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HIGH-PERFORMANCE L I Q U I D  CHROMATOGRAPHIC CHARACTERIZATION OF THE 
ROLE OF INORGANIC PYROPHOSPHATASE I N  REGULATING THE REACTION OF 
U R I D I N E  5'-TRIPHOSPHATE WITH GLUCOSE 1-MONOPHOSPHATE 

NORIMASA YOZA,* 
SHIGERU OHASHI 
Department of Chemistry,  F a c u l t y  of S c i e n c e ,  Kyushu U n i v e r s i t y ,  
Hakozaki,  H igash iku ,  Fukuoka 812, J apan  

HISANOBU HIRANO, YOSHINOBU BABA and 

A b s t r a c t  I n o r g a n i c  py rophospha ta se  (EC 3.6.1.1) d r i v e d  t h e  
react i o n  of u r i d i n e  5 ' - t r i p h o s p h a t e  w i t h  g l u c o s e  1-monophosphate 
i n  t h e  d i r e c t i o n  of u r i d i n e  5 ' -diphosphoglucose f o r m a t i o n .  

INTRODUCTION 

I n o r g a n i c  pyrophosphatase (P2ase,  EC 3 .6 .1 .1 )  i s o l a t e d  from ba- 
k e r ' s  y e a s t ,  w i t h  t h e  molecu la r  we igh t  o f  64000, i s  known t o  c a t a l y z e  
t h e  h y d r o l y s i s  of i n o r g a n i c  pyrophosphate  ( d i p h o s p h a t e ,  P2) t o  o r t h o -  
phospha te   PI)'-^. I n  p rev ious   paper^^-^ w e  r e p o r t e d  t h e  s u b s t r a t e  

0 Pnase 
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b- 0- H 2 0  b 
(1)  

s p e c i f i c i t y  and metal i o n  s p e c i f i c i t y  of P2ase (Sigma) c h a r a c t e r i z e d  
by f low i n j e c t i o n  a n a l y s i s  (FIA) and high-performance l i q u i d  chroma- 
tography (HPLC). The P2ase was concluded t o  b e  q u i t e  s p e c i f i c  f o r  P2 
i n  t h e  p re sence  of magnesium i o n  w i t h  t h e  s p e c i f i c  a c t i v i t y  of as h i g h  
as 580 U/mg a t  pH 7.2 and 25'C. 

It h a s  been assumed t h a t  P2 may b e  i n v o l v e d  as one  of p r o d u c t s  i n  
some b i o l o g i c a l  r e a c t i o n s  (A+BS C+P2) and i t s  c o n c e n t r a t  i o n  l e v e l  con- 
t r o l l a b l e  by P2ase  may r e g u l a t e  such  r e a c t i o n s  i n  m e t a b o l i c  p rocess -  
es2-3. Three impor t an t  examples are t h e  f o r m a t i o n  of RNA and c y c l i c  
AMP from n u c l e o s i d e  t r i p h o s p h a t e s  and t h e  f o r m a t i o n  of u r i d i n e  5 ' -di-  
phosphoglucose (UDPG) by t h e  r e a c t i o n  of u r i d i n e  5 ' - t r i p h o s p h a t e  (UTP; 
w i t h  g l u c o s e  1-monophosphate (GP) i n  t h e  p r e s e n c e  of UDPG pyrophospho- 
r y l a s e  (EC 2 .7 .7 .9 ) .  Th i s  work i n  connec t ion  w i t h  eqn. 2 w a s  under- 
t aken  t o  show a n  e x p e r i m e n t a l  e v i d e n c e  i n  v i t ro  of s u p p o r t i n g  t h e  
above concep t  t h a t  h a s  n o t  a lways been a c c e p t e d  by a l l  because  of t h e  
l a c k  of s t r a i g h t f o r w a r d  e v i d e n c e  b a s e d  o n  k i n e t i c  expe r imen t s .  P2ase 
was expec ted  t o  d r i v e  t h e  e q u i l i b r a t e d  r e a c t i o n  i n  t h e  d i r e c t i o n  o f  
UDPG f o r m a t i o n  by lower ing  t h e  c o n c e n t r a t i o n  of Pg t h a t  is c h e m i c a l l y  
s t a b l e ,  b u t  is r a p i d l y  hydro lyzed  by P2ase.  

UDPG pyrophosphorylaseL 
UTP + GP w UDPG + P2 (2)  
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EXPERIMENTAL 

Analy t ica l  Sys tems 
Analy t ica l  systems based on FIA and HPLC were designed which 

could be employed f o r  t he  r ap id  a n a l y s i s  of phosphorus compounds i n  
eqns.  1 and 2 wi th  the  de t ec t ion  of phosphorus. An FIA system em- 
ploying a Mo(V1) reagent  w a s  u s e f u l  f o r  t he  s e l e c t i v e  de te rmina t ion  
of t he  product in  t h e  presence of t he  s u b s t r a t e  i n  eqn. 1, permit t -  
ing t h e  automatic measurement of P2ase  a c t i v i t y .  The r a p i d  enzyma- 
t i c  hydro lys is  wi th  an apparent  h a l f - l i f e  of t he  order  of 2 min w a s  
e a s i l y  measured. A n  HPLC system us ing  a Mo(V)-Mo(V1)reagent w a s  em- 
ployed f o r  t h e  simultaneous de te rmina t ion  of va r ious  phosphorus com- 
pounds i n  eqns. 1 and 2 .  The Mo(V)-Mo(V1) reagent  no t  only acce le r -  
a t ed  t h e  hydro lys is  of polymeric phosphates t o  P I  i n  t h e  r e a c t i o n  
c o i l  maintained a t  140"C, but  a l s o  r eac t ed  wi th  t h e  r e s u l t a n t  P I  t o  
form a heteropoly b lue  complex wi th  an  abso rp t ion  maximum at  822 nm. 
The reagent  was easy t o  prepare and s t a b l e  a t  least f o r  2 months8. 

In  HPLC experiments wi th  an anion-exchange s e p a r a t i o n  column 
(4mm I D  x 25cm, TSKgel SAX) the  use of an e l u e n t ,  0.23M K C 1  + 1mM 
Na2EDTA + lOmM NH3 (pHlo),  was recommended f o r  t h e  i s o c r a t i c  e l u t i o n  
of P I ,  P2 and t r ipo lyphosphate .  Two e l u e n t s  f o r  t h e  g rad ien t  e l u t i o n  
of phosphorus compounds i n  eqn. 2 were 0.12M K C 1  + 0.3mM Na4EDTA + 
0.7mM Na3EDTA (Eluent A) and 0.29M K C 1  + 0.3mM Na4EDTA + 0.7mM Na3-  
EDTA (Eluent B). 

4 -8 

RESULTS AND DISCUSSION 

Subs t r a t e  S p e c i f i c i t y  and Metal Ion Spec i f i c i ty4 -*  
Marked e f f e c t s  of a l k a l i n e  e a r t h  metal ions  and r e a c t i o n  temper- 

a t u r e  on the  P2ase a c t i v i t y  were observed a t  pH 7.2. Only magnesium 
ion a c t i v a t e d  the  enzymatic hydro lys i s  of P2 ,  and calcium and s t ron -  
tium ions i n h i b i t e d  its e f f e c t .  The a c t i v i t y  increased  wi th  increas-  
ing r e a c t i o n  temperature  between 10-40°C. The Michael is  cons tan t  at 
25°C and pH 7.2 w a s  eva lua ted  t o  be ca. 0.003mM. Subs t r a t e  s p e c i f i -  
c i t y  w a s  a l s o  inves t iga t ed  i n  t h e  presence of va r ious  s u b s t r a t e s ,  P 2 ,  
t r ipolyphosphate  and t en  ol igophosphates .  The P2ase  w a s  found t o  b e  
q u i t e  s p e c i f i c  f o r  P2 i n  t h e  presence of magnesium ion. 

was needed t o  remove o r  d e a c t i v a t e  pseudo-enzymatic subs tances  i n  
deionized water8. 

Careful  prepara t ion  of p u r i f i e d  water t o  be  used as a so lven t  

Ef fec t  of P2ase on UDPG Formation 
All HPLC p r o f i l e s  i n  Fig.  1 were obta ined  by g r a d i e n t  e l u t i o n  

anion- exchange^ chromatography us ing  a sepa ra t ion -  column (4mm I D  x 25 
c m ,  TSKgel SAX) and Eluents A and B (pH 9 .8) .  F igure  l a  shows an 
HPLC p r o f i l e  f o r  a mixture  of UTP and GP (each 0.2mM) incubated at 
pH 7.2 and 25°C i n  the  presence of 2mM magnesium ch lo r ide .  
of t h e  mixture were i n j e c t e d  a t  l h  i n t e r v a l s .  Both UTP and GP as 
s t a r t i n g  compounds were confirmed t o  be s t a b l e  a t  l eas t  f o r  4h. 
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THE ROLE OF P2ASE I N  REGULATING UDPG FORMATION 
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FIGURE 1. HPLC p r o f i l e s  f o r  t h e  r e a c t i o n  products  between 
UTP and GP. (a )  wi thout  enzyme, (b) wi th  2 x lo-’ M UDPG pyro- 
phosphorylase,  and (c)  wi th  subsequent add i t ion  of 1 . 5  x 10-I0M 
Pqase t o  (b ) .  

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



608 N .  YOZA, H .  HIRANO, Y .  BABA AND S. OHASHI 

Figure  l b  shows an  HPLC p r o f i l e  o b t a i n e d  a f t e r  l h  i n c u b a t i o n  un- 
der  t h e  same c o n d i t i o n s  as in Fig .  l a ,  except  t h a t  0.2uM UDPG pyro- 
phosphorylase (Boehringer)  was added. A s  expec ted  t h e  enzymatic  re- 
a c t i o n  i n  eqn. 2 proceeded t o  produce UDPG and P2. The p r o f i l e  was 
a l s o  unchanged a t  l e a s t  4h t o  i n d i c a t e  t h a t  f o u r  s p e c i e s  are i n  equi- 
l i b r i u m  wi th  each o t h e r .  The approximate e q u i l i b r i u m  c o n s t a n t  w a s  
c a l c u l a t e d  t o  b e  0.23,  i n  c l o s e  agreement w i t h  t h e  v a l u e  (0.22) i n  
t h e  l i t e r a t u r e 9 .  
monitor t h e  time course  of t h e  format ion  of P2 and UDPG w i t h i n  l h .  
A s e p a r a t e  experiment was done by lowering t h e  c o n c e n t r a t i o n  of UDPG 
pyrophosphorylase from 0.2pM (Fig .  l b )  t o  0.006pM. Both peaks of P2 
and UDPG increased  g r a d u a l l y  t o  a t t a i n  an e q u i l i b r i u m  a f t e r  4h, w i t h  
t h e  d i s t r i b u t i o n  of f o u r  s p e c i e s  similar t o  t h a t  i n  Fig.  l b .  

Marked change was observed when P2ase (0.00015pM, Sigma) w a s  
added t o  t h e  e q u i l i b r a t e d  s o l u t i o n  i n  F i g .  l b .  The peaks f o r  P2 and 
UTP decreased  g r a d u a l l y  with t i m e ,  i n  c o n t r a s t  t o  t h e  i n c r e a s e  of t h e  
peak f o r  UDPG. A f t e r  4h i n c u b a t i o n  almost a l l  of P2 and UTP disap-  
peared as shown i n  Fig.  l c .  A s  w e l l  as P2 and UTP, GP w a s  a l s o  ex- 
pected t o  decrease  w i t h  time. Unfor tuna te ly ,  i t s  s t r a i g h t f o r w a r d  
evidence was n o t  a v a i l a b l e ,  because t h e  GP peak over lapped  w i t h  t h e  
p1 peak t h a t  was produced by t h e  h y d r o l y s i s  of P2. The d e c r e a s e  of 
GP could be i n d i r e c t l y  e s t i m a t e d  from t h e  i n c r e a s e  of UDPG having  a 
common group. 

The k i n e t i c  d a t a  o b t a i n e d  by HPLC w i t h  t h e  d e t e c t i o n  system of 
phosphorus w a s  s a t i s f a c t o r y  t o  v i s u a l l y  i n d i c a t e  t h a t  P2ase  d r i v e d  
t h e  r e a c t i o n  2 i n  t h e  d i r e c t i o n  of UDPG format ion  by d e c r e a s i n g  t h e  
P2 c o n c e n t r a t i o n  and t o  suppor t  t h e  concept t h a t  P2ase  may play an 
important  r o l e  i n  r e g u l a t i n g  enzymatic r e a c t i o n s  of t h e  t y p e ;  
A + B S C  + P2.  

The enzyme c o n c e n t r a t i o n  i n  Fig.  l b  was too  h i g h  t o  
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