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INTRODUCTION

It has been shown that the red cell mem-
brane has an active mechanism for transpo-
rting Cat* out of red blood cells(Lee et al,

1969; Olson et al. 1969; Schatzman, 1966:
Schatzman et al. 1969). A Catt-activated
ATPase, in the presence of Mg+t (Ca** ATP-
ase), appears to provide the energy for the
Ca*t extrusion process (Schatzman et al, 19
69; Vincenzi et al, 1967). On the other hand
it is well established that a Na*-K*-activated
ATPase(Nat-K* ATPase) is an integral part
of the red cell membrane and provides the
energy for outward extrusion of Na'(Post et
al. 1960; Skou, 1965). In view of the app-
arent localization of these two ATPases for
transport of Na* and Ca** in the cell memb-
rane, it would be of interest to study the
relationship between these ATPases,

In the present investigation, the effects of
various experimental conditions on Nat-K*
ATPase, on the one hand, and the Catt
ATPase, on the other, were studied, emplo-
yving red blood cell membrane fragments.
The results indicate that these two ATPases
share many common characteristics. but they

are two distinctly different enzyme systems,
located in the same cellular membrane.

MATERIALS AND METHODS

Purification of the ATPases of red cell

membrane

All procedures were performed at 0-4°C.
Citrated human red blood cells(RBC) were
washed four times with 6x their volume
of 0.9% NaCl solution. The RBC were packed
lightly by centrifugation at the end of each
washing. The white buffy layer above the
RBC after centrifugation was eliminated as

completely as possible. After the last
washing, one volume of packed RBC was
hemolyzed in 5 volumes of a solution

containing 1 mM EDTA and 1 mM Tris buffer
(pH 7.0). About 15 min after hemolysis, the
hemolysate was centrifuged at 20,000xg for
15 min. The precipitate(ghost cells) was
washed twice with 3 volumes of the lysing
solution, washed once with 3 volumes of 10
mM EDTA solution, and once again with 3
volumes of the lysing solution. By this time,
the precipitate was essentially white. This
precipitate was washd once with 3 volumes




bf 0.5M NaCl solution, 4 times with 0.5 mM
histidine-imidazole buifer, pi 7.0, and was
finally suspended in 0.5mM histidine-imida-
zole buffer (pH 7.0). The final suspension,
which consisted of RBC membrane fragments

(RBCMF) and contained approximately 4 mg
protein per ml, was stored at —20°C before
use.

Measurement of ATPase activities

The compositions of standard reaction mi-
xtures for ATPase activities are Ishown in
Table 1. Any deviation from the standard
compositions is indicated in the text. The
procedure of measurement of ATPase activity
was as follows: The reaction mixture (total
volume, 5ml) containing all components ex-
cept ATP, and including RBCMF, was pre-
equilibrated at 37°C for 3min, and the reac—
tion was started by adding ATP to the mixt-
ure., The volume of RBCMF suspension in
the reaction mixture was 0.5ml. Thirty mi-
nutes after the incubation at 37°C, the rea-
ction was stopped by adding 1 ml of cold 20%
TCA or perchloric acid. Then the mixture
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Fig. 1. ATPase activities of RBCMF. Reaction mi-
Xtures were standard compositions of Table
1 except concentrations of Na* and K* which
were varied as indicated in the abscissa. An
average of 3 experiments.

Table 1. Composition of Reaction Mixtutes

Composition of incubation medium
Comporent

for Mg** Na+-K* Ca**ATPase
ATPase  ATPase ATPase
NaCl 100 100 100
KC1 20 20 —
CaClz —_ —_ 0.5
EGTA 0.5 0.5 —
Histidine-imid-
azole buffer, 30 30 30
pH 7.0
MgClz 5 5 5
QOuabain 0.05 — 0.05
ATP 2 2 2

All values in mM.
Total volume, 5ml, including 0.5ml of RBCMF
suspension.
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Fig. 2. Effects of free Ca** concentrations on Ca*+t
ATPase activity of RBCMF. An average of
3 experiments.

was centrifuged. and the amount of Pi in
the supernatant was measured by the method
of Fiske and Sabarrow (Fiske et al, 1929). All
ATPase activities are expressed in px mole Pi
liberated per mg protein per hour.

RESULTS AND DISCUSSION

The activities of Mgt ATPase, Na*+-K*
ATPase and Ca*t ATPase during the purif-
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ATPase Activity During Purification

Specific activity of ATPase

Procedure (after) Preparation -
¢ mole Pi/mg protein/hr

Mg+t ATPase Na*+-K+*ATPase CattATPase
Hemolysis whole hemolysate 0°004 0.007 0,019
First centrifugation Supernatant 0. 002 0. 002 0. 003
(20, 000g 15min) Precipitate 0.009 0. 020 0. 044
2 washings with
1 mM EDTA Precipitate 0.049 0.114 0.244
Washing with
10 mM EDTA Precipitate 0.168 0, 380 1.6
Final washing Final RBCMF suspension 0. 202 0. 430 1.7

Average of 10 experiments.

ication procedure are shown in Table . It
was noted that washing of RBCMF with the
EDTA solutions increased the specific activ-
ity of both Na*-K* ATPase and Ca** ATP-
ase significantly. This probably was due
mainly to removal of hemoglobin, since only
a trace of hemoglobin was found after was-
hing with 10mM EDTA. Tt should be noted
that Na*t-K+* ATPase and Ca't ATPase
were purified in parallel fashion, and the
specific activity of these ATPases was incr-
eased approximately 100 fold over the specific
activity of the hemolysate at the end of the
purification procedure.

Influence of Nat and K* on ATPase acti-
vities

Concentrations on Na® and K+ were varied
from those in the standard media (see Table
1), and results are shown in Figure 1.
It was found that Na*-K+ ATPase is acti-
vated only in the presence of both Na' and
K*. On the other hand, Ca** ATPase does
not require Na* or K+, but was increased
further in the presence of these monovalent
ions without specificity for either Na* or K*.

Influence of Ca*t concentrations on Ca'"
ATPase activity

The Cat* concentrations of medium was
varied from that of the standard medium
used for Cat* ATPase(Table 1). Ca** conc-
entrations less than 107°M were adjusted by
use of an EGTA-CaEGTA buffer system.
The results are shown in Figure 2.
the Ca**
ATPase activity was maximum at a Catt
concentration of 5x107*M, and fell off as

Ca*t concentration was either increased or
decreased.

As can be seen 1n this Figure,

Influence of pH of the reaction mixture

The results of varying the pH of the rea-
ction mixture, with other conditions remai-
ning unchanged, are shown in Figure 3. It
was found that both Nat—K* ATPase and

Cat* ATPase have the highest activity at
pH 7.5.

Effect of preincubation of RBCMF at di-
fferent temperatures

The RBCMF were exposed for 30 min at
various temperatures before measurement of
various ATPase activities, and these results
are shown in Figure 4. It is noted that up
to 40°C Cat* ATPase and Na*—K* ATPase
activities are not affected. However, exposure
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Fig. 3. Effects of varying pH of reaction mixtures
on ATPases. An average of 3 experiments.
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Fig. 4. Effects of pretreatment of RBCMF at var-
ious temperatures on ATPases. An average
of 3 experiments.

of RBCMF at 50°C for 30 min almost com-
pletely destroyed the Cat* ATPase activity
without significantly
ATPase activity.

influencing Na*-K*

The nucleotide specificity

The ATPase activity of RBCMF with va-

in Table [. It
was observed that ATP was the only specific

rious nucleotides is shown

substrate which was split in the significant
amount by RBCMF in the presence of Na*
-K* or Ca**, This ATP specificity for Ca**
ATPase was in contrast with results obtai~
ned previously, which showed Ca**extrusion
in released red blood cells in the presence of
CTP, GTP and ITP, as well as ATP(Lee
et al, 1969).

Table [[. Substrate Specificity of ATPase Activ—
ities of RBCMF

Nucleotide
ATP CTP GTP ITP UTP

ATPase

Mgt ATPase 0.22 0.03 0.03 0.05 0.0l
Na*-K* ATPase 0.53 0.09 0.09 0.10 0.05
Ca*+ ATPase 1.38 0.12 0.08 0.13 0.04

All values in pmole Pi/mg protein/hr.

Average of 3 experiments.

The concentration of all nucleoside triphosphates is
2 mM, and other conditions are standard,

SUMMARY

1. The human red blood cell membrane
fragments have both Na*-K* ATPase and
Catt ATPase; and ATP is the specific sub-
strate for both Ca*t* ATPase and Nat-K+
ATPase, The responses of these two ATPa-
ses to pH change are similar. However, th-
eir responses to alterations of the temperat-
ure of the medium are distinctly different.
Thus, preincubation at 50°C destroys the
Ca*t ATPase activity without influencing
the Na*-K+ ATPase activity.

2. From the above results it is concluded
that Nat-K* ATPase and Ca** ATPase are
two distinctly different entities located in
the cell membrane,

Abbreviations used:

EDTA-ethylenediamine tetraacetate




EGTA-ethylene glycol bis(g-aminoethyl
ether)-N, N/-tetraacetic acid

ATP-adenosinetriphosphate

CTP-cytidine triphosphate

ITP-inosine triphosphate

GTP-guanosine triphosphate

UTP-uridine triphospate

rinek MRSl Na™K+ ATPase 3
Ca*t ATPase E{#0| W&t B

Agtieta osie oheletad
R S

M MRS B4 o) &0 K BHKRET 7
Az g Aeow daiA qrlh e FHF MR A
o wEel HERY BE) i 24 Ka*-K* ATPase 7}
A ored A 9ok ,
AEER 4] = AR S 4 Na*-K+ ATPase 2}
"Ca't ATPase 7} %4 B KEIElA olm 3 BEe W
2 AYAE Btz Nat-Kt ATPase 9} Catt
ATPase 9}o] GRS %Wz A slgdrt. EBRFBEREE &
Bistel oot ok

1) FRME #ipe Nat-Kt ATPase 3 Catt AT-
Pase {5 Ueliglon o5 M#E: ATP #49
Aolgleh o] F ATPase i&t-e RIS ik Bke)
HERE HolA 2gtor} RERES Bital disle] @
%3 =RE Jebligish B 50°C o4 Nat-K+ ATP-
ase FiEe B{LE 2 ¥ 4 flbdl Ko Carr

ATPase ¥ s sRRsH =
2y B Lo fReld Nat-K*ATPase ¢} Ca*t ATP-
ase = A2 thE ATP SMpE#d-& #HAYE 4 A

REFERENCES

1. Fiske, C.H., Sabbarow, Y.: Phospocreatine.
J. Biol. Chem., &1, 629, 1929.

2 Lee, K.S., Shin, B.C.: Studies on the active
transport of Catt in Inoman red cells.

J. Gen. Plysiol., 54, 713, 1969,

3. Olson, E.]J., Cazort, R.J.: Active calcium and
stromtiwm transport fn human erythrocyte ghost.
J. Gen. Physiol., 53,311, 1969.

4. Post, P.L., Merritt, C.R., Kinsolving, C.R.,
Albright, C.D.,: Membrane ATPase ase a¢s a
participant in the active fransport of Na* and K*
in human erythrocyte,

J. Biol, Chem., 235, 1796, 1960.

5. Schatzman, H.].: ATP-dependent Ca** -extru-
ston from homan red cells.
Experientia(Basel), 22, 364, 1966,

6. Schatzman, H.)., Vincenzi, F.F.: Calcium mo-
vements across the membrane of human red cells.
J. Physiol. (London), 201, 369, 196%.

7. Skou, J.C.: Enzyme basis for active transport of
Nat and K* across cell membrane.

Physiol. Rev., 45, 596. 1965.

8. Vincenzi, F.F., Schatzman, H.J.: Some prope-
yties of Catt-activated ATPase in human red cell
membranes.

Helv, Physiol. Acta, 25, CR233. 1967.






