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Sarcoplasmic reticulum vesicles and purified CaZ*-
ATPase hydrolyze acetyl phosphate both in the presence
and absence of Ca%*. The Ca?*-independent activity was
fully sensitive to vanadate, insensitive to thapsigargin,
and proceeded without accumulation of phosphorylated
enzyme. Acetyl phosphate hydrolysis in the absence of
Ca?* was activated by dimethyl sulfoxide. The Ca2*-de-
pendent activity was partially sensitive to vanadate,
fully sensitive to thapsigargin, and associated with
steady phosphoenzyme accumulation. The Ca®*/P; cou-
pling ratio at neutral pH sustained by 10 mm acetyl
phosphate was 0.57. Addition of 30% dimethyl sulfoxide
completely blocked Ca?* transport and partially inhib-
ited the hydrolysis rate. Uncoupling induced by di-
methyl sulfoxide included the accumulation of vana-
date-insensitive phosphorylated enzyme. When acetyl
phosphate was the substrate, the hydrolytic pathway
was dependent on experimental conditions that might
or might not allow net Ca®>* transport. The interdepen-
dence of both Ca?*-dependent and Ca?*-independent
hydrolytic activities was demonstrated.

The small non-nucleotide substrate acetyl phosphate (AcP)!
can be hydrolyzed in vitro by the SR Ca?*-ATPase. When a
preparation of native SR vesicles is used, the free energy re-
leased from AcP hydrolysis may be partially coupled to the
formation of a Ca?* gradient (1-3). Such AcP hydrolysis leads
to the steady accumulation of an acid-resistant, hydroxyla-
mine-sensitive EP, as occurs with ATP (4). Other substrates
bearing a carboxyl-phosphate anhydride bond such as succinyl
phosphate, benzoyl phosphate, carbamyl phosphate (5), and
furylacryloyl phosphate (6) can be used by the SR Ca%*-ATPase
to elicit active Ca2" transport.

Nonetheless, the behavior of AcP as an energy donor sub-
strate is uneven. Other cation-transporting ATPases, such as
H* K*"-ATPase from gastric mucosa (7) or H*-ATPase from
yeast plasma membrane (8), are unable to maintain active
transport during AcP hydrolysis. This observation has sug-
gested that P-type ATPases do not share the same energy
coupling mechanism (7).
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The coupled reaction cycle of SR Ca?"-ATPase, as it is usu-
ally described (9), involves the participation of phosphorylated
and nonphosphorylated enzyme conformations with or without
bound Ca?". In fact, conversion of the Ca®*-bound phosphoryl-
ated conformation into the CaZ*-free nonphosphorylated con-
formation and vice versa is the key element in guaranteeing the
optimal Ca%*/P; coupling of 2.

It is also known that SR Ca%*-ATPase displays hydrolytic
activity on different phosphorylating substrates both in the
presence and absence of Ca%* (10—13). The existence of a CaZ*-
independent activity confirms that the catalytic route may
occur exclusively through Ca?*-free enzyme conformations. It
is self-evident that any hydrolysis occurring through Ca2"-free
conformations will produce uncoupling. Likewise, it has been
shown that an alternative pathway of intramolecular uncou-
pling may occur through Ca®?*-bound conformations when
phosphorylating substrates, such as ATP (14), UTP (15), or
pNPP (12), are hydrolyzed in the presence of Ca®*. Uncoupled
reaction cycles of the SR Ca®"-ATPase have been interpreted
as a physiological mechanism of heat production in skeletal
muscle fibers (16, 17).

The present study addresses the characterization of hydro-
lytic activities using AcP as a representative phosphorylating
agent bearing a carboxyl-phosphate bond. The steady-state
distribution of enzyme conformations with or without bound
Ca?* during AcP hydrolysis was evaluated with the aid of the
reagents TG, vanadate, and Me,SO. The experimental evi-
dence was completed by assessing whether or not the hydro-
lytic mechanism included the steady accumulation of EP. This
work sheds light on the catalytic and energy transduction
mechanism and provides evidence for alternative pathways of
substrate utilization by the SR Ca®"-ATPase.

MATERIALS AND METHODS

Materials—[**Ca]CaCl, was a product of PerkinElmer Life Sciences,
and potassium [*?P]phosphate was from Amersham Biosciences. The
Ca?* standard solution Titrisol was obtained from Merck. TG was
purchased from Molecular Probes Europe, Leiden, The Netherlands.
Stock solutions of TG were prepared in Me,SO. Solutions of 1 mM
orthovanadate were prepared by dissolving ammonium metavanadate
in ultrapure water (Milli-Q grade) adjusted to pH 10.0 with NaOH. The
absence of a yellow/orange color confirmed the absence of decavanadate
and the presence of monovanadate species (18). AcP (A 0262), Me,SO
(D 8779), deoxycholate (D 4297), and other reagents of analytical grade
were obtained from Sigma. Nitrocellulose filter units (HA type) with a
0.45-pM pore diameter from Millipore and a Hoefer filtration box from
Amersham Biosciences were used to evaluate Ca®* transport and EP
level.

SR Vesicles and Purified Enzyme—A microsomal fraction of sealed
vesicles enriched in Ca?*-ATPase was obtained from homogenized rab-
bit skeletal muscle as described by Eletr and Inesi (19). The Ca®*-
ATPase protein was purified from SR vesicles by partial solubilization
with deoxycholate, according to method 2 of Meissner et al. (20). Iso-
lated samples were aliquoted and stored at —80 °C until use. One mg of
SR protein contains ~4 nmol of active enzyme, as deduced from the
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maximal EP level after addition of ATP plus Ca®*; therefore, 0.4 mg/ml
is equivalent to 1.6 um Ca®*"-ATPase.

AcP Hydrolysis—Initial rates of AcP hydrolysis were measured at
25 °C, according to Lipmann and Tuttle (21). The colorimetric proce-
dure is based on the evaluation of acetohydroxamic acid as a function of
time, which is a measurement of unhydrolyzed AcP. When the enzyme
activity was measured at neutral pH and in the presence of 50 uM free
Ca®", the reaction medium consisted of 20 mm Mops, pH 7.0, 80 mM
KCl, 20 mm MgCl, 1 mm EGTA, 1.04 mm CaCl,, 5 mM potassium
oxalate, 0.4 mg of SR/ml, and 10 mm AcP. Alternatively, the reaction
was measured at acidic pH using 20 mMm Mes, pH 6.0, as a buffer and
decreasing the CaCl, concentration to 0.608 mwm or under alkaline
conditions by including 20 mwm Tris-HC], pH 8.0, and 1.05 mm CaCl,.
Oxalate and CaCl, were not added when the experiments were per-
formed in the absence of Ca®". Other conditions were as described in
the corresponding figure legends. AcP hydrolysis in the presence or
absence of Ca®?" was also measured using samples of purified enzyme.
In this case, the protein concentration was 0.2 mg/ml, and oxalate was
not present.

Ca®* Transport Experiments—Initial rates of Ca%* transport were
measured at 25 °C with the aid of the radioactive tracer **Ca®" (22).
The standard reaction medium contained 20 mM Mops, pH 7.0, 80 mm
KCl, 20 mm MgCl,, 1 mm EGTA, 1.04 mMm [**Ca]CaCl, (~1,500 cpm/
nmol), 5 mM potassium oxalate, 0.4 mg of SR/ml, and 10 mm AcP.
Aliquots of 0.2-ml reaction mixture (0.08 mg of protein) were manu-
ally filtered under vacuum at different time intervals. Filters con-
taining the *°Ca®"-loaded vesicles were rinsed with 10 ml of ice-cold
medium consisting of 20 mM Mops, pH 7.0, and 1 mm LaCl,. The
radioactivity retained in the filters was measured by liquid scintilla-
tion counting.

Radioactive AcP and Steady-state EP—[**P]AcP was prepared from
potassium [*?P]phosphate and acetic anhydride in a pyridine medium
as described by Kornberg et al. (23). The reaction medium consisted of
0.25-ml aliquots containing 50 um free Ca®* (20 mm Mops, pH 7.0, 80
mM KCI, 20 mm MgCl,, 1 mMm EGTA, 1.04 mm CaCl,, 5 mM potassium
oxalate, and 0.4 mg of SR/ml) or a Ca®"-free medium (20 mm Mops, pH
7.0, 80 mm KCI, 20 mm MgCl,, 1 mM EGTA, and 0.4 mg of SR/ml).
Phosphorylation at 25 °C was initiated by adding 2 mm [*2P]AcP
(~50,000 cpm/nmol) and allowed to proceed for 30 s when the experi-
ments were performed in the presence of Ca®?* or for 1 min when a
Ca®*-free medium was used. The reaction was stopped by adding 5 ml
of ice-cold quenching solution containing 125 mM perchloric acid and 2
mM sodium phosphate. Denatured samples were kept in an ice-water
bath for 5 min before manual filtration under vacuum. Filters were
extensively rinsed with 50 ml of ice-cold quenching solution and then
solubilized and counted by the liquid scintillation technique. The initial
reaction medium was supplemented with certain reagents when indi-
cated. A blank assay was performed by adding quenching solution to the
sample aliquot before radioactive AcP.

Other Procedures—Protein concentration was measured by the pro-
cedure of Lowry et al. (24) using bovine serum albumin as standard.
Free Ca®?* was adjusted by the addition of CaCl, and EGTA stock
solutions, as calculated by computation (25). The computer program
used the Ca?*-EGTA absolute stability constant (26), the H,"-EGTA
dissociation constants (27), and the presence of relevant electrolytes in
the medium. For the purpose of this study, the terms absence of Ca®*,
Ca®"-independent, or Ca?*-free refer to a low free Ca®* concentration
that is insufficient to activate the enzyme.

Data Presentation—The plotted mean values correspond to at least
three independent assays, each performed in duplicate. The standard
errors (plus or minus) are also included. Curve fitting was carried out
with the SigmaPlot Graph System from Jandel Scientific.

RESULTS

The effect of AcP concentration on the hydrolysis rate was
initially measured in the presence and in the absence of Ca®*.
The experimental conditions included native SR vesicles in a
buffered medium at neutral pH and the presence of 80 mm K™
and 20 mm Mg2". Free Ca%" was adjusted to 50 um to measure
the Ca%*-dependent rate or decreased below the nm range to
evaluate the Ca?*-independent component. Oxalate was in-
cluded in measurements of Ca®*-dependent activity. A hyper-
bolic dependence was observed when the hydrolysis rate was
plotted as a function of AcP concentration (Fig. 1). The maximal
rate calculated from curve fitting was 277 nmol of P/min/mg of
protein in the presence of Ca?* and 138 nmol of P/min/mg of

Acetyl Phosphate Hydrolysis and Ca®*-ATPase

200

100

AcP Hydrolysis (nmol/min/mg)

0 5 10 15 20
AcP (mM)

Fic. 1. Dependence of the hydrolysis rate on AcP concentra-
tion using isolated SR vesicles. Experiments were performed at
25 °C in a medium containing 50 uM free Ca®* (20 mm Mops, pH 7.0, 80
mM KCl, 20 mm MgCl,, 1 mm EGTA, 1.04 mm CaCl,, and 5 mm K*-
oxalate) (O) or a Ca?*-free medium (20 mm Mops, pH 7.0, 80 mm KCl, 20
mM MgCl,, and 1 mm EGTA) ([J). In both cases, the protein concentra-
tion was 0.4 mg of SR/ml, and the reaction was started by adding a
given AcP concentration.

protein in the absence of Ca?*. The K, value for AcP was 5 mm
both in the presence and absence of Ca?", confirming its nature
as a low affinity substrate (28).

The AcP hydrolysis rate was also measured at different pH
values. The Ca2"-dependent activity in SR vesicles increased
as pH rose from 6.0 to 7.0 and was very similar at pH 7.0 and
8.0, whereas the Ca®"-independent activity showed lower val-
ues and was less sensitive to the H" concentration (Fig. 24).
When a purified enzyme preparation was used, the pH depend-
ence of the hydrolytic rate measured in the presence or absence
of Ca?" displayed similar behavior (Fig. 2B). Measurements of
Ca?"' transport sustained by 10 mm AcP indicated that the
transport rate was higher at neutral pH since it decreased as
the pH was lowered to 6.0 or raised to 8.0. Taking into account
the corresponding data on hydrolysis in the presence of Ca2?™", a
coupling ratio of 0.57 at neutral pH can be derived. The cou-
pling decreased to 0.31 at pH 6.0 and was close to zero at pH 8.0
(Fig. 20).

The hydrolytic rate in the presence of AcP can be analyzed
with the aid of certain reagents. Thus, the sensitivity to TG was
studied by measuring enzyme activity at 25 °C and neutral pH
using 10 mM AcP as substrate. The Ca®"-dependent activity
was evaluated in the presence of 50 uM free Ca?" and 5 mm
oxalate, whereas the Ca%*-independent activity was assayed in
the absence of both Ca®" and oxalate. Fig. 3A shows that TG
produced a concentration-dependent inhibition when the meas-
urements were carried out in a Ca%*-containing medium. The
hydrolytic activity decreased from 230 nmol of P/min/mg of
protein in the absence of TG to 110 nmol of P;/min/mg of protein
when the TG/enzyme molar ratio was =1. In contrast, the
Ca®"-independent activity amounted to ~110 nmol of P/
min/mg of protein and was insensitive to TG even when the
inhibitor concentration was raised to 6.4 uM, i.e. when the ratio
mol of TG/mol of Ca®*-ATPase was 4.

The sensitivity to vanadate was also analyzed using the
same approach. The inhibition of the Ca®"-independent activ-
ity by vanadate was consistent with the existence of a single
enzyme population, being completely inhibited by ~10 um van-
adate (Fig. 3B). However, enzyme activity in the presence of 50
uM free Ca%* displayed a biphasic pattern. A first component,
corresponding to 30%, was highly sensitive to vanadate
whereas a second component, amounting to 70%, corresponded
to a fraction more resistant to inhibition (Fig. 3B). Interest-
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Fic. 2. Effect of pH on Ca®* activation and Ca**/P; coupling
when AcP was the phosphorylating substrate. Hydrolytic activi-
ties in the absence of Ca®?* or in 50 uM free Ca®?* medium (open bars)
and Ca®* transport in the presence of 50 uM free Ca®* (closed bars) were
measured at pH 6.0, 7.0, or 8.0. The temperature was 25 °C, and 10 mm
AcP was the substrate. Experiments were carried out with 0.4 mg/ml
SR vesicles (A and C) or with 0.2 mg/ml purified Ca?*-ATPase (B). The
coupling ratio was obtained by dividing the transport rate by the hy-
drolysis rate in the presence of Ca®>" at the selected pH. The composi-
tion of the reaction media is as described under “Materials and
Methods.”

ingly, when the Ca?"-containing medium was supplemented
with equimolar TG, i.e. when TG was 1.6 uM and the SR protein
was 0.4 mg/ml, the biphasic dependence became monophasic,
and the inhibitory profile in the presence of Ca®" coincided
with that observed in the absence of Ca®".

Ca?"-dependent and Ca?*-independent activities displayed
different patterns when assayed in the presence of Me,SO. The
Ca®*-independent activity measured at neutral pH and in the
presence of 10 mM AcP was linearly activated from 110 to 270
nmol of P/min/mg of protein when the Me,SO concentration

38129

TG/Enzyme (mol/mol)
0 1 2 3 4

200

100

AcP Hydrolysis (nmol/min/mg)

0= . . .
0 2 4 6

TG (uM)

200

100 |

(o]

AcP Hydrolysis (nmol/min/mg)

Vanadate (uM)

Fic. 3. Sensitivity to TG or vanadate of Ca®*-dependent and
Ca®*-independent hydrolytic activities in SR vesicles. The rate of
AcP hydrolysis was measured at 25 °C in 50 um free Ca®" (O) or
Ca?"-free medium ([J). A, initial incubation medium as described in the
legend of Fig. 1. Then, a given TG concentration was added, and 5 min
later, the reaction was started by adding 10 mm AcP. The protein
concentration was 0.4 mg/ml SR vesicles, i.e. 1.6 um Ca®?*-ATPase. In B,
the composition of reaction medium is as specified in the legend of Fig.
1 but supplemented with a given vanadate concentration. In some
experiments, 1.6 uM TG (equimolar) was added during preincubation to
the 50 uMm free Ca®>" medium before the addition of vanadate (A).
Reactions were started by adding 10 mm AcP. Fast and slow compo-
nents in the biphasic dependence on vanadate were evaluated by curve
fitting.

was raised from 0 to 30% (v/v) (Fig. 4A). In contrast, the
enzyme activity in the presence of 50 um free Ca?" was par-
tially inhibited when the organic solvent was raised in the
same concentration range. The rate of AcP hydrolysis in the
presence of Ca?* was 230 nmol of P/min/mg of protein in
the absence of organic solvent and 118 nmol of P/min/mg of
protein when 30% Me,SO was present.

The functional effect of Me,SO was also studied by meas-
uring Ca®" transport in a medium containing 50 uM free Ca?*
and 10 mM AcP. The Ca?" transport rate at neutral pH was 130
nmol of Ca2"/min/mg of protein when measured in the absence
of Me,SO but practically zero when measured in the presence
of 30% Me,SO (Fig. 4B). The effect of Me,SO on SR vesicle
permeability was tested previously by adding the organic sol-
vent once the active transport process was initiated. The addi-
tion of 30% Me,SO after 9 min of reaction did not alter the Ca®*
content already accumulated inside the vesicles (data not
shown), thus ruling out any ionophoric activity.
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Fi1c. 4. Effect of Me,SO on AcP hydrolysis and Ca®* transport.
In A, SR vesicles (0.4 mg/ml) were initially equilibrated at neutral pH
in 50 uM free Ca®" (@) or Ca®"-free medium (O). Then, a given Me,SO
concentration (v/v) was added, and the rate of AcP hydrolysis was
measured at 25 °C in the presence of 10 mm AcP. The composition of
reaction media is as described in the legend of Fig. 1. In B, the time
course of Ca®* transport was measured at 25 °C in a medium contain-
ing 20 mM Mops, pH 7.0, 80 mm KCl, 20 mm MgCl,, 1 mm EGTA, 1.04
mM *?Ca-Cl,, (50 uM free Ca®*), 0.4 mg/ml SR vesicles, 5 mm K*-oxalate,
and 10 mM AcP in the absence (A) or presence of 30% Me,SO (v/v) ().

The uncoupling process induced by Me,SO was characterized
by studying the sensitivity to vanadate. To this end, the exper-
iments shown in Fig. 3B were now repeated in the presence of
Me,SO. When SR vesicles in a Ca?*-free medium were supple-
mented with 30% Me,SO and 10 mMm AcP was present, the
hydrolysis rate was highly sensitive to vanadate inhibition, as
observed in the absence of organic solvent (c¢f. Fig. 5 and Fig.
3B). However, the enzyme activity in the presence of 50 uM free
Ca®* and 30% Me,SO was hardly sensitive to vanadate (Fig. 5).
The sensitivity of the Ca®"-dependent activity to vanadate was
lower in the presence than in the absence of organic solvent (cf.
Fig. 5 and Fig. 3B).

Steady accumulation of radioactive EP under turnover con-
ditions was evaluated by adding [*?P]AcP (Fig. 6). Maximal EP
levels were observed when SR vesicles were phosphorylated in
the standard 50 um free Ca?* medium. EP accumulation in the
Ca?"-containing medium was practically abolished by equimo-
lar TG but was almost totally insensitive to vanadate. Further-
more, AcP hydrolysis in the Ca%*-containing medium and in
the presence of 30% Me,SO was associated with partial accu-
mulation of vanadate-insensitive EP. No EP was accumulated
when a Ca?*-free medium was used, and thus, TG or vanadate
had no effect under this condition. AcP hydrolysis in the ab-
sence of Ca®* but in the presence of 30% Me,SO led to practi-
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Fic. 5. Sensitivity to vanadate of hydrolytic activities meas-
ured in the presence of 30% Me,SO. Hydrolysis of AcP by SR
vesicles was measured at 25 °C and neutral pH in the 50 uM free Ca®*
(@) or Ca®"-free medium (O) supplemented with 30% Me,SO (v/v). The
inhibitory effect of vanadate was studied by including different vana-
date concentrations in the reaction medium.
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Fic. 6. EP accumulation sustained by AcP during the enzyme
turnover. Experiments were performed at 25 °C in 50 um free Ca®"
(upper row) or Ca?*-free medium (lower row) as described under “Ma-
terials and Methods.” The phosphorylating substrate was 2 mM
[*P]AcP, and the phosphorylation time was 30 s for the Ca®?*-contain-
ing samples or 1 min when a Ca?"-free medium was used. The reaction
medium was supplemented with 1.6 um TG (TG/enzyme = 1), 10 um
vanadate (Va), 30% Me,SO, or 30% Me,SO plus 10 um vanadate when
indicated.

cally full enzyme phosphorylation that was, in this case, sen-
sitive to vanadate.

DISCUSSION

Isolated SR vesicles as well as purified Ca?"-ATPase dis-
played AcP hydrolytic activity when measured in the presence
or absence of CaZ™" (Fig. 2, A and B). This observation was
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already made with the substrates ATP (13) and pNPP (12).
Both activities showed the same K,, values for AcP, and the
maximal hydrolytic rate in the presence of Ca®* was only twice
that observed in the absence of CaZ* (Fig. 1). These features
clearly indicated that both activities were sustained by the
Ca%*-ATPase protein. Previous studies using SR vesicles had
suggested that the Ca%*-independent activity was linked to a
contaminating phosphatase activity (29).

A major difference was the steady accumulation of EP when
the hydrolysis occurred in a Ca?"-containing medium as op-
posed to the lack of EP when a Ca®"-free medium was used
(Fig. 6). It seems that AcP can gain access to the enzyme
catalytic site either in the presence or in the absence of
Ca®*,and therefore, Ca?" binding is not a prerequisite for AcP
hydrolysis. Nevertheless, the hydrolytic process is more effi-
cient when it occurs in a Ca?"-containing medium. The phos-
phorylation rate in the presence of AcP plus Ca2" is quite slow
when compared with the rate in the presence of ATP plus Ca2™"
although sufficiently faster than the dephosphorylation rate to
allow EP accumulation (29). However, the hydrolysis rate, and
presumably the phosphoryl transfer reaction, are slower when
the reaction takes place in the absence of Ca®" and do not
compensate for EP cleavage. For this reason, no EP accumula-
tion is usually observed in a Ca®"-free medium.

According to the conventional reaction cycle, the steady ac-
cumulation of EP is associated with Ca%*-bound conformations
as opposed to uncoupled hydrolysis occurring through Ca2*-
free species. However, this is not always the case. Thus, hy-
drolysis of pNPP by SR CaZ*-ATPase in the presence of CaZ*
does not allow EP accumulation unless the experimental con-
ditions are forced (30). Moreover, furylacryloyl phosphate hy-
drolysis in the absence of Ca®* but in the presence of 30%
Me,SO produces an accumulation of ~2 nmol of EP/mg of
protein (6), and EP is accumulated when the Na®,K"-ATPase
is in the presence of ATP, K*, and Me,SO but in the absence of
Na™ (31). Furthermore, ATP hydrolysis by the plasma mem-
brane Ca?"-ATPase in the presence of Ca?" produces low EP
levels when compared with the maximal value (32). Therefore,
EP accumulation is only indicative of enzyme turnover through
Ca%*-bound conformations in certain conditions since it is af-
fected by parameters such as nature of the substrate, reaction
temperature, free Ca2" inside the vesicles, presence of organic
solvent, etc.

The rate of AcP hydrolysis was the same in the presence or
absence of Ca%2* when =1 mol of TG/mol of enzyme was added
(Fig. 3A). This observation can be explained by enzyme activity
interconversion since: (i) TG stabilizes the enzyme in the CaZ*-
free conformation (33, 34), (ii) TG does not inhibit the CaZ*-
independent activity (13), and (iii) both hydrolytic activities are
derived from the same protein. In other words, the enzyme in a
Ca%*-containing medium is forced by TG to express the Ca%*-
independent activity. This is also suggested by the fact that no
EP was accumulated in the presence of Ca®" when TG was
added, as occurs during the enzyme turnover in a Ca®"-free
medium (Fig. 6).

The existence of a major vanadate-resistant component,
which is evident when AcP hydrolysis is measured at neutral
pH and in a Ca®"-containing medium (Fig. 3B), suggests the
prevalent accumulation of Ca2?"-bound conformations since
vanadate inhibits the Ca®"-independent activity. Ca%*-bound
species were tested by repeating experiments in the presence of
equimolar TG. The inhibitor TG blocked the whole enzyme
population in the Ca®"-free conformation (Fig. 3A4), and the
vanadate-dependent inhibitory profile measured in the pres-
ence of Ca?" plus TG exactly matched that observed in the
absence of Ca?* (Fig. 3B). The fact that EP reached almost
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maximal levels in the presence of Ca?" when vanadate was
added (Fig. 6) confirms that Ca®"-bound conformations were
involved in the prevalent hydrolytic pathway.

Me,SO produced opposite effects on AcP hydrolysis rates
depending on the presence or absence of Ca2" (Fig. 4A).
Namely, the rate of AcP hydrolysis in the presence of Ca2" was
partially inhibited when 30% Me,SO was present. Also, AcP
hydrolysis in the presence of Ca®* plus 30% Me,SO did not
sustain net Ca%' transport (Fig. 4B), giving rise to energy
uncoupling. Our data indicate that the absence of Ca®?" trans-
port induced by 30% Me,SO was associated with vanadate-
resistant species (Fig. 5). Additional evidence was the steady
accumulation of vanadate-resistant EP (Fig. 6). The absence of
Ca?* transport in the presence of Me,SO with AcP as substrate
was attributed previously to energy uncoupling through Ca*-
free conformations (11, 27). In this regard, 40% Me,SO favored
the accumulation of vanadate-sensitive species, i.e. Ca®"-free
conformations when the substrate was pNPP and Ca®" was
present (12).

This study reveals that hydrolysis and uncoupling mainly
occurred through Ca®*-bound conformations and steady EP
accumulation as can be observed with the substrates ATP or
pNPP. Hydrolysis and uncoupling in the presence of Ca?* and
Me,SO also occurred mainly through Ca®*-bound conforma-
tions and EP species when the substrate was AcP, at variance
with the data obtained with the substrate pNPP (12).

The Ca®"-independent activity in this study is mechanisti-
cally similar to the Na™, K" -ATPase activity when AcP or pNPP
is hydrolyzed in the presence of K* and absence of Na™. The
so-called phosphatase activity does not support cation trans-
port and has been attributed to E, conformations (35, 36). The
present results highlight the interdependence of Ca2"-depend-
ent and Ca®"-independent hydrolytic activities catalyzed by SR
Ca?'-ATPase, and therefore, the versatility of the enzyme re-
action cycle.
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