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SUMMARY 

A 5'-nucleotidase (5'-ribonucleotide phosphohydrolase, EC 3.1.3.5) from rat  
cerebellum was purified 855-fold by (NHa)2SO 4 fractionation and column chromato- 
graphy on Sephadex G-Ioo and G-2oo. The enzyme was activated by divalent cations 
with Mg 2÷, Co 2+, and Mn 2÷ being the most efficient activators. The 5'-nucleotidase had 
an opt imum pH of 6.8 ± o.2. The relative rates of hydrolysis of 5'-AMP, 5'-UMP, 
5'-CMP, 5'-GMP and 5 '-IMP were IOO, 46, 35, 17 and 9, respectively; there was n() 
hydrolysis of 2'- or 3'-nucleoside monophosphates. Values for the Michaelis constant 
were 5'-AMP, o.o8 mM; 5'-UMP, o.82 mM; 5'-CMP, o.92 mM; 5'-GMP, L4I  raM; and 
5'-IMP, 2.1 mM. Using 5'-AMP as substrate the 5'-nucleotidase was inhibited by Nal", 
HgC12, CuC12, p-chloromercuribenzoate, and p-hydroxymercuribenzoate.  The 5'- 
nucleotidase was inhibited by 5 "lO-3 M thymidine, guanosine and inosine but not by 
uridine or adenosine. The concentrations of ATP, UTP, ITP, CTP and GTP required 
to inhibit the hydrolysis of 5'-AMP by 50% were IO, 68, 24 o, 250 and 72o#M, 
respectively. 

INTRODUCTION 

5'_Nucleotidase (5'-ribonucleotide phosphohydrolase, EC 3.1.3.5) has been 
identified and studied in a variety of tissues including bull semen t, potato tubers 2, 
soybeans 3, soil bacteria 4, Clostridium sticklandii  5, rat liver ~ u, Clostridium propioni-  
cure 12, snake venom 13, Escherichia coli 14-16, calf intestinO 7, sheep brain ls,19, human 
liver 2° chicken liver 21 and Ehrlich ascites tumor cells 22. The enzymes in the mentioned 
studies differ in many  instances with respect to substrate specificities, ionic cofactors, 
pH optimum, inhibitors, etc. Of particular importance is the subcellular localization 
of the 5'-nueleotidase. 5'-Nucleotidase has been referred to as a surface enzyme in 
Escherichia coli 14, a lysosomal enzyme in rat  liver 9, plasma membrane of rat liver 7 and 
microsomes of rat  liver 6. Recently 5'-nucleotidase has been determined to reside almost 
exclusively in the plasma membrane of cells 7,23,24 and the enzyme has been used as a 
plasma membrane marker  enzyme 25,26 for identification of plasma membrane flag- 
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ments in cell fractionation studies. Furthermore, 5'-nucleotidase has been described 
as a peak (as opposed to a continuous or step) enzyme in synchronized mouse leukemia 
cells, L5178Y (ref. 27). Since 5'-nucleotidase is present in cerebral cortices ~s and since 
it has been used therein as a plasma membrane marker enzyme (although it is present 
to a limited extent in microsomes) 28 it was deemed important to determine substrate 
specificity and properties of a purified brain 5'-nucleotidase. The present communi- 
cation describes results of an investigation on 5'-nucleotidase activity in rat cere- 
bellum. 

MATERIALS AND METHODS 

Materials 
Substrates were purchased from Sigma Chemical Co. Enzyme grade (NH4)2SO a 

was purchased from Mann Chemicals Co. Distilled water was first deionized and then 
distilled in a glass still; all solutions were made with this water. Uniformly 14C-labelled 
5'-AMP, diammonium salt (specific activity 400 Ci/mole) was purchased from New 
England Nuclear. All nucleotides were tested for purity and found to be > 9 8 %  pure. 

Enzyme assay 
The 5'-nucleotidase was assayed routinely in the following incubation mixture : 

~oo/,moles of Tris-maleate, IO mM MgC1 e, 3 mM 5'-AMP and enzyme preparation 
in a total volume of I .IIO ml. The incubation mixture was incubated at 37 ° for I h 
in a Dubnoff metabolic shaker. The reaction was terminated by the addition of I ml 
of lO% trichloroacetic acid. The precipitated protein was removed by centrifugation 
at 2000 × g for 4 min, and an aliquot of the supernatant fluid was used for P1 determi- 
nation by the method of FISKE AND SUBBARow ~9. The 5'-nucleotidase activity was 
then based on the released Pt. In each series, blanks of substrate without enzyme and 
enzyme without substrate were incubated simultaneously and any Pi liberated sub- 
tracted from the assay in order to eliminate PI present in the enzyme or Pi liberated 
by non-enzymatic hydrolysis of the substrate. All experiments were performed in 
duplicate. 

Protein 
Protein was determined according to the method of LOWRY et al. 3°. Crystalline 

bovine serum albumin was used as a standard. 

Purification of 5'-nucleotidase from rat cerebellum 
All steps of purification were carried out at 4 ° unless otherwise specified. Six 

independent preparations of enzyme were made. Fractions from the column were 
assayed for protein by the method of LowRY et al. 3°. All o.1% Triton X-Ioo was made 
in o.I M Tris-HC1 buffer (pH 7.6). At several steps (Steps 2, 4 and 5 below), solutions 
were concentrated by lyophilization. 

Step z. Extraction. 18 cerebella were removed from rats (200-250 g) which had 
been starved for 16 h with water ad libitum. They were minced in 5 vol. of the o.1% 
Triton X-Ioo solution and homogenized for 30 strokes in a Ten Broeck homogenizer. 

Step 2. Centrifugation. This homogenate was then centrifuged at 4 ° ooo × g 
for IO min. 
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step 3. (NH4)2sO4precipitation. To the supernatant was added sufficient 
(NH4)2SO4, with stirring to make the solution 2o~, in (NH4)2SO 4. This was stirred at 
4 ° for 30 min and then allowed to sit for 3o rain at 4 °. The suspension was centrifuged 
at 2o ooo x g for 2o min. Both the supernatant and pellet were exhaustively dialyzed 
against the o.I°//o Triton X-Ioo solution at 4 °. 

Step 4. Gelfiltration on Sephadex G-zoo. A Io-ml sample (487 mg protein) from 
the 2o% (NHa)2SO a dialyzed precipitate in the o . i% Triton X-ioo solution was 
applied to a Sephadex G-Ioo column (2.5 em x 45 era) packed in the same solution. 
The column was eluted with the same buffer and fractions of 5 lnl were conected. 

Step 5. Gelfiltratiou on Sephadex G-2oo. A 5-ml sample (7 mg protein) of the 
peak from the previous step was applied to the Sephadex G-2oo colunm (45 cm ~ 2.5 
cm) packed in the o.1% Triton X-IoO solution. The colunm was developed with the 
same buffer and 3-ml fractions were collected. 

Nature of product of rat cerebellum 5'-nucleotidase reaction 
Assays were perfimned in the usual manner except 2/,('i of 5'-La4CjAMP were 

added to the incubation. The supernatant after precipitation of the protein was 
chromatographed in I-butanol acetic acid water (2():3:7, by vol.) and the nueleoside 
areas were cut from the dried chromatograms and eluted with glass-distilled water. 
The eluates were lyophilized and subjected to electrophoresis in o.05 M citrate-Tris 
(pH 4.8) and the distribution of radioactivity was determined by cutting the strips 
and counting in a liquid scintillation counter by the procedure of MuI~RAY AND 
IgRIEI )RICHS 22. 

Enzyme characlerizatiou 
All experiments were performed with the purified enzyme; tmrified enzyme 

from several purification runs were pooled for the experiments. 

T A B L I :  1 

P U R I F I C A T I O N  A N D  I S O L A T I O N  O F  5 ' - N U C L I ~ ; O ' I ' I I ) A S E  A C T I V I T Y  ICY ( N H ~ ) = S ( )  a I ' R E C I I q T A T I O N  A N D  

C O L U M N  C H R O M A T O G R A P H Y  

All p r o c e d u r e s  w e r e  carr ied  o u t  a t  0 - 4 ' .  T h e  e x p e r i m e n t s  were  r e p e a t e d  5 t i i nes  an l l  were  q u a n t i  
t a t i v e l y  and  q u a l i t a t i v e l y  reproduc ib l e .  P r o c e d u r e s  w e r e  p e r f o r i n e d  as g iven  in MATERrALS AXl) 
M E T H O D S .  

Step 

I .  o.13~, T r i t o n  X - i o o  
e x t r a c t  

2. 4 ° o o o  X g 
s u p e r n a t a n t  

3. 2o% (NH4)2SO 4 
p r e c i p i t a t e  
d i a l y z e d  

t .  S e p h a d e x  O-lOO 
5. S e p h a d e x  G-2oo 

Total Total Recovery Specific Purificalbm 
prot~,m activity (%) activity factor 
(rag,) (ltmoh!slh) (l, moleslh 

per mg 
protei~¢ ) 

,t544 8000 1oo [ .8 I .o 

2320 021o 78 2. 7 1.5 

487 521o 05 11. 7 0.5 
7 5 O I 1  6 3  7 2 0  4 ° o  

3 4612 58 I54 o 855 
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Fig. I. Chromatography  of the ra t  cerebellum 5'-nucleotidase activity on Sephadex G-ioo. En- 
zyme (52io/~moles/h, 487 mg protein) in IO ml of o.I~o Tri ton X- ioo  in o.I  M Tris-HC1 buffer 
(pH 7.6) was applied to the column (45 cm × 2. 5 cm). Elut ion was with o.1% Tri ton X- Ioo  in 
o.I  M Tris-HC1 buffer (pH 7.6); 5-ml fractions were collected. All procedures were carried out  in 
a jacketed column at  4 °. 

RESULTS AND DISCUSSION 

Purification of 5'-nueleotidase from rat cerebellum 
The purification scheme described above yielded a preparation purified 855-fold 

over the original homogenate. The scheme was based on centrifugation, (NH4)2SO , 
precipitation and column chromatography on Sephadex G-Ioo and Sephadex G-2oo. 
58% of the total activity was recovered by these procedures (Table I). The highest 
purification step was achieved with the Sephadex G-Ioo column chromatography 
(Fig. I). A further 2-plus-fold purification was achieved by the Sephadex G-2oo 
column chromatography (Fig. 2). Repeated attempts to further purify the enzyme by 
column chromatography on DEAE-cellulose were unsuccessful. 

pH optimum of the enzyme 
The effect of pH on the catalytic activity of the 5'-nucleotidase of rat cerebellum 
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Fig. 2. Chromatography  of the ra t  cerebellum 5'-nucleotidase act ivi ty on Sephadex G-2oo. En- 
zyme (5Oll/*moles/h,  7 mg protein) in 5 ml of o.1% Tri ton X- Ioo  in o.i  M Tris-HC1 buffer (pH 
7.6) was applied to the column (45 cm x 2.5 cm). Elut ion was wi th  o.1% Tri ton X- Ioo  in o.i M 
Tris-HC1 buffer (pH 7.6); 3-ml fractions were collected. All procedures were performed in a 
jacketed column at  4 ° . 

Biochim. Biophys. Acta, 227 (1971) 4o2-412 



4oO H . B .  BOSMANN,  G. Z. f ' IKI  L 

1500- 

~ ,ooo- 

\ 500- 

~qa 

," -\ /" 

\ / ' 
20- 

~o 

pH p.g ENZYME PROTEIN 

. / /  

05 II0 15 

Fig .  3. I n f l u e n c e  o f  p H  o n  t h e  a c t i v i t y  o f  t h e  r a t  c e r e b e l l u m  5 ' - n u c l e o t i d a s e .  E n z y m e  (t /*g). 
s u b s t r a t e ,  c o f a c t o r  a n d  b u f f e r  w e r e  i n c u b a t e d  u n d e r  s t a n d a r d  c o n d i t i o n s  a n d  t h e  P i  r e l e a s e d  w a s  
d e t e r m i n e d  a s  g i v e n  in  t h e  t e x t .  T h e  b u f f e r  w a s  in  a l l  i n s t a n c e s  T r i s - m a l e a t e  bu f f e r .  

i q g .  4. E f f e c t  o f  e n z y m e  c o n c e n t r a t i o n  o n  t h e  a c t i v i t y  o f  t h e  r a t  c e r e b e l l u n l  5 ' - n u c l e o t i d a s e .  I n c u -  
b a t i o n  c o n d i t i o n s  w i t h  5 ' - A M P  as  t h e  s u b s t r a t e  w e r e  a s  d e s c r i b e d  in  t h e  t e x t .  

was studied using 5'-AMP as the substrate in Tris-maleate buffers ranging from pH 
5.2 to 8.4. The pH activity profile shown in Fig. 3 indicates a pH optimum of6.8 ~ o.2 
for the enzyme. This pH optimum can be compared to that found fl~r 5'-nucleotidase 
of rat liver microsomes n of pH 6.5-8.o, of Clostridium propionicum 12 of pH 6.o-9.2, of 

T A B L E  1I 

E F F E C T  OF C A T I O N S  ON A C T I V I T Y  OF P.AT C E R E B E L L U M  5 ' - N U C L E O T I D A S E  

E x p e r i m e n t s  w e r e  p e r f o r m e d  w i t h  5 ' - A M P  a s  s u b s t r a t e  a s  d e s c r i b e d  in  t h e  t e x t .  " W i t h o u t  MgCI2"  
r e f e r s  t o  e x p e r i m e n t s  in  w h i c h  t h e  i n d i c a t e d  ion  w a s  s u b s t i t u t e d  f o r  t h e  MgC12 in  t h e  a s s a y .  " W i t h  
MgCI~"  r e f e r s  t o  e x p e r i m e n t s  in  w h i c h  t h e  i n d i c a t e d  i o n  w a s  a d d e d  in  t h e  p r e s e n c e  o f  t h e  IO m M  
MgC12 n o r m a l l y  in  t h e  a s s a y .  T h e  a c t i v i t y  o f  t h e  r o  m M  MgC12 a d d i t i o n  t o  t h e  " w i t h o u t  M g C I 2 "  
s y s t e m  w a s  a r b i t r a r i l y  s e t  t o  IOO a n d  o t h e r  v a l u e s  a r e  a c t i v i t i e s  r e l a t i v e  t o  t h i s  a c t i v i t y .  All s o l u -  
t i o n s  w e r e  m a d e  in o . i  M T r i s - H C 1  b u f f e r  ( p H  7.6).  A n y  b a l a n c i n g  o f  a s s a y  v o l u n m s  n e c e s s a r y  w a s  
m a d e  w i t h  o . i  M T r i s  HC1 b u f f e r  ( p H  7.6).  

Ion or Conch. Without With 
addition (raM) MgC12 MgCI 2 

M gC12 t 3 3 100 
IO IOO IOO 

CoCI~ I 32 1oo 
IO 1 2 I  1 1 2  

CuCI~ ~ 7 72 
IO 7 I4 

l:eC1 a I o 9 ° 
1o o 7 8 

HgCI~ I o r l 
[ 0 O 0 

P b C I  2 ~ 8 92 
~o 3 8 6 5 

MnC12 1 4 ~ 11 o 

IO I r 6  t 25 
CaC1 z I 3 ° IOO 

t o  86  92 
CdC12 I 8 89 

IO 34 7 ° 
E D T A  IO 2 7 
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Fig. 5. T ime-course  of  t he  Pl  l iberat ion f rom 5"-AM}'. The  e n z y m e  (i/~g) and  t he  s u b s t r a t e  were 
i n c u b a t e d  for va r ious  t ime  in te rva ls  and  the  Pi  released was de t e rmined  as g iven in t he  tex t .  

Fig. 6. Inf luence  of  MgC1, concen t r a t ion  on t he  ac t iv i ty  of  5 ' -nucleot idase  f rom ra t  cerebel lum.  
E n z y m e  ( i / ,g ) ,  subs t ra te ,  and  buffer  were i ncuba t ed  unde r  s t a n d a r d  condi t ions  and  t he  Pl  re- 
leased was  de t e rmined  as descr ibed in the  text .  

calf intestine 17 of pH 6.0-6.5, of sheep brain 19 of pH 6.5-7.5, of rat liver n of pH 6.3 
and of chicken liver 2~ of pH 6. 5. 

Effect of added enzyme protein 
The activity of the rat  cerebellum 5'-nucleotidase was linear with respect to 

enzyme protein up to 1.25/zg of enzyme protein as shown in Fig. 4. 

Time-course 
Fig. 5 show that  the rate of PI  liberation from 5'-AMP is linear up to 60 rain 

incubation and that  the rate of hydrolysis decreases thereafter. 

Effect of cations on rat cerebellum 5'-nucleotidase 
At IO mM, MgC12, CoCI~, and MnCI~ each activated the 5'-nucleotidase of rat 

cerebellum to about the same degree. CaC12 also activated the 5'-nucleotidase to 86% 
the rate with the MgC1 s (Table II).  PbCI~ and CdCI~ at io mM also slightly activated 
the rat  cerebellum 5'-nucleotidase to 38 and 34% the activity with io mM MgC12. 
FeC13, CuC12 and HgC12 did not at all activate the 5'-nucleotidase at i or IO mM. 
In the presence of IO mM MgCI~, I mM HgCI~ inhibited the 5'-nucleotidase activity 
to 11% the control act ivi ty while IO mM HgC12 completely inhibited the rat  cere- 
bellum 5'-nucleotidase activity. At IO mM CuC12 the rat cerebellum 5'-nucleotidase 
activity was inhibited to 14% the control rate in the presence of IO mM MgC12. 
EDTA at io mM almost completely abolished the rat  cerebellum 5-nucleotidase 
activity in the presence or absence of IO mM MgCI~. The rat  cerebellum 5 -nucleotidase 
was highly dependent on MgC12 and was activated over a broad concentration range of 
MgC] 2 (Fig. 6). Other 5'-nucleotidases and the ion reported to activate them to the 
greatest extent include the following: rat  liverT,l°, 21, Mg2+; chicken liver ~1, Mg~+; 
calf intestine 17, Mn 2+, Mg2+, C02+; E. coli 15, Co*+; C. sticklandii 5, Fe3+; and rat  liver 
lysosomal 9, none. 

Analysis of reaction product 
Analysis of the reaction product (see MATERIALS AND METHODS) showed that  the 

Biochim. Biophys. Acta, 227 (1971) 4o2-412 



408 H . B .  B()SMANN, G. Z. PIKE 

3 0 -  

,.-:. 

g 2 0 -  

~ o -  
/ O.~" 

~, .o .~o.O / • 

1'o 2'o 30 ~1 40 
10 

I/(AMP] JmM) "/ 

Fig. 7. L i n e w e a v e r - B u r k  plot of  5 ' -nuc leot idase  f rom ra t  cerebel lum. Assay was carr ied ou t  unde r  
t he  condi t ions  descr ibed in the  tex t .  

T A B L E  II1 

S U B S T R A T E  S P E C I F I C I T Y  O1: R A T  C E R E B E L L U M  5 ' - N U C L E O T I I } A S E  

All e x p e r i m e n t s  were pe r fo rmed  as given in the  tex t .  For  re la t ive ac t iv i ty  the  s u b s t r a t c s  were all 
t e s t ed  a t  3 mM. Michaelis  c o n s t a n t s  were de t e rmi ned  from plots  of  I/V vs. lIES 1 as given in Fig. 7. 

Substrat¢ Relative lCm ( t tM)  
activity 

5 ' -AMP 
5 ' -UMI  ) 
5 ' -CMP 
5 ' - I M P  
5 ' -GMP 
5"-ADP 
5 ' - U D P  
5 ' -CDP 
5 ' - I D P  
5 ' - G D P  
5 ' - A T P  
5 ' - U T t  } 
5"-CTP 
5 ' - I T P  
5 ' - G T P  
5'-clAMP 
5 ' - d U M P  
5 ' - d l M P  
5 ' -dCMP 
5 ' - d G M P  
5 ' - d A D P  
5"-dUI)P 
5 ' - dCDP 
5 ' - d G D P  
5 ' - d A T P  
5 ' - d U T P  
5 ' - dCTP  
5 ' - d G T P  
2"-AMP 
3 ' -AMP 
2"-CMP 
3'-CM1 } 
2'-GM] } 
3 ' -GMP 
2 ' -UMP 
3 ' -UMP 

1 0 0  

46 
35 

9 
I7 

o 

o 

o 

o 

o 

o 

o 

2 2  

I 2  

o 

4 o 
[4 

(~o 

82o 
92o 

2 1 O O  

I 4 1 { }  

i21o 
2o4o 

88o 
! 90o 

4 38°°  
00 56o 
56 61{) 

o 

i 0  2 0 ( } 0  

I [ 2 O I O  

O 

8 3o8o 
3 I (}O 

2 2  I I C J O  

G 3 4 2 o  

o 

o 

o 

o 

o 

o 

t)  

o 
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only detectable radioactive product of the hydrolysis of the 5'-[14CTAMP was [14C l- 
adenosine. 

Effect of substrate concentration on enzyme catalysis 
By varying substrate concentrations of 5'-AMP, a Lineweaver-Burk plot was 

obtained. The plot of I/V versus I/[Sl showed a straight line relationship. The value 
for the apparent Km as computed from this plot was 80 #M and that of Vmax, 5.0 
#moles/mg protein per h (Fig. 7). 

Substrate specificity of rat cerebellum 5'-nucleotidase 
The enzyme had the highest relative activity with 5'-AMP as a substrate and 

also hydrolyzed other 5'-nucleotides; there was no activity with 2'- or 3'-nucleotides 
as substrates (Table III). The rat cerebellum 5'-nucleotidase did not have any activity 
with 5'-nucleoside diphosphates as substrates but had slight activity with 5'-deoxy- 
nucleoside diphosphates (5'-dUDP and 5'-dCDP). Two of the 5'-nucleoside triphos- 
phates tested (5'-CTP and 5'-ITP) and all of the 5'-deoxynucleoside triphosphates 
tested (5'-dATP, 5'-dUTP, 5'-dCTP and 5'-dGTP) had activity with the purified rat 
cerebellum 5'-nucleotidase. The order of activity for 5'-nucleoside monophosphates as 
substrates for the purified rat cerebellum 5'-nucleotidase was 5'-AMP > 5'-UMP > 
5'-CMP > 5'-GMP > 5'-IMP. The order of activity for the 5'-deoxynucleoside mono- 
phosphates was 5'-dCMP > 5'-dGMP > 5'-dAMP > 5'-dUMP > 5'-dIMP. Activity 
of 5'-dCMP and 5'-dGMP as substrates was higher than 5'-CMP and 5'GMP, respec- 
tively. Calculation of apparent Km values indicated the Michaelis constant for 5'-AMP 
of 80/zM was the lowest; relatively low Km values were obtained with 5'-UMP, 
5'-CMP, 5'-dAMP, 5'-dCMP and 5'-dGMP (Table III). The specificity of the enzyme 
is similar to that found in Bothrops atrox in which 5'-AMP was the most active 
substrate TM. The 5'-nucleotidase from E. coli had highest activity with 5'-GMP and 
also showed slight activity with 3'-AMP 15. The order of relative activity of 5'- 
nucleoside monophosphates as substrates for calf intestinal 5'-nucleotidase was 
5'-UMP > 5'-GMP > 5'-CMP > 5'-AMP > 5'-TMP. 5'-dAMP, 5'-dCMP and 5'- 
dGMP showed lower activity but no activity of 3'-AMP was found 17. The order of 
relative activity for the chicken liver 5'-nucleotidase was 5'-IMP > 5'-GMP > 5'- 
dGMP > 5'-XMP > 5'-UMP > 5'-AMP > 5'-CMP; 2'(3')-IMP and 2'(3')-AMP 
(mixed isomers) showed very slight activity 10. The soluble 5'-nucleotidase of rat liver 
has the following relative activity of substrates: 5'-dGMP > 5'-GMP > 5'-IMP > 
5'-UMP > 5'-AMP > 5'-CMP > 5'-dUMP > 5'-dTMP > 5'-dAMP > 5'-dCMP; 
mixed 2'(3')-nucleoside monophosphates also showed some activity 11. The 5'-nucleo- 
tidase of rat cerebellum showed at least as great a specificity as previously reported 
5'-nucleotidases. In general, it seems that 5'-nucleotidases show highest activity with 
5'-AMP or 5'-IMP, hydrolyze most nucleoside monophosphates and show relatively 
lower activity with deoxynucleotides. 

Inhibition of 5'-A M P  hydrolysis 
Of the several potential inhibitors tested the following had little or no inhibitory 

effect on the rat cerebellum 5'-nucleotidase hydrolysis of 5'-AMP: eserine, bovine 
serum albumins, glutathione, iodoacetate, benzoyl chloride, N-ethylmaleimide and 
L-cysteine (Table IV). NaF at I . lO -2 M was a potent inhibitor (21% of control 
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] 'ABLE IX; 

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

All experiments were performed as given in the text. The activity was measured with 5'-AMP as 
substrate. The activity with no addition was arbitrarily set equal to tooq b. 

Inhibitor Concn. % Control 
(raM) activity 

None i oo 
Uridine 5 96 
Thymidine 5 56 
Guanosine 5 52 
Adenosine 5 90 
lnosine 5 50 
Eserine i i oo 
Bovine serum albumin 7.5 mg/ml ~oo 
Glutathione I I oo 
lodoacetate i 9 ° 
Benzoyl chloride 1 9o 
N-Ethyhnaleimide i ~ oo 
L-Cysteine i j o 3 
p-Chloromercuribenzoate 1 02 
Sodium fluoride I O 21  

p-Hydroxymercuribenzoate I ()3 

CTP 6 20 
( ;TP 6 3 o 
UTP 6 16 
ITP 6 20 
ATP 6 i o 
CTP o.6 39 
GTP o.6 4 ¢ ) 
[ ) T P  o .6  26  
1TP o.6 3 ° 
ATP o.~, [ 6 

a c t i v i t y ) ;  t he  two  para - subs t i t u t ed  m e r c u r i b e n z o a t e s  were  also e f fec t ive  inh ib i to rs .  

p - C h l o r o m e r c u r i b e n z o a t e  and  N a F  h a v e  been  d e m o n s t r a t e d  to  i n h i b i t  r a t  l i ve r  5 '-  

nuc l eo t ida se  1° and  ch i cken  l ive r  5 ' -nuc l eo t idase  21. 5" Io -  4 M p - h y d r o x y m e r c u r i b e n z o a t e  

i n h i b i t e d  r a t  l i ve r  l y sosoma l  5 ' - nuc l eo t ida se  9 9 % ,  a n d  calf  i n t e s t ina l  5 ' -nuc l eo t idase  

was  i n h i b i t e d  to  2 2 %  of  the  con t ro l  a c t i v i t y  by  6-  Io -a  M N a F ,  b u t  was  no t  i nh ib i t ed  
a t  a l l  b y  I • lO -3 M p - c h l o r o m e r c u r i b e n z o a t O L  

Nuc leos ides  a t  5" IO-a M i n h i b i t e d  the  ra t  c e r ebe l lum 5 ' -nuc leo t idase .  Ur id ine  

a n d  adenos ine  i nh ib i t ed  the  a c t i v i t y  on ly  s l ight ly ,  t h y m i d i n e ,  guanos ine  and  inosine  

a t  5" IO a M i n h i b i t e d  the  a c t i v i t y  a lmos t  5 0 %  (Table  IV). S imi l a r  i nh ib i t i on  of  

5 ' - nuc l eo t ida se  a c t i v i t y  b y  nuc leos ides  has  been  r e p o r t e d  for ch i cken  l ive r  5 ' -nuc leo-  

t idase  2~ a n d  r a t  l i ve r  5 ' - nuc l eo t ida se<  m. A t  3 ' I o - a  M, inos ine  i n h i b i t e d  ra t  l ive r  
5 ' - n u c l e o t i d a s e  4 2 % ,  guanos ine  2 8 % ,  adenos ine  6 %  a n d  h y p o x a n t h i n e  o°//o (ref. IO). 

A t  3" IO  a M inos ine  i n h i b i t e d  ch icken  l ive r  5 ' - nuc l eo t ida se  5 o % ,  guanos ine  28%,  
adenos ine  8 %  a n d  h y p o x a n t h i n e  I ° '  (ref. 21) / / o  • 

T h e  nuc leos ide  t r i p h o s p h a t e s  were  e x t r e m e l y  i n h i b i t o r y  to ra t  ce rebe l lum 
5 ' -nuc l eo t ida se  a c t i v i t y  (Table  IV). T h e  d a t a  p r e s e n t e d  in T a b l e  V ind ica te  t h a t  the  

o rde r  of  i nh ib i t i on  of  t he  nuc leos ide  t r i p h o s p h a t e s  was  A T P  > U T P  > I T P  > C T P  2: - 
G T P .  IO/~M A T P  caused  a 5 o %  inh ib i t i on  of  r a t  c e r ebe l lum 5 ' -nuc leo t idase  (Table  V). 
MURRAY AND FRIEDRICHS 22 r e p o r t e d  t h a t  5 ' - nuc l eo t i da se  f rom E h r l i c h  asci tes  t u m o r  
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T A B L E  V 

CONCENTRATIONS OF TRIPHOSPHATE REQUIRED FOR 50~/o INHIBITION OF 5t-NUCLEOTIDASE FROM 
RAT CEREBELLUM 
All e x p e r i m e n t s  were  per formed  as g i v e n  in t h e  t e x t  w i t h  5 ' - A M P  as substrate .  Tr iphosphate  
c o n c e n t r a t i o n s  ranged  from 6 mM to I/~M. 

Triphosphate Triphosphate cone**. 
yielding 50% 
inhibition (l~M) 

A T P  IO 
U T P  68 
I T P  240 
CTP 250 
G T P  720 

cells was inhibited by nucleoside triphosphates; the order of greatest inhibition of 
AMP hydrolysis was ATP > TTP > UTP > GTP > CTP. IPATA TM has reported that 
5'-nucleotidase from sheep brain was inhibited by ATP > UTP > CTP; GTP was 
without effect. Thus the nucleoside triphosphate inhibition of 5'-nucleotidase seems 
to be a general phenomenon. ATP seems to be the most inhibitory nucleoside tri- 
phosphate. The inhibition by ATP and other nucleoside triphosphates may be a 
control mechanism for the function of the 5'-nucleotidase. 

The present communication describes the characterization of a highly purified 
5'-nucleotidase from rat cerebellum. The enzyme is similar to some other 5'-nucleoti- 
dases with respect to ion activation, optimum pH, substrate specificity and inhibition 
but is dissimilar with respect to other 5'-nucleotidases. It should be noted that since 
5'-AMP was used for the routine assay, other 5'-nucleotidases with different specifici- 
ties may have not been selected for in the purification scheme. 
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