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Summary 

A procedure is presented for the purification of nucleosidediphosphatase 
(nucleosidediphosphate phosphohydrolase, EC 3.6.1.6) of rat liver by affinity 
chromatography using metal conjugated to epoxy-activated Sepharose 6B. The 
enzyme is eluted from the conjugate by a solution of L-histidine. The enzyme, 
when bound to metal-chelate gel, is active in a suspended form, suggesting that 
the catalytic site is different from the site that binds to the metal-chelate gels. 
Substrate specificity and K m value of the enzyme obtained are similar to those 
of the enzyme obtained from the same sources by a conventional procedure, 
indicating that the metal-chelate affinity chromatography does not bring about 
any substantial change in the catalytic properties. 

Introduction 

Porath [1] recently showed that chelate-forming ligands for metal ions (Zn 2÷ 
and Cu ~÷) could be attached to biscarboxymethyl aminoagarose with the diso- 
dium salt of iminodiacetic acid and demonstrated that the affinity of proteins 
for the metal-chelate gel is pH dependent and the elution of proteins is 
achieved by reducing the pH and increasing the ionic strength. 

Several reports have been published on the use of metal-chelate affinity chro- 
matography for the purification of proteins [2--4]. 

Nucleosidediphosphatase (nucleosidediphosphate phosphohydrolase, EC 
3.6.1.6) catalyzes the hydrolysis of nucleoside diphosphate to nucleoside 

* T o  w h o m  c o r r e s p o n d e n c e  shou ld  b e  addressed. 



90 

monophosphate and inorganic phosphate [5--6] and has been studied exten- 
sively in terms of its catalytic and regulatory mechanisms [6--8]. Recently we 
have also shown the enzyme to be a metallo-enzyme containing zinc and 
manganese [9]. In the course of this study we found that nucleosidediphos- 
phatase binds to the metal-chelate gel. This finding has made it possible to ob- 
tain a highly active enzyme by means of chromatography on metal-chelate 
Sepharose. The present study describes the first application of this method for 
the purification of metallo-enzymes and suggests that the elution of proteins by 
L-histidine from the gel is applicable to metal-chelate gel chromatography. 

Materials and Methods 

Chemicals. DEAE-ceUulose was purchased from Whatman Ltd., Springfield, 
U.K. Sephadex G-200, PD-10 column and epoxy-activated Sepharose 6B were 
the products of Pharmacia Fine Chemicals A.B., Uppsala, Sweden. All other 
chemicals were of analytical grade. 

Enzyme assay. Nucleosidediphosphatase activity was determined using 5 mM 
UDP as a substrate by the method described previously [8]. In this assay 1 unit 
of enzyme activity is defined as the amount of enzyme that releases 1 #mol of 
Pi per min from UDP, under the described conditions. Protein concentration 
was estimated by absorbance at 280 nm or by the method of Lowry et al. [10] 
with bovine serum albumin as a standard. 

Partial purification steps of nucleosidediphosphatase. Nucleosidediphos- 
phatase solubflized from rat liver microsomes (step 1) was subjected to (NH4)2- 
SO4 fractionation (40--70% saturation, step 2), DEAE~cellulose chromatog- 
raphy (step 3), and Sephadex G-200 chromatography (step 4) according to the 
method of Kuriyama [7]. The enzyme preparation at the step 4 (55 mg protein 
in 45 ml, 2613 units) was used for the metal-chelate affinity chromatography. 

Metal-chelate affinity chromatography. The chelate-forming ligands: Prepara- 
tion of the metal-chelate gels was essentially as described by Porath et al. [1]. 
Any oxirane groups remaining after coupling were blocked by incubation for 
3 h with 1 M ethanolamine at 56°C. 

Results and Discussion 

Fig. 1 shows typical elution profile obtained when the partially purified 
enzyme (step 4, 55 mg protein, 2613 units) was applied to a column of copper- 
chelate (2 X 10 cm) chromatography. When the column was washed with 
maleate buffer (pH 6.6) containing 0.5 M NaC1, nucleosidediphosphatase activ- 
ity was retained. The non-adsorbed protein was passed through with the wash. 
The column was subjected to elution with a linear gradient established between 
150 ml of 10 mM maleate buffer (pH 6.6) and 150 ml of the same buffer con- 
raining 15 mM L-histidine. The concentration at 10 mM L-histidine successfully 
removed the enzyme from the column. The fractions containing nucleosidedi- 
phosphatase activity were pooled and dialyzed thoroughly against 20 mM Tris- 
HC1 buffer (pH 7.5) containing 0.5 M NaC1. The dialyzate (10 mg protein, 
1850 units) was applied on a zinc-chelate column (1 X 2 cm) previously equilib- 
rated with the above buffer. Non-adsorbed protein was eluted by the same buf- 
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Fig.  I .  Cu2+-che l a t e  a f f i n i t y  c h r o m a t o g r a p h y .  F r a c t i o n s  o f  ~step 4 '  ( o b t a i n e d  b y  S e p h a d e x  G - 2 0 0 ,  5 5  m g  
p r o t e i n  in  4 5  m l )  w a s  a p p l i e d  o n  a c o l u m n  (2  X I 0  c m )  o f  Cu2+-che l a t e  a f f i n i t y  gel  e q u i l i b r a t e d  w i t h  2 0  
m M  Tr is -HCl  b u f f e r  ( p H  7 . 5 ) .  T h e  c o l u m n  w a s  w a s h e d  w i t h  (a)  1 0 0  m l  o f  1 0  m M  m a l e a t e  b u f f e r  ( p H  6 .6 )  
a t  the point  i n d i c a t e d  b y  t h e  a r r o w ,  a n d  (b)  1 0 0  nl l  o f  t h e  s a m e  b u f f e r  c o n t a i n i n g  0 . 5  M NaCI a t  t h e  p o i n t  
i n d i c a t e d  b y  t h e  a r r o w ,  a n d  t h e n  e l u t e d  b y  t h e  l i nea r  g r a d i e n t  e s t a b l i s h e d  b e t w e e n  1 5 0  m l  o f  1 0  m M  
m a l e a t e  b u f f e r  ( p H  6 .6 )  a n d  1 5 0  m l  o f  t h e  s a m e  b u f f e r  c o n t a i n i n g  1 5  m M  L-h i s t id ine  a t  a f l o w  r a t e  o f  2 0  
m l / h .  S m l  f r a c t i o n s  we re  c o l l e c t e d  a n d  t h e  p r o t e i n  a n d  n u c l e o s l d e d i p h o s p h a t a s e  ( N D P a s e )  a c t i v i t y  w e r e  
a s s a y e d  as d e s c r i b e d  in  Mate r i a l s  a n d  M e t h o d s .  T h e  ac t ive  f r a c t i o n s  w e r e  c o m b i n e d  a n d  s u b j e c t e d  t o  the 
s u b s e q u e n t  f r a c t i o n a t i o n s .  

fer and the enzyme was eluted with 10  mM L-histidine in 10 mM maleate buf- 
fer (pH 6.6) as shown in Fig. 2. The recovery of nucleosidediphosphatase was 
867 units in 2.8 mg protein. The yield was 47 and 15.5% of the applied activity 
at step 4 and step 5, respectively. In a separate experiment, attempts to recover 
the protein from the copper- (or zinc-) column by elution with 10 mM EDTA 
were also effective. However an attempt to elute the enzyme by reducing pH 
brought about the inactivation of the enzyme and was abandoned. No elution 
of nucleosidiphosphatase could be achieved with the following solution; 1 M 
NaC1, 0.1 M Tris-HC1 buffer (pH 7.4) containing 0.15 M NaC1 to 0.8 M NaC1, 
10 mM udp, 10  mM GTP, 1% deoxycholate or 1 mM cysteine in 10 mM 
maleate buffer (pH 6.6). Yields in the purification steps of the liver enzyme 
including procedure are summarized in Table I. The specific activity of the 
purified enzyme is of the same order as that obtained by the method of Kuri- 
yama [7]. However, complete purification should be possible by use of an 
additional step. The purified enzyme obtained by affinity chromatography had 
a Km value of 2 mM for UDP, almost identical to that obtained by a conven- 
tional technique. No significant changes in the substrate specificity for UDP, 
IDP and GTP were observed between the two enzymes (data not shown). 

When the zinc- and copper-chelate gels bound nucleosidediphosphatase were 
removed from the column and suspended in buffer and assayed with UDP as 
the substrate under the standard conditions, significant activity (almost full 
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Fig.  2.  Zn2+-che la te  a f f i n i t y  c h r o m a t o g r a p h y .  F r a c t i o n s  o f  ' s t ep  5 '  ( 1 0  m g  p r o t e i n  in  3 5  ml )  w e r e  a p p l i e d  
o n  a c o l u m n  (1 X 2 c m )  o f  Zn2+-chc la te  a f f i n i t y  gel  e q u i l i b r a t e d  w i t h  2 0  m M  Tris-HC1 b u f f e r  ( p H  7 .5 )  
c o n t a i n i n g  0 . 5  M NaCI.  A f t e r  n o n - a d s o r b e d  p r o t e i n s  f l o w e d  o u t  w i t h  1 5  m l  o f  t h e  s a m e  b u f f e r  a n d  t h e n  
t h e  e l u t i o n  w a s  m a d e  w i t h  1 5  m l  o f  1 0  m M  L-h i s t id ine  in  1 0  m M  m a l e a t e  b u f f e r  ( p H  6 .6 )  a t  t h e  p o i n t  
i n d i c a t e d  b y  the  a r r o w  a t  a f l o w  r a t e  o f  1 5  m l f n .  1 m l  f r a c t i o n  w a s  c o l l e c t e d  a n d  t h e  p r o t e i n  a n d  n u c l e o -  
s i d e d i p h o s p h a t a s e  ( N D P a s e )  a c t i v i t y  we re  a s s a y e d  as d e s c r i b e d  in  Mate r ia l s  a n d  M e t h o d s .  

activity) could be recovered. In fact the solid phase became blue in zinc~chelate 
gel (the gel is originally white in color) and much bluer in the copper-chelate 
gel (the gel is originally light blue), showing release of inorganic phosphate 
from their gel surface. 

This activity could be destroyed by prior heating of the materials at 100°C. 
This observation is consistent with the fact that  neither UDP nor GTP was able 
to elute the bound enzyme from the metal conjugate. Thus these results could 
indicate that the binding site of the nucleosidediphosphatase which had affin- 
ity for the conjugated gel is apparently different from the active site in nucleo- 

T A B L E  I 

P U R I F I C A T I O N  O F  N U C L E O S I D E D I P H O S P H A T A S E  

S t e p  T o t a l  P r o t e i n  T o t a l  Spec i f i c  Y ie ld  P u r i f i c a t i o n  
v o l u m e  (mg)  ac t i v i t y  ac t i v i t y  (%) ( - fold)  
(ml)  (un i t s )  ( u n i t s / r a g  

p r o t e i n )  

1.  So lub i l i z ed  s u p e r n a t a n t  5 0 0  3 5 0 0  5 6 0 0  1 .6  1 0 0  1 
2. ( N H 4 ) 2 S O 4  ( 4 0 - 7 0 % )  1 0 5  1 3 6 5  5 0 5 0  3 .7  9 0  2 .3  
3 .  D E A E - c e n u l o s e  1 5 5  1 7 1  3 5 0 5  2 0 . 5  6 3  12 .8  
4. Sephadex G - 2 0 0  4 5  5 5  2 6 1 3  4 7 . 5  4 7  29 .7  
5.  C u 2 + - c o i n n m  3 5  1 0  1 8 5 0  1 8 5  3 3  1 1 6  
6.  Z n 2 + - c o l u m n  3 2 .8  8 6 7  3 1 0  15 .5  1 9 4  
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sidediphosphatase. It  would appear that  the binding of the enzyme to the con- 
jugated gel is mediated by the histidine residues in nucleosidiphosphatase 
molecule, since excess of  L-histidine or EDTA resulted in successful elution. As 
described by Porath et al. [1], imidazole and thiol groups may  interact with 
Zn 2+ or Cu 2÷ fixed on the gel but  it is still not  possible to draw a parallel rela- 
tion between exposed histidine and cysteine (or other amino acids) reidues in 
the protein surface. Most of  the zinc-containing enzymes have histidine or 
cysteine residues in the active sites [11]. The present s tudy indicated that  the 
site which binds to the metal-chelate gel is different f rom the catalytic site of  
the enzyme. In our recent  studies on the catalytic mechanism of  nucleoside- 
diphosphatase we found that  the enzyme has a structural site and activation 
site by metal ions [9]. The present and previous results suggested that  the 
metal-chelate gel binds to a structural site, which is possibly composed of  
histidine residues in a coordination complex with Zn 2+ and Cu 2÷. The pre- 
sent study also suggested that  some other metallo-enzyme or metal depen- 
dent  enzyme may have an affinity for the metal-chelate gel and metal~helate  
affinity chromatography is applicable for the purification of the metallo- 
enzyme. 

Acknowledgements 

We thank Professor Akira Makita for his valuable suggestion and criticism 
during this work. This work was supported by a Grant-in-Aid for Developmen- 
tal Scientific Research f rom the Ministry of  Education, Science and Culture, 
Japan for N.T. 

References 

1 Porath, J;0 Carlsson, J.,  Olsson, I. and Belfrage, G. (1975) Nature 258, 598--599 
2 Lonnerdal, B., Csxlsson, J. and Porath, J. (1977) FEBS Lett. 75, 89--72 
3 Leberton, J.P. (1977) FEBS Lett. 80, 351--354 
4 Edy, V.G., BiUiau, A. and Somer, P.D. (1977) J. Biol. Chem. 252, 5943---5935 
5 Plaut, G.E.W. (1955) J. Biol. Chem. 217,235--245 
6 Yamazaki, M. and Hayalshi, O. (1968) J. Biol. Chem. 240, 293&---2942 
7 Kuriyama, Y. (1972) J. Biol. Chem. 247, 2979--2988 
8 Ishibashi, T., Gasa, S., Ohkubo, I. and Maklta, A. (1978) Bioehim. Biophys. Aeta 525,265--274 
9 0 h k u b o 0  I., Ishibashi, T., Taniguehi, N. and Makita, A. (1980) Eur. J. Biochem., in the press 

10 Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall, R~I. (1951) J. Biol. Chem. 193, 265--275 
11 Scrutton, M.C. (1973) in Inorganic Biochemistry (Eiehhorn, G.L., ed.), Vol. 1, pp. 428--437, Elsevier, 

Amsterdam 


