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ABSTRACT

MITOCHONDRIAL PROTEIN SYNTHESIS:  A DESCRIPTION OF THE OPTIMAL

CONDITIONS FOR STUDY IN V I T R O , DRUG S E N S I T I V I T I E S ,  AND PRODUCTS

by

JAMES P.  BURKE 

A d v i s o r :  Dr .  D i ana  S. B e a t t i e

The c o n c e n t r a t I o n s  o f  KC1,  p h o s p h a t e ,  l e u c i n e ,  and ATP 

n e c e s s a r y  to o b t a i n  maximum r a t e s  o f  l e u c i n e  i n c o r p o r a t i o n  

I n t o  p r o t e i n  by i s o l a t e d  r a t  l i v e r  m i t o c h o n d r i a  or  I n n e r  mem- 

b r a n e - m a t r i x  f r a c t i o n s  in t h e  p r e s e n c e  o f  an ATP r e g e n e r a t i n g  

syst em we r e  d e t e r m i n e d .  The s u b s t i t u t i o n  o f  NaCl  o r  NH^Cl f o r  

p a r t  or  a l l  o f  t he  KC1 r e s u l t e d  tn d e c r e a s e d  r a t e s  o f  amino  

a c i d  i n c o r p o r a t i o n .  Al most  i d e n t i c a l  I n c o r p o r a t i o n  r a t e s  

wer e  o b s e r v e d  when ATP o r  ADP and s u c c i n a t e  r e p l a c e d  ATP and 

t h e  r e g e n e r a t i n g  s y s t e m.  Under  t h e s e  c o n d i t i o n s ,  a n t i m y c i n  A 

caused a 90% I n h i b i t i o n ,  s u g g e s t i n g  t h a t  ATP was l a r g e l y  s y n ­

t h e s i z e d  by r e s p i r a t o r y  c h a i n  l i n k e d  p h o s p h o r y l a t i o n s .  In 

c o n t r a s t ,  a t r a c t y 1 os I de  i n h i b i t e d  7 0 % t h e  i n c o r p o r a t i o n  when 

ATP and t h e  r e g e n e r a t i n g  syst em wer e  p r e s e n t ,  s u g g e s t i n g  t h a t  

t h e  ATP n e c e s s a r y  f o r  p r o t e i n  s y n t h e s i s  under  t h e s e  c o n d i t i o n s  

had been p r e v i o u s l y  t r a n s p o r t e d  a c r o s s  t he  membrane by t he  

a t r a c t y 1 os I de  s e n s i t i v e  a d e n i n e  t r a n s l o c a s e .
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C h l o r a m p h e n i c o l ,  s p a r s o m y c l n ,  and c a r b o m y c i n  I n h i b i t e d  

ami no a c i d  I n c o r p o r a t i o n  by I n t a c t  m i t o c h o n d r i a ,  w h i l e  l l n c o -  

m y c l n ,  e r y t h r o m y c i n ,  and e m e t i n e  had no e f f e c t .  H o we v e r ,  

ami no  a c i d  I n c o r p o r a t i o n  in i s o l a t e d  i n n e r  m e m b r a n e - m a t r I x  

f r a c t i o n s  was f o u n d  t o  be I n h i b i t e d  by l l n c o m y c l n ,  e r y t h r o m y ­

c i n ,  and e m e t i n e  i n d i c a t i n g  t h a t  t he  m i t o c h o n d r i a l  membrane  

was a p e r m e a b i l i t y  b a r r i e r  t o  t h e s e  d r u g s  and p r e v e n t e d  t h e i r  

I n h i b i t o r y  e f f e c t s  on p r o t e i n  s y n t h e s i s .  I n h i b i t o r s  o f  RNA 

s y n t h e s i s ,  such as c o r d y c e p i n  and r i f a m p l c i n ,  c a us e d  s i g n i f i ­

c a n 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 ,  i n d i c a t i n g  a r e l a t i v e l y  

s h o r t  h a l f - l i f e  o f  m i t o c h o n d r i a l  mRNA.

Rat  l i v e r  m i t o c h o n d r i a  w e r e  i n c u b a t e d  J_n̂  v i t r o  w i t h  

( '  **C) l euc I ne and f r a c t i o n a t e d  by s e v e r a l  methods  i n c l u d i n g  

e x t r a c t i o n  w i t h  a c e t i c  a c i d  and L u b r o l ,  e x t r a c t i o n  w i t h  p h o s ­

p h a t e ,  pH 1 1 . 0 ,  f r e e z i n g  and t h a w i n g  w i t h  K.C1, and s o n i c a t i o n .  

S e p a r a t i o n  o f  t h e  I n s o l u b l e  membrane f r a c t i o n s  by s odi um do -  

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

b a n d s ,  c o r r e s p o n d i n g  t o  m o l e c u l a r  w e i g h t s  o f  4 0 , 0 0 0 ,  2 7 , 0 0 0 , 

and 2 0 , 0 0 0 . E l e c t r o p h o r e s i s  f o r  l o n g e r  p e r i o d s  o f  t i m e  a t  

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

b a n d s ,  r a n g i n g  In m o l e c u l a r  w e i g h t s  f r o m 4 8 , 0 0 0  t o  1 2 , 0 0 0 .  

L a b e l i n g  o f  t h e  bands was c o m p l e t e l y  I n h i b i t e d  by c h l o r a m ­

p h e n i c o l  b u t  was unaf fected by c y c l  ohex tm I de .

L i v e r  m i t o c h o n d r i a  we r e  l a b e l e d  j_n̂  v 1 vo by I n t r a p e r l -  

t o n e a l  I n j e c t t o n  o f  ( ^ H ) l e u c t n e  f i f t e e n  m i n u t e s  a f t e r  s u f f i ­

c i e n t  I n j e c t i o n  o f  eye 1o h e x I m I d e  t o  b l o c k  m i c r o s o m a l  p r o t e i n  

s y n t h e s i s .  Gel  e l e c t r o p h o r e s i s  o f  membrane f r a c t i o n s  p r e p a r e d
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as d e s c r i b e d  a b o v e  r e v e a l e d  t h e  same p r o f i l e  as t h o s e  l a b e l e d  

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

c h o n d r i a  I n c o r p o r a t e  a mi no  a c i d  I n t o  t h e  same p r o t e i n  s p e c i e s  

w h i c h  a r e  s y n t h e s i z e d  ^n  ̂ v I v o  by m i t o c h o n d r i a .

A p p r o x i m a t e l y  16% o f  t he  t o t a l  l e u c i n e  I n c o r p o r a t e d  I n t o  

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

e x t r a c t e d  by c h 1o r o f o r m : m e t h a n o 1.  Gel  e l e c t r o p h o r e s i s  o f  t h e  

c h 1o r o f o r m : m e t h a n o 1 e x t r a c t  r e v e a l e d  c o u n t s  In s e v e r a l  bands  

bu t  t h e  m a j o r i t y  o f  c o u n t s  we r e  in t he  4 0 , 0 0 0  m o l e c u l a r  w e i g h t  

r e g i o n .  L y o p h I  1 I z a t i o n  o f  t he  s u b m t t o e h o n d r I  a 1 p a r t i c l e s  

b e f o r e  e x t r a c t i o n  w i t h  c h 1o r o f o r m : m e t h a n o 1 y i e l d e d  a f r a c t i o n  

w h i c h  s e p a r a t e d  a f t e r  ge l  e l e c t r o p h o r e s i s  I n t o  t h r e e  br oa d  

bands in t h e  low m o l e c u l a r  w e i g h t  r e g i o n  o f  1 4 , 0 0 0  t o  1 0 , 0 0 0  w i t h  

I n s i g n i f i c a n t  c o u n t s  in t h e  h i g h e r  m o l e c u l a r  w e i g h t  r e g i o n s .

Y e a s t  c e l l s  we r e  p u l s e  l a b e l e d  j_n_ v I vo w i t h  ( ^ H j l e u c l n e  

I n t h e  p r e s e n c e  o f  eye 1o h e x I m I d e  and t h e  s u b m I t o c h o n d r t a  I 

p a r t i c l e s  e x t r a c t e d  w i t h  c h 1o r o f o r m : m e t h a n o I . The e x t r a c t  

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

r a n g i n g  In m o l e c u l a r  w e i g h t s  f r o m 5 2 , 0 0 0  t o  1 0 , 0 0 0 .  P r e l n -  

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

p u l s e  l a b e l i n g  caused  a s i x - f o l d  s t i m u l a t i o n  o f  l a b e l i n g  I n t o  

t h e  band o f  l o w e s t  m o l e c u l a r  w e i g h t  s u g g e s t i n g  t h a t  t h e  a c c u ­

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

p l a s m ,  when c h l o r a m p h e n i c o l  I s p r e s e n t ,  may s t i m u l a t e  t h e  

s y n t h e s i s  o f  c e r t a i n  s p e c i f i c  m i t o c h o n d r i a l  p r o t e i n s .
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I .  PURPOSE OF THI S I NVESTI GATI ON

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

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

I n t h e  1 9 t h  C e n t u r y .  For  many y e a r s ,  t h i s  p r o b l e m  was s t u d i e d  

by c y t o l o g l s t s  u s i n g  b o t h  l i g h t  and e l e c t r o n  m i c r o s c o p y ;  how­

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

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

t e i n  has been t h e  s t i m u l u s  f o r  much b i o c h e m i c a l  r e s e a r c h  In 

t h i s  a r e a  d u r i n g  t h e  p a s t  t e n  y e a r s .  In t h e  p r e s e n t  s t u d y ,  

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

a mi n e d :

1.  O p t i m a l  c o n d i t i o n s  t o  me a s u r e  m i t o c h o n d r i a l  p r o t e i n  

s y n t h e s i s  v i t r o  have  been d e t e r m i n e d .  A maximum r a t e  o f  

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

f o 1 I o w 1ng a r e a s .

2 .  The e f f e c t  o f  v a r i o u s  a n t i b i o t i c s  on ami no  a c i d  I n c o r ­

p o r a t i o n  by I s o l a t e d  m i t o c h o n d r i a  has been s t u d i e d .  In t h i s  

w a y ,  I t  was hoped t o  compar e  t h e  m i t o c h o n d r i a l  r i b o s o me  o f  

l i v e r  and y e a s t  I n  t e r ms  o f  t h e  r e s p o n s e  t o  d i f f e r e n t  I n h i ­

b i t o r s  w i t h  a known mechan i sm o f  a c t i o n .

3 .  The number  and n a t u r e  o f  t h e  p r o t e i n s  s y n t h e s i z e d  by 

t h e  m i t o c h o n d r i a  has been I n v e s t i g a t e d  u s i n g  s e v e r a l  f r a c ­

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

w o u l d  e n a b l e  us t o  make an e s t i m a t e  o f  t h e  e x p r e s s i o n  o f  t h e  

m i t o c h o n d r i a l  genome.

4 .  The s y n t h e s i s  o f  s e v e r a l  p r o t e o l l p l d s  by I s o l a t e d



m i t o c h o n d r i a  has been e s t a b l i s h e d .  These  v e r y  h y d r o p h o b i c  

p r o t e i n s  may p l a y  a c r u c i a l  r o l e  In the  membrane f o r m a t i o n .

I I .  INTRODUCTION

A. C o n d i t i o n s  t o  St udy  M i t o c h o n d r i a l  P r o t e i n  S y n t h e s i s

I n V i t r o

I n v e s t i g a t o r s  In many l a b o r a t o r i e s  have  p u b l i s h e d  c o n ­

d i t i o n s  n e c e s s a r y  to s t u d y  ami no a c i d  I n c o r p o r a t i o n  I n t o  p r o ­

t e i n  by I s o l a t e d  m i t o c h o n d r i a  ( I ) .  The v a r i o u s  p u b l i s h e d  

i n c u b a t i o n  m e d i a ,  h o we v e r ,  d i f f e r  bo t h  q u a l i t a t i v e l y  and 

q u a n t i t a t i v e l y  ( 2 , 3 , 4 ) .  In one o f  t h e  e a r l i e s t  s t u d i e s ,  Roodyn,  

R e i s ,  and Work ( 2 )  r e p o r t e d  t h a t  washed r a t  l i v e r  m i t o c h o n ­

d r i a  c o u l d  I n c o r p o r a t e  ami no a c i d s  I n t o  p r o t e i n  I f  I n c u b a t e d  

a e r o b i c a l l y  In t he  p r e s e n c e  o f  o x t d i z a b l e  s u b s t r a t e ,  I n o r ­

g a n i c  p h o s p h a t e ,  AMP, magnesi um t o n s ,  NAD* ,  and a f u l l  com­

p l e m e n t  o f  ami no a c i d s .  The s y s t e m was s l i g h t l y  s t i m u l a t e d  

by r I b o n u c I  e a s e , d i d  no t  r e q u i r e  c e l l  sap or  pH 5 enzymes ,  

and was d e p e n d e n t  upon t h e  m a i n t e n a n c e  o f  o x i d a t i v e  p h o s p h o r y ­

l a t i o n  In t he  m i t o c h o n d r i a .  R e p l e n i s h m e n t  o f  t h e  medium d u r ­

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

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

In t h e  f i n a l  m i t o c h o n d r i a l  f r a c t i o n ;  h o w e v e r ,  t h e s e  a u t h o r s  

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

t o  t h e  o b s e r v e d  I n c o r p o r a t i o n  wh i ch  c o n t i n u e d  f o r  t h r e e  h o u r s .

In c o n t r a s t ,  S a n d e l I , Low,  and V o n  Der De c k er  ( 3 )  r e p o r t e d
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t h a t  am I no a c i d  I n c o r p o r a t i o n  by m i t o c h o n d r i a  I s o l a t e d  under  

s t e r i l e  c o n d i t i o n s  was a c t i v e  f o r  a p p r o x i m a t e l y  15 m i n u t e s  

a t  30®C.  F u r t h e r m o r e ,  t he  a b i l i t y  o f  t h e s e  p r e p a r a t i o n s  t o  

I n c o r p o r a t e  ami no a c i d s  I n t o  p r o t e i n  was e x t r e m e l y  l o w,  a l ­

t hough I t  c o u l d  be enhanced somewhat  by a d d i t i o n  o f  EDTA.

These  w o r k e r s  c o n c l u d e d  t h a t  I s o l a t e d  r a t  l i v e r  m i t o c h o n d r i a ,  

when f r e e  f r om c o n t a m i n a t i n g  b a c t e r i a ,  and o b t a i n e d  f r om  

a d u l t  r a t s ,  wer e  not  a b l e  t o  c a t a l y z e  t h e  I n c o r p o r a t i o n  o f  

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

T h i s  p r o b l e m was r e i n v e s t i g a t e d  by Wheel don and L e h n l n g e r  

( 5 )  who d e m o n s t r a t e d  t h a t  i s o l a t e d  m i t o c h o n d r i a  do I ndeed  

possess t h e  a b i l i t y  t o  I n c o r p o r a t e  ami no a c i d s  u n d e r  c o n d i ­

t i o n s  In wh i ch  t he  c o n t r i b u t i o n  o f  c o n t a m i n a t i n g  b a c t e r i a  had 

been m i n i m i z e d .  They r e p o r t e d  t h a t  p r o t e i n  s y n t h e s i s  In I s o ­

l a t e d  r a t  l i v e r  m i t o c h o n d r i a  p r o c e e d s  a t  a maximum r a t e  In a 

medium c o n t a i n i n g  2 . 0  mM ATP,  an ATP g e n e r a t i n g  s y s t e m ,  M g C l j i  

KC1 and L - p r o l I n e  a t  pH 7 . 5 .  ADP c o u l d  not  r e p l a c e  ATP,  w h i l e  

AMP was I n h i b i t o r y .  P r o t e i n  s y n t h e s i s  was l i n e a r  f o r  an h o u r .

B e a t t i e ,  B a s f o r d ,  and K o r i t z  ( 6 ) a l s o  r e p o r t e d  t h a t  m i t o ­

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

n a t i o n  ( l e s s  t ha n  100 b a c t e r i a  per  m l .  o f  I n c u b a t i o n  medium)  

c o u l d  I n c o r p o r a t e  ami no a c i d s  I n t o  p r o t e i n  In t he  p r e s e n c e  o f  

a d e n i n e  n u c l e o t i d e s ,  Mg+ + , p h o s p h a t e ,  a c o m p l e t e  ami no a c i d  

m i x t u r e ,  EDTA,  and s u c c i n a t e .  In a s u b s e q u e n t  s t u d y  ( 4 ) ,  t h i s  

gr oup a l s o  d e m o n s t r a t e d  t h a t  an i n n e r  m e m b r a n e - m a t r I x  f r a c ­

t i o n  I s o l a t e d  by a d l g l t o n l n  p r o c e d u r e  ( 7 )  c o u l d  I n c o r p o r a t e  

ami no a c i d s  I n t o  p r o t e i n .  The r e q u i r e m e n t s  f o r  t h i s  syst em
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p a r a l l e l e d  t hos e  f o r  I n t a c t  m i t o c h o n d r i a  e x c e p t  t h a t  an e x ­

t e r n a l  ATP g e n e r a t i n g  s ys t em was n e c e s s a r y .  B t c l n e  o r  T r f c l n e  

b u f f e r  was found t o  be s u p e r i o r  t o  T r t s  In bo t h  s y s t e ms .

R e c e n t l y ,  H a mbe r ge r ,  et_ a_l_. ( 8 ) o b s e r v e d  t h a t  l e u c i n e

I n c o r p o r a t i o n  by h e a r t  and b r a i n  m i t o c h o n d r i a  f r om r a b b i t  was 

c r i t i c a l l y  d e p e n d e n t  on t h e  c o n c e n t  r a t  I on  o f  ATP and t he  

b u f f e r  empl oyed In t h e  I n c u b a t i o n  m e d i a .  B l c l n e  b u f f e r  y i e l d e d  

o p t i m a l  r a t e s  o f  ami no a c i d  I n c o r p o r a t i o n  w h i l e  T r i s  and o t h e r  

b u f f e r s  we r e  found t o  d e p r e s s  l e u c i n e  I n c o r p o r a t i o n  I n t o  p r o ­

t e i n .  A l s o ,  NH^+ was f ound t o  p r oduc e  a s t r i k i n g  bu t  t r a n s i ­

t o r y  s t i m u l a t i o n  o f  t h e  I n c o r p o r a t i o n  r a t e .  Coot e  and Work

( 9 ) ,  a l s o  r e p o r t e d  t h a t  h i g h  c o n c e n t r a t i o n s  o f  K+ and NHi|+

1 4wer e  needed t o  s t i m u l a t e  t h e  I n c o r p o r a t  I on o f  ( C j l e u c l n e  

I n t o  p r o t e i n  o f  r a t  l i v e r  m i t o c h o n d r i a .  Under  t h e i r  e x p e r i ­

me n t a l  c o n d i t i o n s ,  ATP pr oduced by o x i d a t i v e  p h o s p h o r y l a t i o n  

was more e f f e c t i v e  In s u p p o r t i n g  p r o t e i n  s y n t h e s i s  t ha n  ATP 

g e n e r a t e d  e x t e r n a l l y  f r om p h o s p h o e n o l p y r u v a t e  and p y r u v a t e  

k i n a s e ;  h o w e v e r ,  t h e y  d i d  no t  d e t e c t  any s t i m u l a t i o n  o f  t he  

I n c o r p o r a t i o n  r a t e  upon a d d i t i o n  o f  excess  p r o l i n e ,  wh i c h  had 

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

s y n t h e s i s  u n d e r  some c o n d i t i o n s  ( 8 ) .

In a r e c e n t  s t u d y ,  W i l l i a m s  and B t r t  ( 1 0 ) ,  have exami ned  

p r o t e i n  s y n t h e s i s  in m i t o c h o n d r i a  I s o l a t e d  f r om t h e  A u s t r a l i a n  

sheep b l ow f l y  ( Luc 1nae c u p r a n a ) . They r e p o r t e d  t h a t  s o l u ­

t i o n s  c o n t a i n i n g  NaCI  or  KC1 wer e  s u p e r i o r  t o  s u c r o s e  as I s o ­

l a t i o n  medi a  f o r  t h e  m i t o c h o n d r i a .  Magnesi um I on was f ound  

t o  be an o b l i g a t o r y  r e q u i r e m e n t  f o r  ami no a c i d  I n c o r p o r a t i o n



and was most  e f f e c t i v e  a t  a c o n c e n t r a t i o n  o f  18 mM. T h i s  was 

c o n t r a s t e d  w i t h  r e s u l t s  o b t a i n e d  f r om n o n - s t e r i l e  s y s t e ms  ( 5 )  

w h e r e  c o n s i d e r a b l e  I n c o r p o r a t i o n  ( 2 0 - 2 $ %  o f  o p t i m a l )  was o b ­

t a i n e d  w i t h o u t  magnes i um i o n .  EDTA a t  a c o n c e n t r a t i o n  o f  l e s s  

t h a n  2 mM pr o d u c e d  a s l i g h t  v a r i a b l e  s t i m u l a t i o n  but  was a l ­

ways f o un d  t o  I n h i b i t  s t r o n g l y  a b o v e  2 mM ( e . g .  8 6 % a t  10 mM) . 

I n c o r p o r a t i o n  was maximum a t  a c o n c e n t r a t i o n  o f  0 . 1  mM l e u c i n e .

The pH op t i mum f o r  ami no a c i d  I n c o r p o r a t i o n  v a r i e d  f r om 6 . 8  t o  

7 . 6 ;  however  a d i f f e r e n t  pH o p t i mum was o b s e r v e d  IntheATP g e n e r a t i n g  

s ys t em as compar ed t o  a s u b s t r a t e  s u p p o r t e d  s y s t e m .  The r a t i o  

o f  p o t a s s i u m  t o  sodi um i ons  In t h e i r  I n c u b a t i o n  medium was 

f o un d  t o  a f f e c t  t h e  r a t e  o f  ami no a c i d  i n c o r p o r a t i o n  I n t o  p r o ­

t e i n .  As t h e  r a t i o  o f  p o t a s s i u m  t o  s od i um I n c r e a s e d ,  i n c o r ­

p o r a t i o n  I n c r e a s e d  m a r k e d l y .  In a s u b s e q u e n t  p a p e r  ( I I ) ,

W i l l i a m s  and B t r t  a l s o  r e p o r t e d  an a b s o l u t e  r e q u i r e m e n t  f o r  

ADP o r  ATP f o r  ami no a c i d  I n c o r p o r a t i o n .  O x t d l z a b l e  s u b s t r a c t s  

( p y r u v a t e ,  D , L - g 1y c e r o l p h o s p h a t e , p r o l t n e )  o r  an A T P - g e n e r a t -  

I ng  sys t em I n c r e a s e d  I n c o r p o r a t i o n  above  t h a t  o b s e r v e d  w i t h  

a d e n i n e  n u c l e o t i d e s  a l o n e .

In a s i m i l a r  s t u d y ,  B e a t t i e  and I b r a h i m  ( 1 2 )  r e c e n t l y  

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

be o b t a i n e d  i f  t h e  n e c e s s a r y  ATP was e i t h e r  g e n e r a t e d  by 

o x i d a t i v e  p h o s p h o r y l a t i o n  o r  by t h e  a d d i t i o n  o f  an e x t e r n a l  

ATP g e n e r a t i n g  s y s t e m .  In t h e  l a t t e r  c a s e ,  I t  was f i r s t  n e c ­

e s s a r y  f o r  t h e  ATP t o  be t r a n s p o r t e d  a c r o s s  t h e  I n n e r  m i t o ­

c h o n d r i a l  membrane by t h e  a d e n i n e  t r a n s l o c a s e  ( 1 3 ) -  The a d d i ­

t i o n  o f  s u b s t a n c e s  such as v a l l n o m y c l n  ( p l u s  p o t a s s i u m ) ,  low
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c o n c e n t r a t i o n s  o f  c a l c i u m ,  o r  u n c o u p l e r s  o f  o x i d a t i v e  p h o s ­

p h o r y l a t i o n  w h i c h  e f f e c t  t h e  a d e n i n e  t r a n s l o c a s e  such t h a t  a 

h i g h e r  c o n c e n t r a t i o n  o f  I n t r a m  I t o c h o n d r I  a 1 ATP r e s u l t s ,  c a used  

a l a r g e  I n c r e a s e  In t h e  r a t e  o f  J_n_ v 1 t  ro l a b e l i n g .

The need f o r  a d d i t i o n a l  ami no a c i d s  o t h e r  t h a n  t h e  r a d i o ­

a c t i v e  a mi n o  a c i d  v a r i e s  f r om s y s t e m t o  s y s t e m and may r e f l e c t  

t h e  p r e s e n c e  o f  d i f f e r e n t  pool  s i z e s  o f  ami no a c i d s  In t h e  

v a r i o u s  m I t o c h o n d  r I a 1 p r e p a r a t i o n s .  B e a t t i e  et_ aj_. ( I t )  r e ­

p o r t e d  t h a t  t h e  need f o r  an ami no a c i d  m i x t u r e  c o u l d  be p a r ­

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

t h a t  t h e s e  ami no a c i d s  m i g h t  be r a t e  l i m i t i n g  In r a t  l i v e r  

m i t o c h o n d r i a .  As m e n t i o n e d  e a r l i e r ,  Whee l don and L e h n l n g e r  

( 5 ) r e p o r t e d  o n l y  a need f o r  added p r o l l n e .

The m a j o r  p r o b l e m  I n  e v a l u a t i n g  t h e  need f o r  v a r i o u s  

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

I n v 1t r o  I s t h e  c o m p l e x i t y  o f  t h e  p r o c e s s .  For  e x a m p l e ,  t h e r e  

a r e  many e n e r g y  d e p e n d e n t  s t e p s  In t h e  o v e r a l l  s e q u e n c e  In 

w h i c h  an e x t e r n a l  ami no a c i d  I s  I n c o r p o r a t e d  I n t o  a n e wl y  

f o r me d  m i t o c h o n d r i a l  p r o t e i n .  Some c o n t i n g e n t  f a c t o r s  m i g h t  

b e :

1.  E ne r gy  d e p e n d e n t  t r a n s p o r t  o f  a mi no  a c i d s  a c r o s s  m i t o ­

c h o n d r i a l  membr anes .

2 . I n t r a m  I t o c h o n d r I  a I o x i d a t i o n  o f  ami no  a c i d s .

3 . I n t r a m i t o c h o n d r I  a 1 t r a n s a m i n a t i o n  r e a c t i o n s .

k .  ATP d e p e n d e n t  a c t i v a t i o n  o f  ami no a c i d s .

5.  En e r g y  d e p e n d e n t  r e a c t i o n s  o f  p e p t i d e  bond f o r m a t i o n .

T h u s ,  I t  I s  p o s s i b l e  t h a t  many o f  t h e  s u b s t a n c e s  r e q u i r e d
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f o r  s t u d i e s  o f  ami no a c i d  I n c o r p o r a t i o n  j_n v 11 r o  may be I n ­

v o l v e d  In a n c i l l a r y  p r o c e s s e s  In t h e  m i t o c h o n d r i a  r a t h e r  t han  

In t h e  a c t u a l  p r o t e i n  s y n t h e s i z i n g  s t e p s .

B. E f f e c t  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

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

t o  as se s s  t h e  c o n t r i b u t i o n s  o f  two syst ems f o r  p r o t e i n  s y n ­

t h e s i s ,  namel y  t h a t  In t h e  m i t o c h o n d r i a  and t h a t  In t h e  c y t o ­

p l a s m,  t o  t h e  f o r m a t i o n  o f  t h e  m i t o c h o n d r i a l  membrane.  V a r i o u s  

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  have been u t i l i z e d  

as I m p o r t a n t  t o o l s  t o  d e t e r m i n e  t h e  s i t e  o f  s y n t h e s i s  o f  t he  

d i f f e r e n t  m i t o c h o n d r i a l  p r o t e i n s .  The o b s e r v a t i o n s  made w i t h  

I s o l a t e d  m i t o c h o n d r i a  made p o s s i b l e  t he  use o f  t h e s e  I n h i b i ­

t o r s  In l a t e r  s t u d i e s  in w h o l e  c e l l s .

C h l o r a m p h e n i c o l  was one o f  t he  f i r s t  s p e c i f i c  I n h i b i t o r s  

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

and Brawerman ( 1 4 )  f i r s t  r e p o r t e d  t h a t  c h l o r a m p h e n i c o l  I n h i ­

b i t e d  ami no a c i d  I n c o r p o r a t i o n  by I s o l a t e d  m i t o c h o n d r i a  and 

c h 1o r o p l a s t s , as w e l l  as by b a c t e r i a l  s y s t e m s .  An i n h i b i t i o n  

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

s u b s e q u e n t l y  r e p o r t e d  by Kroon ( 1 5 )  as w e l l  as F i r k i n  and 

L i n n a n e  ( 1 6 ) .  L I n n a n e  ejt_ a_l_- ( 1 7 ) .  In 1 9 6 6 ,  made t he  I m p o r ­

t a n t  o b s e r v a t i o n  t h a t  c h l o r a m p h e n i c o l  I n h i b i t s  t h e  normal  

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

y e a s t  wer e  u n d e r g o i n g  d e r e p r e s s  I o n . T h i s  o b s e r v a t i o n  demon­

s t r a t e d  t h e  p o t e n t i a l  use o f  t h e s e  s p e c i f i c  I n h i b i t o r s
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In s t u d i e s  o f  m i t o c h o n d r i a l  membrane s y n t h e s i s .  F u r t h e r m o r e ,  

t he  s p e c i f i c  I n h i b i t o r y  e f f e c t s  o f  c h l o r a m p h e n i c o l  s ug g e s t e d  

t h a t  t he  m i t o c h o n d r i a l  r i bo s o me  must  r e s e m b l e  t h a t  o f  b a c t e r i a ,  

as Vazquez  ( 1 8 )  has d e m o n s t r a t e d  t h a t  c h l o r a m p h e n i c o l  b i nds  

s p e c i f i c a l l y  t o  t he  50S s u b u n i t  o f  t he  70S b a c t e r i a l  r i b o ­

some and no t  w i t h  t h e  80S r i bosome s  o f  t h e  ml c r os ome s .

L a t e r  s t u d i e s  d i d  c o n f i r m  t h a t  t he  m i t o c h o n d r i a l  r i bo s o me  d i d  

not  r e s e m b l e  t h a t  o f  t h e  c y t o p l a s m .  For  e x a m p l e ,  c y c l o h e x l -  

mlde has been shown t o  I n h i b i t  c o m p l e t e l y  p r o t e i n  s y n t h e s i s  

In mammal i an r i bosome s  i s o l a t e d  f r om t h e  c y t o p l a s m  ( 1 9 ) .  The 

mechani sm o f  eye I o h e x I m I d e  I n h i b i t i o n  I s  t h o u g h t  t o  r e s u l t  

f r om p r e v e n t i o n  o f  t h e  a s s o c i a t i o n  o f  p e p t i d e  s y n t h e t a s e  w i t h  

t he  80S r i bo s o me s  ( 2 0 ) .  B e a t t i e  et^ a K  ( 4 )  d e m o n s t r a t e d  t h a t  

eye 1o h e x I m I d e  does not  I n h i b i t  ami no a c i d  I n c o r p o r a t i o n  by 

I s o l a t e d  r a t  l i v e r  m i t o c h o n d r i a .  A s i m i l a r  o b s e r v a t i o n  was 

r e p o r t e d  In y e a s t  m i t o c h o n d r i a  ( 2 1 ) .  He n c e ,  t h e  s e l e c t i v e  

I n h i b i t o r s  o f  c h l o r a m p h e n i c o l  and e y e l o h e x I  ml de have made 

p o s s i b l e  many s u b s e q u e n t  s t u d i e s .

C h l o r a m p h e n i c o l  has been r e p o r t e d  t o  I n h i b i t  ami no a c i d  

I n c o r p o r a t i o n  In n e a r l y  a l l  t y pe s  o f  mammal ian and non-mam­

m a l i a n  m i t o c h o n d r i a .  One e x c e p t i o n  was r e p o r t e d  by Gordon  

and Dean l n  ( 2 2 ) ,  who f ound t h a t  ami no a c i d  I n c o r p o r a t i o n  by 

r a t  b r a i n  m i t o c h o n d r i a  was not  a f f e c t e d  by c h l o r a m p h e n i c o l .  

However ,  Cunni ngham and B r i d g e r s  ( 2 3 )  s u b s e q u e n t l y  r e p o r t e d  

t h a t  c h l o r a m p h e n i c o l  d i d  I n h i b i t  amino a c i d  I n c o r p o r a t i o n  

by r a t  b r a i n  m i t o c h o n d r i a  i f  s u f f i c i e n t  p o t a s s i u m
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was In t h e  medi um.  They c o n c l u d e d  t h a t  t h e  h i g h  sodi um c o n ­

c e n t r a t i o n  In t h e  medium o f  Gordon and Dean l n  mi g h t  p o s s i b l y  

have b l o c k e d  t h e  b i n d i n g  o f  c h l o r a m p h e n i c o l  t o  t h e  r i bo s o me  

and thus p r e v e n t e d  I t s  I n h i b i t o r y  a c t i o n .  S i n c e  t he 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  ami no a c i d s  I n t o  p r o t e i n  Is d i m i n i s h e d  

when ammonium o r  sodi um I ons r e p l a c e d  p o t a s s i u m  ( 1 ) ,  such an 

e x p l a n a t i o n  is h i g h l y  p l a u s i b l e .  C h l o r a m p h e n i c o l  was I n h i b i ­

t o r y  when t h e  sodi um and ammonium I ons we r e  p r e s e n t ,  bu t  to  

a l e s s e r  d e g r e e  t han t h a t  o b s e r v e d  when p o t a s s i u m  was p r e s e n t

( I ) .

A p a r t i a l  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  In t h e  I n t a c t  

synapt osome by bot h  c h l o r a m p h e n i c o l  and eye 1ohex I m I de has been  

r e p o r t e d  by Morgan and A u s t i n  ( 2 k ) .  They c o n c l u d e d  t h a t  t h i s  

d u a l  i n h i b i t i o n  r e s u l t e d  f r om a m i t o c h o n d r i a l  ( c y c I o h e x I m I d e -  

I n s e n s l t i v e )  and a n o n - m l t o c h o n d r I  a I ( e y e i o h e x I m I  d e - s e n s  11 1 v e ) 

s yst em f o r  p r o t e i n  s y n t h e s i s  w i t h i n  t h e  s y n a p t o s o me .  Hence ,

I t  a p p e a r s  t h a t  b r a i n  m i t o c h o n d r i a  do I nde ed  r e s e m b l e  o t h e r  

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

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

p r o t e i n  s y n t h e s i s .  B e a t t i e  et_ aj_. (A)  r e p o r t e d  t h a t  pur omyc i n  

i n h i b i t s  ami no a c i d  I n c o r p o r a t i o n  by r a t  l i v e r  m i t o c h o n d r i a .  

T h i s  r e s u l t  I n d i c a t e d  t h a t  p r o t e i n  s y n t h e s i s  In m i t o c h o n d r i a  

must  I n v o l v e  a b i n d i n g  o f  ami no a c y l - t - R N A  t o  t h e  m i t o c h o n d r i a l  

r i b o s o m e ,  s i m i l a r  t o  t h e  mode o f  a c t i o n  In a b a c t e r i a l  s y s t e m.  

The d i s c o v e r y  o f  s p e c i f i c  m i t o c h o n d r i a l  t - R N A ' s  ( 2 5 ) ,  a c t i ­

v a t i n g  enzymes ( 2 6 ) ,  and m i t o c h o n d r i a l  p o l y r i b o s o m e s  ( 2 7 , 2 8 , 

2 9 ) ,  c o n f i r m e d  t h i s  s u g g e s t i o n .  The i n h i b i t i o n  o f  m l t o c h o n -
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d r t a l  I n c o r p o r a t i o n  by t h e  dr ug s p a r s o m y c l n ,  has a l s o  been  

r e p o r t e d  ( 3 0 ) .  Tada and T r a k a t e l l t s  ( 3 0 )  showed t h a t  s p a r s o -  

myctn I n h i b i t s  p r o t e i n  s y n t h e s i s  by c o m b i n i n g  w i t h  p e t l d y l  

t r a n s f e r a s e  on t he  50$  s u b u n i t  o f  t he  r i b o s o me .

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

o l e a n d o m y c i n ,  and c a r b o my c i n  I n t e r f e r e  w i t h  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  a t  t h e  l e v e l  o f  t h e  r i bo so me s  ( 3 0 -  These a n t i ­

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

v e n t  e i t h e r  t r a n s 1 o c a 11 on ( e r y t h r o m y c i n )  ( 3 2 ) o r  p e p t i d e  bond 

f o r m a t i o n  ( l l n c o m y c l n )  ( 3 3 ) *  Amino a c i d  I n c o r p o r a t i o n  by I s o ­

l a t e d  y e a s t  m i t o c h o n d r i a  ( 3*0  I s  i n h i b i t e d  by a l l  t h e s e  a n t i ­

b i o t i c s  s u g g e s t i n g  t h a t  t he  r i bosome s  o f  t h e  y e a s t  m i t o c h o n ­

d r i a  must  be s i m i l a r  t o  t h o s e  o f  b a c t e r i a .  The e f f e c t s  o f  

e r y t h r o m y c i n  on p r o t e i n  s y n t h e s i s  I n  y e a s t  m i t o c h o n d r i a  a r e  

o f  s i g n i f i c a n t  I m p o r t a n c e ,  s i n c e  I t  has been no t e d  t h a t  e r y t h ­

r omy c i n  s e n s i t i v i t y  Is a m a t e r n a l l y  i n h e r i t e d  c h a r a c t e r i s t i c  

and hence  p r o b a b l y  under  c o n t r o l  o f  m i t o c h o n d r i a l  DNA ( 3 5 , 2 1 ) .

The s i t u a t i o n  r e g a r d i n g  t he  e f f e c t s  o f  t h e s e  d r ug s  on 

m i t o c h o n d r i a l  r i bo s o me s  f r om a n i ma l  c e l l s  I s  s t i l l  u n c l e a r .

In an e a r l y  s t u d y ,  F i r k i n  and l i n n a n e  (3&)  r e p o r t e d  t h a t  

e r y t h r o m y c i n  d i d  no t  I n h i b i t  ami no a c i d  I n c o r p o r a t i o n  by i s o ­

l a t e d  r a t  l i v e r  m i t o c h o n d r i a .  In c o n t r a s t ,  e r y t h r o m y c i n  d i d  

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

I s  p r e - I n c u b a t e d  w i t h  t h e  d r u g .  These  w o r k e r s  h y p o t h e s i z e d  

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

may have  changed in such a way as t o  l o s e  I t s  s e n s i t i v i t y  to  

e r y t h r o m y c i n .  S e v e r a l  r e p o r t s  have  I n d i c a t e d  t h a t  t h e  m i t o -
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c h o n d r t a l  r i bo s o me s  f r om t h e  a n i ma l  c e l l s  a r e  c h a r a c t e r i z e d  by 

a s e d i m e n t a t i o n  v a l u e  o f  555 ( 3 7 * 3 8 , 3 9 ) -  However ,  enough

wor k  has no t  y e t  been done on t he  p h y s i c a l  c h a r a c t e r i s t i c s  

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

s ma l l  o r  m I n I - r I b o s o m e s .

Kroon and D e V r i e s  have a l s o  I n v e s t i g a t e d  t he  s e n s i t i v i t y  

o f  ami no a c i d  I n c o r p o r a t i o n  by r a t  l i v e r  m i t o c h o n d r i a  t o  e r y t h ­

r omy c i n  and o t h e r  m a c r o l f d e s  ( A O ) . They o b s e r v e d  no I n h i b i ­

t i o n  w i t h  e i t h e r  e r y t h r o m y c i n  o r  l l n c o m y c l n  on ami no a c i d  I n ­

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

h o w e v e r ,  d i d  o c c u r  when t h e  m i t o c h o n d r i a  wer e  " s w o l l e n "  in a 

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

E r y t h r o m y c i n ,  o l e a n d o m y c i n ,  c a r b o m y c t n ,  and l l n c o m y c l n  wer e  

a l l  f ound t o  be e f f e c t i v e  i n h i b i t o r s  in v a r y i n g  d e g r e e s .

These  w o r k e r s  c o n c l u d e d  t h a t  t h e  seemi ng i n s e n s i t i v i t y  o f  r a t  

l i v e r  m i t o c h o n d r i a  p r o t e i n  s y n t h e s i s  t o  t he  m a c r o l i d e s  was 

due t o  t h e  f a c t  t h a t  t h e  m i t o c h o n d r i a l  membranes wer e  I m p e r ­

meab l e  t o  t h e s e  d r u g s .

F i r k i n  and L i n n a n e  ( 3 8 ) a l s o  i n v e s t i g a t e d  t he  e f f e c t  o f  

l l n c o m y c l n  on r a t  l i v e r  m i t o c h o n d r i a  t h a t  we r e  s u b j e c t e d  t o  

s o n i c  v i b r a t i o n s  and hence p e r me a b l e  t o  t h e  d r u g .  They o b s e r v e d  

no I n h i b i t i o n  by l l n c o m y c l n ;  h o w e v e r ,  t h e  c o n d i t i o n s  used by 

t h e  two gr oups  t o  i s o l a t e  t h e  m i t o c h o n d r i a  as w e l l  as t h e  

c o n d i t i o n s  used d u r i n g  i n c u b a t i o n  a r e  so s t r i k i n g l y  d i v e r g e n t  

t h a t  I t  ts d i f f i c u l t  t o  dr a w any m e a n i n g f u l  r e s u l t s .  I t  I s  

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

ami no a c t d  pe r  mg. o f  p r o t e i n ,  r e p o r t e d  by L i n n a n e  et_ a 1 .
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( 3 6 )  Is a p p r o x i m a t e l y  10% o f  t h a t  o f  Kroon and D e V r i e s .  The 

c o n c e n t r a t i o n  o f  l e u c i n e  must  not  be r a t e  l i m i t i n g  I f  one I s  

t o  o b t a i n  any v a l i d  I n t e r p r e t a t i o n  o f  s t u d i e s  w i t h  I n h i b i t o r s .

In a s u b s e q u e n t  s e r i e s  o f  s t u d i e s  ( 4 1 , 4 2 , 4 3 )  L l n n a n e ' s  

gr oup has a t t e m p t e d  t o  r espond t o  t he  a r gument  o f  Kroon and 

D e V r i e s .  In one s t u d y ,  He l a  c e l l s  we r e  grown In t he  p r e s e n c e  

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

r o m y c i n ,  and p a r o my c i n  ( 4 l ) .  M l k a my c i n  and c a r b o my c l n  s e ­

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

I n t a c t  c e l l s ,  e r y t h r o m y c i n  and paromyc had no e f f e c t ,  w h i l e  

s p l r o m y c l n  e x e r t e d  some m i n o r  e f f e c t s  j n  bo t h  p r o t e i n  s y n t h e s i s  

and c y t o c h r o me  f o r m a t i o n .  At  h i g h  c o n c e n t r a t i o n s ,  a l l  o f  t h e s e  

showed a s e c o n d a r y  e f f e c t  -  d i r e c t  and I mme d i a t e  s l o w i n g  o f  

a l l  g r o w t h .

L a t e r  ( 4 2 )  L l n n a n e ' s  g r ou p  a t t e m p t e d  t o  e x a mi n e  t he  

e f f e c t  o f  t h e s e  i n h i b i t o r s  on ami no a c i d  I n c o r p o r a t i o n  by 

m i t o c h o n d r i a  whose membranes have been damaged e x t e n s i v e l y  so 

as t o  p e r m i t  a c c e s s  o f  t h e  i n h i b i t o r s  t o  t h e  m1 t o r 1bosomes.

Two methods we r e  used t o  make t h e  membranes more p e r me a b l e  

i n c l u d i n g  t h e  h y p o t o n i c  method o f  Kroon and D e v r i e s  ( 4 0 ) .  

C h l o r a m p h e n i c o l ,  m l k a m y c i n ,  c a r b o m y c i n ,  and s p l r o m y c l n  s t r o n g l y  

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

l l n c o m y c i n ,  and p a r o m y c i n  had l i t t l e  o r  no e f f e c t  on t he  I n ­

c o r p o r a t i o n  r a t e s .

The I n h i b i t o r y  e f f e c t  o f  c a r b o my c l n  on m i t o c h o n d r i a l  

p r o t e i n  s y n t h e s i s  In r a t  l i v e r  was m o d i f i e d  by t h e  s i m u l ­

t a ne ous  a d d i t i o n  o f  e i t h e r  e r y t h r o m y c i n  o r  l l n c o m y c i n .  A
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d e c r e a s e  In t h e  d e g r e e  o f  i n h i b i t i o n  and an I n c r e a s e  In t h e  

h a l f - m a x i m a l  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  c a r b o my c l n  was o b ­

s e r v e d  in t h e  p r e s e n c e  o f  e r y t h r o m y c i n  or  l l n c o m y c i n  (A3 ) *

The a u t h o r s  c o n c l u d e d  t h a t  t h e  above e f f e c t s  c o u l d  be r a ­

t i o n a l i z e d  In t erms o f  a c o m p e t i t i v e  model  wher e  t h e  b i n d i n g  

o f  a n o n - I n h i b I t o r y  a n t i b i o t i c  ( e r y t h r o m y c i n )  t o  a r l b o s o ma l  

s i t e  p r e v e n t s  I n h i b i t i o n  by e x c l u s i o n  o f  t h e  i n h i b i t o r y  a n t i ­

b i o t i c  ( c a r b o m y c l n ) ,

C. N a t u r e  o f  P r o t e i n s  S y n t h e s i z e d  by t h e  M i t o c h o n d r i a

A l t h o u g h  I t  has been e s t a b l i s h e d  t h a t  I s o l a t e d  m i t o c h o n ­

d r i a  I n c o r p o r a t e  ami no a c i d s  i n t o  p r o t e i n ,  t h e  p r o d u c t s  o f  

m i t o c h o n d r i a l  p r o t e i n  s y n t h e s i s  have  n o t  y e t  been c l e a r l y  d e ­

f i n e d .  The ma j o r  I mpe d i me nt  t o  t he  p u r i f i c a t i o n  o f  t h e s e  p r o ­

t e i n s  has been t h e i r  e x t r e m e  I n s o l u b i l i t y  In most  normal  s o l ­

v e n t  s y s t e m s .  B a s i c a l l y ,  two a p p r o a c h e s  have  been empl oyed  

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

ba t e d  j_n_ v i t r o  w i t h  r a d i o a c t i v e  ami no a c i d s ,  r e l s o l a t e d ,  was hed ,  

and t hen f r a c t i o n a t e d  a c c o r d i n g  t o  v a r i o u s  schemes,  and a n a ­

l y z e d  u s i n g  such t e c h n i q u e s  as get  e l e c t r o p h o r e s i s  and 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 .  Such p r e p a r a t i o n s  may t hen  be com­

pa r e d  w i t h  s i m i l a r  p r e p a r a t i o n s  l a b e l e d  In v i v o  t o  d e t e r m i n e  

I f  t h e r e  I s  any c o r r e l a t i o n  be t we e n  t h e  two phenomena.  In 

t he  second me t h od ,  w e l l  c h a r a c t e r i z e d  enzymes o f  t h e  I n n e r  

membrane,  such as c y t o c h r o m e  o x i d a s e  or  ATPase have  been I s o ­

l a t e d  f r om y e a s t  o r  N e u r o s p o r a  c e l l s  wh i c h  we r e  f i r s t  l a b e l e d
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1 n v 1vo w i t h  r a d i o a c t i v e  ami no a c i d s  In t h e  p r e s e n c e  o f  s u f ­

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

s y n t h e s i s .  In t h i s  way i t  c o u l d  be d e t e r m i n e d  I f  t h e s e  enzyme  

compl exes  c o n t a i n e d  any p r o t e i n s  s y n t h e s i z e d  w i t h i n  t he  m i t o -  

chond r 1 a .

1.  F r a c t 1o n a t i o n  o f  P a r t i c u l a t e  Membrane F r a c t i o n s

In an e a r l y  s t u d y ,  Roodyn ( i f1! )  l a b e l e d  r a t  l i v e r  m i t o ­

c h o n d r i a  In v 11 r o  and s u b s e q u e n t l y  I s o l a t e d  t he  l a b e l e d  p r o ­

t e i n s  by s o l u b i l i z a t i o n  o f  t h e  membrane w i t h  t h e  n o n - i o n i c  

d e t e r g e n t ,  T r i t o n  X - 1 0 0 .  The b u l k  o f  t he  r a d i o a c t i v i t y  was 

In a l i p i d - r i c h  I n s o l u b l e  component  wh i c h  was t h o u g h t  t o  be 

de r i v e d  f r om t h e  m i t o c h o n d r i a l  membrane.  T r e a t m e n t  o f  t h i s  

I l p l d - r l c h  f r a c t i o n  w i t h  b u t a n - l - o l  gave a p r o t e i n  f r a c t i o n  

wh i c h  had t h e  p r o p e r t i e s  o f  a " s t r u c t u r a l  p r o t e i n . "  The 

t e r m " s t r u c t u r a l  p r o t e i n "  was f i r s t  a p p l i e d  t o  a p r o t e i n  f r a c ­

t i o n  I s o l a t e d  by C r t d d l e  £t_ aj_. ( 4 5 )  by f r a c t i o n a t i o n  o f  m i t o ­

c h o n d r i a  w i t h  c h o l a t e ,  d e o x y c h o 1 a t e , sodi um d o d e c y l  s u l f a t e ,  

and ammonium s u l f a t e .  A " s t r u c t u r a l  p r o t e i n "  f r a c t i o n  p r e ­

p a r e d  in t h i s  way c o n t a i n e d  o v e r  22% o f  t h e  t o t a l  r a d i o ­

a c t i v i t y  o f  t he  I n t a c t  m i t o c h o n d r i a .  The I s o l a t i o n  o f  a 

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

was c o n f i r m e d  by o t h e r  gr oups ( 4 6 , 4 7 » 5 ) .

The I n t r a m  I t o c h o n d r f a  I l o c a l i z a t i o n  o f  t he  p r o t e i n s  s y n ­

t h e s i z e d  w i t h i n  t h e  m i t o c h o n d r i a  was d e t e r m i n e d  by use o f  

f r a c t i o n a t i o n  p r o c e d u r e s  wh i c h  s e p a r a t e  m i t o c h o n d r i a  I n t o
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d i s c r e t e  m o r p h o l o g i c a l  e n t i t l e s .  D l g l t o n l n  has been used t o  

s e p a r a t e  t h e  t n n e r  and t h e  o u t e r  m i t o c h o n d r i a l  membranes ( 4 8 ) ,  

as w e l l  as p r o c e d u r e s  I n v o l v i n g  o s m o t i c  shock and s o n t c a t l o n  

( 4 9 ) .  I n n e r  membrane f r a c t i o n s  o b t a i n e d  by bo t h  t h e s e  p r o ­

c e d u r e s  have  been shown t o  c o n t a i n  p r o t e i n s  l a b e l e d  by t h e  

m i t o c h o n d r i a  hi  v i t r o  ( 4 , 5 0 ) .  B e a t t i e  et_ aj_. ( 4 )  r e p o r t e d  

t h a t  a '‘ s t r u c t u r a l  p r o t e i n "  f r a c t i o n  and o t h e r  membranous  

p r o t e i n s  o f  t he  I n n e r  membrane a c c o u n t e d  f o r  t he  m a j o r i t y  o f  

t h e  r a d i o a c t i v i t y ,  w h i l e  a l m o s t  no r a d i o a c t i v i t y  was p r e s e n t  

in t h e  o u t e r  membrane f r a c t i o n  o r  t h e  s o l u b l e  p r o t e i n s  o f  t he  

m a t r i x .

In a d d i t i o n ,  I n n e r  membranes wh i c h  wer e  i s o l a t e d  u s i n g  

d i g l t o n l n  wer e  a b l e  t o  i n c o r p o r a t e  ami no a c i d s  i n t o  p r o t e i n s  

( 4 ) .  Thus ,  i t  was e s t a b l i s h e d ,  w i t h  some d e g r e e  o f  c e r t a i n t y  

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

In some manner  in t he  b i o g e n e s i s  o f  t h e  I n n e r  m i t o c h o n d r i a l  

membr ane .

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

m i t o c h o n d r i a l  p r o t e i n s  a f t e r  an hi_ v i t r o  I n c u b a t i o n  Is no 

l o n g e r  t h o u g h t  t o  c o n t a i n  a s i n g l e  p r o t e i n .  H a i d a r  et_ a 1 .

( 4 7 )  u s i n g  t h e  method o f  R i c h a r d s o n  et_ aj_. ( 5 1 )  f o r  t h e  p r e ­

p a r a t i o n  o f  " s t r u c t u r a l  p r o t e i n , "  exami ned t h i s  f r a c t i o n  o b ­

t a i n e d  f r om r a t  l i v e r  m i t o c h o n d r i a  l a b e l e d  h i  v 11 ro w i t h  

r a d i o a c t i v e  ami no a c i d s  by d i s c  g e l  e l e c t r o p h o r e s I s . On 

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

t e i n  b a n d s ,  s e v e r a l  o f  wh i c h  c o n t a i n e d  r a d i o a c t i v i t y .  F u r t h e r  

a n a l y s i s  I n d i c a t e d  t h a t  one o f  t he  l a b e l e d  p r o t e i n  bands was
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s i m i l a r  In e l e c t r o p h o r e t i c  m o b i l i t y  t o  t h a t  o f  R a c k e r ' s  c o u p l i n g  

f a c t o r - k  ( 5 2 ) .

New a t t e m p t s  we r e  I n i t i a t e d  In t h e  hope o f  a t t a i n i n g  a 

m ore homogenous p r e p a r a t i o n  o f  t h e s e  I n s o l u b l e  membrane f r a c ­

t i o n s .  Lenaz  et^ a_l_. ( 5 3 )  u t i l i z e d  s e v e r a l  p r o c e d u r e s ,  such as

e x t r a c t i o n  w i t h  t r i c h l o r o a c e t i c  a c 1d - m e t h a n o 1 , 8 M u r e a ,  and 

d i l u t e  s o l u t i o n s  o f  h y d r o c h l o r i c  o r  a c e t i c  a c i d .  " S t r u c t u r a l  

p r o t e i n "  f r a c t i o n s  p r e p a r e d  by t h e s e  methods we r e  found t o  

s e p a r a t e  I n t o  f o u r  m a j o r  bands on d i s c  ge l  e l e c t r o p h o r e s i s .  

B e a t t i e  et_ a_l_. ( 5 M  e x t r a c t e d  l i v e r  mi t o c h o n d r  I a, p r e v  I ous 1 y

l a b e l e d  J_n̂  v 11 ro w i t h  r a d i o a c t i v e  l e u c i n e  by t h e  methods o f  

Lenaz  et_ aj_. ( 5 3 )  t o  o b t a i n  f r a c t i o n s  c o n t a i n i n g  " s t r u c t u r a l  

p r o t e i n . "  In a d d i t i o n ,  " s t r u c t u r a l  p r o t e i n "  was p r e p a r e d  

f r om l a b e l e d  m i t o c h o n d r i a  by e x t r a c t i o n  w i t h  a c e t i c  a c i d  ( 5 5 ) .  

The " s t r u c t u r a l  p r o t e I n " f r a c 1 1 on p r e p a r e d  by a c i d  t r e a t m e n t  

d i d  no t  c o n t a i n  any r a d i o a c t i v i t y ,  w h i l e  " s t r u c t u r a l  p r o t e i n s "  

p r e p a r e d  by d e t e r g e n t s  ( 5 1 ) we r e  l a b e l e d  w i t h  a p p r o x i m a t e l y  

*(03; o f  th e  t o t a l  c o u n t s  o f  t h e  I n t a c t  m i t o c h o n d r i a .  Howe v e r ,  

t he  r a d i o a c t i v i t y  In t h i s  f r a c t i o n  was not  a s s o c i a t e d  w i t h  

t he  bands v i s u a l i z e d  a f t e r  d i s c  ge l  e l e c t r o p h o r e s i s  but  was 

r e t a i n e d  a t  t h e  o r i g i n .  Hen c e ,  t h e s e  r ad I o a c 1 1 v e 1y l a b e l e d  

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

t e i n "  p r e p a r a t i o n .

In 1 9 7 0 ,  Yang and C r t d d l e  ( 5 6 )  a n a l y z e d  " s t r u c t u r a l  p r o ­

t e i n "  f r a c t i o n s  o f  y e a s t  m i t o c h o n d r i a  I n c u b a t e d  J_n̂  v 11 ro w i t h  

r a d i o a c t i v e  ami no a c i d s .  These  f r a c t i o n s  we r e  f u r t h e r  e x t r a c t ­

ed I n t o  f o u r  m a j o r  s u b f r a c t i o n s  u s i n g  t h e  methods o f  R i c h a r d s o n
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e t  a 1 . ( 5 0  «nd Lenaz  et_ a_l_. ( 5 3 )  ■ The p r o t e i n s  o f  t h e s e  

s u b f r a c t t o n s  wer e  t h e n  s o l u b i l i z e d  by r e d u c t i o n  and c a r b o x y -  

m e t h y l a t l o n  o r  s u l f o n a t l o n  In t he  p r e s e n c e  o f  sodi um dode cy l  

s u l f a t e  and s e p a r a t e d  on d i s c  gel  e l e c t r o p h o r e s i s .  One p r e ­

d o mi n a n t  component  C S - 1 ,  In c o n t r a s t  t o  r e s u l t s  me n t i o n e d  

p r e v i o u s l y ,  was found t o  c o n t a i n  50- 60% o f  t h e  t o t a l  r a d i o ­

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

T h i s  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  ami no a c i d s  I n t o  CS-1 was 

f ound t o  be s t r o n g l y  I n h i b i t e d  by c h l o r a m p h e n i c o l .  The CS-1 

f r a c t i o n  had a s p e c i f i c  r a d i o a c t i v i t y  f o u r  t i me s  t h a t  o f  t he  

u n f r a c t i o n a t e d  m i t o c h o n d r i a .

B e a t t i e  et_ aj_. ( 5 4 )  r e p o r t e d  t h a t  I s o l a t e d  r a t  l i v e r  

m i t o c h o n d r i a  I n c o r p o r a t e  ami no a c i d s  a l m o s t  q u a n t i t a t i v e l y  

i n t o  a membranous r e s i d u e  r e m a i n i n g  a f t e r  e x t r a c t i n g  t h e  

m i t o c h o n d r i a  w i t h  d i l u t e  a c e t i c  a c i d  ( 1* 4% f i n a l  c o n c e n t r a ­

t i o n ) .  T h i s  f r a c t i o n  c o n t a i n e d  l e s s  t han  10% o f  t he  t o t a l  

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

t h a t  o f  t h e  u n f r a c t 1o n a t e d  m i t o c h o n d r i a .  At  t h a t  t i me  

t h t s  I n c r e a s e  In s p e c i f i c  a c t i v i t y  was t h e  h i g h e s t  y e t  r e ­

p o r t e d .  Howev e r ,  t h e  m a t e r i a l  was e x t r e m e l y  h e t e r o g e n o u s ,  w i t h  

a t  l e a s t  t w e l v e  d l s c e r n a b l e  bands on ge l  e l e c t r o p h o r e s i s .  In 

a d d i t i o n ,  many o f  t h e  c o u n t s  r e ma i n ed  a t  t h e  o r i g i n .

The c o n c l u s i o n ,  ( 5 7 , 5 8 )  t h a t  t h e  p r o d u c t s  o f  m i t o c h o n d r i a l  

p r o t e i n  s y n t h e s i s  r e p r e s e n t  l e s s  t han  10% o f  t h e  t o t a l  m i t o ­

c h o n d r i a l  p r o t e i n ,  has been s u b s t a n t i a t e d  by s e v e r a l  g r o u p s .  

Se ba l d  e t  a ^ .  ( 5 7 )  c o n c l u d e d  t h a t  t h e  p r o d u c t s  o f  m i t o c h o n ­

d r i a l  p r o t e i n  s y n t h e s i s  a c c o u n t  f o r  o n l y  5 % o f  t he  t o t a l  m l t o -
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c h o n d r l a l  p r o t e i n  In N e u r o s p o r a ■ S i m i l a r  r e s u l t s  we r e  f ound  

by Henson et_ aj_. ( 5 8 )  on s t u d i e s  o f  m i t o c h o n d r i a l  b i o g e n e s i s  

In y e a s t .  Thus I t  became a p p a r e n t  t h a t  t h e  c l a s s i c a l  

" s t r u c t u r a l  p r o t e i n "  wh i ch  had been c a l c u l a t e d  t o  r e p r e s e n t  

a p p r o x i m a t e l y  30% o f  t h e  t o t a l  p r o t e i n  o f  t h e  m i t o c h o n d r i a  

c o u l d  not  be s y n t h e s i z e d  I n t r a m  11o c h o n d r I  a I 1y .

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

d e t e r g e n t  sodi um dodecy l  s u l f a t e  ( 5 9 , 6 0 , 6 1 )  has p e r m i t t e d  t he  

a n a l y s i s  and m o l e c u l a r  w e i g h t  d e t e r m i n a t i o n  o f  monomer i c  p r o ­

t e i n s  as w e l l  as t he  q u a n t i t a t i v e  p r o p o r t i o n s  o f  d i f f e r e n t  

p o l y p e p t i d e s  In compl ex  m i x t u r e s .  In t h e  p a s t  t h r e e  t o  f o u r  

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

c h o n d r i a l  b i o g e n e s i s  In an a t t e m p t  t o  e l u c i d a t e  t he  number  

and m o l e c u l a r  w e i g h t s  o f  p r o t e i n s  s y n t h e s i z e d  by t he  m i t o ­

c h o n d r i a .  S e b a l d  e ^  a_j_. ( 5 7 * 6 2 )  s e p a r a t e d  p r o t e i n s  s y n t h e s i z e d  

by N_. c r a s s a  m i t o c h o n d r i a  on t he  b a s i s  o f  bo t h  c h a r g e  and s i z e  

and o b s e r v e d  f o u r  m a j o r  bands and s i x  m i n o r  on es .  They o b ­

s e r v e d  t h e  same number o f  bands J_n_ v i t r o  o r  J_n_ v i v o  and c o n ­

c l u d e d  t h a t  t h e  same p r o t e i n s  wer e  s y n t h e s i z e d  unde r  t h e  two 

c o n d i t i o n s .  Swank et^ a_K ( 6 3 )  a l s o  exami ned t he  p r o d u c t s  o f  

m i t o c h o n d r i a  p r o t e i n  s y n t h e s i s  f r om t h e  same o r g a n i s m .  They  

c o n c l u d e d  t h a t  w i l d  t y p e  N e u r o s p o r a  c r a s s a  s y n t h e s i z e d  t h r e e  

m a j o r  p r o t e i n s ,  c o m p r i s i n g  10% o f  t he  t o t a l  m i t o c h o n d r i a l  p r o ­

t e i n ,  w i t h  m o l e c u l a r  w e i g h t s  o f  3 3 * 5 0 0 ,  2 7 * 5 0 0 ,  and 1 7 , 5 0 0  In 

r e l a t i v e  p r o p o r t i o n s  o f  6 I t : 2 0 : l 6 .  M i n o r  p r o t e i n s ,  c o m p r i s i n g  

a p p r o x i m a t e l y  1% o f  t h e  t o t a l ,  r e v e a l e d  w e i g h t s  o f  2 5 * 0 0 0 ,  

2 1 , 0 0 0 ,  and 1 1 , 0 0 0 .
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Yang and C r i d d l e  ( 5 6 ) ,  u s i n g  f r a c t i o n a t i o n  t e c h n i q u e s  

d e s c r i b e d  p r e v i o u s l y ,  f ound t h a t  in Sacchar omyces  c a r  1s b e r g e n s  1 s 

f o u r  bands wer e  rad l o a c t I v e l y  l a b e l e d  w i t h  m o l e c u l a r  w e i g h t s  

o f  4 0 , 0 0 0 ,  2 6 , 5 0 0 ,  2 0 , 0 0 0 ,  and 1 5 , 0 0 0 .  In c o n t r a s t ,  e x p e r i ­

ments In v i v o  have y i e l d e d  c o n f l i c t i n g  r e s u l t s .  Thomas and 

V t l l l a m s o n  ( 6 4 )  o b s e r v e d  s i x  r a d i o a c t i v e  bands In y e a s t  m i t o ­

c h o n d r i a  w i t h  m o l e c u l a r  w e i g h t s  r a n g i n g  f r om 4 8 , 0 0 0  t o  1 1 , 0 0 0 .  

Howe v e r ,  t h r e e  o f  t he  bands wer e  n e a r  t h e  l i m i t s  o f  d e t e c t i o n  

In t h e i r  s y s t e m.  W e l s t o g e t  and Butow ( 6 5 )  u s i n g  a t e m p e r a ­

t u r e  s e n s i t i v e  y e a s t  m u t a n t ,  have o b s e r v e d  seven t o  e i g h t  

l a b e l e d  bands r a n g i n g  In m o l e c u l a r  w e i g h t s  f r om 4 5 , 0 0 0  t o  

1 3 , 0 0 0 .  L i k e w i s e ,  Gr o o t  e_t̂  a_l_. ( 6 6 )  have r e p o r t e d  e i g h t

l a b e l e d  bands In y e a s t  m i t o c h o n d r i a  w i t h  m o l e c u l a r  w e i g h t s  

r a n g i n g  f r om 9 4 , 0 0 0  t o  1 3 , 0 0 0 .

In s t u d i e s  i n v o l v i n g  r a t  l i v e r  and c e r e b r a l  c o r t e x ,

Bosmann ( 6 7 ) r e p o r t e d  t h a t  m i t o c h o n d r i a  s y n t h e s i z e d  f o u r  

d i s t i n c t  p r o t e i n s ,  each o f  wh i ch  Is a g l y c o p r o t e i n .  One o f  

t h e  peaks was a low m o l e c u l a r  w e i g h t  g l y c o p r o t e i n  w i t h  a 

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

S t u d i e s  on t he  n a t u r e  o f  p r o t e i n s  s y n t h e s i z e d  by t he  

m i t o c h o n d r i a  have a l s o  been p u b l i s h e d  by Coot e  and Work ( 9 ) .  

Usi ng  BHK-21 ha ms t e r  c e l l s , t h e y  o b s e r v e d  t h a t  t h e  p r o t e i n s  

s y n t h e s i z e d  by m i t o c h o n d r i a  p r e s e n t  In w h o l e  c e l l s  wer e  I n ­

d i s t i n g u i s h a b l e  f r om t hose  s y n t h e s i z e d  by I s o l a t e d  m i t o c h o n ­

d r i a .  E x a m i n a t i o n  on SDS- ge l  e l e c t r o p h o r e s i s  o f  bo t h  h a ms t e r  

c e l l  m i t o c h o n d r i a  and r a t  l i v e r  m i t o c h o n d r i a  r e v e a l e d  a t  l e a s t  

t en  p r o t e i n s  coded f o r  by t h e  m i t o c h o n d r i a l  genome,  w i t h
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m o l e c u l a r  w e i g h t s  r a n g i n g  f r o m  5 0 , 0 0 0  t o  1 4 , 0 0 0 .

2.  Ana i vs t s o f  We I 1 C h a r a c t e r i z e d  Enzymes o f  t h e  

i n n e r  M T t ochond r i a l  Memb r ane

a . Ye a s t  M i t o c h o n d r i a l  ATPase

The s u b u n i t  p r o t e i n s  o f  v a r i o u s  membrane-bound  

enzymes and enzyme c ompl exes  have been a n a l y z e d  t o  d e t e r m i n e  

whi ch  p r o t e i n s  a r e  p r o d u c t s  o f  t he  m i t o c h o n d r i a l  s ys t em f o r  

p r o t e i n  s y n t h e s i s .  The r u t a m y c i n  ( o r  o l i g o m y c i n )  s e n s i t i v e  

ATPase o f  y e a s t  m i t o c h o n d r i a  i s  a c o n s t i t u e n t  o f  t he  i n n e r  

membrane.  The e n t i r e  compl ex  has been e x t r a c t e d  f r om t he  

membrane w i t h  T r i t o n  X - 1 0 0  and f u r t h e r  p u r i f i e d  by pa ssage  

t h r o u g h  s u c r o s e  or  g l y c e r o l  g r a d i e n t s  ( 6 8 ) .  A n a l y s i s  on SDS-  

gel  e l e c t r o p h o r e s i s  has r e v e a l e d  t h a t  t he  ATPase compl ex  c o n ­

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

o f  wh i c h  a r e  s u b u n i t s  o f  t h e  s o l u b l e  ATPase ,  ( F | ) ,  one o f  

whi ch  c o r r e s p o n d s  t o  t h e  o l I g o m y c 1n - s e n s I t i v i t y - c o n f e r r i n g  

f a c t o r  ( 0 S C P ) ,  w h i l e  t h e  r e m a i n i n g  component s  a r e  p a r t  o f  a 

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

c a l  p r o p e r t i e s  o f  F|  ( 6 8 ) .  Us i ng i n h i b i t o r s  o f  bo t h  mi t o c h o n  

d r i a l  and c y t o p l a s m i c  p r o t e i n  s y n t h e s i s ,  T z a g o i o f f  e t  a l . 

( 6 8 , 6 9 ) ,  d e m o n s t r a t e d  t h a t  t h e  m i t o c h o n d r i a  may s y n t h e s i z e  

f o u r  s u b u n i t s  o f  t h e  r u t a m y c 1n - s e n s 1t I v e  ATPase wh i c h  a r e  

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

I n t e g r a t i o n  o f  Fj  and 0SCP i n t o  t he  membrane d u r t n g  t h e  

as se mbl y  o f  t h e  ATPase c o m p l e x .  M i t o c h o n d r i a  we r e  no t  i n -
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v o l v e d  I n  t h e  s y n t h e s i s  o f  a n y  s u b u n i t s  o f  Fj  o r  OSCP.

b . C y t o c h r o me  O x i d a s e

The a p p e a r a n c e  o f  c y t o c h r o m e o x t d a s e  a c t i v i t y  In 

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

m i t o c h o n d r i a l  and c y t o p l a s m i c  t r a n s l a t i o n  ( 7 0 , 7 1 ) -  Chen and  

C h a r a l a mp o u s  r e p o r t e d  t h a t  bo t h  c y t o p l a s m i c  and m i t o c h o n d r i a l  

p r e c u r s o r s  o f  c y t o c h r o m e  o x i d a s e  we r e  p r e s e n t  In y e a s t  u n d e r ­

g o i n g  t h e  a n a e r o b I c - a e r o b  Ic t r a n s i t i o n  ( 7 2 ) .

In t h e  r e c e n t  s t u d i e s  o f  T z a g o l o f f  ( 7 3 , 7 4 ) .  I n h i b i ­

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

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

chr ome o x i d a s e .  The p u r i f i e d  enzyme c o n t a i n s  s i x  s u b u n i t s  o f  

m o l e c u l a r  w e i g h t s  ( 3 5 . 0 0 0 ,  2 4 , 5 0 0 ,  2 2 , 0 0 0 ,  1 4 , 5 0 0 ,  1 2 , 0 0 0 ,  

9 , 5 0 0 ) .  A n t i b o d i e s  t o  t h e  p u r e  enzyme w e r e  e mp l o y e d  t o  I s o ­

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

p u l s e  o f  l a b e l e d  ami no  a c i d s  In t h e  p r e s e n c e  o f  eye 1o h e x i m I d e . 

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

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

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

by Mason and S c h a t z  ( 7 5 )  a l s o  e s t a b l i s h e d  t h a t  t h e  t h r e e  l a r g e  

p o l y p e p t i d e s  o f  c y t o c h r o m e  o x i d a s e  a r e  s y n t h e s i z e d  on t h e  m i t o -

r t b o s o m e s .  The d i f f e r e n c e  In m o l e c u l a r  w e i g h t s  o f  t h e  s i x

s u b u n i t s  o f  t h e  two g r ou ps  may be due t o  t h e  d i f f e r e n c e  I n  t h e

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

-  2 1



c . Complex I I I  o f  t h e  R e s p i r a t o r y  Cha i n  

M a h l e r  and Per l man ( 7 6 ) have exami ned t h e  e f f e c t  o f  

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

c r i p t i o n ,  on v a r i o u s  m i t o c h o n d r i a l  enzymes as w e l l  as c y t o ­

chrome c o n t e n t  In Sacchromyces c e r e v 1s 1a e . E t h l d l u m  br omi d e  

t r e a t e d  c e l l s  wer e  grown on g a l a c t o s e ,  a f e r m e n t a b l e ,  but  

w e a k l y  r e p r e s s i n g  e n e r g y  s o u r c e .  The I n c r e a s e  In a c t i v i t y  o f  

NADH- cy t ochr ome £  r e d u c t a s e  as w e l l  as c y t o c h r o m e  o x i d a s e  was 

I n h i b i t e d  In t h e  e t h l d l u m  br omi d e  t r e a t e d  c e l l s  w h i l e  s u c c i n a t e  

d e h y d r o g e n a s e  a c t i v i t y  I n c r e a s e d  a t  t he  same r a t e  as t h e  c o n ­

t r o l  c e l l s .  The a c t u a l  I n c r e a s e  In c y t o c h r o me  j s - a ^  c o n t e n t  

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

w h i l e  s y n t h e s i s  o f  c y t o c h r o me  b_ was I n h i b i t e d  p a r t i a l l y .  The 

r a t e  o f  s y n t h e s i s  o f  c y t o c h r o me s  £  and a p p e a r e d  n o r m a l .

Kim and B e a t t i e  ( 7 7 )  r e c e n t l y  r e p o r t e d  t h a t  c h l o r ­

a mphe ni c o l  I n h i b i t e d  t h e  I n c r e a s e  o f  NADH c y t o c h r o me  £  r e ­

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

s i o n .  S u b s e q u e n t l y ,  B e a t t i e  e £  aj_. ( 7 8 )  o b s e r v e d  t h a t  c h l o r ­

a mphe n i c o l  caused an I n h i b i t i o n  o f  coenzyme Q H j - c y t o c h r o me  £  

r e d u c t a s e  a c t i v i t y ,  a measur e  o f  t he  c y t o c h r o m e  b.’ Cj r e g i o n  

o f  t he  r e s p i r a t o r y  c h a i n .  S i m i l a r l y ,  Wei ss has r e p o r t e d  t h a t  

a membrane f r a c t i o n  c o n t a i n i n g  c y t o c h r o me  b_ c o n t a i n e d  two 

s u b u n i t s  s y n t h e s i z e d  on t h e  mI t o r  Ibosomes ( 7 9 ) *

The above o b s e r v a t i o n s  s ugg e s t  t h a t  some o f  the  

membrane p r o t e i n s  o f  t h e  b^£j  compl ex  must  a l s o  be s y n t h e s i z e d  

w i t h i n  t h e  m i t o c h o n d r i a .
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D. S y n t h e s i s  o f  P r o t e o l i p l d s  by  M i t o c h o n d r i a

In 1951*  Fo l c h  and Lees ( 8 0 )  d e s c r i b e d  t he  p r e s e n c e  

tn b r a f n  t i s s u e  o f  a p r o t e i n  m a t e r i a l  i n s o l u b l e  in w a t e r  and 

aqueous s o l v e n t s  and s o l u b l e  in c h I o r o f o r m : m e t h a n o 1 m i x t u r e s .

To d e s i g n a t e  t h i s  new c h e mi c a l  c l a s s ,  t h e y  c o i n e d  t h e  t e r m  

p r o t e o 1 I p I d  t o  i n d i c a t e  t h a t  t h e s e  compounds wer e  l i p o p r o t e i n s  

whi ch  r e t a i n e d  some o f  t h e  p h y s i c a l  p r o p e r t i e s  o f  l i p i d s  but  

d i f f e r e d  f r om o t h e r  known l i p o p r o t e i n s  wh i c h  wer e  s o l u b l e  in 

w a t e r  and I n s o l u b l e  in c h I o r o f o r m : m e t h a n o I .

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

c h 1o r o f o r m : m e t h a n o l  a l l  e x h i b i t  s e v e r a l  u n i q u e  p r o p e r t i e s .

In a b t p h a s l c  syst em ch I o r o f  orm : met hano I : wat  er  , 8 : A : 3 ( v / v / v )  

t h e s e  p r o t e i n s  a r e  p r e s e n t  q u a n t i t a t i v e l y  tn t he  l o w e r  c h l o r o -  

f o r m l c  p h a s e ,  and c o m p l e t e l y  a b s e n t  f r om t h e  uppe r  m e t h a n o l :  

w a t e r  phase ( 8 1 ) .  O p t i c a l  r o t a r y  d i s p e r s i o n  s t u d i e s  o f  p r o -  

t e o l l p l d  f r a c t i o n s  ( 8 2 , 8 3 ) ,  I n d i c a t e  t h a t  t h e s e  p r o t e i n s  p o s ­

sess a h i g h  h e l i c a l  c o n t e n t  wh i c h  r e ma i n s  unchanged even d u r i n g  

d e 1 t p i d a t  I on . A f t e r  a l l  t h e  l i p i d s  have been r emoved,  t h e  r e ­

s u l t i n g  a p o p r o t e i n  becomes s o l u b l e  tn w a t e r  white r e t a i n i n g  I t s  

s o l u b i l i t y  in c h l o r o f o r m .  The I n c r e a s i n g  s o l u b i l i t y  In  

w a t e r  is p a r a l l e l e d  by a d e c r e a s e  in a - h e l i x  c o n t e n t  t o  be l ow  

t he  d e t e c t a b l e  l i m i t s  ( < 1 0 $ ) .

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

s l s t e n t  t o  d i g e s t i o n  by p e p s i n ,  t r y p s i n ,  p a p a i n ,  and e r e p s t n  

( 8 1) .  T h i s  r e s l s t e n c e  I s  n o t  due t o  t h e  p r e s e n c e  o f  l i p i d s  

s i n c e  t h i s  p r o p e r t y  p e r s i s t s  in t h e  d e l l p l d a t e d  a p o p r o t e i n .

The o n l y  p r o t e o l y t i c  enzyme known t o  a t t a c k  p r o t e o l i p l d s  I s
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p r o n a s e ,  a l t h o u g h  t h e  t o t a l  e x t e n t  o f  t h i s  d i g e s t i o n  has no t  

been e x p l o r e d .

The n a t u r e  o f  t h e  bond b e t we e n  p r o t e i n  and I t p t d  I s  

s t i l l  unknown.  A f t e r  e x h a u s t i v e  d i a l y s i s  a g a i n s t  a c i d i c  

c h 1o r o f o r m : m e t h a n o 1,  t h e  m a j o r i t y  o f  l i p i d s  a r e  r e mo v e d ,  I n d i ­

c a t i n g  t h a t  most  o f  t h e  p r o t e I n - I I p 1d bonds a r e  I o n i c .  How­

e v e r ,  a f t e r d e 1 I p 1 da11 o n , a p p r o x i m a t e l y  two t o  t h r e e  p e r c e n t  

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

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

f i v e  p e r c e n t  o l e i c ,  and t e n  p e r c e n t  s t e a r i c  a c i d s  ( 8 1 )  .

S t o f f y n  and F o l c h  ( 8 4 )  have  e s t a b l i s h e d  c o n c l u s i v e l y  t h a t  

t h e s e  f a t t y  a c i d s  a r e  bound t o  t h e  p r o t e i n  by an e s t e r  bond 

s i n c e  t h e y  do no t  r e a c t  e i t h e r  w i t h  d i a z o m e t h a n e  o r  w i t h  sodi um  

b o r o h y d r i d e  t o  p r o d u c e  c o r r e s p o n d i n g  a l c o h o l s .  Ami no a c i d  

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

t e n t  o f  h y d r o p h o b i c  amt no a c i d s ,  and a n e g l i g i b l e  amount  o f  

a c i d i c  o r  b a s i c  ami no a c i d s .  The e x c e s s i v e  amount s  o f  h y d r o -  

p h o b i c  a mi no  a c i d s  may c o n f e r  t h e  p r o p e r t y  o f  l i p i d  s o l u b i l i t y  

on t h e  p r o t e  I n .

The p r o t e i n s  s y n t h e s i z e d  by m i t o c h o n d r i a  a r e  known 

t o  be v e r y  h y d r o p h o b i c  and I n s o l u b l e  In many s o l v e n t s .  The  

f r a c t i o n a t i o n  w i t h  o r g a n i c  s o l v e n t s  o f  t h e  m i t o c h o n d r i a l  mem­

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

f i c a t i o n  o f  t h e s e  p r o t e i n s  ( 8 5 > 8 6 ) .  In 1 9 7 1 ,  Kadenbach r e ­

p o r t e d  ( 8 6 )  t h a t  a p r o t e o l l p i d  f r a c t i o n  c o u l d  ba o b t a i n e d  

f r o m r a t  l i v e r  m i t o c h o n d r i a  e x t r a c t e d  w i t h  c h 1o r o f o r m : m e t h a n o l • 

T h i s  f r a c t i o n  c o n s i s t e d  o f  a s i n g l e  p o l y p e p t i d e  o f  low m o l e c u l a r
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w e i g h t  ( a b o u t  2 0 0 0 ) .  A l t h o u g h  t h i s  r e p o r t  was l a t e r  r e t r a c t e d  

( 8 7 ) *  o t h e r s  have r e p o r t e d  t h e  e x i s t e n c e  o f  m i t o c h o n d r i a l  p r o ­

t e i n s  s o l u b l e  In c h I o r o f o r m : m e t h a n o 1  ( 8 8 , 8 9 ) .

C a t t e l  1 ejt  ̂ aj_. ( 9 0 )  o b t a i n e d  f r om ox h e a r t  m i t o c h o n d r i a  

a p r o t e o l l p t d  f r a c t i o n  wh i c h  bound d I eye 1o h e x y 1c a r b o d 11mide  

( DCCD) ,  an i n h i b i t o r  o f  o x i d a t i v e  p h o s p h o r y l a t i o n  w i t h  a 

s i m i l a r  a c t i o n  as o i i g o m y c i n .  M i t o c h o n d r i a  wer e  t r e a t e d  w i t h  

r a d i o a c t i v e  DCCD, e x t r a c t e d  w i t h  c h 1o r o f o r m : methano I , and t he  

e x t r a c t  c h r o ma t o g r a p h e d  on Sephadex L H - 2 0 .  S e v e r a l  p r o t e i n  

peaks c o n t a i n i n g  r a d i o a c t i v i t y  wer e  e l u t e d ;  h o we v e r ,  ge l  

e l e c t r o p h o r e s i s  r e v e a l e d  t h a t  90 to 100% o f  t he  r a d i o a c t i v i t y  

in each peak was a s s o c i a t e d  w i t h  a p r o t e i n  o f  s ma l l  m o l e c u l a r  

we i g h t .

The p o s s i b i l i t y  t h a t  p r o t e o l i p l d s  mi g h t  be s y n t h e s i z e d  

by y e a s t  m i t o c h o n d r i a  has been I n v e s t i g a t e d  by two p r o c e d u r e s .  

Mu r r a y  and L i n n a n e  ( 8 9 ) r e p o r t e d  t h a t  p r o t e i n  e x t r a c t e d  w i t h  

c h t o r o f o r m i m e t h a n o l  a c c o u n t s  f o r  up t o  3% o f  t he  t o t a l  y e a s t  

m i t o c h o n d r i a l  p r o t e i n .  The p r o p o r t i o n  o f  r a d i o a c t i v e  l a b e l  

s o l u b i l i z e d  in c h I o r o f o r m r m e t h a n o 1 was d e p e n d e n t  on t h e  g r o wt h  

phase o f  t h e  y e a s t  c e l l s .  Mu r r a y  and L i n n a n e  c o n c l u d e d  t h a t  

t h e  p r o t e o l l p l d  p r o t e i n  was a m a j o r  p r o d u c t  o f  m i t o c h o n d r i a l  

p r o t e i n  s y n t h e s i s ,  b u t  not  t h e  s o l e  p r o d u c t .  S i m i l a r  r e s u l t s  

have been o b t a i n e d  u s i n g  r a t  l i v e r  m i t o c h o n d r i a  ( 8 7 ) .  I s o ­

l a t e d  r a t  l i v e r  m i t o c h o n d r i a  I n c o r p o r a t e d  r a d i o a c t i v e  ami no  

a c i d s  i n t o  two t y p e s  o f  p r o t e i n s ,  a p p r o x i m a t e l y  one t h i r d  o f  

t h e  I n c o r p o r a t e d  r a d i o a c t i v i t y  b e i n g  s o l u b l e  In c h l o r o f o r m :  

m e t h a n o l .  The r a t e  o f  I n c o r p o r a t i o n  I n t o  t he  c h l o r o f o r m :
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m e t h a n o l  s o l u b l e  p r o t e i n s  was d i f f e r e n t  f r om t h e  r a t e  o f  I n ­

c o r p o r a t i o n  I n t o  i n s o l u b l e  p r o t e i n s ,  s u g g e s t i n g  t h a t  two  

d i f f e r e n t  s y s t e ms  f o r  p r o t e i n  s y n t h e s i s  may e x i s t  In m l t o -  

chond r I  a .

In c o n t r a s t ,  T z a g o l o f f  and A k a l  ( 8 5 )  have  r e p o r t e d  t h a t  

t h e  m a j o r i t y  o f  c o u n t s  i n c o r p o r a t e d  I n t o  y e a s t  m i t o c h o n d r i a  

I n v 1 yo in t h e  p r e s e n c e  o f  eye 1o h e x I  ml de  a r e  e x t r a c t a b l e  i n t o  

c h 1o r o f o r m : m e t h a n o I . Gel  e l e c t r o p h o r e s i s  o f  t h i s  e x t r a c t  r e ­

v e a l e d  one peak  o f  7 8 00  m o l e c u l a r  w e i g h t ,  w h i c h  T z a g o l o f f  has 

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

The a p p a r e n t  d i s c r e p a n c i e s  b e t we e n  T z a g o l o f f  and t h e  a b o v e -  

m e n t i o n e d  r e p o r t s  may be due t o  two f a c t o r s .  One Is t h a t  t he  

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

S e c ond ,  and p r o b a b l y  t h e  most  I m p o r t a n t ,  T z a g o l o f f  uses y e a s t  

w h i c h  h a v e  been grown f o r  s e v e n t e e n  h o u r s  in c y c 1o h e x I m I d e .

The v l a b ) 1 I t y  o f  cel ls grown f o r  such e x t r e m e  p e r i o d s  o f  t i m e  i n  

t h e  a b s e n c e  o f  p r o t e i n  s y n t h e s i s  has n e v e r  been s a t i s f a c t o r i l y  

demons t  r a  t e d .

I I I .  MATERIALS AND METHODS 

A. P r e p a r a t i o n  o f  M i t o c h o n d r i a  

1 . Rat  L i v e r  M1t o c h o n d r 1 a

Rat  l i v e r  m i t o c h o n d r i a  we r e  p r e p a r e d  u n d e r  s t e r i l e  

c o n d i t i o n s  In a medium c o n t a i n i n g  0 . 2 5  M s u c r o s e ,  0 . 0 1  M T r l s -
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C l ,  pH 7 . 8 ,  and 0 . 0 0 1  h EDTA ( sodi um s a l t )  by t h e  method o f  

B e a t t i e  ( 9 1 ) .  T h i s  y i e l d e d  a p e l l e t  3% c o n t a m i n a t e d  w i t h  

mi c r o s o ma l  p r o t e i n  as d e t e r m i n e d  by g l u c o s e  6 - p h o s p h a t a s e  

a c t i v i t y .

2.  G r owt h o f  Yeas t and P r e p a r a t i o n  o f  M I t o c h o n d  r i a

A d i p l o i d  s t r a i n  o f  Saccha romyces c e r e v I s  i ae was grown  

w i t h  e i t h e r  1% g l u c o s e  o r  5% g l u c o s e  as an e n e r g y  s o u r c e  In 

t h e  medium p r e v i o u s l y  d e s c r i b e d  by Ktm and B e a t t i e  ( 7 7 ) .  The 

c e l l s  we r e  h a r v e s t e d  by c e n t r i f u g a t i o n  f o r  t en  m i n u t e s  a t  

1000 x g ,  washed once w i t h  w a t e r  and once w i t h  0 . 2 5  M m a n n i t o l ,  

0 . 0 1  M T r l s ,  pH 7 * 4 ,  and 0 . 0 0 1  M EDTA and t hen  b r oke n  in a 

B r o n w l l l  M e c h a n i c a l  S h a k e r  a t  4000 RPM f o r  20 s e c o nds .  The 

combi ned s u p e r n a t a n t s ,  a f t e r  wa s h i ng  t he  b e a d s ,  wer e  c e n t r i ­

f uged a t  600 x g f o r  t en  m i n u t e s  t h r e e  t i m e s  t o  remove unbr oken  

c e l l s  and n u c l e i .  The s u p e r n a t a n t  was t h e n  c e n t r i f u g e d  a t  

1 7 * 0 0 0  x g f o r  t en m i n u t e s  and t he  p e l l e n t  c o n t a i n i n g  m i t o ­

c h o n d r i a  washed t h r e e  t i me s  w i t h  m a n n I t o l - T r i s - E D T A  medium 

and r e c e n t r i f u g e d  f o r  t e n  m i n u t e s  a t  1 7 , 0 0 0  x g.  The f i n a l  

m i t o c h o n d r i a l  p e l l e t  was r e s u s p e n d e d  In m a n n i t o l - T r 1s-EDTA t o  

a f i n a l  c o n c e n t r a t i o n  o f  6 - 8  mg/ml  o f  p r o t e i n .  The above  

s t e p s  wer e  p e r f o r me d  under  s t r i c t l y  s t e r i l e  c o n d i t i o n s ;  a l l  

g l a s s w a r e  and s o l u t i o n s  wer e  a u t o c l a v e d  p r i o r  t o  u s e .

8 .  Amino A c i d  I n c o r p o r a t i o n  S t u d i e s
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1 . J_n_ V i t r o  L a b e l  1 ng o f  Rat  L i v e r  M t t o c h o n d  r  1 a

Amino a c i d  I n c o r p o r a t i o n  i n t o  m i t o c h o n d r i a l  p r o t e i n  i n 

v i t r o  was d e t e r m i n e d  u s i n g  m i t o c h o n d r i a  o b t a i n e d  under  s t e r i l e  

c o n d i t i o n s  ( 6 ) .  The f o u r  t i me s  washed l i v e r  m i t o c h o n d r i a l  

p e l l e t  was r e s u s p e n de d  In 0 . 2 5  M s u c r o s e  t o  a f i n a l  c o n c e n -  

t r t t l o n  o f  6 “8 mg/ml  o f  p r o t e i n  and i n c u b a t e d  In a medium c on­

t a i n i n g  50 mM B l c i n e  b u f f e r ,  pH 7 - 6 ,  90 mM KC1,  10 mM M g C l j *  

i mM EDTA, 5 mM p h o s p h a t e ,  pH 7 . 6 .  2 2 . 5  U9 o f  a c o m p l e t e  amino  

a c i d  m i x t u r e  minus l e u c i n e ,  as d e s c r i b e d  by Roodyn e_t_ aj_. ( 2 ) ,

0 . 2 5  y C 1 pe r  ml o f  u n i f o r m l y  l a b e l e d  ( '  **C) 1 euc I ne , 5 mM phos-  

p h o e n o 1p y r u v a t e , 2 mM ATP,  and 10 Ug o f  p y r u v a t e  k i n a s e .  In 

o t h e r  e x p e r i m e n t s  i n v o l v i n g  t h e  i o n i c  s t r e n g t h  o f  t he  medium,  

v a r i o u s  c o n c e n t r a t i o n s  o f  K C I , NH^Cl and p h o s p h a t e  wer e  added  

as I n d i c a t e d  in t he  l e g e n d s  t o  t he  t a b l e s .  A l s o ,  tn some o f  

t h e  f r a c t i o n a t i o n  s t u d i e s ,  h i g h e r  c o n c e n t r a t i o n s  o f  ( '  ** C) I euc I ne 

and { ) l | , 5 -  l - 1 euc I ne we r e  u t i l i z e d  as I n d i c a t e d  In t he  a p ­

p r o p r i a t e  t a b l e s  and f i g u r e s .  A f t e r  30 m i n u t e s  i n c u b a t i o n  a t  

3 0 ° C I n  a m e t a b o l i c  s h a k e r ,  t h e  I n c u b a t i o n  was t e r m i n a t e d  by 

t h e  a d d i t i o n  o f  10 mM u n l a b e l e d  l e u c i n e  f o l l o w e d  by p r e c i p i ­

t a t i o n  w i t h  5 % t r i c h l o r o a c e t i c  a c i d .  The p r o t e i n s  wer e  t hen  

p r e p a r e d  f o r  c o u n t i n g .  When f r a c t i o n a t i o n  s t u d i e s  wer e  em­

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

and t he  m i t o c h o n d r i a  wer e  r e i s o l a t e d  a t  1 2 , 0 0 0  x g f o r  t en  

m i n u t e s .  The m i t o c h o n d r i a l  p e l l e t  was t h e n  washed two t i me s  

In s u c r o s e  c o n t a i n i n g  u n l a b e l e d  l e u c i n e  ( 10  mM, f i n a l  c o n ­

c e n t r a t i o n )  p r i o r  t o  f r a c t i o n a t i o n .
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2 ■ J_n. V 1 vo  L a b e l  1 ng o f  Y e a s t  HI t o c h o n d r  1 a

Ye a s t  c e l l s  we r e  h a r v e s t e d  as d e s c r i b e d  above  by c e n t r i ­

f u g a t i o n  a t  1 , 0 0 0  x g and washed once w i t h  w a t e r .  The c e l l s  

wer e  suspended t o  a f i n a l  c o n c e n t r a t i o n  o f  250 mg/ml  in 0 . 0 5  

M p h o s p h a t e  b u f f e r ,  pH 7 - A ,  c o n t a i n i n g  0 . 1% g l u c o s e .  C y c l o -  

h e x l m i d e  ( 1 0 0  y g / m l ) was added and t h e  c u l t u r e  I n c u b a t e d  f o r  

f i f t e e n  m i n u t e s  p r i o r  to a d d i t i o n  o f  5 0 - 6 0  y C | / m l  o f  ( 3 h ) A , 5 “ 

L - l e u c I n e .  A f t e r  I n c u b a t i o n  f o r  t h i r t y  mi n u t e s  a t  3 0 ° C ,  10 

mH u n l a b e l e d  l e u c i n e  was added and t h e  i n c u b a t i o n  c o n t i n u e d  

f o r  f i f t e e n  m i n u t e s .  The c e l l s  wer e  t hen h a r v e s t e d  and 

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

3 .  _ljl V I v °  S t u d i e s  o f  Am I no Ac Id 1n c o r p o r a t I o n  In 

Rat  L i v e r

C y c 1o h e x I m 1d e , d i s s o l v e d  tn 0 . 9% s a l i n e ,  was I n j e c t e d  

1n t r a p e r I t o n e a I  1y t o  a d u l t  mal e  r a t s  w e i g h i n g  l e s s  t h a n  150 g 

a t  a dosage  o f  5 mg/ 10 0  g body w e i g h t .  F i f t e e n  m i n u t e s  l a t e r  

t he  a n i m a l s  r e c e i v e d  500 yCj  o f  ( ) A , 5 " L -  1e u c I n e  by I n t r a -  

p e r l t o n e a l  i n j e c t i o n .  The a n i m a l s  wer e  k i l l e d  a f t e r  two 

h o u r s .  L i v e r  m i t o c h o n d r i a  we r e  p r e p a r e d  and f r a c t i o n a t e d  as 

d e s c r i b e d  in t h e  f o l l o w i n g  s e c t i o n s .

A . J_r̂  V 11 ro Labe 1 I ng o f  Yeas t H I t ochond r t a

M i t o c h o n d r i a  wer e  i n c u b a t e d  In a medium c o n t a i n i n g  90  mH
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KC1,  50 mH p h o s p h a t e ,  pH 7 - 6 ,  50 mM B t c l n e  b u f f e r ,  pH 7 * 6 ,

10 mM M g C l j ,  1 mM EDTA, 2 2 . 5  ug o f  a c o m p l e t e  ami no a c i d  m i x ­

t u r e  mi nus l e u c i n e  as d e s c r i b e d  by Roodyn e_t_ aj_. ( 2 ) ,  0 . 5  MC] 

per  ml o f  u n i f o r m l y  l a b e l e d  ( ' ) 1 euc I n e , 2 . 0  mM ATP,  5 . 0  mM 

p h o s p h o e n o 1 p y r u v a t e , 2 . 0  yg o f  p y r u v a t e  k i n a s e  and 2 . 0  mg o f  

m i t o c h o n d r i a l  p r o t e i n  tn a f i n a l  vo l ume o f  2 . 0  m l .  A f t e r  15 

min a t  30°C tn a m e t a b o l i c  s h a k e r ,  t h e  I n c u b a t i o n  was t e r m i ­

n a t e d  by a d d i t i o n  o f  10 mM l e u c i n e  f o l l o w e d  by p r e c i p i t a t i o n  

w i t h  5$ t r i c h l o r o a c e t i c  a c i d .  L a b e l e d  p r o t e i n s  we r e  p r e p a r e d  

f o r  c o u n t i n g  as d e s c r i b e d  In s e c t i o n  G.

C. F r a c t i o n a t i o n  P r o c e d u r e s

1 . A c e t I c  Ac I d - Lubr o l

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

o f  5 mg/ml  and e x t r a c t e d  w i t h  1 . 4 $  a c e t i c  a c i d  ( f i n a l  c o n ­

c e n t r a t i o n ) ,  f o r  t h i r t y  m i n u t e s  a t  0*C as d e s c r i b e d  by Z a h l e r  

e t  a I . ( 5 5 ) *  The I n s o l u b l e  r e s i d u e  was removed by c e n t r i f u g a ­

t i o n  a t  8Q000 x g f o r  one h o u r .  The p e l l e t  was washed once  

w i t h  t h e  o r i g i n a l  vol ume o f  1 . 4 $  a c e t i c  a c i d  and r e c e n t r l -  

f uged a t  1 0 0 , 0 0 0  x g f o r  one h o u r .  The r e s u l t i n g  p e l l e t  was 

r e s u s p e n de d  t o  a c o n c e n t r a t i o n  o f  10 mg/ml  in i s o l a t i o n  medium 

and t h e  n o n - i o n i c  d e t e r g e n t  L u br o l  was added a t  a c o n c e n t r a ­

t i o n  o f  I m g / l 0  mg p r o t e i n .  The s u s p e n s i o n  was c e n t r i f u g e d  

a t  8 0 , 0 0 0  x g f o r  one h o u r .  The r e s u l t i n g  p e l l e t  was washed  

w i t h  d i s t i l l e d  HjO and r e c e n t r i f u g e d  a t  8 0 , 0 0 0  x g f o r  one h r .
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2.  KC1 Ext  r a c t t o n s

The washed m i t o c h o n d r i a l  p e l l e t  a f t e r  I n c u b a t i o n  was r e -  

suspended In 0 . 4  N KC1,  f r o z e n ,  t ha we d ,  and c e n t r i f u g e d  a t

1 2 . 0 0 0  x g f o r  t en  m i n u t e s .  The r e s u l t i n g  p e l l e t  was r e s u s ­

pended In 0 . 4  N KC1,  f r o z e n ,  t ha we d ,  and r e c e n t r 1f uged a t

1 7 . 0 0 0  x g f o r  t e n  m i n u t e s .

3 • Son 1ca 1 1 on

The washed m i t o c h o n d r i a l  p e l l e t  was r e s uspended  in i s o l a ­

t i o n  medium to a f i n a l  c o n c e n t r a t i o n  o f  1 - 2  mg / ml .  S o n i c a t i o n  

was empl oyed a t  maximum o u t p u t  o f  an U l t r a s o n i c  Model  W185D 

s o n i f i e r  f o r  f i f t e e n  s e c o nds .  The s o n i c a t e d  m i t o c h o n d r i a  wer e  

c e n t r i f u g e d  a t  1 6 4 , 0 0 0  x g f o r  t h i r t y  m i n u t e s .

4 . Ph o s p h a t e  Ext  r a c t  i on

The method o f  Coote and Work was empl oyed ( 9 ) •  The washed  

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

suspended a t  a c o n c e n t r a t i o n  o f  10 mg/ml  In 0 . 0 5  M p h o s p h a t e  

(pH 1 1 . 0 )  and c e n t r i f u g e d  i m m e d i a t e l y  a t  2 5 , 0 0 0  x g f o r  t h i r t y  

m i n u t e s .

5 ■ I n n e r  Hemb r ane  F r a c t i o n

I n n e r  membrane f r a c t i o n s  wer e  p r e p a r e d  as d e s c r i b e d  by

Sc hna l t ma n  and G r e e n a w a l t  ( 7 ) .  The p e l l e t  o b t a i n e d  by c e n t r i ­

f u g i n g  t he  d t g t t o n t n  t r e a t e d  m i t o c h o n d r i a  was washed t w i c e  by 

r e s u s p e n d t n g  tn t h e  same vol ume o f  s u c r o s e - T r 1s-EDTA and c e n t r i ­

f u g i n g  a t  9 0 0 0  x g.  The r e s u l t i n g  p e l l e t  was r e s u sp e n de d  t o  a 

c o n c e n t r a t i o n  o f  6 - 8  mg/ml  and used f u r t h e r  f o r  amino acTd 

I n c o r p o r a t i o n  s t u d i e s .
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D. F r a c t i o n a t i o n  o f  P r o t e o l i p l d s

1 . Met hod J_

S u b m l t o c h o n d r I  a 1 p a r t i c l e s  c o n t a i n i n g  5 mg o f  p r o t e i n  

wer e  suspended to 1 ml In I s o l a t i o n  medium and e x t r a c t e d  w i t h  

9 ml o f  c h I o r o f o r m : met hanol  ( 2 : 1 , v / v )  f o r  t h i r t y  m i n u t e s  a t  

room t e m p e r a t u r e .  The e x t r a c t s  wer e  c e n t r i f u g e d  a t  maximum 

speed In a c l i n i c a l  c e n t r i f u g e .  The l o w e r  l a y e r  was washed  

once w i t h  5 ml o f  HjO and t h r e e  t i me s  w i t h  10 ml o f  c h l o r o ­

for m : m e t h a n o 1 : w a t e r  ( 3 : ^ 8 : ^ 7 )  ( 9 2 ) .  In some e x p e r i m e n t s ,  t h e

I n i t i a l  c h i o r o f o r m : me t h a no l  e x t r a c t  was used w i t h o u t  t he  

w a s h e s .

2 . Method 2_

S u b m I t o c h o n d r I  a I p a r t i c l e s  c o n t a i n i n g  5 mg o f  p r o ­

t e i n  we r e  suspended In I ml o f  I s o l a t i o n  medium and e x t r a c t e d  

w i t h  10 ml o f  $0% m e t h a n o l .  The p e l l e t  a f t e r  c e n t r i f u g a t i o n  

a t  1000 x g was t hen e x t r a c t e d  w i t h  2 ml o f  c h l o r o f o r m :  

me t h a no l  ( 2 : 1 ,  v / v )  and i n c u b a t e d  a t  50°C f o r  t h i r t y  m i n u t e s .  

The m i x t u r e s  wer e  c e n t r i f u g e d  a t  1000 x g and t he  r e s i d u e  e x ­

t r a c t e d  a second t i m e  w i t h  c h I o r o f o r m : m e t h a n o 1 ( 8 9 ) *

3 .  Method ^

S u b m I t o c h o n d r I  a 1 p a r t i c l e s  we r e  l y o p h l l i z e d  and t hen
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e x t r a c t e d  w i t h  10 ml o f  c h i o r o f o r m : m e t h a n o l  ( 2 : 1 ,  v / v ) .  The 

c h 1o r o f o r m : methano 1 s o l u b l e  f r a c t i o n  was used as such ( 9 3 ) -

E.  P r e p a r a t i o n  o f  E x t r a c t s  and Res i due s  f o r  C o u n t i n g  and

Gel  E l e c t r o p h o r e s i s

The e x t r a c t s  and r e s i d u e s  f r om a l l  methods wer e  d r i e d  

un de r  a s t r e a m  o f  n i t r o g e n  a t  5 0 “ C and d i s s o l v e d  In 1% SDS 

f o r  c o u n t i n g  and p r o t e i n  d e t e r m i n a t i o n ,  o r  In t he  medium used 

f o r  ge l  e l e c t r o p h o r e s i s  ( 8 5 ) .  P o l y a c r y l a m i d e  ge 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  on 10 cm g e l s  as d e s c r i b e d  by T z a g o l o f f  

( 9 4 ) .

F.  Gel  E l e c t r o p h o r e s i s

1.  Pr epa  r a t  Ion o f  Memb r ane  F r a c t i o n s  f o  r El e c t r o p h o r e s  I s

The v a r i o u s  membranous f r a c t i o n s  wer e  r e s u s p e n d e d  In 

I s o l a t i o n  medium a t  a c o n c e n t r a t i o n  o f  1 - 2  mg / ml ,  s o n i f i e d  

a t  maximum o u t p u t  f o r  f i f t e e n  s e c o n d s ,  and c e n t r i f u g e d  a t

1 6 4 , 0 0 0  x g f o r  t h i r t y  m i n u t e s .  The p e l l e t s  we r e  e x t r a c t e d  

w i t h  f i v e  vol umes o f  5% t r i c h l o r o a c e t i c  a c i d .  The p r e c i p i ­

t a t e d  p r o t e i n s  wer e  washed t h r e e  t i me s  w i t h  d i s t i l l e d  H2 O 

and d i s s o l v e d  In a s o l v e n t  syst em c o n t a i n i n g  10% g l y c e r o l  

( w / v ) , 1% SDS,  1% m e r c a p t o e t h a n o l , 0 . 0 1  M p h o s p h a t e  b u f f e r  

(pH 7 - 1 ) *  and 0 . 0 02 % Bromphenol  B l ue  a t  a p r o t e i n  c o n c e n t r a ­

t i o n  o f  2 mg/ml  ( 9 4 ) ,  To I n s u r e  monomer 1z a t 1 o n , t h e  p r o t e i n
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s o l u t i o n  was h e a t e d  a t  70*C f o r  t w e n t y  m i n u t e s .  The p r o t e i n s  

we r e  s e p a r a t e d  on 7 o r  10 cm g e l s  a c c o r d i n g  to t h e  method o f  

Weber and Osborn ( 6 1 ) .  The e l e c t r o p h o r e s i s  was c a r r i e d  out  

a t  room t e m p e r a t u r e  a t  e i t h e r  o f  two c o n d i t i o n s :

( 1 )  8 ma / g e l  (7%) f o r  a p p r o x i m a t e l y  3"** h o u r s .

( 2 )  3 m a / g e l  (10%)  f o r  a p p r o x I m a t e 1y 1 6 - 2 ^  h o u r s .

Ge l s  wer e  s t a i n e d  o v e r n i g h t  w i t h  2% Coomassl e  Bl ue  In m e t h a n o l -  

a c e t i c  a c t d - H 20 ( 5 : 1 : 5 )  and wer e  d e s t a l n e d  e 1e c t r o p h o r e t I c a 1 I y 

In t he  same s o l v e n t  s y s t e m.  The g e l s  wer e  scanned a t  5^0 nm 

In a G i l f o r d  s p e c t r o p h o t o m e t e r , e q u i p p e d  w i t h  s c a n n i n g  e q u i p ­

me nt .

2 .  GeI  E l e c t  ropho res I s o f  Y e a s t  MI t oc h ond  r I  a

M i t o c h o n d r i a  wer e  suspended In mannI  t o  1- T r I s - E O T A  a t  a 

c o n c e n t r a t i o n  o f  10 mg/mt and s o n i c a t e d  f o r  15 seconds a t  

maximum o u t p u t  In a Bronson S o n i f l e r .  The membranes wer e  

I s o l a t e d  by c e n t r i f u g a t i o n  a t  1 5 0 , 0 0 0  x g f o r  t h i r t y  m i n u t e s .  

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

l i v e r  m i t o c h o n d r i a  In s e c t i o n  F I .

3 - S t a n d a r d s  and Ca1 I b r a t  fon

Gel s  we r e  c a l i b r a t e d  a c c o r d i n g  t o  t h e  method o f  Weber  

and Osborn ( 6 1 ) .  S t a n d a r d s  used we r e  I n s u l i n  (B c h a i n ) ,  c y t o ­

chrome £ ,  c h y m o t r y p s I  n o g e n , t r y p s i n ,  p e p s i n ,  a l c o h o l  d e h y d r o ­

g e n a s e ,  o v a l b u m i n ,  and b o v i n e  serum a l b u m i n .
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4 . Count  tng o f  Gels

Gel s wer e  s l i c e d  I n t o  1 . 0  mm o r  2 . 0  mm s l i c e s ,  d e p e n d i n g  

on t he  e x p e r i m e n t ,  w i t h  a G i l s o n  Model  B - 1 0 0  A l i q u o g e l  Gel  

S l t c e r ,  a n d 0 . 5  ml o f  hydr ogen  p e r o x i d e  was added a u t o m a t i c a l l y .  

The g e l s  we r e  h e a t e d  o v e r n i g h t  a t  50°C or  u n t i l  c o m p l e t e l y  

d i s s o l v e d .  Ten ml o f  B r a y ' s  s o l u t i o n  ( 9 5 )  o r  f i v e  ml o f  

T o l u e n e  c o u n t i n g  s o l u t i o n  ( 9 6 )  wer e  added ,  d e p e n d i n g  on t he  

t y p e  o f  c o u n t i n g  v i a l s  u t i l i z e d .  The r a d i o a c t i v i t y  was d e ­

t e r m i n e d  In a Pa c k a r d  S c i n t i l l a t i o n  C o u n t e r  w i t h  an e f f i c i e n c y  

f o r  l i , C o f  77% and o f  25% In B r a y ' s  s o l u t i o n  and 901 f o r  

and 27% f o r  In t h e  T o l u e n e  c o u n t i n g  s o l u t i o n .  In t he  

case o f  t h e  d o u b l e  l a b e l  e x p e r i m e n t ,  t h e  amount  o f  c r o s s o v e r  

o f  i n t o  t h e  3h c h a n n e l  was c a l c u l a t e d  and s u b t r a c t e d  f rom

t h e  t o t a l  c o u n t s .

G. P r o t e i n  A n a l y s i s

P r o t e i n  c o n c e n t r a t i o n s  we r e  d e t e r m i n e d  by t h e  method o f  

Lowry ej^ £j_.  ( 9 7 )  o r  by t he  B i u r e t  method d e s c r i b e d  by

G o r n a l l  et^ aj_. ( 9 8 ) .  P r o t e i n s  we r e  p r e p a r e d  f o r  c o u n t i n g  by 

p r e v i o u s l y  d e s c r i b e d  methods ( 6 ) .

H . M a t e r  I a 1s

U n i f o r m l y  l a b e l e d  (*  ) L - 1 euc I ne ( 250  mCj / mmol e )  and 

( ^ H ) k , 5 ~ L - 1e u c I n e  ( 30  C | / mm o l e )  wer e  o b t a i n e d  f r om New Engl and
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N u c l e a r .  ATP,  PEP,  o l l g o m y c l n ,  p y r u v i c  k i n a s e ,  SOS,  a n t l m y c i n  

A, a t r a c t y I  os I d e , c o r d y c e p t n ,  c h l o r a m p h e n i c o l ,  e r y t h r o m y c i n ,  

e y e l o h e x I m I d e , e m e t i n e ,  and t he  s t a n d a r d s  used f o r  ge l  c a l i ­

b r a t i o n  wer e  o b t a i n e d  f r om Si gma.  L l n c o m y c i n  and s p a r s o my c l n  

wer e  o b t a i n e d  f r om Up j o hn;  a c t l n o m y c l n  D was o b t a i n e d  f r om  

Me r c k ,  S h a r p e ,  and Dohme; R l f a m p l c l n  and v a l l n o m y c l n  wer e  o b ­

t a i n e d  f rom P f i z e r ;  Ch1o r o p r o m a z i n e  was o b t a i n e d  f r om S m i t h ,  

K l i n e ,  and Fr ench L a b o r a t o r i e s .  A c r y l a m t d e ,  B I s a c r y 1 am 1d e , 

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 ,  and ODC we r e  o b t a i n e d  f r o m E a s t -  

man.  A 11y 1 I sop r opy 1 ace  tarn I de  was o b t a i n e d  f r om H o f f m a n -  

La Roche.  L u b r o l  was g i f t  o f  I CI  A m e r i c a n ,  I n c .  T r i t o n  

X- 1 0 0  was p u r c h a s e d  f r om Rohm and Haas .

I V .  RESULTS

A. KCI C o n c e n t r a t i o n

In p r e v i o u s  s t u d i e s  o f  ami no a c i d  I n c o r p o r a t i o n  by i s o ­

l a t e d  r a t  l i v e r  m i t o c h o n d r i a  ( 4 , 5 4 ) ,  a s o l u t i o n  o f  0 . 1 5 4  M 

KC1 was added t o  t h e  i n c u b a t i o n  medium t o  b r i n g  t h e  f i n a l  

vol ume to 2 ml .  The f i n a l  c o n c e n t r a t i o n  o f  KC1 o b t a i n e d  In 

t h i s  manner  was g e n e r a l l y  5 0 - 6 0  mM KC1. As seen I n T a b l e  I 

an o p t i m a l  r a t e  o f  ami no a c i d  i n c o r p o r a t i o n  was o b t a i n e d  a t  

90 mM KCI under  a l l  c o n d i t i o n s ;  h o we v e r ,  r a i s i n g  t h e  c o n c e n ­

t r a t i o n  o f  KCI f r om 60 t o  90 mM o n l y  I n c r e a s e d  201 t he  I n c o r ­

p o r a t i o n  r a t e .  The o m i s s i o n  o f  KC1 and s u b s t i t u t i o n  o f  s u c r o s e  

t o  m a i n t a i n  t h e  m o l a r i t y  r e s u l t e d  In a 75% d e c r e a s e  in the



TABLE I

E f f e c t  o f  KC1 c o n c e n t r a t i o n ,  p h o s p h a t e  and NH^Cl on 

Amino Act d I n c o r p o r a t i o n .

Cond11 i on s c pm/mg
60 90 120 mM KC 1

No p h o s p h a t e 726 782 622

5 mM ph o s p h a t e 995 1 180 1 060

+ 10 mM NHjjC1 8 ̂  it 990 938

Rat  l i v e r  m i t o c h o n d r i a  ( 2 - 3  mg) wer e  I n c u b a t e d  f o r  30 

mln a t  30°C in 2 ml o f  a medium c o n t a i n i n g  50 mM B l c i n e ,  pH 

7 . 6 ,  10 mM MgCl 2 , I mM EDTA, 2 2 . 5  wg o f  an ami no a c i d  m i x t u r e ,  

2 mM ATP,  5 mM PEP,  2.0 pg o f  p y r u v i c  k i n a s e  and t he  c o n c e n ­

t r a t i o n  o f  KC1,  p h o s p h a t e ,  (pH 7 * 6 )  and NH^Cl as I n d i c a t e d .
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i n c o r p o r a t i o n  r a t e .  The a d d i t i o n  o f  5 mM p h o s p h a t e  i n c r e a s e d  

t he  r a t e  o f  ami no a c i d  i n c o r p o r a t i o n  a p p r o x i m a t e l y  50% a t  a l l  

c o n c e n t r a t i o n s  o f  KC1.  The a d d i t i o n  o f  10 mM NH^Cl was s l i g h t l y  

i n h i b i t o r y .

B. E f f e c t  o f  p h o s p h a t e  and M e r s a l y l

The o p t i m a l  c o n c e n t r a t i o n  o f  p h o s p h a t e  f o r  ami no a c i d  

i n c o r p o r a t i o n  by i n t a c t  r a t  l i v e r  m i t o c h o n d r i a  was 5 mM 

( T a b l e  I I ) .  H i g h e r  c o n c e n t r a t i o n s  we r e  s l i g h t l y  I n h i b i t o r y ,  

in t h e  abse nce  o f  p h o s p h a t e ,  t he  r a t e  o f  i n c o r p o r a t i o n  was 

l o we r e d  n e a r l y  30%. L i k e w i s e ,  a d d i t i o n  o f  m e r s a l y l ,  a 

s p e c i f i c  I n h i b i t o r  o f  p h o s p h a t e  t r a n s p o r t ,  caused a 30% i n ­

h i b i t i o n  o f  t he  I n c o r p o r a t i o n  r a t e .  The r e q u i r e m e n t  f o r  

p h o s p h a t e  was more pr onounced when ATP was g e n e r a t e d  f r om  

s u c c i n a t e  and ADP by t h e  r e s p i r a t o r y  c h a i n .  The I n c o r p o r a ­

t i o n  r a t e  in t he  abse nce  o f  p h o s p h a t e  was d e c r e a s e d  60%.  The 

a d d i t i o n  o f  m e r s a l y l  caused a 70% I n h i b i t i o n  In t he  p r e s e n c e  

o f  ADP and s u c c i n a t e .  In s t u d i e s  w i t h  t h e  I n n e r  membrane-  

m a t r l x  f r a c t i o n ,  t he  o m i s s i o n  o f  p h o s p h a t e  f r om t he  medium 

o n l y  r e s u l t e d  in a 13% d e c r e a s e  In ami no a c i d  I n c o r p o r a t i o n .  

M e r s a l y l  a l s o  caused a 16% I n h t b 1 1 1 o n . o f  t h e  i n c o r p o r a t i o n  o f  

t h e  f  r a c t  t o n .

C. E f f e c t  o f  Ammonium Ions

S e v e r a l  groups ( 8 , 9 , 9 9 )  have r e p o r t e d  s t i m u l a t i o n  o f  ami no
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TABLE I I

E f f e c t  o f  Ph o s p h a t e  on Amino Ac i d  I n c o r p o r a t i o n  By 

I n t a c t  M i t o c h o n d r i a  and t he  I n n e r  M e m b r a n e - M a t r I x  F r a c t i o n .

I n c u b a t i o n  C o n d i t i o n s
Phos pha t e  

Concen t r a t  I on
ATP-PEP 

M i t o c h o n *  I n n e r  
d r i a  Membrane  

cpm/mg

A DP- Su c c I n a  te  
M I t o c h o n d  r 1 a

cpm/mg

None 1 2 k 0 1930 735

5 mM t 700 2210 1835

1 0 mM i 500

20 mM 1 200

5 mM and
M e r s a l y l 1220 1850 566

M i t o c h o n d r i a  o r  t h e  I n n e r  m e m b r a n e - m a t r I x  f r a c t i o n  wer e  

I n c u b a t e d  as d e s c r i b e d  in t he  l e gend  t o  T a b l e  I w i t h  t h e  

a d d i t i o n  o f  90 mM KC1.

F i n a l  c o n c e n t r a t i o n  o f  m e r s a l y l  was 3 mM.



a c t d  I n c o r p o r a t i o n  when NH^ + I ons  a r e  p r e s e n t  In t h e  I n c u ­

b a t i o n  medium.  The a d d i t i o n  o f  10 mM NH^CI t o  t h e  medium 

c o n t a i n i n g  90 mM KCt ,  5 mM p h o s p h a t e ,  and t h e  ATP g e n e r a t i n g  

s y s t e m,  a p p e a r e d  t o  cause  a s l i g h t  I n h i b i t i o n  ( T a b l e  I ) .  In 

t he  second s e r i e s  o f  e x p e r i m e n t s  ( F i g u r e  1 ) ,  v a r i o u s  c o n ­

c e n t r a t i o n s  o f  NHjfCl wer e  s u b s t i t u t e d  f o r  t he  KC 1 in t he  

medium w h i l e  the I o n i c  s t r e n g t h  was m a i n t a i n e d  a t  a c o n s t a n t  

v a l u e .  A 30% d e c r e a s e  in t he  r a t e  o f  I n c o r p o r a t i o n  was o b ­

s e r v e d  when t he  I o n i c  c o m p o s i t i o n  was 30 mM NH^Cl and 60 mM 

KCI as compared w i t h  90 mM KC1 a t o n e .  Amino a c i d  I n c o r p o r a ­

t i o n  p r o c e e d e d  a t  a r a t e  n e a r l y  40% l o w e r  when KC1 was com­

p l e t e l y  o m i t t e d  and r e p l a c e d  w i t h  NHi,Cl a t  a c o n c e n t r a t i o n  

of  90 mM. Amino a c i d  i n c o r p o r a t i o n  by t h e  i n n e r  membrane-  

m a t r l x  f r a c t i o n  was a l s o  I n h i b i t e d  by NH^+ i o n s ,  bu t  not  t o  

t he  same e x t e n t .  The r e p l a c e m e n t  o f  KC1 w i t h  NH^Cl r e s u l t e d  

In o n l y  a 23% d e c r e a s e  In t h e  I n c o r p o r a t i o n  r a t e .

D. E f f e c t  o f  Sodium Ions

As seen In F i g u r e  2 ,  t h e  a d d i t i o n  o f  10 mM NaCI  t o  t h e  

I n c u b a t i o n  medium c o n t a i n i n g  90 mM KC1 caused a 20% I n h i b i ­

t i o n  o f  t h e  I n c o r p o r a t i o n .  The s u b s t i t u t i o n  o f  i n c r e a s i n g  

amounts o f  NaCI  f o r  KC1 a t  a c o n s t a n t  t o n i c  s t r e n g t h  r e s u l t e d  

In a g r e a t l y  d i m i n i s h e d  r a t e  o f  ami no a c i d  I n c o r p o r a t i o n .

The c o m p l e t e  r e p l a c e m e n t  o f  KC1 w i t h  NaCI  r e s u l t e d  in a 65% 

d e c r e a s e  In t h e  i n c o r p o r a t i o n  r a t e .  S i m i l a r  r e s u l t s  wer e  

o b t a i n e d  w i t h  t h e  i n n e r  m e m b r a n e - f r a c t I  on .
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2 ,500

Inner membrane2,000

o- 1,500 # \ <

Mitochondria

1,000

90 80  70 60 50 4 0  50 20 10 0
KCI CONCENTRATION ( m M )

i i I i i I I I 1 I
0 10 20 30 40  50 60 70 80 90  

NH4CI CONCENTRATION (mM)

F i g u r e  1.  The e f f e c t  o f  s u b s t i t u t i n g  NH^Cl f o r  KCI In t h e  
I n c u b a t i o n  medium f o r  ami no a c i d  I n c o r p o r a t i o n .  
M i t o c h o n d r i a  ( • — —• )  o r  t h e  I n n e r  membrane-ma t r  I x
f r a c t i o n  ( o  o ) we r e  i n c u b a t e d  as d e s c r i b e d  In t h e
Legend t o  Tab 1e 1.
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F i g u r e  2 .  The e f f e c t  o f  s u b s t i t u t i n g  NaCI  f o r  KCI I n  t he  
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f r a c t i o n  (o o)  we r e  I n c u b a t e d  as d e s c r i b e d  In
t h e  Legend t o  T a b l e  I .
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E. ATP C o n c e n t r a t i o n

The o p t i m a l  c o n c e n t r a t i o n  o f  ATP f o r  ami no a c i d  i n c o r ­

p o r a t i o n  In t he  p r e s e n c e  o f  p h o s p h o e n o l p y r u v a t e  and p y r u v i c  

k i n a s e  was 2 mM w i t h  bo t h  i n t a c t  l i v e r  m i t o c h o n d r i a  and the  

i s o l a t e d  I n n e r  m e m b r a n e - m a t r I x  f r a c t i o n  ( F i g u r e  3 ) .  In the  

abse nce  o f  exogenous ATP,  t h e  r a t e s  o b s e r v e d  w i t h  l i v e r  m i t o ­

c h o n d r i a  d e c r e a s e d  to 10% o f  t h a t  o b s e r v e d  when 2 mM ATP was 

p r e s e n t .  The I n c u b a t i o n  medium was t hus  s t a n d a r d i z e d  t o  c o n ­

t a i n  90 mM KCI ,  5 mM p h o s p h a t e ,  and 2 mM ATP In a l l  f u r t h e r  

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

s t r a t e s  wer e  r o u t i n e l y  used and KOH was used t o  n e u t r a l i z e  

a l l  so I u t I o n s .

F.  E f f e c t  o f  ATP R e g e n e r a t i n g  System and S u c c i n a t e  Pl us

AOP on Amino Aci d  I n c o r p o r a t i o n

As can be seen in T a b l e  M l ,  i d e n t i c a l  r a t e s  o f  ami no  

a c i d  i n c o r p o r a t i o n  wer e  o b t a i n e d  us i n g  e i t h e r  t h e  ATP r e ­

g e n e r a t i n g  s ys t em o r  s u c c i n a t e  p l u s  ATP.  The ami no a c i d  I n ­

c o r p o r a t i o n  r a t e  measur ed In t h e  p r e s e n c e  o f  ATP and PEP o r  

ATP and s u c c i n a t e  wer e  bo t h  I n h i b i t e d  by a t r a c t y I  o s i d e , t h e  

I n h i b i t o r  o f  t h e  a d e n i n e  t r a n s l o c a s e  ( 1 3 ) -  Ho we v e r ,  a t r a c -  

t y l o s l d e ,  caus ed  a 60- 70% i n h i b i t i o n  in t h e  ATP-PEP syst em  

bu t  much l e s s  I n h i b i t i o n  In t h e  A T P - s u c c I n a t e  s y s t e m.  In 

t h e  A T P - s u c c I n a t e  s y s t e m,  a n t l m y c t n  A caused  a 90% I n h i b i t i o n  

o f  t h e  I n c o r p o r a t i o n  r a t e  as compared t o  a 30% I n h i b i t i o n
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TABLE I I I

E f f e c t  o f  I n h i b i t o r s  on Amino Ac i d  I n c o r p o r a t i o n  when 

ATP Is G e n e r a t e d  Under  D i f f e r e n t  C o n d i t i o n s .

Add 111 on s
cpm/mg

ATP-PEP ATP -
Suc c 1n a t e

None 2170 1920

+ a t r a c t y 1 os?de ( 50  yM) 883 1 270

+ o l l g o m y c l n  (5 y g / m l ) 2260 1090

+ a n t l m y c l n  A ( 2 . 5  P g / m l ) 1 360 131

M i t o c h o n d r i a  we r e  I n c u b a t e d  as d e s c r i b e d  In t h e  l e g e n d s  

t o  Tab 1es I and I I .

F i n a l  c o n c e n t r a t i o n s  we r e  2 . 0  mM ATP,  5 - 0  mM PEP,  and 

10 mM s u c c i n a t e .



when ATP-PEP was p r e s e n t .  O l l g o m y c i n  was f ound t o  cause  a 

50% i n h i b i t i o n  in t he  p r e s e n c e  o f  A T P - s u c c i n a t e , but  In t he  

ATP-PEP r e g e n e r a t i n g  s y s t e m,  t h e r e  was a s l i g h t  s t i m u l a t i o n .

As p r e v i o u s l y  r e p o r t e d  by B e a t t i e  and I b r a h i m  ( 1 2 )  a d d i t i o n  

o f  v a l t n o m y c i n  caused a 2 - f o l d  I n c r e a s e  In t h e  I n c o r p o r a t i o n  

r a t e .

G. I n h i b i t o r s

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

d r i a l  p r o t e i n  s y n t h e s i s ,  i t  I s  n e c e s s a r y  t o  s t u d y  ami no a c i d  

I n c o r p o r a t i o n  unde r  o p t i m a l  c o n d i t i o n s .  The s u b s t r a t e  c o n ­

c e n t r a t i o n ,  i . e .  l e u c i n e ,  s h o u l d  not  be r a t e - 1 I m I t I n g  In 

s t u d i e s  o f  r e a c t i o n s  o c c u r r i n g  on t he  r i b o s o me s .  Kroon et_ 

a 1 . <1*0) have r e p o r t e d  t h a t  t h e  maximum r a t e  o f  i n c o r p o r a t i o n

( e x p r e s s e d  as pmol es o f  ami no a c i d  I n c o r p o r a t e d / m g  p r o t e i n )  

r e q u i r e d  a f i n a l  l e u c i n e  c o n c e n t r a t i o n  o f  1*0-60 yM. Our  

s t u d i e s  a l s o  I n d i c a t e  t h a t  t h e  maximum i n c o r p o r a t i o n  r a t e  

oc c u r s  a t  a l e u c i n e  c o n c e n t r a t i o n  o f  60 yM ( F i g u r e  4 ) .  A 

s l i g h t  d e c r e a s e  In I n c o r p o r a t i o n  was o b s e r v e d  a t  h i g h e r  c o n ­

c e n t r a t i o n s  o f  l e u c i n e .  A 40 yM c o n c e n t r a t i o n  o f  l e u c i n e  was 

used in t h e  s t u d i e s  w i t h  a n t i b i o t i c s  d e s c r i b e d  b e l o w .

The e f f e c t s  o f  v a r i o u s  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  

on ami no a c i d  i n c o r p o r a t i o n  by r a t  l i v e r  m i t o c h o n d r i a  1n 

v i t r o  a r e  l i s t e d  i n T a b l e  I V .  C h l o r a m p h e n i c o l ,  c a r b o m y c i n ,  and 

s p a r s o my c i n  I n h i b i t e d  s e v e r e l y  p r o t e i n  s y n t h e s i s  by I n t a c t  

r a t  l i v e r  m i t o c h o n d r i a .  E m e t i n e ,  a t  e x t r e m e l y  h i g h  c o n c e n -
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E f f e c t  o f  l e u c t n e  c o n c e n t r a t i o n  on ami no  a c t d  
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TABLE IV

E f f e c t  o f  V a r i o u s  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  on 

Amino Ac i d  I n c o r p o r a t i o n  In V i t r o .

C o n t r o l
MI t o . 1 ,M . LM.+Val. L I n n a n e Yeas t

cpm/mg
1674 2036 7 990 360 I 520

ug/m 1 % I n h i b i t i o n
Ch1o r a m p h e n I c o 1 ( 2 0 ) 44 - 69 40 75

( 6 0 ) 64 - 82 65 86

Ca r bomyc I n ( 2 ) 47 42 33 _

( 2 0 ) 78 73 - - -

( 3 0 ) 90 80 81 - -

E r y t  hromyc I n ( 2 5 ) 0 19 _ 0 40
( 5 0 ) 0 42 - 0 90

( 1 0 0 ) 0 67 - 0 -

L I n c o my c I n ( 1 0 ) 0 10 0
( 2 5 ) 0 34 - 0 -

( 5 0 0 ) 0 59 - 64 -

Eme t I ne ( 1 5 0 ) 0 52 _ 1 1
( 3 0 0 ) 29 75 78 - 35
( £ 0 0 ) 58 82 82 -

Spa r s omyc I n ( 0 . 1 ) 35 •

(1 . 0 ) 90

Rat  l i v e r  m i t o c h o n d r i a  and I n n e r  membrane f r a c t i o n s  wer e

I n c u b a t e d  as d e s c r i b e d  In T a b l e s  I and I I .  Ye a s t  m i t o c h o n d r i a  

wer e  I n c u b a t e d  as d e s c r i b e d  In M a t e r i a l s  and Me t h o d s .  M i t o ­

c h o n d r i a  In some e x p e r i m e n t s  we r e  t r e a t e d  w i t h  h y p o t o n i c  s u c r o s e  

a c c o r d i n g  t o  t h e  method o f  L I n n a n e  ( 4 2 ) .  A f i n a l  c o n c e n t r a t i o n  

o f  40 pM l e u c i n e  was used In t he  I n c u b a t i o n s .  The f i n a l  c o n ­

c e n t r a t i o n  o f  v a i l n o m y c I n  was 0 . 5  U g / m l ; t . M .  -  I n n e r  Membrane;  

V a l . -  v a l I n o m y c I n .
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t r a t i o n s  ( 500  u g / m l ) ,  was a l s o  I n h i b i t o r y  ( 5 8 % ) .  In c o n t r a s t ,  

e r y t h r o m y c i n  and l l n c o m y c l n  had no e f f e c t  on t he  I n c o r p o r a ­

t i o n  r a t e  tn I n t a c t  m i t o c h o n d r i a .

The I n a b i l i t y  o f  c e r t a i n  a n t i b i o t i c s  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  In i n t a c t  m i t o c h o n d r i a  mi g h t  be due t o  a p e r me a ­

b i l i t y  b a r r i e r  t o  t h e  dr ug  tn t h e  m i t o c h o n d r i a l  membrane  

r a t h e r  t han  t o  a change in t h e  r i b o s o me  i t s e l f .  The I n n e r  

m e m b r a n e - m a t r I x  f r a c t i o n  p r e p a r e d  by t h e  d l g i t o n t n  method o f  

Sc hna i t ma n  and G r e e n a w a I t  ( 7 )  has c e r t a i n  a l t e r e d  pe r me a ­

b i l i t i e s  t o  v a r i o u s  s u b s t a n c e s .  Hence,  t h e  v a r i o u s  a n t i ­

b i o t i c s  wer e  s t u d i e d  In i s o l a t e d  I n n e r  membrane f r a c t i o n s  

wh i c h  have r e t a i n e d  the a b i l i t y  f o r  amino a c i d  I n c o r p o r a t i o n .  

As seen In T a b l e  I V ,  e r y t h r o m y c i n  and l l n c o m y c l n  I n h i b i t e d  

m i t o c h o n d r i a l  p r o t e i n  s y n t h e s i s  67% and 59% r e s p e c t i v e l y  a t  

t h e  maximum c o n c e n t r a t i o n s  us e d .  In a d d i t i o n ,  e m e t i n e  was a 

much more e f f e c t i v e  I n h i b i t o r  (82% i n h i b i t i o n )  o f  ami no a c i d  

I n c o r p o r a t i o n  in t he I n n e r  membrane f r a c t i o n s  t ha n  in whol e  

m i t o c h o n d r i a  (58% I n h i b i t i o n ) .  S i m i l a r  I n h i b i t i o n s  wer e  

o b s e r v e d  In t h e  i n n e r  membrane f r a c t i o n s  i n c u b a t e d  w i t h  v a -  

l i n o m y c l n  In wh i c h  t he  h i g h e s t  r a t e s  o f  ami no a c i d  i n c o r ­

p o r a t i o n  wer e  o b s e r v e d .

Amino a c i d  i n c o r p o r a t i o n  was s t u d i e d  In m i t o c h o n d r i a  

t r e a t e d  w i t h  h y p o t o n i c  s u c r o s e  as d e s c r i b e d  by L I n n a n e  e t  a l . 

( 4 2 ) .  M i t o c h o n d r i a  we r e  suspended in 0 . 0 0 2 5  M s u c r o s e  a t  0*C 

a t  a c o n c e n t r a t i o n  o f  10 mg/ml  f o r  t w e n t y  m i n u t e s  b e f o r e  

a d d i t i o n  t o  t h e  I n c u b a t i o n  medi um.  As seen in T a b l e  I V ,  t he  

r a t e  o f  I n c o r p o r a t i o n  In m i t o c h o n d r i a  t r e a t e d  i n t h i s  way



was o n l y  25% o f  t h a t  o b s e r v e d  tn m i t o c h o n d r i a  r esuspende d  

tn 0 . 2 5  M s u c r o s e .  C h l o r a m p h e n i c o l  i n h i b i t e d  ami no a c i d  

i n c o r p o r a t i o n  in t he  h y p o t o n i c  m i t o c h o n d r i a  t o  t he  same e x ­

t e n t  as In t he  I n t a c t  m i t o c h o n d r i a ,  w h i l e  e r y t h r o m y c i n  and 

I l n c o m y c i n  wer e  f ound  t o  have no e f f e c t .  I t  s hou l d  be no t e d  

t h a t  m i t o c h o n d r i a  i s o l a t e d  f r om y e a s t  wer e  a l s o  I n h i b i t e d  by 

c h l o r a m p h e n i c o l  ( 8 6 % ) ,  e r y t h r o m y c i n  ( 9 0 % ) ,  and to a l e s s e r  

d e g r e e ,  e m e t i n e  ( 3 5 %) .  Howe v e r ,  t h e  c o n c e n t r a t i o n  o f  e r y t h r o ­

myci n wh i c h  i n h i b i t s  i n c o r p o r a t i o n  90% In t he  y e a s t  m i t o c h o n ­

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

t i o n  A2%. The maximum I n h i b i t i o n  o f  t he  I n c o r p o r a t i o n  r a t e  

by e r y t h r o m y c i n  In l i v e r  m i t o c h o n d r i a  I s  o n l y  67%.

The e f f e c t s  o f  I n h i b i t o r s  known t o  a c t  a t  t he  l e v e l  o f  

RNA s y n t h e s i s ,  a c t i n o m y c i n  D, c o r d y c e p i n ,  r l f a m p i c l n ,  were  

a l s o  t e s t e d  In t h e  i n n e r  m e m b r a n e - m a t r I x  f r a c t i o n .  As seen  

in T a b l e  V,  a c t i n o m y c i n  D caused a s l i g h t  I n h i b i t i o n  o f  m i t o ­

c h o n d r i a l  p r o t e  I n s y n t h e s i s  ( 1 6 % ) ,  w h i l e  c o r d y c e p i n  ( 3 ^ % ) ,  

and r l f a m p i c l n  (5^%)  wer e  more e f f e c t i v e .  P r e I n c u b a t I o n  o f  

t he  i n n e r  membrane w i t h  t h e  a n t i b i o t i c s  had l i t t l e  e f f e c t ,  

p r e c l u d i n g  any pr ob l ems o f  p e r m e a b i l i t y .

The dr ug c h 1o r o p r o m a z I n e  has been shown 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  in b r a i n  t i s s u e  o f  r a t s  ( 1 0 0 ,  1 0 1 ) .  The 

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

m i t o c h o n d r i a .  A c o n c e n t r a t i o n  c u r v e  o f  I t s  e f f e c t  I s  shown 

In F i g u r e  5.  A s i g n i f i c a n t  I n h i b i t i o n  (38%) is shown a t  a 

f i n a l  c o n c e n t r a t i o n  o f  10~^ H w h i l e  even g r e a t e r  i n h i b i t i o n s  

wer e  o b s e r v e d  a t  h i g h e r  c o n c e n t r a t i o n s  o f  t he  d r u g .
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T A B L E  V

E f f e c t  o f  I n h i b i t o r s  o f  RNA S y n t h e s i s  on M i t o c h o n d r i a l  

P r o t e i n  S y n t h e s i s .

No r ma1
I n c u b a t i o n

15 ml n ,
P r e - 1n c u b a t  i on

Co n e . mg
%

1n h I b . Co n e .
cpm

mg
t

1 n h I b .

Con t  r o 1 - 3 9 6 0 - 3 8 7 0

A c t i n o m y c i n  D 2 pg/ml 1 6 2 Mg/m 3*40 1 1

Co r d y c e p I n 10 M g / m ) 2 6 3 3 * 10 Mg/m 2 9 9 23

R I famp I c I n 10 y g / ml 1 90 52 10 yg/ m 196 *49

I n n e r  membrane f r a c t i o n s  wer e  i n c u b a t e d  as d e s c r i b e d  

in T a b l e s  I and I t .

A f i n a l  c o n c e n t r a t i o n  o f  *40 uM l e u c i n e  was used d u r i n g  

t h e  i n c u b a t i o n s .
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F i g u r e  5 -  E f f e c t  o f  c h ! o r o p r o m a z I n e  c o n c e n t r a t i o n  on amtno  
a c i d  I n c o r p o r a t i o n .  H l t o c h o n d r l a  we r e  I n c u b a t e d  
as d e s c r i b e d  I n T a b l e s  I and t l .



H. P r o t e i n  S y n t h e s i z e d  by t h e  M i t o c h o n d r i a

B e a t t i e  et^ a_K ( 5 ^ )  p r e v i o u s l y  r e p o r t e d  t h a t  m i t o c h o n -  

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

membrane f r a c t i o n  o b t a i n e d  by e x t r a c t i n g  m i t o c h o n d r i a  w i t h  

a c e t i c  a c i d  ( 5 5 ) .  In t he  p r e s e n t  s t u d y ,  t h e  a c i d  i n s o l u b l e  

membranous f r a c t i o n  was f u r t h e r  e x t r a c t e d  w i t h  t he  n o n - i o n i c  

d e t e r g e n t  L u b r o l . As seen in T a b l e  V I ,  t h e  f i n a l  p e l l e t  o b ­

t a i n e d  a f t e r  e x t r a c t i o n  w i t h  a c e t i c  a c i d  and L u b r o l  bad a 

s i x - f o l d  I n c r e a s e  In s p e c i f i c  a c t i v i t y  as compared t o  t he  

i n t a c t  m i t o c h o n d r i a  and c o n t a i n e d  13% o f  t h e  t o t a l  m i t o c h o n ­

d r i a l  p r o t e i n .  A n a l y s i s  o f  t h i s  p r e p a r a t i o n  by S D S - p o l y -  

a c r y l a m i d e  ge l  e l e c t r o p h o r e s i s  r e v e a l e d  ten o r  more d i s t i n c t  

p r o t e i n  bands ( F i g u r e  6 ) .  R a d i o a c t i v i t y ,  h o we v e r ,  was o b ­

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

w e i g h t s  o f  1 * 0 , 000 ,  27 , 0 0 0 ,  and 2 0 , 0 0 0  . The same p r o f i l e  was 

o b t a i n e d  w h e t h e r  t he  L u b r o l  p e l l e t  was e x t r a c t e d  d i r e c t l y  

w i t h  t r i c h l o r a c e t i c  a c i d  o r  s o n i c a t e d  p r i o r  t o  e x t r a c t i o n  and 

t he n  d i s s o l v e d  In t h e  e l e c t r o p h o r e s i s  s o l v e n t  s y s t e m.  I t  

s hou l d  be n o t e d  t h a t  no r a d i o a c t i v i t y  was o b s e r v e d  in any o f  

the low m o l e c u l a r  w e i g h t  p r o t e i n  bands o b s e r v e d  in t h e  d e n s i -  

t o m e t r i c  t r a c i n g  o f  t h e  same g e l .

The a d d i t i o n  o f  v a l i n o m y c l n  has been shown to s t i m u l a t e  

t w o - f o l d  t h e  r a t e  o f  ami no a c i d  I n c o r p o r a t i o n  tn I s o l a t e d  r a t  

l i v e r  m i t o c h o n d r i a  ( 1 2 ) .  Gel  e l e c t r o p h o r e s i s  o f  a m i t o c h o n ­

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

v e a l e d  an i d e n t i c a l  p a t t e r n  o f  l a b e l i n g .  Hence ,  t h e  s t t m u -
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TABLE VI

D i s t r i b u t i o n  o f  R a d i o a c t i v i t y  A f t e r  F r a c t i o n a t i o n  Wi t h  

A c e t i c  A c t d - L u b r o l .

FRACTION
PR0TEIN TOTAL

cpm/mg mg c pm

M i t o c h o n d r i a A,  100 50 2 0 5 , 0 0 0

P r o t e i n s  S o l u b l e
in A c e t i c  Ac i d 28 2 , 0 7 0

R e s i d u e  A f t e r  A c e t i c  
Aci d  Ex t r a c  11 on 1 4 , 2 0 0 12 1 7 0 , * 0 0

L u b r o l  Pel  l e t 2 5 , 1 0 0 6 . 5 1 6 3 , 1 5 0

M i t o c h o n d r i a  o b t a i n e d  f r om one l i v e r  we r e  I n c u b a t e d  f o r  

30 mln In 25 ml o f  i n c u b a t i o n  medium c o n t a i n i n g  0 , 2 5  pC/ml  

o f  ( 1 k C ) I e u c I n e  as d e s c r i b e d  under  M a t e r i a l s  and Me t h o d s .  

A f t e r  I n c u b a t i o n ,  t h e  m i t o c h o n d r i a  wer e  r e l s o l a t e d  a t  1 2 , 0 0 0  

x g In 0 . 2 5  M s u c r o s e  c o n t a i n i n g  10 mM u n l a b e l e d  L - I e u c l n e  

and f r a c t i o n a t e d  w i t h  a c e t i c  a c i d  and L u b r o l .



3.0

2.7 GEL SCAN
2 4
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160
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27.000120

2  100 
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20,0006 0
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0 10 20  30  40  50  60  70
FRACTION NUMBER

F i g u r e  6 .  E l e c t r o p h o r e t i c  p a t t e r n  o f  r a d i o a c t i v i t y  and o p t i ­
c a l  d e n s i t y  scan o f  a c e t t c - a c l d  L u b r o l  f r a c t i o n a t e d  
p r o t e i n s .  L u b r o l  p r o t e i n  f r a c t i o n  ( T a b l e  V I )  was 
p r e p a r e d  f o r  e l e c t r o p h o r e s i s  as d e s c r i b e d  In M a t e r i a l s  
and Me t h o d s .  A p p r o x i m a t e l y  100 yg o f  p r o t e i n  was 
added t o  t h e  g e l s .  Upper  box shows o p t i c a l  scan o f  
t h e  s t a i n e d  a n a l y t i c a l  g e l .  The Tower  box shows 
a c t u a l  l e v e l s  o f  ( 1 l*C) 1 euc I n e  In t h e  f r a c t i o n s .
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l a t l o n  o b s e r v e d  by v a l i n o m y c l n  r e f l e c t s  a g e n e r a l  I n c r e a s e  

in t he  r a t e  o f  p r o t e i n  s y n t h e s i s .

The e f f e c t s  o f  t h e  I n h i b i t o r s  eye 1o h e x i m i d e  and c h l o r ­

a mp h e n i c o l  on t h e  l a b e l i n g  p a t t e r n  w e r e  t e s t e d  t o  d e t e r m i n e  

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

m i t o c h o n d r i a l  p r o t e i n  s y n t h e s i s  and no t  f r om mi c r os oma l  c o n ­

t a m i n a t i o n  In the  m i t o c h o n d r i a l  p r e p a r a t i o n .  A f t e r  I n c u b a t i o n  

w i t h  t h e  d r u g s ,  t he  m i t o c h o n d r i a  wer e  r e l s o l a t e d  and f r a c ­

t i o n a t e d  w i t h  a c e t i c  a c i d  and L u b r o l  as d e s c r i b e d  In M a t e r i a l s  

and Me t hods .  The amount  o f  r a d i o a c t i v i t y ,  n e i t h e r  s p e c i f i c  

a c t i v i t y  n o r  t o t a l  r a d i o a c t i v i t y ,  was u n a f f e c t e d  by I n c u b a t i o n  

w i t h  c y c 1o h e x I m i d e , but  was d e c r e a s e d  by n e a r l y  85% w i t h  

c h l o r a m p h e n i c o l  ( T a b l e  V I l ) .  F u r t h e r m o r e ,  t h e r e  was no I n ­

c r e a s e  In s p e c i f i c  a c t i v i t y  a f t e r  f r a c t i o n a t i o n  o f  t he  m i t o ­

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

l o ss  o f  90% o f  t he  t o t a l  r a d i o a c t i v i t y .  Gel  e l e c t r o p h o r e s i s  

r e v e a l e d  t h a t  t h e  same t h r e e  p r o t e i n  bands we r e  l a b e l e d  In 

t he  eye I o h e x I m I d e  t r e a t e d  p r e p a r a t i o n  as compared w i t h  t he  

c o n t r o l  ( F i g u r e  7 ) >  No r a d i o a c t i v e  l a b e l  was p r e s e n t  In any  

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

t r e a t e d  p r e p a r a t i o n .  Thus i t  can be c o n c l u d e d  t h a t  t he  t h r e e  

l a b e l e d  peaks  I n t h e  L u b r o I - 1 r e a t e d  p r e p a r a t i o n  a r e  I ndeed  

p r o d u c t s  o f  t h e  m i t o c h o n d r i a l  p r o t e i n  s y n t h e s i z i n g  syst em  

and wer e  no t  due t o  c o n t a m i n a t i o n  o f  t he  m i t o c h o n d r i a l  p e l l e t  

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

To r u l e  o u t  t h e  p o s s i b i l i t y  t h a t  f r a c t i o n a t i o n  w i t h  L u b r o l
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TABLE V I I

E f f e c t  o f  C y c I o h e x I m l d e  and Ch1o r a m p h e n t c o 1 on D i s t r i b u t i o n  o f  R a d i o a c t i v i t y .

FRACTION CONTROL CYCLOHEXIMIDE CHL0RAMPHEN1 COL

cpm T o t a  1 cpm To t a  1 cpm T o t a  1
mg Count  s mg Count  s mg Counts

M i tochond r  t a 810 8 1 , 0 0 0 750 7 5 , 0 0 0 1 A0 1 A , 000

Acet  i c Ac Id Pel  1e t 2 , 6 1 0 AS , 600 2 , 2 0 0 AA, 0 0 0 12A 2 . A 8 0

Lubr o l  P e l l e t 5, 1  10 A 0 , 800 A , 920 3A, A00 185 2 , OAO

M i t o c h o n d r i a  f r om t h r e e  l i v e r s  wer e  i n c u b a t e d  e i t h e r  in t h e  a bsence  ( C o n t r o l ) ,  

o r  p r e s e n c e  o f  c y c l o h e x i m i d e  ( 1 . 6  mM) , o r  c h l o r a m p h e n i c o l  ( 0 .  7 mM) f o r  30 m i n u t e s  in 

i n c u b a t i o n  medium c o n t a i n i n g  0 . 2 5  yC/ ml  o f  ( ^ C ) I e u c i n e .  The t h r e e  p r e p a r a t i o n s  wer e  

r e i s o l a t e d  and f r a c t i o n a t e d  w i t h  a c e t i c  a c i d  and L u b r o l .
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F i g u r e  7*  E l e c t r o p h o r e t i c  p a t t e r n s  o f  r a d i o a c t i v i t y  tn t he  
g e l s  o f  t h e  e x p e r i m e n t  d e s c r i b e d  tn T a b l e  V I I .  
L u b r o l  f r a c t i o n s  o f  c o n t r o l ,  c y c l o h e x i m i d e ,  and 
c h l o r a m p h e n i c o l  t r e a t e d  m i t o c h o n d r i a  w e r e  p r e ­
p a r e d  f o r  e l e c t r o p h o r e s i s  as d e s c r i b e d  Tn M a t e r i a l  
and M e t h o d s .  A p p r o x i m a t e l y  100 yg was added t o
e a c h  g e l .  C o n t r o l ,  ( o  o)  ; C y c l o h e x i m i d e ;  ( •  a
C h l o r a m p h e n i c o l ,  (A A ) .



d i d  not  s o l u b i l i z e  some p r o t e i n s  s y n t h e s i z e d  by t he  m i t o ­

c h o n d r i a ,  o t h e r  f r a c t i o n a t i o n  p r o c e d u r e s  we r e  t e s t e d :  s o n i -  

c a t  t o n ,  e x t r a c t i o n  w i t h  KCl ,  and e x t r a c t i o n  w i t h  p h o s p h a t e  

a c c o r d i n g  t o  t h e  method o f  Coot e  and Work ( 9 ) .  E x t r a c t i o n  

w i t h  KC! or  s o n l c a t l o n  y i e l d e d  an a p p r o x i m a t e l y  t h r e e - f o l d  

i n c r e a s e  in s p e c i f i c  a c t i v i t y  w i t h  n e g l i g i b l e  l oss  In t o t a l  

r a d i o a c t i v i t y ;  h o we v e r ,  e x t r a c t i o n  w i t h  p h o s p h a t e  r e s u l t e d  

in a n e a r l y  t e n - f o l d  i n c r e a s e  In s p e c i f i c  a c t i v i t y ,  no l oss  

o f  r a d i o a c t i v i t y ,  and l o ss  o f  $Q% o f  t h e  t o t a l  m i t o c h o n d r i a l  

p r o t e i n  ( T a b l e  VI  I I ) .  Gel  e l e c t r o p h o r e s i s  o f  t h e  t h r e e  I n ­

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

r e v e a l e d  a v e r y  d i f f e r e n t  p r o f i l e  bo t h  in t e r ms o f  number  o f  

p r o t e i n s  p r e s e n t  in t h e  f r a c t i o n  and in t h e  r e l a t i v e  amounts  

o f  each p r o t e i n  ( F i g u r e  8 ) .  As seen In F i g u r e s  9*  10 ,  and 

11,  a l l  t h r e e  p r e p a r a t i o n s  c o n t a i n e d  t h r e e  l a b e l e d  peaks in 

a p p r o x i m a t e l y  t he  same p o s i t i o n  as p r e v i o u s l y  o b s e r v e d  i n t he  

L u b r o l  p r e p a r a t i o n .  A m a j o r  d i f f e r e n c e  In t he  p e l l e t  o b ­

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

I n t he  p r o t e i n  band o f  2 0 , 0 0 0  m o l e c u l a r  w e i g h t  as compared  

t o  o t h e r  p r e p a r a t i o n s  ( F i g u r e  9 ) .

The p o s s i b i l i t y  e x i s t e d  t h a t  t he  t i m e  o f  e l e c t r o p h o r e s i s  

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

t e i n s  s y n t h e s i z e d  by t he  m i t o c h o n d r i a .  F u r t h e r m o r e ,  I t  was 

p o s s i b l e  t h a t  I n s u f f i c i e n t  r a d i o a c t i v i t y  was p r e s e n t  tn t he  

membranes t o  d i s c e r n  any peaks w i t h  l o we r  r a d i o a c t i v i t y .

Rat  l i v e r  m i t o c h o n d r i a ,  i n c u b a t e d  j_r v 11 r o  as p r e v i o u s l y  

d e s c r i b e d ,  we r e  s o n i c a t e d  and t he  p e l l e t  c o n t a i n i n g  sub-



TABLE V I t I

D i s t r i b u t i o n  o f  R a d i o a c t i v i t y  A f t e r  F r a c t i o n a t i o n  Wi t h  

P h o s p h a t e ,  S o n l c a t l o n ,  or  KCI .

FRACTION PROTEIN
TOTAL
COUNTS

c pm/mg j a cpm

Method 1
I n t a c t  M i t o c h o n d r i a 1 • **50 50 7 2 , 7 0 0
Ph o s p ha t e  Pel  l e t U  , 8 0 0 **.5 6 6 , 6 0 0

Method 2
I n t a c t  M i t o c h o n d r i a 2 , 5 0 0 50 125 , 0 0 0
Son I c a t e d  Pel  l e t 7 , 7 7 0 15 1 1 6 , 5 0 0

Method 3
I n t a c t  M i t o c h o n d r i a 9 , 6 1 0 2 4 . 2 232 , 5 6 0
KCI P e l l e t 32 , 8 0 0 6 196 , 8 00

In method I ,  m i t o c h o n d r i a  f r om one l i v e r  was I n c u b a t e d  
f o r  30 mln tn 25 ml o f  I n c u b a t i o n  medium c o n t a i n i n g  0 . 2 5  yC/ ml  
o f  ( 1 ** C) 1 euc I n e . A f t e r  I n c u b a t i o n  m i t o c h o n d r i a  wer e  r e t s o l a t e d  
as p r e v i o u s l y  d e s c r i b e d  and e x t r a c t e d  w i t h  0 . 0 5  M POq a c c o r d ­
ing t o  t h e  method o f  Coot e  and Work ( 9 ) .

In method 2 ,  m i t o c h o n d r i a  f rom one l i v e r  was i n c u b a t e d
In 25 ml o f  I n c u b a t i o n  medium c o n t a i n i n g  0 . 5 0  yC/ ml  o f
( 1 k C) 1 e u c I n e . R e t s o l a t e d  m i t o c h o n d r i a  wer e  s o n i c a t e d  as d e s ­
c r i b e d  In M a t e r i a l s  and Me t h o d s .

In method 3 ,  m i t o c h o n d r i a  f rom one l i v e r  was I n c u b a t e d
In 25 ml o f  I n c u b a t i o n  medium c o n t a i n i n g  1 . 5  UC/ml  o f
( 1 * C ) I e u c I n e . R e i s o l a t e d  m i t o c h o n d r i a  wer e  e x t r a c t e d  w i t h  
KCI a c c o r d i n g  t o  B e a t t i e  e t  a l .  ( 5 * 0 *



F i g u r e  8 .  p o l y a c r y l a m i d e  ge l  p r o f i l e  o f  i n s o l u b l e  f r a c t i o n  
p r e p a r e d  by ( 1 )  p h o s p h a t e  e x t r a c t i o n  ( 2 )  s o n l -  
c a t i o n  and ( 3 )  KCI e x t r a c t i o n .  A p p r o x i m a t e l y  
100 yg w e r e  added t o  e a c h  g e l .
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F i g u r e  9 .  E l e c t r o p h o r e t i c  p a t t e r n  o f  r a d i o a c t i v i t y  and o p t i ­
c a l  d e n s i t y  scan o f  p h o s p h a t e  e x t r a c t e d  p e l l e t  
p r e p a r e d  a c c o r d i n g  t o  method o f  Coot e  and V o r k  ( 9 ) .  
P r o t e i n s  we r e  p r e p a r e d  f o r  e l e c t r o p h o r e s I s  as d e s ­
c r i b e d  In M a t e r i a l s  and Me t hods .  Upper  box shows 
an o p t i c a l  scan o f  t h e  s t a i n e d  a e l  and l o w e r  box  
shows l e v e l s  o f  r a d i o a c t i v i t y  (  * * C ) l e u c t n e  In t h e  
f r a c t i o n s  o f  t h e  g e l .
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F i g u r e  10.  E l e c t r o p h o r e t i c  p a t t e r n  o f  r a d T o a c t I v t t y  and  
O p t i c a l  d e n s i t y  scan o f  t h e  s o n i c a t e d  p e l l e t  
f r a c t i o n a t e d  as d e s c r i b e d  I n M a t e r i a l s  and 
me t h o d s .  E l e c t r o p h o r e s i s  was c a r r i e d  o u t  as 
d e s c r i b e d  p r e v i o u s l y .  Upper  box I s  an o p t i c a l  
d e n s i t y  scan o f  t he  g e l ,  and t h e  l o w e r  box I s  a 
p r o f i l e  o f  t h e  r a d i o a c t i v i t y  I n  each s l i c e .
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F i g u r e  I I .  E l e c t r o p h o r e t i c  p a t t e r n  and o p t i c a l  d e n s i t y  scan  
o f  p r o t e i n s  o f  I n s o l u b l e  KCI f r a c t i o n  e x t r a c t e d  
a c c o r d i n g  t o  t h e  method o f  B e a t t i e  et^ aj_. ( 5 4 )  . 
Sampl e  was p r e p a r e d  f o r  e l e c t r o p h o r e s i s  as p r e ­
v i o u s l y  d e s c r i b e d .  Upper  box i s  an o p t i c a l  d e n s i t y  
scan o f  t he  ge l ,  and t h e  l o we r  box I s  a p r o f i l e  o f  
t h e  r a d i o a c t i v i t y  I n  each s l i c e .



m i t o c h o n d r i a l  p a r t i c l e s  (SMP) was a n a l y z e d  on g e l s  c o n t a i n i n g  

a f i n a l  c o n c e n t r a t i o n  o f  e i t h e r  10$ o r  12$ a c r y l a m l d e  f o r  s i x  

t e e n  and t w e n t y - f o u r  hour s  r e s p e c t i v e l y .  The r e s u l t s  a r e  

shown In F i gur e s  12 and 13-  As seen In F i g u r e  12 ,  e l e c t r o ­

p h o r e s i s  o f  t h e  SMP on 10$ g e l s  f o r  s i x t e e n  hour s r e v e a l e d  

r a d i o a c t i v i t y  In t h r e e  peaks o f  m o l e c u l a r  w e i g h t s  o f  1*0 , 000,

2 7 , 0 0 0 ,  and 2 0 , 0 0 0  as seen I n t h e  s h o r t e r  g e l .  In a d d i t i o n ,  

two peaks o f  m o l e c u l a r  w e i g h t s  be t ween 1 2 , 0 0 0  and 1 6 , 0 0 0  wer e  

a l s o  a p p a r e n t .  A f t e r  e l e c t r o p h o r e s i s  o f  t h e  SMP on 12$ g e l s  

f o r  t w e n t y - f o u r  h o u r s ,  t h e  two peaks o f  h i g h e s t  m o l e c u l a r  

w e i g h t  we r e  r e s o l v e d  more f u l l y  i n t o  a t  l e a s t  f i v e  p e a k s ,  

w h i l e  t h e r e  seems t o  be a t  l e a s t  t h r e e  m o l e c u l a r  w e i g h t  peaks  

in t he  m o l e c u l a r  w e i g h t  r ange  be l ow 2 0 , 0 0 0 .

The p r o t e i n s  l a b e l e d  a f t e r  an Ln̂  v11 ro i n c u b a t i o n  o f  

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

c h o n d r i a l  s y n t h e s i s  _i_n_ v I vo ■ L i v e r  m i t o c h o n d r i a  wer e  o b ­

t a i n e d  f r om r a t s  I n j e c t e d  w i t h  ( ^ H ) l e u c l n e  a f t e r  t r e a t m e n t  

w i t h  s u f f i c i e n t  eye 1o h e x I  mi de to b l o c k  mi c r os oma l  p r o t e i n  

s y n t h e s i s  more t han  97$ ( 1 0 2 )  and f r a c t i o n a t e d  w i t h  a c e t i c  

a c i d  and L u b r o l .  An a p p r o x i m a t e  s e v e n - f o l d  I n c r e a s e  in 

s p e c i f i c  a c t i v i t y  was o b s e r v e d  in t he  L u b r o l  p e l l e t  w i t h  a 

r e c o v e r y  o f  62$ o f  t he  t o t a l  r a d i o a c t i v i t y  and l e s s  t han  

10$ o f  t h e  t o t a l  p r o t e i n  ( T a b l e  I X ) . An a l i q u o t  o f  the  

L u br o l  p r e p a r a t i o n  was t h o r o u g h l y  mi xed w i t h  an e q u i v a l e n t  

a l i q u o t  o f  a L u b r o l  p e l l e t  p r e p a r e d  f r om m i t o c h o n d r i a  a f t e r  

an In y 11 rQ I n c u b a t i o n  w i t h  (* ** C) 1 euc I ne . A p p r o x i m a t e l y  

150 yg o f  t h i s  m i x t u r e  was a n a l y z e d  by ge l  e l e c t r o p h o r e s i s
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F i g u r e  12.  E l e c t r o p h o r e t i c  p a t t e r n  o f  r a d i o a c t i v i t y  o f  a 
s o n t c a t e d  p e l l e t  f r a c t i o n a t e d  as d e s c r i b e d  In 
M a t e r i a l s  and M e t h o d s .  P r o t e i n s  In t he  s o n i c a t e d  
p e l l e t  w e r e  p r e p a r e d  f o r  e l e c t r o p h o r e s i s  as d e s ­
c r i b e d  p r e v i o u s l y .  The c o n c e n t r a t i o n  o f  a c r y l a m t d e  
was 1 0 %, and t h e  t i m e  o f  e l e c t r o p h o r e s i s  was 16 
h o u r s .  The s p e c i f i c  a c t i v i t y  o f  t h e  s o n i c a t e d  p e l l e t  
was 1 4 0 , 0 0 0  cpm/mg. A p p r o x i m a t e  I y  150 pg was added to  
t h e  g e l .
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F i g u r e  13 .  E l e c t r o p h o r e t t c  p a t t e r n  o f  r a d i o a c t i v i t y  o f  a 
s o n i c a t e d  p e l l e t  f r a c t i o n a t e d  as d e s c r i b e d  In 
M a t e r i a l s  and M e t h o d s .  P r o t e i n s  we r e  p r e p a r e d  
f o r  e l e c t r o p h o r e s i s  as p r e v i o u s l y  d e s c r i b e d .
The c o n c e n t r a t i o n  o f  a c r y l a m l d e  was 12% and t he  
t i m e  o f  e l e c t r o p h o r e s i s  was 2*1 h o u r s .  The s p e c i f i c  
a c t i v i t y  o f  t h e  p e l l e t  was 1 0 9 , 0 0 0  cpm/ mg.  Ap p r o x f  
m a t e l y  190 pg was added t o  t h e  g e l .



TABLE IX

D i s t r i b u t i o n  o f  R a d i o a c t i v i t y  A f t e r  A c e t i c  A c l d - L u b r o l  

F r a c t i o n a t i o n  o f  L i v e r  M i t o c h o n d r i a  L a b e l e d  In V i v o .

FRACTION PROTEIN TOTAL
COUNTS

cpm/mg mg cpm

1n t a c  t M i t ochond r I  a 842 6 9 . 6 5 8 , 6 0 0

Ace t i  c Ac i d  P e l l e t 3 . 6 6 0 10. 1 3 6 , 8 6 0

Lub r o 1 Pel  l e t 5 , 7 3 0 6 . 1 34 . 9 5 0

C y c I o h e x I m I d e  ( 50  mg/ kg body w e i g h t  d i s s o l v e d  In 0. 9%

NaCI )  was i n j e c t e d  I n t r a p e r I t o n e a I  1y i n t o  a r a t  15 m i n u t e s
3

b e f o r e  t h e  I n t r a p e r I t o n e a l  i n j e c t i o n  o f  500 UCl o f  ( H ) t e u c t n e .  

Two hour s  l a t e r  t he  r a t  was s a c r i f i c e d ,  l i v e r  e x c i s e d ,  and 

m i t o c h o n d r i a  i s o l a t e d  as d e s c r i b e d  In M a t e r i a l s  and Me t h o d s .

The r e i s o l a t e d  m i t o c h o n d r i a  was e x t r a c t e d  w i t h  a c e t i c  a c i d  

and L u b r o l  in t h e  same manner  as in t he  in v i t r o  s t u d i e s .

-  68 -



( F i g u r e  1 M -  The bands l a b e l e d  w i t h  ( ^ H ) l e u c l n e  wer e  f ound  

t o  have t h e  same r e l a t i v e  m o b i l i t i e s  as t hos e  l a b e l e d  w i t h  

<U C) l e u c i n e .

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

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

I n c u b a t i o n  was I n v e s t i g a t e d  by use o f  s h o r t  t i m e  I n c u b a t i o n s .  

The bands l a b e l e d  a f t e r  a t en  m i n u t e  I n c u b a t i o n  wer e  compared  

w i t h  t h o s e  o b t a i n e d  a f t e r  a t en m i n u t e  I n c u b a t i o n  f o l l o w e d  by 

a chase  w i t h  u n l a b e l e d  l e u c i n e .  An i d e n t i c a l  I n c r e a s e  In 

s p e c i f i c  a c t i v i t y  was o b s e r v e d  in t h e  Lu br o l  p e l l e t  f r om  

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

( T a b l e  X ) .  Gel e l e c t r o p h o r e s i s  o f  bo t h  p r e p a r a t i o n s  r e v e a l e d  

s i m i l a r  l a b e l e d  peaks w i t h  r e l a t i v e l y  t h e  same m o b i l i t i e s  as 

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

( F i g u r e  1 5 ) ;  h o w e v e r ,  t h e  r a t i o  o f  c o u n t s  In t he  t h r e e  peaks  

was s l i g h t l y  d i f f e r e n t  In the pel  l e t  o b t a i n e d  a f t e r  a t en  

m i n u t e  I n c u b a t i o n .  The h i g h e s t  m o l e c u l a r  w e i g h t  peak c o n ­

t a i n e d  f e w e r  c oun t s  t han t h e  2 7 , 0 0 0  m o l e c u l a r  w e i g h t  p e a k ,  

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

I n c u b a t i o n .  T h i s  r e s u l t  may be due t o  d i f f e r e n t  r a t e s  o f  

s y n t h e s i s  o f  t h e s e  p r o t e i n s .  H o we v e r ,  t h e  o b s e r v a t i o n  t h a t  

o n l y  t h r e e  bands we r e  l a b e l e d  in r e l a t i v e l y  t h e  same p o s i t i o n  

on t he ge l  In bo t h  p r e p a r a t i o n s ,  seems t o  p r e c l u d e  any p r e -  

c u r s o r - r e l a t l o n s h l p .

B e a t t i e  and S t u c h e l 1 ( 1 0 3 )  r e p o r t e d  t h a t  t he  a d m i n i s t r a ­

t i o n  o f  a 11 y 1 I s o p r o p y 1a c e t a m I d e  ( A I A) t o  r a t s  caused an I n ­

c r e a s e  o f  f i - a m l n o l e v u I  I n I c  a c i d  (ALA)  s y n t h e t a s e  a c t i v i t y  in
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F i g u r e  \ k .  A n a l y s i s  o f  sampl es  o f  an J_n_ v 11 r o  ( T a b l e  V I )
and an In v t v o  ( T a b l e  I X)  p r e p a r a t i o n  s u b j e c t e d  
t o  a c e t t c - a c l d - U u b r o l  f r a c t i o n a t i o n .  Equal  a l l  
q u o t s  o f  t h e  two sampl es  we r e  mi xed t h o r o u g h l y *  
and a p p r o x i m a t e l y  150 pg o f  t h e  m i x t u r e  w e r e
added t o  t h e  g e l s  ( o  o) ( SH ) l e u c i n e  ( In v I v o )
(a a] ( l l , C ) l e u c t n e  ( I n  v 11 r o )  .



TABLE X

E f f e c t  o f  S h o r t - T i m e  I n c u b a t i o n s  on D i s t r i b u t i o n  o f  

R a d i o a c t i v i t y .

FRACT iON PR0TE1N
TOTAL

COUNTS

cpm/mg mg cpm

E x p e r i m e n t  1

I n t a c t  M i t o c h o n d r i a  
Ace 11 c Ac i d P e l l e t  
L u br o l  P e l l e t

5 , 5 6 0
2 9 , 0 0 0
3 7 , 0 0 0

A0

3-1*

222 ,AO0 

125 , 8 0 0

Exper  iment  2

I n t a c t  M i t o c h o n d r i a  
Ace 11 c Ac Id Pe 1 1e t  
L u b r o l  Pel  l e t

1 6 , 8 0 0  
7 7 , 0 0 0  
9 6 , 0 0 0

A0
6
3 . 5

672 , 0 0 0  
A62 , 0 0 0  
336 , 0 0 0

In e x p e r i m e n t  1,  m i t o c h o n d r i a  f r om one l i v e r  was I n c u ­

b a t e d  f o r  10 m i n u t e s  In 20 ml o f  I n c u b a t i o n  medium c o n t a i n i n g  

I A
1 . 2 5  PC/ml  ( C ) l e u c l n e  and 0 . 5  Mg/ml  o f  v a l l n o m y c i n  and chased  

f o r  20 m i n u t e s  w i t h  10 mM u n l a b e l e d  L - l e u c i n e .  A f t e r  t he  I n c u ­

b a t i o n ,  t h e  m i t o c h o n d r i a  we r e  r e t s o l a t e d  and f r a c t i o n a t e d  w i t h  

a c e t i c  a c l d - L u b r o l .

In e x p e r i m e n t  2 ,  m t t o c h o n d r t a  f r om one l i v e r  was I n c u ­

b a t e d  f o r  10 m i n u t e s  in a m e t a b o l i c  s h a k e r  tn 20 ml o f  i s o l a -

I Ift l o n  medium c o n t a i n i n g  2 pC/ ml  o f  ( C ) l e u c t n e  and 0 . 5  pg/ ml  

o f  v a l l n o m y c i n .  A f t e r  I n c u b a t i o n  t h e  m i t o c h o n d r i a  wer e  r e l s o -  

l a t e d  and f r a c t i o n a t e d  w i t h  a c e t i c  a c l d - L u b r o l .
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F t g u r e  15-  E l e c t r o p h o r e t i c  p a t t e r n s  o f  r a d i o a c t i v i t y  o f  t h e  
two e x p e r i m e n t s  d e s c r i b e d  In T a b l e  X.  Upper  box  
r e p r e s e n t s  10 m i n u t e  I n c u b a t i o n  w i t h  ( 3 * C ) l e u c I n e  
f o l l o w e d  by a 20  m i n u t e  c h a s e  w h i l e  t h e  l o w e r  box  
r e p r e s e n t s  t h e  t e n  m i n u t e  I n c u b a t i o n .  E l e c t r o ­
p h o r e s i s  was run as p r e v i o u s l y  d e s c r i b e d .



r a t  l i v e r  m i t o c h o n d r i a .  in a s u b s e q u e n t  s t u d y ,  B e a t t i e  ( 1 0 ^ )  

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

AI A t r e a t m e n t  had a 5 0 - 6 0 1  g r e a t e r  r a t e  o f  amtno a c i d  i n c o r ­

p o r a t i o n  J_n̂  v i t r o  as compar ed t o  m i t o c h o n d r i a  f r o m c o n t r o l  

a n i m a l s .  I t  was o f  i n t e r e s t  t o  l e a r n  w h e t h e r  t h i s  i n c r e a s e d  

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

In a l l  t h e  bands o b s e r v e d  o r  in a s e l e c t i v e  s t i m u l a t i o n  o f  

c e r t a i n  p r o t e i n s .  D i e t y l  I , k - D t h y d r o - 2 , k , 6 - 1 r I  m e t h y 1p y r i d I n e -  

3 , 5 - dI  c a r b o x y  1 a t e  (DDC) was i n j e c t e d  i n t o  r a t s  t o  I n d u c e  ALA 

s y n t h e t a s e  a c t i v i t y  ( 1 0 5 ) .  Ami no a c i d  i n c o r p o r a t i o n  was 

s t u d i e d  In t h e  m i t o c h o n d r i a  o b t a i n e d  f r o m r a t s  i n j e c t e d  w i t h  

DDC s i x t e e n  hour s  p r i o r  t o  s a c r i f i c e .  The i n c o r p o r a t i o n  r a t e  

was s t i m u l a t e d  n e a r l y  t w o - f o l d  compar ed t o  t h a t  o f  t h e  c o n t r o l .  

H o w e v e r ,  t h e  r a d i o a c t i v e  p r o f i l e  w a s s i m i l a r  t o  t h a t  o f  t h e  

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

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

I . P r o t e o 1 I p i d s

Less t h a n  10% o f  t h e  p r o t e i n  o f  t h e  s u b m i t o c h o n d r i a  1 

p a r t i c l e s  and 16% o f  t h e  r a d i o a c t i v i t y  we r e  e x t r a c t e d  by 

n e u t r a l  c h I o r o f o r m : m e t h a n o 1 a f t e r  an i n c u b a t i o n  o f  l i v e r  

m i t o c h o n d r i a  _tn_ v i t r o  w i t h  ( ^ H j l e u c l n e  ( T a b l e  X I ,  Met hod 1 ) .

The 1o 5 s o f  t o t a l  r a d i o a c t i v i t y  o b s e r v e d  a f t e r  t h i s  met hod  

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

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

m e t h a n o l  e x t r a c t s  we r e  c e n t r i f u g e d ,  and a l t e r n a t e l y ,  f r o m

-  73 -



T A B L E  X I

E x t r a c t i o n  o f  L a b e l e d  M i t o c h o n d r i a l  P r o t e i n s  by 

Ch1o r o f o r m : M e t h a n o 1 .

Spec I f  I c 
Ac 1 1v I t y

P r o t e i n
Tot  a 1 

Rad I o -  
A c t i v i t y

% o f  
Tot  a 1

cpm/mg mg c pm

Method 1

P a r t i c l e s 92 , 6 0 0 5 - 0 4 6 3 , 0 0 0 1 00

C : M E x t r a c t 1 7 3 , 0 0 0 0 . 42 72 , 6 0 0 1 6

Res I due 1*6 , 4 0 0 3 - 5 162 , 0 0 0 35

Method 2

Pa r 1 1 c 1es I I I , 0 0 0 5 . 0 5 5 5 , 0 0 0 1 00

M e t h a n o 1
Ext  r a c t - - 122 , 0 0 0 25

C:M E x t r a c t 2 6 9 , 0 0 0 0 . 3 80 , 8 0 0 7

Res I due 6 3 , 8 0 0 4 . 4 281 , 0 0 0 68

I s o l a t e d  m i t o c h o n d r i a  wer e  i n c u b a t e d  w i t h  20 p C j / m l  o f
j

C H ) l e u c t n e  ( 50  C^/ mmol e)  and f r a c t i o n a t e d  as d e s c r i b e d  In 

M a t e r i a l s  and Me t hods .
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t h e  p o s s i b l e  l o s s  o f  r a d i o a c t i v e  p r o t e i n s  I n t o  the  washes  

o f  t h e  l i p i d  f r a c t i o n .  E x t r a c t i o n  w i t h  me t h a no l  p r i o r  to  

c h 1o r o f o r m : m e t h a n o 1 (Method 2)  removed about  25% o f  t he  

t o t a l  r a d i o a c t i v i t y .  These c o u n t s  may r e p r e s e n t  f r e e  l e u c i n  

not  p r e s e n t  in p e p t i d e  l i n k a g e  ( 8 5 ) ,  o r  p o l y p e p t i d e s  whi ch  

a r e  not  s o l u b l e  in m e t h a n o l .  As a r e s u l t ,  t h e  c h l o r o f o r m :  

met ha nol  e x t r a c t  o b t a i n e d  by t h i s  method o f  e x t r a c t i o n  c o n ­

t a i n e d  o n l y  83; o f  t he  t o t a l  r a d i o a c t i v i t y .  The s p e c i f i c  

a c t i v i t y  o f  t he  c h 1o r o f o r m i m e t h a n o l  e x t r a c t ,  a f t e r  bo t h  e x ­

t r a c t i o n  p r o c e d u r e s ,  was d o u b l e  t h a t  o f  t he  s u b m I t o c h o n d r I  a 1 

p a r t i c l e s  ( T a b l e  X I )  or  f o u r  t i me s  g r e a t e r  t han  t h a t  o f  i n ­

t a c t  mi t ochond r I  a .

I n c o r p o r a t i o n  i n t o  che p r o t e o l i p i d  f r a c t i o n  was i n h i ­

b i t e d  t o  t h e  same e x t e n t  as t h e  I n t a c t  m i t o c h o n d r i a  by c h l o r  

a mp h e n i c o l  (70%)  and c a r b omy c t n  ( 8 0 %) ,  bo t h  known t o  be 

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  on m i t o c h o n d r i a l  

r i bosome s  ( T a b l e  X I I ) .  These r e s u l t s  s u g g e s t  t h a t  t h e  r a d i o  

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

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

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

1 n v i t r o  a f t e r  SDS- ge l  e l e c t r o p h o r e s i s  r e v e a l e d  seven peaks  

( F i g u r e  1 6 ) .  The m a j o r  r a d i o a c t i v e  p r o t e i n s  we r e  p r e s e n t  In  

t h a t  p o r t i o n  o f  t h e  ge l  c o r r e s p o n d i n g  to a molecular w e i g h t  o f  

4 0 , 0 0 0  w i t h  a s h o u l d e r  a t  4 8 , 0 0 0 .  S i g n i f i c a n t  r a d i o a c t i v i t y  

was a l s o  p r e s e n t  in peaks o f  m o l e c u l a r  w e i g h t s  o f  2 8 , 0 0 0  and

2 0 , 0 0 0 ,  w h i t e  mi n o r  l a b e l i n g  was o b s e r v e d  In t h r e e  peaks o f  

l o we r  m o l e c u l a r  w e i g h t .  The p r o t e o l i p i d  f r a c t i o n s  ( e x t r a c t )



T A B L E  X I t

E f f e c t  o f  I n h i b i t o r s  o n  P r o t e o l i p i d  S y n t h e s i s .

FRACTION

cpm/mg

I n t a c t  
M 11 o

C :M 
E x t r a c t Res i due

C o n t r o l 1 5 , ^ 0 0 65 , 00 0 2 0 , 2 0 0

+ c h l o r a m p h e n t c o l , 5 2 0 2 0 , 3 0 0 * t , 8 * 0

% 1 nh I b I 1 1  on 71 69 76

+ca r bomyc I n 3 , 0 8 0 1 2 , 3 0 0 I* , 2 * 0

% 1 n h I b 1 1 1  on 80 81 79

M i t o c h o n d r i a  wer e  I n c u b a t e d  w i t h  5 y C/ ^ ml  o f  ( ^ H ) l e u c I n e  

w i t h  100 y g / ml  o f  c h l o r a m p h e n i c o l  and 30 y g / ml  o f  c a r b o my c l n  

and f r a c t i o n a t e d  as d e s c r i b e d  In M a t e r i a l s  and Me t h o d s .
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F i g u r e  16.  SDS- ge l  e l e c t r o p h o r e s i s  o f  100 yg o f  s u b m l t o c h o n -  
d r t a l  p a r t i c l e s  ( CONTROL) , 50 yg o f  t h e  washed  
c h l o r o f o r m : m e t h a n o l  e x t r a c t  (EXTRACT)  and 100 yg 
o f  t h e  r e s i d u e  a f t e r  c h i o r o f o r m ; m e t h a n o 1 e x t r a c ­
t i o n .  S p e c i f i c  a c t i v i t i e s  o f  t h e  f r a c t i o n s  a r e  
p r e s e n t e d  In T a b l e  XI  ( Met hod I ) .  R e c o v e r y  f r o m  
t h e  g e l  95%> The g e l s  we r e  c u t  t n t o  1 mM s l i c e s  
and c o u n t e d  ( 8 5 ) •



p r e p a r e d  by Method 1,  s e p a r a t e d  I n t o  a s h a r p  peak  o f  4 0 , 0 0 0  

m o l e c u l a r  w e i g h t  w i t h  a s l i g h t  s h o u l d e r  and two v e r y  br oad  

peaks o f  low m o l e c u l a r  w e i g h t .  In t he  r e s i d u e  a f t e r  e x ­

t r a c t i o n  w i t h  c h I o r o f o r m : m e t h a n o 1 , l a b e l i n g  o f  t h e  4 0 , 0 0 0  

m o l e c u l a r  w e i g h t  peak was d t m l n s h e d ,  w h i l e  an a l mo s t  c o m p l e t e  

l o s s  o f  r a d i o a c t i v i t y  in t he  two l o we s t  m o l e c u l a r  w e i g h t  

peaks was o b s e r v e d .  The m a g n i t u d e  o f  l a b e l i n g  o f  the o t h e r  

peaks was unchanged by e x t r a c t i o n  w i t h  c h 1o r o f o r m : m e t h a n o 1 . 

E x t r a c t i o n  w i t h  a c i d i c  c h 1o r o f o r m : m e t h a n o l  a l s o  removed 20£  

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

d e f i n e d  peaks a f t e r  gel  e l e c t r o p h o r e s i s .

The p o s s i b i l i t y  r e ma i n e d  t h a t  t h e  method o f  L l n n a n e  

( 8 9 ) ,  I n v o l v i n g  f o u r  washes o f  t h e  c h i o r o f o r m : met hanol  e x t r a c t  

may have caused t he  l o s s  o f  some o f  t h e  p r o t e o l i p l d s  s y n ­

t h e s i z e d  by t h e  m i t o c h o n d r i a .  Two a l t e r n a t i v e  a p p r o a c h e s  

wer e  t e s t e d :  a s i n g l e  e x t r a c t i o n  o f  t h e  SMP w i t h  c h l o r o f o r m :

met ha no l  w i t h o u t  t he  w a t e r  washes and 1y o p h i 1 I z a t I  on o f  t h e  

subm1 t o c h o n d r 1 a 1 p a r t i c l e s  p r i o r  t o  e x t r a c t i o n  w i t h  c h l o r o ­

f or m:  me t h a no l  ( 9 3 ) .  E x t r a c t s  f r om t h e s e  two pr ocedur es  we r e  

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

p h o r e s i s  as d e s c r i b e d  In M a t e r i a l s  and M e t h o d s .  The r a d i o ­

a c t i v e  p r o f i l e s  a r e  shown In F i g u r e s  1 7 , 1 8 ,  and 1 9 . The ge l  

p a t t e r n  o f  t he  e x t r a c t  wh i c h  was no t  washed ( F i g u r e  18)  l ooks  

s i m i l a r  t o  t h a t  I n  t h e  washed c h l o r o f o r m t m e t h a n o l  e x t r a c t  

( F i g u r e  1 7 ) ,  h o w e v e r ,  t h e  1 0 , 0 0 0  m o l e c u l a r  w e i g h t  peak  

a p p e a r s  t o  c o n t a i n  more r a d i o a c t i v i t y  In t h e  non- washed e x ­

t r a c t .  in c o n t r a s t ,  o n l y  t h r e e  br oa d  peaks wer e  o b s e r v e d

-  78 -
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F i g u r e  17 .  E l e c t r o p h o r e t i c  p a t t e r n  o f  r a d i o a c t i v i t y  o f  washed  
c h 1 o r o f o r m : m e t h a n o 1  e x t r a c t .  E x t r a c t  was p r e ­
p a r e d  f o r  e l e c t r o p h o r e s i s  as d e s c r t b e d  In M a t e r i a l s  
and M e t h o d s .  The s p e c i f i c  a c t i v i t y  o f  t he  c h l o r o ­
f o r m : me t h a n o l  e x t r a c t  was 1 3 0 , 0 0 0  cpm/mg.  50 Mg 
was added t o  t h e  g e l .
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F i g u r e  18 .  E l e c t r o p h o r e t i c  p a t t e r n  o f  r a d i o a c t i v i t y  o f  non-  
wa&hed c h i o r o f o r m : m e t h a n o 1 e x t r a c t .  The e x t r a c t  
was p r e p a r e d  f o r  e l e c t r o p h o r e s i s  as p r e v i o u s l y  
d e s c r i b e d .  The s p e c i f i c  a c t i v i t y  o f  t h e  c h l o r o ­
f o r m : n e t  hano 1 e x t r a c t  was 100,000  cpm/ mg.  100 yg 
was added t o  t h e  g e l .
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F i g u r e  19 .  E l e c t r o p h o r e t i c  p a t t e r n  o f  c h l o r o f o r m : m e t h a n o 1
e x t r a c t  f r om l y o p h t l l z e d  s u b m t t o c h o n d r t a t  p a r t i ­
c l e s  p r e p a r e d  a c c o r d i n g  t o  Met hod 3 C 9 3 ) • Ex­
t r a c t  was p r e p a r e d  for  e 1e c t r o p h o r e s  I s  as p r e ­
v i o u s l y  d e s c r i b e d .  The s p e c i f i c  a c t i v i t y  o f  t h e  
c h l o r o f o r m : m e t h a n o 1 e x t r a c t  was 9 8 , 0 0 0  cpm/mg.  
100  ug was added t o  t he  g e l .



in t h e  low m o l e c u l a r  w e i g h t  r e g i o n  o f  1 4 , 0 0 0  t o  1 0 , 0 0 0 , In t he  

c h 1o r o f o r m : m e t h a n o 1 e x t r a c t  o f  t he  l y o p h i l l z e d  m i t o c h o n d r i a l  

membranes ( F i g u r e  1 9 ) .  I n s i g n i f i c a n t  c o u n t s  wer e  o b s e r v e d  

In t he  r e g i o n  o f  t he  ge l  c o r r e s p o n d i n g  t o  m o l e c u l a r  w e i g h t s  

g r e a t e r  t han  1 4 , 0 0 0 .

In a p r e v i o u s  s t u d y ,  I b r a h i m  e_t̂  aj_. ( 1 0 6 )  r e p o r t e d  t h a t  

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

bot h  j_n_ v 11 ro and j_n_ v I vo w a s s t f m u l a t e d  when c e l l s  we r e  a 1 -  

lowed to a c c u m u l a t e  p r o d u c t s  o f  c y t o p l a s m i c  p r o t e i n  s y n ­

t h e s i s  by g r o wt h  o f  t he  c e l l s  f o r  v a r i o u s  t i m e s  in c h l o r ­

a m p h e n i c o l .  I t  was hoped t h a t  t h i s  I n c r e a s e d  r a t e  o f  l a b e l i n g  

o f  m i t o c h o n d r i a l  membranes J_n_ v i vo m i g h t  be a r e f l e c t i o n  

o f  an I n c r e a s e d  r a t e  o f  p r o t e o l i p i d  s y n t h e s i s .  To t e s t  t h i s  

p o s s i b i l i t y ,  y e a s t  c e l l s  we r e  grown f o r  t h i r t e e n  hours  fn 

5% g l u c o s e  a t  wh i c h  t i me  t h e  c u l t u r e  was d i v i d e d  I n t o  two 

equa l  p a r t s .  To one was added c h l o r a m p h e n i c o l  (4 m g / m l ) ,  

w h i l e  t h e  o t h e r  was used as t h e  c o n t r o l .  A f t e r  a n o t h e r  t h r e e  

hour s  o f  g r o w t h ,  bo t h  c u l t u r e s  wer e  h a r v e s t e d ,  washed,  and 

I n c u b a t e d  j_n_ v I vo as d e s c r i b e d  in M a t e r i a l s  and Me t h o d s .

S u b m i t o c h o n d r 1 a 1 p a r t i c l e s  we r e  p r e p a r e d  f r om bot h  p r e p a r a ­

t i o n s  and e x t r a c t e d  w i t h  c h I o r o f o r m : m e t h a n o 1 ( 2 : 1 ,  v / v ) .  A

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

c h o n d r i a l  membranes o b t a i n e d  f r om c e l l s  grown f o r  t h r e e  hour s  

In c h l o r a m p h e n i c o l  compared t o  t h a t  o f  t he  c o n t r o l  ( T a b l e  

X l l l ) .  In bo t h  p r e p a r a t i o n s  a p p r o x i m a t e l y  13% o f  t he  t o t a l  

r a d i o a c t i v i t y  fn t h e  membraneswas e x t r a c t e d  w i t h  c h l o r o ­

f or m:  met hano l  and l e s s  t ha n  10% o f  t h e  p r o t e i n .  The gel  

p r o f i l e  o f  t he  membranes r e v e a l e d  a s t i m u l a t i o n  o f  t he  low



TABLE X I t  I

E x t r a c t i o n  o f  Y e a s t  S u b m t t o c h o n d r t a  I P a r t i c l e s  Grown In 

C h l o r a m p h e n i c o l  f o r  T h r e e  Hours and T r a n s f e r r e d  to Fr esh  Medi um.

S p e c i f i c  
Act  1 v I t y

P r o t e i n
T o t a l  
Rad I q -  

Ac 1 1v 1 1 y
% o f  

T o t a  1
cpm/mg mg c pm

C o n t r o l

SubmI t ochond r I  a 1 

P a r t I c 1es 

C:M E x t r a c t

6 l t , 2 9 5  

1 2 5 , 0 0 0

12

0 . 8

731 , 5 * 6  

1 0 0 , 0 0 0 1 3 - 6

Ch1o r a m p h e n I c o 1 
T r e a t e d

Subm 1 t ochond r i a l

P a r t I c 1es 

C : M Ext  r a c t

1 0 0 , 7 2 8  

1 9 8 , 0 0 0

8

0 . 5

805 .821* 

99 , 0 00 1 2 . 2

P a r t i a l l y  d e r e p r e s s e d  y e a s t  c u l t u r e s  wer e  grown f o r  

t h r e e  hour s  In t he  p r e s e n c e  o r  abs e nc e  o f  c h l o r a m p h e n i c o l .  

The c e l l s  we r e  wa s he d ,  h a r v e s t e d ,  and I n c u b a t e d  _t_n_ v 1 vo as 

d e s c r i b e d  In M a t e r i a l s  and Me t hods .
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F i g u r e  2 0 .  Sodi um d o d e c y l s u 1 f a t e  e l e c t r o p h o r e s i s  p r o f i l e s  
o b t a i n e d  f r om y e a s t  c e l l s  t r e a t e d  as d e s c r i b e d  
tn T a b l e  X t l t .  M i t o c h o n d r i a l  membranes we r e  
p r e p a r e d  as  d e s c r i b e d  I n M a t e r i a l s  and Methods  
and 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 .
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F i g u r e  2 1 .  E l e c t r o p h o r e t i c  p a t t e r n s  o f  c h 1 o r o f o r m : m e t h a n o l
e x t r a c t s  o f  s u b m I t o c h o n d r I  a 1 p a r t i c l e s  f r o m y e a s t
c e l l s  t r e a t e d  as d e s c r i b e d  In Ta £ 1 e  X I I I .  ( o  o ) -
c o n t r o l ; ( • ------ •  ) -  c h l o r a m p h e n i c o l  t r e a t e d .



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

c h l o r a m p h e n i c o l  ( F i g u r e  2 0 ) .  In a d d i t i o n ,  an a l m o s t  s i x - f o l d  

s t i m u l a t i o n  was o b s e r v e d  In t h e  band o f  low m o l e c u l a r  w e i g h t  

In t he  c h 1o r o f o r m : m e t h a n o 1 e x t r a c t  ( F i g u r e  2 1 ) .  F u r t h e r m o r e ,  

l e s s  r a d i o a c t i v i t y  was p r e s e n t  In t he  two bands o f  h i g h e s t  

m o l e c u l a r  w e i g h t .

V . D I s c u s  sI  on

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

s u c r o s e  f o r  KCI t o  m a i n t a i n  o s m o l a r l t y  In t he  medium r e s u l t e d  

i n a d e c r e a s e  In t h e  r a t e  o f  a mi no  a c i d  i n c o r p o r a t i o n  ( k )  . 

S u b s e q u e n t l y ,  H a i d a r  and Fr eeman ( 1 0 7 )  c o n f i r m e d  t h a t  d e ­

c r e a s i n g  amount s  o f  s u c r o s e  In t h e  medium I n c r e a s e d  t h e  

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

a d d i t i o n  o f  NaCI  ( 1 0 8 )  o r  NH^Cl  ( 9 9 )  t o  t h e  medium c o n t a i n ­

i ng KCI r e s u l t e d  In a s t i m u l a t i o n  o f  t h e  r a t e  o f  ami no  a c i d  

I n c o r p o r a t i o n .  The s t i m u l a t o r y  e f f e c t s  o f  NH^+ we r e  l a t e r  

c o n f i r m e d  ( 8 , 9 ) .  The r e s u l t s  o f  t h e  p r e s e n t  s t u d y ,  h o w e v e r ,  

i n d i c a t e  t h a t  p o t a s s i u m  is t h e  p r e f e r r e d  c a t i o n  f o r  s t u d i e s  

o f  ami no a c i d  I n c o r p o r a t i o n  In r a t  l i v e r  m i t o c h o n d r i a  i n c u ­

b a t e d  w i t h  e i t h e r  ATP and t h e  r e g e n e r a t i n g  s y s t e m ,  PEP and 

p y r u v i c  k i n a s e ,  o r  w i t h  ATP and s u c c i n a t e .  R e p l a c e m e n t  o f  

KCI w i t h  e i t h e r  NH^CI  o r  NaCI  r e s u l t e d  In d e c r e a s e d  r a t e s  

o f  i n c o r p o r a t i o n .  F u r t h e r m o r e ,  t h e  s u b s t i t u t i o n  o f  e i t h e r  

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

I o n i c  s t r e n g t h  c aused  a d e c r e a s e  In t h e  I n c o r p o r a t i o n  r a t e .
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Cunni ngham and B r l d g e r s  ( 2 3 )  r e p o r t e d  no d i f f e r e n c e  In I n c o r ­

p o r a t i o n  by r a t  l i v e r  m i t o c h o n d r i a  when NaCl  r e p l a c e d  KC1 

I n t he  I n c u b a t i o n  medi um;  h o w e v e r ,  t h e  r a t e s  o f  I n c o r p o r a ­

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

The need f o r  p o t a s s i u m  has been shown p r e v i o u s l y  t o  be 

e s s e n t i a t  f o r  p r o t e i n  s y n t h e s i s  In o t h e r  s y s t e m s .  In 1 9 6 9 ,  

Col eman ( 1 0 9 )  r e p o r t e d  t h a t  In t h e  p r e s e n c e  o f  0 . 0 5  M T r i s  

b u f f e r ,  pH 7 * 6 ,  maximum ami no  a c i d  I n c o r p o r a t i o n  I n t o  p r o ­

t e i n s  by g e n t l y  d i s r u p t e d  c e l l s  o f  B_. a my l o l  I q u e f a c l e n s  we r e

a c h i e v e d  In t he  p r e s e n c e  o f  0 . 0 1  M-Mg+  ̂ and 0 . 0 7 - 0 . 1  M-K+ .

I t  t h u s  a p p e a r s  t h a t  a s i m i l a r  s i t u a t i o n  e x i s t s  In t h e  m i t o ­

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

A s t i m u l a t i o n  o f  a mi no  a c i d  I n c o r p o r a t i o n  was o b s e r v e d  

I n t l *  p r e s e n c e  o f  low c o n c e n t r a t i o n s  o f  p h o s p h a t e .  When 

p h o s p h a t e  was o m i t t e d , a n  a p p r o x i m a t e  60% d e c r e a s e  In t h e  I n ­

c o r p o r a t i o n  r a t e  was o b s e r v e d  in t h e  p r e s e n c e  o f  s u c c i n a t e  

and ADP w h e r e  ATP p r o d u c e d  by t h e  r e s p i r a t o r y  c h a i n  p r o v i d e d  

t h e  n e c e s s a r y  e n e r g y  f o r  p r o t e i n  s y n t h e s i s .  In c o n t r a s t ,  a 

30% d e c r e a s e  In t h e  I n c o r p o r a t i o n  r a t e  was o b s e r v e d  in t h e  

ATP-PEP r e g e n e r a t i n g  s y s t e m when p h o s p h a t e  was r e mo v e d .  One 

p o s s i b l e  r o l e  o f  p h o s p h a t e  In t h i s  s y s t e m m i g h t  be as a p a c i f i c  

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

t h e  I n n e r  m i t o c h o n d r i a l  membr ane .

The d a t a  p r e s e n t e d  h e r e  s u g g e s t s  t h a t  h i g h  i n t r a m i t o -  

c h o n d r l a l  l e v e l s  o f  ATP r e s u l t  In e n h a n c e d  r a t e s  o f  ami no  

a c i d  i n c o r p o r a t i o n .  The need f o r  2 mM c o n c e n t r a t i o n s  o f  e x o ­

genous ATP d u r i n g  an I n c u b a t i o n  In w h i c h  no more t h a n  7~**0

-  8? -



pmol es o f  l e u c i n e  a r e  I n c o r p o r a t e d  I n t o  p r o t e i n  ( 1 1 0 ) ,  s u g ­

g e s t s  t h a t  ATP may be I n v o l v e d  in p r o c e s s e s  o t h e r  t h a n  ami no  

a c i d  I n c o r p o r a t i o n  In p e p t i d e  bond f o r m a t i o n .  P e r h a p s  ATP 

may p l a y  a r o l e  In m a i n t a i n i n g  t h e  p r o p e r  membrane c o n f o r ­

m a t i o n  . I n s u p p o r t  o f  t h i s  I d e a ,  L l n n a n e  and Has I am ( 1 1 1 )  

have  s u g g e s t e d  t h a t  t h e  m i t o c h o n d r i a l  r i b o s o me  may be an 

i n t e g r a l  p a r t  o f  t h e  I n n e r  m i t o c h o n d r i a l  membr ane .  S i m i l a r l y ,  

P e r l ma n  and M a h l e r  ( 1 1 2 )  have  s u g g e s t e d  t h a t  changes  in t h e  

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

m i d e .

M i t o c h o n d r i a  p r e p a r e d  by e x t e n s i v e  w a s h i n g s  w i t h  s u c r o s e  

can s u p p o r t  ami no a c i d  I n c o r p o r a t i o n  t o  a p p r o x i m a t e l y  t h e  

same e x t e n t  w h e t h e r  ATP I s  g e n e r a t e d  by t h e  r e s p i r a t o r y  c h a i n  

o r  by an e x t e r n a l  A T P - r e g e n e r a t I n g  s y s t e m c o n s i s t i n g  o f  ATP,

PEP and p y r u v a t e  k i n a s e .  A d e c r e a s e  in a c t i v i t y  was o b ­

s e r v e d  when ATP w i t h o u t  PEP was added t o  t h e  I n c u b a t i o n  medi um.  

Somet i mes  v a r i a t i o n s  w e r e  o b s e r v e d  f r om one p r e p a r a t i o n  t o  

a n o t h e r ;  h o w e v e r ,  in many d i f f e r e n t  e x p e r i m e n t s  t h e  r a t e  o f  

a mi no  a c i d  i n c o r p o r a t i o n  was a p p r o x i m a t e l y  t h e  same w h e t h e r  

ADP and s u c c i n a t e  we r e  added t o  t h e  I n c u b a t i o n  medium o r  ATP 

and PEP.  I t  t h u s  a p p e a r s  t h a t  r a t  l i v e r  m i t o c h o n d r i a  as p r e ­

p a r e d  In o a r  l a b o r a t o r y  can i n c o r p o r a t e  ami no a c i d s  i n t o  p r o ­

t e i n  u s i n g  e i t h e r  an e x t e r n a l  s o u r c e  o f  ATP p l u s  an ATP r e ­

g e n e r a t i n g  s y s t e m o r  ATP s y n t h e s i z e d  by t h e  r e s p i r a t o r y  c h a i n .  

T h i s  I s  In d i r e c t  c o n t r a s t  t o  t h e  r e p o r t  o f  Coot e  and Work  

( 9 )  in w h i c h  much h i g h e r  r a t e s  o f  I n c o r p o r a t i o n  we r e  o b t a i n e d  

when ATP was g e n e r a t e d  by o x i d a t i v e  p h o s p h o r y l a t i o n .
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In t h e  p r e s e n c e  o f  s u c c i n a t e  and e i t h e r  ATP o r  ADP, t h e  

n e c e s s a r y  ATP was l a r g e l y  g e n e r a t e d  by t h e  r e s p i r a t o r y  c h a i n  

as I n d i c a t e d  by t he  90% I n h i b i t i o n  by a n t l m y c l n  A.  In the  

p r e s e n c e  o f  t h e  A T P - r e g e n e r a t I n g  s y s t e m,  t h e  m a j o r i t y  o f  t he  

ATP must  have been t r a n s p o r t e d  a c r o s s  t h e  m i t o c h o n d r i a l  mem­

br ane  as I n d i c a t e d  by t h e  70% I n h i b i t i o n  by a t r a c t y 1 os I d e . 

However ,  some o f  t he  I n c o r p o r a t i o n  In t h e  p r e s e n c e  o f  e x o ­

genous ATP and t he  r e g e n e r a t i n g  syst em wer e  s t i l l  d e p e n d e n t  

on o x i d a t i v e  p h o s p h o r y l a t i o n  as I n d i c a t e d  by t he  } 0 - k Q %  I n ­

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

p r o t e i n  s y n t h e s i s  o c c u r s  In t he  m a t r i x  o f  t h e  m i t o c h o n d r i a ,  

and t h a t  I n t r a m  I t o c h o n d r I  a I ATP,  e i t h e r  g e n e r a t e d  by r e s ­

p i r a t o r y  c h a i n  l i n k e d  p h o s p h o r y l a t i o n  or  t r a n s p o r t e d  a c r o s s  

t he  I n n e r  membrane,  p r o v i d e s  t he  e n e r g y  n e c e s s a r y  f o r  aml no  

a c i d  I n c o r p o r a t i o n .

The I n h i b i t o r y  e f f e c t s  o f  a t r a c t y 1 os I de  In t h e  p r e s e n c e  

o f  ATP and t h e  r e g e n e r a t i n g  syst em do no t  a g r e e  w i t h  p r e ­

v i o u s  s t u d i e s  wh i c h  I n d i c a t e d  t h a t  a t r a c t y 1 os 1de s t i m u l a t e d  

amlno a c i d  I n c o r p o r a t i o n  ( 1 1 3 )  o r  had no e f f e c t  ( 1 1 0 ) .  P e r ­

haps t h e  I n c o r p o r a t i o n  In t h e s e  s t u d i e s  was s o l e y  d e p e n d e n t  

on ATP s y n t h e s i z e d  w i t h i n  t he  m i t o c h o n d r i a  and no t  by t h e  

t r a n s p o r t  o f  exogenous  ATP I n t o  t h e  m i t o c h o n d r i a .  I t  Is 

I n t e r e s t i n g  In t h i s  c o n t e x t  t h a t  a d d i t i o n  o f  r e s p i r a t o r y  

s u b s t r a t e s  r e v e r s e d  t h e  a t r a c t y I  os I de i n h i b i t i o n  o b s e r v e d  

In t h e  ATP-PEP s ys t em ( 1 2 ) .  P r e s u ma b l y  t h e s e  a d d i t i o n a l  

s u b s t r a t e s  mi g h t  g e n e r a t e  s u f f i c i e n t  ATP by r e s p i r a t i o n  us i ng  

t he  endogenous a d e n i n e  n u c l e o t i d e  p o o l s .



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

t i c s  on m i t o c h o n d r i a l  p r o t e i n  s y n t h e s i s  wer e  i n v e s t i g a t e d .

I t  was f ound t h a t  maximum i n c o r p o r a t i o n  in t erms o f  pmol es  

o f  l e u c i n e / m g  p r o t e i n  was a t t a i n e d  a t  a l e u c i n e  c o n c e n t r a ­

t i o n  o f  A 0 - 6 0  pM. At t h i s  c o n c e n t r a t i o n ,  t h e  r a d i o a c t i v e  

ami no a c i d  was no t  r a t e  1 i m l t l n g  and one c o u l d  t hus e v a l u a t e  

t h e  e f f e c t  o f  t h e  a n t i b i o t i c  on p e p t i d e  bond s y n t h e s i s  a t  t he  

r i bosome.

The e f f e c t s  o f  c e r t a i n  a n t i b i o t i c s  on p r o t e i n  s y n t h e s i s  

In r a t  l i v e r  m i t o c h o n d r i a  we r e  i n v e s t i g a t e d  a t  a f i n a l  c on ­

c e n t r a t i o n  o f  ho  pH t e u c i n e .  E r y t h r o m y c i n  and l i n c o m y c i n  

had no i n h i b i t o r y  e f f e c t  on p r o t e i n  s y n t h e s i s  in whol e  m i t o ­

c h o n d r i a ;  h o we v e r ,  s i g n i f i c a n t  I n h i b i t i o n  by t h e s e  a n t i b i o t i c s  

was o b s e r v e d  when t he  m i t o c h o n d r i a  wer e  e i t h e r  f i r s t  p r e l n -  

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

i n n e r  membranes and t hen i n c u b a t e d  w i t h  r a d i o a c t i v e  l e u c i n e .  

When i n c o r p o r a t i o n  was t e s t e d  in t he  h y p o t o n i c  medium d e s ­

c r i b e d  by F i r k i n  and L i n n a n e  ( 3 6 )  no s i g n i f i c a n t  I n h i b i t i o n  

by e r y t h r o m y c i n  o r  l l n c o m y c t n  was o b s e r v e d .  Howe v e r ,  t he  

r a t e  o f  I n c o r p o r a t i o n ,  as measur ed I n pmol es o f  ami no a c i d /  

mg o f  p r o t e i n ,  is e x t r e m e l y  l ow,  such t h a t  any t r u e  e f f e c t  

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

Our r e s u l t s  seem t o  c o n f i r m  t h e  s u g g e s t i o n  o f  Kroon and D e V r i e s  

(1*0) t h a t  t he  l a c k  o f  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  by l i n c o ­

myc i n  and e r y t h r o m y c i n  in i n t a c t  m i t o c h o n d r i a  i s  due t o  t h e  

I m p e r m e a b i l i t y  o f  t h e  I n n e r  membrane t o  t h e  a n t i b i o t i c .

An a l t e r n a t i v e  e x p l a n a t i o n  f o r  t h e  l a c k  o f  i n h i b i t o r y



e f f e c t  o f  t h e  m a c r o l i d e s  has been pr oposed by L l n n a n e ' s  

gr oup ( 4 3 ) .  They have s u g g e s t e d  t h a t  d u r i n g  e v o l u t i o n  a 

p r o t e i n  or  p r o t e i n s  o f  t h e  mammal ian m I t o c h o n d r I  a I r i bosome  

may have changed In such a way t h a t  t h e  r i bo s o me  r e t a i n e d  

t he  a b i l i t y  t o  b i nd  t h e  a n t i b i o t i c  bu t  p r o t e i n  s y n t h e s i s  was 

u n a f f e c t e d .  One d i f f i c u l t y  in d e c i d i n g  be t ween t h e s e  two 

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

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  in r a t  I t v e r  m i t o c h o n d r i a  was 

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

m i t o c h o n d r i a .  Hence ,  t h e  mammal ian m i t o c h o n d r i a l  r i bosome  

may have l o s t  some o f  I t s  s e n s i t i v i t y  t o  e r y t h r o m y c i n  d u r i n g  

e v o l u t i o n .  The o n l y  way t o  e s t a b l i s h  d e f i n i t e l y  t he s e n s ! - 

t i v l t y  o f  t h e s e  r i bo s o me s  is t o  t e s t  t h e  e f f e c t  o f  e r y t h r o ­

myci n on I s o l a t e d  r i bosome s  wh i c h  a r e  a c t i v e  In p r o t e i n  s y n ­

t h e s i s .  I b r a h i m  and B e a t t i e  ( I I I * )  r e c e n t l y  r e p o r t e d  t h a t  low 

c o n c e n t r a t i o n s  o f  e r y t h r o m y c i n  ( 0 . 1  mM) or  c a r b o my c i n  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  on I s o l a t e d  r a t  l i v e r  r i bosomes  whi ch  

wer e  h i g h l y  a c t i v e  in c a t a l y z i n g  p o l y  ( U ) - d t r e c t e d  p o l y p h e n y l ­

a l a n i n e  s y n t h e s i s .  Most  I m p o r t a n t ,  h o w e v e r ,  was t h e  o b s e r ­

v a t i o n  t h a t  t h e s e  dr ugs  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  on y e a s t  

m i t o c h o n d r i a l  r i bosomes  t o  t h e  same e x t e n t  as t he  l i v e r  m i t o ­

c h o n d r i a l  r i b o s o me s .

I n h i b i t o r s  wh i ch  a c t  a t  t h e  l e v e l  o f  t r a n s c r i p t i o n  wer e  

a l s o  t e s t e d  f o r  t h e i r  e f f e c t  on ami no a c i d  I n c o r p o r a t i o n  by 

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

n u c l e a r  RNA s y n t h e s i s ,  was f ound t o  have n e g l i g i b l e  e f f e c t  

on p r o t e i n  s y n t h e s i s  In r a t  l i v e r  m i t o c h o n d r i a .  In c o n t r a s t ,
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b o t h  r l f a m p l c l n  and c o r d y c e p l n ,  w h i c h  a r e  p o t e n t  I n h i b i ­

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

a ml no  a c i d  I n c o r p o r a t i o n .  Thes e  r e s u l t s  s u g g e s t  a r e l a t i v e l y  

s h o r t  h a l f  l i f e  f o r  mRNA In t h e  m i t o c h o n d r i a .

Ch1o r o p r o m a z I n e  I s  a d r ug  w h i c h  s p e c i f i c a l l y  a f f e c t s  t h e  

c e n t r a l  n e r v o u s  s y s t e m .  G o e r t z ,  Emmer i c h ,  and K e r s t e l n  ( 1 1 5 )  

r e p o r t e d  t h a t  c h I o r o p r o m a z 1ne I n h i b i t s  up t o  30% p r o t e i n  

s y n t h e s i s  j_n̂  v i t r o  a s s a y e d  w i t h  e i t h e r  po l y some s  o r  r i b o s o me s  

f r o m r a t  b r a i n  o r  l i v e r .  The I n h i b i t i o n  was r e p o r t e d  t o  r e ­

s u l t  f r o m t h e  I n h i b i t i o n  o f  t h e  am I n o a c y 1 a t I o n  o f  t h e  tRNA.  

Th e s e  w o r k e r s  a l s o  e x ami n e d  t h e  e f f e c t  o f  c h I o r o p r o m a z I n e  on 

am I noac y  1 a t  1 on o f  E_. c o l  I tRNA and mammal i an tRNA and o b s e r v e d  

a s l i g h t  d i f f e r e n c e  In k i n e t i c s ,  magnesi um d e p e n d e n c y ,  and 

e x t e n t  o f  I n h i b i t i o n .  In t h e  mammal i an s y s t e m ,  c h l o r o p r o -  

ma z t n e  does not  a p p e a r  t o  I n t e r f e r e  d i r e c t l y  w i t h  tRNA or  

t h e  am I n o a c y 1 a 1 1ng e n z y me ,  b u t  i n t e r a c t s  w i t h  t h e  c o mp l e x  o f  

a mi no a c i d  s y n t h e t a s e  and tRNA.  In o u r  s t u d i e s ,  t h e  d e g r e e  

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

t o  be s i g n i f i c a n t  (38%)  a t  a c o n c e n t r a t i o n  o f  t h e  a n t i b i o t i c  

o f  1 0 ~ 6 M.

The n o n - i o n i c  d e t e r g e n t  L u b r o l  has been shown by S c h n a l t -  

man and G r e e n a w a l t  ( 7 )  t o  be e f f e c t i v e  In s o l u b i l i z i n g  m i t o ­

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

g e n t  was c o u p l e d  w i t h  t h e  a c e t i c  a c i d  e x t r a c t i o n  used p r e ­

v i o u s l y  (5*>) t o  o b t a i n  a f r a c t i o n  w i t h  a s i g n i f i c a n t  I n c r e a s e  

in s p e c i f i c  a c t i v i t y  o v e r  t h a t  o f  t h e  u n f r a c t I o n a t e d  m i t o ­

c h o n d r i a .  In a d d i t i o n ,  i t  was hoped t h a t  a more homogenous
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p r e p a r a t i o n  mi gh t  r e s u l t  f o r  a n a l y t i c a l  s t u d i e s  on SDS-  

p o l y a c r y l a m i d e  ge l  e l e c t r o p h o r e s i s .  A 5~7 f o l d  I n c r e a s e  In 

s p e c i f i c  a c t i v i t y  was o b s e r v e d  tn the p e l l e t  o b t a i n e d  a f t e r  

t h i s  f r a c t i o n a t i o n  p r o c e d u r e  as w e l l  as an 8 7 % l o s s  o f  t o t a l  

p r o t e i n .  Gel  e l e c t r o p h o r e s i s  r e v e a l e d  t h r e e  r a d i o a c t i v e  

peaks c o r r e s p o n d i n g  t o  m o l e c u l a r  w e i g h t s  o f  4 0 , 0 0 0 ,  2 7 * 0 0 0 ,  

and 2 0 , 0 0 0 .

To d e t e r m i n e  w h e t h e r  some p r o t e i n s  l a b e l e d  by t h e  m i t o ­

c h o n d r i a  d u r i n g  t he  In v i t r o  i n c u b a t i o n  we r e  s o l u b i l i z e d  by 

t he  a c e t i c  a c t d - L u b r o l  f r a c t i o n a t i o n  scheme,  o t h e r  t e c h n i q u e s ,  

whi ch remove much l e s s  o f  t h e  t o t a l  p r o t e i n ,  wer e  e mp l o y e d .

The I n s o l u b l e  r e s i d u e s  o b t a i n e d  a f t e r  KC1 e x t r a c t i o n ,  s o n i -  

c a t i o n ,  o r  p h o s p h a t e  e x t r a c t i o n  wer e  a n a l y z e d  on ge l  e l e c t r o ­

p h o r e s i s  and f ound t o  c o n t a i n  t h r e e  r a d i o a c t i v e  peaks w i t h  

a p p r o x i m a t e l y  t h e  same r e l a t i v e  m o b i l i t i e s  as f ound tn t h e  

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

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

tn o r d e r  t o  d e t e r m i n e  i f  t h e  t i me  o f  e l e c t r o p h o r e s i s  

( 4 i  h o u r s )  was o p t i m a l  f o r  good r e s o l u t i o n ,  l o n g e r  g e l s  wer e  

run w i t h  more c o n c e n t r a t e d  a c r y l a m i d e  ( I OX and 12%) and f o r  

l o n g e r  t i m e s  ( 16  and 2k  h o u r s ) .  The m a j o r i t y  o f  t he  r a d i o ­

a c t i v i t y  a f t e r  I n c u b a t i o n  j_n v 11 ro s t i l l  r ema i ned  in t he  

t h r e e  l a r g e  m o l e c u l a r  w e i g h t  p e a k s ;  h o w e v e r ,  some s i g n i f i c a n t  

r a d i o a c t i v i t y  was o b s e r v e d  tn 2 - 3  s m a l l e r  m o l e c u l a r  w e i g h t  

p e a k s .  T w e n t y - f o u r  hour  ge l  e l e c t r o p h o r e s i s  r e v e a l e d  some 

r e s o l u t i o n  o f  t h e  4 0 , 0 0 0  and 2 7 , 0 0 0  peaks I n t o  two bands e a c h .  

Thus one can c o n c l u d e  f r om t h e s e  a n a l y t i c a l  s t u d i e s  t h a t  r a t



l i v e r  m i t o c h o n d r i a  a r e  c a p a b l e  o f  s y n t h e s i z i n g  7~8 p r o t e i n s  

o f  m o l e c u l a r  w e i g h t s  r a n g i n g  f r om 5 0 , 0 0 0  t o  1 0 , 0 0 0 .  I t  Is 

a p p a r e n t  t h a t  t h e  same number  o f  p r o t e i n s  a r e  s y n t h e s i z e d  by 

mammal i an m i t o c h o n d r i a  as by m i t o c h o n d r i a  f r om s i m p l e r  e u ­

k a r y o t e s  wh i c h  possess s e v e r a l  t i me s  more m i t o c h o n d r i a l  DNA.

S t u d i e s  o f  amino a c i d  I n c o r p o r a t i o n  a r e  a l wa y s  s u b j e c t  

t o  t he  c r i t i c i s m  t h a t  I n c u b a t i o n  s t u d i e s  may be I n a d e q u a t e  

f o r  maximum l a b e l i n g  o f  c e r t a i n  p r o t e i n s  o r  enzyme c o mp l e x e s .  

Hence,  t h e  p r o d u c t s  o f  m i t o c h o n d r i a l  s y n t h e s i s  j_n_ v I vo o b ­

t a i n e d  in a n i m a l s  t r e a t e d  w i t h  eye 1o h e x I  ml de wer e  compared  

t o  t he  p r o d u c t s  o f  t he  v i t r o  i n c o r p o r a t i o n .  C o - e l e c t r o -  

p h o r e s l s  o f  a l i q u o t s  o f  a L u br o l  p r e p a r a t i o n  l a b e l e d  j_n v i t r o  

w i t h  (1 ** C) l e u c i n e  and one l a b e l e d  J_n_ v 1 vo w i t h  ( ^ H ) l e u c i n e  

r e v e a l e d  t h a t  t h e  t h r e e  peaks  l a b e l e d  J_n̂  v i t r o  m i g r a t e d  a p ­

p r o x i m a t e l y  t o  the  same p o s i t i o n  on t h e  ge l  as t h o s e  l a b e l e d  

I n v i v o . A l t h o u g h  t he  r a t i o  o f  c oun t s  I n t h e  peaks a p p e a r e d  

to d i f f e r  In t h e  two p r e p a r a t i o n s ,  I t  I s  a p p a r e n t  t h a t  t he  

1n v i t r o  l a b e l i n g  is an a c c u r a t e  r e f l e c t i o n  o f  m i t o c h o n d r i a l  

p r o t e i n  s y n t h e s i s  _̂n_ v I v o .

Coot e  and Work ( 9 )  r e p o r t e d  t h a t  r a t  l i v e r  m i t o c h o n d r i a  

I n c o r p o r a t e  aml no a c i d s  I n t o  t e n  t o  t w e l v e  rad I o a c t 1v e 1y 

l a b e l e d  p e a k s .  The d i s c r e p a n c y  be t ween t h e i r  s t u d y  and t he  

work  p r e s e n t e d  h e r e  may be due t o  t he  methods o f  e x t r a c t i o n  

and t he  l e n g t h  o f  t i me  o f  e l e c t r o p h o r e s i s .  One c o n c l u s i o n  

may be t h a t  t h e  methods o f  I s o l a t i o n  o f  t h e s e  p r o t e i n s  f r om  

p a r t i c u l a t e  f r a c t i o n s  a r e  not  t o t a l l y  r e l i a b l e  In d e t e r m l n g  

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

s y n t h e s i z e d  Is s m a l l  and t h a t  t h r e e  p r o t e i n s  ( 1 * 0 , 0 0 0 ,  2 7 , 0 0 0 ,  

and 2 0 , 0 0 0 ) a r e  s y n t h e s i z e d  t o  a g r e a t e r  e x t e n t .

The r e s u l t s  d e s c r i b e d  tn t h i s  t h e s i s  s u g g e s t  t h a t  a 

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

l l p l d s ,  p r o t e i n s  wh i c h  a r e  s o l u b l e  In c h 1o r o f o r m : m e t h a n o 1 and 

I n s o l u b l e  in w a t e r .  Th es e  p r o t e o 1 I p I d s , h o w e v e r ,  r e p r e s e n t  

l e s s  t h a n  20$ o f  t h e  t o t a l  r a d i o a c t i v i t y  I n c o r p o r a t e d  I n t o  

m i t o c h o n d r i a l  membranes j_n̂  v 11 ro . The s p e c i f i c  I n h i b i t o r s  

o f  m i t o c h o n d r i a l  p r o t e i n  s y n t h e s i s ,  c h 1 o r o a m p h e n I c o 1 and 

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

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

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

t h e s i s .

Gel  e l e c t r o p h o r e s i s  o f  t h e  c h I o r o f o r m : m e t h a n o 1 e x t r a c t  

r e v e a l e d  3 “ 4 l a b e l e d  peaks  o f  m o l e c u l a r  w e i g h t s  r a n g i n g  f r om  

1 0 , 0 0 0  t o  4 0 , 0 0 0 .  A s u b s t a n t i a l  l o s s  o f  r a d i o a c t i v i t y  f r om  

t h e  l a r g e  m o l e c u l a r  w e i g h t  pe a k  o f  t h e  r e s i d u e  a f t e r  e x t r a c ­

t i o n  w i t h  c h I o r o f o r m : me t h a n o I  was a l s o  o b s e r v e d  ( F i g u r e  1 6 ) .  

The same g e l  p r o f i l e  was r e v e a l e d  when t h e  c h 1o r o f o r m : m e t h a n o l  

e x t r a c t  had been d l a l y z e d  a g a i n s t  a c i d i c  c h 1o r o f o r m : me t h a n o l  

f o r  s even days  t o  remove p h o s p h o l i p i d s .

The e x i s t e n c e  o f  p r o t e o l i p l d s  was f i r s t  d e s c r i b e d  by 

F o l c h  ( 8 0 )  In 1 9 5 1 , and t h e i r  e x i s t e n c e  c o n f i r m e d  In m i t o ­

c h o n d r i a  by T z a g o t o f f  ( 8 5 ) ,  Kadenbach ( 8 7 ) ,  and L t n n a n e  ( 8 9 ) .  

T z a g o l o f f  has r e p o r t e d  ( 8 7 ) t h a t  a m a j o r  p r o d u c t  o f  m i t o ­

c h o n d r i a l  p r o t e i n  s y n t h e s i s  in y e a s t  I s a p r o t e o l l p i d  o f
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l ow m o l e c u l a r  w e i g h t  ( ? 8 0 0 ) , The v a r i o u s  p r o c e d u r e s  used In 

p r e p a r a t i o n  o f  s u b m l t o c h o n d r l a l  p a r t i c l e s  and the  sub sequent  

f r a c t i o n a t i o n  schemes a r e  so v a r i e d  t h a t  a comp ar i son  o f  the  

r e s u l t s  r e p o r t e d  by v a r i o u s  gr oups  I s e x t r e m e l y  d i f f i c u l t ,

To d e t e r m i n e  I f  our  e x t r a c t i o n  p r o c e d u r e  r e s u l t e d  i n the  

l oss  o f  c e r t a i n  p r o t e o l l p l d s  s y n t h e s i z e d  by t he  m i t o c h o n d r i a ,  

two o t h e r  p r o c e d u r e s  wer e  u t i l i z e d  and compared t o  t he  o r i g i ­

na l  e x t r a c t i o n  p r o c e d u r e ,  In t h e  c h l o r o f o r m i m e t h a n o l  e x t r a c t  

t h a t  was n o t  washt d p r i o r  t o  p r e p a r a t i o n  f o r  ge l  e l e c t r o ­

p h o r e s i s ,  v e r y  l i t t l e  d i f f e r e n c e  was obs e r v e d  f r om our  o r i g i ­

na l  p r o f i l e ,  w i t h  the  p o s s i b l e  e x c e p t i o n  o f  a s l i g h t  I n c r e a s e  

In r a d i o a c t i v i t y  In t h e  low m o l e c u l a r  w e i g h t  peak  ( 1 0 , 0 0 0 ) ,

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

t he  l y o p h l l l z e d  membranes I n d i c a t e d  t h a t  t h e  b u l k  o f  t he  

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

w e i g h t s  o f  1 1 , 0 0 0  t o  1 0 , 0 0 0 ,  Al most  no r a d i o a c t i v i t y  was 

obs er v e d  In t he  h i gh  m o l e c u l a r  w e i g h t  r e g i o n .  A p o s s i b l e  e x ­

p l a n a t i o n  f o r  t h i s  o b s e r v a t i o n  Is t h a t  t he  h i gh  m o l e c u l a r  

w e i g h t  p r o t e o l l p l d  may be more h y d r o p h i l i c  t ha n t hos e  o f  

l ower  m o l e c u l a r  w e i g h t .  He nc e,  a f t e r  l y o p h l I I z a t l o n ,  when 

a l l  aqueous medium has been removed,  t he y  a r e  not  e x t r a c t e d  

I n t o  t h e  c h l o r o f o r m : m e t h a n o l  pha se ,

T z a g o l o f f  has r e p o r t e d  ( 6 8 )  t h a t  the  s y n t h e s i s  o f  c e r t a i n  

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

p l a s m i c  p r o t e i n  s y n t h e s i s ,  S i m i l a r l y ,  t he  absence o f  p r o ­

d uc t s  o f  c y t o p l a s m i c  p r o t e i n  s y n t h e s i s  has been r e p o r t e d  to  

caus e a s i g n i f i c a n t  d e c r e a s e  In t he  r a t e  o f  m i t o c h o n d r i a l

p r o t e i n  s y n t h e s i s  ( 1 1 6 ) ,  I n ou r  l a b o r a t o r y ,  t h e  r a t e  o f  

amlno a c i d  I n c o r p o r a t i o n  bo t h  I n v i t r o  and I n v i v o  was s i g n i f i ­

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

f o r  t h r e e  hour s  In c h l o r a m p h e n i c o l  and t he n  a l l o w e d  t o  grow 

f o r  1 - 2  hour s  I n f r e s h  medium,  s u g g e s t i n g  t h a t  t h e  p r o d u c t s  

o f  c y t o p l a s m i c  p r o t e i n  s y n t h e s i s  wh i c h  had a c c umul a t e d  d u r i n g  

gr owt h  I n c h l o r a m p h e n i c o l ,  may a c t u a l l y  s t i m u l a t e  m i t o c h o n d r i a l  

p r o t e i n  s y n t h e s i s  ( 1 0 6 ) ,  The I n c r e a s e d  r a t e  o f  l a b e l i n g  

ob s e r v e d  unde r  t h e s e  c o n d i t i o n s  does no t  r e s u l t  f r om an I n ­

c r e a s e d  r a t e  o f  s y n t h e s i s  o f  a l l  o f  t he  l a b e l e d  bands a f t e r  

e l e c t r o p h o r e s i s ,  but  f rom an I n c r e a s e  In l a b e l i n g  o f  t he  low 

m o l e c u l a r  w e i g h t  p r o t e i n ,  F u r t h e r m o r e ,  l a b e l i n g  o f  t he  low 

m o l e c u l a r  w e i g h t  p r o t e o l l p l d  o f  t he  c h l o r o f o r m : m e t h a n o l  e x ­

t r a c t  was a l s o  s t i m u l a t e d  n e a r l y  s i x - f o l d  In y e a s t  c e l l s  grown 

In c h l o r a m p h e n i c o l  compared to c o n t r o l  c e l l s .  P e r h a p s ,  p r o ­

t e o l l p l d s  a r e  e s s e n t i a l  f o r  t he  subse que nt  I n t e g r a t i o n  o f  

s e v e r a l  p r o t e i n s  I n t o  t h e  m i t o c h o n d r i a l  membrane,  The a c c u ­

m u l a t i o n  o f  m i t o c h o n d r i a l  p r o t e i n s  In t he  c y t o p l a s m when 

m i t o c h o n d r i a l  p r o t e i n  s y n t h e s i s  has been b l oc ke d  by c h l o r a m ­

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

p r o t e o l l p l d s ,  The low m o l e c u l a r  w e i g h t  p r o t e i n  ( 1 0 , 0 0 0 )  o b ­

s er v ed  In t h e  c h l o r o f o r m i m e t h a n o l  e x t r a c t s  o f  y e a s t  m i t o ­

c h o n d r i a  In ou r  s t u d i e s  c ou l d  p o s s i b l y  c o r r e s p o n d  to t h a t  

r e p o r t e d  by T z a g o l o f f  ( 8 5 ) .  Howe ver ,  our  r e s u l t s  a l s o  I n d i ­

c a t e  t h a t  o t h e r  p r o t e o l l p l d s  may a l s o  be s y n t h e s i z e d  by 

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

t he  wh ol e  homoge nates  o f  r a t  l i v e r ,  k i d n e y ,  and b r a i n  has



been r e p o r t e d  by F o l c h  ( 1 1 7 ) *



ABBREVIATIONS

AMP - a d e n o s l n e - 5 1- monophosphat e

ADP - a d e n o s t n e - 5 , - d l p h o s p h a t e

ATP - a d e n o s l n e - 5 , - t r i p h o s p h a t e

A 1 A - a l l y l i s o p r o p y l a c e t a m i d e

ALA - f i - am1 no 1e v u 11n I c  a c i d

ATPas e - a d e n o s i n e  t r i p h o s p h a t a s e

DDC - d l e t h y l - l , l | - d i h y d r o - 2 , I t , 6 - t r I m e t h y l p y r i d i n e -  

3 , 5 - d i ca r boxy  l a t e

DC C D - d t c y c l o h e x y l c a r b o d I I m l d e

ONA - d e o x y r i b o n u c l e i c  a c i d

EDTA - e t h y 1e n e d i a m i n e  t e t r a a c e t a t e

F 1 ‘ s o l u b l e  a d e n o s i n e  t r i p h o s p h a t a s e

NAD - n i c o t i n a m i d e  a d e n i n e  d i n u c l e o t i d e

OSCP - o l i g o m y c i n  s e n s i t i v i t y  c o n f e r r i n g  p r o t e i n

PEP - p h o s p h o e n o l p y r u v a t e

mRNA - messenger  r i b o n u c l e i c  a c i d

SMP - s u b m I t o c h o n d r I  a I p a r t i c l e s

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

Tr  Is - T r l s  ( h y d r o x y m e t h y l ) a ml nomet hane

Pol y tu) -  p o l y u r t d y l l c  a c i d

VAL. - V a 1 I nomyc1n

a . a - aml no a c i d

cone . - c o n c e n t  r a 1 1 on

cpm. - c o u n t s  per  m i n u t e
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ABBREVIATIONS ( c o n t i n u e d )

cm. -  c e n t l m e t e r ( s )

mm -  m i l l ( m e t e r ( s )

nra - n a n o m e t e r ( s )

g - g r a m ( s )

mg - m 11 I I g r a m ( s )

yg -  m l c r o g r a m ( s )

M - mo l a r

mM -  m 1 I 1 i mo 1 a r

pM - m t c r o m o l a r

pMo*es -  p l c o m o l e s

N - n o r m a l i t y

x g -  11mes g r a v  I t y

S -  Sv edber g  u n i t

ml -  m i l l i l i t e r

*C -  d e g r e e  C e n t i g r a d e

r . p . m .  * r e v o l u t i o n s  per  mi n u t e

sec . -  second ( s )

mln -  m i n u t e ( s )

h r .  -  h o u r ( s )

I . M .  “ I n n e r  membrane
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