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R O L E  OF M E M B R A N E - B O U N D  C A L C I U M  IN C H A N G E S  IN A T P a s e  

A C T I V I T Y ,  P E R M E A B I L I T Y ,  AND S T R U C T U R A L  S T A T E  OF THE 

HUMAN E R Y T H R O C Y T E  M E M B R A N E  

S. N.  O r l o v ,  A. S.  S h e v c h e n k o ,  
a n d  Y u .  V.  P o s t n o v  

UDC 612.111.014.46 : 546.41 

Experiments were carried out on reconstituted erythrocytes obtained by rapid reversible he- 
molysis.  The free Ca 2+ concentration in the reconstituted erythrocytes was maintained by 
means of Ca-EGTA and Ca-citrate buffers. The ouabain-inhibited component of ATPase ac- 
tivity with high affinity for Ca 2+ (K0.s=4/~M) and a change in the passive and active permeabil- 
ity for K + in the region of free Ca ~: concentrations up to 10/~M could be found only by modifying 
the content of membrane-bound Ca 2+, Reducing its content on the inner side of the membrane 
of the reconstituted erythrocytes was accompanied by a change in the hydrophobicity of the hydro- 
carbon regions of the membrane. It is suggested that Ca2+-induced changes in the structural 
state of the erythrocyte membrane may be the direct cause of the change in ATPase activity 
with high affinity for Ca 2+ and in permeability for monovalent cations. 

KEY WORDS: membrane-bound calcium; erythrocyte membrane; ATPase activity; perme- 
ability. 

The presence of a Ca 2+ pump, responsible for the distribution of Ca 2+ between the plasma and intracell- 
ular medium in the ratio of 1000: 1, is now firmly established [13]. Nevertheless, the mechanism of the effect 
of Ca 2+ on the structural and functional state of the erythrocyte membrane in vivo still remains unexplained. 
Inhibition of Na,K-ATPase activity by high Ca 2+ concentrations (100 pM), found in erythrocyte ghosts [7], and 
the corresponding increase in passive permeability for K + [8] do not in fact take place in intact erythrocytes 
in which the free intracellular Ca 2+ concentration is maintained below 1 ~M [12]. 

On the other hand, the concentration of Ca 2+ bound with the inner side of the erythrocyte membrane is 
higher than the free intracellular Ca 2+ concentration (Car 2+) by more than an order of magnitude, and amounts 
to 8 #moles / l i t e r  of cells [11]. An investigation was accordingly undertaken to study the role of membrane- 
bound Ca 2+ in changes in the structural and functional state of the erythrocyte membrane. 

Central Research Laboratory, Fourth Main Board, Ministry of Health of the USSR, Moscow. (Presented 
by Academician of the Academy of Medical Sciences of the USSR S. E. Severin.) Translated from Byulleten' 
]~ksperimental,noi Biologii i Meditsiny, Vol. 85, No. 6, pp. 682-685, June, 1978. Original article submitted 
July 19, 1977. 
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Fig.  1. Ouabain-sens i t ive  component of ATPase  ac -  
t ivi ty of recons t i tu ted  e ry th rocy t e s  as  a function of 
f r e e  Ca 2+ concentra t ion.  Reconst i tu ted e ry th rocy t e s  
obtained in hemolys i s  medium with addition of 3 mM 
EGTA (a); 3 mM Na2-ci t rate  (b). Abscissa ,  Cat  2+ 
concentra t ion (in/~M); ordinate ,  ATPase  activity (in 
/zmoles P i / m l  c e l l s / h ) .  

TABLE 1. Dependence of P a r a m e t e r s  of 
F luo re scence  of PNA Probe  on Concentrat ion 
of In t race l lu la r  Ca 2+ in Reconst i tu ted E r y t h r o -  
cy tes  
Composition of hemolv- n. Rela- 
sis medium, pH 6.8, id rive 
mM units 

EGTA--3,0 
CaCI~--O 4,2 
Tris -5,0 

EGTA--3,0 
CaCle--2.7 
Tris -- 5,0 

K" 10 -6, hi--l 

2,3 0,21 

1,8 O,15 

<0,05 <0,05 

4,0 

0,1 

Note. K) Binding constant of probe with 
membrane ;  ~) quantum yield of f luorescence;  
n) number  of combining s i tes  of probe on 
m embr  ane. 

EXPERIMENTAL METHOD 

Donors' blood 2-10 days old was used. The erythrocytes were freed from plasma and leukocytes and 
washed 3 times with 5-6 volumes of 0.15 M NaCI (3000 g, 5 rain, 2-4=C). Reconstituted erythrocytes were 
obtained by Hoffman's  method with modif icat ions [4]. The specif ic  volume of the recons t i tu ted  e ry th rocy t e s  
was de te rmined  on a TH-12  hema toc r i t  centr i fuge (12,000g, 2 min). The  ATPase  act ivi ty of the reconst i tu ted  
e r y t h r o c y t e s  and the veloci ty  constants  of K + / K  + exchange were  de termined  as descr ibed  previous ly  [3, 9]. 

To  a s se s s  the s t ruc tura l  s ta te  of the  e ry th rocy te  m em b ran e  a hydrophobic f luorescence  PNA probe 
(N-phenyl - l -naphthylamine ,  f r om Reachim) was used.  The  intensi ty of  f luorescence  was m easu red  with an 
Aminco-Bowman (USA) spec t ro f luo romete r .  The  methods of calculating the p a r a m e t e r s  of f luorescence  were  
taken f r om the paper  by Danilov et  al.  [1]. To vary  1he f r ee  Ca 2+ concentrat ion,  Ca-EGTA* (pH 6.8; log Ks= 
5.94) [12] and Ca-Na2-c i t ra te  (pH 7.4; log Ks = 3.19) [2] buf fers  were  used.  

E X P E R I M E N T A L  R E S U L T S  

The  r e su l t s  given Jn Fig.  1 show that  with an inc rease  in the Ca 2+ concentra t ion in the hemolys is  medium 
of the recons t i tu ted  e ry th rocy tes ,  in the p resence  of 3 raM EGTA the act ivi ty of the ouabain-sensi t ive  corn- 

*EGTA) Ethyleneglycolbis(aminoethyl ester)-N,N'-tetraacetic acid. 
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Fig. 2. Ouabain-sensRive (curves i and 2) and ouabain-resistant (curves 3 and 4) com- 
ponents of velocity constants of K+/K + exchange in reconstituted erythrocytes as a 
function of free Ca 2+ concentration. Reconstituted erythrocytes obtained in hemolysis 
medium with addition of 3 miVl EGTA (curves 1 and 3) and without the addition of EGTA 
and CaCI~ to hemolysis medium (curves 2 and 4). Abscissa, Ca 2+ concentration (in 
~moles); ordinate, velocity constant of K+/K + exchange (in moles/min/liter cells, 
x 10-5). 

Fig .  3. In tensi ty  of f luo rescence  of P N A - p r o b e  adsorbed  by recons t i tu ted  e r y t h r o c y t e s  
as  a function of f r e e  Ca 2+ concentra t ion.  Var ia t ion  of f r e e  Ca 2+ concentra t ion in r e con -  
s t i tuted e r y t h r o c y t e s  by means  of C a - c i t r a t e  (curve 1) and Ca-EGTA (curve 2) buf fe rs .  
Change in f r e e  Ca 2+ concentra t ion in incubation med ium by m e a n s  of Ca -EGTA-buf f e r  
(curve  3). A b s c i s s a ,  Caf 2+ concentra t ion  (in/~M); ord ina te ,  r a t io  between intensi t ies  
of f l uo rescence  of m e m b r a n e - b o u n d  p robe  (in r e l a t i ve  units) .  

ponent  of Mg-dependent  A T P a s e ,  with a value of K0. 5 for  Ca 2+ of 4 ~M, was  inc reased  about fivefold.  This  
component  of A T P a s e  act ivi ty  of the recons t i tu ted  e r y t h r o c y t e s  obtained in hemolys i s  medium in which EGTA 
was  r ep laced  by an equ imola r  concentra t ion of sodium c i t ra te ,  had much lower  affinity for  Ca 2+ (KoA about 
50 ~NI), and it  i nc r ea sed  only a l i t t ie  (by 30-40%) with an i nc r ea se  in the Ca 2+ concentra t ion (Fig. lb).  

T h e s e  findings suggest  that  the act ivi ty of Mg-dependent  A T P a s e  with high affinity for  Ca 2+ is connected 
with a change in the Ca 2+ concentra t ion  on the inner side of the  e ry th rocy t e  m e m b r a n e  on account  of t r a n s f e r  
of some of it to the in t race l lu la r  C a - E G T A - b u f f e r  sy s t em.  This  suggest ion is supported by the following r e -  
sui ts  obtained by a tomic  absorp t ion  spec t roscopy ,  incubation of e ry th rocy te  ghosts  in C a-EGTA solution with 
a C a f ~  concentra t ion  of 1-2 ~M reduced  the content of m e m b r a n e - b o u n d  Ca 2+ by m o r e  than half [10], whereas  
s i m i l a r  incubation in sodium c i t ra te  solution did not change the concentra t ion  of membrane -bound  Ca 2+ [6]. 

A d e c r e a s e  in the Cat  2+ concentra t ion  in the Ca-EGTA buffer  in the  in t r ace l lu l a r  space  of the reconst i tu ted  
e r y t h r o c y t e s  led to a m a r k e d  i n c r e a s e  in the  o uaba in - r e s i s t an t  components  of po tass ium pe rmeab i l i t y  of the 
m e m b r a n e  and to inhibition of i ts  ouaba in - sens i t i ve  component  (Fig. 2), the degree  of which, in view of the 
suggest ion that  the s to ich iomet ry  of the Na ,K-pump is  independent of the Ca ~+ concentrat ion,  is de te rmined  by 
N a , K - A T P a s e  act ivi ty  [14]. The  d e c r e a s e  in the ac t iv i ty  of th is  enzyme  with a d e c r e a s e  in the Ca 2+ concen- 
t r a t i on  in the in t r ace l lu la r  space  of the recons t i tu ted  e r y t h r o c y t e s  was r e p o r t e d  prev ious ly  [4]. The values  
of the ac t ive  and pa s s i ve  components  of the veloci ty  constants  of the K + / K  + exchange when the Cat  2+ concen-  
t r a t i on  was 10 ]~M coincided with values  of the cor responding  components  fo r  recons t i tu ted  e ry th rocy te s  ob- 
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rained without the addition of EGTA and Ca 2+ to the hemolysis medium (Fig. 2). The change in potassium 
permeability, like the changes in ATPase activity described above, thus took place within the range of Car 2+ 
concentrations at which the Ca-EGTA buffer could modify the membrane of the reconstituted erythrocytes 
with respect  to its Ca 2+ content [10]. 

Variation of the f ree  Ca 2+ concentration in the intracellular space of thereconst i tuted erythrocytes by 
means  of Ca-Na2-citrate buffer or  in their incubation medium by means of Ca-EGTA buffer did not significantly 
change the intensity of fluorescence of the PNA-probe (Fig. 3). In the case of addition of Ca-EGTA-buffer to 
the intracellular space of the reconstituted erythrocytes,  with a decrease in the Ca 2+ concentration an increase 
was observed in the intensity of fluorescence of the PNA-probe by 30%. It can be concluded from these findings 
that the change in the intensity of fluorescence observed was due to modification of the concentration of Ca 2+ 
bound with the inner side of the membrane. 

As the data in Table 1 show, a reduction in the Ca 2+ content of the erythrocyte membrane does not lead 
to a change in the number of combi-ing si tes of the PNA-probe, in good agreement with its hydrophobic nature 
and localization in the hydrocarbon regions of the membrane. The change in the quantum yield of fluorescence 
of the PNA-probe by 40% taking place under these circumstances indicates that the process  of  modification of 
the concentration of membrane-bound Ca 2+ is accompanied by changes in the hydrophobicity of the hydrocarbon 
regions of the membrane of the reconstituted erythrocytes [5]. 

It can accordingly be postulated that a change in the concentration of Ca 2+ bound with the inner side of the 
erythrocyte membrane leads to structural changes in the membrane, which may be the possible cause of 
changes in the activity of Mg-dependent ATPase and in the permeabili ty of the reconstituted erythrocytes for 
K + taking place under these circumstances.  
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