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SUM M ARY

1. T h e  a i m  of t h i s  w o r k  w a s  to s t u d y  th e  f u n c t i o n  o f  p l a s t i d  r i b o s o m e s  

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

i n t e r p r e t e d  in tire  c o n t e x t  o f  p l a s t i d  a u t o n o m y  and b i o g e n e s i s .

2.  I h a v e  show n t h a t  i s o l a t e d  e t i o p l a s t s  and  d e v e l o p in g  c h l o r o p l a s t s  

u s e  a d d e d  A T P  a s  a n  e n e r g y  s o u r c e  f o r  a m i n o  a c i d  i n c o r p o r a t i o n  in to  

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

o f  3 h o u r s  g r e e n i n g  in c o n t in u o u s  w h i t e  l i g h t  c a n  a l s o  u s e  l i g h t  a s  an 

e n e r g y  s o u r c e  f o r  p r o t e i n  s y n t h e s i s .

3. T h e  r e l a t i o n s h i p  b e t w e e n  A T P  a n d  l i g h t  a s  an  e n e r g y  s o u r c e  f o r

in  v i t r o  p l a s t i d  p r o t e i n  s y n t h e s i s  h a s  b e e n  s t u d ie d  in  p l a s t i d s  i s o l a t e d  

d u r in g  g r e e n i n g .

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

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

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

and  a r e  c o n s i s t e n t  w i th  th e  kn ow n c h a r a c t e r i s t i c s  o f  in  v i t r o  p l a s t i d  

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

5. I t  h a s  b e e n  s h o w n  t h a t  l e s s  t h a n  3% o f  t h e  a m i n o  a c i d  i n c o r p o r a t i o n  

in to  p r o t e i n  in e t i o p l a s t  s u s p e n s i o n s  i s  a s s o c i a t e d  w i th  m i t o c h o n d r i a  

w h i c h  c o n t a m i n a t e  th e  p r e p a r a t i o n s .

6. T h e  c o n d i t i o n s  f o r  o p t im u m  i n c o r p o r a t i o n  of a m i n o  a c i d s  in to  

p r o t e i n  w e r e  e s t a b l i s h e d  in  o r d e r  to  f a c i l i t a t e  th e  i d e n t i f i c a t i o n  o f  

th e  p o l y p e p t i d e s  s y n t h e s i z e d .

7. T h e  p r o d u c t s  o f  in  v i t r o  p r o t e i n  s y n t h e s i s  w e r e  a n a l y s e d  by  

e l e c t r o p h o r e t i c  s e p a r a t i o n  on S D S  u r e a  p o l y a c r y l a m i d e  g e l s .  Ill

I l l



8 .  U s in g  A T P  a s  the  e n e r g y  s o u r c e  an d  e i t h e r  L - (  S) m e t h i o n i n e ,  

l , - (  H) l e u c i n e  o r  L - (  H) p h e n y l a l a n i n e ,  a s  t h e  p r o t e i n  p r e c u r s o r  i t  

h a s  b e e n  sh o w n  th a t  e t i o p l a s t s  s y n t h e s i z e  s e v e n  m a j o r  p o l y p e p t i d e s .

9 .  T h e s e  p o ly p e p t id e s  e l e c t r o p h o r e s e  c o i n c i d e n t a l l y  w i th  th e  p r o d u c t s  

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

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

1 5 0 ,  0 0 0  g e t i o p l a s t  s u p e r n a t a n t  f r a c t i o n .  T h i s  p r o d u c t  h a s  b e e n  

i d e n t i f i e d  a s  t h e  l a r g e  s u b u n i t  o f  F r a c t i o n  I p r o t e i n .  I d e n t i t y  w a s

e s t a b l i s h e d  by  c o m p a r i n g  th e  t r y p t i c  and  c h y m o t r y p t i c  p e p t id e  m a p
35

o f  th e  in v i t r o  e t i o p l a s t  p r o d u c t  l a b e l l e d  w ith  J_,-( S) m e t h i o n i n e  w i t h

t h e  t r y p t i c  and c h y m o t r y p l i r  p e p t i d e  m a p  c f  a u t h e n t i c  l a r g e  s u b u n it
.3 5  . ...............................

o f  F r a c t i o n  I p r o t e i n  l a b e l l e d  w ith  L - (  S) m e t h i o n i n e  m  v iv o  .

11. T h e  s a m e  g e l  p a t t e r n  o f  s e v e n  p o l y p e p t i d e s  i s  s e e n  w h e n  p l a s t i d s  

i s o l a t e d  f r o m  g r e e n i n g  l e a v e s  a r e  i n c u b a t e d  w ith  e i t h e r  a d d ed  A T P  

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

s y n t h e s i s  in  d e v e lo p in g  c h l o r o p l a s t s  a l s o  c o - e l e c t r o p h o r e s e  w ith  

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

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

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

t r a n s i t i o n .

13 .  T h e  r e s u l t s  s u p p o r t  th e  id e a  t h a t  p l a s t i d  r i b o s o m e s  s y n t h e s i z e  

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

w e i g h t  o f  t h e s e  p r o t e i n s  d o e s  n o t  a l t e r  d u r in g  the  f o r m a t i o n  of 

c h l o r o p i & s t s  f r o m  e t i o p l a s t s .

14 .  T h e  r e s u l t s  a r e  d i s c u s s e d  in  t h e  c o n t e x t  o f  p l a s t ' d  a u to n o m y  a n d  

b i o g e n e s i s .  T h e  u s e  o f  th e  p l a s t i d  a s  a d e v e l o p m e n t a l  s y s t e m  f o r  

s tu d y in g  th e  c o n t r o l s  e x e r t e d  up on t h e  s y n t h e s i s  o f  p a r t i c u l a r  

p o l y p e p t i d e s  d u r in g  d i f f e r e n t i a t i o n  i s  c o n s i d e r e d .  P o s s i b l e  a r e a s  o f  

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

a r e  o u t l in e d .

IV
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A B B R E V I A T I O N S

R - 40a n g s t r o m  (10 rr.)

A 2 6 0

A 280
A - T

a b s o r b a n c e  a t  2 0 0  o m  

a b s o r a n c e  a t  2 8 0  n m  

a d e n in e  -  t h y m i n e  b a s e  p a i r

A T P a d e n o s i n e  t r i p h o s p h a t e

A T  P a s  e a d e n o s i n e  t r i p h o s p h a t a s e

B S A b o v in e  s e r u m  a l b u m in

C i C u r i e  ( 3 .  7 x  10*Ü d i s i n t e g r a t i o n s  p e r  s e c o n d )

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

C T P c y t i d i n e  t r i p h o s p h a t e

D D SA d o d e c e n y l  s u c c i n i c  a n h y d r i d e

D E A E d ie t h y l  a m i n o  ethyl

D M P  30 t r i d i m e t h y l a m i n c  m e l h y l p b e n o l

DNA d e o x y r i b o n u c l e i c  a c i d

D N A s e d e o x y r i b o n u c l e a s e

E m o l a r  e x t i n c t i o n  c o e f f i c i e n t  

( l i t r e  • m o l  1 • c m  )

E
X

E D T A

E x t i n c t i o n  ( a t  w a v e l e n g t h  x)  

e t h y l e n e  d i a m i n e  t e t r a a c e t i c  a c i d

“ m a x  (av)  
C - C

m a x i m u m  ( a v e r a g e )  g r a v i t a t i o n a l  f i e l d  

g u a n o s i n e  - c y t o s i n e  b a s e  p a i r

G T P g u a n o s i n c  t r i p h o s p h a t e

I I E P E S N 2 -  h y d r o x y e t h y l p i p c r a z i n e  •• N -  2 -  e t h a n e  
s u l p h o n i c  a c id .

IN T 2 /-- (p -  io d o p h en y ]  ) -  3 -  ( p -  n i t r o p h e n y l )  - 5 - p h e n y l  t e t r a  z o l iu m

m  A m i l l  i a m p e r e

rn R N A m e s s e n g e r  R N A

N M A ■ m e t h y l  c n d o m e t h y l e n e  p h t h a l i c  a n h y d r i d e

PH h y d r o g e n  io n  c o n c e n t r a t i o n

P M S F p h e n y l  m e t h y l  s u lp h o n y l  f l u o r i d e

p o ly  A p o l y a d e n y l i c  a c id

p o ly  U pol yudr i d i y l i c  a c i d

P O P O P 1, 4 - b i s - ( 5 - p h e n y l o x a z o l - 2 - y 1) b e n z e n e

P P O 2, 5 - p h e n y l  o x a z o l e .
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rm a x  (a v ) m a x i m u m  ( a v e r a g e )  r a d i u s  o f  r o t a t i o n  o f  a  
c o l u m n  o f  l i q u i d  in a  r o t o r  tu b e .

R N  A r i b o n u c l e i c  a c i d

r .  p. m . r e v o l u t i o n s  p e r  m i n u t e

R u B P r i b u l o s e  1, 5 - b i s p h o s p h a t c
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tR N A t r a n s f e r  R N A

tP .N A
m e t

d T T P

m e t h i o n y l  c h a r g i n g  t r a n s f e r  R N A  

d e o x y t h y m i  d in e  t r  h o s p h a t e

U T P u r i d i n e  t r  ¡ p h o s p h a t e



C O N T E N T S

S U M M A R Y

A C  K N O  W L E  D G E M  E  N T S

A B B R E V I A T I O N S

C O N T E N T S

S E C T I O N  I - L I T E R A T U R E  R E V I E W  

1. I N T R O D U C T I O N

P a g e

III

V

V I

V I I I

2. P L A S T I D  S T R U C T U R E  A N D  F U N C T I O N

A . S T E A D  Y - S T A T E  F O R M S

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

i i .  E t i o p l a r l s  and  p r o p l a s t i d s

B .  T R A N S I E N T  F O R M S - D E V E L O P I N G  C I I L O R O P L A S T S

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

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

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

1. P h o t o c h e m i c a l  a c t i v i t i e s

2. T h e  r e a c t i o n s  of CO^ f i x a t i o n

4

14

20

23

2 r>

25b. P r o t e i n  s y n t h e s i s

3. C H L O R O P L A S T  T R A N S C R I P T I O N  A N D  T R A N S L A T I O N  

C H L O R O P L A S T  T R A N S C R I P T I O N  

i .  T h e  c o m p o n e n t s  of c h l o r o p l a s t  t r a n s c r i p t i o n

a. C h l o r o p l a s t  DN A 27

b. C h i o r o p l a s t  D N A  p o l y m e r a s e  30

c .  C h l o r o p l a s t  R N A  p o l y m e r a s e  31

i i .  T h e  f u n c t i o n  o f  c h . l o r o p l a s t  DN A

a. T h e  s e l e c t i v e  in h i b i t i o n  o f  c h l o r o p l a s t  D N A  t r a n s c r i p t i o n .  32

b. G e n e t i c  a n a l y s i s  o f  m u t a n t s  33

c . D N A / R N A  h y b r i d i z a t i o n  s t u d i e s  35

d. I d e n t i f i c a t i o n  o f  R N A  and p r o t e i n  m o l e c u l e s  
s y n t h e s i z e d  in i s o l a t e d  c h l o r o p l a s t s . 36

V III

mmm



C O N T E N T S  P a g e

III
S U M M A R Y

A C K N O W L E  D G E M  E N T S  V

A B B R E V I A T I O N S  V I

C O N T E N T S  V I I I

S E C T I O N  I - L I T E R A T U R E  R E V I E W

1. I N T R O D U C T I O N  2

2. P L A S T I D  S T R U C T U R E  A N D  F U N C T I O N

A . S T E A D Y - S T A T E  F O R M S

i.  T h e  g r a n a l  c h l o r o p l a s t  4

i i .  E t i o p l e r t s  and p r o p l a s t i d s  14

B .  T R A N S I E N T  F O R M S - D E V E L O P I N G  C I I L O R O P L A S T S

i.  U l t r a s t r u c t u r a l  c h a n g e s  and  c h l o r o p h y l l  b i o s y n t h e s i s
d u r i n g  g r e e n i n g .  20

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

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

1. P h o t o c h e m i c a l  a c t i v i t i e s  23

2. T h e  r e a c t i o n s  o f  C 0 ^  f i x a t i o n  25

b. P r o t e i n  s y n t h e s i s  25

3. C H L O R O P L A S T  T R A N S C R I P T I O N  A N D  T R A N S L A T I O N  

A. C H L O R O P L A S T  T R A N S C R I P T I O N

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

a. C h l o r o p l a s t  D N A  27

b. C h l o r o p l a s t  D N A  p o l y m e r a s e  30

c .  C h l o r o p l a s t  R N A  p o l y m e r a s e  31

i i .  T h e  f u n c t i o n  o f  c h l o r o p l a s t  D N A

a. T h e  s e l e c t i v e  i n h i b i t i o n  o f  c h l o r o p l a s t  D N A  t r a n s c r i p t i o n .  32

b. G e n e t i c  a n a l y s i s  o f  m u t a n t s  33

c .  D N A / R N A  h y b r i d i z a t i o n  s t u d i e s  35

d. I d e n t i f i c a t i o n  o f  R N A  and p r o t e i n  m o l e c u l e s
s y n t h e s i z e d  in  i s o l a t e d  c h l o r o p l a s t s .  3 6

V I I I



B .  C H L O R O P L A S T  T R A N S L A T I O N

i.  T in :  c o m p o n e n t s  o f  c h l o r o p l a s t  t r a n s l a t i o n

a .  R i b o s o m e s

b. A rn ino  a c i d  a c t i v a t i o n  an d  th e  i n i t i a t i o n  o f
c h l o r o p l a s t  p r o t e i n  s y n t h e s i s .

c .  C h l o r o p l a s t  m R N A

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

a .  E v i d e n c e  f r o m  in  v iv o  i n h i b i t o r  s t u d i e s

b. E v i d e n c e  f r o m  in  v i t r o  s t u d i e s .

4 .  T H E  N A T U R E  O F  T H E  P R O B L E M  A ND T H E  A P P R .O A C H  

A D O P T E D  IN T H IS  T H E S I S 4 6

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

I .  M A T E R I A L S

A . P L A N T  M A T E R I A L

i .  S o u r c e

i i .  G r o w t h  c o n d i t i o n s

B .  C H E M I C A L S  A ND R A D I O I S O T O P E S

i .  C h e m i c a l s  

i i .  R a d i o i s o t o p e s

C . E N Z Y M E S  A N D  S U B S T R A T E S

2. M E T H O D S

A. P L A S T I D  I S O L A T I O N

B .  M I C R O S C O P I C  A N A L Y S I S  O F  P L A S T I D  P R E P A R A T I O N S

i .  P h a s e  m i c r o s c o p y

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

b. P h o t c m i c  r o s c o p y  

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

C .  A M IN O  A C I D  I N C O R P O R A T I O N  IN I S O L A T E D  P L A S T I D S

i .  I n c u b a t io n  

i i .  A s s a y

D . S O L U B I L I Z A T I O N  O F  R A D I O A C T I V E L Y  L A B E L L E D  
E T I O P L /  S T S  B Y  T R I T O N  X  ICO D E T E R G E N T

54

5 8

I X

m
■i ♦

1 j  \H i . . *



E .  O R G A N E L L E  P U R I F I C A T I O N

i.  G r a d i e n t  c o n d i t i o n s ,

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

i i i .  A s s a y  f o r  r i b u l o s e  1, 5 - b i s p h o s p h a t e  c a r b o x y l a s e .

F .  E L E C T R O P H O R E T I C  A N A L Y S I S  O F  P O L Y P E P T I D E S  
S Y N 1  H E S I Z E D  IN I S O L A T E D  P L A S T I D S

i .  P r e - e l e c t r o p h o r e s i s

a .  I n c u b a t io n .

P r e p a r a t i o n  o f  1 5 0 0 0 0  g e t i o p l a s t  s u p e r n a t a n t  
f r a c t i o n .

c .  P r o n a s e  an d  R i b o n u c l é a s e  A t r e a t m e n t  o f  
p o l y p e p t i d e s  s y n t h e s i z e d  in  i s o l a t e d  e t i o p l a s t s .

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

i i .  A n a l y t i c a l  S D S  p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s .

a. D i s c  g e l  e l e c t r o p h o r e s i s .

b. S l a b  g e l  e l e c t r o p h o r e s i s  : c a l i b r a t i o n  f o r  
m o l e c u l a r  w e i g h t s  e s t i m a t e d  o n  15% 
p o l y a c r y l a m i d e  g e l s .

i i i .  P r e p a r a t i v e  g e l  e l e c t r o p h o r e s i s  o f  th e  1 5 0 0 0 0  g 
s u p e r n a t a n t  f r a c t i o n  f r o m  i s o l a t e d  e t i o p l a s t s .

G .  P U R I F I C A T I O N  O F  P E A  F R A C T I O N  1 P R O T E I N

i.  P u r i f i c a t i o n  o f  u n l a b e l l e d  p e a  F r a c t i o n  I p r o t e i n .

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

P u r i f i c a t i o n  o f  in v iv o  r a d i o a c t i v e l y  l a b e l l e d  
p e a  F r a c t i o n  I p r o t e i n .

P r e p a r a t i o n  o f  l a r g e  a n d  s m a l l  s u b u n i t s  f r o m  
in  v iv o  r a d i o a c t i v e l y  l a b e l l e d  p e a  F r a c t i o n  I 
p r o t e i n .

I I .  IO D O N A T IO N  O F  P R O T E I N S  W I T H  1 2 5 - I O D I N E

J .  T R Y P T I C  A N D  C H Y M O T R Y P T I C  D I G E S T I O N  A N D  
P E P T I D E  A N A L Y S I S

i .  P e r f o r m i c  a c i d  o x i d a t i o n  and  e n z y m i c  d i g e s t i o n .

i i .  P e p t i d e  s e p a r a t i o n  by  c a t i o n  - e x c h a n g e  
c h r o m a t o g r a p h y .

i i i .  P e p t i d e  s e p a r a t i o n  by t w o - d i m e n s i o n a l  m a p p in g

59

61

6 2

63

6 4

6 5

65

66

67

6 9

7 0

71

7 2

7 4

7 5

7 5

7 6 

7 7



K . E S T I M A T I O N  O F  P R O T E I N

L .  E S T I M A T I O N  O F  C H L O R O P H Y L L  A N D  C A R O T E N O I D .  

S E C T I O N  I I I  - R E S U L T S  AND D IS C U S S IO N .

1. T H E  C H A R A C T E R I S T I C S  O F  A M IN O  A C I D  I N C O R P O R A T I O N  
IN I S O L A T E D  E T I O P L A S T S .

A . I N T R O D U C T I O N .

B .  P L A S T I D  I S O L A T I O N .

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

C .  T H E  S O U R C E  O F  E N E R G Y  F O R  A M IN O  A C I D
I N C O R P O R A T I O N .

i.  T h e  e n e r g y  s o u r c e .
35

i i .  L , - (  '  S) m e t h i o n i n e  i n c o r p o r a t i o n  a s  a  f u n c t io n  
o f  A T P  c o n c e n t r a t i o n .

D. T H E  T I M E  C O U R S E  F O R  A M IN O  A C I D  I N C O R P O R A T I O N

i.  I n i t i a l  r e a c t i o n  v e l o c i t i e s  a s  a  f u n c t i o n  o f  
t e m p e r a t u r e .

i i .  C o m p a r i s o n  w ith  A T P - d r i v c n  p r o t e i n  s y n t h e s i s  
in  i s o l a t e d  c h l o r o p l  a s t s .

E .  T H E  E F F E C T S  ON A M IN O  A C I D  I N C O R P O R A T I O N  O F
3 5

i. I n c r e a s i n g  L - (  S) m e t h i o n i n e  c o n c e n t r a t i o n ,  

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

F .  T H E  K + ION AND pH R E C U I R E M E N T  F O R  A M IN O
A C I D  I N C O R P O R A T I O N .

G. T H E  E F F E C T  O F  A C T IN O M Y C .T N  D ON A M IN O  A C I D
I N C O R P O R A T I O N .

H. T H E  S I T E  O F  A M IN O  A C I D  I N C O R P O R A T I O N  IN
E T I O P L A S T  P R E P A R A T I O N S .

i .  T h e  e f f e c t  on a m i n o  a c i d  i n c o r p o r a t i o n  o f  
i n h i b i t o r s  of r i b o s o m e  f u n c t i o n ,  
c h l o r a m p h e n i c o l  and  e y e ) o h e x i m i d e .

i i .  S o lu b i l i r .a t io n  o f  l a b e l l e d  e t i o p l a s t  p r o d u c t s
b y  T r i t o n  X  IOC.

i i i .  M i t o c h o n d r i a  a s  th e  s i t e  o f  a m i n o  a c i d
i n c o r p o r a t i o n  in e t i c p l a s t  p r e p a r a t i o n s .

iv .  S e n s i t i v i t y  o f  a m in o  a c i d  i n c o r p o r a t i o n  to
R i b o n u c l e a .s e  A.

J .  D I S C U S S IO N .

8 2

83

83

84

8 4

86

87

88

88

8 ?

I J ' i  t
n IT H



2 .  A N A L Y S I S  O F  T H E  P R O D U C T S  O F  IN V I T R O  
P R O T E I N  S Y N T H E S I S .

A . I N T R O D U C T I O N .

B .  E L E C T R O P H O R E T I C  A N A L Y S I S  ON S D S
P O L Y A C R Y L A M I D E  G E L S .

i.  T o t a l  p r o d u c t s .

a. E t i o p l a s t s  i s o l a t e d  in  th e  l ig h t .

b.  E t i o p l a s t s  i s o l a t e d  in  th e  d a r k .
3

c .  S y n t h e s i s  u s i n g  L  ( H) l e u c i n e  o r
L - p h e n y l  ( 2 ,  3H ) a l a n i n e  a s  p r o t e i n  p r e c u r s o r .

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

c .  D i g e s t i o n  by  p r o n a s e  and  r i b o n u c l e a s e  A.

f .  C o - e l e c t r o p h o r e s i s  w i th  th e  p r o d u c t s  o f
in  v i t r o  c h l o r o p l a s t  p r o t e i n  s y n t h e s i s .

g. C o m p a r i s o n  w ith  th e  e l e c t r o p h o r e t i c
m o b i l i t y  o f  p e a  F r a c t i o n  I p r o t e i n .

j i .  S o l u b l e  p r o d u c t s .

a. P r o d u c t s  in  th e  1 5 0 0 0 0  g. e t i o p l a s t  s u p e r n a t a n t  
f r a c t i o n .

C .  I D E N T I F I C A T I O N  O F  T H E  S O L U B L E  IN V I T R O
E T I O P L A S T  P R O D U C T .

i .  E l e c t r o p h o r e s i s  o f  t h e  p u r i f i e d  in  v i t r o  
s y n t h e s i z e d  s o l u b l e  p r o d u c t .

i i .  P e p t i d e  m a p p in g  - t r y p t i c  d i g e s t i o n

a .  C a t i o n - e x c h a n g e  c h r o m a t o g r a p h y  

) .  S o lu b le  in  v i t r o  e t i o p l a s t  p r o d u c t .

2. S o lu b le  i_n v i t r o  c h l o r o p l a s t  p r o d u c t .

b. T w o - d i m e n s i o n a l  m a p p in g

1. S o l u b l e  in  v i t r o  e t i o p l a s t  p r o d u c t .

2. In v iv o  r a d i o a c t i v c l y  l a b e l l e d  p u r i f i e d
p e a  F r a c t i o n  I l a r g e  su b u n it .

i i i .  P e p t i d e  m a p p in g  - c h y m o t r y p t i o  d ig e s t i o n .

a. T w o - d i m e n s i o n a l  m a p p in g .
1. S o lu b le  m  v i t r o  e t i o p l a s t  p r o d u c t .

2. In v iv o  r a d i o a c t i v e l y  l a b e l l e d  p u r i f i e d
pea. F r a c t i o n  I l a r g e  s u b u n it .

D . D I S C U S S IO N

S E C T I O N  II I  - R E S U L T S  A N D  D I S C U S S I O N .

100

102
103

103

104

104

105 

105

106

107

107

107

108  

108

108

108

109

X I I



S E C T I O N  I II  

3.

R E S U L T S  A N D  D I S C U S S I O N

T H E  C H A R A C T E R I S T I C S  A N D  P R O D U C T S  O F  A M IN O  
A C I D  I N C O R P O R A T I O N  IN P L A S T I D S  I S O L A T E D  
F R O M  G R E E N I N G  L E A V E S

A. I N T R O D U C T I O N

B .  T H E  E N E R G Y  S O U R C E  F O R  P R O T E I N  S Y N T H E S I S  IN
P L A S ' i  ID S  I S O L A T E D  F R O M  G R E E N I N G  L E A V E S

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

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

a. A T P - d r i v e n  i n c o r p o r a t i o n

b. L i g h t - d r i v e n  i n c o r p o r a t i o n

C .  E L E C T R O P H O R E T I C  A N A L Y S I S  O F  T H E  P R O T E I N S
S Y N T H E S I Z E D  IN P L A S T I D S  I S O L A T E D  F R O M  
G R E E N I N G  L E A V E S

i .  T o t a l  p r o d u c t s

i i .  C o e l e c t r o p h o r e s i s  w i t h  th e  p r o d u c t s  o f  in v i t r o  
e t i o p l a s t  and c h l o r o p l a s t  p r o t e i n  s y n t h e s i s .

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

D . D I S C U S S IO N

S E C T I O N  IV  -  G E N E R A L  D IS C U S S IO N

A . T H E  E T I O P L A S T  V I E W E D  IN T H E  C O N T E X T  O F
P L A S T I D  A U T O N O M Y

B .  F R A C T I O N  I P R O T E I N  S Y N T H E S I S  D U R IN G
G R E E N I N G  A S  A M O D E L  F O R  G E N E  R E G U L A T I O N

R E F E R E N C E S

A P P E N D I X  -  P U B L I S H E D  P A P E R

117

118

1 2 8

1 3 4

X I I I

I P *  *'1





1. I N T R O D U C T I O N .

T h e  h a l l m a r k  o f  t h e  e u k a r y o t i c  c e l l  i s  th e  c o m p a r t m e n t a l i z a t i o r .  

o f  f u n c t i o n s  in m e m b r a n e - l i m i t e d  o r g a n e l l e s .  In p la n t  c e l l s  t h e r e  i s  

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

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

c o n v e r t  s o l a r  e n e r g y  in to  c h e m i c a l  e n e r g y  t h r o u g h  th e  p r o c e s s  o f  

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

up on w h i c h  a l l  l i f e  u l t i m a t e l y  d e p e n d s  an d  h a s  t h e r e f o r e  j u s t i f i a b l y  

b e e n  t h e  m a j o r  a s p e c t  o f  p l a s t i d  r e s e a r c h  f o r  o v e r  5 0  y e a r s .

H o w e v e r ,  in  th e  l a s t  15 y e a r s  a  s e c o n d  a r e a  o f  i n v e s t i g a t i o n  

r e l a t i n g  to  t h e  p l a s t i d s  h a s  d e v e lo p e d .

I t  h a s  b e e n  k n o w n  s i n c e  th e  t u r n  o f  t h e  2 0 t h  c e n t r y  t h a t  th e  

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

t r a n s m i t t e d  a c c o r d i n g  to  th e  n o r m a l  M e n d e l i a n  r u l e s  o f  i n d e p e n d e n t  

a l l e l i c  s e g r e g a t i o n  ( B a u e r ,  1 9 0 7 ) ,  b u t  a r e  t r a n s m i t t e d  i n s t e a d  by an 

e x t r a n u c l e a r ,  c o m m o n l y  u n i p a r e n t a l ,  m o d e  o f  i n h e r i t a n c e .  T h e  

s i g n i f i c a n c e  o f  t h i s  o b s e r v a t i o n  w a s  n o t  h o w e v e r  g r a s p e d  until, th e  

r e a l i s a t i o n  d u r in g  th e  1 9 5 0 ' s  th a t  D N A , an d  n o t  p r o t e i n ,  w a s  the  

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

t r a n s m i t t e d  ( s e e  O lb y ,  1 9 7 4 ) .  E x t r a n u c l e a r  i n h e r i t a n c e  m u s t  s u r e l y  

t h e r e f o r e  i n d i c a t e  e x t r a n u c l e a r  D N A . A c c o r d i n g l y  t h r o u g h o u t  th e  

1 9 6 0 ' s  e x t e n s i v e  s tu d y  o f  th e  c h l o r o p l a s t  r e v e a l e d  t h a t  i t  c o n t a i n s  

a l l  t h e  c o m p o n e n t s  t h e o r e t i c a l l y  n e c e s s a r y  f o r  a u t o n o m y  i .  e .  D N A ,

D N A  p o l y m e r a s e ,  R N A  p o l y m e r a s e  and a  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  

( B o u l t e r  et-_al, 1 9 7 2 ) .  T h e s e  f i n d in g s  i m m e d i a t e l y  p r o v o k e d  th e  i d e a  

t h a t  t h e  c h l o r o p l a s t  m i g h t  b e  an  a u t o n o m o u s  o r g a n e l l e .  T o  q u o te  

K i r k  a n d  T i l n e y - B a s s e t t  (1 9 6 7 )  "  j u s t  h o w  m u c h  o f  th e  c h l o r o p l a s t  

j r r o t e i n  i s  s y n t h e s i z e d  w ith in  th e  c h l o r o p l a s t  i s  n o t  kn o w n  f e r 

c e r t a i n ,  b u t  the w o r k  w i th  l i v i n g c e l l s  s u g g e s t s  t h a t  m o s t  o f  i t  i s , 

and i n d e e d  on g e n e r a l  g r o u n d s ,  i t  s e e m s  l i k e l y  t h a t  a l l  o f  i t  i s " .

T h e  c o n c e p t  o f  p l a s t i d  a u t o n o m y  w a s  h o w e v e r  s h o r t - l i v e d .  O v e r  th e  

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

i s  n o t  a u t o n o m o u s  in  t h e  s e n s e  t h a t  i t  e x e r t s  c o m p l e t e  c o n t r o l  o v e r  i t s  

ow n r e p l i c a t i o n  a n d  th e  b i o s y n t h e s i s  o f  a l l  i t s  c o m p o n e n t s .  In a d d i t io n
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to  n u m e r o u s  c h l o r o p l a s t  c h a r a c t e r s  w h ic h  a r e  k n o w n  to be  g o v e r n e d  

b y  n u c l e a r  g e n e s  ( K i r k  an d  T i l n e y - B a s s e t t ,  1 9 6 7 )  i t  h a s  now  b e e n  

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

n u c l e a r  D N A  ( K a w a s h im a .  a n d  W i ld m a n ,  197 2 ;  K u n g  a t  al_, 1 9 7 2 )  

an d  a t  l e a s t  in  o n e  c a s e  ( t h e  s m a l l  s u b u n it  of  K r a c t i o n  I p r o t e i n )  

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  ( C r i d d l e  ¿ t  a l ,  1 9 7 0 ;  G r a y  

a n d  K e k w i c k ,  1 9 7 4 b ) .  A t  th e  s a m e  t i m e  h o w e v e r  i t  h a s  a l s o  b e e n  

s h o w n  th a t  t h e  g e n e  f o r  th e  m o s t  a b u n d a n t  c h l o r o p l a s t  p o ly p e p t id e ,  

t h e  l a r g e  s u b u n i t  o f  F r a c t i o n  I p r o t e i n ,  i s  l o c a t e d  in  p l a s t i d  DN A 

( C h a n  and  W i ld m a n ,  1 9 7 2 )  and  e x p r e s s e d  t h r o u g h  t r a n s l a t i o n  on 

7 0 S  c h l o r o p l a s t  r i b o s o m e s  ( B l a i r  a n d  E l l i s ,  1 9 7 3 ;  C r i d d l e  e t  a l ,  1 9 7 0 ) .

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

an d  r e p l i c a t i o n  o f  th e  p l a s t i d  r e q u i r e s  an i n t e g r a t i o n  b e t w e e n  e v e n t s  

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

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

i n  t h e  c e l l  w o u ld  b e  to  i d e n t i f y  the  g e n e s  e n c o d e d  in  p l a s t i d  D N A  and 

t h e  p r o t e i n s  s y n t h e s i z e d  o n  p l a s t i d  r i b o s o m e s .  T h e  w o r k  p r e s e n t e d  

in  t h i s  t h e s i s  i s  c o n c e r n e d  w ith  th e  t r a n s l a t i o n a l  a s p e c t  o f  t h i s  p r o b l e m .

R e c e n t l y  s e v e r a l  r e v i e w s  h a v e  a p p e a r e d  o n  th e  s u b j e c t s  o f  p l a s t i d  

s t r u c t u r e ,  f u n c t i o n ,  i n h e r i t a n c e ,  a u to n o m y  a n d  b i o g e n e s i s  ( K i r k ,  1971; 

B o a r d r n a n  e t  a l ,  1 9 7 ) ;  R o s i n s k i  and  R o s e n ,  1 9 7 2 ;  P o l l o c k  and E c e ,  1 9 7 2 ;  

B U r n e r ,  1 9 7 3 ;  C i l l h a m  e t  a l ,  1 9 7 4 ;  G i l l h a m ,  1 9 7 4 ;  T z a g a l o f f ,  1 9 7 5 ;  

T h o r n b e r ,  1 9 7 5 ;  A n d e r s o n ,  1 9 7 5 b ;  E l l i s ,  1 9 7 6 a ) .  T h e  l i t e r a t u r e  r e v i e w  

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

i n t e r e s t i n g  a d v a n c e s  in  p a r t i c u l a r  a r e a s .  T h e  e m p h a s i s  w il l  b e  to 

e v a l u a t e  th e  e x t e n t  to  w h i c h  th e  s t r u c t u r e  and f u n c t i o n  o f  th e  p l a s t i d s  

c a n  b e  r e l a t e d  to  th e  a c t i v i t y  o f  t h e i r  own n u c l e i c  a c id  and 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 s .  A t  th e  end o f  th e  i n t r o d u c t i o n  the  l i m i t a t i o n s  

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

t h e  p r o b l e m  i n v e s t i g a t e d  in t h i s  s tu d y  and  the  a p p r o a c h  a d o p ted  to 

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

r « t
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2. P L A S T I D  S T R U C T U R E  A N D  F U N C T I O N

K i r k  an d  T i l n e y - B a s s e t t  (1 9 6 7 )  c a t e g o r i s e  s e v e n ,  o r  p o s s i b l y  e ig h t ,  

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

f o r m s  a r e  c l o s e l y  i n t e r - r e l a t e d .  T o  m e  i t  a p p e a r s  th a t  a m o r e  

c o n s i s t e n t  a p p r o a c h ,  and  o n e  t h a t  will ,  b e  e m p h a s i z e d  t h r o u g h o u t  t h i s  

r e v i e w ,  i s  th a t  o f  S i r o n v a l  ( 1 9 7 5 ) .  T h e  p l a s t i d  i s  a  s i n g l e  o b j e c t  

w h ic h  e x i s t s  in a n y  s p e c i f i c  s t e a d y - s t a t e  a s  a  r e s u l t  o f  m a i n t a i n i n g  

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

s t e a d y - s t a t e  o f  th e  p l a s t i d ,  a p p a r e n t  in  m o s t  w i l d - t y p e  p l a n t s  g r o w n  

in  t h e i r  n o r m a l  e c o l o g i c a l  e n v i r o n m e n t ,  i s  t h e  g r a n a l  c h l o r o p l a s t .

I f  th e  p l a n t  i s  g r o w n  in  c o n t in u e d  d a r k n e s s  t h e n  th e  p l a s t i d s  a s s u m e  

a n  a b n o r m a l  s t e a d y - s t a t e ,  th e  e t i o p l a s t .  E t i o p l a s t s  a r e  e s s e n t i a l l y  

u n s t a b l e  a n d  i f  e x p o s e d  to  v i s i b l e  l ig ht ,  w i l l  d e v e l o p  t h r o u g h  a  c o n t in u u m  

o f  t r a n s i e n t  f o r m s  in to  th e  g r a n a l  c h l o r o p l a s t .

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

d e v e l o p  f r o m  f u l ly  d i f f e r e n t i a t e d  e t i o p l a s t s .  In  th e  g r o w in g  l e a f  the  

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

f o r m s ,  t h e  e a r l i e r  o f  w h ic h  a r e  t e r m e d  p r o p l a s t i d s .  T h i s  t e r m i n o l o g y  

r e f e r s  t o  h i g h e r  p l a n t s .  D a r k - g r o w n  c e l l s  o f  E u g l  e r a  g r a c i l i s  c o n t a in  

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

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

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

A, S T E A D Y - S T A T E  F O R M S

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

In h i g h e r  p l a n t  c e l l s  c h l o r o p l a s t s  a r e  g e n e r a l l y  l e n s - s h a p e d  and  

a p p r o x i m a t e l y  5 yarn in  d i a m e t e r .  T h e  c h l o r o p l a s l  i s  d e l i n e a t e d  f r o m  

th e  c y t o p l a s m  b y  a  d o u b le  m e m b r a n e ,  th e  s o  c a l l e d  c h l o r o p l a s t  e n v e lo p e .  

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

b r o a d  b e a n ,  s p in a c h ,  p e a  an d  o a t s  ( M a c k e n d e r  and  L e e c h ,  1 9 7 0 ;  

P o i n c e l o t ,  1 9 7 3 ;  D o u c e  e t  a l ,  1 9 7 3 ;  .Toy and E l l i s ,  1 9 7 5 ;  W e l l b u r n  and 

C o b b ,  197-1; P c i n c e l o t  and D a y ,  1 9 7 4 ) .  T h e  e n z y m e  M g 2 - d e p e n d e n t  

A T P a . s e ,  w h ic h  i s  r e s t r i c t e d  r.o t h e  p l a s t i d  e n v e l o p e  ( S a b r i s  _el a l ,  1 9 7 0 ) ,  

p r o v i d e s /

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

p r o c e d u r e .

C h e m i c a l  a n a l y s i s  o f  t h e  e n v e lo p e  p r e p a r a t i o n  f r o m  V i c i a  f a b a  

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

m e m b r a n e s  a r e  in g e n e r a l  q u a l i t a t i v e l y ,  b u t  n o t  q u a n t i t a t i v e l y ,  s i m i l a r  

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

a n d  L e e c h ,  1 9 7 4 ) .  T h e r e  m a y  h o w e v e r  b e  a  n u m b e r  o f  m i n o r  l i p i d  

c o m p o n e n t s  w h ic h  a r e  u n iq u e  to th e  e n v e l o p e  m e m b r a n e .  F o r  e x a m p l e ,  

P o i n c e l o t  (1 9 7 3 )  h a s  sh o w n  t h a t  c e r e b r o s i d e ,  s t e r y l  g l y c o s i d e  and  

c e r t a i n  s t e r y l  e s t e r s  a r e  p r e s e n t  in  th e  e n v e l o p e  b u t  n o t  l a m e l l a r  

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

t h e  c h l o r o p l a s t  e n v e lo p e  i s  th e  s i t e  a t  w h i c h  s o m e  o f  i t s  ow n 

c o m p o n e n t  g a l a c t o l i p i d s  a r e  s y n t h e s i z e d  ( D o u c e ,  1 9 7 4 ) .

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

a n a l y s e d  by  p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  ( J o y  a n d  E l l i s ,  1 9 7 5 ;  

M e n d i o l a  - M o r g e n t h a l  e r  a.nd M o r g e n t h a l e r ,  1 9 7 4 ;  P i n e a u  an d  D o u c e ,  1 9 7 4 a ;  

C o b b  an d  W e l l b u r n ,  1 9 7 4 ;  S p r e y  and  L a e t s c h ,  1 9 7 5 ) .  T h e  f r a c t i o n a t i o n  

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

t h y l a k o i d  p r o t e i n s  an d  s h o w s  t h a t  th e  e n v e lo p e  m e m b r a n e s  c o n t a i n  up 

t o  2 5  m a j o r  p o l y p e p t i d e s .  J o y  and E l l i s  (197 5) c o n c l u d e  t h a t  a t  l e a s t  

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

O n e  o f  th e  p r i m a r y  f u n c t i o n s  o f  th e  c h l o r o p l a s t  e n v e lo p e  m u s t  b e  

to  c o n t r o l  th e  f l u x  o f  m e t a b o l i t e s ,  an d  p e r h a p s  a l s o  m a c r o m o l e c u l e s  

s u c h  a s  p r o t e i n s  ( s e e  P i n e a u  a « d  D o u c e ,  1 9 7 4 b ) ,  b e t w e e n  th e  

c h i o r o p l a s t  a n d  t h e  c y t o p l a s m .  M e t a b o l i t e  f l u x  to  an d  f r o m  the 

c h l o r o p l a s t  h a s  r e c e n t l y  b e e n  e x c e l l e n t l y  r e v i e w e d  b y  H e b e r  ( 1 9 7 4 ) .

Tr* b r o a d  t e r m s  it  a p p e a r s  t h a t  w h i l s t  t h e  o u t e r  m e m b r a n e  o f  th e  

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

( H e ld t  and S a u e r ,  1971), t h e  i n n e r  m e m b r a n e  i s  r e l a t i v e l y  i m p e r m e a b l e  

( S t o k e s  and W a l k e r ,  1971; G i m m l e r  jet a l ,  1 9 7 4 )  b u t  c o n t a i n s  s p e c i f i c  

t r a n s l o c a t o r s  ( W a l k e r  a n d  C r o f t 3 ,  1 9 7 0 ;  P o i n c e l o t ,  1 9 7 5 ) .

C h l o r o p l a s t s  w h ic h  r e t a i n  t h e i r  envelope- m e m b r a n e s  d u r in g  

i s o l a t i o n  ( a s  do a h ig h  p r o p o r t i o n  o f  t h o s e  i s o l a t e d  r a p i d l y  in  i s o t o n i c  

m e d i u m )  a r e  c l a s s i f i e d  a s  i n t a c t  ( H a l l ,  1 9 7 2 ) ,  an d  a p p e a r  r e f r a c t i l e  i f  

v i e w e d  /
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v i e w e d  b y  p h a s e  c o n t r a s t  m i c r o s c o p y  ( K a h n  a n d  v o n  W e t t s t e i n ,  1961).

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

c o n f o r m  to  a  b a s i c  p la n .  An o u t e r  c o m p a r t m e n t  b e t w e e n  th e  m e m b r a n e s  

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

w i t h in  w h ic h  i s  s u p p o r t e d  a  m o r e  o r  l e s s  e l a b o r a t e  s y s t e m  o f  

i n t e r c o n n e c t e d  l a m e l l a e .  T h e s e  l a m e l l a e  t h e m s e l v e s  c o n s t i t u t e  an 

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

T h e  s t r o m a  c o n t a i n s  D N A  ( R i s  an d  P la u t ,  1 9 6 2 ) ,  r i b o s o m e s ,  

tR N A  and a m i n o  a c id  a c t i v a t i n g  e n z y m e s  ( F r a n k i  e t  a l ,  1 9 6 5 ) .

A l s o  a m o n g s t  th e  50  o r  so  s o l u b l e  e n z y m e s  f o u n d  in  th e  s t r o m a  

( S m i l l i e  a n d  S c o t t ,  1 9 7 0 )  a r e  t h o s e  o f  th e  C a l v i n  c y c l e  ( T r e b s t  jet a.1, 1 9 5 8 ) .  

O n e  o f  t h e s e  C a l v in  c y c l e  e n z y m e s ,  r i b u l o s e  1, 5 b i s p h o s p h a t e  

c a r b o x y l a s e  ( R u R P C a s e )  ( 3 - p h o s p h o - D - g l y c e r a t e  c a r b o x y l a s e  ( d i m e r i z i n g )  

E .  C .  4 .  1. 1. 3 9 ) ,  a l s o  r e f e r r e d  to  a s  F r a c t i o n  I p r o t e i n ,  c a n  a c c o u n t  f o r  

up to  5 0 %  o f  th e  s o l u b l e  l e a f  p r o t e i n  ( K a w a s h i m a  and  W i ld m a n ,  1 9 7 0 ) .  

F r a c t i o n  I p r o t e i n  i s  th e  m o s t  i n t e n s i v e l y  s t u d i e d  o f  a l l  p la n e  p r o t e i n s  

( s e e  r e v i e w s  b y  K a w a s h i m a  a n d  W ild rn a n ,  1 9 7 0 ;  E l l i s ,  197 3;  M c F a d d e n ,  

1 9 7 3 ) .

F r a c t i o n  I p r o t e i n  i s  fo u n d  in  a l l  c h e m o s y n t h e t i c  and  p h o t o s y n t h e t i c  

a u t o t r o p h s  ( M c F a d d e n ,  197 3) and  c a n  b e  r e a d i l y  i s o l a t e d  a n a  p u r i f i e d  

to  h o m o g e n e i t y ,  c o m m o n l y  a s  ju d g e d  b y  p o l y a c r y l a m i d e  g e l  

e l e c t r o p h o r e s i s .  In t o b a c c o  s p e c i e s  th e  p r o t e i n  c a n  b e  e a s i l y  

c r y s t a l l i z e d  in  l a r g e  y i e l d s  f r o m  c r u d e  l e a f  e x t r a c t s  ( K a w a s h i m a  

and  W i l d m a n ,  1971a).  T h e  t e r m  F r a c t i o n  1 p r o t e i n  i s  u s e d  to  d e s c r i b e  

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

t h e i r  d i a g n o s t i c  f e a t u r e  b e in g  t h e  e n z y m e  a c t i v i t y  o f  r i b u l o s e  1, 5 

b i s p h o s p h a t e  c a r b o x y l a s e .  T h e  m o l e c u l a r  s t r u c t u r e  o f  F r a c t i o n  I 

p r o t e i n s  v a r i e s  b e t w e e n  s p e c i e s ,  an d  on the b a s i s  o f  th e  m o l e c u l a r  

w e i g h t  o f  th e  n a t i v e  p r o t e i n  t h r e e  c a t e g o r i e s  o f  p r o t e i n  c a n  b e  

r e c o g n i s e d  ( M c F a d d e n ,  197 3).

T a b l e  A s h o w s  th e  d i s t r i b u t i o n  o f  th e  g r o u p  t y p e s  of F r a c t i o n  I 

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

In T a b l e  A th e  n u m b e r  o f  s u b u n i t s  in  the  F r a c t i o n  I p r o t e i n s  o f  G r o u p s  

I i  an d  I I I  h a s  b e e n  a s s u m e d  f r o m  t h e  m o l e c u l a r  w e ig h t  d a ta ,  a l th o u g h  

in/



1. M c F a d d e n  et  ̂ a l ,  1975 .

2. A k a z a w a  e t  a l ,  197 2 .

3. K a w a s h i m a  and W ild rn a n ,  1971b

4.  K e u h n  and  M c F a d d e n ,  1 9 6 9 .

5. L o r d  and  B r o w n ,  1975 .

6. M o o n  and  T h o m p s o n ,  1 9 6 9 .

7.  S u g i y a m a  and  A k a z a w a ,  1 9 7 0

8. R u t n e r  and L a n e ,  1967 .

9. S u g i y a m a  c t  a l_ , 1971

10. G r a y  and  K e k w i c k ,  1 9 7 4 a .

11. I w a n i j  e t  a l ,  1 9 7 4 .

12. M o o n  and  T h o m p s o n ,  1971

13. T a b i t a  e t  a l ,  1 9 7 4 .

14. A n d e r s o n  tT a l ,  196 8 .

15. A k a z a w a  G: a l ,  197 0

16. M c F a d d e n  and  D cnu n d ,  1 9 7 2 .

17. A n d e r s o n  an d  F u l l e r ,  1 9 6 9 .

18. T a b i t a  and  M c F a d d e n ,  1 9 7 4 .

19. B a k e r  e t  a l ,  1 9 7 5 .

T  a b l  c  A . T h e  s u b u n i t  c o m p o s i t i o n s  o f  F r a c t i o n  I p r o t e i n s .

u n ' U n n  t
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in  f a c t  n o th in g  i s  y e t  kn o w n  o f  th e  q u a t e r n a r y  s t r u c t u r e  o f  t h e s e

e n z y m e s .  G r o u p  I F r a c t i o n  I p r o t e i n s  c o n t a i n  e i g h t  s u b u n i t s  o f
4

m o l e c u l a r  w e i g h t  5. 4  - 5. 8 x  10 . T h i s  c o n c l u s i o n  i s  s t r o n g l y  

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

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

( B a k e r  e t  a l ,  1 9 7 5 ) .  T h i s  l a r g e r  s u b u n i t  h a s  b e e n  s h o w n  to b e  th e  

c a t a l y t i c  s u b u n i t  o f  th e  e n z y m e  ( N i s h i m u r a  and  A k a z a w a ,  1 9 7 3 ,  1 9 7 4 a ,
4

1 9 7 4 b ) .  T h e  n u m b e r  o f  s m a l l  s u b u n i t s  ( m o l .  w t.  1. 2 -  1. 8 x  1 0 ' )  in 

G r o u p  I p r o t e i n s  i s  a l s o  th o u g h t  to  b e  e i g h t  on  the g r o u n d s  th a t  t h i s  

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

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

r a t i o  betv/een n o n - i d e n t i c a l  s u b u n i t s  ( M a t t h e w s  and  B e r n h a r d ,  1 9 7 3 ) .

T h e  m a j o r i t y  o f  e v i d e n c e  s u g g e s t s  th a t  th e  r o l e  o f  t h e  s m a l l  s u b u n it  

i s  to  m o d i f y  o r  r e g u l a t e  th e  e n z y m i c  a c t i v i t y  o f  th e  p r o t e i n  ( T a k a b e  

an d  A k a z a w a ,  1 9 7 3 ;  K un g and M a r s h o ,  1 9 7 6 ;  N e l s o n  a n d  S u r z y c k i ,  1 9 7 6 a ,  

197 61)). T h e  e v o l u t i o n a r y  i m p l i c a t i o n s  o f  v a r y i n g  s u b u n i t  c o m p o s i t i o n s  

in  F r a c t i o n  I p r o t e i n s  h a v e  b e e n  r e v i e w e d  b y  M c F a d d e n  (1 9 7 3 ) .  A m o s t  

i n t e r e s t i n g  d e v e l o p m e n t  in  th e  s tu d y  o f  F r a c t i o n  I p r o t e i n  h a s  b e e n  

th e  r e c e n t  f in d in g  by  K ung e t  a l  (1 9 7 4 )  th a t  b o th  th e  l a r g e  and s m a l l  

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

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

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

i n t r a s p e c i f i c a i l y .  T h e  n a t u r e  o f  th e  c h a r g e  d i f f e r e n c e s  w i th in  a 

p o p u la t i o n  o f  s u b u n i t s  i s  un kno w n . T h e r e  a r e  no d e t e c t a b l e  

d i f f e r e n c e s  in  th e  t r y p t i c  p e p t i d e s  o f  p o l y p e p t i d e s  w h i c h  e x h i b i t  c h a r g e  

d i f f e r e n c e s  ( IV i l  dm an  e t  a l ,  1 9 7 4 ) .  T h e s e  c h a r g e  d i f f e r e n c e s  c a n  

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

r e c i p r o c a l  i n t e r s p e c i f i c  h y b r i d s  ( i t  s h o u ld  b e  b o r n e  in  m i n d  th a t  

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

a l t e r a t i o n s  in  th e  g o n e (s )e n c o d in g  th e  F r a c t i o n  1 p r o t e i n  s u b u n i t s ) .

G r a y  e t  a l  (1 9 7 4 )  and  W i ld m a n  e t  a l  (1 9 7 4 )  h a v e  p r o f i t a b l y  e m p l o y e d  

t h i s  a p p r o a c h  to  d e t e r m i n e  e v o l u t i o n a r y  r e l a t i o n s h i p s  w i th in  th e  g e n u s  

N i c o t i a n a . T h e  s a m e  a p p r o a c h  h a s  a l s o  b e e n  u s e d  b y  S a k a n o  e t  a l  (1974)  

to p r o v i d e  c o n f i r m a t o r y  e v i d e n c e  th a t  t h e  g e n u  ( s) e n c o d i n g  th e  l a r g e  

s u b u n it  s /



lì

s u b u n i t s  o f  F r a c t i o n  I p r o t e i n  a r e  l o c a t e d  in c h l o r o p l a s t  D N A  

( s e c t i o n  I 3 A i i b ) .

C o m p a r i s o n s  o f  th e  F r a c t i o n  I p r o t e i n  s u b u n i t s  h a v e  a l s o  b e e n  

m a d e  a t  th e  i n t e r g e n e r i c  l e v e l .  S t u d i e s  on a n t i g e n i c  d e t e r m i n a n t s  

( M c F a d d c n ,  1 9 7 3 ;  G r a y  and K e k w ic k ,  1 9 7 4 a ) ,  a m i n o  a c i d  c o m p o s i t i o n s  

( I w a n i j  e t  a l ,  1 9 7 4 ;  R a b i n o w i t z  e t  a l ,  1 9 7 5 )  an d  t r y p t i c  p e p t i d e s  

( K a w a s h i m a  a n d  Vv’i ld m a n ,  1971a; K a w a s h u n a  c t  a l ,  1971; K un g e t  a l ,  1 9 7 4 )  

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

o f  F r a c t i o n  1 p r o t e i n  h a s  b e e n  s t r o n g l y  c o n s e r v e d  t h r o u g h o u t  e v o lu t io n ,  

w h e r e a s  t h a t  o f  the  s m a l l  su b u n it  l ia s  u n d e r g o n e  c o n s i d e r a b l e  c h a n g e .

T h e  d i a g n o s t i c  e n z y m i c  a c t i v i t y  o f  F r a c t i o n  I p r o t e i n  i s  t h e  

c a t a l y s i s  o f  t h e  c a r b o x y l a t i o n  of r i b u l o s e  1, 5 b i s p h o s p h a t e  to  y i e l d  a  

s i x  c a r b o n  i n t e r m e d i a t e  w h ic h  i s  r a p i d l y  h y d r o l y s e d  to  two m o l e c u l e s  

o f  p h o s p h o g l y c e r a t e  ( S jo d i n  and V e s t e r m a r k ,  1 9 7 3 ) .

C a r b o n  d i o x i d e  i s  the  a c t i v e  s p e c i e s  in  th e  c a r b o x y l a t i o n  r e a c t i o n  

( C o o p e r  e t  a l , 1 9 6 9 ) .  T h e r e  h a s  b e e n  p r o l o n g e d  c o n c e r n  and 

d i s c u s s i o n  o v e r  an a p p a r e n t  p a r a d o x  b e t w e e n  the o b s e r v e d  r a t e s  o f  

C C F  f i x a t i o n  i n  v iv o  and th e  k i n e t i c s  o f  R u B P C a s e  a c t i v i t y  in  v i t r o .  

I t  i s  i n c r e a s i n g l y  c l e a r  t h a t  in  f a c t  no  p a r a d o x  e x i s t s .  G i l l e y  and  

W a l k e r  (1 9 7 5 )  h a v e  show n th a t  a  c r u d e  p r e p a r a t i o n  o f  R u B P C a s e  

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

5 0 0  and OOOyumoles o f  CO^ f i x e d / m g  o f  c h l o r o p h y l l / h o u r .  A 

m a x i m u m  r e a c t i o n  v e l o c i t y  o f  lOOOyumoles o f  CO^ f i x e d / m g  o f  

c h l o r o p h y l l / h o u r  i s  s u f f i c i e n t  to a c c o u n t  f o r  th e  r a t e s  o f  CO^ f i x a t i o n  

o b s e r v e d /

HCOH + C ---- ->
i ¡1

C=C o C(OH)CO" 
I *■
C --0 + O — >  OH

II I IC -C O
2
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I

IJCOII H C O

HCOH

D -  r i b u l o s c  1, 5 
b i  s p h o s p h a t e

2 - c a r b o x y  3 k e t o  
r i b i t o l  1, 5 
b i s p h o s p h a t e

D - 3  p h o s p h o g l y c e r a t e



o b s e r v e d  in  v iv o  o r  in  i s o l a t e d  i n t a c t  c h l o r o p l a s t s .  T h e s e  w o r k e r s  

a l s o  d e m o n s t r a t e  a  K m  (C O ^ ) f o r  th e  in  v i t r o CO ^ f i x a t i o n  r e a c t i o n  

o f  4 5  p  M, c o n s i d e r a b l y  h i g h e r  th a n  the  v a l u e  o f  9 w h i c h  r e s u l t s

f r o m  e q u i l i b r a t i n g  a  s o l u t i o n  w i th  a t m o s p h e r i c  C O ^  a t  a  c o n c e n t r a t * on 

o f  0 .  0 3% . T h e  e n z y m e  m u s t  t h e r e f o r e  o p e r a t e  in  v iv o  a t  s u b - o p t i m a l  

C O ^  c o n c e n t r a t i o n s .

A q u i te  s e p a r a t e  i s s u e  i s  the  K m  ( C O . , )  f o r  t h e  C O ^  f i x a t i o n  

p r o c e s s  in  v iv o  , w h i c h  h a s  b e e n  d e t e r m i n e d  a s  9 ( G o l d s w o r t h y ,  1 9 6 8 ;

B u c h a n a n  an d  S c h u r m a n ,  1 9 7 3 ) .  L i l l e y  an d  W a l k e r  (197  5) m a i n t a i n  

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

b y  e l e c t r o n  t r a n s p o r t  p r o c e s s e s  a t  h ig h  C O ^  c o n c e n t r a t i o n s .  T h e y  

m a i n t a i n  th a t  th e  t r u e  K m  (C O ^ )  f o r  th e  p r i m a r y  f i x a t i o n  p r o c e s s  i s  

4 5  p M ,  th e  s a m e  CO„, c o n c e n t r a t i o n  t h a t  p r o d u c e s  h a l f  m a x i m a l  

v e l o c i t y  f o r  t h e i r  R u B P C a . s e  a c t i v i t y  m  v i t r o . I t  i s  a l s o  i n c r e a s i n g l y  

c l e a r  th a t  R u B P C a s e  i s  u n d e r  s t r o n g  a l l o s t e r i c  c o n t r o l  by  a  n u m b e r  

o f  m e t a b o l i t e s  ( C h u a  and  B a s s h a m ,  1 9 7 2 ;  1 9 7 3 ,  1 9 7 4 ,  1 9 7 5 ;  R y a n  e t  a l ,  

1 9 7 5 ;  L a i n g  e t  a l ,  1 9 7 5 ) .  A l l o s t e r i c  r e g u l a t i o n  i s  m o s t  p r o b a b l y  th e  

c a u s e  o f  th e  w id e  v a r i a t i o n s  in  th e  m e a s u r e d  k i n e t i c  p a r a m e t e r s  o f  

t h e  in  v i t r o  R u B P C a s e  a c t i v i t i e s  o b t a in e d  u s i n g  e n z y m e s  p r e p a r e d  

in  d i f f e r e n t  w a y s  and  i n c u b a t e d  u n d e r  d i f f e r e n t  c o n d i t i o n s  ( P a u l s e n  

a n d  B a n e ,  1 9 6 6 ;  B a h r  and  J e n s e n ,  1974a.;  L a i n g  e t  d ,  1 9 7 5 ) .  A  

d e t a i l e d  u n d e r s t a n d i n g  o f  th e  r e g u l a t i o n  o f  R u B P C a s e  a c t i v i t y  

i n  v iv o  s e e m s  f a r  d i s t a n t .

T h e  fu l l  i m p o r t a n c e  o f  F r a c t i o n  I p r o t e i n  in  t h e  c e l l  w a s  n o t  

a p p r e c i a t e d  u n t i l  t h e  d i s c o v e r y  by B o w e s  e t  a l  (1971) t h a t  th e  e n z y m e  

a l s o  c a t a l y s e d  th e  o x y g e n a t i o n  o f  D - r i b u l o s e  1, 5 b i s p h o s p h a t e  to  y i e l d  

o n e  m o l e c u l e  o f  3 - p h o s p h o  D g l y c e r a t e  a n d  o n e  m o l e c u l e  o f  

p h o s p h o g l y c o l a t e .

C H ^ O  ( p )  C H ^ O  ( P )  2 - p h o s p h o g l y c o l i c  a c i d

+ o „
; o o h

CH  O ©

D -  r i b u l o s e  1, 5 
b i  s p h o r p h a t e

... C O O I I  
> I

H C O H  

C H . O  ©

3 - p h o s p h o g i y c e r i c  a c i d
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T h e  o x y g e n a s e  a c t i v i t y  h a s  n o w  b e e n  d e m o n s t r a t e d  in  F r a c t i o n  I 

p r o t e i n  i s o l a t e d  f r o m  s o y b e a n  (H o w e s  e t  a l ,  1971),  s p i n a c h  ( B a d g e r  

and  A n d r e w s ,  1 9 7 4 ;  A n d r e w s  jet aJL, 1 9 7 3 ;  N i s h i m u v a  and  A k a z a w a ,  1 9 7 4 a ;  

B a h r  a n d  J e n s e n ,  1 9 7 4 ) ,  t o b a c c o  ( C h o l l e t  c t  a l ,  1 9 7 5 ) ,  th e  g r e e n  a l g a  

C h l a m y do m o n a s  r e i n h a r d i i  ( B e r r y  a n d  B o w e s ,  1 9 7 3 )  and the  o b l i g a t e  

a n a e r o b e s  C h r o m a t i u m  ( T a k a b e  and A k a z a w a ,  1 9 7 3 a )  and 

R h o d o  s p i r i l l u m  r u b  ru m  ( M c F a d d c n ,  1 9 7 4 ) .  I t  i s  b e l i e v e d  th a t  b o th  

c a r b o x y l a s e  an d  o x y g e n a s e  a c t i v i t i e s  a r e  c a t a l y s e d  a t  th e  s a m e  

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

s p e c i f i c a l l y  to  th e  l a r g e  s u b u n i t  o f  s p i n a c h  F r a c t i o n  I p r o t e i n  w i l l  

i n h i b i t  b o th  a c t i v i t i e s  ( N i s h i m u r a  an d  A k a z a w a ,  1 9 7 4 b ) .  S e c o n d l y  

t h e r e  a r e  c l o s e  s i m i l a r i t i e s  in  th e  k i n e t i c  p a r a m e t e r s  o f  th e  two 

a c t i v i t i e s  (R .yan  an d  T o l b e r t ,  197 5 a ) ,  a n d  t h i r d ly  C O ^  and a r e  

e q u a l l y  p o t e n t  c o m p e t i t i v e  i n h i b i t o r s  o f  the  o x y g e n a s e  and  c a r b o x y l a s e  

a c t i v i t i e s  r e s p e c t i v e l y  ( B a d g e r  an d  A n d r e w s ,  1 9 7 4 ) .

T h e  p o s s i b l e  s i g n i f i c a n c e  o f  th e  o x y g e n a s e  r e a c t i o n  in  c e l l u l a r  

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

d e p h o s p h o r y l a t e d  to  y i e l d  g l y c o l i c  a c i d  ( B o w e s  e t  ail, 1971; L o r i m e r  e t  a l ,

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

p h o t o r e s p i r a t i o n ,  a  p r o c e s s  t h a t  c a n  r e c o n v e r t  u p  t o  50%  o f  t h e  c a r b o n  

f i x e d  in  p h o t o s y n t h e s i s  b a c k  in t o  C O ^ ( Z e l i t c h ,  1 9 7 5 ) .  T h u s  th e  r a t e  

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

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

s t r o n g ly '  c o n t e n d e d  ( Z e l i t c h ,  1 9 7 5 ;  B a h r  and J e n s e n ,  19 74; Kung 

an d  M a r s h o ,  1 9 7 6 ) .

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

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

o f  s o l a r  e n e r g y  in t o  c h e m i c a l  e n e r g y  ( B o a r d r a a n ,  1 9 6 8 ) .  E l e c t r o n  

m i c r o s c o p y  h a s  sh o w n  th a t  t h e  p h o t o s y n t h e t i c  l a m e l l a e  o f  the  

c h l o r o p l a s t  c o n s i s t s  o f  a  s y s t e m  o f  f l a t t e n e d  d i s c s  ( t h y la k o id s )  

s u p e r i m p o s e d  t o  f o r m  an  a r r a y ' ,  th e  g r a m u n .  T h e  n u m b e r  o f  t h y la k o id s  

p e r  g r a n u m  a p p e a r s  to  v a r y  w i d e l y  th r o u g h o u t  t h e  p l a n t  k in g d o m ,  f r o m  

a b o u t  3 in  I i g l e n  a g ^ a c i l  Ls to  a n y th in g  up to 100  i n  v a s c u l a r  p l a n t s  

( K i r k  a n d  T i l n e y - H a s  s e t t ,  1 9 6 7 ) .  T h y l a k o i d s  a ' s o  e x t e n d  b e t w e e n  and 

i n t e r c o n n e c t /

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

T h e  u l t r a s t r u c t u r e  o f  th e  l a m e l l a r  m e m b r a n e  h a s  b e e n  

i n v e s t i g a t e d  b y  tw o b a s i c  a p p r o a c h e s ,  in  th e  f i r s t  a p p r o a c h  

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

f r e e z e  f r a c t u r i n g  and x - r a y  d i f f r a c t i o n  a r e  u s e d .  On th e  b a s i s  

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

p r o p o s e d .  E s s e n t i a l l y  a l l  m o d e l s  l i e  b e t w e e n  tw o e x t r e m e s .  T h e  

e a r l i e r  m o d e l ,  w h i c h  w a s  e x p l i c i t ly '  f o r  c h l c r o p l a s t  l a m e l l a e ,  

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

w h i c h  p r o t e i n s  a n d  p i g m e n t s  a r e  r i g i d l y  e m b e d d e d  ( B r a n t o n ,  19f>9;

P a r k  an d  P f e i f h o f e r ,  1 9 6 9 ) .  T h i s  m o d e l  h a s  b e e n  c r i t i c a l l y  r e v i e w e d  

by K i r k  (1 9 7 1 a ,  1 9 7 2 ) .

A n  a l t e r n a t i v e  and  m o r e  f l e x i b l e  m o d e l  v i e w s  th e  m e m b r a n e  a s  

a  l ip i d  b i l a y e r  l e a f l e t  w h ic h  p r o v i d e s  a  f lu id  m a t r i x  in w h i c h  p r o t e i n s  

o r  l i p o - p r o t c i n  c o m p l e x e s  e i t h e r  f l o a t  ( e x t r i n s i c  o r  p e r i p h e r a l  

p r o t e i n s )  o r  a r e  s u b m e r g e d  ( i n t r i n s i c  o r  in tergra .1  p r o t e i n s )  ( S i n g e r ,  1 9 7 4 ;  

S i n g e r  and  N i c h o l s o n ,  1 9 7 2 ) .  T h e  l i p i d s  in  th e  m a t r i x  a r e  a l s o  o f  tw o 

t y p e s ;  f lu id ,  w h i c h  m a k e  up th e  l ip i d  d o m a i n  an d  f i x e d  b o u n d a r y ,  

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

s h e l l s  o f  p e n e t r a t i n g  i n t r i n s i c  p r o t e i n s  ( J o s t  c t  a l ,  1 9 7 5 ;  T r a u b l e  an d  

O v e r a t h ,  1 9 7 3 ) .  T h i s  m o s a i c  m o d e l  o f  m e m b r a n e  s t r u c t u r e  h a s  

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

a l s o  on m i t o c h o n d r i a ,  p l a s m a  m e m b r a n e s  and  a n i m a l  c e l l s ,  ( S i n g e r ,  1 9 7 4 ) .  

T h e  m o s t  r e c e n t  i n t e r p r e t a t i o n  o f  t h i s  m o d e l  w i th  r e s p e c t  to c h l o r o p l a s t  

l a m e l l a e  i s  g i v e n  b y  A n d e r s o n  ( 1 9 7 5 a ,  1 9 7 5 b ) .  S h e  e n v i s a g e s  th e  

b u lk  o f  t iie  a m p h i p a t h i c  c h o lo r p h y l l  m o l e c u l e s  to b e  b o u n d a r y  l i p i d s  

w h ic h  l i e  a t  t i le  s u r f a c e  o f  two m a j o r  i n t r i n s i c  p r o t e i n  c o m p l e x e s ;  

g iv in g  r i s e  to  t h e  P h o t o s y s t e m s  I a n d  I I  c h l o r o p h y l l  -  p r o t e i n  

c o m p l e x e s  w h e n  th e  m e m b r a n e s  a r e  s o l u b i l i z e d  b y  d e t e r g e n t  ( T h o r n b e r ,  

1 9 7 5 ) .  T h i s  f l u i d  m o d e l  oi th e  m e m b r a n e  w o uld  s e e m  to  a c c o m m o d a t e  

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

e x a m p l e ,  t h e  s t e p - w i s e  i n s e r t i o n  o f  m o l e c u l e s  in to  th e  m e m b r a n e  

e i t h e r  d u r in g  d e v e l o p m e n t  ( l l e i s e  a n d  J a c o b i ,  1 9 7 3 ;  B o g o r a d ,  1 9 7 5 ) ,  

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

( S c h i m k e  an d  D o y l e ,  1 9 7 0 ;  O m u r a  e t  a l ,  1 9 6 7 ) .

■3 ♦
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T h e  s e c o n d  m e t h o d  o f  i n v e s t i g a t i n g  th e  m e m b r a n e  u l t r a s t r u c t u r e

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

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

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

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

B y  v a r y i n g  th e  s e v e r i t y  w ith  w h i c h  th e  m e m b r a n e  i s  d i s r u p t e d  th e

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

i n v e s t i g a t e d ,  an d  in  t i m e  i t  i s  h o p e d  t h a t  a n  u n d e r s t a n d i n g  o f  th e

s t r u c t u r e  and  f u n c t i o n  o f  the  m e m b r a n e  w i l l  b e  b u i l t  up. M i ld

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

w i th  a  n a r r o w  r a n g e  o f  c o n c e n t r a t i o n s  o f  d i l u t e  E D T A ,  r e l e a s e
2+

c e r t a i n  p r o t e i n s ,  f o r  e x a m p l e  th e  l a t e n t  C a  - a c t i v a t e d  A T P a s e  

( J a g e n d o r f  and  S m i t h ,  1 9 6 2 ;  A v r o n ,  1 9 6 3 ) .  T h i s  p r o t e i n ,  a l s o  

t e r m e d  th e  p h o t o s y n t h e t i c  c o u p l in g  f a c t o r  ( C F ^ ) ,  h a s  b e e n  p u r i f i e d  

( F a r r o n ,  19 7 0 )  a n d  i t s  m o l e c u l a r  w e ig h t  and  s u b u n it  c o m p o s i t i o n  

d e t e r m i n e d  ( N e l s o n  e t  a l ,  1 9 7 3 ;  M c E v o y  an d  L y n n ,  1 9 7 3 ) .  T h i s  

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

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

l a m e l l a e  w ith  th e  d e t e r g e n t  d ig i t o n in  i s  s u f f i c i e n t  to r e l e a s e  p r o t e i n s  

w h i c h  a r e  i n t r i n s i c ,  f o r  e x a m p l e  c y t o c h r o m e  f  ( N e l s o n  an d  R a c k e r ,  19/ 2).  

I n b e t w e e n  t h e s e  two e x t r e m e s  p a r t i a l  d i s s o l u t i o n  o f  th e  l a m e l l a r  m e m b r a n e  

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

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

(S D S )  ( O g a w a  e t  a l ,  1 9 6 6 )  and s o d iu m  d o d e c y l  b e n z e n e  s u l p h a t e  ( S D B S )  

( T h o r n b c r  c t  a l ,  1 9 6 7 a ;  T h o r n b e r  e t  a l ,  1 9 6 6 )  o r  t r e a t m e n t  w i th  th e  

n o n - i o n i c  d e t e r g e n t  T r i t o n  X  100 ( S h i o z a w a  ed a l ,  1 9 7 4 ) .

M e m b r a n e  s o l u b i l i z a t i o n  s t u d i e s  i n d i c a t e  t h a t  7 0 %  o f  t h e  i n t r i n s i c  

p r o t e i n  m a s s  o f  n a t i v e  c h l o r o p l a s t s  i s  m a d e  up o f  th e  tw o c o m p l e x e s ,  

c h l o r o p h y l l - p r o t e i n  c o m p l e x  I ( C P I )  a s s o c i a t e d  w ith  P h o t o s y s t e m  1 

an d  c o m p r i s i n g  s o m e  2 0 %  o f  t h e  p r o t e i n  m a s s  and  c h l o r o p h y l l - p r o t e i n  

c o m p l e x  II  ( C P U )  a s s o c i a t e d  w i th  P h o t o s y s t e m  II  an d  c o m p r i s i n g  s o m e  

5 0%  o f  th e  p r o t e i n  m a s s .  T h e  p r o p e r t i e s  o f  t h e s e  c h l o r o p h y l l - p r o t e i n  

c o m p l e x e s  h a v e  b e e n  e x c e l l e n t l y  r e v i e w e d  b y  T h o r n b e r  (197 5) an d  a  

n u m b e r  of t h e m  a r e  c o l l a t e d  in  T a b l e  B .  C o m p a r i s o n  oi. th e  

c h l o r o p h y l l  a-.b r a t i o  o f  C P I  w i th  t h a t  o f  th e  P h o t o  s y s t e m  I p a r t i c l e s

i s o l a t e d /

i n



T a b l e B . T h e  c h l o r o p h y l l - p r o t e i n  c o m p l e x e s .

1. T h o r n b e r ,  19V 5.

2 .  T h o r n b e r  e t  a l ,  1 9 6 7 b .

3 .  O g a w a  td a l ,  1 9 6 6

4 .  T h o r n b e r  e t  a l ,  1 9 6 7 a

5 .  D i e t r i c h  an d  T h o r n b e r ,  1971

6 .  E a g l e s h a m  and  E l l i s ,  1 9 7 4

7 .  K im g an d  T h o r n b e r ,  1971

8 .  T h o r n b e r ,  1 9 6 9 .

9- S h i o z a w a  et^al , 1 9 7 4 .

10. E e n g i s  an d  N e l s o n ,  1 9 7 5 .

11. T h o r n b e r  an d  H ig h k in ,  197 4.

12. A l b e r t e  e_t a l ,  1 9 7 4

13 .  A l b e r t e e t a l ,  1 9 7 2

14 .  A r g y r o u d i - A k o y u n o g l o u  and A k o y u n o g lo u ,  197 3 .

15. T h o r n b e r  a n d  O l s e n ,  1971.

16 .  H i l l e r  e t  a l  , 1 9 7 4 .
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9 S  (2)  ----------t
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5 0 :) (5 )
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2. 7 - 3 .  5 x  1 0 4 ( 6 ,  7 , 1 6 )

6 m o l e s / c o m p l e x  
(1)

3 - 7 / 1  (11)

P S I  p h o t o x id a t io n  and E i g h t - h a r v e s t i n g
r e d u c t io n  (9 ,  10) (1, 11)
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i s o l a t e d  b y  B o a r d m a n  a n d  A n d e r s o n  ( 1 9 6 4 ) ,  and  th e  e n r i c h m e n t  o f  

S D S - t r e a t e d  d ig i t o n in  P h o t o s y s t e m  I p a r t i c l e s  w i th  C P I  ( T h o r n b e r  

e t  a l ,  1 9 6 7 a ;  S i r o n v a l  e t  a l ,  19 6 7 )  l e a v e s  l i t t l e  d oubt t h a t  C P I  r e p r e s e n t s  

a  s m a l l e r  s u b u n it  o f  P h o t o s y s t e m  I. S i m p l e  c a l c u l a t i o n s  f r o m  th e  

d a ta  in  T a b l e  B  s h o w s  t h a t  n o t  e v e r y  C P I  c o m p l e x  u n i t  c o n t a i n s  a 

m o l e c u l e  o f  P 7 0 0 ,  the  r e a c t i v e  p i g m e n t  s p e c i e s  o f  P h o t o s y s t e m  I.

I t  h a s  t h e r e f o r e  b e e n  p o s t u l a t e d ,  in a n a l o g y  to the  b a c t e r i a ]  r e a c t i o n  

c e n t r e  p r o t e i n  ( C l a y t o n ,  1 9 7 3 ) ,  th a t  e a c h  P 7 0 0  r e a c t i o n  c e n t r e  p r o t e i n  

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

c o m p l e x e s  ( T h o r n b e r ,  197 5).

vs ju d g e d  b y  N A D P  r e d u c t io n ,  the  m o s t  n a t i v e  C P I  c o m p l e x

p r e p a r a t i o n  y e t  i s o l a t e d  i s  o b t a in e d  b y  T r i t o n  X  1 0 0  d e t e r g e n t

t r e a t m e n t  of  d i g i t o n i n - p r e p a r e d  P h o t o s y s t e m  I c o m p l e x e s  ( B e n g i s  and

N e l s o n ,  1 9 7 5 ) .  T h i s  C P I  c o m p l e x  i s  c o m p o s e d  o f  f i v e  c l a s s e s  o f

p o ly jr e p t id e s  w i th  a p p a r e n t  m o l e c u l a r  w e i g h t s  o f  7 0 ,  2 5 ,  2 0 , 1 8  an d  16 x  
3

10 on S D S  p o l y a c r y l a m i d e  g e l s .  B o th  th e  P 7 0 0  s i g n a l  ( p r i m a r y

o x id a t io n )  and N A D P  p h o t o r e d u c t i o n  ( p r i m a r y  r e d u c t i o n )  a r e
3

a s s o c i a t e d  w ith  th e  7 0  x  1.0 m o l e c u l a r  w e i g h t  p o l y p e p t i d e ,  a l t h o u g h  

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

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

T h e  s e c o n d  m a j o r  c h l o r o p h y l l - p r o t e i n  c o m p l e x  o f  th e  l a m e l l a e ,  

C P I I ,  h a s  t r a d i t i o n a l l y  b e e n  o b t a in e d  b y  p o l y a c r y l a m i d e  g e l  

e l e c t r o p h o r e s i s  o f  a n i o n i c  d e t e r g e n t  e x t r a c t s  ( A l b e r t e  e t  a l ,  1 9 7 4 ,  1 9 7 2 ;  

T h o r n b e r  and H ig l ik in ,  1 9 7 4 ) ;  a l th o u g h  a  n e w  i s o l a t i o n  p r o c e d u r e  

in v o lv in g  h y d r o x y a p a t i t e  c h r o m a t o g r a p h y  o f  S D S  e x t r a c t s  (K u n g  an d  

T h o r n b e r ,  1971; T h o r n b e r  and  O ls e n ,  1971) y i e l d s  a  m o r e  h o m o g e n e o u s  

p r e p a i  a t ion .

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

(H ig h k in ,  19 5 0 )  b u t  s t i l l  r e t a i n s  P h o t o s y a t e m  II  a c t i v i t i e s  ( T h o r n b e r  

and H ig h k in ,  1 9 7 4 )  s u g g e s t s  th a t  u n l ik e  C P I ,  th e  C P I I  c o m p l e x  d o e s  n o t  

p e r f o r m  any f u n c t i o n  r e q u i r e d  f o r  th e  o p e r a t i o n  o f  t h e  K i l l - B e n d a l l  

Z s c h e m e  (H il l  a n d  B e n d a l l ,  I 9 6 0 ) .  T h e  C P I I  c o m p l e x  i s  t h e r e f o r e  

th o u g h t  to  a c t  s i m p l y  a s  a  l i g h t - h a r v e s t i n g  c o m p o n e n t  in  the 

p h o to  s y n t h e t i c  m e m b r a n e .  C o n s i s t e n t  w i th  t h i s  i d e a  a r e  the  s t u d i e s  

of/
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o f  C h u a  an d  B c n n o u n  (1 9 7 5 )  o n  t e m p e r a t u r e - s e n s i t i v e  m u t a n t s  o f  

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

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

th e  C P U  c o m p l e x  p r o t e i n ,  a s  b e in g  i n v o lv e d  in  th e  a c t i v i t y  o f  the  

P h o t o s y s t e r n  I I  r e a c t i o n  c e n t r e .

T h e  o r g a n i z a t i o n  o f  the  3 0 %  o f  c h l o r o p h y l l s  and  c a r o t e n o i d s  in 

t h e  p l a n t  t h a t  a r e  n o t  l o c a t e d  in  th e  tw o m a j o r  c h l o r o p h y l l - p r o t e i n  

c o m p l e x e s  ( t h e y  a r e  a s s o c i a t e d  w ith  a  f r e e - p i g m e n t  z o n e  upon the  

c o m p l e t i o n  o f  e l e t r o p h o r e s i s )  i s  o b s c u r e .

A l s o  a s s o c i a t e d  w ith  c h l o r o p l a s t  l a m e l l a e  a r e  D M A ( W o o d c o c k  

and F e r n a n d e z - M o r a n ,  1 9 6 8 ;  H e r r m a n  e t  a l ,  1 9 7 5 ) ,  r i b o s o m e s  (C h a n  

and W i l d m a n ,  1 9 7 0 ;  C h u a  e t  a l ,  1 9 7 3 ;  M a r g u l i e s  an d  M i c h a e l s ,  1 9 7 4 ) ,  

D N A  p o l y m e r a s e  ( T e w a r i  an d  W i ld m a n ,  1 9 6 7 )  and R N A  p o l y m e r a s e  

a c t i v i t y  ( S p e n c e r  an d  W h i t f e ld ,  1 9 6 7 ;  T e w a r i  and  W i l d m a n ,  19 6 9 ) .

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

I t  i s  i n t e r e s t i n g  to  n o te  t h a t  d u r in g  th e  p e r i o d  in  w h i c h  i t  w a s  

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

a t t e m p t s  w o r e  m a d e  to  m a i n t a i n  v i a b l e  p l a s t i d s  in i s o l a t i o n  f r o m  the  

r e s t  o f  th e  c e l l  ( R i d l e y  and  l . e e c h ,  1 9 7 0 ;  G i l e s  and S e r a f i s ,  1 9 7 2 ;  

W c l l b u r n  an d  V . 'e l lb u rn ,  1 9 7 3 ;  R e b e i z  jet jd ,  1 9 7 3 ) .  T h e s e  s t u d ie s  

h a v e  p r i n c i p a l l y  b e e n  r e s t r i c t e d  to  s u b j e c t i v e  i n t e r p r e t a t i o n s  of 

e l e c t r o n  m i c r o g r a p h i c  d a ta .  T h e y  s u g g e s t  no  m o r e  t h a n  t h a t  the  

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

c a n  b e  d e l a y e d  b y  i n c u b a t i o n  in  th e  p r e s e n c e  o f  s p e c i f i c  c o f a c t o r s .

T h e r e  i s  no e v i d e n c e  o f  p l a s t i d  r e p l i c a t i o n  in  v i t r o  , n o r  i s  t h e r e  an y  

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

i i .  E t i o p l a s t s  an d  p r o p l a s t i d s .

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

but t h e y  do h a v e  a  d e f i n i t e  a n d  c o m p l i c a t e d  s t r u c t u r e  ( K i r k  and  T i l n e y -  

B a s s e t t ,  1 9 6 7 ) .  H o w e v e r  in  c o m p a r i s o n  to  th e  c h l o r o p l a s t  o u r  

k n o w le d g e  o f  t h i s  s t r u c t u r e  i s  r u d i m e n t a r y .

E t i o p l a s t s  a r e  u s u a l l y  i r r e g u l a r l y  e l l i p s o i d  and  d e p e n d in g  upon th e  

a g e  a n d  s p e c . e s  o f  t i s s u e  h a v e  a  d i a m e t e r  o f  a b o u t  1 to  3 p n  ( M e g o  and  

J a g e n d o r f ,  1961; B e n n e t  and R a d c l i f f e ,  1 9 7 5 ) .  T h e  e t i o p l a s t  i s



d e l i n e a t e d  f r o m  t h e  r e s t  o f  th e  c e l l  by  a  d o u b le  m e m b r a n e  ( R e b e i z  e t  a l ,  

1 9 7 3 ) .  T h e  e t i o p l a s t  e n v e lo p e  m e m b r a n e  h a s  b e e n  i s o l a t e d  f r o m  d a r k -  

g r o w n  A v e n a  l a m i n a e  and  a n a l y s e d  by S D S  p o l y a c r y l a m i d e  g e l  

e l e c t r o p h o r e s i s  ( C o b b  and W e l lb u r n ,  1 9 7 4 ) .  T h i s  m e m b r a n e  p r e p a r a t i o n  

c o n t a i n s  16 m a j o r  p o l y p e p t i d e s  ra n g in g  in  m o l e c u l a r  w e ig h t  f r o m  2 5 0 0 0  

to  1 1 7 0 0 0 .  T h e r e  h a v e  b e e n  no r e p o r t e d  a n a l y s e s  s p e c i f i c a l l y  on  t h e  

n o n - p r o t e i n  c o m p o n e n t s  o f  t h e  e t i o p l a s t  e n v e lo p e  a l th o u g h  T e v i n i  (1 9 7 2 )  

h a 3  s h o w n  th a t  i s o l a t e d  b a r l e y  e t i o p l a s t s  c o n t a in  g a l a c t o l i p i d s ,  th e  

p l a n t  s u l p h o l i p i d s  an d  th e  p h o s p h o l i p id s ,  p h o s p h a t id y l  c h o l i n e ,  

p h o s p h a t i d y l  g l y c e r o l  and p h o s p h a t id y l  i n o s i t o l .  I t  w o uld  s e e m  

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

d i s t r i b u t e d  w i t h i n  t h e  e n v e lo p e  and i n n e r  l a m e l l a r  m e m b r a n e s .

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

a r e  a l s o  a l m o s t  t o t a l l y  unknow n. S m i t h  and h i s  c o l l e a g u e s  h a v e  

p r e s e n t e d  s p e c t r o p h o t o m e t r i c  e v id e n c e  to  s u g g e s t  th a t  th e  p h y t o c h r o m e  

a s s o c i a t e d  w ith  t h e  e t i o p l a s t  i s  l o c a t e d  p r i m a r i l y  in  th e  e n v e lo p e  

m e m b r a n e  ( E v a n s  and  S m i t h ,  1 9 7 6 a ,  1 9 7 6 b ) .  O n th e  b a s i s  o f  t h e i r  

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

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

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

and  c y t O D l a s m i c  c o m p a r t m e n t s  ( S m i t h ,  1 9 7 0 b ;  E v a n s  and S m i t h ,  1 9 7 6 a ,  

1 9 7 6 b ) .

A s  in  c h l o r o p l a s t s  two p h a s e s  c a n  b e  d i s t in g u is h e d  w ith in  th e  

b o u n d a r y  o f  t h e  e t i o p l a s t  e n v e lo p e  m e m b r a n e .  T h e  s t r o m a  i s  a 

h o m o g e n o u s  m a t r i x  w h ic h  c o n t a in s  D N A  ( J a c o b s e n ,  1 9 6 8 ;

G y J d e n h o lm ,  1 9 6 8; S p r e y  an d  G i e t z ,  1 9 7 3 ) ,  r i b o s o m e s  ( B o a r d m a n ,  1 9 6 6 ;  

B r o w n  and G u n n in g ,  1 9 6 6 ;  D y e r  e t  a l ,  1971),  tF.NA and a m i n o  a c i d  

a c t i v a t i n g  e n z y m e s  ( G u i l l e m a u t  e t  a l ,  1 9 7 2 ;  B u r k a r d  e t  a l ,  1 9 7 2 )  an d  

a l l  t h e  e n z y m e s  o f  th e  C a l v i n  c y c l e  ( I r e l a n d  an d  B r a d b e e r ,  1971; 

B r a d b e e r ,  1 9 6 9 ;  B r a d b e e r  e t  a l ,  1 9 7 2 ;  B r a d b e e r  e t  a l ,  1 9 7 4 b ) .  W ith in  

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

m o s t  c o n  - .p icu o u o  o f  w h ic h  i s  the  p r o l a m c l l a r  b o d y  (H o d g e  e t  a l ,  1 9 5 6 ) .

E a c h  e t i o p l a s t  c o n t a i n s  u s u a l l y  o n e ,  but p o s . i ib l y  up to  f o u r



p r o l a m e l l a r  b o d i e s ,  f r e q u e n t l y  i n t e r  c o n n e c t e d  by d o u b le  l a m e l l a e  

( K i r k  an d  T i l n e y - B a s s e t t ,  1 9 6 7 ;  G u n n in g ,  1 9 6 5 ) .  I t  a p p e a r s  t h a t  th e  

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

a l s o  b e t w e e n  s p e c i e s  ( M U h l e t h a l e r ,  1971). G r a n i c k  (1961) and  

G u n n in g  (G u n n in g ,  1 9 6 5 ;  G u n n in g  an d  J a g o e ,  1 9 6 7 )  h a v e  p r e s e n t e d  a 

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

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

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

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

t u b u l e s  b e c o m e  s m o o t h l y  c o n f lu e n t .  T h e  o r i g i n  o f  t h e  s t r u c t u r e  i s  

b e l i e v e d  to b e  th e  i n n e r  m e m b r a n e  o f  t h e  p l a s t i d  e n v e lo p e  ( V i r g i n  e t  s i ,  

1 9 6 3 ;  v o n  W c t t s t e i n ,  1 9 6 7 ) .  In c o n t r a s t ,  th e  s t u d i e s  o f  W e h r m e y e r  

( 1 9 6 5 a ,  1 9 6 5 b ,  1 9 6 5 c ,  1 9 6 7 ) ,  I k e d a  (1 9 6 8 )  and  W e i e r  and  B r o w n  (1970)  

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

a p p e a r s  to  b e  a  t e t r a h e d r o n  ( 4  t u b u le s  m e e t i n g  a t  o n e  p o in t)  v/ith the 

t u b u l e s  f o r m i n g  f i v e  o r  s i x - m e m b e r e d  r i n g s .  T h e  c e n t r e  o f  t h e  

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

In d e p e n d e n t  s t u d i e s  b y  B r a d b e e r  (1 9 7 4 a )  on th e  s t r u c t u r e  o f  

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

m o d e l s .

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

L u t z  (1 9 7 5 )  h a s  p e r f o r m e d  p r e l i m i n a r y  a n a l y s e s  o n  b o th  th e  l i p i d  

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

e t i o p l a s t s .  A f t e r  e x t r a c t i o n  w ith  w a t e r  and c h e l a t i n g  a g e n t s  th e  

p r o l a m e l l a r  b ody p r e p a r a t i o n  i s  fo u n d  to c o n t a i n  a  n u m b e r  o f  l i p i d s  

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

an d  p h o s p h a t i d y l  c h o l i n e )  a n d  s e v e n  m a j o r  S I f S -  s o l u b l e  p r o t e i n s .

T h e s e  p r o t e i n s  r a n g e  in  m o l e c u l a r  w e ig h t  f r o m  2 2 0 C 0  to 6 8 0 0 0 .  T h e  

l o w e s t  m o l e c u l a r  w e ig h t  p r o t e i n ,  S P 1 ,  i s  a  g l y c o p r o t e i n .  S i m i l a r  

a n a l y s e s  p e r f o r m e d  b y  B o g o r a d  an d  h i s  c o l l e a g u e s  ( F o r g e r  an d  

B o g o r a d ,  1 9 7 3 ;  B o g o r a d ,  1 9 7 5 )  sh o w  th a t  p r o l a m e l l a r  b o d i e s  i s o l a t e d  

f r o m  Z e a  m a i s  e t i o p l a s t s  a l s o  c o n t a i n  s e v e n  m a j o r  p r o t e i n s  b u t  in 

t h i s  c a s e  t h e i r  m o l e c u l a r  v/eights  r a n g e  f r o m  2 5 0 0 0  to  1 0 2 0 0 0 .  In 

b o t h  s t u d i e s  c o m p a r i s o n s  a r e  m a d e  w ith  th e  p r o t e i n  c o m p o n e n t s  o f  

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

of/



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

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

h a s  b e e n  r e a c h e d  by  N i e l s o n  (1 9 7 5 )  w ho u s e d  a c i d - s o a k e d  p o l y a c r y l a m i d  

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

p r o t e i n s  in  g r e e n i n g  b a r l e y  s e e d l i n g s .

T h i s  v i e w  d i f f e r s  h o w e v e r  f r o m  t h o s e  o f  R c m y  ( 1 9 7 3 )  and 

L a g o u t t e  a n d  D u r a n t o n  (197?.) .  T h e s e  a u t h o r s  c o n c l u d e  th a t  t h e r e  

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

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

T h e y  go  a s  f a r  a s  to c l a i m  th a t  e t i o p l a s t s  m u s t  t h e r e f o r e  c o n t a in  

r e d u c e d  b u t  s i g n i f i c a n t  a m o u n t s  o f ,  f o r  e x a m p l e  th e  C P I  and II  

c o m p l e x  p r o t e i n s .  I n s p e c t i o n  o f  th e  e l e c t r o p h o r e t i c  a n a l y s e s  upon 

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

n o t  j u s t i f i e d  up o n  th e  b a s i s  o f  th e  a v a i l a b l e  d a ta .  A  m e t h o d  of 

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

l a m e l l a r  p r o t e i n s  ( p e r h a p s ,  f o r  e x a m p l e ,  t w o - d i m e n s i o n a l  a s  

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

q u e s t i o n s  c a n  b e  a n s w e r e d .

R e s u l t s  o f  th e  ty p e  d e s c r i b e d  a b o v e  c a n  b e  t a k e n  to  s u g g e s t  

t h a t  t h e  t h y la k o id  l a m e l l a e  o f  th e  m a t u r e  c h l o r o p l a s t  a r c  a s s e m b l e d  

in  a  s t e p - w i s e  f a s h i o n ,  w i th  c o m p o n e n t s  s u c h  a s  th e  m e m b r a n e  

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

a d d e d  at d i f f e r e n t  t i m e s .  E v i d e n c e  s u p p o r t in g  t h i s  s u g g e s t i o n  c o m e s  

f r o m  a  n u m b e r  o f  o t h e r  s t u d i e s .  L o c k s b i n  e t  al (1971)  and  G r e g o r y  

a n d  B r a d b e e r  (1 9 7 5 )  h a v e  sh o w n  t h a t  th e  c o u p l in g  f a c t o r  C F ^  w h ic h  

h a s  t h e  e n z y m i c  a c t i v i t y  o f  C a  +- a c t i v a t e d  A T P a s e  i s  found in both  

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

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

in  t h e  e t i o p l a s t  f r o m  w h i c h  i t  d e v e l o p s .  T h e  r e l a t i v e l y  s m a l l  l i g h t -  

t r i g g e r e d  i n c r e a s e  in  C F ^  a c t i v i t y  c a n  b e  a t t r i b u t e d  t o  a  m o d i f i c a t i o n  

o f  t h e  e n z y m e s  p r o p e r t i e s  ( G r e g o r y  and B r a d b e e r ,  1 9 7 5 ) .  B o g o r a d  

(1 9 7 5 )  bar. a l s o  s h o w n  t h a t  C F j  p a r t i c l e s  i s o l a t e d  f r o m  m a i z e  e t i o p l a s t  

m e m b r a n e s  w i l l  r e s t o r e  p h o t o p h o s p h o r y l a t in g  a c t i v i t y  to  m a i z e
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c l i l o r o p l n s l  m e m b r a n e s  w h ich  h a v e  b e e n  s t r i p p e d  o f  CF^ b y  w a s h in g  

i n  d i lu t e  E D T A  s o l u t i o n s .  C o n f i r m a t i o n  t h a t  a  s t r u c t u r a l l y  a s  w e l l  

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

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

9 oA e t i o p l a s t  p a r t i c l e s ,  in w h ic h  t h e  CF^ a c t i v i t y  r e s i d e s  (H o w e l l  

a n d  M o u d r i a n k i s ,  1 9 6 7 )  b e c o m e  a s s o c i a t e d  w i th  E D T A  s t r i p p e d  

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

t h a t  i f  t h e r e  a r e  a n y  s p e c i f i c  s i t e s  i n v o lv e d  in  th e  a s s o c i a t i o n  o f  

C F  p a r t i c l e s  w i t h  p l a s t i d  m e m b r a n e s  t h e n  t h e y  a r e  a l r e a d y  p r e s e n t  

in  th e  e t i o p l a s t  m e m b r a n e  a l th o u g h  i t  l a c k s  c h l o r o p h y l l  an d  s e v e r a l  

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

F u r t h e r  s u p p o r t  f o r  the  i d e a  th a t  e t i o p l a s t  m e m b r a n e s  c o n t a in  

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

b y  th e  d e m o n s t r a t i o n  th a t  in  a d d i t io n  to t h e  e n z y m i c  c o u p l in g  f a c t o r s  

i n v o lv e d  in  p h o s p h o r y l a t i o n , b a r l e y  and  b e a n  e t i o p l a s t s  a l s o  c o n t a i n  

t h r e e  o f  t h e  f o u r  c y t o c h r o m e s  ( n a m e l y  f ,  and  p )  w h ic h

a c t  a s  i n t e r m e d i a t e s  in  p h o t o s y n t h e t i c  e l e c t r o n  t r a n s p o r t  ( P l e s n i c a r  

a n d  l l e n d a l l ,  1 9 7 2 ;  W hatV fcu et  a l .  1 9 7 2 ;  P h u n g  Nhu Hung e l  a l ,  1 9 7 2 ;  

G r e g o r y  and B r a d b e e r ,  1 9 7 3 ) .  In b a r l e y  e t i o p l a s t s  t h e s e  c y t o c h r o m e s ,  

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

s i m i l a r  to  t h o s e  fo u n d  in m a t u r e  g r a n a l  c h l o r o p )  a s t s .  It a p p e a r s  

i n c r e a s i n g l y  c l e a r  t h a t  the  f o r m a t i o n  of  t h e  c h l o r o p l a s t  t h y la k o id  

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

a p p e a r  in  th e  m e m b r a n e  in d e p e n d e n t ly  o f  o n e  a n o t h e r  and a t  d i f f e r e n t  

t i m e s  d u r in g  i t s  a s s e m b l y .

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

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

H o w e v e r  i t  i s  p o s s i b l e  to e x t r a c t  and p a r t i a l l y  p u r i f y  f r o m  th e  

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

t h e  p r o t o c h l o r o p h v l l - h o l o c h r o m e  ( S m i t h ,  I 9 6 0 ;  B o a r d m a n ,  1 9 6 2 ;

S c h o p f c r  and S c i g e l m a n ,  1 9 6 8 ) .  T h e  s p e c t r o s c o p i c  s t u d i e s  o f  K a h n  e t  a l

(1 9 7 0 )  i n d i c a t e  t h a t  t h e r e  a r e  t h r e e  f o r m s  o f  p r o t o c h l o r o p h y l l  in  the  

c o m p l e x .  T w o  o f  t h e s e  f o r m s  P C h l  6 5 0  a n d  P C  h i  6 3 7  a r e  p h o t o r e d u c  i h i e  

w h i l s t/
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w h i l s t  t h e  t h i r d  f o r m  P C h l  6 2 8  i s  a  r e l a t i v e l y  m i n o r  c o m p o n e n t  an d  

i s  n o t  p h o t o r e d u c i b l e .  S t a t i s t i c a l  c o n s i d e r a t i o n s  upon th e  t r a n s f e r  

o f  e x c i t a t i o n  e n e r g y  f r o m  P C h l  6 3 7  to  b o th  P C h l  6 5 0  an d  

c h l o r o p h y l l  id e  l e a d  K a h n  and  h i s  c o - w o r k e r s  ( K a h n  e t  a l ,  1 9 7 0 ;  

B o a r d m a n  cd a l ,  1 9 7 2 )  to  c o n c l u d e  t h a t  t h e r e  a r e  a t  l e a s t  f o u r  

c h r o m a t o p h o r e s  p e r  p r o t e i n  m o l e c u l e  in  th e  h o l o c h r o m e  c o m p l e x .

T h e  e x a c t  n a t u r e  o f  th e  p r o t o c h l o r o p h y l l i d e - p r o t e i n  r e l a t i o n s h i p s  

h o w e v e r  r e m a i n s  to b e  r e s o l v e d .

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

the  p r o p l a s t i d .  T h e  s t r u c t u r e  of  t h e  p r o p l a s t i d  h a s  b e e n  s t u d ie d  in 

th e  e l e c t r o n  m i c r o s c o p e  by  von W e t t s t e i n  and K a h n  ( I 9 6 0 ) .  T h e  

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

l i t t l e  . ' n o t e  than  an  o v a l  s t r o m a - f i l l e d  s a c  a p p r o x i m a t e l y  1 jam  in 

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

in t h e  m a t r i x  and  t h e y  a r e  o f t e n  s e e n  to  c o n t a in  f i b r i l s  w h i c h  a r e  

s p e c u l a t e d  to b e  D N A  ( W h a t l t y  e t  a l ,  1 9 7 4 ) .  O c c a s i o n a l l y  s t a r c h  

g r a i n s  a r e  a l s o  e v id e n t  w i th in  th e  m a t r i x  and  in m a n y  c a s e s  t h e y  a r e  

a s s o c i a t e d  w ith  the  r e s t r i c t e d  s t r a n d s  oi i n t e r n a l  m e m b r a n e s  

( B r a d b e e r  e t  a l ,  1 9 7 4 a ) .

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

th e  c t i o p l a s t  an d  the  c h l o r o p l a s t  i s  o f  a  t r i a n g u l a r  n a t u r e  ( K i r k  a n d  

T i l n e y - B a s s e t t ,  1 9 6 7 ;  s e e  a l s o  F i g u r e  17 in  R o b e r t s o n  a n d  L a e t s c h ,

1 9 7 4 )  i n  t h a t  p r o p l a s t i d s  d e v e lo p  e i t h e r  in to  e t i o p i a s t s  i f  t h e  p l a n t  i s  

m a i n t a i n e d  in  th e  d a r k ,  o r  a l t e r n a t i v e l y  in to  g r a n a l  c h l o r o p l a s t s  i f  

th e  p l a n t  i s  m a i n t a i n e d  in  a l i g h t - d a r k  r e g i m e .  H o w e v e r ,  in  m a n y  

c a s e s  in  v iv o  i t  a p p e a r s  th a t  a  h ig h  p r o p o r t i o n  o f  th e  p r o p l a s t x d s  

i n i t i a t e  t h e i r  d e v e l o p m e n t  w ith  th e  s t r u c t u r a l  o r g a n i z a t i o n  d i a g n o s t i c  

o f  a n  e t i o p l a s t .  O n ly  w h e n  e n v i r o n m e n t a l  f a c t o r s  ( p r e s u m a b l y  l i g h t  

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

th e  s t r u c t u r a l  o r g a n i z a t i o n  o f  the  c h l o r o p l a s t  r e s u l t .  W h a t e l y  (1 9 7 4 )  

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

th e  t r a n s i t o r y  p r o p l a s t i d  f o r m  w h i c h  e x i s t s  in  th e  p r i m a r y  l e a v e s  

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

w h i c h  a r e  c l e a r l y  p r o l a m e l l a r  b o d i e s ,  a l th o u g h  t h e y  l a c k  t h e  h ig h ly  

o r d e r e d  p a r a c r y c t a l l i n i t y  o f  the  s t e a d y - s t a t e  e t i o p l a s t  s t r u c t u r e .  A 

s i m i l a r /
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s i m i l a r  p h e n o m e n o n !  h a s  a l s o  b e e n  o b s e r v e d  by L e e c h  ê t a l  (19 72) 

w ho  s t u d ie d  p l a s t i d  m e m b r a n e  b i o g e n e s i s  in l i g h t / d a r k - g r o w n  l e a v e s  

o f  Z e a  m a i n  . T h i s  m o n o c o t y l e d o n o u s  s p e c i e s  e x h i b i t s  th e  b a s a l  

m e r i s t e m a t i c  o r g a n i z a t i o n  w h ic h  r e s u l t s  in  l i n e a r  a r r a y s  of c e l l s  

in  th e  l e a v e s ,  w ith  th e  y o u n g e s t  c e l l s  a t  th e  b a s e  an d  t h e  m o s t  

s e n e s c e n t  a t  th e  t ip .  E l e c t r o n  m i c r o s c o p y  o f  th in  s e c t i o n s  f r o m  

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

c o n t a i n  p l a s t i d s  w h ic h  a r e  d i f f e r e n t i a t i n g  in th e  d i r e c t i o n  o f  the  

n o r m a l  c h l o r o p l a s t  o r g a n i z a t i o n .  H o w e v e r  in  th e  c e l l s  a t  the  b a s e  

o f  the  l e a f  t h e  m a j o r i t y  o f  p r o p l a s t i d s  w e r e  found  to  c o n t a i n  a t  l e a s t  

o n e  s m a l l  p r o l a m e l l a r  body.

T h e s e  s t u d ie s  s u g g e s t  t h a t  in  th e  n o r m a l  e c o l o g i c a l  s i t u a t io n  

a  d e l i n e a t i o n  b e t w e e n  t h e  p r o p l a s t i d - c h l o r o p l a s t  t r a n s i t i o n  and  th e  

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

b e  e x t r e m e l y  t e n u o u s .

B .  T R A N S I E N T  F O R M S  : D E V E L O P I N G  C K L O R O P L A S T S

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

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

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

i s  c o n s e q u e n t l y  a  w e l l  d e s c r i b e d  p r o c e s s  in  q u a l i t a t i v e  t e r m s  (v o n  

W e t t s t c i n ,  1 9 5 8 ;  V i r g i n  e t  a l ,  1 9 6 3 ;  G y l d e n h o lm ,  1 9 6 8 ;  W e i e r  e t  a l ,

1 9 7 0 ;  W e i e r  and  B r o w n ,  1 9 7 0 ;  R o s i n s k i  an d  R o s e n ,  1 9 7 2 ;  G u nning  and 

J a g o e ,  1 9 6 7 ) .  H o w e v e r  m o r e  r e c e n t l y  q u a n t i t a t i v e  a p p r o a c h e s  to 

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

o r g a n i z a t i o n  h a v e  b e e n  p u r s u e d .  B r a d b e e r  (197 5) m e a s u r e d  the  

d e c r e a s i n g  v o lu m e  o f  th e  p r o l a m e l l a r  b o d y  anci th e  i n c r e a s i n g  

t h y la k o id  a r e a  in d e v e l o p in g  c l i l o r o p l a s t s  o f  b e a n .  H e  w a s  a b le  to 

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

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

o f  i n c r e a s e d  t h y la k o id  f o r m a t i o n ;  w h ic h  in  t u r n  c o r r e l a t e s  w ith  the  

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

a g r e e m e n t  w ith  t h o s e  o f  H e n n i n g s e n  an d  B o y n t o n  ( 1 9 7 0 ) .

R o b e r t s o n  and L a e l s c h  (1 9 7 4 )  q u a n t i t a t e d  th e  p r o c e s s  o f  m e m b r a n e  

d e v e l o p m e n t /
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d e v e l o p m e n t  b y  d e t e r m i n i n g  the  p e r c e n t a g e  o f  t h y la k o id  a p p r e s s i o n  

( i .  e .  g r a n a  f o r m a t i o n )  in  th e  p l a s t i d s  o f  g r e e n i n g  b a r l e y  l e a v e s .  A s  

t h e  d a r k - g r o w n  b a r l e y  l e a f  a l s o  e x h i b i t s  th e  b a s a l  r n e r i s t e m a t i c  ty p e  

o f  o r g a n i z a t i o n  t h e s e  a u t h o r s  w e r e  a b l e  to  i n v e s t i g a t e  th e  p r o c e s s  o f  

i p l a s t i d  t h y l a k o i d  d e v e l o p m e n t  not o n ly  f o r  th e  s t e a d y - s t a t e  e t i o p l a s t -

c h l o r o p l a s t  t r a n s i t i o n  but a l s o  in r e l a t i o n  to th e  d e g r e e  of 

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

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

do n o t  d e v e l o p  a t  th e  s a m e  r a t e .  Y o u n g e r  r e g i o n s  r e q u i r e  l o n g e r  

i ; p e r i o d s  o f  i l l u m i n a t i o n  th a n  o l d e r  o n e s  to  f o r m  f u l l y  d i f f e r e n t i a t e d

, c h l o r o p l a s t s .

> C o n c o m i t a n t  w ith  t h e  m o r p h o l o g i c a l  c h a n g e s  in  th e  d e v e lo p in g  

c h l o r o p l a s t  d u r i n g  g r e e n i n g  t h e r e  a r e  m a j o r  a l t e r a t i o n s  in th e  p l a s t i d  

p i g m e n t s .  T h e  r a p id  c h a n g e s  w h ic h  a r e  e v id e n t  d i r e c t l y  a f t e r  

i l l u m i n a t i o n  a r c  p r i m a r i l y  due to th e  t r a n s f o r m a t i o n  o f  p i g m e n t
I J

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

j  ) b i o s y n t h e s i s .  C h a r a c t e r i z a t i o n  o f  t h e s e  t r a n s f o r m a t i o n s  h a s

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

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

g r e e n i n g  ( s e e  r e v i e w  by K i r k ,  1 9 7 0 ) .  A f t e r  l o n g e r  p e r i o d s  o f

i l l u m i n a t i o n  l i g h t  s t i m u l a t e s  the  de n o v o s y n t h e s i s  o f  c h l o r o p h y l l .
> I

I d e n t i f i c a t i o n  o f  th e  e a r l i e r  i n t e r m e d i a t e s  in  t h i s  p a th w a y  h a s  to 

d a te  b e e n  a c h i e v e d  by e n h a n c in g  t h e i r  a c c u m u l a t i o n  in  th e  c o l l .  

T e c h n i q u e s  s u c h  a s  p r i o r  f e e d in g  w i t h  th e  s p e c i f i c  p o r p h y r i n  p r e c u r s o r

• ¿ T -a m in o  l e a v u l i n i c  a c id  ( G a s s m a n ,  1 9 7 3 )  o r  b l o c k in g  o f  the  n o r m a l  

b i o s y n t h e t i c  p a t h w a y  e i t h e r  g e n e t i c a l l y  (G o u g h ,  1 9 7 2 )  o r  c h e m i c a l l y  

(D u g g a n  a n d  G a s s m a n ,  1 9 7 4 )  h a v e  b e e n  u s e d .  R e c e n t l y  h o w e v e r  

f a r  m o r e  d i r e c t  e v id e n c e  h a s  b e e n  p r o v i d e d  by  t h e  d e v e l o p m e n t  of 

c e l l - f r e e  s y s t e m s  in w h ic h  p a r t i a l  r e a c t i o n s  o f  the  p a th w a y  c a n  b e

i  d e m o n s t r a t e d  ( R e b e i z  e t  a l , 1 9 7 5 a ,  1 9 7 5 b ,  1 9 7 5 c ;  R e b e i z  and

C a s t e l f  r& n c o ,  1 9 7 3 ;  E l l s w o r t h  and U s i n g ,  1 9 7 3 ,  1 9 7 4 ;  G r i f f i t h s ,  1 9 7 5 ) .

• 'X h c r e  i s  a c o n s i d e r a b l e  body o f  l i t e r a t u r e  i n v e s t i g a t i n g  1 l 'c  

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

b y  e x a m i n i n g  t h e  e f f e c t s  o f  a n t i b i o t i c s  upon th e  f o r m a t i o n  o f  t h e s e  two 

c o m p o n e n t s /



c o m p o n e n t s  ( s e e  r e v i e w  by K i r k ,  1 9 7 4 ) .  T h e  i n h i b i t o r s  o f  p l a n t  

7 0 S  r i b o s o m e  f u n c t i o n ,  s t r e p t o m y c i n  an d  D - t h r e o  c h l o r a m p h e n i c o l  

( P e s t k a  1 9 7 1 ;  E l l i s ,  1 9 6 9 )  i f  a d m i n i s t e r e d  f o r  r e l a t i v e l y  s h o r t  

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

c h l o r o p h y l l  s y n t h e s i s  ( K i r k ,  1 9 6 2 a ,  1 9 6 2 b ,  1 9 6 8 ;  M a r g u l i e s ,  1 9 6 2 ) .  

S i m i l a r l y  in  s h o r t - t e r m  e x p e r i m e n t s  c y c l o h e x i m i d e .  an i n h i b i t o r  o f  

8 0 S  r i b o s o m e s  in  p l a n t s  ( P e s t k a ,  1 9 7 1 ) ,  i f  a d m i n i s t e r e d  in  h ig h  

d o s e s  ( 2 0 - 5 0  p g / 'm l)  c o m p l e t e l y  i n h i b i t s  c h l o r o p h y l l  s y n t h e s i s  

( K i r k  a n d  A l l e n ,  1 9 6 5 ;  H o o b e r  e t  a l ,  1 9 6 9 ;  N a d l e r  and  G r a n i c k ,  1 9 7 0 ) .  

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

c o m p l e t e  and  in s o n i c  c a s e s  a l s o  t r a n s i t o r y ,  p e r h a p s  due to 

i n a c t i v a t i o n  o f  th e  a n t i b i o t i c .  In m o s t  o f  th e  s y s t e m s  i n v e s t i g a t e d  

e x o g e n o u s l y  s u p p l ie d  <5- a m i n o  l e a v u l i n i c  a c i d  ( A L A )  i s  a b l e  to  c a u s e  

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

c h l o r o p h y l l  ( o r  p r o t o c h l o r o p h y l l )  s y n t h e s i s  by t h e s e  d r u g s  ( K i r k ,  1 9 7 4 ;  

N a d l e r  and  G r a n i c k ,  1 9 7 0 ) .

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

o b s e r v a t i o n s .  T h e  e a r l i e r  m o d e l  of G a s s m a n  and B o g o r a d  ( 1 9 6 7 a .  

1 9 6 7 b )  s u g g e s t e d  th a t  the  e n z y m e  r e s p o n s i b l e  f o r  A L A  s y n t h e s i s  

( A L A  s y n t h e t a s e )  w a s  l a b i l e  and i t s  r e s y n t h e s i s  w a s  p r e v e n t e d  by' 

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

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

m o d e l  now  s e e m s  u n t e n a b le  a s  D u g g a n  a n d  G a s s m a n  ( 1 9 7 4 )  h a v e  

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

e n z y m e  w ith  a  h a l f - l i f e  o f  a b o u t  16 h o u r s .

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

b e e n  p r o v i d e d  by  K i r k  ( 1 9 7 4 )  in  t e r m s  o f  c h l o r o p h y l l  c a r r i e r  

p r o t e i n s  an d  f e e d b a c k  i n h i b i t i o n  o f  A L A  s y n t h e s i s .  S e v e r a l  l i n e s  

o f  e v i d e n c e  ( s e e  s e c t i o n  I 3 B i i a )  i n d i c a t e  t h a t  a  m a j o r  p a r t ,  but  

p e r h a p s  n o t  a l l ,  o f  th e  p r o t e i n  c o m p l e m e n t  o f  th e  C P I  c o m p l e x  

i s  s y n t h e s i z e d  on 7 0 S  p l a s t i d  r i b o s o m e s .  In c o n t r a s t  th e  s i n g l e  

p r o t e i n  o f  th e  C P I I  c o m p l e x  i s  b e l i e v e d  to  b e  a  p r o d u c t  o f  8 0 S  

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

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



c h l o r o p h y l l  a c c e p t o r  s i t e s  w h ic h  r e s i d e  up on t h e  C P I  and  C P U  

c o m p l e x  p r o t e i n s .  I n h i b i t i n g  th e  s y n t h e s i s  o f  t h e s e  p r o t e i n s  by 

d r u g s  t h e r e f o r e  l e a d s  to a b u i ld  up o f  c h l o r o p h y l l  p r e c u r s o r s  w h ic h  

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

o f  a n  e s s e n t i a l  e n z y m e  ( p e r h a p s  A L A  s y n t h e t a s e ) .  T h i s  m o d e l  i s  

c o n s i s t e n t  w i th  the  i n h i b i t o r  d a ta  b u t  to  m e  it a p p e a r s  th a t  an 

u n j u s t i f i e d  c o n c l u s i o n  has b e e n  m a d e  to  a c c o u n t  f o r  th e  p a r t i a l  

r e v e r s a l  o f  t h e  i n h i b i t o r  e f f e c t s  b y  A L A .  T o  p o s t u l a t e  t h a t  the 

a d d i t i o n  o f  e x o g e n o u s  A L A  b y p a s s e s  th e  f e e d b a c k  in h i b i t i o n  o f  A L A  

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

r e q u i r e s  th a t  t h e r e  i s  a  r e s e r v e  ( p e r h a p s  o n ly  s m a l l )  o f  c h l o r o p h y l l  

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

e q u i v a l e n t  to  p o s t u l a t i n g  t h a t  p l a s t i d s  in  th e  e a r l y  s t a g e s  o f  g r e e n i n g  

h a v e  s i g n i f i c a n t  a m o u n t s  o f  th e  C P I  an d  C P I I  c o m p l e x  p r o t e i n s .  A s  

i s  p o i n t e d  o u t  in  s e c t i o n  I 2 A i i  I r e g a r d  t h i s  c o n c l u s i o n  a s  e n t i r e l y  

s p e c u l a t i v e .

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

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

1 P h o t o c h e m i c a l  a c t i v i t i e s .

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

h a s  b e e n  m o n i t o r e d  f r o m  th e  l e v e l  o f  o x y g e n  e v o l u t io n  and  c a r b o n  

d i o x i d e  u p t a k e  an d  f i x a t i o n  ( O e l z e - K a r o w  and B u t l e r ,  1 9 7 2 ;  T a m a s  

e l  a l ,  1 9 7 0 )  t o  th e  a p p e a r a n c e  an d  a c t i v i t y  of  in d iv id u a l  c o m p o n e n t s  

o f  t h e  p h o t o s y n t h e t i c  a p p a r a t u s  ( H i l l e r  a n d  B o a r d m a n ,  1971).  D u e  

to t h e  d i f f e r e n t  s p e c i e s ,  g r e e n i n g  c o n d i t i o n s  an d  m e t h o d s  u s e d ,  

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

th e  c h a n g e s  in  p h o t o c h e m i c a l  a c t i v i t i e s  to  c h a n g e s  in, f o r  e x a m p l e  

th e  c o n c e n t r a t i o n  o f  e l e c t r o n  c a r r i e r s  o r  the  d e v e l o p m e n t  of 

c h l o r o p l a s t  s t r u c t u r e .

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

d e v e l o p m e n t  o f  s e p a r a t e  a c t i v i t i e s  o f  th e  two p h o t o s y s t e m s ,  P S I  

and P S I I .  T h e  i n f o r m a t i o n  o b t a in e d  in  a  n u m b e r  o f  s t u d i e s  i s  

c o l l a t e d  in  T a b l e  C .  W ith  t h e  e x c e p t i o n  o f  th i  c o n c l u s i o n s  of 

A l b e r t e  e l  a l  ( 1 9 7 2 )  i t  i s  c l e a r  t h a t  m a n y  p h o t o c h e m i c a l  a c t i v i t i e s  

a s s o c i a t e d  w i th  a n  a c t i v e  P S I  c o m p l e x  a r e  d e t e c t e d  b e f o r e  the



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

N o t e s :

I. p h e n a z i n e  m e t h o s u l p h a t e  d e p e n d e n t

II.  e l e c t r o n  a c c e p t o r ;  m e t h y l  v io l o g e n
e l e c t r o n  d o n o r  c o u p le ;  NNN' N' t e t r a  m e t h y l - p - p h e n y l e n e  
d i a m i n e / a s c o r b a t e .

I II .  e l e c t r o n  a c c e p t o r  ; f e r r i c y a n i d e

IIIA . e l e c t r o n  a c c e p t o r  ; f e r r i c y a n i d e  
e l e c t r o n  d o n o r  ; w a t e r

1IIJ3. e l e c t r o n  a c c e p t o r  ; N A D P
e l e c t r o n  d o n o r  ¡ a s c o r b a t e  o r  w a t e r

IV .  e l e c t r o n  a c c e p t o r  ; A Q  ( a n t h r a e j u i n o n e - 2 - s u l p h o n i c  a c id )  
e l e c t r o n  d o n o r  c o u p le  ; NNN' N' t e t r a  m e t h y l - 1 ,  4 p h e n y le n e  
d i a m i n e  h y d r o c h l o r i d e / a s c o r b a t e

V .  th e  a p p e a r a n c e  o f  o x y g e n  e v o l u t io n  ( T r a n s i e n t  I) upon 
i l l u m i n a t i o n  w ith  6 5 0  nrn l ig h t

V I .  N A D P  d e p e n d e n t

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

b .  m e a s u r e d  in  i n t a c t  p l a n t s  o r  w h o le  l e a f  t i s s u e  

D C M U  3 - ( 3 ,  4  d i c h l o r o p h e n y l ) - l ,  1 - d i m e t h y l  u r e a  1

1. P l e s n i c a r  and B e n d a l l ,  1 9 7 2

2. P l e s n i c a r  and B e n d a l l ,  1 9 7 3

3. G r e g o r y  and B r a d b e e r ,  1 9 7 5

4 .  L o s h k i n  e t  a l ,  1971

5. A l b e r t e  e t  a l ,  1 9 7 2

6. E g n e u s  e t  a h  1 9 7 2

7 .  R e m y  e t  a l ,  1 9 7 2

8 .  G y l d e n h o l m  and W h a t e ly ,  1968

9 .  B o a r d n a r .  et a l ,  19 7 2

10. O e l z e - K a r o w  a n d  B u t l e r ,  197 2
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a p p e a r a n c e  o f  r e a c t i o n s  c h a r a c t e r i s t i c  o f  th e  P S I I  c o m p l e x .  T h e  

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

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

m o s t  e x a c t  s tu d y  o f  t h i s  n a t u r e  to  d a te ,  P l e s n i e a r  and  B e n d a l l  ( 1 9 7 3 )  

w e r e  a b l e  to  sh o w  t h a t  p l a s t i d s  b e g a n  to  d e v e l o p  g r a n a  a t  a b o u t  the  

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

b a r l e y  l e a v e s .  A l s o  the  b e h a v i o u r  o f  p a r t i c u l a r  e l e c t r o n  c a r r i e r  

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

a c t i v i t i e s .  O n o n e  h a n d  th e  c o n c e n t r a t i o n s  o f  p l a s t o c y a n i n ,  

c y t o c h r o m e  f, c y t o c h r o m e  b 5 6 3  an d  c y t o c h r o m e  b f> 5 9 L P  e i t h e r  did 

n o t  c h a n g e  o r  d e c r e a s e d  d u r i n g  g r e e n i n g .  In  c o n t r a s t ,  th e  

c o n c e n t r a t i o n s  o f  c y t o c h r o m e  b 5 5 9 H P  and p i g m e n t  P 5 4 6  c l o s e l y  

f o l lo w e d  t h e  a c t i v i t i e s  o f  P h o t o s y s t e m  II.

In a d d i t io n  to t h e  p h o t o c h e m i c a l  r e a c t i o n s  l i s t e d  in  T a b l e  C, 

G r e g o r y  a n d  B r a d b e e r  ( 1 9 7 5 )  an d  L o s h k i n  e t  a l  ( 1 9 7 1 )  h a v e  

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

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

t r i p h o s p h a t a s e  a c t i v i t y .  T h i s  c o n c l u s i o n  i s  c o n s i s t e n t  w ith  th e  

f i n d in g s  o f  B o g o r a d  ( 1 9 7 5 ) .  T h e r e  i s  e v i d e n c e  to  s u g g e s t  h o w e v e r  

t h a t  o t h e r  n o n  l i g h t - r e q u i r i n g  r e a c t i o n s  a r e  a b s e n t  in e t i o p l a s t s  

b u t  d e v e l o p  a lo n g  w i th  th e  m a t u r a t i o n  o f  th e  t l iy la lc o id  m e m b r a n e .  

F o r g e r  a n d  B o g o r a d  ( 1 9 7 3 )  a n d  B o g o r a d  ( 1 9 7 5 )  h a v e  show n th a t  

in  c o n t r a s t  to c h l o r o p l a s t  t l iy la k o id  m e m b r a n e s ,  t h e  m e m b r a n e s  

o f  m a i z e  e t i o p l a s t s  a r e  u n a b l e  to  f o r m  A T P  f r o m  A D P  and i n o r g a n i c  

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

( a c i d / b a s e  ( A / B )  p h o s p h o r y l a t i o n ) .  E t i o p l a s t s  l a c k  e i t h e r  s p e c i f i c  

f a c t o r s ,  o r  p e r h a p s  a  f u n c t i o n a l  o r g a n i z a t i o n  r e q u i r e d  f o r  A / B  

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

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

a u t h o r s  t h e r e f o r e  p o s t u l a t e d  th a t  th e  d e v e l o p m e n t  o f  A / B  

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

o r g a n i z a t i o n  in  th e  d e v e l o p in g  c h l o r o p l a s t  t h y l a k o i d .  T h e y  

s u b s e q u e n t l y  w e r e  u h le  to d e m o n s t r a t e  th a t  t h e r e  i s  an a l m o s t  

p e r f e c t /
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p e r f e c t  c o r r e l a t i o n  b e t w e e n  th e  d e v e l o p m e n t  o f  A / B  p h o s p h o r y l a t i o n ,  

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

p r e p a r a t i o n s  and  th e  a p p e a r a n c e  o f  o s m o t i c a l l y  r e s p o n s i v e  v e s i c l e s  

in  th e  t h y i a k o i d  s t r u c t u r e .  T h e  e x a c t  n a t u r e  o f  t h e  e v e n t s  w h ic h  

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

F o r g e r  a n d  B o g o r a d  ( 1 9 7 3 )  s p e c u l a t e  up on th e  i n v o l v e m e n t  o f  a 

4 6 0 0 0  m o l e c u l a r  w e ig h t  p o ly p e p t id e  w h i c h  a p p e a r s  in th e  d e v e l o p in g  

p l a s t i d  m e m b r a n e  c o n c o m i t a n t  w ith  t h e  a c q u i s i t i o n  o f  A / B  

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

2.  T h e  r e a c t i o n s  o f  CO^, f i x a t i o n .

A l t h o u g h  th e  d e v e l o p m e n t  o f  c a r b o n  d io x id e  f i x a t i o n  c a n n o t  b e  

d e t e c t e d  u n t i l  s o m e  15 h o u r s  a f t e r  i l l u m i n a t i n g  d a r k - g r o w n  p r i m a r y  

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

th e  e n z y m e s  o f  th e  p h o t o s y n t h e t i c  c a r b o n  c y c l e  ( B r a d b e e r ,  1 9 6 9 ;  

B r a d b e e r ,  1 9 7 5 ) .  D u r in g  g r e e n i n g  t h e s e  e n z y m e s  e x h i b i t  a  v a r i e t y  

o f  r e s p o n s e s  in  b o th  t h e i r  a b s o l u t e  an d  s p e c i f i c  a c t i v i t i e s .  In s o m e  

c a s e s , f o r  e x a m p l e  r i b u l o s e  1, 5 b i s p h o s p h a t e  c a r b o x y l a s e ,  t h e r e  i s  

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

l e a f  b a s i s ) ;  w h i l s t  in  o t h e r s  t h e r e  i s  f o r  e x a m p l e  no l a g  p e r i o d  o r  

l i t t l e  r i s e  in  t o t a l  a c t i v i t y .

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

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

c h l c r o p l a s t .  In m a n y  c a s e s  i t  a p p e a r s  th a t  th e  e f f e c t  o f  l i g h t  

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

r a t h e r  to  i n d u c e  an  a c c e l e r a t i o n  in t h e i r  a c c u m u l a t i o n .  B o t h  s p e c i f i c  

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

e t  a l ,  1 9 7  1) and a  n o n - s p e c i f i c  s t i m u l a t i o n  o f  t h e  r a t e  o f  p l a s t i d  

d iv i s i o n  a n d  g r o w th  ( B o n n e t  and R a d c l i f f e ,  1 9 7 5 )  c a n  b e  e n v i s a g e d  

a s  b e in g  i m p o r t a n t  in  t h i s  p r o c e s s .

b. P r o t e i n  s y n t h e s i s .

I t  h a s  b e e n  kn ow n f o r  o v e r  10 y e a r s  t h a t  e t i o p l a s t s  h a v e  th e  

c o m p o n e n t s  n e c e s s a r y  f o r  p r o t e i n  s y n t h e s i s  ( K i r k  and  T i l n e y - B a s s e t t ,  

1 9 6 7 ) .  H o w e v e r  t h e r e  a r e  s t i l l  o n ly  a  r e l a t i v e l y  s m a l l  n u m b e r  o f  

s t u d ie s  f r o m  w h ic h  it  c a n  b e  i n f e r r e d  th a t  e t i o p l a s t s  a n d  d e v e l o p in g  

c h l o r o p l a s t s  s y n t h e s i z e  p r o t e i n s  in  v iv o  ; e v e n  f e w e r  w h i c h  d i r e c t l y

d e m o n s t r a t e /
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d e m o n s t r a t e  t h a t  t h e  e t i o p l a s t  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  i s  

f u n c t i o n a l  e i t h e r  in  v iv o  o r  in  v i t r o ; and  n o n e  w h a t s o e v e r  w h ic h  

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

r i b o s o m e  p r o d u c t .

S m i t h  ( 1 9 7 0 a )  h a s  sh o w n  t h a t  d u r in g  g r o w t h  in  th e  d a r k n e s s  

b a r l e y  l e a v e s  a c c u m u l a t e  F r a c t i o n  I p r o t e i n ,  th e  s y n t h e s i s  o f  w h ic h  

in  g r e e n  t i s s u e  h a s  b e e n  u n e q u i v o c a l l y  d e m o n s t r a t e d  to  in v o lv e  

c h l o r o p l a s t  r i b o s o m e s  ( B l a i r  and E l l i s ,  1 9 7 3 ) .  I t  s e e m s  r e a s o n a b l e  

to i n f e r  t h a t  th e  s y n t h e s i s  o f  t h i s  p r o t e i n  d u r in g  g r o w t h  in  t h e  d a r k  

i s  due in  p a r t  to  t h e  a c t i v i t y  o f  e t i o p l a s t  r i b o s o m e s .  S i m i l a d y  

B r a d b e e r  an d  h i s  c o l l e a g u e s  ( B r a d b e e r ,  1 9 7 5 )  h a v e ,  a s  h a s  b e e n  

s t a te d ,  d e m o n s t r a t e d  th a t  b e a n  e t i o p l a s t s  c o n t a in  s i g n i f i c a n t  a m o u n t s  

o f  c y t o c h r o m e s  f,  b 5 6 3  and  b 5 5 9 L P .  S t u d ie s  w i t h  r i b o s o m e  i n h i b i t o r s  

( s e e  s e c t i o n  I 3 B i i a )  s u g g e s t  th a t  t h o s e  p r o t e i n s  a r e  a l s o  s y n t h e s i z e d  

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

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

M o r e  d i r e c t  a t t e m p t s  to  d e m o n s t r a t e  th e  a c t i v i t y  o f  e t i o p l a s t  

and  d e v e l o p in g  c h l o r o p l a s t  r i b o s o m e s  in  v iv o  h a v e  b e e n  m a d e .

H o w e v e r  t h e s e  s t u d i e s ,  in v o lv in g  i n h i b i t o r  and  d o u b l e - l a b e l l i n g  

t e c h n i q u e s  ( K a v e h  a n d  H a r e l ,  197 3) h a v e  m e t  w i th  o n ly  l i m i t e d  

s u c c e s s .  In a d d i t io n  to  th e  p r a c t i c a l  d i f f i c u l t i e s  e n c o u n t e r e d  t h e r e  

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

c h a r a c t e r i z e  th e  p r o d u c t s  o f  d e v e lo p in g  c h l o r o p l a s t  p r o t e i n  s y n t h e s i s .  

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

b e c a u s e  o f  th e  p o s s i b i l i t y  th a t  p o l y p e p t i d e s  s y n t h e s i z e d  on o n e  s e t  o f  

r i b o s o m e s ,  f o r  e x a m p l e  8 0 S  r i b o s o m e s ,  m a y  c o n t r o l  th e  s y n t h e s i s  

o f  p o l y p e p t i d e s  u p o n  a n o t h e r  r i b o s o m e  g r o u p ,  f o r  e x a m p l e  7 0 S  

r i b o s o m e s .  A p r e c e d e n t  f o r  t h i s  s i t u a t i o n  h a s  b e e n  d i s c u s s e d  in 

r e l a t i o n  to  t h e  s y n t h e s i s  o f  F r a c t i o n  I p r o t e i n  ( E l l i s  1 9 7 5 a ) .

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

e t i o p l a s t  an d  d e v e l o p in g  c h l o r o p l a s t  r i b o s o m e s  i s  to  m a i n t a i n  and  

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

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

e t  a l ,  1 9 7 2 b )  and  h i g h e r  p l a n t s  ( R e g e r  e t  a l ,  1 9 7 2 a ;  D r u m r n  and 

M a r g u l i e s /
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M a r g u l i e a ,  1 9 7 0 ;  S m i l l i e  e t  a l ,  1 9 7 2  ) a r e  a b l e  to  c a r r y  o u t  in  v i t r o  

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

i n c o r p o r a t i o n  a p p e a r  v e r y  s i m i l a r  to t h o s e  o f  in  v i t r o  c h l o r o p l a s t  

p r o t e i n  s y n t h e s i s  in  r e g a r d  to  b o th  d u r a t i o n  a n d  a n t i b i o t i c  in h i b i t i o n  

( R e g e r  e t  a l ,  1 9 7 2 a ,  1 9 7 2 b  ; D r u m m  a n d  M a r g u l i e s ,  1 9 7 0 ) .  T h e  

c a p a c i t y  f o r  m  v i t r o  p r o t e i n  s y n t h e s i s  a l s o  a p p e a r s  to i n c r e a s e  in 

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

w ith  both  t h e  s p e c i e s  and e x p e r i m e n t a l  c o n d i t i o n s  u s e d .

B e y o n d  t h e s e  v e r y  b a s i c  o b s e r v a t i o n s  t h e r e  i s  no f u r t h e r  

i n f o r m a t i o n  up o n  th e  c h a r a c t e r i s t i c s  o f  e t i o p l a s t  and  d e v e lo p in g  

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

3. C I J L O R O P L A S T  T R A N S C R I P T I O N  A N D  T R A N S L A T I O N  

A. C H L O R O P L A S T  T R A N S C R I P T I O N .

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

a. C h l o r o p l a s t  DN A

In a l l  h i g h e r  p l a n t  s p e c i e s  e x a m i n e d  to  d a te  c h l o r o p l a s t  D N A  

h a s  a  b u o y a n t  d e n s i t y  o f  1. 6 9 7 i  0 .  0 0 2  g c m   ̂ and  a  b a s e  

c o m p o s i t i o n  o f  3 7 .  5 -  2% G C  ( K i r k ,  1 9 7 6 ) .  T h e  i n v a r i a n c e  o f  

c h l o r o p l a s t  D N A  in  t h i s  r e s p e c t  c o n t r a s t s  w i t h  n u c l e a r  D N A  w h ic h  

m a y  h a v e  a  s m a l l e r ,  l a r g e r  o r  s i m i l a r  d e n s i t y  to  c h l o r o p l a s t  DN A 

f r o m  the  s a m e  p l a n t ,  d e p e n d in g  upon t h e  s p e c i e s  ( W e l l s  a n d  B i r n s t i e l ,  

1 9 6 9 ;  W ell  s a n d  I n g l e ,  1 9 7 0 ;  W h i t f e ld  a n d  S p e n c e r ,  1 9 6 8 ) .  C h l o r o p l a s t  

D N A  m a y  a l s o  b e  d i s t i n g u i s h e d  f r o m  n u c l e a r  D N A  in  th a t  i t  c o n t a in s  

no d e t e c t a b l e  5 - m e t h y l c y t o s i n e  ( W h i t f e l d  and S p e n c e r ,  1 9 6 8 ;  T e w a r i  

an d  W i ld m a n ,  1 9 7 0 )  and i s  n o t  c o m b i n e d  w i t h  b a s i c  p r o t e i n s  ( T e w a r i  

and  W i ld m a n ,  1 9 6 9 ) .

A f t e r  d e n a t u r a t i o n  w i t h  e i t h e r  h e a t  o r  a l k a l i  c h l o r o p l a s t  D N A  

r e n a t u r e s  e x t r e m e l y  r a p i d l y  ( B a s t i a  e t  a l ,  1 9 7 1 )  in  c o m p a r i s o n  to 

n u c l e a r  D N A  w h i c h  w i l l  r e n a t u r e  to o n ly  a  s l i g h t  e x t e n t  o v e r  a  

p e r i o d  o f  s e v e r a l  h o u r s  (K u n g  and  W i l l i a m s ,  1 9 6 9 ) .  T h e  r a p i d  

r e n a t u r a t i o n  o f  a c l d o r o p l a s t  D N A  s a m p l e  i m p l i e s  th a t  h o m o l o g o u s  

s e q u e n c e s  a r e  p r e s e n t  in h ig h  c o n c e n t r a t i o n ,  an d  t h e r e f o r e  t h a t  th e  

n u m b e r  o f  u n iq u e  s e q u e n c e s  a r e  s m a l l .  T h i s  f a c t  c a n  b e  e x p r e s s e d  

q u a n t i t a t i v e l y  by d e t e r m i n i n g  th e  k i n e t i c  c o m p l e x i t y  o f  th e  D N A  

m o l e c u l e s  in  a  s a m p l e .  T h e  k i n e t i c  c o m p l e x i t y  i s  a  m e a s u r e  o f  the  
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s i z e  o f  th e  u n iq u e  s e t  o f  n u c l e o t i d e  s e q u e n c e s  in  a  D N A  s a m p l e  

and i t  i s  d e t e r m i n e d  f r o m  th e  r a t e  a t  w h ic h  t h e  D N A  r e n a t u r e s  

( B r i t t e n  an d  K o h n e ,  1 9 6 8 ;  W e l m u r  an d  D a v id s o n ,  1 9 6 8 ) .  A  n u m b e r  

o f  t h e  v a l u e s  f o r  th e  k i n e t i c  c o m p l e x i t y  o f  c h l o r o p l a s t  D N A  w h ic h  

h a v e  b e e n  p u b l i s h e d  ( W e l l s  an d  S a g e r ,  1 9 V 1) a n d  s t i l l  a r e  b e i n g  

p u b l i s h e d  ( K i r k ,  1 9 7 6 )  a r e  i n c o r r e c t  b e c a u s e  t h e y  a r e  e s t i m a t e d
8b y  r e f e r e n c e  to  th e  u n r e v i s e d  m o l e c u l a r  w e ig h t  o f  1. 3 x  10 f o r

b a c t e r i o p h a g e  T  D N A  (D u b in  at a l ,  1 9 7 0 ) .  H o w e v e r  u s i n g  the  
** 8

c o r r e c t e d  v a lu e  o f  1. 0 6  x  10 i t  i s  s t r i k i n g  t h a t  th e  k i n e t i c

8
c o m p l e x i t i e s  o f  c h l o r o p l a s t  DNA f r o m  th e  s m a l l  n u m b e r  o f  a l g a e  

and h i g h e r  p l a n t s  e x a m i n e d  so  f a r  a r e  a l l  in  t h e  r a n g e  0 .  9 - 1. 0 x  1 0 “ . 

I n t u i t i v e l y  i t  w o u ld  s e e m  u n l i k e l y  t h a t  t h i s  i s  c o i n c i d e n t a l .  I f  

e x t e n d e d  to a  w i d e r  s p e c t r u m  o f  o r g a n i s m s  t h e n  t h i s  o b s e r v a t i o n  

m i g h t  b e  t a k e n  to  i n d i c a t e  t h a t  a t  l e a s t  th e  a m o u n t ,  and  p o s s i b l y  a l s o  

th e  t y p e  o f  i n f o r m a t i o n  r e s i d i n g  i n  c h l o r o p l a s t  D N A  i s  i n v a r i a n t  

t h r o u g h o u t  e v o lu t io n .

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

c h l o r o p l a s t  D N A  i .  e .  th e  a m o u n t  o f  D N A  p e r  c h l o r o p l a s t ,  w ith  th e  

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

t h r o u g h o u t  th e  p l a n t  k in g d o m  ( K i r k  an d  T i l n e y - B a s s e t t ,  1 9 6 7 ) ,
9 10

r a n g i n g  f r o m  a b o u t  10 to 10 d a l t o n s  p e r  c h l o r o p l a s t  ( E l l i s  and

H a r t l e y ,  1 9 7 4 ) .  T h e  k i n e t i c  c o m p l e x i t i e s  a r e  th u s  a l w a y s  m u c h  l o w e r  

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

10 an d  100  c o p i e s  o f  t h e  D N A  s e q u e n c e s  in  e a c h  c h l o r o p l a s t .

H e r r r n a n  e4 a l  ( 1 9 7 5 )  h a s  sh o w n  t h a t  th e  n u m b e r  o f  c o p i e s  i s  r e l a t e d  

to  th e  s i z e  o f  th e  c h l o r o p l a c t ;  t h e  l a r g e r  t h e  c h l o r o p l a s t  t h e  m o r e  

c o p i e s  o f  D N A  i t  c o n t a i n s .

I t  i s  n o t  p o s s i b l e  to  d e m o n s t r a t e  by  r e n a t u r a t i o n  k i n e t i c s  th a t  

t h e r e  i s  a n y  i n t e r m o l e c u l a r  h e t e r o g e n e i t y  in  c h l o r o p l a s t  D N A  b u t  i t  

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

e x i s t s .  T h i s  i s  m o s t  c l e a r l y  s e e n  in  the  m o d a l i t y  o f  t h e  d i f f e r e n t i a l  

m e l t i n g  c u r v e s  o f  c e r t a i n  a l g a l  D N A  p r e p a r a t i o n s  ( D a l m o n  and  B a y e n .

1 9 7 5 ) .  T h e  s a m e  a p p r o a c h  w ith  h i g h e r  p l a n t  c h l o r o p l a s t  D N A  i s  n o t  

a b le/
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a b l e  to d e t e c t  a n y  g r o s s  i n t r a m o l e c u l a r  h e t e r o g e n e i t y  ( K o l o d n e r  and 

T e w a r i ,  1 9 7 5 a )  b u t  th e  p r e s e n c e  o f  A T  and G C  r i c h  r e g i o n s  in 

c i r c u l a r  p e a  c h l o r o p l a s t  D N A  c a n  b e  d e m o n s t r a t e d  by  d e n a t u r a t i o n  

m a p p in g  ( K o l o d n e r  and T e w a r i ,  1 9 7 5 c ) .

M o r e  r e c e n t l y  i t  h a s  b e e n  sh o w n  th a t  th e  s e q u e n c e s  in  c h l o r o p l a s t

D N A  a r e  n o t  p r e s e n t  in  a h i g h ly  r e i t e r a t e d  m o l e c u l e  b u t  e x i s t  in  th e

f o r m  o f  m u l t i p l e  c o p i e s .  I f  p r e c a u t i o n s  a r e  t a k e n  to m i n i m i s e  s h e a r i n g

a  p r o p o r t i o n  o f  c h l o r o p l a s t  DN A c a n  b e  i s o l a t e d  a s  c i r c l e s .  C i r c u l a r

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

l e t t u c e ,  o a t s ,  b e a n  ( K o l o d n e r  and T e w a r i ,  1 9 7 2 ,  1 9 7 5 a ;  M a n n in g  e t  a l ,

197 2 ) ,  E u g l  e n a  ( G r a y  an d  K e k w i c k ,  1 9 7 4 b )  an d  A n t i r r h i n u m  m  a ju s ,

O e n o t h e r a  h o o k e r i  and  B e t a  v u l g a r i s  ( H e r r m a n  e t  a l ,  1975) .  In a l l

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

t h e  r a n g e  3 7 - 4 5  p m ;  t h i s  i s  th e  e x p e c t e d  l e n g t h  o f  a  d o u b l e - s t r a n d e d
8

D N A  m o l e c u l e  h a v in g  a m o l e c u l a r  w e ig h t  o f  0. 8 5  - 1. 0 x  10 , a 

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

c h l o r o p l a s t  D N A s .  T h i s  c o r r e s p o n d e n c e  o f  l e n g t h  and  k i n e t i c  

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

b y  th e  c h l o r o p l a s t  D N A  i s  a c c o m m o d a t e d  b y  the  l e n g t h  o f  a  c i r c u l a r  

m o l e c u l e .  D i r e c t  e v i d e n c e  f o r  c h l o r o p l a s t  p o ly p lo id y  h a s  c o m e  f r o m  

e l e c t r o n  m i c r o s c o p i c  an d  a u t o r a d i o g r a p h i c  s t u d i e s ,  w h i c h  sh o w  th a t  

e a c h  c h l o r o p l a s t  c a n  h a v e  up to  3 2 - D N A  c o n t a in in g  r e g i o n s ,  th e  

m e m b e r  d e p e n d in g  upon t h e  s i z e  o f  th e  c h l o r o p l a s t  ( K o w a l l i k  and 

H e r r m a n ,  1 9 7 2 ) .

It s e e m s  l i k e l y  t h a t  th e  c i r c u l a r  c h l o r o p l a s t  D N A  m o l e c u l e s  

e x i s t  in v iv o  in  th e  f o r m  o f  c i r c u l a r  s u p e r c o i l s .  M a n n i n g  e t  a l  ( 1 9 7 2 )  

arid K o l o d n e r  and  T e w a r i  ( 1 9 7 2 )  r e p o r t e d  t h e  p r e s e n c e  o f  s u p e r c o i l e d  

m o l e c u l e s  in t h e i r  p r e p a r a t i o n s  a n d  K o lo d n e r  and T e w a r i  ( 1 9 7 4 a )  

r e p o r t  t h a t  a  m a x i m u m  o f  80%  o f  the  c h l o r o p la . s t  D N A  c a n  b e  i s o l a t e d  

a s  c i r c u l a r  m o l e c u l e s ,  an d  a s  m u c h  a s  3 0 - 4 0 %  o f  th e  t o t a l  c h l o r o p l a s t  

D N A  c o u ld  b e  i s o l a t e d  in th e  s u p e r c o i l e d  f o r m .

T h e  s a m e  a u t h o r s ,  K o l o d n e r  and T e w a r i  ( 1 9 7 5 b )  h a v e  sho w n 

t h a t  c h l o r c p l a s t  DN A i s o l a t e d  f r o m  b o th  p e a  and c o r n  c o n t a i n s  both  

C a i r n s /
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C a i r n s  ty p e  and  r o l l i n g  c i r c l e  i n t e r m e d i a t e s .  T h e y  c o n c l u d e  t h a t  

the  r e p l i c a t i o n  o f  c h l o r o p l a s t  D N A  i n v o l v e s  a ro u n d  o f  C a i r n s  typ o  

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

b. C h l o r o p l a s t  D N A  p o l y m e r a s e

T h e  r e p l i c a t i o n  o f  c h l o r o p l a s t  D N A  i s  m e d i a t e d  b y  th e  a c t i v i t y  

o f  c h l o r o p l a s t  D N A  p o l y m e r a s e .  D N A  p o l y m e r a s e  a c t i v i t y  h a s  b e e n  

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

( S p e n c e r  an d  W h i t f e ld ,  1 9 6 9 ;  T e w a r i  a n d  W i ld m a n ,  1 9 6 7 )  and 

E u g l e n a  ( S c o t t  e t  a l ,  1 9 6 8 ) .  T h e  a c t i v i t y  i s  d e p e n d e n t  upon th e  

p r e s e n c e  o f  a l l  f o u r  d e o x y n u c l e o s i d e  t r i p h o s p h a t e s  and  M g^ + , and 

i n c o r p o r a t i o n  i s  s e n s i t i v e  to  D N A s e .  T h i s  s u g g e s t s  th a t  the

p o l y m e r a s e  a c t i v i t y  w a s  a s s o c i a t e d  w i th  l y s e d  c h l o r o p l a s t s .
3

B o h n e r t  e t  a l  ( 1 9 7 4 )  h a s  r e p o r t e d  th e  i n c o r p o r a t i o n  o f  ( H) t h y m id in e  

in to  D N A  in  i s o l a t e d  i n t a c t  c h l o r o p l a s t s  i n c u b a t e d  in th e  p r e s e n c e  o f  

D N A s e  I. T h i s  u n e q u i v o c a l l y  d e m o n s t r a t e s  th e  a c t i v i t y  of  a 

c h l o r o p l a s t - l o c a t e d  D N A  p o l y m e r a s e .

T h e  p r o d u c t s  o f  DN A s y n t h e s i s  in  i s o l a t e d  c h l o r o p l a s t s  show  

g r e a t  s i m i l a r i t y  to c h l o r o p l a s t  D N A. T h e  l a b e l l e d  p r o d u c t  h a s  the  

s a m e  b u o y a n t  d e n s i t y  a s  c h l o r o p l a s t  D N A , i t  h y b r i d i z e s  to  a  m u c h  

l a r g e r  e x t e n t  w i th  c h l o r o p l a s t  D N A  t h a n  w i th  n u c l e a r  D N A  and i t  h a s  

a s i m i l a r  b a s e  c o m p o s i t i o n  to  c h l o r o p l a s t  D N A  ( T e w a r i  and W ild m a n ,  

¡ 9 6 7 ) .  T h e  p r o d u c t  o f  D N A  s y n t h e s i s  in  i s o l a t e d  s p in a c h  c h l o r o p l a s t s  

a l s o  e x h i b i t s  th e  r a p i d  r e n a t u r a t i o n  c h a r a c t e r i s t i c  o f  c b l o r o p l n s t  DN A 

( S p e n c e r  a n d  W h i t f e l d ,  1 9 6 9 ) .  I t  s h o u ld  b e  r e m e m b e r e d  th a t  w ith  

t h i s  d a ta  a l o n e  i t  i s  n o t  p o s s i b l e  to  d i s t i n g u i s h  w h e t h e r  the 

i n c o r p o r a t i o n  a c t i v i t y  i s  a s s o c i a t e d  w i t h  a n  e n z y m e  c a r r y i n g  out 

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

T h e  c h l o r o p l a s t  DN A p o l y m e r a s e  i s  m e m b r a n e - b o u n d ,  a l th o u g h  

at l e a s t  in  th e  c a s e  o f  E u g l e n a  i t  c a n  b e  s o l u b i l i z e d  by  t r e a t m e n t  

w ith  h ig h  c o n c e n t r a t i o n s  of s a l t  ( K e l l e r  e t  a l ,  1 9 7 3 ) .  T h e  p u r i f i e d  

e n z y m e  i s  i n h i b i t e d  b y  e t h id iu m  b r o m i d e ,  w h ic h  p o s s i b l y  c o r r e l a t e s  

w ith  t h e  o b s e r v a t i o n  t h a t  th e  t r e a t m e n t  o f  G h l a m y d o m o n a s  c e l l s  

w ith  e t h i d i u m  b r o m i d e  i n d u c e s  a s e l e c t i v e  a n d  r e v e r s i b l e  in h ib i t io n  

of/
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o f  c h l o r o p l a s t  D N A  r e p l i c a t i o n  ( F l s t c h n e r  a n d  S a g e r ,  1 9 7 3 ) .

C h l o r o p l a s t  DNA in  E u g l e n a  and  C?i! a m y do m o n a s  h a s  b e e n  sho w n 

to r e p l i c a t e  in  a s e m i - c o n s e r v a t i v e  f a s h i o n ,  th e  s y n t h e s i s  o f  

c h i o r o p l a s t  an d  n u c l e a r  D N A  ta k in g  p l a c e  a t  d i f f e r e n t  t i m e s  in the 

c e l l  c y c l e  ( C h ia n g  and  S u e o k a ,  1 9 6 7 ) .  T h e  f a c t o r s  c o n t r o l l i n g  th e  

t i m e  a n d  r a t e  o f  s y n t h e s i s  o f  c h l o r o p l a s t  D N A  a r e  unknow n.

c .  C h l o r o p l a s t  R N A  p o l y m e r a s e

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

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

p la n t  s p e c i e s  ( S u r z y k i ,  1 9 6 9 ;  T e w a r i  an d  W i ld m a n ,  1 9 6 9 ;  B o t t o m l e y ,  

1 9 7 0 ) .  In m o s t  c a s e s  t h e s e  s t u d i e s  h a v e  b e e n  p e r f o r m e d  u s i n g  l y s e d  

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

s u b s t r a t e s  p e n e t r a t e  th e  c h l o r o p l a s t  e n v e l o p e  a t  s lo w  r a t e s .  L y s e d  

p r e p a r a t i o n s  do n o t  h o w e v e r  s y n t h e s i z e  d i s c r e t e  s p e c i e s  o f  R N A ; 

i n s t e a d  a  p o l y d i s p e r s e  p a t t e r n  o f  p r o d u c t s  r a n g i n g  in s i z e  f r o m  5 S  

to  2 3 S  i s  o b t a i n e d  ( S p e n c e r  an d  W h i t f e ld ,  1 9 6 7 ) .  On t h e  o t h e r

hand i n t a c t  i s o l a t e d  c h l o r o p l a s t s ,  w h i c h  a r e  a b l e  to u s e  l i g h t  to
3

p h o s p h o r y l a t e  ( H) u r id i n e  ( H a r t l e y  an d  E l l i s ,  1 9 7 3 ) ,  s y n t h e s i z e  

a  s m a l l  n u m b e r  o f  d i s c r e t e  R N A  p r o d u c t s  ( s e c t i o n  I 3 A i id ) .  In 

c o n t r a s t  to  th e  l y s e d  c h l o r o p l a s t  p r e p a r a t i o n  R N A  p o l y m e r a s e  

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

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

to r i b o n u c l e a s e .

C h l o r o p l a s t  R N A  p o l y m e r a s e  i s  b o u n d  to  th e  t h y la k o id  

m e m b r a n e s  ( T e w a r i  and W i ld m a n ,  1 9 6 7 )  b u t  i t  c a n  be r e l a t i v e l y  

e a s i l y  r e m o v e d  by' w a s h i n g  w ith  d i s t i l l e d  w a t e r  ( B e n n e t  an d  E l l i s ,  1 9 7 3 )  

o r  a  l o w  s a l t  b u f f e r  c o n t a in in g  E D T A  ( B o t t o m l e y  jet a l ,  197 1 ).  R N A  

p o l y m e r a s e  s o l u b i l i z e d  f r o m  w h e a t  t h y l a k c i d s  b y  h igh  s a l t  b u f f e r s  

( P o l y a  a n d  .T a g e n d o rf ,  1 9 7 1 )  i s  found  to  b e  t o t a l l y  i n s e n s i t i v e  to 

r i f a m p i c i n  an d  o n ly  u n d e r  s p e c i f i c  i o n i c  c o n d i t i o n s  w e r e  B o g o r a d  et  a l  

( 1 9 7 3 ) a b l e  to  d e m o n s t r a t e  e v e n  a p a r t i a l  1 30% ) in h i b i t i o n  o f  in  v i t r o  

p o l y m e r a s e  a c t i v i t y  b y  R i f a m p i c i n - S V .  I t  c a n  b e  a r g u e d  th a t  th e  

f a i l u r e  o f  t h i s  d ru g  ( w h ic h  i s  a  s p e c i f i c  i n h i b i t o r  o f  R N A  i n i t i a t i o n  

in  b a c t e r i a  ( W c h r l i  and  S t a h e l i n ,  1 9 7 1 ) )  to i n h i b i t  c h l o r o p l a s t  R N A  

p o l y m e r a s e /

i J i  *
I  I



3 2

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

i n c o r p o r a t i o n  i s  due o n l y  to  c h a i n  e l o n g a t i o n .  H o w e v e r  I b e l i e v e  

t h a t  c o n c l u s i o n s  b a s e d  up o n  t h e  a c t i o n  o f  t h i s  i n h i b i t o r  in  v iv o  

( s e c t i o n  I 3 A i i a )  m u s t  n e v e r t h e l e s s  b e  r e g a r d e d  w i t h  e x t r e m e  c a u t i o n .

S m i t h  and  B o g o r a d  ( 1 9 7 4 )  h a v e  a n a l y s e d  t h e  p o l y p e p t i d e  

c o m p o s i t i o n  o f  p u r i f i e d  R N A  p o l y m e r a s e  p r e p a r a t i o n s  f r o m  Z e a  m a i s 

by  S D S  p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s .  T h e y  c o n c l u d e  t h a t  th e  

e n z y m e  p x e p a r a t i o n  i s  c o m p o s e d  o f  2 m a j o r  and  4  m i n o r  p o l y p e p t i d e  

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

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

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

A 40  u m  c i r c l e  o f  d o u b l e - s t r a n d e d  D N A  o f  u n iq u e  b a s e  

s e q u e n c e  i s  s u f f i c i e n t  in  p r i n c i p l e  to  c o d e  f o r  a b o u t  125 p r o t e i n s  

o f  m o l e c u l a r  w e ig h t  5 0 00 0 .  T h e  m o s t  d i r e c t  an d  u n e q u i v o c a l  

m a n n e r  in  w h i c h  th e  f u n c t i o n  o f  c h l o r o p l a s t  D N A  c o u l d  b e  e l u c i d a t e d  

w o u ld  b e  to  r e c o n s t i t u t e  a  t r a n s c r i p t i o n a l  s y s t e m  c o n t a in in g  p u r i f i e d  

c h l o r o p l a s t  D N A  in  c i r c u l a r  f o r m  and p u r i f i e d  c h l o r o p l a s t  R N A  

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

w o u ld  t h e o r e t i c a l l y  t r a n s c r i b e  th e  g e n e s  in c h l o r o p l a s t  D N A  i n t o  a 

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

( f o r  e x a m p l e ,  r i b o s o m a l  an d  t R N A s )  o r ,  by t r a n s l a t i o n  in  a  p r o t e i n  

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

H o w e v e r  s u c h  s t u d i e s  m u s t  f o r  t h e  t i m e  b e in g  a w a i t  upon, a t  l e a s t ,  

t h e  p u r i f i c a t i o n  o f  t h e  c h l o r o p l a s t  R N A  p o l y m e r a s e  e n z y m e .

M e a n w h i l e  f o u r  m e t h o d s  h a v e  b e e n  u s e d ,  w i th  d i f f e r e n t  d e g r e e s  o f  

s u c c e s s ,  to  d e t e r m i n e  t h e  f u n c t i o n  o f  c h l o r o p l a s t  D N A.

a. T h e  s e l e c t i v e  in h i b i t i o n  o f  c h l o r o p l a s t  DNA t r a n s c r i p t i o n .

R i f a m p i c i n  i s  r e p o r t e d  to  b e  a  p o t e n t  i n h i b i t o r  o f  th e  

i n i t i a t i o n  o f  R N A  s y n t h e s i s  in b a c t e r i a  ( W e h r l i  an d  S t a h e l i n ,  1 9 7 1 ) .  

T h i s  d ru g  w i l l  a l s o  i n h i b i t  c h l o r o p l a s t  R N A  p o l y m e r a s e  in e x t r a c t s  

of C h la m y  d o m o n a s  ( S u r z y k i ,  1 9 6 9 ) .  W hen a p p l i e d  to  w h o le  o r g a n i s m s  

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

in t o  the  c h l o r o p l a s t ,  b u t  n o t  c y t o p l a s m i c ,  r i b o s o m a l  R N A  o f  

C h i  a m  y d o m o n a s  /
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Chi  a m y d o m o n a s  ( S u r z y k i ,  1 9 6 9 ) ,  C h l o r e l l a  ( B r a n d l e  an d  Z e t s c h e ,  1 9 7 1 )  

a n d  A c c t n l n i l a r i a  ( G a l l i n g ,  1 9 7 1 ) .  T h e s e  r e s u l t s  a r e  c o n s i s t e n t  w ith  

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

l o c a t e d  in  c h l o r o p l a s t  D N A  an d  a r e  t r a n s c r i b e d  b y  th e  c h l o r o p l a s t  

R N A  p o l y m e r a s e .  T h e  s p e c i f i c i t y  o f  t h i s  d r u g  m u s t  h o w e v e r  b e  

q u e s t io n e d .  A s  h a s  b e e n  p o i n t e d  o u t  ( s e c t i o n  I 3 A i c )  th e  c h l o r o p l a s t  

R N A  p o l y m e r a s e ( s )  f r o m  h i g h e r  p l a n t s  a s  n o r m a l l y  p r e p a r e d  and 

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

d i f f i c u l t  to  r e p e a t  th e  o b s e r v a t i o n s  o f  the  a l g a l  s y s t e m s  in  h i g h e r  

p l a n t s  ( B o t t o m l e y  e t  a l ,  1 9 7 )  ). I t  i s  q u ite  p o s s i b l e  t h a t  th e  in h i b i 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  R N A  s y n t h e s i s  b y  r i f a m p i c i n  in  a l g a e  i s  a 

s e c o n d a r y  e f f e c t  o f  th e  a n t i b i o t i c .

b .  G e n e t i c  a n a l y s i s  o f  m u t a n t s .

T h e  m a j o r i t y  o f  s t u d i e s  on  m u t a t i o n s  w h i c h  a f f e c t  c h l o r o p l a s t  

c o m p o n e n t s  a n d  a r e  b e l i e v e d  to  r e s i d e  in  c h l o r o p l a s t  D N A  h a v e  b e e n  

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

Ni c o t ia  l i t  .

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

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

f a s h i o n  a s  a s i n g l e  c i r c u l a r  l i n k a g e  g r o u p  ( G i l l h a m  e t  a l ,  1 9 7 4 ;

H a r r i s  e t  a l ,  1 9 7 4 ;  S a g e r ,  1 9 7 2 )  a n d  a r e  t h e r e f o r e  a s s u m e d  to 

r e s i d e  in c h l o r o p l a s t  D N A . T h e  b a s i s  f o r  b e l i e v i n g  th a t  th e  

e x t r a n u c l e a r  l i n k a g e  g r o u p  b e in g  m a p p e d  i s  i n d e e d  c h l o r o p l a s t  DNA 

i s  t h a t  th e  l in krw jeg ro up  i s  c i r c u l a r ,  the  m a p p e d  m u t a t i o n s  a f f e c t  

th e  c h i o r o p l a s t , a n d  m i t o c h o n d r i a l  D N A  i s  u s u a l l y  i n h e r i t e d  in  a 

n o n - M e n d e l i a n ,  b u t  b i p a r c n t a l  m a n n e r  ( A l e x a n d e r  e t  a l ,  1 9 7 4 ) .  T h e  

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

by  th e  d i s c o v e r y  th a t  t h e r e  e x i s t s  tw o Chi a m y d o m o n a s  m u t a n t s  

w h i c h  c a n  g r o w  h e t e r o t r o p h i c a l i y  o r  m i x o t r o p h i c a l l y  in  th e  p r e s e n c e  

o f  a n t i b i o t i c s  w h ic h  c a n  b e  d e m o n s t r a t e d  to  h a v e  i n h ib i te d  c h l o r o p l a s t  

r i b o s o m e  f u n c t i o n  ( B o y n t o n  e t  a l ,  1 9 7 3 ;  C o n d e  ¿ t  a l ,  1 9 7 5 ) .  T h e  

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

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

c i r c u l a r /
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c i r c u l a r  l i n k a g e  g r o u p  a n d  in  a  u n i p a r e n t a l  f a s h i o n .  T h e s e  o b s e r v a t i o n s  

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

a l t e r  a c h l o r o p l a s t  DN A e n c o d e d  r i b o s o m a l  p r o t e i n  w h i c h  o n ly  

h o w e v e r  c o n f e r s  a n t i b i o t i c  r e s i s t a n c e  w hen i t  i s  a s s e m b l e d  in to  a  

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

T h e r e  i s  a l s o  u n c e r t a i n t y  o v e r  th e  p h y s i c a l  b a s i s  f o r  u n i p a r e n t a l  

i n h e r i t a n c e  in  C h l a m y d o m o n a s  . It h a s  b e e n  s u g g e s t e d  th a t  w h e n  l i k e  

g a m e t e s  f u s e  t h e r e  i s  a s e l e c t i v e  d e s t r u c t i o n  o f  th e  c h l o r o p l a s t  D N A  

o f  o n e  o f  t h e  g a m e t e s  by  a  m o d i f i c a t i o n - r e s t r i c t i o n  s y s t e m  o f  t h e  

ty p e  k n o w n  in  b a c t e r i a  ( S a g e r  an d  L a n e .  1 9 7 2 ;  S a g e r  an d  R a m a n i s ,  1 9 7 4 ) .  

S a g e r  ( 1 9 7 2 )  a l s o  c l a i m s  t h a t  th e  e x t r a n u c l e a r  l i n k a g e  g r o u p  in 

G h l a m y d o m o n a s  r e c o m b i n a t i o n  a l s o  b e h a v e s  a s  i f  i t  w e r e  d ip lo id  

in  v é g é t a t i v e  c e l l s .  A s  th e  c h l o r o p l a s t  g e n o m e  i s  p o ly p lo id  

( s e c t i o n  I 3 A i a )  t h i s  i m p l i e s  t h a t  t h e r e  m u s t  b e  a  r e d u c t i o n  o f  t h e  

n u m b e r  o f  c h l o r o p l a s t  D N A  m o l e c u l e s  in t h e  g a m e t e  to  o n e .  T h e r e  i s  

no e x p e r i m e n t a l  e v i d e n c e  to  s u p p o r t  t h i s  i m p l i c a t i o n .  A n a l t e r n a t i v e  

m o d e l  o f  e x t r a n u c l e a r  r e c o m b i n a t i o n  in  C h l a m y do m o n a s  a r g u e s  th e  

d a ta  a c t  e ' . u a l l y  c o n s i s t e n t  w ith  th e  t r a n s m i s s i o n  of m u l t i p l e  g e n o m e  

c o p i e s  a t  g a m e t e  f u s i o n  and  s e e m s  m o r e  a t t r a c t i v e  ( G i l l h a m  ^ t  a l ,  1 9 7 4 ) .

B e a r i n g  in m i n d  t h e s e  r e s e r v a t i o n s  t h e  s i m p l e s t  i n t e r p r e t a t i o n  

o f  the  e x i s t a n c e  o f  a t  l e a s t  s i x  e x t r a n u c l e a r  g e n e  l o c i  m u t a t i o n s  

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

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

D N A. In  a  n u m b e r  o f  c a s e s  th e  n a t u r e  of t h e  m u t a t io n  h a s  b e e n  

f u r t h e r  d e f i n e d .  C h a n g e s  in  th e  s e d i m e n t a t i o n  c o e f f i c i e n t  and 

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

a n t i b i o t i c - r e s i s t a n t  m u t a n t s  h a v e  b e e n  r e p o r t e d  ( G i l l h a m  e t  a l .  1 9 7 0 ;

M e t s  an d  B o g o r a d ,  1 9 7 1 ;  B u r t o n ,  1 9 7 2 )  a n d  in  a  fe w  c a s e s  th e  

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

d e t e c t e d  ( V e t s  and B o g o r a d ,  1 9 7 2 ;  O h ta  e t  a l ,  1 9 7 5 ;  B r U g g e r  a n d  

B o s c h e t t i ,  1 9 7 5 ) .

G o o d  e v i d e n c e  t h a t  a m u t a t io n  i n h e r i t e d  in a m a t e r n a l  o r  u n i p a r e n t a l  

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

o n ly  b e e n  o b t a i n e d  in o n e  c a s e .  C h a n  and W i l d m a n  ( 1 9 7 2 )  s t u d ie d  the  

i n h e r i t a n c e /

jklilüî;



i n h e r i t a n c e  o f  a  m u t a t i o n  in  th e  l a r g e  s u b u n it  o f  F r a c t i o n  I p r o t e i n  

in  N ic o t . ia n a  t a b a c u m  . B y  a n a l y s i n g  t r y p t i c  p e p t i d e  f i n g e r p r i n t s  

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

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

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

v i a  th e  m a t e r n a l  l i n e  o n ly .  In h i g h e r  p l a n t s  i t  i s  b e l i e v e d  th a t  

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

o f  p l a s t i d s  f r o m  t h e  p o l le n .  C o n s e q u e n t l y  t h e s e  a u t h o r s  

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

F r a c t i o n  I p r o t e i n  r e s i d e s  in  c h l o r o p l a s t  D N A. T h e  s t u d i e s  o f  

Kurig e_t ad ( 1 9 7 4 )  ( s e c t i o n  I 2 A i )  c o r r o b o r a t e  t h i s  c o n c l u s i o n  

a l t h o u g h  t h e i r  c r i t e r a  a r e  l e s s  e x a c t i n g  than  t h o s e  o f  C h a n  and 

W i ld m a n .  W h e r e a s  a n  a l t e r e d  t r y p t i c  p e p t id e  f i n g e r p r i n t  i s  

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

( I n g r  a m ,  1 9 5 8 )  i t  s e e m s  t h a t  s m a l l  c h a r g e  d i f f e r e n c e s ,  r e s o l v a b l e  

byr i s o e l e c t r i c  f o c u s s i n g ,  a r e  e q u a l l y  l i k e l y  to  a r i s e  f r o m  p o s t -  

t r a n s l a t i o n a l  m o d i f i c a t i o n s .

c .  D N A - R N A  h y b r i d i z a t i o n  s t u d i e s .

I f  R N A  i s o l a t e d  f r o m  c h l o r o p l a s t s  c a n  b e  sh o w n  t:o h y b r i d i z e  

to c h l o r o p l a s t  D N A  b u t  n o t  to  n u c l e a r  D N A, t h i s  i s  g o o d  g r o u n d s  

f o r  b e l i e v i n g  t h a t  s u c h  R N A  i s  b o th  e n c o d e d  in  an d  t r a n s c r i b e d  

f r o m  c h l o r o p l a s t  D N A . A t t e m p t s  to  q u a n t i t a t e  th e  p r o p o r t i o n  o f  

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

b y  h y b r i d i z i n g  a  v a s t  e x c e s s  of c e l l u l a r  R N A  to th e  c h l o r o p l a s t  D N A , 

and  d e t e r m i n i n g  h ew  m u c h  o f  th e  D N A  i s  p r e s e n t  in  D N A / R N A  

d u p l e x e s  E s t i m a t e s  v a r y i n g  b e t w e e n  16 an d  6 0%  o f  th e  s i n g l e -  

s t r a n d e d  c h l o r o p l a s t  g e n o m e  h a v e  b e e n  o b t a in e d  b y  R a w s o n  ( 1 9 7 5 )  

and  H o w e l l  and W a l k e r  ( 1 9 7 4 ) .  T h e  h i g h e r  f i g u r e  m a y  i n d i c a t e  t h a t ,  

a t  l e a s t  in p a r t ,  t r a n s c r i p t i o n  of c h l o r o p l a s t  D N A  m a y  b e  s y m m e t r i c a l .

A n u m b e r  o f  h y b r i d i z a t i o n  s t u d i e s  h a v e  b e e n  c a r r i e d  o ut m o r e  

s p e c i f i c a l l y  w i th  th e  l a r g e r  ( 2 3 S  and  16S )  c h l o r o p l a s l  r i b o s o m a l  R N A s .  

In th e  m o s t  e x a c t i n g  study to  d a te  T h o m a s  and  T e w a r i  ( 1 9 7 4 a )  h a v e  

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

D N A  f o r  h y b r i d i z a t i o n  to c h l o r o p l a s t  rR N A .  F o r  a  n u m b e r  o f  h i g h e r
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p l a n t  s p e c i e ?  ( p e a ,  b e a n ,  l e t t u c e ,  s p i n a c h  and c o r n ;  T h o m a s  and 

T e w a r i  1 9 7 4 a ,  1 9 7 4 b )  th e y  c o n c l u d e  t h a t  e a c h  c i r c l e  o f  c h l o r o p l a s t  

D N A  c o n t a i n s  tw o c i s t r o n s  f o r  1 6 S  r i b o s o m a l  R N A  and tw o c i s t r o n s  

f o r  2 3 S  r i b o s o r n a l  R N A ,  C h l o r o p l a s t  r R N A  h a s  a l s o  b e e n  show n to 

h y b r i d i s e  to  c h l o r o p l a s t  D N A  in t o b a c c o  ( T e w a r i  a n d  W i ld m a n ,  1 9 6 8 )  , 

s w i s s  c h a r d  ( I n g l e  e t  a l ,  1 9 7 0  ) a n d  E u g l e n a  ( S c o t t ,  1 9 7 3 ) .  T h e r e  

h a s  b e e n  o n l y  a  p r e l i m i n a r y  r e p o r t  o f  t h e  h y b r i d i z a t i o n  o f  5S  

c h l o r o p l a s t  r R N A  to c h l o r o p l a s t  D N A  in  E u g le n a  ( P h i l l i p s  and 

C a r r ,  1 9 7 5 ) .

T h e r e  a r e  s e v e r a l  r e p o r t s  t h a t  c h l o r o p l a s t  r i b o s o m a l  R N A  

w i l l  a l s o  h y b r i d i z e  to  n u c l e a r  D N A  ( T e w a r i  and W i ld m a n ,  1 9 7 0 ;

I n g l e  e t  a l ,  1 9 7 0 )  r a i s i n g  th e  q u e s t i o n  o f  th e  f u n c t i o n a l i t y  of 

c h l o r o p l a s t  r i b o s o m a l  D N A  c i s t r o n s  in  v iv o  ■ T h e  s i g n i f i c a n c e  of 

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

t h a t  t h e r e  a r e  tw o t y p e s  o f  c h l o r o p l a s t  r i b o s o m a l  R N A , o n e  e n c o d e d  

in  c h l o r o p l a s t  D N A  an d  th e  o t h e r  e n c o d e d  in n u c l e a r  DNA.

H y b r i d i z a t i o n  s t u d i e s  h a v e  a l s o  sh o w n  t h a t  0 .  4 - 0 .  7%  o f  the  

c h l o r o p l a s t  D N A  c o n t a i n s  s e q u e n c e s  c o m p l e m e n t a r y  to tR N A s  

( T e w a r i  an d  W i ld m a n ,  1 9 7 0 ;  S c h w a r t z b a c h  e t  a l ,  1 9 7 5  ). T h i s  

a m o u n t  o f  D M A w ould  b e  s u f f i c i e n t  to  c o d e  f o r  a b o u t  2 C - 3 0  tR N A  

m o l e c u l e s  e a c h  o f  m o l e c u l a r  w e i g h t  2 5 0 0 0  ( T e w a r i  and W i ld m a n ,  1 9 7 0 ) .  

T h i s  w o r k  u s e d  u n f r a c t i o n a t e d  t R N A  h o w e v e r  a n d  m o r e  s t u d i e s  n e e d  

to  b e  d o ne  to  e s t a b l i s h  th e  s i t e  o f  e n c o d in g  o f  i n d iv id u a l  tR N A  s p e c i e s .

T o  d a te  no c h l o r o p i a s t  m R N A  h a s  b e e n  p u r i f i e d .  H o w e v e r  

R N A  i s o l a t e d  f r o m  c h l o r o p l a s t s  h a s  b e e n  show n t o  d i r e c t  th e  s y n t h e s i s  

o f  th e  l a r g e  s u b u n i t  o f  F r a c t i o n  I p r o t e i n  in an E s c h e r i c h i a  c o l i  c e l l -  

f r e 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  ( H a r t l e y  e t  a l , 1 9 7 5 ) .  P u r i f i c a t i o n  

o f  t h i s  m e s s e n g e r  an d  i t s  h y b r i d i z a t i o n  to  c h l o r o p l a s t  D N A  w ould 

c o n f i r m  th e  g e n e t i c  e v i d e n c e  a s  to  th e  c o d in g  s i t e  o f  t h i s  p r o t e i n .

d. I d e n t i f i c a t i o n  o f  R N A  and p r o t e i n  m o l e c u l e s  s y n t h e s i z e d  
in  i s o l a t e d  c h l o r o p l a s t s .

i f  t r a n s l a t i o n  c o u p le d  to t r a n s c r i p t i o n  c o u l d  b e  o b t a in e d  in 

i s o l a t e d  c h l o r o p l a s t s  t h e n  i d e n t i f i c a t i o n  o f  the  p r o d u c t s  w o u ld  a t  th e  

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

DNA/
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D N A  a n d  t h e  f u n c t i o n  o f  c h l o r o p l a s t  r i b o s o m e s .  H o w e v e r  to  d a te  i t  

l ia s  n o t  b e e n  p o s s i b l e  to  d e m o n s t r a t e  c o u p le d  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  in i s o l a t e d  c h l o r o p l a s t s .  I s o l a t e d  c h l o r o p l a s t s  do h o w e v e r  

s y r . t i i e s i z e  d i s c r e t e  s p e c i e s  o f  R N A  (a n d  a l s o  p r o t e i n ,  s e c t i o n  I 3 B i i b )  

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

D N A  c a n  b e  i d e n t i f i e d  b y  t h i s  m e t h o d .

T h e  m a j o r  p r o d u c t  of R N A  s y n t h e s i s  in i s o l a t e d  i n t a c t  

c h l o r o p l a s t s  i s  a  s p e c i e s  o f  m o l e c u l a r  w e ig h t  3. 7 x  10^ ( H a r t l e y  and 

E l l i s ,  1 9 7  3).  T h i s  m o l e c u l e  h a s  b e e n  s h o w n  by c o m p e t i t i v e  

h y b r i d i z a t i o n  to c h l o r o p l a s t  D N A  to b e  a  p r e c u r s o r  to  c h l o r o p l a s t

r i b o s o m a l  R N A  (C .  H e a d ,  p e r s o n a l  c o m m u n i c a t i o n ;  E l l i s  1 9 7 6 a ) .
6 6

M i n o r  s p e c i e s  o f  1. 2 x  10 a n d  0 .  47  x  10 a r e  a l s o  s y n t h e s i z e d  m  

i s o l a t e d  i n t a c t  c h l o r o p l a s t s  ( H a r t l e y  an d  E l l i s ,  1 9 7 3 )  but t h e i r  

i d e n t i t i e s  a r e  unknow n. A l l  t h r e e  o f  th e  in  v i t r o  s y n t h e s i z e d  R N A  

s p e c i e s  c o e l  e e l r o p h o r e s e  w ith  in  v iv o  s y n t h e s i z e d  s p e c i e s  

( H a r t l e y  a n d  E l l i s ,  1 9 7 3 ) .

S u m m a r i z i n g  th e  s t u d i e s  d e s c r i b e d  in  t h i s  s e c t i o n  i t  i s  

p o s s i b l e  to  s t a t e  t h a t  the kn o w n  g e n e s  in  c h l o r o p l a s t  D N A  a r e ;  

s o m e  c h l o r o p l a s t  tR N A , 2 3 S  a n d  16S  c h l o r o p l a s t  r i b o s o m a l  R N A , 

s e v e r a l  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 ,  and th e  l a r g e  s u b u n i t  o f  

F r a c t i o n  I p r o t e i n .

B .  C H L O R O P L A S T  T R A N S L A T I O N

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

C h l o r o p l a s t s  c o n t a i n  t h e i r  ow n 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 ,  

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

r e s e m b l a n c e  to  p r o k a r y o t i c  s y s t e m s  ( E l l i s ,  1 9 7 0 ) .  F o r  e x a m p l e  

c h l o r o p l a s t s  and  b a c t e r i a  s h o w  s i m i l a r i t i e s  in  t h e  s i z e  o f  . t h e i r  

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

and in  t h e  m e c h a n i s m  o f  i n i t i a t i o n  o f  p r o t e i n  s y n t h e s i s  ( B o u l t e r  e t  a l ,

1 9 7 2 ) .  T h e s e  s i m i l a r i t i e s  p r o v i d e  a  b a s i s  f o r  s u g g e s t i n g  t h a t  t h e r e  i s  

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

a .  R i b o s o m e s .

T h e  e x i s t e n c e  o f  tw o c l a s s e s  o f  r i b o s o m e s  in  g r e e n  p l a n t s  w a s  

f i r s t  s h o w n  b y  I . y t t l c t o n  ( 1 9 6 2 ) .  R i b o s o m e s  o f  th e  VOS c l a s s  h a v e  b e e n  

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

( H o c b e r /
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( H o o b e r  and B l o b e l ,  1 9 6 9 ;  S c o t t  e t  a l ,  1971  ; L e a v e r  and I n g l e ,  1 9 7 1 ;  

B o a r d m a n  e t  a l ,  1965) .  C h l o r o p l a s t  r i b o s o m e s  th u s  r e s e m b l e  t h o s e  

f r o m  p r o k a r y o t i c  c e l l s  in  t h e i r  S  v a lu e .

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

r i b o s o m a l  R N A s  h a v e  b e e n  d e t e r m i n e d  f o r  a  n u m b e r  o f  s p e c i e s  ( E l l i s  

and H a r t l e y ,  1 9 7 3 ) .  T h e  s m a l l  s u b u n it  o f  c h l o r o p l a s t  r i b o s o m e s  ( 3 0 S )  ' 

c o n t a i n s  o n e  R N A  s p e c i e s  o f  m o l e c u l a r  w e i g h t  0. 56  x  10^ ( 16S)  ( In g le  

e t  a l ,  1 9 7 0 ) :  w h i c h  i s  s m a l l e r  th a n  th 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  

4 0 S  r i b o s o m a l  s u b u n i t  R N A  w h ic h  h a s  a  m o l e c u l a r  w e ig h t  o f  0. 7 x  

10^ ( 1 8 S ) .  T h e  l a r g e r  s u b u n i t  o f  c h l o r o p l a s t  r i b o s o m e s  ( 5 0 S )  c o n t a i n s  

two R N A  s p e c i e s .  T h e  l a r g e r  s p e c i e s  h a s  a m o l e c u l a r  w e ig h t  o f  

1. 1 x  1 0 6 ( 2 3 S )  a n d  i s  u n s t a b l e ,  g iv in g  r i s e  to b r e a k d o w n  p r o d u c t s  

w h ic h  a r e  c h a r a c t e r i s t i c  f o r  e a c h  s p e c i e s  ( L e a v e r  and I n g le ,  1 9 7 1 ) .

T h e  6 0 S  s u b u n it  o f  c y t o p l a s m i c  r i b o s o m e s  c o n t a i n s  an a n a l o g o u s  2 5 S  

R N A  s p e c i e s .  A l s o  p r e s e n t  in th e  l a r g e  c h l o r o p l a s t  r i b o s o m a l  s u b u n it  

i s  a 5 3  R N A  ( m o l .  wt. 0 .  0 4  x  1 0 ^ ) .  T h i s  R N A  c a n  b e  d i s t i n g u i s h e d  

f r o m  a n  a n a l o g o u s  5 S  R N A  in  th e  c y t o p l a s m i c  r i b o s o m e  b y  f r a c t i o n a t i o n  

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

( D y e r  and  L e e c h ,  1 9 6 8 ;  P a y n e  an d  D y e r ,  1 9 7 1 ) .  R e c e n t l y  e v i d e n c e  

f r o m  D M A / R N A  h y b r i d i z a t i o n  s t u d i e s  ( P h i l l i p s  an d  C a r r ,  1 9 7 5 )  

i n d i r e c t l y  i n d i c a t e  t h a t  th e  c h l o r o p l a s t  5 S  r R N A  d o e s  n o t  sh o w  

e x t e n s i v e  h c m o l o g y  w ith  c y t o p l a s m i c  5 S  r R N A  in  E u g l e n a. A  m u c h  

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

5 3  r R N A  and t h e  5 S  R N A s  o f  a  n u m b e r  o f  b l u e - g r e e n  a l g a e .

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

g e l  e l e c t r o p h o r e s i s  ( H o o b e r  and  B l o b e l ,  1 9 6 9 ;  O d in t s o v a  and  Y u r i n a ,  

1 9 6 9 ;  V a s c o n c e l o s  an d  B o g o r a d ,  1 9 7 ! ;  H a n s o n  e t  a l ,  1 9 7 4 ;  F r e y s s n e t  

and S c h i f f ,  1 9 7 4 )  an d  by i m m u n o l o g i c a l  c r o s s - r e a c t i v i t y  t e s t s  ( W i t tm a n ,  

1 9 7 0 ) .  U s i n g  t h e  t e c h n i q u e  o f  t w o - d i m e n s i o n a l  g e l  e l e c t r o p h o r e s i s ,  

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

E u g l e n a  and C h l a m v d o m  on a s  th e  t o t a l  n u m b e r  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  in  t h e  r a n g e  o f  35  to  4 3  ( H a n s o n  e j  a l ,  1 9 7 4 ;  F r e y s s n e t  

and S c h i f f ,  1 9 7 4 ) .  T h i s  n u m b e r  i s  s i m i l a r  to  t h o s e  o b t a in e d  f o r  

p r o k a r y o t i c  /
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p r o k a r y o t i c  r i b o s o m e s  ( B i c k l e  and  T r a u t ,  1 9 V ! )  but d i f f e r s  f r o m  

t h e  f i g u r e  o f  a p p r o x i m a t e l y  6 0  to 7 0  w h i c h  a p p e a r s  to b e  m o r e  

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

r i b o s o m e s  ( H a n s o n  e t  a l ,  1 9 7 4 ;  F r e y s s n e t  a n d  S c h i f f ,  1 9 7 4 )  and 

o t h e r  e u k a r y o t i c  c y t o p l a s m i c  s y s t e m s  ( S h e r t o n  and  W o o l,  1 9 7 2 ;

W o l f e  e t  al_, 1 9 7 1 ) .

H o w e v e r  a l t h o u g h  t h e r e  a p p e a r s  to b e  a  n u m e r i c a l  s i m i l a r i t y  

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

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

e l e c t r o p h o r e s i s  ( K o o b e r  and B l o b e l ,  1 9 6 9 ) .  T h e  d e g r e e  o f  

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

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

O n ly  tw o p a i r s  o f  p r o t e i n s  o f  th e  s m a l l  s u b u n i t s  and f o u r  p a i r s  o f  

th e  l a r g e  s u b u n i t s  w e r e  fo u n d  to h a v e  s i m i l a r  e l e c t r o p h o r e t i c  

m o b i l i t i e s  in  b o th  d i r e c t i o n s .

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

m e m b r a n e s  ( C h e n  an d  W i ld m a n ,  1 9 7 0 ;  T a o  a n d  J a g e n d o r f ,  1 9 7 3 )  

and  p o ly  r i b o s o m e s  c a n  b e  i s o l a t e d  f r o m  b o t h  t h e  ' f r e e  r i b o s o m e '  

f r a c t i o n  o f  t h e  s t r o m a  ( C h e n  and  W ild rn a n ,  1 9 6 7 )  and f r o m  t h y l a k c i d  

m e m b r a n e s  t r e a t e d  w i t h  th e  d e t e r g e n t  N o n i d e t  P 4 0  ( M a r g u l i e s  and 

M i c h a e l s ,  1 9 7 5 ) .  T h e  c h a r a c t e r i s t i c s  o f  p o l y r i b o s o m e s  i s o l a t e d  b y  

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

F o r  i n s t a n c e  t r e a t m e n t  w ith  p r o t e a s e s  a s  w e l l  a s  r i b o n u c l e a s e  i s  

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

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

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

d i f f e r e n t  t y p e s  o f  p r o t e i n .  K i l i s , (  1 9 7 6 b )  l i a s  sh o w n  t h a t  th e  l a r g e  

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

o f  t h e  c h l o r c p l a s t  a n d  c o n v e r s e l y  M a r g u l i e s  e t  a l  ( 1 9 7 5 )  p o s t u l a t e  

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

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

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

r i b o s o m e s  i s  i n h i b i t e d  by  th e  s a m e  a n t i b i o t i c s  w h i c h  in h i b i t  p r o t e i n  

s y n t h e s i s  b y  p r o k a r y o t i c  r i b o s o m e s  ( B o u l t e r  e t  j i l ,  1 9 7 2 ;  i . l l i s  e t  a l , 

1 9 7 3 b  D - t h r e e  c h l o r a m p h e n i c o l  ( b u t  n o t  o t h e r  i s o m e r s ) ,  s p e c t i n o m y c i n ,  

l i n c o m y c i n /
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l i n c o m y c i n  and  e r y t h r o m y c i n  a l l  i n h i b i t  c h l o r o p l a s t  and  b a c t e r i a l  

r i b o s o m e  f u n c t i o n  in  v i t r o  ( E l l i s ,  1 9 7 0 ) .  A s  the  p r o t e i n  

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

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

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

th e  p r o t e i n s  a s  reveo.Vfcd.by g e l  e l e c t r o p h o r e s i s  o r  i m m u n o l o g y .

T h e r e  i s  n o  r e a s o n  to  b e l i e v e  t h a t  t h e r e  i s  a n y  s i m i l a r i t y  in  th e  

m e c h a n i s m  o f  a n t i b i o t i c  i n h i b i t i o n  in  th e  tw o c a s e s ,  n o r  e v e n  in 

t h e  r c l a t e d n e s s  o f  th e  a n t i b i o t i c  b in d in g  s i t e  on  th e  tv/o t y p e s  o f  

r i b o s o m e .

O n t h e  o t h e r  hand, c y c l o h e x i m i d e  i n h i b i t s  p r o t e i n  s y n t h e s i s  

on  SOS r i b o s o m e s  o f  g r e e n  ( E l l i s ,  1 9 6 9 )  and n o n - g r e e n  t i s s u e  

( E l l i s  and  M c D o n a ld ,  1 9 6 7 )  but h a s  no e f f e c t  on i_n v i t r o  p r o t e i n  

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

t h e  s t u d i e s  d e s c r i b e d  in s e c t i o n  I 3 B i i a  it  s h o u ld  b e  r e m e m b e r e d  th a t  

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

s y s t e m s .  T h e r e  a r e  n u m e r o u s  e x a m p l e s  to  show  th a t  i n h i b i t o r s  s u c h  a s  

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

e f f e c t s  in  w h o le  t i s s u e s  ( E l l i s ,  1 9 6 3 ;  E l l i s  an d  M c D o n a ld ,  1 9 7 0 ) .  It 

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

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

a l o n e  w i t h  no  o t h e r  e f f e c t s .

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

T h e  e x i s t e n c e  o f  p l a s t i d  s p e c i f i c  t R N A s  and  a m i n o  a c y l  tPvNA

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

a l g a e  a n d  h i g h e r  p l a n t s  ( E l l i s  e t  ad, 1 9 7 3 ) .  In t o b a c c o  l e a v e s  a

c o m p a r a t i v e l y  s t r a i g h t - f o r w a r d  r e l a t i o n s h i p  a p p e a r s  to e x i s t  b e t w e e n

th e  c o m p a r t r n e n t a l i z a t i o n  o f  t R N A ^ ^  and c h a r g i n g  by t h e i r  h o m o l o g o u s

a m i n o  a c y l  tR N A  s y n t h e t a s e  e n z y m e s .  S i x  i s o a c c e p l i n g  l e u c i n e  
' l e u

s p e c i f i c  t R N A s  a r e  found ( G u d e r i a n  £ t  a l ,  1 9 7 ) .  T w o  o '  t h e s e  a r e  

e x c l u s i v e l y  l o c a t e d  in th e  c h l o r o p l a s t s  and c o u ld  o n ly  b e  c h a r g e d  by 

th e  h o m o l o g o u s  c h l o r o p l a s t  a m i n o  a c y i  tR N A  s y n t h e t a s e  p r e p a r a t i o n .
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O f  th e  r e m a i n i n g  f o u r  t R N A  s p e c i e s  tw o a r e  e x c l u s i v e l y  l o c a t e d
le u

in th e  m i t o c h o n d r i a  and  tw o in  th e  c y t o p l a s m .  In b e a n  l e a v e s  a  m o r e  

c o m p l e x  s i t u a t i o n  i s  a p p a r e n t .  ( B u r k a r d  e t  a l ,  1 9 7 0 )

T h e  c y t o p l a s m  o f  l e a v e s  o f  P h a s e o l u s  c o n t a i n s  a  l e u c y l - t r a n s f e r  

R N A  s y n t h e t a s e  t h a t  c a n  add l e u c i n e  o n ly  to t h e  tw o l e u c y l  t r a n s f e r  

R N A  s p e c i e s  t h a t  a r e  c o m m o n  to  the  c y t o p l a s m  a n d  c h l o r o p l a s t ,  b u t  

i s  n o t  a b l e  to r e c o g n i s e  t h e  t h r e e  l e u c y l  t r a n s f e r  R N A  s p e c i e s  fo un d  

o n ly  in  th e  c h l o r o p l a s t .  T h e  c h l o r o p l a s t  e n z y m e  o n  th e  o t h e r  han d  

c a n  a m i n o a c y l a t e  a l l  f i v e  l e u c y l  t r a n s f e r  R N A  s p e c i e s .  T h e  

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

( 1 9 7 2 )  h a v e  m a d e  th e  s u g g e s t i o n  th a t  t h i s  a p p a r e n t l y  c o m p l e x  

s i t u a t i o n  w ith  r e g a r d  to t h e  c h a r g i n g  s p e c i f i c i t y  m a y  in  f a c t  b e  o n e  

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

a t  t h e  t r a n s l a t i o n a l  l e v e l .  M o d i f i c a t i o n s  in  t r a n s f e r  R N A  s p e c i e s  

w h i c h  endow  a  s p e c i f i c i t y  f o r  i n v o l v e m e n t  in  c h l o r o p l a s t  m .RN A  

t r a n s l a t i o n  m a y  a l lo w  f o r  th e  i n t e g r a t i o n  o f  p r o t e i n  s y n t h e s i s  in  th e  

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

R e g e r  e t  a] ( 1 9 7 0 )  h a v e  d e m o n s t r a t e d  th a t  in  E u g l e n a  c h l o r o p l a s t  

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

l i g h t .  S t u d ie s  in v o lv in g  t h e  u s e  o f  i n h i b i t o r s  and  th e  a p l a s t i d i c  

E u g l e n a  m u t a n t  W B U L  i n d i c a t e  th a t  a t  l e a s t  o n e  ( p h e n y l a l a n y l  t R N A  

s y n t h e t a s e )  o f  t h e s e  e n z y m e s  i s  e n c o d e d  in  n u c l e a r  D N A  and 

s y n t h e s i z e d  o n  c y t o p l a s m i c  r i b o s o m e s  ( H e c k e r  nt a l ,  1 9 7 4 ) .  I t  i s  

i n t e r e s t i n g  to  n o t e  th a t  P a r t h i e r  e t  a l  ( 1 9 7 2 )  c o n c l u d e  th a t  

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

O n e  h y p o t h e s i s  c o m p a t i b l e  w ith  t h i s  d a ta  i s  th a t  l i g h t  i n d u c e s  the 

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

th e  s y n t h e s i s  o f  p h e n y l a i a n y l  tR N A  s y n t h e t a s e  in  t h e  c y t o p l a s m i c  

c o m p a r t m e n t .  A l t e r n a t i v e l y  th e  i n h i b i t o r  d a t a  o f  P a r t h i e r  e t  a l  ( 1 9 7 2 )  

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

B y  a n a l o g y  to th e  b a c t e r i a l  s i t u a t io n  t h e  i n i t i a t i o n  o f  p r o t e i n  

s y n t h e s i s  on c h l o r o p l a s t  r i b o s p m e s  c o u ld  b e  e x p e c t e d  to  i n v o lv e  

N - f o r m y l  m e t h i o n i n e  a n d  i t s  c o g n a t e  tR N A . S c h w a r t z  e t  a l  ( 19 6 7 )  

h a v e  show n t h a t  c h l o r o p l a s t  r i b o s o m e s  f r o m  E u g l e n a  t r a n s l a t e  R N A  

f r o m  b a c t e r i o p h a g e  f^ i n t o  v i r a l  c o a t  p r o t e i n  w ith  N - f o r m y l

m e t h io n i n e /
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m e t h i o n i n e  a t  th e  a m i n o - t e r m i n u s .  T h e  e x i s t e n c e  o f  a  m e t h i o n y l  t R N A  

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

h a s  b e e n  d e m o n s t r a t e d  in  c h l o r o p l a s t s  (L .e i s  a n d  K e l l e r ,  1 9 7 0 ,  1971; 

M e r r i c k  and  D a r e ,  1971; B u r k a r d  e t  a l ,  1 9 6 9 ;  G u i l l e m a u t  e t  a l ,  1 9 7 2 ) .  

T w o  a d d i t io n a l  m e t h i o n y l  t R N A s  a r e  p r e s e n t  in  b e a n  c h l o r o p l a s t s ,  

b o th  o f  w h ic h  c a n n o t  b e  f o r m y l a t e d  an d  a r e  t h e r e f o r e  p r o b a b l y  

i n v o lv e d  in  p e p t i d e  c h a i n  e l o n g a t i o n  ( G u i l l e m a u t  e t  a l , 19 7 3 )  .

H i g h f i e l d  ( 1 9 7 5 )  h a s  e x t e n d e d  th e  e a r l i e r  s t u d i e s  o f  B i a n c h e t t i  e t  a l

( 1 9 7 1 )  and  h a s  s h o w n  t h a t  i s o l a t e d  p e a  c h l o r o p l a s t s  f o r m  N - f o r m y l  

m e t h i o n y l  p u r o m y c i n  w h e n  i n c u b a t e d  w ith  l i g h t ,  m e t h i o n i n e  and 

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

a p p e a r s  s i m i l a r  t h e r e f o r e  to  p r o k a r y o t i c  s y s t e m s .

c .  C l i l o r o p l a s t  m R N A

T h e  m a j o r  r e m a i n i n g  c o m p o n e n t  i n v o lv e d  in  c h l o r o p l a s t  

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

m e s s e n g e r  R N A  (rn R N A ) .  T h i s  i s  b e c a u s e  no s p e c i f i c  c h l o r o p l a s t  

m R N A  l ia s  b e e n  p u r i f i e d  s u f f i c i e n t l y  to  a l lo w  a n y  i n v e s t i g a t i o n  o f  

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

th a t  c h l o r o p l a s t  c o n t a i n  m R N A  c a m e  f r o m  B r a w e r r n a n  and E i s e n s t a d t  

( 1 9 6 4 ) .  T h e y  d e m o n s t r a t e d  th a t  E u g l e n a  c h l o r o p l a s t  R N A  w a s  a b l e  

to  s t i m u l a t e  a m i n o  a c i d  i n c o r p o r a t i o n  in  a  c e l l - f r e 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  f r o m  E .  c o l i . S u b s e q u e n t l y  H a r t l e y  e t  a l  ( 1 9 7 5 )  

w a s  a b l e  to s h o w  t h a t  th e  t o t a l  R N A  f r a c t i o n  i s o l a t e d  f r o m  s p in a c h  

c h l o r o p l a s t s  w a s  a b l e  to  s t i m u l a t e  a m i n o  a c i d  i n c o r p o r a t i o n  in to  

p r o t e i n ,  a l s o  in  a  c e l l - f r e 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  f r o m  E .  c o l i .

In  c o n t r a s t  t o  B r a w e r m a n  a n d  E i s e n s t a d t  ( 1 9 6 4 ) ,  H a r t l e y  e t  a l  ( 1975)  

p r o c e e d e d  to i d e n t i f y  o n e  o f  th e  in v i t r o  p r o d u c t s  b y  c h y m o t r y p t i c  

p e p t i d e  m a p p in g .  T h e  p o l y p e p t i d e  i d e n t i f i e d  i s  t h e  l a r g e  s u b u n it  

o f  F r a c t i o n  I p r o t e i n .  A  s e c o n d  d i s c r e t e  p r o d u c t  i s  s y n t h e s i z e d  

in  th e  c e l l - f r e e  s y s t e m  b u t  t h i s  p o ly p e p t id e  r e m a i n s  u n id e n t i f ie d .

I t  d o e s  n o t  a p p e a r  t h a t  t h e  m e t h o d  o f  p o l y - U  S e p h a r o s e  

a f f i n i t y  c h r o m a t o g r a p h y ,  w h i c h  i s  c o m m o n l y  u s e d  to  a s s i s t  in  the  

p u r i f i c a t i o n  o f  a n i m a l  c y t o p l a s m i c  m R N A  ( A d e s n i k  e t  a l ,  1 9 7 2 )  

w i l l  b e  o f  a n y  u s e  in  th e  c a s e  o f  th e  F r a c t i o n  I p r o t e i n  l a r g e  s u b u n it  

m R N A .  /



m R N A .  W h e e l e r  and H a r t l e y  ( 1 9 7  5) c o n c lu d e  th a t  c h l o r o p l a s t  m R N A  

l a c k s  p o l y - A  a n d  i t  w i l l  not  t h e r e f o r e  b in d  to p o l v - U  S e p h a r o s e .

R o s n e r  e t  a l  ( 1 9 7 5 )  hawt d e m o n s t r a t e d  th e  l i g h t - i n d u c e d  

s y n t h e s i s  o f  a n  R N A  s p e c i e s  in  g r e e n i n g  S p i r o d e l l a  f r o n d s .  T h i s  

R N A  l ias  t h e  s a m e  m o l e c u l a r  w e i g h t  ( a p p r o x i m a t e l y  0 .  5 x  10^) a s  

th e  f r a c t i o n  o f  t o t a l  c h l o r o p l a s t  R N A  w h ic h  i s  m o s t  e f f e c t i v e  in  

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

n o t  b e e n  e s t a b l i s h e d  and  i t  m a y  o r  m a y  not b e  a  m R N A .

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

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

q u e s t io n s  a s  to  t h e i r  f u n c t io n .  D o  c h l o r o p l a s t s  s y n t h e s i z e  an y  o f  

t h e i r  own p r o t e i n s  and, i f  s o ,  w h i c h  p r o t e i n s ?  I s  t h e  a b u n d a n c e  o f  

p l a s t i d  r i b o s o m e s  n e c e s s a r y  to  p r o d u c e  a fe w  p r o t e i n s  in  l a r g e r  

a m o u n t s  o r  m a n y  p r o t e i n s  in s m a l l e r  a m o u n t s  ? T h e  p r o b l e m  o f  

id e n t i f y in g  w h i c h  p r o t e i n s  a r e  s y n t h e s i z e d  by c h l o r o p l a s t  r i b o s o m e s  

h a s  b e e n  t a c k l e d  in  tw o v/ays.

a. E v i d e n c e  f r o m  in  v iv o  i n h i b i t o r  s t u d ie s .

T h e  r a t i o n a l e  o f  t h i s  a p p r o a c h  i s  th a t  i f  th e  s y n t h e s i s  o f  a 

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

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

r i b o s o m e s  in  v i v o .  C o n v e r s e l y ,  i f  s y n t h e s i s  i s  i n h i b i t e d  in  th e  

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

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

d e p e n d s  h o v ' e v e r  up on m a k i n g  a n u m b e r  o f  a s s u m p t i o n s .

T h e  f i r s t  a s s u m p t i o n  i s  th a t  t h e  a c t io n  o f  the  i n h i b i t o r  in  v iv o  

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

e v id e n c e  a c c u m u l a t i n g  to  s u g g e s t  t h a t  t h e  m o s t  c o m m o n l y  u s e d  

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

s y s t e m s  o t h e r  th a n  p r o t e i n  s y n t h e s i s  in  s o m e  h i g h e r  p l a n t s  ( s e e  T a b l e  

E l l i s ,  1 9 7 6 a ) .  F o r  c h l o r a m p h e n i c o l  a t  l e a s t  t h i s  o b j e c t i o n  c a n  b e  

p a r t i a l l y  r e m o v e d  by  r e l a t i n g  the e f f e c t s  of  D - t h r e o  c h l o r a m p h e n i c o l ,  

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

r i b o s o m e s  , to  th e  e f f e c t s  o f  o t h e r  i s o m e r s  o f  th e  d ru g  w h ic h  a r e  n o t



4 4

r i b o s o m a l  i n h i b i t o r s  in  v i t r o  ( E l l i s ,  1 9 6 9 ) .

A s e c o n d  a s s u m p t i o n  m a d e  i s  t h a t  th e  a p p e a r a n c e  in th e  

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

d ep en d  u p o n  a d d i t io n a l  p r o t e i n  ( s )  w h i c h  a r e  s y n t h e s i z e d  b y  a  

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

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

p r o t e i n  i s  m e a s u r e d  ( o f t e n  o f  n e c e s s i t y )  in t e r m s  o f  e n z y m i c  a c t i v i t y .

In t h i s  c a s e  th e  i n c r e a s e d  a c t i v i t y  o f  th e  p r o t e i n  m a y  b e  due e i t h e r  to 

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

p o s s i b i l i t i e s  c a n  b e  d i s t i n g u i s h e d  b y  th e  D^O l a b e l l i n g  t e c h n i q u e  

( F i ) n e r  an d  V a r n e r ,  1 9 6 7 ) .  B e a r i n g  in  m i n d  t h e s e  r e s e r v a t i o n s  T a b l e  

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

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

i n v o l v e s  p l a s t i d  r i b o s o m e s .  T h e  s m a l l  n u m b e r  o f  p r o t e i n s  l i s t e d  in  

T a b l e  D i m p l i e s  that th e  b u lk  o f  t h e  c h l o r o p l a s t  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 ,  a  c o n c l u s i o n  s u p p o r t e d  b y  n u m e r o u s  s t u d i e s  

in v o lv in g  t h e  u s e  o f  c y c l o h c x i m i d e  ( B o u l t e r  e t  a l ,  1 9 7 2 ;  E l l i s ,  1 9 7 5 b )  

C h l o r o p l a s t  r i b o s o m e s  a p p e a r  t h e r e f o r e  to  s y n t h e s i z e  r e l a t i v e l y  f e w  

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

F r a c t i o n  I p r o t e i n ,  i s  th e  m a j o r  p l a s t i d  p o ly p e p t id e .

b .  E v i d e n c e  f r o m  in  v i t r o  s t u d i e s .

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

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

i n h i b i t o r  s t u d i e s  an d  p r o v i d e s  u n a m b i g u o u s  r e s u l t s .  Howe o r  i t  m u s t  

b e  r e m e m b e r e d  t h a t  th e  r e s u l t s  o b t a i n e d  by  s tu d y in g  in  v il  p l a s t i d  

p r o t e i n  s y n t h e s i s  m u s t  a l w a y s  b e  r e l a t e d  b a c k  to  t h e  func< o f  p l a s t i d  

r i b o s o m e s  in  v iv o  .

P r i o r  to  1 9 7 3  th e  c h a r a c t e r i s t i c  o f  a m in o  a c i d  i n c o r ,  r a t i o n  by  

i s o l a t e d  c h i o r o p l a s t s  and  th e  c o m p o n e n t s  o f  th 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  o f  c h l o r o p l a s t s  h a d  b e e n  s t u d i e d  ( B o u l t e r  cd a l ,  1 9 7 2 ) .

H o w e v e r  no  u n e q u i v o c a l  d e m o n s t r a t i o n  o f  the  s y n t h e s i s  o f  a c h l o r o p l a s t  

p r o t e i n  in v i t r o  h a d  b e e n  a c h i e v e d  ( K i r k .  1 9 7 0 ;  W o o d c o c k  and  B o g o r a d ,  

1 9 7 1 ) .  In r e t r o s p e c t  th e  d i f f i c u l t i e s  s e e m  to h a v e  a r i s e n  f r o m  a 

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

o u t  p r o t e i n  s y n t h e s i s  a t  h ig h  r a t e s  a n d  w ith  f i d e l i t y ,  an d  t h e  u s e  o f  

p o o r  /



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

1. S u r z y c k i  ejt a l ,  1 9 7 0

2. M a r g u l i e s ,  1971

3. A r m s t r o n g  e t  a l ,  197 1

4. S m i l l i e  e t  a l ,  1971

5. S c h i f f ,  1 9 7 0

6. I r e l a n d  a n d  B r a d b e e r ,  1971

7 .  E l l i s  and H a r t l e y ,  1 9 7 1

8. H o c b e r ,  1 9 7 2

9 .  G r i d d l e  e t  a l ,  197 0

10. H o r a k  a n d  H i l l ,  1 9 7 2

11. S m i l l i e  e t  a l ,  196 7

12. B r a d b e e r ,  1 9 7 5

13. G r e g o r y  a n d  B r a d b e e r ,  1 9 7 3

14. S m i t h - J o h a n n s e n  and  G i b b s ,  1972

15. S i r e v a g  an d  L e v i n e ,  1 9 7 2

16. M a c h o ]  d a n d  A u r i c h ,  1 9 7 2

17. A p e l  and  S c h w e i g e r ,  1 9 7 2

18. E y t a n  and  O had ,  197 0

19. G o o d e n o u g h ,  1971

2 0 .  T h o m s o n  an d  E l l i s ,  1 9 7 2
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p o o r  m e t h o d s  f o r  a n a l y s i n g  t h e  p r o d u c t s .  In t h e  m a j o r i t y  o f  c a s e s  

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

M a r g u l i e s ,  1 9 6 7 ;  S p e n c e r ,  1 9 6 5 ;  B o a r d m a n  e t  a l ,  1 9 6 6 ) .

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

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

t a k e n  p l a c e  d u r in g  i s o l a t i o n .

T h e  s i g n i f i c a n t  in n o v a t io n  in  t h i s  f i e l d  w a s  i n t r o d u c e d  by  

B l a i r  a n d  E l l i s  ( 1 9 7 3 )  w ho r e a l i s e d  th a t  in  o r d e r  to  o b t a in  i d e n t i f i a b l e  

p r o d u c t s  in  i s o l a t e d  c h l o r o p l a s t s ,  c o n d i t i o n s  in  w h i c h  c o r r e c t  

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

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

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

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

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

i t  w a s  fo u n d  th a t  t r a n s l a t i o n  w a s  n o t  c o u p le d  to  t r a n s c r i p t i o n .  B y  th e  

u s e  o f  t r y p t i c  p e p t i d e  f i n g e r p r i n t i n g  B l a i r  a n d  E l l i s  w e r e  a b l e  to  

c o n c l u d e  t h a t  th e  o n ly  d e t e c t a b l e  s o l u b l e  p r o d u c t  o f  j n  v i t r o  c h l o r o p l a s t  

p r o t e i n  s y n t h e s i s  w a s  th e  l a r g e  s u b u n i t  o f  F r a c t i o n  1 p r o t e i n .  T h i s  w a s  

t h e  f i r s t  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  p r o t e i n  t h a t  i s  s y n t h e s i z e d  by 

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

c o n c l u s i o n s  f r o m  i n h i b i t o r  s t u d i e s  o n  w h o le  c e l l s .

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

i n c u b a t e d  u n d e r  i d e n t i c a l  c o n d i t i o n s  ( E a g l e s h a m  an d  E l l i s ,  1 9 7 4 )  

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

t h e  c h l o r o p l a  s t  m e m b r a n e .  H o w e v e r  th e  d i f f i c u l t i e s  in  a n a l y s i n g  

l ip o p h i i  tc  p r o t e i n s  o f  t h i s  ty p e  h a s  to  d a te  p r e c l u d e d  t h e i r  

i d e n t i f i c a t i o n .  R e f i n i n g  th e  a n a l y s i s ,  J o y  a n d  E l l i s  ( 1 9 7 5 )  h a v e  sh o w n  

t h a t  tw o p r o t e i n s  u n iq u e ly  a s s o c i a t e d  w ith  t h e  c h l o r o p l a s t  e n v e lo p e  

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

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

e x t e n d e d  to  o t h e r  s p e c i e s  ( E l l i s ,  1 9 7 6 a ,  B o t t o m l e y  e t  a l ,  1 9 7 4 )  w ith  

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

s e e n  in  p e a  m a y  t u r n  o u t  to  b e  u n i v e r s a l .  E l l i s  ( 1 9 7 6 a )  h a s  a l s o  

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

p r o t e i n /



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  in  th a t  o n l y  f r e e  r i b o s o m e s  a r e  i n v o lv e d  

in  th e  s y n t h e s i s  o f  t h e  l a r g e  s u b u n it  o f  F r a c t i o n  I p r o t e i n .

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

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

p o s s i b l e  to  c o n c l u d e  th a t  o n ly  8 p r o t e i n s  a r e  kn ow n to b e  s y n t h e s i z e d  

on  th e  r i b o s o m e s  o f  i s o l a t e d  c h l o r o p l a s t s .

In c o n j u n c t i o n  w ith  t h e  r e s u l t s  o f  in  v iv o  i n h i b i t o r  s t u d ie s  

t h e s e  r e s u l t s  l e a d  to  th e  c o n c l u s i o n  t h a t  t h e  h ig h  p r o p o r t i o n  o f  

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

s y n t h e s i z e  a  w id e  r a n g e  o f  p r o t e i n s ,  b u t  b e c a u s e  o ne  o f  t h e i r  p r o d u c t s ,  

the  l a r g e  s u b u n i t  o f  F r a c t i o n  I p r o t e i n ,  i s  p a r t  o f  th e  m a j o r  c h l o r o p l a s t  

p r o t e i n .

4 .  T H E  N A T U R E  O F  T H E  P R O B L E M  A N D  T H E  A P P R O A C H
A D O P T E D  IN T H I S  T H E S I S .

C l e a r l y  the  o u t s t a n d in g  p r o b l e m  in  t h e  f i e l d  of p l a s t i d  a u to n o m y  

i s  th a t ,  a s s u m i n g  c h l o r o p l a s t  D N A  i s  t r a n s c r i b e d  a s y m m e t r i c a l l y ,  

th e  f u n c t i o n  c f  up to 8 0%  o f  th e  c h l o r o p l a s t  g e n o m e  r e m a i n s  o b s c u r e .  

I n t u i t i v e l y  i t  s e e m s  u n l i k e l y  t h a t  t h i s  p r o p o r t i o n  o f  th e  c h l o r o p l a s t  

D N A  p l a y s  a  s o l e l y  s t r u c t u r a l  r o l e .  I n d e e d  th e  D N A / R N A  ( i n  e x c e s s )  

h y b r i d i z a t i o n  s t u d ie s  ( s e c t i o n  I 3 A i i c ) ,  a l t h o u g h  p r e l i m i n a r y ,  s u g g e s t  

t h a t  a t  l e a s t  a  h igh  p r o p o r t i o n  i f  n o t  a l l  o f  th e  c h l o r o p l a s t  D N A  i s  

t r a n s c r i b e d  in to  R N A  a t  s o m e  t i m e  in t h e  c e l l  c y c l e .  T h e  f a i l u r e  

to i d e n t i f y  t h e  f u n c t i o n  o f  th e  m a j o r i t y  o f  c h l o r o p l a s t  D N A  p r o b a b l y  

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

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

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

A t  t h e  p r e s e n t  t i m e  i t  w ould  s e e m  t h a t  the  m o s t  d i r e c t  w ay to  

c i r c u m v e n t  t h e s e  l i m i t a t i o n s  w ill  b e  to  d e v e l o p  e i t h e r  a  h o m o l o g o u s  

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

D N A . S u c h  a t a s k  m a y  n o t  b e  a s  d a u n t in g  a s  i t  m a y  a t  f i r s t  a p p e a r .

F o r  e x a m p l e ,  i t  i s  now  p o s s i b l e  to  a s y m m e t r i c a l l y  t r a n s c r i b e  th e  

e n t i r e  g e n o m e  ( m o b  w t. 3. 6 x  10^) o f  t h e  D N A  t u m o u r  v i r u s ,  

p o l y o m a ,  m  v i t r o ,  u s in g  E .  c c l i  R N A  n o l y m e r a s e  ( K a m e n  and  Z i f f ,  1 9 7 5 ) .  

T h e  c o m p l e m e n t a r y  R N A  s y n t h e s i z e d  i s  a b l e  to  d i r e c t  a  c e l l - f r e e
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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  f r o m  w h e a t g e r m  in  t h e  s y n t h e s i s  o f  a l l  

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

s o  c a l l e d  A g e n e  p r o d u c t  ( S m i t h  e t  a l ,  1 9 7 5 )  . W ith  the  i m p r o v e d  

m e t h o d s  o f  e x t r a c t i n g  c h l o r o p l a s t  D N A  in  i t s  n a t i v e  c o n f i g u r a t i o n  

( K o l o d n e r  a n d  T e w a r i ,  1 9 7 5 a )  s i m i l a r  s t u d i e s  w i th  c h l o r o p l a s t  

D N A  o u g h t  to  fo l lo w .

T h e  r o l e  o f  th e  p l a s t i d  r i b o s o m e s  in  t h e  a u t o n o m y  o f  t h e  

o r g a n e l l e  s e e m s  m o r e  c l e a r  c u t .  B o t h  in  v iv o  an d  in  v i t r o  s t u d i e s  

i n d e p e n d e n t l y  l e a d  to  th e  s a m e  c o n c l u s i o n .  O n ly  a  v e r y  l i m i t e d  

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

a b u n d a n c e  i 5  n e c e s s a r y  o n ly  b e c a u s e  t h e y  s y n t h e s i z e  o n e  p a r t i c u l a r  

p o l y p e p t i d e ,  th e  l a r g e  s u b u n it  o f  F r a c t i o n  I p r o t e i n ,  in m a s s i v e  

a m o u n t s .  T h e r e  i s  h o w e v e r  a  m a j o r  r e s e r v a t i o n  to  b e  m a d e ,  w h ic h  

p r o v i d e s  th e  r a t i o n a l e  f o r  th e  w o r k  p r e s e n t e d  in  t h i s  t h e s i s .

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

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

o f  t h e  p h o to  s y n t h e t i c  c h l o r o p l a s t .  It s e e m s  q u i t e  p r o b a b l e  t h e r e f o r e  

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

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

w id e  a n d  d i f f e r e n t  s p e c t r u m  o f  p r o t e i n s  to t h e  c h l o r o p l a s t .  T h e  o b j e c t  

o f  t l i i s  t h e s i s  w a s  to  i n v e s t i g a t e  e x a c t l y  t h i s  p o s s i b i l i t y  by i d e n t i f y i n g  

t h e  p r o d u c t s  o f  th e  e t i o p l a s t  an d  the  d e v e l o p in g  c h l o r o p l a s t  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 s .

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

s t u d i e s  b e c a u s e  t h e y  c a n  b e  g r o w n  f r o m  s e e d  in  th e  d a r k  f o r  e x t e n d e d  

p e r i o d s .  T h e  e t i o p l a s t s  w h ich  a c c u m u l a t e  in  th e  l e a v e s  c a n  t h e n  b e  

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

c o n t r o l l e d  c o n d i t i o n s .  I t  w a s  d e c id e d  to  a d e p t  th e  a p p r o a c h  o f  in  v i t r o 

e t i o p l a s t  p r o t e i n  s y n t h e s i s  b ectu ^ st  th e  m e t h o d  i s  d i r e c t  an d  u n a m b i g u o u s .  

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

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

c h l o r o p l a s t s ,

I t  w a s  d e c i d e d  to  a l s o  e x t e n d  th e  i n v e s t i g a t i o n  to s tu d y in g  the  

p r o d u c t s  o f  r ' b o s o m e  f u n c t i o n  in  i s o l a t e d  d e v e l o p in g  c h l o r o p l a s t s .

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 r e  m a y  b e  a  n u m b e r  o f  p r o t e i n s  th a t  a r e  

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

N e i t h e r  th e  in  v iv o  i n h i b i t o r ,  n o r  t h e  in v i t r o  p r o t e i n  s y n t h e s i z i n g  

s t u d ie s  to  d a te  h a v e  b e e n  d e s i g n e d  to  i n v e s t i g a t e  t h i s  p o s s i b i l i t y .

In a d d i t io n  i f  p l a s t i d  t r a n s l a t i o n  i s  a t  any t i m e  c o u p l e d  to p l a s t i d  

t r a n s c r i p t i o n  ( i n  the  s e n s e  th a t  th e  s y n t h e s i s  o f  p l a s t i d  p r o t e i n  i s  

s i m u l t a n e o u s l y  d e p e n d e n t  upon th e  t r a n s c r i p t i o n  o f  c h l o r o p l a s t  DNA) 

th e n  i t  s e e m s  m o s t  l i k e l y  th a t  t h i s  t i m e  w il l  b e  d u r in g  the  g r e e n i n g  

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

C o n s e q u e n t l y  t h e r e f o r e  a  s tu d y  o f  p l a s t i d  t r a n s l a t i o n  d u r in g  g r e e n i n g  

m a y  a l s o  g iv e  i n s i g h t s  in t o  th e  f u n c t i o n  of p l a s t i d  D N A.



f

>

S E C T I O N  II - M A T E R I A L S  A ND M E T H O D S



50

1. M A T E R I A L S

A . P L A N T  M A T E R I A L S

i.  S o u r c e .

P e a  s e e d s  ( P i s u m  s a t iv u m  L .  v a r .  M e t e o r )  w e r e  p u r c h a s e d  
f r o m  S. D o b ie ,  C h e s t e r ,  U .K .

i i .  G r o w t h  c o n d i t i o n s .

a .  E t i o l a t e d  s e e d l i n g s .

P e a  s e e d s  w e r e  s u r f a c e  s t e r i l i s e d  by  s o a k i n g  in  2% (v / v) so d iu m  

h y p o c h l o r i t e  s o l u t i o n  f o r  5 m i n u t e s .  T h e  s e e d s  w e r e  th e n  w a s h e d  in 

r u n n i n g  ta p  w a t e r  f o r  2 4  h o u r s .  T h e  i m b i b e d  s e e d s  v/ere s o w n  in 

p l a s t i c  t r a y s  c o n t a i n i n g  m o i s t  v e r m i c u l i t e  ( ' M i c a f i l '  f r o m  D u p r e  

V e r m i c u l i t e  L t d . , H e r t f o r d  , U . K .  ). T h e  t r a y s  w e r e  i n c u b a t e d  in 

d a r k n e s s  f o r  9 d a y s  a t  2 2 - 2 4 ° C .  T h e  v e r m i c u l i t e  w a s  k e p t  m o i s t  by 

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

w a s  p r o v i d e d  b y  a  h a n d  t o r c h  f i t t e d  w ith  a  g r e e n  f i l t e r  ( W r a t t e n  G e l a t i n  

f i l t e r  N o .  54 ,  K o d a k  L t d .  , I l e m e l  H e m p s t e a d ,  U. K .  ) ( W i l k i n s ,  1965) .  

E t i o p l a s t s  w e r e  i s o l a t e d  f r o m  th e  a p i c a l  b ud s  of d a r k - g r o w n  s e e d l i n g s .

b. N o r m a l  s e e d l i n g s .

N o r m a l  s e e d l i n g s  w e r e  g r o w n  b y  s t e r i l i s i n g ,  i m b i b in g  a n d  sow in g

s e e d s  a s  d e s c r i b e d  a b o v e .  T h e  s e e d l i n g s  w e r e  g r o w n  f o r  9 d a y s  at 
o

a p p r o x i m a t e l y  2 4  C u n d e r  a  12 h o u r  p h o t o p e r io d .  T h e  i l l u m i n a t i o n  

u s e d  w a s  w h i te  l i g h t  o f  2 0 0 0  l u x  i n t e n s i t y  p r o v i d e d  b y  P h i l l i p s  

' W a r m w h i t e 1 f l u o r e s c e n t  t u b e s .  T h e  t r a y s  w e r e  w a t e r e d  e a c h  day. 

C h l o r o p l a s t s  w e r e  i s o l a t e d  f r o m  the  y o u n g e s t  l e a v e s .

c .  G r e e n i n g  s e e d l i n g s .

G r e e n i n g  s e e d l i n g s  w e r e  o b t a in e d  b y  t r a n s f e r r i n g  9 d a y  o ld  

e t i o l a t e d  s e e d l i n g s ,  g r o w n  a s  d e s c r i b e d  a b o v e ,  in t o  th e  l ig h t .  T h e  

s e e d l i n g s  w e r e  i l l u m i n a t e d  by  c o n t in u o u s  w h ite  l i g h t  o f  2 8 0 0  l u x  

i n t e n s i t y  (' W a r m  w h i t e '  t u b e s ) .  D u r in g  g r e e n i n g  o f  t h e  s e e d l i n g s  the 

a i r  t e m p e r a t u r e  w a s  k e p t  a t  2 2 - 2 4 ° C .  T h e  s e e d l i n g s  w e r e  w a t e r e d  

e a c h  day .  P l a s t i d s  f r o m  g r e e n i n g  s e e d l i n g s  w e r e  i s o l a t e d  f r o m  the 

f i r s t - f o r m e d  l e a f l e t s .
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B .  C H E M I C A L S  A N D  R A D I O I S O T O P E S

i.  C h e m i c a l s

T h e  m a j o r i t y  o f  c h e m i c a l s  and  s o l v e n t s  u s e d  w e r e  o f  'A n a l a r '  

g r a d e  q u a l i t y .  C h e m i c a l s  o f  s p e c i f i c  p u r i t y  and  t h e i r  s o u r c e  a r e  

l i s t e d  b e lo w :

S i g m a  ( L o n d o n )  C h e m i c a l  C o ,  L t d .  , L o n d o n ,  U. K .

N - 2 - ( h y d r o x y e t h y l p i p e r a z i n e - N ' - y l )  e t h a n e  s u lp h o n ic  a c i d  ( H E P E S )  

N - t r i s  ( h y d r o x y m e t h y l )  m e t h y l  g l y c i n e  ( T R I C I N E )

2 - a m i n o - 2 - h y d r o x y m e t h y l p r o p a n e - 1: 3 d io l  ( t r i s ,  T R I Z M A  b a s e )

D - t h r e o  c h l o r a m p h e n i c o l

c y c l o h e x  i m i  de

b l u e  d e x t r a n

g lu t  a r a l d e h y d e

d a n s y l  c h l o r i d e

p h e n y l  m e t h y l  s u lp h o n y l  f l u o r i d e  ( P M S F )

o c t y l  p h e n o x y  p o l y e t h o x y  e t h a n o l  ( T R I T O N  X - 1 0 0 )

b o v in e  s e r u m  a l b u m i n  ( B S A ,  c r y s t a l l i z e d  and ly o p h i l l i z e d )

o v a l b u m i n

m y o g l o b i n  ( w h a l e )

h a e m o g l o b i n  ( s h e e p )

t r a n s f e r r i n  ( h u m a n )

B D I1  C h e m i c a l s  L t d .  , D o r s e t ,  U. K. 

b r o m o p h e n o l  b l u e

s o d iu m  d o d e c y l  s u l p h a t e  ( S D S ,  e s p e c i a l l y  p u r e )

m e t h a n o l  ( A r i s t a r )

h y d r o g e n  p e r o x i d e  ( 1 0 0  v o l u m e s )

p y r i d i n e  ( A n a l a r )

b u ta n o l

F i s o n s  L td. , L o u g h b o r o u g h ,  U. K . 

o s m i u m  t e t r o x i d e  

f o r m i c  a c i d  ( 9 8 - 9 9 % )  

a c e t i c  a c i d  ( g l a c i a l ,  A n a l a r )
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P o l a r o n  E q u i p m e n t  L t d .  , W a l f o r d ,  U .  K.

E p o n  8 1 2  r e s i n .

d o d e c e n y l  s u c c i n i c  a n h y d r id e  (D D S A )  

t r i  d i m e t h y l a m i n e  m e t h y l  p h e n o l  ( D M P - 30)  

m e t h y l  e n d o m c t h y l e n e  p h t h a l i c  a n h y d r i d e  (M N A ) 

u r a n y l  a c e t a t e

K o c h - L i gh t  L t d. , B u ck '  s ,  U. K .

N , N , N, N 1 - t e t r a n i e t h y l e n e  d i a m i n e  ( T E M E D )

2 ' - (p - i o d o p h e n y l ) -  3 - ( p - n i t r o p h e n y l )  - 5 - p h e n y l  - t é t r a z o l i u m  ( IN T )

N u c l e a r  E n t e r p r i s e s  ( G B )  L t d .  , E d i n b u r g h ,  U, K .

2 ,  5 - d ip h e n y l o x a z o l e  ( P P O )

1, 4 - b i s - ( 5 - p h e n y l o x a z o l e - 2 - y l )  b e n z e n e  ( P O P O P )

I  S e a r l e  D i a g n o s t i c ,  B u c k ' s ,  U. K .

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

F l u k a  AG, B u c h s ,  S w i t z e r l a n d  

a c r y l a m i d e

E a s t m an O r g a n ic  C h e m i c a l s ,  N. Y .  , U, S. A.

N , N ^ -  m e t h y l e n e  b i s a c r y l a m i d e .

H o p k i n s  a nd W i l l i a m s  L t d .  , E s s e x ,  U .  K .

, F o l i n - C i o c a l t e a u  r e a g e n t

W h a t m a n L t d .  , K e n t , U. K.

D E A E - c e l l u l o s e  ( D E 5 2  g r a d e )

> M  G F / C  (2 .  5 c m  g l a s s  f i b r e  d i s c s )

t 9  M e r k e ,  S h a r p e  and  D o h m e ,  N. J .  , U. S. A.

a c t i n o m y c i n  D ( s u p p l i e d  f r e e )

' f  P a r k e  D a v i s  and C o ,  , W a l e s .  U. K.

* m  L - t h r e o  c h l o r a m p h e n i c o l  ( s u p p l i e d  f r e e )

5 2

J B io r a d ,_K e n t ,  U . Jv .

A m i n e x  A5 r e s i n

V m u a , il iiinnnuw iBw w »Mi l
1



M a c h c r e y - N a g e l  and C o .  , D U rc n ,  G e r m a ny

P o l y g r a m  S i l  G; 0. 0 2 5 m m  l a y e r  ( p r e - c o a t e d  2 0 c m  x  2 0 c m  
s i l i c a  g e l  p] a s t i c  t. 1. c .  p l a t e s )

C h i c o p e e  M il l s  In c .  , N. Y .  , U. S. A.

M i r a c l o t h

S e p h a d e x  G - t y p e s  w e r e  s u p p l ie d  b y  P h a r m a c i a  L t d .  ,

L o n d o n , U. K .

P h o t o g r a p h i c  m a t e r i a l s ,  i n c lu d in g  K o d i r e x  X - r a y  f i l m ,  

w e r e  o b t a in e d  f r o m  K o d a k  L td .  , H e r t ' s ,  U . K .

i i .  R a d i o i s o t o p e s

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

T h e  R a d i o c h e m i c a l  C -e n tre ,  A m e r s h a m ,  B u c k ' s ,  U . K .  :
35

L - (  S) m e t h i o n i n e  ( S J  2 0 4 ,  2 0 0 - 3 0 0  C i / m m o l e ,  3 - 5  m C i / m l  
in  a q u e o u s  s o l u t i o n  c o n t a in in g  0. 0 4 %  2 - m e r c a p t o - e t h a n o l )

L - (  H) l e u c i n e  ( T R K  1 7 0 ,  5 0  C i / m m o l e ,  1 m C i / m l  in  
s t e r i l i s e d  a q u e o u s  s o l u t i o n  c o n t a in in g  2%  (v/v) e t h a n o l )

L - p h e n y l  (2 ,  3H) a l a n i n e  ( T R K  2 6 6 ,  2 0  C i / m m o l e ,  1 m C i / m l  
in  s t e r i l i s e d  a q u e o u s  s o l u t i o n  c o n t a in in g  2% (v/ v) e th a n o l )

] 4
S o d iu m  ( C.) b i c a r b o n a t e  ( C F A  3, 5 6 .  5 m C i / m m o l e ,  6 5 6 p C i/ m g

in  d i lu te  s t e r i l i s e d  a q u e o u s  s o lu t io n )

53

I o d i n e - 125 ( I M S  30 ,  c a r r i e r - f r e e  100  m C i / m l  i n N a O H  s o lu t io n )
14

n - ( l -  C) h e x a d e c a n e  ( C F A  1 0 1 ,  3 0 - 6 0  m C i / m m o l e  in  
b e n z e n e  s o lu t io n )

E N Z Y M E S  A N D  S U B S T R A T E S

c h l o r o - 4 - p h e n y l - 3 - L - t o l u e n e - p -  s u l p h o n a m i d o - b u t a n - 2 - o n e  

( T P C K )  t r e a t e d  t r y p s i n  w a s  s u p p l i e d  by  W o r t h i n g t o n  B i o c h e m i c a l  

C o r p ,  , N. J .  , U. S. A.

P r o n a s e  ( G r a d e  B )  w a s  o b t a in e d  f r o m  C a i b i o c h e m ,  L o n d o n ,  U, K .

S i g m a  ( L o n don) C h e m i c a l  C o . L t d .  , L o n d o n ,  U. K . , s u p p l ie d :  

c r e a t i n e  p h o s p h o k i n a s e  ( r a b b i t  m u s c l e )

p a n c r e a t i c  r i b o n u c l é a s e  A ( b o v i n e )  

ci. c l i y m o t r y p s i n o g e n  A (b o v in e )  

a l c o h o l  d e h y d r o g e n a s e  ( y e a s t )  

c a r b o x y p e p t i d a s e  A (b o v in e )  

t r y p s i n ( b o v i n e )
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l a c t o p c r o x i d a s e  ( f r o m  m i l k )

L - m e t h i o n i n e  ( S i g m a  g r a d e )

I . - l e u c i n e  ( S i g m a  g r a d e )

L - p h e n y l a l a n i n e  ( S i g m a  g r a d e )

r i b u l o s e  1, 5 - b i s p h o s p h o r i c  a c i d  ( R u B P )  ( t e t r a - s o d i u m  s a l t )  

c r e a t i n e  p h o s p h a t e  ( c r y s t a l l i n e )

A T P  ( g r a d e  1)

G T P  ( t y p e  1 IS )  

d T T P

C T P  ( ty p e  111)

U T P  ( t y p e  IV )

2. M E T H O D S

A. P L A S T I D  I S O L A T I O N

In o r d e r  to  m i n i m i z e  b a c t e r i a l  c o n t a m i n a t i o n  o f  th e  p l a s t i d

p r e p a r a t i o n s  two p r e c a u t i o n s  w e r e  ta k e n :

i. S t e r i l e  m e d i a  and  g l a s s w a r e  w e r e  u s e d .

i i .  P l a s t i c  g l o v e s  w e r e  w o r n  a t  a l l  s t a g e s  o f  th e  i s o l a t i o n  
p r o c e d u r e .

P l a s t i d s  w e r e  i s o l a t e d  b y  th e  m e t h o d  o f  R a m i r e z  e t  a l  ( 1968)  

a s  m o d i f i e d  by B l a i r  and  E l l i s  ( 1 9 7 3 ) .  T h e  p l a s t i d  i s o l a t i o n  w a s  

p e r f o r m e d  r a p i d ly  ( l e s s  t h a n  10 m i n u t e s )  and w h e r e  p o s s i b l e  s o l u t i o n s  

w e r e  k e p t  a t ,  o r  n e a r ,  4 ° C .  E x c i s e d  t i s s u e  ( 1 0 - 2 0 g )  w a s  h o m o g e n i z e d  

in 1 0 0  m i s  o f  s e m i - f r o z e n  i s o l a t i o n  m e d i u m .  T h e  i s o l a t i o n  m e d i u m  

c o n t a in e d ,

0 .  3 5  M  s u c r o s e

2 5  m M  I I E P E S - N a O H  (p H  7 .  6)

2 m M  E D T A

2 rn M  s o d iu m  i s o a s c o r b a t e

T h e  t i s s u e  w a s  h o m o g e n i z e d  in  a  W i l l e n s  P o l y t r o n  ( N o r t h e r n  

M e d i a  S u p p ly  C o .  L t d .  , H u l l ,  U. K .  ) a t  s p e e d  s e t t i n g  7 ( p r o b e  P C  2 0 ) .  

T h e  h o m o g e n a t e  w a s  s t r a i n e d  t h r o u g h  two l o t s  o f  8 l a y e r s  o f
o

a b s o r b e n t  m u s l i n  an d  c e n t r i f u g e d  a t  2 5 0 0  x  g f o r  1 m i n u t e  a t  4 C

( r  14 .  6c.m) in an  M S E  6 L  c e n t r i f u g e .  T h e  s u p e r n a t a n t  f r a c t i o n
m  a x

w a s  d i s c a r d e d  an d  th e  p e l l e t  c a r e f u l l y  r e s u s p e n d e d  by  g e n t l e  s w i r l i n g  

in/



in  1 - 5  m i s  o f  K C I  r e s u s p e n s i o n  m e d i u m .  T h e  K C I  r e s u s p e n s i o n  

m e d i u m  c o n t a in e d ,

0 .  2 M  K C I

6 6  m M  T r i c i n e - K O H  (pH 8. 3)

6 .  6 m M  M g C l^

T i s s u e  e x c i s i o n  and p l a s t i d  i s o l a t i o n  w e r e  r o u t i n e l y  c a r r i e d  out 

in n o r m a l  d a y l ig h t .  H o w e v e r ,  f o r  p a r t i c u l a r  e t i o p l a s t  p r e p a r a t i o n s  

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

( s e e  S e c t i o n  III  2 B ib ) .

A  p r e p a r a t i o n  c o n t a in in g  o n ly  b r o k e n  p l a s t i d s  w a s  o b t a i n e d  by 

m o d i f y i n g  th e  p r o c e d u r e  d e s c r i b e d  a b o v e  a s  f o l l o w s .  A f t e r  d i s c a r d i n g  

the  s u p e r n a t a n t  f r a c t i o n  t h e  p l a s t i d  p e l l e t  w a s  r e - s u s p e n d e d  in  0 .  7 5 -  

2. 5 m i s  o f  s t e r i l e  d i s t i l l e d  w a t e r .  A f t e r  1 m i n u t e  an  e q u a l  v o l u m e  o f  

2 x  ' K C I  r e s u s p e n s i o n  m e d iu m ' c o n t a i n i n g  0. 4  M  K C I ,  0 .  132  M  T r i c i n e -  

K O H  (p H  8. 3) and  13. 2 m M  M g C l  w a s  added.

T h e  p r o t e i n  c o n c e n t r a t i o n  v a r i e d  b e t w e e n  0. 3 - 1 .  0 m g / m l  f o r  

e t i o p l a s t  p r e p a r a t i o n s  and 4 .  0 - 9 .  0 m g / m l  f o r  c h l o r o p l a s t  p r e p a r a t i o n s .

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

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

f i l t r a t i o n  5 m l  a l i q u o t s  o f  t h e  b r e i  w e r e  c e n t r i f u g e d  in d iv id u a l ly .
o

T h e  h o m o g e n a t e  w a s  c e n t r i f u g e d  a t  2 5 0 0  x  g f o r  1. 5 m i n u t e s  a t  4 C 

( r  2 1 .  0 8  c m ) .  A f t e r  d i s c a r d i n g  t h e  s u p e r n a t a n t  f r a c t i o n  t h e  p e l l e t s
cLV

w e r e  r e s u s p e n d e d  in 0 .  5 m l  o f  r e s u s p e n s i o n  m e d i u m .  T h e  

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

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

p r e p a r a t i o n s  v a r i e d  b e t w e e n  1. 4  an d  1. 8 m g / m l .

B .  M I C R O S C O P I C  A N A L Y S I S  O F  P L A S T I D  P R E P A R A T I O N S

1. P h a s e  m i c r o s c o p y  

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

T h e  n u m b e r  o f  p l a s t i d s  in a  g i v e n  v o lu m e  o f  s u s p e n s i o n  w a s  

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

by N o r r i s  and P o w e l l  ( 1 9 6 1 ) .  T h e  h a e m o c y t o m e t e r  g r i d  w a s  v ie w e d  

a t  a  m a g n i f i c a t i o n  o f  x 3 2 0  u s in g  a  G i l l e t  and S i b e r t  ' L a b  L y n x '  p h a s e  

m i c r o s c o p e .  T h e  r a t i o  o f  i n t a c t  to  b r o k e n  p l a s t i d s  w a s  d e t e r m i n e d  by 

a m e t h o d  w h ic h  m a k e s  u s e  o f  th e  f a c t  t h a t  w h e n  v ie w e d  by p h a s e  cof\fcro.sfc 

m i c r o s c o p y /
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m i c r o s c o p y  i n t a c t  p l a s t i d s  a p p e a r  h ig h ly  r e t r a c t i l e  w h i l s t  b r o k e n  

p l a s t i d s  a p p e a r  n o n - r e t r a c t i l e  ( K a h n  an d  V o n  W e t t s t e i n ,  1 9 6 1 ;

W e l l b u r n  and  W e l l b u r n ,  1 9 7 1 ) .  T h e  p r e c i s i o n  s c h e d u l e s  o f  C a s s e l l  

( 1 9 6 5 )  w e r e  u s e d  to c a l c u l a t e  th e  n u m b e r  o f  p l a s t i d s  w h ic h  h a d  to  be  

c o u n te d  in  o r d e r  to e n s u r e  ( w i th  9 5%  c o n f i d e n c e )  t h a t  th e  e s t i m a t e d  

r a t i o  w a s  no m o r e  th a n  15% in  e r r o r .

b. P h o t o m i c r o g r a p h y

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

x 7 2 5  u n d e r  p h a s e  o p t i c s  in a  L e i t z  O r t h o p l a n  m i c r o s c o p e .

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

T h e  f i x a t i o n ,  p o s t - f i x a t i o n  and d e h y d r a t i o n  p r o c e d u r e s  w e r e  a

m o d i f i c a t i o n  o f  t h o s e  u s e d  b y  W e l lb u r n  and W e l l b u r n  ( 1 9 7 2 ) .  E t i o p l a s t

p e l l e t s  w e r e  p r e p a r e d  a s  d e s c r i b e d  in S e c t i o n  I IA .  T h e  p e l l e t s  w e r e

r e s u s p e n d e d  i n  5 m i s  o f  3% (v/v) g l u t a r a l d e h y d e  in  0. 3 M s u c r o s e  -

0 .  1 M p h o s p h a t e  b u f f e r  (p H  7. 0) and l e f t  f o r  3 h o u r s  a t  0 C. T h e

p l a s t i d s  w e r e  th e n  p e l l e t e d  a t  7 50  x  g f o r  3 m i n u t e s ,  and g i v e n  3

s u c c e s s i v e  3 0  m i n u t e  w a s h e s  (5  m i s  e a c h )  in  0.  1 M  p h o s p h a t e  b u f f e r s

(p H  7. 0) c o n t a i n i n g  0. 26 ,  0 .  23  an d  0. 2 M  s u c r o s e  r e s p e c t i v e l y .

P o s t - f i x a t i o n  w a s  c a r r i e d  o u t  f o r  3 h o u r s  in 2% o s m i u m  t e t r o x i d e  in

0 .  1 M p h o s p h a t e  b u f f e r  c o n t a in in g  0. 14 M s u c r o s e .  T h e  e x c e s s

o s m i u m  w a s  r e m o v e d  by t h r e e  3 0  m i n u t e  w a s h e s  in  0.  14 M s u c r o s e

s o l u t i o n .  T h e  s a m p l e s  w e r e  t h e n  p a r t i a l l y  d e h y d r a t e d  by  a  g r a d e d

a l c o h o l  s e r i e s  c o n t a in in g  d e c r e a s i n g  a m o u n t s  o f  s u c r o s e ;  i .  e .  30

m i n u t e s  in  5 m i s  e a c h  o f  2 5 ,  4 0  an d  50%  e t h a n o l  w h ic h  c o n t a in e d
a

0. 0 8 ,  0 .  0 4  a n d  0. 0 1 5  M  s u c r o s e  r e s p e c t i v e l y .  D e h y r d a t i o n  w a s  

c o m p l e t e d  b y  w a s h i n g  the p e l l e t s  f o r  30  m i n u t e s  in  5 m i s  e a c h  o f  

5 0 ,  7 5, 9 0  a n d  100%  ( t w i c e )  e t h a n o l .  T h e  p e l l e t s  w e r e  then  

t r a n s f e r r e d  i n t o  100%  a c e t o n e  an d  s t o r e d  o v e r n i g h t .  T h e  s a m p l e s  w e r e  

e m b e d d e d  in E p o n  r e s i n  n e x t  day .  F r e s h  E p o n  r e s i n  w a s  p r e p a r e d  by 

m i x i n g  9 p a r t s  o f  m i x t u r e  A  (1 .  0 g o f  E p o n  8 1 2  an d  0. 81 g o f  D D S A ) 

w ith  1 p a r t  o f  m i x t u r e  B  ( 1 .  0 g o f  E p o n  8 1 2  an d  0. 9 6 g  o f  N M A ).  A 

s m a l l  a m o u n t  ( 2 5 f i l )  o f  D M P - 3 0  w a s  a d d ed  f o r  e a c h  3 m i s  o f  r e s i n  

m i x t u r e .  T h e  p e l l e t 3  w e r e  e m b e d d e d  b y  i n f i l t r a t i n g  f o r  12 h o u r s  in 

a c e t o n e / E p o n  ( 1; 1, v/ v),  a c e t o n e / E p o n  ( 1 ;3 ,  v/v) and E p o n  ( t w i c e ) .  

F i n a l l y /
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F i n a l l y  th e  r e s i n  w a s  p o l y m e r i z e d  a t  6 0  C f o r  4 8  h o u r s  and  

s u b s e q u e n t l y  a t  r o o m  t e m p e r a t u r e  f o r  3 d a y s .

T h e  p e l l e t s  w e r e  s e c t i o n e d  on a  R e i c h e r t  O M U 2  u l t r a m i c r o t o m e ,  

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

l e a d  c i t r a t e  ( R e y n o l d s ,  1 9 6 3 ) .  T h e  s e c t i o n s  w e r e  th e n  e x a m i n e d  in 

an  A E I  C o r i n t h  e l e c t r o n  m i c r o s c o p e .

C .  A M IN O  A C I D  I N C O R P O R A T I O N  IN I S O L A T E D  P L A S T I D S  

i .  I n c u b a t i o n

A s  a  r o u t i n e  i n c u b a t i o n  m i x t u r e s  u s in g  a d d e d  A T P  a s  t h e ’ e n e r g y  

s o u r c e  h a d  a  f i n a l  v o lu m e  o f  5 0 0 p l  and  c o n t a i n e d

1 0 0  p m o l . KC1

33 p m o l . T r i c i n e - K O I I  (p H  8. 3)

3. 3 p m o l . M g C l 2

0 .  5 p C i
35

L - (  S) m e t h i o n i n e  ( 2 0 0  C i / m m o l )

1 p m o l . A T P

p l a s t i d s

A n t i b i o t i c  s , i n h i b i t o r s  and  e n z y m e s  w e r e  ad d ed

m i x t u r e  b y  r e p l a c i n g  a  p o r t i o n  o f  t h e  KC1 r e s u s p e n s i o n  m e d i u m  w ith  

an e q u a l  p o r t i o n  o f  KC1 r e s u s p e n s i o n  m e d i u m  p l u s  the  a d d i t io n .  A l l  

t h e  c o m p o u n d s  t e s t e d  w e r e  s o l u b l e  in  KC1 r e s u s p e n s i o n  m e d i u m  a t  the  

c o n c e n t r a t i o n s  u s e d .  A n A T P - g e n e r a t i n g  s y s t e m  w a s  a d d ed  to  th e  

i n c u b a t i o n  b y  i n c lu d in g  2. 5 p m o l  o f  c r e a t i n e  p h o s p h a t e  and  100 p g  of 

c r e a t i n e  p h o s p h o k i n a s e  in t h e  r e a c t i o n  c o m p o n e n t s .  T h e  c o m p o n e n t s  

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

t h a t  A T P  a n d  th e  A T P - g e n e r a t i n g  s y s t e m  w e r e  o m i t t e d .  P l a s t i d s  in 

t h e  r e a c t i o n  m i x t u r e  u s u a l l y  c o n t a i n e d  b e t w e e n  4 0  and  4 0 0  p g  o f  p r o t e i n .

R e a c t i o n  c o m p o n e n t s  w e r e  m i x e d  a t  2 ° C  a n d  the  i n c u b a t i o n  w a s  

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

2 0 ° C .  T h i s  t e m p e r a t u r e  w a s  m a i n t a i n e d  d u r in g  t h e  i n c u b a t io n .  A 

C h u r c h i l l  c i r c u l a t i n g  w a t e r - c o o l e r  w a s  u s e d  to  c o n t r o l  th e  t e m p e r a t u r e  

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

p e r f o r m e d .  L i g h t  w a s  e x c l u d e d  f r o m  trhe i n c u b a t i o n s  u s in g  a d d e d  A T P  

a s  t h e  e n e r g y  s o u r c e  b y  w r a p p in g  th e  r e a c t i o n  v e s s e l  in a l u m in i u m  f o i l .  

F o r  the l i g h t - d r i v e n  s y s t e m  s a m p l e s  w e r e  i l l u m i n a t e d  w ith  f i l t e r e d  

r e d  l ig h t  ( 4 0 0 0  lu x )  w h ic h  w a s  p r o v i d e d  b y  an a i r - c o o l e d  P h i l i p s  

P h o to f lo o d /
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P h o t o f l o o d  l a m p .  T h e  i n c u b a t i o n s  w e r e  t e r m i n a t e d ,  u s u a l l y  a f t e r
o

] h o u r ,  by  t h e  a d d i t io n  a t  2 C o f  1 00  u l  o f  a  s a t u r a t e d  a q u e o u s  s o lu t io n  
32

o f  L (  S) m e t h i o n i n e  an d  1 m l  of 20%  (w /v) t r i c h l o r a c e t i c  a c id .  A ll  

a s s a y s  w e r e  c a r r i e d  out in  d u p l i c a t e ,  

i i .  A s s a y

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

to  t h e  m e t h o d  o f  S i e k e v i t z  ( 19 5 2 ) .  T e r m i n a t e d  r e a c t i o n  m i x t u r e s  w e r e
o . o

l e f t  to  s ta n d  a t  2 C f o r  3 0  m i n u t e s  an d  th e n  h e a t e d  to  90  C  f o r  15

m i n u t e s .  T h e  p r e c i p i t a t e  w a s  t r a n s f e r r e d  q u a n t i t a t i v e l y  to  g l a s s - f i b r e

d i s c s  w h ic h  h a d  b e e n  p r e v i o u s l y  w a s h e d  w ith  5% (w /v) t r i c h l o r a c e t i c

a c i d  and p l a c e d  on to a  M i l l i p o r e  3 0 2 5  s a m p l in g  m a n i f o l d .  E a c h  d is c

w a s  w a s h e d  b y  s u c t i o n  f i l t r a t i o n  w ith  100  m i s  of i c e - c o l d  5% (w/v)

t r i c h l o r a c e t i c  a c i d ,  6 0  m i s  of e t h a n o l  ( to  r e m o v e  c a r o t e n o i d s  and

c h l o r o p h y l l )  a n d  f i n a l l y  w ith  60  m i s  o f  d ie th y l  e t h e r .  T h e  f i l t e r s

w e r e  d r i e d  a t  6 0 ° C  f o r  30  m i n u t e s  and  th e n  p l a c e d  in  s c i n t i l l a t i o n

v i a l s  c o n t a i n i n g  8 m i s  o f  a  t o l u e n e - b a s e d  s c i n t i l l a t i o n  f lu id .  T h e

s c i n t i l l a t i o n  f l u i d  c o n t a in e d ,

0 .  5% ( w / v )  2,  5 d ip h e n y l o x a z o l e

0. 0 3%  ( w / v )  1, 4 - b i s - (  5 - p h e n y l o x a z o l - 2 - yl) b e n z e n e  

d i s s o l v e d  in  t o l u e n e .

T h e  r a d i o a c t i v i t y  w a s  d e t e r m i n e d  in a  P a c k a r d  T r i - C a r b  m o d e l

3 3 2 0  s c i n t i l l a t i o n  s p e c t r o p h o t o m e t e r .  A t  12% g a in ,  w ith  a n  o p e n

w in d o w , a c o u n t i n g  e f f i c i e n c y  o f  7 0%  w a s  d e t e r m i n e d  b y  c o m p a r i s o n
14

w i th  an i n t e r n a l  s t a n d a r d  o f  ( C) h e x a d e c a n e .

D . S O L U B I L I Z A T I O N  O F  R A D IO  A C T I V E L Y  L A B E L L E D  E T I O P L A S T S  
B Y  T R I T O N  X - 1 0 0  D E T E R G E N T

A n A T P - d r i v e n  p r o t e i n  s y n t h e s i s  i n c u b a t i o n  m i x t u r e  ( S e c t i o n  I I2 C i )

w a s  t e r m i n a t e d  a f t e r  1 h o u r  by  t h e  a d d i t io n  o f  an  e q u a l  v o l u m e  ( 5 0 0  jul)

o f  4 %  (v/v) T r i t o n  X - 1 0 0  in  KC1 r e s u s p e n s i o n  m e d i u m  w h i c h  h a d  b e e n  
32s a t u r a t e d  w i th  L - (  S) m e t h i o n i n e .  T h e  f i n a l  c o n c e n t r a t i o n  o f  T r i t o n

o
X - 1 0 0  w a s  t h e r e f o r e  2%. T h e  m i x t u r e  w a s  in c u b a t e d  a t  2 0  C r o r

o
15 m i n u t e s  a n d  th e n  c e n t r i f u g e d  a t  1 2 5 0 0  x  g fo i  10 m i n u t e s  a t  4  C 

( r  6. 7 c m ,  M S E  5 0 ) .  T h e  s u p e r n a t a n t  and p e l l e t  f r a c t i o n s  w e r e  

t h e n  s e p a r a t e d .  An e q u a l  v o lu m e  (1 m l )  o f  2 0%  (w/v) t r i c h l o r a c e t i c  

a c i d  w a s  a d d e d  to  th e  s u p e r n a t a n t  f r a c t i o n  and the p e l l e t  w a s  

r e s u s p e n d e d  /
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r e s u s p e n d e d  in  1 m l  o f  10% (w /v) t r i c h l o r a c e t i c  a c i d .  T h e  p r o t e i n  

in  e a c h  f r a c t i o n  w a s  p r e c i p i t a t e d  o v e r n i g h t  a t  4 ° C .  T h e  floccnlatfcdk 

p r e c i p i t a t e s  w e r e  h e a t e d  to  9 0 ° C  f o r  15 m i n u t e s ,  q u a n t i t a t i v e l y  

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

i n c o r p o r a t i o n  a s  d e s c r i b e d  in  S e c t i o n  I U C i i .

E .  O R G A N E L L E  P U R I F I C A T I O N

O n e  t e c h n i q u e  w h i c h  w a s  u s e d  to s tu d y  th e  s i t e  o f  a m i n o  a c id  

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

f r a c t i o n a t i o n  i n v o lv i n g  a c o m b i n a t i o n  o f  r a l e  and  e q u i l i b r i u m  

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

o n e - s t e p  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  f r o m  w h o le  l e a f  h o m o g e n a t e s ,  

i .  G r a d i e n t  c o n d i t i o n s

T h e  g r a d i e n t  c o n d i t i o n s  w e r e  t h o s e  d e s c r i b e d  by  M i f l i n  and 

B e e v e r s  ( 1 9 7 4 )  f o r  t h e  i s o l a t i o n  o f  i n t a c t  c h l o r o p l a s t s  a n d  p r o p l a s l i d s .  

D e n s i t y  g r a d i e n t s  w e r e  c o m p o s e d  o f  s u c r o s e  s o l u t i o n s  m a d e  up in

0 .  1 M  T r i c i n e - K O H  (p H  7. 6) b u f f e r .  T h e  g r a d i e n t s  c o n t a i n e d ,  in 

s e q u e n c e ,  1 m l  o f  1. 7 5  M s u c r o s e ,  9 m i s  o f  a  l i n e a r  g r a d i e n t  f r o m

1. 4 6  M  to  0. 7 3  M  s u c r o s e  an d  a  f i n a l  1 .5  m i s  o f  0. 7 3  M s u c r o s e .  T h e
o

g r a d i e n t s  w e r e  f o r m e d  and  l o a d e d  a t  4  C  and u s e d  i m m e d i a t e l y .  T h e

g r a d i e n t s  w e r e  l o a d e d  w ith  5 m i s  o f  s a m p l e .  T h e  s a m p l e  w a s  e i t h e r

5 m i s  o f  w h o le  l e a f  h o m o g e n a t e  o r  4  m i s  o f  w h o le  l e a f  h o m o g e n a t e

p l u s  1 m l  o f  i n c u b a t e d  A T P - d r i v e n  p r o t e i n  s y n t h e s i s  m i x t u r e .

T h e  p r o t e i n  s y n t h e s i s  m i x t u r e  w a s  p r e p a r e d  and i n c u b a t e d  a s

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

e t i o p l a s t s  ( S e c t i o n  I I 2 F i )  w ith  th e  e x c e p t i o n  th a t  th e  r e a c t i o n  w a s
32

t e r m i n a t e d  b y  t h e  a d d i t io n  o f  L - (  S) m e t h i o n i n e  a l o n e .  T h e  w h o le  

l e a f  h o m o g e n a t e  w a s  p r e p a r e d  by g r in d i n g  10g o f  e t i o l a t e d  t i s s u e  f o r  

4  s e c o n d s  in  th e  P o l y t r o n  h o m o g e n i z e r  in 100  m i s  o f  s e m i - f r o z e n  

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

0 .  7 0  M  S u c r o s e

2 5  m M  H E P E S - N a O H  (pH 7. 6)

2 m M  E D T A

2 m M  S o d iu m  i s o a s c o r b a t e

1 m M  2 - m e r c a p t o e t h a n o l

T h e  s u c r o s e  c o n c e n t r a t i o n  w a s  i n c r e a s e d  to  0 .  5 7 5  M  f o r

h o m o g e n a t e s /

nimn M t i
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h o m o g e n a t e s  t h a t  w e r e  to  b e  d i lu t e d  o n e - s i x t h  by  a d d i t io n  o f  the  

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

to  b e  a s s a y e d  f o r  s u c c i n a t e  d e h y d r o g e n a s e  a c t i v i t y  w e r e  lo a d e d  w ith  

h o m o g e n a t e s  p r e p a r e d  u s i n g  th e  b a s i c  g r in d i n g  m e d i u m  w itho u t  

2 - m e r c a p t o e t h a n o l  and  s o d i u m  i s o a s c o r b a t e ;  t h e s e  r e d u c t a n t s  

i n t e r f e r e  in  th e  a s s a y  o f  s u c c i n a t e  d e h y d r o g e n a s e .  T h e  h o m o g e n a t e  

w a s  f i l t e r e d  t h r o u g h  8 l a y e r s  o f  a b s o r b e n t  m u s l i n  a n d  t h e n  8 l a y e r s  of 

M i r a c l o t b .

T h e  l o a d e d  g r a d i e n t s  w e r e  p l a c e d  in  a  3 x  23  m l  r o t o r  ( r  9. 37 c m )
av

in a n  M S E  50  c e n t r i f u g e  w i th  a  c o n t r o l l e d  b o w l t e m p e r a t u r e  o f  2 C.

A s  s o o n  a s  v a c u u m  p e r m i t t e d  th e  g r a d i e n t s  w e r e  c e n t r i f u g e d  a t  1 6 0 0  x  g 

f o r  5 m i n u t e s  an d  th e n  a t  1 0 5 0 0  x  g f o r  a  f u r t h e r  10 m i n u t e s .  T h e  r o t o r  

w a s  a l lo w e d  to  d e c e l e r a t e  to  5 0 0 0  r .  p. m .  ( 2 6 2 1  x  g) b e f o r e  ap p ly ing  

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

0 .  5 m l  u s i n g  a  B u c h l e r  A u to  D e n s i - F l o w  g r a d i e n t  u n l o a d e r  ru n  a t  

1 m l / m i n  and  a  G i l s o n  M i c r o c o l  T C L  8 0  f r a c t i o n  c o l l e c t o r .  T h e  

p e l l e t e d  f r a c t i o n  w a s  r e s u s p e n d e d  in 0. 5 m l  o f  1. 7 5  M  s u c r o s e  in 

0 .  1 M  T r i c i n e - K O H  (p H  7 .  6) b u f f e r .

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

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

f r a c t i o n s  o f f  th e  g r a d i e n t  a r c  sh o w n  in  P l a t e  1. A f t e r  c e n t r i f u g a t i o n  

a  d i s c r e t e  o p a q u e  w h ite  b a n d  (b a n d  M ) w a s  c l e a r l y  v i s i b l e  w i th in  the  

g r a d i e n t  ( P l a t e  1. A ).  M i c r o s c o p i c  i n s p e c t i o n  o f  f r a c t i o n s  o b ta in e d  

f r o m  t h i s  r e g i o n  o f  th e  g r a d i e n t  ( f r a c t i o n s  N o. 15 to  2 3 )  show  a 

h o m o g e n e o u s  p o p u la t i o n  o f  s u b c e l l u l a r  o r g a n e l l e s  ( P l a t e  1. B ) .  T h e  

s i z e ,  q u a n t i ty  a n d  a p p e a r a n c e  o f  t h e s e  o r g a n e l l e s  s u g g e s t s  th e y  a r e  

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

A s e c o n d  d i s c r e t e  f r a c t i o n  i s  v i s i b l e  a s  a  y e l l o w  p e l l e t  in th e  

b o t t o m  o f  th e  c e n t r i f u g e  tu b e .  W h e n  v i e w e d  w ith  th e  p h a s e  c o n t r a s t  

m i c r o s c o p e  t h i s  f r a c t i o n  a p p e a r e d  to  c o n t a i n  at l e a s t  f i v e  t y p e s  of 

s u b c e l l u l a r  b o d y  ( P l a t e  1. C ) .  T h e  a p p e a r a n c e  and r e l a t i v e  f r e q u e n c i e s  

o f  t h e s e  s p e c i e s  s u g g e s t e d  th a t  ¿h is  f r a c t i o n  c o n t a i n s  b o th  i n t a c t  and 

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

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

a s s a y e d /



P l a t e  1. S u c r o s e  d e n s i t y  g r a d i e n t  f r a c t i o n a t i o n  o f  w h o l e

l e a f  h o m o g e n a t e s ;  v i s u a l  a n a l y s i s .

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

a s  d e s c r i b e d  in  S e c t i o n  I J 2 E i .  P h o t o m i c r o g r a p h y  w a s  

p e r f o r m e d  a s  d e s c r i b e d  in  S e c t i o n  I I 2 B i b .

A . T o t a l  g r a d i e n t  a f t e r  c e n t r i f u g a t i o n .

B .  P h a s e  c o n t r a s t  m i c r o s c o p e  a p p e a r a n c e  o f  b a n d  M  f r a c t i o n s .

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

C.
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a s s a y e d  f o r  s u c c i n a t e  d e h y d r o g e n a s e  an d  r i b u l o s e  1, 5 b i s p h o s p h a t e  

c a r b o x y l a s e  a c t i v i t y .  T h e s e  tw o e n z y m e s  a r e  e s t a b l i s h e d  m a r k e r s  f o r  

m i t o c h o n d r i a  and i n t a c t  p l a s t i d s  r e s p e c t i v e l y  ( H a l l a w a y ,  1 9 6 5 ) .  

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

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

a c c o r d i n g  to  P o r t e o u s  and  C l a r k  ( 1 9 6 5 ) .  P o r t i o n s  ( 1 0 0  p i)  of e a c h  

g r a d i e n t  f r a c t i o n  w e r e  i n c u b a t e d  f o r  15 m i n u t e s  a t  37  C in  an 

i n c u b a t i o n  m i x t u r e  c o n t a i n i n g ,

100 p i  0.  E M  p h o s p h a t e  b u f f e r  (p H  7 .  3) ,  c o n t a i n i n g  10 m M  E D T A  

50 p i  0 .  3 M  s u c r o s e ,  a d j u s t e d  to  pH  7. 0

100  p i  0.  5% (w/v) E - ( p - i o d o p h e n y l l ) - 3 - ( p - n i t r o p h e n y l )  -  5 - p h e n y l  
t e t r a z o l i u m  ( IN T )

100  p i  0 .  E M  s o d i u m  s u c c i n a t e  in  p h o s p h a t e  b u f f e r

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

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

R e a c t i o n  c o m p o n e n t s  w e r e  m i x e d  a t  4  C an d  th e  r e a c t i o n  i n i t i a t e d  by
o

r a i s i n g  th e  t e m p e r a t u r e  o f  t h e  i n c u b a t i o n  to  37 C .  T h e  r e a c t i o n  w as

t e r m i n a t e d  b y  th e  a d d i t io n ,  a t  4 ° C ,  o f  5 0 0  p i  o f  E 0%  (w/v) t r i c h l o r a c e t i c

a c id .  T h e  r e d u c e d  f o r m a z a n  p r o d u c e d  in  t h e  a s s a y  w a s  e x t r a c t e d  into

1. 5 m l  o f  e th y l  a c e t a t e  and  t h e  e x t i n c t i o n  o f  th e  s o l u t i o n  m e a s u r e d  at

4 9 0  n m .  A  m o l a r  e x t i n c t i o n  c o e f f i c i e n t  (£ )  f o r  f o r m a z a n  in e th y l  
3 - 1 - 1

a c e t a t e  o f  E0. 1 x  10 '  l i t r e  . m o l  . c m  i s  a s s u m e d  (P e n n in g t o n ,  

1 9 6 1 ) .  T h e  m e a s u r e d  a c t i v i t i e s  a r e  c o n s i d e r e d  q u a l i t a t i v e  a s  th e  

k i n e t i c  p a r a m e t e r s  o f  th e  r e a c t i o n  w e r e  n o t  i n v e s t i g a t e d .

F i g u r e  1. s h o w s  th e  d i s t r i b u t i o n  o f  s u c c i n a t e  d e h y d r o g e n a s e  

a c t i v i t y  in  th e  g r a d i e n t  a f t e r  f r a c t i o n a t i o n  o f  a  w h o l e  l e a f  h o m o g e n a t e .

A p e a k  o f  s u c c i n a t e  d e h y d r o g e n a s e  a c t i v i t y  i s  s e e n  in  th e  r e g i o n  o f  th e  

g r a d i e n t  b e t w e e n  f r a c t i o n s  15 and E4. T h i s  r e s u l t  c o n f i r m s  th e  

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

s e d i m e n t  in  t h i s  r e g i o n  o f  t h e  g r a d i e n t .  L e s s  th a n  1% o f  the  s u c c i n a t e  

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

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

a c t i v i t y  in  th e  p e l l e t e d  f r a c t i o n  i s  m o s t  l i k e l y  due to  a s m a l l  p e r c e n t a g e  

o f  m i t o c h o n d r i a  w h ic h  b in d  to  o t h e r  c e l l u l a r  c o m p o n e n t s .



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

a c t i v i t y  in  th e  g r a d i e n t .

F i g u r e  1 . S u c r o s e  d e n s i t y  g r a d i e n t  f r a c t i o n a t i o n  of  a  w h o l e

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

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

S e c t i o n s  I I 2 E i  and I I 2 E i i .



, : 
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i i i .  A s s a y  f o r  r i b u l o s e  1, 5 b i s p h o s p h a t e  c a r b o x y l a s e  ( R u B P C a s e )

T h e  a s s a y  f o r  R u B P C a s e  i s  e s s e n t i a l l y  t h a t  d e s c r i b e d  by  

P a u l s e n  and  L a n e  ( 1 9 6 6 ) .  T h i s  a s s a y  i s  b a s e d  o n  th e  f i x a t i o n  o f  

CO^ in to  a c i d - s t a b l e  p r o d u c t s .

G r a d i e n t  f r a c t i o n s  w e r e  a d d e d  to an  e q u a l  v o l u m e  ( 5 0 0  jul) o f  

2 x  a s s a y  b u f f e r  p l u s  0.  2% (v/v) T r i t o n  X -  100.  T h e  a s  s a y  b u f f e r  

c o n t a in e d ,

2 5  m M  T r i s - H C l  (p H  7. 8)

1 m M  E D T A

10 m M  M g C l 2

10 m M  2 - m e r c a p t o e t h a n o l

A 100 jul a l i q u o t  of t h i s  e n z y m e  p r e p a r a t i o n  w a s  th e n  m i x e d
14

w ith  10 jul o f  10 m M  s o d iu m  ( C ) b i c a r b o n a t e  ( 5  juCi) in  an o p en

r e a c t i o n  v e s s e l .  A f t e r  10 m i n u t e s  p r e - i n c u b a t i o n  a t  2 5 ° C  the

r e a c t i o n  w a s  i n i t i a t e d  by th e  a d d i t io n  o f  100 ûl o f  2 m M  r i b u l o s e

1, 5 b i s p h o s p h a t e  d i s s o l v e d  in  a s s a y  b u f f e r .  T h e  in c u b a t i o n  w a s

c o n t in u e d  f o r  2 0  m i n u t e s  a t  2 5 ° C  and  w a s  th e n  t e r m i n a t e d  by  the

a d d i t io n  o f  100 jul o f  IN HC1. A f t e r  t e r m i n a t i o n  o f  th e  r e a c t i o n  the

i n c u b a t i o n  v e s s e l s  w e r e  f l u s h e d  w i th  n i t r o g e n  t o  r e m o v e  u n r e a c t e d  
14 co2 .

A li q u o t  p o r t i o n s  ( 1 0 0  jr l)  o f  th e  r e a c t i o n  m i x t u r e  w e r e  

t r a n s f e r r e d  o n to  W h a t m a n  G F / C  g l a s s - f i b r e  d i s c s  and th e  f i l t e r s  

w e r e  d r i e d  a t  6 0 ° C  f o r  30  m i n u t e s .  R a d i o a c t i v i t y  on th e  f i l t e r s  w a s  

d e t e r m i n e d  b y  l i q u i d  s c i n t i l l a t i o n  c o u n t in g  a s  d e s c r i b e d  in  S e c t i o n  

I I 2 C i i .  T h e  e f f i c i e n c y  o f  c o u n t in g  c a r b o n - 14 w a s  a s s u m e d  to  b e  70% .

C o n t r o l s  w e r e  p e r f o r m e d  b y  r e p l a c i n g  t h e  r i b u l o s e  1, 5 

b i s p h o s p h a t e  s o l u t i o n  b y  an e q u a l  v o l u m e  of a s s a y  b u f f e r .  A lth o u g h  

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

th e  e n z y m e  c o n c e n t r a t i o n  th e  a c t i v i t i e s  m u s t  b e  c o n s i d e r e d  q u a l i t a t iv e  

s i n c e  o t h e r  k i n e t i c  p a r a m e t e r s  o f  th e  r e a c t i o n  w e r e  not  t a k e n  into  

a c c o u n t  ( s e e  S e c t i o n  I2 A i) .

F i g u r e  2 s h o w s  the  d i s t r i b u t i o n  o f  R u B P C a s e  a c t i v i t y  w i th in  th e  

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

a r e a s  w ith in  th e  g r a d i e n t  sh o w  R u B P C a s e  a c t i v i t y .  A p p r o x i m a t e l y  

h a l f  o f  th e  a c t i v i t y  i s  found in f r a c t i o n s  1 to 14 .  T h e s e  f r a c t i o n s  

r e p r e s e n t /

S B



F i g u r e  2 .  S u c r o s e  d e n s i t y  g r a d i e n t  f r a c t i o n a t i o n  o f  a 

w h o le  l e a f  h o m o g e n a t e ;  th e  d i s t r i b u t i o n  of R u B P C a s e  

a c t i v i t y  i n  t h e  g r a d i e n t .

A  w h o le  l e a f  h o m o g e n a t e  w a s  p r e p a r e d ,  f r a c t i o n a t e d  and 

a s s a y e d  f o r  R u B P C a s e  a c t i v i t y  a s  d e s c r i b e d  in  S e c t i o n s  

I 1 2 E i  a n d  I I 2 E i i i .
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r e p r e s e n t  t h e  v o lu m e  and  p o s i t i o n  o f  0. 7 0  M  and 0 .  7 3  M  s u c r o s e  

s o l u t i o n s  in  t h e  g r a d i e n t .  T h i s  R u B P C a s e  a c t i v i t y  i s  p r e s u m a b l y  

due to  e n z y m e  w h ic h  i s  r e l e a s e d  upon b r e a k a g e  o f  th e  p l a s t i d s  d u r in g  

t h e i r  i s o l a t i o n .  S u b c e l l u l a r  b o d i e s  w e r e  n o t  s e e n  in  f r a c t i o n s  t a k e n  

f r o m  t h i s  r e g i o n  o f  t h e  g r a d i e n t .  V i r t u a l l y  no R u B P C a s e  a c t i v i t y  

i s  d e t e c t e d  in  f r a c t i o n s  15 to  29 o f  th e  g r a d i e n t .  T h e  r e m a i n i n g  

R u B P C a s e  a c t i v i t y  i s  d i s t r i b u t e d  b e t w e e n  t h e  p e l l e t  f r a c t i o n  and 

f r a c t i o n s  30  to  35 .  T h i s  a c t i v i t y  i s  p r e s u m e d  to b e  e n z y m e  l o c a t e d  

in i n t a c t  p l a s t i d s .  T h i s  l o c a t i o n  o f  th e  R u B P C a s e  e n z y m e  m a r k e r  

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

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

i n t a c t  p l a s t i d s .

F i g u r e s  1 and 2, t a k e n  t o g e t h e r ,  sh o w  th a t  a  c l e a r  s e p a r a t i o n  

o f  m i t o c h o n d r i a  and i n t a c t  p l a s t i d s  c a n  b e  a c h i e v e d  by t h i s  m e th o d .

F .  E L E C T R O P H O R E T I C  A N A L Y S I S  O F  P O L Y P E P T I D E S  
S Y N T H E S I Z E D  IN I S O L A T E D  P L A S T I D S .

i .  P r e - e l e c t r o p h o r e s i s  

a .  I n c u b a t io n

P l a s t i d s  i s o l a t e d  f r o m  4 0 g  o f  t i s s u e  w e r e  r e s u s p e n d e d  in 3 m i s  

o f  KC1 r e s u s p e n s i o n  m e d i u m  ( S e c t i o n  I I2 A ) .  L i g h t - d r i v e n  p r o t e i n  

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

h a d  a  f i n a l  v o l u m e  o f  1 m l  an d  c o n t a in e d ,

2 0 0  p m o l. 

6 6  p m o l .  

6. 6 I u n  o l .

KC1

T r i c i n e - K O H  (pH 8. 3) 

M g C l ,

1 0 0  p C i . r a d i o a c t i v e l y  l a b e l l e d  a m i n o  a c i d

( L - ( J  S) m e t h i o n i n e ,  3 0 0  C i / m m o l )
3 .( L - (  H) l e u c i n e ,  50 C i / m m o l )  

,3
( L - p h e n y l  2, 3- ( H) a l a n i n e ,  2 0  C i / m m o l )  

p l a s t i d s  ( l - 6 m g  o f  p r o t e i n )

A T P - d r i v e n  p r o t e i n  s y n t h e s i s  i n c u b a t i o n  m i x t u r e s  c o n t a in e d ,  in 

a d d i t io n  to  th e  a b o v e  c o m p o n e n t s ,  2 pimol o f  A T P ,  5 p m o l  o f  c r e a t i n e  

p h o s p h a t e  an d  100 7ug o f  c r e a t i n e  p h o s p h o k in a s e .  l h e  r e a c t i o n  c o m p o n e n t s  

w e r e  m i x e d  at 2 ° C  an d  th e  i n c u b a t i o n s  w e r e  s t a r t e d  by  r a i s i n g  the

t e m p  e r a t u r e /

■ ;

m .
à



t e m p e r a t u r e  o f  t h e  in c u b a t io n  m i x t u r e  to 2 0 ° C .  T h i s  t e m p e r a t u r e  

w a s  m a i n t a i n e d  d u r in g  th e  i n c u b a t io n .  T h e  A T P - d r i v e n  s y s t e m  w a s  

i n c u b a t e d  in  t h e  d a r k ,  w h e r e a s  i n c u b a t i o n s  w i t h  l i g h t  a s  t h e  e n e r g y  

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

S e c t i o n  I I 2 C i .  A f t e r  1 h o u r  th e  i n c u b a t i o n s  w e r e  t e r m i n a t e d  by th e
o  32

a d d i t io n ,  a t  4  C ,  o f  2 0 0  p i  o f  a  s a t u r a t e d  a q u e o u s  s o l u t i o n  o f  L (  S)

m e t h i o n i n e  a n d  120  p i  o f  a  20%  (w/v) s o l u t i o n  o f  s o d iu m  d o d e c y l

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

m i x t u r e s  w e r e  b o i l e d  f o r  3 m i n u t e s  and t h e n  e x h a u s t i v e l y  d i a l y s e d  a t

r o o m  t e m p e r a t u r e  a g a i n s t  5 l i t r e s  o f  d i a l y s i s  b u f f e r .  T h e  d i a l y s i s

b u f f e r  c o n t a i n e d ,

2. 5 m M  T r i s - 1 9  m M  g l y c i n e  (pH 8. 5)

100 m M  2 m e r c a p t o e t h a n o l

0 .  2% ( w / v )  s o d iu m  d o d e c y l  s u lp h a te

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

d o d e c y l  s u l p h a t e  f o r m s  w h e n  s o d iu m  d o d e c y l  s u lp h a t e  i s  a d d e d  to  th e

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

b. P r e p a r a t i o n  o f  1 5 0 0 0 0  x  g e t i o p l a s t  s u p e r n a t a n t  f r a c t i o n .

E t i o p l a s t s  w e r e  i s o l a t e d  and  i n c u b a t e d  w ith  A T P  a s  th e  e n e r g y

s o u r c e  f o r  t h e  a n a l y s i s  o f  th e  p r o d u c t s  a s  d e s c r i b e d  in  S e c t i o n s  I I2 A
32

a n d  I I 2 F i .  T h e  in c u b a t i o n  w a s  t e r m i n a t e d  b y  th e  a d d i t io n  o f  L - (  S) 

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

2, 5 0 0  x  e f o r  2 m i n u t e s  a t  2 C ( r  14. 6 c m ) .  T h e  s u p e r n a t a n t  

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

in  1. 2 m i s  o f  b u f f e r  c o n t a in in g  2. 5 m M  T r i s - g l y c i n e  (pH  8 .  5) and 

4 m M  2 - m e r c a p t o e t h a n o l .  T h i s  b u f f e r  l y s e s  th e  p l a s t i d s .  T h e  

s u p e r n a t a n t  f r a c t i o n  w a s  ad d ed  to  th e  l y s e d  e t i o p l a s t  p r e p a r a t i o n  and 

c e n t r i f u g e d  a t  1 5 0 0 0 0  x  g f o r  100  m i n u t e s  a t  2 ° C  ( r ^  7 .  6 2  c m )  

u s i n g  a  3 x  5 m i s  s w in g - o u t  r o t o r  f i t t e d  w i th  1 m l  tu b e  a d a p t o r s  in 

a n  M S E  50  c e n t r i f u g e .  A f t e r  c e n t r i f u g a t i o n  o f  t h e  s a m p l e  t h e  c l e a r  

s u p e r n a t a n t  w a s  r e m o v e d  and  2 4 0  p i  o f  an  a q u e o u s  s o l u t i o n  o f  2 0%  (w /v) 

s o d iu m  d o d e c y l  s u l p h a t e  w a s  added . T h e  1 5 0 0 0 0  x  g s u p e r n a t a n t  

f r a c t i o n  w a s  b o i l e d  f o r  3 m i n u t e s ,  c o o l e d  t o  r o o m  t e m p e r a t u r e  and 

e x h a u s t i v e l y  d i a l y s e d  a t  r o o m  t e m p e r a t u r e  a g a i n s t  5 l i t r e s  o f  d i a l y s i s

b u f f e r .



c .  P r o n a s e  an d  r i b o n u c l e a s e  A t r e a t m e n t  o f  p o l y p e p t i d e s
s y n t h e s i z e d  in  i s o l a t e d  e t i o p l a s t s .

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

e t i o p l a s t s  w a s  p e r f o r m e d  a s  d e s c r i b e d  in S e c t i o n  I I 2 F i a .  T h e
, 3 2

i n c u b a t i o n  w a s  t e r m i n a t e d  by  th e  a d d i t io n  of L - (  S) m e t h i o n i n e  

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

in  S e c t i o n  J I 2 F i b .  A f t e r  th e  s u p e r n a t a n t  f r a c t i o n  h a d  b e e n  a d d e d  to 

th e  l y s e d  e t i o p l a s t  p r e p a r a t i o n  the  p r o t e i n  c o n c e n t r a t i o n  w a s  

d e t e r m i n e d  a n d  a l i q u o t s  (6 0 0 y u l)  w e r e  t a k e n  f o r  e n z y m i c  t r e a t m e n t .

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

a t  a c o n c e n t r a t i o n  o f  1 m g / m l  in  5 0  m M  T r i s - 3 8 0  m M  g l y c i n e  (p H  8. 5) 

c o n t a i n i n g  10 m M  2 - m e r c a p t o e t l i a n o l .  T h e  e n z y m e s ,  in  a  v o lu m e  o f  

2 5 0  jul, w e r e  a d d ed  to  th e  l y s e d  e t i o p l a s t  p r e p a r a t i o n s  to g iv e  p r o t e i n  

to  e n z y m e  r a t i o s  o f  1 0 :1  ( p r o n a s e )  and 2 0 :1  ( r i b o n u c l e a s e )  r e s p e c t i v e l y .  

A n e q u i v a l e n t  v o lu m e  o f  b u f f e r  w a s  ad d ed  to  a  t h i r d  a l iq u o t  to  a c t  a s  

a c o n t r o l .  T h e  s a m p l e s  w e r e  in c u b a t e d  a t  3 7 ° C  f o r  3 h o u r s .  T h e  

i n c u b a t i o n s  w e r e  t e r m i n a t e d  b y  th e  a d d i t io n  o f  8 5  ,ul o f  2 0%  (w /v) 

s o d iu m  d o d e c y l  s u l p h a t e  and  b o i l in g  f o r  3 m i n u t e s .  T h e  s o l u b i l i z e d  

d i g e s t s  w e r e  t h e n  e x h a u s t i v e l y  d i a l y s e d  a t  r o o m  t e m p e r a t u r e  a g a i n s t  

5 l i t r e s  o f  d i a l y s i s  b u f f e r .

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

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

p r o t e i n  s y n t h e s i s  in  v i t r o  w e r e  p e r f o r m e d  a s  d e s c r i b e d  in  S e c t i o n  

1 I 2 F i a .  A f t e r  d i a l y s i s  1 m l  a l iq u o t s  o f  the  p r e p a r a t i o n  w e r e  m i x e d  

f o r  1 m i n u t e  a t  r o o m  t e m p e r a t u r e  w ith  9 m i s  o f  a c e t o n e .  T h e  s a m p l e  

w a s  c e n t r i f u g e d  a t  1 0 0 0  x g f o r  5 m i n u t e s  an d  th e  p e l l e t  and  s u p e r n a t a n t  

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

r e s u s p e n d e d  in  10 m i s  o f  9 0 %  (v/v) a c e t o n e .  T h i s  e x t r a c t i o n  

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

6 0 ° C  f o r  10 m i n u t e s  and  r e s u s p e n d e d  in  1 m l  o f  2. 5 m M  T r i s -  19 m M  

g l y c i n e  (p H  8 .  5) c o n t a i n i n g  100 m M  2 - m e r c a p t o e t h a n o l  an d  2% (w/v) 

s o d iu m  d o d e c y l  s u l p h a t e .  T h e  s a m p l e  w a s  b o i l e d  f o r  3 m i n u t e s  and 

e x h a u s t i v e l y  d i a l y s e d  a t  r o o m  t e m p e r a t u r e  a g a i n s t  5 l i t r e s  o f  d i a l y s i s
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i i .  A n a l y t i c a l  S D S - p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s ,  

a. D i s c  g e l  e l e c t r o p h o r e s i s .

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

s o d iu m  d o d e c y l  s u l p h a t e  and  u r e a  in th e  b u f f e r s .  E l e c t r o p h o r e s i s  w a s  

p e r f o r m e d  a t  r o o m  t e m p e r a t u r e .  B o t h  a c r y l a m i d e  an d  b i s - a c r y l a m i d e  

w e r e  u s e d  w ith o u t  r e c r y s t a l l i z a t i o n .

G e l s  c o n s i s t e d  o f  15% (w /v) a c r y l a m i d e - O .  3% b i s - a c r y l a m i d e  

m a d e  up in  a  b u f f e r  c o n t a in in g  0 .  3 7 5  M T r i s - H C l  (p H  8. 5 ) ,  0 .  1%

(w /v) s o d iu m  d o d e c y l  s u lp h a t e  an d  3% (w /v) u r e a .  T h e  g e l  

c o m p o n e n t s  w e r e  m i x e d  in  a r o u n d - b o t t o m e d  f l a s k .  T h e  m i x t u r e  

c o n t a in e d ,

5 m i s  3 M  T r i s - H C l  (pH  8. 5)

5 m i s  2 4 %  (w /v) u r e a /  0 .  8% (w/v) S D S  

10 m i s  6 0 % a c r y l a m i d e  - 1. 2% b i s - a c r y l a m i d e  

20  m i s  0 .  14%  (w/v) a m m o n i u m  p e r s u l p h a t e  ( f r e s h l y  p r e p a r e d )

23  p i  T E M E D  (N, N, N, N 1 - t e t r a m e t h y l e n e  d ia m in e )

T h i s  m i x t u r e  w a s  r a p i d l y  d e g a s s e d  and t r a n s f e r r e d  to  g l a s s  t u b e s  

( 6 m m  x  1 0 0 m m )  w h i c h  w e r e  s e a l e d  a t  o n e  end w ith  m o i s t  d i a l y s i s  tu b in g .  

T h e  a c r y l a m i d e  s o l u t i o n  w a s  g e n t l y  o v e r l a y e d  w ith  2 0 0  p i  o f  d i s t i l l e d  

w a t e r  u s in g  a n  E p p e n d o r f  p i p e t t e .  T h i s  p r o d u c e s  a  f l a t  to p  to th e  g e l  

up on p o l y m e r i z a t i o n .  T h e  g e l s  p o l y m e r i z e d  in  15 m i n u t e s .  T h e  g e l s  

w e r e  t r a n s f e r r e d  to  e l e c t r o p h o r e s i s  t a n k s  c o n t a in in g  ru n n in g  b u f f e r .

T h e  ru n n in g  b u f f e r  c o n t a in e d ,

50  m M  T r i s - 3 8 0  m M  g l y c i n e  (pH  8. 5)

0 .  1% (w /v) s o d iu m  d o d e c y l  s u l p h a t e

10 m M  2 - m e r c a p t o e t h a n o l  

o r

8 m M  c y s t e i n e

T h e  top  g e l - t a n k  c o m p a r t m e n t  c o n t a in e d  th e  c a t h o d e  and p r o t e i n s  

e l e c t r o p h o r e s e d  dow n t h r o u g h  th e  g e l  t o w a r d s  th e  a n o d e  in  th e  b o t to m  

g e l - t a n k  c o m p a r t m e n t .  T h e  g e l s  w e r e  p r e r u n  a t  10 m A / g e l  f o r  3 n o u r s  

to  r e m o v e  e x c e s s  a m m o n i u m  p e r s u l p h a t e .  S a m p l e s  ( 2 0 - 2 0 0 ^ r l ,  

c o n t a in in g  2 0 - 4 0 0  yug o f  p r o t e i n )  w e r e  l a y e r e d  d i r e c t l y  on th e  g e l s  w ith  

s u c r o s e  ( 1 0 % ,  w/v) and b r o m o p h e n o l  b l u e  (0 .  0 0 5 % ,  w /v). T he  s a m p l e s

w e r e /
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w e r e  c o n c e n t r a t e d  by a p p ly in g  a c u r r e n t  o f  0 .  5 n i A / g e l  f o r  30  m i n u t e s

and t h e n  e l e c t r o p h o r e s i s  w a s  c a r r i e d  out a t  5 m A / g e l .  T h e  b r o m o p h e n o l

b lu e  w a s  u s e d  a s  a  m a r k e r  to d e t e r m i n e  the  d u r a t i o n  o f  e l e c t r o p h o r e s i s

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

A f t e r  e l c c t r o p h O f « » s  o f  the  p r o t e i n s  th e  g e l s  w e r e  s i m u l t a n e o u s l y

f i x e d  a n d  s t a i n e d  in  a  s o l u t i o n  o f  c o o m a s s i e  b r i l l i a n t  b lu e  R  ( 0 .  1%, w/v)

in 5 0%  (v/v) m e t h a n o l  and  7 .  5% (v / v)  a c e t i c  a c i d .  A f t e r  s t a in i n g  f o r

12 h o u r s  th e  e x c e s s  s t a i n  w a s  r e m o v e d  by  w a s h i n g  in  5 0%  m e t h a n o l

c o n t a in in g  7 .  5%  a c e t i c  a c id .  T h e  g e l s  w e r e  s c a n n e d  a t  6 2 0  n m  in  a

J o y c e - I , o e b l  C h r o m a s c a n .  T h e  d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  w i t h i n  th e

g e l  w a s  d e t e r m i n e d  in  th e  f o l lo w in g  m a n n e r .

F i r s t l y  t h e  g e l s  w e r e  s w o l l e n  in  7. 5% (v / v )  a c e t i c  a c i d  to  r e m o v e
o

the m e t h a n o l .  T h e  g e l s  w e r e  th e n  f r o z e n  a t  - 9 0  C  f o r  3 0  m i n u t e s  and 

the  f r o z e n  g e l s  w e r e  s l i c e d  into  1 m m  s l i c e s  w i th  a  M i c k l e  g e l  s l i c e r .

T h e  s l i c e s  w e r e  s o l u b i l i z e d  in 2 0 0  p i  o f  ( 1 0 0  v o ls )  f o r  3 h o u r s

a t  8 0 ° C  in  c a p p e d  s c i n t i l l a t i o n  v i a l s .  A f t e r  c o o l i n g  the  v i a l s  8 m i s  o f  

T r i t o n  X - 100 -  t o l u e n e  s c i n t i l l a t i o n  f lu id  w a s  a d d e d .  T h i s  s c i n t i l l a t i o n  

f lu id  c o n t a in e d ,

0 .  4%  (w / v )  2, 5 - d ip h e n y l o x a z o l e

0 .  0 5%  (w / v )  1, 4 - b i s - (  5 - p h e n y l o x a  z o l - 2 - y l )  b e n z e n e  

in  t o lu e n e  -  T r i t o n  X - 1 0 0  ( 2 : 1 ,  v/v).

T h e  s a m p l e s  w e r e  c o u n te d  f o r  r a d i o a c t i v i t y  in  a  P a c k a r d  T r i - C a r b

m o d e l  3 3 2 0  l i q u i d  s c i n t i l l a t i o n  s p e c t r o p h o t o m e t e r .  In s a m p l e s  
35

c o n t a in in g  L - (  S) m e t h i o n i n e  a l o n e  th e  m a c h i n e  s e t t i n g s  w e r e  15%

g a in  a n d  o p e n  w in d o w . T h e  r a d i o a c t i v i t y  w a s  c o u n t e d  a t  a n  e f f i c i e n c y
14

o f  8 8 %  a s  s h o w n  by  c o m p a r i s o n  w ith  i n t e r n a l  s t a n d a r d s  o f  ( C)
3 5

h e x a d e c a n e .  In  g e l  s l i c e s  c o n t a in in g  b o th  L - (  S) m e t h i o n i n e  an d  
3L - (  H) l e u c i n e  t h e  r a d i o a c t i v i t y  due to  e a c h  i s o t o p e  w a s  e s t i m a t e d  by

th e  c h a n n e l s  r a t i o  m e t h o d  o f  I l e n d l e r  ( 1 9 6 4 ) .

b .  S la b  g e l  e l e c t r o p h o r e s i s ;  c a l i b r a t i o n  f o r  m o l e c u l a r  w e i g h t s  
e s t i m a t e d  on 15% p o l y a c r y l a m i d e  g e l s .

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

i t s  e l e c t r o p h o r e t i c  m o b i l i t y  in 15% S D S - p o l y a c r y l a i  xide g e l s  w a s

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

a d v a n t a g e  o f  u s i n g  t h i s  s y s t e m  i s  that: v a r i a t i o n s  b e t w e e n  in d iv id u a l



g e l s ,  b o t h  in  t h e i r  u n i f o r m i t y  (e .  g. p o r e  s i z e )  an d  in  t h e  c o n d i t i o n s  

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

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

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

p r o t e i n s .  In a d d i t io n  t h e  r e s o l u t i o n  o f  th e  s l a b  g e l  s y s t e m  w a s  fo u n d  

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

T h e  s l a b  g e l  a p p a r a t u s  w a s  e s s e n t i a l l y  th a t  e x p l i c i t l y  d e s c r i b e d  

by  S t u d i e r  ( 1 9 7 3 ) .  T h e  g e l  s y s t e m  u s e d ,  i .  e .  t h e  c o m p o s i t i o n  o f  the  

g e l  a n d  ru n n in g  b u f f e r s ,  i s  e x a c t l y  a s  d e s c r i b e d  f o r  d i s c  g e l  

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

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

v a l u e s  g i v e n  in  b r a c k e t s :  -

h u m a n  t r a n s f e r r i n  ( 7 8 0 0 0 ) ,  b o v in e  s e r u m  a l b u m i n  ( 6 8 0 0 0  f o r  the  

m o n o m e r ) ,  o v a l b u m i n  ( 4 3 0 0 0 ) ,  y e a s t  a l c o h o l  d e h y d r o g e n a s e  ( 3 7 0 0 0 ) ,  

c a r b o x y p e p t i d a s e  A  ( 3 4 6 0 0 ) ,  c h y m o t r y p s i n o g e n  ( 2 5 0 0 0 ) ,  b o v in e  

t r y p s i n  ( 2 3 3 0 0 ) ,  w h a l e  m y o g l o b in  ( 1 7 2 0 0 )  an d  s h e e p  h a e m o g l o b i n  

( 1 5 0 0 0 ) .

E a c h  o f  t h e s e  p r o t e i n s  w a s  io d l A a t e d  w ith  i o d i n e - 1 25  a s  d e s c r i b e d  in  

S e c t i o n  I I2H ,  and  p r e p a r e d  f o r  e l e c t r o p h o r e s i s  b y  a d d in g  s u c r o s e  and 

b r o m o p h e n o l  b lu e .  T h e  s a m p l e s  w e r e  d i lu te d  w ith  a p p r o p r i a t e  v o l u m e s  

of r u n n i n g  b u f f e r  to g i v e  a  r a d i o a c t i v e  c o n c e n t r a t i o n  o f  5 0 0 0 0  c .  p. m .  /15  ul.

A l i q u o t s  ( 1 5  jul) o f  e a c h  s a m p l e  w e r e  c o - e l e c t r o p h o r e s e d  a t  

2 v o i t s / c m  f o r  a p p r o x i m a t e l y  2 4  h o u r s .  A f t e r  e l e c t r o p h o r e s i s  th e  

p o s i t i o n  o f  th e  b r o m o p h e n o l  b lu e  m a r k e r  dye w a s  n o t e d ,  and t h e  g e l  

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

a t  9 0 ° C .  T h e  d r i e d  g e l  w a s  e x p o s e d  to K o d i r e x  X - r a y  f i l m  f o r  4  d a y s .

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

a u t o r a d i o g r a p h .

F i g u r e  3 A s h o w s  a n  a u t o r a d i o g r a p h  o f  a  c a l i b r a t i o n  g e l  a n d  f r o m  

t h i s  d a t a  th e  know n m o l e c u l a r  w e ig h t s  o f  th e  c a l i b r a t i o n  p r o t e i n s  c a n  b e  

p l o t t e d  a s  a  f u n c t i o n  o f  t h e i r  r e l a t i v e  m o b i l i t i e s ,  ( R m ) ,  ( f i g u r e  3 B ). 

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

p r o t e i n s ,  p o s s i b l y  o c c u r r i n g  d u r in g  iodfcnation ,  th e  m a j o r  r a d i o a c t i v e  

s p e c i e s  in  e a c h  s a m p l e  i s  a s s u m e d  to b e  the  a u t h e n t i c  m a r k e r  p r o t e i n .

T h e  c a l i b r a t i o n  c u r v e  i s  fo un d  to b e  b i p h a s i c .  T h i s  i s  in a g r e e m e n t



F i g u r e  3. C a l i b r a t i o n  o f  15% S D S - p o l y a c r y l a m i d e  g e l s .

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

w e i g h t  w e r e  d e t e r m i n e d  a s  d e s c r i b e d  in S e c t i o n  I I 2 F Ü .

A . C a l i b r a t i o n  g e l  a u t o r a d i o g r a p h

1. t r a n s f e r r i n

2 .  B .  S. A.

3 .  o v a l b u m i n

4 .  a l c o h o l  d e h y d r o g e n a s e

5. c a r b o x y p e p t i d a s e  A

6.  c h y m o t r y p s i n o g e n

7 .  t r y p s i n

8 .  m y o g l o b i n

9 .  h a e m o g l o b i n

B .  A s e m i - l o g  p lo t  o f  m o l e c u l a r  w e ig h t  a g a i n s t  r e l a t i v e  m o b i l i t y

f o r  9 p r o t e i n s  o f  kn ow n m o l e c u l a r  w e i g h t .
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w i th  th e  r e s u l t s  o f  N e v i l l e  ( 1 9 7 1 )  an d  E a g l e s h a m  and E l l i s  ( 1 9 7 4 ) .

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

p r o t e i n s  f r a c t i o n a t e d  b y  15%  S D S - p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s .

i i i .  P r e p a r a t i v e  g e l  e l e c t r o p h o r e s i s  o f  t h e  1 5 0 0 0 0  x  g s u p e r n a t a n t  
f r a c t i o n  f r o m  i s o l a t e d  e t i o p l a s t s .

T h e  d i a l y s e d ,  s o d iu m  d o d e c y l  s u l p h a t e - t r e a t e d  1 5 0 0 0 0  x  g 

s u p e r n a t a n t  f r a c t i o n  p r e p a r e d  a s  d e s c r i b e d  in  S e c t i o n  I I 2 F i b  w a s  

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

e l e t r o p h o r e s i s  m e t h o d  o f  M o o r e  and  B u r k e  ( 1 9 7 4 ) .  E l e c t r o p h o r e s i s  w a s  

p e r f o r m e d  o n  c y l i n d r i c a l  c o l u m n s  ( 1 8  m m  x  2 2 0  m m )  o f  15%  (w /v) 

a c r y l a m i d e  -  0. 3%  (w/v) b i s a c r y l a m i d e .  T h e  g e l s  w e r e  p r e p a r e d  an d  

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

d e s c r i b e d  i n  S e c t i o n  I I 2 F i i a ,  a d a p t in g  th e  v o l u m e s  o f  th e  c o m p o n e n t s  

to t h e  r e q u i r e m e n t s  o f  th e  p r e p a r a t i v e  s y s t e m .  T h e  g e l s  w e r e  p r e r u n  

a t  5 m A / g e l  f o r  2 0  h o u r s .  S u c r o s e  c r y s t a l s  ( 0 .  2 m g )  w e r e  a d d e d  to  

2 m i s  o f  d i a l y s e d  p r e p a r a t i o n  ( c o n t a in in g  4 m g  o f  p r o t e i n )  an d  th e  

s a m p l e s  w e r e  l o a d e d  d i r e c t l y  o n to  th e  g e l s  u s i n g  a  d i s p o s a b l e  

h y p o d e r m i c  s y r i n g e .  T h e  s a m p l e s  w e r e  c o n c e n t r a t e d  o n  to p  o f  th e  g e l  

by  a p p ly in g  a  c u r r e n t  o f  3 m A / g e l  f o r  3 h o u r s  b e f o r e  e l e c t r o p h o r e s i s  

a t  5 m A / g e l  f o r  3 0  h o u r s .  T h e  g e l s  w e r e  e l e c t r o p h o r e s c d  a t  r o o m  

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

f o r  r e c o v e r y  o f  th e  r a d i o a c t i v e  s a m p l e .  T h i s  a r e a  c o r r e s p o n d e d  to  th e  

p o s i t i o n  o f  th e  l a r g e  s u b u n i t  f r o m  F r a c t i o n  I p r o t e i n .  T h i s  p o s i t i o n  in  

t l ie  g e l  w a s  d e t e r m i n e d  f r o m  th e  m o b i l i t y  o f  d a n s y l a t e d  p e a  F r a c t i o n  I 

p r o t e i n  f r a c t i o n a t e d  in p a r a l l e l  g e l s .  P e a  F r a c t i o n  I p r o t e i n  w a s  

p r e p a r e d  a s  d e s c r i b e d  in  S e c t i o n  I I 2 G i i .  A f t e r  e x i s i o n  f r o m  t h e  g e l  

c y l i n d e r  t h e  r a d i o a c t i v e  p r o t e i n  w a s  e lu te d  f r o m  t h e  g e l  s e c t i o n  in  

0. 1% (w /v) s o d iu m  d o d e c y l  s u lp h a t e  c o n t a in in g  1 m M  p h e n y l  m e t h a n e  

s u lp h o n y l  f l u o r i d e  a t  3 7 ° C  f o r  16 h o u r s .  A f t e r  e l u t i o n  t h e  g e l  p i e c e s  

w e r e  r e m o v e d  b y  c e n t r i f u g a t i o n  a t  1 5 0 0  x  g f o r  10 m i n u t e s  a t  r o o m  

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

W h a t m a n  G F /C g l a s s - f i b r e  d i s c  b y  c e n t r i f u g a l  f i l t r a t i o n  a t  2 5 0 0  x  g 

f o r  15 m i n u t e s  to  e n s u r e  r e m o v a l  o f  a l l  p o l y a c r y l a m i d e  g e l  p i e c e s .  

F i n a l l y  t h e  e l u t e d  p r o t e i n  w a s  p r e c i p i t a t e d  b y  th e  a d d i t io n  o f  0. 4  v o l u m e s  

o f  100%  (w /v) t r i c h l o r a c e t i c  a c i d  ( f i n a l  c o n c e n t r a t i o n  o f  2 0 %  (w/v) 

t r i c h l o r a c e t i c /



t r i c h l o r a c e t i c  a c id )  f o r  3 0  m i n u t e s  a t  4 ° C .  T h e  p r e c i p i t a t e d  p r o t e i n

w a s  p e l l e t e d  b y  c e n t r i f u g a t i o n  a t  1 0 0 0 0  x  g f o r  3 0  m i n u t e s  a t  2 ° C  and

th e  p e l l e t  w a s  w a s h e d  b y  r e s u s p e n s i o n  and  c e n t r i f u g a t i o n  ( a t  1 0 0 0 0

x  g f o r  20  m i n u t e s )  in  e t h a n o l - d i e t h y l  e t h e r  ( 3 :  1, v/v) ( t w i c e )  and

e t h e r  ( o n c e ) .  T h i s  m a t e r i a l  w a s  d r i e d  a t  3 0 ° C  f o r  30  m i n u t e s  and  
o

th e n  s t o r e d  a t  4  C u n t i l  u s e d .  T h e  h o m o g e n e i t y  o f  t h i s  m a t e r i a l  i s  

d i s c u s s e d  in S e c t i o n  I I I 3 B .

G. P U R I F I C A T I O N  O F  P E A  F R A C T I O N  I P R O T E I N

i.  P u r i f i c a t i o n  o f  u n l a b e l l e d  p e a  F r a c t i o n  I p r o t e i n

U n l a b e l l e d  F r a c t i o n  I p r o t e i n  w a s  p u r i f i e d  f r o m  1 0 - 1 5  d a y - o l d

p e a  s e e d l i n g s  g r o w n  a s  d e s c r i b e d  in  S e c t i o n  I A i i b .  T h e  m e t h o d  is

d e s c r i b e d  b y  B l a i r  and  E l l i s  ( 1 9 7 3 )  and  i s  a m o d i f i c a t i o n  o f  a

p r o c e d u r e  o f  K a w a s h i m a  and W i ld m a n  ( 1 9 7 1 ) .  A l l  o p e r a t i o n s  w e r e  
o

p e r f o r m e d  a t  4  C. L e a v e s  ( 2 0 0 g )  w e r e  b l e n d e d  in 3 0 0  m i s  o f  i c e -  

c o l d  b u f f e r  A in  an  A t o m i x  b l e n d e r  f o r  60  s e c o n d s .  B u f f e r  A 

c o n t a in e d ,

0 .  0 2 5  M  T r i s - H C l  (pH  7. 4)

0 .  0 5  M  N a C l

1 m M  M g C l 2

0 .  5 m M  E D T A

0 .  0 4  m M  2 - m e r c a p t o e t h a n o l

2 m M  p h e n y l  m e t h a n e  s u lp h o n y l  f l u o r i d e

T h e  h o m o g e n a t e  w a s  s t r a i n e d  t h r o u g h  8 l a y e r s  o f  m u s l i n  and 

c e n t r i f u g e d  a t  1 0 0 0 0  x  g f o r  3 0  m i n u t e s  ( r  1 4 .  4  c m )  in  an  M S E  18 

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

a t  1 0 5 0 0 0  x  g f o r  6 0  m i n u t e s  ( r  7. 6 2  c m )  in  a n  M S E  50 c e n t r i f u g e .  

T h e  y e l l o w i s h  1 0 5 0 0 0  x  g s u p e r n a t a n t  f r a c t i o n  w a s  p a s s e d  t h r o u g h  a 

c o l u m n  o f  c o a r s e  g r a d e  S e p h a d e x  G - 2 5  ( 6. 5 c m  x  5 0  c m )  a t  a  f lo w  

r a t e  o f  20  m l s / m i n u t e  u s i n g  b u f f e r  B  a s  th e  e l u t i n g  b u f f e r .  B u f f e r  

B  c o n t a in e d ,

0 . 0 2 5  M  T r i o - H C l  (p H  7. 4)

0 .  0 5  M  N a C l

0 .  5 m M  E D T A

10 m M  2 - m e r c a p t o c t h a n o l

T h e  p r o t e i n  w h i c h  w a s  e l u t e d  in  th e  v o id  v o lu m e  ( lo w  m o l e c u l a i



m o l e c u l a r  w e i g h t  c o n t a m i n a n t s  w e r e  r e t a r d e d  on t h e  c o l u m n )  w a s  

c o l l e c t e d .  S o l i d  (N H ^ )^ SO ^  w a s  a d d e d  an d  th e  p r e c i p i t a t e  w h i c h  

a p p e a r e d  b e t w e e n  35%  and 4 5 %  s a t u r a t i o n  w a s  c o l l e c t e d  b y  

c e n t r i f u g a t i o n  a t  1 0 0 0 0  x  g f o r  10 m i n u t e s .  T h e  p e l l e t  w a s  

r e s u s p e n d e d  in  2 m i s  o f  B u f f e r  C. B u f f e r  C c o n t a in e d ,

0 .  0 5  M  T r i s - H C l  (p H  8. 0)

0 .  5 m M  E D T A

10 m M  2 - m e r c a p t o e t h a n o l

T h e  p r o t e i n  s o l u t i o n  w a s  d i a l y s e d  o v e r n i g h t  a g a i n s t  1 l i t r e  o f  

b u f f e r  C.

T h e  d i a l y s e d  s o l u t i o n  w a s  a b s o r b e d  o n to  a  c o l u m n  ( 1 .  5 c m  x  

15 c m )  o f  D E A E - c e l l u l o s e ,  p r e v i o u s l y  e q u i l i b r a t e d  w ith  b u f f e r  C.

T h e  c o l u m n  w a s  t h o r o u g h l y  w a s h e d  w ith  m o r e  b u f f e r  C  an d  F r a c t i o n  I 

p r o t e i n  w a s  th e n  e lu te d  w ith  b u f f e r  C c o n t a i n i n g  100 m M  N a C l .

P r o t e i n  w a s  p r e c i p i t a t e d  by a d d in g  s o l i d  a m m o n i u m  s u l p h a t e  to  50%  

s a t u r a t i o n ,  and  th e  p r e c i p i t a t e  w a s  s p u n  down a t  1 0 0 0 0  x  g f o r  

10 m i n u t e s  a n d  r e s u s p e n d e d  in 5 m l  o f  b u f f e r  B .  F i n a l l y  th e  p r o t e i n  

w a s  a p p l i e d  to  a  S c p h a d e x  G - 2 0 0  c o l u m n  (2 .  5 c m  x  9 0  c m )  an d  e lu t e d  

w i th  b u f f e r  B  a t  a  f low  r a t e  o f  2. 5 m i s / h o u r .  F r a c t i o n  I p r o t e i n  

e l u t e s  j u s t  a f t e r  t h e  v o id  v o lu m e .  F r a c t i o n s  f r o m  t h i s  p a r t  o f  the  

e l u t i o n  p r o f i l e  (w i th  A 2gQ / A ^ Q o f  1. 8 o r  g r e a t e r )  w e r e  p o o l e d  

an d  t h e  p r o t e i n  p r e c i p i t a t e d  f r o m  t h e m  w ith  5 0%  s a t u r a t e d  a m m o n i u m  

s u l p h a t e .  T h e  p r e c i p i t a t e  w a s  c e n t r i f u g e d  to  a  p e l l e t  a t  1 0 0 0 0  x  g f o r  

10 m i n u t e s .  T h e  p e l l e t  w a s  r e s u s p e n d e d  in a  v o lu m e  o f  s t e r i l e  

d i s t i l l e d ' w a t e r  and  d i a l y s e d  a g a i n s t  1 l i t r e  o f  s t e r i l e  d i s t i l l e d  w a t e r  

o v e r n i g h t .  T h e  d i a l y s e d  s a m p l e  w a s  f r e e z e - d r i e d .

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

b e e n  e s t a b l i s h e d  b y  B l a i r  an d  E l l i s  ( 1 9 7 4 ) ,  F o r  u s e  a s  a  m a r k e r  

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

n o t  i n d e p e n d e n t l y  v e r i f i e d .

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

P e a  F r a c t i o n  I p r o t e i n  p r e p a r e d  a s  d e s c r i b e d  in  S e c t i o n  I I2 G i  

w a s  d a n s y l a t e d  e s s e n t i a l l y  a s  d e s c r i b e d  b y  T a l b o t  and  Y p h a n t i s  ( 1 9 7 1 ) .  

F r e e z e - d r i e d  p r o t e i n  (3  m g )  w a s  d i s s o l v e d  in 4 0 0  jul o f  p h o s p h a t e -  

b u f f e r e d  s a l i n e  ( P B S ) .  P h o s p h a t e - b u f f e r e d  s a l i n e  c o n t a in e d ,

2 3 9  m M  N a C l



9 m M  

1. 5 m M (pH 7 .  4)
N a  H P O  

2 4
K H ,  PC)

2 4

T h e  p r o t e i n  s o l u t i o n  w a s  m i x e d  w ith  2 0 0  ûl o f  an  a q u e o u s  10%

(w / v ) s o l u t i o n  o f  s o d i u m  d o d e c y l  s u l p h a t e  and  20 ,ul o f  10% (w /v)

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

f r e s h l y  p r e p a r e d .  T h e  m i x t u r e  w a s  v i g o r o u s l y  a g i t a t e d  and  t h e n

b o i l e d  f o r  3 m i n u t e s  a t  1 0 0 ° C .  A f t e r  c o o l i n g  the  m i x t u r e ,  5 iuI  o f

2 - m e r c a p l o e t h a n o l  w a s  ad ded  and  th e  m i x t u r e  w a s  b o i l e d  f o r  1 m i n u t e .

T h e  s a m p l e  w a s  a p p l i e d  to a  s h o r t  ( 0 .  8 c m  x  10 c m )  c o l u m n  of-

S e p h a d e x  G - 2 5  ( f i n e  g r a d e )  w h ic h  h a d  b e e n  p r e v i o u s l y  e q u i l i b r a t e d

w i t h  p h o s p h a t e - b u f f e r e d  s a l i n e  c o n t a i n i n g  1% (w/v) s o d iu m  d o d e c y l

s u l p h a t e  and i %  (v / v) 2 - m e r c a p t o e t h a n o l  ( e l u t i o n  b u f f e r ) .  E l u t i o n

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

t h e  c o l u m n  u n d e r  u l t r a v i o l e t  i l l u m i n a t i o n  ( 3 3 4  n m ) .  U n r e a c t e d  d a n s y l

c h l o r i d e  w a s  s l i g h t l y  r e t a r d e d  in  e l u t i o n  f r o m  the  c o lu m n .  T h e  f a s t e r

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

f l u o r e s c e n c e  w h i l s t  t h e  d a n s y l  c h l o r i d e  a p p e a r e d  b lu e .  T h e

d a n s y l a t e d  F r a c t i o n  I p r o t e i n  s o l u t i o n  ( a p p r o x i m a t e l y  2 m i s )  w a s
o

c o l l e c t e d  and  s t o r e d  a t  - 2 0  C.

B e f o r e  e l e c t r o p h o r e s i s  th e  s a m p l e  w a s  b o i le d  a g a i n  f o r  1 m i n u t e

a n d  2 - m e r c a p t o e t h a n o l  w a s  r e a d d e d  to  a  f in a l  c o n c e n t r a t i o n  o f  1% (v / v) .

S u c r o s e  (1 0 % ,  w/v) a n d  b r o m o p h e n o l  b lu e  (0 .  0 0 5 % ,  w/v) w e r e  a l s o

a d d e d  to  th e  s a m p l e  b e f o r e  e l e c t r o p h o r e s i s .  T h e  s a m p l e  w a s  l o a d e d

o n t o  t h e  p r e p a r a t i v e  g e l s  a s  a p h o s p h a t e - b u f f e r e d  s a l i n e  s o lu t io n .

i i i .  P u r i f i c a t i o n  o f  in  v iv o  r a d i o a c t i v e l y  l a b e l l e d  p e a  
F r a c t i o n  I p r o t e i n .

L a b e l l e d  F r a c t i o n  I p r o t e i n  w a s  p r e p a r e d  b y  th e  m e t h o d  o f

B l a i r  a n d  E l l i s  ( 1 9 7 3 )  f r o m  the  l e a v e s  o f  e x c i s e d  p e a  s e e d l i n g s  t h a t  
35h a d  b e e n  f e d  w i th  L - (  S) m e t h i o n i n e  d u r in g  g r e e n i n g .  T h e  m e t h o d  o f  

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

S e c t i o n  I J 2 G i i  e x c e p t  t h a t  c h r o m a t o g r a p h y  c o l u m n s  o f  s m a l l e r  

d i m e n s i o n s  w e r e  u s e d  to m i n i m i z e  l o s s e s .

E t i o l a t e d  p e a  s e e d l i n g s  w e r e  g r o w n  a s  d e s c r i b e d  in  S e c t i o n  

I A i i a .  A t o t a l  o f  80  a p i c e s  w e r e  e x c i s e d  u n d e r  w a t e r  a b o u t  5 c m  b e lo w  

t h e  a p e x .  T h e  c u t  a p i c e s  w e r e  p l a c e d  in 20  s m a l l  v i a l s ,  e a c h  

c o n t a i n i n g  /



7 3

c o n t a in in g  0. 5 m l  of s t e r i l e  d i s t i l l e d  w a t e r  w i t h  10 f.iC i o f  L - (  S) 

m e t h i o n i n e  ( 0 .  56  ^iM). T h e  s h o o t s  w e r e  th e n  i l l u m i n a t e d  w ith  l i g h t

o f  4 0 0 0  l u x  i n t e n s i t y  p r o v i d e d  by  "  W a r m w h i t e "  f l u o r e s c e n t  tu b e s .
35A f t e r  2 4  h o u r s  i l l u m i n a t i o n  a  f u r t h e r  10 p C i  o f  L - (  S) m e t h i o n i n e

w a s  ad ded  to e a c h  v ia l ,  a n d  the  i l l u m i n a t i o n  w a s  th e n  c o n t in u e d  f o r

a f u r t h e r  4 8  h o u r s .  T h e  v i a l s  w e r e  r e g u l a r l y  to p p e d  up w ith  s t e r i l e

d i s t i l l e d  w a t e r  d u r in g  the  g r e e n i n g  p e r i o d .  A f t e r  f e e d in g  w ith

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

( a p p r o x i m a t e l y  6 g f r e s h  w e ig h t )  a n d  g r o u n d  in  2 0  m i s  o f  b u f f e r  A  in

a c h i l l e d  m o r t a r .  T h e  h o m o g e n a t e  w a s  f i l t e r e d  th ro u g h  a b s o r b e n t

m u s l i n  and c e n t r i f u g e d  a t  1 0 0 0 0  x  g f o r  30  m i n u t e s  ( r  9 .  37 c m ) .
av

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

1 0 5 0 0 0  x  g f o r  60  m i n u t e s  ( r  5. 6 l  c m ) .  T h e  1 5 0 0 0 0  x  g s u p e r n a t a n t  

w a s  p a s s e d  t h r o u g h  a  c o l u m n  (2 .  5 c m  x  30 c m )  o f  S e p h a d e x  G - 2 5  ( c o a r s e  

g r a d e )  a t  a  f l o w  r a t e  o f  1 5 m l s / h o u r .  P r o t e i n  w a s  e lu t e d  a t  th e  v o id  

v o lu m e  w ith  b u f f e r  B .  A m m o n iu m  s u lp h a t e  f r a c t i o n a t i o n  w a s  

p e r f o r m e d  a s  d e s c r i b e d  in  S e c t i o n  I I 2 G i i  an d  t h e  p r e c i p i t a t e  ( o b t a in e d  

b e t w e e n  35%  a n d  4 5 %  s a t u r a t i o n )  w a s  c e n t r i f u g e d ,  r e s u s p e n d e d  in 

2 m l  s o f  b u f f e r  and d i a l y s e d  o v e r n i g h t  a g a i n s t  1 l i t r e  o f  b u f f e r  C.

D E A E -  c e l l u l o s e  c h r o m a t o g r a p h y  o f  th e  d i a l y s e d  s a m p l e  w a s  

p e r f o r m e d  a s  d e s c r i b e d  e a r l i e r  u s i n g  a  0. 8 c m  x  15 c m  c o lu m n .  T h e  

e lu t e d  F r a c t i o n  I p r o t e i n  w a s  p r e c i p i t a t e d  b y  a d d in g  s o l i d  a m m o n iu m  

s u lp h a t e  to 5 0 %  s a t u r a t i o n .  T h e  p r e c i p i t a t e  w a s  spun down and 

r e s u s p e n d e d  in  1 m l  o f  b u f f e r  B .  T h e  p r o t e i n  s o l u t i o n  w a s  a p p l ie d  to 

a  S e p h a d e x  G - 2 0 0  c o l u m n  ( 1. 5 c m  x  4 0  c m )  a n d  e lu te d  w ith  b u f f e r  B  

a t  a  f lo w  r a t e  o f  5 m l s / h o u r .  A l i q u o t s  ( 1 0 0  ,ul) w e r e  r e m o v e d  f r o m  

e a c h  f r a c t i o n ,  ad ded  to 8 m i s  of T r i t o n - t o l u e n e  s c i n t i l l a t i o n  f lu id  

an d  c o u n te d  f o r  r a d i o a c t i v i t y  a t  12%  g a in ,  o p e n  w indow , in  a P a c k a r d  

T r i - C a r b  s p e c t r o p h o t o m e t e r .  F i g u r e  4 s h o w s  t h e  e lu t io n  o f  l a b e l l e d  

F r a c t i o n  I p r o t e i n  f r o m  S e p h a d e x  G - 2 0 0 .  P e a k  f r a c t i o n s  w e r e  

c o l l e c t e d  a n d  a m m o n i u m  s u lp h a te  a d d e d  to 5 0 %  s a t u r a t i o n .  T h e  

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

p h o s p h a t e  b u f f e r  ( s e e  n e x t  s e c t i o n )  o r  w a s  r e s u s p e n d e d  in  a  s m a l l  

v o lu m e  of 2 .  5 m M  T r i s - 1 9  m M  g l y c i n e  (pH  8 .  5)  c o n t a in in g  10 m M  

2 m e r c a p t o e t h a n o l  and s t o r e d  a t  4  C  in s o l u t i o n .  T h e  y ie ld  o f

3 5

p u r i f ie d /



F i g u r e  4 .  P u r i f i c a t i o n  o f  m  v iv o  r a d i o a c t i v e l y - l a b c l l e d  

p e a  F r a c t i o n  I  p r o t e i n ;  c h r o m a t o g r a p h y  on S e p h a d e x  G - 2 0 0 .

T h e  e x p e r i m e n t a l  d e t a i l s  a r e  g i v e n  in S e c t i o n  I I 2 G i i i .





7 4

p u r i f i e d  r a d i o a c t i v e l y - l a b e l l e d  F r a c t i o n  I p r o t e i n  w a s  a p p r o x i m a t e l y  

12 m g .

iv .  P r e p a r a t i o n  o f  l a r g e  an d  s m a l l  s u b u n i t s  f r o m  in  v iv o  
r a d i o a c t i v e l y - l a b e l l e d  p e a  F r a c t i o n  I p r o t e i n .

35
P u r i f i e d  L - (  S) m e t h i o n i n e - l a b e l l e d  F r a c t i o n  I p r o t e i n  w a s

p r e p a r e d  a s  d e s c r i b e d  in  S e c t i o n  I I 2 G i i i .  T h e  p r o t e i n  w a s  d i s s o c i a t e d

in to  i t s  c o n s t i t u e n t  s u b u n i t s  b y  s o l u b i l i z a t i o n  in  1 . 0  m l  o f  50  m M

N a ^ H P O ^  /N aO H  b u f f e r  (p H  ] 1. 2 ,  a l k a l i n e  p h o s p h a t e  b u f f e r )

( K a w a s h i m a  and  W i ld m a n ,  1 9 7 1 ) .  T h e  s u b u n i t s  w e r e  s e p a r a t e d  by

a p p ly in g  th e  s a m p l e  to  a  c o l u m n  (1 .  5 c m  x  9 0  c m )  o f  S e p h a d e x  G - 1 0 0

( s u p e r f i n e  g r a d e )  p r e v i o u s l y  e q u i l i b r a t e d  w ith  a l k a l i n e  p h o s p h a t e

b u f f e r .  T h e  s u b u n i t s  w e r e  e lu te d  w ith  th e  a l k a l i n e  p h o s p h a t e  b u f f e r

a t  a  f lo w  r a t e  o f  5 m l s / h o u r .  A l i q u o t s  ( 5 0  i ll)  w e r e  r e m o v e d  f r o m  the

e l u t e d  f r a c t i o n s  ( 1 .  5 m i s ) ,  ad ded  to 8 m i s  o f  T r i t o n - t o l u e n e

s c i n t i l l a n t  and  c o u n t e d  f o r  r a d i o a c t i v i t y  a t  15% g a i n  and  o p e n  w in d o w s

on  a  P a c k a r d  T r i - C a r b  s p e c t r o p h o t o m e t e r .  A t y p i c a l  e lu t io n  p r o f i l e

o f  l a b e l l e d  F r a c t i o n  I p r o t e i n  s u b u n i t s  i s  sh o w n  in  F i g u r e  5.

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

s e p a r a t e d .  P e a k  f r a c t i o n s  o f  p r o t e i n ,  c o r r e s p o n d i n g  to  l a r g e  an d
o

s m a l l  s u b u n i t s ,  w e r e  p r e c i p i t a t e d  b y  a d d in g ,  a t  4  C ,  an  e q u a l  v o lu m e

o f  4 0 %  (w /v) t r i c h l o r a c e t i c  a c id .  T h e  p r e c i p i t a t e d  p r o t e i n  w a s

p e l l e t e d  a f t e r  30  m i n u t e s  a t  4 ° C  b y  c e n t r i f u g a t i o n  a t  1 0 0 0 0  x  g f o r

30 m i n u t e s  a t  2 ° C .  T h e  p e l l e t  w a s  w a s h e d  by  r e s u s p e n s i o n  and

c e n t r i f u g a t i o n  ( a t  1 0 0 0 0  x  g f o r  2 0  m i n u t e s )  in  e t h a n o l - d i e t h y l  e t h e r
o

( 3 : 1 ,  v/v) ( t w i c e )  an d  e t h e r  ( o n c e ) .  T h i s  m a t e r i a l  w a s  d r i e d  a t  30  C
o

f o r  3 0  m i n u t e s  and  t h e n  s t o r e d  a t  4 C  u n t i l  u s e d .

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

in t h i s  w a y  w a s  e s t a b l i s h e d  by  th e  c r i t e r i a  o f  h o m o g e n e i t y  o f  th e  

p r o t e i n ,  a t  h ig h  l o a d i n g s ,  on  p o l y a c r y l a m i d e  g e l s .  A know n w e ig h t  

( 5 0 0  fug) o f  l a r g e  s u b u n i t  p r o t e i n  w a s  r e s u s p e n d e d  in  5 0 0  (ul o f  2. 5 m M  

T r i s - 1 9  m M  g l y c i n e  (p H  8. 5) c o n t a in in g  100 m M  2 - m e r c a p t o e t h a n o l  

and  2%  (w /v) s o d iu m  d o d e c y l  s u l p h a t e .  T h e  s a m p l e  w a s  b o i le d  f o r  

5 m i n u t e s  and s u c r o s e  an d  b r o m o p h e n o l  b lu e  w e r e  a d d ed  a s  d e s c r i b e d  

p r e v i o u s l y .  A l i q u o t s  ( 2 0 0  ^ul) w e r e  e l e c t r o p h o r e s e d  o n  15% S D S -  

pol y a  c  ry l  a m i d e  /



F i g u r e  5, E lu t io n  p r o f i l e  o f  a l k a l i - d e n a t u r e d ,  

r a d i o a c t i v e l y - l a b e l l e d  p e a  F r a c t i o n  I p r o t e i n  on 

S e p h a d e x  G -  100.

P u r i f i e d  L - (  S) m e t h i o n i n e - l a b e l l e d  F r a c t i o n  I p r o t e  

w a s  d i s s o c i a t e d  in to  s u b u n i t s  an d  f r a c t i o n a t e d  a s  

d e s c r i b e d  in  S e c t io n  I I2 G iv .

L S U ,  l a r g e  s u b u n it  

S S U ,  s m a l l  s u b u n it
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p o l y a c r y l a m i d e  g e l s  w h ic h  w e r e  t h e n  s t a i n e d ,  s l i c e d  and  c o u n te d  

f o r  r a d i o a c t i v i t y  a s  d e s c r i b e d  in  S e c t i o n  I I F i i a .

F i g u r e  6 s h o w s  t h e  o p t i c a l  d e n s i t y  p r o f i l e  o f  a s t a i n e d  g e l  

an d  a l s o  t h e  d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  w i t h i n  th e  g e l .  A m a j o r  

r a d i o a c t i v e  p e a k  i s  fo u n d  to  c o i n c i d e  w ith  t h e  s i n g l e  d i s c r e t e  p r o t e i n  

b a n d  w h i c h  h a s  m i g r a t e d  in to  th e  g e l .  A s e c o n d  h ig h  m o l e c u l a r  w e ig h t  

p r o t e i n  s p e c i e s ,  w h i c h  m i g r a t e d  in to  o n ly  t h e  f i r s t  5 m m  o f  th e  g e l  w a s  

a l s o  l a b e l l e d .  T h i s  h ig h  m o l e c u l a r  w e ig h t  s p e c i e s  i s  a s s u m e d  to b e  

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

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

h i g h e r  c o n c e n t r a t i o n s  o f  2 - m e r c a p t o e t h a n o l  p r i o r  to  e l e c t r o p h o r e s i s  

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

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

h i g h e r  m o b i l i t y  s p e c i e s  i s  r e - e l e c t r o p h o r e s e d ,  th e n  a  p r o p o r t i o n  

r e m a i n s  in  t h e  top fe w  m i l l i m e t r e s  o f  th e  g e l  ( S e c t i o n  I I I 3 B ) .

T h e  f a c t  th a t  o n ly  o n e  r a d i o a c t i v e l y - l a b e l l e d  p o ly p e p t id e  c o u ld  

b e  d e t e c t e d  e v e n  a t  h ig h  ( 2 0 0  pg) l o a d i n g s  o f  p r o t e i n  t e s t i f i e s  to  th e  

p u r i t y  o f  t h e  mi v iv o  l a b e l l e d  l a r g e  s u b u n it  o f  F r a c t i o n  I p r o t e i n  u s e d  

in  s u b s e q u e n t  w o r k .

H. IO D ffiN A T IO N  O F  P R O T E I N S  W IT H  I O D I N E - 125 .

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

an d  H a s l a m  ( 1 9 7 1 ) .  P r o t e i n  s o l u t i o n  ( 5 0 0  p i ,  1 m g / m l )  in  p h o s p h a t e  

b u f f e r e d  s a l i n e  w a s  m i x e d  w ith  10 p i  o f  l a c t o p e r o x i d a s e  ( 0 .  1% w/v),

10 p i  o f  I o d i n e -  125 ( 1 0 0  p C i )  and  10 p i  o f  d i l u t e  H^O^ (0 .  04  v o l s ) .  T h e  

m i x t u r e  w a s  s h a k e n  v i g o r o u s l y  f o r  1 m i n u t e  a n d  t h e n  a l lo w e d  to  r e a c t  

a t  r o o m  t e m p e r a t u r e  f o r  3 0  m i n u t e s .  T h e  r e a c t i o n  w a s  t e r m i n a t e d  b y  

t h e  a d d i t io n  o f  5 p i  o f  0. 0 5  M  c y s t e i n e  in P B S .  T h e  s a m p l e  w a s  th e n  

e x h a u s t i v e l y  d i a l y s e d  a t  4 ° C  a g a i n s t  2. 5 m M  T r i s - 1 9 m M  g l y c i n e  

(pH  8. 5 ) ,  1 0 0  m M  2 - m e r c a p t o e t h a n o l  and  0 .  2 %  (w/v) S D S  in o r d e r  to 

r e m o v e  u n r e a c t e d  I o d i n e - 125 .

J .  T R Y P T I C  A N D  C I I Y M O T R Y P T I C  D I G E S T I O N  AND P E P T I D E  
A N A L Y S I S .

i. P e r f o r m i c  a c i d  o x i d a t io n  an d  e n z y m i c  d ig e s t i o n .

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

w ith  /
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F i g u r e  6. P o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  o f  
35L - (  S) m e t h i o n i n e - l a b e l l e d  l a r g e  s u b u n i t  f r o m  p e a  

F r a c t i o n  I p r o t e i n  p u r i f i e d  b y  S e p h a d e x  G -  1 0 0  

c h r o m a t o g r a p h y .

T h e  l a r g e  s u b u n i t  w a s  p r e p a r e d  a s  d e s c r i b e d  in  S e c t i o n  

I I 2 G iv .  A  1 m g / m l  s o l u t i o n  o f  t h e  l a r g e  s u b u n i t  w a s  

p r e p a r e d  in  2. 5 m M  T r i s - 19 m M  g l y c i n e ,  1 0 0  m M  2 -  

m e r c a p t o e t h a n o l ,  2%  (w /v) S D S  an d  a n a l y s e d  by  

e l e c t r o p h o r e s i s  a s  d e s c r i b e d  in  S e c t i o n  I I 2 F i i a .

T h e  s o l i d  l i n e  r e p r e s e n t s  t h e  a b s o r b a n c e  a t  6 2 0  n m  and  

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

f r a c t i o n .
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w ith  p e r f o r m i c  a c i d  a s  d e s c r i b e d  b y  B r a y  and B r o w n l e e  ( 1 9 7 3 ) .

P e r f o r m i c  a c i d  w a s  p r e p a r e d  by  m i x i n g  1 m l  of 30%  I I^ O  ( 1 0 0  v o l s )  

w ith  19 m i s  o f  f o r m i c  a c id .  T h i s  m i x t u r e  w a s  k e p t  a t  2 0 ° C  f o r  3 

h o u r s  b e f o r e  u s e .

P u r i f i e d  p r o t e i n  (1 m g )  w a s  r e - s u s p e n d e d  in  2 0 0  jul o f  a  m i x t u r e

o f  f o r m i c  a c i d  and m e t h a n o l  ( 4 : 1 ,  v / v ) .  T h e  s a m p l e s  w e r e  c o o l e d  to

- 8 ° C  b y  i m m e r s i o n  in  a s e m i - f r o z e n ,  2 0 %  (v/v) s o l u t i o n  o f  e t h a n o l

and  50  u l  o f  p e r f o r m i c  a c i d  w a s  a d d e d .  O x id a t io n  w a s  c o n t in u e d  f o r  
o

tw o h o u r s  a t  - 8  C. T h e  o x i d i z e d  s a m p l e s  w e r e  t r a n s f e r r e d

q u a n t i t a t i v e l y  to f r e e z e - d r y i n g  t u b e s  a n d  e v a p o r a t e d  to d r y n e s s  u n d e r

a  s t r e a m  o f  n i t r o g e n .  T o  r e m o v e  a l l  t r a c e s  of p e r f o r m i c  a c i d  th e

s a m p l e s  w e r e  r e s u s p e n d e d  in  d i s t i l l e d  w a t e r  and f r e e z e - d r i e d  t w i c e

( ' S p e e d i v a c '  c e n t r i f u g a l  f r e e z e - d r y e r ) .

T r y p t i c  d i g e s t i o n  w a s  p e r f o r m e d  by  d is so lv in g  a l i q u o t s  o f  th e

s a m p l e s  ( 2 5 0  |ug o f  p r o t e i n )  in  50 rn M  N H ^ H C O ^  (pH 8. 0) c o n t a in in g

1 m M  C a C l ^  and  by  a d d in g  12. 5 ng o f  T P C K  (1 - c h l o r o - 4 - p h e n y l - 3 - L -

t o l u e n e - p - s u l p h o n a m i d o - b u t a n - 2 - o n e )  -  i n a c t i v a t e d  t r y p s i n  d i s s o l v e d

in 50 m M  N H  H C O  (pH 8 .  0 )  - 1 rr .M  C a C l^ -  T h e  t r y p s i n :  p r o t e i n
o

r a t i o  w a s  t h e r e f o r e  1 : 2 0 .  I n c u b a t i o n  w a s  a t  37 C f o r  7 h o u r s .

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

H a r l l e y  ert a l ( 1 9 7 5 ) .  T h e  r e a c t i o n  m i x t u r e  (1 m l )  c o n t a in e d ,

2 5 0  pg S a m p l e  p r o t e i n

5 pg c A - c h y m o t r y p s i n  

0 .  5 pg o v a m u c o i d  t r y p s i n  i n h i b i t o r

1 0 0  p m o l  N H  H CO  ( a d j u s t e d  t o  pH 8. 2 w ith  NH^OH)

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

t r y p s i n  i n h i b i t o r  w e r e  p r e - i n c u b a t e d  t o g e t h e r  f o r  3 0  m i n u t e s  a t  r o o m  

t e m p e r a t u r e  b e f o r e  a d d in g  th e  p r o t e i n  s a m p l e .  D i g e s t i o n  w a s  p e r f o r m e d  

f o r  3 h o u r s  a t  3 7 ° C  and  w a s  t e r m i n a t e d  by  f r e e z e  d r y i n g  th e  s a m p l e s .

A ll  d i g e s t e d  s a m p l e s  w e r e  s t o r e d  a t  4 ° C  in a  d e s i c c a t o r  u n d e r  v a 'c u u m . 

i i .  P e p t i d e  s e p a r a t i o n  by  c a t i o n - e x c h a n g e  c h r o m a t o g r a p h y .

T h e  p e p t i d e s  in th e  t r y p t i c  d i g e s t  w e r e  s e p a r a t e d  by  c a t i o n -  

e x c h a n g e  c h r o m a t o g r a p h y  on  a  c o l u m n  (0 .  9 c m  x  6 0  c m )  o f  A m i n e x  A 5 

r e s i n  ( A t a s s i  c t  jd ,  1 9 7 2 ) .  P e p t i d e  s e p a r a t i o n  w a s  p e r f o r m e d  u s i n g  a 

B io c a l/

m  m i l .  ( i >i n  v i f T i i B H i i  i u u i « » E K m

r

■1
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B i o c a l  a u t o m a t i c  a m i n o  a c i d  a n a l y s e r  f i t t e d  w ith  an  L K B  U l t r o g r a d  

g r a d i e n t  f o r m e r .  T h e  t r y p t i c  d i g e s t ,  p r e p a r e d  a s  d e s c r i b e d  in  

S e c t i o n  I I 2 J i ,  w a s  r e - s u s p e n d e d  in  1. 5 m i s  o f  s t a r t i n g  b u f f e r  

( 0 .  1 M  p y r i d i n e  a c e t a t e ,  pH 3 .  5)  a n d  a p p l i e d  to  th e  c o l u m n .  T h e  

s a m p l e  w a s  w a s h e d  in to  th e  c o l u m n  w ith  a f u r t h e r  10 m i s  o f  s t a r t i n g  

b u f f e r .  P e p t i d e s  w e r e  e l u t e d  f r o m  th e  c o l u m n ,  a t  a  f lo w  r a t e  o f  

0 .  4  m l / m i n u t e ,  w ith  a  b i p h a s i c  l i n e a r  g r a i d e n t  o f  p y r i d i n e  a c e t a t e  

b u f f e r .  T h e  b u f f e r  e l u t i o n  p r o f i l e  w a s  a  6 0  m i s  g r a d i e n t  f r o m  0. 1 M 

b u f f e r ,  pH 3. 5, to  1. 0 M  b u f f e r ,  pH 5. 0, f o l l o w e d  b y  a  1 2 0  m i s  

g r a d i e n t  f r o m  1. 0 M b u f f e r ,  pH  5 .  0 to 2 ,  0 M  b u f f e r ,  pH. 6. 3. E lu t e d  

f r a c t i o n s  (1 m l )  w e r e  c o l l e c t e d  d i r e c t l y  in to  l iq u id  s c i n t i l l a t i o n  v i a l s  

u s i n g  a  G i l s o n  F r a c t i o n  c o l l e c t o r .  T  r i t o n - t o l u e n e  s c i n t i l l a n t  (9  m i s )  

w a s  a d d e d  to e a c h  v ia l  and  t h e  r a d i o a c t i v i t y  w a s  d e t e r m i n e d  in  a 

P a c k a r d  T r i - C a r b  s p e c t r o p h o t o m e t e r .  T h e  c o u n t in g  e f f i c i e n c y  w a s  

n o t  d e t e r m i n e d .

i i i .  P e p t i d e  s e p a r a t i o n  b y  t w o - d i m e n s i o n a l  m a p p in g .

T h e  d i g e s t e d  s a m p l e s  w e r e  p r e p a r e d  f o r  p e p t i d e  s e p a r a t i o n  a s
3

f o l l o w s .  T h e  s a m p l e s  ( 2 5 0  u g  o f  p r o t e i n ,  5 0 -  100  x  10 c .  p. rn. ) w e r e  

d i s s o l v e d  in 1 5 0  ul o f  d i s t i l l e d  w a t e r  and c e n t r i f u g e d  a t  1 5 0 0  g f o r  5 

m i n u t e s  to  r e m o v e  a n y  p a r t i c u l a t e  m a t t e r .  T h e  s a m p l e s  w e r e  t h e n  

f r e e z e - d r i e d  a g a i n  an d  r e - d i s s o l v e d  in 15 p i  o f  w a t e r .  P e p t i d e  

s e p a r a t i o n  w a s  th e n  c a r r i e d  o u t  b y  the  p r o c e d u r e  o f  S a r g e n t  and 

V a d l a m u d i  ( 1 9 6 8 ) .  T h i s  p r o c e d u r e  a l lo w s  tw o p e p t i d e  m i x t u r e s  to 

b e  ' f i n g e r p r i n t e d '  s i m u l t a n e o u s l y  an d  u n d e r  i d e n t i c a l  c o n d i t i o n s .

T h e  two s a m p l e s  f o r  c o m p a r i s o n  w e r e  s p o t t e d  o n to  a s in g l e  

2 0  c m  x  2 0  c m  s i l i c a  g e l  p l a s t i c  th in  l a y e r  c h r o m a t o g r a p h y  p l a t e .

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

i. e .  a c e t i c  a c i d - f o r m i c  a c i d  - w a t e r  ( 4 : 1 : 4 5  by  v o l ) ,  pH  2. 1. A f t e r  

r e m o v a l  o f  e x c e s s  m o i s t u r e  f r o m  t h e  p l a t e s  w ith  a  w a r m  a i r  f lo w  th e  

s a m p l e s  w e r e  e l e c t r o p h o r e s e d  f o r  2. 5 h o u r s  a t  12. 5 v o l t s / c m .  T h e  

p e p t i d e s  m i g r a t e d  t o w a r d s  t h e  c a t h o d e .  E l e c t r o p h o r e s i s  w a s  

p e r f o r m e d  in a  m o d i f i e d  S h a n n o n  U 7 7  e l e c t r o p h o r e s i s  ta n k  a t  r o o m  

t e m p e r a t u r e .  A f t e r  e l e c t r o p h o r e s i s  of th e  p e p t i d e s  th e  p l a t e s  w e r e  

d r i e d  a t  6 0 ° C  f o r  30  m i n u t e s  an d  th e n  c u t  in t o  tw o h a l v e s ,  e a c h  h a l f  

c o n t a in in g  o n e  o f  th e  p e p t i d e  m i x t u r e s  b e in g  c o m p a r e d .  T h e  p e p t i d e s  

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

in/
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in  b u t a n -  l - o l  - a c e t i c  a c i d  - w a t e r  ( 3 : 1 : 1  by  vo l)  f o r  3 0  m i n u t e s .  A f t e r  

c h r o m a t o g r a p h y  the  p l a t e s  w e r e  d r i e d  an d  p l a c e d  in c o n t a c t  w ith  

K o d i r e x  X - r a y  f i l m  f o r  8 - 1 2  d a y s .  T h e  X - r a y  f i l m  w a s  d e v e l o p e d  

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

K .  E S T I M A T I O N  O F  P R O T E I N

P r o t e i n  w a s  e s t i m a t e d  by  th e  m e t h o d  o f  L o w r y  e t  a l  ( 1 9 5 1 ) .

T h e  f o l l o w i n g  s o l u t i o n s  w e r e  u s e d ;

S o lu t io n  A 0 .  5% (w / v )  C u S O ^ . 5H ^O  in  1% (w/v) s o d i u m  p o t a s s i u m  t a r t r a t e .  

S o lu t io n  B  50  m i s  o f  2% (w / v) N a  C O  p lu s  1 m l  o f  S o lu t io n  A.
J

S o lu t io n  C 1M F o l i n - C i o c a l t e a u  r e a g e n t .

A s t a n d a r d  c u r v e  w a s  p r e p a r e d  b y  ta k in g  a l i q u o t s  ( 5 - 5 0 0  jul) o f  

a  s t a n d a r d  (1 m g / m l )  s o l u t i o n  o f  B S A  in  IN N aO H . T h e  a l i q u o t s  w e r e  

m a d e  up to 0 .  7 m l  w i th  1M N a O H . S o lu t io n  B  (7 .  0 m i s )  w a s  ad ded  

and  th e  m i x t u r e  w a s  l e f t  to  s t a n d  f o r  15 m i n u t e s .  S o lu t io n  C (0 .  7 m l )  

w a s  ad d ed  a n d  th e  m i x t u r e  w a s  a l l o w e d  to  s ta n d  f o r  a  f u r t h e r  30 

m i n u t e s .  ' I h e  e x t i n c t i o n  o f  e a c h  s a m p l e  w a s  m e a s u r e d  a t  7 5 0  n m .

A l i q u o t s  o f  u n k n o w n  p r o t e i n  s a m p l e s  w e r e  p r e c i p i t a t e d  by 

a d d in g  an  e q u a l  v o l u m e  o f  10%  (w /v) t r i c h l o r a c e t i c  a c i d  a t  4  C f o r  

1 h o u r .  T h e  p r e c i p i t a t e d  p r o t e i n  w a s  c e n t r i f u g e d  a t  2 5 0 0  x  g f o r  5 

m i n u t e s  a n d  th e  p e l l e t  w a s  r e - s u s p e n d e d  in  0. 7 m l  o f  IN N aO H . T h e  

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

p r o t e i n  c o n c e n t r a t i o n  w a s  d e t e r m i n e d  b y  r e f e r e n c e  to  the  s t a n d a r d  c u r v e .

L .  E S T I M A T I O N  O F  C H L O R O P H Y L L  AND C A R O T E N O I D .

C h l o r o p h y l l  w a s  m e a s u r e d  b y  th e  m e t h o d  o f  A r n o n  ( 1 9 4 9 ) .  A

kn o w n  f r e s h  w e i g h t  o f  t i s s u e  ( a p p r o x i m a t e l y  1 g) w a s  g r o u n d  in a  m o r t a r

in a  s m a l l  ( 5 - 1 0  m i s )  v o l u m e  o f  8 0 %  a c e t o n e .  P r e c i p i t a t e d  p r o t e i n  and

c e l l u l a r  d e b r i s  w a s  r e m o v e d  by  c e n t r i f u g a t i o n  a t  2 5 0 0  x  g f o r  5 m i n u t e s .

T h e  e x t i n c t i o n  o f  t h e  s u p e r n a t a n t  f r a c t i o n  w a s  m e a s u r e d  a t  6 4 5  nm  and

6 6 3  n m  a n d  th e  c h l o r o p h y l l  c o n c e n t r a t i o n  in  t h i s  s o l u t i o n ,  and  h e n c e  by

c a l c u l a t i o n  in  th e  t i s s u e ,  w a s  d e t e r m i n e d  f r o m  th e  f o r m u l a ,

( C h l o r o p h y l l )  , ,  = ( 2 0 . 2  x  E //1C + 8 . 0 2  x  E .  , ) .
m g /  1 6 4 5  6b3

C a r o t e n o i d  c o n c e n t r a t i o n s  in  s u s p e n s i o n  o f  e t i o p l a s t s  w e r e

m e a s u r e d  a s  f o l l o w s .  A l i q u o t s  (0 .  1 - 0 .  5 m l )  of e t i o p l a s t  s u s p e n s i o n

w e r e  I
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w e r e  m a d e  8 0 %  (v / v)  w ith  r e s p e c t  to  a c e t o n e  in  a  f i n a l  v o l u m e  o f

5 m l .  T h e  e x t r a c t s  w e r e  f i l t e r e d  to  r e m o v e  p r e c i p i t a t e d  p r o t e i n  

an d  t h e  e x t i n c t i o n  w a s  m e a s u r e d  a t  4 7 3  n m ,  T h e  c a r o t e n o i d  

c o n c e n t r a t i o n  w a s  c a l c u l a t e d  a s s u m i n g  t h e  e x t i n c t i o n  of  a  1% s o l u t i o n  

o f  c a r o t e n o i d  in  8 0 %  a c e t o n e ,  w i th  a  l i g h t - p a t h  o f  1 c m ,  to  b e  2 5 0 0  

a t  4 7 3  n m  ( B o t t o m l e y ,  1 9 7 0 ) .

J





A . I N T R O D U C T I O N .

T h e  a r g u m e n t s  p r e s e n t e d  in S e c t i o n  I 3 B i i b  i m p l y  t h a t  i t  w o u ld  

b e  a d v a n t a g e o u s  to  u s e  i n t a c t  r a t h e r  th a n  b r o k e n  p l a s t i d s  in  th e  s tu d y  

o f  m  v i t r o  p l a s t i d  p r o t e i n  s y n t h e s i s .  P l a s t i d s  w h ic h  r e t a i n  t h e i r  

o u t e r  m e m b r a n e  s h o u ld  e x h i b i t  h ig h  r a t e s  o f  a m i n o  a c i d  i n c o r p o r a t i o n ,  

t h u s  f a c i l i t a t i n g  t h e  i d e n t i f i c a t i o n  o f  n e w l y - s y n t h e s i z e d  p o l y p e p t i d e s .

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

a n d  th e  p o l y p e p t i d e s  s y n t h e s i z e d  in v i t r o  s h o u ld  t h e r e f o r e  m o r e  

c l o s e l y  r e f l e c t  t h e  n a t u r e  and  p a t t e r n  o f  p r o t e i n  s y n t h e s i s  in  v iv o .

In t h i s  s e c t i o n  e x p e r i m e n t s  a r e  d e s c r i b e d  w h ic h  e s t a b l i s h  

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

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

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

o f  j n  v i t r o  p r o t e i n  s y n t h e s i s  s u f f i c i e n t  to  a l lo w  p r o d u c t  a n a l y s i s .  

A l t h o u g h  i s o l a t e d  e t i o p l a s t s  a r e  a b l e  to  c a r r y  o ut p h e n a z i n e  

m e t h o s u i p h a t e  - d e p e n d e n t  c y c l i c  p h o t o p h o s p h o r y l a t io n  ( P l e s n i c a r  and 

a n d  B e n d a l l ,  1 9 7  3) t h e r e  i s  no e v i d e n c e  th a t  l i g h t  c a n  a c t  a s  an  e n e r g y  

s o u r c e  f o r  in  v i t r o  e t i o p l a s t  p r o t e i n  s y n t h e s i s .  C o n s e q u e n t l y  e n e r g y  

m u s t  b e  s u p p l i e d  a s  a d d e d  A T P .  A lth o u g h  th e  o u t e r  c h l o r o p l a s t  

m e m b r a n e  i s  r e l a t i v e l y  i m p e r m e a b l e  to  a d e n y l a t e s  the  t r a n s f e r  o f  

A T P  in to  th e  c h l o r o p l a s t  h a s  b e e n  d e m o n s t r a t e d  (H e ld t ,  1 9 6 9 ) .

U s in g  a d d e d  A T P  a s  t h e  e n e r g y  s o u r c e  f o r  in v i t r o  e t i o p l a s t  

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

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

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

E x p e r i m e n t s  a r e  p r e s e n t e d  in  t h i s  s e c t i o n  w h ic h  i n v e s t i g a t e  t h e  

p o s s i b i l i t y  t h a t  c y t o p l a s m i c  o r  n o n - p l a s t i d  7 0 S  r i b o s o m e s  a r e  th e  s i t e  

o f  a m i n o  a c i d  i n c o r p o r a t i o n .  T h e s e  e x p e r i m e n t s  i n v o lv e  th e  u s e  of 

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

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

T h e  e x t e n t  o f  a m i n o  a c i d  i n c o r p o r a t i o n  due to r i b o s o m e s  

s i t u a t e d  in  e i t h e r  i n t a c t  o r  b r o k e n  p l a s t i d s  w a s  a s s e s s e d  b y  th e  u s e  of 

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

r i b o n u c l e a s e  ( M a r g u l i e s  ^ t  a l ,  1968) w hich c a n  t h e r e f o r e  b e  u s e d  to 

s e l e c t i v e l y  d e s t r o y  m R N A -  r i b o s o m e  c o m p l e x e s  u n p r o t e c t e d  b y  a
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p l a s t i d  e n v e l o p e .  C o n s e q u e n t l y  i t  i s  p o s s i b l e  to d i s t i n g u i s h  b e t w e e n  

a m i n o  a c i d  i n c o r p o r a t i o n  a t  th e  th e  two s i t e s .

T h e  r e m a i n i n g  e x p e r i m e n t s  in t h i s  s e c t i o n  d e s c r i b e  th e  

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

A  n u m b e r  o f  p h y s i c a l  p a r a m e t e r s  o f  t h e  in  v i t r o  s y s t e m  (pH, 

t e m p e r a t u r e ,  io n  and e n e r g y  r e q u i r e m e n t s )  w e r e  i n v e s t i g a t e d  in 

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

B .  P L A S T I D  I S O L A T I O N

i .  P h a s e  and e l e c t r o n  m i c r o s c o p y  o f  e t i o p l a s t  p r e p a r a t i o n s .
A

T h e  e t i o p l a s t  p r e p a r a t i o n s  u s e d  i n  t h e s e  s t u d i e s  w e r e  o b t a in e d  

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

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

c a p a b l e  o f  h i g h  r a t e s  o f  C O ^  f i x a t i o n  ( K a l b u r e r  e t  a l ,  1 9 6 7 ;  W a l k e r  

and  C r o f t s ,  1 9 7 0 ) .  I t  w a s  t h e r e f o r e  n e c e s s a r y  to  e s t a b l i s h  w h e t h e r  

th e  i s o l a t i o n  p r o c e d u r e  c o u ld ,  w i th o u t  e x t e n s i v e  m o d i f i c a t i o n ,  y i e l d  

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

p l a s t i d s  b u t  w i th o u t  g r o s s  n o n - p l a s t i d  c o n t a m i n a t i o n .  P h a s e  and 

e l e c t r o n  m i c r o s c o p y  w e r e  u s e d  to  a s s e s s  th e  q u a l i t y  o f  th e  e t i o p l a s t  

p r e p a r a t i o n  an d  th e  r e s u l t s  a r e  sh o w n  i n  P l a t e  2 A - E .

P l a t e  2 A  s h o w s  t h e  a p p e a r a n c e  o f  a  t y p i c a l  e t i o p l a s t  p r e p a r a t i o n  

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

n o t  v i s i b l e  on  the  p h o t o g r a p h  i t  i s  p o s s i b l e  to c l e a r l y  d i s t i n g u i s h  t h e  

p h a s e - b r i g h t  i n t a c t  e t i o p l a s t s  ( I E )  f r o m  th e  p h a s e - d a r k  b r o k e n  

e t i o p l a s t s  ( B E ) .  T h e  f r a c t i o n  o f  i n t a c t  e t i o p l a s t s  in t h e s e  p r e p a r a t i o n s  

v a r i e d  b e t w e e n  35%  a n d  6 0 %  a s  d e t e r m i n e d  by  q u a n t i t a t i v e  p h a s e  

c o n t r a s t  m i c r o s c o p y  ( S e c t i o n  I I 2 B i a ) .  T h e  n a t u r e  o f  th e  e t i o p l a s t  

p r e p a r a t i o n  i s  m o r e  c l e a r l y  sho w n in  P l a t e  2 B ,  w h ic h  s h o w s  a l o w -  

p o w e r  e l e c t r o n  m i c r o g r a p h  o f  a  p r e p a r a t i o n .  I t  c a n  b e  s e e n  th a t  

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

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

p r o l a m e l l a r  b ody ( P L B )  (G u n n in g ,  1 9 6 5 )  c a n  b e  s e e n  in  s o m e  c a s e s .

P l a t e s  2 C  to E  s h o w  t h a t  th e  e t i o p l a s t  p r e p a r a t i o n  c o n t a i n s  a 

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

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

e t io p l a s t /



p l a s t i d  e n v e l o p e .  C o n s e q u e n t l y  i t  i s  p o s s i b l e  to d i s t i n g u i s h  b e t w e e n  

a m i n o  a c i d  i n c o r p o r a t i o n  a t  t h e  th e  tw o s i t e s .

T h e  r e m a i n i n g  e x p e r i m e n t s  in  t h i s  s e c t i o n  d e s c r i b e  th e  

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

A  n u m b e r  o f  p h y s i c a l  p a r a m e t e r s  o f  t h e  in  v i t r o  s y s t e m  (pH, 

t e m p e r a t u r e ,  ion  and  e n e r g y  r e q u i r e m e n t s )  w e r e  i n v e s t i g a t e d  in 

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

B .  P L A S T I D  I S O L A T I O N
confce^i'ifc

i .  P h a s e  and e l e c t r o n  m i c r o s c o p y  o f  e t i o p l a s t  p r e p a r a t i o n s .
A

T h e  e t i o p l a s t  p r e p a r a t i o n s  u s e d  in  t h e s e  s t u d i e s  w e r e  o b t a i n e d  

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

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

c a p a b l e  o f  h i g h  r a t e s  o f  C O ^  f i x a t i o n  ( K a l b u r e r  «it a l ,  1 9 6 7 ;  W a l k e r  

and  C r o f t s ,  1 9 7 0 ) .  It w a s  t h e r e f o r e  n e c e s s a r y  to  e s t a b l i s h  w h e t h e r  

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

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

p l a s t i d s  b u t  w i th o u t  g r o s s  n o n - p l a s t i d  c o n t a m i n a t i o n .  P h a s e  an d  

e l e c t r o n  m i c r o s c o p y  w e r e  u s e d  to  a s s e s s  th e  q u a l i t y  o f  th e  c t i o p l a s t  

p r e p a r a t i o n  and  th e  r e s u l t s  a r e  sh o w n  in  P l a t e  2 A - E .

P l a t e  2 A s h o w s  th e  a p p e a r a n c e  o f  a  t y p i c a l  e t i o p l a s t  p r e p a r a t i o n  

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

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

p h a s e - b r i g h t  i n t a c t  e t i o p l a s t s  ( I E )  f r o m  th e  p h a s e - d a r k  b r o k e n  

e t i o p l a s t s  ( B E ) .  T h e  f r a c t i o n  o f  i n t a c t  e t i o p l a s t s  in  t h e s e  p r e p a r a t i o n s  

v a r i e d  b e t w e e n  35%  and 6 0 %  a s  d e t e r m i n e d  by  q u a n t i t a t i v e  p h a s e  

c o n t r a s t  m i c r o s c o p y  ( S e c t i o n  I I 2 B i a ) .  T h e  n a t u r e  o f  t h e  e t i o p l a s t  

p r e p a r a t i o n  i s  m o r e  c l e a r l y  sh o w n  in  P l a t e  2 B ,  w h i c h  s h o w s  a  l o w -  

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

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

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

p r o l a m e l l a r  b ody ( P L B )  (G u n n in g ,  1 9 6 5 )  c a n  b e  s e e n  in s o m e  c a s e s .

P l a t e s  2 C  to  E  s h o w  t h a t  th e  e t i o p l a s t  p r e p a r a t i o n  c o n t a i n s  a 

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

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



P l a t e  2. P h a s e  an d  e l e c t r o n  m i c r o s c o p y  o f  p e a  e t i o p l a s t

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

P e a  e t i o p l a s t s  w e r e  i s o l a t e d  a s  d e s c r i b e d  in S e c t i o n  I I2A .  

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

in  S e c t i o n s  I I 2 B i b  an d  I I 2 B i i .

A . P h a s e  c o n t r a s t  m i c r o s c o p y  o f  a  p e a  e t i o p l a s t

p r e p a r a t i o n  ( m a g n i f i c a t i o n  x  7 2 5 ) .

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

p r e p a r a t i o n  ( m a g n i f i c a t i o n  x  2 5 0 0 0 ) .

C - ,  D. a n d  E .  E l e c t r o n  m i c r o g r a p h s  s h o w in g  i s o l a t e d  

e t i o p l a s t s .  A ll  m a g n i f i c a t i o n s  a r e  x  4 0 0 0 0 .

P L B ,  p r o l a m e l l a r  b o d y ;  P t ,  p e r f o r a t e d  t h y la k o id ;  B t ,  

b i t h y l a k o i d ;  S, s t a r c h  i n c l u s i o n ;  I E ,  i n t a c t  e t i o p l a s t ;  

B E ,  b r o k e n  e t i o p l a s t .
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e t i o p l a s t  t r a n s f o r m a t i o n  o c c u r  in t h e s e  p r e p a r a t i o n s  i s  in  a c c o r d a n c e  

w i t h  t h e i r  r o u t i n e  m e t h o d  o f  p r e p a r a t i o n ,  w h i c h  i n v o lv e d  e x p o s u r e  to 

l i g h t .  P l a t e  2 C  s h o w s  a n  e t i o p l a s t  in  w h ic h  a  p a r a c r y s t a l l i n e ,  o r  

t i g h t  ( W c l l b u r n  and W e l l b u r n ,  1 9 7 3 ) ,  p r o l a m e l l a r  b o d y  i s  e v id e n t .

A f u r t h e r  s t a g e  o f  l i g h t - i n d u c e d  d e v e l o p m e n t  i s  s h o w n  in  P l a t e  2 D .

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

h a s  d i s p e r s e d  and  th e  o u t g r o w t h  o f  p e r f o r a t e d  t h y l a k o i d s  ( P t )  h a s  

s t a r t e d  ( W e l l b u r n  and  W e l l b u r n ,  1 9 7 1 ) .  P l a t e  2 E  s h o w s  tw o p l a s t i d s .  

B i t h y l a k o i d  ( B t )  f o r m a t i o n  ( W e l l b u r n  an d  W e l l b u r n ,  1 9 7 3 )  c a n  b e  

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

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

b y  H e n n i n g s e n  and  B o y n t o n  ( 1 9 6 9 )  to  b e  th e  f i r s t  s t e p  in  th e  d i s p e r s a l  

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

T h i s  l i m i t e d  s tu d y  w ith  th e  p h a s e  c o n t r a s t  an d  e l e c t r o n  m i c r o s c o p e s  

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

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

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

a c c e p t a b l e .

C .  T H E  S O U R C E  O F  E N E R G Y  F O R  A M IN O  A C I D  I N C O R P O R A T I O N

i.  T h e  e n e r g y  s o u r c e .

T h e  a b i l i t y  o f  e t i o p l a s t  p r e p a r a t i o n s  to  u s e  d i f f e r e n t  e n e r g y
35

s o u r c e s  f o r  t h e  i n c o r p o r a t i o n  o f  L - (  S) m e t h i o n i n e  in to  a  h o t  T C A -

i n s o l u b l e  p r o d u c t  w a s  i n v e s t i g a t e d .  T h e  r e s u l t s  a r e  sh o w n  in T a b l e  1.

I t  i s  e v id e n t  t h a t  A T P  w i l l ,  b u t  l i g h t  w i l l  n o t ,  a c t  a s  an  e n e rg y -

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

H e a r i n g  ( 1 9 7 3 )  no l i g h t  s t i m u l a t i o n  o f  A T P - d r i v e n  i n c o r p o r a t i o n  c o u ld

b e  d e t e c t e d .  A d d i t io n  o f  an A T P - g e n e r a t i n g  s y s t e m ,  a s  w e l l  a s  A T P ,

t o  t h e  i n c u b a t i o n  m i x t u r e  did  n o t  c a u s e  a  m a r k e d  i n c r e a s e  in  t h e

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

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

t h e  c o n t r o l s  i n c u b a t e d  in  th e  a b s e n c e  o f  a d d e d  n u c l e o t i d e s .
35

i i .  L - (  S) m e t h i o n i n e  i n c o r p o r a t i o n  a s  a  f u n c t i o n  o f  A T P
c o n c e n t r a t i o n .

T h e  e f f e c t  o f  v a r y i n g  th e  A T P  c o n c e n t r a t i o n  in  t h e  i n c u b a t i o n  

m i x t u r e /



T a b l e  1 ■ E f f e c t  o f  t h e  e n e r g y  s o u r c e  o n  t h e  i n c o r p o r a t i o n  

o f  E - (  S) m e t h i o n i n e  i n t o  a  h o t  T C A - i n s o l u b l e  p r o d u c t  

in  i s o l a t e d  e t i o p l a s t s .

E t i o p l a s t s  w e r e  i s o l a t e d  a n d  i n c u b a t e d  a s  d e s c r i b e d  in

S e c t i o n s  I I2 A  a n d  I I 2 C i .  A m i n o  a c i d  i n c o r p o r a t i o n  w a s

d e t e r m i n e d  a s  d e s c r i b e d  in  S e c t i o n  I I 2 C i i .  T h e  r e s u l t s

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

th e  c o m p l e t e  A T P - d r i v e n  s y s t e m .  T h e  i n i t i a l  r a t e  o f

i n c o r p o r a t i o n  in  t h i s  s y s t e m  v a r i e d  b e t w e e n  0 .  2 5 - 0 .  8 
35

p m c l e s  o f  L - (  S) i n e t h i o n i n e / h  p e r  m g  o f  p r o t e i n .
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m i x t u r e  i s  s h o w n in F i g u r e  7 .  T h e  e x p e r i m e n t a l  d e t a i l s  a r e  g i v e n  in
35

t h e  f i g u r e  l e g e n d .  JL-(  S) m e t h i o n i n e  i n c o r p o r a t i o n  i s  s t i m u l a t e d  by 

i n c r e a s i n g  t h e  A T P  c o n c e n t r a t i o n  up to a  v a l u e  o f  2 m M ,  b u t  no  

f u r t h e r  s t i m u l a t i o n  o c c u r s  up to 4  m M  - A T P .  T h e  c o n c e n t r a t i o n  of  

A T P  w h i c h  p r o d u c e s  m a x i m u m  s t i m u l a t i o n  o f  i n c o r p o r a t i o n  ( 2 m M )  w a s  

u s e d  i n  s u b s e q u e n t  i n c u b a t i o n  m i x t u r e s .  A c o n c e n t r a t i o n  o f  2 m M  -  A T P  

i s  s i m i l a r  to t h a t  u s e d  b y  o t h e r  w o r k e r s  f o r  s t u d y i n g  i_n v i t r o  c h l o r o p l a s t  

p r o t e i n  s y n t h e s i s  ( S p e n c e r  a n d  W i l d m a n ,  1 9 6 4 ;  B o t t o m l e y  e t  a l ,  1 9 7 4 ) .

D .  T H E  T I M E  C O U R S E  F O R  A M I N O  A C I D  IN C O R P O R A T I O N

i.  I n i t i a l  r e a c t i o n  v e l o c i t i e s  a s  a  f u n c t i o n  o f  t e m p e r a t u r e .

F i g u r e  8 i l l u s t r a t e s  t h e  t i m e  c o u r s e  f o r  t h e  i n c o r p o r a t i o n  o f  
35  ,

L - (  S)  m e t h i o n i n e  i n t o  h o t - T C A - i n s o l u b l e  m a t e r i a l  b y  i s o l a t e d

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

i n c o r p o r a t i o n  o n  a d d e d  A T P  ( T a b l e  1) i s  a l s o  c o n f i r m e d .  T h e

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

S e v e r a l  f e a t u r e s  o f  t he  t i m e  c o u r s e  a r e  n o t e w o r t h y .  F i r s t l y ,

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

A t  2 0 ° C  t h e  r a t e  o f  i n c o r p o r a t i o n  f a l l s  to z e r o  a f t e r  a b o u t  3 0  m i n u t e s .

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

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

c h a r a c t e r i s t i c  o f  in v i t r o  p l a s t i d  p r o t e i n  s y n t h e s i s  ( B l a i r  a n d  E l l i s ,

1 9 7 3 ;  B o t t o m l e y  j 2t  a l ,  1 9 7 4 ;  D r u m m  a n d  M a r g u l i e s ,  1 9 7 0 ) .  S e c o n d l y ,

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

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

T a b l e  2.  T h e  i n i t i a l  r a t e s  c a l c u l a t e d  f r o m  i n c u b a t i o n s  a t  10 C  and 

2 0 ° c  s h o w  t h a t  t he  i n c o r p o r a t i o n  r a t e  i s  a p p r o x i m a t e l y  h a l v e d  w h e n  

t h e  i n c u b a t i o n  t e m p e r a t u r e  w a s  l o w e r e d  b y  1 0 ° C .  I n c o r p o r a t i o n  i n  

t h e  a b s e n c e  o f  a d de d  A T P ,  a t  a n y  t e m p e r a t u r e ,  w a s  l e s s  t h a n  10% o f  

t h e  c o m p l e t e  A T P - d r i v e n  r a t e  t h r o u g h o u t  t h e  i n c u b a t i o n .

i i .  C o m p a r i s o n  w i t h  A T P - d r i v e n  p r o t e i n  s y n t h e s i s  in
i s o l a t e d  c h l o r o p l a s t s .

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

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

s t u d i e s  wi th  t h o s e  r e p o r t e d  i n  t h e  l i t e r a t u r e .  F o r  e x a m j j l e ,  m o s t  

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

i n c o r p o r a t e d /



F i g u r e  7 . T h e  e f f e c t  o f  A T P  c o n c e n t r a t i o n  o n t he
35

i n c o r p o r a t i o n  o f  L , - (  S) m e t h i o n i n e  i n t o  a  h o t -  

T C A - i n s o l u b l e  p r o d u c t  in i s o l a t e d  e t i o p l a s t s .

E t i o p l a s t s  w e r e  p r e p a r e d  b y  t h e  p r o c e d u r e  d e s c r i b e d

i n  S e c t i o n  I I 2 A .  I n c u b a t i o n  m i x t u r e s  ( f i n a l  v o l u m e

5 0 0  p i )  c o n t a i n e d  3 0 0  p i  o f  e t i o p l a s t  s u s p e n s i o n  ( 3 0 0  p g

o f  p r o t e i n ) ,  1 0 0  p i  o f  KC1  r e s u s p e n s i o n  m e d i u m  ( pH  8 . 3)
35

c o n t a i n i n g  0.  5 p C i  o f  L - (  S) m e t h i o n i n e  ( 2 0 0  C i / m m o l )  

a n d  1 0 0  p i  o f  A T P  s u s p e n s i o n  m e d i u m  ( r e b u f f e r c d  to  

pH 8 . 3 ) .  I n c u b a t i o n s  w e r e  t e r m i n a t e d  a f t e r  1 h o u r  and  

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

S e c t i o n  I I 2 C i i .





F i g u r e  8 . T h e  e f f e c t  o f  A T P  a n d  t e m p e r a t u r e  o n t h e
35i n c o r p o r a t i o n  o f  L - (  S )  m e t h i o n i n e  i n t o  a  h o t - T C A -  

i n s o l u b l e  p r o d u c t  in i s o l a t e d  e t i o p l a s t s .

E t i o p l a s t s  w e r e  p r e p a r e d  b y  t h e  p r o c e d u r e  d e s c r i b e d

in S e c t i o n  I I2A.  . I n c u b a t i o n  m i x t u r e s  ( f i n a l  v o l u m e

5 0 0  p i )  c o n t a i n e d  3 0 0  p i  o f  e t i o p l a s t  s u s p e n s i o n  ( 1 9 0  p g

o f  p r o t e i n ) ,  100 p i  o f  KC1 r e s u s p e n s i o n  m e d i u m  (pH 8 . 3)
35

c o n t a i n i n g  0.  5 p C i  o f  L - (  S) m e t h i o n i n e  ( 2 0 0  C i / m m o l )  

a n d  e i t h e r  1 0 0  p i  o f  KC1  r e s u s p e n s i o n  m e d i u m  c o n t a i n i n g  

10 m M  A T P  ( 3 ,  © , A  ) o r  1 0 0  ul  o f  K C 1  r e s u s p e n s i o n  

m e d i u m  a l o n e  ( d  • O , A  ). I n c u b a t i o n s  w e r e  t e r m i n a t e d  

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

in S e c t i o n  I I 2 C i i .

®,  1 0 ° C ,  4 A T P ;  O,  

□  , 2 0 ° C ,  - A T P ; A  ,

1 0 ° C ,  - A T P ;  n  

3 0 ° C ,  + A T P ; A

2 . 0 °C ,  + A T P ;  

3 0 ° C ,  - A T P .





T a b l e  2 T h e  i n i t i a l  r a t e  o f  a m i n o  a c i d  i n c o r p o r a t i o n  

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

T h e  e x p e r i m e n t a l  d e t a i l s  a r e  g i v e n  in t h e  l e g e n d  

t o  F i g u r e  8 .



o
T e m p e r a t u r e __ C

I n i t i a l  r a t e  o í  i n c o r p o r a t i o n  
( p m o l e s  o f  L - (  ” S) m e t h i o n i n e  

/h p e r  m g  o f  p r o t e i n ) . __________

10
20

0.  14

0.  27
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i n c o r p o r a t e d / h  p e r  m g  o f  p r o t e i n  ( o r  R N A )  ( D r u r a m  a n d  M a r g u l i e s ,  

1 9 7 0 ;  R e g e r  c t  a l ,  1 9 7 0 ) .  T h e  c a l c u l a t i o n  o f  s u c h  a  r a t e  r e q u i r e s  

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

a m i n o  a c i d .  M o s t  w o r k e r s  s i m p l y  u s e  t h e  f i g u r e s  q u o t e d  in t he  

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

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

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

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

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

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

A m o r e  p r a c t i c a l  a p p r o a c h  i s  to d e t e r m i n e  w h e t h e r  t h e s e

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

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

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

f e a s i b l e ,  f o r  e x a m p l e ,  l i g h t  ( o r  A T P )  - d r i v e n  p r o t e i n  s y n t h e s i s  in

i s o l a t e d  c h l o r o p l a s t s  ( B l a i r  a n d  E l l i s ,  1 9 7 3 ) .  F i g u r e  9 i l l u s t r a t e s

t h e  t i m e  c o u r s e  f o r  p r o t e i n  s y n t h e s i s ,  u s i n g  a d d e d  A T P  a s  t he  e n e r g y

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

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

w h i c h  w a s  d e t e r m i n e d  in t h e  s a m e  e x p e r i m e n t .  F r o m  t h e  d a t a

p r e s e n t e d  i n  F i g u r e  9 t h e  i n i t i a l  r a t e s  o f  i n c o r p o r a t i o n  c a n  b e
, 3 5

c a l c u l a t e d ; -  i s o l a t e d  c h l o r o p l a s t s ,  0 .  69  p m o l e s  o f  L - (  S) m e t h i o n i n e
35

/h p e r  m g  o f  p r o t e i n ;  i s o l a t e d  e t i o p l a s t s ,  0.  27  p m o l e s  o f  L , - (  S) 

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

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

s y n t h e s i s  t o  a l l o w  a n a l y s i s  o f  t h e  n e w l y  s y n t h e s i z e d  p o l y p e p t i d e s .

E .  T H E  E F F E C T  ON A M I N O  A C I D  I N C O R P O R A T I O N  O F : -  
35

i .  I n c r e a s i n g  L - (  S) m e t h i o n i n e  c o n c e n t r a t i o n .
3 5T h e  r e l a t i o n s h i p  b e t w e e n  t h e  a m o u n t  o f  L - (  ' S) m e t h i o n i n e

3 5  . . .i n c o r p o r a t e d  int o p r o t e i n  a n d  t h e  a m o u n t  o f  L - (  S )  m e t h i o n i n e  a d de d  

t o  t h e  i n c u b a t i o n  m i x t u r e  i s  s h o w n  i n  F i g u r e  10.  A l i n e a r  r e l a t i o n s h i p  

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

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

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

L - m e t h i o n i n e /



F i g u r e  9  . T i m e  c o u r s e  f o r  p r o t e i n  s y n t h e s i s  i n  

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

P l a s t i d s  w e r e  i s o l a t e d  and i n c u b a t e d  a s  d e s c r i b e d  in 

S e c t i o n  I I 2 A  and I 1 2 C i .  A l l  i n c u b a t i o n s  w e r e  p e r f o r m e d  

i n  t h e  d a r k  a t  2 0 ° C .  I n c u b a t i o n s  w e r e  t e r m i n a t e d  and 

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

S e c t i o n  I I 2 C i i .

©  c h l o r o p l a s t s ,  4 0  p g  o f  p r o t e i n / i n c u b a t i o n  

O c h l o r o p l a s t s ,  20  p g  o f  p r o t e i n / i n c u b a t i o n  

L i  e t i o p l a s t s ,  2 4 0  pg o f  p r o t e i n / i n c u b a t i o n  

0  e t i o p l a s t s ,  1 2 0  p g  o f  p r o t e i n / i n c u b a t i o n

i tnuummuimamsm1
.■)
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F i g u r e  1 0 .  T h e  r e l a t i o n s h i p  b e t w e e n  L - (  S)  m e t h i o n i n e
35

i n c o r p o r a t i o n  a n d  t h e  a m o u n t  o f  a d d e d  L - (  S) m e t h i o n i n e .

T h e  e x p e r i m e n t a l  p r o c e d u r e s  a r e  a s  g i v e n  i n  F i g u r e  7,  

e x c e p t  t h a t  t h e  i n c u b a t i o n s  c o n t a i n e d  2 m M  -  A T P ,

180 /ag  o f  p r o t e i n  and  v a r y i n g  a m o u n t s  ( 0  t o  1 . 0  p C i )  o f  
35

L - (  S)  m e t h i o n i n e .





8 6

L - m e t h i o n i n e  p o o l  a t  t h e  s i t e  o f  i n c o r p o r a t i o n .  L e s s  t h a n  2 %  

o f  t h e  a d d e d  L - (  S) m e t h i o n i n e  i s  i n c o r p o r a t e d  i nt o  p r o t e i n ,  

i n d i c a t i n g  t h a t  t h e r e  i s  o n l y  a s m a l l  d e c r e a s e  in t h e  L - m e t h i o n i n e  

c o n c e n t r a t i o n  d u r i n g  t h e  i n c u b a t i o n .

i i .  I n c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  e t i o p l a s t s .
35

T h e  r e l a t i o n s h i p  b e t w e e n  t h e  L - (  S) m e t h i o n i n e  i n c o r p o r a t i o n  

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

i s  s h o w n  i n  F i g u r e  1 1. U n d e r  t h e  c o n d i t i o n s  o f  t h e  a s s a y  a  m a x i m u m  

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

a p p r o x i m a t e l y  2 5 0  ug o f  p r o t e i n  o r  3 yig o f  c a r o t e n o i d .  T h e  n a t u r e  

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

u n k n o w n .  T h e  d a t a  in F i g u r e  9 s h o w s  t h a t  a t  s u b s a t u r a t i n g  

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

p r o p o r t i o n a l  to t h e  p r o t e i n  c o n c e n t r a t i o n  t h r o u g h o u t  t h e  i n c u b a t i o n  

p e r i o d .

F .  T H E  K + ION A N D  p H R E Q U I R E M E N T  F O R  A M I N O  A C I D  
I N C O R P O R A T I O N

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

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

s y n t h e s i z e d  p r o t e i n  s h o u l d  b e  m a x i m a l .  T o  t h i s  end v a r i o u s  

p a r a m e t e r s  o f  t h e  i n c u b a t i o n  c o n d i t i o n s  w e r e  i n v e s t i g a t e d  in o r d e r  to 

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

i n c o r p o r a t i o n .  O n e  s u c h  p a r a m e t e r  w a s  t h e  i o n  c o n c e n t r a t i o n .

T h e  e f f e c t  o f  v a r y i n g  t h e  i o n c o n c e n t r a t i o n  on t h e  
35

i n c o r p o r a t i o n  o f  L - (  S) m e t h i o n i n e  i s  s h o w n  i n  F i g u r e  12.  T h e

e x p e r i m e n t a l  c o n d i t i o n s  a r e  g i v e n  in the f i g u r e  l e g e n d .  A l t h o u g h  i t  i s  
35

c l e a r  t h a t  L - (  S) m e t h i o n i n e  i n c o r p o r a t i o n  i n  i s o l a t e d  e t i o p l a s t s  i s  

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

n o t  a s  g r e a t  a s  in i s o l a t e d  c h l o r o p l a s t s  ( B l a i r  a n d  E l l i s ,  1 9 7 3 ) .  

B o t t o m l e y  e l  al  ( 1 9 7 4 )  h a v e  c o n d u c t e d  a n  e x t e n s i v e  s t u d y o f  t h e  c a t i o n  

r e q u i r e m e n t s  f o r  b o t h  l i g h t  a n d  A T P - d r i v e n  p r o t e i n  s y n t h e s i s  in 

i s o l a t e d  s p i n a c h  c h l o r o p l a s t s .  T h e y  c o n c l u d e  t h a t  NH^ + ( a t  

a p p r o x i m a t e l y  8 0  m M )  b e s t  f i l l s  t h e  r e q u i r e m e n t  f o r  m o n o v a l e n t  

c a t i o n s  in t h e  A T P - d r i v e n  s y s t e m  w h i c h  u s e s  b r o k e n  p l a s t i d s .  In t he  

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

p l a s t i d s /
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L - m e t h i o n i n e  p oo l  a t  t he  s i t e  o f  i n c o r p o r a t i o n .  L e s s  t h a n  2%
35

o f  t he  a d d e d  L - (  S) m e t h i o n i n e  i s  i n c o r p o r a t e d  i nt o  p r o t e i n ,

i n d i c a t i n g  t h a t  t h e r e  i s  o n l y  a s m a l l  d e c r e a s e  in t h e  L - m e t h i o n i n e

c o n c e n t r a t i o n  d u r i n g  t h e  i n c u b a t i o n .

i i .  I n c r e a s i n g  t h e  c o n c e n t r a t i o n  o f  c t i o p l a s t s .
35

T h e  r e l a t i o n s h i p  b e t w e e n  t h e  L - (  S) m e t h i o n i n e  i n c o r p o r a t i o n  

a n d  t he  c a r o t e n o i d  o r  p r o t e i n  c o n c e n t r a t i o n  ( i .  e.  p l a s t i d  c o n c e n t r a t i o n )  

i s  s h o w n  i n  F i g u r e  i 1. U n d e r  t h e  c o n d i t i o n s  o f  t he  a s s a y  a  m a x i m u m  

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

a p p r o x i m a t e l y  2 5 0  ug o f  p r o t e i n  o r  3 j ig o f  c a r o t e n o i d .  T h e  n a t u r e  

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

u n k no wn .  T h e  d a t a  in F i g u r e  9 s h o w s  t h a t  a t  s u b s a t u r a t i n g  

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

p r o p o r t i o n a l  t o  t he  p r o t e i n  c o n c e n t r a t i o n  t h r o u g h o u t  t h e  i n c u b a t i o n  

p e r i o d .

F .  T H E  K + ION A ND p H R E Q U I R E M E N T  F O R  A M I N O  A C I D  
IN C O R P O R A T I O N

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

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

s y n t h e s i z e d  p r o t e i n  s h o u l d  b e  m a x i m a l .  T o  t h i s  e nd v a r i o u s

p a r a m e t e r s  o f  t he  i n c u b a t i o n  c o n d i t i o n s  w e r e  i n v e s t i g a t e d  in o r d e r  to

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

i n c o r p o r a t i o n .  O n e  s u c h  p a r a m e t e r  w a s  t h e  K + i o n  c o n c e n t r a t i o n .

T h e  e f f e c t  o f  v a r y i n g  t h e  i o n  c o n c e n t r a t i o n  on t h e  
35

i n c o r p o r a t i o n  o f  L - (  S) m e t h i o n i n e  i s  s h o w n  i n  F i g u r e  12.  T h e

e x p e r i m e n t a l  c o n d i t i o n s  a r e  g i v e n  i n  the f i g u r e  l e g e n d .  A l t h o u g h  i t  i s  
35c l e a r  t h a t  L - (  S) m e t h i o n i n e  i n c o r p o r a t i o n  i n  i s o l a t e d  e t i o p l a s c s  i s  

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

n o t  a s  g r e a t  a s  in i s o l a t e d  c h l o r o p l a s t s  ( B l a i r  a n d  E l l i s ,  1 9 7 3 ) .  

B o t t o r r . l e y  rn al  ( 1 9 7 4 )  h a v e  c o n d u c t e d  a n  e x t e n s i v e  s t u d y o f  t h e  c a t i o n  

r e q u i r e m e n t s  f o r  b o t h  l i g h t  a n d  A T P - d r i v e n  p r o t e i n  s y n t h e s i s  in 

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

a p p r o x i m a t e l y  8 0  m M )  b e s t  f i l l s  t h e  r e q u i r e m e n t  f o r  m o n o v a l e n t  

c a t i o n s  in t h e  A T P - d r i v e n  s y s t e m  w h i c h  u s e s  b r o k e n  p l a s t i d s .  In t h e  

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

p l a s t i d s /

1 .til tilikifttHHfiUUUtttiH W i f y
--------...

*



F i g u r e I 1 . T h e  r e l a t i o n s h i p  b e t w e e n  L - (  S) m e t h i o n i n e  

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

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

F i g u r e  7 ,  e x c e p t  t h a t  t he  i n c u b a t i o n s  c o n t a i n e d  2 m M -  
35

A T P ,  0.  5 yuCi o f  L - (  S) m e t h i o n i n e  a n d  v a r y i n g  a m o u n t s  

o f  c a r o t e n o i d  (0  t o  9 . 0 ^ug/ml) a n d  p r o t e i n  ( 0  to  S ' l O ^ g / m l ) .

©,  c a r o t e n o i d  

£3 , p r o t e i n



0 2.25

Carotenoid - ¡ jg/incubat ion 

0  2 1 0

Protein - j jg/incubation -



F i g u r e  1 2 . T h e  e f f e c t  o f  K  i o n  c o n c e n t r a t i o n  on
35

t he  i n c o r p o r a t i o n  o f  L - (  S) m e t h i o n i n e  i n t o  a  h o t -  

T C A - i n  s o l u b l e  p r o d u c t  in i s o l a t e d  e t i o p l a s t s .

E t i o p l a s t s  v ; e r e  p r e p a r e d  by  t h e  m o d i f i e d  p r o c e d u r e

d e s c r i b e d  i n  S e c t i o n  II?.A in w h i c h  5 m l  p o r t i o n s  o f

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

T h e  e t i o p l a s t  p e l l e t s  ( 9 0 0  f.ig o f  p r o t e i n )  w e r e

r e s u s p e n d e d  in 5 0 0  p i  o f  m o d i f i e d  KC1 r e s u s p e n s i o n

m e d i u m  in w h i c h  t h e  t o t a l  K + i o n  c o n c e n t r a t i o n  v a r i e d

f r o m  33  to  4 5 3  m M  (pH 8.  3) ,  c o n t a i n i n g  e i t h e r  0.  5 yuCi

o f  L - ( ^ ^ S )  m e t h i o n i n e  ( 2 0 0  C i / m m o l )  and  2 m M  A T P  
35

( © )  o r  0.  5 ^lCi o f  L - (  S) m e t h i o n i n e  ( 2 0 0  C i / m m o l )  

a l o n e  ( O) .  I n c u b a t i o n s  w e r e  t e r m i n a t e d  a n d  a s s a y e d  

a s  d e s c r i b e d  in S e c t i o n  I12C.i i .
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p l a s t i d s ,  K i o n . ( a p p r o x i m a t e l y  3 0  m M )  i s  t h e  m o s t  e f f e c t i v e  m o n o v a l e n t  

c a t i o n .

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

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

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

b y  a n  i n v o l v e m e n t  in,  f o r  e x a m p l e ,  p h o t o p h o s p h o r y l a t i o n  ( B l a i r  and  

E l l i s ,  1 9 7 3 ) .

T h e  e f f e c t  o f  v a r y i n g  t h e  h y d r o g e n  i o n c o n c e n t r a t i o n  (pH) of  

t h e  i n c u b a t i o n  w a s  a l s o  i n v e s t i g a t e d .  T h e  r e s u l t s  a r e  s h o w n  in 

F i g u r e  13.  A m a x i m u m  l e v e l  o f  i n c o r p o r a t i o n  i s  a c h i e v e d  a t  p H  8.  3.  

T h i s  p H  i s  a l s o  t h e  o p t i m a l  v a l u e  f o r  p r o t e i n  s y n t h e s i s  i n  i s o l a t e d  

c h l o r o p l a s t s .

G.  T H E  E F F E C T  O F  A C T I N O M Y C I N  D O N A M I N O  A C I D  
I N C O R P O R A T I O N .

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

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

t h e  f u n c t i o n  o f  p l a s t i d  D N A  i f  a  s y s t e m  o f  c o u p l e d  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  c o u l d  b e  d e v e l o p e d .  T h e  e v i d e n c e  f r o m  u s i n g  i n h i b i t o r s  

o f  R N A  s y n t h e s i s ,  s u c h  a s  a c t i n o m y c i n  D o r  r i f a m p i c i n  ( K a h a n  e t  al ,  

1 9 6 3 ;  W e i s b l u m  a n d  D a v i e s ,  1 9 6 8 )  s u g g e s t s  t h a t  i s o l a t e d  c h l o r o p l a s t s ,  

b r o k e n  o r  i n t a c t ,  t r a n s l a t e  o n l y  m R N A  s y n t h e s i z e d  b e f o r e  t h e  p l a s t i d s  

a r e  i s o l a t e d  ( B l a i r  a n d  E l l i s ,  1 9 7 3 ;  B o t t o m l e y  e t  a l ,  1 9 7 4 ;  H a r r i s  

e t  a l ,  1 9 7 3 ;  S p e n c e r ,  1 9 6 5 ) .  T h i s  m a y  not  h o w e v e r  b e  t h e  c a s e  in 

i s o l a t e d  e t i o p l a s t s .  E t i o p l a s t s  m a y  b e  a c t i v e l y  s y n t h e s i z i n g  m R N A  

s p e c i e s ,  i n  o r d e r  t o  f u l f i l  t h e  r o l e ,  s u g g e s t e d  b y  K i r k  a n d  T i l n e y -  

B a s s e t t  ( 1 9 6 7 ) ,  o f  a  p o t e n t i a t e d ,  r e a d i l y  c o n v e r t i b l e  p r e c u r s o r  to 

t h e  c h l o r o p l a s t .  F o r  t h i s  r e a s o n  t h e  e f f e c t  o f  a c t i n o m y c i n  D o n  a m i n o  

a c i d  i n c o r p o r a t i o n  i n  i s o l a t e d  e t i o p l a s t s  w a s  s t u d i e d .  T a b l e  3 s h o w s  

t he  e f f e c t  o f  a c t i n o m y c i n  D o v e r  a  r a n g e  o f  c o n c e n t r a t i o n s  f r o m  

0.  0 2  u g / m l  t o  2 0  u g / m l .

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

c o n c e n t r a t i o n s .  A s  e q u i v a l e n t  c o n c e n t r a t i o n s  o f  a c t i n o m y c i n  D 

i n h i b i t  l i g h t - d r i v e n  i n c o r p o r a t i o n  o f  (^H) u r i d i n e  i nt o  R N A  in i s o l a t e d  

c h l o r o p l a s t s  ( H a r t l e y ,  M.  R .  , q u o t e d  in B l a i r  a n d  E l l i s ,  1 9 7 3 )  t h e r e  i s  

no r e a s o n  to s u p p o s e  t he  i n h i b i t o r  c a n n o t  p e n e t r a t e  i nt o  t h e  p l a s t i d .  It 

m u s t /



F i g u r e  13 . T h e  e f f e c t  o f  p H  o n  t h e  i n c o r p o r a t i o n  o f
35

L - (  S) m e t h i o n i n e  i nt o a  h o t - T C A - i n s o l u b l e  p r o d u c t  

i n  i s o l a t e d  e t i o p l a s t s .

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

d e s c r i b e d  in S e c t i o n  I I2A,  i n  w h i c h  5 m l  p o r t i o n s  o f

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

T h e  e t i o p l a s t  p e l l e t s  ( 7 7 0  ; i g  o f  p r o t e i n )  w e r e  r e s u s p e n d e d

i n  5 0 0  (ul  o f  KC1 r e s u s p e n s i o n  m e d i u m  ( b u f f e r e d  to t he

i n d i c a t e d  pH v a l u e s  wi th e i t h e r  K O I !  o r  HC1) c o n t a i n i n g  
35

0 .  5 /uCi o f  L - (  S)  m e t h i o n i n e  ( 2 0 0  C i / m m o l )  and  2 m M -  

A T P .  I n c u b t a t i o n s  w e r e  t e r m i n a t e d  and  a s s a y e d  a s  

d e s c r i b e d  in S e c t i o n  I I 2 C i i .





T a b l e  3 . T h e  e f f e c t  o f  a c t i n o m y c i n  D on a m i n o  a c i d  

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

T h e  e x p e r i m e n t a l  d e t a i l s  a r e  g i v e n  in F i g u r e  7.  A l l

i n c u b a t i o n s  c o n t a i n e d  2 m M - A T P ,  2 4 0  jug o f  p r o t e i n  
35

and  0.  5 j aC i  o f  L - (  S) m e t h i o n i n e .  T h e  r e s u l t s  a r e  

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

t he  c o m p l e t e  A T P - d r i v e n  s y s t e m  i n c u b a t e d  i n  t he  

a b s e n c e  o f  a c t i n o m y c i n  D.



E n e r g y  S o u r c e T  r e a l m e n t % I n c o r p o r a t i o n

A T P C o m p l e t e 100

N o n e C o m p l e t e 8

A T P A c t i n o m y c i n  D 0 .  0 2  yug/ml 81

A T P A c t i n o m y c i n  D 0 .  2 ^ig/ml 103

A T P A c t i n o m y c i n  D 2 p g / m l 9 4

A T P A c t i n o m y c i n  D 2 0  ^ug/ml 100



m u s t  b e  c o n c l u d e d  t h e r e f o r e  t h a t  m R N A  t r a n s l a t e d  in i s o l a t e d  

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

a r e  i s o l a t e d .

H.  T H E  S I T E  O F  A M I N O  A C I D  I N C O R P O R A T I O N  IN E T I O P L A S T  
P R E P A R A T I O N S .

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

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

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

i .  E f f e c t  on a m i n o  a c i d  i n c o r p o r a t i o n  o f  i n h i b i t o r s  o f  r i b o s o m e
f u n c t i o n ;  c h l o r a m p h e n i c o l  and  c y c l o h e x i m i d e .

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

7 0 S  o r  SOS r i b o s o m e s  c a n  b e  u s e d  to p r o v i d e  s t r o n g  e v i d e n c e  t hat  

a m i n o  a c i d  i n c o r p o r a t i o n  i n  e t i o p l a s t  p r e p a r a t i o n s  o c c u r s  o n 7 0 S  

r i b o s o m e s  r a t h e r  t h a n  o n 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 .  

C y c l o h e x i m i d e  i s  t h e  m o s t  f r e q u e n t l y  u s e d  and  s t u d i e d  i n h i b i t o r  o f  

SOS r i b o s o m e s  ( B a l i g a  ^ t  a l , 1969) .  T h e  a n t i b i o t i c  c h l o r a m p h e n i c o l  

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

c h l o r a m p h e n i c o l ,  i n h i b i t s  p r o t e i n  s y n t h e s i s  on 7 0 S  r i b o s o m e s  ( E l l i s  

1 9 6 9 ) .  T h e  e f f e c t  o f  t h e s e  two i n h i b i t o r s  on a m i n o  a c i d  i n c o r p o r a t i o n  

b y  e t i o p l a s t  p r e p a r a t i o n s  i s  s h o w n i n  F i g u r e  14.

T h e  r e s u l t s  s h o w  t h a t  a m i n o  a c i d  i n c o r p o r a t i o n  i s  o v e r  90 % 

i n h i b i t e d  b y  D - t h r e o  c h l o r a m p h e n i c o l  a t  a  c o n c e n t r a t i o n  o f  4 0  j u g /m l .

T h e  E - t h r e o  i s o m e r  o f  c h l o r a m p h e n i c o l ,  a t  a  c o n c e n t r a t i o n  o f  50  j u g / m l ,  

p r o d u c e s  no  i n h i b i t i o n  o f  a m i n o  a c i d  i n c o r p o r a t i o n .  I n c o r p o r a t i o n  w a s  

a l s o  u n a f f e c t e d  b y  c y c l o h e x i m i d e  up to a c o n c e n t r a t i o n  o f  5 0  j ug/ml .  

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

p e r h a p s  due to n o n - s p e c i f i c  e f f e c t s  ( E l l i s  a n d  M a c D o n a l d ,  1 9 7 0 ) .

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

e t i o p l a s t  p r e p a r a t i o n  d o e s  n o t  o c c u r  o n  c o n t a m i n a t i n g  8 0 S  c y t o p l a s m i c  

r i b o s o m e s .

i i .  S o l u b i l i z a t i o n  o f  l a b e l l e d  e t i o p l a s t .  p r o d u c t s  b y  T r i t o n  X -  1 0 0 .

P a r e n t i  and  M a r g u l i e s  ( 1 9 6 7 )  r e p o r t e d  t h a t  t he  d e t e r g e n t ,

T i i t o n X - 1 0 0 ,  a t  s p e c i f i c  c o n c e n t r a t i o n s ,  s e l e c t i v e l y  s o l u b i l i z e s  

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

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

d e g r e e /
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F i g u r e  14 ■ T h e  e f f e c t  o f  c y c l o h e x i m i d e  a n d  D - t h r e o  

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

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

T h e  e x p e r i m e n t a l  d e t a i l s  a r e  g i v e n  i n  F i g u r e  7.  A l l

i n c u b a t i o n s  c o n t a i n e d  2 m M - A T P  a n d  0 .  5 u C i  of  
35

I . - (  S)  m e t h i o n i n e ,  i n c u b a t i o n s  w i t h  D - t h r e o  

c h l o r a m p h e n i c o l  c o n t a i n e d  189 ^ug o f  p r o t e i n .  

I n c u b a t i o n s  w i t h  c y c l o h e x i m i d e  c o n t a i n e d  150 ^tg o f  

p r o t e i n .

O,  + D - t h r e o  c h l o r a m p h e n i c o l .

Cl, + c y c l o h e x i m i d e .  

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

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

c e l l s  ( B l a i r  a n d  E l l i s ,  1 9 7 3 ;  H a r r i s  e t  a l ,  1 9 7 3 ) .  H o w e v e r  

B o t t o m l e y  ( 1 9 7 0 )  c o n c l u d e d  t h a t  a l t h o u g h  t r e a t m e n t  o f  p e a  e t i o p l a s t s  

v/ith T r i t o n  X - 100  c a u s e d  m e m b r a n e s  to d i s a p p e a r  a n d  p i g m e n t s  

to s o l u b i l i z e ,  a  c o n s i d e r a b l e  q u a n t i t y  o f  p l a s t i d  m a t e r i a l  c o u l d  b e  

p e l l e t e d  a f t e r  t r e a t m e n t  b y a  l o w - s p e e d  ( 2 0 0 0  x  g) c e n t r i f u g a t i o n .

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

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

p e r f o r m e d  a t  h i g h  pH ( pH  8.  5) a n d  l o w  m a g n e s i u m  c o n c e n t r a t i o n  

( 1 - 2  m M ) .
T h e  r e s u l t  o f  s o l u b i l i z i n g  a n  c t i o p l a s t  p r e p a r a t i o n  a t  t h e  end o f

, 3 5  s
a n  i n c u b a t i o n  w i t h L - (  S) m e t h i o n i n e  i s  s h o w n  i n  T a b l e  4 .  T h e  r e s u l t  

s h o w s  t h a t  l e s s  t h a n  5% o f  t h e  r a d i o a c t i v i t y  i n c o r p o r a t e d  i n t o  p r o t e i n  

i s  p r e s e n t  in a  1 2 5 0 0  x  g p e l l e t .  T h i s  s t r o n g l y  s u g g e s t s  t h a t  a m i n o  

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

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

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

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

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

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

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

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

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

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

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

S e c t i o n  I IZDi  f u l f i l l s  t h i s  r e q u i r e m e n t .

F i g u r e  15 s h o w s  t h e  d i s t r i b u t i o n  o f  h o t - T C A - i n s o l u b l e  m a t e r i a l

w i t h i n  a  g r a d i e n t  t h a t  h a s  b e e n  vised to f r a c t i o n a t e  t h e  c o m p o n e n t s  o f
35

a n  e t i o p l a s t  p r e p a r a t i o n  a f t e r  i n c u b a t i o n  w i t h  L - (  S) m e t h i o n i n e .

T h e  e x p e r i m e n t a l  d e t a i l s  a r e  g i v e n  in t h e  f i g u r e  l e g e n d .  I t  i s  c l e a r  

t h a t  t he  m a j o r i t y  ( 7 3 % )  o f  t h e  m  v i t r o  s y n t h e s i z e d  p r o t e i n  i s  l o c a t e d  

in t he  p e l l e t  and  in g r a d i e n t  f r a c t i o n s  3 0 - 3 5 .  T h e s e  f r a c t i o n s  

p r i n c i p a l l y  c o n t a i n  e t i o p l a s t s  ( f ig .  1. ). L e s s  t h a n  3% o f  t h e  n e w l y -  

s y n t h e s i z e d /
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T a b l e  4  . S o l u b i l i z a t i o n  o f  a  l a b e l l e d  e t i o p l a s t

p r e p a r a t i o n  b y  T r i t o n  X -  100 .

S o l u b i l i z a t i o n  o f  t h e  e t i o p l a s t  p r e p a r a t i o n  w a s  

p e r f o r m e d  a s  d e s c r i b e d  in S e c t i o n  I I2D.  T h e  r e s u l t s  

a r e  e x p r e s s e d  a s  a  p e r c e n t a g e  o f  t he  i n c o r p o r a t i o n  b y 

t h e  u n s o l u b i l i z e d  e t i o p l a s t  p r e p a r a t i o n .



T r e a t m e n t

U n s o l u b i ]  i z e d  
e t i o p l  a  s t s

1 2 5 0 0  x  g 
s u p e  r n a t a n t

1 2 5 0 0  x  g 
p e l l e t

l o s s e s

L - (  S) m e t h i o n i n e  i n c o r p o r a t i o n
c .  p.  m .  70

16,  6 1 1 100

11, 7 5 8 7 0 .  7

6 2 8 3. 7

4,  2 2 5 2 5 .  6



F i g u r e  15 . S u c r o s e  d e n s i t y  g r a d i e n t  f r a c t i o n a t i o n
, 3 5

o f  e t i o p l a s t  p r e p a r a t i o n s  i n c u b a t e d  w i t h  L - (  S) 

m e t h i o n i n e ;  t he  d i s t r i b u t i o n  o f  h o t - T C A - i n s o l u b l e  

m a t e r i a l  i n  t h e  g r a d i e n t .

A n A T P - d r i v e n  p r o t e i n  s y n t h e s i s  i n c u b a t i o n  m i x t u r e  

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

in S e c t i o n  I I 2 E i .  E a c h  f r a c t i o n  w a s  a s s a y e d  f o r  l a b e l l e d

p r o t e i n  b y m i x i n g  a t  4  C w i t h  a n  e q u a l  v o l u m e  ( 0 .  5 m l )

o f  2 0 %  ( w/v)  T C A .  A f t e r  p r e c i p i t a t i o n  o v e r - n i g h t  a t  
o .

4  C t h e  p r o t e i n  w a s  q u a n t i t a t i v e l y  t r a n s f e r r e d  to g l a s s -  

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

a s  d e s c r i b e d  in S e c t i o n  I I 2 C i i .
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s y n t h e s i z e d  p r o t e i n  i s  a s s o c i a t e d  w i t h  the b a n d  o f  m i t o c h o n d r i a  

l o c a t e d  in t h e  c e n t r e  o f  t h e  g r a d i e n t  ( f ig .  2.  ).  T h e  r e m a i n i n g  

l a b e l l e d  p r o t e i n  i s  i n  t he  top 7.  5 m i s  o f  t h e  g r a d i e n t  ( a p p r o x i m a t e l y  

0.  73  M  s u c r o s e ) .  T h i s  m a t e r i a ]  m a y  b e  p o l y p e p t i d e  c h a i n s  t h a t  

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

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

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

d u r i n g  t he  g r a d i e n t  c e n t r i f u g a t i o n  p r o c e d u r e .

T h i s  r e s u l t ,  in c o n j u n c t i o n  w i t h  t h o s e  d e s c r i b e d  in S e c t i o n s  

I I 2 H i  and  i i ,  c o n c l u s i v e l y  e s t a b l i s h  t h e  e t i o p l a s t  a s  t he  s i t e  o f  a m i n o  

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

iv.  S e n s i t i v i t y  o f  a m i n o  a c i d  i n c o r p o r a t i o n  to r i b o n u c l é a s e  A

R i b o n u c l é a s e  d o e s  n o t  c r o s s  t h e  c h l o r o p ] a s t  e n v e l o p e  m e m b r a n e

( M a r g u l i e s  _et a l ,  1 9 6 8 ) .  T h i s  e n z y m e  c a n  t h e r e f o r e  b e  u s e d  to

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

i n  i n t a c t  a n d  b r o k e n  p l a s t i d s .  A T P - d r i v e n  a m i n o  a c i d  i n c o r p o r a t i o n

i n  e t i o p l a s t  p r e p a r a t i o n s  i s  l i k e l y  to b e  o c c u r r i n g  a t  b o t h  s i t e s ;

B o t t o m l e y  e t  a l  ( 1 9 7 4 )  h a s  s h o w n  t h a t  b r o k e n  s p i n a c h  c h l o r o p i a s t . s

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

p r o v i d i n g  t h e y  a r e  s u p p l i e d  w i t h  A T P  and G T P .  A c c o r d i n g l y  A T P -  
3 5

d r i v e n  L - (  S) m e t h i o n i n e  i n c o r p o r a t i o n  w a s  a s s a y e d  in t he  p r e s e n c e  

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

i n c o r p o r a t i o n  to i n h i b i t i o n  b y  r i b o n u c l é a s e  w a s  a l s o  d e t e r m i n e d  in 

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

b r o k e n  p l a s t i d s ,  o r  b r o k e n  p l a s t i d s  a l o n e .

T h e  r e s u l t s  in T a b l e  5 s h o w  t h a t  r i b o n u c l é a s e  i n h i b i t s  a m i n o  

a c i d  i n c o r p o r a t i o n  in e t i o p l a s t  p r e p a r a t i o n s  b y  b e t w e e n  2 9 %  a n d  35%.  

T h e  s a m e  i n h i b i t i o n  i s  o b s e r v e d  w h e n  t h e  i n c u b a t i o n  c o n t a i n s  a n  A T P -  

g e n e r a t i n g  s y s t e m  in a d d i t i o n  to A T P .  T h i s  r e s u l t  s u g g e s t s  t h a t  

a p p r o x i m a t e l y  35 % o f  t h e  i n c o r p o r a t i o n  i s  due  to t h e  a c t i v i t y  o f  

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

r e m a i n i n g  6 5 %  o f  t he  i n c o r p o r a t i o n  o c c u r s  in i n t a c t  e t i o p l a s t s .

'] i m p l i c a t i o n  i s  s u p p o r t e d  b y t he  c o m p l e t e  r i b o n u c l é a s e  i n h i b i t i o n

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

1\ . d. T h e  s i g n i f i c a n t  i n c o r p o r a t i o n  ( 4 9 % )  o b s e r v e d  in l y s e d  e t i o p l a s t

p r e p a r a t i o n s  /



T a b l e 5 . T h e  s e n s i t i v i t y  o f  A T P - d r i v e n  a m i n o  a c i d  

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

r i b o n u c l é a s e  A.

E t i o p l a s t s  w e r e  p r e p a r e d  a s  d e s c r i b e d  in S e c t i o n  I I2A.

A l l  i n c u b a t i o n s  c o n t a i n e d  p l a s t i d s  ( 1 8 0  p g  o f  p r o t e i n )
35

a n d  0.  5 ^ jCi  o f  L - (  S) m e t h i o n i n e .  I n c u b a t i o n s  w e r e  

p e r f o r m e d  a t  2 0 ° C  in t h e  d a r k .  I n c u b a t i o n s  w e r e  

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

a s  d e s c r i b e d  in S e c t i o n  J 12 C i i . T h e  r e s u l t s  a r e  

e x p r e s s e d  a s  p e r c e n t a g e s  o f  t h e  c o m p l e t e  A T P - d r i v e n  

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



E n e r g y  S o u r c e T  r e a t m  e nt % I n c o r p o r a t i o n

A T P  C o m p l e t e  100

N o n e  C o m p l e t e  8

A T P  + A T P -
g e n e r a t i n g  s y s t e m  C o m p l e t e  9 3

A T P  R i b o n u c l é a s e  1 2 j u g / m l  71

A T P  R . i b o n u c l e a s e  2 4  p g / m l  65

A T P  R i b o n u c l é a s e  4 8 p g / m l  6 6

A T P  + A T P -
g e n e r a t i n g  s y s t e m  R i b o n u c l é a s e  2 4  j u g / m l  67

A T P  L y s e d  4 9

N o n e  L y s e d  4.  5

L y s e d  + r i b o n u c l é a s e  7.  1
( 12 /ag/ml)

A T P
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p r e p a r a t i o n s  i n  t he  a b s e n c e  o f  r i b o n u c l é a s e  i n d i c a t e s  t h a t  l y s i s  d o e s  

n o t  d e s t r o y  r i b o s o m e  a c t i v i t y .  I n c o n t r a s t  to c h l o r o p l a s t s ,  ( B o t t o m l e y  

e t  a l ,  1 9 7 4 ) ,  l y s e d  e t i o p l a s t  p r e p a r a t i o n s  a r e  n o t  a s  a c t i v e  in p r o t e i n  

s y n t h e s i s  a s  p r e p a r a t i o n s  w h i c h  c o n t a i n  i n t a c t  o r g a n e l l e s .

J .  D I S C U S S I O N
35T h e  r e s u l t s  p r e s e n t e d  in t h i s  s e c t i o n  s h o w  t h a t  L - (  S) m e t h i o n i n e  

i s  i n c o r p o r a t e d  i nt o  p r o t e i n  i n  i s o l a t e d  e t i o p l a s t s .  In g e n e r a l ,  p r o t e i n  

s y n t h e s i s  i n  i s o l a t e d  e t i o p l a s t s  h a s  t he  s a m e  r e q u i r e m e n t s ,  and  e x h i b i t s  

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

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

( R e g e r  e t  a l ,  1 9 7 2 a  a n d  1 9 7 2 b ;  D r u m m  a n d  M a r g u l i e s ,  1 9 7 0 ;  H e a r i n g ,

1 9 7 3 )  t h e  m a j o r i t y  o f  a m i n o  a c i d  i n c o r p o r a t i o n  i n  t h e s e  p r e p a r a t i o n s  

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

i n c u b a t i o n  m i x t u r e  c a u s e s  o n l y  a  3 5 %  d e c r e a s e  i n  t h e  l e v e l  o f  

i n c o r p o r a t i o n  ( T a b l e  5) .  If n e c e s s a r y ,  r i b o n u c l é a s e  c o u l d  b e  u s e d  

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

o f  B o t i o m l e y ' s  r e p o r t  ( 1 9 7 4 )  t h a t  b r o k e n  c b l o r o p l a s t  p r o v i d e d  w i t h  

A T P  and  G T P  s y n t h e s i z e  d i s c r e e t  p o l y p e p t i d e s  a t  h i g h e r  r a t e s  t h a n  

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

A T P  i s  s u p p l i e d ,  p r e p a r a t i o n s  o f  b r o k e n  e t i o p l a s t s  a r e  a l s o  c a p a b l e

o f  p r o t e i n  s y n t h e s i s  a t  s i g n i f i c a n t  r a t e s  ( T a b l e  5) .
, 3 5

T h e  r a t e  o f  i n c o r p o r a t i o n  o f  L - (  S) m e t h i o n i n e  i n  n o i l - l y s e d
35

p r e p a r a t i o n s  ( 0 .  2 to 0.  8 p m o l e s  o f  L - (  S) m e t h i o n i n e / h  p e r  m g  o f

p r o t e i n )  i s  d i f f i c u l t  to c o m p a r e  w i t h  o t h e r  p u b l i s h e d  v a l u e s .  T h e  r a t e

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

f r o m  p e a  ( P i s u m  s a t i v u m ) ,  w h e a t  ( T r i t i c u m  a e s t i v u m )  and  b e a n

( P h a s e o l u s  v u l g a r i s )  ( R e g e r _ e t _ a l ,  1 9 7 2 a ;  D r u m m  a n d  M a r g u l i e s ,  1 9 7 0 ) .

I n m o s t  c a  s e s  t h e  r a t e s  a r e  e x p r e s s e d  a s  c.  p.  m .  / m g  o f  R N A / m i n u t e

( R e g e r  e t  a_l, 1 9 7 2 ) .  H o w e v e r  D r u m m  a n d  M a r g u l i e s  ( 1 9 7 0 )  q u o t e  a
14

r a t e  o f  a p p r o x i m a t e l y  60  p m o l e s  o f  L - (  C) l e u c i n e  i n c o r p o r a t e d / m g  

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

d i r e c t l y  c o m p a t i b l e  w i t h  t he  r a t e s  r e p o r t e d  in t h i s  t h e s i s .  T h e  

a p p a r e n t l y  h i g h e r  r a t e  o f  D r u m m  and M a r g u l i e s  ( 1 9 7 0 )  c a n  b e  

e x n l a i n e d  b y  t wo  fa«. F i r s t l y ,  L - l e u c i n e  i s  a  m o r e  c o m m o n l y  

o c c u r r i n g  a m i n o  a c  ;n n o r m a l  c e l l u l a r  p r o t e i n s  t h a n  i s  L - m e l h i o n i n e  

and/
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a n d  s e c o n d l y ,  t h e  i n c u b a t i o n s  in w h i c h  D r u r n m  and  M a r g u l i e s  ( 197 0)  

p e r f o r m e d  t h e i r  a s s a y s  f o r  in v i t r o  p r o t e i n  s y n t h e s i s  c o n t a i n e d  10 /iCi 

o f  r a d i o a c t i v e l y - l a . b e l l e d  a m i n o  a c i d  a s  c o m p a r e d  t c  t h e  0.  5 juCi  

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

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

i n c o r p o r a t i o n  i n  i s o l a t e d  c h l o r o p l a s t s  ( F i g u r e  9) ,  t h a t  s u f f i c i e n t  

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

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

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

e t i o p l a s t s  i s  d e p e n d e n t  u p o n  a d d e d  A T P  ( T a b l e  1, F i g u r e  7) .  

I n c o r p o r a t i o n  i s  s t i m u l a t e d  1 5 - f o l d  b y t h e  a d d i t i o n  o f  2 m M - A T P  to 

t he  i n c u b a t i o n  m i x t u r e  ( T a b l e  1). T h i s  c o m p a r e  w i t h  t h e  2|- - f old  

s t i m u l a t i o n  o b s e r v e d  b y  R e g e r  _et a l  ( 1 9 7 2 a )  in i s o l a t e d  p e a  e t i o p l a s t s .

A s  t h e  m a j o r i t y  o f  i n c o r p o r a t i o n  o c c \ i r s  i n  i n t a c t  p l a s t i d s  A T P  

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

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

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

in v i v o  m a y  n o t  i n v o l v e  t h e  d i r e c t  t r a n s f e r  o f  A T P ,  b u t  r a t h e r  an 

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

( D H A P )  a n d  p h o s p h o g l y c e r i c  a c i d  ( P G A )  ( H e b e r ,  1 9 7 4 ) .  T h e  r a t e  o f  

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

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

A T P .  T h e  e n e r g y  f l u x  i s  c a l c u l a t e d  to b e  e q u i v a l e n t  to a  t r a n s f e r  o f  

7 to  9 j u m o l e s  o f  A T P / m g  c b l o r o p h y l l / h o u r  ( H e b e r  a n d  S a n t a v i u s ,  1 9 7 0 ) .  

H e l d t  ( 1 9 6 9 )  h a s  m a d e  d i r e c t  m e a s u r e m e n t s  o f  a d e n y l a t e  t r a n s f e r  in 

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

m i t o c h o n d r i a  ( P f a f f  e t  aj., 1 9 6 9 )  c h l o r o p l a s t s  c o n t a i n  a  s p e c i f i c  

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

n u c l e o t i d e  t r a n s l o c a t o r  h a s  a  h i g h e r  a f f i n i t y  f o r  e x t e r n a l  A T P  t h a n  

f o r  A D P ,  and  i t s  c a p a c i t y  ( 2 .  03  / .u nc le s  i n f l u x  o f  A T P / m g  o f  c h l o r o p h y l l  

p e r  h o u r )  i s  t o o  l o w  to a c c o u n t  f o r  t he  o b s e r v e d  l i g h t - d e p e n d e n t  

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

b e e n  q u e s t i o n e d  ( H e b e r ,  1 9 7 4 ) .  H o w e v e r  s i m p l e  c a l c u l a t i o n  s h o w s  

t h a t  an i n f l u x  o f  A T P  i n t o  t h e  i s o l a t e d  e t i o p l a s t s  a t  a  r a t e  o f  2.  0 j u m o l e s /  

m g  o f  c h l o r o p h y l l  ( a s s u m e d  to b e  e q u i v a l e n t  to 0.  1 r n g  o f  p r o t e i n )  p e r

hou r  /



h o u r  w i l l  e q u i l i b r a t e  t he  A T P  l e v e l  w i t h i n  t he  p l a s t i d  wi th  t h e  e x t e r n a l

m e d i u m  ( 2  m M )  i n  l e s s  t h a n  1 m i n u t e .  T h i s  c o n c e n t r a t i o n  o f  A T P  c a n

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

i s o l a t e d  e t i o p l a s t s .  In a g r e e m e n t  w i t h  D r u m m  a n d  M a r g u l i e s  ( 1 9 7 0 )  ,

w ho  w o r k e d  w i t h  e t i o p l a s t s  i s o l a t e d  f r o m  P h a s e o l u s  v u l g a r i s , no  l i g h t

s t i m u l a t i o n  o f  A T P - d r i v e n  p r o t e i n  s y n t h e s i s  c o u l d  b e  d e t e c t e d  ( T a b l e  1).  
o

A t  20  C t h e  t i m e - c o u r s e  f o r  A T P - d r i v e n  a m i n o  a c i d  

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

to z e r o  a f t e r  a b o u t  30  m i n u t e s .  R a i s i n g  o r  l o w e r i n g  t he  t e m p e r a t u r e  

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

i n c o r p o r a t i o n  ( T a b l e  2) ,  and  a  c h a n g e  i n  t h e  d u r a t i o n  o f  i n c o r p o r a t i o n  

( F i g u r e  8) .  A h y p e r b o l i c  t i m e - c o u r s e  i s  c h a r a c t e r i s t i c  o f  p l a s t i d  

p r o t e i n  s y n t h e s i s  ( B l a i r  a n d  E l l i s ,  1 9 7 3 ;  D r u m m  a n d  M a r g u l i e s ,  1 9 7 0 ) .  

H o w e v e r  no  e x p l a n a t i o n  h a s  y e t  b e e n  p r o v i d e d  a s  t o  why  i n c o r p o r a t i o n  

c e a s e s  a f t e r  a  r e l a t i v e l y  s h o r t  t i m e .  T h e  h y p e r b o l i c  t i m e - c o u r s e  i s  

o b s e r v e d  i r r e s p e c t i v e  o f  w h e t h e r  l i g h t  o r  a d d e d  A T P  i s  u s e d  a s  t he  

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

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

i n a b i l i t y  o f  a n  A T P - g e n e r a t i n g  s y s t e m  to s i g n i f i c a n t l y  i n c r e a s e  t he  

l e v e l  o f  i n c o r p o r a t i o n  in t h e  e t i o p l a s t  s y s t e m  ( T a b l e  1) s u p p o r t s  t h i s  

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

( A T P a s e )  i n  t h e  p r e p a r a t i o n  c a n n o t  b e  r u l e d  o ut .

A m o r e  c o m p l e x  e x p l a n a t i o n  i s  t h a t  a  c o m p o n e n t  o f  t he  p a r t i c u l a r  

i n c u b a t i o n  m i x t u r e  in w h i c h  a m i n o  a c i d  i n c o r p o r a t i o n  i s  a s s a y e d  i s  

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

a n  a n a l o g o u s  s i t u a t i o n  f o r  l i g h t - d r i v e n  R N A  s y n t h e s i s  in  i s o l a t e d  

c h l o r o p l a s t s .  H a r t l e y  a n d  E l l i s  ( 1 9 7 3 )  f i n d  t h a t  i n c o r p o r a t i o n  of
3

( I I )  u r i d i n e  i n t o  R N A  in i s o l a t e d  s p i n a c h  c h l o r o p l a s t s  i n c u b a t e d  in 

K C1  r e s u s p e n s i o n  m e d i u m  c e a s e s  a f t e r  3 0  m i n u t e s .  B o h n e r t  e t  a l  ( 1 9 7 4 )  

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

R N A  f o r  up to  1 5 0  m i n u t e s  i f  t h e y  a r e  i n c u b a t i o n  i n  a  m e d i u m  c o n t a i n i n g  

s o r b i t o l / H E P E S  a s  t he  o s m o t i c U m / b u f f e r  s y s t e m  T h i s  e x p l a n a t i o n  i s  

h o w e v e r  r e n d e r e d  u n l i k e l y  b y  t he  f i n d i n g  o f  B o t t o m l e y  et  a l  ( 1 9 7 4 )  tha'.  

i s o l a t e d  s p i n a c h  c h l o r o p l a s t s  i n c u b a t e d  n o t  in K G 1  r e s u s p e n s i o n  m e d i u m ,
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b u t  in 0.  3 3  M  s o r b i t o l  - 80  m M  T r i c i n e  ( pH 8.  4)  m e d i u m ,  a l s o  c e a s e  

t o  i n c o r p o r a t e  a m i n o  a c i d s  i nt o  p r o t e i n  a f t e r  a b o u t  30  m i n u t e s .

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

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

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

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

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

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

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

( P l a t e  1 C)  s h o w s  t h e y  do no t  l o s e  t h e i r  o u t e r  m e m b r a n e  d u r i n g  

i n c u b a t i o n .  T h e  n ew  f i n d i n g  p r e s e n t e d  in t h i s  s e c t i o n  i s  t h a t  t h e r e  i s  

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

o f  i n c o r p o r a t i o n  ( F i g u r e  8) .  T h i s  m i g h t  s u g g e s t  t h a t  s o m e  f a c t o r  

i n v o l v e d  i n  A T P - d r i v e n  p r o t e i n  s y n t h e s i s  i s  p r e s e n t  in a  l i m i t e d  

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

s e n s i t i v e .  A l t e r n a t i v e l y  an i n a c t i v a t i n g  f a c t o r ,  f o r  e x a m p l e  e n d o g e n o u s  

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

C l e a r l y  t h i s  q u e s t i o n  r e m a i n s  u n r e s o l v e d .

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

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

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

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

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

a n d  c e l l  c y t o p l a s m .  In t he  m a j o r i t y  o f  s t u d i e s  on p r o t e i n  s y n t h e s i s  

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

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

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

S c h w e i g e r ,  1 9 7 2 ,  1 9 7 3 ) .  I n c o r p o r a t i o n  o f  l a b e l l e d  a m i n o  a c i d  i nt o  

p r o t e i n  w a s  f o un d to b e  i n h i b i t e d ,  up t o  6 0 % ,  b y  b o t h  c h l o r a m p h e n i c o l  

a n d  c y c l o h e x i m i d e .  C y c l o h e x i m i d e  c o m p l e t e J b i n h i b i t e d  t h e  l a b e l l i n g  

o f  o n e  o f  t h e  two in v i t r o  s y n t h e s i z e d  p r o t e i n s .  C y t o p l a s m i c  2 6 S  R N A  

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

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

e t  al ( 1 9 7  2 )  w ho  s h o w e d  t h a t  c h l o r o p l a s t s  i s o l a t e d  f r o m  A c e t a b u l a r i a  

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

m e m b r a n e .  /



m e m b r a n e .  C o n t a m i n a t i o n  o f  t he  e t i o p l a s t  p r e p a r a t i o n s  u s e d  in t h e  

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

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

t o  b e  s p e c i f i c  f o r  8 0 S  r i b o s o m e s .  I n c o r p o r a t i o n  i s  n o t  i n h i b i t e d  at  

c o n c e n t r a t i o n s  o f  c y c l o h e x i m i d e  1 0 0  t i m e s  g r e a t e r  t h a n  t h o s e  r e q u i r e d  

t o  i n h i b i t  a m i n o  a c i d  i n c o r p o r a t i o n  b y  7 5 %  i n  a  c e l l - f r e 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  f r o m  r a t  l i v e r  ( B a l i g u .  c l  a l ,  1 9 6 9 ) .  In c o n t r a s t ,  

D - t h r e o  c h l o r a m p h e n i c o l  ( 2 0  jug/ml)  i n h i b i t s  a m i n o  a c i d  i n c o r p o r a t i o n  

i n  e t i o p l a s t  p r e p a r a t i o n s  b y  o v e r  8 5 %  ( F i g u r e  14);  s t r o n g l y  s u g g e s t i n g  

t h a t  p r o t e i u  s y n t h e s i s  i s  o c c u r r i n g  o n  7 0 S  r i b o s o m e s .

N u c l e i  i s o l a t e d  f r o m  r a p i d l y  g r o w i n g  t o b a c c o  c e l l  c u l t u r e s  h a v e
14

b e e n  r e p o r t e d  to i n c o r p o r a t e  ( C) l y s i n e  i n t o  p r o t e i n  a t  r a t e s  o f  up 

t o  3 n m o l e s / m g  o f  p r o t e i n  p e r  h o u r  ( F l a m m  jet al ,  1 9 6 3 ) .  T h i s  

i n c o r p o r a t i o n  i s  i n s e n s i t i v e  to c h l o r a m p h e n i c o l .  H o w e v e r ,  c o n f l i c t i n g  

r e p o r t s  in t h e  l i t e r a t u r e  s u g g e s t  i t  w o u l d  b e  u n w i s e  to  r e l y  on 

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

b y  n u c l e a r  r i b o s o m e s .  W h i l s t  Z i m m e r m a n  e t  a l  ( 1 9 6 9 )  r e p o r t  t h a t  

a m i n o  a c i d  i n c o r p o r a t i o n  in n u c l e i ,  i s o l a t e d  f r o m  H e i a  c e l l s  w a s  

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

( 1 9 7 0 ) ,  s t u d y i n g  p r o t e i n  s y n t h e s i s  i n  n u c l e i  i s o l a t e d  f r o m  D r o s o p h i l a  

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

i n h i b i t e d  b y  c h l o r a m p h e n i c o l  and n o t  b y  c y c l o h e x i m i d e .  A  m o r e  

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

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

r a d i o a c t i v i t y  p r e s e n t  i n  a  1 2 5 0 0  x  g p e l l e t  p r e p a r e d  a f t e r  l a b e l l e d  

e t i o p l a s t s  a r e  t r e a t e d  w i t h  T r i t o n  X - 1 0 0 .  T h i s  p e l l e t  w o u l d  b e  

e x p e c t e d  to c o n t a i n  n u c l e i  b u t  no t  p l a . s t i d s  ( P a r e n t i  a n d  M a r g u l i e s ,  1 9 6 7 ) .  

A s  l e s s  t h a n  4 %  o f  t h e  i n c o r p o r a t e d  r a d i o a c t i v i t y  i s  p r e s e n t  in t h e  

T  r i t o n  X - ) 0 0 - i n s o l u b l e  f r a c t i o n  ( T a b l e  4) ,  n u c l e a r  i n c o r p o r a t i o n  in 

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

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

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

w o u l d  a l s o  b e  e x p e c t e d  t o  r e s i s t  s o l u b i l i z a t i o n  by l o w  c o n c e n t r a t i o n s  

o f  T r i t o n  X -  10 0 d e t e r g e n t  ( P a r e n t i  and  M a r g u l i e s ,  1 9 6 7 ) .

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

c o n t a m i n a t i o n .  /
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be
c o n t a m i n a t i o n .  B a c t e r i a  w e r e  f o un d to r e s p o n s i b l e  f o r  a  h i g h  p e r c e n t a g e

A

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

p l a s t i d  p r o t e i n  s y n t h e s i s  ( G n a n a m  e t  a l , 1 9 6 9 ) .  S e v e r a l  o t h e r  f e a t u r e s  

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

c o n c l u s i o n  t h a t  b a c t e r i a  a r e  not  t h e  s i t e  o f  p r o t e i n  s y n t h e s i s .  F i r s t l y  

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

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

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

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

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

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

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

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

r e s u l t s  e x c l u d e  b a c t e r i a  a s  t he  s i t e  o f  a m i n o  a c i d  i n c o r p o r a t i o n  in 

t h e  e l i o p l a s t  p r e p a r a t i o n s .

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

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

i s  t he  m i t o c h o n d r i o n .  T h e  m  v i t r o  p r o t e i n  s y n t h e s i z i n g  a c t i v i t y  o f  

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

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

m i t o c h o n d r i a  ( P o y n t o n  a n d  G r o o t ,  1 9 7 5 ;  B u r k e  a n d  B e a t t i e ,  1 9 7 4 ) .

T h e  s i m i l a r i t y  o f  t h e  m i t o c h o n d r i a l  and  p l a s t i d  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  - f o r  e x a m p l e ,  t h e y  a r e  b o t h  s p e c i f i c a l l y  i n h i b i t e d  by  

D - t h r e o  c h l o r a m p h e n i c o l  ( E l l i s ,  1 9 6 9 ;  B o r s t  a n d  G r i v e l l ,  1 9 7 1 )  - 

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

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

t h e  n e e d  to a d d  A T P  a s  t h e  e n e r g y  s o u r c e  i n  t h e  s t u d y o f  j_n v i t r o  

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

i n c o r p o r a t i o n  o c c u r r i n g  o n c o n t a m i n a t i n g  m i t o r i b o s o m e s .  S o m e  

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

a p p r o a c h  ( P a r e n t i  a n d  M a r g u l i e s ,  1 9 6 7 ) .  F i r s t l y  t he  a m i n o  a c i d  

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

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

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

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

m i t o c h o n d r i a l /
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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  to t h e  a m i n o  a c i d  i n c o r p o r a t i o n  in 

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

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

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

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

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

A m o r e  r i g o r o u s  a p p r o a c h  a d o p t e d  i n  t h i s  s t u d y  i s  to d e t e r m i n e  

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

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

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

o f  p u r i f i c a t i o n  u s e d  w a s  a  m i x t u r e  o f  r a t e  and  e q u i l i b r i u m  s e d i m e n t a t i o n  

in s u c r o s e  d e n s i t y  g r a d i e n t s  ( M i f l i n  and  B e e v e r s ,  1 974) .  T h e  a b s e n c e  

o f  r a d i o a c t l v c l y - l a b e l l  ed p r o t e i n  in t he  p o s i t i o n  a t  w h i c h  m i t o c h o n d r i a  

b a n d  in t h e s e  g r a d i e t n s  ( F i g u r e s  1, 2 a n d  15)  s h o w  t h a t  m i t o r i b o s o m e s  

a r e  no t  c o n t r i b u t i n g  s i g n i f i c a n t l y  t o  a m i n o  a c i d  i n c o r p o r a t i o n  in t h e s e  

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

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

d e v o t e d  t o  o p t i m i z i n g  t h e  c o n d i t i o n s  f o r  p r o t e i n  s y n t h e s i s  in i s o l a t e d
3 5

e t i o p l a s t s .  F i g u r e  12 s h o w s  t h a t  t h e  i n c o r p o r a t i o n  o f  L - (  S )  m e t h i o n i n e

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

t h e  i n c u b a t i o n  m i x t u r e .  T h e  e f f e c t  o f  m o n o -  and  d i v a l e n t  c a t i o n s  on

l i g h t  a n d  A T P - d r i v e n  p r o t e i n  s y n t h e s i s  i n  i n t a c t  and  b r o k e n  s p i n a c h

c l i l o r o p l a s t s  h a s  b e e n  s t u d i e d  b y  B o t t o m l e y  ( 1 9 74 ) .  It  i s  c l e a r  t h a t

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

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

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

o b t a i n e d  w i t h  i n t a c t  c h l o r o p l a s t s  i s o l a t e d  a n d  a s s a y e d  f o r  a m i n o
2 +

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

a d d i t i o n  o f  a s  l i t t l e  a s  1 m M  M g G l ^  to  t h e  i n c u b a t i o n  m e d i u m  r e s u l t s  

i n  a 6 0 %  i n h i b i t i o n  o f  a m i n o  a c i d  i n c o r p o r a t i o n .  T h i s  m a r k e d  

i n h i b i t i o n  i s  s u r p r i s i n g  i n  v i e w  o f  t h e  r e p o r t  b y  G i m m l e r  e t  a l  ( 197 4)

w h i c h  s t r o n g l y  s u g g e s t s  t h a t  i n t a c t  s p i n a c h  c h l o r o p l a s t s  m a i n t a i n  an
24

i n t e r n a l  M g  i on c o n c e n t r a t i o n  o f  a b o u t  27  m M ,  e v e n  a g a i n s t  a  

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

m e d i u m  c o n t a i n i n g  0.  0 2  m M  M g ^ 1 i o n .  G i i n m l e r  e t  a l  ( 1 9 7 4 )  a l s o

c o n c l u d e  1



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

a l t h o u g h  a  s p e c i f i c  K + i on  t r a n s p o r t  i nt o  t h e  p l a s t i d  c a n  b e  i n d u c e d  b y 

l i g h t .  T h e  l i g h t  i n d u c e d  K +i o n  f l u x  i s  s p e c i f i c a l l y  b r o u g h t  a b o u t  b y  

e x c h a n g e  t r a n s l o c a t i o n  a n d  i s  l i n k e d  to H^ e x t r u s i o n .  H o w e v e r  t h e  

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

w h e n  c o m p a r e d  wi t h a n i o n  f l u x e s .  T h e  a p p a r e n t  a b i l i t y  o f  c h i o r o p l a s t s  

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

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

i n s i d e  t he  p l a s t i d  m a y  w e l l  b e  d i f f e r e n t  f r o m  t h a t  p r e s e n t  i n  t h e  KC1 

r e s u s p e n s i o n  m e d i u m .  E s t i m a t e s  o f  t h e  K + i o n c o n c e n t r a t i o n  in 

c h i o r o p l a s t s  v a r y  d r a m a t i c a l l y .  L a r k u m  ( 1 9 6 8 )  e s t i m a t e d  t h e  

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

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

a  v a l u e  o f  3 4 0  m M  K + i o n  w a s  r e p o r t e d .  T h i s  c o n t r a s t s  s h a r p l y  

w i t h  t h e  v a l u e  o f  1 9 - 3 6  m M  r e p o r t e d  by  G i m m l e r  jet ( 1 9 7 4 ) ,  who  

u s e d  a q u e o u s  b u f f e r s  t o  i s o l a t e  s p i n a c h  c h l o r o p l a s t s .  In v i e w  o f  t h e  

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

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

a p p r o x i m a t e l y  130  m M  K  i o n s h o u l d  b e  c o n s i d e r e d  a s  an e m p i r i c a l  

o b s e r v a t i o n .  T h e  e f f e c t s  o f  v a r y i n g  t h e  p H  a n d  t he  A T P  c o n c e n t r a t i o n  

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

an e m p i r i c a l  m a n n e r  ( F i g u r e s  13 and 8) .  M a x i m u m  i n c o r p o r a t i o n  i s  

o b t a i n e d  at  pH 8.  3 and  2 m M - A T P .

T h e  r e s u l t s  d i s c u s s e d  in t h i s  s e c t i o n  s h o w  t h a t  i n t a c t  e t i o p l a s t s  

c a n  b e  i s o l a t e d  w h i c h  e x h i b i t  r a t e s  o f  A T P - d r i v e n  a m i n o  a c i d  

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

e t i o p l a s t  p r o t e i n  s y n t h e s i s .  T h i s  a n a l y s i s  w i l l  no w b e  d e s c r i b e d .



S E C T I O N  II I R E S U L T S  A ND  D I S C U S S I O N

?.  A N A L Y S I S  OF'  T H E  P R O D U C T S  O F  IN V I T R O  

E T I O P L A S T  P R O T E I N  S Y N T H E S I S .



100

A .  I N T R O D U C T I O N

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

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

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

t h e i r  p h y s i c a l  o r  c h e m i c a l  c h a r a c t e r i s t i c s ,  e.  g. m o l e c u l a r  w e i g h t  

and s o l u b i l i t y .  T h i s  l i m i t e d  i n f o r m a t i o n  i s  s u f f i c i e n t  to a l l o w  f o r  

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

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

f r o m  d i f f e r e n t  s p e c i e s  ( B o u l t e r  e t  a l ,  1 9 7 2 )  o r ,  a s  in t h i s  s t ud y,  t h e  

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

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

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

i d e n t i f y  t he  p r o d u c t s  o f  in v i t r o  p r o t e i n  s y n t h e s i s  in t e r m s  o f  k n o w n  

p r o t e i n s .  H o w e v e r  a l t h o u g h  t he  g r o s s  p h y s i c a l  c h a r a c t e r i s t i c s  o f  

an i ii  v i t r o  s y n t h e s i z e d  p r o t e i n  m a y  g i v e  a s t r o n g  c l u e  to i t s  i d e n t i t y ,  

t he  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  m u s t  r e l y  on m o r e  r i g o r o u s  c r i t e r i a

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

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

c a s e s  m o r e  o f t e n  t h a n  no t  r e f l e c t  a  l i m i t a t i o n  in o u r  b a s i c  k n o w l e d g e  

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

p r o t e i n s  ( E a g l e s h a m  and  E l l i s ,  1 9 7 4 ) .

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

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

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

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

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

s y n t h e s i s  ( B l a i r  a n d  E l l i s ,  1 9 7 3 ;  E a g l e s h a m  a n d  E l l i s ,  197 4;

B o t t o m l e y  e t - a l ,  1 9 7 4 ) .  P o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  i n  15% 

S D S - g c l s  w a s  t h e r e f o r e  t h e  m e t h o d  o f  a n a l y s i s  u s e d  in t h i s  s t u d y.  

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

a n a l y s i n g  m i x t u r e s  o f  p r o t e i n s  ( L a e m m l i ,  1 9 7 0 ) .  T h e  f r a c t i o n a t i o n  

o f  p r o t e i n  m i x t u r e s  b y  t h i s  m e t h o d  i s  b a s e d  s o l e l y  on t he  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  o f  t h e  c o n s t i t u e n t  p r o t e i n s  ( F i s h  e t  a l ,  1 9 7 0 ;

S h a p i r o  et  a l ,  19f>7).

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

w h i c h  /



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

in v i t r o  e t i o p l a s t  p r o t e i n  s y n t h e s i s .  T h e  n u m b e r  and m o l e c u l a r  

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

a m i n o  a c i d s  a s  p r o t e i n  p r e c u r s o r .  A d i r e c t  c o m p a r i s o n  i s  m a d e  w i t h  

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

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

T h e  s e c o n d  p h a s e  in t h e  a n a l y s i s  o f  o n e  o f  t he  p r o d u c t s  o f  in.  v i t r o  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

w h i c h  m a k e  up t h e  m e m b r a n e s  o f  p l a s t i d s .  T h e  n u m b e r  o f  c h l o r o p l a s t  

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

r e c e n t l y  i n c r e a s e d  a s  a  r e s u l t  o f  i n n o v a t i o n s  in t he  m e t h o d s  of  

a n a l y s i n g  l i p o p h i l i c  p r o t e i n s  ( G a r e w a l  a n d  W a s s e r m a n ,  1 9 7 4 a ;  1 9 7 4 b ) .

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

c o m p o n e n t s  i t  m a y  s o o n  b e  p o s s i b l e  to e x p a n d  t he  a n a l y s i s  o f  t he  

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

p r o t e i n s .

A  m e t h o d  f r e q u e n t l y  c h o s e n  to e s t a b l i s h  t he  i d e n t i t y  o f  an 

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

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

in v i v o  ( C a m p b e l l  and  K e r n o t ,  1 9 62 ) .  T h e  p e p t i d e  m a p p i n g  o f  e n z y m i c  

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

a c i d  s e q u e n c e s  o f  a b n o r m a l  h u m a n  h a e m o g l o b i n s  ( I n g r a m ,  1 9 5 8 ) .

H o w e v e r /
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H o w e v e r  t h e  t e c h n i q u e  d o e s  not  a l w a y s  d e t e c t  s l i g h t  d i f f e r e n c e s  b e t w e e n

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

p o s t - t r a n s l a t i o n a l  m o d i f i c a t i o n s .  I t  c a n  h o w e v e r  b e  u s e d  to s h o w  c l o s e

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

( K a w a s h i m a  e t  a l ,  1 9 7 4 ;  C l e g g  and  K e n n e d y ,  1 9 7 5 ) .  T h e  m e t h o d s  o f

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

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

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

T h e  e x p e r i m e n t s  d e s c r i b e d  i n  t he  l a t e r  p a r t  o f  t h i s  s e c t i o n  
3 5c o m p a r e  t h e  L - (  S) m e t h i o n i n e - l a b e l l e d  t r y p t i c  a n d  c h y m o t r y p t i c

p e p t i d e s  o f  t he  s o l u b l e  in v i t r o  e t i o p l a s t  p r o d u c t  w i t h  f i r s t l y ,  t h e  
35L - (  S) m e t h i o n i n e - l a b e l l e d  t r y p t i c  p e p t i d e s  o f  t h e  s o l u b l e  p r o d u c t

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

t r y p t i c  a n d  c h y m o t r y p t i c  p e p t i d e s  o f  t h e  l a r g e  s u b u n i t  o f  F r a c t i o n  1
3 5

p r o t e i n  l a b e l l e d  m  v i v o  w i t h  L - (  S) m e t h i o n i n e .

B .  E L E C T R O P H O R E T I C  A N A L Y S I S  O N  S D S - P O L Y A C R Y L A M I D E  G E L S  

i .  T o t a l  p r o d u c t s ,  

a.  E t i o p l a s t s  i s o l a t e d  in t h e  l i g ht .

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

T h e  f r a c t i o n a t i o n  o f  t h e  in v i t r o  s y n t h e s i z e d  p r o t e i n s  p r e s e n t  i n  a

s o l u b i l i z e d  p r e p a r a t i o n  o f  e t i o p l a s t s  w h i c h  h a d  b e e n  i n c u b a t e d  w i t h  
35

L - (  S)  m e t h i o n i n e  a n d  a d d e d  A T P  i s  s h o w n  i n  F i g u r e  16A.  F i g u r e  

1 6 B  s h o w s  an a n a l y s i s  o f  t h e  in v i t r o  p r o d u c t s  s y n t h e s i z e d  in t h e  

a b s e n c e  o f  a d d e d  A T P .  F i g u r e  1 6 C  s h o w s  an a n a l y s i s  o f  t h e  in v i t r o 

p r o d u c t s  s y n t h e s i z e d  i n  t h e  a b s e n c e  o f  a d d e d  A T P ,  b ut  i n  t h i s  c a s e  t he  

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

S e c t i o n  112c.  A l l  o t h e r  e x p e r i m e n t a l  d e t a i l s  a r e  g i v e n  i n  t h e  f i g u r e  l e g e n d .

S t a i n i n g  o f  t h e  g e l s  w i t h  C o o m a s s i e  B r i l l i a n t  b l u e  R  s h o w s  m a n y  

p r o t e i n  b a n d s .  T h e  m a j o r i t y  o f  t h e s e  b a n d s  m u s t  r e p r e s e n t  s o m e  o f  

t i le m a j o r  p r o t e i n  c o m p o n e n t s  o f  t h e  e t i o p l a s t .  H o w e v e r  t he  

h e t e r o g e n e i t y  o f  t h e  c r u d e  e t i o p l a s t  p r e p a r a t i o n  ( s e e  P l a t e  2 B )  s u g g e s t s  

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

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

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

p e a  F r a c t i o n  I p r o t e i n .  T h i s  c o n c l u s i o n  i s  c o n f i r m e d  in S e c t i o n  J I I 2 B i g .

T h e /



F i g u r e  16 . S D S  p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s

o f  t h e  p o l y p e p t i d e s  s y n t h e s i z e d  i n  v i t r o  in e t i o p l a s t s ;  • 

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

s o u r c e .

35
E t i o p l a s t s  w e r e  i s o l a t e d  and  i n c u b a t e d  w i t h  L, - (  S) 

m e t h i o n i n e  a s  d e s c r i b e d  in S e c t i o n  I I 2 F i a .  T e r m i n a t e d  

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

a s  d e s c r i b e d  i n  S e c t i o n  I I 2 F i a  a n d  I I 2 F i i a .  G e l s  w e r e  

l o a d e d  w i t h  1 0 0  jal o f  s o l u b i l i z e d  i n c u b a t i o n  m i x t u r e  

( 1 3 0  f .\g o f  p r o t e i n ) .  A f t e r  e l e c t r o p h o r e s i s  t h e  g e l s  

w e r e  s t a i n e d ,  s l i c e d  a n d  c o u n t e d  f o r  r a d i o a c t i v i t y  a s  

d e s c r i b e d  in S e c t i o n  I I 2 F i i a .  T h e  s o l i d  l i n e  l e p r e s o n t s  

t h e  a b s o r b a n c e  a t  6 2 0  n m  a n d  t h e  h i s t o g r a m  s h o w s  t he  

r a d i o a c t i v i t y  i n  e a c h  1 m m  g e l  s l i c e .

A,  i n c u b a t e d  i n  t h e  d a r k  w i t h  a d d e d  A T P .

B ,  i n c u b a t e d  i n  t he  d a r k .

C,  i n c u b a t e d  i n  t h e  l i g h t .
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T h e  m o l e c u l a r  w e i g h t  o f  t h i s  p o l y p e p t i d e ,  e s t a b l i s h e d  b y r e f e r e n c e
4

t o  t h e  c a l i b r a t i o n  c u r v e  ( F i g u r e  3) ,  i s  a p p r o x i m a t e l y  6 x 1 0 .

F i g u r e  1 6 A  s h o w s  t h a t  t h e  p r o d u c t s  o f  A T P - d r i v e n  p r o t e i n  

s y n t h e s i s  i n  i s o l a t e d  e t i o p l a s t s  a r e  r e p r o d u c i b l y  f r a c t i o n a t e d  i nt o  

s e v e n  d i s c r e t e  r a d i o a c t i v e  p e a k s .  T h e  a b s e n c e  of  r a d i o a c t i v e  p e a k s  

i n  t h e  a n a l y s i s  o f  i n c u b a t i o n  m i x t u r e s  t h a t  d id not  c o n t a i n  a d d e d  A T P ,  

w h e t h e r  i l l u m i n a t e d  o r  not ,  c o n f i r m s  t h e  c o n c l u s i o n  t h a t  o n l y  a d d e d  

A T P  c a n  a c t  a s  a n  e n e r g y  s o u r c e  f o r  p r o t e i n  s y n t h e s i s  in i s o l a t e d  

e t i o p l a s t s  ( T a b l e  1).  T h e  n u m b e r  o f  p o l y p e p t i d e s  s y n t h e s i z e d  in 

i s o l a t e d  e t i o p i a s t s  i s  t he  s a m e  a s  t h e  n u m b e r  o f  p r o n a s e - d i g e s t i b l e  

p r o t e i n s  s y n t h e s i z e d  in i s o l a t e d  c l i l o r o p l a s t s  ( E a g l e s h a m  a n d  E l l i s ,

1 9 7 4 ) .

b .  E t i o p l a s t s  i s o l a t e d  in t h e  d a r k .

I t  i s  p o s s i b l e  t h a t  t h e  i s o l a t i o n  o f  e t i o p l a s t s  in t h e  l i g h t  m i g h t  

a f f e c t  t h e  n u m b e r  o r  n a t u r e  o f  p r o t e i n s  s y n t h e s i z e d  in v i t r o .

T h e r e f o r e  t h e  i n  v i t r o  p r o d u c t s  o f  p r o t e i n  s y n t h e s i s  in e t i o p l a s t s  

w h i c h  h a d  b e e n  i s o l a t e d ,  i n c u b a t e d  a n d  s o l u b i l i z e d  i n  d i m  g r e e n  l i g h t  

w e r e  a n a l y s e d .  F i g u r e s  1 7 A  and  B  s h o w  t h e  a n a l y s e s  o f  t h e  p r o t e i n s  

s y n t h e s i z e d  in d a r k - i s o l a t e d  e t i o p l a s t s  i n c u b a t e d  in t he  p r e s e n c e  o r  

a b s e n c e  o f  a d d e d  A T P .  T h e  e x p e r i m e n t a l  d e t a i l s  a r e  g i v e n  i n  t he  

f i g u r e  l e g e n d .

A l t h o u g h  t h e  r a d i o a c t i v e  b a n d s  a r e  l e s s  d i s c r e t e l y  s e p a r a t e d  in 

t h i s  g e l  f r a c t i o n a t i o n  ( F i g u r e  16A)  i t  i s  c l e a r  t ha t  t h e r e  i s  no  g r o s s  

d i f f e r e n c e  in t h e  n u m b e r  a n d  n a t u r e  o f  p r o t e i n s  s y n t h e s i z e d  in e t i o p l a s t s  

i s o l a t e d  e i t h e r  in t h e  l i g h t  o r  in t h e  d a r k .  F i g u r e  1 7 B  c o n f i r m s  t he  

d e p e n d e n c e  o f  in v i t r o  e t i o p l a s t  p r o t e i n  s y n t h e s i s  o n  a d d e d  A T P  a s  an 

e n e r g y  s o u r c e .
3

c .  S y n t h e s i z e d  u s i n g  L - (  yj) l e u c i n e  o r  L - p h e n y l ( 2 ,  3H) a l a n i n e
a s  p r o t e i n  p r e c u r s o r .

S e v e r a l  p r o t e i n s ,  f o r  e x a m p l e  b a b o o n  m i l k  l y s o z y m e  ( H e r m a n  

e t  a l ,  1 9 7 3 )  a n d  s o y b e a n  l e g h a e m o g l o b i n  ( E l l f o l k  and  S i e r e r s ,  1 9 7 1 ) ,  

do n o t  c o n t a i n  a n y  m e t h i o n i n e  r e s i d u e s .  I t  i s  t h e r e f o r e  n e c e s s a r y  to 

u s e  a t  l e a s t  t w o  a n d  p r e f e r a b l y  t h r e e  d i f f e r e n t  l a b e l l e d  a m i n o  a c i d  

p r e c u r s o r s  to b e  r e a s o n a b l y  c o n f i d e n t  t h a t  t h e  full, s p e c t r u m  o f  

p r o t e i n s  s y n t h e s i z e d  in i s o l a t e d  e t i o p l a s t s  a r e  d e t e c t e d  .

F i g u r e  18 s h o w s  t h e  S D S  p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  

f r a c t i o n a t i o n  /



F i g u r e  17 . S D S  p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  

of  t he  p o l y p e p t i d e s  s y n t h e s i z e d  m  v i t r o  in e t i o p l a s t s ;  

p r o t e i n s  s y n t h e s i z e d  i n  d a r k - i s o l a t e d  e t i o p l a s t s .

T h e  e x p e r i m e n t a l  d e t a i l s  a r e  a s  d e s c r i b e d  in F i g u r e  16, 

e x c e p t  t h a t  a l l  p r o c e d u r e s  '.ip t o  a n d  i n c l u d i n g  t he  

s o l u b i l i z a t i o n  o f  t h e  t e r m i n a t e d  p r o t e i n  s y n t h e s i s  

i n c u b a t i o n  m i x t u r e  w e r e  p e r f o r m e d  u n d e r  d i m  g r e e n  

l i g h t .  T h e  g e l s  w e r e  l o a d e d  wi th  100 (u l  ( 5 0  p g  o f  

p r o t e i n )  o f  s o l u b i l i z e d  i n c u b a t i o n  m i x t u r e .

A,  i n c u b a t e d  in t h e  d a r k  w i t h  a d d ed  A T P .

B ,  i n c u b a t e d  in t h e  d a r k .
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f r a c t i o n a t i o n  o f  t h e  hr v i t r o  p r o d u c t s  o f  e t i o p l a s t  p r o t e i n  s y n t h e s i s
3

u s i n g  e i t h e r  L - (  H)  l e u c i n e  ( F i g u r e  1 8 A ) o r  L - p h e n y l ( 2 ,  311) a l a n i n e

( F i g u r e  1813) a s  p r o t e i n  p r e c u r s o r .  T h e  q u a l i t a t i v e  d i f f e r e n c e s

b e t w e e n  t h e  f r a c t i o n a t i o n  p a t t e r n s  o b t a i n e d  a r e  m i n o r  ( c f .  a l s o
35

w i t h  F i g u r e  16A) .  F i r s t l y  L - (  S) m e t h i o n i n e  w a s  t he  o n l y  l a b e l l e d

a m i n o  a c i d  p r e c u r s o r  w h i c h  r e p r o d u c i b l y  g a v e  t wo p e a k s  o f  r a d i o a c t i v i t y '

e l e c t r o p h o r e s i n g  w i t h  a  l o w e r  m o b i l i t y  t ha n  t h e  m o s t  h i g h l y  l a b e l l e d

p r o d u c t  ( F i g u r e  1 6 A ) .  O f t e n ,  u s i n g  e v e n  t he  h i g h e s t  s p e c i f i c  a c t i v i t y
35

L - (  S)  m e t h i o n i n e  a v a i l a b l e ,  i t  w a s  d i f f i c u l t  to r e s o l v e  two p e a k s  

f r o m  t h e  b a c k g r o u n d  o f  r a d i o a c t i v i t y  o n  t he  g e l .  S e c o n d l y ,  t h e  u s e  

o f  L - (  H ) J ^ a o ( pfe a s  t h e  l a b e l l e d  a m i n o  a c i d  p r e c u r s o r  ( F i g u r e  18A)  

r e s u l t s  in an a d d i t i o n a l  r a d i o a c t i v e  p e a k  i n  t h e  f r a c t i o n a t i o n  p a t t e r n .

T h i s  p e a k  h a s  t h e  h i g h e s t  e l e c t r o p h o r e t i c  m o b i l i t y  o f  a l l  t h e  in v i t r o  

p r o d u c t s .

T h e  g e l  f r a c t i o n a t i o n  p a t t e r n  s h o w n  in F i g u r e  1 8 B  i s  a t y p i c a l  

and s e r v e s  t o  i l l u s t r a t e  a r a d i o a c t i v e  p e a k  t h a t  w a s  o c c a s i o n a l l y  b u t  

no t  r e p r o d u c i b l y  f o u n d  in t h e  f r a c t i o n a t i o n  p a t t e r n  o f  t he  in v i t r o  

e t i o p l a s t  p r o d u c t s .  T h i s  p e a k  e l e c t r o p h o r e s e d  w i t h  a  s l i g h t l y  g r e a t e r  

m o b i l i t y  t h an  t h e  r a d i o a c t i v e  p e a k  w h i c h  c o e l e c t r o p h o r e s e s  w i t h  t he  

l a r g e  s u b u n i t  o f  F r a c t i o n  I  p r o t e i n .  T a k e n  t o g e t h e r  F i g u r e s  16A,  1 8 A  

and  1813 i l l u s t r a t e  t h e  c o m p l e t e  s p e c t r u m  o f  p r o t e i n s  s y n t h e s i z e d  in 

i s o l a t e d  e t i o p l a s t s .  Q u a n t i t a t i v e  d i f f e r e n c e s  b e t w e e n  t h e  r a d i o a c t i v i t y  

i n c o r p o r a t e d  i n t o  e a c h  p r o d u c t  u s i n g  d i f f e r e n t  a m i n o  a c i d  p r e c u r s o r s  

p r e s u m a b l y  r e f l e c t s  t h e  a m i n o  a c i d  c o m p o s i t i o n  o f  t he  in v i t r o  

s y n t h e s i z e d  p r o t e i n s .

d.  M o l e c u l a r  w e i g h t  e s t i m a t i o n .

T h e  a p p a r e n t  m o l e c u l a r  w e i g h t s  o f  t he  p r o t e i n s  s y n t h e s i z e d  in 

i s o l a t e d  e t i o p l a s t s  w e r e  e s t i m a t e d  f r o m  t h e i r  m o b i l i t y ,  r e l a t i v e  to 

b r o m o p h e n o l  b l u e ,  i n  15%,  S D S  p o l y m e r  yd a m i d e  g e l s .  T h e  e s t i m a t e s  

a r e  g i v e n  in T a b l e  6.  T h e  e x p e r i m e n t a l  d e t a i l s  a r e  g i v e n  in t h e  l e g e n d  

to  t h e  t a b l e .

e .  D i g e s t i o n  b y  p r o n a s e  and r i b o n u c l e a s e  A.

T h e  s e n s i t i v i t y  o f  t h e  i_n v i t r o  l a b e l l e d  e t i o p l a s t  p r o d u c t s  to 

d i g e s t i o n  b y  p r o n a s e  and  r i b o n u c l e a s e  A w a s  i n v e s t i g a t e d .  T h e  r e s u l t s  

a r e  s h o w n  i n  F i g u r e  19. I n c u b a t i o n  o f  t he  in v i t r o  p r o d u c t s  in t he

a b s e n c e /

4 !



F i g u r e  18 . P o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  o f  t he  

in v i t r o  p r o d u c t s  o f  e t i o p l a s t  p r o t e i n  s y n t h e s i s  u s i n g  

L - (  H) l e u c i n e  a n d  L - p h e n y l ( 2 ,  3H) a l a n i n e  a s  l a b e l l e d  

a m i n o  a c i d  p r e c u r s o r .

T h e  e x p e r i m e n t a l  d e t a i l s  a r e  a s  d e s c r i b e d  i n  F i g u r e  16,

e x c e p t  t h a t  t h e  i n c u b a t i o n  m i x t u r e  c o n t a i n e d  e i t h e r  
3100 |iCi o f  L . - (  H) l e u c i n e  ( s p e c i f i c  a c t i v i t y  5 0  C i / m m o j )  

o r  1 0 0  p C i  o f  L - p h e n y l  ( 2 ,  3H)  a l a n i n e  ( s p e c i f i c  a c t i v i t y  

20  C i / r n m o l ) .  T h e  g e l s  w e r e  l o a d e d  with 1 0 0  îl 

( 1 6 0  yug o f  p r o t e i n )  o f  s o l u b i l i z e d  i n c u b a t i o n  m i x t u r e .

3
A,  i n c u b a t e d  w i t h  L - (  H) l e u c i n e

B ,  i n c u b a t e d  w i t h  L - p h e n y l ( 2 ,  3H) a l a n i n e





'

T a b l e  6 . T h e  m o l e c u l a r  w e i g h t s  o f  t he  p r o t e i n s  

s y n t h e s i z e d  in i s o l a t e d  e t i o p l a s t s .

K t i o p l a s t  p r e p a r a t i o n s  w e r e  i s o l a t e d ,  i n c u b a t e d  

a n d  e l e c t r o p h o r e s e d  a s  d e s c r i b e d  in S e c t i o n s  

I I 2 A ,  I I 2 F i a  and  I I 2 F i i a .  T h e  m o b i l i t y  o f  t h e  

b r o m o p h e n o l  b l u e  w a s  r e c o r d e d  and t he  g e l s  

w e r e  s l i c e d  i nt o  1 m m  s l i c e s  wi t h o u t  s t a i n i n g  

f o r  p r o t e i n .  T h e  m o b i l i t y  o f  t h e  in v i t r o  

s y n t h e s i z e d  p r o d u c t s  w a s  d e t e r m i n e d  f r o m  t he  

d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  w i t h i n  t he  g e l .  T h e  

m o l e c u l a r  w e i g h t s  w e r e  e s t i m a t e d  f r o m  t he  

c a l i b r a t i o n  c u r v e  ( F i g u r e  3) .

I



R e l a t i v e M o b i l i t y M o l .  wt .

35  3 L - p h e n y l
L - (  S) m e t h i o n i n e  L - (  H) l e u c i n e  ( 2 ,  3H) a l a n i n e

0 .  109 0 .  109 0.  107

0.  150 - -

0.  2 3 6 0 .  2 3 0 0.  2 3 2

- - 0 .  2 7 5

0.  3 1 0 0 .  3 0 0 0 .  3 0 0

0.  4 5 0 0.  4 5 0 0.  4 5 0

0.  6 1 0 0 .  5 9 0 0.  5 9 0

0.  7 1 0 0.  7 0 0 0 .  7 0 0

0 .  9 2 0 0 .  9 1 0 0 .  9 1 0  

O - Q b O

1 1 2 0 0 0
8 4 0 0 0

6 0 0 0 0

4 9 0 0 0

4 3 5 0 0

3 2 0 0 0

2 5 0 0 0

2 1 00 0

1 6 0 0 0

1 5 0 0 0



F i g u r e  19_. T h e  s t a b i l i t y  o f  t h e  p r o d u c t s  o f  i n  v i t r o  

e t i o p l a s t  p r o t e i n  s y n t h e s i s  t o  d i g e s t i o n  b y  p r o n a s e  

and  r i b o n u c l e a s e  A.

D e t a i l s  o f  t h e  d i g e s t i o n  p r o c e d u r e  a r e  g i v e n  i n  

S e c t i o n  I J 2 F i c .  E l e c t r o p h o r e s i s  w a s  p e r f o r m e d  a s  

d e s c r i b e d  in S e c t i o n  I I Z F i i a .  T h e  g e l s  w e r e  l o a d e d  

wi th  100  pi o f  d i g e s t .

A,  c o n t r o l  i n c u b a t i o n  ( 9 0  p g  o f  p r o t e i n )

B ,  r i b o n u c l e a s e  A t r e a t e d  ( 9 0  p g  o f  p r o t e i n )

C,  p r o n a s e  t r e a t e d
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a b s e n c e  o f  e i t h e r  e n z y m e  ( F i g u r e  19A)  r e s u l t s  i n  c o n s i d e r a b l e  

d e g r a d a t i o n  o f  t he  n e w l y - s y n t h e s i z e d  p o l y p e p t i d e  c h a i n s .  T h i s  

d e g r a d a t i o n  m a y  b e  due  to t he  a c t i o n  o f  e n d o g e n o u s  p r o t e a s e s .

H o w e v e r  t he  h i g h e r  m o l e c u l a r  w e i g h t  p r o d u c t s  in p a r t i c u l a r  

r e m a i n  a s  d i s c r e t e  p e a k s .  I n c u b a t i o n  wi t h r i b o n u c l é a s e  ( F i g u r e  1 9 B )  

p r o d u c e s  a  f r a c t i o n a t i o n  p a t t e r n  e s s e n t i a l l y  s i m i l a r  to t he  c o n t r o l .

T h e  l a b e l l e d  p e a k s  and  the s t a i n e d  p r o t e i n  b a n d s  w e r e  s t a b l e  to t h e  

a c t i o n  o f  r i b o n u c l é a s e .  In c o n t r a s t  a l l  t he  r a d i o a c t i v e  p e a k s  a n d  a l l  

t h e  s t a i n e d  p r o t e i n  b a n d s  a r e  h y d r o l y s e d  b y  i n c u b a t i o n  o f  t he  

p r e p a r a t i o n  w i t h  p r o n a s e  ( F i g u r e  1 9 C) .  A f t e r  p r o n a s e  d i g e s t i o n  t he  

o n l y  m a t e r i a l  c o n t a i n i n g  r a d i o a c t i v e l y  l a b e l l e d  a m i n o  a c i d  

e l e c t r o p h o r e s e s  to a  p o i n t  c o i n c i d e n t  wi th  t h e  b r o m o p h e n o l  b l u e  m a r k e r  

d y e ,  a n d  t h e r e f o r e  p r e s u m a b l y  r e p r e s e n t s  o l i g o - p e p t i d e s  r e s u l t i n g  f r o m  

e n z y m i c  h y d r o l y s i s .

f .  C o e l e c t r o p h o r e s i s  wi t h t he  p r o d u c t s  o f  in v i t r o c h l o r o p l a s t
p r o t e i n  s y n t h e s i s .

A d i r e c t  c o m p a r i s o n  b e t w e e n  t h e  p r o d u c t s  o f  p r o t e i n  s y n t h e s i s  

i n  i s o l a t e d  e t i o p l a s t s  a n d  i s o l a t e d  c h l o r o p l a s t s  c a n  b e  m a d e  o n t h e  

b a 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  b e h a v i o u r .  C o e l e c t r o p h o r e s i s  o f  t h e  

s a m p l e s  w a s  u s e d  to g i v e  t h e  m o s t  a c c u r a t e  c o m p a r i s o n .  A s  t h e  

d i s c  g e l  e l e c t r o p h o r e s i s  s y s t e m  w a s  c h o s e n  t o  g i v e  h i g h  r e s o l u t i o n ,  

i t  w a s  n e c e s s a r y  to l a b e l  t he  e t i o p l a s t  and  c h l o r o p l a s t  in  v i t r o  p r o d u c t s  

w i t h  d i f f e r e n t  i s o t o p e s .  D o u b l e - l a b e l  c o u n t i n g  w a s  t h e n  u s e d  t o  

s e p a r a t e  t he  r a d i o a c t i v i t y  d e t e r m i n e d  in e a c h  g e l  s l i c e  i nt o i t s  i s o t o p i c  

c o m p o n e n t s .  F i g u r e  2 0  s h o w s  t he  s i m u l t a n e o u s  g e l  f r a c t i o n a t i o n  o f  

t h e  e t i o p l a s t  and c h l o r o p l a s t  p r o d u c t s  b e f o r e  a n d  a f t e r  t h e y  h a v e  b e e n  

e x t r a c t e d  w i t h  a c e t o n e  a s  d e s c r i b e d  in S e c t i o n  I I 2 F i d .  A l l  o t h e r  

e x p e r i m e n t a l  p r o c e d u r e s  a r e  g i v e n  i n  t he  f i g u r e  l e g e n d .

B e f o r e  e x t r a c t i n g  t he  s a m p l e s  wi th a c e t o n e  t h e  in v i »r o  e t i o p l a s t  

a n d  c h l o r o p l a s t  p r o d u c t s  e l e c t r o p h o r e s e d  w i t h  s i m i l a r ,  b u t  r e p r o d u c i b l e  

d i f f e r e n t ,  m o b i l i t i e s  ( F i g u r e  2 0 A ) .  H o w e v e r  a f t e r  a c e t o n e  e x t r a c t i o n  

t h e  m o b i l i t i e s  o f  t he  p o l y p e p t i d e s  s y n t h e s i z e d  i n  i s o l a t e d  e t i o p l a s t  a r e  

i d e n t i c a l  w i t h  t he  m o b i l i t i e s  o f  t h e  p o l y p e p t i d e s  s y n t h e s i z e d  in 

i s o l a t e d  c h l o r o p l a s t s  ( F i g u r e  2 0 B ) .

g.  C o m p a r i s o n  wi t h t he  e l e c t r o p h o r e t i c  m o b i l i t y  o f  p e a  
F r a c t i o n  I p r o t e i n .

T h e  e l e c t r o p h o r e t i c  m o b i l i t i e s  o f  t he  in v i t r o  e t i o p l a s t  p r o d u c t s

and/



F i g u r e 2 0  . C o e l e c t r o p h o r e s i s  o f  i n  v i t r o

s y n t h e s i z e d  e t i o p l a s t  a n d  c h l o r o p l a s t  p r o d u c t s  

i n  S D S  p o l y a c r y l a m i d e  g e l s .

E t i o p l a s t s  and c h l o r o p l a s t s  w e r e  i s o l a t e d  and

i n c u b a t e d  a s  d e s c r i b e d  i n  S e c t i o n s  I I 2 A  and  I I 2 F i a .

E t i o p l a s t  p r o d u c t s  w e r e  l a b e l l e d  i_n v i t r o  wi th

L - ( J  S)  m e t h i o n i n e  a n d  c h l o r o p l a s t  p r o d u c t s
3

l a b e l l e d  in v i t r o  w i t h  L - (  H) l e u c i n e .  T h e

e t i o p l s s t  s a m p l e s  c o n t a i n e d  150  jug o f  p r o t e i n  
3

( 3  x  10 c .  p.  m .  ) and t h e  c h l o r o p l a s t  s a m p l e
3

10 (ug o f  p r o t e i n  ( 3 x 1 0  c . p . m . ) .  E i g h t  w a s  t h e

e n e r g y  s o u r c e  f o r  i s o l a t e d  c h l o r o p l a s t  p r o t e i n  

s y n t h e s i s .  S a m p l e s  w e r e  e x t r a c t e d  w i t h  a c e t o n e  

a s  d e s c r i b e d  in S e c t i o n  I I 2 F i d .  E l e c t r o p h o r e s i s  

a n d  r e l a t e d  p r o c e d u r e s  w e r e  p e r f o r m e d  a s  

d e s c r i b e d  in S e c t i o n  J I 2 F i i a .

A s s a m p l e s  c o e l c c t r o p h o r e s e d  b e f o r e  a c e t o n e  e x t r a c t i o n .  

B ,  s a m p l e s  c l e c t r o p h o r e s e d  a f t e r  a c e t o n e  e x t r a c t i o n .

11*:
] 1 i . I  *  -• I  1 1 : 1 i  !
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1 0 6

a n d  p e a  F r a c t i o n  I p r o t e i n  w e r e  c o m p a r e d .  A  s a m p l e  o f  p u r i f i e d

p e a  F r a c t i o n  I p r o t e i n  w a s  d e n a t u r e d  b y  b o i l i n g  f o r  2 m i n u t e s  in

2.  5 m M  'J’ r i s -  19 m M  g l y c i n e  pH 8.  5,  c o n t a i n i n g  10 m M  2 -

m e r c a p t o e t h a n o l  a n d  2% (w/'v) S D S.  An a l i q u o t  o f  t h e  d e n a t u r e d

p r o t e i n  w a s  m i x e d  w i t h  a  s o l u b i l i z e d  p r e p a r a t i o n  o f  r a d i o a c t i v e l y

l a b e l l e d  m  v i t r o  e t i o p l a s t  p r o d u c t s .  T h e  m i x e d  s a m p l e  w a s  t h e n

e l e c t r o p h o r e s e d .  F i g u r e  21 s h o w s  t he  o p t i c a l  d e n s i t y  t r a c e  and t h e

d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  in t h e  r e s u l t i n g  g e l .  T h e  g e l  w a s  s c a n n e d

i n  t h e  C h r o m o s c a n  a t  a  l o w  s e n s i t i v i t y  to a l l o w  a n  a c c u r a t e  p o s i t i o n i n g

o f  t h e  p e a k s  e n h a n c e d  b y  t h e  a d d i t i o n  o f  F r a c t i o n  I  p r o t e i n .  T h e

s t a i n i n g  o f  t wo b a n d s  on t h e  g e l  w a s  f o un d to b e  e n h a n c e d .  T h e  l o w e r

m o b i l i t y  b a n d  i s  t he  l a r g e  s u b u n i t  o f  F r a c t i o n  I p r o t e i n .  T h e

d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  i n  t h e  g e l  s h o w s  t h a t  o n e  o f  t h e  i n  v i t r o
4

e t i o p l a s t  p r o d u c t s  ( a p p r o x i m a t e  m o l e c u l a r  w e i g h t  6 x 1 0 )  

c o e l e c t r o p h o r e s e s ,  a n d  t h e r e f o r e  h a s  t h e  s a m e  m o l e c u l a r  w e i g h t  

( S h a p i r o  e t  a l ,  1 9 6 7 )  a s  t h e  l a r g e  s u b u n i t  o f  F r a c t i o n  I p r o t e i n .

i i .  S o l u b l e  p r o d u c t s .

a.  P r o d u c t s  in t h e  1 5 0 0 0 0  g e t i o p l a s t  s u p e r n a t a n t  f r a c t i o n .

T h e  p r o d u c t s  o f  in v i t r o e t i o p l a s t  p r o t e i n  s y n t h e s i s  c a n  b e  

c h a r a c t e r i z e d  o n t he  b a s i s  o f  t h e i r  s o l u b i l i t y .  H i g h - s p e e d  

c e n t r i f u g a t i o n  o f  a  l y s e d  p r e p a r a t i o n  o f  e t i o p l a s t  p r o t e i n s  ( S e c t i o n  

I I 2 F i b )  y i e l d s  t wo  f r a c t i o n s .  T h e  p e l l e t e d  f r a c t i o n  w o u l d  b e  e x p e c t e d  

to i n c l u d e  m e m b r a n e  p r o t e i n s  a n d  b o t h  m e m b r a n e - b o u n d  a n d  f r e e  

r i b o s o m e s  w i t h  a t t a c h e d  n a s c e n t  p o l y p e p t i d e s .  T h e  s u p e r n a t a n t  

f r a c t i o n  w o u l d  b e  e x p e c t e d  to c o n t a i n  o n l y  c o m p l e t e  p o l y p e p t i d e s  

w h i c h  a r e  d e s t i n e d  in v i v o  f o r  t h e  s o l u b l e  p h a s e  o f  t h e  p l a s t i d .

F i g u r e  2 2  s h o w s  t h e  f r a c t i o n a t i o n  p a t t e r n  o b t a i n e d  w h e n  a  l a b e l l e d  

1 5 0 0 0 0  g e l i o p l a s t  s u p e r n a t a n t  f r a c t i o n  i s  e l e c t r o p h o r e s e d  i n  S D S -  

p o l y a c r y ) a m i d e  g e l s .  T h e  e x p e r i m e n t a l  d e t a i l s  a r e  g i v e n  i n  t he  

f i g u r e  l e g e n d .  O n l y  a  s i n g l e  p r o d u c t  o f  in  v i t r o  e t i o p l a s t  p r o t e i n  

s y n t h e s i s  j s  p r e s e n t  in t h e  1 5 0 0 0 0  g s u p e r n a t a n t  f r a c t i o n .  T h i s  

p o l y p e p t i d e  h a s  been,  s h o w n  ( F i g u r e  21 )  to c o e l e c t r o p h o r e s e  w i t h  t he  

l a r g e  s u b u n i t  o f  p e a  F r a c t i o n  I p r o t e i n  a n d  h a s  a  m o l e c u l a r  w e i g h t  

o f  a p p r o x i m a t e l y  6 x  10 ( T a b l e  6).



F i g u r e  2 1. C o m p a r i s o n  o f  t h e  e l e c t r o p h o r e t i c  

m o b i l i t y  o f  p e a  F r a c t i o n  1 p r o t e i n  w i t h  t he  

in v i t r o  p r o d u c t s  o f  e t i o p l a s t  p r o t e i n  s y n t h e s i s .

E t i o p l a s t s  w e r e  i s o l a t e d  a n d  i n c u b a t e d  a s  d e s c r i b e d  

in S e c t i o n s  I I 2 A  a n d  I 1 2 F i a .  P e a  F r a c t i o n  I p r o t e i n  

w a s  p u r i f i e d  a s  d e s c r i b e d  i n  S e c t i o n  I I 2 G i  and  

s o l u b i l i z e d  b y  b o i l i n g  in 2% S D S  f o r  2 m i n u t e s .

5 0  ul  ( 9 0  (ug o f  p r o t e i n )  o f  s o l u b i l i z e d  p r e p a r a t i o n  

o f  in  v i t r o  e t i o p l a s t  p r o d u c t s  w e r e  m i x e d  w i t h  5 0  jul 

( 9 0  jug) o f  d e n a t u r e d  F r a c t i o n  I p r o t e i n .  T h e  m i x e d  

s a m p l e  w a s  e l e c t r o p h o r e s e d  a s  d e s c r i b e d  in 

S e c t i o n  I 1 2 F i i a .

L S ,  l a r g e  s u b u n i t  o f  F r a c t i o n  I p r o t e i n .

S S ,  s m a l l  s u b u n i t  o f  F r a c t i o n  I p r o t e i n .
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F i g u r e 22  . E l e c t r o p h o r e s i s  o f  t h e  l a b e l l e d  1 5 0 0 0 0  g 

e t i o p l a s t  s u p e r n a t a n t  f r a c t i o n  in  S D S - p o l y a c r y l a m i d e  

g e l .

E t i o p l a s t s  w e r e  i s o l a t e d  an d  i n c u b a t e d  a s  d e s c r i b e d  

in  S e c t i o n s  1I2A and J I Z F i a .  A 1 5 0 0 0 0  g s u p e r n a t a n t  

f r a c t i o n  w a s  p r e p a r e d  a s  d e s c r i b e d  in S e c t i o n  I I 2 F i b .  

E l e c t r o p h o r e s i s  and  r e l a t e d  p r o c e d u r e s  w e r e  p e r f o r m e d  

a s  d e s c r i b e d  in S e c t i o n  I I 2 F i i a .  T h e  g e l  w a s  l o a d e d  

w ith  100  n l  o f  d i a l y s e d  s a m p l e  ( 2 2 0  p g  o f  p r o t e i n ) .

E S ,  l a r g e  s u b u n it  o f  F r a c t i o n  I p r o t e i n .
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C. I D E N T I F I C A T I O N  O F  T H E  S O L U B L E  IN V I T R O  
E T I O P L A S T  P R O D U C T ,

i .  E l e c t r o p h o r e s i s  o f  th e  p u r i f i e d  in  v i t r o  s y n t h e s i z e d
s o l u b l e  p r o d u c t .

T h e  h o m o g e n e i t y  o f  the  p u r i f i e d  in  v i t r o  s y n t h e s i z e d  s o l u b l e

p r o d u c t  o f  e t i o p l a s t  p r o t e i n  s y n t h e s i s  w a s  e s t a b l i s h e d  by

e l e c t r o p h o r e s i s  in  S D S  p o l y a c r y l a m i d e  g e l s .  A lth o u g h  th e  m a t e r i a l

u s e d  f o r  e n z y m i c  d i g e s t i o n  w a s  p u r i f i e d  b y  p r e p a r a t i v e  g e l

e l e c t r o p h o r e s i s  ( S e c t i o n  I I 2 D i i i )  and  w a s  t h e  o n ly  d i s c r e t e  r a d i o a c t i v e l y

l a b e l l e d  p r o t e i n  in  th e  1 5 0 0 0 0  g e t i o p l a s t  s u p e r n a t a n t  ( F i g u r e  2?.),  t h i s

p r e c a u t i o n  w a s  n e v e r t h e l e s s  n e c e s s a r y  a s  any p a r t i a l  b r e a k d o w n  o f

t h i s  m a t e r i a l  d u r in g  p u r i f i c a t i o n  c o u ld  g i v e  r i s e  to m a n y  p e p t i d e s  not

s p e c i f i c a l l y  r e s u l t i n g  f r o m  t r y p t i c  o r  c h y m o t r y p t i c  h y d r o l y s i s .

F i g u r e  23  s h o w s  th a t  o n ly  a  s i n g l e  r a d i o a c t i v e  p e a k  i s  found t o  h a v e

m i g r a t e d  i n t o  th e  g e l .  A h i g h e r  m o l e c u l a r  w e ig h t  s p e c i e s  o f  p r o t e i n

w h i c h  d o e s  n o t  e n t e r  t h e  g e l  a s  a  d i s c r e t e  b a n d  b u t  p e n e t r a t e s  in to

the  f i r s t  t w o  m i l l i m e t e r s  o f  th e  g e l  i s  a l s o  r a d i o a c t i v e l y  l a b e l l e d .

T h i s  h i g h e r  m o l e c u l a r  w e ig h t  s p e c i e s  i s  a s s u m e d  to  b e  an a g g r e g a t e d

o r  i n s o l u b l e  f o r m  o f  t h e  6 0 0 0 0  m o l e c u l a r  w e i g h t  in  v i t r o  p r o d u c t  and

a r i s e s  d u r i n g  th e  p u r i f i c a t i o n  p r o c e d u r e  p e r h a p s  due to the  u s e  o f

o r g a n i c  s o l v e n t s .  T h e  a b s e n c e  o f  any r a d i o a c t i v e l y  l a b e l l e d  p r o t e i n

s p e c i e s  o f  l o w e r  m o l e c u l a r  s i z e  th a n  6 0 0 0 0  m o l e c u l a r  w e ig h t  p r o d u c t

i n d i c a t e s  t h a t  t h e r e  h a s  n o t  b e e n  s i g n i f i c a n t  d e g r a d a t io n  o f  th e  m  v i t r o

l a b e l l e d  m a t e r i a l  d u r in g  i t s  p u r i f i c a t i o n .  A  s i m i l a r  c o n c l u s i o n  h a s

a l r e a d y  b e e n  r e a c h e d  f o r  the  p u r i f i e d  l a r g e  s u b u n it  o f  F r a c t i o n  I
3 5

p r o t e i n  w h i c h  h a s  b e e n  l a b e l l e d  w ith  L - (  S) m e t h i o n i n e  in  v iv o  

( S e c t i o n  I I 2 G i v ) .

i i .  P e p t i d e  m a p p in g ;  t r y p t i c  d i g e s t i o n .

a .  C a t i o n - e x c h a n g e  c h r o m a t o g r a p h y .
1. s o l u b le  _in v i t r o e t i o p l a s t  p r o d u c t .
2 .  s o l u b le  iri v i t r o  c h l o r o p l a s t  p r o d u c t .

35
T h e  a n a l y s i s  o f  th e  L - (  S) m e t h i o n i n e  l a b e l l e d  t r y p t i c  p e p t i d e s  

o f  th e  s o l u b l e  in  v i t r o  c h l o r o p l a s t  p r o d u c t  p r e s e n t e d  in  t h i s  s e c t i o n

w a s  p e r f o r m e d  b y  D r .  R .  J .  E l l i s  and h i s .  E .  F o r r e s t e r .
36

F i g u r e  2 4  s h o w s  a c o m p a r i s o n  o f  t h e  L - (  " S) m e t h i o n i n e  l a b e l l e d  

t r y p t i c  p e p t i d e s  o f  t h e  s o l u b le  in  v i t r o  e t i o p l a s t  and c h l o r o p l a s t  p r o d u c t s  

s e p a r a t e d  by c a t i o n - e x c h a n g e  c h r o m a t o g r a p h y .  T h i s  c o m p a r i s o n  c a n  b e  

u s e d  to  i n d i r e c t l y  e s t a b l i s h  th e  id e n ti ty  o f  th e  s o l u b le  in v i t r o  e t i o p l a s t  

p ro d u c t/



F i g u r e  2 3 . E l e c t r o p h o r e s i s  o f  th e  p u r i f i e d  

s o l u b l e  m  v i t r o  p r o d u c t  o f  e t i o p l a s t  p r o t e i n  

s y n t h e s i s  in  S D S - p o l y a c r y l a m i d e  g e l s .

E t i o p l a s t s  w e r e  i s o l a t e d  and i n c u b a t e d  a s  d e s c r i b e d

in  S e c t i o n s  1I2A a n d  I I 2 F i a ,  A 1 5 0 0 0 0  g s u p e r n a t a n t

f r a c t i o n  w a s  p r e p a r e d  a s  d e s c r i b e d  in S e c t i o n  I I 2 F i b .

T h e  s o l u b l e  p r o d u c t  w a s  p u r i f i e d  b y  p r e p a r a t i v e

p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  a s  d e s c r i b e d  in

S e c t i o n  I I 2 F i i i .  A 1 m g / m l  s o l u t i o n  o f  th e  s o lu b le

in  v i t r o  p r o d u c t  w a s  p r e p a r e d  in 2. 5 m M  T r i s - 1 9  m M

g l y c i n e  (pH 8. 5), c o n t a i n i n g  100 m M  2 -  m e r c a p t o e t h a n o l

and  2%  (w /v) S D S  a n d  a n a l y s e d  b y  e l e c t r o p h o r e s i s  a s

d e s c r i b e d  in  S e c t i o n  I I 2 F i i a .  T h e  g e l  w a s  lo a d e d  w ith
5

100  ¡ i l  ( 1 0  c .  p. m .  ) o f  s a m p l e .
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Fig u re ?  2 4  . C a t i o n - e x c h a n g e  c h r o m a t o g r a p h y  o f  

th e  s o l u b l e  in  v i t r o  p r o d u c t  o f  l i g h t - d r i v e n  

c h l o r o p l a s t  p r o t e i n  s y n t h e s i s  a n d  th e  s o l u b le  

in v i t r o  p r o d u c t  o f  A T P - d r i v e n  e t i o p l a s t  

p r o t e i n  s y n t h e s i s .

P l a s t i d s  w e r e  i s o l a t e d  and i n c u b a t e d  a s  d e s c r i b e d

in  S e c t i o n s  I I2 A  and I I 2 F i a .  1 5 0 0 0 0  g s u p e r n a t a n t

f r a c t i o n s  w e r e  p r e p a r e d  and p u r i f i e d  a s  d e s c r i b e d

in S e c t i o n s  I I 2 F i b  and  J I 2 F i i i .  E n z y m e  d ig e s t i o n

and  p e p t i d e  s e p a r a t i o n  b y  c a t i o n - e x c h a n g e

c h r o m a t o g r a p h y  w e r e  p e r f o r m e d  a s  d e s c r i b e d  in

S e c t i o n s  1 1 2 j i  and  i i .  B o t h  s a m p l e s  c o n t a in e d  
5

a p p r o x i m a t e l y  2 x  10 c .  p. m .  a n d  2 5 0  p g  o f  p r o t e i n .

A , th e  s o l u b l e  in  v i t r o  p r o d u c t  o f  l i g h t - d r i v e n  c h l o r o p l a s
p r o t e i n  s y n t h e s i s .

B ,  th e  s o l u b l e  in v i t r o p r o d u c t  o f  A T P - d r i v e n  e t i o p l a s t
p r o t e i n  s y n t h e s i s .
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p r o d u c t  a s  th e  s o l u b l e  in  v i t r o  p r o d u c t  o f  c h l o r o p l a s t  p r o t e i n  

s y n t h e s i s  h a s  b e e n  i d e n t i f i e d  a s  th e  l a r g e  s u b u n it  o f  F r a c t i o n  I 

p r o t e i n  ( B l a i r  an d  E ' l l i s ,  1 9 7 3 ) .  T h e  e l u t i o n  p r o f i l e s  sh o w  th a t  

s e v e r a l  m e t h i o n i n e - l a b e l l e d  t r y p t i c  p e p t i d e s  a r e  c o m m o n  to 

b o t h  p o l y p e p t i d e s .  T h e  r e s u l t  i s  t h e r e f o r e  c o n s i s t e n t  w i th  th e  

i d e n t i f i c a t i o n  o f  th e  s o l u b l e  in v i t r o  e t i o p l a s t  p r o d u c t  a s  th e  

l a r g e  s u b u n it  o f  F r a c t i o n  I p r o t e i n .  H o w e v e r  th e  c o m p a r i s o n  

i s  i n c o n c l u s i v e .  T h e  m a j o r i t y  o f  t r y p t i c  p e p t i d e s  e l u t e  f r o m  

th e  c o l u m n  u n d e r  s i m i l a r  c o n d i t i o n s  o f  pH an d  b u f f e r  c o n c e n t r a t i o n .

T h u s ,  a l th o u g h  th e  s p e c i f i c i t y  o f  th e  e n z y m i c  h y d r o l y s i s  h a s  r e s u l t e d  

in  r e l a t i v e l y  fe w  m e t h i o n i n e  l a b e l l e d  p e p t i d e s ,  th e  p o o r  r e s o l u t i o n  

o f  t h e  s e p a r a t i o n  t e c h n i q u e  d o e s  n o t  a l lo w  t h e m  to  b e  i d e n t i f i e d  a s  

c h a r a c t e r i s t i c  o f  a  p a r t i c u l a r  p r o t e i n .  A  m o r e  e f f e c t i v e  m e t h o d  

o f  p e p t i d e  s e p a r a t i o n  w a s  t h e r e f o r e  s o u g h t .

b. T w o - d i m e n s i o n a l  m a p p in g .
1. s o l u b l e  in  v i t r o  e t i o p l a s t  p r o d u c t .
2. in v iv o  r a d i o a c t i v e l y - l a b e l l e d  p u r i f i e d  p e a  F r a c t i o n

I p r o t e i n  l a r g e  s u b u n it .

T o  p r o v i d e  a c o n c l u s i v e  i d e n t i f i c a t i o n  o f  the  s o l u b l e  in  v i t r o

p r o d u c t  o f  e t i o p l a s t  p r o t e i n  s y n t h e s i s ,  a  tw o d i m e n s i o n a l  m a p  o f  t h e  
35

L - (  S) m e t h i o n i n e - l a b e l l e d  t r y p t i c  p e p t i d e s  o f  th e  in v i t r o  s y n t h e s i z e d

p r o d u c t  w a s  c o m p a r e d  w ith  a  m a p  o f  th e  L - ( ^ S )  m e t h i o n i n e - l a b e l l e d

t r y p t i c  p e p t i d e s  o f  t h e  in  v iv o  l a b e l l e d  l a r g e  s u b u n it  o f  F r a c t i o n  I

p r o t e i n .  P l a t e  3 s h o w s  t h a t  th e  in  v i t r o  e t i o p l a s t  p r o d u c t  s h a r e s  
35

7 m a j o r  L - (  S) m e t h i o n i n e - l a b e l l e d  t r y p t i c  p e p t i d e s  w ith  th e  l a r g e
35

s u b u n it  o f  F r a c t i o n  I p r o t e i n  l a b e l l e d  w ith  S) m e t h i o n i n e  in v i v o .

S o m e  m i n o r  p e p t i d e s  m a y  a l s o  b e  c o m m o n  to b o th  p r o t e i n s .  T h i s  

n u m b e r  o f  m e t h i o n i n e  t r y p t i c  p e p t i d e s  f o r  th e  l a r g e  s u b u n it  of  E ' r a c t i o n  

I p r o t e i n  a g r e e s  w ith  t h e  a m i n o  a c i d  a n a l y s e s  r e p o r t e d  f o r  b e a n  

( P h a  s e o l u s ) and  s p i n a c h  b e e t  ( B e t a ) by G r a y  and K e k w i c k  ( fd?7H-ex , t c (7 q -b )

i i i .  P e p t i d e  m a p p i n g  -  c h y m o t r y p t i c  d ig e s t i o n .

a .  T w o - d i m e n s i o n a l  m a p p in g .
1. s o l u b le  i n  v i t r o  e t io p l  a s t  p r o d u c t
2 .  in v iv o  r a d i o a c t i v e l y  l a b e l l e d  p u r i f i e d  p e a  F r a c t i o n

I p r o t e i n  l a r g e  s u b u n it .

C h y m o t r y p t i c  d i g e s t i o n  o f  th e  in v i t r o  e t i o p l a s t  p r o d u c t  and
3 5

p u r i f i e d  F r a c t i o n  I p r o t e i n  l a r g e  s u b u n it  l a b e l l e d  in v iv o  w ith  L - (  S) 

m e t h io n i n e /



P l a t e  3. A u t o r a d i o g r a p h s  o f  t w o - d i m e n s i o n a l  t r y p t i c  

p e p t id e  m a p s  o f  th e  s o l u b l e  in v i t r o p r o d u c t  of 

A T P - d r i v e n  e t i o p l a s t  p r o t e i n  s y n t h e s i s  and in  v ivo  

l a b e l l e d  l a r g e  s u b u n it  o f  F r a c t i o n  1 p r o t e i n .

E t i o p l a s t s  w e r e  i s o l a t e d  a n d  i n c u b a t e d  a s  d e s c r i b e d

in S e c t i o n s  I I2 A  and  I I 2 F i a .  A 1 5 0 0 0 0  g s u p e r n a t a n t

f r a c t i o n  w a s  p r e p a r e d  a n d  p u r i f i e d  a s  d e s c r i b e d  in

S e c t i o n s  I I 2 F i b  and  I I 2 F i i i .  In v iv o  l a b e l l e d  l a r g e

s u b u n it  o f  F r a c t i o n  I p r o t e i n  w a s  p r e p a r e d  a s

d e s c r i b e d  in  S e c t i o n s  I I 2 G i i i  a n d  iv .  F ,n z y m ic

d i g e s t i o n  and p e p t id e  s e p a r a t i o n  by  t w o - d i m e n s i o n a l

m a p p in g  w a s  p e r f o r m e d  a s  d e s c r i b e d  in  S e c t i o n s
4

I I 2 J i  an d  i i i .  B o t h  s a m p l e s  c o n t a in e d  7 .  5 x  10 c .  p. m .  

E l e c t r o p h o r e s i s  w a s  p e r f o r m e d  in  th e  d i r e c t i o n  o f  the  

Y  a x i s  and  c h r o m a t o g r a p h y  in  th e  d i r e c t i o n  o f  th e  X  a x i s .

A , th e  s o l u b l e  in  v i t r o  e t i o p l a s t  p r o d u c t

B ,  in v iv o  l a b e l l e d  l a r g e  s u b u n i t  of F r a c t i o n  I p r o t e i n
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m e t h i o n i n e  w a s  p e r f o r m e d  to  s u b s t a n t i a t e  the  c o n c l u s i o n  r e a c h e d

u s in g  t r y p s i n .  A lth o u g h  t h e  i n t r i n s i c  s p e c i f i c i t y  of c h y m o t r y p s i n  i s

b r o a d e r  th a n  t r y p s i n ,  it  c a n ,  p a r t i c u l a r l y  i f  u s e d  in c o n j u n c t i o n  w i th

a t r y p s i n  i n h i b i t o r ,  g i v e  r i s e  to a  s e t  o f  o l ig o p e p t id e s  w h ic h  a r e

i n d i c a t i v e  o f  a  s p e c i f i c  p r o t e i n .  P l a t e  4  sh o w s  a  c o m p a r i s o n  b e t w e e n
35

the  tw o d i m e n s i o n a l  m a p s  o f  t h e  L - (  S) m e t h io n i n e  l a b e l l e d

c h y m o t r y p t i c  p e p t i d e s  o f  t h e  s o l u b l e  in  v i t r o  e t i o p l a s t  p r o d u c t  an d  th e
3 5

l a r g e  s u b u n i t  o f  F r a c t i o n  I p r o t e i n  l a .b e l le d  w ith  L - (  S) m e t h i o n i n e  

in  v iv o  . T h e  m a j o r i t y  o f  th e  p e p t i d e s  c a n  be c l e a r l y  r e c o g n i s e d  in  

b o th  m a p s ,  i n d i c a t i n g  c l o s e  h o m o l o g y  in  th e  p r i m a r y  s e q u e n c e  o f  t h e  

two p r o t e i n s .

D . D IS C U S S IO N

T h e  r e s u l t s  p r e s e n t e d  in t h i s  s e c t i o n  c o n s t i t u t e  th e  f i r s t  a n a l y s i s

o f  p r o t e i n s  u n e q u i v o c a l l y  s y n t h e s i z e d  in  i s o l a t e d  e t i o p l a s t s .  F r a c t i o n a t i o n

o f  a  s o l u b i l i z e d  p r e p a r a t i o n  by  e l e c t r o p h o r e s i s  in 15% S D S - p o l y a c r y l a m i d e

g e l s  s e p a r a t e s  o v e r  20  d i s c r e t e  p r o t e i n  b a n d s  w h ic h  s t a in  w i th  C o o m a s s i e

B r i l l i a n t  b l u e  R  ( F i g u r e  1 6 A ).  T h e  m a j o r i t y  o f  t h e s e  b a n d s  a r e  m o s t

l i k e l y  to  b e  p r o t e i n  c o m p o n e n t s  o f  t h e  e t i o p l a s t ,  a l th o u g h  s o m e  o f  th e

s t a i n e d  b a n d s  m a y  o r i g i n a t e  f r o m  n u c l e i  o r  o t h e r  s u b c e l l u l & r  o r g a n e l l e s

w h i c h  c o n t a m i n a t e  th e  c r u d e  e t i o p l a s t  p r e p a r a t i o n  ( S e c t i o n  I I I l B i ) .

O n e  o f  th e  m o s t  i n t e n s e l y  s t a i n i n g  b a n d s ,  w h ich  e l e c t r o p h o r e s e s  w i th

a  s l i g h t l y  h i g h e r  m o b i l i t y  th a n  t h e  l a r g e  s u b u n it  o f  p e a  F r a c t i o n  I

p r o t e i n ,  i s  a b s e n t  f r o m  f r a c t i o n a t i o n  p a t t e r n s  o f  e t i o p l a s t  p r e p a r a t i o n s

th a t  w e r e  in c u b a t e d  w i t h o u t  an A T P  g e n e r a t i n g  s y s t e m  ( F i g u r e  1 6 B ) .

T h i s  p r o t e i n  b a n d  i s  t h e r e f o r e  p r e s u m e d  to be  th e  e n z y m e  c r e a t i n e
4

p b o s p h o k i n a s e  ( s u b u n i t  m o l e c u l a r  w e i g h t  4 .  2 x  10 ; E p p e n b e r g e r  e t  a l ,  

1 9 6 7 ) .  T h e  i d e n t i t i e s  o f  t h e  m a j o r i t y  o f  th e  o t h e r  p r o t e i n  c o m p o n e n t s  

o f  th e  f r a c t i o n a t e d  e t i o p l a s t  p r e p a r a t i o n  a r e  unknow n. T h e  m o s t
4

i n t e n s e l y  s t a in i n g  b a n d  h a s  a n  e s t i m a t e d  m o l e c u l a r  w e ig h t  o f  6 x  10 ,

and c o e l c c t r o p h o r e s e s  w i t h  th e  l a r g e  s u b u n it  o f  F r a c t i o n  I p r o t e i n
A.

( F i g u r e  2 1 ) .  A  m o l e c u l a r  w e i g h t  o f  6 x  10 i s  in  g e n e r a l  a g r e e m e n t  

w ith  t h e  know n m o l e c u l a r  w e i g h t  o f  t h e  l a r g o  s u b u n it  o f  F r a c t i o n  1 

p r o t e i n  f r o m  o t h e r  h i g h e r  p l a n t  s o u r c e s  ( R u t n o r  and L a n e ,  1 9 5 7 ;  

K a w a s h i m a ,  1 9 6 9 ;  M o o n  an d  T h o m p s o n ,  1 9 6 9 ;  E l l i s ,  1 9 7 3 ) .  F r a c t i o n  

1 p r o t e i n  h a s  b e e n  fo un d  in  th e  e t i o p l a s t s  o f  m a n y  s p e c i e s  ( G r a h a m  ej: a l , 

¡ 9 7 1 ;  S m i t h  e l  a l ,  1 9 7 0 ) .  In d e e d  e t i o p l a s t s  i s o l a t e d  f r o m  c e r t a i n



P l a t e  4  . A u t o r a d i o g r a p h s  o f  t w o - d i m e n s i o n a l  

c h y m o t r y p t i c  p e p t i d e  m a p s  of  th e  s o l u b le  

in  v i t ro  p r o d u c t  o f  A T P - d r i v e n  e t i o p l a s t  p r o t e i n  

s y n t h e s i s  and in  v iv o  l a b e l l e d  l a r g e  s u b u n it  of 

F r a c t i o n  I p r o t e i n .

T h e  e x p e r i m e n t a l  d e t a i l s  a r e  d e s c r i b e d  in  P l a t e  3.
4

B o t h  s a m p l e s  c o n t a i n e d  2 x 1 0  c .  p. m .

A, th e  s o l u b l e  in  v i t r o e t i o p l a s t  p r o d u c t

B ,  in v iv o  l a b e l l e d  l a r g e  s u b u n it  o f  F r a c t i o n  I p r o t e
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A v e n a  s p e c i e s  c o n t a i n  m a c r o m o l e c u l a r  s t r u c t u r e s ,  t h e  s o - c a l l e d

s t r o m a c e n t r e s  (G u n n in g ,  1 9 6 5 ) .  S t r o m a c e n t r e s  in  p l a s t i d s  h a v e

b e e n  s u g g e s t e d  to  r e p r e s e n t  s e m i - c r y s t a l l i n e  l i n e a r  a g g r e g a t e s  o f

F r a c t i o n  I p r o t e i n ;  a l th o u g h  t h i s  s u g g e s t i o n  i s  b a s e d  on  t e n t a t i v e

e v i d e n c e  ( G u n n in g  e t  a l ,  1 9 6 8 ;  M u r a k a m i ,  1974 ;  W r i s c h e r ,  1 9 7 3 ) .

T h i s  i n t e n s e l y  s t a i n i n g  p r o t e i n  b a n d  c a n  t h e r e f o r e  b e  t e n t a t i v e l y

i d e n t i f i e d  a s  t h e  l a r g e  s u b u n it  o f  F r a c t i o n  I p r o te in .

T h e  f r a c t i o n a t i o n  p a t t e r n  o f  th e  p e a  e t io p l a s t  p r e p a r a t i o n

( F i g u r e  1 6A ) c o n t r a s t s  w ith  t h e  r e p o r t e d  f r a c t i o n a t i o n  p a t t e r n  o f

p u r i f i e d  o a t  ( A v e n a ) e t i o p l a s t  p r o t e i n s  ( C o b b  and W e l lb u r n ,  1 9 7 3 ) .

F o r  e x a m p l e ,  t h e  p e a  e t i o p i a s t  c o n t a i n s  a n u m b e r  o f  p r o t e i n s  w i t h
4

an e s t i m a t e d  m o l e c u l a r  w e ig h t  g r e a t e r  th a n  6 x 1 0  ( F i g u r e  1 6 A ) .

In c o n t r a s t ,  o a t  e t i o p l a s t s ,  p u r i f i e d  b y  a m e t h o d  in v o lv in g  m a c r o m o l e c u l a r

f i l t r a t i o n  ( W e l l b u r n  and  W e l l b u r n ,  1 9 7 1 ) ,  c o n ta in  o n ly  8 p r o t e i n

c o m p o n e n t s ,  t h e  l a r g e s t  w ith  a n  e s t i m a t e d  m o l e c u l a r  w e ig h t  o f  
4

5. 4  x  10 ( C o b b  an d  W e l lb u r n ,  1 9 7 3 ) .  T h i s  d i s c r e p a n c y  m o s t

p r o b a b l y  s t e m s  f r o m  p r a c t i c a l  d i f f i c u l t i e s  due to th e  e n o r m o u s

v a r i a t i o n  in  a m o u n t s  o f  d i f f e r e n t  e t i o p l a s t  p r o t e i n s .  T h i s  s u g g e s t i o n

i s  s u p p o r t e d  b y  th e  f in d in g s  o f  a  s u b s e q u e n t  a n a l y s i s  o n  an o a t  e t i o p l a s t .

f r a c t i o n  c o n t a i n i n g  p u r e  e n v e l o p e  m e m b r a n e s  ( C o b b  and  W e l l b u r n ,  1 9 7 4 ) .

T h i s  f r a c t i o n  i s  fo u n d  to c o n t a i n  15 p r o t e i n  s p e c i e s ,  s i x  o f  w h i c h  h a v e
4

m o l e c u l a r  w e i g h t s  g r e a t e r  t h a n  6 x 1 0 .  C l e a r l y  a n y  c o m p a r a t i v e

a n a l y s e s  o f  e t i o p i a s t  p r o t e i n s  b y  p o l y a c  r y la m id e  g e l  e l e c t r o p h o r e s i s

m u s t  b e  q u a n t i t a t i v e  a s  w e l l  a s  q u a l i t a t i v e .  T h e  n u m b e r  and  r a n g e  of

e t i o p l a s t  p r o t e i n s  r e v e a l e d  by  g e l  f r a c t i o n a t i o n  a r g u e s  a g a i n s t

c o n s i d e r i n g  t h e  e t i o p l a s t  a s  a  s t r u c t u r a l l y  s im p le  and  u n d i f f e r e n t i a t e d

o r g a n e l l e .  T h i s  p o in t  i s  d i s c u s s e d  f u r t h e r  in the  g e n e r a l  d i s c u s s i o n

( s e e  a l s o  K i r k  a n d  T i l n e y - B a s s e t t ,  1 9 6 7 ) .

E t i o p l a s t s  th a t  h a v e  b e e n  i s o l a t e d  in  the l ig h t  an d  i n c u b a t e d  w ith  
35L - (  S) m e t h i o n i n e  in  th e  p r e s e n c e  o f  A T P  i n c o r p o r a t e  r a d i o a c t i v e  

a m i n o  a c i d  in t o  a s m a l l  n u m b e r  o f  d i s c r e t e  p r o d u c ts  ( F i g u r e  1 6 A ) .

A m in o  a c i d  i n c o r p o r a t i o n  d o e s  n o t  t a k e  p l a c e  in th e  a b s e n c e  o f  a d d e d  

A T P  a s  a n  e n e r g y  s o u r c e  ( F i g u r e s  16 B  and  16C). T h e s e  c o n c l u s i o n s  

c l o s e l y  r e f l e c t  t h e  r e s u l t s  s h o w n  in  T a b l e  1. T h e  d e p e n d e n c e  o f  

i n c o r p o r a t i o n  on on a d d e d  e n e r g y  s o u r c e  i n d ic a t e s  t h a t  the  l a b e l l e d

p e a k s /
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p e a k s  p r e s e n t  in  th e  g e l  f r a c t i o n a t i o n  c a n n o t  b e  e x p l a i n e d  b y  th e  
35

b in d in g  o f  L - (  S) m e t h i o n i n e  to  s p e c i f i c  p r o t e i n s .  T h i s  c o n c l u s i o n

i s  i m p o r t a n t  a s  th e  g e l  s l i c e s  w e r e  n o t  s u b j e c t  to  t r e a t m e n t  w i th  h o t

t r i c h l o r a c e t i c  a c id .  T h e  p o s s i b i l i t y  th a t  a t  l e a s t  o n e  o f  th e  r a d i o a c t i v e l y  
35

l a b e l l e d  p r o d u c t s  i s  ( S) m e t h i o n y l  c h a r g e d  t R N A  i s  e x c lu d e d  b y  th e  

i n s e n s i t i v i t y  o f  th e  in v i t r o  p r o d u c t s  to  d i g e s t i o n  w i th  r i b o n u c l e a s e  A 

( F i g u r e  1 9 B ) .  T h e  c o n c l u s i o n  t h a t  th e  l a b e l l e d  a m i n o  a c i d  i s  

i n c o r p o r a t e d  i n t r a m o l e c u l a r l y  in to  p r o t e i n  i s  v e r i f i e d  b y  th e  

s e n s i t i v i t y  o f  t h e  f r a c t i o n a t e d  p r o d u c t s  to  d i g e s t i o n  w ith  p r o n a s e  

( F i g u r e  19C ) .

P e r f o r m i n g  th e  i s o l a t i o n  and  i n c u b a t i o n  o f  th e  e t i o p l a s t s  in  d im

g r e e n  l i g h t  did  n o t  a l t e r  t h e  n a t u r e  o f  th e  in  v i t r o  s y n t h e s i z e d  p r o d u c t s

( F i g u r e  17A). L i g h t  d o e s  n o t  t h e r e f o r e  s t i m u l a t e  t h e  i n c o r p o r a t i o n  o f

a m i n o  a c i d s  in to  s p e c i f i c  p r o t e i n s  in  i s o l a t e d  p e a  e t i o p l a s t s .  T h e  o n ly

r e p o r t  o f  s u c h  a  s p e c i f i c  l i g h t  s t i m u l a t i o n  i s  b a s e d  on s t u d i e s  o f

in  v i t r o  p r o t e i n  s y n t h e s i s  in  m a i z e  e t i o p l a s t  p r e p a r a t i o n s  ( H e a r i n g ,  1 9 7 3 ) .

I t  w a s  n o t  h o w e v e r  d e m o n s t r a t e d  t h a t  a m i n o  a c i d  i n c o r p o r a t i o n  in  t h e s e

m a i z e  e t i o p l a s t  p r e p a r a t i o n s  w a s  d e p e n d e n t  u p o n  an  ad ded  e n e r g y

s o u r c e ,  n o r  w a s  th e  c t i o p l a s t  e s t a b l i s h e d  a s  t h e  o n ly  s i t e  o f  p r o t e i n

s y n t h e s i s .  In d e e d  th e  i n c o r p o r a t i o n  o f  a m i n o  a c i d  in to  f o u r  p r o t e i n s

in  th e  p r e s e n c e  o f  3 0 0  ju g/ m l c h l o r a m p h e n i c o l  i s  s t r o n g  e v i d e n c e  o f

c y t o p l a s m i c  c o n t a m i n a t i o n  i n  t h e s e  p r e p a r a t i o n s .  F o r  t h e s e  r e a s o n s

t h e  c o n c l u s i o n s  o f  H e a r i n g  m u s t  b e  c o n s i d e r e d  t e n u o u s .

In a d d i t io n  to  p r o v i d i n g  f u r t h e r  e v i d e n c e  t h a t  a m i n o  a c i d s  a r e

i n c o r p o r a t e d  in to  p r o t e i n  in  i s o l a t e d  e t i o p l a s t s ,  t h e  u s e  o f  t h r e e
3 5  3d i f f e r e n t  p r o t e i n  p r e c u r s o r s  ( L - (  S) m e t h i o n i n e ,  L - (  H) l e u c i n e

and L - p h e n y l ( 2 ,  3H) a l a n i n e )  s u g g e s t s  t h a t  th e  f u l l  s p e c t r u m  o f

in  v i t r o s y n t h e s i z e d  p r o t e i n s  a r e  l i k e l y  to b e  d e t e c t e d  ( F i g u r e s  16A,

18A  and 1 8 B ) .  T h e  i n c o r p o r a t i o n  o f  r a d i o a c t i v i t y  in to  p r o t e i n  i s  
35

g r e a t e s t  u s in g  L - (  S) m e t h i o n i n e .  T h i s  l a b e l l e d  a m i n o  a c i d  h a s  th e  

h i g h e s t  s p e c i f i c  a c t i v i t y  ( 3 0 0  C i / m m o l )  o f  th e  t h r e e  p r o t e i n  p r e c u r s o r s  

u s e d .  D e c r e a s e d  i n c o r p o r a t i o n  o f  r a d i o a c t i v i t y  o c c u r s  w ith  the  l o w e r  s p e c i f i c
3

a c t i v i t y  t r i t i u m - l a b e l l e d  a m i n o  a c i d s ,  L - (  H) l e u c i n e  and L - p h e n y l  

( 2 ,  3H) a l a n i n e .  F a c t o r s  w h i c h  w i l l  a f f e c t  th e  l e v e l  o f  i n c o r p o r a t i o n  

o f  e a c h  a m in o  a c i d  a r e  th e  r e l a t i v e  pool s i z e s  o f  d i f f e r e n t  a m i n o  a c i d s

in/

' I I j I \ M !T 1



1 12

in the  e t i o p l a s t  a n d  th e  d i f f e r e n t i a l  p e r m e a b i l i t y  o f  th e  p l a s t i d

e n v e lo p e  to i n d iv i d u a l  a m i n o  a c i d s  ( N o b e l  an d  W a n g ,  1 9 7 0 ) .

T h e  p r o d u c t s  o f  p r o t e i n  s y n t h e s i s  in i s o l a t e d  p e a  e t i o p l a s t s

c a n  b e  i d e n t i f i e d  a s  d i s c r e t e  p r o t e i n s ,  and c a t e g o r i z e d  on th e  b a s i s

o f  t h e i r  m o l e c u l a r  w e i g h t s  ( T a b l e  6).  T h e  s y n t h e s i s  o f  s e v e n
4

p o l y p e p t i d e s  ( m o l e c u l a r  w e i g h t s  1. 6 to  11. 2 x  10 ) c a n  b e

r e p r o d u c i b l y  o b s e r v e d .  T h e  u s e  o f  s p e c i f i c  a m i n o  a c i d  p r e c u r s o r s

a l lo w s  th e  d e t e c t i o n  o f  a  f u r t h e r  tw o p r o d u c t s  ( m o l e c u l a r  w e i g h t s  
4  4

8. 4  x  10 an d  1. 5 x  10 ).  A f u r t h e r  p o l y p e p t i d e  ( m o l e c u l a r  w e ig h t  
4

4. 9 x  10 ) i s  l a b e l l e d  on o c c a s i o n s  b u t  i s  n o t  r e p r o d u c i b l y  d e t e c t e d .

T h e  d i s c r e t e  l a b e l l i n g  of  in  v i t r o  s y n t h e s i z e d  p r o t e i n  t e s t i f i e s  to  th e  

n o r m a l  f u n c t i o n i n g  o f  th e  p r o t e i n  s y n t h e s i z i n g  m a c h i n e r y  in  i s o l a t e d  

i n t a c t  c t i o p l a s t s .  T h e  p r o c e s s e s  o f  c h a i n  e l o n g a t i o n  and  t e r m i n a t i o n  

m u s t  f u n c t i o n  c o r r e c t l y  i f  th e  p r o d u c t s  o f  in  v i t r o s y n t h e s i s  a r e  

d e t e c t e d  a s  d i s c r e t e  p r o t e i n s .  E v i d e n c e  f o r  th e  i n i t i a t i o n  o f  p o l y p e p t i d e  

c h a in  f o r m a t i o n  in  i s o l a t e d  s p i n a c h  c h l o r o p l a s t s  h a s  a l s o  b e e n  p r e s e n t e d  

( B i a n c h e t t i  e t  a l ,  1 9 7 1 ) .

T h e  p r o t e i n s  s y n t h e s i z e d  in  i s o l a t e d  e t i o p l a s t s  c a n  b e  c o m p a r e d  

d i r e c t l y  and  i n d i r e c t l y  w ith  th e  p r o d u c t s  o f  l i g h t - d r i v e n  p r o t e i n  

s y n t h e s i s  in  i s o l a t e d  p e a  c h l o r o p l a s t s  ( B l a i r  and E l l i s ,  1 9 7 3 ;

E a g l e s h a m  a n d  E l l i s ,  1 9 7 4 ) .  T h e  m o r e  i n d i r e c t  c o m p a r i s o n ,  b a s e d  

on th e  e s t i m a t e d  m o l e c u l a r  w e i g h t s  o f  th e  in  v i t r o  p r o d u c t s ,  s u g g e s t s  

th a t  a l l  th e  p r o d u c t s  o f  p r o t e i n  s y n t h e s i s  in  i s o l a t e d  c h i o r o p l a s t s  h a v e  

a c o u n t e r p a r t  in  th e  s p e c t r u m  o f  in v i t r o s y n t h e s i z e d  e t i o p l a s t  p r o t e i n s .  

T h i s  c o n c l u s i o n  i s  o n ly  t e n t a t i v e  and t a k e s  in t o  a c c o u n t  th e  e r r o r  

i n h e r e n t  in  e s t i m a t i n g  th e  m o l e c u l a r  w e i g h t  o f  a  p r o t e i n  by  3 D S -  

p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  ( F i s h  e t  a l ,  1 9 7 0 ) .  I s o l a t e d  

e t i o p l a s t s  s y n t h e s i z e ,  in a d d i t io n ,  t h r e e  p o l y p e p t i d e s  w h i c h  a r e  n o t  

s y n t h e s i z e d  in  i s o l a t e d  c h l o r o p l a s t s .  H o w e v e r  th e  d e t e c t i o n  of  

s p e c i f i c  p r o t e i n s  s y n t h e s i z e d  in  i s o l a t e d  e t i o p l a s t s  b o r d e r s  on  th e  

r e s o l u t i o n  o f  t h e  a n a l y t i c a l  t e c h n i q u e s  u s e d .  T h e  u s e  o f  l a r g e  

q u a n t i t i e s  o f  t h r e e  d i f f e r e n t  p r c . t c in  p r e c u r s o r s  o f  t h e  h i g h e s t  r a d i o a c t i v e  

s p e c i f i c  a c t i v i t y  a v a i l a b l e  e n s u r e s  t h a t  an y  p r o t e i n s  t h a t  a r e  b e in g  

s y n t h e s i z e d  in  i s o l a t e d  e t i o p l a s t s ,  b u t  h a v e  n o t  b e e n  d e t e c t e d ,  m u s t  

b e .p r o d u c e d  in  v e r y  s m a l l  a m o u n t s .

It/
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I t  s e e m s  u n l i k e l y  th a t  the  p r o t e i n s  s y n t h e s i z e d  in i s o l a t e d

e t i o p l a s t s  a r e  p r o d u c e d  b y  c l e a v a g e  o r  p r o t e o l y s i s  o f  a h i g h e r

m o l e c u l a r  w e i g h t  s p e c i e s .  A s  t h e  s a m p l e s  w e r e  b o i l e d  in  S D S  a t

th e  t e r m i n a t i o n  o f  th e  p r o t e i n  s y n t h e s i s  i n c u b a t i o n  th e  p r o c e s s i n g  o f

any h y p o t h e t i c a l  p r e c u r s o r  m o l e c u l e  m u s t  h a v e  b e e n  r a p i d  and

c o n c o m i t a n t  w ith  o r  i m m e d i a t e l y  f o l l o w i n g  t r a n s l a t i o n .  T h i s

p o s s i b i l i t y  c o u l d  b e  t e s t e d  by a n a l y s i n g  th e  p r o d u c t s  o f  p r o t e i n

s y n t h e s i s  i n c u b a t i o n s  o f  s h o r t  d u r a t i o n .

A d i r e c t  c o m p a r i s o n  o f  p e a  e t i o p l a s t  and c h l o r o p l a s t  m  v i t r o

s y n t h e s i z e d  p r o t e i n s  c a n  b e  m a d e  b y  c o - e l e c t r o p h o r e s i s  ( F i g u r e  2 0 B ) .

T h e  m o b i l i t i e s  o f  th e  p o l y p e p t i d e s  s y n t h e s i z e d  in i s o l a t e d  e t i o p l a s t s

a r e  i d e n t i c a l  w i t h  th e  m o b i l i t i e s  o f  t h e  p o l y p e p t i d e s  s y n t h e s i z e d  in

i s o l a t e d  c h l o r o p l a s t s .  T o  o b t a i n  a  d o u b l e - l a b e l l e d  g e l  p a t t e r n  in

w h ic h  th e  in v i t r o s y n t h e s i z e d  e t i o p l a s t  an d  c h l o r o p l a s t  p r o t e i n s

e l e c t r o p h o r e s c d  w ith  i d e n t i c a l  r a t h e r  th a n  s i m i l a r  m o b i l i t i e s

( F i g u r e  20A) i t  w a s  n e c e s s a r y  to  e x t r a c t  th e  s a m p l e s  w ith  a c e t o n e

b e f o r e  e l e c t r o p h o r e s i s .  T h i s  s u g g e s t s  th a t  a c e t o n e - s o l u b l e  c o m p o n e n t s

o f  th e  s o l u b i l i z e d  p l a s t i d  p r e p a r a t i o n  s l i g h t l y  a f f e c t  th e  m o b i l i t y  of

p o l y p e p t i d e s  in th e  e l e c t r o p h o r e s i s  s y s t e m  u s e d .

T h e  m o s t  h i g h ly  l a b e l l e d  p r o d u c t  o f  j n  v i t r o  e t i o p l a s t  p r o t e i n
4

s y n t h e s i s  ( m o l e c u l a r  w e ig h t  6 x 1 0  ) i s  a l s o  c o m m o n  to th e

f r a c t i o n a t i o n  p a t t e r n  o f  p r o t e i n s  s y n t h e s i z e d  in  i s o l a t e d  c h l o r o p l a s t s

( F i  g u r e  2 0 B ) .  T h e  id e n t i t y  o f  t h i s  p o l y p e p t i d e  h a s  b e e n  e s t a b l i s h e d

in  th e  l i g h t - d r i v e n  c h l o r o p l a s t  s y s t e m  a s  th e  l a r g e  s u b u n it  of

F r a c t i o n  X p r o t e i n  ( B l a i r  and E l l i s ,  1 9 7 3 ) .  T h e r e f o r e  by  i n f e r e n c e
4

f r o m  th e  c h l o r o p l a s t  s i t u a t io n ,  t h e  r e s u l t s  s u g g e s t  t h a t  th e  6 x 1 0  

m o l e c u l a r  w e i g h t  p o ly p e p t id e  s y n t h e s i z e d  in  i s o l a t e d  e t i o p l a s t s  i s  

th e  l a r g e  s u b u n i t  o f  F r a c t i o n  I p r o t e i n .  T h i s  s u g g e s t i o n  i s  s u p p o r t e d  

b y  th e  c o e l e c t r o p h o r e s i s  o f  p u r i f i e d  l a r g e  s u b u n it  o f  F r a c t i o n  I
4

j> r o le in  w ith  th e  6 x 1 0  m o l e c u l a r  w e ig h t  e t i o p l a s t  p r o d u c t  ( F i g u r e  2 1 ) .  

F i g u r e  22 s h o w s  t h a t  t h i s  p o l y p e p t i d e  i s  a l s o  th e  o n ly  p r o d u c t  o f  

in v i t r o  e t i o p l a s t  p r o t e i n  s y n t h e s i s  t h a t  i s  p r e s e n t  in  a 1 5 0 0 0 0  g 

s u p e r n a t a n t  f r a c t i o n .  T h e  s i n g l e  s o l u b l e  p r o d u c t  o f  l i g h t - d r i v e n  

p r o t e i n  s y n t h e s i s  in  i s o l a t e d  i n t a c t  c h l o r o p l a s t s  i s  th e  l a r g e  s u b u n i t  o f  

F r a c t i o n  '■ p r o t e i n  ( B l a i r  and E l l i s ,  1 9 7 3 ) .  F i g u r e  2 2  a l s o  s n o w s  t h a t
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no l a b e l l i n g  o f  the  s m a l l  s u b u n it  o f  F r a c t i o n  I p r o t e i n  i s  o b s e r v e d

w hen th e  s o l u b le  p r o d u c t s  o f  in  v i t r o  e t i o p l a s t  p r o t e i n  s y n t h e s i s  a r e

a n a l y s e d  by SD S- g e l  e l e c t r o p h o r e s i s .  T h i s  o b s e r v a t i o n  f u r t h e r

s t r e n g t h e n s  th e  c o n c l u s i o n  th a t  th e  s m a l l  s u b u n it  o f  F r a c t i o n  I

p r o t e i n  i s  s y n t h e s i z e d  o n  c y t o p l a s m i c  r i b o s o m e s  ( G r a y  and  K e k w i c k ,  1 9 7 4 ) .

T h e  r e s u l t s  s o  f a r  d i s c u s s e d  in  t h i s  s e c t i o n  s u g g e s t  t h a t  th e  

p r o d u c t s  o f  in  v i t r o  p r o t e i n  s y n t h e s i s  in b o th  p e a  e t i o p l a s t s  and 

c h l o r o p l a s t s  a r e  q u a l i t a t i v e l y  s i m i l a r .  T h e y  a l s o  sh o w  t h a t  the  

e t i o p l a s t  r i b o s o m e  i s  r e q u i r e d  to t r a n s l a t e  o n l y  a  r e s t r i c t e d  n u m b e r  

of m R N A  s p e c i e s .  T h e  v a l i d i t y  o f  t h i s  c o n c l u s i o n  i s ,  a s  in  a l l  c a s e s ,  

l i m i t e d  by t h e  s e n s i t i v i t y  o f  th e  t e c h n i q u e s  e m p l o y e d .  T h e  m o s t  h ig h ly  

l a b e l l e d  e t i o p l a s t  p r o d u c t  c a n  b e  t e n t a t i v e l y  i d e n t i f i e d  a s  th e  l a r g e  

s u b u n it  o f  F r a c t i o n  I  p r o t e i n  o n  th e  b a s i s  o f  i t s  m o l e c u l a r  w e ig h t  

and s o l u b i l i t y .  T h e  r e m a i n i n g  e t i o p l a s t  _in v i t r o p r o d u c t s  a r e  m e m b r a n e -  

bound. T h e  d i s c r e t e  n a t u r e  o f  th e  m e m b r a n e - b o u n d  p r o d u c t s  and  t h e i r  

i n s e n s i t i v i t y  to  t r e a t m e n t  w i th  r i b o n u c l e a s e  m a k e s  i t  u n l i k e l y  t h a t  t h e y  

r e p r e s e n t  n a s c e n t  p o l y p e p t i d e  c h a i n s  w h ic h  a r e  boun d  to f r e e  o r  

m e m b r a n e - b o u n d  r i b o s o m e s .  T h e  i d e n t i t i e s  o f  t h e  m e m b r a n e - b o u n d  

p r o d u c t s  o f  i_n v i t r o  p l a s t i d  p r o t e i n  s y n t h e s i s  a r e  a t  p r e s e n t  unknow n.

T h e y  a r e  h o w e v e r  c l e a r l y  m i n o r  c o m p o n e n t s  o f  t h e  e t i o p l a s t  and 

c h l o r c p l a s t  m e m b r a n e s  a s  t h e y  do n o t  c o i n c i d e  w i th  an y  o f  th e  m a j o r  

p l a s t i d  p r o t e i n  b a n d s  r e v e a l e d  b y  s t a in i n g .

T h e  r e m a i n i n g  e x p e r i m e n t s  r e p o r t e d  in  t h i s  s e c t i o n  w e r e  a i m e d  

a t  p r o v id in g  an  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  t h e  s o l u b l e  p r o d u c t  o f  

p r o t e i n  s y n t h e s i s  in  i s o l a t e d  e t i o p l a s t s .  P e p t i d e  m a p p in g  p r o v i d e s  

a  d i r e c t  c o m p a r i s o n  o f  t h e  p r i m a r y  s t r u c t u r e s  o f  p r o t e i n s ,  and  c a n  

b e  u s e d  to c o n c l u s i v e l y  e s t a b l i s h  th e  id e n t i t y  o f  a  p r o t e i n .  T h e  

p u r i t y  o f  th e  s a m p l e s  u s e d  f o r  p e p t id e  m a p p in g  w a s  e s t a b l i s h e d  by  

g e l  e l e c t r o p h o r e s i s  a n d  th e  r e s u l t s  a r e  show n in  F i g u r e s  6 and 2 3 .

I t  w a s  c o n c l u d e d  th a t  t h e  s o l u b l e  in  v i t r o  e t i o p l a s t  p r o d u c t  and  the  

in v iv o  l a b e l l e d  l a r g e  s u b u n i t  o f  F r a c t i o n  I p r o t e i n  h ad  b e e n  p u r i f i e d

s u f f i c i e n t l y  to  a l lo w  p e p t i d e  m a p p in g .
35

S e p a r a t i o n  o f  t h e  L - (  S) m e t h i o n i n e - l a b e l l e d  t r y p t i c  p e p t i d e s  

o f  th e  s o l u b le  e t i o p l a s t  in  v i t r o  p r o d u c t  and  t h e  a u t h e n t i c  l a r g e  s u b u n it  

o f  F r a c t i o n  I p r o t e i n  w a s  p e r f o r m e d  by  c a t i o n - e x c h a n g e  c h r o m a t o g r a p h y

and/
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and  t w o - d i m e n s i o n a l  m a p p in g .  C o l u m n  c h r o m a t o g r a p h y  did n o t  

s e p a r a t e  the  p e p t i d e s  s u f f i c i e n t l y  to a l lo w  a c o n c l u s i v e  i d e n t i f i c a t i o n  

( F i g u r e  2 4 ) .  H o w e v e r  q u a l i t a t i v e  c o m p a r i s o n  of th e  t w o - d i m e n s i o n a l  

t r y p t i c  p e p t id e  m a p s  s h o w e d  t h a t  t h e r e  i s  a  h ig h  d e g r e e  o f  

s i m i l a r i t y  b e t w e e n  th e  p r i m a r y  s t r u c t u r e s  o f  the  two p r o t e i n s  ( P l a t e  3 ).

Q u a n t i t a t i v e  d i f f e r e n c e s  in  th e  r a d i o a c t i v i t y  i n c o r p o r a t e d  i n t o

m e t h i o n i n e  c o n t a in in g  t r y p t i c  p e p t i d e s  o f  t h e  p r o t e i n s  m a y  r e s u l t

f r o m ,  f o r  e x a m p l e ,  th e  i n a b i l i t y  of th e  i s o l a t e d  c l i o p l a s t  to  i n i t i a t e

th e  s y n t h e s i s  o f  th e  l a r g e  s u b u n it  o f  F r a c t i o n  I p r o t e i n  d u r in g  the

p e r i o d  o f  a m i n o  a c i d  i n c o r p o r a t i o n .  C o n f i r m a t i o n  t h a t  th e  l a r g e

s u b u n it  o f  F r a c t i o n  J p r o t e i n  i s  th e  s o l e  d e t e c t a b l e  s o l u b l e  p r o d u c t

o f  p r o t e i n  s y n t h e s i s  in  i s o l a t e d  e t i o p l a s t s  i s  p r o v i d e d  b y  a  c o m p a r i s o n  
3 5

o f  th e  L - (  S) m e t h i o n i n e - l a b e l l e d  c h y m o t r y p t i c  p e p t i d e s  d e r iv e d  

f r o m  th e  in  v i t r o  e t i o p l a s t  p r o d u c t  an d  a u t h e n t i c  l a r g e  s u b u n it  of 

F r a c t i o n  I p r o t e i n  ( P l a t e  4 ) .
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A. I N T R O D U C T I O N

T h e  r e s u l t s  d i s c u s s e d  in  S e c t i o n s  I I I  1 an d  2 sho w  t h a t  n o t  

o n ly  th e  c h a r a c t e r i s t i c s  an d  r e q u i r e m e n t s ,  but  a l s o  th e  p r o d u c t s ,  o f  

in v i t r o  p r o t e i n  s y n t h e s i s  in  p e a  e t i o p l a s t s  and c h l o r o p l a s t s  a r e  

q u a l i t a t i v e l y  t h e  s a m e .  T h i s  c o n c l u s i o n  i s  b a s e d ,  f o r  o n e  o f  the  

p r o d u c t s  ( th e  l a r g e  s u b u n i t  o f  F r a c t i o n  I p r o t e i n )  on  an  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 .  F o r  th e  r e m a i n i n g  in  v i t r o  p r o d u c t s ,  a l l  o f  w h ic h  a r e  

m e m b r a n e - b o u n d  p r o t e i n s ,  t h i s  c o n c l u s i o n  i s  b a s e d  on l e s s  r i g o r o u s  

g r o u n d s  i. e .  t h e i r  e l e c t r o p h o r e t i c  b e h a v i o u r  and s o l u b i l i t y  

c h a r a c t e r i s t i c s .

T h e  r e m a i n i n g  q u e s t i o n  s e t  o u t  in th e  o b j e c t i v e s  to  t h i s  s tud y 

i s  w h e t h e r  o r  n o t  a d d i t io n a l  p r o t e i n s  a r e  s y n t h e s i z e d  by p l a s t i d  

r i b o s o m e s  d u r in g  th e  c o n v e r s i o n  o f  e t i o p l a s t s  in to  c h l o r o p l a s t s .  

V a r i o u s  i n h i b i t o r  e x p e r i m e n t s  h a v e  s u g g e s t e d  t h a t  p a r t i c u l a r  p r o t e i n s  

w h ic h  a p p e a r  d u r i n g  g r e e n i n g  a r e  s y n t h e s i z e d  b y  p l a s t i d  r i b o s o m e s ,  

f o r  e x a m p l e ,  th e  p r o t e i n  c o m p o n e n t  o f  t h e  P h o t o s y s t e m  I -  c h l o r o p h y l l  

c o m p l e x  ( M a c b o l d  and  A u r i c h ,  1 9 7 2 ) .  H o w e v e r ,  a s  h a s  a l r e a d y  b e e n  

s t a te d ,  t h e s e  e x p e r i m e n t s  a r e  i n c o n c l u s i v e  in  th a t  th e y  sh o w  no m o r e  

than  th e  f u n c t i o n i n g  o f  t h e  p l a s t i d  r i b o s o m e s  i s  r e q u i r e d  f o r  the  

a c c u m u l a t i o n  o f  a  p a r t i c u l a r  p r o t e i n  in  t h e  p l a s t i d .

T h e  m o s t  d r a m a t i c  c h a n g e  d u r in g  th e  t r a n s i t i o n  f r o m  th e  

e t i o p l a s t  to t h e  c h l o r o p l a s t  i s  the  d e v e l o p m e n t  o f  p h o t o s y n t h e t i c  

c o m p e t e n c e  ( E g n e u s  e t  a l , 1 9 7 2 ) .  H o w e v e r ,  in  a d d i t io n  to  b e in g  a b le  

to f i x  CO^ ( L i l l e y  an d  W a l k e r .  1 9 7 5 ) ,  i s o l a t e d  c h l o r o p l a s t s  c a n  a l s o  

vise l i g h t  a s  a n  e n e r g y  s o u r c e  f o r  irv v i t r o  p r o t e i n  s y n t h e i s  ( B l a i r  and 

E l l i s ,  1 9 7 3 ) .  T h e  e n e r g y  s o u r c e  f o r  l i g h t - d r i v e n  p r o t e i n  s y n t h e s i s  

i s  a s s u m e d  t o  b e  A T P  p r o d u c e d  by  p h o t o p h o s p h o r y l a t io n  ( B l a i r  and 

E l l i s ,  1 9 7 3 ) .  T h e r e f o r e  t h e  d e v e l o p m e n t  o f  p h o t o p h o s p h o r y l a t io n  

d a r in g  c h l o r o p l a s t  d e v e l o p m e n t  s h o u ld  c o r r e l a t e  w ith  th e  a p p e a r a n c e  

o f  l i g h t - d r i v e n  p r o t e i n  s y n t h e s i s  in  p l a s t i d s  i s o l a t e d  d u r in g  g r e e n in g .  

C o n s e q u e n t ly  t h e  a b i l i t y  o f  p l a s t i d s  i s o l a t e d  f r o m  g r e e n i n g  le a .v e s  to 

u s e  A T P  and  l i g h t  a s  e n e r g y  s o u r c e s  f o r  in  v i t r o  p r o t e i n  s y n t h e s i s  

w a s  i n v e s t i g a t e d .  T h i s  a n a l y s i s  w a s  r e s t r i c t e d  to th e  s tu d y  of 

a m in o  a c i d  i n c o r p o r a t i o n  in  i n t a c t  p l a s t i d s  b y  t h e  u s e  o f  r i b o n u c l c a s e  

in th e  i n c u b a t i o n  m i x t u r e .  W h e r e a s  A T P  c a n  a c t  a s  an e n e r g y  s o u r c e
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f o r  in . v i t r o  p r o t e i n  s y n t h e s i s  in b o th  i n t a c t  a n d  b r o k e n  p l a s t i d s  

( T a b l e  5 ;  B l a i r ,  1 9 7 4 ) ,  l ig h t  w i l l  a c t  a s  a n  e n e r g y  s o u r c e  f o r  

in v i t r o  p r o t e i n  s y n t h e s i s  o n ly  in i n t a c t  c h l o r o p l a s t s  ( B l a i r  a n d  

E l l i s ,  1 9 7 3 ) .

T h e  p r o d u c t s  o f  b o th  A T P  an d  l i g h t - d r i v e n  p r o t e i n  s y n t h e s i s  

in  p l a s t i d s  i s o l a t e d  f r o m  g r e e n i n g  l e a v e s  w e r e  a g a i n  a n a l y s e d  b y  

S D S  p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s .  T h i s  a l l o w s  b o th  a n  

i n d i r e c t  an d  a  d i r e c t  c o m p a r i s o n  w ith  th e  p r o d u c t s  o f  p r o t e i n  

s y n t h e s i s  in i s o l a t e d  e t i o p l a s t s  and c h l o r o p l a s t s .  T h e  p r o d u c t s  

o f  in v i t r o  p r o t e i n  s y n t h e s i s  u s i n g  b o th  A T P  a n d  l i g h t  a s  the  

e n e r g y  s o u r c e  w e r e  s t u d ie d ,  a s  m i n o r  d i f f e r e n c e s  h a v e  b e e n  r e p o r t e d  

( B o t t o m l e y  e t  a l ,  1 9 7 4 ) .

B .  T H E  E N E R G Y  S O U R C E  F O R  P R O T E I N  S Y N T H E S I S  IN
P L A S T I D S  I S O L A T E D  F R O M  G R E E N I N G  L E A V E S .

i. C h l o r o p h y l l  a c c u m u l a t i o n  d u r in g  g r e e n i n g .

M e a s u r e m e n t s  o n  th e  a c c u m u l a t i o n  o f  c h l o r o p h y l l  in  t h e  l e a v e s  

o f  e t i o l a t e d  s e e d l i n g s  w h ic h  h ad  b e e n  e x p o s e d  to  l i g h t  a r e  s h o w n  in 

F i g u r e  2 5 .  R e f e r e n c e s  to  t h e  e x p e r i m e n t a l  d e t a i l s  a r e  g iv e n  i n  th e  

f i g u r e  l e g e n d .  A f t e r  a n  i n i t i a l  l a g  p e r i o d  o f  5 h o u r s ,  th e  a c c u m u l a t i o n  

o f  c h l o r o p h y l l  w a s  m a x i m a l  b e t w e e n  10 a n d  7 0  h o u r s  a f t e r  t h e  o n s e t  

o f  i l l u m i n a t i o n .

i i .  T h e  t i m e  c o u r s e  o f  a m i n o  a c i d  i n c o r p o r a t i o n  in p l a s t i d s
i s o l a t e d  d u r in g  g r e e n i n g .

a. A T P - d r i v e n  i n c o r p o r a t i o n .
b. L i g h t - d r i v e n  i n c o r p o r a t i o n .

T h e  i n i t i a l  r a t e  o f  c i t h e r  A T P - d r i v e n  o r  l i g h t - d r i v e n  a m i n o  

a c i d  i n c o r p o r a t i o n  in  p l a s t i d  i s o l a t e d  d u r in g  g r e e n i n g  c a n  b e  d e t e r m i n e d  

f r o m  th e  t i m e  c o u r s e  o f  th e  i n c o r p o r a t i o n ,  p r o v i d i n g  th e  r a t e  o f  

i n c o r p o r a t i o n  i s  l i m i t e d  b y  th e  n u m b e r  o f  p l a s t i d s  in  th e  i n c u b a t i o n .  

F i g u r e  2 6  s h o w s  t h e  t i m e  c o u r s e  f o r  e n e r g y - d e p e n d e n t  a m i n o  a c i d  

i n c o r p o r a t i o n  in  p l a s t i d s  i s o l a t e d  f r o m  g r e e n i n g  t i s s u e  a t  v a r i o u s  

t i m e s  a f t e r  th e  o n s e t  o f  i l l u m i n a t i o n .  T h e  t i m e  c o u r s e  w a s  

d e t e r m i n e d  o v e r  a  4 5  m i n u t e  i n c u b a t i o n  p e r i o d ,  u n d e r  c o n d i t i o n s  of 

d i r e c t  p r o p o r t i o n a l i t y  b e t w e e n  th e  i n i t ia l  i n c o r p o r a t i o n  r a t e  a n d  the  

n u m b e r  o f  p l a s t i d s  in  t h e  i n c u b a t io n .  P r o p o r t i o n a l i t y  w a s  e s t a b l i s h e d  

by  p e r f o r m i n g  th e  e x p e r i m e n t  a t  two d i f f e r e n t  c o n c e n t r a t i o n s  o f  p l a s t i d s .

T he/

1 18



F i g u r e  2 5  . C h l o r o p h y l l  a c c u m u l a t i o n  in  g r e e n i n g  

s e e d l  i n g s .

E t i o l a t e d  s e e d l i n g s  w e r e  g r o w n  a s  d e s c r i b e d  in  

S e c t i o n  U l A i i a  a n d  a f t e r  9 d a y s  th e y  w e r e  t r a n s f e r r e d  

t o  i l l u m i n a t i o n  b y  c o n t in u o u s  w h i te  l i g h t  o f  2 8 0 0  l u x  

i n t e n s i t y  ( W a r m w h i t e  f l u o r e s c e n t  t u b e s )  ( S e c t i o n  I I l A i i c ) .  

C h l o r o p h y l l  a c c u m u l a t i o n  in  th e  l e a v e s  w a s  e s t i m a t e d  

on  a  f r e s h  w e ig h t  b a s i s  a s  d e s c r i b e d  in S e c t i o n  I I 2 L .



Illumination ru s.



F i g u r e  2 6 . T h e  t i m e  c o u r s e  f o r  A T P - d r i v e n  

and l i g h t - d r i v e n  a m i n o  a c i d  i n c o r p o r a t i o n  

in p l a s t i d s  i s o l a t e d  f r o m  g r e e n i n g  t i s s u e .

P l a s t i d s  w e r e  i s o l a t e d  f r o m  e t i o l a t e d  an d  g r e e n i n g  

s e e d l i n g s  w h ic h  h a d  b e e n  g r o w n  and i l l u m i n a t e d  a s  

d e s c r i b e d  in  S e c t i o n s  H l A i i a  and  I I l A i i c .  P l a s t i d  

i s o l a t i o n  an d  i n c u b a t i o n  w a s  p e r f o r m e d  a s  d e s c r i b e d  

in  S e c t i o n s  I I2 A  an d  I I 2 C i .  T h e  n u m b e r  o f  i n t a c t  

p l a s t i d s  in  e a c h  i n c u b a t i o n  w a s  d e t e r m i n e d  b y  

q u a n t i t a t i v e  p h a s e  c o n t r a s t  m i c r o s c o p y  a s  d e s c r i b e d  

in  S e c t i o n  I I 2 B i a .  A l l  i n c u b a t i o n s  w e r e  p e r f o r m e d  

a t  2 0 ° C .  A T P - d r i v e n  i n c u b a t i o n s  w e r e  p e r f o r m e d  

in  th e  d a r k .  R i b o n u c l é a s e  w a s  i n c l u d e d  in  t h e  

i n c u b a t i o n s  to  p r e v e n t  a m i n o  a c i d  i n c o r p o r a t i o n  on 

r i b o s o m e s  a s s o c i a t e d  w i th  b r o k e n  p l a s t i d s .  

I n c u b a t i o n s  w e r e  t e r m i n a t e d  and  a s s a y e d  f o r  a m i n o  

a c i d  i n c o r p o r a t i o n  a s  d e s c r i b e d  in  S e c t i o n  I I 2 C Ü .

K e y O -  A T P

© + A T P

A  - l ig h t

+ l i g h t

a 0 h g r e e n i n g , 7 .  9 2  x

b 3 h g r e e n i n g , 6 . 1  x

c 6 h g r e e n i n g , 8 .  4 8  x

d 12 h g r e e n i n g , 4 . 4  x

e 24 h p r e e n i n g , 7 .  44  x

f 4 8 h g r e e n i n g , 10. 8 x

g 9 6 h g r e e n i n g . 8 .  52  x

h 120 h g r e e n i n g , 2 .  8 8  x

10 i n t a c t  p l a s t i d s / i n c u b a t i o n  

1 0 6 i n t a c t  p l a s t i d s / i n c u b a t i o n  

10^ i m a c t  p l a s t i d s / i n c u b a t i o n  

! 0 6 i n t a c t  p l a s t i d s / i n c u b a t i o n  

10 3 i n t a c t  p l a s t i d s / i n c u b a t i o n  

10 i n t a c t  p l a s t i d s / i n c u b a t i o n  

1 0 6 i n t a c t  p l a s t i d s / i n c u b a t i o n  

1 0 6 i n t a c t  p l a s t i d s / i n c u b a t i o n
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T h e  r e s u l t  o f  o n ly  o n e  s e r i e s  o f  e x p e r i m e n t s  i s  s h o w n .

In th e  m a j o r i t y  o f  c a s e s  th e  t i m e  c o u r s e  o f  a m i n o  a c i d

i n c o r p o r a t i o n  i s  fo u n d  to  b e  h y p e r b o l i c .  H o w e v e r  t h e  t i m e  c o u r s e s

f o r  l i g h t - d r i v e n  i n c o r p o r a t i o n  in  p l a s t i d s  i s o l a t e d  a f t e r  24  h o u r s ,

4 8  h o u r s  and 9 6  h o u r s  o f  g re e n in g  a r e  un usual.  A f t e r  an i n i t ia l
, 3 5  ,

p e r i o d  o f  i n c o r p o r a t i o n  th e  a m o u n t  o f  L - (  S) m e t h i o n i n e  in h o t  

t r i c h l o r a c e t i c  a c i d - i n s o l u b l e  m a t e r i a l  in t h e s e  i n c u b a t i o n s  d e c r e a s e s .  

T h e  r e a s o n  f o r  th e  o b s e r v a t i o n  w a s  not i n v e s t i g a t e d  but th e  o b s e r v a t i o n  

m a y  i n d i c a t e ,  f o r  e x a m p l e ,  a  c h a n g e  in th e  e n d o g e n o u s  p r o t e a s e  a c t i v i t y  

in  t h e  p l a s t i d s  d u r in g  d e v e l o p m e n t .  T h e  t i m e  c o u r s e s  i l l u s t r a t e d  in  

F i g u r e  2 6  c a n  b e  u s e d  to  c a l c u l a t e  th e  i n i t i a l  r a t e s  o f  A T P  a n d  l i g h t -  

d r i v e n  a m i n o  a c id  i n c o r p o r a t i o n  in  p l a s t i d s  i s o l a t e d  f r o m  g r e e n i n g  

t i s s u e .  T h e  c a l c u l a t i o n s  a r e  c o l l a t e d  in F i g u r e  2 7 .  T h e  

i n t e r p r e t a t i o n  o f  t h e s e  r e s u l t s  i s  d i s c u s s e d  in  S e c t i o n  HID.

C .  E L E C T R O P H O R E T I C  A N A L Y S I S  O F  T H E  P R O T E I N S  
S Y N T H E S I Z E D  IN P L A S T I D S  I S O L A T E D  F R O M  
G R E E N I N G  L E A V E S .

i .  T o t a l  p r o d u c t s .
35

L - ( '  S)  m e t h i o n i n e  w a s  th e  o n ly  p r o t e i n  p r e c u r s o r  u s e d  in  t h i s  

a n a l y s i s .  T h e  d ata  p r e s e n t e d  in  t h i s  s e c t i o n  a r e  r e p r e s e n t a t i v e  o f  

s e v e r a l  e x p e r i m e n t s .  T h e  p r o d u c t s  of b o t h  A T P  a n d  l i g h t - d r i v e n  

p r o t e i n  s y n t h e s i s  in  p l a s t i d s  i s o l a t e d  f r o m  l e a v e s  a f t e r  0 ,  3, 6 ,  12,

2 4 ,  4 8 ,  9 6  a n d  2 1 8  h o u r s  o f  g r e e n i n g  h a v e  b e e n  a n a l y s e d .  H o w e v e r ,  

t h e  o v e r a l l  c o n c l u s i o n s  o f  t h e s e  e x p e r i m e n t s  c a n  b e  d ra w n  f r o m  th e  

a n a l y s e s  p e r f o r m e d  a f t e r  0 ,  2 4 ,  4 8 ,  96  a n d  2 1 8  h o u r s  o f  g r e e n i n g  a lo n e .

F i g u r e  28  s h o w s  t h e  p r o d u c t  a n a l y s e s  p e r f o r m e d  a t  t h e s e  t i m e s .  

B o t h  A T P  a n d  l i g h t - d r i v e n  s y s t e m s  h a v e  b e e n  i n v e s t i g a t e d  a n d  c o n t r o l  

i n c u b a t i o n s  in  th e  a b s e n c e  o f  a n  a d d e d  e n e r g y  s o u r c e  h a v e  b e e n  

i n c l u d e d  in  e a c h  e x p e r i m e n t .  T h e  r e s u l t s  i m m e d i a t e l y  s u g g e s t  th a t  

a l t h o u g h  q u a n t i t a t i v e  d i f f e r e n c e s  e x i s t ,  q u a l i t a t i v e l y  the p r o d u c t s  of 

p r o t e i n  s y n t h e s i s  a r e  t h e  s a m e  in  p l a s t i d s  i s o l a t e d  th r o u g h o u t  t h e  

t r a n s i t i o n  f r o m  e t i o p l a s t  to  c h l o r o p l a s t .  T h i s  c o n c l u s i o n  a p p l i e s  to 

b o t h  t h e  A T P  and  l i g h t - d r i v e n  s y s t e m s .

A n  i n d i r e c t  c o m p a r i s o n  b e t w e e n  th e  p r o t e i n s  s y n t h e s i z e d  in  

p l a s t i d s  i s o l a t e d  d u r i n g  g r e e n i n g  c a n  b e  m a d e  on t h e  b a s i s  o f  t h e i r  

e s t i m a t e d  m o l e c u l a r  w e i g h t s .  T h e  e s t i m a t e d  m o l e c u l a r  w e i g h t s  a r e

s h o w n  in  T a b l e  7 .  T h e s e  m o l e c u l a r  w e i g h t  e s t i m a t i o n s  c o n f i r m  th a t  

tn e/



F i g u r e  2 7 T h e  i n i t i a l  r a t e  o f  A T P  and  l i g h t - d r i v e n  

a m i n o  a c i d  i n c o r p o r a t i o n  in p l a s t i d s  i s o l a t e d  f r o m  

g r e e n i n g  t i s s u e .

T h e  e x p e r i m e n t a l  d e t a i l s  a r c  r e f e r r e d  to in  F i g u r e  2 6 .

© A T P - d r i v e n  a m i n o  

A  l i g h t - d r i v e n  a m i n o

a c i d  i n c o r p o r a t i o n  

a c i d  i n c o r p o r a t i o n



i ! IT 1



F i g u r e  2 8 . S D S - p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  

o f  t h e  p o l y p e p t i d e s  s y n t h e s i z e d  in v i t r o  i n  p l a s t i d s  

i s o l a t e d  f r o m  l e a v e s  d u r i n g  g r e e n i n g .

35
P l a s t i d s  w e r e  i s o l a t e d  a n d  i n c u b a t e d  wi th  S)

m e t h i o n i n e  a s  d e s c r i b e d  in S e c t i o n s  I I 2 A  and  l I 2 F i a .  

E l e c t r o p h o r e s i s  and  r e l a t e d  p r o c e d u r e s  w e r e  

p e r f o r m e d  a s  d e s c r i b e d  i n  S e c t i o n  I I 2 F i i .  T h e  s o l i d  

l i n e s  r e p r e s e n t  t h e  a b s o r b a n c e  a t  2 6 0  n m ,  a n d  t he  

h i s t o g r a m  s h o w s  t h e  r a d i o a c t i v i t y  in e a c h  1 m m  g e l  

s l i c e .  P S I I ,  p h o t o s y s t e m  II  c h l o r o p h y l l - p r o t e i n  

c o m p l e x ;  E S ,  l a r g e  s u b u n i t  o f  F r a c t i o n  I p r o t e i n ;

S S,  s m a l l  s u b u n i t  o f  F r a c t i o n  I p r o t e i n .

G e l s  l a b e l l e d  A  w e r e  p r e p a r a t i o n s  i n c u b a t e d  wi th  

a d d e d  A T P  in t h e  d a r k .

C e l s  l a b e l l e d  B  w e r e  p r e p a r a t i o n s  i n c u b a t e d  in t he  

d a r k  w i t h o u t  a n  e n e r g y  s o u r c e .

G e l s  l a b e l l e d  C w e r e  p r e p a r a t i o n s  i n c u b a t e d  in t he  

l i g h t .

S e r i e s  1 P l a s t i d s  i s o l a t e d  a f t e r  0 h o u r s  g r e e n i n g

2 P l a s t i d s  i s o l a t e d  a f t e r  2 4  h o u r s  g r e e n i n g

3 P l a s t i d s  i s o l a t e d  a f t e r  4 8  h o u r s  g r e e n i n g

4 P l a s t i d s  i s o l a t e d  a f t e r  9 6  h o u r s  g r e e n i n g

5 P l a s t i d s  i s o l a t e d  a f t e r  2 1 8  h o u r s  g r e e n i n g

A l l  g e l s  w e r e  l o a d e d  w i t h  lOOyul o f  s o l u b i l i z e d  i n c u b a t i o n  m i x t u r e .  

T h e  p r o t e i n  l o a d i n g s  w e r e ,

S e r i e s  1 1 3 0  jug o f  p r o t e i n / g e l

2 1 3 0  jug o f  p r o t e i n / g e l

3 2 0 0  pg o f  p r o t e i n / g e l

4 4 0 0  jug o f  p r o t e i n / g e l

5 4 4 0  jug o f  p r o t e i n / g e l

m i i f f i i i * n f ; J • vv I s i'1
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A T P -  d r i v e n

h o u r s  l i g h t 10 - 3
x  m o l .  w t .  o f  m  v i t r o s y n t h e s i z e d  p r o t e i n s

0 1 1 . 2 8 . 4 6 . 0 - 4.  35 3.  2 2.  5 2 . 1 1 . 6 -

24 1 1 . 1 8 . 4 6 . 0 - 4.  3 3.  2 2.  7 - 1. 5 -

4 8 - 8 . 6 6 . 0 - 4 .  2 3.  3 2.  5 - - -

9 6 - - - - 4.  2 3.  2 2 ,  5 - - -

2 1 8 _ _ _ _ 3. 3 _ _

L i p h t -  d r i v e n  

h o u r s  l i g h t
- 3

1 0  x  m o l .  w t .  o f  in v i t r o  s y n t h e s i z e d  p r o t e i n s

0 - - - - - - - - -

24 - - 6 . 0 4.  3 3.  5 2.  7 - - -

48 1 ) .  3 8 . 7 6 . 0 4.  2 3.  3 2.  7 - - -

9 6 1 1 . 0 8 . 4 6 . 0 4 .  9 4 .  3 3.  2 2.  5 - - -

2 ) 8 _ . _ - - - - -
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the s a m e  s p e c t r u m  o f  p r o t e i n s  a r e  s y n t h e s i z e d  in p l a s t i d s  i s o l a t e d  

t h r o u g h o u t  t he  g r e e n i n g  p r o c e s s .  M i n o r  a l t e r a t i o n s  in t he  e s t i m a t e d  

m o l e c u l a r  w e i g h t s  o f  t h e  p r o t e i n s  s y n t h e s i z e d  in p l a s t i d s  i s o l a t e d  

d u r i n g  g r e e n i n g  a r e  w i t h i n  t h e  r e c o g n i s e d  5 %  e r r o r  a s s o c i a t e d  w i t h  

m o l e c u l a r  w e i g h t  d e t e r m i n a t i o n s  b y  S D S - p o l y a c  r y l a m i d e  g e l  

e l e c t r o p h o r e s i s  ( F i s h  _et a l ,  1 9 7 0 ) .  A l t h o u g h  t h e  p a t t e r n  o f  p r o d u c t s  

d o e s  n o t  c h a n g e  d u r i n g  g r e e n i n g ,  t h e  p r o d u c t  a n a l y s i s  d o e s  s u g g e s t  

t hat  t h e r e  i s  a m a j o r  a l t e r a t i o n  in t he  r e l a t i v e  r a t e s  o f  s y n t h e s i s  o f  

p a r t i c u l a r  p r o d u c t s  i n  p l a s t i d s  i s o l a t e d  at  d i f f e r e n t  s t a g e s  o f  

d e v e l o p m e n t .  C o m p a r i s o n  o f  t he  p r o d u c t s  s y n t h e s i z e d  in i s o l a t e d  

e t i o p l a s t s  wi th  t h o s e  s y n t h e s i z e d  in p l a s t i d s  i s o l a t e d  a f t e r  9 6  h o u r s  

of  g r e e n i n g  s h o w s  a  r a d i c a l  d i f f e r e n c e  in t h e  m a j o r  p r o d u c t  ( c .  f.

F i g u r e s  2 8 ,  1A a n d  2 8 ,  4 C ) .

i i .  C o c l e c t r o p l i o r e s i s  w i t h  t he  p r o d u c t s  o f  in v i t r o
e t i o p l a s t  a n d  c h l o r o p l a s t  p r o t e i n  s y n t h e s i s .

A d i r e c t  c o m p a r i s o n  b e t w e e n  the p r o d u c t s  o f  p r o t e i n  s y n t h e s i s  

in i s o l a t e d  e t i o p l a s t s  and  c h l o r o p l a s t s ,  a n d  t h e  p r o d u c t s  s y n t h e s i z e d  

in p l a s t i d  i s o l a t e d  f r o m  l e a v e s  d u r i n g  g r e e n i n g  c a n  be  m a d e  on t he  

b a 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  b e h a v i o u r .  F i g u r e  29  s h o w s  t h e  r e s u l t  

o f  c o - e l e c t r o p h o r e s i n g  t h e  e t . i o p l a s t  and c h l o r o p l a s t  i n  v i t r o p r o d u c t s  

wi th t h e  p r o d u c t s  s y n t h e s i z e d  in p l a s t i d s  i s o l a t e d  f r o m  l e a v e s  a f t e r  

48  h o u r s  o f  g r e e n i n g .  T h e  e x p e r i m e n t a l  d e t a i l s  a r e  g i v e n  i n  the 

f i g u r e  l e g e n d .  I t  i s  c l e a r  t h a t  t he  m o b i l i t i e s  o f  t h e  p r o t e i n s  

s y n t h e s i z e d  in i s o l a t e d  e t i o p l a s t s  and  c h l o r o p l a s t s  a r e  i d e n t i c a l  to 

t he  m o b i l i t i e s  o f  t h e  p r o t e i n s  s y n t h e s i z e d  i n  d e v e l o p i n g  p l a s t i d s .

i i i .  T h e  p r o d u c t s  o f  p r o t e i n  s y n t h e s i s  i n  i s o l a t e d  i n t a c t
e t i o p l a s t s  a n d  i s o l a t e d  i n t a c t  d e v e l o p i n g  p l a s t i d s .

T h e  a n a l y s i s  o f  t h e  p r o t e i n s  s y n t h e s i z e d  i n  p l a s t i d s  i s o l a t e d  

f r o m  g r e e n i n g  t i s s u e  d e s c r i b e d  in t he  p r e v i o u s  s e c t i o n  w a s  p e r f o r m e d  

u s i n g  p r e p a r a t i o n s  t h a t  m a y  h a v e  c o n t a i n e d  a c t i v e  r i b o s o m e s  a s s o c i a t e d  

with b r o k e n  and  i n t a c t  p l a s t i d s .  R i t o n u c l e a s e  w a s  n o t  r o u t i n e l y  a d d e d  

to t h e  i n c u b a t i o n  m i x t u r e .  It  i s  p o s s i b l e  t h a t  t h e  p r o d u c t s  o f  i n t a c t  

and b r o k e n  p l a s t i d s  a r e  no t  i d e n t i c a l .  T o  s t u d y  t h i s  p o i n t  t h e  p r o d u c t s  

o f  A T P - d r i v e n  in v i t r o  p r o t e i n  s y n t h e s i s  i n  i n t a c t  p l a s t i d s  i s o l a t e d  

f r o m  b o t h  e t i o l a t e d  t i s s u e  and t i s s u e  w h i c h  h a d  b e e n  g r e e n e d  f o r  7 2  h o u r s  

w e r e  i n v e s t i g a t e d .  T h e  r e s u l t s  a r e  s h o w n in F i g u r e  3 0 .  T h e

f r a c t i o n a t i o n  /



F i g u r e  29  . C o e l e c t r o p h o r e s i s  o f  e t i o p l a s t  and  c h l o r o p ’ a s t  

p r o d u c t s  s y n t h e s i z e d  in v i t r o ,  w i t h  t h e  p r o d u c t s  o f  

p r o t e i n  s y n t h e s i s  in  p l a s t i d s  i s o l a t e d  f r o m  g r e e n i n g  

l e a v e s  a f t e r  4 8  h o u r s  o f  i l l u m i n a t i o n .

E t i o p l a s t s ,  c h l o r o p l a s t s  and  d e v e l o p i n g  p l a s t i d s  w e r e

i s o l a t e d  a n d  i n c u b a t e d  a s  d e s c r i b e d  in S e c t i o n s  I I 2 A  and

J I 2 F i a .  E t i o p l a s t  a n d  c h l o r o p l a s t  p r o d u c t s  w e r e  l a b e l l e d  
3 5  3

in v i t r o  w i t h  L - (  S) m e t h i o n i n e  and L - (  II) l e u c i n e

r e s p e c t i v e l y .  T w o  p r e p a r a t i o n s  o f  t h e  p r o d u c t s  o f  p r o t e i n

s y n t h e s i s  in  d e v e l o p i n g  p l a s t i d s  w e r e  u s e d ,  o n e  l a b e l l e d  
, 3 5

w i t h  L - (  S) m e t h i o n i n e  and t h e  o t h e r  l a b e l l e d  w i t h  
3

L - (  H) l e u c i n e .  T h e  e t i o p l a s t  s a m p l e  c o n t a i n e d  1 0 0  pg 
4

o f  p r o t e i n  ( 8 x 1 0  c .  p.  m .  ). T h e  d e v e l o p i n g  p l a s t i d
4

s a m p l e s  b o t h  c o n t a i n e d  50 u g o f  p r o t e i n  ( 3.  5 x 1 0  c .  p.  m .
4 35

o f  3 H ;  4.  8 x  10 c .  p.  m .  o f  S).  T h e  c h l o r o p l a s t  s a m p l e
5

c o n t a i n e d  30  ug o f  p r o t e i n  ( 1 x 1 0  c .  p.  m .  ) . L i g h t  w a s  

t h e  e n e r g y  s o u r c e  f o r  p r o t e i n  s y n t h e s i s  in i s o l a t e d  

d e v e l o p i n g  p l a s t i d s  and  i s o l a t e d  c h l o r o p l a s t s .  S a m p l e s  

w e r e  e x t r a c t e d  w i t h  a c e t o n e  a s  d e s c r i b e d  in S e c t i o n  

I I 2 F i d .  E l e c t r o p h o r e s i s  a n d  r e l a t e d  p r o c e d u r e s  w e r e  

p e r f o r m e d  a s  d e s c r i b e d  in S e c t i o n  I I 2 F i i a .

A,  C o e l e c t r o p h o r e s i s  o f  d e v e l o p i n g  p l a s t i d  p r o d u c t s  
w i t h  i n  v i t r o  e t i o p l a s t  p r o d u c t s .

C o e l e c t r o p h o r e s i s  o f  d e v e l o p i n g  p l a s t i d  p r o d u c t s  
w i t h  i n  v i t r o  c h l o r o p l a s t  p r o d u c t s .

B ,





F i g u r e  3 0  . S D S - p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  

o f  t h e  p o l y p e p t i d e s  s y n t h e s i z e d  in v i t r o  in i n t a c t  

e t i o p l a s t s  a n d  i n t a c t  d e v e l o p i n g  p l a s t i d s  i s o l a t e d  

f r o m  t i s s u e  a f t e r  7 2  h o u r s  o f  g r e e n i n g .

P l a s t i d s  w e r e  i s o l a t e d  and  i n c u b a t e d  a s  d e s c r i b e d  

i n  S e c t i o n s  I I 2 A  a n d  I I 2 F i a  e x c e p t  t h a t  r i b o n u c l é a s e  

A  w a s  a dde d to t h e  p r o t e i n  s y n t h e s i s  i n c u b a t i o n  

m i x t u r e  a t  a  c o n c e n t r a t i o n  o f  5 0  u g / m l .  A T P  w a s  

t he  e n e r g y  s o u r c e  f o r  m  v i t r o  p r o t e i n  s y n t h e s i s .  

E l e c t r o p h o r e s i s  a n d  r e l a t e d  p r o c e d u r e s  w e r e  

p e r f o r m e d  a s  d e s c r i b e d  in S e c t i o n  I 1 2 F Ü .

A, i n t a c t  e t i o p l a s t s  ( 1 7 0  jug o f  p r o t e i n / g e l )

B ,  i n t a c t  d e v e l o p i n g  p l a s t i d s ,  7 2  h o u r s  i l l u m i n a t i o n
( 2 2 0  p g  o f  p r o t e i n / g e l )
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f r a c t i o n a t i o n  p a t t e r n  o f  t h e  p r o t e i n s  s y n t h e s i z e d  in i n t a c t  c t i o p l a s t s  

i s  v e r y  s i m i l a r  to t h a t  o b t a i n e d  u s i n g  a m i x t u r e  o f  i n t a c t  a n d  b r o k e n  

c t i o p l a s t s  (c .  f .  F i g u r - e  1 6 A).  T h e  f r a c t i o n a t i o n  o f  the p r o d u c t s  o f  

A T P - d r i v e n  p r o t e i n  s y n t h e s i s  in p l a s t i d s  i s o l a t e d  f r o m  l e a v e s  a f t e r  

72  h o u r s  o f  g r e e n i n g  ( F i g u r e  2 9 B )  s h o w s  t he  p r e v i o u s l y  n o t e d  

a l t e r a t i o n  in t h e  m a j o r  l a b e l l e d  p r o d u c t  (c .  f.  F i g u r e  2 8 ,  4 C ) .

D.  D I S C U S S I O N

T h e  r e s u l t s  p r e s e n t e d  in t h i s  s e c t i o n  a r e  t h e  f i r s t  r e p o r t  o f  t he  

c h a r a c t e r i s t i c s  and  p r o d u c t s  o f  p r o t e i n  s y n t h e s i s  in p l a s t i d s  i s o l a t e d  

f r o m  g r e e n i n g  l e a v e s .  U n d e r  t he  e x p e r i m e n t a l  c o n d i t i o n s  u s e d  

c h l o r o p h y l l  a c c u m u l a t i o n  i n  t he  g r e e n i n g  s e e d l i n g s  i s  c o m p l e t e d  90  to 

1 0 0  h o u r s  a f t e r  t h e  o n s e t  o f  i l l u m i n a t i o n  ( F i g u r e  25 ) .  T h e r e  i s  an 

i n i t i a l  l a g  in c h l o r o p h y l l  s y n t h e s i s .  H e n n i n g s e n  and B o y n t o n  ( 1 970)  

h a v e  d e m o n s t r a t e d  t h a t  t h e  l a g  p h a s e  o f  c h l o r o p h y l l  a c c u m u l a t i o n  

n o r m a l l y  s e e n  in g r e e n i n g  b a r l e y  s e e d l i n g  ( E g n e u s  e t  a l ,  1 9 7 2 )  c a n  

b e  a b o l i s h e d  b y  m a i n t a i n i n g  t he  r e l a t i v e  h u m i d i t y  of  t he  a t m o s p h e r e  

a b o v e  8 0 %  d u r i n g  i l l u m i n a t i o n .  A  s ’m i l a r  c o n c l u s i o n  h a s  b e e n  r e a c h e d  

f o r  t h e  g r e e n i n g  o f  j a c k  b e a n  l e a v e s  ( A l b e r t e  jet a l ,  1 9 7 2 ;  A l b e r t e  _et a ) ,

1 9 75 ) .  N c  a t t e m p t s  w e r e  m a d e  to c o n t r o l  t h e  r e l a t i v e  h u m i d i t y  d u r i n g  

the g r e e n i n g  o f  p e a  s e e d l i n g s .  C o n d i t i o n s  o f  w a t e r  s t r e s s  w e r e  u n l i k e l y  

to o c c u r  due t o  t h e  f r e q u e n t  w a t e r i n g  o f  g r e e n i n g  m a t e r i a l .

T h e  i n i t i a l  r a t e s  o f  e n e r g y  d e p e n d e n t  p r o t e i n  s y n t h e s i s  in p l a s t i d s  

i s o l a t e d  d u r i n g  g r e e n i n g  a r e  s h o w n  i n  F i g u r e s  2 6  and 2 7 .  T h e s e  r e s u l t s  

c o n f i r m  t h a t  l i g h t  c a n n o t  b e  u s e d  a s  a  s o u r c e  o f  e n e r g y  f o r  p r o t e i n  

s y n t h e s i s  in i s o l a t e d  e t i o p l a s t s .  L i g h t - d r i v e n  p r o t e i n  s y n t h e s i s  c a n  

f i r s t  b e  d e t e c t e d  in p l a s t i d s  i s o l a t e d  3 h o u r s  a f t e r  the o n s e t  o f  

i l l u m i n a t i o n .  T h i s  i n d i c a t e s  t ha t  A T P  d e r i v e d  f r o m  p h o t o p h o s p h o r y l a t i o n  

c a n  b e  u s e d  a s  an e n e r g y  s o u r c e  f o r  in v i t r o  p r o t e i n  s y n t h e s i s  a t  t h i s  

t i m e .  T h e  d e v e l o p m e n t  o f  t he  p a r t i a l  r e a c t i o n s  o f  p h o t o s y n t h e s i s  d u r i n g  

g r e e n i n g  h a s  b e e n  w i d e l y  s t u d i e d  ( J T e m y  e t  ad, 1 9 7 2 ;  P l e s n i c a r  and 

B e n d a l l , 1 9 7 3 ;  G y l d e n h o l r n  and  W h a t l e y ,  1 9 6 8 ;  E g n e u s ,  1 9 7 2 ;  A l b e r t e  

c t  a l ,  1 9 7 2 ) .  T h e r e  r e m a i n s  h o w e v e r  a l a c k  o f  p r e c i s e  i n f o r m a t i o n  on 

t he  o r d e r  in w h i c h  s p e c i f i c  p h o t o s y n t h e t i c  c o m p o n e n t s  a p p e a r  d u r i n g  

c h l o r o p l a s t  d e v e l o p m e n t .  F o r  i n s t a n c e ,  A l b e r t e  e t  a l  ( 1 9 7 2 )  h a v e  

s t u d i e d  the a p p e a r a n c e  o f  t he  p r o t e i n  c h l o r o p h y l l  c o m p l e x e s  d e r i v e d

f r o m  /
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f r o m  P h o t o s y s t e m s  I a n d  I I  i n  t he  c h l o r o p l a s t s  o f  g r e e n i n g  j a c k  b e a n  

l e a v e s .  T h e  c o m p l e x e s  a r e  e a s i l y  i d e n t i f i e d  i n  p o l y a c r y l a m i d e  g e l  

e l e c t r o p h o r e s i s  f r a c t i o n a t i o n s  o f  c h l o r o p l a s t  l a m e l l a r  m a t e r i a l  

s o l u b i l i z e d  in S D S  ( T h o r n b e r  <̂ t a l ,  1 9 6 7 ) .  I t  w a s  c o n c l u d e d  t h a t  

t h e  p r o t e i n - c h i o r o p h y l l  c o m p l e x  a s s o c i a t e d  w i t h  P h o t o s y s t e m  II  i s  

f i r s t  d e t e c t a b l e  a f t e r  2 h o u r s  o f  g r e e n i n g .  T h e  P h o t o s y s t e m  I 

d e r i v e d  p r o t e i n - c h l o r o p h y l l  c o m p l e x  c a n n o t  b e  d e t e c t e d  u n t i l  6 h o u r s  

a f t e r  t he  o n s e t  o f  i l l u m i n a t i o n .  T h e  a p p e a r a n c e  o f  b o t h  c o m p l e x e s  

w a s  a s s o c i a t e d  wi t h  t h e  d e v e l o p m e n t  o f  p h o t o c h e m i c a l  a c t i v i t i e s  

c h a r a c t e r i s t i c  o f  e a c h .  I n c o n t r a s t ,  P l e s n i c a r  and  B e n d a l l  ( 1 9 7 3)  

h a v e  sho wn tha.t A T P  c a n  b e  p r o d u c e d  in i s o l a t e d  e t i o p l a s t s  b y c y c l i c  

p h o l o p h o s p h o r y l a t i o n  p r o v i d i n g  an e l e c t r o n  d o n o r  ( s o d i u m  a s c o r b a t e )  

and  an e l e c t r o n  c a r r i e r  ( p h e n a z i n e  m e t h o s u l p h a t e )  a r e  i n c l u d e d  in t h e  

r e a c t i o n  m i x t u r e .  T h e y  w e r e  u n a b l e  to d e t e c t  t h e  c h l o r o p h y l l  m o l e c u l e ,  

P 7 0 0 ,  w h i c h  c o n s t i t u t e s  t h e  r e a c t i o n  c e n t r e  p i g m e n t  o f  P h o t o s y s t e m  I 

( C l a y t o n ,  1 9 6 6 ) .  C l e a r l y  m a n y  c o m p o n e n t s  o f  t h e  p h o t o c h e m i c a l  

a p p a r a t u s  a r e  p r e s e n t  in t h e  e t i o p l a s t ,  w h i l s t  o t h e r s  r e m a i n  to b e  

s y n t h e s i z e d  d u r i n g  g r e e n i n g .  I t  s h o u l d  b e  b o r n e  in m i n d  t h a t  t he  

a p p e a r a n c e  o f  c o m p l e x  p h o t o c h e m i c a l  a c t i v i t i e s  o r  u l t r a s t r u c t u r a l  

s y s t e m s  m a y  o n l y  b e  d e p e n d e n t  o n  t h e  s y n t h e s i s  o f  t he  f i n a l  c o m p o n e n t  

w h i c h  c o m p l e t e s  a  p e r h a p s  l e n g t h y  s e r i e s  o f  b i o s y n t h e t i c  e v e n t s .

In c o n t r a s t  to l i g h t - d r i v e n  p r o t e i n  s y n t h e s i s ,  t he  i n i t i a l  r a t e  o f  

A T P - d r i v e n  a m i n o  a c i d  i n c o r p o r a t i o n  d e c r e a s e s  in p l a s t i d s  i s o l a t e d  

i n  t he  e a r l y  s t a g e s  o f  g r e e n i n g  ( F i g u r e  2 7 ) .  T l i e  r e a s o n  f o r  t h i s  

a p p a r e n t  d e c r e a s e  h a s  n o t  b e e n  i n v e s t i g a t e d .  H o w e v e r ,  C o c k b u r n  

a n d  W e l l b u r n  ( 1 9 7 4 )  h a v e  r e p o r t e d  t h a t  t h e r e  i s  a  f l u x  o f  s p e c i f i c  

a m i n o  a c i d s  f r o m  t h e  c y t o p l a s m  i nt o  t h e  p l a s t i d  d u r i n g  t h e  e a r l y  

s t a g e s  o f  l i g h t - i n d u c e d  g r e e n i n g  o f  e t i o l a t e d  o a t  l a m i n a e .  T h e  d e c r e a s e d  

i n i t i a l  a m i n o  a c i d  i n c o r p o r a t i o n  r a t e  in p e a  p l a s t i d s  i s o l a t e d  in t he  

e a r l y  s t a g e s  o f  g r e e n i n g  m a y  t h e r e f o r e  s i m p l y  r e f l e c t  c h a n g e s  in t h e  

s p e c i f i c  a c t i v i t y  o f  t h e  r a d i o a c t i v e  a m i n o  a c i d  p r e c u r s o r  a t  t he  s i t e  of  

i n c o r p o r a t i o n .  U p o n  f u r t h e r  i l l u m i n a t i o n  o f  t h e  l e a v e s ,  t h e  i n i t i a l  r a t e  

o f  a m i n o  a c i d  i n c o r p o r a t i o n  i n  i s o l a t e d  p l a s t i d s  i n c r e a s e s  f o r  b o t h  

A T P  and l i g h t - d r i v e n  p r o t e i n  s y n t h e s i s .  D r u m m  and  M '  r g u l i c s  ( 1 9 7 0 )  

r e p o r t e d  a  s i m i l a r  i n c r e a s e  f o r  A T P - d r i v e n  p r o t e i n  s y n t h e s i s  in p l a s t i d s



i s o l a t e d  f r o m  g r e e n i n g  P h a s e o l u s  l e a v e s .  T h e s e  a u t h o r s  h a v e  

c o n c l u d e d  t h a t  t h i s  i n c r e a s e  r e p r e s e n t s  a  r e a l  a l t e r a t i o n  i n  t he  

p r o t e i n - s y n t h e s i z i n g  a b i l i t y  o f  t h e  p l a s t i d s ,  r a t h e r  t h a n  a n  

a l t e r a t i o n  i n  t he  a m i n o  a c i d  p o o l  s i z e s  o r  d e c r e a s e d  l e v e l s  of  

i n h i b i t o r y  f a c t o r s .

A f t e r  4 8  h o u r s  i l l u m i n a t i o n ,  t h e  r a t e  o f  l i g h t - d r i v e n  i n c o r p o r a t i o n "  

in i s o l a t e d  pea  p l a s t i d s  i s  a p p r o x i m a t e l y  t w i c e  t h a t  o f  t h e  A T P - d r i v e n  

s y s t e m .  T h e  t i m e  c o u r s e s  f o r  l i g h t - d r i v e n  i n c o r p o r a t i o n  in p l a s t i d s  

i s o l a t e d  a f t e r  2 4 ,  4 8  and  9 6  h o u r s  o f  i l l u m i n a t i o n  a r e  u n u s u a l  ( F i g u r e  26) .  

T h e  d e c r e a s i n g  a m o u n t  o f  r a d i o a c t i v e l y  l a b e l l e d  p r o t e i n  a f t e r  

i n c u b a t i o n  p e r i o d s  m o r e  t h a n  3 0  m i n u t e s  m o s t  l i k e l y  r e s u l t s  f r o m  

e n d o g e n o u s  p r o t e a s e  a c t i v i t y .  I t  i s  u n c l e a r  w h y  t h e  s a m e  p h e n o m e n a  ti  

i s  no t  s e e n  in t he  A T P - d r i v e n  s y s t e m .  P l a s t i d s  i s o l a t e d  f r o m  l e a v e s  

w h i c h  h a v e  b e e n  i l l u m i n a t e d  f o r  l o n g e r  t h a n  4 8  h o u r s  s h o w  i n c r e a s i n g l y  

l e s s  c a p a c i t y  f o r  b o t h  A T P  a n d  l i g h t - d r i v e n  i n c o r p o r a t i o n .  H o w e v e r  

p l a s t i d s  i s o l a t e d  a f t e r  9 6  h o u r s  o f  i l l u m i n a t i o n  a p p a r e n t l y  m a i n t a i n  a 

g r e a t e r  c a p a c i t y  f o r  l i g h t - d r i v e n  i n c o r p o r a t i o n  t h a n  f o r  A T P - d r i v e n  

p r o t e i n  s y n t h e s i s .  T h i s  d i f f e r e n c e  m a y  h o w e v e r  s i m p l y  r e f l e c t  

an a l t e r a t i o n  in t h e  p e r m e a b i l i t y  o f  t he  p l a s t i d  e n v e l o p e  t o  A T P  d u r i n g  

g r e e n i n g  r a t h e r  t h a n  a ny  d i f f e r e n c e  in t h e  i n t r i n s i c  p r o t e i n  s y n t h e s i z i n g  

c a p a c i t i e s  o f  t h e  i s o l a t e d  p l a s t i d s .

T h e  a n a l y s i s  o f  t he  p r o d u c t s  s y n t h e s i z e d  in p l a s t i d s  i s o l a t e d  f r o m  

g r e e n i n g  t i s s u e  i s  s h o w n  in F i g u r e  2 8 .  T h e  a b s o r b a n c e  p r o f i l e  o f  t h e  

s t a i n e d  p r o t e i n  b a n d s  r e f l e c t s  t h e  q u a l i t a t i v e  a n d  t h e  q u a n t i t a t i v e  

c h a n g e s  i n  t h e  p r o t e i n s  o f  t h e  e t i o p l a s t  a n d  t h e  d e v e l o p i n g  c h l o r o p l a s t .

A s  only'  t h r e e  o f  t h e  p r o t e i n  b a n d s  d e t e c t e d  o n  t h e s e  g e l s  c a n  b e  

i d e n t i f i e d ,  t he  i n t e r p r e t a t i o n  o f  t h e s e  d a t a  m u s t  r e m a i n  l i m i t e d .  T h e r e  

i s  an i n c r e a s e  in t h e  a b s o r b a n c e  o f  t he  s t a i n e d  p r o t e i n  b a n d s  d u r i n g  

g r e e n i n g .  S i n c e  e q u a l  v o l u m e s  o f  i n c u b a t i o n  m i x t u r e  w e r e  p l a c e d  o n  

e a c h  g e l ,  t h i s  i n d i c a t e s  t h a t  t h e r e  i s  an i n c r e a s e  in t he  t o t a l  p l a s t i d  

p r o t e i n  d u r i n g  g r e e n i n g .  D i r e c t  m e a s u r e m e n t  o f  p r o t e i n  ir. p l a s t i d  

p e l l e t s  f r o m  g r e e n i n g  p e a  s h o o t s  c o n f i r m s  t h i s  i n d i c a t i o n  ( E l l i s ,  1 9 7 5 a ) .  

T h e  t w o  to t h r e e - f o l d  i n c r e a s e  in t h e  t o t a l  p l a s t i d  p r o t e i n  o b s e r v e d  

d u r i n g  t h e  g r e e n i n g  o f  e t i o l a t e d  p e a  s e e d l i n g s  i s  in g o o d  a g r e e m e n t  w i t h  

the r e s u l t s  o f  C o b b  a n d  W e l l b u r n  ( 1 9 7 4 )  wh o s t u d i e d  c h a n g e s  in t he
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p r o t e i n s  o f  o a t  c h l o r o p l a s t s  d u r i n g  d e v e l o p m e n t .  T h e  m o s t  n o t i c e a b l e

c h a n g e  in t h e  a b s o r b a n c e  p r o f i l e  i s  t h e  a p p e a r a n c e  d u r i n g  g r e e n i n g  o f

t he  p r o t e i n  c o m p o n e n t  a s s o c i a t e d  w i t h  the P h o t o s y s t e m  II c o m p l e x

( T h o r n b e r  e t  a l ,  1 9 6 7 ;  T h o r n b e r  a n d  H ig h k i n ,  1 9 7 4 ) .  T h i s  p o l y p e p t i d e
4

e l e c t r o p h o r e s e s  w i t h  a n  a p p a r e n t  m o l e c u l a r  w e i g h t  o f  2 . 7  x  1 0  
4

2. 8 x  10 ( E a g l e s h a m  a n d  E l l i s ,  1 9 7 4 ) .  T h e  a p p e a r a n c e  o f  t he  

P l i o t o s y s t e m  J c o m p l e x  w a s  n o t  s e e n  in t h e s e  f r a c t i o n a t i o n  p a t t e r n s  

b e c a u s e  t he  p r e p a r a t i o n s  h a d  b e e n  b o i l e d  in s o d i u m  d o d e c y l  s u l p h a t e .  

T h i s  t r e a t m e n t  r e d u c e s  t h e  P h o t o s y s t e m  I c o m p l e x  to s e v e r a l  p r o t e i n  

c o m p o n e n t s  w h i c h  e l e c t r o p h o r e s e  w i t h  a h i g h e r  m o b i l i t y  t h a n  t he  

c o m p l e x  i t s e l f  ( A n d e r s o n  and  L e v i n e ,  1 9 74 ) .  T h e  r e m a i n i n g  t wo 

p r o t e i n - s t a i n i n g  b a n d s  w h i c h  c a n  b e  r e c o g n i s e d  a r e  t h e  l a r g e  a n d  

s m a l l  s u b u n i t s  o f  F r a c t i o n  1 p r o t e i n .  T h e  i n c r e a s e d  s t a i n i n g  i n t e n s i t y  

of  t h e s e  b a n d s  i n  p r e p a r a t i o n s  o f  p l a s t i d s  i s o l a t e d  p r o g r e s s i v e l y  l a t e r  

d u r i n g  g r e e n i n g  c o n f i r m s  t h e  r e p o r t s  o f  F r a c t i o n  I p r o t e i n  s y n t h e s i s  i n  

d e v e l o p i n g  c h l o r o p l a s t s  ( S m i t h  e t  a l ,  19 70 ;  K1 e i n k o p f  t;t a l ,  1 9 7 0 ;

B e n n e t t ,  1 9 7 ? ) .

T h e  p r o d u c t s  s y n t h e s i z e d  i n  p l a s t i d s  i s o l a t e d  d u r i n g  t h e i r  

d e v e l o p m e n t  f r o m  c t i o p l a s t s  i n t o  c h l o r o p l a s t s  w e r e  a n a l y s e d  b y  s o d i u m  

d o d e c y l  s u l p h a t e  p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  ( F i g u r e  2 3 ) .  T h i s  

a n a l y s i s  l e a d s  t o  t h e  c o n c l u s i o n  t h a t  i r r e s p e c t i v e  o f  t h e  e n e r g y  s o u r c e  

u s e d ,  p l a s t i d s  i s o l a t e d  d u r i n g  g r e e n i n g  s y n t h e s i z e  t he  s a m e  p o l y p e p t i d e s  

t h a t  a r e  s y n t h e s i z e d  i n  b o t h  i s o l a t e d  e t i o p l a s t s  a n d  c h l o r o p l a s t s .  T h e  

e v i d e n c e  f o r  t h i s  c o n c l u s i o n  i s  f i r s t l y  b a s e d  o n  t h e  e s t i m a t e d  m o l e c u l a r  

w e i g h t s  o f  t h e  p r o t e i n s  s y n t h e s i z e d  in p l a s t i d s  i s o l a t e d  d u r i n g  g r e e n i n g .  

T h e s e  a r e  f o u n d  to b e  t h e  s a m e  a s  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 r o d u c t s  

o f  in v i t r o  e t i o p l a s t  p r o t e i n  s y n t h e s i s  ( T a b l e  7) .  S t r o n g  s u p p o r t  f o r  

t h i s  c o n c l u s i o n  i s  p r o v i d e d  b y  a  d i r e c t  c o m p a r i s o n  o f  t h e  e l e c t r o p h o r e t i c  

b e h a v i o u r  o f  p r o t e i n s  s y n t h e s i z e d  i n  i s o l a t e d  e t i o p l a s t s  a n d  c h l o r o p l a s t s  

wdth p l a s t i d s  i s o l a t e d  a t  o n e  p a r t i c u l a r  s t a g e  o f  g r e e n i n g .  F i g u r e  29  

s h o w s  t h a t  t h e  p r o t e i n s  s y n t h e s i z e d  in p l a s t i d s  i s o l a t e d  a f t e r  4 8  h o u r s  

o f  g r e e n i n g  c o e l e c t r o p h o r e s e  w i t h  t h e  p r o d u c t s  o f  b o t h  i n  v i t r o e t i o p l a s t  

and  in v i t r o  c h l o r o p l a s t  p r o t e i n  s y n t h e s i s .  I n  s o m e  c a s e s  t h e  s y n t h e s i s  

o f  s p e c i f i c  p r o t e i n s  c a n n o t  b e  c o n v i n c i n g l y  d e m o n s t r a t e d  in p l a s t i d s  

i s o l a t e d  a t  p a r t i c u l a r  s t a g e s  o f  g r e e n i n g .  H o w e v e r  a t  no t i m e  d u r i n g

g r e e n i n g /
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g r e e n i n g  h a v e  p l a s t i d s  b e e n  i s o l a t e d  w h i c h  s y n t h e s i z e  p r o t e i n s  r o t  

i d e n t i f i a b l e  a s  p r o d u c t s  o f  i n  v i t r o  e t i o p l a s t  p r o t e i n  s y n t h e s i s .

A l t h o u g h  t h e r e  a r e  no  s i g n i f i c a n t  q u a l i t a t i v e  c h a n g e s  i n  t h e

n a t u r e  o f  t h e  p r o d u c t s  s y n t h e s i z e d  i n  p l a s t i d s  i s o l a t e d  d u r i n g  g r e e n i n g ,

t he  a n a l y s i s  o f  t he  p r o t e i n s  s y n t h e s i z e d  in p l a s t i d s  i s o l a t e d  a f t e r

9 6  h o u r s  o f  i l l u m i n a t i o n  s u g g e s t s  a  r a d i c a l  c h a n g e  in t he  m a j o r

p r o d u c t .  T h i s  c h a n g e  i s  m o s t  c l e a r l y  s e e n  in t he  l i g h t - d r i v e n  s y s t e m

w h i c h  i s  m o r e  a c t i v e  a t  t h i s  t i m e  ( F i g u r e  2 8 ,  4 C ) .  W h e r e a s  t h e  m a j o r

p r o d u c t  in i s o l a t e d  e t i o p l a s t s  i s  t he  l a r g e  s u b u n i t  o f  F r a c t i o n  I p r o t e i n

( S e c t i o n  I I I 2 D ) ,  a l m o s t  t h e  o n l y  p o l y p e p t i d e  s y n t h e s i z e d  in p l a s t i d s

i s o l a t e d  a f t e r  9 6  h o u r s  o f  g r e e n i n g  i s  a n  u n i d e n t i f i e d  m e m b r a n e - b o u n d
4

p r o t e i n  v n t h  a m o l e c u l a r  w e i g h t  o f  a b o u t  3.  2 x  10 . W h e t h e r  t h i s  

a l t e r a t i o n  in t h e  m a j o r  p r o d u c t  s y n t h e s i z e d  i n  v i t r o o f  p l a s t i c l  

r i b o s o m e s  r e f l e c t s  a  s i m i l a r  a l t e r a t i o n  i n  v i v o  i s  un kn own .  I t  i s  

p o s s i b l e  f o r  e x a m p l e  t h a t  d u r i n g  t he  i s o l a t i o n  o f  c h l o r o p l a s t s , b u t  no t  

e t i o p l a s t s ,  t h e r e  i s  a  s i g n i f i c a n t  l o s s  o f  f r e e  7 0 S  r i b o s o m e s ,  t h e  c l a s s  

of  r i b o s o m e s  t h a t  E l l i s  ( 1 9 7 6 b )  h a s  s h o w n  to b e  t he  s i t e  o f  F r a c t i o n  I 

p r o t e i n  l a r g e  s u b u n i t  s y n t h e s i s .  I n d e e d  T a o  and  J eLg end orf  ( 1 9 7 3 )  h a v e  

s h o w n  t hat  a q u e o u s l y  i s o l a t e d  p e a  c h l o r o p i a s t s ,  w h i c h  a r e  j u d g e d  to b e  

i n t a c t  b y p h a s e  c o n t r a s t  m i c r o s c o p y  and  o t h e r  c r i t e r i a ,  c o n t a i n  f o u r  

t i m e s  l e s s  f r e e  7 0 S  r i b o s o m e s  t h an  e q u i v a l e n t  n o n - a q u e o u s l y  i s o l a t e d  

p l a s t i d s .  T h e  n u m b e r s  o f  b o u n d  7 0 S  r i b o s o m e s  in b o t h  t y p e s  o f  p l a s t i d  

w e r e  a p p r o x i m a t e l y  t h e  s a m e .

T h e  s a m e  a l t e r a t i o n  in t h e  m  v i t r o r a t e  o f  s y n t h e s i s  o f  p a r t i c u l a r  

p r o t e i n s  d u r i n g  g r e e n i n g  i s  s e e n  i f  t he  a n a l y s i s  o f  t he  p r o d u c t s  i s  

r e s t r i c t e d  e n t i r e l y  to i n t a c t  p l a s t i d s  b y  t he  u s e  o f  r i b o n u c l e a s e  

( F i g u r e  3 0 ) .  T h i s  a n a l y s i s  w a s  p e r f o r m e d  w i t h  p l a s t i d s  i s o l a t e d  a f t e r  

7 2  h o u r s  o f  i l l u m i n a t i o n  b e c a u s e  A T P  w i l l  n o t  a c t  a s  a n  e f f i c i e n t  e n e r g y  

s o u r c e  f o r  p r o t e i n  s y n t h e s i s  i n  p l a s t i d s  i s o l a t e d  a t  l a t e r  s t a g e s  of  

g r e e n i n g .  T h e s e  r e s u l t s  s u g g e s t  t h a t  t h e r e  a r e  c o n t r o l s  e x e r t e d  on 

ti le p r o d u c t i o n  o f  p r o t e i n s  i n  i s o l a t e d  p l a s t i d s ,  and c l e a r l y  i f  t h i s  i s  

t he  c a s e  t h e n  t h e  m e c h a n i s m  o f  t h e s e  c o n t r o l s  d e s e r v e s  f u r t h e r  s t udy.

T a k e n  t o g e t h e r  t h e  r e s u l t s  d i s c u s s e d  i n  t h i s  s e c t i o n  s u p p o r t  t he  

i d e a  t h a t  p l a s t i d  r i b o s o m e s  s y n t h e s i z e  o n l y  a  s m a l l  n u m b e r  o f  p r o t e i n s  

and t h a t  t h e  n u m b e r  and  m o l e c u l a r  w e i g h t  o f  t h e s e  p r o t e i n s  d o e s  n o t

a l t e r  d u r i n g  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 s  f r o m  e t i o p l a s t s .  H o w e v e r  t he

r a t e s /

j ' mtiutMiHniiliimtfifiswp



1 2 6

r a t e s  o f  s y n t h e s i s  o f  p a r t i c u l a r  p o l y p e p t i d e s  a r e  d i f f e r e n t  in p l a s t i d s

i s o l a t e d  at  d i f f e r e n t  s t a g e s  o f  t h e  e t i o p l a s t  to c h l o r o p l a s t  t r a n s i t i o n .
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r a t e s  o f  s y n t h e s i s  o f  p a r t i c u l a r  p o l y p e p t i d e s  a r e  d i f f e r e n t  in p l a s t i d s

i s o l a t e d  at  d i f f e r e n t  s t a g e s  o f  t he  e t i o p l a s t  to c h l o r o p l a s t  t r a n s i t i o n .
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A. T H E  E T I O P E A S T  V I E W E D  IN T H E  C O N T E X T  O F  
P D A S T I D  A U T O N O M Y .

T h e  r e s u l t s  p r e s e n t e d  in t h i s  t h e s i s  s h o w  t h a t  i s o l a t e d  p e a  

e t i o p l a s t s  i n c o r p o r a t e  l a b e l l e d  a m i n o  a c i d s  i n t o  p r o t e i n .  T h e y  a l s o  

s u g g e s t  t h a t  i s o l a t e d  p e a  e t i o p l a s t s  s y n t h e s i z e  o n l y  a  s m a l l  n u m b e r  o f  

p r o t e i n s ;  o n e  o f  t h e s e ,  t he  l a r g e  s u b u n i t  o f  F r a c t i o n  I p r o t e i n ,  h a s  

b e e n  u n e q u i v o c a l l y  i d e n t i f i e d .  M o r e o v e r  t h e  r e s u l t s  s h o w  t h a t  t he  

n u m b e r  a n d  m o l e c u l a r  w e i g h t  o f  t h e s e  p r o t e i n s  d o e s  n o t  a l t e r  d u r i n g  

t he  l i g h t - i n d u c e d  f o r m a t i o n  o f  c h l o r o p l a s t s  f r o m  e t i o p l a s t s  in  P i s u m  

s a t i v u m .

T w o  g e n e r a l  c o n c l u s i o n s  c a n  b e  d r a w n  f r o m  t h e s e  f i n d i n g s .

F i r s t l y ,  t h e  r i b o s o m e s  o f  b o t h  e t i o p l a s t s  a n d  d e v e l o p i n g  c h l o r o p l a s t s  

s y n t h e s i z e  a  f e w  p r o t e i n s  in l a r g e r  a m o u n t s  r a t h e r  t h a n  m a n y  p r o t e i n s  

in s m a l l e r  a m o u n t s .  T h i s  c o n c l u s i o n  s u p p o r t s  t h e  i d e a  t h a t  t he  

o c c u r r e n c e  o f  l a r g e  n u m b e r s  o f  p l a s t i d  r i b o s o m e s  i n  t h e  l e a f  ( B o a r d m a n  

e t  a l ,  1 9 6 6 )  c a n  b e  e x p l a i n e d  b y  t h e  r e q u i r e m e n t  to s y n t h e s i z e  o n e  o f  

t he  p l a s t i d  p r o d u c t s ,  t h e  l a r g e  s u b u n i t  o f  F r a c t i o n  I p r o t e i n ,  in 

m a s s i v e  a m o u n t s  ( B l a i r  and E l l i s ,  1 9 7 3 ) .  F r a c t i o n  i p r o t e i n  c a n  

r e p r e s e n t  up to 5 0 %  o f  t h e  s o l u b l e  p r o t e i n  i n  t he  m a t u r e  c h l o r o p l a s t  

( K a w a s h i m a  a n d  W i l d m a n ,  1 9 7 0 ) .  S e c o n d l y ,  i t  i s  c l e a r  t h a t  t he  

t r a n s f o r m a t i o n  o f  t h e  e t i o p l a s t  i n t o  t he  c h l o r o p l a s t  d o e s  n o t  r e q u i r e  

t h e  s y n t h e s i s  o f  a  n o v e l  s p e c t r u m  o f  p r o t e i n  o n  t h e  p l a s t i d  r i b o s o m e .

T h e s e  c o n c l u s i o n s  s u p p o r t  t h e  v i e w  t h a t  t h e  p l a s t i d  i s  not  

a u t o n o m o u s  in a n y  m e a n i n g f u l  s e n s e  ( E l l i s ,  1 9 7 5 b ) .  T h e  a c c u m u l a t e d  

e v i d e n c e  o f  b o t h  in v i t r o  and i n h i b i t o r  s t u d i e s  on p l a s t i d  p r o t e i n  

s y n t h e s i s  now i n d i c a t e  t h a t  o n l y  a  v e r y  l i m i t e d  s p e c t r u m  o f  p r o t e i n s  

i s  s y n t h e s i z e d  o r  p l a s t i d  r i b o s o m e s  ( E l l i s ,  1 9 7 5 b ;  B b r n e r ,  1 9 7 3 ) .  T h e  

i n f e r e n c e  i s  t h a t  m o s t  o f  t he  p l a s t i d  c o m p o n e n t 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 t h e n  t r a n s p o r t e d  i nt o  t h e  p l a s t i d .  In t he  

c a s e  o f  o n e  p l a s t i d  c o m p o n e n t ,  t h e  s m a l l  s u b u n i t  o f  F r a c t i o n  I p r o t e i n ,  

t he  s i t e  o f  s y n t h e s i s  h a s  b e e n  e s t a b l i s h e d  a s  t he  c y t o p l a s m i c  r i b o s o m e s  

by botli  i n h i b i t o r  ( C r i d d l e  e t  al ,_ 1 9 70 )  a n d  m  v i t r o ( G r a y  and  K e k w i c k ,  

197-*) s t u d i e s .  I t  i s  i n c r e a s i n g l y  e v i d e n t  t h a t  t he  f o r m a t i o n  o f  t h e  p l a s t i d  

r e s u l t s  f r o m  a c o m p l e x  i n t e r p l a y  b e t w e e n  n u c l e a r  and  p l a s t i d  g e n o m e s  

and t h e  c y t o p l a s m i c  a n d  p l a s t i d  p r o t e i n - s y n t h e s i z i n g  m a c h i n e r y .  T h i s

di s t o v e r y j



1 29

d i s c o v e r y  p o i n t s  to a r e a s  o f  p l a s t i d  r e s e a r c h  w h i c h  m a y  p r o v i d e  

i n s i g h t s  o f  m u c h  w i d e r  i n t e r e s t  t h a n  t he  q u e s t i o n  o f  p l a s t i d  a u t o n o m y  

a l o n e .  F o r  e x a m p l e  t h e  p l a s t i d  a p p e a r s  t o  o f f e r  a  u n i q u e  o p p o r t u n i t y  

f o r  s t u d y i n g  t.he t r a n s p o r t  o f  p r o t e i n s  a c r o s s  a  b i o l o g i c a l  m e m b r a n e .  

T h i s  p r o c e s s  i s  c e n t r a l  to m a n y  q u e s t i o n s  in b i o l o g y  a n d  d e s e r v e s  

i m m e d i a t e  and  e x t e n s i v e  s tudy.  I n a d d i t i o n  t h e  p l a s t i d - c y t o p l a s m i c  

r e l a t i o n s h i p  p r o v i d e s  a n  o p p o r t u n i t y  t o  s t u d y t h e  m e c h a n i s m s  w h i c h  

r e g u l a t e  a n d  i n t e g r a t e  t h e  s y n t h e s i s  o f  p r o t e i n s  in d i f f e r e n t  c e l l u l a r  

c o m p a r t m e n t s ,  a n o t h e r  q u e s t i o n  o f  c e n t r a l  i m p o r t a n c e  ( s e e  n e x t  

s e c t i o n ) .

T h e  r e s u l t s  p r e s e n t e d  in t h i s  t h e s i s  h a v e  no t  b e e n  a b l e  to  p r o v i d e  

any a d d i t i o n a l  i n f o r m a t i o n  a b o u t  t h e  n u m b e r  and  n a t u r e  o f  p l a s t i d  

c o m p o n e n t s  w h i c h  a r e  t r a n s l a t e d  o n  p l a s t i d  r i b o s o m e s .  T h e y  do 

h o w e v e r  t e s t i f y  to t he  u s e f u l n e s s  o f  t h e  i n  v i t r o  a p p r o a c h  in 

e l u c i d a t i n g  t h e  q u e s t i o n  o f  p l a s t i d  r i b o s o m e  f u n c t i o n .  I f  a  s y s t e m  of  

c o u p l e d  t r a n s c r i p t i o n  a n d  t r a n s l a t i o n  c o u l d  b e  d e v e l o p e d  f o r  i s o l a t e d  

p l a s t i d s  o r  p l a s t i d  c o m p o n e n t s  t h e n  t h e  s a m e  in v i t r o  a p p r o a c h  m a y  

a l s o  y i e l d  i n f o r m a t i o n  i n  t he  f u t u r e  a b o u t  t he  i d e n t i t y  o f  t he  g e n e s  

e n c o d e d  in p l a s t i d  DMA.

T h e  c o n c l u s i o n  t h a t  p l a s t i d  r i b o s o m e s  s y n t h e s i z e  o n l y  a  s m a l l  

r a n g e  o f  p r o t e i n s  w o u l d  s e e m  t o  m a k e  t h e  c h a l l e n g e  o f  i d e n t i f y i n g  t h e s e  

p r o t e i n s  e a s i e r .  T h e r e  s t i l l  r e m a i n s  h o w e v e r  a  m a j o r  r e s e r v a t i o n  

r e g a r d i n g  t h i s  c o n c l u s i o n .  T h e r e  i s  a  s t r o n g  p o s s i b i l i t y  t h a t  m a n y ,  

a s  y e t  u n k n o w n ,  p r o t e i n  c o m p o n e n t s  o f  t h e  p l a s t i d  a r e  s y n t h e s i z e d  on 

p l a s t i d  r i b o s o m e s .  I t  m a y  b e  t h a t  t h e s e  c o m p o n e n t s  a r e  s y n t h e s i z e d  

d u r i ng  t he  e a r l i e s t  s t a g e s  o f  p l a s t i d  d e v e l o p m e n t  i.  e .  d u r i n g  t he  

c o n v e r s i o n  o f  t h e  p r o p l a s t i d  to t h e  e t i o p l a s t  o r  c h l o r o p l a s t .  I f  t h i s  i s  

the c a s e ,  t h e n  n o n e  o f  t h e  e x p e r i m e n t s  p e r f o r m e d  to  d a t e  w ou ld  h a v e  

d e t e c t e d  t h e  s y n t h e s i s  o f  t h e s e  p r o t e i n s .

T h e  r e a s o n s  f o r  c o n s i d e r i n g  t h i s  p o s s i b i l i t y  a r e  b a s i c a l l y  

the s a m e  a s  t h o s e  o u t l i n e d  in t h e  i n t r o d u c t i o n  t o  t h e  w o r k  p r e s e n t e d  

in t h i s  t h e s i s .  B r i e f l y ,  i t  r e m a i n s  a  s t r i k i n g  f a c t  t h a t  c h l o r o p l a s t s  

i s o l a t e d  f r o m  a w i d e  r a n g e  o f  o r g a n i s m s  c o n t a i n  D N A  w h i c h  h a s  

a p p r o x i m a t e l y  t he  s a m e  k i n e t i c  c o m p l e x i t y  ( B o u l t e r  e t  a l ,  1 9 7 2 ;  

K o l o d n e r  a n d  T e w a r i ,  1 9 7 5 ) .  T h e  a m o u n t  o f  u n i q u e l y  s e q u e n c e d  D NA  

in/
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in t h e  c h l o r o p l a s t s  o f  a l l  t h e  s p e c i e s  s o  f a r  e x a m i n e d  i s  s u f f i c i e n t  to 

e n c o d e  a p p r o x i m a t e l y  100  p r o t e i n s  e a c h  o f  m o l e c u l a r  w e i g h t  5 0 0 0 0 ;  

ye t ,  a s s u m i n g  c h l o r o p l a s l  D N A  i s  a s y m m e t r i c a l l y  t r a n s c r i b e d ,  t h e  k n o w n  

g e n e s  in c h l o r o p l a s t  D N A  s t i l l  a c c o u n t  f o r  l e s s  t h a n  2 0 %  o f  t h i s  

p o t e n t i a l  c o d i n g  c a p a c i t y .  A s  s t a t e d  a l r e a d y  i t  w o u l d  s e e m  s u r p r i s i n g  

i f  8 0 %  o f  t h e  c h l o r o p l a s t  D N A  w a s  r e d u n d a n t  i .  e .  d id  n o t  c o d e  f o r  

p r o t e i n ,  o r  h a d  a  p u r e l y  s t r u c t u r a l  f u n c t i o n .  I n d e e d  t h e  r e c e n t  

h y b r i d i z a t i o n  s t u d i e s  ( H o w e l l  and  W a l k e r ,  1 9 7 4 ;  I l a f f ,  1 9 7 5 ;  R a w s o n ,  

1 9 75 )  s e e m  to s u g g e s t  t h a t  t h e  a m o u n t  o f  c h l o r o p l a s t  D NA  t h a t  i s  

t r a n s c r i b e d  i n t o  R N A  in b o t h  a l g a l  a n d  h i g h e r  p l a n t  s p e c i e s  r e p r e s e n t s  

a l m o s t  t he  c o m p l e t e  p o t e n t i a l  c o d i n g  c a p a c i t y  o f  t h e  c h l o r o p l a s t  D N A .  

T h e s e  p r e l i m i n a r y  i n d i c a t i o n s  m u s t  h o w e v e r  b e  s u p p o r t e d  b y  m o r e  

e x a c t i n g  c o n f i r m a t o r y  e v i d e n c e .

A s  t h e r e  h a s  b e e n  no r e p o r t e d  e v i d e n c e  f o r  t h e  t r a n s p o r t  o f  

n u c l e i c  a c i d s  a c r o s s  t h e  p l a s t i d  e n v e l o p e ,  i t  s e e m s  r e a s o n a b l e  t o  

a s s u m e  at t h e  c u r r e n t  s t a t e  o f  k n o w l e d g e ,  t h a t  i f  t he  i n f o r m a t i o n  e n c o d e d  

in c h l o r o p l a s t  D N A  i s  t r a n s l a t e d  i n t o  p r o t e i n  t h e n  t h i s  p r o c e s s  w i l l  

o c c u r  o n  p l a s t i d  r i b o s o m e s .  T h e  f a i l u r e  o f  t h e  wo . r e s e n t e d  i n  t h i s

t h e s i s  to i n c r e a s e  t h e  n u m b e r  of ,  a l b e i t  u n i d e n t i f i c  p l a s t i d  r i b o s o m e

p r o d u c t s  p r o v i d e s  e v e n  s t r o n g e r  r e a s o n  f o r  c o n s i d e r i n g  t h e  p o s s i b i l i t y  

t h a t  a  n u m b e r  o f  p r o t e i n s  a r e  s y n t h e s i z e d  o n p l a s t i d  r i b o s o m e s  d u r i n g  

t he  d e v e l o p m e n t  o f  t h e  e t i o p l a s t  o r  c h l o r o p l a s t  f r o m  t h e  p r o p l a s t i d .

A  d i r e c t  m e t h o d  f o r  t e s t i n g  t h i s  p o s s i b i l i t y  w o u l d  b e  t o  a d a p t  t h e  

in v i t r o  a p p r o a c h  to s t u d y i n g  t h e  s p e c t r u m  o f  p r o t e i n s  s y n t h e s i z e d  in 

p r o p l a s t i d s  i s o l a t e d  d u r i n g  t h e i r  d e v e l o p m e n t  i n t o  c h l o r o p l a s t s  o r  

e t i o p l a s t s .  T h r e e  a l t e r n a t i v e  s y s t e m s  s e e m  f e a s i b l e .  F i r s t l y ,  i t  i s  

kno wn t h a t  s u c c e s s i v e  s e c t i o n s  f r o m  t h e  b a s e  t o  t h e  t i p  o f  n o r m a l  

l i g h t - g r o w n  m o n o c o t y l e d o n o u s  l e a v e s  r e p r e s e n t  s u c c e s s i v e  s t e p s  in 

c e l l  and p l a s t i d  d i f f e r e n t i a t i o n  ( L e e c h  e t  a l ,  1 9 7 3 ) .  Y o u n g  m a i z e  

l e a v e s  c o u l d  t h e r e f o r e  b e  u s e d  to p r o v i d e  p l a s t i d s  i s o l a t e d  a t  d i f f e r e n t  

stagers of  d e v e l o p m e n t  b e t w e e n  t he  p r o p l a s t i d  and  t h e  c h l o r o p l a s t .

T h e  b i o s y n t h e t i c  c a p a b i l i t i e s  o f  i s o l a t e d  m a i z e  p r o p l a s t i d s  a n d  d e v e l o p i n g  

c b l o r o p l a s t s  i s  a l m o s t  c o m p l e t e l y  u n kn ow n ;  t h e  o n l y  r e p o r t e d  a c t i v i t y  to 

da te  r e f e r s  t o  t h e  s y n t h e s i s  o f  f a t t y  a c i d s  ( H a w k e  a t  a l ,  1 9 7 4 ) .  H o w e v e r  

t h e s e  p l a s t i d s  c o u l d  p r e s u m a b l y  b e  r e a d i l y  a s s a y e d  f o r  in v i t r o  p r o t e i n

s y n t h e s i z i n g /
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s y n t h e s i z i n g  a c t i v i t y  b y  m e t h o d s  s i m i l a r  t o  t h o s e  d e s c r i b e d  in t h i s  

t h e s i s .

A n a l t e r n a t i v e  h i g h e r  p l a n t  s y s t e m ,  w h i c h  w o u l d  s e e m  m o r e  

a t t r a c t i v e  f o r  c o m p a r a t i v e  p u r p o s e s ,  w o u l d  b e  to d e v e l o p  a  m e t h o d  

of  i s o l a t i n g  d e v e l o p i n g  p e a  p r o p l a s t i d s .  B y  f a r  t h e  m o s t  d e t a i l e d  

k n o w l e d g e  o n  t h e  p r o d u c t s  o f  in v i t r o  p l a s t i d  p r o t e i n  s y n t h e s i s  h a v e  

b e e n  o b t a i n e d  u s i n g  t h i s  s p e c i e s  ( B l a i r  and  E l l i s ,  1 9 7 3 ;  E a g l e s h a m  

and E l l i s ,  1 9 7 4 ;  S i d d e l l  a n d  E l l i s ,  1 9 7 5 ) .  T h e  m e t h o d s  o f  t he  

i s o l a t i o n  o f  p r o p l a s t i d s  f r o m  r o o t  t i s s u e  h a v e  a l r e a d y  b e e n  r e p o r t e d  

( T h o m s o n  e t  a l ,  1 9 7 2 )  and  i t  h a s  r e c e n t l y  b e e n  d e m o n s t r a t e d  t h a t  t h e  

r o o t s  o f  p a r t i c u l a r  v a r i e t i e s  o f  p e a  w i l l  a c c u m u l a t e  c h l o r o p h y l l ,  

p r e s u m a b l y  due to p l a s t i d  d i f f e r e n t i a t i o n ,  u p o n i l l u m i n a t i o n  ( R .  M.

L e e c h ,  p e r s o n a l  c o m m u n i c a t i o n ) .  I t  w o u l d  s e e m  f e a s i b l e  t h e r e f o r e  

to i s o l a t e  p e a  p r o p l a s t i d s  i n  d i f f e r e n t  s t a g e s  o f  l i g h t - i n d u c e d  

t r a n s f o r m a t i o n  i nt o  c h l o r o p l a s t s ,  a n d  t h e s e  p l a s t i d s  c o u l d  b e  s t u d i e d  

wi t h  r e g a r d  to in v i t r o  p r o t e i n  s y n t h e s i s .  T h i s  s y s t e m  c o u l d  a l s o  b e  

u s e d  in o t h e r  a r e a s  o f  r e s e a r c h  i n t o  p l a s t i d  d e v e l o p m e n t .

A t h i r d  p o s s i b l e  a l t e r n a t i v e  i s  to s t u d y t h e  p r o t e i n s  s y n t h e s i z e d  

in p l a s t i d s  i s o l a t e d  f r o m  t h e  a l g a l  s p e c i e s ,  E u g l e n a  g r a c i l i s . In t h i s  

s p e c i e s  t h e  d e v e l o p m e n t  o f  t h e  c h l o r o p l a s t  f r o m  t h e  p r o p l a s t i d  

( w h i c h  s t r u c t u r a l l y  r e s e m b l e s  a  r u d i m e n t a r y  e t i o p l a s t )  c a n  b e  

e x p e r i m e n t a l l y  c o n t r o l l e d  b y  t h e  l i g h t - i n d u c e d  c o n v e r s i o n  o f  d a r k -  

a d a p t e d  ( h e t e r o t r o p h i c )  c e l l s  to n o r m a l  a u t o t r o p h i c  g r o w t h  ( K i r k  a n d  

T i l n e y - B a s s e t t ,  1 9 6 7 ) .  I t  h a s  a l r e a d y  b e e n  s h o w n  t h a t  b o t h  p r o p l a s t i d s  

and c h l o r o p l a s t s  i s o l a t e d  f r o m  t h i s  s p e c i e s  c a n  i n c o r p o r a t e  l a b e l l e d  

a m i n o  a c i d s  i n t o  p r o t e i n  ( R e g e r  e t  a l ,  1 9 7 2 b ) .  H o w e v e r ,  t h e  a n a l y s i s  

of  t h e  c h l o r o p l a s t  p r o d u c t s  ( H a r r i s  j r t  a l ,  1 9 7 3 )  r e v e a l s  t h a t  no d i s c r e t e  

m e m b r a n e - b o u n d  p r o t e i n s  w e r e  s y n t h e s i z e d ,  a l t h o u g h  l a b e l l e d  a m i n o  

a c i d s  a r e  i n c o r p o r a t e d  i nt o  a  s o l u b l e  f r a c t i o n  w h i c h  c o - m i g r a t e s  w i t h  

F r a c t i o n  I p r o t e i n  o n  a g a r o s e  c o l u m n  c h r o m a t o g r a p h y .

T h e  i n a b i l i t y  to s y n t h e s i z e  d i s c r e t e  p r o t e i n s  in t h i s  s y s t e m  m a y  

b e  due t o  t h e  m e t h o d  o f  p l a s t i d  i s o l a t i o n  w h i c h  i n v o l v e s  t he  u s e  o f  h i g h  

p r e s s u r e s  to b r e a k  o p e n  t h e  c e l l s .  I f  t h i s  i s  t h e  c a s e ,  m o d i f i c a t i o n  

o f  t h e  i s o l a t i o n  p r o c e d u r e  m a y  r e s u l t  in a v a l u a b l e  s y s t e m  f o r  s t u d y i n g  

p r o t e i n  s y n t h e s i s  in d e v e l o p i n g  p l a s t i d s  i s o l a t e d  f r o m  a s p e c i e s  w i d e l y

s e p a r a t e d /



s e p a r a t e d  f r o m  t h e  h i g h e r  p l a n t s  in e v o l u t i o n .  O n l y  w h e n  t h e  p r o t e i n  

s y n t h e s i z i n g  c a p a b i l i t i e s  o f  d e v e l o p i n g  p r o p l a s t i d s  i s  k n o w n  c a n  t he  

f u l l  c o n t r i b u t i o n  o f  p l a s t i d  r i b o s o m e  p r o d u c t s  to  t h e  s t r u c t u r e  a n d  

f u n c t i o n  o f  t h e  o r g a n e l l e  b e  s a t i s f a c t o r i l y  e v a l u a t e d .

I f  i t  i s  t h e  c a s e  t h a t  b o t h  e t i o p l a s t s  and  c h i o r o p l a s t  a c q u i r e  a 

l a r g e  p r o p o r t i o n  o f  t h e i r  c o m p o n e n t s  in t h e  e a r l y  s t a g e s  o f  d e v e l o p m e n t  

t h e n  t h e  e t i o p l a s t  s h o u l d  b e  v i e w e d  a s  a  r e a d i l y  c o n v e r t i b l e  c h l o r o p l a s t  

p r e c u r s o r ,  r a t h e r  t h a n  a  r e l a t i v e l y  u n d i f f e r e n t i a t e d  p r o g e n i t o r  to t he  

c h l o r o p l a s t  ( K i r k  and T i l n e y - B a s s e t t ,  196V) .  E v i d e n c e  to s u p p o r t  

t h i s  v i e w  i s  d i s c u s s e d  in t h e  l i t e r a t u r e  r e v i e w .  I t  i s  c l e a r  that ,  

c t i o p l a s t s  c o n t a i n  a  s i g n i f i c a n t  n u m b e r  o f  c o m p o n e n t s  a n d  b i o c h e m i c a l  

a c t i v i t i e s  o f  t he  m a t u r e  c h l o r o p l a s t .  F o r  e x a m p l e ,  b e a n  e t i o p i a s t  

c o n t a i n  a l a r g e  n u m b e r  o f  s t r u c t u r a l  and f u n c t i o n a l  c o m p o n e n t s  in 

c o m m o n  w i t h  t h e  c h l o r o p l a s t ,  a l t h o u g h  i n  r e d u c e d  a m o u n t  ( B r a d b e e r  

1 9 7 5 ) .  I t  i s  a l s o  c l e a r  t h a t  e t i o p l a s t s  p o s s e s s  e x t e n s i v e  b i o s y n t h e t i c  

c a p a b i l i t i e s .

F o r  e x a m p l e  t he  p r e s e n c e  w i t h i n  t h e  e t i o p l a s t  o f  t h e  m a c h i n e r y  

r e q u i r e d  to  s y n t h e s i z e  n u c l e i c  a c i d s  i s  e v i d e n c e d  b y  b o t h  in v i v o  and 

i n  v i t r o  s t u d i e s .  A s  j u d g e d  b y  t he  a c c u m u l a t i o n  o f  p l a s t i d  D N A ,  p e a  

e t i o p l a s t s  a r e  a b l e  to s y n t h e s i z e  D N A  a t  h a l f  t he  r a t e  o f  c h l o r o p l a s t s  

o f  s i m i l a r  a g e  ( B e n n c t  and  R a d c l i f f e ,  1 9 7 5 ) .  T h e  c a p a c i t y  f o r  K N A  

s y n t h e s i s  i n  e t i o p l a s t s  i s  d e m o n s t r a t e d  b y  t he  p r e s e n c e  o f  an a c t i v e  

D N A - d e p e n d e n t  R N A  p o l y m e r a s e  in i s o l a t e d  p e a  e t i o p l a s t s  ( E l l i s  

a n d  H a r t l e y ,  1971;  B o t t o m l e y ,  1 9 7 0 ) .  T h e  r e s u l t s  p r e s e n t e d  i n  t h i s  

t h e s i s  s h o w  t h a t  i s o l a t e d  e t i o p l a s t s  a r e  a b l e  to s y n t h e s i z e  p r o t e i n s ,  

a  p r o c e s s  i n v o l v i n g  a  c o m p l e x  and  i n t r i c a t e  m a c h i n e r y  c o m p o s e d  o f  

m a n y  c o m p o n e n t s .

I f  t h e  e t i o p l a s t  i f f ' r e a d i l y  c o n v e r t i b l e  c h l o r o p l a s t  p r e c u r s o r  t h e n  
*

h o w  s h o u l d  t h e  p h e n o m e n u m  o f  d e - e t i o l a t i o n ,  o r  g r e e n i n g ,  b e  v i e w e d ?  

T h e  m o s t  i m p o r t a n t  e v e n t  d u r i n g  t he  g r e e n i n g  o f  e t i o p l a s t s  i s  t h e  

d e v e l o p m e n t  o f  p h o t o s y n t h e s i s .  In t h i s  f r a m e w o r k  t h e  d e v e l o p m e n t  

o f  p ho t o  s y n t h e t i c  c o m p e t e n c e  c a n  h e  v i e w e d  a s  t h e  a c c u m u l a t i o n  wi t h i n  

t h e  p l a s t i d  o f  o n l y  p r o t e i n s ,  o r  t he  p r o d u c t s  o f  p r o t e i n s ,  whose.
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s y n t h e s i s  i s  s t i m u l a t e d  b y  l i g h t .  T o  qu ot e  G r i f f i t h s  ( 1 9 7 5 a ) ,  "  S t u d i e s

on l i g h t - d e p e n d e n t  a c q u i s i t i o n o f  p h o t o s v n t h e t i c  a c t i v i t y  b y h i g h e r  

p l a n t s  h a s  b e e n  c a r r i e d  out  u s i ng b o t h  in v i v o  a s s a y s  o n g r e e n i n g  

e t i o l a t e  d l e a v e s  ( B o n n e r  and H i l l e r ,  196  3; H i l l e r  an d B o a r  d m a n , 1 9 7 1)

and a s s a y s  in v i t r o  on pl a s t i d s  i s o l a t e d  f r o m  l e a v e s  a t  d i f f e r e n t  s t a g e s  

o f  g r e e n i ng ( G y l d e n h o l m  and W h a t l e y ,  1 9 6 8 ;  P l e s n i c a r  a n d  B e n d a l l ,  1 9 7 3 ;  

F o r g e r  and  B o g o r a d ,  1 9 7 3 ;  R e m y ,  19 7 3 ) .  T h e  p i c t u r e  e m e r g i n g  f r o m  

t h i s w o r k  i s  t h a t  o f  a s t e p w i s e  m e c h a n i s m  f o r  t he  g r e e n i n g  p r o c e s s  

wi th m o s t  o f t h e  c o m p o n e n t s  r e q u i r e d  f o r p h o t o s y n t h e s i s  b e i n g  a l r e a d y  

p r e s e n t  in t he  e t i o p l a s t  s y s t e m s :  d e v e l o p m e n t  i n v o l v e s  t h e  l i g h t - 

d e p e n d e n t  a d d i t i o n  o f  c h l o r o p h y l l  a n d  p o s s i b l y  s o m e  o t h e r  f u n c t i o n a l  

( P l e s n i c a r  a n d  B e n d a l l ,  1 9 7 3 )  a nd s t r u c t u r a l  ( F o r g e r  a n d  B o g o r a d ,  1 973)  

c o m p o n e n t s  e n a b l i n g  p h o t o s y n t h e t i c  r e a c t i o n s  to p r o c e e d " .

It r e m a i n s  to  c o n s i d e r  t he  e v i d e n c e  on t he  s i t e  o f  s y n t h e s i s  o f

t h o s e  p r o t e i n s  w h i c h  a p p e a r  i n  t he  p l a s t i d  d u r i n g  g r e e n i n g .  T h e  r e s u l t s

o f  i n h i b i t o r  s t u d i e s ,  a l t h o u g h  n o t  c o n c l u s i v e ,  do s u g g e s t  t h a t  wi t h s o m e

n o t a b l e  e x c e p t i o n s  ( e .  g.  t he  l a r g e  s u b u n i t  o f  F r a c t i o n  I p r o t e i n  a n d  t he

c y t o c h r o m e s  F ,  b  , and b ) t h e  m a j o r i t y  o f  c o m p o n e n t s  w h i c h
5o 3 5 5 9 J-j1

a c c u m u l a t e  in t h e  g r e e n i n g  p l a s t i d  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  ( B r a d b e e r ,  1 9 7 5 ;  B b r n e r ,  1 9 7 3 ;  F l l i s  a n d  H a r t l e y ,  1 9 7 1 ) .

F o r  e x a m p l e  t h e  s t u d i e s  o f  I r e l a n d  and  B r a d b e e r  ( 1 9 7 1 )  s u g g e s t  t h a t  

t he  m a j o r i t y  o f  C a l v i n  c y c l e  e n z y m e s  w h o s e  a c t i v i t y  i n c r e a s e s  d u r i n g  

d e - e t i o l a t i o n  a r e  s y n t h e s i z e d  on 8 0 S  c y t o p l a s m i c  r i b o s o m e s .  A 

s i m i l a r  c o n c l u s i o n  l ia s  b e e n  r e a c h e d  f o r  n u m e r o u s  o t h e r  p l a s t i d  

p r o t e i n s ,  f o r  e x a m p l e ,  f e r r o d o x i n ,  and c h l o r o p l a s t  g l y o x a l a t e  r e d u c t a s e  

( B r a d b e e r ,  197 5) .  A l t h o u g h  t h e r e  h a s  b e e n  no d i r e c t  e v i d e n c e  r e g a r d i n g  

t he  s i t e  o f  s y n t h e s i s ,  i t  i s  c l e a r  f r o m  g e n e t i c  s t u d i e s  t h a t  t he  m a j o r i t y  

o f  t he  e n z y m e s  i n v o l v e d  in c h l o r o p h y l l  b i o s y n t h e s i s  a r e  a l s o  n u c l e a r  

g e n e  p r o d u c t s  ( K i r k  and  T i l n e y - B a s s e t t ,  1 9 67 )  a n d  a r e  t h e r e f o r e  

l i k e l y  to  be  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 f  t he  e t i o p l a s t  a n d  t he  p r o c e s s  o f  d e - e t i o l a t i o n  a r e  v i e w e d  in 

t h i s  c o n t e x t ,  t h e n  i t  d o e s  n o t  s e e m  s u r p r i z i n g  t h a t  t he  r e s u l t s  p r e s e n t e d  

in t h i s  t h e s i s  s h o w  t h a t  p l a s t i d s  i s o l a t e d  d u r i n g  t h e  e t i o p l a s t  t o  c h l o r o p l a s i  

t r a n s i t i o n  do n o t  s y n t h e s i z e  an e x t e n s i v e  a r r a y  o f  n o v e l  p r o t e i n s .  O n e  o f  

the o b j e c t i v e s  o f  f u t u r e  r e s e a r c h  i nt o  p l a s t i d  d e v e l o p m e n t  s h o u l d  b e  to

p r o v i d e /
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p r o v i d e  c o n c r e t e  r a t h e r  t ha n  c i r c u m s t a n t i a l  e v i d e n c e  to s u p p o r t  the 

v i e w  o f  tlie e t i o p l a s t  and  o f  d e - e t i o l a t i o n  t h a t  i s  p r e s e n t e d  t h r o u g h o u t  

t h i s  t h e s i s .  I t  i s  m y  b e l i e f  t h a t  s u c h  e v i d e n c e  w i l l  b e  g a i n e d  b y  t he  

b i o c h e m i c a l  and  g e n e t i c  a p p r o a c h ,  r a t h e r  t han t h e  s t r u c t u r a l  a p p r o a c h  

t h a t  h a s  o n l y  r e c e n t l y  c e a s e d  t o  d o m i n a t e  t h i s  a r e a  o f  p l a s t i d  r e s e a r c h .

B .  F R A C T I O N  I P R O T E I N  S Y N T H E S I S  D U R I N G  G R E E N I N G  A S  
A M O D E L  F O R  G E N E  R E G U L A T I O N .

O n e  o f  t h e  m a j o r  g o a l s  in p r e s e n t  d a y  b i o l o g y  i s  to u n d e r s t a n d ,  

in m o l e c u l a r  t e r m s ,  t h e  p r o c e s s e s  o f  c e l l u l a r  d e v e l o p m e n t  a n d  

d i f f e r e n t i a t i o n .  T h e  c u r r e n t  d o g m a  m a i n t a i n s  t h a t  b o t h  t h e s e  p r o c e s s e s  

m u s t  u l t i m a t e l y  b e  a  c o n s e q u e n c e  o f  c o n t r o l l i n g  t h e  e x p r e s s i o n  o f  

s p e c i f i c  g e n e s  w i t h i n  t h e  c e l l .  T h e  m a n y  p o s s i b l e  f o r m s  o f  g e n e  c o n t r o l  

a r e  d i v i s i b l e  i nt o  two b r o a d  c a t e g o r i e s ;  t r a n s c r i p t i o n a l  c o n t r o l s  w h i c h  

a l t e r  t h e  s p e c t r u m  and a m o u n t s  o f  m R N A  s p e c i e s  w i t h i n  t h e  c e l l ,  and 

t r a n s l a t i o n a l  c o n t r o l s  w h i c h  a l t e r  t he  f r e q u e n c y  w i t h  w h i c h  a n y  p a r t i c u l a r  

m R N A  i s  t r a n s l a t e d  b y  r i b o s o m e s .

T h e  r e l a t i v e  i m p o r t a n c e  o f  t r a n s c r i p t i o n a l  a n d  t r a n s l a t i o n a l  

c o n t r o l s  in  t h e  d e v e l o p m e n t a l  p r o c e s s  h a s  h o w e v e r  b e e n  a l m o s t  

e x c l u s i v e l y  a s s e s s e d  b y  s t u d i e s  in m a m m a l i a n  and  a v i a n  s y s t e m s .  O f  

p a r t i c u l a r  n o t e  a r e  t he  s t u d i e s  on t he  s e l e c t i v e  a c t i v a t i o n  o f  t h e  g l o b i n  

g e n e  d u r i n g  e r y t h r o i d  c e l l  d e v e l o p m e n t  ( R a m i r e z  e t  a l ,  1 9 7 5 ;  M a r k s  

et  a l ,  1 9 74 ) .  G e n e  r e g u l a t i o n  in a n i m a l s  h a s  a l s o  b e e n  i n v e s t i g a t e d  

in m o d e l  s y s t e m s  i n v o l v i n g  t h e  i n d u c t i o n  o f  a s p e c i f i c  p r o t e i n  i n  

r e s p o n s e  to h o r m o n a l  s t i m u l a t i o n .  P a r t i c u l a r  a t t e n t i o n  h a s  b e e n  p a i d  

to t h e  o e s t r o g e n  i n d u c t i o n  o f  s e x  s t e r o i d - d e p e n d e n t  p r o t e i n s  ( e .  g. 

o v a l b u m i n )  i n  t h e  c h i c k  o v i d u c t  ( C h a n  e t  a l ,  197 3)  a n d  t he  g l u t i c o r t i c o i d -  

i n d u c e d  s y n t h e s i s  o f  h e p a t i c  t r y p t o p h a n  o x y g e n a s e  i n  r a t  l i v e r  ( S c h ü t z  

e t  a l ,  1 9 7 5 ) .  T h e s e  s t u d i e s  s t r o n g l y  s u g g e s t  t h a t  i t  i s  t r a n s c r i p t i o n a l  

r a t h e r  t han t r a n s l a t i o n a l  c o n t r o l s  t h a t  a r e  t h e  m a j o r  r e g u l a t o r  o f  g e n e  

e x p r e s s i o n  i n  h i g h e r  o r g a n i s m s .  T h e  r o l e  o f  t r a n s l a t i o n a l  c o n t r o l  

a p p e a r s  to b e  to a u g m e n t  r a t h e r  t h a n  d u p l i c a t e  t h e  f u n d a m e n t a l  c o n t r o l  

of p r o t e i n  s y n t h e s i s  w h i c h  o c c u r s  a t  t r a n s c r i p t i o n  ( K e r r ,  1 9 7  5) .

At  t he  p r e s e n t  t ’r n e  t h e r e  a r e  v e r y  f e w  r e p o r t s  on t h e  r e g u l a t i o n  

of  m R N A  s p e c i e s  i n  p l a n t s  ( T u a n  Hua a n d  V a r n e r ,  1 9 7 4 ;  V e r m a  c t  al ,  

1 9 7 5 ) .  In t h e  m o s t  d e t a i l e d  s tudy V e r m a  e t  a l  ( 197 5) c o n c l u d e  t h a t  t he
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m R N A  f o r  t h e  e n z y m e  c e l l u l a s e ,  i n c r e a s e s  a s  a  r e s u l t  o f  t r e a t i n g  

p e a  e p i c o t y l s  w i t h  a  s y n t h e t i c  a u x i n  ( ( 2,  4 d i c h l o r o p h e n o x y )  a c e t i c  a c i d ) .  

In c o n t r a s t  to t h e  g e n e r a l  p i c t u r e  e m e r g i n g  f r o m  a n i m a l  s t u d i e s  t h e s e  

a u t h o r s  c o n c l u d e  t h a t  t r a n s l a t i o n a l  a s  w e l l  a s  t r a n s c r i p t i o n a l  c o n t r o l s  

a r e  e q u a l l y  i m p o r t a n t  i n  r e g u l a t i n g  t he  i n c r e a s e d  a c t i v i t y  o f  t h i s  

e n z y m e .  C l e a r l y  t h e r e  i s  a  p r e s s i n g  n e e d  f o r  m o r e  e x t e n s i v e  s t u d i e s  

on t h e  c o n t r o l  o f  g e n e  e x p r e s s i o n  in p l a n t s .

T h e  r e s u l t s  p r e s e n t e d  in t h i s  t h e s i s  h a v e  s h o w n  t h a t  o n e  o f  t he  

p r o t e i n s  s y n t h e s i z e d  i n  i s o l a t e d  e t i o p l a s t s  a n d  d e v e l o p i n g  c h l o r o p l a s t s  

i s  t h e  l a r g e  s u b u n i t  o f  F r a c t i o n  I p r o t e i n .  T h e  e x p r e s s i o n  o f  t he  

g e n e ( s )  f o r  t h e  l a r g e  s u b u n i t  o f  F r a c t i o n  I p r o t e i n  d u r i n g  t he  e t i o p l a s t  

to c h l o r o p l a s t  t r a n s i t i o n  p r o v i d e s  an i d e a l  o p p o r t u n i t y  f o r  s t u d y i n g  g e n e  

r e g u l a t i o n .  T h e  e x p o s u r e  o f  e t i o l a t e d  p e a  a p i c e s  t o  c o n t i n u o u s  

i l l u m i n a t i o n  f o r  4 8  h o u r s  r e s u l t s  in a  f i v e - f o l d  i n c r e a s e  i n  t h e  a m o u n t  

o f  F r a c t i o n  I p r o t e i n  r e l a t i v e  to a p i c e s  m a i n t a i n e d  in t h e  d a r k  ( E l l i s  

and H a r t l e y ,  1 9 7 1 ; B e n n e t  , 1 9 7 5 ) .  B y  a n a l o g y  to t he  a n i m a l  s i t u a t i o n

t h i s  l a r g e  i n c r e a s e  in t h e  l e v e l  o f  F r a c t i o n  I p r o t e i n  d u r i n g  g r e e n i n g  i s  

p r e s u m a b l y  p r e c e d e d  b y  a n  i n c r e a s e  in t he  l e v e l  o f  F r a c t i o n  I p r o t e i n  

l a r g e  s u b u n i t  m R N A  ( L S  m R N A ) .  If  t h i s  i s  t h e  c a s e ,  t h e n  t he  g r e e n i n g  

p e a  a p e x  s h o u l d  p r o v i d e  a n  i d e a l  e x p e r i m e n t a l  s y s t e m  f o r  s t u d yi n g  

l i g h t - i n d u c e d  c h a n g e s  in t h e  t r a n s c r i p t i o n  of  t h e  g e n e  f o r  t he  l a r g e  

s u b u n i t .  It s h o u l d  b e  r e l a t i v e l y  e a s y  to m o n i t o r  t h e  t r a n s l a t i o n a l  

c a p a c i t y  o f  t h e  L S  m R N A  i s o l a t e d  f r o m  d e v e l o p i n g  p l a s t i d s  in a 

h e t e r o l o g o u s  c e l l - f r e e  t r a n s l a t i o n  s y s t e m  ( H a r t l e y  e t  a l ,  1 9 7 5 ) .  T h i s  

i n f o r m a t i o n  c o u l d  b e  c o r r e l a t e d  w i t h  t h e  r a t e  o f  l a r g e  s u b u n i t  

a c c u m u l a t i o n  i n  p l a s t i d s  a t  an e qui va le nt :  s t a g e  o f  d e v e l o p m e n t  in v i v o .

If  t h e s e  t wo p a r a m e t e r s  r o s e  in p a r a l l e l  i t  w o u l d  s u g g e s t  t h a t  t h e  r a t e  

o f  l a r g e  s u b u n i t  s y n t h e s i s  i n  v i v o  i s  d e t e r m i n e d  b y t h e  a v a i l a b i l i t y  o f  

m R N A .  H o w e v e r ,  t h i s  s u g g e s t i o n  c o u l d  o n l y  b e  c o n f i r m e d  by 

d e m o n s t r a t i n g  t hat  t h e  s a m p l e s  o f  L S  m R N A  i s o l a t e d  f r o m  p l a s t i d s  a t  

d i f f e r e n t  s t a g e s  o f  d e v e l o p m e n t  do no t  i n i t i a t e  p e p t i d e  c h a i n  f o r m a t i o n  

in t h e  r o l l - f r e e  s y s t e m  w i t h  d i f f e r e n t  f r e q u e n c i e s .  In. o r d e r  to t e s t  

t h i s  p o i n t  i t  w o u l d  b e  e s s e n t i a l  to p u r i f y  t h e  L S  m R N A ' s  i s o l a t e d  f r o m  

d e v e l o p i n g  u l a s t i d s .

W i t h  t h e  a v a i l a b i l i t y  o f  p u r e  L S  m l l N A  t he  s y n t h e s i s  o f  a  h i g h l y

r a d i o a c t i v e /
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r a d i o a c t i v e  c o m p l e m e n t a r y  D N A  s t r a n d  c o u l d  b e  a c h i e v e d  w i t h  a v i a n  

m y o h l a s t o s . i s  v i r u s  r e v e r s e  t r a n s c r i p t a s e  ( R o s s  e t  a l ,  1 9 7 2 ) .  T h i s  

c o m p l e m e n t a r y  D N A  c o u l d  t h e n  b e  u s e d  to m a k e  a  q u a n t i t a t i v e  

e s t i m a t i o n  o f  t h e  L S  m R N A  s e q u e n c e s  in R N A  f r o m  p l a s t i d s  i s o l a t e d  

at d i f f e r e n t  s t a g e s  o f  d e v e l o p m e n t .  T h i s  a p p r o a c h  w o u l d  a l l o w  a 

c o m p a r i s o n  t o  b e  m a d e  b e t w e e n  t h e  t o t a l  n u m b e r  o f  L S  m R N A  s e q u e n c e s -  

and t h e  n u m b e r  o f  t r a n s l a t a b l e  L S  m R N A  m o l e c u l e s  in a  d e v e l o p i n g  

p l a s t i d .  A ny d i f f e r e n c e s  b e t w e e n  t h e s e  t wo p a r a m e t e r s  w o u l d  p e r h a p s  

i n d i c a t e  t h e  e x t e n t  o f  t r a n s l a t i o n a l  c o n t r o l  in  v iv o  .

A n a d d e d  i n c e n t i v e  f o r  s t u d y i n g  t he  e x p r e s s i o n  o f  t he  l a r g e  s u b u n i t  

g e n e  i s  t hat  t h e  m o d e l  w h i c h  h a s  b e e n  d e v e l o p e d  f o r  the c o - o p e r a t i o n  o f  

n u c l e a r  and  p l a s t i d  g e n o m e s  in t h e  s y n t h e s i s  o f  F r a c t i o n  I p r o t e i n  

( E l l i s ,  1 9 7 5 a )  p o s t u l a t e s  t h a t  c o - o r d i n a t e  c o n t r o l  m a y  b e  e x e r t e d  o v e r  

the s y n t h e s i s  o f  t h e  t wo  s u b u n i t s .  I f  t h i s  i s  t he  c a s e ,  t h e n  a n  u n d e r 

s t a n d i n g  o f  t h e  p r o c e s s e s  w h i c h  r e g u l a t e  t h e  e x p r e s s i o n  o f  t h e  l a r g e  

s u b u n i t  g e n e  m a y  p r o v i d e  a  p a r a d i g m  f o r  m a n y  o t h e r  i n t e g r a t e d  

p r o c e s s e s  in t h e  c e l l .
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Protein Synthesis in Chloroplasts
C H AR AC IT R IST IC S A N D  PR O D U C TS O F  PRO  11 IN SY N T H E SIS /.V VITRO  
IN LTIO I’LA STS A N D  D EV ELO PIN G  C H LO R O PLA ST S F R O M  PI A L E A V E S
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Coventry C l'4  1AI., Warwickshire, U.K.
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The function o f plastic! ribosomes in pea. (Piston sativum  L .)  was investigated by 
characterizing the products of protein synthesis in vitro in plastids isolated at different 
stages during the transition from ctioplast to chloroplust. Etioplasts and plastids isolated 
after 2 4 ,4 8  and 96h o f  greening in continuous white light, use added A T P to incorporate  
labelled am ino acids into protein. Plaslids isolated from greening leaves can also use light 
as the source o f energy for protein synthesis. The labelled polypeptides synthesized in 
isolated plastids were analysed by electrophoresis in sodium dodccyl sulphate u rea -  
polyacrylamide gels. Six polypeptides are synthesized in elioplasts with A TP as energy  
source. Only one o f these polypeptides is present in a  150000#  supernatant fraction. This 
polypeptide has been identified as the large subunit o f f raction 1 protein (3-phospho-D- 
glyceratc carboxylyasc 1 C  4 .1 .1 .39) by com paring the tryptic ‘map* o f  its L-lJ :S]methio- 
ninc-labellcd peptides with the tryptic ‘m ap’ o f large subunit peptides from Fraction I 
labelled with L-[35S]mctb.ionine in vivo. 'J he same gel pattern o f  six polypeptides is seen 
when plastids isolated from  greening leaves arc incubated with cither added A TP or light 
as the energy source. However, the rales o f  synthesis of particular polypeptides are dif
ferent in plasiids isolated at different stages o f the ctioplast to chloroplast transition, 'i he 
results support the idea th at plastid ribosomes synthesize only a small number of proteins, 
and that the number and molecular weight of these proteins does not alter during the 
formation o f chloroplasts from ctioplasts.

Chioroplasts contain all the com ponents theo
retically necessary for autonomy, i.c . D N A , DNA  
polymerase, RNA polymerase and a protein-syn
thesizing apparatus ( Boulter et al., 1972). The cnloro- 
plast DNA is sufficient to encode about 125 poly
peptides each o f  m olecular weight 5 x l 0 4, whereas 
chloroplast ribosom e; can represent up to 50%  of 
the total ribosomes in a leaf (Ed I is ¿k liar'ley , 1974).
These quantities might be thought to  support the idea 
ofchloroplasi autonom y, but recent evidence suggests 
that this idea is not correct. Studies o f  the effects on 
chloroplast development o f antibiotic inhibitors 
specific for chloroplast ribosomes suggest that most 
cldoroplasl proteins arc made by cytoplasm ic ribo
somes (Boulter a  a!., 1972; Ellis c t  a l., 1973). This 
conclusion is supported by the finding that on) .-nc 
soluble protein is synthesized by isolated intact pea 
chloroplasts (Blair &  Eliis, 1973). I his protein is the 
large subunit of i Taction I protein (3-phospho-D- 
glyceratc carbovylyasc EC  4 .1 .1 .3 9 ), which is the 
mosi abundant protein in leaves, l ive membrane- 
bound proteins ar ? uho synthesized in isolated chloro
plasts; these arc unidentified, but a rc  clearly minor 
components of the chloroplast membranes (Eagles- 
ham  & Hlis, 1974). Similarly, genetic studies suggest

that many chloroplast proteins are encoded in 
nuclear rather than chloroplast D N A (K irk, 1972); 
an exception is the large subunit of F raction  1 protein, 
which is encoded in chloroplast D N A  (Chan &. 
Wildman, 1972).

This evidence suggests that the abundance o f  
chloroplast ribosomes is required, not because they 
synthesize a  wide range of different proteins, but 
because one (T  their products, the large subunit o f  
Fraction I protein, occurs in much larger quantities 
than any other protein. However, two criticisms can  
be made o f  this conclusion. I iic first stem s from the 
fact that our prev ious experimental conditions ensure 
that only chlorcv* lasts that arc able to carry  out photo- 
phosphorylation can incorporate am ino acids into 
protein (Blair ¿c Ellis, 1973). and the second is that 
the known genes in chlorop! st D N A  account for 
less than 10%  o f its potential coding capacity (Ellis 
& Hartley, 1974). It occurred to us that plastids iso
lated at a stage o f  development before they have 
acquired tiic ability to carry out photophosphoryla- 
lion may synthesize a different spectrum  o f proteins 
from .m ature chloroplasts. IVa plants provide a con
venient experimental situation to test this possibility 
because when they are raised from seed in the dark
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they accumulate plastids termed etioplasts which lack 
chlorophyll and thylakoid membranes (K irk  & 
Tilncy-Bassett, 1967); illumination of dark-grown 
plants results in a rapid conversion o f  ctioplasts into 
chloroplasts. The present paper describes the 
characteristics and products o f protein synthesis in 
isolated ctioplasts and in plastids isolated from 
greening tissue.

Experimental
Materials

Pea seeds (Pisum sativum  L . var. M eteor) were 
purchased from S. D obic, Chester, U .K . Vermiculitc 
(MicafU) was bought from Dupre Vermiculitc Ltd., 
Herts., U .K . C readne phosphokinase, A T P , UTP, 
G TP, C l  P, dT i P, l-lcpcs [2-(A'-2-hydroxycthy 1- 
pipera'/in-A7'-yl)clhanesiilphonic acid], Tricine [A7- 
tris(hydroxymelhyl)methy!glycine], phenyl methane- 
sulphonyl fluoride, D-z/z/co-chloramphenicol, cyclo- 
heximidc and Triton X -1 00 [octylphcnoxypolycthoxy- 
ethanol] were obtained from Sigma (London) 
Chemical C o. Ltd ., London S.W .6, U .K . Pronase 
(B grade) and carbonyl cyanide ///-chlorophenyl- 
hydrazone were purchased from Calbiochcm, London  
W ill  JAS, U .K ., Coom assic Brilliant Blue K was 
from Searlc Diagnostic, High Wycombe, Bucks., 
U .K ., Bromophenoi Biue and sodium dodecyl 
sulphate (especially pure) were from B D I1 Chemicals 
Ltd., Poole. Dorset, U.K.»acrylam ide was from Fluka  
A .G ., Buchs, Switzerland, and AW'-methylencbis- 
acrylamide was from  Last man Organic Chemicals, 
Rochester, N .V ., U .S .A .

l-[35S] Methionine (SJ 204, 200-300  Ci/m m ol, 
3-StnCi/m l in aqueous solution containing 0 .04%
2-mercaptoethanol) and L-[3H]leucine ( I R K  170, 
50Ci/m m ol, 1 rnCi/ml in sterilized aqueous solution 
containing 2 % , v/v, ethanol) were supplied by The 
Radiochemical Centre, Amersham, Bucks., U .K . 1- 
Ch!oro-4-phcnyl-3-i.-tolucne-p-suplhonamidobutan- 
2-one-treated trypsin was supplied by W orthington  
Biochemical C orp., f  reehold, N .J., U .S.A. Precoated  
20cm  x 20cm  silica gel plastic t.l.c. plates (Polygram  
Sil G ; 0.25m m  layer) were obtained from M acherey- 
Nage! and C o ., Duren, Germany. The following 
chemicals were kindly supplied gratis: 3-(3,4-di- 
chlorophcnyl)-l,l-dim cthyiurea by 1 isons Ltd., 
Loughborough, Leics., U .K ., actinomycin D from  
Mercke, Sharpe and Dohme, Rahway, N .J ., U .S .A ., 
tentoxin (cycloleucyl - N -methylalanylglycyl - N -
mcthyklihydropiienylalanyl) by Dr. R. D. Durbin, 
University o f Wisconsin, U .S .A ., and i.-threo-ch\or- 
ainphenicol by Parke Davis and C o., Pontypool, 
Wales, U .K .

M ethods and procedure
Plant tissue. Pea seeds were surface sterilized in 2%  

(w/v) sodium hypochlorite solution for 5 min and
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then washed in running tap water for 24h . The im
bibed seeds were sown in moist vcrmicuiitc and 
grown at 22-24  C for 9 days. M ature chloroplasts 
were isolated from the youngest leaves of seedlings 
grown under a 12 h photoperiod o f 20001x provided 
by white fluorescent tubes. Etioplasts were isolated 
from  the apical buds o f plants grown in darkness. 
Etiolated seedlings were greened under continuous 
white light o f 2800 lx at 2 2 -2 4  C\ Plastids from  
greening seedlings were isolated from the first- 
formed leaflets.

Plastid isolation. Plastids were isolated by the 
method o f Ramirez ct ul. (1968) as modified by Blair 
& Ellis (1973). Plant tissue was excised and 2 0 g 
homogenized for 4 s  in a Polytron homogenizer 
(Northern Media Supply Ltd ., l lu!!, U .K .) in lOOmi 
of semi-frozen sterile isolation medium [0.35 m- 
sucrosc 25niM-Jlepcs N aO li buffer (pH 7.6)-2m \i- 
E D T A  (disodium salt)-2mM-sodium isoascorbale]. 
The homogenate was strained through two lots o f  
eight layers o f absorbant muslin and centrifuged at 
2500# for 1 min at 4  C. The supernatant fraction was 
discarded and the pellet carefully resuspended in 
sterile KCI resuspension medium [66m.M-Tricine- 
KOH buffer (pi 18.3)-0.2M -K C I-6.6m \i-M gCL]. 
Plastid isolations were performed in the light. 
Experiments were performed which showed that no 
differences could be found with regard to these studies 
between plaslids isolated in the light and plastids 
isolated in the dark. About 50 60%  o f the plastids 
isolated by this method were highly refractive when 
viewed with the phase-contrast m icroscope, suggest
ing they possessed a completely limiting envelope. 
Studies with the electron m icroscope indicate that 
nuclei arc present in these preparations to the extent 
o f one nucleus for twelve plastids in the etioplast 
preparations and one nucleus for 50 plastids in the 
chloroplast preparations. Protein was estimated by 
the method of Lowry et al. (1951) with bovine scrum  
albumin as standard.

Assay fo r  i.-[3\S' \methionine incorporation into hot 
trichloroacetic acid-insoluble material in isolated 
ctioplasts. The etioplasts isolated from 20g  o f tissue 
were resuspended in 5 ml o f sterile KCI resuspension 
medium. As a routine, incubation mixtures with a  
finai volume o f 500 //I contained 100/«mol o f KCI, 
33/im ol o f Tricine-K GI I buffer (pi 18.3), 3.3//m ol o f  
M gCl2, 0.5//C i o f  L-[35S]methionine (200C i/m m ol),
1 //mol o f A TP and etioplasts containing 150-300//g  
o f protein. All the inhibitors tested were soluble in 
KCI resuspension medium at the concentrations used, 
and were added to the incubation mixture by replac
ing a portion o f KCI resuspension medium with an 
equal portion o f KCI resuspension medium plus 
inhibitor. Reaction components were mixed at 2CC , 
and the incubation was started by increasing the 
temperature of the incubation mixture to 20CC. This 
temperature was maintained during the incubation.
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Incubations were performed in the dark. After 1 h the 
incubations were terminated by the addition o f 100//i 
o f a saturated aqueous solution o f L-[32S]mcthionine 
and 1 ml o f 20%  (w/v) trichloroacetic acid. The sus
pensions were left to stand at 2°C for 30m in and then 
heated to 90CC for 15 min. T he precipitate was trans
ferred quantitatively to glass-fibre discs (W hatm an  
GF/'C, 2 .5cm ) and each disc was washed with 100ml 
o f ice-cold 5 %  (w/v) trichloroacetic acid, 60m l o f  
ethanol and finally with 60m l o f diethyl ether. Filters 
were dried at 60rC  for 3 0 min and placed in scintil
lation vials containing 8 ml of a toluene-based scintil
lation fluid [0.5%  (w/v) 2,5-diphenyloxazole, 0 .03%  
(w/v) 1,4-bis-(5-phenyloxazol-2-yl)benzcneJ. The
radioactivity was determined in a  Packard Tri-Carb  
model 3320 liquid-scintillation spectrom eter at a 
counting efl'cicncy o f 70%  as determined by internal 
standardization.

Jncubationofpinst ids fu r  analysis o f  synthesized poly
peptides. The plastids isolated from 4 0 g  o f  tissue were 
resuspended in 3 ml o f KCI resuspension medium. 
Light-driven protein synthesis incubation mixtures 
with a final volume o f 1 ml contained 200/unol o f  
KC1, 66//m ol o f Tricinc-K O H  buffer (pH 8.3), 
6.6//m ol of MgC'L, 100//Ci o f i.*['r’S]mcthionine 
(300C i/m m oi) or 100/<Ci o f L-[JH]lcucinc ( 5 0 0 7  
mmol) and piastids containing 1 - 6 mg o f protein. 
AT P-driven protein synthesis incubation mixtures 
contained in addition 2/anol o f  AT P, 5 //mol o f  
creatine phosphate and 100//g o f creatine phospho- 
kinasc. Reaction components were mixed at 2 C, 
and the incubations were started by raising ihc tem
perature o f the incubation mixture to 20 C. 1 his 
temperature was maintained during the incubation. 
The A'i P-drivcn system was incubated in the dark, 
whereas incubations with light as the energy source 
were illuminated with filtered red light of 4 0 0 0 lx 
intensity as measured by the M egatron Light Meter 
Type E l .  After 1 h the incubations were terminated 
by the addition o f 200 //I of a  saturated aqueous solu
tion o f L -P ‘ S]mcthioninc and 120//I o f  an aqueous 
solution o f 20%  (w/v) sodium dodecyl sulphate. The 
incubation mixtures were boiled for 3 min and then 
dialysed at room temperature against 5 litres o f  
2.5mM-Tris-gIycinc buffer (pH 8.5), lC0mM-2-mer- 
captoethanoi and 0 .2 %  (w/v) sodium dodecyl sul
phate. A t room  temperature an insoluble precipitate 
of potassium dodecyl sulphate forms when sodium  
dodecyl sulphate is added to the incubation mixtures. 
This precipitate disappears during dialysis.

Preparation o f  a 150 COOg etioplast supernatant 
f  action. Ftioplasts were isolated and incubated for 
the analysis o f the products in vitro  as described 
above. The incubation was terminated by the addition 
of i -p-’SJmclhioninc and the incubation mixture was 
then ccnti ifuged at 2500^ for 2 min at 2°C . The super
natant fraction and pellet were separated, and the 
pellet was resuspended in 1.2 ml o f a buffer containing

2 .5mM-Tris-glycine (p H 8.5) and 4mM-2-mercapto- 
eihano! to  lyse the ctioplasts. The supernatant frac
tion was added to the lysed ctioplast preparation and 
centrifuged at 150000# for 1 00min at 2 C. The clear 
supernatant was removed, 2 4 0 /d o f  an aqueous solu
tion o f 2 0 %  (w/v) sodium dodecyl sulphate was added 
and the sample boiled for 3 min. The 150000# super
natant fraction was dialysed at room  temperature 
against 5 litres o f a buffer containing 2.5niM -Tris- 
glycine (pH 8.5). lOOmM-2-mercaptoethanol and 
0 .2 %  (w /v) sodium dodecyl sulphate.

Pronase digestion o f  the polypeptides synthesized in 
isolated ctioplasts. Incubation for the analysis o f  the 
products synthesized in vitro  was performed as 
described. The incubation was terminated by the 
addition o f L-[32S]methionine and a lysed ctioplast 
preparation was prepared as described above. After 
the supernatant fraction had been added to the tyred 
ctioplast preparation, a 600 /d sample was taken lor 
pronase digestion. Pronase, at a  concentration of 
1 mg mi in a  buffer containing 5 0 mM-Tris--glycine 
(pH 8.5) and 10mM-2-metcaptoethanol, was added 
to the sample to give a prolcin/Pronasc ratio of  
10:1 (vv/w) and the sample was incubated at 37°C  
for 3 h. The incubai ion w as terminated by the addition 
o f 65 //I o f  an aqueous solution o f  20%  (w/v) sodium 
dodecyl sulphate and boiling for 3 min. The solubil
ized digest was dialysed at room  temperature against 
5 litres o f  a builer containing 2 .5 mM-Tris-glycine 
(pH 8.5), 100m.xf-2-mercaptccthanol and 0 .2%  (w/v) 
sodium dodecyl sulphate, ant1 the dialysed sample was 
then analysed by electrophoresis as described beiow.

Analytical sodium dodecyl sulphate -polyacrylamide 
gel electrophoresis. The polyacrylamide-gel electro
phoresis system used contained sodium dodecyl sul
phate and urea in the buffers. Gels were polymerized 
in glass tu b es(6m m x 100m m ) and consisted o f 15%  
(w/v) acrylamide 0 .3%  bisacrylamide made up in a 
buffer containing 0.25M--Tris-HCl (p H 8.5), 0 . i%  
(w/v) sodium dodccy! sidphale and 3%  (w/v) urea. 
The running buffer contained SOmM-Tris-glycine 
(pH 8.5), 0 .1 %  (w/v) sodium dodecyl sulphate and 
lOmM-2-mereaptocthanol o r 8m\t-cysleino. Gels 
were prerun at lOmA/gci lor 3 h . Samples (1C0//1), 
containing 100-400//g  o f  protein, were layered 
directly on the gels with sucrose (10% , w/v) and 
Brom ophcnol Blue (0 .005% , w/v). The samples 
were concentrated by applying a current of0.5m A /ge! 
for 3 0 min. Electrophoresis was then carried out at 
5m A/gel at room tem perature; to obtain maximum  
separation o f the polypeptides the electrophoresis 
was continued 30%  longer than the time taken for 
the m arker dye to reach the bottom  o f the gel. 
Experiments were performed to ensure that this did 
not cause protein bands o r radioactive peaks to be 
lost from  the bottom o f the gel. Gels were stained in 
Coom assie Brilliant Blue R [0.1 % (w/v) in 50%  (v/v) 
methanol and 7 .5%  (v/v) acetic acid] and the excess
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o f stain was removed by washing in 50%  (v/v) metha
nol containing 7 .5 %  (v /v) acetic acid. The gels were 
calibrated for molecular weight as described (Eaglcs- 
ham & Ellis, 1974). T he gels were scanned at 6 20nm 
in a Joyce-Loeb! C hrom oscan, swollen in 7 .5%  (v/v) 
acetic acid to remove the m ethanol, frozen at —90 C  
for 3 0 min and then sliced into 1 mm slices with a 
Mickle gel sliccr. The slices were solubilized in 200 /d 
o f H20 2 (100vol.) for 3h  at 80°C  in capped scintil
lation vials and, after cooling the vials, 8 ml o f Triton 
X -100-iolaene scintillation lluid [0 .4%  (w/v) 2,5- 
diphenyloxazolc, 0 .0 5 %  (w/v) 1,4-bis-(5-phcnyl- 
oxazol-2-yl)benzene in toluene T riton  X -100  (2 :1 ,  
v/v)] was added. Samples were counted for radio
activity in a Packard Tri-C'arb model 3320 liquid- 
scintillation spectrom eter. i.-[,5S]Methionine alone 
was determined at a  counting efficiency o f  88%  as 
determined by internal standardize.!ion. in gel slices 
containing both L-[-vsS]methionine and L-[3H]Ieucinc 
the radioactivity due to each isotope was estimated 
by the channcls-jT.iio method o f Hcndler (1967).

Preparative gel electrophoresis o f  the 150000#  
supernatant fraction fron t isolated etiop/asts. T he 
dialysed sodium ctodccyl sulphate-treated 150000#  
supernatant fraction prepared as described above was 
further fractionated by the preparative polyacryl- 
amide-gel electrophoresis method o f M oore & Burke
(1974). Sucrose crystals were added to 2m ! o f dia
lysed preparation (4 .4  mg o f protein) and the samples 
were loaded directly on to cylindrical columns 
(18m m  x 220m m ) o f 15%  (w/v) acrylamide-0.3 % 
bisacrylamidc. Gels were prepared and run in the 
sodium dodccyl sulphate-containing buffer described 
above. The gels were nrerun at 5m A/gel for 20h and 
samples were concentrated on top o f the gel by apply
ing a current o f 3m A /gcl for 3h . Electrophoresis of 
the sample was carried out at 5m A/gcl at room tem
perature for 3 0 h. The position in the gel o f the large 
subunit from Fraction I protein was determined from 
the mobility of that from dansylated pea Fraction I 
protein fractionated in parallel gels. Pea Fraction I 
protein was prepared as described by Blair & Ellis
(1973), and dansylated as described by Talbot & 
Yphantis (1971). The appropriate section o f the gel 
containing the radioactive sample was excised and the 
protein eluted in 0.1 %  (w /v) sodium dodccyl sulphate 
containing 1 m.M-phcnylmethanesulphonyl fluoride at 
37CC  for 16h. The gel pieces were removed by centri
fugation at 1500# for lOmin and the supernatant 
fraction was passed through a W hatman ( JF /C  disc by 
centrifugal filtration at 2500#  for 15min. The protein 
was precipitated from the filtrate with 20%  (w/v) 
trichloroacetic acid a t 4°C  for 30m in and centri
fuged at 10000# for 30m in at 2 C. The protein was 
washed by resuspension and centrifugation in 
ethanol-diethyl ether (3 :1 ,  v/v) (twice) and ether 
(once). This material was stored at 4  C  and was used 
for the tryptic peptide analysis.

S. G. SÏDDFTT AND R. .1. ELUS

Preparation o f  the large subunit from  pea Fraction I  
protein labelled in riro with L~[25S]m ethionine. 
Labelled fraction  1 protein was prepared by the 
method o f Blair & Ellis (1973) from the leaves of 
excised pea seedlings that had been fed w ith l -[35S]- 
mcthioninc during greening. Purified labelled F ra c 
tion 1 protein was dissociated into its constituent 
subunits by solubilization in 50m\!-Na2I JPCN-NaOM  
buffer (pH 11.2). The subunits were separated by 
chrom atography on Sephadex G -100 (superfine 
grade) with 50mM-Na.d 1 P 0 4-N uOH buffer (pH  ¡1 .2 )  
as the eluting buffer. The three peak fractions con
taining the large subunit from Fraction 1 protein 
were pooled, and the protein was precipitated with 
20%  (w/v) trichloroacetic acid at 4  C for 3 0  min. The 
protein was washed by resuspension and centrifuga
tion in ethanol-ether ( 3 :1 ,  v/v) (twice) and ether 
(once). This material was stored at 4  C and used for 
tryptic peptide analysis.

Tryptic peptide analysis. The samples fo r  analysis 
were resuspended in a mixture of form ic acid and 
methanol ( 4 :1 ,  v/v). Performic acid oxidation was 
performed as described by Bray Sc Brownlee (1973). 
The oxidized samples were dried with N 2, resuspended 
in water, and freeze-dried twice to remove all traces 
o f performic acid. Tryptic digestion was performed 
by dissolving the samples (250 //g of protein) in 50m.\t- 
N H 4 I R O 3  (pi 18.0) containing lm.M-CaCl2 and 
by adding 12.5//g o f T PC K  (!-ch!oro-4-phenyl-
3-i -toluenc-/>-sulphonamidobutan-2-one)-inactivatcd 
trypsin dissolved in 50mM-NH4HCO;* (p H 8 .0 )-  
1 niM-CaCI? (protein/lrypsin, 2 0 :1 , w/w). Incubation  
was at 37 C  for 7h . After digestion, sam ples were 
freeze-dried and then dissolved in 150//1 o f  water. 
The samples were centrifuged at 1500# fo r  5 min to 
remove particulate m atter. Finally, the samples were 
freeze-dried again and dissolved in 35/d o f  water. 
Samples contained 5 0 *  lOMOOx lO’ c.p .tn . The 
tryptic peptides were separated by the two-dimen
sional ‘mapping’ procedure of Sargent &. Vadlamtidi 
(1968). This technique allows two peptide mixtures 
to  be ‘fingerprinted* simultaneously and under iden
tical conditions. Separation occurs on thin layers 
o f silica gel with acetic acid-form ic acid-w ater  
( 4 : 1 :45 , by vol.) as the electrophoresis vecto r, and 
bu tan-l-o! acetic acid-w ater (3 :1 :1 ,  by vol.) for the 
chrom atography vector. After drying, the thin-layer 
plates were exposed to Kodirex X-ray film for 8 -12 
days.

Results anti Discussion

Characteristics o f  protein synthesis in isolatedctioplasts
Fig. 1 illustrates the time-course o f the incorpora

tion o f i.-[J5S]mcthionine into hot-trichloroacetic 
acid-insoluble material by isolated ctioplasts at dif
ferent temperatures, and the dependence o f this
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Time (min)

Fi;'. 1. Effect o f ATP and temperature on the incorporation o f  ]methiott:'ic in to a hot-trichloroacetic acid-insoluble
product in isolated eliopiasts

Elioplasts were prepared as described under ‘Methods and 
procedure’, incubation mixtures (linai voi. 50()/?l) con
tained 300/tI of elioplast suspension (190/ig of protein), 
100/.T of KCl resuspension medium (pHh.3) containing 
0.5/iCi of i -| ’ *J ncthioninc (200Ci/mmoI) and either 
100//1 ofK l ! n. -,i. pension medium containing 10mM-ATP 
(» , t>, a ) or lt>t)//l of KCl resuspemion medium alone 
(□ , O, A). incubations were terminated and assayed for 
incorporation as described under ‘Methods and procedure’. 
O, IOC, +A TP; o ,  IOC, -A T P ; n , 20 C. 4-A TP; □ , 
20 C, -A T P ; a , 30 C, 4 ATP; A, 30 C, -A T P .

incorporation on added A TP. At 20rC the rate of 
incorporation falls to  zero rapidly after about 30 min; 
a similar time-course was reported for isolated chloro- 
plasls (Blair &F.llis, 1973). The duration of incorpora
tion by ctioplasts can be extended by decreasing the 
incubation temperature but the initial incorporation  
rate is halved when the incubation tem perature is 
lowered by 10 C. T he initial rate o f incorporation at 
20°C  is in the range 0 .3 5 -0 .7 pmol o f i.-[35S]niethio- 
ninc/h per mg oi protein. This rate is 5 -1 0  tim es less 
than that quoted by Blair & Ellis (1973) for ATP- 
driven protein synthesis in isolated chloroplasts.

To find optimum incubation conditions, the effect 
o f changing some parameters o f the incubation were 
investigated. The effect o f changing the A T P  concen
tration is shown in Fig. 2. L-[3SS]Methioninc incor- 
poiation is stimulated by increasing the A T P  con- 
centra« ion up to a value o f  2m.M, but no further 
stimulation occurs up to 4 him-A TP. U nder our 
conditions the addition o f  an ATP-gencrating system
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Fig. 2. Effect o f ATP concentration on the incorporation o f  
L -t35.S ]mcthi< mine into a hot-trichloroacetic acid-insoluble proditt l in isolated ctioplasts
Etioplnsls were prepared as described under ‘Methods 
and procedure’, incubation mixtures (final vol. 500//1) 
contained 300//1 of ciioplasl suspension (300//g of pro
tein), 100//I of KCl resuspension medium (pH 8.3) con
taining 0.5//Ci of !.-[■''SJmcthioninc (200C i/mmol) and 
100/d of AT P in KCl resuspension medium (rebulfercd to 
pH8.3). incubations were terminated after 1 h and assayed 
for incorporation as described under ‘Methods and pro
cedure’.

did not alter the total incorporation in ctioplasts. The 
effect o f  altering the incubation pH is shown in Fig. 3. 
Maximum incorporation is obtained at a  pH o f 8.3. 
This pH is also the optimum value for protein syn
thesis in isolated chloroplasts. Although l -[35S]- 
mcthioninc incorporation in isolated ctioplasts is 
stimulated by a high K + ion concentration in the 
incubation medium (Fig. 4), the degree of stimulation 
is not as great as in isolated chloroplasts. The K T ion 
stimulation o f  incorporation in ctioplasts confirms 
the suggested role o f this ion as a  cofactor for protein 
synthesis in isolated chloroplasts rather than as a 
factor that stimulates incorporation by an involve
ment in, for example, pholophosphorylation (Blair 
&  Ellis, 1973).

Sonic o f the characteristics o f  protein synthesis in 
isolated ctioplasts arc given in Table 1. AT P will, but 
light will not, act as an energy source for protein 
synthesis in isolated ctioplasts. This suggests that our 
ctioplust preparations cannot carry out photo
phosphorylation. Neither GT P, U T P ,C T  Pn ordT  1 P, 
each at 2 ium, will act as an energy source for protein

K liUllfllRIHIIIIKilklKIHillUII
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Fig. 3. Effect o f pH on the incorporation o f  \.-[3SS]methio- 
nine into a hoi-trichloroacetic acid-insoluble product in 

isolated etioplasts
Etioplasts were prepared as described under ‘Methods and 
procedures’, except that 5 ml portions of the homogenized 
tissue were centrifuged individually. The etioplast pellets 
(770pi1, of protein) were resuspended ir. 500 //I of KCI re- 
suspension medium (buffered to the indicated pH values 
with either KOI I or MCI) containing 0.5/tCi of l-!.3"^] 
methionine (200Ci/mmol) and 2mM-ATl\ Incubations 
were terminated after 1 h and assayed for incorporation 
as described under ‘Methods and procedure’.

Fig. 4. Effect o f  K* ion concentration on the incorporation 
o f  t--[356']methioninc into a hot-trichloroacetic acid-insoluble 

product in isolated etioplasts
Etioplasts were prepared as described under ‘Methods and 
procedure’, except that 5 ml portions of the homogenized 
tissue were centrifuged individually. The ctioplast pellets 
(900/rg of protein) were resuspended in 500//i of modified 
KCI resuspension medium in which the total K + ion 
concentration varied from 33 to 453m.M (pH 8.3). contain
ing either 0.5//Ci of i.-['\S]methionine (200Ci/mmol > and 
2mM-ATP ((d) o r 0.5//Ci of L-[35S]mcthionine (200Ci/ 
mmol) alone (o ) .  Incubations were terminated and 
assayed as described under ‘Methods and procedure'.

Table 1. Effect o f the energy source and inhibitors on the incorporation o f  i.-[3SS]mcthionine into a hot-trichloroaeetic acid-
insoluble product in isolated etioplasts

Etioplasts were isolated and incubated as described under ‘Methods and procedure*. The Triton X-100 solubility of the 
material containing the incorporated i.-[35S]methionine was determined by addition of an equal volume of 4%  (v/vj Triton 
X-100 io the incubation after 1 h, centrifuging the solubilized preparation at 12500# for lOmin at 4 3C, separating the 
supernatant fraction and pellet and precipitating the protein in these fractions with 10% (w/v) trichloroacetic acid. Incor
poration was assaved as described under ‘Methods and procedure’. Incorporation by the complete AlP-drivcn system is 
called 100.

Energy source Treatment Incorporation ( /
ATP Complete 100
None Complete 7
None Zero time •6
Light Complete 7
ATP Triton X-100-in soluble 5
ATP Ribonuclcasc (25//g/ml) 65
ATI* D-zZ/reo-Chloramphcnicol (25/tg/ml) 8
ATP L-f/wco-Chloramphcnicol (40/rg/n.l) 101
ATP Cyclohexiniidc (25//g/ml) 98
ATP Actinomycin D (30//g/ml) 100
ATP Tentoxin (2/jg/ml) 105
ATP 3-(3,4-Dichlorophenyl)-l,l-dimcthy!urea (1//m) 80
ATP Carbonyl cyanide /w-chlorophenylhydrazonc (5//m ) 78
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synthesis in ctioplnsls. I f  t!ic preparations arc solubi
lized at the end of the incubation in 2 %  Triton X -100, 
only about 5%  o f the radioactivity incorporated into 
protein is present in a 12500^  pellet. This result sug
gests that incorporation is occurring in either plastids 
or mitochondria, ra th er than in whole leaf cells, 
nuclei o r bacteria, w hich arc not solubilized by the 
detergent at this concentration (Parenti & Margulics, 
1967). Studies on the L-[v"S]mcthioninc-incorporat- 
ing activity o f a mitochondrially enriched fraction iso
lated from  etiolated pea leaves, and the clfcct of this 
fraction on incorporation by the ctioplast-cnrichcd 
pellet, exclude the possibility that incorporation is 
due to the activity o f  mitochondrial ribosomes. In 
contrast with the 8 0 %  inhibition observed by Reger 
ct al. (1972) with isolated wheat etioplasts, ribo- 
nuclcase, over a concentration range 10-50//g/m l, 
inhibits incorporation in our system by 35% . Blair & 
Eliis (1973) have concluded that in the light-driven 
system there is a strong correlation between increasing 
ribonuclcase sensitivity and decreasing intactncss of 
the chloroplasts in the preparation. Our results with 
isolated ctioplasts suggest that 35%  o f the incorpora
tion is due to the activity of ribosomes not bounded by 
a  plast id envelope. W e suggest that the remaining 65%  
o f the incorporation occurs in intact etioplasfs, and 
that the inclusion o f  ribonudease in the incubation 
mixture can be used, if necessary, to ensure that in
corporation occurs only  in intact ctioplasts.

L-[3f'S)Methionine incorporation in this system is 
completely and stcrcospecilically inhibited by the 
D-titreo isomer o f  chloiam phcnicol, but is not af
fected by cyclohcxim ide (Table I). This result suggests 
the incorporation can n o t be attributed to contaminat
ing 80S  ribosomes. T h e  activity o f the system is not 
inhibited by actinom ycin r> at a concentration of 
30/tg/m l. A t this concentration actinomycin D in
hibits the incorporation of [3H]uridine into RNA by 
70%  in identical preparations of ctioplasts (results 
not shown). It seems therefore that, as in isolated 
chloroplasts (Blair 6c Ellis, 1973), the m RN A trans
lated in isolated etioplasts is most likely present inside 
the plastids before they are isolated. The commonly 
used inhibitors o f  photophosphorylation such as 
carbonyl cyanide //:-dilorophcnylhydrazone and 
3-(3,4-dichloroph.enyl)-l,l-dim cthyluica,and theless- 
commonly used tentoxin, which is thought to act as 
an inhibitor of coupled electron transport (Arnten, 
1972), have little or no inhibitory effect in this system. 
By contrast, light-driven protein synthesis in isolated 
chloroplasts is greatly inhibited by these compounds 
(Blair &  Ellis, 1973).

These results taken together indicate that i.-[35SJ- 
methionine is incorporated into protein in isolated 
etioplasts, and that protein synthesis in isolated 
eliop'asts has the sam e requirements and exhibits 
the sam e charac<cri.slics as protein synthesis in iso
lated chloroplasts.

Analysis o f  the polypeptides synthesized in isolated  
etioplasfs by sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis

The fractionation pattern obtained by sodium  
dodecyl sulphate- polyacrylamide-gel electrophoresis 
o f the polypeptides synthesized in isolated ctioplasts 
is shown in Fig . 5. Staining the gels with Coom assie 
Brilliant Blue R  shows many protein bands, the m ost

Fig. • 5. Sodium dodecyl sulphate-polyacrylamide-gel electrophoresis o f  the polypeptides synthesised in vitro in 
ctioplasts and the sensitivity o f these polypeptides to 

Pronasc
Etioplasts were isolated from 20-30g of tissue and incu
bated with L-[35S]mcthionmc (300C i mmol) (a) and (c), 
or L-[3II]leucinc (50Ci/mmol) (!>). Plastid isolation and 
incubation, and Pronasc digestion of t!ie products syn
thesized in vitro, was performed as described undet 
‘Methods and procedure’. Gels were loaded with 100//1 of 
solubilized incubation mixture: («), 130//g of protein; 
(h), 160/tg of protein; (c) 100//I of the Pronase digest. 
Electrophoresis and related procedures were performed as 
desciibed under ‘Methods and procedure’, except lor (c) 
in which the electrophoresis was stopped when the marker 
dye reached the bottom of the gel. —  , / :6 2oi - Li~ 
(histogram), radioactivity; IS , large subunit of Fraction I 
protein.
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Electrophoretic mobility
Fig. 6. Co-electrophoresis o f  ctioplast and chloroplast products synthesized in vitro in sodium dodecyl sulphate-polyacrylamide

gels
Etioplar.ts and mature chloroplasts were isolated and incubated as described under ‘Methods and procedures’. Etioplast
products were labelled in vitro with i.-[35SJmcthioninc (------ ) and chloroplast products labelled in vitro with i.-[5H]leucine
( -------). The ct|oplast sample contained I50//g of protein (3x  10'c.p.m .) and the chloroplast sample iOpz of protein
(3 x 103c.p.m.). Light was the energy source for isolated chloroplast protein synthesis. Both solubilized piastid preparations 
were extracted thiee times with acetone (90% , v/v) by resuspension and centrifugation before electrophoresis. Electro
phoresis and related procedures were performed as described under ‘Methods and procedures’. LS, Large subunit of 
Fraction f protein.

intensely staining o f which electrophoreses to a posi
tion coincident with the large subunit o f  pea i i action 
I protein. Fraction I protein has been found in the 
ctioplasts o f many species (Graham  et a l 1971; 
Smith e! al.. 1970). Fig. 5 shows that the products o f  
protein synthesis in isolated ctioplasts can be frac
tionated into six discrete radioactive peaks in sodium  
dodccyl sulphate gels. All the radioactive peaks arc 
digested by Promise (F ig . 5c). 'I he same six poly
peptides arc labelled when either L-[35S]melhionine or 
L-pH]!eucirie is used as the precursor (Figs. 5a  and 
56). A double-labelling experiment showed th at the 
mobilities o f the six polypeptides synthesized in iso
lated etioplasts arc identical with the mobilities o f  the 
polypeptides synthesized in isolated chloroplusts 
(F ig . 6). To obtain a double-labelled gel pattern in 
which the six ctioplast and chloroplast products 
in vitro elcctrophorcsed with identical, rather than 
similar, mobilities, it was necessary to extract the 
samples with acetone before electrophoresis. This 
suggests that acetone-soluble components o f  the 
solubilized plaslid preparation slightly affect the 
mobility ol polypeptides in our electrophoresis 
system.

T hese results suggest that not only the ch aracter
istics and requirements, blit also the products of 
protein synthesis in vitro in both pea ctioplasts and

chloroplasts are qualitatively the same. One o f the 
peaks o f activity com mon to the fractionation pattern 
o f both the eliopbst and chloroplast products syn
thesized in vitro is more highly labelled than the others, 
and runs with an apparent m olecular weight o f about 
6 x l O * l. The identity o f this polypeptide has been 
established in the light-driven chloroplast system as 
the large subunit o f Fraction 1 protein (Blair & Ellis, 
1973). Ibis polypeptide is the only product present 
in vitro  in the 150000.? supernatant fraction o f chloro
plasts, and I: ig. 7 shows that this polypeptide is also 
the only product o f  ctioplasts in vitro that is present 
in this fraction. By inference from the chloroplast 
situation, these results suggest that the 6 x 1 0 * -  
mol. \vt. polypeptide synthesized in isolated elio- 
plasts is the large subunit of Fraction 1 protein; this 
suggestion has beer: confirmed by comparing the
l -  [3 "S] me t h ion i nc-la be lied tryptic peptides ot the 
product labelled in vitro  with those oi the large sub
unit from Fraction I protein labelled in rh o  with 
L-[3*S]mcthioninc. Plate I (a) shows that the ctioplast 
product in vitro shares seven m ajor i.-["S]m ethio- 
nine-labcllcd tryptic peptides with the large subunit 
o f Fraction 1 protein labelled wit it L-[ , 'Sjmethionine 
in vivo (Plate 16). Some minor peptides may also be 
com m on to both proteins. 1 his number ol methionine 
tryptic peptides for the large subunit o f Fraction 1
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EXPLANATION OF PLATE I

Radioautoyrams o f  tryptic peptide maps o f  soluble product labelled in vitro and la rye subunit o f  Fraction 1 protein / abelle d  i n vivo
Experimental details ate given in the ‘Methods and procedure“ section, Electrophoresis ( Y axis) was performed for 2.5h at 250 V. Chromatography (Af axis) was performed for 30min. The origin is labelled O. Both samples contained 7.5 x 104c.p.m. 
(«) Product labelled in vitro; (b) large subunit of Fraction 1 protein labelled in vivo.
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protein agrees with the am ino acid analyses reported 
for bean (J'/taseolns) and spinach beet (Beta) by Gray  
& Kckvviek (1974).

The remaining question to  be studied is whether 
additional pioteins arc synthesized by plastid ribo
somes during the conversion o f  ctioplasis into chloro- 
plasts in greening tissue. M achold & Aurich (1972) 
have suggested from inhibitor experiments that the 
protein of the photosystem I chlorophyll complex, 
which appears during greening, is synthesized by 
plastid ribosomes, but other interpretations of such 
inhibitor data are not ruled out (Ellis, 1973).

Analysis o f  the products synthesized in vitro in develop
ing chloroplasts by sodium dcdecyl sulphate-polyacryl
amide-gel electrophoresis

The analysis of the products synthesized in plastids 
isolated from greening tissue is shown in r ig . 8. 
Samples were taken from  tissue exposed to con
tinuous light for up to 9 6 h. Electron-microscopic 
examination of the tissue shows that fully differenti
ated chloroplasts arc form ed within this period. By 
2 4 h light, as well as added A T P , can be used as an 
energy source for protein synthesis. The data arc 
representative of m any experiments performed at 
frequent intervals during the greening process.

The absorbance profile o f  the stained protein bands 
reflects the qualitative and quantitative changes in 
the proteins o f the etioplast and developing chloro- 
plast. As only three o f the protein bands detected on 
these gels can be identified, the interpretation o f these 
data must remain limited. 'i here is an increase in the 
absorbance ol the stained protein bands during green
ing (Eig. 8). Since equal volumes o f incubation mix
ture were placed on each gel, this indicates that there 
is an increase in the total plastid protein during 
greening. Direct m easurem ent o f  protein in plastid 
pellets from  greening pea shoots confirms this indi
cation (Ellis, 1975). The m ost noticeable change in 
the absorbance profile is the appearance during green
ing o f the protein com ponent associated with the 
photosystem II com plex (Thornber cl al., 1967; 
Thornber Sc Mighkin, 1974). This polypeptide 
electrophoreses with an apparent molecular weight o f  
2 .7 x 1 0 * -2.8.x 104 (Eaglesham  & Ellis, 1974). The 
appearance o f the photosystem  I complex is not seen 
because these preparations have been boiled in 
sodium dodecyl sulphate; this tieatm cnt reduces the 
pholosyslcm 1 com plex to several protein components 
which clcclrephorese with a  higher mobility than the 
complex itself (Anderson &  Boardm an, 1974).

Several conclusions can be drawn from the results 
shown in l ig. 8. First, light cannot be used as the 
source of energy for protein synthesis in isolated 
ctioplasis:; this confirms the picture suggested by 
Table 1. Under our conditions light-driven protein 
synthesis can first be detected in plastids isolated 3h
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after the onset o f illumination. Secondly, in the first 
48 h o f greening there appears to be an increase of  
about threefold in the protein-synthesizing capacities 
o f the isolated plastids. Drumm ¿l Margulics (1970) 
reported a similar increase for plastids from Phaseolns 
vulgaris L ., and have concluded that this represents 
a real increase in the protein-synthesizing ability 
rather than altera!ions in the amino acid poo! sizes 
o r concentrations o f  inhibitors. Thirdly, it is clear 
that whereas light-driven protein synthesis occurs in 
plastids isolated after 96 h o f greening (F ig . 8//), added 
A T P will no longer stimulate protein synthesis in 
these plastids (Eig . 8</). T his observation lias not been 
further investigated, but may represent an alteration 
in the permeability o f  the plastid envelope to ATP. 
Fourthly, the fractionation o f the polypeptides 
synthesized in plastids isolated after 9 6 h o f  illumina
tion shows a radical change in the m ajor product. 
Whereas the m ajor product in isolated ctioplasts is 
the large subunit o f  Fraction I protein, almost the 
only polypeptide synthesized in plastids isolated 
after 9 6 h o f  greening is an unidentified membrane- 
bound protein with a molecular weight o f  about 
3.2  x 1 0 *0  »g- 8//). Whether thisalleiHiion in the major 
product synthesized in vitro o f plastid ribosomes re
flects a  similar alteration in vivo is not known. How
ever, there arc clearly controls exerted on the produc
tion o f  proteins in isolated plastids, and the mecha
nisms o f  these controls deserve further study.

Fig. 7. Sodium dodecyl sulphate-polyacrylamide-gel 
electrophoresis o j labelled 150000g etioplast supernatant fraction
Elioplasts were isolated and incubated as described under 
‘Methods and procedure’. The products labelled in vino 
were fractionated by centrifugation at 150000g, the super
natant fraction was electrophoresed and the radioactivity 
determined as described under ‘Methods and procedure'. 
The gel was loaded with 100//I of dialysed sample (220//«
of protein).------ , /à.2r,; T T  (histogram), radioactivity;
ES, large subunit of Fraction i protein.
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Fig. 8. Sodium dodecyl sulphate pot) acrylamide gel electrophoresis o f the polypeptides synthesized in vitro in plastids isolated
during greening

Plastids were isolated from 40»', of tissue and incubated with i.-[ ' 5S]methionine (300Ci/mmol) as described under ‘Methods 
and procedure'. Either added A’l P [eels (a), (h), (r) and (d)] or light (pels (e), i f ) ,  (g) and(/»)] was used as the energy source. 
Gels («»and (c) are solubilized incubation mixtures containing plastids isolated after Oh greening; gels (h) and (J ), 24 h gi ceil
ing; gels ic) and (.?), 48h greening; and gels (*/) and (//), 96h greening; Gels were loaded with 100//I of solubilized incubation 
mixtures; («), «¿), (r.) and ( / ) ,  130/rg of protein; (c) and (g), 200//g of protein; Ul) and (A), 400//g of protein. Electrophoresis 
and related procedures were performed as described under ‘Methods and procedure*. —  /T62o; LT (histogram), radio-
activity; PSI1, photosystem II chlorophyll protein complex; LS, large subunit of Fraction I protein; SS, small subunit ol 
Fraction I protein.

The results presented in this paper lead to the con
clusion that, iriespective o f the energy source used, 
plastids isolated during greening synthesize the same

polypeptides that are synthesized in both isolated 
clioplasts and chloroplasts. This conclusion provides 
support for the idea that only a very limited spectrum
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o f proteins is synthesized on plastid ribosomes. The  
abundance o f  plastid ribosomes therefore seems 
necessary to produce a few proteins in large quantities 
rather than many proteins in smaller amounts. This 
conclusion has been important in formulating the 
experiments which have led to the identification of  
the major polypeptide synthesized in both isolated 
ctioplasts and isolated cliloroplasts (Blair & Ellis, 
1973) and the isolation o f liie m R N A  coding for this 
polypeptide (Hartley et a l 1975). It may also suggest 
that the plastid oilers a  developmental system for 
studying the controls exerted on the synthesis o f  
particular polypeptides during differentiation.

O ne area o f plastid development remains unin
vestigated al the biochemical level. The transition o f  
the proplastid to the chloroplast is the most co m 
monly encountered developmental sequence o f  the 
plastid in tiro, and until the range o f  proteins syn
thesized on the ribosomes o f plasiids undergoing this 
differentiation is known, our knowledge o f  the func
tion of plastid ribosomes cannot be regarded as 
com plete. It is possible that the unidentified ger.es in 
chloroplast DNA encode proteins that are synthes
ized during the development of chloroplasts from  
proplastids; if this is the ease, studies o f isolated 
developing proplastids may reveal that they syn
thesize a different spectrum o f proteins from either 
chloioplasts or etioplasts.
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