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ATPase of hypertensive Nigerians
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Summary

An assessment of the ATPasc functions of
erythrocyte membrane of newly identified sub-
jects having essential hypertension shows that
Na* K*-ATPase activity is higher in normal
membranes than in membranes of individuals
with essential hypertension. A study of the
dependence of the enzyme on ATP in the
presence of non-limiting concentrations of Na*
(120 mm) and Mg?** (3 mm) shows that the
pump in the membranes of hypertensive indi-
viduals, like that of normal humans, is easily
saturable by ATP (=2 pm). Analysis of the
results of kinetic studies on the enzyme, in the
presence of 5 mam K*, using the Hanes plot,
reveals that, although the affinity (K,,) of the
pump for ATP is unaffected in essential hyper-
tension, its maximum velocity (V) is lower
than in normal membranes.

Even though the reason for a reduced sodium
pump function in essential hypertension is not
yet clear, it may not be unconnected with the
presence of an endogenous inhibitor or with
genetic or diet-induced membrane defects, as
previously proposed by other workers in this
arca of research.

Résumé

Une ¢évaluation des fonctions ATPase des
membranes de plasma erythrocyte de sujets
nouvellement identifiés comme atteints d'une
hypertension essentielle montre que l'activité
spécifique de Na* K*-ATPase est aussi plus
¢levée dans membranes normaux que dans les
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membranes d’individus hypertensifs. Une ¢tude
de la dépendance de I'enzyme sur I'ATP dans
des concentrations non-limitantes de Na™ (120
mm) et de Mg?* (3 mm) montre que la pompe
dans les membranes d'individus hypertensifs,
comme celle des sujets normaux, est facilement
saturable par 'ATP (=2 pm). Une analyse des
résultats obtenus des études cinétiques sur
I'enzyme, en présence de S mv K*, en se -
servant du plan Hanes, révele que bien que
I'affinité (K,,) de la pompe pour I'ATP soit
intacte dans I'hypertension essenticlle, sa vélo-
cité optimale (V) est inféricure dans des
membranes normaux. "o

Bien que la raison pour la fonction réduite de *
la pompe du sodium dans I'hypertension essen-
tielle n’ait pas encore été ¢tablie, celle-ci peut
étre liée A la présence d’un dispositif de blocage
endogeéne ou aux défauts de nature génétique
du membrane ou provoqués par le régime
comme elle a été proposée par dautres cher-
cheurs.

Introduction

The Na* K*-ATPase (EC.3.6.1.3.), a plasma
membrane integral protein which reversibly
couples the hydrolysis of ATP to a flow of Na*
and K* against their electrochemical gradients,
is responsible in all animal cells for the main-
tenance of several transmembrane ionic con-
centration gradients (recently reviewed [1]).
Consequently, the ATPasc plays a pivotal role
in the regulation of a wide variety of physiologi-
cal processes.

Numerous studies have, however, indicated
that the sodium ion content of the erythrocytes
of individuals with essential hypertension is
higher than in normal and healthy persons
[2-4]. In particular, Aderounmu ef al. [5] have
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shown that erythrocyte sodium ion content is
elevated in Nigerians having essential hyperten-
sion. Furthermore, an abnormal transport of
Na* and K* ions across the membrane of
various tissues has been reported in hyperten-
sive patients and in hypertensive animal models
[6.7). Clearly, sodium plays a role in the
pathogenesis of essential hypertension.

Based on this notion, a circulating digitalis-
like compound and/or a natriuretic hormone in
blood has been suggested to be responsible for
inhibiting the sodium pump function in patients
with essential hypertension [8-13]. Several
other possibilities, such as a generalized mem-
brane defect. as well as specific membrane
defects probably involving the sodium pump
and the sodium-potassium co-transport, are
being investigated |14-10]. Specifically, Meyer
et al. |17} have demonstrated the presence of an
irhibitor called endaline in about one-third of
patients with sustaine:l and moderate hyperten-
ston, Furthermoie a hypothalamic inhibitory
factor (HIF) which inhibits the sodium pump in
nanomolar amounts has been established in
essential hypertension [18.19).

Although a plasma membrane Na* K*-
ATPase digitalis-like inhibitor has been demon-
strated in the blood of Nigerians having essen-
tial hypertension [20], there is no information
on the status of the sodium pump in this
pathological condition in Blacks. The aim of
this study was to fill that gap. In this report, we
present evidence to show that the activity of the
sodium pump is subnormal in individuals
having essential hypertension. In particular, the
maximum velocity of the enzyme is significantly
lower in hypertensive individuals than in
normal individuals. These differences may be
attributed either to the presence of an endo-
genous inhibitor or to a generalized or specific
membrane defect, probably of a genetic or
dietary origin.

Materials and methods

All reagents were of the highest purity avail-
able. ATP (vanadium free), ethylencglycol-bis-
(2-aminocthyl ether) NN N' N'-tetraacetic
acid (EGTA), 4-(2-hydroxyethyl)-1-piperazine
ethanesulphonic acid (HEPES) and fatty-acid-
free bovine serum albumin were purchased
from Sigma Chemical Co., St Louis, MO,
US.A.

Preparation of haemoglobin-free erythrocyte
ghost membranes

Blood samples were obtained from 25 indi-
viduals who were newly identified as having
essential hypertension. The subjects were not
receiving any medication or dietary therapy at
the time of collection of blood. A set of 25
normotensive individuals who have no family
history of hypertension were drawn from
healthy volunteers. Haemoglobin-free erythro-
cyte plasma membranes were prepared by
hacmolysis in 1 ma EDTA, as previously
described by Jarret & Penniston [21]. Packed
red cells. obtained from whole blood samples
by centrifugation at 3900 g, for 5 min, were
washed three times in five volumes of an
isotonic solution containing 130 my  KCI,
20 mn Hepes (pH 7.4) by centrifuging at 5000
Zmax for 5 min. The supernatant and a whitish-
grey layer of white cells on top of the pellet
were removed by aspiration. The washed red
cells were later haemolysed in 5 volumes of
L ma EDTA (Na salt) and 10 my Tris-HCI (pH
7.4), and centrifuged at 18,000 g,,,.« for 10 min
to collect the membrane fraction. To prevent
excessive resuspension of the membrane pellet
at the end of cach centrifugation step, centrifu-
gation was hereafter performed with the centri-
fuge brake turned off. The membrane fraction
obtained was washed three more times with at
least 20 volumes of the lysing buffer in order to
remove hacmoglobin, calmodulin and other
proteins. The white ghost membranes obtained
after washing the lysed cells with at least 10
volumes of 10 mm Hepes (pH 7.4) were
collected by centrifugation at 18,000 o fOT 10
min, finally resuspended in 100 ma NaCl,
25 mm KCl, 50 my Hepes (pH 7.4), 500 pa
MgCly and I ma EGTA and stored at —40°C or
used immediately. Addition of 25 mar KCI was
omitted in some preparations.

Estimation of membrane protein

Membrane protein concentration was deter-
mined according to a modification of the
method of Lowry er al. [22]. Membrane prepa-
rations were treated with 0.05% (w/v) de-
oxycholic acid and then precipitated with 10%
TCA (final concentration) at room tempera-
ture. Fatty-acid-free bovine serum albumin was
used as a standard.
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Assay of Na*, K*-ATPase

Activity was determined by a slight modifica-
tion of the method of Jones er al. [23]. Ouabain-
sensitive Na* K*-ATPase activity was deter-
mined in a reaction medium containing, in
final concentrations, 50 mm Hepes, pH 7.5,
3 mam MgCly, 1 mat EGTA. 120 mam NaCl,
25 mm KCl. 20 mg membrane protein per ml
and 3 mat Na, ATP, with or without ouabain
(1 mam). The inorganic phosphate liberated on
the hydrolysis of the y-phosphodiester bond of
ATP was estimated by the method of Stewart
[24]. The activity that was inhibitable by 1 mm
ouabain was taken as the Na* K*-ATPase
activity and was expressed as pmol inorganic
phosphate liberated per mg membrane protein
per h.

Determination of (Ca®* +Mg>* )-ATPase and
Mg *-ATPase activities

(Ca®*+Mg?*)-ATPase was assayed by follow-
ing the rate of release of inorganic phosphate
from the y-position of ATP as previously
described [25]. The assay medium was made up
of 120 ma KCl, 50 mma Hepes, pH 7.4, 5 mm
MgCls. 2 ma CaCl,y, 5 mav EDTA and 50-100
ng crythrocyte membrane protein in a total
volume of 800 ul. The mixture was pre-
incubated for 5 min at 37°C with constant
shaking, prior to the addition of ATP (2 mm,
final concentration). The determination was
run in duplicates with or without 120 nm
calmodulin. The inorganic phosphate liberated
was determined colorimetrically by standard
procedure using ammonium molybdate and

ascorbic acid. Blanks were run to correct for
non-enzymic hydrolysis of ATP. Mg?*-ATPase
was assayed by the same protocol, except that
0.5 mm EGTA was added to the assay medium
in place of CaCl,. To obtain (Ca?*+Mg?*)-
ATPase activity, Mg?*-ATPase activity was
subtracted from the total activity observed in
the absence of EGTA (i.e. in the presence of
calcium). Activity was expressed as pmol
inorganic phosphate liberated per mg mem-
brane protein per h.

Results

Haemoglobin-deficient and calmodulin-free
erythrocyte membranes were isolated from 25
hypertensive subjects and 25 healthy indi-
viduals who have no family history of essential
hypertension. Table 1 summarizes the results
obtained by a determination of the activities of
some ATPase functions associated with the red
cell membranes. Our data show that Mg?*-
ATPase activity of hypertensive membrane 1s
about 1%2 times higher than that of normal
erythrocyte membranes. The reason for this is
obscure as no known function has been ascribed
to this ATPase action. Furthermore, the basal
(Ca®*+Mg?*)-ATPase activity of these mem-
branes is identical in control and in hyperten-
sive individuals, but the extent of stimulation by
calmodaulin, its endogenous positive modulator,
is higher in normal membranes than in mem-
branes of hypertensive individuals. These data
are in agreement with previous reports from
our laboratory and from other workers [26,27].

The Na* ,K*-ATPase activity of the erythro-

Table 1. Erythrocyte plasma membrane ATPase activity of hypertensive humans

Membrane ATPase activity (umol Pi mg protein™' h™")
y g p

Enzyme

Normal

Hypertensive

Mg?*-ATPasc

(Ca®* +Mg?")-ATPasc
Basal
Calmodulin-stimulated

Na',K*'-ATPase

0.31 £ 0.07

0.73 £ 0.06
2.34 £ 0.31
3.2)*
0.96 £ 0.07

0.50 £ 0.12

0.69 + 0.07
1.12 £ 0.11
(1.6)°
0.76 + 0.08

Values are means + standard deviation for at least cight different experiments.

*Stimulation factor by calmodulin.
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cyte plasma membranes of normal and hyper-
tensive individuals is also shown in Table 1. On
the whole, the activity of the pump in the
membranes of hypertensive individuals is at
least 20% lower than that of normal mem-
branes, although the activity of the pump in
three and two other hypertensive subjects was
about 30 and 35%, lower, respectively, than the
average activity obtained for normal mem-
branes (results not shown). Surprisingly, the
pump activity of the membrane of three other
hypertensive individuals falls within the values
obtained for normal membranes.

= Figure 1 shows the ATP-dependence of the
erythrocyte membrane Na* K*-ATPase of
healthy and hypertensive individuals in the
presence of non-limiting concentrations of Na*
(120 ma) and Mg"* (3 min), with or without
S mat K*. The results show that the pump of
membranes isolatzd from healthy individuals is
casily satugable. 1n the absence of K*, by ATP
concentrations = 2 um. The pump protein thus
exhibits, in the absence of K*, the Michaelis—
Menten profile that is characterized in this case
by a high apparent affinity for ATP as well as a
low maximum velocity, even in the presence of
highly saturating concentrations of ATP. The

0.05

Na*, K" -ATPase activity (pmol Pi/mg protein/h)
o
o
L)

1 1 1 1 1 ]
0 2 4 6

[ATP) (jam)

Fig. 1. ATP-dependence of erythrocyte plasma mem-
pranc Na' K*'-ATPase of healthy (squares) and
pypertensive (circles) individuals. The ATPasc was
assayed in the absence (open symbols) and presence
(filled symbols) of 5 mm KCI.

profile seen for the pump protein of the
erythrocyte membranes of hypertensive indi-
viduals does not differ as such from that of
healthy individuals. These results suggest that
the affinitics of the enzyme for Na* and ATP
do not deviate from those scen in the erythro-
cyte plasma membranes of healthy individuals.

The sensitivity of the erythrocyte plasma
membrane Na' K*-ATPase of hypertensive
and control humans to 5 mat K* is also shown in
Fig. 1. The results indicate that the inclusion of
5 mm K in the reaction medium increases the
activity of the pump several-fold. In particular,
the profile of the plot of ATPase activity against
ATP concentration in the presence of 5 mat K*
and non-limiting concentrations of Na® and
Mg?* does not follow a rectangular hyperbola
as should be expected for a Michaelis type of
reaction. This profile however, suggests that
the mechanism of catalysis by the sodium pump
is quite different from that of a one-substrate-
one-enzyme reaction. Clearly, the results
demonstrate that the sensitivity of the pump
protein to 5 mm K™ is lower in the membranes
of hypertensive individuals than in healthy
individuals, over a wide range of ATP concen-
trations. Consequently, the apparent affinity
for ATP and the maximum velocity of the
enzyme of the membranes of hypertensive
individuals, in the presence of S mat K* and
non-limiting concentrations of Na* and Mg?>*,
may differ significantly from those of mem-
branes of normal subjects.

Figure 2 is the Hanes plot for the Na* K*-
ATPase activity of the erythrocyte plasma
membranes of control and hypertensive indi-
viduals at 5 mm K* under conditions of non-
limiting concentrations of Na* and Mg?* ions
and in the presence of high concentrations of
ATP. The intercept of the lines on the ordinate
is the ratio K,,/V,,.«, while the slope of cach
line is 1/V .. It is thus possible from this type
of plot to determine the apparent K,,, for ATP
and the maximum velocity of the sodium pump
in the membranes of normal and hypertensive
individuals.

Table 2 summarizes the values for the appa-
rent affinity of the enzyme for ATP and its
maximum velocity based on the Hanes plot
represented in Fig. 2. The data show that the
affinity (K,,,) of the pump protein for ATP in
the presence of 5 mm K* and non-limiting
amounts of Na* and Mg?* is unaffected in
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Discussion

Several studies in the area of Na® metabolism
in essential hypertension have indicated that an
excess of Na* intake is a major environmental
factor contributing to the onset of incrcased
peripheral arterial tone and arterial vascular
resistance in humans. In erythrocytes, the
transport systems involved in the regulation of
intracellular Na™ concentration include the
ouabain-sensitive sodium pump, the furos-
emide (or bumetamide)-sensitive Na* K*-
co-transport system, which catalyses the inward
and outward movement of Na* and K*, and
the Na* countertransport which catalyses a
one-to-one exchange of internal Na* for exter-
nal Na*. Of the three systems, the sodium
pump is the most widely studied and the best
understood [28].

Although opinions differ as to what is the
likely nature of the defect in sodium transport
during essential hypertension, the sodium
pump function remains the target for investiga-
tion, whether or not a generalized or specific

Table 2. Some Kkinetic paramcters of the crythrocyte plasma
membrane Na' K*'-ATPasc of hypertensive individuals

vllhl‘ K"I
Membranes (umol Pi mg protein™' h™') (umol ATP)
Normal 0.95 + 0.06 59.2 £ 4.5
Hypertensive 0.75 £0.10 575 %52
(P < 0.02) NS

Each value s a

deviation.

mean of 15 different estimations

+

standard

Significance was determined by Student’s -test.

NS = not significant.

essential hypertension, although in one hyper-
tensive individual the K, for ATP is about 25%
lower than the mean value obtained for mem-
branes of healthy individuals. However, the
maximum velocity of the pump protein is about
25% higher in membranes of normal indi-
viduals than in the membranes of hypertensive
humans. Furthermore, the V,,,, of the pump is
not significantly different in the erythrocyte
plasma membranes of two hypertensive indi-
viduals when  compared  with  the values
obtained for normal membranes.

membrane defect occurs in this pathological
state. In this study, an assessment of the Na™*,
K*-ATPase of the erythrocyte plasma mem-
brane of Nigerians having essential hyperten-
sion shows that this ATPase activity is lower
than in healthy individuals (Table 1). It scems
likely that a reduced Na* K*-ATPase activity
could be due to an inhibition of the pump by an
endogenous compound that has been seques-
tered into the membrane, especially if the
compound is lipid in nature, as reported pre-
viously [17], and/or a generalized or specific
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defect in the membrane involving the nature of
the bilayer [14]. The former possibility, how-
ever, seems more likely because of the demon-
stration of a digitalis-like inhibitor of the
sodium pump in the blood of Nigerian hyper-
tensives [20].

In order to gain insight into the differences or
similarities between the kinetic properties of
the pump in health and in essential hyperten-
sion, the membrane-bound enzyme was assayed
under conditions of limiting concentrations of
ATP (<10 pMm) and non-hmiting amounts of
Na* and Mg?* because the cnzyme exhibits
different affinities for ATP when exposed to
Na* or K* [29]. Our results show that the
enfyme in the membranes of normal and
hypertepsive individuals is easily saturable by
ATP (about 2 jiar) in the absence of potassium

J(Fig. 1) thus indicating that there is probably
no ditference in the alfinities of the enzymes for
Nag and ATP under these conditions, s:ince the
high-affimity bindinyg site for ATP is only avail-
able When three <odium ions are bound on the
cytoplasmic face of the cnzyme [1].

In contrast, the sensitivity of the control
enzyme to K* (5 mm) 1s quite different from
that of the membranecs of hypertensive indi-
viduals (Fig. 1). Results of several studies have
shown that the low affinity sites for ATP are
exposed only in the presence of K*, which on
binding brings about a dephosphorylation of
the enzyme before K* can be transported
inside [1]. It is not surprising, therefore, to find
that the K,,, (ATP) for the normal and hyper-
tensive enzymes are identical in the presence of
K* (5 mm), as this amount of the cation will be
enough to cause the binding of ATP 1o its low
affinity site (Fig. 1). The finding that the
maximum velocity of the pump protein in
hypertensive humans is lower than in normal
membranes suggests that the ATPase of hyper-
tensive membranes may require more potas-
sium ions in order to attain the same maximum
velocity as the normal enzyme. This observa-
gion is in favour of the possibility of an inhibitor
whose inhibitory effect, like that of ouabain,
may be abolished or minimized in the presence
of an excess or high concentrations of K*.

A number of alterations of the red cell

cmbrane have, however, been reported in
atients with essential hypertension [14). Based
on the observations that the purified enzyme
gequires certain acidic phospholipids for maxi-

mum activity [30] and that the activity of
membrane-bound allosteric enzymes, of which
the Na* K*-ATPasc is an example, are modi-
fied by changes in membrane lipid composition
[31], it scems likely that membrane defects,
probably of dictary or genetic origin, may be
involved in the pathogenesis of essential hyper-
tension. The finding by Cooper [32] that
cholesterol enrichment of red cell membrane
results in an inhibition of sodium-potassium co-
transport, as well as the observation that a
safflower seed diet increased membrane linoleic
acid content [33). thus causing significant in-
crease of sodium pump activity and a decrease
in blood pressure, provide a direct evidence
that an altered sodium pump activity could
result from changes in membrane lipid com-
position in essential hypertension.

Thus, the observed decrease in apparent
Vmax Of sodium pump in essential hypertension
(Table 2) could be due either to changes in the
composition of the annular lipid domain (phos-
pholipids in the immediate environment) of this
integral membrane protein or to an inhibition
by, for example, a circulating digitalis-like
factor, the natriuretic hormone endaline,
and/or the hypothalamic inhibitor factor
[13,17-20]. Although elevated intracellular free
Ca’®* concentration in essential hypertension is
frequently linked to an enhanced intracellular
sodium level, reports of diminished stimulation
of the erythrocyte membrane (Ca?*+Mg?*)-
ATPase by calmodulin [26,27] may not be
unrelated to the same type of membrane
defects that affect the sodium pump function in
essential hypertension.

Therefore, for a thorough understanding of
the exact mechanism of pump inhibition in
essential hypertension there is a need to re-
examine in great detail the structure and asym-
metry of the lipid and protein components of
the two halves of the erythrocyte bilayer in
essential hypertension. It is only after this that
an assessment of the various alternatives so far
proposed for the involvement of sodium trans-
port in the pathogenesis of essential hyperten-
sion may become meaningful.
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