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SU M MARY 

1. I t  has been investigated how ATP, N a  +, K +, and Mg 2+ influence the inhi- 
bition of the (Na + +K+)-ac t iva ted  enzyme system by N-ethylmaieimide. 

2. ATP protects against the inhibition by N-ethylmaleimide. With ATP, 
without Mg 2+ and EDTA, both N a  + and K + increase the inhibitory effect of  N- 
ethylmaleimide; K + has the effect in lower concentrations than Na +. The main part  
of  the Na  + effect seems to be due to traces of  Mg 2+ in the enzyme preparation; these 
can be removed by EDTA, while EDTA does not influence the effect of  K +. 

3. With ATP, Mg 2+ increases the inhibitory effect by N-ethylmaleimide; Na  + 
potentiates the effect by decreasing the requirement for Mg 2+ for inhibition and 
it increases the inhibition which can be obtained by Mg 2+. K +, on the other hand, 
increases the requirement for Mg 2 +. 

4. Without Mg 2+, with EDTA, K + decreases, while Na  + gives a slight in- 
crease in the apparent affinity for ATP for the protection against N-ethylmaieimide. 

5. With ATP, without Mg 2 +, and with EDTA, the increase in inhibition due 
to K + cart be eliminated by titration with Na  + and vice versa. The curve for the elimi- 
nation of the K + effect on the reaction with N-ethylmaleimide is identical with the 
curve for the activation of the catalytic activity by Na  + in the presence of K + and no 
N-ethylmaleimide. The Na + concentration necessary for half maximum elimination 
of the K + effect on the inhibition by N-ethylmaleimide decreases with an increase in 
the ATP concentration. 

6. ADP protects against N-ethylmaleimide like ATP; and an increase in 
the ADP concentration leads to a decrease in the concentration of Na  + necessary 
for the elimination of the K + effect on the reaction with N-ethylmaleimide, but the 
concentration of ADP necessary to give a certain effect is about two times higher 
than that of  ATP. ITP has practically no protective effect against N-ethylmaleimide. 
CTP and GTP have a low protective effect and a low effect on the apparent affinity 
for Na  + ; 3 mM GTP or CTP has an effect of  the same order of magnitude as 10/~M 
ATP. 
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7. The experiments suggest (1) that K ÷ on the "Na÷-site '', the i-site of the 
system (i for inside), decreases, while Na + at the same site gives a slight hlcrease in 
the apparent affinity for ATP. (2) That the i-site exists in a K ÷ and a Na ÷ form, ip~is, 
and due to the higher affinity for ATP of the Na + than of the K + form, ATP in the 
presence of Na ÷ and K ÷ shifts the equilibrium towards the Na ÷ form. Without ATP, 
the "Na+-site '' has an apparent Na + :K ÷ affinity ratio of 0.4:1, while with saturating 
concentrations of ATP it is 3:1, i.e. ATP increases the apparent affinity for Na + 
relative to K + for the "Na+-site '' 7-8 times. 

I N T R O D U C T I O N  

N-Ethylmaleimide inhibits the (Na + + K  +)-activated enzyme system and the 
inhibitory effect is influenced by ATP, Na +, and K ÷ [1--4]. This opens a possibility 
that the reaction of the system with N-ethylmaleimide can be used as a tool to obtain 
information on the relationship between the effect of ATP, Na +, and K + on the en- 
zyme system. In the present paper such an attempt has been made. Some of the results 
have been given in a preliminary form [5-7]. 

METHODS 

The enzyme was prepared from ox brain [8]; the specific activity of the g- 
strophanthin-sensitive activity was 160-220pM Pi/mg protein per h (3 mM ATP, 
3 mM Mg 2÷, 120 mM Na ÷, 30 mM K ÷, pH 7.4, 37 °C). The g-strophanthin-insensi- 
tive activity which was 8-12 ~ of the total activity with Mg 2÷ plus Na ÷ plus K ÷ was 
decreased to less than 0.5 ~ of the g-strophanthin-sensitive activity by incubation 
of the enzyme preparation for 5 min to 2 h in 1 M NaSCN at 20 °C, pH 7.4 (Ottoleng- 
hi, P., personal communication). After the incubation, the enzyme preparation was 
washed 3 times with 0.25 M sucrose, 30 mM histidine-HCl, pH 7.4, by centrifugation. 
The sediment after the final centrifugation was resuspended in histidine-HC1 and used 
as enzyme source. This treatment did not decrease the specific g-strophanthin-sensitive 
activity; on the contrary, in most preparations it gave a slight increase. 

Reaction with N-ethylmaleimide 
0.1~).2 mg enzyme protein was incubated in 30 mM Tris-HCl, pH 7.4 at 

37 °C with N-ethylmaleimide and combinations of ATP, Na +, K ÷, and Mg 2÷. N- 
ethylmaleimide was added last, 10 s after the addition of  enzyme. After the end of 
the incubation, 0.1 ml of the solution was transferred to 0.9 ml of the test solution 
which contained 30 mM Tris-HCl, pH 7.4, and with a final concentration of 3 mM 
Mg 2+, 3 mM ATP, 120 mM Na ÷, 30 mM K ÷, 1 mM fl-mercaptoethanol with and 
without 10- 4 M ouabain. The reaction was stopped by adding 0.1 mM trichloroacetic 
acid and Pi was measured according to Fiske and SubbaRow [9]. Control was enzyme 
which was incubated under the same conditions but without N-ethylmaleimide. 

The figures show typical results, which have all been reproduced 3-5 or more 
times; for variability in the experimental results, see legends to Figs 9-11. 



236 

RES U LTS 

Preincubation of the enzyme system with N-ethylmaleimide at 37 °C leads to a 
decrease in activity (Fig. 1). The activity decreases fast for the first 10-20 min, and 
thereafter with a much slower rate, and it has not come to a steady state after 60 min 
of preincubation. 
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Fig. 1. The  effect o f  different concent ra t ions  o f  N-e thylmale imide  ( N E M )  on  the enzyme activity 
after different t imes  o f  pre incubat ion.  The  enzyme was in this  and  in the  exper iments  shown in the  
following figures, apar t  f rom Fig. 11, p re incuba ted  in 30 m M  Tr i s -HCl ,  p H  7.4, at 37 °C. After  
pre incubat ion ,  the  enzyme activity was tested in 30 m M  Tr i s -HCl ,  pH  7.4, with 3 m M  ATP,  3 m M  
Mg 2+, 1 2 0 m M  N a  ÷ and  3 0 r a M  K ÷. 

ATP protects to a certain extent against the effect of N-ethylmaleimide (Fig. 2). 
After approx. 30 min of preincubation, the slope of the curve for the slow reaction 
with N-ethylmaleimide is nearly identical with and without ATP. 
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Fig. 2. The  effect o f  1 m M  N-ethylmela imide  ( N E M )  with and  wi thout  1 m M  A T P  on  the enzyme 
activity after  different t imes  o f  pre incubat ion.  Cont ro l  is enzyme pre ineubated  wi thout  N-ethylmalei-  
mide  and  ATP.  
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In the following 30 min of preincubation and 1 mM of N-ethylmaleimide has 
been used. 

With ATP in the preincubation medium, the addition of K + increases the 
reactivity of the system towards N-ethylmaleimide, and so does the addition of Na + 
(Fig. 3). K + has, however, an effect in lower concentrations than Na +, and with 
saturating concentrations of the cations, the reactivity towards N-ethylmaleimide is 
higher with K + than with Na ÷. 

ADP protects to the same extent as ATP against the inhibition by N-ethylmalei- 
mide. With ADP, Na ÷ has, however, practically no effect on the inhibition, while 
the effect of K ÷ is very nearly identical with the effect seen with ATP (Fig. 3). 
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Fig. 3. The effect of Na ÷ and of K ÷ on the inhibition by N-ethylmaleimide (NEM) in the presence 
of ATP and of ADP. In this and the following figures apart from Fig. 11, the enzyme was tested 
after 30 rain of preincubation. 

The effect of Na ÷ seen with ATP in the preincubation medium can to a certain 
extent be eliminated by EDTA. At the lower Na + concentrations, e.g. 10 mM, EDTA 
can completely overcome the Na + effect, while with higher Na + concentrations, e.g. 
100 mM, a certain part of the Na ÷ effect cannot be eliminated by EDTA (Fig 4). 
EDTA in the preincubation medium does not influence the effect of  K + (Fig. 4). Nor 
has EDTA any effect on the protection by ATP without Na + or K + neither on the 
protection by ADP with or without Na + or K ÷ (not shown). 

In the presence of ATP, Na + increases the sensitivity of the system towards 
Mg 2+ for the inhibition by N-ethylmaleimide (Fig. 5). Without Na ÷, Mg 2+ increases 
the inhibition by N-ethylmaleimide, but with Na +, Mg 2+ shows the effect in much 
lower concentrations and N-ethylmaleimide inhibits more strongly. Considering that 
there is 3 mM EDTA in the medium in the experiments in Fig. 5, the concentration 
of non-EDTA-bound Mg 2+ necessary to give an effect in the presence of  Na + is very 
low. 

The experiment shown in Figs 4 and 5 suggest that Mg :+ is necessary for at 
least the main part of  the Na + effect, and that the effect of Na + seen without added 
Mg 2 + and EDTA is due to traces of Mg 2 + in the enzyme preparation. The different 
levels of inhibition obtained with optimum concentrations of Mg 2+ with and without 



238 

PrHncut~ated wilh NEt~", i rlltVl, ATP i raM, 
the' cone of Na + or Y,+ shown un Ihe fi9 

and varvin{j ConL. Of EOTA 

r~ Na + lO mM 

n o 
o 

'~a + I06 

K + lg - 

. 10- 

~ S  

Preincub~ted with NEM t raM, EDTA 3 raM, 
ATP 1 mM withoul and with IQ mM Na+and 

with varying cone. of magnesium IMgl 

~ " - ~  Na* 0 mM 

Cone ol [DTA Jr, preincubation medium Cone ol M~ m oreincub~tion medium 
mM 

Fig. 4. The effect of EDTA on the inhibition by N-ethylmaleirnide (NEM) in the presence of ATP 
and Na + , and ATP and K + . 0 ,  the activity after preincubation with 1 mM N-ethylmaleimide, I mM 
ATP without Na +, K +, or EDTA. 

Fig. 5. The effect of Mg 2+ on the inhibition by N-ethylmaleimide (NEM) in the presence of ATP 
with and without Na +. 

N a  + shows  that the decrease in requirement for Mg 2+ seen with  N a  + cannot  solely 
be due to a higher affinity for Mg  2+ o f  a N a + - A T P  form o f  the system. 

With  A T P  wi thout  N a + ,  K + increases the inhibitory effect o f  N-ethylmale imide .  
Mg 2+ is not  required for the K ÷ effect as it is for the N a  + effect; on the contrary, 
Mg  z+ seems to e l iminate  the K + effect. At  a given K + concentration,  the addit ion 
o f  Mg  2 + decreases the inhibit ion by  N-e thy lmale imide  to the level f ound  with  Mg 2 + 
without  K + (Fig. 6), and the concentrat ion o f  Mg  2+ necessary increases with  the K ÷ 

concentrat ion (not shown) .  
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Fig. 6. The effect of Mg s + on the inhibition by N-ethylmaleimide (NEM) with ATP, with and with- 
out K +. 
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The effect of ATP depends on the K + concentration and vice versa. This is 
seen from Fig. 7, which shows the effect of ATP at different concentrations of K ÷. 
Without K +, the concentration of  ATP necessary to give half maximum protection is 
about 20 #M under the conditions used. This value increases with the K ÷ concentration, 
and at the same time the maximal protection which can be obtained by an increase 
in the ATP concentration decreases. It can also be seen from the figure that at a given 
ATP concentration the concentration of K + necessary to give a certain increase in 
inhibition is higher as the concentration of ATP increases. 
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Fig. 7. The effect of ATP on the inhibition by N-ethylmaleimide (NEM) in the presence of  different 
concentrations of  K +. 

Na + has not the K + effect on the requirement for ATP; on the contrary, Na + 
gives a slight decrease in the requirement for ATP. With 5 mM EDTA and 100 mM 
Na +, the concentration of ATP for half maximum protection was found to be about 
12 pM, while it was about 20 pM without Na + and K + (not shown). 

The effect of Na + on the inhibition seen in the presence of ATP both with 
and without EDTA can be eliminated by K +. The concentration of  K + necessary is 
low relative to the Na + concentration (Figs 8 and 9), and it increases with the Na + 
concentration (Fig. 8). In higher concentrations K + again increases the inhibition 
by N-ethylmaleimide and also for this effect the concentration necessary increases 
with the Na + concentration. K + can eliminate the effect of high concentrations of 
Na + which cannot be eliminated by EDTA (Fig. 9), cf. Fig. 4. It means that in the 
presence of h.igh concentrations of Na +, a small concentration of K + will decrease 
the inhibition by N-ethylmaleimide to the level found with ATP without Na + or K + 
in the preincubation medium. 

It is, however, not only K + which can eliminate the Na + effect on the inhibition 
by N-ethylmaleimide. Na + can also eliminate the K + effect, and as can be seen in 
Fig. 8 the concentration of Na + necessary increases with the K + concentration. 

In Fig. 9 is shown how a variation in the Na + and K + concentrations in the 
preincubation medium influences the N-ethylmaleimide inhibition in the presence of 
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Fig. 8. The effect of K ÷ on the inhibition by N-ethylmaleimide (NEM) in the presence of ATP and 
different concentrations of Na + . 

3 mM ATP, 1 mM N-ethylmaleimide and 5 mM EDTA; the concentration of Na + 
and K + has been kept constant at 150 mM. For comparison is shown in Fig. 10 how 
the same variation in the Na + and K + concentrations influences the hydrolytic 
activity of the system in the presence of 3 mM ATP and 3 mM Mg 2÷ without N- 
ethylmaleimide. It must be emphasized that in Fig. 9 it is the concentration of Na + 
and K ÷ in the preincubation medium which has been varied, and the activity has in 
all cases been tested with Na ÷ 120 mM, K ÷ 30 mM, ATP 3 mM, and Mg 2÷ 3 mM 
in the medium; in Fig. 10 the enzyme has not been preincubated, it is the concentra- 
tions of Na ÷ and K ÷ in the test medium which have been varied, and besides Na + 
and K ÷ the medium contains 3 mM ATP and 3 mM Mg a÷. 

A comparison between Fig. 9 and Fig. 10 shows that the two curves follow 
the same pattern. The Na ÷ :K ÷ concentration ratio for half maximum inhibition by 
N-ethylmaleimide, 36:114, is identical with the concentration ratio for half maximum 
activation of the catalytic activity, 37:113. For the right part of the curves, the concen- 
tration of K ÷ necessary to eliminate the Na + effect on the inhibition by N-ethylmalei- 
mide is of the same order as the K + concentration necessary to activate the catalytic 
activity in the presence of Na +. 

ATP decreases the concentration of Na ÷ necessary for half maximum elimina- 
tion of the K + effect on the inhibition (Fig. 11). Without ATP the concentration of 
Na + is approx. 108 mM in the presence of 42 mM K ÷. It decreases with an increase 
in the ATP concentration, and with the concentration of ATP which gives maximum 
effect, 3 mM, the Na + :K + concentration ratio at half maximum elimination of the K + 
effect is 36:114, (Fig. 9). ATP also decreases the inhibitory effect of N-ethylmaleimide 
in the presence of Na + and of Na + plus K + while with K +, higher concentrations of 
ATP give a slight increase in the inhibition (Fig. 11). 

In Fig. 12 is shown the effect of ATP on the inhibition by N-ethylmaleimide at 
different Na+ :K  + concentration ratios. At a high ratio, 125:25 mM, the curve is 
hyperbolic, while at lower ratios, 50:100 and 25:125 mM, it becomes s-shaped. The 
concentration of ATP for half maximum effect decreases with an increase in the Na + : 
K + ratio and at 125:25 mM the ATP concentration necessary is about the same as 
with Na + without K +. 
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Fig. 9. The effect of  a variation in the Na + and K ÷ concentration on the inhibition by N-ethylmalei- 
mide (NEM) in the presence o f  3 m M  ATP. The sum of  the concentration of  Na + and K + has been 
kept constant at 150 raM. In three such experiments the mean concentration of  Na + 4-S.E. for 
half  maximum elimination of  the K ÷ effect (the left part  of  the curve) was 36 -E 0.4 m M  (n = 3) 
( N a + + K  + = 150mM).  

Fig. 10. The effect of  a variation in the concentration of  Na + + K  + on the catalytic activity of  the 
enzyme system. In these experiments the enzyme has not been preincubated, but the activity has been 
tested with 3 mM ATP, 3 m M  Mg z+, and varying concentrations u l N a  + and K + in the test medium, 
and without N-ethylmaleirnide (NEM).  In three such experiments the mean concentration of  Na ÷ 
i S . E .  for half maximum activation (the left part of  the curve) was 37 4- 0.6 mM (n = 3) (Na ÷ ÷ K  + 
= 150 mM).  
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Fig. 1 I. The effect of  a variation in the concentrations o f N a  ÷ + K  + on the inhibition by N-ethylma- 
leimide (NEM)  with different concentrations o f  ATP. From a number  o f  such experiments the mean 
concentration of  Na + 4- S.E. for half  max imum elimination o f  the K + effect was for 1 m M  ATP 
42 :E 0.6 mM (n = 3); for 0.1 m M  ATP 64 4- 0.4 m M  (n = 3); for 0.05 m M  ATP 79 4- 1.6 m M  
(n = 6); for 0.005 m M  ATP 101 4- 0.6 m M  (n = 3); and without ATP 108 4- 2.5 m M  (n = 5) 
(Na+-{-K + = 150mM).  

Fig. 12. The effect o f  a variation in the concentration of  ATP on the inhibition by N-ethylmaleimide 
(NEM)  in the presence o f  different concentrations of  Na + + K  +. 
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As it was shown in Fig. 3, A D P  protects against N-ethylmaleimide, and this 
effect was influenced by K t in the same manner as with. ATP, while N a  t had no 
effect. With ADP,  N a  t can eliminate the effect o f  K t as it can with ATP, and the 
concentration of  N a  + necessary decreases with an increase in the concentration of  
A D P  as it does with ATP (Fig. 13). But the concentration of  A D P  necessary to give 
a certain effect is about 2 times higher than the concentration of  ATP (Fig. 14). 

ITP, CTP, and GTP have a very low protective effect against N-ethylmaleimide. 
With 3 m M  ITP and 3 m M  CTP, the effect is lower than with 10/~M ATP, and with 
3 mM GTP it is slightly higher (Fig. 15); their effect on the Na  t concentration neces- 
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Fig. 13. The effect o f  a variat ion in the concentrations o f  Na  ÷ 4-K + on  the inhibit ion by N-ethylma- 
leimide ( N E M )  in the presence o f  different concentrat ions  o f  A D P .  

Fig. 14. The effect o f  ATP and A D P  o n  the N a  + :K + concentrat ion ratio for half  m a x i m u m  elimina- 
t ion o f  the K + effect on the inhibit ion by N-ethylmale imide  ( N E M )  (Na + + K  + = 150 raM). 
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Fig. 15. The effect o f  ITP, CTP, and GTP on the inhibit ion by N-ethylmaleimide ( N E M )  at varying 
concentrations o f  N a  + A-K +. 
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sary to give half maximum protection against the K + effect on the inhibition corre- 
sponds with their lower protective effect, cf. Fig. 15 and Fig. 11. 

DISCUSSION 

The reaction with N-ethylmaleimide does not go to an equilibrium, and the 
reaction is not reversible. It seems to consist of  a relatively fast phase followed by a 
slower, and the effect of  the different ligands on the inhibition seems mainly to be on 
the fast phase. 

There is a parallelism between the effect of  ATP, Na  +, and K + on the inhibi- 
tion by N-ethylmaleimide and on the catalytic activity of  the system; furthermore, 
the effect of  Na  + and K + on the affinity for ATP for protection against inhibition by 
N-ethylmaleimide goes parallel to the effect on the binding of ATP to the enzyme 
system [10, I1], and the effect of  ATP, Na  +, and K + on the requirement for Mg 2+ 
for the inhibition by N-ethylmaleimide goes parallel to the effect on the requirement 
for Mg 2+ for the reaction with g-strophanthin [12]. Finally ATP has a parallel effect 
on the apparent affinity for Na  + relative to K + both for the inhibition by N-ethylmalei- 
mide (see below) and for the catalytic activity (see the following paper [13]). It sug- 
gests that N-ethylmaleimide in the concentration used does not influence the equili- 
brium between the different forms set by the ligands; but the different forms are inhib- 
ited differently by N-ethylmaleimide. This makes it possible to use the inhibition 
by N-ethylmaleimide as a tool to obtain information about the effect of  the ligands 
also under conditions where there is no inhibition by N-ethylmaleimide and especially 
to obtain information about the interplay between K +, Na  + and ATP without Mg 2+ 
in the medium. 

ATP decreases the N a + : K  + ratio for half maximum elimination of the K + 
effect on the inhibition by N-ethylmaleimide, (the left part  of  the curves in Fig. 11). 
Without ATP the Na + :K + ratio for half maximum effect is 108:42 while with saturat- 
ing concentrations of  ATP it is 36:114 (Fig. 9). It  suggests that ATP increases the 
apparent affinity of  the system for Na  + relative to K + from about 0.4:1 (108:42) 
without ATP to 3:1 (37:113) with saturating concentrations of  ATP, i.e. 7-8 times. 

With 3 mM ATP the curve which show the decrease in N-ethylmaleimide 
inhibition with an increase in the Na + :K + concentration ratio is similar to the curve 
which show the increase in catalytic activity (the left part of  the curves in Figs 9 and 
10); the Na  + :K + concentration for half maximum effect on the N-ethylmaleimide 
inhibition and on the catalytic activity was the same (36:114 and 37: I 13). The increase in 
catalytic activity seen when the Na  + :K + concentration ratio is increased is due to a 
replacement of  K + by Na + on the site where Na  + activates, the "Na+-site ' '  of  the 
system. This site is facing the internal solution in the intact cell [14-16], the i-site. 
The similarity between the two curves suggests that the Na + elimination of the K + 
effect on the N-ethylmaleimide inhibition is also due to an effect of  Na + on the " N a  +- 
site". This means that it is the apparent affinity for Na + relative to K + on the "Na  +- 
site" of  the system which is increased 7-8 times by ATP. 

K + decreases while Na  + gives a slight increase in the apparent affinity for ATP 
for the protection against N-ethylmaleimide and ATP decreases the apparent affinity 
for K+.With  Na + plus K + an increase in the Na  + :K + concentration ratio leads to an 
increase in the apparent affinity for ATP parallel with a decrease in the N-ethylmalei- 
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mide inhibition, compare Figs 9-12. According to the above discussed it suggests 
that it is also the replacement of  K + by Na  + on the "Na+-site ' '  which leads to the 
increase in the apparent affinity for ATP; this means that it is K + on the "Na+-site ' '  
which gives the decrease in the apparent affinity for ATP and vice versa. An apparent 
affinity for ATP with the i-site on the K + form which is lower than with. the i-site on 
the Na  + form can explain that ATP increases the apparent affinity for N a  + relative 
to K ÷ for this site of  the system. It suggests the following scheme for the reaction 
where the ip form has a lower affinity for ATP than the i s form (P for potassium and S 
for sodium). According to the scheme ATP influences the equilibrium between a 
Na  + and a K + form of the system, and not as suggested by Post et al. [17] the rate 
by which K ÷ is displaced by Na +. 

ipK*~ iS~.* 

ATPip ATPi$ 

The effect of  ATP on the Na  + :K + ratio for protection by Na + is measured 
under conditions where the concentration of K + is high enough to saturate the site 
where potassium activates, the "K+-site ' ' .  This site is facing the external solution 
in the intact cell [14-16], the o-site .Assuming that the o-site and the i-site exist 
simultaneously [18], this means that the effect of ATP is on the equilibrium between 

0 + i + 0 + i + a K,. / K.  and a K., / Na .  form of the system. Without ATP, the equilibrium 
between the two forms seems to be towards °K+/il~+ and it is due to the reaction 
with ATP (without magnesium) that it is shifted towards °K~+/iNa+. 

The different inhibition by N-ethylmaleimide of the OKra+/~K.+ and the OKra+ / 
~Na~ + form of the system in the presence of ATP suggests a different conformation 
of the two forms; this may mean that the o-site in the K + form interacts with the 
i-site in the K + form oe/ie, in a way which differs f rom that of  the interaction with 
the i-site in the Na + form, Op/i s. 

Of  the triphosphates, the effect on the apparent Na  + :K + affinity ratio is relativ- 
ely specific for ATP. ITP has practically no effect, and CTP and GTP has a certain 
effect, but in concentrations which are about  100 times higher than ATP. ADP, on 
the other hand, has an effect like ATP in a concentration which is about 2 times higher. 
AMP has no effect (not shown). This difference in the effect of ATP, ITP, GTP, CTP, 
and ADP on the affinity ratio is of the same order of magnitude as the differences 
found in their abilities to bind to the system [19]. 

ATP and ADP has thus about the same effect on the affinity for Na  + versus 
K ÷ on the i-site of  the system. They differ, however, in that ATP in the presence of 
Na + decreases the requirement for Mg 2+, which ADP does not, and that ATP can 
be hydrolyzed. 
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