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Summary 

Specific inhibition of  ouabain-sensitive and K÷-dependent p-nitrophenyl- 
phosphatase activity of  rabbit  kidney plasma membranes by spermine (N,N'-  
bis(3-aminopropyl)-l ,4-butanediamine) was characterized kinetically. 

1. Inhibition by spermine was competit ive with K ÷. The Ki for spermine 
was 31 gM in the presence of  1 mM Mg 2÷. 

2. Excess Mg 2÷ inhibited the ouabain-sensitive phosphatase activity in com- 
petit ion with K ÷. The K i for Mg 2÷ was 2.6 mM. 

3. Increasing Mg 2÷ concentrations reduced the spermine inhibition. This 
could be observed at Mg 2÷ concentrations highe} than that of  K ÷. 

4. In the absence of  inhibition by  Mg 2÷, spermine was noncompeti t ive with 
Mg 2÷ which was essential for the ouabain-sensitive phosphatase activity. This 
could be observed at Mg 2÷ concentrations lower than that  of  K ÷. 

5. Although Ca 2÷ was a strong inhibitor of  the ouabain-sensitive phosphatase 
activity in the presence of  K +, it produced a small stimulation of  the activity 
in the absence of  K ÷. Approximately 0.1 mM Ca 2÷ gave the maximum stimula- 
tion. 

6. The observed Ca 2÷- and Mg2÷-dependent phosphatase activity was 
inhibited strongly by  ouabain and by  spermine. The half-maximal inhibition 
concentrations of  ouabain and spermine were 0.1 and 63 pM, respectively. 

It is likely that  Mg 2÷, Ca 2÷ and spermine bind to the same site as does K ÷. 

Introduction 

The hydrolysis of ATP by  (Na + + K÷)-ATPase (ATP phosphohydrolase EC 
3.6.1.3) is stepwise: a Na÷-dependent phosphorylat ion of  the enzyme followed 



by a K*-dependent hydrolysis of the phosphorylated intermediate [1]. 
K÷-dependent and ouabain-sensitive p-nitrophenylphosphatase activity is pos- 
sibly a different manifestation of the latter dephosphorylation step. Stimula- 
tion of the dephosphorylation step by K ÷ was observed in the absence of free 
Mg 2÷, while the K÷-dependent phosphatase activity requires free Mg 2÷ (ref. 2). 
This suggests that  the Mg 2÷ -nitrophenylphosphate complex is a real substrate of 
the K÷-dependent phosphatase activity. Our recent observations [3] showed 
a link between Mg 2÷ and K ÷. Inhibition of the K÷-dependent phosphatase 
activity by excess Mg 2÷ is dependent  on the concentration of K ÷. This link 
between Mg 2÷ and K + might play a role in the dephosphorylation step of the 
ATPase reaction. In a recent paper we reported that  spermine inhibited the 
K+-dependent phosphatase activity specifically [4]. 

The physiological roles of spermine and other aliphatic polyamines are 
involved in a number of cellular processes including those related to cell mem- 
branes [5,6]. A stabilizing effect of spermine on (Na ÷ + K+)-ATPase has been 
reported [7]. Polyamines have a regulatory effect on membrane-bound acetyl- 
cholinesterase [8]. Spermine mimics the action of insulin at a step subsequent 
to the insulin receptor site on the surface of cell membrane [9]. 

The present paper suggests by kinetical observations that  spermine, Mg 2÷ 
and Ca 2÷ can be bound to the K÷-sites of the enzyme. 

Experimental 

Materials. The di-sodium salt ofp-ni t rophenylphosphate  was purchased from 
Kyowa Hakko Co., Japan. The sodium salt was converted to the Tris salt as 
described previously [3,10]. Spermine (tetrahydrochloride) was purchased 
from Sigma ~hemical Co., and used after its stock solutions were adjusted to 
pH 7.5 by 1 M Tris. All reagents were of the highest grade available. Water was 
deionized after distillation. 

Membrane preparation. Plasma membranes were purified by the pH 9.0 
t reatment  of microsomes from frozen rabbit kidneys as reported previously 
[3]. 

Analytical procedures. Nitrophenylphosphatase activity was measured in 
terms of  the production of p-nitrophenol. Unless otherwise specified, K*-depen- 
dent nitrophenylphosphatase activity was measured in the presence of 5 mM 
nitrophenylphosphate as the Tris salt, 1.0 mM MgC12, 0.5 mM KC1, 0.02 mM 
EDTA, 0.05% mercaptoethanol and 25 mM Tris • HC1, pH 7.4, with or without  
0.2 mM ouabain in a final volume of 1.0 ml. The reaction mixture without  the 
substrate was preincubated for 15 min at 2 ° C, and the reaction was allowed to 
proceed for 30 min at 37°C, immediately after the addition of 50 pl of  0.1 M 
nitrophenylphosphate.  The reaction was stopped by the addition of 1 ml of 
cold 0.5 M NaOH immediately after cooling in an ice bath. The absorbance of 
nitrophenol liberated was read at 405 nm. The total liberation of nitrophenol 
was usually below 1% of the total ni trophenylphosphate present. Under the 
present experimental conditions (with 0.5 mM K ÷ and I mM Mg2+), K*-depen- 
dent activity was abolished completely by the addition of 0.2 mM ouabain, 
which showed no effect on K÷-independent activity (see ref. 3). The K÷-depen - 
dent  activity was calculated by subtracting the activity without  K ÷ in the 



presence of ouabain from the total activity. A unit  of enzyme is defined as the 
amount  which releases 1 pmol of nitrophenol per min. Specific activity is 
expressed as units per mg protein. 

Protein concentrations were measured by the method of Lowry and co- 
workers [ 11 ] using albumin as standard. 

Results 

Time course o f  K÷-dependent activity with spermine 
The time course of the nitrophenylphosphatase activity in the absence of 

spermine at pH 7.5 was linear up to 60 min. In the presence of 0.05 mM sper- 
mine, which produced an incomplete inhibition of the K÷-dependent activity, 
the time course was approximately linear within 30 min, although it was 
slightly curved (Fig. 1). 

Effect o f  spermine on K÷-sites. The two states of the enzyme with and with- 
out the inhibitory Mg2÷-binding show a different character in their saturation 
curves with K ÷ (see ref. 3). Therefore, we investigated the effect of spermine 
on the K÷-sites both in the presence and absence of inhibitory Mg 2÷. As 
reported previously [3], at K ÷ concentrations lower than 1.0 mM, a double 
reciprocal plot of the velocity versus [K÷] 2 was linear (Fig. 2A). At K ÷ concen- 
trations higher than 1.0 mM, a double reciprocal plot of the velocity versus 
[K ÷ ] was linear (Fig. 2B). It was observed with both states of the enzyme that  
spermine was competitive with K ÷ for the K÷-dependent activity. The com- 
petition between spermine and K ÷ was reconfirmed by the Dixon plot of 
[1/velocity] versus [spermine] (Fig. 3). The Ki for spermine was calculated 
graphically, and the value was 31 pM in the presence of 1 mM Mg 2÷, and was 
not  dependent  on the K ÷ concentration. 

Effect  o f  spermine on Mg~÷-sites. In the presence of 0.5 mM K ÷, spermine 
was simply noncompetit ive with Mg 2÷ in the noninhibitory concentration range 
of Mg 2÷ below 0.5 mM {Fig. 4). The Km for Mg 2÷ was calculated to be 0.37 
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F i g .  1 .  T h e  e f f e c t  o n  s p e r m i n e  o n  t i m e  c o u r s e  o f  p - r d t r o p h e n y l p h o s p h a t a s e  a c t i v i t y .  T h e  e n z y m e  a c t i v i t y  
was assayed in the  p r e s e n c e  ( o  m) or the  a b s e n c e  (o, e )  of  0 .05  mM s p e r m i n e  w h i c h  gave  a part ia l  inhibi- 
t ion  o f  t h e  K + - d e p e n d e n t  act iv i ty .  ( o  o), w i t h o u t  ouaba in ;  and (e ,  m), w i th  0.2 mM ouaba in .  
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Fig. 2. E f f ec t  of  s p e r m i n e  on  ac t iva t ion  by  K + of  K+-dependen t  n i t r o p h e n y l p h o s p h a t a s e  act iv i ty .  T h e  
k i d n e y  p lasma  m e m b r a n e  was  p r e i n c u b a t e d  in the  assay m e d i a  w i t h o u t  the  subs t ra te  for  15  rain a t  2°C. 
The  e n z y m e  r eac t i on  was s t a r t ed  a t  37°C a f t e r  the  add i t i on  of  the  subs t ra te .  (A)  Th e  c o n c e n t r a t i o n  of K + 
was  l ow er  t h a n  tha t  of  Mg 2+, 1.0 raM. The  ra te  of  p - n i t r o p h e n o l  p r o d u c t i o n  is p lo t t ed  against  the  square  
of  the  c o n c e n t r a t i o n  of K + in the  L ine we a ve r -Burk  f o r m .  (B) Th e  c o n c e n t r a t i o n  of  K + was h igher  t han  
1.0 raM. T he  ra te  o f p - n i t r o p h e n o l  p r o d u c t i o n  is p l o t t e d  against  the  c o n c e n t r a t i o n  of  K + in the  L ineweaver -  
Burk  fo rm.  (e) ,  w i th  spe rmine ;  (m), w i t h o u t  spermine .  

mM. By increasing the  Mg 2+ c o n c e n t r a t i o n  f ro m  1 mM to  10 mM, the  spermine  
c o n c e n t r a t i o n  requi red  for  50% inh ib i ton  was increased (Fig. 5). The  values 
were  a p p r o x i m a t e l y  0.05,  0.11 and 0.95 mM in the  presence  o f  1, 3 and 10 
mM Mg 2÷ wi th  0.5 mM K ÷, respect ively.  These  results suggest tha t  inh ib i to ry  
Mg 2÷ and spermine  m a y  bind to  a c o m m o n  site. 

Competi t ion o f  Mg 2÷ at high concentrations with K ÷ 
Our  previous results [3] showed  t ha t  the  Km value for  K* was changed  

depend ing  on the  concen t r a t i ons  o f  Mg 2÷ at  levels higher  than  tha t  o f  K ÷. In the  
presen t  expe r imen t s  we observed carefu l ly  the  e f fec t  of  the  high Mg 2÷ concen-  
t ra t ions ,  1.0, 3.0 and 10 mM, on the  K*-activation curves (Fig. 6). Inh ib i to ry  
Mg 2÷ was compe t i t ive  with the  square o f  K ÷ concen t ra t ions .  The  Dixon  p lo t  
o f  [1 /ve loc i ty ]  versus [Mg 2÷] at  higher  concen t ra t ions  also showed  the  com- 
pe t i t i on  (data  are no t  shown),  and the  K i for  Mg ~÷ was calculated to  be 2.6 
mM. Assuming tha t  the  Hill coe f f i c i en t  fo r  K + act ivat ion,  2.0 (see Fig. 5 in ref.  
3), can be used as the  n u m b e r  of  the  K+-sites a l though it can be actual ly  used 
as the  m i n i m u m  n u m b e r  o f  the  sites, Mg ~÷ as an inh ib i tor  compe te s  with one  
pair o f  K +. 

Activation by Ca 2÷. When Ca 2÷ was added in to  the  assay mix tu re  in the  
absence of  K ÷, Ca ~÷ showed  a small ac t iva t ion  of  the  e n z y m e  act ivi ty  in the  
c o n c e n t r a t i o n  range f rom 0.02 mM to  3 mM. The  m a x i m u m  act ivat ion was 
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Fig. 3. Graph ica l  d e t e r m i n a t i o n  of  the  K i fo r  spe rmine .  K+-dependen t  r d t r o p h e n y l p h o s p h a t a s e  ac t iv i ty  
was assayed  as desc r ibed  in E x p e r i m e n t a l ,  in the  p resence  of  0.5,  1.0 and  2.0 m M  KCI wi th  the  ind ica ted  
c o n c e n t r a t i o n s  of  spe rmine .  The  c o n c e n t r a t i o n  of  Mg 2+ was 1.0 raM. S t ra igh t  lines are  ob t a ined  on  
p lo t t ing  1 /ve loc i ty  agains t  spe rmine ,  and  the  K i fo r  s p e r m i n e  is ca lcu la ted  b y  the  m e t h o d  of  D ix o n  
(Dixon ,  M. and  Webb,  E.C. ( 1 9 6 4 )  E n z y m e ,  pp.  3 2 7 - - 3 2 9  L o n g m a n s ,  L o n d o n ) .  (o),  K + = 0 .5  raM; (e ) ,  
K + = 1.0 raM; and  (o) ,  K + = 2.0 mM.  

Fig. 4. Rec ip roca l  p lo t  of  the  ve loc i ty  of  K+-dependen t  hydro lys i s  of  n i t r o p h e n y l p h o s p h a t e  as a f u n c t i o n  
of  Mg 2+ c o n c e n t r a t i o n  in the  p resence  and  absence  o f  spe rmine .  Th e  ca ta ly t ic  ac t iv i ty  was  m e a s u r e d  in 
the  p resence  of  0 .5  mM K +. The  Mg 2+ c o n c e n t r a t i o n s  were  l o wer  t h a n  t h a t  of  K +. (A), no  spe rmine ;  Co), 
0 .03  m M  spermine .  
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"Fig. 5. The  e f f ec t  of  h igh  c o n c e n t r a t i o n s  of  Mg 2+ on inh ib i t ion  by  spe rmine  of  K+-dependen t  n i t ropheny l -  
p h o s p h a t a s e  ac t iv i ty .  T he  c o n c e n t r a t i o n  of  K + was  0 .5  mM.  Th e  Mg 2+ c o n c e n t r a t i o n s  were  1.0 m M  CA), 
3 m M ( A )  and  10 m M ( n )  w h i c h  were  h igher  t h a n  t h a t  of  K +. 

F i g .  6 .  T he  e f fec t s  of  h igh  c o n c e n t r a t i o n s  of  Mg 2+ on  K+-dependen t  n i t r o p h e n y l p h o s p h a t a s e  act iv i ty .  Th e  
ca ta ly t ic  ac t iv i ty  was  m e a s u r e d  as desc r ibed  in E x p e r i m e n t a l .  Th e  c o n c e n t r a t i o n s  of  Mg 2+ were  1.0 (~),  
3 .0 m M  (e )  and  10 m M  Co). The  d a t a  axe s h o w n  as d o u b l e  r ec ip roca l  p lo t s  of  the  specific ac t iv i ty  versus  
[K +] 2. 
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Fig. 7. E f fec t  of  Ca 2+ on  n i t r o p h e n y l p h o s p h a t a s e  ac t iv i ty  in the  p resence  an d  absence  of  0 .5  mM K +. The  
Mg 2+ c o n c e n t r a t i o n  was 1.0 raM. The  c o n c e n t r a t i o n s  of  o th e r  assay r eagen t s  were  the  s ame  as those  
descr ibed  in E x p e r i m e n t a l .  (o),  wi th  K+; (e ) ,  w i t h o u t  K+; and (~),  in the  p resence  of  0.2 mM ouaba in  
w i t h o u t  K +. 

observed at 0.1 mM (Fig. 7). Ouabain insensitive ni trophenyiphosphatase activ- 
ity was not  affected by Ca 2÷. 

In the presence of 0.5 mM K ÷, Ca 2÷ was a strong and simply noncompeti t ive 
inhibitor as is well-known, and did not  compete  with K ÷ (Fig. 8). 

Inhibition of  the (Ca 2+ + Mg2+).dependent phosphatase by ouabain. Ouabain 
inhibited the Ca 2÷- and Mg2÷-dependent ni trophenylphosphatase activity (Fig. 
9). In the presence of  1 mM Mg 2÷ and 0.1 mM Ca 2*, the ouabain concentra- 
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Fig. 8. E f f ec t  of  Ca 2+ on  K+-dependen t  n i t r o p h e n y l p h o s p h a t a s e  ac t iv i ty .  Th e  K+~dependent  ac t iv i ty  was  
assayed in the  p resence  of  1 m M  Mg 2+ and  var ious  c o n c e n t r a t i o n s  of  K + wi th  (o)  or  w i t h o u t  (o)  0 .4  m M  
Ca 2+. T he  c o n c e n t r a t i o n s  of  o the r  assay r eagen t s  were  the  s a m e  as those  desc r ibed  in E x p e r i m e n t a l  
sect ion.  
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Fig. 9. Inh ib i t i on  of  ouabain-sens i t ive  (Ca 2+ + Mg2+) -dependen t  p h o s p h a t a s e  ac t iv i ty  by  ouaba in .  Var ious  
c o n c e n t r a t i o n s  of  ouaba in  were  a d d e d  to  the  suspens ion  of  p l a sma  m e m b r a n e s  con ta in ing  (f inal  c o n c e n t r a -  
t ions)  1 mM MgCI 2, 0.1 mM CaCl 2, 10 pM E D T A ,  0 .05% m e r c a p t o e t h a n o l  and  25 mM Tris • HCI, p H  7.5. 
Af t e r  p r e i n c u b a t i o n  for  15 m i n  • t  2°C, p - n i t r o p h e n y l p h o s p h a t e  was a d d e d  a t  5 raM, an d  the  r eac t i on  was 
s t a r t ed  a t  37°C.  T he  a m o u n t  of  l ibe ra ted  n i t r o p h e n o l  was d e t e r m i n e d  a f t e r  30  m i n  incuba t ion .  T h e  
ouabain-sens i t ive  ac t iv i ty  was ca lcu la ted  by  s u b t r a c t i o n  of  the  ac t iv i ty  wi th  0.2 m M  o u a b a i n  f r o m  th e  
to ta l  ac t iv i ty ,  and  expressed  as pe rcen t age  remain ing .  

t ion required for 50% inhibition was 0.1 pM, which was much smaller than that 
in the presence of  1 mM Mg 2÷ and 0.5 mM K ÷, 8 pM (see ref. 3). 

Inhibition of the (Ca 2+ + Mg2*)-phosphatase by spermine 
Spermine inhibited the Ca 2.- and Mg2*-dependent ni trophenylphosphatase 

activity (Fig. 10). The spermine concentrat ion required for 50% inhibition was 
63/~M in the presence of  1 mM Mg 2. and 0.1 mM Ca 2., which was roughly the 
same as in the presence of  I mM Mg 2. and 0.5 mM K ÷. 

Inhibition of ouabain-sensitive Mg2*-phosphatase activity by spermine. 
Ouabain-sensitive ni trophenylphosphatase activity supported by Mg:+ is ob- 
served in the absence of  K* and Ca 2. in Fig. 7. This activity was significant, 
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Fig. 10.  I nh ib i t i on  of  ouabain-sens i t ive  (Ca 2+ + Mg2+)-dependen t  p h o s p h a t a s e  • c t iv i ty  b y  spe rmine .  Th e  
e x p e r i m e n t a l  detai ls  we re  the  s ame  •s  desc r ibed  in Fig. 9 e x c e p t  t h a t  va r ious  c o n c e n t r a t i o n s  of  spe rmine  
were  • d d e d .  T h e  ouabain-sens i t ive  ac t iv i ty  was  ca lcu la ted  b y  s u b t r a c t i o n  of  the  • c t iv i ty  w i th  0 .2  m M  
o u a b a i n  f r o m  the  to t a l  ac t iv i ty ,  a nd  expressed  as p e r c e n t a g e  r ema in ing .  
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Fig. 11. T he  e f f ec t  of  Mg 2 + on  Mg2+-dependen t  n i t r o p h e n y l p h o s p h a t a s e  ac t iv i ty .  Th e  e n z y m e  ac t iv i ty  was 
assayed  wi th  in the  absence  of  K +. The  c o n c e n t r a t i o n s  of  o th e r  assay reagen ts  were  the  s a m e  as those  
desc r ibed  in E x p e r i m e n t a l .  (o) ,  w i t h o u t  ouaba in ;  (o),  wi th  0.2 mM ouaba in ;  an d  (A), ouabain-sens i t ive  
ac t iv i ty  w h i ch  was  ca lcu la ted  by  sub t r ac t ing  the  ac t iv i ty  wi th  ouaba in  f r o m  the  ac t iv i ty  w i t h o u t  ouaba in .  

Fig. 12. T he  e f fec t  of c o n c e n t r a t i o n s  of  o u a b a i n  on  Mg2+-dependen t  n i t r o p h e n y l p h o s p h a t a s e  act iv i ty .  Th e  
Mg 2 +-dependent  ac t iv i ty  was assayed  in the  p resence  of  1 m M  Mg 2 + and  var ious  c o n c e n t r a t i o n s  of  ouaba in .  
Semi-log scale. 

although the value was very small and negligible for the kinetical studies in the 
presence of  K ÷. The Mg 2÷ concentrat ion required for 50% activation of  the 
ouabain-sensitive activity was 0.08 mM (Fig. 11). 

The maximum inhibition of  the Mg2+-dependent activity was obtained in 
the presence of  1 pM ouabain (Fig. 12). The midpoint  of  the ouabain saturation 
curve (Is.0) was 0.04 pM. 

Spermine at 0.5 mM inhibited the ouabain-sensitive port ion of  the MR 2.- 
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Fig. 13.  T he  e f fec t  of c o n c e n t r a t i o n s  of  s p e r m i n e  on  Mg2+-dependen t  n i t r o p h e n y l p h o s p h a t a s e  ac t iv i ty .  
The  Mg2+-dependen t  ac t iv i ty  was assayed in the  p resence  of  I mM Mg 2+ an d  var ious  c o n c e n t r a t i o n s  of  
spermine.  (e ) ,  w i t h o u t  ouabain;  and (o) ,  w i th  0.2 mM ouabain .  Semi-log scale. 



dependent  activity completely (I0.s = 50 pM). Spermine did not  show any 
effects on the Mg2+-dependent activity in the presence of  0.2 mM ouabain 
(Fig. 13). It is suggested that  ouabain-sensitive and Mg2÷-dependent nitro- 
phenylphosphatase activity is inhibited by spermine. The extremely high 
affinity of  the enzyme for ouabain and Mg 2÷ as an activator may suggest that  
the ouabain-sensitive and Mg2+-dependent activity is not  due to any con- 
taminating K ÷ or other  alkali cations. The inhibition by spermine and ouabain 
may suggest that  Mg 2÷ activates÷very poorly the K+-dependent nitrophenyl- 
phosphatase by substi tution for K ÷ like Ca 2÷. 

Discussion 

The results would seem to permit three conclusions. (1) Spermine antag- 
onizes the action of K ÷ on ouabain-sensitive and K*-dependent phosphatase 
activity in kidney plasma membranes.  (2) Excess Mg 2÷ inhibits the phosphatase 
activity in competi t ion with K ÷. (3) Ca 2+ seems to substi tute for K*, though 
only partially. 

Excess Mn 2÷ subst i tuted for excess Mg 2÷ as an inhibitor (data not  shown). 
The K+-sites of  the K+-dependent phosphatase accept no t  only alkali cations, 
but  also bi- and poly-valent cations. 

Robinson measured the affinity of (Na ÷ + K÷)-ATPase for K ÷ in terms of  
an inactivation by beryllium [12]. In their system for the ATPase activity, 
MgC12 did not  appear to affect the dissociation constant  for K ÷. p-Nitrophenyl-  
phosphate [13] and acetyl phosphate [14--16] seem to produce the "E2-P" 
in the reaction sequence of  the ATPase. The "E2-P" is a phosphorylated form 
of the ATPase incapable of  participating ADP-ATP exchange. These suggest 
that the ouabain-sensitive and K+-dependent phosphatase enters the reaction 
sequence of (Na ÷ + K*)-ATPase. However,  the detailed relationship of the 
ouabain-sensitive phosphatase to the ATPase is still unclear. For example, (i) 
Israel and Titus [17] have suggested that  the K÷-dependent acetyl phosphatase 
activity may represent a different enti ty than the (Na ÷ + K+)-ATPase. (ii) Sachs 
and co-workers [18] observed that the phosphorylat ion of  (Na + + K÷)-ATPase 
by  acetyl phosphate was stimulated by K ÷ bu t  not  by Na ÷, while Bond and 
co-workers [16] observed stimulation by  Na ÷. (iii) Sachs and co-workers [18] 
concluded that  p-ni t rophenylphosphate  was an alternate substrate for the 
K+-dependent acetyl phosphatase,  while Inturrisi and Titus [19] observed the 
phosphorylat ion by p-ni trophenyl  [32P]phosphate only when the enzyme was 
inhibited by  ouabain. The phosphorylat ion by  acetyl [3~P]phosphate does not  
require ouabain. 

The difference of Mg 2÷ concentrat ions in their experiments may be one of  
the reasons for these discrepancies. 

K ÷ inhibits ouabain binding to (Na ÷ + K*)-ATPase supported by  (Mg 2÷ + Pi).  
It has been shown that K ÷ competes  with Mg 2÷ in this binding reaction [20].  
On the contrary,  recent reports show no compet i t ion of  K ÷ with Mg 2÷ (refs. 
21 and 22). As ment ioned above, at least two sets of  Mg2+-sites exist on the 
enzyme; one is the site essentially required for the activity, and another is the 
site for the inhibitory binding. We are studying whether  the sites of  Mg 2÷ 
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required for ouabain-binding are identical with one of the two sites for the 
K*-dependent activity. 
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