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Summary 

In reconstituted human red blood cells a difference was found in (Ca 2÷ 
+ Mg2~-ATPase activity and in Ca 2÷ efflux at 37°C, depending on the side of  
the membrane at which the monovalent cations K ÷ and Na ÷ were placed. 
Under the conditions used, (Ca 2÷ + Mg2÷)-ATPase activity and Ca 2÷ efflux 
was highest when K ÷ (35 + 0.5 mM (+ S.E.), mean of four experiments) was 
at the inside and Na ÷ (130 mM) at the outside of  the ghost membrane. 

The (Ca 2+ + Mg2+)-ATPase of human red blood cells and of the sarco- 
plasmic reticulum from skeletal and heart muscle is activated by monovalent 
cations, whereby K ÷ activates more than does Na ÷ [1--4]. It seemed inter- 
esting to test whether (Ca 2÷ + Mg2~-ATPase and Ca 2+ efflux changes when 
Na ÷ or K ÷ are placed either on the inside or outside of the cell membrane. 
Therefore, reconstituted ghosts from human red blood cells were either 
filled with K + (35 + 0.5 mM, mean of  four experiments) or with Na + (38 + 
0.75 mM, mean of  four experiments) and then incubated either in a solution 
containing K + or Na ÷ (130 mM). 

Reconsti tuted human red cell ghosts were prepared according to 
Bodemann and Passow [ 5] with some variations. Human red blood cell con- 
centrate was washed with Tris-HC1 solution, pH 7.0, osmolarity 270 mosM. 
The washed cells were centrifuged at 4000 rev./min (1800 × g) for 15 min 
at  20 ° C. This procedure was repeated until the supernatant was clear. The 
washed red blood cells were slowly mixed with five parts of  a hemolysing 
solution which comprised: 4 mM Tris-ATP, 1.5 mM CaCl:,  1.0 mM EGTA, 
2.5 mM n-tris-hydroxymethyl-methyl-2-aminoethanesulfonic acid (Tes) and 
2.5 mM 2-N-morpholinoethanesulfonic acid (Mes). After 10 min at room 

Abbreviation: EGTA, ethylene glycol bis (~-aminoethyl ether)-N,N ~-tetraacetic acid.  
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temperature the mixture was centrifuged for 15 min at 10 000 rev./min 
(11 000 × g) at 20°C. The supernatant was discarded and the hemolysed 
cells were again suspended in twice the amount  of the hemolysing solution. 
When Ca2+-efflux was tested, 0.5 pCi/ml 4SCa was added to the solution. In 
some experiments, the 4 mM Tris-ATP in the hemolysing solution was omit- 
ted. The suspension was quickly adjusted to 300 mosM with 3 M KC1 or 
NaC1, whereby the ghosts resealed. After 5 min at room temperature, the 
resealed ghosts were centrifuged for 20 min at 10 000 rev./min (11 000 × g) 
at 0 ° C. The pellet was suspended at 0°C 2n an incubation medium compris- 
ing 1.5 mM CaC12,1.0 mM EGTA, 130 mM KC1 or 130 mM NaC1, 0.25 mM 
ouabain, 5 mM Tes and 5 mM Mes, and centrifuged as before and then again 
mixed with the incubation medium to give a hematocrit  of  30%. One part 
of  this suspension a n d o n e  part of  the same medium were mixed in a reaction 
vial and incubated at 37°C ih a water bath or at 0°C on ice. All solutions 
used were adjusted with Tris to pH 7.0. 

The total  [Ca 2*] in the cells was (6.6 + 0.39) • 10 "~ mol (S.E., mean of four 
experiments) per 1 packed ghosts and the total  [Ca27 in the incubation medium 
was 1.5 • 10 -3 M. ATPase activity was determined by measuring the Pi lib- 
erated from ATP according to Post and Sen [6]. The size of  the resealed 
ghosts was determined in a Coulter counter. 

[Na÷], [K ÷] and total [Ca 2÷] inside the resealed ghosts were measured 
in a flame photometer.  The measuring was done after the resealing of  the 
ghosts and a subsequent washing with Tris-HC1 to remove adherent ions from 
the outside of the membrane. The samples were boiled with concentrated 
nitric acid or ashed at 400 ° C. 

Ca 2÷ efflux was measured by determining the 4SCa appearing in the in- 
cubation medium after loading the ghosts with 4SCa as described above. 

The results show differences in (Ca 2÷ + Mg~*)-ATPase activity and in 
Ca 2÷ efflux at 37 ° C with regard to the side of the membrane on which the 

u~ 
~J 

0.5 

0 5 10 15 t ( m i n )  

F i g .  1. M o n o v a l e n t  c a t i o n  s t i m u l a t i o n  o f  t h e  ( C a  ~+ + M g 2 + ) - A T P a s e  a c t i v i t y  o f  reconst i tuted  h u m a n  
2+ ~ . o o red cel l  g h o s t s .  ( C a  + M g  ) - A T P a s e  a c t i v i t y  w a s  m e a s u r e d  o v e r  a p e r i o d  o f  1 5  m m  a t  3 7  C a n d  0 C • ÷ ÷ + . . ÷ 

m the  presence o f  K a n d  N a .  K w a s  e i t h e r  a t  t h e  r e s i d e  o f  t h e  g h o s t  m e m b r a n e  a n d  N a  a t  t h e  o u t -  
s i d e  ( o - - - ~ 0  3 7 ° C ;  @ $ ,  0 ° C )  o r  v i c e  v e r s a  ( A _ _ . ~  3 7 ° C ;  a - - - - 4 0  0°C).  The m o n o v a l e n t  i o n  concen-  
trat ion a t  t h e  i n s i d e  o f  t h e  g h o s t s  w a s  3 5  + 0 . 5  m M  ( m e a n  + S . E .  o f  f o t t r  e x p e r i m e n t s )  K + o r  3 8  + 
0 . 7 5  r a M ( m e a n  + S .E .  o f  f o u r  e x p e r i m e n t s )  N a  + a n d  a t  the outs ide  1 3 0  m M  for bo th  ions .  The 
o r d i n a t e  s h o w s  the Pi l iberated f r o m  1 m l  p a c k e d  g h o s t s .  T h e  r e s u l t s  axe S .E .  o f  t h e  m e a n  o f  f i v e  e x -  
p e r i m e n t s .  
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Fig.  2. Inf luence  o f  Na + and  K + o n  the  o u t w a r d  transport  o f  Ca 3+ o u t  of  reconst i tuted  h u m a n  red cell 
ghosts .  Ca 2+ e f f l u x  was  m e a s u r e d  at  37°C and 0°C b y  the inc rease  in  4SCa in  the incubat ion  m e d i u m .  
The ordinate  s h o w s  t h e / ~ m o l  Ca ~+ which  were  transported out  o f  1 ml  p a c k e d  ghosts.  The  ions  used 
were  K + and N a  +. The  m o n o v a l e n t  i on  c o n c e n t r a t i o n  at  the inside o f  the  ghost  m e m b r a n e  w a s  35 -+ 
0 .5  m M  ( m e a n  -+ S.E. o f  f o u r  e x p e r i m e n t s )  K + o r  38 + 0 . 7 5  m M  ( m e a n  + S.E. o f  f o u r  exper iments )  
Na + and  at  the outs ide  130  m M  for  b o t h  ions.  T h e  f igure  s h o w s  the S.E. o f  the  m e a n  of  five exper iments .  
O p e n  s y m b o l s  37°C w i t h  A T P ;  ha l f -c losed  s y m b o l s  37°C w i t h o u t  A T P ;  c losed s y m b o l s  0VC w i t h  ATP;  
circles  K + ins ide  a n d  Na  + o u t s i d e  t h e  g h o s t  m e m b r a n e ;  t r i ang les  N a  + ins ide  and  K + outs ide  the g h o s t  
m e m b r a n e .  

monovalent cations were located. Under the conditions used (Ca 2÷ + Mg2+) - 
ATPase activity and Ca 2+ efflux at 37°C was highest when K ÷ (35 + 0.5 rnM, 
S.E., mean of four experiments) was at the inside and Na ÷ (130 raM) at the 
outside of the cell membrane. When Na ÷ (38 -+ 0.75 raM, S.E., mean of four 
experiments) was at the inside and K + (130 raM) at the outside of the mem- 
brane the (Ca 2÷ + Mg2+)-ATPase activity was 27% lower (Fig. 1) and the 
Ca2+-outward transport about 10% lower (Fig. 2) within 15 rain incubation. 
The ratio between liberated inorganic phosphate and outward transported 
Ca 2+ was 1:0.7 after 10 rain incubation at 37°C. At 0°C the (Ca 2÷ + Mg2+) - 
ATPase activity and the Ca 2+ efflux was much lower than at 37°C and there 
was no dependence on the side at which Na + or K ÷ was placed. The same 
applied to the Ca 2÷ efflux at 37°C without addition of ATP (Fig. 2). The ex- 
periments at 0°C and those at 37°C without addition of ATP indicate that 
the difference in outward transport of 4SCa2+ depending on the side on which 
the monovalent cations were placed is caused by an active transport and not 
by exchange between unlabeUed Cao 2+ and 4s C, i_2+. 

Measurements in a Coulter counter after the resealing of the ghosts 
showed no difference in distribution of size between Na ÷ or K ÷ filled ghosts; 
therefore the reason for the differences in (Ca 2÷ + Mg2+)-ATPase activity and 
Ca 2÷ efflux at 37°C could not be due to a different size between Na ÷ filled 
and K ÷ filled resealed ghosts. The hematocrit before and after incubation at 
37°C was the same which means that no shrinking of the ghosts took place. 
The pH was constant over the whole incubation period. 
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To  exc lude  any  in te r fe rence  o f  the  (Na + + K÷)-ATPase, 0 .25  mM ouaba in  
was added  to  all incuba t ions  [ 7 - - 9 ] .  

Gardos  [10]  showed  tha t  Ca 2÷ leads to  an increase in the  ra te  o f  e f f lux  
o f  K ÷ f r om red cells. The  K + loss depends  mos t ly  on  the  free [Ca 2÷ ] inside 
the  cells. The  free [Ca 2÷ ] in ou r  ghosts was approx .  2 • 10 -4 mol/1 cells and 
the  inf luence  on the  K ÷ loss seemed  to  be within acceptable  limits [11,  12 ] .  

These  results show tha t  for  maximal  (Ca 2÷ + Mg2÷)-ATPase act ivi ty and 
for  maximal  Ca2+-outward t r anspor t  in h u m a n  red b lood  cells at 37°C it 
seems necessary tha t  K ÷ is at the  inside and Na ÷ at the  outs ide  o f  the  cell 
membrane .  Whenever  the  d is t r ibu t ion  o f  these m o n o v a l e n t  cat ions  is changed 
the  (Ca 2÷ + Mg2*)-ATPase act ivi ty  and the  Ca 2÷ ef f lux  in h u m an  red b lood  
cells decreases. 
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