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Competitive inhibition of adenosine deaminase by purine and pyrimidine 
bases 

The factors underlying the specificity of the binding of bases, ribosldes, nbotzdes 
and base-containing coenzymes to enzyme proteins, as well as related chemical 
mechanisms are still largely unknown One approach to this problem is through the 
s tudy of enzymes which use simple purine and pyrimidme derivatives as substrates 1 
For this s tudy we have used adenosine deammase (adenosine aminohydrolase, EC 
3-5 4-4) from calf intestinal mucosa Adenosine, 2,6-dlamlnopurme and 6-chloropurine 
rlbosides are substrates for the enzyme2, a The natural  ribosldes moslne, guanoslne, 
xanthosine and cytmdlne do not inhibit the enzyme activity,  whde purine and 6-methyl- 
ammopurme rlbosldes are mhabltors a. 

A s tudy of the inhibitory action of the purlne and pyrlmldine bases on adenosine 
deaminase act ivi ty  is reported m this paper The direct utilization of the bases rather 
than the rlbosides, allows one to compare the Ki  values of the bases whose nbosldes 
are enzyme substrates, with those of the bases whose nbosldes are competitive lnhl- 
bitors. Furthermore, it  seems to be easier to correlate the degree of lnhabltlon of the 
various bases with thelr chemical structure. 

Adenosine deammase has been purified according to the method of BRADY AND 
O'CONNELL 4 The enzyme act ivi ty was measured spectrophotometrmally 5 in o_05 M 
phosphate buffer at pH 7 and 2o°. The K~ values have been calculated from Lineweaver-  
Burk and from Dixon plots. For the nonlnhibltory compounds, the lower boundary 
of the K~ values is reported 

In Table I the K, values of a series of bases and the corresponding ribosldes are 
reported The bases of the rlbomdes which are enzyme substrates or competit ive 
mhlbitors are competlhve lnhlbitors. The lack of the rlbose moiety greatly decreases 

T A B L E  I 

KINETIC CONSTANTS FOR SLIBSTRATES AND INHIBITORS OF ADENOSINE DEAMINASE 

Rzbos~des K~ or Km Bases K ,  
X ro  5 X I0 t 
(M) (M) 

A d e n o s m e  4 (Km) A d e m n e  2 8 
, - A m m o a d e n o s m e  2 (Km) 2 - A m m o a d e n m e  i 7 
6 - C h l o r o p u r l n e  r l b o m d e  64 (Km)* 6 - C h l o r o p u r m e  13 o 
N 6 - M e t h y l a d e n o s m e  o 5 N 6 - M e t h y l a d e  n m e  3 7 
P u r i n e  n b o s i d e  o 7 P u r l n e  9 o 

2 - A m m o p u r m e  3 2 
2 - M e t h y l a d e n l n e  I 5 
2 - H y d r o x y a d e m n e  z 4 

I n o s m e  > 3 ° H y p o x a n t h m e  > 30 
G u a n o s m e  > 3 ° G u a m n e  > 3 ° 
X a n t h o s m e  > 3 ° X a n t h m e  > 3 ° 
6 - M e r c a p t o p u r m e  n b o m d e  > 3  ° 6 - M e r c a p t o p u r m e  > 3  ° 

2 - A m m o - 6 - m e r c a p t o p u r m e  > 3o 
2 - H y d r o x y - 6 - m e r c a p t o p u r m e  > 3  ° 

* F r o m  r e f  6 
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the  affinity for the  enzyme,  however  the  bases show a measurable  inh ib i to ry  effect 
Hypoxan th lne ,  guanine,  and  xanthlne ,  whose corresponding r ibosldes do not  inhibi t  
the  enzyme act iv i ty ,  are not  Inhlbl tors  (K, over 30- IO 4 M) I t  appears  tha t  adenosine 
deammase  has different affinities for the  bases tes ted ,  however it  does not  appear  t ha t  
an amino group at  the  6-posit ion of the  purlne nucleus is necessary for the  b inding  at  
the  act ive site, since purxne, 2 -ammopur lne  and 6-chloropurine are re la t ive ly  good 
lnhlbl tors  The  subs t i tu t ion  of the  hydrogen  a tom in the  2-posit ion of adenine with  an 
amino, h y d r o x y l  or me thy l  group leads to a decrease of the  K ,  values wi th  respect  to 
tha t  of adenine.  

The mechanlsrn whereby  the enzyme discr iminates  between the  classes of 
inh ib i to ry  compounds  and nonmhlb l to ry  compounds  IS not  Immedia te ly  appa ren t  
However  a s t r ik ing s t ruc tura l  d ivers i ty  exists  between the bases which are mhib l to rs  
and  the  compounds  which have K,  values over 3o" lO -4 M_ All inhib i tor  compounds  
bear  a double bond  between N- I  and  C-6 a toms of the  pur ine  nucleus, while in aqueous 
solut ion hypoxan th ine  and 6 -mercap topurme  are most  p reva len t  in the  t au tomer lc  
keto  and thlone form, respectivelyT, s ; fur thermore,  the  most  basic  ni t rogen is N- I  for 
the  inhlbi tors  and  N-7 for the  other  compoundsT, 9 As Table I I  shows, there  IS a corre- 

T A B L E  I I  

BASICITY OF ADENOSINE DEAMINASE INHIBITORS 

Bases K~ x lO 4 plXa* Pos~tzon 
(AI)  of  the most 

baszc nztrogen ° 

2 - M e t h y l a d e n m e  i 5 5 I** N - I  
2 - A m m o a d e m n e  I 7 5 I N - I  
2 - H y d r o x y a d e m n e  2 4 4 5 N - I  
A d e n i n e  2 8 4 2 N - I  
2 - A m m o p u r m e  3 2 3 8 N - I  
P u r m e  9 o 2 4 N - I  
6 - C h l o r o p u r m e  13 o < 2  o N - I  
H y p o x a n t h m e  > 3  ° 2 o N-  7 
G u a n i n e  > 3  ° 3 3 N-7  
X a n t h m e  > 3 ° o 8 N-  7 
6 - M e r c a p t o p u r m e  > 3 ° < 2 5 N-7  
2 - A r n m o - 6 - m e r c a p t o p u r m e  > 3  ° N-  7 

" F r o m  r e f s  7 IO 

"" p K a  v a l u e  of  2 m e t h y l - 6 - m e t h y l a m l n o p u r m e  

latxon be tween the bas ic l ty  of the  N- I  and the  K ,  values,  independen t  of the  na tu re  of 
the  subs t l tuent .  The purme compounds  in which the most  basic ni t rogen is N- 7 show 
Kz values higher than  3o IO 4 M 

The presence of a me thy l  group or a m e t h y l a t e d  subs t l tuen t  in the  6-posi t ion 
leads to noninhibatory  compounds :  6-methyl- ,  6-methoxy- ,  6 -methyl th lo-  6-dl- 
methy laminopur lne ,  which have a pK= of 2 6, 2.2, o and 3-9, respect ively  1°, exhib i t  
inhibi t ion  constants  higher  than  3 ° .  Io  -4 M We th ink  t ha t  the  lack of inhibi t ion can 
be ascr ibed to the  low po la r i ty  of the  methyl - ,  me thoxy- ,  methy l th io -  and  d lmethyl -  
amino radicals  ra ther  than  to a sterac hindrance,  since 6-1nethylammopurlne (pKa of 
4-2) IS a good inhibi tor  
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The basici ty of N- I  does not  seem to be the only factor responsible of the binding 

of the purine. Other results show the impor tance  of the imidazole moie ty  of the pur ine  
nucleus. Al though imldazole (20 mM) does not  inhibit  the enzyme, the modifications 

of the lmldazole ring of the purme nucleus result  in a decrease of the affinity for adeno- 

sine deammase ,  8-azaadenme (pKa of 2 6), in which the most  basic ni trogen is N- I  

(ref 8) does not  inhibit  the enzyme act ivi ty .  Cytosine in which the most  basic ni t rogen 
is N-3 of the pyr imidine  ring, wi th  a pKa close to tha t  of adenine s, shows a K,  value  

higher than  3 o - l o  -4 M. However  when the baslci ty  of the pynmld lne  compounds  

increases, we again find good compet i t ive  inhlbltors This is the case with 2,4,6-tri- 

ammopyr lmldme  which has a pKa of 6 8 and a K,  value of 4" lO-4 M 
We have  also studied the effect of the protonat lon  of 2 ,4 ,6- t r iammopynmidlne ,  

2 -ammoadenme and 2-methylademne on the K,  values of these bases. The K,  values 

of ttle three compounds increase wi th  decrease of pH  and the increase of the K,  values 
parallels the protonat ion  of the inhibi tor  However ,  constant  K~ values are found when 

they  are calculated from the concentra t ion of the depro tona ted  form of the mhlbi tors  

at the various pH ' s  tested The protonat lon  of N- I  of the purine ring and of N-3 of the 

pyr imldme ring results m nonmhlb l to ry  compounds 
Al though the da ta  reported in this paper  suggest tha t  the N-I  of the purIne 

nucleus plays a role m the b m d m g  of the lnhlbltors and substrates  to the act ive  site of 

adenosine deammase,  at the present t ime a direct demonst ra t ion  has not  been made. 

Compounds in which the various ni t rogen atoms of the purme nucleus are 

subs t i tu ted  by a carbon a tom are now under  invest igat ion 
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