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Summary 

1.5'-Nucleotidase (5'-ribonucleotide phosphohydrolase, EC 3.1.3.5) from 
the cytosol of chicken liver has been purified 1860-fold with an overall yield of  
20% by a combination of precipitation at pH 5.3, (NH4):SO4 fractionation, cal- 
cium phosphate gel adsorption, phosphocellulose chromatography and gel fil- 
tration with Sephadex G-200. The enzyme has been shown to be highly puri- 
fied, as judged by sodium dodecyl sulphate-polyacrylamide gel electrophoresis. 
This is the first time it has been possible to obtain a purified 5'-nucleotidase 
from the cytosol of animal tissue. 

2. An S2o,w of 9.7 S for 5'-nucleotidase was obtained by the use of sucrose 
density gradient centrifugation and a Stokes radius of 5.1 nm was estimated by 
gel filtration techniques. From these values and the assumed partial specific 
volume of 0.725 cm3/g, the molecular weight of the enzyme was calculated to 
be 205 000. One major band, corresponding to a molecular weight of 51 000, 
was detected after sodium dodecyl sulphate-polyacrylamide gel electrophoresis 
indicating that the native enzyme was composed of four identical subunits. 

3. Some properties of the purified enzyme, including pH optimum, Mg 2÷ 
dependency and substrate specificity, resembled closely those of the partially 
purified enzyme from chicken liver acetone powder as reported by Itoh, R., 
Mitsui, A. and Tsushima, K. (1967) Biochim. Biophys. Acta 146, 151--159. 

Introduction 

5'-Nucleotidase (5'-ribonucleotide phosphohydrolase, EC 3 .1 .3 .5 )which  
preferentially hydrolyzes IMP and GMP was reported originally by Itoh et al. 

* To w h o m  c o r r e s p o n d e n c e  s h o u l d - b e  sent .  
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[1,2] and this enzyme was found to be located in the supernatant fraction of  
chicken and rat liver [3,4] .  The activity of  this enzyme in chicken liver was 
much higher than in rat liver [4] ,  suggesting the importance of  this enzyme in 
nitrogen metabolism in uricotelic animals [5,6] .  We reported the partial purifi- 
cation of  this enzyme from the acetone powder  of  animal livers [1,2] .  Fritzson 
[3] also partially purified this enzyme from rat liver cytosol.  The other  kinds 
of  cytosol  5'-nucleotidase have been partially purified from sheep brain [7] ,  rat 
and guinea pig skeletal muscle [8] ,  bovine liver [9] and pigeon heart [10] ,  bu t  
the best purification were only 20--80-fold. This paper describes the purifica- 
tion of  the cytosol  5'-nucleotidase from chicken liver to approximately homo- 
geneity and some of its properties. 

Materials 

All of  the nucleotides obtained were sodium salts. 5'-IMP and 5'-AMP were 
purchased from Kohjin, 2',(3')-GMP from Boehringer Mannheim and the other  
nucleotides from Sigma. Disodium phenylphosphate and sodium /3-glycero- 
phosphate were obtained from E. Merk; ribose 5-phosphate and ovalbumin 
from Sigma; Tris, rabbit muscle pyruvate kinase, bovine liver catalase and yeast  
alcohol dehydrogenase from Boehringer Mannheim; bovine serum albumin 
from Nutritional Biochemicals Corp.; acrylamide and N2C-methylenebisacryl- 
amide from Tokyo  Kasei and N~N,N'fl['-tetramethylethylenediamine from Wako 
Pure Chemical. All other  chemicals were of reagent grade or of  the highest 
quality available. Phosphocellulose was purchased from Brown and Sephadex 
G-200 from Pharmacia. Calcium phosphate gel was prepared according to the 
method of  Tsuboi and Hudson [11] .  

Methods 

Assay o f  enzyme activity. The 5'-nucleotidase was assayed routinely in the 
following incubation mixture:  100 mM Tris/maleate buffer  (pH 6.5), 10 mM 
MgC12, 3 mM 5'-IMP, 1 mg of bovine serum albumin and the enzyme prepara- 
tion in a total volume of 1.0 ml. After 15 min of  incubation at 37°C the reac- 
tion was terminated by the addition of  1.0 ml of  10% (w/v) trichloroacetic 
acid. The precipitated protein was removed by centrifugation and inorganic 
phosphate (Pi) released was determined by the method of Chen et al. [12] .  
One unit of  activity corresponds to the release of 1 pmol  of  Pi per min and 
specific activity is defined as the units per mg of protein. Acid phosphatase was 
assayed according to the method previously described [ 1 ]. Alkaline phosphatase 
was assayed under the condition described by Naito and Tsushima [13] .  

Protein determination. Protein was determined according to the method of  
Lowry et al. [ 14] .  2-Mercaptoethanol which interferes with protein determina- 
tion by this method was removed from the enzyme solution by gel filtration on 
a column of Sephadex G-25 equilibrated with 10 mM sodium phosphate buffer 
(pH 7.2) containing 0.15 M NaC1. Crystalline bovine serum albumin was used as 
the standard. 

Gel filtration experiments. The molecular weight and the Stokes radius were 
determined by gel filtration [15,16] .  A column (1.5 X 68 cm) of  Sephadex 
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G-200, equilibrated with 0.05 M Tris • HC1 buffer  (pH 7.4) containing 1 mM 
EDTA, 10 mM 2-mercaptoethanol and 0.2 M NaC1, was prepared. The column 
was calibrated by  chromatographing 3 - 6  mg of the following standard proteins: 
ovalbumin, bovine serum albumin, yeast  alcohol dehydrogenase, catalase and 
pyruvate kinase. Fractions of 0.93 ml were collected at a flow rate of  6 ml/h. 
The elution volume (Ve) of  the protein was determined by monitoring the 
absorbance of  280 nm or the enzyme activity, while blue dextran which absorbs 
at 625 nm was used to determine the void volume of the column (Vo). The 
total volume (Vt) was determined by the elution volume of 5'-AMP. 

Sucrose density gradient centrifugation. The sedimentation coefficient was 
determined by sucrose density gradient centrifugation according to the method 
of  Martin and Ames [17] .  The linear gradient used was 5--20% (w/v) sucrose in 
0.05 M Tris • HC1 buffer (pH 7.4) containing 1 mM EDTA, 10 mM 2-mercapto- 
ethanol and 0.2 M NaC1. Centrifugation was performed at 5°C for 14 h at 
34 000 rev./min in a Hitachi 65P ultracentrifuge equipped with an RPS 40 
rotor.  After centrifugation the gradients were divided into 5-drop fractions 
which were assayed for enzyme activity. The sedimentation coefficient of the 
standard, catalase, was that  given by Martin and Ames [17] .  

Gel electrophoresis. Analytical disc gel electrophoresis was performed by the 
procedure of  Davis [18] using 5% polyacrylamide gel. For histochemical analy- 
sis of  5'-nucleotidase activity in the gels, the 5'-nucleotidase reaction mixture, 
with bovine serum albumin omitted,  was supplemented with 2 mM Pb (NO3)2. 
The gels were rinsed briefly in distilled water and immersed in reaction mixture 
at 37°C until visible lines of  white lead phosphate precipitate appeared. Sodium 
dodecyl  sulphate/polyacrylamide gel electrophoresis was carried out  as described 
by Weber and Osborn [19] using 7.5% polyacrylamide gel. Chymotrypsinogen A, 
ovalbumin, glutamate dehydrogenase and bovine serum albumin were used as 
standards. 

Results 

Purification of the enzyme 
All of  the steps in the enzyme purification were performed at 0--4°C. All 

buffers used for enzyme purification steps consisted of  0.05 M Tris • HC1, pH 
7.4, 1 mM EDTA and 10 mM 2-mercaptoethanol,  unless otherwise specified. 

Step 1: Preparation of 9000 × g supernatant. 800 g of fresh chicken livers 
obtained from a local meat  market  was coarsely minced and homogenized in 
3200 ml of  the buffer  for 5 min using a Waring blendor. The homogenate  was 
centrifuged at 9000 × g for 20 min and the precipitate was discarded. 

Step 2: Precipitation at pH 5.3. The pH of the supernatant fluid was ad- 
justed to 5.3 with 2 M acetic acid. After 30 min, the precipitate formed was 
collected by centrifugation at 9000 × g for 20 min and suspended in 800 ml of 
the buffer.  The suspension was adjusted to pH 7.4 with 1 M Tris. 

Step 3:(NH4)2S04 fractionation. The suspension was brought to 20% satura- 
tion by slow addition of  solid (NH4)2SO4. After 30 min the precipitate was 
removed by  centrifugation and solid (NH4)2SO4 was again added to the super- 
natant  to 40% saturation. The precipitate was collected, resuspended in approx. 
400 ml of  the buffer  and dialyzed for 18 h against 5 1 of  the buffer  with two 
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changes. The dialyzed suspension was centrifuged for 60 min at 130 000 X g to 
remove most  of  the insoluble materials. 

Step 4: Calcium phosphate gel adsorption. To the supernatant solution, 
calcium phosphate gel (2 mg dry weight per mg protein) was added and the 
mixture stirred for 30 min. The gel was collected by centrifugation and washed 
once with 700 ml of  the buffer  containing 0.05 M (NH4)2SO4. The enzyme was 
eluted from the gel three times by successive t reatment  with 300 ml of  the 
buffer  containing 0.2 M (NH4)2SO4. The enzyme was precipitated with (NH4)2 
SO4 (40% saturation) and dissolved in 150 ml of the buffer. 

Step 5: Phosphocellulose column chromatography. The enzyme preparation 
from Step 4 was applied to a phosphocellulose column (1.5 × 20 cm) equili- 
brated with the buffer  containing 0.2 M NaC1. The column was washed with 
the same buffer  and the enzyme was then eluted with a linear gradient of  0.2-- 
0.6 M NaC1 in the buffer.  Fractions o f  4 ml were collected at a flow rate of  40 
ml/h. The enzyme was found to be eluted at approx. 0.4 M NaC1. A typical 
elution profile is shown in Fig. 1. Active fractions were pooled, precipitated 
with (NH4)2SO4 as before and dissolved in 1.5 ml of  the buffer.  

Step 6: Sephadex G-200 gel filtration. The active fraction from the previous 
step was purified further by gel filtration on a column (2.5 × 40 cm) of Sepha- 
dex G-200 equilibrated with the buffer containing 0.2 M NaC1. The enzyme 
was eluted at a flow rate of 14 ml/h and fractions of 2 ml were collected as 
shown in Fig. 2. The elution profiles of  the protein and the enzyme activity 
showed a coincident shoulder ahead of  the main peak. A rechromatography on 
a Sephadex G-200 column of the concentrated peak fractions showed a similar 
elution profile and the enzyme was not  purified further. The shoulder was 
assumed to be due to aggregates of the enzyme proteins which were produced 
during the concentrat ion process. The pooled, concentrated active fractions 
were dissolved in 3 ml of  the buffer. This enzyme solution was used as the 
source of  enzyme for the following experiments. 
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e lu ted  w i t h  a l i n e a r  gradient  o f  0.2---0.6 M NaCI  i n  the buf fer  (w i th  2 0 0  m l  i n  e a c h  r e s e r v o i r ) .  - - ,  

prote in  c o n c e n t r a t i o n  as A 2 8 0  n m ;  o o,  act iv i ty  o f  5 ' - n u c l e o t i d a s e ;  . . . . . .  , NaCI  m o l a r i t y .  Other  
detai l s  w e r e  descr ibed  in the  t e x t .  
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The purification procedure is summarized in Table I. The specific activity of  
the enzyme purified 1860-fold was 37 untis/mg, the highest values of  5'-nucleo- 
tidase ever obtained from animal tissues. The overall recovery was 20%. 

Stability of  the enzyme 
The activity of  the crude enzyme decreased 5--10% a day at 4°C, whereas the 

purified enzyme lost less than 7% of its original activity when stored over a 
period of 2 months at 4°C in the buffer. A significant loss of activity was ob- 
served when the purified enzyme solution was diluted down to 10 pg per ml 
with the buffer. For the assay of  the 5'-nucleotidase in an appropriate activity 
we always diluted the enzyme with the buffer which contained 10 mg per ml 
of  bovine serum albumin. 

Purity of the enzyme 
Acid and alkaline phosphatase activities were not detected in the purified 

TABLE I 
PURIFICATION OF CYTOSOL 5'-NUCLEOTIDASE FROM CHICKEN LIVER 
5 ' -Nuc leo t idase  act iv i ty  was  d e t e r m i n e d  w i t h  5'-IMP as substrate under  the  c o n d i t i o n s  descr ibed  in the  
t e x t .  

S teps  Tota l  T o t a l  Spec i f i c  Yie ld  Puri f icat ion  
prote in  act iv i ty  ac t iv i ty  (%) rat io  
(rag) (uni t s )  (uni ts /rag)  

1. 9 0 0 0  X g supernatant  7 2  6 0 0  1 4 8 0  0 . 0 2 0  1 0 0  1 
2. pH 5 . 3 0  prec ip i ta te  2 7  0 0 0  1 4 2 0  0 . 0 5 3  9 6  2 .7  
3. ( N H 4 ) 2 S O 4  2 0 - - 4 0 %  saturat ion  9 6 0 0  9 5 2  0 . 0 9 9  6 4  5 
4. Ca lc ium p h o s p h a t e  gel 2 3 2 0  7 4 8  0 . 3 2 2  51 16  
5. P h o s p h o c e l l u l o s e  1 4 . 5  4 3 8  3 0 . 2  3 0  1 5 1 0  
6. S e p h a d e x  G - 2 0 0  7 .9  2 9 3  3 7 . 2  2 0  1 8 6 0  
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enzyme preparation under the assay conditions described in Methods. The 
purified preparation gave three protein-staining bands, an intermediate major 
band and two faint minor bands, on polyacrylamide gel electrophoresis in the 
absence of sodium dodecyl sulphate (data not shown). All of these bands 
corresponded to 5'-nucleotidase activity detected using 5'-IMP as substrate and 
the intermediate band gave the most dense deposit. No other protein bands 
were present. On sodium dodecyl sulphate/polyacrylamide gel electrophoresis, 
as shown in Fig. 3a, one major and a faint minor protein-staining band were 
detected. The number of bands was reduced as compared with that on the gel 
electrophoresis in the absence of sodium dodecyl sulphate. Since the major and 
minor bands corresponded to the molecular weights of 51 000 and 100 000, 
respectively, which were calculated as described below, the minor band ap- 
peared to correspond to a probable dimeric form of the subunit. 

Molecular weight o f  the native enzyme and subunit composition 
The molecular weight and the Stokes radius of the 5'-nucleotidase were 

investigated by gel filtration on a column of Sephadex G-200. Under the condi- 
tions used the molecular weight and the Stokes radius were estimated to be 
180 000 and 5.1 nm, respectively (Figs. 4a and 4b). Further investigation was 
performed to determine the molecular weight by employing sucrose density 
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Fig. 3. (a) S o d i u m  dodecy l  sulphate /polyacrylamide  gel electrophoresis  of  the purified 5'-nucleotidase.  
Lef t ,  e l ec t rophores i s  of  standard proteins. Right, electrophoresis  of the pur i f ied  e n z y m e .  Detai ls  of the 
electrophoresis  are given under Methods. (b)  Subun i t s  m o l e c u l a r  we igh t  of  5 ' -nulceot idase  as determined 
by  sodium dodecy l  sulphate gel electrophoresis.  Relative mobi l i ty  of  the  e n z y m e  and four  standard 
proteins ( c h y m o t r y p s i n o g e n  A, 25 700 ;  ova lbumin ,  43 000 ;  glutamate dehydrogenase,  53 000 ;  and  bov ine  
s e ru m  a lbumin ,  68 000)  were  plotted against the mole c u l a r  weight .  An  a r row indicates the posit ion of t h e  

5 ' -nuc leo t idase .  
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Fig. 4. The  moleculax  we igh t  and  the  S tokes  radius  of  the  pur i f ied  e n z y m e  e s t ima t ed  by  Sephadex  G-200  
gel f i l t ra t ion.  (a) D e t e r m i n a t i o n  of  m o l e c u l a r  weight .  The  s t andards  used  were  ova lbumin ,  43 000 ;  bov ine  
s e rum  a lbumin ,  68 000 ;  yeas t  a lcohol  d e h y d r o g e n a s e ,  148 0 0 0  and  p y r u v a t e  kinase,  237 000.  An a r row 
indica tes  the  pos i t ion  of  the  5 ' -nuc leo t idase .  (b)  D e t e r m i n a t i o n  of  S tokes  radius .  Th e  s t andards  used were  
o v a l b u m i n ,  2 .75 n m ;  bov ine  s e rum a lbumin ,  3.5 n m ;  yeas t  a lcohol  d e h y d r o g e n a s e ,  4.6 n m  and catalase,  
5.2 n m .  Detai ls  of  the  p r o c e d u r e  are given u n d e r  Methods .  An  a r ro w  indica tes  the  pos i t ion  of  the 5'-  
nuc leo t idase .  

gradient centrifugation. The sedimentation coefficient of the enzyme was 
found to be 9.7 S and the molecular weight was calculated to be 199 000 from 
this value. We also used a procedure described by Siegel and Monty [16] to 
confirm the molecular weight obtained. From the sedimentation coefficient of  
9.7 S, the Stokes radius of  5.1 nm and the assumed partial specific volume of 
0.725 cm3/g, a molecular weight of the native enzyme was calculated to be 
205 000 by use of  the equation: M = 61n?Nas / (1 - -Pp) ,  where M = molecular 
weight, N = Avogadro's number,  a = Stokes radius, s = sedimentation coeffi- 
cient, ~ = partial specific volume, p = density of medium and ~/= viscosity of  
medium. 

Polyacrylamide gel electrophoresis of the purified 5'-nucleotidase in the 
presence of  sodium dodecyl  sulphate revealed one major protein band (Fig. 3a). 
The molecular weight of  this polypept ide was determined by calibrating 
sodium dodecyl  sulphate polyacrylamide gels with standard proteins of  known 
subunits molecular weight (Fig. 3b). The molecular weight of  the polypept ide 
was 51 000, indicating that the native enzyme was composed of  four identical 
subunits. The same molecular weight was obtained for the subunit  using 5 and 
10% polyacrylamide gels. 

p H  o p t i m u m  and substrate  speci f ic i ty  
The 5'-nucleotidase has a pH opt imum around 6.5 when assayed under the 

standard condit ion with IMP or AMP as substrate (Fig. 5). 5'-Nucleotidase 
activity was not  detected wi thout  Mg 2÷ in this pH range. The relative activities 
of  the enzyme towards a number  of  nucleoside monophosphates  and other  
phosphate esters are shown in Table II. The enzyme was found to have a high 
specificity for 5'-nucleotides. IMP, GMP, dGMP and xanthosine 5'-monophos- 
phate were dephosphorylated more rapidly than any other  substrates tested. 
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Fig.  5.  E f f e c t  o f  p H  o n  r e a c t i o n  ve loc i t y .  S t a n d a r d  a s say  c o n d i t i o n s  we re  u s e d  e x c e p t  t h e  p H  o f  t h e  b u f f e r  
w a s v a r i e d .  The  p H  w a s  m e a s u r e d  a t  2 0 ° C  in the  c o m p l e t e  r e a c t i o n  m i x t u r e .  G 0,  5 ' - IMP as s u b s t r a t e ;  

~, 5 ' - A M P  as s u b s t r a t e .  

The apparent K m values were estimated as shown in Table II from Lineweaver- 
Burk plots of  the reaction velocities at various concentrations of  the 5'-nucleo- 
tides. The activities with all of  the nucleotides tested followed Michaelis- 

T A B L E  II 

S U B S T R A T E  S P E C I F I C I T Y  O F  5 ' - N U C L E O T I D A S E  

The  r e a c t i o n  m i x t u r e  o f  1 .0  m l  c o n t a i n e d  1 0 0  # t o o l  o f  T r i s / m a l e a t e  b u f f e r  (pH 6 .5 ) ,  1 0  # m o l  o f  MgCI 2 ,  
3 # t o o l  o f  s u b s t r a t e ,  1 m g  of  b o v i n e  s e r u m  a l b u m i n  a n d  the  e n z y m e  p r e p a r a t i o n .  All r a t e s  are  r e f e r r e d  t o  
as re la t ive  t o  t he  h y d r o l y s i s  o f  5 ' - IMP w h i c h  is t a k e n  as 100 .  The  K m va lues  we re  d e t e r m i n e d  f r o m  
L i n e w e a v e r - B u r k  p l o t s  o f  t he  r e a c t i o n  ve loc i t i e s  a t  va r i ed  s u b s t r a t e  c o n c e n t r a t i o n s .  The  s u b s t r a t e  c o n c e n -  
t r a t i o n  r a n g e s  u s e d  w e r e  0 . 1 - - 4  m M  f o r  5 ' - I M P ; 0 . 5 - - 4  m M  f o r  5 ' - G M P  a n d  5 ' - d G M P ;  5---40 m M  fo r  5 ' - U M P  
a n d  1 0 - - 8 0  m M  f o r  5 ' -AMP.  

S u b s t r a t e  Re la t ive  K m 
(3 m M )  a c t i v i t y  (mM)  

(%) 

5 ' - IMP 
5 ' - G M P  
X a n t h o s i n e  5 ' - m o n o p h o s p h a t e  
5 ' - A M P  
5 ' - U M P  
5 ' -CMP 
5 ' - d G M P  
5 ' - d A M P  
5 ' - d U M P  
5 ' - d T M P  
5 ' - d C M P  
2 ' ,  (3')-GMP * 
2', ( 3 ' ) - A M P  * 
R i b o s e  5 - p h o s p h a t e  
P h e n y i p h o s p h a t e  
~ - G l y c e r o p h o s p h a t e  

1 0 0  0 .31  
9 6  0 . 5 3  
4 3  
13  18  
1 0  2 3  

7 
7 5  1 .4  

5 
3 
2 
0 .6  
4 
0 
2 
0 
0 

* M i x e d  i somers .  
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Menten type kinetics in the concentration range used. The K m values for AMP 
and UMP are about 50 times higher than for IMP and GMP. 

Discussion 

5'-Nucleotidase from the supernatant fraction of chicken liver homogenate  
was highly purified. The purified enzyme was relatively stable as compared 
with the crude one. 

The enzyme was eluted as a single symmetrical peak on phosphocellulose 
column chromatography and the enzyme from the final purification step was 
not  purified further by rechromatography on a Sephadex G-200 column. The 
gel electrophoresis in the presence of sodium dodecyl  sulphate showed a de- 
crease in the number  of  protein bands as compared with the gel electrophoresis 
in the absence of  the detergent. And the faint minor band observed on the gel 
in the presence of sodium dodecyl  sulphate was considered to be a probable 
dimeric form of the subunits. These results suggested that  electrophoretic 
heterogeneity of  the purified enzyme in the absence of  sodium dodecyl  sul- 
phate was an artifact. The purified enzyme was therefore considered to be 
approximately homogeneous.  

The molecular weight determined by Sephadex G-200 gel filtration was 
180 000. This value was somewhat  lower than the molecular weight of  199 000 
obtained by sucrose density gradient centrifugation and deviated from the sum 
of  the molecular weight of  the subunit  determined by sodium dodecyl  sulphate 
polyacrylamide gel electrophoresis. It has been described that  the gel filtration 
elution volumes of proteins were more accurately correlated with the Stokes 
radii than with the molecular weights [16,20,21] .  We therefore used a pro- 
cedure developed by Siegel and Monty [16] to determine the molecular weight 
of  this 5'-nucleotidase. The molecular weight of  the native enzyme was calcu- 
lated to be 205 000, whereas that  of  the dissociated subunit was 51 000. The 
5'-nucleotidase thus appears to be a tetramer, being composed of  four identical 
subunits. The value of  205 000 is close to that  of 190 000 determined by gel 
filtration for 5'-nucleotidase from membrane fraction of  bovine cerebral 
cortex [22] ,  higher than those for 5'-nucleotidase from sheep brain, 140 000 
[7] ,  mouse liver plasma membrane,  140 000--150 000 [23] and Ehrlich ascites 
tumor  cells, 125 000 [24] and lower than that for bovine pituitary gland 
5'-nucleotidase, 237 000 [25] .  The 5'-nucleotidase from mouse liver plasma 
membrane has been reported to be composed of two identical subunits, each 
with a molecular weight of  70 000--75 000 [23] .  

The catalytic properties of the purified 5'-nucleotidase, including pH 
opt imum, Mg 2÷ requirement and substrate specificity resembled closely those 
of  partially purified enzym e from chicken liver acetone powder  [1] .  However,  
the purified enzyme was completely devoid of  the activity towards phenylphos- 
phate and/3-glycerophosphate. The apparent Km values for IMP and GMP were 
about  one-third of  those of the partially purified enzyme. The apparent Km 
values for UMP and AMP were much higher than the values, 2.2 and 6.8 mM, 
respectively, reported by Fritzson [3] for the 5'-nucleotidase from rat liver 
cytosol.  Further investigations on the molecular and catalytic properties of  this 
enzyme are now in progress. 
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