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Summary 

1. Activity of  the (Ca:* + Mg2*)-ATPase of  erythrocyte  membrane may be 
enhanced by  a cytoplasmic protein activator. The presence of  Ca 2÷ is necessary 
for the ionic strength-dependent interaction between the erythrocyte  mem- 
brane and the activator. This is true no matter  the puri ty of  activator (unfrac- 
t ionated hemolysis supernatant or partially purified activator) or the major 
source of  ionic strength (imidazole or NaC1). 

2. When the endogenous activator enhances (Ca 2÷ + Mg:÷)-ATPase activity 
of  the erythrocyte  membrane,  there is a physical association between activator 
and membrane. This association is not  disrupted by a decrease in ionic strength 
to 0.005 bu t  is reversed by  exposure to 5 mM ethyleneglycol bis(/~-aminoethyl 
ether )-N,N'-tetraacetic acid. 

3. Activator binding necessary for enhancement  of  (Ca2÷ + Mg:÷)-ATPase 
activity may occur during preparation of  membranes or during incubation for 
assay of  ATPase. 

Introduction 

(Ca 2+ + Mg2+)-ATPase and active Ca 2+ transport  have been studied exten- 
sively in the human erythrocyte  membrane [1]. Most evidence is consistent 

* This work was taken from a dissertat ion presented by M.L. Farrance in partial  fulf i l lment of the 
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** Present address: Department  of Physiology and Biophysics, SJ-40, University of Washington, 
Seattle,  Wash. 98195, U.S.A. 
Abbreviations: I20, I310,  ideal milUosmolar imidazole at  20 and 310 imosM, respectively; HI-40, 
40 raM-40 mM hlst idine/ imidazole buffer;  EGTA, ethyleneglycol  bis(~-arn, inocthyl  ethcr)-N,N'- 
te traacet ic  acid. 



60 

with the interpretation that the (Ca 2+ + Mg2÷)-ATPase is a biochemical expres- 
sion of an outwardly-directed active transport  system for Ca 2÷. Suggestions 
have been made abou t  preparation procedures which would maximize (Ca 2÷ + 
Mg~÷)-ATPase activity of  isolated erythrocyte  membranes [2,3].  The (Ca 2÷ + 
Mg2+)-ATPase activity of  erythrocyte  membranes can also be markedly 
enhanced by  addition of  membrane-free hemolysate [4] or partially purified 
endogenous (Ca 2÷ +Mg2÷)-ATPase activator [5] to the incubation medium 
during ATPase assay. In a companion paper, we report  [6] enhanced (Ca 2+ + 
Mg2÷)-ATPase activity in membranes prepared from erythrocytes  hemolyzed 
in isosmotic imidazole buffer  (310 ideal milliosmolar imidazole, I310) when 
compared to membranes prepared from erythrocytes  hemolyzed in 20 ideal 
milliosmolar imidazole buffer  (I20) or 20 ideal milliosmolar phosphate buffer 
(P20) (the so-called Dodge method [7]). The effect  of isosmotic imidazole 
hemolysis was shown to be mediated via an ionic strength-dependent interac- 
tion between an endogenous (Ca 2÷+ Mg2÷)-ATPase activator [4,5] and the 
erythrocyte  plasma membrane [6].  Results presented in this paper demonstrate 
physical association of  this activator with the membrane in conjunction with 
high (Ca2÷ + Mg2÷)-ATPase activity and further show that the association is 
dependent  on the presence of  Ca 2÷. 

Materials 

Na2ATP (Sigma grade), EGTA and Tris (Tris(hydroxymethyl)amino-methane,  
"Trizma base")  were purchased from Sigma. Sodium dodecyl  sulfate (SDS), bis 
and acrylamide were purchased from Bio-Rad. Carboxymethyl-Sephadex Cs0 
was from Pharmacia. All other  chemicals were reagent grade. Glass distilled, 
deionized water was used for all solutions. 

Methods 

Membranes were prepared and designated as previously described [6]. If 
membranes were treated with hemolysate,  etc. during preparation, they were 
subsequently washed at least twice. The protein content  of each membrane sus- 
pension was measured by  the method of  Lowry et al. [8]. 

The ATPase assay contained (in a volume of 1.0 ml) 3 mM ATP (Na2ATP, 
neutralized to pH 7), 80 mM NaC1, 15 mM KC1, 3 mM MgC12, 18 mM-18 mM 
histidine-imidazole buffer,  pH 7.1, 0.2 ml activator fraction or buffer, and 
10 -4 M ouabain. In appropriate tubes, 10 -4 M CaC12 was added for the deter- 
mination of  (Ca :+ + Mg2+)-ATPase. The tubes for Mg2+-ATPase also included 
the membrane and ATP blanks. All tubes were run in duplicate. Enzymatic 
hydrolysis of ATP was estimated by measurement  of inorganic phosphate 
released using the method of  Fiske and SubbaRow [9]. (Ca 2÷ + Mg2+)-ATPase 
was taken as the extra ATP splitting caused by Ca 2÷ in the presence of  Mg 2÷ 
and ouabain. 

The endogenous (Ca 2÷ +Mg2÷)-ATPase activator was partially purified 
according to Luthra et al. [5] using a Carboxymethyl-Sephadex Cs0 column 
equilibrated and washed with 20 mM Tris/maleate buffer, pH 6.8 at 25 ° C. The 
resultant eff luent  contained a peak of  protein material capable of  enhancing 
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(Ca 2+ + Mg~+)-ATPase activity of  I20 membranes under appropriate conditions. 
This partially purified material will be referred to as "activator" in experiments 
described below. An Amicon apparatus with a membrane molecular weight cut~ 
off of  10000 was used to concentrate solutions containing activator. Sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis was performed by the 
method of Fairbanks et al. [10]. SDS-polyacrylamide gel electrophoresis was 
carried out on both membrane preparations and concentrated activator frac- 
tions. 

Results 

Table I summarizes data for experiments in which buffers were varied during 
membrane preparation. Membranes from erythrocytes hemolyzed in I310 
(I310 membranes) (see ref. 6) had much higher (Ca 2+ + Mg2+)ATPase activities 
than membranes from erythrocytes hemolyzed in I20 (I20 membranes) [6]. 
Inclusion of  5 mM EGTA in either the hemolysis or washing buffers during the 
I310 preparation (I310/EGTA membranes) yielded preparations with (Ca 2÷ + 
Mg2÷)-ATPase activity no greater than that of I20 membranes. Inclusion of  
5 mM EGTA during the preparation of  I20 membranes (I20/EGTA mem- 
branes) did not significantly change activity from that of  I20 membranes. 

As demonstrated previously [6], it was possible to enhance the (Ca2+ + 
Mg:÷)-ATPase activity of  otherwise "low activity" membranes by exposing the 
membranes, during preparation, to the supernatant of erythrocyte hemolysis. 
It was important that exposure to the supernatant take place in a relatively 
high ionic strength such as that afforded by I310 or 0.9% NaC1 ($310). En- 
hancement of I20 membrane activity by the supernatant of hemolysis in the 
presence of  I310 or $310 could be blocked by the inclusion of 5 mM EGTA. 
Enhancement of  (Ca2+ + Mg2÷)-ATPase activity of I20 membranes by treat- 

T A B L E  I 

(Ca 2++ Mg2+)-ATPase A C T I V I T Y  OF E R Y T H R O C Y T E  M E M B R A N E S :  E N H A N C E M E N T  D U R I N G  
P R E P A R A T I O N  OF M E M B R A N E S  

M e m b r a n e s  prepared  in d i f f e r e n t  w a y s  were  t rea ted  w i t h  act ivator  u n d e r  var ious  c o n d i t i o n s  and  a s s a y e d  
for  (Ca 2+ + Mg2+)-ATPase act iv i ty  as d e s c r i b e d  in M e t h o d s .  (Ca 2+ + Mg2+)-ATPase act iv i ty  e x p r e s s e d  as 
~ m o l  PO~- • m g  -1 p r o t e i n  - h -1 , m e a n  ± S.E. 

T y p e  o f  prepara t ion  n (Ca 2+ + Mg2+)-ATPase 
act iv i ty  

1310 6 2 .24  + 0.21 * 
I20  9 0 . 6 7  _+ 0 .08  
I 3 1 0 / E G T A  16 0 .72  _+ 0 .04  
I 2 0 / E G T A  15 0 .70  + 0 .03  
I20 ,  t rea ted  w i t h  h e m o l y s i s  s u p e r n a t a n t / I 3 1 0  or $ 3 1 0  14 2.32 ± 0 .18  * 
I20,  t r ea ted  w i t h  h e m o l y s i s  s u p e r n a t a n t / ( I 3 1 0 / E G T A  

or S 3 1 0 / E G T A )  2 
I20 ,  t rea ted  w i t h  a c t i v a t o r / I 3 1 0  8 * 
I20 ,  t r ea ted  w i t h  a c t i v a t o r / ( I 3 1 0 / E G T A )  2 
I20 ,  t r ea ted  w i t h  a c t i v a t o r / ( I 3 1 0 / C a / E G T A )  2 * 
I 2 0 / E G T A  or  I 3 1 0 / E G T A  t r ea ted  w i t h  a e t i v a t o r / I 3 1 0  4 
I 2 0 / E G T A  or  I 3 1 0 / E G T A  t r ea ted  w i t h  a c t i v a t o r / ( I 3 1 0 / C a )  3 * 

0 .82  + 0 .03  
1.93 -+ 0 .20  
0.8"7 -+ 0 .19  
1.37 +- 0 .22  
0 .76  -+ 0 .16  
1 .70  +_ 0 .20  

* Sign i f i cant ly  greater  t h a n  I 2 0  m e m b r a n e s ,  P <: 0 .0005 .  
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ment  with activator/I310 was prevented by 5 mM EGTA (unless 5 mM CaC12 
was also included). Once I20 or I310 membranes were exposed to 5 mM EGTA 
(I20/EGTA or I310/EGTA membranes), their (Ca2÷ + Mg2+)-ATPase activity 
was not  enhanced by t reatment  during preparation with activator/I310 unless 
approximately 10 -5 M Ca 2÷ was also added (e.g., I20/EGTA treated with acti- 
vator/I310/Ca). Since EGTA is a relatively selective chelating agent for Ca 2÷, 
these results (all summarized in Table I) suggest that  the presence of Ca 2÷ is 
essential to promote and/or sustain the activator-mediated membrane modifica- 
tion. 

Experiments were designed to test whether the enhancement of (Ca2+ + 
Mg2+)-ATPase activity observed in I20 membranes upon addition of activator 
to the incubation medium for ATPase assay [4--6] was due to a persistent 
effect of the activator on the erythrocyte  plasma membrane. Membranes were 
preincubated in a complete ATPase assay incubation medium (including 
10 -4 M CaCI:) with or without  inclusion of activator. Membranes were preincu- 
bated for 1 h at 37°C; they were then spun down, washed once with I20 and 
once with HI-40, and were incubated in the absence of added activator to test 
for any persistent change in (Ca 2÷ + Mg2÷)-ATPase activity (Table II). Preincu- 
bation of  I310 membranes yielded membranes with no significant difference 
( P >  0.10) in (Ca2÷+ Mg2*)-ATPase activity from that  of non-preincubated 
I310 membranes. The (Ca :÷ + Mg2+)-ATPase activity of I310 membranes prein- 
cubated with or wi thout  activator was not  significantly different (P > 0.50). By 
contrast, I20, I20/EGTA, and I310/EGTA membranes showed significant dif- 
ferences (P < 0.03) in (Ca 2÷ + Mg2÷)-ATPase activity between those preincu- 
bated with activator, and those preincubated without  activator, respectively. 
Membranes preincubated wi thout  activator had the same (Ca 2 ÷ + Mg 2 ÷)-ATPase 
activity as non-preincubated I20 membranes. The (Ca 2÷ + Mg2÷)-ATPase activ- 
ity of I20 membranes preincubated with activator was greatly enhanced and 
was not  significantly different (P > 0.20) from that  of non-preincubated I310 

T A B L E  II 

(Ca 2+ + Mg2+) -ATPase  A C T I V I T Y :  D E P E N D E N C E  ON P R E I N C U B A T I O N  C O N D I T I O N S  

M e m b r a n e s  w e r e  p r e p a r e d  in  v a r i o u s  w a y s ,  p r e i n c u b a t e d  i n  d i f f e r e n t  m e d i a  f o r  1 h a t  3 7 ° C ,  a n d  subse -  

q u e n t l y  a s s a y e d  f o r  (Ca  2+ + Mg2+) -ATPase  a c t i v i t y  as d e s c r i b e d  in  the  t e x t  a n d  in  M e t h o d s .  (Ca 2+ + Mg2+) - 

A T P a s e  a c t i v i t y  e x p r e s s e d  as p m o l  PO34 - • m g  -1 p r o t e i n  - h -1 , m e a n  _+ S.E.  

T y p e  o f  P r e i n c u b a t i o n  n (Ca 2+ + Mg2+) -ATPase  

m e m b r a n e  c o n d i t i o n  a c t i v i t y  

I 3 1 0  N o n - p r e i n c u b a t e d  4 1 . 8 6  +_ 0 .11  * 

I 3 1 0  + A c t i v a t o r  3 1 . 5 8  +_ 0 . 1 8  * 

I 3 1 0  - - A c t i v a t o r  4 1 . 7 2  ± 0 . 3 4  * 

120 N o n - p r e i n c u b a t e d  3 0 . 7 6  + 0 . 1 7  

I 3 1 0 / E G T A  N o n - p r e i n c u b a t g d  3 0 . 7 1  ± 0 . 1 4  

I 2 0 / E G T A  N o n - p r e i n c u b a t e d  2 0 . 6 3  ± 0 . 0 7  

I 2 0  - - A c t i v a t o r  4 0 . 7 6  _+ 0 . 0 9  

I 3 1 0 / E G T A  - - A c t i v a t o r  3 0 . 7 3  ± 0 . 0 9  

I 2 0 / E G T A  --  A c t i v a t o r  2 0 . 7 4  ± 0 . 1 3  

I 2 0  + A c t i v a t o r  3 1 . 3 2  ± 0 . 3 0  * 

I 3 I O / E G T A  + A c t i v a t o r  2 1 . 4 8  + 0 . 2 5  * 

I 2 0 / E G T A  + A c t i v a t o r  2 1 . 8 6  ± 0 . 6 8  * 

* S i g n i f i c a n t l y  greater  t h a n  120  ( n o n - p r e i n c u b a t e d )  (P < 0 . 0 3 ) .  
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membranes. These data suggest that membranes prepared with low (Ca2+ + 
Mg2*)-ATPase activity (i.e., I20, I310/EGTA, and I20/EGTA membranes) can 
be persistently modified by activator during incubation at 37°C. Membranes 
prepared with high (Ca 2* + Mg2÷)-ATPase (i.e., I310 membranes) neither gained 
nor lost ATPase activity during preincubation in a complete incubation 
medium, whether  activator was present or not. 

As part of  one experiment,  I20, I310, I20/EGTA, and I310/EGTA mem- 
branes were preincubated with or without  activator in an otherwise normal but 
CaC12-free ATPase assay incubation medium. After  washing and upon subse- 
quent  testing for ATPase in a complete medium, all of the resulting membranes 
showed low (Ca 2÷ + Mg2+)-ATPase activity whether  preincubated with (0.69 + 
0.10 pmol PO 3- • mg -1 protein • h -~) or without  (0.63 + 0.05 pmol PO43- • mg- '  
p ro te in ,  h -1) activator. These (Ca2÷ + Mg2÷)-ATPase activities were not  signifi- 
cantly different  (P > 0.30) from those of non-preincubated I20, I310/EGTA, 
and I20/EGTA membranes {0.73-+ 0.07 pmol PO~-. mg - '  prote in ,  h-l).  It 
should be emphasized that  I310 membranes lost their potential to express high 
(Ca 2÷ + Mg2÷)-ATPase activity when preincubated in a Ca2*-free medium. This 
indicates that  during incubation, as well as during preparation (Table I), the 
effect  of  activator on the membrane required the presence of Ca 2÷. As noted 
previously, activation during preparation is dependent  on ionic strength [6]. 
Since the ionic strength of  the incubation medium is approximately 0.14 and 
since Ca 2÷ is normally present (10 -4 M), the data strongly suggest that activa- 
tion during preparation and the activation during incubation have the same 
basis. 

We wanted to examine whether  the activator molecule became physically 
associated and remained with the erythrocyte  plasma membrane after erythro- 
cyte  hemolysis in I310. It was possible, alternatively, that the activator, under  
proper conditions of  ionic strength and Ca 2* concentration, merely changed the 
membrane in some specific fashion but did not  remain associated with it. The 

050- ~ , ~  t2.0 
(Co-Mg) ATPose activity / l i -~ 

%025-~ I0~ 

05 ~ 

0 ~ ~ "~ 
5 I0 15 
Fraction number 

Fig. 1. C o m p a r i s o n  o f  th e  a m o u n t s  of  (Ca 2+ + Mg2+)-ATPase ac t iva to r  in s u p e r n a t a n t s  of  I 2 0  an d  1310 
hemolys i s .  S u p e r n a t a n t s  of  120 (o)  a nd  I 3 1 0  (e)  hemolys i s  were  d i lu ted  1 : 4 wi th  20  mM Tr i s /ma lea te  
buf fe r ,  p H  6.8 a t  5°C0 dia lyzed  against  the  same  b u f f e r  for  18 h and  were  par t ia l ly  purif ied by  a c o l u m n  
m e t h o d  [ 5 ] .  Frac t ions  w e r e  a n a l y z e d  for  the  presence  of  p ro t e in  (A a t  2 8 0  n m )  and for  their  abi l i ty  to  
enhance  the  (Ca 2+ + Mg2+)-ATPase ac t iv i ty  of  I 20  m e m b r a n e s  ove r  basel ine levels (0 .78  -+ 0 .02  /~mol 
PO4 ~- • m g  -1 p ro t e i n  • h -1 ). Procedures  are m o r e  c o m p l e t e l y  descr ibed  in M e t h o d s .  (Ca 2+ + Mg2+)-ATPase 
act iv i ty  is e x p r e s s e d  as ~tmol PO4 ~ • m g  -1 p ro t e in  • h -1 . 
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removal of Ca 2+ would then allow the membrane to return to its previous con- 
dition. Up to this point, our experiments were consistent with either possi- 
bility. It was felt more likely that  the activator did associate with the mem- 
brane, and the following experiments demonstrate that  this is indeed the case. 

If the I310 and I20 hemolysate supernatants, respectively, (from carefully 
measured amounts  of  erythrocytes) were dialyzed and activator fractions were 
isolated according to Luthra et al. [5], the activator fractions showed nearly 
the same (Ca 2+ + Mg2+)-ATPase activating ability (Fig. 1). This indicated that: 
(1) There was approximately the same amount  of activator in the membrane- 
free hemolysate from I20 or I310 hemolyzed cells, and (2) if the activator were 
associating with the I310 but  not  I20 membranes, there then must be a great 
excess of activator within the cell. Close comparison of analogous I20 and I310 
fractions from several runs showed a 3--6% greater total activator activity in 
the I20 hemolysate supernatant. This was not  significantly greater (P ~ 0.2) 
than the activator activity in the I310 hemolysate supernatant. If the activator 
does associate with the membrane when erythrocytes are hemolyzed in I310, 
apparently only a small percentage of the total available activator is needed. 

Samples of concentrated activator fraction, I310, I20, I20-activated and 
I310/EGTA membranes were run on SDS-polyacrylamide gel electrophoresis. 
The gel from the concentrated activator fraction had many bands. Much of the 
protein of the concentrated activator fraction is apparently not  activator protein. 
Visible protein bands on the gels from the different types of membranes showed 
no clear-cut differences. It was readily apparent that  SDS-polyacrylamide gel 
electrophoresis gives no definite answer on the presence of the specific protein 
activator molecule on the I310 membrane. Since a specific activator protein 
could not  be demonstrated in situ, (i.e., in the membrane preparations), we at- 
tempted to show that  it could be functionally removed from I310, but not  I20, 
membranes. 10-ml samples of erythrocytes were thus hemolyzed in I310 or I20 
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Fig. 2. R e m o v a l  b y  E G T A  of (Ca 2+ + Mg2+)-ATPase ac t iva to r  f r o m  I 3 1 0  m e m b r a n e s .  M e m b r a n e s  f r o m  
e r y t h r o c y t e s  h e m o l y z e d  in I 20  or  I 3 1 0  were  washed  wi th  5 mM E G T A  in I20 .  Washes were  separa te ly  
c o n c e n t r a t e d  a p p r o x i m a t e l y  10-fo ld  using an  A m i e o n  a p p a r a t u s  w i th  a m e m b r a n e  mo lecu l a r  we igh t  cut-  
of f  of  10 000 .  The  c o n c e n t r a t e d  washes  f r o m  the  I20  m e m b r a n e s  (o)  and  f r o m  the  I 3 1 0  m e m b r a n e s  (e)  
were  par t ia l ly  pur i f ied  by  a c o l u m n  m e t h o d  [ 5 ] .  F rac t ions  were  assayed for  the i r  abi l i ty  to  enha nce  the  
(Ca 2+ + Mg2+)-ATPase ac t i v i t y  of  I20  m e m b r a n e s  over  basel ine levels (0 .68  -+ 0.01 t tmol  P O ~ -  • m g  -1 

p r o t e i n ,  h - l ) .  P rocedures  are m o r e  c o m p l e t e l y  desc r ibed  in Methods .  (Ca 2+ + Mg2+)-ATPase act ivi ty  is 

expressed  a s p m o l P O 4 3 - - r a g  -1 p r o t e i n ' h  -1.  
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and washed several times in I20. The I310 or I20 membranes,  respectively, were 
'then washed with 5 mM EGTA in 120 ml of  I20. The EGTA washes were con- 
centrated about  10-fold in an Amicon apparatus. These concentrated washes 
were dialyzed, and the column method [ 5] was used to obtain activator fractions 
(Fig. 2). (Ca 2÷ + Mg2÷}-ATPase activator appeared in fractions from the EGTA 
wash of  I310, bu t  not  I20, membranes.  If  one compares the amount  of  activator 
activity in the EGTA wash of I310 membranes (Fig. 2, i.e., amount  of activator 
actually associated with the activated membrane) with the amount  in the super- 
natant  of  I20 hemolysis (Fig. 1, i.e., total amount  of  activator in the erythrocyte) ,  
one can estimate the percentage of  total activator associated with the activated 
membrane. This calculation indicates that  about  1% of the endogenous activa- 
tor of  the erythrocyte  is enough to fully activate the (Ca 2+ + Mg2+)-ATPase of  
the membrane when that activator is membrane-associated. 

Discussion 

The observation that  (Ca2÷+ Mg2÷)-ATPase activator associates with low 
activity membranes while enhancing their activity and that removal of  activa- 
tor from high activity membranes is correlated with a significant decrease in 
(Ca 2÷ + Mg2÷)-ATPase activity is consistent with the suggestion that the cyto- 
plasmic endogenous activator binds to the membrane to modify  ATPase activ- 
ity. A stoichiometric interaction seems likely, although an enzymatic modifica- 
tion has not  been rigorously excluded. In any event, the activator physically 
associates with the membrane and the association is dependent  upon calcium. 
The degree of  association/dissociation of  this endogenous activator with the 
membrane either during preparation or incubation could help account  for the 
range of  (Ca 2÷ + Mg2÷)-ATPase activities reported in the literature [1]. 

Further work similar to that  on the Ca2÷-dependent adenylate cyclase acti- 
vator [see references in 11] may demonstrate the molecular mechanism(s) of  
the interactions of  Ca 2÷, the activator, and membrane sites. For  example, at 
this time we do not  know if Ca 2÷ interacts with the activator molecule, the 
plasma membrane,  or both.  It is clear that  erythrocyte  membranes may act 
as a source of  sufficient Ca 2÷ for the activator association process. I20 mem- 
branes exposed to activator in I310 become activated, but  if the membranes 
have previously been exposed to EGTA, the activation does not  occur (Table I). 
It should be noted that  EGTA-treated membranes can be activated during incu- 
bation (when Ca 2÷ is present in the medium}; compare Table I and Table II. 
Thus, the necessary and sufficient "poo l "  of  Ca 2÷ for the association can appar- 
ently be depleted and replenished. The concentration of  Ca 2÷ necessary to pro- 
mote act ivator/membrane association has not  been quantified. It is anticipated 
that the apparent Kdissod~ion for Ca 2÷ in this process will be in the physiologi- 
cal intracellular range because a mixture of 5 mM EGTA and 5 mM CaCI2 
(which provides approximately 10 -s M Ca 2÷) was able to support  significant, 
although not  maximal, interaction of  activator with membranes (Table I). 

We assume that activation of  (Ca 2÷ + Mg2÷)-ATPase by the cytoplasmic acti- 
vator would result in increased calcium transport in appropriate test systems. 
Preliminary evidence supporting this assumption has been presented [12].  
Based on this assumption, and on the observations that: (1) The activator 
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has a marked and reasonably specific effect o n  (Ca2+ + Mg2+)-ATPase activity 
[4,5,131 and (2) activator interaction with the membrane is reversible and 
dependent  on Ca 2÷, we wish to put  forward a speculative model for control 
of the Ca 2÷ pump in the erythroeyte  membrane. We suggest that  intracellular 
free Ca 2÷ regulates binding of activator to the membrane and thereby regulates 
(Ca 2÷ + Mg2÷)-ATPase. Because the activator is present in excess of the amount  
necessary to fully activate the erythrocyte  membrane (Ca 2* + Mg2÷)-ATPase, the 
concentration of intracellular ionized calcium could determine the degree of 
the activator-membrane association and, thus, Ca 2÷ transport from the erythro- 
eyte. Whether or not  the above conjecture will be confirmed remains to be seen. 
To our knowledge, a cytoplasmic activator of plasma membrane Ca2+-transport 
has not  been suggested in other cells. If present in other cell types, the activator 
could have great significance. 
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