t a l . , 1961; M a t t h a e i e t a l . , 1962). A t g r e a t e r c o n c e n t r a t i o n s 

i t may become i n h i b i t o r y , b u t i t i s u n c e r t a i n why (Jones e t a l . , 1964 ; 
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Le n g y e l e t a l . , 1961). V i r a l RNAs appear t o s a t u r a t e t h e i n v i t r o 

system i n a s i m i l a r range o f c o n c e n t r a t i o n s . TMV RNA s a t u r a t e s a t 

c. 200 myj mol, f 2 RNA a t 300 m mol (Nathans e t a l . , 1962; T s u g i t a 

e t a l . , 1962), and TYMV RNA a t 10 mjj mol (Ofengand and Ha s e l k o r n , 1962). 

I n t h e Cabbage system, s t i m u l a t e d by TYMV RNA, p o l y ( U ) a d d i t i o n r e s u l t e d 

i n i n c r e a s e d i n c o r p o r a t i o n s u g g e s t i n g t h a t e i t h e r t h e system was n o t 

s a t u r a t e d by TYMV RNA, o r t h a t t h e p o l y ( U ) a c t e d a t d i f f e r e n t s i t e s . 

Maximum i n c o r p o r a t i o n o c c u r r e d a t 25°C i n t h e Chinese cabbage 

TYMV RNA d i r e c t e d system, t h e e f f e c t o f te m p e r a t u r e on i n c o r p o r a t i o n 

b e i n g d i s c u s s e d f u r t h e r under a l a t e r h e a d i n g , as i s t h e e f f e c t o f 

polyamines on i n c o r p o r a t i o n . 

D u r i n g microsome e x t r a c t i o n , a s i m i l a r volume o f e x t r a c t a n t was 

employed t o e x t r a c t s i m i l a r w e i g h t s o f s i m i l a r l e a f samples. The volume 

o f enzyme p r o m o t i n g maximum amino a c i d i n c o r p o r a t i o n was t h e r e f o r e s i m i l a r 

i n a l l p r e p a r a t i o n s . T h i s may be i n d i c a t i v e o f a homogenous enzyme 

d i s t r i b u t i o n o r t h e s a t u r a t i o n o f t h e s u p e r n a t a n t by t h e r e q u i s i t e f a c t o r s . 

B e a r i n g t h e l a t t e r p o i n t i n mind, e x t r a c t i o n o f s i m i l a r ages o f leaves 

may a l s o be a r e l e v a n t f a c t o r . No survey was made o f t h e e f f e c t o f l e a f 

enzyme age on i n c o r p o r a t i o n a c t i v i t y , b u t i t i s p r o b a b l e t h a t enzyme 

e n v i r o n m e n t a l t e r s w i t h l e a f age. 

I n c r e a s e i n enzyme volume beyond t h e optimum r e s u l t e d i n i n h i b i t i o n o f 

i n c o r p o r a t i o n . T h i s may have been due t o t h e presence o f endogenous amino 

r i 4 1 

a c i d ( s ) i s o t o p i c a l l y d i l u t i n g o u t t h e C amino a c i d s . A l t e r n a t i v e l y 

i n h i b i t i o n may have been due t o i n c r e a s i n g c o n c e n t r a t i o n s o f p r o t e a s e s and 

RNases , o r even t o t h e presence o f m u l t i p l e ( d e g e n e r a t e ) s p e c i e s o f 

tRNA w h i c h would b l o c k i n c o r p o r a t i o n . 
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Employment o f enzyme f r o m i n f e c t e d B. c h i n e n s i s p l a n t s r e s u l t e d 

i n a r e d u c t i o n i n i n c o r p o r a t i o n by over 50%, p o s s i b l y as e s s e n t i a l 

f a c t o r s were absent as a r e s u l t o f v i r a l i n f e c t i o n ( o r as a r e s u l t o f 

i n c r e a s e d RNase c o n c e n t r a t i o n ) . 

I t was observed t h a t TYMV RNA i n t h e bean system was n o t as a c t i v e 

as i n t h e cabbage system. The a c t i v i t y , however, does suggest t h a t TYMV 

c o u l d i n f e c t , o r a t l e a s t produce c o a t p r o t e i n i n v i v o i n t h e bean i f 

t h e RNA was a b l e t o re a c h t h e ribosomes. On s u b s t i t u t i n g cabbage tRNA 

i n t o t h e bean system, i n c o r p o r a t i o n was i n c r e a s e d , b u t a d d i t i o n o f 

Chinese cabbage enzyme o r ribosomes decreased a c t i v i t y , s u g g e s t i n g some 

i n c o m p a t i b i l i t y , presence o f i n h i b i t o r s o r a c o m b i n a t i o n o f such f a c t o r s . 

The phenomenon o f s p e c i e s s p e c i f i c i t y between aminoacyl-tRNA 

s y n t h e t a s e s and tRNA p r e p a r a t i o n s f r o m d i f f e r e n t organisms i s w e l l 

documented ( D o c t o r and Mudd, 1963). L i t t l e work has been done however 

t o compare t h e c o m p a t i b i l i t y o f p l a n t s y n t h e t a s e s and tRNAs w i t h 

components f r o m o t h e r sources. 

S i n c e the i n i t i a l f o r m u l a t i o n o f the concept o f mRNA b i n d i n g t o 

rib o s o m e s , i t has g e n e r a l l y been assumed t h a t ribosomes cannot 

s e l e c t i v e l y r e c o g n i s e t h e s p e c i f i c mRNAs and t h e r e f o r e r e p r e s e n t a 

n o n - s p e c i f i c machinery f o r t r a n s l a t i o n o f g e n e t i c messages (Lipmann, 1963), 

Evidence has been p r e s e n t e d , however, s u g g e s t i n g the d i f f e r e n t i a l 

a f f i n i t i e s o f a n i m a l ribosomes f o r c e r t a i n c l a s s e s o f i n f o r m a t i o n a l 

macromolecules ( C a r t e r and Levy, 1967; Naora and Naora, 1967). I n 

p r e v i o u s work, f a i l u r e t o demonstrate t h e a b i l i t y o f ribosomes t o 
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d i s t i n g u i s h c e r t a i n messages may have been p a r t i a l l y due t o t h e use 

of t h e h e t e r o l o g o u s system, i . e . , t h e b i n d i n g o f TYMV RNA o r s y n t h e t i c 

p o l y m e r s by E. c o l i ribosomes ( D a h l b e r g and H a s e l k o r n , 1965, 1967; Moore, 

1966; Weksler and G e l b o i n , 1967). R e c e n t l y s t u d i e s on i n t e r f e r o n have 

c l e a r l y r e v e a l e d t h a t ribosomes do d i s t i n g u i s h t h e s p e c i f i c RNA i n t h e 

homologous system f o r b i n d i n g ( C a r t e r and Levy, 1967, 1968; Marcus and 

Sa l b , 1966). Since t h e b i n d i n g o f RNA by ribosomes takes p l a c e a t a 

c e r t a i n r e g i o n on t h e RNA c h a i n ( D a h l b e r g and H a s e l k o r n , 1966; Takanami 

e t a l . , 1965; van Dui n e t a l . , 1969^), i t appears l i k e l y t h a t a c e r t a i n 

n u c l e o t i d e sequence s i t u a t e d a t / o r near t h e b i n d i n g s i t e on the RNA c h a i n 

i s r e s p o n s i b l e f o r r e c o g n i t i o n by s p e c i f i c r i b o s o m a l p a r t i c l e s (Naora and 

K o d a i r a , 1969). I t i s p o s s i b l e t h a t t h e v i r a l RNA must f i r s t ' t u n e - i n ' 

t o t h e c e l l s system, o r a l t e r t h e environment o f t h e c e l l t o i t s own 

b e n e f i t f o r a c t i v i t y . A p p a r e n t l y TYMV i s a c t i v e i n th e bean system 

i n v i t r o , b u t i t may n o t be a b l e t o adapt f o r i n v i v o a c t i v i t y . 

The mechanism o f p o l y p e p t i d e c h a i n e l o n g a t i o n i s f u n c t i o n a l l y 

a nalagous i n mammalian and b a c t e r i a l systems, b u t t h e r e i s evidence 

a g a i n s t t h e complete i n t e r c h a n g e a b i l i t y o f s u p e r n a t a n t f a c t o r s . A l t h o u g h 

b a c t e r i a l f a c t o r s a r e i n t e r c h a n g e a b l e ( P a r i s i e t a l . , 1967; Salas e t a l . , 

1965) and y e a s t ribosomes and f a c t o r s can complement mammalian ribosomes 

and f a c t o r s (Nathans and Lipmann, 1961), Rendi and Ochoa (1962) r e p o r t e d 

t h a t no p r o t e i n s y n t h e s i s o c c u r r e d when mammalian ribosomes were used w i t h 

b a c t e r i a l s u p e r n a t a n t f a c t o r s and v i c e v e r s a . Canning and G r i f f o n (1965) 

however f o u n d t h a t E. c o l i system f r a c t i o n c o u l d s u b s t i t u t e f o r tumor 

s u p e r n a t a n t f r a c t i o n on tumor ribosomes. S i m i l a r l y , So and Davie (1963) 

fo u n d t h a t y e a s t ribosomes were supplemented by E. c o l i s u p e r n a t a n t f r a c t i o n . 
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K r i s k o e t a l . , (1969) suggested t h a t E. c o l i e l o n g a t i o n f a c t o r T can 

r e p l a c e t h e c o r r e s p o n d i n g mammalian T^ f a c t o r b u t t h a t f a c t o r G cannot 

s u b s t i t u t e f o r mammalian f a c t o r T . O b v i o u s l y i n t h e bean system some 

s u p p l e m e n t a t i o n by cabbage enzyme was p o s s i b l e , as was s u p p l e m e n t a t i o n 

o f t h e bean system by cabbage ribosomes. A l t h o u g h t h e r e i s species 

s p e c i f i c i t y i n t h e a c t i o n o f amino a c i d s y n t h e t a s e s , t h e amino a c i d 

f r o m aminoacyl-tRNA i s i n c o r p o r a t e d i n t o p r o t e i n i r r e s p e c t i v e o f source 

o f t h e tRNA (Moldave, 1965; Schweet and i H ; e i n t z , 1966). I n the use o f 

Chinese cabbage and y e a s t tRNAs, t h e r e f o r e , i t i s t h e enzyme f r a c t i o n t h a t 

d i c t a t e s p r i m a r y a c t i v i t y , t h e a b i l i t y t o charge any p a r t i c u l a r tRNA w i t h 

t h e r e q u i s i t e amino a c i d depending on t h e s p e c i e s o f s y n t h e t a s e p r e s e n t . 

2+ 

N o v e l l i (1967) s t r e s s e d t h e need t o a s c e r t a i n t h e o p t i m a l Mg /ATP 

c o n c e n t r a t i o n r a t i o f o r aminoacyl-sRNA s y n t h e t a s e s and even f o r t h e 

same enzyme o b t a i n e d f r o m d i f f e r e n t s p e c i e s . Thus when employing mixed 

systems, t h i s f a c t o r a l o n g w i t h o t h e r s c o u l d a l t e r t h e e f f i c i e n c y . 

A r e l e a s e f a c t o r , p r o b a b l y a p r o t e i n o f m o l e c u l a r w e i g h t 40,000-

50,000 has been r e c o g n i s e d as necessary f o r t h e r e l e a s e o f newly formed 

p o l y p e p t i d e c h a i n f r o m t h e messenger RNA-peptidyl-tRNA complex (Capecchi, 

1967). The p o s s i b l e s p e c i f i c i t y o f such f a c t o r s i n d i f f e r e n t groups o f 

organisms remains t o be assessed. I f such s p e c i f i c i t y e x i s t s i t might 

p l a y some p a r t i n t h e i n e f f i c i e n t t r a n s l a t i o n o f p l a n t v i r a l RNAs i n 

i n v i t r o systems d e r i v e d f r o m b a c t e r i a , o r f o r t h a t m a t t e r , from any 

h e t e r o l o g o u s source. T h i s does n o t appear t o be a problem i n t h e bean/ 

Chinese cabbage systems, where t h e message i s a p p a r e n t l y a c t i v e , a l t h o u g h 

t h e p r o d u c t s were n o t i s o l a t e d and a n a l y s e d . 
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I n t h e cabbage i n v i t r o system D-threo c h l o r a m p h e n i c o l (10 and 

50 jjg/ml i n c u b a t i o n ) had l i t t l e e f f e c t on i n c o r p o r a t i o n l e v e l s , 

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

S e v e r a l a n t i b i o t i c s have been t e s t e d f o r i n h i b i t i o n o f p r o t e i n 

s y n t h e s i s , one p o s s i b l e approach t o t h e s t u d y o f p r o t e i n s y n t h e s i s 

h a v i n g been t h e use o f i n h i b i t o r s w h i c h s p e c i f i c a l l y i n h i b i t o n l y 

one s t e p among t h e s e v e r a l t h a t a r e necessary f o r t h e b i o s y n t h e s i s o f 

p r o t e i n s . 

C h l o r a m p h e n i c o l i s a p o t e n t i n h i b i t o r o f b a c t e r i a l p r o t e i n 

s y n t h e s i s i n v i v o (Gale and F o l k e s , 1953; Wisseman e t a l . , 1954) 

a l t h o u g h i n v i t r o r e s u l t s have v a r i e d depending on t h e assay used 

( B r e s l e r e t a l . , 1968; J u l i a n , 1965; Kucan and Lipmann, 1964), W h i l e 

p r o t e i n s y n t h e s i s i n most n o n - b a c t e r i a l systems i s o n l y m a r g i n a l l y 

a f f e c t e d by c h l o r a m p h e n i c o l (Gale, 1963), c h l o r o p l a s t s c o n s t i t u t e 

a n o t a b l e e x c e p t i o n . Thus t h e i n c o r p o r a t i o n o f amino a c i d s i n t o p r o t e i n 

by ribosomes i s o l a t e d f r o m c h l o r o p l a s t s i s s e n s i t i v e t o c h l o r a m p h e n i c o l 

(Spencer, 1965) and t h e development o f c h l o r o p l a s t s i n Euglena 

g r a c i l i s i s p r e v e n t e d by c h l o r a m p h e n i c o l a t c o n c e n t r a t i o n s w h i c h have 

l i t t l e e f f e c t on e s s e n t i a l c y t o p l a s m i c p r o t e i n s y n t h e s i s ( S m i l l i e e t a l . , 

,1963). These e f f e c t s have been a t t r i b u t e d t o t h e g r e a t e r c a p a c i t y o f 

c h l o r o p l a s t ribosomes t o b i n d c h l o r a m p h e n i c o l (Anderson and S m i l l i e , 1966), 

C h l o r o p l a s t s f r o m h i g h e r p l a n t s c o n t a i n ribosomes r e s e m b l i n g 

b a c t e r i a l ribosomes i n t h e i r s e d i m e n t a t i o n b e h a v i o u r (Boardman e t a l . , 

1966; L y t t l e t o n , 1962), i n t h e s i z e s o f t h e i r RNA components ( L o e n i n g 

and I n g l e , 1967; S t u t z and N o l l , 1967) and i n t h e i n h i b i t i o n o f t h e i r 
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amino a c i d i n c o r p o r a t i n g a b i l i t y by c h l o r a m p h e n i c o l (App and 

J a g e n d o r f , 1963; Spencer and Wildman, 1964). I n c o n t r a s t , c y t o p l a s m i c 

ribosomes from b o t h green and non-green t i s s u e s o f h i g h e r p l a n t s are 

i n s e n s i t i v e t o c h l o r a m p h e n i c o l b o t h i n v i v o and i n v i t r o ( E l l i s , 1964; 

E l l i s and MacDonald, 1967; Marcus and Feeley, 1965; P a r i s i and 

C i f e r r i , 1966). 

I t has been shown f o r Euglena ( E i s e n s t a d t and Brawerman, 1964) 

and N i c o t i a n a tabacum ( E l l i s , 1969) t h a t t h e c y t o p l a s m i c and 

c h l o r o p l a s t ribosomes f r o m t h e same p l a n t c e l l s d i f f e r i n t h e i r 

response t o c h l o r a m p h e n i c o l . There a r e f o u r s t e r e o i s o m e r s o f 

c h l o r a m p h e n i c o l (D- and L - t h r e o and D- and L - e r y t h r o ) ; t h e n a t u r a l l y 

o c c u r r i n g a n t i b i o t i c b e i n g t h e D-threo isomer. The i n h i b i t i o n by 

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

t h e D-threo isomer (Rendi and Ochoa, 1962) i n b a c t e r i a l ribosomes and 

a s i m i l a r s t e r e o s p e c i f i c i t y has been r e p o r t e d f o r c h l o r o p l a s t ribosomes 

i n N i c o t i a n a tabacum ( E l l i s , 1969). 

I t may be n o t e d howeyer, t h a t o t h e r processes, i n c l u d i n g i o n 

u p t a k e ( E l l i s , 1963) and o x i d a t i v e p h o s p h o r y l a t i o n (Hanson and 

Kr u e g e r , 1966) a r e i n h i b i t e d by s e v e r a l isomers i n c l u d i n g t h e D-threo 

f o r m ; i n b a c t e r i a these processes a r e n o t i n h i b i t e d by c h l o r a m p h e n i c o l 

( B r o c k and Moo-pen, 1962; Kaback and Stadtman, 1966). 
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A p p l i c a t i o n 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 o n Experiments t o 
B i o c h e m i c a l Aspects o f t h e I n f e c t i o n Process: 

A l t h o u g h i n v i t r o systems, t o date,have g i v e n us l i t t l e i n f o r m a t i o n 

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

d e t e r m i n e t h e s i t e s o f c o a t p r o t e i n s y n t h e s i s u s i n g l a b e l l e d amino 

a c i d s i n v i v o have been no more s u c c e s s f u l . The u n s u c c e s s f u l n a t u r e 

o f t h e i n v i v o e x p e r i m e n t s has been due i n main t o t h e h i g h l e v e l o f 

i n c o r p o r a t i o n t h r o u g h o u t t h e e n t i r e c e l l , and t o l a c k o f i n h i b i t o r s 

s p e c i f i c t o h o s t p r o t e i n s y n t h e s i s . 

No v i r a l p r o t e i n s o t h e r t h a n t h e c o a t p r o t e i n and t e n t a t i v e 

i d e n t i f i c a t i o n o f v i r u s - s p e c i f i c s y n t h e t a s e have been i s o l a t e d from 

v i r u s - i n f e c t e d p l a n t s , o r r e c o g n i s e d among the p r o d u c t s o f 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 u s i n g p l a n t v i r a l RNAs as message. These 

p r o t e i n s may w e l l occur i n v e r y low c o n c e n t r a t i o n s , and s i n c e they a r e o f 

unknown f u n c t i o n , a r e d i f f i c u l t t o assay (Matthews, 1970). Other workers 

have made u n s u c c e s s f u l a t t e m p t s t o i d e n t i f y new non-coat p r o t e i n s i n 

TYMV-infected l e a v e s u s i n g chromatography and m i c r o i m m u n o l o g i c a l methods 

t o s e p a r a t e i s o t o p i c a l l y l a b e l l e d p r o t e i n s (Matthews, 1970). 

I n v i t r o e x p e r i m e n t s w i t h i s o l a t e d m a t e r i a l from B r a s s i c a c h i n e n s i s 

and V i c i a faba have t h e r e f o r e been perfo r m e d i n an a t t e m p t t o e l u c i d a t e some 

o f t h e s i m p l e and b a s i c stages o f t h e TYMV i n f e c t i o n process. The 

f o l l o w i n g d i s c u s s i o n t h e r e f o r e i s a r e v i e w o f p r e s e n t knowledge o f t h e 

i n f e c t i o n process (and c o a t p r o t e i n s y n t h e s i s ) , r e l a t e d where p o s s i b l e 

t o t h e p r e s e n t work on t h e bean and cabbage amino a c i d i n c o r p o r a t i n g 

systems. 
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Recent work on p r o t e i n s y n t h e s i s i s c o n s i s t e n t w i t h t h e p r o p o s a l 

o f Jacob and Monod (1961) t h a t t h e i n f o r m a t i o n f o r s p e c i f y i n g p r o t e i n 

s t r u c t u r e i s c a r r i e d f r o m DNA t o t h e s i t e o f p r o t e i n s y n t h e s i s , t he 

ribosome, by mRNA. T h e i r p r o p o s a l f u r t h e r r e q u i r e d t h a t the ribosome 

be an u n s p e c i a l i s e d s t r u c t u r e capable o f making any p r o t e i n w i t h a 

s u i t a b l e 'mRNA. T h i s p r o p o s a l would negate t h i s l e v e l as a source o f h o s t 

s p e c i f i c i t y ( a l t h o u g h p o s s i b l e enzyme d i f f e r e n c e s must be borne i n mind). 

TYMV RNA was a c t i v e i n bean and cabbage s i n g l e and mixed systems, 

i n c o r p o r a t i n g amino a c i d s , thus f u r t h e r i n g t h e view o f the u n s p e c i a l i s e d 

n a t u r e o f t h e ribosome. The a r t i f i c i a l n a t u r e o f t h e i n v i t r o system, 

however, may p r e c l u d e such u n s p e c i f i c i t y i n v i v o . 

When an i n f e c t i o u s RNA mo l e c u l e p e n e t r a t e s a c e l l i t behaves as a 

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

s y n t h e s i s o f one, o r two enzymes, necessary f o r t h e r e p l i c a t i o n o f the 

v i r u s RNA i t s e l f (Weisamamj, 1965). A c c o r d i n g t o t h i s view, s y n t h e s i s o f 

t h e v i r u s s h o u l d be independent o f t h e g e n e t i c m a t e r i a l o f th e c e l l , 

namely t h e DNA i n t h e n u c l e u s . Indeed Sanger and K n i g h t (1963) have shown 

i n v i v o , w i t h tobacco l e a v e s , t h a t TMV RNA i s s t i l l s y n t h e s i s e d when th e 

s y n t h e s i s o f c e l l u l a r RNA i s almost c o m p l e t e l y i n h i b i t e d by actinomycin-D. 

I n t h e u n i n f e c t e d c e l l , t h e s y n t h e s i s o f normal RNA oc c u r s on a DNA 

t e m p l a t e . Leaf RNA s y n t h e s i s a l s o c o n t i n u e s d u r i n g TYMV i n f e c t i o n o f 

le a v e s ( R a l p h e t a l . , 1965) so t h a t TYMV p r o b a b l y competes w i t h h o s t 

mRNA f o r h o s t ribosomes. New RNA-synt h e s i s i n g machinery must be induced 

i n t h e h o s t a f t e r i n f e c t i o n w i t h an RNA v i r u s . 

T h i s i n d i c a t e s t h a t t h e s t e p o f t r a n s c r i p t i o n as a c o n t r o l l i n g 

e lement o f p r o t e i n s y n t h e s i s . i s by-passed, and i s p r o b a b l y n o t i n v o l v e d 
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i n h o s t s p e c i f i c i t y . The r e g u l a t i o n o f v i r a l p r o t e i n s y n t h e s i s must 

be p r o v i d e d by o t h e r means, and the s u r v i v a l o f v i r a l RNA i n t h e DNA-

governed environment o f t h e h o s t c e l l r a i s e s t h e problem o f p r o t e c t i n g 

t h i s m o l e c u l e a g a i n s t t h e n o r m a l l y r a p i d i n a c t i v a t i o n o f mRNA molecules. 

F r a n c k i and Matthews (1962) found t h a t i n TYMV i n f e c t e d Chinese 

cabbage l e a v e s , t r e a t e d w i t h 2 - t h i o u r a c i l , v i r u s n u c l e o p r o t e i n p r o d u c t i o n 

was suppressed w h i l e t h e p r o d u c t i o n o f empty p r o t e i n s h e l l s was g r e a t l y 

s t i m u l a t e d . I t i s suggested t h a t v i r u s c o a t p r o t e i n s y n t h e s i s can proceed 

i n t h e absence o f v i r a l RNA s y n t h e s i s and must be produced on a v i r a l 

RNA message t h a t i s r e l a t i v e l y s t a b l e i n t h e c e l l . 

TYMV RNA appeared t o be re a s o n a b l y s t a b l e i n t h e i n v i t r o cabbage 

and bean systems, b e i n g a c t i v e f o r t h e 'expected' p e r i o d o f time f o r 

such microsomal systems. 

H i r u k i (1969) showed t h a t h o s t rRNA and BMV RNA were s y n t h e s i s e d 

c o n c u r r e n t l y and, under t h e i r e x p e r i m e n t a l c o n d i t i o n s , a t about t h e same 

r a t e . Rapid d e g r e d a t i o n o f mRNA a f t e r bromegrass mosaic v i r u s i n f e c t i o n 

was n o t d e t e c t e d , a l t h o u g h i t has been r e p o r t e d t o occur i n tobacco 

l e a v e s a f t e r i n f e c t i o n w i t h TMV (Re d d i , 1963 a,b). 

The mechanisms o f v i r a l c o a t p r o t e i n s y n t h e s i s resembles i n a l l 

a s p e c t s s t u d i e d so f a r , t h e s y n t h e s i s o f normal c e l l u l a r p r o t e i n s . The 

r e p l i c a t e d progeny v i r a l RNA a c t s as a messenger f o r t h i s s y n t h e t i c 

p r o c e s s . I n p i c o r n a v i r u s i n f e c t e d c e l l s , t h e t i m e course o f coa t p r o t e i n 

s y n t h e s i s f o l l o w s t h a t o f t h e p r o d u c t i o n o f progeny RNA, a l t h o u g h i n 

New c a s t l e d i s e a s e v i r u s and Sendai v i r u s - i n f e c t e d c e l l s , v i r u s s p e c i f i c 

RNA complementary t o p a r e n t a l RNA i s s y n t h e s i s e d and a t t a c h e d t o polysomes 
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( B l a i r and Robinson, 1968; B r a t t and Robinson, 1967; K i n g s b u r y , 1966). 

I t i s p o s s i b l e t h a t p a r e n t a l p a r a m y x o v i r u s RNA m i g h t however take p a r t 

i n t h e f o r m a t i o n o f v i r u s - s p e c i f i c polysomes s y n t h e s i s i n g e a r l y v i r a l 

p r o t e i n s ( B u k r i n s k a y a e t a l . , 1969). 

I n t h e p o l i o v i r u s HeLa c e l l system (Summers e t a l . , 1965) o t h e r 

p o l y p e p t i d e s , b e s i d e s v i r u s p r o t e i n s , were s y n t h e s i s e d under v i r a l 

c o n t r o l , i n d i c a t i n g t h a t t h e f u n c t i o n o f progeny RNA was n o t r e s t r i c t e d 

t o c o a t p r o t e i n s y n t h e s i s . T h e i r e x p e r i m e n t s d i d n o t however c o n s i d e r 

w hether t h e p a r e n t a l RNA a l s o p a r t i c i p a t e d i n coat p r o t e i n s y n t h e s i s . An 

e l u c i d a t i o n o f t h i s w o u l d answer t h e q u e s t i o n o f whether t h e r e i s a 

f u n c t i o n a l d i f f e r e n c e between p a r e n t a l and progeny RNA on t h e t r a n s l a t i o n a l 

l e v e l . B u k r i n s k a y a e t a l . , (1969) suggest t h a t p a r e n t a l paramyxovirus 

RNP can d i r e c t t h e p r o t e i n s y n t h e s i s a t t h e e a r l y stages o f i n f e c t i o n . 

I n t h e s y n t h e s i s o f v i r a l c o a t p r o t e i n , i n v i v o , i t would be 

t h e o r e t i c a l l y p o s s i b l e f o r t h e message t o be r e a d e i t h e r from the v i r a l 

s t r a n d o r t h e minus s t r a n d ( w h i c h has a sequence complementary t o t h e 

s t r a n d f o u n d i n t h e v i r u s ) . I t has been assumed i n t h e p r e s e n t i n v i t r o 

work, t h a t i t was t h e p l u s s t r a n d , r a t h e r t h a n t h e complementary minus 

s t r a n d t h a t i s a c t i v e i n p r o t e i n s y n t h e s i s i n v i v o . T h i s assumption 

r e c e i v e d s t r o n g s u p p o r t f r o m t h e s t u d i e s on n i t r o u s a c i d induced mutants 

o f TMV, as Wittma;hn (1962) demonstrated t h a t t h e frequency o f 

o c c u r r e n c e o f c e r t a i n amino a c i d changes made i t v i r t u a l l y c e r t a i n t h a t 

i t was t h e v i r a l s t r a n d t h a t was used as message i n p r o t e i n s y n t h e s i s . U n t i l 

r e c e n t V (van Ravenswaay Claasen e t a l . , 1967) p a r t i a l c h a r a c t e r i s a t i o n o f 

a l f a l f a mosaic v i r u s p r o t e i n s y n t h e s i s e d i n v i t r o as v i r a l c o a t p r o t e i n , 

however, t h e r e has been no d i r e c t evidence t h a t t h e v i r a l p l u s s t r a n d i s t h e 
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one t h a t i s r e a d as messenger. D o u b l e - s t r a n d e d RNAs would n o t be 

e x p e c t e d t o a c t as messengers and t h i s l a c k o f a c t i v i t y has been shown 

by M i u r a and Muto (1965) f o r r i c e dwarf v i r u s RNA. 

The key e vent i n p r o t e i n b i o s y n t h e s i s i s t h e a s s o c i a t i o n o f t h e 

v i r a l RNA w i t h t h e ribosomes o f t h e h o s t c e l l and t h e p r o d u c t i o n o f 

e a r l y p r o t e i n s . Shaw (1967) r e p o r t e d t h a t a l m o s t a l l TMV p a r t i c l e s 

r e t a i n e d by l e a v e s a f t e r i n o c u l a t i o n are a t l e a s t p a r t i a l l y uncoated. 

K i h o (1969) s t u d i e d t h e f a t e o f t h i s p a r e n t a l TMV-RNA and found t h a t 

i n f e c t i n g TMV RNA was a s s o c i a t e d w i t h host c e l l components, f o r m i n g 

s t r u c t u r e s b e l i e v e d t o be de novo polysomes. 

The n e x t s t e p i s t h e a c t u a l t r i g g e r f o r t h e r e p l i c a t i o n o f v i r a l 

RNA: t h e d i s p l a c e m e n t o f t h e p a r e n t a l RNA s t r a n d f r o m t h e ribosome. 

I t i s suggested t h a t an e a r l y event i n i n f e c t i o n i s v i r u s induced 

i n h i b i t i o n o f c e l l p r o t e i n s y n t h e s i s , w h i c h a p p a r e n t l y f u n c t i o n s by 

p r o d u c i n g a change i n t h e h o s t c e l l mRNA molecu l e so t h a t new ribosomes 

c a n n o t be a t t a c h e d t o i t . T h i s i n h i b i t o r y r o l e may a l s o be i n v o l v e d 

i n t h e l i b e r a t i o n o f t h e p a r e n t a l RNA s t r a n d from t h e ribosome. HofSchneider 

and Hausen (1968) have s p e c u l a t e d t h a t t h i s i s t h e r o l e o f e a r l y p r o t e i n 

i n v i r a l r e p l i c a t i o n . A l t e r n a t i v e l y t h e v i r a l RNA r e p l i c a s e may s t a r t 

t o produce a double s t r a n d f r o m t h e p a r e n t a l RNA w h i c h s t i l l has ribosomes 

a t t a c h e d t o i t . 

I n e i t h e r case, t h e h y p o t h e s i s t h a t t h e process o f d i s p l a c e m e n t 

i s a f u n c t i o n o f a v i r a l gene p r o d u c t , o f f e r s t h e advantage t h a t t h e 

t i m e p e r i o d d u r i n g w h i c h v i r a l RNA a c t s as a messenger can be c o n t r o l l e d . 

T h i s may ensure t h a t t h e v i r a l RNA r e p l i c a s e i s p r e s e n t i n s u f f i c i e n t 
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c o n c e n t r a t i o n t o a l l o w f o r r e p l i c a t i o n . 

Two problems a f f e c t i n g i n v i t r o amino a c i d i n c o r p o r a t i n g systems have 

so f a r been d i s c u s s e d , t h e p o s s i b i l i t y o f t h e p l u s o r minus s t r a n d b e i n g 

r e s p o n s i b l e f o r p r o t e i n s y n t h e s i s and t h e p o s s i b l e presence o f an 

' i n h i b i t o r y ' r o l e i n v i v o , w h i c h may n o t be a b l e t o f u n c t i o n i n v i t r o . 

The i n h i b i t o r y r o l e may be necessary f o r r e l e a s e and movement o f 

v i r a l RNA a l o n g t h e ribosome. T h i s may however o n l y be an i m p o r t a n t 

f a c t o r i n v i v o , t h e i n v i t r o system p r e c l u d i n g t h e need f o r such a 

mechanism. T h i s f a c t o r d i d n o t appear t o p r e v e n t i n c o r p o r a t i o n i n t h e 

cabbage and bean i n v i t r o systems, b u t may have been i n v o l v e d i n 

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

p r e v e n t e d ) . 

I t may be remembered t h a t a t t a c h m e n t o f v i r a l RNA t o t h e ribosomes 

i n t h e i n v i t r o systems may be o c c u r r i n g n o n - s p e c i f i c a l l y or by s i m p l e 

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

i n c o r p o r a t i o n d i d o c c u r suggests a 'normal' ribosome-mRNA attachment 

w i t h r e s u l t a n t amino a c i d i n c o r p o r a t i o n . Whether the p l u s - s t r a n d v i r a l 

RNA p r o v i d e d c o u l d have produced c o a t p r o t e i n i n v i v o i s i m m a t e r i a l a t 

t h i s .s.tage i n t h a t any i n c o r p o r a t i o n ( ' p r o t e i n s y n t h e s i s ' ) i n v i t r o i s 

a d i s t i n c t improvement i n work on v i r a l p r o t e i n s y n t h e s i s . The cabbage 

and bean system were n o t s u f f i c i e n t l y advanced t o a l l o w p r o d u c t a n a l y s i s , 

w h i c h m i g h t have shed l i g h t on t h e ' c o r r e c t n e s s ' o f employing n a t i v e 

TYMV RNA as c o a t p r o t e i n messenger. 

I n c o r p o r a t i o n l e v e l s i n t h e bean and cabbage systems were found t o 

be low i n comparison t o p o l y ( U ) d i r e c t e d systems. I t may have been however 
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t h a t a c t u a l p o l y p e p t i d e s y n t h e s i s was t r i g g e r e d by t h e n a t u r a l messenger 

( i . e . TYMV RNA), b u t t h a t t h e i n v i t r o environment was n o t e n t i r e l y 

s a t i s f a c t o r y f o r h i g h l e v e l s o f a c t i v i t y . I t i s p o s s i b l e t h a t t h e 

v i r a l RNA e x t r a c t e d from t h e i s o l a t e d TYMV was i n c o m p l e t e i n some 

v i t a l p a r t , even though 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 i n d i c a t e d i t t o 

have a r e l a t i v e l y h i g h s e d i m e n t a t i o n c o e f f i c i e n t . A h i g h s e d i m e n t a t i o n 

c o e f f i c i e n t i s u s u a l l y i n d i c a t i v e o f an i n f e c t i o u s p a r t i c l e i n v i v o , 

a l t h o u g h t h e i n v i v o s t a t e may more r e a d i l y accept a damaged RNA and 

a l l o w normal i n f e c t i o n t o proceed. A damaged message i n v i t r o may b l o c k 

t h e ribosomes thus l e a d i n g t o low i n c o r p o r a t i o n l e v e l s . On t h e o t h e r 

hand, t h e presence o f t h e complementary s t r a n d .may be a p r e - r e q u i s i t e 

f o r a c t i v i t y , a p o i n t d i s c u s s e d f u r t h e r under t h e q u e s t i o n o f the ' s p l i t 

message'. 

The use o f a s i m p l e i n v i t r o system cannot hope t o answer a l l o f 

th e problems a s s o c i a t e d w i t h . p l a n t v i r u s p r o t e i n s y n t h e s i s , b u t may 

e l u c i d a t e some and be p o i n t e r t o t h e answer o f o t h e r s . For example, 

as n o t e d above, i f t h e ribosome has t h e a b i l i t y t o make any k i n d o f p r o t e i n , 

t h e f a c t t h a t TYMV RNA was a c t i v e i n b o t h bean and cabbage systems may 

g i v e an i n s i g h t i n t o t h e l e v e l ( s ) a t w h i c h h o s t s p e c i f i c i t y f u n c t i o n s . 

S i n c e no a l t e r n a t e mechanism f o r p r o t e i n s y n t h e s i s has been e s t a b l i s h e d , 

t h e u n i v e r s a l o c c u r r e n c e i n a n i m a l s , micro-organisms and h i g h e r p l a n t s o f 

ribosomes must be assumed (Petermann, 1964). Ribosomes o f p l a n t s have 

n o t been s t u d i e d e x t e n s i v e l y as those o f animals o r micro-organisms. I n 

g e n e r a l t h e y resemble a n i m a l r a t h e r t h a n b a c t e r i a l ribosomes i n c o m p o s i t i o n 

and s i z e (Ts'o, 1962). They c o n t a i n about 40% RNA, and have s e d i m e n t a t i o n 
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c o e f f i c i e n t s f o r i n t a c t p a r t i c l e s and s u b u n i t s c l o s e t o 80 S, 60 S and 

40 S. An a d d i t i o n a l component, f r o m c h l o r o p l a s t s ( L y t t l e t o n , 1962) 

was r e p o r t e d i n s p i n a c h , w h i t e c l o v e r and s e v e r a l o t h e r p l a n t s ( L y t t l e t o n , 

1960). 

A s s o c i a t i o n o f p a r e n t a l v i r a l RNA w i t h ribosomes has n o t been 

d e m o n s t r a t e d (Matthews and Ralph, 1966). T h i s s i t u a t i o n however was 

adopted i n t h e p r e s e n t work, i n t h a t TYMV RNA was p r e s e n t e d t o p l a n t 

ribosomes i n t h e i n v i t r o systems. True a s s o c i a t i o n cannot be assumed 

however, a l t h o u g h t h e a c t i v i t y o f t h e bean and cabbage systems does 

su g g e s t a f u n c t i o n a l a s s o c i a t i o n between p a r e n t a l v i r a l RNA and ribosomes. 

Whether o r n o t t h i s o c c u r s i n v i v o cannot be answered from these s i m p l e 

e x p e r i m e n t s . 

Leaves o f B. c h i n e n s i s c o n t a i n '83S' ribosomes f r e e i n the cytoplasm, 

and '688' ribosomes o c c u r r i n g l a r g e l y , i f n o t e n t i r e l y , i n t h e c h l o r o p l a s t s 

( C l a r k e t a l . , 1964). E x a m i n a t i o n o f B. c h i n e n s i s i s o l a t e s by a n a l y t i c a l 

c e n t r i f u g a t i o n c o n f i r m e d these f i n d i n g s , s i m i l a r i s o l a t e s b e i n g used f o r 

t h e i n v i t r o e x p e r i m e n t s ( t h e s e i s o l a t e s c o n t a i n i n g o n l y a s m a l l 

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

C y t o p l a s m i c ribosomes may occur s i n g l y o r as aggregates, polysomes. 

I n c e l l s c o n t a i n i n g endoplasmic r e t i c u l u m , most ribosomes a r e a t t a c h e d t o 

t h e membrane, b u t some a r e p r e s e n t f r e e i n t h e cytoplasm ( B e n e d e t t i e t a l . , 

1966). I n i n v i t r o e x p e r i m e n t s w i t h r a b b i t r e t i c u l o c y t e ribosomes, 

/Schreml and Burka (1968)' found t h a t t h e s p e c i f i c a c t i v i t y o f bound and 

f r e e ribosomes was r o u g h l y e q u a l , a l t h o u g h i i i e average a c t i v i t y o f t h e 

membrane bound was 2 1 % o f t h e f r e e . 
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I n a n i m a l s , t h e n u t r i t i o n a l s t a t e ( S i d r a n s k y e t a l . , 1969) and 

age (Campbell and La w f o r d , 1968) have been r e p o r t e d as l i k e l y t o dete r m i n e 

t h e r e l a t i v e p r o p o r t i o n o f bound vs. f r e e ribosomes. Payne and B o u l t e r 

(1969) observed changes i n th e c o t y l e d o n s o f d e v e l o p i n g bean seeds. 

D u r i n g t h e phase o f s t o r a g e p r o t e i n s y n t h e s i s , f r e e and membrane bound 

ribosomes do n o t i n t e r c h a n g e , and as b o t h c l a s s e s s y n t h e s i s e p r o t e i n i n v i v o 

i t i s p o s s i b l e t h a t t h e y may s y n t h e s i s e d i f f e r e n t groups o f p r o t e i n s . T h i s 

may have some r e l e v a n c e on v i r a l p r o t e i n s y n t h e s i s . 

I n t h e g e r m i n a t i n g bean i n v i t r o system, a l a r g e p r o p o r t i o n o f t h e 

ribosomes were p r o b a b l y membrane bound (Payne, 1970). As th e system was 

l e s s a c t i v e t h a n t h e cabbage system under TYMV RNA s t i m u l a t i o n , b e a r i n g 

i n mind t h e many o t h e r v a r i a b l e s , i t may be p o s t u l a t e d t h a t TYMV p r o t e i n 

i s s y n t h e s i s e d on f r e e r a t h e r t h a n bound ribosomes. Young a c t i v e l y 

g r o w i n g l e a v e s c o n t a i n a h i g h p e r c e n t a g e o f f r e e ribosomes w h i c h c o u l d 

a c c o u n t f o r the h i g h a c t i v i t y i n th e cabbage system. 

The presence o f bound and f r e e ribosomes w h i c h may s y n t h e s i s e d i f f e r e n t 

c l a s s e s o f p r o t e i n s p r e s e n t s a f u r t h e r q u e s t i o n . I t i s p o s s i b l e t h a t 

t h e v i r a l RNA may be r e a d f r o m a d i f f e r e n t s t a r t i n g p o i n t by the d i f f e r e n t 

t y p e s o f ribosome ( f r e e and bound), t h e p r o d u c t o f one p o s s i b l y b e i n g 

c o a t p r o t e i n , t h e p r o d u c t o f t h e o t h e r b e i n g ' v i r a l s p e c i f i c ' . Any 

'wrongly' d i r e c t e d p r o t e i n c o u l d b l o c k / i n h i b i t t h e s y n t h e s i s o f ' t r u e ' 

c o a t m a t e r i a l . The i n c r e a s e i n bound ribosomes and th e decrease i n v i r a l 

c o n c e n t r a t i o n i n o l d e r p l a n t s may be connected, o r may be s i m p l y 

c o i n c i d e n t a l . On t h e o t h e r hand t h e two typ e s o f ribosome may be 

nece s s a r y f o r b i o s y n t h e s i s o f d i f f e r e n t v i r a l ' f a c t o r s ' . 
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The c u r r e n t l y a c c e p t e d model o f p r o t e i n s y n t h e s i s h o l d s t h a t t h e 

m a j o r i t y o f p r o t e i n s a r e formed on t h e m u l t i - r i b o s o m a l a ggregates, 

polysomes ( A r n s t e i n , 1969). For a m o n o c i s t r o n i c message, the ribosome 

a t t a c h e s t o one end o f t h e mRNA and moves a l o n g t h e s t r a n d as the t e m p l a t e 

code d i r e c t s s e q u e n t i a l b i n d i n g o f aminoacyl-tRNA m o l e c u l e s , w i t h 

a t t e n d a n t i n c o r p o r a t i o n o f the amino a c i d s i n t o a p o l y p e p t i d e c h a i n . When 

t h e o t h e r end o f t h e mRNA has been a t t a i n e d , t h e ribosome detaches from 

t h e t e m p l a t e s t r a n d and t h e completed p o l y p e p t i d e s t r a n d i s r e l e a s e d . T h i s 

p r o c e s s may be c a r r i e d o u t s i m u l t a n e o u s l y by more than one ribosome on 

t h e same s t r a n d ( G i e r e r , 1963; G i l b e r t , 1963; R i c h e t a l . , 1963). 

Polysomes have been c h a r a c t e r i s e d i n a number o f animal ( G i e r e r , 1963; 

Warner e t a l . , 1962; W e t t s t e i n e t a l . , 1963) and b a c t e r i a l systems 

( G i l b e r t , 1963), b u t t h e p r i n c i p a l d i f f i c u l t y i n t h e i r s t u d y appears t o 

be t o h i g h s u s c e p t i b i l i t y o f t h e mRNA s t r a n d t o RNase. Nucleases appear t o 

be parti.jc.ui-a-rly; a c t i v e i n l e a v e s , and t h e v a r i o u s e x t r a c t i o n media used 

f o r t h e i s o l a t i o n o f a n i m a l polysomes have been r e p o r t e d inadequate. Rapid 

p r o d u c t i o n o f d o u b l e - s t r a n d e d v i r a l RNA p o s s i b l y a i d s t h e v i r u s i n 

o v e r coming RNase a t t a c k . 

The m a j or e n v i r o n m e n t a l i n f l u e n c e on polysome l e v e l s i s a d i u r n a l 

c y c l e , i n w h i c h l i g h t i s r e p o r t e d t o be the dominant f a c t o r . Polysomes 

decrease i n amount d u r i n g t h e n i g h t , r e a c h i n g t h e i r l o w e s t l e v e l b e f o r e 

dawn. Two t o t h r e e hours a f t e r s u n r i s e , C l a r k e t a l . , (1964) r e p o r t 

t h a t 80-90% o f 83 S Chinese cabbage ribosomes may be i n t h e form o f 

polysomes. T h i s d i u r n a l v a r i a t i o n i s c o n s i s t e n t w i t h a number o f e a r l i e r 

o b s e r v a t i o n s made by o t h e r methods, i n d i c a t i n g t h a t p r o t e i n s y n t h e s i s i n 

l e a v e s i s g r e a t e r i n t h e l i g h t ( C h i b n a l l , 1924; P a r t h i e r , 1961). 
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The work o f C l a r k e t a l . , (1964) suggests t h a t c y t o p l a s m i c p r o t e i n -

s y n t h e s i s i n g i s j u s t as s e n s i t i v e t o d i u r n a l c o n t r o l by l i g h t as t h a t 

i n Chinese cabbage c h l o r o p l a s t s , W i l l i a m s and N o v e l l i (1964) demonstrated 

t h a t i l l u m i n a t i n g d a r k grown s e e d l i n g s o f Zea mays enhanced the amino 

a c i d i n c o r p o r a t i n g a c t i v i t y o f ribosomes i s o l a t e d from them. Mans (1 9 6 6 ) , 

i n f e r r e d t h a t t h e i n c r e a s e i n a c t i v i t y r e s u l t e d frcm an i n c r e a s e i n t h e 

l e v e l o f mRNA a s s o c i a t e d w i t h t h e ribosomes i s o l a t e d from the i l l u m i n a t e d 

s e e d l i n g s . 

Chinese cabbage l e a v e s c o l l e c t e d a t d i f f e r e n t t i m e s o f day and 

grown under d i f f e r i n g l i g h t i n t e n s i t i e s , d i d n o t demonstrate any 

n o t i c e a b l e v a r i a t i o n i n i n c o r p o r a t i n g a c t i v i t y i n v i t r o ( a l t h o u g h t h i s 

a s p e c t was n o t s t u d i e d e x t e n s i v e l y ) . T h i s c o u l d suggest low polysome 

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

t h e i n v i t r o cabbage system. 

The presence o f c o n s i d e r a b l e q u a n t i t i e s o f polysomes i s i n doubt, 

i n t h a t i n t a c t a c t i v e polysomes a r e d i f f i c u l t t o e x t r a c t from l e a f 

m a t e r i a l . A l t h o u g h r a p i d e x t r a c t i o n p r o c e d u r e s were employed, n o . o t h e r 

method f o r polysome ' p r o t e c t i o n ' was employed. Polysomes i f p r e s e n t , may 

n o t h a v e been a b l e t o a c c e p t t h e v i r a l RNA, and i f i s o l a t e d ribosomes 

were p r e s e n t , these may have been unable t o form new polysomes under t h e 

c o n d i t i o n s employed. I n e i t h e r case low i n c o r p o r a t i o n would r e s u l t . 

Dunn e t a l . , (1963) found t h a t young Chinese cabbage l e a v e s had a 

r i b o s o m a l c o n t e n t f i v e t o t e n t i m e s g r e a t e r t h a n o l d e r l e a v e s . C l a r k 

e t a l . , (1964) d e t e r m i n e d t h a t 8 t o 9 day o l d Chinese cabbage l e a v e s c o n t a i n e d 

t h e g r e a t e s t c o n c e n t r a t i o n o f 83 S ribosomes. T h e i r measurements o f 
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polysomes i n l e a f e x t r a c t s p o s s i b l y i n d i c a t e s t h e p r o p o r t i o n o f 

i n v i v o p r o t e i n s y n t h e s i s i n g machinery w h i c h i s a c t i v e a t a g i v e n t i m e . 

Young l e a v e s were t h e r e f o r e e x t r a c t e d f o r t h e i n v i t r o Chinese cabbage 

systems, assuming t h a t t h i s a c t i v e i n v i v o s t a t e would be r e f l e c t e d i n v i t r o . 

S r i v a s t a v a (1969) f o u n d t h a t i n c o r p o r a t i o n o f p h e n y l a l a n i n e i n t o 

t h e p r o t e i n o f mouse s k e l e t a l muscle decreased w i t h t h e age o f t h e mouse, 

t h i s change b e i n g accompanied by a p r o g r e s s i v e d e c l i n e i n the c o n c e n t r a t i o n 

o f polysomes. S i m i l a r l y Murthy (1966) f o u n 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 

i n t o p r o t e i n by r a t b r a i n ribosomes decreased w i t h the age o f t h e r a t , 

a l t h o u g h i n c o r p o r a t i o n i n t o r a t l i v e r ribosomes i n c r e a s e d w i t h age. Mehta 

e t a l . , (1969) found t h a t polysome p r e p a r a t i o n s f r o m wheat l e a v e s were 

m a r k e d l y a f f e c t e d by the age o f t h e l e a v e s , ribosomes from younger lea v e s 

b e i n g more a c t i v e t h a n t hose from o l d e r l e a v e s . 

I n v i v o TYMV r a p i d l y invades t h e younger l e a v e s , and r i b o s o m a l 

c o n c e n t r a t i o n and a c t i v i t y p r o b a b l y p l a y major r o l e s . P o s s i b l y t o 

re p r o d u c e t h i s a c t i v e s t a t e i n v i t r o , a c t i v e polysomes are i n i t i a l l y 

r e q u i r e d . 

I n a n i m a l c e l l s , c e l l u l a r polysomes d i s a p p e a r under t h e i n f l u e n c e 

o f an i n h i b i t o r y p r o t e i n , a new c l a s s o f ' v i r a l ' polysome a p p e a r i n g 

l a t e r . T h i s may mean t h a t t h e i n h i b i t o r y p r o t e i n i s no l o n g e r f u n c t i o n i n g 

o r t h a t t h e i n h i b i t o r i s a b l e t o d i s t i n g u i s h between c e l l u l a r and v i r a l 

mRNA ( a p p a r e n t l y analagous t o t h e a c t i o n o f i n t e r f e r o n i n w h i c h v i r a l 

and h o s t c e l l mRNA are a l s o d i s t i n g u i s h a b l e ) . 

H a s e l k o r n and F r i e d (1964) n o t e d t h a t TYMV RNA and TMV RNA a s s o c i a t e 

w i t h E. c o l i ribosomes i n v i t r o . t o f orm complexes (monosomes) c o n t a i n i n g 
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s i n g l e ribosomes. P o l y ( U ) a s s o c i a t e s w i t h ribosomes t o form polysomes, 

b u t t h e ribosomes i n such polysomes p a r t i c i p a t e i n t h e r a t e - l i m i t i n g 

s t e p 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 as i n d i v i d u a l s . The a b i l i t y o f 

p o l y n u c l e o t i d e s t o f o r m monosomes o r polysomes i n v i t r o appears t o be 

c o r r e l a t e d w i t h t h e secondary s t r u c t u r e o f t h e p o l y n u c l e o t i d e . I n v i t r o 

TYMV RNA may n o t have had t h e ' c o r r e c t ' secondary s t r u c t u r e r e s u l t i n g 

i n low amino a c i d i n c o r p o r a t i o n ('coat p r o t e i n ' s y n t h e s i s p o s s i b l y b e i n g 

t h e l i m i t i n g s t e p i n t h i s c a s e ) . 

Biswas (1969) n o t e d t h a t i n seeds , a l l t h e m e t a b o l i c a c t i v i t i e s 

a r e h i g h l y suppressed, m e t a b o l i c a c t i v i t y b e g i n n i n g as they imbibe 

w a t e r . Low amino a c i d i n c o r p o r a t i o n by ribosomes from ungerminated wheat 

embryos was r e p o r t e d by A l l e n d e and Bravo ( 1 9 6 6 ) . Marcus and Feeley (1964) 

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

f u n c t i o n a l i n t h e c o t y l e d o n o f t h e ungerminated peanut and t h a t mRNA i s 

l i m i t i n g . Marcus and Feeley (1965) and Marcus e t a l . , (1966) found 

t h a t p r o t e i n s y n t h e s i s i n g c a p a c i t y o f i m b i b i n g wheat embryos was 

accompanied by an i n c r e a s e i n polysomes ( w h i c h accounted f o r most o f t h e 

amino a c i d i n c o r p o r a t i o n ) . S t u r a n i e t a l . , (1968) found v e r y l i t t l e 

a c t i v i t y i n t h e ribosomes o f d r y c a s t o r bean endosperms, even i n t h e 

presence o f p o l y ( U ) , and suggested t h a t t h e i r s t r u c t u r e had been a f f e c t e d . 

Dormant spores o f B a c i l l u s cereus and B. megaterium y i e l d ribosomes low 

i n amino a c i d i n c o r p o r a t i n g a c t i v i t y and b i n d aminoacyl-tRNA p o o r l y 

( I d r i s s and H a l v o r s o n , 1969). I n c o n t r a s t , polysomes and a c t i v e ribosomes 

f r o m g e r m i n a t e d spores were o b t a i n a b l e . A f t e r g e r m i n a t i o n , t h e dormant 

spore ribosomes r e g a i n e d t h e i r a b i l i t y t o b i n d tRNA and t o f u n c t i o n i n 

p o l y ( U ) 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 . The i m p a i r e d a c t i v i t y i n dormant 
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spores was n o t a t t r i b u t e d t o RNase a c t i v i t y . L i n s k e n s (1969) 

r e p o r t e d t h a t changes i n t h e r i b o s o m a l p a t t e r n i n Fucus eggs upon 

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

E x t r a c t e d ribosomes f r o m Chinese cabbage seed pods and g e r m i n a t i n g 

seeds were found t o be i n a c t i v e i n amino a c i d i n c o r p o r a t i o n , even i n 

t h e presence o f p61y(U). Damage t o t h e ribosomes d u r i n g e x t r a c t i o n , o r 

. t h e i r immature n a t u r e c o u l d have been t h e cause o f t h i s . S i m i l a r l y 

ribosomes i s o l a t e d f r o m g e r m i n a t i n g beans were found t o be r e l a t i v e l y 

i n a c t i v e ( a l t h o u g h found by Payne (1970) t o be a c t i v e ) . 

TYMV i s n o t r e p o r t e d t o be seed borne ( a l t h o u g h t h r o u g h o u t the 

p r e s e n t work a number o f c o n t r o l p l a n t s e x h i b i t e d t y p i c a l symptoms o f 

i n f e c t i o n - a t t e m p t s a t back i n o c u l a t i o n were unsuccessful). T h i s may be 

a r e s u l t o f an i n a b i l i t y o f TYMV RNA t o e n t e r t h e r e q u i s i t e t i s s u e s , o r 

i f a b l e , t o be a d v e r s e l y a f f e c t e d by s t o r a g e . D e g r a d a t i o n o f TYMV on 

s t o r a g e i s w e l l documented, and s t o r a g e combined w i t h RNase a c t i v i t y and 

d r y i n g o u t o f seed t i s s u e s c o u l d enhance t h i s . I t i s p o s s i b l e t h a t seed 

ribosomes a r e i n some way d i f f e r e n t t o normal l e a f ribosomes, and are thus 

u n a b l e t o b i n d TYMV RNA. T h i s would appear u n l i k e l y as p o l y ( U ) was 

i n a c t i v e a l s o . I t i s p o s s i b l e t h a t h e t e r o l o g o u s mRNAs ( n a t u r a l o,r 

a r t i f i c i a l ) a r e u n a b l e t o r e a c t w i t h such ribosomes b e f o r e a c e r t a i n 

s t a g e i n t h e i r development. Close a s s o c i a t i o n o f nascent endogenous 

messenger w i t h seed ribosomes c o u l d a l s o p r e v e n t acceptance o f a ' f o r e i g n ' 

message. 
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C h l o r o p l a s t i c o r Cy t o p l a s m i c Ribosomes?: 

Rezende-Pinto and Borges (1952) found no change i n t h e g r a n u l a r 

s t r u c t u r e o f t h e c h l o r o p l a s t s f r o m t h e green areas o f Chinese cabbage 

l e a v e s s y s t e m i c a l l y i n f e c t e d w i t h TYMV. I n th e ' c h l o r o t i c ' areas, 

many c h l o r o p l a s t s had l o s t t h e i r g r a n u l a r s t r u c t u r e . C h a l c r o f t and 

Matthews (1966) f o u n d t h a t d a r k green areas o f leave s showing mosaic 

p a t t e r n appeared n o r m a l , whereas a l l o t h e r t y p e s o f t i s s u e i n t h e mosaic 

area had markedly abnormal c h l o r o p l a s t s ( s w o l l e n and f r e q u e n t l y aggregated 

i n t o l a r g e c l u m p s ) . They observed no p a r t i c l e s o f th e s i z e o f 83 S 

ribosomes o f TYMV w i t h i n t h e c h l o r o p l a s t s , t h e n u c l e u s and m i t o c h o n d r i a 

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

C l a r k (1964) observed t h a t t h e 68 S ribosomes o f Chinese cabbage 

l e a v e s appear t o be c o n f i n e d t o th e c h l o r o p l a s t s . I n TYMV i n o c u l a t e d 

l e a v e s , t h e c o n c e n t r a t i o n o f 68 S ribosomes i n d e v e l o p i n g l e s i o n s f e l l 

r a p i d l y and i n y e l l o w - g r e e n o r w h i t e areas were c o m p l e t e l y absent. They 

were s t i l l f o und t o be p r e s e n t a t normal c o n c e n t r a t i o n s i n the d a r k green 

a r e a s , p r o b a b l y a l l o w i n g normal p l a n t f u n c t i o n s t o c o n t i n u e t hus p r e v e n t i n g 

t h e r a p i d d e a t h o f th e p l a n t . Complete removal o f th e 68 S ribosomes would 

u n d o u b t e d l y p r e c i p i t a t e t h e r a p i d d e a t h o f t h e p l a n t , which would n o t be 

advantageous t o t h e v i r u s . I t may be c o n j e c t u r e d t h a t mosaic f o r m a t i o n 

i s i n f a c t i n t e n d e d by t h e v i r a l genome, so as t o p r o l o n g i t s h o s t s 

e x i s t e n c e . C o n v e r s e l y , t h e p l a n t may have areas more r e s i s t a n t t o v i r a l 

a t t a c k . 

I f t h e r e i s a v a r i a t i o n i n riboscmes w i t h r e s p e c t t o s e n s i t i v i t y t o 

v i r a l a t t a c k , t o t a l c y t o p l a s m i c ribosome i s o l a t i o n (as i n th e p r e s e n t work) 
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may r e s u l t i n a ' d i l u t i o n ' o f t h e s e n s i t i v e t y p e s w i t h consequent 

poor i n v i t r o a c t i v i t y . 

C l a r k e t a l . , (1964) observed t h a t i n h e a l t h y l e a v e s , t h e 

c o n c e n t r a t i o n o f 83 S ribosomes f e l l s t e a d i l y d u r i n g l e a f expansion. 

I n d e v e l o p i n g l e s i o n s i n l e a v e s i n o c u l a t e d w i t h TYMV, t h e normal f a l l 

i n c o n c e n t r a t i o n was h a l t e d about t h e same t i m e t h e l e s i o n s f i r s t became 

v i s i b l e . From t h e n t h e y observed t h a t l o c a l l e s i o n t i s s u e showed a 

h i g h e r c o n c e n t r a t i o n o f 83 S ribosomes t h a n u n i n f e c t e d , I n leaves 

showing f u l l mosaic symptons however, t h e r e was no marked d i f f e r e n c e 

between t h e d a r k green and y e l l o w t i s s u e s i n t h e c o n c e n t r a t i o n o f these 

r i b o s o m e s . I n w h i t e areas t h e y n o t e d an i n c r e a s e i n c o n c e n t r a t i o n . 

Matthews (1958) and F r a n c k i and Matthews (1962) found t h a t as 

TYMV i n c r e a s e d i n c o n c e n t r a t i o n , the t o t a l RNA o f t h e l e a f a l s o i n c r e a s e d 

by an amount e q u i v a l e n t t o t h a t found i n t h e v i r u s . A n a l y s i s o f t h e 

o v e r a l l base c o m p o s i t i o n o f t h e RNA showed ho s i g n i f i c a n t change i n t h e 

h o s t RNA o f t h e i n f e c t e d l e a f , i n d i c a t i n g t h a t TYMV i n f e c t i o n does n o t 

have any major e f f e c t on t h e o v e r a l l amount o f c o m p o s i t i o n o f h o s t RNA 

i n i n f e c t e d t i s s u e s . . However, as n o t e d by Matthews and Ralph (1966) 

i n t h e s e a n a l y s e s t h e normal l e a f RNA measured would have been l a r g e l y 

83 S r i b o s o m a l and any s i g n i f i c a n t changes i n RNA f r a c t i o n s p r e s e n t i n 

s m a l l e r amounts ( e . g . , 68 S r i b o s o m a l o r tRNA) would n o t have been d e t e c t e d . 

Because t h e p r o p o r t i o n o f bases i n TYMV RNA d e v i a t e w i d e l y from 

u n i t y , i t i s p o s s i b l e t o d i s t i n g u i s h c l e a r l y between v i r a l and duplex 

RNA by n u c l e o t i d e a n a l y s i s . A f t e r l a b e l l i n g i n f e c t e d p l a n t s , Ralph e t a l . , 

(1965) f o u n d t h a t t h e i s o l a t e d d u p l e x RNA had an apparent base c o m p o s i t i o n 
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l i k e t h a t o f v i r a l RNA, b u t as t i m e o f l a b e l l i n g i n c r e a s e d from 30 min 

t o 8 days, t h e base c o m p o s i t i o n became l i k e t h a t expected f o r t h e TYMV 

du p l e x . S i m i l a r r e s u l t s were o b t a i n e d w i t h TMV d o u b l e - s t r a n d e d RNA. 

These r e s u l t s suggest t h a t t h e v i r a l RNA s t r a n d o f th e d u p l e x i s 

r e p l i c a t i n g more r a p i d l y t h a n t h e minus s t r a n d , and t h a t t h e newly 

formed v i r a l RNA s t r a n d s a r e d i s p l a c e d from t h e duplex. Such an 

asymmetric s e m i - c o n s e r v a t i v e r e p l i c a t i o n mechanism has been proposed 

f o r s e v e r a l RNA v i r u s e s (Fenwick e t a l . , 1964; Ochoa e t a l . , 1964; 

Weissmannet a l . , 1964). 

S i n g l e - s t r a n d e d TYMV has n o t been shown t o occur f r e e i n i n f e c t e d 

c e l l s , o r a s s o c i a t e d w i t h ribosomes e i t h e r i n monosome o r polyr i b o s o m e 

f o r m i n such c e l l s (Matthews, 1970). 

Van Rammen (1963) c a r r i e d o u t e x p e r i m e n t s w i t h TMV i n tobacco 

l e a v e s w h i c h suggested t h a t uncoated TMV RNA may be a s s o c i a t e d w i t h t h e 

80 S ribosomes. There i s some doubt however (Matthews, 1970), as t o 

wh e t h e r van Kammen was s t u d y i n g naked RNA as a s s o c i a t e d w i t h t h e ribosomes 

i n v i v o , o r c o n t a m i n a t i o n o f t h e ribosome f r a c t i o n w i t h TMV which had 

become uncoated d u r i n g t h e i s o l a t i o n p r o c e d u r e . 

By analogy w i t h o t h e r p r o t e i n s y n t h e s i s i n g systems i t i s p r o b a b l e 

t h a t TYMV RNA does become a s s o c i a t e d w i t h one o r more ribosomes i n v i v o 

t o produce v i r a l c o a t p r o t e i n . The e f f e c t o f TYMV i n f e c t i o n on ribosomes 

and polysomes has been shown by wo r k e r s t o v a r y a c c o r d i n g t o th e t i s s u e 

examined. The i m p l i c a t i o n o f these v a r i o u s changes i n r e l a t i o n t o t h e 

s y n t h e s i s o f v i r a l p r o t e i n a r e t h e r e f o r e obscure. 

R e i d and Matthews (1966) f o u n d t h a t m a t e r i a l assumed t o be ribosomes 
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and s e d i m e n t i n g a t c. 83 S, i n e x t r a c t s from i n o c u l a t e d l e a v e s , r e a c t e d 

w i t h TYMV r a b b i t a n t i s e r u m . T h i s may be i n t e r p r e t e d t o suggest t h a t 

t h e s e ribosomes have a s s o c i a t e d w i t h them s e r o l o g i c a l l y r e a c t i v e s u b u n i t s 

o f t h e v i r u s c a p s i d . However, 83 S ribosomes i n s y s t e m i c a l l y i n f e c t e d 

l e a v e s d i d n o t r e a c t d e t e c t a b l y . I t may be t h a t ' p r o t e i n ' formed i n 

s y s t e m i c a l l y i n f e c t e d l e a v e s i s more v i r a l ' s p e c i f i c ' p r o t e i n than 

t r u e ' c o a t ' p r o t e i n , t h u s a d e t e c t a b l e r e a c t i o n m i g h t n o t be expected. 

The p o s s i b l e r o l e o f t h e two c l a s s e s o f p l a n t ribosomes has n o t 

t h e r e f o r e been c l e a r l y e s t a b l i s h e d f o r any p l a n t v i r u s . H i r a i and 

Wildman (1967) i n u n p u b l i s h e d e x p e r i m e n t s observed t h a t 70 S c h l o r o p l a s t 

ribosomes decreased i n amount and i n i n v i t r o amino a c i d i n c o r p o r a t i n g 

a c t i v i t y , compared t o h e a l t h y l e a v e s , a t about t h e same t i m e when t h e 

TMV g r o w t h curve d e p a r t e d markedly f r o m the e x p o n e n t i a l c o n d i t i o n . I n 

c o n t r a s t t h e 80 S c y t o p l a s m i c ribosomes d i d n o t seem t o change. They 

s u s p e c t e d t h a t t h e disappearance o f c h l o r o p l a s t ribosomes i s a r e s u l t 

o f c o m p e t i t i o n f o r s u b s t r a t e s by t h e TMV system. 

H i r a i and Wildman (1969) found t h a t d u r i n g e a r l y systemic i n f e c t i o n 

by TMV i n tobacco, c h l o r o p l a s t ribosome and p r o t e i n s y n t h e s i s was 

i n h i b i t e d , w h i l e c y t o p l a s m i c ribosome s y n t h e s i s was n o t . However, i n 

t h e zone o f a c t i v e m e s o p h y l l c e l l s s u r r o u n d i n g t h e n e c r o t i c c e n t r e o f 

l o c a l l e s i o n s i n d u c e d by TMV i n N i c o t i a n a g l u t i n o s a , I s r a e l and Ross 

(1967) observed a marked i n c r e a s e i n t h e amount o f endoplasmic r e t i c u l u m 

and a s s o c i a t e d ribosomes. L i k e w i s e t h e c h l o r o p l a s t s i n t h e c e l l s i n t h i s 

zone appeared t o c o n t a i n more ribosomes t h a n u s u a l . 

C h l o r o p l a s t ribosomes i n Chinese cabbage have a l s o been r e p o r t e d 
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t o decrease i n amount i n e x t r a c t s o f v i r u s i n f e c t e d t i s s u e ( R e i d and 

Matthews, 1966), and a r e no l o n g e r d e t e c t a b l e i n t i s s u e i n which t h e 

v i r u s i s s t i l l b e i n g produced. I f t h i s r e p r e s e n t s a t o t a l l o s s o f 

68 S ribosomes r a t h e r t h a n a change t o some i n e x t r a c t a b l e form, then 

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

s y n t h e s i s . 

The e x t e n t t o w h i c h t h e c h l o r o p l a s t ribosomes a r e reduced depends 

l a r g e l y on t h e s t r a i n o f TYMV and i n c r e a s e s w i t h t i m e o f i n f e c t i o n . 

Ushiyama and Matthews (1970) have observed t h a t l o s s o f ribosomes more o r 

l e s s p a r a l l e l s t h e l o s s o f c h l o r o p h y l l , ' w h i t e s t r a i n s ' c a u s i n g t h e most 

severe l o s s e s . 

TYMV i n f e c t i o n has a p p a r e n t l y c o m p a r a t i v e l y l i t t l e e f f e c t on t h e 

c o n c e n t r a t i o n o f 83 S ribosomes. Randies and Matthews (1970) n o t e d t h a t 

as TYMV i n f e c t s young Chinese cabbage l e a v e s s y s t e m i c a l l y , t h e r e i s a 

temporary r i s e i n t h e c o n c e n t r a t i o n o f 83 S ribosomes seen i n e x t r a c t s 

made j u s t b e f o r e t h e v i r u s becomes d e t e c t a b l e i n d e n s i t y g r a d i e n t s . They 

a t t r i b u t e d t h i s r i s e t o a v i r u s i nduced i n c r e a s e i n the e x t r a c t a b i l i t y o f 

th e ribosomes, r a t h e r t h a n t o an i n c r e a s e i n s y n t h e s i s . 

F u r t h e r t o t h e f a c t t h a t membrane-bound and f r e e ribosomes may 

r e p r e s e n t d i f f e r e n t p r o t e i n s y n t h e s i s i n g systems, Mehta e t a l . , (1968) 

showed t h a t wheat l e a v e s c o n t a i n two d i s t i n c t c l a s s e s o f polysomes, and 

t h e c o - e x i s t e n c e o f these polysomal c l a s s e s i n t h e same c e l l suggested t o 

them t h e presence o f two p r o t e i n s y n t h e s i s i n g systems. Van Kammen (1967) 

a l s o suggested t h e presence o f two d i f f e r e n t amino a c i d i n c o r p o r a t i n g 

systems i n tobacco l e a v e s . Mehta e t a l . , (1969) observed t h a t i n comparison 
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w i t h s i m i l a r p r e p a r a t i o n s from wheat l e a f c h l o r o p l a s t s , the 

c y t o p l a s m i c polysomes showed much l e s s amino a c i d i n c o r p o r a t i o n , even 

i n t h e presence o f p o l y ( U ) . 

Boardman,et a l . , (1966) demonstrated t h a t t h e 70 S ribosomes i n 

a tobacco l e a f e x t r a c t were 10 t o 20 f o l d more a c t i v e i n p r o t e i n 

s y n t h e s i s t h a n t h e 80 S ribosomes i n a c y t o p l a s m i c e x t r a c t . I s o l a t i o n 

o f t h e 70 S ribosomes f r o m t h e c h l o r o p l a s t s reduced t h e i r a c t i v i t y , 

whereas p u r i f i c a t i o n o f t h e 80 S i n c r e a s e d t h e i r a c t i v i t y . 

E i s e n s t a d t and Brawerman (1964) found t h a t c y t o p l a s m i c ribosomes 

f r o m Euglena g r a c i l i s c u l t u r e s h a r v e s t e d a t stages beyond t h e l o g phase 

o f g r o w t h were t h e most a c t i v e i n amino a c i d i n c o r p o r a t i o n ( a c t i v i t y 

b e i n g enhanced by g l u t a t h i o n e and by 5% e t h a n o l ) . 

Nicr.,olson and Flamm (1964) found t h a t i n tobacco c e l l c u l t u r e s , t he 

c y t o p l a s m i c membrane bound ribosomes were t h e major s i t e o f p r o t e i n 

s y n t h e s i s , n u c l e a r ribosomes b e i n g i n a c t i v e (Flamm and B i r n s t i e l , 1964). 

A l t h o u g h these v a r i o u s o b s e r v a t i o n s a l l o w no u n e q u i v o c a l c o n c l u s i o n , 

i t i s p r o b a b l e t h a t TYMV p r o t e i n i s made on 83 S ribosomes. A t t e m p t s t o 

de m o n s t r a t e t h e presence o f TYMV RNA i n p o l y - o r monosomes i n l e a f 

e x t r a c t s have g i v e n no u s e f u l r e s u l t s t o c o n f i r m t h i s . T h i s has been 

due i n p a r t t o t h e i n s t a b i l i t y o f polysomes i n l e a f e x t r a c t s , t h e 

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

presence o f many c o n t a m i n a t i n g l a b e l l e d m a t e r i a l s i n t h e polysome 

f r a c t i o n ( C l a r k e t a l . , 1964). 

A c c o r d i n g t o Jacob and Monod (1961) t h e ribosome b e i n g an 
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u n s p e c i a l i s e d s t r u c t u r e would suggest t h a t v i r a l p r o t e i n c o u l d be 

s y n t h e s i s e d on e i t h e r 68 S o r 83 S. Whether t h i s i s a c o r r e c t 

s u p p o s i t i o n has y e t t o be c o n f i r m e d . Undoubtedly w i t h t h e c o r r e c t 

i n v i t r o e n v i r o n m e n t , amino a c i d i n c o r p o r a t i n g a c t i v i t y c o u l d be 

o b t a i n e d w i t h b o t h s p e c i e s . P r o d u c t a n a l y s i s would be necessary t o 

a s c e r t a i n t h e n a t u r e o f t h e s y n t h e s i s e d p r o d u c t t o compare i t w i t h 

n a t i v e c o a t p r o t e i n . 

L i t t l e a c t i v i t y was o b t a i n e d here i n an i n v i t r o Chinese cabbage 

' c h l o r o p l a s t ' amino a c i d i n c o r p o r a t i n g system, and t h i s s e c t i o n o f t h e 

work was n o t pursued f u r t h e r . The a t t e m p t a t d e v e l o p i n g an 80 S system 

was t h e r e f o r e p a r t l y a r b i t a r y and p a r t l y based on t h e evidence o u t l i n e d 

above. 

I t may be n o t e d , however, t h a t Sela and Kaesberg (1969) employed 

a t o b a c c o l e a f c h l o r o p l a s t system and c l a i m e d t h e s y n t h e s i s o f tobacco 

mosaic v i r u s c o a t p r o t e i n . 

C e r t a i n v i r a l p r o t e i n s may t h e r e f o r e be made i n v i v o on one c l a s s 

o f r ibosomes, t h e o t h e r c l a s s b e i n g i n v o l v e d a t c e r t a i n stages. I t may 

be t h a t t h e 80 S ribosome i s i n some way b e t t e r adapted f o r t he t a s k o f 

'coat p r o t e i n ' s y n t h e s i s , i n v i t r o and p o s s i b l y a l s o i n v i v o . 

I t i s i n t e r e s t i n g t o n o t e t h a t 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 o f a 

microsome s u s p e n s i o n b e f o r e and a f t e r i n c o r p o r a t i o n o f amino a c i d s 

i n d i c a t e d t h a t t h e 80 S component d i s a p p e a r e d on i n c o r p o r a t i o n . B e a r i n g 

i n mind d i l u t i o n f a c t o r s , t h e c o n c e n t r a t i o n o f t h e 68 S component d i d n o t 

appear t o v a r y , a l t h o u g h t h e r e were a number o f h i g h e r s e d i m e n t i n g components 

a f t e r i n c o r p o r a t i o n . I t may be t e n t a t i v e l y suggested t h a t t h i s shows t h a t . 
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a t l e a s t i n v i t r o , TYMV RNA a s s o c i a t e s w i t h 80 S ribosomes and n o t w i t h 

68 S ribosomes (under t h e e x p e r i m e n t a l c o n d i t i o n s employed). T h i s 

s u g g e s t i o n i s f u r t h e r e d by t h e f a c t t h a t a microsomal suspension from 

TYMV i n f e c t e d B. c h i n e n s i s l e a v e s ( w i t h a reduced 70 S c o n t e n t ) and a 

micros o m a l su s p e n s i o n f r o m u n i n f e c t e d l e a v e s ( w i t h a normal 70 S and 80 S 

c o n t e n t ) produced s i m i l a r l e v e l s o f amino a c i d i n c o r p o r a t i o n . 

Amino a c i d i n c o r p o r a t i o n i n t o p r o t e i n by a h i g h e r p l a n t c e l l - f r e e 

system o c c u r s a t much l o w e r r a t e s t han animal o r b a c t e r i a l systems. The 

d e m o n s t r a t i o n o f TMV c o a t p r o t e i n s y n t h e s i s by Sela and Kaesberg (1969) 

however, u s i n g a tobacco l e a f r i b o s o m a l system suggests t h e apparent 

r a t e s o f amino a c i d i n c o r p o r a t i o n c a l c u l a t e d f r o m t h e s p e c i f i c r a d i o a c t i v i t y 

o f s u p p l i e d amino a c i d s may r e p r e s e n t o n l y a f r a c t i o n o f t h e t r u e a c t i v i t y 

o f t h e system. An e x a m i n a t i o n o f t h e r a t e s o f aminoacyl-tRNA s y n t h e s i s 

i n d i c a t e s t h a t c e l l - f r e e systems f r o m p l a n t s may be q u i t e a c t i v e b u t 

t h a t endogenous c o n c e n t r a t i o n s o f amino a c i d s d i l u t e s u p p l i e d t r a c e r 

amino a c i d s ( H a l l and Tao, 1970). 

Ofengand and H a s e l k o r n ( 1 9 6 2 ) , H a s e l k o r n e t aL, (1963) and Ha s e l k o r n 

and F r i e d (1964) have suggested from s t u d i e s w i t h a TYMV RNA primed i n 

v i t r o E. c o l i p r o t e i n s y n t h e s i s i n g system t h a t p r o t e i n s y n t h e s i s o c c u r r e d 

on complexes o f TYMV RNA w i t h s i n g l e E. c o l i ribosomes. Voorma e t a l . , 

(1964, 1965) however, w i t h e s s e n t i a l l y t h e same system, o b t a i n e d 
_2 2+ 

p o l y r i b o s o m e s i n t h e presence o f 1.8 x 10 M Mg . The e x t e n t o f 

amino a c i d i n c o r p o r a t i o n p e r r i b o s o m a l aggregate i n c r e a s e d when t h e number 

o f ribosomes a s s o c i a t e d w i t h t h e message RNA molecu l e i n c r e a s e d . 
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N i r e n b e r g and M a t t h a e i (1961) d e s c r i b e d s t i m u l a t i o n o f p r o t e i n 

s y n t h e s i s by RNA from E. c o l i ribosomes and f r o m TMV i n an E. c o l i 

c e l l - f r e e system. P r e l i m i n a r y e x p e r i m e n t s showed t h a t o n l y a f r a c t i o n 

- o f t h e RNA was a c t i v e and i n t h e m a j o r i t y o f e x p e r i m e n t s t h e p r o d u c t d i d 

n o t resemble t h e c o a t p r o t e i n (Aach e t a l . , 1964). Nathans e t a l . , (1962) 

f o u n d , however, t h a t f 2 RNA i n an E. c o l i system s t i m u l a t e d t h e p r o d u c t i o n 

o f t h e c o r r e s p o n d i n g v i r a l c o a t p r o t e i n (as d i d Schwartz e t a l . , ( 1 9 6 5 ) 

i n t h e h e t e r o l o g o u s system c o n t a i n i n g f 2 RNA and Euglena c h l o r o p l a s t 

r i b o s o m e s ) . S i m i l a r l y C l a r k e t a l , , (1965) found t h i s w i t h 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 u s ( w h i c h p r o b a b l y codes f o r no more t h a n two p r o t e i n s ) . 

The p o l y p e p t i d e m a t e r i a l formed i n t h e i r i n v i t r o system y i e l d e d on 

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

t h o s e f o u n d i n t h e v i r u s c o a t p r o t e i n . I t has n o t been a b s o l u t e l y 

e s t a b l i s h e d t h a t t h e f 2 p r o d u c t was f u n c t i o n a l l y competent t o t h e e x t e n t 

o f b e i n g assembled i n t o phage o r p h a g e - l i k e p a r t i c l e s . Knowle (1969) 

d e m o n s t r a t e d t h a t E. c o l i c e l l - f r e e e x t r a c t s were capable o f i n c o r p o r a t i n g 

amino a c i d s i n t o p h a g e - l i k e p a r t i c l e s , a l b e i t i n low y i e l d . 

These e x p e r i m e n t s a t l e a s t suggest t h a t p l a n t v i r a l RNA i n c o n t r a s t 

t o phage RNA c o n f r o n t s us w i t h some p a r t i c u l a r problems so f a r as i t s 

t r a n s l a t i o n i n v i t r o i s concerned and p o s s i b l y these d i f f i c u l t i e s a r e 

u n r e l a t e d t o t h e t y p e o f ribosome employed. 

The l a c k o f d e m o n s t r a t i o n o f t h e s y n t h e s i s o f TMV coat p r o t e i n i n 

E. c o l i c e l l - f r e e systems r a i s e d t h e q u e s t i o n o f whether none o f t h e 

p l a n t messages c o u l d be r e a d i n a b a c t e r i a l system, o r whether t h e 

i n f o r m a t i o n t r a n s f e r b a r r i e r was r e l a t e d p a r t i c u l a r l y t o f e a t u r e s o f TMV RNA. 
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Van Kammen (1967) observed t h a t i n h i s tobacco l e a f system, t h e 

f a i l u r e o f TMV RNA t o s t i m u l a t e amino a c i d i n c o r p o r a t i o n may be 

a s c r i b e d t o f a u l t y i n t e r a c t i o n between RNA and ribosomes. 

More g e n e r a l l y however i t can be surmised t h a t some o f t h e problems 

w i t h t h e r e l a t i v e l y l a r g e messengers l i k e TMV and TYMV RNAs are r e l a t e d 

t o t h e i r p o l y c i s t r o n i c n a t u r e . G e n e t i c a n a l y s i s has i d e n t i f i e d a t 

l e a s t t h r e e c i s t r o n s i n t h e v i r a l genome o f R 17, t h e s m a l l RNA v i r u s 

i n f e c t i n g E. c o l i . The 'A' c i s t r o n s p e c i f i e s a p r o t e i n necessary f o r 

t h e s y n t h e s i s o f i n f e c t i v e phage p a r t i c l e s , t h e 'B' c i s t r o n s p e c i f i e s 

t h e v i r u s c o a t p r o t e i n and t h e 'C c i s t r o n codes f o r t h e v i r u s - s p e c i f i c 

RNA s y n t h e t a s e i n v o l v e d i n t h e s y n t h e s i s o f t h e new v i r a l RNA (Gussin,1966), 

I t i s c l e a r t h a t TYMV RNA i s a b l e t o code f o r more than t h e v i r u s 

s h e l l s u b u n i t a l o n e and c o n s e q u e n t l y i t may be c o n s i d e r e d as a 

p o l y c i s t r o n i c messenger. Assuming t r i p l e t c o d i n g r a t i o o f t h r e e 

n u c l e o t i d e s p e r amino a c i d , TYMV RNA s h o u l d be a b l e t o code f o r about 

t e n p o l y p e p t i d e s o f t h e s i z e o f t h e s h e l l s u b u n i t . 

The s m a l l RNA m o l e c u l e i s o l a t e d f r o m t h e n o n - i n f e c t i o u s t o p component 

o f a l f a l f a mosaic v i r u s (AMV) se r v e d as a message f o r AMV co a t p r o t e i n 

i n t h e E . c o l i system (van Ravenswaay-Claasen e t a l . , 1967) whereas t h e 

l a r g e RNA m o l e c u l e f r o m t h e i n f e c t i o u s b o t t o m component was r e l a t i v e l y 

i n a c t i v e . S e p a r a t i o n o f c i s t r o n s i s t h e r e f o r e suggested. 

I t w o u l d appear t h a t such a s e p a r a t i o n o f c i s t r o n s may be a f a i r l y 

common phenomenon i n p l a n t v i r u s e s . Cowpea mosaic v i r u s (CMV) g i v e s r i s e 

t o t h r e e components, o n l y two c o n t a i n i n g n u c l e i c a c i d ( B r u e n i n g and 
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Ag r a w a l , 1967). Wood and B a n c r o f t (1965) demonstrated t h a t t h e bottom 

component, c o n t a i n i n g t h e f u l l complement o f n u c l e i c a c i d , was 

i n f e c t i o u s , whereas t h e m i d d l e component was n o t . A d d i t i o n o f t h e m i d d l e 

component t o t h e b o t t o m component, g r e a t l y enhanced t h e i n f e c t i v i t y o f 

th e l a t t e r . 

S i m i l a r l y van Kammen (1968) demonstrated t h a t m i d d l e and bottom 

cowpea components were n o t i n f e c t i o u s when i n o c u l a t e d a l o n e , b u t t h a t 

i n f e c t i v i t y was r e s t o r e d on m i x i n g t h e two components. T h i s suggests 

t h a t t h e g e n e t i c i n f o r m a t i o n f o r f u n c t i o n s necessary f o r t h e e s t a b l i s h m e n t 

o f i n f e c t i o n i s d i s t r i b u t e d between t h e two RNAs and t h a t t h e r e i s 

mu t u a l dependence and complementation. T h i s complementation i s s t r a i n 

s p e c i f i c , o r a t l e a s t dependent on a c e r t a i n c l o s e r e l a t i o n s h i p o f the 

i s o l a t e s used (De Jager and van Kaimnen, 1970). 

Tobacco r a t t l e v i r u s (TRV) has t h r e e d i s t i n c t n u c l e o p r o t e i n p a r t i c l e s 

two o f w h i c h c o n t a i n n u c l e i c a c i d . The l a r g e r one presumably r e g u l a t e s 

t h e p r o d u c t i o n o f t h e v i r a l n u c l e i c a c i d , w h i l e t h e s h o r t e r r o d codes f o r 

t h e p r o d u c t i o n o f i n f e c t i o u s RNA. I n f e c t i o n w i t h o n l y l o n g rods r e s u l t s 

i n t h e p r o d u c t i o n o f i n f e c t i o u s RNA, o r t h e u n s t a b l e form o f TRV, whereas 

t y p i c a l n u c l e o p r o t e i n p a r t i c l e s , o r t h e s t a b l e form o f TRV a r e re c o v e r e d 

o n l y a f t e r i n f e c t i o n by b o t h p a r t i c l e s (Semancik and Reynolds, 1969). 

Such complementation due t o t h e d i s t r i b u t i o n o f g e n e t i c i n f o r m a t i o n 

between t h e RNAs o f two o r more n u c l e o p r o t e i n components has a l s o been 

d e m o n s t r a t e d f o r TRV by F r o s t e t a l . , (1967) and L i s t e r , ( 1 9 6 8 ) , f o r 

a l f a l f a mosaic v i r u s by van V l o t e n - D o t i n g e t a l . , ( 1 9 6 8 ) , f o r t h e bean pod 

m o t t l e v i r u s by Wood and B a n c r o f t (1965) and f o r tobacco s t r e a k v i r u s by 
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Fulton (1967). 

Wood and Bancroft (1965) demonstrated t h a t p a r t i c l e s w i t h p a r t i a l l y 

damaged RNA i n the bottom component of bean pod mottle , although 

n o n - i n f e c t i o u s by themselves, became i n f e c t i o u s i n the presence of some 

middle component. This a c t i v a t i o n i s presumably due to the middle 

component supplementing the bottom component p a r t i c l e w i t h the damaged 

c i s t r o n i n the n u c l e i c a c i d (Reichmann and Clark, 1968). 

I f i t i s assumed t h a t the i n i t i a l requirement f o r i n f e c t i v i t y 

i s the r e p l i c a t i o n of the genome (RNA), i t must be concluded that i n 

CMV experiments, the re p l i c a s e must be encoded i n at l e a s t two c i s t r o n s 

(Reichmann and Clark, 1968). This requires t h a t the repl i c a s e be made 

up of a t l e a s t two d i f f e r e n t enzymes or parte of the same enzyme. I f 

separation of c i s t r o n s i s confirmed i t provides the p o s s i b i l i t y of a 

separate i n v e s t i g a t i o n of various functions required f o r v i r u s 

m u l t i p l i c a t i o n and gives r i s e t o questions concerning the s i g n i f i c a n c e 

o f t h i s d i v i s i o n f o r the e v o l u t i o n o f the v i r u s , the i n t e r a c t i o n o f the 

components i n the process of m u l t i p l i c a t i o n , the connection between the 

p o s s i b i l i t y o f complementation and the r e l a t i o n s h i p o f s t r a i n s , and the 

s i m i l a r i t y o f RNAs, i f any (De Jager and van Kammen, 1970). 

I t i s possible t h a t some viruses w i t h apparently only one kind of 

p a r t i c l e may i n f a c t c o n s i s t of two dependent p a r t i c l e s t h a t cannot be 

separated a t present by physical means. I n a l l the multiTparticle viruses 

described t o date, the p a r t i c l e s involved d i f f e r i n size (or molecular 

weight) because they contain d i f f e r e n t amounts of RNA. The RNA o f the 

p a r t i c l e s i s of s i m i l a r but not necessarily i d e n t i c a l , base composition. 
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For tobacco r a t t l e and a l f a l f a mosaic v i r u s there i s good evidence t h a t 

the RNA o f the smallest p a r t i c l e contains the coat p r o t e i n c i s t r o n used 

by the other p a r t i c l e s . This i s s u f f i c i e n t reason, but may not be the 

only reason, why the l a r g e r p a r t i c l e needs the smaller one. 

I t i s possible t h a t there i s no d u p l i c a t i o n of f u n c t i o n i n the 

RNAs of the two p a r t i c l e s , and t h a t each depends on the other f o r a l l 

the f u n c t i o n s they provide. The a v a i l a b l e evidence suggests t h a t the 

RNA of the various classes of p a r t i c l e i n these m u l t i - p a r t i c l e viruses 

may be synthesised independently i n the c e l l . I n f e c t i o u s RNA of TRV long 

rods can be synthesised i n the absence of short rods. Van Kammen (1967) 

noted t h a t the middle and bottom components of CMV increase a t independent 

r a t e s , and he has demonstrated the presence of two pieces of double-

stranded RNA of appropriate size i n nucleic acid preparations made from 

i n f e c t e d p l a n t s (van Griensven and van Kammen, 1969). I t remains to be 

determined whether a l l the RNA pieces i n any v i r u s use the same RNA 

synthetase provided by one of them. I f they do they a l l presumably 

have the same 'r e c o g n i t i o n s i t e ' i n the RNA. 

The m u l t i - p a r t i c l e arrangement of genetic m a t e r i a l must have some 

s u r v i v a l value. The most probable advantage i s t h a t of increased genetic 

f l e x i b i l i t y over a v i r u s w i t h a l l i t s genetic m a t e r i a l i n one piece. I n 

several RNA con t a i n i n g animal viruses (e.g. r e o v i r u s and influenza v i r u s 

(Davies and Barry, 1966)) the RNA e x i s t s w i t h i n the v i r u s p a r t i c l e i n 

several pieces. The m u l t i - p a r t i c l e p l a n t viruses may represent a 

morphological v a r i a t i o n of e s s e n t i a l l y the same combination - a v i r u s 

c o n s i s t i n g o f several pieces of genetic m a t e r i a l . I n viruses w i t h 

several pieces of RNA i n one p a r t i c l e , genetic reassortment can 
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presumably take place during v i r u s r e p l i c a t i o n . I n a d d i t i o n to 

reassortment at t h i s stage the existence of the RNA i n several p a r t i c l e s 

might allow s e l e c t i o n and reassortment at other stages, e.g., during 

transmission, entry i n t o the c e l l and movement through the pl a n t . 

Experiments by van Vloten-Doting et a l . , (1968) showed th a t new 

' s t r a i n s ' of AMV can a r i s e from the mixing of top 'a' from one s t r a i n 

and bottom from another. Van Vloten-Doting (1968) showed that a l l four 

p a r t i c l e s may in f l u e n c e disease symptoas, which may allow r a p i d 

adaption to new hosts and to changing conditions i n a given host. 

The separation of the genome may have some advantage w i t h respect 

to the i n i t i a t i o n of e a r l y events i n v i r u s r e p l i c a t i o n w i t h the c e l l , 

i f some f u n c t i o n s need to be c a r r i e d out a t one s i t e and some at another. 

The tobacco r a t t l e group are transmitted by nematodes although 

the r e l a t i o n s h i p w i t h t h e i r vectors i s not established. They consist 

of s i n g l e t h i c k rods, and as such might be susceptible to breaking by 

shear forces e i t h e r i n the nematode or the p l a n t . The t w o - p a r t i c l e 

system might be an adaption t h a t avoids excessive random breaks i n the 

v i r a l rods. 

A disadvantage of the m u l t i - p a r t i c l e system, at lea s t i n theory, i s 

t h a t the p r o b a b i l i t y of e s t a b l i s h i n g a successful i n f e c t i o n i s reduced, 

since two or more p a r t i c l e s must co-operate. 

Matthews (1960) noted the presence of at lea s t four miner components 

i n a d d i t i o n to the RNA-devoid top component, i n TYMV preparations. Three 

of these minor components had lower sedimentation r a t e s , and were found 
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to contain lesser amounts of RNA, I n f e c t i o u s v i r u s was designated 

and empty p r o t e i n s h e l l s , T, 

The f a s t e s t minor component, B , contains the same amount of RNA, 

of the same c h a r a c t e r i s t i c base composition as B^, although the RNA 

i s polydisperse of S = 26-29, I t i s the minor component occurring 

i n the l a r g e s t amount and i s of low i n f e c t i v i t y . The lack of i n f e c t i v i t y 

i s considered to be probably due to some defect i n the RNA (Matthews and 

Ralph, 1966). 

B^ i s a minor component, cont a i n i n g 24% by weight RNA, and w i t h a 

c h a r a c t e r i s t i c TYMV base composition. The RNA has S - 21, but i s not 

i n f e c t i o u s . 

B^^ i s a non-infectious component containing 10% RNA, and 

component B consists of m a t e r i a l sedimenting between T and B . 
uuu uu 

The n o n - i n f e c t i v e nucleoprotein f r a c t i o n s B , B or B added to 
UU U A 

p u r i f i e d B^ i n approximately equal concentrations do not appear to 

b r i n g about any increase i n the number of l o c a l lesions produced by 

the B^ f r a c t i o n i n Chinese cabbage p l a n t s . Nor i s the i n f e c t i v i t y of 

i s o l a t e d B^ RNA increased by the a d d i t i o n of minor component RNA (Faed 

and Matthews, 1970), and i t does not therefore appear to be a two p a r t i c l e 

v i r u s . 

The various components however could have regulatory r o l e s , binding 

to ribosomes to a l t e r or a i d the speed or time of occurrence of any 

r e a c t i o n . 

T o t a l extracted v i r a l RNA was employed i n the Chinese cabbage i n v i t r o 
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system, w i t h the RNA sedimenting at c. 30 S. No attempt was made to 

separate the various components. The low a c t i v i t y of the system may 

th e r e f o r e have been due to binding of the smaller RNA components, 

p o s s i b l y p r e f e r e n t i a l l y , to the exclusion of ' i n f e c t i v e ' moieties. 

The s l i g h t delay i n some experiments before amino acid i n c o r p o r a t i o n 

was observed could be a r e s u l t of i n i t i a l binding of the smaller 

components, p r i o r t o removal/displacement by the 'correct' messenger. 

The smaller components could i n f a c t be nonsense or l e t h a l i n the 

i n v i t r o and/or i n vivo states. 

The minor TYMV components could come from assembly steps f o r the 

complete p a r t i c l e , from i n vivo degradation products or from e r r o r s at 

the p a r t i c l e assembly stage of v i r u s synthesis. 

There appears to be no reason why some s a t e l l i t e v i r u s should not 

use the coat p r o t e i n of the v i r u s upon which i t i s dependent. M u l t i -

p a r t i c l e s a t e l l i t e viruses might e x i s t , and a m u l t i p a r t i c l e s a t e l l i t e 

u sing the same coat p r o t e i n as the v i r u s upon which i t depended might 

be worth searching f o r among the viruses w i t h d e f e c t i v e p a r t i c l e s of 

unknown f u n c t i o n (Matthews, 1970). 

Spindle tuber disease of potato i s i n c i t e d by free RNA and neith e r 

conventional v i r i o n s nor p r o t e i n s t h a t could be construed as v i r a l coat 

p r o t e i n s are synthesised i n i n f e c t e d p l a n t s . I t i s too small to contain 

the genetic i n f o r m a t i o n necessary f o r s e l f - r e p l i c a t i o n and must . r e l y f o r 

i t s r e p l i c a t i o n mainly on biosynthesis systems already operative i n the 

uninoculated p l a n t (Diener, 1971). I t may be one of the RNAs which are 

the 'missing l i n k ' between viruses and genes (Temin, 1970). Use of the 
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bi o s y n t h e t i c system of a p l a n t might i n such cases be a source of 

p l a n t host s p e c i f i c i t y . Certain c h a r a c t e r i s t i c s i n the genetic 'make

up' of the p l a n t could determine which viruses could invade and m u l t i p l y 

i n the host t i s s u e s . 

I t i s possible t h e r e f o r e t h a t the p r i n c i p l e s of separated c i s t r o n s 

apply i n the case of TYMV to a greater or lesser extent. This could account 

f o r low a c t i v i t y i n the i n v i t r o systems. The r e q u i s i t e component(s) 

f o r i n i t i a t i o n etc. may be absent or damaged or the concentration of 

the r e q u i r e d component(s) could be i n s u f f i c i e n t to allow measurable 

i n c o r p o r a t i o n i n a crude system. 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 and 

polyacrylamide gel electrophoresis only i n d i c a t e d the general nature of 

the v i r a l RNA employed, and i t would appear t h a t separation, p u r i f i c a t i o n 

and subsequent recombination of the various components, w i t h subsequent 

product a n a l y s i s , could go f a r to i n d i c a t e r e q u i s i t e mRNA conditions. 

Whether p a r e n t a l RNA or progeny RNA or negative or p o s i t i v e RNA strands 

are employed has already been discussed, although a f u r t h e r p o s s i b i l i t y 

i s the necessity f o r a combination of p o s i t i v e and negative strands, 

f o r a c t i v i t y . 

The question i s s t i l l open to what degree secondary s t r u c t u r e , or 

int r a m o l e c u l a r sequence complementarity, i s a p r e r e q u i s i t e f o r the f u n c t i o n 

of v i r a l and mRNA molecules (Mundry, 1969). Haselkorn and Fried (1964) 

noted t h a t RNAs such as those from TMV and TYMV have a s i g n i f i c a n t amount 

of secondary s t r u c t u r e i n s o l u t i o n , which may l i m i t the readout of the 

message i n v i t r o to non-representative regions. STV and s i m i l a r smaller 

RNAsmay possess less secondary s t r u c t u r e i n v i t r o . Voorma et al.,(1971) 

noted t h a t the secondary and t e r t i a r y s t r u c t u r e of bacteriophage RNA i s 
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po s s i b l y concerned i n the r e g u l a t i o n of the synthesis of the three 

p r o t e i n s encoded by MS2-RNA.' S p i r i n (1963,1964) has comprehensively 

reviewed the l i t e r a t u r e p e r t a i n i n g t o the s t r u c t u r e of RNA i n s o l u t i o n 

and has concluded t h a t i t i s dependent on the i o n i c environment and 

temperature. The i n v i t r o c onditions w i l l t h e refore r e f l e c t these 

f a c t o r s and can only be an approximation to those found i n vivo. 

Boedtker and Stumpp (1964) using thermally degraded RNA, found 

t h a t the amount of amino acid incorporated i n the i n v i t r o E. c o l i system 

was independent of the RNA molecular weight about 400,000. Incorporation 

was g r a d u a l l y reduced as the molecular weight f e l l below 300,000. 

Yamazaki and Kaesberg (1966) showed th a t although a product s i m i l a r 

to R17 coat p r o t e i n was made i n t h e i r system, the major products were 

very basic polypeptides r e s i s t a n t to t r y p s i n and soluble i n 5% t r i c h l o r o a c e t i c 

a c i d . Moreover i n a crude c e l l - f r e e system there occurs endogenous 

i n c o r p o r a t i o n of amino acids which has o f t e n been considered to be 

polypeptide synthesis. The evidence however has shown that t h i s amino 

a c i d i n c o r p o r a t i o n co'nsists of s i n g l e amino ac i d a d d i t i o n s to e i t h e r 

the N-termini (Momose and K a j i , 1966) or to the C-termini (Atherly and 

Imsande, 1967) of some p r e - e x i s t i n g p r o t e i n s i n the c e l l - f r e e system. 

Barondes and Nirenberg (1962) observed the degredation of synth e t i c mRNA 

dn t h e i r system before s i g n i f i c a n t polyphenylalanine synthesis had 

occurred. Igaraishi and Paranchych (1967) found t h e i r system had 

appreciable RNase a c t i v i t y , removal increasing poly(U) a c t i v i t y but 

reducing v i r a l a c t i v i t y (as i t removed important f a c t o r s from the ribosomes). 

A d d i t i o n of RNase restored a c t i v i t y , suggesting t h a t v i r a l RNA fragments 

had messenger a c t i v i t y . 
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Phage f 2 contains three c i s t r o n s , one f o r coat p r o t e i n , one f o r 

maturation or 'A' p r o t e i n (a minor component of the v i r u s p a r t i c l e ) and 

one f o r an RNA polymerase ( H o r i u c h i , Lodish and Zinder, 1966; Gussin, 

1966). When p u r i f i e d f2 RNA i s used as messenger i n a c e l l - f r e e system, 

the predominant product i s coat p r o t e i n (Nathans et a l . , 1962). Lesser 

amounts of non-coat m a t e r i a l are also synthesised and several workers have 

concluded t h a t phage RNA polymerase p r o t e i n i s synthesised i n v i t r o 

(Capecchi, 1966'; Vinuela et a l . , 196?). 

Lodish and Robertson (1969) have demonstrated the formation of a 

maturation p r o t e i n and suggest th a t synthesis of maturation p r o t e i n i s 

independent of t r a n s l a t i o n both of coat and polymerase genes, a r e s u l t 

which i m p l i e s t h a t there must be a t l e a s t two s i t e s on f 2 RNA to which 

ribosomes can att a c h independently. The notion t h a t ribosomes can attach 

t o s i t e s at the i n t e r i o r of a mRNA i s also supported by the experiments 

of Bretscher (1968) and Webster and Zinder (1969), and could lead to 

coding and other e r r o r s . 

The i n i t i a t i o n f a c t o r required f o r binding n a t u r a l mRNA to ribosomes 

could have a r o l e i n t h i s (choice of product) process by binding 

s p e c i f i c a l l y t o c e r t a i n regions of the phage RNA. Lodish and Robertson 

(1969) i n v e s t i g a t e d the r o l e of secondary s t r u c t u r e and of possible 

d i f f e r e n c e s i n nucleotide sequences at the beginning of the genes as an 

explanation of t h i s phenomenon. 

The synthesis of maturation p r o t e i n i n the phage i n f e c t e d c e l l 

( i . e . i n v i v o ) may be d i f f e r e n t from i n v i t r o . The multi-stranded 

r e p l i c a t i v e intermediate RNA found i n f2 i n f e c t e d c e l l s i s l o c a l i s e d on 
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polysomes and may represent the predominant species ,of f2 messenger 

RNA du r i n g much of the i n f e c t i o u s cycle. Engelhardt e t a l . , (1968) 

have shown t h a t i n a c e l l - f r e e system the single-stranded t a i l s of these 

s t r u c t u r e s (representing nascent RNA strands) d i r e c t synthesis of coat 

p r o t e i n but not of RNA polymerase. I t i s suggested l i k e l y t h a t the 

r e l a t i v e amounts of maturation p r o t e i n produced, as w e l l as the mechanism 

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

i ntermediate and f o r whole single-stranded phage RNA molecules. 

Matus et a l . , (1964) observed i n complexing experiments w i t h TYMV 

and p l a n t ribosomal RNA t h a t p r e f e r e n t i a l binding of host ribosomes 

by v i r a l RNA might confer an advantage i n the production of v i r a l over 

host p r o t e i n s . This complexing of TYMV RNA w i t h Chinese cabbage RNA 

(Matus et a l . , 1964) may be of s i g n i f i c a n c e although i t appears to be 

a r e l a t i v e l y non-specific phenomenon (complexing by hydrogen bonding 

w i t h unpaired bases i n the ribosomal RNA). Matus et a l , , (1964)suggest 

t h e phenomenon appears to be r e l a t e d to the base composition of the 

aggregating species r a t h e r than t o metal ions or polyamines although 

M i t r a and Kaesberg (1963) reported aggregation of TYMV RNA w i t h polyamines 

under c e r t a i n c o n d i t i o n s . 

Staeh«lin et a l . , (1964) • also reported the i n t e r a c t i o n of mRNA 

and ribosomal RNA from r a t l i v e r and suggested t h a t t h i s may have 

f u n c t i o n a l s i g n i f i c a n c e i n vivo although Matus et a l . , (1964) found an 

absence of i n t e r a c t i o n of TMV RNA and tobacco ribosomal RNA. This 

suggested t h a t t h i s type of i n t e r a c t i o n may have no f u n c t i o n a l 

s i g n i f i c a n c e i n the c e l l . I n v i t r o there may be extensive non-functional 
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binding of TYMV RNA w i t h ribosomes, the i n v i t r o environment being 

u n s u i t a b l e f o r polypeptide synthesis, and r e f l e c t e d i n the low a c t i v i t y 

of the B. chinensis system. 

Bosch e t a l . , (1966) found t h a t i s o l a t e d 70 S E. c o l i ribosomes 

associated w i t h TYMV RNA at 0°C i n the complete absence of p r o t e i n 

synthesis The r e l a t i v e abundance of aggregates was stro n g l y dependent 
2+ 

on the ribosomes/messenger r a t i o and was a f f e c t e d by Mg concentration 

of the medium. The conditions favouring ribosome/TYMV-RNA association 

were also optimal f o r polypeptide synthesis. The aggregates formed by 

mixing ribosomes and v i r a l RNA at 4°C were able to i n i t i a t e polypeptide 
r i 4 

synthesis when supplemented w i t h [ C amino acids etc.. I t was noted 

t h a t the plateau of RNA/ribosomes occurred at 10-15 ribosomes/TYMV RNA, 

the same l e v e l as f o r maximal i n c o r p o r a t i o n . I t was surmised that 

monosomes may be formed p r i m a r i l y , subsequently aggregating to form 

'polymonosomes'. 

Ribosomes c e n t r i f u g e d through 0.5 M NH^Cl showed a degredative 

a c t i v i t y towards v i r a l RNA. This may be an important f a c t o r i n v i t r o , 

although i n the present work a f a i r l y s p e c i f i c '-IC.Cl concentration was 

requ i r e d f o r optimal a c t i v i t y i n the cabbage system. 

Bosch et a l . , (1966) concluded from t h e i r work th a t e i t h e r each 

TYMV'RNA molecule i s able to bind a l i m i t e d number of ribosomes i n v i t r o 

before the onset of polypeptide synthesis. The polysomal aggregates thus 

formed are able to bind various aminoacyl-tRNAs and w i l l i n i t i a t e 

p o l ypeptide synthesis 

Or each TYMV RNA molecule associates w i t h only one ribosome, the 
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monosomes being able to aggregate and y i e l d r a p i d l y sedimenting complexes. 

I t remains t o be explained why various processes reach a maximum at 

10-15 ribosomes/messenger molecule. 

Ribosomes programmed w i t h TYMV RNA are able to bind d i f f e r e n t 

species o f aminoacyl-tRNA and i n t a c t TYMV RNA has about four ribosome-

binding s i t e s (Dahlberg and Haselkorn, 1966). I f i t i s assumed that a 

ribosome-binding s i t e i n TYMV RNA represents a p o t e n t i a l peptide chain 

i n i t i a t i o n s i t e , then the four regions i n TYMV RNA defined by the s i t e s 

could be t r a n s l a t e d independently. Four v i r a l functions i n the i n f e c t i o n 

process could then be p r e f e r e n t i a l l y expressed i n the corr e c t sequence. 

As such, the p o l y c i s t r o n i c TYMV RNA would also be a p o l y f u n c t i o n a l mRNA 

(Dahlberg and Haselkorn, 1966), Summers et a l , , (1965) observed i n 

p o l i o v i r u s i n f e c t e d HeLa c e l l s t h a t a l l of the c i s t r o n s were not 

t r a n s l a t e d a t the same r a t e or at the same time. 

I f monosomes were the only aggregates a c t i v e i n p r o t e i n synthesis, 

the attachment of only two species of tRNA to the corresponding two 

adjacent t r i p l e t s f o r the messenger chain would be expected. This might 

constitute the 'block' i n the i n v i t r o system, polysomes not being able to 

form i n the conditions employed, 

TYMV RNA o f t e n contains some fragmented m a t e r i a l , and as noted 

above, these fragments may o f f e r d i f f e r e n t and more binding s i t e s f o r 

ribosomes than the complete messenger. Binding of these could r e s u l t 

i n delay i n p r o t e i n synthesis proper. 

Van Khippenberg e t a l . , (1964, 1965 a,b) performed experiments 

w i t h streptomycin which i n d i c a t e d t h a t the messenger i s never completely 
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read. Streptomycin was able t o r e l i e v e a r a t e - l i m i t i n g step i n the 

t r a n s l a t i o n process. Although streptomycin stimulated i n v i t r o p r o t e i n 

synthesis programmed by TYMV or AMV RNA, Gori n i and Kataja (1964) noted 

t h a t the conformation of a s e n s i t i v e ribosome may be a l t e r e d i n such 

a way t h a t the messenger i s read i n a d i f f e r e n t manner (which could lead 

to a m b iguity). 

Van Knippenberg assumed t h a t s t i m u l a t i o n of TYMV RNA promoted 

p r o t e i n synthesis was a consequence of misreading. Streptomycin 

probably reduces the s p e c i f i c i t y o f the codon-anticodon i n t e r a c t i o n . 

When poly(U) i s used as messenger, the i n c o r p o r a t i o n of phenylalanine 

i s accomplished through phenylalanine s p e c i f i c tRNA. Streptomycin 

accelerates t h i s process by rendering the s p e c i f i c requirement less 

s t r i n g e n t . I n the case of a co-polymeric messenger l i k e v i r a l RNA, 

various tRNAs are involved. Due to code degeneracy, more than one 

s p e c i f i c tRNA i s able to carry a s i n g l e amino acid. Some of the tRNAs 

may be scarcely a v a i l a b l e i n the i n v i t r o system. I f required by the 

messenger, delay would thus r e s u l t . Streptomycin apparently 

circumvents these blocks by a l l o w i n g other tRNAs to f i l l the s i t e s . 

I n the Chinese cabbage i n v i t r o system the lack of any tRNA species 

should be of only small importance as t o t a l c e l l tRNA was used. When 

tRNAs from e i t h e r the f i r s t or second stages of Chinese cabbage tRNA 

c o l l e c t i o n were examined independently, or together, there was no 

s i g n i f i c a n t d i f f e r e n c e i n a c t i v i t i e s i n the i n v i t r o system. Any di f f e r e n c e 
14 1 

may have been masked by the use of the L amino acid mixture, r a t h e r 
f l 4 1 

than the use of a s i n g l e L C j amino acid. I t i s s t i l l possible however 

t h a t a minimal concentration of some v i t a l tRNA species was absent. 
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The amount of tRNA present i n tobacco leaves 48 hours a f t e r 

i n o c u l a t i o n w i t h TMV has been reported t o increase about f o u r - f o l d 

(Shigematsu et a l . , 1966) but using s i m i l a r methods, Kubo e t a l . , 

(1965) found no such increase. 

Johnson and Young (1969) used aminoacyl-tRNA synthetases from 

E. c o l i to assay f o r tRNAs f r a c t i o n a t e d from healthy and IMV-infected 

tobacco leaves. When young p l a n t s were used, no q u a n t i t a t i v e d i f f e r e n c e s 

were detected f o r seven amino acids. 

The tRNA environment of the c e l l may be a l t e r e d on i n f e c t i o n 

p o s s i b l y as a r e s u l t of d i r e c t i n f l u e n c e . The use of tRNA from 

u n i n f e c t e d leaves i n the i n v i t r o system, may not therefore compare 

e x a c t l y to the i n vivo s t a t e . The f a c t t h a t TYMV RNA can be charged 

and p o s s i b l y act as i t s own 'tRNA' may also be of v i t a l s i g n i f i c a n c e i n 

i n i t i a l and other stages of the biochemical process. 

Transfer Nucleic Acids: 

The existence of m u l t i p l e species of tRNA f o r a s i n g l e amino acid 

was f i r s t shown by Doctor et a l . , (1961) f o r the tRNAs i s o l a t e d from 

yeast. Since then heterogeneity i n tRNA species f o r a s i n g l e amino acid 

has been demonstrated i n other micro-organisms and mammalian c e l l s 

( N o v e l l i , 1967; Yang and N o v e l l i , 1968). The separation and study of 

these various tRNA species appears to be of importance therefore because 

of recent suggestions t h a t tRNAs may play a s u b s t a n t i a l r o l e i n c e l l 

d i f f e r e n t i a t i o n and c e l l u l a r r e g u l a t o r y mechanisms (Ames and Hartman, 1963; 
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Legocki and Wojciechowska, 1970; Stent, 1964). These hypotheses 

r e q u i r e t h a t the population of some tRNA molecules i n an organism 

changes as the p h y s i o l o g i c a l s t a t e of the organism a l t e r s . That 

a l t e r a t i o n s of s p e c i f i c tRNAs occur i n b a c t e r i a l and higher organisms 

during v i r u s i n f e c t i o n and d i f f e r e n t i a t i o n has been w e l l documented. 

The r o l e t h a t such a l t e r e d species of tRNA may play i n 

macromolecular r e g u l a t i o n and d i f f e r e n t i a t i o n has been f u r t h e r discussed 

by Kano-Sueoka and Sueoka (1966), Holland et al.,(1967) and van Etten 

et a l . , (1969) who suggest t h a t a m o d i f i c a t i o n of s p e c i f i c species of tRNA 

may a l t e r the t r a n s l a t i o n of c e r t a i n mRNA molecules, thus all o w i n g 

d i f f e r e n t i a l gene expression. The repor t of Anderson (1969) c l e a r l y 

demonstrates t h a t the r a t e o f mRNA t r a n s l a t i o n may be regulated by the 

q u a n t i t y of s p e c i f i c aminoacyl-tRNAs and i f the c o n t r o l of p r o t e i n 

synthesis occurs at the l e v e l of mRNA readout, both s p e c i f i c tRNAs and 

aminoacyl-tRNA synthetases may have a regulatory f u n c t i o n . Certain models 

have been proposed t o account f o r c e l l u l a r ageing as a r e s u l t of 

d i f f e r e n t i a t i o n , and one such model ( S t r e h l e r et a l . , 1967) implicates 

tRNAs and aminoacyl synthetases as l i m i t i n g components i n t r a n s l a t i o n . 

Changes i n the d i s t r i b u t i o n of c e r t a i n tRNA species have been 

reported i n phage-infected b a c t e r i a (Kano-Sueoka and Sueoka, 1966; 

Kan e t a l . , 1968; Gefter and Russell, 1969; Waters and N o v e l l i , 1967; 

Weiss et a l . , 1968), v i r u s i n f e c t e d animal c e l l s (Hay et a l . , 1967), 

b a c t e r i a l c e l l s under d i f f e r e n t growth conditions (Doi et a l . , 1968; 

Kaneko and Doi, 1966; Sueoka and Kano-Sueoka, 1964; Kano-Sueoka and Sueoka, 

1966; L a z z a r i n i , 1966; Yegian and Stent, 1969 a,b), b a c t e r i a l c e l l s 

undergoing s p o r u l a t i o n (Kaneko and Doi, 1966; L a z z a r i n i , 1966), 
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d i f f e r e n t i a t i o n of animal c e l l s (Axel et a l . , 1967; Holland e t a l . , 

1967; Marshall and Nirenberg, 1969; Mushinski and Po t t e r , 1969; 

S t r e h l e r e t a l . , 1967; Yang and N o v e l l i , 1968), i n erythrocytes of 

developing chicks (Lee and Ingram, 1967), during d i f f e r e n t i a t i o n of wheat 

seedlings (Void and Sypherd, 1968) and i n other higher plants (Anderson 

and Cherry, 1969). 

Data on the d i f f e r e n t i a t i o n of tRNA i n plants has tended to be 

scanty and concerning r a t h e r short times of development (e.g., seed 

germination) (Legocki and Wojciechowska, 1970). 

Although i t has been shown th a t tRNAs may d i f f e r e n t i a t e as 

p l a n t s develop (as observed by Brown (1969) i n mimosa e p i c o t y l tissues) 

the nature of t h i s d i f f e r e n t i a t i o n i s not known at present. Some 

degenerated tRNA species may be formed or disappear i n the course of 

development, and the species a f f i n i t y of aminoacyl-tRNA synthetases 

to c e r t a i n tRNA p a r t i c l e s may change. Brown and N o v e l l i (1968) and 

Epler (1969) showed th a t mitochondrial and cytoplasmic tRNAs of 

Neurospora crassa d i f f e r among each other. 

The p o s s i b i l i t y of r e g u l a t i o n of p r o t e i n synthesis at the l e v e l 

of t r a n s l a t i o n has thus been suggested by several workers (Ames and Hartman, 

1963; Armstrong, 1966; Axel et a l . , 1967; Kano-Suec^ and Sueoka:, 1966; 

Sueoka and Kano-Sueoka, 1964; Stent, 1964; Sueoka et a l . , 1966; S t r e h l e r 

e t a l . , 1967). I t i s obvious t h a t by l i m i t i n g the complement of tRNAs 

and/or synthetases a v a i l a b l e f o r t r a n s l a t i o n , p r o t e i n synthesis can be 

c o n t r o l l e d at the l e v e l of mRNA readout (Anderson, 1969). 
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Although changes i n s p e c i f i c tRNAs have been noted, l i t t l e 

except f o r the demonstration by S t r e h l e r et a l . , (1967) i s known 

of changes i n synthetases. Several leucyl-tRNA synthetases i n the 

r a b b i t d i f f e r q u a n t i t a t i v e l y between d i f f e r e n t s p e c i a l i s e d c e l l s . 

Anderson and Cherry (1969) showed th a t there were s i x leucyl-acylated 

tRNAs from soyabean cotyledons, but only four i n the hypocotyl system, 

t e n t a t i v e l y suggesting v a r i a t i o n i n the synthetases present. They also 

demonstrated t h a t c y t o k i n i n had an inf l u e n c e on a c y l a t i o n of tRNA, which 

may have some bearing on the r e g u l a t i o n of p r o t e i n biosynthesis. 

The base composition and amount of RNA present i n the leaves 

o f heal thy and TMV i n f e c t e d tobacco p l a n t s have, been in v e s t i g a t e d by 

Rbttger (1965), and the RNAs present i n tobacco leaves f o l l o w i n g i n f e c t i o n 

w i t h TMV were f r a c t i o n a t e d by Kubo et a l . , (1965). Johnson and Young 

(1969) i s o l a t e d and f r a c t i o n a t e d on benzoylated DEAE-cellulose, the tRNAs 

of healthy and TMV-infected leaves of Nicotiana tabacum. 

Changes i n the population of tRNA molecules f o l l o w i n g i n f e c t i o n 

o f E. c o l i w i t h T2 and T4, and herpes v i r u s i n f e c t i o n of animal c e l l s , 

have been observed. I n the case of E. c o l i , phage i n f e c t i o n has shown 

to cause methylation (Boezi e t a l . , 1967) and t h i o l a t i o n (Hsu et a l . , 

1967) of tRNA. The changes may be a r e s u l t of mo d i f i c a t i o n s of p r e - e x i s t i n g 

tRNA species or from de novo phage-induced tRNA synthesis. Recent work 

suggests t h a t at l e a s t some of the modified tRNA i s coded f o r by the phage 

(Daniel e t a l . , 1968; T i l l a c k and Smith, 1968; Weiss et a l . , 1968) or 

by the v i r a l genome (Hay e t a l . , 1967; Suback-Sharpe et a l . , 1965). 

I n f e c t i o n of E. c o l i by RNA phage R17 does not r e s u l t i n any change 

i n tRNA synthesis (Hudson and Paranchych, 1968). Changes i n the tRNA 
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p o p u l a t i o n s f o l l o w i n g i n f e c t i o n by t h i s RNA phage would be unexpected 

s i n c e t h e phage genome c o n t a i n s i n f o r m a t i o n s u f f i c i e n t f o r t h e s j m t h e s i s 

o f o n l y t h r e e p r o t e i n s ( G u s s i n , 1966). 

TMV RNA however, c o n s i s t i n g o f 6400 n u c l e o t i d e s , may w e l l c a r r y 

i n f o r m a t i o n s p e c i f y i n g new tRNA s p e c i e s . The a l t e r a t i o n i n the e l u t i o n 

p r o f i l e o f a tRNA s p e c i e s a c c e p t i n g p h e n y l a l a n i n e a f t e r i n f e c t i o n o f 

tobacco l e a v e s w i t h TMV (Johnson and Young, 1969) thus appears t o 

p a r a l l e l t h e r e s u l t s o b t a i n e d w i t h t h e DNA phages and t h e DNA v i r u s e s . 

I t s h o u l d be n o t e d , however, t h a t S c h l e g e l and Smith, (1966) 

observed d i f f e r e n c e s i n b e h a v i o u r between o l d e r and younger leav e s i n 

t h e i r s t u d i e s on a c t i n o m y c i n D i n h i b i t i o n o f c e l l u l a r RNA s y n t h e s i s i n 

p l a n t c e l l s . T h i s a p p a r e n t dependence o f t h e a l t e r a t i o n i n tRNA e l u t i o n 

p r o f i l e on t h e p h y s i o l o g i c a l s t a t e o f tobacco l e a v e s may mean t h a t such 

a change i s n o t t h e d i r e c t b i o c h e m i c a l r e s u l t o f TMV i n f e c t i o n . 

I t i s p o s s i b l e t h a t damage caused by t h e v i r u s p a r t i c l e o r RNA 

r e s u l t s i n an a l t e r a t i o n o f tRNA p o p u l a t i o n p a t t e r n as a r e s u l t o f 

'leakage' between c e l l o r g a n e l l e s . On e x t r a c t i o n t h e r e f o r e a f a l s e 

i m p r e s s i o n c o u l d be o b t a i n e d . A l t e r n a t i v e l y d u r i n g v i r a l development a 

second s p e c i f i c s p e c i e s o f tRNA may develop e x h i b i t i n g i t s e l f as a l a r g e 

s h i f t i n t h e normal p o p u l a t i o n when compared w i t h young leaves (Johnson 

and Young, 1969). I n o l d e r samples, t h i s new s p e c i e s may decrease and 

t h u s decrease t h e s h i f t when compared w i t h o l d e r l e a v e s . 

T h i s l a t t e r p o s s i b i l i t y may suggest t h a t v i r a l i n f e c t i o n , damages 

and a l t e r s many o f t h e i m p o r t a n t c e l l o r g a n e l l e s and f u n c t i o n s t o such an 

e x t e n t as t o p r e c i p i t a t e p remature a g e i n g (and i n some cases d e a t h , o f t h e 

h o s t p l a n t i 
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Chinese cabbage tRNA p r o f i l e s i n t h e u n i n f e c t e d and i n f e c t e d s t a t e s 

were n o t i n v e s t i g a t e d . I t may t h e r e f o r e be o n l y t e n t a t i v e l y proposed 

t h a t t h e n a t u r e o f t h e tRNA p o p u l a t i o n i n t h i s p a r t i c u l a r case p l a y s an 

i m p o r t a n t and d i r e c t r o l e i n d e t e r m i n i n g the e f f i c i e n c y o f v i r a l 

i n f e c t i o n i n v i v o and p r o t e i n s y n t h e s i s i n v i t r o . The low a c t i v i t y o f 

t h e e x p e r i m e n t a l systems may be r e l a t e d t o t h e i s o l a t i o n o f t h e tRNA 

f r o m t h e wrong 'age' o f l e a f , o r t o t h e f a c t t h a t f o r h i g h e r a c t i v i t y , 

tRNA f r o m i n f e c t e d p l a n t s i s r e q u i r e d . Such tRNA may have been s p e c i a l l y 

p r e p a r e d / m o d i f i e d by t h e v i r u s . 

I t w o u l d be i n t e r e s t i n g t o i n v e s t i g a t e t h e e f f e c t o f tRNA i s o l a t e d 

f r o m d i f f e r e n t ages o f i n f e c t e d Chinese cabbage on i n v i t r o a c t i v i t y , and 

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

I n v e s t i g a t i o n s o f m i x t u r e s o f i s o l a t e d tRNA s p e c i e s may a l s o a i d 

i n v e s t i g a t i o n s and a c o m b i n a t i o n o f r e s u l t s may s u g g e s t " i f a c t u a l c h e m i c a l / 

s t r u c t u r a l a l t e r a t i o n i s t h e c a u s e / e f f e c t o f v i r a l a c t i v i t y . 

I t i s i n t e r e s t i n g t o n o t e t h a t P i n c k e t a l . , ( 1 9 7 0 ) observed 

t h a t , i n t h e presence o f c e l l - f r e e e x t r a c t s and ATP, TYMV RNA can 

i n t e r a c t w i t h one amino a c i d , v a l i n e , w h i c h becomes a t t a c h e d 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 manner analagous t o t h a t 

e n c o u n t e r e d i n aminoacyl-tRNAs. They observed, however, t h a t d u r i n g 

i n c u b a t i o n some d e g r e d a t i o n o f TYMV RNA o c c u r r e d . They were unable t o 

b i n d any o t h e r amino a c i d s , and u n p u b l i s h e d r e s u l t s demonstrated c e r t a i n 

V a l 

s i m i l a r i t i e s between tRNA and t h e TYMV p o l y n u c l e o t i d e m o i e t y w h i c h 

a c c e p t s v a l i n e ( Y o t e t a l . , 1970). T h e i r r e s u l t s and t h e f a c t t h a t a l l 

b a c t e r i o p h a g e s and v i r a l RNAs examined t o d a t e c o n t a i n i d e n t i c a l sequences 
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(-CpCpA o r CpC) a t t h e i r 3' t e r m i n i , suggest t h a t under a p p r o p r i a t e 

c o n d i t i o n s these RNAs c o u l d a l s o a c c e p t an amino a c i d . 

The TYMV RNA r o u t i n e l y employed i n t h e cabbage and bean i n v i t r o 

systems was a l s o f o u n d t o b i n d v a l i n e ( t h e e x t e n t b e i n g somewhat 

ri4 
dependent on t h e v i r a l s ample), a l t h o u g h no i n c o r p o r a t i o n o f c v a l i n e 

r e s u l t e d i n a complete system ( i n t h e presence o r absence o f added tRNA). 

RNA fr o m a v i a n m y e l o b l a s t o s i s v i r u s can be r e s o l v e d i n t o two 

ma j o r f r a c t i o n s ( C a r n e g i e e t a l . , 1969). The low m o l e c u l a r w e i g h t RNA 

f r a c t i o n amounts t o about 20% o f t h e v i r a l RNA and a l i t t l e l e s s t h a n 

h a l f o f t h e RNA i n t h i s f r a c t i o . n appears t o be tRNA. RNA from t h e v i r u s 

a t t a c h e d amino a c i d s and t r a n s f e r r e d t h e amino a c i d s t o p e p t i d e c h a i n s 

under t h e e x p e r i m e n t a l c o n d i t i o n s Carnegie e t a l . , (1969) employed. I t i s 

suggested t h a t t h e v i r a l tRNA i s n o t o f c e l l u l a r o r i g i n , b u t a s e l e c t i v e 

mechanism c o u l d be o p e r a t i v e d u r i n g t h e m a t u r a t i o n o f t h e v i r u s , 

i n c o r p o r a t i n g one s p e c i e s o f c e l l u l a r tRNA i n t o t h e p a r t i c l e s and 

e x c l u d i n g o t h e r s ( T r a v n i c e k , 1968). The f u n c t i o n a l tRNA appears t o 

be p a r t o f t h e v i r u s p a r t i c l e and the work o f Carnegie e t a l . , ( 1 9 6 9 ) 

s u p p o r t s t h e c o n t e n t i o n o f T r a v n i c e k ( 1 9 6 8 ) . 

The e x p e r i m e n t s o f Vesc i a e t a l . , (1968) suggest t h a t tRNA from 

tumor t i s s u e was s t r u c t u r a l l y d i f f e r e n t from tRNA from normal t i s s u e . 

The c i r c u m s t a n c e s o f tRNA b e i n g p r e s e n t i n a tumor v i r u s i s o f i n t e r e s t 

s i n c e t h e oncogenic p r o p e r t y o f t h e v i r u s i m p l i e s t h a t a mechanism o f 

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

i n f e c t i o n . 



- 291 -

I t i s p o s s i b l e t h a t ' t R N A - l i k e ' molecules may be i d e n t i f i a b l e 

i n o t h e r p l a n t v i r u s e s , t h e s e 'molecules' p l a y i n g an i m p o r t a n t r o l e 

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

r14 

i t s r e p r o d u c t i o n . T h a t f a c t t h a t [ C v a l i n e was n o t i n c o r p o r a t e d 

i n t h e complete cabbage system p o s s i b l y suggests d i l u t i o n by endogenous 

amino a c i d s o r t h e absence o f some r e q u i s i t e f a c t o r ( s ) . 

P olyamines - I n V i t r o and I n V i v o : 

I n t h e Chinese cabbage i n v i t r o system, spermine had a s l i g h t 

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

i n c o r p o r a t i o n by 3000 c.p.m. p e r mg r i b o s o m a l RNA. I n t h e absence o f 

tRNA, t h e a c t i v i t y o f t h e system was reduced by over 30%. I n the 

absence o f tRNA b u t w i t h t h e a d d i t i o n o f s p e r m i d i n e t h e r e was l i t t l e 

change i n a c t i v i t y , b u t on r e p l a c i n g t h e s p e r m i d i n e w i t h spermine t h e r e 

was a marked i n c r e a s e i n i n c o r p o r a t i o n o f 2000 c.p.m. per mg r i b o s o m a l 

RNA. I n t h e l a t t e r case i t i s p o s s i b l e t h a t t h e c o n f i g u r a t i o n o f t h e 

n a t i v e v i r a l RNA was so a l t e r e d t o enable i t t o a c t as i t s own 

• i n i t i a t o r ' tRNA. 

The p o l y a m i n e s , p u t r e s c i n e NH2(CH2)^NH2 , sp e r m i d i n e 

' m^lCH^)^m(Cn^)^m^ ] and spermine [ NH2(CH2)3NH(CH2)^NH(CH2)3NH2 ] 

are w i d e l y d i s t r i b u t e d i n n a t u r e (Tabor and Tabor, 1964). They have 

been f o u n d i n most a n i m a l t i s s u e s , b a c t e r i a , f u n g i , b a c t e r i o p h a g e s , 

wheat and tomato and as a major component o f s e v e r a l p l a n t a l k a l o i d s . 

Johnson and Markham (1962) r e p o r t e d i s o l a t i n g a compound from TYMV 
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t h e y i d e n t i f i e d as b i s ( 3 - a m i n o p r o p y l ) a m i n e , a l s o d e t e c t e d i n t u r n i p 

c r i n c k l e , b r o a d bean m o t t l e and tobacco mosaic v i r u s e s . They were 

u n a b l e t o demo n s t r a t e i t , o r o t h e r t r i a m i n e s i n u n i n f e c t e d Chinese 

cabbage. Beer and Kosuge (1970) however, i s o l a t e d s p e r m i d i n e and 

spermine f r o m p u r i f i e d p r e p a r a t i o n s o f TYMV, and were unable t o d e t e c t 

b i s ( 3 - a m i n o p r o p y l ) a m i n e . 

The p h y s i o l o g i c a l r o l e o f t h e polyamine i s n o t known w i t h 

c e r t a i n i t y , b u t by v i r t u e o f t h e i r h i g h l y c a t i o n i c n a t u r e ( a l l t h e 

amino groups b e i n g p r o t o n a t e d a t p h y s i o l o g i c a l pH v a l u e s ) , t h e y b i n d 

s t r o n g l y t o n u c l e i c a c i d s (Hirschman e t a l . , 1967; Tabor and Tabor, 1964), 

The r o l e o f polyamines i n p r o t e i n s y n t h e s i s has been s t u d i e d by 

s e v e r a l w o r k e r s and i t has been shown t h a t polyamines aggregate r i b o s o m a l 

s u b u n i t s i n t o 70 S and 100 S r i b o s o m a l p a r t i c l e s (Cohen and L i c h t e n s t e i n , 

1960; Co1bourn e t _ a l . , 1961; M a r t i n and Ames, 1962), i n h i b i t enzymatic 

d e g r e d a t i o n o f ribosomes (Erdmann e t a l . , 1968) and s t i m u l a t e t h e 

i n c o r p o r a t i o n o f amino a c i d s i n t o p o l y p e p t i d e s i n v i t r o ( B r e t t h a u e r 

e t a l . , 1963; M a r t i n and Ames, 1962; Nathans and Lipmann, 1961). 

I t has been shown t h a t a c r i t i c a l l e v e l o f magnesium i s r e q u i r e d 

f o r t h e maintenance o f ribosome f u n c t i o n , and t h a t some o f t h i s 

magnesium can be r e p l a c e d by polyamines (Weiss and M o r r i s , 1970). 

2+ 

Polyamines can r e p l a c e Mg i n c e l l - f r e e systems o f E. c o l i d i r e c t e d b o t h 

by p o l y ( U ) (Takeda, 1969a) and MS2 phage RNA (Takeda, 1969b). Since 

E. c o l i c e l l s c o n t a i n polyamines i t i s suggested t h a t polyamines 

p r o b a b l y e x h i b i t s i m i l a r e f f e c t s on p r o t e i n s y n t h e s i s i n v i v o (Takeda, 

1969a). H u r w i t z and Rosano (1967) even proposed t h a t polyamines m i g h t be 
2+ 

more i m p o r t a n t f o r p r o t e i n s y n t h e s i s i n v i v o t h a n Mg i o n s . 
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T h a t polyamines can s t i m u l a t e aminoacyl-tRNA f o r m a t i o n (Takeda 
2+ 

and I g a r d s h i , 1969) and r e p l a c e Mg i o n s i n t h e b i n d i n g o f mRNA t o 

ribosomes (Takeda, 1969c; Tanner, 1967) may suggest p o s s i b l e r o l e s f o r 

t h e p o l y a m i n e ( s ) f o u n d i n TYMV. They may be p r e s e n t t o a i d s t r u c t u r a l 

i n t r e g i t y , t o fo r m a r i b o s o m e - v i r u s complex, t o a c t on TYMV RNA when 

a c t i n g as a '>tRNA' o r t o a c t on o t h e r ' m o d i f i e d ' tRNAs. 

I n a d d i t i o n t o known e f f e c t s o f s p e r m i d i n e on RNA s y n t h e s i s 

i n v i t r o (Fuchs e t a l . , 1967), s p e r m i d i n e has been i n d i c a t e d as a 

c o n t r o l l i n g element i n RNA s y n t h e s i s i n v i v o . That s p e r m i d i n e can 

se r v e t o o r g a n i s e h e l i c a l s t r u c t u r e i n b o t h RNA (Szer, 1966) and DNA 

( L i q u o r i e t a l . , 1967) i s known. Indeed, i t has been shown t h a t 

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

c o n f i g u r a t i o n o f tRNA t o t h e a c t i v e f o r m (Fresco e t a l . , 1966; I s h i d a 

and Sueoka, 1966; Muench and S a f i l ] ^ 1968). Spermidine appears t o be 

t h e most a c t i v e o r g a n i c c a t i o n i n t h i s c o n v e r s i o n (Cohen e t a l . , 1969), 

and may have been f u n c t i o n i n g i n t h i s way i n t h e cabbage system. 

Takeda and I g a r d s h i (1969) found t h a t p u t r e s c i n e s t i m u l a t e d 

aminoacyl-tRNA, b u t i n t h e TYMV system, t h e r e was o n l y a s l i g h t 

improvement i n i n c o r p o r a t i o n i n t h e presence o f t h i s polyamine. T h i s 

may suggest t h a t p olyamines ( i f i n v o l v e d ) a r e i n v o l v e d a t e a r l i e r o r 
2+ 

l a t e r s t a g e s i n t h e b i o s y n t h e t i c p r o c e s s , o r t h a t excess Mg p r e s e n t i n 

th e i n c o r p o r a t i o n mix was masking any 'polyamine' e f f e c t . 

I n a system d e r i v e d f r o m R h i z o c t o n i a s o l a n i ( O b r i g e t a l . , 1969) 

fou n d a l a c k o f s t i m u l a t i o n by polyamines. T h i s was unexpected as 

pol y a m i n e i s r e q u i r e d f o r optimum a c t i v i t y i n amino a c i d i n c o r p o r a t i o n 
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by b o t h y e a s t and B o t r y o d i p l o d i a c e l l - f r e e systems ( B r e t t h a u e r e t a l . , 

1963; Downey e t a l . , 1965; van E t t e n , 1968). 

2+ 

R e c e n t l y , p olyamines have been shown t o d i s p l a c e Mg i o n s from 

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

t h e ribosomes (Choi and C a r r , 1967; Tanner, 1967). The n e t e f f e c t i n 
2+ 

b o t h cases i s t h a t i t l o w e r s t h e Mg c o n c e n t r a t i o n t h a t i s r e q u i r e d . 
2+ 

Thus i n R h i z o c t o n i a s o l a n i i t may be t h a t i t can d i s p l a c e Mg b u t n o t 

r e p l a c e i t . 
2+ 

I n t h e B. c h i n e n s i s system, a t optimum Mg l e v e l o f 6'mM, spermidine 
2+ 

i n c r e a s e d i n c o r p o r a t i o n by 3000 c.p.m. A t low Mg (2mM), i n c o r p o r a t i o n 

was however a p p r o x i m a t e l y h a l v e d . T h i s may suggest t h a t t h e a d d i t i o n 

2+ 2+ a t 'optimum Mg ' reduced t h e Mg c o n c e n t r a t i o n r e q u i r e d , b u t s t i l l 
2+ 2+ a l l o w e d i n c o r p o r a t i o n t o proceed. A t low Mg i t a g a i n lowered the Mg 

c o n c e n t r a t i o n r e q u i r e d , b u t a t t h i s new l e v e l was unable t o r e p l a c e i t ^ 

and so i n c o r p o r a t i o n was i n h i b i t e d . 

The i n c o n c l u s i v e e f f e c t o f polyamines on t h e TYMV i n v i t r o system 

may be due i n p a r t t o t h e i n v i t r o 'environment'. Takeda and I g a r t t s h i 

(1970) f o u n d t h a t a m i n o a c y l a t i o n o f tRNA w i t h l e u c i n e , i s o l e u c i n e and 

v a l i n e s t i m u l a t e d by e i t h e r magnesium a c e t a t e o r spermine was s e n s i t i v e 

t o NaCl and t h a t KCl, NH^Cl and NaCl i n h i b i t e d i s o l e u c y l - t R N A f o r m a t i o n . 

P h e n y l a l a n y l - t R N A f o r m a t i o n was n o t however i n h i b i t e d by NaCl, KCl and 

NH^Cl i n t h e presence o f magnesium a c e t a t e , b u t was i n h i b i t e d by these 

s a l t s o l u t i o n s i n t h e presence o f spermine. I t was suggested t h a t t h e 

i n h i b i t o r y e f f e c t o f s a l t s o l u t i o n s on aminoacyl-tRNA f o r m a t i o n m i g h t be 

due t o t h e i n h i b i t i o n o f t h e b i n d i n g o f spermine t o tRNA. I n the i n v i t r o 
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cabbage system, t h e p o s i t i o n w o u ld appear t o be f u r t h e r c o m p l i c a t e d 
r 14 ] 

by t h e use o f a |_ C j amino a c i d m i x t u r e , i n s t e a d o f a s i n g l e 
"14 1 

Cjamino a c i d (a number o f a m i n o a c y l a t i o n s b e i n g s t u d i e d r a t h e r 

t h a n a s i n g l e o ne). 

Temperature E f f e c t s : 

V a r i o u s i n c u b a t i o n t e m p e r a t u r e s have been employed i n t h e wide 

range o f i n v i t r o p r o t e i n s y n t h e t i c s t u d i e s . The temperature range o f 

f r o m 25° t o 37°C appears t o be the most f r e q u e n t l y employed i n c e l l - f r e e 

systems d e r i v e d f r o m p l a n t m a t e r i a l , 35-37°C b e i n g adopted f o r most 

b a c t e r i a l and mammalian systems. 

On i n c u b a t i n g t h e V. faba i n v i t r o system w i t h p o l y ( U ) , t h e 

optimum t e m p e r a t u r e o f i n c o r p o r a t i o n was d e t e r m i n e d t o be c. 25°C. 

S i m i l a r l y , u s i n g TYMV RNA as messenger i n the B. c h i n e n s i s system 
r i 4 1 

( e m p l o y i n g C amino a c i d m i x t u r e ) maximum i n c o r p o r a t i o n o c c u r r e d 

a t 25°C. 

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

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

p o s s i b l e t o p r o v i d e i n such systems t h e c o n d i t i o n s p r e v a i l i n g i n v i v o , 

some c o r r e l a t i o n between t h e two s t a t e s may be made. I n t e r p r e t a t i o n s o f t h e 

e f f e c t o f t e m p e r a t u r e a r e , however, t e n t a t i v e u n l e s s c o n f i r m e d by i n v i v o 

o b s e r v a t i o n s . 

The e f f e c t o f t e m p e r a t u r e may be d i v i d e d i n t o two, i . e . , t h e e f f e c t 
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on t h e i n v i t r o system and p r o t e i n b i o s y n t h e s i s i n g e n e r a l and t h e 

e f f e c t on t h e v i r u s . 

( a ) Temperature E f f e c t on I n V i t r o Systems and P r o t e i n B i o s y n t h e s i s : 

I n c r e a s e i n t e m p e r a t u r e can cause i n c r e a s e d i n c o r p o r a t i o n by a 

s i m p l e e n z y m a t i c e f f e c t . T h i s e f f e c t , however, i s o f f s e t by decreased 

t e m p l a t e and ribosome s t a b i l i t y , enzyme d e n a t u r a t i o n and tRNA s t r u c t u r e 

v a r i a t i o n a t h i g h e r t h a n 'normal' t e m p e r a t u r e s . 

I t i s known t h a t s e v e r a l p h y s i c a l p r o p e r t i e s o f tRNA a r e a l t e r e d 

between 35° and 45°C, these changes b e i n g a t t r i b u t e d t o u n f o l d i n g o f 

t h e t e r t i a r y s t r u c t u r e . Schlimme e t a l . , (1969) n o t e d a decrease i n 

t h e r a t e o f c h a r g i n g o f y e a s t tRNA w i t h i n c r e a s e i n t e m p e r a t u r e , t h e 

e f f e c t s observed n o t b e i n g due t o a change o r i r r e v e r s i b l e i n a c t i v a t i o n 

o f p u r i f i e d a m i n o a cyl s y n t h e t a s e s ( s i n c e t h e i r i n a c t i v a t i o n f o l l o w e d 

a normal p a t t e r n above 43°C). The amina a c i d a c t i v a t i o n r e a c t i o n , 

measured by pyrophosphate f o r m a t i o n , had a normal temperature p r o f i l e 

up t o 50°C, and o n l y a t t h i s t e m p e r a t u r e was t h e enzyme denatured. They 

conclu d e d t h a t t h e observed changes i n a m i n o a c y l a t i o n caused by 

t e m p e r a t u r e changes were due t o changes i n t h e p h y s i c a l p r o p e r t i e s o f t h e 

tRNA, such changes y i e l d i n g a m o l e c u l e h a v i n g a n o n - a m i n o a c y l a t a b l e 

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

I n B a c i l l u s s t e a r o t h e r m o p h i l u s i t has been suggested t h a t 

maintenance o f t h e c o r r e c t secondary s t r u c t u r e o f sRNA i n t h e i n t a c t 

t h e r m o p h i l e (a necessary r e q u i s i t e f o r b i o l o g i c a l a c t i v i t y ) c o u l d be 

a c h i e v e d by p o l y c a t i o n s t a b i l i s a t i o n , r a t h e r t h a n by a l t e r a t i o n s i n t h e 

p r i m a r y s t r u c t u r e (Friedman and W e i n s t e i n , 1966; M a n g i a n t i n i e t a l . , 1965), 
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Us i n g c r u d e e x t r a c t s o f B. s t e a r o t h e r m o p h i l u s s t r a i n 2184, Friedman and 

W e i n s t e i n (1966) s t u d i e d t h e e f f e c t o f te m p e r a t u r e on l e u c y l and 

p h e n y l a l a n y l tRNA s y n t h e t a s e s , and suggested t h a t t h e h i g h t e m p e r a t u r e 

o p t i m a (55-65°c) were p r i m a r i l y a f u n c t i o n o f t h e t h e r m o p h i l e enzymes. 

Bubela and H o l d s w o r t h (1966) s t u d y i n g an u n c l a s s i f i e d s t r a i n o f t h e 

same o r g a n i s m o b t a i n e d s i m i l a r r e s u l t s . 

A h i g h t e m p e r a t u r e optimum f o r enzymatic a c t i v i t y does n o t 

n e c e s s a r i l y i m p l y t h e presence o f a h e a t - s t a b l e enzyme per se, b u t 

may r e f l e c t an e l e v a t e d h e at o f a c t i v a t i o n f o r the s u b s t r a t e o r c o - f a c t o r 

- s t a b i l i s e d enzyme complex. 

R e s u l t s on work i n t h i s f i e l d have been i n t e r p r e t e d t o i n d i c a t e 

t h a t n a t i v e tRNA possesses a c o n f o r m a t i o n w h i c h i s e s s e n t i a l f o r 

s y n t h e t a s e r e c o g n i t i o n and t h a t t h i s can be r e v e r s i b l y l o s t on r a i s i n g 

t h e t e m p e r a t u r e . 

S i m i l a r l y Brown and Zubay (1960) and Takanami e t a l . , (1961) 

o b s e r v e d t h a t t h e amino a c i d i n c o r p o r a t i n g a b i l i t y o f tRNA i s n o t 

d e s t r o y e d by heat t r e a t m e n t f o l l o w e d by q u i c k c o o l i n g . They suggested 

t h a t a s p e c i f i c secondary s t r u c t u r e was unnecessary f o r the enzymatic 

f o r m a t i o n o f aminoacyl-tRNA. I t i s p o s s i b l e however t h a t t h e p o r t i o n o f 

the RNA m o l e c u l e r e a c t i n g w i t h t h e enzyme i s r e n a t u r e d by c o o l i n g (Area 

e t a l . , 1963). 

Such c o n f o r m a t i o n a l changes may t h e r e f o r e p l a y a p a r t i n t h e e f f e c t 

o f t e m p e r a t u r e i n mesophile i n v i t r o amino a c i d i n c o r p o r a t i n g systems. 

Coding e r r o r s b r o u g h t about t h r o u g h anomalous c h a r g i n g o f tRNA 
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a t e l e v a t e d t e m p e r a t u r e s may a l s o be i n s t r u m e n t a l i n d e f i n i n g t h e 

maximum g r o w t h t e m p e r a t u r e s o f t h e r m o p h i l e s (Friedman, 1968). Anomalous 

c h a r g i n g b e h a v i o u r b e g i n s a t t e m p e r a t u r e s c o r r e s p o n d i n g t o t h e onset o f 

h y p e r c h r o m i c changes i n t h e tRNA m e l t i n g c u r v e . 

Fan e t a l . , (1964) found t h a t t h e r e was a r e l a t i v e l y c o n s t a n t 

r e l a t i o n s h i p between t h e r a t e o f mRNA d e g r o d a t i o n and p r o t e i n s y n t h e s i s 

i n B. s u b t i l i s , f o r a wide t e m p e r a t u r e range. 

I t has a l s o been observed t h a t ribosomes o f t h e c i l i a t e d p r o t o z o a n 

Tetrahymena p y r i f o r m i s , show s i g n i f i c a n t d e n a t u r a t i o n c l o s e t o each 

s t r a i n ' s maximum g r o w t h t e m p e r a t u r e ( B y f i e l d e t a l . , 1969). P r o t e i n 

s y n t h e s i s was reduced a t 34°C t o 30% o f t h a t a t 29°C, t h e temperature 

e f f e c t b e i n g s t r a i n s p e c i f i c ( B y f i e l d and Scherbaum, 1967 a ) . The same 

t e m p e r a t u r e l e v e l s i n i t i a t i n g i n v i t r o r i b o s o m a l m e l t i n g caused 

s i g n i f i c a n t i n v i v o r e d u c t i o n i n messenger t r a n s l a t i o n e f f i c i e n c y , 

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

( B y f i e l d and Scherbaum, 1966, 1967 a , b ) . L i p i d b i o s y n t h e s i s was 

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

i n p r o t e i n s y n t h e s i s was n o t due t o an u n d e r l y i n g r e d u c t i o n i n energy 

s o u r c e s ( B y f i e l d and Scherbaum, 1967 c ) . 

S c h i e b e l e t a l . , (1969) n o t e d i n t h e s l i m e mould Physarum polycephalum 

a decreased p r o t e i n s y n t h e s i s and polysome breakdown a t tem p e r a t u r e s above 

t h e g r o w t h optimum. 

Mouse l i v e r r i b o s o m a l RNA undergoes t h e r m a l d e n a t u r a t i o n a t 

t e m p e r a t u r e s s l i g h t l y above a mouse's normal body tem p e r a t u r e ( B y f i e l d 

e t a l . , 1969). 
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Employ i n g c u l t u r e s o f a Saccharomyces c e r e v i s i a e mutant, 

Hutchison" : e t a l . , (1969) r e p o r t e d t h a t a t tem p e r a t u r e s above t h e normal 

g r o w t h t e m p e r a t u r e (23°C), t h e r a t e o f p r o t e i n s y n t h e s i s decreased s l o w l y , 

p a r a l e l l i n g t h e decay o f polysomes t o monosomes. They suggest t h a t 

h e a t - s h o c k decreases p o l y r i b o s o m e i n t r e g i t y , p o s s i b l y by mRNA d e s t r u c t i o n 

(as suggested by B y f i e l d and Scherbaum, 1966 e t c . ) by simp l e 

s e p a r a t i o n o f ribosomes f r o m mRNA o r as th e r e s u l t o f i n h i b i t i o n o f one o r 

more s t e p s i n t h e i n i t i a t i o n o f p r o t e i n s y n t h e s i s . 

H u t c h i s o n e t a l . , (1969) f o u n d t h a t polysomes r e m a i n i n g a f t e r 30 min 

a t 36°C were a c t i v e i n i n v i t r o p o l y p e p t i d e s y n t h e s i s , monoribosomes 

formed by polysome decay b e i n g i n a c t i v e . Ribosomes i s o l a t e d from 

c u l t u r e s m a i n t a i n e d a t 36°C f o r 1 h were i n a c t i v e i n v i t r o , u n l e s s p o l y ( U ) 

was added as messenger. They suggest t h a t t h e mRNA o f t h e y e a s t i s 

m e t a b o l i c a l l y u n s t a b l e , h a v i n g a h a l f - l i f e o f 23 min a t 36°C. 

Rosen e t a l . , (1967) observed t h a t t h e h e a t l a b i l i t y o f a c e l l -

f r e e amino a c i d s y n t h e s i s i n g system d e r i v e d from t r o u t l i v e r was l o c a l i s e d 

i n t h e a m i n o a c y l t r a n s f e r a s e a c t i v i t y o f t h e c e l l sap and t h a t t h e heat 

l a b i l i t y o f the microsomes may be r e l a t e d t o t r a n s f e r a s e a c t i v i t y . A l t h o u g h 

i n i t i a l r a t e s o f i n c o r p o r a t i o n a t 30°C o r 37°C were s i m i l a r to those a t 

23°C, more 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 o c c u r r e d a t 23°C a f t e r 35 min than 

a t 30° o r 37°C. Aminoacyl s y n t h e t a s e s and t r a n s f e r a s e s were n o t fo u n d 

t o be t e m p e r a t u r e s e n s i t i v e and t h e y suggest t h a t t h e l o s s o f aminoacyl 

t r a n s f e r a c t i v i t y was n o t due t o GTP h y d r o l y s i s . T h i s l a t t e r o c c u r r e n c e would 

appear as a l o s s i n t r a n s f e r a c t i v i t y , GTP b e i n g necessary f o r t h e 

f o r m a t i o n o f t h e p e p t i d e bond. N e i t h e r d e a c y l a t i o n o f phe-tRNA o r mRNA 
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h y d r o l y s i s were fo u n d t o be s i g n i f i c a n t l y i n v o l v e d i n l o s s o f a c t i v i t y . 

Moldave and co-workers(Fessendai and Moldave, 1962, 1963; Gasior 

and Moldave, 1965) s e p a r a t e d t h e aminoacyl t r a n s f e r a s e a c t i v i t y o f r a t 

l i v e r i n t o two s o l u b l e p r o t e i n f r a c t i o n s , b o t h necessary f o r the t r a n s f e r 

o f amino a c i d f r o m tRNA t o ribosomes. One, however, was l e s s s t a b l e 

t h a n t h e o t h e r and these f i n d i n g s may be a p p l i c a b l e t o o t h e r systems. 

Suppo r t f o r t h e i r i n t e r p r e t a t i o n s o f t h e i r f i n d i n g s has come from s t u d i e s 

i n p r e p a r a t i o n s f r o m r a b b i t r e t i c u l o c y t e s , E. c p l i and Pseudomonas 

f l u o r e s c e n s . 

The h e a t s t a b i l i t y o f ribosomes from B. s t e a r o t h e r m o p h i l u s has been 

d e m o n s t r a t e d i n c o m p a r a t i v e s t u d i e s w i t h E. c o l i ribosomes u t i l i s i n g 

t h e r m a l d e n a t u r a t i o n p r o f i l e s (Friedman e t a l . , 1967; M a n g i a n t i n i e t a l . , 

1965; Sapders and Campbell, 1966). The g r e a t e r r e s i s t a n c e o f t h e r m o p h i l i c 

ribosomes t h a n E. c o l i ribosomes t o heat d e n a t u r a t i o n suggested a p o s s i b l e 

c o r r e l a t i o n w i t h t h e maximal g r o w t h t e m p e r a t u r e o f these organisms 

( M a n g i a n t i n i e t a l . , 1965). 

Friedman and W e i n s t e i n (1966) i n a s u b - c e l l u l a r p r o t e i n s y n t h e s i s i n g 

system d e r i v e d f r o m B. s t e a r o t h e r m o p h i l u s , observed t h a t over t h e range 

30-70°C n a t i v e mRNA o p t i m a l l y d i r e c t e d _ p h e n y l a l a n i n e , l y s i n e and 

p r o l i n e i n t o p o l y p e p t i d e s a t 55-60°C. I n c o r p o r a t i o n was g r e a t e r a t 65°C 

t h a n a t 37°C, a l t h o u g h i n an E. c o l i system, "'"'̂C 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 a t 65°C was 10% o f t h a t a t 37°C. A p o l y ( U ) d i r e c t e d 

B. s t e a r o t h e r m o p h i l u s system showed g r e a t e r a c t i v i t y a t 37°C t h a n a t 65°C 

s u g g e s t i n g t h a t t h e i n v i t r o system p r o v i d e d an e s s e n t i a l component, n o t 

a v a i l a b l e a t t h i s t e m p e r a t u r e i n v i v o , o r t h e i n a b i l i t y o f t h e organism t o 
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grow a t 37°C r e s i d e d i n an a s p e c t o f c e l l m etabolism n o t d i r e c t l y 

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

d e m o n s t r a t e d t h a t low t e m p e r a t u r e and h i g h magnesium i o n c o n c e n t r a t i o n 

g r e a t l y enhanced t h e i n c o r p o r a t i o n o f l e u c i n e i n t h e presence o f p o l y ( U ) , 

Such t e m p e r a t u r e v a r i a t i o n c o u l d t h e r e f o r e s i m i l a r l y l e a d t o a c t i v e 

though ambiguous i n c o r p o r a t i o n i n t h e mesophile system w i t h s i m i l a r 

v a r i a t i o n s i n r i b o s o m a l a c t i v i t y as a r e s u l t o f temperature v a r i a t i o n 

( F r iedman and W e i n s t e i n , 1964, 1966). 

W h i l e t e m p e r a t u r e s w h i c h induce i n v i t r o m e l t i n g appear t o 

c o r r e s p o n d t o those w h i c h i n h i b i t p r o t e i n s y n t h e s i s , t h e r e i s no d i r e c t 

d e m o n s t r a t i o n t h a t t h i s i s t h e r e a l mechanism o f a c t i o n . Pace and 

Campbell (1967) and M a n g i a n t i n i e t a l . , (1965) suggest, however, t h a t 

the. t h e r m o s t a b i l i t y o f ribosomes c o u l d be t h e l i m i t i n g f a c t o r i n 

d e t e r m i n i n g t h e upper g r o w t h t e m p e r a t u r e f o r organisms. I t i s p o s s i b l e 

t h a t homeothermy has e v o l v e d as a p r o t e c t i o n a g a i n s t t h e r m a l impairment 

o f mRNA t r a n s l a t i o n i n h i g h e r forms. 

( b ) Temperature E f f e c t on V i r u s e s : 

I t may a l s o be n o t e d t h a t t h e q u a n t i t y and q u a l i t y o f some v i r u s e s 

i s a f f e c t e d by t h e t e m p e r a t u r e a t w h i c h t h e i n f e c t e d p l a n t s are 

m a i n t a i n e d ( K a s s a n i s , 1952, 1957 a; L e b e u r i e r and H i r t h , 1966). Most 

s t r a i n s o f TMV produce l e s s i n f e c t i v e v i r u s i n p l a n t s k e p t a t h i g h 

t e m p e r a t u r e s (32-36°C) t h a n a t normal glasshouse t e m p e r a t u r e s (20-25°C). 

L e b e u r i e r and H i r t h (1966) suggested t h a t RNA r e p l i c a t i o n was i n h i b i t e d 

a t t e m p e r a t u r e s f a r removed f r o m o p t i m a l (28°C) i n TMV-LB s t r a i n s . 
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K a s s a n i s and McCarthy (1967) suggested, however, t h a t low i n f e c t i v i t y 

need n o t n e c e s s a r i l y have r e s u l t e d from i n h i b i t i o n o f RNA r e p l i c a t i o n . 

I t i s i n t e r e s t i n g t o n o t e t h a t Kassanis and Bastow (1971) compared the 

m u l t i p l i c a t i o n o f f o u r s t r a i n s o f TMV a t t e m p e r a t u r e s o f 20-25°C and 
o 

a t 35 C. The c o n c e n t r a t i o n o f t o t a l i n f e c t i v e v i r u s RNA, i n t a c t v i r u s , 

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

t i m e s a f t e r i n o c u l a t i o n were observed. The c o n c e n t r a t i o n o f t o t a l 

i n f e c t i v e RNA o f a l l s t r a i n s reached i t s maximum about a week a f t e r 

i n o c u l a t i o n and was t e n t i m e s g r e a t e r a t 20°C t h a n a t 35°C. The i n t a c t 

v i r u s and v i r u s a n t i g e n c o n c e n t r a t i o n were s i m i l a r l y reduced. V i r u s 

m u l t i p l i c a t i o n was a f f e c t e d by i n c r e a s e d t e m p e r a t u r e i n two ways, 

( i ) t h e r e p l i c a t i o n o f t h e RNA o f a l l s t r a i n s was i n h i b i t e d , and 

( i i ) t h e RNA o f t h o s e s t r a i n s w h i c h had d e f e c t i v e p r o t e i n was degraded, 

when i n f e c t e d p l a n t s were t r a n s f e r r e d f r o m 35° t o 20°C, i n f e c t i v i t y o f t h e 

t y p e s t r a i n was i n c r e a s e d . 

E x c l u d i n g t h e b e h a v i o u r o f t h e d e f e c t i v e s t r a i n s , d i f f e r e n t p l a n t 

v i r u s e s r e a c t t o e l e v a t e d t e m p e r a t u r e s i n t h r e e ways; ( 1 ) t h e amount 

o f v i r u s and i t s s p e c i f i c a c t i v i t y i s t h e same a t 20° and 35°C, e.g. 

bromegrass mosaic v i r u s (BGMV) (Kassanis and L e b e u r i e r , 1969); ( 2 ) much 
o o 

l e s s v i r u s i s produced a t 35 C t h a n a t 20 C as found i n t y p e s t r a i n o f 

TMV ( K a s s a n i s and Bastow, 1971) and ( 3 ) m u l t i p l i c a t i o n i s c o m p l e t e l y 

i n h i b i t e d a t 35°C e.g. tomato bushy s t u n t v i r u s (TBSV) (Kassanis, 1954) 

- p l a n t s i n f e c t e d w i t h such v i r u s e s can be f r e e d f r o m i n f e c t i o n by 

m a i n t a i n i n g them a t 35*^0. 

Kass a n i s and L e b e u r i e r (1969) observed t h a t i n f e c t i v i t y o f TBSV 
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was l o s t i n v i v o and i n v i t r o w i t h o u t any appa r e n t change i n t h e 

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

I n a c t i v a t i o n o f BOMV, b u t n o t TBSV was suggested t o r e f l e c t b r e a k i n g 

o f t h e n u c l e i c a c i d . 

Heat t h e r a p y has been fo u n d a p p l i c a b l e more g e n e r a l l y w i t h 

i s o m e t r i c v i r u s e s r a t h e r t h a n t o those w i t h e l o n g a t e d p a r t i c l e s 

( K a s s a n i s , 1954, 1957 b ) . L y t t l e t o n and Matthews (1958) found t h a t 

TYMV RNA can be r e l e a s e d w i t h o u t g ross d e n a t u r a t i o n o f t h e p r o t e i n s h e l l , 

w h i c h remains a n t i g e n i c a l l y a c t i v e , by h e a t i n g t h e p r e p a r a t i o n a t 45°C 

f o r 10 t o 30 min. They suggested t h a t t h i s was a p o s s i b l e mechanism f o r 

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

i d e a by showing t h a t v i r u s does n o t m u l t i p l y a t 33°C and v i r u s a l r e a d y 

i n t h e p l a n t s l o s e s i t s i n f e c t i v i t y w i t h o u t r e l e a s i n g i t s RNA (Matthews 

and L y t t l e t o n , 1959). Matthews and L y t t l e t o n , (1959) observed t h a t 

p r o t e i n s and TYMV d i s a p p e a r i n Chinese cabbage a t 33°C a t about the same 

r a t e s , and t h a t TYMV i n p l a n t s h e l d a t 35°C l o s t i n f e c t i v i t y w i t h o u t 

s i g n i f i c a n t changes i n o t h e r v i r u s p r o p e r t i e s . U n c o a t i n g o f t h e v i r u s 

may p r e v e n t i n f e c t i v i t y , b u t once uncoated i n c r e a s e i n t e m p e r a t u r e may 

cause breakdown o f t h e RNA. S e v e r a l v i r u s e s h a v i n g i s o m e t r i c p a r t i c l e s 

l o s e i n f e c t i v i t y between 30°C and 36°C and Dunn and H i t c h b o r n (1966) 

suggest t h a t d e g r a t d a t i o n o f t h e RNA o f t h e v i r u s may be i n v o l v e d . 

P r o b a b l y a l l v i r u s e s can be i n a c t i v a t e d i n v i v o w i t h t h e r i g h t 

c o m b i n a t i o n o f t e m p e r a t u r e , t i m e and a t t e n t i o n t o a l l f a c t o r s f a v o u r i n g 

p l a n t s u r v i v a l (Bawden, 1966), t h i s p r i n c i p l e o f heat t h e r a p y b e i n g 

r e a d i l y employed i n Man a t t h e o n s e t o f v i r a l a t t a c k . 
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The most p l a u s i b l e hypothesis f o r the mechanism of heat therapy 

i s t h a t high temperatures cause the d e s t r u c t i o n of e s s e n t i a l chemical 

a c t i v i t i e s i n both v i r u s and host, but t h a t the host i s not as 

s e n s i t i v e or i s b e t t e r able to recover from any damage, i . e . the 

temperature c o e f f i c i e n t of thermal i n a c t i v a t i o n f o r the host exceeds 

t h a t of the v i r u s a t c e r t a i n temperatures (Geard, 1958). The 

i n a c t i v a t i o n process i n vivo may be purely p h y s i c a l , as i t appears to 

be i n v i t r o , or i t may be aided by b i o l o g i c a l changes induced i n the 

host metabolism by high temperature (Gay and Kuhn, 1968). 

No systematic study has been made of the time course of TYMV 

development i n Chinese cabbage pl a n t s grown under various s t r i c t l y 

c o n t r o l l e d environmental c o n d i t i o n s . Dunn and Hitchborn (1966) d i d 

observe t h a t v i r u s p u r i f i e d from i n f e c t e d plants grown i n the open during 

the summer y i e l d e d preparations containing more heat stable 22 S RNA 

than d i d v i r u s p u r i f i e d from i n f e c t e d p l a n t s grown i n the greenhouse 

during the same period. They suggested there was a c o r r e l a t i o n between 

the c o n d i t i o n s under which the p l a n t s were grown and the proportion of 

v i r u s p a r t i c l e s which contained completely undegraded RNA. High 
o 

temperatures slow v i r u s m u l t i p l i c a t i o n and i n p l a n t s held at 33 C no 

v i r u s increase occurs (Matthews and L y t t l e t o n , 1959). The Chinese cabbage 

p l a n t s used i n the present work were grown at 25°C which appeared to be 

the optimum f o r sturdy and r a p i d growth. The f a c t t h a t the optimum 

temperature f o r i n v i t r o a c t i v i t y of the v i r a l RNA was the same as t h i s 

optimum growth temperature may, however, have been purely c o i n c i d e n t a l . 

I n v i t r o p r o t e i n synthesis may, however, r e f l e c t the optimum 

temperature of p l a n t growth, the optimum temperature of i n vivo 

v i r u s reproduction, any combination of these f a c t o r s , or be simply a 
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summation of the p h y s i c a l and chemical p r o p e r t i e s r e s u l t i n g from the 

use of an a r t i f i c i a l system. 

Temperature r i s e may a l t e r TYMV RNA physical s t r u c t u r e w i t h 

r e s u l t a n t loss i n b i o l o g i c a l a c t i v i t y , as has been shown f o r other RNA 

species, but f u r t h e r experimental work i s needed before the precise 

'cause and e f f e c t ' of temperature on v i r a l i n v i t r o p r o t e i n synthesis 

can be ascertained. 

Host S p e c i f i c i t y : 

The a b i l i t y of TYMV to i n f e c t p lants appears to be confined 

e n t i r e l y t o the Cruciferae, attempts by Markham and Smith (1949) to 

i n f e c t species i n other f a m i l i e s by means of dodder (Cuscuta spp. ) 

being unsuccessful. Markham and Smith found the v i r u s occurring 

n a t u r a l l y on t u r n i p s , swedes and b r o c c o l i . Borges (1947) and Broadbent 

and Heathcote (1958) t r a n s m i t t e d the v i r u s to a series of cruciferous hosts. 

Of 21 species from other f a m i l i e s tested, TYMV was found only to i n f e c t 

Reseda odorata, where i t produced vein y e l l o w i n g or banding and c h l o r o t i c 

or n e c r o t i c spots. Sander and Schramm (1963) reported that t h e i r s t r a i n C 

o f TYMV would i n f e c t Nicotiana tabacum var. Xanthi, v i s i b l e c h l o r o t i c 

l e s i o n s being produced but only during the w i n t e r . 

C r o x a l l et a l . , (1953) attempted t o i n o c u l a t e V. faba var. Early 

Longpod w i t h TYMV i s o l a t e s w i t h no apparent success. As i t was intended 

to use an i n v i t r o p r o t e i n synthesising system derived from V. faba w i t h 

TYMV RNA as 'messenger' an attempt was made i n the present work t o . i n f e c t 
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V. faba var. T r i p l e White i n order to compare the r e s u l t s w i t h these 

e a r l i e r observations. 

I n i t i a l experiments to i n f e c t V. faba were apparently unsuccessful 

when employing the "Markham s t r a i n " . The "New Zealand s t r a i n " however 

caused e a r l y " a b o r t i o n " of the white bean flowers (although t h i s could 

have been simply a sign of a metabolic d i s o r d e r ) . 

Red-mottling of the bean leaves a f t e r TYMV i n o c u l a t i o n was 

considered t o be a sign of i n f e c t i o n i n the t e s t bean p l a n t s , although 

t y p i c a l i n f e c t e d Chinese cabbage symptoms were absent. I t i s possible 

th a t some " i n f e c t i o n " was occurring e i t h e r as a d e f i n i t e (although 

r a t h e r symptomless) i n f e c t i o n or as a " l o c a l " i n f e c t i o n , the bean leaves 

a c t i n g as l o c a l storage organs f o r the v i r u s . Control bean plants 

were not a f f e c t e d and i t i s i n t e r e s t i n g to note t h a t D r i j f h o u t (1968) 

observed s i m i l a r r e d - m o t t l i n g w i t h pea l e a f - r o l l v i r u s , which produced small 

brown do,ts i n peas and caused premature l e a f shedding i n the Vicia-bean, 

Repeat experiments i n the present work, w i t h Chinese cabbage p l a n t s , 

gave s i m i l a r r e s u l t s , and i t was evident that back-inoculated plants were 

not i n f e c t e d as a r e s u l t of contamination, but by a causative organism from 

the bean p l a n t s . Uninfected radish leaves ground w i t h i n o c u l a t e d / ' i n f e c t e d ' 

bean leaves increased the blooming i n cabbage pl a n t s inoculated w i t h t h i s 

m i xture, p o s s i b l y suggesting t h a t the radish leaves provided some f a c t o r 

which aided the r e - i n f e c t i o n process. 

I t would appear also t h a t some symptoms became evident a f t e r 

i n o c u l a t i n g Chinese cabbage p l a n t s w i t h inocula prepared by g r i n d i n g 

together leaves from an inoculated bean p l a n t , and leaves from an uninfected 
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Chinese cabbage p l a n t . The 'blooming' e x h i b i t e d i n such cases was 

a greying o f the c e n t r a l r o s e t t e o f the younger leaves, advancing outwards 

w i t h age (and o f t e n accompanied by s l i g h t l e s i o n i n g of the older leaves). 

This 'blooming' was occasionally seen as a symptom on normally inoculated 

and i n f e c t e d Chinese cabbage pl a n t s (maintained as source plants f o r 

TYMV). 

I t i s i n t e r e s t i n g to note t h a t back-inoculation from TYMV RNA 

inocu l a t e d bean p l a n t s produced t y p i c a l symptoms i n Chinese cabbage up 

to about 28 days a f t e r i n i t i a l bean i n o c u l a t i o n . A f t e r t h i s time, only 

m i l d d i s c o l o u r a t i o n of back-inoculated Chinese cabbage leaves r e s u l t e d 

and bean flower a b o r t i o n ceased. Possibly a t t h i s time, a f t e r the i n i t i a l 

i n o c u l a t i o n o f the bean leaves, the ' i n f e c t i v e agent' was no longer v i a b l e . 

I t i s also possible t h a t e i t h e r the bean had ' k i l l e d ' the v i r u s , or i f 

the ' i n f e c t i v e agent' had never i n f a c t taken hold i n the bean p l a n t , 

i t was no longer able to lead an i n d i v i d u a l existence away from i t s 

t r u e host ( i . e . Chinese cabbage). 

F a i l u r e t o observe c r y s t a l l i n e TYMV aggregates under e l e c t r o n 

microscopic examination may simply have been due to a very low/local 

concentration of the v i r u s , i n the bean leaves. 

Some vir u s e s , under appropriate conditions, may i n f e c t a p l a n t 

w i t h o u t producing obvious signs of disease, or lead to the r a p i d death 

of the p l a n t . TYMV normally produces some of the most obvious symptoms of 

i n f e c t i o n i n the development of a p a t t e r n of l i g h t and dark green areas, 

g i v i n g a mosaic e f f e c t i n i n f e c t e d leaves ( o f t e n approaching genetic 

v a r i e g a t i o n ) . The macroscopic symptoms induced r e f l e c t h i s t o l o g i c a l 
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changes w i t h i n the p l a n t . 

When no d i s t i n g u i s h a b l e symptoms appear but there i s an i n f e c t i o n , 

the p l a n t i s r e f e r r e d to as having masked symptoms. 

I n some diseases the v i r u s i n f e c t s a given host and increases t h e r e i n 

but no v i s i b l e signs appear over the e n t i r e range of environmental conditions 

to which the host i s us u a l l y exposed. This c o n d i t i o n p r e v a i l s i n many 

v a r i e t i e s of potato i n f e c t e d w i t h the latent-mosaic v i r u s . 

I n other cases a host may shown signs of the disease f o r a 

r e l a t i v e l y s hort time a f t e r i t becomes i n f e c t e d , but the symptoms 

gra d u a l l y disappear, and clones derived from such a pla n t continue to 

contain the v i r u s but show, no symptoms. The p l a n t which i s a symptomless 

c a r r i e r i s d i s t i n g u i s h e d from one regarded as having masked symptoms by 

the f a c t t h a t i n the l a t t e r instance, the signs are not v i s i b l e i n a 

p a r t i c u l a r sector o f the usual range of environment, while i n the former 

case the p l a n t i s symptomless throughout the e n t i r e range of environment. 

Many s t r a i n s of a v i r u s may have very s i m i l a r host ranges, while 

others may d i f f e r considerably. Only a r e l a t i v e l y small pro p o r t i o n of 

h o s t - v i r u s combinations have been tested and our knowledge of the 

occurrence and d i s t r i b u t i o n of viruses i n plants i s fragmentary. I n 

many i n v e s t i g a t i o n s on host ranges, only p o s i t i v e r e s u l t s have been 

recorded and back i n o c u l a t i o n s have not been performed to t e s t f o r masked 

i n f e c t i o n s . I t i s also important t o decide what c o n s t i t u t e s 

m u l t i p l i c a t i o n over and above the inoculum remaining on the 'infected' 

l e a f . 

The manner of i n o c u l a t i o n can a l t e r r e s u l t s , many pla n t s containing 
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i n h i b i t o r s t h a t prevent mechanical i n o c u l a t i o n to the species, from 

the species, or both. Often only one set of conditions of i n o c u l a t i o n 

are employed, which may hide a possible host. Often closely r e l a t e d 

s t r a i n s d i f f e r i n the range of p l a n t s t h a t they w i l l i n f e c t . 

Evidence a v a i l a b l e f o r small viruses suggests t h a t host range 

i s a p r o p e r t y of the RNA ra t h e r than the p r o t e i n coat, although attempts 

to extend host range by using i n f e c t i o u s RNA r a t h e r than v i r u s have 

ge n e r a l l y been unsuccessful (e.g. Haselkorn, 1962 b ) . The host range 

of v i r a l RNA cannot be extended by coating the RNA i n the p r o t e i n of a 

v i r u s which can a t t a c k the host, and coating w i t h a p r o t e i n from a v i r u s 

unable to a t t a c k a host does not prevent the RNA from becoming 

est a b l i s h e d . This does not, however, preclude the p o s s i b i l i t y that 

t h e r e i s one small p r o t e i n or peptide molecule f i r m l y bound to the RNA 

and i n v o l v e d i n host s p e c i f i c i t y and v i r u s establishment. 

Sander and Schramm (1963) observed t h a t i n experiments using the 

n a t u r a l host arid the host of the other v i r u s r e c i p r o c a l l y , and comparing 

the i n f e c t i v i t i e s of the complete v i r u s and of the free"RNA of TMV 

and TYMV, th a t the coat p r o t e i n of the complete v i r u s enhances the 

i n f e c t i v i t y i n comparison to the free RNA, only i n the host t o which the 

v i r u s i s adapted. 

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

or v i r a l RNA i n t o a wound made through the p l a n t surface. I n f e c t i o n 

occurs when the v i r u s has established i t s e l f successfully i n the c e l l . 

Severe abrasion has been found more e f f e c t i v e i n some cases (Louie and 

Lorbeer, 1966) as has rubbing of an i n f e c t e d l e a f onto a l e a f surface 
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(Murakishi, 1963). These methods and i n j e c t i o n were attempted to 

i n s t i g a t e TYMV i n f e c t i o n i n the bean w i t h only a small degree of success. 

The form i n which a new v i r u s spreads from c e l l to c e l l w i t h i n 

leaves i s not known, the f i r s t crop of v i r u s passing unnoticed i n 

i n f e c t i v i t y assays. I t i s only.at the time when some hundreds of c e l l s 

at each i n f e c t i o n s i t e have become i n f e c t e d t h a t m u l t i p l i c a t i o n becomes 

detectable (Harrison, 1958). The concept of v i r u s diseases as 

disturbances of the host's nucleoprotein metabolism almost necessitates 

the conclusion t h a t the a b i l i t y of v i r u s to i n f e c t , m u l t i p l y and cause 

symptoms w i l l vary g r e a t l y w i t h changes i n the p h y s i o l o g i c a l conditions 

of the host. Almost every change i n growing conditions that a f f e c t s 

p l a n t growth or c e l l u l a r metabolism also e f f e c t s the behaviour of the 

v i r u s . This aspect was not considered f u r t h e r i n the present work, but 

i t i s p o ssible t h a t f u r t h e r symptoms of i n f e c t i o n could have been 

produced i n the bean p l a n t s by varying growth conditions. 

Information concerning the functions performed by a p l a n t v i r u s or a 

p l a n t host i n the course of i n f e c t i o n and the molecular events t h a t 

accompany the r e p l i c a t i o n of p l a n t viruses i s scanty. A p l a n t i n f e c t e d 

w i t h one s t r a i n of a v i r u s i s u s u a l l y protected from i n f e c t i o n by other 

r e l a t e d s t r a i n s of the same v i r u s ( F u l t o n , 1951). The subject of 

i n t e r f e r e n c e has been reviewed by Ross (1959) and Kassanis (1963). I t i s 

widely assumed th a t the i n t e r f e r e n c e phenomenon might be explained by 

competition between p l a n t viruses f o r the t h e o r e t i c a l adsorption s i t e s 

( r e c e p t o r s ) of the p l a n t c e l l (Rappaport and Wu, 1962; Siegel, 1959; 

Wu and Hudson, 1963; Wu and Rappaport, 1961). ' I t i s supposed th a t when 
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the s a t u r a t i o n of c e l l receptors by the i n t e r f e r i n g v i r u s (or p r o t e i n ) 

occurs, p a r t i c l e s of the second v i r u s cannot p a r t i c i p a t e i n the 

i n f e c t i o n . I t i s possible t h a t the bean plants employed were i n f e c t e d 

by a symptomless v i r u s , preventing TYMV invasion and i n f e c t i o n . I f 

i n f e c t e d , the i n f e c t i o n was not transmitable from 'uninfected' t e s t 

bean p l a n t s to Chinese cabbage. 

C e l l receptors play an important r o l e i n determining c e l l 

s u s c e p t i b i l i t y to animal viruses and bacteriophages ( f o r review see 

Fenner, 1968; Stent, 1963). Non-host animal and b a c t e r i a l c e l l s are 

o f t e n i n s u s c e p t i b l e t o a c e r t a i n v i r u s because they f a i l to absorb i t and 

do not a l l o w p e n e t r a t i o n . Unfortunately, the data we have a t present 

concerning v i r u s - s p e c i f i c receptors of pl a n t c e l l s are d i f f i c u l t to 

i n t e r p r e t (Novikov and Atabekov, 1970). We know nothing d e f i n i t e about 

the chemical nature of c e l l receptors and t h e i r l o c a l i s a t i o n i n the plan t 

c e l l . As V. faba ribosomes and TYMV RNA were a c t i v e together i n v i t r o , 

i t would appear t h a t resistance t o i n f e c t i o n (assuming the bean 

i n o c u l a t i o n experiments t o be e i t h e r negative or at the l e a s t inconclusive) 

l i e s a t another p o i n t i n vi v o . Whether t h i s 'resistance' occurs a t the 

v i r a l p r o t e i n synthesis stage or, some other i s open to speculation. 

Possibly i f the TYMV v i r a l RNA were able t o at t a c h t o bean ribosomes 

i n v i v o t y p i c a l symptoms and t y p i c a l i n f e c t i o n would ensue. 

I t i s known t h a t the resistance o f animal c e l l s to the v i r u s can 

i n some cases be due to the i n a b i l i t y of the c e l l to uncoat the 

adsorbed v i r u s ( D a r n e l l and Sawyer, 1960; Holland, 1962). Enders et a l . , 

(1967) showed, however t h a t the coat p r o t e i n can be removed from 
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p o l i o y i r u s p a r t i c l e s which entered c e l l s r e s i s t a n t to p o l i o v i r u s . 

Thus, the v i r u s uncoating mechanism operates n o n - s p e c i f i c a l l y i n t h i s 

system. I n f o r m a t i o n concerning the uncoating mechanisms operating i n 

p l a n t c e l l s i n f e c t e d w i t h v i r u s i s scanty (Reddi, 1966; Shaw, 1967, 1969). 

Hiebert e t a l . , (1968) showed t h a t p r o t e i n from a v i r u s normally unable 

to i n f e c t a c e r t a i n host does not r e s t r i c t the i n f e c t i v i t y of a 

f o r e i g n v i r a l RNA enclosed i n the h y b r i d s p h e r i c a l v i r u s obtained 

i n v i t r o . Atabekov e t a l . , (1970) present evidence to suggest t h a t the 

v i r u s uncoating mechanism of the p l a n t c e l l i n some cases does not 

c o n t r o l the host range of p l a n t viruses. 

I t i s suggested t h a t the mechanism c o n t r o l l i n g the host range does 

not operate a t the f i r s t stages of p l a n t v i r u s r e p l i c a t i o n . I n other 

cases, the f i r s t stage b a r r i e r ( s ) i s operative, but i t can be overcome 

by using f r e e RNA f o r i n o c u l a t i o n . Examples of t h i s kind are not numerous 

f o r p l a n t viruses (Humm and Humm, 1968; Suss et a l . , 1965). I n o c u l a t i o n 

o f bean leaves w i t h TYMV RNA d i d not, however, produce a ready i n f e c t i o n . 

I t has been known f o r some time t h a t attachment and uncoating are 

necessary, but are not always s u f f i c i e n t conditions f o r v i r u s r e p l i c a t i o n 

(see review by Fenner, 1968). Free v i r a l RNA i s not necessarily capable 

o f i n f e c t i n g c e l l s t h a t are not susceptible to the nat i v e v i r u s (Holland 

e t a l . , 1959; Holland and Hoyer, 1962; Agol, 1964; St. Geme et a l . , 1967). 

I n p a r t i c u l a r cases the c e l l i s a b o r t i v e l y i n f e c t e d even a f t e r successful 

adsorption, p e n e t r a t i o n and uncoating (e.g., Buck et a l . , 1967). 

Atabekov et a l . , (1970) showed t h a t RNAs from four p l a n t viruses 

were completely i n e r t i n p l a n t s t h a t are not susceptible to the v i r u s 
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i t s e l f i . e . the host range of the viruses coincided w i t h t h a t of the 

f r e e RNA. Their observations provide evidence suggesting the 

existence of one (or more) i n t r a - c e l l u l a r b a r r i e r ( s ) operating at 

the l a t e r stages of v i r a l r e p l i c a t i o n . Such b a r r i e r s may be mechanisms 

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

f o r the s p e c i f i c defence of the p l a n t c e l l against the f o r e i g n genetic m a t e r i a l . 

I t i s not excluded t h a t m u l t i p l e c e l l u l a r b a r r i e r s c o n t r o l l i n g the host 

range of p l a n t viruses at d i f f e r e n t stages of i n f e c t i o n may e x i s t i n 

the p l a n t c e l l , and i n v e s t i g a t i o n s i n t o t h i s aspect of host s p e c i f i c i t y 

are n e c e s s a r i l y d i f f i c u l t ; 

A number of 'mixed' systems have apparently been successful 

however, i n c l u d i n g the r e p l i c a t i o n of an i n f e c t i o u s form of TMV i n 

chicken embryos (Cochran e t a l . , 1969), and the binding and t r a n s l a t i o n 

of TYMV RNA by s k e l e t a l muscle ribosomes from normal and d i a b e t i c r a t s 

( R o l l e s t o n :jet_al. , 1970). 

Cochran et a l . , (1969) found t h a t a small RNA (4-6 S) i s o l a t e d 

from a 75 hour TMV i n f e c t i o n i n Turkish tobacco, appeared to be the 

most potent embryo inoculum, and Cochran has theorised t h a t TMV RNA i s 

a polymer composed of l i n k e d i n f e c t i o u s monomeric u n i t s (and t h a t the 

4-6 S RNA may be t h i s u n i t ) . This work may lead to f u r t h e r i n v e s t i g a t i o n s 

o f other v i r a l RNAs i n an attempt to i s o l a t e such small a c t i v e u n i t s . 

From these observations i t i s clear t h a t f u r t h e r work i s necessary 

before any clear proposals as t o the l e v e l ( s ) of host s p e c i f i c i t y can be 

made. 
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E l e c t r o n Microscopy: 

There has been l i t t l e study of small isometric p l a n t viruses 

by e l e c t r o n microscopy ( H i l l s and P l a s k i t t , 1968). Under s t a i n i n g 

c o n d i t i o n s as applied to p l a n t tissues by Kolehmainen et a l . , (1965) 

only the n u c l e i c acid i s deeply stained, and the nucleic acid core of a 

small s p h e r i c a l v i r u s and a ribosome are nearly i n d i s t i n g u i s h a b l e 

( C h a l c r o f t and Matthews, 1966; Edwardson e t a l . , 1966; Gerola et a l . , 1965), 

V i r u s p a r t i c l e s i n sections lose t h e i r c h a r a c t e r i s t i c angular 

p r o f i l e and appear smaller than they do i n v i t r o i n negative s t a i n 

(Milne, 1967). Shikata and Maramorosch (1966) showed th a t pea enation 

mosaic v i r u s p a r t i c l e s occur i n the n u c l e i , cytoplasm and c e n t r a l 

vacuoles o f i n f e c t e d c e l l s . They were able to use the large size of t h i s 

v i r u s as a c r i t e r i o n to d i s t i n g u i s h between v i r u s p a r t i c l e s and ribosomes. 

Milne (1967)-attempted to d i s t i n g u i s h between ribosomes and v i r u s 

p a r t i c l e s by the i r r e g u l a r ribosome o u t l i n e and the more regular appearance 

of the v i r u s p a r t i c l e s . Edwardson et al.,(1966) reported t h a t i n sections 

o f c e n t r i f u g e p e l l e t s , southern bean mosaic v i r u s and tobacco necrosis 

v i r u s were d i s s i m i l a r i n appearance to t h a t of ribosomes from t i s s u e 

sections. 

Milne (1967) noted t h a t i t was d i f f i c u l t to d i s t i n g u i s h the small 

i s o m e t r i c v i r u s p a r t i c l e s of TYMV from ribosomes, although i t was sometimes 

possible i f the v i r u s was c r y s t a l l i s e d . Pre-treatment of tissues w i t h 

permanganate or EDTA ( f o r sowbane mosaic v i r u s ) appeared to destroy the 

ribosomes but also r e s u l t e d i n excessive d i s o r g a n i s a t i o n of the tissues. 
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P r i o r t o n o t i n g the observations of t h i s paper (Milne, 1967) a 

s i m i l a r pre-treatment of B. chinensis leaves was employed. The leaves 

were floated/soaked i n 0.01 M EDTA (pH 7.4) s o l u t i o n f o r 24 h p r i o r t o 

examination. I t was a n t i c i p a t e d t h a t the v i r u s would be 'stable' to 

such treatment, but t h a t the ribosomes would not. On examination of 

i n f e c t e d and uninfected t i s s u e s s i m i l a r l y t r e a t e d , no conclusive 

i n f o r m a t i o n was however obtained. Bean leaves t r e a t e d and examined i n 

l i k e manner were no .more in f o r m a t i v e . 

Milne (1967) d i d f i n d TYMV f r e e i n the cytoplasm but absent from 

the n u c l e i , c h l o r o p l a s t s and mitochondria. 

I n f e c t e d B. chinensis leaves i n the present work d i d however show 

markedly abnormal c h l o r o p l a s t s as reported by Chalcro f t and Matthews 

(1966), but s t a r shaped bodies found by them i n i n f e c t e d cytoplasm, and 

other abnormalities, were not encountered. 

Ushiyama (1971) found on e l e c t r o n microscopy of Chinese cabbage 

leaves s y s t e m i c a l l y i n f e c t e d w i t h TYMV, numerous p a r t i c l e s assumed to 

be v i r u s . These were present i n the cytoplasmic spaces between clumped 

c h l o r o p l a s t s , but i n the general ground cytoplasm TYMV p a r t i c l e s were 

i n d i s t i n g u i s h a b l e from the ribosomes. When detached whole leaves from 

i n t a c t p l a n t s were held a t 60°C f o r 5 min and kept at 20°C f o r 18 h, 

p a r t i c l e s located i n the spaces between ch l o r o p l a s t s and i n the general 

cytoplasm of the i n f e c t e d leaves were apparently c r y s t a l l i s e d . No such 

c r y s t a l l i n e arrangements were observed by him i n healthy leaves. 

These experiments were repeated i n the present work using 
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B. chinensis t e s t p l a n t s and t y p i c a l c r y s t a l l i s a t i o n was observed ( f i g . 4 7 ) 

i n i n f e c t e d leaves, but not i n uninfected. On examination of bean leaves, 

however, no c r y s t a l l i s a t i o n was observed. A number of bean leaves were 

examined, and even those e x h i b i t i n g 'TYMV symptoms' of i n f e c t i o n d i d 

not e x h i b i t t h i s phenomenon. I t i s possible that the TYMV, i f present, 

was i n so small a concentration as to prevent observable c r y s t a l l i s a t i o n . 

The v i r u s c r y s t a l s appeared i n sections of the w i l t e d leaves, 

e i t h e r as cubic or hexagonal close-packed s t r u c t u r e s . Although 

c r y s t a l l i n e arrays of i n t r a - c e l l u l a r v i r u s have been observed i n c e l l s 

of host p l a n t s i n f e c t e d w i t h isometric viruses (Edwardson et a l . , 1966 

Gerola e t a l . , 1965; Russo e t a l . , 1968; Shikata and Maramorosch, 1966), 

no c r y s t a l s o f TYMV p a r t i c l e s are normally seen i n s i t u (Chalcroft and 

Matthews, 1966; Gerola e t a l . , 1966; Milne, 1967). 

Wherever the components of TYMV may be synthesised, Milne (1967) 

observed t h e i r completed v i r i o n s only i n the cytoplasm, and only 

e x c e p t i o n a l l y confined w i t h i n v e s i c l e s or membranes. M a r t e l l i and 

Castellano (1969) noted t h a t i n t r a - n u c l e a r occurrence of pelargonium l e a f 

c u r l v i r u s was not simply due to a r e d i s t r i b u t i o n of p a r t i c l e s to 

e q u i l i b r a t e v i r u s concentration throughout the c e l l . De Zoeten and 

Gaard (1969) seemed i n c l i n e d to a t t r i b u t e the i n t r a - n u c l e a r occurrence 

o f southern bean mosaic v i r u s t o p a r t i c l e t r a n s l o c a t i o n from the cytoplasm, 

r a t h e r than to i n s i t u v i r u s r e p l i c a t i o n or assembly. Shikata and 

Mararaorosch (1966) suggested t h a t pea enation mosaic v i r u s m u l t i p l i e d i n 

n u c l e i o f pea p l a n t s before invading the ctyplasm of i n f e c t e d c e l l s . 

K i t a j i m a and Costa (1969) noted an associa t i o n of pepper ringspot 



F i g . 47 E l e c t r o n micrographs o f Turnip Yellow Mosaic Virus 
s y s t e m i c a l l y i n f e c t e d Brassica chinensis l e a f 
m a t e r i a l ( a f t e r w i l t i n g , according to the 
procedure o f Ushiyama, 1971) to show v i r u s 
c r y s t a l l i s a t i o n ( l o c a t e d i n the spaces between 
the c h l o r o p l a s t s and i n the general 
cytoplasm). 
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v i r u s w i t h mitochondria. The s i g n i f i c a n c e of t h i s i s uncertain, but 

there are some animal viruses i n which mitochondria seem t o be one of the 

centres of v i r u s synthesis e.g., avian e r y t h r o b l a s t i c leukemia 

(Benrsedetti and Bernhard, 1958), avian myeloblastosis (Bonar et a l . , 

1959) and ri n d e r p e s t (Breese and De Boer, 1962). Whereas animal viruses 

appear w i t h i n the mitochondria, pepper ring s p o t v i r u s p a r t i c l e s are 

arranged on the mitochondrial surface. This close t o p o l o g i c a l r e l a t i o n 

between pepper r i n g s p o t and mitochondiixa might r e s u l t from a high 

energy demand during the synthesis or assembly of t h i s v i r u s and 

dependence of some phase of v i r a l synthesis on mitochondrial DNA i s also 

p o s s i b l e . 

I n z i n n i a l e a f t i s s u e i n f e c t e d w i t h d a h l i a mosaic v i r u s numerous 

Golgi bodies (dictyosomes) and t h i c k - w a l l e d microvesicles were observed 

by K i t a j i m a e t a l . , (1969) i n close p r o x i m i t y t o v i r u s i n c l u s i o n s . The 

t o p o l o g i c a l a s s o c i a t i o n of d a h l i a mosaic v i r u s - i n f e c t e d inclusions w i t h 

the Golgi complex suggests t h a t the l a t t e r i s involved i n t h e i r formation. 

K i t a j i m a and L a u r i t i s (1969) observed the presence of i n t a c t v i r i o n s 

w i t h i n the plasmodesmata. Mature p a r t i c l e s f r e e i n the cytoplasm were 

suggested t o probably o r i g i n a t e from i n c l u s i o n s , which are apparently 

the s i t e o f synthesis and assembly of t h i s v i r u s . . 

E l e c t r o n microscopic work has therefore provided varied information 

on the p o s i t i o n of v i r u s p a r t i c l e s w i t h i n some p l a n t s , but the use of 

t h i s i n f o r m a t i o n to specify p o i n t s of v i r u s synthesis, assembly etc., 

i s open to question. I f the r e s u l t s of such work, however, can be 

confirmed by biochemical observations, much may be l e a r n t concerning 

these important t o p i c s . 
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I n v i t r o e x p e r i m e n t a l systems i n v o l v i n g p l a n t v i r u s e s have 

a t t r a c t e d g r e a t i n t e r e s t i n r e c e n t y e a r s and have become so r e f i n e d t h a t 

much i n f o r m a t i o n has been g a i n e d about b i o l o g i c a l processes f o r m e r l y 

c o n s i d e r e d i n a c c e s s i b l e t o s t u d y e x c e p t i n v i v o . 

I t has been n o t e d a t v a r i o u s p o i n t s t h r o u g h o u t t h i s t h e s i s , 

however, t h a t such i n v i t r o e x p e r i m e n t s a r e n o t w i t h o u t t h e i r 

s h o r t c o m i n g s . R e c o n s t i t u t i o n o f a v i r u s p a r t i c l e f rom i t s component 

p a r t s does n o t e s t a b l i s h a p r i o r i t h e mechanism o f v i r u s assembly i n v i v o , 

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

mechanism. The i s o l a t e d s y n t h e s i s o f v i r a l p r o t e i n i n v i t r o tends t o 

obscure t h e f a c t t h a t p r o t e i n s y n t h e s i s , n u c l e i c a c i d r e p l i c a t i o n and 

o t h e r m e t a b o l i c r e a c t i o n s a r e c l o s e l y coupled processes i n v i v o . The 

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

i n t e r - r e l a t i o n s h i p , and may l e a d t o an apparent i n a c t i v i t y i n any one 

o f t h e systems. T h i s may have been t h e case i n t h e p r e s e n t work, i n t h a t 

v i t a l f a c t o r s f o r 'good' 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 were m i s s i n g . 

'Good' a c t i v i t y i s o f course d i f f i c u l t t o d e f i n e , e s p e c i a l l y when d e a l i n g 

w i t h systems d e r i v e d f r o m p l a n t m a t e r i a l , w h i c h t e n d t o have more 

i n h e r e n t problems t h a n systems d e r i v e d from o t h e r sources. 

A l t h o u g h one must r e c o g n i s e t h e a r t i f i c i a l i t y o f t h e i n v i t r o 

e x p e r i m e n t , and t h a t i t o f t e n may n o t r e f l e c t a c c u r a t e l y on l i v i n g 

p r o c e s s e s , i t i s e q u a l l y a p p a r e n t t h a t many v a l u a b l e f a c t s c o n c e r n i n g 

a v a r i e t y o f b i o l o g i c a l r e a c t i o n s can be d i s c o v e r e d . 

The advantage o f u s i n g d e f i n e d components i n s t u d y i n g a 

b i o l o g i c a l r e a c t i o n i s s e l f - e v i d e n t , and t h e p r e s e n t work was based on 
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t h i s c o n c e p t . The a t t e m p t t o produce an a c t i v e i n c o r p o r a t i n g system 

f r o m Chinese cabbage, programmed by TYMV RNA was s u c c e s s f u l i n t h a t t h e 

system was p a r t i a l l y c h a r a c t e r i s e d . The use o f t h i s system, w i t h 

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

p r o c e s s has o n l y been p a r t i a l l y s u c c e s s f u l , b u t has suggested many 

avenues f o r i n v e s t i g a t i o n a l o n g t h e way. I t has been t e n t a t i v e l y 

p roposed t h a t t h e system i s o l a t e d i n d i c a t e s t h e p a r t i c i p a t i o n o f t h e 

'80 S' ribosome i n v i r a l p r o t e i n s y n t h e s i s and t h a t TYMV h o s t s p e c i f i c i t y 

does n o t appear t o be a t t h e p r o t e i n b i o s y n t h e t i c l e v e l . 

F u r t h e r p u r i f i c a t i o n o f t h e system components and 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 t h e system p r o d u c t ( s ) would u n d o u b t e d l y shed l i g h t 

on t h e f e a s i b i l i t y o f comparing t h e o b s e r v a t i o n s made on t h e i n v i t r o 

system t o t h e a c t u a l i n v i v o s t a t e . 

I t i s t o be hoped t h a t t h i s and s i m i l a r work w i l l be c o n t i n u e d 

as knowledge e v o l v i n g f r o m t h i s t y p e o f i n v e s t i g a t i o n and from 

s i m i l a r e x p e r i m e n t s i s o f fundamental importance t o a l l branches o f 

v i r o l o g y and i n f a c t t o b i o l o g y i n g e n e r a l . The i n f o r m a t i o n o b t a i n e d 

d e a l s w i t h such problems as t h e r e p l i c a t i o n , 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 o f g e n e t i c m a t e r i a l , t h e r e g u l a t i o n 6f these processes and the 

g e n e r a t i o n o f b i o l o g i c a l l y a c t i v e s t r u c t u r e s . R e s u l t s from such work 

are a p p l i c a b l e t o a m u l t i t u d e o f problems b e i n g i n v e s t i g a t e d today. 
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APPENDIX 

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 l A n a l y s i s : 

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 l a n a l y s i s was performed u s i n g an 

Omega I I P r e p a r a t i v e U l t r a c e n t r i f u g e w i t h t h e A n a l y t i c a l A ttachment, 

s t a n d a r d A n a l y t i c a l R o t o r and s t a n d a r d A n a l y t i c a l C e l l . 

The S c h l i e r e n o p t i c a l system, n o r m a l l y an i n t e g r a l p a r t o f 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 , i s used i n t h i s system as an accessory w i t h 

an a n a l y t i c a l r o t o r , f o r b o t h d i r e c t o b s e r v a t i o n and photography o f 

boundary movements o f macromolecules, i n t h e p r e p a r a t i v e Omega I I 

u l t r a c e n t r i f u g e . W i t h t h i s a n a l y t i c a l accessory a t t a c h e d , s e d i m e n t a t i o n 

v e l o c i t y s t u d i e s f o r t h e d e t e r m i n a t i o n o f 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 may 

be p e r f o r m e d . 

The S c h l i e r e n o p t i c a l accessory i s a t t a c h e d t o t h e s i d e o f t h e 

u l t r a c e n t r i f u g e ( f i g . 48 ) and i s swung i n t o , p o s i t i o n on two twin-arm 

p a r a l l e l o g r a m suspensions, s u p p o r t e d on hi n g e p o i n t s . This ensures t h e 

p e r f e c t l y v e r t i c a l p o s i t i o n o f t h e assembly. The ' o p t i c a l box* c o n t a i n s 

a l l t h e necessary components f o r p h o t o g r a p h i c r e c o r d i n g o f t h e 

s e d i m e n t a t i o n process ( i . e . , w a t e r c o o l e d mercury h i g h - p r e s s u r e l i g h t 

s o u r c e , l e n s e s , S c h l i e r e n diaphragm and camera). D e f l e c t i o n o f t h e l i g h t 

beam on t o t h e camera i s accomplished by p r e - a d j u s t e d d e f l e c t i o n m i r r o r s , 

b o l t e d t o t h e base o f t h e c e n t r i f u g e chamber, p r i o r t o r o t o r i n s t a l l a t i o n . 

Round p l a n e - p a r a l l e l q u a r t z c o v e r s p r o t e c t t h e d e f l e c t i o n m i r r o r s from 

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

Assembly o f t h e c e l l and i n s t a l l a t i o n i n t h e r o t o r a r e performed 

as w i t h s i m i l a r a n a l y t i c a l a p p a r a t u s (Omega a c c e s s o r i e s b e i n g almost 
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F i g . 48 Omega I I P r e p a r a t i v e U l t r a c e n t r i f u g e w i t h 
A n a l y t i c a l A ttachment. 
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i d e n t i c a l w i t h comparable Beckman Spinco E a p p a r a t u s ) . The s t a n d a r d 

Omega a n a l y t i c a l r o t o r i s s i m i l a r t o t h e Spinco A n a l y t i c a l - D - r o t o r , 

and has two c e l l h o l e s . I n t h e Omega r o t o r , one h o l e houses t h e 

a n a l y t i c a l c e l l , t h e o t h e r t h e c o u n t e r b a l a n c e d r e f e r e n c e c e l l , w h i c h 

produces t h e r e f e r e n c e image. The s t a n d a r d a n a l y t i c a l c e l l was used 

i n c o n j u n c t i o n w i t h a 12 mm. t h i c k , a luminium, s i n g l e - s e c t o r c e n t r e - p i e c e 

( o f 4° s e c t o r a n g l e ) and p l a i n q u a r t z windows. 

U s i n g t h i s a p p a r a t u s , f o r an average sample, s u i t a b l e l i g h t 

i n t e n s i t y s e t t i n g s and exposure t i m e s were d e t e r m i n e d . By experiment 

( f i g . 49 ) r o t o r a c c e l e r a t i o n was foun d t o be u n i f o r m over most o f t h e 

range f r o m z e r o t o t h e r e q u i r e d r o t o r speed. For a l l d e t e r m i n a t i o n s 

t h e recommended S c h o t t OG 530 f i l t e r was used i n t h e o p t i c a l system. 

Once t h e p r e - s e l e c t e d speed i s reached, a b r i g h t r e c t a n g u l a r 

c e n t r a l f i e l d can be observed i n t h e vi e w e r o f t h e r e f l e x camera 

a t t a c h m e n t , w h i c h i s formed by t h e l i g h t beams p a s s i n g the a n a l y t i c a l 

c e l l . R i g h t and l e f t o f t h e c e n t r a l f i e l d t h e r e a r e wide b l a c k s t r i p e s 

produced by t h e co v e r s o f t h e r e f e r e n c e h o l e s and i n between b r i g h t bands 

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

c e l l ( f i g , 50 ) . The edge o f t h e r i g h t - h a n d l i g h t band forms the 

r e f e r e n c e l i n e o f t h e meniscus (RKM). The d i s t a n c e between r o t o r c e n t r e 

(RZ) and t h i s l i n e i s 5.700 cm. The boundary zone between a i r and f l u i d 

i n s i d e t h e c e l l i s seen as a v e r t i c a l l i n e , t h e meniscus (M). Once a 

c e r t a i n c e n t r i f u g a t i o n p e r i o d has el a p s e d t he g r a d i e n t s t a r t s s e p a r a t i n g 

f r o m t h e meniscus i n t h e d i r e c t i o n o f c e n t r i f u g a t i o n , t o t h e bottom o f t h e 

c e l l ( B) i n t h e shape o f a Gaussian d i s t r i b u t i o n c u r v e . The s o l v e n t i s 

t o t h e r i g h t o f t h e g r a d i e n t , and t o t h e l e f t t h e p l a t e a u zone. The 
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^^^•49 . A o c e l e r a t l o n curve of the a n a l y t i c a l r o t o r I n the 

Omega I I a n a l y t i c a l u l t r u c e n t r l f u g e 

40 80 
Time ( s ) 

120 160 



325 

F i g . 50 . Diagrammatic r e p r e s e n t a t i o n of Image viewed 

through the r e f l e x a t t a c h m e n t of the camera 

a f f i x e d t o the Omega a n a l y t i c a l u l t r a c e n t r i f u g e 

R K B B 

4' 

R K B - R K M 

z 
lU 
> 
- I 
O 
(0 

M RKM 

\ 1 / NĴ  

B L 

CO 

< 
CD 

^ R Z 

' M-RKM,j 

G-RKM 

D i r e c t i o n of s e d i m e n t a t i o n I s from r i g h t to l e f t . 

AB ... . a i r bubble M . o • . s o l u t i o n meniscus 
B . . . . c e l l bottom RKB .... r e f e r e n c e edge bottom 
BL ... . base l i n e RKM .... r e f e r e n c e edge 
G ... g r a d i e n t R^ .... r o t o r c e n t e r 
LB ... l i g h t b a n d ( r e f e r e n c e c e l l ) 
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i n c r e a s e i n t h i c k n e s s o f t h e base l i n e a t t h e c e l l b o t t o m (B) i s 

due t o d e p o s i t i o n o f s e d i m e n t i n g m a t e r i a l . L e f t o f t h e p l a t e a u zone 

i s a n o t h e r l i g h t band b o r d e r e d by two b l a c k b a r s . The l e f t - h a n d edge 

o f t h i s l i g h t band (RKB) forms t h e r e f e r e n c e l i n e . The d i s t a n c e between 

RKB and t h e r o t o r c e n t r e i s 7,300 cm. 
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NOTES ADDED IN PROOF: 

Tobacco mosaic v i r u s (Oberg and P h i l i p s o n , 1972) and bromegrass mosaic 

v i r u s ( H a l l e t a l . , 1972) can e n z y m a t i c a l l y b i n d h i s t i d i n e and t y r o s i n e 

r e s p e c t i v e l y t o t h e 3' end o f t h e m o l e c u l e . No a m i n o a c y l a t i o n was 

observed w i t h p o l i o v i r u s RNA (Oberg and P h i l i p s o n , 1972). Sela (1972) 

demonstrated t h a t f r a g m e n t s o f TMV RNA can accept s e r i n e and m e t h i o n i n e , 

b u t i t appears t h a t a c y l a t i o n cannot t a k e p l a c e on th e i n t a c t molecule. 

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

be i n v o l v e d i n t h e r e c o g n i t i o n o f v i r a l RNA r e p l i c a s e ( L i t t a u e r and 

Inouye , 1973). 

A r e v i e w on p r o t e i n s y n t h e s i s by H a s e l k o r n and Rothman-Denes (1973) 

has been p u b l i s h e d c o v e r i n g m a t e r i a l p u b l i s h e d , f o r ?the most p a r t , 

subsequent t o t h e r e v i e w on p r o t e i n s y n t h e s i s by Lucas-Lenard and 

Lipmann, ( 1 9 7 1 ) . 

H a l l , T.C., S h i h , D.S., Kaesberg, P. (1972) Biochem. J. 129 969 

H a s e l k o r n , R., Rothman-Denes, L.B. (1973) A. Rev. Biochem. 42 397 

L i t t a u e r , U.Z., Inouy e , H., (1973) A. Rev. Biochem. 42 439 
Lucas-Lenard, J . , Lipmann, F., (1971) A; Rev. Biochem. 40 409 
Oberg, B., P h i l i p s o n , L., (1972) Biochem. b i o p h y s . Res. Commun 

48 927 

S e l a , I . , (1972) V i r o l o g y 49 90 
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