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Summary  

A study has been made to determine whether  renal plasma membranes con- 
tain an HCO~ stimulated, ouabain insensitive Mg ATPase. Purified mitochon- 
drial, microsomal and brush border  membrane fractions have been isolated 
from rabbit  kidney. 

The microsomal anion-sensitive ATPase activity appears to be entirely of 
mitochondrial  origin on the basis of  the effects of  inhibitors of mitochondrial  
Mg ATPase. 

The brush border  membrane fraction is contaminated with mitochondrial  
fragments and contains an Mg ATPase activity with low anion-sensitivity. 
Fur ther  purif ication of  this fraction causes parallel decreases in anion-sensitiv- 
ity of  the Mg ATPase activity and in cy tochrome c oxidase activity. 

These results indicate that  conclusions previously reached by other  investi- 
gators for  a role of  anion-sensitive Mg ATPase in the bicarbonate reabsorption 
of  the proximal tubule may no longer be tenable. 

Introduction 

Of the various ATPases thought  to be involved in ion transport  across cell 
membranes,  the anion-sensitive ATPase is still the most  dubious one. Although 
a role of anion-sensitive ATPase in anion t ransport  and indirectly in H ÷ trans- 
por t  has been suggested [1--3] ,  no direct p roof  for  such a role has been sup- 
plied so far. 

In an earlier s tudy [4] we have investigated in three tissues with active anion 
t ransport  whether  any anion-sensitive ATPase activity is located in the plasma 
membrane.  Subcellular fractions have been prepared from rainbow t rout  gill, 
rabbit  gastric mucosa and rabbit  kidney by means of differential and density 
gradient centrifugation and subjected to enzyme studies. In the case of t rout  
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gill and gastric mucosa an exclusively mitochondrial localization of  the enzyme 
has been found. Possible explanations for earlier erroneous conclusions of  other 
investigators have been offered. Other reports for gastric mucosa and other  tis- 
sues support  a mitochondrial origin of  the enzyme [ 5--8]. 

For rabbit  kidney we were unable to reach a definite conclusion, because the 
mitochondrial  and plasma membrane marker enzymes greatly overlapped in the 
subfractions obtained by  density gradient centrifugation of a light mitochon- 
drial (20 min 20000  X g) and a microsomal (60 min 100000 X g) fraction of  
rabbit  kidney. A mitochondrial anion-sensitive ATPase activity appears to be 
present in this tissue, bu t  the possibility of  the existence of such activity in the 
plasma membrane could not  be excluded. 

Previously, Katz and Epstein [9] have found a parallel distribution of  HCO5 
stimulated ATPase activity and of  the mitochondrial marker enzyme succinic 
dehydrogenase in various subcellular fractions of  rat kidney. Kinne-Saffran and 
Kinne [10] find this enzyme to be present in the brush border fraction of rat 
kidney, and Liang and Sacktor [11] have further characterized the enzyme 
from the same structure in rabbit kidney cortex. Since these authors [10,11] 
suggest that this enzyme would be involved in bicarbonate reabsorption (or 
proton secretion) in the proximal tubule, we have re-examined the characteris- 
tics of  the anion-sensitive ATPase activity in whole rabbit kidney and especially 
of that in the brush border fraction of  the kidney cortex. 

Methods and Materials 

Preparation of mitochondrial and microsomal fraction 
Kidneys of  New Zealand white rabbits are obtained immediately after killing 

the animals by a blow on the neck, followed by carotic exsanguination. They 
are cooled on ice, rinsed and decapsulated. The tissue is then minced with scis- 
sors and homogenized in 9 volumes 0.25 M sucrose, 25 mM Tris/maleate (pH 
7.6) in a teflon/glass homogenizer (Potter/Elvehjem) with 4--5 strokes at 850 
rev./min. All operations are performed at 0--4°C. Mitochondrial (10 min 
10000 Xg) and microsomal fractions (60 min 100000 Xg) are prepared as 
described previously [4]. Both fractions are further fractionated by resus- 
pending in the homogenization buffer and layering them on top of  a linear 
gradient of 30 to 55% (w/v) sucrose in 25 mM Tris/maleate (pH 7.6). Gradients 
are routinely centr i fuged for 16--17 h at 24000  rev./min {64000 X gay) in the 
SB 110 rotor  of the IEC type B 60 ultracentrifuge. Approximately 25 fractions 
are collected by means of a density gradient removing apparatus (Auto-Densi- 
flow IIc, Buchler Instruments,  Searle Analytic Inc., Fort  Lee N.J., U.S.A.) con- 
nected to a fraction collector (LKB, Bromma, Sweden). Sucrose concentrations 
are measured in an Abbe refractometer at 20 ° C. 

Appropriate fractions, selected on the basis of the cytochrome c oxidase 
distribution pattern (mitochondrial fraction; fraction numbers 4--8 in Fig. 1) 
or of  the (Na ÷ + IC)-ATPase distribution pattern (microsomal fraction; between 
34.5 and 41% (w/v) sucrose, fraction numbers 13--18 in Fig. 2), are pooled, 
diluted with an equal volume 25 mM Tris/maleate (pH 7.6), centrifuged for 
60 min at 100000  X g and resuspended in homogenization buffer for further 
studies. 
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Preparation o f  brush border fraction 
The method of Aronson and Sacktor [ 12] is used. Sometimes this fraction 

is resuspended in 0.25 M sucrose, 25 mM Tris/maleate (pH 7.6) and further 
purified by layering it on a linear gradient of 38 to 49% (w/v) sucrose in 25 mM 
Tris/maleate (pH 7.6) with a cushion of 64.5% (w/v) sucrose in the same buffer 
and centrifuging and processing it as described above. 

Protein determination 
Protein concentrations are estimated by the method of Lowry et al. [13] 

with bovine serum albumin, dissolved in homogenization buffer, serving as 
standard. 

In gradient fractions protein concentrations are determined by measuring 
280 nm absorbance (A:80) after dilution with 1.5 volumes of 2% (w/v) sodium 
dodecylsulphate to eliminate scattering in the cuvet. Corrections are made for 
the absorbance of  sucrose. 

Enzyme  assays 
Cytochrome c oxidase is estimated after Cooperstein and Lazarow [14] at 

room temperature (22°C) in the presence of 0.6% Tween-80 (w/v) and ex- 
pressed as the rate of the initial decrease in 550 nm absorbance with an initial 
absorbance of  0.5 (equivalent to a cytochrome c concentration of approx. 17 
pM). A unit  of  enzyme activity is defined as a decrease of one absorbance unit  
per minute. 

5'Nucleotidase is measured according to Heppel and Hilmoe [ 15]. 
7-Glutamyltranspeptidase is measured after Orlowski and Meister [ 16]. 
(Na + + I~)-A TPase is measured as described by Bonting (ref. 17, p. 261) in the 

modification of Schuurmans Stekhoven et al. [ 18]. 
Alkaline phosphatase is estimated by adding a 20 pl aliquot to 200 pl incuba- 

tion mixture containing (final concentrations): 4.5 mM MgCI:, 4.5 mM p-nitro- 
phenylphosphate,  0.45 M 2-amino-2-methyl-propanol-l-HC1 (pH 9.5). After a 
suitable period of  incubation at 37°C, the reaction is stopped by addition of 
3 ml 0.1 N NaOH. The liberated p-nitrophenol is determined by reading the 
absorbance at 410 nm against suitable blanks and standards. 

Anion-sensitive Mg ATPase is measured at pH 8.4 in the presence of 10 -4 M 
ouabain in media of constant  ionic strength, containing predominantly either 
HCO~ or C1- [4]. 

When inhibitors in ethanolic solution are applied, controls are run containing 
the same ethanol concentration (<2% v/v). Preincubation for 15 min at 0°C 
(dicyclohexylcarbodiimide: 60 min 0°C) and 5 min at 37°C in the absence of 
ATP precedes the incubation in this case. 

Electron microscopy 
The brush border fraction, after resuspension in 0.25 M sucrose, 25 mM Tris/ 

maleate (pH 7.6) is fixed by addition of 2 volumes 3% glutaraldehyde in 
0.25 M sucrose, 25 mM Tris/NaOH (pH 7.6), followed by centrifugation for 
10 min at 27000 X g. The pellet is left with part of the supernatant at 4°C over- 
night. The next  day the pellet is postfixed with 2% OsO4 and then dehydrated 
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and embedded in Epon. Thin sections, stained with uranyl acetate and lead 
citrate, are examined in a Philips EM 300 electron microscope. 

Materials 
Cytochrome c (horse heart), Na2ATP, Na2AMP and L-a-glutamyl-p-nitran- 

ilide are obtained from Boehringer (Mannheim, G.F.R.),  Tween-80 from Atlas 
Goldschmidt  GmbH (G.F.R.), sodium dodecyl  sulphate (SDS) from Sigma (St. 
Louis, Missouri, U.S.A.). Oligomycin (Sigma, St. Louis, Missouri, U.S.A.) con- 
sists of  15% oligomycin A and 85% oligomycin B (average molecular weight 
400). Dicyclohexylcarbodiimide, from Nutritional Biochemical Corp., is 
vacuum-distilled before use. Aurovertin D (isolated by Dr. R. Bertina and 
donated by the B.C.P. Jansen Institute, University of Amsterdam) is dissolved 
in absolute ethanol and the concentration is determined spectrophotometri-  
cally at 367.5 nm using an absorbance coefficient of 42.7 mM -1 • cm -1 [19].  
All other reagents are from E. Merck (Darmstadt, G.F.R.) and are of analytical 
grade. 

Results 

Mitochondrial and microsomal fractions 
Anion-sensitive ATPase activities of  various subcellular fractions of rabbit 

kidney, viz. nuclear (10 min 1000 X g), heavy mitochondrial (10 min 10000 
X g), light mitochondrial (20 min 20000  X g), microsomal (60 min 100000 X g) 
and supernatant, have been represented in an earlier paper [4]. 

Figs. 1 and 2 show the distribution patterns of  the enzyme activities in the 
mitochondrial  (10 min 10000  X g) and microsomal (60 min 100000 X g) frac- 
tions, subjected to sucrose density gradient centrifugation. In the mitochon- 
drial fraction (Fig. 1) the anion-sensitive ATPase activity (measured in the stim- 
ulatory HCOS-rich medium and in the intermediate C1- medium) and the mito- 
chondrial marker enzyme cytochrome c oxidase coincide completely.  (Na ÷ + K÷)- 
ATPase activity is extremely low or negligible. 

In the microsomal fraction (Fig. 2) there is a rather poor  separation between 
cytochrome c oxidase activity, which probably results from mitochondrial frag- 
ments as postulated previously for gastric mucosa [4],  and (Na ÷ + K÷)-ATPase 
activity. Hence, no conclusions can be drawn about  the nature of  these subfrac- 
tions. Anion-sensitive ATPase activity is distributed over a large range of the 
gradient, while an anion-insensitive ATPase activity is seen at the top of  the gra- 
dient only. An anion-sensitive ATPase activity, not  coinciding with peak activi- 
ties of  cytochrome c oxidase, appears to be present in subfractions 13--18 
(Fig. 2). 

In order to characterize the anion-sensitive ATPase activity, coinciding with 
{Na ÷ + IC)-ATPase in the microsomal fraction, we have pooled subfractions 
13--18 (Fig. 2) and compared this material with the mitochondrial fraction 
(subfractions 4--8, Fig. 1) for inhibition by oligomycin, aurovertin D and dicy- 
clohexylcarbodiimide. The effects of  oligomycin on both fractions is shown in 
Fig. 3a. The anion-sensitive ATPase activity in the microsomal fraction appears 
to be even more sensitive to oligomycin (P/s0 7.8} than that in the mitochron- 
drial fraction. This may be due to the shape of  the inhibition curve, which pos- 
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F i g .  1.  E n z y m e  d i s t r i b u t i o n  p a t t e r n s  a f t e r  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  ( 1 6  h 6 4 0 0 0  × g a y )  o f  a m i t o -  
c h o n d r i a l  f r a c t i o n  ( 1 0  m i n  1 0 0 0 0  X g )  o f  r a b b i t  k i d n e y .  T y p i c a l  e x p e r i m e n t  r e p r e s e n t a t i v e  f o r  t w o  e x p e r -  
i m e n t s .  S y m b o l s ,  u p p e r  s e c t i o n :  • e ,  d i s t r i b u t i o n  o f  s u c r o s e ;  ~, ~, 2 8 0  n m  a b s o r b a n c e ,  a f t e r  
d i l u t i o n  a n d  c o r r e c t i o n ;  l o w e r  s e c t i o n :  © o,  A T P a s e  a c t i v i t y  in  H C O 3  m e d i u m ;  × × ,  A T P a s e  
a c t i v i t y  in  C I -  m e d i u m ;  • $ ,  ( N a  + + K + ) - A T P a s e  a c t i v i t y ;  ~- A c y t o c h r o m e  c o x i d a s e  a c t i v i t y .  

sibly reflects the presence of  a mixture of  Mg ATPase activities with different 
sensitivities towards oligomycin. This idea is further supported by the different 
rest activities remaining at maximal inhibition (mitochondrial fraction 10%, 
microsomal fraction 26%, see Table I). Fig. 3b shows the effects of  aurovertin 
D, which inhibits the stimulation by HCO~ of  the mitochondrial Mg ATPase 
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Fig.  2. E n z y m e  d i s t r i b i t i o n  p a t t e r n s  a f t e r  d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  (16  h 6 4 0 0 0  × g a v )  o f  a m i c r o -  

s o m a l  f r a c t i o n  ( 6 0  r a i n  1 0 0 0 0 0  × g a y )  o f  r a b b i t  k i d n e y .  T y p i c a l  e x p e r i m e n t  r e p r e s e n t a t i v e  f o r  f i v e  e x p e r i -  
m e n t s .  S y m b o l s  a s  i n  Fig.  1.  N u c l e o t i d a s e  a c t i v i t y .  

activity [20] .  The mitochondrial Mg ATPase activity appears to be inhibited 
by only 49% in HCO~-containing medium at maximally inhibitory concentra- 
tions of  aurovertin D. The microsomal enzyme is inhibited to the same extent 
and shows the same half-inhibition concentration {Table I). The effects of  
dicyclohexylcarbodiimide on the anion-sensitive ATPase activities of  both frac- 
tions is shown in Fig. 3c. Similar results as for oligomycin are obtained. These 
results, summarized in Table I, clearly indicate that the major part of  the anion- 
sensitive Mg ATPase activity in this pooled microsomal subfraction, even 
though coinciding with a relatively high (Na* + K÷)-ATPase activity, must be of  
mitochondrial origin. 

Brush border fraction 
In the course of  this work, Liang and Sacktor [11] reported the presence of  

an anion-sensitive ATPase activity in a purified brush border fraction of  rabbit 
kidney cortex. They suggested a possible interrelationship between this enzyme 
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and bicarbonate reabsorption in the renal tubule. Since the degree of mitochon- 
drial contamination in their preparation may have been underestimated, we 
have repeated and extended their studies. 
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Fig. 3. Relat ive  ATPase  ac t iv i ty  in HCO3 m e d i u m ,  as a func t i on  of  the  nega t ive  l o g a r i t h m of  o l igomyc in  
(a), a t t rover t in  D (b)  or  d i c y c l o h e x y l c a r b o d i i m i d e  (DCCD) (c) c o n c e n t r a t i o n  in pur i f ied  m i t o c h o n d r i a l  
and  m i c r o s o m a l  f rac t ions .  Mean ra t ios  over  the  ac t iv i ty  w i t h o u t  a d d e d  inh ib i to r  (~1 0 0 % )  are sh o wn  for  
t w o  e x p e r i m e n t s  in each  case.  

The brush border fraction is isolated by the procedure of Aronson and Sack- 
tor [12] and is examined by electron microscopy. The preparation is charac- 
terized by coinciding peaks of alkaline phosphatase and 7-glutamyltranspepti- 
dase activities in density gradient centrifugation, both of which are thought to 
be marker enzymes for the brush border membrane [ 10,11]. The specific activ- 
ity of anion-sensitivite ATPase of this fraction and the effects of oligomycin 

T A B L E  I 

E F F E C T S  OF V A R I O U S  I N H I B I T O R S  ON A N I O N - S E N S I T I V E  Mg ATPase  A C T I V I T I E S  IN S U B F R A C -  
T IONS F R O M  R A B B I T  K I D N E Y  

PI50 is the  negat ive  l oga r i t hm of  the  m o l a r  inh ib i to r  c o n c e n t r a t i o n  at  ha l f -max ima l  inhibi t ion.  PI99 is the  
negat ive  l oga r i t hm  of the  m o l a r  inh ib i to r  c o n c e n t r a t i o n  giving 99% of  the  m a x i m a l  inhib i t ion .  Rest  act iv i ty  
is p e r c e n t  ATPase  act ivi ty  r ema in ing  at  m a x i m a l  inhib i t ion .  The  H C O ]  m e d i u m  was used in all e x p e r i m e n t s .  
DCCD,  d i c y c l o h e x y l c a r b o d f i m i d e .  F o r  the  b rush  b o r d e r  f rac t ion  m e a n s  of  3 e x p e r i m e n t s  wi th  s t anda rd  
er rors  and  for  the  m i t o c h o n d r i a l  and  m i c r o s o m a l  f rac t ions  m e a n s  of  2 e x p e r i m e n t s  are p resen ted .  

F rac t ion  Ol igomyc in  Aurove r t i n  D DCCD n 

PI5 0 PI9 9 Res t  PI50 PI99 Res t  p150 PI99 Res t  
ac t iv i ty  ac t iv i ty  ac t iv i ty  
(%) (%) (%) 

Mi tochondr ia l  7.0 4.7 10 6.2 5.0 51 6.5 5.7 18 2 
Microsomal  7.8 4.8 26 6.3 5.1 48 6.6 5.6 29 2 
Brush b o r d e r  7.6 +- 0.2 4.9 + 0.1 68  + 2 - -  - -  83 -+ 1 - -  - -  68 +- 3 3 
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are comparable to those of the preparation of Liang and Sacktor [11]. 
Fig. 4 shows the inhibition of anion-sensitive ATPase in the brush border 

fraction by oligomycin in a HCO~ medium and a C1- medium. The ATPase 
activity in the HCO~ medium appears to be more sensitive to oligomycin than 
the activity in the C1- medium with inhibitions of 32% (S.E. 2, n = 3) and 23% 
(S.E. 1, n = 3), respectively. These figures closely agree with those of Liang and 
Sacktor [11], who reported 36 and 23%, respectively. This indicates that our 
brush border fraction is very similar to theirs. 

In Table II the effects of various inhibitory agents on the specific activity of 
anion-sensitive ATPase in the brush border membrane fraction are shown. Con- 
centrations are chosen which are maximally inhibitory for the mitochondrial 
ATPase (see Fig. 3a--c) of rabbit kidney. The HCO~-stimulated ATPase activity 
in the brush border fraction, expressed as the difference between the activities 
in the HCO~ and the C1- medium, is strongly inhibited (62--65%) by these 
agents. This is especially the case for aurovertin D, where bicarbonate stimu- 
lates the activity by only 20% instead of by 51% in the absence of inhibitor. 
The activity in the C1- medium is inhibited much less (4--24%). 

Since we also find cytochrome c oxidase activity in this fraction, we have 
further purified it. Care was taken to remove the small brown mitochondrial 
pellet, which is below the brush border pellet after the final centrifugations in 
the isolation procedure of Aronson and Sacktor [12]. The final preparation 
was subjected to density gradient centrifugation by layering it on a very shal- 
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m e n t s .  
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T A B L E  II  

E F F E C T S  O F  V A R I O U S  I N H I B I T O R S  ON A N I O N - S E N S I T I V E  Mg A T P a s e  A C T I V I T I E S  IN B R U S H  

B O R D E R  F R A C T I O N  F R O M  R A B B I T  K I D N E Y  C O R T E X  

I n h i b i t o r s  are app l i ed  in c o n c e n t r a t i o n s  which  are m a x i m a l l y  i n h i b i t o r y  for  m i t o c h o n d r i a l  Mg ATPase .  
Spec i f ic  ac t iv i ty  is e x p r e s s e d  in # too l*  h -! • m g  -1 p r o t e i n  w i t h  the  s t a n d a r d  e r ro r  fo r  4 e x p e r i m e n t s .  

DCCD,  d i e y e l o h e x y l e a r b o d i i m i d e .  

A g e n t  Spec i f ic  ac t iv i ty  D i f f e r e n c e  Ra t io  
H C O 3 - - C I -  H C O 3  : C1- 

H C O 3  m e d i u m  C1- m e d i u m  

Con t r o l  27.1 + 4.2 17.7 + 2.1 9 .4  + 2.1 1.51 + 0 .06  
O l i g o m y c i n ,  5 • 10  -5  M 16 .0  + 1.3 13 .0  + 0 .8  3 .0  + 0 .7  1.23 + 0 .04  

A u r o v e r t i n  D, 2.2 • 10  - s  M 20.1 + 2.0 16.8  + 1.5 3.3 + 0.7 1 .20  + 0 .04  
DCCD,  3 .2  • 10 - 6  M 16.2  _+ 1.3 12.8  + 0 .8  3.4 +- 0.7 1 .26  + 0 .05  

low gradient of  38 to 49% (w/v) sucrose (see Methods). The enzyme distribu- 
tion pattern thus obtained (Fig. 5) shows that the alkaline phosphatase and 
3,-glutamyltranspeptidase activities, which are thought to be localized in renal 
brush border membranes [10 ,11] ,  sediment in a single peak between 42 and 
45% (w/v) sucrose. The (Na ÷ + K÷)-ATPase and cytochrome c oxidase activities 
(the latter being rather low) are spread over a larger range of  the gradient. The 
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b o r d e r  m e m b r a n e  f r a c t i o n  of  r a b b i t  k i d n e y  c o r t e x .  T yp i ca l  e x p e r i m e n t  r e p r e s e n t a t i v e  for  three  exper i -  
m e n t s .  S y m b o l s :  B ~, a lka l ine  p h o s p h a t a s e ;  ~, ~, " p g l u t a m y l t r a n s p e p t i d a s e ;  o t h e r  s y m b o l s  as in 
Fig .  1. 
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Mg ATPase activity, coinciding with the peak activities of alkaline phosphatase 
and 7-glutamyltranspeptidase, is very insensitive towards anions, resulting in an 
activity ratio of  1.12 (S.E. 0.01, n = 3) in HCO~ versus C1- medium, compared 
to a ratio of 1.51 (S.E. 0.06, n = 4) in the original preparation (Table II). 
Hence, the decrease in cytochrome c oxidase activity seems to parallel the 
decrease in the st imulatory effect  of HCO~. 

The small residual stimulation by HCO~ is inhibited only slightly by oligo- 
mycin and aurovertin D. This may be due to enclosure of mitochondria by 
brush border membranes,  making these mitochondria inaccessible to these 
inhibitors. Our electronmicrographs provide evidence for such a phenomenon.  
While brush border  membranes,  the major part of  which consist of open struc- 
tures with finger-like projections and whose appearance is very similar to that 
of preparations previously shown by Berger and Sacktor [21],  dominate the 
picture (Fig. 6a), mitochondria surrounded by membranes are frequently ob- 
served (Fig. 6b). When this fraction, after purification by density gradient cen- 
trifugation, is frozen and thawed, the ratio of  ATPase activity in HCO5 versus C1- 
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medium increases from 1.12 (S.E. 0.01, n = 3) to 1.28 (S.E. 0.03, n = 3). The 
electronmicrographs suggest that  there may be sufficient mitochondrial mate- 
rial present to explain the small residual HCO~-stimulated ATPase in this frac- 
tion. All results together indicate that  the brush border fraction contains a mix- 
ture of two Mg ATPase activities. The major activity is an inherent property of 
the brush border membrane, is rather anion-insensitive and shows little sensi- 
tivity to the inhibitors used. The minor activity is a Mg ATPase of  mitochon- 
drial origin, which is sensitive towards anions and towards the various inhibi- 
tors. This impurity is also reflected by the minor cytochrome c oxidase activity 
in this fraction. 

Discussion 

Requirement for accepting a role of anion-sensitive ATPase in anion or pro- 
ton transport across the cell membrane is the presence of the enzyme in the 

b 

Fig .  6. E l e c t r o n  micrographs  o f  r a b b i t  k i d n e y  b r u s h  b o r d e r  f r a c t i o n .  (a) ,  b r u s h  b o r d e r  f r a c t i o n  ( 1 4 0 0 0  X ); 
(b) ,  m i t o c h o n d r i a  e n t r a p p e d  in  b r u s h  border  m e m b r a n e s  ( 1 4 0 0 0  X ). 
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plasma membrane.  This is more difficult than in the case of (Na + K+)-ATPase, 
since anion-sensitive ATPase is invariably present in mitochondria  and (Na ÷ 
K+)-ATPase is not.  Hence, in order to  determine the presence of anion-sensitive 
ATPase in plasma membranes,  contaminat ion with mitochondrial  fragments 
must  be excluded. 

In our previous paper [4] we have established for rabbit gastric mucosa and 
t rout  gill that  the anion-sensitive ATPase can be entirely at t r ibuted to mito- 
chondrial contaminat ion.  For  rabbit kidney the results were not  completely 
conclusive. Hence, we have fur ther  investigated this tissue in the present paper. 

Recent  reports  about  the occurrence of anion-sensitive ATPase activity in 
renal brush border  membranes [10,11] suffer from the fact that such contami- 
nation has no t  been adequately excluded. Kinne-Saffran and Kinne [10] have 
used free-flow electrophoresis for  the isolation; they find in their final distri- 
but ion pattern coincidence between HCO~-stimulated ATPase and alkaline 
phosphatase,  but  not  with (Na + + K÷)-ATPase. However, they do not  show the 
distribution pat tern of  a mitochondrial  marker enzyme after separation of the 
brush border  membranes from the lateral-basal membranes,  but  assume that  
a lowering of  the succinic dehydrogenase to HCO~ ATPase ratio during isola- 
tion is sufficient proof.  Liang and Sacktor [11] estimate the mitochondrial  
contaminat ion in their brush border  fraction to be only 10% on the basis of the 
succinic dehydrogenase activity, and conclude that  less than 15% of the anion- 
sensitive ATPase activity in this fraction could be of mitochondrial  origin. 
However, in both cases an increase in the anion-sensitive ATPase/succinic 
dehydrogenase ratio may reflect activation through loss of an ATPase inhibitor 
protein or an increase in substrate accessibility of the ATPase during fractiona- 
tion [4,22].  

The enzyme distribution patterns of the rabbit kidney mitochondrial  frac- 
tion show that  a very high HCO~ stimulated ATPase activity is present in the 
mi tochondr ia  (Fig. 1). The microsomal fraction (Fig. 2) is contaminated with 
mitochondrial  fragments, despite centrifugations for 10 min at 10000 X g and 
20 min at 20000  X g preceding the 60 m':n 100000  X g centrifugation which 
yields the microsomal fraction. The presence of the peak activities of cyto- 
chrome c oxidase at low densities in the density gradient subfractions of the 
microsomal fraction suggests that  the contaminat ion consists of  fragments of  
mitochondria .  This is supported by the relatively high cardiolipin content  of this 
this low density cy tochrome c oxidase activity in rabbit  gastric mucosal micro- 
somes [4].  

In an a t tempt  to fur ther  establish this mitochondrial  contaminat ion,  we have 
pooled the (Na ÷ + K÷)-ATPase containing subfractions 13--18 (Fig. 2) and com- 
pared the inhibition characteristics of  the anion-sensitive ATPase activity in this 
pooled subfraction with those of  a mitochondrial  fraction. The results in Fig. 
3a--c and Table I clearly suggest that  this microsomal anion-sensitive ATPase 
activity originates f rom mitochondrial  contaminat ion.  

In addition, we have studied a brush border  membrane fraction from kidney 
cortex,  isolated as described by Liang and Sacktor [11].  Our fraction is very 
similar to theirs with respect to oligomycin inhibition, electron microscopic 
appearance and specific anion-sensitive ATPase activity. From the effects of 
various inhibitors on the anion-sensitive ATPase activity in this fraction, sum- 
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marized in Table II, it can be concluded that this fraction, which shows 51% 
stimulation of  ATPase activity by HCO~, must  be heavily contaminated with 
mitochondrial material. 

When this fraction is further purified by density gradient centrifugation, the 
remaining ATPase activity is stimulated for only 12% by HCO~. The latter stim- 
ulation is poorly inhibited by oligomycin or aurovertin D, which is possibly due 
to inaccessibility of  mitochondria enveloped by brush border membranes as 
shown in Fig. 6b and as confirmed by the increase in HCO~ stimulation upon 
freeze-thawing. 

These results indicate that the anion-sensitive ATPase activities in the micro- 
somal fraction and the brush border fraction of  rabbit kidney cortex are prob- 
ably largely due to mitochondrial contamination, and that the brush border 
membranes contain an Mg ATPase activity with low anion-sensitivity. 
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