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Summary 

A nucleotidase specific for 2'-nucleotides was localized in both the soluble 
and the synaptosomal fractions of rat brain. The enzyme was partially purified 
from the soluble fraction of bovine brain. The s20,w was 4.9 S with an 
estimated molecular weight of about  70 000. The opt imum pH was 8,0 and Km 
value for 2'-AMP was 5.5 • 10 -4 M. The substrate and inhibitor specificities of 
the enzyme were examined. The nucleotidase has an absolute requirement  for 
Mg 2÷ but neither Fe 3. nor Ca 2÷ acted as replacement ions. In fact, Mn 2÷ and 
Ca 2÷ inhibited the Mg2÷-dependent 2'-nucleotidase. 

Int roduct ion 

Among various mononucleot ide  phosphatases in mammalian tissues, 
5'-nucleotidase has been purified either from liver plasma membranes [ 1--3] or 
from supernatant  fractions of brain and liver [4,5].  The lysosomal fraction of 
liver or spleen contains an acid phosphomonoesterase which hydrolyzes  3'- and 
2'-nucleotides [6,7]. However, a nucleotide phosphomonoesterase specific for 
2'-nucleotide had not  been detected in mammalian tissues. Jacob and Sontag 
[8] purified NADP phosphatase which also exhibited 2'-nucleotidase activity 
from the serum of Heavea brasiliensis. 

Drummond et al. [9] found an enzyme which catalyzed the cleavage of 
3 '-phosphodiester bond of cyclic 2',3'-AMP, producing 2'-AMP. The enzyme is 
localized mainly in the myelin fraction of rat brain [10].  In this paper, we 
report  the purification and characterization of a 2'-nucleotidase from mam- 
malian brain. 
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Materials and Methods 

Chemicals. Authentic 2'-AMP and 3'-AMP were purchased from the Sigma 
Chemical Company. 3'-GMP was prepared from RNA by digesting with ribo- 
nuclease Tl according to the method described by Takahashi [11] and purified 
by Dowex-1 column chromatography. For regular use 2'-AMP and 3'-AMP 
(Kojin Chemical Co.) were separated according to Cohn [12] with some modi- 
fications. The mixture of 2'- and 3'-AMP (500 mg) was neutralized with NaOH 
and placed on a column of Dowex-1 (formate form, X2, 200--400 mesh, 45 × 
1.2 cm). The column was washed with H20 and the nucleotides eluted by the 
application of a concave gradient formed by dripping 0.4 N formic acid into a 
reservoir containing 300 ml H20. 2'-AMP appeared from 290 to 350 ml and 
3'-AMP appeared from 390 to 440 ml. The eluate was dried and the residue was 
washed 3 times with water. Other 2'- or 3'-nucleotides were prepared by 
Dowex-1 column chromatography using different concentrations of formic 
acid. 

Fractionation of  the subcellular components o f  rat brain. Male Wistar rats 
were killed by decapitation and the brain immediately removed. 2 g whole 
brain were minced at 4°C and gently homogenized in 40 ml 0.32 M sucrose 
containing 10 mM Tris-acetate (pH 7.3). Subcellular fractionation was per- 
formed according to the method of Whitaker [ 13] with a modification. 

Determinations. Protein and inorganic phosphate were determined by the 
methods of Lowry et al. [ 14] and Lowry and Ropez [ 15], respectively. Molec- 
ular weight was estimated from Sephadex G-200 column chromatography,  using 
Blue Dextran, malate dehydrogenase, lactate dehydrogenase, glyceraldehyde 
dehydrogenase and aldolase as internal standards. The sedimentation constant 
was calculated by the method of Martin and Ames [16]. Centrifugation was 
carried out at 4°C for 14 h at 100 000 × g on a 5--20% linear sucrose density 
gradient, using catalase, alcohol dehydrogenase, serum albumin and cyto- 
chrome c as standards. 

Enzyme assay. The activity of 2'-nucleotidase was determined by two assay 
methods. Methods 1 and 2 measure the liberation of Pi and adenosine from 
2'-AMP, respectively. For method 1, the reaction mixture contained 1 pmol 
2'-AMP, 50 pmol Tris-acetate (pH 8.0), 2 pmol MgC12 and enzyme in a final 
volume of 0.5 ml. As control, 3'-AMP was substituted for 2'-AMP, since non- 
enzymic dephosphorylation from 2'-AMP was not  detected under the standard 
assay condition. The reaction was carried out for 30 min at 37°C and termi- 
nated by addding 0.1 ml 25% trichloroacetic acid. The supernatant solution 
obtained by centrifugation was used for the determination of Pi. The unit  of 
activity is defined as 1 pmol Pi released/min at 37°C. For method 2, the reac- 
tion was performed in the same manner as described above. The supernatant 
solution was neutralized with NaOH and put on a 1 ml (bed volume) column of 
Dowex-1 (formate form, X2, 200--400 mesh). Adenosine was eluted with 5 ml 
5 mM formic acid, while 2'-AMP remained on the column. The amount  of 
adenosine was determined from ultraviolet absorption at 260 nm (molar 
absorbance: 15 000). 

The increase in Pi (method 1) coincided with the increase in adenosine 
(method 2). The reaction proceeded linearly with time up to 90 min and with 
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enzyme amount  up to 0.02 unit. 
The activity of L-aromatic amino acid decarboxylase was determined by the 

method of Ichiyama and Nakamura, with modifications [17]. The incubation 
mixture contained the enzyme, 0.1 pmol pyridoxal phosphate, 10 pmol 
L-[~4C]DOPA (20 000 cpm/pmol) and 100 pmol potassium phosphate (pH 
6.6). Incubation was carried out at 37°C for 60 min and radioactive CO2 was 
determined as described before [17]. 

Results 

Subcellular distribution in rat brain 
In Table I are shown 2'-nucleotidase activities of subcellular fractions of rat 

brain. Enzyme activity was distributed mainly in the soluble fraction, but an 
appreciable amount  of 2'-nucleotidase activity was detected in fraction P2. 
When fraction P2 was centrifuged on a sucrose density gradient, 2'-nucleotidase 
activity was detected in fraction P2S which corresponds to the synaptosomal 
fraction [13]. 

Purification of  the soluble enzyme 
Bovine brain was obtained at a slaughterhouse and chilled in ice. All subse- 

quent steps were performed at 4°C. Cerebral cortex and cerebellum were 
removed and the remaining part of the brain chopped with a knife. 125 g brain 
were homogenized with 2500 ml cold 0.85% NaC1 in a Waring Blendor for 
1 min. The homogenate was filtered through cheesecloth and was centrifuged 
for 60 min at 50 000 × g. To the supernatant solution, 7.7 ml of 2 N acetic acid 
were added and the solution was brought to pH 3.5. The suspension was 
centrifuged immediately for 10 min at 10 000 ×g. The supernatant solution 
was brought to pH 7.4 by adding 1.5 M Tris solution. The precipitate forming 

T A B L E  I 

S U B C E L L U L A R  D I S T R I B U T I O N  OF 2 ' - N U C L E O T I D A S E  

H o m o g e n a t e  was cen t r i fuged  at 4°C for  10 rain at  1500  × g, separa t ing  the p rec ip i ta te  (P1).  The super-  
n a t a n t  so lu t ion  was cen t r i fuged  for  20 rain at 13 000  X g to ob ta in  s u p e r n a t a n t  so lu t ion  ($2 )  and  pel le t  
(P2).  An al iquot  (2 .2 ml)  of  P2 suspended  in 40 ml  0 .32  M sucrose was l ayered  over  a d i scon t inuous  
sucrose densi ty  grad ien t  con ta in ing  1.5 ml  1.2 M sucrose and  1 ml  0.8 M sucrose.  Af t e r  cen t r i fuga t ion  for  
60 rain at 33 000  r ev . /min  in the SW 40 r o t o r  (Hi tachi ) ,  th ree  bands  were  observed ;  the  whi te  l ayer  
b e t w e e n  0 .32  and 0.8 M sucrose (P2A) ,  suspended  mate r ia l  over  1.2 M sucrose (P2S)  and  pel le t  (P2B).  
Each  layer  was sepa ra ted  and washed  wi th  four  v o l u m e s  of  H 2 0 .  F rac t ion  $2 was  cen t r i fuged  for  60 rain 
a t  100 000  × g and sup e rna t a n t  so lu t ion  ($3)  and prec ip i ta te  (P3)  were  ob ta ined .  

SubceUular  Ac t iv i ty  Pro te in  Specific act iv i ty  A r o m a t i c  amin o  acid 
f ract ions  ( U / m g  wet  wt . )  (mg/g  we t  wt . )  (U/r ig  p ro te in )  deca rboxy lase  (U]t~g pro te in )  

H o m o g e n a t e  115.1 177 0 .65  0 .95  
PI 15.4 55 0.28 0.48 
P2 13.9 37 .5  0.37 0.87 
P2A 0 .06  5.8 0.01 0 .32  
P2S 10.4 12.2 0 .85  2.28 
P2B 6.5 16.7 0.39 0.41 
P3 0 .23  11.7 0 .02  0.37 
S 3 94.1 49 .5  1 .90  2.18 
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at 50--80% (NH4)2SO4 saturation was prepared, dissolved in 50 ml 5 mM Tris- 
HC1 (pH 7.0) and dialyzed twice against 5 mM Tris-HC1 (pH 7.0) for 3 h each. 
A precipitate was removed by centrifugation and the supernatant solution was 
applied on a column (34 X 1.8 cm) of DEAE-cellulose equilibrated with 5 mM 
Tris-HC1 (pH 7.0). The column was washed with H20, followed by 0.05 M 
NaC1/5 mM Tris-HC1 (pH 7.0). The enzyme was eluted by applying a linear con- 
centration gradient 0.05--0.25 M NaC1 in Tris-HC1 (pH 7.0). The bulk of  pro- 
tein was eluted by washing, but  2'-nucleotidase activity was observed in the 
fraction eluted with approx. 0.13 M NaC1. The enzyme solution was dialyzed 
against 5 mM Tris-HC1 (pH 7.0) for 4 h, concentrated and then placed on a 
column (150 X 2.0 cm) of Sephadex G-200 equilibrated and eluted with 0.2 M 
NaC1 in 5 mM Tris-HC1 (pH 7.0). 2'-Nucleotidase activity was observed at 153-- 
162 ml. Purification was 950-fold over the soluble fraction of  brain; yield, 12% 
(Table II). Although the purified preparation in 0.2 M NaC1 was relatively 
stable after storing at 0°C, a dialyzed preparation showed a loss of 2'-nucleo- 
tidase activity by 30% after storing at --20°C for 7 days. Addition of  2 mM 
dithiothreitol did not  stabilise the activity. 

Estimation of  molecular weight 
An estimation of molecular weight was carried out  by gel filtration with 

Sephadex G-200. Assuming that the shape of  2'-nucleotidase is the same as that  
of  the calibrating proteins, the position given by this enzyme corresponds to a 
molecular weight of about  70 000. The s20,w of 2'-nucleotidase was found to 
be 4.9 S by centrifugation on a sucrose density gradient. 

Substrate specificity 
The purified preparation showed phosphatase activity toward glycerol 

2-phosphate, 2-phosphoglyceric acid and NADP as well as 2'-nucleotides. The 
ratio of activity toward glycerol 2-phosphate to that toward 2'-AMP was 0.70-- 
0.85 throughout  the purification. The purified 2'-nucleotidase did not  
hydrolyze 3'-nucleotides, 5'-ADP, 5'-ATP, glycerol 3-phosphate, phenylphos- 
phate, p-ni trophenylphosphate,  glucose 1-phosphate, glucose 6-phosphate, 
6-phosphogluconate,  3-phosphoglyceric acid, glyceraldehyde 3-phosphate, 
d ihydroxyacetonephosphate ,  CoA and cyclic 2',3'-AMP. Cleavage of the 
phosphodiester  bond of cyclic 2',3'-AMP was not  detected when the reaction 
mixture was analyzed by column chromatography on Dowex-1. 

T A B L E  II 

P U R I F I C A T I O N  O F  2 ' - N U C L E O T I D A S E  

S t e p  V o l u m e  T o t a l  ac t iv i ty  Spec i f i c  ac t i v i t y  Yield  
(ml)  (un i t s )  ( U / m g  p r o t e i n )  (%) 

So lub l e  f r a c t i o n  1 0 0 0  5 1 4 0  0 . 0 2 4  1 0 0  
Ac id  t r e a t m e n t  1 0 2 5  4 5 7 5  0 . 0 2 8  8 9  
( N H 4 ) 2  SO4 5 0  3 7 0 0  0 . 0 6 4  7 2  
DEAE-ceUu lose  6 0  1 4 4 0  0 . 9 1 7  28  
S e p h a d e x  G - 2 0 0  9 6 1 7  2 . 2 8 1  12  
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T A B L E  II I  

S U B S T R A T E  S P E C I F I C I T Y  

The  e n z y m e  ac t iv i ty  was m e a s u r e d  using m e t h o d  1 and 2 p m o l  of  var ious  subs t ra tes  were  added .  Dephos-  
p h o r y l a t i o n  of  2 ' -AMP was assigned a value of  100.  

Subs t ra te  Relat ive ac t iv i ty  

2 ' -AMP 100 
2 ' -GMP 32 
2 ' -UMP 112 
2'-CMP 25 
3 ' -UMP 4 
3 ' -CMP 2 
Glycero l  2 -phospha te  78 
2-Phosphoglycer ic  acid 11 
NADP 8 

Effect of  pH on activity 
Maximum 2'-nucleotidase activity occurred at pH 8.5 in the presence of 

0.2 M Tris-maleate and 4 mM MgCl~ and at pH 8.0 in the presence of 0.1 M 
Tris-maleate and 10 mM MgC12 as shown in Fig. 1. 

Kinetics 
The reaction was assayed by m e t h o d  2 and the K m value was calculated from 

the double-reciprocal  plot  [ 1 8 ] .  The Km value for 2'-AMP was 5.5 • 10 -4 M and 
glycerol  2 -phosphate  showed  a compet i t ive  inhibi t ion on the  hydrolys i s  of  
2 ' - A M P  ( K  i = 2.4 • 10 -3 M) (Fig. 2).  

02 

I I 

J S - - o  " " °°~ O' ~ e ~_ _ 
5 8 7 B g 

pH 

Fig. 1. Ef fec t  of  pH on the  ac t iv i ty  of  2 ' -nucleot idase .  The  r eac t ion  was carr ied o u t  u n d e r  s t anda rd  assay 
cond i t ions  excep t  for 0.2 M Tr is -malea te  of  var ious  pH and  4 m M  MgCl 2 (c)) or  0.1 M Tr is -malea te  of  
var ious  pH and  10 m M  MgC12 (e)  ins tead of 0.1 M Tris-aceta te  ( p H  8.0) and  4 m M  MgC12. 
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Fig. 2, Ef fec t  of  c o n c e n t r a t i o n  of  2t-AMP on  2r-nucleot idase  act iv i ty .  The  reac t ion  was  carried o u t  under  
standard assay c o n d i t i o n s  e x c e p t  for various  a m o u n t s  of 2t-AMP ins tead  of  1 p m o l  2t-AMP in the  presence  
(e)  or  in the  abs ence  (~) of  2 .5 /~mol  g lycero l  2 -phosphate .  

Metal ions and inhibitors 
2'-Nucleotidase reaction was assayed by method 2. The purified enzyme 

required Mg :÷ and magnesium was partially replaced by manganese to as much 
as 10% (Table IV). Glycerol 2-phosphate was a competitive inhibitor to 
2'-nucleotidase, but 5'-ATP, 5'-ADP, 5'-AMP, 3'-AMP, phenylphosphate, 
glycerol 3-phosphate or concanavalin A did not inhibit the enzyme at the 
concentration described in Table V. Dithiothreitol showed an inhibition on the 
purified 2'-nucleotidase. 

Discussion 

Jacob and Sontag [8] reported a 2'-nucleotidase from the cytoplasm of H. 
brasiliensis. The 2'-nucleotidase in mammalian brain differs from that in plant 

T A B L E  IV 

R E Q U I R E M E N T  OF M E T A L S  

Assays  w e r e  p e r f o r m e d  according  to  assay m e t h o d  2, e x c e p t  4 m M  MgCl 2. 

Compounds added Concentration Relative activity 
(raM) 

N o n e  0 

MgC12 4 100  

2 93  
1 53 
0.5 16 
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T A B L E  V 

E F F E C T  OF V A R I O U S  COMPOUNDS ON 2 ' - N U C L E O T I D A S E  A C T I V I T Y  

Assays were  p e r f o r m e d  accord ing  to assay m e t h o d  2. Var ious  c o m p o u n d s  were  added  at  the  concen t r a -  
t ions  as ind ica ted .  

C o m p o u n d s  Concen t r a t i ons  Relat ive act ivi ty  
(mM)  

None  100 
5 ' -ATP 5 102 
5 ' -ADP 5 110 
5 ' -AMP 5 97 
3 ' -AMP 10 98 

5 101 
Adenos ine  5 100 
P h e n y l p h o s p h a t e  10 105 

5 96 
Glycero l  2 -phospha te  5 37 

2 62 
Concanava l in  A 1 * 123 

0.1 * 106 
Di th io th re i to l  2 71 
MnC12 4 23 
CaCl2 4 4 
FeCI 3 4 96 

* C o n c e n t r a t i o n  in m g / m l .  

serum by the following: (i) Purified brain 2'-nucleotidase exhibited a low activ- 
ity toward NADP, while the plant enzyme showed 6-time more activity 
towards NADP than towards 2'-AMP. The plant enzyme might be more 
appropriately named NADP phosphatase. (ii) Maximum activity was observed 
at pH 8.0--8.5 with the mammalian enzyme and at pH 5.4 with the plant 
enzyme. (iii) The molecular weight of the brain enzyme was 70 000, whereas 
that of the plant enzyme was 115 000--120 000. (iv) The 2'-nucleotidase from 
mammalian brain was not  inhibited by 5'-ADP, 5'-ATP or adenosine, all of 
which inhibited the enzyme from plant source. 

Purified brain 2'-nucleotidase catalyzed the hydrolysis of phosphomonoester  
bond of 2'-nucleotides and the highest activitity was observed when 2'-UMP 
was used as substrate. The purified preparation did not  hydrolyze 5'-nucleo- 
tides or 3'-nucleotides which are hydrolyzed by acid nucleotidase in lysosomes 
[6,7]. Cyclic phosphodiesterase from microorganisms shows 3'-nucleotidase 
activity [19,20].  Neither 2'-AMP nor 3'-AMP were produced when cyclic 
2',3'-AMP was incubated with the purified 2'-nucleotidase preparation and the 
incubation mixture analyzed as described above. 

The results on substra te~and inhibitor specificities suggest that 2'-nucleo- 
tidase catalyzes the hydrolysis of glycerol 2-phosphate or 2-phosphoglyceric 
acid, but  possible contamination of specific glycerol 2-phosphatase cannot be 
eliminated, since the enzyme has not  been yet  purified to a single protein. 

Appaji Rao et al. [21] reported that a specific glycerol 2-phosphatase from 
mung beans is activated by Fe 3+. Glycerol 2-phosphatase activity in brain was 
not  enhanced by the addition of Fe 3÷. 
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Although 5'-nucleotidase in plasma membrane [3] or in the soluble fraction 
[2] and 2'-nucleotidase from plant cytoplasm [8] were inhibited competit ively 
by 5'-ADP, 5'-ATP, adenosine or 3'-AMP, the activity of 2'-nucleotidase from 
mammalian brain was not  influenced by the addition of 5'-ADP, 5'-ATP, 
adenosine or 3'-AMP. It is worth noting that 2'-AMP was not  an inhibitor to 
5'-nucleotidase from plasma membranes and 5'-AMP was not  an inhibitor to 
2'-nucleotidase. 5'-Nucleotidase was inhibited by concanavalin A [22,23],  but  
2'-nucleotidase was not  affected by this lectin. 

Most 2'-nucleotidase activity was found in the soluble fraction; the activity 
detected in fraction P2S cannot be explained by contamination of the soluble 
fraction. 2'-Nucleotidase is distributed both in the soluble and synaptosomal 
fractions, which resembles the distribution pattern of L-aromatic amino acid 
decarboxylase in the brain [24]. It is unlikely that 2'-nucleotidase is localized 
in lysosomes and the activity in the soluble fraction is derived from ruptured 
lysosomes since acid phosphatase activity was very small both in the soluble 
fraction ($3) and in the fraction P2S. 

The physiological role of 2'-nucleotidase in the brain is still obscure, since 
the presence of free 2'-nucleotide has not  been reported in the brain as far. 
However, it seems possible that  2'-nucleotide produced by cyclic 2',3'-AMP 
3'-phosphohydrolase [9,10] is dephosphorylated by a specific 2'-nucleotidase 
to adenosine, thus participating in RNA metabolism in the brain. 

This specific 2'-nucleotidase will provide a useful tool for biochemists who 
are engaged in determining the position of phosphate in ribonucleotide or 
assaying cyclic 2',3'-AMP 3'-phosphohydrolase.  
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