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ON T H E  RELATION B E T W E E N  SIZE AND PHOTOCHEMICAL ACTIVITY 

OF FRAGMENTS OF SPINACH GRANA 

b y  

J.  B. THOMAS*,  O. H. B L A A U W ,  AND L. N. M. D U Y S E N S *  

Biophysical Research Group Utrecht-Delft under the direction o[ A. J.  Kluyver, Del[l, 
and J. M.  W. Milatz, Utrecht (Netherlands) 

G r a n a  f r agmen t s  were p repa red  by  supersonic  d i s in t eg ra t i on  of a g r ana  suspension and by 
s u b s e q u e n t  f rac t iona l  cen t r i fuga t ion .  The pho tochemica l  a c t i v i t y  was  s tud ied  in the  HILL reac t ion  
us ing  qu inone  as a hyd rogen  acceptor .  The  a c t i v i t y  of these  suspensions  was expressed  as a percen tage  
of t h a t  of a non -v ib r a t e d  control .  

I n  order  to  de te rmine  the  pa r t i c le  size, e l ec t ron-micrographs  were t a k e n ;  the  d i a m e t e r  of all  
pa r t i c l e s  occur r ing  in a squa re /~  was  measured  a t  a magn i f i ca t ion  of 32,500. 

The r e l i ab i l i t y  of these  m e thods  was  checked b y  var ious  i n fo rma t ive  exper iments .  
A p ronounced  a c t i v i t y  decrease was  found to  occur on d imin i sh ing  the  par t ic le  size below 

lO 6 A 3. A s s u m i n g  w i t h  RABINOWlTCH 1 t h a t  the  ch lorophyl l  concen t ra t ion  in the  g rana  a m o u n t s  to  
o .o6-o.2 M, i t  was c o m p u t e d  t h a t  a par t ic le  of th i s  c r i t ica l  size con ta ins  4 ° to  12o ch lorophyl l  mole- 
cules. The  i n a c t i v a t i o n  of the  par t i c les  by  reduc t ion  of the i r  size below the  cr i t ica l  vo lume  p roved  
to  p roceed  g radua l ly .  The  a c t i v i t y  was  t o t a l l y  lost  in par t i c les  of a vo lume  of a b o u t  2- IO ~ A 3. 

The  resu l t s  ob t a ined  can  be exp la ined  b y  a s suming  t h a t  one molecule  of a p h o t o s y n t h e t i c a l l y  
ac t ive  e n z y m e  occurs  per  a b o u t  ioo  ch lo rophy l l  molecules.  In  f lashing l igh t  e x p e r i m e n t s  w i t h  i n t a c t  
Chlorella cells, CLENDENNING and  EHRMANTRAUT 2 showed t h a t  the  per iod  needed  for t he  comple t ion  
of the  d a r k  r eac t ion  is the  same for the  reduc t ion  of ca rbon  dioxide  as well  as of quinone.  F r o m  these 
d a t a  t h e y  concluded  tha t ,  mos t  l ikely,  the  same enzyme  pa r t i c i pa t e s  in b o t h  processes.  This  sugges ts  
t h a t  we m a y  be correc t  in a s suming  t h a t  the  r a t e - l im i t i ng  enzyme  in the  f lashing l igh t  expe r i men t s  
of EMERSON AND ARNOLD 3 is iden t i ca l  w i t h  the  enzyme  occurr ing  per  IOO ch lorophyl l  molecules  
as i t  was  concluded  from our  exper iments .  This  means  t h a t  th i s  enzyme  is not  d i r ec t ly  invo lved  
in ca rbon  d iox ide  reduct ion.  

EMERSON AND A R N O L D  z d e m o n s t r a t e d  t h a t  2500 ch lo rophy l l  molecules  are  p resen t  per  one 
ca rbon  d iox ide  molecule  reduced  per  f lash a t  s a tu ra t i on .  I f  we assume t h a t  the  above -men t ioned  
l i m i t i n g  enzyme  is able  to  a l low the  r educ t ion  of one ca rbon  d iox ide  molecule  du r ing  i ts  work ing  
period,  i t  follows t h a t  th is  enzyme  occurs in a concen t r a t ion  1/25oo of t h a t  of chlorophyl l .  

I f  we fu r t he rmore  a s sume  t h a t  the  ca rbon  d ioxide  reduc t ion  as measured  by  EMERSON AND 
ARNOLD 3 is a t e n - q u a n t a  react ion,  wh i l s t  the b lock ing  of the  above  enzyme  requires  the  absorp t ion  
of n quan t a ,  the  n u m b e r  (N) of ch lorophyl l  molecules  p resen t  per  one enzyme  molecule  a m o u n t s  to:  

N = n1io.25oo 
Since, in our  exper imen t s ,  N p roved  to  a m o u n t  to  a b o u t  ioo, n can be ca lcu la ted  to  be a b o u t  ~ .  

However ,  since the  q u a n t i t i e  s used for the  c o m p u t a t i o n  of n are  on ly  app rox ima t ions ,  we m a y  
mere ly  sugges t  t h a t  the  v a l u e ' o f  n is of the  order  of m a g n i t u d e  of un i ty .  This  would  m e a n  t h a t  the  
process  in  which  the  m e n t i o n e d  enzyme  ac ts  in p h o t o s y n t h e s i s  is the  resu l t  of a o n e - q u a n t u m  
react ion.  

F o r m a l l y  we m a y  cal l  a c o m b i n a t i o n  of one e n z y m e  molecule  w i t h  a n u m b e r  of ch lo rophy l l  
molecules,  in some w a y  re la ted  to  th i s  enzyme,  a p h o t o s y n t h e t i c  uni t .  I n  th i s  m a n n e r  even FRANCKS '1 
concept ion  agrees  w i t h  th i s  un i t  defini t ion.  However ,  since the re  is as ye t  no def ini te  evidence  e i ther  
of some s t ruc tu r e  or of the  w a y  in which  the  ch lo rophy l l  molecules  cor respond w i t h  an  ac t ive  centre,  
we prefer  to  ref ra in  f rom the  use of the  t e r m  " u n i t " .  

A de ta i led  r epor t  of th i s  s t u d y  will  be pub l i shed  in a fo r thcoming  issue. 
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* This  i n v e s t i g a t i o n  has  been m a d e  possible  by  a g r a n t  of the  N e t h e r l a n d s  Organ i sa t ion  for 
Pure  Resea rch  (Z.W.O.). 


