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SPECIFIC ENZYMES DEGRADING DIADENOSINE TETRAPHOSPHATE (Ap4A). 
PROMISING TARGETS FOR SELECTIVE DRUGS TO BE DESIGNED. 

Andrzej Furanowski, Katedra BiocGemii, Akademia Rolnicza, 
ul .  Wokynska 35, PL-60-637 Poznan, Poland 

Abstract. Three t e s  of spec i f ic  Ap A-degradin enz 
a r e  known: as rneg ica l  Ap A hydrola%e, 
hydrolase a-phoiphor ylase (ADP- 
Since each of th6  enzymes i s  specific f o r  d i f f e ren t  kingdom 
of the organisms and d i f fe rs  both i n  the  mode of  Ap A degra- 
dat ion,  i n t e rac t ion  with metal i ons  and i n  s u b s t r a t i  speci- 
f i c i t y ,  one can a n t i c i p a t e  t h a t  new family of drugs could be 
designed which would se lec t ive1  i n h i b i t  the  microbial  
(bac te r i a l ,  fungal o r  protozoan 3 enzymes without a f f e c t i n g  
the  mammalian o r  p l an t  counterparts.  

There gccur i n  nature  several  dinucleoside 5 ,5 - 
P1 ,P3-(or P ,P4-)oligophosphates (DNOPs) but t h e i r  biologic- 
a l  r o l e  is poorly understood. Ap4A is the  mostly s tudied 
DNOP and it was demonstrated i n  a l l  organisms invest igated.  
Basing on the i n  v i t r o  studiesl-5i-t i s  assumed tha t  some 
aminoacyl-tRNA synthetases  a re  responsible  f o r  the synthes is  
of  Ap4A and other adenylylated DNOPs & vivo. So far,  Ap4A 
was shown t o  be i volved i n  DNA rep l ica t ionb ,7 ,  a c t i v a t i o n  
of  some enzymes8tg, and inh ib i t i on  of otherslop 11, function- 
ing o f  p la te le t s12  and regulat ion of t he  heat  shock response 
13. Dramatic increase i n  the  l e v e l  of d i f f e ren t  DNOPs, both 
i n  procaryotic14 and euca;ryoticl5cells, has been cor re la ted  
with skresses. Among the  f a c t o r s  which can a f f e c t  t h e  cel lu-  
lar  concentration of DNOPs one has t o  consider, i n  addi t ion  
t o  t he  mentioned aminoacyl-tRNA synthetases,  the  a c t i v i t i e s  
of the DNOP-degradin enzymes; these are two unspec i f ic ,pes ,  
phosphodiesterase I % 917 and nucleot ide pyroph hatase 
and t h e  f o u r  spec i f i c  n Ap3A hydrolase 1 9 3 9 ,  a y m e -  

1 % , %3! * tri c a l  Ap4A hydrolase 
w a n d  Ap4A OI, -phosphorylase 
t e r  t h ree  enzyme P f o r  which Ap4A was proved t o  be a prefera- 
ble substrate are summa,rized below. 

metrfcal  gef 

* ,*. 

e t r i c a l  Ap4A hydro ase 
*- r o p e r t i e s  of  t h e  lat- 

Occurrence of spec i f i c  Ap4A-degrading enzymes. Asmme- 
t r i c a l  Ap4A hydrolase seems t o  be t y p i c a l  f o r  h i g  
ryotes .  It was o r i g i n a l l y  f o  d i n  Artemla sal.ina38, then  
i n  several  mammalian t i s s u e s  8,22, as well as i n  higher  p lan t  

r euca- 

30 7 

Copyright 0 1987 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
4
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



308 GURANOWSKI 

LuDinus lu teus lb .  Svmmetrical Ap4A hydr lase was first repor- 
t e d  i n  slime mold Phvsarum 01 ce 
i n  B. 
phorylase was found i n  yeast  

alum 3 and independently 
and some other  ba5ter ia  -: F i n a l l  Ap4A hos- 

and r ecen t ly  i n  %tglena2q. 

other  nucleosides than adenosine l inked by tetraphosphate 
chain were proved t o  be good subs t ra tes ,  too. Mixed dinucle- 

fgmly oside t e t r a  ho ha tes ,  l i k e  Ap4G, were hydrolyzed r a n  
and ATP, G d ,  %P and AMP were i d e n t i f i e d  as products 
Also p4A i s  e f f ec t ive ly  hydrolyzed t o  ATP. 
S metrical  Ap4A hydrolase degrades Ap A i n t o  2 ADPs.  
-logs of Ap4A, including Ap 1 A A,  Ap6A and p4A, 
act a l s o  as subs t r a t e s  and correspond S ng NB appears always 
as one of  t he  r eac t ion  products. 
Ap4A phosphorylase cleaves the subs t r a t e s  phosphorolytically 
a t  one of the two d ,(3-anhydride bonds. The inorganic phos- 
phate i s  incorporated i n t o  the  corresponding NDF formed. 
The yeast  phosphorylase does not degrade Ap3A whereas 
t h e  Eualena enzyme does; i n t o  2 ADPs. Cleavage of  Ap5A 
y i e l d s  p A plus  AIXP I n  addi t ion,  t h e  phosphorylase supports 
t h e  NDP-$i exchange38, so it can be used as a t o o l  f o r  
t h e  synthesis  of NDPs labeled i n  the @-posi t ion.  I n  the both 
r eac t ions  mentioned, phosphate can be subs t i tu ted  by such 
anions as arsenate,  chromate, molybdate, tungs ta te  o r  vana- 
date29 and then l@lP always accumulates as a product o f  the  
r eac t ions  ind ica t ing  that an unstable NMP-anion is  formed 
as an intermediate. 

rements. Asvmmetrical Ap4A hydrolase 

d i f f e ren t  other ca t ions  t e s t e d  only Mn9+ upports enzymatic 
a c  i v i t y  a l b e i t  t o  a lower extent  than  Mg$+. In t e re s t ing ly ,  
Mg2+ i s  not e f f ec t ive  i n  the  r eac t ion  catalyzed by E. c o l i  

e t r i c a l  Ap A hydrolase. The enzyme, ho ver,  i s  s t ron  l y  
-by bo2+and t o  some extent  by Mnz, Ni2+ and Cdf+. 
I n  the  hydrolysis of Ap A,  Mn2+ was proved t o  be 9-fold more 
e f f ec t ive  than Co2+ 25.3Ph sar 
can spl i t  Ap4A and o t h e r M n s g  absence 0% metal 
cations23. Phosphorolysis of Ap4A catalyzed by the yeast  
and Eu lena  Ap4A 

are less e f f ec t ive  as cofactors. However, t h e  NIP-P. exchange 
and the  anionolysis of N I P S  do not r equ i r e  the  metal cations.  

phosphate-30 and phosphonate31~ 32 analogs of Ap A (AppppA) 
were communicated. The following phosphonate a k l o g s :  
AppCH ppA, ApppCH pA and ApCH ppCH pA were t e s t ed  as poten- 
t i a l  gubstrates  agd i n h  b i t o r $  o f  6rocaryot ic  and eucaryotic 

th8 B. 901% symmetrical Ap4A hydrolase and the  yeast  A p  A 
phosphorylase cut only ApppCH2pA (100-fold slower than ftp4A) . 

. 

Metal cat ion r e q  
absolutely requi res  Mg 5+ as the reacti  n cofactor and among 

e t r i c a l  Ap A hydrolase 

8% h sphorylases proceeds only 3n t h e  
or 8ge+. Other cat ions,  Co2+, Cd + and a 

Recently, r e p o r t s  about chemical synthesis  o f  monothio- 

Ap A-degrading enzymes 34 . None o f  t h e  analogs was cleaved by 
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The K. values  computed i n  t h e  b a c t e r i a l  system f o r  t h e  ana- 
logs  &re lower than t h e  K 
This  i s  t h e  first e x p e r i m h t a l  evidence, importax$ f’rom 
t h e  chemotherapeutic po in t  of view, t h a t  s p e c i f i  DNOP-deg- 
rading enzymes, p a r t i c u l a r l y  those of microbial  9 b a c t e r i a l ,  
fungal or  protozoan) or ig in ,  can be considered as t a r g e t s  
f o r  new s e l e c t i v e  drugs t o  be designed. I d e a l  drugs should 
impair microbial  metabolism leaving t h e  mammalian o r  p l a n t  
ones not affected.  

value estimated f o r  Ap A (25 p ) .  
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