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Abstract. 1-anilino-8-naphtalenesulfonate (ANS) is a Introduction

hydrophobic dipole previously used to demonstrate that

the proton for potassium exchange by the gastric HK-The gastric HK-ATPase (EC 3.6.1.36) is a polytopic
ATPase is electroneutral. In this paper, we demonstratansmembranous protein made of two subunits, alpha
that ANS binds to gastric membranes and probes conand beta (Hersey & Sachs, 1995). Ten transmembrane
formational changes of the HK-ATPase independently ofhelices were predicted for alpha and one for beta. HK-
any active H for K exchange. Conformational changesATPase exchanges protons against potassium while hy-
require the presence of potassium-valinomycin and arérolyzing ATP and thus is responsible for the acidity of
not triggered by sodium. Potassium effect is enhance@astric juice. The HK-ATPase cycles between at least
by ATP, in the presence and in the absence of magnetWO conformers, E1 and E2. E1 is induced by the bind-
sium and, by ADP, in the presence of magnesium. Laing of ATP and proton to cytoplasmic sites. Change to
beling of the pig HK-ATPase K518 by fluorescein-5- E2 is induced by potassium on the other side of the
isothiocyanate inhibits the enzyme activity and knocksmembrane (Rabon et al., 1990).

out the ATP effect on ANS fluorescence. Scherring By using chemical reagents and monoclonal anti-
28080 and the monoclonal antibody 95-111, two com-bodies, five sites important for catalysis were character-
petitive inhibitors of K-activated ATPase dephosphory-ized. (i) The ATP site which, in all P-ATPases is a spa-
lation, do not modify K-effect on ANS fluorescence but tial arrangement of several lysines dispersed along the
inhibit ATP effects. This supports that ANS does notSequence of the large cytoplasmic loop between the
probe K-site between the H1-H2 loop. Treatment offourth and fifth transmembrane helices (Farley & Faller,
gastric membranes with trypsin does not inhibit the ANS1985; Ohta, Nagano & Yoshida, 1986; Tamura et al.,
response to potassium but does inhibit the response t6989; Yamamoto et al., 1988). (ii) The phosphorylation
ATP. This suggests that the ATP site inducing the ANSsite which is also highly conserved, is characterized by
response is cytoplasmic and the potassium site is intrethe consensus sequenc&KDGTL (Walderhaug et al.,
membranous. Titration reveals that one mole of ANS1985; Serrano & Portillo, 1990). (iii) The magnesium
interacts with one mole of ATPase. We suggest thabinding site which corresponds to 726D in the alpha
ANS probes a hydrophobic potassium site of gastricsubunit of HK-ATPase (sequence &XNDA),

ATPase and that addition of ATP and ADP-Mg embed(Ovchinikov et al., 1987; Serrano & Portillo,
that site. 1990). Last, (iv—v) Two potassium sites are evoked: an

activating site and a transport site. Potassium activates
the ATP hydrolysis when it binds on the short luminal
Key words: 1-Anilino-8-naphtalene sulfonate — Fluo- loop between the two first transmembrane helices, H1
rescent probes — Gastric HK-ATPase — Potassium-sitand H2 (Munson et al., 1991). It activates the ATPase
— Trypsin digestion — Molecular modeling dephosphorylation (Wallmark & Mardh, 1979). Scher-
ring derivatives are competitive inhibitors of that effect
and were described to bind at the same site (Munson,
o 1991; Wallmark et al., 1987). The monoclonal antibody
Correspondence toA. Thomas-Soumarmon 95-111 is another potassium-competitive inhibitor of
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ATPase activity but unlike the Scherring compounds, it Preparation of hog gastric HK-ATPase membranes: The HK-

binds a cytoplasmic site. Therefore, it should impair anATPase membranes were prepared and enzymatic assays performed &

allosteric movement of structure induced by the |uminalpreviously described (Benkouka et al., 1989). The membrane fraction

bindi f pot . to tri th tivati f deph collected out of discontinuous sucrose gradient elicited a potassium-
Inding 0 potassium o trigger the aclivation or aep _Os_stimulated activity of 87umol Pi/mg proteinxh.

phorylation (Bayle et al., 1992). The second potassium-

site of the ATPase should be a transport site; potassium _

is exchanged for proton and the exchange should, in thE!TC Labeling

NaK-ATPase and HK-ATPase take place in the C- _ _

terminal domain of the alpha subunit as suggested by thEresth prepared HK-ATPase membranes were incubated at a final

. . ‘s oncentration of 75Q.g/ml into a buffered solution containing 10Qvm
fragment occluding potassium and rubidium (Rabon & RIS-Cl/2 mm EDTA (pH 9.2) (Jackson et al., 1983); the reaction was

al., 1993; ShamSKaya & Karlish, 1994)' initiated by adding FITC in DMF (final concentration: jov). Final

Fluorescent probes such as FITC (Jacksonpmr concentration did not exceed 1%. Incubation was run for 90 min
Mendlein & Sachs, 1983) and MDPQ (Rabon et al.,at room temperature in darkness. The reaction was stopped by a 20-
1991) can detect conformational Changes of the HK-old dilution (v/v) into ice-cold 250 ma sucrose-50 m Tris-Cl solution
ATPase because fluorescence yields are sensitive to tHeH 77-81)-T'The m?ter;%I was Eigoggrgd blzl centrifugaftion ;‘:\t lljoﬂ,o@o x

e : : in a i rotor for 30 min eckman centrifuge). Pellet was

hydrophoblcny o.f. the pmbe environment. FITC binds suspended in the same buffer. Only 6% of the original ATPase activity
}.(518 in compgtltlon with ATP a,nd probes c_onforma— remained. The control was a fraction treated similarly but in the ab-
tional changes induced by potassium and sodium used &gnce of FITC.

substitute for proton. MDPQ is a fluorescent potassium-  Monoclonal antibody 95-111: It was produced in our laboratory

competitive inhibitor of the HK-ATPase. (Benkouka et al., 1989) and was purified with the Biorad DEAE Affli-
ANS is a noncovalent fluorescent probe. It is usefulgel blue (Bruck et al., 1982). o
to monitor the folding of proteins because it binds hy- Tryptic digestion of HK-ATPase membranes: Tryptic digestion

; . ; as performed as described by Rabon et al. (1993). Incubations were
drOphObIC pouches. the decrease in ANS fluorescence i\rgun for 3, 7, 13, 20, 30 min at 37°C with a protein/trypsin ratio of 20.

a good criteria to te_St a correct folding (Suarez_ Varela’Reactions were stopped by adding trypsin inhibitor (trypsin inhibitor/
Sandez Macho & Minones, 1992). ANS also binds hy-rypsin ratio= 6). Undigested material was pelleted at 300,0@pfer
drophobic pouches of actin and the probe fluorescences min at 4°C with a TL 100 centrifuge (Beckman). All different
decreases in response to conformational changes inducedlets were analyzed by SDS PAGE (13.75% acrylamide) according to
by nucleotide binding (Hozumi, 1990). ANS was also the Laemmli (1970).

used to probe transmembrane potentials. Lewin et al.

(1977) demonstrated that the proton for potassium exSpectrofluorometric Measures

change catalyzed by the gastric HK-ATPase is electro-

neutral. In this paper, we reproduce their data and furj ANS fluorescence. The fluorescence of ANS was measured in a LS
ther demonstrate that, in the presence of valinomycinsB Perkin-Elmer spectrofluorometer at an excitation wavelength of 375
ANS probes a hydrophobic potassium-site of the HK-nm. Emission spectra were scanned from 420 to 520 nm or intensity

ATPase whose conformation changes in response tiyas recorded at the fixed wavelength of 472 nm. Fluorescence is ex-
ATP and ADP pressed as arbitrary units with a sensitive scale from 0.25 to 1.5. The

standard conditions of assays were: to 0.93 ml of 50Tmnis, with 0.4

mm EDTA, 2 mv DTT adjusted to pH 6.1 with acetic acid, 8 of a
Materials and Methods methanol solution of 2 m ANS, 20l of HK-ATPase membranes (2.5
mg/ml), 5pl of a methanol solution of 2 mvalinomycin and 4Qul of
Tris buffer containing 0.8Qv potassium chloride. Effects of ATP,
ATP-Mg, ADP-Mg and other ligands were tested by adding less than

PEP, ATP (sodium salt), EDTA (disodium salt), SDS, magnesium sul-2-5 I of solution. In some experiments valinomycin was replaced by
fate, ANS, ADP, FITC, valinomycin, nigericin, monensin, trypsin and higericin and monensin.

trypsin inhibitor were purchased from Sigma-France; BSA, HEPES, (i) Titration of binding sites. The number of ANS molecules
pyruvate kinase were from Boerhinger-France; ascorbic acid, sodiun®ound to the HK-ATPase membranes was calculated using the
heptamolybdat, DMF were distributed by Merck-France; DTT, mag- Klotz's equation (1947), modified by Augustin and Hasselbach (1973),
nesium sulphate, methanol, sucrose, sodium chloride, potassium chidEd. 1)

ride, sodium dihydrogenphosphate, Tris, sodium hydroxide, sulfuric

MATERIALS

acid, acetic acid, hydrochloric acid, acrylamide/bis-acrylamide (30—P(xD)™* = (n)™ [1 + KJ(1 - x)(D)] (1)

0.8%) solution, TEMED were bought from PROLABO. Scherring

28080 was a gift from Dr. G. Sachs. wheren is the number of ANS sited? the ANS concentratiorD the
concentration of protein in the assay;the F/F, ratio of ANS fluo-

METHODS rescenceR) being the fluorescence in the assay afg) the maximal
fluorescence determined from the Lineweaver and Burk’s plot of 1/

Proteins ANS fluorescence's. 1/ANS concentration. In our conditionB, is 50

g proteins/ml and corresponds to 042& of HK-ATPases.K,, is the
Protein concentration was measured according to Bradford (1976) wittapparent affinity of ANS (23um in our assay).
Biorad kit and BSA as standard. (iii) Efficiency of energy transfer. Tryptophan fluorescence of
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HK-ATPase was excited at 295 nm and measured at 336 nm (Matsu
moto & Hamnes, 1975). A volume of 5l of ANS (66 to 200um) was
added to 994ul of the buffer containing valinomycin (1Qm), potas-
sium chloride (50 m) and HK-ATPase membranes 50y/ml and
emission spectra were registered from 310 to 510 nm. When the AN¢
probe is added to the HK-ATPase membranes, the tryptophan fluores
cence is quenched and emission is shifted at 472 nm. The plot o
guenching (in %) as a function of 1/ANS concentration allowed to
calculate the efficiency of energy transfer E at infinite ANS concen-
tration (Augustin & Hasselbach, 1973). This efficiency is function of
the donor-acceptor distance) @s calculated by the Stryer's equation
(1967) (Eq. 2)

S03

E = (R/NURS® + 1 (2

whereR, is the donor-acceptor distance corresponding to 50% transfe
of energy. For tryptophan-ANS interactiét, = 21.6 A (Matsumoto
& Hamnes, 1975).

philic

Molecular Modeling
Fig. 1. Perpendicular views of ANS structure: The molecule was pre-
The structure of ANS was constructed using Hyperchem and was enpared using hyperchem software and minimized using the energy equa-
ergy-minimized using the Osiris energy equation (Brasseur, 1995; Lingion developed by Brasseur et al. (1995) since this force field was
& Brasseur, 1995). The isosurfaces of molecular hydrophobicity po-demonstrated to give a good approach of the folding of small hydro-
tential (MHP) (Brasseur, 1991) were calculated and drawn using Win-phobic molecule in solvents (Lins et al., 1996). MHP isopotential pro-
MGM (Ab Initio Technology). files (+ and — 25 Kcal) demonstrates that minimized ANS is largely
hydrophobic (dark grey surface) with a small hydrophilic patch (light
grey surface).
ABBREVIATIONS

The abbreviations used are: ADP, adenosine diphosphate; ANS, 1-

anilino-8-naphtalenesulfonate; ATP, adenosine triphosphate; BSA, bof€SCENce IS increased by Valmomycm and nigericin. Po-

vine serum albumin; DMF, N,N-dimethylformamide; DTT, dithiothrei- t@ssium increases the ionophore effect (Fig. 2). This
tol; EDTA, ethylenediamine tetraacetic acid; FITC, fluorescein-5- Suggests that the valinomycin-potassium and the nigeri-
isothiocyanate; Hepes, 4-(2-hydroxyethyl)-1-piperazine ethanecin-potassium complexes interact with ANS.

sulfonic acid; mAb, monoclonal antibody; MDPQ, 1-(2- In the presence of gastric HK-ATPase membranes,
methylphenyl)-4-methylamino-6-methyl-2,3-dihydropyrrolo(3,2-¢) the flyorescence of ANS is larger with a spectral opti-

quinoline; MHP, molecular hydrophobicity potential; P-ATPase, phos- um of emission at 472 nm (Fig. 3). This suggests that

pho-adenosine triphosphatase family; PEP, phosphoenolpyruvate; SD . . . .
PAGE, sodium dodecylsulfate polyacrylamide electrophoresis gel; NS binds to hydrOphOb'C domains  of gastric HK-

Tris, Tris-(hydroxymethyl) aminomethane; TEMED, N,N,N' tetra- ~ ATPase membranes. Addition of valinomycin (jui)
methylenediamine. or nigericin (10 M) reproduces the slight increase of

fluorescence previously seen in the membrane-free me-

dium. By contrast, addition of potassium has a larger
Results effect than in the membrane-free medium. The presence
of ionophore is required and the gain in ANS fluores-
cence is twice with valinomycin than with nigericin (Fig.
3). ANS response to potassium is saturable wik,aof

The structure and the MHP of ANS are shown in Fig. 1.9 6!”0' 5'5_"““ in the presence of 1M n_igericin and
After energy minimization the probe is dipolar; mostly Valinomycin respectively (Fig. 4). Sodium with and
hydrophobic with a small hydrophilic patch due to the Without ionophores (monensin, valinomycin and nigeri-
negatively charged sulfonate and to the amine moietiec") has n_o_effect. The requirement for |onophore qnd
ANS binds hydrophobic pouches of proteins (Suarezthe specificity for potassium suggests that this cation

ANS Is HYDROPHOBIC

Varela et al., 1993). must reach an hydrophobic site to trigger the ANS re-
sponse.

Actin is contaminating our membrane prepara-

ANS PROBES A POTASSIUM SITE tions. It accounts for less than 5% of the proteins as

estimated by scanning the Coomassie blue-stained SDS
In the absence of gastric HK-ATPase membranes, exciPAGE of our preparations. However, since actin binds
tation of ANS at 375 nm results in a weak emission of ANS, we tested ANS on 5@g/ml of commercial actin in
fluorescence from 420 to 520 nm (Fig. 2). Yield of fluo- a separate experiment. This is the concentration of gas-
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Fig. 2. Emission spectra of ANS (1fim) expressed as fluorescence /
units in Tris-EDTA (40 nw, 0.4 mu) adjusted to pH 6.1 with acetic T T
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acid. Excitation wavelength 375 nm, emission spectra from 420 to 520 .
1/ potassium [mM]

nm. @) ANS alone b) + nigericin 10uMm; (c) + nigericin 10pm + KCI
50 mv. (d) + valinomycin 10pMm; (€) + valinomycin 10pm + KCI 50

M. Fig. 4. Lineweaver and Burk’s plot of the fluorescence of ANS (1/

fluorescent arbitrary units) as a function of potassium concentrations
(1/potassium) in the same conditions as in Fig. 3 (ANSphD and
HK-ATPase membranes 50g/ml) in the presence off valinomycin

(10 wm) and p) nigericin (10uMm) (c) is FITC-treated membranes in the
presence of valinomycin (1Qm).

ANS PROBES A STRUCTURAL CHANGE DEPENDENT ON
HK-ATPASE ACTIVITY

As previously reported by Lewin et al. (1977), in the
presence of potassium and valinomycin, ANS fluores-
cence is increased by the addition of Mg-ATP to gastric
. . membranes (Fig.d. The apparent affinity for ATP is 8
420 440 460 480 500 520nm wM in the presence of a saturating concentration of po-
tassium (50 m). The apparent affinity for potassium is
i e e he e e e oy 3 i In he presence of a saturating concentraton o
(a) ANS anrF:e; b) + nigericin (10Mm) or valinomycin (lO;ﬁA); () ATP (10().”“'\/')' This is in agreement with previous data
ANS (10 wm) + nigericin (10um) + KCI (50 mwv); (d) + valinomycin from Lewin et al. (1977) who repo.rted lim and 15 nm
(10 pm) + KCI (50 mu). for ATP and K affinities respectively: they concluded
that ANS probed a structural change dependent on a
potential and H gradient.
tric membranes in our assays and thus, should be more In our experimental conditions, 1@m ANS does
than 20-fold over the concentration of actin. With this not modify the HK-ATPase activity.
high concentration, ANS response was much smaller
than that obtained with gastric membranes ruling out a
significant role of actin in the data. ANS FLUORESCENCE ISENHANCED IN THE ABSENCE OF
The apparent affinity of ANS is 2jum. Using  ACTIVE PROTONPOTASSIUM EXCHANGE
Klotz's equation (1947) modified by Augustin and Has-
selbach (1973) (Eqg. 1), the mean number of ANS bindingHowever, hydrolysis of ATP is not strictly required to
sites is 1.0 + 0.1 site per molecule of ATPasefa 0.5  obtain an ANS response. In the presence of EDTA the
nmol/mg of protein). The ATPase concentration was ti-HK-ATPase activity is null but ATP does increase the
trated using the mAb 95-111 as previously describedANS fluorescence. Occurrence of that effect requires the
(Robert et al., 1990). presence of potassium-valinomycin. The fluorescence
These data support that ANS binds to gastric memincrease is not as large as in the presence of magnesiun
branes and that potassium in the presence of an iondut it plateaus, in agreement with the absence of ATP
phore, but not sodium modifies the ANS environment.hydrolysis (Fig. B). If magnesium is added at equilib-
We suggest that ANS probes a hydrophobic potassiumrium, a burst of fluorescence is obtained prior to a de-
site. crease to the baseline. The apparent affinity for ATP-

Fiuorescence arbitrary units
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2 5 Fig. 5. Effect of ATP; the fluorescence of ANS
§ 20 % . was kinetically recorded at 472 nm after addition
8 § 20 of ATP (50 um) with (Fig. 5a) and without (Fig.
] 10 o 5b) 1 mv magnesium. The medium contained
i 1 _ valinomycin (10um), KCI (50 mv) and
HK-ATPase membranes (50g/ml). Additions of
0 T 1 1T 1T 11 04 I S | ligands are specified on the figure. The second
a 0 4 8 12mnb 0O 8 16 24 32 min  addition in Fig. B is Mg 5 mw.

EDTA is 25 um in the presence of a saturating concen-rescence of FITC-treated membranes, potassium has the
tration of potassium plus valinomycin. same effect with the same apparent affinity (Fig. 4::6 m

In the absence of ATP hydrolysis and thus in theas compared to 5.5 wmin absence of FITC). However,
absence of active transport of proton and potassium, théhe response to ATP is inhibited (Fig. 6). Inhibition con-
fluorescence of ANS cannot be explained by a potentiaterns Mg-dependent as well as the Mg-independent re-
generated by the recycling of potassium. Therefore, wesponses. Since FITC binds one lysine of the ATP site,
suggest that ANS probes conformational changes othese results support that ATP effects on ANS are due to
ANS environment induced by potassium and ATP. its binding to the HK-ATPase.

ErFFecTs oFHK-ATPASE LIGANDS Scherring 28080

Effect of ADP Scherring 28080 inhibits the HK-ATPase activity by
competing with potassium at its luminal site. When

In the presence of magnesium, ADP effects the fluorestested on ANS fluorescence, Scherring 28080 does not

cence of ANS. No signal is obtained in the absence of°dify the apparent affinity for potassium. This sug-
this bication. Apparent affinity for ADP is lower than 9€StS that ANS does not probe the same potassium-site a
that for ATP (Km 250um). Scherrl'ng_2.8080 does. On the other hand, Scherr.mg
28080 inhibits the ATP effect on ANS fluorescence: in
the presence of ATP and no magnesium, inhibition by 55
nm Scherring 28080 is noncompetitive: there is no
. . change of the affinity for ATP but a decrease of the
High concentrations of phosphate (up to S@Tare  ,.ima| ANS response (Fig. 7). In the presence of mag-

necessary to obtain any change on the ANS ﬂu.oresce_”%esium (1 nw), the burst of fluorescence induced by 250
(+15%) in the presence of potassium and vallnomycmuM ATP is decreased by 50% with 25@mf Scherring

In the presence of ATP-Mg, phosphat_e inhibits by 85_%28080 flata not showj

the ANS response: we suggest that high concentrations

of phosphate should displace magnesium from ATP. To ,

check the effect of the phosphate hydrolyzed from ATp Monoclonal Antibody 95-111

we tested the effect of 2 mphosphate over ADP-Mg

and no modification of the fluorescence of ANS initially MAb 95-111 inhibits the HK-ATPase activity and binds

obtained with ADP was obtained. to the alpha subunit. Its epitope is located between S529
and D562, on the cytoplasmic loop between the fourth
and fifth transmembrane helices H4-H5 (Benkouka et

Effect of Phosphate

EFFECT OFHK-ATPASE INHIBITORS al., 1989; Bayle et al., 1992). Inhibition of activity is not
competitive with respect to ATP but competitive with
FITC respect to the potassium activation of dephosphorylation.

Since mAb 95-111 binds on the cytoplasmic side of HK-
When HK-ATPase enriched-membranes are treated wittTPase and potassium on the opposite side of the mem-
FITC, hydrolysis of ATP is inhibited. On the ANS fluo- brane, mAb should compete with potassium by prevent-
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Fia. 6. C ii ¢ irol and FITC-treated b Fig. 8. Effect of mAb 95-111 on ANS fluorescence. The fluorescence
9. ©. “omparative assays ot control an -trealed memboranes, ANs was recorded at 472 nm in the presence of varying concentra-
Time course of ANS response to potassium and ATP-EDTA, left: on

FITC-treated b /i) and riaht ol b tions of mAb 95-111, fluorescence of ANS. Incubation medium con-
(50 -g;emall)e membranes (3y/ml) and right on control membranes tained valinomycin (10wm), potassium chloride (50 m) and HK-
[ .

ATPase membranes (2(/ml) and ATP (5Q.m) without magnesium;
the 50% inhibition is obtained with 2.6 x 1®m of mAb 95-111.

005 EFFECT OF MEMBRANE TRYPSINIZATION

Using conditions of proteolysis as described by Rabon et
(b) al. (1993) in the presence of 2Q0v vanadate, ANS
0,04 1 binds to trypsinized membranes. In the presence of 10
wM valinomycin, 10 or 20 ma potassium increases the
ANS fluorescence. The potassium response is not modi-
0,03 fied by the proteolysis but the ATP effect is lost. This is
in agreement with the implication of the cytoplasmic
(@) ATP site destroyed by proteolysis. It also supports that
the potassium-site probed by ANS is intramembranous
since it is not destroyed after trypsinization.

1/Fluorescence arbitrary units

d QUENCHING OF TRYPTOPHAN FLUORESCENCE BYANS

In the absence of ANS, excitation of gastric membranes
at 295 nm results in a maximal emission at 336 nm
-0.05 0,00 0,05 specific of tryptophan emission (FigaP Addition of
1/ATP (M) ANS (3.3 to 10um) progressively quenches the trypto-
phan emission and shifts the optimum of emission to-
Fig. 7. Lineweaver and Burk’s plot of the effect of Scherring 28080 on wards 472 nm specific of ANS. This supports energy
ANS fluorescence at 472 nm (1/fluorescent arbitrary units) as a functransfer from tryptophan to ANS as described by Augus-
tion o_f ATP-EDTA cgncentrations (1/ATP). Th_e incubation medium tin and Hasselbach (1973)_ The existence of an isoemis-
gf’;tr"’r‘;;'e;n;’a:r}'(‘f;\”%’g:sgﬁ“e"%g’gﬁ:'L(’%‘/’:]'I‘)JI”?; i(gotr’]‘?aig;?c . Sive pointat 427 nm provides further evidence for energy
of Scherring 28080;) in the presence of Scherring 28080 (0.55 x transfer since it Qemonstrates that there is no change in
107 M). quantum yield (Fig. 8). A plot of the decrease of fluo-
rescence (%)vs. 1/ANS concentration indicates a
ing an allosteric transmembrane movement of theguenching limit of tryptophan fluorescence correspond-
ATPase normally triggering the activation of dephos-ing to an effective transfer of 36% of the energy (Fig.
phorylation. However, mAb 95-111 does not inhibit the 9b). This suggests that the mean distance between ANS
effects of potassium on the fluorescence of ANS butand tryptophans is 24 Angstroms.
inhibits those of ATP (Fig. 8). As concluded from Sch-
erring 28080 data, this supports that ANS does not probgyiscussion
the potassium-luminal H1-H2 site of the HK-ATPase
but that the ATP effects are induced by its binding to thePotassium activates HK-ATPase by stimulating its rate
HK-ATPase. of dephosphorylation (Wallmark & Mardh, 1979). Ac-
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tivation of dephosphorylation involves a luminal potas- o 1ANS (uM)
sium site, between the two first transmembrane helices a o i %10 015 020 025 0,30 0,35
H1 and H2 of the alpha subunit (Munson et al., 1991) and*é80
the binding of potassium induces conformational =
changes transmitted down to the cytoplasmic domainZ
The cytoplasmic sites of trypsin attack are changed (HeIQ%60
mich-de-Jong, van Emst-de-Vries & de Pont, 1987),§
ATP site is modified (Jackson et al., 1983) and the rate§40
of ATPase dephosphorylation is increased. e
In the absence of ATP, potassium is transported by2
the HK-ATPase via a passive potassium:potassium or a @
potassium:proton exchange (Soumarmon, Rangachari &
Lewin, 1984; Skrabanja et al., 1986). Whereas ATPa v
blocks this exchange, addition of magnesium transforms
it into an active transport, driving proton outside andFig. 9. Fig. %; emission spectra of HK-ATPase membranes |50
potassium inside the cell. In NaK-ATPase, a very simi-ml) expressed as fluorescence arbitrary units in Tris-acetic acid buffer,
lar ion pump, potassium is occluded in the C-terminal* valinomycin (10wm) and potassium chloride (50nm. Excitation
domain of the alpha subunit (Shainskaya & Karlish,Vﬁ‘gzg(?rf:r%t';tz??sG”n”; ;”:T(Sﬁpzzee‘“r;ae rf:t’)’r‘;nilsootn‘?;’(lco m ")‘(’“h a
1994) supporting that p.otqssmm Chajnnel IS there', HK-ATPase membranes + varying concentrations of ANS fr,om, 3.3to
ANS fluorescence is increased in hydrophobic en-1g . An isoemissive point is seen at 427 nm. Emission of fluores-
vironments of some globular proteins (Sheperd & Ham-cence of ANS increases at 472 nm. FigubesBows the percentage of
nes, 1976; Stryer, 1965; Matsumoto & Hamnes, 1975guenching of fluorescence emission at 336 nm as a function of ANS
Suarez-Varela et al., 1992) and of some membranoug)ncen_trati‘on (1/ANS). The maximal quenching at infinite ANS con-
proteins as P-ATPases (Lewin et al., 1977; Teruel &cenration is 36%.
Gomez-Fernandez, 1987). In our assays using gastric

membranes containing HK-ATPase, potassium .Selecéively in the absence of ATP and actively in its presence.

N~ . g X he cation is not occluded by the gastric HK-ATPase,
mimicked by sodium. The Sp.ECIfICIty for potassium as nless vanadate is present (Rabon et al., 1993). This
well as for other HK-ATPase ligands as ATP, ADP SUp-g,nqorts the existence of a hydrophobic potassium site
port that the ionic pump is involved. ANS was also 4t is not freely accessible. We suggest that valinomy-
shown to bind to the Ca-ATPase (Augustin & Hassel-¢in gives potassium-access to that site and that ANS
bach, 1973). The apparent affinity and binding capacityyropes the conformational changes induced when potas-
of ANS to gastric HK-ATPase are similar to those found gj;m pinds. Binding of ATP to the ATPase catalytic
for preparations of sarcoplasmic reticulum’CATPase:  |oop induces an ANS response and thus, another confor-
the Kd for ANS is 21um as compared to 19.4 for the mational change. Assuming the hypothesis that ANS
calcium pump and the binding capacity is 5 nmol/mgprobes a K-occlusion site, ATP effect in the absence of
protein as compared 12 nmol/mg protein. The mean dismagnesium could be related to the inhibition of passive
tance calculated between tryptophans and ANS is als@:K exchange by ATP (Soumarmon et al., 1984).
comparable (24 and 20 Angstroms, respectively). Teruel

et al. (1987) calculated that distance between ANS angye acknowledge Pr. Robert Brasseur, (CBMN, Gembloux Belgium)
FITC in the Cd*-ATPase is 51 Angstroms and the au- for his advices in molecular modeling.

thors suggested that ANS should be located in the intra-

membranous core. The absence of ANS effect on the
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