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A new A‘TP anuh‘;g adenosine- 5 N‘ {2,4. eiimlm-s ﬁuamphcnyl} phaspmhyvdmxide (DNPH-AMP); lms been synﬂmslzcd whieh ix &N irrevérsibic
inhibitor can K- A?Pasc Interaction of the unalng wuh the enzsmc in the pn:seaw of K™ ja civ:senbcd by nw.- scheme: ‘

"'[@&F IWE 1,

ind mtres;:ondms kinatic cmmams k,, and X; are fm;nd et;msl m 2, S mm"’ wnd 1.6 mM. In the presenee of Na* thc time course ot‘enmmc inactivas

tion by DNPH-AMP i a biphasic curve in the semilogarithmie plot, The &, and K| values ealeulated for this case according te Fritasch [sz!ch

(IQS%) I Theor. moi il‘? N m:e. equal to .45 min”? and 3.5 mM, respectively, AT tansforms the K.‘-zype of N, K-ATPase m.;:twnnun
into the one eh.xt tnkcx place in the presenice nr Nn*. ‘

Na‘K-'ATI’;ssc;‘ATP mnieg; Drreversible inhibition

1. INTRODUCTION

Na,K-ATPase 'hy:iru‘jzes‘ ATP supi:ortihg active
transport of Na* and K" across the outer cell mem-

brane. During the catalytic cycle the enzyme undergoes

conformational transition from E; to E; state. At the
beginning of the cycle Na,K-ATPase exists in -
E,-conformation which has a high affinity to Na* and

ATP. Ezx-conformation being formed in the second part
of the cycle has lower affinity to these ligands but high
affinity to K* {1-3]. Therefore the interaction of Na*

and/or ATP with the enzyme shifts the equilibrium be-

tween Ez and B, forms toward E;, whereas K™ ‘induces

transformation of the. Na K-ATPase moiecule mto the
E; state [2,4-6].

There Is a number of indications that Na K. ATPase

contains nucleotide-binding sites with high and low af-
finity to ATP [5-7]. The structure of these sites remains .
unknown. The replacement of natural substrates by
their analogs, which inactivate the enzyme by covalent

'binding (affinity labelling) is a commonly used ap-

‘proach for the study of the enzymes active centres. We
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describe bere the kinetics of inactivation of E;- and.

- Ej<onformations of Na,K-ATPase by the new ATP

analog DNPH- AMP, which can modxfy SH- OH or
NH; -Broups.

2. MATEKIALS AND METHODS

ATP (¢ Rcana ¥ was recrystallized accordmg lo Berger 8 aad con-

© veried into tha imidazofe salt by passage over Dowex-30 in the H-form

with subsequent ncutrahzatlon with imidazole. MOPS was obtained
from Sigma, sucrose from Fluka. Other chcm\caks (rcagent grade)
were obtained from Reachim, USSR, .

DNPH-AMP - was synthesized by the rollowang memed
2,4-Dinitro-1,5-difluorobenzene (245 nig) was dissolved in 4 ml of
dioxane then 124 mg adenosirig-5- -phosphohydrazide (lithium salt) _
and 80 mg Kthium agetate in 4 ml HaO 'were added {(pH 8.0'wds maine
tained by addition of 1 N LiOH). The mixture was incubated with stir~ -
ring overnight in the dark at 20°C and then evaporated to a volume

of 1 mi and centrifuged; the supernatant was mixed with 5 mi of

anhydrous methasio] and 5 ml of disthy! ether, The preclpnaie was
separated, washed by anhydrou# ether and dried in vacuo: The.
resulling powder. was dissolved in Z ml of 0, then' 10 mi o

. anhvdrous methanol and 3 ml of dicthyl ether were added, The

precipitate was separated and dried in vacuo. DNPH-AMP was con- -
verted into the imidazole salt by :on-exchange chromatography.
MNa,K-ATPase¢ from duck salt glands was prepared according to the
methodt of Hopkins et al. [9]. The specific activity was usually in the
range of 25-30 pmol/mg pmtem/mm Mg—dependcm ATPase was

absent in these preparations,

Inactivation of the enzyme by DNPH-AMP was performed by ua«'
cubation of 1.4-2 me protein in a total volume of 1 ml in 150 mM |
NaCl (or KCB, -3 mM MzClz, 0.5-4 mM DNPH-AMP and 30 mM

‘MOPS (pH 7.5) at 20°C. In some experiméents 1-3 mM ATP was also

present. After 0.5-15 min incubation $~10 ul aliquots were withdrawn
fmrn the medium and Na, K-ATP&S\" acthty was determined. -

© Published by Elsevier Science Publishers B.V.
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Fig. 1. Inactivation of Na K-ATPase by DPNH-AMP in the presence
of 150 mM KCL, (A) Dependence of residual activity (¥/ V) on preln-
cubatican time in eumloganthmlc coordinates, DNPH-AMP coneen-
trations: 0.5 mM (C), | mM (@), 2 mM (&), 3 mM (). (B
Dependence of apparent inhibition constants, Kapp, calculated from

(A}, on DNPH-AMP concentration (double reciprocal coordinates),.

Activity of Na,K~-ATPase was measured at 37°C in 1 ml of solution
containing 130 mM NaCl, 20 mM KCl, 3 mM MgClz, 3 nM ATP and
30 mM imidazole (pH 7.5). The reaction was stopped by addition of
1 ml of 3 M acetic buffer and liberated Py was determined (10,

- 3. RESULTS AND DISCUSSION

The. interaction of Na,K-ATPase with DNPH-AMP
‘occurs slowly and depends on both analog concentra-
tion and time of preincubation (Fig. 1A). Transferring
of the enzyme into the medium for assay of ATPase ac-
. tivity results in 50-200-fold dilution of the DNPH-
AMP. MNevertheless the enzyme activity was not
‘restored. This reflects the irreversible character of
Na,K-ATPase inhibition by the analog,

When inactivation of the enzyme with different.

DNPH-AMP concentrations -was performed in the
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Table 1

Niuclic canstants for inaetivation of the Na. and hwaufarmmmm of
WNa, K-ATPuse by DNPELANMP ‘

Canstants Nacontormation | K-onfaimation
Ki, mM 240 . L& '

Ka, min"'3.48 23
Kao min " '0,43%5 .
K, min"'¢.033 - ‘
KK Ky (1050

presence of K™, a family of straight tines was obtained
in a semilogarithmic plot {log ¥i/ ¥, vs time), indicating.
the pseudo-first order kinetics of inactivation (Fig. TA).
If the apparent inactivation rate constant (kupp) =
caleulated from the slopes of the curves on Fig. 1A is

plotted versus DNPH-AMP cancentration, a hyper-

bolic curve is obtained. It ¢an be linearized in a double-
reciprocal plot (Fig. 1B)., This type of inhibition was:

- described previousty for substrate~hke mhlbuors by thc

fc)llcwmg scheme [11):
“ ke ok - o . |
E+‘I?,E-I——» E-1 . (H
o ‘

where E+I and E-1 are enzyme-inhibitor complexes, in

which the inhibitor is bound to the enzyme in reversible .

and irreversible manner, respectively. The 43 and X
valucs calculated for the interaction of DNPH-AMP
with K-conformation (E:-form) of the ¢nzyme ac- -
cording to this schemie are presented in Table I. _
In the presence of Na * the time course of enzymein- -
activation is biphasic, being represented in. the
semilogarithmic plot by two linear branchies (Fig. 2).
The time of transition from one branch to another (~2
min} does not depend on the inhibitor concentration:
This type of inactivation of Na,K- and Ca-ATPase by
ATP analogs was. described recently [12-14] and
theoretically analyzed by Fritzsch and Koepsell [13].
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Fig. 2. Inactivation.of Na,K-A"I‘Pase by DNPH“—AMPin the presence

of 150 mM NaCl. DNPH-AMP concentrations 0.5 mM (O), 1 mM

(@), 2 mM (®), 3 mM (), 4 mM (&),
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Fig. 3. Bffect of ATP on No K-ATPase inagtivation by DNPH-AMP

in the present of 150 mM KC1, DNPH-AMP concentrations! without

ATP, 3 mM {4}, in the presence of 1 mM ATP, | mM (@) 2 mM
(®), 3 mM (&), ¢ rnM (@) )

According to the model proposed by these authors the

enzyme.can exist in two slowly interconverting forms, E -

and E*, only one of which (E) is accessible for the
analog: ' :

) &) ky Ky
E+le El— E-I E = E* ' (2)
k2 ks :

The simple procedure for calculation of &4 and &5 was
described by Fritzsch [16]. It was also shown that cons-
tant K=4k:/k under quasi-stationary- conditions is
close to Ki. The value of Xj in this case could be found
from the values of k3, k4 and from the transition time
on the biphasic curve. The values of kinetic constants
for: the interaction of DNPH-AMP with Na-
conformation (E,-form) of the enzyme obtained with
the use of this approach dre presented in Table I,

As seen from Table 1, the K and k3 values for the in-
teraction of analog with E,- and Ez-conformations are
quite similar, This implies that DNPH-AMP interacts
with the same ATP-binding site both in'the presence of
Na* or K*. The only difference is that in the presence
of Na™ the amount of the conformation accessible for
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inhibitar s rather small, being equal te 5% of the rotul
amount of the enzyme (according to the eguation E =

ke/ (ke ka) [16]).

Addition of ATP (1-3 mM) into I("-ccmtmnma
medium results in a decrease of the rate of enzyme inac-
tivation, Moreover, at the simultaneous presence of
ATP and K* the vme course of 1he Inactivation
becomes a biphasic one (Fig. 3). These findings support
the dats in aceordance to which not only Ma™ | but also
ATP can converts Na,K-ATPase into lhe Na-
conformation [2.4,6].

The interaction of DNPH-AMP with both E;- ancl‘,
E,-farms of the enzyme is characterized by the low af
finity (K values are in millimolar range of analog con-
centration). Sufficiently high £ value (1.4 mM) was
also found for the inactivation of Na,K-ATPase by
anorther ATP analog: Nbs*[TP [16}. These values are
much hnghm than Ky for ATP binding wnh the high-
affinity site (0.2-2 xM) {5] and are suppos’ : to reflect
binding with a Inw-ut't‘lmty binding site.
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