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

t h e  a b i l i t y  to  i n c o r p o r a t e  a v a r i e t y  of  amino a c i d s .  The i d e n t i t y  Of 

the  p r o t e i n s  i n t o  which t h e s e  amino a c i d s  a r e  i n c o r p o r a t e d  i s  l a r g e l y  

unknown. However,  t h e r e  i s  e v i d e n c e  to  s u g g e s t  t h a t  the  amino a c i d s  

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

(Roodyn, 1962; W i n t e r s b e r g e r ,  1965; B r o n s e r t  e t  a l . ,  1965) .  

As a means of  l o c a l i z i n g  f u r t h e r  the  n e w l y - s y n t h e s i z e d  p r o -  

t e i n  we have made use  of r e c e n t l y  r e p o r t e d  methods by which  r e a s o n -  

a b l y  pure  f r a c t i o n s  of  o u t e r  and i n n e r  membranes can  be p r e p a r e d  from 

i s o l a t e d  m i t o c h o n d r i a  ~Parsons  e t  a l . ,  1966a; S o t t o c a s a  e t  a l . ,  1967; 
S c h n a i t m a u  e t  a l . ,  1966) .  

In  t h i s  p a p e r  d a t a  w i l l  be p r e s e n t e d  which i n d i c a t e  t h a t  t he  

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

i s  a s s o c i a t e d  w i t h  t he  i n n e r  membrane f r a c t i o n .  

EXPERIMENTAL 

Rat l i v e r  m i t o c h o n d r i a  were p r e p a r e d  a c c o r d i n g  to  t h e  method 

of S c h n e i d e r  ( 1 9 4 8 ) .  The b a s i c  i n c u b a t i o n  medium c o n t a i n e d :  0 .25  M 

s u c r o s e ,  20 m~l KC1, 15 mN KH2P04, 10 ~1MgC12,  1 mM ADP, 0 .188  mg/ml 

amino a c i d  m i x t u r e ,  2 mbi EDTA, 0 .06  mg/ml s t r e p t o m y c i n ,  0 .02~  b o v i n e  

serum a l b u m i n ,  4-5 mg/ml m i t o c h o n d r i a l  p r o t e i n ,  0 .3  uc /ml  1 4 C - l - l e u -  

c i n e ( U ) ( 3 2 5  mc/mmole) .  The pit was 7 . 6 .  F i n a l  vo lume,  1 ml .  The 

samples  were shaken  f o r  40 min a t  32°C i n  open c e n t r i f u g e  t u b e s .  

A s l i g h t l y  m o d i f i e d  " s w e l l i n g - s h r i n k i n g "  p r o c e d u r e  c o m b i n i n g  

+ S u p p o r t e d  by the  Deutsche  F o r s c h u n g s g e m e i n s c h a f t .  
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t h e  methods  o f  P a r s o n s  e t  a l .  (1966a) and S o t t o c a s a  e t  a l .  (1967) was 

u s e d  t o  s e p a r a t e  i n n e r  and o u t e r  membrane.  M i t o c h o n d r i a  were  a l s o  f r a c -  

t i o n a t e d  by t h e  method of  S c h n a i t m a n  e t  a l .  A f t e r  i n c u b a t i o n ,  1 .05  mg 

d i g f t o n i n  p e r  10 mg m i t o c h o n d r i a l  p r o t e i n  were  added and t h e  s u s p e n s i o n  

m a i n t a i n e d  f o r  10 min a t  O°C i n  a vo lume of  5 ml.  The s u c r o s e  c o n c e n t r a - -  

t i o n  was 0 .25  M. A f t e r  d i l u t i o n  t o  80 ml w i t h  0 .25  H s u c r o s e  i t  was 

s u c c e s s i v e l y  c e n t r i f u g e d  f o r  10 min a t  9 , 5 0 0 x g ,  20 min a t  3 5 , 0 0 0 x g  and 

1 h r  a t  14h,OO0xg. The r e s u l t i n g  p e l l e t s  were  r e s u s p e n d e d  i n  0 . I  M 

p h o s p h a t e  b u f f e r  f o r  d e t e r m i n a t i o n  of  enzyme a c t i v i t i e s  and r a d i o a c t i -  

v i t y .  

Samples  were  p r e p a r e d  f o r  a n a l y s i s  of  r a d i o a c t i v i t y  by t h e  

method  of  S i m k i n  e t  a l .  (1957)  and c o u n t e d  w i t h  an e f f i c i e n c y  of  a b o u t  

35%. P r o t e i n  was d e t e r m i n e d  by t h e  b i u r e t  method ( B e i s e n h e r z  e t  a l . ,  

I 9 5 3 ) .  S u e c i n a t e  c y t o c h r o m e  c r e d u c t a s e  was e s t i m a t e d  by f o l l o w i n g  t h e  

r e d u c t i o n  o f  c y t o c h r o m e  c a t  550 nm i n  t h e  p r e s e n c e  o f  0 .15  mM p h e n a z i n e  

m e t h o s u l p h a t e  ( A r r i g o n i  e t  a l . ,  1962) .  Monoamine o x i d a s e  was e s t i m a t e d  

a c c o r d i n g  t o  Tabor  e t  a l .  ( 1 9 5 4 ) .  M a l a t e  d e h y d r o g e n a s e  and g l u t a m a t e  d e -  

h y d r o g e n a s e  were  d e t e r m i n e d  a c c o r d i n g  t o  Bficher e t  a l .  (196~). 

R~SULTS ~hND DISCUSSION 

The incubation conditions described were optimal for the incor- 

poration of  1 4 C - l - l e u c i n e  i n t o  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 .  C o n t r o l  

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

and mie ro somes  d i d  n o t  s i g n i f i c a n t l y  c o n t r i b u t e  t o  amino a c i d  i n c o r p o r a -  

t i o n .  I n  a l l  e x p e r i m e n t s  s u c c i n a t e  c y t o c h r o m e  c r e d u c t a s e  (SDH) ( S o t t o -  

c a s a  e t  a l . )  and monoamine o x i d a s e  (MAO) a c t i v i t i e s  ( S c h n a i t m a n  e t  a l . )  

were  u s e d  as m a r k e r s  f o r  t h e  i n n e r  and t h e  o u t e r  membrane r e s p e c t i v e l y .  

Da ta  f rom a s e r i e s  of  e x p e r i m e n t s  i n  which  m i t o c h o n d r i a  were  f r a c t i o n a -  

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

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

On the basis of the distribution of SDH and I/AO activities it 

is seen that fraction LI (band B of Parsons et al.) contains the bulk 

of the outer membrane and fraction LII (band C of Parsons et al.) the 

bulk of the inner membrane. These observations regarding the distribu- 

tion of inner and outer membrane thus confirm those of Parsons et al. 

It is apparent that within fraction LI outer membrane is contaminated 
t 

by inner membrane and that Within fraction LII inner membrane is cont- 

aminated by outer membrane. However, it is possible to calculate on the 

basis of enzyme activities the proportions of inner and outer membrane 

in fractions LI and LII by the following procedure: 
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TABLE I 

S p e c i f i c  a c t i v i t i e s  o f  s u c c i n a t e  c y t o c h r o m e  c r e -  
d u c t a s e  and monoamine o x i d a s e  and s p e c i f i c  r a d i o -  
a c t i v i t i e s  i n  d i f f e r e n t  f r a c t i o n s  o f  m i t o c h e n d r i a  
p r e p a r e d  by t h e  " s w e l l i n g - s h r i n k i n g "  me thod ,  f o l -  

l o w i n g  i n c o r p o r a t i o n  o f  1 4 C - l - l e u c i n e .  

1 2 3 ~, 
8DH . . . .  9 . 8  1 4 .  5 . . . .  

b ~ 0  . . . .  8 0 3  2 2 4  . . . .  

SR 112 44 

7 . 7  
595 
117 

LI 

SDH 2 1 . 2  38 .0  2 8 . 4  2 7 . 6  2 5 . 2  
HA0 1800 2240 ].480 785 1570 
SR 81 238 126 248 180 
SDH 7 . 8  7 . 0  11 .0  2 . 1  12 .5  
MA0 3340 2960 3180 ~310 3855 
SR ~6 8 5 66 50 122 
SDH 2 9 . 6  18 .3  4 0 . 4  2 4 . 8  2 3 . 0  
MA0 1320 l o35  962 803 1210 
Sa 102 240 238 36 i  244 

2 4 . 7  1 8 . 8  27 .1  
mto 698 562 328 206 I050  
SR 104 168 85 88 192 

LII 

L I I I  SDH 40 .2  25 .4  
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SR of  p u r e  o u t e r  0 . 3  14 2 21 - 1 8  
membr. 

SR o f  p u r e  i n n e r  151 325 314 439 294 
membr. 
SR of  o u t e r  m e m b r . i n  0 . 2  4 . 2  0 . 6  4 . 8  - 6 . 0  o f  SR o f  i n n e r  membr. 
A b b r e v i a t i o n s :  SDH s u c c i n a t e  c y t o c h r o m e  c r e d u c t a s e ,  HA0 monoamine o x i -  
d a s e ,  SR s p e c i f i c  r a d i o a c t i v i t y  o f  p r o t e i n ,  HS m i t o c h o n d r i a l  s u s p e n s i o n ,  
LH i n p u t  t o  d e n s i t y  g r a d i e n t ,  L I  u p p e r  f r a c t i o n  o f  g r a d i e n t ,  L I I  m i d d l e  
f r a c t i o n  o f  g r a d i e n t ,  L I I I  p e l l e t .  Enzyme a c t i v i t i e s  e x p r e s s e d  i n  
u m o l e s / h r / m g  p r o t e i n ,  s p e c i f i c  r a d i o a c t i v i t i e s  i n  c t s / m i n / m g  p r o t e i n .  

P o L I +  P i L I =  1. 

P o L i i  + P i L I I  = 1.  
where  PoLI  and P o L I I  r e p r e s e n t  t h a t  f r a c t i o n  o f  p u r e  o u t e r  membrane i n  

bands  LI  and L I I  r e s p e c t i v e l y ,  P i L I  and P i L I I  r e p r e s e n t  t h a t  f r a c t i o n  

o f  p u r e  i n n e r  membrane i n  bands  LI  and L I I  r e s p e c t i v e l y .  

~iA0 LI ESDH LI E~IA0 L I I  ESDH L I I  
Now PoLi= EMA0 po ' P i L I -  ESD H p i  ' P o L I I -  EHA 0 po ' P i L I I =  ESDH p i  ' 

where  EMA 0 LI,E~IA0 L I I '  ESDH L I '  ESDH L I I  r e p r e s e n t  t h e  a c t i v i t i e s  o f  

SDH and MA0 i n  bands  LI  and L I I  r e s p e c t i v e l y .  E ~  0 po r e p r e s e n t s  t h e  

s p e c i f i c  a c t i v i t y  o f  MA0 i n  p u r e  o u t e r  membrane and ESD H p i  r e p r e s e n t s  

t h e  s p e c i f i c  a c t i v i t y  o f  SDH i n  p u r e  i n n e r  membrane.  

The s p e c i f i c  r a d i o a c t i v i t i e s  o f  p u r e  o u t e r  and  i n n e r  membrane 

can  be c a l c u l a t e d  by  t h e  f o l l o w i n g  e q u a t i o n s :  
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PoLl " Si~po +PiLI ' SRpi = SRLI" 

PoLll" SRpo + PiLII' SRpi = SRLII' 

where SRpo , SRpi , S%I , S%I I represent the specific radioactivi%ies 

of pure outer membrane, pure inner membrane, fraction LI and fraction 

LII respectively. The assumptions relevant %o this calculation are 

discussed below. 

The specific radioactivities of pure outer and pure inner 

membrane calculated in this way are shown in Table I. The specific 

radioactivity of pure outer membrane was always less than 5~ of that 

of the pure inner membrane. Similar results to those described in 

Table I were obtained when 14C-labelled arginine, isoleucine, phenyl- 

alanine or valine replaced l~c-leucine. 

Expmt. 

TABLE II 

S p e c i f i c  a c t i v i t i e s  of s u c c i n a t e  cy tochrome c r e d u c -  
t a s e  and monoamine o x i d a s e  and s p e c i f i c  r a d i o a c t i v i -  
t i e s  i n  d i f f e r e n t  f r a c t i o n s  of m i t o c h o n d r i a  p r e p a r e d  
by t he  d i g i t o n i n  method,  f o l l o w i n g  i n c o r p o r a t i o n  of 

1 4 C - l - l e u c i n e .  
1 2 

MS SDH . . . .  7.2 
>~0 . . . .  644 
SR 79 65 

9 ,500xg  SDH 31 .6  2 6 . 2  
p e l l e t  MAO 548 711 

sR 19.~ 7 0 .  
35,000xg SDH 5.5 18.7 
pellet ~IAO 568 1190 

SR 97 96 
f ~ 4 , 0 0 0 x g  SDH 2 .0  12 .6  
pellet MA0 855 1750 

SR 41 41 
~R of p u r e  o u t e r  

8 -70  membr. 
SR of pu re  i n n e r  209 270 
membr. 
SR of a u t e r  membr, i n  

of  S R of i n n e r  membr. 3 . 8  -26  
A b b r e v i a t i o n s  and a c t i v i t i e s  e x p r e s s e d  as i n  T a b l e  I .  

The r e s u l t s  of e x p e r i m e n t s  i n  which t h e  m i t o c h o n d r i a  were 

f r a c t i o n a t e d  by t he  d i g i t o n i n  method f o l l o w i n g  i n c o r p o r a t i o n  of 14C- 

1 - 1 e u c i n e  a r e  shown i n  Tab le  I I .  The d i s t r i b u t i o n  of o u t e r  and i n n e r  

membranes i n  t he  v a r i o u s  f r a c t i o n s  as  i n d i c a t e d  by t he  a c t i v i t i e s  of 

SDH and MA0 i s  s i m i l a r  t o  t h a t  o b s e r v e d  by S c h n a i t m a n  e t  a l .  C a l c u -  

l a t i o n  of  t h e  s p e c i f i c  r a d i o a c t i v i t i e s  of pu re  o u t e r  and p u r e  i n n e r  
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nmmbrane by t h e  method d e s c r £ b e d  above  showed t h a t  a g a i n  t h e  s p e c i f i c  

r a d i o a c t i v i t y  of  pu re  o u t e r  membrane was l e s s  t h a n  5~ of  t h a t  o f  t h e  

pure  i n n e r  membrane.  For  t h e s e  c a l c u l a t i o n s  t h e  enzyme a c t i v i t i e s  i n  

t h e  35 ,000xg  and t h e  l ~ , O 0 0 x g  p e l l e t s  were  u s e d  ( s e e  b e l o w ) ,  

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

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

a r e  t r u e :  ( a )  SDH and HAO a c t i v i t i e s  a r e  s p e c i f i c  f o r  i n n e r  and o u t e r  

membrane r e s p e c t i v e l y ,  (b )  t he  t u r n o v e r  t i m e s  o f  i n n e r  and o u t e r  mem- 

b r a n e  a r e  t h e  same, ( c )  t h e  membrane f r a c t i o n s  a r e  n o t  c o n t a m i n a t e d  

w i t h  non-membraneous  p r o t e i n s .  

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

( P a r s o n s  e t  a l . ~  S o t t o c a s a  e t  a l . ~  S c h n a i t m a n  e t  a l . ) .  C o n s i s t e n t  w i t h  

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

o x i d a s e  a c t i v i t y  gave  s i m i l a r  d i s t r i b u t i o n  t o  SDH. There  i s  l i t t l e  

i n f o r m a t i o n  a v a i l a b l e  a t  p r e s e n t  r e g a r d i n g  a s s u m p t i o n  ( b ) .  Some i n f o r -  

m a t i o n  r e g a r d i n g  a s s u m p t i o n  ( c )  can  be o b t a i n e d  f rom a s t u d y  o f  t h e  

d i s t r i b u t i o n  o f  t h e  so c a l l e d  " s o l u b l e "  m a t r i x  enzymes .  

TABLE I I I  

S p e c i f i c  a c t i v i t i e s  o f  some " i n s o l u b l e "  and " s o l u b l e "  
enzymes in  d i f f e r e n t  f r a c t i o n s  o f  m i t o c h o n d r i a  p r e -  

p a r e d  by t h e  " s w e l l i n g - s h r i n k i n g "  method ,  
SDH HAO HDH GluDH 

HS 8 549 220 201 
LH 11 1260 ~1 61 
LI 3 ~ 6 0  37 ~6 
L I I  12 597 69 69 
L I I I  21 ~02 265 286 
A b b r e v i a t i o n s :  MDH m a l a t e  d e h y d r o g e n a s e ,  GluDH g l u t a m a t e  
d e h y d r o g e n a s e .  O t h e r  a b b r e v i a t i o n s  as  i n  T a b l e  I .  Enzyme 
a c t i v i t i e s  a r e  e x p r e s s e d  i n  u m o l e s / h r / m g  p r o t e i n .  

Da ta  i n  T a b l e  I I I  show t h a t  f r a c t i o n  L I I I  c o n t a i n s  h i g h  s p e -  

c i f i c  a c t i v i t i e s  o f  m a l a t e  d e h y d r o g e n a s e  (~iDH) and g l u t a m a t e  d e h y d r o -  

g e n a s e  (GluDH). These  s p e c i f i c  a c t i v i t i e s  a r e  e v e n  h i g h e r  t h a n  t h o s e  

found  i n  t h e  o r i g i n a l  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 .  However ,  i n  b o t h  

f r a c t i o n s  LI and L I I  t h e  s p e c i f i c  a c t i v i t i e s  o f  t h e s e  two enzymes a r e  

low and s i m i l a r .  A l so  t h e  d a t a  o f  S c h n a i t m a n  e t  a l .  s u g g e s t  t h a t  t h e  

9 ,500xg  p e l l e t  f rom t h e  d i g i t o n i n  method  c o n t a i n s  c o n s i d e r a b l e  amounts  

o f  s o l u b l e  p r o t e i n s  as  i n d i c a t e d  by a h i g h  p r o p o r t i o n  o f  ~DH a c t i v i t y .  

Of p a r t i c u l a r  i n t e r e s t  was t h e  o b s e r v a t i o n  ( N e u p e r t ,  unpub-  

l i s h e d )  t h a t  t h e  RNA c o n t e n t  o f  L I I I  f r a c t i o n  was u n e x p e c t e d l y  low.  

Th i s  q u e s t i o n  of  t h e  d i s t r i b u t i o n  o f  RNA and i t s  p o s s i b l e  r e l a t i o n s h i p  
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to the site of protein synthesis in isolated mitochondria is under 

investigation, i/ha% emerges then from this and the data presented i n  

Tab l e  I I I ,  i s  t h a t  f r a c t i o n  L I I I  s h o u l d  n o t  be u s e d  f o r  c a l c u l a t i o n s  

o f  s p e c i f i c  r a d i o a c t i v i t i e s  o f  o u t e r  and i n n e r  membrane.  

I t  has  b e e n  shown on t h e  b a s i s  of  e l e c t r o n  m i c r o s c o p y ,  

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

t h a t  t h e  o u t e r  and i n n e r  membranes of  m i t o c h o n d r i a  a r e  m a r k e d l y  

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

a r e  m a r k e d l y  s i m i l a r  ( P a r s o n s  e t  a l . ,  S o t t o c a s a  e t  a l . ) .  A l s o ,  ~n a 

r e c e n t  r e p o r t ,  C l a r k - W a l k e r  e t  a l .  (1966) o b s e r v e d  t h a t  c h l o r a m p h e n i c o l ,  

which  s t r o n g l y  i n h i b i t s  amino a c i d  i n c o r p o r a t i o n  i n t o  i s o l a t e d  

m i t o c h o n d r i a  [ W i n t e r s b e r g e r ,  1965) ,  b l o c k s  t h e  f o r m a t i o n  o f  c r i s t a e  

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

y e a s t .  

The r e s u l t s  p r e s e n t e d  i n  t h i s  p a p e r  i n d i c a t e  t h a t  t h e  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  of  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 s  

amino a c i d s  o n l y  i n t o  t h e  i n n e r  membrane.  These  d a t a  t h e r e f o r e  p r o v i d e  

e v i d e n c e  f o r  t h e  s u g g e s t i o n  ( P a r s o n s  e t  a l . ,  1966b) t h a t  t h e  o u t e r  

and i n n e r  membranes o f  i s o l a t e d  m i t o c h o n d r i a  a r e  s y n t h e s i z e d  by q u i t e  

d i f f e r e n t  s y s t e m s .  
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