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Enzymic formation of 6-mercaptopurine ribotide 

Inosinic  acid pyrophosphory lase ,  d iscovered i ndependen t l y  by I~ORNBFRG, IAEI~ERMAN AND SIMMS I 
and  KOI~N et al.  2, has  been purified a p p r o x i m a t e l y  35-fold from ex t r ac t s  of beef liver ace tone  
powder.  A s t u d y  of the  specificity of th is  e n z v m e  has  now shown t h a t  it ca ta lyzes  a react ion 
be tween  5 -phospho r ibosy l py rophospha t e  (PRPP} and  each of the  th ree  puriues,  h y p o x a n t h i n e ,  
guan ine  and  6 -mercap topur ine  (6-MP} to form the  cor responding  ribotides.  The  e n z y m e  is devoid 
of ac t iv i ty  t oward  adenine ,  5 -amino-4- imidazo lecarboxamide  , 5 - formamido-4- imidazolecarbox-  
amide,  xan th ine ,  uric acid, 8-azaguanine ,  2 ,6-diaminopur ine ,  and  orotic acid. A sepa ra te  enzyme  
has  been found  in beef liver which  acts  on aden ine  and  5-amino-4- imidazolecarboxamide .  I ts  
pur i f icat ion will be descr ibed elsewhere.  The  e n z y m e  described in this  no te  affords a conven ien t  
m e t h o d  for p repa r ing  the  r ibot ide of 6-MP, a c o m p o u n d  of u n u s u a l  in teres t  because  of the  relat ive 
effect iveness  of 6 -mercap topu r ine  in t he  t r e a t m e n t  of neoplas t ic  disease. 

The  a s say  for the  e n z y m e  was based on the  d i sappearance  of h y p o x a n t h i n e ,  the  concen t ra t ion  
of w h i c h w a s  de t e rmined  a t  the  end of t he  react ion by  the  spec t ropho tomet r i c  m e t h o d  of KALCKAR 3. 
The  t e s t  s y s t e m  conta ined  0.45/~mole h y p o x a n t h i n e ,  2 Fmoles  P R P P ,  io /~moles  MgC12, 25 / ,mo le s  
p o t a s s i u m  p h o s p h a t e  buffer, p H  7.4, and  e n z y m e  in a final vo lume  of 2.5 ml. Af ter  a I5 -min  
incuba t ion  a t  38°, pro te in  was  r emoved  by  the  add i t ion  of o.o9 ml  70 % perchloric acid followed 
by  cent r i fuga t ion .  H y p o x a n t h i n e  was  de te rmined  in the  protein-free neut ra l ized  s u p e r n a t a n t  
solut ions.  The  d i sappea rance  of h y p o x a n t h i n e  was propor t iona l  to the  a m o u n t  of enzyme  present .  
A un i t  of e n z y m e  was  defined as the  a m o u n t  caus ing  the  d i sappea rance  of o.i  #mo le  h y p o x a n t h i n e  
unde r  the  a s s ay  condi t ions .  The  specific ac t iv i ty  was defined as the  un i t s  of enzyme  per  m g  of 
protein.  Pro te in  concen t ra t ion  was  de t e rmined  by  m e a s u r i n g  optical  dens i ty  a t  280 m #  in a 
B e c k m a n  D U  spec t ropho t ome t e r  (i m g  p ro te in /ml  in a l ight  p a t h  of I cm has  an  optical  dens i ty  
of z.64). 

Table  I repor t s  the  resul ts  of the  pur i f icat ion procedure.  The  p repa ra t ion  of the  ace tone  
powder  was  as described prev ious ly  4 except  t h a t  the  liver was b lended in an  equal  vo lume  of 
wa te r  and  added  to 3 vol. acetone.  All opera t ions  excep t  the  hea t ing  s teps  were per formed a t  + 3 °. 
The  ex t r ac t  (Frac t ion  I) was  m a d e  by  s t i r r ing the  powder  wi th  p o t a s s i u m  p h o s p h a t e  buffer  
(o.o33 M,  p H  7.4), Io ml /g  of powder,  for i h and  t h e n  r emov ing  the  insoluble  ma te r i a l  by  cen- 
t r i fugat ion .  I n  the  first hea t i ng  s tep  the  ex t r ac t  was placed in a wa te r  b a t h  a t  74 ° and  kep t  
the re  for 3 m in  af ter  the  t e m p e r a t u r e  of the  ex t r ac t  reached  56°. The  final t e m p e r a t u r e  of t he  
ex t r ac t  was  a p p r o x i m a t e l y  62 °. The  ex t r ac t  was  t h e n  cooled rap id ly  in an  ice b a t h  and  the  de- 
n a t u r e d  pro te in  r emoved  by  cent r i fuga t ion .  The  hea t ed  ex t r ac t  (Fract ion II) was t h e n  f rac t iona ted  
by  t he  add i t ion  of solid a m m o n i u m  sulfate .  The  prec ip i ta te  (Frac t ion  III) which  formed be tween  
0.50 and  0.65 s a tu r a t i on  wi th  sal t  was  dissolved in a m i n i m a l  vo lume  of p o t a s s i u m  p h o s p h a t e  
buffer  (0.003 M ,  p H  7-4) and  dia lyzed aga ins t  severa l  changes  of the  same  buffer. The  dia lyzed 
solution,  con ta in ing  abou t  16 m g  pro te in /ml ,  was  hea t ed  as before excep t  t h a t  the  solut ion was 
kep t  in the  74 ° b a t h  for 5 mill a f te r  the  t e m p e r a t u r e  of the  solut ion had  reached  56°. The  final 
t e m p e r a t u r e  of the  e n z y m e  solut ion was  a b o u t  7 °°  . Af te r  r emova l  of the  dena tu red  protein,  the  
s u p e r n a t a n t  so lu t ion  (Fract ion IV) was  t r ea ted  wi th  solid a m m o n i u m  sulfa te  to ob ta in  a precipi- 
t a t e  be tween  0.45 and  0.65 s a t u r a t i on  wi th  salt .  Af te r  dialysis  aga ins t  p o t a s s i u m  p h o s p h a t e  buffer  
(o.oo3M, p H  7.4) th i s  e n z y m e  fract ion (Frac t ion  V) was kep t  frozen for 4 m o n t h s  w i thou t  loss 
.of ac t iv i ty .  

T A B L E  I 

PURIFICATION OF t~NZYME 

Fraction Specific Yield Fold 
activity purification 

I. Ace tone  powder  ex t r ac t  1.6 IOO* I 
II .  H e a t e d  ace tone  powder  ex t r ac t  3.2 IOO** 2 

I I I .  F i r s t  (NH4)2SO 4 prec ip i ta te  19 76 12 
IV. F i rs t  (NH4) 2SO4 prec ip i ta te  32 76"* 20 

af te r  hea t i ng  
V. Second (NH4)2SO 4 prec ip i ta te  58 59 36 

* The  ex t r ac t  con ta ined  a b o u t  38 un i t s /ml .  
** This  figure refers to recovery  of u n i t s / u n i t  vo l ume  of solut ion;  mechan ica l  losses are  not  

t a k e n  in to  account .  

§ Th i s  work  was suppor t ed  by  a g ran t - in -a id  f rom t he  D a m o n  R u n y o n  Memoria l  F u n d  fox 
Cancer  Research .  
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For  t he  p r epa ra t i on  of 6 -mercap topu r ine  ribotide~ equal  a m o u n t s  of P R P P  and  6-MP, a t  
a concen t ra t ion  of a p p r o x i m a t e l y  o.3o #mole /ml ,  were i ncuba t ed  wi th  an  excess  of inosinic acid 
py rophospho ry l a se  ( app rox ima te ly  3 units / /~mole 6-MP) for i h a t  37 ° in t he  presence  of t r is-  
( h y d r o x y m e t h y l ) a m i n o m e t h a n e  (Tris) buffer  (o.oo 3 M, p H  8) and  o.o04 M MgC1 v Ace tone  powder  
e x t r a c t s  wh ich  h a d  been sub jec ted  to  one hea t i ng  s tep  and  one a m m o n i u m  sul fa te  f rac t iona t ion  
could be used sa t i s fac tor i ly  for such  p repara t ions .  The  yield of r ibotide,  based  on e i ther  the  6-MP 
or P R P P ,  was  a r o u n d  4 ° %.  P R P P  could be replaced,  wi th  some  i m p r o v e m e n t  of yield, by  a P R P P  
g e n e r a t i n g  s y s t e m  conta in ing ,  for every  micromole  ot P R P P  desired, 3 ~umoles ATP,  4 ] ,moles  
r ibose-5-phospha te  and  1. 3 m g  lyophil ized o-15 % e thano l  f rac t ion f rom pigeon liver ex t r ac t  5. 
At  t he  end  of t h e  incuba t ion ,  the  solut ion was  placed in a boi l ing wa te r  b a t h  for a p p r o x i m a t e l y  
3 min  in order  to  d e n a t u r e  the  p ro te ins  which  were t h e n  r emoved  by  cent r i fuga t ion .  The  super-  
n a t a n t  solut ion was  c h r o m a t o g r a p h e d  on a co l umn  of Dowex- i  b romide  fo rm (2oo to 400 mesh ,  
lO % cross linked) con ta in ing  1.4 ml  of resin bed vo l ume  for every  ioo  ml  of i ncuba t ion  mix tu r e .  
The  e lu t ion of 6-MP and  6-MP ribot ide was  followed by  read ing  t he  opt ical  densi t ies  of t he  e lua te  
f rac t ions  in a B e c k m a n  D.U,  spec t ropho t ome t e r  a t  323 m# ,  a t  wh ich  wave l eng th  t he  two com- 
p o u n d s  exh ib i t  ve ry  h igh  u l t rav io le t  absorp t ion .  6-MP was  de tec ted  in f rac t ions  e lu ted  wi th  3 ° 
to  60 resin bed  v o l u m e s  of o . oo6N HB r .  W h e n  6-MP h a d  been  eluted,  t he  e lu t r i an t  was  changed  
to o.o12 N HBr .  The  elut ion of t he  6-MP ribot ide began  i m m e d i a t e l y  and  was  comple ted  af te r  
a p p r o x i m a t e l y  7 ° resin bed vo lumes .  The  t ubes  con ta in ing  t he  r ibot ide were t h e n  pooled and  
the  solut ion evapo ra t ed  on a F la sh  E v a p o r a t o r *  to g ive  a concen t ra t ion  of r ibot ide of a t  least  
2 /~moles /ml .  The  so lu t ion  was  ad j u s t ed  to p H  7 wi th  K O H  and  t he  r ibot ide p rec ip i ta ted  as the  
b a r i u m  sal t  b y  t he  add i t ion  of a 2-fold excess of B a B r  2 and  3 vo lumes  of e thanol .  This  solut ion 
was  al lowed to s t a n d  for a t  least  2 h a t  - - 1 8  ° before collecting t he  prec ip i ta te  by  cent r i fuga t ion .  
T h e  b a r i u m  sal t  could be fu r the r  purif ied by  dissolving in a m i n i m a l  a m o u n t  of wa te r  and  repre- 
c ip i ta t ing  wi th  e thanol .  

A sample  of r ibot ide a p p r o x i m a t e l y  90 % pure  by  d ry  weight  and  g iv ing a single u l t rav io le t -  
abso rb ing  spo t  on pape r  c h r o m a t o g r a p h y ,  con ta ined  6 -mercap topur ine  **, pen tose  ~, to ta l  phos-  
p h a t e  8 and  - S H  groups  9 in t he  mola r  rat io  I.O: I.O: 1.2 : I.O. The  u l t ravio le t  absorp t ion  s p e c t r u m  
of the  r ibot ide resembled  t h a t  of the  base  a t  p H  i.  T he  abso rp t ion  m a x i m u m  for t he  r ibot ide 
was a t  323 m # .  

The  possibi l i ty  exis ts  t h a t  t he  biological  ac t iv i ty  of 6 -mercap topur ine  requires  i ts  pr ior  
convers ion  to t he  r ibotide.  B o t h  6-MP and  its r ibotide,  however ,  failed to inhibi t  t he  de novo 
syn thes i s  of inosinic  acid f rom glycine by  soluble e n z y m e s  of av i an  liver. 

We  should  like to t h a n k  Dr. J .  M. BUCHANAN for his  advice  a n d  encouragemen t .  
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* Made by  L a b o r a t o r y  Glass  Supp ly  C o m p a n y ,  New York  31, N.Y.  
** The  concen t r a t i on  of 6 -mercap topu r ine  b o u n d  as t he  r ibot ide  was  m e a s u r e d  spec t rophoto-  

met r i ca l ly  a t  323 m ~  wi th  t he  a s s u m p t i o n  t h a t  the  ex t inc t ion  coefficient of t he  r ibot ide is the  
. s a m e  as t he  va lue  repor ted  6 for t he  base,  2.1. lO 4. 
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