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S U M M A R Y  

1. It  h.as been investigated how ATP in the presence of varying concentrations 
of Mg z÷ (a) influences the apparent  affinity for Na  + relative to K ÷ for the site on 
the (Na + +K+)-dependen t  enzyme system where Na  + activates -- the "Na+-si te" ;  
(b) influences the catalytic activity in the presence ot opt imum concentrations of 
Na  + + K  +. 

2. The "Na+-si te  ' '  has an apparent affinity for K + which is at least 2.5 times 
higher than tOT Na  + without ATP in the medium. ATP increases the apparent affinity 
of this site for Na  + relative to K + and with saturating concentrations of ATP the appar- 
ent affinity for Na  + is about  3 times higher than for K +, i.e. ATP increases the appar- 
ent affinity for Na  + relative to K + at least 7-8 times. 

3. It is the concentration of total ATP in the solution which determines the 
effect on the Na  + :K + affinity ratio. At a given concentration of added ATP a wide 
variation in the concentration of Mg z+ has no effect on the apparent Na  + :K + affinity 
ratio. It means (a) that the effect is independent of  the catalytic activity, ( b ) t ha t  free 
ATP as well as MgATP must have the effect, and (c) that the system must have about 
the same affinity for free ATP and for MgATP at the site where they exert their effect. 

4. With K+- t -Na +, the activity as a function of MgATP gives a bell-shaped 
curve when the Mg 2÷ concentration is varied at a given ATP concentration. The 
activity at the maximum increases with the ATP concentration up to 3 mM and the 
maximum moves towards higher MgATP concentrations. The slope of the ascending 
part  of the curve decreases with an increase in the concentration of added ATP, i.e. 
the activity at a given MgATP concentration decreases with an increase in the free 
ATP: free Mg z+ (ATPf : MgZf +) ratio. For  the descending part  of the curve the ac- 
tivity decreases with a decrease in the ATPf : Mg2g ratio, showing that maximum 
activity at a given MgATP concentration is obtained with an intermediary ATP r :Mg 2 r + 
ratio. The relationship between the effects of  MgATP, free ATP and free Mg 2+ on 
the system is discussed. 
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INTRODUCTION 

From results of  experiments on the effect of ATP, Na +, K +, and Mg 2+ on the 
inhibition of  the (Na++K+)-ac t iva ted  enzyme system by N-ethylmaleimide, it was 
suggested that ATP increases the apparent affinity for Na + relative to K + for the 
site on the system where Na + activates, the i-site (i for inside) [l ]. 

The effect of  ATP was seen under conditions where no Mg z + was added and 
where the medium contained 5 mM EDTA to complex the traces of Mg 2+ in the 
enzyme preparation, i.e. it seems to be due to an effect of ATP as such and not to 
a hydrolysis of  ATP. The effect seemed to be independent of the reaction with N-ethyl- 
maleimide. In the present paper it has been investigated how Mg 2+ influences the 
effect of ATP on the apparent affinity for Na + relative to K + of the i-site on the sys- 
tem, and under conditions where the hydrolytic activity has been used as a tool to 
test the effect instead of the inhibition by N-ethylmaleimide. 

METHODS 

The enzyme was prepared as described in the previous paper [1 ]; the specific 
(Na + +K+)-act ivi ty  was 200-290 pM Pi/mg protein per h (3 mM Mg 2 +, 3 mM ATP, 
120 mM Na ÷, 30 mM K ÷, pH 7.4, 37 °C). The Mg 2÷ activity (equal to the g-stro- 
phanthin-insensitive activity) was less than 0.5 9/00 of the total activity. 

The activity was tested by measuring the amount of 32p released from ATP 
labelled with 32p in the ~ position. The test volume was 1 ml which besides 30 mM 
Tris-HC1, pH 7.4, 37 °C, contained [a2p]ATP, Na ÷, K ÷, and Mg 2÷ in the concen- 
trations given on the figures. The reaction was started by the addition of the enzyme. 
The reaction time was in all the experiments adjusted in such a way that the maximum 
hydrolysis of  the added ATP was less than 2 0 ~ .  Under these conditions, the hydro- 
lysis was a linear function of time. The reaction was stopped by the addition of 0.1 ml 
5 0 ~  trichloroacetic acid, and the hydrolysis of [32p]ATP was determined according 
to the method of Lindberg and Ernster [2]. The 32p was counted in a liquid scintilla- 
tion counter [3]. [32p]ATP was from The Radiochemical Centre, Amersham, Eng- 
land. ATP, ITP, GTP, and CTP were from Boehringer. [32p]ATP, ATP, GTP, ITP, 
and CTP were purified and converted to the Tris salt by chromatography on a DEAE- 
sephadex A-25 (Pharmacia) column [4]. 

With ITP, CTP, and GTP as substrate, the activity was tested by measuring 
the Pi released by the method of Fiske and SubbaRow [5]. 

For the calculation of  the concentration of free Mg 2÷ (Mg2+f), free ATP 
(ATPf), ATP complexed with Mg 2+ and with Na ÷ and K ÷, the following formation 
constants were used: MgATP 2-, 104 M -1 [6], sodium and potassium ATP, 15 
M -1 [7]. 

The figures show typical results, which have all been reproduced 3-5 or more 
times; for variability in the experimental results, see legend to Fig. 1 and see also 
Table I. 

RESULTS 

In Fig. 1 is shown the effect of a variation in the Na + and K + concentration 
on the catalytic activity with different concentrations of ATP (and Mg 2+). The sum 
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Fig. 1. The ~ffect of Na + q-K + on the catalytic activity of the (Na + ÷ K +)-dependent enzyme system 
with ATP 0.1 #M, Mg 2+ 10/~M; ATP 1/~M, Mg 2+ 100#M; ATP 10#M, Mg 2+ 250/~M; ATP 
1000 pM, Mg 2+ 1000/~M, respectively. The ordinate shows per cent of the activity with optimum 
concentrations of Na + q-K +. The test has been made in 30 mM Tris-HCI, pH 7.4, at 37 °C. From a 
number of such experiments the mean concentration of Na + -4- S.E. for half maximum Na + activation 
(the left part of the curve) was for 1 mM ATP 37 4- 1.2 mM (n = 3), for 0.01 mM ATP 55 ± 2.4 mM 
(n = 3), for 0.001 mM ATP 79 ± 1.8 mM (n = 3) and for 0.0001 mM ATP 93 :k 1.1 mM (n ~ 4) 
(Na+÷K + = 150mM). 

of  N a  + and  K + was kep t  cons tan t  at  150 m M .  F o r  c ompa r i son  the act ivi ty  has  been 
expressed in percent  o f  the m a x i m u m  ob ta ined  with o p t i m u m  concent ra t ions  of  N a  + 
a n d  K ÷. 

The figure shows tha t  less N a  + (a lower  N a  + :K  + ra t io )  is necessary to give 
ha l f  m a x i m u m  act ivi ty  (the left pa r t  o f  the curve)  when the A T P  concen t ra t ion  is 
increased.  Fu r the rmore ,  tha t  the  s t imula t ing  effect, which  can  be ob ta ined  with K + 
in the presence of  N a  +, decreases wi th  the A T P  concent ra t ion .  W i t h  0.1 # M  ATP,  
the act ivi ty  with 150 m M  N a  + is 87~o o f  the  m a x i m u m  act ivi ty  with N a + + K  +, 
while wi th  1000 # M  A T P  it is only  3 ~o. I t  means  tha t  K + with  the low concent ra t ions  
o f  A T P  only  act ivates  when the K + :Na  ÷ ra t io  is low, at  higher  ra t ios  the act ivi ty 
wi th  K + ~ N a  + is lower  than  with  N a  + alone,  see the figure. Fig.  1 finally shows tha t  
more  K + is necessary to  give ha l f  m a x i m u m  act ivi ty  (the r ight  pa r t  o f  the curve)  
when the A T P  concen t ra t ion  is increased  (this last  po in t  will no t  be fur ther  discussed 
in the present  paper) .  

In  the expe i iments  shown in Fig. 1, the A T P  concent ra t ion  given on  the figure 
is the concen t ra t ion  of  a d d e d  ATP.  A T P  exists, however ,  as a mixture  of  free A T P  
a n d  of  A T P  complexed  with  M g  2+ and  a lso  wi th  N a  ÷ and  K + in the medium.  In 
o rder  to  see i f  the effect o f  A T P  found  in Fig.  1 is due to  free or  to complexed  ATP,  
the exper iments  were repeated ,  bu t  with. a fixed concen t ra t ion  o f  a d d e d  A T P  and  a 
var ied  concen t ra t ion  o f M g  2 +. The sum o f N a  + and  K ÷ was kep t  cons tan t  at  150 mM.  
The  resul t  o f  these exper iments  is shown in Fig.  2 and  in Table  I. In Fig. 2 the concen-  
t r a t i on  of  a d d e d  A T P  was 10 g M  and  the M g  2+ concen t ra t ion  2 p M ,  35 g M ,  and  
1000 #M,  respectively.  In  Table  I the N a  + :K  + values for  ha l f  m a x i m u m  act iva t ion  
by N a  + are given for  the fol lowing concent ra t ions  o f  a d d e d  ATP,  1 #M,  10 p M ,  and 
500 p M ,  lespect ively,  and  for  each A T P  concen t ra t ion  for  vary ing  concent ra t ions  of  
M g  2 +. The  values are  r ead  f rom exper iments  as shown in Fig.  2. 
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TABLE I 

T H E  E F F E C T  OF A V A R I A T I O N  I N  T H E  Mg 2+ C O N C E N T R A T I O N  AT D I F F E R E N T  CON- 
C E N T R A T I O N S  OF ATP O N  T H E  C O N C E N T R A T I O N  OF Na  ÷ N E C E S S A R Y  F O R  H A L F  
M A X I M U M  A C T I V A T I O N  

The values are read f rom curves as those shown in Fig. 2. 

ATP (/~M) Mg z+ ~uM) Na + for half  max imum 
activation (Na + + K + = 150 m M )  
m M  

1 1 
1 10 
1 10 
1 100 
1 100 
1 100 
1 500 
1 500 
1 2 000 
I 3000 
1 3 000 
1 5 000 

10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
I0 
10 
10 
10 
I0 
10 
10 
10 

500 
50O 
500 
500 
5OO 
50O 
50O 
5OO 
5OO 

2 
2 
2 
5 

10 
35 
35 
35 
50 
50 
50 

100 
250 
500 
500 
500 

1 000 
2 500 
3 000 

10 000 
10 000 
10 000 

1.5 
2.5 

12 
30 

100 
250 
500 

1 000 
10 000 

mean 

mean 

mean 

83 
84 
88 
82 
76 
8O 
90 
84 
86 
84 
96 
88 

85 

62 
58 
64 
61 
66 
57 
56 
58 
62 
57 
59 
54 
54 
52 
54 
60 
57 
60 
60 
63 
65 
64 

59 

33 
37 
35 
38 
37 
35 
37 
37 
40 

37 
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Fig. 2, The effect o f N a  + + K  + on the catalytic activity o f  the (Na + + K + ) - d e p e n d e n t  enzyme system 
with 10 # M  ATP and with 2 #M, 35 ,uM, and 1000/~M Mg a+, respectively. The ordinate in Figs 2-6 
gives the activity in ,uM P~ hydrolyzed from ATP per mg protein per h. 
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Fig. 3. The catalytic activity o f  the (Na  + + K*) -dependent  enzyme system as a function of  the Mg- 
A T P  concentration. The concentration of  added A T P  was  kept  constant at 1/~M, 1 0 # M ,  5 0 # M ,  
and 100/~M, while the concentration of  added Mg 2÷ was varied. For calculation of  the M g A T P  
concentration,  see Methods.  The N a  + and K + concentrations given on the curves were the concentra- 
tions which gave maximum activity. 
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The figure and the table show that there is no systematic variation in the Na+:  
K ÷ concentration ratio for half maximum activation with a variation in the Mg 2+ 
concentration when the total ATP concentration is kept constant. At a given ATP 
concentration the ratios seem to scatter around a common value independent of  the 
Mg 2+ concentration. This value is for 1/aM ATP 85:65, for 10/aM ATP 59:91, and 
for 500/aM ATP 37:113. It seems thus as if the Na + :K + concentration ratio for half 
maximum Na + activation is determined by the total concentration of ATP in the 
medium independent of  a wide variation in the Mg 2+ concentration. This means that 
it is independent of  the ratio between uncomplexed and complexed ATP and indepen- 
dent of  the catalytic activity. 

A variation in the Mg 2+ concentration at a given ATP concentration has, 
however, a pronounced effect on the rate of  hydrolysis in the presence of  Na  + + K  +. 
This is shown in Figs 3 and 4 for concentrations of  total ATP from 1 #M up to 6.000 
/aM. The activity is measured with the concentrations of  Na  + + K  + which give opti- 
mum activity for each of the ATP concentrations, and the activity is plotted as a 
function of the MgATP concentration. There is a certain low activity without added 
Mg 2+. It can be decreased to zero by adding EDTA to the test medium, but not by 
extensive washing of the enzyme preparation with or without EDTA in the washing 
medium. EDTA has not been added to the test medium to avoid a complicating factor 
and the MgATP concentrations have been calculated from the added Mg 2 +. 

ZOO 

i f  

MgATP cone q ~ l  

100- 

~ T P  cone, (~VI~ 

Fig. 4. As Fig. 3, but with a concentration of added ATP of250/~M, 1000#M, 3000/aM, and 6000 
/aM. 
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The activity at a given total ATP concentration increases with MgATP up to 
a maximum and thereafter again decreases when the Mg 2 + :ATP ratio becomes high. 
The activity at the maximum increases with the ATP concentration up to 3 mM, and 
the MgATP concentration, which gives the maximum, increases with the ATP concen- 
tration. There is no fixed Mg 2+ :ATP ratio for the top of the curves; it decreases from 
about 100:1 with 1 #M ATP to 10:1 with 50#M ATP, 4:1 with 250#M ATP, 2:1 
with 1000 #M ATP and 4:3 with 3000 pM ATP. 

The slope of  the ascending part of  the curves decreases with an increase in the 
total ATP concentration; this is shown for concentrations of total ATP of I00 pM 
and higher in Fig. 5, but is also seen with the lower concentrations of ATP. It means 
that the activity at a given MgATP concentration decreases with an increase in the 
concentration of total ATP, which again means with an increase in the concentration 
of free ATP (ATPr) and a decrease in the concentration of free Mg 2+ (Mg2+f) i.e. 
with an increase in the ATPf:Mg 2 +f ratio, 

150- 

51 

0' 

6 1~5 2~0 
MgATP cone. ( ~ )  

Fig. 5. The catalytic activity as a function of MgATP with ATP 100#M, 250#M, 500/~M, and 3000 
#M. The activity was measured with the concentrations o fNa  ÷ and K + which gave optimum activity 
(see Figs 3 and 4). 

When the Mg 2+ :ATP ratio becomes high, at a given ATP concentration, the 
activity decreases with an increase in the concentration of MgATP (Figs 3-5). This 
is seen both with low and high conc:ntrations of MgATP suggesting that it is not due 
to an inhibitory effect of MgATP. It suggests that it is due either to the increase in the 
concentration of Mg 2 +f o r  to the decrease in the concentration of ATPr or both, which 
follows from the increase in the Mg 2+ concentration. At the point of half maximum 
decrease in activity the concentration of Mg2+f and of ATPf is higher, the higher the 
MgATP concentration, but the concentration of Mg2+f increases less with MgATP 
than ATPf does. For example from 10 to 3000 #M ATP the concentration of MgATP 
increases 300 times from 9.8 to 2900 pM, while Mg2+f increases 3 times from 14990 
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to 41900/~M, and ATPf 100 times from 0.07 to 7.2/~M. It means that the higher the 
MgATP concentration, the less is the decrease necessary in the ATPf:Mg2+f ratio 
to give an inhibition. 

It seems thus as if an increase as well as a decrease in the ATPf:Mg 2 +f ratio at 
a given MgATP concentration decreases the activity, meaning that at a given MgATP 
concentration maximum activity is obtained with an intermediary ATPf:MgZ+f ratio. 

In Fig. 6 is shown the effect of a variation in the Na + :K + ratio on the activity 
with 500/tM, I0/zM, and 1/~M total ATP, respectively, and with concentrations of 
Mg 2+ which give about the same MgATP concentration, namely 0.95, 0.91, and 0.94 
aM, respectively. The figure furthermore shows the effect of Na + and K + on the 
activity with 500/zM total ATP and with a concentration of Mg 2+, 30/zM (18/zM 
MgATP), which with optimal concentrations of Na + and K + gives about the same 
rate of  hydrolysis as with 10/IM total ATP and 35/~M Mg 2+ (0.95/~M MgATP). 
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Fig. 6. The effect of Na + ÷K + on the activity of the (Na + $K+)-dependent enzyme system with 
I/~M ATP, 10/~M ATP, and 500/~M ATP, and with concentrations of Mg 2+ which give about the 
same concentration of MgATP, namely 0.94/~M MgATP with I/~M ATP and 5000/~M Mg2+; 
0.9! #M MgATP with 10/~M ATP and 35/~M Mg2+; 0.95 MgATP with 500/~M ATP and 1.5/~M 
Mg 2+. The figure furthermore shows the effect of Na + --FK ÷ on the activity in the presence of 500 
/~M ATP, and with a concentration of Mg ~+, 30/~M (MgATP 18/~M), which gives about the same 
activity as with 10/~M ATP and 35/~M Mg 2+ (MgATP 0.91/~M). 
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The results of the experiment show on the figure lend further support to the 
view that it is not the MgATP concentration neither the rate of  hydrolysis which 
determines the Na + :K + ratio for half maximum Na + activation, but the concentration 
of total ATP. With the same MgATP concentration tb.e Na + : K + ratio for half max- 
imum Na ÷ activation decreases from 88:62 with I #M ATP to 54:96 with 10 pM ATP 
and to 36:114 with 500/tM ATP. With 500 pM ATP, this last value stays constant 
when the MgATP concentration is increased, i.e. the rate of hydrolysis is increased. 
The figure furthermore shows that at a given MgATP concentration the activity with 
optimum concentrations of Na + + K  + varies with the ATPf: Mg2+f ratio. When this 
ratio is high, the activity is low (500 #M ATP, 1.5 #M Mg 2 ÷, ATPf:Mg 2 +f = 1541:0.6). 
With a lower ratio (10 #M ATP, 30 #M Mg 2+, ATPr: Mg2+f = 2.8:29) the activity 
is higher. When the ratio becomes low, (1 #M ATP, 5000/~M Mg 2+, ATPf:Mg2+f ----- 
0.01:4999) it again becomes lower, cf. the bell shape of the curves in Figs 3-5. 

In Fig. 7 is shown the effect of a variation in the Na + + K  + concentration on 
the activity with 3 mM GTP, ITP, CTP, and ATP, respectively. With 3 mM of the 
triphosphates, the Na + :K + ratio for half maximum Na + activation is 106:44 with 
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Fig. 7. The effect o f N a  + + K  + on the activity in the presence of  3 mM ATP, 3 mM C T P ,  3 mM ITP, 
and 3 mM GTP, respectively. The left ordinate gives the activity in #M Pl hydrolyzed from C T P ,  

ITP, and GTP per mg protein per h, and the right ordinate the activity in /~M Pt hydrolyzed from 
ATP per mg protein per h .  
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GTP, 80:70 with ITP, 66:84 with CTP, and 37:113 with ATP, i.e. the apparent Na+:  
K + affinity ratio is 0.4:l with GTP, 0.9:1 with ITP, 1.3:1 with CTP and 3:1 with ATP. 

DISCUSSION 

In a previous paper I1 ] it was found that ATP without Mg 2+ and under condi- 
tions where there was no measurable hydrolysis of  ATP (5 mM EDTA) decreases the 
Na  + :K + ratio for half maximum effect of  Na + on the "Na+-site ' '  of  the system from 
108:42 without ATP to 36:114 with saturating concentrations of  ATP. In the present 
experiments it is found that ATP also in the presence of Mg 2+ decreases the Na + :K + 
ratio for half maximum Na + effect on activation of the system and that the effect 
of  a given ATP concentration is widely independent of a variation in the Mg 2+ con- 
centration. The limiting value at saturating concentrations of  ATP is found to be 
37:117 as in the previous experiments (36:114). In the present experiments where 
the catalytic activity is used to measure the effect of ATP on the Na  + :K + affinity 
ratio, it is not possible to do the experiments without ATP; but with the triphosphate 
which has the lowest effect, GTP, the ratio was 106:44 to compare with the 108:42 
value found in the previous experiments without ATP. It  shows that ATP in the pres- 
ence of Mg 2+ increases the N a + : K  + ratio for half maximum Na + activation inside 
at least the same limits as were found for ATP without Mg 2 +, and that ATP increases 
the apparent  affinity for Na  2+ relative to K + at least f rom about  0.4:1 (106:44) to 
about  3:1 (37:113), i.e. by a factor of  7-8. As it is an effect on the site where Na + 
activates, the "Na+-si te  ' ' ,  it is on the site which is located on the inside of  the intact 
membrane [8-10], the i-site in the following. 

The lack of  effect of  a variation in the Mg 2+ concentration at a given ATP 
concentration shows that the effect of  ATP is independent of  the hydrolytic activity, 
and that ATP complexed with Mg 2+ must have the same effect as free ATP on the 
affinity ratio. This must mean th.at there is a site on the system which can react with free 
ATP (ATPf) as well as with complexed ATP and with about the same affinity, and 
that  the reaction with complexed as well a, ~ with uncomplexed ATP has the same 
effect on the Na + :K + affinity ratio. It  means that ATP in the scheme given in the 
previous paper to explain the effect of  ATP on the affinity ratio [1 ] must be replaced 
by XATP where XATP can be either uncomplexed or complexed ATP, and where 
XATP, as it was found for ATP without Mg 2 +, has a lower affinity for the system 
on the K + form, ip, than on the Na + form, i s, (i for inside, P for potassium, S for 
sodium). 

ipKm + isNnn+ 

A'ATPip XATpj S 

According to the scheme it is the total concentration of ATP independent of 
Mg 2+ which influences the ratio between the i-sites which have reacted with Na + and 
with K + at a given Na + :K + concentration ratio. The fraction of the system with the 
i-site on the Na + form which has reacted with free ATP or with MgATP is given by 
the ratio between these two components in the solution. I t  is, however, only that 
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fraction of  the system with the i-site on the Na + form which has reacted with the one 
of the two components which is the substrate, which can hydrolyse ATP. 

The effect of  ATP on the apparent Na+:K ÷ ratio is seen under conditions 
where the concentration of K + relative to Na + is high enough to saturate the site on 
the system where K + activates, the o-site (o for outside). Assuming that the o- and 
the i-site exist simultaneously, it means that XATP influences the o__m K+ ,/iK+--, ~ o K+/  
iNn,+ equilibrium and shifts it towards the o + i + K, , /Na~ form, which is the form 
which has the catalytic activity. 

What is then the substrate for the hydrolysis of ATP? Is it ATPf, or is it Mg- 
ATP? The slope of the ascending part of the activity curve decreases when the concen- 
tration of added ATP is increased (Fig. 5); it means that at a given MgATP concen- 
tration, the activity decreases when the ATPf concentration increases, and the Mg 2 +f 
concentration decreases. This is in a simple way explained by the above discussed 
competition between ATPf and MgATP for a common site and with MgATP as the 
substrate. The decrease in the concentration of Mg2+f may besides the increase in the 
competition between ATPt and MgATP add to the decrease in the slope. It would 
mean that Mg 2 +f was necessary for activation besides MgATP as suggested by Fahn 
et al. [11]. 

The affinity of the system for ATPf is high [4, 12]. An equal affinity for ATPf 
and MgATP must therefore mean th.at the affinity for MgATP must also be high. 
As seen from Figs 4--6 this seems to be the case. The slope of  the ascending part of the 
activity curve as a function of MgATP becomes very steep when the total ATP con- 
centlation is decreased (cf. Figs 4--6), which means when the competitive effect of 
ATPf is decreased. At the lowest concentration used, 1 pM ATP, the slope is very 
steep. It shows that if it is correct that MgATP is the substrate, then the affinity of the 
system for MgATP is very high. 

Having reached an optimum, the activity as a function of MgATP decreases 
when the Mg 2+ concentration becomes h.igh at a given ATP concentration. This 
decrease in activity is seen both with_ low and with. high concentrations of MgATP, 
which means that it is not due to an inhibitory effect of MgATP. If MgATP is the 
substrate, it must be due either to an inhibitory effect of Mg 2 +f, which increases with 
the Mg 2 + concentration or due to a lack of ATP r which decreases with art increase in 
the Mg z+ concentration; this last would mean that ATPf should be necessary for 
activation of the catalytic activity of the o K+/iNa+ form of the system. Th.e concen- 
tration of  ATP r at half maximum inhibition increases more with the MgATP concen- 
tration than does the concentration of Mg 2+ f; it may suggest a competition between 
MgATP and ATPf and suggest that it is ATPr which is required for activation and not 
Mg2+f which inhibits. It would suggest two sites on the system, a MgATP substrate 
site, where ATPr competes for MgATP, and where MgATP as well as ATPr increases 
the apparent affinity for Na + relative to K + on the "Na+-site '', and with a high affin- 
ity for ATPf as well as for MgATP. And an ATPf activator site with a high affinity 
for ATP r and where MgATP competes for ATPf. 

Such a view is, however, in disagreement with the results of studies on the 
binding of ATP without Mg 2 + to the system [4, 12]. It is found that the system at 0 °C 
per enzyme unit only binds 1 molecule of ATP with a high affinity. 

Does it mean that the binding experiments at 0 °C do not show the binding 
of ATP at higher temperatures? 
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Or is ATP~ not necessary for activation, is it Mg 2 +f which inhibits when the 
ATPf:Mg2+e ratio becomes low at a given MgATP concentration? 

Or does it mean that ATPf is the substrate, that MgATP, which competes for 
ATPf, inhibits, and as Mg 2 + is required for activity that the system reacts with Mg 2 +f 
at a site different f rom the ATPf substrate site. This would give a bell-shaped curve 
for the activity as a function of MgATP without implying more than one site for 
ATPf, and ATPf would be necessary for activation because it is the substrate. 

There is at present no answer to the problem. 
The ability of K ÷ to activate in the presence of Na  + relative to the ability 

of  Na ÷ alone to activate is lower, the lower the ATP concentration (Fig. 1) (cf. refs 
13-16). A simple way to explain this is that the system in the °Na+/iNa,+ form has 
a higher affinity for the substrate than in the o + i + K m / Na,  form. With a low concentra- 
tion of ATP, 0.1 tiM e.g., K ÷ not only gives a low increase in activity, but the effect is 
only seen in a very narrow and low concentration range; in higher concentrations K + 
inhibits, cf. Fig. 1. The inhibitory effect is most likely due to a displacement of  Na ÷ 
from the i-site of  the system by K +, i.e. the transformation of the 0 ÷ ~ + K,. / Na.  form 
into the o + i + o + i + K ~ /  K . , / K .  form. As the K , . / K .  form has no activity and the o + 
JNa + form in the presence of the low ATP concentration has an activity which is 
only slightly higher than the activity of  the °Na+/ iNa  + form only a minor fraction 
of the enzyme molecules need to be transformed from the o + i + K , . / N a .  form into the 
°K+/ iK+  form before the total activity is lower than when all the molecules are on 
the ONa~/iNa + form. 
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