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Zusammen/assung. Zwischen der  Te t ramer -  und  der  
D i m e r - F o r m  der  E r y t h r o c y t e n - K a t a l a s e  bes t eh t  ein 
Gleichgewicht .  Dieses 1Asst sich in v i t ro  d u t c h  Var ia t ion  
der Ha rns to f fkonzen t r a t i on  beliebig verschieben.  Das 

dabei  en t s t ehende  Dimer  zeigt Peroxidase- ,  n ich t  aber  
Katalase-AktivitS~t. Bei der  Reassoziat ion,  deren  Ge- 
schwindigkei t  sich durch  andere  Pro te ine  beeinf lussen 
lgsst, e n t s t e h t  ein Produkt ,  das v o m  na t iven  l?;nzym n ich t  
un te r sche idba r  ist. 
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Effect of Nuc leos ide  Di-  and Tr iphosphate s  and MgC12 on the Activity  of 5 ' -Nucleot idase  f r o m  
Bull  Semina l  P l a s m a  ~ 

In  recent  years  considerable  a t t e n t i o n  has  been given 
to the  contro l  of the  ac t iv i ty  of 5 ' -nucleot idase (EC 
3. 1. 3. 5.). The enzyme,  par t ia l ly  pur i f ied f rom m a m m a -  
lian, avian  and bacter ia l  sources, has  been found  to  be 
inhib i ted  by  nncleoside di- and  t r iphosphates2-% Such 
inhib i t ion  m a y  cons t i tu te  a cont ro l  of the  5 ' -nucleot idase 
ac t iv i ty  to  p r even t  unregula ted  ca tabol i sm of 5 ' -mono-  
nucleot ides  required for nucleic acid and coenzyme 
synthesis1~ Fur the rmore ,  a role of Mg++ ions in over- 
coming th is  inh ib i t ion  has  been  suggested by  SULLIVAN 
and  ALPERS 6 and by  MAGNI et  al. ~ for the  ra t  hea r t  
muscle and guinea-pig skeletal  muscle 5 ' -nucleot idase 
respect ively.  

The occurrence of a 5 ' -nucleot idase in bull  seminal  
p l a sma  has long been known  ~, and  the  f u n d a m e n t a l  
kinet ic  pa r ame te r s  have  been repor ted  by  I-~EPPEL and 
HILNOE 13 and  LEVIN and  BODANSKY 14. However ,  the  
regula t ion of th is  enzymic  ac t iv i ty  had  never  been  re- 
por ted .  

The p resen t  comunica t ion  describes the  inhib i t ion  
exer ted  by  nucleoside di- and t r i phospha t e s  on bull 
seminal  p la sma  5 ' -nucleot idase and the  role of magnes ium 
ions in overcoming the  inhib i t ion  imposed  by  A T P  and  
ADP.  The expe r imen t s  have  been conduc ted  at  p H  7.2, 
where  t he  ac t iv i ty  does no t  show any  magnes ium depen-  
dence. 

Methods. The 5 ' -nucleot idase  reac t ion  was carr ied out  
spec t ropho tomet r i ca l ly  a t  25~ as previous ly  descr ibed 
by  Ipata15, wi th  5 ' -AMP as subs t ra te ,  in the  presence  of 
adenosine  deaminase  excess. The s t anda rd  reac t ion  

mix ture ,  in a final vo lume of 2.0 ml, con ta ined  75 m M  
Tris-HC1 p H  7.2, 0.1 uni t  of commerc ia l  adenosine  
deaminase  (Boehringer) and  40 IxM 5'-AMP. Linear i ty  of 
the  reac t ion  ra te  was ma in t a ined  up to  a t  least  50 ~g of 
p ro te in  per  react ion mixture .  One enzyme uni t  equals  an 
ac t iv i ty  equiva len t  to  a decrease of 0.001 absorbance  
uni t  per  inin. Tile p ro te in  concen t ra t ion  was de t e rmined  
by  the  b iure t  m e t h o d  of GORNALL et al.~% 

The 5 ' -nucleot idase  was par t ia l ly  purif ied f rom 11 ml 
ba tches  of bull seminal  p la sma  according to  LxvlN and  
BODANSKY 14 t h ro u g h  prec ip i ta t ion  wi th  p ro t amine  sulfate,  
p rec ip i t a t ion  wi th  a m m o n i u m  sulfate be tween  40 and  
60% sa tu ra t ion  and  hea t  t r e a t m e n t .  F u r t h e r  pur i f ica t ion 
was achieved as follows: the  hea t  t r ea t ed  f rac t ion  was 
cent r i fuged in the  cold to  remove  any  prec ip i ta ted  mater ia l  
and the  s u p e r n a t a n t  fluid was dialyzed overn igh t  against  
0.05 M Tris-HC1 buffer  p H  8.2. The dialyzed mater ia l  
(10 mt  con t a in ing  28 mg prote in /ml)  was adsorbed  on a 
D E A E  cellulose ( W h a t m a n  D E  32) co lumn (1.5 • 10 cm). 
Af ter  washing  the  co lumn wi th  Tris-HC1 0.05 M, p H  8.2, 
the  elut ion was carried out  with a l inear grad ien t  Tris- 
HC1 0.05 M, p H  8.2 (250 ml) and 0.5 M NaC1 in t he  same 
buffer  (250 ml). The enzyme ac t iv i ty  was Muted around a 
concen t ra t ion  of 0.2 M NaCI. Tile act ive f ract ions  were 
pooled and  b rough t  to  80% sa tu ra t ion  wi th  a m m o n i u m  
sulfate. The precipi ta te ,  dissolved in a minimal  a m o u n t  
of water ,  was gel-fi l tered at  4~ t h ro u g h  a 1.8 x 6 0  cm 
Sephadex  G-100 co lumn,  equi l ibra ted  wi th  Tris-HC1 
buffer  0.05 M, p H  7.2. The 5 ' -nucleot idase was recoverde 
be tween  the  30th and the  50th ml  of tile eluate as a sharp  

Nucleotide concentrations required for 50 % inhibition of bull seminal 
plasma 5'-nueleotidase and K~ values of inhibitory nucleotides 

Nucleotide Concentration ~ (ExM) K, ([xM) 

ITP 50 25.5 
CTP 15 5.1 
GTP 8.O 1.73 
ATP 2.5 0.6 
UTP 2.3 0.45 
IDP 11 4.55 
CDP 3.5 1.55 
GDP 2.8 0.32 
ADP 2.2 0.30 
UDP 0.9 0.29 

~The values were obtained from inhibition curves, all showing hyper- 
bolic shapes. The final 5"-AMP concentration was 40 ~tM. 
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s y m m e t r i c a l  peak .  T he  f ina l  p r epa ra t i on ,  h a v i n g  44,000 
un i t s  pe r  m g  prote in ,  r ep resen ted  a 44-Iold pur i f i ca t ion  
a n d  did  no t  ca ta lyze  de t ec t ab le  sp l i t t ing  of inorganic  
p h o s p h a t e  f rom p - n i t r o p h e n y l p h o s p h a t e  or 3 ' -AMP. 

Results. Inhibition by nucleotides. T he  nucleot ide  con- 
c en t r a t i ons  requi red  for 50% inh ib i t ion ,  a t  40 ~ M  5'- 
AMP, are l is ted in t he  Table.  I t  can  be  seen t h a t  t h e  
nucleoside d i p h o s p h a t e s  are more  powerfu l  i nh ib i to r s  t h a n  
t h e  respec t ive  t r i phospha t e s .  Fo r  b o t h  nucleoside  di- and  
t r i phospha t e s ,  t h e  i n h i b i t o r y  power  follows t he  order :  
U > A > G > C > I. The  i nh ib i t i on  is of t he  compe t i t i ve  
t y p e  w i t h  respec t  to  Y-AMP.  The  K,  va lues  of al l  inhi-  
b i t o r y  nuc leo t ides  are  also r epo r t ed  in t he  Table.  

Magnesium effect. The effect  of increas ing  m a g n e s i u m  
ions c o n c e n t r a t i o n  on  t he  i n h i b i t i o n  exer ted  b y  two 
di f ferent  levels of A T P  a n d  A D P  is shown  in F igures  A 
and  B, respect ively .  I t  can  be  seen t h a t ,  in  t he  presence  
of 2.5 ~ M  A T P  or 2 ~ M  A D P  giving 52% a n d  56% res idual  
a c t i v i t y  respect ively ,  t he  add i t i on  of 5 m M  MgCI~, a 
'phys io logica l '  c o n c e n t r a t i o n  :~, reversed  t he  i n h i b i t i o n  to 
97.5~o a n d  82.5% res idua l  ac t iv i ty .  I n  t he  presence  of 
30 ~ M  A T P  or 10 ~ M  A D P  giving 16% a n d  12~o res idua l  
a c t i v i t y  respect ively ,  t h e  add i t i on  of 5 m M  MgC12 
reversed  t h e  i nh ib i t i on  to  47% a n d  35% res idua l  ac t iv i ty .  
Cons ide rab ly  h igher  m a g n e s i u m  ions concen t r a t i ons  were 
requi red  to observe  s ign i f ican t  reversa l  of t he  i n h i b i t i o n  
exe r t ed  b y  30 tzM A T P  or 2 v M  ADP.  F u r t h e r m o r e ,  
t he re  was pa r t i a l  reversa l  of t h e  i n h i b i t i o n  exer ted  b y  10 
~ M  ADP,  even  a t  100 m M  MgCI~, a 10,000 fold excess. 
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Effect of magnesium on the inhibition exerted by ATP and by ADP 
on 5'-nucleotidase. A) 2.5 ~zM ATP ( - i - l - I )  and 30 ~M ATP 
( -D-E-~- ) .  Calculated ATP-magnesium complex/total ATP • 100 
at 2.5 vM ATP ( - i - - i - - i - )  and 30 [xM ATP (-~--D--[~-). B) 2 [zM 
ADP (-@-@-@-) and 10 ~xM ADP (-�9169169 CMeulated ADP- 
magnesium complex/total ADP • 100 at 2 ~LM ADP (-@--@--I-) 
and 10 ~xM ADP (-O--C?--O-). 

Conclusions. As a l ready  r epo r t ed  for 5 ' -nuc leot idases  
f rom var ious  sourcese, 6,9-::  5"-nucleotidase f rom bul l  
semen is s t rong ly  i nh ib i t ed  b y  nucleos ide  di- a n d  t r i -  
phospha tes .  

The  results ,  here  ob ta ined ,  show t h a t  m a g n e s i u m  ions 
are  able,  to  some ex ten t ,  to  rel ieve such. i nh ib i t i on ;  th i s  
fac t  was  also obse rved  for o t h e r  5 ' -nucleot idases  f rom r a t  
h e a r t  s, B. subtilis 9 a n d  gu inea-p ig  ske le ta l  musc le : : .  
SULLIV:• and  ALPERS 6 h a v e  po in t ed  ou t  t h a t  t he  me-  
c h a n i s m  b y  which  t he  i n h i b i t i o n  exer ted  b y  A D P  a n d  
A T P  is re l ieved b y  magnes ium,  is complex  in na tu re .  The  
a s s u m p t i o n  m a d e  b y  t he  p re sen t  au thors ,  t h a t  t h e  A D P -  
or A T P - m a g n e s i u m  complex  has  less a f f in i ty  for t he  
e n z y m e  t h a n  t he  free nucleot ides ,  m i g h t  ho ld  also for bul l  
s emina l  5 ' -nucleot idase .  The  complex  m a g n e s i u m  A D P  or 
A T P  is sure ly  i n h i b i t o r y  in t u rn .  This  s t a t e m e n t  is m a d e  
b y  cons ider ing  t h a t :  a) t h e  i n h i b i t i o n  is n e v e r  comple te ly  
re l ieved:  pa r t i cu l a r l y  in the  presence  of 10 v M  A D P  the  
res idua l  a c t i v i t y  is no t  h ighe r  t h a n  60%,  even  w h e n  97% 
of t he  nucleoside  d i p h o s p h a t e  exis ts  as a m a g n e s i u m  com- 
plex. b) The  i n h i b i t i o n  imposed  b y  A T P  or A D P  in t he  
absence  of Mg++ ions was m a r k e d l y  lower t h a n  t h a t  
imposed  in t he  presence  of t h e  ca t ion ,  b y  co r r e spond ing  
/tee A T P  and  A D P  concen t r a t i on ,  ca lcu la ted  f rom t h e  
d issocia t ion  c o n s t a n t s  :8,19 of Mg++ nuc leo t ide  complexes  
(unpub l i shed  observa t ion) .  I t  m u s t  be  emphas i zed  t h a t  in 
c o n t r a s t  w i t h  o the r  5 ' -nuc leot idases  7, :8, t he  bul l  s emina l  
p l a s m a  enzyme  does no t  requ i re  added  m a g n e s i u m  for 
a c t i v i t y  a t  p H  7.2 a n d  t h a t  a t  t h i s  p H  va lue  t he  i n h i b i t i o n  
imposed  b y  A D P  a n d  A T P  is re l ieved to a cons iderab le  
e x t e n t  b y  'phys io logica l '  c o n c e n t r a t i o n  of m a g n e s i u m  
ions. These  cons idera t ions  lead us to  sugges t  t h a t  5'- 
nucleot idase ,  occurr ing  in bul l  s emina l  p l a s m a  a n d  m a i n l y  
p roduced  b y  semina l  vesicles ~2, m i g h t  be  m o d u l a t e d  in 
v ivo  b y  t h e  levels of m a g n e s i u m  ions r a t h e r  t h a t  b y  those  
of free nucleoside  di- a n d  t r i phospha t e s .  

Our  obse rva t ions  are in  a g r e e m e n t  w i t h  the  r epo r t ed  
effect of free a n d  m a g n e s i u m - c o m p l e x e d  A T P  and  A D P  
on enzymes  for wh ich  these  nuc leo t ides  are  subs t ra tes20 
or i nh ib i to r s  3:, a n d  suggest  t h a t  t he  cel lular  c o n c e n t r a t i o n  
of m a g n e s i u m  m i g h t  c o n t r i b u t e  to  t he  con t ro l  of me- 
t abo l ic  f luxes depend ing  on  e n z y m e  ac t iv i t i es  sens i t ive  to  
A P D  and  A D P  concen t ra t ions .  

Riassunto. L a  5 ' -nuc leo t idas i  del p l a s m a  semina le  
b o r i n g  6 i n ib i t a  c o m p e t i t i v a m e n t e  da  nucleosidi  di- e 
t r i fosfato.  L ' in ib iz ione  osse rva ta  in  p resenza  di A D P  o 
A T P  6 r imossa  da  toni  magnes io  a concen t r az ion i  fisiolo- 
giche. Questo  r i su l t a to  suggerisce che l 'a t t iv i t /~  della 5'- 
nuc leo t idas i  sec re t s  dalle vesc iche t t e  semina l i  sin, al  pa r t  
di  a l t re  p r e sen t i  in  va r i  organi  dei  mammife r i ,  m o d u l a t a  
da  ca t ion i  b iva len t i .  
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