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NUCLEOSIDES & NUCLEOTIDES, 9 ( 3 ) ,  439-440 ( 1 9 9 0 )  

COMPARISON OF ACID- AND ENZYME-CATALYZED CLEAVAGE OF THE GLYCOSIDIC BOND OF 
N( 7)-SUBSTITUTED GUANOSINES 

Agnieszka Bzowska, Ewa Kulikowska and David Shugar 

Department o f  B iophys ics,  U n i v e r s i t y  o f  Warsaw, Z w i r k i  i Wigury 93, 02-089 
Warsaw, POLAND 

Abs t rac t :  K i n e t i c  parametrs f o r  enzymatic cleavage o f  the g l y c o s i d i c  bond (phos- 
p h o r o l y s i s )  o f  t en  N(7 ) -subs t i t u ted  guanosines were determined, and used t o  
e s t a b l i s h  a s t r u c t u r e - a c t i v i t y  r e l a t i o n  f o r  the M ichae l i s  cons tan ts .  Resul ts 
were compared w i t h  those f o r  ac id -ca ta l yzed  cleavage o f  t he  g l y c o s i d i c  bonds, 
and are c o n s i s t e n t  w i t h  a mechanism f o r  phosphoro lys is  via p r o t o n a t i o n  o f  t he  
pu r ine  r i n g  N ( 7 ) .  

A s tudy  has been made o f  the e f f e c t s  o f  va r ious  s u b s t i t u e n t s  a t  N(7) o f  

guanosine on s u s c e p t i b i l i t y  t o  ac id -ca ta l yzed  and phosphoro l y t i c  ( c a l f  spleen 

pu r ine  nuc leos ide phosphorylase) cleavage of the g l y c o s i d i c  bond. The e l e c t r o n -  
1 i c  p r o p e r t i e s  o f  such s u b s t i t u e n t s ,  expressed as T a f t  e l e c t r o n i c  constants  6*, 

are  c o r r e l a t e d  w i t h  the r a t e  constants f o r  ac id -ca ta l yzed  depur ina t i on ,  which 

a re  increased by e lec t ron -w i  thdrawing subs t i t uen ts  .2 

( f o l  lowed spec t ropho tomet r i ca l  l y )  o f  t e n  N(7) -subst  i t u t e d  guanosi nes ,3 s4 methyl  

(m), e t h y l  ( e t ) ,  propy l  ( p r ) ,  i sop ropy l  ( i p r ) ,  b u t y l  (bu) ,  i s o b u t y l  ( i b u ) ,  
benzyl  (bn ) ,  1-phenylethy l  ( l p h e t ) ,  2-phenylethy l  (2phet)  and carboxymethyl  (cm). 

C o r r e l a t i o n  were then sought between the  M ichae l i s  constants  K,,, and the e l e c t r o -  

n i c ,  s t e r i c  and hydrophobic p r o p e r t i e s  o f  t he  s u b s t i t u e n t s  expressed i n  terms 

o f  the T a f t  e l e c t r o n i c  constants  d*, t he  T a f t  s t e r i c  constants  E S , l  and the  

Hansch c o n ~ t a n t s , ~  r e s p e c t i v e l y .  

a t  N(1) be ing  t h e  p r e f e r r e d  subs t ra te ,  r e l a t i v e  t o  t h e  z w i t t e r i o n Y 6  c o r r e l a t i o n s  

were based o n  K,,, values f o r  t he  ca t i ons ,  K i ,  c a l c u l a t e d  as f o l l o w s :  

K i n e t i c  parametrs have now been determined f o r  enzymatic phosphoro lys is  

Since K,,, f o r  7-methylguanosine i s  pH-dependent, t he  c a t i o n  wi%h a p ro ton  

K; =  to^' - P"a + 11-1 (1.1) 

where Km was determinrd a t  pH 7, and pKa f o r  d i s s o c i a t i o n  o f  t h e  p ro ton  a t  N ( l )  
was c a l c u l a t e d  f rom the  l i n e a r  dependence o f  pKa on a* o f  t h e  N(7 ) -subs t i t uen t .  

which bes t  descr ibes the  observed values o f  G: 
2 

The "stepwise v a r i a b l e  s e l e c t i o n "  procedure l e d  t o  t h e  f o l l o w i n g  equat ion 

l og% = 0.85(16.01) - 1.02(12.25) Es + 9.55(5.24)(6*)* (1.2) 
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w i t h  a c o r r e l a t i o n  c o e f f i c i e n t  r = 0.989, 

adjusted f o r  the number of degrees o f  

freedom R = 0.986, with standard dev ia t i on  

s 0.095 and a F ischer  c o e f f i c i e n t  F2,7 = 

= 155.58. Figures i n  brackets a re  r a t i o s  

o f  the f i t t e d  c o e f f i c i e n t s  t o  t h e i r  

2.4 - 

> standard e r ro rs .  
L 
Q 
In Note t h a t  there i s  no dependence o f  

K i  on hydrophobic/hydrophi 1 i c  p roper t i es  ; 

whereas an increase i n  s t e r i c  hindrance, 
expressed i n  terms o f  E,, leads t o  an 

Increase i n  Kf. Appearance o f  the square 

0.8 1.2 1.6 2.0 2.4 2.8 o f  J* i n  the equation (1.2) po in ts  to '  

p ro tona t ion  o f  the imidazole r i n g  o f  gua- 
nosine, dur ing phosphorolysis, s ince then 

both electron-withdrawing and e lec t ron -  

donating subs t i t uen ts  r e s u l t  i n  an increase 

i n  the value o f  K i  ( e f f e c t  o f  deprotonation 
and protonat ion,  respec t i ve l y ) .  The o v e r a l l  

r e s u l t s  suggest t ha t ,  as f o r  ac id-cata lyzed 

- 

predicted 

F ig .  1: P l o t  o f  $xperimental values 

of l o g G  f o r  N(7)-subst i tu ted gua- 

nosines values predic ted by 

equation (1.2). 

hydro lys is  o f  t he  g lycos id ic  bond,7 enzymatic phosphorolysis o f  guanosine proceeds 

- v i a  protonation of the pur ine r i n g  N(7). 
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