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Summary

Nifedipine, a 1,4-dihydropyridine Ca®*-channel
blocker inhibits calmodulin- sumulatcd acllvny of
erythrocyte plasma membrane (Ca?*+ Mg?*) -AT-
Pase. Its inhibition of the basal activity of the
enzyme increases on pre-incubation with mem-
branes. Thc maximum velocity, affinity for ATP
and Ca** -sensitivity of pump are reduced by
micromolar amounts of the antihypertensive drug.
These results suggest that 1,4-dihydropyridines
may interact with calcium-binding proteins and
calcium-dependent enzymes at their calcium-
binding sites.

Résumé

lecdlpmc medicament dc 1 4-dnhydropyndme
qui bloque le canal Ca?* + Mg *)-ATPase du
plasma de I’erythrocyte stimulée par calmodulin.
Son inhibition de I’activité basale de I’enzyme
croit aprés préincubation avec les membranes. La
vélocité et lafﬁmlé maximales pour la sensibilité
d’ATP et de Ca?* de la pompe diminuent utilisant
des quantités micromolaires du médicament anti-
hypertens1f. Ces résultants donnent 1’impression
qu’une action réciproque des 1,4-dihydropy-
ridines a lieu avec les protéines reliant le calcium
et avec les enzymes dépendant du calcium.

Introduction

The plasma membrane Ca®*-pump actively
removes Ca** from all eukaryotic cells investi-
gated to date[1,2]). The enzyme, an ATPase of the
P-type because it forms an acylphosphate wnter-
mediate during its catalytic cycle[3,4], is the major
mechanism responsible for the extrusion of Ca**
from erythrocytes[4,5]. Inother cells, particularly
those of excltablc tissues, the Ca?*-ATPase and the
Na*/Ca? * exchanger are mvolved in the regulation
of intracellular free Ca?* concentration[2]. The
ATPase, M, 136[6] and representing less than
0.1% of total membrane proteins effectively main-
tains erythrocyte intracellular free calcium con-
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ocntratnon in the rate of 10”7 to 10°M by transpor-
ting Ca®* jons against a 10,000-fold electrochemi-
cal gradient with energy derived from ATP[1]. A
major feature of the protcin is the regulation of its
calcium sensitivity by calmodulin[7], a ubiquitous
calcium binding protein which also requires Ca**
ions for potency[8].

Although a significant body of evidence sug-
gests that Ca2 -entry blockcrs interfere with the
influx of Ca** through Ca?* channcls by bmdmg
to specific sites on the proteinaceous channel in
the plasma membrane[9,11], there are indications
that these substances may act on intra-cellular or
membrane-bound calcium-binding proteins[12].
In particular, Minocherhomjee and Roufo-
galis[13] have shown that nifedipine and related
calcium entry blockers antagonise calmodulin and
phosphodiesterase. The observation that carbox-
ylate groups are involved in the binding of Ca**
the outer surface of the channel[14] suggests lhal
these gro {’S could bedirectly or indirectly masked
by the Ca® entry blockers. It scems pertinent to
us to study the cffect of nifedipine on the Ca®*-
pumping ATPase in the absence and presence of
calmodulin because the ATPase, like its endoge-
ncous regulator, posscsscs a number of carboxy-
late groups for Ca>* binding at its Ca®* binding
domains[6,15].

Materials

Phcnylmclhylsulfonyl fluoride (PMSF), adeno-
sine 5! -triphosphate (vanadium-free), Elhylcncg-
lycolbis (2-aminoethylether), N,N, N!N!
-tetraacetic acid (EGTA), 4-(20-hydroxyethyl)-1-
piperazine ethanesulphonic acid (HEPES) and
fatty acid free bovine serum albumin werc ob-
tained from Sigma Chemical Co. (London). Bo-
vine brain calmodulin was obtained from
Calbiochem La Jolla, (California). All other
chemicals were of the highest purity grade avail-
able. Nifedipine was a generous gift of Dr. S. O.
Lawal, Department of Medicine, University of
Ibadan.
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Methods

Isolation of calmodulin-deficient erythrocyte
ghost membrane

Calmodulin-free erythrocyte plasma membranes
were isolated from whole blood collected in acid-
citrate-dextrose buffer by the procedure of Jarrct
and Penniston[16] using the principle of hypotonic
lysis developed by Dodge ef al [17]). Fresh blood
was centrifuged at 5,800g for 10 min at 4°C. The
plasma and buffy layers were carefully aspirated
to obtain packed red cells which were washed
thrice in 5 vols of 130mM KCI, 20mM Tris-HCI
pH 7.4 by spining the cells suspension at 5,800g
for 10 min. Washed cells were gently resuspended
in 5 vols of ImM EGTA, 10mM HEPES (pH 7.4).
The suspension was spun at 20,000g for half an
hour. The step was repeated five times to ensure
complete haemolysis. Membrancs were washed
with 10mM HEPES (pH 7.4) until they became
white. Finally, the white ghost membranes were
resuspended in 130mM KCI, 20mM HEPES, pH
7.4, 500 pM MgClz, S0uM CaClz, and stored at

-40°C. The membranecs were used within two
weeks after isolation. All buffers contained
0.1lmM PMSE.

Protein estimation

Mecmbrane proteins were estimated by a modifica-
tion of the procedure of Lowry ef al [10] as de-
scribed by Markwell et al [19]. The proteins were
first precipitated with 0.05% (w/w) deoxycholic
acid and 10% (w/w) trichloroacetic acid in order
to prevent interference by HEPES and phos-
pholipids. Fatty acid-free bovine serum albumin
was used as standard.

Assay of Ca?*-ATPase activity

Caz’-pump activity was determined by following
the rate of release of inorganic phosphate from the
y-position of ATP as previously described[6].
Assay medium consisted of 120mM KCIl, 50mM
HEPES, 3mM MgClz, 0.2mM CaClz, 0.1mM
EGTA and erythrocyte ghost membrane (50-100pug
membrane protein) in a total volume of 950l
The mixture was pre-incubated for 5 min at 37°C
with constant shaking prior to the initiation of
reaciion by addition of SOpl of 40mM ATP. The
assay was run for 30 mins in duplicates with or
without 120mM calmodulin. Inorganic phosphate
was measured by a modification of the method of
Fiske and Subbarow[20] following termination of
rcaction with 1ml of 10% sodium dodecylsul-
phate. The intensity of the blue colour that was

developed on addition of ammonium molydate in
H2S04 and ascorbate respectively, was measured
at 820nm in a Pye unicam SP 600 specctro-
photometer. Blanks were run to correct for non-
enzymic hydrolysis of ATP. Ca?*-ATPase activity
was obtained by subtracting Mgz’-ATPasc activity
(activity in the presence SmM EGTA instead of
0.2mM CaClz) from total ATPasc activity in the
presence of calcium. Activity is expressed as
pmol Pi released per mg protein per hour.

Results

Figure 1 shows the pattern of inhibition of calmo-
dulin-activated erythrocyte plasma membrane
Ca?*-ATPase by nifedipine.
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Fig 1. Antagonism of calmodulin stimulation of erythrocyte
membranc (Ca*+ Mg?*)-ATPase by nifedipinc on pre-
incubation with membranes. Zero minute (@) and 30
mins (4). Insent: Effect of nifedipine on basal (Ca®*+
Mg?*)-ATPasc activity without preincubation (0 ), on
preincubation for 30 min (@) and 1 hour (4). Preincu-
bation was done at 4°C.
It is clear from the figure that nifedipine anta-
gonised calmodulin-stimulation of the ATPase in
a concentration-dependent manner whether or not
the membranes were pre-incubated with the Ca®*-
cntry blocker. Half maximal inhibition (ICso) was
obtained at 40uM and 70uM nifedipine, respec-
tively, with and without pre-incubation with mem-
branes. The results show further that the inhibition
of the Ca?*-ATPase was at least 70% when the
channel blocker (200uM) was added to the mem-
branes just before commencement of reaction,
whereas inhibition was almost total at nifedipine
concentrations greater than 200uM on pre-incuba-
tion with membranes for at least half an hour. In
addition, the results presented in Fig. 2 show that
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both the Vpay and the Ko values of the cnzyme
were modified by 100uM nifedipine.

__Astudy of the dependence of the inhibition by
flegdipine on calmodulin concentration (Fig.3),
yldlcatcs that the extent of inhibition by nifedipine
isreduced by increasing calmodulin concentration
in the reaction medium. These results su ggest that
niledipine antagonizes the interaction of calmo-
dulin with the Ca®*-ATPase.
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Fig 2. ATP-dependence of erythrocyte membrane (Ca*+
Mgz')- ATPasc in the absence (circles) and presence
(triangles) of 100uM nifedipine. Assay was mun with
(filled symbols) or without (open symbols) 120nM
calmodulin.
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Fig. 3: Calmodulin-dependence of erythrocyte membrane
(Ca2’+ Mgz’)-ATPasc. Assay was run in the absence
of nifedipine (@ ); in the presence of 100uM (0) and
200pM nifedipine ).

Furthermore, an assessment of the effect of nife-

dipine on the Ca®* sensitivity of the ATPase re-

veals that the Ca2?* channel blocker antagonizes
calmodulin as the Vmax and the Ca“* sensitivity of

the enzyme were not significantly altered by cal-
modulin (Fig.4). For instance, calmodulin could
not increase the Vpax of the enzyme by two-fold
in the presence of 100pM nifedipine. In addition,
calmodulin stimulation was inhibited by nife-
dipinc (S0uM and 100uM) at all the concentra-
tions of free Ca?* tested.
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Fig. 4.Effect of nifedipine on the Ca®* sensitivity of erythro-
cyte membrane (Ca®*+ Mg?*)-ATPasc in the presence

(filled symbols) or absence (open symbols) of calmo-

dulin (120nM). No nifedipine (circles), 100pM nife-

dipine (triangles) and SOUM nifedipine (squares).

Figure 1 (insert) shows the effect of varying
concentrations of nifedipine on the basal activity
of the Ca?*-ATPase. The activity of the pump was
only inhibited by about 25 percent at very high
concentrations of the drug (>200uM) when added
to the membranes in the reaction medium just
before initiation of the ATPase reaction. The re-
sults show, also that the extent of inhibition in-
creased with increasing nifedipine concentration
on pre-incubation with membranes for at least 30
mins. In this instance, activity of the pump was
almost totally inhibited when membrancs were
pre-incubated with nifedipine ( 2200uM) for at
least 1 hour. The ATP-dependence of the basal
activity of the pump did not change with increas-
ing ATP concentrations.  An assay of the basal
activity of the Ca?*-ATPase over a range of free
Ca™ concentration reveals that nifedipine reduced
the sensitivity of the enzyme to Ca?* (Fig.4). The
enzyme was inhibited by nifedipine at all the con-
centrations of free Ca%* examined. Figure S shows
the cffect of varying pre-incubation times on the
inhibition by nifedipine (10-100uM).

Theresults indicate that over 20 percent inhibi-
tion of ATPase activity was obtained after 25
minutes of pre-incubation of the plasma mem-
branes with SOuM and 100uM nifedipine. About
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50 and 60 percents inhibition was obscrved after
1hr of pre-incubation with SOuM and 100pM nife-
dipine, respectively. The cxtent of inhibition was
increased with increasing time of exposure of
membranes to the drug. For instance, about 75
percent of the basal activity of the ATPasc was
inhibited on pre-incubation of membranes with
100uM nifedipine for approximately 2hr.
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Fig. 5. Basal activity of erythrocyte membrane (Ca**
Mg ') ATPase following pre-incubation for varymg
periods with different amounts of nifedipine. Pre-incu-
bation was carried out on ice (4°C).

Furthermore, the degree of inhibition of the
enzyme was lower than 60 percent when mem-
branes were pre-incubated with SOuM nifedipine
for 2 to 3 hours. Lower concentrations of nife-
dipine (20-30uM) inhibited about 25 percent of
the ATPasc action only after pre-incubation for 2
hours. Theseresults indicate that the basal activity
of the pump is only partially inhibited by low
concentrations of nifedipine except if the mem-
branes were exposed to the drug for at least half an
hour prior to assay of the ATPase action.

Discussion

'I'hc afﬁmty and selectivity of certain proteins for
Ca?* is made possible by the ability of these pro-
teins to arrange six to eight carboxylate oxygen
atoms, cach carrying a partial or fully negative
charge in a helix-loop-helix structure of E-F hand
for binding s [21]). Calmodulin, the erythro-
cyte Ca?*-ATPasc and certain Ca?*-binding pro-
teins or Ca?* -dependent enzymes havu been
shown to possess this structure in their Ca?* bind-
ing domains[15,21). Unlike most Cca?* -binding
proteins, very little is known about the nature of
lhc Ca’*-binding ligand of the proteinaceous
Ca®*-channel. Although onc carboxylate group

hm bccn implicated in the binding of penetrating
Ca?* at the outer opening of the channel, the use
of labelled dih dropyndmes which block Ca®*
entry, to tag Ca”* channel components during iso-
lation and purification procedures suggest that
these substances could form a covalent linkage
with the proteinaceous slow channels[14].

In this study we present evidence to show that
calmodulin stimulation of erythrocyte Ca?*-AT-
Pasc is antagonized by micromolar amounts of
nifedipine; the effect of the Ca®* entry blocker
being more pronounced on pre-incubation with the
ghost membranes (Figs. l and 5). Although, itis
not known whether the Ca* channel blocker binds
directly to calmodulin and/or to the Ca? *_ATPase,
it appears that the drug could bind to calmodulin
in the same manner as felodipine, another dihydro-
pyridine derivative[22]. Specifically, studies on
the effect of felodipine on the NMR spectrum of
13¢d in (Cd)s-calmodulin complex have shown
that the binding of the antihypertensive drug to
calmodulin modifies the conformation of the pro-
tein, at least at one Ca“*-binding site[22). Further-
more, potentiometric titrations of 4 mols of
felodipine per mol of prolcm show that the ability
of calmodulin to bind Ca?* was reduced to 2 mol
Ca** [22]). These findings did not show lhat felo-
dxpmc interacts with calmodulin at the Ca**-bind-
ing domain or at some other sites different from
the domain. However, more recent findings on the
deduction of the ammo acid sequence of the
plasma membrane Ca®*-ATPase show the occur-
rence of calmodulin-like domains and E-F hands,
which resemble those in calmodulin, in the struc-
ture of this pump[15]. Based on these facts, it
appears reasonable to sumusc that nifedipine
could interact with the Ca?*-ATPase at those sites
which have resemblance to calmodulin, only if
those sites arc accessible to nifedipine. Interes-
tingly, our results show that the effect of nifedipine
on the basal activity of the Ca®*-pump increases
with an increase in the concentration of the drug
and the time of pre-incubation; thus indicating that
the sites to which the drug binds are not readily
accessible (Fig.1).

It is not known if mfcdlpmc actually plugs the

* passage in the (Ca®*+ Mg2 )-ATPasc or if it
mcrcly binds to Ca®* -binding domains on the
enzyme and thus modulates its catalytic acuvuy
However, ml'cdlpmc interaction with Ca®*-bind-
ing proteins or Ca’ -dcpuldcnl enzynics will be
specific if the drug recognises the Ca*t binding
E-F hands of thesc proteins. Clearly, the finding
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that labelled dihydropyridines arc used to tag Ca®*
channel components in purification proce-
durcs[23] rulcs out the possibility of a lowering of
free Ca®* by complexation by nifedipine, and of-
fers a strong support for the possnbnhty of a direct
interaction between thc ca** binding domains of
calmodulin or the Ca?* -pumping ATPasc and di-
hydropyridines. Such intcractions could modify
the catalytic propcmcs of the enzyme such as K,
Vmax (Fig. 2) and Ca?* sensitivity (Fig. 4). Con-
sequently, the observation that an increase in cal-
modulin concentration diminishes the effect of
nifedipine may be interpreted to mean that calmo-
dulin probably binds more of the drug and thus
reduces the conccntratlon of free drug available for
modifying the Ca?® *-binding domain of the ATPasc
and of free calmodulin (Fig. 3).

Although this effect of nifedipine has no rela-
tionship whatsoever with the pharmacological ac-
tion of dihydropyridine calcium channel
blockers[13], it is pertinent to investigate in future
studies, the exact site and mechanism of interac-
tion of these substances with the Ca?*-binding E-F
hands of calcium-binding proteins/enzymes.
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