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b a s e  i n i t i a l s  e . g .  'AUG* s t a n d s  f o r  ApUpG.
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t h e  t e x t .
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1 .  INTRODUCTION

I t  i s  now f o r t y  y e a r s  s i n c e  r i b o s o m e s  w e re  f i r s t '  

r e p o r t e d  as  s u b - c e l l u l a r  c o m p o n e n ts  o f  l i v i n g  

o r g a n i s m s  ( C l a u d e ,  1 9 3 8 ) .  A t  t h a t  t im e  t h e y  w ere  

c a l l e d  ' s m a l l  g r a n u l e s '  and l a t e r  ' m i c r o s o m e s ' , a 

term u s e d  t o  d e s c r i b e  a c o m p le x  c o n s i s t i n g  o f  

e n d o p l a s m i c  r e t i c u l u m  and r i b o s o m e s .  S i n c e  th en  

r i b o s o m e s  from a v a s t  r a n g e  o f  e u k a r y o t i c  and 

p r o k a r y o t i c  c e l l s  h a v e  b e e n  s t u d i e d  i n  an e f f o r t  

t o  e l u c i d a t e  t h e  m echan ism s  o f  p r o t e i n  s y n t h e s i s  

and t h e  s t r u c t u r e  and f u n c t i o n  o f  t h e  r i b o s o m e .

The k n o w le d g e  g a i n e d  h a s  b e e n  e x t e n s i v e  b u t  t h e r e  i s  

much more s t i l l  t o  be  g a i n e d .  C l e a r l y ,  a c o m p r e h e n s i v e  

r e v i e w  o f  s o  l a r g e  and c o m p l i c a t e d  a s u b j e c t  i s  n o t  

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

o f  t h e  h i s t o r y  o f  r ib o s o m e  r e s e a r c h  t o g e t h e r  w i t h  

some o f  t h e  s t r a t e g i e s  e m p lo y e d  a r e  g i v e n  b e l o w .

1 . 1 .  A HISTORY OF RIBOSOME RESEARCH

As m e n t i o n e d  a b o v e  r i b o s o m a l  p a r t i c l e s  were  

f i r s t  r e p o r t e d  i n  1938  b u t  i t  was n o t  u n t i l  1941  

t h a t  t h e i r  r o l e  i n  p r o t e i n  s y n t h e s i s  was h y p o t h e s i s e d  

( B r a c h e t ,  1 9 4 1 ) .  T h i s  h y p o t h e s i s  was b a s e d  upon  

t h e  o b s e r v a t i o n  t h a t  m ic r o s o m e s  a l w a y s  c o n t a i n e d  

RNA and t h a t  t i s s u e s  w h ich  w e re  a c t i v e  i n  p r o t e i n  

s y n t h e s i s ,  e . g .  t h e  g l a n d s  o f  t h e  s i l k  worm w ere
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p a r t i c u l a r l y  r i c h  i n  RNA ( B r a c h e t  1 9 4 0 ;  C a s p e r s s o n  

1 9 4 0 ;  1 9 4 1 ) .

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

from a l l  mammalian and a v i a n  t i s s u e s  s t u d i e d  had a 

d i a m e t e r  o f  20 nm ( P a l a d e ,  1 9 5 5 ;  P a l a d e  and S i e k e v i t z ,  

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

r i b o s o m e s  from a n im a l  t i s s u e s  r e v e a l e d  t h a t  t h e y  g a v e  

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

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  1  x 10^13 s e c  i s  a 

S v e d b e r g  u n i t ,  S) r a n g i n g  from 405 t o  765 (P e ter m a n n  

and H a m i l t o n ,  1 9 5 2 ) .  T h e s e  p a r t i c l e s  c o n t a i n e d  a b o u t  

50% RNA ( P e t er m a n n  e t  a l . , 1 9 5 4 ) .

T h at  r i b o s o m e s  w ere  t h e  s i t e s  o f  p r o t e i n  s y n t h e s i s  

was shown by L i t t l e f i e l d  e t  a l . , ( 1 9 5 5 ) .  A f t e r  

i n j e c t i o n  o f  r a d i o a c t i v e  amino  a c i d s  i n t o  r a t s  t h e  

r i b o s o m e s  r a t h e r  t h a n  t h e  b u l k  o f  m ic r o s o m a l  p r o t e i n s  

became l a b e l l e d  m a x i m a l l y  w i t h i n  a f ew  m i n u t e s  o f  th e  

i n j e c t i o n .  H ow ever ,  o n l y  a s m a l l  f r a c t i o n  o f  t h e  

amino a c i d s  i n  r i b o s o m a l  p r o t e i n  were  t u r n i n g  o v e r ,  i . e .  

t h e r e  was a s t e a d y  s t a t e  b e t w e e n  f o r m a t i o n  and r e l e a s e  

o f  p o l y p e p t i d e s .  5 u b s e q u e n t l y , s i m i l a r  o b s e r v a t i o n s

w ere  made u s i n g  c e l l - f r e e  e x t r a c t s  from r a t  l i v e r  

(Zam ecn ik  and K e l l e r ,  1 9 5 4 )  and mouse  a s c i t e s  c e l l s  

( L i t t l e f i e l d  and K e l l e r ,  1 9 5 7 ) .

D u r in g  t h i s  p e r i o d ,  b a c t e r i a  were  a l s o  o b s e r v e d  

t o  c o n t a i n  r i b o s o m e s  ( L u r i a  e t  a l . , 1 9 4 3 ) .  The r i b o s o m e s  

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

(5chachm an e t  a l . ,  1 9 5 2 )  and were  n o t  p r o v e n  t o  be
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i n v o l v e d  i n  p r o t e i n  s y n t h e s i s  u n t i l  a p u l s e - l a b e l l i n g  

e x p e r i m e n t  w i t h  S . c o l i  d e m o n s t r a t e d  t h i s  f a c t  

c o n c l u s i v e l y  ( M c Q u i l l e n  e t  a l . ,  1 9 5 9 ) .  C e l l - f r e e  

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

l a t e r  from E . c o l i  and p l a y e d  a v i t a l  r o l e  i n  t h e  

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

t h e  g e n e t i c  c o d e .

O r i g i n a l l y  r i b o s o m e s  had  b e e n  t h o u g h t  t o  be  s i m i l a r  

t o  v i r u s  p a r t i c l e s  w i t h  an RNA c o r e  s u r r o u n d e d  by  p r o t e i n s  

T h i s  was shown t o  be u n l i k e l y ,  h o w e v e r ,  s i n c e  r i b o s o m a l  

p a r t i c l e s  were  d i s s o c i a t e d  i n t o  s u b u n i t s  when t h e  K+ 

and Mg2+ c o n c e n t r a t i o n s  w ere  v a r i e d .  E u k a r y o t i c  

r i b o s o m e s  c o u l d  be  s p l i t  i n t o  60S and 405 s u b u n i t s  from  

t h e  80S p a r e n t  ( C h a o , 1 9 5 7 )  w h i l s t  p r o k a r y o t i c  r i b o s o m e s  

( 7 0 S )  had s u b u n i t s  s e d i m e n t i n g  a t  50S and 30S  

C r i s s i e r e s  and W atson ,  1 9 5 8 ) .  I n  a d d i t i o n ,  t h e  

r i b o s o m e s  o f  E . c o l i  c o n t a i n e d  v e r y  many d i f f e r e n t  

p r o t e i n s  and t h o s e  o f  t h e  505 s u b u n i t  w ere  d i f f e r e n t  

from t h o s e  o f  t h e  30S s u b u n i t  ( W a l l e r ,  1 9 6 4 ) .  R ib o so m a l  

p r o t e i n s  t e n d  t o  form a g g r e g a t e s  and i t  p r o v e d  d i f f i c u l t  

t o  d e t e r m i n e  c a t e g o r i c a l l y  t h e  number o f  p r o t e i n s  i n  t h e  

E . c o l i  r i b o s o m e .  I t  was g e n e r a l l y  a g r e e d ( W i t t m a r n e t  a l . ,

1 9 7 1 )  t h a t  t h e  f i g u r e  was 21 p r o t e i n s  i n  t h e  30S s u b u n i t  

and 34 p r o t e i n s  i n  t h e  50S s u b u n i t .  More r e c e n t  r e s e a r c h
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s u g g e s t s ,  h o w e v e r ,  t h a t  t h e  r e a l  number may be l e s s  t h a n  

t h i s  s i n c e  one ' p r o t e i n '  i n  t h e  l a r g e  s u b u n i t  (L8 ) i s  

r e a l l y  a c o m p le x  o f  two o t h e r  p r o t e i n s ,  L I 2 and LIO 

(Chu e t  a l . , 1 9 7 7 ;  P e t e r s s o n  e t  a l . ,  1 9 7 6 ) ,  and a l s o  t h a t  

a p r o t e i n  fo u n d  i n  t h e  l a r g e  s u b u n i t  CL26) i s  i d e n t i c a l  t o  

one ( 5 2 0 )  p r e v i o u s l y  t h o u g h t  t o  be e x c l u s i v e l y  a p r o t e i n  

o f  t h e  s m a l l  s u b u n i t  ( S t o f f l e r ,  1 9 7 4 ) .  The t r u e  t o t a l  

f o r  r i b o s o m a l  p r o t e i n s  o f  E . c o l i  w o u ld  a p p e a r ,  t h e r e f o r e ,  

t o  be 5 3 .

R e s e a r c h  i n t o  t h e  s t r u c t u r e  o f  t h e  b a c t e r i a l  r ib o s o m e  

and e s p e c i a l l y  t h a t  o f  E . c o l i  h a s  p r o c e e d e d  r a p i d l y  and 

t h e  p r i m a r y  s t r u c t u r e s  o f  many o f  t h e  r i b o s o m a l  p r o t e i n s  

a r e  known ( f o r  a r e v i e w  s e e  S t o f f l e r  and Wittmann, 1 9 7 7 )  . 

R ib o s o m a l  RNA h a s  b e e n  f o u n d  t o  c o n s i s t ,  i n  b a c t e r i a ,  o f  

t h r e e  d i s t i n c t  m o l e c u l e s ,  n a m e ly  a 165  rRNA i n  t h e  305  

s u b u n i t  (K u r l a n d ,  1 9 6 0 )  and b o t h  a 235 rRNA ( K u r l a n d , 1 9 6 0 )  

and a 55 rRNA ( R o s s e t  and M o n ie r ,  1 9 6 3 )  i n  t h e  505 s u b u n i t .  

The n u c l e o t i d e  s e q u e n c e  o f  t h e  55 rRNA was d e t e r m i n e d  

r a p i d l y  ( B r o w n le e  e t  &.,  1 9 6 8 )  a s  was 95% o f  th e  n u c l e o t i d e  

s e q u e n c e  o f  t h e  165 rRNA o f  E . c o l i  (E hresm ann e t  a l . , 1 9 7 5 )  

The e n t i r e  s e q u e n c e  o f  t h e  165 rRNA ( H . N o l l e r ,  u n p u b l i s h e d  

d a t a )  and a c o n s i d e r a b l e  amount o f  t h e  s e q u e n c e  o f  t h e  much 

l a r g e r  235 rRNA ( B r a n l a n t  and E b e l ,  1 9 7 7 )  a r e  known now.

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

was done on e u k a r y o t i c  r i b o s o m e s ,  r e s e a r c h  i n t o  t h e i r  

s t r u c t u r e  h a s  l a g g e d  b e h i n d  t h a t  on p r o k a r y o t i c  r i b o s o m e s .
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The i n d i v i d u a l  p r o t e i n s  o f  e u k a r y o t i c  r i b o s o m e s  have  

n o t  b e e n  i s o l a t e d ,  nor  h a v e  t h e y  b e e n  p u r i f i e d  o r  

c h a r a c t e r i s e d .  H owever ,  i t  i s  known t h a t  t h e  s m a l l  

r i b o s o m a l  s u b u n i t  c o n t a i n s  o n e  m o l e c u l e  o f  185 rRNA 

(W ein b erg  and Penman, 1 9 7 0 )  and a b o u t  30 p r o t e i n s .

The l a r g e  s u b u n i t  c o n t a i n s  on e  m o l e c u l e  o f  2 8 5 ,  5 . 8 5  

and 55 rRNA (W ein b erg  and Penman, 1 9 7 0 ;  Udem and 

Warner,  1 9 72)  and a b o u t  40  p r o t e i n s .  T h e s e  f i g u r e s  

v a r y  b e t w e e n  s p e c i e s  w i t h ,  f o r  i n s t a n c e ,  y e a s t  

r i b o s o m e s  h a v i n g  255  rRNA ( P l a n t a  e t  a l . ,  1 9 72 )  

and 45 p r o t e i n s  (Otaka  and K o b a t a ,  1 9 7 8 )  i n  t h e  l a r g e  

s u b u n i t .

The m o l e c u l a r  m ech an ism s  o f  p r o t e i n  b i o s y n t h e s i s  

a r e  now w e l l  e s t a b l i s h e d  f o r  p r o k a r y o t e s  and 

e u k a r y o t e s  b u t  t h e  q u e s t i o n s  t h a t  rem ain  t o  be  a n sw er e d  

c o n c e r n  t h e  f u n c t i o n  o f  t h e  i n d i v i d u a l  c o m p o n e n ts  o f  

t h e  r i b o s o m e .  I s  rRNA m e r e l y  r e o u i r e d  t o  m a i n t a i n  

t h e  s t r u c t u r e  o f  t h e  r i b o s o m e ?  Which p r o t e i n s  a r e  

r e q u i r e d  f o r  w h ich  s t e p  i n  p r o t e i n  s y n t h e s i s ?  I f  t h e  

r i b o s o m e s  o f  e u k a r y o t e s  p e r fo r m  e x a c t l y  t h e  same t a s k s  

a s  t h o s e  o f  p r o k a r y o t e s ,  why a r e  t h e y  s o  much b i g g e r ?  

5ome o f  t h e s e  q u e s t i o n s  h a v e  b e e n  a n sw er e d  p a r t i a l l y .

The a n s w e r s  t o  o t h e r  Q u e s t i o n s  may be some y e a r s  i n  

t h e  f u t u r e .

1 . 2 .  MOLECULAR MECHANI5MS OF PROTEIN 5YNTHESIS

The o u t l i n e  o f  e v e n t s  i n  p r o t e i n  b i o s y n t h e s i s  g i v e n  

i n  t h i s  5 e c t i o n  r e p r e s e n t s  t h e  v i e w s  o f  m os t  w o r k e r s  i n
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t h e  f i e l d .  Only  t h e  m e c h a n ism s  f o r  p r o t e i n  s y n t h e s i s  

i n  e u k a r y o t e s  a r e  g i v e n  h e r e .  P r o t e i n  s y n t h e s i s  

i n  p r o k a r y o t e s  p r o c e e d s  i n  a b r o a d l y  s i m i l a r  

f a s h i o n  a l t h o u g h  r e q u i r e m e n t s  f o r  i n i t i a t i o n  and 

e l o n g a t i o n  f a c t o r s  d i f f e r  s l i g h t l y .

( a )  I n i t i a t i o n

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  i n  e u k a r y o t e s  

i s  b e s t  u n d e r s t o o d  i n  mammalion s y s t e m s  and i n  

p a r t i c u l a r  r a b b i t  r e t i c u l o c y t e s .  I t  i s  o n l y  i n  

t h i s  l a t t e r  s y s t e m  t h a t  i n i t i a t i o n  f a c t o r s  ha v e  

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

d a t a  g i v e n  h e r e  r e f e r  t o  t h e  r a b b i t  r e t i c u l o c y t e .

The p r o c e s s  w h e r eb y  t h e  r i b o s o m e ,  mRNA and  

i n i t i a t o r  met-tRNAp a s s e m b l e  i n t o  an 80S i n i t i a t i o n  

c o m p le x  i s  p ro m o ted  by p r o t e i n s  c a l l e d  i n i t i a t i o n  

f a c t o r s  and i s  a s t e p - w i s e  p r o c e s s .  E i g h t  

i n i t i a t i o n  f a c t o r s  h a v e  s o  f a r  b e e n  r e p o r t e d :  

e I F - 1 * ,  e I F - 2 ,  e I F - 3 ,  e I F - 4 A ,  e I F - 4 B ,  e I F - 4 C ,  

e I F - 4 D  and e I F - 5  (Benne and H e r s h e y ,  1 9 7 8 )  

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

S t a e h e l i n ' s  group  i n  B a s e l  h a v e  n o t  r e p o r t e d  e I F - 4 D  

( S c h r e i e r  e t  a l . ,  1 9 7 7 ;  S t a e h e l i n  e t  a l . , 1 9 7 5 )  

w h i l s t  A n d e r s o n ' s  gro u p  i n  B e t h e s d a  do n o t  f i n d

* The i n i t i a t i o n  f a c t o r  n o m e n c l a t u r e  u s e d  h e r e  i s  
t h a t  p r o p o s e d  a t  t h e  I n t e r n a t i o n a l  Symposium on  
P r o t e i n  S y n t h e s i s ,  B e t h e s d a ,  i n  1 9 7 6 .
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e I F - 1  ( M e r r i c k  e t  a l . , 1 9 7 5 ;  S a f e r  e t  a l . ,  1 9 7 6 ) .  Two 

o f  t h e  i n i t i a t i o n  f a c t o r s  a r e  c o m p le x  p r o t e i n s :  

e I F - 2  i s  c o m p r i s e d  o f  t h r e e  p o l y p e p t i d e s  (Benne  

e t  a l . ,  1 9 7 6 )  and e I F - 3  c o n t a i n s  n i n e  p o l y p e p t i d e s  

(Benne  and H e r s h e y  1 9 7 6 ) .  A l l  18  p o l y p e p t i d e s  are  

d i f f e r e n t  from e a c h  o t h e r  and a r e  d i s t i n c t  from  

r i b o s o m a l  p r o t e i n s  (Benne  e t  a l . , 1 9 7 7 ;  1 9 7 8 a ) .

A t e n t a t i v e  p a th w a y  f o r  t h e  a s s e m b l y  o f  t h e  

80S i n i t i a t i o n  c o m p le x  i s  shown i n  F i g . 1 . 1 .  D a ta  

f o r  t h i s  f i g u r e  a r e  t a k e n  from Benne and H e r s h e y  

( 1 9 7 8 ) .  I n  r e a c t i o n  l b ,  e I F - 3  b i n d s  t o  40S s u b u n i t s  

t o  form a s t a b l e  c o m p le x  w h i c h ,  ow ing  t o  t h e  l a r g e  

s i z e  o f  e I F - 3  ( 7 2 4 , 0 0 0  d a l t o n s ) ,  may be v i s u a l i s e d  

by e l e c t r o n  m i c r o s c o p y  (E m a n u i lo v  e t  a l . , 1 9 7 8 ) .  

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

t h e  f o r m a t i o n  o f  an i n a c t i v e  80S ’ f r e e  c o u p l e ’ 

(Thompson e t  a l . , 1 9 7 7 ) .  I n  a p a r a l l e l  r e a c t i o n ,  

l a ,  a t e r n a r y  c o m p le x  o f  e I F - 2 , mRNA and met-tRNAp  

f o r m s .  A l l  t h r e e  p o l y p e p t i d e s  o f  e I F - 2  a r e  p r e s e n t  

i n  t h e  c o m p le x  (Benne  e t  a l . , 1 9 7 6 ) .  The t e r n a r y  

c o m p le x  t h e n  b i n d s  t o  t h e  40S -  e I F - 3  c o m p le x  

( r e a c t i o n  I I )  i n  t h e  a b s e n c e  o f  mRNA, and e I F - 4 C  

s t a b i l i s e s  t h e  met-tRNAp -  40S p r o d u c t .  B i n d i n g  o f  

mRNA c o m p l e t e s  t h e  40S i n i t i a t i o n  c o m p l e x .  F a c t o r s  

e I F - 4 A ,  e I F - 4 B  and e I F - 1  a r e  r e q u i r e d  a p p a r e n t l y  f o r  

n a t u r a l  m e s s a g e  t o  b i n d  a l t h o u g h  t h e y  are  n o t  r e q u i r e d
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when t h e  s y n t h e t i c  m e s s a g e  p o l y  AUG i s  u s e d .

A d e n o s i n e  t r i p h o s p h a t e  i s  r e q u i r e d  and i s  h y d r o l y s e d  

i m m e d i a t e l y .  A v a i l a b l e  e v i d e n c e  s u g g e s t s  t h a t  th e  

r a t i o  o f  e I F - 4 A  and e l F  -  4B t o  mRNA may be c r i t i c a l  

i n  d e t e r m i n i n g  w hich  mRNA i s  t o  be  t r a n s l a t e d .  For  

e x a m p l e ,  t h e  r a t i o  o f  t o  y ÿ -  g l o b i n  s y n t h e s i s e d  

d e p e n d s  on t h e  r a t i o  o f  e l F  -4A and e l F  - 4 B  t o  g l o b i n  

mRNA (K ab at  and C h a p p e l ,  1 9 7 7 ) ,  and s i m i l a r l y ,  

t r a n s l a t i o n  o f  EMC v i r a l  RNA i n  r e t i c u l o c y t e  l y s a t e s  

r e q u i r e s  h i g h e r  l e v e l s  o f  e l F  -4A  t h a n  d o e s  t r a n s l a t i o n  

o f  g l o b i n  mRNA ( E r n i , 1 9 7 6 ) .  I t  i s  p o s t u l a t e d  ( S t e i t z ,  

1 9 7 8 )  t h a t  t h e  mRNA i s  s i t e d  c o r r e c t l y  on t h e  40S  

s u b u n i t  v i a  h y d r o g e n  bond i n t e r a c t i o n s  w i t h  t h e  185  

rRNA o f  t h e  s m a l l  s u b u n i t .  A l t h o u g h  e v i d e n c e  e x i s t s  

f o r  such  an i n t e r a c t i o n  i n  b a c t e r i a  ( S h i n e  and  

D a l g a r n o ,  1 9 7 4 ) ,  n u c l e o t i d e  s e q u e n c e s  p r i o r  t o  t h e  

i n i t i a t i o n  c o d o n  i n  mRNAs o f  h i g h e r  o r g a n i s m s  a p p e a r  t o o  

d i v e r s e  f o r  t h i s  t o  be t r u e  g e n e r a l l y  i n  e u k a r y o t e s  

( B a r a l l e  and B r o w n le e ,  1 9 7 8 ) .  H ow ever ,  i t  i s  

p o s s i b l e  t h a t  t h e  i n i t i a t o r  c o d o n  i t s e l f  may be t h e  s i t e  

o f  i n t e r a c t i o n  ( B a r a l l e ,  1 9 7 7 ) .

The j u n c t i o n  o f  t h e  60S r i b o s o m a l  s u b u n i t  and  

t h e  40S i n i t i a t i o n  c o m p le x  ( r e a c t i o n  IV)  r e q u i r e s  

e I F - 5  and t h e  h y d r o l y s i s  o f  GTP. At  t h e  same t i m e ,  

e I F - 2  and e I F - 3  a r e  r e l e a s e d  ( i t  i s  n o t  known when t h e  

o t h e r  i n i t i a t i o n  f a c t o r s  a r e  r e l e a s e d ) .  The 80S  

i n i t i a t i o n  c o m p le x  i s  o n l y  p a r t i a l l y  r e a c t i v e ,  a s
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a s s a y e d  f o r  t h e  f o r m a t i o n  o f  m e t h i o n y l - p u r o m y c i n .

T h i s  l a t t e r  s t e p  i s  s t i m u l a t e d  by e I F - 4 D  ( r e a c t i o n  V ) .

H ow ever ,  e I F - 4 D  d o e s  a p p e a r  s p e c i f i c  t o  t h e  i n i t i a t i o n

e v e n t  r a t h e r  t h a n  a s  a g e n e r a l  a c t i v a t o r  o f  t h e

p e p t i d y l t r a n s f e r a s e .

S e v e r a l  o f  t h e  i n i t i a t i o n  f a c t o r s  h a v e  b e e n

shown t o  be p h o s p h o r y l a t e d  i n  v i v o . P h o s p h o r y l a t i o n
•A

o f  t h e  s m a l l  s u b u n i t / o c c u r s  a s  a r e s u l t  o f  haem 

d e f i c i e n c y  i n  r e t i c u l o c y t e s  ( F a r r e l l  e t  a l . ,  1 9 7 7 ) ,  

and c a u s e s  t h e  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 .  The 

f a c t o r s  e I F - 3 ,  e l F - 4 B  and one o f  t h e  l a r g e  s u b u n i t s  

o f  e l F - 2  a r e  a l s o  p h o s p h o r y l a t e d  a l t h o u g h  no  

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

a s  a r e s u l t  o f  t h e  p h o s p h o r y l a t i o n  (Benne e t  a l . ,

1 9 7 8 b ) .

( b )  E l o n g a t i o n

E l o n g a t i o n  o f  t h e  n a s c e n t  p e p t i d e  c h a i n  d u r i n g  

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

e u k a r y o t i c  s y s t e m s ,  two p r o t e i n  f a c t o r s ,  EF-1 and E F - 2 .  

R ib o so m e s  c a r r y i n g  p e p t i d y l - t R N A  i n  t h e  r i b o s o m a l  

'P* s i t e  b i n d  a m in o a cy l - tR N A  i n t o  t h e  a d j a c e n t  ’A ’ s i t e  

i n  r e s p o n s e  t o  a p p r o p r i a t e  mRNA c o d o n s .  B i n d i n g  

r e q u i r e s  EF-1 and GTP.

The p r o t e i n  f a c t o r  EF-1 i s  a h e t e r o l o g o u s  

c o m b i n a t i o n  o f  p r o t e i n s .  T h e se  fo r m s  a r e  r e f e r r e d  t o  

a s  E F -1 l w h ich  i s  t h e  m on om eric  form and EF-1%, t h e  

m u l t i m e r i c  f o r m .  Both fo r m s  o f  t h e  f a c t o r  a r e  a c t i v e
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e v e n  th o u g h  EF-1^ i s  a hexam er  o f  EF-1^ i n  Krebs  

a s c i t e s  c e l l s  ( N o la n  e t  a l . , 1 9 7 4 ) .  I n  o t h e r  

s y s t e m s ,  EF-1% c o n s i s t s  o f  t h r e e  s u b u n i t s  o f  d i f f e r i n g  

m o l e c u l a r  w e i g h t s  ( B o l l i n i  e t  a l . ,  1 9 7 4 ) .  I t  i s  

r e p o r t e d  . t h a t  E F - l^  c o n t a i n s  z i n c  ( K o t s i o p o u l o s  and  

M oh r ,1 9 7 5 )  and l i p i d  c o m p o n e n ts  (Moon e t  a l . ,  1 9 7 3 ;  

L e g o c k i  e t  a l . ,  1 9 7 4 ) .

Both  E F - 1 l  and E F - l ^  i n t e r a c t  w i t h  GTP, a l t h o u g h  

E F - 1 l  b i n d s  t h e  n u c l e o t i d e  t h r e e  t o  f i v e  t i m e s  more 

s t r o n g l y  (M oon-e t  a l . ,  1 9 7 3 )  , t o  form a c o m p le x  o f  

EF-1^GTP. T h i s  c o m p le x  r e a c t s  w i t h  a m in o a cy l - tR N A

t o  form a t e r n a r y  c o m p l e x .

EF-1-GTP + AA-tRNA ^  AA-tRNA-EF-1• GTP

I t  i s  l i k e l y  t h a t  t h e  t e r n a r y  c o m p l e x  o n l y  c o n t a i n s  

E F-1 l s i n c e  t h e  p r e s e n c e  o f  E F - l y  h a s  n e v e r  b e e n  

d e t e c t e d  (Moon e t  a l . ,  1 9 7 2 ;  T a r r a g o  e t  a l . ,  1 9 7 3 ;  

B o l l i n i  e t  a l . ,  1 9 7 4 ) .  The t e r n a r y  c o m p le x  b i n d s  

t o  t h e  r i b o s o m e ,  GTP i s  h y d r o l y s e d  and EF-1 • GDP 

r e l e a s e d .  The p r o c e s s  w h e r eb y  EF-1-GDP i s  r e c y c l e d  

t o  EF-1  • GTP i s  u n c l e a r  s i n c e  no f a c t o r s  have  e v e r  

b e e n  p r o v e n  t o  a f f e c t  t h i s  s t e p .  The h e a v y  form  o f  

EF-1 may c o n t a i n  such  f a c t o r s  w h e r e a s  E F - l ^  m e r e l y  

f u n c t i o n s  s t o i c h i o m e t r i c a l l y . Such a f u n c t i o n  i s  

d i f f i c u l t  t o  i m a g i n e  i n  t h e  c a s e  o f  EF-1% from K rebs  

a s c i t e s  c e l l s  where  i t  i s  a hexam er  o f  E F - l ^ .

A f t e r  b i n d i n g ,  GTP h y d r o l y s i s  and r e l e a s e  o f  

f a c t o r  a r e  c o m p l e t e d , p e p t i d y l  -tRNA bound i n  t h e  ’P'  

s i t e  t h e n  r e a c t s  w i t h  a m in o a c y l - tR N A  bound i n  t h e  ' A '
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s i t e  i n  a s t e p  t h a t  r e q u i r e s  no e x t r a - r i b o s o m a l  f a c t o r  

o r  e x t e r n a l  s o u r c e  o f  e n e r g y  (Monro, 1 9 6 7 ;  Maden e t  a l . ,  

1 9 6 8 ) .  T h i s  i s  a p e p t i d y l t r a n s f e r a s e  r e a c t i o n  and 

r e s u l t s  i n  t h e  e l o n g a t i o n  o f  t h e  n a s c e n t  p e p t i d e  c h a i n  

by one  amino a c i d  r e s i d u e .  The e n z y m i c  a c t i v i t y  i s  

a f u n c t i o n  o f  t h e  l a r g e  r i b o s o m a l  s u b u n i t  (M o n r o ,1 9 6 7 ;  

Maden e t  a l . ,  1 9 6 8 ) .  P e p t i d y l - t R N A  i s  now l o c a t e d  i n  

t h e  *A* s i t e  and m u st  move a c r o s s  t o  t h e  *P' s i t e  b e f o r e  

t h e  n e x t  a m in o a cy l - tR N A  c a n  b i n d .  T r a n s l o c a t i o n  o f  

p e p t i d y l - t R N A  a l s o  i n v o l v e s  d i s p l a c e m e n t  o f  

d e a c y l a t e d  tRNA and movement  o f  t h e  r i b o s o m e  a l o n g  

t h e  mRNA s o  a s  t o  p o s i t i o n  t h e  n e x t  c o d o n  i n  t h e  *A ' 

s i t e .  I t  i s  a s t e p  r e q u i r i n g  GTP h y d r o l y s i s  and E F - 2 .

I n  c o n t r a s t  t o  E F - 1 ,  E F-2  a p p e a r s  t o  be  a s i n g l e  

p o l y p e p t i d e  i n  a l l  t h e  s y s t e m s  s t u d i e d .  An EF2*GTP 

c o m p le x  h a s  b e e n  d e t e c t e d  i n  l i v e r  ( B a l i g a  and Munro,  

1 9 7 2 ) ,  r e t i c u l o c y t e s  ( B o d l e y  and L i n ,  1 9 7 0 )  and o t h e r  

s y s t e m s  (Bermek and M a t t h e i ,  1 9 7 1 ;  Chuang and W e i s s b a c h ,

1 9 7 2 ) .  The EF-2-GTP c o m p l e x  r e a c t s  w i t h  r i b o s o m e s  and  

GTP i s  h y d r o l y s e d .  P r e s u m a b l y ,  EF-2  com es  o f f  t h e  

r i b o s o m e  a f t e r  t h i s  s t a g e  and r e a c t s  w i t h  a n o t h e r  

m o l e c u l e  o f  GTP.

EF-2  + GTP , EF-2  ;  GTP

Ribosom e

T r a n s l o c a t i o n  

R ib  "EF-2 • GDP + P^

A f t e r  t h e  t r a n s l o c a t i o n  e v e n t  t h e  r i b o s o m e  i s  r e a d y  t o
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b i n d  t h e  n e x t  a m in o a c y l - tR N A  t o  th e  *A' s i t e .

( c )  T e r m i n a t i o n

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

o f  t h e  c o m p l e t e d  p e p t i d e  from  i t s  u l t i m a t e  tRNA. I n  

r a b b i t  r e t i c u l o c y t e s ,  a s i n g l e  r e l e a s e  f a c t o r ,  RF, 

i s  a c t i v e  w i t h  t h e  t e r m i n a t o r  c o d o n s  : UAG, UAA and 

UGA. A l t h o u g h  t h e  r e l e a s e  f a c t o r  e x i s t s  a s  a d i m e r ,  

i t  i s  n o t  c l e a r  w h e t h e r  t h i s  i s  t h e  a c t i v e  u n i t .

D u r in g  t e r m i n a t i o n ,  GTP i s  h y d r o l y s e d  i n  an  

e v e n t  w h ich  a p p e a r s  t o  be c o n n e c t e d  w i t h  t h e . b i n d i n g  o f  

RF t o  t h e  r i b o s o m e .  The n a s c e n t  p e p t i d y l - t R N A  i s  

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

t o  t h e  p e p t i d y l t r a n s f e r a s e . F i n a l l y ,  t h e  ' t e r m i n a t e d *

r i b o s o m e  f a l l s  o f f  t h e  mRNA and b eco m es  a v a i l a b l e  f o r  a 

f u r t h e r  round o f  p r o t e i n  b i o s y n t h e s i s  v i a  t h e  i n i t i a t i o n  

e v e n t .

1 . 3 .  THE ULTRASTRUCTURE OF THE RIBOSOME

A l t h o u g h  t h e  s t e p s  i n  p r o t e i n  b i o s y n t h e s i s  h a v e  

b e e n  i d e n t i f i e d  t h e r e  s t i l l  r e m a i n s  t h e  c e n t r a l  

q u e s t i o n :  How do  50  -  60  p r o t e i n s  and 3 ( 4  i n

e u k a r y o t e s )  s t r a n d s  o f  RNA i n  t h e  r i b o s o m e  c o o p e r a t e  t o  

p e r f o r m  t h e s e  s t e p s ?  A t  t h e  t i m e  o f  w r i t i n g ,  no  

s i n g l e  r i b o s o m a l  p r o t e i n  o r  rRNA s p e c i e s  h a s  b e e n  shown  

t o  e x h i b i t  any  c a t a l y t i c  a c t i v i t y  i n  t h e  a b s e n c e  o f  

o t h e r  r i b o s o m a l  p r o t e i n s .  T here  e x i s t s ,  h o w e v e r ,  a g r e a t  

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

i n  p a r t i c u l a r  s t e p s  o f  p r o t e i n  s y n t h e s i s .  M ost  d a t a  

h a s  b e e n  o b t a i n e d  f o r  t h e  r i b o s o m e s  o f  E . c o l i  and o t h e r
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p r o k a r y o t e s  a l t h o u g h  some r e s e a r c h  h a s  b e e n  d on e  w i t h  

e u k a r y o t e s .

A l l  r i b o s o m a l  p r o t e i n s  a r e  p r e s e n t  i n  t h e  E . c o l i  

r ib o s o m e  a s  one c o p y  p e r  r i b o s o m e  e x c e p t  th e  p r o t e i n  

L 7/L 12  ( t h e  symbol L d e s i g n a t e s  a p r o t e i n  o f  t h e  l a r g e  

s u b u n i t ) ,  w h ich  i s  p r e s e n t  i n  amounts  c o r r e s p o n d i n g  t o  

f o u r  c o p i e s  p e r  r ib o s o m e  (H ardy ,  1 9 7 6 ) .  The p o s i t i o n  

o f  t h e s e  p r o t e i n s  r e l a t i v e  t o  one a n o t h e r  h a s  b e e n  

s t u d i e d  b o t h  by t h e  u s e  o f  c r o s s - l i n k i n g  r e a g e n t s  

and a n t i b o d i e s  t o  i n d i v i d u a l  p r o t e i n s .  C r o s s - l i n k i n g  

e x p e r i m e n t s  a r e  d e s i g n e d  t o  i d e n t i f y  c l o s e  n e i g h b o u r s  

w i t h i n  t h e  r i b o s o m e  b u t  r e s u l t s  from t h e s e  e x p e r i m e n t s  

h a v e  p r o v e d  b o t h  h a rd  t o  a n a l y s e  and e q u i v o c a l  ( f o r  a 

r e v i e w ,  s e e  K u r l a n d , 1 9 7 4 a ) . A n t i b o d y  s t u d i e s  o f  t h e  E . 

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

w i t h i n  t h e  r ib o s o m e  h a s  a n t i g e n i c  d e t e r m i n a n t s  e x p o s e d  

on t h e  r i b o s o m a l  s u r f a c e  ( S t o f f l e r  e t  a l . ,  1 9 7 3 )  and  

a l l o w e d ,  by  t h e  u s e  o f  i m m u n o e l e c t r o n  m i c r o s c o p y ,  th e  

l o c a l i s a t i o n  o f  a l l  t h e  r i b o s o m a l  p r o t e i n s  o f  t h e  

s m a l l  s u b u n i t  and many o f  t h e  r i b o s o m a l  p r o t e i n s  o f  t h e  

l a r g e  s u b u n i t  ( f o r  a r e v i e w ,  s e e  S t o f f l e r  and Wit tmann,  

1 9 7 7 ) .

P e r h a p s  t h e  m ost  i m p o r t a n t  f a c t  t h a t  h a s  b e e n  

e l u c i d a t e d  i s  t h a t  rRNAs a r e  n o t ,  a s  had p r e v i o u s l y  b e e n  

s u p p o s e d ,  m e r e l y  p r e s e n t  t o  p r o v i d e  a b ack b on e  f o r  t h e  

r i b o s o m a l  p r o t e i n s .  The 16S rRNA o f  t h e  30S s u b u n i t  

i s  r e q u i r e d  f o r  t h e  c o r r e c t  p o s i t i o n i n g  o f  mRNA ( S h i n e
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and D a l g a r n o ,  1 9 7 4 ;  S t e i t z  and J a k e s ,  1 9 7 5 ) .  I n d e e d  

a m ajor  f u n c t i o n  o f  t h e  p r o t e i n s  o f  t h e  30S s u b u n i t  

may be t o  h e l p  i n  t h e  c o r r e c t  f o l d i n g  o f  t h e  16S  

rRNA ( K u r l a n d ,  1 9 7 4 b ) .  W i t h i n  t h e  l a r g e  s u b u n i t ,  t h e  

5SrRNA h a s  b e e n  fo u n d  t o  b i n d  t o  t h e  T -  y  -C l o o p  o f  

tRNA m o l e c u l e s  (Erdmann e t  a l . , 1 9 7 3 )  and 23SrRNA b i n d s  

s t r o n g l y  t o  t h e  i n i t i a t o r  tRNA^Met ow ing  t o  a 

c o m p le m e n t a r y  s e q u e n c e  o f  17 n u c l e o t i d e s  ( D a h l b e r g  

e t  a l . , 1 9 7 8 ) .

O r i g i n a l l y  i t  was t h o u g h t  p o s s i b l e  t o  a t t r i b u t e  

i n d i v i d u a l  f u n c t i o n s  t o  i n d i v i d u a l  r i b o s o m a l  c o m p o n e n ts  

b y  making u s e  o f  t o t a l  r e c o n s t i t u t i o n  o f  t h e  p r o k a r y o t i c  

r i b o s o m e  -  a t e c h n i q u e  d e v e l o p e d  by Traub and 

Nomura ( 1 9 6 8 ) .  S i m p l y  by  e x c l u d i n g  a p a r t i c u l a r  

p r o t e i n  from t h e  r e c o n s t i t u t i o n  i t  was hop ed  t h a t  i t  

w ould  p r o v e  p o s s i b l e  t o  i d e n t i f y  i t s  r o l e .  Such an  

i d e a  was w i l d l y  o p t i m i s t i c  s i n c e  t h e  r i b o s o m e  i s  an 

e x t r e m e l y  c o m p l i c a t e d  o r g a n e l l e  and e v e r y  p r o t e i n  

a p p e a r s  t o  f u n c t i o n  by c o o p e r a t i o n  w i t h  o t h e r  p r o t e i n s  

and t h e  rRNA. H ow ever ,  i t  h a s  b e e n  p o s s i b l e  t o  

a t t r i b u t e  c e r t a i n  r i b o s o m a l  f u n c t i o n s  t o  c e r t a i n  

p r o t e i n s  by  a c o m b i n a t i o n  o f  t h i s  and o t h e r  t e c h n i q u e s .  

P e r h a p s  t h e  m o s t  i n f o r m a t i o n  h a s  b e e n  o b t a i n e d  b y  t h e  

u s e  o f  a n t i b i o t i c s  w hich  a r e  s p e c i f i c  i n h i b i t o r s  o f  

p r o t e i n  s y n t h e s i s .

1 . 4 .  ANTIBIOTICS AS TOOLS IN RIBOSOME RESEARCH

A l a r g e  number o f  a n t i b i o t i c s  a r e  known w h ich
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i n h i b i t  p r o t e i n  s y n t h e s i s  i n  b a c t e r i a  o r  h i g h e r  

o r g a n i s m s  or  b o t h .  T h e i r  u s e ,  a s  t o o l s  i n  r e s e a r c h ,  

i s  t w o - f o l d  s i n c e  t h e y  p r o v i d e  i n s i g h t s  b o t h  i n t o  th e  

s t e p s  i n  p r o t e i n  b i o s y n t h e s i s  and i n t o  t h e  s t r u c t u r e  

and f u n c t i o n  o f  t h e  r i b o s o m e .

The ’ t w o - s i t e ’ model  f o r  e l o n g a t i o n  o f  t h e  

n a s c e n t  p e p t i d e  (W atson ,  1 9 6 4 )  was d e r i v e d  a s  a 

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

t h e y  were  fo u n d  t o  f a l l  i n t o  t h r e e  c l a s s e s  -  n a m e ly ,  

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

i n h i b i t o r s  and m o l e c u l e s  w h ich  p r e v e n t e d  t h e  b i n d i n g  

o f  a m in o a cy l - tR N A  ( f o r  a f u l l  d i s c u s s i o n  o f  t h i s  

p o i n t ,  s e e  C h a p t e r  4 ) .  A d d i t i o n a l l y ,  t h e  t e r m i n a t i o n  

s t e p  i n  p r o t e i n  s y n t h e s i s  was known t o  o c c u r  a s  a 

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

p e p t i d y l t r a n s f e r a s e  a l s o  b l o c k e d  t h i s  s t e p  ( T a t e  and  

C a s k e y ,  1 9 7 3 ) .  E v i d e n c e  f o r  t h e  s t e p s  i n  i n i t i a t i o n  

h a s  b e e n  o b t a i n e d  b y  s t u d y i n g  i n h i b i t o r s  o f  t h i s  

p r o c e s s  and d e t e r m i n i n g  t h e  s t a g e  i n  t h e  p a th w a y  w hich  i s  

i n h i b i t e d .  T hus ,  a t o x i n  w h ich  p r e v e n t s  mRNA from  

b i n d i n g  t o  t h e  40S i n i t i a t i o n  c o m p le x  i n  r e t i c u l o c y t e s  

w o uld  be e x p e c t e d  t o  be  d o m in a n t  o v e r  an i n h i b i t o r  w hich  

p r e v e n t s  t h e  a t t a c h m e n t  o f  t h e  60S s u b u n i t  i f  t h e  

p a t h w a y  f o r  i n i t i a t i o n  ( S e c t i o n  1 . 2 )  i s  c o r r e c t .

O th er  i n f o r m a t i o n  h a s  b e e n  o b t a i n e d  by  r a i s i n g  

a n t i b i o t i c - r e s i s t a n t  m u t a n t s  o f  b a c t e r i a  and h i g h e r  

o r g a n i s m s .  P r o v i d e d  t h e  a l t e r e d  g e n e - p r o d u c t  ca n  be
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i d e n t i f i e d ,  t h e n  i t s  w i l d - t y p e  c o u n t e r p a r t  i s  i m p l i c a t e d  

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

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

s y n t h e s i s  i n h i b i t e d  by t h e  a n t i b i o t i c  i s  known, t h e  

a l t e r e d  g e n e - p r o d u c t  (an d  i t s  w i l d - t y p e  c o u n t e r p a r t )  must  

be r e q u i r e d  f o r  t h i s  s t e p .  S i m i l a r l y  r a d i o a c t i v e  

a n t i b i o t i c s  may b e  u s e d  t o  d e t e r m i n e  w h ich  p r o t e i n s  

a r e  r e q u i r e d  f o r  t h e  d r u g  t o  b i n d  t o  t h e  r i b o s o m e .  

R e s i s t a n c e  t o  s p e c t i n o m y c i n ,  an i n h i b i t o r  o f  t h e  

t r a n s l o c a t i o n  s t e p  i n  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  (B u r n s  

and C u n d l i f f e , 1 9 7 3 ) i s  a p r o p e r t y  o f  t h e  s m a l l  s u b u n i t  

and s p e c i f i c a l l y  t h e  p r o t e i n  S5 o f  t h a t  s u b u n i t  ( B o l l e n  

e t  a l . ,  1969;  D e k i o  and T a k a t a ,  1 9 6 9 ) .

Such an ap p ro a ch  h a s  b e e n  a p p l i e d  t o  s e v e r a l  o t h e r  

a n t i b i o t i c s :  r e s i s t a n c e  t o  s t r e p t o m y c i n  a r i s e s  from a  

m u t a t i o n  t o  t h e  p r o t e i n  S i 2 (O z a k i  e t  a l . ,  1 9 6 9 ) ,  w h e r e a s  

r e v e r s i o n  b ack  t o  s e n s i t i v i t y  c a n  be e f f e c t e d  by  

m u t a t i o n  o f  S4 ( A p i r i o n  e t  a l . ,  1969)  o r  S5 ( S t o f f l e r ,  

e t  a l . ,  1 9 7 1 ) ;  k a s u g a m y c in  r e s i s t a n c e ,  i n  c o n t r a s t ,  a r i s e s  

e i t h e r  from  u n d e r - m e t h y l a t i o n  o f  16S rRNA o f  t h e  30S  

s u b u n i t  (KsgA; H e l s e r  e t  a l . , 1971;  1972)  o r  from a 

m u t a t i o n  o f  p r o t e i n  S2 (KsgC; Okuyama e t  a l . ,  1974;  

Y o sh ik a w a  e t  a l . ,  1 9 7 5 ) .  S i n c e  k a s u g a m y c in  i n h i b i t s  a 

s t e p  i n  i n i t i a t i o n  (Okuyama e t  a l . ,  1 9 7 1 ) ,  i t  i s  b e l i e v e d  

t h a t  S2 and 16s  rRNA p l a y  a p a r t  i n  t h i s  p r o c e s s .  The
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o b s e r v a t i o n s  f o r  s t r e p t o m y c i n  a r e  l e s s  u s e f u l ,  h o w e v e r ,  

b e c a u s e  t h e  a c t u a l  s t e p  i n h i b i t e d  by t h e  d ru g  i s  

u n c l e a r .

I n  t h i s  d i s s e r t a t i o n ,  e x p e r i m e n t s  a r e  d e s c r i b e d  

w hich  s e e k  t o  c l a r i f y  t h e  m o l e c u l a r  b a s i s  o f  t h e  a c t i o n  

o f  c e r t a i n  a n t i b i o t i c s  b o t h  by d e t e r m i n i n g  t h e  s t e p s  

i n  p r o t e i n  s y n t h e s i s  t h a t  a r e  i n h i b i t e d  and by l o o k i n g  

a t  o r g a n i s m s  w hich  a r e  r e s i s t a n t  t o  t h e  d r u g s  i n  v i v o  

and i n  v i t r o .

1 . 5 .  THE 1 2 ,  13 EPQXYTRICHOTHECENES

The group  o f  c l o s e l y - r e l a t e d  s e s q u i t e r p e n o i d s , 

t h e  1 2 , 1 3  e p o x y t r i c h o t h e c e n e s , a r e  t o x i c  m e t a b o l i t e s  

o f  v a r i o u s  i m p e r f e c t  f u n g i  o f  t h e  g e n e r a :  F u sa r iu m ,  

M y ro th e c iu m ,  T r i c h o d e r m a ,  S t a c h y b o t r y s , Ce p h a l o s p o r i u m  

and V e r t i c i m o n o s p o r i u m .  They a r e  r e p o r t e d  a l s o  t o  

be p r o d u c e d  by t h e  p l a n t  s p e c i e s  B a c c h a r i s  

m e g a p o t a m ic a  (Kupchan e t  a l . ,  1 9 7 6 ;  1 9 7 7 )  a l t h o u g h  t h i s  

i s  an i s o l a t e d  c a s e  and may be due t o  e i t h e r  f u n g a l  

c o n t a m i n a n t s  or  a l t e r a t i o n  o f  f u n g a l  p r o d u c t s .  The 

t o x i n s  a r e  a s s o c i a t e d  w i t h  s e v e r a l  m y c o t b x i c o s e s  

i n  b o t h  humans and a n i m a l s .  A kakabi  ( r e d - m o u l d )  

t o x i c o s i s  i n  Japan  (Ueno e t  a L , 1 9 7 1 ) ,  m ou ldy  c o r n  

t o x i c o s i s  (Hsu e t  a l . ,  1 9 7 2 )  i n  t h e  U . S . A . ,  a l i m e n t a r y  

t o x i c  a l e u k i a  ( B i l a i ,  1 9 7 0 )  i n  t h e  U . S . S . R ,  

s t a c h y b o t r y o t o x i c o s i s  ( R o d r i c k s  and E p p l e y ,  1 9 7 3 )  

i n  n o r t h e r n  Europe  and s e v e r a l  o t h e r  d i s e a s e s  a r e  now 

e s t a b l i s h e d  t o  be c a u s e d  by t h e  1 2 , 1 3  e p o x y t r i c h o t h e c e n e s .
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More th a n  f o r t y  k in d s  o f  t r i c h o t h e c e n e  a r e  known 

t o  be p r o d u c e d  n a t u r a l l y  and m o st  h a v e  b e e n  s t u d i e d  i n  

o r d e r  t o  d e t e r m in e  t h e i r  c h e m ic a l  s t r u c t u r e ,  

f e a s i b i l i t y  a s  a n t i - t u m o u r  a g e n t s  and mode o f  a c t i o n  

i n  v i t r o .

( a )  C h e m ic a l  S t r u c t u r e

A l l  t h e  s e s q u i t e r p e n o i d s  c o n t a i n  o n l y  c a r b o n ,  

h y d r o g e n  and o x y g e n  and a r e  d e r i v a t i v e s  o f  a  r i n g  

s y s t e m  named t c i c h o t h e c a n e  ( G o d t f r e d s e n  e t  a l . ,  1 9 6 7 )  

a f t e r  t r i c h o t h e c i n ,  t h e  f i r s t  member o f  t h e  g ro u p  t o  

be i s o l a t e d  (F reem an and M o r r is o n  1 9 4 8 ) .  The 

s t r u c t u r e ,  s t e r e o c h e m i s t r y  and n u m b er in g  s y s t e m  o f  

th e  b a s i c  r i n g  s t r u c t u r e  i s  shown i n  F i g . 1 . 2 .  A l l  

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

b a c c h a r i n  and i s o b a c c h a r i n ,  c o n t a i n  an o l e f i n i c  bond  

( a t  9 , 1 0 )  and an e p o x y  r i n g  ( a t  1 2 , 1 3 ) .  B a c c h a r in  

and i s o b a c c h a r i n  s h o u ld  r e a l l y  be te rm ed  t r i c h o t h e c a n e s  

r a t h e r  th a n  t r i c h o t h e c e n e s  s i n c e  t h e y  h a v e  an e p o x y  

r i n g  b e tw e e n  p o s i t i o n s  9 and 1 0  (Kupchan e t  a l . ,  1 9 7 7 ) .

The t r i c h o t h e c e n e  r i n g  i s  h i g h l y  s u b s t i t u t e d  i n  

m o s t  c a s e s  and , i n  g e n e r a l  t h e  l a r g e r  t h e  s u b s t i t u e n t s  

on t h e  r i n g ,  t h e  more p r o n o u n c e d  i s  t h e i r  b i o l o g i c a l  

a c t i v i t y .  I n  a d d i t i o n ,  r e d u c t i o n  o f  th e  d o u b le  bond  

b e tw e e n  p o s i t i o n s  9 and 1 0  o r  rem o v a l  o f  t h e  e p o x i d e  

r i n g  r e s u l t s  i n  a c o n s i d e r a b l e  l o s s  o f  a c t i v i t y  (Hamburg 

1 9 6 9 ;  Wei and M cL au gh lin  1 9 7 4 ) ,  a l t h o u g h  t h i s  may n o t  be  

t r u e  i f  an e p o x y  r i n g  i s  s u b s t i t u t e d  f o r  t h e  d o u b le  bond
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a t  9 , 1 0  a s  i n  th e  c a s e  o f  b a c c h a r i n .  The s t r u c t u r e s  

o f  many o f  th e  1 2 , 1 3  e p o x y t r i c h o t h e c e n e s  a r e  g i v e n  

i n  F i g s .  1 . 2  and 1 . 3 .

The t r i c h o t h e c e n e s  a r e  r e m a r k a b ly  s t a b l e  t o  a  

v a r i e t y  o f  e n v i r o m e n t a l  c o n d i t i o n s  i n c l u d i n g  

v a r i a t i o n s  i n  t e m p e r a t u r e ,  e x p o s u r e  t o  l i g h t  and a i r  

and t o  m o d er a te  v a r i a t i o n s  i n  pH. As a r e s u l t  t h e  

t r i c h o t h e c e n e s  a r e  n o t  d e s t r o y e d  n o r m a l ly  u n d e r  

c o n d i t i o n s  t o  w h ich  f o o d s  a r e  e x p o s e d  d u r in g  p r e p a r a t i o n .  

( Hamburg and S t r o n g ,  1 9 7 1 ) .

(b )  B i o s y n t h e s i s .

The t r i c h o t h e c e n e  s k e l e t o n  i s  form ed  from  t h r e e  

m o l e c u l e s  o f  m e v a lo n a t e  v i a  t h e  u s u a l  p a th w a y  o f  l i p i d  

b i o s y n t h e s i s  (D a w k in s ,  1 9 6 6 ;  S iq q  e t  a l . ,  1 9 6 5 ) .  I t  

i s  u n c l e a r ,  h o w e v e r ,  how t h e  o p ê n - c h a i n  f a r n e s y l  s k e l e t o n
9 9 9

( c - c = c - c - c - c = c - c - c - c  = c - c - )  i s  c y c l i s e d .

S e v e r a l  d e t a i l s  r e g a r d i n g  s i t e s  o f  i n c o r p o ia t io n  

o f  l a b e l l e d  atom s from  m e v a lo n a t e  p r e c u r s o r  m o l e c u l e s  

h a v e  b e e n  e s t a b l i s h e d  b u t  an o v e r a l l  m odel o f  

b i o s y n t h e s i s  i s  n o t  a v a i l a b l e .  I t  i s  n o t  c l e a r ,  f o r  

i n s t a n c e ,  w h e th e r  s u b s t i t u t i o n  on t h e  s c i r p e n e  n u c l e u s  

t a k e s  p l a c e  b e f o r e  o r  a f t e r  t h e  s k e l e t a l  r i n g  i s  fo r m e d .  

O x y - s u b s t i t u t i o n  a t  p o s i t i o n  8  a p p e a r s  t o  be s u b s e q u e n t  

t o  t h a t  a t  4 ,  h o w e v e r ,  s i n c e  t r i c h o d e r m i n  c a n  s e r v e  a s  

a p r e c u r s o r  f o r  t r i c h o t h e c i n  (Adams and H an son , 1 9 7 0 ) .  

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

p r o d u c e d  from  t h e  p a r e n t  a l c o h o l s  a l t h o u g h  i t  i s  

p o s s i b l e  t h a t  b o t h  form s e x i s t  i n  e q u i l i b r i u m .
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( c )  B i o l o g i c a l  A c t i v i t y

T r i c h o t h e c e n e s  w ere show n, i n i t i a l l y ,  t o  be th e  

a c t i v e  c o n s t i t u e n t s  o f  m e t a b o l i t e s  o f  f u n g i  o f  th e  

g e n e r a  M yroth eciu m  and F u sa r iu m . They d i s p l a y e d  b o th  

a n t i - f u n g a l  and p h y t o t o x i c  a c t i v i t y  when t e s t e d  i n  v i v o , 

(N e s p ia k  e t  a l . ,  1 9 6 1 ;  B r ia n  e t  a l . - , 1 9 6 1 ;  H a r r i  e t  a l . ,  

1 9 6 2 ) .  H ow ever , i t  was n o t  u n t i l  1968  t h a t  a 1 2 ,1 3  

e p o x y t r i c h o t h e c e n e , n i v a l e n o l ,  was shown t o  m a n i f e s t  

i t s  t o x i c i t y  v i a  an 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  

(U eno e t  a l . ,  1 9 6 8 ) .  I n i t i a l  r e p o r t s  c o n c e r n i n g  th e  

s t a g e s  i n  p r o t e i n  s y n t h e s i s  w hich  were i n h i b i t e d  by  

t r i c h o t h e c e n e s  w ere c o n t r a d i c t o r y  a p p a r e n t l y  and gave  

r i s e  t o  some c o n f u s i o n  r e g a r d i n g  t h e  c o r r e c t  s i t e ( s )  

o f  a c t i o n .  T h is  c o n f u s i o n  i s  b e s t  i l l u s t r a t e d  by  

th e  t r i c h o t h e c e n e s  F u sa r e n o n  X and T r ic h o d e r m in .

F u sa r e n o n  X was r e p o r t e d  t o  c a u s e  th e  r a p id  

breakdow n o f  p o ly r i b o s o m e s  i n  mouse L - c e l l s  (O h tsu b o  

e t  a l . ,  1 9 7 2 )  and w a s ,  t h e r e f o r e ,  i n t e r p r e t e d  t o  a c t  

l i k e  p u ro m y c in  ( S e c t i o n  4 . 1 ) .  S h o r t l y  a f t e r w a r d s , i t  

was show n, a lo n g  w i t h  s e v e r a l  o t h e r  t r i c h o t h e c e n e s ,  

t o  be an i n h i b i t o r  o f  th e  p e p t i d y t r a n s f e r a s e  -  a s  

ju d g e d  by th e  ’ fr a g m e n t  a s s a y ’ ( C a r r a s c o  e t  a l . , 1 9 7 3 )  

s u g g e s t i n g  an e f f e c t  on e l o n g a t i o n .  A d d i t i o n a l l y ,  and

i n  c o n t r a s t  t o  th e  f i r s t  r e p o r t , i t s  e f f e c t  on th e  

p e p t i d y t r a n s f e r a s e  was a p p a r e n t  e v e n  when t e s t e d  on 

y e a s t  p o ly r i b o s o m e s  ( B a r b a c id  e t  a l . ,  1 9 7 5 ) .  The 

s i t u a t i o n  was c l a r i f i e d  by  C a r t e r  and Cannon ( 1 9 7 8 )
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when t h e y  showed t h a t  F u sa r e n o n  X a c t e d  a s  an i n h i b i t o r  

o f  i n i t i a t i o n  a t  lo w  c o n c e n t r a t i o n s  w h i l s t  b e i n g  

e f f e c t i v e  a g a i n s t  e l o n g a t i o n  a t  h i g h e r  c o n c e n t r a t i o n s .

T r ic h o d e r m in ,  on t h e  o t h e r  h an d , was t h o u g h t  t o  

be an i n h i b i t o r  o f  t e r m i n a t i o n .  T h i s  i d e a  was 

d e r i v e d  from  d a t a  o b t a i n e d  by r e v e r s i n g  a b l o c k  i n  

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  i n  y e a s t .  ^ f t e r  th e  

b lo c k  was r e l e a s e d ,  th e  f o r m a t i o n  o f  p o l y r i b o s o m e s  

was n o t  i n h i b i t e d  by  th e  p r e s e n c e  o f  t r i c h o d e r m i n  

a l t h o u g h  i t  was when a known i n h i b i t o r  o f r t h e  e l o n g a t i o n  

s t a g e  was u s e d  ( S t a f f o r d  and M cL au gh lin  1 9 7 3 ) .  

F u r th e r m o r e ,  t r i c h o d e r m i n  was a b le  t o  i n h i b i t  a 

t e r m i n a t i o n  a s s a y  i n  v i t r o  (T a te  and C a sk ey  1 9 7 3 ) .  

H ow ever , s i n c e  th e  t e r m i n a t i o n  s t e p  i s  m e r e ly  a m o d i f i e d  

form  o f  t h e  p e p t i d y l t r a n s f e r a s e , t r i c h o d e r m i n  was c l e a r l y  

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

t e r m i n a t i o n  a s  s u g g e s t e d  by C a r r a s c o  e t  a l . ,  ( 1 9 7 3 )  

and T a te  and C a sk ey  ( 1 9 7 3 ) .  T r ic h o d e r m in  i s  now 

r e c o g n i s e d  t o  be an I h h i b i t o r  o f  e l o n g a t i o n  a t  h ig h  

c o n c e n t r a t i o n s  ( C u n d l i f f e  e t  a l . ,  1 9 7 4 ;  T sc h e r n e  and 

P e s t k a ,  1 9 7 5 )  w h i l s t  s h o w in g  some s p e c i f i c i t y ,  a s  ju d g e d  

by  p o ly r ib o s o m e  p r o f i l e s ,  f o r  i n h i b i t i o n  o f  i n i t i a t i o n  

a t  lo w  c o n c e n t r a t i o n s  ( C a r t e r  e t  a l . ,  1 9 7 6 )*

W h i l s t  th e  1 2 ,1 3  e p o x y t r i c h o t h e c e n e s  a p p ea r  i n  

g e n e r a l  t o  be e i t h e r  i n h i b i t o r s  o f  e l o n g a t i o n  or  

i n i t i a t i o n  ( C u n d l i f f e  e t  a l . ,  1 9 7 4 ;  S c h i n d l e r ,1 9 7 4 )  

a l l  t r i c h o t h e c e n e s  t e s t e d  a r e  c a p a b le  o f  c o m p e t in g  w ith
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one a n o t h e r  f o r  b i n d i n g  t o  y e a s t  r i b o s o m e s .  The 

e x t e n t  t o  w hich  t h e y  c o m p e te ,  h o w e v e r ,  d e p e n d s  up on  

th e  n a t u r e  o f  th e  r i b o s o m e .  T h u s , on r ib o s o m e s  

d e r i v e d  from p o l y r i b o s o m e s  and c a r r y i n g  p e p t i d y l -  

tRNA, t r i c h o t h e c e n e  i n h i b i t o r s  o f  i n i t i a t i o n  do n o t  

com p ete  v e r y  s u c c e s s f u l l y  f o r  b i n d i n g  w i th  i n h i b i t o r s  

o f  e l o n g a t i o n  ( B a r b a c id  and V a zq u ez , 1 9 7 4 a ) .  H ow ever,  

i f  r u n - o f f  r ib o s o m e s ,  i . e .  r ib o s o m e s  f r e e  o f  p e p t i d y l -  

tRNA, a re  u s e d  f o r  b i n d i n g  a s s a y s  t h e n  a l l  t r i c h o t h e c e n e s  

ca n  co m p ete  f o r  b i n d i n g  r e g a r d l e s s  o f  t h e i r  a p p a r e n t  

mode o f  a c t i o n  (Cannon e t  a l . , 1 9 7 6 ) .  I t  s e e m s ,  

t h e r e f o r e ,  t h a t  a l l  t r i c h o t h e c e n e s  i n h i b i t  th e  

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

t h i s  s t e p  i s  l i m i t e d  by t h e  p r e s e n c e  o f  p e p t i d y l  

m o i e t i e s  upon th e  r ib o s o m e s  ( S c h i n d l e r ,  1 9 7 4 ) .  S o -  

c a l l e d  i n h i b i t o r s  o f  i n i t i a t i o n  ' p s e u d o - i n i t i a t i o n  

i n h i b i t o r s ' ,  do n o t  i n h i b i t  th e  a c t u a l  s t e p s  i n  

i n i t i a t i o n  b u t  a f f e c t  th e  f i r s t  ( o r  s o )

p e p t i d y l t r a n s f e r a s e  r e a c t i o n  ( M iz u n o ,1975  ; S m ith  e t  a l . ,  

1 9 7 5 ) .  T hey a re  p r e v e n t e d  from  a f f e c t i n g  s u b s e q u e n t  

p e p t i d y l t r a n s f e r a s e s  by  t h e  p r e s e n c e  o f  p e p t i d y l -  

tRNA on th e  r ib o s o m e .

The 1 2 ,1 3  e p o x y t r i c h o t h e c e n e s  h ave  b e e n  

c l a s s i f i e d  i n t o  s e v e r a l  g r o u p s  a c c o r d i n g  t o  t h e i r  

a b i l i t y  t o  i n h i b i t  th e  t h r e e  s t a g e s  i n  p r o t e i n  s y n t h e s i s  •
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n am ely  i n i t i a t i o n ,  e l o n g a t i o n  and t e r m i n a t i o n .  T h ese  

d a t a  a r e  c o l l a t e d  i n  F i g . 1 . 3  a l o n g  w ith  th e  c h e m ic a l  

s t r u c t u r e s  o f  th e  t r i c h o t h e c e n e s .  The c l a s s i f i c a t i o n s  

a r e  a s  g i v e n  by C a r t e r  and Cannon ( 1 9 7 7 )  and C u n d l i f f e  

and D a v ie s  ( 1 9 7 7 ) .  I n  g e n e r a l ,  i t  seem s t h a t  th e  

l a r g e r  t h e  s u b s t i t u e n t s  on th e  t r i c h o t h e c e n e  s k e l e t o n  

t h e  e a r l i e r  th e  s t a g e  i n  p r o t e i n  s y n t h e s i s  w h ich  i s  

i n h i b i t e d .  T h ere  e x i s t s  some d o u b t  a b o u t  th e  

c l a s s i f i c a t i o n  o f  I]_ -  and 1 2  -  t y p e  i n h i b i t o r s  o f  

i n i t i a t i o n  s i n c e  a d i f f e r e n c e  i s  n o t  a lw a y s  o b s e r v e d  

and th e  c a u s e  o f  t h e  d i f f e r e n t i a l  e f f e c t  i s  n o t  

u n d e r s t o o d .  T h is  p o i n t  i s  d i s c u s s e d  i n  d e t a i l  i n  

C h a p te r  5 .

S p e c i f i c  1 2 ,1 3  e p o x y t r i c h o t h e c e n e s  w h ich  w ere  

u s e d  i n  t h e s e  s t u d i e s  a r e  r e v ie w e d  i n  g r e a t e r  

d e t a i l  e l s e w h e r e  i n  t h i s  t h e s i s .

1 . 6 .  OTHER INHIBITORS OF PROTEIN SYNTHESIS

I n  a d d i t i o n  t o  th e  1 2 ,1 3  e p o x y t r i c h o t h e c e n e s  

s e v e r a l  o t h e r  a n t i b i o t i c s  w ere e m p lo y e d  i n  t h e s e  

s t u d i e s .  Some o f  t h e  a n t i b i o t i c s  h a v e  w e l l  e s t a b l i s h e d  

modes o f  a c t i o n  and w ere u s e d  m e r e ly  t o  p r o v e  new 

t e c h n i q u e s  o r  h e l p  i n  th e  e l u c i d a t i o n  o f  th e  m odes o f  

a c t i o n  o f  l e s s - w e l l  s t u d i e d  a n t i b i o t i c s .  The t o x i n s  

u s e d  a r e  r e v ie w e d  w here t h e i r  u s e  i s  r e p o r t e d  i n  

th e  t e x t .  The s t r u c t u r e s  o f  t h e s e  t o x i n s  (w h ere  

known) a r e  shown i n  F i g . 1 . 4 .

Many o f  th e  a n t i b i o t i c s  s t u d i e d  h e r e  w h i l s t  b e in g



HN

Emetine

Aminoacyl-tRNA Puromycin

Chartreusin
NHRNH

OH

OH

Edelnes

NHNH

OH

OH

edeine A„ R -  H; edeine B„ R = C (=N H )N H ,.R B,

Homoharringtonine
O °*2°»  
I I  F

H .C-NH 'C -H
C = C

Sparsomycin

CH3COO OH
C H ,0 .

'CH,

Anisomycin

H 3 C V

FIGURE 1.4

0  ,0 H  P

—  C — C H ÿ ^  N H

H CH3 Cycloheximide

Chemical Structures of Various 
Antibiotics



— 24—

p o t e n t  i n h i b i t o r s  o f  p r o t e i n  s y n t h e s i s  i n  e u k a r y o t e s  

a l s o  s h a r e  th e  p r o p e r t y  t h a t  t h e y  are  p r o d u c e d  by  

e u k a r y o t e s .  C l e a r l y ,  such  p r o d u c in g - o r g a n i s m s  m u st  

p o s s e s s  r e s i s t a n c e  t o  t h e  a n t i b i o t i c  or  r i s k  com m itting  

s u i c i d e .  One may e n v i s a g e  many r o u t e s  by w h ich  t h e  

o r g a n is m  ca n  a t t a i n  r e s i s t a n c e  and t h e s e  are  d i s c u s s e d  

i n  r e l a t i o n  t o  r e s u l t s  o b t a i n e d  f o r  c e l l - f r e e  s y s t e m s  

o f  v a r i o u s  p r o d u c in g - o r g a n i s m s  (C h a p te r s  6  and 1 0  ) .
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2 .  MICROBIOLOGICAL METHODS

2 . 1 .  INTRODUCTION

S e v e r a l  m ic r o o r g a n is m s  w ere  e m p lo y e d  i n  t h i s  work 

f o r  th e  p r e p a r a t i o n  o f  s u b c e l l u l a r  co m p o n en ts  i n v o l v e d  i n  

p r o t e i n  s y n t h e s i s .

The g r o w th ,  m a in te n a n c e  and i n  v i v o  c h a r a c t e r i z a t i o n  

o f  t h e s e  o r g a n is m s  a r e  d e s c r i b e d  b e lo w .

2 . 2 .  GROWTH MEDIA

A l l  m ed ia  w ere  p r e p a r e d  i n  d i s t i l l e d  w a t e r .

( a )  S o l i d  m ed ia

( i )  MES A gar M a lt  E x t r a c t  2 g
S u c r o s e  0 . 5  g
Agar 1 . 5  g
H2 O t o  1 0 0  ml

( i i )  PYG p H 5.9  A gar -  R e c ip e  a s  f o r  PYGpH5.9
l i q u i d  medium ( s e e  b e lo w )  s u p p le m e n te d  w ith

1.5%  ( * / v )  A g a r - a g a r  ( D a v i s  N .Z . )

C om ponents o f  s o l i d  m ed ia  w ere a u t o c l a v e d  a t

15 p . s . i .  f o r  20^ and a l l o w e d  t o  c o o l  t o  50 -  6 0 ° c

b e f o r e  a d d i t i o n  o f  a n t i b i o t i c  ( i f  r e q u i r e d )  and

p o u r in g  i n t o  d i s p o s a b l e  p l a s t i c  p e t r i  d i s h e s  ( 2 0  m l)

o r  a s  s l a n t s  i n  M cC artney b o t t l e s  (5  m l ) .

(b )  L iq u id  m ed ia

( i )  50% ( * / v )  s o l u t i o n s  o f  g l u c o s e  w ere a u t o c l a v e d

a t  1 0  p . s . i .  f o r  15 .̂

( i i )  PYG p H 5.9  medium c o n t a i n e d  p e r  l i t r e

P e p t o n e  5 g
Y e a s t  e x t r a c t  3 g
G lu c o s e  5 g

KH2  P04 1 2 . 2 5  g j O.IM p h o s p h a te
K2 H P04 1 . 7 4  g ) b u f f e r  a t  pH 5.9
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I f  t h e  medium was p r e p a r e d  a s  a  l a r g e  vo lum e

( 1 5 L ) ,  g l u c o s e  was n o t  i n c l u d e d  i n  t h e  m ix t u r e

f o r  a u t o c l a v i n g  b u t  was added  a f t e r w a r d s  u s i n g  a

50% ( * / v )  s t o c k  s o l u t i o n  ( s e e  a b o v e ) .

( i i i )  M inim al am ino a c i d  medium f o r  S a c c h a r o m y c e s

c e r e v i s i a e , s t r a i n  Y i 6 6 > c o n t a i n e d  p e r  l i t r e :

D i f c o  y e a s t  n i t r o g e n  b a s e  w i t h o u t  
am in o  a c i d s  6 . 7  g

S u c c i n i c  a c i d  1 0  g
NaOH 6  g
G lu c o s e  1 0  g
L -H i s  40  mg
L -T rp  4 0  mg

(pH = 5 . 8  u n a d j u s t e d )

R e f :  Udem and W arner, 1 9 7 2 .

U n l e s s  s t a t e d  o t h e r w i s e  a l l  m ed ia  w ere

a u t o c l a v e d  a t  15 p . s . i .  f o r  20 m i n u t e s .
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2 . 3 .  MAINTENANCE OF CELL LINES

D e t a i l s  a b o u t  th e  m ic r o o r g a n is m s  u s e d  i n  t h i s  work  

a r e  shown i n  T a b le  2 . 1 .

The f u n g i  F . p o a e , F . s p o r o t r i c h i o d e s ,  M .v e r r u c a r i a  

and A . q i q a n t e u s  w ere  p l a t e d  on MES a g a r  and grown a t  30®c 

u n t i l  s p o r u l a t i o n .  T hey w ere t h e n  s t o r e d  a t  4 ° c .

F . e g u i s e t i  was grown a t  3 0 ° c  on PYG p H 5.9  a g a r  u n t i l  a 

c o n s i d e r a b l e  mat o f  m y c e l i a  had fo r m e d .  I t  was th e n  s t o r e d  

a t  4 ° c .

Y e a s t  s t r a i n s  Y% 6 6  TR^ w ere s t r e a k e d  o n t o  MES

p l a t e s  ( c o n t a i n i n g  1 0  p g /m l  t r i c h o d e r m i n  f o r  s t r a i n  TR^) 

and grown a t  3 0 ° c  f o r  5 - 6  d a y s .  They w ere  t h e n  s t o r e d  

a t  4 ^ c .  S u b c u l t u r e s  w ere  made e v e r y  2 - 3  m o n th s .

2 . 4 .  GROWTH OF CELLS

( a )  S a c c h a r o m y c e s  c e r e v i s i a e

F or  s m a l l  q u a n t i t i e s  o f  y e a s t ,  1 L o f  PYG pH 5.9  

medium ( o r  m in im a l am ino a c i d  medium) i n  a 2 ,L E h r le n m e y e r  

f l a s k  was i n n o c u l a t e d  w i t h  e i t h e r  a  s i n g l e  c o l o n y  o f  

s t r a i n  Y^gg o r  2ml o f  PYG p H 5 .9  medium c o n t a i n i n g  10  j ig /m l  

t r i c h o d e r m i n  i n  w h ich  a  s i n g l e  c o l o n y  o f  s t r a i n  TR^ had  

b e e n  grown o v e r n i g h t .  The medium was t h e n  sh a k e n  a t  3 0 ° c .

L a r g e r  q u a n t i t i e s  o f  y e a s t  (1 5  L) w ere  grown i n  

PYG p H 5.9  medium i n  a 3 0 ° c  c o n s t a n t  t e m p e r a tu r e  room  

i n  20  L g l a s s  f e r m e n t i n g  j a r s  u n d e r  f o r c e d  a e r a t i o n  and  

c o n s t a n t  s t i r r i n g .  A c u l t u r e  o f  1 L o f  y e a s t  i n  th e  

p h a se  o f  l o g a r i t h m i c  g ro w th  i n  th e  same m ed ia  was
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u s e d  a s  an in n o c u lu m  f o r  e a c h  15 L b a t c h .  1 -  2ml a n t i f o a m  

was add ed  t o  15 L c u l t u r e .

Y e a s t  grow th  was h a l t e d  i n  m id d le  t o  l a t e  l o g a r i t h m i c  

gro w th  p h a se  a t  an a b s o r b a n c e  a t  650  nm (A 650) o f  1 . 2  

( 5 10^ c e l l s / m l ,  S i s s o n s ,  1 9 7 4 )  by  r e m o v in g  t h e  f l a s k s  t o  

i c e .  The c e l l s  w ere  t h e n  h a r v e s t e d  by  c e n t r i f u g a t i o n  a t  

2 , 0 0 0  r . p . m .  f o r  1 0  m in u t e s  i n  an M .S .E .M i s t r a l  c e n t r i f u g e .

C e l l  p e l l e t s  w ere  w ash ed  by r e s u s p e n s i o n  i n ,  and  

c e n t r i f u g a t i o n  th r o u g h  c o l d  w a t e r  and t h e n  w ash ed  t h r e e  

t i m e s  i n  c o l d  * e u k a r y o t i c  g r i n d i n g  b u f f e r '  ( 1 0  mM -  

T r i s / a c e t i c  a c i d  p H 7 .6 ,  90 mM -  p o t a s s iu m  a c e t a t e ,  1 mM -  

m agn esium  a c e t a t e ,  2mM -  c a l c i u m  a c e t a t e ,  3mM -  2 -

m e r c a p t o e t h a n o l ) .  C e l l s  w ere  s t o r e d  f r o z e n  a t  - 7 0 ° c  i f  n o t  

r e q u i r e d  f o r  im m e d ia te  u s e .

C e l l  y i e l d  was 3 -  4 g .  w e t  w e i g h t /L  o f  m edium .

(b )  M yroth ec iu m  v e r r u c a r i a

S p o r e s  from  la w n s  o f  M .v e r r u c a r i a  grown on M E S 

p l a t e s  w ere  h a r v e s t e d  by s c r a p i n g  th e  s u r f a c e  o f  t h e  p l a t e s  

u n d e r  s t e r i l e  w a t e r .  T h is  s u s p e n s i o n  o f  s p o r e s  was th e n  u s e d  

t o  i n n o c u l a t e  1 L o f  PYG p H 5.9  medium i n  a 2 L E h r le n m e y e r  

f l a s k .  A f t e r  i n c u b a t i o n  f o r  24 -  30 h o u r s  on an o r b i t a l  

s h a k e r  a t  30^c gro w th  was s t o p p e d  by r e m o v a l  o f  t h e  f l a s k  

t o  i c e .

I f  l a r g e r  q u a n t i t i e s  o f  M .v e r r u c a r i a  w ere  r e q u i r e d  

t h e  1 L o f  c u l t u r e  o b t a i n e d ,  a s  a b o v e ,  was u s e d  t o  

i n n o c u l a t e  s e v e r a l  more f l a s k s  o f  PYG p H 5.9  medium  

( 5 0  m l/L  o f  m ed iu m ). I n  t h i s  c a s e  t h e  f l a s k s  w ere  

i n c u b a t e d  f o r  12 -  14  h o u r s  b e f o r e  grow th  was s t o p p e d .
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I n  common w it h  some b a c t e r i a  o f  th e  g e n e r a  S t r e p t o m y c e s ,

M .v e r r u c a r i a  grow s a s  m a c r o s c o p ic  b a l l s  i n  l i q u i d  c u l t u r e  

a n d , t h e r e f o r e ,  o p t i c a l  d e n s i t y  m e a su r em e n ts  c a n n o t  be u s e d  

t o  a s s e s s  c e l l - g r o w t h .  I n c r e a s e  i n  d ry  w e i g h t  h a s  b e e n  

u s e d  a s  a m ea su re  o f  c e l l - g r o w t h  i n  S t r e p t o m y c e s  b u t  i n  

t h e s e  s t u d i e s  c e l l s  w ere  h a r v e s t e d  when th e  c e l l  d e n s i t y  

was ju d g e d  t o  b e  a p p r o x i m a t e l y  h a l f  t h a t  s e e n  when c e l l s  w ere  

a l l o w e d  t o  grow t o  s t a t i o n a r y  p h a se  (a ssu m ed  t o  h a v e  

o c c u r r e d  a f t e r  72 h o u r s  a t  3 0 ^ c ) .

C e l l s  w ere  h a r v e s t e d  by  f i l t r a t i o n  u n d e r  s u c t i o n  

th r o u g h  Whatman N o . l  p a p e r  i n  a l a r g e  B uchner  f u n n e l .

The c e l l s  w ere  t h e n  r e s u s p e n d e d  i n  c o l d  w a te r  and r e - f i l t e r e d  • 

t h e  p r o c e s s  b e i n g  r e p e a t e d  3 o r  4 t i m e s .  F i n a l l y  c o l d  

' e u k a r y o t i c  d i a l y s i s  b u f f e r '  ( 1 0  mM -  T r i s / a c e t i c  a c i d  

p H 7 .6 ,  90  m M -p otassium  a c e t a t e ,  ImM-magnesium a c e t a t e ,

3 mM -  2 -  m e r c a p t o e t h a n o l )  was u s e d  t o  wash th e  c e l l s

w h ic h ,  h a v in g  b e e n  a l l o w e d  t o  r e - a b s o r b  a s m a l l  q u a n t i t y  o f  

b u f f e r ,  w ere  s c r a p e d  from  th e  f i l t e r  p a p e r  and s t o r e d  a t  

-7 0 O c .

Y i e l d  o f  c e l l s  was a p p r o x i m a t e l y  3 0 g /L  o f  medium b u t  

much l e s s  i f  t h e  c e l l s  w ere  p r e v e n t e d  from  r e - a b s o r b i n g  

b u f f e r .

( c )  Growth o f  o t h e r  f u n g i

O th er  f u n g i ,  e x c e p t  F . e g u i s e t i , w ere grown by i n n o c u l a t i n g  

f l a s k s  o f  PYG p H 5 .9  medium w i t h  a s u s p e n s i o n  o f  s p o r e s .

S i n c e  F . e g u i s e t i  d o e s  n o t  p r o d u c e  s p o r e s  when grown on 

PYG p H 5.9  p l a t e s  an in n o c u lu m  was d e r i v e d  from  a s u s p e n s i o n  

o f  m y c e l i a  i n  w a t e r .  The f u n g i  w ere grown a t  3 0 ° c  and w ere  

h a r v e s t e d ,  a s  d e s c r i b e d  f o r  M. v e r r u c a r i a , a f t e r  24 t o  30  

h o u r s .



Legend t o  T a b le  2 . 2 .

Whatmann AA d i s c s  ( 6 mm d i a . )  c o n t a i n i n g  

a n t i b i o t i c s  ( 1 0  ^ g / m l )  w e re  d r i e d  u n d e r  an  

i n f r a - r e d  lamp and th e n  p l a c e d  on f r e s h l y -  

s p r e a d  la w n s  o f  f u n g i  on a g a r  p l a t e s .  T h e se  

p l a t e s  w e re  in c u b a t e d  a t  30°C and ex a m in ed  a f t e r  

two t o  t h r e e  d a y s .  A c l e a r  z o n e  arou n d  a d i s c  

w as ta k e n  t o  i n d i c a t e  s e n s i t i v i t y  (S )  t o  t h a t  

p a r t i c u l a r  a n t i b i o t i c ;  l a c k  o f  a z o n e  o f  

i n h i b i t i o n  i n d i c a t e d  r e s i s t a n c e  ( R ) .  T h o se  

c o m b in a t io n s  w h ic h  g a v e  o n l y  a v e r y  s m a l l  z o n e  

( ^Imm) a r e  d e s i g n a t e d  R /S .
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A l l  c u l t u r e s  w ere  c h e c k e d  f o r  c o n t a m in a n t s  u n d e r  

a p h a se  c o n t r a s t  m i c r o s c o p e .  I n  a d d i t i o n ,  t h e  a n t i b i o t i c -  

s e n s i t i v i t y  o f  t h e  y e a s t  m u ta n t  TR^ was c h e c k e d  on a g a r  

p l a t e s .

2 . 5 .  SENSITIVITY OF MICROORGANISMS TO VARIOUS ANTIBIOTICS

A l l  th e  m ic r o o r g a n is m s  shown i n  T a b le  2 .1  w ere  

t e s t e d  f o r  t h e i r  s e n s i t i v i t y  t o  v a r i o u s  i n h i b i t o r s  o f  

e u k a r y o t i c  p r o t e i n  s y n t h e s i s .  A w id e  r a n g e  o f  

a n t i b i o t i c s ,  known t o  i n h i b i t  p r o t e i n  s y n t h e s i s  a t  

d i f f e r i n g  s t a g e s  i n  p e p t i d e  e l o n g a t i o n  ( s e e  S e c t i o n  1 . 2 ) ,  

w ere  t e s t e d  f o r  t h e i r  e f f e c t  on gro w th  i n  v i v o  b y  s p r e a d i n g  

la w n s  o f  t h e  m ic r o o r g a n is m s  on a g a r  p l a t e s  and g r o w in g  

th e  m ic r o o r g a n is m s  i n  th e  p r e s e n c e  o f  p a p e r  d i s c s  

c o n t a i n i n g  a n t i b i o t i c .  D e t a i l s  o f  t h e  a s s a y  and t h e  

r e s u l t s  a re  g i v e n  i n  T a b le  2 . 2 .

The y e a s t  m u ta n t ,  TR^, was fou n d  t o  be r e s i s t a n t  n o t  

o n l y  t o  t r i c h o d e r m i n  (J im e n e z  e t  a l . ,  1 9 7 5 )  b u t  a l s o  t o  

a l l  o t h e r  members o f  th e  1 2 ,  13 e p o x y t r i c h o t h e c e n e  grou p  

o f  t o x i n s  w i t h  w h ich  i t  was c o n f r o n t e d .  I n  a d d i t i o n ,

i t  was r e s i s t a n t  t o  t h e  c h e m i c a l l y  -  u n r e l a t e d  a n t i b i o t i c ,  

a n i s o m y c i n .  T h e s e  o b s e r v a t i o n s  a r e  i n  a c c o r d a n c e  w ith  

t h e  o b s e r v a t i o n  t h a t  t h e  1 2 , 1 3  e p o x y t r i c h o t h e c e n e s  and  

a n is o m y c in  h a v e  e i t h e r  i d e n t i c a l  o r  o v e r l a p p i n g  b i n d i n g  

s i t e s  on th e  y e a s t  r ib o s o m e  ( B a r b a c id  and V azq u ez  1 9 7 4 ,  

S c h i n d l e r  e t  a l . ,  1 9 7 4 ;  Cannon e t  a l . ,  1 9 7 6 ) .

The f u n g i  t e s t e d  a r e  a l l  s t r a i n s  o f  g e n e r a  o f  f u n g i  

w h ich  a r e  r e p o r t e d  t o  p r o d u c e  a n t i b i o t i c s  w h ich  i n h i b i t  

e u k a r y o t i c  p r o t e i n  s y n t h e s i s .  H ow ever , w i t h  t h e  e x c e p t i o n  

o f  A s p e r g i l l u s  g i g a n t e u s  NRRL 2777  none o f  t h e  s t r a i n s  u s e d
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i n  t h e s e  e x p e r i m e n t s  h a s  e v e r  b e e n  shown t o  p r o d u c e  any  

a n t i b i o t i c s .  I n  o r d e r  t o  a s c e r t a i n  w h e th e r  t h e y  p r o d u ce d  

a n t i b i o t i c  when grown on a g a r  p l a t e s ,  a s m a l l  p l u g  o f  

g r o w in g  m y ce l iu m  was rem oved  from  p l a t e s  o f  t h e  f u n g i .

T h e se  p l u g s  w ere  t h e n  i n s e r t e d  i n t o  a p p r o p r i a t e l y  s i z e d  h o l e s  

i n  MES p l a t e s  on w h ich  a  la w n  o f  y e a s t  s t r a i n s  o r  TR^

had b e e n  s p r e a d .  The p l a t e s  w ere  i n c u b a t e d  a t  SO^c and  

s c o r e d  f o r  a zon e  o f  i n h i b i t i o n  around  th e  p lu g  o f  f u n g i .

Under t h e s e  c o n d i t i o n s ,  o n l y  M yroth ec iu m  v e r r u c a r i a  g a v e  

r i s e  t o  a zon e  o f  i n h i b i t i o n .  A lth o u g h  t h e  z o n e  o f  

i n h i b i t i o n  was p r e s e n t  f o r  b o th  s t r a i n s  Y^gg and TR^, 

i n d i c a t i n g  th e  p r o d u c t i o n  o f  t o x i n s  o t h e r  th a n  t r i c h o t h e c e n e s  

( s i n c e  s t r a i n  TR  ̂ i s  r e s i s t a n t  t o  a l l  t r i c h o t h e c e n e s ) ,  t h e  zon e  

o f  i n h i b i t i o n  was s m a l l e r  f o r  s t r a i n  TR]̂  and may, t h e r e f o r e ,  

i n d i c a t e  t h a t  M .v e r r u c a r i a  p r o d u c e s  b o th  t r i c h o t h e c e n e s  

and o t h e r  t o x i n s .  F or  a f u r t h e r  d i s c u s s i o n  o f  t h e s e  r e s u l t s  

s e e  C h a p te r  l o .

The r e p o r t e d  s i t e s  o f  a c t i o n  o f  th e  a n t i b i o t i c s  u s e d  

i n  t h e  a n t i b i o t i c  d i s c  t e s t s  a r e  shown i n  T a b le  2 . 3 .
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3 .  BIOCHEMICAL METHODS

3 . 1 .  INTRODUCTION

The m eth o d s  d e s c r i b e d  h e r e  w ere  u s e d  r o u t i n e l y  

t h r o u g h o u t  t h i s  w o rk . More s p e c i a l i s t  t e c h n i q u e s  

a r e  d e s c r i b e d  i n  t h e  a p p r o p r i a t e  c h a p t e r s .

3 . 2 .  MATERIALS

C om m ercia l s o u r c e s  o f  m a t e r i a l s  w ere  a s  f o l l o w s : -  

L -  / ” 4 , 5 - % ~ /  l e u c i n e ,  L -  /"^^S  V  m e t h i o n i n e ,

L -  /" U  -  ^^C "7 p h e n y l a l a n i n e  w ere from  The R a d io c h e m ic a l  

C e n t r e ,  Amersham, B u c k s .  U .K . ,  p h o s p h o c r e a t i n e , c r e a t i n e  

k i n a s e ,  ATP (N a 2 ),GTP ( L i g ) ,  p h o s p h o e n o lp y r u v a t e  and  

y e a s t  tRNA ( p h e n y l a l a n i n e  s p e c i f i c )  w ere  from  

B o e h r in g e r  and S o e h n e ,  Mannheim, Germany; y e a s t  RNA,

L -  am ino a c i d s ,  H e p e s ,  p o l y u r i d y l i c  a c i d ,  

d i t h i o t h r e i t o l  and 2 -  m e r c a p t o e t h a n o l  w ere  from  Sigm a  

C h em ica l C o . ,  K in g s to n -u p o n -T h a m e s ,  S u r r e y ,  U .K .;  

o t h e r  c h e m i c a l s  w ere  o f  t h e  h i g h e s t  g r a d e  a v a i l a b l e  -  

u s u a l l y  ' A n a l a r ' .

3 . 3 .  BUFFERS

The f o l l o w i n g  s o l u t i o n s  w ere  e m p lo y e d  r o u t i n e l y .  

pH was a d j u s t e d  a t  room t e m p e r a t u r e .

S a l i n e :  0 .1 3 M -N a C l, 7.5mM-MgCl2, 5mM-KCl

S u c r o s e  d e n s i t y - g r a d i e n t  b u f f e r  f o r  r e t i c u l o c y t e  

l y s a t e s :  O .SM -NaCl, 15mM-MgCl2, lO m M -T ris . HCl ( p H 7 .6 ) ,  

ImM-di t h i  o t h r e i  t o i .

E u k a r y o t i c  g r i n d i n g  b u f f e r :  ImM-magnesium a c e t a t e ,

90mM- p o t a s s iu m  a c e t a t e ,  2m M -calcium  a c e t a t e ,  3mM- 2 -  

m e r c a p t o e t h a n o l .
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E u k a r y o t i c  d i a l y s i s  b u f f e r :  lO m M - T r i s .a c e t i c  a c i d  

( p H 7 .6 ) ,  90m M -p otass ium  a c e t a t e ,  ImM-magnesium a c e t a t e ,

3mM - 2 -  m e r c a p t o e t h a n o l .

H ig h  s a l t  b u f f e r :  lO m M -T ris . a c e t i c  a c i d  ( p H 7 .6 ) ,  IM -  

ammonium a c e t a t e ,  lOOmM -  m agnesium  a c e t a t e ,  3mM -  2  -  

m e r c a p t o e t h a n o l .

3 . 4 .  PREPARATION OF RETICULOCYTE LYSATES

L y s a t e s  o f  r a b b i t  r e t i c u l o c y t e s  u s e d  i n  t h e s e  

e x p e r im e n t s  w ere  t h e  k in d  g i f t s  o f  D r s .  R . J . J a c k s o n  and  

T .H u n t .  T hey w ere  p r e p a r e d  i n  th e  f o l l o w i n g  w ay.

New Z e a la n d  w h i t e  r a b b i t s  w e ig h in g  a p p r o x im a t e ly  7 l b s .  

w ere  g i v e n  f o u r  s u c c e s s i v e  d a i l y  i n j e c t i o n s  o f  30mg. o f  

a c e t y l p h e n y l h y d r a z i n e  d i s s o l v e d  i n  2 ml warm s a l i n e  

(0 .1 3 M -N a C l,  7.5mM-MgCl2, 5mM-KCl). The a n im a ls  w ere  

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

w ere  h a r v e s t e d  by  c e n t r i f u g a t i o n  a t  1 0 0 0  g f o r  t e n  m in u t e s  

and w ere  w ash ed  t w i c e  i n  i c e - c o l d  s a l i n e .  F i n a l l y ,  th e  

c e l l s  w ere  l y s e d  b y  m ix in g  w i t h  1 . 5  v o lu m e s  o f  c o l d  

w a t e r  p e r  volum e o f  p a c k e d  c e l l s  and t h e  d e b r i s  was  

rem oved  by  c e n t r i f u g a t i o n  a t  3 0 ,0 0 0  g .  f o r  15 m in u t e s  a t  

4°C (H unt e t  a l . ,  1 9 7 2 ) .  The l y s a t e s  w ere  s t o r e d  a s  1 ml 

a l i q u o t s  u n d e r  l i q u i d  n i t r o g e n .

3 . 5 .  INCUBATION CONDITIONS FOR RETICULOCYTE LYSATES

F r o z e n  a l i q u o t s  o f  l y s a t e s  w ere c a r e f u l l y  th aw ed  s o  

t h a t  t h e i r  t e m p e r a t u r e  n e v e r  e x c e e d e d  5^c and w ere  made 

0 . 0 2 5  mM i n  h aem in  ( fro m  a s t o c k  s o l u t i o n  o f  ImM -  haem in  

i n  90% e t h y l e n e  g l y c o l ,  20m M -Tris.H C l ( p H 8 .2 ) ,  50mM-KCl). 

C r e a t i n e  k i n a s e  was add ed  t o  a f i n a l  c o n c e n t r a t i o n  o f  

0 . 0 5  m g /m l.
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A ’ s ta n d a r d  i n c u b a t i o n  m i x t u r e ’ c o n t a i n e d  th e  

f o l l o w i n g  c o m p o n e n ts :  0 . 7 5  ml o f  l y s a t e  c o n t a i n i n g

h a e m in ,  0 .0 5 m l  o f  s a l t s  s o l u t i o n  ( 2M-KC1, 10mM-MgCl2), 

0 . 0 5  ml o f  0 . 2  M - c r e a t in e  p h o s p h a t e ,  0 ,1 m l  o f  r a d i o a c t i v e  

am ino a c i d  s o l u t i o n  ( s e e  f i g u r e  l e g e n d s  f o r  

c o n c e n t r a t i o n s  and s p e c i f i c  a c t i v i t i e s )  o r  w a te r  and  

0 . 0 5  ml o f  a m ix t u r e  o f  am ino a c i d s  w i t h  t h e  f o l l o w i n g  

c o m p o s i t i o n :  3 m M -a la n in e ; O .5 m M -a r g in in e ; 0.5mM-

a s p a r a g i n e ;  2 .0 m M - a s p a r t ic  a c i d ;  O .5 m M - c y s t e i n e ;

0 . 5 m M -g lu ta m in e ; 2 .0 m M -g lu ta m ic  a c i d ;  2 .0 m M - g ly c in e ; 

2 . 0 m M - h i s t i d i n e ; O .S m M - is o l e u c in e ;  3 .O m M -le u c in e ; 

2 .0 m M - l y s i n e ; O .S m M -m eth ion in e ;  1 . 5 m M -p h e n y la la n in e  ; 

l .O m M -p r o l in e ;  2 .0 m M - s e r in e ; 1 . 5m M -th reon in e  ;

O .5m M -tryp top h an ; 0 . 5 m M -ty r o s in e ;  3 .O m M -v a lin e . One

o f  t h e s e  am ino a c i d s  was o m i t t e d  i f  i t s  r a d i o a c t i v e  

a n a lo g u e  was u s e d  a s  l a b e l .  T h is  m ix t u r e  was 

b r o u g h t  t o  pH 7.5  w i th  KOH and was made lOmM i n  

d i t h i o t h r e i t o l .

F i n a l  c o n c e n t r a t i o n s  o f  i n h i b i t o r s  o f  p r o t e i n  

s y n t h e s i s  u s e d  i n  t h e s e  i n c u b a t i o n s  w ere  a s  i n d i c a t e d  

i n  t h e  f i g u r e  l e g e n d s .

3 . 6 .  PREPARATION OF SAMPLES OF RETICULOCYTE LYSATES FOR 
FURTHER ANALYSIS.

P r o t e i n  s y n t h e s i s  was s to p p e d  by t a k i n g  5 / i l  s a m p le s  

o f  i n c u b a t i o n  m ix t u r e  i n  0 .5 m l  o f  d i s t i l l e d  w a t e r  o r ,  

f o r  s u c r o s e  d e n s i t y - g r a d i e n t s , 5 0 / i l  w ere  t a k e n  i n t o  0 . 2 5  

ml o f  t h e  i c e - c o l d  s u c r o s e  d e n s i t y - g r a d i e n t  b u f f e r  ( s e e  

S e c t i o n  3 . 7 ) .

I n  o r d e r  t o  a s s a y  t o t a l  p r o t e i n  s y n t h e s i s  b y  a m ethod  

i n v o l v i n g  l i q u i d - s c i n t i l l a t i o n  s p e c t r o m e t r y  i t  was n e c e s s a r y  

b o th  t o  b l e a c h  s a m p le s  t o  p r e v e n t  ’q u e n c h i n g ’ o f  l i q u i d -
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s c i n t i l l a t o r s  and a l s o  t o  rem ove a m in o a c y l - tR N A .

T h is  was a c h i e v e d  by th e  a d d i t i o n  o f  0 .5 m l  o f  IM-NaOH 

c o n t a i n i n g  a p p r o x im a t e ly  Im g/m l o f  a p p r o p r i a t e  u n l a b e l l e d  

am ino a c i d  and 0 .1 m l  o f  H2 O2  ( 2 0  v o l u m e s ) .  The m ix t u r e  

was t h e n  i n c u b a t e d  a t  30°C f o r  s e v e r a l  m in u t e s  u n t i l  

t h e  s o l u t i o n  was c o m p l e t e l y  b l e a c h e d  and 0 . 5  ml o f  50% 

( * / v 3  t r i c h l o r o a c e t i c  a c i d  (TCA) add ed  i n  o r d e r  t o  

p r e c i p i t a t e  p e p t i d e  c h a i n s .  The p r e c i p i t a t e s  w ere  

c o l l e c t e d  on Whatman g i a s s - f i b r e  f i l t e r s ,  w ashed  t h r e e  

t i m e s  w i t h  5% ( ^ / v )  TCA and t h e  f i l t e r s  d r i e d  u n d e r  an  

i n f r a - r e d  lamp f o r  15 m i n u t e s .  R a d i o a c t i v i t y  on  

f i l t e r s  was e s t i m a t e d  by  l i q u i d - s c i n t i l l a t i o n  ( S e c t i o n  

3 . 1 6 ) .

To d i s t i n g u i s h ,  i n  s a m p le s  o f  t h e  i n c u b a t i o n  

m i x t u r e ,  t h e  p e p t id y l - t R N A  from  f r e e  p e p t i d e  and  

a m in o a cy l- tR N A , 1 ml o f  2% ( * / v )  c e t y l t r im e t h y la m m o n iu m  

b rom id e  (CTAB) s o l u t i o n  was added  f o l l o w e d  by  1 ml o f  

0 .5M  sod ium  a c e t a t e / a c e t i c  a c i d  (p H 5 .4 )  c o n t a i n i n g  

0 .5 m g /m l  y e a s t  RNA a s  c a r r i e r .  The p r e c i p i t a t e  from  

t h i s  p r o c e s s ,  w h ich  c o n t a i n s  p e p t id y l - t R N A ,  a m i n o a c y l -  

tRNA and o t h e r  n e g a t i v e l y  c h a r g e d  m a c r o m o le c u le s  

(D arn b rou gh  e t  a l . ,  1 9 7 3 ;  T .H u n t ,  p e r s o n a l  c o m m u n ic a t io n )  

was a l l o w e d  t o  a g g r e g a t e  b e f o r e  b e i n g  c o l l e c t e d  on  

Whatman g l a s s - f i b r e  f i l t e r s  and t h e n  w ashed  t h r e e  t im e s  

w it h  w a t e r .
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The a m in o a cy l-tR N A  was s o l u b i l i s e d  by  h e a t i n g  

t h e  f i l t e r s  i n  10%('^/v) TCA f o r  t h i r t y  m in u t e s  a t  90^C. 

F i n a l l y ,  th e  f i l t e r s  w ere  w ash ed  t h r e e  t im e s  w i t h  

5% ( w /v )  TCA, d r i e d  and t h e i r  r a d i o a c t i v i t y  

e s t i m a t e d  b y  l i q u i d - s c i n t i l l a t i o n  ( S e c t i o n  3 . 1 6 ) .

3 . 7 . SUCROSE DENSITY-GRADIENT ANALYSIS OF RETICULOCYTE 
RIBOSOMES.

F or  a n a l y s i s  o f  r ib o s o m e  d i s t r i b u t i o n  5ml s u c r o s e  

d e n s i t y - g r a d i e n t s  w ere  u s e d .  G r a d ie n t s  w ere  l i n e a r  

from  15% t o  30% o r  40% ( * / v )  ( s e e  f i g u r e  l e g e n d s )  i n  

a b u f f e r  c o n t a i n i n g  0 .5M  -  N aC l, 15 mM-MgCl2 , 

lO m M -T r is .H c l (p H 7 .6 )  and I m M - d i t h i o t h r e i t o l . The

g r a d i e n t s  w ere  c e n t r i f u g e d  a t  2 ° c  i n  a S p in c o  SW 5 0 .1  

r o t o r  f o r  v a r i o u s  t i m e s  and a t  4 0 , 0 0 0  -  5 0 , 0 0 0  r . p . m .  

( s e e  f i g u r e  l e g e n d s ) .  A f t e r  c e n t r i f u g a t i o n ,  u l t r a 

v i o l e t  a b s o r b a n c e  o f  m a t e r i a l s  i n  g r a d i e n t s  was 

m o n it o r e d  c o n t i n u o u s l y  a s  t h e  g r a d i e n t  s o l u t i o n  was  

pumped th r o u g h  an ISCO UA-5 a b s o r b a n c e  m o n i to r  s e t  a t  

254 n .m . For g r a d i e n t s  c o n t a i n i n g  r a d i o a c t i v e  

am ino a c i d ,  s e q u e n t i a l  f r a c t i o n s  w ere  c o l l e c t e d  from  

t h e  g r a d i e n t s  and p r e c i p i t a t e d  w i t h  CTAB a s  a b o v e .

The p r e c i p i t a t e s  w ere  c o l l e c t e d  on Whatman g l a s s - f i b r e  

f i l t e r s ,  w ashed  w i t h  w a t e r ,  d r i e d  and t h e i r  r a d i o 

a c t i v i t y  e s t i m a t e d .

3 . 8 .  CALCULATION OF RIBOSOME CONCENTRATIONS IN RETICULOCYTE 
LYSATES

A v a l u e  o f  6 0 . 2  A 260 u n i t s *  p e r  n .m o l  o f  8 0  S

* An A260 u n i t  o f  r ib o s o m e s  i s  t h e  amount o f  r ib o s o m e s  
w h ic h  i n  1 ml g i v e s  an a b s o r b a n c e  a t  260  n .m . o f  1 . 0 .
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r ib o s o m e s  w as ta k e n  on  t h e  b a s i s  o f  t h e  m o l e c u l a r  

w e i g h t  and e x t i n c t i o n  c o e f f i c i e n t s  f o r  r e t i c u l o c y t e  

r ib o s o m e s  (Reboud e t  a l . ,  1 9 6 9 ;  H a m ilto n  e t  a l . ,  

1 9 7 1 ) .  R ibosom e c o n c e n t r a t i o n  was e s t i m a t e d  by  

p la n i m e t r y  o f  t h e  80S r ib o s o m e  peak d e t e c t e d  a f t e r  

c e n t r i f u g a t i o n  o f  a r i b o n u c l e a s e - t r e a t e d  i n c u b a t i o n  

m ix t u r e  on a s u c r o s e  d e n s i t y - g r a d i e n t .  F i f t y  

m i c r o l i t r e s  o f  i n c u b a t i o n  m ix t u r e  c o n t a i n e d  10 p m o le s  

r i b o s o m e s .

3 . 9 .  PREPARATION OF YEAST 3 0 ,0 0 0  ^  SUPERNATANT ( S - 3 0 )

A p e l l e t  o f  e i t h e r  f r e s h l y - p r e p a r e d  o r  f r o z e n  

y e a s t  c e l l s  ( s e e  S e c t i o n  2 . 4 )  was p l a c e d  i n  a m o r ta r  

w h ich  had b een  c o o l e d  p r e v i o u s l y  t o  - 2 0 ° C .  An 

e q u a l  w e i g h t  o f  l e v i g a t e d  a lu m in a  w as added t o  th e  

m o r ta r  and t h e  m ix t u r e  grou n d  v i g o r o u s l y  i n  t h e  c o l d  

u n t i l  t h e  p e l l e t  had th a w e d . More a lu m in a  

( a p p r o x i m a t e l y  h a l f  t h e  o r i g i n a l  q u a n t i t y )  was th en  

added and t h e  g r i n d i n g  c o n t i n u e d  u n t i l  t h e  m ix t u r e  

was v i s c o u s .  F u r t h e r  g r i n d i n g  beyond  t h i s  p o i n t  

d id  n o t  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  y i e l d  o f  

b ro k en  c e l l s .  At b e s t ,  a p p r o x im a t e ly  70 -  80% o f  

t h e  y e a s t  c e l l s  w e re  b ro k en  by t h i s  p r o c e d u r e .

The grou n d  p a s t e  w as w ash ed  from  t h e  m o r ta r  w i t h  

2 v o lu m e s  (a s su m in g  1 mg o f  y e a s t  c e l l s  and a lu m in a  

o c c u p y  a vo lu m e o f  1 m l) o f  ‘ e u k a r y o t i c  g r i n d i n g  

b u f f e r *  (ImM-magnesium a c e t a t e ,  90m M -p otassium  

a c e t a t e ,  2m M -calcium  a c e t a t e ,  3mM- 2 -

m e r c a p t o e t h a n o l )  and c e n t r i f u g e d  a t  3 0 ,0 0 0  g f o r  20
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m i n u t e s .  S to c k  s o l u t i o n s  o f  T r i s - a c e t i c  a c i d  

p H 7.6  (IM) and m agnesium  a c e t a t e  (IM) w e re  add ed  t o  

t h e  s u p e r n a t a n t ,  d e s i g n a t e d  t h e  S - 3 0  e x t r a c t  

( N ir e n b e r g  and M a t t h e i ,  1 9 6 1 )  t o  make i t  lOmM i n  T r i s ,  

a c e t i c  a c i d  and ImM i n  m agnesium  a c e t a t e .  O c c a s i o n a l l y ,  

d e o x y r i b o n u c l e a s e  (D N ase) t o  a f i n a l  c o n c e n t r a t i o n  

o f  2 / ig /m l  was add ed  t o  t h e  s u p e r n a t a n t  i n  o r d e r  

t o  r e d u c e  i t s  v i s c o s i t y  b u t  t h i s  t r e a t m e n t  was n o t  

fo u n d  t o  a l t e r  t h e  s y n t h e t i c  a c t i v i t y  o f  t h e  S - 3 0 .

The S - 3 0  was d i a l y s e d  a t  O^C a g a i n s t  ’ e u k a r y o t i c  

d i a l y s i s  b u f f e r *  (lO m M -T ris .  a c e t i c  a c i d  p H 7 .6 ,  

90m M -p otassium  a c e t a t e ,  ImM-magnesium a c e t a t e ,  3mM- 2 -  

m e r c a p t o e t h a n o l )  and s t o r e d  a s  0 .2 m l  a l i q u o t s  a t  

-7 0 ^ C .  A t -70^ C  th e  S - 3 0  was fou n d  t o  r e t a i n  i t s  

s y n t h e t i c  a c t i v i t y  i n d e f i n i t e l y  w h e r e a s  a t  -2 0 ° C  

t h e  S - 3 0  l o s t  75% o f  i t s  s y n t h e t i c  a c t i v i t y  by  

b e i n g  f r o z e n .  S t o r a g e  a t  - 2 0 ° C  f u r t h e r  d e c r e a s e d  

t h e  a c t i v i t y  o f  th e  S - 3 0  ( F i g . 3 . 1 ) .

The c o n c e n t r a t i o n  o f  r ib o s o m e s  i n  t h e  c e l l - f r e e  

e x t r a c t s  ( S - 3 0 s )  was e s t i m a t e d  by m e a s u r in g  t h e  

a b s o r b a n c e  o f  t h e  e x t r a c t s  a t  2 6 0  n .m . ( A 2 6 0 ) .  S i n c e  

t h e  S - 3 0 s  c o n t a i n ë d  m a t e r i a l ,  o t h e r  th a n  r i b o s o m e s ,  

w h ic h  a b s o r b e d  a t  260  n . m . ,  1 mg o f  r ib o s o m e s  was  

ta k e n  t o  be  e q u i v a l e n t  t o  2 9 .4  A260 u n i t s  

( S i s s o n s , 1 9 7 4 ) .

3 . 1 0  PREPARATION OF YEAST RIBOSOMES AND 1 0 0 ,0 0 0  g 
SUp e RnaTANT ^

Y e a s t  S - 3 0  ( 5 m l ) ,  p r e p a r e d  a s  d e s c r i b e d  a b o v e .



FIGURE 3.1

The Effect of S torage  at  -20°C  upon Synthetic  
Activity of  Yeast  S - 3 0  E xtracts

DAYS



Legend t o  F i g u r e  3 . 1

The e f f e c t  o f  s t o r a g e  a t  -2 0 ° C  upon s y n t h e t i c  

a c t i v i t y  o f  y e a s t  S - 3 0  e x t r a c t s .

M ix t u r e s  ( S e c t i o n  3 . 1 4 )  c o n t a i n i n g  y e a s t  

S - 3 0  e x t r a c t s  (A 2 6 0 = 2 5 ,  f i n a l  c o n c e n t r a t i o n )  

w h ic h  had b e e n  s t o r e d  a t  -20^C  f o r  v a r i o u s  p e r i o d s  

o f  t im e  w e re  i n c u b a t e d  a t  25^C f o r  60 m in u t e s  

and 5 j j l  s a m p le s  w e re  p r e c i p i t a t e d  w i t h  TCA. 

R a d i o a c t i v i t y  i n  t h e  p r e c i p i t a t e s  w as e s t i m a t e d  

by 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  ( S e c t i o n  3 . 1 6 ) .
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was l a y e r e d  o n t o  2ml 30% i ^ / v )  s u c r o s e  c o n t a i n i n g  

h i g h - s a l t  ( l O m M - T r i s .a c e t i c  a c i d  p H 7 .5 ,  IM- 

ammonium a c e t a t e ,  100  mM-magnesium a c e t a t e ,

3mM- 2 - m e r c a p t o e t h a n o l )  and c e n t r i f u g e d  f o r  f o u r  

h o u r s  a t  5 0 ,0 0 0  r . p . m .  and 2°C . The s u p e r n a t a n t ,  

d e s i g n a t e d  SlOO, was t a k e n  and d i a l y s e d  a g a i n s t  

' e u k a r y o t i c  d i a l y s i s  b u f f e r '  ( l O m M - T r i s .a c e t i c  

a c i d  p H 7 .6 ,  90m M -p otassium  a c e t a t e ,  IntM-magnesium  

a c e t a t e ,  3 m M - ^ - m e r c a p t o e t h a n o l ) f o r  s e v e r a l  h o u r s  

a t  0°rc and s t o r e d  a s  0 .5 m l  a l i q u o t s  a t  - 7 0 ^ € •  The 

r ib o s o m e  p e l l e t  was r e s u s p e n d e d  i n  ' h i g h - s a l t  

b u f f e r '  ( lO m M -T ris . a c e t i c  a c i d  p H 7 .6 ,  IM-ammonium 

a c e t a t e ,  lOOmM-magnesium a c e t a t e ,  3 mM- 2 -  m e r c a p t o e t h a n o l )  

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

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 s  ab ove  -  t h e  p r o c e s s  

b e i n g  r e p e a t e d  up t o  t h r e e  t im e s  i n  a l l .

F i n a l l y ,  t h e  r ib o s o m e s  w ere e i t h e r  d i a l y s e d  

i n t o  ' e u k a r y o t i c  d i a l y s i s  b u f f e r '  o r  c e n t r i f u g e d  

th ro u g h  a 30% (^Vv) s u c r o s e  ' s h e l f  c o n t a i n i n g  

' e u k a r y o t i c  d i a l y s i s  b u f f e r ' and r e s u s p e n d e d  i n  

t h i s  b u f f e r .  R ib o so m e s  p r e p a r e d  by t h i s  m ethod  

a p p e a r e d  t o  be c l e a n  b e c a u s e  t h e y  w ere  t o t a l l y  

i n a c t i v e  i n  p o l y u r i d y l i c  (p o ly U )  -  d i r e c t e d  

s y n t h e s i s  o f  p o l y p h e n y l a l a n i n e  when no y e a s t  SlOO 

was p r e s e n t  i n  t h e  i n c u b a t i o n  m ix t u r e  ( F i g . 6 .5 )

When r ib o s o m e s  w ere  r e q u i r e d  f o r  th e  

p r e p a r a t i o n  o f  s u b u n i t s ,  t h e y  were o b t a i n e d  by
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l a y e r i n g  5ml y e a s t  S - 3 0  o v e r  2ml 30% ('^ /v) s u c r o s e  

c o n t a i n i n g  ' e u k a r y o t i c  g r i n d i n g  b u f f e r '  and  

c e n t r i f u g i n g  f o r  f o u r  h o u r s  a t  5 0 , 0 0 0  r . p . m .  and 

2^C* The r ib o s o m e s  w ere  r e s u s p e n d e d  i n  a s m a l l  

q u a n t i t y  o f  ' e u k a r y o t i c  d i a l y s i s  b u f f e r '  and  

g i v e n  a lo w  s p e e d  c l e a r i n g  s p i n .  R ib o so m es  

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

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

p o l y p h e n y l a l a n i n e  e v e n  when i n c u b a t e d  i n  th e  

a b s e n c e  o f  SlOO ( F i g . 6 . 5  ) .

A l l  p r e p a r a t i o n s  o f  r ib o s o m e s  w ere  s t o r e d  a s  

s m a l l  a l i q u o t s  a t  - 7 0 ° c .  A t t h i s  t e m p e r a t u r e ,  no  

l o s s  o f  s y n t h e t i c  a c t i v i t y  was fou n d  t o  o c c u r  w i t h  

t im e  o f  s t o r a g e .

An e x t i n c t i o n  c o e f f i c i e n t  o f  Img o f  r ib o s o m e s  =

13 A260 u n i t s  was assu m ed  i n  o r d e r  t o  e s t i m a t e  

r ib o s o m e  c o n c e n t r a t i o n s  ( S i s s o n s ,  1 9 7 4 ) .  A lth o u g h  

th e  m o l e c u l a r  w e i g h t  o f  t h e  y e a s t  r ib o s o m e  h a s  b e e n  

r e p o r t e d  t o  be 3 . 4  x  10^ d a l t o n s  ( B r u e n in g ,  1 9 6 5 ) ,  

m o st  w o r k e r s  h a v e  assu m ed  a m o l e c u l a r  w e i g h t  o f  

4 X 10^ d a l t o n s  (Van d e r  Z e i j s t  e t  a l . , 1 9 7 3 ;

B a r b a c id  and V a z q u e z ,  1 9 7 4 ;  Cannon e t  a l . ,  1 9 7 6 ) .  

T h e r e f o r e ,  i n  o r d e r  t o  com pare t h e s e  r e s u l t s  w i t h  th e  work 

o f  o t h e r s ,  Img o f  r ib o s o m e s  was t a k e n  t o  be  e q u i v a l e n t  

t o  250  p m o l e s .

The r a t i o  o f  t h e  a b s o r b a n c e  a t  260  n .m . (A 260)  

t o  t h e  a b s o r b a n c e  a t  280  n .m . (A 280) was ta k e n  a s  

an e s t i m a t e  f o r  th e  ' p u r i t y '  o f  t h e  r ib o s o m e
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p r e p a r a t i o n .  R ib o so m e s  w ashed  e x t e n s i v e l y  i n  

' h i g h - s a l t *  had an A 2 6 0 /A 2 8 0  r a t i o  o f  1 . 8 9  -  1 . 9 0  

w h e r ea s  a ' c r u d e '  r ib o s o m e  p r e p a r a t i o n ,  i . e .  

r ib o s o m e s  p r e p a r e d  by c e n t r i f u g a t i o n  th r o u g h  

' e u k a r y o t i c  d i a l y s i s  b u f f e r '  had a r a t i o  o f  1 . 6  -  

1 . 7 .

3 . 1 1 .  PREPARATION OF MYROTHECIUM VERRUCARIA S- 3 0

A p e l l e t  o f  M yroth ec iu m  v e r r u c a r i a  c e l l s ,  e i t h e r  

f r e s h l y  p r e p a r e d  o r  d e r i v e d  from  c e l l s  w hich  had b e e n  

s t o r e d  a t  - 7 0 ° C ,  was d i s r u p t e d  i n  a F ren ch  p r e s s u r e  

c e l l  a t  0 °C . No b u f f e r  was added t o  t h e  c e l l s  a t  

t h i s  s t a g e  s i n c e  t h e y  w ere  fo u n d  t o  h a v e  

s u f f i c i e n t  b u f f e r  t r a p p e d  w i t h i n  th e  p e l l e t .  The 

c e l l s  w ere  p r e s s e d  t w i c e  -  o n ce  a t  5 , 0 0 0  p s i  

and f i n a l l y  a t  1 0 , 0 0 0  p s i .  An S - 3 0  was d e r i v e d  

from  t h e  c e l l  p a s t e  e x a c t l y  a s  d e s c r i b e d  f o r  th e  

p r e p a r a t i o n  o f  a y e a s t  S - 3 0  ( S e c t i o n  3 . 9 ) .  The 

M .v e r r u c a r ia  S - 3 0  was s t o r e d  a s  s m a l l  a l i q u o t s  

a t  - 7 0 ° e .

R ibosom e c o n c e n t r a t i o n  i n  t h e  S - 3 0  was e s t i m a t e d  

by m e a s u r in g  t h e  a b s o r b a n c e  a t  260 n .m . o f  t h e  

S - 3 0 .  I t  was assu m ed  t h a t  Img o f  r ib o s o m e s  

was e q u i v a l e n t  t o  2 9 . 4  A260 u n i t s  c . f .  y e a s t  S - 3 0  

( S e c t i o n  3 . 9 ) .

3 . 1 2 .  PREPARATION OF M.VERRUCARIA RIBOSOMES AND SlOO

H i g h - s a l t  w ashed  r ib o s o m e s ,  SlOO and 

r ib o s o m e s  w h ich  w ere  r e q u i r e d  f o r  s u b u n i t
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p r e p a r a t i o n  w ere  d e r i v e d  from  M .v e r r u c a r ia  

S - 3 0 s  e x a c t l y  a s  d e s c r i b e d  f o r  th e  p r e p a r a t i o n  

o f  y e a s t  r i b o s o m e s .  I t  was f r e q u e n t l y  

n o t i c e d  t h a t  t h e  ' r ib o s o m e '  p e l l e t  from  th e  

f i r s t  h i g h - s a l t  wash w a s ,  i n  f a c t ,  a r ib o s o m e  

p e l l e t  w i t h  an o v e r l a y e r  o f  DNA. P r e - t r e a t m e n t  

o f  t h e  S - 3 0  w i t h  DNase p r e v e n t e d  f o r m a t i o n  o f  

t h e  DNA p e l l e t .  H ow ever , t h e  DNA p e l l e t  was  

v e r y  e a s i l y  s e p a r a t e d  from  th e  r ib o s o m e  p e l l e t  

an d , t h e r e f o r e  DNase t r e a t m e n t  c o u ld  b e  d i s c a r d e d .

An a s s e s s m e n t  o f  r ib o s o m e  c o n c e n t r a t i o n  was 

made by a s su m in g  Img o f  r ib o s o m e s  t o  be e q u i v a l e n t  

t o  13 A 250 u n i t s .

R ib o so m es  w h ich  w ere  e x t e n s i v e l y  w ashed  

w it h  ' h i g h - s a l t '  had an A 2 6 0 /A 280  o f  1 . 8 9  t o  1 , 9 0  

w h e r e a s  ' c r u d e '  r ib o s o m e  p r e p a r a t i o n s  had an  

A 2 6 0 /A 2 8 0  o f  1 . 6  -  1 . 7 .

3 . 1 3 .  PREPARATION OF OTHER S - 3 0 s .

Low s p e e d  ( 3 0 , 0 0 0  s u p e r n a t a n t  e x t r a c t s  

w ere p r e p a r e d  from  th e  f u n g i  A s p e r g i l l u s  q i g a n t e u s , 

F u sa r iu m  p o a e ,  F u sa r iu m  s p o r o t r i c h i o d e s  and 

F u sar iu m  e g u i s e t i  e x a c t l y  a s  d e s c r i b e d  f o r  th e  

p r e p a r a t i o n  o f  M .v e r r u c a r i a  S - 3 0 .  I t  was 

assum ed t h a t  Img o f  r ib o s o m e s  = 2 9 . 4  A260 u n i t s .

3 . 1 4 .  INCUBATION CONDITIONS FOR YEAST AND FUNGAL S - 3 0 s

A s ta n d a r d  i n c u b a t i o n  m ix t u r e  f o r  t h e  p o l y  U -  

d i r e c t e d  s y n t h e s i s  o f  p o l y p h e n y l a l a n i n e  was
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d e r i v e d  a s  f o l l o w s :

HKM
'E n e r g y  p l u s  am ino  

a c i d s  m ix '
L-Z"U-14c%7 Phe

P o l y u r i d y l i c  a c i d  
( P o l y  U)

M agnesium  a c e t a t e

tRNA

W ater

R ib o so m e s  + SlOO o r  
S - 3 0

10 pL 

1 0  )1L
1 0  p.L S e a f i g u r e —Iregondo—f e r  

s p e c i f i c  a c t i v i t y

5 jdL ( lO m g/m l)

5 ( 2 0 0  mM)

5 p L  (2  mg/ml y e a s t ,  P h e -  
s p e c i f i c )

5 pL
50

50 }iL
100 }iL

HKM 200 mM -  Hepes/KOH pH 7.5

S e e  f i g u r e  l e g e n d s  f o r  
r ib o s o m e  c o n c e n t r a t i o n s  
u s e d .

1 0  X w o r k in g  
c o n c e n t r a t i o n .  
A d j u s t  t o  pH 7.0  
w it h  KOH

500 mM -  p o t a s s iu m  a c e t a t e   ̂ 10  x  w o rk in g
35 mM -  m agnesium  a c e t a t e  ) c o n c e n t r a t i o n

E n erg y  p l u s  am ino a c i d s  m ix  

3 . 7 5  mM -  GTP ( L ig )

25 mM -  ATP (Na 2 )

50 mjVI -  PEP
0 . 3 7 5  mM -  am ino a c i d s  m in u s  Phe 

F i n a l  i o n i c  c o n d i t i o n s  f o r  th e  a s s a y  w e r e ,  

t h e r e f o r e ,  5 m M - T r i s / a c e t i c  a c i d  p H 7 .6 ,  20mM-Hepes/K0H  

p H 7 .5 ,  95m M -p otass ium  a c e t a t e  and 14mM-magnesium a c e t a t e .  

T h e se  i o n i c  c o n d i t i o n s  w ere so m e t im e s  a l t e r e d  ( s e e  f i g u r e  

l e g e n d s ) .  I n  a d d i t i o n ,  Im M -sp erm id in e  and 8 m M -g lu ta th io n e  

w ere  o c c a s i o n a l l y  added t o  t h e  i n c u b a t i o n  m ix t u r e s  ( s e e  

f i g u r e  l e g e n d s ) .

C o n c e n t r a t i o n  o f  i n h i b i t o r s  o f  p r o t e i n  s y n t h e s i s  

u s e d  i n  t h e s e  i n c u b a t i o n s  w ere  a s  i n d i c a t e d  i n  th e  

f i g u r e  l e g e n d s .
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3 . 1 5 .  p r e p a r a t io n  OF YEAST AND FUNGAL SAMPLES FOR 
ESTIMATION OF THEIR RADIOACTIVITY

F i v e  o r  t e n  m i c r o l i t r e  s a m p le s  o f  t h e  

i n c u b a t i o n  m i x t u r e s  w ere  rem oved  i n t o  1 ml o f  

10% ('^ /v ) TCA. The TCA was t h e n  h e a t e d  a t  9 0 °  C 

f o r  t h i r t y  m in u t e s  i n  o r d e r  t o  h y d r o l y s e  

a m in o a c y l - tR N A . P r e c i p i t a t e s  w ere  c o l l e c t e d  on  

Whatman g l a s s - f i b r e  f i l t e r s ,  w ashed  t h r e e  t i m e s  

w it h  5% i ^ / v )  TCA and t h e  f i l t e r s  d r i e d  u n d e r  an  

i n f r a - r e d  lamp f o r  a t  l e a s t  f i f t e e n  m i n u t e s .  

R a d i o a c t i v i t y  on th e  f i l t e r s  was e s t i m a t e d  by  

l i q u i d  -  s c i n t i l l a t i o n  ( S e c t i o n  3 . 1 6 ) .

3 . 1 6 . LIQUID -  SCINTILLATION COUNTING

D r ie d  f i l t e r s  w ere  e s t im a t e d  f o r  t h e i r  

r a d i o a c t i v i t y  i n  a s c i n t i l l a n t  c o n t a i n i n g  4 g 

2 - ( 4 ^ -  t e r t - b u t y l p h e n y l )  - 5 - ( 4 "  -  b i p h e n y l y l )  

- 1 , 3 , 4  -  o x a d i a z o l e / l i t r e  o f  t o l u e n e  ( b u t y l -  

PBD s c i n t i l l a n t )

R a d i o a c t i v i t y  i n  l i q u i d  s a m p le s  was e s t i m a t e d

i n  a s c i n t i l l a n t  o f  th e  f o l l o w i n g  c o m p o s i t i o n :

T o lu e n e  5 L
B u ty l-P B D  30 g

E m u l s i f i e r  m ix  
N o . l  ( F i s o n s )  2 . 5  L

M ixed i n  t h i s  
o r d e r

D i s t i l l e d  w a t e r  750  ml

A l l  sa m p le s  w ere  c o u n t e d  i n  P a ck a rd

l i q u i d - s c i n t i l l a t i o n  s p e c t r o m e t e r s  a t  t h e

f o l l o w i n g  c o u n t i n g  e f f i c i e n c i e s :

(^H) on d r i e d  f i l t e r s  26%
(^H) i n  l i q u i d  24%
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( 1 4 c )  o r  ( 3 5 s )  on f i l t e r s  90%
( 1 4 c )  o r  ( 3 5 g )  i n  l i q u i d  8 8 %

D a ta  a r e  p r e s e n t e d  w i t h  b a c k g r o u n d s  s u b t r a c t e d

b u t  an i n d i c a t i o n  o f  b a c k g ro u n d  l e v e l s  i s  g i v e n

i n  t h e  f i g u r e  l e g e n d s .
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4 .  INHIBITION OF POLYPEPTIDS-CHAIN ELONGATION IN  
RETICULOCYTE LYSATES

4 . 1 .  INTRODUCTION

An a g e n t  w h ich  i n h i b i t s  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  may do s o  b y  a f f e c t i n g  an y  one o f  the 

t h r e e  com p on en t r e a c t i o n s  o u t l i n e d  i n  C h a p te r  1 ,  

n a m ely  th e  b i n d i n g  o f  a m in o a cy l- tR N A  t o  t h e  r ib o s o m a l  

*A* s i t e ,  t h e  p e p t i d y l t r a n s f e r a s e  r e a c t i o n  o r  

t r a n s l o c a t i o n .  W hether o r  n o t  su ch  an a g e n t  

i n h i b i t s  t h e  p u ro m y c in  r e a c t i o n  d e p e n d s  on w h ich  o f  

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

P u ro m y cin  i s  an a n a lo g u e  o f  t h e  3 ^ -  en d  o f  

a m in o a cy l-tR N A  ( F i g . 1 . 4 )  and a c c e p t s  t h e  t r a n s f e r r e d  

p e p t id e  i n  t h e  p e p t i d y l t r a n s f e r a s e  r e a c t i o n .  T h is  s o -  

c a l l e d  'p u r o m y c in  r e a c t i o n *  d o e s  n o t  r e q u i r e  f a c t o r s  

or  GTP and r e s u l t s  i n  t h e  f o r m a t i o n  o f  p e p t i d y l -  

p u r o m y c in ,  w h ich  d e t a c h e s  from  t h e  r ib o s o m e  ( T r a u t  and 

Monro, 1 9 6 4 ) .

V a r io u s  d r u g s  w h ich  b l o c k  t h e  r ib o s o m a l  'A' s i t e  

d o  n o t  p r e v e n t  t h e  p u r o m y c in  r e a c t i o n  ( C u n d l i f f e  and  

M c Q u i l le n ,  1 9 6 7 ;  C u n d l i f f e ,  1 9 7 1 ) ,  e v i d e n t l y  b e c a u s e  

p u ro m y c in  h a s  a c c e s s  t o  t h e  'A* s i t e  u n d e r  c o n d i t i o n s  

w here a m in o a cy l-tR N A  d o e s  n o t .  I n  c o n t r a s t ,  i n h i b i t o r s  

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

p u ro m y c in  r e a c t i o n  i n  s y s t e m s  s y n t h e s i z i n g  p r o t e i n ,  

a l t h o u g h  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  b e tw e e n  su ch
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i n h i b i t o r s  on o t h e r  g r o u n d s .

S i n c e  t h e  p u ro m y c in  r e a c t i o n  i s  a m ea su re  o f  

t h e  p e p t i d e - t r a n s f e r  r e a c t i o n ,  any  d r u g  w hich  

i n h i b i t s  t h e  p e p t i d y l t r a n s f e r a s e  w i l l  i n h i b i t  t h e  

p u ro m y c in  r e a c t i o n .  I n  a d d i t i o n ,  i n h i b i t o r s  o f  

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

s y n t h e s i z i n g  p r o t e i n  by h a l t i n g  t h e  e l o n g a t i o n  c y c l e  

s o  a s  t o  l e a v e  p e p t id y l - t R N A  i n  t h e  r ib o s o m a l  'A* 

s i t e ,  w here  i t  i s  u n a b le  t o  r e a c t  t h e  p e p t i d y l -  

t r a n s f e r a s e .  C l e a r l y ,  i f  t h e r e  i s  no a m in o a cy l-tR N A  

i n  th e  *A* s i t e  b e c a u s e  t h e  s i t e  i s  b lo c k e d  b y  an a n t i 

b i o t i c ,  an i n h i b i t o r  o f  t r a n s l o c a t i o n  w i l l  no  l o n g e r  

be c a p a b l e  o f  i n h i b i t i n g  t h e  p u ro m y c in  r e a c t i o n  

s i n c e  p e p t id y l - t R N A  w i l l  be t r a p p e d  i n  th e  *P* s i t e ,  

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

i s  a d d e d .  An i n h i b i t o r  o f  th e  p e p t i d y l t r a n s f e r a s e  

w i l l ,  h o w e v e r ,  s t i l l  be c a p a b l e  o f  b l o c k i n g  t h e  

p u ro m y c in  r e a c t i o n  u n d e r  su ch  c o n d i t i o n s .

C l e a r l y ,  i t  i s  i m p o r t a n t  t o  f o l l o w  t h e  p u ro m y c in  

r e a c t i o n  i n  o r d e r  t o  e s t a b l i s h  t h e  mode o f  a c t i o n  o f  

an a n t i b i o t i c .  The m e th o d s  commonly u s e d  a r e ;

( a )  S u c r o s e  d e n s i t y - g r a d i e n t  a n a l y s i s

A c o n t r o l  s y s t e m  m ak ing  p r o t e i n  i s  s e t  up w i t h  

a r a d i o a c t i v e  am ino a c i d  l a b e l  p r e s e n t .  Once t h e
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p o l y r i b o s o m e s  a r e  f u l l y  c h a r g e d  w i t h  r a d i o a c t i v e  

p e p t id y l - t R N A ,  t h e  i n h i b i t o r  i s  ad d ed  f o l l o w e d  by  

p u r o m y c in .  The m ix t u r e  i s  c e n t r i f u g e d  th r o u g h  a 

s u c r o s e  d e n s i t y - g r a d i e n t  t o  s e p a r a t e  p o l y r i b o s o m e s  

o f  d i f f e r e n t  s i z e s  and t h e  d i s t r i b u t i o n  o f  th e  

r a d i o a c t i v i t y  i n  t h e  g r a d i e n t  i s  d e t e r m in e d .  I f  

t h e  p u ro m y c in  r e a c t i o n  h a s  t a k e n  p l a c e  t h e r e  w i l l  be  

l i t t l e  o r  no  r a d i o a c t i v i t y  r e m a in in g  on t h e  

p o l y r i b o s o m e s .

T h i s  p r o c e d u r e  i s  l e n g t h y  and d o e s  n o t  p r o v i d e  

any i n f o r m a t i o n  a b o u t  t h e  t i m e - c o u r s e  o f  t h e  p u ro m y c in  

r e a c t i o n ?  I f  many d i f f e r e n t  i n h i b i t o r s  a r e  t o  be 

s t u d i e d  a n o t h e r  t e c h n i q u e  i s  o f t e n  e m p lo y e d .

(b )  U se o f  r a d i o - l a b e l l e d  p u r o m y c in .

I n  o r d e r  t o  d e t e c t  t h e  p u ro m y c in  r e a c t i o n  i n  t h i s  

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

t h e  i n c o r p o r a t i o n  o f  r a d i o a c t i v e  p u ro m y c in  i n t o  

t r i c h l o r o a c e t i c  a c i d  -(TCA) p r e c i p i t a b l e  m a t e r i a l .  

U n f o r t u n a t e l y  t h i s  t e c h n i q u e  g i v e s  v e r y  v a r i a b l e  r e s u l t s  

i n  r a b b i t  r e t i c u l o c y t e s  d u e ,  a p p a r e n t l y ,  t o  c l e a v a g e  

o f  p u ro m y c in  from  t h e  p e p t i d y l - p u r o m y c i n  m o l e c u l e  

( R . J . J a c k s o n ,  p e r s o n a l  c o m m u n ic a t io n ) .  P r e su m a b ly  th e  

enzym e r e s p o n s i b l e  f o r  r e m o v in g  p u ro m y c in  i s  t h e  same  

a s  t h a t  w h ich  r em o v es  tRNA from  f r e e  p e p t id y l - t R N A

i . e .  p e p t id y l - t R N A  h y d r o l a s e .

I n  t h i s  work a n o t h e r  t e c h n i q u e  was u s e d  f o r
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d e t e c t i n g  the^ p u ro m y c in  r e a c t i o n .  P e p t id y l - t R N A  

l e v e l s  ( i n  s a m p le s  o f  t h e  i n c u b a t i o n  m i x t u r e )  w ere  

m ea su red  by u s i n g  a  r a d i o a c t i v e  am ino a c i d  a s  l a b e l  and  

p r e c i p i t a t i n g  a l l  RNA w i t h  c e ty l t r im e t h y la m m o n iu m  

b rom id e  (CTAB; D arnbrough e t  a l . ,  1 9 7 3 ) .  The 

p u ro m y c in  r e a c t i o n  was t h e n  d e t e c t e d  by  a  d e c r e a s e  i n  

p e p t id y l - t R N A  c o n c e n t r a t i o n s  i . e .  a d e c r e a s e  i n  

C T A B - p r e c ip i t a b le  m a t e r i a l .

T h is  t e c h n i q u e  a l l o w s  a r a p i d  e x a m i n a t i o n  o f  th e  

e f f e c t s  o f  o t h e r  a n t i b i o t i c s  on t h e  p u ro m y c in  r e a c t i o n .

R a b b i t  r e t i c u l o c y t e  l y s a t e s  w ere  u s e d  i n  t h e s e  

e x p e r i m e n t s  s i n c e  t h e y  a r e  v e r y  a c t i v e  i n  p r o t e i n  

s y n t h e s i s  o v e r  l o n g  p e r i o d s .  I n  a d d i t i o n ,  t h e i r  

r ib o s o m e s  w i l l  p e r fo r m  a l l  t h e  n e c e s s a r y  s t e p s  i n  

p r o t e i n  s y n t h e s i s :  i n i t i a t i o n ,  e l o n g a t i o n  and  

t e r m i n a t i o n .  R e t i c u l o c y t e  e x t r a c t s  a r e ,  t h e r e f o r e ,  

c o n v e n i e n t  s y s t e m s  i n  w h ich  t o  s t u d y  i n h i b i t o r s  o f  

t h e  v a r i o u s  s t e p s  i n  p r o t e i n  s y n t h e s i s .

4 . 2 .  INCORPORATION OF LABEL INTO PEPTIDES

R e t i c u l o c y t e  l y s a t e s  i n c o r p o r a t e d  L -/C ^ H _/  

l e u c i n e  i n t o  p r o t e i n  ( a s  ju d g e d  by 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 t i o n )  l i n e a r l y  w i t h  t im e  f o r  o v e r  tw e n t y  

m in u t e s  ( F i g . 4 . 1 ) .  C o n v e r s e l y ,  i n c o r p o r a t i o n  o f  

L->C”3hJ7  l e u c i n e  i n t o  p e p t id y l - t R N A  ( a s  ju d g e d  by  

c e t y l t r im e t h y la m m o n iu m  b rom id e  p r e c i p i t a t i o n )  was 

l i n e a r  f o r  t h e  f i r s t  f o u r  m in u t e s  and d u r in g  t h a t  

t im e  was e q u i v a l e n t  t o  t h e  t o t a l  p r o t e i n  s y n t h e s i z e d .
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Legend t o  F ig u r e  4 . 1 .

I n c o r p o r a t i o n  o f  L-Z ^ H _ / l e u c i n e  i n t o  P e p t i d e .

A m ix t u r e  ( S e c t i o n  3 . 5 )  c o n t a i n i n g  L-Z"^hJ7  

l e u c i n e  (51  C i/m m o l)  i n  0 . 3  m M -L - le u c in e  was  

i n c u b a t e d  a t  30^C and 5 ^ 1  s a m p le s  w e re  rem oved  

i n t o  w a t e r  a t  v a r i o u s  t i m e s .  T h e se  s a m p le s  w ere  

p r e c i p i t a t e d  w i t h  e i t h e r  t r i c h l o r o a c e t i c  a c i d  ( 0 ) 

o r  c e t y l t r im e t h y la m m o n iu m  b ro m id e  ( o )  and  

r a d i o a c t i v i t y  i n  t h e  p r e c i p i t a t e s  was m ea su red  

by 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  ( S e c t i o n  3 . 1 6 ) .



- 5 0 -

S h o r t l y  t h e r e a f t e r  ( F i g . 4 . 1 ) ,  i n c o r p o r a t i o n  i n t o  

p e p t id y l - t R N A  s lo w e d  and s o o n  r e a c h e d  a p l a t e a u  l e v e l  

w h e r e ,  prssum ably, t h e r e  was no n e t  p r o d u c t i o n  o f  

p e p t i d y l - t R N A .  T h is  i m p l i e s  t h a t  a s t e a d y  s t a t e  was 

r e a c h e d  a f t e r  6 - 1 0  m in i n  w h ich  i n i t i a t i o n  o f  

s y n t h e s i s  o f  new p e p t i d e  c h a i n s  on r ib o s o m e s  was 

b a la n c e d  by r e l e a s e  o f  c o m p le t e d  o n e s  from  o t h e r  

r ib o s o m e s  ( s e e  S e c t i o n  5 . 2  f o r  f u r t h e r  s u p p o r t  f o r  

t h i s  i n t e r p r e t a t i o n ) .

The r e t i c u l o c y t e  l y s a t e s '  a b i l i t i e s  t o  i n c o r p o r a t e  

L-Z"3H_y l e u c i n e  i n t o  p r o t e i n  o r  p e p t id y l - t R N A  w ere  

fo u n d  t o  v a r y  c o n s i d e r a b l y  b e tw e e n  p r e p a r a t i o n s .

4 . 3 .  INHIBITION OF PROTEIN SYNTHESIS BY ALPHA SARCIN

A lp h a  s a r c i n  i s  a p o l y p e p t i d e  o f  m o l . w t . 1 6 , 0 0 0  

i s o l a t e d  from  t h e  m ould  A s p e r g i l l u s  q i g a n t e u s  ( O l s o n ,  

1 9 6 3 ;  Sch u u rm an s, e t  a l . ,  1 9 6 4 ) .  I t  i n h i b i t s  s e v e r a l  

in d u c e d  tu m o u r s ,  i n c l u d i n g  sa rco m a  1 8 0  and c a r c in o m a  

7 5 5 ,  b u t  show s no a n t i - b a c t e r i a l  o r  a n t i - f u n g a l  

a c t i v i t y  i n  v i v o  ( O ls o n  and G o e rn er  1 9 6 5 ;  O ls o n  e t  a l . , 

1 9 6 5 ) .

The d r u g  h a s  b e e n  shown t o  be a  p o t e n t  i n h i b i t o r  

of p r o t e i n  s y n t h e s i s  i n e x t r a c t s  o f  w h e a t  germ , y e a s t ,  

r a t  l i v e r  and E r l i c h  a s c i t e s  c e l l s  and t o  be w e a k ly  

i n h i b i t o r y  t o  E . c o l i  e x t r a c t s .  T h i s  i n h i b i t i o n  

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

s a r c i n  b l o c k i n g  t h e  e l o n g a t i o n  f a c t o r  1 ( E F - 1 ) - d e p e n d e n t  

b i n d i n g  o f  a m in o a cy l-tR N A  t o  t h e  r ib o s o m e  ( D . S c h i n d l e r ,



FIGURE 4.2 Inhibition of Protein Synthesis
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Legend t o  F i g u r e  4 . 2

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  by  
A lp h a  S a r c i n

M ix t u r e s  ( S e c t i o n  3 . 5 )  c o n t a i n i n g  

l e u c i n e  (51  C i/m m o l)  w e re  in c u b a t e d  a t  3 0 °C .

A lp h a  s a r c i n  a t  v a r i o u s  f i n a l  c o n c e n t r a t i o n s  

was added b e f o r e  th e  i n c u b a t i o n .  A f t e r  20  

m i n u t e s ,  s a m p le s  ( 5 ; j l ) v e r e  p r e c i p i t a t e d  w i t h  

TCA and r a d i o a c t i v i t y  i n  t h e  p r e c i p i t a t e s  e s t i m a t e d  

by 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  ( S e c t i o n  3 . 1 6 ) .
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R .D .N o la n  and J . E . D a v i e s ,  u n p u b l i s h e d  o b s e r v a t i o n s ) .

I n  a d d i t i o n ,  a lp h a  s a r c i n  h a s  b e e n  shown t o  

c a t a l y s e  t h e  s p e c i f i c  c l e a v a g e  o f  rRNA o f  t h e  l a r g e  

s u b u n i t  o f  y e a s t ,  w h ea t  germ and E . c o l i  r ib o s o m e s  

( S c h i n d l e r  and D a v ie s  1 9 7 7 ) .  H ow ever , t h i s  c l e a v a g e  

i s  o n l y  n o t i c e d  a t  c o n c e n t r a t i o n s  much h i g h e r  th a n  

t h o s e  r e q u i r e d  t o  i n h i b i t  p r o t e i n  s y n t h e s i s  s o  i t s  

s i g n i f i c a n c e  i s  u n c e r t a i n .

I n  r e t i c u l o c y t e  l y s a t e s ,  a lp h a  s a r c i n  was fo u n d  t o  

i n h i b i t  p r o t e i n  s y n t h e s i s  b y  95% a t  1 0  j jg /m l  (3  m o l e c u l e s  

o f  a lp h a  s a r c i n  p e r  r ib o s o m e )  b u t  t o t a l  i n h i b i t i o n  was 

n o t  o b s e r v e d  u n t i l  a lp h a  s a r c i n  was p r e s e n t  a t  50 ;ag/m l  

(1 5  m o l e c u l e s  o f  a lp h a  s a r c i n  p e r  r ib o s o m e .  F i g . 4 . 2 ) .  

A lth o u g h  i t  h a s  b e e n  s u g g e s t e d  t h a t  a lp h a  s a r c i n  may a c t  

a s  an en zy m e, t h e  k i n e t i c s  o f  i n h i b i t i o n  by a l p h a  s a r c i n  

d o  n o t  s u p p o r t  t h i s  h y p o t h e s i s  s i n c e  th e  cb gree  o f  

i n h i b i t i o n  d i d  n o t  i n c r e a s e  w i t h  th e  t im e  o f  i n c u b a t i o n  

w it h  a lp h a  s a r c i n  ( d a t a  n o t  g i v e n ) .  I n  a d d i t i o n ,  

a l t h o u g h  t h e r e  was c o n s i d e r a b l e  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  a t  v e r y  lo w  c o n c e n t r a t i o n s  o f  a lp h a  s a r c i n  

( l e s s  th a n  1  m o l e c u l e  o f  a lp h a  s a r c i n  p e r  r ib o s o m e )  

t h i s  r e s u l t  d o e s  n o t ,  o f  n e c e s s i t y ,  im p ly  t h a t  a lp h a  

s a r c i n  a c t s  a s  an e n zy m e . I t  h a s  b e e n  a r g u e d  p r e v i o u s l y  

( C u n d l i f f e ,  1 9 6 7 ;  1 9 7 2 )  t h a t  o n l y  one m o l e c u le  o f  a n t i b i o t i c  

i s  r e q u i r e d  p e r  p o ly r ib o s o m e  i n  o r d e r  t o  c a u s e  c o m p le t e  

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  a n d , p r e s u m a b ly ,  l e s s



FIGURE 4.3 Assay of the Puromycin Reaction
in Control Lysates or Lysates 
Inhibited by Alpha Sarcin
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Legend t o  F i g u r e  4 . 3

A ss a y  o f  t h e  p u ro m y cin  r e a c t i o n  i n  c o n t r o l  l y s a t e s  
o r  l y s a t e s  i n h i b i t e d  by A lp h a  S a r c i n

A m ix t u r e  ( S e c t i o n  3 . 5 )  c o n t a i n i n g  L-Z ^hJ7 l e u c i n e  

(51  C i/m m ol)  w as in c u b a t e d  a t  3 0 °C . A f t e r  s i x  . 

m i n u t e s  p o r t i o n s  o f  t h e  c o n t r o l  l y s a t e  w e re  rem oved  

e i t h e r  i n t o  p u ro m y cin  (P ; 4 0  ^ g / m l  f i n a l  c o n c e n . ) 

o r  i n t o  a lp h a  s a r c i n  ( o< ; 1 0 0  p g / m l  f i n a l  c o n c e n . ) .

A t 13 m in u te s  a f u r t h e r  p o r t i o n  o f  t h e  l y s a t e  

i n h i b i t e d  by a lp h a  s a r c i n  w as rem oved i n t o  p u ro m y cin  

(4 0  y g / m l  f i n a l  c o n c e n . ) .  S a m p les  (5  p i )  w ere  

p r e c i p i t a t e d  w i t h  CTAB ( S e c t i o n  3 . 6 )  and r a d i o a c t i v i t y  

i n  th e  p r e c i p i t a t e s  was d e t e r m in e d  by 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  ( S e c t i o n  3 . 1 6 ) .  o ,  U n i n h i b i t e d  

c o n t r o l ;  • ,  p l u s  a lp h a  s a r c i n ;  □ , p l u s  p u ro m y c in ;

A , p l u s  a lp h a  s a r c i n  and p u r o m y c in .
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th a n  c o m p le t e  i n h i b i t i o n  c a n  be b r o u g h t  a b o u t  b y  e v e n  

lo w e r  c o n c e n t r a t i o n s  o f  a n t i b i o t i c .

A lp h a  s a r c i n  was u s e d  a t  1 0 0  ; j g /m l  ( f i n a l  

c o n c e n t r a t i o n )  i n  a l l  t h e  o t h e r  e x p e r i m e n t s  r e f e r r e d  t o  

h e r e .  A t t h i s  c o n c e n t r a t i o n  i t  i n h i b i t e d  p r o t e i n  

s y n t h e s i s  t o t a l l y  and im m e d ia t e ly  ( F i g . 4 . 2  and 4 . 3 ) .

U nder t h e s e  l a t t e r  c o n d i t i o n s ,  h o w e v e r ,  a lp h a  s a r c i n  

d i d  n o t  p r e v e n t  t h e  r a p i d  and a lm o s t  q u a n t i t a t i v e  

r e l e a s e  o f  n a s c e n t  p e p t i d e  c h a i n s  from  r ib o s o m e s  i n  

t h e  p r e s e n c e  o f  p u ro m y c in  ( F i g . 4 . 3 ) .

The e f f e c t  o f  a d d in g  p u ro m y c in  a t  t h e  same 

c o n c e n t r a t i o n  ( 4 0  / i g / m l ) t o  an o t h e r w i s e  u n i n h i b i t e d  

l y s a t e  i s  shown i n  F i g . 4 . 3 .  A g a in  t h e r e  was a r a p id

r e l e a s e  o f  n a s c e n t  p e p t i d e  c h a i n s  from  r i b o s o m e s .

The e f f e c t s  o f  s p a r s o m y c in  and c y c l o h e x i m i d e  

on p e p t id y l - t R N A  s y n t h e s i s  i n  r e t i c u l o c y t e  l y s a t e s  a r e  

shown i n  F i g s .  4 . 4 .  and 4 . 5 ,  r e s p e c t i v e l y .  H ere  

t h o s e  a n t i b i o t i c s  w ere  a g a i n  u s e d  a t  h ig h  c o n c e n t r a t i o n s  

s o  t h a t  p r o t e i n  s y n t h e s i s  w ou ld  be t o t a l l y  i n h i b i t e d .

T h e ir  e f f e c t s  on t h e  p u ro m y c in  r e a c t i o n  a r e  a l s o  shown  

i n  F i g s .  4 . 4 .  and 4 . 5 .  S p a r s o m y c in  a lm o s t  c o m p l e t e l y  

p r e v e n t e d  t h e  d e c r e a s e  i n  t h e  c o n c e n t r a t i o n  o f  

p e p t id y l - t R N A  by  p u r o m y c in ,  w h e r e a s  c y c l o h e x i m i d e  

( a l t h o u g h  s t r o n g l y  i n h i b i t o r y )  c a u s e d  a s lo w  d e c r e a s e .

I n  a f u r t h e r  s e r i e s  o f  e x p e r i m e n t s ,  sp s ir so m y c in  or  

c y c l o h e x i m i d e  was add ed  t o  r e t i c u l o c y t e  l y s a t e s  i n  w h ich  

p r o t e i n  s y n t h e s i s  had a l r e a d y  b e e n  s t o p p e d  by a lp h a  s a r c i n ,



FIGURE 4.4 Inhibition of Protein Synthesis and the
Puromycin Reaction by Sparsomycin
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Legend t o  F i g u r e  4 . 4

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  and th e  P u rom ycin  

R e a c t i o n  by S p a rso m y c in

A m ix t u r e  ( S e c t i o n  3 . 5 )  c o n t a i n i n g  L-Z"^hJ 7 l e u c i n e  

(51  C i/m m ol)  w as in c u b a t e d  a t  3 0 °C . As i n d i c a t e d ,  

p o r t i o n s  w ere  rem oved e i t h e r  i n t o  ( a )  a lp h a  s a r c i n  

( ^  ; 100  j jg /m l f i n a l  c o n c e n . )  o r  (b )  s p a r s o m y c in  (S ;

40  u g /m l f i n a l  c o n c e n . ) .  S p a r so m y c in  ( S ,  40  y q / m l  f i n a l  

c o n c e n . )  was add ed  t o  ( a )  a t  1 2  m i n u t e s ,  a n d , f i n a l l y ,  

p o r t i o n s  o f  ( a )  and (b )  w e re  rem oved i n t o  p u ro m y cin  

(P ;  4 0 ;jg/ml f i n a l  c o n c e n . )  a t  16 m i n u t e s .  S a m p les  

(5  ; j1 )  w e re  p r e c i p i t a t e d  w i t h  CTAB ( S e c t i o n  3 . 6 )  and 

r a d i o a c t i v i t y  i n  t h e  p r e c i p i t a t e s  was d e t e r m in e d  by l iq u id *  

s c i n t i l l a t i o n  c o u n t i n g .  0 ,  U n i n h i b i t e d  c o n t r o l ;

• j p l u s  s p a r s o m y c in ;  ▲ , p l u s  s p a r s o m y c in  and p u ro m y c in ;

□  , p l u s  a lp h a  s a r c i n ;  f l  , p l u s  a lp h a  s a r c i n  and  

s p a r s o m y c in ;  A  » p l u s  a lp h a  s a r c i n ,  s p a r s o m y c in  and  

p u r o m y c in .



FIGURE 4.5 Effect of Cycloheximide on the
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Legend t o  F i g u r e  4 . 5

E f f e c t  o f  C y c lo h e x im id e  on t h e  P u rom ycin

R e a c t i o n

A m ix t u r e  ( S e c t i o n  3 . 5 )  c o n t a i n i n g  

l e u c i n e  (51  C i/m m ol)  was in c u b a t e d  a t  3 0 ^ 0 .  As 

i n d i c a t e d ,  a p o r t i o n  was rem oved i n t o  c y c l o h e x i m i d e  

(C; 200  p g /m l  f i n a l  c o n c e n . )  and f i n a l l y  a p o r t i o n  

o f  th e  i n h i b i t e d  l y s a t e  was rem oved i n t o  p u rom ycin  

(P ; 40  ; jg /m l f i n a l  c o n c e n . ) .  S a m p les  (5  ; j1 )  w e re  

p r e c i p i t a t e d  w i t h  CTAB ( S e c t i o n  3 . 6 )  and r a d i o a c t i v i t y  

i n  th e  p r e c i p i t a t e s  w as d e te r m in e d  by 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 .  o ,  c o n t r o l ;  Q  , p l u s  

c y c l o h e x i m i d e ;  fii , p l u s  c y c l o h e x i m i d e  and p u r o m y c in .
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p u ro m y c in  added  f i n a l l y  and p e p t id y l - t R N A  c o n c e n t r a t i o n s  

m o n it o r e d  t h r o u g h o u t .  The r e s u l t s  a r e  shown i n  

F i g s . 4 . 4 ,  and 4 . 6 .  The e f f e c t  o f  s p a r s o m y c in ,  

n a m ely  a lm o s t  t o t a l  i n h i b i t i o n ,  was u n ch a n g ed  by  t h e  

p r i o r  a d d i t i o n  o f  a lp h a  s a r c i n  ( F i g . 4 . 4 ) ,  w h e r e a s  

c y c l o h e x i m i d e  now f a i l e d  t o  i n h i b i t  r e l e a s e  ( F i g . 4 . 6 . )

T h e se  r e s u l t s  s u g g e s t  t h a t  a l p h a  s a r c i n  i n h i b i t s  

t h e  b i n d i n g  o f  a m in o a cy l-tR N A  t o  t h e  r ib o s o m a l  "A" 

s i t e  w i t h o u t  p r e v e n t i n g  t h e  b i n d i n g  o f  p u r o m y c in .  I t  

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

o f f  t h e  r ib o s o m e .  The r e s u l t s  o f  S c h i n d l e r  and D a v ie s  

( 1 9 7 7 )  w ou ld  s u g g e s t ,  h o w e v e r ,  t h a t  a lp h a  s a r c i n  c a u s e s  

t h e  i n h i b i t i o n  by  b i n d i n g  t o  t h e  r ib o s o m e .

I n  c o n t r a s t  t o  a lp h a  s a r c i n ,  and i n  a g r e e m e n t  w ith  

t h e  f i n d i n g s  o f  o t h e r s ,  c y c l o h e x i m i d e  ( B a l i g a  e t  a l . , 1 9 7 0 )  

and s p a r s o m y c in  ( B a g l i o n i ,  1 9 6 6 ;  G o ld b e r g  and M i t s u g i , 1 9 6 7 )  

b o t h  i n h i b i t e d  t h e  p u ro m y c in  r e a c t i o n  ( F i g s .  4 . 4  and 4 . 5 ) .  

T h e r e f o r e ,  s p a r s o m y c in  and c y c l o h e x i m i d e  w ere  i n h i b i t i n g  

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

l y s a t e s .

A c c o r d in g  t o  my h y p o t h e s i s ,  a f t e r  t h e  a d d i t i o n  o f  

a lp h a  s a r c i n  t o  r e t i c u l o c y t e  l y s a t e s ,  p e p t id y l - t R N A  

was c o n f i n e d  t o  t h e  r ib o s o m a l  s i t e s -^  from  w h ich  i t  

was r e a d i l y  r e m o v a b le  b y  p u ro m y c in  ( F i g . 4 . 3 )  v i a  t h e  

p e p t i d y l t r a n s f e r a s e  r e a c t i o n .  T h e r e f o r e ,  one w ould

e x p e c t  a d ru g  w h ich  i n h i b i t s  t h e  p e p t i d y l t r a n s f e r a s e  

t o  p r e v e n t  su ch  p u ro m y c in  r e a c t i o n s  i n  t h e  p r e s e n c e  o f



FIGURE 4.6 Effect of Cycloheximide on the
Puromycin Reaction in the 
Presence of Alpha Sarcin
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Legend t o  F i g u r e  4 . 6

E f f e c t  o f  C y c lo h e x im id e  on th e  P u rom ycin  R e a c t i o n  

i n  t h e  P r e s e n c e  o f  A lp h a  S a r c i n

A m ix t u r e  ( S e c t i o n  3 . 5 )  c o n t a i n i n g  

l e u c i n e  (51  C i/m m ol)  was i n c u b a t e d  a t  3 0 °C . As 

i n d i c a t e d  a p o r t i o n  was rem oved i n t o  a lp h a  s a r c i n  

( ; 1 0 0  ^ g /m l  f i n a l  c o n c e n . )  and a t  1 0  m in u t e s
I

c y c l o h e x i m i d e  (C; 2 0 0  p g / m l  f i n a l  c o n c e n . )  w as added  

t o  t h e  i n h i b i t e d  l y s a t e .  F i n a l l y , a  p o r t i o n  o f  t h e  

i n h i b i t e d  l y s a t e  was rem oved i n t o  p u ro m y cin  (P^ 40  p g / m l  

f i n a l  c o n c e n . ) .  S a m p les  (5  ;j1 )  w e re  p r e c i p i t a t e d  w i t h  

CTAB ( S e c t i o n  3 . 6 )  and r a d i o a c t i v i t y  i n  t h e  p r e c i p i t a t e s  

e s t i m a t e d  by 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  ( S e c t i o n  3 . 1 6 )  

o ,  C o n t r o l ;  # ,  p l u s  a lp h a  s a r c i n ;  p  , p l u s  a lp h a  

s a r c i n  and c y c l o h e x i m i d e ; ® ,  p l u s  a lp h a  s a r c i n ,  

c y c l o h e x i m i d e  and p u r o m y c in .
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a lp h a  s a r c i n .  S p a r s o m y c in  d i d  s o  ( F i g .  4 . 4 ) ,  a s  i t  

d i d  i n  a n a lo g o u s  e x p e r i m e n t s  i n  a b a c t e r i a l  s y s t e m  

( C u n d l i f f e  and M c Q u i l le n  1 9 6 7 ) ,  i n  a c c o r d a n c e  w i t h  

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

( f o r  r e v i e w s ,  s e e  C u n d l i f f e  1 9 7 2  and V azquez  1 9 7 4 ) .

I n  o t h e r  e x p e r i m e n t s  ( F i g . 4 . 6 )̂  c y c l o h e x i m i d e  d i d  n o t  

i n h i b i t  t h e  p u ro m y c in  r e a c t i o n  a f t e r  t h e  p r i o r  a d d i t i o n  

o f  a lp h a  s a r c i n  t o  r e t i c u l o c y t e  l y s a t e s .  T h i s  r e s u l t  

i s  c o n s i s t e n t  w i t h  an a c t i o n  o f  c y c l o h e x i m i d e  on  

t r a n s l o c a t i o n  r e a c t i o n s ,  w h ic h ,  o f  c o u r s e ,  c a n n o t  o c c u r  

when p e p t id y l - t R N A  i s  c o n f i n e d  t o  t h e  r ib o s o m a l  *P* s i t e .  

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

(McKeehan and H a r d e s t y ,  1 9 6 9 )  h a s  b e e n  f o l l o w e d  b y  

v a r i o u s  c o n f l i c t i n g  s u g g e s t i o n s ,  t h a t  t h e  d r u g  i n h i b i t s  

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

r e v i e w s  s e e  C u n d l i f f e  1 9 7 2  and V azq u ez  1 9 7 4 ) .  Our 

r e s u l t s  a r e  c o n s i s t e n t  w i t h  t h e  more r e c e n t  g e n e r a l  

c o n c e n s u s  t h a t  c y c l o h e x i m i d e  i n h i b i t s  t r a n s l o c a t i o n  

( B a r b a c id  e t  a l . , 1 9 7 5 ) .

T h e se  r e s u l t s  a r e  n o t ,  h o w e v e r ,  d e f i n i t i v e  p r o o f  

t h a t  c y c l o h e x i m i d e  i s  an i n h i b i t o r  o f  t r a n s l o c a t i o n .

I f  t h e  b i n d i n g  s i t e  f o r  c y c l o h e x i m i d e  was i d e n t i c a l  o r  

o v e r l a p p i n g  w i t h  t h a t  f o r  a lp h a  s a r c i n ,  t h e  p u ro m y c in  

r e a c t i o n  w o u ld  s t i l l  n o t  be i n h i b i t e d  by  t h e  c o m b in a t io n  

o f  t h e  tw o  a n t i b i o t i c s .  I n  a d d i t i o n .  F i g .  4 . 5  show s t h a t
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c y c l o h e x i m i d e ,  e v e n  a t  t o t a l l y  i n h i b i t o r y  c o n c e n t r a t i o n s ,  

d o e s  n o t  i n h i b i t  c o m p l e t e l y  t h e  p u ro m y c in  r e a c t i o n .  

C l e a r l y ,  t h i s  l a t t e r  r e s u l t  d o e s  n o t  f i t  t h e  p r e d i c t e d  

e f f e c t  o f  a t r a n s l o c a t i o n  i n h i b i t o r  b u t  t h e  r e a s o n  

f o r  th e  d i s c r e p a n c y  i s  u n c l e a r .  I t  may m e r e ly  r e f l e c t  

weak b i n d i n g  by  c y c l o h e x i m i d e  w h ich  p e r m i t s  r ib o s o m e s  

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

p u ro m y cin

4 .  4 .  INHIBITION OF PROTEIN SYNTHESIS IN RETICULOCYTE 
LYSATES BY TRICHODERMIN

I t  i s  now w e l l  e s t a b l i s h e d  t h a t  th e  p r im a r y  mode 

o f  a c t i o n  o f  t r i c h o d e r m i n  i s  i n h i b i t i o n  o f  t h e  

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

( C u n d l i f f e  e t  a l . ,  1 9 7 4 ;  T s c h e r n e  and P e s t k a ,  1 9 7 5 ;

C a r t e r  e t  a l . ,  1 9 7 6 ) .  T h ere  a r e  many r e p o r t s  t h a t  th e  

a c t u a l  s t e p  i n h i b i t e d  by t r i c h o d e r m i n  i s  th e  

p e p t i d y l t r a n s f e r a s e .  T h e se  r e s u l t s  a r e  d e r i v e d  from  

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

e x p e r im e n t  u s i n g  i s o l a t e d  r ib o s o m e s :

( a )  T r ic h o d e r m in  was fo u n d  t o  i n h i b i t  b o th  th e  

f r a g m e n t  a s s a y  and t h e  f o r m a t i o n  o f  a c e t y l  Z~^H_/ P h e -  

p u ro m y c in  u s i n g  r ib o s o m e s  i s o l a t e d  from  human t o n s i l s ,  

y e a s t  ( C a r r a s c o  e t  a l . ,  Ï 9 7 3 )  and r a t  l i v e r  (E d en s  

e t  a l . ,  1 9 7 5 ) .  A d d i t i o n a l l y ,  i n  an a s s a y  a n a lo g o u s  

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

t r i c h o d e r m i n  was fo u n d  t o  p r e v e n t  t h e  r e l e a s e  o f  F -M et  

from  t h e  r ib o s o m e  i n  r e s p o n s e  t o  t h e  t e r m i n a t i o n  co d o n  

and r e l e a s e  f a c t o r  (RF) u s i n g  r a b b i t  r e t i c u l o c y t e  

r ib o s o m e s  ( T a t e  and C a sk e y  1 9 7 3 ;  Wei e t  a l . ,  1 9 7 4 ) .
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( b )  I n  an a s s a y  s p e c i f i c  f o r  t h e  f o r m a t i o n  o f  t h e  

f i r s t  p e p t i d e  bond d u r in g  e l o n g a t i o n ,  t r i c h o d e r m i n  

was fo u n d  t o  i n h i b i t  t h e  f o r m a t i o n  o f  M et-p u ro m y c in  

from  t h e  80S *Met-tRNAp • AUG i n i t i a t i o n  c o m p le x  and  

p u ro m y c in  ( F r e s n o  e t  a l . ,  1 9 7 6 ) .

( c )  U s in g  i s o l a t e d  y e a s t  p o l y r i b o s o m e s  w h ic h ,  when  

m ix ed  w i t h  t h e  a p p r o p r i a t e  s u p e r n a t a n t  m ix ,  w ere  

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

t r i c h o d e r m i n  t o t a l l y  i n h i b i t e d  t h e  f o r m a t i o n  o f  

p e p t i d y l -  (^H) p u r o m y c in .  I t  i s  p r e d i c t e d  t h a t  an  

i n h i b i t o r  o f  t r a n s l o c a t i o n  w ou ld  o n l y  i n h i b i t  t h e  

f o r m a t i o n  o f  p e p t i d y l - ( ^ H ) p u ro m y c in  by 50% com pared

t o  an u n i n h i b i t e d  c o n t r o l  i n  t h i s  s y s t e m  ( B a r b a c id  

e t  a l . ,  1 9 7 5 ) .

Such m od el s y s t e m s  do n o t  a lw a y s  g i v e  r e s u l t s  

i n  a g r e e m e n t  w i t h  t h o s e  o b t a i n e d  i n  v i v o  o r  i n  v i t r o  

U s in g  more c o m p le t e  s y s t e m s  ( f o r  a r e v i e w ,  s e e  

C u n d l i f f e ,  1 9 7 2 ) ,  and e v e n  th o u g h  t h e  l a t t e r  s y s t e m  

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

r e q u i r e s  c a r e f u l  i n t e r p r e t a t i o n  o f  d a t a  i n  o r d e r  t o  

d i s t i n g u i s h  t y p e s  o f  i n h i b i t o r .

A c c o r d i n g l y ,  i t  was d e c i d e d  t o  c h e c k  t h e  mode 

o f  a c t i o n  o f  t r i c h o d e r m i n  by  u s i n g  t h e  CTAB a s s a y  

s y s t e m  d e s c r i b e d  i n  S e c t i o n  4 . 3 .

The e f f e c t  o f  t r i c h o d e r m i n  on p e p t id y l - t R N A  

s y n t h e s i s  i n  r e t i c u l o c y t e  l y s a t e s  i s  shown i n  F i g . 4 . 7 .  

A lth o u g h  i n h i b i t i o n  was g r e a t e r  t h a n  90% a t  1 0  ;u g /m l



FIGURE 4.7 Effect of Trichodermin on the 
Puromycin Reaction in the Presence 
or the Absence of Alpha Sarcin
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Legend t o  F i g u r e  4 . 7

E f f e c t  o f  T r ic h o d e r m in  on t h e  P u rom ycin  R e a c t i o n  

i n  t h e  P r e s e n c e  o r  A b sen ce  o f  A lp h a  S a r c i n

A m ix t u r e  ( S e c t i o n  3 . 5 )  c o n t a i n i n g  

l e u c i n e  (51  C i/m m ol)  w as in c u b a t e d  a t  3 0 °C . As 

i n d i c a t e d ,  p o r t i o n s  w ere  rem oved e i t h e r  i n t o  (a )  

t r i c h o d e r m in  ( t ;  30 yxq/ml  f i n a l  c o n c e n . )  o r  (b )  

a lp h a  s a r c i n  ( ; 1 0 0  p g /m l  f i n a l  c o n c e n . ) .

T r ic h o d e r m in  ( t ;  30 ; jg /m l f i n a l  c o n c e n . )  was added  

t o  (b )  a t  16 m in u t e s  a n d ,  f i n a l l y ,  p o r t i o n s  o f  (a )  

and (b )  w e re  rem oved i n t o  p u ro m y cin  (P ; 40  / jg /m l  f i n a l  

c o n c e n . ) .  S a m p le s (5  ^ 1 )  w e re  p r e c i p i t a t e d  w i t h  CTAB 

( S e c t i o n  3 . 6 )  and r a d i o a c t i v i t y  i n  t h e  p r e c i p i t a t e s  

was e s t i m a t e d  by 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  ( S e c t i o n

3 . 1 6 ) .  0 — 0 , u n i n h i b i t e d  c o n t r o l ;  0 ----- 0 ,  p l u s  a lp h a

s a r c i n ;  g  , p l u s  t r i c h o d e r m i n ;  o— # ,  p l u s  a lp h a  s a r c i n

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

and p u ro m y c in ;  ▲ p l u s  t r i c h o d e r m i n  and p u r o m y c in .
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t r i c h o d e r m i n  ( f i n a l  c o n c e n t r a t i o n ;  d a t a  n o t  g i v e n )  

t h e  t o x i n  was u s e d  a t  30 jmg/ml ( f i n a l  c o n c e n t r a t i o n )  

when i n h i b i t i o n  was g r e a t e r  th a n  99% ( F i g . 4 . 7 ) .  Under  

t h e s e  l a t t e r  c o n d i t i o n s ,  t r i c h o d e r m i n  i n h i b i t e d  t h e  

r e l e a s e  o f  n a s c e n t  p e p t id y l - t R N A  b y  p u ro m y c in  ( F i g . 4 . 7 )  

a l t h o u g h  i n h i b i t i o n  was n o t  a b s o l u t e  c . f .  s p a r s o m y c in  

( F i g . 4 . 4 ) .  I n  a f u r t h e r  e x p e r i m e n t ,  t r i c h o d e r m i n  a t

30  ;n g /m l ( f i n a l  c o n c e n t r a t i o n )  was added t o  a  

r e t i c u l o c y t e  l y s a t e  i n  w h ich  p r o t e i n  s y n t h e s i s  had  

a l r e a d y  b e e n  s t o p p e d  by  a l p h a s a r c i n ,  p u ro m y c in  f i n a l l y  

add ed  and p e p t id y l - t R N A  l e v e l s  m o n i t o r e d .  The e f f e c t  

o f  t r i c h o d e r m i n ,  n a m ely  a lm o s t  t o t a l  i n h i b i t i o n  o f  th e  

p u ro m y c in  r e a c t i o n ,  was u n ch a n g e d  by  t h e  p r i o r  a d d i t i o n  

o f  a lp h a  s a r c i n  ( F i g . 4 . 7 ) .  C l e a r l y ,  t h e r e f o r e ,  and i n  

a g r e e m e n t  w i t h  p r e v i o u s  o b s e r v a t i o n s ,  t r i c h o d e r m i n  i s  

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

r e t i c u l o c y t e  l y s a t e s .

I t  i s  u n c l e a r  why b o th  s p a r s o m y c in  and t r i c h o d e r m i n  

a l l o w  a s m a l l  amount o f  p e p t id y l - t R N A  t o  r e a c t  w ith  

p u ro m y c in  i n  t h e i r  p r e s e n c e .  T h is  r e s u l t  may r e f l e c t  

( i )  tw o s i t e s  f o r  p e p t id y l - t R N A  w i t h i n  t h e  ’ P ’ s i t e .

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

when t h e  p e p t id y l - t R N A  i s  p r e s e n t  i n  one  o f  t h e s e  

s i t e s :  ( i i )  l e s s  th a n  one m o l e c u l e  bound p e r  r ib o s o m e ,

i . e .  some r ib o s o m e s  a r e  s o m e t im e s  w i t h o u t  a bound  

a n t i b i o t i c  m o l e c u l e  b e c a u s e  o f  weak d ru g  b i n d i n g .
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4 .  5 .  INHIBITION OF PROTEIN SYNTHESIS IN  RETICULOCYTE 
LYSATES BY CHARTREUSIN AND EMETINE

The tw o  a n t i b i o t i c s ,  c h a r t r e u s i n  and e m e t i n e ,  

w ere  t e s t e d  f o r  t h e i r  a b i l i t y  t o  i n h i b i t  p r o t e i n  

s y n t h e s i s  i n  t h e  r a b b i t  r e t i c u l o c y t e  s y s t e m .

C h a r t r e u s i n  ( F i g . l . ^ J  i s  a m e t a b o l i t e  o f  

S t r e p t o m y c e s  c h a r t r e u s i s  and show s s i g n i f i c a n t  a n t i 

tum our a c t i v i t y  (McGovren e t  a l . , 1 9 7 7 ) .  I t  i s  

r e p o r t e d  t o  i n h i b i t  t h e  e l o n g a t i o n  s t a g e  o f  p r o t e i n  

s y n t h e s i s  i n  r a b b i t  r e t i c u l o c y t e s  by  p r e v e n t i n g  t h e  

e l o n g a t i o n  f a c t o r  - 1  ( E F - 1 ) - d e p e n d e n t  b i n d i n g  o f  

a m in o a cy l-tR N A  t o  th e  r ib o s o m e  (G reg g  and H e i n t z ,

1 9 7 2 )  and w ou ld  a p p e a r ,  t h e r e f o r e ,  t o  a c t  i n  a f a s h i o n  

s u p e r f i c i a l l y  s i m i l a r  t o  a lp h a  s a r c i n .

E m e tin e  ( F i g . l . ^ )  i s  on e  o f  a  g ro u p  o f  c l o s e l y -  

r e l a t e d  p l a n t  a l k a l o i d s  o f  I p e c a c u a n h a .  I t  

i n h i b i t s  p r o t e i n  s y n t h e s i s  i n  m am m alian, y e a s t  and  

p l a n t  c e l l s  (G r o l lm a n ,  1 9 6 6 ;  1 9 6 8 )  and s u p p o s e d l y  h a s  

s t r u c t u r a l  s i m i l a r i t i e s  w i t h  c y c l o h e x i m i d e  (G r o l lm a n ,  

1 9 6 7 ) .  The s i t e  o f  a c t i o n  o f  t h e  a n t i b i o t i c  i s  

r e p o r t e d  t o  be t h e  t r a n s l o c a t i o n  s t e p  i n  p r o t e i n  

s y n t h e s i s  (G r o l lm a n ,  1 9 6 8 ;  G ro llm an  and H uang, 1 9 7 3 ;  

C a r r a s c o  e t  a l . ,  1 9 7 6 ) .  H ow ever , w h i l s t  e m e t in e  

d o e s  i n h i b i t  t h e  p u ro m y c in  r e a c t i o n  u s i n g  y e a s t  

p o l y r i b o s o m e s  ( C a r r a s c o  e t  a l . ,  1 9 7 6 )  i t  i s  u n a b le  

t o  do  s o  i n  HeLa and r a t  l i v e r  c e l l - f r e e  e x t r a c t s  

(G r o l lm a n ,  1 9 6 8 ;  B a l i g a  e t  a l . ,  1 9 7 0 ) .  C l e a r l y ,
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Legend t o  F i g u r e  4 . 8

E f f e c t  o f  C h a r t r e u s i n  o r  E m etin e  on t h e  P u rom ycin
R e a c t i o n

A m ix t u r e  ( S e c t i o n  3 . 5 )  c o n t a i n i n g  L - /  ^H_/ 

l e u c i n e  (51  C i/m m o l)  was i n c u b a t e d  a t  SO^C. As 

i n d i c a t e d ,  p o r t i o n s  w e r e  rem oved e i t h e r  i n t o  e m e t in e  

( e ;  80  ; jg /m l f i n a l  c o n c e n . )  o r  c h a r t r e u s i n  ( c ;

320  j jg /m l f i n a l  c o n c e n . ) .  F i n a l l y ,  p o r t i o n s  o f  t h e  

i n h i b i t e d  l y s a t e s  w e r e  rem oved i n t o  p u ro m y cin  (P ;

40  ^ g /m l  f i n a l  c o n c e n . ) .  S a m p les  (5  | i l )  w ere  

p r e c i p i t a t e d  w i t h  CTAB ( S e c t i o n  3 . 6 )  and r a d i o a c t i v i t y  

i n  t h e  p r e c i p i t a t e s  w as e s t i m a t e d  by 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  ( S e c t i o n  3 . 1 6 ) .  O, u n i n h i b i t e d

c o n t r o l ;  p l u s  c h a r t r e u s i n ;  e----- o ,  p l u s

c h a r t r e u s i n  and p u ro m y c in ;  ifl , p l u s  e m e t i n e ;  A  , p l u s  

e m e t in e  and p u r o m y c in .
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t h e r e f o r e ,  i t é  s i t e  o f  a c t i o n  n e e d  n o t  be t h e  

t r a n s l o c a t i o n  s t e p  i n  p r o t e i n  s y n t h e s i s . i n  

r e t i c u l o c y t e  l y s a t e s .

Both  c h a r t r e u s i n  and e m e t in e  i n h i b i t e d  p r o t e i n  

s y n t h e s i s  i n  r e t i c u l o c y t e  l y s a t e s .  H ow ever ,  

c h a r t r e u s i n  was u n a b le  t o  i n h i b i t  b y  g r e a t e r  th a n  90% 

e v e n  a t  v e r y  h ig h  c o n c e i t r a t i o n s  ( 3 2 0 ^ g / m l ) .  I n  

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

a t  80  ^ g / m l ,  f i n a l  c o n c e n t r a t i o n  ( F i g . 4 . 8 ) .  At  

t h e s e  c o n c e n t r a t i o n s ,  th e  tw o a n t i b i o t i c s  w ere  u n a b le  

t o  i n h i b i t  t h e  p u r o m y c in - in d u c e d  d e c r e a s e  i n  p e p t i d y l -  

tRNA c o n c e n t r a t i o n s  ( F i g . 4 . 8 ) s u g g e s t i n g  t h a t  t h e y  do  

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

I t  i s  l i k e l y ,  t h e r e f o r e ,  t h a t  t h e y  b o th  a c t  by  

p r e v e n t i n g  a m in o a cy l-tR N A  from  b i n d i n g  t o  t h e  

r ib o s o m a l  'A* s i t e .

I n  a f u r t h e r  e x p e r i m e n t ,  c y c l o h e x i m i d e  was 

add ed  t o  a l y s a t e  w h ich  was a l r e a d y  i n h i b i t e d  by  

e m e t i n e ,  p u ro m y c in  added  f i n a l l y  and p e p t id y l - t R N A  

l e v e l s  m o n i t o r e d .  A g a in ,  t h e  p u ro m y c in  r e a c t i o n  

was u n i n h i b i t e d  ( d a t a  n o t  g i v e n ) .  S i n c e  m u ta n ts  o f  

y e a s t  and C h in e s e  h a m s te r  o v a r y  (CHO) c e l l s  w h ich  

a r e  r e s i s t a n t  t o  e m e t in e  i n  v i v o  and i n  v i t r o  d i s p l a y  

no c r o s s - r e s i s t a n c e  t o  c y c l o h e x i m i d e  (J im e n e z  e t  a l . ,  

1 9 7 7 ;  Gupta and S i m i n o v i t c h ,  1 9 7 7 )  i t  i s  l i k e l y  t h a t
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b i n d i n g  s i t e s  f o r  t h e s e  tw o a n t i b i o t i c s  do  n o t  o v e r l a p  

an d , p r e s u m a b ly ,  b o th  e m e t in e  and c y c l o h e x i m i d e  c a n  

b in d  t o  t h e  r ib o s o m e  a t  t h e  same t i m e .  T h e r e f o r e ,  th e  

l a t t e r  e x p e r im e n t  p r o v i d e s  f u r t h e r  e v i d e n c e  t h a t  

c y c l o h e x i m i d e  i s  an i n h i b i t o r  Of t r a n s l o c a t i o n .

No e v i d e n c e  i s  a v a i l a b l e  w h ich  a l l o w s  t h e  

d i f f e r e n t i a l  e f f e c t s  o f  e m e t i n e ,  i . e .  i n h i b i t i o n  o f  

t r a n s l o c a t i o n  i n  y e a s t  and p r e v e n t i o n  o f  a m in o a cy l-tR N A  

b i n d i n g  i n  mammalian c e l l s  t o  be r e c o n c i l e d .  W h i l s t  

t h e  r e p o r t e d  s i t e  o f  a c t i o n  o f  e m e t i n e  on y e a s t  r ib o s o m e s  

i s  a t  v a r i a n c e  w i t h  t h e  r e s u l t s  o f  a l l  o t h e r  e x p e r im e n t s  

i t  n e e d  n o t  b e  an a r t e f a c t  o f  t h e  c e l l - f r e e  s y s t e m  u s e d .  

A lth o u g h  no d a t a  a r e  a v a i l a b l e  f o r  e m e t i n e ,  t u b u l o s i n e  

w h ich  i s  u n a b le  t o  i n h i b i t  t h e  E F - l - d e p e n d e n t  b i n d i n g  

o f  a m in o a cy l-tR N A  t o  t h e  y e a s t  r ib o s o m e  ( C a r r a s c o  e t  a l . , 

1 9 7 6 )  and e m e t i n e  a p p e a r  t o  h a v e  t h e  same o r  s i m i l a r  

s i t e s  o f  a c t i o n  i n  v i t r o . They b o th  i n h i b i t  e n z y m ic  

t r a n s l o c a t i o n  i n  y e a s t  (C a r r a s c o  e t  a l . ,  1 9 7 6 )  and a 

y e a s t  m u ta n t  w h ich  i s  r e s i s t a n t  t o  t u b u l o s i n e  i s  a l s o  

r e s i s t a n t  t o  e m e t in e  i n  v i v o  and i n  v i t r o  (C a r r a s c o  e t  

a l . ,  1 9 7 6 ) .  The s i t e s  o f  a c t i o n  o f  e m e t in e  i n  b o t h  

y e a s t  and maunmalian c e l l s  a r e  p r o b a b ly  c l o s e l y  l i n k e d ,  

h o w e v e r ,  s i n c e  r e s i s t a n c e  t o  e m e t in e  i s  a f u n c t i o n  o f  

t h e  40S s u b u n i t  b o th  i n  y e a s t  (G ra n t  e t  a l . ,  1 9 7 4 ;

J im e n e z  e t  a l . ,  1 9 7 7 ;  S a n c h e z  e t  a l . ,  1 9 7 7 )  and CHO 

c e l l s  (G u p ta  and S i m i n o v i t c h ,  1 9 7 7 ) .  P o s s i b l y  e m e t in e
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b in d s  t o  th e  r ib o s o m e  a t ,  o r  n e a r  t o ,  t h e  r ib o s o m a l  

'A' s i t e  and p r e v e n t s  a m in o a cy l-tR N A  from  b i n d i n g  t o  

mammalian r ib o s o m e s  w h i l s t  s t i l l  p e r m i t t i n g  a m in o a c y l -  

tRNA t o  b in d  t o  t h e  s m a l l e r  y e a s t  r ib o s o m e  (a n d  r e a c t  

w ith  p e p t id y l - t R N A  i n  t h e  'P '  s i t e ) .  P e p t id y l - t R N A  

i n  t h e  'A' s i t e  m u st  t h e n  be p r e v e n t e d  from  

t r a n s l o c a t i n g  by t h e  p r e s e n c e  o f  e m e t i n e .
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5 .  INHIBITION OF INITIATION OF PROTEIN SYNTHESIS IN  
RETICULOCYTE LYSATES

5 . 1 .  INTRODUCTION

R a b b it  r e t i c u l o c y t e  l y s a t e s  a r e  v e r y  a c t i v e  i n  

a l l  s t a g e s  o f  p r o t e i n  s y n t h e s i s  and h a v e  b e e n  u s e d  

e x t e n s i v e l y  i n  s t u d i e s  d e s i g n e d  t o  e l u c i d a t e  t h e  

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

( s e e  C h a p te r  1 ) .  T hey a r e ,  t h e r e f o r e ,  one o f  t h e  

b e s t  s y s t e m s  t o  u s e  when s t u d y i n g  p u t a t i v e  i n h i b i t o r s  

o f  i n i t i a t i o n .

By d e f i n i t i o n ,  a s p e c i f i c  i n h i b i t o r  o f  t h e  

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

o f  i n h i b i t i n g  t h e  e l o n g a t i o n  o r  t e r m i n a t i o n  s t a g e s  

and t h i s  p r o v i d e s  t h e  m eans by  w h ich  su c h  an i n h i b i t o r  

may be d e t e c t e d .  When i n i t i a t i o n  i s  i n h i b i t e d ,  

r ib o s o m e s  w h ich  a r e  a l r e a d y  on mRNA r e m a in  u n i n h i b i t e d  

and p r o c e e d  a l o n g  t h e  m e s s a g e .  On r e a c h i n g  t h e  

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

' f a l l  o f f  t h e  m e s sa g e  and a r e  u n a b le  t o  r e - i n i t i a t e  

s y n t h e s i s  due t o  t h e  p r e s e n c e  o f  i n h i b i t o r .  T h is  

p r o c e s s  i s  d e t e c t e d  by f o l l o w i n g  th e  i n c o r p o r a t i o n  

o f  r a d i o a c t i v e  l a b e l  i n t o  T C A - in s o lu b le  p e p t i d e .

A l a g  i s  s e e n  b e tw e e n  t h e  t im e  o f  a d d i t i o n  o f  t o x i n  

and t h e  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  o f  l a b e l .  Xn  

c o n t r a s t ,  a d d i t i o n  o f  an i n h i b i t o r  o f  t h e  e l o n g a t i o n  

s t a g e  g i v e s  r i s e  t o  an im m e d ia te  e f f e c t  up on



FIGURE 5.1 Polysome Degredafion in the
Presence of Edeine
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Legend t o  F i g u r e  5 . 1

P o ly so m e  D e g r a d a t io n  i n  t h e  P r e s e n c e  o f  E d e in e

An i n c u b a t i o n  m ix t u r e  o f  r e t i c u l o c y t e  l y s a t e  

( S e c t i o n  3 . 5 )  c o n t a i n i n g  no r a d i o a c t i v e  am ino a c i d  

was in c u b a t e d  a t  30^C. A f t e r  t e n  m in u t e s  e d e i n e  

a c e t a t e  ( 1 0  p g / m l  f i n a l  c o n c e n . )  w as add ed  and s a m p le s  

w e re  rem oved t o  s p a r s o m y c in  (4 0  ^ g /m l  f i n a l  c o n c e n . )  

a f t e r  ( a )  30 s e c .  (b )  2 m in .  ( c )  4 m in .  (d )  15 m in .

The i n h i b i t e d  l y s a t e s  w e r e  i n c u b a t e d  f o r  a f u r t h e r  15 

m in . b e f o r e  50 y l  s a m p le s  o f  e a ch  m ix t u r e  w ere  rem oved  

i n t o  0 . 2  ml o f  i c e - c o l d  b u f f e r  c o n t a i n i n g  lO m M -T ris .

HCl ( p H 7 .6 ) ,  0 .5M —N aC l, 15mM—iyigCl2  and 3mM—2— 

m e r c a p t o e t h a n o l . The s a m p le s  w ere  th e n  l a y e r e d  o n t o  

15-30% ( ^ / v )  s u c r o s e  d e n s i t y - g r a d i e n t s  c o n t a i n i n g  th e  

b u f f e r  g i v e n  a b o v e  and c e n t r i f u g e d  a t  4 0 , 0 0 0  r . p . m .  

f o r  60 m in . i n  a S p in c o  SW50.1 r o t o r .  The l e f t  s i d e  o f  

e a c h  t r a c e  r e p r e s e n t s  th e  b o t to m  o f  t h e  g r a d i e n t  and  

t h e  h o r i z o n t a l  a rro w s  i n d i c a t e  th e  d i r e c t i o n  o f  

s e d i m e n t a t i o n  o f  p o l y r i b o s o m e s .
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i n c o r p o r a t i o n . A l s o  p o l y r i b o s o m e s  s h o u ld  d i s a p p e a r  

s h o r t l y  a f t e r  th e  a d d i t i o n  o f  t o x i n  s i n c e  r ib o s o m e s  

' f a l l  o f f  t h e  m e ssa g e  and a r e  n o t  r e p l a c e d .  T h is  

p r o c e s s  i s  i l l u s t r a t e d  by t h e  p o ly r ib o s o m e  p r o f i l e s  

o f  r e t i c u l o c y t e  l y s a t e s  w h ic h  h a v e  b een  i n h i b i t e d  by 

e d e i n e ,  a known i n h i b i t o r  o f  i n i t i a t i o n  (O b r ig  e t  a l . ,  

1 9 7 1 ) .  T h i r t y  s e c o n d s  a f t e r  t h e  a d d i t i o n  o f  e d e i n e  

t h e r e  w as l i t t l e  s i g n  o f  p o ly r ib o s o m e -b r e a k d o w n  

( F i g . 5 . 1 )  b u t  t h e r e a f t e r  breakdow n became more o b v i o u s  

u n t i l  by two m in u te s  t h e r e  w ere  few  t e t r a s o m e s  l e f t  

( F i g . 5 . 1 ) .  B etw een  two and f o u r  m in u te s  a f t e r  th e  

a d d i t i o n  o f  e d e i n e  m o st  o f  th e  r ib o s o m e s  t r a v e r s e d  

th e  mRNA and t e r m in a t e d  p r o t e i n  s y n t h e s i s  ( F i g . 5 . 1 ) .  

The i o n i c  c o n d i t i o n s  u s e d  f o r  th e  s u c r o s e  d e n s i t y -  

g r a d i e n t s  i l l u s t r a t e d  i n  F i g . 5 .1  and e l s e w h e r e  

i n  t h i s  c h a p t e r ,  w ere  c h o s e n  s o  a s  t o  c a u s e  th e  

d i s s o c i a t i o n  o f  80S ' f r e e  c o u p l e s '  b u t  r e t a i n  i n t a c t  

a l l  r ib o s o m e s  w h ich  w ere  a t t a c h e d  t o  mRNA ( F i g . 5 .1  and

5 . 5 )  .

A f u r t h e r  t e c h n iq u e  f o r  d e t e c t i n g  i n i t i a t i o n  

i n h i b i t o r s  h a s  b een  em p lo y ed  i n  t h i s  w o r k .  P e p t i d y l -  

tRNA c o n c e n t r a t i o n s  w e re  m o n ito r e d  c o n t i n u o u s l y  

f o l l o w i n g  t h e  a d d i t i o n  o f  t o x i n .  In t h e s e  c ir c u m 

s t a n c e s  a s lo w  d e c l i n e  i n  l a b e l l e d  am ino a c i d s  

p r e s e n t  a s  p e p t id y l - t R N A  s h o u ld  o c c u r  due to  

r ib o s o m e s  t e r m i n a t i n g  and n o t  r e - i n i t i a t i n g  p r o t e i n
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Legend t o  F i g u r e  5 . 2

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  by H o m o h a r r in g to n in e

I n c u b a t i o n  m i x t u r e s  ( S e c t i o n  3 . 5 )  o f  r e t i c u l o c y t e  

l y s a t e s  c o n t a i n i n g  L - /  ^hJ7 l e u c i n e  (51  C i/m m o l)  

i n  3 m M -L -le u c in e  w e re  in h ib i t e d  by a d d i t i o n  o f  v a r i o u s  

c o n c e n t r a t i o n s  o f  h o m o h a r r in g t o n in e  p r i o r  t o  

i n c u b a t i o n  a t  3 0 °C . S a m p les  (5  p i )  w e r e  ta k e n  a t  

v a r i o u s  t i m e s ,  p r e c i p i t a t e d  w i t h  TCA ( S e c t i o n  3 . 6 )  

and r a d i o a c t i v i t y  i n  t h e  p r e c i p i t a t e s  e s t i m a t e d  by  

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  ( S e c t i o n  3 . 1 6 ) .

O, c o n t r o l ;  # ;  p l u s  h o m o h a r r in g t o n in e  ( 0 . 0 7  p g / m l  

f i n a l  c o n c e n . ) ;  ^  , p l u s  h o m o h a r r in g t o n in e  ( 0 . 3 5  p g / m l  

f i n a l  c o n c e n . ) ;  Q  , p l u s  h o m o h a r r in g t o n in e  ( 0 . 7  p g / m l  

f i n a l  c o n c e n . ) ;  , p l u s  h o m o h a r r in g t o n in e  ( 1 . 3  j j g / m l

f i n a l  c o n c e n . ) .
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Legend t o  F i g u r e  5 . 3

E f f e c t  o f  H o m o h a r r in g to n in e  on  t h e  C o n c e n t r a t i o n  o f  

P e p t id y l - t R N A

An i n c u b a t i o n  m ix t u r e  ( S e c t i o n  3 . 5 )  c o n t a i n i n g

L - / ” ^hJ 7 l e u c i n e  (51  C i/m m o l)  i n  0 . 3 m M -L -le u c in e  w as

i n c u b a t e d  a t  30^C. A f t e r  t e n  m in u t e s  s a m p le s  w e re

rem oved i n t o  h o m o h a r r in g t o n in e  a t  d i f f e r e n t  f i n a l

c o n c e n t r a t i o n s .  S a m p les  (5  p i )  w e r e  p r e c i p i t a t e d

w i t h  CTAB ( S e c t i o n  3 . 6 )  and r a d i o a c t i v i t y  i n  th e

p r e c i p i t a t e s  e s t i m a t e d  by 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

( S e c t i o n  3 . 1 6 ) .  0 ,  c o n t r o l ;  f i n a l  c o n c e n t r a t i o n s  o f

h o m o h a r r in g t o n in e :
0 . 1  / i g /m l  ; A , 1  ; j g /m l;  O  , 1 0  j jg /m l ;

, 1 0 0  j j g / m l .
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s y n t h e s i s .

5 . 2 .  INHIBITION OF PROTEIN SYNTHESIS BY HOMOHARRINGTONINE

H o m o h a r r in g to n in e  i s  one o f  s e v e r a l  r e l a t e d  

p l a n t  a l k a l o i d s  i s o l a t e d  from  C e p h a lo t a x u s  

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

and i s  shown i n  F i g . 1 . 4  ( P o w e l l  e t  a l . ,  1 9 6 9 ) .

B oth  h o m o h a r r in g t o n in e  and t h e  r e l a t e d  t o x i n  

h a r r i n g t o n i n e , e x h i b i t  a n t i - t u m o u r  a c t i v i t y  a g a i n s t  

e x p e r i m e n t a l  m ouse l e u k a e m i a s  ( P o w e l l  e t  a l . , 1 9 7 2 )  

and h a v e  b e e n  e m p lo y e d  c l i n i c a l l y  f o r  t h e  t r e a t m e n t  

o f  v a r i o u s  human le u k a e m i a s  ( C e p h a l o t a x u s  R e s e a r c h  

C o o r d i n a t i n g  Group, 1 9 7 6 ) .  I n  r e t i c u l o c y t e s  and  

i n t a c t  HeLa c e l l s ,  t r e a t m e n t  w i t h  h o m o h a r r in g t o n in e  

c a u s e d  r a p i d  p o ly r ib o s o m e  break d ow n  i n d i c a t i n g  an  

e f f e c t  up on  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 uang,  

1 9 7 5 ;  T s c h e r n e  and P e s t k a ,  1 9 7 5 ) .

When h o m o h a r r in g t o n in e  was add ed  t o  r e t i c u l o c y t e  

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

s y n t h e s i s  d i d  n o t  c e a s e  im m e d i a t e l y  ( F i g . 5 . 2 ) .

E ven a t  m a x i m a l l y - i n h i b i t o r y  d ru g  c o n c e n t r a t i o n s  

c o n t i n u e d  s y n t h e s i s  was o b s e r v e d  f o r  3 - 6  m in u t e s  

( F i g . 5 . 2 ) .  I n  c o n t r a s t  t h e  c o n c e n t r a t i o n  o f  

p e p t id y l - t R N A  i n  t h e  i n c u b a t i o n  m ix t u r e  d e c l i n e d  

im m e d ia t e ly  a f t e r  t h e  a d d i t i o n  o f  h o m o h a r r in g t o n in e  

u n t i l  75% o f  th e  p e p t id y l - t R N A  had b e e n  r e l e a s e d  ( F i g .

5 . 3 . ) .  The t o t a l  r e d u c t i o n  i n  p e p t id y l - t R N A  

c o n c e n t r a t i o n  ( a s  ju d g e d  b y  CTAB p r e c i p i t a t i o n )  i n  t h e
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D e c r e a s e  i n  P e p t id y l - t R N A  C o n c e n t r a t i o n s  a f t e r  

A d d i t i o n  o f  H o m o h a r r in g to n in e  o r  P u rom ycin

S a m p les  w ere  rem oved from  i n c u b a t i o n  m i x t u r e s  

( S e c t i o n  3 . 5 )  c o n t a i n i n g  L - /  ^ hS /  l e u c i n e  (5 1  C i/m m o l)  

i n  O .3 m M -L -le u c in e  i n t o  ( a )  e i t h e r  p u ro m y cin  (4 0  p g / m l  

f i n a l  c o n c e n . )  o r  h o m o h a r r in g t o n in e  ( 1 0  p g / m l  f i n a l  

c o n c e n . ) ;  (b )  p u ro m y cin  (4 0  p g / m l  f i n a l  concen .)  a t  

v a r i o u s  t i m e s .  S a m p les  (5  ^ 1 )  w e re  p r e c i p i t a t e d  

w i t h  CTAB ( S e c t i o n  3 . 6 )  and r a d i o a c t i v i t y  i n  t h e  

p r e c i p i t a t e s  was e s t i m a t e d  by 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  ( S e c t i o n  3 . 1 6 ) .  A l l  i n c u b a t i o n s  w e r e  a t  30°C  

0 , c o n t r o l .  ( a )  A  , p l u s  p u ro m y c in ;  • ,  p l u s  

h o m o h a r r in g t o n in e .  (b )  p l u s  p u ro m y cin  a t  A  ,

5 m in; Q , 16 m in .  ; V  , 27 m in .
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i n c u b a t i o n  m ix t u r e  was com p ared  f o l l o w i n g  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  by  h o m o h a r r in g t o n in e  o r  

p u r o m y c in .  A d d i t i o n  o f  p u ro m y c in  g a v e  r i s e  t o  a 

g r e a t e r  r e d u c t i o n  i n  p e p t id y l - t R N A  c o n c e n t r a t i o n  th a n  

d i d  th e  a d d i t i o n  o f  h o m o h a r r in g t o n in e  ( F i g . 5 . 4 a ) .

T h i s  u n e x p e c t e d  o b s e r v a t i o n  was i n v e s t i g a t e d  f u r t h e r  

and p u ro m y c in  was added  t o  an  o t h e r w i s e  u n i n h i b i t e d  

i n c u b a t i o n  m ix t u r e  f o l l o w i n g  v a r i o u s  p e r i o d s  o f  

s y n t h e s i s .  The a b i l i t y  o f  p u ro m y c in  t o  r e d u c e  

p e p t id y l - t R N A  c o n c e n t r a t i o n s  a p p a r e n t l y  d e c r e a s e d  w i t h  

t im e  ( F i g . 5 . 4b) s o  t h a t  a f t e r  25 m in u t e s  o f  i n c u b a t i o n  

i n  th e  a b s e n c e  o f  d r u g  l e s s  t h a n  50% o f  t h e  p e p t i d y l -  

tRNA a p p e a r e d  t o  be r e l e a s e d  b y  p u r o m y c in .

T h e r e f o r e  CTAB p r e c i p i t a t i o n  p r o v i d e s  a 

c o n v e n i e n t  m eth od  by w h ich  i n h i b i t o r s  o f  i n i t i a t i o n  may 

b e  d e t e c t e d .  H ow ever , i t  i s  im p o r t a n t  t o  l o o k  a t  t h e  

k i n e t i c s  o f  t h e  r e a c t i o n  r a t h e r  th a n  t h e  a b s o l u t e  

d e c r e a s e  i n  p e p t id y l - t R N A  c o n c e n t r a t i o n s  c a u s e d  by th e  

i n h i b i t o r .  T h ere  i s  an i n c r e a s e  i n  t h e  b a ck g ro u n d  o f  

C T A B - p r e c ip i t a b le  c o u n t s  w h ich  a r e  n o t  r e l e a s a b l e  by  

p u r o m y c in .  P r e su m a b ly  t h e  b a ck g r o u n d  r e p r e s e n t e d  

n o n -s p e c i f ic  b i n d i n g  o f  r a d i o a c t i v e  p r o t e i n  t o  th e  f i l t e r s  

w h ich  was n o t  rem oved  by t h e  w a s h in g  p r o c e d u r e .  An 

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

p r o t e i n  s y n t h e s i s  by  t h e  r e t i c u l o c y t e  l y s a t e s .
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Some a t t e m p t s  w ere  made t o  r e d u c e  t h e  'b ack grou n d *  

by e x t r a  w a s h in g  o f  t h e  f i l t e r s ,  a d d i t i o n  o f  c a r r i e r  

p r o t e i n  and s i l i c o n i z a t i o n  ( i . e .  t r e a t m e n t  w i t h  a 

4% (W /v) s o l u t i o n  o f  d i c h l o r o d i m e t h y l s i l a n e  i n  

c h lo r o f o r m )  o f  th e  f i l t e r s .  H o w ev er ,  none o f  t h e s e  

p r o c e d u r e s  p r o v e d  e f f e c t i v e  i n  r e d u c i n g  t h e  'b a c k g r o u n d * .

5 . 3 .  SUCROSE DENSITY-GRADIENT ANALYSIS OF INCUBATION 
MIXTURES INHIBITED BY HOMOHARRINGTONINE

The e x p e r i m e n t s  o f  Huang ( 1 9 7 5 )  and T s c h e r n e  

and P e s t k a  ( 1 9 7 5 ) ,  a l t h o u g h  d e m o n s t r a t i n g  t h a t  

h o m o h a r r in g t o n in e  i n h i b i t e d  i n i t i a t i o n ,  f a i l e d  t o  h i g h 

l i g h t  w h ich  s t e p ( s )  i n  i n i t i a t i o n  w a s /w e r e  i n h i b i t e d .  

T h ere  was no i n d i c a t i o n  w h e th e r  t h e  80S i n i t i a t i o n  

c o m p le x  was form ed  s i n c e  t h e  i o n i c  c o n d i t i o n s  u s e d  f o r  

th e  s u c r o s e  d e n s i t y - g r a d i e n t  a n a l y s i s  c o u l d  n o t  

d i s t i n g u i s h  b e tw e e n  80S r ib o s o m e s  bound t o  mRNA and  

' f r e e  c o u p l e s ' .  H ow ever , u s i n g  o t h e r  i o n i c  c o n d i t i o n s ,  

i t  h a s  b e e n  o b s e r v e d  t h a t  i n h i b i t i o n  o f  HeLa c e l l s  by  

h o m o h a r r in g t o n in e  d i d  n o t  c a u s e  a c o m p le t e  breakdow n o f  

p o l y r i b o s o m e s  b u t  a l l o w e d  r e t e n t i o n  o f  a *1.5  mer* peak  

t o g e t h e r  w i t h  80S m onosom es ( E . C u n d l i f f e ,  u n p u b l i s h e d  

o b s e r v a t i o n s ) .  T h i s  * 1 .5  mer* p e a k ,  w h ich  was i d e n t i c a l  

t o  p e a k s  o b s e r v e d  when HeLa c e l l s  w ere  i n h i b i t e d  by  1 %- 

t y p e  1 2 ,1 3  e p o x y t r i c h o t h e c e n e s ,  c o n s i s t e d  o f  mRNA t o  

w h ich  b o th  an 80S r ib o s o m e  and a 40S s u b u n i t  w ere  

bound ( C u n d l i f f e  and D a v i e s ,  1 9 7 7 ) .

An u n l a b e l l e d  r e t i c u l o c y t e  r e a c t i o n  m ix t u r e  was 

in c u b a t e d  w i t h  a t o t a l l y - i n h i b i t o r y  c o n c e n t r a t i o n  o f
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Legend t o  F i g u r e  5 . 5

D e g r a d a t io n  o f  P o ly s o m e s  i n  t h e  P r e s e n c e  o f  
H o m o h a r r in g to n in e

I n c u b a t i o n  m i x t u r e s  ( S e c t i o n  3 . 5 )  c o n t a i n i n g  no 

r a d i o a c t i v e  amino a c i d s  w e re  i n c u b a t e d  a t  SO^C. :

( a )  f o r  10 m in .  ; (b )  f o r  10 m in .  and th e n  w i t h

r i b o n u c l e a s e  (5  ; jg /m l f i n a l  c o n c e n . )  f o r  30 m i n . ;

( c )  w i t h  h o m o h a r r in g t o n in e  (1 0  p g / m l  f i n a l  c o n c e n . )  

f o r  10 m in . ;  (d )  w i t h  h o m o h a r r in g t o n in e  (1 0  p g / m l  

f i n a l  c o n c e n . )  f o r  10 m in . th e n  r i b o n u c l e a s e  ( 5 p g / m l  

f i n a l  c o n c e n . )  f o r  30 m in . S a m p les  (5 0  j j l ) w e r e  ta k e n  

i n t o  0 . 2  ml i c e - c o l d  b u f f e r  c o n t a i n i n g  lO m M -Tris.H Cl  

( p H 7 .6 ) ,  0 .5 M -N a C l,  15mM-MgCl2 and 3 m M -2 -m e r c a p to e th a n o l , 

l a y e r e d  o n t o  15-40% ( * / v )  s u c r o s e  d e n s i t y - g r a d i e n t s  

and c e n t r i f u g e d  a t  4 5 , 0 0 0  r . p . m .  f o r  70 m in . The l e f t  

s i d e  o f  e a c h  t r a c e  r e p r e s e n t s  t h e  b o tto m  o f  t h e  

g r a d i e n t  and t h e  d i r e c t i o n  o f  s e d i m e n t a t i o n  o f  p o ly s o m e s  

i s  i n d i c a t e d  by t h e  h o r i z o n t a l  a r r o w s .
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h o m o h a r r in g t o n in e  f o r  t e n  m in u t e s  b e f o r e  b e i n g  a n a l y s e d  

on a s u c r o s e  d e n s i t y - g r a d i e n t .  A l l  t h e  p o l y r i b o s o m e s  

w ere  fo u n d  t o  h a v e  b e e n  d e g r a d e d  t o  80S monomers ( F i g .

5 . 5 ) .  T h i s  r e s u l t  was c o n f ir m e d  by. p r e - i n c u b a t i n g  a 

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

t o  g r a d i e n t  a n a l y s i s *  No i n c r e a s e  i n  t h e  p o p u l a t i o n  

o f  80S monomers was t h e n  s e e n  ( F i g . 5 . 5 ) .  I f  a  c o n t r o l

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

on a g r a d i e n t ,  t h e r e  was fo u n d  t o  be a  l a r g e  i n c r e a s e  

i n  t h e  80S p o p u l a t i o n  com pared  w i t h  u n t r e a t e d  c o n t r o l  

l y s a t e s  ( F i g . 5 . 5 . ) ,  a s  w ou ld  be e x p e c t e d  i f  p o l y r i b o s o m e s  

w ere  d e g r a d e d  t o  80S monomers by  t h e  a c t i o n  o f  t h e  

e n zy m e . I n  a  r e t i c u l o c y t e  l y s a t e  p r e - t r e a t e d  w i t h  

h o m o h a r r in g t o n in e ,  no  e v i d e n c e  f o r  t h e  e x i s t e n c e  o f  

* 1 .5  mers* o r  d im e r s  was fo u n d  a l t h o u g h  a  p ea k  o f  

monomers r e m a in e d  ( F i g . 5 . 5 )  w h ich  was l a r g e r  th a n  th e  

80S p ea k  i n  t h e  c o n t r o l  l y s a t e .  I n  c o n t r a s t ,  i n h i b i t i o n  

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

d e g r a d a t i o n  o f  r ib o s o m e s  i n t o  t h e i r  com p on en t s u b u n i t s  

( F i g . 5 . 1 ) .  T h i s  l a t t e r  r e s u l t  i s  a s  p r e d i c t e d  f o r  a 

t o x i n  w h ich  i n h i b i t s  i n i t i a t i o n  by p r e v e n t i n g  t h e  60S  

r ib o s o m a l  s u b u n i t  from  b i n d i n g  t o  t h e  40S*mRNA i n i t i a t i o n  

c o m p le x  (Kramer e t  a l . , 1 9 7 6 ;  H u n ter  e t  a l . , 1 9 7 7 ) .

I n  a f u r t h e r  e x p e r i m e n t ,  h o m o h a r r in g t o n in e  and  

e d e i n e  w ere  a d d ed ,  a t  t h e  same t i m e ,  t o  a r e t i c u l o c y t e
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Legend t o  F i g u r e  5 . 6

E f f e c t  o f  H o m o h a r r in g to n in e  and E d e in e  on t h e  

F o rm a t io n  o f  P o ly s o m e s

I n c u b a t i o n  m i x t u r e s  ( S e c t i o n  3 . 5 )  c o n t a i n i n g  no 

r a d i o a c t i v e  am ino a c i d  w e re  in c u b a t e d  a t  SO^C:

( a )  f o r  2 0  m in . ; (b )  f o r  2 0  m in . i n  t h e  p r e s e n c e  o f  

h o m o h a r r in g t o n in e  ( 1 0  j jg /m l  f i n a l  c o n c e n . ) ;  ( c )  f o r  

2 0  m in . i n  t h e  p r e s e n c e  o f  h o m o h a r r in g t o n in e  ( 1 0  p ^ /m l  

f i n a l  c o n c e n . )  and e d e i n e  ( 1 0  ^ g /m l  f i n a l  c o n c e n . ) ;

(d )  f o r  2 0  m in s .  i n  th e  p r e s e n c e  o f  e d e i n e  ( 1 0  ^ g /m l  

f i n a l  c o n c e n . ) .  S a m p les  (5 0  j j l  ) w e r e  rem oved i n t o  

i c e - c o l d  b u f f e r  ( 0 . 2  m l) c o n t a i n i n g  lO m M -T ris . HCl ( p H 7 .6 ) ,  

0 .5 M -N a C l,  15mM-MgCl2 and 3 m M -2 -m er c a p to e th a n o l  and w e re  

th e n  l a y e r e d  o n t o  15-30% ( ^ / v )  s u c r o s e  d e n s i t y - g r a d i e n t s  

c o n t a i n i n g  t h e  b u f f e r  d e s c r i b e d  a b o v e .  The g r a d i e n t s  

w e r e  c e n t r i f u g e d  a t  40K f o r  100 m in . The l e f t  s i d e  

o f  e a c h  t r a c e  r e p r e s e n t s  t h e  b o t to m  o f  t h e  g r a d i e n t  

and th e  d i r e c t i o n  o f  s e d i m e n t a t i o n  o f  p o ly s o m e s  i s  

i n d i c a t e d  by t h e  h o r i z o n t a l  a r r o w s .
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l y s a t e  ( F i g . 5 . 6 ) .  I n  t h i s  c a s e ,  t h e  80S p ea k  v i r t u a l l y  

d i s a p p e a r e d  when com pared  w i t h  a l y s a t e  w h ich  had b e e n  

i n h i b i t e d  by h o m o h a r r in g t o n in e  a l o n e  ( F i g . 5 . 6 ) .  H o w ev er ,  

t h e r e  s t i l l  r e m a in e d  a s m a l l  q u a n t i t y  o f  80S monomers  

w h ich  a p p e a r e d  a s  a s l i g h t  s h o u l d e r  on t h e  60S s u b u n i t  

p eak  ( F i g . 5 . 6 ) .  T h e r e f o r e ,  h o m o h a r r in g t o n in e  i n h i b i t s  

p o l y p e p t i d e  s y n t h e s i s  a t ,  o r  s h o r t l y  a f t e r ,  f o r m a t i o n  o f  

t h e  80S i n i t i a t i o n  c o m p le x .

5 . 4 .  ANALYSIS OF 80S PEAKS IN SUCROSE DENSITY-GRADIENTS

A lt h o u g h ,  a s  d e s c r i b e d  a b o v e ,  h o m o h a r r in g t o n in e  d i d  

n o t  c a u s e  t h e  r e t e n t i o n  o f  ' 1 . 5  mers* i n  r e t i c u l o c y t e  

l y s a t e s ,  i t s  mode o f  a c t i o n  a p p e a r e d  s i m i l a r  t o  t h e  1 2 , 1 3  

e p o x y t r i c h o t h e c e n e s  o f  t h e  v e r r u c a r i n  and r o r i d i n  s u b 

g r o u p s .  A d d i t i o n a l l y ,  F r e s n o  e t  a l . ,  ( 1 9 7 7 )  r e p o r t e d  

t h a t  h o m o h a r r in g t o n in e  i n h i b i t e d  t h e  b i n d i n g  o f  

t r i c h o d e r m i n  t o  y e a s t  r i b o s o m e s .  T h e r e f o r e ,  t h e  l i k e l y  

s i t e  o f  a c t i o n  f o r  h o m o h a r r in g t o n in e  was t h e  

p e p t i d y l t r a n s f e r a s e  s h o r t l y  a f t e r  i n i t i a t i o n .  T h ere  

r e m a in e d ,  h o w e v e r ,  some c o n f u s i o n  a s  t o  th e  m echanism  o f  

f o r m a t i o n  o f  * 1 .5  mers* and why no su ch  s t r u c t u r e s  w ere  

s e e n  i n  r e t i c u l o c y t e  l y s a t e s  when t h e y  w ere  i n h i b i t e d  by  

h o m o h a r r in g t o n in e .  Two p o s s i b l e  m ech a n ism s f o r  * 1 .5  

mer* f o r m a t i o n  a r e  d i s c u s s e d  b e lo w .

( a )  The a n t i b i o t i c  d i s p l a y s  a s e c o n d a r y  e f f e c t  upon  

f o r m a t i o n  o f  t h e  80S i n i t i a t i o n  c o m p le x  by  i n h i b i t i n g  t h e
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a s s o c i a t i o n  o f  t h e  60S s u b u n i t  w ith  t h e  40S*mRNA 

c o m p le x .  S i n c e  t r i c h o t h e c e n e s  w h ich  i n h i b i t  

i n i t i a t i o n  do s o  by  o n l y  p r e v e n t i n g  f o r m a t i o n  o f  e i t h e r  

th e  f i r s t  o r  s e c o n d  p e p t i d e  bond (S m ith  e t  a l . ,  1 9 7 5 ;  

M izu n o , 1 9 7 5 ;  C a r t e r  and C annon, 1 9 7 8 ) ,  i t  i s  

p o s s i b l e  t h a t  h o m o h a r r in g t o n in e  a l s o  a c t s  a t  t h e s e  

s t a g e s .  The 40S i n i t i a t i o n  c o m p le x  ( i n  t h e  * 1 .5  m er*)  

w o u ld ,  i n  t h i s  c a s e ,  p r o b a b ly  be u n a b le  t o  b in d  t o  t h e  

AUG i n i t i a t i o n  c o d o n  b e c a u s e  o f  s t e r i c  h in d r a n c e  w ith  

t h e  80S c o m p le x .

(b )  The a n t i b i o t i c  h a s  no d i r e c t  e f f e c t  up on  

f o r m a t i o n  o f  t h e  80S i n i t i a t i o n  c o m p le x .  I t  d o e s  

n o t  i n h i b i t  f o r m a t i o n  o f  t h e  f i r s t  few  p e p t i d e  bon d s  

b u t  a c t s  when t h e  p e p t id y l - t R N A  r e a c h e s  a c e r t a i n  

c r i t i c a l  l e n g t h .  A t t h i s  s t a g e  t h e  r ib o s o m e  

w i l l  h a v e  moved a l o n g  th e  mRNA and e x p o s e d  t h e  AUG 

co d o n  and a n o t h e r  40S i n i t i a t i o n  c o m p le x  may fo r m .

The a t t a c h m e n t  o f  t h e  60S s u b u n i t  w ould  be  p r e v e n t e d ,  

h o w e v e r ,  due t o  s t e r i c  h in d r a n c e  by  th e  80S monomer 

a l r e a d y  p r e s e n t  on t h e  mRNA. I n  t h i s  c a s e ,  t h e  

d i f f e r e n c e  i n  p r o f i l e s  b e tw e e n  HeLa c e l l s  and  

r e t i c u l o c y t e  l y s a t e s  w h ich  w ere  i n h i b i t e d  by  

h o m o h a r r in g t o n in e  w ou ld  be d u e  e i t h e r  t o  a  s l i g h t  c h a n g e  

i n  th e  s t a g e  a t  w h ich  p e p t i d e  bond f o r m a t i o n  was 

i n h i b i t e d  i . e .  h o m o h a r r in g t o n in e  may i n h i b i t  f o r m a t i o n  

o f  a s m a l l e r  p e p t i d e  i n  r e t i c u l o c y t e s  and s t o p
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Legend t o  F i g u r e  5 . 7

E f f e c t  o f  H o m o h a r r in g to n in e  o r  T-2 T o x in  on t h e  

P r o d u c t io n  o f  I n i t i a t i o n  C om p lexes

M ix tu r e s  ( S e c t i o n  3 . 5 )  c o n t a i n i n g  

m e t h io n in e  (2 9 5  C i/m m ol)  w e re  in c u b a t e d  a t  30^C 

f o r  1 0  m in u t e s  b e f o r e  ( a )  h o m o h a r r in g t o n in e  ( 1 0  ^ g /m l  

f i n a l  c o n c e n . )  o r  (b )  T -2  t o x i n  (1 ; jg /m l f i n a l  c o n c e n . )  

w e re  a d d e d .  A f t e r  a f u r t h e r  20 m in u te s  p u ro m y cin  

(4 0  y q / m l  f i n a l  c o n c e n . )  was added t o  e a c h  i n c u b a t i o n  

and 10 m in u te s  l ± e r  s a m p le s  (5 0  ^ 1 )  w ere  rem oved i n t o  

0 . 2  ml i c e - c o l d  b u f f e r  c o n t a i n i n g  10 m M -T ris . HCl ( p H 7 .6 ) ,

0 .5 M -N a C l,  15mM-MgCl2 and 3 m M -2 -m e r c a p to e th a n o l .

T h e se  s a m p le s  w e re  l a y e r e d  o n t o  15-30% ( * / v )  s u c r o s e  

d e n s i t y - g r a d i e n t s  c o n t a i n i n g  t h e  b u f f e r  d e s c r i b e d  a b o v e  

and c e n t r i f u g e d  a t  4 0 , 0 0 0  r . p . m .  f o r  120  m in u t e s  i n  

a S p in c o  SW50.1 r o t o r .  A f t e r  pumping t h e  g r a d i e n t s  

th r o u g h  an ISCO a b s o r b a n c e  m o n i t o r  t h e y  w ere  f r a c t i o n a t e d  

and t h e  f r a c t i o n s  p r e c i p i t a t e d  w i t h  CTAB ( S e c t i o n  3 . 5 ) .  

R a d i o a c t i v i t y  i n  t h e  p r e c i p i t a t e s  was e s t i m a t e d  by  

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  ( S e c t i o n  3 . 1 6 ) .  The 

l e f t  s i d e  o f  e a c h  t r a c e  r e p r e s e n t s  t h e  b o t to m  o f  th e  

g r a d i e n t  and t h e  d i r e c t i o n  o f  s e d i m e n t a t i o n  o f  p o ly s o m e s  

i s  i n d i c a t e d  by t h e  h o r i z o n t a l  a r r o w s .
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a t t a c h m e n t  o f  t h e  40S i n i t i a t i o n  c o m p le x ,  o r  t h e r e  may 

be a d i f f e r e n t  d e g r e e  o f  p a c k in g  o f  r ib o s o m e s  on t h e  

mRNA o f  r e t i c u l o c y t e s  com pared  t o  HeLa c e l l s .

The t r i c h o t h e c e n e ,  T -2  t o x i n ,  d id  n o t  c a u s e  

f o r m a t i o n  o f  ' 1 . 5  mers* i n  HeLa c e l l s  ( C u n d l i f f e  and 

D a v i e s ,  1 9 7 7 )  and w ould  be e x p e c t e d ,  a c c o r d i n g  t o  t h e  

s e c o n d  h y p o t h e s i s ,  t o  i n h i b i t  p e p t i d e  bond f o r m a t i o n  

a t  an e a r l i e r  s t a g e  th a n  h o m o h a r r in g t o n in e .  T h e r e f o r e ,  

i n  o r d e r  t o  p r o v e  o r  d i s p r o v e  th e  s e c o n d  h y p o t h e s i s ,  

th e  c o n s t i t u t i o n  o f  t h e  p e p t id y l - t R N A  r e t a i n e d  on t h e  

80S p ea k  f o l l o w i n g  i n h i b i t i o n  by  h o m o h a r r in g t o n in e  o r  

T -2  t o x i n  was ex a m in e d  and co m p a red .

I n c u b a t i o n  m i x t u r e s  o f  r e t i c u l o c y t e  l y s a t e s  

c o n t a i n i n g  m e t h i o n i n e  a s  l a b e l  w ere  t r e a t e d  w i t h

h o m o h a r r in g t o n in e  o r  T -2  t o x i n  and th e n  i n c u b a t e d  f o r  

t w e n t y  m in u t e s  t o  a l l o w  c o m p le t e  'r u n  o f f '  o f  

p o l y r i b o s o m e s .  Compared w i t h  a c o n t r o l  m i x t u r e ,  t r e a t m e n t  

w it h  t h e  t o x i n s  c a u s e d  a l a r g e  b u i l d - u p  i n  80S monomers  

c a r r y i n g  ^ ^ S J 7 m e th io n in e  ( F i g . 5 . 7 )  -  a s  w ould  be  

e x p e c t e d  f o r  t h e  f o r m a t i o n  o f  80S i n i t i a t i o n  c o m p l e x e s .

The N - t e r m i n a l  am ino a c i d  s e q u e n c e s  o f  r a b b i t  

h a e m o g lo b in  a r e ,

c h a i n  ( M e t ) - V a l - L e u - S e r  (Von E h r e n s t e i n , 1 9 6 6 )  

c h a i n  ( M e t ) - V a l - H i s - L e u  ( B r a u n i t z e r  e t  a l . , 1 9 6 6 )  

an d , t h e r e f o r e ,  f u r t h e r  e x p e r i m e n t s  w ere  p e r fo r m e d
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Legend t o  F i g u r e  5 . 8

E l e c t r o p h o r e s i s  o f  S h o r t  P e p t i d e s  L a b e l l e d  

w it h  /  3 5 g j y  M e t h io n in e

M ix tu r e s  ( S e c t i o n  3 . 5 )  c o n t a i n i n g  

m e t h io n in e  (2 9 5  C i/m m o l)  w ere  i n c u b a t e d  f o r  1 0  

m in u te s  a t  30^C b e f o r e  h o m o h a r r in g t o n in e  ( 1 0  p g / m l  

f i n a l  c o n c e n . )  o r  T-2 t o x i n  (1 p g /m l f i n a l  c o n c e n . ) 

w ere  a d d e d .  A f t e r  a f u r t h e r  20 m in u te s  p u rom ycin  

(4 0  p g / m l  f i n a l  c o n c e n . )  was added t o  e a c h  i n c u b a t i o n  

and s a m p le s  ( 1 0 0  p i )  w e re  rem oved t o  i c e - c o l d  

b u f f e r  c o n t a i n i n g  lO m M -Tris.H Cl ( p H 7 .6 ) ,  0 .5 M -N a C l,  

15mM-MgCl2 and 3 m M -2 -m er c a p to e th a n o l  a f t e r  a n o t h e r  

10 m i n u t e s .  The s a m p le s  w e re  l a y e r e d  o n t o  15-30%

(w /v )  s u c r o s e  d e n s i t y - g r a d i e n t s  c o n t a i n i n g  t h e  b u f f e r  

d e s c r i b e d  a b o v e  and c e n t r i f u g e d  f o r  1 2 0  m in u t e s  a t  

4 0 , 0 0 0  r . p . m .  i n  a S p in c o  SW50.1 r o t o r .  G r a d ie n t s  

w e re  f r a c t i o n a t e d  and t h e  f r a c t i o n s  c o n t a i n i n g  80S  

r ib o s o m e s  c o l l e c t e d .

The r ib o s o m e s  w ere  c e n t r i f u g e d  a t  4 0 , 0 0 0  r . p . m .  f o r  

5 h o u rs  and r e s u s p e n d e d  in  0 . 0 5  ml o f  IM-NH4 OH. A f t e r  

i n c u b a t i n g  a t  37^C f o r  30 m in u t e s  t o  h y d r o l y s e  tRNA 

th e  s u s p e n s i o n s  w e re  s p o t t e d  o n t o  Whatmann *3MM* p a p e r  and 

t h e  p a p e r  was e l e c t r o p h o r e s e d  a t  pH 3.5  f o r  1 h o u r  a t  

3 KV. R a d i o a c t i v i t y  was d e t e c t e d  by a u t o r a d io g r a p h y  f o r  

7 d a y s  w i t h  'KODIREX* X -r a y  f i l m .  The i d e n t i f i c a t i o n  o f  

l a b e l l e d  m a t e r i a l  a s  d i p e p t i d e s  and t r i p e p t i d e s  was by

c o m p a r iso n  w i t h  t h e  r e s u l t s  o f  J a c k s o n  and H u n ter  ( 1 9 7 0 ) .  

MET, /  3 5 s _ /  m e t h io n in e  o n l y :  A, m a t e r i a l  from  r ib o s o m e s
i n h i b i t e d  by h o m o h a r r in g t o n in e ;  B, m a t e r i a l  from  
r ib o s o m e s  i n h i b i t e d  by T-2 t o x i n .
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u s i n g  Z” ^hJ7  v a l i n e  and Z“ ^hJ7  l e u c i n e  . i n s t e a d  o f  

Z*”^^S-I7  m e t h io n in e  i n  o r d e r  t o  d e t e r m in e  w h e th e r  any  

m e t h i o n i n e  on t h e  80S p ea k  was p r e s e n t  a s  d i p e p t i d e s ,  

t r i p e p t i d e s  o r  l a r g e r  p e p t i d e s .  S u cr o s e  d e n s i t y -  

g r a d i e n t s  w ere  f r a c t i o n a t e d  and r a d i o a c t i v i t y  i n  th e  

g r a d i e n t s  d e t e c t e d  by CTAB p r e c i p i t a t i o n  ( S e c t i o n  3 . 6 ) .  

The r e s u l t s  o f  t h e s e  e x p e r i m e n t s  p r o v e d  i n c o n c l u s i v e ,  

h o w e v e r ,  due t o  b a c k g ro u n d  c o n t a m i n a t i o n  from  t h e  t o p  

o f  t h e  g r a d i e n t s  ( d a t a  n o t  g i v e n ) .

I n  o r d e r  t o  d e t e r m in e  t h e  c o n s t i t u t i o n  o f  t h e  

m e t h i o n i n e - l a b e l l e d  m a t e r i a l ,  r e t i c u l o c y t e  

i n c u b a t i o n  m i x t u r e s  c o n t a i n i n g  / T 3 5 S - /  m e t h i o n i n e  a s  

l a b e l  w ere  i n h i b i t e d  b y  h o m o h a r r in g t o n in e  o r  T -2  t o x i n  

and i n c u b a t e d  f o r  t w e n t y  m i n u t e s .  P u ro m y cin  was added  

f i n a l l y  t o  e n s u r e  t h a t  o n l y  r ib o s o m e s  w h ich  w ere  

i n h i b i t e d  b y  h o m o h a r r in g t o n in e  o r  T -2  t o x i n  s t i l l  c a r r i e d  

p e p t i d y l - t R N A .  F o l l o w i n g  c e n t r i f u g a t i o n  o f  t h e  l y s a t e s  

on s u c r o s e  d e n s i t y - g r a d i e n t s ,  t h e  80S m a t e r i a l  was 

c o l l e c t e d  and t h e  p e p t i d e s  p r e s e n t  a s  p e p t id y l - t R N A  

w ere  i s o l a t e d  and a n a ly s e d  by  e l e c t r o p h o r e s i s  a t  pH 3.5  

( J a c k s o n  and H u n te r ,  1 9 7 0 ) .  The Z“ ^ ^ sJ 7  m e t h io n in e  i n  

t h e  80S p e a k s  was p r e s e n t  m a in ly  a s  m e th io n y l- tR N A  

( F i g . 5 . 8 ) a l t h o u g h  t h e r e  w ere  much s m a l l e r  q u a n t i t i e s  o f  

d i p e p t i d y l  and p o s s i b l y  t r i p e p t i d y l - t R N A  ( a s  ju d g e d  b y
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c o m p a r is o n  w i t h  e l e c t r o p h o r e g r a m s  shown i n  J a c k s o n  

and H u n te r ,  1 9 7 0 ) .  T h ere  was no  d i f f e r e n c e  i n  t h e  

c o n s t i t u t i o n  o f  m e t h i o n i n e - l a b e l l e d  m a t e r i a l

on t h e  80S monomers o f  l y s a t e s  i n h i b i t e d  by  

h o m o h a r r in g t o n in e  o r  T -2  t o x i n  ( F i g .  5 . 8 ) *  T h e r e f o r e ,  

h o m o h a r r in g t o n in e  and T -2  t o x i n  b o th  a p p ea r  t o  

i n h i b i t  f o r m a t i o n  o f  t h e  f i r s t  p e p t i d e  b o n d . A lth o u g h  

a d i r e c t  e f f e c t  o f  T -2  t o x i n  and h o m o h a r r in g t o n in e  

on f o r m a t i o n  o f  o t h e r  p e p t i d e  b on d s c a n n o t  be e x c l u d e d ,  

t h e  r e s u l t s  shown i n  F i g . 5 . 8  may be  i n t e r p r e t e d  a s  

' l e a k y '  i n h i b i t i o n .  S p a r s o m y c in ,  an e s t a b l i s h e d  

i n h i b i t o r  o f  th e  p e p t i d y l t r a n s f e r a s e ,  a l s o  was u n a b le  

t o  p r e v e n t  t o t a l l y  t h e  f o r m a t i o n  o f  d i p e p t i d y l - t R N A  

( J a c k s o n  and H u n te r ,  1 9 7 0 ) .

U n l e s s  h o m o h a r r in g t o n in e  i s  u n a b le  t o  i n h i b i t  

f o r m a t i o n  o f  t h e  f i r s t  fe w  p e p t i d e  b o n d s  i n  HeLa 

c e l l s  (w h ich  i s  u n l i k e l y  g i v e n  th e  s i m i l a r i t i e s  i n  

t h e  e v e n t s  o f  i n i t i a t i o n  i n  e u k a r y o t e s )  w h i l s t  T -2  

t o x i n  s t i l l  r e t a i n s  t h i s  a b i l i t y ,  t h e s e  r e s u l t s  r u l e  

o u t  t h e  s e c o n d  h y p o t h e s i s  f o r  t h e  f o r m a t i o n  o f  * 1 .5  

m e r s ' .  T h ere  r e m a in ,  h o w e v e r ,  many a p p a r e n t  c o n t r a d i c t i o n s  

w h ich  n eed  t o  be e x p l a i n e d  b e f o r e  t h e  f i r s t  h y p o t h e s i s

i . e .  t h a t  h o m o h a r r in g t o n in e  i n h i b i t s  a d d i t i o n  o f  t h e  

60S r ib o s o m a l  s u b u n i t  d u r in g  i n i t i a t i o n ,  i s  a c c e p t a b l e .
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The p r e s e n c e  o f  p o l y c i s t r o n i c  m e s s a g e s  i n  

HeLa c e l l s  c o u ld  e x p l a i n  t h e  r e s u l t s  f o r  

h o m o h a r r in g t o n in e  and v e r r u c a r i n  A . H ow ever , a s  

y e t ,  no p o l y c i s t r o n i c  m e s s a g e s  h a v e  b e e n  r e p o r t e d  i n  

e u k a r y o t e s  and su c h  a itiRNA w ou ld  be e x p e c t e d  t o  g i v e  

r i s e  t o  d im e r s  when HeLa c e l l s  w ere  t r e a t e d  w i t h  T -2  

t o x i n  u n d er  s i m i l a r  c o n d i t i o n s .  S i n c e  d im e r s  w ere  

n o t  o b s e r v e d ,  i t  i s  n e c e s s a r y  t o  h y p o t h e s i z e  a b in d in g  

s i t e  f o r  t h e  40S i n i t i a t i o n  c o m p le x  w h ich  i s  d i s t i n c t  

from  t h e  i n i t i a t i o n  c o d o n  and w h ich  i s  n o t  p r e s e n t  i n  

g l o b i n  mRNA. The a v a i l a b l e  e v i d e n c e  s u g g ^ s ,  h o w e v e r ,  

t h a t  t h e r e  i s  o n l y  one b i n d i n g  s i t e  on th e  mRNA o f  

e u k a r y o t e s  f o r  t h e  40S i n i t i a t i o n  c o m p le x  and t h i s  i s  

a t  t h e  AUG i n i t i a t i o n  c o d o n  ( B a r a l l e  and B r o w n le e ,  

1 9 7 8 ) .

No m echanism  f o r  t h e  f o r m a t i o n  o f  * 1 .5  mers* i n  

HeLa i s  o f f e r e d  h e r e ,  n or  any  e x p l a n a t i o n  f o r  t h e  

a b s e n c e  o f  * 1 .5  mers* i n  r e t i c u l o c y t e  l y s a t e s .  Such  

a m od el may o n l y  be  c o n s t r u c t e d  when f u r t h e r  

e x p e r i m e n t s  c o n c e r n i n g  t h e  n a t u r e  o f  * 1 .5  mers* a re  

c o m p l e t e d .  H ow ever , tw o f u r t h e r  p i e c e s  o f  e v i d e n c e  

s h o u ld  be c o n s i d e r e d  b e f o r e  c o n s t r u c t i o n  o f  any  m o d e l .  

F i r s t l y ,  a l t h o u g h  h o m o h a r r in g t o n in e  and t h o s e  

t r i c h o t h e c e n e s  w h ich  i n h i b i t  i n i t i a t i o n  do n o t  c a u s e  

t h e  f o r m a t i o n  o f  * 1 .5  mers* i n  r e t i c u l o c y t e s ,  su ch
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s t r u c t u r e s  a r e  r e p o r t e d  t o  be  fo rm ed  a f t e r  i n h i b i t i o n  

o f  r e t i c u l o c y t e  l y s a t e s  by  p a c t a m y c in  (K appen e t  a l . , 

1 9 7 3 ) .  P a c t a m y c in ,  u n l i k e  t h e  t r i c h o t h e c e n e s ,  

b in d s  t o  t h e  s m a l l  s u b u n i t  (M acd on a ld  and G o ld b e r g ,

1 9 7 0 )  and i n h i b i t s  f o r m a t i o n  o f  t h e  80S i n i t i a t i o n  

co m p le x  ( F r e s n o  e t  a l . , 1 9 7 6 ) .  S e c o n d l y ,  t h e  * 1 .5  mer* 

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

p a c t a m y c in  c a r r i e s ,  on t h e  80S monosome, th e  

d i p e p t i d e ,  M e t - V a l ,  (K appen and G o ld b e r g ,  1 9 7 3 ;  Cheung  

e t  a l . , 1 9 7 3 )  a s  d o  80S m onosom es i n h i b i t e d  by  

h o m o h a r r in g t o n in e  o r  T -2  t o x i n  ( F i g . 5 . 8 ) .
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6 . PROTEIN SYNTHESIS BY CELL-FREE EXTRACTS FROM
SACCHAROMYCES CEREVISIAE AND MYROTHECIUM VERRUCARIA.

6 . 1 .  MATERIALS •

R i b o n u c l e a s e  T% and E . c o l i  tRNA w ere  o b t a i n e d  from  

Sigm a C h e m ic a l  C o . ,  K in g s t o n - u p o n - T h a m e s , S u r r e y ,  U .K. 

A l l  o t h e r  c h e m i c a l s  w ere  o b t a i n e d  from  t h e  s o u r c e s  

m e n t io n e d  p r e v i o u s l y  ( S e c t i o n  3 . 2 ) .

6 . 2 .  INTRODUCTION

A lth o u g h  r e t i c u l o c y t e  l y s a t e s  p r o v i d e  a c o n v e n i e n t  

and a c t i v e  s y s t e m  i n  w h ich  t o  s t u d y  i n h i b i t o r s  o f  

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

d e s i g n e d  t o  e s t a b l i s h  r e l a t i o n s h i p s  b e tw e e n  th e  

s t r u c t u r e  and f u n c t i o n  o f  t h e  r ib o s o m e  b e c a u s e ,  c l e a r l y ,  

i t  i s  i m p o s s i b l e  t o  s e l e c t  m u ta n ts  w h ich  a r e  a n t i b i o t i c -  

r e s i s t a n t .  T h e r e f o r e ,  su ch  s t u d i e s  h a v e  c o n c e n t r a t e d  

e i t h e r  on mammalion c e l l s  i n  c u l t u r e  o r  on lo w e r  

e u k a r y o t e s ,  e . g .  y e a s t s  and f u n g i  w here  s e l e c t i o n  o f  

m u ta n ts  i s  a r e l a t i v e l y  s im p le  p r o c e s s .

The y e a s t  S a c c h a r o m y c e s  c e r e v i s i a e  i s  e s p e c i a l l y  

u s e f u l  f o r  s t u d i e s  on r ib o s o m e  s t r u c t u r e  i n  r e l a t i o n  

t o  a n t i b i o t i c  a c t i o n  s i n c e  i t s  b i o c h e m i s t r y  and  

g e n e t i c s  a r e  w e l l  d o c u m en te d .  A d d i t i o n a l l y ,  m u ta n ts  

o f  S a c c h a r o m y c e s  c e r e v i s i a e  w h ich  a r e  r e s i s t a n t  t o  

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

some c a s e s ,  t h e  a l t e r e d  g e n e  m apped. U n l ik e  c e l l - f r e e  

s y s t e m s  from  o t h e r  e u k a r y o t i c  s o u r c e s ,  no  s y s te m  h a s  

b e e n  d e v e lo p e d  from  y e a s t  w h ich  i s  c a p a b l e  o f  p e r f o r m in g  

a l l  t h e  s t e p s  i n  p r o t e i n  s y n t h e s i s ,  i . e .  i n i t i a t i o n .
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e l o n g a t i o n  and t e r m i n a t i o n .  H ow ever , f o l l o w i n g  th e  

p a p e r  by  N ir e n b e r g  and M a t t h a e i  (1 9 6 1 )  r e p o r t i n g  th e  

a b i l i t y  o f  p o l y u r i d y l i c  a c i d  ( p o l y  U) t o  d i r e c t  t h e  

s y n t h e s i s  o f  p o l y p h e n y l a l a n i n e  from  p h e n y l a l a n i n e  

i n  a c e l l - f r e e  e x t r a c t  o f  E s c h e r i c h i a  c o l i , many 

a u t h o r s  h a v e  r e p o r t e d  s i m i l a r  s y s t e m s  from  y e a s t .

I n  m o st  c a s e s ,  t h e s e  s y s t e m s  h a v e  b e e n  r a t h e r  i n a c t i v e .  

H e r e ,  t h e  p r o p e r t i e s  o f  a c e l l - f r e e  e x t r a c t  o f  y e a s t  

i s  r e p o r t e d .  The e x t r a c t  ( S - 3 0 )  i s  a t  l e a s t  t w i c e  a s  

a c t i v e  a s  an y  s y s t e m  u s i n g  S - 3 0  from  y e a s t  r e p o r t e d  

p r e v i o u s l y .  A d d i t i o n a l l y ,  i t  may be f r a c t i o n a t e d  t o  

r ib o s o m e s  and h i g h - s p e e d  s u p e r n a t a n t  (SlOO) w h ich  

a r e  j u s t  a s  a c t i v e  a s  t h e  o r i g i n a l  S - 3 0  when r e c o m b in e d .  

The p r o c e d u r e  f o r  p r o d u c t i o n  o f  y e a s t  c e l l - f r e e  e x t r a c t s  

h a s  b e e n  a p p l i e d ,  w i t h  o n l y  s m a l l  c h a n g e s  ( S e c t i o n s  

3 . 1 1  and 3 . 1 3 ) ,  t o  th e  p r o d u c t i o n  o f  c e l l - f r e e  e x t r a c t s  

o f  v a r i o u s  f u n g i .  T h e se  e x t r a c t s  a r e  a l s o  v e r y  

a c t i v e  i n  p o l y  U - d i r e c t e d  s y n t h e s i s  o f  p o l y p h e n y l a l a n i n e .

The y e a s t  s t r a i n s  u s e d  i n  t h i s  work w ere  S . c e r e v i s i a e  

Y i 6 6  ( t r p5  h i s 4  MAI) and T R i. -  S t r a i n  TR% i s  an 

a n t i b i o t i c - r e s i s t a n t  m u ta n t  w h ich  was i s o l a t e d  by  

s p r e a d in g  Y jgg  c e l l s  on  a g a r  p l a t e s  c o n t a i n i n g  5 

t r i c h o d e r m i n  (J im e n e z  e t  a l . , 1 9 7 5 ) .  T h i s  m u t a t io n  

a l s o  g a v e  r i s e  t o  r e s i s t a n c e  t o  a l l  o t h e r  1 2 ,1 3
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e p o x y  t r i c h o t h e c e n e s  and t h e  c h e m i c a l l y - u n r e l a t e d  

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

t h a t  a s i n g l e  m u t a t io n  was r e s p o n s i b l e  f o r  a l l  t h e  

c h a n g e s  i n  a n t i b i o t i c - s e n s i t i v i t y  (J im e n e z  e t  a l . ,

1 9 7 5 )  a s  was a l s o  t h e  c a s e  f o r  an i n d e p e n d e n t l y -  

i s o l a t e d  y e a s t - m u t a n t  (CLP^) s e l e c t e d  f o r  r e s i s t a n c e  

t o  t r i c h o d e r m i n  ( S c h i n d l e r  e t  a l . , 1 9 7 4 ) .

A s t r a i n  o f  t h e  fu n g u s  M y ro th ec iu m  v e r r u c a r i a  

was a l s o  s t u d i e d  h e r e .  As may be s e e n  from  T a b le  2 . 2 ,  

t h e  s t r a i n  was r e s i s t a n t  i n  v i v o  t o  a l l  t o x i n s ,  e x c e p t  

a z i d e ,  w ith  w h ich  i t  was c o n f r o n t e d .  The i m p e r f e c t  

fu n g u s  M .v e r r u c a r i a  i s  w id e s p r e a d  i n  n a t u r e ,  and i s  fo u n d  

commonly on d ea d  and d y i n g  l e a v e s  ( T u l l o c k ,  1 9 7 2 ) .  The 

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

on d r y  autumn p a s t u r e s ,  s t a c h y b o t r y o t o x i c o s e s  and  

d e n d r o d o c h i o t o x i c o s i s  c a n  be a s c r i b e d ,  i n  p a r t ,  t o  th e  

i n t a k e  o f  t o x i n s  p r o d u c e d  b y  M .v e r r u c a r i a  (M o rtim er  

e t  a l . ,  1 9 7 1 ) .  V a r io u s  s t r a i n s  o f  t h e  fu n g u s

h a v e  b e e n  shown t o  p r o d u c e  a w id e  r a n g e  o f  1 2 ,1 3  

e p o x y t r i c h o t h e c e n e s  o f  th e  v e r r u c a r i n  and r o r i d i n  su b 

g r o u p s  ( F i g s .  1 . 2  and 1 . 3 ) ,  v a r y i n g  o n l y  i n  t h e  n a t u r e  

o f  t h e  b r i d g e  s t r u c t u r e  b e tw e e n  c a r b o n s  4 and 15 o f  t h e  

t r i c h o t h e c e n e  r i n g  (H a r r i  e t  a l . ,  1 9 5 2 ;  Bohner e t  a l . , 

1 9 6 5 ;  T r a x l e r  e t  a l . ,  1 9 7 0 ) .  The p a r t i c u l a r  s t r a i n  o f  

M .v e r r u c a r i a  u s e d  h e r e  h a s  n o t  b e e n  shown t o  p r o d u c e  

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



FIGURE 6.1 Activity of a Yeast S-30 Extract 
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Legend to  F ig u r e  6 . 1

A c t i v i t y  o f  a Y e a s t  S - 3 0  E x t r a c t  i n  P r o t e i n  

S y n t h e s i s

A m ix t u r e  f o r  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  

( S e c t i o n  3 . 1 4 )  c o n t a i n i n g  y e a s t  S - 3 0  (A260= 42  

f i n a l  c o n c e n . )  was i n c u b a t e d  a t  25^C i n  t h e  

p r e s e n c e  ( • )  o r  a b s e n c e  ( o )  o f  P o l y  U. S a m p les  

(1 0  ^ 1 )  w ere  rem oved and p r e c i p i t a t e d  w i t h  TCA. 

R a d i o a c t i v i t y  i n  t h e  p r e c i p i t a t e s  was e s t i m a t e d  

by 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  ( S e c t i o n  3 . 1 6 ) .
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m e t à b o l i t i e s  and t r i c h o t h e c e n e s  may be am on gst  t h e s e  

m e t a b o l i t e s  ( S e c t i o n  2 . 5 ) .

C e l l - f r e e  e x t r a c t s  w ere  p r e p a r e d  from  M .v e r r u c a r i a  

i n  o r d e r  t o  s t u d y  a n t i b i o t i c  a c t i v i t y  i n  v i t r o .

6 . 3 .  PROTEIN SYNTHESIS BY YEAST S - 3 0  EXTRACTS

An i n c u b a t i o n  m ix t u r e  c o n t a i n i n g  f r e s h l y - p r e p a r e d  

y e a s t ,  s t r a i n  Y^^g ,̂ S - 3 0  i n c o r p o r a t e d  7 0 ,0 0 0  cpm o f

p h e n y l a l a n i n e  i n t o  T C A - p r e c i p i t a b l e  m a t e r i a l  i n  

a 1 0  sa m p le  i n  20 -  30 m in u t e s  a t  25°C ( F i g . 6 . 1 ) .

T h is  r e p r e s e n t s  a p p r o x i m a t e l y  20 m o l e c u l e s  o f  

p h e n y l a l a n i n e  i n c o r p o r a t e d  p e r  r ib o s o m e .  T h ere  was no  

f u r t h e r  i n c o r p o r a t i o n  a f t e r  t h i r t y  m in u t e s  ( F i g . 6 . 1 )  

w h ich  may be due e i t h e r  t o  a s h o r t a g e  o f  a v a i l a b l e

p h e n y l a l a n i n e  (70% o f  added ^ ^ ^ C J 7 p h e n y l a l a n i n e  

had b e e n  i n c o r p o r a t e d  a l r e a d y  i n t o  p o l y p h e n y l a l a n i n e )  

or  a s h o r t a g e  o f  e n e r g y .  A lth o u g h  a  l a r g e  e x c e s s  o f  

ATP and PEP w ere  p r e s e n t  i n  t h e  i n c u b a t i o n  m i x t u r e ,  i t  i s  

p o s s i b l e  t h a t  t h e y  w ere  rem oved  by a d e n o s in e  

t r i p h o s p h a t a s e s  ( A T P a s e s ) .  I n c o r p o r a t i o n  i n  th e  a b s e n c e  

o f  p o l y  U ( e n d o g e n o u s  s y n t h e s i s )  was a b o u t  5 0 0  cpm i n  

s i x t y  m in u t e s  ( F i g . 6 . 1 ) .

The number o f  m o l e c u l e s  o f  p h e n y l a l a n i n e  i n c o r p o r a t e d  

i n t o  p o l y p h e n y l a l a n i n e  p e r  r ib o s o m e  i s  t a k e n  n o r m a l l y  a s  

a m easu re  o f  t h e  e f f i c i e n c y  o f  y e a s t  S - 3 0  e x t r a c t s  i n  

p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s .  By t h i s  c r i t e r i o n ,  

d i l u t i o n  o f  t h e  y e a s t  S - 3 0  t o  h a l f  i t s  o r i g i n a l
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c o n c e n t r a t i o n  i n c r e a s e d  t h e  e f f i c i e n c y  t o  a p p r o x im a t e ly  

1 . 5  t i m e s  t h e  v a l u e  g i v e n  a b o v e  ( d a t a  n o t  g i v e n ) .

H ow ever , o v e r a l l  s y n t h e s i s  was d e c r e a s e d  a t  t h e  same 

t i m e .  I n  a l l  e x p e r i m e n t s  r e p o r t e d  h e r e  t h e  f i n a l  

r ib o s o m e  c o n c e n t r a t i o n  o f  t h e  i n c u b a t i o n  m i x t u r e s  

was a d j u s t e d  t o  1 . 5  -  2 m g /m l.  T h i s  c o n c e n t r a t i o n  

was c h o s e n  a s  a com p rom ise  b e tw e e n  e f f i c i e n c y  o f  

t h e  i n c u b a t i o n  m ix t u r e  and t o t a l  i n c o r p o r a t i o n  i n t o  

p o l y p h e n y l a l a n i n e .  I n  c o m p a r is o n  w i t h  o t h e r  s y s t e m s ,  

th e  i n c u b a t i o n  m ix t u r e  w i t h  y e a s t  S - 3 0  was a t  l e a s t  

tw o t i m e s  a s  e f f i c i e n t  a s  t h a t  o f  Van d e r  Z e i j s t  e t  a l . ,  

( 1 9 7 3 )  and f o u r  t i m e s  b e t t e r  th a n  t h a t  o f  S i s s o n s  

( 1 9 7 4 ) .

The d a t a  g i v e n  ab o v e  r e p r e s e n t  t h e  maximum 

a c t i v i t i e s  o f  y e a s t  e x t r a c t s .  C o n t in u e d  f r e e z i n g  

and th a w in g  o f  t h e  e x t r a c t s  c a u s e d  a d e c r e a s e  i n  t h e i r  

a c t i v i t i e s .  A d d i t i o n a l l y ,  some y e a s t  e x t r a c t s  w ere  

l e s s  a c t i v e  th a n  o t h e r s  e v e n  when f r e s h l y - p r e p a r e d .  

C o n s e q u e n t l y ,  many o t h e r  e x p e r i m e n t s  w ere  p e r fo r m e d  

w it h  l e s s  a c t i v e  e x t r a c t s .  H ow ever , th e  r e s u l t s ,  r e p o r t e d  

i n  t h i s  d i s s e r t a t i o n ,  w ere  u n a f f e c t e d  by t h e  a c t i v i t y  

o f  t h e  y e a s t  e x t r a c t s .

C o n d i t i o n s  o f  t h e  y e a s t  i n c u b a t i o n  m i x t u r e s  w ere  

v a r i e d  i n  o r d e r  t o  d e t e r m in e  optimum i o n  c o n c e n t r a t i o n s  

f o r  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s .  T h ere  was 

fo u n d  t o  be  a b ro a d  optimum f o r  K+ c o n c e n t r a t i o n
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Legend t o  F i g u r e  6 . 2

E f f e c t  o f  Ion  C o n c e n t r a t i o n  on P o ly  U - D i r e c t e d  

P r o t e i n  S y n t h e s i s  by Y e a s t

M ix t u r e s  f o r  P o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  

( S e c t i o n  3 . 1 4 )  c o n t a i n i n g  y e a s t  S - 3 0  (A260 = 42  

f i n a l  c o n c e n . )  and ( a )  14mM-Mg^* b u t  v a r i o u s  

c o n c e n t r a t i o n s  o f  ; (b )  95mM-K* b u t  v a r i o u s

c o n c e n t r a t i o n s  Mg^* (o  o )  o r  95mM-K^, ImM-

s p e r m id in e  b u t  v a r i o u s  c o n c e n t r a t i o n s  o f  Mg^*

( o  o )  w e re  i n c u b a t e d  a t  25^C f o r  60 m in s-

S a m p les  (1 0  jjD  w e re  p r e c i p i t a t e d  w i t h  TCA and  

r a d i o a c t i v i t y  i n  t h e  p r e c i p i t a t e s  e s t i m a t e d  by  

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  ( S e c t i o n  3 . 1 6 ) .
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b e tw e e n  60 and 1 3 0  mM K'*’ ( F i g .  6 . 2 a ) .  Ammonium 

i o n s  c o u ld  be s u b s t i t u t e d  e i t h e r  p a r t i a l l y  o r  

c o m p l e t e l y  f o r  K'*' w i t h o u t  l o s s  o f  a c t i v i t y  ( d a t a  n o t  

g i v e n ) .  The optimum Mg2+ c o n c e n t r a t i o n  was 20 mM 

a l t h o u g h  t h i s  c o u l d  be lo w e r e d  t o  16 mM by a d d i t i o n  

o f  1 m M -sperm id in e  t r i c h l o r i d e  ( F i n a l  c o n c e n t r a t i o n ,  

F i g . 6 . 2 b ) .  A d d i t i o n  o f  s p e r m id in e  a l s o  

s t i m u l a t e d  maximum i n c o r p o r a t i o n  i n  th e  i n c u b a t i o n  

m ix t u r e  ( F i g . 6 . 2 b ) .  A lth o u g h  t h e  optimum m agnesium  

i o n  c o n c e n t r a t i o n  was 18 -  20 mM, m o st  i n c u b a t i o n s  w i t h  

y e a s t  w ere don e  a t  14  mM ( e . g .  F i g . 6 . 1 ) .  T h is  

c o n c e n t r a t i o n  d o e s  n o t  lo w e r  t h e  a c t i v i t y  o f  t h e  y e a s t

i n c u b a t i o n  m i x t u r e s  by  v e r y  much and i s  much c l o s e r

t o  th e  optimum f o r  M .v e r r u c a r i a  i n c u b a t i o n  m i x t u r e s  

( F i g . 6 . 4 ) .

C e l l - f r e e  e x t r a c t s  from  y e a s t ,  s t r a i n  TR]_, w ere  

e q u a l l y  a c t i v e  i n  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  

and s h a r e d  t h e  same i o n i c  o p t im a  a s  t h e  p a r e n t  s t r a i n

Y i 6 6  ( d a t a  n o t  g i v e n ) .

Y e a s t  c e l l - f r e e  e x t r a c t s  w ere  u n a b le  t o  t r a n s l a t e  

add ed  B ro m eg ra ss  m o s a ic  v i r u s  RNA (BMV RNA) when 

in c u b a t e d  u n d e r  t h e  c o n d i t i o n s  e m p lo y ed  f o r  m e s s a g e -  

d e p e n d e n t  w h e a t  germ i n c u b a t i o n  m i x t u r e s  (S h ih  and  

K a e s b e r g ,  1 9 7 3 ) .



FIGURE 6.3 Activity of M.verrucaria S-30 Extract 
in Protein Synthesis
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Legend t o  F i g u r e  6 . 3

A c t i v i t y  o f  M .v e r r u c a r i a  S - 3 0  E x t r a c t  i n  

P r o t e i n  S y n t h e s i s

M ix t u r e s  f o r  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  

( S e c t i o n  3 . 1 4 )  c o n t a i n i n g  M .v e r r u c a r ia  S - 3 0  e x t r a c t  

(A 260 = 36 f i n a l  c o n c e n . )  w ere  i n c u b a t e d  a t  25°C  

i n  t h e  p r e s e n c e  ( • )  o r  a b s e n c e  ( o )  o f  P o l y  U. 

S a m p les  (1 0  p i )  w e re  p r e c i p i t a t e d  w i t h  TCA and  

r a d i o a c t i v i t y  i n  t h e  p r e c i p i t a t e s  e s t i m a t e d  by  

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  ( S e c t i o n  3 . 1 6 ) .



FIGURE 6.4 Effect of Mg2+ Concenfrafion on 
Poly U-Direcfed Protein Synthesis 
by M.verrucaria
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Legend t o  ^ i g u r e  6 . 4

E f f e c t  o f  Mg^* C o n c e n t r a t i o n  on P o l y  U - D i r e c t e d  

P r o t e i n  S y n t h e s i s  by M .v e r r u c a r ia

M ix tu r e s  f o r  P o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  

( S e c t i o n  3 . 1 4 )  c o n t a i n i n g  M .v e r r u c a r ia  S - 3 0  e x t r a c t  

(A260 = 32 f i n a l  c o n c e n . )  and v a r i o u s  c o n c e n t r a t i o n s  

o f  Mg^* w e re  i n c u b a t e d  a t  25^C f o r  1 0  m i n u t e s .  

S a m p les  (1 0  ^ 1 )  w e re  p r e c i p i t a t e d  w i t h  TCA and  

r a d i o a c t i v i t y  i n  t h e  p r e c i p i t a t e s  e s t i m a t e d  by  

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  ( S e c t i o n  3 . 1 6 ) .
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6 . 4 .  PROTEIN SYNTHESIS BY M.VERRUCARIA S - 3 0  EXTRACTS

E x t r a c t s  from M . v e r r u c a r i a  c e l l s  were  v e r y  a c t i v e  

i n  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s .  An i n c u b a t i o n  

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

S - 3 0  i n c o r p o r a t e d  3 9 5 0 0  cpm o f  Z” ^^CJ7 p h e n y l a l a n i n e  

i n t o  T C A - p r e c i p i  t a b l e  m a t e r i a l  i n  a 10  }iL  sam ple  i n  

6 0  m i n u t e s  a t  25°C ( F i g . 6 . 3 ) .  T h i s  r e p r e s e n t s  an  

i n c o r p o r a t i o n  o f  13 m o l e c u l e s  o f  p h e n y l a l a n i n e

i n t o  p d l y p h e n y l a l a n i n e  p e r  r i b o s o m e .  I n  t h e  a b s e n c e  

o f  p o l y  U, t h e  i n c u b a t i o n  m i x t u r e  i n c o r p o r a t e d  a b o u t  

1 0 0  cpm ( i n  a 10  s a m p l e )  i n t o  T C A - p r e c i p i t a b l e  

m a t e r i a l  i n  60  m i n u t e s  ( F i g . 6 . 3 ) .

As a com p rom ise  b e t w e e n  t h e  t o t a l  amount o f  

Z” ^'^CZ7 p h e n y l  a l a n i n e  i n c o r p o r a t e d  i n t o  T C A - p r e c i p i t a b l e  

m a t e r i a l  and t h e  ’ e f f i c i e n c y ’ o f  i n c o r p o r a t i o n ,  t h e  

r i b o s o m e  c o n c e n t r a t i o n  i n  t h e  i n c u b a t i o n  m i x t u r e s  was  

a d j u s t e d  t o  1 . 5  -  2 m g /m l .  The a c t i v i t y  o f  t h e  

e x t r a c t s  v a r i e d  from one  p r e p a r a t i o n  t o  a n o t h e r .

The K'*' ( o r  NĤ '*’ ) c o n c e n t r a t i o n  o f  t h e  i n c u b a t i o n  

m i x t u r e s  was f o u n d  t o  be optimum b e t w e e n  60  and 1 3 0  mM 

( d a t a  n o t  g i v e n ) .  The Mg '̂*’ c o n c e n t r a t i o n  was optimum  

a t  12 mM ( F i g . 6 . 4 )  b u t  i n  a l l  o t h e r  e x p e r i m e n t s  r e p o r t e d  

h e r e  t h e  Mĝ "** c o n c e n t r a t i o n  was 14  mM ( a s  i t  was f o r  

y e a s t  i n c u b a t i o n  m i x t u r e s ) .

6 . 5 .  FRACTIONATION OF YEAST S - 3 0  EXTRACTS

R ib s o m e s  and SlOO w ere  p r e p a r e d  from y e a s t  S - 3 0
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by a m o d i f i c a t i o n  o f  t h e  h i g h  s a l t - w a s h  p r o c e d u r e  o f

B a t t a n e r  and V azquez  ( 1 9 7 1 ) .  The S - 3 0  was c e n t r i f u g e d

a t  5 0 , 0 0 0  r . p . m .  t h r o u g h  30% ( ^ / v )  s u c r o s e  c o n t a i n i n g

’h i g h  s a l t  b u f f e r ’ ( 1 0  m M - T r i s . a c e t i c  a c i d  ( p H 7 . 6 ) ,

IM-ammonium a c e t a t e ,  lOOmM-magnesium a c e t a t e  and 3mM-2-

m e r c a p t o e t h a n o l , c . f .  0 .5M -  NH4 CI f o r  B a t t a n e r  and V a z q u e z ,

1 9 7 1 ) .  The s u p e r n a t a n t  CslOO) was rem oved  and d i a l y s e d
o

a g a i n s t  ’e u k a r y o t i c  d i a l y s i s  b u f f e r ’ and t h e  r i l^som es  w ere  

r e s u s p e n d e d  i n  ’ h i g h  s a l t  b u f f e r ’ f o r  f u r t h e r  w a s h i n g  

( S e c t i o n  3 . 1 0 ) .  A f t e r  h i g h  s a l t - w a s h i n g ,  membraneous  

m a t e r i a l  on t h e  s u r f a c e  o f  t h e  r i b o s o m e  p e l l e t  c o u l d  be  

rem oved e a s i l y  l e a v i n g  a c o l o u r l e s s  r ib o s o m e  p r e p a r a t i o n .

N e i t h e r  r i b o s o m e s  nor  SlOO p r e p a r e d  a s  above  w ere  

a c t i v e  i n  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  u n l e s s  

co m b in ed  t o g e t h e r  ( F i g . 6 . 5 a ) .  An i n c u b a t i o n  m i x t u r e  

c o n t a i n i n g  b o t h  h i g h  s a l t - w a s h e d  r i b o s o m e s  and SlOO 

i n c o r p o r a t e d  6 0 , 0 0 0  r . p . m .  i n t o  a 1 0  juL s a m p le  i n  60  

m i n u t e s  a t  25^C ( F i g . 6 . 5 a ) .  T h i s  r e p r e s e n t s  an  

i n c o r p o r a t i o n  o f  16 m o l e c u l e s  o f  p h e n y l a l a n i n e

i n t o  p o l y p h e n y l a l a n i n e  p e r  r i b o s o m e .  An i n c r e a s e  i n  

t h e  ’ e f f i c i e n c y ’ o f  t h e  s y s t e m  ( a s  d e f i n e d  i n  S e c t i o n  

6 . 2 ) c o u l d  be  a c h i e v e d  by l o w e r i n g  t h e  r i b o s o m e  

c o n c e n t r a t i o n  i n  t h e  i n c u b a t i o n  m i x t u r e  b u t  a s  t h i s  a l s o  

r e s u l t e d  i n  a d e c r e a s e  i n  t o t a l  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 C A - p r e c i p i t a b l e  m a t e r i a l  t h e  r i b o s o m e



FIGURE 6.5 Activity of Yeast Ribosomes and
S-100 in Protein Synthesis
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Legend t o  F i g u r e  6 . 5

A c t i v i t y  o f  Y e a s t  R ib o so m e s  and S - 1 0 0  i n  P r o t e i n

S y n t h e s i s

M i x t u r e s  f o r  P o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  

( S e c t i o n  3 . 1 4 )  c o n t a i n i n g  ( a )  h ig h  s a l t - w a s h e d  y e a s t  

r i b o s o m e s  (A260 = 1 9 . 5  f i n a l  c o n c e n .  ; S e c t i o n  3 . 1 0 )  

o r  (b )  *crude* r i b o s o m e s  (A260 = 21 f i n a l  c o n c e n .  ; 

S e c t i o n  3 . 1 0 )  w e r e  i n c u b a t e d  a t  25^C i n  t h e  p r e s e n c e  

o r  a b s e n c e  o f  y e a s t  SlOO. S a m p le s  (1 0  j J l )  w e r e  

p r e c i p i t a t e d  w i t h  TCA and r a d i o a c t i v i t y  i n  t h e  

p r e c i p i t a t e s  e s t i m a t e d  by 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  

( S e c t i o n  3 . 1 6 ) .

( a )  ♦ ,  p l u s  r i b o s o m e s ;  o ,  r i b o s o m e s  and y e a s t  SlOO.

(b )  ■ , p l u s  r i b o s o m e s ;  ▲ , r i b o s o m e s  and y e a s t  SlOO.
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c o n c e n t r a t i o n  i n  t h e  i n c u b a t i o n  m i x t u r e  was a d j u s t e d  t o  

1 . 5 - 2  m g /m l .  At  b e s t ,  t h e  e f f i c i e n c y  o f  t h e  

i n c u b a t i o n  m i x t u r e s  was a s  good  a s  t h a t  a c h i e v e d  b y  

o t h e r s  ( J i m e n e z  e t  a l . ,  1 9 7 5 ) .

The a c t i v i t y  o f  i n c u b a t i o n  m i x t u r e s  was f o u n d  t o  

dep en d  upon t h e  b a t c h  o f  r i b o s o m e s  and SlOO u s e d  and  

t h e  number o f  t i m e s  t h e y  had b e e n  f r o z e n  and th aw ed  

p r i o r  t o  u s e .  The amount o f  SlOO added t o  t h e  

i n c u b a t i o n  m i x t u r e s  was v a r i e d  i n  o r d e r  t o  o b t a i n  g r e a t e s t  

s y n t h e t i c  a c t i v i t y .  I n  g e n e r a l ,  b e s t  s y n t h e s i s  was  

o b t a i n e d  when 10  o f  SlOO were  p r e s e n t  i n  50 p i  o f  

i n c u b a t i o n  m i x t u r e  (SlOO had an A260 o f  1 5 - 1 6  and 1 . 5  ml 

was o b t a i n e d / g r a m  o f  c e l l s ) .

When r i b o s o m e s  were  p r e p a r e d  from y e a s t  S - 3 0  

e x t r a c t s  by  c e n t r i f u g a t i o n  t h r o u g h  30% ( ^ / v )  s u c r o s e  

c o n t a i n i n g  ' e u k a r y o t i c  d i a l y s i s  b u f f e r * ,  t h e y  r e t a i n e d  

c o n s i d e r a b l e  a c t i v i t y  i n  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  

i n  t h e  a b s e n c e  o f  SlOO ( F i g . 6 . 5 b ) .  I n  c o n t r a s t ,  t h e  

SlOO p r e p a r e d  by t h i s  method r e t a i n e d  l i t t l e  a b i l i t y  t o  

s t i m u l a t e  r i b o s o m e s  i n  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  

( d a t a  n o t  g i v e n ) .  R ib o s o m e s  p r e p a r e d  i n  t h i s  way 

c o u l d  be made d e p e n d e n t  up on  added SlOO by w a s h i n g  i n  

h i g h  s a l t .

6 . 6 . FRACTIONATION OF M.VERRUCARIA S - 3 0  EXTRACTS

R ib o so m e s  and SlOO were  p r e p a r e d  from M . v e r r u c a r i a



FIGURE 6.6 Activ ity of Mverrucaria Ribosomes
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Legend f o r  F i g u r e  6 . 5

A c t i v i t y  o f  M . v e r r u c a r i a  R ib o so m es  i n  P r o t e i n  

S y n t h e s i s

A m i x t u r e  f o r  p o l y  U - d i r e c t e d  p r q t e i n  s y n t h e s i s  

( S e c t i o n  3 . 1 4 )  c o n t a i n i n g  h i g h  s a l t - w a s h e d  r i b o s o m e s  

from M . v e r r u c a r i a  (A260 = 22 f i n a l  c o n c e n . j S e c t i o n  3 . 1 2 )  

was i n c u b a t e d  a t  30^C e , p l u s  y e a s t  SlOO o r  o ,  

w i t h o u t  y e a s t  SlOO. S a m p le s  (5  ;j 1) w e re  

p r e c i p i t a t e d  w i t h  TCA and r a d i o a c t i v i t y  i n  t h e  

s a m p l e s  was e s t i m a t e d  by 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  

( S e c t i o n  3 . 1 6 ) .
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S - 3 0  e x t r a c t s  e x a c t l y  a s  d e s c r i b e d  f o r  y e a s t  S - 3 0 .

The s u p e r n a t a n t  (SlOO) d e r i v e d  from t h i s  p r o c e d u r e  was  

fo u n d  t o  be i n a c t i v e  s i n c e  i t  w ould  n o t  s t i m u l a t e  

p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  i n  i n c u b a t i o n  m i x t u r e s  

c o n t a i n i n g  e i t h e r  h i g h  s a l t - w a s h e d  M . v e r r u c a r i a  o r  

y e a s t  r i b o s o m e s .  H ow ever ,  M . v e r r u c a r i a  r i b o s o m e s  were  

v e r y  a c t i v e  i n  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  when  

com b in ed  w i t h  y e a s t  SlOO ( p r e p a r e d  a s  i n  S e c t i o n  6 . 6 ) .

The r i b o s o m e s  o f  M . v e r r u c a r i a  i n c o r p o r a t e d  4 0 , 0 0 0  c . p . m .  

o f  p h e n y l a l a n i n e  i n t o  T C A - p r e c i p i t a b l e  m a t e r i a l  i n

a 5 p i  sa m p le  a t  25°C ( F i g . 6 . 6 ) w hich  r e p r e s e n t s  19  

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

Ribosome c o n c e n t r a t i o n s  i n  t h e  i n c u b a t i o n  m i x t u r e s  were  

a d j u s t e d  t o  1 . 5  -  2 mg/ml and y e a s t  SlOO was u s e d  a t  

1 0  ja l  p e r  5 0 ^ 1  o f  i n c u b a t i o n  m i x t u r e .

I n  c o n t r a s t  t o  ' c r u d e *  y e a s t  r i b o s o m e s ,  r i b o s o m e s  

p r e p a r e d  from  M . v e r r i c a r i a  S - 3 0  e x t r a c t s  w i t h o u t  

w a s h in g  i n  h i g h  s a l t  ( S e c t i o n  3 . 1 0 )  w ere  u n a b l e  t o  

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

SlOO. They  were  a l s o  r a t h e r  i n a c t i v e  e v e n  w i t h  added  

y e a s t  SlOO u n l e s s  w ash ed  i n  h i g h  s a l t  p r e v i o u s l y .

6 . 7 .  INHIBITION OF POLY U-DIRECTED PROTEIN SYNTHESIS IN  
YEAST AND M.VERRUCARIA EXTRACTS.

The e f f e c t s  o f  v a r i o u s  a n t i b i o t i c s  on p o l y  U - d i r e c t e d  

p r o t e i n  s y n t h e s i s  by  y e a s t  ( s t r a i n s  Y^gg and TR^) and



INHIBITION OF INCUBATION MIXTURES CONTAINING EITHER 
YEAST OR M.VERRUCARIA S - 3 0  EXTRACTS

A n t i b i o t i c F i n a l
C o n c e n t r a t i o n

p g / m l

% I n h i b i t i o n o f  S y n t h e s i s

Y e a s t  ( Y j 6 6 ) 
S - 3 0

M . v e r r u c a r i a
S - 3 0

A lp h a  S a r c i n 1 0 0 99% 94%

A n i s o m y c i n 3 82% 6 %

C y c l o h e x i m i d e 2 0 0 98% 91%

H omoh a r r i n g t o n i ne 30 62% 1 0 %

S p a r s o m y c i n 50 93% 94%

T -2  T o x i n 1 0 74% 7%

V e r r u c a r i n  A 30 69% 33%

TABLE 6 . 7



Legend t o  T a b le  5 . 7

I n h i b i t i o n  o f  I n c u b a t i o n  M i x t u r e s  c o n t a i n i n g  

e i t h e r  Y e a s t  o r  M . v e r r u c a r i a  S - 3 0  e x t r a c t s

M i x t u r e s  f o r  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  

( S e c t i o n  3 . 1 4 )  c o n t a i n i n g  e i t h e r  y e a s t  o r  

M . v e r r u c a r i a  S - 3 0  e x t r a c t s  (A260 = 3 6 ,  f i n a l  c o n c e n . )  

w e re  i n c u b a t e d  i n  t h e  p r e s e n c e  o f  v a r i o u s  

c o n c e n t r a t i o n s  o f  a n t i b i o t i c s  a t  25^C. S a m p le s  

(5  ^ 1 )  w e re  removed a t  1 0 ,  2 0 ,  3 0 ,  40  and 60 m i n u t e s ,  

p r e c i p i t a t e d  w i t h  TCA and r a d i o a c t i v i t y  i n  t h e  

p r e c i p i t a t e s  e s t i m a t e d  by 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  ( S e c t i o n  3 . 1 6 ) .

The p e r c e n t a g e  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  

g i v e n  h e r e  i s  an a v e r a g e  v a l u e  f o r  t h e  60 m in .  

p e r i o d  when compared t o  an u n i n h i b i t e d  m i x t u r e .



FIGURE 6.8 Effect of Anisomycin on PolyU-
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Legend t o  F i g u r e  6 . 8

E f f e c t  o f  A n i s o m y c in  on P o l y  U - d i r e c t e d  P r o t e i n

S y n t h e s i s  .

M i x t u r e s  f o r  P o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s

( S e c t i o n  3 . 1 4 )  c o n t a i n i n g  y e a s t  s t r a i n s

TR  ̂ o r  M.v e r r u c a r i a  S - 3 0  e x t r a c t s  (A260 = 3 6 ,  f i n a l

c o n c e n . )  w e re  i n c u b a t e d  i n  t h e  p r e s e n c e  o f  v a r i o u s

c o n c e n t r a t i o n s  o f  a n i s o m y c i n  a t  25°C .  S a m p le s

(5  )j1 ) w e r e  removed a t  1 0 ,  2 0 ,  3 0 ,  40  and 60

m i n u t e s ,  p r e c i p i t a t e d  w i t h  TCA and r a d i o a c t i v i t y

i n  t h e  p r e c i p i t a t e s  e s t i m a t e d  by 1 i q u i d - s c i n t i 1 l a t i o n

c o u n t i n g  ( S e c t i o n  3 . 1 6 ) .  The p e r c e n t a g e  a c t i v i t y

i n  p r o t e i n  s y n t h e s i s  g i v e n  h e r e  i s  an a v e r a g e  v a l u e

f o r  t h e  60 m in .  p e r i o d  compared t o  an u n i n h i b i t e d

m i x t u r e .

# xlrbjoYrO I

0

«
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M.v e r r u c a r i a  c e l l - f r e e  e x t r a c t s  were  i n v e s t i g a t e d .

No d a t a  f o r  i n h i b i t i o n  o f  i n c u b a t i o n  m i x t u r e s  c o n t a i n i n g  

s t r a i n  TR  ̂ S - 3 0  e x t r a c t s  a r e  g i v e n  ( e x c e p t  f o r  t h e  

e f f e c t  o f  a n i s o m y c i n ,  F i g . 6 . 8 ) b e c a u s e  su ch  d a t a  h a s  

a l r e a d y  b e e n  p u b l i s h e d  ( J i m e n e z  e t  a l . ,  1 9 7 5 ) .

I n c u b a t i o n  m i x t u r e s  c o n t a i n i n g  s t r a i n  o r

M . v e r r u c a r i a  S - 3 0  e x t r a c t s  were  e q u a l l y  s e n s i t i v e  t o  

t h e  f o l l o w i n g  a n t i b i o t i c s :  a l p h a  s a r c i n ,  c y c l o h e x i m i d e  

and s p a r s o m y c i n  ( T a b l e  6 . 7 ) .  H owever ,  u n l i k e  s t r a i n  

Y i 5 5 , M . v e r r u c a r i a  S - 3 0  e x t r a c t s  were  r e s i s t a n t  b o t h  

t o  a n t i b i o t i c s  o f  t h e  1 2 , 1 3  e p o x y t r i c h o t h e c e n e  f a m i l y  

and t h e  c h e m i c a l l y - u n r e l a t e d  a n t i b i o t i c s  a n i s o m y c i n  and 

h o m o h a r r i n g t o n i n e  ( T a b l e  6 . 7 ) .  A l t h o u g h  M . v e r r u c a r i a  

S - 3 0  e x t r a c t s  w ere  r e s i s t a n t  t o  h i g h  c o n c e n t r a t i o n s  o f  

a n i s o m y c i n ,  e x t r a c t s  o f  s t r a i n  TR  ̂ showed r e s i s t a n c e  o n l y  

when lo w  l e v e l s  o f  a n i s o m y c i n  were u s e d  ( F i g . 6 . 8 ) 

i n d i c a t i n g  t h a t  r e s i s t a n c e  i n  t h e s e  two o r g a n i s m s  was  

n o t  e f f e c t e d  i n  t h e  same way.

The r e s i s t a n c e  o f  M . v e r r u c a r i a  S - 3 0  e x t r a c t s  t o  

i n h i b i t i o n  was i n v e s t i g a t e d  f u r t h e r  by e x a m i n i n g  t h e  e f f e c t  

o f  t h e  a n t i b i o t i c s  on y e a s t  and M . v e r r u c a r i a  r i b o s o m e s  

when com bin ed  w i t h  y e a s t  SIOO. R ib o so m e s  were  

c o n f r o n t e d  w i t h  a n t i b i o t i c  p r i o r  t o  t h e  a d d i t i o n  o f  t h e  

r e m a in d e r  o f  t h e  i n c u b a t i o n  m i x t u r e  and ,  i n  t h i s  c a s e ,  

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

r i b o s o m e s  was i n c r e a s e d  i n  c o m p a r i s o n  t o  i n h i b i t i o n  o f



FIGURE 6.9 Inhibition of PolyU- Directed
Protein Synthesis by T-2 Toxin
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Legend t o  F i g u r e  6 . 9

I n h i b i t i o n  o f  P o l y  U - D i r e c t e d  P r o t e i n  S y n t h e s i s  

by T-2  T o x in

M i x t u r e s  f o r  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  

( S e c t i o n  3 . 1 4 )  c o n t a i n i n g  e i t h e r  y e a s t  s t r a i n  

(A260 = 19 f i n a l  c o n c e n . )  o r  M . v e r r u c a r i a  (A260 = 22 

f i n a l  c o n c e n . )  r i b o s o m e s  and y e a s t  SIOO w e r e  i n c u b a t e d  

a t  2 5 ° C .  T-2  t o x i n  ( 1 0  ^ g / m l  f i n a l  c o n c e n . )  w as  mixed

w i t h  t h e  r i b o s o m e s  p r i o r  t o  t h e  a d d i t i o n  o f  SIOO.  

S am p les  ( 5 ^ 1 )  w e r e  p r e c i p i t a t e d  w i t h  TCA and  

r a d i o a c t i v i t y  i n  t h e  p r e c i p i t a t e s  e s t i m a t e d  by 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  ( S e c t i o n  3 . 1 6 ) .

o------ o ,  c o n t r o l  w i t h  y e a s t  s t r a i n  Y^gg r i b o s o m e s ;

o ------o ,  y e a s t  s t r a i n  Ŷ ^gg r i b o s o m e s  p l u s  T-2  t o x i n ;

e ------ e , c o n t r o l  w i t h  M . v e r r u c a r i a  r i b o s o m e s ;

e  M . v e r r u c a r i a  r i b o s o m e s  p l u s  T-2  t o x i n .



TABLE 6 . 1 0

INHIBITION OF INCUBATION MIXTURES CONTAINING EITHER 

YEAST OR M.VERRUCARIA RIBOSOMES AND YEAST SIOO

A n t i b i o t i c . F i n a l  
c o n c e n t r a t i o n  

p g / m l

% I n h i b i t i o n  o f  S y n t h e s i s

^ 1 6 6  R TR^ R M . v e r r u c a r i a  
. .R

A n i s o m y c i n 3 79% 39% 18%

A n i s o m y c i n 1 0 84% 64% 18%

H omoh a r r i  n g t o n i ne 1 0 46% - 1 0 %

Homoh a r r i  n g t o n i n e 30 62% - 14.5%

T -2  t o x i n 2 97% 65% 0.5%

T -2  t o x i n 1 0 99% 78% 0.5%

V e r r u c a r i n  A 30 81% - 9%

R R ib o s o m e s



Legend t o  T a b le  6 . 1 0

I n h i b i t i o n  o f  I n c u b a t i o n  M i x t u r e s  C o n t a i n i n g

E i t h e r  Y e a s t  o r  M . v e r r u c a r i a  R ib o so m es  and Y e a s t
SIOO.

M i x t u r e s  f o r  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  

( S e c t i o n  3 . 1 4 )  c o n t a i n i n g  e i t h e r  y e a s t  o r  M . v e r r u c a r i a  

r i b o s o m e s  (A260 = 26 f i n a l  c o n c e n . )  and y e a s t  

s t r a i n  Y^^G SIOO w e r e  i n c u b a t e d  a t  25*^C. A n t i b i o t i c s  

a t  v a r i o u s  f i n a l  c o n c e n t r a t i o n s  w ere  added t o  t h e  r i b o  

somes p r i o r  t o  t h e  a d d i t i o n  o f  t h e  r e m a i n d e r  o f  

t h e  i n c u b a t i o n  m i x t u r e .  S a m p le s  (5 ^ 1 )  w e r e  removed  

at 1 0 , 2 0 ,  3 0 ,  4 0  and 60  m i n u t e s ,  p r e c i p i t a t e d  w i t h  

TCA and r a d i o a c t i v i t y  i n  t h e  p r e c i p i t a t e s  e s t i m a t e d  

by 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  ( S e c t i o n  3 . 1 6 ) .

The p e r c e n t a g e  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  

was a v e r a g e d  o v e r  t h e  w h o l e  t im e  c o u r s e .
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y e a s t  S - 3 0  e x t r a c t s .  H o w ever ,  M . v e r r u c a r i a  r i b o s o m e s  

r e m a in e d  u n a f f e c t e d  by t h e  1 2 , 1 3  e p o x y t r i c h o t h e c e n e s , 

a n i s o m y c i n  o r  h o m o h a r r i n g t o n i n e  ( F i g . 6 . 9  and T a b l e  6 . 1 0 ) .  

C l e a r l y ,  r e s i s t a n c e  t o  t h e s e  a n t i b i o t i c s  was a f u n c t i o n  

o f  t h e  M . v e r r u c a r i a  r i b o s o m e s  r a t h e r  t h a n  t h e  SIOO 

a s  i n d e e d  was t h e  c a s e  f o r  TR^ ( J i m e n e z  e t  a l . , 1 9 7 5 ) .

The 1 2 , 1 3  e p o x y t r i c h o t h e c e n e s ,  a n i s o m y c i n  and 

h o m o h a r r i n g t o n i n e  a r e  a l l  b e l i e v e d  t o  s h a r e  common o r  

o v e r - l a p p i n g  b i n d i n g  s i t e s  w i t h i n  t h e  p e p t i d y l t r a n s f e r a s e  

c e n t r e  o f  t h e  y e a s t  r i b o s o m e  ( B a r b a c i d  and V a z q u e z ,  1 9 7 4 a ,  

19 7 4 b ;  J im e n e z  e t  a l . ,  1 9 7 5 ;  F r e s n o  e t  a l . ,  1 9 7 7 ) .  I t  

w ould  seem ,  t h e r e f o r e ,  t h a t  r e s i s t a n c e  t o  a l l  t h e s e  

a n t i b i o t i c s  i s  l i n k e d  and may be a c o n s e q u e n c e  o f  t h e  

n e e d  f o r  M . v e r r u c a r i a  t o  p r o t e c t  i t s e l f  from i t s  own 

t o x i c  m e t a b o l i t e s .

I n  a g r e e m e n t  w i t h  o t h e r s  ( S c h i n d l e r ,  1 9 7 4 ;  C a r r a s c o  

e t  a l . ,  1 9 7 3 ) ,  t r i c h o d e r m i n ,  a 1 2 , 1 3  e p o x y t r i c h o t h e c e n e  

w h ich  i n h i b i t s  e l o n g a t i o n  o f  p o l y p e p t i d e s  ( C u n d l i f f e  e_t 

a l . ,  1 9 7 4 ;  C a r t e r  e t  a l . , 1 9 7 6 ) ,  was a v e r y  p o o r  i n h i b i t o r  

o f  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  by  y e a s t  e x t r a c t s  

and,  t h e r e f o r e ,  no d a t a  i s  p r e s e n t e d  h e r e  f o r  i n h i b i t i o n  

by t r i c h o d e r m i n .  T h i s  phenomenon was i n v e s t i g a t e d  and 

t h e  r e s u l t s  a r e  r e p o r t e d  l a t e r  ( C h a p t e r  9 ) .

6 . 8 . EFFECT OF 1 2 , 1 3  EPOXYTRICHOTHECENES ON THE
PEPTIDYLTRANSFERASE ACTIVITY OF YEAST AND M.VERRUCARIA 
RIBOSOMES

S i n c e  t h e  1 2 , 1 3  e p o x y t r i c h o t h e c e n e s ,  a n i s o m y c i n
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and h o m o h a r r i n g t o n i n e  h a v e  a l l  b e e n  shown t o  be i n h i b i t o r s  

o f  t h e  y e a s t  p e p t i d y l t r a n s f e r a s e  ( C a r r a s c o  e t  a l . , 1 9 7 3 ;

J im e n e z  e t  a l . ,  1 9 7 5 ;  F r e s n o  e t  a l . , 1 9 7 7 ) ,  t h e  e f f e c t  o f  

t h e s e  a n t i b i o t i c s  upon t h e  ’ f r a g m e n t  r e a c t i o n ’ c a t a l y s e d  

by M . v e r r u c a r i a  r i b o s o m e s  was i n v e s t i g a t e d .  The ’ f r a g m e n t  

r e a c t i o n ’ i s  an a s s a y  r e p u t e d  t o  be  s p e c i f i c  f o r  t h e  

p e p t i d y l t r a n s f e r a s e  (Monro and M arck er ,  1 9 6 7 ;  M o n r o ,1 9 6 9 ;

Monro e t  a l . , 1 9 6 9 )  and r e q u i r e s  t h e  p r e s e n c e  o f  a tRNA 

f r a g m e n t ,  C A C C A - ( a c e t y l - L e u ) o r  U A C C A - ( a c e t y l - L e u ) ,  

p u r o m y c in ,  m e t h a n o l  o r  e t h a n o l  and r i b o s o m e s  ( o r  l a r g e

r i b o s o m a l  s u b u n i t s ) .  The r e a c t i o n  may be r e p r e s e n t e d  by:
—3 — —3 —C A C C A - ( a c e t y l - Z ” H j7L eu )+  P u ro m y c in  - ^ » a c e t y l - Z ” HZ7Leu-puromyci i

+ CACCA

( a )  P r e p a r a t i o n  o f  Fragm ent

( i )  P r e p a r a t i o n  o f  E . c o l i  SIOO

High s p e e d  s u p e r n a t a n t  (SIOO) was p r e p a r e d  from E . c o l i  

( s t r a i n  MRE 6 0 0 )  c e l l s  a s  f o l l o w s :  c e l l s  were  grown i n

l i q u i d  medium ( c o n t a i n i n g  1 3 g .  n u t r i e n t  b r o t h  and 5 g .  

g l u c o s e  p e r  l i t r e  o f  w a t e r )  a t  37°C u n t i l  th e  medium had  

an a b s o r b a n c e  a t  600  n .m .  o f  a p p r o x i m a t e l y  1 . 0 .  They  

were  t h e n  h a r v e s t e d  by c e n t r i f u g a t i o n  a t  30 0 0  r . p . m .  f o r  

20 m i n u t e s  and washed i n  b u f f e r  ( lO m M -T r is .  a c e t i c  a c i d  

( p H 7 . 6 ) , lOmM-magnesium a c e t a t e ,  50mM-ammonium a c e t a t e  and  

3 m M - 2 - m e r c a p t o e t h a n o l ) .  A f t e r  r e s u s p e n s i o n  i n  one v o lu m e  

o f  i c e - c o l d  b u f f e r  ( a s  a b o v e ) ,  t h e  c e l l s  were  d i s r u p t e d  

i n  a F ren ch  p r e s s u r e  c e l l  a t  1 0 , 0 0 0  p s i  and an S - 3 0  

e x t r a c t  was p r e p a r e d  by c e n t r i f u g i n g  t h e  m i x t u r e  a t
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2 0 , 0 0 0  r . p . m .  f o r  15 m i n u t e s  and d i a l y s i n g  t h e  

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

( 1 0  m M -T r is . a c e t i c  a c i d  (pH7 . 6 ) lOmM-magnesium a c e t a t e ,  

50mM-ammonium a c e t a t e  and 3 m M - 2 - m e r c a p t o e t h a n o l ) .  

F i n a l l y ,  an SIOO was o b t a i n e d  by  c e n t r i f u g a t i o n  o f  

t h e  S - 3 0  e x t r a c t  a t  5 0 , 0 0 0  r . p . m .  f o r  t h r e e  h o u r s .

( i i )  C h a r g in g  o f  tRNA w i t h  l e u c i n e .

The tRNA was c h a r g e d  a t  37^C i n  an i n c u b a t i o n  

m i x t u r e  o f  t h e  f o l l o w i n g  c o m p o s i t i o n :

' S a l t s *

E n e rg y  mix  

L-Z” 4 - 5 - ^ hJ7 l e u c i n e  

E « c o l i  tRNA

200mM-magnesium a c e t a t e  

Water

E . c o l i  SIOO

1 0  p i  

1 0  ;u l

1 0  p i  ( 1 0 . 2  Ci/mMol)

10  / i l  ( i n i t i a l  c o n c e n t r a t i o n  50  
m g / m l )

5 p i  

5 JJl
50 p i

50 u l  
1 0 0  p i

' S a l t s '  200  mM-Hepes/KOH pH7 . 5
500 m M -potass ium  a c e t a t e  

35 mM-magnesium a c e t a t e

E n e r g y  mix  3.7mM -  GTP ( L i 3 )
2.5mM -  ATP (Na^)
50 mM -  PEP

A f t e r  i n c u b a t i n g  f o r  20  m i n u t e s ,  t h e  m i x t u r e  

was made 60% ( v / v )  i n  e t h a n o l ,  l e f t  o v e r n i g h t  a t  

- 2 0 ° C  t o  p r e c i p i t a t e  RNA, c e n t r i f u g e d  and t h e  r e s u l t a n t  

p e l l e t  was w ash ed  i n  a b s o l u t e  e t h a n o l  b e f o r e  b e i n g
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d r i e d  i n  v a c u o .

( i i i )  A c é t y l a t i o n  and D i g e s t i o n  o f  L eu cy l - tR N A  
— 3 —The Z" hJ7 Leu-tRNA o b t a i n e d  a s  a b o v e  was a c e t y l a t e d  

and t h e n  d i g e s t e d  w i t h  r i b o n u c l e a s e - T ^  (R N ase-T^)  a s  

d e s c r i b e d  by Monro ( 1 9 7 1 ) .  The L eu cy l - tR N A  was  

a c e t y l a t e d  by i n c u b a t i n g  20mg o f  c h a r g e d  tRNA i n  1 ml 

0 .2 M - s o d iu m  a c e t a t e  ( p H 5 .0 )  w i t h  20 ;j1 o f  a c e t i c  

a n h y d r i d e  a t  0*̂ C f o r  40  m i n u t e s .  Two f u r t h e r  p o r t i o n s  

o f  20 ^ 1  o f  a c e t i c  a n h y d r i d e  were  added w i t h  40 m i n u t e s  

i n c u b a t i o n  a f t e r  e a c h  a d d i t i o n .  A f t e r  i s o l a t i o n  o f  tRNA 

u s i n g  e t h a n o l  p r e c i p i t a t i o n  ( a s  d e s c r i b e d  a b o v e ) ,  th e  

N - a c e t y l e u c y l - t R N A  was d i g e s t e d  f o r  30 m i n u t e s  a t  37^C . 

w i t h  T N a se -T i  i n  a r e a c t i o n  m i x t u r e  c o n t a i n i n g  20 mg o f  

c h a r g e d ,  a c e t y l a t e d  tRNA and 0 . 1  mg o f  RNase-T^ p e r  ml 

o f  0 .2 5 M - s o d iu m  a c e t a t e  ( p H 5 .4 )  and 2mM-disodium  

d i a m i n o e t h a n e t e t r a - a c e t a t e  (Na . 2  EDTA).

The two f r a g m e n t s  p r o d u c e d  by t h i s  p r o c e d u r e ,  n a m ely  

CACCA -  a c e t y l  Leu and UACCA -  a c e t y l  L eu ,  were

s e p a r a t e d  by e l e c t r o p h o r e s i s  on Whatman N o . 52 p a p e r  a t  

25 0 0  V f o r  2 h o u r s  ( p H 3 . 5 ) .  F o l l o w i n g  e l e c t r o p h o r e s i s ,  

f r a g m e n t s  were  f i r s t  d e t e c t e d  by  s c i n t i l l a t i o n  s p e c t r o m e t r y  

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

e l u t e d  i n  0 . 1  mM-sodium a c e t a t e  ( p H 5 .0 )  a t  4 °C .  E l u a t e s  

w ere  l y o p h i l i s e d ,  r e d i s s o l v e d  i n  s m a l l  q u a n t i t i e s  o f  

w a t e r  and w ere  s t o r e d  a s  a l i q u o t s  a t  -7 0 ^ C .

The f r a g m e n t s  CACCA- a c e t y l  £  ^Hj7Leu and UACCA -
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a c e t y l  ^"3hJ7 Leu moved 4 cm and 9 cm, r e s p e c t i v e l y ,  i n  

t h e  d i r e c t i o n  o f  t h e  anode  when e l e c t r o p h o r e s e d  a s  

d e s c r i b e d  a b o v e .

( b )  C o n d i t i o n s  f o r  F ragm en t  R e a c t i o n

I n c u b a t i o n s  w ere  c a r r i e d  o u t  e i t h e r  a t  0°C  

o r  20°C ( s e e  f i g u r e  l e g e n d s )  i n  i o n i c  c o n d i t i o n s  

d e r i v e d  a s  b e l o w :

I M - T r i s .H C l  ( p H 7 .6 ) 5 p i

2M-KC1 2 0  p i

IM -  MgClg 2  p i

P u ro m y c in  (5  m g/m l) 5 p i

Water 6 8  p i
M e t h a n o l 50 p i

1 5 0  p i

R ib o so m e s  ( 2 0  -  25 p m o l e s )  were  added t o  1 5 0  p i  

o f  b u f f e r  ( a s  a b o v e )  f o l l o w e d  by 2 , 0 0 0  -  4 , 0 0 0  cpm 

o f  f r a g m e n t .  A f t e r  15 -  1 2 0  m i n u t e s  t h e  r e a c t i o n  

was s t o p p e d  by a d d i t i o n  o f  0 . 1  ml o f  0 . 3  M-sodium  

a c e t a t e ,  a c e t i c  a c i d  ( p H 5 . 5 ) ,  s a t u r a t e d  w i t h  Mg SO^ 

a t  room t e m p e r a t u r e .  The a c e t y l  L e u - p u r o m y c in

form ed  d u r i n g  t h e  r e a c t i o n  was  e x t r a c t e d  i n t o  1 . 5  ml 

e t h y l  a c e t a t e  and 1  ml o f  t h i s  s o l v e n t  was t a k e n  f o r  

l i q u i d - s c i n t i l l a t i o n  s p e c t r o m e t r y .  S a m p le s  o f  e t h y l  

a c e t a t e  were  m ix e d  w i t h  3 ml w a t e r - m i s c i b l e  s c i n t i l l a n t  

( S e c t i o n  3 . 1 6 ) .

C o u n t i n g  e f f i c i e n c y  f o r  t r i t i u m  i n  s c i n t i l l a n t /



FIGURE 6.11 Effect of Temperature on the
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Legend t o  F i g u r e  6 . 1 1

E f f e c t  o f  T em p e r a t u r e  on t h e  Fragment R e a c t i o n

M i x t u r e s  f o r  f r a g m e n t  r e a c t i o n s  ( S e c t i o n  

6 . 8 b) c o n t a i n i n g  y e a s t  r i b o s o m e s  (A260 = 10 f i n a l  

c o n c e n . )  and 7700  c . p . m .  o f  AcZ"^hJ7 leu-ACCAC 

w e r e  i n c u b a t e d  a t  e i t h e r  ( • )  2 0 ^C o r  ( o )  0 ° C .

At v a r i o u s  t i m e s  t h e  r e a c t i o n  was  s t o p p e d  by  

a d d i t i o n  o f  0 . 1 m l  0 .3M -  sodium  a c e t a t e ,  a c e t i c  

a c i d  ( p H 5 . 5 ) ,  s a t u r a t e d  w i t h  MgSO^. The 

amount o f  A c / " 3 H j 7 l e u - p u r o m y c i n  form ed was  

e s t i m a t e d  by 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  o f  

an e t h y l  a c e t a t e  e x t r a c t  ( S e c t i o n  6 . 8 b ) .

P a r a l l e l  e x p e r i m e n t s  w e r e  p e r f o r m e d  i n  t h e  a b s e n c e  

o f  r i b o s o m e s  and t h e s e  ’ b a ck g ro u n d s*  w e r e  s u b t r a c t e d  

from e a c h  t im e  p o i n t .



FIGURE 6.12 Fragment Reaction in the
Absence of Ribosomes
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Legend t o  F i g u r e  6 . 1 2

Fragment R e a c t i o n  i n  t h e  A b s e n c e  o f  R ib osom es

M i x t u r e s  f o r  f r a g m e n t  r e a c t i o n s  ( S e c t i o n  

6 . 8 b) c o n t a i n i n g  3850  c . p . m .  o f  a c e t y l  leu-ACCAC

b u t  no r i b o s o m e s  w ere  i n c u b a t e d  a t  20^C. A t

v a r i o u s  t i m e s  t h e  r e a c t i o n  was  s t o p p e d  by a d d i t i o n  

o f  0 . 1 m l  0 .3 M - s o d iu m  a c e t a t e ,  a c e t i c  a c i d  ( p H S . S ) ,  

s a t u r a t e d  w i t h  MgSO^. F o r m a t io n  o f  a c e t y l  / " ^ H j 7 l e u -  

p u rom yc in  was e s t i m a t e d  by 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  

o f  an e t h y l  a c e t a t e  e x t r a c t  ( S e c t i o n  6 . 8 b ) .



- 9 1 -

e t h y l  a c e t a t e  was 13%.

( c )  Fragm ent  R e a c t i o n  w i t h  Y e a s t  and M ^ v e r r u c a r i ^  
R i b o s o m e s .

A l l  ' f r a g m e n t  r e a c t i o n s '  were  p e r f o r m e d  a t  20°C  

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

more t h a n  t w i c e  t h e  r a t e  a t  O^C ( F i g . 6 . 1 1 ) .  I t  was  

n e c e s s a r y  t o  h a v e  c o n t r o l s  f o r  e v e r y  t im e  p o i n t  o f  an  

i n c u b a t i o n  b e c a u s e  ' f r a g m e n t '  r e a c t e d  w i t h  p u r o m y c in  

e v e n  i n  t h e  a b s e n c e  o f  r i b o s o m e s  and g a v e  r i s e  t o  an  

i n c r e a s e  i n  b a c k g r o u n d  w i t h  t im e  ( F i g . 6 . 1 2 ) .

The 1 2 , 1 3  e p o x y t r i c h o t h e c e n e ,  T - 2  t o x i n ,  t o t a l l y  

i n h i b i t e d  t h e  ' f r a g m e n t  r e a c t i o n '  c a t a l y s e d  by  y e a s t ,  

s t r a i n  r i b o s o m e s  b u t  o n l y  i n h i b i t e d  by 90% when

r i b o s o m e s  from t h e  m u ta n t  TR  ̂ were u s e d  ( F i g . 6 . 1 3 ) .  

'F ra g m e n t  r e a c t i o n s '  c a t a l y s e d  by  M . v e r r u c a r i a  r i b o s o m e s  

w ere  v i r t u a l l y  u n a f f e c t e d  by T -2  t o x i n  -  b e i n g  i n h i b i t e d  

by  a b o u t  10% ( F i g . 6 . 1 3 ) .  A l t h o u g h  t r i c h o d e r m i n  was

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

y e a s t  e x t r a c t s ,  t h e  ' f r a g m e n t  r e a c t i o n '  was i n h i b i t e d  

by  78% a t  30  j i g / m l  t r i c h o d e r m i n  ( f i n a l  c o n c e n t r a t i o n ) .  

The r i b o s o m e s  o f  M . v e r r u c a r i a  were  u n a f f e c t e d  by  

t r i c h o d e r m i n  when a s s a y e d  b o t h  f o r  p o l y  U - d i r e c t e d  

p r o t e i n  s y n t h e s i s  and t h e  ' f r a g m e n t  r e a c t i o n '  ( d a t a  

n o t  g i v e n ) .

T h e r e f o r e ,  r e s i s t a n c e  t o  t h e  1 2 , 1 3  

e p o x y t r i c h o t h e c e n e s  a p p e a r s ,  i n  M . v e r r u c a r i a ,  t o  be  a



FIGURE 6.13 Inhibition of the Fragment Reaction
by T-2 Toxin
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Legend t o  F i g u r e  6 . 1 3

I n h i b i t i o n  o f  t h e  Fragment R e a c t i o n  by T-2  T o x in

M i x t u r e s  f o r  f r a g m e n t  r e a c t i o n s  ( S e c t i o n  6 . 8 b) 

c o n t a i n i n g  3850  c . p . m .  o f  a c e t y l /  ^hJ7 leu-ACCAC 

and e i t h e r  y e a s t  s t r a i n  o r  TR^, o r  M . v e r r u c a r i a

r i b o s o m e s  (A260 = 6 . 5  f i n a l  c o n c e n . )  w e re  i n c u b a t e d  

a t  2 0 °C .  At v a r i o u s  t i m e s  t h e  r e a c t i o n  was  

s t o p p e d  by a d d i t i o n  o f  0 . 1 m l  0 . 3 M - s o d iu m  a c e t a t e ,  

a c e t i c  a c i d  ( p H 5 . 5 ) , ‘ s a t u r a t e d  w i t h  MgSO^. F o r m a t io n  

o f  a c e t y l /  ^H_/ l e u - p u r o m y c i n  was e s t i m a t e d  by l i o u i d -  

s c i n t i l l a t i o n  c o u n t i n g  o f  an e t h y l  a c e t a t e  e x t r a c t  

( S e c t i o n  6 . 8 b ) .  A l l  d a t a  a r e  p r e s e n t e d  w i t h  t h e  

a p p r o p r i a t e  * no r i b o s o m e  b a c k g r o u n d '  s u b t r a c t e d .

o ,  y e a s t  s t r a i n  Y-j ĝg r i b o s o m e s ;  e , y e a s t  s t r a i n  TR̂  

r i b o s o m e s ;  ■ , M . v e r r u c a r i a  r i b o s o m e s .

-----------  , p l u s  r i b o s o m e s ;  ---------- , r i b o s o m e s  p l u s  T-2

t o x i n  ( 2 y g / m l  f i n a l  c o n c e n . ) .
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p r o p e r t y  o f  t h e  r i b o s o m e  and s p e c i f i c a l l y  t h e  

p e p t i d y l t r a n s f e r a s e . S i n c e  t h e  p e p t i d y l t r a n s f e r a s e

i s  r e p o r t e d  a l w a y s  t o  be an i n t e g r a l  p a r t  o f  t h e  l a r g e  

r i b o s o m a l  s u b u n i t  (Monro, 1 9 6 7 ;  Maden e t  aL , 1 9 6 8 ;

T r a u t  and Monro, 1 9 6 4 ;  ‘V a zquez  e t  a l . ,  1 9 6 9 )  

r e s i s t a n c e  t o  t h e  a n t i b i o t i c s  was l i k e l y  t o  be  à 

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

T h i s  h y p o t h e s i s  was t e s t e d  and t h e  r e s u l t s  a r e  

shown, i n  C h a p t e r  7 .

I t  i s  i n t e r e s t i n g  t h a t  s p a r s o m y c i n ,  w h i l s t  

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

( S e c t i o n  4 . 2 )  i n h i b i t e d  p o l y  U - d i r e c t e d  p r o t e i n  

s y n t h e s i s  by  M . v e r r u c a r i a  r i b o s o m e s .  T h i s  e v i d e n c e  

s u p p o r t s  o t h e r  r e p o r t s  t h a t  t h e  b i n d i n g  s i t e s  o f  t h e

1 2 , 1 3  e p o x y t r i c h o t h e c e n e s  and s p a r s o m y c i n  a r e  

d i f f e r e n t  ( B a r b a c i d  and V a z q u e z ,  1 9 7 4 a , b ;  J im e n e z  

and V a z q u e z ,  1 9 7 5 )  and h e l p s  t o  e x p l a i n  why s p a r s o m y c i n  

i n h i b i t s  b o t h  e u k a r y o t i c  and p r o k a r y o t i c  r i b o s o m e s  

w h i l s t  t h e  1 2 , 1 3  e p o x y t r i c h o t h e c e n e s  o n l y  i n h i b i t  

e u k a r y o t i c  r i b o s o m e s  ( f o r  a r e v i e w ,  s e e  V a z q u e z ,  1 9 7 4 ) .
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7 .  PREPARATION OF RIBOSOMAL SUBUNITS AND RIBOSOMAL 
PROTEINS

7 . 1 .  MATERIALS

Com m ercia l  s o u r c e s  o f  m a t e r i a l s  w ere  a s  f o l l o w s  : 

/ ” U -  14(2j y  p r o t e i n  h y d r o l y s a t e  from The R a d i o c h e m i c a l  

C e n t r e ,  Amersham, B u c k s . ;  C oom as ie  b r i l l i a n t  b l u e  -G 

and Bromophenol b l u e  from Raymond A.Lamb, London;

TEMED ( N , N , n1 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 ) ,

MES (2  / " N - m o r p h o l i n o J 7 e t h a n e s u l p h o n i c  a c i d ) ,  BIS-TRIS  

( b i s  r  2 - h y d r o x y e t h y l J 7 i m i n o - t r i s  / h y d r o x y - m e t h y l J 7  

m e t h a n e )  and B a s i c  f u c h s i n  were  from Sigm a C h e m ic a l  C o . ,  

K i n g s t o n - u p o n - T h a m e s , S u r r e y .  A l l  o t h e r  c h e m i c a l s  

w ere  o b t a i n e d  a s  d e s c r i b e d  i n  S e c t i o n  3 . 2 .

7 . 2 .  INTRODUCTION

E u k a r y o t i c  r i b o s o m e s  may be s p l i t  i n t o  40S and 

60S s u b u n i t s  from t h e  80S p a r e n t  ( C h a o , 1 9 5 7 ) .  I n  

c o n t r a s t  t o  b a c t e r i a l  r i b o s o m e s  w hich  j s a d i l y  d i s s o c i a t e  

i n t o  s u b u n i t s  when t h e  m agnes ium  i o n  c o n c e n t r a t i o n  i s  

l o w e r e d  ( T i s s i e r e s  e t  a l . ,  1 9 6 0 ) ,  e u k a r y o t i c  r i b o s o m e s  

do n o t .  When mammalian r i b o s o m e s  a r e  s u s p e n d e d  i n  lo w  

c o n c e n t r a t i o n s  o f  m agnes ium  i o n  many p a r t i a l l y - u n f o l d e d  

r i b o s o m e s  a r e  form ed (Lamfrom and G l o w a c k i ,  1 9 6 2 ) .

T h i s  was a l s o  f o u n d  t o  be  t r u e  o f  y e a s t  and f u n g a l  

r i b o s o m e s  ( S e c t i o n  7 . 3 ) .  High c o n c e n t r a t i o n s  o f  

p o t a s s i u m  c a t i o n s ,  h o w e v e r ,  do c a u s e  r i b o s o m e s  from  

many d i f f e r e n t  e u k a r y o t i c  s o u r c e s  t o  d i s s o c i a t e  i n t o
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t h e i r  com p on en t  s u b u n i t s  ( M a r t i n  and W ool ,  1 9 6 8 ,  1 9 6 9 ;  

M a r t in  e t  a l . , 1 9 6 9 ) .  H ere  a method i s  d e s c r i b e d  f o r  

t h e  p r e p a r a t i o n  o f  40S and 60S r i b o s o m a l  s u b u n i t s  from  

b o t h  y e a s t  and f u n g i .  The s u b u n i t s  may be r e c o m b in e d  

t o  g i v e  r i b o s o m e s  w hich  a r e  a c t i v e  i n  p o l y  U - d i r e c t e d  

p r o t e i n  s y n t h e s i s .

E x p e r i m e n t s  i n v o l v i n g  h e t e r o l o g o u s  r e c o m b i n a t i o n s  

o f  r i b o s o m a l  s u b u n i t s  from y e a s t  and M . v e r r u c a r i a  

were  p e r f o r m e d  i n  o r d e r  t o  i d e n t i f y  t h e  r i b o s o m a l  

s u b u n i t  o f  M . v e r r u c a r i a  r e s p o n s i b l e  f o r  a n t i b i o t i c  

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

b e t w e e n  t h e  r i b o s o m a l  s u b u n i t s  o f  y e a s t  s t r a i n s  Y i 6 6  and 

TR]̂  w ere  p e r f o r m e d  t o  c o n f i r m  t h a t  r e s i s t a n c e  t o  t h e

1 2 , 1 3  e p o x y t r i c h o t h e c e n e s  i n  s t r a i n  TR^ i s  a f u n c t i o n  o f  

t h e  60S r i b o s o m a l  s u b u n i t  ( J i m e n e z  e t  a l . , 1 9 7 5 ) .

The g e n e - p r o d u c t  w hich  i s  a l t e r e d  i n  s t r a i n  TR-j_ 

and c a u s e s  r e s i s t a n c e  t o  t h e  1 2 , 1 3  e p o x y t r i c h o t h e c e n e s  

i s  unknown. P r o t e i n s  were  p r e p a r e d  from t h e  r i b o s o m a l  

s u b u n i t s  o f  s t r a i n s  and TR  ̂ and s u b j e c t e d  t o  2-D

g e l  e l e c t r o p h o r e s i s  ( S e c t i o n  7 . 5 )  i n  an  a t t e m p t  t o  

i d e n t i f y  any a l t e r e d  p r o t e i n s .  A l s o ,  t h e  2-D g e l  

p r o f i l e  o f  t h e  p r o t e i n s  from t h e  r i b o s o m e s  o f  s t r a i n  

was compared t o  t h a t  o f  t h e  r i b o s o m a l  p r o t e i n s  from  

M . v e r r u c a r i a .

7 . 3 .  PREPARATION OF RIBOSOMAL SUBUNITS

R ib o s o m a l  s u b u n i t s  h a v e  b e e n  p r e p a r e d  from many
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t y p e s  o f  e u k a r y o t e s  ( M a r t i n  e t  a l . , 1 9 7 1 ;

S t a e h e l i n  and F a l v e y ,  1 9 7 1 ;  B a t t a n e r  and V a z q u e z ,

1 9 7 1 ;  S c h i n d l e r  e t  a l . ,  1 9 7 4 ;  Brown e t  a l . ,  1 9 7 4 ) .

A l l  t h e s e  t e c h n i q u e s  i n v o l v e  s u s p e n d i n g  r i b o s o m e s  i n  

h i g h  p o t a s s i u m  i o n  and lo w  magnes ium i o n  c o n c e n t r a t i o n s  

and some i n v o l v e  p r e - t r e a t m e n t  w i t h  p u ro m y c in  t o  remove  

n a s c e n t  p e p t i d e s .  The i o n i c  c o n d i t i o n s  f o r  r i b o s o m a l  

s u b u n i t  p r e p a r a t i o n  d e s c r i b e d  by t h e s e ,  a u t h o r s ,  n a m ely :

K+-880  mM, Mg2+_ 12.5mM ( M a r t in  e t  a l . ,  1 9 7 1 ) ;  K+-  

500mM, Nh J -  100  mM, Mg^^- 5mM ( S t a e h e l i n  and F a l v e y ,

1 9 7 1 ) ;  NH^- 50mM, Mg^^ -  0.2mM ( B a t t a n e r  and V a z q u e z ,

1 9 7 1 ) ;  K +-500  mM, Mg2+ -  5mM ( S c h i n d l e r  e t  a l . ,  1 9 7 4 ) ;  

p r e i n c u b a t i o n  w i t h  O . lm M -purom ycin  t h e n  K*-150mM,

Mg^^ -  ImM (Brown e t  a l . ,  1 9 7 4 )  were  u s e d  i n  t h i s  work 

i n  an a t t e m p t  t o  p r o d u c e  40S and 60S s u b u n i t s  from  

y e a s t  and M . v e r r u c a r i a  r i b o s o m e s .  H ow ever ,  w i t h o u t  

e x c e p t i o n  t h e s e  c o n d i t i o n s  c a u s e d  t h e  r i b o s o m e s  t o  d i s s o c i a t e  

i n t o  p a r t i a l l y - u n f o l d e d  s t r u c t u r e s  w hich  d i d  n o t  

s e d i m e n t  a t  t h e  same r a t e  a s  r i b o s o m a l  s u b u n i t s  ( d a t a  

n o t  g i v e n ) .  A c c o r d i n g l y ,  i o n i c  c o n d i t i o n s  were  v a r i e d  

i n  o r d e r  t o  d e t e r m i n e  optimum c o n d i t i o n s  f o r  t h e  

p r e p a r a t i o n  o f  r i b o s o m a l  subunits  from y e a s t  and  

M . v e r r u c a r i a .

The r i b o s o m e s ,  from w h ich  t h e  s u b u n i t s  were  t o  be  

p r e p a r e d ,  were  i s o l a t e d  from  c e l l s  w h ich  had b e e n  grown t o
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t h e  p h a s e  o f  l o g a r i t h m i c  grow th  and t h e n  r a p i d l y  c o o l e d  

on i c e  p r i o r  t o  h a r v e s t i n g .  I f  t h e  c e l l s  w ere  h a r v e s t e d  

w i t h o u t  p r i o r  c o o l i n g  t h e  r i b o s o m e s  w ould  n o t  d i s s o c i a t e  

r e a d i l y  i n t o  s u b u n i t s  upon  s u s p e n s i o n  i n  h i g h  p o t a s s i u m  

( d a t a  n o t  g i v e n ) .  I t  i s  w e l l  d o cu m en ted  t h a t  

r i b o s o m e s  c a r r y i n g  p e p t i d y l - t R N A  d i s s o c i a t e  l e s s i e a d i l y  

i n t o  s u b u n i t s  t h a n  do f r e e  s u b u n i t s  ( M a r t i n  e t  a l . ,  1 9 6 9 ;  

L a w fo rd ,  1 9 6 9 ;  F a u s t  and M a t t h a e i , 1 9 7 2 ) -  P r e s u m a b ly  

c o o l i n g  t h e  medium (an d  c e l l s )  c a u s e s  some ’ ru n  o f f ’ 

o f  r i b o s o m e s  from p o l y r i b o s o m e s .  P r e i n c u b a t i o n  o f  r i b o s o m e s  

w i t h  p u ro m y c in  was fo u n d  t o  h a v e  no e f f e c t  up on  s u b u n i t  

f o r m a t i o n  ( d a t a  n o t  g i v e n ) .

R ib o s o m e s  w hich  c o n s i s t e d  o n l y  o f  80S monomers  

( F i g . 7 . 1 )  i n  ’ e u k a r y o t i c  d i a l y s i s  b u f f e r ’ ( lO m M -T r is .  

a c e t i c  a c i d  ( p H 7 . 6 ) ;  90m M -p otass ium  a c e t a t e ,  1mM- 

magnesium a c e t a t e ,  3 m M - 2 - m e r c a p t o e t h a n o l ) w ere  d i a l y s e d  

a t  0 °C i n t o  b u f f e r s  o f  v a r y i n g  i o n i c  c o n d i t i o n s  i n  t h e  

r a n g e :  o r  Na*, 90  -  500  mM; Mg^^, 0 . 1  -  20 mM ( s e e

f i g u r e  l e g e n d s )  and w ere  t h e n  c e n t r i f u g e d  t h r o u g h  5 ml 

10-30% ( ^ / v )  s u c r o s e  d e n s i t y - g r a d i e n t s  ( i n  a p p r o p r i a t e  

i o n i c  c o n d i t i o n s )  i n  an SW50.1 r o t o r  f o r  two h o u r s  a t  

4 0 , 0 0 0  r . p . m .  and 2^C. A f t e r  c e n t r i f u g a t i o n ,  u l t r a 

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

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

p u m p e d . t h r o u g h  an ISCO a b s o r b a n c e  m o n i t o r  s e t  a t  254 nm.



FIGURE 7.1 E ffect of Mg^'^ and K̂ " Concn.
on the Dissociation o f Yeast
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Legend t o  F i g u r e  7 .1

E f f e c t  o f  Mĝ '*’ and C o n c e n t r a t i o n s  on t h e

D i s s o c i a t i o n  o f  Y e a s t  R ib o so m es

A c r u d e  p r e p a r a t i o n  o f  y e a s t  r i b o s o m e s  ( 1 . 2  A260  

u n i t s ;  S e c t i o n  3 . 1 0 )  was  d i l u t e d  i n  0 . 2 5  ml o f  lOmM-Tris  

a c e t i c  a c i d  ( p H 7 . 6 ) ,  90m M -potass ium  a c e t a t e ,  ImM- 

magnesium a c e t a t e ,  3 m M -2 -m e r c a p to e th a n o l  and e i t h e r  

( a )  c e n t r i f u g e d  t h r o u g h  a 10-30% C'^/v) s u c r o s e  

d e n s i t y - g r a d i e n t  c o n t a i n i n g  t h i s  b u f f e r  o r  d i a l y s e d  

i n t o  lOmM-Tris .  HCl ( p H 7 . 6 ) ,  500mM-KCl, 3mM-2- 

m e r c a p t o e t h a n o l  and (b )  0 . 1 mM-MgCl2 ; ( c )  0 . 5 mM-MgCl2 ;

(d )  lmM-MgCl2 ; ( e )  5 mM-MgCl2 ; ( f )  1 2 . 5 mM-MgCl2  and 

t h e n  c e n t r i f u g e d  th r o u g h  a s u c r o s e  d e n s i t y - g r a d i e n t  

c o n t a i n i n g  t h e  a p p r o p r i a t e  b u f f e r .  G r a d i e n t s  w ere  

c e n t r i f u g e d  a t  4 0 , 0 0 0  r . p . m .  f o r  2 h o u r s  a t  2°C 

i n  a S p i n c o  SW50.1 r o t o r .  H o r i z o n t a l  a r r o w s  r e p r e s e n t  

t h e  d i r e c t i o n  o f  s e d i m e n t a t i o n  o f  r i b o s o m e s .
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Very  lo w  magnes ium i o n  c o n c e n t r a t i o n s  c a u s e d  t h e  r i b o s o m e s  

t o  form s t r u c t u r e s  w hich  d i d  n o t  c o r r e s p o n d  t o  e i t h e r  

40S o r  60S r i b o s o m a l  s u b u n i t s  ( F i g . 7 . 1 ) .  The b e s t  

i o n i c  c o n d i t i o n s  f o r  p r o d u c t i o n  o f  s u b u n i t s  was fo u n d  

t o  be  lOmM -  T r i s . HCl ( p H 7 . 6 ) ,  500  mM-KCl, 1 2 . 5  mM-MgCl2 , 

3 m M - 2 - m e r c a p t o e t h a n o l . I n  t h e s e  i o n i c  c o n d i t i o n s ,  

r i b o s o m e s  were d i s s o c i a t e d  a l m o s t  c o m p l e t e l y  t o  s u b u n i t s  

and no o t h e r  p r o d u c t s  w ere  a p p a r e n t  ( F i g . 7 . 1 ) .

S u b u n i t s  were  s t i l l  p r o d u c e d  a t  1 5 - 2 0  mM-MgCl2  b u t  l e s s  

80S monomers w ere  d i s s o c i a t e d .  The c o r r e c t  p o s i t i o n s  

w i t h i n  s u c r o s e  d e n s i t y - g r a d i e n t s  o f  4 0 S and 60S r i b o s o m a l  

s u b u n i t s  and 80S monomers w ere  d e t e r m i n e d  by s u b s t i t u t i n g  

r a b b i t  r e t i c u l o c y t e  l y s a t e s  f o r  y e a s t  r i b o s o m e s  and  

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

t h e i r  r i b o s o m e s  d i s s o c i a t e  i n t o  s u b u n i t s  ( s e e  S e c t i o n  5 . 1 ) .

For  t h e  l a r g e ,  s c a l e  p r e p a r a t i o n  o f  r i b o s o m a l  

s u b u n i t s ,  r i b o s o m e s  were  d i a l y s e d  i n t o  lOm M-Tris .HCl  

( p H 7 . 6 ) ,  500mM-KCl, 1 2 . 5 mM-MgCl2 » 3 m M - 2 - m e r c a p t o e t h a n o l  a t  

O^C and a p p r o x i m a t e l y  5 mg r i b o s o m e s  w ere  c e n t r i f u g e d  

t h r o u g h  34 ml 10-30% C'^/v) s u c r o s e  i n  an SW27 r o t o r  f o r  s i x  

h o u r s  a t  2 6 , 0 0 0  r . p . m .  and 2^C. R ib o so m a l  s u b u n i t s  were  

d e t e c t e d  by  pumping g r a d i e n t  m a t e r i a l  th r o u g h  an ISCO 

a b s o r b a n c e  m o n i t o r .  P o r t i o n s  o f  t h e  g r a d i e n t s  c o n t a i n i n g  

40S o r  60S r i b o s o m a l  s u b u n i t s  w ere  c o l l e c t e d  ( F i g . 7 . 2 )  and  

d i a l y s e d  a g a i n s t  ' e u k a r y o t i c  d i a l y s i s  b u f f e r *  a t  O^C.

The s u b u n i t s  w ere  t h e n  c e n t r i f u g e d  a t  5 0 , 0 0 0  r . p . m .  f o r
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Legend t o  F i g u r e  7 . 2

P r e p a r a t i o n  o f  R ib o so m a l  S u b u n i t s

A c r u d e  p r e p a r a t i o n  o f  r i b o s o m e s  (3 5  A260 u n i t s )  

i n  1 ml o f  l O m M - T r i s . a c e t i c  a c i d  ( p H 7 . 6 ) , 

90m M -potass ium  a c e t a t e ,  ImM-magnesium a c e t a t e ,  3mM-2- 

m e r c a p t o e t h a n o l  was  d i a l y s e d  a g a i n s t  lOmM-Tris .HCl  

( p H 7 . 6 ) ,  500mM-KCl,12.5mM-MgCl2, 3 m M -2 - m e r c a p t o e t h a n o l  

The s u s p e n s i o n  was t h e n  c e n t r i f u g e d  t h r o u g h  a 34ml  

10-30% C'^/v) s u c r o s e  d e n s i t y - g r a d i e n t  c o n t a i n i n g  t h e  

a p p r o p r i a t e  b u f f e r  f o r  s i x  h o u r s  a t  2 6 , 0 0 0  r . p . m .  

and 2^C. M a t e r i a l  c o l l e c t e d  from e a c h  g r a d i e n t  i s  

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

The h o r i z o n t a l  arrow  r e p r e s e n t s  t h e  d i r e c t i o n  o f  

s e d i m e n t a t i o n  o f  r i b o s o m e s .
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Legend t o  F i g u r e  7 . 3

A n a l y s i s  o f  rRNA from R ib o so m a l  S u b u n i t s

R ib o so m a l  RNA p r e p a r e d  from ( a )  40S  r i b o s o m a l  

s u b u n i t s  o r  (b )  60S r i b o s o m a l  s u b u n i t s  ( S e c t i o n  7 . 3 )  

was l a y e r e d  o n t o  5ml 10-40% ( ^ / v )  s u c r o s e  d e n s i t y -  

g r a d i e n t s  c o n t a i n i n g  lOmM-Tris .HCl ( p H 7 . 6 ) ,  lOOmM- 

N aC l ,  ImM-Nag EDTA and 0.1% (W/v) SDS and  

c e n t r i f u g e d  a t  4 5 , 0 0 0  r . p . m .  and IS^C f o r  3^ h o u r s  

i n  a S p i n c o  SW50.1 r o t o r .  The g r a d i e n t s  c o n t a i n e d  

( a )  0 . 2  A260 u n i t s  and (b )  2 . 5  A260 u n i t s  o f  rRNA. 

The h o r i z o n t a l  a r ro w s  r e p r e s e n t  t h e  d i r e c t i o n  o f  

s e d i m e n t a t i o n  o f  r i b o s o m e s .
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s i x  t o  t w e l v e  h o u r s  and r e s u s p e n d e d  i n  a s m a l l  

q u a n t i t y  o f  ’ e u k a r y o t i c  d i a l y s i s  b u f f e r ’ .

I t  i s  a l w a y s  p o s s i b l e  t h a t  60S r i b o s o m a l  

s u b u n i t  p r e p a r a t i o n s  a r e  c o n t a m i n a t e d  e i t h e r  w i t h  

s m a l l  q u a n t i t i e s  o f  u n d i s s o c i a t e d  r i b o s o m e s  or  

d i m e r s  o f  405 s u b u n i t s  (w h i c h  s e d i m e n t  a t  55S ,  M a r t i n  

e t  a l . , 1 9 7 1 ) .  I n  o r d e r  t o  c h e c k  f o r  c o n t a m i n a t i o n ,  

rRNA was p r e p a r e d  from b o t h  60S and 40S s u b u n i t s  and  

a n a l y s e d  on s u c r o s e  d e n s i t y - g r a d i e n t s .  The rRNA 

was e x t r a c t e d  and a n a l y s e d  a s  f o l l o w s :  r i b o s o m a l

s u b u n i t s  were  made 100  mM i n  m agnes ium  a c e t a t e  and  

6 6 % ( ^ / v )  i n  a c e t i c  a c i d  and t h e  m i x t u r e  c e n t r i f u g e d  

t o  p r e c i p i t a t e  RNA. A f t e r  w a s h i n g  i n  more 6 6 % ( ^ / v )  

a c e t i c  a c i d ,  t h e  p r e c i p i t a t e  was d r i e d  i n  v a c u o  and  

d i s s o l v e d  i n  lO m M-Tris .  HCl ( p H 7 . 6 ) ,  100  mM-NaCl, ImM- 

Na2  EDTA by  warming a t  37*^C f o r  20 -  30  m i n u t e s .  The 

RNA was t h e n  c e n t r i f u g e d  t h r o u g h  s u c r o s e  d e n s i t y -  

g r a d i e n t s  c o n t a i n i n g  t h e  b u f f e r  descr ibed  above  p l u s  

0.1% ( ^ / v )  sod ium  d o d e c y l  s u l p h a t e  (SDS) and d e t e c t e d  

by pumping t h e  g r a d i e n t  m a t e r i a l  th r o u g h  an ISCO 

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

R ib o so m a l  RNA e x t r a c t e d  from t h e  40S s u b u n i t  

c o n s i s t e d  o n l y  o f  one  s p e c i e s  ( F i g . 7 . 3 ) .  H owever ,

RNA p r e p a r e d  from t h e  60S s u b u n i t  d e s p i t e  b e i n g  

p r e d o m i n a n t l y  one s p e c i e s  ( 2 6 s )  d i d  h a v e  a s m a l l  

q u a n t i t y  o f  RNA w i t h  a l o w e r  s e d i m e n t a t i o n  c o e f f i c i e n t
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Legend t o  F i g u r e  7 . 4

A c t i v i t y  o f  Y e a s t  R ib o so m a l  S u b u n i t s  i n  

P r o t e i n  S y n t h e s i s

M i x t u r e s  f o r  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s

( S e c t i o n  3 . 1 4 )  c o n t a i n i n g  o ------  o ,  y e a s t  s t r a i n

^166  40S and 60S r i b o s o m a l  s u b u n i t s ;  # ,  y e a s t

s t r a i n  Y^^^ 60S r i b o s o m a l  s u b u n i t s ;  o ------  o ,

y e a s t  s t r a i n  Yj^gg 40S  r i b o s o m a l  s u b u n i t s  and 

y e a s t  SlOO w e r e  i n c u b a t e d  a t  25^C. Each  

i n c u b a t i o n  ( 5 0  yjl ) c o n t a i n e d  16 p m o le s  o f  

r i b o s o m a l  s u b u n i t s .  S a m p le s  (1 0  ^ 1 )  w ere  

p r e c i p i t a t e d  w i t h  TCA and r a d i o a c t i v i t y  i n  t h e  

p r e c i p i t a t e s  was e s t i m a t e d  by 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  ( S e c t i o n  3 . 1 6 ) .



FIGURE 75 Heterologous Combination of
Ribosomal Subunits of Yeast and 
M. veiTucaria

o-

10 20 30 40
roo

TD
fV

m

o

0 10 20 30 40 50 60

Time (min)



Legend t o  F i g u r e  7 . 5

H e t e r o l o g o u s  C o m b i n a t io n  o f  R ib osom al  S u b u n i t s  o f  

Y e a s t  and M . v e r r u c a r i a

M i x t u r e s  f o r  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  

( S e c t i o n  3 . 1 4 )  c o n t a i n i n g  ( a )  60S r i b o s o m a l  s u b u n i t s  

from y e a s t  s t r a i n  Y^gg a n d / o r  4 0 S r i b o s o m a l  s u b u n i t s  

from M . v e r r u c a r i a  o r  (b )  60S r i b o s o m a l  s u b u n i t s  from  

M . v e r r u c a r i a  a n d / o r  40S r i b o s o m a l  s u b u n i t s  from y e a s t  

s t r a i n  Y^gg and y e a s t  SlOO w e r e  i n c u b a t e d  a t  2 5 ° C .

Each i n c u b a t i o n  (SO ^ 1 )  c o n t a i n e d  16 p m o le s  o f  

r i b o s o m a l  s u b u n i t s .  S a m p le s  (1 0  ^ 1 )  w e re  p r e c i p i t a t e d  

w i t h  TCA and r a d i o a c t i v i t y  i n  t h e  p r e c i p i t a t e s  e s t i m a t e d  

by 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  ( S e c t i o n  3 . 1 6 ) .

o ------  o ,  p l u s  40S and 60S r i b o s o m a l  s u b u n i t s ;

o -----  o ,  40S and 60S r i b o s o m a l  s u b u n i t s  p l u s  T-2  t o x i n

( 1 0  ; jg /ml  f i n a l  c o n c e n . ) ;  #  ------ e , p l u s  60S r i b o s o m a l

s u b u n i t s ;  •  -----  ®, p l u s  4 0 S r i b o s o m a l  s u b u n i t s .
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( F i g .  7 . 3 ;  5 . 8 S  and 5S rRNA w ere  n o t  d e t e c t e d  by t h i s  

t e c h n i q u e ) .

I t  was assu m ed  t h a t  t h e  r a t i o  o f  a b s o r b a n c e  a t  

260 n .m .  (A 260)  o f  60S t o  40S r i b o s o m a l  s u b u n i t s  from  

y e a s t  o r  M . v e r r u c a r i a  was t h e  same a s  t h e  r a t i o  f o r  

r e t i c u l o c y t e  r i b o s o m a l  s u b u n i t s  (= 2 . 5 ,  L o a n i n g ,  1 9 6 8 ) .  

T h e r e f o r e ,  250  p m o le s  o f  40S o r  60S s u b u n i t s  had an 

A260 o f  3 . 7  o r  9 . 3  r e s p e c t i v e l y  ( s e e  S e c t i o n  3 . 1 0 ) .  

I n c u b a t i o n  m i x t u r e s  ( 5 0  p i )  f o r  p o l y  U - d i r e c t e d  p r o t e i n  

s y n t h e s i s  c o n t a i n e d  1 8 . 5  p m o l e s  o f  r i b o s o m a l  s u b u n i t s  

( = 1 . 5  mg r i b o s o m e s  / m l ) .

R ib o s o m a l  s u b u n i t s  were  s t o r e d  a s  a l i q u o t s  a t  

- 7 0 ° C .

7 . 4 .  RECOMBINATION OF RIBOSOMAL SUBUNITS

The s m a l l  ( 4 0 S )  r i b o s o m a l  s u b u n i t s  o f  y e a s t  and  

M . v e r r u c a r i a  were  i n a c t i v e  i n  p o l y  U - d i r e c t e d  p r o t e i n  

s y n t h e s i s  i n  t h e  a b s e n c e  o f  60S s u b u n i t s .  I n  c o n t r a s t ,  

t h e  60S r i b o s o m a l  s u b u n i t  p r e p a r a t i o n s  had some s y n t h e t i c  

a c t i v i t y  a l t h o u g h  t h i s  was g r e a t l y  s t i m u l a t e d  by t h e  

a d d i t i o n  o f  40S s u b u n i t s  ( F i g . 7 . 4 ) .

H e t e r o l o g o u s  r e c o m b i n a t i o n  e x p e r i m e n t s  w i t h  

r i b o s o m a l  s u b u n i t s  from s t r a i n  Y^gg and s t r a i n  TR^ o r  

s t r a i n  Y^gg and M . v e r r u c a r i a  w ere  p e r f o r m e d  ( F i g . 7 . 5  

and t a b l e  7 . 6 )  i n  o r d e r  t o  d e t e r m i n e  w h ic h  s u b u n i t  o f  

s t r a i n  TR^ and M . v e r r u c a r i a  r i b o s o m e s  were  r e s p o n s i b l e  

f o r  r e s i s t a n c e  t o  T -2  t o x i n .  I t  was fo u n d  t h a t  an



TABLE 7 . 6

LOCALISATION OF RESISTANCE TO T-2  TOXIN ON 
S.CEREVISIAE AND M.VERRUCARIA RIBOSOMES

S o u r c e  o f S u b u n i t s

p m o le s  Phe  
i n c o r p o r a t e d  (5 p i )

% A c t i v i t y  
+ T-2  t o x i n

C o n t r o l +T-2 t o x i n  
lO p g /m l40S 60S

^166 %166 1 1 . 5 0 . 5 4

^166 TRi 9 . 0 2 . 0 2 2

TRi TRi 8 . 8 2 . 0 23

TRi %Ï6 6 1 0 . 5 0 . 6 6

^166 M . v e r r u c a r i a 0 0 -

M . v e r r u c a r i a ^166 28 2 . 0 7

M . v e r r u c a r i a M . v e r r u c a r i a 25 23 92

M i x t u r e s  f o r  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  ( S e c t i o n  3 . 1 4 )  
c o n t a i n i n g  40S and 60S r i b o s o m a l  s u b u n i t s  and y e a s t  SlOO w e re  

i n c u b a t e d  i n  t h e  p r e s e n c e  o r  a b s e n c e  o f  T-2  t o x i n  ( l O p g / m l  
f i n a l  c o n c e n . )  a t  2 5 ° C .  Each i n c u b a t i o n  (2 5  p i )  c o n t a i n e d  

8  p m o le s  o f  r i b o s o m a l  s u b u n i t s .  A sa m p le  (5 p i )  was removed

from e a c h  i n c u b a t i o n  a f t e r  60 m i n u t e s ,  p r e c i p i t a t e d  w i t h  

TCA and r a d i o a c t i v i t y  i n  t h e  p r e c i p i t a t e  e s t i m a t e d  by  

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  ( S e c t i o n  3 . 1 6 ) .
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a c t i v e  r i b o s o m e  c o u l d  be  p r o d u c e d  from M . v e r r u c a r i a

40S and Y^gg 60S r i b o s o m a l  s u b u n i t s  b u t  n o t  from

s t r a i n  Y^gg 40S and M . v e r r u c a r i a  60S r i b o s o m a l  s u b u n i t s .

No e x p l a n a t i o n  i s  o f f e r e d  f o r  t h i s  phenomenon s i n c e

a l l  t h e  s u b u n i t s  w ere  a c t i v e  when t e s t e d  i n  h o m o lo g o u s

r e c o m b i n a t i o n  e x p e r i m e n t s  ( d a t a  n o t  g i v e n ) .

The 60S r i b o s o m a l  s u b u n i t s  o f  b o t h  y e a s t  s t r a i n

TRi and M . v e r r u c a r i a  were  fou nd  t o  be  r e s p o n s i b l e  f o r

r e s i s t a n c e  t o  T -2  t o x i n  ( T a b l e  7 . 6 )  a s  p r e d i c t e d  from

e v i d e n c e  p r e s e n t e d  e l s e w h e r e  ( C h a p t e r  6 ) .

7 . 5 .  ANALYSIS OF RIBOSOMAL PROTEINS BY TWO-DIMENSION GEL- 
ELECTROPHORESIS

W h i l s t  i t  i s  c l e a r  t h a t  s t r a i n  TR  ̂ i s  r e s i s t a n t  

t o  t r i c h o d e r m i n  by v i r t u e  o f  a l t e r e d  60S r i b o s o m a l  

s u b u n i t s  a s  compared t o  w i l d - t y p e  ( T a b l e  7 . 6 ) ,  no  

a l t e r e d  g e n e - p r o d u c t  h a s  e v e r  b e e n  i m p l i c a t e d .  O th er  

w o r k e r s  (Grant e t  a l . ,  1 9 7 6 )  h a v e  s u b j e c t e d  a n o t h e r  

t r i c h o d e r m i n - r e s i s t a n t  y e a s t  ( CLî^ ) t o  g e n e t i c  

a n a l y s i s  and h a v e  mapped t h e  m u t a t i o n  t o  a s i t e  on  

chromosome XV. H owever ,  t h i s  s i t e  h a s  n o t  b e e n  

d e m o n s t r a t e d  t o  c o d e  f o r  any  com pon ent  o f  th e  r i b o s o m e  

and, t h e r e f o r e ,  t h e  m u t a t i o n  m ig h t  a f f e c t  a r i b o s o m a l  

p r o t e i n ,  rRNA or  an enzyme c a p a b l e  o f  m o d i f y i n g  t h e  

r i b o s o m e .  I n  o r d e r  t o  d e f i n e  t h e  m u t a t i o n ,  t e c h n i q u e s  

f o r  s t u d y i n g  t h e  p r o t e i n s  and RNA o f  t h e  r ib o s o m e  are  

n e c e s s a r y .

R ib o s o m a l  p r o t e i n s  may be s e p a r a t e d  e a s i l y  from
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rRNA ( S e c t i o n  7 , 5 a )  s o  t h a t  t h e y  c a n  be  s t u d i e d  i n  

i s o l a t i o n .

S e p a r a t i o n  o f  RNA s p e c i e s  from one a n o t h e r  h a s  b e e n  

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

e l e c t r o p h o r e s i s  t e c h n i q u e s  ( R i c h a r d s  and G r a t z e r ,  1 9 6 4 ;  

B a c h v a r o f f  and M cM aster ,  1 9 6 4 ;  B en ey  and S z e k e l y , 1 9 6 6 ) .  

H ow ever ,  t h e s e  t e c h n i q u e s  a r e  o f  l i t t l e  u s e  f o r  t h e  s t u d y  

o f  rRNA s p e c i e s  s i n c e  t h e y  a r e  a l l  l a r g e  m o l e c u l e s  and 

s m a l l  m o d i f i c a t i o n s  o f  t h e i r  s t r u c t u r e  a r e  u n l i k e l y  t o  

be  n o t i c e d .  D e s p i t e  t h i s  p r o b l e m ,  m u t a t i o n s  i n  rRNA 

s p e c i e s  h a v e  b e e n  d e t e c t e d  by  d i g e s t i o n  o f  t h e  RNA 

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

t h i s  t r e a t m e n t  ( H e l s e r  e t  a l . ,  1 9 7 2 ;  L a i  and W eisb lum ,  

1 9 7 1 ) .

A l t e r a t i o n s  i n  r i b o s o m a l  p r o t e i n s  c a u s e d  by  

r e p l a c e m e n t ,  m o d i f i c a t i o n  o r  d e l e t i o n  o f  am ino  a c i d s  

a r e  f a r  e a s i e r  t o  d e t e c t  t h a n  t h o s e  i n  rRNA. The 

p r o t e i n s  a r e  s m a l l e r  th a n  rRNA and may be s e p a r a t e d  from  

one  a n o t h e r  by v i r t u e  o f  s i z e  o r  c h a r g e  d i f f e r e n c e s .

An a l t e r e d  r i b o s o m a l  p r o t e i n  may be d i f f e r e n t i a t e d  

from i t s  w i l d - t y p e  c o u n t e r p a r t  by  a c h a n g e  i n  m o b i l i t y  

when s u b j e c t e d  t o  g e l - e l e c t r o p h o r e s i s .  H ow ever ,  s i n c e  

t h e  60S r i b o s o m a l  s u b u n i t s  o f  y e a s t  c o n t a i n  4 3 - 4 5  

p r o t e i n s  (Cannon e t  a l . , 1 9 7 7 ;  Otaka and K o b a t a ,

1 9 7 8 )  w hich  a r e  o f  s i m i l a r  s i z e s  and m o s t l y  v e r y  b a s i c ,  

t h e  t e c h n i q u e  o f  g e l - e l e c t r o p h o r e s i s  h a s  t o  be u s e d  a t  

t h e  l i m i t  o f  r e s o l u t i o n .  O n e - d i m e n s i o n a l  g e l -
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e l e c t r o p h o r e s i s  i s  i n a d e q u a t e  f o r  r e s o l v i n g  a l l  t h e  

r i b o s o m a l  p r o t e i n s  and, t h e r e f o r e ,  t w o - d i m e n s i o n a l  

s y s t e m s  were u s e d  i n  t h i s  work .  T h i s  l a t t e r  t e c h n i q u e  

a l l o w s  t h e  pH and c o m p o s i t i o n  o f  g e l s  t o  be v a r i e d  

i n d e p e n d e n t l y  b e t w e e n  t h e  f i r s t  and s e c o n d  d i m e n s i o n  ( s e e  

7 . 5 b ) .

R ib o s o m a l  RNA s p e c i e s  h a v e  n o t  b e e n  s t u d i e d  i n  t h i s  

work b u t  two t e c h n i q u e s  o f  g e l - e l e c t r o p h o r e s i s  h a v e  

b e e n  u s e d  h e r e  t o  a n a l y s e  r i b o s o m a l  p r o t e i n s .  T h e se  

a r e  a m o d i f i c a t i o n  (Howard and T r a u t ,  1 9 7 3 )  o f  t h e  2-D  

method o f  K a l d s c h m i d t  and Wittmann ( 1 9 7 0  a , b )  and  

t h e  2-D m eth od  o f  Mets  and Bogorad  ( 1 9 7 4 ) .

I n  t h e  s y s t e m  o f  Howard and T r a u t ,  p r o t e i n s  a r e

e l e c t r o p h o r e s e d  a t  p H 8 .7  i n  6 M -urea  and 4% ( ^ / v )

p o l y a c r y l a m i d e  i n  t h e  f i r s t  d i m e n s i o n  and a t  pH 4 .5  i n  

6 M -urea  and 18% ( ^ / v )  p o l y a c r y l a m i d e  i n  t h e  s e c o n d .

The p r o c e d u r e  o f  Mets  and B ogorad  s e p a r a t e s  p r o t e i n s  by  

e l e c t r o p h o r e s i s  i n  t h e  f i r s t  d i m e n s i o n  a t  p H 5 .0  i n  

8 M-urea and 4% ( ^ / v )  p o l y a c r y l a m i d e  and i n  a sod ium  

d o d e c y l  s u l p h a t e  (SDS) 10% ( ^ / v )  p o l y a c r y l a m i d e  g e l  

i n  t h e  s e c o n d  d i m e n s i o n .  E l e c t r o p h o r e s i s  o f  p r o t e i n  

m o l e c u l e s  i n  t h e  p r e s e n c e  o f  a n i o n i c  d e t e r g e n t  SDS 

s e p a r a t e s  them on t h e  b a s i s  o f  s i z e  (an d  t o  a l e s s e r  

e x t e n t ,  s h a p e )  and i s  i n d e p e n d e n t  o f  n e t  c h a r g e  on t h e  

p r o t e i n s  ( S h a p i r o  e t  a l . ,  1 9 6 7 ) .

( a )  P r e p a r a t i o n  o f  R ib o s o m a l  P r o t e i n s

P r o t e i n s  were  e x t r a c t e d  from r i b o s o m a l  s u b u n i t s



TABLE 7 . 7

SOLUTIONS FOR POLYACRYLAMIDE GEL ELECTROPHORESIS 

IN TWO DIMENSIONS (HOWARD AND TRAUT, 1 9 7 3 )

GEL SOLUTIONS p e r  l i t r e

1—D Urea  
A c r y l a m i d e  

MBA

Na2  EDTA 
B o r i c  A c id  

T r i s  b a s e  
TEMED

2-D Urea  
A c r y l a m i d e  
MBA
A c e t i c  A c id
KOH
TEMED

360g  

40g  

1 . 3 3 g  
80g  
32g  

4 8 . 6 g  

1  ml

360g  
180g  
2 . 5 g  

53 ml 
2 . 7 g  

3 ml

P o l y m e r i s e d  w i t h  0 . 2  

ml 1 0 % i ^ / v )  ammonium 

p e r s u l p h a t e / 1 0 0  ml 
g e l  s o l u t i o n  

(pH8.7- u n a d j u s t e d )

P o l y m e r i s e d  w i t h  3 . 0  

ml 1 0 % i ^ / v )  ammonium 
p e r s u l p h a t e / 1 0 0  ml g e l  
s o l u t i o n
(p H 4 .5  u n a d j u s t e d )

RUNNING-BUFFERS p e r  l i t r e  

1-D Nag EDTA

2-D

B o r i c  A c id  

T r i s  b a s e

G l y c i n e  

A c e t i c  a c i d

2 . 4 g
4 . 8 g
7 . 2 5 g

14g  

1 . 5  ml

(p H 8 .2  u n a d j u s t e d )

(p H 4 .0  u n a d j u s t e d )



TABLE 7 . 8

SOLUTIONS FOR POLYACRYLAMIDE GEL ELECTROPHORESIS IN  

TWO DIMENSIONS ( METS AND BOGORAD, 1 9 7 4 ) .

GEL SOLUTIONS p e r  l i t r e

1-D

2-D

U rea
A c r y l a m i d e

MBA

B i s - T r i s  
TEMED

40  g

1  g
4 8 0  g 

1 1 . 9 2 g  
5 ml

A c e t i c  a c i d  t o  pHS.O

A c r y l a m i d e

MBA
B i s - T r i s  
TEMED 
HCl t o

1 0 0  g  
2 . 5  g 

30  g 

1  ml 
pH 6 . 7 5

P o l y m e r i s e d  w i t h  5 ml 
1 0 % ( ^ / v )  ammonium 

p e r s u l p h a t e / l i t r e  o f  

g e l  s o l u t i o n .

P o l y m e r i s e d  w i t h  2 ml 
1 0 % ( ^ / v )  ammonium 

p e r s u l p h a t e / l i t r e  o f  
g e l  s o l u t i o n .

RUNNING BUFFERS p e r  l i t r e

1-D Upper b u f f e r

Lower b u f f e r

B i s - T r i s  2 . 0 0  g
A c e t i c  a c i d  t o  p H 4 .0

P o t a s s i u m  a c e t a t e  1 7 . 5  g 

A c e t i c  a c i d  t o  pH4.5

2-D Upper b u f f e r

Lower b u f f e r

MES 1 3 . 7  g

B i s - T r i s  1 4 . 6  g

SDS 1 g
2 - m e r c a p t o e t h a n o l  g^M

B i s - T r i s  5 . 8 5  g
HCl t o  p H 6 .75
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a c c o r d i n g  t o  t h e  m ethod o f  Dohme and N i e r h a u s  ( 1 9 7 6 ) .

The s u b u n i t s  were  made 1 0 0  mM i n  magnesium a c e t a t e  

and 6 6 % ( ^ / v )  i n  a c e t i c  a c i d  and t h e  m i x t u r e  

c e n t r i f u g e d  t o  p r e c i p i t a t e  RNA. F i v e  v o lu m e s  o f  

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

c e n t r i f u g a t i o n ,  t h e  p r e c i p i t a t e  o f  p r o t e i n s  was w ashed  

t w i c e  i n  a c e t o n e ,  d r i e d  i n  v a c u o  and r e d i s s o l v e d  i n  8 M- 

u r e a  c o n t a i n i n g  3 0 m M - 2 - m e r c a p t o e t h a n o l .

(b )  T w o - d i m e n s i o n a l  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  

The c o m p o s i t i o n  o f  t h e  v a r i o u s  g e l  s o l u t i o n s  and  

b u f f e r s  a r e  g i v e n  i n  T a b l e s  7 . 7  and 7 . 8 .  The a p p a r a t u s  

f o r  2-D g e l - e l e c t r o p h o r e s i s  was e s s e n t i a l l y  a s  

d e s c r i b e d  b y  Howard and T r a u t  ( 1 9 7 4 ) .

( i )  F i r s t  d i m e n s i o n :

D e s c e n d i n g  d i s c - g e l  e l e c t r o p h o r e s i s  was p e r f o r m e d  

i n  g l a s s  t u b e s  (1 4  cm x 3 mm i . d .  f o r  M ets  and Bogorad  

g e l  s y s t e m s  and ,  when o n l y  t h e  b a s i c  p r o t e i n s  w ere  t o  be  

s e p a r a t e d , i n  K a l d s c h m i d t  and W i t t m a n n - t y p e  2-D g e l  

s y s t e m s ;  9 cm x  3 mm i . d .  f o r  K a l d s c h m i d t  and W it tm a n n -  

t y p e  g e l s  c o n t a i n i n g  b o t h  a c i d i c  and b a s i c  p r o t e i n s ) .

The t u b e s  w ere  washed  i n  c h r o m ic  a c i d  and t h e  b o t t o m  o f  

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

w h ic h  had b e e n  d e g a s s e d  u n d e r  vacuum and p o l y m e r i s e d  

w i t h  f r e s h l y - p r e p a r e d  ammonium p e r s u l p h a t e  s o l u t i o n  ( s e e  

T a b l e s  7 . 7  and 7 . 8 ) .  G e l s  were  p o u r e d  i n  t h e  t u b e s  t o  a 

l e n g t h  o f  12 cm o r  7 cm ( s e e  a b o v e )  and o v e r l a i d  w i t h  

b u t a n o l  w h ich  had b e e n  s a t u r a t e d  w i t h  w a t e r .  A f t e r  t h e
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g e l  had p o l y m e r i s e d  ( 1 0  t o  15 m i n u t e s )  t h e  b u t a n o l  was  

rem oved  and t h e  u p p e r  g e l  s u r f a c e  w ashed  w i t h  r u n n i n g -  

b u f f e r  ( T a b l e s  7 . 7  and 7 . 8 ) .  The t u b e s  w ere  t h e n  p l a c e d  

i n  t h e  g e l - e l e c t r o p h o r e s i s  a p p a r a t u s  (Howard and T r a u t ,

1 9 7 4 )  and f i l l e d  w i t h  r u n n i n g  b u f f e r  b e f o r e  l o a d i n g  p r o t e i n  

s a m p le s  w h ich  were  i n  8 M -u r e a ,  3O m M -2 - m e r c a p to e th a n o l ,

2 0 % ( ^ / v ) - g l y c e r o l  and 0 .05%  ( '^ /v ) - m a r k e r  d y e  o n t o  t h e  t o p  

o f  t h e  g e l s .  B a s i c  f u c h s i n  was u s e d  a s  m arker  f o r  r u n s  

from  anode  t o  c a t h o d e  and b ro m o p h en o l  b l u e  i n  r u n s  from  

c a t h o d e  t o  a n o d e .  T im es  and c o n d i t i o n s  f o r  e l e c t r o p h o r e s i s  

w ere  a s  d e s c r i b e d  i n  f i g u r e  l e g e n d s .

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

g e l s  were  rem oved  from  t h e i r  t u b e s  by  i n j e c t i n g  f i r s t -  

d i m e n s i o n  b u f f e r  b e t w e e n  t h e  g e l s  and t h e  g l a s s  w i t h  a 

h y p e r d e r m i c  s y r i n g e .  I f  t h e  g e l s  d i d  n o t  s l i d e  o u t  o f  

t h e  t u b e s  t h e y  c o u l d  be e x p e l l e d  by a p p l y i n g  g e n t l e  a i r  

p r e s s u r e  t o  one  end  o f  t h e  t u b e .

( i i )  Second  d i m e n s i o n ;

For  K a l d s c h m i d t  and W it t m a n n - t y p e  g e l s  c o n t a i n i n g  b o t h  

a c i d i c  and b a s i c  p r o t e i n s ,  t h e  tw o  g e l s  ( o n e  c o n t a i n i n g  

a c i d i c  and one  b a s i c  p r o t e i n s )  were  tr im med t o  a b o u t  6  cm 

e a c h  and p l a c e d  o r i g i n  t o  o r i g i n  on a g l a s s  p l a t e .  G e l s  

o f  1 2  cm l e n g t h  w ere  p l a c e d  d i r e c t l y  o n t o  a g l a s s  p l a t e  

w i t h o u t  t r i m m i n g .  The a r r a n g e m e n t  o f  g l a s s  p l a t e s  f o r  t h e  

s e c o n d  d i m e n s i o n  was a s  d e s c r i b e d  by Howard and T r a u t  ( 1 9 7 4 )  

The g e l  was p l a c e d  a t  t h e  t o p  o f  t h e  p l a t e  b e t w e e n  p e r s p e x  

s p a c e r s  b u t  s o  t h a t  t h e r e  was a gap o f  3 mm b e t w e e n  t h e
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s p a c e r  and t h e  end  o f  th e  g e l .  A n o t h e r  g l a s s  p l a t e  was 

t h e n  c lam ped  on t o p  o f  t h e  f i r s t  p l a t e  s o  a s  t o  t r a p  t h e  

g e l  i n  p l a c e .  A f t e r  t h e  s p a c e  b e t w e e n  t h e  p l a t e s  had  

b e e n  b l o c k e d  a t  t h e  s i d e s  and b o t t o m  by  p l a s t i c  t u b i n g ,  

t h e  s e c o n d - d i m e n s i o n  g e l  s o l u t i o n  was p o u re d  t h r o u g h  t h e  

gap b e t w e e n  g e l  and s p a c e r  s o  t h a t ,  a f t e r  p o l y m e r i s a t i o n ,  

t h e  f i r s t - d i m e n s i o n  g e l  formed t h e  t o p  e d g e  o f  t h e  s l a b  

g e l .  The s e c o n d  d i m e n s i o n  g e l  s o l u t i o n  was d e g a s s e d  and 

m ixed  w i t h  ammonium p e r s u l p h a t e  s o l u t i o n  b e f o r e  p o u r i n g .  

P o l y m e r i s a t i o n  was c o m p l e t e  w i t h i n  30 m i n u t e s .

A f t e r  t h e  g e l  had p o l y m e r i s e d ,  t h e  p l a s t i c  t u b i n g  was  

rem oved  and t h e  g l a s s  p l a t e s  c la m p ed  i n  p o s i t i o n  i n  t h e  

a p p a r a t u s  f o r  s l a b - g e l  e l e c t r o p h o r e s i s  ( S t u d i e r , 1 9 7 2 ) .

The tw o  b u f f e r  ch am b ers  were  t h e n  f i l l e d  and t h e  

p r o t e i n s  e l e c t r o p h o r e s e d  from anode  t o  c a t h o d e  ( K a l d s c h m i d t  

and W ittmann) o r  c a t h o d e  t o  anode (M ets  and B og o ra d )  u s i n g  

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

t h e  s l a b - g e l s  were  p r i s e d  from b e t w e e n  t h e  g l a s s  p l a t e s  

and s t a i n e d  f o r  two h o u r s  i n  a s o l u t i o n  o f  0 .04% ( ^ / v )  

C oom as ie  B r i l l i a n t  B lu e  -  G i n  3.5% ( ^ / v )  p e r c h l o r i c  a c i d .  

The g e l s  were  t h e n  p l a c e d  i n  s e v e r a l  c h a n g e s  o f  d e s t a i n i n g  

s o l u t i o n  (15% ( ^ / v )  m e t h a n o l ,  7.5% ( ^ / v )  a c e t i c  a c i d )  t o  

rem ove  s t a i n  t h a t  was n o t  bound t o  p r o t e i n .

P r o t e i n s  p r e p a r e d  from 60S r i b o s o m a l  s u b u n i t s  o f  

y e a s t  s t r a i n s  Y^gg and TR^ were e l e c t r o p h o r e s e d  u s i n g  

i d e n t i c a l  c o n d i t i o n s  by  t h e  method o f  Howard and T r a u t  

( 1 9 7 3 ) .  The a c i d i c  p r o t e i n s  w ere  n o t  s t u d i e d ,  h o w e v e r .
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Legend t o  F i g u r e  7 , 9

A n a l y s i s  o f  B a s i c  P r o t e i n s  from t h e  60S  

R ib o so m a l  S u b u n i t s  o f  Y e a s t  S t r a i n s  Y^gg 
and TR  ̂ by 2-D  G e l  E l e c t r o p h o r e s i s  (Howard  

and T r a u t ,  1 9 7 3 )

P r o t e i n s  ( 0 . 5  mg) from t h e  60S r i b o s o m a l  

s u b u n i t s  o f  ( a )  y e a s t  s t r a i n  Y^gg o r  (b )  y e a s t  

s t r a i n  TR% ( S e c t i o n  7 . 5 a )  w e r e  e l e c t r o p h o r e s e d  

i n  two d i m e n s i o n s  by t h e  method o f  Howard and T ra u t  

( 1 9 7 3 ;  s e e  S e c t i o n  7 . 5 b  and T a b l e  7 . 7 ) .

E l e c t r o p h o r e s i s  was  p e r f o r m e d  a t  4^C f o r  

13 h o u r s  a t  200  V i n  t h e  f i r s t  d i m e n s i o n  and  

24 h o u r s  a t  120 V i n  t h e  s e c o n d  d i m e n s i o n .  A l l

e l e c t r o p h o r e s i s  s t e p s  w e r e  from anod e  t o  

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

d e t e c t e d .

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

0 .04% i ^ / v )  C o o m a s ie  B r i l l i a n t  B lu e -G  i n  3.5% ( ^ / v )  

p e r c h l o r i c  a c i d  and d e s t a i n e d  w i t h  15% ( ^ / v )  

m e t h a n o l ,  7.5% ( ^ / v )  a c e t i c  a c i d .
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Legend t o  F i g u r e  7 . 1 0

A n a l y s i s  o f  t h e  P r o t e i n s  o f  t h e  60S R ib o so m a l  S u b u n i t s

o f  M . v e r r u c a r i a  by 2-D Gel E l e c t r o p h o r e s i s  (Howard 

and T r a u t ,  1973)

P r o t e i n s  ( 0 . 5  mg) from t h e  60S r i b o s o m a l  s u b u n i t s  

o f  M.v e r r u c a r i a  ( S e c t i o n  7 . 5 a )  w e re  e l e c t r o p h o r e s e d  i n  

two d i m e n s i o n s  by t h e  method o f  Howard and T r a u t  ( 1 9 7 3 ;  

s e e  S e c t i o n  7 . 5 b  and T a b le  7 . 7 ) .  E l e c t r o p h o r e s i s  

was p e r fo r m e d  a t  4°C f o r  13 h o u r s  a t  200 V ( a n o d e  t o  

c a t h o d e )  o r  2-J h o u r s  a t  200 V ( c a t h o d e  t o  a n o d e )  i n  

t h e  f i r s t  d i m e n s i o n .  The 2 g e l s  w e r e  t h e n  p l a c e d  

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

f o r  24 h o u r s  a t  120 V and 4^C i n  t h e  s e c o n d  d i m e n s i o n  

(a n o d e  t o  c a t h o d e ) .  The g e l  was  s t a i n e d  i n  0.04%

( ^ / v )  C o o m a s ie  B r i l l i a n t  B lue -G  i n  3.5% ( ^ / v )  p e r c h l o r i c  

a c i d  and d e s t a i n e d  w i t h  15% ( ^ / v )  m e t h a n o l ,  7.5% ( ^ / v )  

a c e t i c  a c i d .
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s i n c e  t h e y  d i d  n o t  form c l e a r l y  s t a i n e d  s p o t s  w i t h i n  

t h e  g e l  ( d a t a  n o t  g i v e n ) .  T h e re  were  no o b v i o u s  

d i f f e r e n c e s  b e t w e e n  t h e  e l e c t r o p h o r e t i c  m o b i l i t i e s  o f  

t h e  b a s i c  p r o t e i n s  from w i l d - t y p e  and m u ta n t  y e a s t  

( F i g . 7 . 9 ) .  The r i b o s o m a l  p r o t e i n s  from t h e  l a r g e  

s u b u n i t  o f  M . v e r r u c a r i a  w ere  e l e c t r o p h o r e s e d  a l s o  

a c c o r d i n g  t o  Howard and T r a u t  ( 1 9 7 3 ) .  H ow ever ,  t h e r e  

were  few  p r o t e i n s  w i t h  e l e c t r o p h o r e t i c  m o b i l i t i e s  

s i m i l a r  t o  t h o s e  fo u n d  i n  y e a s t  ( F i g . 7 , 1 0 ) .

C l e a r l y ,  c o m p a r i s o n  o f  p r o t e i n s  from M . v e r r u c a r i a  and 

S . c e r e v i s i a e  i s  u n a b l e  t o  p r o v i d e  any  c l u e s  t o  t h e  

method by w h ich  r e s i s t a n c e  t o  t r i c h o t h e c e n e s  i s  

a c h i e v e d .

The p r o t e i n s  o f  t h e  60S r i b o s o m a l  s u b u n i t s  o f  

s t r a i n s  ^ ± ^ 6  and TR  ̂ w ere  compared a l s o  i n  t h e  g e l -  

e l e c t r o p h o r e s i s  s y s t e m  o f  Mets  and Bogorad  ( 1 9 7 4 ) .

T h i s  s y s t e m  d o e s  n o t  d i s t i n g u i s h  b e t w e e n  a c i d i c  and  

b a s i c  p r o t e i n s  t h u s  m aking  a n a l y s i s  o f  r i b o s o m a l  p r o t e i n s  

l e s s  c o m p l i c a t e d .  H ow ever ,  t h e  p r o t e i n s  a r e  l e s s  w e l l  

s e p a r a t e d  i n  t h i s  s y s t e m  when com pared  t o  t h a t  o f  Howard 

and T r a u t  ( 1 9 7 4 ) .  A g a i n ,  t h e r e  w ere  no o b v i o u s  

d i f f e r e n c e s  b e t w e e n  t h e  e l e c t r o p h o r e t i c  m o b i l i t i e s  o f  t h e  

p r o t e i n s  from w i l d - t y p e  and m u ta n t  r i b o s o m e s  ( F i g . 7 . 1 1 ) .

The p r o t e i n s  o f  t h e  40S r i b o s o m a l  s u b u n i t  were  a l s o  

a n a l y s e d  by  t h e  m ethod  o f  M ets  and Bogorad  ( F i g . 7 . 1 2 ) .

I t  i s  e x t r e m e l y  d i f f i c u l t  t o  compare p r o t e i n  p r o f i l e s
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LEGEND TO FIGURE 7 . 1 1

A n a l y s i s  o f  t h e  P r o t e i n s  o f  t h e  60S R ib osom al  

S u b u n i t s  o f  Y e a s t  S t r a i n s  Y^gg and TR  ̂ by 2 - 0  Gel  

E l e c t r o p h o r e s i s  (M ets  and B o g o r a d ,  1 9 7 4 )

P r o t e i n s  ( 0 . 5  mg) from t h e  60S r i b o s o m a l  s u b u n i t s  

o f  ( a )  y e a s t  s t r a i n  Yj^gg o r  (b )  y e a s t  s t r a i n  TR  ̂ ( S e c t i o n  

7 . 5 a )  w e r e  e l e c t r o p h o r e s e d  i n  two d i m e n s i o n s  by t h e  

method o f  Mets  and Bogorad ( 1 9 7 4 ) ;  ( s e e  S e c t i o n  7 . 5 b  

and T a b l e  7 . 8 ) .  E l e c t r o p h o r e s i s  was p e r fo r m e d  a t  

4^C f o r  12 h o u r s  a t  80 V i n  t h e  f i r s t  d i m e n s i o n  

(a n o d e  t o  c a t h o d e )  and a t  room t e m p e r a t u r e  f o r  5 h o u r s  

a t  50 V i n  t h e  s e c o n d  d i m e n s i o n  ( c a t h o d e  t o  a n o d e ) .

The g e l s  w e re  s t a i n e d  i n  0 .04% ( * / v )  C o o m a s ie  B r i l l i a n t  

B lu e -G  i n  3.5% ( ^ / v )  p e r c h l o r i c  a c i d  and d e s t a i n e d  

w i t h  15% ( ^ / v )  m e t h a n o l ,  7.5% ( ^ / v )  a c e t i c  a c i d .
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Legend t o  F i g u r e  7 . 1 2

A n a l y s i s  o f  t h e  P r o t e i n s  o f  t h e  4 0 5  R ib osom al  

S u b u n i t s  o f  Y e a s t  S t r a i n s  Y^g^ and TR  ̂ by 2-D  

Gel E l e c t r o p h o r e s i s  (M ets  and B o g o ra d ,  1 9 7 4 )

P r o t e i n s  ( 0 . 5  mg) from t h e  40S r i b o s o m a l  

s u b u n i t s  o f  ( a )  y e a s t  s t r a i n  Y^gg o r  (b )  y e a s t  

s t r a i n  TR  ̂ ( S e c t i o n  7 . 5 a )  w e r e  e l e c t r o p h o r e s e d  i n  

two d i m e n s i o n s  by t h e  method o f  Mets  and Bogorad  

( 1 9 7 4 ) ;  ( s e e  S e c t i o n  7 . 5 b  and T a b l e  7 . 8 ) .  

E l e c t r o p h o r e s i s  was p e r f o r m e d  a t  4^C f o r  12 h o u r s  

a t  80 V i n  t h e  f i r s t  d i m e n s i o n  (a n o d e  t o  c a t h o d e )  

and a t  room t e m p e r a t u r e  f o r  5 h o u r s  a t  50V i n  t h e  

s e c o n d  d i m e n s i o n  ( c a t h o d e  t o  a n o d e ) .  The g e l s  

w e r e  s t a i n e d  i n  0.04% i ^ / v )  C o o m a s ie  B r i l l i a n t  B lu e -G  

i n  3.5% ( ^ / v )  p e r c h l o r i c  a c i d  and d e s t a i n e d  w i t h  15% 

( ^ / v )  m e t h a n o l ,  7.5% ( ^ / v )  a c e t i c  a c i d .
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from two d i f f e r e n t  s o u r c e s  s i n c e  no  two g e l s  e v e r  run  

e x a c t l y  a l i k e .  T h e r e  i s  a l w a y s  some v a r i a t i o n  i n  t h e  

p a t t e r n  e v e n  when c o m p a r in g  two g e l s  w h ich  c o n t a i n  

t h e  same p r o t e i n s .  T h e r e f o r e ,  a s m a l l  d i f f e r e n c e  

i n  m o b i l i t y  b e t w e e n  w i l d - t y p e  and m u ta n t  p o l y p e p t i d e  

i s  u n l i k e l y  t o  be n o t i c e d  by  su ch  c o m p a r i s o n s .  I n  

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

b o t h  s e t s  o f  p r o t e i n s  on t h e  same g e l  and ,  t h u s ,  

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

p r o t e i n s  o f  s t r a i n  were  d i f f e r e n t i a t e d  from  t h o s e

o f  s t r a i n  TRi by  g r o w i n g  Y^gg c e l l s  i n  medium 

c o n t a i n i n g  ^""^^Cj/amino a c i d s  and p r e p a r i n g  r i b o s o m a l  

p r o t e i n s  from t h i s  s o u r c e .

( c )  Growth o f  R a d i o - L a b e l l e d  Y e a s t  C e l l s

A s m a l l  q u a n t i t y  ( 2 0 0  m l)  o f ' m i n i m a l  am ino  a c i d  

medium' ( S e c t i o n  2 . 2 )  was i n n o c u l a t e d  w i t h  a s i n g l e  

c o l o n y  o f  y e a s t  s t r a i n  Y1 5 5  and i n c u b a t e d  w i t h  s h a k i n g  

a t  30^C u n t i l  t h e  medium had an a b s o r b a n c e  a t  6 5 0  n .m .  

(A 650)  o f  0 . 1  . Ten m i c r o c u r i e s  o f  p r o t e i n

h y d r o l y s a t e  (5 9  m Ci/mAtom) were t h e n  add ed  and t h e  

i n c u b a t i o n  c o n t i n u e d  u n t i l  t h e  medium had an A650 o f  

0 . 8 .  The medium was r a p i d l y  c o d e d  t o  O^C and t h e  c e l l s  

h a r v e s t e d  a s  d e s c r i b e d  p r e v i o u s l y  ( S e c t i o n  2 . 4 ) .

( d )  P r e p a r a t i o n  and A n a l y s i s  o f  R a d i o - l a b e l l e d  
R ib o s o m a l  P r o t e i n s

R i b o s o m e s ,  r i b o s o m a l  s u b u n i t s  and t h e  p r o t e i n s  o f



Legend t o  F i g u r e  7 . 1 3

A n a l y s i s  o f  t h e  P r o t e i n s  o f  t h e  60S R ib o so m a l  

S u b u n i t s  o f  Y e a s t  S t r a i n  TR  ̂ and P r o t e i n s

o f  t h e  60S R ib o so m a l  S u b u n i t s  o f  Y e a s t  S t r a i n  Y^gg 

by 2-D  Gel E l e c t r o p h o r e s i s . (M ets  and B o g o r a d , 1 9 7 4 )

P r o t e i n s  ( 0 .4 m g )  from t h e  60S r i b o s o m a l  s u b u n i t s  

o f  y e a s t  s t r a i n  TR  ̂ ( S e c t i o n  7 . 5 a )  and ^ 

p r o t e i n s  (0 .2 m g )  p r e p a r e d  from r a d i o l a b e l l e d  60S  

r i b o s o m a l  s u b u n i t s  o f  y e a s t  s t r a i n  Y^gg ( S e c t i o n  7 . 5 d )  

w e r e  m ixed  and e l e c t r o p h o r e s e d  i n  t h e  two d i m e n s i o n a l  

g e l - s y s t e m  o f  Mets  and Bogorad  ( 1 9 7 4 ) ;  ( s e e  S e c t i o n  7 . 5 b  

and T a b l e  7 . 8 ) .  E l e c t r o p h o r e s i s  was a t  4°C and 80V 

f o r  1 2  h o u r s  i n  t h e  f i r s t  d i m e n s i o n  ( a n o d e  t o  c a t h o d e )  

and a t  room t e m p e r a t u r e  and 50V f o r  5 h o u r s  i n  t h e  

s e c o n d  d i m e n s i o n  ( c a t h o d e  t o  a n o d e ) .  The g e l  was  

s t a i n e d  i n  0 .04% ( ^ / v )  C o o m a s ie  B r i l l i a n t  B lu e -G  

i n  3.5% ( ^ / v )  p e r c h l o r i c  a c i d  and d e s t a i n e d  i n  15% ( ^ / v )  

m e t h a n o l ;  7.5% ( ^ / v )  a c e t i c  a c i d .

F i n a l l y  t h e  g e l  was  d r i e d  o n t o  Whatmann N o . l  

p a p e r  and a u t o r a d i o g r a p h e d  f o r  5 w e e k s  u s i n g  KODIREX 

X - r a y  f i l m .

( a )  a u t o r a d i o g r a m ;  (b )  S t a i n e d  g e l .
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t h e  60S r i b o s o m a l  s u b u n i t  were  p r e p a r e d  a s  d e s c r i b e d  

p r e v i o u s l y  ( S e c t i o n s  3 . 9 ,  3 . 1 0 ,  7 . 3  and 7 . 5 a ) .

R a d i o - l a b e l l e d  p r o t e i n s  from th e  60S r i b o s o m a l  

s u b u n i t  o f  s t r a i n  Y^gg w ere  m ixed  w i t h  t h e  e q u i v a l e n t  

u n l a b e l l e d  p r o t e i n s  from s t r a i n  TR^ and t h e n  

e l e c t r o p h o r e s e d  i n  t h e  t w o - d i m e n s i o n a l  g e l -  

e l e c t r o p h o r e s i s  s y s t e m  o f  Mets  and Bogorad ( 1 9 7 4 ) .

A f t e r  e l e c t r o p h o r e s i s ,  p r o t e i n s  w i t h i n  th e  g e l  were  

s t a i n e d  w i t h  C o o m a s ie  B r i l l i a n t  B lu e  -  G and t h e  g e l  

t h e n  d r i e d  o n t o  a p a p e r  s u p p o r t .  F i n a l l y ,  an  

a u t o r a d i o g r a m  was p r e p a r e d  by e x p o s i n g  X-Ray f i l m  t o  

t h e  d r i e d  g e l .  R e g i o n s  o f  r a d i o a c t i v i t y  w i t h i n  t h e  g e l  

w ere  compared t o  r e g i o n s  c o n t a i n i n g  p r o t e i n  ( a s  j u d g e d  

b y  s t a i n )  t o  d e t e r m i n e  w h e t h e r  maximum r a d i o a c t i v i t y  

c o r r e s p o n d e d  t o  maximum d e n s i t y  o f  s t a i n .  T h e re  were  

no o b v i o u s  d i f f e r e n c e s  b e t w e e n  t h e  r a d i o a c t i v i t y  and 

s t a i n  p r o f i l e s  o f  t h e  g e l s  ( F i g . 7 . 1 3 ) .

I t  i s  n o t  p o s s i b l e  t o  r u l e  o u t  m u t a t i o n  o f  a 

r i b o s o m a l  p r o t e i n  a s  t h e  means b y  w hich  y e a s t  become  

r e s i s t a n t  t o  t h e  1 2 , 1 3  e p o x y t r i c h o t h e c e n e s . H owever ,  

su ch  a m u t a t i o n  must be f a i r l y  c o n s e r v a t i v e  i n  n a t u r e .

An amber m u t a t i o n  g i v i n g  r i s e  t o  a s m a l l e r  r i b o s o m a l  

p r o t e i n  or  a r a d i c a l  ch a n g e  o f  one amino a c i d  w i t h i n  

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

p h o r e t i c  m o b i l i t y  o f  t h e  p r o t e i n  w hich  would be  d e t e c t e d  

b y  t h i s  p r o c e d u r e .
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C h em ica l  m o d i f i c a t i o n  o f  t h e  r i b o s o m a l  p r o t e i n s  o f  

e u k a r y o t e s  by p h o s p h o r y l a t i o n  o r  m é t h y l a t i o n  i s  w e l l -  

d ocum en ted  and may p r o v i d e  m ech an ism s  f o r  a n t i b i o t i c -  

r e s i s t a n c e .  S e v e r a l  p r o t e i n s  w i t h i n  t h e  l a r g e  and s m a l l  

r i b o s o m a l  s u b u n i t s  o f  y e a s t  a r e  known t o  be  m e t h y l a t e d  

(Cannon e t  a l . , 1 9 7 7 ;  H e rn a n d e z  e t  a l . ,  1 9 7 8 ) .  H ow ever ,  

s i n c e  such  m é t h y l a t i o n s  i n  e u k a r y o t e s  a r e  n o r m a l l y  o f  

l y s i n e  and a r g i n i n e  r e s i d u e s  w i t h i n  t h e  p o l y p e p t i d e s  

( R e p o r t e r  1 9 7 3 ,  1 9 7 4 ;  Chang e t  a l . , 1 9 7 6 )  one  would  

n o r m a l l y  e x p e c t  an o v e r -  o r  u n d e r - m e t h y l a t e d  m u tant  

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

d i f f e r e n t  e l e c t r o p h o r e t i c  m o b i l i t y  when compared t o  i t s  

w i l d - t y p e  c o u n t e r p a r t .  M e t h y l a t e d  d e r i v a t i v e s  o f  

h i s t i d i n e  ( R e p o r t e r ,  1 9 7 3 ) ,  a l a n i n e  and m e t h i o n i n e  (Chen  

e t  a l . ,  1 9 7 7 )  h a v e  a l s o  b e e n  r e p o r t e d  i n  r i b o s o m a l  

p r o t e i n s  and, i n  t h e  c a s e  o f  t h e  l a t t e r  two am ino a c i d s ,  

m é t h y l a t i o n  o f  t h e s e  r e s i d u e s  i s  l e s s  l i k e l y  t o  a l t e r  

e l e c t r o p h o r e t i c  m o b i l i t y .

. R ib o so m a l  p r o t e i n s  i n  a w id e  v a r i e t y  o f  e u k a r y o t e s  

h a v e  b e e n  shown t o  be p h o s p h o r y l a t e d  i n  v i v o  ( K a b a t ,  1 9 7 0 ,  

1 9 7 2 ;  Loeb and B l a t ,  1 9 7 0 ;  B i t t e  and K ab at ,  1 9 7 2 ;

R a n k in e  e t  a l . , 1 9 7 7 ) .  H ow ever ,  i t  i s  u n l i k e l y  t h a t  

t h e  r e s i s t a n c e  o f  s t r a i n  TR  ̂ t o  t r i c h o t h e c e n e s  i s  due t o  

o v e r -  o r  u n d e r - p h o s p h o r y l a t i o n  o f  a r i b o s o m a l  p r o t e i n  

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

w ou ld  be d i f f e r e n t  from i t s  w i l d - t y p e  c o u n t e r p a r t .
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P r e s u m a b l y ,  t h e  m u t a t i o n  w i t h i n  t h e  l a r g e  

r i b o s o m a l  s u b u n i t  o f  s t r a i n  TR% w hich  c o n f e r s  r e s i s t a n c e  

t o  th e  1 2 , 1 3  e p o x y t r i c h o t h e c e n e s  i s  e i t h e r  a c o n s e r v a t i v e  

s u b s t i t u t i o n  o f  an amino a c i d  ( e . g .  n e u t r a l  amino a c i d  

r e p l a c e d  by  a d i f f e r e n t  n e u t r a l  amino a c i d )  o r  an  

a l t e r e d  rRNA. F u r t h e r  e x p e r i m e n t s  a r e  n e e d e d  t o  s o r t  

o u t  t h e s e  p o s s i b i l i t i e s .
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8 . PARTIAL-RECONSTITUTION OF THE RIBOSOMES OF YEAST AND 
M.VERRUCARIA

8 . 1 .  MATERIALS

Com m ercia l  s o u r c e s  o f  m a t e r i a l s  w e r e  a s  f o l l o w s : -  

l-^'^Cjy a c e t i c  a n h y d r i d e  ( 2 9 . 7  mCi/mmol ) , S - a d e n o s y l -  

L - /  m e t h y l - ^ n J 7  m e t h i o n i n e  (1 C i /m m ol)  and Z~^hJ7  so d iu m  

b o r o h y d r i d e  (661  m Ci/m m ol)w ere  from t h e  R a d i o c h e m i c a l  

C e n t r e ,  Amersham, B u c k s . ;  g u a n y l y l  ( p ,  ^ - m e t h y l e n e )  -  

d i p h o s p h o n a t e  (GMPPCP) was from Sigma C h e m ic a l  C o . ,  

K i n g s t o n - u p o n - T h a m e s , S u r r e y ;  Carbowax 6 0 0 0  was from  

U nion  C a r b i d e  U.K.  L t d .  H y t h e ,  S o u th a m p to n ,  H a n t s .

A l l  o t h e r  m a t e r i a l s  w e re  o b t a i n e d  a s  m e n t i o n e d  

p r e v i o u s l y .

8 . 2 .  INTRODUCTION

A n t i b i o t i c s  h a v e  b e e n  u s e d  a s  t o o l s  i n  r ib o s o m e  

r e s e a r c h  f o r  s e v e r a l  y e a r s  ( C h a p t e r  1) and have  

p r o v i d e d  v a l u a b l e  i n s i g h t s  i n t o  r ib o s o m e  s t r u c t u r e  and  

f u n c t i o n .  T h e i r  u s e  i n  d e t e r m i n i n g  w h ich  

r i b o s o m a l  p r o t e i n s  a r e  r e q u i r e d  f o r  p a r t i c u l a r  s t e p s  i n  

p r o t e i n  b i o s y n t h e s i s  h a s  been  e x p l o i t e d  e x t e n s i v e l y  i n  

p r o k a r y o t e s .  E x p e r i m e n t s  w i t h  t h e  a n t i b i o t i c  t h i o s t r e p t o n  

p r o v i d e  a good  e x a m p le  o f  t h e  t e c h n i q u e s  e m p l o y e d .

T h i o s t r e p t o n  i s  a l o w - m o l e c u l a r  w e i g h t  p e p t i d e  

p r o d u c e d  by S t r e p t o m y c e s  a z u r e u s  (P agan o  e t  a l . , 1 9 5 6 ) .  

B i n d i n g  s t u d i e s  u s i n g  t h i o s t r e p t o n  and r i b o s o m e s

from B .m e q a te r iu m  and o t h e r  p r o k a r y o t e s  h a v e  shown t h a t  

a v e r y  s t a b l e  c o m p le x  i s  formed ( D i x o n , 1 9 7 6 ;  H ig h l a n d
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e t  a l . ,  1 9 7 5 ) .  i f ,  h o w e v e r ,  some o f  t h e  r i b o s o m a l  

p r o t e i n s  ( ' s p l i t - p r o t e i n s ' )  a r e  rem oved by  w a s h in g  

t h e  r i b o s o m e s  o f  B .m e q a t e r i u m  i n  2M-Li C l ,  t h e  a n t i b i o t i c  

i s  no l o n g e r  a b l e  t o  b i n d  t o  t h e  r e s u l t a n t  c o r e 

p a r t i c l e .  The c o r e - p a r t i c l e  may be r e c o n s t i t u t e d  

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

o f  c o r e - p a r t i c l e  and a  s i n g l e  s p l i t - p r o t e i n  ( D i x o n ,

1 9 7 6 ) .  T h i s  s p l i t - p r o t e i n  h a s  b e e n  shown t o  be  

a l t e r e d  i n  a t h i o s t r e p t o n - r e s i s t a n t  m u ta n t  o f  

B .m e q a t e r iu m  ( M .S t a r k  and E . C u n d l i f f e ,  p e r s o n a l  

c o m m u n i c a t i o n ) .

The o r g a n i s m  w h ic h  p r o d u c e s  t h i o s t r e p t o n ,

S . a z u r e u s , was fo u n d  t o  be  i n t r i n s i c a l l y - r e s i s t a n t  t o  

t h e  a n t i b i o t i c  b o t h  i n  v i v o  and i n  v i t r o  ( D i x o n  e t  a l . ,  

1 9 7 5 ;  D i x o n ,  1 9 7 6 ) .  I n  an e x p e r i m e n t  i n v o l v i n g  t o t a l -  

r e c o n s t i t u t i o n  o f  a 505 r i b o s o m a l  s u b u n i t  from r i b o s o m a l  

p r o t e i n s  o f  B . s t e a r o t h e r m o p h i l u s  and rRNA o f  S . a z u r e u s  

o r  t h e  r e l a t e d  s p e c i e s  S . c o e l i c o l o r , C u n d l i f f e  ( 1 9 7 8 )  

was a b l e  t o  d e m o n s t r a t e  t h a t  S . a z u r e u s  p r o t e c t e d  i t s e l f  

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

RNA o f  i t s  r i b o s o m e .  T hus ,  a r i b o s o m a l  p r o t e i n  and
in

rRNA h a v e  b e e n  i m p l i c a t e d ^ t h e  a c t i o n  o f  t h i o s t r e p t o n .

E x p e r i m e n t s  o f  t h i s  n a t u r e  h a v e  n e v e r  b e e n  r e p o r t e d  

w i t h  e u k a r y o t i c  r i b o s o m e s  b e c a u s e  o f  two m a jo r  o b s t a c l e s :  

( a )  No a n t i b i o t i c s  h a v e  b e e n  r e p o r t e d  w h ich  b i n d  t o  t h e  

e u k a r y o t i c  r i b o s o m e  a s  s t r o n g l y  a s  t h i o s t r e p t o n  d o e s  t o
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t h e  p r o k a r y o t i c  r i b o s o m e ;  ( b )  T o t a l - r e c o n s t i t u t i o n  o f  

t h e  e u k a r y o t i c  r i b o s o m e  h a s  n o t  b e e n  a c h i e v e d  and o n l y  

v e r y  l i m i t e d  s u c c e s s  h a s  b e e n  r e p o r t e d  w i t h  p a r t i a l -  

r e c o n s t i t u t i o n  e x p e r i m e n t s .

Many a t t e m p t s  h a v e  b e e n  made t o  mim ic  w i t h  

e u k a r y o t i c  r i b o s o m e s  t h e  c o n d i t o n s  f o r  t o t a l -  and  

p a r t i a l - r e c o n s t i t u t i o n  o f  p r o k a r y o t i c  r i b o s o m e s .  Most  

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

e x p e r i m e n t s  on  40S r i b o s o m a l  s u b u n i t s  (Lerman, 1 9 6 8 ;

T e r a o  and O g a t a , 1 9 7 1 ;  Reboud e t  a l . ,  1 9 7 2 )  a l t h o u g h  t h e r e  

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

r i b o s o m a l  s u b u n i t  ( R i c h t e r  and M o l l e r ,  1 9 7 4 ;  Cox and  

G r e e n w e l l ,  1 9 7 6 ;  R e y e s  e t  a l . ,  1 9 7 7 ) .  H ow ever ,  o n l y  

one o f  t h e s e  l a t t e r  p a p e r s  c l a i m s  any r e c o n s t i t u t i o n  o f  

t h e  p e p t i d y l t r a n s f e r a s e  (Cox  and G r e e n w e l l ,  1 9 7 6 ) .

C l e a r l y ,  s i n c e  t h e  a n t i b i o t i c s ,  t o  w h ich  y e a s t  

s t r a i n  TR% and M . v e r r u c a r i a  a r e  r e s i s t a n t ,  i n h i b i t  

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

r e c o n s t i t u t i o n  e x p e r i m e n t s  i n v o l v i n g  r i b o s o m a l  p r o t e i n s  

w h ic h  make up t h e  p e p t i d y l t r a n s f e r a s e  a r e  l i k e l y  t o  be  

v e r y  i n f o r m a t i v e .  Such e x p e r i m e n t s  w ere  a t t e m p t e d  and  

t h e  r e s u l t s  a r e  g i v e n  b e l o w .

As m e n t i o n e d  a b o v e ,  a n o t h e r  a p p ro a c h  t o  t h e  p r o b le m  

o f  d e t e c t i n g  r e c o n s t i t i ü o n  i s  t o  u s e  r a d i o - l a b e l l e d  

a n t i b i o t i c s  a s  p r o b e s .  A c c o r d i n g l y

t r i c h o d e r m i n ,  / ” ^hJ7 a n i s o m y c i n  and Z"^Hj7 m e t h y l - a l p h a
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s a r c i n  were  p r e p a r e d  and t e s t e d  f o r  b i n d i n g  t o  r i b o s o m e s ,  

r i b o s o m a l  c o r e - p a r t i c l e s  and ' r e c o n s t i t u t e d '  r i b o s o m e s .

8 . 3 .  PREPARATION OF RADIO-LABELLED ANTIBIOTICS

( a )  t r i c h o d e r m i n

R a d i o a c t i v e  t r i c h o d e r m i n  was p r e p a r e d  by  a c é t y l a t i o n  

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

m ethod  o f  B a r b a c i d  and V a zq u ez  ( 1 9 7 4 ) .

One m i l l i c u r i e  o f  Z " l - ^ ^ C j 7  a c e t i c  a n h y d r i d e  

( 2 9 . 7  m C i /m  m o l)  was d i s s o l v e d  i n  0 . 3  ml d r y  p y r i d i n e  

c o n t a i n i n g  1 2 . 5  mg t r i c h o d e r m o l .  The m i x t u r e  was  

i n c u b a t e d  a t  40^C f o r  2 0  h o u r s ,  d r i e d  i n  v a c u o  and  

r e d i s s o l v e d  i n  a s m a l l  v o lu m e  o f  p y r i d i n e  b e f o r e  b e i n g  

chromatogrammed on Chrom. A .R .  500  s h e e t  ( M a l l i n c k r o d t )  

u s i n g  b e n z e n e  : e t h y l  a c e t a t e :  n - p e n t a n e  ( 4  : 1 : 1 )  a s  

s o l v e n t .  R a d i o a c t i v i t y  on t h e  s h e e t  was d e t e c t e d  by  

a u t o r a d i o g r a p h y  and t h e  band a t  Rp 0 . 8 1 - 0 . 8 4  was e l u t e d  

w i t h  e t h a n o l .  The p r e p a r a t i o n  o f  Z " ^ ^ C j 7 t r i c h o d e r m i n  

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

(DMSO) and a s s a y e d  f o r  p u r i t y  by  c h r o m a t o g r a p h y  u s i n g  

t h e  above  s o l v e n t  s y s t e m  and c o m p a r in g  i t s  Rp v a l u e  w i t h  

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

M a t e r i a l  on t h e  ch rom atogram  was d e t e c t e d  by  s p r a y i n g  t h e  

s h e e t  w i t h  c o n c e n t r a t e d  s u l p h u r i c  a c i d  and h e a t i n g  a t  lOO^C 

f o r  a f e w  m i n u t e s .  A d d i t i o n a l l y ,  t h e  t r i c h o d e r m i n

i n h i b i t e d  t h e  gro w th  o f  y e a s t  s t r a i n  c e l l s  on a g a r

p l a t e s  b u t  had no e f f e c t  on t h e  grow th  o f  y e a s t  s t r a i n  TR  ̂

c e l l s .
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The s p e c i f i c  a c t i v i t y  o f  t h e  t r i c h o d e r m i n  was

c a l c u l a t e d  t o  be  1 4 . 8 5  m C i /m  mol by  c o n s i d e r a t i o n  o f  t h e  

r e a c t i o n :

T r i c h o d e r m o l  + a c e t i c  a n h y d r i d e  t r i c h o d e r m i n

+ Z” l  - ^ t j / a c e t i c  a c i d  

F o u r  t e c h n i q u e s  w ere  e m p lo y e d  i n  o r d e r  t o  d e t e c t  b i n d i n g  

o f  t r i c h o d e r m i n  t o  y e a s t  r i b o s o m e s :

( i )  G e l - f i l t r a t i o n  o f  t h e  r e a c t i o n  m i x t u r e  th r o u g h  a 

s e p h a r o s e  6 B co lum n ( c . f .  D i x o n ,  1 9 7 6 ) .

T h i s  m eth od  f a i l e d  t o  d e t e c t  s i g n i f i c a n t  b i n d i n g  o f  

Z~^^CJ7  t r i c h o d e r m i n  t o  y e a s t  r i b o s o m e s  d e s p i t e  a l a r g e  

i n p u t  o f  r i b o s o m e s .  P r e s u m a b l y ,  Z” ^^Cj7 t r i c h o d e r m i n  d o e s  

n o t  b i n d  t o  y e a s t  r i b o s o m e s  s u f f i c i e n t l y  s t r o n g l y  f o r  i t  t o  

be d e t e c t e d  by t h i s  t e c h n i q u e .

( i i )  U l t r a c e n t r i f u g a t i o n  o f  r e a c t i o n  m i x t u r e s  i n  0 . 8  ml 

c e l l u l o s e  n i t r a t e  t u b e s  i n  o r d e r  t o  p r e c i p i t a t e  r i b o s o m e s .  

A l t h o u g h  t h i s  m ethod h a s  b e e n  u s e d  p r e v i o u s l y  t o  d e t e c t

Z“14(3jy t r i c h o d e r m i n - b i n d i n g  ( B a r b a c i d  and V a z q u e z ,  1 9 7 4 ;

J i m e n e z  e t  a l . , 1 9 7 5 ;  Cannon e t  a l . , 1 9 7 6 ) ,  i t  g a v e  w i d e l y  

v a r i a b l e  r e s u l t s  i n  my h a n d s .  The t u b e s  c o u l d  a b s o r b  

d i f f e r e n t  amounts  o f  t r i c h o d e r m i n  from t h e  r e a c t i o n

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

upon c e n t r i f u g a t i o n  c o u l d  n o t  be a t t r i b u t e d  t o  r i b o s o m e  

b i n d i n g  a l o n e .

( i i i )  E t h a n o l  p r e c i p i t a t i o n  o f  r i b o s o m e s .

The r e a c t i o n  m ix  ( i n  s m a l l  p l a s t i c  t u b e s )  was made
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33% ( ^ / v )  i n  e t h a n o l  and c e n t r i f u g e d  a t  1 0 , 0 0 0  r . p . m .  

f o r  two m i n u t e s  and O^C t o  p r e c i p i t a t e  r i b o s o m e s .  The 

amount o f  a n t i b i o t i c  bound t o  t b e  r i b o s o m e  was  

c a l c u l a t e d  by  c o m p a r in g  r a d i o a c t i v i t y  i n  t h e  s u p e r n a t a n t  

/ " u s i n g  w a t e r - m i s c i b l e  s c i n t i l l a t i o n  f l u i d  ( S e c t i o n  

3 . 1 6 ) J 7 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 .  A g a i n ,  no  

b i n d i n g  o f  t r i c h o d e r m i n  t o  r i b o s o m e s  c o u l d  be

d e t e c t e d .

( i v )  E q u i l i b r i u m  D i a l y s i s .

R ib o s o m e s  w ere  p l a c e d  i n  a w e l l  w i t h i n  a p e r s p e x  

b l o c k  and s e p a r a t e d  from a n o t h e r  w e l l  c o n t a i n i n g  

t r i c h o d e r m i n  b y  a d i a l y s i s  membrane w hich  p e r m i t t e d  t h e  

p a s s a g e  o f  t r i c h o d e r m i n  b u t  n o t  r i b o s o m e s .  The 

s o l u t i o n s  were  l e f t  t o  e q u i l i b r a t e  a t  4^C f o r  24 h o u r s  

and t h e  e x t e n t  o f  a n t i b i o t i c - b i n d i n g  was d e t e r m i n e d  from  

t h e  d i f f e r e n c e  i n  r a d i o a c t i v i t y  c o n c e n t r a t i o n s  b e t w e e n  t h e  

tw o  s i d e s  o f  t h e  membrane. C o n s i d e r a b l e  am ounts  o f

t r i c h o d e r m i n  w ere  l o s t  a p p a r e n t l y  d u r i n g  t h e  c o u r s e  

o f  d i a l y s i s  and no d g n i f i c a n t  b i n d i n g  o f  Z"^^CJ7  

t r i c h o d e r m i n  t o  r i b o s o m e s  was d e t e c t a b l e .

T h e se  e x p e r i m e n t s  w ere  p e r f o r m e d  u s i n g  h i g h  s a l t -  

w a s h e d ,  c r u d e  ( S e c t i o n  3 . 1 0 )  o r  ' r u n - o f f  r i b o s o m e s  

p r e p a r e d  from y e a s t  c e l l s  w h ich  had b e e n  i n h i b i t e d  by  

1 mM-azide p r i o r  t o  h a r v e s t i n g .  No e x p l a n a t i o n  i s  o f f e r e d  

f o r  t h e  i n a b i l i t y  o f  Z"^^CJ7  t r i c h o d e r m i n  t o  b i n d  t o  y e a s t  

r i b o s o m e s  a l t h o u g h  t h i s  may b e  a f u n c t i o n  o f  t h e  h i g h
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d i s s o c i a t i o n  c o n s t a n t  f o r  t r i c h o d e r m i n  b i n d i n g  t o  y e a s t  

r i b o s o m e s  ( 0 . 7 2  pM -  2 . 1  B a r b a c i d  and V a z q u e z ,  1 9 7 4 a ;  

J i m e n e z  and V a z q u e z ,  1 9 7 5 ;  Cannon e t  a l . , 1 9 7 6 )  c o u p l e d  

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

m a t e r i a l .

( b )  A n i s o m y c i n

A c r u d e  p r e p a r a t i o n  o f  a n i s o m y c i n ,  p r o d u c e d

by t r i t i u m  e x c h a n g e  w i t h  u n l a b e l l e d  a n i s o m y c i n ,  was t h e  

k i n d  g i f t  o f  Dr. D. V a z q u e z .  The Z"3H_V a n i s o m y c i n  

was p u r i f i e d  a s  d e s c r i b e d  by B a r b a c i d  and V a zquez  ( 1 9 7 4 c )  

e x c e p t  t h a t  t h e  h i g h - v o l t a g e  p a p e r - e l e c t r o p h o r e s i s  s t e p  

was o m i t t e d  s i n c e  t h i s  d e g r a d e d  t h e  a n i s o m y c i n  ( R . S k i n n e r ,  

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

The s p e c i f i c  a c t i v i t y  o f  t h e  a n i s o m y c i n  was

e s t i m a t e d ,  on t h e  b a s i s  o f  t h e  v a l u e  g i v e n  i n  B a r b a c i d  

and V azq u ez  ( 1 9 7 4 c )  and t h e  h a l f - l i f e  o f  t r i t i u m ,  t o  

be 208 m C i /  m m o l .

B i n d i n g  t o  y e a s t  r i b o s o m e s  was d e t e c t e d  by  t h e  u s e  

o f  t h e  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  d e s c r i b e d  a b o v e  

( S e c t i o n  8 . 3  ( a )  ( i i i )  ) .

( c )  / " % M e t h y l - A l p h a S a r c i n

The l y s i n e  r e s i d u e s  o f  a l p h a  s a r c i n  w ere  r e d u c t i v e l y -  

m e t h y l a t e d  b y  t h e  m eth od  o f  Means and F e e n e y  ( 1 9 6 8 ) .

Ten m i l l i g r a m s  ( 0 . 6 2 5  p. m o l )  o f  a l p h a  s a r c i n  i n  1 ml 

0.2M - b o r a t e  b u f f e r  ( p H 9 .0 )  w ere  m ix ed  w i t h  1 2 . 5  m C i  o f
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/ " ^ H j y  sod ium  b o r o h y d r i d e  (6 6 1  m C i /m  m o l ) .  Two p o r t i o n s  

o f  5 p i  o f  37% ( ^ / v )  f o r m a l d e h y d e  w ere  t h e n  add ed  t o  t h e  

m i x t u r e  a t  O^C w i t h  an i n t e r v a l  o f  one  m in u t e  b e t w e e n  

a d d i t i o n s .  A f t e r  t e n  m i n u t e s  a t  O^C t h e  m i x t u r e  was  

d i a l y s e d  e x h a u s t i v e l y  a g a i n s t  w a t e r  t o  remove u n r e a c t e d  

Na BH4  and f o r m a l d e h y d e .

A sam p le  o f  t h e  / " ^ h J7 m e t h y l - a l p h a  s a r c i n  was e s t i m a t e d  

f o r  r a d i o a c t i v i t y  i n  w a t e r - m i s c i b l e  s c i n t i l l a t i o n  f l u i d  

( S e c t i o n  3 . 1 6 ) .  A ssu m in g  a m o l e c u l a r  w e i g h t  f o r  a l p h a  

s a r c i n  o f  1 6 , 0 0 0  d a l t o n s  (Schuurm ans  e t  a l . , 1 9 6 4 ) ,  t h e  

e x t e n t  o f  m é t h y l a t i o n  was on a v e r a g e  6 . 5 6  m e t h y l  g r o u p s  

p e r  m o l e c u l e  o f  a l p h a  s a r c i n .  T h e r e f o r e ,  t h e  s p e c i f i c  

a c t i v i t y  o f  / ” ^h J7  m e t h y l - a l p h a  s a r c i n  was 1 . 0 8  C i /m  m o l .

I n  o r d e r  t o  show t h a t  r a d i o a c t i v i t y  was i n c o r p o r a t e d  i n t o  

p e p t i d e ,  m e t h y l - a l p h a  s a r c i n  and u n l a b e l l e d  a l p h a

s a r c i n  were  e l e c t r o p h o r e s e d  i n t o  a sod ium  d o d e c y l  s u l p h a t e  

(SDS) 15% ( * / v )  p o l y a c r y l a m i d e  g e l  u s i n g  t h e  method o f  

L ^ m l i  ( 1 9 7 0 ) .  The p e p t i d e s  w ere  d e t e c t e d  e i t h e r  by  

s t a i n i n g  t h e  g e l  i n  a s o l u t i o n  o f  0 .04% ( ^ / v )  C oom as ie  

B r i l l i a n t  B lu e  -  G i n  3.5% C ^ / v )  p e r c h l o r i c  a c i d  and t h e n  

d e s t a i n i n g  i n  15% i Z / v )  m e t h a n o l ,  7.5% ( ^ / v )  a c e t i c  a c i d  

o r  by  f l u o g r a p h y :  t h e  g e l  was s o a k e d  i n  two c h a n g e s  o f  

d i m e t h y l s u l p h o x i d e  (DMSO) b e f o r e  d i a l y s i n g  i t  a g a i n s t  22%

( w / v )  2 , 5 - d i p h e n y l o x a z o l e  (PPO) i n  DMSO f o r  t h r e e  h o u r s .

A f t e r  w a s h i n g  t h e  g e l  i n  d i s t i l l e d  w a t e r  o v e r n i g h t  f o l l o w e d  

by  a s o l u t i o n  o f  1 % ( ^ / v )  g l y c e r o l  and 1 0 % ( ^ / v )  a c e t i c
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a c i d  f o r  t h i r t y  m i n u t e s ,  i t  was d r i e d  o n t o  Whatman 

N o . l  p a p e r  and p l a c e d  i n  c o n t a c t  w i t h  X - r a y  f i l m .  

M e t h y l a t e d  a l p h a  s a r c i n  had t h e  same m o b i l i t y  i n  an  

SDS p o l y a c r y l a m i d e - g e l  a s  had a u t h e n t i c  a l p h a  s a r c i n  

and was a l s o  r a d i o a c t i v e  ( d a t e  n o t  g i v e n ) .

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

r i b o s o m e s  was d e t e c t e d  b y  g e l - f i l t r a t i o n  u s i n g  a  

S e p h a r o s e  6 b co lum n ( D i x o n ,  1 9 7 6 ) .  By t h i s  c r i t e r i o n ,  

a p p r o x i m a t e l y  one m o l e c u l e  o f  m e t h y l - a l p h a  s a r c i n

bound p e r  y e a s t  r i b o s o m e  b u t  r a d i o a c t i v i t y  a l r e a d y  bound  

t o  t h e  r i b o s o m e s  c o u l d  n o t  be  c o m p e te d  o f f  by a d d i t i o n  

o f  a l p h a  s a r c i n .  E q u a l l y ,  t h e  amount o f  r a d i o a c t i v i t y  

bound t o  t h e  r i b o s o m e s  was u n ch a n g e d  e v e n  i f  th e  

r i b o s o m e s  w ere  i n c u b a t e d  w i t h  a l p h a  s a r c i n  p r i o r  t o  t h e  

a d d i t i o n  o f  m e t h y l - a l p h a  s a r c i n  ( d a t a  n o t  g i v e n ) .

I t  i s  n o t  c l e a r ,  t h e r e f o r e ,  w h e t h e r  m e t h y l - a l p h a

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

8 . 4 .  PREPARATION OF RIBOSOMAL CORE-PARTICLES AND SPLIT-PROTEIN 
FRACTIONS

C o r e - p a r t i c l e s  and s p l i t - p r o t e i n s  were  p r o d u c e d  

from  y e a s t ,  s t r a i n s  Y^gg and TR]_, and M . v e r r u c a r i a  

r i b o s o m e s  b y  t h e  m ethod  o f  Cox and G r e e n w e l l  ( 1 9 7 6 ) .  

U n f o r t u n a t e l y ,  t h e s e  two f r a c t i o n s  c o u l d  n o t  be r e c o m b in e d  

t o  g i v e  a r e c o n s t i t u t e d  r i b o s o m e  a c t i v e  i n  e i t h e r  p o l y  U-  

d i r e c t e d  p r o t e i n  s y n t h e s i s  o r  t h e  ’ f r a g m e n t  r e a c t i o n *

( d a t a  n o t  g i v e n ) .  A l s o ,  t h e  c o r e - p a r t i c l e s  and
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’r e c o n s t i t u t e d - r i b o s o m e s ’ w o u ld  n o t  b i n d  

a n i s o m y c i n .  T h e r e f o r e , a n o t h e r  t e c h n i q u e  was e m p lo y e d  

f o r  t h e  p r o d u c t i o n  o f  r i b o s o m a l  c o r e - p a r t i c l e s  and s p l i t -  

p r o t e i n s .  ■

H igh s a l t - w a s h e d  r i b o s o m e s  ( 1 . 1 - 1 . 2  n m o l )  

i n  ' e u k a r y o t i c  d i a l y s i s  b u f f e r » ( 1 0  m M - T r i s * a c e t i c  a c i d  

(pH7 . 6 ) ,  9 0m M -p otass ium  a c e t a t e ,  ImM-magnesium a c e t a t e ,  

3 m M - 2 - m e r c a p t o e t h a n o l )  w ere  c e n t r i f u g e d  a t  4 0 , 0 0 0  r . p . m .  

and 2^C t h r o u g h  5 ml 20% C ^ /v )  s u c r o s e  c o n t a i n i n g  

1 OmM-Tri s . HCl ( p H 7 . 6 ) ,  1 . 5  t o  3 . 5  M-NH4 CI ( s e e  f i g u r e  

l e g e n d s ) ,  1 0 0 mM-MgCl2 , 3 m M - 2 - m e r c a p t o e t h a n o l  w h ich  was 

i t s e l f  l a y e r e d  o n t o  2m 1 40% ('^ /v)  s u c r o s e  c o n t a i n i n g  

' e u k a r y o t i c  d i a l y s i s  b u f f e r ' .  The c o r e - p a r t i c l e s  

p r o d u c e d  by t h i s  p r o c e d u r e  w ere  s u s p e n d e d  i n  a s m a l l  

q u a n t i t y  o f  ' e u k a r y o t i c  d i a l y s i s  b u f f e r '  and s t o r e d  as  

a l i q u o t s  a t  - 7 0 ° C .  S p l i t - p r o t e i n s  were  p r e p a r e d  from  

th e  s u p e r n a t a n t  a s  f o l l o w s :

The s u p e r n a t a n t  was d i a l y s e d  a g a i n s t  ' e u k a r y o t i c  d i a l y s i s  

b u f f e r '  a t  O^C and t h e n  c o n c e n t r a t e d  t o  a p p r o x i m a t e l y  0 . 1  

ml b y  f u r t h e r  d i a l y s i s  a g a i n s t  2 0 % ( * / v )  ca rb o w a x  600 0  

c o n t a i n i n g  ' e u k a r y o t i c  d i a l y s i s  b u f f e r ' .  D u r i n g  t h i s  

p r o c e d u r e ,  some s p l i t - p r o t e i n s  p r e c i p i t a t e d  o u t  o f  s o l u t i o n .  

H ow ever ,  t h e  m i x t u r e s  o f  s p l i t - p r o t e i n s  w ere  v o r t e x e d  and  

s a m p l e s  rem oved  a s  i f  a l l  p r o t e i n s  were  d i s s o l v e d .

I t  was assum ed t h a t  o n l y  r i b o s o m a l  p r o t e i n s  were  

l o s t  from t h e  r i b o s o m e  b y  t h i s  p r o c e d u r e  and ,  t h e r e f o r e .



TABLE 8 . 1

BINDING OF Z"3h J7 ANISOMYCIN TO RIBOSOMES AND 

RIBOSOMAL CORE-PARTICLÇS

P a r t i c l e  (9 8  p m ol ) Z*"^hJ7  a n i s o m y c i n  
i n  r e a c t i o n  m i x t u r e  
Cp m ol)

Z~^h J7 a n i s o m y c i n  
bound t o  p a r t i c l e s  
(p  m ol)

M .v e r r 80S 17 0 2 . 0

%Ï66 80S 85 2 0 . 3

TRi 80S 85 1 5 . 5

^166 80S 1 7 0 2 7 . 6

TRi 80S 1 7 0 2 3 . 8

%166 80S 235 2 9 . 4

TRi 80S 255 2 8 . 6

%166 1 . 5M -core 17 0 2 3 . 3

%166 2 . OM-core 170 7 . 1

^166 2 . 5M -core 170 4 . 6

%166 3 . OM-core 17 0 2 .6

%166 3 . 5 M - c o r e 170 0 . 2

.



Legend t o  T a b l e  8 . 1

B i n d i n g  o f  /  ^hJ 7  A n i s o m y c in  t o  R ib osom es  and 

R ib o so m a l  C o r e - P a r t i c l e s

R ib o so m es  o r  r i b o s o m a l  c o r e - p a r t i c l e s  (9 8  p m o l ; 

S e c t i o n  8 . 3 )  w e r e  m ixed  w i t h  v a r i o u s  am ounts  o f  

a n i s o m y c i n  and t h e  v o lu m e  was a d j u s t e d  t o  

50 ^ 1  w i t h  l O m M - T r i s . a c e t i c  a c i d  ( p H 7 . 6 ) ,  90mM- 

p o t a s s i u m  a c e t a t e ,  ImM-magnesium a c e t a t e ,  3mM-2- 

m e r c a p t o e t h a n o l . A f t e r  i n c u b a t i n g  a t  0°C f o r  

1 0  m i n u t e s , t w o  s a m p l e s  ( 1 0  p i )  w e r e  removed and 

r a d i o a c t i v i t y  i n  t h e  s a m p l e s  e s t i m a t e d  by 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  ( S e c t i o n  3 . 1 6 ) .  The r e m a i n i n g  

mix was  made 33% ( ^ / v )  i n  e t h a n o l  and c e n t r i f u g e d  

t o  p r e c i p i t a t e  r i b o s o m e s .  A f u r t h e r  two s a m p l e s  

( 1 0  p i )  w e r e  removed and t h e i r  r a d i o a c t i v i t y  e s t i m a t e d  

a s  a b o v e .  The q u a n t i t y  o f  bound a n i s o m y c i n

was  e s t i m a t e d  from t h e s e  v a l u e s .
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t h a t  an e x t i n c t i o n  c o e f f i c i e n t  o f  13A260 u n i t s  was  

e q u i v a l e n t  t o  250 p m o l .  o f  c o r e - p a r t i c l e s  ( s e e  S e c t i o n  

3 . 1 0 ) .  A ' p m o l .  e q u i v a l e n t *  o f  s p l i t - p r o t e i n s  was  

d e f i n e d  a s  t h a t  q u a n t i t y  o f  r i b o s o m a l  s p l i t - p r o t e i n s  

w h ic h  had b e e n  w ash ed  o f f  1 p m o l .  o f  r i b o s o m e s .

C o r e - p a r t i c l e s  made from r i b o s o m e s  o f  y e a s t  s t r a i n  

^166 l o s t  some o f  t h e i r  a b i l i t y  t o  b i n d  

a n i s o m y c i n .  T h u s ,  c o r e - p a r t i c l e s  made by w a s h i n g  

t h r o u g h  I . 5 M-NH4 CI ( 1 . 5 M - c o r e s )  bound a l m o s t  a s  much 

Z^^Hjy a n i s o m y c i n  a s  d i d  h i g h  s a l t - w a s h e d  r i b o s o m e s  

( T a b l e  8 . 1 )  w h e r e a s  3 . 5 M - c o r e s  bound l i t t l e  o r  no 

Z~^hJ7 a n i s o m y c i n  ( T a b l e  8 . 1 ) .  High s a l t - w a s h e d  

r i b o s o m e s  from y e a s t  s t r a i n  TR  ̂ and M . v e r r u c a r i a  

w e re  a l s o  t e s t e d  f o r  t h e i r  a b i l i t y  t o  b i n d  

a n i s o m y c i n .  In  c o n t r a s t  t o  t h e  r e s u l t s  r e p o r t e d  by  

J i m e n e z  and V azquez  ( 1 9 7 5 ) ,  t h e  r i b o s o m e s  o f  s t r a i n  TRi 

bound l e s s  Z” ^Hj7  a n i s o m y c i n  th a n  d i d  w i l d - t y p e  r i b o s o m e s  

when t e s t e d  a t  low  drug  c o n c e n t r a t i o n s  ( T a b l e  8 . 1 ) .  At  

h i g h e r  c o n c e n t r a t i o n s  o f  Z” ^hJ7  a n i s o m y c i n ,  and

TRi r i b o s o m e s  bound a p p r o x i m a t e l y  t h e  same amount o f  

a n t i b i o t i c  ( d a t a  n o t  g i v e n ) .  The r i b o s o m e s  o f  

M . v e r r u c a r i a  bound Z~^hJ 7 a n i s o m y c i n  o n l y  v e r y  p o o r l y  

( T a b l e  8 . 1 ) .

As may be  s e e n  from T a b l e  8 . 1 ,  t h e  a b i l i t y  o f
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Legend t o  F i g u r e  8 . 2

A n a l y s i s  o f  R ib osom al  S p l i t - P r o t e i n s  by  SDS-Gel

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

R ib osom al  s p l i t - p r o t e i n s  ( 8 8  pmol e q u i v a l e n t s )  

made by c e n t r i f u g i n g  y e a s t  s t r a i n  r i b o s o m e s

t h r o u g h  ( a )  1.5M-NH4C1 (b )  2 .OM-NH4 CI o r

( c )  3 . 5M-NH4 CI ( S e c t i o n  8 . 3 )  w e re  e l e c t r o p h o r e s e d  

th r o u g h  an SDS 15% ( ^ / v )  p o l y a c r y l a m i d e - s l a b - g e l  

a c c o r d i n g  t o  t h e  method o f  Lammli ( 1 9 7 0 ) .  

E l e c t r o p h o r e s i s  was a t  room t e m p e r a t u r e  and 20 mA 

f o r  4 h o u r s  ( c a t h o d e  t o  a n o d e ) .  The g e l  was  

s t a i n e d  i n  0 .04% ( ^ / v )  C o o m a s ie  B r i l l i a n t  B lu e -G  

i n  3.5% ( ^ / v )  p e r c h l o r i c  a c i d  and d e s t a i n e d  w i t h  15% 

( ^ / v )  m e t h a n o l ,  7.5% ( ^ / v )  a c e t i c  a c i d .
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r i b o s o m a l  c o r e - p a r t i c l e s  from  s t r a i n  t o  b i n d

a n i s o m y c i n  was l o s t  m a i n l y  a t  t h e  s t a g e  o f  

p r o d u c t i o n  o f  a 2 . 0 M - c o r e .  T h e r e f o r e ,  p o r t i o n s  o f  

t h e  s p l i t - p r o t e i n s  w ere  e l e c t r o p h o r e s e d  t h r o u g h  an SDS 

15% ( * / v )  p o l y a c r y l a m i d e - g e l  a c c o r d i n g  t o  t h e  method o f  

Lammli ( 1 9 7 0 ) *  T here  w ere  no o b v i o u s  d i f f e r e n c e s  b e t w e e n  

t h e  p r o t e i n s  s p l i t  o f f  b y  t r e a t m e n t  w i t h  S.SM-NH^Cl  

and t h o s e  s p l i t  o f f  by  t r e a t m e n t  w i t h  I . 5 M-NH4 CI o r  

2 .OM-NH4 CI ( F i g . 8 . 2 )  e x c e p t  t h a t  more p r o t e i n  was rem oved  

a t  t h e  h i g h e r  s a l t  c o n c e n t r a t i o n s .  I t  w ou ld  seem ,  

t h e r e f o r e ,  t h a t  t h e  h i g h  ammonium s a l t - w a s h  p r o c e d u r e  

d o e s  n o t  a l l o w  s e q u e n t i a l  r e m o v a l  o f  r i b o s o m a l  p r o t e i n s  

and may e x e r t  t h e  e f f e c t s  o b s e r v e d  h e r e  b y  v i r t u e  o f  

u n f o l d i n g  or  a l t e r i n g  t h e  c o n f o r m a t i o n  o f  r i b o s o m a l  

p a r t i c l e s .

R ib o s o m a l  c o r e - p a r t i c l e s  were  a l s o  a s s a y e d  f o r  t h e i r  

a c t i v i t y  i n  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s .  E ven  

3 . 5 M - c o r e - p a r t i c l e s  r e t a i n e d  some a c t i v i t y  a l t h o u g h  t h i s  

was c o n s i d e r a b l y  l e s s  t h a n  t h a t  o f  1 . 5 M - c o r e s  and a b o u t  

3% o f  t h e  a c t i v i t y  o f  t h e  r i b o s o m e  ( d a t a  n o t  g i v e n ) .  

S p l i t - p r o t e i n s  had no a c t i v i t y  i n  p o l y  U - d i r e c t e d  p r o t e i n  

s y n t h e s i s  ( F i g . 8 . 3 ) .

8. 5. RECONSTITUTION OF RIBOSOMES FROM YEAST STRAIN Y^gg

R ib o s o m a l  c o r e - p a r t i c l e s  and s p l i t - p r o t e i n s  from  

y e a s t  s t r a i n  Y1 5 6  w ere  r e c o m b in e d  and a s s a y e d  f o r



FIGURE 8.3 Activity of Reconstituted Yeast 
Ribosomes in Protein Synthesis
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Legend t o  F i g u r e  8 . 3

A c t i v i t y  o f  R e c o n s t i t u t e d  Y e a s t  R ib o so m es  i n  

P r o t e i n  S y n t h e s i s

M i x t u r e s  ( 5 0  ^ 1 )  f o r  p o l y  U - d i r e c t e d  p r o t e i n  

s y n t h e s i s  ( S e c t i o n  3 . 1 4 )  c o n t a i n i n g  y e a s t  s t r a i n  Y igg  

r i b o s o m e s  ( 1 7 . 9  p m o l e s ) , y e a s t  s t r a i n  Y^gg 3 .0M -  

r i b o s o m a l  c o r e - p a r t i c l e s  ( 1 7 . 9  p m o l e s )  and v a r i o u s  

amounts  o f  y e a s t  r i b o s o m a l  s p l i t - p r o t e i n s ,  o r  r i b o s o m a l  

s p l i t - p r o t e i n s  a l o n e  ( S e c t i o n  8 . 3 )  and y e a s t  SlOO 

w e r e  i n c u b a t e d  a t  25^C. S a m p le s  (1 0  ^il ) w e r e  

p r e c i p i t a t e d  w i t h  TCA and r a d i o a c t i v i t y  i n  t h e  

p r e c i p i t a t e s  e s t i m a t e d  by 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  ( S e c t i o n  3 . 1 6 ) .

■ , p l u s  y e a s t  r i b o s o m e s ;  □ , y e a s t  c o r e - p a r t i c l e s ,

A , c o r e - p a r t i c l e s  p l u s  2  e q u i v a l e n t s  o f  s p l i t -

p r o t e i n s ;  o ,  c o r e - p a r t i c l e s  p l u s  4 e q u i v a l e n t s  o f  

s p l i t - p r o t e i n s ;  # ,  c o r e - p a r t i c l e s  p l u s  6  e q u i v a l e n t s  

o f  s p l i t - p r o t e i n s ;  a  , 6  e q u i v a l e n t s  o f  s p l i t - p r o t e i n s  

a l o n e .
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r e c o n s t i t u t i o n  o f  / ” ^hJ7  a n i s o m y c i n  b i n d i n g  and  

a c t i v i t y  i n  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s .

No s i g n i f i c a n t  i n c r e a s e ’ i n  th e  a b i l i t y  o f  c o r e -  

p a r t i c l e s  t o  b i n d  Z"^hJ7 a n i s o m y c i n  c o u l d  be d e t e c t e d  

( d a t a  n o t  g i v e n ) .  H o w ever ,  c o r e - p a r t i c l e s  c o u l d  be  

r e c o n s t i t u t e d  f o r  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  

and t h e  e x t e n t  o f  r e c o n s t i t u t i o n  was fo u n d  t o  d epend  

upon t h e  number o f  e q u i v a l e n t s  o f  s p l i t - p r o t e i n s  added  

b a ck  ( F i g . 8 . 3 ) .  For  3 . 0 M - c o r e s ,  t h e i r  a c t i v i t y  c o u l d  

be s t i m u l a t e d  from 5.4% t o  17 .3% o f  t h e  a c t i v i t y  o f  t h e  

i n t a c t  r i b o s o m e  by  t h e  a d d i t i o n  o f  6 e q u i v a l e n t s  o f  s p l i t -  

p r o t e i n s  ( F i g . 8 . 3 ) .  S p l i t - p r o t e i n s  p r o d u c e d  b y  a 

2 . 5 M-NH4 CI w a s h i n g  p r o c e d u r e  were  a l s o  c a p a b l e  o f  

s t i m u l a t i n g  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  by  

3 . 0 M - c o r e s  a l t h o u g h  more e q u i v a l e n t s  were  r e q u i r e d  i n  o r d e r  

t o  c a u s e  t h e  same d e g r e e  o f  s t i m u l a t i o n  ( d a t a  n o t  g i v e n ) .

I n  o r d e r  t o  e n s u r e  t h a t  t h e  s t i m u l a t i o n  i n  p o l y  U-  

d i r e c t e d  p r o t e i n  s y n t h e s i s  by  s p l i t - p r o t e i n s  r e p r e s e n t e d  

t r u e  r e c o n s t i t u t i o n  and was n o t  an a r t e f a c t ,  t h e  

f o l l o w i n g  p r e c a u t i o n s  w ere  t a k e n :

( a )  A l l  i n c u b a t i o n s  f o r  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  

were  p e r f o r m e d  a t  20mM-Mg^^ i . e .  t h e  optimum f o r  y e a s t  

r i b o s o m e s  ( F i g . 6 . 2 b ) .  T h e r e f o r e ,  i o n i c  c o n d i t i o n s  w ere  

optimum f o r  p r o t e i n  s y n t h e s i s  and a n y  a l t e r a t i o n  o f  i o n i c  

c o n d i t i o n s  by  a d d i t i o n  o f  s p l i t - p r o t e i n s  w o u ld  c a u s e  a
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d e c r e a s e  i n  i n c o r p o r a t i o n .

( b )  S p l i t - p r o t e i n s  and c o r e - p a r t i c l e s  were  t e s t e d  i n  

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

s y n t h e s i s  i n  a l l  e x p e r i m e n t s .  They w ere  t r e a t e d  e x a c t l y  

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

any c o n f o r m a t i o n a l  c h a n g e s  i n  t h e  c o r e - p a r t i c l e s  ( i . e .  

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

d u r i n g  r e c o n s t i t u t i o n  w ere  n o t  r e s p o n s i b l e  f o r  i n c r e a s e s  

i n  s y n t h e t i c  a c t i v i t y .

( c )  No e f f e c t  o f  s p l i t - p r o t e i n s  on t h e  a c t i v i t y  o f  

r i b o s o m e s  i n  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  was  

o b s e r v e d  ( d a t a  n o t  g i v e n )  w h ic h  d e m o n s t r a t e d  t h a t  t h e  

s p l i t - p r o t e i n s  d i d  n o t  c o n t a i n  e l o n g a t i o n  f a c t o r s  e t c .  

w hich  m ig h t  h a v e  c a u s e d  a 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 ,

A l l  r e c o n s t i t u t i o n s  were  p e r f o r m e d  by m i x i n g  c o r e -  

p a r t i c l e s  and s p l i t - p r o t e i n s  f o r  15 m i n u t e s  a t  25^C 

b e f o r e  a d d i t i o n  o f  y e a s t  SlOO and t h e  r e m a i n d e r  o f  t h e  

i n c u b a t i o n  m i x t u r e .  P r e - i n c u b a t i o n  f o r  l o n g e r  p e r i o d s  or  

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

above  t h e  l e v e l s  a l r e a d y  o b s e r v e d  a n d , i n  t h e  c a s e  o f  

t e m p e r a t u r e s  o f  37°C and a b o v e ,  p r e - i n c u b a t i o n  r e d u c e d  

t h e  a c t i v i t y  o f  t h e  c o r e - p a r t i c l e s  ( d a t a  n o t  g i v e n ) .

8 . 6 . HETEROLOGOUS RECOMBINATIONS OF RIBOSOMAL CORE-PARTICLES 
AND SPLIT-PROTEINS FROM YEAST, STRAINS Y ig g  and TR-, and 
M. VEkRUCAKIA

R ib o s o m a l  c o r e - p a r t i c l e s  and s p l i t - p r o t e i n s  were  

p r o d u c e d  from  y e a s t  s t r a i n  TR  ̂ and M . v e r r u c a r i a  a s



FIGURE 8.4 Activity of Reconstituted Ribosomes
from Yeast Strain TR-j or 
M.verrucaria in Protein Synthesis
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Legend t o  F i g u r e  8 . 4

A c t i v i t y  o f  R e c o n s t i t u t e d  R ib o so m es  from Y e a s t  S t r a i n
TR  ̂ o r  M . v e r r u c a r i a  i n  P r o t e i n  S y n t h e s i s

M i x t u r e s  (5 0  jjD  f o r  p o l y  U - d i r e c t e d  p r o t e i n  

s y n t h e s i s  ( S e c t i o n  3 . 1 4 )  c o n t a i n i n g  ( a )  y e a s t  s t r a i n  

TR]̂  r i b o s o m e s  ( 1 7 . 9  p m o l ) ,  r i b o s o m a l  3 . O M - c o r e - p a r t i c l e s  

( 1 7 . 9  pm ol)  a n d / o r  r i b o s o m a l  s p l i t - p r o t e i n s ;  (b )  M . v e r r u c a r i a  

r i b o s o m e s  ( 1 7 . 9  pmol)  a n d / o r  r i b o s o m a l  s p l i t - p r o t e i n s  

and y e a s t  SlOO was  i n c u b a t e d  a t  25^C. S a m p le s  ( 1 0  ^ 1 )  

w e r e  p r e c i p i t a t e d  w i t h  TCA and r a d i o a c t i v i t y  i n  t h e  

p r e c i p i t a t e s  e s t i m a t e d  by 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  

( S e c t i o n  3 . 1 6 ) .

o ,  p l u s  r i b o s o m e s ;  □ , p l u s  c o r e - p a r t i c l e s ;

e , c o r e - p a r t i c l e s  p l u s  2  e q u i v a l e n t s  o f  s p l i t - p r o t e i n s  

( 3 5 . 8  p m o l ) ;  ▲ , p l u s  2 e q u i v a l e n t s  o f  s p l i t - p r o t e i n s .



FIGURE 8.5 Heterologous Combination of 
Ribosomal Core-Particles and 
Split-Proteins
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Legend t o  F i g u r e  8 . 5

H e t e r o l o g o u s  C o m b i n a t io n  o f  R ibosom al  C o r e - P a r t i c l e s  

and S p l i t - P r o t e i n s

M i x t u r e s  ( 5 0  j j l  ) f o r  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  

( S e c t i o n  3 . 1 4 )  c o n t a i n i n g  ( a )  y e a s t  s t r a i n  r i b o s o m a l

3 . O M - c o r e - p a r t i c l e s  ( 1 7 . 9  pmol)  a n d / o r  M . v e r r u c a r i a  

r i b o s o m a l  s p l i t - p r o t e i n s ;  (b )  M . v e r r u c a r i a  r i b o s o m a l  

3 . O M - c o r e - p a r t i c l e s  ( 1 7 . 9  pm ol)  a n d / o r  y e a s t  s t r a i n  

r i b o s o m a l  s p l i t - p r o t e i n s  and y e a s t  SlOO w e r e  i n c u b a t e d  

i n  t h e  p r e s e n c e  o r  a b s e n c e  o f  T-2 t o x i n  (1 0  p g / m l  f i n a l  

c o h c e n . )  a t  25^C. S a m p les  ( 1 0  p i )  w e r e  p r e c i p i t a t e d  

w i t h  TCA and r a d i o a c t i v i t y  i n  t h e  p r e c i p i t a t e s  e s t i m a t e d  

by 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  ( S e c t i o n  3 . 1 5 ) .

□  , 2 e q u i v a l e n t s  ( 3 5 . 8  pm ol)  s p l i t - p r o t e i n s ;

# ------ # ,  c o r e - p a r t i c l e s ;  # ----- • ,  c o r e - p a r t i c l e s  p l u s

T-2  t o x i n ;  o  o ,  c o r e - p a r t i c l e s  p l u s  2 e q u i v a l e n t s

s p l i t - p r o t e i n s ;  o -----  o ,  c o r e - p a r t i c l e s  p l u s  2  e q u i v a l e n t s

s p l i t - p r o t e i n s  and T-2  t o x i n .
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d e s c r i b e d  f o r  y e a s t  s t r a i n  ( S e c t i o n  8 . 3 ) .  They

c o u l d  be r e c o m b in e d  t o  g i v e  a s t i m u l a t i o n  o f  p o l y  U-  

d i r e c t e d  p r o t e i n  s y n t h e s i s  when t r e a t e d  a s  f o r  s t r a i n  

'^166  r i b o s o m a l  c o r e s  and s p l i t s  ( F i g . 8 . 4 ) .

H e t e r o l o g o u s  r e c o n s t i t u t i o n s  i n v o l v i n g  t h e  r i b o s o m a l  

c o r e - p a r t i c l e s  and s p l i t - p r o t e i n s  from  y e a s t  s t r a i n s  Y^gô 

and TR^ w ere  p e r f o r m e d  and t h e  r e s u l t a n t  p a r t i c l e s  

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

s y n t h e s i s  and t h e i r  s e n s i t i v i t y  t o  T -2  t o x i n .  The 

e x t e n t  t o  w h ich  t h e  r e c o n s t i t u t e d  p a r t i c l e s  w ere  i n h i b i t e d  

by T - 2  t o x i n  was d e p e n d e n t  o n l y  u p o n  t h e  s o u r c e  o f  t h e  

c o r e - p a r t i c l e s  ( T a b l e  8 . 6 ) .

S i m i l a r  e x p e r i m e n t s  were  p e r f o r m e d  f o r  r i b o s o m a l  

c o r e - p a r t i c l e s  and s p l i t - p r o t e i n s  from  y e a s t  s t r a i n  Y^gg 

and M . v e r r u c a r i a  . The s p l i t - p r o t e i n s  from M . v e r r u c a r i a  

r i b o s o m e s  w ere  a b l e  t o  s t i m u l a t e  t h e  a c t i v i t y  o f  

r i b o s o m a l  c o r e - p a r t i c l e s  from  s t r a i n  Y ig g  i n  p o l y  U-  

d i r e c t e d  p r o t e i n  s y n t h e s i s  ( F i g . 8 . 5 a )  and v i c e  v e r s a  

( F i g . 8 . 5 b ) .  S e n s i t i v i t y  o f  t h e  r e a c t i o n  m i x t u r e s  t o  

T -2  t o x i n  was d e p e n d e n t  o n l y  up on  t h e  s o u r c e  o f  t h e  c o r e -  

p a r t i c l e s  ( F i g . 8 . 5 a ,  b and T a b l e  8 . 6 ) .

C l e a r l y ,  t h e  r i b o s o m a l  p r o t e i n s  w h ich  w ere  i n v o l v e d  

i n  t h e  r e c o n s t i t u t i o n  p r o c e s s  d e s c r i b e d  above  were  n o t  

r e s p o n s i b l e  f o r  a n t i b i o t i c  s e n s i t i v i t y  o r  r e s i s t a n c e  i n  

y e a s t  or  M . v e r r u c a r i a . F u r t h e r  e x p e r i m e n t s  w ere  p e r f o r m e d  

i n  an a t t e m p t  t o  d e t e r m i n e  w h ich  s t e p ( s )  i n  p r o t e i n  

s y n t h e s i s  w a s / w e r e  a f f e c t e d  by  t h e s e  p r o t e i n s .



TABLE 8 . 6 .

INHIBITION OF PROTEIN SYNTHESIS ON RECONSTITUTED 

RIBOSOMES BY T -2  TOXIN

S o u r c e  o f  
c o r e - p a r t i c l e s

S o u r c e  o f  
s p l i t - p r o t e i n s

% I n h i b i t i o n  b y  
10  p g / m l  T -2  t o x i n

%Ï6 6 ^166 8 6

^166 TRjl 83

. TRi TR^ 70

TR^ Y Ï 6 6 69

M .v e r r M .v e r r 8

M .v e r r ^166 1 0 . 5

^166 M .v e r r 8 0 . 5



Legend t o  T a b le  8 . 6

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  on  R e c o n s t i t u t e d  

R ib osom es  by T-2  t o x i n

M i x t u r e s  (5 0  ^ 1 )  f o r  p o l y  U - d i r e c t e d  p r o t e i n  

s y n t h e s i s  ( S e c t i o n  3 . 1 4 )  c o n t a i n i n g  3 . 0 M - r i b o s o m a l  

c o r e - p a r t i c l e s  ( 1 7 . 9  pmol)  and 2 e q u i v a l e n t s  ( 3 5 . 8  pm ol)  

o f  r i b o s o m a l  s p l i t - p r o t e i n s  from v a r i o u s  s o u r c e s  w e r e  

i n c u b a t e d  a t  25^C i n  t h e  p r e s e n c e  o r  a b s e n c e  o f  T-2  

t o x i n  (1 0  p g / m l ) .  S a m p le s  ( 1 0  ^ 1 ) w e r e  p r e c i p i t a t e d  

w i t h  TCA and r a d i o a c t i v i t y  i n  t h e  p r e c i p i t a t e s  e s t i m a t e d  

by 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  ( S e c t i o n  3 . 1 6 ) .

The p e r c e n t a g e  i n h i b i t i o n  by T-2  t o x i n  was  c a l c u l a t e d  

a s  an a v e r a g e  o f  t h e  w h o l e  t i m e - c o u r s e  ( 0 - 6 0  m i n . ) .



FIGURE 8.7 Activity of Ribosomal Core- 
Particles and 'Reconstituted'
Ribosomes in the Fragment Reaction
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Legend t o  F i g u r e  8 . 7

A c t i v i t y  o f  R ib o so m a l  C o r e - P a r t i c l e s  and
' R e c o n s t i t u t e d *  R ib o so m e s  i n  t h e  Fragment R e a c t i o n

M i x t u r e s  f o r  t h e  f r a g m e n t  r e a c t i o n  ( S e c t i o n  6 . 8 b)  

c o n t a i n i n g  ( • )  y e a s t  s t r a i n  r i b o s o m e s  ( 1 7 . 9

p m o l ) ;  ( o )  y e a s t  s t r a i n  Y^gg 3 .O M -r ib o so m a l  c o r e -  

p a r t i c l e s  ( 1 7 . 9  p m o l ) ;  a  , r i b o s o m a l  3 . OM- 

c o r e - p a r t i c l e s  ( 1 7 . 9  pmol)  and r i b o s o m a l  s p l i t -  

p r o t e i n s  ( 3 5 . 8  p m o l ) :  ■ , r i b o s o m a l  s p l i t - p r o t e i n s

( 3 5 . 8  pmol)  w e r e  i n c u b a t e d  a t  20°C w i t h  3850  c . p . m .  

o f  a c e t y l  leu-ACCAC. At v a r i o u s  t i m e s  t h e

r e a c t i o n  was s t o p p e d  by a d d i t i o n  o f  0 . 1  ml 0 .3 M -  

sod ium  a c e t a t e ,  a c e t i c  a c i d  ( p H 5 . 5 ) ,  s a t u r a t e d  w i t h  

MgS0 4 . R a d i o a c t i v i t y  p r e s e n t  a s  a c e t y l  l e u -

p u ro m y c in  was e s t i m a t e d  by 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  

o f  an e t h y l  a c e t a t e  e x t r a c t  ( S e c t i o n s  8 . 5 b  and 3 . 1 6 ) .  

P a r a l l e l  r e a c t i o n s  c o n t a i n i n g  no r i b o s o m e s  w e re  

p e r fo r m e d  and t h e  ' b a c k g r o u n d '  v a l u e s  o b t a i n e d  

w ere  s u b t r a c t e d .
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8 . 7 .  ACTIVITY OF THE RIBOSOMES AND RIBOSOMAL CORE-PARTICLES
o f  YEAST STRAIN Y ig g  IN THE STEPS OF PROTEIN BIOSYNTHESIS

The c o r e - p a r t i c l e s  and s p l i t - p r o t e i n s  p r o d u c e d  

from  y e a s t  r i b o s o m e s  were  t e s t e d  f o r  t h e i r  a c t i v i t y  

i n  two p a r t i a l  r e a c t i o n s  o f  t h e  r i b o s o m e .

( a )  The F ragm ent  R e a c t i o n

Y e a s t  r i b o s o m e s  and 3 , 0 M - c o r e s  were  t e s t e d  f o r  

t h e i r  a c t i v i t y  i n  t h e  ' f r a g m e n t  r e a c t i o n '  ( S e c t i o n  6 . 8 ) 

and f o r  t h e  a b i l i t y  o f  s p l i t - p r o t e i n s  t o  s t i m u l a t e  t h a t  

a c t i v i t y .  The 3 . 0 M - c o r e s  r e t a i n e d  23% o f  t h e  a c t i v i t y  

o f  t h e i r  p a r e n t  r i b o s o m e s  ( F i g . 8 . 7 )  b u t  were  s l i g h t l y  

i n h i b i t e d  i n  t h e  f r a g m e n t  r e a c t i o n  by t h e  a d d i t i o n  o f  

s p l i t - p r o t e i n s  ( F i g . 8 . 7 ) .

C o m p a r iso n  o f  t h e  3 . 0 M - c o r e s  p a r t i c l e s '  a c t i v i t y  

i n  t h e  ' f r a g m e n t  r e a c t i o n '  w i t h  t h a t  i n  p o l y  U - d i r e c t e d  

p r o t e i n  s y n t h e s i s  ( F i g . 8 . 3 )  s u g g e s t s  t h a t  w h e r e v e r  

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

s i t e  o f  t h e  p e p t i d y l t r a n s f e r a s e .  T h u s ,  t h e  a c t i v i t y  

o f  t h e  r e c o n s t i t u t e d  p a r t i c l e  i n  p o l y  U - d i r e c t e d  p r o t e i n  

s y n t h e s i s  ( a s  a p e r c e n t a g e  o f  t h e  a c t i v i t y  o f  t h e  

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

3 . 0 M - c o r e  i n  t h e  ' f r a g m e n t  r e a c t i o n '  ( F i g s .  8 . 3  and 8 . 7 ) .  

I t  may be  t h a t ,  u s i n g  t h e  a b o v e  r e c o n s t i t u t i o n  

t e c h n i q u e ,  o n l y  a s m a l l  p e r c e n t a g e  o f  t h e  3 . 0 M - c o r e s  ca n  

be r e c o n s t i t u t e d  b e c a u s e  t h e  r e m a i n d e r  o f  t h e  c o r e s  h a v e  

l o s t  r i b o s o m a l  c o m p o n e n ts  o f  t h e  p e p t i d y l t r a n s f e r a s e .
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( b )  Phe-tRNA B i n d i n g  t o  t h e  Ribosome

R ib o s o m e s  o r  c o r e - p a r t i c l e s  were  i n c u b a t e d  w i t h  a  

r e a c t i o n  m i x t u r e  s i m i l a r  t o  t h a t  f o r  p o l y  U - d i r e c t e d  

p r o t e i n  s y n t h e s i s  ( S e c t i o n  3 . 1 4 )  b u t  c o n t a i n i n g  

g u a n y l y l  ( ^ ,  Ï  - m e t h y l e n e ) - d i p h o s p o n a t e  (GMPPCP) 

i n s t e a d  o f  GTP. The r e a c t i o n  m i x t u r e s  were  i n c u b a t e d  

f o r  20  m i n u t e s  a t  25°C and t h e n  f i l t e r e d  th r o u g h  

S a r t o r i u s  c e l l u l o s e  n i t r a t e - f l i t e r s  ( p o r e  s i z e  0 . 4 5  ^ )  

and t h e  f i l t e r s  were  w ashed  5 t i m e s  w i t h  b u f f e r  c o n t a i n i n g  

l O m M - T r i s . a c e t i c  a c i d  ( p H 7 . 6 ) ,  90m M -p otass ium  a c e t a t e ,  

14mM-magnesium a c e t a t e  and 3 m M - 2 - m e r c a p t o e t h a n o l .

F i n a l l y ,  t h e  f i l t e r s  were  d r i e d  and t h e i r  r a d i o a c t i v i t y  

e s t i m a t e d  by  s c i n t i l l a t i o n - c o u n t i n g  ( S e c t i o n  3 . 1 6 ) .  

A d d i t i o n a l l y ,  m i x t u r e s  were  p r e c i p i t a t e d  w i t h  h o t  TCA 

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

d e t e r m i n e  w h e t h e r  any p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  

had o c c u r r e d .  No p r o t e i n  s y n t h e s i s  was o b s e r v e d  ( d a t a  

n o t * g i v e n ) .

By t h e s e  c r i t e r i a ,  50% o f  3 , O M - c o r e - p a r t i c l e s  

r e t a i n e d  t h e i r  a b i l i t y  t o  b i n d  Z“ ^^CJ7 Phe-tRNA ( d a t a  

n o t  g i v e n )  a l t h o u g h  t h i s  v a l u e  was r e d u c e d  t o  17% up on  

r e c o m b i n a t i o n  o f  c o r e - p a r t i c l e s  w i t h  s p l i t - p r o t e i n s  ( d a t a  

n o t  g i v e n ) .

The r e a s o n  f o r  t h e  i n h i b i t i o n  by  s p l i t - p r o t e i n s  

i s  u n c l e a r  a l t h o u g h  t h e  r e s u l t s  do c o r r e l a t e  w i t h  t h o s e
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o f  an e x p e r i m e n t  i n v o l v i n g  t h e  b i n d i n g  o f  

m e t h y l - a l p h a  s a r c i n  t o  r i b o s o m a l  c o r e - p a r t i c l e s .  I n  

t h i s  l a t t e r  e x p e r i m e n t ,  3 . 0 M - c o r e s  bound more / ~ 3 h J7  

m e t h y l - a l p h a  s a r c i n  t h a n  d i d  t h e  p a r e n t  r i b o s o m e s  b u t  

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

e x t r a  b i n d i n g  ( d a t a  n o t  g i v e n ) .  S i n c e  a l p h a  s a r c i n  i s  

r e p o r t e d  t o  c u t  rRNÂ a t  a s p e c i f i c  p o i n t  ( S c h i n d l e r  and 

D a v i e s ,  1 9 7 7 ) ,  i t  i s  p o s s i b l e  t h a t  t h e  e x t e n t  o f  b i n d i n g  

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

t h e  d e g r e e  t o  w h ich  rRNA i s  e x p o s e d  on t h e  r i b o s o m a l  

s u r f a c e .

I t  h a s  n o t  p r o v e d  p o s s i b l e  e i t h e r  t o  d e t e c t  w hich  

p r o t e i n s  w ere  r e s p o n s i b l e  f o r  t h e  s m a l l  amount o f  

r e c o n s t i t u t i o n  t h a t  h a s  b e e n  o b s e r v e d  i n  t h e s e  

e x p e r i m e n t s  o r  t o  d e t e r m i n e  w h ic h  s t e p  i n  p r o t e i n  

s y n t h e s i s  was a f f e c t e d .  H o w ev er ,  c o m p a r i s o n  o f  my d a t a  

w i t h  t h a t  o f  o t h e r s  ( R i c h t e r  and M o l l e r , 1 9 7 4 ;  R e y e s  e;t 

a l . ,  1 9 7 7 )  s u g g e s t s  t h a t  t h e  r e c o n s t i t u t i o n  r e p o r t e d  

h e r e  m ig h t  h a v e  i n v o l v e d  m e r e l y  t h e  add it ion  o f  t h e  

a c i d i c  p r o t e i n s .  T h e se  p r o t e i n s ,  L40 and L41 ( S t o f f 1 e r  

e t  a l . ,  1 9 7 4 ) ,  may be rem oved  from r a t  l i v e r  r i b o s o m e s  

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

p a r t i c l e s  i n  t h e  ' f r a g m e n t  r e a c t i o n '  ( R e y e s  e t  a l . , 1 9 7 7 )  

A d d i t i o n a l l y ,  t h e  a c i d i c  p r o t e i n s  o f  y e a s t  p r o t e i n s  may 

be s u b s t i t u t e d  by t h e  a c i d i c  p r o t e i n s  L7 and L I 2 o f  t h e  

E . c o l i  r i b o s o m e  w i t h o u t  l o s s  o f  a c t i v i t y  ( R i c h t e r  and
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M o l l e r ,  1 9 7 4 ) .  C l e a r l y ,  i f  t h e s e  p r o t e i n s  h a v e  b e e n

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

b e t w e e n  p r o k a r y o t e s  and e u k a r y o t e s ,  i t  w o u ld  n o t

be s u r p r i s i n g  i f  t h e  s p l i t - p r o t e i n s  o f  M . v e r r u c a r i a

r i b o s o m e s  c o u l d  c o m p lem en t  y e a s t  c o r e - p a r t i c l e s .

8 . 8  SNZYMIC-METHYLATION OF RIBOSOMES AND RIBOSOMAL CORE- 
PARTICLES

I n  p r o k a r y o t e s ,  d ru g  r e s i s t a n c e  i s  d e t e r m i n e d  

s o m e t i m e s  by  t h e  rRNA ( H e l s e r ,  e t  a l . ,  1 9 7 1 ;  L a i  and  

W eisb lu m ,  1 9 7 1 ;  C u n d l i f f e ,  1 9 7 8 )  and ,  i n  a l l  t h e s e  

c a s e s ,  t h e  s t a t e  o f  m é t h y l a t i o n  o f  t h e  rRNA h a s  b e e n  

t h e  d e t e r m i n i n g  f a c t o r .  T h e r e f o r e ,  e x t r a c t s  o f  

M . v e r r u c a r i a  and y e a s t  w ere  e x a m in e d  f o r  m e t h y l a s e  a c t i v i t é s  

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

e a c h  o t h e r ' s  r i b o s o m e s .

Crude r i b o s o m e s  from M. v e r r u c a r i a , p r e p a r e d  w i t h o u t  

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

t h r o u g h  20% ( ^ / v )  s u c r o s e  c o n t a i n i n g  lO m M -T r is .H C l , (p H 7 .5 )  

IM-NH4 C I,  lGmM-MgCl2  and 3 m M - 2 - m e r c a p t o e t h a n o l . The 

s u p e r n a t a n t  was d i a l y s e d  a g a i n s t  ' e u k a r y o t i c  d i a l y s i s  

b u f f e r ' ( l O m M - T r i s . a c e t i c  a c i d  ( p H 7 . 6 ) ,  9 0m M -p otass ium  

a c e t a t e ,  ImM-magnesium a c e t a t e ,  3 m M - 2 - m e r c a p t o e t h a n o l ) 

and a s s a y e d  f o r  i t s  a b i l i t y  t o  m e t h y l a t e  y e a s t  r i b o s o m e s  

o r  r i b o s o m a l  c o r e - p a r t i c l e s  u s i n g  S - a d e n o s y l - L - Z m e t h y l - 3 H j 7  

m e t h i o n i n e  ( Z” ^ J 7 SAM) a s  s u b s t r a t e .

A f t e r  i n c u b a t i o n  f o r  f o u r  h o u r s ,  y e a s t  r i b o s o m e s  

c o u l d  be m e t h y l a t e d  t o  t h e  e x t e n t  o f  a p p r o x i m a t e l y  one
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ENZYMIC-METHYLATION OF RIBOSOMES AND RIBOSOMAL

CORE-PARTICLES

P a r t i c l e  ( 7 . 6  pMol) S o u r c e  o f  
c r u d e  - 
M e t h y l a s e

T C A - P r e c i p i t a b l e  
m a t e r i a l ( c . p . m j

M e t h y l
g r o u p s /
p a r t i c l e

No r i b o s o m e s M . v e r r . 583 -

Y e a s t  80S M. v e r r . 4653 0 . 9 4

Y e a s t  3 . 5 M - c o r e M ; v e r r . 596 0

M . v e r r .  80S M . v e r r . 832 0 . 0 5

No R ib o so m e s Y e a s t 652 -

Y e a s t  80S Y e a s t 721 0 . 0 2

M . v e r r .  80S Y e a s t 4491 0 . 8 8



Legend t o  T a b le  8 - 8

E n z y m i c - M e t h y l a t i o n  o f  R ib o so m e s  and 

R ib osom al  C o r e - P a r t i c l e s

R ib o so m es  o r  r i b o s o m a l  c o r e - p a r t i c l e s  (3 8  pmol)  

w e r e  i n c u b a t e d  a t  25^C w i t h  4 ^  C i  o f  s - a d e n o s y l -  

L - / ~ m e t h y l - ^ H _ /  m e t h i o n i n e  (1 C i /m m o l)  and 10 u l  

r i b o s o m a l  w a s h a t e  ( S e c t i o n  8 . 7 ) .  The v o lu m e  was  

a d j u s t e d  t o  50 ^1 w i t h  l O m M - T r i s . a c e t i c  a c i d  ( p H 7 . 6 ) ,  

90m M -p otass ium  a c e t a t e ,  ImM-magnesium a c e t a t e  and 

3 m M -2 -m e r c a p to e th a n o l  i n i t i a l l y .  S a m p le s  ( 1 0  p i )  

w e r e  p r e c i p i t a t e d  a f t e r  f o u r  h o u r s  w i t h  h o t  TCA ( S e c t i o n  

3 . 1 5 )  and r a d i o a c t i v i t y  i n  t h e  p r e c i p i t a t e s  was  

e s t i m a t e d  by 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  

( S e c t i o n  3 . 1 6 ) .
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m e t h y l  gro u p  p e r  r i b o s o m e  ( T a b l e  8 . 8 ) w h e r e a s  y e a s t  3 .5M -  

c o r e s  and r i b o s o m e s  from M.v e r r u c a r i a  w e re  u n a f f e c t e d  

( T a b l e  8 . 8 ) .  The m e th y l  g r o u p s  w ere  assum ed t o  be  

a t t a c h e d  t o  p r o t e i n  s i n c e  t h e  r a d i o a c t i v i t y  was  

p r e c i p i t a t e d  by h o t  TCA.

The r i b o s o m e s  o f  M . v e r r u c a r i a  c o u l d ,  h o w e v e r ,  be  

m e t h y l a t e d  when i n c u b a t e d  w i t h  a h i g h  s a l t - w a s h  from  

y e a s t  s t r a i n  Y^gg ( p r e p a r e d  a s  d e s c r i b e d  a b o v e  f o r  

M . v e r r u c a r i a )  and /  ^hJ7 SAM ( T a b l e  8 . 8 ) .  A g a i n ,  

m é t h y l a t i o n  was on  a r i b o s o m a l  p r o t e i n .

R ib o so m e s  o f  M . v e r r u c a r i a  o r  y e a s t  s t r a i n  Y^gg w e re  

m e t h y l a t e d  ( a s  d e s c r i b e d  i n  t h e  l e g e n d  t o  T a b l e  8 . 8  e x c e p t  

t h a t  u n l a b e l l e d  SAM was u s e d )  and t e s t e d  f o r  t h e i r  

s e n s i t i v i t y  t o  T-2  t o x i n  i n  p o l y  U - d i r e c t e d  p r o t e i n  

s y n t h e s i s .  T h e re  was no a l t e r a t i o n  i n  t h e  s e n s i t i v i t y  

o f  t h e  r i b o s o m e s  ( F i g . 8 . 9 ) .

T h e se  r e s u l t s  do n o t  d en y  t h e  p o s s i b i l i t y  t h a t  o v e r  o r  

u n d e r - m e t h y l a t i o n  o f  r i b o s o m a l  p r o t e i n s  o r  RNA c a u s e s  t h e  

phenomena o f  r e s i s t a n c e  t o  1 2 , 1 3  e p o x y t r i c h o t h e c e n e s  i n  y e a s t  

and M . v e r r u c a r i a . T h e se  o r g a n i s m s  a r e  n o t  n e c e s s a r i l y  

c a p a b l e  o f  m e t h y l a t i n g  e a c h  o t h e r ' s  r i b o s o m e s  a n d ,  t h u s ,  

c o n f e r r i n g  r e s i s t a n c e  o r  s e n s i t i v i t y  t o  a n t i b i o t i c s .

E q u a l l y ,  m é t h y l a t i o n  o f  t h e  r i b o s o m e  may o c c u r  a t  an e a r l y  

s t a g e  i n  a s s e m b l y .  I t  i s  r e p o r t e d ,  f o r  e x a m p l e ,  t h a t  

many m é t h y l a t i o n s  o c c u r  on t h e  265  rRNA o f  t h e  y e a s t  r ib o s o m e  

w h i l s t  i t  i s  s t i l l  p a r t  o f  t h e  373 p r e c u r s o r  RNA (Brand  

e t  a l . ,  1 9 7 7 ) .  F u r t h e r  work on t h e  mechanism  o f  r e s i s t a n c e
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Legend t o  F i g u r e  8 . 9

E f f e c t  o f  T-2  T o x in  upon M e t h y l a t e d  R ib o so m es

M i x t u r e s  ( 5 0  ^ 1 )  f o r  p o l y  U - d i r e c t e d  p r o t e i n  

s y n t h e s i s  ( S e c t i o n  3 . 1 4 )  c o n t a i n i n g  r i b o s o m e s  (21  pmol)  

o r  r i b o s o m e s  w h ic h  had b e e n  m e t h y l a t e d  p r e v i o u s l y  

( a s  d e s c r i b e d  i n  l e g e n d  t o  T a b l e  8 . 8  e x c e p t  t h a t  

u n l a b e l l e d  SAM was u s e d ;  21 pmol)  and 

y e a s t  SlOO w e r e  i n c u b a t e d  i n  t h e  p r e s e n c e  o r  a b s e n c e  

o f  T-2  t o x i n  (1 0  p q / m l )  a t  25^C. S a m p le s  (1 0  p i )  

w e re  p r e c i p i t a t e d  w i t h  TCA ( S e c t i o n  3 . 1 5 )  and 

r a d i o a c t i v i t y  i n  t h e  p r e c i p i t a t e s  e s t i m a t e d  by  

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  ( S e c t i o n  3 . 1 5 ) .

---------- , r i b o s o m e s  o n l y ;   , r i b o s o m e s  p l u s  T-2

t o x i n ;  o ,  y e a s t  s t r a i n  r i b o s o m e s ;  • ,  y e a s t

s t r a i n  Y^gg m e t h y l a t e d  r i b o s o m e s ;  d  , M.v e r r u c a r i a  

r i b o s o m e s ;  ▲ , M . v e r r u c a r i a  m e t h y l a t e d  r i b o s o m e s .
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t o  t h e  1 2 , 1 3  e p o x y t r i c h o t h e c e n e s  i n  M . v e r r u c a r i a  m u st  

a w a i t  t h e  d e v e l o p m e n t  o f  a t e c h n i q u e  f o r  t h e  r e v e r s i b l e  

d i s s o c i a t i o n  o f  t h e  e u k a r y o t i c  r i b o s o m e .
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9 .  INHIBITION OF POLY U-DIRECTED PROTEIN SYNTHESIS BY THE 
1 2 , 1 3  EPOXYTRICHOTHECENES

9 . 1 .  MATERIALS

C ommercia l  s o u r c e s  o f  m a t e r i a l s  w ere  a s ' f o l l o w s :  

L - p h e n y l  /  2 ,  3 -  ^H_/ a l a n i n e  was from The R a d i o c h e m i c a l

C e n t r e ,  Amersham; a n h y d r o u s  h y d r a z i n e  from P i e r c e  and 

W a r r in e r  ( U . K . )  L i m i t e d ,  C h e s t e r ;  d a n s y l  c h l o r i d e  and 

h y d r a z i n e  s u l p h a t e  from Sigma C h e m ic a l  Co.  and 

p y r u v a t e  k i n a s e  was from B o e h r i n g e r  and S o e h n e .  O th er  

c h e m i c a l s  w e r e  o b t a i n e d  from t h e  s o u r c e s  m e n t i o n e d  

p r e v i o u s l y .

9 . 2 .  INTRODUCTION

The 1 2 , 1 3  e p o x y t r i c h o t h e c e n e , t r i c h o d e r m i n , 

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

( S e c t i o n  4 . 4 )  was u n a b l e  t o  i n h i b i t  p o l y  U - d i r e c t e d  

p r o t e i n  s y n t h e s i s  i n  y e a s t  e x t r a c t s  when a s s a y e d  i n  

t h e  i o n i c  c o n d i t i o n s  d e s c r i b e d  i n  S e c t i o n  3 . 1 4  

(95mM-K^, 14mM-Mg^^). In c o n t r a s t ,  h o w e v e r ,  T-2  

t o x i n ,  an i n h i b i t o r  o f  p o l y p e p t i d e  c h a i n  i n i t i a t i o n  

( S e c t i o n  5 . 4 ) ,  was a p o t e n t  i n h i b i t o r  o f  p o l y  U - d i r e c t e d  

p r o t e i n  s y n t h e s i s  ( F i g . 6 . 9 ) .  T h e se  r e s u l t s ,  i n  

a g r e e m e n t  w i t h  t h e  work o f  o t h e r s  ( C a r r a s c o  e t  a l . ,

1 9 7 3 ;  S c h i n d l e r  e t  a l . ,  1 9 7 4 ;  S c h i n d l e r ,  1 9 7 4 ;  J im e n e z  

e t  a l . ,  1 9 7 5 ) ,  s u p p o r t  t h e  s u g g e s t i o n  ( S c h i n d l e r , 1 9 7 4 ) ,  

t h a t  t h e  1 2 , 1 3  ^ o x y t r i c h o t h e c e n e s  can  be  d i v i d e d  i n t o
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two g r o u p s  on t h e  b a s i s  o f  t h e i r  a b i l i t y  t o  i n h i b i t  

p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  i n  y e a s t  e x t r a c t s .

O t h e r  w o r k e r s  r e p o r t  s t r o n g  i n h i b i t i o n  o f  p o l y  U- 

d i r e c t e d  p r o t e i n  s y n t h e s i s  by t r i c h o d e r m i n  w i t h  r e s i d u a l  

a c t i v i t y  r a n g i n g  from 20 -  50% o f  t h e  c o n t r o l  i n c u b a t i o n  

( T a t e  and C a s k e y , 1 9 7 3 ;  Wei e t  a l . ,  1 9 7 4 ;  Wei and  

M c L a u g h l in ,  1 9 7 4 ;  Cannon e t  a l . ,  1 9 7 6 a ) .  I n c u b a t i o n  

m i x t u r e s  w h ic h  w e r e  i n h i b i t e d  s t r o n g l y  by  t r i c h o d e r m i n ,  

h o w e v e r ,  w e r e  r e l a t i v e l y  i n s e n s i t i v e  t o  T-2  t o x i n  ( T a t e  

and C a s k e y ,  1 9 7 3 ;  Cannon e t  a l . ,  1 9 7 6 a ) .  T h e r e f o r e ,  

t h e r e  a p p e a r s  t o  be  two t y p e s  o f  p o l y  U - d i r e c t e d  p r o t e i n  

s y n t h e s i s ,  o n e  w h ic h  i s  i n h i b i t e d  by T-2 t o x i n  and n o t  by  

t r i c h o d e r m i n  and o n e  w h ic h  h a s  t h e  o p p o s i t e  c h a r a c t e r i s t i c s .  

C o n s i d e r a t i o n  o f  t h e  d a t a  l e a d s  o n e  t o  i m p l i c a t e  

magnesium i o n  c o n c e n t r a t i o n  i n  t h e s e  r e s p o n s e s .  Thus ,  

a t  18mM-Mg^* , t r i c h o d e r m i n  i n h i b i t e d  by 5% ( S c h i n d l e r  

e t  a l . ,  1 9 7 4 )  o r  13% ( S c h i n d l e r ,  1 9 7 4 )  a n d ,  a t  

8 mM -  Mg^^, i n h i b i t i o n  was  80% ( T a t e  and C a s k e y ,  1 9 7 3 ) .  

A d d i t i o n a l l y ,  C a r t e r  ( 1 9 7 8 )  r e p o r t e d  t h a t  t h e  a b i l i t y  o f  

T-2 t o x i n  t o  i n h i b i t  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  

i n  y e a s t  was i n c r e a s e d  a s  t h e  magnesium i o n  c o n c e n t r a t i o n  

was r a i s e d .  T h ere  r e m a i n ,  h o w e v e r ,  s e v e r a l  d i s c r e p a n c i e s  

i n  t h e  d a t a :  Wei and M cL augh l in  ( 1 9 7 4 )  fou n d  o n l y  72%

i n h i b i t i o n  o f  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  by



- 1 3 4 -

t r i c h o d e r m i n  a t  and Cannon e t  a l . ,  ( 1 9 7 6 a )

c o u l d  i n h i b i t  s y n t h e s i s  by 75% a t  12.5mM-Mg^* u n d e r  w h ic h  

c o n d i t i o n s  Wei ^ t  a l . , ( 1 9 7 4 )  o n l y  o b s e r v e d  50% i n h i b i t i o n  

The i o n i c  c o n d i t i o n s  f o r  p o l y  U - d i r e c t e d  p r o t e i n  

s y n t h e s i s  by y e a s t  e x t r a c t s  w e r e  v a r i e d  t o  s e e  w h e t h e r  

t r i c h o d e r m i n  g a i n e d  t h e  a b i l i t y  t o  i n h i b i t  and t h e  

r e s u l t s  w e r e  compared t o  t h o s e  o b t a i n e d  f o r  a y e a s t  

i n c u b a t i o n  m i x t u r e  p r e p a r e d  by t h e  method o f  S i s s o n s  

( 1 9 7 4 ) .

9 . 3 .  PREPARATION AND ASSAY OF YEAST S - 3 0  EXTRACTS BY THE 
METHOD OF SISSONS ( 1 9 7 4 ) .

Y e a s t  c e l l s  ( s t r a i n  Y i s g )  w e r e  grown and h a r v e s t e d

a s  d e s c r i b e d  i n  S e c t i o n  2 . 4  e x c e p t  t h a t  t h e y  w e re  w ash ed

i n  ' i s o l a t i o n  b u f f e r *  c o n t a i n i n g  50mM-Tris .H Cl ( p H 7 . 6 ) ,

8 mM-magnesium a c e t a t e ,  BOmM-NH^cl, 0 . 5 m M -s p e r m id in e ,

3 m M - 2 - m e r c a p to e th a n o l  and 10% ( ^ / v )  g l y c e r o l .  An S - 3 0

e x t r a c t  was  p r e p a r e d  a s  d e s c r i b e d  i n  S e c t i o n  3 . 9  e x c e p t

t h a t  ' i s o l a t i o n  b u f f e r '  was  u s e d  t h r o u g h o u t .

An i n c u b a t i o n  m i x t u r e  f o r  p o l y  U - d i r e c t e d  p r o t e i n

s y n t h e s i s  was d e r i v e d  a s  f o l l o w s : -

Energy  mix 100  p i
P o l y  U 16 ;j 1 ( I n i t i a l  c o n c e n t r a t i o n ,

1 0  mg/m l)
Y e a s t  tRNA (p h e  s p e c i f i c )  20 p i  ( I n i t i a l  c o n c e n t r a t i o n ,

2  m g /m l )
50m M -sperm id in e  7 p i
p y r u v a t e  k i n a s e  5 p i  ( I n i t i a l  c o n c e n t r a t i o n ,

lO m g /m l)
W ater  152 u l

300 p i
Y e a s t  S - 3 0  100  p i

400  p i
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Legend t o  F i g u r e  9 . 1

E f f e c t  o f  T r i c h o d e r m i n  on P r o t e i n  S y n t h e s i s

M i x t u r e s  f o r  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  

a s  d e s c r i b e d  by S i s s o n s ,  1974  ( S e c t i o n  9 . 3 )  c o n t a i n i n g  

y e a s t  s t r a i n  S - 3 0  e x t r a c t  (A260 = 1 9 . 4  f i n a l  c o n c e n . )

was  i n c u b a t e d  w i t h  v a r i o u s  f i n a l  c o n c e n t r a t i o n s  o f  

t r i c h o d e r m i n  o r  T-2 t o x i n  ( 1 0  ^ g / m l )  a t  25^C.

S a m p le s  ( 1 0  ^ 1 )  w ere  p r e c i p i t a t e d  w i t h  TCA ( S e c t i o n

3 . 1 5 )  and r a d i o a c t i v i t y  i n  t h e  p r e c i p i t a t e s  e s t i m a t e d  

by 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  ( S e c t i o n  3 . 1 6 ) .  

A n t i b i o t i c s  w e r e  i n  50% DMSO a n d ,  t h e r e f o r e ,  t h e  c o n t r o l  

was a d j u s t e d  a c c o r d i n g l y .

( a )  i n c o r p o r a t i o n  i n t o  p o l y  Phe;  o ------  o ,  c o n t r o l ;

o ------  o ,  p l u s  T-2 t o x i n ;  p l u s  t r i c h o d e r m i n  a t  f i n a l

c o n c e n t r a t i o n s  o f  a  , 1 ^ g / m l ;  t  , 2  j jg /m l  ;

A , 10 ) ig /m l  ; # ,  25 ^ g / m l ;  ■ , 5 0  j j g / m l .

(b )  A c t i v i t y  a g a i n s t  c o n c e n t r a t i o n  o t  t r i c h o d e r m i n .
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Energy  m ix:  150 m M -T r is .H C l ,  24mM -  magnesium a c e t a t e ,

180 mM-NH^Cl, 20 m M - p h o s p h o e n o l p y r u v a t e ,

5 . 3 2  mM-ATP, 0 . 6 6 8  mM-GTP, 3 2 m M - g l u t a t h i o n e ,

0 . 1 6  mM-L-amino a c i d s  ( e x c e p t  p h e n y l a l a n i n e ) , 0 . 0 4  mM-L-

p h e n y l  / ~ 2 ,  3-^HJ7 a l a n i n e  (6 6 0  mCi/mmol) .

F i n a l  c o n d i t i o n s  f o r  p o l y  U - d i r e c t e d  p r o t e i n
+ 2 +s y n t h e s i s  w e r e  60mM-NH^ , 8 mM-Mg , I m M -s p e r m id in e ,

8 m M - g l u t a t h i o n e .

9 . 4 .  INHIBITION OF YEAST EXTRACTS BY TRICHODERMIN AND T-2  
TOXIN

P o l y u r i d y l i c  a c i d - d i r e c t e d  p r o t e i n  s y n t h e s i s  i n  a 

y e a s t  i n c u b a t i o n  m i x t u r e  made by t h e  method o f  S i s s o n s  

( 1 9 3 4 )  was  i n h i b i t e d  by a maximum o f  45% a t  c o n c e n t r a t i o n s  

o f  t r i c h o d e r m i n  o f  25 p q / m l  and a b o v e  ( p i g . 9 . 1 ) .  In  

c o n t r a s t ,  y e a s t  S - 3 0  e x t r a c t s  p r e p a r e d  and a s s a y e d  by t h e  

method d e s c r i b e d  i n  S e c t i o n  3 . 9  and 3 . 1 4  w e r e  i n h i b i t e d  

by a p p r o x i m a t e l y  3% e v e n  a t  h i g h  c o n c e n t r a t i o n s  o f  t r i c h o d e r m i n  

( d a t a  n o t  g i v e n ) .

I n h i b i t i o n  o f  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  by  

T-2  t o x i n  ( l O j j g / m l ,  f i n a l  c o n c e n t r a t i o n )  w a s ,  h o w e v e r ,  

o n l y  50% ( F i g . 9 . 1 )  f o r  t h e  i n c u b a t i o n  m i x t u r e  o f  S i s s o n s  

( 1 9 7 4 )  w h e r e a s  t h e  s t a n d a r d  y e a s t  i n c u b a t i o n  m i x t u r e s  

w ere  i n h i b i t e d  by 74% a t  10 p g  T-2  t o x i n / m l  ( T a b l e  6 . 7 ) .

A l t h o u g h  t h e  i o n i c  c o n d i t i o n s  o f  t h e  y e a s t  i n c u b a t i o n  

m i x t u r e s  w e re  d i s s i m i l a r ,  t h e  d i f f e r e n t i a l  e f f e c t s  o f  

t r i c h o d e r m i n  on p r o t e i n  s y n t h e s i s  c o u l d  h a v e  b e e n
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a t t r i b u t a b l e  t o  t h e  s t a t e  o f  t h e  r i b o s o m e s .  T h e r e f o r e ,  

h i g h  s a l t - w a s h e d  r i b o s o m e s  ( S e c t i o n  3 . 1 0 )  w e r e  u s e d  i n  

a l l  o t h e r  e x p e r i m e n t s  h e r e .  T h e se  r i b o s o m e s  w ere  

a s s a y e d  e i t h e r  u s i n g  SlOO p r e p a r e d  from s t a n d a r d  y e a s t  

S - 3 0  e x t r a c t s  ( S e c t i o n  3 . 1 0 )  o r  w i t h  SlOO made from  

y e a s t  S - 3 0  e x t r a c t  o f  t h e  S i s s o n s '  t y p e .  The l a t t e r  

t y p e  o f  SlOO was p r e p a r e d  s i m p l y  by c e n t r i f u g i n g  y e a s t  

S - 3 0  a t  5 0 , 0 0 0  r . p . m .  f o r  4 h o u r s .

I n c u b a t i o n  m i x t u r e s  c o n t a i n i n g  h i g h  s a l t - w a s h e d  

r i b o s o m e s  and y e a s t  SlOO i n  t h e  s t a n d a r d  a s s a y  f o r  p o l y  

U - d i r e c t e d  p r o t e i n  s y n t h e s i s  ( S e c t i o n  3 . 1 4 )  w e r e  

u n i n h i b i t e d  by t r i c h o d e r m i n  ( F i g . 9 . 2 )  b u t  when t h e  

r i b o s o m e s  w e r e  com b in ed  w i t h  y e a s t  SlOO and i n c u b a t i o n  

m i x t u r e  f o r  t h e  a s s a y  d e s c r i b e d  by S i s s o n s  ( 1 9 7 4 ) ,  

i n h i b i t i o n  by t r i c h o d e r m i n  was 46% ( F i g . 9 . 2 ) .

A d d i t i o n a l l y ,  y e a s t  SlOO p r e p a r e d  a s  d e s c r i b e d  i n  S e c t i o n  

3 . 1 0  w a s  d i a l y s e d  a g a i n s t  ' i s o i t i o n  b u f f e r '  and a s s a y e d  

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

c o n d i t i o n s  o f  S i s s o n s  ( 1 9 7 4 ) .  In  t h i s  c a s e ,  i n h i b i t i o n  

by t h e  same c o n c e n t r a t i o n  o f  t r i c h o d e r m i n  was 8 8 % ( F i g . 9 . 2 ) .  

When SlOO made i n  ' i s o l a t i o n  b u f f e r '  w as  d i a l y s e d  a g a i n s t  

' e u k a r y o t i c  d i a l y s i s  b u f f e r '  and u s e d  i n  t h e  s t a n d a r d  

a s s a y  ( S e c t i o n  3 . 1 4 ) ,  i n h i b i t i o n  by t r i c h o d e r m i n  was  

13% ( F i g . 9 . 2 ) .  T h e r e f o r e ,  t h e  manner o f  p r e p a r a t i o n  o f
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Legend t o  F i g u r e  9 . 2

D i f f e r e n t i a l  E f f e c t s  o f  T r i c h o d e r m i n  on  

P r o t e i n  S y n t h e s i s

M i x t u r e s  (5 0  ;j 1) f o r  p o l y  U - d i r e c t e d  p r o t e i n  

s y n t h e s i s  o f  my t y p e  (O and ©, S e c t i o n  3 . 1 4 )  

o r  S i s s o n ' s  t y p e  ( a . and ▼ , S e c t i o n  9 . 3 )

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

r i b o s o m e s  (21 p m o l ) ,  ( S e c t i o n  3 . 1 0 )  and y e a s t  SlOO 

( p r e p a r e d  i n  d i f f e r e n t  w a y s )  w ere  i n c u b a t e d  i n  

t h e  p r e s e n c e  o r  a b s e n c e  o f  t r i c h o d e r m i n  (2 5  y g / m l  

f i n a l  c o n c e n . )  a t  25^C. S a m p les  (1 0  ^ 1 )  w e r e  

p r e c i p i t a t e d  w i t h  TCA ( S e c t i o n  3 . 1 5 )  and r a d i o a c t i v i t y  

i n  t h e  p r e c i p i t a t e s  e s t i m a t e d  by 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  ( S e c t i o n  3 . 1 6 ) .

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

o ,  y e a s t  SlOO ( S e c t i o n  3 . 1 0 ) ;  # ,  y e a s t  SlOO

d i a l y s e d  from ' i s o l a t i o n  b u f f e r ' ( S e c t i o n  9 . 3 )  i n t o  

' e u k a r y o t i c  d i a l y s i s  b u f f e r '  ( C h a p t e r  3 ) ;

^ , y e a s t  SlOO i n  i s o l a t i o n  b u f f e r  ( S e c t i o n  9 . 4 ) ;

T , y e a s t  SlOO ( S e c t i o n  3 . 1 0 )  d i a l y s e d  i n t o  

' i s o l a t i o n  b u f f e r '  ( S e c t i o n  9 . 3 ) .
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e f  t h e  SlOO a s  w e l l  a s  t h e  i o n i c  c o n d i t i o n s  a p p e a r s  t o  be  

i m p o r t a n t  i n  d e t e r m i n i n g  t h e  s e n s i t i v i t y  o f  p o l y  U - d i r e c t e d  

p r o t e i n  s y n t h e s i s  t o  t r i c h o d e r m i n .

As m e n t i o n e d  p r e v i o u s l y ,  C a r t e r  ( 1 9 7 8 ) ,  u s i n g  t h e  

a s s a y  c o n d i t i o n s  o f  S i s s o n s  ( 1 9 7 4 ) ,  fo u n d  t h a t  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  by T-2  t o x i n  i n c r e a s e d  a s  t h e  . 

magnes ium c o n c e n t r a t i o n  was  r a i s e d .  S i n c e  an i n c r e a s e  

i n  s e n s i t i v i t y  t o  T-2  t o x i n  i s  l i n k e d  t o  a l o s s  o f  

s e n s i t i v i t y  t o  t r i c h o d e r m i n  ( T a t e  and C a s k e y ,  1 9 7 3 ;  Cannon  

e t  a l . ,  1 9 7 6 a )  , e x p e r i m e n t s  w e r e  p e r fo r m e d  t o  d e t e r m i n e  

w h e t h e r  l o w e r i n g  t h e  magnesium i o n  c o n c e n t r a t i o n  i n  t h e  

s t a n d a r d  i n c u b a t i o n  m i x t u r e  ( S e c t i o n  3 . 1 4 )  i n c r e a s e d  i t s  

s e n s i t i v i t y  t o  t r i c h o d e r m i n .

Very l i t t l e  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  was  

n o t i c e d  e v e n  a t  BmM-magnesium i o n s  ( t h e  same Mĝ '*’ 

c o n c e n t r a t i o n  a s  t h e  y e a s t  i n c u b a t i o n  m i x t u r e  d e s c r i b e d  by  

S i s s o n s ,  1 9 7 4 ) .  E q u a l l y ,  a d d i t i o n  o f  I m M -sp er m id in e  

o r  s u b s t i t u t i o n  o f  ammonium f o r  p o t a s s i u m  i o n s  o r  

b o t h  d i d  n o t  i n c r e a s e  t h e  i n h i b i t i o n  by t r i c h o d e r m i n  ( d a t a  

n o t  g i v e n ) .  H ow ever ,  a d d i t i o n  o f  B m M - g lu t a t h io n e  d i d  make 

t h e  i n c u b a t i o n  m i x t u r e s  s e n s i t i v e  t o  t r i c h o d e r m i n  i n  some  

e x p e r i m e n t s .  T h i s  l a t t e r  r e s u l t  w a s ,  h o w e v e r ,  v a r i a b l e  

and a d d i t i o n  o f  g l u t a t h i o n e  a l s o  r e s u l t e d  i n  no 

a l t e r a t i o n  i n  s e n s i t i v i t y  t o  t r i c h o d e r m i n  i n  a t  l e a s t  

h a l f  o f  t h e  a s s a y s .  T h e r e  was no a p p a r e n t  c o r r e l a t i o n
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b e t w e e n  t h e  d i f f e r e n t i a l  e f f e c t s  o f  g l u t a t h i o n e  

and t h e  o t h e r  i o n i c  c o n d i t i o n s .  T h e r e f o r e ,  no 

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

a n o m a lo u s  r e s u l t s .

9 . 5 .  ANALYSIS OF PRODUCTS OF POLY U-DIRECTED PROTEIN 
SYNTHESIS

I t  h a s  b e e n  r e p o r t e d  t h a t  c e l l - f r e e  e x t r a c t s  from  

y e a s t  (Van d e r  Z e i j s t  e t  a l . ,  1 9 7 3 ) ,  r a t  m u s c l e  ( C a s t l e s  

e t  a l . , 1 9 7 1 )  and N e u r o s p o r a  c r a s s a  ( S t u r a n i  e t  a l . ,  

1 9 7 1 )  a r e  c a p a b l e  o f  two t y p e s  o f  p o l y  U - d i r e c t e d  p r o t e i n  

s y n t h e s i s .  At  h i g h  magnes ium i o n  c o n c e n t r a t i o n s ,  

p o l y p h e n y l a l a n i n e  i s  f o r m e d ,  w h e r e a s  a t  l o w  magnesium  

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

t h e  c a r b o x y - t e r m i n i  o f  p e p t i d e s  w h ic h  a r e  p r e s e n t  on t h e  

r i b o s o m e s  a s  p e p t i d y l - t R N A .  I t  w a s ,  t h e r e f o r e ,  p r o p o s e d  

( C a r t e r ,  1 9 7 8 )  t h a t  t h e  d i f f e r e n t i a l  e f f e c t s  o f  

t r i c h o d e r m i n  c o u l d  be e x p l a i n e d  i n  term s  o f  t h e s e  two  

t y p e s  o f  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s .  T h u s ,  

t r i c h o d e r m i n  c o u l d  i n h i b i t  t h e  a d d i t i o n  o f  p h e n y l a l a n i n e  

t o  t h e  c a r b o x y - t e r m i n i  o f  n a s c e n t  p e p t i d y l - t R N A  b u t  n o t  

i f  t h e  p e p t i d e  m o i e t y  was  ( P h e ) ^  o r ,  p r e s u m a b ly  

p e p t i d y l - ( P h e ) n *  I t  f o l l o w s  a l s o  t h a t  T-2  t o x i n  w ould  

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

t y p e  o f  p r o t e i n  s y n t h e s i s  ( a t  lo w  Mg^^) s i n c e  t h e y  would  

c a r r y  p e p t i d y l - t R N A  e v e n  a t  t h e  s t a r t  o f  c e l l - f r e e
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s y n t h e s i s  ( s e e  Cannon e t  a l . ,  1 9 7 6 a ) .

E v i d e n c e  f o r  t h e  h y p o t h e s i s  o f  C a r t e r  ( 1 9 7 8 )  i s  

a p p a r e n t l y  c o n t r a d i c t o r y ,  h o w e v e r .  I f  o n l y  i o n i c  

c o n d i t i o n s  w e r e  i m p o r t a n t ,  why d i d  y e a s t  SlOO e x t r a c t s  

p r e p a r e d  i n  d i f f e r e n t  i o n i c  c o n d i t i o n s  c a u s e  t h e  r i b o s o m e s  

t o  h a v e  d i f f e r e n t  s e n s i t i v i t i e s  t o  t r i c h o d e r m i n ?  A l s o ,  

i f  t r i c h o d e r m i n  i s  u n a b l e  t o  i n h i b i t  t h e  s y n t h e s i s  o f  

p o l y p h e n y l a l a n i n e  i t  p r e s u m a b ly  i s  u n a b l e  t o  i n h i b i t  

s y n t h e s i s  o f  t h e  p o l y p e p t i d e ,  p e p t i d y l - ( P h e ) j ^ .  The 

r e s u l t s  o f  Cannon e t  a l . ( 1 9 7 6 a )  show ,  h o w e v e r ,  t h a t  

t r i c h o d e r m i n  i n h i b i t e d  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  

by r e t i c u l o c y t e  l y s a t e s  e q u a l l y  w e l l  w h a t e v e r  t h e  s t a g e  

a t  w h ic h  i t  was a d d e d ,  i . e .  i n h i b i t i o n  was 70% w h e t h e r  

t r i c h o d e r m i n  was added a t  t h e  s t a r t  o r  a f t e r  25 m i n u t e s  

o f  i n c u b a t i o n .  C l e a r l y ,  e i t h e r  t h i s  r e t i c u l o c y t e  

i n c u b a t i o n  m i x t u r e  was o n l y  c a p a b l e  o f  p r o d u c i n g  p e p t i d y l -  

Phe-tRNA o r  t h e  s y n t h e s i s  o f  p e p t i d y l  (Phe)pj -tRNA was  a l s o  

i n h i b i t e d  by t r i c h o d e r m i n .

The p r o d u c t s  o f  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  

i n  t h e  s t a n d a r d  i n c u b a t i o n  m i x t u r e  ( S e c t i o n  3 . 1 4 )  o r  i n  

t h e  a s s a y  m i x t u r e  o f  S i s s o n s  ( w i t h  o r  w i t h o u t  i n h i b i t i o n  

by t r i c h o d e r m i n )  w e r e  a n a l y s e d  t o  d e t e r m i n e  w h e t h e r  t h e y  

c o n s i s t e d  s o l e l y  o f  p o l y p h e n y l a l a n i n e .

( a )  A n a l y s i s  o f  P r o d u c t s  by C h rom atograp h y

M i x t u r e s  f o r  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s
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Legend t o  F i g u r e  9 . 3

A n a l y s i s  o f  t h e  P r o d u c t s  o f  P o l y  U - d i r e c t e d
P r o t e i n  S y n t h e s i s  by C hrom atograph y

M i x t u r e s  ( 1 0 0  ) i l )  f o r  p o l y  U - d i r e c t e d  p r o t e i n  

s y n t h e s i s  o f  (b )  my t y p e  ( S e c t i o n  3 . 1 4 ) ;  ( c )

S i s s o n s *  t y p e  ( S e c t i o n  9 . 3 ) ;  (d )  S i s s o n s *  t y p e

p l u s  t r i c h o d e r m i n  (2 5  ^ g / m l  f i n a l  c o n c e n . )  

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

r i b o s o m e s  (42  pmol;  S e c t i o n  3 . 1 0 )  and SlOO 

w e re  i n c u b a t e d  a t  25*^C. A f t e r  s i x t y  m i n u t e s  t h e  

m i x t u r e s  w ere  c e n t r i f u g e d  a t  5 0 , 0 0 0  r . p . m .  

th r o u g h  a 2 0 % ( ^ / v )  s u c r o s e  s h e l f  c o n t a i n i n g  

’ e u k a r y o t i c  d i a l y s i s  b u f f e r * .  The r i b o s o m e s  

w e r e  r e s u s p e n d e d  i n  IM-NH4 OH and warmed a t  37°C  

f o r  30 m in .  b e f o r e  t h e  s u s p e n s i o n  was s p o t t e d  o n t o  

Whatman# N o . l  p a p e r .  The chrom atogram  was  

d e v e l o p e d  i n  n - b u t a n o l  : 0 . 8 8  s . g .  ammonia s o l u t i o n  : 

w a t e r  ( 1 0 0  : 3 : 18 )  and d i v i d e d  i n t o  1 cm p o r t i o n s .  

R a d i o a c t i v i t y  i n  t h e  p o r t i o n s  was  e s t i m a t e d  by 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  ( S e c t i o n  3 . 1 6 ) .  A p u re  

p r e p a r a t i o n  o f  p h e n y l a l a n i n e  was a l s o

chromatogrammed ( a ) .  V e r t i c a l  a r r o w s  r e p r e s e n t  t h e  

s o l v e n t  f r o n t .
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( S e c t i o n  3 . 1 4  o r  S i s s o n s ,  1 9 7 4 )  w e re  i n c u b a t e d  f o r  

s i x t y  m i n u t e s  a t  25^C. A s a m p le  ( 0 . 1  ml) o f  e a c h  

m i x t u r e  was th e n  removed and c e n t r i f u g e d  a t  5 0 , 0 0 0  

r . p . m .  t h r o u g h  2 0 % ( ^ / v )  s u c r o s e  c o n t a i n i n g  

' e u k a r y o t i c  d i a l y s i s  b u f f e r *  ( l O m M - T r i s . a c e t i c  a c i d  

( p H 7 . 6 ) ,  90m M -p otass ium  a c e t a t e ,  ImM-magnesium a c e t a t e ,  

3 m M - 2 - m e r c a p t o e t h a n o l ) .  The r i b o s o m e s  w e r e  r e s u s p e n d e d  

i n  IM-NH4 OH and warmed a t  37°C f o r  30 m i n u t e s .  F i n a l l y ,  

t h e  s u s p e n s i o n s  w ere  chromatogrammed on Whatman N o . l  

p a p e r  u s i n g  n - b u t a n o l  : 0 . 8 8  s . g .  ammonia s o l u t i o n  : 

w a t e r  (1 0 0  : 3. : 18)  a s  s o l v e n t  and r a d i o a c t i v i t y  on 

t h e  c h ro m a to g ra m s  was  d e t e c t e d  by s c i n t i l l a t i o n  

s p e c t r o m e t r y  ( S e c t i o n  3 . 1 6 )  o f  1 cm s e c t i o n s .  In  t h e s e  

c o n d i t i o n s ,  h om opo lym ers  o f  p h e n y l a l a n i n e  w i t h  a 

c h a i n  l e n g t h  o f  f i v e  o r  g r e a t e r  rem ain  a t  t h e  o r i g i n  

a s  do p e p t i d e s  o f  m ixed  c o m p o s i t i o n  ( C a s t l e s  e t  a l . ,

1 9 7 1 ) .

In  a l l  t h e  i n c u b a t i o n s ,  t h e  ^  1 4 c J ?  p h e n y l a l a n i n e  

w h ic h  was r e c o v e r e d  from t h e  r i b o s o m e s  was  fou nd  ( F i g . 9 . 3 )  

t o  be  p r e s e n t  a s  m a t e r i a l  w h ich  ran on c h ro m a to g ra m s  

a t  Rp 0 . 3 7  ( p h e n y l a l a n i n e ) ,  Rp 0 . 6 7  -  0 . 9 7

( Z"Phe_ / 2  t o  Z P h e _ /^  ; a s  j u d g e d  by c o m p a r i s o n  w i t h  

t h e  d a t e ,  o f  C a s t l e s  e t  a l . ,  1 9 7 1 )  and m a t e r i a l  w h ich  

r em a in e d  a t  t h e  o r i g i n  ( p o l y p h e n y l a l a n i n e  c o n s i s t i n g  o f  

f i v e  o r  more amino a c i d s  a n d / o r  o t h e r  l a r g e  p e p t i d e s ) .
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T here  w e r e ,  h o w e v e r ,  d i f f e r e n c e s  i n  t h e  q u a n t i t y  o f  

e a c h  c o n s t i t u e n t .  T h u s ,  an u n i n h i b i t e d  i n c u b a t i o n  

m i x t u r e  o f  S i s s o n s *  t y p e  c o n t a i n e d  l e s s  Z~^^Cj7Phe-tRNA  

b u t  more L Phe_ / 2  -  t o  Z"Phe_ / 4  -  tRNA bound t o  t h e  

r i b o s o m e s  than  d i d  a m i x t u r e  i n h i b i t e d  by t r i c h o d e r m i n  

( F i g . 9 . 3 ) .

(b )  A n a l y s i s  o f  Amino -  and C a r b o x y - T e r m i n i  Amino
A c i d s

The l a r g e  p e p t i d e s  w h ic h  rem a in ed  a t  t h e  o r i g i n  

o f  th e  ch rom atogram s  ( F i g . 9 . 3 )  w ere  i s o l a t e d  and t h e  

p r o p o r t i o n  o f  r a d i o a c t i v e  p h e n y l a l a n i n e  a t  t h e i r  N- 

and c a r b o x y - t e r m i n i  w ere  d e t e r m i n e d  as  b e l o w .

S am p les  ( 0 . 1 m l )  o f  t h e  i n c u b a t i o n  m i x t u r e s  ( s e e  

a b o v e )  w ere  p r e c i p i t a t e d  w i t h  h o t  TCA and t h e  

p r e c i p i t a t e s  w h ic h  c o n t a i n e d  p e p t i d e s  and p o l y p h e n y l a l a n i n e  

o f  f o u r  r e s i d u e s  and g r e a t e r  ( P e s t k a  e t  a l . ,  1 9 6 9 )  

w e re  d r i e d  i n  v a c u o .

The c a r b o x y - t e r m i n a l  amino a c i d s  w ere  a n a l y s e d  by 

t h e  method o f  A k a b o r i  e t  a l . ,  ( 1 9 5 2 ) .  Anhydrous  

h y d r a z i n e  ( 0 . 4 m l )  c o n t a i n i n g  I M - h y d r a z i n e  s u l p h a t e  was  

added t o  p r e c i p i t a t e s  o b t a i n e d  from t h e  t h r e e  i n c u b a t i o n s ,

i . e .  my t y p e  ( S e c t i o n  3 . 1 4 ) ,  S i s s o n s *  t y p e  and S i s s o n s *  

t y p e  c o n t a i n i n g  t r i c h o d e r m i n ,  and t h e  m i x t u r e s  w e re  

h e a t e d  i n  v a c u o .  A c o n t r o l  m i x t u r e  c o n t a i n i n g  

p h e n y l a l a n i n e  was a l s o  i n c u b a t e d  w i t h  h y d r a z i n e .  A f t e r  

f i f t y  h o u r s  a t  60°C t h e  m i x t u r e s  w e re  d r i e d  i n  v a c u o  and 

r e d i s s o l v e d  i n  0 . 6 m l  w a t e r .  A s a m p le  o f  t h e  w a t e r  ( 0 . 1 m l )
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was removed and i t s  r a d i o a c t i v i t y  e s t i m a t e d  by  

s c i n t i l l a t i o n - c o u n t i n g  ( S e c t i o n  3 . 1 6 ) ,  a n o t h e r  was  

removed a f t e r  e x t r a c t i n g  t h e  r e m a in d e r  o f  t h e  w a t e r  

w i t h  0 . 2 5  ml b e n z a l d e h y d e  w h ich  rem o v es  h y d r a z i d e s .

The p e r c e n t a g e  o f  c a r b o x y - t e r m i n a l  r a d i o a c t i v i t y  

i n  t h e  p r e c i p i t a t e d  p e p t i d e s  was c a l c u l a t e d  by  

d i v i d i n g  t h e  r a d i o a c t i v i t y  r e m a i n i n g  i n  w a t e r  a f t e r  

b e n z a l d e h y d e  t r e a t m e n t  by t h e  t o t a l  r a d i o a c t i v i t y  and 

making a l l o w a n c e  f o r  t h e  e f f i c i e n c y  o f  e x t r a c t i o n  

( v a l u e  o b t a i n e d  from p h e n y l a l a n i n e  c o n t r o l ) .

By t h i s  c r i t e r i o n ,  o n l y  2% o f  p h e n y l a l a n i n e  m o l e c u l e s  

( i n  p e p t i d e )  w ere  p r e s e n t  a t  t h e  c a r b o x y - t e r m i n i  o f  

h o t  T C A - p r e c i p i t a b l e  p e p t i d e s  p r o d u c e d  d u r i n g  t h e  

s t a n d a r d  a s s a y  ( T a b l e  9 . 4 )  b u t  17 -  21% o f  t h e  

p h e n y l a l a n i n e  m o l e c u l e s  i n c o r p o r a t e d  i n t o  h o t  TCA- 

p r e c i p i t a b l e  m a t e r i a l  w e re  a t  t h e  c a r b o x y - t e r m i n i  o f  

p e p t i d e s  p r o d u ce d  d u r i n g  t h e  S i s s o n s '  t y p e  a s s a y s  

( T a b l e  9 . 4 ) .  H owever ,  i t  i s  i m p o r t a n t  t o  remember  

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

i s  i n s o l u b l e  i n  m os t  s o l v e n t s  and a l l  may n o t ,  a s  a 

r e s u l t ,  h a v e  r e a c t e d  w i t h  h y d r a z i n e .

The p h e n y l a l a n i n e  i n  t h e  T C A - p r e c i p i t a b l e  m a t e r i a l  

c o u l d  be p r e s e n t  e i t h e r  a s  (Phe)p, o r  p e p t i d y l  ( P h e ) n  

o r  a m i x t u r e  o f  b o t h .  In o r d e r  t o  d i s t i n g u i s h  

b e t w e e n  t h e s e  p o s s i b i l i t i e s ,  th e  p e r c e n t a g e  o f
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C- TERMINUS ANALYSIS

E x p e r im e n t c . p . m .  i n  w a t e r % o f  cpm % o f  cpm

B e f o r e
b e n z a l d e h y d e

Af t e r
b e n z a l d e h y d e

' in  C-  
t e r m i n u s

i n  C-  
t e r m i n u s  
( c o r r e c t e  
f i q u r e )

My s y s t e m 9 8 , 8 3 3 1 , 6 2 8 1 . 6 5 2 . 1

S i s s o n s *  s y s t e m 3 , 4 5 5 454 1 3 . 1 5 1 6 . 9

S i s s o n s *  s y s t e m  
+ t r i c h o d e r m i n 1 , 6 6 7 265 1 5 . 9 2 0 . 5

C o n t r o l  (Z"^^C_7 
Phe o n l y ) 7 4 6 , 8 9 0 5 8 0 , 0 2 0 7 7 . 7 1 0 0 . 0

N -T erm in u s  A n a l y s i s

E x p e r i m e n t cpm i n  0 . 1 ml 
T C A - p r e c i p i  t a b l e  
m a t e r i a l

cpm i n  s p o t  on 
chrom atogram

% o f  cpm a t  
N - t e r m i n u s

My s y s t e m 2 5 2 , 0 0 0 7 , 5 7 0 3 . 0

S i s s o n s *  s y s t e m 1 3 , 3 0 0 2 , 1 2 4 1 6 . 0

S i s s o n s *  s y s t e m  
+ t r i c h o d e r m i n 4 , 8 0 0 892 1 8 . 6



Legend t o  T a b le  9 . 4

A n a l y s i s  o f  N- and C- T e r m in i  o f  Hot TCA- 

P r e c i p i t a b l e  P e p t i d e s  P ro d u ced  by P o l y  U- 

D i r e c t e d  P r o t e i n  S y n t h e s i s

M i x t u r e s  (1 0 0  j j l )  f o r  p o l y  U - d i r e c t e d  p r o t e i n  

s y n t h e s i s  o f  my t y p e  ( S e c t i o n  3 . 1 4 ) ,  S i s s o n s *  

t y p e  ( S e c t i o n  9 . 3 )  o r  S i s s o n s *  t y p e  p l u s  

t r i c h o d e r m i n  (25  p q / m l  f i n a l  c o n c e n . )  c o n t a i n i n g  

y e a s t  s t r a i n  r i b o s o m e s  ( S e c t i o n  3 . 1 0 )  and SlOO

w e r e  i n c u b a t e d  a t  25^C. A f t e r  60 m i n u t e s  t h e  

m i x t u r e s  w e re  p r e c i p i t a t e d  w i t h  h o t  TCA and t h e  

p r e c i p i t a t e s  c o l l e c t e d .  The p e r c e n t a g e s  o f  

r a d i o a c t i v i t y  a t  t h e  N- and C -  t e r m i n i  o f  t h e  

p r e c i p i t a t e d  p e p t i d e s  w e r e  d e t e r m i n e d  by d a n s y l a t i o n  

and h y d r a z i n o l y s i s  r e s p e c t i v e l y  ( S e c t i o n  9 . 5 b ) .  

P r e p a r a t i o n s  o f  L ^^C_/ p h e n y l a l a n i n e  w ere  u s e d  a s  

c o n t r o l s  f o r  t h e  a s s a y s .
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r a d i o a c t i v e  p h e n y l a l a n i n e  a t  t h e  N - t e r m i n i  o f  

T C A - p r e c i p i t a b l e  m a t e r i a l  was a l s o  d e t e r m i n e d .  The

d a n s y l a t i o n  method d e s c r i b e d  by H a r t l e y  ( 1 9 7 0 )  was  

u s e d .

D r ie d  T C A - p r e c i p i t a t e s  ( s e e  a b o v e )  w e r e  m ixed  w i t h  

10 j j l  0.2M-NaHC0g and t h e  m i x t u r e  e v a p o r a t e d  t o  remove  

ammonia.  Then 20 ^1 o f  5mM-dansyl c h l o r i d e ,  50% (^/v)  

a c e t o n e  w e re  added a n d ,  a f t e r  s e a l i n g  t h e  tu b e  w i t h  

p a r a f i l m ,  t h e  mix was h e a t e d  a t  4 5 ° C .  A f t e r  30 

m i n u t e s ,  t h e  s o l v e n t  was e v a p o r a t e d ,  20 p i  5M-HC1 w e re  

added and t h e  t u b e s  w e r e  h e a t e d  i n  v a c u o  a t  105°C  

f o r  18 h o u r s .  F i n a l l y ,  t h e  HCl was removed by  

e v a p o r a t i n g  o v e r  NaOH and 20 p i  e t h a n o l  w ere  a d d e d .

The p r o d u c t s  ( i n  e t h a n o l )  w e re  chromatogrammed on  

p o l y a m i d e  s h e e t  u s i n g  1.5% ( ^ / v )  f o r m i c  a c i d  i n  t h e  

f i r s t  d i m e n s i o n  and b e n z e n e  : a c e t i c  a c i d  ( 9 : 1 )  i n  

t h e  s e c o n d .  An a u t h e n t i c  s a m p le  o f  d a n s y l - p h e  was  

added t o  t h e  m i x t u r e s  b e f o r e  c h r o m a t o g r a p h y  and t h e  

a p p r o p r i a t e  s p o t  ( a f t e r  d e t e c t i o n  i n  U . V . l i g h t )  was  

e x c i s e d  from t h e  s h e e t  and i t s  r a d i o a c t i v i t y  was e s t i m a t e d  

by s c i n t i l l a t i o n - c o u n t i n g  ( S e c t i o n  3 . 1 6 ) .

The p e r c e n t a g e  o f  r a d i o a c t i v e  p h e n y l a l a n i n e  p r e s e n t  

a t  t h e  N - t e r m i n i  o f  t h e  T C A - p r e c i p i t a b l e  p e p t i d e s  was  

fo u n d  t o  be  s i m i l a r  t o  t h a t  a t  t h e  c a r b o x y - t e r m i n i  

( T a b l e  9 . 4 ) .  T h e r e f o r e ,  t h e  g r e a t  m a j o r i t y  o f  t h e
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p r o d u c t s  o f  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  i n  e i t h e r  

my a s s a y  s y s t e m  ( S e c t i o n  3 . 1 4 )  o r  S i s s o n s *  s y s t e m  

a p p e a r e d  t o  be  a u t h e n t i c  p o l y p h e n y l a l a n i n e  and n o t  

p e p t i d y l - ( P h e ) p .  A l t h o u g h  i t  i s  p o s s i b l e  t h a t

p h e n y l a l a n i n e  a t  t h e  N - t e r m i n a l  o f  p e p t i d e s  

was p r o d u c e d  by e n z y m ic  a d d i t i o n  t h i s  i s  u n l i k e l y  s i n c e  

no * s y n t h e s i s *  was o b s e r v e d  i n  t h e  a b s e n c e  o f  r i b o s o m e s .

The r e s u l t s  p r e s e n t e d  h e r e  s u g g e s t  t h a t  t h e  

d i f f e r e n t i a l  e f f e c t s  o f  t r i c h o d e r m i n  r e p o r t e d  by o t h e r  

a u t h o r s  w e re  g e n u i n e  and w e r e  n o t  c a u s e d  by  

c o n t a m i n a t i o n  o f  t h e  a n t i b i o t i c  w i t h  o t h e r  t o x i n s .  

T h e r e f o r e ,  s e n s i t i v i t y  o r  r e s i s t a n c e  t o  t r i c h o d e r m i n  

a p p e a r s  t o  be  i n d e p e n d e n t  o f  t h e  p r o d u c t s  o f  p r o t e i n  

s y n t h e s i s  and must depend  upon o t h e r  v a r i a b l e s .  I t  

r e m a in s  t o  be shown how i o n i c  and o t h e r  c o n d i t i o n s  

a f f e c t  t h e  r a t i o  o f  t h e  two t y p e s  o f  s y n t h e s i s ,  i . e .  

o n e  s e n s i t i v e  and o n e  i n s e n s i t i v e  t o  t r i c h o d e r m i n .  

P r e s u m a b l y ,  h o w e v e r ,  t h e  c o n f o r m a t i o n  o f  t h e  r ib o s o m e  

i s  i m p o r t a n t  i n  t h e  b i n d i n g  o f  a n t i b i o t i c  and t h i s  

m i g h t  be  a f f e c t e d  by i o n i c  c o n d i t i o n s ,  p r e s e n c e  o f  

a m i n o a c y l -  and p e p t i d y l - t R N A  and by p e p t i d e s  and  

o t h e r  m o l e c u l e s  i n  t h e  s u p e r n a t a n t .  T h u s ,  a c o m b i n a t i o n  

o f  t h e s e  v a r i a b l e s  may a l l o w  t r i c h o d e r m i n  t o  b i n d  t o  

t h e  r i b o s o m e s .
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1 0 .  PROTEIN SYNTHESIS IN EXTRACTS OF ANTIBIOTIC-PRODUCING 
FUNGI

1 0 . 1 .  INTRODUCTION

A n t i b i o t i c s  a r e  v e r y  p o t e n t  t o x i n s  made by l i v i n g  

o r g a n i s m s  and y e t  many p r o d u c i n g - o r g a n i s m s  c a n  

r em a in  m e t a b o l i c a l l y  a c t i v e  i n  t h e i r  own s o u p s  

e . g .  S t r e p t o m y c e s  g r i s e u s  w h ic h  p r o d u c e s  s t r e p t o m y c i n  

( W o o d r u f f ,  1 9 5 6 )  and S . v e n u z u a l a e  w h ic h  p r o d u c e s  

c h l o r a m p h e n i c o l  ( M a l i k ,  1 9 7 2 ) .  I t  h as  b e e n  

p r o p o s e d  ( D em ain , 1 9 7 4 )  t h a t  a l l  a n t i b i o t i c s  h a v e  a 

f u n c t i o n a l  r o l e  i n  t h e  s u r v i v a l  o f  t h e  p r o d u c i n g  

o r g a n i s m  and t h e r e  a r e  s e v e r a l  t h e o r i e s  w h ic h  s e e k  t o  

r a t i o n a l i z e  a n t i b i o t i c - p r o d u c t i o n .  H ow ever ,  no o n e  

t h e o r y  f i t s  a l l  t h e  a v a i l a b l e  e v i d e n c e ,  s u g g e s t i n g  

e i t h e r  t h a t  t h e  a n t i b i o t i c s *  t r u e  p u r p o s e  h a s  n o t  

y e t  b e e n  d e t e r m i n e d  o r  t h a t  i t  i s  i m p o s s i b l e  t o  

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

The t h e o r i e s  a r e  o u t l i n e d  b e l o w .

( a )  C o m p e t i t i o n

I n i t i a l l y ,  p e r h a p s  t h e  m o s t  a t t r a c t i v e  i d e a ,  t h i s  

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

c o m p e t i n g  s p e c i e s  by t h e  p r o d u c t i o n  o f  a n t i b i o t i c .

In f a c t ,  a n t i b i o t i c - p r o d u c t i o n  h a s  o n l y  b een  

d e m o n s t r a t e d  t o  o c c u r  i n  a f e w  s p e c i e s  u n d e r  * n a t u r a l *  

c o n d i t i o n s .  For i n s t a n c e ,  t h e  f u n g u s  P é n i c i l l i u m
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chrysoq en um  p r o d u c e s  p e n i c i l l i n  when p l a c e d  i n  

u n s u p p l e m e n t e d  s o i l s  ( H i l l , 1 9 7 2 ) .

(b )  Enzyme M a in t e n a n c e

A n t i b i o t i c s  a r e  p r o d u c e d  i n  t h e  s t a t i o n a r y  

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

grow th  ( t r o p h o p h a s e ) . D u r in g  i d i o p h a s e  t h e  c e l l  

c o n t a i n s  many en zym es  w h ic h  w e re  r e q u i r e d  f o r  g r o w th  

b u t  no l o n g e r  h a v e  a u s e .  I t  i s  p r o p o s e d  (B u * lo c k ,  

1 9 6 1 )  t h a t  t h e s e  en zym es  a r e  p r o t e c t e d  from  

d e g r a d a t i o n  (and a r e ,  t h u s ,  a v a i l a b l e  i m m e d i a t e l y  f o r  

t h e  n e x t  p e r i o d  o f  r a p i d  g r o w t h )  by k e e p i n g  them i n  

o p e r a t i o n  and p u t t i n g  t h e i r  p r o d u c t s  t o  d i f f e r e n t  u s e s  

e . g .  a s  p r e c u r s o r s  f o r  a n t i b i o t i c s .

( c )  D e t o x i f i c a t i o n

An e x t e n s i o n  o f  t h e  t h e o r y  o f  B u ' l o c k  ( 1 9 6 1 )  was  

o f f e r e d  by W ood ruf f  ( 1 9 6 6 ) .  F o l l o w i n g  t h e  p e r i o d  o f  

r a p i d  g r o w t h ,  c o n t r o l  m ech an ism s  a r e  i n s u f f i c i e n t  i n  

c e r t a i n  o r g a n i s m s  t o  p r e v e n t  o v e r - s y n t h e s i s  o f  p r im a r y  

m e t a b o l i t e s .  U n l e s s  t h e s e  m e t a b o l i t e s  a r e  c o n v e r t e d  

and t h e  p r o d u c t s  ( i n c l u d i n g  a n t i b i o t i c s )  e x c r e t e d  from  

t h e  c e l l ,  d e a t h  w o u ld  r e s u l t  due t o  i m b a l a n c e d  g r o w t h .

As a v a r i a t i o n ,  Dhar and Khan ( 1 9 7 1 )  p r o p o s e d  t h a t  

p r o d u c i n g - o r g a n i s m s  c o n v e r t  t o x i c  m o l e c u l e s  w h ic h  have 

a c c u m u l a t e d  i n  t h e  c e l l  i n t o  ( n o n t o x i c )  a n t i b i o t i c s .  

G iv e n  t h e  t o x i c i t y  o f  a n t i b i o t i c s  i t  i s  h ard  t o
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r a t i o n a l i s e  why any o r g a n i s m  s h o u l d  w i s h  t o  do

t h i s  -  e s p e c i a l l y  a s  f ew  p r o d u c t i o n  p r o c e s s e s  f o r

a n t i b i o t i c s  i n v o l v e  t o x i c  p r e c u r s o r s  ( D e m a i n , 1 9 7 3 ) .

H owever ,  t h i s  p r o p o s a l ,  i s  s u p p o r t e d  by t h e  f a c t  t h a t  t h e

p e n i c i l l i n  p r e c u r s o r ,  p h e n y l a c e t i c  a c i d ,  i s  more t o x i c
y

t o  P . ch ry so q en u m  th a n  i s  b e n z ^ p e n i c i l l i n , t h e  

a n t i b i o t i c  i t  p r o d u c e s  ( P o l y a  and N y i r i , 1 9 5 6 ) .

(d )  S p o r u l a t i o n

More e v i d e n c e  i s  a v a i l a b l e  t o  s u p p o r t  t h i s  

h y p o t h e s i s  th a n  any o t h e r  a l t h o u g h  t h e r e  a r e  s e v e r a l  

e x c e p t i o n s  am o n g st  p r o d u c i n g  o r g a n i s m s .  I t  i s  

p r o p o s e d  ( D em ain , 1 9 7 4 )  t h a t  a n t i b i o t i c  p r o d u c t i o n  i s  

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

i n h i b i t o r s  o f  s p o r u l a t i o n  s u c h  a s  e t h y l  m a l o n a t e  and 

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

b a c i l l i  ( S a r k a r  and P a u l u s , 1 9 7 2 ) .

P r o d u c i n g - o r g a n i s m s  h a v e  b e e n  s t u d i e d  e x t e n s i v e l y  

s i n c e ,  i n  many c a s e s ,  t h e i r  p r o d u c t s  h a v e  b e e n  u s e d  

c l i n i c a l l y .  Data  a r e ,  t h e r e f o r e ,  a v a i l a b l e  c o n c e r n i n g  

t h e  a n t i b i o t i c - s e n s i t i v i t i e s  o f  p r o k a r y o t e s  w h ic h  

p r o d u c e  a n t i - b a c t e r i a l  a g e n t s .  For  i n s t a n c e ,  

S t r e p t o m y c e s  g r i s e u s  and S t r e p t o m y c e s  v e n u z u a l a e  

a r e  s e n s i t i v e  t o  t h e i r  p r o d u c t s  ( s t r e p t o m y c i n  and  

c h l o r a m p h e n i c o l ,  r e s p e c t i v e l y )  w h i l s t  i n  t r o p h o p h a s e  

b u t  d e v e l o p  r e s i s t a n c e  d u r i n g  i d i o p h a s e  ( W o o d r u f f , 1 9 6 5  ;
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M alik  and V i n i n g ,  1 9 7 0 ;  M a l i k ,  1 9 7 2 ) .  On t h e  o t h e r  

h an d ,  S t r e p t o m y c e s  a z u r e u s  i s  r e s i s t a n t  t o  i t s  

p r o d u c t ,  t h i o s t r e p t o n , e v e n  d u r i n g  t r o p h o p h a s e  

( C u n d l i f f e ,  1 9 7 8 ) .

S e v e r a l  f u n g i  w h ic h  a r e  r e p u t e d  t o  be  c a p a b l e  o f  

p r o d u c i n g  e u k a r y o t e - s p e c i f i c  t o x i n s  w e r e  i n v e s t i g a t e d  

i n  t h i s  w o r k .  In a l l  c a s e s ,  t h e  o r g a n i s m s  w e r e  

r e s i s t a n t  t o  t h e i r  p r o d u c t s  i n  v i v o  ( T a b l e  2 . 2 )  

a n d ,  t h e r e f o r e ,  c e l l - f r e e  e x t r a c t s  w ere  p r e p a r e d  and  

t h e  n a t u r e  o f  t h e  r e s i s t a n c e  i n v e s t i g a t e d .  The r e s u l t s  

f o r  M . v e r r u c a r i a  h a v e  b e e n  p r e s e n t e d  e l s e w h e r e  i n  

t h i s  d i s s e r t a t i o n  ( C h a p t e r s  6  and 7) and show t h a t  

e x t r a c t s  o f  t h e  o r g a n i s m  a r e  r e s i s t a n t  i n  v i t r o  due  

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

i n  t r o p h o p h a s e .  The i m p l i c a t i o n s  o f  t h i s  r e s u l t  a r e  

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

c h a p t e r .

1 0 . 2 .  CELL-FREE EXTRACTS FROM FUSARIUM POAE AND FUSARIUM 
SPOROTRICHIODES

The f u s a r i u m  s p e c i e s ,  F . p o a e  and F . s p o r o t r i c h i o d e s , 

h a v e  b e e n  p o s i t i v e l y  i d e n t i f i e d  a s  t h e  c a u s e  o f  

a l i m e n t a r y  t o x i c  a l e u k i a ,  a s e r i o u s  and i n  m o s t  c a s e s  

l e t h a l  d i s e a s e  c a u s e d  by c o n s u m p t i o n  o f  mouldy c o r n  

( J o f f e ,  1 9 7 4 ) .  S t r a i n s  o f  t h e s e  two f u n g i  w e r e  a l l  

r e p o r t e d  t o  p r o d u c e  t h e  1 2 , 1 3  e p o x y t r i c h o t h e c e n e s , T -2  

t o x i n ,  HT-2 t o x i n ,  n e o s o l a n i o l  and T-2  t e t r a o l  a l t h o u g h



FIGURE 10.1 Effect of T-2 Toxin on Protein
Synthesis by Extracts of 
F.poae and F.sporotrichiodes
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Legend t o  F i g u r e  1 0 . 1

E f f e c t  o f  T-2 T o x in  on P r o t e i n  S y n t h e s i s  

. by E x t r a c t s  o f  F . p o a e  and F . s p o r o t r i c h i o d e s

M i x t u r e s  f o r  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  

( S e c t i o n  3 . 1 4 )  c o n t a i n i n g  F . p o a e  S - 3 0  e x t r a c t  

( # ,  A260 = 13 f i n a l  c o n c e n . )  o r  F . s p o r o t r i c h i o d e s  

( o ,  A260 = 60 f i n a l  c o n c e n . )  w e r e  i n c u b a t e d  i n  t h e  

p r e s e n c e  o r  a b s e n c e  o f  T-2  t o x i n  (1 0  p q / m l )  a t  

2 5 °C .  S a m p le s  (5 ;j1) w e re  p r e c i p i t a t e d  w i t h  TCA 

( S e c t i o n  3 . 1 5 )  and r a d i o a c t i v i t y  i n  t h e  p r e c i p i t a t e s  

e s t i m a t e d  by 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 ,  ( S e c t i o n

3 . 1 6 ) .

------------ , c o n t r o l ;    , p l u s  T-2  t o x i n .
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t h e  amounts  o f  e a c h  t o x i n  v a r i e d  b e t w e e n  s t r a i n s  

(S z a t h m a r y  e t  a l . , 1976) .

The s t r a i n s  u s e d  i n  t h e s e  e x p e r i m e n t s  w e r e  n o t  

shown t o  p r o d u c e  t o x i n s  ( S e c t i o n  2 . 5 )  a l t h o u g h  t h i s  

p o s s i b i l i t y  c a n n o t  be  r u l e d  o u t .

The o r g a n i s m s  w e r e  grown a s  d e s c r i b e d  i n  S e c t i o n  

2 . 4  and c e l l - f r e e  e x t r a c t s  w e r e  p r e p a r e d  and a s s a y e d  f o r  

p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  ( S e c t i o n s  3 . 1 3  and  

3 . 1 4 ) .

E x t r a c t s  o f  b o t h  F . p o a e  and F . s p o r o t r i c h i o d e s  

w e re  v e r y  a c t i v e  i n  p r o t e i n  s y n t h e s i s  b u t  t h e y  were  

s e n s i t i v e  t o  T-2  t o x i n  ( F i g . 1 0 . 1 ) .

T h e s e  r e s u l t s  w ere  n o t  u n e x p e c t e d  s i n c e  t h e  

o r g a n i s m s  had b een  shown t o  be  s e n s i t i v e  t o  t r i c h o d e r m i n  

and a n i s o m y c i n  i n  v i v o  ( T a b l e  2 . 2 )  and t h e s e  

a n t i b i o t i c s  s h a r e  a common o r  o v e r - l a p p i n g  b i n d i n g  s i t e  

w i t h  T-2  t o x i n  on t h e  r i b o s o m e  ( s e e  C h a p t e r  6  f o r  a 

d i s c u s s i o n  o f  t h i s  p o i n t ) . No e x p e r i m e n t s  w e r e  

p e r fo r m e d  on c e l l s  grown t o  s t a t i o n a r y  p h a s e  s i n c e  

e x t r a c t s  o f  c e l l s  a t  t h i s  s t a g e  o f  g ro w th  w ere  

g e n e r a l l y  i n a c t i v e  i n  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  

( d a t a  n o t  g i v e n ) .  T h e r e f o r e ,  i t  i s  u n c l e a r  w h e t h e r  

t h e s e  o r g a n i s m s  become r e s i s t a n t  t o  t r i c h o d e r m i n  d u r i n g  

i d i o p h a s e .  S i n c e ,  h o w e v e r ,  r e s i s t a n c e  t o  t h e i r  

p r o d u c t  (T -2  t o x i n )  h a s  a l r e a d y  b e e n  a c h i e v e d  by c e l l -
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p e r m e a b i l i t y  phenomena fe'h eugh  may h a v e  no n eed  f o r  

f u r t h e r  m o d i f i c a t i o n s .  T h i s  h y p o t h e s i s  demands t h a t  

t h e  t o x i c  m e t a b o l i t e s  a r e  e x p o r t e d  from t h e  c e l l  and 

do n o t  e x i s t  w i t h i n  t h e  c e l l  e i t h e r  i n  h i g h  

c o n c e n t r a t i o n s  o r  a s  a c t i v e  m o l e c u l e s .

1 0 . 3 .  CELL-FREE EXTRACTS OF FUSARIUM EQUISETI

The Fu sar ium  s p e c i e s ,  F . e q u i s e t i  h a s  n o t  b e e n  

i m p l i c a t e d  i n  any t o x i c o s e s  a l t h o u g h  v a r i o u s  s t r a i n s  

h a v e  b een  shown t o  p r o d u c e  d i a c e t o x y s c i r p e n o l , a 1 2 , 1 3  

e p o x y t r i c h o t h e c e n e  ( B r i a n  e t  a l . , 1 9 6 1 ;  I s h i i  e t  a l . , 

1 9 7 1 ) .  A c o l o n y  o f  F . e q u i s e t i  g r o w in g  on an a g a r

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

g r o w in g  around i t  ( S e c t i o n  2 . 5 ) .  H owever ,  t h i s  

r e s u l t  d o e s  n o t  p r o v i d e  e v i d e n c e  t o  d e t e r m i n e  w h e t h e r  

t h e  s t r a i n  o f  F . e q u i s e t i  u s e d  i n  t h e s e  e x p e r i m e n t s  

p r o d u c e d  d i a c e t o x y s c i r p e n o l  s i n c e  y e a s t  s t r a i n  Y^gg 

was r e s i s t a n t  t o  t h i s  t o x i n  i n  v i v o  ( T a b l e  2 . 2 ) .

A l t h o u g h  F . e q u i s e t i  was r e s i s t a n t  i n  v i v o  t o  

b o t h  t r i c h o d e r m i n  and a n i s o m y c i n ,  a c e l l - f r e e  e x t r a c t  

o f  t h e  o r g a n i s m  w h ic h  was c a p a b l e  o f  p o l y  U - d i r e c t e d  

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  by T-2 t o x i n  ( d a t a  

n o t  g i v e n ) .

R e s i s t a n c e  t o  t h e  o r g a n i s m ' s  t o x i c  p r o d u c t s  i s  

p r o b a b l y  a c h i e v e d  by t h e  c e l l  b e i n g  im p er m e a b le  t o  ■ 

t h e s e  t o x i n s .  H owever ,  f u r t h e r  e x p e r i m e n t s  a r e  

n e e d e d  t o  d e t e r m i n e  w h e t h e r  a l l  Fu sar ium  s p e c i e s  a c h i e v e

r e s i s t a n c e  by t h i s  means o r  w h e t h e r  t h e y  g a i n  r e s i s t a n c e
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d u r i n g  i d i o p h a s e .  I t  i s  p o s s i b l e  t h a t  some s p e c i e s  

a r e  a l w a y s  r e s i s t a n t  t o  t h e  t r i c h o t h e c e n e s  by  

v i r t u e  o f  a m o d i f i e d  r ib o s o m e  ( c . f .  M . v e r r u c a r i a ) 

o r  t h a t  a mechanism o f  r e s i s t a n c e  e . g .  m o d i f i c a t i o n  

o f  t h e  r ib o s o m e  o r  p r o d u c t i o n  o f  an enzyme c a p a b l e  

o f  d e t o x i f y i n g  t h e  a n t i b i o t i c  i s  i n d u c e d  a s  a 

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

C l e a r l y ,  any r e a c t i o n  i n v o l v i n g  m o d i f i c a t i o n  o f  t h e  

r i b o s o m e  d u r i n g  i d i o p h a s e  w o u ld  i n v o l v e  t h e  i n t a c t  

r i b o s o m e  r a t h e r  th an  a p r e c u r s o r .  O t h e r w i s e  t h e  

c e l l  w o u ld  h a v e  a l l  o r  m o s t  o f  i t s  r i b o s o m e s  i n h i b i t e d  

by t h e  t o x i n .  Such m o d i f i c a t i o n s  s h o u l d  be f a r  

e a s i e r  t o  i d e n t i f y  th an  t h o s e  i n  M . v e r r u c a r i a  w here  

t h e  r i b o s o m e s  a p p e a r  a l w a y s  t o  be  r e s i s t a n t  t o  1 2 , 1 3  

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

d u r i n g  a s s e m b l y .  D e t o x i f i c a t i o n  o f  t h e  a n t i b i o t i c s  

may be b r o u g h t  a b o u t  by t h e  en zy m es  w h ic h  a r e  

r e s p o n s i b l e  f o r  i t s  p r o d u c t i o n  i . e .  t h e y  may be  

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

t o  n o n - t o x i c  p r e c u r s o r s  when t h e  t o x i n  r e a c h e s  a 

c r i t i c a l  l e v e l .

1 0 . 4 .  CELL-FREE EXTRACTS OF ASPERGILLUS GIGANTEUS

The s t r a i n  o f  A s p e r g i l l u s  q i g a n t e u s  u s e d  i n  

t h e s e  e x p e r i m e n t s  h a s  b e e n  shown t o  p r o d u c e  t h e  

p o l y p e p t i d e ,  a l p h a  s a r c i n  ( O l s o n ,  1 9 6 3 ;  Schuurmans



FIGURE 10.2 Effect of Alpha Sarcin on
Protein Synthesis by an Extract 
of A.qiqanteus
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Legend t o  F i g u r e  1 0 . 2

E f f e c t  o f  A lph a  S a r c i n  on P r o t e i n  S y n t h e s i s  by  

• an E x t r a c t  o f  A . q i q a n t e u s

M i x t u r e s  f o r  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  

( S e c t i o n  3 . 1 4 )  c o n t a i n i n g  A . q i q a n t e u s  S - 3 0  

e x t r a c t  (A260 = 53 f i n a l  c o n c e n . )  w e r e  i n c u b a t e d  

i n  t h e  p r e s e n c e  o r  a b s e n c e  o f  a l p h a  s a r c i n  ( 1 0 0  ; jg /m l  

f i n a l  c o n c e n . )  a t  2 5 °C .  S a m p le s  (5  ;j1) w ere  

p r e c i p i t a t e d  w i t h  TCA ( S e c t i o n  3 . 1 5 )  and r a d i o 

a c t i v i t y  i n  t h e  p r e c i p i t a t e s  e s t i m a t e d  by 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  ( S e c t i o n  3 . 1 6 ) .

, c o n t r o l ;  ---------  , p l u s  a l p h a  s a r c i n .
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e t  a l . , 1 9 6 4 ) .  P r o d u c t i o n  o f  t h e  t o x i n  was n o t  

o b s e r v e d ,  h o w e v e r ,  u n t i l  t h e  c e l l s  w ere  i n  i d i o p h a s e  

( O l s o n  e t  a l . ,  1 9 6 5 ) .

For t h e s e  e x p e r i m e n t s ,  c e l l s  w ere  grown u n t i l  

t h e y  w e re  i n  t h e  p h a s e  o f  l o g a r i t h m i c  g r o w th  and  

w e r e  t h e n  h a r v e s t e d  and d i s r u p t e d  a s  d e s c r i b e d  

p r e v i o u s l y  ( S e c t i o n s  3 . 1 3  and 3 . 1 4 ) .  E x t r a c t s  o f  

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

p r o t e i n  s y n t h e s i s  b u t  w e re  i n h i b i t e d  by t h e  a d d i t i o n  

o f  a l p h a  s a r c i n  ( F i g . 1 0 . 2 ) .

S i n c e  a l p h a  s a r c i n  c l e a v e s  rRNA s p e c i f i c a l l y  

( S c h i n d l e r  and D a v i e s ,  1 9 7 7 ) ,  a s  d o e s  t h e  b a c t e r i a l  

t o x i n  c o l i c i n  Eg (Bowman e t  a l . , 1 9 7 1 a ) ,  i t  was  

t h o u g h t  p o s s i b l e  t h a t  t h e  c e l l s  c o n t a i n e d  an im m u nity  

p r o t e i n  s i m i l a r  t o  t h a t  r e p o r t e d  f o r  c o l i c i n o g e n i c  

c e l l s  (Bowman e t  a l . , 19 7 1 b ;  J a k e s  and Z i n d e r ,  1 9 7 4 ) .  

T h e r e f o r e ,  t h e  S - 3 0  e x t r a c t  o f  A. q i g a n t e u s  c e l l s  was  

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

The S - 3 0  was fou nd  t o  be  j u s t  a s  s e n s i t i v e  a s  a 

y e a s t  S - 3 0  e x t r a c t  ( d a t a  n o t  g i v e n ) .  A d d i t i o n a l l y ,  

r i b o s o m e s  and SlOO w e r e  p r e p a r e d  from t h e  S - 3 0  e x t r a c t  

o f  A . q i q a n t e u s  c e l l s  and y e a s t  o r  A . q i q a n t e u s  

r i b o s o m e s  w ere  c o n f r o n t e d  w i t h  a l p h a  s a r c i n  u s i n g  SlOO 

from A . q i q a n t e u s  and t h a t  from y e a s t .  A g a in  b o t h  

t y p e s  o f  r ib o s o m e  w e re  i n h i b i t e d  e q u a l l y  and t h e r e



FIGURE 10.3 Effect of Alpha Sarcin on the
Ribosomes of Yeast or 
A.qiqanteus
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Legend t o  F i g u r e  1 0 . 3

E f f e c t  o f  A lph a  S a r c i n  on t h e  R ib o so m e s  o f  

Y e a s t  o r  A . q i g a n t e u s

M i x t u r e s  ( 5 0  ;j1 ) f o r  p o l y  U - d i r e c t e d  p r o t e i n  

s y n t h e s i s  ( S e c t i o n  3 . 1 4 )  c o n t a i n i n g  y e a s t  s t r a i n  

Y i 6 6  r i b o s o m e s  (12  pmol)  o r  A . q i q a n t e u s  r i b o s o m e s  

(12  pmol)  and ( a )  y e a s t  SlOO; (b )  A . q i q a n t e u s  

SlOO w e r e  i n c u b a t e d  w i t h  a l p h a  s a r c i n  ( ( a )  10 ^ g / m l ; 

(b )  0 . 1  / jg /m l  f i n a l  c o n c e n . )  a t  25^C. S am p les  

(5 ^ 1 )  w e r e  p r e c i p i t a t e d  w i t h  TCA ( S e c t i o n  3 . 1 5 )  

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

by 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  ( S e c t i o n  3 . 1 6 ) .

---------- , c o n t r o l s ;  --------- , p l u s  a l p h a  s a r c i n .

, y e a s t  r i b o s o m e s ;  o ,  A . g i g a n t e u s  r i b o s o m e s .
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was  no d i f f e r e n c e  i n  i n h i b i t i o n  u s i n g  y e a s t  o r  

A . q i q a n t e u s  SlOO e x t r a c t  ( F i g . 1 0 . 3 ) .  F i n a l l y ,  

a l p h a  s a r c i n  was  p r e i n c u b a t e d  w i t h  SlOO from

A . q i q a n t e u s  p r i o r  t o  t h e  a d d i t i o n  o f  y e a s t  r i b o s o m e s  

i n  o r d e r  t o  d e t e r m i n e  w h e t h e r  t h e  SlOO c o u l d  d e t o x i f y  

a l p h a  s a r c i n .  T h i s  p r o c e d u r e ,  h o w e v e r ,  had no e f f e c t  

upon i n h i b i t i o n  by a l p h a  s a r c i n  ( d a t a  n o t  g i v e n ) .

I t  would  a p p e a r ,  t h e r e f o r e ,  t h a t  A . q i q a n t e u s  

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

by v i r t u e  o f  a c e l l - p e r m e a b i l i t y  phenomenon.

F u r t h e r  e x p e r i m e n t s  a r e  n e e d e d  t o  d e t e r m i n e  w h e t h e r  

t h e  r i b o s o m e s  o f  A . q i g a n t e u s  rem ain  s e n s i t i v e  w h i l s t  

th e  a n t i b i o t i c  i s  b e i n g  p r o d u c e d .  I f  t h e  r i b o s o m e s  do  

rem ain  s e n s i t i v e ,  t h e n  t h e  mechanism  o f  r e s i s t a n c e  t o  

a l p h a  s a r c i n  w i l l  be  o f  g r e a t  i n t e r e s t .

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

m o l e c u l a r  w e i g h t  1 6 , 0 0 0  d a l  t o n s  (S ch u u r m a n s ,  e t  a l . ,

1 9 6 4 )  i s  made on t h e  r i b o s o m e  r a t h e r  th an  by a s e r i e s  

o f  s p e c i f i c  e n z y m e s .  T h e r e f o r e ,  i n  t h e  a b s e n c e  o f  

r e s i s t a n t  r i b o s o m e s ,  a l p h a  s a r c i n  w ould  ha v e  t o  be  

p r o d u ce d  e i t h e r  a s  an i n a c t i v e  p r e c u r s o r  o r  i n  t h e  

p r e s e n c e  o f  im m unity  p r o t e i n s  i n  o r d e r  t o  p r o t e c t  t h o s e  

r i b o s o m e s .  I t  i s  known t h a t  a l p h a  s a r c i n  c o n t a i n s

t h e  u n u s u a l  amino a c i d ,  s a r c i n i n e  ( O l s o n  and G o e r n e r ,

1 9 6 5 )  a n d ,  s i n c e  t h i s  amino a c i d  may be r e q u i r e d  f o r
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a n t i b i o t i c - a c t i v i t y , t h e  c e l l  may a v o i d  s u i c i d e  

by c o n v e r t i n g  t h e  p r e c u r s o r  amino a c i d  t o  s a r c i n i n e  

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

A l t e r n a t i v e l y ,  t h e  p r e c u r s o r  may be p r o d u c e d  on rough  

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

drawn th r o u g h  t h e  membrane i n t o  t h e  lu m en ,  t h u s ,  

p r e v e n t i n g  c o n t a c t  o f  t h e  c o m p l e t e d  m o l e c u l e  w i t h  

t h e  r i b o s o m e .
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THE INTERACTIONS OF ANT IBI OTI CS WITH EUKARYOTIC
RIBOSOMES
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A d r i a n  N . H o b d e n

ABSTRACT

P r e c i p i t a t i o n  o f  p e p t i d y l - t R N A  b y  c e t y l t r i m e t h y l a m m o n i u m  
b r o m i d e  a f f o r d s  a n  e x t r e m e l y  c o n v e n i e n t  a n d  a c c u r a t e  m e a n s  o f  
f o l l o w i n g  t h e  r e a c t i o n  o f  n a s c e n t  p o l y p e p t i d e s  w i t h  p u r o m y c i n .  
U s i n g  t h i s  a s s a y ,  I  h a v e  i n v e s t i g a t e d  t h e  m o d e s  o f  a c t i o n  
o f  s e v e r a l  a n t i b i o t i c s  w h i c h  i n h i b i t  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 .  T h e  p o l y p e p t i d e ,  a l p h a  s a r c i n ,  h a s  b e e n  s h o w n  
t o  i n h i b i t  t h e  b i n d i n g  o f  aminoacyl-tRNA t o  t h e  r i b o s o m . a l  ' A '  
s i t e  a s  h a v e  t h e  a n t i b i o t i c s ,  c h a r t r e u s i n  a n d  e m e t i n e .  
A d d i t i o n a l l y ,  i t  h a s  b e e n  c o n f i r m e d  t h a t  s p a r s o m y c i n  a n d  
t r i c h o d e r m i n  i n h i b i t  t h e  p e p t i d y l  t r a n s f e r a s e  w h e r e a s  
c y c l o h e x i m i d e  p r o b a b l y  i n h i b i t s  t r a n s l o c a t i o n .

T h e  t e c h n i q u e  f o r  m e a s u r i n g  p e p t i d y l - t R N A  c o n c e n t r a t i o n s  
h a s  a l s o  b e e n  u s e d  t o  d e t e c t  i n h i b i t o r s  o f  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 .  By t h i s  a n d  o t h e r  t e c h n i q u e s ,  
h o m o h a r r i n g t o n i n e  h a s  b e e n  s h o w n  t o  i n h i b i t  a  s t e p  i n  
i n i t i a t i o n  -  p o s s i b l y  t h e  s a m e  s t e p  a s  t h a t  i n h i b i t e d  b y  t h e  
c h e m i c a l l y - u n r e l a t e d  a n t i b i o t i c  T - 2  t o x i n .

C e l l - f r e e  e x t r a c t s  o f  S . c e r e v i s i a e  a n d  M . v e r r u c a r i a  
h a v e  b e e n  p r e p a r e d  w h i c h  a r e  v e r y  a c t i v e  i n  p o l y  U - d i r e c t e d  
p r o t e i n  s y n t h e s i s .  T h e s e  e x t r a c t s  h a v e  b e e n  u s e d  t o  s t u d y  
r e s i s t a n c e  t o  t h e  1 2 , 1 3  e p o x y t r i c h o t h e c e n e  g r o u p  o f  t o x i n s  
e i t h e r  i n  a  y e a s t  m u t a n t ,  s t r a i n  TR%, o r  i n  t h e  o r g a n i s m  
M . v e r r u c a r i a  w h i c h  p r o d u c e s  s e v e r a l  1 2 , 1 3  e p o x y t r i c h o t h e c e n e s .  
B o t h  s t r a i n  TR^ a n d  M . v e r r u c a r i a  a r e  r e s i s t a n t  t o  T - 2  t o x i n  
i n  v i t r o  b e c a u s e  o f  f e a t u r e s  o f  t h e i r  6 0 S  r i b o s o m a l  s u b u n i t s .

T h e  e f f e c t  o f  t h e  1 2 , 1 3  e p o x y t r i c h o t h e c e n e , t r i c h o d e r m i n ,  
o n  p o l y  U - d i r e c t e d  p r o t e i n  s y n t h e s i s  b y  y e a s t  c e l l - f r e e  e x t r a c t s  
w a s  a l s o  i n v e s t i g a t e d .  I t  w a s  f o u n d  t h a t  t h e r e  w e r e  
a p p a r e n t l y  t w o  t y p e s  o f  s y n t h e s i s  -  o n e  s e n s i t i v e  a n d  o n e  
i n s e n s i t i v e  t o  t r i c h o d e r m i n .  T he  r a t i o  o f  t h e  t w o  t y p e s  o f  
s y n t h e s i s  a p p e a r e d  i n d e p e n d e n t  o f  t h e  m a n n e r  i n  w h i c h  t h e  
r i b o s o m e s  w e r e  p r e p a r e d  b u t  w a s  i n f l u e n c e d  b y  i o n  c o n c e n t r a t i o n s  
a n d  t h e  m o d e  o f  p r e p a r a t i o n  o f  t h e  h i g h - s p e e d  s u p e r n a t a n t  
f r a c t i o n  ( S l O O ) .  B o t h  t y p e s  o f  p o l y  U - d i r e c t e d  p r o t e i n  
s y n t h e s i s  i n v o l v e d  p r o d u c t i o n  o f  p o l y p h e n y l a l a n i n e  r a t h e r  t h a n  
p e p t i d y 1 - p o l y p h e n y l a l a n i n e .

C e l l - f r e e  e x t r a c t s  c a p a b l e  o f  p o l y  U - d i r e c t e d  p r o t e i n  
s y n t h e s i s  w e r e  a l s o  p r o d u c e d  f r o m  s t r a i n s  o f  t h e  1 2 , 1 3  
e p o x y t r i c h o t h e c e n e - p r o d u c i n g  o r g a n i s m s  F . p o a e , F . s p o r o t r i c h i o d e s  
a n d  F . e q u i s e t i  a n d  t h e  f u n g i ,  A . q i g a n t e u s , w h i c h  p r o d u c e s  a l p h a  
s a r c i n .  A l l  t h e  o r g a n i s m s  w e r e  s e n s i t i v e  t o  t h e i r  p r o d u c t s  
i n  v i t r o  b u t  r e s i s t a n t  i n  v i v o .


