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ABSTRACT: Correlation between the Na,K-ATPase affinity to ADP and the cation (its nature and
concentration) present in the medium was investigated. In buffer with low ionic strength (I ≈ 1 mM)
high-affinity ADP binding was not observed, while a stepwise increase in the concentrations of added
cation (Na+, Tris+, imidazole+, N-methylglucamine+, choline+) induced an increase in the ADP affinity.
The effect was fully saturated at 30-50 mM for all of the cations tested. The maximal affinity for ADP
was slightly higher in the presence of Na+, Tris+, or imidazole+ than in the presence ofN-methylglucamine+

or choline+ (equilibrium dissociation constantKd 0.2-0.3 vs 0.7µM). The ADP dissociation rates from
its complex with enzyme in the presence of Na+ or Tris+ were similar, implying identity of the nucleotide-
binding enzyme conformations, which therefore are assigned to E1. The ability to compete with K+ clearly
distinguished Na+ from other cations, which speaks against the sole involvement of the transport sites in
the induction of the ADP-binding E1 conformation. Since the cations are similar in their mode of induction
of the high ADP affinity but they demonstrate a pronounced difference in ability to compete with K+,
their effects cannot be combined within any scheme with only one type of cation-binding sites. We suggest
that the high affinity toward nucleotide is induced by cation interactions within the protein or lipid and
that these nucleotide-domain-related sites coexist with the transport sites, which bind only Na+ or K+.

Na,K-ATPase (EC 3.6.3.9), one of the P-type ATPases,
is present in the plasma membrane of animal cells. The
enzyme is responsible for transport of 3Na+ inward and 2K+

outward against their electrochemical gradients at the expense
of the energy of 1ATP molecule. The widely accepted
hypothesis, describing the mechanism of energy transduction
from the hydrolytic site to the transport sites, involves
transition between two major protein conformations: E1

1 and
E2 (1, 2). As an alternative to this mechanical description of
ion transport, Scarborough (3) has recently suggested a
charge transfer model, where electronic rearrangements in
the hydrolytic site are transmitted as an electric pulse to the
transport sites. Both concepts require an interplay between
the hydrolytic (nucleotide-binding) site and the transport sites.
The experimental evidence also reveals their close inter-
actions. Thus, Na occupation of the transport sites enables
nucleotide binding with high affinity, the protein state being
defined as an E1 conformation. On the contrary, low-affinity
nucleotide binding to the E2 conformation of the enzyme
promotes K+ release from the transport sites. In other words,
the presence of either ligand induces significant changes in
the protein structure tens of angstroms away (4).

An essential property for the enzyme is its selectivity: it
is able to distinguish between Na+ and K+, despite only a

small difference in their ionic radii (0.095 vs 0.133 nm). It
was shown (5-7), however, that other cations (Tris, imida-
zole, choline,N-methylglucamine) have a Na+-like influence
on a number of partial reactions of Na,K-ATPase, including
nucleotide binding. The question is if these cations implement
their effect through binding to the transport sites.

To elucidate the mechanism of the ion effect, we studied
the cation dependence of the enzyme affinity for ADP. We
compared the efficiency of different monovalent cations
(Na+, Tris+, imidazole+, N-methylglucamine+, choline+) to
induce high-affinity nucleotide binding (E1 conformation)
with their ability to compete with K+. The techniques
employed in the present study included both transient and
equilibrium measurements of nucleotide binding. The results
suggest that the transport sites are not involved in the
induction of the enzyme conformation with high affinity to
the nucleotide. We refer to these sites, responsible for the
induction of the high affinity to the nucleotide, as nucleotide-
domain-related cation-binding sites.

MATERIALS AND METHODS

Preparation of Na,K-ATPase.Pig kidney microsomal
membranes were treated with SDS and purified by dif-
ferential centrifugation to a specific activity of 28µmol (mg
of protein)-1 min-1 at 37°C (8, 9). The K+ contamination
measured by atomic absorption spectroscopy was less than
3 µmol/µmol of enzyme, and the buffer solutions contained
less than 2µM K + (unpublished observations).

Equilibrium-Binding Experiments.Equilibrium binding of
ADP was measured in double-labeling filtration experiments
essentially as previously described (10-13). Na,K-ATPase
was allowed to equilibrate at 20°C for 10 min in a buffer
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containing 1 mM histidine (adjusted to pH 7.0 with 0.045
mM CDTA) and chloride salts of either Na+, Tris+, choline+,
N-methylglucamine+ (NMG+), or imidazole+ at various
concentrations. Approximately 57% of total imidazole is
protonated under these conditions. The enzyme was stable
in this buffer, also in the absence of added chloride salts,
for at least 1 h at 20°C, the time that is sufficient for the
equilibrium-binding experiment. In some experiments KCl
was also added to the incubation medium. The buffer also
contained various concentrations of [14C]ADP and [3H]-
glucose (both from New England Nuclear). One milliliter
of this suspension (usually 0.24-0.28 mg of protein/mL)
was loaded on two stacked Millipore HAWP 0.45µm filters.
Then, without rinsing, the filters were separately counted in
4 mL of Packard Filtercount scintillation fluid. The amount
of nucleotide bound to the protein was calculated by
subtracting from the total amount of nucleotide on the (top)
filter (bound plus unbound nucleotide) the amount of
unbound nucleotide trapped in the filter together with the
wetting fluid; the amount of unbound nucleotide was
considered to be proportional to the amount of [3H]glucose
in the same filter. The concentration of free ADP in the
suspension was calculated by subtraction of the amount
bound to the protein.

Time-ResolVed Measurements of Nucleotide Dissociation.
Dissociation rate constants were measured using a rapid
filtration system RFS-4 (Bio-logic, Claix, France) as previ-
ously described (10-13). Briefly, 1 mL of Na,K-ATPase,
generally at a concentration of 0.1 mg of protein/mL, was
loaded onto a single filter, and the filter was manually
perfused with the same buffer as described above containing
a mixture of [14C]ADP and [3H]glucose to reach equilibrium.
Then the adsorbed ATPase was perfused for times ranging
between 30 ms and 2 s with the same buffer, containing now
0.02 mM unlabeled ADP. The temperature was 20°C.
Residual nucleotide binding was calculated as described
above, but most of the unbound nucleotide together with the
[3H]glucose label was actually immediately washed off by
the perfusion.

Data analysiswas performed using the ORIGIN 6.0
software (Microcal, Amherst, CA) and KyPlot 2.13 freeware
(Koichi Yoshioka, Department Biochemistry and Biophysics,
Graduate School of Allied Health Sciences, Tokyo, Japan;
www.woundedmoon.org/win32/kyplot.html).

RESULTS AND DISCUSSION

Na+ Requirement for High-Affinity ADP Binding.Binding
of ADP (at concentrations up to 20µM) to Na,K-ATPase is
negligible in a medium with very low ionic strength, without
added cations (Figure 1). Addition of 5 mM NaCl to the
buffer induces a measurable ADP binding. A further increase
in the Na+ concentration causes an increase in the affinity
for ADP (compare binding curves at 10 and 35 mM Na+)
until an ionic strength effect on the interaction between the
negatively charged ADP and positive charges on the nucleo-
tide-binding site becomes predominant and reverses the
increase in affinity. The latter is illustrated by the binding
curve at 200 mM Na+. The data are fitted by single
hyperbolic functions; the maximal binding capacity is
approximately 2.8 nmol/mg of protein at all Na+ concentra-
tions tested. At [Na+] <5 mM ADP-binding curves were
difficult to obtain due to the low affinity. In addition, they

demonstrated a noticeable deviation from the hyperbolic
behavior.

The relation between the observed affinity to ADP and
the Na+ concentration is shown in Figure 2. The equilibrium
dissociation constant for ADP (Kd) is given on a logarithmic
scale as a function of the NaCl concentration. A clear
saturation behavior is observed, with the maximal affinity
(Kd ≈ 0.3µM) at 30-40 mM NaCl. At concentrations above
50 mM the effect of ionic strength becomes predominant,
leading to the increasingKd values (data are shown here for
concentrations up to 400 mM NaCl).

Analysis of the data was based on the assumption that
only the enzyme form ENan is able to bind the nucleotide.
We deliberately avoided ascribing the enzyme conformation
existing in the buffer with low ionic strength to either E1 or
E2, since it has characteristic properties of both conforma-

FIGURE 1: Equilibrium binding of [14C]ADP to Na,K-ATPase at
different NaCl concentrations.. The amount of [14C]ADP bound is
measured with the filtration technique. The full lines represent single
hyperbolic functions with a maximal binding of 1 mol/mol of Na,K-
ATPase (2.8 nmol/mg of protein).

FIGURE 2: Effect of NaCl on theKd for ADP binding to Na,K-
ATPase. Equilibrium dissociation constants determined from
experiments such as those shown in Figure 1 are shown on a
logarithmic scale as a function of the NaCl concentration. The data
are fitted to a model, where compulsory cation binding is described
by the Hill equation, withn ) 1 (dashed line) orn ) 2.3 (best fit,
full line). The other parameters of the best fit are presented in Table
1.
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tions. It does not bind ADP with high affinity, but upon
addition of Na+ high affinity for nucleotide is rapidly induced
(14). The cation binding was approximated by Hill’s model
(Scheme 1) where several ligand molecules attach simulta-
neously to the Na,K-ATPase.

In our previous study (13) the relation between the
observedKd and the ionic strength (I) at saturating Na+

concentrations ([Na+] > 50 mM) was interpreted in terms
of the limited Debye-Hückel model for attraction between
the charged ADP molecule (zADP) and the charge of the
binding site (zE) (15). Obviously, the electrostatic screening
has its impact in the ADP affinity at all Na+ concentrations,
also below 50 mM.

Therefore, adopting the scheme above and taking into
account the ionic strength effect, the constants in the
following equation were fitted to the data:

whereKNa is the equilibrium dissociation constant forn ions,
[Na+] is the Na+ concentration, andKA is the ADP
dissociation constant. The effect of ionic strength in the
whole range of ion concentrations is reflected by the term
10-zADPzEI1/2.

The analysis clearly revealed a cooperativity in Na+

binding. Figure 2 demonstrates that binding of one Na+ (n
) 1, dashed line) is not sufficient to describe the observed
increase in ADP affinity. The best fit was obtained atn )
2.3 (full line), correlating with the number of Na+ transported
per cycle (n ) 3). The values for the other parameters were
KA ) 0.1 µM, KNa ) 16 mM, andzADPzE ) -3.1.

High-Affinity ADP Binding Induced by Other Cations.Tris,
imidazole, choline, andN-methylglucamine were all found
to induce high-affinity ADP binding in a fashion similar to
that of Na+. In all cases the binding process can be described
by a single hyperbolic function and has the same maximal
binding capacity. Tris behaves in a way quantitatively similar
to Na+, where 20-30 mM cation brings the apparent
dissociation constant for ADP down to 0.2-0.3µM (Figure
3A). Imidazole is as good as Tris in inducing the high-affinity
ADP binding. Choline and NMG also increase the ADP
affinity in a saturable fashion, but the maximal affinity is
lower than that in the presence of Na+ and Tris (Figure 3B).

Thus, the presence of any of the cations tested increases
the Na,K-ATPase affinity to ADP. Their potencies, however,
are different, possibly due to the different affinities for the
enzyme. It is conceivable that a further decrease in apparent
dissociation constant for ADP (potentially possible at higher
concentrations of choline or NMG) is masked by the ionic
strength effect.

Binding of ADP with high affinity is a characteristic
feature of the Na,K-ATPase in the E1 conformation. The fact
that the presence of any of the cations tested significantly
increases the affinity for the nucleotide implies that their
binding induces formation of the E1 conformation of the

enzyme. This statement raises the following questions: (1)
Does the mechanism of induction of high affinity for ADP
involve the transport sites? (2) Are the induced conformations
the same with respect to the substrate-binding-site structure?
Below we will compare effects of Na+ and other cations
with the emphasis on Tris. Our choice of Tris is based on
the following considerations: Tris is not transported by the
Na,K-ATPase (to the best of our knowledge) but shows the
same affinity to the enzyme as Na+ (see Figure 3A), which
specifically binds to the transport site and is transported by
the Na,K-ATPase. Also, ADP binding, induced by either Tris
or Na+, is characterized by a similarKd (Figure 3A).

A fit of Hill’s model to the Tris data produced the
following parameters:zADPzE ) - 3.9, KTris ) 25 mM, KA

) 0.03µM, andn ) 2.6 (Figure 3A, Table 1). Thus, the set
of parameters describing Tris interaction with the enzyme
is similar to that for Na+. Binding of either cation occurs
with similar affinities and induces comparable ADP affinities.
The charge products are also reasonably close.

Scheme 1

E {\}
nNa

KNa
n

E1‚Nan {\}
ADP

KA
E1‚Nan‚ADP

Kd ) KA × 10-zADPzEI1/2(1 +
KNa

n

[Na+]n) (1)

FIGURE 3: Effect of different cations on theKd for ADP binding
to Na,K-ATPase. (A)Kd for ADP as a function of the Tris
concentration. The data are fitted to the Hill equation. The
equilibrium dissociation constant for ADP as a function of NaCl
concentration, derived from Figure 2, is included as a dashed line
for comparison. (B)Kd for ADP as a function of cation concentra-
tions: imidazole (squares), choline (triangles), andN-methylglu-
camine (circles). The parameters for the best fit of each data set
are presented in Table 1.
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Imidazole, NMG, and choline data were also fitted by eq
1 (Table 1). Taken together, the results speak for the
conclusion that all cations tested behave in the same way,
i.e., bind to the same sites on Na,K-ATPase, and their binding
has analogous effects on the ADP-binding site. Thus, either
all ions can bind to the transport sites or these binding sites
are not the transport sites.

The similarity of the equilibrium dissociation constants
for ADP in the presence of Tris or Na+ suggests that the
structure of the nucleotide-binding site, induced by the
cations, is the same. TheKd value, however, is not the best
criterion for comparison of the induced sites. Since it is a
function of binding and dissociation rate constants, changes
in both constants may have a compensating effect. The
dissociation rate constant is a much better parameter, since
it depends only on the properties of the complex between
the ligand and the binding site. Below, it was used to
compare the complexes formed in the presence of Na+ or
Tris.

Figure 4 shows dissociation rate constants for ADP (koff)
as a function of either Na+ or Tris. It is clear that ADP
dissociates from the complex with Na,K-ATPase with the
same rate constants, independently of the cation present (at
a given cation concentration). The fact, thatkoff shows
saturation behavior (i.e., first increases with the ionic strength
but levels off at a value of about 27 s-1) has been described
previously (13). The observedkoff independence of ionic
strength (atI >100 mM) is in line with Debye-Hückel
theory.

K+ Effect on Cation-Induced High-Affinity ADP Binding.
The structure of the nucleotide-binding site in the presence
of any of these cations seems to be the same and corresponds
to what is generally described as the E1 conformation. But

how does the presence of a cation induce the E1 conformation
and what is the mechanism of transformation of the low-
affinity ADP-binding site in the absence of cations into a
high-affinity site in their presence? Scheme 1 gives an
adequate description of the data (Figures 2 and 3), and the
parameters obtained suggest analogous behavior for all
cations tested. But is the effect accomplished through binding
of the cations to the transport sites of Na,K-ATPase? That
conclusion seems reasonable, since the number of bound
cations, suggested by the fitting procedure, is around 3. To
find an experimental test for the assumption, we compared
the ability of the cations under investigation to compete with
K+, which, like Na+, is transported by Na,K-ATPase.
Namely, we studied the effect of K+ at different concentra-
tions on cation-induced ADP binding (16, 17). The conditions
for ADP binding in the absence of K+ were optimal for each
cation; i.e., ADP binding was induced by the presence of
30 mM cation in 1 mM histidine and 0.045 mM CDTA, pH
7.0.

In the presence of 30 mM NaCl addition of 1 mM KCl
leads to a 3-fold decrease in ADP affinity (Figure 5A). An
increase in K+ concentration brings about further decrease
in ADP affinity, and at 7 mM K+ it decreases 100-fold (up
to 30 µM). This is considered a limit for the binding
measurements performed by our filtration method. [Note that
a deviation of the single hyperbolic fit of the experimental
data becomes observable in the presence of K+, as earlier
described by Jensen et al. (18). Since the detailed description
of the ADP-binding process in the presence of K+ and either
cation is beyond the scope of our paper, we characterized
nucleotide affinity by a half-saturation value,K0.5, obtained
from the single hyperbolic fits shown.]

The inhibiting effect of K+ on ADP binding induced by
the other cations at 30 mM (Tris, imidazole, NMG, choline)
was much more pronounced. Figure 5B illustrates the change
in the nucleotide-binding properties, caused by the presence
of 50 µM K +. In this case, the ADP affinity decreases
drastically (10-30-fold). Figure 6 explores the difference
between the cations and compares the effect of different K+

concentrations on theK0.5 for ADP in the presence of 30
mM Tris or 30 mM NaCl. Again, it is clear that Na+ is 30-
fold more efficient in K+ replacement than Tris.

Cation Interactions with Na,K-ATPase.It has been estab-
lished for years that a high concentration of a protonated
buffer favors the E1 conformation of the Na,K-ATPase. Thus,
choline, protonated Tris, and histidine were shown to have
a Na-like effect on eosin fluorescence; choline and protonated
Tris also affected the intrinsic fluorescence of the enzyme
(5). However, only Na+ became occluded in the presence
of oligomycin (19), clearly manifesting the high cation
selectivity of the pump. In the following years extensive work
was done to characterize and to compare Na+ with buffer
cations and various amines in terms of their effect on
phosphorylation and dephosphorylation of Na,K-ATPase (6,

Table 1: Kinetic Parameters ((SE) Obtained by Fitting the Experimental Results to the Hill Equation (Figures 2 and 3)

parameter NaCl Tris imidazole choline NMG

Kcation 16 ( 2 25( 5 25( 23 31( 14 21( 2
KA 0.10( 0.02 0.03( 0.01 0.05( 0.09 0.16( 0.15 0.40( 0.11
n 2.3( 0.2 2.6( 0.3 3.1( 1.6 2.0( 0.1 3.4( 0.2
zADP‚zE -3.1( 0.1 -3.9( 0.3 -4.2( 2.0 -2.7( 0.9 -2.6( 0.3

FIGURE 4: Effect of Na+ (circles) and Tris+ (triangles) concentra-
tions on ADP dissociation from the nucleotide-binding site of Na,K-
ATPase. The experimental details are described in Materials and
Methods. The data points represent the average of at least three
experiments( SE. The line is drawn to guide the eye.
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7, 20, 21). The results were ascribed to the effects on the
E1-E2 equilibrium and, at least partly, to diverse E1

conformations stabilized by different cations. Experiments
with trypsin clearly showed that inactivation of Na,K-ATPase
was biphasic when partial digestion was performed in the
presence of Na+, Tris, or choline (22), confirming the
existence of the cation-induced E1 conformation. The rate
of chymotryptic inactivation reveals, however, a structural
difference between the Na- and Tris-bound enzyme (23).

Another group of cations interacting with Na,K-ATPase
was designed with the purpose of labeling and mapping of
cation-binding sites. Two types of organic compounds were
synthesized: aryl bis(guanidinium) derivatives and tris-
(isothiouronium) derivatives (24, 25). Kinetic analysis showed
that these divalent and trivalent cations competitively inhibit
Na+ or Rb+ occlusion, stabilize the E1 conformation of the
enzyme, and block Na,K-ATPase activity. However, they
are not occluded by the enzyme. These findings led to a
concept of an entry port of the (cytoplasmic) transport site
and a two-step binding process for Na+ (26). The relatively

large synthetic compounds are thought to execute their effects
through binding to the entry port.

The effects of the protonated buffers, described earlier,
may have the same explanation. Due to the low specificity
they might be able to bind to the entry port and induce an
E1 conformation of the enzyme. Thus, the identity of the
dissociation rate constants for ADP from its complex with
enzyme (Figure 4) in the presence of Tris or Na+ implies
that binding of either cation induced an analogous protein
conformation at the nucleotide site. Competition with K+

for the transport sites clearly differentiates Na+ from the rest
of the cations, which could be bound to the entry port. This
fact fits the idea that Na+ binding to the entry port is followed
by another step, occlusion. Existence of the second step in
the Na+-binding process improves the affinity for Na+

compared to the affinities for the cations bound only to the
entry port and makes Na+ a more powerful competitor to
K+.

However, a serious inconsistency appears when we
compare experiments performed in the absence of K+ and
in its presence. The similarity of the cations in the mode of
induction of high ADP affinity and, at the same time, their
pronounced difference in the ability to compete with K+

cannot be combined within any kinetic scheme with only
one type of cation-binding sites. The ability of Na+ to be
occluded by the enzyme can explain its potency in K+

competition, but it would also cause an increase in the
apparent affinity for Na+ and distinguish Na+ from other
cations in the absence of K+. However, binding of Na+ or
other cations to the enzyme, estimated from the induction
of high-affinity nucleotide binding, occurs with similar
affinities. Table 1 presents only marginal differences inKcation.
The various cations increase the rate of deocclusion of K+,
but high concentrations (>0.1 M) are necessary to observe
the effect (27). The described 2-fold variations in the rates
of deocclusion (27) are too small to account for the 30-fold
difference between Na+ and the other cations for K+

replacement (Figures 5 and 6).
Since none of the models with only one type of binding

sites can fit both sets of the data, we conclude that the cation-

FIGURE 5: Effect of different KCl concentrations on ADP binding
to Na,K-ATPase in the presence of different cations. (A) The ADP
binding was measured in 1 mM histidine, 0.045 mM CDTA (pH
7.0), 30 mM NaCl, and increasing concentrations of KCl (from
left to right): 0, 0.5, 1, 2, 3, 5, and 7 mM. (B) The ADP binding
was measured in 1 mM histidine, 0.045 mM CDTA (pH 7.0), and
30 mM cations in the absence (filled symbols) or presence of 50
µM KCl (open symbols): Tris (squares), imidazole (circles), choline
(diamonds), and NMG (triangles).

FIGURE 6: Effect of different KCl concentrations on theK0.5 for
ADP binding to Na,K-ATPase. The ADP binding was measured
in 1 mM histidine, 0.045 mM CDTA (pH 7.0), 30 mM NaCl
(circles) or 30 mM Tris (squares), and increasing concentrations
of KCl.
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binding sites involved in formation of the protein conforma-
tion with high ADP affinity arenot the transport sites. We
term these sites nucleotide-domain-related sites. Their num-
ber could also be higher than that stated in Table 1, since
fitting to the Hill equation gives the minimal number of
cations bound.

Our understanding of the interactions between the enzyme,
cations, and nucleotide is envisaged in Figure 7. In the
absence of added cations and at very low buffer concentration
the Na,K-ATPase exists in a form, (E0), with low affinity to
ADP (parentheses indicate empty transport sites). Addition
of cation (as its chloride salt) induces a rapid transition to a
conformation with high affinity toward nucleotide, and this
conformation is therefore assigned to E1. Occupation of the
transport sites with Na+ (if the salt contained Na+ as cation)
has no additional effect on ADP affinity. However, if the
added salt also contained K+, it binds to the transport sites
and causes transition to (K)E2. Only Na+ is able to compete
with K+ for those sites, shifting equilibrium toward the [Na]-
E1 conformation.

Considering the nature of the cation interactions with
Na,K-ATPase in the nucleotide-domain-related sites, we
should keep in mind their relatively high affinity for the
enzyme: the effect (induction of high-affinity ADP binding)
is fully manifested at 30-50 mM salt. That does not fit to
the generally accepted definition of nonspecific interactions,
leading to Hofmeister effects (28-30), charge screening (13,
31), and phase transitions in the lipid bilayer (32). It was
recently reported, however, that moderate concentrations of
NaCl (below 100 mM) have pronounced effects on both
structural and dynamic properties of a lipid bilayer (33).
According to this study, interaction of Na+ (and, possibly,
other cations) with the carbonyl oxygens of the lipids leads
to a decrease in lateral diffusion coefficients for lipids and
thickens the bilayer by approximately 2 Å. [Note that tris-
(isothiouronium) derivatives, considered to be Na+ antago-
nists, also alter fluidity of the membrane and have a local
effect on its hydrophobic thickness (34, 35).] It is conceivable
that these changes in lipid environment stabilize the enzyme
conformation with high affinity to nucleotide, i.e., that
enzyme in the presence of nontransported cations rests
primarily in the E1 conformation. Binding of K+ to the
transport sites, followed by its occlusion, shifts the equilib-
rium toward E2. Since Na+ is the only cation tested which
binds to the transport sites and chases K+ out, it shows more
potency in K+ competition experiments.

In conclusion, it seems that induction of a protein
conformation with a high-affinity ADP-binding site requires
binding of cations to a set of sites which are different from
the transport sites. These nucleotide-domain-related sites are
not selective toward any of the tested cations (although their
apparent affinities vary). Occupation of the transport sites

by Na+, which occurs concomitantly with binding to the
nucleotide-domain-related sites, does not affect the nucleotide
affinity, while occupation of the transport sites with K+ leads
to a conformational change to (K)E2 with a very low affinity
toward nucleotide.
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