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Summary 

Potassium self-exchange in ascites cells was partially suppressed when 
chloride in the incubation medium was replaced by  bromide, and completely 
abolished in iodide-, nitrate- or sulfate-containing saline. Thus, it appears that  
potassium self-exchange activity is anion-dependent.  

One of the modes by which monovalent  cations are transferred across cell 
membranes is self-exchange [1]. In this communicat ion we present evidence 
that  K ÷ self-exchange in ascites cells is dependent  on the anion composit ion of 
the medium. 

Fig. 1A shows the effect  of ouabain and furosemide on the influx of  86Rb 
into ascites cells; this isotope serves as a tracer for K ÷ in this system (e.g., 
ref. 2 ). In the absence of  furosemide ouabain had a small inhibitory effect. 
Furosemide alone decreased the rate of  86Rb influx by 50%. Both inhibitors 
together brought  about  a marked reduction to approximately 8% of the 
control  value. These findings are similar to those of  Tupper  [2]. Ouabain 
caused a net loss of  K ÷ (Table I); we show elsewhere (unpublished) that  the 
concentration of ouabain employed is sufficient to total ly inhibit the (Na + + K + ) 
ATPase. Furosemide did not  influence the cellular K ÷ content  (Table I). In 
another experiment (Table II) the furosemide-sensitive component  of  86Rb in- 
flux was shown to be equal in absolute magnitude to that  of  efflux, both in 
the absence and in the presence of  ouabain; in the presence of  ouabain the 
furosemide-sensitive component  was markedly stimulated, as in the experi- 
ment  of  Fig. 1. 

Fig. 1B shows the results of  a similar experiment carried out  in a saline 
solution in which 100 mM NaNO3 was substi tuted for NaC1. In this system 
furosemide had no effect.  Moreover, all fluxes were reduced to the rates ob- 
served in the presence of  furosemide in C1- saline (1.9 and 0.3 ~mol K +. g-1 
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Fig. I .  E f f ec t  of  inh ib i to rs  on  SSRb inf lux in to  ascites cells in Cl---saline and NO~--saline. Asci tes  cells 
were  g r o w n  in the  a b d o m i n a l  cavi t ies  of  Swiss Webs te r  mice ,  and  ha rves t ed  a f te r  6 - -12  days.  T h e y  were  
w a s h e d  in a saline so lu t ion  con ta in ing :  50 m M  N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES)  
anion,  neu t ra l i zed  wi th  20  m M  N a O H  and  4.4 m M  K O H ,  1 m M  CaCI 2 , 1 m M  MgSO 4, 20 m M  glucose,  
and  e i the r  100  m M  NaCI or  100 m M  NaNO 3 . The  final p H  was  7.5. T h e y  were  t h e n  suspended  at  a con-  
c e n t r a t i o n  o f  1.5% in the  respec t ive  saline plus  or  m i n u s  fu rosemide  (1.2 mM),  and i n c u b a t e d  for  90  rain 
at  37°C  to a l low the  ion  c o n t e n t  to  stabil ize.  At  t i m e  zero  SCRb (20 nCi /ml )  was  added  a lone  or  t o g e t h e r  
wi th  o uaba l n  (1.2 raM).  A t  the  i nd i ca t ed  t imes,  dupl ica te  3 m l  samples  of  suspens ion  were  spun  d o w n  at  
1500  r ev . / m i n ,  the  s u p e r n a t a n t  d e c a n t e d  and  saved,  and the  cells e x t r a c t e d  wi th  5% t r i ch lo roace t i c  acid. 
Rad ioac t iv i ty  of  cell ex t r ac t s  and  s u p e r n a t a n t s  was c o u n t e d  by  l iquid scint i l la t ion coun t ing ,  and  K + con- 
t e n t  d e t e r m i n e d  by  f lame p h o t o m e t r y  (see Table  I). Ex t race l lu la r  space co r rec t ion  was  m a d e  by extra-  
po la t ing  the  u p t a k e  curves  to  ze ro  t ime .  Points  s h o w n  are average  of  dupl ica tes ;  dup l i ca tes  were  equa l  
wi th in  5%. A, Cl---saline; B, NO~--saline. o (C), con t ro l ;  • (O),  ouaba in ;  ~ (F) ,  f u rosemide ;  • (O + F),  
ouaba l n  plus fu rosemide .  

dry w t . . m i n  -1 , in the absence and presence of  ouabain, respectively). K ÷ con- 
tents were comparable to those in the C1- system (Table I). 

From these data it appeared that either removal of  C1- or addition of  NO~ 
abolished the furosemide-sensitive components  of  SSRb influx. In order to 
further examine this point  we investigated the effect o f  several other anions in 
the presence of  ouabain, where the size of  the furosemide-inhibitable com- 
ponent  was larger. Fig. 2 shows the results of  these experiments. The dotted 
line gives the level o f  influx in the presence of  furosemide and ouabain, i.e. the 
non-mediated influx. This level was the same in all saline systems tested 
(0.37 + 0.02 pmol K+.g  - l  dry w t . . m i n - '  ). As C1- was gradually replaced by I- ,  
NO~ and SO~-, the furosemide-sensitive component  of  the flux was reduced; 
at 2 mM Cl-it  was completely abolished. In contrast, Br- at 90 mM suppressed 

T A B L E  I 

E F F E C T  O F  I N H I B I T O R S  A N D  N I T R A T E  ON K + C O N T E N T  

Samples  were  ob t a ined  f rom the  e x p e r i m e n t  s h o w n  in Fig. 1, 24 rain a f te r  add i t ion  of  SSRb plus  or  minus  
ouaba in .  Values  given are the  average o f  dupl ica tes ;  dup l ica tes  were  equal  wi th in  5%. 

Major an ion  K + c o n t e n t  ( m m o l .  g - I  d ry  wt . )  

c1-  NO; 

-- ouab a in  + oua ba in  - ouaba in  + o u ab a in  

- F u r o s e m i d e  0.31 0 .25  0 .32  0 .27  
+ F u r o s e m i d e  0 .30  0 .26  0 .32  0 .27  
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the furosemide-sensitive component by only 35%. Cellular K + content and the 
net loss induced by ouabain (not shown) were equal for all anions tested ex- 
cept SO~-, and comparable to those in Table I. In SO~- saline, values were ap- 
proximately 24% lower on a dry weight-basis; this is probably due to shrinkage 
of  the cells [3].  

Tupper [2] interpreted his data on the effect of  furosemide to mean that 
this compound inhibited K + self-exchange. For the experiments presented 
here this interpretation is supported by the observation that the furosemide- 
inhibitable fractions of  influx and efflux were equal in absolute magnitude 
(Table II), as well as the fact that furosemide did not alter K + content (Table I). 
It thus seems justified to interpret the furosemide-inhibitable 86Rb flux com- 
ponents as arising from K + self-exchange. Our data show that this self-exchange 
is influenced by the anionic composition of  the medium. The concentration 
dependence of this effect was the same for I- ,  NO~, and SO~- (Fig. 2). This 
suggests that C1- is required for K + self-exchange with a rather high apparent 
Kin. Br- appears partially able to substitute for C1- in sustaining K + self- 
exchange. Effects of  anions on unidirectional cation fluxes comparable to 
those described here have been reported by Funder and Wieth [4] for human 
red blood cells. 
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Fig. 2. E f f e c t s  o f  d i f f e r e n t  anions  o n  the  ouabain- inh ib i ted  in f lux  o f  S6Rb. Saline so lu t io ns  w e r e  similar 
to  tha t  descr ibed  in the  l egend  to  Fig. 1.with either NaBr, NaI, NaNO s (100 mM) or Na 2 SO 4 (50 raM) 
subs t i tu t ed  for  NaCI. Cl--saline was  m i x e d  w i t h  the  o t h e r  sal ines to  give the  ind icated  CI'- concentrat ions .  
The  e x p e r i m e n t  w as  p e r f o r m e d  as descr ibed  for  Fig. 1. R a t e s  w e r e  ca lcu la ted  f r o m  the  d i f f e r e n c e  in cel-  
inlar radioact iv i ty  b e t w e e n  3 0  rain and 1 0  rain af ter  the  add i t i on  o f  SSRb (20 nCi/ml) plus  ouabain  
(1.2 mM). T h e  d o t t e d  l ine gives the  inf lux  rate for  the  five u n m i x e d  sal ine so lu t ions  in the  presence  o f  
f u r o s e m i d e  (1.2 mM). I - ,  w h i c h  w a s  f o u n d  to  be  a s t rong  q u e n c h e r  in our sc int i l la t ion  s y s t e m ,  w a s  
prec ip i ta ted  w i t h  A g N O  s prior to  c o u n t i n g  o f  radioact iv i ty ,  o, Br-;  o, I ' ;  ~, NOs;V, SO~-. 



295 

T A B L E  II 

E F F E C T  O F  I N H I B I T O R S  O N  S6Rb I N F L U X  A N D  E F F L U X  IN C l -  S A L I N E  

F o r  t h e  r a t e  o f  S~Rb e f f l ux ,  asc i tes  cel ls  we re  e q u i l i b r a t e d  f o r  9 0  m i n  in  t h e  p r e s e n c e  o f  t h e  i s o t o p e  
( 1 0  n C i / m l ) .  A t  t h e  e n d  o f  th i s  p e r i o d  cells  w e r e  s p u n  d o w n  f o r  1 r a i n  a t  1 0 0 0  r e v . / m i n ,  a n d  a t  t i m e  
ze ro  t h e  pe l l e t  w a s  r e s u s p e n d e d  a t  a c o n c e n t r a t i o n  o f  1 .5% in  C l - s a l l n e  in  t h e  p r e s e n c e  o r  a b s e n c e  
o f  i n h i b i t o r s  ( c o n c e n t r a t i o n ,  1 ,2  raM) .  R a d i o a c t i v i t y  r e m a i n i n g  in  t h e  cel ls  a t  a g iven  t i m e  w a s  d e t e r -  
m i n e d  as d e s c r i b e d  in  t h e  l e g e n d  t o  Fig .  1. E f f l u x  r a t e  c o n s t a n t s  (ke)  w e r e  o b t a i n e d  b y  l i nea r  r e g r e s s i o n  
f r o m  s e m i l o g a r i t h m i e  p l o t s  o f  t h e  d e c r e a s e  in  ce l lu l a r  r a d i o a c t i v i t y  w i t h  t ime .  C o r r e l a t i o n  c o e f f i c i e n t s  
(r) e x c e e d e d  0 . 9 4  in  al l  cases .  T o t a l  e f f l u x  w a s  c a l c u l a t e d  f r o m  t h e  p r o d u c t  o f  k e a n d  t h e  ave rage  o f  
t h e  ce l lu l a r  K + c o n t e n t s  a t  z e ro  t i m e  a n d  2 4  m i n .  I n f l u x  w a s  d e t e r m i n e d  in  t h e  s a m e  e x p e r i m e n t  b y  
m e t h o d s  d e s c r i b e d  in  t h e  l e g e n d  t o  Fig.  1;  t h e  e x t e r n a l  K + c o n c e n t r a t i o n  was  2 .5  m M .  T h e  va lues  f o r  
t h e  f u r o s e m i d e - s e n s i t i v e  c o m p o n e n t s  w e r e  o b t a i n e d  b y  s u b t r a c t i o n  f r o m  t h e  va lues  g iven  f o r  t h e  un i -  
d i r e c t i o n a l  f l uxes ;  t h e  e r r o r  in  t hese  de r i ved  va lues  c a n  b e  e s t i m a t e d  a t  a b o u t  10%.  

E f f l u x  
r a t e  c o n s t a n t  
k e ( ra in  - t  ) 

U n i d i r e c t i o n a l  f l uxes  
(~umol K + . g  - I  d r y  w t . . m i n  - I  ) 

F u r o s e m i d e - s e n s i t i v e  c o m p o n e n t s  
O~mol K +. g - t  d r y  w t . . m i n  - t  ) 

I n f l u x  E f f l u x  I n f l u x  E f f l u x  

- -  0 . 0 1 8  7.1 6 .8  3 .9  4 .0  
+ F u r o s e m i d e  0 . 0 0 7  3 .2  2 .8  
+ O u a b a i n  0 . 0 3 4  7 .1  10 .8  6 .8  8 .2  
+ F u r o s e m i d e  

+ o u a b a i n  0 . 0 0 8  0 .3  2 .6  

The nature of  the anion effect on K + self-exchange is not dear. 
Apparently the passive permeability of  the anion is not involved since C1- and 
NO~- have comparable passive permeabilities (unpublished data), whereas that 
of  SO24 - has been reported to be considerably lower [3]. A clue to the mechan- 
ism of  K + self-exchange and its susceptibility to the anion composition of  the 
medium may possibly be found in the observation of  Heinz et ah [5] that K + 
and C1- are co-transported under certain conditions. 

The fact that K + self-exchange was stimulated in the presence of ouabain 
suggests a close relation between pumping and exchange activities. This rela- 
tion (often of  a complementary nature) has been observed in a number of  
systems [6]. 
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