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An assay for the Ca pump ATPasc of intact human red blood cells (RBCs) was developed. The assay utilized a small volume
(typically 10 p1) of packed RI3Cs in 1 ml of a buffer of known composition. The assay was based on the exposure of intact RBCs
to the ionophore, A23187, in the prescnce of Ca. Such cxposure caused a rapid degradation of ATP in RBCs. This degradation
process is modeled in a numerical simulation in a companion paper (Vincenzi, F.F. and Hinds, T.R. (1992) Biachim. Biophys.
Acta 1105, 63-70). The loss of ATP followed pseudo-first-order kinetics. and the rate constant for ATP degradation was taken as
a measure of the capacity of the Ca pump ATPasc. A number of variables were exemined to optimize the activity of the ATPase.
These variables included the concentrations of Ca and AZ3187. Because A23187 can promote loss of ccllular Mg, it was
necessary to include MgCli, in the incubation medium to optimize ATPase activity. Likewise, it was detcrmined that inclusion of
iodoacctic acid optimized the ratc of ATP loss. presumably by preventing the resynthesis of ATP from ADP and inorganic

hospt Cobalt inhibited the i h di d loss of ATP by appareat competition with Ca for binding 10 A23187.
Results of many assays demonstrated substantial differences in the rate constant for ATP loss in RBCs from different
individuals. RBCs were sclected according to density. Density associated loss of Ca pump ATPase activity was obscrved both by
the intact RBC assay, and by assay of Ca pump ATPasc activity in saponin lysates of RBCs. The correlation cocfficient between
the two assays was 0.93. It is suggested that the ratc constant for ATP loss in intact RBCs exposcd to A23187 and Ca can be
taken as a measure of the Ca pump ATPasc activity. This may be uscful when isolated membrane ATPasc assays fait (c.g., dog
RBCs). The intact cell assay can also be carricd out on very small volumes of cells and may be of particular value when RBC
volumes are limited.

Introduction ’ lated membranes [8), although it is clear that dog

RBCs actively transport Ca [9], Thus, membrane isola-

Al eukaryotic cells, including red blood cells (RBCs) tion may cause loss of Ca pump AT!’ase a.cuvny.

contain in their plasma membrane, a Ca pump that To assay the Ca.pump A’!‘Pase with a :small M olume
maintains low intracellular free Ca®* (in this and the of human RBCs, with a minimum of manipulation and
companion paper we will use ‘Ca’ to specify calcium without membrane isolation we have taken a different
without particular referenc: to its free or bound status approach. We present here an assay based upon uti-
and ‘Ca’*" to refer to free ionic calcium). Ca active lization Of AT,P by the Cﬂ.f“m.‘p ATPase ,’.’f 'f“m cells.
transport is based on the activity of a membrane-bound This is d of the cation
(Ca?*+ Mg?*)-ATPase [2,3], Activity of the Ca pump (onophorc, A23187 lu intact cells [10]. Other workers
ATPase is i d by the binding of calmoduli have reported that ATP is lost from cells exposed to
(CaM) at the inner membrane surface [4,5]. The ATP- Ca® and A23187 [11,12], but the rate of loss Was not
ase has been assayed in membranes from RBCs [2], or quan:ﬁ‘edl.‘ Here vav;'c df:mmgt;zite ::lizggl; d| s co:-
in saponin lysates {6,7], However, certain species (e.g., sumed in human SinaCa™ an epenc-

s Tho T ent manner, that the consumnption is rapid and follows
t - . e .
dog) do not exhibit Ca pump ATPase activity in iso pscudo-first-order kinetics. The ATP is consumed

mainly by the ‘ioriophore-short-circuited’ plasma mem-
branc Ca pump ATPase. As shown in a companion

paper [1), the rate for ATP ¢ ption may
Corresnond, F.F. Vincenzi, D 130, be taken as an estimatec of the Ca pump ATPase
School of Medicine, University of Washmglun. Seattle, WA 38195, aciivity in intact cells. A similar assay system was

USA. applied to intact dog RBCs [10). Preliminary results of



similar data with human RBCs appeared in abstract
form [13).

Materials and Methods

lodoacetic acid (IAA) and ouabain were obtained
from Sigma Chemica! Cumnpuny. Luciferin-luciferase
was purchased from Los Alamos Diagnostics. Ficoll-
Paque was obtained from Pharmacia, and A23187 was
purchased from Calbiochem. Chemicals were analytical
reagent grade.

Fresh RBCs were obtained from nine healthy hu-
man subjects by venipuncture, Heparinized blood was
washed three times with cold saiine, with careful rc-
moval of the buffy coat by aspiration to minimize RBC
removal. The cells were then layered on Ficoll-Paque
and centrifuged and cells were washed two more times
with saline. Packed cells (85-90% hematocrit) were
stored on ice until assayed. Assay of Ca pump ATPase
in RBC saponin lysates was as described {14]. In some
cases, ‘top’ and *bottom’ RBRCs were separated accord-
ing to density [15] in small glass tubes (SMI pipet ‘D’
tubes) in a microhematocrit centrifuge. We selected
top and bottom populations of RBCs following 30 min
centrifugation by cutting the top and bottom parts of
the glass tube, respectively, after scoring with a dia-
mond scribe. Packed RBCs in the short segments of
glass tube were washed out using saline. By this method,
the ‘top’ and ‘bottom’ cells represented approximately
the 7% least and 7% most dense RBCs, respectively.

For assay of the Ca pump ATPase activity in intact
cells, washed RBCs (10 ul) were added to 1.0 ml of
buffer and pre-incubated for 5 min at 37°C. The butfer
usually contained 20 mM Hepes (pH 7.4), 140 mM
KCl, 2 mM MgCl,, 1 mM IAA, 0.1 mM EGTA and,
when added, .2 mM CaCl,. Ca** was approximately
10~4 M when CaCl, was added. Ouabain, 0.1 mM was
included in some experiments. IAA was made up fresh
daily and was added to the cells at the time of pre-in-
cubation. Following pre-incubation, at time zero 10 ul
of A23187 in ethanol was added to the suspension to a
final concentration of 3.8 M (unless otherwise noted)
while ‘vortexing’. Incubation at 37°C was continued
with removal of 10-u! aliquots every 2 min for 10 min
(or as noted). Aliquots were immediately diluted in 1.0
mi of a lysing solution consisting of 0.5 mM MgSO, in
10 mM Tris buffer (pH 7.75). Then, 15 ul of the lysed
aliquot of RRCs was added to 40 ul of solution con-
taining luciferin-luciferase in 0.25 mM MgSO, in § mM
Tris buffer (pH 7.75), in a Packard luminometer. The
lysis and dilutions were performed to: (1) release ATP
from the RBC:s (this made ATP available for assay and
also stopped the ATPase reaction by diluting the ATP
in the large extracellular volume), (2) provide appropri-
ate ionic conditions for the luciferase and (3) set the
amount of ATP in the range in which the assay was
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sensitive and linear. A23187 exerted no effect on the
luminometry assay. In most experiments, the ATP con-
tent of cells was not determined on an absolute, but
rather on a relative scale to the best fit calculated
initial ATP concentration. In the presence of A23187,
ATP levels in the RBCs declined rapidly with pscudo
first order behavior. The data were fitted with a first-
order equation from which the rate constant was esti-
mater!.

RBC volumes were determined using a Coulter
model Z,; cell counter and Channelyzer. Free Ca®*
levels in buffer solutions were measured by a Ca**
electrode [16]. ATP standardization was carried out by
standard additions to the samples. Concentrations of
ATP in standard solutions were determined by ab-
sorbance at 260 nm, with a millimolar absorption coef-
ficient of 15.4.

For determination of cellular Mg, 20 u1 of cells was
added to 4.0 mi of a solution containing LaCl,, 10 mg,
SrCl,, 10 mg per liter in 0.1 M HCI with 1000 ppm of
NaCl added. Following mixing and centrifugation at
3000 X g at room temperature, the supernate was as-
sayed for Mg using standard atomic absorption spec-
troscopy using Mg standards in the La/Sr diluent.

Results

The A”'P concentration in intact RBCs was found to
be 1.35 + 0.40 mmoi /1 packed cells (n = 4). With added
A23187 (3.8 pM, therc was rzpid pseudo first order
loss of ATP. Typical data (Fig. 1) demonstrate that
ATP was stable in RBCs in the presenc: of 5 mM
EGTA, with A23187. By sharp contrast, rapid and
pseudo-first-order loss of ATP occurred in RBCs ex-
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Fig. 1. Dependence on Ca and A23187 of the Ca pump ATPase of
intact RBCs. Data are presented as a semilogarithmic plot of the
ATP cuntent, normalized to the ATP content at time zero. One
control determined in the absence of added extracellular Ca and
with 5 mM EGTA and in the presence of A23187 (0 ), and
assays of activity in samples from three different individuals are
shown (other symbols). In each case the data were fitted with an
ial and the fati icient was > 0,99, The slopes of

the lines were the estimated rate constants, expressed as min !,
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posed to A23187 (3.8 uM) in the presence of 107 M
Ca®*. Substantial inter-individua! differences were ap-
parent in RBCs from different subjects. Such differ-
ences are consistent with inter-individual variation ob-
served using RBC saponin lysates and isolated RBC
membranes in our laboratory over a number of years
[7]. Under conditions of this assay, the rate of loss of
ATP was not significantly different in the presence or
the absence of 0.1 mM ouabain (not shown). It was
previously determined that when the ATP level is very
low then there is significant deviation from pscudo first
order [10Y). We routinely limited the loss of ATP to
90% of the original.

The rate constant for ATP loss in the intact cell
assay was independent of the concentration of RBCs in
the medium between 5 and 20 ul (data not shown).
Thus, the rate constant shoukd ot ve interpreted as a
specific activity in the usual scnse. Total ATP meas-
ured at time zero was dependent upon the total amount
of cells, (not shown), but the rate constant for ATP loss
was not significantly different at any; RBC amount
tested (P > 0.05).

As seen in Fig. 2, the rate of ATP utilization was
dependent on the umount of A23187 up to 1 pM at
which conuentration, the rate of utilization of ATP
became limiting: There was no statistically significant
difference in raie: between 1 uM and 10 uM A23187
(P>0.035). The usual concentration of A23187 em-
pleved in the assay was 3.8 uM. Thus, the corcentra-
tion of A23187 used in most assays was not limiting.
The results also show that the rate of loss of ATP was
small in the absence of added A23187.

The dependence of the rate of ATP loss on Ca** in
the incubation medium was examined in the presence
of 0.2 mM EGTA in the suspension buffer with various
concentrations of added CaCl, (Fig. 3). Resuits
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Dependence on several divalent cations of the Ca pump
of intact RBCs. RBCs in the medium containing various
concentrations of Ca, St or Mn were incubated at 37°C for 5 min
before the addition of A23187. Free Ca®* was altered by varying
CaCl, with added EGTA (0.2 mM). Free Ca®* (o ®) was
determined by Ca dwxwdc The apparent hali-maximal and ma
mal concentrations of Ca** were 6:107% M and 1- 107 M. respec-

ively, and there was a prominent “rollover’ of activation at 107 M
Ca® (n=2). ST (M ®) (2= 3) did, but Mn (& a)
(=1, did not activate the ATPase,

demonstrate that the usual concentration of 1074 M
Ca®* in the incubation mixture promoted near maxi-
mal activation of ATP loss. Half-maximal activation
was at about 3-107% M Ca’*. Sr activates the Ca
pump ATPase of isolated membranes and is trans-
ported by the Ca pump of intact ceils [2,17.18]. Sr (10
mM) in the incubation medium promoted maximal
activation of ATP loss in the absence of Ca. Thus, Sr
could replace Ca in the assay of the Ca pump ATPase
of intact cells in the presence of Mg. Sr was as effective
as Ca but its potency was approximately S00-times
lower than that of Ca. By contrast with Sr, Mn did not
promotc activation of ATP loss (Fig. 3).

The loss of ATP of intact RBCs was inhibited by the
addition of CoCl, in the presence of the ionophore
(3.8 #M) and CaCl, (0.1 mM). with half-maximal inhi-
bitionr occurring at 3.3 uM CoCl,. Addition of three
times less oy five times more than normal A23187
shifted the concentration-~fect curve; to the left with a
CaCl, ICq, value of 1.9 uM, o i the right with a
CoCl, ICg, value of 6.3 uM, respectiveiy {ata not
shown).

As shown in Fig. 4, there was a broad dependence
on Mg Rt.sul(:s show that 2 mM MgCl, supported
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Fig. 2. Dependence on A23187 of the Ca pump ATPase of RBCs. A

dilute suspension of washed RBCs was preincubated at 37°C for §

min before the addition of different concentrations of A23187 in

ethanol. The final concentration of ethanol was than 3% in this

series of assays, as contrasted with 19 in the usual ussay, Results

based on the means of blood samples from three different individu-
als. Verticol bars represent £5.D.

| activation of ATP loss. In the ab-
sence of added MgCl, or in the presence of 16 mM
Meg. the iate of loss of ATP was decreased. The effect
of A23187 (3.8 uM) on ccllular Mg content was exam-
incd in incubation medium containing 2 mM MgCl,.
Addition of ionophore increased the cellular Mg con-
tent from an initial level of 2 mmol/1 to 5.5 mmol/I.
The Mg level reached a plateau within 4-3 min. Under
assay conditions therc was modest cell swelling, as
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Fig. 4. Dependence on Mg of the Ca pump /\TP.nsc of intact RBCs.

RBCs were incut J with various of MgCl, at

37°C for 5 min before addition of A23187. Results based on the

means of blood samples from three individuals. Vertical bars repre-
sent+8.D.

detcrmined in a cell counter (data not shown). Upon
addition of A23187, the increase in RBC volume was
about 10% during 10 min incubation. Cells incubated
in the absence of A23187 swelled by approximately 2%
during the i0 min period (data not shown).

The dependence of loss of ATP on IAA was exam-
ined, as shown in Fig. 5. The results demonstrate that 1
mM IAA in the incubation medium, the usual concen-
tration employed, supported maximal activation of ATP
loss. Presumably, at very low concentrations of IAA,
some. glycolytic synthesis of ATP occurred «nd reduced
the apparent ATPase activity by about 20%. Significant
inhibition was observed in the presence of 10 mM TAA,
possibly because of direct effects on the Ca pump
ATPase. However, between 0.3 and 3 mM 1AA, the
rate of loss of ATP was essentially constant and maxi-
mal.

It is generally accepted that in a population of
normal RBCs the most dense (bottom) cells are the
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Fig. 5. Dependence on TAA of the Ca pump ATPase ol i~tact RBCs,

RBCs were preincubated for 5 min at 37°C in the standard med! m,

but with varions concentrations of IAA. Results based on the means

of blood samples from three individuals, Vertical bars represent+
s.D.
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Fig. 6. Ca pump ATPasc activitics of intact RBCs and saponin
lysates were as it in ials and Methods in
‘top’ and ‘bottom’ fractions of RBCs. ‘Top’ (open), unselected
(striped) and ‘bottom® (solid) samples of RBCs gave respective rate
constants of 0.251£0.016, 0.230+0.018 and 0.187£0.013 min~*
(upper panel). The Ca pump ATPase activities of ‘top’ (open),
unselected, (striped) and *bottom® (solid) RBC saponin lysates were
37.8+2.2, 33.6+2.0 and 30.3+ 1.9 pmol/10° cell per min, respec-
tively (lower panel). Results based on the means of blood samples
from eight individuals. Vertical bars represent +S.D.

oldest, or at least the most senescent, while the least
dense (top) cells are the youngest, or at least the least
senescent [19]. Activities of the RBC Ca pump ATPase
were determined by two different methods using unse-
lected and top and bottom (sclected by density) cells.
Ca pump ATPase activities were expressed as the rate
constant for intact cells and the specific activity for
saponin lysates (Fig. 6). By both methods the activity of
the top RBCs was significantly greater, and the activity
of the bottom RBCs was significantly less, than that of
the unselected RBCs (P < 0.001, paired ¢-test), Fig. 7
presents individual data points from Fig. 6. The data
are plotted as a comparison of ATPase activity deter-
mined, on the one hand, by the saponin lysate tech-
nique and, on the other hand, by the intact cell assay.
The results show excellent correlation between the two
methods (r = 0.93),

Discussion

The present results support the suggestion that ihe
capacity of the Ca pump can be estimated in inract
RBCs by following the initial pseudo-first-order loss of
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Fig. 7. Carrelation of intact cell and saponin lysate assays of Ca
pump ATPase in human RBCs (individual data points from Fig. 6).
One typicai Ca free coaivc! value (that Hllustrated in Fig. 1) is also
plotted. The fit of the data shows an x intercept of 0.76 and a
correlation coefficient of 0,93, The slope of the line 6.8-10™ %) is the
empiric relationship between the mu constant determined in the
intact cell assay {expressed in min ') and the specific activity as
detcrmined in the saponin lysate assay (expressed in pmol/10° cell
per min).

ATP in cells exposed to Ca and A23187. The depend-
encies of the rate of AT loss on a number of variables
were consistent with the interpretation that the major-
ity of ATP consuiaption uader the conditions of the
assay was mediated by the Ca pump ATPase. Sr, which
is carried by A23187, and which activates the Ca pump
ATPase of isolated membranes, also activated ATPase
in the intact celi assay. The Ca pump ATPasc requires
Mg as well as Ca, and in the presence of the ionophore,
Mg (as well as Ca) movement is enhanced. For maxi-
mal activity, it was necessary to include Mg in the
incubation medium. In the absence of added Mg ccllu-
lar Mg was presumably depleted. Under usual condi-
tions of the assay there was a modest increase in
cellular Mg. Inclusion of IAA enhanced the m al
ATPase rate by approximately 20%. Ii is suggeste:! that
the increase in the rate of ATP loss caused by 1AA was
due to inhibition of glyceraldehyde-3-phosphate dehy-
drogenase {20]. Finally, there was an cxcellent correla-
tion between assay of the Ca pump ATPasc in intact
RBCs and in saponin lysates. Results in our laboratory
[13] and others [6,21] support the excellent correspond-
ence of ATPase activities in saponin lysates and in
isolated human RBC membranes. ‘ncluding inter-indi-
vidual variation.

An estimate of the specific activity of the Ca pump
AlPase in intac: RBCs can be obtamee from the
empirical relati ponin lysate and in-
tact cell assays, as shown in Fig. 7. This relationship
was applied to the values for ATPase activities of top,
unselected and bottom cells, as shown in Fig. 6. 1t was
assumed that the RBC contains 6.6+ 10™'* g of mem-
brane protein [22). The specific activitics were thus
57.6 + 3.67, 52.8 + 4.14 and 43.2 + 3.00 nmol/mg pro-
tein per min, pectively, for top, lected and
bottom cells. These values are similar to values re-

ported for the calmodulin activated Ca pump ATPase
in isolated membranes in a number of laboratories.
Inhibition by trifluoperazine of ATP loss {10] is consis-
tent with the interpretation that calmodulin activates
the Ca pump ATPasc ir intact cells during this assay.

These estimates are based on the fact that the Ca
pump ATPase is the rate limiting reaction for ATP
consumption during thc 10 min of the assay. Ca-
activated ATPase activity in RBC membranes has been
correlated with Ca transport with an apparent stoi-
chiometry of 1 {26}. The cytasol of the human RBC

ially no Ca-simulated ATPase activity
(27] These facts are the basis of the prewously estab-
lished assay of the Ca pump ATPase in saponin lysates
of human RBCs [6,7].

There are several potential sources of error in ihe
assay. Resynthesis of ATP, by adenylate kinase, would
cause the rate of the Ca pump ATPase to be underesti-
mated if there were significant resynthesis during the
10 min assay period. Adenylate kinase is strongly inhib-
ited by K at concentrations that exist in the intact RBC
[28). Thus, it is difficult to know just kow much resyn-
thesis should be e: G. This ques is consid
more fully in a companion paper [1]. Synthesis of ATP
from 2,3-DPG is another potential way in which the
activity of the Ca pump might be underestimated in
this assay. However, at least one of the enzymes in-
volved in that pathway, enolase, is inhibited by Ca**
with a K; of 7-107° M [29]. Thus, the conditions of
the assay inhibit the synthesis of ATP from 2,3-DPG.
In short, over the limited time course of this assay, the
major determinant of ATP loss is the Ca pump ATP-
ase, The rate constant determined in this assay in any
given blood sample is directly proportional to the enzy-
matic activity of the Ca pump ATPasc detcrmined by
more traditional means using the same sample (Fig. 7).
The mechanism of the pseudo-first-order loss of ATP
is modeled in a companion paper {1},

Ca pump ATPasc activity was dependent on Mg?*
(as well as Ca’*) in intact RBCs (Fig. 6), as expected
[2,24,25]. In the absence of added Mg, the rate con-
stant for ATP loss was about 1/10 of its maximal value
because the ionophore promoted loss of Mg into the
large extraceliular volume, The rate of ATP loss was
increased by adding MgCl, to the external medium.
The loss of ATP was less than optimal at medium
concentrations higher than 8 mM MgCl,. However, the
usual concentration employed in the assay, 2 mM
MgCl,, which corresponded to approximately 3.5 mi
of total cellular Mg after the addition of A23187 sup-
ported maximal activity of the Ca pump ATPase. Flat-
man and Lew reported that active Ca efflux was sup-
ported in the presence of 2 mM exiracetlular MgCl,
(30]. Similarly, Ca pump ATPase activity was supported
when Mg was introduced to Mg-depleted cells (24,25,
Ca dependence of the ATPase as determined in the




intact human RBC assay (Fig. 3) closely matched Ca
dependence in a similar assay in intact dog RBCs [10]
and of the CaM-activated Ca pump ATPase of isolated
human RBC membranes determined ir: this laboratory
{34]. This d J also included the ct istic
‘rollover’ of activity at relatively high Ca®* concentra-
tions.

We found that about 10% swelling was associated
with entry of Mg as did Flatman and Lew [30). This
was presurnably due to the influx of K and water from
the high KCl medium in to the i d K
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The prescm results. can not be explained by simple
Mict ics. Total intracellular ATP at
time zero (1.35 mmol/1) is greater than what has been
cuasidered the low affinity K, for the Ca pump ATP-
ase in whole celis (500 umol/D) [25], resealed ghosts
(180 uM) {45), or 360 uM [46] or isotonic membranes
(760 pM) {475 In isolated membrane preparations
there is less variability in the low affinity K, with
values of about 140 xM [23]. Perhaps conditions in the
iniact cell favor a larger K. It is possible that some

permeability promoted by increased Ca?* at the inner
membrane surface (Gardos effect) [35,36]. Results are

i with the i that, in the presence
of jonophore, intracellular Ca®* is substantially in-
creased. Cell counts confirmed that essentially no
hemolysis occurred during the 10 min exposure to
A23187. Human P.BCs can swell to a volume of ap-
prox. 119 fl before much hemolysis occurs [10].

The nature of the dependence on Ca?* observed
under these conditions is qualitatively similar to that
reported for the Ca pump ATPase of isolated RBC
membranes (5], and intact RBCs [10,24,37]. While there
are diffcrences in the absoluic values of the Ca®*

itivity in various lat ics, we do not place great
significance on such differences. Differing assumptions
in buffer equations, the composition of buffers, purity
of reagents, and other variables prot for

is lost during membrane preparation or
that some reorganization of the lipid or protein affects
the ATPase activity [48]. In any event, although the K,
values found in intact cc!ls are high they are not large
enough to account for the first-order behavior of this
assay [1}.

We suggest that the ability to perform Ca pump
ATPase assays on smal! samples of RBCs will be useful
in certain circumstances. So far as we are aware, this
method is the only method that can reliably assay the
activity of this enzyme in the dog RBC [10]. This assay
can be used to estimate the activity of the Ca pump
ATPase using extremcly small volumes. These can be
typically in the range of 5-20 ul as described in this
paper, but could be easily modified for smaller volumes
by scaling down. The assay is sensitive without using
radnmsompes We have to measured the activity in cells

most of the apparent dlffcrences, in our opinion.

In the presence of A23187, Sr maximally activated
the Ca pump ATPase of intact cells. Similar results
have been shown in resealed ghosts [2,18), inside out
vesicles [38], purified enzyme [39] and isolated mem-
branes [17). Mn is transported by A23187 [40] but is not
transported by the Ca pump ATPase {3} and was found
not to activate the Ca pump ATPase of intact RBCs.
These results are consistent with the known ionic pref-
erences of the Ca pump ATPase as determined in
isolated membranes. Co is known to be rapidly trans-
portec: by A23187 [41]. Co rapidly blocks ionophore-
mediated Ca transport but it does not affe:t Ca trans-
port by the Ca pump [42]. It appears that CoCl,
effectively reduced the available A23187 that could
carry Ca and thereby effectively inhibited the exprec:
sion of Ca pump ATPase activity in intact RBCs. The
addition of Co could potentially be useful for kinetic
analysis in the whole cell assay.

Results in Figs. 6 9nd 7 support a previous report,
based on saponin lysate assays, that there is a density-
associated decrease in the activity of the Ca pump
ATPase of human RBCs (43). Similarly, decreased Ca
pump ATPase activity was reported in the most dense
RBCs of normal dogs, based on assay of Ca pump
ATPase in intact cells {44). The significance of this
density associated loss of Ca pump ATPase activity is
not yet known but may be related to cellular aging.

to their density in small glass
mbes ‘When so apphed the results [43] agree with data
obtained by others using much more laborious tech-
niques [49). If one were to ‘calibrate’ the assay as in
Fig. 7, then one could rcport the activities for the
CaM-activated Ca pump ATPase in more usual termis.
We suggest that this assay can be useful for the deiec-
tion of inhibition of the Ca pump ATPase by natural
products, circulating factors and drugs that are active
on the outside of the cell and that would best be
analyzed using an intact cell system. The system allows
for minimal handling of the RBCs and limits the loss of
integrity of the Ca pump ATPase that might occur
during membrane isolation.
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