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Evidence for a magnesium-dependent ATPase activity that can be stimulated by Na + and K +, or equally by 
Na ÷ or K + alone, has been found in the plasma membranes isolated from amoebas of the slime mold 
Dictyostelium discoideum when the membranes are isolated from cultures grown up to the stationary phase. 
This ATPase activity is scarcely inhibitable by ouabain or phlorizin, but is very sensitive to low concentra- 
tions of azide or thimerosal. When the plasma membranes are isolated from amoebas growing in logarithmic 
phase, this monovalent cation-stimulated Mg2+-dependent activity is barely detectable. 

Preliminary data, suggesting the existence of a 
magnesium-dependent ATPase activity which is 
Na  +- and K +-activated in crude preparations of 
plasma membranes of the amoebas of the slime 
mold Dwtyostehum dtscotdeum, are presented here. 

Cells from Dwtyostehum dtscoldeum strain AX-2, 
a strain adapted to growth axenically m artificial 
media devoid of bacteria [1], were cultivated at 
23°C on a growth medium containing 1.8% maltose 
[2]. The cells required for obtaining the membrane 
fraction were grown up to cell densities of (6-8)-  
10 6 per ml, then were washed three times in cold 
S~¢rensen phosphate buffer (0.017 M, pH 6.0) and 
were resuspended in 0.6 mM ZnC12 adjusted to a 
cell concentration of about 6 .107 cells per ml. 
Then the cells were incubated under agitation for 
20 rain at 23°C, and Isolation of the membrane 
fraction was performed following the procedure of 
Brunette and Till [3], except that ZnCI z was not 
used in the two-phase system. After the mem- 
branes were collected, they were washed once with 
5-times their volume in 10/2M Mg 2+ EDTA. The 
membranes were sedimented from the suspension 
by a low-speed centrifguatlon (1000 rpm for 15 
mln) ( 5 0 0 × g )  and the pellet was washed once 
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more with doubly-distilled water and finally resus- 
pended in water. Na + or K + were not detectable 
in membranes prepared by this method as de- 
termined by flame photometry (Garcia-Cafiero, 
R., personal commumcation).  All procedures for 
membrane isolation were carried out in plastic 
flasks and tubes. 

The magnesium-dependent ATPase activity of 
the membranes was assayed in 1 ml reaction mix- 
ture containing 3 mM ATP-Tris, 3 mM MgC12, 30 
mM imidazole buffer, pH 7.4, and variable con- 
centrations of NaC1 or KC1 as indicated in Fig. 1. 
All samples were incubated for 30 man at 37°C. 
The reaction was initiated by introducing 50 to 80 
#g of membrane protein per ml. The inorganic 
phosphate liberated was determined by the method 
of Fiske and SubbaRow [4]. Protein concentration 
was determined by the method of Lowry et al. [5]. 
All procedures for membrane assay of ATPase 
activity were carried out in plastic tubes. 

Fig. 1 shows the action of Na + or K + or differ- 
ent lnhlbitors on the magnes ium-dependent  
ATPase activity of the plasma membrane isolated 
for amoebas of Dwtyostehum dlscozdeum grown to 
stationary phase. Fig. 1A shows the ATPase actlv- 
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Fig 1 Monovalent cation-activated magnesmm-dependent 
ATPase actw]ty of plasma membrane of amoebas of Dl~- 
tvo~tehum dts~oldeum grown up to stationary phase (A) Effect 
of the combined additaon of Na + and K + (B) Effect of the 
addition of Na ~ (O Q) or K + (11 II) alone in 
increasing concentrations (C) Effects of increasing concentra- 
tions of az]de on the ATPase activity assayed m the presence of 
150 mM Na + (e  e), 150 mM K + (11 II) or 50 
mM Na + plus 50 mM K + (A A) (D) Effects of 
increasing concentrations of thimerosal on the ATPase actwity 
a~sayed m the presence of 150 mM Na ÷ (e  e), 150 mM 
K ~ (11 II) or 50 mM Na + plu~ 50 mM K + 
( A  A )  

l ty as a funct ion of di f ferent  combina t ions  of 
sod ium plus po tass ium concent ra t ions .  In the ab- 
sence of both  sodium or  potass ium,  the 3 m M  
m a g n e s i u m - d e p e n d e n t  ATPase  act ivi ty  was abou t  
6 /zmol  p h o s p h a t e / m g  pro te in  per  hour.  The com- 
b ined  concen t ra t ion  of s o d m m  and po tass ium is 
represented  in Fig. 1A as done  by  Skou in his 
ini t ial  repor ts  of  ( N a + - K + ) - d e p e n d e n t  ATPase  
(for review, see Ref. 6). This exper iment  suggests 
that  there is a monova len t  ca t ion-s t imula ted  Mg 2+ 
-dependen t  ATPase  act ivi ty in these m e m b r a n e  
p repara t ions .  Fig. 1B shows a s ignif icant  s t imula-  
t ion of  the magnes ium-dependen t  ATPase  act ivi ty 
of  the membranes  jus t  by  the presence of  each of 
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the ca t ions  a lone m the test medium;  100 m M  K + 
a lone  or  100 m M  N a  + a lone increases  the Mg 2+- 
dependen t  act ivi ty  more  than 3-times. In these 
exper iments ,  we searched respect ively after  N a  + 
or  K + in the m e m b r a n e  p repa ra t ion  and they 
were not  found.  When  the membranes  were pre- 
pa red  f rom cell cul tures  in exponent ia l  growth 
phase  (cell densi t ies  between 1. 10 6 and 4 .  10 6 

ce l l s /ml ) ,  the monova len t  ca t ion-s t imula ted  Mg 2+ 

-ATPase  act ivi ty  were bare ly  de tec tab le  in our  
exper imenta l  condi t ions .  

The  ca t ion -ac twa ted  M g 2 + - A T P a s e  act ivi ty of 
the membranes  isola ted from cells m s ta t ionary  
phase  was s tudied for sensi t ivi ty to mh~bltors. 
Sensi t ivi ty to ouaba in  and phlor iz in  was found  to 
be very low, less than 20% inhib i t ion  of the actw- 
]ty measured  in the presence of N a  + , K--  or  N a  ÷ 
plus  K + ,  up to 2 m M  concen t ra t ion  (not  shown) 
of  the inhibl tors .  However ,  azide (Fig. IC)  and 
thamerosal  (Fig. 1 D) were very effective inhibl tors  
of  the ATPase  actwxty whether  it was tested m the 
presence of N a  + , K + or N a  + plus  K +. Thlmerosa l  
has  been repor ted  as an inhib i tor  of (Na  ÷ - K  ÷ )- 
dependen t  ATPase  act ivi ty  which acts wi thout  di- 
minish ing  N a + - d e p e n d e n t  ATPase  actwxty in 
m a m m a l i a n  p repa ra t i ons  [7]. 

The results suggest at least three possibi l i t ies  in 
descr ib ing  the existence of an N a  + and K +-  
ac t iva ted  M g 2 + - A T P a s e  act ivi ty  in p l a sma  mem- 

b rane  of amoebas  of  the sl ime mold  Dlctyostehum 
dlscotdeurn, grown up to s ta t ionary  phase:  (1) that  
the ca t ion-s t imula ted  Mg 2+-ATPase  act ivi ty  mea-  
sured in our  exper iments  cor responds  to a single 
( N a + - K  + ) -de pe nde n t  ATPase  enzyme similar  to 
the first descr ibed  by  Skou [6], but  with two very 
d issociable  N a + - d e p e n d e n t  and  K + - d e p e n d e n t  
s t imula t ions  which represent  enzyme sites with 
s imi lar  affinit ies;  this poss ib i l i ty  is ruled out  be- 
cause  the enzyme does not  require  N a  + plus K + 
for maximal  act ivi ty  and is not  inhibi ted  by  
oua ba m:  (2) that  the ATPase  ac twl ty  encounte red  
co r re sponds  most ly  to the existence of an ' ionic  

s t r eng th -dependen t  ATPase ' ;  xt seems that  th~s 
poss ib i l i ty  can be ruled out  if we relate the differ-  
ent  enzyme act ivi ty  ob ta ined  to the ionic s t rength 
of  the assay condi t ions ,  as has been done  m Table  I: 
(3) that  the act ivi ty  encounte red  cor responds  to 
the existence of a K + - d e p e n d e n t  ATPase  s lmdar ,  
for instance,  to those descr ibed  in Escherwhm coh 
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TABLE I 

VARIATION OF Mg2+-DEPENDENT ATPase ACTIVITY 
AS MEASURED WITH MEDIA OF INCREASING IONIC 
STRENGTH 

Other components of the assay medmm were lmldazole, Tns- 
HC1 or chohne-HCl, depending on the experiment, and m all 
cases Mg 2+ and ATP 

Iomc ATPase activity K + content Na + content 
strength (nmol P, per (mM) (mM) 

mg protem) 

17 7 - - 
25 8 - - 
37 12 25 - 
37 14 - 25 
50 15 50 - 
50 16 50 
67 11 50 50 
75 22 50 50 
75 17 I00 
75 20 I00 
75 28 5o 50 
75 23 80 20 
75 22 20 80 
80 16 50 I00 

I00 20 50 I00 
125 22 200 - 
125 20 - 200 
150 22 250 - 
150 18 - 250 
175 21 300 - 
175 16 - 300 
225 17 400 - 
225 14 - 400 

[8] o r  s o y b e a n  r o o t  [9]. In  th is  case,  the  K + site 

w o u l d  be  o f  low a f f in i ty  a n d  spemf ic i ty  a n d  w o u l d  

reac t  a l m o s t  equa l ly  wi th  K + a n d  wi th  N a  +.  The  

spec i f i c i ty  ~s no t  so low, m our  h a n d s ,  tha t  N a  + 

c o u l d  be  s u b s t i t u t e d  by  Tr ls  o r  c h o h n e ,  w h i c h  

aga in  rules  ou t  p o s s l b d i t y  2. A t  the  p r e s e n t  t ime,  

o u r  e x p e r i m e n t a l  e w d e n c e  d ec t d e s  us m favor  of  

t he  th i rd  poss ib i l i ty .  T h u s  the  e n z y m e  w o u l d  have  

to  be  t e r m e d  m o n o v a l e n t  c a t i o n - s t i m u l a t e d  M g  ~-+- 

d e ' p e n d e n t .  

Th i s  w o r k  was  s u p p o r t e d  by  g r a n t  12-154-79 

f r o m  the  ' I n s t i t u t o  N a c l o n a l  de  la Sa lud '  ( M a d r i d ) .  

T h e  a u t h o r  is g ra te fu l  to  Dr.  G u n t e r  G e r i s h  for  h~s 

s a m p l e  of  axen ica l ly  g r o w n  Ax2  Dw(vostehum dt~- 
coMeum a m o e b a s  to in i t i a te  the  cu l tu re s  
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