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Abstract. The calcium pump of plasma membranes cata-mation or the E < E; transition would be involved
lyzes the hydrolysis of ATP and phosphoric esters likeduring calmodulin-dependent pNPPase activity.
p-nitrophenyl phosphate (pNPP). The latter activity re-

quires the presence of ATP and/or calmodulin, an&"Ca Key words: PMCA — Phosphatase activity — Nucleo-

[22, 25]. We have studied the effects of nucleotide-tide analogues — Lys residues — Chemical modification
analogues and chemical modifications of nucleotide_ partial reactions

binding sites on C&-pNPPase activity. Treatment with

fluorescein isothiocyanate (FITC), abolished?Ga

ATPase and ATP-dependent pNPPase, but affected onlyitroduction
45% of the calmodulin-dependent pNPPase activi-

ty. The nucleotide analogue eosin-Y had an inhibitoryThe plasma membrane calcium pump (PMCA) shares
effect on calmodulin-dependent pNPPak&.{sin.v = 2 with other P-type ATPases several features regarding the
pum). FITC treatment increaselicqgin.y 15 times.  mechanism of hydrolysis of ATP, namely: (i) the in-
Acetylation of lysine residues with N-hydroxysuccin- volvement of a phosphorylated intermediate; (ii) the bi-
imidyl acetate inactivates €&ATPase by modifying the phasic dependence of the hydrolytic activity with ATP
catalytic site, and impairs stimulation by modulators by concentration, which can be described as a sum of two
modifying residues outside this site [9]. Acetylation sup- hyperbolae, one of low,,, (1-5 um) and lowV,,,,, and
pressed the ATP-dependent pNPPase with biphasic kianother of higheK,,, (100-500.m) andV, ., 3- to 5-fold
netics. ATP or pNPP during acetylation cancels the fashigher than the lowK,,, component; (iii) the fact that
component of inactivation. Acetylation inhibited only small acyl-phosphates such as p-nitrophenylphosphate
partially the calmodulin-dependent pNPPase, but neithe(pNPP) are also hydrolyzed by this pump [20]; (iv) the
ATP nor pNPP prevented this inactivation. From theseability of derivatives of fluorescein to inhibit either re-
results we conclude: (i) ATP-dependent pNPPase deversibly or irreversibly the activity of PMCA.
pends on binding of ATP to the catalytic site; (i) the Despite these similarities, there are some character-
catalytic site plays no role in calmodulin-dependentistics that differentiate this pump from the most studied
pNPPase. The decreased affinity for eosin-Y of themembers of the family of P-type ATPases, i.e., the
FITC-modified enzyme, suggests that the sites for thesgendo) sarcoplasmic reticulum €gpump, and the Na,K
two molecules are closely related but not overlappedpump. The differences more relevant to this paper are:
Acetimidation of the pump inhibited totally the calmod- (j) the low affinity component of the ATP curve is modu-
ulin-dependent pNPPase, but only partially the ATP-jated by calmodulin or by proteolytic removal of the
pNPPase. Since calmodulin binds tg, Ehe E confor-  calmodulin binding domain [19, 22, 6]; (ii) different
from the sarcoplasmic reticulum €apump [14] or the
Na,K pump [2], the hydrolysis of alternative substrates
- like pNPP or acetylphosphate is not coupled to?Ca
Correspondence tal.P.F.C. Rossi transport [5]; (iii) the pNPPase activity requires either
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calmodulin plus calcium [25], proteolytic removal of the TREATMENT WITH FLUORESCEIN |SOTHIOCYANATE (FITC)
calmodulin binding domain [21, 7] or ATP plus €4d4]
to be elicited. The treatment with FITC was performed as described in Kosk-Kosicka

To further characterize the peculiarities of the and Bzdega [15]. Protein concentration was determined according to

. . the method of Bradford [3].
mechanism of substrate hydrolysis by the PMCA, we & method of Bradford [3]
analyzed the effects of fluorescein derivatives and

chemical modifications on the pNPPase activity of thisCurRve FITTING
pump.
Curves were fitted to the experimental results by least-squares nonlin-
ear regression by using the algorithm of Gauss Newton with optional
Materials and Methods dumping. The concentration variables were assumed to have negli-
gible error and the velocity variation to be homoscedastic. The equa-
tions used to fit the experimental points were chosen in the basis of this
MATERIALS best fitting, as judged by the minimusp of the regression. Thep of
the regression is the sum of the square errors divided by the number of
All the chemicals used in this work were of analytical grade and pur-parameters. The program used allows us to fit any function with up to
chased principally from Sigma Chemical (St. Louis, MO). Recently two independent variables and up to 15 adjustable parameters and their
drawn human blood for the isolation of €aATPase was obtained sb values.
from the Hematology Section of the Hospital dériitas General San
Martin (Argentina).
ABBREVIATIONS

FITC fluorescein isothiocyanate
PREPARATION OF HUMAN ERYTHROCYTE MEMBRANES MA methyl acetimidate

SA N-hydroxysuccinimidyl acetate
Calmodulin-depleted erythrocyte membranes were prepared using RMCA plasma membrane calcium ATPase
hypotonic lysis procedure according to Gietzen et al. [12]. SERCA  sarcoplasmic reticulum calcium ATPase

pNPPase p-nitrophenyl phosphatase

MEASUREMENT OFENZzYMIC ACTIVITIES

_ . Results
The p-nitrophenyl phosphatase (pNPPase) activity was measured by

estimating the release of p-nitrophenol (pNP). The incubation medium

contained (in mu): 120 KCI, 6.25 MgC}, 30 Tris/HCI (pH 7.4 at  ErrecT oF TREATMENT WITH FITC ON
37°C), 10 p-nitrophenyl phosphate (pNPP), 1.0 EGTA, 1 ouabain, GO_pNPFASE ACTIVITY
80 g of membrane protein/ml and the concentration of Gateces-
sary to obtain 1.um free C&*. The ATP-dependent pNPPase activity . e
was measured in the medium above described in the presence of 0Brythrocyte membranes were chemically modified by
mm ATP, while the calmodulin-dependent pNPPase activity was meatreatment Wlt_h' _FlTC, and C&ATPase and Cd- .
sured in the presence of 120 salmodulin. C&*-ATPase activitywas pNPPase activities dependent of ATP or calmodulin
measured at 37°C in a medium similar to that used for the estimationyere measured. As can be seen in Fig, duch treat-
of the p-nitrophenyl phosphatase activity, but without the addition of nent abolished both, G4&ATPase and the ATP-
p-nitrophenyl phosphate and with a final concentration of\2 ATP. dependent pNPPase, but the enzyme retained about 55%
The concentration of MgGlin such medium was 3.75wm . ’ .
of calmodulin-dependent pNPPase activity. When the
latter activity was measured as a function of the pNPP
TREATMENT WITH METHYL ACETIMIDATE (MA) concentration the FITC-treated enzyme showed both
simulation at lower and inhibition at higher concentra-
Incubation of the calmodulin-free membranes with MA was performedti(.mS of the substrate (Fig.bl Analysis by nonlinear

at 25°C (pH 7.4 at 37°C), in 50 mbicine-K (pH 8.3 a 25°C). The . . .
incubation time was 30 min. After this treatment, membranes werer(agresslon of data in F|g.b1(seelegend) reveals that

washed twice with (in m): 15 Tris-HCI (pH 7.4 at 37°C), 40 Kcl, 1.8 11C causes a decrease of tg,, with no effect in the
MgCl, and resuspended in the same buffer at a total protein concen@pparent affinity for pNPP as actlvator_. The |_nh|p_|t|on
tration of 0.5-0.8 mg/ml. by pNPP does not seem to occur with a significant

change of affinity either.

TREATMENT WITH N-HYDROXYSUCCINIMIDYL
ACETATE (SA) EFFeCT OFEOSINY ON C&™-pNPRSE ACTIVITY

SA was synthesized in our laboratory [9]. Incubation of calmodulin- It has been described that eosin-Y binds to ATP binding
free membranes with SA was performed at 25°C in 5@ hicine i?\:tes in several P-type ATPases?-K*-ATPase [13]'

potassium, (pH 8.3 at 25°C). Membranes were then spun down and "7~
washed twice with 15 m Tris-HCI (pH 7.4 at 37°C) containing 40w a’K"-ATPase [24] and Cd-ATPase from muscle sar-

KCl and 1.8 nm MgCl, and finally resuspended in the same buffer, at COp|aSmiC re'tiCL!lum [_17]- To fyrther cha}racterize which
a protein concentration of 0.5-0.8 mg/ml. nucleotide binding sites are involved in the pNPPase
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% Fig. 2. Effect of eosin-Y on calmodulin-pNPPase activity of mem-

o branes treated with FITC. Calmodulin-pNPPase activity was measured

Z 0.4 as a function of increasing concentrations of eosin-Y for membranes

s 07 treated Q) or untreated @) with FITC. The continuous lines were

g_ obtained adjusting the following equation to the experimental points:

@ .

§ 0.3 4 ® V =V, /(1 + [eosinY]/K)) 2)

% With V,,, = 100.8 + 4.4% and; = 1.2 + 0.3um for the control and

.2 V,, = 102 + 3.6% and; = 22.5 + 6.7 for the enzyme treated with

9 0.2 H FITC. Vertical bars represent standard errors.
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& 01+ b activity of PMCA, we planned to use eosin-Y as a tool.

3 In the experiment (results shown in Fig. 2), the calmod-

g ulin-dependent pNPPase activity was measured as a

8 0.0 | , | | b= function of eosin-Y concentration, both in native and in
0 6 12 18 40 60 FITC-treated membranes. Different from the effects on

the sarcoplasmic reticulum €&aATPase [16], eosin-Y
had no stimulating effect either in control or in FITC-
treated PMCA. A pure inhibitory effect can be seen with

Fig. 1. Effect of FITC. Comparison among different catalytic activities ?‘Ki 0f 1.2 KM on C(.)erI enzyme. The effect pgrssted

of the C&" pump. Membranes were incubated with 0 or 1@ of In the_ enzyme mOdI_ﬁed by FITC, but thg for eosin-Y

FITC, and different catalytic activities were determined, namef"ca Was increased 15 times. These results suggest that eo-
ATPase activity, ATP dependent pNPPase activity, and calmodulin-Sin-Y binds to a site related but not identical to the FITC
dependent pNPPase activity. Vertical bars are standard errors. Effect @ite.

pNPP on calmodulin pNPPase activity. Membranes were treated with

0 M (@) or 18 um (O) FITC and the calmodulin pNPPase activity was

measured as a function of pNPP. The continuous lines between 0 anBEFFECT OF TREATMENT WITH MA ON

20 mv pNPP were obtained adjusting the following equation to the PNPRSE ACTIVITY

experimental pointsseeRossi et Caride [23] for justification):

[PNPP] (mM)

Modification of lysine residues in erythrocyte mem-
branes with the reagent MA was shown to partially in-
with V,,, = 0.547 + 0.023.mol pNP/mg protein/hr, an,, = 2.55 + hibit Ca2+TATPaS.(.a a(.:tiVity' As we hav.e demonstrated
0.25 m for the control andv. — 0316 + 0.0élpmlﬂol pNP/mg before, thl$ mod|_f|cat|on seems to pe different frpm that
protein/hr, andK,,, = 3.05 + 0.45 nw for the FITC-treated enzyme. by FITC, since high (m) concentrations of ATP, in the
Vertical bars represent standard errors and where not shown fall withi@bsence of divalent cations, failed to prevent this inhibi-
the size of the symbols. tion [8]. MA treatment also produced a total inactivation

v = V,/(1 + K, /[pPNPP]} (1)
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Fig. 3. Effect of MA on catalytic activities of the G&pump. Mem- b 04

branes were treated with different concentration of MA as described in
Materials and Methods and the following activities of the pump were &
measured: Cd-ATPase @), ATP-dependent pNPPas®) and cal-
modulin-dependent pNPPadll) Vertical bars represent standard er-
rors and where not shown fall within the size on the symbols. TheE 0.3

continuous lines were obtained adjusting the following equation to the
experimental points:

ol/mg/

e(u
Activity (log scale)

V = Vmy/(1 + [MA/Ki,) + V(1 + [MAJ/Ki ,) ©) 0.2

The kinetic parameters are shown in Table 1.

n-dependent pNPPas

0.1 \\\\é
of calmodulin-dependent pNPPase [8]. Figure 3 showsg
an experiment in which membranes have been pretreategl
with different concentrations of MA, and then €a & g
ATPase and both pNPPase activities were measured. 0 2
It can be seen that inhibition of ATP-dependent pNPPase time (min)
by MA was larger than inhibition of Ga-ATPase, but
lesser than the inactivation of calmodulin-dependent acFig. 4. Effect of acetylation with SA on pNPPase activities. Erythro-

tivity, which was almost complete. These results are op<yte membranes were treated with 2.5118A in the presence() or

the absence®) of 3 mv ATP during O to 6 or 8 min. ATP-dependent

(a) or calmodulin-dependentb) phosphatase activities were deter-

L . . mined. 100% represents the activity of control membranes treated un-

Table 1. Kinetic parameters describing the concentratlon—dependenc%|er the same conditions except that SA was omitted. The values are
of MA treatment shown as mean #b. The insets show the same data plotted in loga-
rithmic scale. The continuous lines were obtained adjusting the follow-
ing equation to the experimental points for the experiments of ATP-
dependent pNPPase in the absence of ATP:

Parameters CGaATPase ATP-dependent Calmodulin-dependent

pNPPase pNPPase
a = a; - exp(Kt) + a, - exp(Kt) 4
vm (%)  39.6+44 296 £ 3.9 306 £ 1.8 wherea, is the activity of the first component inhibitable by SA amd
Kiy (mvm)  7.3+3.3 135+ 043 065+ 1.10 the activity for the second component inhibitable by SA. For the curve
vy (%) - 60.4+3.9 70.4 + 3.8 69.4 +17.5 of ATP-dependent pNPPase treated with SA in the presence of ATP
Ki; (mm)  NA 64.0 +12.1 16.8 + 6.9 and for calmodulin-dependent pNPPase the equation was reduced to:
Best fit-parameters obtaining by adjusting Eq. 3 to the data in Fig. 3a = ar exp(Ha) + a. ©)

NA = nonapplicable. A value of 100% represents the activity of con- wherea,, is the noninhibitable activity by SA treatment. Vertical bars
trol membranes treated under the same conditions except that MA wasepresent standard errors and where not shown fall within the size on
omitted. The values are shown as measpt the symbols. The kinetic parameters are shown in Table 2.
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Table 2. Kinetic parameters of the time course of inhibition of?GaNPPase by SA

(a) ATP-dependent pNPPase

[ATP] = 0 mm [ATP] = 3 mm
Equation a = a, - exp(Kqt) +a, - exp(Kyt) a = a; - exp(kt) +a,
a, (nmol/mg/hr) 0.381+0.110 0.377 £0.032
Kk, (min™) 1.322+0.421 0.370 + 0.009
a, (nmol/mag/hr) 0.172+0.113
Kk, (min™?) 0.202 +0.154
a,, (wmol/mg/hr) 0.173 £0.047

(b) Calmodulin dependent pNPPase

[ATP] = 0 mm [ATP] = 3 mm
Equation a = a, - exp(¥t) +a,
a, (wmol/mg/hr) 0.281+0.014 0.268 +0.021
Kk, (min™%) 0.343 £0.043 0.291 +0.058
a.. (wmol/mg/hr) 0.073+0.014 0.074 +0.022

posite to those obtained by labeling the enzyme withmembranes were treated with SA during one minute.
FITC, thus further supporting that MA modifies a dif- The resultant ATP-dependent pNPPase was measured as
ferent site, which is necessary for pNPPase activity. a function of ATP (Fig. &) and pNPP (Fig. B) concen-
trations. The concentrations of substrates used allowed
us to analyze both the activating as well as the inhibitory
regions of the curves [4]. It can be seen that the rapid
inhibitory effect occurs with no significant change in the
pparent affinities (either as activators or inhibitors) for
oth ATP and pNPP.

We assayed also the effect of pNPP during the treat-

EFFeCT OF TREATMENT WITH SA ON pNPRsE AcTiviTy

Acetylation of lysine residues with SA has been reporte
to inactivate C&"-ATPase by: (i) modifying the catalytic b
site and (ii) impairing the stimulation of this activity

th(;outghh thetrr|1()t(_1ific_ztitiog OthgﬁF’ S tr_esidl:ce/ s lying tOUt' ment of membranes with SA, in order to know whether
side the catalylic site [9]. Modifica lon OT'0n€ Or tWo 4 g protect the ATP-dependent and the calmodulin-
lysine residues related to the catalytic site could be pre- ependent pNPPase against inhibition. Results are
vented by the presence of saturating concentration Oghown in Table 3. pNPP prevented pértially ATP-
ATP [9]. dependent pNPPase from inhibition by SA. pNPP also

Erythrocyte membranes were treated with SA or T
o .prevents the inhibition of Ga-ATPase by SA [9] but
SA plus ATP, and pNPPase activities were measured, i ad no effect on inhibition of calmodL)J/Iin—de[pzandent

the presence of ATP or calmodulin. Figura d¢hows s
the time course of inactivation of the ATP-dependentpNPpaSe activity.
pNPPase by SA or SA plus ATP. These curves were
analyzed by nonlinear regression, and the results of thi
procedure are presented in Table 2. Incubation of th
enzyme with SA fully canceled out ATP-dependent
pNPPase, following a complex kinetic in which two We have modified the PMCA with different probes of
components of different velocity of inhibition can be the nucleotide binding region, and tested their effect on
distinguished. ATP during SA treatment partially pro- the pNPPase activity, in order to get information about
tected against this inhibitory effect, by neutralizing thethe relationship between the nucleotide binding site(s)
rapid first component. The behavior of calmodulin- and the site for the substrate of the phosphatase activity.
dependent pNPPase was different, as can be observed WiTC is the most widely known modifier of the nucleo-
Fig. 4b. In this case, SA inhibited only partially, follow- tide-binding site of this pump [19, 10, 15]. Modification
ing monoexponential kinetics. The constant for the in-by FITC irreversibly inhibited 100% of the ATPase ac-
activation is similar to that of the slow component of the tivity and the ATP-dependent pNPPase activity of the
inactivation of the ATP-dependent pNPPase. The prespump. However, the calmodulin-dependent pNPPase
ence of ATP did not alter the time course of inactivation. activity was inhibited by only 45% (Fig.d). Related to

To further study the effect of acetylation by SA on this, acetylation by SA, another reagent that modifies
the substrate sites, we performed an experiment in whichys residues but not as bulky as FITC, also fully can-

iscussion
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a I |[ Table 3. Effect of pNPP during treatment with SA
[PNPP] (mv) ATP-dependent Calmodulin-dependent
pNPPase (%) pNPPase (%)
0 3+2 285
30 14+2 26+7

celled C&*-ATPase [9] and ATP-dependent pNPPase
(Fig. 4a) activities. However, the fast component of the
curve was absent when the incubation with SA was per-
formed in the presence of ATP (Figa$ On the other
hand, calmodulin-dependent pNPPase activity was inhib-
ited by SA along a monoexponential curve, with a rate of
inactivation comparable to that of the slow component of
the ATPase activity. ATP (Fig.B) did not prevent the
‘ ! ' L L inactivation of the calmodulin-dependent pNPPase activ-
00 02 04 06 2.0 40 6.0 80100 ity. Taken together, these results suggest that modifica-
[ATP] (mM) tion of Lys residues inhibited C&ATPase and ATP-
dependent pNPPase by preventing ATP binding to the
0.7 high affinity site in the pump. This finding is in agree-
zi\ ment with previous results that suggest the requirement
06 — of ATP binding to its high affinity site in order to activate
the pNPPase [4]. The modification of the Lys residues
05 - involved in high affinity ATP binding does not seem to
affect by itself the hydrolysis of pNPP stimulated by
calmodulin, since its rate of inactivation by SA is the
same regardless the presence of ATP during the treat-
ment.
The partial inactivation that is produced by FITC is
probably related to the steric effect produced by the
& o ~® bulky fluorescein moiety, or by modification of other
oT \ Lys residues by FITC. It is worth mentioning that
0.1 i\ Adamo et al. [1] reported that a version of the human
o T isoform 4b of the PMCA in which Lys-591 was mutated
0.0 1 T I T O to Arg, still was irreversibly inactivated by FITC.
0 10 20 30 40 50 T test whether the fast and slow components of the
pNPP [mM] inhibition of ATP-dependent pNPPase by SA correspond
to the activating and inhibiting sites for pNPP, or for
Fig. 5. Effect of acetylation on the fast component of inactivation by ATP, the enzyme was submitted to a brief treatment with
SA on ATP-dependent pNPPase activity by ATP and pNPP. Mem-SA, During the selected time, the first rapid component
T e s oot e g1 118 bifon of ATP-clependent actvy s expected
pNPPase activity was assayed as function of concentration of g)I'P (nto be. almost completed while the second slow compq-
or pNPP b). (a) Effect of ATP. The continuous lines that fit the nent is barely manifest. However, the enzyme treated in
experiments represent the equation: th|S Way ShOWGd bOth InhlbltOI’y and aCt'Vatlng effECtS
. for ATP and pNPP, with nonsignificant change in the
v = V(1 + Ka/[ATP] + [ATPY/Ki) apparent affinities (Fig.&andb). Hence, the fast com-
with Vm = 2.30 + 0.13umol pNP/mg protein/hika = 22.7 +4.9xm  Ponent of the inhibition of the pNPPase activity by SA
andKi = 2.58 + 0.60 nw for the control and/m = 1.44 + 0.08umol cannot be related to a deleterious modification of the
pNP/mg protein/hrkKa = 24.3 + 4.9um andKi = 2.60 + 0.50 nw for sites for ATP or pNPP. Moreover, the presence of pNPP
:Egtefri‘tzi’hrze;;ezt”e:]xttg iA&XeEgslﬁtiz;p;Pgd T(*;‘ ‘;‘:(';i”‘:‘;ﬁzt"”zipduring acetylation with SA did not prevent inhibition of
replages ATPpas variable with/m = 2.13 * O.lSmeolppNP/mZ :hel‘l Ca|m(idut|ln(;depeﬂdetnihphpsr[]).fk‘lﬁtt.ase, ?rlg or;\lyrpp_ar-
protein/hr,Km = 3.74 + 0.27 nm andKi = 21.8 + 1.4 nm for the lally protec e, .agams e n ,' ! !On 0 e .
control andvm = 0.66 + 0.47umol pNP/mg protein/hrikm = 4.1+  dependent activity (Table 3), which is also against the
2.9 mv andKi = 18 + 12 nm for the enzyme treated with SA. possibility that SA modifies a site for pNPP.

ATP-dependent pNPPase (pumol pNP/h/mg)

T

0.4 —

0.3

0.2 I

ATP-dependent pNPPase (mmol pNP/h/mg)
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Eosin-Y has been proved to be a potent inhibitor ofpNPPase activity depends on a site which is not the
the calcium pump of plasma membranes (PMCA) [11].catalytic one, while the ATP-dependent pNPPase de-
In our hands, eosin-Y inhibited the calmodulin- pends on at least two, one of them being the catalytic site.
dependent pNPPase activity also, both in native and in
FITC-modified enzyme (Fig. 2). However, modification This work was supported by Consejo Nacional de Investigaciones Ci-
by FITC decreased the affinity for eosin-Y about 15-fold. entficas y Tenicas (CONICET), (PIP 0270) and UBACYT (FA-046
This result suggests that the site for eosin-Y is related t@nd FA-071). J.P.F.C.R. is a career researcher from CONICET.
the FITC-site, which is not surprising since both mol- \?\)A-T- is % rii'pc;etmgf : fle!'é’wsg'p frofm Ur_‘t'?’erls”y zf_ B”ef”t‘?]s Aires.
ecules are derivatives of fluorescein. However, the fac Cﬁ;re Incebted to Lr. Alclaes ega for crilical reading of the manu
that covalent modification by FITC did not inactivate )
completely the calmodulin-dependent pNPPase, and
noncov_alent_ binding of eosin-Y did, suggests that the 1_3it€References
for eosin-Y is close but not the same as the FITC site.

These results are in agreement with those of Gatto and!- Adamo, H.P., Filoteo, A.G., Penniston, J.T. 1996. The plasma
Milanick [11], who suggested that FITC and eosin-y ~ Membrane Cd pump mutant lysine 59L. arginine retains some
- . . activity, but is still inactivated by fluorescein isothiocyanaseo-
reacted at different but not completely independent sites. chem. J317-41—44
+ . . . “ 4

In the _Cé pump from sarcoplasmlc _rethUIum 2. BeaudeL.A., Berberian, G. 1984. Acetyl phosphate can act as a
(SERCA), it has been found [16] that eosin-Y has a  substrate for Natransport by (Na+ K*) ATPase Biochim. Bio-
biphasic effect on the Ca-ATPase activity of this pump.  phys. Acta772:411-414
It activates at low concentrations, and higher concentra-3. Bradford, M.M. 1976. A Rapid and Sensitive Method for the
tions inhibit this activity. When the SERCA was labeled Q_uanntauon qf Mlcrogram Quant|t|e§ of Protelr.1 Utilizing the Prin-
wih FITC the actvating phase was absert, and only he, 051 P0er s i S0eniian e
mhlb!tory effect of eosin-Y Was observed. As eosin-Y is for ATP of the C&*-ATPase from human red cell membranes
cpn&dered to be a nucleotlde. analogue, these observa- qyuring c&*-phosphatase activityBiochim. Biophys. Acta
tions were interpreted as evidence of two separated 689421428
nucleotide-binding sites. The results in this paper 5. Caride, AJ., Rega, A.F., Garrahan, P.J. 1983. Effects of p-
showed that, in the PMCA, eosin-Y had no activating nitrophenylphosphate on €atransport in inside-out vesicles from
effect on the pNPPase activity. Besides, Gatto and Mi- human red-cell membrandSlochlm. Biophys. Act&34:363—-367
lanick [11] have shown that in the PMCA, eosin-Y does & Carde. AJ,, Rossi, J.P.F.C,, Garrahan, P.J. y Rega, AF. 1990.

. . . Does calmodulin regulate the affinity of the human red ceff'ca
not compete with ATP. All these evidences point out pump for ATP?Biochim. Biophys. Acta02721-24
that the structure of the_ substrate binding site(s) of 7. caride, A.J., Penniston, J.T., Rossi, J.P.F.C. 1991. The calmodu-
PMCA and SERCA are different. Taken together, these lin-binding domain as an endogenous inhibitor of the p-
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