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The Effect of Sulphydryl Agents on the Ioxynil- 
Inhibited Cyclic Photophosphorylation in 

Chloroplasts of Vicia faba L. 

The  role of s u l p h y d r y l  groups  as func t iona l  p a r t s  of 
e n z y m e  sys tems  is well  k n o w n  f rom s tudies  of t he  inh ib i -  
t i on  of enzymic  r eac t ions  b y  h e a v y  m e t a l  de r i va t i ve s  a n d  
b y  m a n y  o rgano -ha logen  c o m p o u n d s  1,2. I n  severa l  in-  
s t ances  i t  has  been  possible  to  reverse  th i s  inh ib i t ion ,  in  
full  or  in  pa r t ,  b y  t he  use of non- tox ic  s u l p h y d r y l  agen t s  
such  as cys te ine  a n d  g lu t a th ione .  Such  agen t s  offer a 
means  of e n z y m e  p r o t e c t i o n  b y  b ind ing  t he  i n h i b i t o r  
t h r o u g h  t he  i n t e r a c t i o n  of t h e i r  s u l p h y d r y l  groups,  t h u s  
l eav ing  t he  e n z y m e  si tes in tac t .  I t  has  been  s h o w n  t h a t  
t he  he rb ic ide  ioxyni l  (4-hydroxy-3 ,  5-di iodobenzoni t r i le)  
i nh ib i t s  t he  f o r m a t i o n  of A T P  dur ing  cyclic p h o t o p h o s -  
p h o r y l a t i o n  in  ch lo rop las t s  of Vicia ]aba L., w h e n  t h e  
(eact ion is ca t a lysed  b y  p h e n a z i n e  m e t h o s u l p h a t e  
rPMS)  3,4. The  f i rs t  r e p o r t  of a n  enzyme  con ta in ing  a 
s u l p h y d r y l  g roup  i n v o l v e d  in  cyclic p h o t o p h o s p h o r y l a -  
t ion,  resu l ted  f rom e x p e r i m e n t s  w i t h  p -ch lo romercur i -  
b e n z o a t e  (PCMB) 5. I t  was  found  t h a t  t he  i n h i b i t i o n  of 
cyclic p h o t o p h o s p h o r y l a t i o n  b y  PCMB could be reversed  
if t he  r eac t ion  m i x t u r e  was i n c u b a t e d  w i t h  10 -3M g lu ta -  
th ione .  S imi lar  e x p e r i m e n t s  h a v e  been  car r ied  ou t  in  th i s  
l a b o r a t o r y  w i t h  t he  he rb ic ide  ioxynil .  The  resul t s  of these  
e x p e r i m e n t s  are s h o w n  in  t h e  Figure .  

The  r eac t ion  m i x t u r e  c o n t a i n e d  the  fol lowing compo-  
n e n t s :  Tris-HC1 buffer ,  p H  7.5, 40 # moles ;  MgC12 2 # 
moles ;  KHaPO~-K~HPO 4, p H  7.5, 0.75 # moles  (conta in-  
ing a p p r o x i m a t e l y  1/~ curie  of P ~ ) ;  A D P  1/~ mole;  PMS,  
0.1/~ mole ;  ch lo rop las t  f r a g m e n t s  con ta in ing  25/~g chloro-  
phyl l .  I oxyn i l  was  added  as required .  T he  f inal  vo lume  
was 1.5 ml.  

The  t u b e s  were i l l um i na t ed  b y  a 500 W b u l b  and  incor-  
p o r a t i n g  a w a t e r  f i l ter  to  e l imina te  overhea t ing .  The  reac- 
t i on  was  t e r m i n a t e d  b y  t h e  a d d i t i o n  of 0.3 ml  of t r i ch lo r -  
acet ic  acid (25% in  0 . 0 5 M  p h o s p h a t e  buffer)  a f t e r  a n  
i l l umina t i on  per iod  of 15 min.  The  r ad ioac t ive  A T P  in 
t he  r eac t ion  m i x t u r e  was m e a s u r e d  fol lowing t he  precipi-  
t a t i o n  of the  excess inorgan ic  p h o s p h a t e  b y  magnes i a  
m i x t u r e  (NH4C1-NH4Ot-I-MgC1 ~, 2 :1 :2 ) :  I t  can  be seen 
t h a t  in  t he  presence  of 5 �9 1 0 - 6 M  ioxynil ,  cys te ine  lowers 

t he  i n h i b i t i o n  of cyclic p h o t o p h o s p h o r y l a t i o n  b y  30%, 
whi le  a lowering of 40 % is obse rved  w i t h  g lu t a th ione .  The  
cys te ine  cu rve  closely paral le ls  t he  con t ro l  curve  ove r  the  
whole  r ange  of ioxyni l  concen t ra t ions ,  whereas  a s h a r p  
d ip  in t he  g lu t a th ioue  cu rve  is obse rved  a t  ioxyni l  con- 
c e n t r a t i o n s  g rea t e r  t h a n  5 .  10-5M.  No clear  e x p l a n a t i o n  
can  be  g iven  for  th i s  o b s e r v a t i o n  a t  p resen t ,  b u t  i t  is 
l ikely t h a t  m u c h  h igher  g l u t a t h i o n e  c o n c e n t r a t i o n s  are 
r equ i red  to o b t a i n  relief of i n h i b i t i o n  over  t he  whole  
r ange  of ioxyni l  concen t ra t ions .  

The  fol lowing e x p l a n a t i o n  of a possible  m e c h a n i s m  in- 
vo lved  in t he  i n t e r a c t i o n  of ioxyni l  w i t h  su lphydry l s  is 
based  on  prev ious  chemica l  ev idence  for  the  pho to lys i s  
of i odo -a roma t i c  c o m p o u n d s  6 a n d  in  p a r t i c u l a r  i oxyn i lL  
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This  r eac t ion  m a y  be r epea t ed  a second t ime  w i th  
a n o t h e r  mole of t h e  s u l p h y d r y l  agent .  The  mode  of ac t ion  
of ioxyn i l  appea r s  to  be  complex,  b u t  two possibi l i t ies  
arise on  the  a s s u m p t i o n  of t he  gene ra t i on  of t h e  free 
rad ica l  (A). I n  t he  f i rs t  case, t he  free rad ica l  (A) could 
r eac t  w i t h  the  s u l p h y d r y l  groups  of the  enzymes  i n v o l v e d  
in cyclic p h o t o p h o s p h o r y l a t i o n ;  a n d  secondly,  t h e  free 
rad ica l  could r e a c t  w i t h  t he  e lec t rons  gene ra t ed  du r ing  
t he  pho to lys i s  of w a t e r  in  pho tosyn thes i s .  I n  t he  second 
case, t h e  free rad ica l  could ac t  as a n  e lec t ron  sink. These  
processes  ac t ing  t o g e t h e r  m a y  be respons ib le  for t he  ob- 
se rved  inh ib i t i on  of N A D P H  a n d  A T P  f o r m a t i o n  du r ing  
photosynthes is~,% However ,  such  a m e c h a n i s m  r ema ins  a 
specu la t ion  un t i l  ev idence  is p re sen ted  of t he  ex is tence  
of an  ioxyni l - f ree  rad ica l  in  v ivo  du r ing  p h o t o s y n t h e s i s  s. 

Zusammen/assung. Es  wurde  die Rol le  v o n  Cys te in  und  
G l u t a t h i o n  als S c h u t z m i t t e l  ftir E n z y m - S u l f h y d r y l -  
g r u p p e n  s tud ie r t .  Zykl ische  P h o t o p h o s p h o r y l i e r u n g ,  
d u r c h  P M S  ka t a ly s i e r t  u n d  d u r c h  He rb i z id  Ioxyn i l  ge- 
h e m m t ,  k a n n  d u r c h  Zugabe  yon  10 /~M Cyste in  oder  
G l u t a t h i o n  wieder  tei lweise bis  s tgnd ig  he rges te l l t  werden.  
Es  wi rd  eine H y p o t h e s e  aufgeste l l t ,  w o n a c h  der  H e m -  
m u n g s m e c h a n i s m u s  auf  e iner  R a d i k a l - R e a k t i o n  beruhe .  
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Comparison of cysteine and glutathione as sulphydryl  proteetants 
of cyclic photophosphorylat ion catalyscd by PMS, o - - e  = no 
sulphydryl  proteetant;  o - - o  = cysteine (10# moles); x - - x  = gluta- 

thione (10/~ moles). 
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