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A b s t r a c t  

The p i  gmented membranes o f  p h o t o s y n t h e t i c  b a c t e r  i a  

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

w i t h  t h e  c h l o r o p l a s t s  o f  e u c a r y o t i c  c e l l s ,  However, t h e  

c o r n p o s i t i o n  and  morpho logy  of  t h e  b a c t e r i a l  o r g a n e l l e s  a r e  

by n o  means as complex. T h u s  t h e  non-su lphur  p u r p l e  

b a c t e r i a  p r o v i d e  a good model  sys tem f o r  s t u d y i n g  the 

p r o c e s s  o f  o r g a n e i  1 %  morphogenes is ,  An addi  t l o n a l  

a d v a n t a g e  t s  t h a t  t h e  morphogenes i s  c a n  be e x t e r n a l  i y  

c o n t r o l i e d  by v a r y i n g  t h e  o x y g e n  supp ly .  

Rhodopseudomon~s  s p h e  r o i  d e s  N,C.I.B, 8 2 5 3  was grown 

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

s y n t h e s i s  was i n d u c e d  b y  r e d u c i n g  t h e  oxygen s u p p l  y. A t  

v a r i o u s  t r m s s  d u r i n g  t h e  a d a p t a t t  on* c e l  I s  were h a r v e s t e d  

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

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

s t a g e s  o f  a d a p t a t  i on9  b a c t e r i o c h l o r o p h y l  l d i d  n o t  a p p e a r  

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

p h o t o s y n t h e t i c  meabrane ( t h e  c h r o m a t o p h o r e  f r a c t i o n ) ,  b u t  

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

new f t a c t  t o n  d e c r e a s e d  as  t h e  c h r o m a t o p h o r e s  devs l oped* 

and  t h u s  appea red  t o  be a c h r o m a t o p h o r e  p r e c u r s o r .  T h i s  

was l a t e r  s u p p o r t e d  b y  a IU -+ *C )  p r o l i n e  l a b e l l i n g  

expe r  iment .  E l e c t r o n  m i c r o s c o p i c  s x a m i n a t i  on, a f t e r  

n e g a t i v e  s t a i n i n g ,  showed t h i s  f r a c t i o n  t o  c o n s i s t  o f  

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



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

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

components  by  g e l  f i l t r a t i o n .  

The p r e c u r s o r  p a r t i c l e s  were  shown t o  d r s s o c i a t e  i n t o  

s u b u n i t s .  These had a  s i m p l e  p t o t e i n  cornposi t i o n t  b e i n g  

composedr t o  a  i a r g e  e x t e n t t o f  t h r e e  p r o t e i n s  w i t h  w e i g h t s  

o f  119 2 7 ,  and  40 + o r  - 2 k i  l o d a l t o n s .  The s u b u n i t s ,  

a p p r o x i m a t e l y  10 n m  ~n d ~ a m e t e r r  were s h o u n  t o  

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

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

o f  t h e  p t e p h o r e  m a t e r i a l  w e r e  d e t e r m i n e d #  and  me thods  

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

non-p igmented  s t a t e  were d e v e l o p e d .  

T h e  n a t u r e  o f  t h e  o t h e r  f r a c t i o n s  p r e s e n t  i n  t h e  

s u c r o s e  g r a d i e n t  were a l s o  i n v e s t i g a t e d .  The p t o t e i n  

c o m p o s i t i o n  o f  each  f r a c t i o n  was d e t e r w i n 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 .  I n  

agreement  ni t h  p r e v i o u s  work*  i t was shown tha t  t h e  

O'heavyn ( m a t u r e )  c h r o m a t o p h o r e s  r e s u l t e d  f r o m  t h e  

a g g r e g a t i o n  o f  t h e  " 1  i g h t w  c h r o m a t o p h o r e s  ; i n  a d d r t i o n r  

however *  a g g r e g a t i o n  o f  a s m a l l  p i g m e n t e d  s u b u n i  t, 3er i v e d  

f tom t h e  m a t u r e  c h r o m a t o p h o t e r  c o n t  r i  b u t e d  t o  t h e  

"heavyw c h r o m a t o p h o r e  f r a c t i  on, 

A d i s c r e t e  componen t t  t e r m e d  t h e  medium d e n s i t y  

f t a c t  i o n 9  possessed  a p r o t e i n  c o e p o s i  t i o n  which.  i f  

comb ined  w i t h  t h e  p r e p h o r e  s u b u n i t  p r o t e i n s ,  p r o d u c e  a 



p r o f i  1 %  v e r y  simr l a r  t o  t h a t  o f  t h e  ma tu re  

chromatophore.  T h i s  f r a c t i o n  appeared i n  e l e c t r o n  

m i c r o g r a p h s  as membranous sac-4 i ke s t r u c t u r e s .  A p r o p o s a l  

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

combined jn v i v o  t o  fo rm t h e  mature  ch tomatophores  was 

s u b s e q u e n t l y  s u p p o t t e d  b y  a d o u b l e  l a b e l  l ins exper  i a e n t .  

T h i s  s t u d y  a l s o  i n d i c a t e d  t h a t  t h e  medium d e n s i t y  
\I 

f r a c t i o n  was d e r i v e d  f  tom t h e  a e r o b i c  membranes and t h e  

p t e p h o r e  s u b u n i t s  were s y n t h e s i s e d  de novo. 

The s i t e  o f  t h e  p r e p h o r e  s u b u n i t  s y n t h e s i s  was 

shown t o  be* most p r o b a b l y *  t h e  p e r  i p l a s m i c  space, When 

chrornatophore s y n t h e s i  s  Has l i m i  t e d ~  ce  I i s  e x c r e t e d  

p igmen t  bound t o  l i p o p r o t e i n s .  The p r o t e i n  c o m p o s i t i o n  o f  

t h i s  complex was v e r y  s imi  l a r  t o  t h a t  o f  t h e  p r e p h o r e  

s u b u n i t .  The process  o f  a d a p t a t i o n  i s  now be1 i e v s d  t o  

p roceed  i n  t h e  f o i l o w i n g  manner: a  r e d u c t i o n  i n  oxygen 

s u p p l y  i nduces  t h e  p r e f e r e n t i  a l synthesa s  of  t h e  subun i  t s ,  

When p igmen ted#  t h e  s u b u n i t s  combine u i t h  a  emb bra no us 

d e r i v a t i v e  o f  t h e  a e r o b i c  i n v a g i  n a t i  ons f r e q u e n t l y  sesn i n  

e l e c t r o n  ~ 8 c r o g r a p h s .  T h i s  combinat  ion, t o g e t h e r  u i t h  

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

f o r m a t i o n  o f  t h e  b a c t e r i a l  p h o t o s y n t h e t i c  o rgane f les .  
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C h a p t e r  1. 

I n t r o d u c t i o n ,  

1. The Oeve lopment  o f  I n t e r e s t  i n  P h o t o s y n t h e t c c  

P i g m e n t e d  b a c t e r i a  appear  t o  have been  o f  n o  s p e c i a l  

i n t e r e s t  b e f o r e  t h e  s t u d i e s  o f  Engelmann i n  t h e  1880*s .  

The p i g m e n t  ( t h e  e n t i r e  p i g m e n t  sys tem)  had b e e n  f o u n d  t o  

be  comp t e x  and was t e r m e d  b a c t e r i  o p u r p u r  i n  b y  L a n k e s t e r  i n  

1873. These b a c t e r  l a  a t t a i n e d  a u n i q u e  s t a t u s  w i t h  

Enge lmann 's  f i n d i n g  t h a t  B a c t e r i u m  p h o t o m e t r  icuw was 
C 

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

t i g h t ,  Subsequen t1  y  numerous s p e c i e s  were  i d e n t i f i e d  a n d  

media  d e v e l o p e d  f o r  t h e  e n r i c h m e n t  o f  p a r t 4  c u l  a r  

organ isms,  Two ma in  g r o u p s  o f  p i g a e n t e d  b a c t e r i a  emerged; 

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

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

t h e  n o n - s u l p h u r  p u r p l e  b a c t e r  i a  wh i ch  r e q u i r e d  o x i d i s a b l e  

o r g a n i c  compounds. I n  19079 M o l i s c h  p r o p o s e d  t h e  p u r p l e  

b a c t e r i a  be comb ined  i n t o  t h e  o r d e r  R h o d o b a c t e r i a  a n d  t h a t  

a t  b e  d i v i d e d  i n t o  t w o  f a m i  L i e s *  T h i o r h o d a c e a  a n d  

A th io rhodacea .  The g r e e n  s u l f u r  b a c t e r  i a  were  placed i n  

t h e  C h l  o r o b a c t e r a c e a  f  ami l y ,  The m a j o r i t y  o  f 

A t h i o r h o d a c e a  were  f  ~ ~ n d  t o  b e  f a c u l t a t i v e  p h o t o t r o p h s  and  

were o b s e r v e d  t o  l o s e  t h e i r  p i g m e n t a t i o n  when g rown 

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



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

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

[ S c h n e i d e r  ( 1 9 3 4 1 ,  F i s c h e r  a n d  Hasenkamp ( 1 9 3 5 1  and v a n  

N i e l  a n d  S m i t h  ( 1 9 3 5 )  1. T h e s e  f i n d i n g s  a l o n g  w i t h  t h e  

e x t e n s t v e  p h y s i o l o g t c a l  s t u d ~ e s  made by van Nt e l  ( 1 9 4 1 )  

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

of  p h o t o s y n t h e s i s  i n  b a c t e r i a  a n d  g r e e n  p l a n t s .  The now 

c l a s s i c a l  f o r m u l a  f o r  t h e  o v e r a i  1  p r o c e s s  o f  

p h o t o s y n t h e s i  s  was p r o p o s e d :  

Van N i a l  f u r t h e r  b e l  i e v e d  t h a t  t h e  p h o t o l y s i s  o f  w a t e r  was 

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

T h e s e  i d e a s  t r i g g e r e d  a new i n t e r e s t  i n  t h e s e  

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

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

shown t o  be  v e r y  s~mriar, Van N a e l * s  s t u d i e s  may have  

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

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

1 The D i s c o v e r y  of  P h o t o s y n t h e t i c  O r g a n e l  Ies i n  

B a c t e r  i a  

In 1925 Wurmser et a l  had s h o n e d  t h a t  g r i n d i n g  p u r p l e  

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

Lumb imenko  (192i) had s u g g e s t e d  t h a t  t h e  p i g m e n t s  w e r e  

p r o t e i n  b o u n d  i n  t h e  c e l l  t o  e x p l a i n  t h e  change i n  



a b s o r p t i o n  maximum o b s e r v e d  a f t e r  e x t r a c t i o n  o f  t h e  

p i g m e n t s  by o r g a n i c  s o l v e n t s .  K a t z a n d  Wass ink ( 1 9 3 9 )  a n d  

F r e n c h  (1940a) a l s o  f o u n d  t h a t  d i s r u p t r o n  o f  c e l l s  

p r o d u c e d  a s o l u b l e  complex w i t h  no  change i n  s p e c t r a l  

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

e x i s t e d  i n  c o m b i n a t i o n  w i t h  p r o t e i n  was p r o v i d e d  by F r e n c h  

t1940b) i n  show ing  t h e  p i g m e n t s  t o  be p r e c i p i t a t e d  w i t h  

p r o t e i n  by ammonium s u l p h a t e ,  Pardee  e t  (L952) a p p e a r  - 
t o  have  made t h e  f i r s t  f  u I I  i n v e s t i g a t i o n  o f  m a t e r i a l  

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

w o r k e r s  were s u r p r  rsed  t o  f i n d r  a f t e r  a n  

u l  t r a c e n t r  i f u g a t i  on study,  t h a t  t h e  p l gment o f  

R h o d o s p i r  i l turn rub rum ( fam, A t h i o r h o d a c e a e )  was bound t o  

l a r g e  p a r t i c l e s ,  They e s t  t m a t e d  t h e  mo4 e c u l a t  w e i g h t  t o  

b e  30 m i  I l i o n  d a l t o n s .  They  had e x p e c t e d  t o  f - i n 4  a 

s o l u b l e  l ow  m o l e c u l a r  we r g h t  p i  g m e n t - p r o t e i n  cornp iex*  as 

i n i t i a l  l i g h t  m i c r o s c o p i c  e x a m i n a t i o n  h a d  shoHn t h e  

p i g m e n t  n o t  t o  b e  l o c a l i z e d  a s  has t h e  case  i n  a l g a e ,  

Subsequen t  e  l s c t r o n  m i  c r o s c o p i  c  e x a m i n a i l o n  showed9 

houever ,  d i s k - s h a p e d  s t r u c t u r e s  w i t h  an  a p p a r e n t  d i a m e t e r  

o f  110 nm, As t h e  s e d i m e n t a t i o n  d a t a  gave a m i n i m u m  v a l u e  

o f  40 nm t h e y  assumed t h e  d i s k s  were  d e r ~ v e d  f r o m  

f l a t t e n e d  s p h e r e s  o f  a b o u t  60 nm, They s t a t e d  " S i n c e  t h e y  

( t h e  s p h e r e s )  do  n o t  possess  t h e  s t r u c t u r a l  c o m p l e x i t y  o f  

t y p i c a l  c h I o r o p l a s t s ~  i t seems mos t  a p p r o p r i a t e  t o  

d e s i g n a t e  t h e m  as  @ c h r  omatophorest " ,  T h i s  wo rk  was 



desc r  i bed i n  more d e t a  i O i n  a second  p a p e r  [ Schachman et 

a l ?  - 19521, 

Schachman et a l  ( 1 9 5 2 )  h a d  s u g g e s t e d  t h a t  t h e  t r u e  - - 
s t r u c t u r e  of t h e s e  i n t r a c e l l u l a r  m a c r o m o l e c u l e s  c o u l d  b e  

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

u s i n g  d i f f e r e n t  d i s r u p t i v e  t echncques .  N e w t o n  a n d  Newton  

( 1 9 5 7 )  f o u n d  t h a t  t h r e e  d l  s r u p t i v e  t e c h n i q u e s  p r o d u c e d  t h e  

same c h r o m a t o p h o r e s  f r o m  Chromat iu rn  s t r a i n  I) (taw, 

T h i o r  hodaceae 1. I n  a d d i t i o n  t h e y  o b s e r v e d  t h a t  

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

s t r e n g t h  r e l e a s e d  p r o t e t  n  and p i g m e n t -  They e s t  i s a t e d  t h e  

d i a m e t e r  o f  Chromat  ium c h r  omatophores  t o  be a b o u t  100  nm; 

however, a f t e r  s o n i c a t i o n  a b o u t  25X o f  t h e  p i  sment was 

c o n t a c n e d  i n  p a r t i c l e s  o n l y  a b o u t  40 nm i n  d i a m e t e r .  The 

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

p e r i o d  o f  c e l l  r u p t u r e  b u t  t h e  smal l e r  p a r t i c l e s  became 

more abundan t  w i t h  i n c r e a s i n g  s o n i c a t i o n ,  They  s u g g e s t e d  

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

t h s  c h r o m a t ~ p h o t e s ~  T h i s  e x p l a n a t i o n  does n o t ,  however9  

a c c o u n t  t o r  t h e  s a a l  l e t  ' 5 5 s '  component o b s e r v e d  by  

Schachman e t  a i  l l 9 5 Z ) .  These w o r k e r s  f o u n d  t h a t  when - -  
rubrum was g rown a e r o b r c a  l l y  i n  t h e  d a r k ?  c h r o m a t o p h o r e s  

were n o t  p r o d u c e d  b u t  small l e r  p i g m e n t e d  s t r u c t u r e s  w e r e  

found. The s i g n i f i c a n c e  o f  t h e s e  p a r t i c l e s  was n o t  

under  s tood .  The r n t e r e s t  s h o u n  i n  c h r o m a t o p h o r e s r  

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



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

l f r e n k e l  ( 1 9 5 4 )  and  Kamen a n d  V e r n o n  ( 1 9 5 4 )  I; t h e y  w e r e  

t h u s  f u n c t i o n a l  i n  v i t t o ,  Thus i t  was i n d u c e d  t h a t  t h e  
-_I_ 

c h r o m a t o p h o r e  was a membranous v e s i c l e  i n  v i v o  a n d  was a - -  
s t r u c t u r e  c h a r a c t e r  i s t i c  o f  p h o t o s y n t h e t i c  b a c t e r i a .  

111. I d e a s  a s  t o  t h e  S t r u c t u r e  o f  P h o t o s y n t h e t r c  

Membrane in v i  v o  

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

V a t t e r  a n d  W o l f e  ( 1 9 5 8 )  t o  sxamcne s e c t i o n s  o f  

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

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

50 t o  100 nm i n  d i a m e t e r ,  T h e s e  were  n o t  p r e s e n t  i n  

a e r o b i c a l  l y  g r o w n  c e l l s .  The v e s i c l e s  o f  Rhodopseudomonas 

s p h e r o i  3 e s  ( f  am. A t h i  o r h o d a c e a )  were  sl i g h t  l y  smal  l e r  

t h a n  t h o s e  o f  - R e  Rubrum (40 t o  80 nm i n  d i a m e t e r ) .  The 

o b v i o u s  c o n c l u s i o n  was t h a t  t h e  s t r u c t u r e s  s e e n  i n  c e l l  

s e c t i o n s  H e r e  e q u i v a l e n t  t o  t h o s e  i s o l a t e d  by Schachman e t  

a 1  i n  1952. K a r u n a i r a t n a m  et 419581 f o u n d  t h a t  r e m o v a l  

04 t h e  c e l l  w a l l  l e f t  pigmented p r o t o p l a s t s .  T h e i r  c l a i a  

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

ua.s s u p p o r t e d  b y  T u t t l e  a n d  G e s t  ( 1 9 5 9 )  ~ h o  t o u n d  

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

c h r o m a t o p h o r e s .  The q u e s t i o n  t h e n  a r o s e  as t o  how t h e s e  

s t u d i e s  c o u l d  be  r e c o n c i l e d  n i t h  t h e  r e s u l t s  o f  V a t t e r  a n d  

W o l f e  ( 1 9 5 8 ) r  w h i c h  showed c h r o m a t o p h o r e s  t o  be  d i s p e r s e d  



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

The q u e s t i o n  a s  t o  w h e t h e r  t h e  p h o t o s y n t h e t  rc 

a p p a r a t u s  c o n s i s t e d  o f  a membranous c o n t i n u u m  o r  d i  s c r e  t e  

b o d ~ e s  was t a c k l e d  by Boatman ( 1 9 6 4 1 ,  S e c t i o n s  o f  

s p h e r o p t a s t s  o f  R o  r ub rum a l  l o w e d  t h e  c o n n e c t i o n s  be tween  - 
c h r o m a t o p h o r e s  and t h e  c y t o p l a s m i c  membrane t o  be 

v i s u a l  i zed. Connec t1  o n s  be tween  c h r  omatophores  were  

se ldom seen. Boatman s u g g e s t e d  t h a t  i f  such  c o n n e c t i  ons 

e x i s t e d 9  t h e y  were  e i t h e r  swatts o r  b r o k e n  d u r i n g  samp le  

p r e p a r a t i o n .  Thus t h e  p r o b l e m  was o n l y  p a r t i a l l y  

r e s o l v e d ,  S i n c e  t h e  e v i d e n c e  f o r  a c o n t i n u u m  was based  o n  

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

i n s i d e  t h e  cy  t o p l a s r n i c  membrane. N e i t h e r  F u l  l e r  11963) 

n o r  G o r c h e i n  ( 1 9 6 8 ~ )  was a b l e  t o  e x c l u d e  t h i s  

p o s s i b d  I i t y ,  F u r t h e r 9  G i b s o n  ( l 9 6 5 a )  showed t h a t  numerous 

f a c t o  r s  wou ld  cause  c h r o m a t o p h o r e  a g c r e g a t i o n ,  Work w i t h  

fl, s p h e r o i d e s  d e m o n s t r a t e d  t h a t  t h e  s t a n d a r d  o s a o t i c  

l y s a t e  w o u l d  n o t  p roduce  n o n - a g g r e g a t e d  c h r o a a t o p h o r e s  

even  a f t e r  passage t h r o u g h  a F r e n c h  p r e s s u r e  c e l l .  T h i s  

was a l s o  f o u n d  t o  b e  t h e  case  by G o t c h e i n  ( 1 9 6 8 ~ ) ~  It 

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

o s m o t i c  l y s i s  t e c h n i q u e s .  T h e r e  were r  h o w e v e r *  o t h e r  

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

c o n t i n u o u s  membrane system. Cohen-8azi r e  a n d  Kun i sawa  

( 1 9 6 3 )  Pound t h a t  b r i e f  s o n i c a t i o n  o f  5. r u b r u m  y i e l d e d  



inhomogenous p i g m e n t e d  m a t e r i a l  w h i l e  a l o n g e r  t r e a t m e n t  

~ n c r e a s e d  t h e  y i e l d  o f  t y p i c a l  ch roma topho res ,  They f o u n d  

t h a t  b o t h  t h e  c y t o p l a s m i c  membrane a n d  t h e  v e s i c l e s  had  a 

s i m i  J a r  appearance  i n  s e c t i  onr  a n d  f u r t h e r *  t h a t  

p e r t p h e r a l  v e s t c l e s  were c o n t i n u o u s  w i t h  t h e  c e l  l 

membrane, These w o r k e r s  b e 1  i e v e d  t h a t  f  t e e  c h r o m a t o p h o r e s  

m i g h t  b e  f o r m e d  by b r e a k a g e  f r o m  t h e  c e l l  membrane a t  

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

i n t e r c o n n e c t e d  sys tem was p r o d u c e d  by H o l  t a n d  Mar r  (1965a 

and  b), They a r g u e d  t h a t  i f  c h r o m a t o p h o r e s  were f r e e  i n  

t h e  c e l l ,  t h e y  s h o u l d  be r e l e a s e d  a t  a r a t e  e q u a l  t o  t h a t  

o f  c e l l  d i s r u p t i o n ,  8 0 t h  s o n i c a t i o n  and b a i l i s t r c  

d i s i n t e g r a t i o n  s t u d i e s  showed t h i s  was n o t  t h e  case, 

U s i n g  s t e r e o - e l e c t r o n  m i c r o s c o p y t  c o n n e c t i o n s  Between t h e  

v e s l c i e s  o f  R-, r ub rum c o u l d  be  seen. T u b u l e s  c o u l d  b e  

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

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

ceL ls u s e d  f o r  t h i s  s t u d y  were9 howeve r t  s u b j e c t e d  t o  

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

been  p roduced .  

The re  have  been f e u  i d e a s  a s  t o  t h e  n a t u r e  o f  

i n t e r c o n n e c t i  ons between v e s i c  l e s ~  a l t h o u g h  t h e  assumpt I on 

has  b e e n  g e n e r a l  i y  made t h a t  t h e  c o n n e c t i n g  membranes h a s  

a s i m i  l a r  c o m p o s i t i o n  t o  t h e  ch roma topho res ,  G i b s o n  

4 1 9 6 5 % )  f o u n d  t h a t  a l t h o u g h  i r r e v e r s i b l e  a g g r e g a t i o n  o f  R-. 

s p h e r o i d e s  c h r o m a t o p h o r e s  was p r o d u c e d  ---by t h e  s t a n d a r d  



o s m o t i c  l y s i s  p r o c e d u r e s ,  t h e  c e l l s  c o u l d  be i y s e d  

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

c h r o m a t o p h o r e  a g g r e g a t i o n .  W i t h  t h e  l a t t e r  t e c h n i q u e 9  

h o u e v e r r  s t i l l  o n l y  a b o u t  5 %  o f  t h e  p i g m e n t  was r e l e a s e d  

as c h r o m a t o p h o r e s .  T h i s  l e d  G i b s o n  t o  s u g g e s t  ( l 9 6 5 b 9  c )  

t h a t  c h r o m a t o p h o r e s  h e r e  e ~ t h e r  a g g r e g a t e d  i n  v i v o  o r  t h a t  

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

w o r k  o f  G o r c h e i n  4 1 9 6 8 ~ )  s u p p o r t s  t h e  c o n c e p t  o f  some t y p e  

o f  m a t t  i x .  E l e c t r o n  r n t c t o s c o p i  c e x a m a n a t i o n  o f  a e w b r a n o u s  

f r a g m e n t s  f r o m  l y s e d  - R. s p h e r o i d e s  c e l  I s9 r a f t e r  n e g a t i v e  
2 

s t a i n a n g r  showed d i s c r e t e  a r e a s  w i t h  d i f f e r e n t  s t a i n i n g  

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

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

a l s o  w e r e  p r e s e n k  c a u s e d  h ~ m  t o  p o s t u l a t e  t h a t  t h e s e  a r e a s  

w e r e  c h r o m a t o p h o r e s  in s i  tu. I t  t h u s  a p p e a r s  as i f  

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

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

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

l i p i d  b e i n g  l o s t  d u r i n g  t h e  embedd ing  p r o c e d u r e .  The 

q u e s t  i o n 9  a s  t o  t h e  in v i v o  s t a t e  o f  t h e  p h o t o s y n t h e t i c  

membranes o f  fl. s p h e r o t d e s  a n d  5, rubturn, c l e a r l y  i s  n o t  

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

a r e  s i g n i f i c a n t  d i f t  e r e n c e s  b e t w e e n  t h e s e  two  s p e c i e s ,  

I V .  T e r m i n o l o g y  

S i n c e  t h e  o r i g i n a l  t e r m  " c h r o m a t o p h o r e m  was 



~ n t t o d u c e d  s e v e r a l  a l t e r n a t i v e s  h a v e  been sugges ted ,  

Kamen (19631, f i n d i n g  c h r o m a t o p h o r e s  t o  b e  p r o d u c e d  as  

d i s c r e t e  b o d i e s  o n l y  a f t e r  v i g o u r o u s  ce l  l u l a r  d i s r u p t i  on9 

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

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

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

s u g g e s t e d  t h e  t e r m  " t h y l a k o i  dH t o  d e s c r i b e  t h e  larnel  l a r  

s t r u c t u r e  s e e n  i n  some p h o t o s y n t h e t i c  o rgan isms.  T h i s  

t e r m  i s  w i d e l y  u s e d  t o  d e s c t  i b e  i n  v i v o  p i g r a e n t  b e a r i n g  -- 
membranes i n  p l a n t s .  T h e  t e r m  "p i  g s e n t e d  membrane 

f r a g m e n t s m  was p r o p o s e d  a s  an a l t e r n a t i v e  t o  

c h r o m a t o p h o r e s  b y  S t a n i e r  1 9 6 3 ) .  

I f a v o u r  t h e  t e r m i n o l o g y  s u g g e s t e d  by  P e t e r s  ( l W O ) ,  

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

 disruption^ i s  t e r m e d  t h e  c h r o m a t o p h o r e '  f r a c t i o n .  The 

membrane bound  s y s t e m  o f  i n t e r n a l  v e s i c l e s  and 

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

c e l l  s e c t i o n s r  i s  t e rmed  t h e  t h y l a k o i d .  I w i l l  r e t e r  t o  

a n  i n d i v i d u a l  p i gmen ted  v e s i c l e  in v i v o  as a c h r c m a t o p h o r e  

and  emp loy  t h e  t e r m  t h y l a k o i d  t o  d e s c r i b e  t h e  e n t i r e  i n  

v i v o  ne two rk ,  

V, Is t h e  Ch toma topho re  P i gment C o n t e n t  C o n s t a n t ?  

The  c i a s s t c  work of Cohen -Baz i re  et a (: 1 9 5 7 ) s  showed 

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

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



medium. The q u e s t i o n  t h e n  a r o s e  a s  t o  whe the r  i n c r e a s e d  

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

a n  i n c r e a s e d  p rgmen t  c o n t e n t  o f  t h e  membrane, o r  f t o s  b o t h  

mechani  sms. Gohen-Baz l r e  and K u n i  saua ( 1960 1 app roached  

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

f r a c t i o n s  ~ s o l a t e d  f r o m  c e l  I s  o f  d i f f e r e n t  p i g m e n t  

c o n t e n t ,  They f o u n d  c e l l s  y i e l d e d ,  d e p e n d i n g  o n  t h e  mode 

o f  d i  s t u p t i  on* between one t h i r d  and one h a 1  f o f  t h e i r  

c h l o r o p h y l  l as a  c r u d e  c h r o m a t o p h o r e  f r a c t i o n .  They 

c o n c l  uded  t h a t  t h e  number o f  c h t o m a t o p h o r e s  p e r  c e l  l was 

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

c o n t e n t ,  T h e i r  f i n d i n g  i n  1963 was, howeve r *  

c o n t r a d i c t o r y ,  E x a m i n a t i o n  o f  t h i n  s e c t i o n s  o f  R. r u b r u a  - 
showed a n  a n c r e a s e  i n  c h r  omatophores  u i t h  i n c r e a s e d  

c h l  o rophy  I I c o n t e n t  o f  t h e  c e  il. T h i  s  c o n f  l i c t  be tween 

t h e  t w o  t y p e s  o f  e v i d e n c e  was a l s o  f o u n d  i n  L o  s p h e r o i  das 

( B u l l  and L a s c e l l e s  1963) and i n  R h o d o s p t i l l u m  

mol i s h i a n i u m  b y  G ibbs  a d  ( 1 9 6 5 ) .  Worden a n d  S l s t r o m  

( 19641 ,  howeve r r  f ound  t h a t  t h e  y i e l d  o f  ch romatophores ,  

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

s u p p o r t e d  by H a l t  and  M a t t  i n  1965, These w o r k e r s  f o u n d  

t h a t  c e l l s  e m p t i e d  o f  c y t o p l a s m  y i e l d e d  membranes w i th  a 

c o n s t a n t  ch l o r o ~ h y l  l c o n t e n t ,  They c o n c l u d e d  t h a t  

c e l l u l a r  p i g m e n t a t i o n  i n  rub rum was r e g u l a t e d  by 

changes  i n  t h e  q u a n t i t y  o f  membranes o f  a f i x e d  

corn-pos i t ion,  They a t t r i b u t e d  t h e  high p r o t e i n - t o - p i g m e n t  



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

c o n t e n t ,  t o  have  been due t o  c o n t a w i n a t r o n  by  r rbosomes.  

T h e  p r e v i o u s  p a r a d o x  was i n v e s t i g a t e d  i n  R. s p h e t o i d e s  by  - 
G o r c h e i n  ( 1968b ) .  H I S  work  s u p p o r t e d  t h a t  o f  H o l t  a n d  

H a r r  (1965) ;  t h e  t h y l a k o l d  s y s t e m  a p p e a r e d  t o  be a 

s t o i c h i o m e t r i c  complex o f  p r o t e i n s  and p i gmen ts .  G o r c h e i n  

showed t h a t ?  u n l e s s  c a r e t  u  1 I y p u r  i f  i e d r  t h e  c h r  oreatophore 

t r a c t t o n  f r o m  c e l l s  ( e s p e c ~ a l l y  t h o s e  o f  l o w  pigocent 

c o n t e n t )  were  c o n t a m r n a t e d  by  c e l  l wal l f ragments ,  

r i b o s o m e s  and  c y t o p l a s m i c  membrane* Ketchurn a n d  H o l t  

(1970)  f o u n d  a n  e x c e p t i o n  t o  t h e  c o n s t a n t  r a t i o  o f  

p i g m e n t s  and p r o t e r n s  i n  a pur i f  i e d  ch ro raa topho re  

f r a c t i o n .  S t a t i o n a r y  phase&.  r u b r u m  c e l l s  showed t w i c e  

t h e  c o n c e n t r a t i o n  o f  c h l o r o p h y l  l ncr rna l  l y  c h a r a c t e r i s t i c  

o f  c h r o m a t o p h o r e s  f r o m  grow r n g  c e l  Is. They  sugges ted .  t h a t  

t h i s  was t h a  r e s u l t  of p r e f e r e n t i a l  p r o t e i n  s y n t h e s i s  

i n h i b i t i o n  i n  t h e  s t a t i o n a r y  phase, T h e i r  wo rk  i m p l i e d  

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

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

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

c o u p l  i n g  had  been  dernonst ra  t e d  b y  Bul l a n d  L a s c e i  l e s  

( 1 9 6 3 )  and more r e c e n t l y  by Brown and  L a s c e l l e s  ( 1 9 7 2 ) .  

V I  . H e a v y  and L i g h t  Chr cma topho res  

Hany w o r k e r s  have o b s e r v e d  t h a t  t h e  c e n t r i f u g a t i o n  o f  

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



r e s u l t s  t n  t h e  p r o d u c t i o n  o f  two prgmented bands ,  

Cohen-Bazi r e  and Kunisawa 1 9 6 0 )  desc r  i b e d  t h e  bands 

produced by m a t e r i a l  f roru - R ,  rubrum as t h e  "heavy 

p a r t i c l e  f  r a c t i  on*' and t h e  " p u t i f  i e d w  ch romatophore  

f r a c t i o n .  The heavy f r a c t i  on s c a t t e r e d  1 i g h t  and 

c o n t a i n e d  a 1 ower spec i f  i c  c h l o r o p h y l l  c o n t e n t  t h a n  t h e  

" p u r t  f  ied"  band. However, t h i  s f  r a c t l o n  a lways  c o n t a i n e d  

a t  l e a s t  h a l f  t h e  p igment  i n  t h e  g r a d i e n t -  T rea tmen t  u r t h  

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

t o  r e s u l t  i n  t h e  f o r m a t i o n  o f  more " p u r i f i e d n  ( l i g h t )  

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

t h e  p h o t o p h o s p h o t y l a t i o n  a c t i v i t y *  so t h e  i n i t i a l  l i g h t  

chromatophores  were c o n s i  d e r e d  t h e  mos t  h i g h 1  y p u t  i f  i ed 

f u n c t i o n a l  m a t e r i a l ,  Worden and S i s t r o a  1964) workkng 

w i t h  - R, s p h e r o i d e s  n o t e d  t h a t  t h e  p o s i t i o n  of t h e  h e a v y  

f  r a c t  i o n  i n  t h e  sucrose g r a d i  e n t  v a t  l e d  depend ing  o n  t h e  

g rowth  c o n d i t i o n s  t h e y  had used. A n a l y t i c a l  

u l t r a c e n t r i f u g a t i  on showed t h a t ,  u n l i k e  t h e  l i g h t  

f r a c t  I on* t h  r s f  t a c t t o n  was hetereogeneous,  I t  was f o u n d  

t o  c o n t a i n  a l a r g e  amount o f  R N A  and h i g h e r  l e v e l s  o f  B c h l  

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

wave leng th  f o r m  o f  B c h l  ( 88701  was e n r i c h e d  i n  t h e  heavy  

f  r a c t  r on; y e t  c o n v e r s i  on, by French p r e s s u r e  c e  l 1 

t rea tment ,  t o  t h e  l i g h t  f r a c t i o n  e l  i m i n a t e d  t h ~ s  

d i f f e r e n c e .  T h e  s p e c t r a l  d i f f e r e n c e s  be tween t h e  t w o  

f r a c t i o n s  were a t  t h a t  t ime  n o t  b e l r e v e d  t o  be a r t e f a c t s  



s r n c e  t h e y  appea red  t o  be  r n t r i n s i c  p r o p e r t i e s  o f  t h e s e  

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

a p p a r a t u s  has t w o  d i s t i n c t  forms w i t h i n  t h e  c e l l ,  T h e y  

s u g g e s t e d  t h a t  t h e  heavy  f r a c t l o n  was d e r i v e d  f r o m  the 

c e l l  membrane a s  i t  p r e d o m i n a t e d  i n c e l l s  o f   lo^ p l g m e n t  

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

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

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

(Gal p r o d u c e d  o n l y  s m a l i  amoun ts  o f  heavy  f r a c t i o n .  H o l t  

and M a r r  ( 1965 )  w o r K i n g  w r t h  R. r u b r u m  showed t h a t  t h e  - 
heavy  f  t a c t i o n  c o n t a l  ned  l a r g e  membrane f r a g e i e n t s  a n d  

a l m o s t  i n t a c t  c e l l  enve lopes .  Thus t h i s  f r a c t i o n  

c o n t a i n e d ,  r a t h e r  t h a n  was der i v e d  f r o m ~  c e l  l membrane, 

G i b s o n  (1965b3 p r o v i d e d  an  e x p l a n a t i o n  a s  t o  why t h e  

c h r o m a t o p h o r e s  sed i rnen ted  w i t h  t w o  a p p a r e n t  d e n s i t i e s ,  He 

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

w o r k e r s  was p roduced  b y  c h r o m a t o p h o r e  a g g r e g a t  i o n  caused  

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

p r o c e d u r e  as h a d  been used by Worden and  S i s t r om,  b u t  w i t h  

t h e  o w i s s i  on o f  magnesium, p r o d u c e d  a s i n g l e  i I t  g h t )  band. 

T h e  w o r k  d i d  n o t  e x p l a i n  t h e  d i f f e r e n t  s p e c t r a l  p r o p e r t i e s  

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

f o r m s  o f  ch roma topho re  e x i s t e d  t h e  d i f f e r e n c e  was i n  

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

T h i s  f i n d i n g ?  honever,  d i d  n o t  i n h i b i t  f u r t h e r  s t u d y  o f  

t h e  heavy  f  t a c t  i on .  Ketchum a n d  H o l t  ( 1 9 6 8 )  p r o d u c e d  a 



heavy  t r a c t i o n  u s i n g  e c t h e r  s o n r c a t ~ o n  o r  o s m o t i c  shock  

t r e a t m e n t  o f  l i g h t  ch romatophores ,  f o l l o n e d  b y  

r e c e n t r  i f u g a t  i on on a s u c r o s e  g r a d i e n t .  They o b s e r v e d  

t h a t  p r o t e r n  was r e l e a s e d  f r o m  t h e  I ~ g h t  f r a c t i o n  m a t e r i a l  

a t  t h e  same r a t e  a s  t h e  heavy  f r a c t i o n  was formed, T h i s  

was i n t e r p r e t e d  as e v i d e n c e  f o r  t h e  c h r o m a t o p h o r s s  t o  be 

t h r e e - d ~ m e n s i  o n a l  l y  c o m p l e t e  v e s t c l e s ,  They d i d  n o t  show, 

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

c h r o m a t o p h o r e s  t o  agg rega te ,  Hansen a n d  D e  Boer  (1969)  

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

c r i t i c a l  f a c t o r  i n  heavy  f r a c t i o n  f o r m a t i o n .  These 

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

g r a d i e n t  c e n t r i f u g a t i o n  was t h e  m a j o r  cause, T h i s  was 

s u p p o r t e d  b y  t h e  i s o l a t i o n  by Ketchum a n d  Ho l  t ( 197U)  o f  a 

heavy f r a c t i  or. i n  t h e  absence  o f  rnagnesiumr u s i n g  F r e n c h  

p r e s s u r e  c e l l  d i s r u p t e d  - R.  rubrurn.  The Bch l  c o n t e n t  o f  

t h e  f r a c t ~ o n  was r e d u c e d  however, A s i m a l a r  f i n d i n g  was 

m a d e b y N i e d e r n r a n a n d G i b s o n  (19711 w i t h  . s p h e r o i d e s ,  

I n  t h e  p r e s e n c e  o f  ( l o - =  HI magnesium-#on * p i g m e n t  was 

d i s t r i b u t e d  a l m o s t  equally be tween  t h e  heavy  and l i g h t  

f r a c t i o n s .  I n  t h e  absence  o f  magnesium-ion, h a l f  t h e  

c h r o m a t o p h o r e s  were l o s t  f  r o a  t h e  heavy f r a c t i o n ;  f u r t h e r  

o m i s s i o n  o f  T r i s  b u f f e r  f10-* M I  r e s u l t e d  i n  a t o t a l  l o s s  

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

r e m a i n e d  nas c e l l  e n v e l o p e  m a t e r r a l ,  S i n g l e  c h r o m a t o p h o r e  

bands have  a l s o  been p r o d u c e d  b y  o t h e r  t y p e s  o f  g r a d ~ e n t s .  



G i b s o n  (1965a) used  ces ium c h l o r i d e  w h i l e  O e l z e  gj 

(1969)  used  F i c o l l .  

I t  appears,  t h e r e f o r e ,  t h a t  t h e r e  i s  o n l y  one type o f  

c h r o m a t o p h o r e  f r a c t i o n .  Huch o f  t h e  c o n f u s i o n  i n  t h e  

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

stemmed f tom t h e  d i v e r s e  p r e p e r a t i  ve t e c h n i q u e s  empf oyed. 

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

was made d i f f i c u l t ,  t h e  p r o b l e m s  caused  t h e  e v o l u t i o n  o f  

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

s t r u c t u r e s ,  N i  edermann a n d  G i b s o n  419711 showed t h a t  

h i g h l y  p u r l f l e d  r i bosoma l ,  ch roma topho re  and c e l l  e n v e l o p e  

f r a c t i o n s  c o u l d  be  t s o t a t e d  u s r n g  a s i n g l e  c o n t r n u o u s  

s u c r o s e  dens i t y  g r a d  i e n t .  A good s e p a r a t i o n  o f  

ch roma2ophores  f row c e  I I membrane i s  a p r e r e a u i s i t e  f o r  

t h e  i n v e s t i g a t i o n  o f  t h e  r e  I a t i  onsh i  p be tween  t h e s e  

componentss  

V I I .  Subchromatophare  P a r t i c l e s  

Hany membranes have b e e n  shown t o  p o s s e s s  e subunit 

s t r u c t u r e  by X-ray and  f r e e z e  e t c h i n g  s t u d i e s .  The 

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

w i t h  r e g a r d  t o  ch roma topho re  morphogenes is .  I s h a l  l 

b r i e f l y  r e v i e w  e v i d e n c e  f o r  t h e  e x i s t e n c e  o  f 

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

d i s r u p t i o n  o r  obse rved  - i n  s i t u .  I f e e l  t h a t  s u c h  

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



t h o s e  p r o d u c e d  by c h a o t r o p i c  agen ts ,  a s  t h e  l a t t e r  may n o t  

b e  n a t u r a l  a s s o c i a t i o n s  o f  p r o t e i n  components.  

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

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

s t r u c t u r e  and w i l l  b e  d i s c u s s e d  i n  t h e  n e x t  s e c t i o n .  

Newton  and  Newton ( 1 9 5 7 )  p r o p o s e d  t h a t  t h e  

c h r o m a t o p h o t e s  o f  Chromat iurn  c o n s i s t e d  o f  I d e n t i c a I  

m a c r o m o l e c u l a r  subun t  t s .  S o n i c a t i  on, gr i n d i  n g  w i t h  g l a s s  

beads o r  Hughes p r e s s  t r e a t m e n t  c o n v e r t e d  t h e  100 nm 

c h r o m a t o p h o r e s  t o  40 nm p a r t i c l e s .  A f i v e  m i n u t e  

s o n i c a t i  o n  c o n v e r t e d  a b o u t  2 5 X  o f  t h e  ch r  oma topho res  t o  

t h i s  r e l a t t v e  ly l a r g e  s u b u n i t ,  I n  1959 B e r g e r o n  proposed 

t h a t  s u b u n i t s  were he Id  t o g e t h e r  by d t s u l  p h i d e  b o n d i n g .  

T h i s  was s u p p o r t e d  b y  Newton  ( 1 9 6 0 )  a f t e r  an i m m u n o l o g i c a l  

s tudy  o f  &. rub rum ch to rna tophores .  Low and A f z e l  i u s  

(1964 exami ned &. rubrum ch ro rna topho res  b y  e l e c t r o n  

m r c r o s c o p y  a f t e r  n e g a t r  ve  s t a i n i n g .  These c h r o m a t o p h o r e s  

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

a s  t h e  " e l e m e n t a r y w  p a r t i c l e s  o f  Green 4 1 9 6 4 ) .  I t  seemed 

p r o b a b l  e t h a t  t h e  chroma t o p h o r e s  were  composed o f  s e v e r a l  

t y p e s  o f  s u b u n t t .  

I n  1964,  X-ray s t u d t e s  b y  Lang r  i dge  e t  a l  i n d i c a t e d  - - 
t h a t  &. s p h e r o i d e s  c h r o m a t o p h o r e s  were  h o l l  o n  s p h e r e s  

w i t h  a mean she1  I r a d i u s  o f  24.5 nm. The  da ta  was f u r t h e r  

i n t e r p r e t e d  t o  s u g g e s t  that t h e  s h e l l  c o n s i s t e d  o f  5 nm 

s u b u n i t s .  S i m i l a r  5 nm p a r t i c l e s  w e r e  r e p o r t e d  by  H o l t  

- 



and Marr ( 1 9 6 5 a )  d u r i n g  s t u d i e s  o f  R. - rubrum 

chromatophores  by  e l e c t r o n  microscopy. These p a r t i c l e s  

were l i n e a r l y  spacsd a t  bO nrn i n t e r v a l s .  As t h e s e  w o r k e r s  

i n c l u d e d  magnestua i o n s  i n  t h e i  r b u f f e r  s o l u t i o n s  i t  seems 

p o s s i  b l  e  t h a t  t hese  p a r t  i c  l e s  m a y  have been He lementar  yn 

p a r t i c l e s .  They s p e c u l a t e d  t h a t  the  p a r t i c l e s  m i g h t  be 

t h e  l o c i  o f  t h e  p h o t o s y n t h e t i c  p igments.  I n t e r e s t  i n  

chromatophore s u b s t r u c t u r e  was s t i m u l a t e d  by t h e  r e p o r t  o f  

c h l o r o p f a s t  subun i t s ,  t h e  quantosomes o f  Park and  B i  g g i n s  

A p igmen ted  p a r t r c  l e  m u c h  smal l e r  t h a n  t h e  

chromatophore was descr  i b e d  b y  G i b s o n  1 1965a) .  I n  

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

a n a e r o b i c  c e l  I s  about  159: o f  t h e  p igmen t  sed imen ted  w i t h  

these  s t r u c t u r e s ,  h l a r g e r  p e r c e n t a g e  was n o t e d  r n  

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

t h e  dark. G i b s o n  s u g g e s t e d  t h a t  t h i s  m i g h t  i n d i c a t e  t h a t  

chromatophores  fo rmed under t h e s e  c o n d i t i o n s  m a y  have been 

more s u s c e p t i b l e  t o  comminu t ion  t h a n  " a n a e r o b i c n  

ch tomatophores .  I t  i s  t e m p t i n g  t o  s p e c u l a t e  t h a t  t h e s e  

* 'semi-aerobic"  s u b u n i t s  m i g h t  b e  s i m i l a r  t o  t h e  s u b u n i t s  

d e s c r i b e d  i n  t h i s  t h e s i s ,  An i n t e r e s t i n g  s t u d y  o f  t h e  

s u b u n i t s  of t h e  p u r p l e  s u l p h u r  b a c t e r  ~ u m  Th iocapsa 

f l o r i d a n a  was made b y  Takacs and H o l t  i n  1971. 

F reeze - f  r a c t u r e d  ch romatophores  s h o ~ e d  6 - 8 nrn p a r t i c l e s  

on t h e  concave s u r f a c e s r  w h i l e  t h e  convex s u r f a c e s  were 



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

t h e  c o m p l e t e  s o l u b i  l i z a t i o n  o f  t h e  membrane i n t o  s u b u n i t s  

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

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

c h r o m a t o p h o r e s .  The s u b u n i t s  w e r e  o f  t h e  same s i r e  as 

t h o s e  shown i n  t h e  f r e e z e - f  r a c t u r e  s tudy .  Each  s u b u n i t  

was I t s e l f  composed o f  f  i v e  s p h e r i c a l  s u b u n i t s  w i th  a n  

a v e r a g e  d i a m e t e r  o f  2.0 nm, T h e r t  t e c h n i q u e  shows g r e a t  

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

p e r h a p s  m o r p h o g e n e s i  s. 

Reed a n d  Raveed 11972) p r o b a b l y  made t h e  m o s t  

d e t a i l e d  s t u d y  o f  t h e  c h r o m a t o p h o r e  s u b u n i t s  i n  s i t u .  -- 
They  found t h a t  r e m o v a l  o f  t h e  9 nm ATPase p a r t i c l e s  h a d  

no a p p a r e n t  e f f e c t  o n  t h e  r e m a i n r n g  s u b u n i t  s t r u c t u r e .  

F r e e z e  t r a c t u r  i n g  t h e  c h r o w a t o p h o r e  erernbranes o f  8. 

s p h e r o i d e s  R25 showed t h a t  a l a y e r  o f  13 nw p a r t i c l e s  

e x r s t e d  d i r a c t l y a b o v e a  s h e e t  o f  5 nm p a r t i c l e s .  The 

l a r g e r  s u b u n i t s  were  o f  t h e  same s i z e  as t h e  p u r i f i e d  

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

1Rsed et - a l  19701, The 5 nm u n i t s  had  b e e n  shown t o  

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

p a r t i c l e s  d e s c r i b e d  by  flenke 41967) a n d  L a n g r  i d g e  e t  a l  

( 1964 10 

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

f o r  t h e  e x i s t a n c e  o f  s u b u n i t s  a s  f r e e  e n t i t i e s  i n  t h e  

c e l  l ,  C h r o m a t o p h o r e  s u b u n i  t s r  however  h a v e  b e e n  shown t o  



e x  : s t  I n s t  tu ,  T h e i  r a r r a n g e m e n t  I n  t h e  c h r o m a t o p h o r e  

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

a r e s u l t  o f  w o r k  o f  Reed a n d  c o - w o r k e r s .  

V 1 Z I .  F u r t h e r  Work T o w a r d s  a  Mode l  o f  t h e  

C h r o m a t o p h o r e  S t r u c t u t e  

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

r e q u i  r a s  t w o  t y p e s  o f  da ta .  The c o m p o s i t i o n  m u s t  b e  known 

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

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

d i v i d e d  i n t o  t w o  c l a s s e s :  b r o a d  q u a r t i  t a t i v e  s t u d i e s  a n d  

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

enzymes, This t h e s i s  i s  c o n c e r n e d  p r  imasi  l y  w i t h  t h e  

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

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

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

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

H o s t  w o r k e r s  h a v e  o b t a i n e d  d a t a  w i t h  d t f f e r e n t  

o b j e c t i v e s  i n  v iew; t h i s  makes  f o r  an u n t i d y  h i s t o r i c a l  

a c c o u n t .  I p r o p o s e  t o  s i  m p l y  do  a r e v i e w  b y  l i s t i n g  

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

R. s p h e r o t d e s  { T a b l e  I). The u s e  o f  a w ~ d e  v a r i e t y  o f  - 
o r g a n r s m s  h a s  d i l u t e d  t h e  d a t a  t h a t  can  b e  u s e d  f o r  

b u i l d i n g  a mode l  b u t  p r o v i d e s  a means o f  v i e w i n g  

p h o t o s y n t h e t i c  b a c t e r i a  w i t h  g r e a t e r  p e r s p e c t i v e ,  A n o t h e r  

p r o b l e m  was p o i n t e d  o u t  by  L a s c e l  l e s  i n  h e r  r e v i e w  "The 



Table I 

Gross compositional data for the chromatophores of R. spheroides. 

Component Values * 
Size (diameter) 40-90 nm f 

57 - 35% (nm) C 
60 nm g 

Wall thickness 6 nm g *References 
8 nm e 

a Bull and Lascelles 
Weight (dry) 30,000 kD C 

38,000 k~ g 
( 1963 

b Fraker and Kaplan 
Weight of protein 18,000 k~ C . (1971) 
(dry) as a $ of 64% b c Gibson (1965 a 
total weight. 62% 

58% 
d and b) 
a 

74% (28,000 k ~ )  g d Gorchein (1968a) 
e ~enke and Weichan 

Lipid 3.6mg/mg~chl c 
Phospholipid as a 25% b 

( 1968 

$ of total weight 20% d f Vatter and Wolfe 

25% a ( 1958 
g Worden 

Carbohydrate as a 1.1 mg/mg Bchl c and ~istrom (1964) 
$ of total weight 45% a 

4.25% a 

Bchl (variable 4.6% b 
depending on 7 .3% d 
light intensity) 4.3% 

16% 
a 
g 

Carotenoids as a 1.1% a 
$ of total weight 5% g 

Nucleic acids as 0.94% a 
a $ of total 0.15% 
weight 0.38% d b 

0.005 mg/mg Bchl c 



B a c t e r i a l  P h o t o s y n t h e t i c  A p p a r a t u s n  (1968) ;  t h i s  i s  t h e  

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

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

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

p r o f o u n d l y  a l t e r  t h e  r e s u l  t s r  a s  r n e n t i  oned p r e v i o u s 1  y. 

T h i s  h a s  t h e  a d v a n t a g e ,  however,  o f  m a k i n g  a g r e e m e n t s  i n  

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

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

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

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

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

p ronounced ,  however,  and h a v e  h i n d e r e d  t h e  c o r r e  l a t  r o n  o f  

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

ch ro rna tophore .  A mode I w i  I I be  d e s c r  i bed b a s e d  on t h a t  

p r o p o s e d  by S l o o t e n  ( 1 9 7 2 ) .  I t  w i l l  b e  c o r r e l a t e d  t o  t h e  

s u b u n i t  s t r u c t u r e  d e t e r m i n e d  by  Reed a n d  R a v e e d  ( 1 9 7 2 ) .  

F o r  a b r o a d e r  p i c t u r e  o f  t h e  p r o p e r t i e s  o f  t h e  b a c t e r i a l  

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

L a s c e l l e s  ( 1 9 6 8 )  and  O e i z e  a n d  Orews (1972) .  

L a n g r  i d g e  - e t  ( 1 9 6 4 )  a t t e m p t e d  t o  u n i t e  

q u s n t i t a t r v e  da ta  ~ ~ t h  t h e  o v e r a l l  d i m e n s i o n s  o f  t h e  

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

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

u s e f u l  rn  t h a t  i t  was shown t h a t  t h e  c h l o r o p h y l l  m o l e c u l e s  

c o u l d  n o t  b e  accommodated a s  a m o n o l a y e t .  They  a l s o  

o b s e t  v e d  t h a t  t h e  number o f  p h o t o - b l e a c h a b l e  



b a c t e r  ~ o c h l o r o p h y  I I m o l e c u l e s  (P870) w e r e  c o n s t a n t  on a 

c h r o m a t o p h o r e  b a s i s  a1 t h o u g h  t h e  I i  g h t  h a r v e s t i n g  f o r m  

v a r i e d .  I t  H a s  p r o p o s e d  t h a t  c h r o m a t o p h o r e s  c o ~ t a i n e d  a 

f i x e d  number o f  p h o t o s y n t h e t i c  u n i t s  , w i t h  a  c o n s t a n t  

r e a c t i o n - c e n t e r  c h l o r o p h y l l  c o n t e n t .  The work  o f  Worden 

a n d  S i s t r o m  i 1 9 6 4 1  a l s o  r e s u l t e d  i n  t h i s  c o n c l u s i o n .  

A a g a a r d  a n d  S i s t r o m  11972) showed t h a t  t h e  r a t i o  o f  t h e  

t o t a l  B c h l  t o  t h e  r e a c t i o n - c e n t e r  B c h l  v a r i e d  w i t h  t h e  

s p e c i f r c  B c h l  c o n t e n t  o f  t h e  c e l l s  i n  - R. s p h e r o i d e s .  I n  

R. r u b r u m  t h e  s i z e  o f  t h e  p h o t o s y n t h e t i c  u n i t  was a l m o s t  

i n v a r i a n t .  A mode l  o f  t h e  p h o t o s y n t h e t i c  u n l t  i n  &. 

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

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

I n  1958 B r i  l made a  s p e c t r a l  s t u d y  o f  n o n - i o n i c  

d e t e r g e n t - t r e a t e d  c h r o m a t o p h o r e s  o f  &. s p h e t o  i des ,  The  

work i n d t c a t e d  t h a t  p i g m e n t - p r  o t e i n  c o m p l e x e s  may h a v e  

b e e n  I i b e r a t e d  b y  t h i s  t e c h n i q u e .  G i b s o n  1 9 6 5 ~ )  showed  

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

s a l t s  r e d u c e d  t h e t r  s e d i m e n t a t i o n  c o e f  f F c i e n t  f tom 160 t o  

L20 s. He c a l c u l a t e d  t h a t  t h i s  c o u l d  have  r e s u l t e d  f r o m  

t h e  r e m o v a l  o f  an o u t e r  l i p i d  l a y e r  b e t w e e n  2.5 and 5 - 5  nm 

t h i c k .  The c h l o r o p h y l  l s p e c t r u m  was a l m o s t  unchanged,  

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

The w o r k  o f  Menke a n d  We ichan  ( 1 9 6 8 )  showed t h a t  t h e  b i l e  

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

e l e c t r o n  microscopy a n d  X-ray s t u d t e s  o f  t h e  c h r o m a t o p h o r e  



membrane showed a 4 nm 6 i p r d  l a y e r  b u t  t h a t  it a p p e a r e d  t o  

e x i s t  i n s i d e  a p r o t e i n  s h e l l ,  

I n  1941 S m i t h  u s e d  d e t e r g e n t  t o  f r a c t i o n a t e  

c h l o r o p l a s t s .  S u b s e q u e n t  I Y  n u m e r o u s  s t u d i  e s  were  made 

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

i s o l a t i o n  o f  t h e  t w o  p l a n t  systems;  t h e s e  h a v e  b e e n  

r e v i e w e d  b y  Boardman 119701, T h e s e  s t u d i e s  way h a v e  l e d  

O l s o n  t o  u s e  d e t e r g e n t s  a s  a weans  o f  d i g e s t i n g  

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

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

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

p r o t e r n  w i t h  a m o l e c u l a r  w e i g h t  o f  35 kD. S r n c e  this w o r k  

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

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

t o  p r o d u c e  a s m a l  IS a n d  t h u s  a n a l y s a b l e r  u n i t  capab1.e o f  

p h o t o c h e m i c a l  a c t i v i t y ,  By t h i s  means i t  i s  h o p e d  t h a t  

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

p8gments r  p r o t e i n s  a n d  e l e c t r o n  a c c e p t o r s  m i g h t  be g a i n e d ,  

P e r h a p s  t h e  m a j o r i t y  o f  w o r k  has been p e r f  o r rned u s i n g  &, 

s p h e r o i d e s  or E. r u b r u m  ( b o t h  w i  I d  t y p e  a n d  m u t a n t  

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

s u b s t r u c t u r e  i s  now p o s s r  b l e  a l t h o u g h  i t  i s  f a r  f tom 

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

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

a g e n t s .  

I n  I970 L o a c h  - e t  - a l  d e v e l o p e d  a m e t h o d  i n  w h i c h  



ch roma topho re  I i p i d  was a l m o s t  c o m p l e t e l y  d i s p l a c e d  b y  

T r i t o n .  The p r o c e d u r e  emp loyed  a n  a l k a l i n e  s o l u t i o n  o f  

T r i t o n  X i 0 0  and u r e a .  The r e s u l t i n g  subch r  o w a t o p h o r e  

( A U T )  p a r t i c l e s  c o n t a i n e d  a l l  o f  t h e  p i g m e n t s  a n d  h a d  an 

a p p a r e n t  p a r t ~ c l e  w e t g h t  o f  150  + o r  - 50 kD, The B c h l  

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

possessed  t h e  a b i  I i t y  t o  p h o t o o x i d i z e  P870. These w o r k e r s  

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

p h o t o r e c e p t o r  s u b u n r t  I n  v i v o ,  The AUT p a r t i c l e s  were  - - 
e s t i m a t e d  t o  c o n t a i n  5 0  B c h l  m o l e c u l e s  a n d  we re  b e l  i e v e d  

e q u i v a l e n t  t o  t h e  5 - 8 nm p a r t i c l e s  s e e n  b y  e l e c t r o n  

m i c r o s c o p i c  e x a m i n % t l o n  of chrocnatophores.  I n t e r e s t i n g l y ,  

r emova l  o f  T r i t o n  r e s u l t e d  i n  t h e  r e a g g r e g a t i o n  o f  t h e s e  

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

ch roma topho res .  The AUT p a r t  i c  l e  c o n t a i  l i ed  b o t h  t h e  l r g h t  

h a r v e s t i n g  and r e a c t i o n - c e n t e r  p r o t e i n s .  

V a r t  o u s  t e c h n l  ques h a v e  b e e n  used  t o  d i g e s t  membranes 

t o  t h e i r  i n d i v i d u a l  p r o t e i n s ,  Oe l ze  & 41969)  

i n v e s t i g a t e d  t h e  p r o t e i n  c o m p o s i t i o n  of R, - r u b r u m  

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

pHm A f t e r  d i g e s t i o n  t h e  p r o t e i n s  were r e s o l v 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 ,  A method  o f  

c a l r b r a t i n g  t h i s  sys tem t o  d e t e r m i n e  t h e  m o l e c u J a r  w e r g h t  

o f  t h e  p r o t e i n s  was d e s c r i b e d  b y  B iede rman  (1971a) .  I n  

t h e  l a s t  f ew  years ,  t h e  a n a l y s i s  of  p r o t e i n  c o m p o s i t i o n  

has been  per fo rmed,  a l m o s t  e n t i r e l y *  b y  s o d i u m  d o d e c ~ l  
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s u l p h a t e  p o l y a c r y l a m r d e  g e l  e l e c t r o p h o r e s i s  SDS-PAGE), 

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

c e n t e r  p r o t e i n s *  as  d e t e r m i n e d  b y  v a r i o u s  g roups9  i s  shown 

( T a b l e  1 1 ) .  

The  e f f e c t s  o f  a v a t  ~ e t y  o f  c h a o t r o p i c  a g e n t s  on 

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

i n t e r a c t i o n s ,  was examined b y  K i m  (197019 u s i n g  &. 
I 

e t h y l  icurn. A s i m i  l a r  s t u d y  was made w i th  &. rubrum by  

B e ~ d e r m a n  t197lbl. These s t u d i e s  showed t h a t  t h e  

p r o p e r t i e s  o f  t h e  l i b e r a t e d  complexes  were s t r o n g l y  

i n f l u e n c e d  by t h e  t y p e  o f  d i g e s t i o n  t e c h n i q u e  employed. 

T h i s  was d e m o n s t r a t e d  w i t h  a  s i n g l e  d e t e r g e n t *  S D S r  by 

Feher  et aJ (1971) .  A t  a low l e v e l  IO.lP,) o f  SOS*  a 

r e a c t  i o n - c e n t e r  p r e p a r a t  r o n  was s p l i t  i n t o  ~ W O  components,  

The L a r g e r  o f  t h e s e  (37 + o r  - 3 kD)  r e w a i n e d  

p h o t o c h e m i c a l l y  a c t i v e 9  t h e  o t h e r  was u n p i g m s n t e d  ( 2 8  + o r  

- 2 k D 1 .  When 1.0% SOS was u s e d r  t h e  l a r g e r  p a r t r c l e  was 

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

l o s t .  C l a y t o n  and Hase I k o r n  ( 1972 )  showed t h a t  t h e  

p r o t e i n s  o f  t h e  p i gmen ted  s u b u n i t  were l o s t  i f  t h e  samp le  

was b o i l e d  w i t h  1% SDS f o r  l o n g e r  t h a n o n e  m inu te .  An 

t n t e r e s t i  ng c o r n p a r a t i  ve s t u d y  o f  ch roma topho re  p r o t e  i n s  

f r o m  d i f f e r e n t  s p e c i e s  was a l s o  made by t h e s e  wo rke rs .  

The r e a c t  i o n - c e n t e r  o f  a c a r  o t e n o i d l e  s s  m u t a n t  o f  A. 

s p h e t o i d e s  (R261 has been  shown t o  c o n t a i n  a 

c h a r a c t e r  i s t e c  p r o t e i n  t r i a d .  The t h r e e  componen ts  ( 199 
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21 a n d  27 kD) were  a p p a r e n t l y  p r e s e n t  i n  e q u i m o l a r  r a t i  0s. 

T h t s  t r i a d  was f o u n d  i n  R. rubrum, Rhodopseudomonas 

c a p s u  Iatap a n d  Rhodopseudomonas p a l u s t t i s  b u t  n o t  r n  

Rhodopseudomonas ge l a t  i n o s a  o r  i n  Rhodopseudomonas 

v i r  i d i s .  A l l  o f  t h e s e  s p e c i e s ,  h o w e v e r *  c o n t a i n e d  a  m a j o r  

c h r o m a t o p h o r e  p r o t e a n  w i t h  a  w e i g h t  b e t w e e n  10 and  1 5  kD, 

T h a s  was u s e f u l  a s  i t  showed t h a t  many o f  the o r g a n i s m s  

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

r e l a t e d  p h y l o g e n e t i c a l  l y ,  S m i t h  and  Dus (1972) compared  

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

o f  5. s p h e r o i d e s  a n d  - R, r u b r u m  a n d f o u n d  t h e m v e r y  

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

I n  1 9 7 2  S l o o t e n  a t t e m p t e d  t o  p r o d u c e  a mode l  of a 

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

f i n d i n g s  and t h o s e  o f  o t h e r  w o r k e r s .  T h e  model  p r o v i d e s  a 

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

s u b s t r u c t u r e ,  T h e  t i n d i n g  o f  one P870 B c h l  ( t h e  

p h o t o - b l e a c h a b l e  c h l o r o p h y  II m o l e c u l e  i n  t h e  r e a c t i o n  

- c e n t e r )  p e t  6 0 0  k D  o f  p r o t e i n  d e t  i nad t h e  p h o t o s y n t h e t i c  

u n i t  s i z e  i n  t e r m s  o f  p r o t e i n .  The a s s u m p t i o n  was made 

t h a t  t h e  da f f  e r e n t  d a g e s t a o n  t e e h n r q u e s  d i s s o c i a t e d  t h i s  

u n i t  i n t o  d i f f e r e n t  f r a g m e n t s ,  Reed et 11970) h a d  

o b t a i n e d  s u b u n i  t s  w i th  a v a l u e  o f  440 kD p e r  P870 w h i  l e  

t h o s e  p r o d u c e d  b y  t o a c h  2 fi ( 1 9 7 0 )  c o n t a i n e d  between 1 0 0  

a n d  1 5 0  kD p e r  P870, The r e a c t i o n - c e n t e r  p a r t i c l e s  o f  

S l o ~ t e n  h a d  a v a l u e  o f  200 k D  p e r  P870 a n d  c o u l d  be  



r e d u c e d  t o  120 k 0  b y  t h e  A U T  t r e a t m e n t  o f  L o a c h  (19701, 

Feher  e t  a l  (1971) had shown t h e s e  t o  b e  c o n v e r t i b l e  i n t o  

t w o  u n i t s  w i t h  w e i g h t s  of a b o u t  20 kD. The mode! 

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

t h e s e  e x p e r i m e n t s .  A d ~ a g r a m ~  based  on  t h e  mode l  p r o p o s e d  

by  S l o o t e n ,  i s  s h 0 ~ n  i n  F i g u r e  1, I n  F i g u r e  2 t h e  model  

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

f o u n d  by Reed and Raveod (1971). The ATPase p a r t i c l e s  

s h o u l d  p r o b a b l y  b e  i n c l u d e d  i n  S l o o t e n 8 s  s u b u n r t t  as 

magnes ium- ion was i n c i u d e d  i n  t h e  b u f f e r  u s e d  t o  i s o l a t e  

t h e  ch roma topho res ,  Reed and Raveed e s t i m a t e d  t h a t  t h e  

p a r t i c l e s  had  a m o l e c u l a r  w e i g h t  o f  300 kD a n d  showed them 

t o  be d i s s o c i a t e d  f r o m  t h e  ch roma topho re  i n  t h e  absence o f  

this c a t a o n .  

S I o o t e n  p r o p o s e d  t h a t  t h e  r e a c t  ionq-cen te r  p i  gment- 

p r o t e i n  comp lex  m i g h t  r e s e m b l e  t h e  I i g h t  h a r v e s t i n g  

PI g m e n t - p r o t e i n  complex i n  i t s  p r o t e i n  t o  p ~ g r n e n t  r a t i o ,  

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

s t a n d p o i n t ,  S l o o t e n  f o u n d  t h e  b u l k  o f  t h e  B c h l  t o  be  

a s s o c i a t e d  w l t h  p r o t e r n  w i t h  a  w e i g h t  o f  1 5 0  k0,  As h i s  

c h r o m a t o p h o r e  p r e p a r a t ~ o n  c o n t a i n e d  30 m o l e c u l e s  o f  l i g h t  

h a r v e s t i n g  c h l o r o p h y l l  p e r  P870 i t  seems l i k e l y  t h a t  t h e  

10 kD J i g h t - h a r v e s t i n g  p r o t e i n s  a r e  each a s s o c i a t e d  w i t h  

two  c h I o r o p h y 1 1  moIecu1es.  C l a y t o n  and C l a y t o n  (1972) 

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

o f  179;. T h i s  wou ld  s u p p o r t  t h e  f i g u r e  o f  two c h i o r o p h y l l s  



Figure  1 

Model of photosynthet ic  subuni t  based on t h a t  

of Slooten (1972) 

Key t o  f i g .  

= k i l o  Daltons 

Diges t ion  by 2 chloroethanol ,  Fraker  and Kaplan ( 1 9 7 2 ) ~  

o r  by T r i t o n  x 100, Reed e t  a 1  (1968,1970). 
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and Haselkorn (1972) 
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( 1972) 
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p e r  10 kD p r o t e i n .  The r e a c t  i o n - c e n t e r  h a s  b e e n  shown t o  

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

b a c t e r  i o p h e o p h y t r  n  [ t i a u z e r a i  l ( 1 9 7 2 )  , R e e d  a n d  P e t e r s  

( 1 9 7 2 )  a n d  S t r a l e y  e t  a1 119731  I ,  If t h e  v a l u e  o f  37 k D  - 
IS used, r e  t h e  p ~ g m e n t e d  r e a c t  i o n - c e n t e r  p r o t e ~ n  w e i g h t  o f  

F e h e r  e t  a l  ( 1 9 7 1 ) .  t h e n  a s i m i l a r  r a t i o  t o  t h e  l i g h t  

h a r v e s t i n g  p r o t e i n  i s  o b t a i n e d ,  The i d e a  t h a t -  t h e  

r e a c t i o n - c e n t e r  protein I S  a  m u i t i r n e r  o f  t h e  1 0  kD l i g h t  

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

a m i n o  a c i d  c e n t e r  p r o t e i n  [ F e h e r  19711,  The  s i m i l a r  

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

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

The model  shown i n  F i g u r e  2 i s  o b v i o u s l y  f a r  f r o m  

cornpl e t e :  l i t t l e  i s  k n o w n  a s  t o  t h e  d i s t r i b u t i o n  o f  t h e  

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

f u n c t i o n s  of t h e  u n p i g m a n t e d  p r o t e i n s  ( o t h e r  t h a n  the 

ATPase u n i t ) ,  I t  d o e s t  h o u e v e r p  p r o v i d e  a r e f e r e n c e  p o i n t  

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

u n d e r s t a n d i n g  o f  c h r o m a t o p h o r e  assemb ly .  ' 

1 X .  I d e a s  as  t o  t h e  Mechan ism o f  C h r o m a t o p h o r e  

N o r p h o g e n e s i s  

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

. n o n - s u l p h u r  b a c t e r  i a  i s  a t t r a c t  i v e  b e c a u s e  t h e  w h o l e  

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

p a r a m e t e r ,  t h e  o x y g e n  s u p p l y ,  C e l  I s  c a n  b e  g r o w n  a t  h i gh  
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oxygen  l e v e l s  t o  p r o d u c e  c u l t u r e s  w i t h  n e g l  i g i b l e  p i g m e n t  

c o n t e n t .  A l o w  l e v e l  o f  oxygen  M I  ll i n d u c e  c h r o m a t o p h o r e  

s y n t h e s i s ,  C e l  l s can  b e  s t u d i e d  t h r o u g h o u t  t h e  a d a p t a t  i o n  

t o  d e t e r m i n e  t h e  sequence o f  composi  t r o n a l  changes  t h a t  

r e s u l  t i n  t h e  p r o d u c t i o n  o f  t h e  t h y l a k o i d  sys tem.  T h i s  

p r o c e d u r e  h a s  been u s e d  by numet o u s  wot  ke rs ,  An 

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

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

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

d e v a l  opment o f  c h r o m a t o p h o r e s  h a v e  r e s u l  t e d  f  row a s t u d y  

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

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

T h i s  s u r v e y  w i l l  b e  e s s e n t i a l l y  c o n f i n e d  t o  work  w i t h  - R. 

s p h e r o i d e s  a n d  R. - rubrus ;  s p e c i e s  w i t h  s i s ~ l a r  

c h r o m a t o p h o t e s  and s i m i  l a r  p i gmen t -bea r  i n g  p r o - t e i  n s  

f C l  a y t o n  a n d  Hase l ~ o t n ~  1972).  

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

i n v e s t i g a t e d  by  V a t t e r  a n d  Wol fe  i n  1958. T h e i r  

e x a m i n a t i o n  o f  t h i n  s e c t i o n s  o f  R,  rubr rum^ however ,  

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

numerous subsequen t  w o r k e r s  h a v e  a t t e m p t e d  t o  a n s n e r :  

-The nechan i  sm o f  t h i s  t c h r  oma topho re )  s y n t h e s i s  r s  

unknown. A r e  c h ~ o m a t o p h o r e s  f o r m e d  s i w u  l t a n e o u s l  y 

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

f e n  s i t e s ? "  

I n  1959 H l c k m a n  and F r e n k e l  ( 1959a )  c o n c l u d e d  t h a t  



t h e  c h r o m a t o p h o r e s  i n  f?-. r ub rum were  n o t  p r o d u c e d  b y  

p r e - e x i s t i n g  ch roma topho res ,  I n  an  accompany ing  p a p e r  

(1959bIs t h e s e  w o r k e r s  f o u n d  t h a t  d i s r u p t i o n  o f  c e l l s  cn 

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

c h r o m a t o p h o r e s  b u t  p i g m e n t e d  p a r t i c l e s  2 . 5  nm i n  d i a m e t e r ,  

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

f r o m  w h i c h  t h e  c h r o m a t o p h o r e s  w e r e  formed, A t  t h i s  t ime, 

de  novo s y n t h e s i s  was s u p p o r t e d  i n d i r e c t l y  by  t h e  f i n d i n g  -- 
t h a t  p ~ g m e n t  a n d  p r o t e ~ n  s y n t h e s i s  were c l o s e l y  a s s o c i a t e d  

I L a s c e l l e s  ( 1 9 5 9 )  and B u l l  a n d  L a s c e l  l e s  (1963)l. T h i s  

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

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

fi-. r u b r u m  c e l  I s  1 Cohen-Bazi r e  and Kun i sawa  11963) 1 ,  

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

c h r o m a t o p h o r e s  b e i n g  p r o d u c e d  f r o m  p r e - e x i s t i  n g  membrane. 

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

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

t h e  p e r r p h e r y  o t  t h e  c e l  I ,  T h e y  made t h e  o b s e r v a t i o n  t h a t  

v e s i c  l e s  appea red  c o n t i n u o u s  n i  t h  t h e  c y  t o p i a s m r  c  membrane 

i n  some s e c t  ions,  and p r o p o s e d  t h a t  a  r e d u c t  i o n  i n  oxygen  

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

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

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

i n t r u s i o n s  i n t o  t h e  cy top lasm,  T h i s  i d e a  nas  s u p p o r t e d  b y  

t h e  s t u d i e s  w i t h  osmot i c a l  l y  l y s e d  s p h e r o p l a s t s  t h a t  we re  

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



membrane system. G i  b s o n r  a s  m e n t i  onedr  showed t h a t  t h e s e  

e x p e r i m e n t s  w e r e  n o t  c o n c l u s i v e .  F u r t h e r ,  h e  was c r i t i c a l  

o f  t h e  e l e c t r o n  m i c r o s c o p i c  e v i d e n c e  a n d  s u g g e s t e d  ( 1 9 6 5 4 1  

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

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

G ~ b s o n  t h o u g h t  t h a t  t h e  p e r i p h e r a l  v e s i c l e s  m i g h t ,  

a 1  t e r n a t i v e l y ,  r e p r e s e n t  a e r o b i c  s t r u c t u r e s  a s  s i m i  l a r  

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

b a c t e r a a .  T h i s  he  p r o p o s e d  w o u l d  e x p l a i n  u h y  a g r e a t e r  

number o f  c y t o p l a s m i c  membrane i n v a g i n a t  i ons c o u  I d  be  s e e n  

i n a e r o b i c  as compared  t o  a n a e r o b i c  c e l l  s e c t i o n s .  The 

s m a l l  d a s t r i  b u t i  on  o f  c h r o m a t o p h o r e  d i a m e t e r s  ( a b o u t  7P.I 

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

c a u s e d  G i b s o n  ( 1 9 6 5 4 )  t o  c o n c l u d e  t h a t  b i n a r y  f i s s i o n  d i d  

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

t h e i r  mode o f  p r o l t t e r a t r o n .  Th is ,  i t w a s  ~ u g g e s t e d r  

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

e l e c t r o n  a i  c t o s c o p y .  P e t e r s  a n d  C e l l a r  i u s  (197219  

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

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

They d e s c r i b e d  e l e c t r o n  s i c r  o s c o p i c  o b s e r v a t i o n s  a s  

i n d i c a t i n g  t h a t  i n v a g i n a t i o n  was P o l  Jowed by c o n s t r i c t i o n r  

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

T h e y  a g r e e d  w i t h  t h e  w o r k  o f  O e l z e  aJ ( 1 9 6 9 )  i n  t h e  

t i n d i n g  t h a t  p i g m e n t  was s y n t h e s i z e d  b e f o r e  i n v a g i n a t i  o n s  

( p r e s u m a b l y  n o n a e r o b i c l  o c c u r r e d .  I n  1 9 6 9  D r e w s  e t  fi h a d  
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shown t h a t  t h e  p r o d u c t i o n  o f  Bch l  d i d  n o t  p a r a 1  I e I  

membrane mor phogenes i  s i n  - R. c a p s u l  ata,  P e t e r s  a n d  

Gel l a r i u s  ( 1 9 7 2 )  be1 i e v e d  t h a t  once  v e s i c l e s  were  b e i n g  

p roduced ,  t h e  s u b s e q u e n t  p i g m e n t  i n c o r p o r a t i o n  was 

p r o b a b l y  s t o i c h i o m e t r i c .  They found, i n t e r e s t i n g l y ,  t h a t  

ene rgy  t r a n s f e r  and r e a c t  i o n - c e n t e r  a c t i v i t y  o c c u r r e d  a t  

v e r y  I o n  p ~ g m e n t  c o n c e n t r a t i o n s ,  C a l c u l a t ~ o n s  o f  s u r f a c e  

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

was i n c o r p o r a t e d  n o n - u n i f o r m l y  i n t o  s p e c i f i c  s i t e s .  The 

f a c t  t h a t  t h e y  f ound  t h e  p h o t o c h e m i c a l  e f f i c i e n c y  a t  l ow 

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

p i g m e n t e d  c e l l s  a l s o  s u p p o r t e d  t h i s  idea,  G i b s o n  et gJ 

(19721 f o u n d  t h a t  ch roms topho res ,  bound  t o  t h e  c e l l  

enve lope ,  c o u l d  be s e p a r a t e d  f r o m  c h r  omatophares  w h i c h  

t h e y  be1  i e v e d  t o  be f r e e  i n  t h e  c e l  I, A s  w i  l l be f u r t h e r  

 ISC CUSS^^^ l a b e l  l r n g  s t u d t  es  i n d i c a t e d  t h a t  bound 

c h r o m a t o p h o r e s  were n o t  p r e c u r s o r s  t o  t h e  f r e e  

s t r u c t u r e s ,  The c o n c e p t  t h a t  c h r o m a t o p h o r e s  a r e  p r o d u c e d  

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

c a n n o t  be c o n s i d e r e d  e s t a b l   shed, 

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

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

m i c r o s c o p i c  s t u d i e s  and has p r o v i d e d  a  p i c t u r e  a s  t o  t h e  

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

morphogenes is .  I n  1963 B u l l  and L a s c e i l e s  showed t h a t  

a d a p t a t i o n  i n v o l v e d  more t h a n  a r e o r g a n i  s a t i  o n  o f  e x i s t i n g  



p r o t e i n s .  The u p t a k e  o f  am ino  a c i d s  was f o u n d  t o  p a r a 1  l e l  

p i g m e n t  s y n t h e s t s  an a d a p t ~ n g  c e l l s *  i n d i c a t i n g  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 a  i n ,  L a t e r  a  l a b e l  I i n g  s t u d y  by 

L a s c e l  l e s  and S z i  l a g y i  (1965) showed t h a t  p i g m e n t e d  ce l I s  

c o n t a i n e d  a d d i t ~ o n a l  phospho l  r p i d .  G o r c h e ~ n  ( 1 9 6 8  es f r  

g r  made a  t h o r o u g h  I n v e s t i g a t i o n  of  l i p ~ d  t ne tabo l r sm  i n  

a d a p t i n g  - R. sphe ro ides .  A d a p t a t i o n  caused  an  85X 

i n c r e a s e  i n  c e l l u l a r  p h o s p h o l i p i d  anc a f o u r  f o l d  i n c r e a s e  

r n  o r n i t h i n e  I ~ p i d ,  The ~ n c o r p o r a t i o n  s t u d i e s  i n d i c a t e d ,  

however, t h a t  l i t t l e  p r e f e r e n t i a l  i n c o r p o r a t i o n  o f  

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

t h e  c h r o m a t o p h o r e s  was t h e  same as t h a t  o f  t h e  c e l l s  as a 

whole, G o r c h e i n  i n t e r p r e t e d  t h i s  t o  i n d i c a t e  t h a t  c e l l  

membrane l i p i  d becomes i n c o r p o r a t e d  i n t o  c h r o m a t o p h o r e s .  

Drews & fi ( 1 9 6 9 1  u s e d  changes  i n  t i g h t  i n t e n s i t y  t o  

f a v o u r  e i t h e r  ch roma topho re  o r  c y t o p 1 a s m i c  membrane 

s y n t h e s i s ,  P u l s e  chase  e x p a r l m e n t s  caused  t h e e  t o  

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

c y t o p l a s m i c  membrane and  t h e  ch roma topho res .  O e l z e  a n d  

Drews (1970) and Lampe - e t  - a l  (19721 u s e d  s i m i  l a r  

t e c h n r q u e s  and  came t o  t h e  same c o n c l u s i  on, A n  e x p e r i m e n t  

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

G i b s o n  e t  a l  i n  1972, These w o r k e r s  (1972a9 b )  have  - -  
p r e s e n t e d  e v i d e n c e  f o r  a p r e c u r s o r - p r  oduc t r e l a t i o n s h i p  

be tween  membrane f r a c t r o n s  o f  a n a e r o b i c a l  I y  g r o w n  R. 

s p h e r o i d e s  c e l l s ,  E x p o n e n t i a l 1  y g r o w i n g  c e l l s  we re  



s e q u e n t i a l l y  p u l s e  l a b e l l e d  w i t h  3H p h e n y l a l a n i n e  o r  ( 3 H )  

i e u c i n e .  A membrane f r a c t t o n  was d e s c r i b e d ,  w h i c h  was 

e n r i c h e d  i n  c y t o p l a s r n t c  membrane and c o n t a i  n e d  

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

membraneb* f r a c t i o n )  was f o u n d  t o  b e  o f  h i g h  s p e c i f i c  

a c t i v i t y  a t  t h e  end o f  a * ' pu l se* *  w i t h  a l a b e l l e d  a m t n o  

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

'*chase'* a m i n o  a c i d ,  Our i n g  t h i s  t i m e  t h e  c h r o m a t o p h o r e s  

showed  a c o r r e s p o n d 8  n g  i n c r e s s e  i n  a c t i v i t y .  The p r o t e i  n s  

o f  t h e  c e l l  e n v e l o p e ,  o n  t h e  o t h e r  hand, were shown n o t  t o  

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

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

c e l  l na i  I - c y t o p l a s m i c  membrane c o m p l e x  i n  a n a e r o b i c a i  l y  

g r o w i n g  c e i  I s ,  T h i s  "smal I membranew f r a c t i o n ,  r a t h e r  

t h a n  membrane bound  c h r  o m a t o p h o r e  s t r u c t u r e s r  was 

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

c h r o m a t o p h o r e s ,  

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

c h r o m a t o p h o r e  morphogene s i  s  h a s  b e e n  i n v e s t i g a t e d  b y  Huang 

( 1 9 7 2 )  a n d  F r a k e r  a n d  K a p l a n  ( 1 9 7 2 ) .  Huang f o u n d  

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

o f  t h e  c h r o m a t o p h o r e ,  The t e c h n ~ q u e  o f  F r a k e r  (19711 was 

u s e d  t o  d i s c r  i m i n a t e  b e t w e e n  a e r o b i c  membrane p r o t e i n s  a n d  

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

s o l u b  l e  i n  2 - c h l  o r o e t h a n o l .  Chr omatophores ,  o n  d i g e s t i o n  

b y - - t h i s  r e a g e n t ?  y i e l d e d  5 %  s f  i n s o l u b l e  p r o t e i n  (PI 



f t a c t ~ o n ) .  T h i s  f r a c t i o n  was f o u n d  t o  have a n  SDS-PAGE 

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

c y t o p I a s m i c  membrane p r e p a r a t i  on. T h i s  f  r a c t ~ o n  was 

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

chromatophores,  A l a b e l  1 i n g  s t u d y  w i t h  a d a p t t n g  ce l I s  

i n d i c a t e d  a l m o s t  al  I o f  t h e  amino a c i d s  i n c o r p o r a t e d  

dur  ing t h e  a d a p t a t i  on were found i n  t h e  

2 -ch Io roe thano1-so lub le  (PI11 f r a c t ~ o n .  The P I  f t a c t r o n  

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

T h i s  work i n d i c a t e d  t h a t 9  a l  though some ch romatopho te  

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

h i g h  p e r c e n t a g e  o f  c h r  omatophore p r o t e i n  was s y n t h e s i z e d  

de novo, 

The dynamic p o t e n t i a l  of l a b e l  I i n g  e x p e r i m e n t s  has 

t h u s  produced v a l u a b l e  i n f o r m a t i o n  a s  t o  t h e  c e l 4 u l a r  

o r i g i n  o f  c h r  onatophores. Numerous " s t a t i c "  campar i  sons 

of c y t o p l a s r n i  c  rnembtane and t h e  p h o t o s y n t h e t i c  membranes 

have b e e n  made and a r e  d e s c r i b e d  i n  t h e  r e v i e w s  o f  OeIze  

and Drews ( 1 9 7 2 )  and L a s c e l  l e s  (l968), Such  compar i sons  

have shown many s i m ~  l a r l t t e s .  Many o f  t h e s e  may be 

 fortuitous^ however. T h i s  t y p e  of approach y i e l d s  l i t t l e  

d a t a  t h a t  i s  u s e f u l  i n  d e t e r m i n i n g  t h e  mechanism o f  

morphogenesrs, I t  appears  t h a t  t h e  c y t o p l a s m i c  membrane 

i s  i n v o l v e d ;  t h e  problem i s  how? 

X, The R e g u l a t i o n  of Chromatophore f lo rphogenes is  



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

~ n t r i n s r c a l l y  ~ n t e r e s t i n g .  U l t ~ m a t e l y  a d e t a i l e d  p r c t u r e  

o f  c h r o m a t o p h o r e  assembly  H I  l l r e q u i r e  t h e  u n d e r s t a n d i n g  

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

s y n t h e s i s  o f  t h e  components, A t  p r e s e n t  o n i y  t h e  b r o a d  

m e t a b o l  I C  c o n t r o l s  a r e  b e i n g  e s t a b l  i s h e d ,  T h i s  

~ n f o t r n a t ~ o n ,  hor rever r  I S  u s e f u l  as a means o f  t r a n s l a t i n g  

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

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

PI gmsn ta t  i o n  I n  A t h ~ o r h o d a c e a  was made b y  Cohen-Bazr r e  fi 

a l  - (1957) .  These w o r k e r s  e s t a b l r s h e d  t h a t  a d e f i n i t e  

r e l a t i  o n s h i p  e x i s t e d  be tween  t h e  b a c t e r i a l  p i  gwen t  c o n t e n t  

a n d  t h e  c u l t u r e  c o n d i t ~ o n s .  A number o f  f u n d a m e n t a l  

o b s e r v a t i o n s  were  made. The d e g r e e  o f  p i g m e n t a t i o n  was 

i n v e r s e l y  r e l a t e d  t o  t h e  l i g h t  i n t e n s ' i t y .  A e r o b i c a l l y  

grown ce I IS, u n l  I K ~  p r e a d a p t e d  p h o t o s y n t h e t i c  c e l  I s ,  

showed a l a g  i n  t h e  g r o w t h  r a t e  when t r a n s f e r r e d  t o  

c o n d i t i o n s  o f  low oxygen  s u p p l y ,  F u r t h e r ,  a e r a t i o n  o f  a 

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

g r o w t h  r a t e .  T h i s  was i n t e r p r e t e d  a s  b e r n g  due  t o  t h e  

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

The f i n d i n g  t h a t  t h a s  r a t e  enhancement  was n o t  l o n g  

l a s t i n g 9  was be1 i e v e d  due  t o  t h e  c e s s a t i o n  o f  p i g m e n t  

s y n t h e s i s  and subsequen t  d i  l u t i o n  by c o n t i n u e d  a e r o b i c  

g rowth .  These w o r k e r s  p o s t u l a t e d  t h a t  p ~ g m e n t  s y n t h e s i s  

was c o n t r o l l e d  by t h e  o x i d a t i o n  s t a t e  o f  a c a r r i e r  i n  t h e  



e l e c t r o n  t r a n s p o r t  system, T h i s  c o n c e p t  was s u p p o r t e d  by 

many s u b s e q u e n t  workers ,  I n  1962 S r s t r o m  p r o p o s e d  t h a t  

c a r t  i e r  was NAD, T h i s  was s u p p o r t e d  b y  t h e  t h i s  

c o t  r e  

a c t i v  

mat(es 

i a t i  on be tween  p i g m e n t  s y n t h e s i  s and NADH-oxidase 

i t y  ( O e l z e  and Drews (1970). R e c e n t  work,  however9  

r t  un i t  k e l y  t h a t  t h e  r e d o x  s t a t e  o f  NAD i s  t h e  k e y  

f a c t o r  I n  t h e  c o n t r o l  o f  a d a p t a t i o n ,  W a r r s  a n d  G e s t  

( 1 9 7 3 )  s t u d i e d  t h e  e f f e c t  o f  oxygen  on  t h e  e l e c t r o n  

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

s p h e r o i d e s t  - R. c a ~ s u l a t a .  A m u t a n t *  fl2r h a d  n o r m a l  

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

s u c c i  n a t e  dehyd togenase  a c t  i v i t 1  e s ,  T h r s  m u t a n t  t h u s  

s h o u l d  be inser ts1  t t  v e  t o  o x y g e n  i f  NAOH { o r  NADPH) was t h e  

c o n t r o l  l i n g  f a c t o r ,  The m u t a n t  had*  h o u e v e r f  i n c r e a s e d  

s e n s i  t i v i  t y  t o  oxygen, A n o t h e r  m u t a n t s  H5, l a c k e d  

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

have  abno rma l  l y  h i g h  NAOH l e v e l s  d u r i n g  s e m i a e r o b i c  

g row th ,  T b i  s s t r a i n *  however, c l o s e l y  r e s e m b l e d  t h e  w i  I d  

t y p e  w r  t h  r e s p e c t  t o  t h e  e f f e c t  o f  oxygen  o n  p i g m e n t  

f o r m a t i  on, Thus NAOH was u n l i k e l y  t o  b e  d i r e c t l y  

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

e f f e c t  was medt a t e d  b y  i t s  i n a c t ~ v a t i o n  o f  a component  

i n v o l v e d  i n  B c h l  s y n t h e s i s .  T h i s  f a c t o r  was p o s t u l a t e d  t o  

b e  r e d o x  r e g u l a t e d  b y  e i t h e r  c y t o c h r o n e  c  or  b. Schon and  

Drews (1968)r h o w e v e t ~  h a d  n o t  been  a b l e  t o  c o r r e l a t e  

changes  i n  t h e  o x i d a t  i o n - r e d u c t i o n  s t a t e  o f  t h e s e  



components,  w i t h  t h e  i n d u c t  i o n  o f  B c h l  s y n t h e s i s ,  

f o l l o w i n g  a r e d u c t i o n  t n  oxygen  t e n s i o n .  R e c e n t l y *  L i e n  

a n d  G e s t  (1973 )  have s u g g e s t e d  t h a t  t h e  " e n e r g y  c h a r g e  

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

Some s t u d r e s  had s u g g e s t e d  t h a t  t h e  f o r m a t i o n  o f  B c h l  

m i g h t  t r  i g g s r  ch roma topho re  s y n t h e s i s .  L a s c e  l l e s  a n d  

W e r t l  i e b  ( 1 9 7 1 )  d e s c r i b e d  a m u t a n t  o f  R. - s p h e r o i  d e s  

( T A - R )  w h i c h  u n l r u e  t h e  w i l d  type,  showed magnesium 

p to topho ryn -S -adenosy l  m e t h i  on t  ne m e t h y l  t r a n s f  e r a s e  

a c t r v i  t y  d u r l n g  a e r o b i c  g row th .  Brown - e t  al - ( 1 9 7 2 )  showed 

t h a t  t h e  ALA s y n t h e t a s e  a c t i v i t y  o f  t h i s  m u t a n t  was a i s o  

n o t  r e p r e s s e d  b y  oxygen, These  w o r k e r s  p r o p o s e d  t h a t  

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

genes. They b e l i e v e d  t h e  e f f e c t  was t r a n s m i t t e d  e i t h e r  

v i a  an e l e c t r o n  t r a n s p o r t  component  o r  b y  t h e  r a t i o 9  o r  

e e l  l u  l a r  c o n c e n t f  a t  i on, of a d e n i n e  n u c l e o t i d e s .  

An e a r l y  r n d i c a t ~ o n  t h a t  ATP h a d  a c o n t r o l l i n g  

on? l u e n c e  on  t h e  s y n t h e s i s  of  b a c t e r i a l  p l s m e n t s  came f r o m  

t h e  wo rk  o f  Ga jdos  and Ga jdos-Torok  i n  1963. 

C o p r o p o r p h y r i  n  e x c r e t i o n  b y  - R. s p h e r o i d e s  was i h i b i  t e d  b y  

a d e n o s t n e  nuc I e o t i d e s ,  A more w kdespread  c o n s i d e r a t i o n  o f  

a d e n o s i n e  compounds a s  p o t e n t i a l  r e g u l a t o r s  p r o b a b l y  

r e s u l t e d  f r o m  t h e  work o f  A t k i n s o n  and  W a l t o n  119681, 

however.  They found t h a t  t h e  r a t i o  o f  t h e  v a r i o u s  

a d e n o s i n e  n u c l e o t i d e s  had  a  c o n t  r o l l  ang i n f  l u e n c e  o n  t h e  

a c t i v i t i e s  o f  a l a r g e  number o f  k e y  enzymes t h a t  



c o n t r o l l e d  t h e  g e n e r a t i o n  o r  u t i l i z a t i o n  o f  ATP i n  

b a c t e t  ta. They c o u l d  e m p i r i c a l l y  c o r r e l a t e  enzyme 

a c t i v i t i e s  t o  a  f a c t o r  t h e y  t e rmed  t h e  " e n e r g y  chargeM;  

e s s e n t i a l  l y  h a l f  o f  t h e  a v e r a g e  number o f  anhyd r  i d e  bound 

p h o s p h a t e  g r o u p s  pe r  adenos ine .  I n  1971 Z i l i n s k y  e t  a l  - -  
f  i t s t  showed t h a t  exogenous  ATP caused  a g r e a t  t e d u c t  i o n  

i n  8 c h l  s y n t h e s i s .  I t  was, however, f o u n d  e f f e c t i v e  o n l y  

In t h e  l t g h t  a n d  appea red  t o  h a v e  l i t t l e  e f t  e c t  o n  d a r k  

a e r o b i c  g row th .  They c o n c l u d e d  t h a t  t h e  ATP i n h i b i t i o n  o f  

p i g m e n t a t i o n  was due t o  a n  e n e r g y  c h a r g e  e f f e c t  a t  t h e  

s i t e  o f  B c h l  and membrane s y n t h e s i s ,  T h i s  c o n c l u s i o n  was 

p r e m a t u r e  as i t  was n o t  b a s e d  on endogenous  n u c l e o t i d e  

l e v e l s .  F a n i c a - G a i g n i e r  jd- (1971)  measured  t h e  

endogenous A T P  l e v e l  In c e l l s  o f  &. s p h e r o i d e s  s t a i n  Y 

c u l t u r e d  unde r  a v a r i e t y  o f  c o n d i t i o n s ,  C e l  l u l a r  A T P  

c o n t e n t  o s c i  l l a t e d  s a p i d 4  y a f  t e r  e i t h e r  o x y g e n a t i o n  o r  

i I t u r n i n a t i o n  o f  t h e  c u i  t u r e .  B a c t e r  i o c h l o r o p h y l l  

s y n t h e s i s  was o b s e r v e d  o n l y  when t h e  endogenous AT? l e v e l  

f e l l  t o  a low v a l u e .  Exogenous ATP was e f f e c t i v e  i n  

causing a n  i n h i b i t i o n  o f  Bchl c o n t r o l  b y  t h e  c e l l u l a r  ATP 

c o n c e n t r a t i o n  o n l y r  r a t h e r  t h a n  by t h e  e n e r g y  c h a r g e  

p a r a m e t e r ,  The mechanism o f  t h e  e f f e c t  o f  exogenous ATP 

was u n c e r t a i n ,  however.  G a j d o s  gJ 11968)  had f o u n d  

c e l l s  i n c a p a b l e  o f  u t i l i z i n g  exogenous AT? t o  an 

a p p r e c i a b l e  e x t e n t .  The sr  t u a t i o n  was f u r t h e r  c l a r i f i e d  

b y  t h e  work o f  H i g u c h i  t 1 9 7 3 ) .  He f o u n d  t h a t  ATP w o u l d  



i n h i b i t  B c h l  s y n t h e s i s  o n l y  t o  a maximum o f  75% when 

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

Comp le te  i n h i b i t i o n 9  how ever^ C O U J ~  be p r o d u c e d  by  

exogenous a d e n o s i  nee A L A  s y n t h e t a s e  a c t i v i t y  was f o u n d  t o  

b e  s u p p r e s s e d  by adenosine b u t  n o t  by ATP. H l g u c h ~  

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

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

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

membrane. I t  seems p o s s i b l e  t h a t  t h e  e f f e c t s  a r e  a t  t h e  

m e t a b o l i c  l e v e l .  Exogenous ATP was f o u n d  t o  cause a 

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

a c i d s  ( G a j d o s  et 1968). I n t e r e s t i n g l y 9  N u l t s c h  a n d  

Throm ( 1 9 6 8 )  showed exogenous  AT? t o  cause  a s t e a d y  

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

hou rs9  t h e  r a t e  was a b o u t  a m a g n i t u d e  g r e a t e r  t h a n  t h e  

c o n t r o l  e e l  i s .  A s l o w  s t i t u u l a t i o n  o f  endogenous s y n t h e s r s  

wou ld  seem more  l i k e l y .  T h i s  may b e  due t o  c o n v e r s i o n  o f  

A T P  t o  a d e n o s i  ne by p e r  i p l  asmic  phosphatases.  Adenos ine  

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

n u c l e o t i d e s  a n d  t h u s  t h e  ATP l e v e l  by  t h e  e f f e c t  o f  mass 

a c t i o n .  The e x a c t  mechanism of  ATP e f f e c t  i s  o b v i o u s l y  

open t o  s p e c u l a t i o n .  

The e s t a b i i s h m e n t  o f  t h e  c e l i u l a r  A T P  l e v e l  as t h e  

r e g u l a t o r  of 8 c h l  s y n t h e s i s  makes t h i s  f a c t o r  a s t r o n g  

c a n d r d a t e  f o r  c o n t r o l l  t n g  ch roma topho re  s y n t h e s i s  as a 

whole, C o n t r o l  o f  s e v e r a l  s y n t h e t i c  a c t i v i t i e s  b y a  
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s i n g l e  p a r a m e t e r  wou ld  f a v o u r  a good  c o o r d i n a t i o n .  

C o n t r o l  i s  u n l i k e l y  t o  b e  e x e r t e d  a t  t h e  a s s e m b l y  l e v e l  or 

b y  a l t e r a t i o n s  i n  enzyme a c t i v i t i e s s  a s  t h e s e  mechanisms 

wou ld  b e  i n e f f i c i e n t  w i t h  r e g a r d  t o  c e l l u l a r  economy a s  

a l l  enzymes w o u l d  be r e q u i r e d  t o  be s y n t h e s i s e d  f o r  o n l y  

p e r i o d i c  usage. Oxygen i n h i  b i t  i o n  o f  A L A  s y n t h e t a s e  

( L a s c e l l e s r  1960; M a r r i o t t  - e t  a19 1 9 6 9 )  a n d  magnesium 

p r o t o p h o r p h ~ r  i n  c h e i a t a s e  ( G o r c h e r n  1972 p r o b a b l y  r e f 1  e c t  

a s e c o n d a r y  f i n e  c o n t r o l  sys tem.  The f i n d i n g  t h a t  a 

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

[ T u b o i  and Hayasaka 197219 t o g e t h e r  w i t h  t h e  f a c t  t h a t  

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

p o ~ n t s  t o  g e n e t i c  c o n t r o l .  I w i l l  b r i e f l y  r e v i e w  e v i d e n c e  

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

ch roma topho re  rnorphogenesi  s. 

T r a n s l a t i o n a l  c o n t r o l  has o n l y  been  d e s c r i b e d  i n  a 

f ew  c a s e s  I L a v e l  l e  ( 1 9 7 0 )  and G o l d b e r g  a n d  C h a r g a f f  ( 1 9 7 1 )  

p r o v i d e  examp les  o f  t h i s  mechanism i n  E. c o t i ) .  D e j e s u s  

a n d  G r a y  ( 1 9 7 1  1 f o u n d  v a r i a t r  o n s  i n  f o u r  - t R N A  s p e c i e s  when 

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

s p h e r o r d e s  c e l l s .  4 l t h o u g h  t h e o t e t i c a l l y  s u c h  a v a r i a t i o n  

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

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

r e g u l a t r o n ,  W i t h i n  and G i b s o n  (L972a )  s t u d i e d  t h e  r a t e  o f  

u n s t a b l e  RNA d e g r a d a t i o n  i n  - R. s p h e r o i d e s  w i t h  b o t h  

a e r o b i c  and  a n a e r o b i c  c e l l s  a f t e r  i n h i b i t i o n  w i t h  



r i f a m p i n .  The r a t e  w a s t ~ i c e  as f a s t  I n a n a e r o b i c  c e l l s  

a s  i t was i n  t h o s e  a e r o b i c a l l y  grown. These  w o r k e r s  

s u g g e s t e d  t h a t  an a i  r - s e n s i  t i v e  component  s t a b i  i i z e s  t h e  

rtbosome-mRNA complex a n d  c o u l d  p o s s i b l y  f a c i  I i t a t e  t h e  

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

f o l l o w i n g  paper  11972b l  t h e y  r e p o r t e d  t h a t  n o  q u a n t i t a t i v e  

o r  q u a l i t a t i v e  d r f f e r e n c e s  c o u l d  be f o u n d  b e t w e e n  mRNA 

i s o l a t e d  f r o m  a e r o b i c  o r  a n a e r o b i c  c e i  I s .  They  s u g g e s t e d  

t h a t  t r a n s l a t i o n a l  r e g u l a t i o n  m i g h t  be a n  i m p o r t a n t  

mechanism i n  t h e s e  b a c t e r i a ,  A t  f i r s t  s i g h t s  

t r a n s l a t i o n a l  c o n t r o l  i s  n o t  an  a t t r a c t i v e  mechan ism as a 

l a r g e  amount o f  m R N A  m u s t  be  c o n t i n u a l l y  s y n t h e s i z e d  f o r  

o n l y  p e r t  o d t c  usage. I t may9 Rowever t  b e  a d v a n t a g e o u s  t o  

p h o t o s y n t h e t i c  b a c t e r ~ a  g r o w i n g  an mud b y  comb ined  a e r o b a c  

and p h o t o s y n t h e t i c  modes. T h i s  w o u l d  o b v i o u s l y  b e  a 

d i f f i c u l t  q u e s t i o n  t o  answer. 

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

r e g u l a t i o n .  The f i n d i n g s  b y  H i g u c h i  e t  a l  ( 1 9 6 5 )  and  Gray  - - 
(19671. s h o w i n g  R N A  s y n t h e s i s  t o  b e - n e c e s s a r y  f o r  t h e  

f o rma t r  on  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 ,  does n o t  

d i s c r  i a t i n a t e  be tween  t r a n s c r  i p t ~ o n a I  a n d  t r a n s l a t i o n a l  

c o n t r o l .  Bea rden  (1969 )  r e p o r t e d  t h a t  h e r  compe t r  t i o n  

exper  i m e n t s  i n d i c a t e d  t h a t  35 t o  40Z o f  t h e  DNA s i t e s  

e x p r e s s e d  i n  I i g h t  grown c e l l s  were r e p r e s s e d  i n  t h o s e  

f r o m  o x y g e n a t e d  c u l t u r e s ,  I n t e r e s t i n g l y  she c o u l d  f i n d  n o  

d i f f e r e n c e  be tween  a i r  egrownl and  l i g h t  ( a n a e r o b i c a l l y )  



' g rown '  c e l l u l a r  DNA. T h i s  cs I n  ag reemen t  wi th t h e  

f i n d i n g s  o f  W i t k i n  and G i b s o n  (1972b1, These w o r k e r s  u s e d  

9 5 2  a i r  5X  c a r b o n  d i o x i d e  r a t h e r  t h a n  oxygen -  Bea ren  

be4 i e v e d  t h a t  o x y g e n a t i o n  r a t h e r  t h a n  a e r a t i o n  r s r e q u i r e d  

t o  f u l l y  r e p r e s s  t h e  " p h o t o s y n t h e t i c w  genes, T h i s  i s  n o t  

p r o o f  o f  t r a n s c r i p t i o n a l  c o n t r o l  a s  the c e l l s  a r e  unl i k e l y  

t o  grow i n  p u r e  oxygen i n  t h e i r  n a t u r a l  e n v i r o n m e n t ,  A 

i a b e l  l i n g  s t u d y  by Yamash1 t a  a n d  Kamen 11968) showed t h a t  

a g r e a t e r  p e r c e n t a g e  o f  u r a c i  l was i n c o r p o r a t e d  i n t o  

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

I t  i s  n o t  c e r t a r n  t h a t  t h i s  d i t f e r e n c e  was due t o  t h e  

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

a n  i n c r e a s e  i n  p r o d u c t i  on  o f  r i bosome  p r e c u r s o r s .  As 

ment ioned, W i t h i n  and  G i b s o n  i n d i c a t e d  a s h o r t e r  h a l f  l i f e  

o f  t h e  r i b o s o m a l  m-RNA comp lex  u n d e r  a n e r o b i  c c o n d i t i o n s .  

Thus, a t  p r e s e n t s  i t  i s  n o t  c e r t a i n  as  t o  w h i c h  

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

I t  can  o n l y  b e  s t a t e d  t h a t  r e g u l a t i o n  i s  most  l i k e l y  

e x e r t e d  a t  t h e  g e n e t i c  l e v e l s  d i r e c t l y  ' o r  i n d i r e c t l y ,  by 

t h e  e e l  l u  lar  ATP-concen t ra t i on ,  

X I -  The H o t p h o g e n e s i s  o f  Membranous Ce l  l u l a r  

Components i n  Gene ra l  

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

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

m o l e c u l e s ~  h a s  posed  two  f u n d a m e n t a l  q u e s t i o n s :  wha t  a r e  



t h e  r e l a t i o n s h i p s  be tween t h e  components  and how a r e  t h e s e  

s t r u c t u r e s  assembled?  The s o i u t r o n  t o  t h e s e  p r  cbtems 

wou ld  p r o v i d e  a b a s i s  f o r  an u n d e r s t a n d i n g  o f  f u n c t r o n i n g  

beyond  t h e  p r e s e n t  e m p i r i c a l  l e v e l .  The q u e s t i o n s  a r e  

somewhat i n t e r d e p e n d e n t  and p o s s  ID ly t h e  s o l  u t i  ons  w i  1  l be 

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

The c y t o p l a s m i c  membrane and  t he  e u c a r y o t  i c  

o r g a n e l  tes,  e s p e c i a l  l y  t h e  ml t o c h o n d r i o n  and  chloroplast^ 

have  b e e n  t h e  s u b j e c t s  o f  a v a s t  number o f  i n v e s t i g a t i o n s .  

T h e  p r o b l e m s  appear  t o  be v e r y  s i m i l a r  t o  t h o s e  

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

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

c o m p l e x i t y  of t h e s e  s t r u c t u r e s  and  t h e  f a c t  t h a t  t h e y  mus t  

be p e r t u r b e d  t o  be  s t u d i e d .  The p r o b l e m s  h a v e  p r o d u c e d  

numerous app roaches  and  r e s u l t e d  i n  many m o d e l s . ~  Few 

g e n e r a l  # t i e s  have emerged a n d  c e t t a i  n l y  n o  u n i v e r s a l  

a s s e m b l y  p r o c e s s  has b e e n  f ound .  A l  t hough  t h e  c y t o p l a s m i c  

membrane has  been  a s s i g n e d  many f u n c t i o n s r  i n i t i a l  

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

appea rance  i n  a w i d e  v a r i e t y  o f  c e l l s .  The e a r l y  

Danie 1 l i -Davson  model f 1 9 3 5 )  h a s  been b o t h  c h a l  l e n g e d  and 

s u p p o r t e d  by many workers .  Rev rews o f  . s u b s e q u e n t  models 

have  been  made b y  Nyst rorn  ( 1 9 7 3 1  and  S a e k e v i t z  ( 1 9 7 2 ) .  

H o d e l s  o f  Senson (19661 a n d  G r e e n  (1966, 1973)  h a v e  b e e n  

based  on  a I I p o p r o t e r  n  subun I t cornpos i t  i on. Th r s c o n c e p t  

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



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

d i g e s t i o n  techniques.  has b e e n  suppor ted  b y  r e c e n t  

f r e e z e - e t c h i n g  s tud ies .  T h i s  t e c h n i q u e  may b e  t h e  most  

r e l i a b i e  t o  d a t e .  No p r r o r  f i x a t ~ o n  o r  s t a i n i n g  p rocesses  

known t o  p roduce  a r t e f a c t s  a r e  r e q u i r e d .  Oa ta  d e r i v e d  

f r o m  X-ray s c a t t e r i n g  may be m i s l e a d i n g  due t o  t h e  

e x t e n s r  ve d e h y d r a t i o n  t e q u i  r e d  and t h e  n e c e s s i t y  o f  l o n g  

exposure  t i m e s  t o  t h e  X-ray beam 4 Nystrom 1972 1 .  

Mycop lasrna~ organisms l a c k i n g  a c e l l  u a l l ,  have been 

use fu l  i n  examin ing  t h e  c ~ t o p l a s m i c  membrane. 

T o u r t e l  l o t t e  (19721 d e s c r i b e s  t h e  membrane as c o n t a i n i n g  

t h e  m a j o r i t y  o f  l i p i d  i n  a b i  l a y e r  a r r a y  a r o u n d  5 . 0  and 

8.5 nm p r o t e i n  subun i t s ,  The s u b u n i t  p r o t e i n s  a r e  

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

t o  p o l a r  res idues .  Such p r o t e i n s  cab a s s o c i a t e  n i t h  

l i p i d s  and wou ld  be c l a s s i f i e d  a s  i n t r i n s i c  p r o t e i n s  b y  

Green 4 1 9 7 3 ) .  

The wechani se o f  c y t o p  lasm i c membrane f o r  @at i on i s  

s t i  ll l a r g e l y  unknown. The  a s s e a b l y  data- on t h e  b a c t e r i a l  

membrane has been t e v t e w e d  b y  Fox (1972).  Work w i t h  

c o l r  h a s  i n d i c a t e d  t h a t  n e w l y  synthesized I i p ~ d s  and - 
p r o t e i n s  a r e  p r e f e r e n t i a l  l y  a s s o c i a t e d .  I t  appears  t h a t  

t h i s  o rgan ism may s y n t h e s i z e  new membrane i n  a 

non - ioca l  i z e d  f a s h i o n  I T s u k a g o s h i  and Fox, 1971 1 whr l e  8. 

s u b t i  l i s  may f o r m  new membrane p r e f e t e n t i a l l y  a t  t h e  p o l e  

o f  t h e  c e l l  ( M o r r i s o n  and H O ~ Q W ~ ~ Z  19701, N o n - l o c a l i z e d  



membrane s y n t h e s i s  appea rs  t o  h a v e  been more w i d e l y  found, 

however .  The b i o c h e m t s t r y  o f  b a c t e r i a l  membranes h a s  b e e n  

r e v i e w e d  by M a c h t i g e r  and Fox (1973). 

M i  t o c h o n d r i a l  s u b u n i t s  appear  t o  r a n g e  i n  s i z e  f row 

be low 4 nm t o  10 nm ( S ~ o s t r a n d  and  B a r a j a s ~  1 9 6 8 ) .  

The c h l o r o p l a s t  I a m e I I a e  have  been  d e s c r i b e d  by 

B r a n t o n  and  P a r k  11967) as e x t e n d e d  b i l a y e r s  c o n t a i n r n g  

8.5 nm g l o b u l a r  s u b u n t t s .  These  s u b u n i t s  h a v e  s i n c e  b e e n  

f o u n d  t o  be t h e  coup1 t n g - p r o t e i n  comp lex  (ATPase a n d  

c a r b o x y d i s r n u t a s e )  wh l ch  c o v e r  t h e  o u t e r  s u r f a c e  o f  t h e  

c h l  o r  o p i a s t  membranes ( A r n t z e n  - e  t - a 1, 19691, 

F r e e z e - f a c t u r i n g  t e c h n i q u e s  have  s h o ~ n  t he  P h o t o s y s t e m  1 

a n d  I 1  p a r t i c l e s  t o  b e  11 nm and  17.5 nrn r e s p e c t i v e l y  

(Huh1 e t h a l e r  1972). D e t e r g e n t  d r g e s t i  on  t e c h n i q u e s  h a v e  

y i e l d e d  d i f f e r e n t  subunr  t s ,  Pho tosys tem I a p p e a r s  t o  

c o n s i s t  o f  a r e a c t i o n - c e n t e r  s u b u n i t  and an a c c e s s o r y  

comp lex  c o n t a i n i n g  1 i g h t - h a r v e s t i n g  c h l o r o p h y l l s  a n d  

e l e c t r o n  t r a n s p o r t  components  ( V e r n o n  GY 1971).  

Chi  o t o p h y  l I - b e a r  i n g  p r o t e ~  n s  o f  w e i g h t s  100 a n d  35  kD h a v e  

b e e n  f o u n d  a s s o c r a t e d  w i t h  Pho l tosystems I and 11  

_ r f ? s p e c t i v e l y  (Kung and  Tho rnbe r ,  1971 1,  The asymrnet r i  cad 

d i s t r i b u t i o n  o f  t h e  t w o  p h o t o s y s t e m s  as shown by t h e  

f r e e z e - e t c h i n g  s t u d i e s  have  been  r e c e n t l y  s u p p o r t e d  b y  

c o n v e n t i o n a l  s e c t i o n i n g  t e c h n i q u e s  ( N i r  and Peaser 1973). 

Wr t h  s u c h  l i r n r t e d  r n f  o r m a t i  on  of  membrane s y n t h e s i s  

i n  g e n e r a l ,  i t  i s  n o t  s u r p r i z i n g  t h a t  l i t t l e  i s  knawn a s  



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

o r g a n e  l l e s  a r e  n o t  "s tmp l e " m e m b r a n e s  b u t  membrane s y s t e m s  

s i m i l a r  i n  many r e s p e c t s  t o  p r o c a r y o t e s  I E c h  l in,  t 9 7 0 ;  

S t a n i e r ~  1970 1, P r e s e n t  w o r k  l n d i c a t e s  t h a t  t h e  f o r m a t i o n  

o f  t h e s e  o r g a n e l l e s  may r e p u ~  r e  e x i s t i n g  membranes t o  

o r i e n t a t e  t h e  new l y  s y n t h e s i  z e d  c o n s t i  tuen- ts . .  

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

d i v i s i o n  ( L u c k *  1 9 6 3 ) .  The a d a p t a t i o n  o f  y e a s t  c e l l s  t o  

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

a p r e - e x i  s t i n g  s t r u c t u r e +  t h e  p r o m r t o c h o n d r i  o n  ( P f a t t n e r  

et - - a l p  1970). S i m i l a r l y ~  c h l o r o p l a s t  f o r m a t i o n  i n v o l v e s  

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

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

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

c o d e  f o r  some o f  t h e i r  components .  C u r r e n t  i d e a  as t o  

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

by G e t z  11972) a n d  G r e e n  and V a n d e r k o o i  ( 1 9 7 0 ) .  

X I I .  T h e s i s  O b j e c t i v e s  

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

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

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

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

f i n a i  p h o t o s y n t h e t i c  s t r u c t u r e s .  Many q u e s t i o n s  a r o s e :  

h o n  a n d  w h e r e  were  t h e s e  s t r u c t u r e s  f o r m e d ?  What f a c t o r s  

c o n t r o l  l e d  t h e i r  s y n t h a s i s ?  Were t h e s e  i n t e r m e d i a t e s  o f  



f a x e d  c o m p o s i t i o n  o r  was c o n t i n u o u s  m o d i f i c a t i o n  t a k i n g  

p l a c e ?  What was t h e  o r i g i n  o f  t h e  a d d i t i o n a l  components  

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

p h o t o s y n t h e t i c  membranes a r e  composed o f  many components,  

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

i n  an a t t e m p t  t o  answer some o f  t h e s e  q u e s t i o n s .  T h i s  

a p p r o a c h  was made s l n c e  p r o t e i n s  a r e  q u a n t i t a t  r v e l y  t h e  

ma jo r  component *  t h a  mos t  t r n ~ o r t a n t  f u n c t i o n a l  e n t i t i e 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  and p r o b a b l y  t h e  most 

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

membranes. I t  i s  o b v i o u s  such  a n a p p r o a c h  c a n n o t  p r o d u c e  

a cornpl e t e  p i c t u r e  o f  c h r o m a t o p h o r e  worphogenes i  s  b u t  i t  

i s  hoped  t h a t  t h e  model p r o d u c e d  wt l l b e  o f  u s e  t o  f u r t h e r  

s t u d i e s  i n  t h i s  area.  Two p r e l i m i n a r y  r e p o r t s  o f  t h i s  

work  have  a l r e a d y  appeared  (Shaw and  R i c h a r d s  19719 1972).  
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I WATER1 ALS. 

A, O rgan i sms  used  

The p a r e n t  s t r a i n  o f  Rhodo~seudomonas  s p h e r o i d e s *  

N.C.I.0, 82539  Has u s e d  f o r  t h e  m a j o r i t y  o t  t h e  

expe r  l i aen ts .  Mutants o f  t h i s  o r g a n i s m  were g i v e n  a s  a 

g i f t  by Dr. J. L a s c e I I e s .  O t h e r  m u t a n t s  were p r o d u c e d  

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

t r e a t m e n t  w i th  N-me thy l -Ns -n i  t r  o-N-ni t r o s o g u a n i d i n e .  



B, Growth medium 

C e l l s  were grown u s i n g  t h e  "M-G" m e d i u m  o f  L a s c e l l e s  

( 1959 ) .  I t  was found c o n v e n i e n t  t o  s t o r e  t h e  medium, 

c o n c e n t r a t e d  t e n  f o l d *  i n  t h e  f r e e z e r  p r i o r  t o  use. I n  

p r e p a r t n g  t h e  medium p r e c i p i t a t i o n  was a v o i d e d  b y  t h e  

n e u t r a l  i z a t i o n  of  t h e  o r  y a n i c  a c i d s  by sodium h y d r o x i d e 9  

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

C. Growth a p p a r a t u s  

Semi a e r o b i c  g rowth  was o b t a i n e d  u s i n g  Er lenmeyer  

f lasKs p lugged  w i t h  l i n t - b o u n d  c o t t o n  wool.  These 

c u l t u r e s  were a g i t a t e d  b y  magnet ic  s t i  t r i n g  o r  

m w r r s t - a c t r  onw shakrng. C u l t u r e s  were g r o u n  a t  f  # x e d  

oxygen l e v e l s  i n  4- and 10- I i t e t  f l a s k s .  These f l a s k s  

were f  i t t e d  w i t h  a p o r t  f o r  t h e  oxygen e l e c t r o d e *  a 

s a m p l i n g  tap, a snan-necked g a s  e x i t  t u b e  and a s i n t e r e d  

g a s s i n g  tube, The s i n t e r s  were o f  s u r f a c e  a r e a s  8 and 60 

square  cm f o r  t h e  4 and 10 li t e t  f l a s k s  r e s p e c t i v e l y .  - Gas 

was f i l t e r e d  t h r o u g h  a  t u b e  packed w i t h  co t ton -woo l  p r i o r  

t o  e n t r y  t o  t h e  f l a s k s .  B o t h  f t a s k s  and t i  l t e t s  were 

s t e r i l i z e d  by a u t o c l a w i n g  ( 1 5  m i n u t e s  a t  10 l b s / i n c h 2 ) ,  

Prerni xed gases were used w i t h  oxygen c o n t e n t s  known t o  

0.5Z i n  a b a l a n c e  o f  n i t r o g e n ,  supp l  i e d  by  L i q u i d  Ca tbonrc  

Canada L t d , ~  Vancouver, The Beckwan model 777 oxygen 

e l e c t r o d e  was s t e r l l i e z e d  by brief immers ion  i n  e t h a n o l .  

T h i s  p r o c e d u r e  was f ound  t o  have  n o  e f f e c t  o n  t h e  



s u b s e q u e n t  f u n c t i o n i n g  o f  t h e  e l e c t r o d e .  When r e q u i r e d 9  

c u l t u r e s  were  i l l u m i n a t e d  a t  a p p r o x i m a t e l y  300  f o o t  

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

D, S p e c i a l  r e s g e n t s  

Magnes ium p r o t o p o r p h y r ~  n was p r e p a r e d  u s i n g  t h e  

magnesrum-hexapyridine-diiodlde m e t h o d  o f  Wei e t  a l  - - 
11962 1. 

S u c r o s e  was pur if i e d  f o r  t h e  g r a d i e n t  w o r k  by f i r s t  

h e a t i n g  a  70% I w l v )  s o l u t i o n  t o  a b o v e  9 0  d e g r e e s  w i t h  1 0 Z  

f w l v )  2 0  - 40 mesh c h a r c o a i q  t h e n  f i I t r a t i o n  t h r o u g h  

Whatman No. 1 p a p e r .  

E. L a b e l  l e d  compounds 

%-tU-lSC) P r o l i n e  ( 2 1 0  mCi/m m o l e )  u s e d  i n  the 

i n i t i a l  l a b e l l i n g  e x p e r i m e n t  was o b t a i n e d  f r o m  New E n g l a n d  

N u c l e a r  Corp .  r B o s t o n ?  Mas, S-Adenosyl-L-IRel*C) 

m e t h i o n i n e  ( 3 3  aCi lm m o l e )  was o b t a i n e d  f r o m  I. C, N.9 

I t v i n e ,  C a l .  L - ( 4 ~ 5 - ~ H 9  I s o l e u c i n e  (30- C i / m  tao le )  and 

L - ( U - P 9 C )  p r o l a n e  ( 2 8 5  mCiPm m o l e ) ,  used i n  t h e  

d o u b l e - l a b e l  l t n g  e x p e r  i r n e n t ~  were  o b t a i n e d  f r o s  

A s e r s h a m l S e a r  l e p  Ar l i n g t o n  H e i g h t s ?  111. 

A, I s o l a t i o n  a n d  c u l t u r e  c o n d i t i o n s  u s e d  



U n c o n t a m i  n a t e d  c e l  1 c u l t u r e s  w e r e  p r e p a r e d  f tom 

" s i n g l e  c e l l w  c o l o n r e s  u s i n g  s t a n d a r d  m i c r o b r o l o g i c a l  

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

c o n t a i n i n g  5 w l  s l a n t s  o f  1.5X a g a r  s n d  "M-Gm medium. 

S l a n t s  were  g r o n n  f o r  a few days a t  3 0  d e g r e e s  p r i o r  t o  

b e i n g  s t o r e d  a t  4 d e g r e e s  r n  t h e  d a r k .  Fresh c u l t u r e s  

w e r e  wade e v e r y  f e w  months.  T h i s  m e t h o d  g a v e  a g r e a t e r  

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

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

s l a n t s  was g r o w n  i n  250 m l .  E r l e n m e y e r  f l a s k s  a n d  e a r l y  

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

l a r g e  g r o w t h  f t a s k s .  

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

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

t i m e  t h e  c e l l s  were  h a r v e s t e d  a n d  r e s u s p e n d e d  i n  50 m 1  

a l r q u o t s  o f  f r e s h  "H-Gw medium a t a  l e v e l  o f  2 x L O x 0  

c e l l s / m l .  S t o r e d  a t  4 d e g r e e s *  t h e s e  c u l t u r e s  r e m a i n e d  

v i a b l e  f o r  s e v e r a l  m o n t h s  and c o n t a i n e d  l e s s  t h a n  LO-& g 

o f  b a c t e r i o c h l o r o p h y l i  ( B c h l  a )/ml. 

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

f l a s k s  a t  30 deGreas. A e r o b i c  g r o w t h  was e n s u r e d  b y  

g a s s i n g  wath 6 5 %  o r  100% o x y g e n  i n  t h e  d a r k .  A t  d e f i n e d  

p o i n t s  r n  t h e  g r o w t h  o f  t h e  o r g a n i s m r  a d a p t a t i o n  was 

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

g a s s i n g  w i t h  4X o r  l o w e r  l e v e l s  o f  oxygen.  D u r i n g  

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



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

o f  t h e  a d a p t a t i o n  i s  d e s c r  i bed i n  Chap te r  5. 

e 

B o  C o m p o s i t ~ o n a l  a n a l y s i s  

1. C e l l  number 

I n  t h e  i n i t i a l  s t u d ~ e s  a mode l  B C o u l t e r  c o u n t e r  was 

used. It was f i t t e d  w r t h  a 30,000 n a  a p e r t u r e  and a model  

H vo lume c o n v e r t e r .  P a p e r - M u l b e r r y  p o l l e n  was used t o  

s t a n d a r d i z e  t h e  machine. C e l l  numbers we re  c o r r e l a t e d  t o  

t h e  t u r b ~ d r t y  o f  t h e  c u l t u r e  a t  6 8 0  nm u s i n g  t h e  

S p e c t r o n i c  20 calorimeter. I n  t h e  l a s t  h a l f  o f  t h e  w o r k  

c e l l  numbers were e s t i m a t e d  b y  t h e  t u r b i d i t y  a t  1200 n m ~  

u s ~ n g  t h e  C a r y  1 4  s p e c t r o m e t e r ,  as d e s c r i b e d  by 

F s n ~ c a - G a i g n i e r  - et (1971). These n o r k e r s  s t a t e  t h a t  a n  

o p t i c a l  d e n s i t y  o f  1.0 c o r r e s p o n d s  t o  4 x lo9 c e l l s t m l .  

2 .  D r y  w e i g h t  

C e l l s  h a r v e s t e d  b y  low speed c e n t r i f u g a t i o n  w e r e  

washed t n i c e  by r e s u s p e n s i o n  i n  d i s t i l l e d  w a t e r .  The 

c e l l s  were t h e n  d r i e d  t o  c o n s t a n t  w e i g h t  a t  50 degrees.  

D r y  x s i g h t s  c o r r e l a t e d  n i  t h  t h e  t u r b l d i  t y  a t  6 8 0  nm. The 

r e s u l t s  a g r e e d  w i t h  t h e  e a r l y  f i n d i n g  o f  L a s c e l l e s  1 1 9 5 6 ) s  

namely, t h a t  a n  abso rbance  o f  1.0 a t  680 n m  was e q u i v a l e n t  

t o  L mglml  d r y  w e i g h t  c e l l  s. 

3. P r o t e i n  

T h e  method o f  bowry  et 2 11951) was used. The 
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p r o t e i n  c o n t e n t  o f  w h o l e  c e l l s  was d e t e r m i n e d  a f t e r  

p r e t r e a t m e n t  w i t h  d i l u t e  sod ium h y d r o x i d e 9  a s  d e s c r i b e d  cn 

t h e  m o d i f i c a t i o n  by t a s c e l  l e s  and  S z i l a g y i  ( 1 9 6 5 ) .  

4. P ~ g m e n t  

l a )  B a c t e r t o c h l o r o p h y i l  a  

The 8 c h I  c o n t e n t  o f  w h o l e  c e l  Is a n d  membrane 

t r a c t  8 ons was e s t i m a t e d  by measurement o f  t h e  e x t i n c t i o n  

a t  850 nn, G o r c h e i n  et - a l  ( 1 9 6 8 )  f ound  t h a t  a n  abso rbance  

o f  1 - 0  was e q u i v a l e n t  t o  1 6  n  s o l e s l m l ,  T h i s  method was 

u s e d  i n  t h e  w a j o r ~ t y  o f  work  w i t h  membrane f r a c t i o n s ,  I n  

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

w i t h  ace tone -me thano l  17: 219 as  desc r  i b e d  by  Cohen-Bazi r e  

e t  a1 (1957) ,  - -  
b  I n t e r m e d i a t e s  i n  t h e  b a c t e t  i o c h  l o r o p h y l l  

b i  o s y n t h e t  i c  pa thway  

These were d e t e r m ~ n e d  f r o m  t h e i r  s p e c t r u m  I n  e t h e r ;  

mo la r  e x t i n c t i o n  c o e f f i c i e n t s  were o b t a i n e d  f r o m  F a l k  

41964 ) t  n h i i e  t h a t  o f  magnesium pr o t o p o r p h y r  i n  was 

o b t a i n e d  f r o m  G ibson  - e t  - a l  11963).  I n t e r m e d i a t e s  f o r  

w h i c h  no  extinction c o e f  t i c i e n t  was a v a i l a b l e  we re  

compared by t h e i r  r e l a t i v e  peak  h e i g h t s  a t  t h e  w a v e l e n g t h  

o f  t h e i  r maximum a b s o r p t i o n ,  

( c )  C a r o t e n o i d s  

The c a r o t e n o i d s  were compared u s i n g  t h e i r  

t e l a t  i v e  peak  h e i g h t s .  



5 ,  N u c l e i c  a c i d s  

DNA a n d  RNA n e r e  m e a s u r e d  u s i n g  t h e  d i p h e n y l a m i n e  

t e c h n i q u e  mod i f  i c a t i o n  o f  Peder  s o n  ( 1 9 6 9 ) .  Care was t a k e n  

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

a c i d  b e f o r e  t h e  assay .  T h i s  was a c h i e v e d  by  w a s h i n g  t h e  

s a m p l e  f o u r  t i m e s  w i t h  5Z TCA,  The D N A  c o n t e n t  was 

e s t i m a t e d  by t h e  a b s o r p t r o n  a t  550  nm and t h a t  o f  R N A  s t  

650 nm, C a l  f t hymus  DNA a n d  y e a s t  RNA w e r e  u s e d  as 

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

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

c o m p a r i s o n  of t h e  a b s o r p t i o n  a t  2 5 4  n m  a n d  2 8 0  nm, T h e s e  

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

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

6. P o l y  b e t a - h y d r o x y - b u t r y t c  a c i d  L PHB I .  

A few m i  1 4  cgrams of  c e l l s  w e r e  d i g e s t e d  b y  10 m 1  o f  

a l k a l i n e  h y p o c h l c r i t e  ( f r e s h i y  p r e p a r e d ) ,  a s  d e s c r i b e d  b y  

W i I 1  i amson a n d  W i D  I ianrson ( 1 9 5 8 ) .  The PHB w a s  

d e t e r m i n e d  c o l o r r m e t r r c a l l y  b y  t h e  m e t h o d  of S l e p e c k y  and 

7, G l y c o g e n  

G l y c o g e n  was e x t r a c t e d  b y  a m o d i f i c a t i o n  o f  t h e  

m e t h o d  o f  S e i f t e r  - e t  - a l  (19501 ,  One m i l l i l i t e r  o f  602 

p o t a s s i u m  h y d r o x i d e  was a d d e d  t o  t h e  s a m p l e  a n d  t h e n  

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

 lo^ m o l e c u l a r  w e i g h t  compounds, T h i s  p r o c u c e d  l o w  



b a c k g r o u n d s  i n  samp les  c o n t a i  n i  ng h i g h  l e v e l s  o f  suc rose ,  

The g l ycogen .  was assayed  b y  t h e  method o f  Ashwei l ( 1 9 5 7 ) .  

8 S-Adenosy I - m e t h i o n i  ne-magnesi  u rn -p ro topo rphy r  i n -  

m e t h y l t r a n s f e r a s e  (E. C, 2.1.11) a c t i v i t y .  

The a c t i v i t y  was d e t e r m i n e d  as d e s c r i b e d  b y  G i b s o n  et 
a l  ( 1 9 6 3 ) -  A f t e r  i n c u b a t i o n  t h e  pigments were  e x t r a c t e d  - 
by t h e  method o f  Neuberger  a n d  T a c t  ( 1 9 6 4 ) .  Sarsptes h e r e  

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

( s e c t i o n  X t h i s  c h a ~ t e r ) ,  

9. D i v a l e n t  m e t a l  a n a l y s i s  

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

t e c h n i q u e ,  w e r e  assayed  n i t h  t h e  s t a n d a r d  E O T A  t i  t r a t i  on 

u s i n g  E r i o c h r o m e  B l a c k  T a s  a n  i n d i c a t o r  L i n d s t r o m  

and  D i e h l  ( 1 9 6 0 )  1. 

C, O i s r u p t i  on t e c h n i q u e s  

1. Son1 c a t i o n  

C e l  Is were suspended i n  50 m l  o f  0.05 Pi p h o s p h a t e  

b u f f e r  a t  p H  7.0. A c o n c e n t r a t i o n  o f  a p p r o x i m a t e l y  5 mg 

d r y  w e i g h t  o f  c e l l s  p e r  m i .  was used. The solution i n  a 

LOO ml b e a k e r  was k e p t  c o o l  by c r u s h e d  i c e  d u r i n g  

s o n i c a t i t o n  a t  20 kHz u s i n g  t h e  B i o s o n i  k  I 1 1  a t  20 w a t t s *  

THO one m i n u t e  p e r i o d s  o f  s o n i c a t i o n  n i t h  a one m i n u t e  

p e r i o d  be tween  p r o d u c e d  no a p p r e c i a b l e  h e a t i n g  o f  t h e  

s a n p l  e, 



2. F r e n c h  p r e s s  t r e a t m e n t  

C e l l s  f r o m  one l i t e r  o f  c u l t u r e  we re  suspended i n  40 

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

F r e n c h  p r e s s u r e  c e l l  a t  20r00Q p s i ,  T h i s  method was u s e d  

i n  t h e  m a j o r i t y  o f  e x p e r i m e n t s  and  i s  compared  t o  t h e  

o t h e r  d i s r u p t i v e  p r o c e d u r e s  i n  Chap te r  4. 

3. G r i n d i n g  w i t h  a l u m i n a  

T h e m e t h o d o f  Marmur (1961) was used. H a r v e s t e d  

c e t t s  were  g r o u n d  with a n  e q u a l  b e t  w e i g h t  o f  500 mesh 

a l u m i n a  i n  a p r e c o o l e d  m o r t a r ,  G r i n d i n g  was p e r f o r m e d  by  

hand  f o r  5 m inu tes ,  

4, L y s i s  by osmo t i  c-shock 

C e l l s  were washed t w i c e  w i t h  d i s t i l l e d  w a t e r  and 

suspended i n  0.1 mH T r i s  b u f f e r  a t  pH  8.0 t o  a 

c o n c e n t r a t i o n  o f  a b o u t  0 - 7  mg ( d r y  w e i g h t ) / m l .  To some o f  

t h i s  s u s p e n s i o n  7.5 mg o f  EDTA was added f o l l o w e d  b y  1 wg 

o f  e g g  w h i t e  lysozyme {Repaske, 1 9 5 6 ) .  The m i x t u r e  was 

stirred magnet  ccai l y  a t  room t e m p e r a t u r e  t o r  30 minu tes .  

The o s m o t i c  shock  p r o c e d u r e  o f  R o b r i s h  and H a r t  (1952 )  was 

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

t r e a t e d  c e l l s  were b r o u g h t  t o  3 molar  i n  g l y c e r o l  and  

s t i r r e d  f o r  5 minu tes .  The s o l u t i o n  was t h e n  t r a n s f e r r e d  

t o  1Q vo lumes  o f  0.05 !I p h o s p h a t e  b u f f e r *  i n s t e a d  o f  t h e  

T r  as-magnesium c h l  o r  i d e  b u f f e r  s u g g e s t e d  by Repaske. 

L y s i s  was c o n f i r m e d  by e x a m i n a t i o n  o f  n e g a t i v e l y - s t a i n e d  

samples  unde r  t h e  e l e c t r o n  m ic roscope ,  T h i s  t e c h n i q u e  was 
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found  t o  p r o d u c e  l e s s  a g g r e g a t i o n  o f  c e l l  membranes t h a n  

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

t h e  me thod  of  'Reave ley  and  R o g e r s  f 1 9 6 9 ) r  were o s m o t i c a l l y  

l y s e d  by t h e  method o f  T u t t l e  a n d  Ges t  (1959) .  

D. E l e c t r o n  m i c r o s c o p y  t e c h n i q u e s  

1. N e g a t i v e  s t a i n i  ng 

N e g a t i v e  s t a i n ~ n g  was pe r t  ormed u s i n g  1X 

p h o s p h o t u n g s t ~ c  a c i d  n e u t r a  l i - zed  w i t h  s o d l  uni h y d r o x i d e .  

Samples were  examined  on  200 mesh n i c k e l  g r i d s  c o a t e d  w i t h  

c o l  I o d i o n .  C o n t a m i n a t i o n  o f  rna te r  i a i  t o  be examined  was 

p r e v e n t e d  by a d d i n g  one d r o p  o f  4% I o d o a c e t a m i d e  t o  a 3 a1 

sample. The s i z e  o f  t h e  p a r t i c l e s  b e i n g  examaned was 

e s t i m a t e d  b y  i n c l u d i n g  l a t e x  s p h e r e s  109 (+  o r  - 3 )  n m  i n  

d i a m e t e r  (E. F. F u l i a m  1nc.r New Yo rk )  i n t o  t h e  sample.  

2. C e l l  s e c t ~ o n s  

C e l l s  were f i x e d  u s i n g  t h e  method o f  Kel l a n b e r g e r  ~t 

al  119581 w i t h  t h e  m o d r f i c a t i o n  o f  L u f t  ( 1961 ) .  F i x e d  - 
eel I s  were embedded i n  Epon  812. S i l  v e r - g r e y  s e c t i o n s  

( a b o u t  600 A n g s t r o m s )  were d o u b l e  s t a i n e d  o n  P a r  l o d i  on 

c o a t e d  c o p p e r  g r i d s .  U r a n y  l a c e t a t e  and l e a d  a c e t a t e  were  

u s e d  by t h e  me thod  o f  Venab le  a n d  C o g g e s h a l l  ( 1 9 6 5 ) .  

3. H i  c r  oscopes  

The e l e c t r o n  macroscopy  was p e r f o r m e d  u s i n g  a Z e i s s  

model EM9A o r  a P h i l i p s  model 300 G. Some i n i t i a l  s t u d i e s  

were made w i t h  t h e  R.C.A. model E.H.U. 3 H  mic roscope .  



E. P r e p a r a t i v e  c e n t r  i f u g a t i o n a l  p r o c e d u r e s  

Low @@get t e c h n i q u e s  

C e l l s  were h a r v e s t e d  b y  c e n t r i f u g a t i o n  a t  101000 x g 

u s r n g  t h e  I n t e r n a t ~ o n a l  820 o r  t h e  S o r v a l  RC 2-0 machines.  

Af t e r  d i  s r u p t i o n ,  t h e  u n b r o k e n  c e l  I s  a n d  c e l  I d e b r i s  u e r e  

removed b y  c e n t r i f u g a t i o n  a t  129000 x g f o r  1 5  m i n u t e s  

u s l n g  t h e  I n t e r n a t i o n a l  B20  o r  101000 x g  f o r  20 m i n u t e s  

w i t h  t h e  060  model. 

H i g h  "gM t e c h n i  ques 

The s u p e r n a t a n t  f r o m  t h e  l on  "gW c e n t r  i f  u g a t i  on  was 

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

c o n t a m t n a t r o n  b y  d e b r ~ s  a p p r o x i m a t e l y  5  r a l  were  l e f t  o v e r  

t h e  p e l l e t ,  The meabrane f r a c t i o n  was t h e n  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  o f  t h e  s u p e r n a t a n t  a t  10OV~000  x g f o r  90  

m i n u t e s  u s i n g  t h e  I n t e r n a t i o n a l  060 machine,  In l a t e r  

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

**gm s u p e r n a t e n t  ove r  2 m l  of s u c r o s e  t r a p  i60Z s u c r o s e  an 

0.005 M p h o s p h a t e  b u f f e r  a t  p H  7.0). The s u b u n i t  

p r e p a t a t r o n  was c o l  l e c t e d  f  tom t h e  h igh  w g w  s u p e r n a t a n t  b y  

c e n t r  i t u g a t i o n  a t  100~000 x g  f o r  2 1  hours .  A d o u b l y  

l a y e r e d  t r a p  was used (5 m l  o f  50X g l y c e r o l  i n  T r i s  b u f f e r  

(1raM)  a t  pH 7.5 wcth an u n d e r l a y  o f  3 al o f  100% 

g l y c e r o l ) ,  The use o f  t r a p s  co rnp Ie te1y  e l i m i n a t e d  

a g g r e g a t i o n  o f  t h e  h a r v e s t e d  maker i a l .  



F, Oens i  t y  g r a d r e n t  c e n t r r  f u g a t i  on methods  

L l n e a r  s u c r o s e  d e n s f t y  g r a d i e n t s  were wade by an 

f , S . C . O ,  model  570 g r a d i e n t  f o rmer ,  I n  an  i n t i a l  

e x p e r i m e n t  m e t h y l e n e  b i u e  was i n c l u d e d  i n  t h e  mos t  dense 

s u c r o s e  s o l u t r o n .  I t  was f o u n d r  a f t e r  p l o t t r n g  t h e  

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

t h e o r e t i c a l  d e n s i t y  o f  each  f r a c t i o n ,  t h a t  pump ing  speed  4 

gave t h e  most  l i n e a r  g r a d i e n t ,  A t  t h i s  speed s e t t i n g  t h e  

g r a d i e n t  was a l m o s t  p e r f e c t l y  l i n e a r .  I n  m o s t  e x p e r  i ~ e n t s  

a s t a n d a r d  g r a d i e n t  was used be tween  2 5  a n d  5 5 1  s u c r o s e  

( l .107  and 1,261 g l m l  a t  20  d e g r e e s ) .  O t h e r  g r a d t e n t s  

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

vo lume of 3 0  m i .  The b u f f e r e d  sample was c a r e f u l l y  added  

t~ t h e  s u r f a c e  o f  t h e  g r a d i e n t  b y  weans o f  a s y r i n g e  w i th  

a n  u p - t u r n e d  t i p ,  The f l o #  o f  t h e  sample was c o n t r o l  l e d  

i n  a  p i p e t t e - I  t h e  manner. T h i s  p r o c e d u r e  caused  a l m o s t  no  

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

g p a l  l e t  was r esuspended  i n  b u f f e r  b y  g e n t l e  a l l - g l a s s  

h o m o g e n i z a t i o n  o r  v o r t e x  m i x i n g  w i t h  t w o  g l a s s  beads, The 

mete r  i a l  t r a p p e d  on s u c r o s e  needed  no r e s u s p e n s i  on. 

F o l l o w i n g  c e n t r i f u g a t t o n  a t  239000 R P N  i n  t h e  

I n t e r n a t i o n a l  860, u s i n g  t h e  S B f l O  r o t o r  4rnin.g 409000 

max,g 909000)  f o r  1 6  h o u r s  t h e  g r a d i e n t  was f r a c t i o n a t e d ,  

The I.S.C.0. model 182 f r a c t i o n a t o r  was used a t  a pumping  

speed of 3 rnl/rnin t o  p r o d u c e  t w e l v e  3  m1 f r a c t i o n s .  

F r a c t i o n  peaks  were e s t a b l i s h e d  u s i n g  t h e  I.S.C.O. U-2 



u l t r a v ~ o l e t  a n a l y s e r  a t  2 5 4  nw.  F r a c t i o n s  w e r e  

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

p r e v i o u s l y .  

G. D e n s i t y  g r a d t e n t  e l e c t r o p h o r e s i s  t e c h n ~  que 

S e v e r a l  t y p e s  o f  g r a d i e n t s ,  d i f f e r i n g  i n  pH. i o n i c  

s t r e n g t h  and d e n s i t y ?  were  t r i e d  as a means o f  p u r i f y i n g  

t h e  p r o t e i n  s u b u n i t  f t a c t i o n .  A sys tem u s i n g  1 m f l  T r i s  

b u f f e r  a t  pH 7.5 w c t h  a g l y c e r o l  d e n s f i t y  g r a d i e n t  was 

f o u n d  t o  g i v e  t h e  b e s t  r e s u l t .  A 30 a l  g r a d i e n t  b e t w e e n  

40  a n d  70Z (u/wt g l y c e r o l  was used  o v e r  a n  80X g l y c e r o l  

u n d e r l a y .  The sample was c a r e f u l l y  added  i n  3 m l  of  20% 

g i y c e r o l i l  m!! T r i s .  The s a m p l e  a n d  g r a d i e n t  were t h e n  

c a r e f u l  l y  o v e r  l a y e d  w i t h  t h e  b u f f e r .  The p r e p a r a t i v e  

I.S,C.O. 630 e I e c t r o p h o t e s i s  sys tem was u s e d  w i t h  t h e  

I.S,C.O. model  490 pone r  s u p p l y .  The e l e c t r o d e  j a c k e t s  

were  f i l l e d  w i t h  1 0  w M  T r i s  b u f f e r ,  pH 7.5, The run was 

made a t  a b o u t  1 eA a t  a c o n s t a n t  v o l t a g e  o f  500 V, The 

sample l a y e r ,  seen as a p i g m e n t e d  band, was a i l o w e d  t o  

m i g r a t e  t h r o u g h  t h e  g r a d i e n t ,  t o w a r d s  t h e  anode*  f o r  3.5 

hr, The g r a d i e n t  was removed a f t e r  the run by 

d i s p l a c e m e n t  n i t h  902 g l y c e r o l  by means o f  t h e  I.S.C,O. 

model 182 f t a c t  i o n a t o r .  The f r a c t i o n a t i o n  was aona t o r e d  

u s r n g  t h e  I.S.C,O, U-2 u l t r a v i o l e t  a n a l  yser .  

H. Ge l  f i l t r a t ~ o n  



A 2 8  Sepharose g e l  was used, I t  h a s  a n  a p p r o x i m a t e  

p r o t e r n  s e p a r a t i o n  r a n g e  o f  2 t o 2 5  m i l l i o n  d a l t o n s .  A 

p l e x i g l a s s  76.5 x 3.2 cm c o l u m n  was used  w i t h  a n  i n t e r n a l  

c a p a c i t y  o f  615 m l .  C a l i b r a t i o n  o f  t h e c o l u m n ,  p a c k e d  

w i t h  2 8  gel ,  w i t h  5 m l  o f  0,2X B l u e  D e x t r a n  2000  i n d i c a t e d  

a v o i d  volume o f  a b o u t  200  n i l ,  GO m l  o f  sample was added  

w i t h  a p r o t e i n  c o n t e n t  of  2 m g i r e l .  The c o l u m n  was e l u t e d  

w i t h  5 mM phospha te  b u f f e r r  p H  7.09 a t  a f l o w  r a t e  o f  25 

m l t h t ,  The co lumn was run a t  room t e m p e r a t u r e  

( a p p r o x i m a t e l y  25  d e g r e e s )  as  t h e  f l o ~  r a t e  a t  4 d e g r e e s  

was t o o  s low.  F r a c t i o n s  o f  20.5 ( +  o r  - 0.3) m i  we re  

c o l  l e c t e d .  

I. 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  p r o t e i  n  c o m p o s i t i o n  o f  d i  f  f e t e n t  membrane 

t r a c t i o n s  was I n i t i a l l y  exam ined  a f t e r  d i g e s t i o n  o f  t h e  

sample  i n  p h e n o l r  f o r m i c  a c i d  and  w a t e r  2 : :  The 

method o t  Takayama e t  a l  ( 1 9 6 4 )  was used. Hembtane 

f r a c t ~ o n s  f r o m  t h e  p a r e n t  and m u t a n t  stta- ins were  r e l a t e d  

t o  t h e  f i n d i n g s  o f  B iederraan and Drews ( 1 9 6 8 )  u s i n g  t h i s  

t e c h n i q u e ,  f 4 o l e c u l a r  w e i g h t s  o r  p r o t e i n  bands  c o u l d  n o t  

be  d e t e r m i n e d  a c c u r a t e l y  as m o b i l i t i e s  were  n o t  e a s i l y  

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

m a j o r i t y  o f  t h e  work  was p e r f o r m e d  u s i n g  t h e  sod ium 

d o d e c y l  s u l p h a t e  t e c h n i q u e  of Weber a n d  O s b o r n  ( t 9 6 9 ) .  

The method  of  Laemml i  ( 1 9 7 0 )  w i t h ,  b a s i c a l l y t  t h e  



m o d i t  i c a t  i ons o f  C l a y t o n  a n d  H s s e l k o r n  t 1972) was t o u n d  t o  

g i v e  t h e  g r e a t e s t  r e s o l u t l  on. The m o d i f  i c a t i  ons o f  Weber 

a n d  Osbo rn l s  method by F r a k e r  and  K a p I a n  ( 1 9 7 1 )  and  Segan 

and  G i b s o n  ( 1 9 7 1 )  were a l s o  t r i e d ,  The C l a y t o n  and  

H a s e l h o r n - m o d i f l e d  Laemmli  t e c h n i q u e  was u s e d  i n  t h e  

a n a l y s e s  shown i n  C h a p t e r  br u n l e s s  o t h e r w i s e  s t a t e d .  

P o l y m e r i z a t i o n  was i n i t i a t e d  w i t h  arnmon i urn 

p e r s u l p h a t e  a n d  N,N,N8,Ng-tetramethyl-192-diaminoethane, 

The l e v e l s  o f  t h e s e  r e a g e n t s  w e r e  a d j u s t e d  t o  cause good  

p o l y m e r i z a t i o n  i n  20 min, S e v e r a t  f a c t o r s  were f o u n d  t o  

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

r e s o l u t i o n ;  t h e s e  n i  11 b e  d e s c r i b e d  below, 

I .  G e l  f o r m a t i o n  

One o f  t h e  r e a s o n s  t h e  Laemml i t e c h n i q u e  p r o d u c e d  

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

D s b o r n * ~  s y s t e m  was due t o  t h e  u s e  o f  a 1 ce s t a c k i n g  g e l  

( 3 %  a c r y l a m i d e )  ove r  t h e  r u n n t n g  g e l  i 1OZ a c r y l a w i d e l ,  

D e g a s s i n g  t h e  monomer s o l u t i o n s  t o r  15  m i n u t e s  p r i o r  t o  

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

r e p r o d u c i b i  li t y  o f  t h e  t e c h n i q u e ,  The c a t a l y s t  and 

i n i t i a t o r  H e r e  added t o  t h e  s o l u t i o n  wh ich  was 

m a g n e t i c a l l y  s t ~ r r e d  under  a  f l o w  o f  n i t r o g e n .  

2, Ge l  s u r f a c i n g  t e c h n i q u e  

The  s u r f  a c e  o f  t h e  r u n n i  ng  g e l  was known t o  be 

critical t o  t h e  r e s o l v i n g  power o f  t h e  g e l .  The n o r m a l  

p r o c e d u r e  used  by many w o r k e r s  was t o  i n t r o d u c e  a few 



d rops  o f  w a t e r  o n t o  t h e  g e l  s u r f a c e .  T h i s  me thod  p r o d u c e s  

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

t h e  p o l y m e r i z i n g  ge l .  Some s u r f a c e  i r r e g u l a r i t i e s  w e r e  

p r o d u c e d  u s i n g  t h i s  method s o  a n o t h e r  s u r f a c i n g  t echnc  que 

was deve loped .  The method was f a c i l e  a n d  p r o v e d  t o  be  

h i g h l y  r e p r o d u c i b l e .  A l a y e r  ( 2  - 5 m m )  o f  f r e s h l y  

p r e p a r e d  c a r b o n  d i o x i d e  was added t o  t h e  s u r f a c e  o f  

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

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

means o f  a l o n g  s y r i n g e  need le .  O n  a d d i t i o n ,  t h e  w a t e r  

f  r o z s  but m e l t e d  i n  a b o u t  two m i n u t e s  t o  f o r m  a i a y e r  o v e r  

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

3. The f r o n t  marker  

I n i t i a l l y  t h e  w ide1  y used  bromphenol -b  I u e  dye  was 

used. A t  t h e  end o f  a  r u n  i t  p r o d u c e d  ' a  band a b o u t  5 mm 

an l e n g t h .  H e r s a t o p o r p h y r i n  was used i n  some runs a s  i t 

was f o u n d  t h a t  i t  caused  t h e  i o n  f r o n t  t o  b e  v r s i b l e  as a 

s h a r p  l i n e  i n  t h e  ge l ,  When usedr  f r o n t  m a r k e r s  were  

p r e r u n  i n t o  t h e  g e l s  f o r  10 m i n ,  T h i s  nds done t o  p r e v e n t  

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

run, L a t e r  i t  was f ound  t h a t  t h e  i o n  f r o n t  c o u l d  b e  

o b s e r v e d  w i t h o u t  t h e  u s e  o f  hema topo rphy r  in. The g e l s  

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

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

B rompheno l -b l ue  was s t i  I l added t o  a l l o w  t h e  e x t e n t  o f  t h e  

r u n  t o  be  f  o l  l owed e a s i  l y b u t  ge l s u e r e  c u t  a t  the i o n  



f r o n t .  

4. The c h o i c e  o f  c u r r e n t  u s e d  

The I a t e r a t u r e  s u g g e s t e d  t h a t  t h e  c u r r e n t  emp loyed  

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

v a r i o u s  c u r r e n t s l t u b e  was compared. A r u n  a t  5.0 m A I t u b e  

gave  p o o r  r e s o l u t i o n .  The b e s t  r e s u l t  was o b t a ~ n e d  u s i n g  

1.0 wA/tub8; a t  t h i s  c u r r e n t  t h e  r u n n i n g  t l a e  was 4 h r ,  

5. D i g e s t i o n  c o n d i t i o n s  u s e d  

The sample, 0.1 t o  0.2 rng an p r o t e i n ,  was d ~ g e s t e d  i n  

1% SDSf 10%  glycerol^ 5% m e r c a p t o e t h a n o l  and 25 wM T r i s  

b u f f e r ,  pH 6.8. 0.2 m l  o f  t h r  s s o l u t r o n  was used. The 

sampie  was h e a t e d  i n  a d i s p o s a b i e  p o i y c a r b o n a t e  t u b e  

tmmersed I n  b o i l i n g  water ,  V a r i o u s  l e n g t h s  o f  h e a t ~ n g  

were  compared a n d  i t  was f o u n d  t h a t  one m i n u t e  gave  t h e  

b e s t  r e s u l t  w i t h  r e g a r d  t o  t h e  comp le teness  o f  d i g e s t i o n  

and t h e  r e s o l  u t t o n  o f  t h e  r e s u l  t t n g  p r o t e i n s .  

6. S t a i  n i n g  and d e s t a i n i n g  t e c h n i q u e s  

T h e  s t a i n i n g  method d e s c r i b e d  by C l a y t o n  a n d  

H a s e l  h o r n  (69721  was used. I t  was n e c e s s a r y  t o  make a 

f r e s h  s t a i n l n g  s o l u t a o n  each t ime .  D e s t a r  n i n g  was 

a c h i e v e d  by d i f f u s i o n  u s i n g  7Z a c e t r  c a c i d s  5 %  m e t h a n o l  i n  

d i s t i  l l e d  w a t e r .  The g e l s  were  h e l d  I n  p l e x i g l a s s  t r o u g h s  

and t h e  d e s t a i n i n g  s o l u t i o n  changed  e v e r y  10 m i n u t e s  f o r  

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

week. A f a s t e r  a e t h o d  o f  d e s t a i n i n g  was l a t e r  deve loped :  

g e l s  were  h e l d  i n  one me te r  l e n g t h s  o f  g l a s s  t u b i n g  18 



-66- 

g e t s l t u b e l  and  t h e  d e s t a i n i n g  s o l u t i o n  s l o w l y  passed 

t h r o u g h  t h e  system. The g l a s s  tubes  were r o c k e d  b y  b e i n g  

a t t a c h e d  t o  a n  1,S.C.O- model 390 d i a l y z e r ,  

7. Gel s c a n n i n g  method 
* 

The g e l s  were scanned? a f t e r  d e s t a i n i n g t  u s i n g  a  

Joyce and Loeb Chromoscan M k I I  w i t h  t h e  5 9 5  na f i l t e r .  

The o p t i c a l  d e n s i t y  was t r a c e d  a t  1:l and 1:3 l e n g t h  

r a t i o s ,  t h e  l a t t e r  b e i n g  used f o r  t h e  m o b i l i t y  

measurements. 

8, P r o t e i n  s t a n d a r d s  

The Schwarz-Mann non-enzymat ic  p r o t e i n  s t a n d a r d s  k i  t 

was used. R o u t e l  y cy t o c h r  ome C r  chymotr  yps i nogen A r  

b o v i n e  serum a l b u m r n  and gamma-globul in  were used as 

s tandards .  Good m o b i l i t y  v e r s u s  l o g  m o l e c u l a r  H e i g h t  

r e l a t i o n s h i p s  were o b t a i n e d  f o r  each run,  Dup l  i c a t e . g e l s  

i n  w h i c h  t h e  s t a n d a r d  p r o t e i n s  had been r u n  a l w a y s  gave 

i d e n t i c a l  band p a t t e r n s .  C a l c u l a t i o n  of t h e  p r o t e i n  

m o l e c u l a r  w e i g h t s  f rom t h e  band m o b i l i t i e s  was g r e a t l y  

f a c i l  i t a t e d  b y  t h e  use of a  p rog ram f o r  t h e  Honroe 1670 

c a l c u l  s t o r .  

3 ,  Radr o a c t i v e  c o u n t ~ n g  methods 

The i n i t i a l  L-(U-14C) p r o 1  ane l a b e l  l i n g  e x p e r i m e n t  

used t h e  f o l l o w i n g  techn ique:  a sample o f  0.1 m I  f r o m  t h e  

s u c r o s e  g r a d i e n t  was added t o  a 1.5 cm s q u a r e  p i e c e  o f  

Whatman 3 mm. f i l t e r  paper and a l l o w e d  t o  d ry .  C o u n t i n g  



was p e r f o r m e d  i n  10 m l  of 5 %  P.P.O. p h o s p h o r  ( A l d r i c h  

Chemica l  Co.9 I n c - 9  M i lwaukee r  Wisc.1 Ln t o l u e n e .  The 

l o s s  cn c o u n t i n g  e f f i c i e n c y 9  c a u s e d  by d i f f e r e n t  l e v e l s  o f  

s u c r o s e  was d e t e r m i n e d  u s i n g  u n i f o r m l y  L-(U-z4C) p r o 1  i n e  

a s  a s t a n d a r d ,  The e t f  i c i e n c y  was d e t e r m i n e d  u s i n g  t h e  

c h a n n e l s  r a t i o  wethod. The r a t i o  was r e l a t e d  t o  t h e  

l o w e r i n g  o f  e t t i c e n c y  by c h e m i c a l  and  c o l o u r  q u e n c h i n g  f o r  

samp les  t a k e n  up  i n  t o l u e n e  b y  t h e  use o f  a m i n r a u s  vo lume 

o f  e t h a n o l ,  T h i s  nas  a c h i e v e d  b y  means o f  t h e  u s e  o f  

s t a n d a r d  IU-L4C)  t o l u e n e  as a n  i n t e r n a l  s t a n d a r d .  

Samples i n  t h e  **methy lat i ngw enzyme assay were  added  

i n  a  m i n ~ a r u m  volume o f  e t h e r  ( v o l u m e s  up t o  0.5 ml), 

These samples  were c o u n t e d  a n d  q u e n c h i n g  d e t e r m i n e d  a s  

desc r  ibed.  Aqueous samp les  w e r e  a d d e d  t o  a c o c k t a i  i 

consisting o f  d i o x a n e  0.5L P,P.O, c o n t a i  n i n g  10X 

naph tha lene ;  (U-"C) t o l u e n e  was used as an i n t e r n a l  

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

samp le  additi o n  t o  d e t e r m i n e  t h e  b a c k g r o u n d  c o u n t  r a t e .  

Samples i n  t h e  d o u b l e  l a b e l 4  i n g  - e x p e r i m e n t  we re  

c a r e f u l l y  e v a p o r a t e d  down t o  a b o u t  0.1 m i  and t h e n  t a k e n  

u p  i n t o  l i q u i t l o o r  c o c k t a i l  (New E n g l a n d  N u c l e a r  C o a l  by 

t h e  a d d i t i o n  o f  t h e  m i n i m u m  vo lume ( a b o u t  0 . 5  m l )  o f  

N.B,S, t r s s u e  s o l u b ~ l  i z e r  tAmersham/Sea r Ie  I nc ,  1, as 

d i r e c t e d  by  t h e  m a n u f a c t u r e r s -  The c o c k t a i  I c o n t a i n e d  6 

g, P , P , O .  a n d  75 mg. PaO,P.O,P. p e r  I i  t e r ,  Samples 

c o n t a i n i n g  s u c r o s e  o r  g l y c e r o l  were d i a l y z e d  p r i o r  t o  



c o u n t  ing .  The and  *C a c t  i v i  t y  was measured  u s i n g  

(U-3H) o r  (U-"C) t o l u e n e  as  a n  i n t e r n a l  s t a n d a r d .  

K. L a b e l l i n g  e x p e r i m e n t s .  

1. S i n g l e - l a b e l  e x p e r i m e n t .  

C e l l s  were g r o n n  t o  l a t e  l o g  phase i 1.35 x l o 9  

c e l l s / m l )  i n  a  1 l i t r e  f l a s k  w i t h  oxygen g a s s i n g  t h r o u g h  a 

s i n t e t  w i t h  a s u r f a c e  a r e a  o f  8 cm2. The c e l l s  were 

h a r v e s t e d  and resuspended  i n  31. o f  f r e s h  H - 6  medium, 4 

m ~ c t o m o l e s  o f  L - ( U ' ~ C )  p r o 1  i n e  15 C i?mo l  e l  was t h e n  added. 

The c u l t u r e  was m a g n e t i c a l l y  s t i r r e d  a n d  a 500  m1 sample  

i a r m e d i a t e l y t a k e n  by  d i s p l a c e m e n t  w i t h  n i t r o g e n .  The 

c e l  I s  were h a r v e s t e d 9  a n d  were  e s t i m a t e d  t o  have  b e e n  

exposed  t o  t h e  p r o l i n e  f o r  5 ra in  b e f o r e  b e i n g  p e l l e t e d .  

T h i s  was t e r m e d  the z e r o  h r  sample. F u r t h e r  samp les  were 

c o l 9 e c t e d  b y  t h e  same means a t  29 69 and  20 h r .  The s m a l l  

membrane f t a c t  t o n  was p r e p a r e d  i n  t h e  no rma l  manner a n d  

r e s u s p e n d e d  i n  5 m l  o f  0.05 M phospha te  b u f f e r  ( pH 7.0 

and l a y e r e d  o n  t o p  o f  30 m l  o f  a 25  t o  5 5 %  s u c r o s e  d e n s i t y  

g r a d l e n t .  A f t e r  c e n t t  i f u g a t i o n  t o r  15 hr t h e  g r a d i e n t s  

were f r a c t i o n a t e d  i n  t h e  n o r m a l  manner. 

2. D o u b l  e - l a b e l  l i n g  p r o c e d u r e  

A c u l t u r e  o t  R e  s p h e r o i d e s  was d o u b l y  l a b e l l e d  u s i n g  

L - 1 4 r S - 3 H ) i s o l e u c ~ n e  and'L-(U- i4C)prol ine.  An oxygen-g toun  

r n n o c u l  urn was added t o  5 1. o f  H-G medium g a s s e d  u i t h  65% 

oxygen  ( 3 5 Z  nt t r o g e n )  a t  2 SCFH, J H - I s o l e u c i n e  was added  



a t  e a r l y  l o g  phase  (0.169 m C i  I n  0.133 m m o l e s  o f  c a r r i e r  

amlno a c r d ) ,  A f t e r  a p e r i o d  o f  t h r e e  h o u r s  a c o l d  chase  

(22.2 rn m o l e s )  o f  i s o t e u c i n e  was added and a  1 I. samp le  

t h e n  t a k e n  a s  r e p r e s e n t a t i v e  o f  a e r o b i c a l  l y - g r o w n  c e l  i s .  

The oxygen  c o n t e n t  was t h e n  r e d u c e d  t o  i n d u c e  a d a p t a t i o n ,  

A f t e r  a p e r i o d  o f  10 m i n  o f  g a s s i n g  w i t h  4Z oxygen  

( b a l a n c e  n i t r o g e n )  t h e  c u i  t u r e  I p r e v i o u s l  y  g rown  i n  t h e  

d a r k )  was r l l u m ~  n a t e d  a t  a p p r o x i  w a t e l y  300 f  c. 

14C-P ro l i ne  was t h e n  added ( 0 . 0 3 6 5  aCi i n  0,133 n m o l e s  o f  

c a r r i e r  amino a c i d ) ,  A f t e r  a f u r t h e r  2  h r .  a  chase  o f  

c o l d  p r o l i n e  ( 2 2 . 2  m m o l e s )  was added. Samp les  o f  1 1 .  

were t a k e n  a t  29 6 and 1 6  h r .  o f  t h e  a d a p t a t i o n  and, i n  

a d d i t i o n s  10 r n l  a l  i q u o t s  were t a k e n  e v e r y  h o u r  t o  m o n ~  t o r  

t h e  u p t a k e  of r a d i o a c t i v i t y  by t h e  c e l  i s .  A l  l s a m p l e s  

were i m m e d r a t e l y  p o i s o n e d  (made 0.022 r n  sod ium az rde3  a n d  

s t o r e d  a t  4 d e g r e e s  p r i o r  t o  f u r t h e r  analysts, A c a r e f u l  

r e c o r d  o f  t h e  c u l t u r e  vo lume was k e p t  t h r o u g h o u t  t h e  

e x p e r i m e n t .  

The assay  o t  l a b e l l e d  amino  a c i d  u p t a k e  b y  t h e  cells 

i n  t h e  d o u b l e - l a b e l l i n g  e x p e r  iment  was p e r f o r m e d  i n  t h e  

f o l l o w a n g  manner, A i a p u o t s  o f  t h e  c u l t u r e  were p o i s o n e d  

10.02Z sodium a z i c e )  and s u b j e c t e d  t o  l o w  g  c e n t r i f u g a t i o n  

t o  remove t h e  m a j o r i t y  of c e l  I s  f r o m  t h e  medium. The 

s u p e r n a t a n t  was t h e n  f 1 1  t e r e d  t h r o u g h  a "220 n m w  M i  l l i p o r e  

f i l t e r  by means of  t h e  Swinnex  f i l t e r  h o l d e r l s y r i n g e  

system, T h i s  was t o  e n s u r e  t h e  r e m o v a l  o f  any  r e s i d u a l  



c e l  l u l a r  or  s u b c e l l u l a r  m a t e r i a l ,  A known volume o f  t h e  

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

r e s i d u e  suspended i n  a t o l u e n e  c o c k t a i l  u s i n g  a minimum 

volume o f  N.8.S.  s o l u b i l i z e r .  The a c t i v i t y  of  e a c h  

i s o t o p e  was measured and t h e  e f f i c i e n c y  o f  c o u n t i n g  

d e t e r m i n e d  by t h e  u s e  of 3H- and  " % - l a b e l l e d  t o l u e n e  as 

an  i n t e r n a l  s t a n d a r d .  



Chapter  3. Resu l t s .  

I, The I s o l a t i o n  and P u r t f i c a t r o n  o f  t h e  w S m a l l  P a r t i c l e w  

F r a c t i o n s  f r o m  R. sphero ides .  - 

Ac. Sucrose O e n s i t y  G r a d i e n t  C e n t r i  f u g a t l o n s  

1. From m u t a n t  s t r a i n s  u n a b l e  t o  s y n t h e s i z e  Bchl.  

A c rude membrane f r a c t i o n  was p repared  f rom m u t a n t s  

2-739 8-32 and 8-47 1 L a s c e l  l e s  (1966); R i c h a r d s  and 

L a s c e l  l e s  (19691 1 by removal  o f  unbroken c e l l s  and c e l l  
J 

d e b r i s  by a low g c e n t r t f u g a t i o n  and h a r v e s t e d  b y  

c e n t r i f u g a t i o n  a t  100~000 x g f o r  90 min, The p e l l e t  was 

resuspended and f r a c t i o n a t e d  u s i n g  a s u c r o s e  d e n s i t y  

g r a d i e n t  between 10 and 4 0 2  sucrose, A non-equi l i b r i u m  

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

p a r e n t  s t r a i n  (100 min a t  6 3 9 0 0 0  x g )  shoued t h a t  mu tan ts  

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

chromatophores,  The m u t a n t s  dad, however9 produce a  

p igmen ted  f a c t i o n  o f  g r e a t e r  d e n s i t y  t h a n  t h e  

chromatophore  f r a c t i o n .  

2. From t h e  p a r e n t  s t r a i n ,  

A g r a d i e n t  between 25 and 559: suc rose  Has used t o  

examine t h e  d i s t r i b u t i  on of membrane f ragrsents f rosa c e l  I s  

p r e p a r e d  a t  s e v e r a l  trmes dutang an a d a p t a t i o n  f r o m  

a e r o b i c  t o  p h o t o s y n t h e t i c  growth. To a c h e l v e  t h i s r  c e l  I s  



were g rown t o  m i d - l o g  phase by  g a s s i n g  w i t h  oxygen and 

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

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

o f  t h e  c u l t u r e .  A t  v a r i o u s  t imes ,  500 m l  samp les  were  

t a k e n  and  t h e  c e l l s  h a r v e s t e d  and s t o r e d  i n  0.05 MI p H  7 

p h o s p h a t e b u f f e r  p r i o r  t o  d t s r u p t ~ o n b y  s o n i c a t i o n .  The 

membrane f  f a c t i o n  Has o b t a i n e d  b y  c e n t r i f u g a t i o n  a t  

PO01000 x g f o r  90 m i n u t e s ,  T h i s  uas  t e rmed  t h e  " s m a l l  

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

i m m e d i a t e l y  a f t e r  g a s s i n g  was s t o p p e d  [ 0 h r s  )r and a t  

t h r e e  l a t e r  t i m e s  ( 2 9  b a n d  16 h r s ) .  The m a t e r i a l  was 

c e n t r  i tuged i n  L i n e a r  s u c r o s e  d e n s i t y  g r a d i e n t s  a n d  

f r a c t i o n a t e d  i n t o  3 m 1  samples, The p r o t e i n  c a n t e n t s  o f  

t h e s e  f r a c t i o n s  i s  shown i n  F i g u r e  3, A t  0  hrr t h e  

p r o t e i n  was d i s i r  i b u t e d  f a 1  r l y  e v e n l y  t h r o u g h o u t  t h e  

g r a d i e n t ,  The dense f r a c t i o n  ( f r a c t i o n s  10-11) was 

p r o m i n e n t  a t  2 and  6 h r s ~  b u t  was g r e a t l y  r e d u c e d  a t  16 

h t s  when t h e  ch roma topho re  p e a k  ( f r a c t i o n s  5-71 c o n t a i n e d  

t h e  m a j o r i t y  o f  t h e  p r o t e i n  i n  t h e  g r a d i e n t ,  Bch f  was 

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

s f  i n c u b a t i o n  w i t h o u t  oxygen  gass ing .  A t  t h i s  t i m e  it ~ s s  

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

t h e  ch roma topho re  f  r a c t i  on, A f t e r  1 6  h rs  t h e  

c h r o m a t o p h o r e  f r s c t r o n  c o n t a r  ned a l m o s t  a l l  o f  t h e  

p igment ,  



3. Termi  no1 ogy 

I t  appea red  as i f  t h o r e  we re  a t  l e a s t  f o u r  membrane 

f r a c t t o n s  t h a t  might be i n v o l v e d  an c h r o m a t o p h o r e  

n to rphogenes is  4 c f .  F i g u r e  3 ) .  A l t h o u g h  t h e  n a t u r e  o f  

t h e s e  f r a c t i o n s  i s  now more  f u l l y  u n d e r s t o o d  i t  i s  

c o n v e n i e n t  t o  use t h e  names o r i g i n a l l y  g i v e n  t o  t h e s e  

peaks. 

The peak  p r e s e n t a t  0 a n a  2 h r ~  w i t h  a d e n s r t y  

be tween  t h a t  o f  25  and 30% suc rose  ( f r a c t i o n s  5-51 was 

t e r m e d  t h e  n ~ r o t o ~ h o r e n  f r a c t i  on. The d e n s e  f r a c t i o n  

t h a t  appea red  b e f o r e  t h e  d e v e l o p m e n t  o f  t h e  c h r o m a t o p h o r e s  

was t e r m e d  t h e  w ~ r e ~ h o r e * *  f r a c t i o n ;  it had a d e n s r t y  

be tween  t h a t  o f  46 and 5 2 %  s u c r o s e  ( t r a c t i o n s  l O - l l ) ,  I n  

s u b s e q u e n t  f  r a c t i  ona t  tons, wi th l e s s  small p a r t i c l e  

f r a c t t o n  applied t o  t h e  g r a d i e n t  42 m g  p r o t e i n  ) r a 

d r s t r n c t  peak  a t  a d e n s i t y  between 41-431 s u c r o s e  was 

observed.  T h i s  peak was c o l l e c t e d  I n  f r a c t i o n s  8-9 and 

t e rmed  t h e  "medium d e n s i t y "  f r a c t i o n *  c f .  F i g u r e  6 

be low) .  The ma jo r  peak a t  6 a n d  20 hr ,  w i t h  a d e n s i t y  

e q u i v a l e n t  t o  abou t  357 s u c r o s e  ( f r a c t i o n  61 was t e r m e d  

t h e  "1  i g h t  ch roma topho rem peak. The s h o u l d e r  t h a t  

appea red  a t  t h e  d e n s i t y  o f  39X s u c r o s e  ( f r a c t i o n  7 )  was 

t e rmed  t h e  "heavy eh roma topho ren  f r a c t i o n .  I t ,  was 

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

m a t u r e  o r g a n e l l e s  ( b u t  c f .  s e c t i o n  I.E.3. b e l  on), 



P r o f i l e  symbols - 
0 = 0 h r .  

A = 2 h r .  

@ = 6 h r .  

o = 16 hr .  

I 2 3 4 5 6 7 8 9 10 1 1  12 
FRACTION NUMBER 

F i g u r e  3 .  P r o t e i n  d i s t r i b u t i o n  i n  t h e  s u c r o s e  d e n s i t y  
g r a d i e n t  a t  v a r i o u s  t i m e s  i n  t h e  i n i t i a l  

a d a p t a t i o n  e x p e r i m e n t .  



0. O t h e r  methods o f  p u r i f  i c a t i  on. 

I t  was t h o u g h t  d e s i r a b l e  t o  be a b l e  t o  s e p a r a t e  t h e  

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

d e n s i t i e s .  Ano the r  s t i m u l u s  was t h a t  i n  o r d e r  t o  

~ n v e s t i g a t e  t h e  c o m p o s i t i o n  o f  each f r a c t i o n s  a n  easy  

l a r g e  s c a l e  t r a c t i o n a t i  on t e c h n i q u e  w o u l d  b e  v e r y  u s e f u l .  

1, Ammonium s u l p h a t e  p r e c i p i t a t i o n ,  

T h i s  method was n o t  s u c c e s s f u l  s i n c e  a n  " a l l  o r  

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

o c c u r r e d  a t  low c o n c e n t r a t i o n s  o f  t h e  s a l t .  

2, H i  l l i p o r e  f i l t r a t i o n .  

A s m a l l  p a r t r c l e  f r a c t i o n  was p r e p a r e d  f r o m  a d a p t i n g  

c e l l s  by F r e n c h  p r e s s  t r e a t m e n t .  T h i s  was t h e n  f i l t e r e d  

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

s i z e s .  F i l t r a t e s  and m a t e r i a l  removed f r o m  t h e  f i l t e r s  

( by  wash ing  t h e  i n v e r t e d  f i l t e r s  w i t h  b u f f e r )  was 

examined, a f t e r  n e g a t i v e  s t a i n 1  ngs b y  e  l e c t t o n  m ic roscopy .  

Passage t h r o u g h  a 450  nm p o r e  s i z e d  f  i 1  t e r  removed t h e  

l a r g e  membrane-bound s t o r a g e  g r a n u l e s  (p resumab l  y PHB);  

however,  a l l  t h e  p rgmen t  p a s s e d  t h r o u g h  t h i s  f i l t e r ,  The 

p rgmen ted  m a t e r i a l  was t r a p p e d  on b o t h  t h e  300 and  220 nm 

p o r e  s i z e d  f i l t e r s .  The f i r s t  r e t a i n e d  m o s t  o f  t h e  

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

( n o n - s t a i n i n g )  mate r  l a l a  The s m a l l e r  f i l t e r  r e t a i n e d  a l l  



t h e  p i g m e n t  w h i c h  had p a s s e d  t h r o u g h  t h e  t h e  300 nrn 

f 8 l t e r ;  t h e  c h t o m a t o p h o r e s  were sp l i t be tween  t h e s e  t w o  

f i l t e r s .  The 220 nm p o r e  s i z e  f i l t r a t e  c o n t a i n e d  n o  

appr  e c  i a b l  e  p i g m e n t  and Has composed o f  non-membrane-bound 

1 i p i d s  and numerous p a r t r c l e s  be tween  5.0 a n d  2 0  n m  i n  

d i a m e t e r .  These  s m a l l  p a r t i c l e s  were p r e s e n t  a t  m o s t  

l e v e l s  i n  t h e  s e p a r a t i o n  scheme. T h i s  t e c h n i q u e  was t h u s  

n o t  p a r t i c u l a r l y  s e l e c t i v e  and  c t  was d i f f i c u l t  t o  remove 

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

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

E l e c t r o p h o t e t ~ c  mobi  L i t y r  I f e l t ,  m i g h t  be a good  

b a s i s  f o r  p a r t i c l e  s e p a r a t ~ o n .  S e v e r a l  s ys tems  were t r i e d  

and, u s i n g  t h e  p r e p a r a t r  ve I. S.C.O. 630 e l e c t r o p h o r e s i s  

sys temr  I f o u n d  c o n d l t r  ons t h a t  w o u l d  s e p a r a t e -  t h e  

m a t e r i a l  i n t o  s e v e r a l  bands. A 6 0  m l  l a y e r  o f  1 M s u c r o s e  

1 3 4 . 2 X )  was f o rmed  o v e r  t h e  saae vo lume o f  40% s u c r o s e  

w a t h  5 0 Z  s u c r o s e  b e i n g  u s e d  as  a n  unde r  l a y  and  chase. A l  1 

s o l u t r  ons were made 5 x M an p o t a s s i u n  p h o s p h a t e  a t  

pH 7.0. A samp le  ( 2  mg p r o t e i n )  o f  s m a l l  p a r t i c l e  

f r a c t i o n  was added t o  t h e  t o p  o f  t h e  1 M s u c r o s e  l a y e r  a n d  

t h e  s y s t e m  t h e n  t u n  f o r  3 h o u r s  a t  250V t o w a r d s  t h e  

ca thode .  A c u r r e n t  o f  28 mA was used. A f t e r  t h e  run,  t h e  

bands ( w h i c h  were o b s e r v e d  i n  t h e  a b s o r p t i o n  p r o f i l e  a t  

2 5 4  nm) were  c o l l e c t e d .  Bands were p r e s e n t  a t  each end o f  

b o t h  l a y e r s .  A f t e r  d i a l y s i s  o f  t h e  s t a t e r i a l s  i t  was 



compared t o  t h e  u n s e p a r a t e d  s m a l l  p a r t i c l e  t r a c t i o n  by the 

s t a n d a r d  s u c r o s e  d e n s i t y  g r a d i e n t  t e c h n i q u e .  The bands  

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

and  p repho res .  An enhancement  i n  p r e p h o r e s  c o u l d  b e  seen  

i n  t h e  uppe r  band? b u t  c l e a r l y ,  e a c h  b a n d  d i d  n o t  c o n t a i n  

a u n i q u e  p a r t i c l e  t y p e r  a s  I h a d  hoped, 

4. Sepharose  20 g e l  f i l t r a t  i on, 

Sepharose  2 5  has  a s e p a r a t i o n  r a n g e  f o r  p r o t e i n s  

b e t w e e n  2 a n d  2 5  n i l l i o n  d a l t o n s ;  i n  a d d i t i o n ?  t h e  g e l  i s  

someo~hat h y d r o p h o b i c .  I h o p e d  t h e s e  p r o p e r  t ~ e s  m i g h t  

p r o d u c e  a  s e p a r a t r o n  o f  p a r t i c l e  t ypes .  To o b t a i n  a n  

a p p r e c i a b l e  f l o w  r a t e  t h e  c o l u m n  had  t o  be r u n  a t  room 

t e m p e r a t u r e  (appro%, 2 5  d e g r e e s ) .  C e l l s  were adapted,  

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

d i f f u s i o n  t h r o u g h  t h e  s u r f a c e  o f  t h e  c u l t u r e  t o r  6 hr. A 

b u l k  s m a l l  p a t t i c f e  f r a c t i o n  was made a f t e r  t h i s  t i m e .  An 

a l  i q u o l t  was t r a c t  i o n a t e d  us i ng t h e  s t a n d a r d  s u c r o s e  

d e n s i t y  g r a d i e n t  t e c h n i  w e .  I t  c o n t a i n e d  p r e p h o r e ~  medium 

d e n s i t y  and c h r o m a t o p h o r e  f r a c t i o n s ,  A samp le  o f  t h e  

small p a r t i c l e  f r a c t i o n  1 0 6  mg i n  p r o t e i n )  was r u n  t h r o u g h  

t h e  column, F i g u r e  4a shows t h e  r a t i o  o f  B c h l  t o  p r o t e i n  

i n  t h e  samp les  c o i l  ec t e d  ( a b s o r b a n c e  r a t i o s  8 5 0 t 2 7 4  nm), 

F i g u r e  4b shows t h e  a b s o r b a n c e s  o f  t h e  20.5 m 1  f r a c t i o n s .  

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

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



Figure  4 ,  Adsorbance p r o f i l e s  of f r a c t i o n s  from 

2B Sepharose g e l  column. 
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n 
0 

a -  0.5 1 
. . . . . .  

Fraction (-20.5 ml.) 

P r o t e i n  OD a t  - 274 nm x - Bchl OD a t  
850 nm x 



t h e  s e l e c t e d  f r a c t i o n s  a r e  shown i n  F i g u r e  5. The s h a r p  

i n c r e a s e  i n  m a t e r i a l  i n  t r a c t i o n  9 i n d i c a t e d  t h a t  t h e  v o r d  

volume i n  t h i s  r u n  was a b o u t  170 w l .  T h i s  f r a c t i o n  

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

chrornatophore f r a c t i o n .  The p rephore  peak  was s t r  I I 

p r e s e n t  i n  f  t a c t i o n  139  i n d i c a t i n g  t h a t  some o f  t h i s  

m a t e r i a l  had been i n c l u d e d  i n t o  t h e  gel ,  o r  had an  

a f f i n i t y  f o r  t h e  gel .  The l i g h t  chromatophore peak nas 

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

h i g h e s t  c o n c e n t r a t i o n  o f  t h e s e  p a r t i c l e s  was found  r n  

f r a c t i o n  15, F t a c t i o n  13 c o n t a i n e d  t h e  h i g h e s t  l e v e l  o f  

medium d e n s i t y  f r a c t i o n .  A t  t e r  f r a c t i  on  1 7 s  h e a v y  

chromatophores  were e l u t e d .  A f t e r  t h e  b u l k  o f  m a t e r i a l  

was e1uJ;ed ( f r a c t i o n  2 5 )  t h e  column remained s l i g h t l y  

p igmented f o r  s e v e r a l  days o f  r u n n i n g w i t h  b u f f e r .  T h i s  

method was t h u s  u n s u c c e s s f u l  i n cornple t e l  y  r e s o l v i n g  t h e  

v a t i  ous p a r t i c l e  f r a c t i o n s  b u t  t h e  exper ia ien t  was  v a l u a b l e  

n e v e r t h e l e s s ,  I t  demons t ra ted  t h a t  t h e  f r a c t i o n s  were 

n o t  a r t e f a c t s  o t  t h e  s t a n d a r d  suc rose  g r a d i e n t  t e c h n i  sue. 

I t  showed t h a t  t h e  f r a c t i o n s  c o u l d  be separated,  a l b e i t  

par ti ally^ by a c r i t e r i o n  o t h e r  t h a n  t h e i r  bouyan t  

d e n s i t i e s ,  

C. Compar ison o f  t h e  d i s r u p t i  ve procedures.  

1. Compar ison o f  s o n i c  a n d  o s m o t i c  l y s i s .  
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Figure  5. Sucrose d e n s i t y  g r a d i e n t  r e s o l u t i o n  of small  
p a r t i c l e  f r a c t i o n  ( c u l t u r e  D )  m a t e r i a l  

e lu ted  from a 2B Sepharose g e l  column. 



An oxygen  grown c u l t u r e  was a l l o w e d  t o  a d a p t  w i t h  

oxygen  e n t r y  l i m i t e d  t o  d i f f u s i o n  i n t o  t h e  medium. 

A l  i q u o t s  were t a k e n  dur  i n g  a d a p t a t i o n  and d i s r u p t e d  b y  

s o n i  c a t 8  on o r  o s m o t i c  shock  ( see methods*  Chap te r  2). 

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

14,500 x g  t o r  20  min. The F e l I e t  was " s t r i n g y w  

i n d i c a t i n g  c e l l  l y s ~ s  had  o c c u r r e d .  T h i s  p e l l e t  was 

resuspended  i n  1 M  s u c r o s e  ( 0 . 0 5  M i n  pH 7.0 p h o s p h a t e  

b u f f e r ) r  by  v o r t e x  m i x i n g  f o r  1 0  seconds,  To s e p a r a t e  

smal I membrane f r a g m e n t s  f r o m  t h e  b r o k e n  c e l l s  t h e  

m a t e r i a l  was t h e n  r e c e n t r i f u g e d  a t  t h e  same f o r c e  f o r  3 0  

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

by c e n t r i f u g a t i o n  f o r  9 0  m i n  a t  100,000 x g. F i n a l l y  t h i s  

p e l l e t  was resuspended  i n  0.05 M p h o s p h a t e  b u t f e r  and  

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

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

t h e  s t a r t  o f  t h e  a d a p t a t i o n ,  peaks  He re  p r e s e n t  a t  a b o u t  

30 a n d  4 9 Z  sucrose .  The p r e p h o r e  f r a c t i o n  becalae 

p r g m e n t e d  a f t e r  4  hours ,  In b o t h  t y p e s -  o f  p r e p a r a t i o n  t h e  

p r e p h o r e  t r a c t i o n  became l e s s  dense  d u r i n g  t h e  a d a p t a t i o n  

and  a t t a i n e d  a  d e n s i t y  e q u i v a l e n t  t o  abou t  46% s u c r o s e  

a f t e r  2 0  h r .  The a d a p t a t i o n  Has i n c o m p l e t e  i n  t h a t  a 

c h r o m a t o p h o r e  f r a c t r o n  Has n o t  produced.  F i g u r e  6 shows 

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

t e c h n i q u e s .  The p r e p h o r e  and  t h e  medium d e n s i t y  ( 4 1 %  

s u c r o s e  1 f  r a c t i o n s  f r  om t h e  s o n i  c a t e d  p r e p a r a t i  on. 



Abs.. 
254 nm 

. 
% SUCROSE 55% 

30% 
Abs. 1 

254nm - 
% SUCROSE 55% 

Figure '6. Gradient profiles of small particle 
preparations produced by A)  osmotic 
shock and 3) sonication. Partially 

adapted cells (+ 20 hours). 



s e d i m e n t e d  a t  s l i g h t l y  l o w e r  d e n s i t r e s  t h a n  d i d  t h e  

e q u i v a l e n t  f r a c t i o n s  P roduced  by  o s m o t i c  l y s i s .  The s o n i c  

d i s r u p t i o n  t e c h n i q u e  l i b e r a t e d  a b o u t  4 0 %  of  t h e  p i g m e n t  

f r om t h e  c e l l s ,  whi l e  t h e  o s m o t ~ c  shock p r o c e d u r e  o n l y  

y i e l d e d  20%. 

2. Compar i son  o f  F r e n c h  press,  s o n i c  and  a l u m i n a  g r i n d i n g  

t e c h n l  ques, 

A c u l t u r e  was grown t o  l a t e - l e g  phase w ~ t h  oxygen  

g a s s i n g  ( 2  S.C.F,H.) a n d  t h e n  gassed  w i t h  4f oxygen  

( b a l e n c e  n i t r o g e n )  a t  t h e  same f low r a t e .  The c e l l s  were  

h a r v e s t e d  a f t e r  6 h r  a t  t h e  l o w  oxygen l e v e l  and  d i s r u p t e d  

by t h e  t h r e e  d i f f e r e n t  t e c h n i q u e s  [ s e e  methods, Chap te r  

21, The r e s u l t i n g  s m a l l  p a r t i c l e  f r a c t i o n s  [ s a m p l e s  o f  2 

wg p r o t e i n )  were t h e n  added t o  t h 8  s t a n d a r d  d e n s i t y  

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

shown i n  F i g u r e  7 s .  The m a j o r i t y  o f  t h e  p i g m e n t  u a s  f o u n d  

I n  t h e  I i g h t  ch roma topho re  f t a c t t o n ,  A l l  t h r e e  methods  

p r o d u c e d  p e a k s  a t  t h e  heavy  ch roma topho re  and  wed i u m  

d e n s i t y  f r a c t i o n  p o s i t i o n s  b u t  t h e  p r e p h o r e  peaks  we re  

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

raater  i a l .  

3. Peak d e n s t t i e s  o f  f r a c t ~ o n s  r e s u l t i n g  t rom F r e n c h  

p r e s s  o r  s o n i c  d i s r u p t i o n  of  a d a p t i n g  c e l l s .  

T a b l e  I I 1  shows t h a t  t h e  f i v e  f t a c t i o n s  d e s c r i b e d  
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l i g h t  c h r o m t o p h o r e  peak 

chromatophores 
0 a- 

l i g h t  medium d e n s i t y  

I chromato- 
phore peak 

, i s  o f f  s c a l e .  
I 
I 
I 
I 
I 
I 
I 
I Sonic d i s r u p t i o n  
I 

a I 

I l f g h t  chromatophore peak 

I 
I 
I 
I Note prephore 
I f r a c t i o n  a b s e n t  
I 
I , .Alu~.ir.x c r i ~ d i ~ ~  

. I 

Figure  7ae Comparison of v x r i c u s  d i s r u p t i v e  techniques  w i t h  
regard  t o  t h e  d i s t r i b u t i o n  cf m t e r i a l  i n  t h e  s tandard  l i n e a r  

suc rose  d e n s i t y  ~ r a d i e n t  (25 - 55$). 



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

s u c r o s e  dens i t y  g r a d i e n t ,  The peaks had c h a r a c t e r i s t i c  

shapes i n  t h e  2 5 4  nm g r a d i e n t  p r o f i l e s ,  The p r o t o p h o r e  

peak was l a r g e  and broad; t h e  p r e p h o r e  peak l a r g e  and 

narrow. The medium d e n s i t y  f r a c t i o n  u s u a l l y  p roduced a  

smal l sharp  peak on t h e  p r o f  i le.  The r a t i o s  o f  t h e  peak 

h e i g h t s  v a r i e d  s e l a i i v e  t o  one a n o t h e r  d u r i n g  t h e  c o u r s e  

o f  a d a p t a t i o n #  a s  p r e v i o u s l y  desc r ibed .  A compar ison o f  

t h e  2541280 nm a b s o r p t i o n  p r o f i  i e s  o f  a  s m a l l  p a r t i c l e  

f r a c t r o n r  p r e p a r e d  f rom c e l l s  adapted f o r  6 h r ~  i s  shown 

on F i g u r e  7b. The 2 5 4 / 2 8 0  nm a b s o r p t i o n  r a t i o  i s  h i g h e s t  

Qca. 2 )  b e t ~ e e n  30 and  34Z suc rose  i n d i c a t i n g  t h e  

r rbosoma l  m a t e r i a l  sed imented i n  t h i s  p o s i t r o n  i n  t h e  

g r a d i e n t ,  

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

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

F i g u r e  8a shows t h e  appearance o f  n e g a t i v e l y  s t a i n e d  

p r e p a r a t i o n s  of t h e  s m a l l  p a r t i c l e  f r a c t i o n  t h a t  was added 

t o  t h e  suc rose  d e n s i t y  g r a d i e n t ,  The sample was p r e p a r e d  

f rom c e l  I s  a f t e r  b h r  o f  a d a p t a t i o n .  Chromatophores can 

be seen as c h a r a c t e r i s t i c  r a n g - l i k e  s t r u c t u r e s  ( 8 0  nm i n  

d iamete r ) ,  The l a r g e  s p h e r i c a l  s t r u c t u r e  has  t h e  same 

d imens ion  ( 1 5 0  t o  250 nw) as PHB s t o r a g e  g r a n u l e s  seen i n  

s e c t i o n s  of t h e  b a c t e r i u m  t c f .  S e c t i o n  II1,C. below).  

S p h e r i c a l  b o d ~ e s  can  a l s o  be seen o f  a  s i z e  s l w i l a r  t o  t h e  



Figure  7b. 

ribosomes 

-BUFFER - PERCENT SUCROSE 

Sucrose d e n s i t y  g r a d i e n t  p r o f i l e s  of small p a r t i c l e  
f r a c t i o n  prepared from c e l l s  adapted f o r  6 hours.  

(oxygen supply l i n i t e d  t o  d i f f u s i o n . )  



F i g .  8 b  

F i g .  8 a  

a Negat ively s t a ined  small p a r t i c l e  f r a c t i o n .  

b Negat ively s t a ined  protophore f r a c t i o n .  

Scale: 
1 cm = 100 nm. 



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

o n e - q u a r t e r  t h e  d i a m e t e r ,  

The  f o u r  m a j o r  b a n d s  f o r m e d  a f t e r  s u c r o s e  d e n s l t y  

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

examined.  T h e  s u c r o s e  was r e m o v e d  f i r s t  by 2 4  hr d i a l y s i s  

i n  d i st8 l l e d  w a t e r .  The mos t  o b v i  ous  c o m p o n e n t s  o f  t h e  

p r o t o p h o r e  f r a c t ~ o n  ( F i g u r e  8 b )  were  t h e  l a r g e  g r a n u l e s  

p r e s u m e d  t o  b e  PHB s t o r a g e  m a t e r  i a l ,  L e s s  o b v i o u s  

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

10 n m  i n  d i a m e t e r  a r e  a l s o  p r e s e n t .  The l i g h t  

c h r o m a t o p h o r e  f t a c t i o n  ( F i g u r e  9a 1 c o n t a i n e d  m a t e r i a l  

w i t h  t h e  c h a r a c t e r i s t r c  c h r o m a t o p h o r e  f o r m  as  s e e n  by t h i s  

t e c h n i q u e ,  The p r e p h o r e  f r a c t i o n  ( f i g u r e  9b) c o n s i s t e d  o f  

t h e  n o n - c o l l a p s e d  p a r t i c l e s ?  o f  a s i z e  s i m i  I a r  t o  t h e  

c h r o m a t o ~ h o r e s ~  and numerous  sma l l p a r t i c l e s  t approa .  10 

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

a n d  w e r e  t e r m e d  p r e p h o r e s ,  T h e  medium d e n s i t y  f r a c t i o n  

had a c h a r a c t e r  i s t i c  " s a c - I  l k e n  a p p e a r a n c e  t h a t  was 

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

9 c  1, 

E. A s tudy o f  t h e  a g g r e g a t i o n  o f  t h e  f r a c t i o n s .  

1. A g g r e g a t i o n  o f  m a t e r i a l  i n  t h e  g r a d i e n t s  by  d i v a l e n t  

c a t i  ons. 

I n  t h e  i n i t ~ a l  s u c r o s e  d e n s r t y  g r a d i e n t  s e p a r a t i o n s 9  

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



Figure 9a. 

Figure gb. 

a Negatively s t a i n e d  chromatophore f r a c t i o n . .  

b Negatively s t a i n e d  prephore f r a c t i o n .  

Scale : 
1 cm = 100 nm, 



Figure  9 c .  

Negatively s t a i n e d  medium d e n s i t y  f r a c t i o n .  

s c a l e :  1 cm = 140 nm. 



t h o u g h t  t h a t  t h i s  m i g h t  be due t o  t h e  c o n t a m i n a t i o n  of t h e  

s u c r o s e  w i t h  apprec i a b l  e  l e v e l s  o f  ca lc iurn.  The suc rose  

used f o r  g r a d i e n t  f o r m a t i o n  was t i t r a t e d  f o r  d i v a i e n t  

c a t i  ons by t h e  E r  iochrome B l a c k  1-EDTA method ( c f .  

Chapter  2) The g r a d i e n t  c o n t a i n e d  4 x l o - *  t o  1 x fl 

d r v a i e n t  c a t i o n  ( 2 5  t o  5 5 %  s u c r o s e  r e s p e c t i v e l y ) ,  It has 

been shown I G ~ b s o n  (196511 t h a t  d i v a l e n t  c a t i o n s  were a 

cause o f  chroadatophore a g g r e g a t i o n  when p r e s e n t  i n  

c o n c e n t r a t i o n  above lo- '  M, EDTA was i n c l u d e d  i n  t h e  

phosphate  b u f f e r  a t  a l e v e l  o f  1W2 M. Subsequent  runs, 

made w i t h  o r  w i t h o u t  EDTA, showed no d i f f e r e n c e s  i n  t h e  

peak h e i g h t s  o r  d e n s i t i e s  o f  m a t e r i a l  i n  t h e  g r a d i e n t .  

The phosphate  b u f f e r  s t r e n g t h  was reduced; t h e  s t a n d a r d  

b u f f e r  t h u s  becaae 0.5 x M i n  p o t a s s i u m  phosphates pH 

7.09 and i x 10-* f4 i n  EDTA ( d i s o d i u m ' s a l t l .  Using t h i s  

m o d i f i e d  b u t f e r t  a g g r e g a t i o n  was n o t  a p r  cblem wjth 

samples c o n t a i n i n g  5 mg ( o r  l e s s )  p r o t e i n .  The s t a n d a r d  

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

t r a c t r o n  c o n t a i n i n g  2 mg p r o t e i n .  

2. The p r e p h o r e  s u b u n i t  and ma tu re  s u b u n i t  f r a c t i o n s .  

( a )  I s o l a t i o n  o f  t h e  s u b u n i t  f r a c t i o n s .  

I t  seemed most l i k e l y  t h a t  t h e  p r e p h o r e s  r e s u l t e d  

f rom t h e  c h a r a c t e r i s t i c  a g g r e g a t i o n  o f  t h e  s m a l l  10 nm 

p a r t i c l e s  ( c f .  F i g u r e  9 b )  r a t h e t  than t h e  l a t t e r  

b e i n g  a  decornposi t i  on p r o d u c t  o t  t hese  s t r u c t u r e s .  T h i s  



was i n  aggrement w i t h  t h e  f i n d i n g  t h a t  t h e  p r e p h o r e s  were 

o n l y  fo rmed when t h e  smsl l p a r t r c l e  t r a c t t o n  was p e l  (e ted,  

a  p r o c e s s  wh ich  c o u l d  easr l y  be imag ined t o  f a v o u r  

agg rega t ion .  I t  was f o u n d  t h a t  i n  t h e  unaggregated s t a t e  

t h e  so-named ' lprephore subun i  tsl' remained t o w a r d s  t h e  t o p  

o f  t h e  s t a n d a r d  g r a d i e n t  d u r i n g  a 16 h r  run ,  I t  seemed 

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

h a r v e s t e d  by t h e  c e n t r i  f u g a t i o n  a t  100,000 x g  f o r  90 m i n e  

Were unaggr ega ted  subun i  t s r  i n  f a c t *  c o n c e n t r a t e d  i n  t h e  

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

h a r v e s t i n g  r u n ?  

To answer t h i s  q u e s t i o n  t h e  p i  gaented m a t e r i a l  i n  t h e  

s u p e r n a t a n t s  o f  t h e  h i g h  g - f  o r c e  c e n t r  i f  u g a t i  on was 

h a r v e s t e d  i n t o  a 50% g l y c e r o l  t r a p  b u f f e r e d  w i t h  phosphate  

t o  pH 7-0; a p r o l o n g e d  c e n t r i f u g a t i o n  was used  124 h r s  a t  

1 0 0 ~ 0 0 0  x g), T h i s  t e c h n i q u e  was used t o  h a r v e s t  m a t e r i a l  

p r e p a r e d  f rom c e l l s  i n  v a r i o u s  s tages  o f  a d a p t a t i o n *  as 

ne9 l  as c e l i s  grown p h o t o s y n t h e t i c a I l y  f o r  two days. 

A f t e r  t h e  g l y c e r o l  was removed b y  d i a l y s i s *  2 mg samples 

were r u n  on t h e  s t a n d a r d  s u c r o s e  d e r s i t y  g r a d i e n t .  As can 

b e  seen f r o m  F i g u r e  LO, t h e  g r a d i e n t  p r o f i l e s  of t h i s  

h a r v e s t e d  9gsuperna tan t  f r a c t i o n "  f rom a d a p t i n g  CeI I s  a r e  

d i f f e r e n t  f r o m  t h e  p r o f i l e  p roduced b y  m a t e r i a l  f r om t h e  

ma tu re  p h o t o s y n t h e t i c  c e l  Is, The a d a p t i n g  c e l l s  p roduced 

a peak  w i t h  t h e  b o u y a n t  d e n s i t y  o f  t h a t  o f  28X s u c r o s e  

w h i l e  t h e  ma tu re  c e l l s  gave a 32Z s u c r o s e  d e n s i t y  peak, I 



Figure 10. The 254 Ern p r o f i l e s  of t h e  mater ia l ,  harvested by 

cen t r i fuga t ion  f o r  24 hours a t  100,000 g, and run i n  t h e  

standard (25-55%) sucrose d e n s i t y  g rad ien t  f o r  16 hours. 



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

t r a c t  ion,  I t  s h o u l d  be  n o t e d  t h a t  t h e  h a r v e s t i n g  

t e c h n i q u e  made i t  a l m o s t  e q u i v a l e n t  t o  t h e  "55Sn m a t e r i a l  

d e s c r i b e d  by  G i b s o n  l965a) 

( b )  A g g r e g a t r  on o t  t h e  s u b u n i t  f r a c t i  ons, 

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

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

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

an i n c r e a s e  I n  t h e  i o n i c  s t r e n g t h  o f  t h e  g r a d i e n t s ,  

F i g u r e  11 shons  t h e  p r o f i  i e s  o t  a s t a n d a r d  s m a l l  p a r t i c l e  

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

The m a t e r i a l  was p r e p a r e d  f r o m  c e l l s  a f  t e t  6 h o u r s  o f  

a d a p t a t i o n ,  I t  can  be s e e n  t h a t  a t  h i g h  i o n i c  s t r e n g t h  

(0.5 M phospha te ) ,  a  band appeared  i n  t h e  p ~ e p h o r e  

t r a c t i o n  p o s i t i o n  ( a t  48Z s u c r o s e ) .  The f a c t  t h a t  t h e  

band was p i g m e n t e d  and  fo rmed w i t h  a c o n c o m i t a n t  l o s s  o f  

m a t e r i a l  a t  t h e  282 s u c r o s e  l e v e l  in  t h e  g r a d i e n t  

i n d i c a t e d  t h a t  t h e  n a t e r i a l  was i n d e e d  k q u i v a l e n t  t o  t h e  

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

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

p r e p h o r e  s u b u n i t s .  H a t e r i a l  i n  t h e  100,000 x g 

s u p e r n a t a n t  a l s o  p r o d u c e d  a p r e p h o r e  band a t  48% s u c r o s e  

( n o t  shown). T h i s  was a c h i e v e d  b y  t u n n i n g  t h e  sample i n  a 

g r a d i e n t  0.05 M i n  phospha te  b u f f e r .  

I n  a  t u r t h e r  expe r  rmen t r  I i n c r e a s e d  t h e  amount o f  



Figure 1i.Demonstration of subunit aggregation in the 

standard (25-55%) sucrose density .gradients 

caused by increased ionic strength. 
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sample added  t o  t h e  g r a d i e n t  f r o m  2 t o  10 mg p r o t e i n ,  

T h i s  a l s o  r e s u l t e d  i n  t h e  f o r m a t i o n  o f  a p r e p h o r e  band; 

however, t h e  y i e l d  was n o t  as g r e a t  as  i t  h a d  been  

f  o l  l o ~ a n g  t h e  i n c r e a s e  i n  i o n i c  s t r e n g t h ,  The e x p e r i m e n t s  

showed t h a t  b o t h  t h e  1001000 x  g  s u p e r n a t a n t s  a n d  m a t e r i a l  

p e a k i n g  a t  a b o u t  28X  s u c r o s e  i n  t h e  s t a n d a r d  g r a d i e n t *  

c o u l d  p r o d u c e  t h e  p r e p h o r e  f  r a c  ti on, 

The m a t u r e  s u b u n i t  f  r a c t i  on ( t h e  s u p e r n a t a n t  m a t e r i a l  

f r o m  m a t u r e  c e l  I s )  a l s o  p r o d u c e d  a n  a g g r e g a t e d  band9 H i  t h  

a d e n s i t y  o f  40Z s u c r o s e  [ t h e  same p o s i t i o n  as heavy  

ch roma topho res ) ,  nhen c e n t r i  f uged  i n  t h i s  t y p e  o f  

g r a d i e n t ,  Thus b o t h  i n  t h e  f r e e  a n d  t h e  a g g r e g a t e d  

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

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

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

s u b u n i  t f r a c t i o n s .  

I knew t h a t  t h e  s u p e r n a t a n t  f r o m  s m a l l  p a r t i c l e  

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

t w o  o t h e r  c o m p o n e n t s ~  namely9 r i b o s o m a l  p r o t e i n s  a n d  

v a r y i n g  amounts  o f  t h e  m a t u r e  s u b u n i t s ,  In t h e o r y *  t h e  

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

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

w h i c h  a l  l owed  t h e  s e p a r a t i o n  o f  a l a r g e  254 n m  peakr  w h i c h  

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

s u b u n i t s  ( r u n n i n g  as  a p i g m e c t e d  band )  a r e  d e s c r i b e d  rn  



H e t h o d s  ( C h a p t e r  2). The u n p i  gmented p e a k  c o n t a ~ n e d  o n l y  

20  t o  30% o f  t h e  p r o t e i n  of  t h e  c r u d e  s u p e r n a t a n t  

f r a c t i o n .  F i g u r e  12a shows t h e  g l y c e r o l  dens i  t y  g r a d i e n t  

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

and  m a t u r e  p h o t o s y n t h e t i c  c e l  I s  a f t e r  e i e c t r o p h o r e s i  s -  As 

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

a d i f f  e t e n t  mob8 I t  t y  compared t o  t h a t  f r o m  a d a p t i n g  c e l  ls, 

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

p r e p h o r e  s u b u n i t s  f r o m  m a t u r e  s u b u n i t s ,  The t e s u i t  a f  t h e  

t w o  e l e c t r o p h o r e s ~ s  r u n s  a r e  summsr i r e d  i n  F i g u r e  12b. 

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

t h e  p r e p h o r e s .  

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

n e g a t i v e 1  y s t a i  ned p r e p h o r e  f r a c t i o n  showed t h a t  t h e s e  

b o d i e s  (app rox .  50 nm dia.) w e r e  r e g u l a r  a g g r e g a t e s  o f  

particles a b o u t  10 nm i n  d i a m e t e r  ( F i g u r e  1 3 ) .  

3. L i g h t  and  Heavy Chr omatophores,  

The i n c  l u s r o n  o f  lo-* M E D T A  i n  t h e  b u f f e r  a n d  t h e  

h a r v e s t i n g  o f  t h e  s m a l l  p a r t i c l e  t r a c t i o n  o n t o  a 60% w l w  

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

ch roma topho r  e f t a c t  ion.  The  a g g r e g a t i o n  o f  m a t u r e  

s u b u n i t s  may a l s o  have c o n t r i b u t e d  t o  t h e  heavy  

c h t o m a t o p h o r e  f t a c t i  on when t h e  above m o d i f  a c t  i o n s  t o  t h e  

smal l p a r t i c l e  h a t v e s t i  ng t e c h n i q u e  were n o t  made. 



Figure  12a .  G lyce ro l  d e n s i t y  g r a d i e n t  p r o f i l e  of p u r i f i e d  
s u b u n i t s  a f t e r  e l e c t r o p h o r e s i s .  
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F i g u r e  12b.  Summary of $ t h e  r e l a t i v e  m o b i l i t i e s  of  t h e  s u b u n i t s  

from two s e p a r a t e  (40-70%) g l y c e r o l  d e n s i t y  
g r a d i e n t  e l e c t r o p h o r e s i s  r u n s .  



Figure 13. 

Negatively s t a ined  prephores and f r e e  subuni ts .  

s c a l e :  1 cm = 40 nm. 



F. The o p t i  ma1 i s o l a t i  o n a l  a n d  s e p a r a t i v e  p r o c e d u r e  f o u n d  

f o r  t h e  p r e p a r a t i o n  o f  t h e  ch tomatopho . re  a n d  p r e p h o r e  

s u b u n i  t f r a c t i o n s .  

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

o f  t h e  e x p e r i s e n t s  a s  i t  was f o u n d  t o  be t h e  m o s t  

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

A b u f f e r  LO-* M I n  E D T A  a n d  0.5 x LO--= H i n  p o t a s s i u m  

p h o s p h a t e  pH 7.0 was f o u n d  t o  p r e v e n t  a g g r e g a t i o n  o f  

m a t e r i a l  i n  t h e  s u c r o s e  g r a d i e n t  when a 30 m l  g r a d i e n t  was 

l o a d e d  w i t h  samples 5 mg o r  less r n  p r o t e i n .  

The i n i t i a l  l o w  g f o r c e  c e n t r i f u g a t i o n  was c r i t i c a l  

t o  t h e  r e m o v a l  o f  c e l l  e n v e l o p e  m a t e r i a l  f r o e  t h e  sma l  l 

p a r t i c l e  f r a c t i o n .  Centrifugation f o r  2 0  min a t  10,000 x 

g a l l o ~ e d  t h e  s m a l l  p a r t i c l e  f r a c t i o n  t o  be d e c a n t e d  away 

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

I r g h t - s c a t t e r  i n g  l a y e r  r n  t h e  5 m l  a b o v e  t h e  p e l l e t e d  

d e b t  is.  

The use  o f  a 2 m i  60Z W / H  s u c r o s e  t r a p  i n  t h e  s m a l  l 

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

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

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

f r a c t i o n  c a u s i n g  a p i g m e n t e d  peak t o  f o r m  w ~ t h  a d e n s i t y  

o f  20% s u c r o s e .  

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

was t h e  1.5 h r ~  1001000 x g  s u p e r n a t a n t  d e r i v e d  f r o m  cells 



an t h e  f i r s t  few h o u r s  o f  a d a p t a t i o n .  The g l y c e r o l  

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

s e p a r a t e  t h e  p r e p h o r e  s u b u n i  t s  f r om r ibosoma l p r o t e i n s  and  

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

h i g h  c h r o m a t o p h o r e  c o n t e n t .  

11,  A S tudy  o f  R. - s p h e r o i d e s  d u r i n g  A d a p t a t t o n  f r o m  

A e r o b i c  t o  P h o t o t r o p h i c  G r o w t h  C o n d i t i o n s .  

A. T h e  e f f e c t  o f  t h e  g r o n t h  phase and  oxygen  c o n t e n t  on  

a d a p t a t i o n ,  

M o s t  o f  t h e  e a r l y  wo rk  had been  p e r f o r m e d  w i t h  l a t e  

l o g  phase c e l  Is. These h a d  b e e n  d i l u t e d  n i t h  f r e s h  medrum 

and l i m i t e d  i n  oxygen  s u p p l y  ( d i f f u s i o n  t h r o u g h  t h e  

s u r f a c e  o f  t h e  c u l t u r e  1 t o  promote  t t i y l a k o i d  f o r m a t i o n ,  

As a l a r g e  amount  o f  c e l l  l y s i  s o c c u r s  a t  l a t e  l o g  phase9 

I d e c i d e d  t o  n o r k  w i t h  a n  e a r l y  l o g  phase c u l t u r e ,  T h i s  

w o u l d  show t h e  a d a p t i v e  changes  i n  p h y s i o l o g i c a l  l y  

" h e a l t h y m  c e l  I s ,  
- 

C e l l s  were  grown t o  t h e  r e q u i r e d  i n r t i a l  c e l l  l e v e l  

a e r o b i c a l  i y  n i t h  652 oxygen  a t  a f l o w  r a t e  of 4 S,C,F.H, 

F t g u r e  1 4  shows t h e  r e l a t i v e  l e v e l s  o f  t h e  m a j o r  

components  I n  t h e  s t a n d a r d  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  m a t e r i a l  f r o m  a d a p t i n g  e a r l y  l o g  phase  

c e l l s  i n  t h e  l i g h t  a t  t h e  oxygen  l e v e l s  i n d i c a t e d ,  (These  

expe r  i m e n t s  were p e r f  ormed p r i o r  t o  t h e  rnodi f i c a t i o n  o f  



Figure 14. Rela t ionship  of var ious  f r a c t i o n s  (254 nm peak 

h e i g h t s )  i n  t h e  adap ta t ion  of e a r l y  l o g  phase 
c e l l s  under d i f f e r e n t  cond i t ions  of a e r a t i o n ,  

Adaptation wi th  n i t rogen  gass ing  

Adaptation - .  with gass ing  
a t  4s oxygen 

TIME (HRS.)  

0 Protophore 

Prephore 

Heavy chromatophore 
A ~ i ~ h t *  chromatophore 



t h e  b u f f e r ,  d e s c r i b e d  i n  t h e  p r e v i o u s  s e c t i  on* and  t h u s  

p r o d u c e d  a  heavy  c h r o m a t o p h o r e  f r a c t i o n ) .  I t  can  be seen  

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

~4 t h  n t  t t o g e n ,  The p r e p h o r e  f  t a c t  r o n  d t d r  however, 

i n c r e a s e .  P i g m e n t  xas  a l s o  formed, t h e  m a j o r i t y  b e i n g  t h e  

870 nm f o r m  o f  Bch l .  No c e l  l g r o u t h  o c c u r r e d *  i n d i c a t i n g  

t h a t  t h e  p r e p h o r e s  were n o t  p h o t o s y n t h e t i c a  l l y  competen t ,  

Hhen some oxygen  was a l l o w e d  i n t o  t h e  medium t h r o u g h  t h e  

s u r f a c e  o f  t h e  c u l t u r e t  t h e  f  i u c t u a t i o n s  i n  the membranous 

f t a c t ~ o n s  was s i w i  l a r  t o  t h a t  d e s c r i b e d  p r e v i o u s l y  ( F i g u r e  

3 ) .  F t g u r e  14b shows t h a t  i n  such  a s i t u a t i o n ~  e a r l y  Jog 

phase  c e l  l s  d e v e l  ope b o t h  p r e p h o r e  a n d  c h r o m a t o p h o r e  

f r a c t i o n s .  The  p r e p h o r e  f r a c t i o n  peaked  a f t e r  10 h o u r s  o f  

oxygen  l r m l t a t i  on and  t h e  c h r o m a t o p h o r e  f r a c t i o n  c o n t i n u e d  

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

c e l l s  i n c r e a s e d  one and a h a l f  t i m e s  i n  number, 

A d a p t a t i o n  w i t h  2.7 o r  4.0% oxygen g a s s i n g  ( F i g u r e s  14c 

and db was f o u n d  t o  cause  t h e  r a p i d  p r o d u c t i o n  o f  t h e  

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

c e l l s  i n c r e a s e d t h r e e - f o l d  i n  t h e  f i r s t  s i x  hou rs .  The 

p r e p h o r e  f r a c t i o n  wasp h o w e v e t r  p r e s e n t  a2 much l o w e r  

l e v e l s  r e l a t i v e  t o  t h e  o t h e r  components  i n  t h e  g r a d l e n t .  

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

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

growth,  w o u l d  b e  one i n  w h i c h  a d a p t a t i o n  was n i e t h e r  v e r y  

s l o w  n o r  v e r y  r a p i d ,  The slow a d a p t a t i o n  y i e l d s  o n l y  a 



smal I c h r o m a t o p h o r e  t r a c t  ion, whi  l e  r a p i d  s y n t h e s i s  makes 

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

To choose  t h e  o p t i m a l  c o n d i t i o n s ,  t h e  amount  o f  c e l  I 

g r o w t h  and p r g a e n t o t c o n  were measured u n d e r  v a r i o u s  

a d a p t a t i o n  c o n d i t i o n s .  The l e v e l  o f  oxygen u s e d  and  t h e  

g r o w t h  phase  o f  t he  c e l  I s  a t  t h e  s t a r t  were  v a t  ied; t h e  

r e s u l t s  a r e  shoun  i n  T a b l e  I V .  

6 .  A n a l y s i s  o f  c e l l u l a r  c o n s t i t u e n t s  d u r t n g  a d a p t a t i o n .  

F i g u r e  1 5  s h o ~ s  t h e  c o n c e n t r a t i o n  o f  PHB, g l y c o g e n 9  

p r o t e i n  and B c h l  i n  g l c e i  I. I t  a p p e a r s  t h a t  i n  t h e  f i r s t  

h o u r s  o f  a d a p t a t i o n ,  g l y c o g e n  may have  been u s e d  as an 

e n e r g y  source ,  p r e s u m a b l y  b y  a f e t m e n t a t i v e  p rocess ,  

L a t e r  i n  t h e  a d a p t a t i o n ,  t h e  PH3 l e v e l  dec reased .  

B c h l  was f i r s t  d e t e c t a b l e  a f t e r  t w o  h o u r s  a n d  

i n c r e a s e d  a t  a n e a t l y  c o n s t a n t  r a t e  f  tom 4 t o  2 0  h r .  

C, SmaI 1 p a r t i c l e  f r a c t i o n s  p r o d u c e d  d u r i n g  a e r o b i c  

g r o w t h .  

I t h o u g h t  t h a t  a method o f  l i m i t i n g  oxygen  by u s i n g  a 

s l o w  g a s  f l o w  r a t e  i n i g h t  be  a means o f  s p e c i f i c a i  I Y  

p r o d u c i n g  t h e  p t e p h o r e  f r a c t i o n .  From F i g u r e  l b  i t  can  be  

seen t h a t  t h e  oxygen  l e v e l  r n  t h e  c u l t u r e  f e l l  t o  a  l o w  

l e v e l  f o r  a b o u t  one hou r  t o u a r d s  t h e  e n d  of  l o g  phase. 

A n o t h e r  e x p e r i m e n t  was p t e f  orwed i n  w h i c h  samp les  

were t a k e n  a t  v a t l o u s  t t m e s  d u r  r n g  t h e  g r o w t h  o f  a  c u l t u r e  
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HOURS AFTER INNOCULATION 

Figu re  lFj .Rels t ior ,sMp between c e l l  r,un;ber and oxygen 

p a r t i a l  pressure.  C u l t u r e  gassed a t  0.5 S.C.F.H.. 
with oxygen a t  30 " . 



b e ~ n g  gassed  w i t h  LOOP, o x y g e n  a t  a f l o n  r a t e  o f  0.5 

S.C.F.H. The s a m p l i n g  t i m e s  and t h e  oxygen  l e v e l  

t h r o u g h o u t  t h e  l a t t e r  p a r t  o f  t h e  l o g  phase  i s  shown i n  

F a g u r e  17. W h i l e  t h e  c u l t u r e  was a t  a I o n  p a r t a a l  

p ressu re ,  t h e  f l o w  r a t e  uas a d j u s t e d  t o  2 S.C.F.H. f o r  a 

f e u  seconds. The r e s u l t i n g  r a p i d  i n c r e a s e  i n  t h e  me te r  

r e a d i n g  ( n o t  shown on F i g u r e  17 )  showed t h a t  t h e  d i s s o l v e d  

oxygen  l e v e l  was tndeed  i n  b a f a n c e  n i t h  t h e  c o n s u m p t i o n  b y  

t h e  c e l l s  a n d  t h e  gas f l o w  r a t e .  The samp les  were 

d i s r u p t e d  by t h e  F r e n c h  p r e s s u r e  c e l l  a n d  t h e  small 

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

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

t h e s e  samples  i s  shown i n  F i g u r e  18. Sample A p r o d u c e d  n o  

a p p r e c i a b l e  p r e p h o r e  f  r a c t i  on. The p r e p h o r e  f s a c t i  on was 

p r e s e n t  i n  samp le  B and  h a d  i n c r e a s e d  ' i n  sample  C and  

become p igmen ted .  The p r e p h o t e  f r a c t i o n  f r o m  sample  C was 

Less dense t h a n  t h a t  Prom sample 0, Sample O ( t a k e n  4 8  h r  

a f t e r  sample A b u t  n o t  shown on F i g u r e  17) p r o d u c e d  

e s s e n t i a l l y  t h e  sane g r a d i e n t  p r o f i l e  as sample C, The 

r e s u l t s  shown ( F i g u r e s  1 6  a n d  17) were o b t a i n e d  w i t h  t h e  

same g r o w t h  a p p a r a t u s  and  number o f  c e l l s / m l  (2 x lo7) i n  

t h e  innocu lum.  One c u l t u r e  t o o k  42 hr t o  r e a c h  l a t e  l o g  

phase wh i  l e  t h e  o t h e r  g rew  more r a p i d l y  r e q u i r i n g  o n l y  3 0  

h r  t o  a t t a i n  t h e  same l e v e l  of  c e l  l s l m l .  The c u l t u r e  

g r o u i n g  more s l o w t y  r e d u c e d  t h e  oxygen  t e n s i o n  b e I o H  t h e  

l e v e l  o f  s a t u r a t i o n  o n l y  t o w a r d s  t h e  end  o f  l o g  phase  



Figure 17. Oxygen l eve l  ( p a r t i a l  pressure mm ~ g )  i n  a 
4 1. cu l tu r e  of R .  spheroides gassed with 100% 

oxygen a t  0.5 S .C .F.H. through an  8 cm2 s i n t e r .  
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{ F ~ g u r e  161, The c u l t u r e  t h a t  grew m o s t  r a p i d l y *  however, 

r e d u c e d  t h e  oxygen l e v e l  t h r o u g h o u t  t h e  l o g  phase ( F i g u r e  

171, AL though  t h e  r e a s o n  f o r  t h e  v a r i a t i o n s  i n  g r o w t h  

r a t e s  IS n o t  known t h e  e x p e r i m e n t s  show t h a t  t h e  d u r a t r o n  

o f  t h e  r e d u c t i o n  i n  oxygen  l e v e l  i n  t h e  medium i s  

dependen t  o n  t h e  g r o w t h  r a t e  o f  t h e  c u l t u r e  b e i n g  

oxygena ted ,  

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

1. D u r ~ n g  a d a p t a t i o n .  

A n  oxygen-g rown cu l t u r e  Has adapted by I i m i t i n g  t h e  

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

medium t c f .  n e t h o d s r  C h a p t e r  21. S p e c t r a l  a n a l y s i s  o f  

t h e  f r a c t i o n s  showed t h a t  by 6 hr r  p repho re ,  l i g h t  

c h r o m a t o p h o t  e  and heavy c h r  omatophore f f a c t  i o n s  c o n t a i  ned  

B c h l  a n d  c a r o t e n o i d s  [ F  1gur.e L91, The B c h l l p r o t e i n  r a t i o  

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

4 i g h t  c h r o m a t o p h o r e  f f a c t  i o n *  t hough  s i m i  l a r  t o  t h a t  i n  

t h e  p r e p h o r e  fraction a t  6 hr, had  i n c r e a s e d  e l e v e n f o l d  

( t o  0.028 mg/mg) a t  20 hr. The B c h i / p r o t e i n  r a t i o  o f  t h e  

heavy  c h r o m a t o p h o r e  f r a c t i o n  was o n l y  h a l f  t h a t  of  t h e  

l i g h t  ch roma topho re  f r a c t  i on. T h e  p r o t o p h o r e  f r a c t i o n  was 

not, p i g m e n t e d  a t  a n y  o f  t h e  t i m e s  s t u d i e d  ( F i g u r e  19)- 

2 ,  D u r i n g  a e r o b i c  growth.  



F i g u r e l g ,  Sucrose d e n s i t y  g rad ien t  p r o t e i n  and Bchl 

p r o f i l e s  dur ing  adap ta t ion .  

I HOUR 

% SUCRoSE ( W/V) IN GRADIENT FRACTIONS 



A c u l t u r e  was g rown b y  oxygen  g a s s i n g  a t  0 . 5  S.C.F.H. 

The oxygen  l e v e l s  and tames o f  sampl ~ n g  a r e  shown i n  

F i g u r e  17. The c e l l s  h a r v e s t e d  i n  samp les  A and  B were 

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

l e v e l  were p igmented .  The e x p e r i m e n t  showed t h a t  t h e  

deve lopmen t  o f  t h e  p r e p h o r e  f r a c t i o n  i n t o  c h r  cmatophores  

was i n h i b i t e d  a t  t h e  h i g h  oxygen  l e v e l .  S u r p r i s i n g l y ,  t h e  

s y n t h e s i s  of  B c h l  c o n t l  nued. The i n  v i  vo s p e c t r u m  showed -- 
t h a t  t h e  870 nw f o r m  o f  B c h l  p r e d o m i n a t e d  i n  samp le  C 

( F i g u r e  2 0 )  w h i l e  t h e r e  was a l a r g e  i n c r e a s e  i n  t h e  8 5 0  n m  

f o r m  o f  B c h l  i n s a m p l e  D ( F i g u r e  20) .  A n a l y s i s  o f  t h e  

g r a d i e n t  f r a c t i o n s  f o r  p igment ,  however *  f a i  l e d  t o  show 

t h e  d r a m a t i c  r n c r e a s e  ( T a b l e  V ) .  T h i s  tab le  shows t h a t  

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

c o n t e n t  o f  t h e  850 nm f o r m  o f  B c h l .  T h i s r  however, 

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

smal l p a r t i c l e  f  r a c t r o n  a s  a whole, 

E, A n a l y s i s  o f  i n d i v i d u a  1 p r o t e i n  components  o f  smal  I 

p a r t i c l e  f r a c t i  ons d u r i n g  a d a p t a t i o n ,  

1. G r o w t h  c o n d i t i o n s  u s e d  p r i o r  t o  p u r i f i c a t i o n  and 

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

C u l t u r e s  AsBrC and U were grown f r o m  i n n o c u l a  o f  l o w  

pcgment  c o n t e n t .  

C u l t u r e  A. 

The c u l t u r e  was g rown a t  a f  I o n  r a t e  o f  2 S,C.F.H, 
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Table V 

Opt ical  densi ty  of gradient  f r a c t i o n  a t  850 and 870 nm. 

( N  .Be Samples A and B contained no de tec tab le  pigment .) 

Fraction 

Sample C . Sample D 

8;: O.D. 
870 

O.D. 0 .D. 
850 870 

Heaty chromatophore 5x10 0.023 

0.006 Light chromatophore 5x10 

Prephore 



u s i n g  lOOX oxygen. The c e l l s  were h a r v e s t e d  w h i l e  t h e  

c u l t u r e  was a t  e a r l y  l o g  phase, 

C u l t u r e  B. 

The c u i  t u r e  Has grown a t  a f I o n  r a t e  o f  0.5 S,C.F.H, 

u s i n g  65% oxygen, The d ~ s s o l v e d  oxygen  c o n t e n t  was 

m o n i t o r e d  t h roughouS  g r o w t h  by means o f  a n  oxygen  

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

f r a c t i o n  He re  o b t a i n e d  b y  h a r v e s t i n g  the  c u l t u r e  when 

c e l l u l a r  u p t a k e  had  r e d u c e d  t h e  oxygen  c o n t e n t  t o  0.25 m 

m o l e s / l i  t e r  ( a  mete r  r e a d i n g  o f  18Z). 

C u l t u r e  C ,  

I n  t h i s  c u l t u r e  65X oxygen  was u s e d  t o  p r o d u c e  a m i d  

l o g  p h a s e  c u l t u r e ,  The a d a p t i v e  changes  - r e  t h e n  i n d u c e d  

by g a s s i n g  f o r  two  h o u r s  w i t h  4X oxygen a t  2 S . C . F , H ,  

Under  t h e s e  c o n d i t i o n s  p i  g r n e n t a t l  on i s  t a p i d .  

C u l t u r e  0 .  

T h i s  c u l t u r e  was g rown  t o  mad l o g  phase i n  t h e  same 

manner as c u l t u r e  C and t h e n  s l o w l y  a d a p t e d  b y  l i r n i  t r n g  

t h e  oxygen  e n t r y  t o  d i f f u s i o n  t h r o u g h  t h e  s u r f a c e  o f  t h e  

m a g n e t i c a l l y  s t i r r e d  medium. The c u l t u r e  was h a r v e s t e d  

a f t e r  6 hours ,  

C u l t u r e  E. 

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

f l a s k  f u l l  o f  f r e s h  medium and grown a n a e r o b i c a l l y  f o r  a 

f u r t h e r  t h r e e  days, The c u l t u r e  was i I I u m r n a t e d  a t  

a p p r o x i m a t e l y  300 f o o t  c a n d l e s .  A f t e r  a s low g r o w t h  t h e  



c e l l s  were h a r v e s t e d  a t  m i d  l o g  phase. They were t a k e n  t o  

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

2. C e l l  numbers  and B c h l  c o n t e n t s  o f  t h e  c u l t u r e s .  

The number o f  c e l  l s / m l  a n d  t h e  deg ree  o f  t h e i r  

p i g m e n t a t i o n  i s  shown i n  T a b l e  V I .  I t  c a n  b e  seen  t h a t  

c u l t u r e s  A a n d  B were unp igmen ted*  w h i l e  CI D and  E 

c o n t a i n e d  v a r i o u s  l e v e l s  of  p igment .  The c u l t u r e  i n d u c e d  

t o  r a p t d  a d a p t a t i o n ?  C p  h a d  a b o u t  hal  f t h e  p i g m e n t / p r o t e i n  

r a t i o  o f  c u l t u r e  D ( s l o w l y  a d a p t e d )  a f t e r  s i x  hours .  The 

p h o t o s y n t h e t i c  c e l  I s  t c u l t u r e  € 1  c o n t a i  ned t h e  mos t  

prgment .  C u l t u r e  C c o n t a i n e d  o n l y  t h e  870 nm f o r m  o f  

Bch l ,  c u l t u r e  D c o n t a ~ n e d  e q u a l  amounts  o f  t h e  850 and  870 

nm f o t m s r  w h i l e  c u i t u r e  E h a d  t h e  m a j o r i t y  o f  p i g m e n t  i n  

t h e  850 nm form. 

3, S e p a r a t i  o n  scheme, 

A n  e a r l y  e x p e r i m e n t  h a d  shown t h a t  m a t e r i a l  

c e n t r i f u g e d  f o r  2 4  h o u r s  i n  a  s u c r o s e  d e n s i t y  g r a d i e n t  

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

a f t e r  t h e  s t a n d a r d  14 h o u r  run .  The p r o f  i l e  obtained 

a f t e r  o n l y  8 h o u r s  was d i f f e r e n t .  In  t h e  s t a n d a r d  

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

d e n s i t y  e q u i v a l e n t  t o  282  s u c r o s e  ( 8  h r )  r a t h e r  t h a n  34% 

( 1 6  hr ) .  1 d e c i d e d  t o  f r a c t i o n a t e  and p u r i f y  m a t e r i a l  

p r o d u c e d  f  row t h e  d i f f e r e n t  c u l t u r e s  usrng b o t h  
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e q u i  I r b r i u m  and  non-equr 1  i b t i u r n  c e n t r i f u g a t i o n -  F r a c t i o n s  

f r om t h e  s t a n d a r d  (16  h r )  g r a d i e n t  here  f u r t h e r  r e s o l v e d  

by  8 h r  n o n - e q u i l i b r i u m  c e n t r i f u g a t i o n  i n  less e x t r e m e  

g r a d i e n t s  t h a n  t h e  s t a n d a r d  (25 t o  5 5 %  s u c r o s e )  g r a d i e n t .  

The s e p a r a t  i on scheme i s  shown d i a g r a m a t i c a l  1  y i n  F i g u r e  

21. ( A  r e v e r s e  o r d e r  o f  t h e  use o f  e q u i l i b r i u m  and  

non-equ i  l i br ium c e n t r  r f u g a t i  o n s  was f o u n d  t o  g i  ve t h e  b e s t  
\ 

y i e l d  o f  t h e  medium d e n s i t y  f r a c t i o n .  Th is  m a t e r r a l  was 

a n a l y s e d  a l o n g  w i t h  f r a c t i o n s  f r o m  t h e  scheme shown i n  

F ~ g u r e  2 1  1, 

I n  samp les  A90 and C P  t h e  p r e p h o r e  f r a c t i o n  was the 

l a r g e s t 9  x h i  l e  samples D and E c o n t a i n e d  m o s t  m a t e r i a l  i n  

t h e  l i g h t  ch roma topho re  f r a c t i o n  i c f ,  r u n  Gf, F i g u r e  211. 

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

c e l l s  ( s a m p l e s  A and 01, were unp igaen ted .  The amount  o f  

m a t e t t a l  i n  t h r s  f r a c t i o n  i n c r e a s e d  f r o m  samples A t o  C 9  

t h e  l a t t e r  being p i g m e n t e d  ( i n  t h e  870 nm f o r m  o f  B c h l l .  

F u r t h e r  p u r i f i c a t i o n  o f  t h e  p r e p h o t e  f r a c t i o n s  p r o d u c e d  a n  

i n t e r e s t i n g  r e s u l t  ( see  r u n  G 5 ,  F i g u r e  Z i1 .  The p r e p h o r e  

f r a c t i o n s  o f  samp les  C 9  %1 and E i n  t h e  s t a n d a r d  

e q u i  l i b r i u m  c e n t r i f u g a t i o n  ( G I )  were p igmented .  A f t e r  t h e  

non-equ i  l i b r  ium run t h e  p i  grnent had  n o t  s e d i  merited b u t  

r e m a i n e d  i n  t h e  b u f f e r  l a y e r  a b o v e  t h e  g r a d i e n t  ( 5 8 1 ,  The 

o n l y  e x p l a n a t i o n  f o r  t h e  f a c t  t h a t  i n  samples  CI 0 a n d  E 

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

l a y e r  was t h a t  t h e  o r i g i n a l  p r e p h o t e  f r a c t i o n  had 



F i g u r e  21. Separa t ion  scheme 
( ~ e n s i t y  g r a d i e n t  p r o f i l e s  

a t  2 5 4  nm.) 

GI 16 hour run  

*Frac t ions  from G1 c o l l e c t e d ,  
d i l u t e d ,  ha rves t ed  over  
s u c r o s e  t r a p ,  d i a lysed  and 
added t o  G 3 ,  ~4 o r  C 5  ( s e e  
d iagram) .  
Shaded a r e a s  under g r a d i e n t  
c u r v e s  r e p r e s e n t  the 

d i f f e r e n t  f r a c t i o n s .  

G 3  8 hour run 

3 

22 % t-- SUCROSE 4 4 0 %  

~4 8 hour run  

22 % +- SUCROSE + 43% 

G5 8 hour run  

% 



d i s s o c i a t e d  i n t o  s a a l l e r  u n i t s ,  The new f r a c t i o n  h a s  been  

t e r m e d  t h e p r e p h o s e  s u b u n i t  f r a c t i o n  ( c f .  S e c t i o n  I.E.2 

above ) .  

4. SOS-PAGE a n a l y s i s  o f  t h e  f r a c t i o n s .  

Sampi es Mete a n a l y s e d  b y  t h e  S D S - P A G E  t e c h n i q u e .  

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

m a t e r i a l  f r o m  c u l t u r e  C a r e  shown ( F i g u r e s  2 2  t o  26).  

The p i g m e n t e d  m a t e r i a l  ( S t )  r e m a i n i n g  i n  t h e  b u f f e r  

i n  t h e  g r a d i e n t s  o f  tun G 5  ( F i g u r e  2 1 )  h a d  a 

c h a r a c t e r i s t i c a l l y  s i m p l e  p r o f i l e .  T h ~ s  p r o f i l e  was a l s o  

o b s e r v e d  i n  t h e  P* f r a c t i o n s  a n a i y s e d  f r o m  t h i s  run 

( F i g u r e  2 9 1 ,  The p r o f i l e s  f o r  t h e  S* f r a c t i o n  a t e  shonn  

i n  F i g u r e s  27 and 28 f o r  m a t e r i a l  f r o m  c e l l s  g rown  i n  a l l  

o f  t h e  d i f f e r e n t  c u l t u r e  c o n d i t c o n s .  ' A l t h o u g h  m a t e r i a l  

f r o m  c u l t u r e s  A and  B i n  f r a c t i o n  S* h a s  a more comp lex  

p r o f l i e r  t h a t  f r o m  P* f r o m  c u l t u r e  A showed t h e  same 

typical p r o f  r l e  as t h a t  f r o m  c u l t u r e s  C and I) ( F i g u r e  2 9 1 ,  

F i g u r e  3 0  shons  t h e  SOS-PAGE p r o f i  i e  o f  t h e  p r e p h o r e  

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

e l e c t r o p h o r e s i s  ( c f .  S e c t i o n  I.E.2) i n  c o m p a r i s o n  w 8th 

t h a t  o f  a ch to ;na topho re  f r a c t i o n ,  I t  c a n  be  seen  t h a t  

p r o t e i n s  BpF a n d  H a r e  t h e  m a j o r  p r o t e i n s  i n  t h e  p r e p h o r e  

s u b u n i t  f r a c t i o n  , 

F ~ g u r e  3 1  shows t h a t  t h e  ma tu re  s u b u n t t  m a t e r i a l  

p u r i f i e d  by g l y c e r o l  d e n s i t y  g r a d i e n t  e i e c t r o p h o r e s i s  h a s  \, 
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Figure  27. 

CULTURE A. 

CULTURE B. 

SDS-PAGE p r o f i l e s  of S* f r a c t i o n  
from c u l t u r e s  A and B. 



Figu re  28. 

CULTURE D. I 

SDS-PAGE p r o f i l e s  of S* f r a c t i o n  from c u l t u r e s  C , D  and E. 









a  p r o f i l e  s i m i l a r  t o  t h a t  o f  t h e  ch romatophore .  The 

t y p i  c a l  ch roma topho re  SDS-PACE p r o f  i l e  i s  shown I n  F i g u r e  

32 

SDS-PAGE o f  t h e  r e c o n s t i t u t e d  p r e p h o r e  f r a c t t o n  ( c f ,  

S e c t i o n  I . E . 2 )  shows t h a t  p r o t e i n s  B,F a n d  H a r e  m a j o r  

components  ( F i g u r e  331, 

F i g u r e  3 4  shows t h a t  a p i g m e n t - p r o t e i n  comp lex  

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

h a s  many p r o t e i n s  i n  common w i t h  t h e  r e c o n s t i t u t e d  

p r e p h o r e  m a t e r i a l .  The c o m p l e x  was e x c r e t e d  when e a r l y  

l o g  phase  c e l l s  were a n c u b a t e d  f o r  10 hr In t h e  dark9 w i t h  

oxygen  e n t r y  l i m i t e d  b y  d i f f u s i  on i n t o  t h e  c u l t u r e .  A n  

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

magnesium p r o t o p o r p h y r  i n  ( o r  i t s  monomethyl e s t e r  1. 

111, E v i d e n c e  f o r  Chromatophore  F r a c t i o n  P r e c u r s o r s .  

A, I n c o r p o r a t i o n  o f  L-(U-&+C) p r o l i n e  i n t o  t h e  s m a l l  

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

The a d a p t a t  i o n  e x p e r i m e n t  d e s c r i b e d  i n  S e c t  i o n  

I 1 1  F i g u r e  19 above  was c a r r i e d  o u t  i n  t h e  p r e s e n c e  

o f  L - ( U - L * C ) p r o l i n e  a s  d e s c r i b e d  i n  t h e  Me thods  s e c t i o n  

( C h a p t e r  29 S e c t i o n  I I K I  The d i s t r i b u t i o n  o f  %*C 

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

p r o t e i n  i.n t h e  f r a c t i o n s  i s  shown i n  F i g u r e  35. It c a n  be 

seen t h a t  a t  0, 2 and 6 hr t h e  p r e p h o r e  t r a c t i o n  i s  h i g h l y  

l a b e l l e d  i n d i c a t i n g  t h a t  i t  c o n t a i n e d  n e w l y  s y n t h e s i z e d  
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Figure 35. The t o t a l  a c t i v i t y  i n  dpm ( x  l ~ - ~ ) / m l  ( l e f t )  
and t h e  s p e c i f i c  a c t i v i t y  i n  dpm ( x  1 0 - ~ ) / m ~  pro te in  
( r i g h t )  a r e  shown f o r  each 3 m l  g r a d i e n t  f r a c t i o n  i n  
t h e  p r o l i n e  l a b e l l i n g  experiment. 



p r o t e r n s .  A t  6 h r  t h e  m a j o r i t y  o f  t h e a c t i v i t y  was 

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

f r a c t i o n 9  a t  t h e  t o p  ~f t h e  g r a d i e n t #  was o n l y  

s i g n l f  # c a n t i  y l a b e l  l e d  a t  0  a n d  2  hr. 

The t o t a l  a c t i v i t y  p l o t s  o f  F i g u r e  35  w e r e  a n a l y s e d  

w i t h  a Dupon t  Model 310 c u r v e  a n a l y s e r p  b y  assum ing  t h a t  

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

Gauss i  an  c u t v a s s  o r  comb i n a t  i ons  of  G a u s s i a n  c u r v e s .  T h e  

a r e a  o f  each 3 m i  segment of  t h e  c u r v e  e n v e l o p e  I g e n e r a t e d  

by summat i on o f  a l l t h e  Gaussi a n  components)  ma tched  t h e  

a c t i v i t y  c o n t a i n e d  i n  each f r a c t i o n  w i t h  an  a v e r a g e  

d e v i a t i o n  o f  + o r  - 3 . 8 X .  No f r a c t i o n h a d  a  d e v i a t i o n  

g r e a t e r  t h a n  2X of  t h e  t o t a l  a c t i v i t y  c o n t a i n e d  in t h e  

e n t i  r e  membrane f  t a c t  i on .  B y  t h i s  method, a n  e s t a t e a t i o n  

o f  t h e  t o t a l  a c t i v i t y  i n  each f r a c t i o n  was o b t a i n e d ,  The 

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

i s  shown ( F i g u r e  35). 

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

r e m a i n e d  low.  The a c t r v i  t y  i n  t h e -  p r e p h o r e  f r a c t i o n  

peaked  a t  6 hr. The r i s e  i n  a c t i v i t y  o f  t h e  p r e p h o r e  

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

t r a c t i o n .  A t  2 0  h r9  t h e  h e a v y  c h r o m a t o p h o r e  f r a c t i o n  

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

f r a c t ~  on. 

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

d u r  i ng a d a p t a t  i on. 



KEY 

SOL = b u f f e r  over g r a d i e n t .  PR3 = protophore  f r a c t i o n .  
RKDG = background component. PRE = prephore  f r a c t i o n .  
LC and KC = l i g h t  and heavy chromatophore f r a c t i o n s .  

BANDS 

Figu re  36 .  D i s t r i b u t i o n  of 4~ a c t i v i t y  i n  t h e  f r a c t i o n s  a t  

d i f f e r e n t  t imes  ( h o u r s )  d u r i n g  a d a p t a t i o n  i n  t h e  

14c p r o l i n e  l a b e l l i n g  exper iment .  



1. Growth a n d  up take o f  l a b e l  l e d  amino ac ids ,  

A c u l t u r e  was grown a e r o b i c a l l y  t o  e a r l y  l o g  phase 

and i n c u b a t e d  i n  t h e  p resence  o f  3 H - i s o l e u c i n e  f o r  t h r e e  

hours.  Co ld  i s o l e u c i n e  was t h e n  added as a chase ( f o r  

d e t a i  i s  see Chapter  2, S e c t i o n  II.K.2) and a sample t a k e n  

10 h r ) .  A d a p t a t i o n  was i n d u c e d  b y  g a s s t n g  w i t h  4 2  oxygen 

( b a l a n c e  n i t r o g e n ) #  a 10 m i n  p e r i o d  b e i n g  a i l o w e d  f o r  

equ i  l i b r a t i o n  of t h e  d i s s o l v e d  oxygen c o n t e n t -  

14C-Pr o l  i n e  was t h e n  added and a p e r  i od o f  2 h r  a l l  owed 

p r r o r  t o  t h e  a d d i t i o n o f  c o l d  p r o t i n e  as a chase. The 

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

t a k i n g  1 0  m I  aliquots. Samples o f  1 I. were t a k e n  j u s t  

b e f o r e  t h e  r e d u c t i o n  i n  oxygen I s v e l  I 0  h r  1 and a t  t h r e e  

subsequent  t i m e s  ( 2 ,  b and 16 hr). The g r o w t h  o f  t h e  

c u l t u r e  and t i m e s  o f  a d d i t i o n s  a r e  shown i n  F i g u r e  37. 

The i n c o r p o r a t i o n  ~f each l a b e l  by  the whole c e l l s  i s  

s h o ~ n  i n  F i g u r e  38 as a p e r c e n t a g e  o f  t h e  amount added. 

I t  can be seen t h a t  t h e  a d d i t i o n  of t h e  c o l d  amino aclds 

e s s e n t i a l  l y  p r e v e n t e d  a p p r e c i a b l e  up take  o t  t h e  l a b e l  l e d  

amino ac ids .  The u p t a k e  o f  some a d d i t i o n a l  i*C-prol i n e  

t h a t  occured between 10 a n d  16 h r s  p r o b a b l y  r e s u l t e d  f rom 

a l a r g e  u p t a k e  of p r o 1  l n e  a t  t h e  end o f  l o g  phase when t h e  

normal  s u b s t r a t e s  became l i m i t i n g .  The i n d u c t i o n  o f  

a d a p t a t i o n  a t  a low l e v e l  o f  c e l  I s  p e r  rnl m i n i m i z e d  t h e  

p o s s i b i  l r t y  o f  re -u t i  i i z a t i o n  o t  m a e r o b i c w  p r o t e i n s  and 
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t a v o u r e d  t h e  p r o d u c t i o n  o f  a l a r g e  m e d ~ u m  d e n s i t y  

f r a c t i o n .  

2 .  F r a c t i o n a t i o n  o f  t h e  c e l i s .  

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

smal I p a r t i c l e  f r a c t i o n  was r e s o l v e d  u s i n g  a 25 t o  55Z  

s u c r o s e  d e n s i t y  g r a d i e n t ,  The s u b u n i  t p f e p a r a t i  o n  was 

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

a n a l y s e d  b o t h  b e f o r e  ( " c r u d e w  CSU) a n d  a f t e r  g l y c e r o l  

d e n s i t y  g r a d i e n t  e i e c t r  o p h o r e s i s  ( " p u r  i f  r ed" PSU) . The 

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

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

remove a b s o r b e d  r a d i o a c t i v i t y  a n d  g l y c e r o l  o r  suc rose .  

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

f r a c t i o n s  i s  shown i n  F i g u r e  39, The c o m b i n a t i o n  o f  a l o #  

i n i t i a l  c e l l  l e v e l  and  4X o x y g e n  g a s s i n g  a l l 0 ~ 0 d  c e l l s  t o  

grow a e r o b i c a l l y  a t  a f a i r l y  h i g h  r a t e  ( F i g u r e  37). 

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

p i g m e n t  p r o d u c t i o n .  These c o n d  i t i  ons we re  u s e d  t o  p r o d u c e  

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

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

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

l o g  phase  o r  w i t h  l owe r  l e v e l s  o f  oxygen. As a  r e s u l t ,  

t h e  a e r o b i c  membrane peak  was l a r g e  compared  t o  t h e  

c h r o m a t o p h o r e  peak i n  t h e  s u c r o s e  g r a d i e n t  ( 2 9 %  and  34% 

s u c r  ose, r e s p e c t i v e  l y  1. The a e r o b i c  membrane component  



Figure j g m  Distribution of sedimentable protein 
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was, however,  r e d u c e d  d u r  i n g  a d a p t a t i o n ,  t h e  ch roma topho re  

peak b e l n g  d o m i n a n t  i n  t h e  m a t e r i a l  f torn t h e  16 h r  sample. 

The ove r  Capping o f  these components  p r e v e n t e d  good 

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

These c o m p o n e n t s ~  c o n t a i n e d  t n  f r a c t i o n s  4, 5 a n d  b ( 2 8  t o  

37% s u c r o s e )  were pooled;  t h i s  f r a c t i o n  w i l l  b e  r e f e r r e d  

t o  a s  t h e  "4-6" t r a c t i o n ,  

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

o f  g r o w t h  a t  t h e  low oxygen  l e v e l .  The "4-6- f r a c t i o n  Has 

h i g h l y  p i g m e n t e d  a f t e r  6 h r  i n d i c a t i n g  a ch roma topho re  

c o n t e n t .  T h e , 8 7 0  nm f o r m  o f  B c h l  p redom ina ted .  The 

a b s o r b a n c e  o f  t h e  8 7 0  nm f o r m  o t  B c h l  per mg p r o t e i n  i s  

shown i n  F i g u r e  40, A s i m i l a r  p r o f i l e  was o b s e r v e d  f r o m  

w h o l e  c e l l  samples, b u t  a f t e r  16 h t  a peak a t  850 nm was 

p resen t ;  i t s  abso rbance  was a b o u t  h a l f  t h a t  o f  t h e  870 nm 

form, The p r o b a b i l i t y  t h a t  t h e  c e l l s  were  a  m u t a n t  s t r a i n  

Has low, a s  g r o w t h  o f  c e l  I s  f  tom t h e  same i n n o c u l u m  s t o c k  

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

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

a n d  p u r i f r e d  s u b u n i t  f r a c t i o n s  rs a l s o  shown i n  F i g u r e  4 0 .  

I n  ag reemen t  w i t h  p r e v i o u s  work, t h e  s u b u n i t s  were  

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

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

t h e  l a t e r  s t a g e s  o f  a d a p t a t ~ o n ;  a t  6 a n d  16 hr t h e i r  

s p e c i  f  i c  p i g m e n t  c o n t e n t  Has on1 y  a b o u t  30X t h a t  o f  t h e  

"4-6" f r a c t i  on. 



OD 870 nm/mg p r o t e i n  



3, D i s t r r 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  s m a l l  p a r t i c l e  

f r a c t i  ons, 

The s p e c i f i c  a c t i v i t i e s  o f  t h e  t h r e e  m a j o r  p u r i f i e d  

membrane f r a c t i o n s  a t  each t i m e  s t u d i e d  i s  shown i n  F i g u r e  

4 1  For  comparison, two "averagew v a l u e s  a r e  a l s o  

i n c l u d e d :  ( a )  t h e  e s t i m a t e d  ave rage  f o r  a l l  c e l l u l a r  

p r o t e i n s ,  assuming I n c o r p o r a t i o n  o f  a l l  t h e  amino a c i d s  

t a k e n  up  by t h e  c e l l s  i n t o  p r o t e i n s ,  and ( b l  t h e  ave rage  

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

f r a c t i o n s .  F i g u r e  4 1  shows t h a t  t h e  s p e c i f  i c  a c t i v i t ~ e s  

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

w i t h  t h e  decrease observed i n  t h e  two average values,  A 

dtamatrc except ion ,  however, i s  t h e  s p e c i f i c  a c t i v i t y  o f  

t h e  **4-6" f r a c t i o n  ( b o t h  3 H  and 14C InabeI l e d  p r o t e i n s )  

n h i c h  i n c r e a s e d  a t  16 hr. T h i s  was c o i n c i d e n t  w i t h  t h e  

i n c r e a s e  i n  t h e  chromatophore f r a c t i o n  (254 nm absorbance 

a t  342 suc rose  i n  t h e  d e n s i t y  g r a d i e n t ) ,  

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

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

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

a c t i v i t y ,  The r e s u l t i n g  r a t i o s  ( p l o t t e d o n  a  l o g  s c a l e )  

f o r  t h e  t h r e e  major  f r a c t i o n s  a r e  shown i n  F i g u r e  4 2 .  

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

t h e  medium d e n s i t y  f r a c t i o n  (betmeen 2 and 6 h r )  and t h e  

s u b u n i t  f r a c t i o n s  l between 0 and 6 h r  1 i s  i ndeed  g r e a t e r  





Figure 42 . Log plot of the specific activity/fraction 
protein to specific activity/whole cell protein ratio. 
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t h a n  average d u r i n g  a d a p t a t i o n .  

The 3 H / L 4 C  r a t i o s  were a l s o  c a l c u l a t e d .  The d a t a  

were c o r r e c t e d  t o  r e f l e c t  t h e  r a t i o s  ~ h i c h  wou ld  have b e e n  

o b t a ~ n e d  i f  equa l  r n ~ t i a l  3H and l*C a c t i v i t i e s  had been  

added t o  the  medium. The samples were coun ted  t o  + o r  - 
1Z and t h e  r a t i o s  w e r e  t h u s  d e t e r m i n e d  t o  b e t t e r  t h a n  + o r  

- 5 % .  F i g u r e  43  shows t h a t  t h e  JH/x*C r a t i o s  of t h e  

p u r i  f l e d  subun i  t ss  p roduced by t h e  c e l  l f rom f o u r  

dr f f  e r e n t  s t a g e s  o f  a d a p t a t  ion, were a l m o s t  i d e n t t c a l .  

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

The v a r i a b l e  3 ~ 1 1 4 C  t a t  10s i n  t h e  c rude  s u b u n i t s  and t h e i  r 

hrgh  s p e c i f  i c  a c t i  v i t y  was p r o b a b i y  due t o  adso rbed  a r r n o  

ac ids .  The s i m i l a r  3H/1*C r a t i o s  a f t e r  d i a l y s i s  a g a i n s t  

20% g l y c e r o l  [ l m M  T r i s  pH 7 . 5 )  f o r  t h r e e  days  shows t h a t  

t h i s  f r a c t i o n  i s  p r o b a b l y  f r e e  f rom d i a I y s a 5 I e  

c o n t a m i n a t i o n .  The unp igrnented mater i a t  separa ted  f r o m  

t h e  subuni  ts by t h e  e l e c t r o p h o r e t i c  p u r i f i c a t i o n s  

c o n t a i n e d  l e s s  t h a n  30% o f  t h e  p r o t e i n .  a lower  "H/'*C 

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

4. 2-Ch l o t o e t h a n o l  d i g e s t  ion. 

An a t t e m p t  was made t o  s e p a r a t e  t h e  " a e r o b i c * *  f r o m  

t h e  a p h o t o s y n t h e t i c * v  p r o t e i n s  u s i n g  t h e  2-ch l o r o e t h a n o l  

t e c h n i q u e  of F t a k e r  (1971) .  The u n f r a c t i o n a t e d  s m a l l  

p a r t i c l e  f r a c t i o n  was t r e a t e d  w i t h  2 - c h l o t o e t h a n o l  a s  was 

d e s c r i b e d  i n  chap te r  2. The m a t e r i a l  was easily 



F i g u r e  43 . 3 ~ / r 4 ~  r a t i o s  f o r  t h e  f r a c t i o n s .  

A = Crude s u b u n i t s  

B = P u r i f i e d  s u b u n i t s  
C = The r4-61 f r a c t i o n  

D = Medium d e n s i t y  f r a c t i o n  

E = The 2.-chloroethanol s o l u b l e  f r a c t i o n  



s o l u b ~ l ~ z e d  and  c e n t r  t f u g a t ~ o n  (279000 x Q f o r  1 5  min)  

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

s o l u t i o n  and  t h e  p e l  l e t  p r o t e r n s  here t e r m e d  t h e  P I 1  and  

P I  f r a c t i o n s ,  r e s p e c t r v e l y .  The s o l u b l e  f r a c t i o n  ( P I 1 1  

had b e e n  f o u n d  b y  F r a k e r  t o  c o n t a r  n  a b o u t  9 5 Z  o f  t h e  

p r o t e i n s  s p e c i f  i c a l  ly a s s o c i a t e d  ~ i t h  t h e  chrornatophores,  

w h i l e  t h e  p e l l e t  m a t e r i a l  ( P I )  was b e l i e v e d  t o  c o n t a i n  t h e  

m a j o r r t y  of  " a e r o b i c w  p r o t e i n s .  I found, howeve r?  t h a t  

be tween  45  a n d  60% o f  t h e  p r o t e i n s  were s o l u b l  lized b o t h  

f r o m  t h e  " a e r o b i c "  c e l l  smal I p a r t i c l e  f r a c t i o n  and  t h a t  

f r om p i g m e n t e d c e l l s a t 2 ~  6 and 16 hr, The g e t h o d  d i d  

n o t  appea r  t o  be as s p e c i  f  i c as  had  been hoped. It was 

f o u n d  that t h e  J H / f * ~  r a t l o  o b t a i n e d  f r o m  t h e  P I 1  f r a c t i o n  

was simi l a r  t o  t h a t  o f  t h e  p u r  i f  ted p r e p h o r e  s u b u n i t s  

{ F i g u r e  431 ,  

C,  E l e c t r o n  m i c r o s c o p i c  e x a m i n a t i o n  o f  t h i n  s e c t i o n s  f r o m  

a d a p t i n g  c e l  1s. 

S e c t i o n s  o f  a e r o b ~ c a l  l y  g rown c e l  Is a n d  t h o s e  o f  

c e l l s  a d a p t e d  b y  g a s s i n g  w i t h  1% o r  4 Z  oxygen  a r e  shown i n  

F i g u r e s  4 4  t o  50. The s t a i n i n g  and s e c t i o n i n g  t e c h n i q u e s  

a r e  d e s c r i b e d  i n  c h a p t e r  2. 



Figure 4 4 .  

C e l l  s e c t i o n  of oxygen grown c e l l s  showing ae rob ic  

invag ina t ions  . 



Sect ion of c e l l  with increase  i n  per iplasmic l i p i d .  

Mid l o g  phase aerobic  c e l l s  adapted f o r  2 hours by 

gass ing  w i t h  1% oxygen (balance n i t r o g e n ) .  

F igure  45. 



Figure  46. 

C e l l  s e c t i o n  showing connection between PHB s to rage  

g r a n u l e  and t h e  periplasmic space.  Aerobic c e l l s  adapted 

a t  mid l o g  phase by gass ing  wi th  1% oxygen (balance 

n i t r o g e n )  , f o r  2 hours .  



Figure  47, 

Figure  48. 

47. C e l l  s e c t i o n  showing increased  p e r i p h e r a l  invag ina t ions .  

Aerobic c e l l s  adapted from mid log phase by gass ing  with 

4% oxygen (ba lance  n i t r o g e n )  f o r  0.5 hours .  

48. C e l l  s e c t i o n s  showing f u r t h e r  i n c r e a s e  i n  invag ina t ions ,  

Same c u l t u r e  as above a f t e r  2 hours  of adap ta t ion .  



Figure  49. 

Figure 50. 

49. Sect ion  of c e l l  from same c u l t u r e  as Figs.  47,48. 

Chromatophores present  i n  t h e  c e n t e r  of t h e  c e l l  

a f t e r  adap ta t ion  f o r  4 hours .  

5 0 .  Sect ion  of c e l l s  from above c u l t u r e  a f t e r  8 hours  

showing an  inc rease  i n  chromatophores. 



C h a p t e r  4. D i s c u s s i o n .  

I. D i s c u s s i o n  o f  t h e  E x p e r i m e n t a l  P rocedu res .  

A, The I i n e a r  d e n s i t y  g r a d i e n t  t echn iques .  

O f  a l  l t h e  s e p a r a t i v e  t e c h n i q u e s  i n v e s t i g a t e d  ( c f .  

Resu l  ts, S e c t  i o n  1.A. and  0.1 t h e  l i n e a r  s u c r o s e  d e n s i t y  

s r a d i  e n t  u i t r a c e n t r a t u g a t t  on t e c h n r q u e  was t h e  m o s t  

t e p r o d u c i  b l e and gave  t h e  g r e a t e s t  r e s o l u t i  on, 

M o d i f  i c a t  i o n s  o f  t h e  h a r v e s t i n g  t e c h n i  que and t h e  g r a d i e n t  

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

c h r o m a t o p h o r e s  ~i t h  t h e  o t h e r  c s l  l u i a r  s t r u c t u r e s .  

F r a c t i o n s  were shown t o  h a v e  r e a c h e d  t h e i r  e q u i t i b r i u w  

b o u y a n t  dens i t i e s  a f t e r  15 hr o f  c e n t t  i f  u g a t  i on9 n o  

f u r t h e r  change b e i n g  o b s e r v e d  a f t e r  24 hr, The membrane 

f r a c k  i ons  were s e p a r a b l e  by non -equ i  l i b r i u m  

c e n t r i f u g a t i o n r  b u t  t h e  r e s o i u t i o n  was n o t  a s  good  as was 

o b t a i  ned  by t h e  e q u i  l i b r  ium techn iqqe ,  Th i s  p r o b a b l y  

r e s u l t e d  t r o m  v a r i a t i o n s  i n  t h e  s i z e s  o f  t h e  membrane 

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

e q u i l  i b r i u w  t e c h n i q u e  was t h e  smal l  amount  o f  m a t e r i a l  ( a  

few rag p r o t e i n )  t h a t  c o u l d  be added  t o  e a c h  g r a d i e n t ,  The 

raethodr howeve r *  p r o v i d e d  enough  m a t e r i a l  f o r  p r o t e i n  

a n a l y s i s  by SDS-PAGE and  t h e  d e t e r m i n a t i o n  o f  t h e i r  

p i  g raen t / p ro te  I n r a t i  0s. The use  o f  s u c r o s e  d e n s i t y  

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

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



i n  S e c t i o n  11, below, The t a c t  t h a t  t h e s e  s u b u n i t s  

banded  a t  t h e  t o p  o f  t h e  g r a d i e n t  d u r i n g  t h e  s t a n d a r d  16 

hr c e n t r i f u g a t i o n  i s  b e l e i v e d  due t o  t h e i r  smal l e t  

d i a m e t e r s  and t h u s  t h e i r  g r e a t e r  s u r f a c e  t o  vo lume  r a t i o s ,  

The ~ n c r e a s e d  s u r f a c e  t o  vo lume r a t i o  causes  a n  i n c r e a s e  

i n  v i s c o u s  d r a g  p e r  u n i t  mass, t h u s  p r e v e n t i n g  them f tom 

a t t a i n i n g  t h e  i r p o s i  t i  ons  o f  b o u y a n t  e q u i  l i b r  ium. 

The  g l y c e r o l  dens1  t y  g r a d i e n t  e l e c t r o p h o r e s i s  

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

p r e p h o r e  s u b u n i t  e a t e r  i a i ,  S e p a r a t i o n  o f  t h e  p r e p h o r e  and 

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

c e n t r  i f  u g a t  i on. 

0 ,  E l e c t r o n  mic roscopy .  

T h i s  t e c h n i q u e  was u s e f u l  i n  p r o v i d i n g  a n  i d e a  as t o  

t h e  h o m o g e n e i t y  o f  membrane f r a c t i o n s .  The r e s u l t s  

o b t a i n e d  by t h i s  t e c h n i q u e  s h o u l d  be r e g a r d s d  as 

" i n d i c a t i  onsw r a t h e r  t h a n  " e v i d e n c e w  a s  t h e  i n t e r a c t i o n  o f  

t h e  s t a i n  a n d  s u b c e l l u l a t  s t r u c t u r e s -  i s  u e l  l known t o  

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

does, however, p r o v i d e  one o f  t h e  o n l y  methods  o f  

o b s e r v i n g  t h e  wacr om01 e c u l a r  s t r u c t u r e  o f  c e l  l u l a r  

components,  

The term, p r e p h o r e  s u b u n i t s  n a s  d e r i v e d  f r o a  s t u d i e s  

u s i n g  t h i s  t ochn ique .  I n  a d d i  t i o n  t o  t h e  l a r g e  p r e p h o r e  

s t r u c t u r e s ,  s m a l l e r  p a r t i c l e s  a b o u t  10 nm i n  d i a m e t e r  



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

p a r t i  c l  es  appea red  t o  t orm t h e  u n c o l  l a p s e d  p r e p h o r e  

s u b s t r u c t u r e ,  As t h e  p r e p h o r e  t r a c t i  o n  c o u l d  be  

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

b e  r e a g g r e g a t e d  t o  y i e l d  a p r e p h o r e  f r a c t i  on# i t  seemed 

r e a s o n a b l e  t o  suppose t h a t  t h e  s m a l l  p a r t i c l e s  were9 i n  

f a c t s  s u b u n i t s .  The s a c - l i k e  appearance  o f  t h e  medium 

d e n s i t y  t r a c t i o n *  how ever^ m i g h t  n e l l  h a v e  b e e n  due t o  

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

C, The SDS-PAGE t e c h n i q u e ,  

V a r i o u s  gel e l e c t r o p h o r e s i s  p r o c e d u r e s  w e r e  t e s t e d ,  

The method  o f  Laerne1 I i ( 1 9 7 0 ) ~  m o d i f  i e d  b y  C l a y t o n  a n d  

H a s e l k o r n  t 1 9 7 2 ) ~  was f o u n d  t h e  mos t  r e p r o d u c i b l e ,  The 

c u r r e n t  emp loyed  a n d  t h e  d i g e s t i o n  c o n d i t i o n s - w e r e  

o p t i m i z e d  ( C h a p t e r  2 s e c t i o n  11, I, 4 a n d  51 ,  The 

ch roma topho re  t r a c t i o n  p r o d u c e d  g e l  p r o f i  l e s  s i m i  l a r  t o  

t h o s e  shown by o t h e r  w o r k e r s  [ C l a y t o n  a n d  H a s e l k o r n  

(19721; Feher  ( 1 9 7 2 )  1- P e p t i d e s  w i t h  w e i g h t s  l e s s  than 

100  k D  were  u s e d  i n  t h e  c o m p a r a t i v e  s t u d y  as many " h i g h e r  

w e i g h t e *  bands  c o u l d  b e  r e d u c e d  b y  a  more  p r o l o n g e d  

d i g e s t i o n  t ime.  T h i s  s u g g e s t e d  t h a t  t h e y  w e r e  o l  i g o ~ e r s  

or a s s o c i a t e d  p o l y p e p t i d e s ,  The SDS-PACE t e c h n i q u e  h a s  

b e e n  f o u n d  t o  n o t  a i  ways a b o l i s h  p r o t e  i n - p r o t e a n  

i n t e r a c t i o n s  ( N e l s o n  1971)- A l t h o u g h  t h e  r e l a t i o n s h i p  

b e t ~ e e n  t h e  l o g a r i  thrn o f  t h e  m o l e c u l a r  w e i g h t  and t h e  



m o b i l  l t y  i n  t h e  g e l  has  b e e n  shown t o  b e  l i n e a r  t o r  

numerous p r o t e i n s  1 Weber and O s b o r n ~  (1969) 1 t h e s e  n e r e  

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

a c t u a l  mo lecu1a r  wet g h t s  o f  wemb rane p r o t e i n s  m i g h t  

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

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

w i t h  i d e n t i c a l  m o b i l i t i e s  a r e  t h e  same* am ino  a c r d  

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

T h i s  was n o t  a t t e m p t e d  w i t h  mate r  i a i  o b t a t n e d  i n  t h e  

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

m a t e r i a l ;  t h e  t e c h n ~ q u e  p r o v i d e d 9  however, a r e p r o d u c i b l e  

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

d i f f e r e n t  membrans f r a c t i o n s ,  A d i s c u s s i o n  o f  t h e  

assignmnent of m o l e c u l a r  w e r g h t  v a t u e s  t o  t h e  v a r i o u s  

f r a c t i o n s  i s  g i v e n  i n  Append ix  A w  

D. R a d i o - i s o t o p e  l a b e l  i r n g  t e c h n i q u e s .  

1. G e n e r a l  d i s c u s s i o n .  

The u s e  o f  r a d i o - i s o t o p e s  h a s  p r o v i d e d  a v a s t  a n o u n t  

o f  d a t a  o n  t h e  sequences  o f  b i o s y n t h e t i c  p a t h u a y s ,  The 

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

d e t e r  m i  n i  ng p r e c u r s o r - p r o d u c t  t e l a t i o n s h i p s  among 

s t r u c t u r e s  i n v o l v e d  i n  o tgane  l l e  n o r p h o g e n e s i s ,  The 

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

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

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



one s t t u c t u r e  i s  b e i n g  c o n v e r t e d  i n t o  a n o t h e r  r e a u i r e s  a 

know ledge  o f  b o t h  t he  r a t e s  o f  b reakdown a n d  r e s y n t h e s i s  

o f  t h e  s t r u c t u r e s  and a c c u r a t e  q u a n t i t a t i v e  e v a l  u a t i o n  ~f 

t h e  c e l l u l a r  p o o l  s r z e s .  D u t ~ n g  an  a d a p t a t i o n  process,  

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

c o n s t a n t ,  T h i s  aay w e l l  p r o d u c e  a v a r i a t i o n  i n  t h e  

t u r n o v e r  r a t e s  o f  t h e  i n t e r m e d i a t e s ,  An e s t i m a t i o n  o f  

t h r s  f a c t o r  r e q u i t e s  a k n o w l e d g e  o f  c e l l u l a r  p o o l  s i z e s *  

D n l y  u i t h  t h i s  d a t a  n o u l d  i t  b e  p o s s i b l e  t o  e q u a t e  t h e  

q u a n t i t a t i v e  changes i n  s p e c i f i c  a c t i v i t y  i n  a l l  t h e  

components  i n v o l v e d ,  

The s t u d y  o f  t h e  a d a p t i o n  o f  R. s p h e r o i d e s  t o  

p h o t s y n t h e t i c  g r o w t h  I s  d i f f i c u l t ,  a s  some R s t r u c t u r e s H  

a r e  p r o b a b l y  p a r t  o f  a membranous cont inuum,  T h i s  means 

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

d i s r u p t i v e  t e c h n i q u e  employed; p o o l  s i z e  i n  t h r  s c o n t e x t  

6s t h u s  a  q u e s t i o n a b l e  concep t ,  A n o t h e r  p r o b l e m  i s  t h a t  

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

l i b e r a t i o n  o f  one s t r u c t u r e  o v e r  another- .  The h i g h  l e v e l  

of p r e p h o r e  s u b u n i t s  l i b e r a t e d  i n  t h e  d o u b l e  l a b e l l i n g  

e x p e r i m e n t  may h a v e  been  due t o  t h i s  cause. A t t e m p t s  t o  

e x t r a p o l a t e  f rora t h e  p e r c e n t a g e s  o f  d i f  f e r e n t  componen ts  

1 i b e r a t e d  t o  t o t a l  pool s i z e s  n o u l d  be i n v a l i d  o n  t h i s  

a c c o u n t .  The s o l u t t  on n o u l d  a p p e a r  t o  b e  t h e  use o f  a 

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

t o  assume t h a t  p o o l  s i z e s  due t o  no rma l  g r o w t h  w o u l d  



retnai n c o n s t a n t .  A s t u d y  o f  endogenous ATP l e v e l  i n  t h e  

c e l l s ,  i f  c o n s t a n t ,  wou ld  s u p p o r t  t h i s  idea ,  

T h e  l a b e l  l i n g  e x p e r i m e n t s  d e s c r i b e d  i n  c h a p t e r  3 were  

q u r t e  d i f f e r e n t  w i t h  r e g a r d  t o  t h e  r a t e  o f  c e l l u l a r  g r o w t h  

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

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

a d v a n t a g e  t h a t  t h e  added l a b e l  l e d  amino  a c i d s  were r a p i d l y  

t a k e n  u p  b y  t h e  c e l  I s .  The  d r a s t i c  d r o p  i n  o x y g e n  s u p p l y  

a l l o w e d  o n l y  a l i m i t e d  amount o f  c e l l u l a r  g row th .  

I n  t h e  d o u b l e  l a b e l  l ~ n g  e x p e r i m e n t ,  a d a p t a t i o n  was 

i n d u c e d  w i t h  e a r l y  l o g  phase  c e l l s  t o  m i n i m i z e  t h e  

p o s s i b i  l i  t y  o f  r e - u t i  l i z a t i  on. C e l  l g r o w t h  was h i g h  

t h r o u g h o u t  t h e  a d a p t a t  i o n  p rocess ;  howeve r t  t h e  l e v e i  o f  

ch ron ta topho res  p e r  c e i  l was n o t  as h i g h  a s  i n  t h e  f i r s t  

l a b e l  L i n g  e x p e r  iment, Good y i e l d s  o f  t h e  - t w o  

~ n t e r m e d i a t e s  were o b t a i n e d  b u t t  u n f o r t u n a t e 1  yr  a c l e a n  

s e p a r a t i o n  o f  t h e  c h r o m a t o p h o r e s  was n o t  a c h i  eved. 

2 The a p p l i c a t i o n  o f  p r e c u r s o r - p r o d u c t  

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

m u l t i - p r o t e i n - c o n t a i n i n g  membrane f r a c t i  on. 

8 

T h e  a p p l  i c a t i o n  of p r e c u r s o r - p r o d u c  t, r e l a t i  o n s h i p s  t o  

t h e  s y n t h e s i s  o f  a mu1 t i - p r o t e i n - c o n t a i n i n g  membrane 

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

assump t8ons  o r  h i g h l y  c o n t r o l l e d  e x p e r i m e n t a l  c o n d i t i o n s .  

If d e g r a d a t i o n  i s  n e g l i g i b l e ,  t h e  s i t u a t i o n  may be  



c o n s i d e r e d  as f  o l  lows: 

L a b e l  l e d  Numerous One o r  more [? steps]  
__31 

amino a c i d  p r o t e i n s  m u 1  t i - p r o t e i n  

a s s o c i a t i o n (  s )  n a t u r e  

c h r  omatophore  

t ~ o n - p r o - t e i n  c o f a c t o r s :  I i p i d s  

c a r b o h y d r a t e s ,  p igments ,  e t c ,  I 

T h e  added  l a b e l l e d  am ino  a c i d  ( o f  k n o u n  ~ o i a r  

s p e c i t i c  a c t i v i t y )  wou ld  g i v e  r i s e  t o  l a b e l l e d  p r o t e i n s  i f 

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

c o n t a i n s  t h a t  amino ac id .  The maximum m o l a r  s p e c i f i c  

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

p r o t e i n 9  a n d  w o u l d  depend upon t h e  f o l l o w i n g  f a c t o r s :  

( a )  The d i l u t i o n  o f  t h e  l a b e l l e d  a m i n o  a c i d  b y  t h e  

endogenous p o o l  o f  t h e  am ino  a c i d  a t  t h e  t i m e  o f  t h e  

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

( b )  The  amount o f  p r e v i o u s l y  e x i s t i n g  ( u n l a b e l l e d )  

p r o t e i n .  

( c )  The number o f  r e s i d u e s  o f  t h e  l a b e l l e d  amino a c i d  

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

The  a g g r e g a t ~ o n  o f  t h e  l a b e l l e d  p r o t e i n s  ( w i t h  the 

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

l i p i d s ,  c a r b o h y d r a t e s ,  p  igments ,  e tc , )  wou ld  g i v e  r i s e  t o  

l a b e l  l e d  mu1 t i - p r o t e i n  f  t a c t i  ons, However r h e r e  t h e  use  

o f  t h e  m o l a r  s p e c i f i c  a c t i v i t y  u o u l d  b r e a k  down u n l e s s  
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t h e r e  was a  s t r  t c t  s t o i c h i o t s e t t  i c  r e l a t i o n s h i p  be tueen  t h e  

v a r i o u s  p r o t e i n s ~  a n d  t h e i r  m o l e c u l a r  u e i  g h t s  were a4 l 

knonn. The s p e c i f i c  a c t i v i t y  on a  rag p r o t e i n  b a s i s  c o u l d  

be employed, however, The i n i t r a l  s p e c i f i c  a c t i v i t y  of t h e  

f  t a c t  I on d u r i n g  a pu 1 se-chase l abe l i.ng exper  i rnent wou I d  be 

d e t e r m i n e d  by t h e  s p e c i f i c  a c t i v i t i e s  and ave rage  amounts 

o f  each o f  t h e  p r o t e i n s  i n  t h e  f r a c t i o n  a t  t h e  t i m e  o f  t h e  

a d d i t t o n  o t  t h e  chase amino ac i d .  I f  e i t h e r  t h e  ave rage  

amounts v a r i e d  w i t h  t i ~ e r  o r  i f  d i f f e r e n t  p r o t e i n s  were 

added a t  d i f f e r e n t  t imes, t h e  s p e c i f i c  a c t i v i t y  of  t h e  

f r a c t i o n  w i g h t  r i s e  or  f a l l ,  I t  r t  i s  assumed t h a t  t h e  

f r a c t r  ons have a c o n s t a n t  p r o t e t n  composi t i  on and t h e  

a c t i v i t y  i n c o r p o r a t e d  i n  t h e  fo rm of n o n - p r o t e i n  

components i s  n e g l  i g i b  l e9  t h e n  decreases i n  s p e c i f  i c  

a c t i v i t y  o f  a f r a c t i o n  f o l l o w i n g  t h e  a d d l t i o n  of t h e  chase 

amino a c i d  c o u l d  be caused by s e v e r a l  o t h e r  mechanisms: 

ab The e x p e c t e d  d i l u t i o n  due t o  c e l l u l a r  growth, w i t h  

no a p p r e c i a b l e  changes I n  t h e  c e  l l u l a r  p o o l  s i z e s  o f  t h e  

p a r t i c u l a r  f r a c t i o n s ,  

b )  A n  i n c r e a s e  i n  c e l  l u l a r  p o o l  s i z e  of  a f r a c t i o n ,  

c )  The d e g r a d a t i o n  and r e s y n t h e s i s  o f  a f t a c t i o n  f row 

p r e d o m i n a n t l y  c o l d  amino acids,  

d l  A t u r n o v e r  o f  p r o t e i n s  i n  a f r a c t i o n  by t r a n s f e r  

t o  a n o t h e r  f r a c t i o n  and r e s y n t h e s i s  of  a n d l o r  

rep lacemen t  b y  p r o t e  r n s  of  I o n  s p e c i f i c  a c t i v i t y .  

A l  1 o f  t h e s e  mechanisms c o u l d  be super imposedr and 



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

o t h e r  hand, i n c r e a s e s  I n  s p e c i  f  I C  a c t i  v i  t y  o f  a membrane 

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

o n l y  h a v e  been  caused b y  i n c o r p o r a t i  on of  p r  8 - e x i s t i n g  

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

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

m u l t i - p r o t e i n - c o n t a i n i n g  f r a c t i o n ( s 1 .  

E r r o r s  cou ld ,  o f  course,  b e  caused  by a n y  a l t e r a t i o n  

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

p o r t i o n s )  o r  by  t h e  d e g r a d a t i  o n  o f  t h e  p r o t e i n s  a n d / o r  

l a b e l l e d  amino  a c i d s  a n d  t h e  r e - u t i l i z a t i o n  o f  t h e  

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

amino  ac ids ,  l i p i d s ?  or p i g m e n t s  2nd t h e  i n c o r p o r a t i o n  o f  

t h e s e  i n t o  t h e  f r a c t i o n s  b e i n g  s t u d r e d .  

3, The r e l e v a n c e  o f  p r e c u r s o r - p r o d u c t  r e l a t r o n s h i p s  

t o  c h r o m a t o p h o r e  morphogenes is .  

T h r e e  m o d e l s  f o r  t h e  u t i  l i z a t u o n  o f  one o r  more  

m u l t i - p r o t e i n - c o n t a i n i n g  memb ran8  f r a c t i o n ( s 1  t o r  

c h r o a a t o p h o r e  morphogenes i s  w i  l l be c o n s i d e r e d :  

( a )  One f r a c t i o n  i s  t h e  s o l e  a n d  i m m e d i a t e  p r o t e i n  

p r e c u r s o r  t o  t h e  ch roma topho re  f  t a c t  ion, 

( b )  One t r a c t i o n  i s  t h e  so le ,  b u t  n o t  t h e  immediate ,  

p r e c u r s o r  t o  t h e  ch roma topho re  f r a c t i o n ,  

( c )  THO ( o r  m o r e l  f r a c t i o n s  a r e  c h r o m a t o p h o r e  p r o t e i n  



These t h r e e  models wou ld  have t h e  f o l l o w i n g  

i m p l i c a t i o n  d u r i n g  a  t ime-dependent  s t u d y  o f  t h e  changes 

i n  t h o  s p e c i f i c  a c t i v i t i e s  ( p e r  mg p r o t e i n )  o f  t h e  

chromatophore  f  r a c t t o n  and  a  p o s s i b l e  ch rowa tophore  

p recu rso r ,  t h e  p rephore  s u b u n i t  f r a c t i o n :  

l a )  If t h e  p r e p h o r e  s u b u n i t s  a r e  t h e  s o l e  and 

tmmedtate p r e c u r s o r s  t o  t h e  chromatophorer  t h e  t o t a l  

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

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

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

p t e p h o r e  s u b u n i t s  d u r i n g  t h e  p u l s e  l a b e l  1 i ng (assumtng 

t h a t  t h e  d e g r a d a t i o n  o f  t h e  f r a c t i o n s  i s  neg l  i g i b l e ) ,  I f ,  

r n  a d d i t i o n , ,  t h e  average amcunts  o f  t h e  v a r i o u s  p r o t e i n s  

does n o t  change d u r i n g  t h e  c o n v e r s i  on, and i f  a l  l t h e  

p r e p h o r e  s u b u n i t s  were f u n c t i o n a l  i y  and l o c a t i o n s 1  i y  

e q u i v a l e n t  such t h a t  t h e y  f orwed a s i n g l e  *compartmentw, 

t h e n  a s i m p l e  r e l a t i o n s h i p  w i  I 1  e x i s t  between t h e  s p e c i f i c  

a c t i v t t y  o f  t h e  p r s p h o r e  subun i  t s  and t h e  chtomatophores,  

The maxi mum spec i  f i c  a c t i v i t y  o f  t h e  ch romatophores  u i  l l 

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

s u b u n i t s  a t  t h a t  trme, 

The a c t u a l  r a t e s  of  t he  decrease 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  p rephore  subun i  t s  w o u l d  depend upon t h e  

r a t e s  o f  a l l  f o u r  mechanisms lasted r n  S e c t i o n  Ie0,2. 

above9 whereas t h e  r a t e  o f  r i s e  and f a l l  o f  t h e  s p e c i f i c  

a c t i v i t y  i n  t h e  chromatophote wou ld  depend upon t h e  amount 



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

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

s p e c i f i c  a c t i v i t y  of  t h e  p r e p h o r e  s u b u n i t s  a t  each t i m e  

exami ned. 

t b )  I f  t h e  p r e p h o r e  s u b u n i t s  were t h e  s o l e ,  b u t  n o t  

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

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

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

( r e ,  a d d i t i o n  o f  p t g m e n t  and o t h e r  s p e c i f i c  n o n - p r o t e ~ n  

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

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

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

model f a )  above, 

Ch roma topho re  s y n t h e s ~ s  i s  kinetical l y  a s t o w  p r o c e s s  

and  r e q u i r e d  a b o u t  6 h r  u n d e r  t h e  no rma l  a d a p t a t i o n  

c o n d i t i o n s .  O r g a n i z a t i o n  on  a mac romo lecu la r  a n d  c e l  l u l a r  

i e v e l  i s  p r o b a b l y  t h e  r e a s o n  t o r  t h i s  t i m e  requ i re raen t .  

The p r e p h o r e  f r a c t i o n  i s  thus a  h e t e r o g e n o u s  c o l l e c t i o n  o f  

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

agreement  w i  t h  t h e  p r o d u c t  i o n  o f  b o t h  p i g taen ted  a n d  

non-p igmented  p t e p h o r e s  wi th t h e  same p r o t e i n  p r o f  il e s ~  

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

d u r i n g  a d a p t a t ~ o n  ( f r o m  a d e n s i t y  o f  5 0  t o  46% s u c r o s e ) ,  

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

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

s u b u n i t s  and t h e  ch roma topho te .  As t h e  p u l s e  IS 



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

t e n s i  on, t h e  s y s t e m  i s  n o t  i n  a s t e a d y  s t a t e  and  t h e  

m a j o r i t y  o f  t h e  p r e p h o r e  s u b u n i t  a n d  t h e  chro rna tophore  

compar tmen ts  w o u l d  b e  empty. A f t e r  t h e  p u l s e  l a b e l l i n g  

and  t h e  i n d u c t i o n  of a d a p t a t i o n ?  a wave of  h i g h  s p e c i f  l c  

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

v a c a n t  compar tments .  The s p e c i f i c  a c t i v i t y  o f  t h e  

p r e p h o r e  t r a c t i o n  Would d e c r e a s e  a s  an i n c r e a s i n g  number 

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

a c t i v i t y  components, f o l l o w i n g  t h e  p a t h  o f  t h e  h i g h  

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

The c h r o m a t o p h o r e s t  when formed, wou ld  have  a g r e a t e r  

s p e c i f  t c  a c t i v i t y  than t h e  a v e r a g e  o f  the p r e p h o r e  s u b u n ~ t  

compar tmen ts  a t  t h e  same t iffie. The t o t a l  a c t i v i t y  o f  t h e  

' c o ~ l e c t i v e e  p r e p h o r e  f r a c t i o n  w o u l d  r e m a i n  h i g h  unti.1 t h e  

f o r m a t i o n  o f  t h e  ch roma topho res .  A t  t h i s  t i m e  i t  n o u l d  

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

maximum o f  t h e  l a t t e r  n o u l d  depend upon  t h e  s p e c i f i c  

a c t i v i t y  o f  t h e  f i n a l  ( h i g h l y  l a b e l i e d )  compar tment  a t  

t h a t  t ime .  

( c )  I t  t h e r e  were one l o r  mote)  t r a c t i o n s  ( i n  a d d i t o n  

t o  t h e  p r e p h o r e  s u b u n i t s )  wh i ch  were ch roma topho re  p r o t e i n  

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

e x p e c t e d  r e s u l t s  o f  mode l  ( b l  above. I n  t h i s  case*  t h e  

maximum o f  t h e  s p e c i f  IC  a c t ~ v ~ t y  o f  t h e  c h r o m a t o p h o r e s  



would  l 8 e  somewhere between t h e  spec i f  i c  a c t i v i t y  o f  t h e  

f i n a l  ( h i g h l y  l a b e l  l e d )  p r e p h o t e  s u b u n i t  compartment and 

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

va lue  wou ld  depend upon the  r e l a t i v e  amounts o f  b o t h  

f  r a c t  i ons. I n  the  case o f  more t h a n  one a d d i t i o n a l  

f  t a c t  i on, the  maximum would be t h e  w e i g h t e d  average o f  a l  l 

o f  t h e  s p e c i f i c  a c t i v i t r e s  of t h e  p r e c u r s o r s  a t  t h a t  t i m e .  

I t  i s  p o s s r b l e  t h a t  t hese  a d d i t ~ o n a l  f r a c t l o n ( s 1  may have 

been s i n g l e  p r o t e i n s  o r  m u l t i - p r o t e i n - c o n t a i n i n g  f r a c t i o n s  

which have n o t  been i s o l a t e d  a n d f o r  a n a l y z e d  and may have 

had s p e c i f  t c  a c t i v i t i e s  much g r e a t e r  t h a n  t h a t  o f  t h e  

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

IS. D ~ s c u s s i o n  o f  t h e  A g g r e g a t r o n  o f  F r a c t i o n s :  t h e  

Prephore  S u b u n i t  and Ma tu re  S u b u n ~ t  F r a c t i o n s .  

The h a r v e s t i n g  of t h e  sraal i p a r t ~ c l e  f r a c t i o n  on a 

suc rose  t r a p  caused a decrease i n  t h e  prephore  f r a c t i o n  

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

t o p  o f  t h e  g r a d i e n t  a t  209. s u c r o s e  ( c f ,  - Resu l t s9  S e c t i o n  

1 . 2 .  A t  h i g h  ~ o n i c  s t r e n g t h  (O.S!l phosphate)  t h i s  new 

f r a c t i o n  ( t h e  p rephore  s u b u n i t  f t a c t i o n )  agg rega ted  t o  

r e c o n s t i t u t e  a p igmented p r e p h o r e  f r a c t i o n  ( 4 8 %  sucrose) .  

T h i s  m a t e r i a l  was shown t o  have a  simple p r o t e i n  

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

n e i g h t s  as  had t h e  p igmented m a t e r i a l  l i b e r a t e d  a f t e r  

d i a l y s i s  of t h e  p t e p h o r e  f r a c t i o n ,  T h i s  method of 



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

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

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

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

g o o d  s o u r c e  o f  p u r i f i e d  s u b u n i  ts as t h e  h i g h  2 5 4  nm 

a b s o r p t i o n  t o  L o w r y  p r o t e i n  r a t i o  made i t l i k e l y  t h a t  t h e  

f r a c t i o n  c o n t a i n e d  r i b o s o m a l  m a t e r i a l  ( s e e  F i g u r e  7 b ) .  I t  

was t h o u g h t  I i k e l y  t h a t  a l a r g e  amoun t  o f  u n a g g t e g a t e d  

p r e p h o r e m a t e r r a l  Has n o r m a l l y  l o s t  w i t h  t h e  1.5 h r  

1001000 x g s u p e r n a t e n t  a s  t h i s  Has p i g m e n t e d  i n  e a r l y  

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

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

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

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

t h i s  s o u r c e  was q u a n t i  t a t i  v e t y  p r e f e r a b f e  t o  t h e  t e c h n i q u e  

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

c o t  i e c t e d  i n  . t h e  O r a c t i  o n s  a t  t h e  t o p  o f  t h e  25 t o  55% 

s u c r o s e  g r a d i e n t .  An e l e c t r o p h o r e t i c  t e c h r q u e  was 

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

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

g r a d i e n t  s y s t e m  (Cf. F i g u r e s  1 2 8  a n d  b ) :  t h e  p e a k  w i t h  

t h e  g r e a t e s t  w o b i  l i t y  was c o l o u r l e s s  and h a d  a 2 5 4  tan 

a b s o r p t i o n l p r o t e i n  r a t l  o  a b o u t  f o u r  t irnes as g r e a t  as t h e  

p i g m e n t e d  " s ~ b u n i t ' ~  peak.  A n a l y s i s  of  t h e  m a t e r i a l  f r o m  

t h e  p i g m e n t e d  p e a k  b y  SDS-PAGE showed t h a t  t h e  t h r e e  m a j o r  

s u b u n i t  p r o t e a n s  were  p r e s e n t  (c-f. F i g u r e  30a); i n  



a d d i t  i o n t  however, l ower l e v e l s  o f  ~ o l y ~ e ~ t i d e s  were f o u n d  

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

p r o t e i n s .  The l a t t e r  peaks  were p r o b a b l y  caused  b y  

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

s u b u n i t s ) .  The  1.5 h r  l O O t O O O  x g  s u p e r n a t e n t  f r o m  

a d a p t i n g  c e l  Is, when r u n  i n  t h e  2 5  t o  55Z  s u c r o s e  

g r a d i e n t 9  p roduced  a p i gmen ted  peak  c e n t e r e d  a t  28% 

s u c r o s e ?  t h e  same d e n s i t y  a s  t h e  peak t h a t  was p r o d u c e d  

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

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

s i r n i l  a r  SDS-PAGE p r o f  i l e s  o f  t h e  r e c o n s t i t u t e d  p r e p h o r e s  

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

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

~ r e p h o r e  s u b u n i t s  p r e s e n t  i n  t h e  s u p e r n a t e n t  o f  t h e  h i g h  

g-f o r c e  ( 1 . 5  h r  ~ C O J O O O  x g )  c e n t r i f u g a t i o n s ,  A g g r e g a t i o n  

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

p a r t i c l e  t r a c t i o n ?  w h i l e  t h e  use o f  a s u c r o s e  t r a p  

f'esul t e d  i n  m a t e r i a l  i n  a non -agg rega ted  s t a t e .  

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

p h o t o s y n t h e t r c  c e l l s ~  however, Was d i f f e r e n t .  When 

c e n t r i f u g e d  i n  the 2 5  t o  55l. s u c r o s e  g r a d i e n t  i t  f o r m e d  a 

peak  c e n t e r e d  a t  32X sucrose.  A t e n - f o l d  i n c r e a s e  i n  t h e  

phospha te  b u f f e r  r e s u l t e d  i n  a g g r e g a t i o n  and  t h e  

p r o d u c t i o n  of  a peak a t  40Z s u c r o s e  ( t h e  same as t h e  heavy  

ch roma topho re  f r a c t i o n )  r a t h e r  t h a n  t h e  p r o d u c t i o n  o f  a 

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



t h e  m a t u r e  s u b u n c t  f r a c t i o n ;  i t  appeared  t o  b e  s r m t l a r  t o  

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

descr  i b e d  b y  G ibson (1965a1,  

The heavy  ch roma topho re  f r a c t i o n  was shown t o  b e  

caused  e i t h e r  by t h e  p resence  o f  d i v a l e n t  c a t i o n s  (10-*t4), 

i n  agg remen t  w i t h  t h e  f i n d i n g s  o f  G i b s o n  ( 1 9 6 5 b ) r  o r  b y  

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

s e p a r a t i o n ?  as was f o u n d  by  Hansen  and  deBoer (1969). It 

i s  a l s o  t i i t e l y  t h a t  a g g r e g a t i o n  o ?  t h e  ma tu re  s u b u n i t s  

c o n t r  t b u t e  t o  t h i s  f t a c t  ion.  I modi f  I ed t h e  p r e p a r a t i v e  

t e c h n i q u e  b y  h a r v e s t i n g  t h e  c r u d e  mewbrance t t a c t i o n  o n t o  

a  s u c r o s e  t r a p  and i n c l u d e d  E D T A  i n  t h e  p h o s p h a t e  b u f f e r ,  

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

f r a c t  I o n  and  d r a s t ~ c a l  ly r educed  t h e  l e v e l  o f  t h e  p r e p h o r e  

f r a c t i o n  w i t h  an  i n c r e a s e  i n  m a t e r i a l  ' a t  t h e  t o p  o f  t h e  

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

The SDS-PAGE p r o f i l e  o f  t h e  m a t u r e  s u b u n i t  f r a c t i o n  

was simi  l a t  t o  t h a t  o f  t h e  ch roma topho res  I c f ,  F i g u r e  

3 1  The m a t e r i a l  had a l o w e r  m o b i l i t y  than t h e  p r e p h o r e  

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

The p r e p h o r e  s u b u n i t  f r a c t i o n ?  o b t a i n e d  f r o .  a d a p t i n g  

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

f tom t h e  m a t u r e  subunits b y  t h r e e  c r i t e r i a ,  

The c o n t a m i n a t i o n  o f  t h e  p r e p h o r e  subun l  t f t a c t  i o n  b y  

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

l a b e l l r n g  e x p e r i m e n t  was l r k e l y  t o  h a v e  been m i n i m a l .  The 



c e l  I s  used  were o f  l ow chrosua tophore  c o n t e n t  a s  compared 

t o  c e l l s  grown a t  be low 4.0% oxygen. The p i g m e n t  l e v e l  I n  

t h e  p u r i f i e d  s u b u n i t s  was l e s s  t h a n  h a l f  t h a t  o f  t h e  

c h t o m a t o p h o r e - c o n t a i  n ~  ng "4-6'' t r a c t  i o n  a t  b o t h  6 and  16 

h r .  C o n t a m i n a t i o n  o f  t h e  s u b u n i t s  w i t h  m a t u r e  s u b u n ~ t  

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

f a v o u r e d  a p r e c u r s o r  r o l e  f o r  t h e  subun i  ts .  

I .  A Summary o f  t h e  C r i t e r i a  o f  P u r i t y  o f  t h e  P r e p h o r e  

a n d  P r e p h o r e  S u b u n i t  F r a c t i o n s .  

The p r e p h o r e  and p r e p h o r e  s u b u n i t  f r a c t i o n s  were  

b e l  ~ e v e d  t o  b e  homogenous f o r  t h e  f  011 ow ing  r e a s o n s :  

I E x a m i n a t i o n  of n e g a t i v e l y  s t a i n e d  p r e p h o r e  

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

s t r u c t u r e s ~  t h e  m a j o r r t y  o f  w h i c h  had  d i a m e t e r s  be tween 60 

and 80 nm. They had a c h a r a c t e r i s t i c  ( n o n - c o l  l a p s e d )  

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

f  r a c t  I o n  b e f o r e  s u c r o s e  d e n s i  t y  g r a d i e n t  c e n t r  I tugat i  on. 

E x a m i n a t i o n  o f  numerous ~ r s p h o r e  f r a c t i o n s  f a i l e d  t o  

r e v e a l  any c e l l  w a l l  m a t e r i a l .  S t r u c t u r e s  o t h e r  t h a n  

t y p i c a l  ' p r e p h o r e s 8  were f e w e r  t h a n  5Z. 

2 )  The p r e p h o r e  f  r a c t r  on a p p e a r e d  a s  a d i s c r e t e  b a n d  

i n  t h e  25-55% s u c r o s e  d e n s i t y  g r a d i e n t  w i th  a w i d t h  

s i m i l a r  t o  t h a t  o f  t h e  ch roa&opho re  t r a c t i o n .  The b a n d  

was always p o s ~ t i o n e d  b e t w e e n  4 5  and 50L  s u c r o s e  a n d  

c h a r a c t e r  i s t i c a i  I Y  had a C o n c e n t r a t i o n  maximum c l o s e  t o  



t h e  482  s u c r o s e  p o s i t i o n .  I n  a d d i t i o n  t o  t h e  e l e c t r o n  

m i c r o s c o p i c  e v i d e n c e ?  t h e  p r e p h o r e  f r a c t i o n  was be1 i e v e d  

n o t  t o  be a p p r e c i a b l y  c o n t a m i n a t e d  w i th  c e l l  wal l m a t e r i a l  

b e c a u s e  o f  t h e  p o s i t i o n  o f  t h i s  maximum i n  t h e  s u c r o s e  

d e n s i t y  g r a d i e n t ,  C e l l  w a l l  m a t e r i a i  w o u l d  h a v e  b e e n  

e x p e c t e d  t o  f o r m  a b r o a d  b a n d  n e a r  t h e  b o t t o m  o f  t h e  

25-552 s u c r o s e  d e n s i t y  g r a d i e n t ,  S u c h  a f r a c t i o n  ( t h e  

h e t e r  ogenous  c e l l  e n v e l o p e  f r a c t i o n )  h a s  been  d e s c r i b e d  by 

N i e d e r m a n  e t  al  ( 1 9 7 2 ) .  T h e  peak o f  t h i s  b a n d  was - - 
c e n t e r e d  a t  a b o u t  55% s u c r o s e ,  T h r s  m a t e r i a l  was b e l i e v e d  

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

o f  t h e  i n i t i a l  2 0  m i n u t e  c e n t r i f u g a t i o n  a t  1 0 , 0 0 0  x g o f  

t h e  d i s r u p t e d  c e l l  p r e p a r a t i o n ,  N i e d e r m a n  e t  a l  ( 1 9 7 2 )  - - 
e m p l o y e d  a 5 m ~ n u t e  i n r  t i a  I c e n t r i f  u g a t i  on. I t  was 

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

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

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

3 )  The p r e p h o r e  f r a c t i o n  was n o t  be1 i e v e d  t o  be 

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

2 5 4 / 2 8 0  n m  a b s o r b a n c e  r a t i o  o f  t h i s  f r a c t i o n  was c l o s e  t o  

u n i t y  { F i g u r e  7 b ) ,  The r e s u l t s  shown i n  t h ~ s  f i g u r e  make 

~t p r o b a b l e  t h a t  t h s  r i b o s o m e s  s e d i m e n t e d  i n  a b r o a d  b a n d  

n e a r  t h e  t o p  o f  t h e  g r a d i e n t ,  The p r o f i l e s  shown r n  

F i g u r e  7 a  n e r e  o b t a i n e d  b e f o r e  t h e  i n c l u s i o n  o f  EDTA i n t o  

t h e  b u f f e r  as  a r o u t i n e  p r o c e d u r e .  The b r o a d  p e a k s  a n d  

t h e  p r e s e n c e  o f  t h e  h e a v y  c h r o m a t o p h o r e  f r a c t i o n  ( a t  37% 



s u c r o s e )  were a l s o  c a u s e d  by t h e  a d d i t i o n  o f  16 mg o f  

s m a l l  p a r t i c l e  f r a c t i o n  o t  t h e  g r a d i e n t  r a t h e r  t h a n  t h e  2 

mg t h a t  was l a t e r  a d o p t e d  as a s t a n d a r d  amount. 

4) The use o f  a s u c r o s e  t r a p  f o r  h a r v e s t i n g  t h e  s m a l l  

p a r t i c l e  f r a c t i o n  and  a r e d u c t i o n  i n  b u f f e r  c o n c e n t r a t i o n  

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

i n  a p i g m e n t e d  band w c  t h  a  d e n s i t y  o f  a b o u t  28X s u c r o s e  

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

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

48X s u c r o s e  by i n c r e a s i n g  t h e  b u f f e r  c o n c e n t r a t i o n .  I t  

was assumed t h a t  t h e s e  m o d i f i c a t i o n s  w o u l d  n o t  h a v e  caused  

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

5 )  Two a d d i t t o n a l  methods  o f  p u r i f i c a t r o n  were 

employed  w h i c h  t o o k  advan tage  o f  o t h e r  p h y s i c a l  p r o p e r t i e s  

o f  t h e  f r a c t i o n s ,  Whi I e  n o t  u s e d  r o i i t i n e i y ,  t h e y  b o t h  

s u p p o r t e d  t h e  f i n d i n g s  o f  t h e  s u c r o s e  dens i t y  g rad r  e n t  

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

f r a c t i o n s  were  homoseneous f t a c t  ions, I t  was f o u n d  t h a t  

i a )  t h e  p r e p h o r e  f r a c t i o n  e l u t e d  w i t h  4 s m a l l e r  vo lume 

t h a n  d i d  t h e  c h r o m a t o p h o r e s  d u r i n g  Sepha rose  2B g e l  

P i  l t r a t i o n  ( F i g u r e  59 C h a p t e r  3 ) .  The m a j o r i t y  o f  t h e  

p r e p h o r e  f r a c t r o n  e l u t e d  i n  f r a c t i o n  9 a n d  was v i r t u a l l y  

a b s e n t  i n  f r a c t i o n  L3; and ( b )  t h e  p i g m e n t e d  p r e p h o r e  

s u b u n i t s  m i g r a t e d  as one band d u r i n g  g l y c e r o l  g r a d i e n t  

e l e c t r o p h o r e s i s  ( F i g u r e  129 C h a p t e r  3 ) .  
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I V .  The Development  of a Scheme o f  Chramatophore  

A. Work w h i c h  l e d  t o  t h e  d i s c o v e r y  o f  t h e  p r e p h o r e  

f  r a c t  i on. 

I s e t  o u t  h o p i n g  t o  d e m o n s t r a t e  some of t h e  enzymes 

of  t h e  magnesium b r a n c h  o f  B a c t e r  i o c h l o r o ~ h y l  l ( B c h l )  

s y n t h e s i s .  The s t e p s  r n  t h i s  pa thway  h a d  been p o s t u l a t e d  

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

m u t a n t  s t r a i n s  o f  R, s p h e r o i d e s  f R i  cha rds  a n d  Lascel f e s  - 
i i 9 6 9 l .  A t  t h e  t i m e  o n l y  one o f  t h e  enzymes h a d  b e e n  

demons t ra ted :  S-adenosy l m e t h i o n i n e  magnes i urn 

p r o t o p o r p h y r i  n  m e t h y l  t r a n s f  erase,  h e r e a f t e r  r e f  e r r e d  t o  

as t h e  m e t h y l a t i n g  enzyme [ G i b s o n  e t  a l  (19633. 1 hoped - - 
t h a t  t h e  a d d i t i o n  o f  a n  i n t e r m e d i a t e  p r o d u c e d  by one 

m u t a n t  t o  a m u t a n t  b l o c k e d  a t  a n  e a r 1  i e r  or  l a t e r  s t e p  

wou ld  r e s u l t  i n  an e n z y m a t i c  c o n v e r s i o n .  

Removal o f  t h e  c e l l  w a i l s  by l ysozyme c a u s e d  m u t a n t  

c e l l s  t o  l o s e  t h e i r  "bound" p i gmen ts ,  T h i s  i n d i c a t e d  t h a t  

p i g m e n t s  had accumu la ted  i n  t h e  p e r i p l a s m i c  space. T h i s  

h a s  s u b s e q u e n t l y  been  s u p p o r t e d  by P e t e r s  (1970). He 

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

m u t a n t  o f  R. sphe ro ides ,  was t h e  a c c u m u l a t i o n  o f  % c h i  - 
i n s i d e  t h e  ce l 4 wal  l b u t  o u t s i d e  t h e  c y t o p l a s m i c  membrane. 

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

e n r i c h e d  i n  t h e  magnes ium-branch enzymes e s p e c i a l  ly i f  

c e l I s  a c t i v e l y  s y n t h e s i z i n g  p i g m e n t  were used -  I t  was 



a n t i c i p a t e d  t h a t  t h e  methy l a t l  ng enzyme a c t i v  i t y  a i g h t  

p r o v i d e  a marke r  f o r  t h e s e  enzymes. 

D u r i n g  a s tudy  o f  m e t h y l a t i n s  enzyme a c t i v i t y ,  i t  was 

d i s c o v e r e d  t h a t  mu tan t  s t r a i n s  8-32, 8-29  a n d  8-47 ( o f  

L a s c e l l e s )  d i d  n o t  f o r m  c h r o m a t o p h o r e s  I c f .  R e s u i  t s r  

S e c t i o n  1 . A . 1 . ) .  T h i s  was i n  agreement  w i t h  t h e  f i n d i n g  

by O e l z e  e t  a l  1 1 9 6 9 )  t h a t  m u t a n t  s t r a i n s  u n a b i e  t o  - - 
s y n t h e s i s e  B c h l  d i d  n o t  c o n t a ~ n  chromatophores .  However, 

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

d e n s i  t y  t h a n  t h e  ch roma topho re  f  t a c t  i on. The  p a r e n t  

s t r a i n  c o n t a i n e d  a n  e q u i v a l e n t  "densem f f a c t i o n  ( t h e  

" p r e p h o r e n  f r a c t i o n )  but r t  was o n l y  sl ~ g h t l y  p igmented .  

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

imma tu re  f o rm  o f  t h e  ch roma topho re  f r a c t i  on, I f  t h e  

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

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

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

eh roma topho re  s y n t h e s t s  was h i g h .  Ce i  i s  were t h e n  s t u d i e d  

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

growth,  The r e s u l t s  ( F i g u r e s  3 and 59 C h a p t e r  3 )  

r n d i c a t e d  a r e c i p t o c s i  r e l a t r o n s h l p  be tween  t h e  p r o t e i n  

c o n t e n t  o f  t h e  p r e p h o r e  and  c h r  omatophore f r a c t i  ons du r  i n g  

a d a p t a t i o n  and  sugges ted  a s y s t e m  h a d  been f o u n d  w h i c h  

would  a l l o w  t h e  i s o l a t i o n  o f  a ch roma topho re  p r e c u r s o r  

f r a c t i o n .  



8 .  A p r e l i m t n a r y  wotphogenes is  scheme based on t h e  

r e s u l t s  o f  t h e  L - ( U - ~ * C )  p r o l r n e  i n c o r p o r a t i o n  exper i tnent .  

The measurement o f  s p e c i  f  i c  a c t i  v i  t y  I n  g r a d i e n t  

f  t a c t  I ons subsequent t o  t h e  add i t i  on of L-( U - I 4 C )  pro4 i ne 

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

g rowth  gave t h e  r e s u l t s  shown i n  F i g u r e  35, The s p e c i f i c  

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

peaked a f t e r  2  hours  whi l e  t h e  l i g h t  chromatophores  were 

most a c t i v e  i n  t h e  6 hour  p r e p a r a t i o n .  The heavy 

chrornatophore f r a c t i o n  had  t h e  h i g h e s t  spec i f  i c a c t i v i t y  

i n t h e 2 0  hour  sawple. The f l u c t u a t i o n s  i n  s p e c i f r c  

a c t i v i t y  of  t h e  d i  t f e r e n t  f t a c t i  ons ( p r o t o p h o t  e  f r a c t i o n  

excepted)  were t h u s  n o t  p a r a l l e l ,  T h i s  i m p l i e d  t h a t  t h e  

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

system t h a t  Has undergo i  ng a c o n t i  nuous modi f i c a t r  on b u t  

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

r n  chromatophore  morphogenesis. T h e  assumpt i  on nas a l so 

made t h a t  f r a c t i o n s  w i t h  a  c h a r a c t e r i s t i c  p o s i t i o n  i n  t h e  

g r a d i e n t  a f t e t  c e n t r  i f u g a t i  on had t h e  same p r o t e i n  

composi t i ons a t  d i f f e r e n t  t i m e s  d u r i n g  t h e  a d a p t a t i o n .  

The v a r i a t i o n s  i n  s p e c i f i c  a c t i v i t y  i n  t h e  f r a c t i o n s  

c o u l d  be most e a s i l y  r a t i o n a l i z e d  i f  i t  was assumed t h a t  

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

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

was assumed t h a t  t h e  d e n s i t y  changes r e s u l t e d  f r  om changes 

i n  t h e  p r o t e i n  t o  l i p i d  r a t i o s  o f  t h e  f r a c t i o n s ,  An 



a l t e r n a t i v e  e x p l a n a t ~ o n  wou ld  h a v e  been  t h a t  t h e  p r o t e i n s  

i n i t i a l  l y  t n c o r p o t a t e d  i n t o  one f r a c t i o n  Here d e g r a d e d  a n d  

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

i n t o  a n o t h e r  fraction. The c h a n g e s  i n  t h e  d i s t t  i b u t c o n  o f  

B e h l  i n  t h e  g r a d i e n t  d u r i n g  a d a p t a t i o n  ( F i g u r e  19)  

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

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

chromatophore  p r e c u r s o r .  I n  a d d i t i o n s  t h e r e  was n o  

d e t e c t a b l e  B c h l  i n  a non -p ro te i n -bound  s t a t e  i n  t h e  c e l l s  

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

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

t h e  f r a c t i o n s  a t  d i f f e r e n t  t i m e s  ( F i g u r e  3 6 )  showed t h a t  

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

2 hours9  t h e  p r e p h o r e  and  t h e  1 i g h t  c h r o m a t o p h o r e  

f r a c t i o n s  a t  6 h o u r s  w h i  l e  t h e  h e a v y  c h r o m a t o p h o r e  

O t a c t t  on  was mos t  a c t i v e  a t  20 hours .  I t  was t h e r e f  o r e  

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

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

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

t r a c t i o n .  F i n a 1 l y ~  i t was p o s t u l a t e d  t h a t  t h e  h e a v y  

ch roma topho re  was formed f r o m  t h e  l i gh t  c h r o m a t o p h o r e  

t r a c t  i o n  and  t e p r e s e n t e d  t h e  t r u e  ' 'maturen chro raa topho te .  

The p t e l  i m i n a r y  scheme o f  c h r o m a t o p h o r e  mot phogenesr s 

p r o p o s e d  on  t h e  b a s i s  o f  t h e s e  r e s u l t s  i s  shown i n  F i g u r e  

51.  

I n  t e r m s  o f  t h e  mode l s  d iscussed  p r e v i o u s l y  ( S e c t c o n  

. ,.- 



I, 0.31 t h e  d a t a  o f  t h ~ s  e x p e r i m e n t  a r e  n o t  c o m p a t i b l e  

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

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

(a). The s p e c t f  i c  a c t i v t t y  o f  t h e  l ~ g h t  c h r o m a t o p h o t e s  I S  

h i g h e r  t h a n  t h a t  o f  t h e  p r e p h o r e s  a t  t h e  same tame ( 2 0  

h o u r s  1, T h i s  e x p e r i m e n t  makes i t  l i k e l y  t h a t  

c h r o m a t o p h o r e  morphogene s i  s i s  a mul t i  s t e p  p r o c e s s  a n d  

t h a t  many p r e p h o r e  * c o m p a r t m e n t s *  a r e  empty  i n  a e r o b i a l  l y 

g r o w  c e l l s .  The d a t a  i s  i n s u f f i c i e n t *  however, t o  a l l o w  

d i s c r i m i n a t i o n  b e t w e e n  m o d e l s  ( b )  a n d  ( c )  ( S e c t i o n  I. 

D o 3 1 0  

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

s u b u n i t  a n d  m a t u r e  s u b u n i t  f r a c t i o n s ,  

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

f r a c t i o n s  h a d  a number of imp4 i c a t i o n s  o n  t h e  p r e l  i f n i n a r y  

m o r p h o g e n e s i s  scheme w h i c h  h a d  b e e n  p r o p o s e d  o n  t h e  b a s i s  

of r e s u l t s  o f  t h e  L-IU-14Cl p r o 1  i n e  i n c o r p o r a t i o n  

e x p e r i m e n t  ( F i g u r e  5 1 ) :  

1. The p r e p h o r e  s u b u n i t  

T h e  f t n d i  ng t h a t  t h e  p r e p h o r e  s u b u n i t  o c c u p i e d  a 

p o s i t i o n  c e n t e r e d  a t  28Z s u c r o s e  d u r i n g  d e n s i t y  g r a d i e n t  

c e n t r  i f u g a t i o n  ( t h e  same a s  t h e  p r o t o p h o r e  f r a c t i o n )  made 

i t  I i k e l y  t h a t  a maJor i t y  o f  t h e  s o - c a l l e d  p r o t o p h o r e  

f r a c t r  o n  c o n s 1  s t e d  o f  p r e p h o r e  s u b u n i t s .  Thus t h e  

s p e c i  f i c  a c t i v i t y  changes  o f  t h e  p r o t o p h o r e  f r a c t i o n  

du r ing  t h e  L- (U -?*C)  p r o  l i n e  i n c o r p o r a t i o n  e x p e r  i rnent  w e r e  



Figure gl . ~ c h l / p r o t e i n  r a t i o  i n  t h e  i n i t i a l l y  proposed 

morphogenetic scheme. 
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Morphogenic r e l a thonsh ips  of t h e  f r a c t i o n s  i n  t h e  
prel iminary scheme. 
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p r o b a b l y  due t o  t h e  p r e s e n c e  o f  unprgmented  p r e p h o r e  

s u b u n i t s  i n  t h i s  f r a c t i o n .  The f a c t  t h a t  t h e  s p e c ~ f i c  

a c t i v i t y  i n  t h i s  f r a c t i o n  was l owe r  t h a n  t h a t  o f  t h e  

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

t o  be a d i s t i n c t  p r e p h o r e  p r e c u r s o r .  

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

f r a c t i o n  t rom t h e  p r e p h a r e  s u b u n i  t s r  i n d i c a t e d  t h a t  t h e  

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

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

p r e p h o r e  c a n n o t  t h u s  be c o n s i d e r e d  t o  b e  a d i s c r e t e  

c e i  l u l a r  s t r u c t u r e .  The p r e p h o r e  s u b u n i t s ~  on t h e  o t h e r  

hand? may e x i s t  as such  i n  t h e  c e l l s r  o r  b e  d e r i v e d  f t o i n  a 

membranous s t r u c t u r e  b y  t h e  d i  s r u p t i o n  t e c h n i q u e .  The r n  - 
v r v o  l o c a t a o n  o f  t h e  p r e p h o r e  s u b u n i t s  i s  d i s c u s s e d  i n  t h e  

n e x t  s e c t i o n .  The p r e p h o r e  s u b u n i  t i s  now be1  i e v e d  t o  be 

t h e  t r u e  ch roma topho re  p r e c u r s o r ,  

2. The m a t u r e  s u b u n i t  

I t  was a l s o  found  t h a t  t h e  a g g r e g a t e d  m a t u r e  s u b u n i t  

and heavy ch roma topho re  f r a c t i  ons o c c u p i e d  s i s i  l a r  

p o s r t i o n s  (ca.  39-40% s u c r o s e )  d u r i n g  d e n s i t y  g r a d i e n t  

c e n t r  i f u g a t i o n .  The heavy  ch roma topho re  f r a c t i o n  i s  

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

a g g r e g a t e d  c h r o m a t o p h o r e s  a n d  ma tu re  s u b u n t  ts .  I t s  

i n c r e a s e  i n  s p e c i f i c  a c t i v i t y  f r o m  6 t o  2 0  h o u r s  p r o b a b l y  

i s  due t o  a g g r e g a t e d  m a t u r e  subunits p r o d u c e d  b y  t h e  

b reakdown o f  t h e  i n i t r a l  l y  l a b e l  l e d  l i g h t  chrornatophores.  



P o s s i b l y  t h e  ' o l d e s t g  c h r o m a t o p h o r e s  m i g h t  b e  t h e  m o s t  

s u s c e p t i b l e  t o  a g g r e g a t l  on  and t h a t  b o t h  t h e s e  n e c h a n i  sms 

cause  t h e  i n c r e a s e d  a c t i v i t y  i n  t h i s  f r a c t i o n  a t  20 h o u r s ,  

Hence9 t h e  I r g h t  c h r o m a t o p h o r e  f r a c t i o n  i s  now b e 1  i e v e d  t o  

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

0 .  L o c a t i o n  o f  t h e  p r e p h o r e  s u b u n i t  rn v i v o  

P e t e r ' s  w o r k  (1970) i n d i c a t e d  t h a t  t h e  p e t r p l a s m r c  

s p a c e  was t h e  s i t e  o f  B c h l  s y n t h e s i s .  As t h e  s u b u n i t  i s  

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

bound t o  B c h l ~  i t s  m o s t  l i k e l y  i n  v i v o  l o c a t i o n  w o u l d  b e  - -  
t h e  p e r  i p l a s m i c  space. T h i s  p r o p o s a l  i s  s u p p o r t e d  

i n d i r e c t l y  by  s e v e r a l  f  r  nd  i n g s .  A l u m i n a  g r i n d i n g  d o e s  not 

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

d i s r u p t i v e  t e c h i q u e s .  T h i s  c o u l d  b e  t h e  r e s u l t  o f  t h e  

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

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

a d a p t i n g  c e l l s  ( s e e  F i g u r e s  45  a n d  4 6 )  show t h a t  a n  i n f l u x  

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

e a r l y  i n  t h e  a d a p t a t  ion,  The h y d r o p h o b i c  n a t u r e  o f  t h e  

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

f u n c t i o n i n g  i n  t h i s  l o c a t i o n ,  I n  work w i t h  mutant s t r a i n s  

a n d  p a r e n t  c e l  l s  I h a v e  found,  i n  a g r e e m e n t  w i th  o t h e r  

w o r k e r s  I O e l z e . ,  and Drews (196911 t h a t  t h e  p i g m e n t s  

e x c r e t e d  by B c h l - l e s s  m u t a n t s  w e r e  p r o t e i n  bound, Th i s  

p r o t e i n *  1 1  ke t h e  s u b u n i t ,  had a s t r o n g  t e n d e n c y  t o  



a g g r e g a t e .  A s t u d y  ( M . A .  Shawr unpub l  i s h e d  da ta )  o f  t h e  

d i s t r i b u t i o n  o f  t h e  p i g m e n t - p r o t e i n  comp lex  f r o m  c e l l s  o f  

m u t a n t  8-47 i n d i c a t e d  t h a t  30% was bound by t h e  c e l l s  and  

o n l y  10Z o f  t h e  * * s o l u b l e m  comp lex  wou ld  p a s s  t h r o u g h  a 100 

nm m i  I l i p o r e  f i l t e r .  The n s o l u b l e w  comp lex  c o u l d  be  

h a r v e s t e d  by c e n t r i f u g a t i o n  i n  30X s u c r o s e  O . O O 5 M  i n  

phospha te  b u f f e r  (16 h r s  a t  7 0 r 0 0 0  x g l ,  The p e l l e t e d  
\ 

comp lex  c o u I d  b e  d r s s o c i a t a d ,  by s t i r r i n g  i n  5OZ 

g l y c s r o l / 5 0 1 .  d i s t i l l e d  water, i n t o  a f o r m  not s e d i m e n t i n g  

a t  t h e  above g  f o r c e .  Th:s made i t  p r o b a b l e  t h a t  

h y d r o p h o b i c  b o n d i n g  was t h e  cause o f  t h e  a g g r e g a t i o n ,  

SDS-PAGE a n a l  y s i  s o f  t h e  comp l exes  p r o d u c e d  b y  s e v e r a l  

m u t a n t s  ( S h a w ~  e t  a19 1973) and a l s o  t h e  p a r e n t  s t r a i n  - - 
under  B c h l - f : r n i t i n g  c o n d t t t o n s  ( F i g u r e  3 4 )  i n u r c s t e d  t h a t  

p r o t e i n  H o f  t h e  s u b u n ~  t was p rom inen t ,  U n l i k e  t h e  

s u b u n i t s ,  t h e  p i  g s s n t - p r o t e i n  comp lex  c o n t a r  n e d  a i a r g e  

amount of a p r o t e i n  w i t h  a m o l e c u l a r  w e i g h t  o f  15 k Q  

( p r o t e i n  C ) ,  T h i s  p r o t e i n  and  t h e  p r o t e i n  w i t h  a 

m o l e c u l a r  w e i g h t  40 k D  d a l t o n s  t p r o t e t n  H), were  o b s e r v e d  

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

p r g m e n t - p r o t e i n  complex f r o m  t h e  p a r e n t  s t r a i n  a n d  t h e  

r e c o n s t i t u t e d  p r e p h o r a  f  t a c t  t on make ~t p r o b a b l e  t h a t  

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

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

l ysozyme t o g e t h e r  w i t h  t h e  absence o f  t h e  p r e p h o r e  

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



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

t h e  p r e p h o r e  subun i  t s .  

E. D i s c u s s i o n  o f  t h e  p r o t e i n s  o f  t h e  p r e p h o r e  

s u b u n i  t a n d  medium d e n s i t y  f r a c t i  ons. 

SDS-PAGE a n a l y s t s  showed t h e  p r e p h o r e  f r a c t i o n  t o  

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

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

p rgmen ted  p r e p h o r e  subuni  ts m i g h t  combine ui  t h  a n o t h e r  

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

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

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

some o t h e r  f r a c t i o n  n o t  i s o l a t e d *  The p r o t e i n  c o r n p o s i t r o n  

o f  t h e  medium d e n s i t y  f r a c t i  on made i t  t h e  mos t  l i k e l y  

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

subun i  t d u r i n g  ch ro rna tophore  morphogenes is  i c f *  F i g u r e  

521. 

F. A d i s c u s s i o n  o f  t h e  r e s u l t s  o f  t h e  d o u b l e  

l a b e l l i n g  expe r imen t ,  

1. The 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  t h e  

f r a c t i o n s .  

The d o u b l e  l a b e  l l  r n g  e x p e t  i rnent  was d i f f e r e n t  f r o m  

t h e  i n i t i a l  L-(U-f4C) p r o 1  i n e  l a b e l l i n g  e x p e r i m e n t  i n  t h a t  

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

I n  t h i s  e x p e r  i went9 t h e  f  r a c t  I o n a t i o n  t e c h n i q u e  a i  l owed 
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t h e  i s o l a t r o n  o f  t h e  medoum d e n s i t y  t r a c t i o n  ( C h a p t e r  3, 

S e c t i o n  1, A.3) .  F u r t h e r s  t h e  p r e p h o r e  s u b u n i t  f r a c t i  on r  

r a t h e r  t h a n  t h e  p r e p h o r e  f r a c t i o n ,  was s t u d i e d  a f t e r  

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

As expec ted ,  t h e  s p e c i f i c  a c t i v a t y  of  a l  1 b u t  o n e -  o f  

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

a d d i t o n s  o f  t h e  chase  amrno a c ~ d s .  The e x c e p t i o n  was t h e  

"4-6" f r a c t i o n  a t  16 h o u r s  ( s e e  F i g u r e  4 1 1 ,  The i n c r e a s e  

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  n4-6" f r a c t i o n  a t  16 h o u r s  

shows involvement o f  a p r e c u r s o r ,  a s  I t  c a n  o n l y  be 

a c c o u n t e d  f o r  by  t h e  i n c o r p o r a t i o n  of  p r e - e x i s t  ing 

p r o t e i n s *  f o r m e d  between -3 hr  a n d  0 hr 13H d a t a )  and 

between 0 hr  and 2 hr ( I 4 C  da ta ) ,  I f  t h e s e  l a b e l  l e d  

p r o t e i n s  o r i g i n a t e d  I n  t h e  p t e p h o r e  s u b u n i t  o r  medium 

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

o r  p o o l  s i z e s  u o u l d  be  expec ted .  The q u e s t i o n  a r i s e s  a s  

t o  whe the r  o r  n o t  t h e  d e c r e a s e s  i n  speca f  i c  a c t i v i t y  o f  

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

( F i g u r e  4 1 )  were t h e  r e s u l t  o f  t h e i r  u t i l i z a t i o n  i n  

ch roma topho te  s y n t h e s i s .  As p r e v i o u s l y  rnenti  oned ( S e c t i o n  

I V . D , Z ,  above) ,  f o u r  d i s t i n c t  s lechanisms f o r  t h e  d i l u t i o n  

o f  s p e c i f i c  a c t i v i t y  a r e  p o s s i b l e ,  Da ta  w h i c h  was 

c o r r e c t e d  f o r  d i l u t i o n  due t o  c e l l  g r o w t h  (mechan i sa  a )  

was shown i n  t h e  f o rm  of  a l o g  p l o t  o f  the  r a t i o  o f  t h e  

s p e c i  t i c  a c t  i v  i t y  pe r  f  r a c r t i  on  ove r  t h e  spec i f  i c a c t  i v  i t y  

p e r  who le  c e l l  p r o t e i n  ( F i g u r e  4 2 ) .  T h i s  f i g u r e  shows 



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

f r a c t i o n  ( b e t w e e n  2  and 4 h r l  a n d  t he  s u b u n i t  f r a c t i o n s  

(be tween  0 and 5 h r )  i s  i n d e e d  g r e a t e r  t h a n  a v e r a g e  d u r i n g  

a d a p t a t i o n .  However? t o  e l i m i n a t e  t h e  p o s s i b i l i t y  t h a t  

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

s i z e s  (mechanism b )  b u t  d o e s  i n  t a c t  r e s u l t  f r o a  

u t r  l r z a t ~ o n  as a p r e s u r s o r  (mechanism d ) r  t h e  a b s o l u t e  

q u a n t i t y  o f  t h e s e  f r a c t i o n s  p e r  c e l  l a t  each t i m e  must be 

known, As t h e s e  f r a c t i o n s  a r e  t h e  p r o d u c t  o f  a h a r s h  

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

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

depend on t h e i r  t endency  t o  a s s o c i a t e  w i t h  o t h e r  

components  a n d  t h e  v u l n e r a b t  I I ~ Y  o f  t h e  c e l l s  t o  

d i s r u p t  ion .  These p a r a m e t e r s  m i g h t  vary d u r i n g  t h e  c o u r s e  

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

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

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

chase (mechanism c) ,  O b v i o u s l y  t h i s  f a c t o r  m i g h t  v a r y  

w i t h  t h e  m e t a b o l i c  s t a t e  o f  t h e  c e l l .  I f  i t  i s  assumed9 

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

t h e  medium d e n s i t y  f r a c t i o n  a r e  c o n s t a n t  and f u r t h e r ?  t h a t  

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

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

a d a p t a t i o n  I i e .  mechanisms b and c i n  S e c t i o n  IV.D.2, 

above a r e  n o t  o p e r a t i v e ) ?  t h e n  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 i  t h  t h e  p o s s r b r  I I t y  t h a t  t h e s e  f r a c t i o n s  a r e  



beang c o n v e r t e d  i n t o  a n o t h e r  t r a c t i o n  (eg. t h e  

ch roma topho re  component of t h e  "4-6" t r a c t  i o n  1 .  

The maximum obse rved  s p e c i f i c  a c t i v i t y  o f  t h e  *4 -b"  

f r a c t i o n  was a t  16 hr. A t  t h i s  t i m e r  t h e  s p e c i f i c  

a c t i v i t y  o f  thts f r a c t i o n  was g r e a t e r  t h a n  e i t h e r  t h e  

p r e p h o r e  s u b u n i t  or  t h e  medium d e n s i t y  f r a c t i o n s ?  b o t h  r n  

t h e  3H and t h e  "C data. Hence, as nas t h e  c a s e  w i t h  t h e  

s i n g l e  x 4 C - p r o l  i n e  l a b e l  l i n g  e x p e r i m e n t  ( S e c t i o n  iV.0.  

above), t h e  d a t a  a r e  not c o n s i s t e n t  w ~ t h  e i t h e r  f r a c t i o n  

b e t n g  t h e  s o l e  and immed ia te  p r e c u r s o r  t o  t h e  

c h r o m a t o p h o r e  f r a c t i o n  (model  a  o f  S e c t i o n  1.0.3. above) .  

The protein a n a l y s i s  ( C h a p t e r  3 ,  S e c t i o n  I E . 3  showed 

t h a t  additional p r o t e i n s  m u s t  be added t o  t h e  p r e p h o r e  

s u b u n i  ts b e f o r e  t h e s e  become chromatophores .  Hence? b o t h  

mode ls  a and b ( S e c t i o n  I.D.3, % u o u l d  n o t  be f a v o u r e d  on  

t h r s  basis a lone ,  A t h e o r e t i c a l  c o m b i n a t i o n  o f  p r o . t e i n s  

( S e c t i o n  I V  E. above )  i m p l i c a t e d  t h e  m e d i u m d e n s i t y  

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

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

l t o g e t h e r  ncth t h e  a d d i t r o n  0 0  B c h l  and  o t h e r  n o n - p r o t e r n  

components )  w o u l d  c o r r e s p o n d  t o  model c  o f  S e c t  i o n  f .D.3. 

In s u c h  a case9 t h e  maximum s p e c i f i c  a c t i v i t y  o f  t h e  

c h r o m a t o ~ h o r e  f r a c t i o n  wou ld  l e e  someuhere be tween t h e  

a c t i v i t t e s  of  t h e  c o m b i n ~ n g  f r a c t i o n s  a t  t h e  t i m e  o f  t h e i r  

f o r m a t i  on. 

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



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

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

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

1.0.3. The  maximum s p e c i f  t c  activity o f  t h e  "4-6" 

f t a c t i o n  a t  16 hr was l e s s  t h a n  t h e  max imurn s p e c i  f rc 

a c t i v i t y  o f  e i t h e r  t h e  p r e p h o r e  s u b u n i t  o r  t h e  mediuat 

d e n s i t y  f r a c t t o n s  a t  0 hr ( f o r  t h e  3H d a t a ) .  However, r t 

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

g r e a t e r  t h a n  t h a t  o f  t h e  medium d e n s i t y  f r a c t i o n  a t  2 hr 

( f o r  t h e  l '+C d a t a ) .  Hence, c o m b i t t a t i o n s  o f  t h e  t w o  s h o u l d  

y i e l d  % * C  s p e c i f i c  a c t r v i t y  v a l u e s  t o r  t h e  "4-6" f r a c t i o n  

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

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

c o m b i n a t i o n  t o  b e  i n  e f f e c t s  one must e v o k e  o n e  o f  t h e  

f o l l o w i n g  t # o  mechanisms: 

( 1 1  A wave o f  h 4 g h  s ~ e c t f l c  a c t r v i t y  p r e p h o r e  s u b u n i t  

m c o m p a r t m e n t s ~  f orrned b e f o r e  2 hr ( a n d  o f  h i g h e r  s p e c i f  I C  

a c t i v i t y  t h a n  t h a t  shown i n  t h e  " * C  d a t a  a t  2 h r )  may h a v e  

become c h r o n r a t o p h o r e s  b e t w e e n  6 a n d  16 hr. T h i s  mechan ism 

IS i n d i s t i n g u i s h a b l e  f r o m  m o d e l  b o f  S e c t i o n  I.D.3. 

above.  

(2) The h igh  s p e c i f i c  a c t i v i t y  o f  t h e  m4-6** f r a c t i o n  

may h a v e  b e e n  due t o  t h e  t r a n s f e r  o f  a c t i v i t y  t o  t h e  

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

t e c h n i q u e .  A 1  t h o u g h  s u c h  a s o u r c e  was n o t  f o u n d  i n  the 

smal l  p a t  t i c 1  e  o r  t h e  1001000 x g s u p e r n a t a n t  f r a c t i o n s 9  



i t  m r g h t  be s t r o n g l y  a s s o c i a t e d  w i t h  t h e  c e l  i envet ope 

m a t e r i a l  wh ich  was d i s c a r d e d  i n  the  p r e l i m i n a r y  

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

membrane) and may have been v e r y  h i g h l y  l a b e l l e d .  

As ment ioned above, t h e  s p e c i  f i  c a c t i v i t y  d a t a  do n o t  

a l l o w  a d i s t i n c t i o n  t o  be made between t h e s e  two 

p o s s i  b i  i i t i e s ,  Thus9 a1 l t h a t  can be s t a t e d  i s  t h a t  t h e  

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

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

and medium d e n s i t y  f  t a c t  i o n s  as chromatophore  f  r a c t  i on 

p r e c u r s o r s .  I n  e i t h e r  case, t h e  e n t i r e l y  d& n o w  

s y n t h e s i s  of t h e  e x t r a  p r o t e i n s  f rom p r e c u r s o r s  o f  low 

s p e c i f i c  a c t i v i t y  i s  n o t  l i k e l y .  

2. The 3H/14C f a t ~ o s  of t h e  f r a c t i  ons 

The e s s e n t i a l l y  c o n s t a n t  3H114C r a t t o  o f  t h e  p u r i f i e d  

p r e p h o r e  s u b u n i t s  ( c f ,  F i g u r e  4 3 )  has  two i m p o r t a n t  

a n t e r p r e t a t i o n s :  1)  a t conf  i rms t h e  p r e v i o u s  f i n d i n g s  

t h a t  p r e p h o r e  m a t e r i a l  i s  c o n t a i n e d  i n  unp igmented 

naerob ic * *  c e l l s  and 2) i t  shows t h a t  t h i s  m a t e r i a l  i s  t h e  

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

t h r o u g h  t h e  i n c o r p o r a t i o n  of  p r e - e x i s t i n g  a e r o b i c  p r o t e i n s  

fo rmed b e f o r e  2 h r  and t h e r e f o r e  c o n t a i n i n g  e h i g h e r  

% t " C  r a t i o ,  I t  seems l i k e l y  t h a t  t h e  medium d e n s i t y  

f r a c t  i on, on t h e  o t h e r  hand, c o n t a i n s  a l a r g e  a e r o b i c  

p r o t e i n  component. The i n c r e a s e  i n  t h e  r a t i o  a t  6 hr and 



t h e  s u b s e q u e n t  d r o p  t n  t h e  r a t i o  o f  t h i s  f t a c t i o n  a t  16 h r  

may r e f l e c t  passage  o f  a e r o b i c  p r o t e i n ( s 1  o f  t h e  c e l l  
I 

membrane ( f o r m e d  b e f o r e  2 h r !  i n t o  t h i s  f r a c t i o n  ( b y  6 hrP 

and f r o m  t h e n c e  i n t o  t h e  c h r o w a t o p h o r e  f t a c t ~ o n  I b y  16 

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

i n  t h e  3H/1YC r a t i o  o f  t h e  '4-bs f r a c t i o n  a t  1 6  hr ,  

6. The m o d i f i c a t i o n  o f  t h e  p r e l i m i n a r y  morphogenes i s  

scheme. 

The p t e l  i m i n a r y  mor p h o g e n e s i s  scheme ( S e c t i o n  1 V . B . )  

i n c l u d e d  f o u r  components: t h e  p r o t o p h o r e ~  p r e p h o r e *  l i g h t  

ch roma topho re  and  heavy  c h r o m a t o p h o r e  f r a c t i o n s .  As 

m e n t i  one4  i n  s e c t r o n  1 V . C .  above. t h e  p r o t o p h o r e  f r a c t i o n  

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

L - 4 l k s 4 C )  p r o t  i n e  l a b e  l l  i ng e x p e r i m e n t  than t h e  p r e p h o r e  

f r a c t i o n .  I t  was post  t i  oned b e f o r e  t h e  p r e p h o r e  f r a c t i o n  

I n  t h e  p r e l i m i n a r y  scheme as rts t o t a l  a c t i v i t y  peaked  a t  

2 h o u r s  w h i l e  t h a t  o f  t h e  l i g h t  ch roma topho re  was h i g h e s t  

i n  t h e  f r a c t i o n  s t u d i e d  a t  6 hou rs ,  The g r e a t e r  s p e c i f i c  

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

component o f  t h e  p r o t o p h o r e  l r a c t r  on e n r  i c h e d  i n  L-(U-14Cl 

p r o l i n e  was i n v o l v e d  i n  t h e  p r o d u c t i o n  o f  t h e  p r e p h o r e  

f  t a c t  i on. 

Subsequen t1  y  i t  was f o u n d  t h a t  t h e  p r e p h o r e  f r a c t  I on  

was i n  f a c t  a n  a g g r e g a t e  o f  s m a l l e r  p a r t i c l e s  ( S e c t i c n  I 1  

above19 w h i c h  r n  a non -agg rega ted  s t a t e  p e a k e d  a t  a 
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dens1 t y  o f  282 s u c r o s e  i n  t h e  s t a n d a r d  g r a d i  e n t .  T h i s  

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

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

t o  t h e  p r e s e n c e  o f  p r e p h o r e  s u b u n i t s  a t  0 a n d  2 h o u r s  

( S e c t i o n  I V , C ,  1. 

The h e a v y  c h r o m a t o p h o r e  t r a c k i o n  was f o u n d  t o  be  

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

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

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

( S e c t i o n  I 0 E . 2 , e ~  C h a p t e r  3 ) .  T h e s e  f i n d i n g s  showed t h a t  

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

remar n e d  d r s t i n c t  e n t i  t i e s :  t h e  p r e p h o r e  f r a c t i  o n  and t h e  

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

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

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

The SDS-PAGE a n a l y s i s  o f  v a r i o u s  f r a c t i  o n s  ( d i s c u s s e d  
I 

i n  S e c t i o n  1 V - E .  above)  showed t h a t  t h e  p r e p h o r e  s u b u n i t  

had a s i m p l e  p r o t e i n  c o m p o s i t i o n  compared  t o  t h e  o t h e r  

f r a c t i o n s  s t u d i e d .  I t  was t h o u g h t  m o s t  l i k e l y  t h a t  t h e s e  

s u b u n i t s  c o m b i n e d  w i t h  some p o r t i o n  o f  t h e  cytoplasmic 

membrane as  many w o r k e r s  h a v e  shown t h e  c y t o p l a s m i c  

membrane t o  b e  i n v o l v e d  i n  c h r o m a t o p h o r e  mor p h o g e n e s l s  

( s e e  S e c t i o n  1x3 C h a p t e r  I). The p r o t e i n  c o m p o s i t i o n  o f  

t h e  medium d e n s r t y  f r a c t i o n  made i t  t h e  m o s t  l i k e l y  

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

t h e  c h r o m a t o p h o r e  ( s e e  d i a g r a m  i n  F i g u r e  52 a b o v e ) .  T h i s  



b e 1  i e f  was f u r t h e r  s u p p o r t e d  by  t h e  membranous ' s a c - l  I kern 

appearance  o f  t h e  medium d e n s i t y  f r a c t i o n  a s  seen  b y  

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

p r e p a t a t t o n s  ( F i g u r e  9 c ) .  A s  d j s c u e s a d  i n  S e c t r o n  1 v . F . l ~  

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

i n c r e a s e d  t u r n o v e r  d u r i n g  a d a p t a t i  on. However r  t h e  d o u b l e  

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

and medium d e n s i t y  f r a c t i o n s  a s  t h e  s o l e  ch ro rna tophore  

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

t h ~ s  c e l l  membrane, n o t  i s o l a t e d  and  a n a l y s e d  i n  t h t s  

study,  a r e  a l s o  i n c o r p o r a t e d  i n t o  t h e  chr omatophor e  

t r a c t i o n  ( S e c t i o n  IV.F.1.). The 3 H I k * C  r a t i o s ,  h o n e v e r ~  

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

novo, whereas t h e  medium d e n s i  t y  f r a c t i o n  may h a v e  - 
c o n t a i n e d  a  s i g n i f i c a n t  a e r o b i c  membrane component 

( S e c t  i o n  I V , F .  2 . ) .  

Thase f a c t o r s  l e a d  t o  t h e  deve lopmen t  o f  t h e  modi f  l e d  

morphogenes i s  scheme shown i n  F i g u r e  53; t h e  p r e l i m i n a r y  

scheme i s  i n c i  uded t o r  compar i son. 



Figure 53,A conpasison of the preliminary and modified schemes 

of rnorphogenesis. 
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C h a p t e r  5. C o n c l u s i o n s  a n d  S p e c u l a t i o n s ,  

I The  R o l e  o f  t h e  P r e p h o r e  S u b u n i t s  i n  Chromatophore  

Horphogenes is .  

I t  i s  now p o s s i b l e  t o  answer  some q u e s t i o n s  w i t h  

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

chroma t o p h o r e  morphogenes i  s, 

A. How a n d  where a r e  t h e  p rephore  s u b u n i t s  formed? 

The c o n s t a n t  3 H / l * C  r a t i o  found i n  t h e  d o u b l e  

f r a c t i o n s ,  t h e  p r e p h o r e  s u b u n i t s  were fo rmed de novo  

w i t h o u t  t h e  i n c o r p o r a t i  o n  o f  p r e - e x i s t i n g  p r o t e i  ns, 

The q u e s t i o n  as t o  Hhere t h e  s y n t h e s i s  o f  t h e s e  

p r e c u r s o r s  t a k e s  p l a c e  i s  d i f f i c u l t  t o  answer,  The o n l y  

e v i d e n c e  as t o  t h e f t  l o c a t i o n  i n  t h e  c e l l  i s  k n d i r e c t .  

P e t e r  s  4 1970 )  showed t h a t  t h e  f  i r  s t  d e t e c t a b l e  p i gmen t  i n  

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

space. The s u b u n i t s  c o u l d  b e  s y n t h e s i s e d  o n  membrane 

bound r i b o s o m e s  and m i g r a t e  t o  t h e  p e r i p I a s r a i c  space 

d i r e c t  Iy t h r o u g h  t h e  c y t o p I a s m i c  membrane. Ano the r  

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

p e r i p l a s m i c  space  i n  t h e  e a r l y  s t a g e s  of a d a p t a t i o n  r s  

c o n n e c t e d  w i t h  t h e  o r g a n i z a t i o n  o f  t hese  h y d r o p h o b i c  

s u b u n r t ~ ~  I t  c o u l d  be p r o p o s e d  t h a t  t h e  m i g r a t i o n  of PHB 

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



t r i g g e r e d  by t h e i r  a s s o c i a t i o n  w i t h  s u b u n i t s  i n  t h e  

cy top lasm.  Th is  mrgh t  b e  s u p p o r t e d  by t h e  I i b e r a t i o n  of 

s u b u n i t  p r o t e i n s  f rom s s o l a t e d  PHB s t o r a g e  g r a n u l e s  

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

8. What f a c t o r s  c o n t r o l  t h e  s y n t h e s i s  and  

u t i  l i z a t i o n  o f  p r e p h o r e  subun i  t s ?  

It Has t o u n d  t h a t  t h e  p r e p h o r e  f r a c t i o n  can  be 

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

h i g h  l e v 8  Is o f  oxygen i n h i b i t e d  t h e i r  f o r m a t i  on. 

Unp igmented  p r e p h o r e s  can  be p r o d u c e d  b y  r e d u c i n g  t h e  

oxygen  l e v e l  f o r  a s h o r t  p e r i o d  of  t ime.  I f  Ion  oxygen 

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

p i g m e n t e d  and t h e  c e l l s  f o r m  chro rna tophores -  An i n c r e a s e  

i n  t h e  l e v e l  o f  t h e  p r e p h o r e  f r a c t i o n  does  n o t  hqwever 

a u t o m a t r c a l  l y  r e s u l t  i n  t h e  p r o d u c t i o n  o f  ch ro rna tophores -  

When c e l l s  g roHn a t  h i g h  oxygen  l e v e l s  a r e  gassed  w i t h  

n i t r o g e n  t h e  p r e p h o r e  f r a c t i o n  i s  i n c r e a s e d  a n d  becomes 

pigmented; however,  c h r o m a t o p h o r e s  a r e  n o t  d e v e l o p e d -  

T h i s  d e m o n s t r a t e s  t h a t  p r e p h o r e  u t i  l i x a t i  on does n o t  

depend o n l y  on B c h l  s y n t h e s i s .  When a c u l t u r e  i s  gassed  

w l t h  4% o x y g e n / n i  t r o g e n  t h e  c h r o m a t o p h o r e  p r o d u c t i o n  i s  

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

c e l l s  a r e  c u l t u r e d  i n  med ia  gassed  w i t h  l e s s  t h a n  4 %  

o x y g e n / n i  t r o g e n ,  I t  w o u l d  appear  t h a t  i t  i s  t h e  

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



i s  l i m i t e d  a t  low oxygen t e n s i o n s .  I t  w o u l d  seem l i k e l y  

t h a t  t h e  s y n t h e s ~ s  o f  components o t h e r  t h a n  t h e  p r e p h o r e  

s u b u n i t  p r o t e i n s  i s  more s u s c e p t a b l e  t o  me tabo l  i c  

i n h i b i t i o n  u n d e r  t h e s e  c o n d i t i o n s .  I t  appears .  however *  

t h a t  i t  i s  t h e  s y n t h e s i s  o f  t h e  p r e p h o r e  s u b u n i t s  wh i ch  i s  

l i m i t e d  a t  h i g h  oxygen l e v e l s  ( g a s s i n g  t h e  c u l t u r e  w i t h  

g r e a t e r  t h a n  65L oxygen).  An a p p r e c i a b l e  u n p i g m e n t e d  

p r e p h o r e  component i s norma l J Y  p r e s e n t  a t  l o w e r  oxygen  

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

endogenous ATP l e v e l  j causes  t h e  i n h i b i  t i  o n  o f  t h e  

s y n t h e s i s  of  some o t h e r  component w h i c h  i s  r e q u i r e d  f o r  

p r e p h o r e  u t i  I I r a t i o n .  A l t h o u g h  t h i s  component, as 

men t i  o n e d ~  i s  n o t  Bchl ,  i t  seems l i k e l y  t h a t  p r e p h o r e  

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

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

s t u d i e s  w i t h  m u t a n t s  u n a b l e  t o  s y n t h e s i z e  Bchl.  I n  

agreement  w i t h  O e l z e  8 2  a 1  (19691, i t  was f o u n d  t h a t  s u c h  

m u t a n t s  were d e f e c t i v e  i n  b o t h  ch roma topho re  p r o t e i n s  a n d  

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

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

f r a c t i o n .  I n  a d d r t  ion, s p e c t r a l  ana lys i s  o f  p r e p h o r e  

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

p r e c u r s o r s  t o  Bchl .  Thus i t  i s  p r o b a b l e  t h a t  B c h l  i s  

r e q u i r e d  f o r  i n s e r t t o n  i n t o  t h e  p r e p h o r e  s u b u n i t  i n  

a d d i t i o n  t o  t h e  s y n t h e s i s  ~ f  some o t h e r  coraponent (s) .  As 

d i s c u s s e d  below, i t  seems l i k e l y  t h a t  t h e  medium d e n s i t y  



f r a c t i o n  cs one o t h e r  component, 

C. What i s  t h e  s o u r c e  o f  t h e  a d d i t i o n a l  p r o t e i n s  

r e q u i  r e d  f o r  t h e  c o n v e r s i o n  o f  p r e p h o r e  s u b u n i  t s  i n t o  

c h r o m a t o p h o r e s ?  

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

f  t a c t  i ons i n d i c a t e d  t h a t  t h e  aed ium d e n s i  t y  f f a c t i o n  m i g h t  

combine w ~ t h  t h e  p i g m e n t - c a r r y 1  ng p t e p h o r e  s u b u n ~ t s  t o  

f o r m  t h e  chromatophore .  T h i s  be1 i e f  was s u p p o r t e d  b y  t h e  

'"sac- I i k e w  appearance  o f  t h i s  f r a c t i o n  i n  e l e c t r o n  

rn i c rog raphs r  s u c h  s t r u c t u r e s  c o u l d  be i m a g i n e d  t o  a r i s e  

f tom t h e  d i s l o c a t i o n  o f  i nvag i n a t i o n s ,  As was d i s c u s s e d  

i n  S e c t i o n  I V , F , L .  above t h e  e n t i r e l y  n o v o  s y n t h e s i s  

o f  t h e  e x t r a  p r o t e i n s  was shown t o  be unl i k e f y .  It was 

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

appea rance  o f  t h e  f  r a c t i  on9 t h a t  i t  was de r  i v e d  f t o m  

d i s l o c a t e d  a e r o b i c  i n v a g i n a t i o n s .  T h i s  r e m a i n s  t o  be 

d e m o n s t r a t e d r  however. NI ederman and G i  bson 4 1972 )  u s e d  

E, e o l i ~  b e l i e v e d  t o  i a c k  a e r o b i c  i n v a g i n a t i o n s ~  t o  - - 
d e t e r  m ine  w h e t h e r  t h e i r  smaI  1 p a r t i c l e  f r a c t i o n  

r e p r e s e n t e d  t h e s e  s t r u c t u r e s .  They ,  f ound t h a t  disrupted 

c o l  i r  i n  f a c t 9  p r o d u c e d  a s i m i  l a t  f r a c t i o n  t o  t h e  
€ 0  - - 
s m a l l  p a r t i c l e  f r a c t i o n  f r o m  R, sphe ro ides .  I f  E. c o i i  - - 
c e l l s  had n o t  p roduced  a smal I p a r t i c l e  f t a c t i o n  t h i s  

wou ld  have  i n d i c a t e d  t h a t  t h e  f r a c t i o n  i n  5. s p h e r o i d e s  

was p r o d u c e d  f tom t h e  i n v a g  i n a t i  ons, A s i m i  l a r  a p p r o a c h  



m i g h t  p r o v i d e  more s u b s t a n t i  ad e v i d e n c e  t h a t  t h e  aed i  urn 

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

s e e n  i n  e l e c t r o n  mic rographs .  Th i s  w o u l d  o b v i o u s l y  b e  a 

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

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

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

11. A M o r p h o g e n i c  Model o f  C h r o r n a t o p h o r e  S y n t h e s i s .  

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

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

t h e  s u b u n r t  as  a c h r o m a t o p h o r e  p r e c u r s o r .  The s u b u n r  t was 

shown n o t  t o  b e  d e r ~  ved  f r o m  a p r e - e x i s t  i n g  membrane 

f r a c t i o n  b u t  t o  h a v e  b e e n  s y n t h e s i z e d  d e  novo. - - In 

a d d i t i o n  i t  was i n d i  c a t e d  t o  h a v e  had a 

h i g h e r - t h a n - a v e r a g e  m e t a b o t i c  t u r n o v e r  b e t ~ e e n  0 a n d  6 hr. 

A s t u d y  o f  t h e  i n c r e a s e  i n  3 H / 1 Y C  r a t i o  o f  t h e  medium 

d e n s i t y  f r a c t i o n  a t  6 h r  may i n d i c a t e  t h a t ,  a s  w o u l d  be 

e x p e c t e d ,  t h e  medium dens i  t y  f t a c t  r o n  is d e r  i ved  f r o a  t h e  

c ~ t o p l a s m i c  membrane. T h i s  r e s u l t r  t o g e t h e r  u i t h  t t s  

t u r n o v e r  d a t a r  makes i t  l i k e l y  t h a t  t h e  medium d e n s i t y  

t r a c t r  o n  s u p p i  r e s  p r o t e d n s  d e r i v e d  froar t h e  a e r o b i c  

c y t o p  l a s m l c  membrane t o  t h e  c h r o m a t o p h o r e .  E lectron 

C ~ I ~ C ~ O S C O P ~ C  e x a m i n a t i o n  o f  t h i s  f r a c t i o n  a f t e r  n e g a t i v e  

s t a i n i n g  had s u g g e s t e d  t h a t  t h i s  m a t e r  i a i  may h a v e  b e e n  

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

t h u s  p r o v i d e s  f u r t h e r  s u p p o r t  f o r  t h i s  b e l i e f .  The d o u b l e  



l a b e l  l i ng expe r  i rnent  a l s o  showed t h a t  c h r o m a t o p h o r e s  a r e  

n o t  f o rmed  e n t i r e l y  d e  novo. I f  t h i s  h a d  been  t h e  case, -- 
t h e  s p e c i f i c  a c t i v i t y  o f  t h e  n4-61* f t a c t i o n  wou ld  have  

c o n t i n u a l l y  dec reased  w i t h  t h e  n e t  i n c r e a s e  i n  

ch roma topho res  i n  t h e  "4-6" t r a c  t i  on w a t e r  la l. 

The f o l  l ow ing  model o f  c h r o m a t o p h o r e  mot p h o g e n e s i s  

c a n  now be c o n s t r u c t e d .  R e d u c t i o n  i n  oxygen  s u p p l y  a n d  

t h e  r e s u l t i n g  dec rease  i n  t h e  c e l l u l a r  A T P  l e v e l  c a u s e s  

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

t h e  i n i t i a t i o n  o f  B c h l  s y n t h e s i s ,  When t h e  p i g m e n t e d  

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

space they combrne w i t h  t h e  s i m u l t a n e o u s l y  p r o l i f e r a t i n g  

" a e r o b i c w  i n v a g i n a t i o n s .  T h i s  c o m b i n a t  i o n  and  c o n t i n u e d  

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

ch ro ina tophores .  Fr  gu re  5 4  shows diagrammati c a l  l y  t h e  

p roposed  scheme o f  ch ro rna tophore  morphogenes is .  

111. An O v e r v i e w  

The q u e s t i o n  as t o  t h e  o r i g i n  o f  b a c t e r i a l  

c h r o m a t o p h o r e s  h a s  been s t u d i e d  by numerous w o r k e r s  i n  t h e  

l a s t  t w e n t y  y e a r s  and r e m a i n s  p o o r l y  u n d e r s t o o d .  Much o f  

t h r s  t h e s i s  has been c o n c e r n e d  w i t h  e s t a b l i s h i n g  t h a t  i t  

i s  p o s s i b l e  t o  i s o l a t e  a c h r o m a t o p h o r e  p r e c u r  sot, w h i c h  

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

c u l t u r e  c o n d i t i  ons a n d  d i  s r u p t i v e  p r o c e d u r e s  o n  t h e  

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



F i g u r e  54. Proposed model of chromatophore morphogenesis.  
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F u r t h e r  s t u d i e s  F r o v i d e d  i n f o r m a t i o n  as  t o  i t s  

m a c r o m o l e c u l a r  s t r u c t u r e  and p r o t e i n  cornpos it  i on .  Some 

work  was p e r f o r m e d  o n  t h e  q u e s t i o n  of  how t h i s  p r e c u r s o r  

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

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

m o r p h o g a n e s i s r  by t h s  u s e  o f  d i  f f e r e n t  techniques,  h a v e  

b e e n  discussed.  A l t h o u g h  a m o d e  1 of t h e  o v e r a 1  I p r o c e s s  

was p r o d u c e d r  t h e  thes l  s has shown t ha t  t h e  u n d e r s t a n d i n g  

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

cornpl e t e ,  

I t  i s  m y  h o p e  t h a t  t h i s  t h e s i s  ni  l l  p r o v i d e  useful 

g r o u n d w o r k  f o r  f u r t h e r  i n v e s t i g a t i o n s .  



Append i x  A. 

The compar r son  o f  p r o t e i n  c o n t e n t s  o f  d ~ f f e r e n t  f r a c t i o n s ,  

To mak6 t h e  p r  o t e i  n  compost t t o n s  o f  d i f  f e r e n t  

f r a c t  i ons e a s i  l y  comparab l  e r  t h e  s t a i n e d  po l  y p e p t i d e  bands 

were a s s i g n e d  t o  g r o u p s  depend rng  o n  t h e c r  a p p a r e n t  

m o l e c u l a r  w e i g h t s .  A l t h o u g h  d u p l  i c a t e  samples i n  any  r u n  

g a v e  t h e  same g e l  p r o f i l e s ,  i t i s  p r o b a b l e  t h a t  t h e r e  were 

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

p o l y p e p t i d e s  i n  d i f f e r e n t  r uns ,  The  t e c h n i q u e  i s  

r e c o g n i z e d  t o  g i v e  + o r  - 5 X  v a r i a t i o n  i n  t h e  a p p a r e n t  

m o l e c u l a r  wetghts. A good I  near r e l a t i  o n s h i p  Has 

o b t a i n e d  ~ i t h  t h e  p r o t e i n  s t a n d a r d s  used ( F i g u r e  55)- The 

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

a c h i e v e d  i n  t h e  f o l  l o ~ i n g  manner. The a p p a r e n t  r o l e ~ u l a r  

we igh ts .  c o r r e s p o n d i n g  t o  8 5 6  bands o t t a i n e d  f r o m  t h e  

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

an c h a p t e r  3 ,  were p l o t t e d  a g a r n s t  t h e  f r e q u e n c y  o f  t h e i r  

o c c u r a n c e  ( F i g u r e  561, D i s t i n c t  peaks were  p roduced .  As 

men t i  onedr t w o  p o l y p e p t i d e s  may have  the  same a p p a r e n t  

m o l e c u l a r  we igh t ;  thrs t e c h n t q u e  a l o n e  1s n o t  s u f f i c i e n t  

t o  e x c l u d e  t h i s  p o s s r b t I  r t y .  C l a s s i t i c a t r o n  o f  bands by 

t h i s  method does  a l l o u  t h e  p r o t e i n  p a t t e r n  i n  d i f f e r e n t  

f r a c t  i o n s  t o  be  compared, A S  c a n  be seen  f r o m  f i g u r e  5 6 9  

a s s l g n m a n t  o  f  bands t o  d i  s t  i n c t  g r o u p s  becomes more 

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



Appendix A ,  F igu re  55. 
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( ~ i g e s t i o n  t ime 60 seconds a t  100"; 
- g e l s  run  q t  1 .0  mA about  4 hour s  . )  

M o b i l i t i e s  
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a p p a r e n t l y  ' h i g h  molecular w e i g h t '  bands may b e  due t o  t h e  

a s s o c l a t l o n  o f  l ower  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 s .  F o r  

t h i s  r eason*  cornpar i  son  o f  bands  c o r r e s p o n d i n g  t o  

p o l y p e p t i d e  n e i g h t s  be low  5 0  kD have been  p r e f e r e n t i a l l y  

used; t h e  bands  c o r r e s p o n d  l n g  t o  h ~ g h e r  m o l e c u l a r  w e i g h t s  

were  c l a s s i f i e d  i n t o  g r o u p s  K-Lr 14-N, 0-P, Q and R. To 

compare t h e  p r o t e i n  c o n t e n t s  o f  d i f f e r e n t  f r a c t i o n s ,  

h i s t o g r a m s  were  drawn, peaKs b e ~ n g  f u r t h e r  c l a s s i f i e d  o n  

t h e  b a s i s  o f  t h e i r  p r o f i l e s  a n d  t h e i r  h e i g h t s .  A p p a r e n t  

m o l e c u l a r  w e i g h t s  and b a n d  a s s i g n m e n t s  were  shown on  t h e  

f  ~ g u r e s .  



O i s o l v e d  Oxygen C o n t e n t .  

The Bechmann mode l  777 o x y g e n  e l e c t r o d e  was u s e d  f o r  

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

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

20% o x y g e n  i n  a i r .  The d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n  

f o r  p a r t ~ c u l a r  m e t e r  r e a d i n g s  a t  25 d e g r e e s  i n  w a t e r  were  

d e t e r m i n e d  by H a h a r a j h  (Ph,  D, T h e s i s 9  C h e m i s t r y  

d e p a r t m e n t f  Simon F r a s e r  U n i v e r s i t y 9  19731, T h e  

c o r r e s p o n d i n g  v a l u e s  a t  30 d e g r e e s  were  c a l c u l a t e d  a n d  a r e  

shown I n  t h e  f o l l o w ~ n g  t a b l e .  I n o u l d  l a k e  t o  t h a n k  Dr .  

J, W a l k l e y  f o r  h i s  a s s i s t a n c e  i n  t h e  c a l c u l a t i o n  o f  t h e  

o x y g e n  s o f u b i  1  i t i e s  c o r r e s p o n d i n g  t o  t h e  d i f f e r e n t  w t e r  

r e a d i n g s  a t  3 0  deg rees ,  



Oxygen concent ra t ions  corresponding t o  var ious  meter readings 

of t h e  Beckmann model 777 e l e c t r o d e .  

Table V I I  

Ox gen l e v e l  Reading of nmoles per  l i t e r  Values ($y i n  t h e  e l e c t r o d e  oxygen i n  water a t  3 0 " ~  
s a t u r a t i n g  i n  t h e  a t  2 5 " ~  

f as mix. s o l u t i o n  
balance 

n i t r o g e n )  . 
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