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Summary 

The intracellular localization of anion-sensitive Mg2÷-ATPase in rat pancreas 
was studied by differential centrifugation, density gradient centrifugation and 
by the use of inhibitors of mitochondrial Mg~+-ATPase. 

The anion-sensitive Mg2+-ATPase appears to be localized almost exclusively 
in a mitochondrial (15 rain, 15 000 × g) fraction which shows two peaks after 
density gradient centrifugation. Both peaks coincide with the highest levels of 
cytochrome c oxidase activity, but not with alkaline phosphatase, (Na ÷ + K+)- 
ATPase and leucine aminopeptidase activities or RNA. They appear to be equally 
sensitive to inhibition by oligomycin, aurovertin D and the rat liver mitochon- 
drial inhibitor protein, at least when 1 mM EDTA is present in the isolation 
media. 

We conclude that no significant plasma membrane-located anion-sensitive 
Mg2+-ATPase activity is present in rat pancreas. 

I n t r o d u c t i o n  

In pancreas it is still a mat ter  of  controversy whether  the transport  of  
HCO~ is passive and linked to an active sodium transport  or is active [1].  
Wizemann and Schulz [2] have presented a model  in which a Na÷-H*-exchange 
pump,  presumed to be identical to the HCO~-ATPase, is the driving force 
in the NaHCO3 secretion of  the pancreas. This model  appears to be supported 
by  the finding of  a parallel distribution of  HCO~-ATPase activity and secretory 
c~pacity of  HCO~ in the ducts of  the cat pancreas [3]. In addition, a role of  
this enzyme in fluid secretion is suggested, namely on account  of  the inhibitory 

* A p re l imina ry  r e p o r t  has b e e n  p r e N n t e d  a t  t h e  11 th  FEBS m e e t i n g  in Copenhagen ,  1977 ,  A b s t r a c t  n o .  
A 4-15-603-3 .  
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effect  of  thiocyanate on the enzyme activity [4] as well as on the secretory 
flow rate [5] ,  and of  the stimulatory effects of  valinomycin and nigericin on 
both  parameters [2]. Obviously, localization of  the enzyme in the plasma 
membrane is a prerequisite for such a model. 

After fractionation of  cat pancreas homogenate  by  density gradient centrifu- 
gation and gel electrophoresis Simon et al. [4,6] found a coincidence of  anion- 
sensitive Mg2+-ATPase with both  alkaline phosphatase and leucine amino- 
peptidase, bu t  not  with (Na ÷ + K*)-ATPase activity. However, Milutinovid et al. 
[7] find a parallel enrichment of  (Na ÷ + K÷)-ATPase and HCO~-ATPase activ- 
ities in a plasma membrane fraction of the same tissue. Recently,  Lambert  and 
Christophe [8] have mentioned the presence of  the enzyme in a microsomal 
plasma-membrane fraction of  rat pancreas. 

Several reports thus seem to support  the presence of  a plasma membrane- 
located anion-sensitive Mg2+-ATPase in the pancreas. However, contamination 
with mitochondria,  which have a high anion-sensitive Mg2÷-ATPase activity 
[9,10],  may not  always have: been adequately excluded. Previously we have 
shown that the 'microsomal'  anion-sensitive Mg2÷-ATPase activity in rainbow- 
t rout  gill [11],  rabbit gastric mucosa [11] and rabbit kidney [12] is due to 
mitochondrial  contamination and we have presented explanations for possibly 
wrong conclusions "riiade'in the past. In addition, we have recently shown the 
enzyme activity in rabbit  e rythrocyte  to be part of  the (Ca 2÷ + Mg2*)-ATPase 
system [13],  thus precluding a role of  this activity in anion transport. In view 
of these findings we have now studied the localization and characteristics 
of  anion-sensitive Mg2÷-ATPase activity in rat pancreas.. 

Materials and Methods 

Tissue preparation 
From 10 Wistar rats, killed by a blow on the neck, the pancreas is imme- 

diately and carefully dissected out,  rinsed and cooled on ice. The tissue is then 
minced with scissors and homogenized in 6 vols. 0.25 M sucrose, 0.2 mg/ml 
soybean trypsin inhibitor, 25 mM Tris-maleate (pH 7.6) in a Teflon/glass 
homogenizer (Potter/Elvehjem) with 3--4 strokes at 850 rev./min. All opera- 
tions are performed at 0--4 ° C. 

Centrifugal fractionation 
The homogenate  is filtered through four  layers of  surgical gauze and diluted 

with another 3 vols. of  homogenization buffer. It is then separated in a nuclear 
(10 min, 180 ×g) ,  mitochondrial  (15 min, 15 000 ×g)  and microsomal (60 
min, 100 000 ×g)  fraction and a remaining supernatant. Samples of  these 
fractions, to be used for determination of  anion-sensitive ATPase activity, are 
stored immediately at --18°C after isolation. 

Density gradient centrifugation 
The mitochondrial  and microsomal pellets are further fractionated by 

resuspending them in 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) 
enriched with 0.2 mg/ml soybean trypsin inhibitor. Gradients are routinely 
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centrifuged for 16 h at 24 000 rev./min (64 000 Xgav ) in the SB 110 rotor of 
the IEC type B 60 ultracentrifuge. Approximately 25 fractions are collected 
and processed as previously described [11]. The effects of oligomycin and 
aurovertin D are determined in the fractions containing peak activities of 
anion-sensitive Mg2÷-ATPase. The effect of rat liver mitochondrial inhibitor 
protein is tested on appropriate fractions, selected on the basi~ of the anion- 
sensitive Mg2*-ATPase distribution pattern (peak II, fraction numbers 14--16, 
and peak II, fraction numbers 11--12 in Fig. 2). These fractions are pooled, 
diluted with an equal volume of homogenization buffer, centrifuged for 60 min 
at 100 000 X g and resuspended in the appropriate solution. 

Protein determination 
Protein concentrations are estimated by the method of Lowry et al. [14]. 

Bovine serum albumin, dissolved in homogenization buffer, serves as standard. 
In gradient fractions protein concentrations are determined by measuring 

280 nm absorbance (A2s0,m) after dilution with 2 vols. of 2% sodium dodecyl 
sulphate to eliminate light scattering. Corrections are made for the absorbance 
of sucrose and trypsin inhibitor. 

Enzyme assays 
Cytochrome c oxidase, (Na÷+ K÷)-ATPase and alkaline phosphatase are 

estimated as previously described [11,12]. In the (Na÷+ K÷)-ATPase assay 
the ouabain concentration is raised to 2 • 10 -3 M in view of the low sensitivity 
of the enzyme in rat tissues to this inhibitor. Leucine aminopeptidase is 
measured according to Nagel et al. [15]. Anion-sensitive Mg2÷-ATPase is 
measured at pH 8.4 in the presence of ouabain in media of constant ionic 
strength, containing predominantly either HCO;, C1- or SCN- [11]. 

When inhibitors in ethanolic solution are applied, controls are run containing 
the same ethanol concentration (<1.5% v/v). Preincubation for 15 min at 0°C 
and 5 min at 37°C in the absence of ATP precedes the incubation in this case. 
The rat liver mitochondrial inhibitor protein is isolated and tested as described 
by Chan and Barbour [16]. 

Materials 
Na2-ATP is obtained from Boehringer (Mannheim, G.F.R.), sodium dodecyl 

sulphate (SDS) and trypsin inhibitor (soybean, type II-S) from Sigma (St. 
Louis, Mo., U.S.A.). Oligomycin (Sigma) consists of 15% oligomicyn A and 
85% oligomycin B (average molecular weight 400). Aurovertin D (isolated by 
Dr. R. Bertina and donated by the BCP Jansen-Institute, University of Amster- 
dam) is dissolved in absolute ethanol and the concentration is determined 
spectrophotometrically at 367.5 nm using an absorbance coefficient of 
42.7 mM -1 • cm -1 [17]. 

All other reagents are from E. Merck {Darmstadt, G.F.R.) and are of 
analytical grade. 

Results 

A TPase activities in main fractions 
Fig. 1 shows the distribution of Mg~+-ATPase activity in the main fractions 
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Fig. 1. Dis t r ibu t ion  of  anion-sensi t ive  ATPase  act ivi t ies  in m a i n  f rac t ions  of  pancreas .  The  re la t ive  specific 
activities in HCO~ m e d i u m  ( to ta l  c o l u m n ) ,  C1- m e d i u m  (lightly shaded  pa r t  of  c o l u m n )  and  S C N -  
m e d i u m  (darkes t  pa r t  of  c o l u m n  on ly )  are  p l o t t e d  against  t h e  p ro t e in  d i s t r ibu t ion  in pe rcen t .  Th e  specific 
ac t iv i ty  of  t he  h o m o g e n a t e  in CI-  m e d i u m  (6.5 # m o l  ATP  • h -1 • m g  -1 Pro te in ,  S.E. 0 .6 ,  n = 4)  is set  
a t  1.0. Abbrev ia t ions :  H is the  h o m o g e n a t e ;  N, M a nd  MICR arc t h d  f rac t ions  s ed imen t in g  a t  10 m i n  
180 X g, 15 rain 15  0 0 0  X g and  60  m i n  100  000  X g, respec t ive ly .  SUP is the  r ema in in g  super rmtan t .  
Mean of  4 e x p e r i m e n t s  w i th  s t a n d a r d  er rors  are  given. 

of rat pancreas. The largest stimulatory effect of HCO~ is observed in the mito- 
chondrial (15 min, 15 000 X g) fraction, but little or no effect is seen in the 
nuclear (10 min, 180 X g) and microsomal (60 min, 100 000 X g) fractions. 
The Mg2*-ATPase activity in the supernatant is negligible, which indicates that 
the enzyme activity is membrane bound. 

In order to obtain a closer insight in the localization of the anion-sensitive 
Mg2*-ATPase, we have further resolved the mitochondrial and microsomal 
fractions by means of density gradient centrifugation. 

Enzyme distribution in density gradients 
The enzyme distribution pattern of the mitochondrial (15 min, 15 000 × g) 

fraction is shown in Fig. 2. Three peaks of Mg2+-ATPase activity can be 
observed. The first Mg2+-ATPase activity peak (peak I) occurs at the top of 
the gradient below 28% (w/v) sucrose, is anion-insensitive (even slightly inhibited 
by HCO~) and coincides with high activities of the plasma-membrane marker 
enzyme activities, alkaline phosphatase and leucine aminopeptidase and also 
5'-nucleotidase (not shown). This region of the gradient is the only one having 
a rather low (Na÷+ K+)-ATPase activity. Two HCO~-stimulated Mg2+-ATPase 
activities (peak II and III), which are not well separated, are seen between 
38 and 43% (w/v) sucrose and between 43 and 48% (w/v) sucrose, respectively. 
Both coincide with the highest levels of cytochrome c oxidase activity, but not 



300 

PANCREAS 225.103gmm - f r a c t i o n  

~it ~ , _ t t _ , i _ ] t _ l i _ ~ , _ ~ _ t . . . ) t _ ~ i _ , x . . , i t = # = t l  t t  #t #l- #t t t  
1 i i t i 

3 
o 

. 2  

1 

. 0  

o ~ 

S~ 

u ]  

6O 

40 

2O 

- 0  

o ATP ase  (HCO 3 ) 
x ATP ase  (C I - )  
• Na*-K * -ATPase  

A cyt. c o x i d a s e  
o a lka l ine  p h o s p h a t a s e  

teucine am inopep t i dase  

I'l 

J o.,'~/ \ -~" / / 
-~;~ ~ --ll--li:'~ ~ \~ / : 

A \^  ] / 
-~,_~=~_~_~--~_~--~:~, 

5 10 15 20 25 
f ract ion number  

4O 
c- 

20 

8 
- 3 ~  

-2 

-1 

-© 

1.5 

o 

z 

& 
r 

c 

Q) 

1.o', 

Q5 

Fig. 2. E n z y m e  d i s t r ibu t ion  pa t t e rn s  a f t e r  dens i ty  g rad ien t  cen t r i fuga t ion  (16 h ,  64 0 0 0  X g) o f  a mi to-  
chondr ia l  f rac t ion  (15 rain,  15 000  X g) of  r a t  pancreas .  Typica l  e x p e r i m e n t  r ep re sen ta t i ve  for  4 experi-  
m e n t s .  • e ,  d i s t r ibu t ion  of  sucrose;  * *, ( top  f igure) ,  280  n m  a b s o r b a n c e  a f t e r  d i lu t ion  
and  co r r ec t ion ;  o o, ATPase  ac t iv i ty  in HCO~ m e d i u m ;  X X, ATPase  ac t iv i ty  in C I - m e d i u m ;  
• ~, (Na + + K+)-ATPase ac t iv i ty ;  A ~, c y t o c h r o m e  c oxidase  ac t iv i ty ;  o o, a lkal ine phos-  
pha tase  ac t iv i ty  ; * *, leucine  a m i n o p e p t i d a s e  ac t iv i ty .  

with any of  the plasma-membrane marker enzyme activities mentioned above. 
The ratio of HCO~-stimulated Mg2+-ATPase to cytochrome c oxidase activity 
is higher in peak II than in peak III. Previously [11] we have suggested that this 
may be due to artefactUal causes without indicating a non-mitochondrial 
origin for  the  mater ia l  wi th  the  higher  ratio.  

A considerable but variable cytochrome c oxidase activity is observed 
at the higher sucrose densities (below fraction number 9), which does not  
appear to coincide with an equivalent level o f  HCO~-stimulated Mg2+-ATPase 
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activity. There are two possible explanations for this finding. First, pancreatic 
zymogen granules, containing massive amounts  of  proteolyt ic  and lipolytic 
proenzymes,  are known to sediment at high sucrose densities [ 18]. Contamina- 
tion with these enzyme activities of  this part of  the density gradient may lead 
to preferential loss of  anion-sensitive Mg2+-ATPase activity. Supporting this 
explanation is our observation that fractionation in the presence of  1 mM 
EDTA (see below), which is inhibitory to the zymogen granule enzymes, 
gives activity ratios close to those of  peak II and III. Secondly, this high-density 
region of  the gradient may contain virtually intact mitochondria,  which will 
display a lower ATPase activity. Since cytochrome c oxidase is assayed in 
the presence of the detergent Tween-80 [11] this enzyme will show its full 
activity. In both cases, a low ATPase to cytochrome c oxidase ratio will be 
found. 

In order to obtain further insight in the intracellular localization of  the 
{peak II) anion-sensitive Mg2+-ATPase, this fraction is subjected to centrifuga- 
tion under both  rate and isopycnic conditions. This is performed by recentri- 
fugation of  peak II (fractions number  14--16 in Fig. 2), pooled after an initial 
separation in density gradients by the normal procedure in the presence of  
1 mM EDTA. The peak II material is resuspended in homogenization buffer,  
and is then centrifuged for 2 h at 64 000 × gay in a shallow gradient of  32 to 
42% (w/v) or of  22 to 34% (w/v) sucrose. In four separate experiments no 
separation between anion-sensitive Mg2+-ATPase and cytochrome c oxidase 
activity distribution has been obtained by this procedure,  in contrast to the 
findings of  Simon et al. [4] for dog and cat pancreas. 

In Fig. 3 the enzyme distribution of  the microsomal (60 min, 100 000 × g) 
fraction is shown. At the top  of  the gradient an anion-insensitive Mg2+-ATPase 
activity is found, which coincides with high levels of  leucine aminopeptidase, 
alkaline phosphatase and (Na ÷ + K+)-ATPase activities. When a gradient of  15 
to 40% (w/v) is employed in order to distribute this peak over the gradient, 
there is still only one Mg2+-ATPase activity peak, which is again anion- 
insensitive. The specific activities of  the plasma membrane marker enzymes 
in the microsomal fraction appear to be higher than in the mitochondrial 
fraction {Fig. 2), since their activities are from 4 to 29 times as high, whereas 
twice the amount  of  protein is applied to the density gradient. The relatively 
higher enrichment of  (Na ÷ + K÷)-ATPase activity in this microsomal plasma 
membrane fraction may indicate a preferential localization of  (Na÷+ K+) - 
ATPase in a distinct type  of  plasma membrane or a higher susceptibility of  the 
enzyme for the contaminating pancreatic proteolyt ic  or lipolytic enzymes. 

The peak in 280 nm absorbance in the middle of  the distribution pattern 
of  the microsomal gradient (Fig. 3) coincides with a high level of  RNA (not  
shown), and thus probably reflects the presence of  rough endoplasmic 
reticulum. RNA is not  detected in the distribution pattern of  the mitochondrial  
density gradient (Fig. 2). 

When the anion-sensitive Mg2÷-ATPase activity is measured at pH 7.6, 
which is reported to be optimal for the pancreas enzyme [6],  rather than at 
the routinely used pH 8.4, no significant change in the distribution pattern 
of  the enzyme is observed, either in the mitochondrial  or in the microsomal 
fraction. In addition, measurement  of  the Mg2+-ATPase activity before and 
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Fig.  3.  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  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 )  o f  a m i c r o -  
s o m a l  f r a c t i o n  (60  m i n ,  1 0 0  0 0 0  X g)  o f  r a t  p a n c r e a s .  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  4 exper i -  
m e n t s .  S y m b o l s  as in  Fig .  2. 

after freeze-thawing does not result in changes in the characteristics of  either 
the anion-sensitive or the anion-insensitive Mg2*-ATPase activity peaks. 

Inhibitor studies 
The results, mentioned above, clearly suggest that no plasma membrane- 

located HCO;-stimulated Mg2+,ATPase appears to be present in rat pancreas. 
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Fig. 4.  Re lat ive  ATPase  act iv i ty  in HCO~ m e d i u m ,  as a f u n c t i o n  o f  the  negat ive  l o g a r i thm o f  o l i g o m y c i n  
c o n c e n t r a t i o n  in t w o  subfract ions  f r o m  pancreas  m i t o c b o n d r i a l  fract ion  prepared in the  a bsence  ( o )  

or in the  presence  ( o )  o f  1 m M  E D T A .  Mean  w i t h  s tandard errors o f  percentage  act iv i ty  relat ive  to  the  
act iv i ty  w i t h o u t  added o l i g o m y c i n  (------100%) are s h o w n  for  3 e x p e r i m e n t s  in each  case.  

In order to test this point further, we have studied the effects of  mitochondrial 
ATPase inhibitors on subfractions of  the mitochondrial fraction. The micro- 
somal fraction was not  investigated, since it does not  contain any HCO~- 
stimulated Mg2+-ATPase activity. 

The effects of  ol igomycin on the anion-sensitive Mg2+-ATPase activities 
of  rat pancreas (peak fractions II and III in Fig. 2), are shown in Fig. 4 

T A B L E  I 

E F F E C T S  OF O L I G O M Y C I N  A N D  A U R O V E R T I N  D O N  A N I O N - S E N S I T I V E  Mg2+-ATPasc A C T I V -  
ITIES IN TWO S U B F R A C T I O N S  F R O M  P A N C R E A S  M I T O C H O N D R I A L  F R A C T I O N ,  P R E P A R E D  IN 
THE P R E S E N C E  OF 1 m M  E D T A  

P/S0 is the  negat ive  l ogar i thm o f  the  m o l a r  inhib i tor  c o n c e n t r a t i o n  at h a l f - m a x i m a l  inhib i t ion ,  P199 that  
giving 99% o f  the  m a x i m a l  inhib i t ion .  R e s t  act iv i ty  is p e r c en t  ATPase  act iv i ty  remain ing  at m a x i m a l  inhi-  
b i t ion .  The  HCO~ m e d i u m  was  used  in all e x p e r i m e n t s .  Means  are presen ted  w i t h  the  standard error. 

A g e n t  Peak II ATPase  Peak III ATPase  n 

PI50  PI99  R e s t  PI50  PI99  Res t  
ac t iv i ty  ac t iv i ty  
(~)  (%) 

O l i g o m y c i n  7 . 7 5  ± 0 . 0 5  5 . 8 3  ± 0 . 1 9  16  -+ I 7 . 6 7  -+ 0 . 0 6  5 . 6 0  -+ 0 . 2 0  11 ± 3 3 
Aurovert in  D - -  - -  4 4  ± 1 - -  - -  4 2  ± 2 4 
( 1 . 6 " 1 0  - s  M )  
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(--EDTA). Both ATPase activities seem to be only slightly and variably 
inhibited by oligomycin, and the inhibition is lost again at higher concentra- 
tions of  oligomycin. This rather strange phenomenon may be due to the 
action of  proteolytic enzymes and (phospho)lipases, which are known to be 
present in high activities in the pancreas. These enzyme activities are able 
to influence the oligomycin sensitivity of  sub-mitochondrial particles 
[19,20] .  

While the presence of  soybean trypsin inhibitor in our media will curtail 
both trypsin and chymotrypsin effects, (phospho)lipase activity may still be 
active [21].  Since these enzymes seem to require Ca 2+ [22] ,  we have added 
1 mM EDTA to the homogenization buffer and gradient solutions. This intro- 
duces only a slight change in the enzyme distribution pattern upon density 
gradient centrifugation, namely a shift of  the two anion-sensitive Mg2+-ATPase 
peaks to lower sucrose concentrations: peak II at 35--38% (w/v) sucrose and 
peak II at 38--41% (w/v) sucrose. The two anion-sensitive Mg2÷-ATPase activ- 
ities have now become very sensitive towards inhibition by oligomycin (Fig. 4, 
+EDTA). 

Aurovertin D, an inhibitor of  the HCO; stimulation of  mitochondrial 
Mg2+-ATPase activity [23] ,  is equally effective on both activities. The effects 
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Fig. 5. Relat ive  ATPase  act iv i ty  in H C O j  m e d i u m  (o )  and CI-  m e d i u m  (@), as a f u n c t i o n  o f  the  rat io  o f  
rat l iver m i t o c h o n d r i a l  inhibi tor  prote in  t o  ATPase  act iv i ty  in t w o  subfract inns  f r o m  pancreas  m i t o c h o n -  
dria/ f ract ion  prepszed  in the  presence  o f  I m M  E D T A .  A uni t  o f  ATPase  is de f ined  as the  a m o u n t  o f  
e n z y m e  w h i c h  conver t s  1 # m o l  ATP  per men at 3"/°C in HCO~ m e d i u m  [ 1 6 ] ,  Rat io s  over  the  act iv i ty  
w i t h o u t  inhib i tor  ( = 1 0 0 % )  are s h o w n  in each  case.  T h e  inhib i tor  is t e s t e d  as descr ibed  in M e t h o d s  and 
Materials.  A 50% inh ib i t ion  o f  ATPase  act iv i ty  is o b t a i n e d  at  4 3 0  ~g  inh ib i tor /un i t  ATPase  (peak  II)  
or  at  8 5 0  and 5 2 0  # g  inh ib i tor /un i t  ATPase  (p e ak  III )  in HCO~ and CI -  m e d i u m ,  respect ive ly .  Typica l  
e x p e r i m e n t  representat ive  o f  2 e x p e r i m e n t s .  
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of  oligomycin and aurovertin D, summarized in Table I, closely agree with 
those observed for the anion-sensitive Mg2+-ATPase activities in gastric mucosa 
[11] and kidney [12],  which have previously been shown to be of  mitochon- 
drial origin [11,12,24,25] .  The P/s0 values for oligomycin indicate that  the 
rat pancreas anion-sensitive Mg2+-ATPase is about  1000 times more sensitive 
to this drug than the plasma membrane-located (Na ÷ + K+)-ATPase [26].  

In addition, the effects of  the mitochondrial  inhibitor protein, isolated 
from rat liver [ 16],  have been tested on the anion-sensitive Mg2÷-ATPase activ- 
ities (Fig. 5). Both the peak II and the peak III activities are inhibited by this 
protein. The peak II activity appears to be somwhat  more sensitive to this 
inhibitory agent, which may indicate that  this fraction is more depleted of  the 
inhibitor. Since the ATPase of  intact mitochondria does not  appear to be 
affected by  the inhibitor protein [27],  this may imply that  after the density 
gradient centrifugation the mitochondrial  anion-sensitive Mg2+-ATPase 
activities from rat pancreas are not  located in intact mitochondria.  

Discussion 

In analogy to the hypothetical  model  for the role of  anion-sensitive Mg 2÷- 
ATPase in the acid secretion of  the stomach [28],  Simon et al. [4] have 
presented a model describing the involvement of  the enzyme in the bicarbonate 
secretion by the pancreas. This model  presupposes that  the enzyme is localized 
in the plasma membrane.  Simon and Thomas [6] have reported that  after poly- 
acrylamide gel electrophoresis a Mg2÷-ATPase activity appears to be localized 
in a membrane fraction together with alkaline phosphatase and leucine amino- 
peptidase activities, but  they do not  present data on the Mg2÷-ATPase activity 
wi thout  a stimulating anion. 

A potential source of  wrong conclusions is the possibility of  contamination 
of  a so-called plasma membrane fraction with mitochondria or mitochondrial  
material. We have previously encountered this possibility in a s tudy of  the 
distribution of  anion-sensitive Mg2+-ATPase activity in rainbow-trout  gill [11],  
rabbit  gastric mucosa [11] and rabbit  kidney [12].  In these papers we have 
presented evidence that  the activity observed in microsomal and related 
fractions, and also in the brush border membrane fraction of  rabbit  kidney 
cortex, each of  which has previously been reported by  other  investigators to 
contain non-mitochondrial anion-sensitive Mg2÷-ATPase activity, is due to 
mitochondrial  contamination. In addition, the anion-sensitive Mg:÷-ATPase 
activity in rabbit  erythrocyte  has been shown not  to be a separate enzyme 
but  rather to form part of  the (Ca 2* + Mg2*)-ATPase system [ 13]. Since recent 
papers [7,8,29,30] indicate that  in the pancreas the enzyme is thought  to be 
involved in the process of  bicarbonate secretion, we have made a similar s tudy 
of  the distribution and characteristics of  the enzyme in rat pancreas. 

The enzyme activity is found to be localized almost exclusively in the 
mitochondrial  (15 min, 15 000 × g) fraction (Fig. 1). The fractionation method 
chosen is based on a technique developed by Svoboda et al. [31] for the 
isolation of  plasma membranes from rat pancreas. With our media we find the 
microsomal (60 min, 100 000 ×g)  fraction to be a bet ter  source for plasma 
membranes than the mitochondrial  fraction, considering the enrichment of 
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the plasma membrane marker enzymes alkaline phosphatase and (Na++ K*) - 
ATPase in peak I of  the microsomal fraction (cf. Figs. 2 and 3}. However, 
no HCO~-stimulated Mg2*-ATPase activity appears to be present in the micro- 
somal (60 min, 100 000 × g) fraction, whether it is measured at pH 8.4 or pH 
7.6. Hence, the enzyme does not  appear to be located in the plasma membrane 
of  rat pancreas. 

This is in contrast  to the findings of  Simon et al. [4] who report  a 
coincidence of  alkaline phosphatase and anion-sensitive Mg2*-ATPase activities 
in the distribution pattern of  homogenates from cat and dog pancreas, resolved 
by centrifugation in a step-wise density gradient. In addition, these authors 
report  that  this anion-sensitive Mg2÷-ATPase activity does not  show inhibition 
by oligomycin, in contrast to the activity coinciding with the highest level of  
succinate dehydrogenase activity. This conclusion must  be considered with 
caution in view of  our findings about  the effect  of  EDTA on the inhibition 
of  this enzyme activity by oligomycin (Fig. 4). Fractionation in the absence 
of EDTA gives weak and erratic inhibition of  the anion-sensitive Mg2+-ATPase 
activities of peak II and III of  the mitochondrial fraction, but  the presence of  
1 mM EDTA during fractionation leads to strong and equal inhibition by 
oligomycin, aurovertin D and also by the rat liver mitochondrial  inhibitor 
protein (Table I and Fig. 5). It is known that the oligomycin sensitivity of  
submitochondrial  particles is decreased by treatment  with trypsin [19] and 
increased by the addition of certain phospholipids [20].  Thus it seems likely 
that the protecting effect  of  EDTA on the oligomycin sensitivity of  the enzyme 
is due to  chelation of  a divalent cation required by proteolytic or lipolytic 
enzymes present in pancreatic tissue fractions. Rut ten et al. [21] have 
presented evidence that  at the low temperatures used for cell fractionations, 
(phospho)lipases are still rather active in the pancreas. Milutinovid et al. 
[7] have recently reported that  in the absence of  a Ca2+-chelating agent the 
results of  the fractionation of  cat pancreas are rather unsatisfactory because 
of  inactivation of  hormone-stimulated adenylate cyclase during the course 
of  the fractionation procedure. The inhibition values for oligomycin and 
aurovertin D in the presence of  EDTA are comparable to those reported for 
the anion-sensitive Mg2+-ATPase activities in rabbit gastric mucosa [11] and 
rabbit kidney [12].  The effects of the mitochondrial inhibitor protein are also 
comparable to the effects of  a similar protein, isolated from rabbit  liver mito- 
chondria, on the microsomal anion-sensitive Mg2÷-ATPase activity of  rabbit 
gastric mucosa [32]. 

These findings strongly indicate that  these activities all derive from mito- 
chondrial origin. On the other hand, the low density material of  the micro- 
somal fraction (subfraction 21--25 in Fig. 3), which clearly derives from plasma 
membranes, does not  contain any bicarbonate-stimulated Mg2÷-ATPase activity. 
Why then did Milutinovid et al. [7] find bicarbonate-stimulated ATPase activity 
in a light subfraction (d -- 1.07) of  cat pancreas wi thout  accompanying succi- 
nate dehydrogenase activity? A different in vivo localisation of  the enzyme in 
rat and cat pancreas is theoretically possible, but  seems unlikely to us. Due to 
the higher connective tissue content  of  the cat pancreas, they may have had to 
apply a more drastic homogenization to the cat pancreas than we used for the 
rat pancreas. This would give a more extensive destruction of  organelles. Since 
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they pellet their fractions before the enzyme assays, this may have led to 
a release of  succinate dehydrogenase and perhaps also of  the mitochondrial 
ATPase inhibitor protein [16] from broken mitochondria. 

Hence, we find no plasma membrane-located anion-sensitive Mg2*-ATPase 
in rat pancreas, in contrast to previous reports for dog [4] and cat [4,7] 
pancreas. This makes a direct role of  this enzyme in the bicarbonate secretion 
of  the rat pancreas very improbable. The parallel distribution of  whole 
homogenate HCO~-ATPase activity and secretory capacity in the ducts of  
the cat pancreas [3] may well be due to a parallelism between mitochondrial 
abundance and secretory capacity. Since the ductular cells represent only 
a small part of  the total cell mass, a further study on the fractionation of  an 
isolated duct cell preparation would be desirable. 
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