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I. CHARACTERIZATION AND GENERAL PROPERTIES

JOYTIRMOY NANDI, TUSHAR K. RAY and PARIMAL C. SEN

Department of Surgery and Physiology, The State University of New York Upstate Medical Center, Syracuse, NY 13210 (U.S.A.)

(Received November 24th, 1980)
(Revised manuscript received April 28th, 1981)

Key words: ATPase; Ca?* stimulation; (Porcine gastric microsome)

Gastric microsomes do not contain any significant Ca?*-stimulated ATPase activity. Trypsinization of pig gastric
microsomes in presence of ATP results in a significant (2—3-fold) increase in the basal (with Mg" as the only
cation) ATPase activity, with virtual elimination of the K*-stimulated component. Such treatment causes unmaks-
ing of a latent Mg?*-dependent Ca®*-stimulated ATPase. Other divalent cations such as St**, Ba**, Zn>" and Mn**
were found ineffective as a substitute for Ca®’. Moreover, those divalent cations acted as inhibitors of the Ca®*-
stimulated ATPase activity. The pH optimum of the enzyme is around 6.8. The enzyme has a K, of 70 uM for
ATP and the K, values for Mg?* and Ca®* are about 4 - 107 M and 10”7 M, respectively. Studies with inhibitors
suggest the involvement of sulfhydryl and primary amino groups in the operation of the enzyme. Possible roles of

the enzyme in gastric H' transport have been discussed.

Introduction

The importance of Ca®" as a key regulator for
many biological processes has become increasingly
appreciated [1-3]. Among the various modes of
transport for storage and redistribution of intracel-
lular Ca®* and consequent modulation of cell func-
tion, the plasma membrane located Ca?* pump has
been implicated to play a crucial role. The Ca®'
pump, like other ion transport ATPase, hydrolyses
ATP and is a Ca?"-activated Mg?*-dependent ATPase
[4]. Ever since its first discovery in erythrocyte plas-
ma membrane 2 decades ago [4—6] the evidence for
the existence of this pump has been documented in
such diverse tissues as liver [7,8], brain [9,10],
kidney [11,12], uterus [13,14], platelet [15], pan-

Abbreviations: Pipes, 1,4-piperazinediethanesulfonic acid;
FDNB, fluorodinitrobenzene; MDPF, 2-methoxy-2,4-di-
phenyl-3-dihydrofuranone; TNBS, 2.4,6-trinitrobenzenesul-
fonic acid; pPCMBS, pare-chloromercuribenzenesulfonic acid.

creas [16], adipocytes [17,18] and intestinal brush
border membranes [19]. In conjunction with other
cellular mechanisms for the transport and storage of
Ca?’, the plasma membrane located Ca®*-pump
appears to work towards keeping the concentration
of intracellular free calcium to a low steady-state level
(about 1076 M).

There are numerous lines of evidence in the litera-
ture to suggest that Ca®” plays an important role in
gastric acid secretion [20]. Besides its role in main-
taining the integrity of the epithelial junctional com-
plexes [21] Ca®" has recently been implicated
[22—24] to act at some critical intracellular sites for
its effects in gastric acid secretion. Thus, Rehm and
collaborators [22] demonstrated two phases in the
effects of removal of Ca®* from the bathing medium
of chambered bullfrog gastric mucosa: in the first
phase H' secretory rate and p.d. partially dropped
with an increase in resistance, whereas in the second
phase both H" and p.d. reached zero with a marked
decline in resistance. While both phases were reversed
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by introducing Ca®" into the nutrient solution, addi-
tion of Ca?" into the luminal solution, which is in
direct contact with the apical membranes of the acid
secreting cells, reversed only the second phase.
Recently Kasbekar and Chugani [24] demonstrated
that gastric secretagogues stimulate the efflux of Ca?*
both in chambered bulifrog gastric mucosa and iso-
lated oxyntic cells. These studies [21—-24] not only
demonstrated the dependency of gastric H® transport
on Ca®* but also suggested [22,24] some mechanism
for the transport of Ca?" at the plasma membranes
of the acid secreting cells.

The plasma membranes derives primarily from the
apical and tubulovesicular membranes of the acid
secreting cells have been well characterized [25-28].
The gastric microsomes are highly enriched in a K-
stimulated ATPase activity [26,28]. The Ca?"-stimu-
lated ATPase activity is very low and may be con-
sidered to be virtually absent in these membranes.
However, we have recently demonstrated that mild
trypsin treatment of the gastric microsomes in pres-
ence of ATP results in the manifestation of a highly
active Ca®'-stimulated ATPase [29,30]. Although
the K'-stimulated ATPase activity was inactivated by
treatment with trypsin both in presence and absence
of ATP [29], the enzyme activity could be fully
restored [29] by the endogenous activator protein
[31]. The data [29,30] suggested that the unmasked
ATPase activity associated with microsomes trypsin-
ized in presence of ATP is not an altered state of the
microsomal K'-stimulated ATPase but a true mani-
festation of a Ca?"-stimulated ATPase activity. In the
present report we have studied the properties of this
Ca®"-stimulated ATPase in detail. The possible signi-
ficance of this microsomal Ca**stimulated ATPase
in gastric H* transport has been discussed.

Methods and Materials

Isolation of gastric microsomes

Purified microsomal membranes from pig gastric
mucosa were prepared by the method described pre-
viously [31]. Briefly, the fundic mucosa of pig was
desquamated and scraped [32] to collect the oxyntic
cell enriched fractions. The mucosal cells were
homogenized in 0.25 M sucrose containing 0.2 mM
EDTA and 0.2 mM Pipes buffer (pH 6.8) by using a
loose fitting pestle in a Dounce homogenizer. The

homogenate was centrifuged at 8 000 X g for 5 min.
The process was repeated three times. All superna-
tants were pooled together and layered over 40 ml
of 37% (w/v) sucrose in 84 ml screw-cap tubes and
centrifuged at 100000 X g for 5 hin a type 35 Beck-
man angle rotor. The microsomal membrane band
appeared at the interface of the clear soluble super-
natant and 37% sucrose. The membrane bands were
collected, diluted with homogenizing medium and
centrifuged at 100000 X g for 90 min. The pellet
was resuspended in homogenizing medium at an
appropriate protein concentration and used for the
study. Proteins were assayed by the method of
Lowry et al. [33] using bovine serum albumin as
standard.

Digestion with trypsin

Treatment with trypsin was carried out at 30°C
in 50 mM Tris-HC! buffer (pH 7.5) containing 250
mM sucrose with a weight ratio of trypsin to mem-
brane protein 1 : 100 in the presence and absence of
2mM ATP. Control membranes were incubated in
parallel without trypsin. After a preincubation period
of 3 min, trypsin digestion was carried out for 10 min
and terminated by adding soybean trypsin inhibitor
equalling twice the weight of trypsin. About 0.5-1
mg membrane protein was used for trypsin digestion.
After the treatment the membranes were isolated by
centrifugation for 60 min at 100000 X g in the cold,
resuspended in sucrose (250 mM sucrose/0.2 mM
EDTA/0.2 mM Pipes buffer (pH 6.8)) and used for
the present study. While all the proteins of the con-
trol (without trypsin) membranes were recovered in
the pellet, a significant portion (12.6 * 1.1%) of the
microsomal proteins remained in the supernatant
after the high-speed centrifugation of the trypsinized
microsomes.

Assay of ATPase

The ATPase was assayed as previously described
[31]. The incubation mixture contained, in a total
volume of 1ml, 50 umol Pipes (pH 6.8) 1 umol
MgCl,, 2 umol Tris * ATP and 10 ug membrane pro-
tein in the presence or absence of 2 umol KCl. After
10 min preincubation at 37°C the reactions were
started with 2 umol of Tris - ATP and incubated for
15 min. The reactions were stopped by adding 1 ml
of 12% (w/v) trichloroacetic acid. The P; was assayed



by the procedure of Sanui [34]. The K'-stimulated
ATPase activity was calculated by subtracting the
basal rate (with Mg®* as the only cation) from the rate
of hydrolysis of ATP in the presence of both Mg**
and K*.

For the assay of Ca?"-stimulated ATPase, the reac-
tion mixture generally contained in a total volume of
1 ml 50 umol Tris-Pipes buffer (pH 7), 1 umol MgCl,,
1 umol Tris - ATP, 10 ug membrane protein 1 umol
EGTA in the presence and absence of different con-
centrations of Ca®*. All other incubation conditions
were the same as mentioned above. A Kypp of 1 +107
was used to calculate the concentrations of free Ca®*
in Ca?’/EGTA buffer [35] as described by Reddy and
Wynborny [36]. For the Ca’*/EGTA buffer a fixed
(1 mM) concentration of EGTA (pH 7.0) with vari-
able amounts (0.244-0.99 mM) of Ca(NO;), in 50
mM Tris-Pipes buffer (pH 7.0) was used. Under such
conditions, the presence of 1 mM ATP and 1 mM
Mg?" in the incubation mixture does not appreciably
alter the concentration of free Ca?" in the assay me-
dium [37].

Materials

ATP, CTP, GTP, ITP, UTP, trypsin, trypsin inhibi-
tor, Tris base, pCMBS, N-ethylmaleimide, EGTA,
sucrose and Pipes were purchased from Sigma Chemi-
cal Co. TNBS and FDNB were purchased from Al-
drich Chemical Company. MDPF was a generous gift
from the laboratory of Dr. Weigele and kindly sent by
Dr. W.E. Scott, Hoffman-LaRoche, Inc., Nutley, NJ.
All other reagents were the best grade available from
the market.

Results

Fig. 1 shows the effects of K* and/or Ca®" on the
ATPase activity associated with control and trypsin-
ized gastric microsomes. The control membranes
demonstrate very low stimulation by Ca®" and a large
stimulation by K" of the microsomal ATPase. The K*-
stimulated activity of the control microsomes is abol-
ished by 1 mM Ca?". The trypsinized microsomes, on
the other hand, showed a significantly higher level of
Ca®" stimulation and virtually no stimulation by K”.
Furthermore, the stimulation of ATPase by Ca®"
in the digested membrane was independent of the
presence of K in the assay medium.,
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Fig. 1. Effects of K* and/or Ca?* on the ATPase activity
associated with control (untreated) and trypsinized pig gas-
tric microsomes. Trypsinization was done in presence of 2
mM ATP. Details of trypsinization and assay of ATPase are
given in Methods and Materials. Whenever used, the concen-
trations of K* and Ca?* were 2 and 1 mM, respectively. No
EGTA was present in the assay medium. Data are mean #
SE. (n=3).

Fig. 2 shows the effects of different pH on the
Ca®"-stimulated ATPase activity associated with
trypsinized microsomes. pH 6.8 appears to be optimal
for the Ca®"-stimulated ATPase. Rather large changes
in activity between the narrow range of pH 6.5 and
7.0 demonstrates pH 6.8 to be critical for the enzyme
function under the conditions of our assay.

Effects of different divalent cations on the Ca®'-
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Fig. 2. Effects of pH on gastric microsomal Ca?*-stimulated
ATPase activity. Tris/Pipes buffers of different pH values and
a fixed concentration of Ca?* (1 mM) without EGTA were
used. Details of the assay are given in Methods and Materials.
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stimulated ATP hydrolysis by the trypsinized pig
gastric microsomes are shown in Table 1. While Ba®"*
and Sr®" act as partial inhibitors of the Ca®*-stimu-
lated ATPase; Zn?* and Mn** completely inhibit the
Ca**-stimulated activity. It should be mentioned in
this connection that when tested alone at 1 mM con-
centration; none of the divalent cations except Ca**
was effective in stimulating the hydrolysis of ATP
(Table I).

The Ca*'-stimulated ATPase activity is completely
dependent on the presence of Mg?*. Effects of differ-
ent concentrations of Mg?* on the gastric microsomal
Ca?"stimulated ATPase is shown in Fig. 3. The opti-
mum concentration of Mg?* was found to be 1.0 mM.
2 mM Mg?* was found to be inhibitory for the Ca?*-
stimulated ATPase. The Lineweaver-Burk plot of the
data (Fig. 3, inset) shows the apparent Ky for Mg?"
to be about 0.4 mM. However, the real K4 for Mg®*
will be less than 0.4 mM due to binding of some Mg?”
by EGTA under the conditions of our assay (Fig. 3).

Effects of different concentrations of free Ca®”
into the assay medium on the activity of microsomal
Ca*'stimulated ATPase are shown in Fig. 4. About
5 - 107% M Ca®" appears to be needed for the maximal
activation of the Ca?"-stimulated ATPase of the tryp-
sinized microsomes. Not shown in Fig. 4 is the fact

TABLE |

EFFECTS OF DIFFERENT DIVALENT CATIONS ON THE
CaZ*STIMULATED ATPase ACTIVITY OF PIG GASTRIC
MICROSOMES

The concentation of free Ca2* in the assay medium was 1073
M. The microsomes were preincubated for 15 min at 37°C in
Tris/Pipes buffer (pH 7.0) containing 1 mM EGTA, 1 mM
Mg#t and other test substances in the presence and absence of
an appropriate amount of Ca?*. At the end of the preincuba-
tion period the reactions were started by adding 1 mM ATP
and incubated further for 15 min. Details of the assay proce-
dure are given in Methods and Materials. Data are mean +
S.E. (n =8).

Cation tested
(1 mM)

ATPase activity (umol/mg protein per h)

without Ca2*  with Ca?t ACa?

None (control)  22.96 +0.65 32.23+0.62 9.27
BaZ+ 20.68 £0.35 2546 +0.40 4.60
Sr2+ 21.34+1.03 2399 +1.41 2.65
Mn2+ 23.25 053 22,20+ 048 -1.05
Zn2* 21.09*+0.44 20.64 +1.2 -0.45
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Fig. 3. Effects of different concentrations of MgCl, in the
assay medium on gastric microsomal Ca?*-stimulated ATPase
activity. The concentration of free Ca?* was maintained at
107° M using ! mM EGTA. The inset shows the Lineweaver-
Burk plot of the data. Details of the assay are given in
Methods and Materials. Data are mean £ S.E. (n = 4).

that the Ca*'-stimulated activity remains unaltered
with higher (up to 1 mM) Ca®’. The control mem-
branes did not show any significant Ca®*-stimulated
activity under all those conditions of varied concen-
trations of free Ca** (Fig. 4).

Fig. 5 shows the effects of different concentra-
tions of ATP on the Ca?*-stimulated ATPase activity
associated with the trypsin-treated gastric micro-
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Fig. 4. Effects of different concentrations of free Ca?* on the
CaZ*-stimulated ATPase activity associated with control and
trypsin-digested microsomes. A fixed concentration (1 mM)
of EGTA and variable amounts of Ca?* were used to obtain
the desired free Ca2*. The Ca?*-stimulated ATPasc was taken
as the rate in the presence of both Ca2* and Mg2" minus the
basal (only Mg2* as cation) rate. Values are mean ¢ S.E. (n =
3.
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Fig. 5. Effects of different concentrations of ATP on the
Ca?*stimulated ATPase activity associated with trypsinized
gastric microsomes. The concentration of Ca?* was main-
tained at 107 M using 1 mM EGTA in the assay medium.
ATP does not have any significant effect on free Ca®* under
these conditions [37]. The inset shows the Lineweaver-Burk
plot of the data. Details of the assay are given in Methods
and Materials. Data are mean £ S.E. (n = 3).

somes. About 1 mM ATP appears to be optimal for
the Ca®'stimulated activity. The Lineweaver-Burk
plot of the data (Fig. 5, inset) demonstrates that the
K, for the enzyme is about 0.07 mM ATP.

Table 11 shows the efficacy of various nucleotide
triphosphates to act as substrates for the Ca?"-stimu-

TABLE II

CALCIUM STIMULATION OF THE HYDROLYSIS OF
DIFFERENT TRIPHOSPHONUCLEOTIDES BY THE
TRYPSINIZED GASTRIC MICROSOMES

The microsomes were perincubated for 15 min at 37°C in
Tris/Pipes buffer (pH 7.0) containing 1 mM EGTA, | mM
Mg2+ and an appropriate amount of Ca2* ([Ca%:ee] =105
M). At the end of preincubation the reactions were started
with 1 mM of different nucleotides and incubated further for
15 min. Details of assay are given in Methods and Materials.
Data are mean * S.E. (n = 8).

Nucleotide Enzyme activity (umol/mg protein per h)
tested

(1 mM) without CaZ* with Ca2+ ACa%
ATP 21.07£044 30.88 £ 0.40 9.81
GTP 24.55 +1.20 27.35+£0.70 2.80
CTP 23.09 £0.19 25.224+0.92 2.13
iTP 2651 £0.14 30.01 +0.11 35
uTP 23.16 £0.48 22.80 +0.09 -0.36
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TABLE IlI

EFFECTS OF VARIOUS INHIBITORS ON THE GASTRIC
MICROSOMAL Ca2+-STIMULATED ATPase ACTIVITY

The microsomes were preincubated for 15 min at 37°C in
Tris/Pipes buffer (pH 7.0) containing 1 mM EGTA, 1 mM
Mg?, an appropriate amount of Ca2* ([Cafree] = 1075 M)
and other test substances. At the end of preincubation the
reactions were started by adding 1 mM ATP and incubated
further for 15 min. Details of assay, are given in Methods and
Materials. Data are mean *S.E. (n =4). NEM, N-ethylmal-
eimide.

Agent tested ATPase activity (umol/mg protein per h)

without Ca?*  with Ca2* ACa?t

None (control) 2148 £0.41 30,97 £0.90 9.49
NaF (1 mM) 21.48 £ 1.04 2348 +1.14 2.0

NEM (1 mM) 22.05+0.38 24821157 2.77
pCMBS (10 uM) 26.17+1.44 2741%0.98 1.24
TNBS (1 mM) 20.67 £ 0.88 22.34 £0.70 1.67
FDNB (1 mM) 21.59+£1.40 21.65 +1.35 0.06
MDPF (20 ug) 23.55+0.65 24.37+0.53 0.71

lated hydrolytic activity. ATP is the most and UTP
the least preferred substrate; the order being ATP -
ITP - GTP —» CTP - UTP.

Effects of various inhibitors on the gastric Ca2*-
stimulated ATPase activity are shown in Table III.
Between the two sulfhydryl agents, pCMBS was
nearly 100-times more potent than N-ethylmaleimide.
NaF, the mechanism of action of which is unknown
also inhibits about 80% at 1 mM concentration. Of
the three amino (primary)-reactive agents, TNBS,
FDNB and MDPF, MDPF is the most potent inhibi-
tor. TNBS, which unlike FDNB is a membrane-
impermeable reagent [27], is about 25-times less
effective than FDNB at 1 mM concentration.

Discussion

The gastric microsomes used in the present study
were derived primarily from the apical and tubulo-
vesicular membranes of the acid-secreting cells and
have previously been characterized as plasma mem-
branes on the basis of enzyme data [25—28], lipid
compositions including cholesterol-to-phospholipid
molar ratio of 1.9 [31] and electron microscopy
showing absence of mitochondrial and endoplasmic
reticulum type membranes [32].



462

Trypsinization of gastric microsomes in presence
of ATP results in the unmasking of a microsomal
Ca*'stimulated ATPase activity (Fig.1). The Ca*'-
stimulated ATPase activity, however, is not mani-
fested when the microsomes are trypsinized in ab-
sence of ATP but otherwise under identical condi-
tions [29,30]. Unmasking of the Ca**-stimulated
ATPase is not due to an alteration of the microsomal
K'-stimulated ATPase by trypsin since the K*-stimu-
lated activity can be fully restored [29] by the addi-
tion of partially purified activator protein. Hence,
these data (Fig.1) suggest that there must be an
endogenous inhibitor which keeps the microsomal
Ca**stimulated ATPase suppressed. The inhibitor can
not be normally removed by mild trypsin treatment.
However, when combined with ATP, the inhibitor
becomes vulnerable to tryptic attack and hence
results in unmasking of the Ca?’-stimulated ATPase
activity.

Like Ca®'stimulated ATPase of any other tissue
[4—19], the enzyme is completely dependent on
Mg?* for its activity. The K, for Mg** is about 0.4
mM (Fig. 3). The activity is strongly inhibited at 2
mM (Fig. 3) or higher (data not shown) concentra-
tions of Mg?". It is possible that Mg?* at higher con-
centrations may compete with Ca®* for the Ca?" site
and thus exert its inhibitory effects. The inhibitory
effects of other divalent cations such as Sr?*, Ba?’,
etc. (Table ) may also be explained in that light.
Alternatively, Sr?*, Ba?*, Mn?* and Zn?" may either
compete with Mg?" for their effects or may have com-
bined effects on both Ca?" and Mg?" sites of the en-
Zyme,

Of all the nucleotide triphosphates tested ATP
is the most effective substrate (Table II); the enzyme
has a Ky, of about 70 uM ATP (Fig. 5), a value com-
parable to those of other Ca®*-transport ATPases in
the literature [9,13,18]. The K, 5 for Ca®** is about
1078 M. Maximal activation occurs at Ca®" concen-
trations of 107 M or higher. The demonstration of
such high affinity Ca®' sites for the gastric micro-
somal Ca®"-stimulated ATPase makes the acid-secret-
ing cells a candidate for calcium pumping mechanism,
in analogy to red cell membrane calcium pump [40].

The pH optimum for the activation of Ca2*-stimu-
lated ATPase of gastric microsomes is sharp and lies
within a very narrow range around pH 6.8; the activ-
ity being significantly reduced above pH 6.8. Such pH

sensitivity of the Ca*'-stimulated ATPase may have
some important implications in terms of the role of
Ca®" in gastric acid secretion. Thus, after the onset of
H' transport the intracellular pH of the acid secreting
cells have been reported to show an alkaline shift
[41]. Therefore, if a Ca** pump is somehow involved
at the initiation stage of acid secretion, the pump
activity could be greatly reduced during the steady-
state condition of acid secretion due to the elevated
intracellular pH.

Inhibition of the Ca%*stimulated ATPase (Table
II) by the sulfhydryl agents (pCMBS and N-ethyl-
maleimide) suggest the involvement of some critical
-SH groups in the enzyme function. This observation
is consistent with the reports on the Ca*'-stimulated
ATPase of other systems [18,42]. Inhibitory effects
of the primary amino group reactive agents such as
TNBS, FDNB and MDPF (Table III) suggest participa-
tion of some free NH, groups in the gastric Ca%'-
stimulated ATPase function. It is noteworthy that
some free NH, groups of the Ca®"-stimulated ATPase
have been demonstrated to be critical for its function
in other systems as well [43].

How the Ca®’stimulated ATPase may be related
to the gastric H™ transport mechanism is a subject of
much speculation. Ca®' has been suggested to be a
final common mediator for the effects of gastric
secretagogues [23] in H' transport. Our data (Fig. 1)
show that Ca?* (1 mM) strongly inhibits the micro-
somal K'-stimulated ATPase, which has recently been
demonstrated to be the enzymatic pumping mecha-
nism for the neutral antiport of H" and K* (K*-H"
exchange) in gastric microsomal vesicles [44—46] and
probably in intact mucosa as well [47,48]. It is likely
that the influence of Ca®" on gastric acid secretion
may lie in its direct effect on the gastric K'-stimu-
lated ATPase system. Recent reports [49] on the
inhibitory effects of uM (10—-20 M) concentrations
of Ca®" on the endogenous activator-stimulated ATP-
ase of gastric microsomes strongly suggests such a
possibility. The apical membrane-located Ca?* pump
may therefore work by simply removing Ca** from
the K'-stimulated ATPase environment, thus ensuring
optimal functioning of the K*/H" exchange system.
The second possible role of Ca®>* may be in the well-
known phenomenon of membrane transformation,
which is known to accompany the secretagogue-
induced gastric acid secretion. It is believed [50] that



the intracellular tubulovesicular membranes fuse with
the apical plasmalemma to provide the greater surface
area needed to meet the secretory demand of the
tissue. Ca?* may be needed for the activation of any
type of phospholipase A, located at the point of
fusion of the secretory membranes. The high concen-
tration of Ca®" needed for the activation of the phos-
pholipases is subsequently pumped out of the cell by
the Ca®*-stimulated ATPase after completion of the
membrane fusion process.

Another question of fundamental importance that
remains to be answered is why the gastric micro-
somal Ca®'-stimulated ATPase remains in a latent
form. Does the dependency on the proteolytic activa-
tion of the Ca?"-stimulated ATPase in presence of
ATP carry any special significance in terms of regula-
tion of the gastric secretory process? The answer
awaits future investigation in this area. However,
proteolytic activation of the gastric microsomal Ca*-
stimulated ATPase is not a unique phenomenon, since
trypsin activation of a latent ATPase in Mycobac-
terium phlei has recently been reported [S1].
Furthermore, unmasking of a latent Ca®*stimulated
ATPase by trypsin has been reported in the mem-
brane vesicle preparation from Azotobacter vinelandii
[52] where the trypsinized membranes were demon-
strated to extrude Ca?’, mediated by the unmasked
ATPase.
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