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I. 1. H i s t o r i c a l  I n t r o d u c t io n

, It is  now  a c c e p t e d  th a t  the  c h lo r o p l a s t  of g r e e n  p la n ts

is  a  s e l f - c o n t a i n e d  p h o to s y n th e s i s in g  un it  c a p a b le  o f  a l l  the  

r e a c t io n s  w h e r e b y  c a r b o n  d iox ide  is  r e d u c e d  to  f o r m  s u g a r s  

a t  th e  e x p e n s e  of w a t e r ,  w h ic h  is  o x id is e d  to  m o l e c u l a r  

o x ygen .

T he  f i r s t  r e c o g n i t io n  th a t  p h o to s y n th e s is  is  th e  

p r o p e r t y  o f  th e  g r e e n  p a r t s  o f th e  p la n t  w as  b y  th e  D u tch  c h e m is t  

J a n  I n g e n - H o u s z  (1779). T h e  p ig m e n t  c o n f e r r in g  th e  g r e e n  

c o lo u r  w as t e r m e d  c h lo r o p h y l l  by  P e l l e t i e r  a n d  C a v e n to u ,

(1818), a u d i t s  im p o r t a n c e  s t r e s s e d  by  D u t r o c h e t  (183.7) who . 

r e c o g n i s e d  c h lo r o p h y l l  a s  b e in g  e s s e n t i a l  to  p h o to s y n th e s i s .  

S a c h s ,  (1862) p o s tu l a t e d  s t a r c h  a s  a d i r e c t  p r o d u c t  of 

p h o to s y n th e s i s  a n d  d e s c r i b e d  e x p e r i m e n t s  to  sh o w  th a t  s t a r c h  

p r o d u c t io n  b y  i l l u m in a t e d  g r e e n  p la n t  t i s s u e s  t a k e s  p la c e  in  

th e  c h lo r o p l a s t .  In  1873, P f e f f e r  sh o w ed  th a t  s t a r c h  

f o r m a t io n  o n ly  o c c u r s  in  i l l u m in a t e d  l e a v e s  i f  th e  a tm o s p h e r e  

c o n ta in s  c a r b o n  d io x id e .  T h a t  th e  c h lo r o p l a s t s  a r e  a l s o
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th e  c e n t r e s  of o x y g e n  r e l e a s e  in  p h o to s y n th e s is  w as  

d e m o n s t r a t e d  b y  E n g e lm a n n  (1884), who sh o w e d  th a t  

o x y g e n - s e n s i t i v e  m o t i l e  b a c t e r i a  m i g r a t e d  to  th e  p o s i t io n  of 

th e  c h l o r o p l a s t s  upon  i l l u m in a t io n  of th e  t i s s u e .  F u r t h e r  

s u p p o r t  f o r  th e  l o c a l i s a t i o n  of th e  l ig h t  p r o c e s s e s  w i th in  

th e  c h lo r o p l a s t  c a m e  f r o m  th e  e x p e r i m e n t s  o f  H i l l  (1937) 

(1 9 39 ) (1940), who sh o w e d  t h a t  i s o l a t e d  c h l o r o p l a s t s  w h en  

i l l u m in a t e d  w o u ld  e v o lv e  o x y g e n  i f  a  s u i ta b le  a c c e p t o r  of 

e l e c t r o n s  w as  p r e s e n t .  T he  e l e c t r o n  a c c e p t o r  u s e d  w a s  a  

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

th e  r e a c t i o n  v iz :

Z H i O  I
CktorOplA^C | \

4Fè'
Som e e l e c t r o n  d o n o r  w as  o x id i s e d  to  y ie ld  o x y g e n  g a s

• .  • "H'i"w i th  th e  c o n c o m i ta n t  r e d u c t io n  of F e  . T he  id e n t i ty  of

th e  e l e c t r o n  d o n o r  w a s  e s t a b l i s h e d  b y  R u b e n  (1941) a n d

V in o g ra d o v  (1941), who d e m o n s t r a t e d  w ith  0^® la b e l l in g

e x p e r i m e n t s  th a t  o x y g e n  e v o lv e d  in  p h o to s y n th e s is  ' :
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h a s  the  s a m e  r a t i o  a s  th e  o x y g e n  of th e  w a t e r  in

w h ic h  the  c e l l s  a r e  s u s p e n d e d .  H e n ce  th e  H il l  R e a c t io n  c a n  

be  f o r m u la t e d  a s :

CkloroialA^t
2. “

T h u s  the  H i l l  R e a c t io n  d i f f e r s  f r o m  p h o to s y n th e s is  in  th a t  

i r o n  r a t h e r  th a n  c a r b o n  d io x id e  is  th e  t e r m i n a l  e l e c t r o n  

a c c e p t o r .  A t t e m p ts  to  e m p lo y  c a r b o n  d iox ide  a s  th e  H il l  

O x id a n t  d id  no t m e e t  w ith  s u c c e s s  u n t i l  1954 w hen  A r n o n  

u l t i m a t e l y  d e m o n s t r a t e d  th e  c h lo r o p l a s t  a s  b e in g  c a p a b le  of 

c a r r y i n g  ou t fu l l  p h o to s y n th e s i s  w i th o u t  a n y  r e q u i r e m e n t  

f o r  c y to p la s m ic  m a t e r i a l s .

E a r l i e r  w o rk  b y  B la c k m a n  (1905, 1911) h a d  

i n d ic a te d  th a t  th e  ph o to  s y n th e t ic  p r o c e s s  m a y  be  r e s o l v e d  

in to  (1) a  t e m p e r a t u r e  i n s e n s i t i v e  s t e p  i n i t i a t e d  b y  l ig h t  

e n e r g y  a n d  (2) a n  e n z y m i c ,  t e m p e r a t u r e  d e p e n d e n t  l ig h t  

i n s e n s i t i v e  s te p .  T h e s e  a r e  t e r m e d  the  l ig h t  a n d  d a r k  

r e a c t i o n s  r e s p e c t i v e l y  a n d  a r e  now  know n to  be  no t o n ly

- 3 .



p h y s io lo g ic a l ly  s e p a r a b l e  in  t i m e ,  b u t  a l s o  s p a t i a l l y  s e p a r a b l e  

f r o m  one a n o th e r  in  the  c h lo r o p l a s t :  th e  s t r o m a  b e in g  th e  

s i t e  o f  o p e r a t io n  o f  the  d a r k  r e a c t i o n s  a n d  the  g r e e n  l a m e l l a e  

th e  fu n c t io n a l  s i t e  o f  th e  l ig h t  p r o c e s s e s .  T r e b s t  (1958)

P a r k  ( 1961).

T h e  m a j o r  p ig m e n t  o f p h o to s  yn the  s i s  ing p la n ts  is  

th e  p o r p h y r i n  c h lo r o p h y l l  a ,  A c o n s i d e r a b le  body  of e v id e n c e  

d e v e lo p e d  f r o m  th e  o r i g in a l  p r o p o s a l  of V an  N ie l  (1935; 1941), 

h a s  a c c u m u l a t e d  in  r e c e n t  y e a r s  t h a t  t h i s  c h lo r o p h y l l  fu n c t io n s  

in  th e  l ig h t  r e a c t i o n s  b y  p ro d u c in g  a n d  m a in ta in in g  a  c h a r g e  

s e p a r a t i o n  in  the  h ig h ly  o r d e r e d  l a m e l l a r  s t r u c t u r e .  A p h o to 

e x c i t e d  c h lo r o p h y l l  m o le c u le  m a y  d o n a te  an  e l e c t r o n  to  a n  

a c c e p t o r  o f  l o w e r  r e d u c t io n  p o te n t i a l ,  th e  e n e r g y  f o r  the  

p r o c e s s  b e in g  p r o v id e d  b y  a b s o r b e d  s o l a r  r a d ia t io n .  T h e  

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

b y  o r g a n ic  s o lv e n ts  w as  n o te d  b y  H a g e n b a c h  (1870) to  

d i s p l a y  a  s h i f t  o f  the  r e d  a d s o r p t i o n  b a n d ,  1 0 -2 0  n m  to  

s h o r t e r  w a v e le n g th s  c o m p a r e d  w ith  th e  b a n d  p o s i t io n  in  v iv o , 

(F ig  2). H a g e n b a c h  l a t e r  (1874) n o te d  t h a t  th e  m a x im u m  of the
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s t r o n g  c h lo r o p h y l l  f l u o r e s c e n c e  in  s o lu t io n  w as d i s p l a c e d  

in  the  s a m e  w a y  w ith  r e s p e c t  to  th e  w e a k  f l u o r e s c e n c e  of the  

l e a f .  A m o ng  s u g g e s t io n s  t h a t  o f f e r  e x p la n a t io n s  f o r  t h e s e  

o b s e r v a t i o n s  a r e  th a t  th e  l e a f  p ig m e n t  is  d i s p e r s e d  in  

( T s c h i r c h ,  1883) o r  c o m b in e d  ( P a l la d in ,  1910) w ith  l ip o id ;  

t h a t  th e  p ig m e n t  i s  c o l lo id a l ly  d i s p e r s e d  ( H e r l i t z k a ,  1912), 

o r  a d s o r b e d  a s  a  m ono  m o le  c u la  r  l a y e r  on  p r o t e i n .

(wills t a t t e r ,  1913 a n d  N o a c k ,  1927), T he l a t t e r  a u th o r  found  

t h a t  c h lo r o p h y l l  p r e c i p i t a t e d  w ith  p r o t e i n  on  ad d in g  p r o t e i n  

p r é c i p i t a n t s .  M o re  r e c e n t l y  i t  h a s  b e e n  found  (R o d r ig o  

1 9 5 3 ,1 9 5 5 ;  S a p o z h n ik o v  1956 V ish n ia c  1957). t h a t  s m a l l  

a m o u n t s  o f  p h o to  s y n th e t ic  a c t i v i t y  c a n  be  d e te c te d  in  

a r t i f i c a l l y  p r e p a r e d  c h l o r o p h y l l - p r o t e i n  c o m p le x e s .  It  i s  

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

o f  c h lo r o p h y l l  i s  w ith  p r o t e i n .  T r e a t m e n t  w ith  o r g a n ic  

s o lv e n t s ,  d e s t r o y s  the  w e a k  f o r c e s  b ind in g  c h lo r o p h y l l  to  

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

p r o p e r t i e s .  T h e  u s e  o f  s p e c t r o p h o t o m e t r i c  

t e c h n iq u e s  c a p a b le  of g r e a t e r  r e s o lu t i o n ,  ( e . g .  lo w
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t e m p e r a t u r e  a b s o r p t io n  s p e c t r o s c o p y ,  B u t l e r  I9 6 0 ,  1961 ; 

d e r iv a t i v e  s p e c t r o s c o p y ,  F r e n c h  1957, 1958, B ro w n  1959; 

a n d  d i f f e r e n c e  s p e c t r o s c o p y ,  K ok 1956a) h a s  r e s u l t e d  in  

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

(and  p o s s ib l y  tw o  f o r m s  o f  c h lo r o p h y l l  b ,  S h ly k , (1963))  

e a c h  h av in g  d i f f e r e n t  a b s o r p t io n  m a x im a  in  th e  r e d  b a n d .

M e t z n e r  (1963) e m p lo y in g  a  r e f l e c t a n c e  s p e c t r o p h o t o m e t e r

n o te d  n ine  d i f f e r e n t  s h o u ld e r s  in  th e  c h lo r o p h y l l  a b s o r p t io n

b a n d  f r o m  C h lo r e  11a c e l l s  b e tw e e n  665 a n d  685 n m . T he

m a j  o r i t y  o f  the  s p e c t r a l  m e a s u r e m e n t s  on  in t a c t  p la n t

m a t e r i a l  h o w e v e r ,h a v e  i n d ic a t e d  th a t  the  b u lk  of th e  c h lo r o p h y l l  a

e x i s t s  in  tw o  f o r m s ,  w ith  a b s o r p t i o n  m a x im a  n e a r  672 n m

a n d  6 8 3 n m , (B ro w n  1963) w h i l s t  a b o u t  0 .2 5 %  of th e

c h lo r o p h y l l  a  e x i s t s  in  a  f o r m  a b s o r b in g  m a x im a l ly  a t

a b o u t  7 0 0 n m  (Kok, I9 6 0 ) .  In  a d d i t io n ,  c e r t a i n  lo w e r

p la n t s  p o s s e s s  a  f o r m  o f  c h lo r o p h y l l  a  w h ich  e x h ib i t s

a n  a b s o r p t io n  p e a k  a t  6 9 5 n m . One g r o u p ,  M ic h e l -

W o lw e r tz  (1965) a n d  S i r o n v a l  (1965) h a s  r e p o r t e d  h o w e v e r

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

in t a c t  c h l o r o p l a s t  a r e  due to  i s o m e r i c  s p e c i e s  w h ic h  m a y



be  c h r o m a to g r a p M c a l l y  s e p a r a t e d  in  th e  p u r e  s t a t e .  T h e  

p o s s i b i l i t y  th a t  i s o m é r i s a t i o n  o c c u r r e d  d u r in g  the  

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

a n d  th e  c u r r e n t l y  a c c e p t e d  v ie w  is  th a t  th e  d i f f e r e n t  

c h lo r o p h y l l  a  m o le c u l e s  v a r y  o n ly  in  t h e i r  m o l e c u l a r  

e n v i r o n m e n t .

T h e  p r e s e n t  s c h e m e  f o r  th e  fu n c t io n in g  of 

c h lo r o p h y l l  in  p h o to s y n th e s i s  e n v i s a g e s  i t  a s  p h o to io n is in g  - 

e je c t in g  a n  e l e c t r o n  w hen  in  the  e x c i te d  s t a t e .  T he  i n v e s t i 

g a t io n s  b y  E m e r s o n  (1943, 1957) on  th e  ' r e d  drop* in  th e  

q u a n tu m  e f f i c ie n c y  o f  p h o t o s y n t h e s i s ,  a n d  the  e n h a n c e m e n t  

( E m e r s o n  1957) b y  l ig h t  o f  w a v e le n g th s  of b e lo w  6 8 0 n m  of 

th e  q u a n tu m  e f f i c ie n c y  in d u c e d  b y  l ig h t  o f  a b o v e  68.0nm, le d  

to  th e  t h e o r y  th a t  p h o to io n i s a t io n  of c h lo r o p h y l l  a  o c c u r s  

in  tw o  d i f f e r e n t  e n v i r o n m e n t s  o r  s y s t e m s  w ith  d i v e r s e  

a c c e s s o r y  p ig m e n ts  a n d  d i f f e r e n t  e l e c t r o n  t r a n s f e r  

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

t h e i r  a b s o r p t io n  m a x im u m  in  th e  r e d ,  a n d  a r e  t e r m e d  

s y s t e m  1 (long w a v e le n g th )  a n d  s y s t e m  11 ( s h o r t  w a v e le n g th ) .
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(D u y sen s  1961, 1963). T h u s  c o n t e m p o r a r y  t h e o r y  s u g g e s t s  

t h a t  d i v e r s e  p a r t i a l  p h o t o c h e m i s t r y  t a k e s  p la c e  a c c o r d in g  

to  the  w a v e le n g th  of th e  l ig h t  a b s o r b e d ,  (see  F ig .  1). T he  

p r o d u c t  in  e a c h  of th e  p h o to c h e m ic a l  s t e p s  is  an  o x id is e d  

c h lo r o p h y l l  a  m o le c u le  ( E m e r s o n  1960) a n d  an  e l e c t r o n .

T h e  p o s i t iv e ly  c h a r g e d  c h lo r o p h y l l  io n s  of th e  tw o s y s t e m s  

a r e  of a p p r e c i a b l y  d i f f e r e n t  r e d o x  p o te n t ia l .  In  n e i t h e r  

c a s e  i s  th e  n a tu r e  o f the  im m e d ia te  e l e c t r o n  a c c e p t o r  

kno w n , th o u g h  in  one c a s e  ( s y s t e m  1) th e  u l t im a te  a c c e p t o r  

a p p e a r s  to  be  f e r r e d o x i n ,  w h ile  in  th e  o t h e r  ( s y s t e m  11) 

i t  m a y  be  a  q u in one  a n d  a  c y to c h r o m e  e l e c t r o n  t r a n s p o r t  

c o m p le x .  O x id is e d  c h lo r o p h y l l  i s  r e d u c e d  to  i t s  n e u t r a l  

f o r m  by  o x id is in g  a n  a q u a - d i s  m u ta  se  ( s y s t e m  11) w ith  

th e  e v o lu t io n  o f  o x y g e n , w h ile  in  s y s t e m  1 i t  b e c o m e s  

r e d u c e d  b y  i t s e l f  o x id is in g  c y to c h r o m e  f ( F o r k ,  1965) o r  

th e  c o p p e r  p r o t e i n  p l a s to c y a n in .

T h u s  the  tw o p h o to c h e m ic a l  s y s t e m s  a r e  e n v is a g e d  

a s  a c c u m u la t io n s  of p ig m e n t  m o le c u l e s  w h ich  t r a n s f e r  

e x c i t a t io n  e n e r g y  e i t h e r  b y  r e s o n a n c e  e n e r g y  t r a n s f e r  

(D u y s e n s ,  1957) o r  b y  s e m ic o n d u c t io n  (N e lso n ,  1957;
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A r n o ld ,  1957, 1958) to  a  c o l l e c t in g  p o in t  o r  r e a c t i o n  c e n t r e  

(G a ff ro n ,  1936). T h is  r e a c t i o n  c e n t r e  is  th o u g h t  to  be  

th e  f o r m  o f c h lo r o p h y l l  a  a b s o r b in g  m a x im a l ly  a t  a b o u t  

7 0 0 n m , t e r m e d  P 7 0 0  (K o k ,1 9 5 6 a ,  I9 6 0 ,  1961, 1963), 

f o r  th e  long  w a v e le n g th  s y s t e m ,  b u t  th e  n a tu r e  o f  th e  

p h o to c a ta ly s t  f o r  s y s t e m  11 h a s  a s  y e t  b e e n  u n id e n t i f ie d .

T he  n a tu r e  o f  th e  n o n - p h o to c a ta ly t i c  p ig m e n t  

m o le c u l e s ,  d i f f e r s  in  th e  tw o  s y s t e m s .  T he  f i r s t  e v id e n c e  

( E n g e lm a n n ,  18 94) t h a t  c a r o t e n o i d s  a n d  p h y c o b i l in s  c a n  

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

y e a r s  (D u tton , 1941; E m e r s o n ,  1942; A r n o ld ,  1950;

D u y s e n s ,  1952), a n d  in  a l l  c a s e s  s tu d ie d ,  th e  e x c i t a t io n  

s p e c t r a  f o r  p h o to s y n th e s i s  f e a tu r in g  p e a k s  due to  

a c c e s s o r y  p ig m e n ts  a s  w e l l  a s  to  c h lo r o p h y l l  a  h a v e  th e  

s a m e  f o r m  a s  c o r r e s p o n d i n g  e x c i t a t io n  s p e c t r a  f o r  

f l u o r e s c e n c e  of th e  c h lo r o p h y l l  a  (D u tton , 1943; F r e n c h ,  1952; 

D u y s e n s ,  1952). In  p h o to s y n th e t ic  p l a n t s ,  s y s t e m  11 

is  s e n s i t i s e d  b y  phyc  o b i l i n s ,  o r  c h lo r o p h y l l  b (L o s  a  da 1961) 

a n d  s h o r t  w a v e le n g th  n o n « p h o to c a ta ly t ic  c h lo r o p h y l l  a ,  w h i l s t
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th e  a c c e s s o r y  p ig m e n ts  in v o lv e d  in  th e  s y s t e m  1 

r e s p o n s e  a r e  c a r o t e n o i d s  a n d  long w a v e le n g th  n o n -  

p h o to c a ta ly t i c  c h lo r o p h y l l  a .  .

A s s t a t e d ,  no t  a l l  c h lo r o p h y l l  a m o le c u le s  p o s s e s s  

a  p h o to c a ta ly t i c  r o l e .  T he  e a r l y  f la s h in g  l ig h t  e x p e r i m e n t s  

o f E m e r s o n  (1932 a ,  1932 b) a n d  l a t e r  e x p e r i m e n t s  o f  

G aff  on  (1936) a n d  K ok (1956 b) h a v e  show n  th a t  the  p r i m a r y  

p h o to c h e m ic a l  e v e n t  o f  p h o to s y n th e s i s  in  p la n t s  is  in i t i a t e d  

b y  one c h lo r o p h y l l  a  m o le c u le  w h ic h  is  s t r u c t u r a l l y  l in k e d  

to  a p p r o x i m a t e ly  300 o t h e r  c h lo r o p h y l l  a  m o le c u le s  p lu s  

a c c e s s o r y  p i g m e n t s . A s in g le  r e a c t i o n  c e n t r e ,  p lu s  th e  

a m o u n t  of l i g h t - h a r v e s t i n g  p ig m e n t  m o le c u le s  a s s o c i a t e d  

w ith  i t  is  t e r m e d  a  p h o to s y n th e t ic  u n i t .  T h is  c o n c e p t  o f 

s e v e r a l  h u n d r e d  p ig m e n t  m o le c u l e s  a c t in g  in  c o n c e r t  

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

m o r p h o lo g ic a l  e n t i ty .  T h o m a s  (1953) m e a s u r e d  th e  H i l l  

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

b y  s o n ic a t io n ,  a s  a  f u n c t io n  o f  p a r t i c l e  s i z e ,  a n d  c o n c lu d e d  

th a t  H i l l  r e a c t i o n  a c t i v i t y  w as  m a in ta in e d  a t  n o r m a l  r a t e s
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6 ^ 3
dow n to a  p a r t i c l e  s i z e  o f  a p p r o x i m a t e ly  10 A  b u t  b e lo w  th is  

c r i t i c a l  v o lu m e ,  a c t iv i t y  w a s  r a p i d l y  l o s t .  S u ch  p a r t i c l e s  

w ould  c o n ta in  a b o u t  100 c h lo ro p h y l l  m o le c u l e s .  F o l lo w in g  th e  

o r i g in a l  r e p o r t  of S te in m a n n  (1952) of a  r e p e a t i n g  s t r u c t u r e  

on the  s u r f a c e  of th e  l a m e l l a r  m e m b r a n e ,  P a r k  (1961 , 1964) 

an d  c o l l a b o r a t o r s  n o te d  in  e l e c t r o n  m i c r o g r a p h s  of c h lo r o p l a s t  

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

w ith  u n i t s  o f a b o u t  200 A  d i a m e t e r .  T h e s e  u n i t s ,  t e r m e d  

q u a n ta  s o m e  8 h a v e  b e e n  p r o p o s e d  a s  the  m o r p h o lo g ic a l  

e x p r e s s i o n  of th e  p h o to  s y n th e t ic  u n i t s ,  a s  c h e m ic a l  a n a ly s i s  

in d ic a te d  t h e r e  to be  240 c h lo r o p h y l l  m o le c u le s  p e r  q u a n to  s o m e  

( P a r k ,  64). T h e o r e t i c a l  p h o to c h e m ic a l  m e c h a n i s m s  in v o lv in g  two 

s e p a r a t e  p ig m e n t  s y s t e m s  s u g g e s t  the  p o s s i b i l i t y  o f  two 

d i f f e r e n t  p h o to  s y n th e t ic  u n i t s  o f  d i f f e r e n t  p ig m e n t  c o m p o s i t io n  

and  fu n c t io n ,  a n d  m u c h  e f f o r t  h a s  b e e n  e x p e n d e d  in  r e c e n t  

y e a r s  in  a t t e m p t s  to  i s o l a t e  l a m e l l a r  p a r t i c l e s  to  w h ic h  co u ld  

be a s c r i b e d  s o m e  f u n c t io n a l  i n t e g r i t y  w ith  r e s p e c t  to the  

p h o to  s y n th e t ic  l ig h t  r e a c t i o n s .
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T h e r e  h a v e  b e e n  two m a i n  a p p r o a c h e s  to  the

p r o b le m :

1, P h y s i c a l  d i s r u p t io n  w ith o u t  a d d i t io n  of a n y

s o lu b i l i s in g  a g e n t  

In i t i a l  d i s r u p t io n  of the  l a m e l l a e  m a y  e m p lo y  

a g e in g  ( T a c h ik i ,  1969) o r  o s m o t ic  s h o c k  in  a  h y p o to n ic  m e d iu m  

( B e c k e r ,  1962) fo l lo w e d  b y  u l t r a s o n i c a t io n  ( T h o m a s ,  1952), 

o r  p a s s a g e  th r o u g h  a  s m a l l  a p e r t u r e  th e  s iz e  of w h ic h  is  c o n t r o l l e d  

b y  a  n e e d le  v a lu e  (M i ln e r ,  1950). C o m p a r i s o n s  m a d e  

b y  F r e n c h  (1951) b e tw e e n  s o n ic  a n d  p r e s s u r e  d i s i n t e g r a t i o n  

sh o w e d  th a t  th e  l a t t e r  g a v e  a  m u c h  m o r e  c o m p le te  d i s p e r s i o n  

of th e  s a m p le .  A l im i t e d  d e g re e  of s u c c e s s  h a s  b e e n  

a c h ie v e d  b y  th is  a p p r o a c h ,  p a r t i c u l a r l y  by  A l le n  (l 9 6 3 a ,

1963b, 1963c) who i s o l a t e d  a  c h a r a c t e r i s a b l e ,  p h o to c h e m ic a l ly  

a c t iv e  c h lo r o p h y l l - p r o t e i n  c o m p le x  f r o m  C h lo re  11a c e l l s .

F u r t h e r  f r a c t io n a t i o n  of th e  f r a g m e n t s  w hen  c a r r i e d  o u t ,  

h a s  in v o lv e d  d i f f e r e n t i a l  c e n t r i f u g a t i o n  (B ro w n  1 9 5 9 a  

P a r k , 1 961 , B u t l e r  1963).

It sh o u ld  be  n o te d  t h a t  i s o l a t i o n  of c h lo r o p h y l l  

p r o t e i n s  f r o m  C he n o p o d iu m  s p e c i e s  b y  u l t r a s  o n ic a t io n  a n d
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a m m o n iu m  s u lp h a te  p r e c i p i t a t i o n  p r o b a b ly  in v o lv e s  

p a r t i c i p a t i o n  of n a t u r a l  d e t e r g e n t s  p r e s e n t  in  th e  c e l l  

s a p  of t h e s e  p la n t s .

2. D i s r u p t io n  of l a m e l l a e  in  the  p r e s e n c e  of

s o lu b i l i s in g  a g e n ts

(a) S m a l l  o r g a n ic  m o le c u le s

T a k a s h i m a  (1952) e m p lo y e d  55% a q u e o u s  a - p i c o l i n e  

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

m o d if ie d  l a t e r  by  T h i r k e l l  (1964) who u s e d  55% a q u e o u s  

p y r id in e  a s  s o lv e n t .  40% a c e to n e  h a s  a l s o  b e e n  s u c c e s s f u l l y  

e m p lo y e d  in  i s o l a t i o n  of c h lo r o p h y l l  p r o t e i n s  (T h o m a s  1964, 

1966), b u t  none of t h e s e  o r g a n ic  s o lv e n ts  y ie ld e d  

c h lo ro p h y l l  p r o t e i n  s p e c i e s  c a p a b le  of a n y  p h o to c h e m ic a l  

a c t iv i t y  c h a r a c t e r i s a b l e  w ith  in  v iv o  a c t iv i t y  o r  a b s o r p t i o n  

s p e c t r a  no t d i s p la y in g  a  m a r k e d  s h i f t  of th e  m a i n  p e a k s  

t o w a r d s  the  b lu e .  T h is  s h i f t  f o r  th e  a c e to n e  s o lu b i l i s e d  

c h lo r o p h y l l  p r o t e i n s  is  r e v e r s i b l e ,  b u t  no t so  fo r  th e  o t h e r s  

a n d  e v id e n c e  f r o m  o t h e r  w o r k e r s  i n d ic a t e s  t h a t  the  

a s s o c i a t i o n  of th e  c h lo r o p h y l l  w ith  p r o t e i n  is  o n ly  lo o s e ly  

p h y s i c a l  ( K r a s n o v s k y ,  1954; A n d e r s o n ,  1954).
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(b) L a r g e  o r g a n i c  p o l y m e r s  

A m a j o r  d e v e l o p m e n t  in  s t u d i e s  on l a m e l l a r  

f r a g m e n t a t i o n  o c c u r r e d  w h e n  S m i t h  (1938, 1940a ,  1940b,

19 41 a ,  1941b,  1941c ,  1942) d i s c o v e r e d  the  a b i l i t y  o f  

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

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

s o l u t i o n s .  D e t e r g e n t s ,  b y  v i r t u e  of t h e i r  c o m b i n e d  

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

c a p a b l e  of s o l u b i l i s in g  b o th  th e  l ip o p h i l i c  c h lo r o p h y l l ,  

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

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

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

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

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

is  e i t h e r  d e s t r o y e d  o r  w e a k e n e d .  In d e t e r g e n t - s o l u b i l i s e d  

l a m e l l a e  h o w e v e r ,  th e  c h l o r o p h y l l  m a y  o r  m a y  n o t  be 

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

(Ke^ 1956) a n d  th e  n a t u r e  o f  th e  d e t e r g e n t  e m p l o y e d  

(S m i th  1941c).

-14 .



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

a g e n t s  a v a i l a b l e ,  t h e i r  e m p l o y m e n t  in  t h i s  f i e ld  h a s  n o t  b e e n  

v e r y  e x t e n s i v e  i n  t e r m s  o f  d i f f e r e n t  d e t e r g e n t s .  I n d e e d ,  

o n ly  f o u r  h a v e  b e e n  s t u d i e d  in  d e t a i l .  T h e s e  a r e  th e  s t e r o i d a l  

d e t e r g e n t  d ig i to n in ,  th e  a n io n ic  d e t e r g e n t s  s o d i u m  d o d e c y l  

s u l p h a te  ( S . D . S . )  a n d  s o d i u m  d o d e cy l  b e n z e n e  s u lp h o n a te  

( S . D . B . S . )  a n d  th e  n o n - i o n i c  s u r f a c t a n t  T r i t o n  X -1 0 0 .  U s ing  

t h e s e ,  l a m e l l a r  p a r t i c l e s  h a v e  b e e n  ^ iso la ted  w i th  m o l e c u l a r  

w e ig h ts  i n  th e  r a n g e  10, 0 0 0 - 6 0 ,  000 (w>lken,  1953, 1956;

B a i l e y ,  1966) -  a l l o w a n c e  h a v in g  b e e n  m a d e  f o r  th e  c o n t r i b u t i o n  

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

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

h a m p e r e d  e s t i m a t i o n  o f  m o l e c u l a r  w e ig h ts  of  s o l u b i l i s e d  f r a g m e n t s ,  

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

m o l e c u l a r  w e ig h t  o f  th e  c o m p l e x  (d e t e r g e n t - c h l o r o p h y l l -  

l i p o p r o t e i n ) ,  i s  l i a b l e  to  v a r y  (See A p p e n d ix ,  p .  210 -  213).  A 

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

l a m e l l a e  ( s e e  D i s c u s s i o n  S e c t i o n  p. 199). The  m o s t  o b v iou s  

s o l u t io n  in  e a c h  c a s e  i s  to  e m p l o y  d e t e r g e n t s  i n  c o n c e n t r a t i o n s
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b e lo w  t h e i r  c r i t i c a l  m i c e  l i a r  c o n c e n t r a t i o n s  (c, m .  c ,  ) - the  

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

b e g i n s .  Such  c o n c e n t r a t i o n s  h o w e v e r  t e n d  to  be  too  low  to  

b r i n g  a b o u t  s o l u b i l i s a t i o n  of  the  l a m e l l a e  to  a n y  a p p r e c i a b l e  

e x t e n t  ( e . g .  c . m .  c .  o f  SDS i s  0 . 0 0 8  m o l e s / l i t r e .  M y s e l s  

e t .  a l .  1959).

No r e p o r t s  h a v e  a p p e a r e d  i n  th e  l i t e r a t u r e  to  da te  

o f  i n v e s t i g a t i o n s  on  g e n e r a l  e f f e c t s  o f  a  v a r i e t y  of  s y n t h e t i c  

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

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

T h e  a i m  of  th e  p r e s e n t  i n v e s t i g a t i o n  h a s  b e e n  to  

s c r e e n  s e v e r a l  d e t e r g e n t s  in  t h i s  w ay ,  w i th  p a r t i c u l a r  i n t e r e s t  

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

th e  p h o to s  yn the  t i c  pho to  s y s t e m s .

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

i n v e s t i g a t o r s  up  to  m i d - 1969 i s  g i v e n  b e lo w :
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I. 2. S o l u b i l i s a t i o n  of  c h l o r o p l a s t  l a m e l l a e

A n  i n v e s t i g a t i o n  of the  r e l a t i v e  a b i l i t i e s  of d i f f e r e n t  

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

to  h a v e  b e e n  c a r r i e d  ou t  to  d a te  t h o u g h  A n s o n  (1940) c o m p a r e d  

th e  e f f e c t i v e n e s s  of  D u po n o l  P C  a n d  b i le  s a l t s  i n  e x t r a c t i n g  

c h l o r o p h y l l ,  a n d  S m i t h  (1941a)  n o t e d  t h a t  f o r  e q u iv a l e n t  

c o n c e n t r a t i o n s ,  s o d i u m  d e o x y c h o la t e  i s  s l i g h t l y  m o r e  e f f e c t iv e
/

i n  s o l u b i l i s a t i o n  t h a n  e i t h e r  d ig i to n in  o r  b i l e  s a l t s .

T h i s  w o r k  h a s  a t t e m p t e d  a  s u r v e y  of  t h e  a b i l i t y  

of  s e v e r a l  d e t e r g e n t s  to  p r o m o t e  l a m e l l a r  f r a g m e n t a t i o n  

u n d e r  d i f f e r e n t  c o n d i t i o n s  o f  pH  a n d  c o n c e n t r a t i o n  of  

d e t e r g e n t .
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1. 3. S p e c t r a  o f  d e t e r g e n t - s o l u b i l i s e d  l a m e l l a e

(a) A b s o r p t i o n  s p e c t r a

T he  a b s o r p t i o n  s p e c t r a  o f  d e t e r g e n t - s o l u b i l i s e d  

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

a r e  s u m m a r i s e d  in  t a b l e  1. It  w i l l  be  n o te d  t h a t  th e  r a n g e  o v e r  

w h ic h  the  m a j o r  r e d  a b s o r p t i o n  p e a k  e x te n d s  (663-679m{J,) is  

qu i te  b r o a d .

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

t r e a t e d  w i th  d ig i t o n in  b y  A n d e r s o n  e t .  a l .  (1966) s h o w e d  

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

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

T h e  s p e c t r u m  o f  a q u e o u s  q u a n ta  so  m e  p r e p a r a t i o n s  

(fig 2) sho w s  a  m a x i m u m  a b s o r p t i o n  in  the  r e d  a t  a b o u t  

680 m p .  T he  e f f e c t  o f  m o s t  d e t e r g e n t s  a n d  of  o r g a n i c  s o l v e n t s  

i s  to  p r o d u c e  h y p  so  c h r o m i c  s h i f t s  in  the  p o s i t i o n  o f  the  r e d  

m a x i m u m  (fig 3),

In t h i s  t h e s i s ,  the  s p e c t r a  of l a m e l l a e  s o l u b i l i s e d  

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

pH  a n d  t e m p e r a t u r e  w e r e  s t u d i e d ,  in  a n  a t t e m p t  to  d e t e r m i n e  

th e  f a c t o r s  r e s p o n s i b l e  f o r  s u c h  s p e c t r a l  s h i f t s ,
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(b) F l u o r e s c e n c e  S p e c t r a

It w as  sh o w n  by  S m i t h  (1941b) t h a t  S D S - c l a r i f i e d  

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

w h ic h  is  s t r o n g e r  t h a n  t h a t  of  the  u n t r e a t e d  p r e p a r a t i o n  but  

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

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

K a h n  e t .  a l .  (1965) p r e p a r e d  a c h l o r o p h y l l - p r o t e i n  

f r o m  s p i n a c h  u s in g  d i lu te  T r i t o n  X -1 0 0  w h ich  on e x c i t a t i o n  

w i th  l ig h t  o f  406 a n d  4 3 6 n m  f l u o r e s c e d  a t  6 8 0 n m  w i th  a  

q u a n tu m  y ie ld  of 0. 01. (Y ie ld  of c h lo r o p h y l l  a  in  a c e t o n e  = 0. 30) 

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

p r o d u c e d  by  the  a c t i o n  of  4% T r i t o n  X -1 0 0  w e r e  s t u d i e d  

by Ke et . : -a  I. (1967) a n d  the  r e s u l t s  a r e  s u m m a r i s e d  b e low ;

H e a v y  P a r t i c l e s
----------------------r"""*'." 1

L ig h t  P a r t i c l e s

2 0°C - 1 9 6 ° C 20°C -1 9 6 ° C

P e a k  (nm) 682. 5 696 680 678
685 726

B a n d  (nm) 730
C e n t r e

.22



B r i a n t a i s  (1967) c o n f i r m e d  K e 's  f ind ing  t h a t  

f l u o r e s c e n c e  of  the  h e a v y  f r a c t i o n  w as  s t r o n g e r  t h a n  t h a t  of  

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

r e d  p e a k  a t  720nm .

O g a w a  e t .  a l .  (1966) s e p a r a t e d  on  p o l y a c r y l a m i d e  

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

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

a t  36 5 nm .

No o t h e r  r e p o r t s  o f  f l u o r e s c e n c e  of  d e t e r g e n t “ 

p r o d u c e d  s u b c h l o r o p l a s t  p a r t i c l e s  a r e  known.

A  b r i e f  s t u d y  h a s  b e e n  m a d e  in  t h i s  w o r k  of  the  

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

d e t e r g e n t s  no t  r e p o r t e d  on  to  d a te .
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1. 4 C h l o r o p h y l l  a  : b r a t i o s  of  f r a g m e n t e d  l a m e l l a e

E v i d e n c e s  i m p l i c a t i n g  the  p a r t i c i p a t i o n  of 

c h lo r o p h y l l  b s p e c i f i c a l l y  in  th e  s y s t e m  II r e s p o n s e ,  a r e  

n u m e r o u s  ( L o s a d a  e t .  a l .  1961; A r n o n  e t .  a l .  1961). T h i s  h a s  

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

in to  p a r t i c l e s  e n r i c h e d  in  c h l o r o p h y l l  a  (and  h e n c e  p o s s i b l y  

r e p r e s e n t a t i v e  o f  s y s t e m  1) a n d  p a r t i c l e s  e n r i c h e d  in  

c h l o r o p h y l l  b ( s y s t e m  II). S ee  t a b l e  2.

A n  a t t e m p t  h a s  b e e n  m a d e  in  th e  p r e s e n t  w o r k  

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

u s in g  s e v e r a l  d e t e r g e n t s  no t  c o v e r e d  in  the  l i t e r a t u r e  to  

d a t e .

.24.
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I, 5. T r a c e  E l e m e n t  A n a l y s i s

It i s  b e l i e v e d  t h a t  m a n g a n e s e  is  r e q u i r e d  f o r  the  

o x yg e n  e v o lv in g  s e q u e n c e  of  p h o t o s y n t h e s i s  ( P i r s o n ,  1937); 

K e s s l e r ,  1957; S p e n c e r  e t .  a l .  1961) a n d  a l s o  t h a t  th e  i r o n -  

c o n ta in in g  p r o t e i n  f e r r e d o x i n  a n d  the  c y t o c h r o m e s  f, b^ ,  

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

c l o s e  to  the  s i t e  of N A D P  r e d u c t i o n  on  th e  pho to  s y n th e t i c  

e l e c t r o n  p a th w a y .  ( V e r n o n  e t .  a l .  1965a).

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

(1964) u s in g  d ig i to n in  p r o d u c e d  a l ig h t  f r a c t i o n  e n r i c h e d  in  

i r o n  a n d  c o p p e r ,  a n d  a h e a v y  f r a c t i o n  c o n ta in in g  a  h ig h  

p r o p o r t i o n  of  m a n g a n e s e  r e l a t i v e  to  th e  m a g n e s i u m  c o n te n t  

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

s e p a r a t i o n  of  s y s t e m s  I a n d  II h a d  o c c u r r e d  d u r in g  l a m e l l a r  

b r e a k d o w n  by  the  d ig i to n in ,

T h o r n b e r  e t .  a l ,  (1967a)  a l s o  s t u d i e d  th e  m a n g a n e s e  

d i s t r i b u t i o n  in  SDBS t r e a t e d  l a m e l l a e  b u t  c o u ld  f in d  no 

d i f f e r e n c e  b e t w e e n  t h e i r  tw o  c h l o r o p h y l l - p r o t e i n  c o m p l e x e s
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in  t e r m s  of m a n g a n e s e  c o n te n t .  ( I n f e r e n c e  w as  m a d e  of 

a  s e p a r a t i o n  of s y s t e m s  I a n d  II on o t h e r  e v i d e n c e s  h o w e v e r ) ,  

In the  p r e s e n t  w o r k , the  a b i l i t y  of a  n u m b e r  of 

d e t e r g e n t s  to d i s s o c i a t e  l a m e l l a e  in to  f r a g m e n t s  of d i f f e r in g  

t r a c e  e l e m e n t  c o n te n t  w as  i n v e s t i g a t e d .

_2?_



I. 6. P e t e r g e n t - p i g m e n t  c o m p l e x  a f f i n i t i e s  of s o l u b i l i s e d  l a m e l l a e

B e n z e n e  e x t r a c t a b i l i t y  of the  p i g m e n t ,  in d e t e r g e n t -

s o l u b i l i s e d  l a m e l l a e  w as  e m p l o y e d  by  Ke e t .  a l .  (1956) to

e s t i m a t e  the  a f f in i ty  of  a d e t e r g e n t  f o r  p i g m e n t  c o m p o n e n t s .

D ig i to n in ,  SDS a n d  p u r i f i e d  p l a n t  s a p o n in s  h a v e  s u f f i c i e n t

-2
a f f in i ty  f o r  th e  p i g m e n t s  a t  c o n c e n t r a t i o n s  abo ve  10 M to

p r e v e n t  t h e i r  r e m o v a l  f r o m  the  a q u e o u s  p h a s e  by  b e n z e n e ,  bu t

- 2
h a v e  i n s u f f i c i e n t  a f f in i ty  a t  c o n c e n t r a t i o n s  b e lo w  10 M to 

p r e v e n t  c o l o u r a t i o n  of the  o r g a n i c  p h a s e .  C a t io n ic  d e t e r 

g e n t s  w e r e  found  to  h a v e  a  v e r y  low  a f f in i ty  - the  p i g m e n t s  

w e r e  found  to  be  c o m p l e t e l y  e x t r a c t a b l e  by b e n z e n e  f r o m  

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

c o n c e n t r a t i o n  a s  1% ^ / v .

- 2 8 -



L 7. E f f e c t  of d e t e r g e n t s  on  the  pho to  sy n th e t i c  l igh t  r e a c t i o n s

A p a r t  f r o m  the  w o r k  of  Ke e t .  a l .  (1956) no a u t h o r s  

h a v e  i n v e s t i g a t e d  the  in h ib i t io n  of p h o t o c h e m i c a l  a c t i v i t y  of 

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

T h e  r e s u l t s  of Ke e t .  a l .  (1956) a r e  s u m m a r i s e d  

in  T a b le  3.

It w i l l  be n o te d  t h a t  a t  a  c o n c e n t r a t i o n  of 0. 2%, 

d ig i to n in  a b o l i s h e s  s y s t e m  II a c t i v i t y ,

W olk en  e t .  e l .  (1953), e m p lo y in g  th e  s a m e  d e t e r g e n t  

a t  2. 0% c o n c e n t r a t i o n  in  a s u s p e n s i o n  of c h l o r o p l a s t s  h o w e v e r  

d e m o n s t r a t e d  t h a t  p h o to e v o lu t io n  of  ox ygen  w a s  no t  a b o l i s h e d .  

T he  s a m e  r e s u l t  w a s  found  b y  E v e r s o l e  e t .  a l .  (1958) th o u g h  

Wes s e l s  (1962) s t a t e s  t h a t  d ig i to n in  h a s  a  s e l e c t i v e  i n h ib i t o r y  

e f f e c t  on  s y s t e m  II, r e s e m b l i n g  t h a t  of  DC MU, (w h ich  a b o l i s h e s  

s y s t e m  II a c t i v i t y ,  b u t  p e r m i t s  s y s t e m  I a c t i v i t y  if  a n  e x t e r n a l  

e l e c t r o n  d o n o r  is  su p p l i e d ) .

T h o r n b e r  e t .  a l .  (1967a)noted  th a t  a  f in a l  c o n c e n t r a t i o n  

of  0. 012% SDBS c a u s e d  p h o t o e v o lu t io n  of  o x y g e n  by  a  c h l o r o p l a s t  

s u s p e n s i o n  to  c e a s e  w i th in  a  f ew  s e c o n d s ,  a n d  N A D P  r e d u c t i o n  

to  be i n h ib i t e d  i m m e d i a t e l y .

- 2 9 -



V e r n o n  e t .  a l .  (1965b) m a d e  a  d e t a i l e d  s u r v e y  of 

the  e f f e c t s  of  T r i t o n  X - 1 0 0  on the  p h o t o c h e m i c a l  a c t i v i t i e s  of 

c h l o r o p l a s t s ,  no t ing  th e  fo l low ing  p o in ts

(i) L ow  c o n c e n t r a t i o n s  of  d e t e r g e n t  < 0 .  007% 

s t i m u l a t e d  H i l l  a c t i v i t y  w i th  f e r r i c y a n i d e  

o r  D C P I P  a s  e l e c t r o n  d o n o r s .

(ii) C o n c e n t r a t i o n s  anove  0. 01% a b o l i s h  

a l l  o x y g e n  p h o to e v o lu t io n .

(iii ) L ow  c o n c e n t r a t i o n s  o f  T r i t o n  (O. 008 to

0. 009%) s t i m u l a t e d  N A D P  pho to  r e d u c t i o n  

w i th  w a t e r  a s  e l e c t r o n  d o n o r  ( s y s t e m s  I 

a n d  II o p e r a t i v e ) .

(iv) S l ig h t ly  h i g h e r  c o n c e n t r a t i o n s  (0. 014%) 

d e c r e a s e d  th e  s a m e  f o r m  o f  N A D P  r e d u c t i o n  

g r e a t l y .

(v) S t i l l  h i g h e r  c o n c e n t r a t i o n s  ( > 0 . 0 2 % )  a b o l i s h e d  

a l l  a c t i v i t y  of s y s t e m  II b u t  p e r m i t t e d  h ig h  r a t e s  

of N A D P  pho to  r e  du c t  ion  w i th  a s c o r b a t e / D C P I P  

a s  e l e c t r o n  d o n o r s  ( s y s t e m  I o n ly ,  o p e r a t i v e ) .

3 0 -



T h e s e  a n d  o t h e r  o b s e r v a t i o n s  i n d i c a t e d  t h a t  a s  the  

c o n c e n t r a t i o n  of T r i t o n  X - 1 0 0  is  i n c r e a s e d ,  c h l o r o p l a s t  

p h o t o c h e m i c a l  a c t i v i t i e s  fo l lo w  t h r e e  p h a s e s :

(a) S t i m u l a t i o n  of e l e c t r o n  t r a n s f e r  r e a c t i o n s  

a t  low  T r i t o n  X - 1 0 0  c o n c e n t r a t i o n s .

(b) I n h ib i t io n  of e l e c t r o n  t r a n s f e r  r e a c t i o n s  

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

(c) R e a p p e a r a n c e  a t  h ig h  c o n c e n t r a t i o n s  of 

T r i t o n  X -1 0 0  of s o m e  s i m p le  e l e c t r o n  

t r a n s f e r  r e a c t i o n s .
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1.8  P h o t o c h e m i c a l  a c t i v i t i e s  of p a r t i c l e s  f r a c t i o n a t e d  f r o m  

d e te rm e n t  s o l u b i l i s e d  l a m e l l a e  

( 1 ) F r o m  D ig i to n in

S e v e r a l  r e p o r t s  h a v e  e m p l o y e d  d ig i to n in  to  d i s r u p t  

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

( T h o r n b e r  e t .  a l .  1967a;  B o a r  d m  an  e t .  a l .  1964; A n d e r s o n  e t .  a l  

1966; W e a s e l s  1962, 1963).

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

s u m m a r i s e d  in  T a b le  4 .

(II) F r o m  T r i t o n  X-10Ü

V e r n o n  e t .  a l .  (1966a)  and  Ke e t .  a l .  (1967) u s in g  

4% T r i t o n  X-1ÜÜ h a v e  p r o d u c e d  f r a c t i o n s  v e r y  s i m i l a r  to t h o s e  

r e s u l t i n g  f r o m  0 ,5 %  d ig i to n in  t r e a t m e n t  (See T a b le  5).

T h u s ,  T r i t o n  a n d  d ig i to n in  h a v e  b o th  b e e n  sho w n  to 

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

(a) h e a v y  p a r t i c l e s  w h ic h  can  c a r r y  out  

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

th e  s h o r t  w a v e l e n g th  ( s y s t e m  II r e s p o n s e ) ,
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(b) l ig h t  p a r t i c l e s  w h ic h  h a v e  o b s e r v e d

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

a p a r t i c l e  c o n ta in in g  p h o t o s y s t e m  I.

T h e  l ig h t  p a r t i c l e  h a s  the  c a p a c i t y  to  photo  - 

r e d u c e  N A D P  u s in g  a s c o r b a t e / D C P I P  a s  e l e c t r o n  d o n o r  a t  

a  r a t e  of 1980 p m o l e / m g c h l o r o p h y l l / h o u r  in  the  p r e s e n c e  

of  a l m o s t  s a t u r a t i n g  p l a s t o c y a n i n  a t  pH 6. 0. ( V e r n o n  e t .  a l .  

1966b). T h is  r e a c t i o n  c o u p le d  w i th  i t s  e n z y m a t i c  r e q u i r e m e n t s  

i n d i c a t e s  t h a t  a  h ig h  d e g r e e  of  s t r u c t u r a l  i n t e g r i t y  is  m a i n t a i n e d  

in  t h i s  p a r t i c l e .

It sh o u ld  be  n o t e d  t h a t  A n d e r s o n  e t .  a l .  (1966) 

e m p l o y e d  T r i t o n  X-lOO (and a n o t h e r  no n io n ic  d e t e r g e n t ,

N o n id e t  P - 4 0 )  a t  a  c o n c e n t r a t i o n  of 0. 1% to  p r o d u c e  p a r t i c l e s  

In the  s a m e  w a y  a s  f o r  d ig i to n in  f r a g m e n t a t i o n ,  a n d  o b t a i n e d  

f r a c t i o n s  d e v o id  of p h o t o c h e m i c a l  a c t iv i t y .  T h i s  h o w e v e r  m a y  

f ind  a n  e x p l a n a t i o n  in  the  o b s e r v a t i o n  of V e r n o n  e t .  a l .  (1965b) 

t h a t  s u c h  c o n c e n t r a t i o n s  in h ib i t  e l e c t r o n  t r a n s f e r  r e a c t i o n s ,  

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

de te  r g e n t .

- 3 4 -



(ill) F r o m  a n io n ic  d e t e r g e n t s

S D S - s o l u b i l i s e d  l a m e l l a e  w e r e  f r a c t i o n a t e d  by  Ogawa 

e t .  a l .  (1966) e l e c t r o p h o r e t i c a l l y  bu t  none of the  f r a c t i o n s  

p r o d u c e d  e x h ib i t e d  a n y  d e t e c t a b l e  p h o t o c h e m i c a l  a c t i v i t y .

The  s a m e  w as  found  of s i m i l a r  f r a c t i o n s  p r o d u c e d  by  the  

r e l a t e d  d e t e r g e n t  SDBS s t u d i e d  b y  T h o r n b e r  e t .  a l .  .(1967).

(IV) F r o m  m ix e d  d e t e r g e n t s

C h ib a  (1962) t r e a t e d  o s m o t i c a l l y  r u p t u r e d  c h l o r o 

p l a s t s  (4 v o l s .  ) w i th  a  3:1 m i x t u r e  of 5% Dupono l  C a n d  

5% Sp an  80 (1 vo l .  ) a n d  c e n t r i f u g e d  a t  20, OOOxg.

T h e  c l e a r  s u p e r n a t a n t  of s o l u b i l i s e d  c h l o r o p l a s t s :

(a) H a d  no d e t e c t a b l e  a c t i v i t y  in  H i l l  R e a c t i o n

(b) S ho w ed  58. 5% g r e a t e r  a c t i v i t y  in  a s c o r b a t e /  

D C P I P  p h o t o - o x id a t i o n  t h a n  w as  c a r r i e d  out  by 

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

(c) Sho w ed  a r a p i d  p h o t o - o x id a t i o n  of  f e r r o -  

c y t o c h r o m e  c.

- 3 5 -



P h o t o c h e m i c a l  A c t i v i t i e s  of c h l o r o p l a s t  f r a g m e n t s

R a te s  of r e d u c t i o n  (p m o l e s /  m g c h l o r o p h y l l / h o u r )

F  r a c t i o n s T C P I P Fe(CN )6 '"^ N A D P N A D P  -f 
a s c / D C  P I P

M ethy l  R e d  + 
a s c / D C  P I P

C 152 255 96
I
1 64

Cd .81 138 33 1 18

1 139 209 24 1 14

144 0 0 0
1
1 123

T a b le 4. (A f te r  A n d e r s o n  e t .  a l .  1 966)

P 2 0 260 55 193 221 I

S175 155 45
■

700
1

790 1

P - 1 0 0 7 10 1

P - D l O 0 0 320 92 i

P -D IO ^ 1980 - I
T a b l e  5 (A f te r  V e r n o n  e t .

a n d  K a to h  e t .  a l .
a l .  1966a 
1966)

K E Y :

C:
Cd:
1 :
144:
P20 :
S175:
P - 1 :
P - D l
P - D l

0 :
0^

U n t r e a t e d  c h l o r o p l a s t s .
C h l o r o p l a s t s  in  0. 5% d ig i to n in  .
M a t e r i a l  s e d i m e n t e d  a t  up to  1 OOOxg.
M a t e r i a l  s e d i m e n t e d  a t  50 to 144000xg.
H e a v y  f r a c t i o n  f r o m  s o n i c a t e d ,  d e t e r g e n t l e s s  c h l o r o p l a s t s .  
L ig h t  f r a c t i o n  f r o m  s o n i c a t e d ,  d e t e r g e n t l e s s  c h l o r o p l a s t s .  
H e a v y  f r a c t i o n  f r o m  c h l o r o p l a s t s  t r e a t e d  w i th  4% T r i t o n  X -100 .  
L ig h t  f r a c t i o n  f r o m  c h l o r o p l a s t s  t r e a t e d  w i th  4% T r i t o n  X - 1 0 0 .  
A s  P - D I O  but  e x p e r i m e n t a l  c o n d i t io n s  a c c o r d i n g  to K a to h  e t .  al, 
No m e a s u r e m e n t .

1966
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I .  9 F r a c t i o n a t i o n  of  d e t e r g e n t - s o l u b i l i s e d  l a m e l l a e

F r a c t i o n a t i o n  of  l a m e l l a r  f r a g m e n t s  d i s p e r s e d  by  

d e t e r g e n t s  h a s  b e e n  a t t e m p t e d  b y  n u m e r o u s  w o r k e r s  in  

e f f o r t s  to i s o l a t e  c h a r a c t e r ! s a b l e  c h lo r o p h y l l  p r o t e i n s .

(See D i s c u s s i o n  S e c t i o n  p .  199).

(a) P o l y a c r y l a m i d e  d i s c  g e l  e l e c t r o p h o r e s i s

T h i s  m e t h o d  e m p l o y e d  b y  T h o r n b e r  e t .  a l .  (1967a)  

u s i n g  SDBS a s  d i s p e r s i n g  a g e n t  a n d  by  Ogawa e t . a l .  (1966) 

u s i n g  SDS to f r a g m e n t  the  l a m e l l a e  h a s  b e e n  s u c c e s s f u l l y  

a p p l i e d  on ly  to a n io n ic  d e t e r g e n t s .

B o th  r e p o r t s  i n d i c a t e d  s e p a r a t i o n  of the  s o l u b i l i s e d  

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

c o m p o s i t i o n a l  p r o p e r t i e s  o f  one  o f  the  two p h o to  s y n t h e t i c  

p h o t o s y s t e m s .  O gaw a  (1966) a l s o  s u b j e c t e d  c h l o r o p l a s t  

e x t r a c t s  of T w e e n  a n d  d ig i t o n in  to  e l e c t r o p h o r e s i s .  No 

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

(b) Ion E x c h a n g e  C o lu m n  C h r o m a t o g r a p h y

K a h n  (1963 ,  1964) p u r i f i e d  a  c h lo r o p h y l l  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 l a s t  l a m e l l a e  d i s r u p t e d  w i th  T r i t o n  X-lOO,

-  3 7~



on a  D E A E  c e l l u l o s e  c o l u m n .  T he  c o m p l e x  w a s  s u b s e q u e n t l y  

c h a r a c t e r i s e d  (Kahn ,  1965) b u t  no r e p o r t s  h a v e  a p p e a r e d  

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

l a m e l l a e  s o l u b i l i s e d  by  o t h e r  d e t e r g e n t s .

(^ ) A d s o r p t i o n  c h r o m a t o g r a p h y

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

K e .  e t .  a l .  (1956) u s i n g  c e l i t e ,  s t a r c h ,  p a p e r  a l u m i n a ,  

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

b u t  the  f i r s t  t h r e e ,  gave  a  s h a r p l y  d e f in e d  c h l o r o p h y l l -  

p r o t e i n  b a n d  f r o m  S D S - s o l u b i l i s e d  l a m e l l a e ,  b u t  no e v id e n c e  

of  s e p a r a t i o n  of  c o m p o n e n t s  w i th in  th e  b a n d ,  u s i n g  s e v e r a l  

d i f f e r e n t  a q u e o u s  d e v e lo p in g  s o lu t io n s  w as  o b t a i n e d .

(d) D i f f e r e n t i a l  C e n t r i f u g a t i o n

T h is  s i m p l e  m e t h o d  of  p a r t i c l e  s e p a r a t i o n  a c c o r d i n g  

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

p r e p a r a t i o n s ,  b e in g  e m p l o y e d  f o r  T r i t o n  X-1ÜÜ ( V e r n o n  e t .  a l .  

1965 , 1966 , 1966 , an d  Ke e t .  a l .  1967) an d  d ig i t o n inp a p

( B o a r d m a n  e t .  a l .  1964, A n d e r s o n  e t .  a l .  1966; W es s e l s  1962, 

1963,  ) to p r o d u c e  d i s t i n c t  c h l o r o p h y l l - p r o t e i n  m o i e t i e s .
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!
S i m i l a r  f r a c t i o n a t i o n s  of s o l u b i l i s e d  l a m e l l a e  !

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

in  the  p r e s e n t  w o r k .  -
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I. 10, C h l o r o p h y l l  - p r o t e i n  R e l a t i o n s h i p s

It w as  s u g g e s t e d  b y  S m i t h  (1941a) t h a t  i f  a  t r u e  

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

l a m e l l a e ,  t h e r e  sh o u ld  be  a  d e f in i te  q u a n t i t a t iv e  r e l a t i o n s h i p  

b e t w e e n  t h e m .  T h e  s u b s e q u e n t  d is  cove  r y  _of th e  doub le  - 

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

b e in g  tw o  s u c h  c h l o r o p h y l l - p r o t e i n  c o m p l e x e s .

T he  e f f e c t  o f  d e t e r g e n t s  on  the  r e l a t i o n s h i p  b e tw e e n  

c h l o r o p h y l l  a n d  p r o t e i n  w a s  i n v e s t i g a t e d  by  S m i t h  (1940b)  a n d  

Ke e t .  a l .  (1956), who s h o w e d  t h a t  s o m e  d e t e r g e n t s  ( e . g .  

d ig i to n in ,  b i l e  s a l t s ,  s o d i u m  d e o x y c h o la te  a n d  T w e e n  20) 

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

(e. g. SDS) do not .

M o r e  r e c e n t  w o r k  s u g g e s t s  t h a t  t h i s  v i e w  is  u n t e n a b le  

w i th o u t  r e f e r e n c e  to  th e  c o n c e n t r a t i o n  of d e t e r g e n t ,  r e l a t i v e  

to t h a t  of  c h lo r o p h y l l .  T h e  a c t i o n  of  d e t e r g e n t s  is  to  s p l i t  . 

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

m u l t i c o m p o n e n t  i d e n t i t y  down to  a c e r t a i n  d e t e r g e n t - c h l o r o p h y l l  

r a t i o ,  b e y o n d  w h ic h  the  l ip id  a n d  p r o t e i n  m o i e t i e s  b e c o m e  

s e p a r a t e d .  Sh ibu y a  e t .  a l .  (1968) p r o p o s e  a  f o u r - s t e p  f r a g m e n t a t i o n  

of c h l o r o p l a s t  l a m e l l a e  b y  N o n id e t  P - 4 0  (See f i g .4 ) in  w h ich
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the  f in a l  s t a g e  o c c u r r i n g  a t  N o n id e t  : c h l o r o p h y l l  m o l a r  

r a t i o s  of  a b o v e  60 in v o lv e s  s e p a r a t i o n  of p r o t e i n  f r o m  l ip id .

S i m i l a r l y  i t  w as  r e p o r t e d  b y  K ahn  (1965a)  t h a t  

a d d i t i o n  of T r i t o n  X~100 to  a  p r o t e i n - c h l o r o p h y l l  c o m p l e x  i s o l a t e d  

in  1% T r i t o n  X-iOO p r o d u c e d  a  c o l lo id a l  s u s p e n s i o n  of  

c h lo r o p h y l l  in  T r i t o n  w h ic h  c o u ld  a l s o  be p r e p a r e d  by  add ing  

p u r e  c h lo r o p h y l l  a  in  a  s m a l l  v o lu m e  of a c e t o n e  to  T r i t o n  X -1 0 0 .

E s t i m a t i o n s  of the  r a t i o  of c h lo r o p h y l l  to  p r o t e i n  

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

v a r i a t i o n :

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

(W olken  e t .  a l .  1956) v

(b) in  s u c c e s s i v e  e x t r a c t s  o f  the  s a m e  l a m e l l a r  s a m p l e

b y  a s in g le  d e t e r g e n t .  (B ro w n  et*-al. 1964). (See T a b l e  6).

T h o r n b e r  e t .  a l .  (1967b)  a n d  O g aw a  e t .  a l .  (1966) 

s e p a r a t e d  c h l o r o p h y l l - p r o t e i n  c o m p l e x e s  w h ich  w e r e  c o n s i d e r e d  

to  r e p r e s e n t  s e p a r a t e d  p h o t o s y s t e m s ,  t h o u g h  none  of w h ic h  

w e r e  p h o t o c h e m i c a l l y  a c t i v e . T h o r n b e r  e t . -a l .  (1967b) s h o w e d  

a d i f f e r e n t  r a t i o  of  c h lo r o p h y l l  to  p r o t e i n  in  the  s e p a r a t e d  c o m p l e x e s .  .
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F o u r  S te p  S o l u b i l s a t i o n  of c h l o r o p l a s t  l a m e l l a e  by  N o n id e t  P - 4 0

N o n i d e t / C h l o r o p h y l l  ( m o l a r )

0, 5

1 . 0

5. 0

10 . 0

50. 0

100

500

11

60

S T E P  1.

D i s p e r s i o n  of 
m a c r o - a g g r e g a t e s

S T E P  2.

L o s s  of  H i l l  r e a c t i o n  a c t iv i t y ;  
D i s p e r s i o n  of n o n - i n t e g r a l  
c o m p o n e n t s .

S T E P  3.

D i s p e r s i o n  in to  l i p o p r o t e i n  
s u b u n i t  p a r t i c l e s .

S T E P  4
S e p a r a t i o n  of  l ip id s

f r o m  p r o t e i n

F i g .  4 ( a f t e r  Sh ibuya  e t .  a l .  1968)
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M. 1. I s o l a t i o n  of c h l o r o p l a s t  l a m e l l a e

T he  i s o l a t i o n  p r o c e d u r e  w as  b a s e d  on  th e  m e t h o d  

of A n d e r s o n  e t .  a l .  (1966) w i th  s l ig h t  m o d i f i c a t i o n s .

T h r e e  ty p e s  of  l e a f  m a t e r i a l  w e r e  u s e d :  G a r d e n  S p in a c h  

( S p in a ce a  o l e r a c e a )  S w is s  C h a r d  (B e ta  v u l g a r i s ) ;  a n d  B r o a d  

B e a n  (V ic ia  fab a ) .

V ic ia  l e a v e s  w e r e  h o m o g e n i s e d  in ta c t ;  the  o t h e r s  

w e r e  d e - m i d r i b b e d  p r i o r  to  h o m o g e n i s a t i o n .

L e a f  m a t e r i a l  (x g m )  w a s  b l e n d e d  in  10 x m l  of  0. 04M 

p h o s p h a t e  b u f f e r  pH 7. 1 c o n ta in in g  0. 35M s o d i u m  c h l o r i d e ;

0. 01M p o t a s s i u m  c h l o r i d e  a n d  o. OOZM E D T A  ( J e n s e n  e t .  a l .  1966) 

u s in g  a  P o t t e r - E l v e h j e m  h o m o g e n i s e r .  T h e  r e s u l t a n t  b r e i  w a s  

f i l t e r e d  t h r o u g h  n y lo n  c lo th  of  5 Op m e s h  s i z e  (T ype  T i l  m a t e r i a l ,  

H e n r y  S i m o n  L td .  , S t o c k p o r t ,  C h e s h i r e .  ) to  r e m o v e  u n b r o k e n  

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

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

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

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

a n d  f e c e n t r i f u g e d  a t  lOOOxg f o r  10 m i n u t e s .  T h e  r e s u l t a n t
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p r e c i p i t a t e  of  i n t a c t  c h l o r o p l a s t s  a n d  c h l o r o p l a s t  f r a g m e n t s  

w a s  s u s p e n d e d  in  0. 04M  p h o s p h a t e  pH 7. 1 c o n ta in in g  0. 01M 

p o t a s s i u m  c h l o r i d e  a n d  0. OOZM E D T A  (hypo ton ic  b u f f e r ) ,  by  

m e a n s  of  a  c o t to n w o o l  p a d  a n d  a  P o t t e r - E l  v e h j e m  h o m o g e n i s e  r ,  

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

T h e  v o lu m e  of  h y p o to n ic  b u f f e r  e m p l o y e d  w as  k e p t  m i n i m a l  to 

e n s u r e  a  c h l o r o p h y l l  c o n c e n t r a t i o n  of > l m g / m l .  A f t e r  e s t i m a t i o n  

of  the  c h l o r o p h y l l  c o n c e n t r a t i o n  ( se e  p . 46 ) th e  v o lu m e  

of  the  s u s p e n s i o n  w as  a d j u s t e d  b y  a d d i t i o n  o f  h y p o to n ic  b u f f e r  

to  y i e l d  a  l a m e l l a r  s u s p e n s i o n  c o n ta in in g  1. 00 m g c h l o r o p h y l l / m l .
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M. 2. C h l o r o p h y l l  E s t i m a t i o n

A n a l y s i s  of  c h l o r o p h y l l  w as  c a r r i e d  out  a c c o r d i n g  to  the  

m e t h o d  of A r n o n  (1949) b y  m e a s u r i n g  o p t i c a l  a b s o r b a n c i e s  of  

a n  80% a q u e o u s  a c e to n e  s o lu t io n  of the  t e s t  m a t e r i a l  a t  pH 7. 0 

u s in g  1 c m  s i l i c a  c e l l s .

A b s o r b a n c i e s  w e r e  m e a s u r e d  a t  645 and_663nm .  

P a r t i c u l a r  u se  w as  m a d e  of  e q u a t io n s  (iv), (v), (vi i) 

a n d  (ix) of  A r n o n ’s w o r k :

C a = 0 .  0127 E ^ , ^ -  0 .0 0 2 6 9  (eq. v)

Cb = 0. 0229 E ^  -  0. 00468 E ^ ^ ^  (eq. iv)

C t  = 2 0 . 2 0  E ,  + 8 . 0 2 E ^ ^ 2  (eq. v i i )

W h e r e  C a ,  Cb a n d  C t  a r e  c o n c e n t r a t i o n s  of  c h lo r o p h y l l s  

a  a n d  b ,  a n d  t o t a l  c h l o r o p h y l l  r e s p e c t i v e l y ,  in  m g  p e r  m l  of 80% 

a c e to n e  s o lu t io n .  E ^ ^ ^  a n d  E ^ ^ ^  a r e  th e  o p t i c a l  d e n s i t i e s  of 

the  a c e t o n e  s o l u t io n  a t  645 a n d  6 6 3 n m  r e s p e c t i v e l y .

U s ing  1 c m  s p e c t r o p h o t o m e t e r  c e l l s ,  th e  m e t h o d  is  

a c c u r a t e  on  the  S. P .  500 fo r  80% a c e to n e  s o lu t io n s  c o n ta in in g  

a p p r o x i m a t e l y  0. 0025 to 0. 05mg c h l o r o p h y l l  p e r  m l .  It w as  

n o r m a l l y  found  n e c e s s a r y  to sh a k e  th e  c h l o r o p l a s t  e x t r a c t  

v i g o r o u s l y  on  t r a n s f e r e n c e  to  a c e to n e  a n d  s t a n d  in  d a r k n e s s  in 

a  s t o p p e r e d  f l a s k  f o r  f ive  m in u t e s  o r  u n t i l  p r e c i p i t a t i o n  of

p r o t e i n  w as  c o m p l e t e .  S p e c t r o p h o t o m e t r l c  r e a d i n g s  w e r e  t a k e n
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fo l low ing  r e m o v a l  of  the  p r e c i p i t a t e d  p r o t e i n s  b y  f i l t r a t i o n  o r  

c e n t r i f u g a t i o n .

A d d i t io n a l  c h e c k s  on  the  t o t a l  c h l o r o p h y l l  c o n c e n t r a t i o n  w e r e  

m a d e  b y  m e a s u r i n g  the  o p t i c a l  d e n s i t i e s  of the  80% a c e to n e  

s o lu t io n s  a t  6 5 2 n m  (pH 7. 0) a n d  s u b s t i t u t i o n  in  A r n o n ' s  e q u a t io n  (ix):

d c m
h

Ct
^ 6 5 2

3 4 .5 0

w h e r e  Ct is  the  c o n c e n t r a t i o n  of t o t a l  c h l o r o p h y l l  in  m g  p e r  m l  of 

80% a c e to n e  s o lu t io n ,  a n d  the  d e n o m i n a t o r  is the  c a l c u l a t e d  s p e c i f i c  

a b s o r p t i o n  c o e f f i c i e n t  of c h lo r o p h y l l  a t  the  w a v e l e n g th  (652nm ) a t  

w h ic h  the  l ig h t  a b s o r p t i o n  c u r v e s  of c h lo r o p h y l l  a  a n d  b i n t e r s e c t .  

(M a cK in n e y ,  1941).
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M. 3 S o l u b i l i s a t i o n  of c h l o r o p l a s t  f r a g m e n t s  a n d  e s t i m a t i o n  of  

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

In a l l  c a s e s  th e  m e t h o d  e m p l o y e d  w a s  a s  fo l low s  : - 

The  c o ld  d e t e r g e n t  s o l u t i o n  w as  a d d e d  to  t h e  c h i l l e d  

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

w a s  s t i r r e d  b y  m e a n s  of a  m a g n e t i c  s t i r r e r  a n d  the  m i x t u r e  

t h e n  d i s p e r s e d  in  a  P o t t e r * - E lv e h j e m  h o m o g e n i s e r  (with a n  

ice  c o r e )  f o r  a  s t a n d a r d  t i m e  in  th e  r a n g e  30 s e c o n d s  to  

2 m i n u t e s .

E s t i m a t i o n  of  the  r e l a t i v e  e f f e c t i v e n e s s  of  d e t e r g e n t s  

in s o l u b i l i s i n g  l a m e l l a e  w a s  c a r r i e d  ou t  b y  s o l u b i l i s in g  x m l  

c h l o r o p l a s t  f r a g m e n t s  c o n ta in in g  l . O m g  c h l o r o p h y l l / m l ,  

i n  6. 25x m l  4% d e t e r g e n t  b u f f e r e d  in  0. 05M a c e t a t e ^ p h o s p h a t e  

a n d  c a r b o n a t e / b i c a r b o n a t e  b u f f e r s  a t  v a r i o u s  p H ' s .

( F i n a l  d e t e r g e n t i c h l o r o p h y l l  r a t i o  of  250:1) ,  T h e  p e r i o d  of  

P o t t e r  h o m o g e n i s a t i o n  w a s  f ix e d  a t  5 5 -6 0  s e c o n d s .

F o l lo w in g  h o m o g e n i s a t i o n ,  the  s o l u b i l i s e d  s u s p e n s i o n  

w as  c e n t r i f u g e d  a t  100, OOOxg f o r  30 m i n u t e s  a t  4^C a n d  th e  

0 , D ,  of th e  s u p e r n a t a n t  o r  c a r e f u l l y  m e a s u r e d  d i lu t io n s  of  

th e  s u p e r n a t a n t ,  r e a d  a t  530 n m  (607 f i l t e r )  on the  E E L  

C o l o u r i m e t e r .  T h e  r e a d i n g s  o f  the  d i lu te d  s u p e r n a t a n t s
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w e r e  m u l t i p l i e d  b y  th e  a p p r o p r i a t e  d i lu t io n  f a c t o r  to

m a k e  th e  r e s u l t s  c o m p a r a b l e  ( e . g .  1 m l  s u p e r n a t a n t  p lu s  9 m l

0. 05M  b u f f e r  o p t i c a l  d e n s i t y  m u l t i p l i e d  by  10. ).
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M. 4, S p e c t r a l  A n a l y s e s

S p e c t r a l  m e a s u r e m e n t s  w e r e  c a r r i e d  ou t  in  t h i s  

w o r k  w i th  the  a i d  of  th e  fo l low ing  i n s t r u m e n t s :

A b s o r p t i o n  S p e c t r o p h o t o m e t r y

1. U n i c a m  S. Po 500 u l t r a v i o l e t  a b s o r p t i o n  

s p e c t r o p h o t o m e t e r ,  f o r  a c c u r a t e  f ix e d  w a v e le n g th  

e s t i m a t i o n s  in  the  v i s i b l e  a n d  u l t r a v i o l e t  r e g i o n s .

2. U n i c a m  S. P .  800 a u t o m a t i c  s p e c t r o p h o t o m e t e r  

f o r  p lo t t in g  a b s o r p t i o n  o v e r  the  v i s i b l e  a n d  

u l t r a v i o l e t  r a n g e .

F l u o r e s c e n c e  S p e c t r o p h o t o m e t r y

E q u i p m e n t  w as  n o t  a v a i l a b l e ,  s u i t a b l e  fo r  

a c c u r a t e  q u a n t i t a t i v e  f l u o r e s c e n c e  m e a s u r e m e n t s .  T h e  - 

f l u o r e s c e n c e  s p e c t r o p h o t o m e t e r  e m p l o y e d ,  ( B a i r d -  

A t o m i c ,  Inc.  ' F l u o r i s p e c ' f l u o r e s c e n c e  s p e c t r o p h o t o m e t e r ,  

M o d e l  S , F ,  1) w a s  of  u se  o n ly  a s  a  f l u o r e s c e n c e  d e t e c t o r  

a n d  w a s  u s e d  a s  s u c h .
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M. 5 T r a c e  E l e m e n t  A n a l y s i s

T h e s e  a n a l y s e s  w e r e  c o n d u c t e d  by  two m e t h o d s :

1. C o l o r i m e t r i c  a n a l y s i s  a c c o r d i n g  to the  m e t h o d  ^

of B r a d f i e l d  (1956) f o r  d e t e r m i n a t i o n  of m a n g a n e s e .

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

of m a n g a n e s e ,  i r o n  a n d  c o p p e r .  (R e a d in g s  u s in g  t h e s e  

m e t h o d s  w e r e  c a r r i e d  out  b y  B r i t i s h  T i t a n  P r o d u c t s

Co. L td .  , u s in g  a c a th o d e  r a y  p o l a r o g r a p h  a n d  

s pe c t  r  o p h o to m e te  r .)

In a l l  e s t i m a t i o n s ,  the  m a t e r i a l s  e m p l o y e d  w e r e  j r ig o ro u s ly  

p u r i f i e d .  D e t e r g e n t s  w e r e  f r e e d  of  c o n ta m i n a t i n g  c a t i o n s  b y  p a s s i n g  

down a c o l u m n  of W h a t m a n  c a r b o x y  m e t h y l  c e l l u l o s e  C M - 2 2 .

T h e  b u f f e r  u s e d  in  a l l  t h e s e  a n a l y s e s  w as  0. 05M p h o s p h a t e  

pH 7. 2, a s  e m p l o y e d  b y  A n d e r s o n  e t .  a l .  (1964) w h ic h  w as  p u r i f i e d  

a c c o r d i n g  to the  m e t h o d  of G e n t r y  a n d  S h e r r i n g t o n  (1950):  t r a c e  

e l e m e n t s  w e r e  r e m o v e d  f r o m  5 0 m l  a l i q u o t s  o f  a q u e o u s  b u f f e r  s o l u t io n  

b y  e x t r a c t i o n  in  a  s e p a r a t i n g  fu n n e l  w i th  10m l  of  a  1% s o l u t io n  of 

8 - h y d r o x y q u i n o l i n e  in  c h l o r o f o r m .  The  c o m b i n e d  a q u e o u s  l a y e r s  

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

c h l o r o f o r m  r e m o v e d  by  e v a p o r a t i o n  u n d e r  r e d u c e d  p r e s s u r e .
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T r i s  b u f f e r  c o u ld  no t  be  e m p l o y e d  a s  a  b u f f e r in g  m e d i u m ,  

a s  it  h a s  b e e n  sh o w n  ( A n d e r s o n  e t .  a l .  1969) t h a t  t h i s  b u f f e r  l e a c h e s  

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

T he  f r a c t i o n s  a n a l y s e d  w e r e  d e r i v e d  f r o m  d e t e r g e n t -  

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

t e c h n i q u e s  ( se e  M e th o d s  S e c t io n  pp.  48,  67).

In a l l  c a s e s  the  t r a c e  e l e m e n t  c o n te n t  w a s  r e l a t e d  to  the  

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

o r i g i n a t e d  in  c h lo ro p h y l l^

-52



C o l o r i m e t r i c  E s t i m a t i o n  of M a n g a n e s e  ( B r a d f i e ld ,  1956)

A s s a y s  w e r e  c o n d u c t e d  on d r i e d  m a t e r i a l ,  w h ic h  

w a s  d i g e s t e d  w i th  c o n c e n t r a t e d  n i t r i c  a c i d  (2 5 m l  p e r  Ig 

d r i e d  m a t e r i a l )  u n t i l  c o m p l e t e l y  d i s s o l v e d .  T h e n ,  2. 5m l  

60% p e r c h l o r i c  a c i d  w a s  a d d e d  a n d  d i g e s t i o n  c o n t i n u e d  u n t i l  

f u m e s  of  p e r c h l o r i c  a c i d  w e r e  e v o lv e d .  F o l lo w in g  c o m p l e t e  

r e m o v a l  o f  p e r c h l o r i c  a c i d  f u m e s ,  th e  s o lu t io n  w as  c o o le d ,  

d i lu t e d  w i th  2 5 m l  of  w a t e r ,  b o i l e d  a n d  f i l t e r e d  t h r o u g h  a 

W h a t m a n  No.  540 f i l t e r  p a p e r  in to  a  10 0 m l  v o l u m e t r i c  

f l a s k  w h ic h  w hen  coo l  w a s  d i lu t e d  to  v o lu m e .

By p i p e t t e ,  a h  a l i q u o t  c o n ta in in g  10 to  50 ug of  

m a n g a n e s e  w a s  t r a n s f e r r e d  to  a  5 0 m l  v o l u m e t r i c  f l a s k ,  

d i lu t e d  to  a b o u t  3 0 m l ,  a n d  t r e a t e d  f i r s t  w i th  5. 0 m l  of

H . E . E . D . T o A .  s o lu t i o n  ( s e e  b e lo w )  a n d  t h e n  s o d i u m  

h y d r o x i d e  s o lu t io n  ( s e e  b e lo w )  d r o p w i s e  u n t i l  th e  pH of 

the  s o l u t i o n  w a s  7. T h i s  w as  fo l lo w e d  b y  a d d i t i o n  o f _ l . 0 m l  

o f  d i lu t e d  f o r m a l d o x i m e  r e a g e n t  ( se e  be low )  a n d  2. 0 m l  of 

s o d i u m  h y d r o x i d e  s o lu t io n .  T he  f l a s k  w as  t h e n  h e a t e d  to  

65^C f o r  tw o  h o u r s ,  c o o le d  a n d  m a d e  up  to  v o l u m e .  T he  

o p t i c a l  d e n s i t y  of  th e  f l a s k  c o n te n t s  w as  t h e n  e s t i m a t e d  

a t  450 n m  u s in g  4 c m  g l a s s  c e l l s .
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In e a c h  s e r i e s  of  e s t i m a t i o n s ,  a  b la n k

d e t e r m i n a t i o n  w a s  p e r f o r m e d  by  c a r r y i n g  out  the  

s a m e  p r o c e d u r e  on  th e  r e a g e n t s  only.

R e a g e n t  s o lu t io n s  :

H . E . E . D . T . A o  s o l u t i o n  : 10% a q u e o u s  s o l u t i o n  of

N - h y d r o x y e t h y l e t h y l e  ne d i a m in e  t r i a c e t a t e  

F o r m a l d o x i m e  s o l u t i o n  : 20g. p a r a f o r m a l d e h y d e  a n d  55g.

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

v o lu m e  100m l,

( F o r  u s e ,  t h i s  s o l u t i o n  is  d i lu t e d  x 10) 

S o d iu m  h y d r o x i d e  s o l u t i o n  : 10% a q u e o u s  s o l u t io n  of A . R .

s o d i u m  h y d r o x i d e .
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M. 6 B e n e z e n e  e x t r a c t a b i l i t y  of c h l o r o p h y l l  in  a q u e o u s , c h l o r o p l a s t  

d i s p e r s i o n s  c o n ta in in g  d e t e r g e n t s

The  e f f e c t s  of d e t e r g e n t s  upon  the b e n z e n e - s o l u b i l i t y  

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

d e t e r m i n e d  a c c o r d i n g  to  th e  m e t h o d  of Ke .  e t .  a l .  (1956).

T he  c h l o r o p h y l l  c o n te n t  of  a l l  c h l o r o p l a s t  p r e p a r a t i o n s  

t e s t e d  w a s  a d j u s t e d  to  0. 05m g / m l  p r i o r  to  c o ld  l i q u i d - l i q u i d  

e x t r a c t i o n  w i th  b e n z e n e .  E a c h  c h l o r o p l a s t  p r e p a r a t i o n  w as  

b u f f e r e d ,  in  0. 04M p h o s p h a t e  a t  pH 7. 0, a n d  in  0. I M  

c a r b o n a t e / b i c a r b o n a t e  a t  pH 10. 0. '

B u f f e r e d  d e t e r g e n t  s o lu t io n s  w e r e  a d d e d  to  a l i q u o t s  

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

of  d e t e r g e n t  in  th e  m i x t u r e .

T h e  l iq u i d  w a s  t h e n  h o m o g e n i s e d  f o r  30 s e c o n d s  in  

a  P o t t e r - E l v e h j e m  h o m o g e n i s e r  ( s e e  p.48) b e f o r e  t r a n s f e r e n c e  

to  a  s e p a r a t o r y  fu n n e l  c o n ta in in g  a n  e q u a l  v o l u m e  of  co ld  

b e n z e n e .

T h e  d e g r e e  o f  e x t r a c t i o n  of  c h lo r o p h y l l  b y  the  b e n z e n e  

l a y e r  w as  e s t i m a t e d  on  the  S. P .  500 b y  m e a s u r i n g  th e  a b s o r b a n c y  

a t  665 n m .
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B l a n k  c h l o r o p l a s t  p r e p a r a t i o n s ,  d i f f e r in g  on ly  in  

h a v in g  no d e t e r g e n t  p r e s e n t  w e r e  a l s o  t e s t e d  f o r  b e n z e n e  

e x t r a c t a b i l i t y .

A c e r t a i n  a m o u n t  o f  d i f f ic u l ty  was  e x p e r i e n c e d  

in  o b ta in in g  r e p r o d u c i b l e  r e s u l t s  in  the  e x p e r i m e n t s  c a r r i e d  

out  a t  pH 10.

S t a b i l i t y  o f  r e c o r d i n g s  w as  o b t a in e d  by  l e a v in g  

the  s h a k e n  m i x t u r e  to  s t a n d  in  d a r k n e s s  f o r  15 m in u t e s  

b e f o r e  s e p a r a t i o n  of  the  l a y e r s .
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M. 7 E s t i m a t i o n  of the  e f f e c t  of  d e t e r g e n t s  on  S y s t e m  1 a n d  S y s t e m  II 

a c t i v i t y  of l a m e l l a r  f r a g m e n t s  

S y s t e m  1 a c t i v i t y :

T h e  e s t i m a t i o n  of  r e d u c e d  p y r i d in e  n u c l e o t i d e s  is 

n o r m a l l y  c a r r i e d  ou t  by  o p t i c a l  d e n s i ty  m e a s u r e m e n t s  

a t  340 n m .

M an y  s y n t h e t i c  d e t e r g e n t s  a r e  found  to  a b s o r b

s t r o n g l y  a t  t h i s  w a v e l e n g th  h o w e v e r .

E s t i m a t i o n s  r e c o r d e d  in the  l i t e r a t u r e  ( V e r n o n  1965^ ,

1966 ) of N A D P  p h o t o r e d u c t i o n  b y  l a m e l l a r  f r a g m e n t s  p r o d u c e d  
a

by  de te  r g e n t  a c t i o n  h a v e  e m p l o y e d  the  s t a n d a r d  m e t h o d ,  f r o m  

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

d o es  no t  a b s o r b  s u f f i c i e n t l y  a t  340 n m  to a f f e c t  the  a s s a y .

T h i s  w o r k  r e q u i r e d  a n  u n a m b ig u o u s  a l t e r n a t i v e  m e t h o d  of 

. e s t i m a t i n g  N A D P H  s u i t a b l e  f o r  u s e  in  the  p r e s e n c e  of a l l  d e t e r g e n t s .  

T h e  m e t h o d  d e v e l o p e d  w as  to  e s t i m a t e  th e  a m o u n t  of  

DC P I P  r e q u i r e d  to  r e - o x i d i s e  r e d u c e d  N A D P  p r o d u c e d  b y  i l l u m i n a t i o n  

of the  t e s t  s a m p l e .  T he  t e s t  c h l o r o p l a s t  m a t e r i a l  (0. 1 m l)  c o n ta in in g

0. 05 to  0. 20 m g c h l o r o p h y l l  w as  s u s p e n d e d  in  7. 0 m l  of  r e a c t i o n  

m e d i u m  ( se e  b e lo w )  in  d a r k n e s s ,  m ix e d ,  a n d  s p l i t  e q u a l ly  b e t w e e n  two 

1 c m  s p e c t r o p h o t o m e t e r  c u v e t t e s .  One ( u n i l l u m in a t e d )  w as  u s e d  f o r
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a b l a n k  a n d  the  o t h e r  w as  i l l u m i n a t e d  f o r  p e r i o d s  of t h r e e

m i n u t e s  b y  a n  A t l a s  A l / 2 1 5  lOOw 12v p r o j e c t o r  l a m p  f o c u s s e d  to

a  3 X 6 c m  r e c t a n g l e  t h r o u g h  a  1 .4 6  s t e r a d i a n  c o n d e n s e r .  Undue

h e a t in g  of  the  i l l u m i n a t e d  s a m p l e  w as  a v o id e d  by p a s s i n g  the  l igh t

- 2
b e a m  t h r o u g h  a h e a t  f i l t e r  of  c u p r i c  su lp h a te  s o lu t io n  (4. 10 M)

t h i c k n e s s  2 c m .  T he  c u v e t t e  w a s  80 c m  f r o m  the  c o n d e n s e r

4a n d  r e c e i v e d  a p p r o x i m a t e l y  5 x 1 0  lu x ,  w h ich  is  s a t u r a t i n g  

l ig h t  i n t e n s i t y .

A f t e r  i l l u m i n a t i o n  of the  s a m p l e  c u v e t t e ,  0. 0 1 m l  a l i q u o t s  

of DC P I P  c o n ta in in g  1. 0 u m o l e s  D C P I P / m l  w e r e  a d d e d  and the  

a b s o r b a n c y  c h a n g e  a t  607 n m  r e c o r d e d .

Two v a r i a t i o n s  of th e  m e t h o d  w e r e  e m p lo y e d :

1. A d d i t io n  of DC P I P  a l i q u o t s  to  b o th  c o n t r o l  a n d  i l l u m i n a t e d

s a m p l e .

T h i s  m e t h o d  is  p r e f e r a b l e  a s  i t  e l i m i n a t e s  the  p o s s i b i l i t y  of 

d i lu t io n  e f f e c t s  a n d  a l s o  g i v e s  q u a n t i t a t iv e  i n d i c a t i o n  of a n y  

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

A t y p i c a l  g r a p h  o b t a i n e d  is  a s  sh o w n  in  f ig .  5.
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2. A d d i t io n  of DC P I P  a l i q u o t s  to  the  i l l u m i n a t e d  s a m p l e  only .

T h i s  p r o c e d u r e ,  fo l lo w e d  in  the  e a r l y  a s s a y s  h a s  n e i t h e r  

a d v a n ta g e  of the  p r e v i o u s  m e t h o d .  A t y p i c a l  g r a p h  is  a s  show n in  f ig. 6. 

R e a c t i o n  m e d i u m :

2. 0 m g  N A D P

1. 05m g  F e r r e d o x i n

0, 2 5 m g F e r r e d o x i n - N A D P  r e d u c t a s e  

Made up  to  2 3 m l  w i th  d i lu t in g  m e d i u m .

D i lu t in g  m e d i u m :

2 0 m l  0. 5M p h o s p h a t e  pH 7. 1 (500 p m o l e / m l )

2 0 m l  0. 0 1 M a m m o n i u m  s u lp h a te  A . R .  (10 p m o l e / m l )

2 0 m l  0. 005M  p o t a s s i u m  c h l o r i d e  A. R. (5 p m o  l e / m l )

M ade up to  2 0 0 m l  w i th  d i s t i l l e d  w a t e r .

( E a c h  c u v e t t e  c o n t a i n e d  175 p m o le  p h o s p h a t e ;  3 . 5  p m o le  a m m o n i u m  

s u lp h a t e ;  1. 5 p m o le  p o t a s s i u m  c h l o r i d e ;  0. 3m g N A D P ;  0. 15mg f e r r e d o x i n  

a n d  0. 035m g f e r r e d o x i n  •* N A D P  r e d u c t a s e ) .
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F ig .  5

-ve

\
\

A m o u n t  of DC P I P  e q u i v a l e n t  to  N A D P  
r e d u c e d  on i l l u m i n a t i o n  of s a m p l e .

. .ml DC P I P

+ve

\  e q u iv a l e n t  to  e n d o g e n o u s  r e d u c in g  p o w e r  in
c h l o r o p l a s t  m a t e r i a l .

\
\

\

\

No N A D P H  r e m a i n s  in  the  
e x p e r i m e n t a l  to  r e d u c e  the  dye.  
H e n ce  b o th  b l a n k  a n d  e x p e r i m e n t a l  
c o n ta in  b lu e  c o l o u r .

B l a n k  no t  r e d u c in g  dye ( r e m a i n s  b lue )  
S a m p le  r e d u c in g  dye ( b e c o m e s  c o l o u r l e s s )
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F i e . 6

A l l  NAD P H  ill s a m p l e  h a s  
b e e n  o x id i s e d .
A d d i t io n  of dye i n c r e a s e s  
c o lo u r .O . D .

a t
6 0 7 n m

+ve

m l  DC P I P

Dye a d d e d  to  s a m p l e  is  r e d u c e d  to  c o l o u r l e s s  
f o r m  b y  the  N A D PH .
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S y s t e m  I I  a c t i v i t y :  (ph o toe v o lu t io n  of oxygen)

E v o lu t i o n  of  o x y g e n  b y  a  s u s p e n s i o n  of c h l o r o p l a s t  

m a t e r i a l  in  a  R a n k  o x y g e n  e l e c t r o d e  (Rank  B r o s .  B o t t i s h a m ,

C a m b s .  ) w a s  r e c o r d e d  e l e c t r o n i c a l l y .  F o r  e a c h  a s s a y ,  a  

5 m l  a l i q u o t  of r e a c t i o n  m e d i u m  ( p r e v i o u s l y  f r e e d  of o x y ge n  

b y  s a t u r a t i n g  w i th  n i t r o g e n  g a s )  w as  p i p e t t e d  in to  the  e l e c t r o d e  

c e l l  f o l lo w e d  b y  a  s a m p l e  (up to  0. 05m l)  of c h l o r o p l a s t  

m a t e r i a l  c o n ta in in g  0. 03 to 0. 2 m g c h lo r o p h y l l .  T he  c e l l  

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

b u b b le s  f r o m  a b o v e  the  m e d i u m ,  a n d  the  m a g n e t i c  s t i r r e r  in  the  

c e l l  s w i t c h e d  on.

T h e  e f f e c t  of d e t e r g e n t s  on  the  p h o to e v o lu t io n  of  o x y g e n  

w as  f o l lo w e d  b y  a d d in g  0 .0 1  to  0. 0 5 m l  a l i q u o t s  of  d e t e r g e n t  s o l u t i o n  

b u f f e r e d  a t  pH 7. 1 to  the  e l e c t r o d e  c e l l  f r o m  a  s y r i n g e  t h r o u g h  a 

s m a l l  h o le  in  th e  c e l l  c o v e r .  A d d i t io n s  w e r e  m a d e  a s  so o n  a s  the  

n o r m a l  o x y g e n  p h o to e v o lu t io n  h a d  r e a c h e d  a  s t e a d y  r a t e ,  a n d  th e  

e f f e c t  on  o x y g e n  p r o d u c t i o n  n o ted .

(The  c e l l ,  j a c k e t e d  w i th  w a t e r  a t  20°C  w as  i l l u m i n a t e d  f r o m  th e  

s id e  b y  a  V i c k e r s  I n t e n s e  m i c r o s c o p e  l a m p  (40w) f o c u s s e d  f r o m  

1 5 c m  t h r o u g h  a  h e a t  f i l t e r  of  4 . x  10 2 M c u p r i c  s u l p h a te  t h i c k n e s s  

2 c m .  T h e  b e a m  w a s  a l s o  p a s s e d  th r o u g h  a n  I l f o r d  205 r e d  f i l t e r  

( c u t - o f f  b e lo w  6 80nm )  to  a v o id  b le a c h in g  o f  the  c h lo r o p h y l l .  U n d e r
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t h e s e  c o n d i t i o n s  the  c h l o r o p l a s t  m a t e r i a l  is l ig h t  s a t u r a t e d ) .

In a l l  e x p e r i m e n t s ,  the  b e h a v i o u r  of  the  u n i l l u m i n a t e d  

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

R e a c t i o n  m e d i u m :

1 m l  0. 25M  p h o s p h a t e  pH 7. 1 (250 u m o l e s )

1m l  0. 005M  p o t a s s i u m  c h l o r i d e  (5 u m o l e s )

1 m l  0. 005M  f e r r i c y a n i d e  (5 u m o l e s )

1 m l  0. 0025M  a m m o n i u m  s u lp h a te  (2. 5 u m o l e s )

1m l  d i s t i l l e d  w a t e r .
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M. 8 P h o t o - o x i d a t io n  of  a s c o r b a t e  b y  d e t e r g e n t  t r e a t e d  l a m e l l a e

The  m e t h o d  e m p l o y e d  w as  a  m o d i f i c a t i o n  of  t h a t  of C h ib a  

e t .  a i .  (1962),  A l l  p r o c e d u r e s  w e r e  c a r r i e d  ou t  u n d e r  a  d a r k  

g r e e n  s a f e t y  l a m p  e m i t t i n g  l i g h t  of a b o u t  5 3 0 n m .  A l l  s o lu t io n s  

w e r e  s a t u r a t e d  w i th  n i t r o g e n  g a s .

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

p r e p a r a t i o n  e q u i v a l e n t  to  1 . 0 - 1 .  2 m g  c h l o r o p h y l l ,  2. 0 m l  0. I M  

p h o s p h a t e  b u f f e r  pH 6. 5, 0. 4 m l  0. I M  E D T A ,  0. 2 m l  0. 01M DC P I P  

a n d  0, 6m l  0. OIM s o d i u m  a s c o r b a t e  m a d e  up  to  18, 0 m l  w ith  

d i s t i l l e d  w a t e r .

F o r  e a c h  a s s a y ,  tw o  3. 0 m l  s a m p l e s  o f  the  r e a c t i o n  

m i x t u r e  w e r e  p i p e t t e d  in to  e a c h  of two 1 c m  s p e c t r o p h o t o m e t e r  

c u v e t t e s  a n d  one of t h e s e  p l a c e d  in  the  b e a m  f r o m  a n  A t l a s  A l / l 80 

140 V  500w  l a m p ,  f o c u s s e d  to  a n  a r e a  of 12’* x  12** t h r o u g h  a 

2 ” X 2 “ V o i g t l a n d e r  P e r k e o  s l i d e  p r o j e c t o r .  U n d e r  t h e s e  c o n d i t i o n s ,  

th e  i l l u m i n a t e d  c u v e t t e  w a s  l ig h t  s a t u r a t e d .  T h e  o t h e r  c u v e t t e  w as  

k e p t  in  d a r k n e s s .
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T h e  i l l u m i n a t e d  s a m p l e  w a s  k e p t  in  the  l ig h t  b e a m  f o r  

a  f i x e d  t i m e  of b e t w e e n  1 a n d  10"m i n u t e s ,  fo l low ing  w h ic h ,  th e  

o p t i c a l  d e n s i t i e s  of b o th  the  u n i l l u m i n a t e d  a n d  i l l u m i n a t e d  

s a m p l e s  a t  6 0 7 n m  w e r e  r e a d  on a  S. p .  500 s p e c t r o p h o t o m e t e r ,  

u s i n g  d i s t i l l e d  w a t e r  a s  r e f e r e n c e .  To e a c h  of the  e x p e r i m e n t a l  

c u y e t t t e s ,  p r i o r  to  e a c h  r e a d i n g ,  a n  a l i q u o t  of 0. 0 1ml of 

0. OIM DC P I P  b u f f e r e d  in  0. 04 p h o s p h a t e  a t  pH 6. 5 w a s  a d d e d .

It i s  r e c o m m e n d e d  (Roe;  1954) t h a t  o x i d a t i o n  of  

a s c o r b a t e  b y  DC P I P  s h o u ld  be c a r r i e d  ou t  a t  pH  3 . 5 .  A t  th i s  

pH,  the  dye c o l o u r  i s  p in k  h o w e v e r ,  a n d  of too  w e a k  a n  i n t e n s i t y  

to  be  of p r a c t i c a l  u s e  in  s p e c t r o p h o t o m e t r i c  a s s a y s  w h e r e  

a d d i t i o n  of  s m a l l  a l i q u o t s  is  d e s i r a b l e .  F o r  t h i s  r e a s o n ,  the  

dye w as  b u f f e r e d  a t  pH 6 . 5 ,  d e s p i t e  the  f a c t  t h a t  a t  h i g h e r  p H ' s , 

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

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

s u b s t a n c e s  i s  m a d e  in  ad d in g  the  dye to  b o th  i l l u m i n a t e d  a n d  

u n i l l u m in a t e  d c u v e t t e  s .

A t y p i c a l  g r a p h  i s  sh o w n  in f ig .  7.
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F ig .  7

1 . 0

m l  s 
DC P I P  

a d d e d

0

u n i l l u m in a t e  d

V

i l l u m i n a t e d

1. 0
0 * D ,  6 0 7 n m
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M. 9 P r e p a r a t i v e  io n  e x c h a n g e  C h r o m a t o g r a p h y  

C o l u m n  C h r o m a t o g r a p h y  ( p r e p a r a t i v e )

C o l u m n s  of  D P A E  c e l l u l o s e  (W h a tm a n  D E - 11 a n d  D E -22)  

w e r e  e m p l o y e d  b o th  in  the  f r a c t i o n a t i o n  of  d e t e r g e n t - s o l u b i l i s e d  

l a m e l l a e  a n d  in  the  p r e p a r a t i o n  o f  f e r r e d o x i n ,  f e r r e d o x i n - N A D P -  

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

a r e  g i v e n  on  p. 73.

F r a c t i o n a t i o n  of  c h l o r o p l a s t  s o lu t io n s  w a s  c a r r i e d  out  

b a s i c a l l y  a s  r e p o r t e d  b y  K a h n  (1964) ,  b u t  the  c o n c e n t r a t i o n s  of 

d e t e r g e n t s  w e r e  v a r i e d  in  o r d e r  to  g iv e  e q u iv a l e n t  l a m e l l a r  

s o l u b i l i s a t i o n s .

P r e p a r a t i o n  of  D E A E  c e l l u l o s e  c o lu m n :

W h a t m a n  D E -11 f i b r e s  w e r e  a c t i v a t e d  by  w a s h in g  s u c c e s s i v e l y  

in  d i s t i l l e d  w a t e r  (2 h o u r s ) ;  0. 5N s o d i u m  h y d r o x i d e  (2 h o u r s ;  s o lu t i o n  

c h a n g e d  e a c h  h o u r )  a n d  f i n a l ly ,  d i s t i l l e d  w a t e r  ( s e v e r a l  e x t r a c t i o n s ,  

a s  a b o v e ) .  T he  c e l l u l o s e  w a s  t h e n  e q u i l i b r a t e d  in  0.. 05M t r i s  b u f f e r  

pH 8, 0 f o r  3 h o u r s  a n d  b e d d e d  in  a  c o l u m n  of  d i a m e t e r  3. 2 c m  to  a  

h e i g h t  o f  3 0 c m .
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The  c o l u m n  w as  w a s h e d  w i th  5 x  b e d  v o l u m e  of  0. 05M t r i s  

b u f f e r  pH 8. 0 c o n ta in in g  d e t e r g e n t  of c o n c e n t r a t i o n  x%. (See be low );  

P r e p a r a t i o n  of s o lu b le  c h l o r o p l a s t  e x t r a c t

A s u s p e n s i o n  of  c h l o r o p l a s t  f r a g m e n t s  b u f f e r e d  in  0. 05M 

t r i s  pH 8. 0 a n d  s a t u r a t e d  w i th  n i t r o g e n  g a s  a t  4^C ,  c o n ta in in g  0. 5m g 

c h l o r o p h y l l / m l ,  w as  s u s p e n d e d  in  a n  e q u a l  v o lu m e  of  a  2x% s o l u t io n  of  

d e t e r g e n t  in  0, 05M  t r i s  pH 8, 0 a n d  h o m o g e n i s e d  in  a  P o t t e r  E l v e h j e m  

h o m o g e n i s e r  f o r  45 s e c o n d s ,  (See p.  48 ). T h e  m a t e r i a l  w a s  t h e n  

c e n t r i f u g e d  a t  50,  OOOxg f o r  30 m i n u t e s .  The  s u p e r n a t a n t  w as  

d i s c a r d e d  a n d  the  p r e c i p i t a t e  r e s u s p e n d e d  in  the  s a m e  v o lu m e  a s  

a b o v e ,  o f  a  20x% s o l u t io n  o f  d e t e r g e n t  in  0, 05M t r i s  pH  8. 0, The  

s u s p e n s i o n  w a s  t h e n  h o m o g e n i s e d  f o r  45 s e c o n d s  in  a  P o t t e r  E l v e h j e m  

h o m o g e n i s e r  a n d  c e n t r i f u g e d  a t  144, OOOxg f o r  60 m i n u t e s .  T h e  

s u p e r n a t a n t  w a s  d i a l y s e d f o r  12 h o u r s  a t  4^C a g a i n s t  d i s t i l l e d  d e i o n i s e d  

w a t e r  t h r o u g h  w h ic h  n i t r o g e n  g a s  w as  p a s s e d .

C h r o m a t o g r a p h y  of the  c h l o r o p l a s t  e x t r a c t :

2 5 m l  of  the  d i a l y s e d  e x t r a c t  w as  l a y e r e d  on to  th e  c o l u m n  

b e lo w  5m l  of  x% d e t e r g e n t  in  0. 05M t r i s  pH 8. 0. T he  c o l u m n  w a s  t h e n  

p r e p a r e d  f o r  l i n e a r  g r a d i e n t  e lu t i o n  a n d  e lu t e d  to  a  f i n a l  c o n c e n t r a t i o n

- 6 8 -



of  0. 5M s o d i u m  c h l o r i d e  p lu s  x% d e t e r g e n t  in  0. 0 5 M t r i s  pH 8, 0. 

T he  e lu a t e  w a s  c o l l e c t e d  in  10. 0 m l  a l i q u o t s  a n d  e v e r y  t h i r d  

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

d e i o n i s e d  w a t e r  f o r  24 h o u r s  a t  4^C)  c h l o r o p h y l l  a n d  a s c o r b a t e  

p h o to o x id a t io n .  (See pp .  82,  46 ,  64 r e s p e c t i v e l y ) .

T he  c h r o m a t o g r a p h y  of  th e  e x t r a c t  w a s  c o n d u c t e d  a t  

4 °C  a n d  u n d e r  th e  i l l u m i n a t i o n  o f  a  d a r k  g r e e n  s a f e t y  l a m p  

( e m i t t i n g  l ig h t  o f  a b o u t  5 3 0 n m )  i n  o r d e r  to  m i n i m i s e  b l e a c h in g  

o f  th e  c h lo r o p h y l l .

T he  d e t e r g e n t s  e m p l o y e d  in  t h e s e  e x p e r i m e n t s  a n d  t h e i r  

r e s p e c t i v e  v a l u e s  of  x ,  we r e :

D e t e r g e n t  x(%)

T r i t o n  X - 1 00 0. 05

R e n e x  698 0. 05

L u b r o l  E  0. 05

L i s s a p o l N X P  0 .0 5

G 711 0 .0 5

B r i j  96 0. 35

C a l s  o le  ne  O i l  0, 50
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M. 10 D i s c - G e l  E l e c t r o p h o r e s i s

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

o n  a  S h a n d o n  A n a l y t i c a l  P o l y a c r y l a m i d e  E l e c t r o p h o r e s i s  

A p p a r a t u s  w i th  a  S h a n d o n  V o k a m  p o w e r  su p p ly ,  i n i t i a l l y  

u s in g  n o n - i o n i c  a n d  c a t io n i c  d e t e r g e n t  s o lu t io n s  b u f f e r e d  in  

p h o s p h a t e  b u f f e r s  o f  d i f f e r in g  m o l a r i t i e s  a n d  p H ' s .

T he  g e l s  v a r i e d  in  c o n c e n t r a t i o n  b e tw e e n  4% a n d  10% a n d  

w e r e  e q u i l i b r a t e d  b y  e l e c t r o p h o r e s i s  ( 5 m a / t u b e )  f o r  f i f t e e n  

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

e x t r a c t  w a s  th e  s u p e r n a t a n t  f r o m  a  30 m i n u t e ,  50,  000 x  g 

c e n t r i f u g a t i o n  o f  d e t e r g e n t - s o l u b i l i s e d  l a m e l l a e  a n d  w as  m i x e d  

w i th  p r o p y l e n e  g l y c o l  (10% v / v )  to  i n c r e a s e  d e n s i ty  a n d  a v o id  

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

on to  th e  to p  of the  g e l  c o lu m n .  T he  s u p e r n a t a n t s  p r o d u c e d  

b y  P o l y c h o l  15, C r i l l e t  4 ,  T w e e n  80, C r i l l e t  1, T w e e n  20,

D i s p e r s o l  VLX, B r i j  35, B r i j  58,  L u b r o l  A L 1 8  a n d  B r i j  98, 

w e r e  o f  too  l ig h t  a  c o l o u r  to  be  a p p l i e d  d i r e c t l y  to  th e  g e l  c o lu m n s  

a n d  w e r e  d i a l y s e d  a g a i n s t  a  35% s o l u t io n  of  p o ly e th y le n e  g ly c o l  4000 

o v e r n i g h t  in  d a r k n e s s  a t  4 ° C  to  c o n c e n t r a t e .
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A f t e r  f u r t h e r  e l e c t r o p h o r e s i s  fo r  10 to 45 m i n u t e s ,  

the  g e l s  w e r e  s t a i n e d  b y  i m m e r s i o n  in  a  1% s o lu t io n  of A m id o  

B l a c k  1 OB f o r  20 m i n u t e s  a n d  de s t a i n e d  b y  w a sh in g  in  m e t h a n o l -  

a c e t i c  a c i d - w a t e r  (5 :1:5  v / v )  f o r  24  h o u r s ,  o r  b y  u s e  of  a n  

e l e c t r o p h o r e t i c  de s t a in in g  a p p a r a t u s .

G e ls  p r e p a r e d  u s in g  a  h ig h  ( >  0. 2%) d e t e r g e n t  

c o n c e n t r a t i o n  a n d / o r  low  g e l  c o n c e n t r a t i o n  ( -<7 .  5%) w e r e  f o r m e d  

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

g e l s  f r o m  fa l l in g  t h r o u g h  th e  t u b e s  in to  the  l o w e r  b u f f e r  

c o m p a  r t  m e  n t .

In  t h e  c a s e  of  a n io n ic  d e t e r g e n t s ,  l a m e l l a r  e x t r a c t s  

w e r e  p r e p a r e d  a c c o r d i n g  to  a m o d i f i c a t io n  of the  m e t h o d  of  

T h o r n b e r  e t .  a l .  (1967b).

I s o l a t e d  l a m e l l a e  ( c h l o r o p h y l l  c o n c e n t r a t i o n  I m g / l m l )  

w e r e  d i s p e r s e d  in  a n  e q u a l  v o l u m e  of  1% d e t e r g e n t  in  0. lOM 

s o d i u m  b o r a t e  pH 8. 0.

T h e  s u s p e n s i o n  w as  c e n t r i f u g e d  a t  144, 000 x  g f o r  

30 m i n u t e s  a n d  th e  p r e c i p i t a t e  r e  - e x t r a c t e d  w i th  the  s a m e  v o lu m e  

o f  b u f f e r e d  d e t e r g e n t  a s  u s e d  in  th e  f i r s t  e x t r a c t i o n .  T he  

s u s p e n s i o n  w a s  c e n t r i f u g e d  a t  144, 000 x  g f o r  30 m i n u t e s  a n d  

th e  s u p e r n a t a n t  m i x e d  w i th  p r o p y l e n e  g ly c o l  (10% v / v )  p r i o r  to
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l a y e r i n g  u n d e r  0. 05M s o d i u m  b o r a t e  pH 8. 0 onto  th e  to p  

o f  the  c o lu m n .

A s  in  the  o t h e r  e x p e r i m e n t s  the  g e l s  w e r e  

e q u i l i b r a t e d  by  e l e c t r o p h o r e s i s  ( 5 m a / t u b e )  f o r  15 m i n u t e s  

b e f o r e  a d d in g ' t h e  d e te i ’g e n t - c h l o r o p l a s t  e x t r a c t .

F o l lo w in g  e l e c t r o p h o r e s i s ,  the  l o a d e d  g e l s  w e r e  

s t a i n e d  in  1% A m id o  B l a c k  1 OB a s  d e s c r i b e d  a b o v e .

- 7 2 -



M . l l  P r e p a r a t i o n  of  F e r r e d o x i n ,  F l a v o p r o t e i n  a n d  P l a s t o c y a n i n  .

T he  p r i n c i p a l  e l e c t r o n  t r a n s f e r  p r o t e i n s  w e r e  i s o l a t e d  

, f r o m  S p i n a c e a  l e a v e s  b y  a  m o d i f i c a t i o n  of the  m e t h o d s  of  S an  P i e t r o  

e t ,  a l .  1958 ( f e r r e d o x in ) ;  Sh in  e t .  a l .  1963 ( f l a v o p r o te in )  a n d  

K a to h ,  I9 6 0  ( p l a s to c y a n in ) .  1 kg of l e a v e s  w e r e  h o m o g e n i s e d  w i th

1. 08 l i t r e s  o f  a c e to n e  c h i l l e d  to  - 1 5 ° C ,  400 m l  of  w a t e r  a n d  

100 m l  M t r i s  b u f f e r  pH 7. 7 in  a  W a r in g  b l e n d e r .  T he  h o m o g e n a te  

w as  f i l t e r e d  t h r o u g h  n y lo n  c lo th  of  5 Op m e s h  s i z e  ( se e  p . 4 4 )  a n d  

c e n t r i f u g e d  a t  2000  x g f o r  20 m i n u t e s .  To the  s u p e r n a t a n t ,

1 .1 6  v o l u m e s  of c o ld  ( -1 5 ^ C )  a c e to n e  w as  a d d e d  a n d  the  m i x t u r e  

b e a t e n  a n d  l e f t  to  s t a n d  f o r  one h o u r .  T he  r e l a t i v e l y  c l e a r  g r e e n  

s u p e r n a t a n t  w as  d i s c a r d e d  a n d  the  s t i c k y  b r o w n  p r e c i p i t a t e  

c e n t r i f u g e d  a t  1500 x g a n d  c o l l e c t e d .  T he  p r e c i p i t a t e  w as  t r a n s f e r r e d  

to  m i n i m u m  v o l u m e  (50m l)  of a  s o l u t io n  of 0. 01 M t r i s  pH 7. 7 in  0. 2)4  

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

th e  s a m e  s o lu t io n  a t  4^ C ,  w i th  s t i r r i n g .  The  i n s o lu b le  m a t e r i a l  w a s  

c e n t r i f u g e d  off  a n d  the  s u p e r n a t a n t  p a s s e d  t h r o u g h  a  c o lu m n ,  3 c m  

d i a m e t e r  a n d  15 c m  p a c k e d  l e n g th  o f  d ie th y l  a m l n o e t h y l  (D FA E)  

c e l l u l o s e  ( W h a tm a n  DE22)  e q u i l i b r a t e d  w i th  the  t r i s - s o d i u m  c h l o r i d e  

. s o l u t i o n  r e f e r r e d  to  a b o v e .  F e r r e d o x i n  w as  r e t a i n e d  on  th e  c o lu m n
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w h i l s t  the  o t h e r  p r o t e i n s  w e r e  no t .  The  l a t t e r  w e r e  e lu t e d  out  of 

the  c o l u m n  a n d  d i a l y s e d  a g a i n s t  a  l a r g e  v o lu m e  (e lu a te  v o lu m e  x 50) 

of  s a t u r a t e d  a m m o n i u m  s u l p h a te  s o l u t io n  f o r  12 h o u r s  a t  4^C .  T h e  

p r o t e i n s  p r e c i p i t a t e d  w i th in  the  d i a l y s i s  s a c  w e r e  c o l l e c t e d  by  

f i l t r a t i o n  a n d  re  d is  s o l v e d  in  0. 05 M t r i s  b u f f e r  pH 7, 7. In so lu b le  

r e s i d u e  h av in g  b e e n  d i s c a r d e d ,  the  s o lu t io n  c o n t a i n e d  a  m i x t u r e  

of  f l a v o p r o t e i n  a n d  p l a s t o c y a n i n  in  i t s  r e d u c e d  (yel low) f o r m .

F e r r e d o x i n  w as  p u r i f i e d  f r o m  r e s i d u a l  f l a v o p r o t e i n  a n d  

p l a s t o c y a n i n  by  e lu t i o n  f r o m  th e  D E A E  c e l lu l o s e  c o l u m n  w i th  a 

s o l u t io n  of  0. 01 M t r i s  b u f f e r  pH 7 ,7  in  0. 2 M s o d i u m  c h l o r i d e ,  

fo l lo w e d  b y  p a s s a g e  down a  c o l u m n  of  S e p h a d e x  G. 25 (3 c m  d i a m e t e r  

a n d  20 c m  p a c k e d  l e n g th )  e q u i l i b r a t e d  w i th  d i s t i l l e d  w a t e r ,  to  r e m o v e  

io n s ,  a n d  t h e n  f u r t h e r  c h r o m a t o g r a p h e d  a s  a b o v e  on  a  D E A E  

c e l l u l o s e  c o lu m n .

D E A E  c e l l d l o s e  c o l u m n  c h r o m a t o g r a p h y  w a s  e m p l o y e d

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

c o n c e n t r a t i o n  g r a d i e n t  in  0. 01 M t r i s  b u f f e r  pH 7. 7 f r o m  0, 05 M s o d i u m

c h l o r i d e  to  0 . 2 0  M s o d i u m  c h l o r i d e .  P l a s t o c y a n i n  w a s  e l u t e d  (in

th e  r e d u c e d ,  y e l l o w  f o r m )  a t  h i g h e r  ion ic  s t r e n g t h s  a n d  w a s  o x i d i s e d

to  the  b lue  f o r m  b y  a d d i t i o n  of a  c r y s t a l  of p o t a s s i u m  f e r r i c y a n i d e .

o
T h e  s e p a r a t e d  p r o t e i n s  w e r e  l y o p h i l i s e d a n d  s t o r e d  a t  -5  C.
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M. 12 P r e p a r a t i o n  o£ C h l o r o p h y l l s

C h l o r o p h y l l s  w e r e  p r e p a r e d  by  a m e t h o d  b a s e d  on 

t h a t  p r o p o s e d  b y  S t r a i n  e t .  a l .  (1966);  2ÜÜg d e m i d r i b b e d  l e a v e s  

w e r e  d r o p p e d  in to  2 l i t r e s  of b o i l in g  w a t e r .  A f t e r  two m i n u t e s ,  

the  w a t e r  w a s  c o o le d  w i th  a n  e x c e s s  of co ld  w a t e r .  T h e  w a t e r  

w a s  d e c a n t e d ,  the  l e a v e s  w a s h e d  once  w i th  c o ld  w a t e r  a n d  d r i e d  

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

a n o t h e r  a n d  p l a c e d  in  m e t h a n o l  (500 m l)  p l u s  p e t r o l  e t h e r  

(125 m l ,  b o i l in g  r a n g e  2 0 ° - 4 0 ° C ) . The l e a v e s  w e r e  th en  

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

t h r o u g h  n y lo n  b o l t in g  c lo t h  ( m e s h  s i z e  50p) .and c e n t r i f u g e d  

to r e m o v e  a l l  s o l i d  m a t e r i a l .  T he  s u p e r n a t a n t  w a s  th e n  

t r a n s f e r r e d  to a  2 l i t r e  s e p a r a t i n g  fu n n e l  a n d  d i lu t e d  w i th  the  

s a m e  v o lu m e  of  s a t u r a t e d  s a l t  s o l u t i o n .  T h is  t r a n s f e r r e d  m o s t  

of the  p i g m e n t s  to the  p e t r o l  e t h e r  l a y e r .  The  p e t r o l  e t h e r  

e x t r a c t s  w e r e  r e d u c e d  in  v o l u m e  on a  r o t a r y  e v a p o r a t o r  in  

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

c h r o m a t o g r a p h y  on  th in  l a y e r  p l a t e s  of  k i e s e l g u h r  i m p r e g n a t e d  

w i th  p a r a f f i n  o i l .
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The p l a t e s  w e r e  f i r s t  i m p r e g n a t e d  by  ru n n in g  in 8% 

p a r a f f i n  o i l  in  p e t r o l  e t h e r  (bo i l ing  r a n g e  20^ -  40^) a n d  d r i e d

o
a t  40 C f o r  12 h o u r s  to r e m o v e  a l l  t r a c e s  of p e t r o l  e t h e r .  The  

c r u d e  c h l o r o p h y l l  s o lu t io n  w a s  th e n  a p p l i e d  to the  p l a t e s  by  

m e a n s  of a  s t r i p  a p p l i c a t o r  a n d  the  p l a t e s  d e v e l o p e d  in  

m e t h a n o l /  w a t e r /  a c e t o n e  (20 :4 :5  v / v ) .

C h l o r o p h y l l  a  o c c u r s  a s  a  s lo w  f lowing  b l u e - g r e e n  

b a n d  a n d  c h lo r o p h y l l  b a s  a  f a s t  f low ing  y e l l o w - g r e e n  b a n d  

(Rf v a l u e s  0 . 3 3  a n d  0 . 6 3  r e s p e c t i v e l y ) .

- 76 -



cd
CudO4-)
sou

X0

(d4
g

s4->
a)
CO
(d

-a1
•X3
(U
CO

<U
>
<UM

,0
CO

•—I 
I—H

ou
o

i-H

u
o
c
o
+-»
(d4̂
(d

0)u
Pi

- 7 7 -
00

à
Pi

d
o
v-i
d
<u
>
o

CO

d
£
d
(d
X
oo
%

>>
ol
o
or—4
,d
U

d

d

(d

'àO
Op—4
.d
U

(d
d
%
P4
o
<u
(d

CO
(Ud
<D+->o
cd
U

d

'P
O



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

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

It w as  n o te d  b y  K a h n  (1964) t h a t  a  p h o t o c h e m i c a l l y  a c t iv e  

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

T r i t o n  X - 1 00 w as  b l e a c h e d  i f  e x p o s e d  to  s t r o n g  l ig h t ,  w i th  r e s u l t a n t  

l o s s  in  p h o t o c h e m i c a l  a c t i v i t y .  D e t e r g e n t  s o lu t io n s  of  l a m e l l a e  h a v e  

b e e n  t e s t e d  in  t h i s  t h e s i s  f o r  s t a b i l i t y  w h en  s u b j e c t e d  to  s t r o n g  v i s i b l e  

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

c o n c e n t r a t i o n s ,  pH a n d  o x y g e n a t io n  of  the  s u s p e n s i o n ,  t e m p e r a t u r e  

a n d  t i m e  of i l l u m in a t io n .

T he  l ig h t  s o u r c e  e m p l o y e d  w as  a  M azd a  400 w M B F R /u l a m p ,  

w h ic h  w a s  s u s p e n d e d  f r o m  a  h e ig h t  of one m e t r e  a b o v e  the  t e s t  

m a t e r i a l .  T he  t e s t  m a t e r i a l  w as  c o n ta in e d  in a  s h a l lo w  c i r c u l a r  

d i s h  of r a d i u s  1 5 c m  ( s u r f a c e  areaTOO s q . c m .  ) w h ic h  a f f o r d e d  a  

s u b s t a n t i a l  s u r f a c e  a re  a: v o l u m e  r a t i o .  L a m e l l a r  s o l u b i l s a t i o n  w as  

c a r r i e d  out  e s s e n t i a l l y  a s  d e s c r i b e d  b e f o r e  ( s e e  p. 48 ). F o l lo w in g  

s o l u b i l i s a t i o n ,  e a c h  s u s p e n s i o n  w a s  c e n t r i f u g e d  a t  20, OOOxg f o r  the  

m i n i m a l  p e r i o d  of t i m e  r e q u i r e d  to  p r o d u c e  a  c l e a r  s u p e r n a t a n t  

a n d  th e  s u p e r n a t a n t  t r a n s f e r r e d  to  the  c i r c u l a r  d i sh .
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E x p e r i m e n t a l  C o n d i t i o n s :

Six  d i f f e r e n t  d e t e r g e n t s  w e r e  e m p lo y e d ;  L i s s a p o l  NXPi 

G711,  C e ta v lo n ,  B r i j  35, T e r g i t o l  7, a n d  R e n e x  698,

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

m e d i a  e m p l o y e d  f o r  l a m e l l a r  s o l u b i l i s a t i o n  w e r e  a s  fo l low s  :

1 

1 

1 

1 

1

L i s s a p o l  N X P  : C h lo r o p h y l l 200

G711 : C h lo r o p h y l l 150

C e ta v lo n  : C h l o r o p h y l l 200

B r i j  35 : C h lo r o p h y l l 350

T e r g i t o l  7 : C h lo r o p h y l l * 300

R e n e x  698 : C h lo r o p h y l l 200

a)  E f f e c t  of  v a r i a t i o n  of  the  c h l o r o p h y l l  c o n c e n t r a t i o n

In t h e s e  e x p e r i m e n t s ,  the  s u p e r n a t a n t s  w e r e  d i lu t e d  w ith

0. 04M p h o s p h a t e  b u f f e r  of pH 7. 0 to  d e c r e a s e  the  c h lo r o p h y l l  

c o n c e n t r a t i o n  w i th in  th e  r a n g e  3. 0 to  0, 05m g c h l o r o p h y l l / m l .

E a c h  s u p e r n a t a n t  w a s  i l l u m i n a t e d  a t  20^C w h i l s t  g e n t l y  g a s s e d  

w i th  a  s t r e a m  o f  n i t r o g e n  f o r  a  t o t a l  p e r i o d  of  5 d a y s ,

b) E f f e c t  o f  pH v a r i a t i o n

H e r e ,  t h e  l a m e l l a r  s o l u b i l i s a t i o n  w as  c a r r i e d  ou t  a t  

t h r e e  d i f f e r e n t  p H ’s (4. 0, 7, 0, a n d  10. 0) a n d  th e  r e s u l t a n t  s u p e r n a t a n t s
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a f t e r  d i lu t io n  to  a c h l o r o p h y l l  c o n t e n t  o f  1. 0 m g / m l ,  i l l u m i n a t e d  

w h i l s t  b e in g  g e n t l y  g a s s e d  w i th  n i t r o g e n  a t  EO^C f o r  a  t o t a l  

p e r i o d  of  5 d a y s .  T he  b u f f e r s  e m p l o y e d  f o r  th e  d i f f e r e n t  

p H ’s w e r e  0. 04M a c e t a t e  (pH 4. 0), 0, 04M  p h o s p h a t e  (pH 7 .0 ) ,  

a n d  0. 05M c a r b o n a t e / b i c a r b o n a t e  (pH 10. 0).

c)  E f f e c t  o f  O x y g e n a t io n

In t h e s e  e x p e r i m e n t s  c a r r i e d  out  a t  20^C a n d  a t  

pH 7. 0, the  c h l o r o p h y l l  c o n te n t  h a v in g  b e e n  a d j u s t e d  to  1, O m g / m l ,  

th e  s u p e r n a t a n t  w as  i l l u m i n a t e d  f o r  a  f ive  d a y  p e r i o d  w h i l s t  b e in g  

s t i r r e d  w i th  a n  o v e r h e a d  s t i r r e r  a n d  g a s s e d  w i th  a  s t r e a m  of  a i r .  

E a c h  o x y g e n a t io n  e x p e r i m e n t  w as  c o m p a r e d  w i th  two 

s i m i l a r  e x p e r i m e n t s  w h ic h  w e r e  c o n d u c te d  u n d e r  th e  s a m e  

c o n d i t i o n s ,  u s in g :

1) a  s o l u t i o n  of  c h l o r o p h y l l s  e x t r a c t e d  f r o m  

S p i n a c e a  l e a v e s ,  in  a c e to n e  ( s e e  p. 75 ) a n d  

of  th e  s a m e  c h lo r o p h y l l  c o n c e n t r a t i o n ,

2) a  f r e s h  l a m e l l a r  s u s p e n s i o n  in  0, 04M  p h o s p h a t e  

b u f f e r  p H  7. 0 o f  th e  s a m e  c h l o r o p h y l l  c o n c e n t r a t i o n ,  

c o n ta in in g  no d e t e r g e n t .

- 8 0 -



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

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

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

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

on  th e  b l e a c h in g  of  c h l o r o p h y l l  in  the  p r e s e n c e  of  l e a f  

p r o t e i n ,

d) E f f e c t  of  T e m p e r a t u r e

T h e s e  e x p e r i m e n t s  w e r e  p e r f o r m e d  on  the  

s o l u b i l i s e d  l a m e l l a e  ( c h l o r o p h y l l  c o n te n t  1. 0 m g / m l )  

a t  pH 7, 0 w i th o u t  a g i t a t i o n  a n d  w i th  s lo w  p a s s a g e  of 

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

i l l u m i n a t i o n  f o r  a  t o t a l  p e r i o d  of  5 d a y s .  T e m p e r a t u r e s  

u s e d  w e r e  4^C a n d  20*^C«
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M. 14 N i t r o g e n  E s t i m a t i o n

T h e  m e t h o d  u s e d  to  d e t e r m i n e  n i t r o g e n  w a s  b a s e d  

on  the  d e v e l o p m e n t  o f  th e  K j e ld a h l  t e c h n iq u e  (1883),  by  

C h i b n a l l  e t .  a l .  (1943) a n d  d i f f e r e d  m a i n l y  b y  e m p lo y in g  

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

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

t r e a t e d  w i th  2. 0 m l  of  n i t r o g e n - f r e e  s u l p h u r i c  a c i d  in  

a  s m a l l  K j e ld a h l  f l a s k ,  a n d  a  t a b l e t  of  c a t a l y s t  a d d e d .

T h e  f l a s k  c o n te n t s  w e r e  t h e n  d i g e s t e d  f o r  tw e lv e  h o u r s  

on a n  e l e c t r i c  h e a t in g  r a c k .  C a r e  w as  t a k e n  to  e n s u r e  

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

T h e  f l a s k  c o n te n t s  w e r e  t h e n  m a d e  a lk a l i n e  b y  a d d i t i o n  

of  1 5 m l  of  40% p o t a s s i u m  h y d r o x i d e  s o lu t io n  a n d  s t e a m  

d i s t i l l e d  u s in g  th e  d i s t i l l a t i o n  a p p a r a t u s  d e s i g n e d  by  

T r i s t r a m  (1966) (fig 9). T he  d i s t i l l a t e  w a s  c o l l e c t e d  in  

a  s m a l l  f l a s k  c o n ta in in g  3 m l  of 2% b o r i c  a c i d  a n d  t i t r a t e d  

w i th  N / 7 0  s u l p h u r i c  a c i d  to  a  g r e y  e n d - p o i n t  u s in g  the  m i x e d  

i n d i c a t o r  ( m e th y l  r e d / b r o m o  c r e s o l  g r e e n )  e m p l o y e d  by  

Ma e t .  a l .  (1942). E a c h  5. 00 m l  of  1. 00 x  N / 7 0  a c i d  is 

e q u iv a l e n t  to  1. OOmg n i t r o g e n  in  a  sa m p le #  A l l  e s t i m a t i o n s

— 82 —



w e r e  p e r f o r m e d  in  t r i p l i c a t e .

P r o t e i n  e s t i m a t i o n s  w e r e  c o n d u c te d  a c c o r d i n g  to  

th e  m e t h o d  o f  T a k a s h i m a  (1952) in  w h ich  a s s u m p t i o n  

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

to  16% a n d  t h a t  n e g l ig ib le  q u a n t i t i e s  o f  n o n - p r o t e i n  

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

P r e l i m i n a r y  w o r k  in  w h ic h  a t t e m p t s  w e r e  m a d e  

to  e s t i m a t e  p r o t e i n  by  th e  m i c r o b i u r e t  m e t h o d  

( I t zh a k i  e t .  a l .  1964) a n d  b y  th e  P o l i n - L o w r y  m e t h o d  

( L o w r y  e t .  a l ,  1951) in  th e  p r e s e n c e  of  d e t e r g e n t s  w e r e  

u n s u c c e s s f u l .
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A p p a r a t u s  f o r  K je ld a h l  d e t e r m i n a t i o n  of n i t r o g e n  ( T r i s t r a m  1966)
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R E S U L T S



R, 1 C h lo r o p h y l l  a / b  r a t i o s  in  d e t e r g e n t  t r e a t e d  f r a c t i o n a t e d  l a m e l l a e  

E s t i m a t i o n  of  th e  c h lo r o p h y l l  a / b  r a t i o s  of  l a m e l l a r  

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

t h e r e  to  be t h r e e  b a s i c  t y p e s  of  l a m e l l a r  d i s p e r s i o n  w ith  

r e s p e c t  to  c h l o r o p y l l  c o n te n t :

1. The  d e t e r g e n t  G711 ( se e  f ig s .  10, 11) w a s  found  to

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

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

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

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

v e r y  h ig h  c h l o r o p h y l l  a / b  r a t i o s .

2. O t h e r  d e t e r g e n t s  ( e . g .  R e n e x  6 9 8 ; s e e  T a b le  7) w e r e  

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

r e a d i l y  s e d i m e n t a b l e ,  bu t  p r o d u c e d  no f r a c t i o n s  a s  r i c h  a s  in 

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

f r o m  th e  G 711 t r e a t e d  l a m e l l a e .

3. T h e  e f f e c t  o f  th e  t h i r d  g r o u p  of  d e t e r g e n t s  ( r e m a i n d e r  ) 

w a s  found  to  r e s e m b l e  th e  a c t i o n  of  s o n i c a t i o n  (V e rn o n ,  1966b) 

s i n c e  none  of  th e  f r a c t i o n s  p r o d u c e d  by  d i f f e r e n t i a l  c e n t r i -  

f u g a t io n  s h o w e d  a n y  l a r g e  d e v ia t i o n  f r o m  th e  l a m e l l a r  n o r m .
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C h lo r o p h y l l  a  : C h lo r o p h y l l  b r a t i o s  of f r a c t i o n s  p r o d u c e d  f r o m  l a m e l l a e

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

R a t i o  D e t e r g e n t :  
C h l o r o p h y l l

. C h lo r o p h y l l  a /  b 
r a t i o  10, 000 x  g 

f r a c t i o n

C h lo r o p h y l l  a /  b 
r a t i o  144, 00 x  g 

f r a c t i o n

C a l s o l e n e  Oil 50:1 2 ,8 :1 4 . 9 : 1
300:1 2 .9 :1 5 .3 :1

D ig i to n in 5:1 2 .3 :1 5 .0 :1
50:1 2 .6 :1 5. 2:1

L t i s sapo l  N X P 5:1 2 .3 :1 5 .7 :1
50:1 2. 8:1 5 .5 :1

L u b r o l  E 10:1 2 .2 :1  " "  6 .0 :1
100:1 2 .9 :1 5 .4 :1

L u b r o l  L 25:1 2 .6 :1 4 . 8 : 1
250:1 3 .2 :1 4 . 3 : 1

L u b r o l  P F 50:1 3 .2 :1 4 .4 : 1
300:1 3 .2 :1 4 .  6:1

N o n id e t  P 4 2 5:1 2 .7 :1 5 .0 :1
50:1 2 .9 :1 4 .6 : 1

R e n e x  698 5:1 3 .0 :1 5 .7 :1
50:1 2 .6 :1 6. 2:1

SDBS 5:1 2 .3 :1 5 .3 :1
50:1 2 .8 :1 5 .1 :1

SDS 5:1 2. 5:1 4 .5 : 1
50:1 2 .4 :1 4 . 0 : 1

T e r g i t o l  7 50:1 2 .6 :1 6 .6 :1
300:1 3 .5 :1 5 .9 :1

T r i t o n  X-1ÜÜ 5:1 2. 2:1 5 .6 :1
50:1 2 .7 :1 5 .8 :1

T a b le  7
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E x c e p t  a t  h ig h  d e t e r g e n t  c o n c e n t r a t i o n s ,  a l l  the  

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

a / b  r a t i o  t h a n  i n t a c t  l a m e l l a e  ( though  v e r y  s l i g h t  in  the  c a s e  

of  g r o u p  3 d e t e r g e n t s )  in  the  l o w e s t  g s e d i m e n t e d  f r a c t i o n ,  

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

Of th e  d e t e r g e n t s  s t u d i e d  o n ly  G 711 d i s p l a y e d  th e  

p r o p e r t i e s  r e f e r r e d  to  a b o v e ,  in  g r o u p  1.

G r o u p  2 i s  r e p r e s e n t e d  b y  C a l s o l e n e  O i l ,  D ig i to n in ,  

L i s s a p o l  N X P ,  L u b r o l  E ,  L u b r o l  L ,  L u b r o l  P F , N o n id e t  P 4 2 ,  

R e n e x  698 ,  SDBS, SDS, T e r g i t o l  7 a n d  T r i t o n  X - 1 0 0 .

T h e  r e m a i n d e r  o f  th e  d e t e r g e n t s  u n d e r  s u r v e y ,  w e r e  

fo u n d  to  b e lo n g  to  the  t h i r d  g r o u p .

S e e  a l s o  P r e p a r a t i v e  a n io n  e x c h a n g e  c o l u m n

c h r o m a t o g r a p h y ,  p. 139 -
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r . 'h lo rophv l l  a / b  r a t i o s  of l a m e l l a r  f r a c t i o n s  p r o d u c e d  b y  a c t i o n  of  G711 
w / w  D e t e r g e n t /  C h lo r o p h y l l

1. 1ÜÜÜ X g p r e c i p i t a t e
2 .  5 0 ,0 0 0  X g p r e c i p i t a t e
3 .  1 4 4 ,0 0 0  X g p r e c i p i t a t e
4 .  S u p e r n a t a n t  f r o m  1 4 4 ,0 0 0  x  g p r e c i p i t a t e

13-

F i g .  10
- 8 8 -



E f f e c t  of  the  c o n c e n t r a t i o n  of  G 711 on  th e
c h l o r o p h y l l  r a t i o s  of s e d i m e n t e d  f r a c t i o n s

+5. 0

+4, 5

+4. 0

r-4

+3. 0

4-2. 0

4*1. 0 F i g .  11

4-0.5

1000 1 0 , 0 0 0 5 0 ,0 0 0

R e la t i v e  C e n t r i f u g a l  F o r c e

1 4 4 ,0 0 0

®  2 . 5 / 1  w / w  G 71 l /C h lo ro p T iy l l

Æ  5 . 0 /1  w / w  G 71 l / C h l o r o p h y l l

@  7 . 5 /1  w / w  G 711/ C h l o r o p h y l l

O  10, 0 /1  w / w  G 711/ C hlo  r o p h y l l



R. 2 L a m e l l a r  S o l u b i l i s a t i o n

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

s t u d i e d  is  qu i te  c o n s i d e r a b l e  a s  m a y  be  s e e n  f r o m  t a b l e  8 .

E x p e r i m e n t s  c o n d u c t e d  a c c o r d i n g  to  th e  m e t h o d  d e t a i l e d  

on  p . 48 b u t  e m p lo y in g  v a r y i n g  r a t i o s  of d e t e r g e n t  : c h lo r o p h y l l ,  

i n d ic a t e  t h a t  two t y p e s  of l a m e l l a r  s o l u b i l i s a t i o n  p r o f i l e  a r e  

o b t a in a b le  :

1. A s  s h o w n  in  f ig .  122, a  p r o f i l e  w h ich  r a p i d l y  f o r m s  a

p l a t e a u ,  b e y o n d  w h ic h  a n  i n c r e a s e  in  the  d e t e r g e n t  : 

c h l o r o p h y l l  r a t i o  h a s  no e f f e c t  on  the  d e g r e e  of 

s o l u b i l i s a t i o n  of c h l o r o p y l l .

T h is  c u r v e  i s  sh o w n  by  a l i p h a t i c  p o ly o x y e th y le n e  

d e t e r g e n t s .

2. A s  sh o w n  in  f ig .  13 , a  p r o f i l e  w h ich  sh o w s  a  g r a d u a l

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

to  h ig h  d e t e r g e n t  : c h l o r o p h y l l  r a t i o s .

( D e t e r g e n t  : c h l o r o p h y l l  ^  250 : 1 )

T h i s  c u r v e  is  sh o w n  b y  p o ly o x y e th y le n e  d e t e r g e n t s  

p o s s e s s i n g  a r o m a t i c  m o i e t i e s .  Ionic  d e t e r g e n t s  s t u d i e d  in c lu d e  

e x a m p l e s  of  b o th  s o l u b i l i s a t i o n  p r o f i l e s .
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D e t e r g e n t  E f f e c t i v e n e s s  in  L a m e l l a r  S o lu b i l i s a t i o n  

( A v e r a g e  of  t h r e e  e s t i m a t i o n s )

P o l y c h o l  15 0. 92 T e r g i t o l  7 14. 71

C r i l l e t  4 1 .5 3 Volpo N -1 0 22. 34

T w e e n  80 1. 77 C i t h r o l  A 27. 52

B r i j  35 1. 96 L u b r o l  L 28. 55

D i s p e r s o l  V L X 2. 10 B r i j  96 3 2 .3 2

B r i j  58 2. 20 L u b r o l  E 42 .  35

M a n o x o l  OT 2. 26 Vantoc  A L 43. 20

B r i j  98 2 , 8 4 N o n id e t  P42 4 5 . 2 8

T w e e n  20 3. 00 L i s s a p o l  LS p o w d e r 46.  21

C r i l l e t  1 3. 50 T r i t o n  X. 100 46. 77

L u b r o l  W 5. 35 R e n e x  698 • 46. 93

T e r g i t o l  A n io n ic  08 5. 70 L i s s a p o l  N X P 47. 12

L u b r o l  A L l  8 5. 87 D ig i to n in 4 8 . 2 0

L u b r o l  P F 6. 13 SDBS 48.  64

D e c o n  75 10. 93 SDS 48. 80

C a l s o l e n e  O i l 11. 73 G711 56. 00

T a b le  8.
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F i g .  12 (See p a g e  90)

D e t e r g e n t  : C h l o r o p h y l l  w / w  r a t i o

120

P o l y c h o l  15

B r i j  35

4->

C r i l l e t  1

—. L u b r o l  A L  18

■H

D e c o n  75

♦



(See p a g e  90) 

F i g .  13 D e t e r g e n t  : C h l o r o p h y l l  w / w  r a t i o
300200100
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O
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T h e  e f f e c t  of pH v a r i a t i o n  on  the  s o l u b i l i s a t i o n  o f  

l a m e l l a e  i s  d e s c r i b e d  in  t a b l e  9 > w h ic h  s u m m a r i s e s  the

r e s u l t s  of  s o l u b i l i s a t i o n  e x p e r i m e n t s  c o n d u c te d  a t  p H ’s 7 . 1 ,

10. 0, a n d  4. 0. ( F o r  m e t h o d ,  s e e  p. 48 ).

D e t e r g e n t s  w h ic h  s h o w  o n ly  s l i g h t  s o l u b i l i s a t i o n  a t  

n e u t r a l  pH ,  s h o w  l i t t l e  v a r i a t i o n  a t  o t h e r  p H ’s .  W ith  I n c r e a s i n g  

s o l u b i l i s a t i o n  a t  pH 7. 1 h o w e v e r ,  the  t r e n d  i s  t o w a r d  a  g r e a t e r  

d e g r e e  of  s o l u b i l i s a t i o n  a t  pH 10 a n d  a  m a r k e d l y  l o w e r  

s o l u b i l i s a t i o n  of l a m e l l a e  a t  a c i d  pH.

- 9 4 -



E f f e c t  of pH v a r i a t i o n  on l a m e l l a r  s o l u b i l i s a t i o n

O p t i c a l  D e n s i t y  ( E E L  C o l o u r i m e t e r )

pH  4. 0 pH 7 pH 10. 0

D e t e r g e n t

L u b r o l  P F 5. 74 6, 13 6. 84

C a l s o l e n e  O i l 10. 69 11. 73 12. 90

Volpo N - 10 16. 13 22. 34 24. 02

L u b r o l  L 22. 78 28. 55 31. 72

L u b r o l  E 3 3 .4 7 42. 35 47. 41

Vantoc  A L 31. 71 43. 20 4 1 . 5 7

R e n e x  698 3 5 .2 0 46. 93 53. 58

D ig i to n in 30. 83 48. 20 57. 75

SDBS 2 8 .4 7 48. 64 50. 13

G 711 3 1 . 6 5 56. 00 52. 27

* 0. 04 M a c e t a t e  b u f f e r  pH 4. 0 e m p l o y e d  to  m a k e
up th e  d e te rg en t '  s o l u t i o n

/  0. 05 M p h o s p h a t e  b u f f e r  p H ’s 7. l . a n d  1 0 .0
e m p l o y e d  to  m a k e  up  the  d e t e r g e n t  s o lu t io n .

3r 0, 05M  c a r b o n a t e / '  b i c a r b o n a t e  b u f f e r  pH 1 0 ,0
e m p l o y e d  to  m a k e  up  the  d e t e r g e n t  so lu t io n .

T a b le  9.

- 9 5 -



R, 3 V is ib le  a b s o r p t i o n  s p e c t r a  o f  d e t e r g e n t  s o l u b i l i s e d  l a m e l l a e

As  m a y  be  s e e n  f r o m  f ig s .  1 4 -1 9  > the  v i s i b l e  a b s o r p t i o n  

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

in to  s i x  r e c o g n i s a b l e  c a t e g o r i e s  a s  o u t l i n e d  b e lo w :

C a t e g o r y  1

T h i s  m o s t  c l o s e l y  r e s e m b l e s  the  a b s o r p t i o n  s p e c t r u m  of 

c h l o r o p l a s t  l a m e l l a e  i n  d e t e r g e n t - f r e e  b u f f e r  pH 7. 1 (F ig .  2) a n d  sh o w s  

th e  fo l low ing  c h a r a c t e r i s t i c s :

R o u n d e d  s h o u l d e r  a t  n e a r  384 n m .

I n d i s t i n c t  s h o u l d e r  a t  n e a r  416 n m .

S h a r p  p e a k  a t  n e a r  435 n m .

S h a r p  s h o u l d e r  a t  n e a r  460 n m .

S h a r p  p e a k  a t  n e a r  670 n m .

C a t e g o r y  2

H e r e ,  th e  m a i n  S o r e t  b a n d  m a x i m u m  is  m u c h  m o r e  r o u n d e d ,  

a n d  th e  a b s o r p t i o n  a t  n e a r  460 n m  is  a c c e n t u a t e d  in  th e  f o r m  of a  

s h a r p  p e a k ,  v iz :

I n d i s t i n c t  s h o u l d e r  a t  n e a r  382 n m .

B r o a d  p e a k  a t  n e a r  430 n m .

S h a r p  p e a k  a t  n e a r  479  n m .

S h a r p  p e a k  a t  n e a r  670 n m .

- 9 6 -



C a t e g o r y  3

T h i s  r e s e m b l e s  c a t e g o r y  1, b u t  the  s h o u l d e r  a t  n e a r  460 n m  

is  g r e a t l y  r e d u c e d .  T h e  fo l low ing  c h a r a c t e r i s t i c - s  a r e  ob“s e r v e d :  

R o u n d e d  s h o u l d e r  a t  n e a r  380 n m .

I n d i s t i n c t  s h o u l d e r  a t  n e a r  416 n m .

S h a r p  p e a k  a t  n e a r  435 n m .

I n d i s t i n c t  s h o u l d e r  a t  n e a r  460 n m .

S h a r p  p e a k  a t  n e a r  670 n m .

C a t e g o r y  4

H e r e ,  b o th  s h o u l d e r s  n e a r  416 a n d  460 a r e  v e r y  i n d i s t i n c t  viz:  

No s h o u l d e r  a t  n e a r  380 n m .

I n d i s t i n c t  s h o u l d e r  a t  n e a r  416 n m .

F a i r l y  s h a r p  p e a k  a t  n e a r  435 .nm.

I n d i s t i n c t  s h o u l d e r  a t  n e a r  460 n m .
V

S h a r p  p e a k  a t  n e a r  670 n m .

C a t e g o r y  5

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

o f  the  S o r e t  a b s o r p t i o n  b a n d  v i z :

R o u n d e d  s h o u l d e r  a t  n e a r  380 n m .

Roun.ded p e a k  a t  n e a r  418 n m .

I n d i s t i n c t  s h o u l d e r  a t  n e a r  437 n m .

I n d i s t i n c t  s h o u l d e r  a t  n e a r  469 n m .

S h a r p  p e a k  a t  n e a r  670 n m .  - 9 7 -



C a t e g o r y  6

T h is  s p e c t r u m  d i s p l a y s  c o m p l e t e  l o s s  of  S o r e t  b a n d  

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

v i o l e t  r e g i o n  of  the  s p e c t r u m ,  v iz :

No c h a r a c t e r i s a b l e  a b s o r p t i o n  in  b lue  r e g i o n  of  the  s p e c t r u m .  

R o u n d e d  p e a k  a t  n e a r  670 n m .

C a t e g o r y  E x a m p l e s

1. T r i t o n  X~100,  R e n e x  698, L i s s a p o l  N X P ,  N o n id e t  P 4 2 ,  
D ig i to n in ,  L u b r o l  E ,  L u b r o l  L,  L u b r o l  A L l 8.

2. D i s p e r s o l  V L X , B r i f  58, T w e e n  20,  T w e e n  80, C r i l l e t  1, 
C r i l l e t  4.

3. Vantoc  A L ,  G 711,  Volpo N - 10, SDBS.

4. T e r g i t o l  7, C i t h r o l  A ,  B r i j  96.

5. D e c o n  75, SDS.

6. M a n o x o l  O T ,  P o l y c h o l  15.
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EÏKi 
Type 1 V is ib le  a b sorp tion  sp e c tr a  of  d e t e r g e n t - s o lu b i l i s e d  la m e l la e

L i s s a p o l  N X P  
N onidet P42  
T riton  X .lOO  
Dig Itonin 
Lubrol A L l 8

W avelength
(nm) • .400

- 99
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A b s o r p t i o n  s p e c t r a  of i l l u m i n a t e d  l a m e l l a r  e x t r a c t s  f r o m  G711

KEY: 1. U n i l l n m i n a t e d  p r e c i p i t a t e d  m a t e r i a l
2. U n i l l u m i n a t e d  s u p e r n a t a n t  f r o m  

144,  000 X g c e n t r i f u g a t i o n  
4 3, A s  2, a f t e r  3 d ay s  i l l u m in a t io n )  ^

\  4 . A s  2,  a f t e r  5 d ays  i l l u m in a t io n ) ^

677

678

680
625544

680

626
545

654

F i g .  20

W a v e le n g th
(nm)

650600450 550500 700



F l u o r e s c e n c e  S p e c t r a  of d e t e r g e n t  s o l u b i l i s e d  l a m e l l a e

F l u o r e s c e n c e  m e a s u r e m e n t s  w e r e  m a d e  on  a l l  l a m e l l a r  

e x t r a c t s  p r e p a r e d  a c c o r d i n g  to th e  m e t h o d  d e t a i l e d  in  M e th o d s  

S e c t i o n  p .  48 ,

The  144, ÜÜÜ x  g s u p e r n a t a n t  of l a m e l l a e  e x t r a c t e d  u s in g  

a  c h l o r o p h y l l  :de t e r  g e n t  r a t i o  of  1:250 w e r e  o b s e r v e d  on  the  

F l u o r i s p e c  S F  1 e m p lo y in g  a n  e x c i t a t i o n  w a v e l e n g th  of  345 nm .

T a b le  10 sh o w s  w h ic h  d e t e r g e n t  e x t r a c t s  e x h ib i t e d  

f l u o r e s c e n c e  an d  the  X m a x i m u m  of f l u o r e s c e n t  e m i s s i o n .

D e t e r g e n t  b l a n k s  w e r e  a l s o  c h e c k e d  fo r  f l u o r e s c e n c e  

e m p lo y in g  a n  e x c i t a t i o n  w a v e l e n g th  of 3 4 5 n m ,  A l l  the  d e t e r g e n t s  

l i s t e d  in  t a b l e  10 w e r e  t e s t e d ,  u s i n g  1% a q u e o u s  s o l u t i o n s  b u f f e r e d  

in  0 . 0 5M p h o s p h a t e  a t  p H  7 . 0 .  None d i s p l a y e d  a n y  f l u o r e s c e n c e .
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F l u o r e s c e n c e  m e a s u r e m e n t s  of d e t e r g e n t  e x t r a c t s

S o lu b i l i s in g
D e t e r g e n t

R e d
f l u o r e s c e n c e

R e d  A 
m a x i m u m

B lue
f l u o r e s c e n c e

B lue  X 
m a x i m u m

m e a s u r e d m e a s u r e d

B r i j  35 - - —

B r i j  58 + 683 —

B r i j  96 ■f 684 “

B r i j  98 - - -

C a l s o l e n e  O i l + 686 “

C i t h r o l  A 685 + 4 6 5

C r i l l e t  1 “ - —

C r i l l e t  4 - -

D e c o n  75 - - —

Dig i to n in 686 -

D i s p e r s o l  VLX 684 —

G 711 + 686 457

L i s s a p o l  LS 
p o w d e r

+ 684 -

L i s s a p o l  N X P 681 + 392

L u b r o l  A L  18 684 -

, L u b r o l  F 686 470

L u b r o l  L ++ 686 462

L u b r o l  P F + 685 -

M an ox o l  OT - - -

N o n id e t  P 4 2 687 + 4 0 0 , 4 6 0

c o n t 'd .  . .

107



F l u o r e s c e n c e  m e a s u r e m e n t s  of d e t e r g e n t  e x t r a c t s  ( c o n F d .  , )

S o lu b i l i s in g
D e t e r g e n t

R e d
f l u o r e s c e n c e

R e d  A
m a x i m u m

Blue
f l u o r e s c e n c e

B lu e  A 
m a x i m u m

m e a s u r e d m e a s u r e d

P o l y c h o l  15 — - —

R e n e x  698 + 682 -

SDBS - “ —

SDS — — —

T e r g i t o l  7 + 685 486

T e r g i t o l  
A n io n ic  08

+ 684 — ~  —

T r i t o n  X - 1 0 0 L 686 -

T w e e n  20 - — -

T w e e n  80 - - -

V a n toc  A L + 685 + 441

Volpo N - 1 0 + 684 -

KEY:

+

No f l u o r e s c e n c e

V e r y  s l i g h t  f l u o r e s c e n c e

S l ig h t  f l u o r e s c e n c e

T a b l e  1Ü
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R . 4 T r a c e  e l e m e n t  a n a l y s i s  of d e t e r g e n t  t r e a t e d  l a m e l l a e

T h e  t r a c e  e l e m e n t  a n a l y s e s  c a r r i e d  ou t  b y  B r i t i s h  T i t a n  

P r o d u c t s  Co.  L td .  , u s in g  p o l a r o g r a p h i c  a n d  c o l o r i m e t r i c  

t e c h n i q u e s  on d i f f e r e n t i a l l y  c e n t r i f u g e d  d e t e r g e n t - t r e a t e d  

l a m e l l a e  a r e  d e t a i l e d  in  t a b l e  11,

F o r  c o m p a r i s o n ,  the  r e s u l t s  of  s i m i l a r l y  c e n t r i f u g e d  

d ig i to n in  l a m e l l a r  e x t r a c t s  p r o d u c e d  by  A n d e r s o n  e t .  a l ,  (1964) 

a n d  a n a l y s e d  b y  a t o m i c  a b s o r p t i o m e t r y  a r e  g iv e n  in  t a b l e  12.

It w i l l  be n o t e d  t h a t  th e  r e s u l t s  o f  A n d e r s o n  e t .  a l .  b e a r  no 

r e s e m b l a n c e  to  t h o s e  of  th e  p r e s e n t  w o r k ,  tho u gh  i t  s h o u ld  be 

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

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

c o l o r i m e t r y  o r  p o l a r o g r a p h y ;  the  w o rk in g  l i m i t s  ( in p a r t s  

p e r  m i l l io n )  f o r  th e  d e t e r m i n a t i o n  o f  i r o n ,  c o p p e r  a n d  

m a n g a n e s e  b e in g  a s  fo l lo w s :

F e £ u Mn

A t o m i c  a b s o r p t i o m e t r y 2, 0 2. 0 2. 0

C o l o r i m e t r y 0. 05 0. 05 0. 50

P o l a r o g r a p h y 0. 001 0. 02 0. 10

• (W hi tehead ,  1969)

- 1 0 9 -



E s t i m a t i o n  of m a n g a n e s e  on ly ,  w as  c o n d u c t e d  b y  the  m e t h o d  

of B r a d f i e l d  (1956) ( se e  M e th o d s  S e c t i o n  p .53 ) on  d i f f e r e n t i a l l y  

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

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

( th o se  p r o d u c e d  f r o m  C i t h r o l  A ,  L i s s a p o l  N X P  a n d  T e r g i t o l  

A n io n ic  08) d i s p l a y e d  a  h i g h e r  m a n g a n e s e  c o n te n t  in  the  

h e a v i e r  f r a c t i o n  th o u g h  in  the  m a j o r i t y  of c a s e s  th e  d i f f e r e n c e  

is  o n ly  s l i g h t .  F o u r  d e t e r g e n t s  h o w e v e r ,  (D ig i ton ln ,  G711,

R e n e x  698 a n d  T w e e n  20) p r o d u c e d  l a m e l l a r  e x t r a c t s  w h ic h  on 

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

t e r m s  of  r e l a t i v e  m a n g a n e s e  c o n te n t .  In  t h e s e  c a s e s ,  t h e  

m a n g a n e s e  c o n te n t  of  th e  h e a v y  (10, 000 x g ) f r a c t i o n  w a s  a t  

l e a s t  tw ic e  t h a t  of  th e  m a t e r i a l  s e d i m e n t e d  a t  144, 00 x  g. (T a b le  13)

T h e  s m a l l e s t  p a r t i c l e s  s e d i m e n t e d  f r o m  G711 t r e a t e d  l a m a l l a e  

c o n t a i n e d  on ly  15. 75% a s  m u c h  m a n g a n e s e  a s  w a s  found  in  the  

h e a v y  f r a c t i o n  ( r e l a t i v e  to  th e  c h l o r o p h y l l  c o n te n t ) .

F u r t h e r  e x p e r i m e n t s  on  d i f f e r e n t i a l l y  c e n t r i f u g e d  G711 

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

c o n c e n t r a t i o n s ,  a n d  th e  r e s u l t s  a r e  g iv e n  in t a b l e  14 , f r o m

- 1 10 -



w h ic h  it  m a y  be s e e n  t h a t  d e t e r g e n t  c o n c e n t r a t i o n s  in  

e x c e s s  of a  50:1 G 7 1 1 t c h l o r o p h y l l  r a t i o  a r e  r e q u i r e d  

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

b e tw e e n  the  h e a v y  a n d  l ig h t  p r e c i p i t a t e d  f r a c t i o n s  (F ig .  21) .

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

on  the  c h l o r o p h y l l - p r o t e i n  f r a c t i o n s  e lu t e d  f r o m  D F A F  

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

B r i j  96, T r i t o n  X - 1 0 0  a n d  R e n e x  698 ( se e  pp. 67 -  69, 

a n d  f ig s ,  37,  32, 33). T he  d i s t r i b u t i o n  of  m a n g a n e s e  

(in u g / m g  m a g n e s i u m )  in  t h e s e  f r a c t i o n s  is  g iv e n  

in T a b l e  15, No d i s t i n c t  d i f f e r e n c e s  b e tw e e n  the 

f r a c t i o n s  is  o b s e r v a b l e .

I l l -



T r a c e  e l e m e n t  c o n te n t  (in u g / m g  m a g n e s i u m )  of the
144, OOP X g a n d  10, OOP x g p r e c i p i t a t e d  f r a c t i o n s  p r o d u c e d
f r o m  b r o a d  b e a n  c h l o r o p l a s t  l a m e l l a e  f r a g m e n t e d  by  v a r i o u s  d e t e r g e n t s

R e s u l t s  a r e  a v e r a g e  of  two e x p e r i m e n t s  c o n d u c te d  p o l o r o g r a p h i c a l l y  
a n d  c o l o r i m e t r i c  a l l y  by  B r i t i s h  T i t a n  P r o d u c t s  Co,  L td .

(See M e th o d s  s e c t i o n  p.  51)

De te  r g e n t 1 4 4 ,0 0 0  X g 1 0 ,0 0 0  X g
Gu F e Mn Cu F e Mn

T r i t o n  X -1 0 0 9. 16 16. 36 5. 50 3. 47 14. 85 3. 09

G 711 5, 96 16. 60 3. 94 1. 12 2. 86 1. 78

R e n e x  698 2. 13 6. 01 1. 94 2. 68 4. 08 2 . 4 4

SDBS 6. 17 10. 30 3. 78 11. 07 2 4 .4 7 6 . 4 9

B r i j  96 5. 15 4. 12 1. 03 6. 78 14. 45 1. 02 '

D ig i to n in 10, 14 2 . 4 5 0. 35 1. 004 0. 262 0 .2 1 2

T a b le  11

- 1 1 2



M a n g a n e s e  c o n te n t  (in f jg /m g  m a g n e s i u m )  of the  144, OOP x g

a n d  10, OOP x  g p r e c i p i t a t e d  f r a c t i o n s  p r o d u c e d  f r o m  b r o a d  b e a n

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

( R e s u l t s  a r e  a v e r a g e  of t h r e e  e x p e r i m e n t s  c o n d u c t e d  a c c o r d i n g  
to  the  m e t h o d  of B r a d f i e l d  (1956);  s e e  M e th o d s  S e c t io n ,  p. 53 )

D e t e r g e n t M a n g a n e s e C o n te n t

1 4 4 ,0 0 0  X g 1 0 ,0 0 0  X g

B r i j  35 0. 74 1. 08
B r i j  96 1. 68 1. 79
C e ta v lo n 1. 15 1. 92
C i t h r o l  A 1 .61 1. 34
C r i l l e t  4 1. 93 2. 78
D ig i to n in 2 .2 1 4, 66
G 711 0. 4P 2. 54
L i s s a p o l  LS P o w d e r 2. 76 3. IP
L i s s a p o l  N X P 1. 67 0. 98
L u b r o l  E 1. 85 2. 72
L u b r o l  L 1. 70 2. 37
N o n id e t  P 42 1 .2 3 1. 28
R e n e x  698 1. 55 3 . 4 3
SDBS 2. 03 2. 61
T e r g i t o l  7 1. 89 2. 58
T e r g i t o l  A n io n ic  08 1 .4 2 1. 05
T r i t o n  X - 1 0 0 1. 68 1. 95
T w e e n  20 1. 12 2 . 4 6
V antoc  A L 2. 38 ‘ 2 .4 1

(in a l l  th e  a b o v e  e x p e r i m e n t s ,  the  d e t e r g e n t : c h l o r o p h y l l  r a t i o  
e m p l o y e d  in  l a m e l l a r  e x t r a c t i o n  w a s  250:1)

T a b le  13
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T r a c e  e l e m e n t  c o n te n t  (in p g / m g  m a g n e s i u m )  of  the  

144, 000 X g a n d  10, 000 x g p r e c i p i t a t e d  f r a c t i o n s  p r o d u c e d  

f r o m  s p i n a c h  c h l o r o p l a s t  l a m e l l a e  f r a g m e n t e d  in 0. 5% d ig i to n in  

b y  A n d e r s o n  e t .  a l .  (1964).

E s t i m a t i o n s  c a r r i e d  ou t  by  a t o m i c  a b s o r p t i o m e t r y .

U n t r e a t e d  | j 
C h l o r o p l a s t s  j 144, 000 x g | 10, 000 x g

C u F e Mn 1 Cu F e Mn 1 Cu F e Mn

18. 8 41. 6

g

1 3 .7  1 6 .2 34. 1 4. 1
!
1 10. 0 

„ .

21. 1 19. 3

T a b le  12
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M a n g a n e s e  c o n te n t  (in p g /n g  m a g n e s i u m )  of d i f f e r e n t i a l l y  

c e n t r i f u g e d  l a m e l l a r  e x t r a c t s  p r o d u c e d  by  G 711

D e t e r g e n t :  
C h l o r o p h y l l  r a t i o  
e m p l o y e d  in  
l a m e l l a r  e x t r a c t i o n

F  r a c t i o n

Whole
l a m e l l a e

1 0 , 0 0 0 ' 5 0 ,0 0 0  
X g

1 4 4 ,0 0 0  
X g

s u p e r 
n a t a n t

250:1 2. 15 2. 54 1 .4 2 0 .4 0 0. 74

100:1 1. 93 2. 73 1. 03 0 . 4 9 0. 51

50:1 1. 86 2. 38 1 .21 0. 53 0 .9 1

10:1 2. 27 2. 06 1. 46 1. 12 0. 58 1
( R e s u l t s  a r e  a v e r a g e  of  t h r e e  e s t i m a t i o n s  c o n d u c te d  a c c o r d i n g  

to  the  m e t h o d  of  B r a d f i e l d ;  1956).

T a b le  14
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E f f e c t  of  G7 I1  c o n c e n t r a t i o n  upon  d i s t r i b u t i o n  of 
m a n g a n e s e  b e tw e e n  l ig h t  a n d  h e a v y  p r e c i p i t a t e d  
f r a c t i o n s  f r o m  c h l o r o p l a s t  l a m e l l a e

o

4) ^

F i g .  21

25010010 50

w / w  G 7 1 1 / c h lo r o p h y l l  r a t i o  
e m p l o y e d  in  l a m e l l a r  e x t r a c t i o n



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

s e p a r a t e d  by  D E A E  c e l l u l o s e  c o l u m n  c h r o m a t o g r a p h y

D e t e r g e n t E l u t e d  f r a c t i o n  
n u m b e  rs^ '

M a n g a n e s e  c o n te n t ,  
in p g / m g  

c h lo r o p h y l l

B r i j  96 18 - 30 0. 26

35 - 50 0. 38

T r i t o n  X -1 0 0 15 - 25 ' 0 . 4 7

30 -  45 0 . 4 2

R e n e x  698 18 - 25 0. 34

35 - 45 0, 52

See  f i g s .  32, 33, 37.

T a b le  15
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s t a n d a r d  G r a p h  f o r  m a n g a n e s e  a n a l y s i s
(M ethod  of B r a d f i e l d  1956; s e e  M e th o d s  S e c t io n ,  p. 53 )

f-Hn)o
%
O 0 . 4

pg m a n g a n e s e  

-.118-
F i g .  22



R .  5 B e n z e n e  e x t r a c t a b i l i t y  o f  c h lo r o p h y l l  in  a q u e o u s c h l o r o p l a s t  

d i s p e r s i o n s  c o n ta in in g  d e t e r g e n t s

The  b e n z e n e  e x t r a c t a b i l i t y  of c h l o r o p h y l l  in  

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

in  f i g s ,  23, 24»

The  h i g h e r  pH  w a s  found  to in d u ce  m o r e  f a c i l e  e x t r a c t i o n  

of th e  c h lo r o p h y l l  b y  the  b e n z e n e ,  p a r t i c u l a r l y  in  the  c a s e s  of 

L i s s a p o l  N X P  ( f i g . 2 4  ), SDBS a n d  C r i l l e t  4  ( f ig ,  2 3 ) .

T he  s t e r o i d a l  d e t e r g e n t  d ig i to n in  and  the  c a t io n i c  

d e t e r g e n t s  C e ta v lo n  a n d  V a n to c  A L  w e r e  found  to h a v e  a  

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

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

b e n z e n e  (fig » 2 4 ) ,  w h ic h  i s  in  c o n t r a d i c t i o n  w i th  th e  g e n e r a l i s a t i o n  

p u t  f o r w a r d  b y  Ke e t ,  a l ,  (1956) t h a t  c a t io n i c  d e t e r g e n t s  do n o t  

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

t h e i r  r e m o v a l  f r o m  the  a q u e o u s  p h a s e  b y  b e n z e n e .

The  r e s u l t s  o b t a i n e d  b y  K e . e t , a l ,  (1956) f o r  d ig i to n in  

a r e  c o n f i r m e d  a n d  th e  r e s u l t s  o b t a in e d  in  th i s  w o r k  f o r  the  

d e t e r g e n t  C r i l l e t  4 ,  w h i c h  r e s e m b l e s  T w e e n  2Ü a r e  s i m i l a r  to 

t h o s e  o b t a i n e d  b y  Ke f o r  T w e e n  20 .

- 1 1 9 -



E f f e c t  of p H  upon  the  b e n z e n e  e x t r a c t a b i l i t y  of c h l o r o p h y l l  
in  a q u e o u s  c h l o r o p l a s t  d i s p e r s i o n s  c o n ta in in g  SDBS a n d  C r i l l e t  4

s
0
LO
vOxO Ü.Ü5-

SDBS p H  10
Q 0 .0 4 -
d

SDBS p H  7
0,03-

0 , 02 .
C r i l l e t  4 p H  10

C r i l l e t  4 p H  70.01-

0 . 4

%.a q u e o u s  d e t e r g e n t
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B e n z e n e  e x t r a c t a b i l i t y  of c h lo r o p h y l l  in  a q u e o u s  c h l o r o p l a s t  d i s p e r s i o n s  
c o n ta in in g  T r i t o n  X-1ÜÜ, L i s s a p o l  N X P ,  V a n to c  A L .  C e ta v lo n

and  D ig i ton in

Ü. 10

0. 09

0 . 0 8
L i s s a p o l  N X P  

10
gP
m
sO
vO 0 . 0 64->

T r i t o n  X-10Ü 
p H  10q  0 . 0 5  

O

T r i t o n  X-lOO 
p H  7

0. 04

0 . 0 3
V a n to c  A L ,  pH  7

L i s s a p o l  N X P 
p H  70 . 0 2

D ig i to n in ,C e ta v lo n  
p H  7

— -, 
0 . 80 . 60 . 3 0 . 70 . 1 0 . 50 . 40 . 2

% a q u e o u s  d e t e r g e n t F i g .  24

- 1 2 1 -



R .6  E s t i m a t i o n  of the  e f f e c t  of d e t e r g e n t s  on S y s t e m  11 a n d  S y s t e m  1 

a c t iv i t y  of l a m e l l a r  f r a g m e n t s

F o l lo w in g  the  m e t h o d  d e t a i l e d  in  M e th o d s  s e c t i o n  p ,  62 , 

the  e f f e c t  of d e t e r g e n t  a d d i t i o n  on th e  p h o to e v o lu t io n  of  ox yg en  

b y  i s o l a t e d  l a m e l l a e  w a s  i n v e s t i g a t e d .

With  the  e x c e p t i o n  of  G711,  T e r g i t o l  A n io n ic  08 and  

P o l y c h o l  15 w h ic h  w i l l  b e  d i s c u s s e d  s e p a r a t e l y ,  a l l  th e  d e t e r g e n t s -  

s t u d i e d  w e r e  found  to a b o l i s h  o xy g en  p h o to e v o lu t io n  a t  a  f in a l  

s u r f a c t a n t  c o n c e n t r a t i o n  of 0 .0 5 %  o r  l e s s .

E x c lu d in g  the  e x c e p t i o n s  n o t e d  a b o v e ,  i t  i s  p o s s i b l e  

(f ig . 25.)  to d i s t i n g u i s h  f o u r  g r o u p s  of d e t e r g e n t  in  t e r m s  of t h e i r  

e f f e c t  on o x y g e n  p h o to e v o lu t io n s

D e t e r g e n t s  b e lo n g in g  to th i s  g ro u p  h a d  a n  i m m e d i a t e  and  

r a p i d  i n h i b i t o r y  e f f e c t  on  th e  p h o t o e v o lu t io n  of  o x y g e n ,  to ta l  

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

of 0 . 0 0 6  o r  l e s s .  (T a b le  l 6 ).

G ro u p  2

T ho u gh  r e q u i r i n g  a  g r e a t e r  f in a l  d e t e r g e n t  c o n c e n t r a t i o n  

(up to 0 .022% ) to a b o l i s h  o x y g e n  p h o to e v o lu t io n ,  the  s u r f a c t a n t s

- 1 2 2 -



b e lo n g in g  to th i s  g r o u p  d i s p l a y e d  a  s i m i l a r  a c t io n  p r o f i l e  

to th e  d e t e r g e n t s  of g r o u p  1 ( T a b le  16)-

None of the  d e t e r g e n t s  of e i t h e r  g r o u p s  1 or  2 d i s p l a y e d  

any  s t i m u l a t o r y  e f f e c t  on S y s t e m  II a c t iv i t y  a t  a n y  c o n c e n t r a t i o n .  

G ro u p  3

D e t e r g e n t s  of t h i s  type  ( f i g . 26 ) d i s p l a y e d  a n  in i t i a l  

and  v e r y  s l i g h t  s t i m u l a t i o n  in  the  p h o to e v o lu t io n  of o xy g en  up 

to a  f in a l  d e t e r g e n t  c o n c e n t r a t i o n  of 0 . 009% fo l lo w e d  b y  a g r a d u a l  

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

e x c e e d in g  0 .0 2 8 % .

G ro u p  4

T he  m o s t  c h a r a c t e r i s t i c  f e a t u r e  of the  e f f e c t s  of  t h i s  g ro u p  

of d e t e r g e n t s  on  the  r a t e  of o x y g e n  p h o to e v o lu t io n  w a s  found to be 

a m a r k e d  i n i t i a l  s t i m u l a t i o n  of up to 43%, fo l lo w ed  (a t  f in a l  

d e t e r g e n t  c o n c e n t r a t i o n s  of above  0 . 0 1 %) by  a  s t r o n g  i n h ib i t o r y  

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

c o n c e n t r a t i o n  b u t  w a s  c o m p l e t e  a t  f i n a l  c o n c e n t r a t i o n s  a b o v e  0 .0 5 % .  

( T a b le  17).

- 1 2 3 -



O th e r  D e t e r g e n t s  

G 711

T h is  d e t e r g e n t  w a s  found  to be  of p a r t i c u l a r  n o t e ,  

in  s t i m u l a t i n g  o x y g e n  p h o to  e v o lu t io n  a t  low  c o n c e n t r a t i o n s  

( 0 .015% ) b u t  e x e r t i n g  on ly  a  v e r y  g r a d u a l  i n h i b i t o r y  e f f e c t

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

A t  a  f i n a l  G 711 c o n c e n t r a t i o n  of a s  m u c h  a s  0 .0 6 % ,  the  

i n i t i a l  r a t e  o f  p h o to e v o l u t io n  of  ox y g e n  w a s  r e d u c e d  by  on ly  

50%. ( f ig .  27) .

T e r g i t o l  A n io n ic  08

A l t h o u g h  th i s  d e t e r g e n t  e x h ib i t e d  no  s t i m u l a t o r y  e f f e c t  

on S y s t e m  II a c t i v i t y  of  i s o l a t e d  l a m e l l a e ,  i t s  d e g r e e  of 

i n h ib i t io n  of ox ygen  p h o t o e v o l u t io n  w a s  found  to be n o ta b ly  

s l i g h t  w i th  i n c r e a s e  in  c o n c e n t r a t i o n  of d e t e r g e n t .  A t  a  f i n a l  

T e r g i t o l  A n io n ic  08 c o n c e n t r a t i o n  of 0 .2 % ,  the  r a t e  of  o x yg en  

pho  toe  v o lu t io n  w as  d e p r e s s e d  by  on ly  10 *5 % ( f i g . 28) .

P o l y c h o l  15

A n  a p p a r e n t l y  m a s s i v e  s t i m u l a t i o n  of o x y ge n  e v o lu t io n  

a t  a l l  d e t e r g e n t  c o n c e n t r a t i o n s  w a s  o b s e r v e d  fo r  l a m e l l a e  

t r e a t e d  w i th  P o l y c h o l  15.  It  h a s  s in c e  b e e n  l e a r n e d  t h a t  th i s

124-



d e t e r g e n t  c o n ta in s  p e r o x i d e s  w h ic h  a c c o u n t  f o r  ox y gen  

e v o lu t io n  a n d  m a s k  a n y  e f f e c t  of the  d e t e r g e n t  on  S y s t e m  II 

a c t i v i t y  o f  l a m e l l a e .

- 1 2 5 -
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E f f e c t  of a d d e d  d e t e r g e n t  on S y s t e m  II a c t i v i t y  
b y  i s o l a t e d  c h l o r o p l a s t s
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0
0É5 0350025 03015005
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F i g .  25
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D e t e r g e n t  c o n c e n t r a t i o n s  ( f ina l)  r e q u i r e d  to i n h ib i t  S y s t e m  II a c t i v i t y
.mi i." f"*— m v,n"i niii h h m ' ' <nfi:i u«i i n j if,3if i ipi i,.iii iri , ij i.ri i ■ijiinmimiiikiiiAi—>

of i s o l a t e d  c h l o r o p l a s t s  by  50%

D e t e r g e n t

B r i j  96 

B r i j  98 

C a l s o l e n e  Oil  

C e ta v lo n  

C i t h r o l  A  

D e c o n  75

L i s s a p o l  LS P o w d e r

SDS

SDBS

V a n to c  A L  

Volpo N-1Ü

G r o u p C o n c e n t r a t i o n  (%)

0 .0 0 5 0

0 .0 0 5 6

0 .0 0 3 9

0 .0 0 2 7

0 .0 0 4 7

0 .0 0 2 8

0 . 0 02 1

0 .0 0 3 6

0 .0 0 3 0

0 .0 0 2 5

0 .0 0 3 6

B r i j  3 5 2 0 .0 0 8 6

B r i j  58 2 • 0 . 0 0 8 2

C r i l l e t  1 2 0 ,0 1 0 3

C r i l l e t  4 2 0 .0 0 9 5

L u b r o l  A L 1 8 • 2 0 .0 0 8 0

L u b r o l  P F 2 0 .0 0 7 1

T e r g i t o l  7 2 0 .0 0 7 6

T w e e n  20 2 0 ,0 0 9 7

T w e e n  80 2 0 .0 0 9 0

T a b le  16
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E f f e c t  of  a d d i t io n  of Di.g;itonin L u b r o l  L ,  and  D i s p e r s o l  VLX 

upon  S y s t e m  II a c t i v i t y  by  i s o l a t e d  c h l o r o p l a s t s  

(G roup  3 d e t e r g e n t s )
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E f f e c t  of d e t e r g e n t  a d d i t i o n  (G roup  4 d e t e r g e n t s )  on S y s t e m  It  
a c t i v i t y  b y  i s o l a t e d  c h l o r o p l a s t s

R e n e x  698

L u b r o l  E

N o n id e t  P 4 2

T r i t o n  X - 1 0 0

L i s s a p o l  N X P

O x y g e n  e v o lu t io n  r e l a t i v e  F i n a l  c o n c e n t r a t i o n  
to  c o n t r o l  ( see  f i g .25' ) (%) of d e t e r g e n t
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T a b l e  17
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E f f e c t  of  T e r g i t o l  Anion ic  08 a d d i t i o n  upon
S y s t e m  II a c t i v i t y  of  i s o l a t e d  c h l o r o p l a s t s
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F i g .  28
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% F i n a l  C o n c e n t r a t i o n  D e t e r g e n t
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E s t i m a t i o n  of th e  e f f e c t  of d e t e r g e n t s  on S y s t e m  I a c t i v i t y  

of  l a m e l l a r  f r a g m e n t s

F o l lo w in g  th e  m e t h o d s  d e t a i l e d  in  M ethods  s e c t i o n ,  

pp. 57 -61  ( f igs .  5, 6) the  e f f e c t  of  d e t e r g e n t  a d d i t i o n  upon  the 

photo  r e d u c t i o n  of N A D P  b y  I s o l a t e d  l a m e l l a e  w as  i n v e s t i g a t e d .  

T he  d e t e r g e n t s  s t u d i e d  w e r e  found  to be l e s s  v a r i a b l e  in  t h e i r  

e f f e c t  on  S y s t e m  I a c t i v i t y  (with  D C P I P / a s c o r b a t e  a s  e l e c t r o n  

d on o r )  t h a n  in t h e i r  e f f e c t  on  S y s t e m  II a c t iv i t y .  T h u s  w h e r e a s  

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

e x c e p t i o n a l  c a s e s  w e r e  r e c o g n i s a b l e  in  t e r m s  of s y s t e m  II 

a c t i v i t y ,  the  d e t e r g e n t s  s t u d i e d  w e r e  of  two m a i n  g r o u p s  a s  

r e g a r d s  t h e i r  e f f e c t  on N A D P  pho to  r e d u c t io n .

1, As  sh o w n  in f i g s .  2 9 , 3 0 ,  the  d e t e r g e n t s  d ig i to n in ,

L u b r o l  E ,  L u b r o l ,  L i s s a p o l  N X P ,  N o n id e t  P 4 2 ,  R e n e x  698 

a n d  T r i t o n  X - 1 0 0 ,  a l l  e x h ib i t e d  a n  i n i t i a l  s t i m u l a t i o n  

of  N A D P  pho to  r e d u c t i o n  a t  f i n a l  d e t e r g e n t  c o n c e n t r a t i o n s  of

0. 005 to  0, 010%, fo l lo w e d  by  a  g r a d u a l  in h ib i t io n  of  N A D P  

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

i n c r e a s e d .
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It w i l l  be n o t e d  t h a t  m o s t  of  t h e s e  d e t e r g e n t s  a r e  

p o ly o x y e th y le n e  a lk y l  p h e n o l  c o n d e n s a t e s .

2. A s  sh o w n  in  f ig.  31 , the  o t h e r  d e t e r g e n t s  o b s e r v e d  ( e .g

B r i j  58, B r i j  96, C i t h r o l  A ,  C a l s o l e n e  O i l ,  G 711, SDBS,

SDS, T e r g i t o l - 7 ,  T e r g i t o l  A n io n ic  08, T w e e n  20, T w e e n  80, 

a n d  Vantoc  A L )  in d u c e d  a n  i m m e d i a t e  d e p r e s s i o n  of the  r a t e  

of N A D P  p h o t o r e d u c t i o n  a n d  c o m p l e t e l y  a b o l i s h e d  

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

r e q u i r e d  in  the  f i r s t  g r o u p .
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E f f e c t  of a d d i t i o n  of the  de t e r g e n t s  d ig i to n in ,  L u b r o l  E ,
L u b r o l  P F  a n d  N o n id e t  P 4 2  upon  S y s t e m  I a c t i v i t y  of
i s o l a t e d  c h l o r o p l a s t s

F i g .  29
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E f f e c t  of a d d i t i o n  of the  d e t e r g e n t s  T r i t o n  X - 1 0 0 ,  L i s s a p o l  N X P
a n d  R e n e x  698 u po n  S y s t e m  I a c t i v i t y  of i s o l a t e d  c h l o r o p l a s t s
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T r i t o n  X - 1 0 0  

R e n e x  698 
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F i g .  30
F i n a l  c o n c e n t r a t i o n  of  d e t e r g e n t  (% 

- 1 3 5 -



E f f e c t  of a d d i t i o n  of the  d e t e r g e n t s  Vantoc  A L ,  G711 a n d  T w e e n  80 
upon  S y s t e m  1 a c t i v i t y  of I s o l a t e d  c l i l o r o p l a s t s

K EY: T w e e n  80

Vantoc  ALt

G711

0. 25

0, 05

0 . 0 2 60 , 0 0 6 0 . 0 1 4  0 .0 1 8 0 . 0220 . 0100 . 002

Fig .  31

F i n a l  c o n c e n t r a t i o n  of d e t e r g e n t  (%) 
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H. 7 P r e p a r a t i v e  a n io n  e x c h a n g e  c o l u m n  c l i r o m a t o g r a p h y

F o l lo w in g  the  m e t h o d  b a s e d  on  the  w o r k  of K a h n  

(1 9 6 4 ) 'd e t a i l e d  in  M e th o d s  s e c t i o n ,  p. 67 , the  s e v e n  

d e t e r g e n t s  s t u d i e d  s h o w e d  c o n s i d e r a b l e  v a r i a t i o n  in  the  e lu t i o n  

p a t t e r n  o f  s o l u b i l i s e d  l a m e l l a e  f r o m  the  D F A F  c e l l u l o s e  c o lu m n ,  

a s  is  sh o w n  in  f i g s . 32, 38.

P r o t e i n  a n d  C h l o r o p h y l l  p r o f i l e s :

1. T r i t o n  X - 1 0 0  (F ig . .32)

C h r o m a t o g r a p h i c  s e p a r a t i o n  of  two c o m p l e x e s  w as  

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

of  K a h n  in show ing  no e l u t i o n  of a  p r o t e i n  r i c h  s a m p l e  o r  

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

2. R e n e x  698 (F ig .  33 )

T h i s  d e t e r g e n t  a l s o  g a v e  a n  e lu t i o n  p a t t e r n  show ing  

s e p a r a t i o n  of  two a p p r o x i n a a t e l y  c o i n c i d e n t a l  c h l o r o p h y l l - p r o t e i n  

m o i e t i e s .  A g a in ,  n a  p r o m i n e n t  e lu t i o n  of  c h l o r o p h y l l  o r  p r o t e i n  

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

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

h i g h e r  t h a n  in  c o m p l e x  1 f r o m  T r i t o n  X -1 0 0  p r e p a r a t i o n .
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3. L u b r o l  E  ( F ig .  34 )

4. L i s s a p o l  N X P  (F ig .  35 )

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

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

r e l a t i v e  to  p r o t e i n .  O n ly  a  s in g le  s h a r p l y  d e f in e d  g r e e n  b a n d  

w a s  o b s e r v e d ,  w h ich  a t  no s t a g e  b e c a m e  d iv id ed .  The  l a t e r  

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

q u a n t i t i e s  of  p r o t e i n ,

5. G 711 ( F ig .  36 )

T he  e lu t i o n  d i a g r a m  f o r  t h i s  d e t e r g e n t  s h o w e d  a  b r o a d  

c h l o r o p h y l l  p e a k  c o n ta in in g  o n ly  s m a l l  a m o u n t s  o f  p r o t e i n .  T he  

p r o t e i n  c o n c e n t r a t i o n  o f  f r a c t i o n s  w as  found  to i n c r e a s e  s t e a d i l y  

a s  the  c o l u m n  w as  e l u t e d ,  t h e  c u r v e  d i s p la y in g  no m i n i m u m  a t  

a n y  s t a g e .

6. B r i j  96 (F ig .  3 7 )

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

doub le  g r e e n  b a n d  on  th e  c o lu m n ,  b o th  p a r t s  of w h ic h  w e r e  d i s t i n c t l y  

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

m o r e  d i f fu se  t h a n  the  f i r s t  e l u t e d  b a n d .  The  l e a d in g  edge  of  the  

f a s t e r  m o v in g  b a n d  c o n t a i n e d  no p r o t e i n ,  b u t  t h e  s u b s e q u e n t  f r a c t i o n s  

c o n t a i n e d  g r e a t e r  a m o u n t s  o f  p r o t e i n  t h a n  c h lo r o p h y l l .
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7. C a l s o l e n e  O il  {Fig.  38)

T he  p r o f i l e  of p r o t e i n  c o n te n t  in  the  e lu t e d  f r a c t i o n s  f o r  

t h i s  d e t e r g e n t  r e s e m b l e s  t h a t  o f  L i s s a p o l  N X P  a n d  L u b r o l  E ,  

w h e r e a s  th e  p r o f i l e  o f  c h l o r o p h y l l  c o n te n t  is  s i m i l a r  to  t h a t  

of T r i t o n  X -1 0 0 .  T he  f a s t e r  m o v in g  b a n d  a p p e a r s  to  r e p r e s e n t  

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

a n d  p r o t e i n  c u r v e s  a r e  of s i m i l a r  sh a p e  a n d  p o s i t i o n .

C h l o r o p h y l l  a / b  p r o f i l e s

A f e a t u r e  o f  th e  c h l o r o p h y l l  a / b  p r o f i l e s  sh o w n  b y  the  

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

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

W ith  the  e x c e p t i o n  of G 711,  a l l  the  d e t e r g e n t s  d i s p l a y  

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

n u m b e r .

T h e  d i a g r a m  f o r  T r i t o n  X - 1 0 0  (F ig .  3 2 )  sh o w s  a  s l i g h t  

r i s e  in  the  c h lo r o p h y l l  a / b  r a t i o  in  the  l ig h t  g r e e n  f r a c t i o n  e l u t e d  

b e t w e e n  th e  two c o m p l e x e s .  T h e  f r a c t i o n s  e l u t e d  f r o m  G 711 t r e a t e d  

l a m e l l a e  (F ig .  36 ) sh o w  a n  i n v e r s e  p r o p o r t i o n a l i t y  of  the  c h l o r o p h y l l  

a / b  r a t i o  to the  p a u c i t y  of  c h l o r o p h y l l  in  the  s a m p l e .  T h u s  th e  f r a c t i o n  

c o n ta in in g  th e  h i g h e s t  c o n c e n t r a t i o n  of c h l o r o p h y l l ,  d i s p l a y s  a m i n i m u m  

in  the  r a t i o  of c h l o r o p h y l l  a / b .
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C h l o r o p h y l l  a n d  P r o t e i n  c o n c e n t r a t i o n  ( f ig /m l)
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C h l o r o p h y l l  a n d  P r o t e i n  c o n c e n t r a t i o n  ( p g / m l )
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C h l o r o p h y l l  a n d  P r o t e i n  c o n c e n t r a t i o n  ( p g / m l )
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C h lo r o p h y l l  a n d  P r o t e i n  c o n c e n t r a t i o n  ( p g / m l )
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R. 8 P o l y a c r y l a m i d e  D i s c  G e l  E l e c t r o p h o r e s i s

A t t e m p t s  to  s e p a r a t e  c h a r a c t e r  is  a b le  c h l o r o p h y l l -  

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

m a d e  ( s e e  M e th o d s  S e c t i o n  p .70 ), u s in g  the  e n t i r e  r a n g e  

of  d e t e r g e n t s  u n d e r  s u r v e y .

1. N on  ion ic  d e t e r g e n t s

I n i t i a l  i n v e s t i g a t i o n s  w e r e  c o n d u c te d  on the  50, 000 x g 

s u p e r n a t a n t  of l a m e l l a r  e x t r a c t s  p r e p a r e d  f r o m  l a m e l l a e  

c o n ta in in g  a  f i n a l  c h l o r o p h y l l  c o n c e n t r a t i o n  of 0. 5 m g / m l  in 

a  f i n a l  d e t e r g e n t  c o n c e n t r a t i o n  of  0. 2%, a n d  b u f f e r e d  a t  pH 7. 1 

w i th  0. 04M p h o s p h a t e  b u f f e r .  T he  g e l  c o n c e n t r a t i o n  u s e d  

w as  9%.

No m i g r a t i o n  of  a  c o l o u r e d  b a n d  o c c u r r e d  in  a n y  

i n s t a n c e .  A  d e c r e a s e  in  th e  pH of th e  b u f f e r  h a d  no e ffe c t ;  

t h e  c o l o u r e d  m a t e r i a l  r e m a i n e d  a t  the  o r i g in .  A n  i n c r e a s e  in  

th e  b u f f e r  pH to  9. 5 a n d  a n  i n c r e a  s e  in  the  m o l a r i t y  to  0. lOM 

( c a r b o n a t e / b i c a r b o n a t e  b u f f e r )  c a u s e d  m i g r a t i o n  of  the  c o l o u r e d  

m a t e r i a l  in to  the  g e l  t o w a r d s  th e  a n o de  in  a l l  c a s e s  w i th  the  

e x c e p t i o n  of  the  fo l low ing  d e t e r g e n t s :  T w e e n  20,  T w e e n  80,
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b) A n io n ic  d e t e r g e n t s

A l l  the  a n io n ic  d e t e r g e n t s  s t u d i e d ,  w i th  th e  e x c e p t i o n  of  

T e r g i t o l  A n io n ic  08,  w h e n  e m p l o y e d  a c c o r d i n g  to  th e  m o d i f i e d  

m e t h o d  of T h o r n b e r  e t .  a l .  (1967a)  ( se e  M e th o ds  s e c t i o n  p. 70) 

e x h i b i t e d  s o m e  f o r m  of m i g r a t o r y  g r e e n  b a n d  w h ic h  t r a v e l l e d  

t o w a r d s  th e  a n o d e  on  e l e c t r o p h o r e s i s .

T h e  r e s u l t s  of  T h o r n b e r  e t ,  a l .  (1967a) w e r e  c o n f i r m e d  

f o r  SDBS: T h r e e  g r e e n  b a n d s  w e r e  o b s e r v e d ,  a l l  of  w h ic h  s t a i n e d  

b lu e  w i th  A m id o  B l a c k  1 OB s o lu t io n .

In th e  c a s e s  of  L i s s a p o l  LS p o w d e r  a n d  T e r g i t o l  7, 

t h r e e  g r e e n  b a n d s  w e r e  s e p a r a b l e ,  t h e  c e n t r a l  b a n d  of  e a c h  be in g  

w e a k l y  s t a i n a b l e  w ith  A m i d o  B l a c k  lOB s o lu t io n ,  ( F ig .  40) ,

T wo g r e e n  b a n d s  o n ly  w e r e  v i s i b l e  f r o m  C a l s o l e n e  Oi l  

p r e p a r a t i o n s ,  bo th  o f  w h ic h  s t a i n e d  b l u e / b r o w n j w i t h  A m i d o  B l a c k  

lOB s o l u t io n .  (F ig .  40),
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C r i l l e t  1, C r l l l e t  4 ,  P o l y c h o l  15, B r i j  35, D ig i to n in  a n d  

L u b r o l  W. The  a b ov e  c o n d i t i o n s ,  w h i l s t  c a u s in g  b a n d  m i g r a t i o n  

in  m o s t  I n s t a n c e s  d id  no t  Induce  a n y  b and  s e p a r a t i o n .

In the  c a s e  of the  no n  ionic  d e t e r g e n t  Volpo N - 1 0  

h o w e v e r ,  a  d e c r e a s e  in  the  g e l  c o n c e n t r a t i o n  to  6% c a u s e d  

a  s e p a r a t i o n  of two g r e e n  b a n d s ,  th e  l o w e r  of w h ic h  w as- 

s l i g h t l y  s t a i n a b l e  w i th  A m id o  B l a c k  1 OB so lu t io n .  (F ig .  39).

No s e p a r a t i o n  of c o l o u r e d  bands  w as  o b s e r v e d  f o r  

a n y  of the  o t h e r  non  ion ic  d e t e r g e n t s  s t u d ie d ,  d e s p i t e  

v a r i a t i o n  of  the  c o n d i t i o n s  a s  d e t a i l e d  in  t a b l e  18.

Z, Ionic  d e t e r g e n t s

a) C a t io n ic  d e t e r g e n t s

T he  c a t i o n i c  d e t e r g e n t s  C e ta v lo n  a n d  V antoc  A L ,  w h i l s t  

g iv ing  b r i l l i a n t l y  c l e a r  g r e e n  l a m e l l a r  s o lu t io n s  w h ic h  m i g r a t e d  

t h r o u g h  p o l y a c r y l a m i d e  g e l s  a n d  s t a i n e d  b lue  w i th  A m i d o  B l a c k  

1 OB s o lu t io n ,  d id  n o t  y i e ld  p r e p a r a t i o n s  w h ich  c o u ld  be  f r a c t i o n a t e d  

in to  d i f f e r e n t  c o m p o n e n t s .

T a b le  19 s u m m a r i s e s  th e  c o n d i t io n s  e m p l o y e d ,  a l l  of  

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

on  e l e c t r o p h o r e s i s .
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C o n d i t io n s  e m p l o y e d  in  d i s c - g e l  e l e c t r o p h o r e s i s  o f  n o n - i o n i c  
d e t e r g e n t - l a m e l l a r  e x t r a c t s  w h ic h  c a u s e d  m i g r a t i o n  o f  a  s in g le  
g r e e n  b a n d

D e t e r g e n t E x p e r i m e n t a l C o n d i t io n s

E x p t .  1. E x p t .  2.

B r i j ' ADH A E H

B r i j  98 A E F A E G

D i s p e r s o l  VLX A E H -

L i s s a p o l  N X P BE F -

L u b r o l  A L l  8 B E H

L u b r o l  E B E F C E G

L u b r o l  L C E F -

L u b r o l  P F C E H —

N o n id e t  P 4 2 B D F B E F

R e n e x  698 C D F C E G

T r i t o n  X I 00 A E G -

KEY: G el  c o n c e n t r a t i o n s  A = 6%

B u f f e r s  (0. 1M)

D e t e r g e n t
c o n c e n t r a t i o n s

(f inal)
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B = 7. 5%
C = 9. 0%
D = pH 7. 0 (p h o s p h a te )  ‘
E = pH 1 0 ,0  ( c a r b o n a t e / b i c a r b o n a t e )  
F  = 0. 2%
G = 0 .5%
H = 4. 0%

T a b l e  l8



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

E x p e r i m e n t a l  C o n d i t i o n s
D e t e r g e n t E x p t .  1. E x p t .  2. E x p t .  3.

C e t a v l o n B E H D E H C F J

ti B E G B E J A E H

V an to c  A L B E H DEH C F J

11 B E G B E J

KE Y : G e l  c o n c e n t r a t i o n s

B u f f e r  m o l a r i t i e s  
(p h o s p h a te  pH 6, 0) 
D e t e r g e n t  c o n c e n t r a t i o n s  
(f inal)

A = 4%
B = 6. 0%
C = 7. 5%
D = 9. 0%
E = 0. 04M 
F  = 0. lOM 
G = 0 ,2 %
H = 0. 5%
J  = 4.  0%

T a b le  19
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Fig .  39

Volpo N - 1 0

.B and  1 (non s t a in in g )  

• B a n d  2 ( s t a in a b l e )
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%r.. F i g .  40

.Band  1 (non s t a in in g )  
B a n d  2 ( s t a in a b le )

.B a n d  3 (non s t a in in g )

L i s s a p o l  LS p o w d e r

B a n d  1 (non s t a in in g )  
B a n d  2 ( s t a in a b le )  

“B a n d  3 (non d ta in in g )

C a l s o l e n e  O i l

T e r g i t o l  7

B a n d  1 ) B lue  / b r o w n  s t a i n  w ith  
B a n d  2 ) A m id o  B l a c k  10 B
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R. 9 P h o t o - o x i d a t i o n  of  a s c o r b a t e  b y  d e t e r g e n t  t r e a t e d  l a m e l l a e

P h o t o - o x i d a t i o n  of  a s c o r b a t e  w as  e s t i m a t e d  on  

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

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

i s o l a t e d  f r o m  D E A F  c e l l u l o s e  c o l u m n s  ( s e e  p.  137 -146),

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

S e v e n  d e t e r g e n t s  w e r e  s t u d i e d  ; D ig i to n in ,  G 711, 

L i s s a p o l  N X P ,  L u b r o l  L ,  R e n e x  698, T e r g i t o l  7 a n d  V antoc  AL.

In a l l  c a s e s ,  the  m e t h o d  of  s o l u b i l i s a t i o n  w a s  a s  

d e t a i l e d  in  M e th o ds  s e c t i o n  p . 48,  T he  f r a c t i o n s  s e d i m e n t i n g  

a t  10, 000 X g ,  50,  000 x  g a n d  144, 000 x  g w e r e  a s s a y e d  f o r  

a s c o r b a t e  p h o t o - o x i d a t i o n  a s  d e s c r i b e d  p r e v i o u s l y .  (M e th o d s  

s e c t i o n  p.64 ).

None  of  the  f r a c t i o n s  p r o d u c e d  f r o m  T e r g i t o l  7 

o r  V antoc  A L  p r e p a r a t i o n s  s h o w e d  a n y  a c t i v i t y  in  a s c o r b a t e  

p h o t o - o x i d a t i o n  a t  a l l .

O n ly  th e  144, 000 x  g f r a c t i o n  of  the  G 711 t r e a t e d  

l a m e l l a e  w o u ld  p h o t o - o x i d i s e  a s c o r b a t e  (fig. 41) arid on ly  

t h e  144, 000 x  g a n d  50, 000 x  g f r a c t i o n s  of  L i s s a p o l  N X P ,  

L u b r o l  L a n d  R e n e x  698 w e r e  fo u n d  to  be  a c t i v e  in  a s c o r b a t e  

p h o t o - o x i d a t i o n  ( f ig .41 ).
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T he  d ig i to n in  f r a c t i o n s  h o w e v e r  w e r e  a l l  found  

to  p o s s e s s  a s c o r b a t e  p h o t o - o x i d a t i o n  a c t i v i t y  (fig. 42) w i th  

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

p a r t i c l e  s i z e .  T he  u n f r a c t i o n a t e d  m a t e r i a l  w a s  a l s o  c a p a b le  

of  p h o t o - o x id i s i n g  a s c o r b a t e  b y  a p p r o x i m a t e l y  th e  s a m e  

a m o u n t  a s  t h e  10, 000 x  g f r a c t i o n .

-155.



P h o t o - o x i d a t io n  of a s c o r b a t e  by  l a m e l l a r  e x t r a c t s  in L u b r o l  L, 
L i s s a p o l  N X P ,  R e n e x  698 a n d  G 711 i s o l a t e d  by d i f f e r e n t i a l  
c e n t r i f u g a t i o n

F i g .  41

cr

0 . 2-

=L

6 8 9 102 3 4 751

c
f
d

g

T im e  ( m in u t e s )  i l l u m i n a t i o n  
L u b r o l  L 50, 000 x g f r a c t i o n  
L u b r o l  L 144, 000 x g f r a c t i o n  
L i s s a p o l  N X P  50, 000 x g f r a c t i o n  
L i s s a p o l  N X P  144, 000 x g f r a c t i o n  

e G 711 144, 000 x g f r a c t i o n  
f R e n e x  698 50,  000 x g f r a c t i o n  
g R e n e x  698 144, 000 x g f r a c t i o n
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P h o t o - o x i d a t i o n  of  a s c o r b a t e  by  l a m e l l a r  e x t r a c t s  in d ig i to n in ,  
p r o d u c e d  by  d i f f e r e n t i a l  c e n t r i f u g a t i o n

o4->rd
■2
Ouw
oj
no
0)

•  1-1 no 
•1-» 
X01
Üoc

o
(tJ
>
0
<u
Pn»—t

U
Q
CO
(Ur-Hos

Fig .  42

0 . 4

0. 3

0 . 2

0 . 1

T i m e  ( m in u t e s )  i l l u m in a t io n

Q 10, 000 X g f r a c t i o n  a n d  u n f r a c t i o n a t e d  m a t e r i a l .  
•  50,  000 X g f r a c t i o n  
1̂  144,  000 X g f r a c t i o n
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2. F r a c t i o n s  p r o d u c e d  b y  P E A K  c e l l u l o s e  c o l u m n  
c h r o m a t o g r a p h y  of  d e t e r g e n t  e x t r a c t s

T he  c h l o r o p h y l l  p r o t e i n  f r a c t i o n s  e l u t e d  f r o m  D F A F  

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

C a l s o l e n e  O i l ,  B r i j  96 , T r i t o n - X  a n d  R e n e x  698 ( s e e  pp .  1 3 7 -1 4 6  

a n d  f ig s .  38, 37,  32, 33) w e r e  a s s a y e d  f o r  a s c o r b a t e  p h o to  -  

o x id a t io n .  T he  r e s u l t s  a r e  s u m m a r i s e d  be low :

T a b le  20

De te  r g e n t F l u t e d  f r a c t i o n  
numbers^*

A s c o r b a t e  photo  
o x id a t iv e  a c t i v i t y

B r i j  96 18 -  30 N il

35 -  50 N i l

T r i t o n  X -1 0 0 15 -  25 N i l

30 -  45 N i l

R e n e x  698 18 -  25 S l igh t  ( s e e  f ig .  43)

35 -  45 N i l

C a l s o l e n e  O i l 23 -  35 S l ig h t  ( s e e  f ig .  43)

.. ..................................................................................-I-.,— —  ,

* S ee  f i g s .
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P h o to  ̂ o x id a t io n  of a s c o r b a t e  b y  l a m e l l a r  e x t r a c t s  in  C a l s o l e n e  Oil  
a n d  R e n e x  698 i s o l a t e d  b y  D E A E  c e l l u l o s e  c o l u m n  c h r o m a t o g r a p h y

F i g .  43

o>«

r-HK
0

oS

6 8 107 91 2 3 4 5

t i m e  ( m in u te s )  i l l u m i n a t i o n

O R e n e x  698 e l u t e d  f r a c t i o n  n u m b e r s  1.8- 25*
A  C a l s o l e n e  O i l  e l u t e d  f r a c t i o n  n u m b e r s  2 3 - 3 5

*See  137'f 146 a n d  f ig s .  33, 38.
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R. 10 S t a b i l i t y  of l a m e l l a r  d e t e r g e n t  e x t r a c t s  u n d e r  d i f f e r in g  
c o n d i t io n s  of  c o n t in u o u s  i l l u m i n a t i o n

E x p e r i m e n t s  w e r e  c o n d u c t e d  a c c o r d i n g  to  the

m e t h o d s  d e t a i l e d  in  M e th o d s  s e c t i o n  pp,  78 -  81..

a )  E f f e c t  o f  c h l o r o p h y l l  c o n c e n t r a t i o n  o f  e x t r a c t e d
l a m e l l a e  u po n  p i g m e n t  s t a b i l i t y  in  c o n t in u o u s  l ig h t

T he  r e s u l t s  of  t h e s e  a s s a y s ,  g iv e n  in  t a b l e s  21 - 26

i n d ic a t e  a p p r e c i a b l e  v a r i a t i o n  in  th e  e f f e c t s  o f  d e t e r g e n t s

o n  p i g m e n t  s t a b i l i t y :

B r i j  35 s o lu t io n s  s h o w  e q u a l  b l e a c h i n g  of  b o th  c h lo r o p h y l l s  

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

p e r i o d ,  i n d e p e n d e n t  of th e  d i lu t e d  c h l o r o p h y l l  c o n c e n t r a t i o n .

C e t a v l o n  s o lu t io n s  a r e  r e l a t i v e l y  s t a b l e  a t  c h l o r o p h y l l  

c o n c e n t r a t i o n s  in  e x c e s s  o f  0. 1 m g / m l  f o r  p e r i o d s  of t h r e e  d a y s  

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

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

o r  l o n g e r  p e r i o d s  of  i l l u m i n a t i o n  a r e  e m p lo y e d .

L i s s a p o l  N X P  s o lu t io n s  r e s e m b l e  l a m e l l a r  s o lu t i o n s  in

C e ta v lo n ,  b u t  d i f f e r  in  t h e  m o r e  c o n c e n t r a t e d  s o l u t io n s

(1. Omg c h l o r o p h y l l / m l )  b e in g  l e s s  r e s i s t a n t  to  d e g r a d a t i o n  a f t e r

long p e r i o d s  o f  i l l u m i n a t i o n  (4 -5  d a y s ) ,  w h e r e a s  th e  l e s s  c o n c e n t r a t e d
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s o lu t io n s  (0. 10 m g  c h l o r o p h y l l / m l )  a r e  m o r e  r e s i s t a n t  to  

d e g r a d a t i o n  a f t e r  long p e r i o d s  of  i l l u m in a t io n .

T e r g i t o l  7 s o lu t io n s  s h o w e d  v e r y  r a p i d  c h l o r o p h y l l  b r e a k d o w n  

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

b u t  e x h ib i t e d  a  d i s t i n c t  s t a b i l i t y  in  th e  e a r l y  p e r i o d  of i l l u m in a t io n .  

R e n e x  698 a n d  G 711 s o l u t io n s  b o th  p o s s e s s e d  c o n s i d e r a b l e  s t a b i l i t y  

to  b r e a k d o w n  o f  p i g m e n t s  a t  a l l  c o n c e n t r a t i o n s  m e a s u r e d .

T h e  v i s i b l e  a b s o r p t i o n  s p e c t r a  o f  the  G 711 e x t r a c t s  w e r e  

e x a m i n e d  th r o u g h o u t  th e  p e r i o d  of  i n v e s t i g a t i o n ,  a s  d e t a i l e d  in  f ig . 20 

a n d  s u p p o r t  th e  r e s u l t s  of t a b l e  26

b) E f f e c t  of pH v a r i a t i o n  on b l e a c h i n g  of  c h l o r o p h y l l  in  
d e t e r g e n t  t r e a t e d  l a m e l l a e  ( F i g s .  44 49)

W ith  the  e x c e p t i o n  o f  T e r g i t o l  7 l a m e l l a r  e x t r a c t s ,  the

pH 4. 0 a s s a y s  s h o w e d  r a p i d  c h lo r o p h y l l  d e c o m p o s i t i o n  w h ic h  in  a l l

c a s e s  e x c e p t  t h a t  o f  G 711 p r e p a r a t i o n s  o c c u r r e d  a l m o s t  to

c o m p l e t i o n  w i th in  the  f i r s t  24  h o u r s .

T he  pH 10. 0 a s s a y s  i n d i c a t e d  a  d i s t i n c t  s t a b i l i t y  o f  the

e x t r a c t s  to  l o s s  of  c h l o r o p h y l l  w i th  th e  e x c e p t i o n  of p r e p a r a t i o n s

f r o m  C e ta v lo n .
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c) E f f e c t  o f  o x y g e n a t io n  on  b l e a c h i n g  of  c h l o r o p h y l l  
in  d e t e r g e n t  t r e a t e d  l a m e l l a e  ( F ig s .  50 -55 )

Of th e  s i x  de te  r g e n t s  s t u d i e d ,  t h r e e ,  ( B r i j  35,

G 711 a n d  R e n e x  698) c o n f e r r e d  a  d e g r e e  of r e s i s t a n c e  upon

l a m e l l a r  e x t r a c t s  to  c h l o r o p h y l l  b r e a k d o w n  in th e  p r e s e n c e  of  »

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

l a m e l l a e  a n d  of  c h l o r o p h y l l  a  in  a c e t o n e .  L i s s a p o l  N X P ,

C e ta v lo n  a n d  T e r g i t o l  7 e x t r a c t s  h o w e v e r ,  u n d e r w e n t  r a p i d

p h o t o - o x i d a t i v e  b l e a c h i n g ,

d) E f f e c t  of  t e m p e r a t u r e  on b l e a c h in g  of c h l o r o p h y l l  
in  d e t e r g e n t  t r e a t e d  l a m e l l a e  ( F i g s ,  56 „ 61)

L o w e r  t e m p e r a t u r e  w a s  fo un d  in  a l l  c a s e s  s t u d i e d

to  d e la y  b r e a k d o w n  o f  c h l o r o p h y l l  in  i l l u m i n a t e d  l a m e l l a r  e x t r a c t s ,

t h o u g h  no t  to  th e  s a m e  e x t e n t  f o r  e a c h  d e t e r g e n t .  T he  t e m p e r a t u r e

e f f e c t  in  the  c a s e  o f  B r i j  35 e x t r a c t s  w as  found  to  be o n ly  m a r g i n a l ,

w h e r e a s  th e  e f f e c t  f o r  T e r g i t o l  7 e x t r a c t s  w as  s u f f i c i e n t  to  r e s u l t

in  th e  i l l u m i n a t e d  p r e p a r a t i o n  a f t e r  f ive  days  a t  4^ p o s s e s s i n g  m o r e

t h a n  doub le  th e  c h l o r o p h y l l  c o n c e n t r a t i o n  of the  e q u i v a l e n t  s a m p l e

m a i n t a i n e d  a t  20^C*
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E f f e c t  o f  c h l o r o p h y l l  c o n c e n t r a t i o n  of  B r i j  35 l a m e l l a r  e x t r a c t s  u p o n
p i g m e n t  s t a b i l i t y  in  c o n t in u o u s  l ig h t

I n i t i a l  c h lo r o p h y l l  
c o n c e n t r a t i o n  ( m g / m l )

1. 68 1. 68 r. 68 1. 68 1 . 6 8  I
i

D i lu te d  c h l o r o p h y l l  c o n e . 
a n d  c h l o r o p h y l l  a / b  r a t i o :  
b e f o r e  i l l u m in a t io n .

1. 00 
2. 54

0. 50
2. 57

0. 100 
2. 53

0. 050 
2, 57

Î
0 , o i o o j
2 . 5 7  j

I

T o t a l  c h l o r o p h y l l  c o n c .  
a n d  c h l o r o p h y l l  a / b  r a t i o :  
a f t e r  24 h o u r s  c o n c e n t r a t i o n .

0. 97 
2. 56

0 . 4 4  
2. 55

0. 094 
2. 50

0. 048 
2. 57

0. 0101 
2. 53

T o ta l  c h l o r o p h y l l  c o n c .  
a n d  c h l o r o p h y l l  a / b  r a t i o :  
a f t e r  2 d ay s  i l l u m in a t io n .

0. 90 
'2. 52

0. 35 
2 . 4 2

0. 092 
2 . 4 8

0. 040 
2. 50

0. 0090 
2 . 4 9  1

1

T o ta l  c h lo r o p h y l l  c o n c .  
a n d  c h l o r o p h y l l  a / b  r a t i o :  
a f t e r  3 d ay s  i l l u m in a t io n .

0. 81
2. 46

0. 23 
2. 37

0, 079 
2 . 4 0

0. 029 
2. 41

i
0. 00761 

« 2 . 3 8

T o ta l  c h l o r o p h y l l  c o n c .  
a n d  c h lo r o p h y l l  a / b  r a t i o :   ̂
a f t e r  4 d ay s  i l l u m in a t io n .

0. 73 
2 . 4 3

0. 19 
2. 30

0. 064 
2. 37

0. 017 
2. 33

0. 00581 
2 . 3 5  j

!

T o ta l  c h l o r o p h y l l  co n c .  
a n d  c h l o r o p h y l l  a / b  r a t i o :  
a f t e r  5 d ays  i l l u m i n a t i o n .

0. 65 
2 . 4 0

0. 16 
2.  28

0, 041 
2. 31

0. O i l  
2 . 2 6

0 . 0 0 3 9 I 
2 . 2 9

T a b l e  • 21
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K ffe c t  of  c h l o r o p h y l l  c o n c e n t r a t i o n  of  C e ta v lo n  l a m e l l a r  e x t r a c t s
upon  p i g m e n t  s t a b i l i t y  in  c o n t in u o u s  l ig h t

I n i t i a l  c h lo r o p h y l l  
c o n c e n t r a t i o n  ( m g / m l )

2. 90 2. 90 2. 90 2. 90
I

2 . 9 0  <

D i lu te d  c h l o r o p h y l l  c o n e ,  
a n d  c h l o r o p h y l l  a / b  r a t i o :  
b e f o r e  i l l u m i n a t i o n .

1. 00 
3 . 0 3

0. 50 
2 . 9 9

0. 100 
2. 92

0. 050 
2. 96

['
0 . 0 1 0  I :

2 . 9 2  1
'  Ï  
1

T o t a l  c h l o r o p h y l l  c o nc .  
a n d  c h l o r o p h y l l  a / b  r a t i o :  
a f t e r  24 h o u r s  i l l u m i n a t i o n .

L. 01 
3. 00

0. 49 
3. 01

0. 099 
2. 94

0. 043 
2. 70

0. 00811 
2 . 6 9  1

1

T o ta l  c h l o r o p h y l l  c o n c .  
a n d  c h lo r o p h y l l  a / b  r a t i o :  
a f t e r  2 d ay s  i l l u m i n a t i o n .

0. 97 
2. 97

0 .4 5  
2. 90

0. 090 
2. 86

0. 031 
2. 21

1

0. 0053; 
2 . 0 2  1

i

T o ta l  c h lo r o p h y l l  c o n c .  
a n d  c h lo r o p h y l l  a / b  r a t i o :  
a f t e r  3 d ay s  i l l u m i n a t i o n .

0. 95 
2. 91

0. 41 
2. 74

0. 085 
2. 73

0. 025 
1 . 9 6

•' i
0. 00441 
1 .9 3  1

T o t a l  c h lo r o p h y l l  c o n c ,  
a n d  c h l o r o p h y l l  a / b  r a t i o :  
a f t e r  4 days  i l l u m i n a t i o n .

0. 93 
2. 90

0. 38 
2. 53

0. 061 
2. 19

0. 021 
1 .9 2

0. 0040! 
1 .8 9  I

T o t a l  c h l o r o p h y l l  c o n c .  
a n d  c h lo r o p h y l l  a / b  r a t i o :  
a f t e r  5 d ays  i l l u m in a t io n .

0. 91 
2. 89

0. 33 
2 . 2 6

0. 047
1. 92

0. 020 
1. 88

0. 0037: 
1 . 8 7  i

Table ,  22
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E f f e c t  of  c h lo r o p h y l l  c o n c e n t r a t i o n  of  L i s s a p o l  N X P  l a m e l l a r  e x t r a c t s
u p on  p i g m e n t  s t a b i l i t y  in. c o n t in u o u s  l ig h t

I n i t i a l  c h lo r o p h y l l  
c o n c e n t r a t i o n  ( m g / m l )

2 . 7 9 2. 79 2. 79 2 . 7 9 2 . 7 9  I

D i lu te d  c h l o r o p h y l l  c o n c ,  
a n d  c h lo r o p h y l l  a / b  r a t i o :  
b e f o r e  i l l u m in a t io n .

1. 00 
2. 46

0. 50 
2 . 4 9

0. 100 
2. 52

0. 050 
2. 47

!
0 .0 1 0  1 
2 . 4 7  1

. ... .......................................J

T o t a l  c h lo r o p h y l l  c o n c .  
a n d  c h lo r o p h y l l  a / b  r a t i o :  
a f t e r  24 h o u r s  i l l u m i n a t i o n .

0. 97 
2. 31

0. 46 
2 . 4 6

0. 091 
2 . 4 4

0. 048 
2, 41

1
0. 0094 |  
2. 34 1

T o ta l  c h lo r o p h y l l  c o n c .  
a n d  c h l o r o p h y l l  a / b  r a t i o :  
a f t e r  2 days  i l l u m in a t io n .

0. 97 
2 . 2 9

0 .4 6
2 .4 1

0. 084 
2 . 3 9

0. 040 
2. 07

0. 0086 
2 . 2 6

T o ta l  c h l o r o p h y l l  c o n c .  
a n d  c h l o r o p h y l l  a / b  r a t i o :  
a f t e r  3 d ay s  i l l u m in a t io n .

0. 94
2. 17

0 . 4 0
2. 12

0. 080 
2. 22

0 .0 3 2
2. 00

0. 0077 
2. 11

!

T o ta l  c h lo r o p h y l l  c o n c .  
a n d  c h lo r o p h y l l  a / b  r a t i o :  
a f t e r  4 d ay s  i l l u m i n a t i o n .

0 . 71 . 
2. 09

0. 34 
2. 03

0. 072 
2. 01

0. 028 
1 .9 6

0, 0063! 
1 .9 9  1

i

T o t a l  c h lo r o p h y l l  c o n c .  
a n d  c h lo r o p h y l l  a / b  r a t i o :  
a f t e r  5 days  i l l u m i n a t i o n .

0. 65 
2. 12

0. 32 
2. 06

0. 067
1. 97

0. 026 
1. 96

0.00591  
1 .9 5  1

1

T a b l e .  23
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E f f e c t  of c h l o r o p h y l l  c o n c e n t r a t i o n  o f  T e r g i t o l  -  7 l a m e l l a r  e x t r a c t s
upo n  p i g m e n t  s t a b i l i t y  in  c o n t in u o u s  l ig h t

I n i t i a l  c h lo r o p h y l l  
c o n c e n t r a t i o n  ( m g / m l )

1 . 8 4 1. 84 1 . 8 4 1. 84
1

1 . 8 4  1

D i lu te d  c h l o r o p h y l l  c o n c .  
a n d  c h l o r o p h y l l  a / b  r a t i o ;  
b e f o r e  i l l u m in a t io n .

1. 00 
4. 16

0. 50 
4.  10

0. 100 
4 . 2 4

0. 050 
4. 17

i:
0. 0100 1 
4 . 1 3  I

T o t a l  c h lo r o p h y l l  c o n c .  
a n d  c h l o r o p h y l l  a / b  r a t i o ;  
a f t e r  24 h o u r s  i l l u m i n a t i o n .

1. 02 
4. 16

0. 48 
4. 11

0. 098 
4. 13

0. 049 
4. 14

0. 0074 j 
3 .7 1  >

1

T o t a l  c h lo r o p h y l l  c o n c .  
a n d  c h l o r o p h y l l  a / b  r a t i o :  
a f t e r  2 days  i l l u m in a t io n .

0. 91 
3 . 9 8

0 .4 0
3. 85

0. 061 
3. 18

0. 030 
3. 02

' 1 
0 .0036 ,  1 
2 . 0 7  I

T o t a l  c h l o r o p h y l l  c o n c .  
a n d  c h lo r o p h y l l  a / b  r a t i o :  
a f t e r  3 days  i l l u m i n a t i o n .

0. 84 
3. 80

0 .2 9
3. 14

0. 042 
2. 14

0. 018 
2. 00

4
0. 0014 j 
1 . 5 0  1

........... .J

T o ta l  c h l o r o p h y l l  c o n c .  
a n d  c h lo r o p h y l l  a / b  r a t i o :  
a f t e r  4 days,  i l l u m in a t io n .

0. 47 
2. 21

0. 17 
2. 13

0. 020 
1. 86

0. 005
1. 42

-  1• i
■i

T o ta l  c h l o r o p h y l l  c o n c .  
a n d  c h l o r o p h y l l  a / b  r a t i o :  
a f t e r  5 d ay s  I l l u m i n a t i o n .

0 . 3 3  
2. 05

0. 09
1. 71

0. 013 
1 .4 5 “•

■ j

T a b l e ,  2 4
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E f f e c t  of c h l o r o p h y l l  c o n c e n t r a t i o n  of R e n e x  698 l a m e l l a r  e x t r a c t s  u po n
p i g m e n t  s t a b i l i t y  in  c o n t in u o u s  l i g h t

I n i t i a l  c h l o r o p h y l l  
c o n c e n t r a t i o n  ( m g / m l )

3. 17 3. 17 3. 17 3. 17 3 .1 7

D i lu te d  c h lo r o p h y l l  c o n c .  
a n d  c h l o r o p h y l l  a / b  r a t i o :  
b e f o r e  i l l u m in a t io n .

1. 00 
3 . 1 4

0. 50 
3. 13

0. 100 
3. 18

0. 050 
3. 14

0. 0100 
3 . 1 9

T o ta l  c h l o r o p h y l l  c o n c .  
a n d  c h lo r o p h y l l  a / b  r a t i o :  
a f t e r  24 h o u r s  i l l u m i n a t i o n .

1. 00 
3. 12

0. 46 
3. 13

0. 098 
3. 14

0. 51 
3. 15

0. 0092 
3. 10 ,

T o t a l  c h l o r o p h y l l  c o n c .  
a n d  c h l o r o p h y l l  a / b  r a t i o :  
a f t e r  2 d ay s  i l l u m i n a t i o n .

0. 98 
3. 14

0. 48 
3 .1 6

0. 099 
3. 12

0. 046 
3. 08

0 .0 0 9 0  
3 . 0 2

T o ta l  c h l o r o p h y l l  c o n c .  
a n d  c h l o r o p h y l l  a / b  r a t i o ;  
a f t e r  3 days  i l l u m in a t io n .

0. 97 
3. 11

0 .4 5
3. 10

0. 096 
3. 14

0. 043 
2 . 9 9

0. 0084 
2 . 9 3

T o ta l  c h l o r o p h y l l  c o n c .  
a n d  c h l o r o p h y l l  a / b  r a t i o :  
a f t e r  4 days  i l l u m i n a t i o n .

0. 96 
3. 09

0 .4 7  
3. 12

0. 097 
3, 16

0. 044 
2 . 9 6

0 .0 0 7 6  
2. 84

T o t a l  c h lo r o p h y l l  c o n c .  
a n d  c h l o r o p h y l l  a / b  r a t i o :  
a f t e r  5 d ays  i l l u m i n a t i o n .

0. 94 '
3, 05

0 . 4 7  
3. 06

0. 086 
3. 00

0. 041 
2 . 9 0

0 ,0 0 7 0  
2 . 7 5  ^

T a b le .  25
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E f f e c t  of c h l o r o p h y l l  c o n c e n t r a t i o n  of  G 711 l a m e l l a r  e x t r a c t s  u pon
p i g m e n t  s t a b i l i t y  in  c o n t in u o u s  l ig h t

I n i t i a l  c h lo r o p h y l l  
c o n c e n t r a t i o n  ( m g / m l )

3. 34 3. 34 3. 34 3. 34 3. 34 !
i

D i lu te d  c h l o r o p h y l l  c o n c .  
a n d  c h l o r o p h y l l  a / b  r a t i o :  
b e f o r e  i l l u m in a t io n .

1. 00 
7. 32

0. 50 
7. 61

0. 100 
7. 50

0. 050 
7 .5 3

Î
0 . 0 1 0  1 
7 .4 1  !

1

T o ta l  c h l o r o p h y l l  c o n c .  
a n d  c h l o r o p h y l l  a / b  r a t i o :  
a f t e r  24 h o u r s  i l l u m in a t io n .

0. 98 
7. 34

0 . 4 8
7. 57

0. 101 
7. 49

0. 049 
7. 50

0. 0096 j 
7. 38

■I

T o ta l  c h l o r o p h y l l  c o n c .  
a n d  c h lo r o p h y l l  a / b  r a t i o :  
a f t e r  2 d ay s  i l l u m in a t io n .

0. 98 
7 . 2 7

0 .4 9
7. 60

0. 098 
7. 49

0. 051 
7. 51

0. 0102 1 
7 . 4 0  j

T o t a l  c h lo r o p h y l l  c o n c .  
a n d  c h l o r o p h y l l  a / b  r a t i o :  
a f t e r  3 d ay s  i l l u m in a t io n .

0 . 9 4  
7. 28

0 .4 9
7 . 5 9

0. 098 
7 . 4 7

0. 047 
7 . 4 8

0. 0090 ' 
7 . 1 6

.1

T o t a l  c h lo r o p h y l l  c o n c .  
a n d  c h lo r o p h y l l  a / b  r a t i o :  
a f t e r  4 days  i l l u m in a t io n .

0 . 9 9
7 .2 1

0 .4 7  
7. 58

0. 098 
7 . 4 2

0. 048 
7. 47

j
0, 0084 !
6. 80 I

1

T o ta l  c h lo r o p h y l l  con .  
a n d  c h lo r o p h y l l  a / b  r a t i o :  
a f t e r  5 d ay s  i l l u m in a t io n .

0. 96 
7. 25

0. 47 , 
7. 58

0. 097 
. 7 . 4 6

0, 047 
7 . 4 9

• 1
0 .0 0 7 1  j 
5 . 9 8  1

T a b l e .  26
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R. 11 N i t r o g e n  c o n te n t  o f  d e t e r g e n t s

T he  n i t r o g e n  c o n te n t  o f  th e  d e te r g e n t s  l i s t e d  on  p p .  2 1 4 ,2 1 5  

w as  d e t e r m i n e d  in  a c c o r d a n c e  w ith  th e  m e th o d  d e ta i l e d  on  p .  82* 

T r a c e ,  o r  u n d e te c ta b le  a m o u n ts  o f  n i t r o g e n  w e r e  o b s e r v e d  

in  th e  c a s e s  of a l l  th e  d e t e r g e n t s  e x c e p t  f iv e ,  g iv e n  b e lo w :

(R e s u l ts  a r e  a v e r a g e  o f  t h r e e  e s t im a t i o n s )

D e te  r g e n t m g  n i t r o g e n / g r a m

C e ta v lo n 2 1 .1 6

F ix a n o l  VR 2 5 .6 9

G711 24. 71

L i s s a p o l  LS p o w d e r 1 0 .3 5

V antoc  A L 4. 43

- 1 8 7 -
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L a m e l l a r  S o l u b i l i s a t i o n

T h e  d e g re e  of l a m e l l a r  s o lu b i l i s a t io n  a s  

e s t i m a t e d  b y  e x t r a c t i o n  of p ig m e n ts  h a s  b e e n  sh o w n  

to  v a r y  g r e a t l y  w ith  d i f f e r e n t  d e te r g e n t s  u n d e r  th e  

s a m e  co nd it ions»  S u r p r i s i n g l y ,  t h e r e  is  no a p p a r e n t  

r e l a t i o n s h i p  b e tw e e n  th e  H .L*B » v a lu e  a n d  the  e a s e  

o f f r a g m e n ta t i o n .  A s m e n t io n e d  p r e v i o u s ly ,  ( In t ro d u c t io n  p . 14) 

th e  b i fu n c t io n a l  n a tu r e  o f  d e te r g e n t  m o le c u le s  r e n d e r s  t h e m  

s u i t a b le  s o lv e n ts  f o r  b o th  h y d r o p h i l i c  a n d  l ip o p h i l ic  m o ie t i e s .

T h u s  i t  w o u ld  be e x p e c te d  t h a t  th e  d e g re e  o f  la m e l la r*  s o lu b i l i s a t io n  

w o u ld  b e a r  a  d i r e c t  r e l a t i o n s h i p  to  th e  H . L , B , v a lu e ,  a n d  

th a t  t h e r e  w ou ld  be  a n  o p t im u m  v a lu e  f o r  e f f e c t  s o lu b i l i s a t io n .

T h a t  th i s  is  o b v io u s ly  n o t  s o ,  i s  d e m o n s t r a t e d  b y  N o n id e t  P 4 2  

a n d  P o ly c h o l  15, w h ic h  b o th  h a v e  a n  H , L . B ,  v a lu e  of

12. 7 12. 8 a n d  y e t  w h ic h  r e p r e s e n t  e x t r e m e s  o f  th e  s c a l e

o f  s o l u b i l i s a t io n  p r e s e n t e d  b y  th e  d e te r g e n t s  u n d e r  s u r v e y .  I t  

w o u ld  a p p e a r  f r o m  th i s  w o r k  t h a t  th e  f e a t u r e  o f o v e r - r i d i n g  

im p o r t a n c e  w ith  r e s p e c t  to  l a m e l l a r  s o lu b i l i s a t io n  

is  th e  m o le c u l a r  s t r u c t u r e  o f th e  d e te r g e n t .

It is  a p p a r e n t  f r o m  T a b le  t h a t  th e  p o s s e s s i o n  o f

- 1 8 8 -



a r o m a t i c  o r  o t h e r  ty p e s  o f  r in g  s t r u c t u r e ,  ( e .g .  S ,D .  B .!S . 

d ig i to n in  r e s p e c t i v e l y ) ,  a r e  f a v o u r a b le  m o le c u l a r  f e a t u r e s  in  

p ro m o t in g  l a m e l l a r  b r e a k d o w n ,  th o u g h  t h e r e  a r e  c a s e s  

( e . g .  SDS, G 711) in  w h ich  a  s t r o n g l y  s o lu b i l i s in g  d e te r g e n t  

h a s  no r in g  s t r u c t u r e .  E x a m in a t io n  o f  th e  s o lu b i l i s in g  a b i l i t i e s  

o f  L i s s a p o l  N X P , L u b r o l  L  a n d  L u b r o l  P F  w o u ld  in d ic a te  t h a t  

a t  l e a s t  in  th e  c a s e  o f  p o ly o x y e th y le n e  a lk y l  a r y l  c o n d e n s a t e s ,  

th e  l e n g th  o f  th e  e th y le n e  o x id e  c h a in  is  i n v e r s e l y  r e l a t e d  to  the  

d e g r e e  o f  l a m e l l a r  s o l u b i l i s a t io n .  (See A p p e n d ix ,  p . 2 1 4 1 2 1 5 .) .

T h is  d i s c u s s i o n  m a k e s  no p r e t e n c e  th a t  c o n s i d e r a t i o n  

o f  th ese ,  f e a t u r e s  a lo n e  is  e x h a u s t iv e  in  a s s e s s i n g  th e  a b i l i t y  

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

d e t e r g e n t  p r o p e r t i e s  s u c h  a s  m i c e l l a r  s i z e  w ou ld  be  e x p e c te d  

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

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

l a m e l l a r  m a t r i x .

A f e a t u r e  o f  i n t e r e s t  m a n i f e s t e d  b y  a l l  th e  d e te r g e n t s  

s tu d i e d  is  th e  i n c r e a s e  in  e x t r a c t a b i l i t y  o f l a m e l l a e  w ith  i n c r e a s e  

in  pH . T h is  in d ic a te s  a n  e f f e c t  in v o lv in g  s o m e  c h a r g e d  g r o u p s  

w i th in  th e  l a m e l l a e  w h ic h  a r e  r e q u i r e d  f o r  b in d in g  o f  th e  m a t r i x  

a n d  a r e  u n s ta b le  a t  h i g h e r  p H ’s d u e ,  p o s s ib ly  to  r e l e a s e  o f  c o u n te r  

io n s .  S in ce  th e  e f f e c t  is  sh o w n  by  a l l  d e te r g e n t s  to  a  r e l a t i v e l y

- 1 8 9 -



s i m i l a r  e x te n t ,  i r r e s p e c t i v e  of t h e i r  p o l a r i t y ,  i t  is  s u g g e s t e d  

t h a t  the  d e te r g e n t  p la y s  no p a r t  in  th e  i n c r e a s e d  a v a i l a b i l i t y  

o f  l a m e l l a r  m a t e r i a l  f o r  s o lu b i l i s a t io n ,  b u t  m e r e l y  s o l u b i l i s e s  

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

u n s ta b le  a t  a lk a l in e  p H ’s .

E x t r a c t i o n  of c h lo r o p h y l l s  f r o m  l a m e l l a e  by  d e te r g e n t s

In p r e v io u s  r e p o r t s , th e  m a x im u m  e x te n t  of d i f f e r e n t i a l  

e x t r a c t i o n  of c h lo r o p h y l l s  a  a n d  b f r o m  l a m e l l a e  b y  d e te r g e n t s  

is  g iv e n  b y  T h o r n b e r  e t .  a l .  (1967a) who fou nd  t h a t  th e  s lo w -  

m o v in g  f r a c t i o n  on  d is c  g e l s  f r o m  l a m e l l a e  s o lu b i l i s e d  w ith  

SDBS h a d  a  r a t i o  o f  c h lo r o p h y l l  a  to  b o f 12:1.

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

w ith  th e  d e te r g e n t  G 711 h o w e v e r  (w hich  r e m a i n  u n p r e c i p i t a t e d  

a t  144, 000 X g ) h a v e  b e e n  foun d  in  th i s  w o rk  to  h a v e  r a t i o s  o f  

c h lo r o p h y l l  a  to  b in  e x c e s s  o f  18:1 , T h is  f ind in g  h a s  b e e n  

s u p p o r t e d  b y  s p e c t r a l  m e a s u r e m e n t s  of b o th  h e a v y  a n d  l ig h t  

f r a c t io n s  p r o d u c e d  w ith  G 711 (fig. 2 0). It is  a p p a r e n t  t h a t  th i s  

d e t e r g e n t  sh o w s s e l e c t i v e  s o l u b i l i s a t io n  of c h lo r o p h y l l  a .  It is
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a l s o  o f  i n t e r e s t  to  n o te  t h a t  G 711, w h ich  sh o w s l i t t l e  a f f in i ty  

f o r  c h lo r o p h y l l  b ,  d i s p la y s  r e m a r k a b l y  l i t t l e  in h ib i t io n  of 

S y s te m  II r e a c t i o n s ,  w h ic h  p r o v id e s  a n o th e r  e v id e n c e  f o r  the  

p r o p o s a l  o f L o s a d a  e t .  a l .  (1961) t h a t  c h lo ro p h y l l  b is  a s s o c i a t e d  

m a in ly  w ith  th e  o x y g e n  e v o lv in g  s y s t e m ,  a n d  f u r t h e r  s u p p o r t  f o r  

th e  c o n c lu s io n s  d ra w n  b y  T h o r n b e r  e t .  a l .  (1967a) t h a t  S y s t e m  I 

p a r t i c l e s  a r e  l e s s  t ig h t ly  b o u n d  to  th e  c h lo r o p l a s t  l a m e l l a e  s in c e  

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

A f ind ing  of t h i s  w o r k  h o w e v e r ,  c o u ld  s u g g e s t  a n  a l t e r n a t i v e  

t h e o r y ,  t h a t  th e  S y s te m  II p a r t i c l e s  a r e  bou n d  to  the  l a m e l l a r  

m a t r i x  a t  l e a s t  a s  s t r o n g l y  a s  th e  r e g io n s  r e s p o n s i b l e  f o r  

S y s t e m  I a c t i v i t y  v iz :  It h a s  b e e n  s e e n  ( tab le  7 ) t h a t  a t  h ig h  

c o n c e n t r a t i o n s  o f d e t e r g e n t ,  th e  c h lo ro p h y l l  a / b  ra t io ,  o f  h e a v y  

p a r t i c l e s  i n c r e a s e s ,  s u g g e s t in g  th a t  th e  e x t r a c t i o n  o f  S y s te m  II 

f r a g m e n t s  is  r e d u c e d  w ith  i n c r e a s in g  d e te r g e n t  c o n c e n t r a t i o n .

O n ly  lo w  c o n c e n t r a t i o n s  a r e  r e q u i r e d  to  s p l i t  th e  S y s t e m  II 

p a r t i c l e s  f r o m  th e  l a m e l l a e .  It i s  fou nd  ( tab le  7 ) t h a t  h i g h e r  ' 

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

r a t i o s  in  th e  h e a v y  (S y s te m  II) f r a c t i o n  (-  a n  o b s e r v a t i o n  w h ich
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a g r e e s  w ith  th e  p o s tu l a t e  t h a t  S y s te m  II u n d e rg o e s  m o r e  r e a d y  

d i s s o c i a t i o n  in  v i t r o  t h a n  d o e s  S y s t e m  I, a s  d i s c u s s e d  e l s e w h e r e ,  

p .  19 1), T he l o w e r  d e te r g e n t  c o n c e n t r a t i o n s  w h ich  l i b e r a t e  p a r t i c l e s  

o f  lo w  c h lo ro p h y l l  a / b  r a t i o s ,  a l s o  y ie ld  l ig h t  f r a c t io n s  w ith  h ig h  

c h lo r o p h y l l  a / b  r a t i o s ,  w h ic h  s u g g e s t s  a n  a p p r o x i m a t e ly  f a c i le  

l i b r a t i o n  o f  the  tw o  p h o to  s y s t e m s  f r o m  the  l a m e l l a r  m a t r i x .

S p e c t r a l  A b s o r p t io n

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

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

t h a t  c e r t a i n  d e te r g e n t s  c a u s e  a  h y p s o c h r o m ic  s h i f t  t o w a r d s  th e  b lu e ,  

w h i l s t  o t h e r s  a l lo w  r e t e n t i o n  of th e  m a x im u m  of th e  r e d  a b s o r p t io n  

b a n d ,  a t  o r  v e r y  c lo s e  to  th e  in  v ivo  p o s i t io n .

So f a r  a s  i s  k no w n  f r o m  l i t e r a t u r e  a v a i l a b l e ,  no r e p o r t  h a s  

a p p e a r e d  of s u c h  p ro n o u n c e d  s e l e c t i v e  s o l u b i l i s a t io n  of one  

o f  th e  c h lo ro p h y l l s  b y  a  d e t e r g e n t  a s  is  r e p o r t e d  in  t h i s  w o rk  fo r  

G 711 , w h ic h  s e l e c t i v e l y  s o l u b i l i s e s  c h lo r o p h y l l  a  in  p r e f e r e n c e  

to  c h lo r o p h y l l  b ,  e v id e n c e d  b y  l a c k  of a b s o r p t io n  a t  a r o u n d  6 5 0 n m  

f o r  th e  s o l u b i l i s e d  l a m e l l a e ,  a n d  a  m a r k e d  s h o u ld e r  in  t h i s  r e g io n  

f o r  th e  n o n  s o lu b i l i s e d  s e d i m e n te d  m a t e r i a l ,  (F ig .  20).

T he  a b s o r p t io n  s p e c t r a  w h ic h  m o s t  c l o s e l y  r e s e m b l e d  th e  

s p e c t r u m  o f u n t r e a t e d  c h l o r o p l a s t  l a m e l l a e  w e r e  p r o d u c e d  b y  th o s e
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d e te r g e n t s  ( f i g . 1 4 )  w h ic h  in  lo w  c o n c e n t r a t i o n s  s t i m u l a t e d  

p h o to c h e m ic a l  a c t i v i t i e s .  No know n  p r e v io u s  r e p o r t  h a s  c i t e d  

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

p h o to c h e m ic a l  a c t i v i t y  o f  c h l o r o p l a s t s  t r e a t e d  w ith  d e t e r g e n t s .  

F l u o r e s c e n c e

F l u o r e s c e n c e  m e a s u r e m e n t s  sh o w e d  a  d i s t in c t  d i s p a r i t y  

w ith  r e s u l t s  r e p o r t e d  b y  p r e v io u s  a u t h o r s .  S m ith  (1941b) n o te d  

a  m a r k e d  r e d  f l u o r e s c e n c e  o n  i l lu m in a t io n  of SDS t r e a t e d  

l a m e l l a e  w h e r e a s  no  SDS l a m e l l a r  e x t r a c t  sh o w e d  a n y  m e a s u r e a b l e  

f l u o r e s c e n c e  in  t h i s  in v e s t ig a t io n .  F u r t h e r ,  the  r e d  f l u o r e s c e n c e  

p e a k  o f  T r i t o n - s o l u b i l i s e d  l a m e l l a e  w as found  to  be h i g h e r  b y  a t  

l e a s t  4 n m  t h a n  th e  v a lu e  o f  6 8 0 -6 8 2 ,  5 n m  r e p o r t e d  b y  Ke e t .  a l .  (1967).

F l u o r e s c e n c e  a t  w a v e le n g th s  in  th e  b lu e  r e g i o n  h a v e  no t 

p r e v i o u s l y  b e e n  r e p o r t e d .  S o m e  o f  th e  d e te r g e n t s  c o v e r e d  in  th i s  

s u r v e y  d id  sh o w  b lu e  f l u o r e s c e n c e ,  b u t  no c o r r e l a t i o n  c o u ld  be 

d r a w n  b e tw e e n  d e t e r g e n t  s t r u c t u r e  a n d  b lu e  f l u o r e s c e n c e .  F o r  

e x a m p le ,  e x t r a c t s  p r o d u c e d  b y  N o n id e t  P - 4 2  e x h ib i t  a  double  

f l u o r e s c e n c e  p e a k  a t  400 a n d  4 6 0 n m ; e x t r a c t s  p r o d u c e d  b y  th e  

s i m i l a r  d e t e r g e n t  L i s s a p o l  N X P  f l u o r e s c e  a t  3 9 2 n m  w h en  e x c i te d
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w ith  l ig h t  a t  345n m , b u t  e x t r a c t s  f r o m  o t h e r  p o ly o x y e th y le n e  

a lk y l  a r y l  e t h e r s  (R e n e x  698 , T r i t o n  X -1 0 0 )  e x h ib i te d  no  b lue  

f l u o r e s c e n c e .

B e n z e n e  e x t r a c t a b i l i t y

A c c o r d in g  to  Ke . e t ,  a l ,  (1956), th e  c h a n g e s  in  b e n z e n e  

s o lu b i l i ty  of th e  p ig m e n t s  in  a q u e o u s  c h lo r o p l a s t  s u s p e n s io n s ,  

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

e f f e c t s  o f  w e a k e n e d  p ig  m e n t - l i p o p r o t e i n  bond ing  a n d  a f f in i ty  

o f  th e  d e te r g e n t  f o r  th e  p ig m e n t s .

In a l l  c a s e s  s tu d i e d  a t  tw o  p H ’s in  th i s  s u r v e y ,  i t  w as  

fo u n d  t h a t  th e  h i g h e r  pH in d u c e d  a  g r e a t e r  d e g re e  o f  e x t r a c t i o n  

o f  th e  c h lo r o p h y l l  b y  th e  b e n z e n e .  T he  h i g h e r  pH  m a y  a f f e c t  

e i t h e r  (a) th e  d e t e r g e n t ,  p o s s i b l y  b y  a l t e r i n g  th e  s i z e  o r  

c o n f o r m a t io n  of th e  m i c e l l e s ,  so  a s  to  d e c r e a s e  th e  m o l e c u l a r  

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

l i p o p r o t e i n  o r  (b) th e  s t r u c t u r e  o f  th e  c h lo r o p h y l l  l i p o p r o t e i n  

s p e c i e s  a r i s i n g  f r o m  l a m e l l a r  b r e a k d o w n .  It h a s  a l r e a d y  b e e n  

n o te d  (p. 95 ) t h a t  h ig h  p H ’s in d u c e  g r e a t e r  p ig m e n t  e x t r a c t i o n  

f r o m  th e  l a m e l l a e  a n d  t h a t  t h i s  is  p r o b a b ly  due to  b r e a k a g e  of 

c h e m ic a l  b o nds  u n s ta b le  u n d e r  a lk a l in e  c o n d i t io n s .  T h e  g r e a t e r
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e a s e  of r e m o v a l  o f th e  p ig m e n ts  f r o m  th e  a q u e o u s  l a y e r  b y  

b e n z e n e  a t  t h e s e  p H ’s w o u ld  s u g g e s t  th a t  the  b o nds  w h ic h  u n d e rg o  

f r a c t u r e  a r e  th o s e  jo in in g  c h lo r o p h y l l  to  l i p o p r o t e in ,  th u s  r e n d e r in g  

th e  c h lo ro p h y l l  m o r e  a c c e s s i b l e  to  e x t r a c t i o n  b y  th e  b e n z e n e .

T r a c e  E le m e n t  F r a c t i o n a t i o n

P r e v i o u s l y ,  o n ly  one  c a s e  h a s  b e e n  r e p o r t e d  o f  f r a c t i o n a t i o n  

o f  l a m e l l a e  b y  d e t e r g e n t s  in to  p a r t i c l e s  w ith  m a r k e d  d i f f e r e n c e s  

in  t r a c e  e l e m e n t  c o m p o s i t i o n  (A n d e r s o n ,  1964). In th i s  w o rk ,  

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

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

t h r e e  d e t e r g e n t s  (R e n ex  6 9 8 , G 711 a n d  T w e e n  20) h a v e  b e e n  show n  

to  a c t  on  c h l o r o p l a s t  l a m e l l a e  in  th e  s a m e  w ay.

It w ou ld  a p p e a r  t h a t  th e  m o l e c u l a r  s t r u c t u r e  o f  the  

d e t e r g e n t  is  o f  c o n s i d e r a b le  i m p o r t a n c e  in  th i s  r e s p e c t ,  

s i n c e  n e i t h e r  T r i t o n  X -1 0 0  (w h ich  c l o s e l y  r e s e m b l e s  R e n e x  698) 

n o r  C r i l l e t  4 (w h ich  is  o f  s i m i l a r  s t r u c t u r e  to  T w e e n  20) e x h ib i te d  

a n y  d i s c e r n i b l e  t r a c e  e l e m e n t  f r a c t io n a t io n .

No r e l a t i o n s h i p  m a y  be d r a w n  b e tw e e n  d e t e r g e n t  p o l a r i t y  

a n d  the  d e g r e e  o f  t r a c e  e l e m e n t  f r a c t io n a t i o n  o f  l a m e l l a e ,  s in c e  

o f  th e  f o u r  d e t e r g e n t s  w h ic h  w e r e  fou nd  to  g iv e  a  p o s i t iv e  r e s u l t ,  

one  i s  a n io n ic ,  a n d  th e  o t h e r s  a r e  n o n io n ic  w ith  d i f f e r in g  p o l a r i t i e s
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(as d e d u c e d  f r o m  t h e i r  H . L . B . v a lu e s ,  w h ich  l ie  in  th e  r a n g e

13. 0 -  16. 7).

E f f e c t  of d e te r g e n t s  on  ph o to  s y n th e t ic  l ig h t  r e a c t i o n s

T he  r e s u l t s  of V e r n o n  e t .  a l ,  d i s c u s s e d  in  th e  I n t r o d u c t io n  

(p, 28), h a v e  b e e n  c o n f i r m e d  f o r  th e  e f f e c t  of T r i t o n  X -1 0 0  on  

S y s t e m  I a n d  S y s t e m  II a c t iv i t y .  A l l  o t h e r  d e te r g e n t s  w h ic h  

w e r e  found  to  h a v e  a  s i m i l a r  e f f e c t  w e r e  of th e  p o ly o x y e th y le n e  

a lk y l  a r y l  e t h e r  ty p e  ( L i s s a p o l  N X P , L u b r o l  E ,  N o n id e t  P - 4 2  a n d  

R e n e x  698), w h ic h  w o u ld  in d ic a te  t h a t  t h i s  b a s i c  d e t e r g e n t  

s t r u c t u r e  p r o m o te s  l a m e l l a r  f r a g m e n ta t i o n  in  s u c h  a  w ay  a s  to  

s t i m u l a t e  S y s t e m  II a c t i v i t y  a t  lo w  d e te r g e n t  c o n c e n t r a t i o n s ,  

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

w ith  r e s t r a i n t  o f th e  s h o r t  w a v e le n g th  r e s p o n s e ,  o r  p o s s ib l y  b y  

s e l e c t i v e  s o lu b i l i s a t i o n  of s o m e  r e g u l a t o r  o f  t h i s  r e s p o n s e .  T h is  

e f f e c t  w as  n o t  fo u n d  to  be  a  m a n i f e s t a t i o n  o f  a l l  p o ly o x y e th y le n e  

a l k y l  a r y l  e t h e r s  h o w e v e r ,  s in c e  i t  w as  no t sh o w n  b y  th o s e  

p o s s e s s i n g  a n  e th y le n e  ox id e  c h a in  o f  m o r e  t h a n  12 r e s i d u e s .

G e n e r a l l y ,  th e  d e t e r g e n t  c o n c e n t r a t i o n s  r e q u i r e d  to  

a b o l i s h  o x y g e n  p h o to e v o lu t io n  w e r e  found  to  be c o n s i d e r a b l y  

l o w e r  t h a n  c o n c e n t r a t i o n s  o f  th e  s a m e  d e t e r g e n t  r e q u i r e d  fo r
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a b o l i t io n  of S y s te m  I a c t iv i t y .  It h a s  b e e n  s u g g e s t e d  p r e v i o u s ly  

( R u m b e r g ,  1964) t h a t  S y s t e m  I is  c o n s i d e r a b ly  m o r e  s t a b le  

th a n  S y s t e m  II, s in c e  in  the  p r e s e n c e  of s u i ta b le  e l e c t r o n  

d o n o rs  S y s t e m  I r e m a i n s  c a p a b le  o f  c a r r y i n g  oiit i t s  r e a c t i o n  

a f t e r  h e a t in g  o r  p r o lo n g e d  s t o r a g e  of c h l o r o p l a s t s ,  w h e r e a s  s u c h  

c o n d i t io n s  r a p id ly  a b o l i s h  o x y g e n  p h o to e v o lu t io n .  T h e  s t a b i l i t y  

o f S y s t e m  I in  v i t r o  is  th o u g h t  to  r e f l e c t  th e  s t r o n g  b in d in g  of 

th e  s y s t e m  to  i t s  r e a c t i o n  c e n t r e ,  P 7 0 0 ,  in  c o m p a r i s o n  w ith  th e  

a f f in i ty  o f  S y s t e m  II f o r  i t s  r e a c t i o n  c e n t r e .  T h is  v ie w  is  s u p p o r t e d  

b y  th e  w o rk  c o n d u c te d  in  th i s  t h e s i s  on  th e  r e l a t i v e  e f f e c t s  o f  a d d e d  

d e te r g e n t s  on  the  tw o  p h o to  s y n th e t i c  l ig h t  r e a c t i o n s ,  in  w h ich  th e  

t o l e r a n c e  of S y s t e m  I a c t i v i t y  to  a d d e d  d e te r g e n t  w as  foun d  to  be 

c o n s i s t e n t l y  g r e a t e r  in  a l l  c a s e s  t h a n  th a t  o f S y s t e m  II,

It s h o u ld  be n o te d  h o w e v e r  t h a t  th e  e a s i e r  a b o l i t io n  of 

S y s t e m  II a c t i v i t y  . th a n  S y s t e m  I a c t iv i t y ,  by  d e t e r g e n t  a c t io n  c o u ld  

a l s o  be  a  c o n s e q u e n c e  o f  p o s i t io n a l ,  s t e r i c  o r  io n ic  a t t r a c t i o n  f a c t o r s  

v iz :

1. In c o m p a r i s o n  w ith  th e  S y s t e m  I r e a c t i o n  c e n t r e ,  th e

S y s t e m  II r e a c t i o n  c e n t r e  c o u ld  o c c u p y  a  m o r e  s u p e r f i c i a l  p o s i t io n  

on  th e  l a m e l l a e  a n d  h e n c e  be m o r e  s u s c e p t ib l e  to  d e t e r g e n t  

p e n e t r a t i o n .
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2) T h e  sh a p e  of th e  S y s t e m  II r e a c t i o n  c e n t r e  c o u ld  be of a

m o r e  c lo s e l y  c o r r e s p o n d i n g  f o r m  to  the  d e te r g e n t  m ic e l l e  th a n  th a t  

of the  s y s t e m  I r e a c t i o n  c e n t r e .  T he f o r m e r  r e a c t i o n  c e n t r e  th u s  

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

of p h o to c h e m ic a l  a c t iv i ty .

3) T h e  ions  w ith  w h ich  S y s t e m  II is  th o u g h t  to  be  c lo s e l y

+ 4* -
c o n c e r n e d  (Mn a n d  C l ) c o u ld  a t t r a c t  c h a r g e d  d e t e r g e n t  

m i c e l l e s  t o w a r d s  th e  r e a c t i o n  c e n t r e ,  w h ich  b e c o m e s  b lo c k e d  

a n d  r e n d e r e d  p h o to c h e m ic a l ly  in a c t iv e .

- 1 9 8 -



F r a c t i o n a t i o n  of d e t e r g e n t - s o l u b i l i s e d  l a m e l l a e

D u rin g  th e  l a s t  t h i r t y  y e a r s ,  a s  p r e v i o u s ly  m e n t io n e d  

( In t ro d u c t io n ,  p. 37), n u m e r o u s  a t t e m p t s  h a v e  b e e n  m a d e  to  

i s o l a t e  c h a r a c t e r i s a b l e  c h lo r o p h y l l - p  ro te  in s  f r o m  l a m e l l a r  

d e t e r g e n t  s o lu t io n s .  A p r o b l e m  w h ich  h a s  e lu d e d  d i s c u s s i o n  

in  a l l  th e  r e p o r t s  o b s e r v e d  in  th e  l i t e r a t u r e  to  d a te ,  c o n c e r n s  

th e  f r a c t io n a t i o n  o f  s o lu t io n s  c o n ta in in g  m i c e l l e s .  W h a te v e r  

m e th o d  is  e m p lo y e d  to  s e p a r a t e  c h lo r o p h y l l - p r o t e in  s p e c i e s  

f r o m  d e t e r g e n t  s o l u b i l i s e d  l a m e l l a e ,  th e  s e p a r a t i o n  in  the  

f i r s t  i n s t a n c e  w il l  be  a  s e p a r a t i o n  of m ic e l l e s  c o n ta in in g  

s o lu b i l i s e d  c h l o r o p h y l l - p r o t e i n .  T h u s  a n y  m i g r a t i o n  of the  

c h lo r o p h y l l  p r o t e i n  w h ich  is  o b s e r v e d ,  m a y  be a  m a n i f e s t a t io n  

a t  l e a s t  in  p a r t ,  o f  th e  p r o p e r t i e s  of th e  d e te r g e n t .  F u r t h e r m o r e ,  

i t  c a n  e a s i l y  be  e n v i s a g e d  th a t  a  d e te r g e n t  w i l l  s o lu b i l i s e  f o r  

e x a m p le ,  tw o ty p e s  o f n a t iv e  c h lo r o p h y l l - p r o t e in .  N ow , u n le s s  

a  m ic e l l e  s o b u l i l i s e s  o n ly  m a c r o  m o le c u le s  of one of t h e s e  ty p e s  

(an  im p r o b a b le  s i tu a t io n ,  s in c e  th e  m ic e l l e s  o f one d e te r g e n t  

a r e  u n l ik e ly  to  be  v e r y  d i f f e r e n t  in  s i z e  o r  p h y s ic a l  p r o p e r t i e s ) ,  

i t  is  r e a s o n a b l e  to  e x p e c t  t h a t  m a c r o m o l e c u l e s  of b o th  s p e c i e s
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o£ c h l o r o p h y l l - p r o t e i n  m a y  be p r e s e n t  d i s s o lv e d  in  a s in g le  

m ic e l l e .  T o  f r a c t io n a t e  f u r t h e r  w ou ld  r e q u i r e  th e  m ic e l l e s  

to  be s p l i t .  T h is  is  no t p o s s ib l e  w ith o u t  d e s t r o y in g  th e  s o lu b i l i s in g  

m e d iu m ,  a n d  th u s  r e n d e r i n g  th e  c h l o r o p h y l l - p r o t e in s  in s o lu b le  

a n d  p o s s ib l y  in a c t i v a te d  b y  th e  a g e n ts  e m p lo y e d  in  the  

m i c e l l a r  b re a k d o w n .

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

p r e v i o u s ly  who h a v e  e m p lo y e d  s in g le  d e te r g e n t s  to  f r a c t i o n a t e  

m o r e  th a n  one c h lo r o p h y l l  p r o t e i n ,  t h a t  t h e r e  h a s  b e e n  s e l e c t i v e  

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

m i c e l l e s .  T h is  w o rk  h a s  a t t e m p t e d  f r a c t i o n a t i o n  a lo n g  s i m i l a r  

l in e s  to  th o s e  a l r e a d y  fo l lo w e d .  B e a r in g  in  m in d  th e  n e e d  f o r  

c a u t io n  in  i n t e r p r e t i n g  r e s u l t s  o f  f r a c t io n a t i o n  o f  d e te r g e n t  

s o l u b i l i s e d  l a m e l l a e ,  th e  d a ta  in d ic a te  th a t  s o m e  d e g r e e  of 

f r a c t io n a t i o n  is  p o s s ib l e  b y  D E A F  c e l lu l o s e  c h r o m a to g r a p h y  o r  

b y  p o ly a c r y la m id e  g e l  e l e c t r o p h o r e s i s  f r o m  a  w ide  r a n g e  o f  

d i f f e r e n t  ty p e s  of d e te r g e n t .

T he  t e n d e n c y  f o r  h i g h e r  p H ’s to  p r o m o te  e l e c t r o p h o r e t i c  

s e p a r a t i o n  o f  c o lo u r e d  b a n d s  o n  p o l y a c r y la m id e  g e l s  in d ic a te s
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th a t  th e  a s s o c i a t i o n  of t h e s e  m o ie t i e s  in v o lv e s  p a r t i c i p a t i o n  of 

m o le c u le s  o r  io n s  u n s ta b le  a t  a lk a l in e  p H ’s . T h is  is  f u r t h e r  

s u p p o r t e d  by  the  f ind ing  th a t  no s u c h  f r a c t i o n a t i o n  w as found  

to  be p o s s ib l e  on  p o l y a c r y la m id e  g e ls  f r o m  l a m e l l a r  s o lu t io n s  

in  c a t io n ic  d e t e r g e n t s .

P h o to o x id a t io n  of a s c o r b a t e

N ot a l l  th e  d e t e r g e n t s  s tu d ie d  p r o d u c e d  p h o to c h e m ic a l ly  

a c t iv e  c h l o r o p l a s t  p r e p a r a t i o n s  bu t  th o s e  w h ich  d id , a p p e a r e d  

to  sh o w  a n  i n c r e a s in g  a c t i v i t y  in  a s c o r b a t e  p h o to o x id a t io n  

w ith  d e c r e a s e  in  s i z e  o f l a m e l l a r  f r a g m e n t s .  T h is  m a y  be due 

to  th e  i n c r e a s e d  m o l e c u l a r  s u r f a c e  a r e a  a v a i l a b l e - f o r  c o n ta c t  

b e tw e e n  pho to  r e a c t i v e  m o le c u l e s ,  c a u s e d  b y  l a m e l l a r  s p l i t t i n g .

T h is  w o u ld  b e in ^ a g r e e m e n t  w ith  th e  o b s e r v a t i o n  of H in k so n  e t .  a l .

(1959) th a t  l a m e l l a r  f r a g m e n t s  p r o d u c e d  b y  the  a c t io n  o f  d ig i to n in ,  w e r e  

m o r e  t h a n  s i x  t i m e s  a s  a c t iv e  in  p h o t  o x id is in g  a s c o r b a t e  in  the  

p r e s e n c e  o f  d ic h lo r o p h e n o l  in d o p h e n o l  a s  th e  o r i g in a l  u n b ro k e n  

c h l o r o p l a s t s .

T h e  g e n e r a l  i n c r e a s e  in  p h o to o x id a t iv e  c a p a c i ty  w ith  

d e c r e a s e  in  s i z e  o f l a m e l l a r  p a r t i c l e s  w as found  to  be t r u e  of the  

m a t e r i a l  f r a c t i o n a t e d  b y  d i f f e r e n t i a l  c e n t r i f u g a t io n  b u t  n o t  so  fo r  

th e  ph o to  r e a c t i v e  R e n e x  698 o r  C a ls o le n e  O il  f r a c t i o n s  i s o l a t e d  on
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D E A E  c e l lu lo s e  c o lu m n s  f r o m  th e  s u p e r n a t a n t  of c e n t r i f u g a t io n s  

a t  144, 000 X g ,  p o s s ib l y  ow ing to  th e  r e m o v a l  o f m a t e r i a l  

n e c e s s a r y  fo r  e f f i c ie n t  p h o to o x id a t iv e  a c t iv i t y  of th e  c h lo r o p h y l l ,  

b y  th e  io n  e x c h a n g e r .

S ta b i l i ty  o f l a m e l l a r  d e t e r g e n t  e x t r a c t s  in  l ig h t

T h e  w ide  r a n g e  o f  s t a b i l i t y  sh o w n  by  l a m e l l a r  d e te r g e n t  

e x t r a c t s ,  d ep en d in g  u p o n  th e  n a tu r e  o f th e  d e te r g e n t  in d ic a te s  

t h a t  th e  m o d e s  o f  a c t io n  b y  d e t e r g e n t s  upo n  c h lo r o p l a s t  l a m e l l a e  

a r e  o f c o n s i d e r a b le  v a r i e t y .

C e r t a i n  p o in ts  e m e r g e d  f r o m  th is  s tu d y  w h ich  m e r i t  

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

e x t r a c t s  to  b le a c h in g  h a s  b e e n  found  to  be d i r e c t l y  d e p e n d e n t  on  

th e  c o n c e n t r a t i o n  o f  th e  c h lo r o p h y l l ,  in  a n a e r o b ic  c o n d i t io n s .

It h a s  b e e n  know n f o r  s o m e  t im e  th a t  c h lo r o p h y l l  b l e a c h e s  r a p id ly  

in  th e  p r e s e n c e  o f  o x y g e n  a n d  l ig h t ,  ( A ro n o f f  e t .  a l .  1943) 

a n d  th a t  t h i s  is  a  p h o to o x id a t iv e  b le a c h in g  r e q u i r i n g  b o th  l ig h t  

a n d  oxy gen .

In a n a e r o b i c  c o n d i t io n s ,  low  c h lo r o p h y l l  c o n c e n t r a t i o n s  

a p p e a r  to  p r o m o te  p ig m e n t  b re a k d o w n ,  p o s s ib l y  by  b e in g  a b le  to  

s u p p o r t  s a t u r a t i n g  l ig h t  c o n d i t io n s  in  a  pho to  de c o m p o s  it ion  p r o c e s s
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T h e  e x t r a c t s  of T e r g i t o l  7, d i s p l a y e d  a  v e r y  r a p id  b re a k d o w n  a t  

a l l  c o n c e n t r a t i o n s  o n ce  th e  b le a c h in g  p r o c e s s  h a d  c o m m e n c e d ,  

bu t  e x h ib i te d  a  d i s t in c t  s t a b i l i t y  in  th e  e a r l y  p e r io d  of 

i l l u m in a t io n ,  w h ich  s u g g e s t s  th a t  one of th e  p r o d u c t s  of 

d e c o m p o s i t io n  s e n s i t i s e s  f u r t h e r  c h lo ro p h y l l  b re a k d o w n .  S in ce  

th i s  does n o t  o c c u r  w ith  th e  o th e r  d e te r g e n t  e x t r a c t s ,  th e  

s e n s i t i s i n g  s p e c i e s  m a y  p o s s ib l y  r e q u i r e  to  i n t e r a c t  in  s o m e  

w a y  w ith  the  d e t e r g e n t  m o le c u le s  in  o r d e r  to  be a c t iv e .

O f th e  s ix  d e t e r g e n t s  s tu d ie d ,  th e  tw o  w h ich  c o n f e r r e d  

g r e a t e s t  s t a b i l i t y  to  b le a c h in g  on  l a m e l l a r  p ig m e n t s ,  a r e  n o te d  

to  be th e  o n ly  tw o w h ic h  y ie ld e d  p o s i t iv e  r e s u l t s  in  th e  a s s a y s  

on  p h o to c h e m ic a l  a c t iv i t y .  R e n e x  698 s t i m u l a t e s  S y s t e m  I 

a c t i v i t y  u n d e r  c e r t a i n  c o n d i t i o n s , a n d  G 7 1 1, w h i l s t  n o t  a c t u a l l y  

s t im u la t in g  a n y  p h o to c h e m ic a l  a c t iv i t y ,  do es  sh o w  a p p r e c i a b l y  l e s s  

in h ib i t iv e  e f f e c t  on  o x y g e n  p h o to e v o lu t io n  th a n  th e  o t h e r  d e t e r g e n t s .

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

p ig m e n t  s t a b i l i t y  to  b l e a c h in g ,  a n d  r e t e n t io n  of th e  f u n c t io n a l  

i d e n t i t i e s  of th e  p h o to c h e m ic a l  a p p a r a t u s .  In v iv o ,  th e  p ig m e n t
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m o l e c u l e s  a r e  s t a b l e  to  b l e a c h i n g  p r e s u m a b l y  b y  v i r t u e  of t h e i r  

a s s o c i a t i o n  w i th  the  n e ig h b o u r i n g  p r o t e i n  a n d  l ip id  s p e c i e s .

It is s u g g e s t e d  t h a t  R e n e x  698 c o n f e r s  s t a b i l i t y  upon  th e  p i g m e n t s  

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

e n v i r o n m e n t .

T he  t e n d e n c y  f o r  h i g h e r  p H ’s to  p r o m o t e  g r e a t e r  

r e s i s t a n c e  to b l e a c h in g  of th e  p i g m e n t  m o l e c u l e s  is o f  i n t e r e s t ,  

a s  i t  h a s  b e e n  s t a t e d  e l s e w h e r e  (p. 9 5 ) .  t h a t  in  t e r m s  of p i g m e n t  

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

i n c r e a s e  in  pH. A s  n o te d  p r e v i o u s l y  it  is  s u g g e s t e d  t h a t  the  

d e t e r g e n t  p l a y s  no p a r t  i n  th e  i n c r e a s e d  a v a i l a b i l i t y  o f  th e  

l a m e l l a r  m a t e r i a l  bu t  m e r e l y  s o l u b i l i s e s  l a m e l l a r  m a t e r i a l  

f r a g m e n t e d  b y  b r e a k a g e  of c h e m i c a l  bon d s  u n s t a b l e  a t  a lk a l i n e  

p H ' s .  T he  g r e a t e r  s t a b i l i t y  m a y  r e s u l t  f r o m  m u t u a l  p r o t e c t i o n  

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

a s  d i s c u s s e d  a b o v e .
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It is d i f f i c u l t  to  d r a w  m e a n in g f u l  c o n c l u s i o n s  f r o m  the  

e f f e c t s  of o x y g e n a t io n  u p on  th e  b l e a c h i n g  o f  c h lo r o p h y l l  In 

d e t e r g e n t  t r e a t e d  l a m e l l a e  e x p o s e d  to l ig h t .  It w as  found  t h a t  

one  p o ly o x y e th y le n e  d e t e r g e n t  ( B r i j  35) d id  c o n f e r  s ta b i l i ty ,  

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

a  r e l a t e d  p o ly o x y e th y le n e  d e r i v a t i v e  ( L i s s a p o l  N X P )  d id  no t .  

S i m i l a r l y ,  one a n io n ic  d e t e r g e n t  (G711) r e n d e r e d  e x t r a c t e d  

c h l o r o p h y l l  s t a b l e  w h i l s t  a n o t h e r ,  ( T e r g i t o l - 7) h a d  the  o p p o s i t e  

e f f e c t .

It a p p e a r s  t h a t  the  a v a i l a b i l i t y  of  o x yg e n  to d e t e r g e n t  

m i c e l l e s  c o n ta in in g  d i s s o l v e d  c h lo r o p h y l l  l i p o p r o t e i n  is  

d e p e n d e n t  on  the  d e t a i l e d  m o l e c u l a r  s t r u c t u r e  of the  d e t e r g e n t  

r a t h e r  t h a n  i t s  g e n e r a l  s t r u c t u r e  o r  ion ic  n a t u r e .

C o m p a r i s o n  of t a b l e  7 w i th  t a b l e s  2 3 -2 5  a n d  c o m p a r i s o n  

of f ig .  10 w i th  t a b l e  26, i n d i c a t e s  f r o m  the  d e c r e a s e d  c h l o r o p h y l l  

a  : b r a t i o  i n  the  a n a e r o b i c  e x p e r i m e n t s  t h a t  o x y g e n  h a s  a m o r e  • 

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

in  the  p r e s e n c e  of d e t e r g e n t .
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T he  e f f e c t s  o f  d e t e r g e n t  a c t i o n  on  s e v e r a l  p h o t o 

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

b e e n  i n v e s t i g a t e d .

T he  g e n e r a l  o b s e r v a t i o n s  m a d e  b y  o t h e r  a u t h o r s  who 

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

c o n f i r m e d .

I t  h a s  no t  h o w e v e r ,  b e e n  fo u nd  p o s s i b l e  to  a s c r i b e  

a n y  of  th e  p a r t i c u l a r  e f f e c t s  w h ic h  h a v e  b e e n  o b s e r v e d  on  the  

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

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

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

t h i s  s u r v e y ,  in  t h e  f o r m  of  G. 711. No o t h e r  i n s t a n c e  i s  kn o w n  

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

l a m e l l a e  a n d  y e t  w h ic h  d o e s  n o t  i n h ib i t  S y s t e m  II r e a c t i o n s  to 

a  h ig h  d e g r e e  a t  lo w  c o n c e n t r a t i o n s  of  d e t e r g e n t .  O f  th e  tw o  

p h o t o s y n t h e t i c  p h o t o a c t s ,  l e a s t  i s  know n  of  th e  s h o r t  w a v e l e n g th  

S y s t e m  II. T he  d e t e r g e n t  m a y  be o f  c o n s i d e r a b l e  u s e  i n  f u t u r e  

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

p h o to e v o l u t io n  o f  o x y g e n  f r o m  w a t e r .

«.206
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F o l lo w in g  th e  c o m p l e t i o n  of the  m a j o r i t y  of  the  

w o r k  c o v e r e d  in  t h i s  t h e s i s ,  a r e p o r t  of c o n s i d e r a b l e  

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

d e t e r g e n t s  h a s  a p p e a r e d ,  (h luz is ige  e t .  a l .  1969).

As m e n t i o n e d  p r e v i o u s l y ,  ( I n t ro d u c t io n  p. %1 - 2) 

no r e f e r e n c e  h a d  a p p e a r e d  in  th e  l i t e r a t u r e  w ith  

r e g a r d  to  th e  i s o l a t i o n  of  a  f u n c t io n a l  photo  s y s t e m  II 

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

H u z i s i g e  e t ,  a l .  h o w e v e r ,  e m p lo y in g  th e  d e t e r g e n t s  

d ig i to n in  a n d  T r i t o n  X - 1 0 0 ,  s e p a r a t e d  the  two p h o t o - 

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

f r a c t i o n s  i s  t h a t  t h e y  r e t a i n e d  o n ly  one of th e  two p h o t o c h e m i c a l  

a c t i v i t i e s ,  - c o m p l e t e l y  l a c k in g  a n y  c a p a c i t y  f o r  the  

c o u n t e r p a r t  r e a c t i o n  a s  sh o w n  b e lo w :
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F r a c t i o n C h l o r o p h y l l  a / b  r a t i o

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

N A D P
photo  r e d u c t i o n

Og /  
p h o to e v o lu t io n

C h l o r o p l a s t
s u s p e n s i o n 3. 0 72 606

S y s t e m  I 
p a r t i c l e

6. 8 620 0

S y s t e m  II 
p a r t i c l e

2. 0 0 813

i=

m u  m o l e s  r e d u c e d / m g  c h l o r o p h y l l / m i n u t e ;  e l e c t r o n  
d o n o r  c o u p le :  D C P I P / a s c o r b a t e .

m u  m o l e s  e v o l v e d / m g  c h l o r o p h y l l /  m in i t e ;  o x id a n t :  DC P I P ,

F u r t h e r m o r e ,  th e  a c t i v i t i e s  of  the  i s o l a t e d  p a r t i c u l a t e  

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

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

In a d d i t i o n ,  a  r e c o n s t i t u t i o n  of  th e  two pho to  s y s t e m s  

w a s  a t t e m p t e d ,  a n d  s m a l l  b u t  m e a s u r a b l e  r a t e s  of N A D P  

pho to  r e d u c t i o n ,  u s in g  w a t e r  a s  e l e c t r o n  d o n o r  w e r e  r e p o r t e d .

T h u s  t h i s  p a p e r  d e s c r i b e s  a  m e t h o d  w h e r e b y  the  two 

pho to  s y n t h e t i c  l ig h t  d e p e n d e n t  p r o c e s s e s  m a y  be i s o l a t e d  in  

p a r t i c u l a t e  f o r m  a n d  t h e n  r e c o m b i n e d ,  e x h ib i t in g  a  c o - o r d i n a t e d
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p h o t o c h e m i c a l  a c t iv i t y ,  b y  u s e  of  m o r e  t h a n  one d e t e r g e n t  

in the  f r a g m e n t a t i o n  p r o c e d u r e .

T h is  w ou ld  i n d i c a t e  t h a t  a  f r u i t f u l  a p p r o a c h  to t h i s  

p r o b l e m  in f u t u r e  m a y  in v o lv e  u s e  of  s e v e r a l  d i f f e r e n t  

de te  r g e n t s  c h o s e n  f r o m  t h e i r  know n  e f f e c t s  in  l a m e l l a r  

f r a g m e n t a t i o n ,  f o r  s e l e c t i v e  e x t r a c t i o n  of l a m e l l a r  su b u n i t s

,209
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G e n e r a l  P r o p e r t i e s  of D e t e r g e n t s

D e t e r g e n t s  a r e  a  c l a s s  of s u b s t a n c e s  a l s o  r e f e r r e d  to

a s  s u r f a c e  a c t i v e  a g e n t s  o r  s u r f a c t a n t s ,  w h ich  by  v i r t u e  of t h e i r

m o l e c u l a r  s t r u c t u r e ,  a r e  s u i t a b l e  s o l v e n t s  f o r  bo th  l ip o p h i l i c  

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

g r o u p i n g s  w i th in  th e  s a m e  m o l e c u l e .

T he  m o l e c u l e s  o f  a d e t e r g e n t  a s s o c i a t e  in  w a t e r  to 

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

h a v e  a n  a r r a n g e m e n t  in  w h ich  the  a p o l a r  g r o u p s  f o r m  .the i n t e r i o r ,  

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

a r o u n d  the  p e r i p h e r y .

T h e  a p o l a r  g r o u p s  of  the  m i c e l l e s  r e n d e r  a q u e o u s  

m i c e l l e - c o n t a i n i n g  s y s t e m s  c a p a b le  of  d i s s o lv in g  a p o l a r  

s u b s t a n c e s  ( s o l u b i l i s â t e s ) .  Such  a p o l a r  m o i e t i e s  w o u ld  d i s s o l v e  

in  the  m in u te  a p o l a r  i n t e r i o r  of the  m i c e l l e s .

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

m a y  be c l a s s e d  in to  f o u r  m a i n  g r o u p s :

1, A n io n ic  In t h e s e ,  t h e  a n io n  is  the  s u r f a c e ' a c t i v e  s p e c i e s .

e . g .  S o d i u m  d o d e c y l  s u l p h a te  (SDS) 

1CHs (CH2) , , S 04  ■■ N a
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2. C a t io n ic  H e r e ,  th e  c a t i o n  is  th e  s u r f a c e  a c t iv e  s p e c i e s ,  

e . g .  C e ty l  t r i m e t h y l  a m m o n i u m  b r o m i d e  (C e tav lon )

CH j (CHz) (CH3)3 B r "

3. A m p h o ly t i c  T h e s e  c a n  b e h a v e  a s  e i t h e r  a n io n i c ,

c a t i o n i c  o r  non  io n ic  a c c o r d i n g  to  the  pH of  th e  so lu t io n ,

e . g .  N - d o d e c y l - N : N - d i m e t h y l  b e t a in e .

Z w i t t e r i o n i c  f o r m  i s :  CHg COO~

4. N on  ion ic  T h e  p o l a r  g r o u p s  of t h i s  ty p é  a r e  u s u a l l y

h y d r o x y l  g r o u p s  o r  a  p o ly o x y e th y le n e  c h a in .

e . g .  L u b r o l  L.

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

a s  a  r e s u l t  of th e  l a r g e  i n t e r f a c i a l  e n e r g y  b e tw e e n  the  a p o l a r  g r o u p s  

a n d  the  w a t e r  m o l e c u l e s .  P r o g r e s s i v e  a d d i t i o n  of the  m o n o m e r  to  

w a t e r  i n c r e a s e s  the  t o t a l  f r e e  e n e r g y  of  th e  s y s t e m .  T h e  f o r m a t i o n ,  

of m i c e l l e s  is  a  d i r e c t  r e s u l t  of t h i s  i n c r e a s e  in f r e e  e n e r g y  a n d  

d e c r e a s e  in  e n t r o p y ,  c o n c o m i t a n t  w i th  the  d i s s o lv in g  of  the  

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

i n c r e a s e  in  th e  e n t r o p y  of th e  s y s t e m .  M ic e l le  f o r m a t i o n  o c c u r s

-211



w h e n  no f u r t h e r  f r e e  e n e r g y  m a y  be d i s s i p a t e d  s i m p l y  by

a d s o r p t i o n  of the  d e t e r g e n t  m o l e c u l e s  a t  the  s o l u t i o n / a i r  

i n t e r f a c e  o r  b y  d i m é r i s a t i o n  of  th e  d e t e r g e n t  m o l e c u l e s .

T he  c o n c e n t r a t i o n  a t  w h ich  t h i s  o c c u r s  is  the  c r i t i c a l  

m i c e l l e  c o n c e n t r a t i o n  (CMC),  A c c u r a t e  e x p e r i m e n t a l  w o r k  

sh o w s  t h a t  t h i s  is  no t  a s i n g l e  s h a r p  c o n c e n t r a t i o n ,  bu t  

r a t h e r ,  a  n a r r o w  r a n g e .  T he  CMC m a y  be d e t e r m i n e d  by  

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

to  w h e t h e r  the  s o lu t e  is m o n o m e r i c  o r  a g g r e g a t e d .

( F o r  r e v i e w ,  s e e  Sh ino d a  e t .  a l .  1963).  M e a s u r e m e n t s  of 

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

m a y  p r o v i d e  i n f o r m a t i o n  in  a d d i t i o n  to  th e  C M C , on  the  s i z e ,  

s h a p e  a n d  s o l v a t i o n  of m i c e l l e s .  T he  w o r k  of F k w a l l  (1963) 

i n d i c a t e s  t h a t  a t  c o n c e n t r a t i o n s  i m m e d i a t e l y  abo v e  th e  C M C ,  

f o r  io n ic  p a r a f f i n  c h a i n  s u r f a c t a n t s ,  t h e  m i c e l l e s  w h ic h  f o r m  

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

p l a t e  - l i k e  m i c e l l e s  a p p e a r  in  th e  s y s t e m .

The  d e g r e e  of  s o l u b i l i s a t i o n  of  a  s o l u b i l i s a t e  

b y  a  d e t e r g e n t  is a f f e c t e d  b y  t e m p e r a t u r e ,  by  a d d i t i o n  of

-212-



e l e c t r o l y t e s  a n d  c e r t a i n  non  e l e c t r o l y t e s ,  a s  w e l l  a s  by  

th e  n a t u r e  of t h e  s o l u b i l i s a t e  a n d  th e  s u r f a c t a n t .  T he  m o s t  

i m p o r t a n t  f a c t o r  a f f e c t in g  s o l u b i l i s a t i o n  of a  s o l u b i l i s a t e  is  the  

r e l a t i v e  p o l a r i t i e s  of  the  s u r f a c t a n t  a n d  th e  s o l u b i l i s a t e .  It 

i s  c o n v e n i e n t  to  a s s i g n  to  d e t e r g e n t s  a  v a lu e  know n a s  the  

h y d r o p h i l e - l ip o p h i l e  b a l a n c e  (HLB) w h ich  g iv e s  a n  i n d i c a t i o n  

of the  h y d r o p h i l i c i t y  ( s e e  pp. 2-l-T.fï£4^).Values  f r o m  0 to  20 

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

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

a  l a r g e  h y d r o c a r b o n  to  h y d r o p h i l e  r a t i o .

- 2 1 3 -
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D i s t r i b u t o r s  o f  s u r f a c e  a c t i v e  a g e n t s  e m p l o y e d  In t h i s  s u r v e y .

D e t e r g e n t D i s t r i b u t o r D e t e r g e n t D i s t r i b u t o r

B r i j  35 H. L u b r o l  E I. c . i ;
B r i j  58 H. L u b r o l  L I . e .  I.
B r i j  96 H. L u b r o l  P F I . e .  I.
B r i j  98 H. L u b r o l  W I . e .  I.
C a l s o l e n e  Oil I . e .  I. M an o xo l  OT B.
C e ta v lo n N o n id e t  P 4 2 B.
C i t h r o l  A C. P o l y c h o l  15 c.
C r i l l e t  1 c. R e n e x  698 ■ H.
C r i l l e t  4 c. 8DBS L.
D e c o n  75 M. SDS K.
D ig i to n in S. T e r g i t o l  7 B.
D i s p e r s o l  V LX I . e .  I. T e r g i t o l  A n io n ic  08 B.
F i x a n o l  VR I . e .  I. T r i t o n  X - 1 0 0 B.
G711 H. T w e e n  20 H.
L i s s a p o l  LS p o w d e r I . e .  I. T w e e n  80 H.
L i s s a p o l  N X P I.e. I. Vantoc  A L I.e. I.
L u b r o l  A L  18 I . e .  I. Volpo N - 1 0 C.

K e y

B: B r i t i s h  D ru g  H o u s e s  L td .  , M a c f a r l a n e  R o b s o n  L td .  ,
B u r n f i e l d  A v e n u e , T h o r n l i e b a n k ,  G l a s g o w  S. 3.

C: C r o d a  L td .  , C o w ic k  H a l l ,  S n a i th ,  G o o le ,  Y o r k s .

H: Hone  y w i l l  A t l a s  L td .  , Hone  y w i l l  a n d  S t e in  L td .  ,
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