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ABSTRACT. We have demonstrated that sodium pentobarbital inhibited the activation of the human red
blood cell plasma membrane €aATPase produced by dimerization of enzyme monomers or by
calmodulin binding to enzyme monomers. The effects of the barbiturate were dose-dependent. Both
Vmax @and C&* affinity were reduced. The Ga—ATPase activity of the dimeric enzyme was distinctly

less sensitive with respect to the effective inhibitory concentrations of pentobarbital and to the rate of
onset of inhibition than was the calmodulin-dependent activation of enzyme monomers. Temperature
dependence of the inhibition was in agreement with direct, nonpolar interactions of pentobarbital with a
water-exposed nonpolar patch on the surface of this transmembrane protein. The barbiturate prevented
the increase of intrinsic tryptophan fluorescence associated with substratéi@ding to the enzyme

dimer. On the basis of the barbiturate effects we propose a model for the action of detergent-like compounds
on the enzyme. They inhibit €a—ATPase activity by binding to a nonpolar patch on the water-exposed
dimerization surface of the enzyme monomer, part of which is also the binding site for calmodulin. The
model assumes that their binding to the nonpolar patch on the monomer interferes with dimerization and
weakens but does not prohibit calmodulin binding, whose activation of the enzyme is then submaximal.
The model should be applicable to other proteins as the two activation pathways studied have been
demonstrated for various enzymes.

The C&"—ATPase of the human red blood cell plasma H .
membrane is solely responsible forCdraffic across the o N o~ Na
membrane and the maintenance of the steep Gancentra- CH]CH?I'J/
tion gradient. The absence of voltage-sensitive and ligand- CHyCHCHACH N
gated C& channels, the NdC&" exchanger, and the SV

intracellular membrane Ca—ATPase that contribute sub-  Fgure 1: Structure of sodium pentobarbital.

stantially to the maintenance of &ahomeostasis in other

cells makes the red cell enzyme a favorable model for endogenous inhibition is common to calmodulin-modulated
investigation of the mechanism of activation and regulation enzymes such as protein kinases or myosin light chain kinase
of the plasma membrane €a-ATPase. The events are (Kemp & Pearson, 1991).

affected by changes in solute environment of thg eNnzyme. \ve have earlier used the integral membrane protein
In blood the red cells are exposed to pharmacological agents- z+_aTpase as a model target of volatile anesthetics
of various (_:hemlcal properties. The potential |n_1portance (Kosk-Kosicka & Roszczynska, 1993; Kosk-Kosicka, 1994);
of anesthetic effects on the €a-ATPase and ultimately  j,teqral membrane proteins are plausiisieizo pharmaco-

on the intracellular G homeostasis is receiving increasing logical targets of general anesthetics. We have demonstrated

atterr:tion. ¢ activation of the & hio  (hat volatile anesthetics at their clinical concentrations
The two modes of activation of the €a-ATPase whic inhibited the normal process of enzyme activation by

we have examined in this work are by calmodulin binding calmodulin binding or by dimerization with a similag]

to enzyme monomers and by the calmodulin-independent 5, fingings suggested that the CaATPase was a good
self-association of monomers to dimers (Kosk-Kosicka & model target and could also be a functioimalvizo target

Bzdega, 1988; Kosk-Kosicka et al., 1989, 1990b; Sackett & for this group of general anesthetics.

Kosk-Kosicka, 1993; D. Sackett and D. Kosk-Kosicka, . .
For the present study we have selected barbiturates which

submitted). Both calmodulin binding and dimerization are idel d10ind | thesia. both in h
important activation modes that have been demonstrated ford'€ WICEly used (o induce general anesthesia, both in humans

various proteins. For example, activation by dimerization ant(_d in Iabﬁratory anllmal(;s;{WTo StUdY thetrr}echanlsrp] of tlg_elrt
of integral membrane proteins which subsequently undergoac ion we a\éecieanl?a?ry: 0 e:(pterlmeg a app:joac es. dlrs '
phosphorylation on their cytoplasmic surface is also a key }/lve measure ¢ ase activity, an S(teconf {Wvéedga e
event in transmembrane signalling (Spivak-Kroizman et al., uor(’jesctence spec.rostﬁop_y tmeasutremtenﬁ 0 fl .
1994). Calmodulin binding that results in the removal of pendent increase in the ntrinsic tryptophan fluorescence
intensity that reflects a conformational change which the
T This work was supported by Grant GM 447130 from the National _en;yme und_ergoes UPO” binding the substraté” Gathe .
Institutes of Health and by Grant 92010190 from the American Heart initial step of its catalytic cycle. We demonstrate that sodium
ASS%CIatICrJ]n- 0 g hould be add & Dent fpentobarbital (Figure 1) inhibits both measures in a dose-
*To whom € correspondence snou € addressed: ept. O . H H
Anesthesiology/CCM, The Johns Hopkins University, 600 N. Wolfe depend(_ent manner: there is a strong Corr(-?‘latlon between the
St., Blalock 1404, Baltimore, MD 21287. attenuation of the Ca-dependent conformational change and
® Abstract published irAdvance ACS Abstractganuary 1, 1996.  the inhibition of C&"—ATPase activity. Enzyme activation
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by dimerization is distinctly less sensitive than enzyme
activation by calmodulin binding.

We have characterized the actions of sodium pentobarbital
on the two activation pathways of the TaATPase in
detail. Comparison with the effects exerted by other
compounds including volatile anesthetics, alkanols, and
diverse organic solutes that we have described previously
indicates that the sites of action of volatile anesthetics and < ;]
barbiturates are separate. We have proposed a model in'§
which sodium pentobarbital and other compounds with
structural properties of detergents inhibit the enzyme’s
function by binding to a nonpolar patch on its water-exposed . Py —
surface. The model should be useful in analyzing the effects 0 5 10
of such compounds on various proteins. pentobarbital concentration (107 M)

Ficure 2: Concentration dependence of the inhibitory effect of

MATERIALS AND METHODS pentobarbital on the Ca—ATPase activity of dimers() and
calmodulin-activated monomerd). The activity assays were

100

ATPase activity (%)

. . . performed as described in Materials and Methods. The reaction
Egg yolk phosphatidylcholine (P5763) and CNBr-activated mixture contained 50 mM Tris maleate, pH 7.4, 80 or 120 mM
Sepharose 4B were purchased from Sigma; octaethylenexcl, 8 mM MgCl,, 100 nM or 17.5uM free C&", 150uM CEs,
glycol monon-dodecyl ether (GEg) was obtained from 1 mM EGTA, and 3 mM ATP. The enzyme concentration was 30
Nikko (Tokyo, Japan). Coupling of bovine calmodulin to nM for dimers and 15 nM for monomers. The calmodulin-dependent

: ; ._activity was calculated as a difference betweer"C#ATPase
Sepharose was performed in accordance with I3harrm’w'aactivity of the enzyme in the presence and absence of calmodulin.

LKB Biotechnology instructions as described earlier (Kosk- The specific activities (100%) were 1@@nol of P/mg of protein/h
Kosicka & Bzdega, 1988). Sodium pentobarbitaKjp= for the calmodulin-dependent &a-ATPase monomers and 450
7.96 (Firestone et al., 1986)] and thiopental were purchased= 40 umol of R/mg of protein/h for the Cd—ATPase dimers.
from Anpro Pharmaceutical. The assays were performed at 33.

The methods used for enzyme purification, determination . . . .
of protein concentration, and &aconcentration were as A1 P; the reaction was carried out for up to 30 min at either
described previously (Kosk-Kosicka et al., 1986; Kosk- 37 or 25°C, as specified in figure legends. Aliquots were

Kosicka & Bzdega, 1988). Briefly, the enzyme was purified withdrawn at various times for colorimetric_ _inorganic
from erythrocyte membrane ghosts by calmodulin affinity phosphate measurement. Steady-state velocities were ob-

column’ chromatography in the presence of the nonionic tained_from pllots 'of inorganic phosphate production which
detergent GEs. Protein concentration was measured by Bio- Were linear with time.
Rad protein microassay. Total calcium was measured by Fluorescence Measurement3he total tryptophan fluo-
atomic absorption, and free &aconcentrations were rescence intensity of the €a-ATPase and the change
calculated based on the constants given by Schwartzenbacfduced by C& binding were measured at equilibrium using
et al. (1957). a Fluoromax spectrofluorimeter with DM3000F software.
Ca2t—ATPase Actiity Assay. C&*—ATPase activity was Tryptophan fluorescence was excited at 290 nm, and the
determined by measurements of inorganic phosphate produc€mission was recorded at 330 nm. The reaction mixture
tion, generally as described previously (Kosk-Kosicka & contained 100 mM Tris-HCI, pH 7.4, 0.15 mM &, 120
Bzdega, 1988). The assay was performed in a reaction™M KCl, 8 mM MgCl,, and 1 mM EGTA. Free C& was
mixture containing 50 mM Tris maleate, pH 7.4, 80 or 120 17.5 uM, and protein concentration was 70 nM. The
mM KCI, 8 mM MgCl,, 3 mM ATP, 1 mM EGTA, and measurements were performed at°25in the total volume

CaClb in concentrations yielding the required free?Ca of 1.1 mL. The solution was gently stirred during the
The concentration of 5Es was kept constant at 150M. experiment, which lasted-5 min. It was determined that
The calmodulin-independent activity of dimers was deter- the stirring did not perturb the fluorescence signal. Correc-

mined in the presence of 120 mM KCI and 17%H! free tions for the dilution effect were made when necessary.

calcium at 30 or 70 nM enzyme concentration (for com-

parison to fluorescence spectroscopy measurements), aRESULTS

indicated in figure legends. Specific activity was the same

for the enzyme at the two concentrations as maximal Comparison of Barbiturate Effects on Dimers and Cal-
dimerization and activation occurred at around 30 nM modulin-Actvated Monomers of the Ca—ATPase (at 37
enzyme (Kosk-Kosicka et al., 1989). The effect of bar- °C). Two investigated barbiturates, sodium pentobarbital and
biturate did not depend on protein concentration. The thiopental, reduce calmodulin-dependent'CaATPase ac-
calmodulin-dependent activation of monomers was deter- tivity in a comparable dose-dependent manner. Pentobarbital
mined in the presence of 160 nM calmodulin and 80 mM has been selected for subsequent detailed studies under
KCl at 15 nM enzyme concentration. It was determined that various specific experimental conditions. Figure 2 compares
at 30 nM enzyme and low KCI and CaGioncentrations  the effects of pentobarbital on the €& ATPase activity of

the effect of barbiturate on the calmodulin-dependent activity dimers and of calmodulin-activated monomers. The two
was the same as at 15 nM, thus the effect of barbiturate didforms of the C&'—ATPase exhibit different sensitivity to
not depend on protein concentration within the range used.the barbiturate: half-maximal inhibition is observed at 3.5
The reaction volume was 1QfL.. The enzyme was added =+ 0.4 mM barbiturate for enzyme dimers and at £D0.2
after the barbiturate and immediately followed with 3 mM mM for calmodulin-activated monomers.
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Ficure 3: Time dependence of the inhibitory effect of pentobarbital

on the Ca&"—ATPase activity of dimers{) and calmodulin-
dependent activation of monomem)( The activity assay was

performed as described in Figure 2. Pentobarbital concentration was o

4 mM.

Figure 3 shows the time dependence for onset of enzyme

inhibition by 4 mM barbiturate. Development of inhibition
of the calmodulin-activated monomers is significantly faster
than that of enzyme dimers. A fifty-percent reduction of
calmodulin-dependent €a—ATPase activity occurs at 3 min
and is completed at around 10 min. Dimers are half-
maximally inhibited at 25-30 min; the slow onset does not
allow us to establish the concentration at which full inhibition
occurs.

Calmodulin-Dependent Acttion of Monomers.In the
presence of pentobarbital the apparent'Cafinity of the
Ca"—ATPase activity is shifted toward higher values. At
1 mM barbituratei(e., at a concentration that half-maximally
inhibits the activation) th&,,, of the calmodulin-dependent
activation increases from220 to~400 nM free C&" (from
6.65+ 0.05 to 6.40+ 0.03 pCa) (Figure 4 A). A similar
effect was observed for the &a-ATPase activity of dimers
(shift from 7.104+ 0.06 to 6.90+ 0.05). The effect is most
pronounced at the low €& concentrations at which the

enzyme is expected to operate under physiological conditions.

In addition to increasing the calcium requirement for
maximal stimulation by calmodulin, pentobarbital also

decreases the extent of the maximal stimulation, from 5.5-

fold (at ~200 nM free C&") down to 3.3-fold (at~400 nM
free C&") (Figure 4 B).

Examination of the dependence of enzyme activation on

calmodulin concentration shows that it is significantly altered
by pentobarbital (Figure 5). The effect is on botax
(which decreases 2-fold) arfficam (which increases from
40 + 9 nM total calmodulin to 72+ 4), suggesting
noncompetitive inhibition of calmodulin binding to the
enzyme by the barbiturate.

Dimeric Enzyme. The effect of pentobarbital on the

calcium-dependent conformational change of the dimeric

Kosk-Kosicka et al.
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Ficure 4: (A) Ca&"-dependence of the €a-ATPase activity of
monomers in the presence (filled symbols) and absence (open
symbols) of calmodulin was measured at up to 200free C&*.
Diamonds ¢, @) are for measurements in the presence of
pentobarbital. (B) Calcium-dependence of the calmodulin-dependent
activation of C&"—ATPase monomers in the presen® @nd
absencel) of 1 mM pentobarbital. The effect of pentobarbital on
calmodulin ability to stimulate the enzyme is expressed as an
activation factor f), f = V/V,, whereV, is the maximal activity in

the presence of CaM and, is the maximal activity in the absence

of CaM. The activities were assayed as described in Figure 2.
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FiGUrRe 5: Calmodulin dependence of the CaATPase activity
in the presencel() and absenceX) of pentobarbital. Experimental
conditions were as described in Figure 2. Inset shows the normalized

enzyme has been assessed by measurements of the Ca data, where 100% is the maximal activity either will or without
dependent increase in tryptophan fluorescence intensity. The@) 1 mM pentobarbital.

fluorescence titration of the plasma membrané €ATPase
was previously shown to be indicative of substrateé'Ca
binding to specific sites involved in enzyme catalysis in
analogy to the sarcoplasmic reticulum?CaATPase, for
which the method was originally developed (Kosk-Kosicka
& Inesi, 1985; Inesi et al., 1980; Dupont, 1976). As shown
in Figure 6A the C& -dependent fluorescence increase is

reduced by pentobarbital in a dose-dependent manner with
a half-maximal effect at-5 mM concentration. No C&-
dependent increase in fluorescence intensity is observed at
>7 mM pentobarbital. The Cé&induced fluorescence
increase is readily reversed by addition of EGTA both in
the presence and in the absence of pentobarbital.
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B Ficure 7: Concentration dependence of the inhibitory effect of

pentobarbital on the calmodulin-dependent CeATPase activity
(m), calmodulin-independent €a-ATPase [0), and Mg+-ATPase
activity in erythrocyte ghost membranes. The activity assays were
performed as described in Material and Methods. The reaction
mixture contained 50 mM Tris maleate, pH 7.4, 120 mM KCI, 8
mM MgCl,, and 1 mM EGTA for determination of the &€a
independent MY -ATPase activity. The Ca—ATPase activities
- were assayed at 178 free C&*, and the Mg"-ATPase activity
was subtracted. Protein concentration was L60mL and cal-
modulin when present was at 4@/mL. The calmodulin-dependent
activity was calculated as the difference betweeA €& TPase
activity in the presence and absence of calmodulin. The specific
activities (100% activity) were 0.8mol of B/mg of protein/h for
the Mg?™-ATPase, 0.6umol of R/mg of protein/h for the cal-

0 5 10 15 20 25 30 modulin-independent CGa—ATPase, and 1.5xmol of R/mg of

pentobarbital concentration (10 M) protein/h for the calmodulin-dependent®aATPase activity.

Ficure 6: Concentration dependence of the suppressing effect of
pentobarbital on the Cadependent increase in the intrinsic calmodulin-independent €a—ATPase activity to pento-
fluorescence (A) and Ca—ATPase activity (B) of dimers. Ca— barbital, which is similar to the purified enzyme. Thg |

ATPase activity assay was performed as described under Material : :
and Methods and in Figure 2, except the assay temperature was 2 alues are 5 and 15 mM pentobarbital, respectively. The

°C. The fluorescence measurements were performed a4C2%s g?-ATPase is not involved in Catransport and requires
described under Material and Methods. Enzyme concentration was~22 mM barbiturate for half-maximal inhibition.

70 nM. Fluorescence increase was induced upon addition of 1.2

uM free C&". The C&*-dependent change in tryptophan fluores- DISCUSSION

cence was 1.2%2% of the total tryptophan fluorescence. The

incre_as?lév&i re\/_ersi;JIe up;;&agditior? C;fPI/EGTA].‘ The _sr/)ﬁcific The effect of sodium pentobarbital on the’?CaATPase
activity 0 activity) was 9 umol of R/mg of protein/h.  4ctivity was investigated utilizing two activation pathways:
ggmygﬂgeéagfgeggtnﬁéi?ﬂtija;rgtsucr:rtzeezrﬁggoerfc—aa\TPase calmodulin binding to monomers (calmodulin-dependent
activation) and self-association of inactive monomers to fully
To assess whether the conformational change in theactive dimers (calmodulin-independent activation) character-
enzyme revealed by attenuation of tryptophan fluorescenceized in detail previously (Kosk-Kosicka & Bzdega, 1988,
intensity is related to the inhibition of its activity, we have 1990, 1991; Kosk-Kosicka et al., 1989, 1990b, 1992a;
compared the concentration dependence of the pentobarbitaBzdega & Kosk-Kosicka, 1992; Persechini et al., 1993;
effect on both fluorescence and TaATPase activity at ~ Sackett & Kosk-Kosicka, 1993; D. Sackett and D. Kosk-
the same temperaturége., 25 °C (Figure 6 A,B). The Kosicka, submitted). On the basis of our previous findings
inhibition of activity at 25°C is dose-dependent, similar to and the published data of others, we suggest the following
the inhibition at 37°C (compare Figures 6B and 2), except Simple model to describe the action of sodium pentobarbital
significantly higher barbiturate concentrations are required and other weakly hydrated compounds on thé&'€ATPase
(Iss=5mM). There is a linear correlation between the effect (Figure 8). The dark patch on the monomer symbolizes a
of pentobarbital on the G&induced conformational change nonpolar “recognition” region for calmodulin or for a second
and the C& —ATPase activity (Figure 6B, inset). monomer (Figure 8). Binding of either calmodulin or
Effect of Pentobarbital on the Ga—ATPase in Red Cell ~ another monomer activates the enzyme by inducing the
Membranes.Figure 7 shows the effects of pentobarbital on proper conformational change.
ATPase activities in red cell membrane ghosts. In addition It has been proposed that the calmodulin binding domain
to the calmodulin-independent and calmodulin-dependentin the inactive enzyme obstructs the active site and its
Cat—ATPase (both of which are Mg-dependent) inves-  removal by either calmodulin binding or proteolytic digestion
tigated in a purified enzyme, a €aindependent Mg - is a prerequisite for activation in analogy to other calmodulin-
ATPase activity also needs to be considered in the mem-regulated enzymes (Falchetto et al., 1992; Enyedi et al., 1980;
branous preparation. The membranous enzyme showsKlee, 1980). Inthe model this is indicated by the alteration
greater sensitivity of the calmodulin-dependent than the in the position of the dark patch upon calmodulin binding.

Ca®*-ATPase activity (%)}
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observed at 25 than at 3T is consistent with such direct
nonpolar interactions of the compound with the protein. We
have observed similar effects of sodium pentobarbital on the
sarcoplasmic reticulum Ca—ATPase (M. M. Lopez & D.
INACTIVE oz Kosk-Kosicka, unpublished) which are in agreement with
oo findings by Fernandez-Salguero et al. (1990); the latter also

(S

ca?’ a2t Ff;B argued that the ord_er parameter of the membrane is not
N changed by the barbiturate whereas the conformation of the
— D «— protein molecule is. In addition, direct binding to the protein
rather than to the membrane lipids is suggested by a similar
ACTIVE INACTIVE ACTIVE PARTIALLY ratio of the sensitivity of monomers and dimers to pento-
DIMER MONOMER MONOMER ACTIVE barbital in the purified enzyme preparations and in the red

o8 blood cell membrane. Lifetime fluorescence measurements
H/ PB performed for the purified dimeric enzyme in the presence
& of 3 mM pentobarbital produced large apparent quenching

constants supporting conformational changes related to

pentobarbital binding (to monomers) (Lakowicz, 1983; M.
M. Lopez, I. Gryczynski, and D. Kosk-Kosicka, unpub-
lished).

The calmodulin-dependent activity of enzyme monomers
Ficure 8: A model of monomer activation (by either calmodulin Is significantly more sensitive to pentobarbital than the
binding or dimerization) and inhibition of ythe activation by activity of dimers, both with respgct.tq.the Concentra.tlon
pentobarbital. The dark patch symbolizes a nonpolar recognition dependence and rate of onset of inhibition. Such a differ-
site to which either calmodulin (CaM) or another monomer binds ence, although less pronounced, was observed previously in
in the presence of Ga and which results in the activation of the  the action of several solutes with structural similarity to
enzyme. In this model, pentobarbital (PB) binds only to monomers detergents, including alkanols (Kosk-Kosicka et al., 1992b,
both in the presence and absence of calmodulin. 1994; Kosk-Kosicka & Roszczynska, 1993). In addition to

The interaction of calmodulin with different proteins has the effects on/maxand C&" affinity, barbiturates also cause
been studied extensively, and it has been established that pronounced alteration in the requirement for calmodulin:
both nonpolar and electrostatic interactions are important both the maximal extent of stimulation by calmodulin and
(Ikura et al., 1992; Meador et al., 1993; Johnson & Miles, its affinity for calmodulin are decreased. These data suggest
1986). The nonpolar surfaces of calmodulin that become that the conformational changes following calmodulin bind-
exposed upon binding of €aform a nonpolar channel in  ing to the enzyme that normally result in tighter substrate
which a target peptide fits, as has been recently demonstratedinding to the enzyme and €abinding to calmodulin are
by multidimensional heteronuclear magnetic spectroscopy forimpaired in the presence of the barbiturate.

a 26-residue synthetic peptide from skeletal muscle myosin  The lower sensitivity of dimers to pentobarbital could be
light chain kinase which binds to calmodulin (lkura et al., explained by the fact that the recognition domain is at least
1992). Upon complexation there is a decrease in the partially protected from the compound by being buried in
accessible nonpolar surface area of calmodulin as well as ofthe dimer interface. Since the monomers and dimers are in
the target, which accounts for the very tight binding (lkura dynamic equilibrium, the barbiturate could shift the equi-
et al.,, 1992). The similarity of the calmodulin binding librium toward inactive monomers by binding to the nonpolar
domain of the C& —ATPase to the studied synthetic peptide patch when it becomes exposed upon dimer dissociation. As
and especially the presence of nonpolar amino acids in thea result, sodium pentobarbital would cause the observed
Cat—ATPase that could interact with nonpolar regions of attenuation of the Ca-induced tryptophan fluorescence
calmodulin suggests a similar manner of interaction (Ikura increase that occurs in active dimers when they bind substrate
etal.,, 1992; Vorherr et al., 1992). Thus, calmodulin binding C&* and undergo a conformational change.

to Ca*—ATPase monomers is expected to induce confor-  The described differences in pentobarbital action on dimers
mational changes in calmodulin which alter its’Caffinity and monomers resemble the effects of short-chain alcohols
and to induce conformational changes in thé'CaATPase and contrast with the action of volatile anesthetics that inhibit
which result in its activation, as discussed previously (Kosk- the two activation pathways with similar potency and a faster
Kosicka & Bzdega, 1988; Kosk-Kosicka et al., 1990a,b). By onsetrate. In addition, volatile anesthetics inhibit the enzyme
analogy we expect that dimerization causes similar confor- at their anesthetic concentrations wherggfol pentobarbital
mational changes that result in increasedCaffinity of (and alcohols) appears to be significantly higher than their
the enzyme, allowing for substrate Labinding at high- anesthetic potency (B = 0.050-0.080 mM) (Fisher et
affinity sites and subsequently for phosphorylation at Asp al., 1948; Richter & Holtman, 1982). The findings suggest
475 upon ATP binding to Lys 609. In the model this is that the site of action of volatile anesthetics is separate from
indicated by the alteration in the position of the dark patch the proposed site of action of barbiturates at the nonpolar
upon dimerization. recognition patch. Its possible location and nature are

We postulate that sodium pentobarbital, an amphipathic discussed elsewhere (Lopez & Kosk-Kosicka, 1995).
compound, adsorbs to the nonpolar portions of the “recogni- In conclusion, on the basis of the demonstrated effects of
tion” patch and blocks the mutually exclusive binding of sodium pentobarbital on the plasma membraneé*€a
another C&"—ATPase monomer or weakens the simulta- ATPase and the current knowledge of its mechanism of
neous binding of calmodulin. The less extensive inhibition activation, we have proposed a working model for the action

INACTIVE
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of detergent-like compounds on the enzyme. It is a physi- Kosk-Kosicka, D., & Roszczynska, G. (1998hesthesiology 79
cochemical model that explains enzyme inactivation by the ~ 774—780.

nature of the compound. It is applicable to other proteins. Kosk-Kosicka, D., & Roszczynska, G. (19%Mpl. Cell. Biochem.
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