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SUMMARY 

R i b o s o m e s  t r e a t e d  w i t h  an i n t e r c a l a t i n g  dye  
( e t h i d i u m  b r o m i d e  o r  a c r i d i n e  o r a n g e )  a r e  d e g r a d e d  
more  r a p i d l y  by  RNase I t h a n  u n t r e a t e d  r i b o s o m e s .  
S p e r m i d i n e  o r  s p e r m i n e  c o u n t e r a c t s  t o  g r e a t  e x t e n t  
t h e  e f f e c t  p r o d u c e d  b y  t h e  i n t e r c a l a t i n g  d y e .  I t  
a p p e a r s  t h a t  t h e  i n t e r c a l a t i o n  l e a d s  t o  t h e  ' l o o s e n -  
i n g '  o f  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  w h i c h  i s  a l s o  
r e f l e c t e d  i n  t h e  d e c r e a s e d  i n h i b i t o r y  c a p a c i t y  o f  
t h e  t r e a t e d  r i b o s o m e s  t o w a r d s  RNase I .  I n t e r c a l a -  
t i o n  a p p e a r s  t o  d e c r e a s e  t h e  a f f i n i t y  o f  rRNA 
t o w a r d s  p r o t e i n s  c a u s i n g  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  t o  become u n f o l d e d .  

INTRODUCTION 

The intercalating dyes like ethldium bromide and 

acridine orange have been extensively used to study the 

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

to RNA in yeast ribosomes (3); ethldlum bromide binds to 

free rRNA as well as to rRNA in ribosomes (4). In this 

l a b o r a t o r y  t h e  mechan i sm o f  a r t i f i c i a l  a s s o c i a t i o n  o f  RNase I 

w i t h  30S s u b u n i t  (5 )  i s  b e i n g  i n v e s t i g a t e d  i n  d e t a i l  ( 6 ) .  

B e c a u s e  t h e  h y d r o l y t i c  a t t a c k  o f  RNase I on t h e  r i b o s o m e  

d e p e n d s  on t h e  c o n f o r m a t i o n  o f  t h e  r i b o s o m e  (7 )  t h i s  a s s o c i a -  

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

r i b o s o m e s .  In  t h e  p r e s e n t  c o m m u n i c a t i o n  t h e  e f f e c t s  o f  
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I n t e r c a l a t i n g  a g e n t s  on 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 s  a s  

m o n i t o r e d  b y  RNase I w i l l  be  d e s c r i b e d .  

MATERIALS AND METHODS 

P o l y ( A )  was t h e  p r o d u c t  o f  M i l e s  L a b o r a t o r i e s ,  U . S . A .  
S p e r m i d i n e ,  s p e r m i n e ,  b o v i n e  serum a l b u m i n  and e t h i d i u m  
b r o m i d e  w e r e  p u r c h a s e d  f r o m  S igma  C h e m i c a l  C o . ,  U . S . A .  A c r i d i n e  
o r a n g e  was t h e  p r o d u c t  o f  B r i t i s h  Drug  H o u s e ,  E n g l a n d .  

E . e o l i  r i b o s o m e s  and S . t y p h i m u r i u m  RNase I were  
p r e p a r e d  a ~ r i b e d  e a r l i e r  ( ~ ) .  R i b o s o m e s  were  t r e a t e d  
w i t h  e t h i d i u m  b r o m i d e  o r  a c r i d i n e  o r a n g e  a c c o r d i n g  t o  t h e  
m e t h o d  o f  S t e v e n s  and P a s c o e  ( 4 ) .  

The  d e g r a d a t i o n  o f  e t h i d i u m  b r o m i d e - o r  a c r i d i n e  
o r a n g e - t r e a t e d  and  u n t r e a t e d  r i b o s o m e s  by  RNase I was f o l l o w e d  
i n  Z e i s s  PMQ I I  s p e c t r o p h o t o m e t e r .  The r e a c t i o n  was c a r r i e d  
o u t  i n  t h e  c u v e t t e  a t  25°C i n  a t o t a l  vo lume  o f  1 ml c o n t a i n -  
i n g  0 . 1 M  T r i s - H C 1  pH 7,  1 A 2 6 0 . u n i t  o f  t r e a t e d  o r  u n t r e a t e d  
r i b o s o m e ,  4 u n i t s  o f  RNase I t 6 )  and d e s i r e d  amount  o f  Mg ++. 
A b l a n k  m i x t u r e  w i t h o u t  t h e  enzyme was u s e d  t o  a d j u s t  t h e  
i n i t i a l  a b s o r h a n c y  o f  t h e  r e a c t i o n  m i x t u r e  t o  z e r o .  

The i n h i b i t i o n  o f  RNase I - e a t a l y s e d  h y d r o l y s i s  o f  
p o l y ( A )  b y  t r e a t e d  and u n t r e a t e d  r i b o s o m e s  was m e a s u r e d  
a c c o r d i n g  t o  t h e  m e t h o d  d e s c r i b e d  by  D a t t a  and Burma ( 6 ) .  

RESULTS AND DISCUSSION 

D e g r a d a t i o n  . o f  e t h i d i u m  b r o m i d e - a n d  a c r i d i n e  o r a n g e - t r e a t e d  

r i b o s o m e s  b~ RNase I :  E t h t d t u m  b r o m i d e  t r e a t m e n t  seems t o  

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

( F i g . l A ) .  At a Mg ++ c o n c e n t r a t i o n  o f  1 . 3 5  mM t h e  u n t r e a t e d  

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

t h e  t r e a t e d  r i b o s o m e s  a r e  d e g r a d e d  a t  a r e a s o n a b l y  f a s t  r a t e .  
++ 

When Mg c o n c e n t r a t i o n  i s  l o w e r e d  t o  0 . 3 5  mM t h e  t r e a t e d  

r i b o s o m e s  a r e  d e g r a d e d  a t  a much f a s t e r  r a t e  w h e r e a s  t h e  

u n t r e a t e d  r i b o s o m e s  a r e  d e g r a d e d  s l o w l y  and i n c o m p l e t e l y .  
++ 

S i m i l a r  d i f f e r e n c e s  a r e  a l s o  o b s e r v e d  a t  o t h e r  Mg c o n c e r t -  
÷÷ 

t r a t i o n s .  Even a t  a v e r y  h i g h  Mg c o n c e n t r a t i o n  (5 mM) t h e  

t r e a t e d  r i b o s o m e s  a r e  n o t  c o m p l e t e l y  p r o t e c t e d  a g a i n s t  RNase I .  

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

o r a n g e  ( F i g . l B ) .  These  r e s u l t s  s u g g e s t  t h a t  t h e  d i s t o r t i o n  
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Fig.l.Degradation,,of ethidium bromide (A) and acridine orange (B) 
treated ,rlbosomes by RNase I at different Mg ++ concentra- 
tions. The treatment of ribosomes with ethidlum bromide 
a n ~ c r i d i n e  o r a n g e  and t h e  a s s a y  were  c a r r i e d  o u t  as  
d e s c r i b e d  u n d e r  ' M a t e r i a l s  and M e t h o d s '  C l o s e d  s y m b o l s  
and open  s y m b o l s  r e p r e s e n t  u n t r e a t e d  a,nd t r e a t e d  r i b o s o m e s  
r e s p e c t i v e l y .  Mg ++ c o n c e n t r a t i o n s  (mM) a r e  A . e O  0 . 3 5 !  

A A 0 . 7 | m  ~ 1 , 3 5 5 [ ] ~ 2 . 3 5 | m  ® 5 . 0  B . e  o 0 . 3 5 5 A / k  0 . 7 ~ B r ~ l . 0 ;  
m ~ l . 3 5 ; B  ~ 2 . 3 5 .  

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

t h e  o v e r a l l  s t r u c t u r e  o f  t h e  r i b o s o m e  and makes i t  a m e n a b l e  t o  

t h e  a t t a c k  o f  RNase I .  

RNase I c a t a l y s e d  d e g r a d a t i o n  o f  t r e a t e  d r i b o s o m e  in  p r e s e n c e  

o f  p o l y c a t i o n t c  a m i n e s :  P o l y c a t i o n t c  amines  h a v e  p r o f o u n d  

i n f l u e n c e  on 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  

( 4 , 7 - 1 0 ) .  I t  i s  w e l l  known t h a t  p o l y c a t i o n i c  amines  s u c h  a s  

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

r i b o s o m e  t o  become t i g h t e n e d  and t h u s  mimick  t h e  e f f e c t  o f  Mg 

S p e r m i d i n e  o r  s p e r m i n e  was f o u n d  t o  d e c r e a s e  t h e  r a t e s  o f  
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degradation of both ethidium bromide-treated and untreated 

ribosomes (Flg.2). Similar results were obtained with 

ribosomes treated with acridine orange (data not shown). Thus 

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

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

I n h i b i t i o n  o f  RNase  I b y  r i b o s o m e s  t r e a t e d  w i t h  t h e  i n t e r c a l a t i n ~  

a ~ e n t s :  R i b o s o m e s  h a v e  t h e  a b i l i t y  t o  i n h i b i t  t h e  h y d r o l y s i s  

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

i s  d e p e n d e n t  on t h e  c o n c e n t r a t i o n  o f  M g + + ( 6 ) .  T h i s  i n h i b i t o r y  

c a p a c i t y  w h i c h  i s  d e p e n d e n t  on t h e  o v e r a l l  s t r u c t u r e  o f  t h e  
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F i g . 2 . D e ~ r a d a t i o n  .of  e t h i d i u m  b r o m i d e  t r e a t e d  r i b o s o m e s  I n  
p r e s e n c e  o f  s p e r m i d i n  e (A) and  s p e r m t n e  ( B ) .  The  a s s a y  
was c a r r i e d  o u t  a s  d e s c r i b e d  u n d e r  t M a t e r i a l s  and  M e t h o d s  I 
e x c e p t i n g  t h a t  i n d i c a t e d  amount  o f  s p e r m t d i n e  o r  s p e r m i n e  
was p r e s e n t  w h e r e  m e n t i o n e d .  The  c o n c e n t r a t i o n  o f  Mg ++ 
d u r i n g  a s s a y  was  i n v a r i a b l y  0 . 3 5  raM. C l o s e d  s y m b o l s  and  
open  s y m b o l s  r e p r e s e n t  u n t r e a t e d  and  t r e a t e d  r i b o s o m e s  
r e s p e c t i v e l y .  S p e r m i d i n e  c o n c e n t r a t i o n s  (raM) a r e  
A . e O n t l ~ A / \ 0 . 0 5 ~ I D  0 . 2 5 1 U  ~ 0 . 5 .  B . •  0 n i l | A / \ 0 . 0 1 !  
I D 0 . 0 5 !  ! 1 ~  0 . 1 2 5 .  

711 



Vol. 65, No. 2, 1 9 7 5  BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

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

i n t e r c a l a t i n g  d y e s  ( F i g . 3 ) .  F o r  e x a m p l e ,  a t  a Mg ++ c o n c e n t r a -  

t i o n  o f  0 . 8  mM t h e  e t h i d i u m  b r o m i d e - o r  a c r i d i n e  o r a n g e - t r e a t e d  

r i b o s o m e s  a r e  p o o r  i n h i b i t o r s  o f  RNase  I w h e r e a s  c o n s i d e r a b l e  

i n h i b i t i o n ,  d e p e n d e n t  on t h e  c o n c e n t r a t i o n  o f  r i b o s o m e s ,  i s  
++ 

o b s e r v e d  w i t h  t h e  u n t r e a t e d  r i b o s o m e s .  At  5 mM Mg t h e  

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

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

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

S t u d i e s  c a r r i e d  o u t  i n  t h i s  l a b o r a t o r y  w i t h  t h e  

r i b o s o m e s  t r e a t e d  w i t h  t h e  t h i o l  r e a c t i n g  r e a g e n t s  l i k e  N - e t h y l -  

AMOUNT OF RIBOSOME (A26 O) .-o-. 
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I I I A I 

I 0 0 ~  
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0"02 0.04 0"06 0,08 

o ; 2  003 oo4 
AMOUNT OF RIBOSOME (Az6 O) 

F t g . 3 . I n h t b i t t o n  o f  RNase  I b y  r i b o s o m e s  t r e a t e d  w i t h  e t h t d i u m  
b r o m i d e  (A) and  a 0 r i d i u . e  o r a n g e  ( B ) .  The  t r e a t m e n t  o f  
r i b o s o m e s  w i t h  e t h l d i u m  b r o m i d e  and  a c r i d i n e  o r a n g e  and  
I n h i b i t i o n  a s s a y  h a v e  b e e n  d e s c r i b e d  i n  t h e  t e x t .  C l o s e d  
s y m b o l s  and open  s y m b o l s  r e p r e s e n t  u n t r e a t e d  and  t r e a t e d  
r l b o s o m e  r e s p e c t i v e l y . @  O a s s a y e d  a t  0 . 8  mM Mg ++ 
A ~ a s s a y e d  a t  5 . 0  mM Mg ÷+. 
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m a l e i m i d e ,  p a r a c h l o r o m e r c u r i b e n z o a t e ,  5 , 5 t - d i t h i o b i s ( 2 - n i t r o -  

b e n z o i c  a c i d ) ,  i n d i c a t e  s i m i l a r  u n f o l d i n g  o f  t h e  s t r u c t u r e  of  

t h e  r i b o s o m e .  A p p a r e n t l y  t h e  d i s t o r t i o n  p roduced  in  t h e  

s t r u c t u r e  o f  e i t h e r  rRNAs o r  p r o t e i n s  p r e s e n t  in  t he  r ibosome  

l e a d s  t o  t h e  weakening  o f  t he  i n t e r a c t i o n  be tween  n u c l e i c  a c i d s  

and p r o t e i n s  and t h u s  t h e  ~ l o o s e n i n g '  o f  t h e  o v e r a l l  s t r u c t u r e  

o f  t h e  r i b o s o m e .  RNase I a p p e a r s  to  be  a u s e f u l  t o o l  f o r  

m o n i t o r i n g  such c o n f o r m a t i o n a l  change.  
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