
109 

Biochimica et Biophysica Acta, 367 (1974) 109--113 
© Elsevier Scientific Publishing Company, Amsterdam --  Printed in The Netherlands 

BBA Report 

BBA 71210 

STIMULATION OF (Na÷--K*)-ATPase OF RAT LIVER PLASMA MEM- 
BRANE BY AMINO ACIDS 

PAOLO LULY and ROBERTO VERNA 

Institute of  General Physiology, University of  Rome, Rome (Italy) 

(Received August 15th, 1974) 

Summary 

The effect of twelve L-amino acids on the activity of liver plasma mem- 
brane (Na÷--K÷)-ATPase has been tested. Histidine and arginine significantly 
enhanced the activity. The activation by histidine showed saturation kinetics 
with an apparent Ka of about 8 mM, and was evident over a wide range of 
Na ÷ concentrations. The same amino acid did not significantly affect the 
Mg2÷-dependent ATPase activity. 

Amino acid stimulation of (Na÷--K÷)-dependent ATPase has been reported 
on a few occasions [1--4] in more or less purified enzymatic preparations 
from different sources, and a possible role of (Na÷--K÷)-ATPase in amino 
acid transport has been critically evaluated in two recent reviews [5,6]. 

The observations to be reported here concern the effect of some 
L-amino acids on plasma membrane-bound (Na÷--K*)-dependent ATPase of 
rat liver. Stimulation was observed for two amino acids only while a stimu- 
lating effect of EDTA could not be shown. 

Liver plasma membranes were isolated from fed male rats (150--180 g 
body weight) following the procedure of Ray [7]. After removal of the 
plasma membrane fraction from the sucrose gradient, the membranes were 
washed twice, first with the homogenizing medium (1 mM NaHCO3,0.5 mM 
CaCl~ ; pH 7.5), then with 0.015 M EDTA (sodium salt, pH 7.5); and finally 
resuspended in bidistilled water. The purity of the preparation was checked 
by electron microscopy and by the assay of marker enzymes as reported 
previously [8]. 

(Na+--K÷)-dependent ATPase activity was measured as previously 
reported [8]. The assay medium (2.2 ml final volume) contained: membrane 
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suspension (80--120 ~g proteins), 92 mM Tris buffer (pH 7.5), 5 mM MgSO4, 
5 mM KC1, 60 mM NaC1 and 0.1 mM EDTA (unless otherwise stated}. The 
assay medium also contained the amino acids to be tested at the concentra- 
tions reported in the text .  After 10 min equilibration at 37°C in a shaking 
incubator, the reaction was started by addition of ATP (disodium or tris salt) 
at a final concentration of 4 mM. After 5 min the reaction was stopped by 
adding two volumes of ice-cold trichloroacetic acid (10%, w/v). All experi- 
ments were run in triplicate. 

ATP hydrolysis was measured from the amount  of Pi released, and the 
method employed was not  affected by the presence of histidine and other 
amino acids [ 9 ]. (Na+--K +)-ATPase activity was routinely obtained, as prev- 
iously reported [8], by subtracting the rate of ATP hydrolysis in the absence 
of K ÷ from the complete medium reported above. 

Protein was estimated by the method of Lowry et al. [10] using bovine 
serum albumin as a standard. 

Of the twelve amino acids tested, only histidine and arginine exerted a 
significant stimulation (Table I). This stimulation took place in the presence 
of 0.1 mM EDTA. Concentrations of this chelating agent above 0.1 mM were 

T A B L E  I 

E F F E C T  O F  D I F F E R E N T  A M I N O  A C I D S  O N  L I V E R  P L A S M A  M E M B R A N E  ( N a + - - K + ) - A T P a s e .  

E n z y m e  a c t i v i t y  is  r e p o r t e d  as  # m o l e s  Pi  +- S . E . / m g  p r o t e i n  p e r  5 r a i n ;  in  p a r e n t h e s e s ,  t h e  n u m b e r  of  
e x p e r i m e n t s .  F i n a l  c o n c e n t r a t i o n  o f  a m i n o  a c i d s  w a s  10  r a M .  P h a s  b e e n  e v a l u a t e d  b y  S t u d e n t ' s  t t es t .  
F o r  e x p e r i m e n t a l  d e t a i l s ,  s ee  t e x t .  n . s . ,  n o t  s i g n i f i c a n t .  

T r e a t m e n t  A T P a s e  a c t i v i t y  

- ~ i o ~ _ *  o.12 (8) 
G l y c i n e  0 . 9 3  +- 0 . 0 5  ( 5 )  

- -  0 . 9 2  +- 0 . 0 5  ( 6 )  
L - A l a n i n e  0 . 8 8  + 0 . 1 4  ( 6 )  

- -  1 . 0 8  -+ 0 . 1 3  ( 4 )  

L - M e t h i o n i n e  1 . 0 9  + 0 . 1 4  ( 4 )  

- -  1.04 -+ 0.23 ( 3 )  
L-Phenylalanine 0.90 + 0.20 ( 3 )  

- -  1 . 1 5  -+ 0 . 1 4  ( 7 )  

D L - P h e n y l a l a n i n e  1 . 0 5  + 0 . 1 0  ( 7 )  

- -  1 . 0 3  -+ 0 . 0 7  ( 6 )  
L - T r y p t o p h a n  1 . 0 0  + 0 . 0 5  ( 5 )  
L - L e u c i n e  1 . 0 0  + 0 . 0 3  ( 5 )  

- -  1 . 0 4  + 0 . 0 6  ( 1 3 )  
L - H i s t i d i n e  1 . 4 0  -+ 0 . 0 6  ( 1 3 )  

- -  1.23 + 0 . 2 8  ( 4 )  
L-Aspartic acid 1.27 + 0.18 ( 4 )  

- -  1.09 + 0.09 ( 4 )  
L-Glutamie acid 0.92 + 0.16 ( 4 )  

- -  1.13 -+ 0.06 (11) 
L - A r g i n i n e  1 . 3 8  + 0 . 1 0  ( 1 1 )  
L - L y s i n e  1 . 2 6  + 0 . 0 6  ( 1 0 )  

P 

n . s .  

I I .S .  

n . s .  

n.s. 

n.s. 

l l . S .  

n.s. 

< 0 . 0 0 1  

n . s .  

n . $ .  

< 0 . 0 5  
n . s .  
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T A B L E  II 

E F F E C T  O F  E D T A  C O N C E N T R A T I O N  O N  R A T  L I V E R  P L A S M A  M E M B R A N E  (Na+--K+)-ATPase  

E n z y m e  a c t i v i t y  is r e p o r t e d  as ~umoles Pi -+ S . E . / m g  p r o t e i n  pe r  5 ra in ;  in  p a r e n t h e s e s  the  n u m b e r  of  
e x p e r i m e n t s .  P has  b e e n  ca l cu l a t ed  by  S t u d e n t ' s  t tes t .  F o r  e x p e r i m e n t a l  deta i ls ,  see tex t .  n.s.,  n o t  
s ign i f i can t .  P was  e v a l u a t e d  w i t h  r e s p e c t  to  0.1 m M  E D T A ;  or  0 .5  m M  E D T A  (*) ;  1.0 m M  E D T A  ( t ) .  

E D T A  C o n c e n t r a t i o n  ( raM) A T P a s e  ac t i v i t y  P 

0 0 . 9 5  -+ 0 .007  (4)  n.s. 
0.1 1 .18  -+ 0 .19  (5) - -  
0 .5  0 .99  + 0 .24  (4)  n.s. 
1.0 0 .59  + 0 .06  (4) < 0 . 0 5  

< 0 . 0 5  (*)  
10 0 .10  +- 0 .11 (3)  < 0 . 0 1  

< 0 . 0 5  (¢)  

inhibitory to (Na+--K÷)-ATPase activity; its complete removal resulted in a 
slight, and statistically insignificant diminution of  the activity (Table II). These 
results are at variance with those previously reported concerning EDTA 
activation o f  (Na+--K+)-ATPase preparations from kidney outer medulla [3] 
or Ehrlich cell plasma membrane [4] .  
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Fig .1 .  C o n c e n t r a t i o n  e f f e c t  o f  L-h i s t id ine  in s t i m u l a t i n g  (Na+- -K+) -ATease  of  ra t  l iver  p l a s m a  m e m -  
b ranes .  The  p o i n t s  are  m e a n s  of  a t  leas t  th ree  e x p e r i m e n t s  ca r r i ed  o u t  on  d i f f e r e n t  m e m b r a n e  p repara -  
t ions ,  as r e p o r t e d  in the  t ex t .  The  in se r t  r e p r e s e n t s  a L ineweaver - - -Burk  p lo t  o f  the  h i s t i d i n e  s t imula -  
t i on  cu rve  w h e n  the  r ec ip roca l  o f  (Na+--K+)-ATPase  ac t iv i t y ,  f r o m  w h i c h  the  basal  (Na+--K+)-ATPase  
a c t i v i t y  in  the  a b s e n c e  of  h i s t i d ine  has  b e e n  s u b t r a c t e d ,  is p l o t t e d  aga ins t  t he  r e c ip roc a l  o f  h i s t i d ine  
c o n c e n t r a t i o n .  T h e  s t r a igh t  l ine has  b e e n  d r a w n  by  the  leas t  squa re s  m e t h o d .  
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At the histidine concentra t ion repor ted  in Table I we observed a stimula- 
t ion of Mg2÷-dependent ATPase measured, as previously repor ted  [8], in the 
absence of  K ÷ and in the presence of  60 mM Na ÷. The average value of 22 ex- 
periments was 5.58 + 0.42 versus 6.54 +- 0.41 (umoles Pi ± S.E./mg protein 
per 5 min), but  the difference was not  statistically significant. On the basis 
of  these data we can state that  ATPase activity stimulation requires, in the 
experimental  condit ions we employed,  the presence of  Na ÷ and K+; even if a 
(Na÷--K+)-independent ATPase stimulation, as found by Ronquis t  and 
Christensen [11 ] in Ehrlich cell membrane preparations, cannot  be ruled out  
completely.  

Histidine (10 mM) failed to exert  its s t imulatory effect  when 1- 10- 4 M 
ouabain was added to the reaction medium (not  shown). Under  these condi- 
tions, the (Na+--K+)-ATPase activity was inhibited by 70% as in our previous 
experiments [8] .  

(Na~--K÷)-dependent ATPase stimulation by increasing concentrat ions of  
histidine is repor ted  in Fig. 1. The activation of  ATPase shows saturation 
kinetics with an apparent  K a of about  8 mM. 

The Na + activation of  ATPase activity in the presence of Mg 2+ and K ÷, 
bo th  at 5 mM, gives an apparent  K a of  about  19 mM which is in good agree- 
ment  (Fig. 2) with previous reports  [9 ,12] .  Histidine stimulation of  ATPase 
activity, under the same condit ions as repor ted  above, proved to be effective 
over the same range of  Na ÷ concentra t ion investigated, giving an apparent  K a 
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Fig.2. Na  c o n c e n t r a t i o n  e f f e c t  o n  ( N a ÷ - - K + ) - d e p e n d e n t  A T P a s e  ac t iv i ty  in t h e  p r e s e n c e  (e ~) and  
a b s e n c e  ( o - - - ~ )  o f  1 0  m M  L-his t id ine;  M g  ~÷ and  I ~  c o n c e n t r a t i o n  w a s  k e p t  c o n s t a n t  at  5 mM.  T h e  
p o i n t s  are m e a n s  o f  at l east  three  e x p e r i m e n t s  carr ied  o u t  o n  d i f f e r e n t  m e m b r a n e  prepara t ions .  T h e  
inser t  r e p r e s e n t s  a L i n e w e a v e r - - B u r k  p l o t  o f  t h e  N'a+ d e p e n d e n c e  curve  o f  (Na+- -K+) -ATPase ,  u n d e r  
t h e  c o n d i t i o n s  r e p o r t e d  a b o v e ,  w h e n  the  rec iproca l  o f  ( N a * - - K + ) - A T P a s e  ac t iv i ty  is p l o t t e d  against  the 
rec iproca l  of  Na  ÷ c o n c e n t r a t i o n .  T h e  s tra ight  l ine  has  b e e n  d r a w n  b y  the  least  squares  m e t h o d .  
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of about 9 mM. Na ÷ omitted was not replaced in any way, fol lowing 
Bonting's suggestion [9] that the osmolarity of  the medium is not a critical 
point as far as ATPase activity is concerned. 

The data presented so far may be interpreted as excluding, for rat liver 
plasma membrane preparations, any possible stimulation of  (Na÷--IC)-dependent 
ATPase due to the presence of  a chelating agent; conversely, it is not easy to 
explain amino acid stimulation in terms of  a simple chelation. On the other 
hand, it seems difficult not to link the observed stimulation of  ATPase 
activity to a possible cation-dependent transport system present at the plasma 
membrane level, even if very recent observations argue against a direct coupling 
between ATP hydrolysis and amino acid transport [ 13 ]. 
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