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INVESTIGATION OF THE SUBSTRATE-BINDING SITE OF ALDEHYDE OXIDASE 

C. S t u b l e y  and J.G.P. S t e l l ,  U n i v e r s i t y  of B r a d t o r d ,  Department  o f  Pha rmaceu t i ca l  
Chemistry,  Brad fo rd ,  BD7 lDP, West Y o r k s h i r e .  

The l i v e r  c y t o s o l  enzyme, a ldehyde  o x i d a s e ,  p l a y s  an  i m p o r t a n t  r o l e  i n  t h e  
o x i d a t i o n  of a number of d r u g s .  P r e v i o u s  work h a s  shown t h a t  t h i s  h e p a t i c  enzyme 
i s  v e r y  a c t i v e  i n  v i t r o  towards v a r i o u s  u n s u b s t i t u t e d  a z a n a p h t h a l e n e s  (S tub ley  
1979a) .  The p r e s e n t  s t u d y  d e s c r i b e s  t h e  e f f e c t s  o f  s u b s t i t u t i o n  on t h e s e  h e t e r o -  
c y c l e s  w i t h  a view t o  e x t e n d i n g  e x i s t i n g  knowledge of t h e  s u b s t r a t e - b i n d i n g  s i t e .  

The r a t e s  of o x i d a t i o n  o f  t h e  compounds were f o l l o w e d  by m o n i t o r i n g  s p e c t r o p h o t o -  
m e t r i c a l l y  t h e  r e d u c t i o n  o f  p o t a s s i u m  f e r r i c y a n i d e  which o c c u r s  subsequen t  t o  t h e  
r e d u c t i o n  of t h e  enzyme by s u b s t r a t e .  Km v a l u e s  were  de t e rmined  u s i n g  e i t h e r  
c r u d e  f r a c t i o n s  o f  enzyme f r e e  from cytochrome c o r  h i g h l y  p u r i f i e d  enzyme 
f r a c t i o n s  p r e p a r e d  by g e l  chromatography.  

Tab le  1 Compounds T e s t e d  as S u b s t r a t e s  o f  Aldehyde Oxidase 

S u b s t r a t e  Km (mol. l i t r e  ) 
-3 Q u i n o l i n e  3 x P y r i d i n e  - 

3-Me t h y l q u i n o l i n e  5 x P y r a z i n e  - 
1 s oqu ino  1 i n e  1 .96  x P y r i m i d i n e  * 
3-Me t h y  l i s o q u i n o  l i n e  2.47 x lod6 P y r a d a z i n e  
Phenan t h r i  dine.'. < 10 5,6-Benzoquinol ine - 

N O  (-) o r  l i t t l e  (*) a c t i v i t y  -1 

- 

8-Me t h y  l q u i n o l  i n e  * 7,8-Benzoquinol ine - 

kKm de te rmined  by f o l l o w i n g  r e d u c t i o n  of s u b s t r a t e  a t  322 nm. 

The i d e n t i t y  of each  o x i d a t i o n  p r o d u c t  was confirmed a s  p r e v i o u s l y  d e s c r i b e d  
( S t u b l e y ,  1979b) .  I n  each  c a s e  o x i d a t i o n  o c c u r r e d  a d j a c e n t  t o  a h e t e r o c y c l i c  
n i t r o g e n  atom. 

P y r i d i n e  is  n o t  a s u b s t r a t e  f o r  a ldehyde ox idase .  However when a s u b s t i t u e n t  
l i p o p h i l i c  group i s  p r e s e n t  i n  t h e  molecu le  a s  i n  t h e  c a s e  of 2,3- and 3,4-benzo- 
p y r i d i n e  ( i . e .  q u i n o l i n e  and i s o q u i n o l i n e  r e s p e c t i v e l y )  good s u b s t r a t e s  a r e  
produced.  T h i s  i s  a l s o  t h e  c a s e  w i t h  t h e  d i a z i n e s ;  p y r a z i n e ,  py r imid ine  and 
p y r i d a z i n e  a r e  v e r y  i n e f f i c i e n t  s u b s t r a t e s  whereas  t h e  c o r r e s p o n d i n g  b e n z o d i a z i n e s  
a r e  r a p i d l y  o x i d i s e d  by a ldehyde  o x i d a s e  (S tub ley  1979a) .  T h e r e f o r e  i t  would 
a p p e a r  t h a t  a n  i n c r e a s e  i n  t h e  l i p o p h i l i c  c h a r a c t e r  o f  t1.e molecu le  produces an 
e f f i c i e n t  s u b s t r a t e  and t h e  optimum d i s t a n c e  from t h e  ca rbon  undergoing nuc leo -  
p h i l i c  a t t a c k  t o  t h e  edge o f  t h e  l i p o p h i l i c  a r e a  i s  w i t h i n  14-2 times t h e  w i d t h  of  
a benzene r i n g .  
i n  b o t h  c a s e s  t h e  s i z e  o f  t h e  l i p o p h i l i c  a r e a  i s  g r e a t e r  t h a n  t h e  above optimum 
d i s t a n c e .  By c o n t r a s t  2 ,3 ,4 ,5 -benzopyr id ine  ( p h e n a n t h r i d i n e )  w a s  found t o  b e  t h e  
most a c t i v e  s u b s t r a t e  y e t  examined. Although i t  h a s  s i m i l a r  l i p o p h i l i c  c h a r a c t e r  
t o  t h e  benzoqu ino l ines  above,  t h e  2 benzene r i n g s  a r e  on e i t h e r  s i d e  o f  a h e t e r o -  
c y c l i c  r i n g  and t h u s  t h e  geometry of t h e  molecu le  i s  s u c h  t h a t  t h e  d i s t a n c e  
between t h e  a-carbon and t h e  a r o m a t i c  r i n g  does n o t  exceed t h a t  i n  e i t h e r  
q u i n o l i n e  o r  i s o q u i n o l i n e .  

I n  c o n c l u s i o n  t h e r e  a r e  p robab ly  two i m p o r t a n t  f a c t o r s  i n f l u e n c i n g  t h e  a c t i v i t y  of 
t h i s  enzyme towards s u b s t r a t e s ;  e l e c t r o n i c  f a c t o r s  which de te rmine  whether  t h e  
molecu le  i s  s u s c e p t i b l e  towards  n u c l e o p h i l i c  a t t a c k  and a l s o  t h e  l i p o p h i l i c  
c h a r a c t e r  of t h e  compound which f a c i l i t a t e s  b i n d i n g  t o  t h e  enzyme. These l i p o -  
p h i l i c  r e g i o n s  may b e  i m p o r t a n t  i n  t h e  b i n d i n g  of t h e  p h e n o l i c  o e s t r o g e n s ,  o e s t r a -  
d i o l  and d i e t h y l s t i l b o e s t r o l  b o t h  o f  which a r e  v e r y  p o t e n t  i n h i b i t o r s  of t h e  human 
l i v e r  enzyme ( Johns  1967) .  
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Thus n e i t h e r  5 ,6 -  n o r  7 ,8 -benzoqu ino l ine  b i n d  t o  t h e  enzyme and 


