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M I T O C H O N D R I A L R I B O S O M E S 

W a l t e r N e u p e r t 

INTRODUCTION 

The formation o f mitochondria capable of performing 

t h e i r e s s e n t i a l functions competently requires the Coopera

tion of two separate genet-ic Systems. The f i r s t and more 

elaborate of these Systems cons i s t s of the nuclear genetic 

information complement and the cytoplasmic t r a n s l a t i o n appa-

ra t u s . The other con s i s t s of mitochondrial DNA and the 

intramitochondrial t r a n s c r i p t i o n and t r a n s l a t i o n apparatus. 

The c o n t r i b u t i o n made by the intramitochondrial System i s 

generally accepted t o be quite small in terms of the number 

and quantity of proteins synthesized. However, formation 

and c o n t i n u i t y of competent mitochondria i n e v i t a b l y depend 

on the formation of these p r o t e i n s . I t follows that the 

intramitochondrial protein-synthesizing System i s indispens

able t o the existence of eukaryotic c e l l s , at least for the 
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o b l i g a t e a e r o b i c c e l l s , s i n c e t h e s e c e l l s must l i v e on the 

energy produced i n the form o f ATP i n the m i t o c h o n d r i o n . 

The r e a l i z a t i o n o f t h e s e c o r r e l a t i o n s has a t t r a c t e d 

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

S ystem. M i t o c h o n d r i a have been shown t o c o n t a i n a u n i q u e 

complement o f DNA, DNA-dependent DNA P o l y m e r a s e , DNA-dependent 

RNA P o l y m e r a s e , messenger RNA, r i b o s o m e s , r i b o s o m a l f a c t o r s , 

t r a n s f e r RNAs, and a m i n o a c y 1 - t r a n s f e r - R N A s y n t h e t a s e s . 

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

in t h e n u c l e u s and c y t o p l a s m , but appear t o be i n v o l v e d i n 

q u i t e s i m i l a r r e a c t i o n s . The r e a d e r who i s i n t e r e s t e d i n 

t h e s e more general a s p e c t s o f m i t o c h o n d r i a l g e n e t i c s and 

p r o t e i n s y n t h e s i s i s referred t o a number o f e x c e l l e n t 

r e v i e w s , and t o t h e proceedings o f t h r e e r e c e n t Conferences, 

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

knowledge on many a s p e c t s o f t h i s s u b j e c t ( 1 - 1 0 ) . 

T h i s c h a p t e r w i l l c o n c e n t r a t e , i n s t e a d , on 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 , as c e n t r a l c o n s t i t u e n t s o f the i n t r a 

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 System. I t i s not p o s s i b l e 

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

r e l a t i n g t o t h i s s u b j e c t , a t a s k t h a t would e n t a i l some t h r e e 

t o f o u r hundred r e f e r e n c e s . Nor have we a t t e m p t e d t o d i s c u s s 

c o n t r o v e r s i a 1 i s s u e s a t l e n g t h . More e x t e n s i v e r e v i e w s a r e 

a v a i l a b l e i n w h i c h c o n t e n t i o u s and t e c h n i c a l d e t a i l s a r e 

cons i d ered ( 1 1 - 1 4 ) . 

IDENTIFICATION OF MITOCHONDRIAL RIBOSOMES BY 

SPECIFIC CHARACTERISTICS 

The u n e q u i v o c a l i d e n t i f i c a t i o n o f a riboso m e as be-

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

and not a l i t t l e c o n t r o v e r s y . S e v e r a l f a c t o r s a r e r e s p o n s i -



N e u p e r t M i t o c h o n d r i a l R i b o s o m e s 2 5 9 

ble f o r t h i s . F i r s t , m i t o c h o n d r i a l r ibosomes c o n s t i t u t e 

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

p l e , in r a p i d l y g r o w i n g c e l l s o f N e u r o s p o r a , w h i c h have an 

a p p r e c i a b l y h i g h c o n t e n t o f m i t o c h o n d r i a (about 2 5 % of t o t a l 

c e l l u l a r p r o t e i n ) , m i t o c h o n d r i a l r i b o s o m e s make up o n l y 3% 

o f the t o t a l c e l l u l a r r i b o s o m e s . F u r t h e r m o r e , few r e l i a b l e 

c r i t e r i a f o r u n e q u i v o c a l i d e n t i f i c a t i o n a r e a v a i l a b l e . The 

main c r i t e r i a appear to be as f o l l o w s : (a) The ribosome 

must be d e r i v e d from a compartment t h a t i s c o n f i n e d by t h e 

i n n e r m i t o c h o n d r i a l membrane. (b) The ribosome must be in-

v o l v e d in t h e s y n t h e s i s of p r o t e i n s of t h e i n n e r m i t o c h o n 

d r i a l membrane—namely, P o l y p e p t i d e s u b u n i t s of t h e enzyme 

c o m p l e x e s , cytochrome o x i d a s e , c y t o c h r o m e bCj, and t h e 

o l i g o m y c i n - s e n s i t i v e A T P a s e . (c) The ribosome must be sen

s i t i v e t o c h l o r a m p h e n i c o l , but not t o c y c l o h e x i m i d e . 

The l a c k o f f u r t h e r c r i t e r i a o f a g e n e r a l l y a p p l i c 

a b l e and r e l i a b l e n a t u r e stems from t h e f a c t t h a t m i t o c h o n 

d r i a l ribosomes show a wide V a r i a t i o n in t h e i r p h y s i c a l and 

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

T h i s is in s h a r p c o n t r a s t t o c y t o p l a s m i c r i b o s o m e s , w h i c h 

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

For t h i s r e a s o n , a s u r v e y o f t h e p r o p e r t i e s and com

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

a r r a n g e d in such a way t h a t t h e ribosomes a r e grouped ac-

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

d i s t i n g u i s h e d : (a) f u n g i , (b) p r o t o z o a , (c) p l a n t s , and 

(d) a n i m a l s . 

It s h o u l d be s t a t e d at t h e v e r y o u t s e t , however, 

t h a t m i t o c h o n d r i a l r i b o s o m e s o p e r a t e on t h e same b a s i c p r i n -

c i p l e s as p r o k a r y o t i c or c y t o p l a s m i c and c h l o r o p l a s t i c r i b o 

somes from e u k a r y o t e s . They a r e composed o f two d i s t i n e t 
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s u b u n l t s , c o n t a i n i n g a t l e a s t two h i g h - m o l e c u l a r - w e i g h t RNA 

s p e c i e s , and have b a s i c a l l y the same mechanism f o r the f o r 

m a t i o n o f p e p t i d e bonds u s i n g a m i n o a c y l t r a n s f e r RNAs and 

messenger RNA. 

ISOLATION AND PURIFICATION OF MITOCHONDRIAL RIBOSOMES 

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

bosomes, i t i s g e n e r a l l y i m p o s s i b l e t o d i s t i n g u i s h them f r o m 

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

t he m i t o c h o n d r i a . The most c r i t i c a l s t e p i n t h i s p r o c e d u r e 

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

found as c o n t a m i n a n t s o f c r u d e 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 . 

T h i s c o n t a m i n a t i o n a r i s e s i n s e v e r a l ways, such as (a) c o -

s e d i m e n t a t i o n o f rough e n d o p l a s m i c r e t i c u l u m ; (b) nonspe-

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

membranes; (c) p r e c i p i t a t i o n o f c y t o p l a s m i c membranes and 

r ibosomes when M g
+ +

 i o n s a r e i n c l u d e d i n t h e i s o l a t i o n medi

um; and (d) p o s s i b l y s p e c i f i c a t t a c h m e n t o f c y t o p l a s m i c r i 

bosomes t o t h e o u t e r m i t o c h o n d r i a l membranes. 

E s s e n t i a l l y t h r e e p r o c e d u r e s have been used t o r e -

move c o n t a m i n a t i n g c y t o p l a s m i c r i b o s o m e s : F i r s t , w a s h i n g o f 

m i t o c h o n d r i a w i t h EDTA t o d i s s o c i a t e and remove r i b o s o m e s 

from membranes. I n c l u s i o n o f EDTA i n the i s o l a t i o n medium 

app e a r s not t o a f f e c t t h e s t r u c t u r e and f u n c t i o n o f t h e i n 

t r a m i t o c h o n d r i a l r i b o s o m e s , s i n c e EDTA does not p e n e t r a t e 

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

c a t i o n o f m i t o c h o n d r i a i n M g
+ +

- c o n t a i n i n g media by means o f 

g r a d i e n t c e n t r I f u g a t i o n . T h i r d , w a s h i n g o f 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 w i t h d i g i t o n i n ; t h i s d e t e r g e n t i s known t o 
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s o l u b i l i z e o u t e r m i t o c h o n d r i a l membranes and e n d o p l a s m i c 

membranes p r e f e r e n t i a 1 1 y , t h e r e b y removing c y t o p l a s m i c r i b o 

somes . 

The p u r i f i e d m i t o c h o n d r i a a r e d e t e r g e n t - 1 y s e d i n t h e 

p r e s e n c e o f M g
+ +

 i n c o n c e n t r a t i o n s o f 5 t o 10 mM, t o r e l e a s e 

th e m i t o c h o n d r i a l r i b o s o m e s , w h i c h a r e then c o l l e c t e d and 

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

o r b a c t e r i a l r i b o s o m e s . 

STRUCTURE OF MITOCHONDRIAL RIBOSOMES 

PHYSICAL PROPERTIES OF MITOCHONDRIAL RIBOSOMES. 

S e d i m e n t a t i o n A n a l y s i s . The m o s t l y w i d e l y a p p l i e d t e c h n i q u e 

f o r c h a r a c t e r i z i n g a m i t o c h o n d r i a l ribosome i s t h e d e t e r m i -

n a t i o n o f t h e Sedimentation c o e f f i c i e n t by m e a s u r i n g t h e 

Sedimentation v e l o c i t y i n s u c r o s e d e n s i t y g r a d i e n t s upon 

u l t r a c e n t r i f u g a t i o n . The Sedimentation c o e f f i c i e n t i s a 

r a t h e r complex f u n c t i o n o f t h e m o l e c u l a r w e i g h t , t h e spe

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

Sedimentation c o e f f i c i e n t ( s
O A

 v a l u e ) o f 70 has been a t -

20,w 

t r i b u t e d t o t h e E s c h e r i c h i a c o l i monomeric r i b o s o m e , and 

Sedimentation c o e f f i c i e n t s o f 50 and 30 t o i t s s u b u n i t s . 

G e n e r a l l y , t h i s r i b o s o m e i s used as a Standard t o c a l i b r a t e 

g r a d i e n t s . C y t o p l a s m i c r i b o s o m e s from a wide ränge o f Or

gan isms have been found t o have S v a l u e s o f around 8 0 , most 

v a l u e s r a n g i n g between 77 and 84 (see T a b l e l ) . 

The S v a l u e s o f m i t o c h o n d r i a l ribosomes from v a r i o u s 

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

t h e f o u r mentioned g r o u p s o f o r g a n i s m s a r e l i s t e d i n T a b l e I. 

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

f u n g i , t h e monomeric ribosome i s c h a r a c t e r i z e d by a sedimen-



TABLE I 

Ph y s i c a l C h a r a c t e r i s t i e s of Mit o c h o n d r i a l and Cytoplasmic Ribosomes 

Mitochondrial ribosomes Cytoplasmic ribosomes 

Sed. c o e f f ' (*20,w> Buoyant 

dens i ty 

(g/cm
3

) 

Sed. c o e f f ' <520,w> Buoyant 

dens i ty 

(g/cm
3

) 

Ref. 

Monomer Subun i ts 

Buoyant 

dens i ty 

(g/cm
3

) Monomer Subun i ts 

Buoyant 

dens i ty 

(g/cm
3

) 

Ref. 

Fungi 

N e u r o s p o r a 73 50 + 37 77 60 + 37 (1, 15) 
S a c c h a r o m y c e s 72-74 50 + 37 1.64 80 60 + 38 1.55 (16, 17) 

C a n d i d a 72 50 + 36 1.48 78 61 + 37 1.53 (18) 

Protozoa 

T e t r a h y m e n a 80 55 + 55 1.46 80 60 + 40 1.56 (19) 
E u g l e n a 71 50 + 32 87 67 + 46 (13, 20) 

P l a n t s 

Turn i p 77-78 80 60 + 40 (21) 

Maize 78 60 + 44 1.56 1.56 (22) 

An i ma1 

Locust 60 40 + 25 80 60 + 40 (23, 24) 

X e n o p u s 60 4o + 26 1.45 87 1.59 (25) 
Rat 55 39 + 29 1.45 83 60 + 40 1.55 (8, 26, 27) 

C a l f 56 39 + 28 1.43 (8) 

HeLa c e l l s 55-60 40 + 30 1.40 (28, 29) 
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t a t i o n c o e f f i c i e n t o f 72 t o lk S} as opposed t o S v a l u e s o f 

77 t o 80 f o r t h e c y t o p l a s m i c r i b o s o m e s . The m i t o c h o n d r i a l 

s u b u n i t s have v a l u e s o f 50 and 37 S, compared w i t h c y t o p l a s 

mic v a l u e s o f 60 and 37 S . D i s s o c i a t i o n o f m i t o c h o n d r i a l 

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

M g
+ +

 (0.1 t o 1 rnAf) a t w h i c h c y t o p l a s m i c r ibosomes remain un-

d i s s o c i a t e d . T h i s p r o p e r t y i s not r e s t r i c t e d t o f u n g a l mi

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

m i t o c h o n d r i a l r ibosomes ( 1 , 11, 1 4 ) . 

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

ribosomes was a c h i e v e d w i t h N e u r o s p o r a ( 1 5 ) , and v e r y s i m i -

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

r i b o s o m e s . There a r e , however, q u i t e a number o f r e p o r t s 

t h a t have not reached t h e same c o n c l u s i o n s . In s e v e r a l 

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

have Sedimentation c o e f f i c i e n t s c l o s e t o 8 0 S — t h a t i s , t h a t 

o f c y t o p l a s m i c r i b o s o m e s . In a t l e a s t two c a s e s such an S 

v a l u e was found t o be a m i s i n t e r p r e t a t i o n o f e x p e r i m e n t a l 

d a t a . The f i r s t r e a s o n f o r such an o c c u r r e n c e was t h a t t h e 

m i t o c h o n d r i a were i s o l a t e d i n t h e p r e s e n c e o f M g
+ +

 i o n s (10 

nw). Under t h e s e c o n d i t i o n s c y t o p l a s m i c r i b o s o m e s were 

found t o be p r e s e n t i n 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 ( 1 6 ) . A 

f u r t h e r s o u r c e o f e r r o r was found i n an un e x p e c t e d d i m e r i z a -

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

the p r e s e n c e o f h i g h l e v e l s o f Mg
+ +

 ( 1 8 ) . In o t h e r r e p o r t s , 

d e v i a t i o n s from v a l u e s o f 72 t o 7 h S may be due t o i n s u f f i -

c i e n t c a l i b r a t i o n o f g r a d i e n t s . C o s e d i m e n t a t i o n 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 r i b o s o m e s from one o r g a n i s m , o r o f 

E. c o l i r i b o s o m e s , s h o u l d be adopted as a r o u t i n e p r o c e d u r e 

to e s t a b l i s h t h e S v a l u e o f a m i t o c h o n d r i a l r i b o s o m e . How

e v e r , i n vi e w o f p o s s i b l e e r r o r s and t e c h n i c a l d i f f i c u 1 t i e s , 
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an u n e q u i v o c a l Statement t o t h e e f f e c t t h a t t h e m i t o c h o n d r i 

a l ribosome o f y e a s t i s not 80 S cannot be made. Recent and 

more d e t a i l e d s t u d i e s have shown t h a t a v a l u e o f 72 t o 7 b S 

i s more p r o b a b l e . 

The c o n c e p t o f t h e 73 S N e u r o s p o r a m i t o c h o n d r i a l r i 

bosome as t h e f u n c t i o n a l i n t a c t ribosome has been c h a l l e n g e d 

r e c e n t l y ( 8 , 1 0 ) . I t was c l a i m e d t h a t i s o l a t i n g t h e m i t o 

c h o n d r i a i n t h e p r e s e n c e o f EDTA damages t h e ribosome w i t h i n 

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

have a v a l u e o f 73 S, whereas the " r e a l " r ibosome has a 

v a l u e o f 80 S. Such ribosomes were o b t a i n e d o n l y when c e l l s 

were broken i n t h e p r e s e n c e o f M g
+ +

. R i g o r o u s p r o o f t h a t 

t h e p u t a t i v e m i t o c h o n d r i a l 80 S ribosome i s not a c o n t a m i -

n a t i n g c y t o p l a s m i c ribosome has not been p r e s e n t e d , however. 

In f a c t , s e v e r a l 1 i n e s o f e v i d e n c e have p r o v e d i n c o m p a t i b l e 

w i t h t h e i d e a o f 73 S ribosomes r e s u l t i n g from t h e damaging 

a c t i o n o f EDTA. The F i r s t i s o l a t i o n o f 73 S p a r t i c l e s was 

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

p u r i f i e d i n t h e p r e s e n c e o f M g
+ +

( 1 5 ) . Ribosomes i n EDTA-

i s o l a t e d m i t o c h o n d r i a , on t h e o t h e r hand, were shown t o be 

c a p a b l e o f s y n t h e s i z i n g t h e same P o l y p e p t i d e components as 

ribosomes i n v i v o ( 3 0 ) . F u r t h e r m o r e , N e u r o s p o r a m i t o c h o n 

d r i a i s o l a t e d i n t h e p r e s e n c e o f Mg
+ +

 by d i f f e r e n t i a l c e n -

t r i f u g a t i o n were d e s c r i b e d as b e i n g c o n t a m i n a t e d by l a r g e 

amounts o f c y t o p l a s m i c ribosomes ( 1 0 , 3 1 ) . A prompt and de

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

t h e idea o f damage t o i n t r a m i t o c h o n d r i a l r i b o s o m e s by t r e a t -

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

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

organ i sms. 
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A m i t o c h o n d r i a l r i b o s o m a l p a r t i c l e q u i t e d i f f e r e n t 

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

n i s m s , such as T e t r a h y m e n a and P a r a m e c i u m . The monomeric 

r i b o s o m e i s not d i s t i n g u i s h a b l e from i t s c y t o p l a s m i c coun-

t e r p a r t w i t h r e s p e c t t o i t s Sedimentation v e l o c i t y (80 s ) . 

However, i t d i s s o c i a t e s i n t o two s u b u n i t s w i t h t h e same S 

v a l u e - - n a m e l y , 55 S. On t h e o t h e r hand, t h e c y t o p l a s m i c r i 

bosome y i e l d s 60 and bO S s u b u n i t s . In v i e w o f t h e a p p a r e n t 

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

some r e s e r v a t i o n s . In t h e meantime, o t h e r l a b o r a t o r i e s have 

c o n f i r m e d the r e s u l t s and e x t e n d e d them t o o t h e r s p e c i e s ( 1 0 , 

14, 3 2 ) . M o r e o v e r , e l e c t r o n m i c r o s c o p i c s t u d i e s s u p p o r t t h e 

c o r r e c t n e s s o f t h e Sedimentation data. 

A n a l y s i s o f the mitochondrial r i b o s o m e from another 

p r o t o z o a n , E u g l e n a g r a c i l i s , p r oduced a s u r p r i s i n g l y d i f f e r 

ent S v a l u e . T h i s ribosome was found t o have a Sedimenta

t i o n c o n s t a n t o f 71 s > t h e c y t o p l a s m i c c o u n t e r p a r t b e i n g 

80 S. The 71 S p a r t i c l e d i s s o c i a t e s i n t o s u b u n i t s o f 50 and 

32 S (see T a b l e I ) . 

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

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

s u g g e s t e d an S v a l u e o f 7 0 . The e v i d e n c e i n s u p p o r t o f t h i s 

Suggestion i s s l i g h t , however, and i s i n c o n f 1 i c t w i t h more 

r e c e n t s t u d i e s i n w h i c h t h e m i t o c h o n d r i a l ribosome has been 

c a r e f u l l y c h a r a c t e r i z e d . In mung bean , as i n some u n r e l a t e d 

g e n e r a , t h e f i n d i n g s r f a v o r a v a l u e o f 78 S r a t h e r than 70 S. 

The 78 S ribosomes c o u l d be d i s s o c i a t e d i n t o 60 and bb s 

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

c h o n d r i a l ribosomes i n p l a n t s do not seem t o be v e r y d i f f e r 

e nt f r o m t h o s e o f t h e i r c y t o p l a s m i c c o u n t e r p a r t s . 
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The m i t o c h o n d r i a l ribosomes o f t h e f o u r t h c a t e g o r y 

o f o r g a n i s m s - - t h o s e from a n i m a l s , i n s p e c i e s r a n g i n g from 

i n s e c t s t o m a n — a p p e a r t o be q u i t e u n i f o r m i n s t r u c t u r e . A 

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

a v a i l a b l e , and I n i t i a l l y c o n t r a d i c t o r y f i n d i n g s have been 

s a t i s f a c t o r i 1 y r e s o l v e d i n r e c e n t y e a r s . F o l l o w i n g a p e r i o d 

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

had an S v a l u e o f about 55 t o 60 (26) has been c o n f i r m e d by 

numerous independent s t u d i e s on a v a r i e t y o f o r g a n i s m s . A l l 

m i t o c h o n d r i a l r ibosomes from a n i m a l s s t u d i e d so f a r have S 

v a l u e s between 55 and 6 0 . They may be c o n s i S t e n t l y d i s s o c i -

a t e d i n t o s u b u n i t s o f about 40 S and 25 t o 30 5 . 

Buoyant D e n s i t y . D e t e r m i n a t i o n o f t h e buoyant den

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

CsCl i s an e s t a b l i s h e d p r o c e d u r e and may be used as a 

c r i t e r i o n f o r the p u r i t y and c o m p o s i t i o n o f r i b o s o m e s . 

E s s e n t i a l l y , the buoyant d e n s i t y i s c o n s i d e r e d t o be an ex-

p r e s s i o n o f t h e R N A / p r o t e i n r a t i o o f r i b o s o m e s ( 1 4 ) . C y t o 

p l a s m i c and b a c t e r i a l r i bosomes a r e c h a r a c t e r i z e d as h a v i n g 

u n i f o r m buoyant d e n s i t i e s o f 1.54 t o 1.58 g/cm and 1.64 
3 

g/cm , r e s p e c t i v e l y . A g a i n , m i t o c h o n d r i a l r i b o s o m e s appear 

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

The v a l u e s r e p o r t e d f o r t h e two d i f f e r e n t y e a s t s , 

S a c c h a r o m y c e s and C a n d i d a , d i f f e r a p p r e c i a b l y (see T a b l e l ) . 

I t a p p e a r s q u i t e p o s s i b l e , however, t h a t t h e s e v a r i a t i o n s 

a r e due t o d i f f e r i n g e x p e r i m e n t a l c o n d i t i o n s . 

W i t h animal m i t o c h o n d r i a l ribosomes s i m i l a r buoyant 

d e n s i t i e s were r e p o r t e d f o r d i f f e r e n t s p e c i e s (see T a b l e l ) . 

These v a l u e s a r e v e r y low compared w i t h t h o s e o f c y t o p l a s m i c 

3 
and b a c t e r i a l r i b o s o m e s , r a n g i n g between 1.40 and 1.45g/cm . 
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They would i n d i c a t e v e r y low R N A / p r o t e i n r a t i o s , a f i n d i n g 

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

p a r t i c l e s . I t i s i n t e r e s t i n g t o n o t e t h a t the buoyant den

s i t y o f the ribosomes from m i t o c h o n d r i a o f T e t r a h y m e n a was 

l i k e w i s e found t o be r e l a t i v e l y l o w. 

E l e c t r o n M i c r o s c o p y . R i b o s o m e - 1 i k e p a r t i c l e s had 

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

f u n c t i o n was known and l o n g b e f o r e t h e y were i s o l a t e d . The 

s i z e o f t h e s e p a r t i c l e s i n s e c t i o n s o f animal t i s s u e s f i x e d 

w i t h g l u t a r a l d e h y d e and osmium t e t r o x i d e and s t a i n e d w i t h 

u r a n y 1 a c e t a t e was u s u a l l y found t o be s m a l l e r than t h a t o f 

t h e r i b o s o m a l p a r t i c l e s i n t h e c y t o p l a s m ( 2 4 , 3 3 ) . A c l e a r 

I d e n t i f i c a t i o n o f the s t a i n e d g r a n u l e s was not p o s s i b l e , 

however, w i t h o u t b i o c h e m i c a l a n a l y s i s . 

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

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

use o f the n e g a t i v e s t a i n i n g t e c h n i q u e . T h i s t e c h n i q u e was 

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

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

bosomes from r a t 1 i v e r ( 3 4 ) . 

S t u d i e s on m i t o c h o n d r i a l r i b o s o m e s from f u n g i , p r o -

t o z o a , and a n i m a l s were c a r r i e d o u t by u s i n g the t e c h n i q u e o f 

n e g a t i v e s t a i n i n g (see T a b l e I i ) . The r e s u l t s s u b s t a n t i a t e 

t h e v i e w t h a t m i t o c h o n d r i a l r i b o s o m e s a r e m o r p h o l o g i c a 1 1 y 

s i m i l a r i n d i f f e r e n t o r g a n i s m s , and s i m i l a r t o b a c t e r i a l and 

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

somes from d i f f e r e n t s o u r c e s do show i n d i v i d u a l c h a r a c t e r -

i s t i c s w h i c h may be o f h e l p i n r e c o g n i z i n g them. 

The d i m e n s i o n s o f t h e m i t o c h o n d r i a l ribosome i n the 

y e a s t C a n d i d a u t i l i s have been found t o be s i m i l a r t o t h o s e 



TABLE II 

Dimensions o f N e g a t i v e l y S t a i n e d Ribosomes 

M i t ochond r i a1 r i bosomes C y t o p l a s m i c ribosomes R e f . 

C a n d i d a 266 x 214 262 x 222 (18) 

T e t r a h y m e n a 369 x 260 274 x 227 (35) 

E u g l e n a 251 x 202 274 x 218 (10) 

L o c u s t a 271 x 210 294 x 257 (24) 

Rat 259 x 201 312 x 257 (10, 34) 

C h l o r o p l a s t r i b o s o m e s 

S p i n a c h 198 x 164 (10) 

B a c t e r i a1 r i bosomes 

E. c o l i 213 x 178 (10) 

The mean v a l u e s o f the two major axes o f t h e ribosomes a r e g i v e n i n A n g s t r o m s . 

The f i r s t a x i s i s the t o t a l h e i g h t o f t h e ribosome ( h e i g h t o f l a r g e + s m a l l s u b u n i t ) . The 

second a x i s r e p r e s e n t s t h e maximal w i d t h o f t h e r i b o s o m e , w h i c h i s c o i n c i d e n t w i t h t he 

maximal width o f the l a r g e s u b u n i t . The Standard d e v i a t i o n s o f the mean v a l u e s a r e i n the 

ränge o f ^ t o 8 t 
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o f t h e i r c y t o p l a s m i c c o u n t e r p a r t s , and l a n g e r than t h o s e o f 

the E. c o l i r i b o s o m e . As w i t h ribosomes from o t h e r s o u r c e s , 

the most prominent p r o j e c t i o n s d i s p l a y e d a r e t h e s o - c a l l e d 

f r o n t a l and l a t e r a l v i e w s ( 3 4 ) . 

Ribosomes from a n i m a l m i t o c h o n d r i a were f o r some 

time t hought t o be " m i n i r i b o s o m e s " - - t h a t i s , a v e r y s m a l l 

v a r i e t y - - a s i n f e r r e d from t h e i r e x t r e m e l y low S v a l u e . 

E l e c t r o n m i c r o s c o p y o f n e g a t i v e l y s t a i n e d p a r t i c l e s , how

e v e r , has r e v e a l e d t h a t t h e s e ribosomes a r e by no means 

" m i n i . " They appear t o be even l a r g e r than t h e b a c t e r i a l 

r i b o s o m e s , so t h a t t h e term " m i n i r i b o s o m e " i s a misnomer. 

They a r e , n o n e t h e l e s s , s m a l l e r than t h e i r c y t o p l a s m i c coun

t e r p a r t s , but i t s h o u l d be borne i n mind t h a t such s i z e de-

t e r m i n a t i o n s must be i n t e r p r e t e d w i t h c a u t i o n , s i n c e volume 

changes due t o f i x a t i o n and s t a i n i n g a r t i f a c t s c annot be ex-

c l u d e d . N e v e r t h e l e s s , t h e measurements a r e i n s u b s t a n t i a l 

agreement w i t h t h e m o l e c u l a r w e i g h t s o f t h e p a r t i c l e s as 

c a l c u l a t e d from t h e buoyant d e n s i t y and from the sum o f the 

p r o t e i n and RNA components. 

S p e c i a l a t t e n t i o n has been d e v o t e d t o the e l e c t r o n 

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

because o f t h e i r u nusual Sedimentation b e h a v i o r . I t has 

been found t h a t t he T e t r a h y m e n a m i t o c h o n d r i a l ribosome has 

in f a c t a r a t h e r unusual s t r u c t u r e . I t s o v e r a l l d i m e n s i o n s 

a r e much g r e a t e r than t h o s e o f t h e p r o t o z o a n c y t o p l a s m i c r i 

bosome (see T a b l e I I ) . M o r e o v e r , t h i s ribosome was found t o 

be composed o f two s u b u n i t s o f a l m o s t equal s i z e . These ob-

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

monomeric ribosome from p r o t o z o a n s , such as T e t r a h y m e n a and 

P a r a m e c i u m , i s an 80 S ribosome composed o f two 55 S sub

u n i t s . 
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The dimensions o f the m i t o c h o n d r i a l r i b o s o m e f r o m 

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

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

o t h e r p r o t i s t s d e s c r i b e d above. T h u s , t h e d a t a from Sedi

m e n t a t i o n a n a l y s i s and from e l e c t r o n m i c r o s c o p y a r e i n sub-

s t a n t i a l a g r e e m ent. 

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

method f o r t h e c h a r a c t e r i z a t i o n o f ribosomes i s t h e a n a l y s i s 

o f t h e i r e l e c t r o p h o r e t i c m o b i l i t y i n l a r g e - p o r e P o l y a c r y l a 

mide g e l s ( 1 0 ) . Even though t h e d i s c r i m i n a t i n g p a r a m e t e r s 

appear t o be q u i t e c o m p l e x - - s i z e , s h a p e , and R N A / p r o t e i n 

r a t i o — m i t o c h o n d r i a l ribosomes have m a n i f e s t e d a common f e a -

t u r e , a r e l a t i v e l y low m o b i l i t y as compared w i t h t h a t o f 

p r o k a r y o t i c and e u k a r y o t i c c y t o p l a s m i c r i b o s o m e s . T h i s ap-

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

f u n g a l , p r o t o z o a n , and animal s p e c i e s so f a r s t u d i e d . 

C0MP0NENTS OF MITOCHONDRIAL RIBOSOMES. Ribosomal 

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

from d i f f e r e n t s p e c i e s a r e i n e v i t a b l y r e f l e c t e d i n t h e com-

p o s i t i o n o f t h e i r RNAs. I t i s t h e r e f o r e not p o s s i b l e t o 

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

m i t o c h o n d r i a , as has been p o s s i b l e w i t h c y t o p l a s m i c and bac

t e r i a l r i b o s o m a l RNA. F o r t u n a t e l y , a measure o f agreement 

has emerged i n r e c e n t y e a r s c o n c e r n i n g t h e m i t o c h o n d r i a l 

RNAs from a broad ränge o f o r g a n i s m s (see T a b l e I I I ) . 

A wide v a r i e t y o f t e c h n i q u e s f o r t h e c h a r a c t e r i z a -

t i o n o f h i g h - m o l e c u l a r - w e i g h t RNA components a r e a v a ? I a b l e . 

These i n c l u d e d e t e r m i n a t i o n o f Sedimentation v e l o c i t y by 

d e n s i t y g r a d i e n t c e n t r i f u g a t i o n , Sedimentation e q u i l i b r i u m 
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c e n t r i f u g a t i o n , g e l e l e c t r o p h o r e s i s under d e n a t u r i n g and 

n o n d e n a t u r i n g c o n d i t i o n s , and e l e c t r o n m i c r o s c o p y of dena-

t u r e d RNAs. Very few s t u d i e s , however, have o f f e r e d a s y s -

t e m a t i c comparison o f t h e s e d i f f e r e n t t e c h n i q u e s ( f o r exam-

p l e , r e f . 36) . Even t h e most e l a b o r a t e t e c h n i q u e s p r o v i d 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 . In most c a s e s , however, th e y 

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

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

t i o n s w i l l p r o b a b l y be o b t a i n e d o n l y by f i n g e r p r i n t i n g and 

s e q u e n c i n g s t u d i e s . 

The main problem i n d e t e r m i n i n g r e l i a b l e m o l e c u l a r 

w e i g h t s f o r m i t o c h o n d r i a l r i b o s o m a l RNAs stems from t h e f a c t 

t h a t t h e s e RNA s p e c i e s a r e c h a r a c t e r i z e d by an u n u s u a l l y low 

c o n t e n t o f g u a n o s i n e and c y t i d i n e (G+C) (see T a b l e I I I ) . 

S i n c e t h e GC base p a i r has a c o n s i d e r a b l y h i g h e r b i n d i n g 

e nergy than the AU p a i r , u n f o l d i n g o f t h e s e RNAs o c c u r s a t 

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

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

t i o n . The u n f o l d e d m o l e c u l e s m i g r a t e more s l o w l y upon 

e l e c t r o p h o r e s i s i n P o l y a c r y l a m i d e g e l s . A c c o r d i n g l y , the 

r u l e t h a t t h e l o g ( m o l e c u l a r w e i g h t ) i s p r o p o r t i o n a 1 t o t h e 

e l e c t r o p h o r e t i c m o b i l i t y (37) does not n e c e s s a r i l y h o l d f o r 

m i t o c h o n d r i a l RNAs under t h e c o n d i t i o n s i n w h i c h i t h o l d s 

f o r c y t o p l a s m i c and b a c t e r i a l RNAs. R e l i a b l e d a t a may be 

o b t a i n e d , however, i f c a r e i s t a k e n t o e n s u r e , f i r s t , t h a t 

t h e t e m p e r a t u r e o f e l e c t r o p h o r e s i s i s below t h e p o i n t where 

thermal u n f o l d i n g S t a r t s , a n d , s e c o n d , t h a t t h e i o n i c 

strength o f the e l e c t r o p h o r e s i s b u f f e r i s high enough t o 

p r e s e r v e t h e s e c o n d a r y s t r u c t u r e o f t h e RNA. A n o t h e r ap-

p r o a c h t o t h i s problem has been t o d e n a t u r e t h e RNA and de-

t e r m i n e t h e c h a r a c t e r i s t i e s o f t h e u n f o l d e d RNA. N e v e r t h e -



TABLE III 

Ribosomal RNAs of Mitochondria and Cytoplasm 

Mi tochondrial r i bosomes Cytoplasmic ribosomes 

Molecular weights x 10 

of RNA from large and 

smal1 subun i ts 

G+C 

content 

( « 

Molecular weights x 10 G+C 

of RNA from large and content 

small subunits (%) 

Ref. 

Fung i 

N e u r o s p o r a 1 .28 + 0 72 27 1 .28 + 0 67 51 (15, 38) 

A s p e r g i l l u s 1.27 + 0 66 32 (39) 

S a c c h a r o m y c e s 1.30 + 0 70 30 1.21 + 0 72 53 (36, 40) 

C a n d i d a 1.21 + 0 71 33 1.67 + 0 80 50 (18) 

Protozoa 

T e t r a h y m e n a 0.90 + 0 47 29 1.18 + 0 52 47 (19, 41) 

E u g l e n a 30 56 (20) 

Plants 

Turn i p 1.15 + 0 70 1.36 + 0 70 (21) 

Maize 1.25 + 0 76 1.19 + 0 67 (22) 

An i ma1s 

Locust 0.52 + 0. 28 32 1.50 + 0 70 (10, 42) 

X e n o p u s 0.53 + 0. 30 41 1.52 + 0 70 (37, 43) 

Rat 0.50 + 0. 30 47 1.48 + 0 66 64 (11, 27) 
HeLa c e l l s 0.54 + 0. 35 45 1.75 + 0 70 65 (37, 44) 

Chloroplast ribosomes 

Spinach 1.05 + 0.56 54 (45) 
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l e s s , t h e d a t a i n T a b l e I M may not be ta k e n as d e f i n i t i v e 

i n a l l c a s e s . 

The most r e l i a b l e d a t a f o r f u n g a l m i t o c h o n d r i a l r i -

bosomal RNA p o i n t t o m o l e c u l a r w e i g h t s o f 1.20 t o 1.30 x 10 

and 0.66 t o 0.72 x 10^ d a l t o n s f o r t h e s p e c i e s from l a r g e 

and s m a l l s u b u n i t s , r e s p e c t i v e l y . T h u s , t h e s e RNAs appear 

to be a p p r e c i a b l y l a r g e r than t he c o r r e s p o n d i n g RNAs from 

E. c o l i (1.10 and 0.56 x 10^) and not n o t a b l y d i f f e r e n t from 

the c o r r e s p o n d i n g c y t o p l a s m i c RNAs. 

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

i t s q u i t e h i g h S v a l u e , c o n t a i n s r i b o s o m a l RNAs t h a t a r e 

d i s t i n c t l y s m a l l e r than b a c t e r i a l RNAs--namely, 0.90 and 

0.47 x 10
6

 d a l t o n s . 

T h e r e a r e v a r i a t i o n s i n the r e p o r t s on p l a n t m i t o 

c h o n d r i a l r i b o s o m a l RNAs. The most r e l i a b l e d a t a s u g g e s t 

r e l a t i v e l y h i g h m o l e c u l a r w e i g h t s o f 1.15 t o 1.25 x 10^ and 

0.70 t o O.78 x 10^ d a l t o n s , v e r y s i m i l a r t o t h o s e o f t h e i r 

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

The r i b o s o m a l RNAs from m i t o c h o n d r i a o f a n i m a l s a r e 

s t r i k i n g l y s m a l l . T h i s has been v e r i f i e d f o r a wide v a r i e t y 

o f o r g a n i s m s by a number o f independent methods. B r i n g i n g 

t o g e t h e r a l l the f i n d i n g s from human b e i n g s t o g r a s s h o p p e r s , 

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

be i n the ränge o f 0.50 t o O.58 x 10 , and t h a t o f t h e s m a l l 

RNA t o be between 0.28 and 0.35 x 10^. D i r e c t measurements 

by e l e c t r o n m i c r o s c o p y o f the RNA from HeLa c e l l s g i v e 

l e n g t h s o f 0.42 and 0.26 m i c r o n f o r l a r g e and s m a l l RNAs, 

r e s p e c t i v e l y . The m o l e c u l a r w e i g h t s c a l c u l a t e d from t h e s e 

l e n g t h d e t e r m i n a t i o n s a r e i n s u b s t a n t i a l agreement w i t h t he 

m o l e c u l a r w e i g h t s d e t e r m i n e d by o t h e r t e c h n i q u e s . 
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The s i z e o f t h e s e a n imal RNAs, t h e r e f o r e , i s o n l y 

o n e - h a l f (or l e s s ) t h e s i z e o f t h e c o r r e s p o n d i n g c y t o p l a s m i c 

r ibosomes and o f b a c t e r i a l r i b o s o m e s . I t i s f a s c i n a t i n g t o 

n o t e how a ribosome w i t h such "mini-RNAs" r e t a i n s a shape 

m a r k e d l y s i m i l a r t o t h a t o f o t h e r r ibosomes and p e r f o r m s ap-

p a r e n t l y t h e same r e a c t i o n s i n t h e s y n t h e s i s o f p r o t e i n s . 

The RNA d a t a s u g g e s t t h a t i t i s p o s s i b l e f o r two o f each o f 

t h e s e RNAs t o be p r e s e n t i n a Single s u b u n i t , but t h e p r o t e i n 

a n a l y s i s d a t a and t h e buoyant d e n s i t y measurements seem t o 

e x c l u d e t h i s p o s s i b i l i t y . 

Recent r e p o r t s on t h e p r e s e n c e and n a t u r e o f meth-

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

y e a s t , N e u r o s p o r a , and c u l t u r e d animal c e l l s appear t o r e -

v e a l a common f e a t u r e o f m i t o c h o n d r i a l RNA ( 1 3 , 1 4 ) . T h i s 

i s due t o t h e i r r e l a t i v e l y low d egree o f m e t h y l a t i o n com-

pared w i t h t h a t o f c y t o p l a s m i c and b a c t e r i a l RNAs. The s i g -

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

The 5 S RNA Component. The 5 S RNA s p e c i e s has been 

found t o be an i n t e g r a l p a r t o f t h e l a r g e s u b u n i t o f p r o -

k a r y o t i c and e u k a r y o t i c c y t o p l a s m i c r i b o s o m e s . I t i s t h o u g h t 

t o p l a y a r o l e i n the b i n d i n g o f t r a n s f e r RNA, and i t s r e -

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

from the i n d i v i d u a l RNA and p r o t e i n components has been 

de m o n s t r a t e d ( 4 6 ) . A c c o r d i n g l y , the q u e s t i o n o f whether mi

t o c h o n d r i a l ribosomes c o n t a i n a 5 S RNA o r a 5 S RNA e q u i v a -

l e n t has been i n v e s t i g a t e d w i t h much i n t e r e s t . 

S u r p r i s i n g 1 y , no 5 S RNA component was d e t e c t e d i n 

f u n g a l 73 S and animal 55 t o 60 S m i t o c h o n d r i a l r i b o s o m e s . 

P r o p o s a i s have been made as t o how d i f f e r e n t s t r u c t u r e s 

might s e r v e as Substitutes f o r 5 S RNA. S i n c e a f u n c t i o n a l 
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t e s t f o r such a component i s not a v a i I a b l e a t t h e p r e s e n t 

t i m e , however, and s i n c e r e c o n s t i t u t i o n e x p e r i m e n t s appear 

t o be beyond p r e s e n t e x p e r i m e n t a l p o s s i b i 1 i t i e s , t h e a s s i g n -

ment o f a 5 S RNA f u n c t i o n t o a m o l e c u l e o f d i f f e r e n t s i z e 

would seem t o be a c o m p l i c a t e d t a s k . 

In c o n t r a s t t o f u n g a l and an i m a l m i t o c h o n d r i a l r i b o 

somes, t h e p r e s e n c e o f 5 S RNA has been r e p o r t e d f o r T e t r a 

h y m e n a and a number o f p l a n t m i t o c h o n d r i a l r i b o s o m e s ( 1 9 , 

4 7 ) . 

The l a r g e s u b u n i t o f c y t o p l a s m i c r ibosomes has been 

shown t o c o n t a i n a f u r t h e r noncova1ent1y l i n k e d RNA compo

nent t o whi c h an S v a l u e o f 5.8 was a t t r i b u t e d . T h i s compo

nent has been found t o be a b s e n t from t h e m i t o c h o n d r i a l r i 

bosome o f a l l s p e c i e s so f a r s t u d i e d ( 1 0 , 13, 3 1 , 4 7 ) . 

Ribosomal P r o t e i n s . I t has been d e m o n s t r a t e d f o r a 

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

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

t h e i r c y t o p l a s m i c c o u n t e r p a r t s . T h i s c o n c l u s i o n was reached 

on t h e b a s i s o f r e s u l t s o b t a i n e d w i t h s e v e r a l d i f f e r e n t 

t e c h n i q u e s such as g e l e l e c t r o p h o r e s i s , i s o e l e c t r i c f o c u s i n g , 

ion exchange c h r o m a t o g r a p h y , and immunologica1 methods ( 1 , 

13, 1 4 ) . However, i t must be borne i n mind t h a t t h e s e 

methods do not a l l o w so f i n e a r e s o l u t i o n as t o State w i t h 

c e r t a i n t y t h a t 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 r ibosomes do 

not have a Single p r o t e i n i n common, o r t h a t a c e r t a i n de

g r e e o f sequence s i m i l a r i t i e s does not o b t a i n between t h e s e 

two s e t s o f r i b o s o m a l p r o t e i n s . 

D e t a i l e d s t u d i e s on t h e number and p r o p e r t i e s o f 

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

a l i m i t e d number o f o r g a n i s m s . N e u r o s p o r a m i t o c h o n d r i a l 
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ribosomes have been r e p o r t e d t o c o n t a i n a t o t a l o f f i f t y -

t h r e e p r o t e i n s ( 4 8 ) . The r e s u l t s o f p r o t e i n a n a l y s e s on 

animal m i t o c h o n d r i a l r i b o s o m e s have been r a t h e r s u r p r i s i n g : 

The p r o t e i n c o n t e n t o f t h e s e ribosomes was found t o be unex-

p e c t e d l y h i g h , r a n g i n g between 75 and 6 5 % ( 1 0 , 14, 2 6 , 4 9 ) . 

I t was t h o u g h t a t f i r s t t h a t t h e s e ribosomes were i n s u f f i -

c i e n t l y p u r i f i e d and t h a t some c o n t a m i n a t i n g membrane mate-

r i a l must have been p r e s e n t . I t was then r e a l i z e d , however, 

t h a t r i b o s o m e s from d i f f e r e n t s o u r c e s such as X e n o p u s 

o o c y t e s and c a l f and r a t 1 i v e r c o n t a i n an u n e x p e c t e d l y h i g h 

number o f r i b o s o m a l p r o t e i n s . Two-dimensiona1 g e l e l e c t r o -

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

f o r t y - f o u r p r o t e i n s i n t h e s m a l l s u b u n i t o f X e n o p u s l a e v i s 

m i t o c h o n d r i a l r i b o s o m e s ( 4 9 ) . B o v i n e l i v e r m i t o c h o n d r i a l 

r ibosomes were found t o c o n t a i n f i f t y - t h r e e and f o r t y - o n e 

p r o t e i n s i n t h e l a r g e and s m a l l s u b u n i t s , r e s p e c t i v e l y ( 1 0 , 

1 4 ) . C a r e f u l s t u d i e s w i t h t h e s e ribosomes have r e v e a l e d 

t h a t t h e p r o t e i n c o n t e n t cannot be reduced t o l e s s than 

about (>7% by t r e a t m e n t w i t h h i g h s a l t b u f f e r s w i t h o u t t he 

l o s s o f f u n c t i o n a l a c t i v i t y . The number o f p r o t e i n s i s 

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

ing c y t o p l a s m i c r i b o s o m e s . 

When p r o t e i n and RNA components o f animal m i t o c h o n 

d r i a l r ibosomes a r e summed, a m o l e c u l a r w e i g h t o f about 2.8 

t o 3.2 x 10 i s o b t a i n e d . T h i s v a l u e i s v e r y s i m i l a r t o 

t h a t o f b a c t e r i a l r i b o s o m e s . I t i s i n agreement w i t h t he 

m o r p h o l o g i c a 1 d a t a w h i c h i n d i c a t e a p a r t i c l e s i z e a t l e a s t 

as l a r g e as t h a t o f t h e b a c t e r i a l r i b o s o m e . F u r t h e r m o r e , 

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

some would e x p l a i n t h i s low buoyant d e n s i t y . 
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I t remains a m y s t e r y t h a t two p a r t i c l e s as d i f f e r e n t 

i n t h e i r make-up as t h e E. c o l i and t h e animal m i t o c h o n d r i a l 

ribosome s h o u l d be so s i m i l a r i n shape and f u n c t i o n . The 

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

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

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

the r u l e s t h a t g o v e r n e v o l u t i o n on a m o l e c u l a r b a s i s . 

BIOSYNTHESIS OF MITOCHONDRIAL RIBOSOMES 

BIOSYNTHESIS OF RIBOSOMAL RNAs. There i s now con-

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

f o r by m i t o c h o n d r i a l DNA and 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 o n . F u r t h e r m o r e , i n a l l o r g a n i s m s s t u d i e d so f a r , 

o n l y one c i s t r o n f o r each o f t h e r i b o s o m a l RNAs has been de-

t e c t e d per m i t o c h o n d r i a l genome ( t h a t i s , one c i r c l e o f mi

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

and b a c t e r i a l genome where l a r g e - s c a l e redundancy o f r i b o 

somal RNA c i s t r o n s has been e s t a b l i s h e d . 

A n a l y s i s o f m i t o c h o n d r i a l DNA has p r o g r e s s e d so f a r 

t h a t f o r s e v e r a l o r g a n i s m s t h e r e l a t i v e p o s i t i o n s o f the r i 

bosomal RNA c i s t r o n s a r e known. In y e a s t , t h e c i s t r o n s f o r 

l a r g e and s m a l l r i b o s o m a l RNAs l i e . o n a p p r o x i m a t e l y o p p o s i t e 

s i d e s o f t h e c i r c u l a r DNA, s e p a r a t e d on b o t h s i d e s by e s t a b 

l i s h e d m i t o c h o n d r i a l g e n e t i c m a r k e r s . In c o n t r a s t , t h e two 

RNA c i s t r o n s i n N e u r o s p o r a were r e p o r t e d t o 1ie c l o s e t o -

g e t h e r ( 9 , 10). T h i s p o s i t i o n o f t h e c i s t r o n s i s i n a g r e e 

ment w i t h t h e f i n d i n g t h a t t h e r i b o s o m a l RNAs a r e s y n t h e 

s i z e d as a p r e c u r s o r w i t h a m o l e c u l a r w e i g h t o f l . k x 10^, 

w h i c h i s then c l e a v e d t o g i v e t h e RNA s p e c i e s w i t h m o l e c u l a r 

w e i g h t s o f 1.28 and 0.72 x 10^ d a l t o n s ( 8 ) . S e v e r a l r e p o r t s 
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i n d i c a t e t h a t i n c e r t a i n h i g h e r o r g a n i s m s (HeLa c e l l s , 

X e n o p u s , D r o s o p h i l a ) t h e RNA genes a r e s i m i l a r l y l o c a t e d 

c l o s e t o one a n o t h e r ( 9 , 1 0 ) . I t i s s u g g e s t e d , however, 

t h a t the c i s t r o n s a r e s e p a r a t e d by a sequence o f a b o u t 160 

n u c l e o t i d e s . W i t h HeLa c e l l s and X e n o p u s o o c y t e s i t has 

been found t h a t one h S RNA gene i s l o c a t e d i n t h i s g a p . 

Most o f t h e r e c e n t d e v elopments i n t h i s f i e l d ( i n c l u d i n g one 

r e p o r t d e s c r i b i n g a d i f f e r e n t arrangement i n r a t 1 i v e r ) a r e 

p r e s e n t e d i n the p r o c e e d i n g s o f two Conferences ( 9 , 1 0 ) . 

L i t t l e i s known about t h e e x a c t mode o f s y n t h e s i s o f 

m i t o c h o n d r i a l r i b o s o m a l RNAs. So f a r t h e s e a r c h f o r p r e c u r -

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

somal RNAs have proved p o s i t i v e o n l y i n one i ns t a n c e - - i V e u r o -

s p o r a . In HeLa c e l l s the s i t e s f o r the ribosomal RNAs were 

detected on the heavy Strand o f the mitochondrial DNA. I t 

was suggested t h a t t h i s Strand was transcribed as a w h o l e , 

but no i n f o r m a t i o n on p o s s i b l e p r o c e s s i n g o f ribosomal RNA 

has been f o r t h c o m i n g ( 5 0 ) . 

BIOSYNTHESIS OF RIBOSOMAL PROTEINS. A number o f ex-

p e r i m e n t s w i t h N e u r o s p o r a and y e a s t have p r o v i d e d c o n c l u s i v e 

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

a r e s y n t h e s i z e d o u t s i d e t h e m i t o c h o n d r i o n — t h a t i s , on c y t o 

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

m i t o c h o n d r i o n . A l t h o u g h t h e r e i s no d i r e c t g e n e t i c p r o o f 

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

a v a i l a b l e e v i d e n c e p o i n t s i n t h a t d i r e c t i o n ( 1 2 ) . 

S e v e r a l s t u d i e s have been d e v o t e d t o e s t a b l i s h i n g 

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

a r e coded f o r by m i t o c h o n d r i a l DNA and 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 o n . The r e s u l t s o f a s t u d y w i t h N e u r o s p o r a 



N e u p e r t M i t o c h o n d r i a l R i b o s o m e s 2 7 9 

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

c y t o p l a s m i c ribosomes ( 4 8 ) , but r e c e n t l y i t has been sug

g e s t e d t h a t one p r o t e i n o f t h e s m a l l s u b u n i t may a c t u a l l y 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 o n ( 1 0 ) . A s i m i l a r S i t u 

a t i o n has a r i s e n i n y e a s t , where a m i t o c h o n d r i a 1 1 y s y n t h e 

s i z e d p r o t e i n has been found t o be a s s o c i a t e d w i t h t h e s m a l l 

s u b u n i t ( 8 ) . I t has not been e s t a b l i s h e d whether t h i s p r o 

t e i n i s an i n t e g r a l p a r t o f t h e ribosome o r a c o n t a m i n a n t o f 

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

S t u d i e s s i m i l a r t o t h o s e w i t h N e u r o s p o r a and y e a s t 

have been c a r r i e d o u t w i t h p r o t o z o a . The r e s u l t s i n d i c a t e 

t h a t some p r o t e i n s may be s y n t h e s i z e d o u t s i d e and some i n -

s i d e t he m i t o c h o n d r i o n ( 5 1 ) . A d e t a i l e d s t u d y i s n e c e s s a r y , 

however, to e s t a b l i s h t h e s i g n i f i c a n c e and n a t u r e o f t h e mi

t o c h o n d r i a 1 1 y s y n t h e s i z e d p r o t e i n s . The p o s s i b l 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 1 y s y n t h e s i z e d r i b o s o m a l p r o t e i n s c o u l d have 

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

An i n t e r e s t i n g a p p r o a c h t o the problem o f g e n e t i c 

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

w i t h P a r a m e c i u m ( 9 ) . H y b r i d s p e c i e s o f P a r a m e c i u m a u r e l i a 

can be o b t a i n e d by m i c r o i n j e c t i o n o f t h e m i t o c h o n d r i a o f one 

s p e c i e s i n t o t he c e l l s o f a n o t h e r s p e c i e s . H y b r i d s so ob

t a i n e d c o n t a i n t h e c o m p l e t e m i t o c h o n d r i a l genome o f t h e 

donor s p e c i e s . The r e s u l t s o f t h e immunologica1 a n a l y s i s o f 

m i t o c h o n d r i a l r i b o s o m a l p r o t e i n s i n such s p e c i e s a r e compat-

i b l e w i t h t h e v i e w t h a t some o f t h e s e p r o t e i n s a r e coded f o r 

by the m i t o c h o n d r i a l DNA. I t may be p e r t i n e n t t h a t , i n t h e 

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

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

r i b o s o m a l p r o t e i n s i s documented by a l a r g e number o f s t u d 

i e s ( 1 0 , 1 2 ) . 
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I n v e s t i g a t i o n s on t h e s i t e o f s y n t h e s i s o f animal 

m i t o c h o n d r i a l r i b o s o m a l p r o t e i n s a r e not a v a i l a b l e . T h i s i s 

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

such s t u d i e s . A g e n e t i c a p p r o a c h has been made t o t h i s prob

lem in X e n o p u s s p e c i e s , y i e l d i n g i n t e r e s t i n g r e s u l t s ( 5 2 ) . 

The two r e l a t e d s p e c i e s X. l a e v i s and x . m u l l e r i d i s p l a y d i f -

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

s u b u n i t s . P r o t e i n p a t t e r n s o b t a i n e d i n two-dimensiona1 g e l 

e l e c t r o p h o r e s i s show a d i f f e r e n c e i n some seven p r o t e i n s . 

When h y b r i d s a r e produced between t h e s e f r o g s , the n u c l e a r 

genes a r e c o n t r i b u t e d e q u a l l y by both s p e c i e s , whereas the 

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

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

b r i d s showed t h a t f o u r o f t h e s p e c i e s - s p e c i f i c p r o t e i n s were 

p r e s e n t o n l y when t h e i r c o r r e s p o n d i n g s p e c i e s was the 

m o t h e r . The a u t h o r s c o n s i d e r t h i s r e s u l t c o n s i s t e n t w i t h a 

m i t o c h o n d r i a l c o d i n g o f some o f the r i b o s o m a l p r o t e i n s , not 

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

t e i n s . 

In summary, t h e r e i s c o n v i n c i n g e v i d e n c e t h a t most 

o f the r i b o s o m a l p r o t e i n s a r e coded f o r by n u c l e a r DNA and 

s y n t h e s i z e d on c y t o p l a s m i c r i b o s o m e s . I t might be t h a t one 

o r a few o f t h e p r o t e i n s o f m i t o c h o n d r i a l ribosomes a r e coded 

f o r and 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 o n . I t i s p o s s i b l e 

t h a t the Situation i s d i f f e r e n t among d i f f e r e n t o r g a n i s m s . 

C l e a r i n f o r m a t i o n i n t h i s a r e a would c o n t r i b u t e much t o our 

u n d e r s t a n d i n g 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 . 

P r a c t i c a l l y n o t h i n g i s known about the a ssembly o f 

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

t h i s p r o c e s s . 
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FUNCTIONAL ASPECTS OF MITOCHONDRIAL RIBOSOMES 

D e s p i t e wide v a r i a t i o n s i n p h y s i c a l and c h e m i c a l 

c h a r a c t e r i s t i c s among m i t o c h o n d r i a l r ibosomes i n d i f f e r e n t 

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

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

a q u i t e r e s t r i c t e d number o f P o l y p e p t i d e s . (b) The f u n c t i o n 

o f t h e s e P o l y p e p t i d e s a p p e a r s t o be t h e same i n a l l e u k a r y -

o t e s . (c) The mechanism o f t r a n s l a t i o n seems t o be t h e same 

i n d i f f e r e n t e u k a r y o t e s and v e r y s i m i l a r t o t h a t i n p r o k a r y -

o t e s . 

PROTEINS SYNTHESIZED BY MITOCHONDRIAL RIBOSOMES. 

The O b s e r v a t i o n t h a t t h e number o f p r o t e i n s formed on m i t o 

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

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

The c o d i n g c a p a c i t y o f m i t o c h o n d r i a l DNA from a n i m a l s 

i s q u i t e l o w . The DNA has a l e n g t h o f about 5 m i c r o n s , o r 

a m o l e c u l a r w e i g h t o f about 10 x 10 d a l t o n s . For t h e cod

i n g o f m i t o c h o n d r i a l r i b o s o m a l RNA and o f m i t o c h o n d r i a l 

t r a n s f e r RNAs (some twenty d i f f e r e n t s p e c i e s ) , about 25 t o 

3 0 % o f the t o t a l c o d i n g c a p a c i t y i s consumed, not t a k i n g i n 

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

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

p r o c e s s e s . The re m a i n d e r i s s u f f i c i e n t t o code f o r about 

3500 amino a c i d s , a g a i n n ot t a k i n g i n t o a c c o u n t p o s s i b l e se

quences o f r e g u l a t o r y g e n e s . 

There i s good r e a s o n , a l t h o u g h no d e f i n i t e p r o o f , t o 

assume t h a t m i t o c h o n d r i a l ribosomes a r e committed s o l e l y t o 

the t r a n s l a t i o n o f messages o f m i t o c h o n d r i a l o r i g i n ( 6 , 5 3 ) . 
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The most r e l i a b l e i n f o r m a t i o n c o n c e r n i n g t he number, 

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

e x p e r i m e n t s w i t h y e a s t and N e u r o s p o r a . In t h e s e o r g a n i s m s , 

the m i t o c h o n d r i a l DNA i s c o n s i d e r a b l y l a r g e r than i n a n i -

mals - - a b o u t 25 m i c r o n s . A c c o r d i n g l y , a l a r g e r number o f 

gene p r o d u c t s than i n animal m i t o c h o n d r i a seems p o s s i b l e . 

We do n o t , however, have any d e f i n i t e i n d i c a t i o n t h a t t h i s 

might be t r u e . M i t o c h o n d r i a l DNA from f u n g i may c o n t a i n a 

l a r g e number o f " s p a c e r sequences" w h i c h do not code f o r 

p r o t e i n o r RNA. The number o f p r o t e i n s t r a n s l a t e d i n the 

f u n g a l m i t o c h o n d r i a known so f a r might w e l l be coded f o r by 

a 5-micron DNA. We do not know v e r y much about the t r a n s l a 

t i o n p r o d u c t s i n animal m i t o c h o n d r i a , but t h e r e i s e v i d e n c e 

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

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

I t a p p e a r s on t h i s b a s i s t h a t p r o t e i n s t o t a l i n g 

r o u g h l y 3500 amino a c i d s may be s y n t h e s i z e d on m i t o c h o n d r i a l 

r i b o s o m e s . As mentioned a b o v e , we h a v e , w i t h r e g a r d t o f u n 

g i , a c o n s i d e r a b l e number o f r e p o r t s on the s t r u c t u r e , f u n c 

t i o n , and number o f m i t o c h o n d r i a 1 1 y s y n t h e s i z e d p r o t e i n s 

( 5 - 1 0 ) : 

1. Three s u b u n i t s o f t h e cytochrome o x i d a s e complex 

w i t h m o l e c u l a r w e i g h t s o f about 40,000, 30,000 and 20,000. 

These t h r e e a r e t h e l a r g e s t s u b u n i t s o f t h e enzyme complex; 

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

r i bosomes. 

2. One o r two s u b u n i t s o f t h e cytochrome bc^ com

p l e x , c o r r e s p o n d i n g t o cytochrome b ( a p p a r e n t m o l e c u l a r 

w e i g h t about 3 0 , 0 0 0 ) . 

3. Two t o f o u r s u b u n i t s o f t h e o l i g o m y c i n - s e n s i t i v e 

ATPase complex w i t h m o l e c u l a r w e i g h t s between 29,000 and 7500. 
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The number o f amino a c i d s p r e s e n t i n t h e s e s i x t o 

n i n e p r o t e i n s would t o t a l about 2000. T h u s , as an upper 

l i m i t , i n f o r m a t i o n f o r some 1500 amino a c i d s would r e m a i n . 

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

n e c e s s a r y f o r r e g u l a t o r y sequences and f o r one o r more o f 

the p r o t e i n s o f 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 . In any c a s e , 

the number o f unknown P o l y p e p t i d e s t h a t might be t r a n s l a t e d 

on m i t o c h o n d r i a l r i b o s o m e s , a p a r t from t h o s e mentioned 

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

We can summarize t h e f i n d i n g s on the m i t o c h o n d r i a 1 1 y 

s y n t h e s i z e d p r o t e i n s as f o l l o w s : M i t o c h o n d r i a l r i b o s o m e s 

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

P o l y p e p t i d e s , a t l e a s t s i x but perhaps not more than f i f t e e n . 

The P o l y p e p t i d e s so f a r i d e n t i f i e d a r e i n t e g r a t e d i n t o the 

i n n e r m i t o c h o n d r i a l membrane and c o n s t i t u t e s u b u n i t s o f en-

zyme complexes i n v o l v e d i n r e s p i r a t i o n and o x i d a t i v e phos-

p h o r y l a t i o n . They a r e q u i t e h i g h i n t h e i r c o n t e n t o f non

p o l a r amino a c i d s ; t h a t i s , t h e y a r e h y d r o p h o b i c and a r e not 

s o l u b l e i n aqueous media i n t h e ab s e n c e o f d e t e r g e n t s . 

MECHANISMS 0F TRANSLATION BY MITOCHONDRIAL RIBO

SOMES. A l a r g e body o f e v i d e n c e i n d i c a t e s t h a t r i b o s o m e s i n 

m i t o c h o n d r i a o p e r a t e on t h e same b a s i c p r i n c i p l e s as r i b o 

somes from p r o k a r y o t e s and a s e u k a r y o t i c c y t o p l a s m i c o r c h l o -

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

have been shown t o c o n t a i n a füll complement o f t r a n s f e r 

RNAs and o f a m i n o a c y l - t r a n s f e r - R N A s y n t h e t a s e s . E a r l i e r r e 

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

f o u r t e e n t r a n s f e r RNAs have been r e v i s e d , and now a c o m p l e t e 

s e t o f t r a n s f e r RNAs (and even i s o a c c e p t i n g s p e c i e s ) a l s o 

seems p r o b a b l e i n animal m i t o c h o n d r i a ( 9 , 10, 1 3 ) . L i k e w i s e , 
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the p a r t f c i p a t i o n o f T and G f a c t o r s i n m i t o c h o n d r i a l t r a n s 

l a t i o n has been d e m o n s t r a t e d ( 1 , 5 4 ) . 

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

somes i s t h a t t h e y use f o r m y l m e t h i o n y l t r a n s f e r RNA f o r 

P o l y p e p t i d e c h a i n i n i t i a t i o n ( 6 , 13, 5 5 ) . T h i s i s i n con

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

o n y l t r a n s f e r RNA, but s i m i l a r t o b a c t e r i a l r i b o s o m e s , w h i c h 

a l s o use t h i s s p e c i f i c t r a n s f e r RNA f o r i n i t i a t i o n . In t h e 

l a t t e r c a s e , however, the f o r m y l group and t h e m e t h i o n i n e 

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

a p p e a r s not t o be t h e c a s e w i t h m i t o c h o n d r i a l t r a n s l a t i o n 

p r o d u c t s , as s u g g e s t e d by two l i n e s o f e v i d e n c e : (a) La

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

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

w h i c h i s t h e N - t e r m i n a l m e t h i o n i n e r e s i d u e ( 5 6 ) . (b) Amino 

a c i d sequence a n a l y s i s o f s u b u n i t II ( a p p a r e n t m o l e c u l a r 

w e i g h t 28,000) from beef h e a r t cytochrome o x i d a s e , w h i c h 

presumably i s s y n t h e s i z e d on m i t o c h o n d r i a l r i b o s o m e s , r e -

v e a l e d t h e N - t e r m i n a l amino a c i d t o be N - f o r m y 1 m e t h i o n i n e 

( 1 0 ) . 

L i t t l e i s known about m i t o c h o n d r i a l messenger RNA. 

S e v e r a l r e p o r t s i n d i c a t e t h e p r e s e n c e o f p o l y - A s e q u e n c e s , 

s i n c e RNA w i t h messenger p r o p e r t i e s e x t r a c t e d from whole m i 

t o c h o n d r i a o r m i t o c h o n d r i a l p o l y m e r i c ribosomes might be 

bound t o p o l y - d T - c e l 1 u l o s e o r t o p o l y - U - s e p h a r o s e columns 

( 9 , 10; f o r r e v i e w , see r e f . 1 3 ) . T r a n s l a t i o n o f f r a c t i o n s 

w i t h messenger c h a r a c t e r from y e a s t i n a b a c t e r i a l c e l l - f r e e 

System has recently been reported t o y i e l d immunologica11y 

d e t e c t a b l e s u b u n i t s o f cytochrome o x i d a s e ( 5 7 ) . However, a 

c a r e f u l s t u d y by a n o t h e r group u s i n g a s i m i l a r System has 
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c a s t some doubt on t h e i d e n t i t y o f t h e i n v i t r o t r a n s l a t i o n 

p r o d u c t s ( 9 ) . 

E v i d e n c e f o r t h e e x i s t e n c e o f polysomes i n m i t o c h o n 

d r i a has been p r e s e n t e d by a v a r i e t y o f o b s e r v a t i o n s . P o l y -

s o m e - l i k e s t r u c t u r e s have been d e t e c t e d i n the e l e c t r o n mi-

c r o s c o p e ( 1 8 ) . P o l y m e r i e ribosomes w i t h t h e c h a r a c t e r i s t i e s 

of messenger-RNA-ribosome complexes were i s o l a t e d - - f r o m 

N e u r o s p o r a , E u g l e n a , and HeLa c e l l s , f o r e x a m p l e . However, 

t h e s e p r e p a r a t i o n s a r e d i s t i n g u i s h e d by a low number o f 

P o l y m e r i e a g g r e g a t e s . They c o n s i s t m a i n l y o f d i - , t r i - , and 

t e t r a m e r s and i n a t l e a s t two c a s e s have proved t o be r i b o -

n u c l e a s e - r e s i s t a n t ( 1 3 ) . I t i s n o t known whether t h e s e 

p o l y r i b o s o m e s a r e f r e e o r a r e bound t o t h e i n n e r membrane, 

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

l a t t e r p o s s i b i l i t y ( 5 8 ) . A c l e a r a e c o u n t o f the f u n c t i o n a l 

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

ANTIBIOTIC SENSITIVITY OF MITOCHONDRIAL RIBOSOMES. 

The m i t o c h o n d r i a l ribosome may be r e c o g n i z e d by i t s s p e c i f i c 

s e n s i t i v i t y t o c e r t a i n a n t i b i o t i c s . As e a r l y as i 9 6 0 i t was 

shown t h a t 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 

o f animal c e l l s i s s e n s i t i v e t o c h l o r a m p h e n i c o l , an a n t i -

b i o t i c t h a t does not a f f e c t e u k a r y o t i c c y t o p l a s m i c ribosomes 

and t h a t i s known t o s p e e i f i e a l l y b l o c k peptidyl t r a n s f e r a s e 

o f 70 S b a c t e r i a l ribosomes ( 5 9 ) . I t was l a t e r shown t h a t a 

v a r i e t y o f a n t i b i o t i c s known t o be p o t e n t i n h i b i t o r s o f 

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

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

c i n , c a r b o m y e i n , and s p i r a m y e i n ; l i n c o m y e i n and Clindamycin; 

and t h e a m i n o g l y c o s i d e s Paromomycin and neomyein ( 3 , 4, 11, 

I M . 
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I t s h o u l d be emphasized t h a t t h e s e a n t i b i o t i c s have 

not been d e f i n i t e l y proved t o a c t on m i t o c h o n d r i a l r i b o s o m e s 

o f a l l o r g a n i s m s , nor i s i t known whether t h e y ä f f e c t d i f 

f e r e n t r i b o s o m e s t o the same d e g r e e . I t has been o b s e r v e d 

t h a t e r y t h r o m y c i n and l i n c o m y c i n do not b l o c k t r a n s l a t i o n i n 

isolated m i t o c h o n d r i a from animal c e l l s , but do b l o c k t r a n s 

l a t i o n i n i s o l a t e d y e a s t mitochondria. Two e x p l a n a t i o n s 

have been offered for th i s Observation: (1) Animal and f u n 

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

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

s t r u c t u r e s ( 6 0 ) . (2) The r e s i s t a n c e o f animal m i t o c h o n d r i a 

to some o f t h e s e a n t i b i o t i c s , e s p e c i a l l y e r y t h r o m y c i n and 

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

th e m i t o c h o n d r i a l membranes t o t h e s e s u b s t a n c e s ( 8 , 6 1 ) . 

R e p o r t s t h a t i s o l a t e d m i t o c h o n d r i a l ribosomes from r a t l i v e r 

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

p r o t e i n s y n t h e s i s , such as poly-U-dependent polypheny1a1 a n i n e 

s y n t h e s i s , and i n t h e
 n

f r a g m e n t r e a c t i o n , " would s u p p o r t t h e 

l a t t e r e x p l a n a t i o n . C e r t a i n l y , i n i n t a c t a n i m a l s p e r m e a b i l i t y 

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

a c t i o n . 

There i s a second group o f a n t i b i o t i c s w h i c h do not 

i n h i b i t m i t o c h o n d r i a l ribosomes but do i n h i b i t c y t o p l a s m i c 

r i b o s o m e s . T h i s g r o u p , w h i c h i s a l s o known f o r i t s i n a b i l i -

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

( a c t i d i o n e ) and a n i s o m y c i n . 

The s e l e c t i v e s e n s i t i v i t y o f m i t o c h o n d r i a l and cyto

p l a s m i c r ibosomes has i m p o r t a n t i m p l i c a t i o n s f o r a v a r i e t y 

o f f a c t o r s - - f u n c t i o n a 1 , p h y l o g e n e t i c , and p r a c t i c a l . These 

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

l a t i o n p r o d u c t s o f the m i t o c h o n d r i a l g e n e t i c System, f o r 
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analyzing the synthesis Sites o f defined mitochondrial pro

tein components, and for studying the interplay between the 

two t r a n s l a t i o n Systems in the eukaryotic c e l l . Whole c e l l s 

exposed to the f i r s t group of a n t i b i o t i c s (particu1ar1y 

ch1oramphenicol) incorporate r a d i o a c t i v e l y labeled amino 

acids s e l e c t i v e l y into cytoplasmic t r a n s l a t i o n products, 

whereas a n t i b i o t i c s of the second group ( p a r t i c u l a r 1 y cyclo-

heximide) allow the s e l e c t i v e radioactive labeling of mito

chondrial t r a n s l a t i o n products. I d e n t i f i c a t i o n o f the P o l y 

peptides translated on the mitochondrial ribosomes l i s t e d 

above was achieved by using e s s e n t i a l l y t h i s technique. The 

experimental and t h e o r e t i c a l benefits of t h i s procedure can 

hardly be overemphasized. N e v e r t h e l e s s , i t should be p o i n t -

ed out that t h i s experimental approach also has i t s draw-

backs, since the uncoupling of the two t r a n s l a t i o n Systems 

may give r i s e to a number of reactions that are not d i r e c t l y 

linked to trans1ationa1 e v e n t s . M o r e o v e r , i t should be 

borne in mind that these a n t i b i o t i c s have been reported to 

i n t e r f e r e with other c e l l u l a r r e a c t i o n s , such as r e s p i r a t i o n 

and phosphory1ation. 

A t h i r d group of a n t i b i o t i c s was found to i n h i b i t 

both mitochondrial and cytoplasmic t r a n s l a t i o n . Puromycin 

and f u s i d i c acid belong to t h i s group ( 1 , 11, 1 4 ) . 

MUTATIONS AFFECTING MITOCHONDRIAL RIBOSOMAL FUNC

TIONS AND STRUCTURE. A l t e r a t i o n s in ribosome structure and 

function on the basis of mutational events bear wide-ranging 

theoretical and p r a c t i c a l consequences. T h i s c e r t a i n l y 

holds true also for mutations a f f e c t i n g mitochondrial ribo

somes . 
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Two t y p e s o f m u t a t i o n may be d i s t i n g u i s h e d : (a) mu-

t a t i o n s c a u s i n g r e s i s t a n c e t o a n t i b i o t i c s ; (b) m u t a t i o n s 

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

A n t i b i o t i c - R e s i s t a n t M u t a t i o n s . Such mutants were 

f i r s t r e p o r t e d f o r y e a s t ( 6 2 ) . S t r a i n s r e s i s t a n t t o c h l o r -

amphenicol and t o e r y t h r o m y c i n were s e l e c t e d , and t h e muta

t i o n s were found t o be i n h e r i t e d i n a n o n - M e n d e l i a n ( u n i -

p a r e n t a l ) f a s h i o n , i n d i c a t i n g t h a t they r e s i d e i n the m i t o 

c h o n d r i a l DNA. A l a r g e number o f such mutants has s i n c e 

been o b t a i n e d , a n d , a t l e a s t i n a few c a s e s , t h e r e s i s t a n c e 

was shown t o o r i g i n a t e i n t h e m i t o c h o n d r i a l r i b o s o m e . In 

a d d i t i o n , mutants r e s i s t a n t t o Paromomycin have been ob

t a i n e d . 

The genes f o r t h e s e a n t i b i o t i c r e s i s t a n c e s on m i t o 

c h o n d r i a l DNA have been mapped by g e n e t i c and p h y s i c a l t e c h 

n i q u e s . There i s g e n e r a l agreement t h a t t h e c h l o r a m p h e n i c o l 

and e r y t h r o m y c i n r e s i s t a n c e genes a r e c l o s e l y l i n k e d . Hy-

b r i d i z a t i o n t e c h n i q u e s have shown th e r e s i s t a n c e l o c i t o be 

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

r i b o s o m a l RNA. The Paromomycin r e s i s t a n c e gene i s l o c a t e d 

c l o s e t o , but does not o v e r l a p , the s m a l l r i b o s o m a l RNA 

c i s t r o n ( 9 ) . 

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

such as e r y t h r o m y c i n , s t r e p t o m y c i n , and s p e c t i n o m y c i n has 

been found t o be based on a l t e r a t i o n s o f r i b o s o m a l p r o t e i n s . 

It has been t e m p t i n g t o assume t h a t i n t h e c a s e o f m i t o c h o n 

d r i a l a n t i b i o t i c r e s i s t a n c e s i n y e a s t the same ty p e o f 

a l t e r a t i o n s has taken p l a c e . However, d e s p i t e i n t e n s i v e 

e f f o r t s , no a l t e r e d r i b o s o m a l p r o t e i n i n any one o f t h e s e 

mutants c o u l d be d e m o n s t r a t e d . T h i s i s a n e g a t i v e r e s u l t , 
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but i t appears t o be s u p p o r t e d by some o t h e r o b s e r v a t i o n s . 

T h e r e i s no c l e a r e v i d e n c e t h a t any o f t h e m i t o c h o n d r i a l 

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

c h o n d r i o n (see a b o v e ) . S i n c e t h e m u t a t i o n s r e s u l t i n g i n 

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

y e a s t a r e p r o b a b l y mapped w i t h i n t h e l a r g e r i b o s o m a l RNA 

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

a r i s e from a l t e r a t i o n s o f r i b o s o m a l RNA and not o f r i b o s o m a l 

p r o t e i n s . T h i s e x p l a n a t i o n i s e s p e c i a l l y a p p e a l i n g , s i n c e , 

as mentioned a b o v e , o n l y one c i s t r o n f o r each o f t h e r i b o 

somal RNAs in t h e m i t o c h o n d r i a l genome has been d e m o n s t r a t e d . 

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

r i b o s o m a l RNA gene l e a d s t o an a l t e r a t i o n i n t h e ribosome 

has a much h i g h e r p r o b a b i l i t y i n m i t o c h o n d r i a than i n t h o s e 

Systems where ribosomal RNA genes show redundancy ( f o r ex-

a m p l e , b a c t e r i a ) . However, t h e s e two examples may c e r t a i n l y 

n o t be t a k e n as a r u l e , « i n c e i t i s r e p o r t e d t h a t Paromomy

c i n r e s i s t a n c e i s mapped a t a p o s i t i o n some 6000 base p a i r s 

a p a r t from t he s m a l l r i b o s o m a l RNA c i s t r o n ( 9 ) . 

The Situation w i t h r e g a r d t o p r o t o z o a n and animal 

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

a r e i n h e r i t e d i n a n o n - M e n d e l i a n f a s h i o n have been r e p o r t e d , 

i s even more u n c l e a r . H e r e , a l s o , no d e f i n i t e p r o o f f o r an 

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

( 9 , 1 0 ) . 

M u t a t i o n s A f f e c t i n g Ribosome S t r u c t u r e . Extreme 

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

" p e t i t e " mutants o f S a c c h a r o m y c e s c e r e v i s i a e . These mutants 

have l a r g e d e l e t i o n s i n the m i t o c h o n d r i a l DNA and a r e u n a b l e 

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

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

and perhaps o f o t h e r genes n e c e s s a r y f o r ribosome f o r m a t i o n 

( 4 - 7 ) . 

L e s s s e v e r e c a s e s o f m u t a t i o n s a f f e c t i n g m i t o c h o n 

d r i a l r i b osomes a r e t h e m i - 1 and t h e c n i - 1 mutants o f N e u r o 

s p o r a . The f i r s t i s a c y t o p l a s m i c m u t a n t , the second a 

n u c l e a r m u t a n t . Each has a d e f i c i e n c y i n the s m a l l r i b o 

somal s u b u n i t , and i n bo t h c a s e s t h e p r i m a r y g e n e t i c a l t e r a 

t i o n has not been i d e n t i f i e d ( 1 0 , 1 2 ) . Some h i g h l y i n t e r -

e s t i n g d a t a a r e a v a i l a b l e f o r the m i - 1 m u t a n t . H e r e , an 

a l t e r a t i o n i n t h e m a t u r a t i o n o f r i b o s o m a l RNA has been p r o -

pose d . On t h e o t h e r hand, r e c e n t d a t a s u g g e s t t h a t t h e mu-

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

the s m a l l s u b u n i t ( 1 0 , 1 2 ) . However, t h i s p r o t e i n a w a i t s 

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

sm a l l s u b u n i t can be tak e n f o r g r a n t e d . 

EVOLUTION OF MITOCHONDRIAL RIBOSOMES 

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

l u l a r e n t i t i e s , t h e i r e v o l u t i o n a r y o r i g i n has a t t r a c t e d much 

a t t e n t i o n . W i t h t h e r e a l i z a t i o n t h a t m i t o c h o n d r i a house a 

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

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

s p e c u l a t i o n , m i t o c h o n d r i a a r e d e r i v e d from a p r o k a r y o t i c and 

a e r o b i c t y p e o f o r g a n i s m . Some one b i l l i o n y e a r s a g o , t h i s 

o r g a n i s m invaded a n u c l e a t e d a n a e r o b i c a l 1 y l i v i n g c e l l and 

s t a y e d t h e r e as an e n d o s y m b i o n t . E v e n t u a l l y , g e n e t i c i n f o r -

m a t i o n o f the endosymbiont was t r a n s f e r r e d i n t o t h e n u c l e a r 

genome o f t h e h o s t . 
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I t f o l l o w s t h a t m i t o c h o n d r i a l r i b o s o m e s s h o u l d be 

c o n s i d e r e d as o r i g i n a t i n g from such an e n d o s y m b i o t i c o r g a 

n i s m . As a m a t t e r o f f a c t , the c h a r a c t e r i s t i e s o f t h e m i t o 

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

o f m i t o c h o n d r i a from p r o k a r y o t i c a n c e s t o r s : 

1. As i n t h e c a s e o f b a c t e r i a l r i b o s o m e s , m i t o 

c h o n d r i a l ribosomes a r e i n h i b i t e d by a n t i b i o t i c s such as 

c h l o r a m p h e n i e o l , e r y t h r o m y c i n , and l i n c o m y c i n ; and 1 i k e bac

t e r i a l ribosomes th e y a r e not a f f e c t e d by a n t i b i o t i c s t h a t 

b l o c k c y t o p l a s m i c r i b o s o m e s , such as e y e l o h e x i m i d e and 

an i somyc ? n. 

2. M i t o c h o n d r i a l r i b o s o m e s use f o r m y l m e t h i o n y l 

t r a n s f e r RNA f o r P o l y p e p t i d e c h a i n i n i t i a t i o n as do b a c t e r i 

a l r i b o s o m e s , i n c o n t r a s t t o c y t o p l a s m i c r i b o s o m e s . 

3. In s u b 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 Systems 

w h i c h show poly-U-dependent polypheny1a1 an i n e s y n t h e s i s , the 

G and T f a c t o r s may be r e p l a c e d by those from b a c t e r i a , but 

not by t h e c y t o p l a s m i c v a r i e t y from t h e same o r g a n i s m ( 1 , 

14, 5 4 ) . 

These o b s e r v a t i o n s may s u g g e s t t h a t b a c t e r i a l and 

m i t o c h o n d r i a l r i b o s o m e s a r e d e r i v e d from a common a n c e s t o r . 

In b a c t e r i a t h i s a n c e s t o r would have d e v e l o p e d i n t o a r a t h e r 

u n i f o r m p a r t i c l e w i t h r e s p e c t t o s i z e , s h a p e , and p r o p e r t i e s 

o f RNA and p r o t e i n c o n s t i t u e n t s . In m i t o c h o n d r i a the d e v e l -

opment from t h e common a n c e s t o r was aecompanied by l a r g e 

v a r i a t i o n s i n t h e s e t r a i t s . T h u s , d u r i n g e v o l u t i o n o f 

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

r i b o s o m e s have a r i s e n . D e s p i t e t h e v a r i a t i o n s shown i n 

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

s y n t h e s i s m e d i a t e d by t h e s e r i b o s o m e s has been c o n s e r v e d . 
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There i s one more f a s c i n a t i n g a s p e c t of m i t o c h o n d r i 

a l e v o l u t i o n w h i c h i s open t o s p e c u l a t i o n but not r e a d i l y 

open t o an e x p e r i m e n t a l a p p r o a c h . The v a s t m a j o r i t y o f mi

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

and e v e n t u a l l y t r a n s p o r t e d i n t o t h e m i t o c h o n d r i o n . On the 

o t h e r hand, th e m i t o c h o n d r i a have r e t a i n e d r i b o s o m e s and t h e 

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

c o n s i s t i n g o f p r o b a b l y more than one hundred p r o t e i n s , i n 

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

i n t h e m i t o c h o n d r i o n . The p u z z l i n g q u e s t i o n then i s , Why 

does th e eukaryotic c e l l a f f o r d t h i s " l u x u r y " o f a s p e c i a l 

g e n e t i c System i n o r d e r t o produce o n l y t h e s e few p r o t e i n s ? 

The answer may 1ie i n t h e v e r y n a t u r e o f the p r o t e i n s syn

t h e s i z e d by m i t o c h o n d r i a l r i b o s o m e s , i n a p o s s i b l e a d v a n t a g e 

f o r r e g u l a t o r y mechanisms i n h a v i n g two i n t e r d e p e n d e n t Sys

tems, o r perhaps i n a p r i n c i p l e o f e v o l u t i o n t h a t we do not 

know. 
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