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Connection Between Membrane Adenosine- 
triphosphatase Activity and Potassium 

Transport in Erythrocyte Ghosts 

In  our  earl ier  e x p e r i m e n t s  *-a we have  s t a t e d  t h a t  A T P  
produced  b y  glycolysis  serves  as ene rgy  source for K + 
accumula t ion  in h u m a n  e ry th rocy te s .  In  the  p r e s e n t  
paper  we repor t  on the  s to ich iomet r ic  connec t ion  found  
be tween  A T P - s p l i t t i ng  and  K+-influx.  

The p r e p a r a t i o n  of ATP- r i ch  ghos ts  was ca r r i ed  ou t  by  
the  m e t h o d  pub l i shed  in our  e a r l i e r ' p a p e r  2. The  ghos t s  
con ta ined  2-6 mg  ATP/ml ,  i.e. 2-8 t imes  t h e  phys io-  
logical A T P  c o n t e n t  of the  e r y t h r o c y t e s  a t  0 rain. As 
glycolyt ic  subs t r a t e  was  no t  added  to  the  sys tem,  glycol-  
ysis ac t iv i ty  was  ve ry  low. The  cells were  r eve r t ed  wi th  
hyper ton ic  NaC1; the  ghos t s  t h u s  con t a ined  more  Na + 
t h a n  K +. The  ghos t s  were suspended  in a m e d i u m  con- 
ta in ing 124 m M  NaCI, 25 m M  KHCOa and  4 m M  MgSO,.  
The ' h a e m a t o c r i t e '  value was 35-45%,  the  i ncuba t ion  
t ime 11/2-4 h a t  37°C. 

We  s tud ied  the  re la t ion  be tween  K+-inf lux of the  cells 
and  ATP-sp l i t t i ng  in ATP- r i ch  ghosts .  F igure  1 shows one 
of these  expe r imen t s ,  in wh ich  we obse rved  the  kinet ics  
of K+ accumula t ion  and  A T P  b reakdown .  The e x p e r i m e n t  
points  to  a para l le l ism be tween  the  t r a n s p o r t  p rocedure  
and enzyme  ac t iv i ty .  
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Fig. 1. Kinetics of ATPasc activity" and K + accumulation in ATP- 
rich erythrocyte ghosts. 1 = ATP breakdown, 2 = K + accumulation. 
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Fig. 2. ATPase activity in ATP-rich erythrocyte ghosts. 1 =Con- 
trol, 2= in the presence of 1O-SM ouabain. 

As is known,  hydro lys i s  of A T P  suppl ies  n o t  only  the  
energy  need  of t he  ac t ive  ca t ion  t r a n s p o r t  b u t  also 
ensures  the  presence  of o t h e r  fac tors  requ i red  for the  
m a i n t e n a n c e  of physiological  condi t ions  in t he  red  ceils. 
The e x p e r i m e n t s  of DUNHAM and  GLYNN 4 also e m p h a -  
sized t h a t  on ly  p a r t  of t he  to ta l  m e m b r a n e - A T P a s e  ac-  
t i v i t y  was  ' t r a n s p o r t  ATPase ' .  This  ' t r a n s p o r t  A T P a s e '  
can be specifical ly inh ib i t ed  b y  cardiac  glycosides,  es- 
pecial ly  ouahain ,  and  ac t i va t ed  by  m o n o v a l e n t  cat ions,  
K+ and  Na+*,L In Figure  2 an e x p e r i m e n t  is p r e sen t ed  in 
wh ich  we inves t iga ted  w h a t  pe r cen t age  of t h e  t o t a l  
A T Pa s e  a c t i v i t y  consis ted  of ouaba in - sens i t ive  ATPase .  
The  resul ts  - suppo r t ed  b y  o the r  authors4 ,e  - show t h a t  
unde r  our  expe r imen ta l  cond i t ions  50% of t h e  to ta l  
A T Pa s e  a c t i v i t y  was  ' t r a n s p o r t  ATPase ' .  

We then  examined  w h e t h e r  t he re  ex is t s  a s to ichio-  
me t r i c  connec t ion  b e t w e e n  ' t r a n s p o r t  A T P a s e '  a c t i v i t y  
a n d  K + accumula t ion .  The  resul ts  of 10 e x p e r i m e n t s  are 
s u m m a r i z e d  in  t he  TAble. This  series of e x p e r i m e n t s  
po in t s  to a s to i eh iomet r i c  re la t ion  be tween  A T P - s p l i t t i n g  
and  ion m o v e m e n t :  the  hydro lys is  of 1 A T P  molecule is 
accompan ied  by  the  a c c u m u l a t i o n  of 2 K+ ions. This  ex- 
pe r imen ta l  resu l t  seems to  s u p p o r t  the  hypo thes i s  t h a t  
m e m b r a n e - A T P a s e  is p a r t  of t h e  carr ier  p roduc ing  ion 
m o v e m e n t .  

Stoichiomctric connection between 'transport ATPase' activity and 
b: + accmnulation in ATP-rich erythrocyte ghosts 

No. Incubation K+ 'Transport K+ 
time at 37 ° accumulation ATPase' accumulation 
h mmoles]l activity "A.:fl:;st'~i){--- 

ghosts mmoles/1 
ghosts 

1 t ,5 8.00 3.88 2.06 
"2 1,5 5.45 2.50 2.18 
3 2 2?20 1.16 1.90 
4 2 5,50 2.65 2.08 
5 3 7,06 4.00 1.77 
6 3 6.10 3.49 1.75 
7 3 5.34 2,38 '2.24 
8 3 6.40 3.50 1.83 
9 4 9.15 3.94 2.32 
10 4 7.80 3.23 2.42 

Average of 10 expcriments 2.05 :J: 0.~4 

Zusammen]assung. In  A T P  angere icher ten  menschl i -  
chen  E r y t h r o c y t e n s t r o m a  k o n n t e  zwischen Ouabain-  
empf ind l icher  M e m b r a n - A T P a s e - A k t i v i t A t  u n d  ak t iver  
K + - A k k u m u l a t i o n  ein Z u s a m m e n h a n g  fes tges te l l t  wer-  
den :  die H y d r o l y s e  eines ATP-Molekfi ls  ist  m i t  de r  Ak-  
k u m u l a t i o n  yon  zwei K+- Ionen  ve rbunden .  
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