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s t r a t e  Analogues on the Fate of  the A c t i v e  Oxygen Species 
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The 4 -methoxybenzoa te  monooxygenase from P. p u t i d a  i n v e s t i g a -  
ted here is  an enzyme system c o n s i s t i n g  of  two con juga ted  i r o n -  
s u l f u r  p r o t e i n s  i . e .  the o l i g o m e r i c  oxygenase (EPR at  g = 1.88)  
named pu t i damonoox in  (PMO) which needs i r o n  ions as c o f a c t o r  
(EPR at g = 4 .29)  f o r  i t s  enzymat ic  a c t i v i t y  and the NADH-PMO 
o x i d o r e d u c t a s e  (EPR at  g ~ 1.95)  w i t h  FMN as an a d d i t i o n a l  p ro -  
s t h e t i c  g r o u p I I , 2  ) .  From k i n e t i c ,  M~ssbauer and EPR s t u d i e s  i t  
was conc luded t h a t  the reduced c o f a c t o r - i r o n  of  PMO f u n c t i o n s  
as the d ioxygen  b i n d i n g  s i t e .  Dioxygen a c t i v a t i o n  then is  
ach ieved  by the uptake of  one e l e c t r o n  from a reduced 2Fe-2S 
c e n t r e  of  PMO by the enzyme-bound i r o n - o x y c o m p l e x  (Fe02)2+ 
y i e l d i n g  the i r o n - p e r o x o c o m p l e x  (Fe02) +. I t  has been suggested 
from former  f i n d i n g s  t h a t  (Fe02) + i n i t i a t e s  the o x y g e n a t i o n  of  
the s u b s t r a t e  or forms H~O 2 when i n a c t i v a t e d  by p r o t o n a t i o n  under 
u n c o u p l i n g  c o n d i t i o n s  13J. To c o n f i r m  t h i s  c o n c l u s i o n  we i n -  
v e s t i g a t e d  the i n f l u e n c e  of  u n c o u p l i n g ,  p a r t i a l  u n c o u p l i n g  and 
t i g h t  c o u p l i n g  s u b s t r a t e s  on the f a t e  of  the a c t i v e  oxygen 
spec ies .  Measur ing the s t o i c h i o m e t r y  f o r  NADH-ox ida t i on ,  02- 
up take ,  H202 - fo rma t i on  and the f o r m a t i o n  of  h y d r o x y l a t e d  p ro -  
ducts  at  pH 8.0 us ing  4 - h y d r o x y b e n z o a t e  (4 -HB) ,  4 -aminobenzoate  
(4-AB) and 4 -methoxybenzoa te  (4-MOB) as s u b s t r a t e s  the f o l l o w i n g  
r a t i o s  of  a c t i v i t i e s  were de te rm ined :  

4-HB 4-AB 4-MOB 

NADH-ox ida t ion  I : 2.44 : 2.79 
02-up take  I : 2.31 : 2.54 
H202 - fo rma t i on  I : 1.76 : 0 
h y d r o x y l a t e d  p r o d u c t / N A D H - o x i d a t i o n  0.48 0.055 I 

From these f i n d i n g s  in  c o n j u c t i o n  w i t h  the s o l v e n t  i s o t o p e  e f f -  
ec t  on the e l e c t r o n  f l ow  which is  found o n l y  w i t h  4 - t r i f l u o r o -  
me thy lbenzoa te  as u n c o u p l i n g  s u b s t r a t e  13] the f o l l o w i n g  con- 
c l u s i o n s  are drawn: ( i )  The ra te  l i m i t i n g  s tep in the o v e r a l l  
h y d r o x y l a t i o n  r e a c t i o n  c a t a l y z e d  by the 4 -methoxybenzoa te  mono- 
oxygenase is  the a t t a c k  of  a CH-bond by the a c t i v e  oxygen spe- 
c ies  or i t s  i n a c t i v a t i o n  by p r o t o n a t i o n  under  f o r m a t i o n  of  H202. 
( i i )  By u n c o u p l i n g  or p a r t i a l  u n c o u p l i n g  s u b s t r a t e  ana logues the 
l i f e  t ime of  the t e r n a r y  complex " e n z y m e . i r o n - p e r o x o c o m p l e x - s u b -  
s t r a t e "  i s  n o r m a l l y  p ro longed  except  t h a t  w i t h  these s u b s t r a t e  
ana logues ( i . e .  4-AB) the i n a c t i v a t i o n  of  the a c t i v e o x y g e n  spe- 
c ies  by p r o t o n a t i o n  is  med ia ted .  
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