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S U M M A R Y  

I. Freshly prepared microsomal fractions of  the outermost cortex of guinea 
pig kidney show an Mg2+-dependent ATPase activity which is partially inhibited 
by 100 mM NaCI, LiCI, KC1, RbCl, CsC1, NH4C1 or choline chloride. 

2. If the microsomal preparation is aged by storage at 4 °C for 10-15 days, 
the Mg2+-dependent activity shows stimulation by Na + and Li + but not by K +, 
Rb +, Cs +, NH4 + or choline. 

3. Stimulation is similar with sodium salts of  CI- ,  HCO3- ,  C H ~ C O O - ,  
Br- ,  SO42- or methylsulphonate. 

4. Stimulation is insensitive to 1 mM and 10 mM ouabain. 
5. Stimulation is unaltered by the presence of 0.5 mM ethyleneglycol-bis-(/~- 

aminoethyl ether)N,N'-tetracetic acid. 
6. Stimulation is 100 ~,~ inhibited by 2 mM ethacrynic acid, a concentration 

which inhibits only 30% of the Mg 2 +-dependent ATPase and 50 % of the (Na + + K + )- 
stimulated ATPase. 

7. Some of these characteristics coincide with those of an ouabain-resistant, 
K+-independent, ethacrynic acid-sensitive mode of Na + extrusion out of guinea 
pig kidney cortex cells. 

I N T R O D U C T I O N  

There is general agreement that kidney cells possess a cardiac glycoside 
(ouabain)-sensitive, Na+-extruding mechanism which exchanges intracellular Na + 
for extracellular K +, obtaining its energy from hydrolysis of ATP [1-7]. As has 
been demonstrated in other tissues [8-10] in the kidney a (Na++K+)- s t imula t ed  
ATPase with a similar sensitivity to ouabain is thought to be linked to this mode of 
Na + extrusion [11-15]. However, in kidney slices such an mechanism seems insuffi- 
cient to account for the observation that Na + can be extruded out of Na  + loaded 
cells with CI-  and water in the absence of external K + despite the presence ofouaba in  
concentrations which should have the (Na++K+) - s t imu la t ed  ATPase completely 
inhibited [2,4-7]. This alternative mode of Na + extrusion is stimulated by angiotensin 
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[16], and inhibited by ethacrynic acid [5] (which, in red cells, curtails an ouabain- 
insensitive Na + effiux [17]) to which the (Na + "K+)-st imulated ATPase is only 
partially sensitive [14]. Na + extrusion is completely inhibited if ouabain and etha- 
crynic acid are added together [5]. In dog and rat kidney, a single Na + pump depen- 
dent on the (Na+~K+) - s t imu la t ed  ATPase also seems to be insufficient to account 
for the observation that about half of the filtered Na + continues being reabsorbed 
under conditions in which the (Na + - - K  + )-stimulated ATPase has been completely 
inhibited by large doses of cardiac glycosides [18, 19]. Moreover, in the rabbit kidney 
this ouabain-insensitive fraction of Na + reabsorption can be suppressed if ouabain 
and ethacrynic acid are added together at moderate concentrations which inhibit 
the (Na+ ~K+)-stimulated ATPase activity by only 46°~ [20]. Authors vary in 
the interpretation of the observations (cf. ref. 21 ), some of which have been recently 
challenged [22]. Some authors have suggested the possible existence of a second 
Na+-extruding mechanism [5, 14, 16, 18-20, 23]. The latter would also derive its 
energy from hydrolysis of ATP, since both modes of Na + extrusion are inhibited 
by 2,4-dinitrophenol and anoxia [5, 24] and 2,4-dinitrophenol and anoxia inhibit 
the production of cellular ATP [25]. On the other hand, the inhibitory action ol 
ethacrynic acid on the ouabain-insensitive transport of  water and electrolytes in 
kidney slices is thought to be unspecific and related to other actions of ethacrynic 
acid, namely, inhibition of glycolysis and electron transport  chain in mitochondria 
and reduction of cellular ATP levels in kidney tissues [21, 43]. 

in view of these possibilities, we decided to look for an ouabain-insensitive, 
Na+-stimulated ATPase in kidney tissue, paying particular attention to the effect 
of storage, which has been shown to inhibit the Mg2+-dependent ATPase but to 
enhance the activity of  (Na + ~-K+)-stimulated ATPase [26]. 

MATERIALS A N D  ME T H O D S 

Preparation of microsomal fractions. Outermost slices of kidney cortex o[ 
healthy adult male guinea pigs weighing about 500 g were obtained as described [3]. 
Each gram of tissue was immediately homogenized at 0 C in 10 ml of a solution of 
0.25 M sucrose, 20 mM Tris" HC1 (pH 7.2) and 1 mM EDTA, according to the 
techniques already described [14,26]. Briefly, the homogenate was centrifuged 
for 20 min at 10 000 ×g, the supernatant recentrifuged for 1 h, at 100 000×g,  and 
the sediment from the last centrifugation suspended in 5 ml of the sucrose/Tris/ 
EDTA solution and used for the study of the ATPase activity in fresh or aged prepara- 
tions. 

The ageing process consisted of leaving the preparations in the refrigerator 
at 4 C in the same extraction medium for several days. 

Assay of the ATPase activity. 20 l~l of the microsomal suspension (containing 
about 6 mg protein/ml) were preincubated at 37 '~C for 10 rain in the presence of 
(final concentrations) 100 mM imidazole buffer (pH 7.2), 5 mM MgCI2 and, ac- 
cording to the experimental design, requisite amounts of NaC1 and/or ouabain. 
KCI, other salts and ethacrynic acid were also used when required. The reaction 
was started by adding to the medium Na+-free Tris • ATP (2 mM final concentra- 
tion). The final volume was I ml. After 30 min, the incubation was terminated by 
the addition of 1 ml of  ice cold 6 HC1Oa to the incubation tubes. The samples 
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were chilled and centrifuged. The liberated phosphate was determined in the depro- 
teinized solution [27]. Preliminary experiments demonstrated that, under our incuba- 
tion conditions, a linear relationship existed between the liberation of phosphate 
and the time of incubation. The protein content of the original suspension was 
measured by means of Folin reagent [28]. All samples were run in triplicate or 
quadruplicate. ATPase activity is expressed as nmol of phosphorus produced per 
mg of protein per min after subtraction of a blank run in parallel either without the 
20 ~1 of microsomal suspension or without ATP. 

Ouabain (Strophanthin-G), EGTA and Na+-fi'ee Tris • ATP were purchased 
from the Sigma Chemical Company, St. Louis, Mo., U.S.A. Ethacrynic acid was 
generously provided by Merck, Sharp and Dohme, Rahway, N.J., U.S.A. All 
other reagents were from E. Merck AG., Darmstadt, Germany. 

RESULTS 

Electronmicroscopic observation confirmed that fresh and aged preparations 
consisted almost exclusively of microsomes which appeared smaller and often rup- 
tured in aged preparations (see also ref. 44). The presence of plasma membrane 
fragments in our preparation is indicated by the presence of 5'-nucleotidase activity 
(EC 3.1.3.5) (Table VII) and of ouabain-sensitive (Na+-LK+)-stimulated ATP- 
ase activity (EC 3.6.1.3) (Table I), two widely accepted plasma-membrane marker 
enzymes [45]. A very low succinate dehydrogenase activity (utilized as a marker 
for mitochondrial contamination [46]) was found in our preparation. Thus our 
microsomal fraction showed an activity which was at most 5-10 % of the activity 
shown by the 10 000 × y  pellet fraction. This and the experimental results shown in 
Table VI substantiates the conclusion that our preparation has a very low mito- 
chondrial contamination. 

Table I shows results of measurements of the ATPase activity of a freshly 
prepared microsomal suspension. The difference between the ATP hydrolyzing 

TABLE I 

ATPase ACTIVITY OF FRESH M I C R O S O M A L  F R A C T I O N  OF O U T E R M O S T  K I D N E Y  
CORTEX 

Fresh preparations were incubated for ATPase activity. In the experiments summarized in this and 
in the following tables, the following procedure was used. 20 t~1 o f  microsomal preparat ion (contain- 
ing about 6 mg protein/ml) were added to 1 ml of  the incubation medium containing as final concen- 
tration in mM, imidazole (pH 7.2), 100; MgCI2, 5; ATP - Tris, 2; NaCI, KCI and ouabain 100. 10 
and 1, respectively, when required. After 10 rain ofpreincubat ion at 37 °C, the reaction was started by 
adding the ATP to the medium and it was stopped after 30 min by addition of  1 ml of  ice cold 6 °Jo 
perchloric acid to the incubation tubes. The samples were chilled, centrifuged and assayed for the 
presence of  P~. In this and in the following tables the values are expressed as the mean ~S.E.  In the 
present table n ~ 20 (6 animals). 

Incubation medium ATP hydrolysed 
(nmol /mg protein per min) 

Mg 2+ 96-~2 
Mg 2+ ÷ N a  + + K + 1 2 6 i 2  
Mg 2 + + N a  + ~- K + + o u a b a i n  8 6 ~  3 
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ac t iv i ty  o b s e r v e d  in the  presence  o f  M g  2+ a lone  ( M g Z + - d e p e n d e n t  A T P a s e )  and  

tha t  a c t i va t ed  by N a + + K  + in a d d i t i o n  to M g  2+ ( to ta l  A T P a s e )  represen t s  the  well  

k n o w n  ( N a  + + K  +) - s t imu la t ed  A T P a s e  ac t iv i ty  which,  as shown  in Tab l e  I, is to ta l ly  

inh ib i t ed  by the  p resence  o f  1 m M  o u a b a i n  (cf. refs 1 1 15). The  act ivi t ies  o b t a i n e d  

are  in the  range  o f  t hose  p rev ious ly  r e p o r t e d  for  s imi la r  p r e p a r a t i o n s  [14]. W o r k i n g  

wi th  fresh p r epa ra t i ons ,  a d d i t i o n  o f  N a  + (wi th  C1- ) ,  w i thou t  K +, to  the  m e d i u m  

wi th  M g  2+, does  no t  fu r the r  s t imula te  the A T P a s e  act ivi ty .  On  the con t ra ry ,  as 
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Fig. 1. Effect of increasing Na + concentration (as NaCI) on the Mg2+-dependent ATPase activity 
of fresh microsomal preparation. In the experiments summarized in this and in the following figures 
the reaction was carried out as indicated in Methods. Mg z+ concentration was 5 raM. Values arc 
expressed as mean ±S.E. In the present figure, n -- 4. Similar results were obtained when the experi- 
ment was repeated on 5 animals. 

i l lus t ra ted  in Fig. 1, add i t i on  o f  inc reas ing  c o n c e n t r a t i o n s  o f  N a C I  inhibi ts  p rogres-  

sively the  ac t iv i ty  o f  the  M g  z + - d e p e n d e n t  A T P a s e .  I nh ib i t i on  by N a  + of  the  M g  2 +- 

d e p e n d e n t  A T P a s e  has  been  desc r ibed  before  [29, 30]. The  inh ib i to ry  effect obse rved  

in the  present  e x p e r i m e n t s  does  no t  seem to  be Na+-spec i f i c ,  since it is a lso obse rved  
in the  presence  o f  100 m M  LiCI, KCI,  RbC1, NH4C1 or  cho l ine  ch lo r ide  (Tab le  I1). 

TABLE 11 

EFFECT OF 100 mM CHLORIDE SALT OF DIFFERENT CATIONS ON THE Mg2+-DEPEN - 
DENT ATPase ACTIVITY OF FRESH MICROSOMAL FRACTIONS 

Mg z+ concentration was 5 mM (n = 4). 

Incubation medium ATP hydrolysed 
(nmol/mg protein per min) 

Mg z+ 95.0:L2.6 
Mg z+ i NaCI 80.9±2.6 
Mg z+ ~ LiCI 83.4±2.0 
Mg z+ : KCI 72.6±3.1 
Mg z+ - RbCI 73.9~2.9 
Mg 2+ ~ CsCI 72.0±5.1 
Mg 2+ ~NH4CI 75.2 ~2.6 
Mg z+ bcholine chloride 81.7 " 1.4 
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Fig. 2. Effect o f  storage oll the MgZ+-dependent ATPase  activity in the absence ( 0 )  and in the 
presence ( O )  o f  100 m M  NaCI. Mg z+ concentrat ion was 5 raM. After  extraction, the membranes  
were stored at 4 °C in a refrigerator in the same extraction med iu m and assayed for ATPase  activity 
at different days o f  ageing (n = 3). Similar results were obtained when the experiment was repeated 
on 6 different animals.  

It is possible that this inhibitory effect of Na t on the Mg2+-dependent ATPase 
activity is due to changes in the ionic strength of the incubation medium. 

Fig. 2 illustrates the effect of storage in the refrigerator on the Mg 2 +-dependent 
ATPase activity. As is known [26], we observed that the Mg 2t-dependent ATPase 
activity decreased as a function of the days of storage of  the preparation at 4 °C. 
We were lucky to find that inhibition of Mg 2 +-dependent ATPase activity by addi- 
tion of Na t (which was observed with the fresh preparation) subsided with days 
of storage at 4 °C. After 12 days, the Mg2t-dependent ATPase activity showed 
significant stimulation by addition of Na + to the incubation medium. It may be 
seen in Fig. 3 that this stimulation by Na t was proportional to the Na + concentra- 
tion in the range explored (see also Fig. 4) and that it was insensitive to the presence 
of I mM ouabain. This ouabain concentration is at least ten times higher than the 
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Fig. 3. Effect o f  increasing N a  + concentrat ion (as NaC1) on the Mg 2+-dependent ATPase  activity 
o f  preparations aged for 10 days. Mg z+ concentrat ion was 5 mM.  Assays were performed in the 
presence ( O )  or absence ( 0 )  o f  1 m M  ouabain (n = 4). Similar results were obtained when the 
experiment was repeated on 5 animals.  
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TABLE Ill  

EFFECT OF 100 mM C H L O R I D E  SALT OF D I F F E R E N T  CATIONS ON THE Mg2+-DEPEN. 
DENT ATPase ACTIVITY OF A P R E P A R A T I O N  A G E D  FOR 12 DAYS 

All assays were performed in the presence of  I mM ouabain.  Mg 2+ concentration was 5 mM (n 4). 

Incubation medium ATP hydrolysed 
(nmol/mg protein per min) 

Mg 2+ 52. I - j0 .7  
Mg 2+ + N a C I  64.7±0.3 P < 0.001 
MgZ++LiCI  60.0±0.6 P <~ 0.001 
Mg 2÷ ? K C I  55.1+1.0 n.s. 
Mg 2+ FRbCI 52.6~0.6 n.s. 
Mg 2+ + C s C I  56.2±2.6 n.s. 
Mg2+ + N H 4 C I  52.0±4.0 n.s. 
Mg 2+ +chol ine  chloride 55. I -i: 1.3 n.s. 

concentration that suppresses completely the (Na++K+)-s t imulated ATPase 
activity [12, 14]. Since our aim was to characterize a ouabain insensitive ATPase, 
1 mM ouabain was regularly used in all experiments performed to study the stimula- 
tion by Na + of the Mg2+-dependent ATPase. Table III shows that 100 mM LiCI 
also produced stimulation of the Mg2+-dependent ATPase activity (P < 0.001)of 
aged microsomal fractions. On the other hand, other cations, namely K +, Rb +, 
Cs +, NH4 + and choline + did not show a significant stimulatory effect. 

The results shown in Fig. 4 indicate that up to a concentration of 100 mM 
(of Na + or Li+) increasing the concentrations of either Na + or Li + produced similar 
stimulation of the Mg 2 +-dependent ATPase activity of aged microsomal preparations. 
The apparent K m for either cation, calculated using a Lineweaver-Burk plot of Fig. 
4, is 15 raM. It may be seen in Table IV that, at a concentration of 100 mM, the 
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Fig. 4. Effect of  increasing concentrations of  Na + ( O )  and of  Li ÷ ( 0 )  as CI-  salts on the Mg 2+- 
dependent ATPase activity of  preparations aged for 15 days. Mg 2+ concentration was 5 raM. All 
assays were performed in the presence of  I mM ouabain (n -- 3). Similar results were obtained when 
the experiment was repeated on 3 animals. 
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TABLE IV 

EFFECT OF 100 mM SODIUM SALT OF DIFFERENT ANIONS ON THE M g  2 +-DEPENDENT 
ATPase ACTIVITY OF A PREPARATION AGED FOR 15 DAYS 
All assays were performed in the presence of 1 mM ouabain. Mg 2+ concentration was 5 mM (n = 4). 

Incubation medium ATP hydrolysed 
(nmol/mg protein per min) 

Mg 2+ 47.9±2.4 
M g  2+ + N a C I  58.0±0.9 
Mg 2+ +NaHCO3 58.7±3.2 
Mg 2+ +sodium acetate 57.2± 1.6 
Mg 2+ +NaBr 60.4±2.4 
Mg 2+ +Na2SO4 54.0 :~: 1.9 
M g  2+ +sodium methylsulphonate 58.4±2.1 

s t imula tory  effect of  Na  + was independent  of the an ion  present in the incuba t ion  
medium. The op t imum pH of s t imula t ion  by Na + lay between pH 6.5 and 7.2 (not 
shown).  

We performed experiments to ascertain whether the Na+-s t imula t ion  of the 
Mg ~+-dependent  ATPase  of the aged microsomal  prepara t ion  was related to an 
(Mg  z + -k Ca 2 + )-dependent  ATPase which could be activated by the presence of endog- 
enous Ca 2+ in the microsomal  preparat ions.  For  this purpose,  aged microsomal  
preparat ions  were incubated in the presence and absence of 0.5 m M  ethyleneglycol- 
bis-(fl-aminoethyl ether)N,N'- tetraacet ic  acid (EGTA) ,  a chelating agent with 
strong preference for Ca 2+ over Mg z+. As may be seen in Table V, the presence 
of E G T A  did not  change either Mg 2 +-dependent  or (Mg 2 + - -  Na  +)-ATPase activities. 
Therefore, it seems safe to conclude that  the ouabain- insensi t ive Na  + s t imulat ion 
described here is unrelated to a Ca 2 + ATPase as described in the li terature [31, 32]. 
This is further supported by the observat ion that,  in our  preparat ion,  the cation- 
s t imulat ing sequence is different f rom the Ca 2 + ATPases described in the li terature 
[31, 32]. An  ( M g Z + ÷ C a 2 + ) - A T P a s e  has been described which is s t imulated more 
by K + and  Na + than  by Li + and  choline + in red cells [31] and not  by Na  + in the 
kidney [32]. 

TABLE V 

EFFECT OF THE PRESENCE OF 0.5mM EGTA ON THE MgZ+-DEPENDENT ATPase 
ACTIVITY OF PREPARATIONS AGED FOR 20 DAYS 
All assays were performed in the presence of l mM ouabain. M g  2+ concentration was 5 mM. Na + 
concentration was 100 mM (n -- 8). Similar results were obtained when the experiment was repeated 
in 3 different animals. 

Additions ATP hydrolysed (nmol/mg protein per min) 
Incubation medium 

Mg 2+ Mg2+ +Na+ A Na + 

None 35.8±2.6 44.7-k0.9 8.9 
EGTA 35.7 ± 1.4 48.1 ± 2.0 12.4 



288 

TABLE VI 

EFFECT OF THE PRESENCE OF 15/~M OLIGOMYCIN AND OF 100/~M 2,4-DINITRO- 
PHENOL ON THE Mg 2+ AND ON THE (Mg2+q Na+)-ATPase ACTIVITIES IN PREPARA- 
TIONS AGED FOR 20 DAYS 

All assays were performed in the presence of I mM ouabain. Mg 2+ concentration was 5 mM and 
Na + concentration was 100 mM (as NaCI) (n 4). Similar results were obtained when the experi- 
ment was repeated in 3 different animals. 

Additions ATP hydrolysed (nmol/mg protein per minl 

Incubation medium 

Mg 2+ MgZ+--Na + J Na + 

None 31.4,0.9 41.1-" 2.0 9.7 
Oligomycin 28.4-- 1.8 42. I ~0.3 13.7 
2.4-Dinitrophenol 34.6,0.9 41.7±2.7 7.1 

T h e  poss ib i l i ty  t ha t  the  N a  + s t i m u l a t i o n  o f  t he  M g 2 + - d e p e n d e n t  A T P a s e  

was due  to  the  p resence  o f  m i t o c h o n d r i a l  M g  2 + - A T P a s e  ac t iv i ty  in the  m i c r o s o m a l  

p r e p a r a t i o n  seems r e m o t e ,  since the  N a  + s t imu la t i on  o f  the  M g  2 + - d e p e n d e n t  A T P -  

ase ac t iv i ty  o f  aged  f r ac t ions  was no t  a l te red  by e i ther  15 p M  o l i g o m y c i n  o r  100/~M 

2 , 4 - d i n i t r o p h e n o l  (Tab le  VI) .  These  agents  are  k n o w n  to  inh ib i t  and  to  s t imula te ,  
respec t ive ly ,  the  m i t o c h o n d r i a l  M g 2 + - A T P a s e  ac t iv i ty  [33-35] .  

T h e  5 ' -nuc l eo t ida se  ac t iv i ty  o f  aged  p r e p a r a t i o n s  d id  no t  s h o w  any  s t imula-  

t i o n  by N a  + or  by ( N a + + K  +) as is s h o w n  in T a b l e  VII ,  w h e n  2 m M  A M P  was 
used  as subs t ra te  ins tead  o f  A T P .  

T h e  effect o f  e t hac ryn i c  ac id  was s tud ied  in f resh  and  aged  p repa ra t ions .  
This  agen t  is k n o w n  to  inh ib i t  on ly  pa r t i a l ly  the  M g  2+ and  the  ( M g  2 + ' - N a  + + K  + )- 

A T P a s e  act iv i t ies  [14]. Fig. 5 shows  resul ts  o f  e x p e r i m e n t s  p e r f o r m e d  wi th  fresh 

p r epa ra t i ons .  In a g r e e m e n t  wi th  the  o b s e r v a t i o n s  i l lus t ra ted  in Fig.  1, the  pro-  
gress ive i nh ib i t o ry  effect  o f  i nc reas ing  c o n c e n t r a t i o n s  o f  N a  + on  the  M g 2 + - d e p e n  - 

den t  A T P a s e  was r e p r o d u c e d  in the  absence  o f  e t h a c r y n i c  acid. W i t h  e thac ryn ic  

TABLE VII 

ATPase AND 5"-NUCLEOTIDASE ACTIVITIES IN MICROSOMAL PREPARATIONS AGED 
FOR 17 DAYS 

Ouabain (1 mM) was present in the assay in the presence of Mg 2+ and of Mg 2+ -[~ Na +. AMP (2 mM) 
substituted for ATP in the 5'-nucleotidase assay. Mg 2+ concentration was 5 mM: Na + concentration 
was 100 mM (as NaCI) and K ÷ concentration was 10 mM (as KCI) (n -- 3). Similar results were 
obtained when the experiment was repeated in 3 animals. 

Substrate ATP or AMP hydrolysed (nmol/mg protein per rain) 

Incubation medium 

Mg 2+ Mg2+ + N a  + Mg2+ , N a +  w-K+ 

ATP 43.5___0.8 48.7 ±0.1 58.0~ 1.3 
AMP 12.3±0.7 12.1 , 0 . 7  10.4±0.1 
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Fig. 5. Effect o f  2 m M  ethacrynic acid (E.A.)  on  the Mg2+-dependent ATPase activity o f  fresh 
preparations assayed at different Na  + concentrations (as NaCI).  Mg 2+ concentration was 5 mM. 
Values are the means  o f  3 samples run without  ethacrynic acid ( O )  and with ethacrynic acid (O) .  
Similar results were obtained when the experiment was repeated on another animal .  

T A B L E  VIII  

E F F E C T  OF 2 m M  E T H A C R Y N I C  A C I D  ON T H E  Mg 2 ÷ A N D  (Mg 2 ÷ + Na ÷)-ATPase ACTIVI-  
TIES OF P R E P A R A T I O N S  A G E D  F O R  20 D A Y S  

All  assays were performed in the presence o f  1 m M  ouabain.  Mg 2+ concentration was 5 mM, Na + 
concentration (as NaCl )  was 100 m M  ( n  = 4). Similar  results were obtained when the experiment 
was repeated in 3 different animals.  

Incubat ion medium ATP hydrolysed 
(nmol /mg protein per min) 

Mg 2+ 32.1±0.1  

Mg 2 + +ethacrynic  acid 2 3 . 0 i 0 . 6  
Mg 2 + - - N a  + 47.4___ 1.6 
Mg 2+ + N a  + +ethacrynic  acid 23 .6±0 .5  

acid the Mg2+-dependent ATPase activity was lowered to a value that was not 
further inhibited by increasing Na + concentrations. Table VIII summarizes results 
of the experiments in aged preparations. The Na + stimulation of the Mga+-depen - 
dent ATPase described earlier in this paper is observed again without ethacrynic 
acid. On the other hand, addition of 2 mM ethacrynic acid resulted in total inhibition 
of this Na + stimulation. Ethacrynic acid also inhibited the Mg 2+-dependent ATP- 
ase activity by about 28 ~ .  In another series of  experiments, the sensitivities to 
ethacrynic acid of three fractions of the total ATPase activity were compared, 
namely (a) the Mg2+-dependent ATPase activity, (b) the Na+-stimulated activity, 
which was calculated by subtracting Mg 2 +-ATPase activity from the activity in the 
presence of M g 2 + ÷ N a  + and (c) the (Na++K+)-s t imulated  activity, which was 
calculated by subtracting M g 2 + + N a  + activity from the activity observed in the 
presence of M g 2 + + N a + + K  +. For this purpose, aged membranes were incubated 
in the medium containing Mg 2+, or M g 2 + + N a  +, or M g 2 + + N a + + K  + in the 
presence of  different concentrations of ethacrynic acid. The results expressed as 
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Fig. 6. Effect of increasing concentrations of ethacrynic acid (E.A.) (log scale) on the Mg 2+- 
dependent (I lL Na+-stimulated, (Mg2++Na +) minus Mg 2+ activities (©) and (Na++K+)- 
stimulated, (Mg 2+ +Na + + K  +) minus (Mg 2+ +Na +) activities (A) ATPase activities of a prepara- 
tion aged for 20 days. Mg 2+ concentration was 5 mM, Na + concentration was 100 mM (as NaCI) 
and K + concentration was 10 mM (as KC1). Ouabain (1 raM) was present in the assay of the Mg 2+ 
and (Mg 2+ I Na +) activities. No ouabain was added when the (Mg z+ ?Na++K+)-activity was 
assayed 01 3). Similar results were obtained when the experiment was repeated on 2 different 
animals. 

percentage of  each of  the activities are shown in Fig. 6. Note  tha t  the N a  +-s t imulated 
ATPase  act ivi ty is the mos t  sensitive and  the M g  / +-dependent  ATPase  act ivi ty the 
least  sensitive to  the ac t ion  o f  e thacrynic  acid. The ( N a + + K + ) - s t i m u l a t e d  ATPase  
occupies an in te rmedia te  posi t ion.  I t  may  also be not iced tha t  a concent ra t ion  of 
2 m M  ethacrynic  acid to ta l ly  inhibi ted  the Na+- s t imu la t ed  ATPase  activi ty (see 
also Table  VIII) .  A t  this concen t ra t ion  of  e thacrynic  acid, the M g / + - d e p e n d e n t  
act ivi ty was inhibi ted by only 3 0 ~  and the ( N a + + K + ) - s t i m u l a t e d  activi ty was 
inhibi ted by 53 ~ .  

D I S C U S S I O N  

The main f inding o f  the present  work  is the observa t ion  of  an ouabain-res is -  
tan t  s t imula t ion  of  the M g a + - d e p e n d e n t  ATPase  act ivi ty  by  N a  +. This new form 
of  ATPase  act ivi ty  is no t  observed in f lesh prepara t ions .  I t  appears  in k idney cortex 
mic rosomal  p repa ra t ions  kept  at 4 °C for several days.  This N a  + s t imula t ion  seems 
to be unre la ted  to  the presence of  Ca  2 + r emnan t  in the mic rosomal  p repara t ion .  It 
does not  seem to be the expression o f  the act ivi ty of  a mi tochondr i a l  ATPase  or  of 
a 5 ' -nucleot idase.  

An  Mg 2 +-dependent ,  N a + - s t i m u l a t e d  ATPase  has been found  in c rab  nerve 
[36] and m a m m a l i a n  b ra in  and  kidney [37, 38] at  concent ra t ions  of  A T P  in the 
m M  range and  in ra t  e ry throcyte  ghosts [39] and  bra in  microsomes  [40] at  A T P  
concent ra t ions  in the /2M range.  The high sensit ivity to  card iac  glycosides of  the 
s t imula t ion  by N a  + of  the Mg2+-dependen t  ATPase  observed by these au thors  
[36-40] represents  the main  difference with the system descr ibed in this paper .  In 
our  exper iments  1 raM, or  even 10 m M ,  ouaba i n  did  not  inhibi t  the N a  + s t imula-  
t ion o f  the  M g a + - d e p e n d e n t  ATPase  activity. 

This new form of  s t imula t ion  of  the  M g a + - d e p e n d e n t  ATPase  activi ty has 
the fo l lowing characteris t ics .  (a) I t  is s t imula ted  by N a  +. (b) It is s t imula ted  by Li +. 
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(c) It does not require K + for its activity. (d) It does not require a particular anion. 
(e) It is insensitive to the presence of ouabain. (f) It is more sensitive to ethacrynic 
acid than the (Na+÷K+)-s t imula ted  ATPase and than the Mg2+-dependent ATP- 
ase (Fig. 6). All these characteristics suggest either that we are in the presence of a 
different type of ATPase activity that is masked or inhibited in the fresh preparation, 
or that the Mg2+-dependent or the (Na+÷K+)-s t imula ted  ATPase undergoes 
transformations to give an ATPase with new characteristics. It seems reasonable 
to assume that the days of storage in the cold might be necessary for unmasking the 
Na+-stimulated ATPase activity, for suppressing the action of a hypothetical inhib- 
itor or for allowing the presumed transformations of ATPase to occur. 

The six characteristics listed above fit very well into some of the conditions 
that should be fulfilled by the energy source of the system responsible for the second 
mode of Na + extrusion described in guinea pig kidney cortex slices [5, 14, 24]. 
Briefly, in this mode Na + is extruded out of the cells without requiring the presence 
of K + on the outside. This mode of Na + extrusion is ouabain insensitive and is 
suppressed by 2 mM ethacrynic acid under conditions in which the first mode of 
Na + extrusion (i.e. extrusion of Na + in exchange for K +) is still operative. This 
concentration of ethacrynic acid completely inhibits the Na+-stimulated ATPase 
activity but only partially inhibits the (Na+÷K+)-s t imula ted  ATPase (Fig. 6). 
The stimulation by Li + of the MgZ+-dependent ATPase fits with the observation 
that Li+-loaded cells are able to extrude Li ÷ with CI- and water in the presence of 
ouabain [21]. In spite of the similar characteristics of the second mode of Na + 
extrusion and of the Na+-stimulated ATPase, one cannot relate both activities 
with certainty. Several questions remain unanswered as yet. (a) Is the Na+-stimulated 
ATPase indeed present in the cell membrane fraction and not in some endoplasmic 
reticulum contaminant of our microsomal preparation? (b) Is the activation of the 
ATPase produced in the intact cell by intracellular Na+? (c) Is the Na + activation 
of the Mg 2+-dependent ATPase stimulated (or inhibited) by specific drugs which 
stimulate (or inhibit) the second mode of Na + extrusion? (d) Is this Na+-stimulated 
ATPase present in other tissues that also have an Na+-extruding mechanism with 
the characteristics of that denoted as mode two in the kidney? (e) Can changes 
produced in the living organism in mode two of Na + extrusion be correlated with 
changes in the activity of the Na+-stimulated ATPase described here? 

Although the activity of this Na+-stimulated ATPase is clearly established, it 
constitutes only a fraction of Mg 2 +-dependent and (Na + + K +)-stimulated ATPases. 
Much work remains to be done to increase the yield of Na+-stimulated ATPase activ- 
ity and to learn about the possible physiological role of the observations reported in 
this paper. This might help to understand better the action mechanism of diuretics 
[41] which so differently inhibit ( N a + +  K+ )-stimulated ATPase [41, 42]. In view of 
our observation that addition of Na + may either inhibit or stimulate Mg2+-depen - 
dent ATPase activity, it is important to take observed inhibition or stimulation into 
consideration when defining (Na + + K +)-stimulated ATPase. For example, in Table I 
one could take either 30 or 40 nmol/mg protein per min as due to ( N a + +  K +)-stim- 
ulated ATPase activity. 
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