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Rat gastric membranes enriched in (H+-K+)-ATPase, when prepared in the 
presence of 1 mM ethyleneglycol-bis-(B-aminoethyl ether)N,N'-tetraacetic acid, 
showed the abilTty to accumulate H+ ions upon addition of ATP, KCl, and 
valinomycin. The membranes were largely impermeable to Kt and Cl-. In 
contrast, the rat membranes prepared without the Cazt chelator lost the 
ability to develop a pH gradient because of the membrane leakiness to Ht. 
A majority of these membrane vesicles became also permeable to Kt. We 
suggest that the calcium chelator preserved the gastric membrane permeability 
barrier during isolation by inhibiting various Ca2+-dependent phospholipases 
in rat gastric mucosa. 

INTRODUCTION 

Gastric microsomal membranes from the rat like from other species (l-4) 

have been reported to contain (H+-K+)-ATPase (5), but no information is 

available about the transport activity of the rat membranes. It has been 

observed recently that isolated rat gastric membranes were uniquely unstable 

(6). For instance, (H+-K+)-ATPase activity in the membranes decreased with 

a t4 of about 30 min at 37". The decay of the gastric ATPase in the 

membranes, however, did not involve proteolytic digestion of the membrane 

peptides, and was largely prevented by addition of a millimolar level of 

EGTA or LaC13 (6). These observations indicate the presence of Cazt-dependent 

enzymes, possibly phospholipases, and their destructive activity in isolated 

rat gastric membranes. In this study we will show that the presence of EGTA 

even during preparation of the membranes is essential to preserve the membrane 

permeability barrier to H+ and Kt. 

Abbreviation; EGTA, Ethyleneglycol-bis-(B-aminoethyl ether)N,N'-tetracetic 
acid. Hepes, (N-2-Hydroxyethylpiperazine-N-2-ethanesulfonic acid. Pipes, 
(Piperazine-N,N'-bis[2-ethanesulfonic acid]). 
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MATERIALS AND METHODS 

Rat gastric mucosal scrapings were suspended in 10 volumes of a 
solution containing 250 mM sucrose, 2 mM MgCl,, 1 mM EGTA, and 2 rn! 
Hepes/Tris, pH 7.4. The Tissues were homogenized wfih 20 strokes of a 
motor-driven (*1,500 rpm) teflon pestle in a Potter-Elvehjem homogenizer. 
The microsomal membranes were isolated by differential centrifugation (7) 
and further resolved by density gradient sedimentation (60 min at 
100,000 x g) over a gradient of 30 and 40% sucrose (W/W) containing 
2 mM MgCl 1 mM EGTA, and 5 mM Hepes/Tris, pH 7.4. The membrane band 
above 30% &croFe was collected. To study the effect of EGTA, sometimes the 
membranes were prepared using the same media free of EGTA. 

Accumulation of Ht ions inside of the membrane vesicles was estimated 
by the uptake of 14C-aminopyrene (8). Typically, 15 ~1 of the membrane 
suspension (15 or 20 pg protein) with or without 10 pg of valinomycin were 
mixed with 500 ~1 of a buffer containing 150 mM KCl, 1 my MgS04, 1 my ATP, 
10 mM Pipes, pH 7.0, and 3 uM 14C-aminopyrene 799.5 mCi/mmol). After 
incubation at 22' for an indTcated time, the mixture was filtered over a 
Millipore filter (HAWP 0.45 PM). The 14C-radioactivity trapped within 
the membrane vesicles was couiited using 10 ml of Instagel (Packard) 
scintillation cocktail. 

(H+-K+)-ATPase activity was measured in 1 ml media containing 40 mM 
Tris/acetate, pH 7.4, 180 mM sucrose, 2 mM MgCl*, and 2 rnlJ ATP with or without 
20 mM KC1 or other additions as indicated: Addition of salts was accomplished 
by replacing sucrose isoosmotically. Reaction was at 37" for 5 min and 
was terminated by adding 1 ml of 10% trichloroacetic acid and 0.1 g HCl- 
washed charcoal. After removal of charcoal, inorganic phosphate was measured 
calorimetrically (9). Protein was determined by the Lowry method (10). 14C- 
aminopyrene was obtained from New England Nuclear. Male Upjohn Sprague- 
Dawley rats (a230 g) were used throughout the experiments. 

RESULTS 

(H+-K+)-ATPase in rat gastric membranes prepared in the presence of EGTA 

was stimulated differentially by ionophores and NH4+ ion (Table 1). Valinomycin 

increased Kt-dependent ATP hydrolysis by about 35% as compared to the value 

observed with KC1 alone while nigericin or NH4C1 (10 m$ brought about a 

five-fold stimulation of the ATP hydro7ysis. NHb+ acts as a membrane-permeable 

substitute for Kt (4, 11) by virtue of its conversion to NHs. These 

observations indicate that the rat gastric membranes were largely impermeable 

to K+. The weak stimulation of (H+-K+)-ATPase by valinomycin in the membranes 

further indicates limited permeability of the rat gastric membranes to Cl-, 

since the efficiency of valinomycin to transfer a bulk of Kt ions depends on 

the membrane permeability to the counterion, Cl- in this case, necessary to 

dissipate electrical potential. 

The rat gastric membranes prepared in the absence of EGTA showed about a 

20% reduction in the specific activity of Kt-dependent ATP hydrolysis 
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Table I 

Comparison of (H+-K+)-ATPase activity in rat gastric membranes 

prepared jnin presence or absence of EGTA -___-__ 

Kc-dependent ATP hydrolysis by rat gastric membranes 

Not treated EGTA treated 

Umol/hr . mgprotein 

20 mtj KC1 50 19 

10 mM KC1 + 78 95 

10 mM NH,Cl 

20 my! KC1 f 

Nigericin (10 Pg) 

79 93 

20 mM KC1 + - 

Valinomycin (10 ,g) 

58 26 

MgCl, 
The rat gastric membranes were suspended in sucrose 250 mM-Hepes/Tris 2 mM- 

2 my at a final protein concentratio? of 3 mg/ml. The reaction medium 
contained about 30 ug membrane protein. K -Dependent ATP hydrolysis was 
obtained by subtracting a value in Kt-free medium. The data represent the 
mean of three determinations and experimental errors were less than 5%. Other 
experimental conditions were described in detail under Haterials and Methods. ____-___ 

(NH4+-stimulated) as compared to those prepared with the calcium chelator 

(Table 1). Also, KC1 alone activated almost 65% of the ATP hydrolysis 

observed in the membranes with NH4+ or nigericin. The data indicate that 

a majority of the rat gastric membrane vesicles, when prepared without EGTA, 

became permeable to K+. 

Proton transport activity of these rat gastric membranes was compared 

by measuring 14C-aminopyrene uptake in the presence of ATP, KCl, and valinomycin 

(Fig. 1). The rat gastric membranes prepared in the presence of EGTA showed 

valinomycin-dependent aminopyrene uptake. At equilibrium, the distribution 

ratio of 14C-aminopyrene between the intra- and extravesicular water spaces 

reached about 2,000 assuming the former as 3 Pl per mg membrane protein. 

The membranes prepared without EGTA, on the other hand, failed to show 

valinomycin-dependent l'+C-aminopyrene uptake. The inability of the membranes 

to develop a pH gradient should be attributed to the leakiness of the 

membranes to H+, since the membranes still retained a majority of (H+-K+)-ATPase 

activity. 
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TIME, min 

Fig. 1. Time-course profiles of "C-aminopyrene uptake by rat 
gastric membranes prepared in the absence (@,A) or presence of (0,A) 
of 1 rnM EGTA as described under Materials and Methods. The uptake was 
measured in the media containing about 15 ug membrane protein, 150 rn! 
KCI, 10 rn! Pipes, pH 7.4, 1 rn! MgSO 4, and 1 mM ATP with (o,,) or without 
(A,A) valinomycin (10 vg/ml). Other experimeiital details were described 
under Materials and Methods ---. 

DISCUSSION 

This study demonstrated the advantage of using EGTA during isolation of 

rat gastric membranes. Although we have not yet explored the possible 

target enzymes of the EGTA action, it is certain that phospholipases were one 

class of the enzymes inhibited by the calcium chelator. Rat gastric mucosa 

have been reported to contain high levels of phospholipase Al, AZ, C, and othe, 

lipolytic enzymes (12-15). The hydrolysis products of these enzymes, 

lysophospholipids and free fatty acids, are not only detergents, but potent 

inhibitors of gastric (H+-K+)-ATPase (6). One noteworthy point is that hog 

gastric membranes are known to be quite stable even without the EGTA 

treatment (7). In view of our current postulation, such difference in the 

stability of the rat and hog gastric membranes may be due to possible 

differences either in the level of the lipases in their respective mucosa or 

in the membrane susceptibility to the action of the lipases. 



Vol. 108, No. 2, 1982 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

The rat gastric membranes prepared only in the presence of EGTA showed 

permeability properties qualitatively similar to the hog or bull frog gastric 

membranes (4, 11). For instance, the membranes were largely impermeable to 

K+ and were able to develop a pH gradient in the presence of valinomycin, 

KCl, and ATP. One minor difference noted in this study, however, was that the 

rat gastric membranes were much less permeable to Cl- than the others on the 

basis of valinomycin-activation of (H+-K+)-ATPase. Addition of Ca2+ ions in 

the assay media (5 x 10m6 M) had no effect on the degree of valinomycin 

activation of the ATPase in the rat membranes indicating that the removal of 

Ca2+ per se was not responsible for the low Cl- permeability of the membranes. 
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