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NUCLEOSIDES & NUCLEOTIDES, 3 ( 4 ) ,  363-367 (1984)  

PHOSPHORYLATION OF SOME 5-AMINOIIVIDAZOLE NUCLEOSIDES TO THE 
5’-PHOSPHATES USING A PHOSPHOTRANSFTRASE FROM WHEAT 

f *r, 
Robert  w .  Humble’, Grahan Mackenzie and Gordon Shaw 

+School  o f  Sc ien%e,  Humberside Col lege  of Higher Educa t ion ,  

H u l l ,  HLT6 7RT and “School of Chemistry.  U n i v e r s i t y  of Bredford ,  

Bradford ,  W .  Yorksh i r e ,  BD7 IDP. ( U . K . )  

A b s t r a c t :  S e v e r a l  D-r ibofuranosyl ,  D-xylofuranosyl and D-arabino- 
f u r a n o s y l  5-aminoimidazoles have been s u c c e s s f u l l y  phosphoryla ted  t o  
5’ -phosphates u s i n g  a phospho t rans fe ra se  from wheat s h o o t s  and 
p n i t r o p h e n y l p h o s F h a t e  as a phosphate donor .  

Phospho t rans fe ra ses  from c a r r o t s ’  o r  wheat293 s h o o t s  ar,? a 

s u i s a b l e  pliosphate dcnor have been used  by s e v e r a l  workers f o r  t h e  

s p e c i f i c  convers ion  of  unpro tec t ed  pyr imidine  and p u r i n e  n u c l e o s i d e s  

arid some ana logues  i n t o  nuc leos ide  5’ -phosphates .  We have been 

i n t e r e s t e d  t o  i n v e s t i g h t e  t h e  a p p l i c a t i o n  o f  t h i s  t echn ique  t o  t h e  

p l iosphory la t icn  of  5-auinoimidazole nuc leos ides  t o  a f f o r d  

cor responding  5’-phosphates r e l a t e d  t o  i n t e r m e d i a t e s  i n  pu r ine  

n u c l e o t i d e  de novo b i o s y n t h e s i s .  

Resul ts  and Discuss ion:  Wheat shoc t  phospho t rans fe ra se  was chosen 

f o r  s t u d y  sj.nce h i g h l y  p u r i f i e d  c a r r o t  enzyme has beer r e p o r t e ~ ? ~  t o  

phosphoryla te  nuc leos ide  2 ’ -  and 3’-hydroxyl groups.  

phosphate was used  as t h e  phosphate donor.  The unpro tec t ed  e t h y l  

5-amino-1 -P-D-ribofuranosy15 ( a-D-xylofuranosy16 9 7  o r  fl-D-arabino- 

furar.osy1 imidazole-4-carboxylates (1) , (2) and (2) r e s p e c t i v e l y  

gave i n  a s i n g l e  phosphory la t ion  c y c l e ,  y i e l d s  of 5I-phosphates 

va ry ing  from 1 5 4 1 %  and t end ing  t o  be h ighe r  fo r  t h e  a r a b i n o s e  

2-Nitrophenyl- 
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364 HUMBLE, MACKENZIE, AND SHAW 

d e r i v h t i v e .  ( T a b l e ) .  Unchanged n u c l e o s i d e s  were  r e a d i l y  i s o l a t e d  

a n d  t o t a l  n u c l e o s i d e  y i e l d s  c o v l d  b e  i n c r e a s e d  s u b s t a n t i a l l y  by  

r e c y c l i n g .  

c:a 
I '., R 

1 C O X  

NH' 

1 2 
R = O E t ,  R = @-D-r ibofuranosyl  

1 2 
R = O E t ,  R = a-D-xylofuranosyl  

1 2 
R = OEt, R = p-D-arabinofuranosyl  

1 2 
R = OEt, R = 2 , 3 - 0 - i s o p r o p y l i ~ e n e - ~ - D - r i b o f u r a n o s y l  

1 2 R = NH2,  R = 2,3-0-isopropylidene-~-D-ribofuranosyl 
1 2 R = N H 2 ,  R = a-D-r ibofuranosyl  
1 2 

R = OEt, R = 2,3-0-isopropylidene-a-D-ribofuranosyl 
1 2 R = O E t ,  R = D - a r a b i n i t y l  
1 2 R = OCH Ph,  R = p-D-ribofurar iosyl  

R = OCH Ph ,  R = 2,3-0-isopropylidene-@-D-ribofuranosyl 

A s i n g l e  c y c l e  p h o s p h o r y l a t i o n  o f  t h e  2,7-0-isopropylidene-a-D- 

1 2 2  
2 

r i b o s e  e s t e r 5  (4) gave  a s l i g h t l y  b e t t e r  y i e l d  ( 2 5 - 2 9 )  t h a n  t h e  

u n p r o t e c t e d  nuc1ecsj.de and  t h i s  w a s  f u r t h e r  imprcved (37$) i n  t h e  

c o r r e s p o n d i n g  carboxamide (5). 
t h e  a-D-ribose carboxamide5 (6)  and e s t e r 5  (1) a n d  e s p e c i a l l y  t h e  

a c y c l i c  D - a r a b i n i t y l i m i d a ~ o l e ~  (3)  f L r n i s h e d  o n l y  small ( 2 - % ) y i e l d s  

o f  n u c l e o t i d e s  whereas  b o t h  t h e  b e n z y l  es te r  (9) and i t s  2,3-0- iso-  

p r o p y l i d e n e  d e r i v a t i v e  (10) gave e x c e p t i o n a l l y  h i g h  ( 7 2 - P q )  y i e 1 . d ~  

phosr ,ha tes  a f t e r  a s i n g l e  c j c l e  anc! t h i s  might  h a r e  some r e l e v a n c e  

c o n s i d e r a t i o n s  o f  t h e  mecharism o f  a c t i o n  o f  t h e  p h o s p h o t r a n s f e r a s e  

EXPERIMENTAL 

5 I n  c o n t r a s t .  t o  t h e s e  r e s u l t s  b o t h  

10 

P r e p a r a t i o n  o f  Wheat P h o s p h o t r a n s f e r a s e  

o f  

n 

0 Wheat was grown i n  t h e  d a r k  a t  21 C on P e r l i t e  ( i n e r t  i n o r g a n i c  

h o r t i c u l t u r a l  medium s u p p l i e d  by S i l v a p e r l  P r o d u c t s  L t d . ,  P.O. Box 8, 

Department  38,  H a r r o g a t e ,  HG2 8;Tw. W .  Y o r k s h i r e ,  U . K . )  s a t u r a t e d  wi th  
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5-AMINOIMIDAZOLE NUCLEOSIDE PHOSPHORYLATION 365 

TABLE 

Nu c l  e 0s i d  e(mg) Nuc l e  o t ide+($ ) RF (Nuc l e  0s i de) 
6 Nucleo- Weight of Yie ld  of 

s i d e  % (Nucle o t ide ) 

(1) 50 
25 
25 
50 

Recycle x 3  50 

50 
20 
20 

(9 ) 22 
26 

19 
23 
15 
17 
55 

25 
26 
25 

72 
80 

0.63 0.34 

0.74 0.58 

0.68 0.25 

(lo) 15 74 0.78 0.48 

13 
25 

35 
41 

0.67 0.31 

&j 25 18 0.68 0.48 

(1 1 13 24 0.56 0.30 

(5 ) 25 37 0.68 0.51 

(5 1 10 9 0.52 0.27 

(_8) 13 
13 

2 approx .  0.50 0.28 
3 a p p r o x .  

+ Yie lds  were de te rmined  by d i r e c t  weighing o f  p u r i f i e d  s o l i d  

n u c l e o t i d e s  excep t  f o r  ccmpounds (6 )  and (2) where t h e  

y i e l d s  were e s t i m a t e d  by uv a b s o r p t i o n  s p e c t r a ,  

(€13,000). 
See  expe r imen ta l  s e c t i o n  f o r  c c n d i t i o n s  of  chromatography. 

260 m 
h l X  
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366 HUMBLE, MACKENZIE, AM) SHAW 

d i s t i l l e d  w a t e r  o v e r  7 d a y s .  The s h o o t s  s h o u l d  grow r a p i d l y  arid a lmost  

d c u b l e  i n  h e i g h t  w i t h i n  24  h o u r s  d u r i n g  t h e  e a r l y  stages.  The s h o o t s  

were ground i n  a m o r t a r  c o o l e d  t o  4 C w i t h  5 volumes ( p e r  gram o f  f r e s h  

s h o o t s )  o f  a n  i c e - c o l d  sodium a c e t a t e  b u f f e r  (pH 6.0 and f i n e ,  a c i d -  

p u r i f i e d  s a n d  (40-100 mesh) ( s u p p l i e d  by B.D.H. L t d . ,  U . K . )  The 

m i x t u r e  was f i l t e r e d  t h r o u g h  s e v e r a l  t h i c k n e s s e s  of' m u s l i n  and t h e  

f i l t r a t e  c e n t r i f u g e d  a t  5000 g f o r  15  min.  The s u p e r n a t a n t  s o l u t i o n  

was d i l u t e d  w i t h  water t o  1 0  volumes t h e n  a d j u s t e d  t c  pH 5.0 wi.th 5% 
(v /v)  aqueous  a c e t i c  a c i d .  

p o r t i o n s  a r id  k e p t  a t  -2OOC. 

c o n d i t i o n s  f o r  a t  l e a s t  a month. The p r o t e i n  c c n t e n t  of  t h e  s o l u t i o n ,  

d e t e r m i n e d  by t h e  A224-2j6 I s o a b s o r b a n c e  method' , was 0 .52  mg 

P h o s p h o r y l a t i o n  C o n d i t i o n s  

0 

The s o l u t i o n  was d i v i d e d  i n t o  small 

The enzyme remained  s t a b l e  u n d e r  these 

A s o l u t i o n  o f  the  aminoimidazole  n u c l e o s i d e  (0.04M) a n d  p n i t r o -  

pheriyl p h o s p h a t e  ( O . G M )  i n  water was a d j u s t e d  t o  pH 5.0 w i t h  5 9  
aqueous  a c e t i c  a c i d  ar.d t r e a t e d  w i t h  a n  e q u a l  volume o f  the wheat  s h o o t  

e x t r a c t .  

r e a c t i o n  f o l l o w e d  by t . 1 . c .  on Merck F s i l i c a  ge l  a luminium s h e e t s  

u s i n g  butan-1-o1:acetune:acetic acid:$f, aqueous  ammocia:water  

(35:25:15:15:10) as t h e  s o l v e n t  s y s t e m .  The p r o d u c t s  were  v i s u a l i s e d  

under  a uv lamp (254  nm) a n d  by ti!e B r a t t o n - M a r s h a l l 1 2  s p r a y  r e a g e n t s .  

I s o l a t i o n  o f  P r o d u c t s  

The m i x t u r e  was i n c u b a t e d  a t  3 7 O C  f o r  1 6  hours  a c d  t h e  

254 

The r e a c t i o n  was t e r m i n a t e d  by h e a t i n g  t h e  s o l u t i o n  t o  t l te  

b o i l i n g  p o i n t  f o r  a few s e c o n d s  t h e n  c o o l i n g  t o  room t e m p e r a t u r e .  

The s o l u t i o n  was e x t r a c t e d  w i t h  e t h e r  o r  d i c h l o r o m e t h a n e  t o  remove 

p n i t r o p h e n o l  and  r e s i d u a l  s o l v e n t  removed i n  vacuo.  The m i x t u r e  was 

d i l u t e d  two-fold w i t h  water, a d j u s t e d  t o  pH 8 with a q u e o u s  ammonic, a n d  

a p p l i e d  t o  a column ( 1  .6 x 30  cm) o f  Bio-Rad AGI-X2, 200-400 mesh 

( f o r m a t e  form)  ion-exchange r e s i n .  

water when u n r e a c t e d  n u c l e o s i d e  was removed q u a n t i t a t i v e l y ,  t h e n  

developed  wl.th a l i n e a r  0.0-1.OM f o r m i c  a c i d  g r a d i e n t ,  t o t a l  volume 

500 c m  F r a c t i o n s  were c o l l e c t e d  a t  20  rnin i n t e r v a l s  w i t h  a f l o w  

ra te  o f  0.6 cm min . F r a c t i o n s  c o n t a i n i n g  t l ~ e  n u c l e o t i d e  ( e l u t e d  a t  

0.5M f o r m i c  a c i d )  were combined a n d  e v a p o r a t e d  i n  vacuo;  

was r e - e v a p o r a t e d  w i t h  w a t e r  and  f i n a l l y  e t h a n o l  t o  g i v e  t i l e  n u c l e o t i d e  

as a w h i t e  s o l i d  foam. The y i e l d s  o b t a i n e d  a r e  r e c o r d e d  i n  t h e  T a b l e .  

The column was f i r s t  washed w i t h  

3 
3 . -1 

t h e  r e s i d u e  
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5-AMINOIMIDAZOLE NUCLEOSIDE PHOSPHORYLATION 367 

Unreacted p n i t r o p h e n y l  phosphate was no t  e i u t e d  from t h e  column ever, 

w5. t h  2M-formic a c i d .  

Conversion of  Nuc leo t ides  t o  Nucleos ides  u s i n g  Calf I n t e s t i n e  

A l k a l i n e  P h o m t a s e  (EC.  3.1.3.1 .) 
A l k a l i n e  phosphatase ( 1  u n i t  c,'~, Sicma Chemical Co.) was 

prepared  i n  a 0.1M sodium hydrogen ca rbona te ,  sodium ca rbona te  b u f f e r  

(pH 10.0).  
a t  77 C ove rn igh t  when q u a n t i t a t i v e  convers ion  t o  t h e  cor responding  

nuc leos ide  was observed .  

confirmed by ccmparison w i t h  a u t h e n t i c  specimens prepared  by a chemical 

phosphoryla t ion  method. 

A sample of the  i i uc l eo t ide  was incuba ted  w i t h  ti-,e s o l u t i o n  
0 

The i d e n t i t y  o f  (1) and (2) were a l s o  

1 .  

2 .  

3. 

4 .  

5 .  

6 .  

7.  
8. 

9.  

10. 

1 1 .  

12 .  
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