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Abstract—SK&F 97574 (3-butyryl-4-(2-methylamino)-8-(2-hydroxyethoxy)quinoline), is a potent inhibitor of
the (H'/K*)-ATPase in membrane vesicles isolated from porcine gastric mucosa. It inhibits (H*/K*)-ATPase
activity in lyophilised vesicles in a kinetically competitive manner with respect to the activating cation, K*, with
an inhibition constant (K,) of 0.46 + 0.003 uM. Inhibition of (H'/K*)-ATPase activity is freely reversible.
Binding of SK&F 97574 was shown to be mutually exclusive and the previously reported reversible (H*/K*)-
ATPase inhibitors, SCH 28080 and MDPQ. Therefore, despite its structural dissimilarity, SK&F 97574 appears
to bind to the same lumenal region of the (H*/K*)-ATPase identified as the binding site for these compounds.
SK&F 97574 is a weak base (pK, = 6.86), and would therefore be expected to accumulate in the acidic
compartment at the lumenal face of the parietal cell. In intact gastric vesicles (which have the lumenal face of
the ATPase on the interior), SK&F 97574 inhibited ATP-dependent H*-transport with a similar potency to
ATPase activity. SK&F 97574 is therefore relatively membrane permeable, and would be predicted to gain
access readily 1o its site of action in vivo. The effect of pH on inhibition of H/K*-ATPase activity by SK&F
97574 is consistent with its being active only in its protonated form. The selectivity of SK&F 97574 for the
gastric (H*/K*)-ATPase was tested by examining its ability to inhibit a closely related p-class pump, the
(Na*/K*)-ATPase from dog kidney. SK&F 97574 was found to have a 60-fold greater sensitivity for the former
enzyme. The (Na'/K*)-ATPase was not inhibited in a K*-competitive manner by SK&F 97574, indicating an

entirely different, probably nonspecific, mechanism.
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The gastric (H*/K*)-ATPase of the parietal cell is the ion
pump responsible for acid secretion in the stomach, and
as such has been identified as a pharmacological target
for the development of drugs to treat acid-related dis-
eases (e.g. [1]). Long-lasting inhibition of the (H/K")-
ATPase by drugs in the substituted benzimadazole class,
such as omeprazole and lanzoprazole, has been shown
effective in the treatment of peptic ulcer disease (e.g.
[2]). However, such agents irreversibly inactivate the
ATPase, and the return of acid secretion following such
inhibition probably requires de novo synthesis of new
pumps [3]. A freely reversible inhibitor of the (H*/K™*)-
ATPase may allow greater control over the duration of
suppression of acid secretion [4].

During active acid secretion, the gastric lumenal face
of the gastric (H"/K™)-ATPase faces an extremely acidic
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§ Abbreviations: CDTA, 1,2-diaminocyclohexanetetraacetic
acid; DMSO, dimethyl sulfoxide; MDPQ, 1-(2-Methylphenyl)-
4- methylamino- 6- methyl- 2,3- dihydropyrrolo[2,3-c]quinoline;
SK&F 97574, 3-butyryl-4-(2-methylamino)-8-(2-hydroxyeth-
oxy)quinoline; SCH 28080, 8-benzyloxy-3-cyanomethyi-2-me-
thylimidazo(1,2-a)pyridine; N-Me SCH 28080, 8-benzyloxy-
3-cyanomethyl-1,2-dimethylimidazo(1,2-a)pyridinium iodide;
Kmapps apparent Michaelis constant; and ApH, pH gradient.

environment (around 160 mM HCI). This provides the
opportunity to target a weakly basic inhibitor to its site
of action. Since the lumenal face of the (H*/K*)-ATPase
possesses a binding site for the secondary transported
ion, K7, inhibitors that compete with K* for binding to
the ATPase and contain the appropriate physico-chemi-
cal properties to accumulate at the lumenal face of the
(H*/K*)-ATPase in vivo may have excellent potential to
be used therapeutically as anti-secretory agents. A num-
ber of structural classes of reversible (H*/K*)-ATPase
inhibitor have now been described (e.g. {1, 5, 6]), but
none of these compounds have been successfully used
clinically. In this and an accompanying paper, the in
vitro and in vivo properties of a new reversible (H*/K™)-
ATPase inhibitor, SK&F 97574,§ which has consider-
able potential therapeutic value, are described.

MATERIALS AND METHODS

Porcine gastric vesicles

Pig stomachs were obtained fresh from a local abattoir
and transported to the laboratory on ice. Gastric vesicles
were prepared from the fundic mucosa using an adapta-
tion of the method of Saccomani [7] described by Keel-
ing et al. [6]. Vesicles were frozen in liquid nitrogen and
stored at —70°C before use. For H*-transport measure-
ments, intact vesicles were used, but for all other exper-
iments vesicles were permeabilised by washing in hy-
potonic buffer and lyophilised overnight [6].
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Measurement of ATPase activity in lyophilised vesicles

Lyophilised vesicles (0—6 pg protein) were incubated
for up to 30 min at 37°C in medium containing 0-10 mM
KCl, 10 mM Pipes-Tris pH 7.0, 2 mM MgSO,, and 2
mM Na,ATP. All reactions were started by adding en-
zyme. Reactions were stopped and inorganic phosphate
release determined using the method of Yoda and Hokin
{8]. Briefly, one mL of ice-cold acid molybdate (3.6%
w/v ammonium molybdate in 12% v/v perchloric acid)
and 3 mL of N-butylacetate were added, and then the
reaction tubes were mixed and the solvent and aqueous
phases separated by centrifugation (2000 rpm for 5 min;
Beckman J6B centrifuge). The inorganic phosphate re-
leased from ATP was measured from the absorbance at
310 nm of the phosphate molybdate complex in the sol-
vent phase, in comparison to an inorganic phosphate
standard curve (0-200 nmoles) prepared in each exper-
iment. In each experiment, assay blanks were deter-
mined either in the absence of vesicles or KCl. ATPase
activity was linear with respect to time for at least 30
minutes under all experimental conditions used.

The effect of inhibitors on the phosphate assay was
corrected by using controls in which inhibitor was added
to incubation mixture in which the enzyme and ATP had
been replaced by 50 or 100 nmoles of phosphate. The
effect of the inhibitor on the recovery of phosphate was
used to correct for results obtained with enzyme incu-
bations in the presence of inhibitor.

Dog kidney (Na*/K*)-ATPase (from Sigma) was as-
sayed as described for the gastric (H*/K*)-ATPase, ex-
cept that 100 mM NaCl was included in the reaction
mixture.

Inhibition of ATPase activity in lyophilised vesicles

ICs, determination. ATPase activity, measured in the
presence of 1 mM KCl, was determined in the presence
of a range of SK&F 97574 concentrations (0-100 uM).
The effect of SK&F 97574 on phosphate release was
fitted to a four-parameter logistic equation [9] to obtain
a value for ICs,,.

K*-kinetic experiments. To investigate the mechanism
of action of SK&F 97574, ATPase activity was mea-
sured over a range of KCl! concentrations (0~10 mM) in
the presence of a range of concentrations of SK&F
97574 (0-3 pM). The results obtained for the K*-stim-
ulated component of ATPase activity (i.e. after subtrac-
tion of the activity obtained in the absence of K*) were
fitted to equations describing the patterns of competitive,
non-competitive, and mixed inhibition [10] by least
squares fitting using the computer programme
GRAFIT® [11].

Reversibility of inhibition. The reversal of inhibition
of (H*/K*)-ATPase activity on removal of SK&F 97574
was tested by incubating vesicles at a high concentration
(90 pg protein/ml} in the presence or absence of SK&F
97574 at a concentration close to its ICs, value (2 pM).
Samples were removed at various times and the amount
of phosphate release measured. After 30 min, the incu-
bation mixtures were diluted 20-fold into media contain-
ing either no SK&F 97574 or SK&F 97574 at the same
concentration as in the original incubation. The concen-
tration of all other components of the incubation except
for inhibitor and enzyme were kept constant. The incu-
bation was continued for a further 30 min, with further
samples periodically removed to follow the effect of the
dilution on the progress of the enzyme reaction.
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(H'IK*)-ATPase inhibitor interactions

1. Yonetani-Theorell analysis. The interaction of
SK&F 97574 and SCH 28080 was analysed using the
method of Yonetani & Theorell {12]. ATPase assays
were performed using lyophilised gastric vesicles and in
the presence of 10 mM KCl and 0-1 pM SCH 28080 and
0-8 uM SK&F 97574, Other conditions were exactly as
described above.

2. MDPQ fluorescence measurements. The interaction
of the fluorescent pyrroloquinoloine inhibitor, MDPQ,
with porcine gastric (H/K*)-ATPase was measured at
room temperature using a Perkin-Elmer LS5 fluorimeter
and emission and excitation wavelength of 342 and 446
nm, respectively. Quenching of the ATP (i.e. enzyme
phosphorylation) dependent component of enzyme-
bound MDPQ fluorescence by K* or SK&F 97574 was
performed essentially as described by Rabon et al. [13].

H*-transport in intact gastric vesicles. ATP-depen-
dent H*-transport was monitored as the initial rate of
fluorescence quenching of the monoamine fluorescent
dye, acridine orange. Assays (total volume 1 mL) were
performed in a medium containing 10 mM Pipes-Tris pH
7.0, 150 mM KCl, 2 mM MgSO,, 2 mM Na,ATP, 9 uM
valinomycin, 4 pM acridine orange, and intact gastric
vesicles (1020 ng protein). Fluorescence was moni-
tored using a Perkin-Elmer LS-5 fluorimeter using ex-
citation and emission wavelengths of 490 and 540 nm,
respectively. Fluorescence quenching was initiated by
adding valinomycin to cuvettes containing all of the
other reaction components. The effect of SK&F 97574
on passive H"-conductance was assayed by measuring
the initial rate of quench recovery after a pre-formed
steady-state ApH was collapsed by adding an excess of
the Mg?*-chelator, CDTA. Test compound was added
immediately before the CDTA.

Chemicals. SK&F 97574, MDPQ, SCH 28080, and
N-Me SCH 28080 were synthesised in house. They were
dissolved in DMSO and subsequently diluted in water.
The maximum concentration of DMSO present in the
assays was 0.5%, which had previously been shown to
have no effect on enzyme activity. Other chemicals were
obtained from Sigma or Aldrich, and were of the highest
grade available.

RESULTS

In lyophilised procine gastric vesicles, the acyl-quin-
oline SK&F 97574 (Fig. 1) inhibited K*-stimulated AT-
Pase activity (Fig. 2). Under our standard test conditions,
in the presence of 1 mM KCl (equivalent to around twice
the K., at that pH), the 1C,, was found to be 1.6 0.2
UM (mean + SEM, n =5 expts.). To assess the selectivity
of SK&F 97574 for the gastric (H*/K*)-ATPase, its
effects were also tested against the (Na'/K*)-ATPase
from dog kidney. SK&F 97574 inhibited the (Na*/K™)-
ATPase, but only at much higher concentrations than
required for the gastric (H*/K*)-ATPase (Fig. 2; ICs, =
95 + 17 puM (mean + SEM; n = 4 expts.). SK&F 97574
therefore has around 60-fold selectivity for the former
enzyme.

The mechanism of inhibition of both (H*/K*)-ATPase
and (Na*/K*)-ATPase activity by SK&F 97574 was in-
vestigated by measuring the effect of inhibitor on the
response of enzyme activity to variations in the concen-
tration of the activating cation, K* (Fig 3A,B). The re-
sults were fitted to three-dimensional forms of the equa-
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Fig. 1. Structures of reversible (H*/K*)-ATPase inhibitors.

tions describing competitive, non-competitive, and
mixed patterns of inhibition [10] using the Grafit pro-
gramme [11]. In the case of the (H/K")-ATPase, the
data was best described by a competitive pattern of in-
hibition, since fitting to this model yielded a markedly
lower reduced % value than fitting to either an uncom-
petitive or mixed pattern of inhibition. In six experi-
ments, a mean K; value of 0.46 + 0.03 uM (xSEM) was
obtained. Figure 3A shows the data from a single rep-
resentative experiment.

In contrast, the K*-kinetics of inhibition of (Na*/K*)-
ATPase activity by SK&F 97574 did not fit any of the
classical patterns of inhibition. Lineweaver-Burk plots
of these data showed upward curvature of low K* con-
centrations and were parallel at high K* (Fig. 3B). This
shows that, in addition to being far less sensitive to
SK&F 97574, the (Na*/K*)-ATPase interacts with this
compound through an entirely different, possibly non-
specific, mechanism. The kinetics obtained against the
(Na*/K*)-ATPase are similar to those described for an
earlier reversible (H"/K*)-ATPase inhibitor [6].
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Fig. 2. Effect of SK&F 97574 on (H*/K*)-ATPase activity in

lyophilised gastric vesicles ((0), initial acidification in intact

gastric vesicles ((J), and (H'/K*)-ATPase activity from dog

kidney (@). Experimental details were as described in Materi-

als and Methods. Each curve represents the mean (xSEM) of
2-5 individual experiments.

In intact porcine gastric vesicles, the initial rate of
ATP-dependent H*-transport (measured by acridine or-
ange fluorescence quenching) was inhibited with similar
potency to ATPase activity (Fig. 2; ICso = 1.0+ 0.2 yM
[mean * range, n = 2 expts.]). By analogy with previous
reversible (H*/K*)-ATPase inhibitors [5, 14], the site of
inhibitory action of SK&F 97574 is likely to be on the
interior of the vesicle membrane. Therefore, the similar-
ity of the ICs, values obtained in intact and permeabil-
ised vesicles suggests that SK&F 97574 is rapidly mem-
brane permeable. This, together with the fact that SK&F
97574 is a weak base (pKa = 6.86), indicate that it may
well be selectively accumulated at its site of action in
vivo, the lumenal face of the parietal cell.

In vesicles in which a steady-state ApH had been pre-
viously established, SK&F 97574 inhibited at slightly
Jower concentrations than were found to inhibit initial
H*-transport (IC5, = 0.2 pM; mean £ SEM, n =3 expts.).
This probably reflects the accumulation of the proto-
nated form of the compound within the acidic interior of
the vesicles. However, at higher concentrations, SK&F
97574 caused an increase in the passive H"-conductance
of the membranes (shown by an increase in the rate of
collapse of a pre-formed gradient after H*-transport was
stopped by chelating Mg®* with CDTA). The concentra-
tion of SK&F 97574 required to double the rate of col-
lapse of ApH was 11 + 1 uM (mean * range; n = 2
expts.). This uncoupling effect was almost certainly due
to outward movement of the protonated form of SK&F
97574 from the vesicle interior.

In vivo, the acidic pH at the lumenal face of the pa-
rietal cell is such that SK&F 97574 would be completely
protonated (since pH << pK,). This contrasts with in
vitro assays where, at pH 7.0, less than half of the com-
pound would be in the protonated form. The effect of
protonation of SK&F 97574 was therefore investigated
by measuring its inhibition of (H*/K*)-ATPase activity
at a range of pH (5.7-8.0). The permanently charged
quaternary amine (H*/K*)-ATPase inhibitor, N-Me
SCH28080 (8-benzyloxy-3-cyanomethyl-1,2-dimethyl-
imidazo(1,2-a)pyridinium iodide; Fig. 1; [5]), was used
as a standard to correct for changes in the protonation of
the enzyme. In a preliminary set of experiments, the
K app for activation of the (H'/K*)-ATPase by K* was
determined at each pH, yielding the following val-
ues: pH 5.7 =2.86 mM, pH 6.01 = 1.82 mM, pH 6.49 =
0.91 mM, pH 6.83 = 0.61 mM, pH 7.17 = 0.39 mM, pH
7.62 = 0.19 mM, pH 8.01 = 0.068 mM. In subsequent
experiments, the K* concentration was set equal to

K mapp- Under these conditions, IC,, = K, for competitive
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Fig. 3. Lineweaver-Burk plot of the kinetics of K*-competitive
inhibition of (A) (H*/K*)-ATPase activity in lyophilised gastric
vesicles; and (B) (Na*/K*)-ATPase from dog kidney by SK&F
97574. In expeiment A, assays were performed in the presence
of 0-10 mM KCl and 0 (Q), 0.25 (@), 0.5 (O), | (M), and 3
(V) uM SK&F 97574 Experimental details were otherwise as
described in Materials and Methods. Data shown are from a
single representative experiment. The fitted lines were obtained
by least squares fits to a competitive pattern of inhibition, from
which the following constants were obtained: K, = 0.64 mM,
Vimax = 0.31 IU/mg, K; = 0.47 uM. The inset shows a secondary
plot of the linear relationship between K,,/V,.. and inhibitor
concentration, as expected for this pattern of inhibition. In ex-
periment B, assays were performed in the presence of 0~10 mM
KCl and 0 (O), 25 (@), or 100 (B) pM SK&F 97574. Exper-
imental conditions were otherwise as described in Materials and
Methods. Data shown are from a single representative experi-
ment.
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inhibitors such as SK&F 97574 and SCH 28080 [15],
and so K; could be determined reliably from a single
inhibition curve. The relative potency of SK&F 97574 at
each pH was then expressed as a ratio to that of N-Me
SCH 28080 (Fig. 4). These experiments showed clearly
that the relative potency of SK&F 97574 decreases with
increasing pH. Moreover, a reasonable fit was obtained
to the data by least squares fitting to a simple function
based on the assumption that only the protonated form
was active [11]. The fitted value of pX; (i.e. the pH at
which half-maximal activity occurs) of 6.79 corresponds
well to the pK, of SK&F 97574 (6.86). This suggests
that SK&F 97574 binds to the (H*/K*)-ATPase only in
the protonated form. Based on this assumption, the X, for
SK&F 97574-[H'] under our standard assay conditions
(pH 7.0) can be estimated to be 0.19 pM (since 42% of
the compound will be protonated at that pH).

To test whether inhibition of the (H*/K*)-ATPase by
SK&F 97574 could be freely reversed, progress curve
experiments were performed in which the effect of re-
moving inhibitor (by dilution) on enzyme velocity was
tested (Fig. 5). In the initial part of the experiment,
SK&F 97574 was present at a concentration equivalent
to its IC5, value. When the enzyme reaction mixture was
diluted 20-fold into medium lacking SK&F 97574 (and
so the inhibitor was diluted to a concentration at which
inhibition of the (H*/K*)-ATPase should not be de-
tected), the enzyme velocity increased immediately to a
value similar to that obtained in a control treatment in-
cubated in the absence of inhibitor (Fig. 5), showing that
inhibition was freely reversible.
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Fig. 4. The effect of pH on the potency of SK&F 97574. At each
pH indicated, the K, for SK&F 97574 and MeSCH 28080 was
determined by measuring the inhibitor concentration required
for 50% inhibition, when the K* concentration was equivalent
to Ki,app at that pH. The potency of SK&F 97574 is expressed
relative to the permanently charged N-Me SCH 28080 to cor-
rect for the effect of pH on the (H'/K*)-ATPase. Each data
point represents the mean (+SEM or range) of 2-3 independent
experiments. The fitted line was obtained by least-squares fit-
ting of the data to a simple function on the assumption that only
the protonated form of the inhibitor was active [11].
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Fig. 5. Reversibility of inhibition of (H*/K*)-ATPase activity
by SK&F 97574. Lyophilised gastric vesicles were initially
incubated in the presence () or absence (@) of 2 pM SK&F
97574. At the point inclicated, the incubation mixture was di-
luted 20-fold into media containing either no inhibitor (M,V) or
SK&F 97574 at the same concentration as the original incuba-
tion (O). Other conditions were as described in Materials and
Methods. The data shown are from a single representative ex-
periment.

The interaction of previous structural classes of revers-
ible inhibitor with the gastric (H*/K*)-ATPase have been
investigated in detail (for a review see [1]). In particular,
photo-affinity derivatives of SCH 28080 [16, 17] have
allowed the binding site for this class of compound to be
localised to a lumenal region of the pump between the
first two trans-membrane spanning regions, designated
MI1/M2 [14]. We tested whether SK&F 97574 bound in
a similar region of the (H*/K*)-ATPase using two ap-
proaches. Firstly, the method of Yonetani and Theorell
[12] was used to examine the interactions between
SK&F 97574 and SCH 28080 in their inhibition of (H*/
K*)-ATPase activity (Fig. 6). In this analysis, parallel
slopes in plots of inhibitor concentration reciprocal ve-
locity are predicted for two ligands that bind to the en-
zyme in a mutally ecxclusive manner [12]. Figure 6
shows that this was the case for SK&F 97574 and SCH
28080. It therefore secms likely that SK&F 97574 binds
to the same lumenal region of the (H*/K*)-ATPase as
SCH 28080.

Additional data in support of this idea was obtained by
examining the interaction of SK&F 97574 with the flu-
orescent pyrroloquinoline (H*/K*)-ATPase inhibitor,
MDPQ, Fig. 1; [18, 19, 20]. This compound has been
shown to specifically report its binding to the (H*/K")-
ATPase via an increase in fluorescence that is further
enhanced when the enzyme is phosphorylated by adding
Mg-ATP (in the E,-P form; for a review, see ref. [13]).
The MDPQ-E,-P fluorescence is quenched by K* and
SCH 28080, presumably due to displacement of bound
MDPQ [19, 20]. We therefore investigated the effect of
SK&F 97574 on MDFQ - E,-P fluorescence using K* as
a standard (Fig. 7). As found by Rabon er al. [19], K*
reduced enzyme-bound MDPQ fluorescence in a satura-
ble manner. In the experiment shown in Fig. 7A, a value

BP 50:10-8
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Fig. 6. Yonetani and Theorell analysis of the interaction be-

tween SK&F 97574 and SCH 28080. ATPase activity in lyo-

philised gastric vesicles was measured in the presence of (0-1.0

pM) SCH 28080 and 0 (), 1 (@), 2 (O0), 4 (W), or 8 (A) uM

SK&F 97574 and 10 mM KCl. The data shown are the mean of

two experiments. Other conditions were as described in Mate-
rials and Methods.

for Ko 54 of 3.06 mM was obtained, compared to a
value of 1.8 mM reported by Rabon et al. [19]. This is in
good agreement, especially as our experiments were
conducted at pH 7.0 compared to pH 7.4 for those of
Rabon er al. [19] and, over that pH range, the K., for
K™ fo the (H*/K*)-ATPase changes around two-fold (see
above). Adding SK&F 97574 also caused a saturable
quench of MDPQ-E,-P fluorescence (Fig. 7B). How-
ever, in this case a linear component of MDPQ quench-
ing was also observed, almost certainly due to spectral
interference between the two compounds (Fig. 7B).
When this component was subtracted, a value of
Ko 55747 Of 1.7 UM was obtained. It is interesting to note
that the K, 5 values obtained for K* and SK&F 97574 for
quenching of MDPQ - E,-P fluorescence are in similar ra-
tio (around 5-fold) to their respective dissociation con-
stants.

DISCUSSION

The results presented in this paper show that SK&F
97574 is a potent, reversible inhibitor of the porcine
gastric (H*/K*)-ATPase. Like other reversible inhibitors
of this enzyme, it inhibits in a kinetically competitive
manner with respect to the activating cation of the (H*/
K*)-ATPase, K*. SK&F 97574 was also shown to have
around 60-fold selectivity for the gastric (H*/K™)-
ATPase relative to the closely related p-class pump, the
(Na*/K*)-ATPase. In addition, the kinetics of inhibition
of (Na*/K*)-ATPase activity did not fit any of the clas-
sical patterns of inhibition, indicating that the mecha-
nism of action was probably nonspecific. It was previ-
ously shown that SK&F 96067, an analogue of SK&F
97574, inhibits the human (H*/K*)-ATPase with similar
potency to the porcine enzyme [1], suggesting that
SK&F 97574 may have the potential to be used clini-
cally as an anti-secretory agent.

The kinetics of the interaction between SK&F 97574
and SCH 28080 strongly suggest that binding of these
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Fig. 7. Quenching of enzyme bound MDPQ fluorescence by (A)
K* and (B) SK&F 97574. Lyophilised gastric vesicles (100 pg)
were incubated in medium containing 50 mM Pipes-Tris pH 7.0
and 0.3 uM MDPQ. After the fluorescence had stabilised, ATP
was added to a final concentration of 2mM. This led to a jarge
enhancement of fluorescence. After this signal had stabilised,
either KC1 or SK&F 97574 was added at the final concentra-
tions shown. The fluorescence signal was then allowed to sta-
bilise and the MDPQ quench relative to enhancement obtained
upon adding ATP calculated. In A, the data were fitted to a
single Michaelis Menten function, yielding a K, 5k, value of
3.1 £ 0.2 mM. In B, the data were fitted to a single Michaelis
Menten function plus a linear component (due to spectral in-
terference from SK&F 97574), yielding a K, 5574, value of 1.70
+ 0.15 pM. The data are from a single representative experi-
ment. Other details are as described in Materials and Methods.

two ligands is mutually exclusive. It therefore seems
probable that both compounds bind to the same, lume-
nally exposed region of the enzyme previously identified
as the binding site of photo-affinity derivatives of SCH
28080 [14]. Additional support for this idea was ob-
tained from the fact that SK&F 97574 was effective in
displacing the fluorescent inhibitor, MDPQ, from bind-
ing to E,-P, in a similar manner to K* and SCH 28080
[19]. Rabon et al. [19] have previously shown that the

A.J. POPE et al.

site of interaction of both MDPQ and K* with the (H*/
K*)-ATPase is on the vesicle interior (since the quench-
ing of MDPQ-E,-P fluorescence in intact gastric vesi-
cles by exogenously added K* is dependent upon in-
creasing the K* permeability of the membranes by
adding valinomycin). The quench of MDPQ-E,-P flu-
orescence by SK&F 97574 showed saturation kinetics.
In the absence of a measured K, for MDPQ binding to
E,-P, it is not possible to compare the K, 5 for MDPQ
fluorescence quenching with the X; measured for inhi-
bition of catalytic activity. However, it is interesting to
note that the ratio of the K, 5 values obtained between
inhibitor and K* for SCH 28080 (K s2801/Ko sixsy = 3.7
X 107% [19]) and SK&F 97574 (K, s5s74/Ko sy = 54
x 107 Fig. 7) were similar for both compounds, despite
the fact that the K; for SCH 28080 (0.024 uM; [5)) is
around 20-fold lower than that for SK&F 97574. Bind-
ing of SCH 28080 to ATPase has been shown to be
enhanced when the enzyme is in the E,-P form [17]. The
apparent discrepancy between K; and K, 5 for MDPQ
quenching between the two compounds might therefore
be due to differences in their relative affinity for the
different conformational states of the ATPase (see ref.
[13]). 1t is important to note that although the different
classes of reversible inhibitor (i.e. SK&F 97574, SCH
28080, and MDPQ) appear to bind in a kinetically mu-
tually exclusive manner, the actual location of the bind-
ing site for these ligands does not necessarily physically
overlap. The kinetics merely show that the inhibitors
compete for the same enzyme forms as K* and, presum-
ably, once a single inhibitor (or K* ion) is bound, this
induces a conformation change that prevents additional
inhibitor binding.

In intact gastric vesicles, SK&F 97574 inhibited pro-
ton transport to a similar degree as ATPase activity in
the absence of a pH gradient, and was more potent in the
presence of a pre-formed ApH. Given the evidence that
it binds to the lumenal side of the enzyme (i.e the vesicle
interior in vitro), it must therefore be relatively mem-
brane permeable, at least in its unprotonated form. Rel-
atively high concentrations of SK&F 97574 (>10 pM)
had an uncoupling effect on intact vesicles, showing that
the protonated form of the compound has some mem-
brane permeability. This probably explains why only a
modest increase in potency was obtained when the effect
of SK&F 97574 was tested in the presence of a pre-
formed ApH.

The physico-chemical properties of SK&F 97574 (i.e.
it is a lipophilic weak base) suggested that, in vivo, it
may well accumulate into the acid compartment on the
lumenal face of the parietal cell. Under these conditions,
virtually all of the enzyme would be present as the pro-
tonated form. The effects of pH on inhibition were con-
sistent with this being the inhibitor form that binds to the
enzyme. Although the in vivo activity of any compound
is largely dictated by its bioavailability and metabolism,
the in vitro properties of SK&F 97574 suggest strongly
that it has the potential to be an effective anti-secretory
agent in vivo. An accompanying paper [21] shows that
this is in fact the case.
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