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ABSTRACT The light microsomal fraction was isolated from homogenates of rabbit 
and bullfrog gastric mucosa. On examination with the electron microscope, the light 
microsomes appear as tubular membranous structures with morphology and dimen- 
sions similar to the elements of the smooth-surfaced endoplasmic reticulum seen in 
intact oxyntic cells. A K+-stimulated, Mg+ +-requiring p-nitrophenylphosphatase has 
been demonstrated in the gastric microsomes. Neither Na+ nor ouabain ( l O - ~ - - l O - ~  M) 
altered the K+-stimulated phosphatase. SCN- was not very effective as an inhibitor of 
the gastric microsomal phosphatase, in contrast to the effect of this anion on the 
ATPase activity; however, the gastric phosphatase as well as the ATPase are destroyed 
by phospholipase C, thus showing the lipoprotein nature of these enzymes. Kinetics 
of the K+ activation of the microsomal phosphatase suggest that the K+-PNPP com- 
plex is the active substrate for the enzymic reaction. Rb+, NH4+ and Cs+ will substi- 
tute to some degree for K+ as an activator of the microsomal phosphatase. It is pointed 
out that K+ is an essential requirement for HCI secretion in intact gastric mucosa and 
the replacement of K+ with Rb+, Cs+ and NH4+ is discussed. The K+-stimulated phos- 
phatase presented in this paper may play a role in the H+ secretion process. 

It has been suggested for a variety of 
tissues that membrane-bound adenosine- 
triphosphatases (ATPases) may play an 
important role in the translocation of ions 
across cellular membranes (Skou, '57; 
Post et al., '60; Jarnefelt, '61; Wheeler and 
Whittam, '62). In most of these studies, 
the authors have presented reaction se- 
quences whereby the transfer of phosphate 
bond energy may do useful transport work 
in the intact cellular system. A K+-stimu- 
lated phosphatase has been proposed as 
one of the "transport" ATPase-associated- 
with-Na+ transport systems (Ahmed and 
Judah, '64; Albers et al., '65). 

A particularly interesting ion transport 
system occurs in the gastric mucosa of 
vertebrates where hydrochloric acid is se- 
creted in great abundance against large 
electrochemical gradients. Kasbekar and 
Durbin ('65) have recently reported their 
studies regarding the ATPase of a micro- 
soma1 fraction isolated from gastric mu- 
cosa of the frog. They found that enzymic 
activity was not stimulated by Na+ and 
K+, but was inhibited by thiocyanate, a 
potent inhibitor of acid secretion. These 
authors suggested that the gastric ATPase 
plays a role in the transport of HCl. In 
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preliminary communications, we have de- 
scribed a similar ATPase (Forte et al., '65) 
and a K+-stimulated phosphatase (Forte 
and Forte, '66) in microsomes prepared 
from rabbit and frog gastric mucosa. It is 
the purpose of this paper to describe in 
greater detail the characteristics of the K+- 
stimulated phosphatase of gastric mucosal 
microsomes. This enzymic activity is of 
special interest since it is well established 
that K+ is an essential requirement for 
gastric hydrochloric acid secretion (Gray 
and Adkison, '41; Davenport, '63; Davis 
et al., ' 65 ) .  We will also show that these 
isolated subcellular components are struc- 
turally similar to elements of the smooth- 
surfaced endoplasmic reticulum seen in 
the intact acid-secreting (oxyntic) cell. 

METHODS 
Preparation of subcellular particles. The 

rabbits used in these experiments were 
sacdced by an air embolism into the left 
ventricle. The extirpated stomachs were 
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perfused with ice cold saline to remove 
hemoglobin and then were immersed in 
cold saline and the gastric contents re- 
moved. Portions from the main body of 
the stomach were rapidly blotted on filter 
paper and the mucosa stripped from the 
muscle layer. The tissue was first minced 
and then homogenized with a glass ho- 
mogenizer and Teflon pestle in an isotonic 
medium consisting of 225 mM mannitol, 
75 mM sucrose and 0.2 mM EDTA: the 
medium was adjusted to pH 7.4 with 
0.15 Tris (trishydroxymethylaminometh- 
ane). This homogenizing and suspending 
medium shall be referred to as MSE. The 
“light microsomal fraction” was obtained 
by differential centrifugation. The homog- 
enate was centrifuged at 30,000 X g for 
30 minutes at 0-4°C to remove mitochon- 
dria and “heavy” microsomes. The result- 
ing supernatant was then centrifuged at 
150,000 X g X one hour in a Spinco ultra- 
centrifuge, the pellet washed once with a 
small volume of MSE, recentrifuged, and 
finally resuspended in the MSE medium. 

When further purification of the light 
microsomes was desired, this fraction was 
layered onto 1.31 M sucrose and centri- 
fuged for 4-5 hours at 40,000 rpm in a 
Spinco ultra-centrifuge using the SW 39 
rotor. This discontinuous gradient method 
was suggested by Rothchild (’63) for the 
separation of smooth-surf aced microsomes 
from the rough-surfaced variety, and, in 
our case, resulted in a more homogeneous 
preparation when examined with the elec- 
tron microscope. 

In experiments where the microsomes 
were prepared from frog gastric mucosa, 
the MSE mixture was made isosmotic with 
amphibian tissue by dilution with 0.29 
volumes of distilled water. All centrifuga- 
tion steps were as described above. 

Electron microscopy. The microsomes 
were prepared for microscopy by a nega- 
tive-staining technique. A portion of di- 
luted microsomal suspension (approx. 0.05 
mg protein/ml) was mixed with an equal 
volume of 0.5% phosphotungstic acid (ad- 
justed to pH 7.0). A drop of the mixture 
was placed on a carbon-stabilized, collo- 
dion-coated grid and the excess fluid was 
removed by absorption onto a strip of filter 
paper. The negatively stained preparations 

were examined on an RCA EMU-3F elec- 
tron microscope. 

Cytochrome spectra. Cytochromes were 
identified by recording their reduced-oxi- 
dized difference spectra according to the 
method of Chance (’54) using a Cary 14 
recording spectrophotometer, maintained 
at 25°C. 

The final reaction vol- 
ume was 1.0 ml and included 0.2-0.4 ml 
buffer (either Tris, Tris-histidine, or Tris- 
acetate). The pH and total amount of buffer 
used are given in the individual experi- 
ments. The substrate as well as activator 
and inhibitor materials were incubated to- 
gether and brought to 37°C before the 
reaction was initiated by the addition of 
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Fig. 1 Reduced-oxidized difference spectrum 

of microsomes from rabbit gastric mucosa. Cu- 
vettes, with a 1 cm light path, contained 0.45 mg 
microsomal protein and 10 mM of TriS-Poo buffer 
at pH 7.4 in a total volume of 1 ml. A base line 
spectral scan was first performed. Reduced pyri- 
dine dinucleotide (0.025 ml of 10-l M NADH) 
was then added to one sample and the spectral 
differences recorded. Subsequent additions of EUC- 
cinate (0.01 ml of 1M) or Na&O4 produced no 
changes in the difference spectrum. The line 
plotted above represents the difference spectrum 
for gastric mucosal microsomes with NADH plus 
succinate, corrected for minor deviations of the 
base line. 
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0.1 ml of light microsomal suspension. In 
some experiments, the light microsomes 
were pre-incubated with the reaction me- 
dium and enzymic reaction was started by 
the addition of substrate. 

To measure the rate of inorganic phos- 
phate production, the reaction was stopped 
with 1.0 ml of cold 15% TCA. Inorganic 
phosphate was determined by the method 
of Fiske and Subbarrow (’25). 

When p - n i t r o p h e n y l p h o s p h a t a s e  
(PNPPase) activity was to be determined, 
the reaction was stopped with 1.5 ml of 
0.5 N NaOH and, after removal of the pre- 
cipitate by centrifugation, p-nitrophenol 
was directly read in a spectrophotometer 
at 410 mu. Either the Na salt (Sigma 
Chemical Co.) or the Tris salt (courtesy 
of Calbiochem) of p-nitrophenylphosphate 
(PNPP) was used. 

The protein content of the microsomes 
was determined according to the biuret 
method of Gornall, Bardawell and David 
(’49). 

RESULTS 
Identification of light microsomal frac- 

tion. When the gastric microsomal prep- 
arations were not purified by density gradi- 
ent centrifugation, various components of 
the respiratory chain (cytochromes c ,  b, a, 
and a,) could be detected and were prob- 
ably due to a mitochondria1 contamination. 
In the purified microsomes shown in figure 
1, mitochondrial-linked cytochromes were 
not observed, but the addition of NADH 
produced large absorption peaks at 428 
and 556 mv. These maxima correspond to 
reduced cytochrome bs, a “cytoplasmic” 
cytochrome found in many other tis- 
sues (see discussion by Strittmatter, ’61). 
Quantitative estimation of cytochrome bs, 
using an  extinction coefficient of 18/(cm 
X mM) between the peak of 556 mp and 
background at 540 mu (calculated from 
data of Strittmatter and Velick, ’56), was 
0.49 pmoles b5/gm microsomal protein. 
Based on a molecular weight of 17,000 
given by Strittmatter (’61), we have esti- 

Fig. 2 Electron micrographs of light microsomes negatively stained with phosphotungstic acid. 
( A )  Microsomes from rabbit gastric mucosa x 32,000; ( B )  microsomes from bullfrog gastric mucosa 
x 32,000. 
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mated that about 1% of the total protein 
of our purified microsomal fraction is cyto- 
chrome b,. 

Electron micrographs of rabbit and bull- 
frog light microsomal preparations are 
shown in figure 2 where relatively homo- 
geneous populations of tubular membra- 
nous structures, many of which form 
donut-like shapes, may be seen. There, 
tubular structures are similar in their mor- 
phology and dimensions to the tubular ele- 
ments of the smooth-surfaced endoplasmic 
reticulum seen in intact oxyntic cells 
(Sedar and Forte, '64). The average di- 
ameter of the isolated tubules after nega- 
tive staining was 320 A (range 190-420 A) 
for rabbit microsomes and 430A (range 
250-560 A) for the frog preparations. 

Hydrolysis of various phosphate esters. 
The rate of hydrolysis of various phosphate 
compounds by the microsomal prepara- 
tions is shown in table 1. Of those tested, 
ATP was the most rapidly hydrolized sub- 
strate. Hydrolysis of glucose-6-phosphate, 
B'AMP, SAMP and 0-phosphoryl serine 
was either not measurable or occurred at 
very slow rates. Also shown in table 1, is 
the influence of K+ on the rates of hydrol- 
ysis of these phosphate compounds. The 

TABLE 1 

Hydrolysis of various phosphate compounds 
by gastric microsomes 

Substrate OmMK+ l m M K +  10mMK+ 

Rabbit gastric microsomes 
ATP 56.6 59.5 
ADP 26.7 30.2 
5'AMF' 0.3 0.3 
2AMP 0 0 
PNPP 2.6 13.0 
Glucose-6- 

0-phosphoryl 
phosphate 0.01 0.01 

serine 0 0 

Bullfrog gastric microsomes 
ATP 17.4 - 
ADP 3.1 - 
5'AMF' 1.0 - 
O'AMP 0.6 - 
PNPP 3.0 4.7 
Glucose-6- 

phosphate 0.6 - 

61.3 
32.9 

0.3 
0 

26.8 

0.01 

0 

19.7 
4.0 
1.1 
0.6 
8.3 

0.6 

All values are given as #moles Pi/mg protein/hr. 
Reaction vessels contained a final volume of 1.0 ml 
and in addition to the indicated K+ concentration 
inc1;ded the phosphate substrate ( 5  x 10-3 M).  Tris: 
histidine buffer (3 x 1O-zM) adjusted to pH 7.5; 
MgClp ( 5  x 10-3.M); 0.049 mp of microsomal protein 
for rabblt experiments; and 0.055 mg of microsomal 
protein for frog experiments. 

K+-stimulation was rather small for the 
hydrolysis of ATP and ADP, but was con- 
sistently observed with concentrations of 
K' up to 10 mM. In both rabbit and frog 
preparations, K' was much more effective 
as an activator of PNPP hydrolysis than 
for any of the other substrates. 

General characteristics of the K+-stimu- 
lated p-nitrophenylphosphatase actiuity of 
gastric micrcsomes. The PNPPase activity 
at various concentrations of H+ is shown 
in figure 3a for rabbit microsomes and 
figure 3b for frog microsomes. There is a 
rather broad pH optimum for K+-stimu- 
lated activity between pH 6.5 and 7.5 in 
both preparations. The magnitude of stim- 
ulation by K' is diminished at lower pH. 
Below pH 5.0, K+-stimulation is absent 
from both rabbit and frog gastric micro- 
somes. 

Both Mg+ + and K+ are required for opti- 
mal PNPPase activity. The effect of vari- 
ous concentrations of Mg++ and Ca++ are 
shown in figure 4 for rabbit gastric micro- 
somes. Experimental results for frog micro- 
somes were qualitatively similar. Calcium 
did not substitute as an activator and, in 
fact, this divalent ion inhibited the Mg++,  
K+-stimulated phosphatase. Of the various 
monovalent cations tested, K +  was the 
most effective activator with Rb+, NHa+ 
and Cs+ following in that order (fig. 5) .  
Neither Na' nor Li+ induced a significant 
stimulation of enzymic activity. 

The K+-stimulated PNPPase activity of 
gastric microsomes was not affected by 
concentrations of ouabain between 
and mM. This latter result is in con- 
trast to the ouabain sensitivity of the K+- 
stimulated phosphatase activity measured 
in kidney and brain microsomes (Ahmed 
and Judah, '64; Albers et al., '65), but it 
is consistent with the observation that the 
gastric microsomal ATPase was not inhib- 
ited by ouabain (Kasbekar and Durbin, 
'65). 

From table 2 it can be seen that the 
addition of KSCN, in place of KC1, to the 
microsomal preparations caused only small 
changes in the rate of PNPP hydrolysis. 
Although the enzyme activity was slightly 
reduced by SCN-, the inhibition is not 
nearly as great as that observed for the 
gastric microsomal ATPase (Kasbekar and 
Durbin, '65). 
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0 0.5 1 .O 1.5 2 .o 2.5 
RATIO Me++: PNPP 

Fig. 4 Effect of divalent metal ions (Me++) on the activation of rabbit gastric micro- 
somal PNPPase. A, Mg++ varied at a constant 25 mM K+; ., Mg++ varied at a constant 
25 mM K+ plus 3.2 mM Ca++; 0, Mg++ varied with 0 K+; A, Ca++ varied at a constant 25 
mM K+; 0, Ca++ varied with 0 K+. In addition to the cations, the reaction vessels included 
Ms-acetate buffer (3 X lo-* M) adjusted to pH 7.0; 6.4 X 10-8 M disodium PNPP; 0.035 
mg microsomd protein; final volume, 1.0 ml. 

-I 
0 20 

0 
0 10 20 30 40 50 

mM CATION 
Fig. 5 Activation of gastric microsomal PNPPase by various cations. Reaction vessels included in 

a h a l  volume of 1.0 ml: 3 x 10-3 M Tris-histidine buffer (pH 7.5); 5 X M PNPP (Tris salt); 
5 x 10-8 M MgClz; and 0.023 mg microsomal protein. The effects of adding Na+ or Li+ were virtu- 
ally indistinguishable and thus they are indicated by the same curve. 
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We have previously shown that the in- 
tegrity of microsomal phospholipids is 
essential for optimal function of the gas- 
t i c  ATPase (Forte et al., ’66). When rab- 
bit gastic microsomes were treated with 
phospholipase C for three hours and then 
centrifuged and washed twice to remove 
the soluble phospholipase (which is also 
a potent phosphatase), the K+-stimulated 
PNPPase activity was virtually eliminated 
(table 3). These results suggest that the 
phosphatase enzymic unit is lipoprotein 
in nature, as we have proposed for the 
ATPase. 

TABLE 2 

rabbit and bullfrog gastric microsomes 
Effect of SCN- on the hydrolysis of P N P P  by  

O m M  0.5mM 1 . O m M  l O m M  25mM 

Rabbit 
KCl 2.8 5.5 7.6 19.7 22.3 
KSCN 2.8 5.1 6.9 17.2 19.7 

Bullfrog 
KCI 2.7 3.3 4.2 8.3 
KSCN 2.7 3.0 4.0 8.1 

Values are given as m l e s  PNP/mg protein/hom. 

TABLE 3 
Effect of phospholipase C on rabbit gastric 

microsomal PNPPase  activity 

Phospholipase 
C-treated Control 

0 KC1 4.9 3.1 

10 mM KCI 30.7 3.5 

Values are given as moles PNP/mg proteinlhour. 
For the treatment with phospholipase,. rabblt mcrc- 
somal prep (1 ml contarnlng 2 m g  rmcrosomal pro- 
tein) was incubated with 1 mg hospholi ase C 
1 ole CaCll and 0.2 ml of 0.1 d T r i s  b d e r  (PH‘ 
7 . e  Phospholi ase C was omitted from the control 
microsomes. &er three hours Incubation at 25%. 
both preparations were centrifuged (115,000 x g X 
hour). the ellets were washed and then resuspended 
in 2 &I dSE and recentrifu ed. The pellets were 
final1 resuspended in 1 ml dSE to be used in the 
PNP%ase assay. 

The effect of phosphate compounds on 
PNPPase. Several phosphate compounds 
inhibit the PNPPase activity of rabbit gas- 
tric microsomes as shown in figure 6. Both 
ATP and ADP were effective as inhibitors 
of PNPPase, whereas 2’AMP or 5’AMP 
were rather ineffective in reducing en- 
zymic activity. Glucose-6-phosphate and 
inorganic phosphate (Pi) also caused a 
considerable decrease in the rate of hy- 

I I I I I 
0.5 i .o i .5 2.0 2.5 

Concentration of Phosphate ( x I O - ~ M )  
Fig. 6 Effect of various phosphate compounds on the PNPPsse activity of rabbit gastric 

mucosal microeomes. ATP, 0; ADP, 0; inorganic phosphate, A; glucose-&phosphate, A; 
2’AMp, 0; 5’AMP, .. 
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1 
S - (mM-'1 

Fig. 7 Double reciprocal plot for the rate of PNPP hydrolysis in a K+-free system with 
various concentrations of ATP: Control, 0;  4 X lod5 M ATP, 0; 2 X M ATP, A; 9 X 
10-4 M ATP, 0. The calculated KI for ATP assuming a competitive type inhibition was 2.5 
x 10-4  M. 

-!- ( m M I-' 
S 

Fig. 8 Double reciprocal plot of the K+-activated PNPP hydrolysis (25 mM KC1) with 
various concentrations of ATP: Control, 0; 4 X M ATP, 0; 2 x lo-' M ATP, A; 9 x 
1 0 - 4  M ATP, n. The calculated EG for ATP assuming a non-competitive inhibition was 
4 x 1 0 - 4  M. 
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drolysis of PNPP by gastric microsomes. 
Because Pi, a product of PNPP hydrolysis, 
is inhibitory, we were careful to insure 
that its concentration did not exceed 7.5 X 

The kinetics of inhibition by ATP with 
and without added K+ were measured and 
evaluated graphically in figure 7 and fig- 
ure 8 by the method of Lineweaver and 
Burke. In the absence of K+, ATP is a com- 
petitive substrate as indicated by the com- 
mon intercept on the l/v axis (fig. 7). 
However, at 25 mM K+, there is a marked 
change in the relationship, and ATP be- 
haves now as a noncompetitive substrate 

Kinetics of K +  activation of the gastric 
microsomal PNPPase. From the plot of 
l /v vs. l/[PNPP] shown in figure 9, it 
is obvious that the V,, is considerably 
greater in the microsomal preparations in- 
cubated with 25 mM K+ than in the ab- 
sence of K+; however, the apparent K, is 
also higher in the presence of K+ ( K m  = 

M in the kinetic experiments. 

(fig. 8 ) .  

t L c 
\ 4.00 
c 

g 
m 
E \ 0.75 

5 X M with 25 mM K+; K, = 8 X 
M with no K + ) .  The apparent asso- 

ciation constant (16) of the metal acti- 
vator may be determined from figure 9 
where the reciprocal of the K+-stimulated 
rate is also plotted against l / [K+] at a 
constant PNF'P concentration. Both the K m  

for PNPP and the apparent 16 for K+ are 
equivalent over this concentration range. 
These results suggest that the true or ac- 
tive substrate in the PNPP determinations 
is, in fact, K+-PNPP (see discussion in 
Dixon and Webb, '64, pp. 432-436). That 
K+ can bind with phosphate compounds 
was shown by the results of Smith and 
Alberty ('56), who have measured appar- 
ent stability constants for K+ complexes 
of ATP, ADP and inorganic phosphate of 
11.5, 5.5 and 3.1 respectively (all as M-l). 
Using a K+ electrode (Cation sensitive 
electrode, Beckman Instrument Co.) ,  we 
measured the activity of K+ in the presence 
of increasing concentrations of PNPP. At 
24°C and ionic strength between 0.126 

Fig. 9 Double reciprocal plot of PNPP hydrolysis as a function of concentration of PNPP in a 
K+-free system, A;  and with 25 mM K+,  0. Also shown is the double reciprocal plot of PNPP hy- 
drolysis as a function of concentration of KCI, 0. The apparent K, for PNPP at a constant 25 mM 
K+ and the apparent K. for K+ at a constant 5 mM PNPP were both about 5 X 1 0 - 8  M. The esti- 
mated K, for the K+-free preparation was about 2 x 10-a  M. 
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and 0.246, the stability constant for the 
K+-PNPP complex is 9.8 M-'. These results 
were consistent with the kinetic data pre- 
sented in figure 9 and support the inter- 
pretation that the K+ complex is the active 
form of the substrate for the microsomal 
phosphatases 

DISCUSSION 
The microtubular structures (light mi- 

crosomes) harvested from homogenates of 
rabbit and bullfrog gastric mucosa show 
morphological features similar to the abun- 
dant smooth-surfaced endoplasmic reticu- 
lum seen in intact oxyntic cells. We have 
measured a mean diameter of 450A 
(range 380-550) for the tubules within 
bullfrog oxyntic cells, both from our own 
unpublished micrographs and from those 
produced by Sedar and Forte ('64), which 
agrees well with the values obtained for 
the isolated frog microsomes. The implica- 
tion that the smooth-surfaced endoplasmic 
reticulum, and hence the gastric micro- 
somes, are involved in the process of hy- 
drochloric acid secretion has come pri- 
marily from ultrastructural evidence. Sedar 
('61) and Sedar and Forte ('62) used his- 
tamine to stimulate frog oxyntic cells and 
observed an apparent decrease of the tubu- 
lar elements of the smooth-surfaced endo- 
plasmic reticulum. There was a concomi- 
tant elaboration or proliferation of the 
apical secretory surface of the same cells, 
presumably occurring at the expense of 
the cytoplasmic membranes. Similar re- 
sults were obtained by Ito ('61) for bat 
parietal cells. In both rat and bullfrog 
gastric mucosa, inhibition of acid secretion 
by cyanide, anoxia, or thiocyanate caused 
a decrease in the size and number of mi- 
crovilli at the apical surface of the oxyntic 
cell (Sedar and Forte, '63; Vial and Orrego, 
'63; Sedar, '65). These ultrastructural ob- 
servations have been interpreted by Forte 
('66) and Sedar ('65) as evidence for a 
turnover of the smooth-surfaced cytoplas- 
mic membranes with the apical membrane, 
the turnover rate being dependent upon 
the state of secretory or metabolic activity 
of the gastric mucosa. It is tempting to 
correlate changes in fine structures with 
the process of HC1 secretion and with, at 
least some of, the chemical or enzymic 

reactions Occurring in the isolated micro- 
somes. 

The rate of gastric H+ secretion has 
been directly correlated with the cellular 
concentration of ATP (Forte et al., '65). 
This and other evidence, such as that ob- 
tained by the use of inhibitors of oxidative 
phosphorylation (2,4 dinitrophenol) , has 
been used to construct model systems em- 
ploying the direct participation of phos- 
phorylated intermediates in the mecha- 
nism of H+ secretion (Davies and Ogston, 
'50; Davies, '60). 

The demonstration of a potent ATPase 
in gastric microsomes by Kasbekar and 
Durbin ('65) indicates that these mem- 
branous structures, which appear to be 
derived from the smooth-surfaced endo- 
plasmic reticulum, have the enzymic ca- 
pacity to catalyze reactions involving ATP 
hydrolysis. That the gastric microsomal 
ATPase may be related to the process of 
HCl secretion was suggested principally by 
the observations of SCN- inhibition and 
HCOa- stimulation of enzymic activity 
(Kasbekar and Durbin, '65). It should be 
pointed out that ATPase from sources 
other than gastric microsomes are also in- 
hibited by SCN- (Forte et al., '65; Sachs 
et al., '65) and stimulated by HC03- 
(Racker, '62). Thus, the correlative argu- 
ment based on inhibitor and activator 
specscities, such as has been advanced 
for ouabain inhibition of the Na+, K+- 
stimulated ATPase, is somewhat weakened 
in the case of the gastric preparations. 

The K+-stimulated phosphatase of gas- 
tric microsomes is of special interest since 
it is well established that K+ is an essen- 
tial requirement for gastric HCl secretion 
(Gray and Adkison, '41; Davenport, '63). 
A detailed study showing the K+ require- 
ment for H+ secretion in the intact gastric 
mucosa was recently provided by Davis et 
al. ('65). In K+-free media, these authors 
found that the rate of H' secretion fell to 
zero and both the transmucosal electrical 
potential and the mucosal conductance de- 
creased. These effects were reversed by 
the addition of K+ to the bathing solutions. 
We have recently conducted experiments 
with intact bullfrog gastric mucosa to test 
the effects of adding back other cations 
instead of K+ (J. G. Forte, unpublished). 
Rb+ was virtually indistinguishable from 
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K+ in restoring electrical and secretory 
characteristics of the preparation. The re- 
storative effects of Cs+ were somewhat 
slower than those of K+ or Rb+, and about 
twice as much Cs+ ( 8  mM) was required 
to eventually bring H+ secretion to within 
85% of its original rate. NH4+ did not re- 
establish H+ secretion with concentration 
up to 20 mM but this cation was partially 
effective in restoring the potential differ- 
ence and mucosal conductance of the K+- 
depleted mucosa toward normal. We have 
also confirmed the findings of LeFevre et 
al. ('64) that the measured H+ secretion 
rate decreases when NH4+ is added to the 
gastric mucosa normally secreting in the 
presence of K+. These results regarding 
the effects of cations on gastric H+ secre- 
tion may be compared with the cation- 
stimulated phosphatase activity shown in 
figure 3. K+, Rb+ and Cs+ activate the mi- 
crosomal phosphatase activity and also 
substitute to promote optimal secretory 
activity of the intact gastric mucosa. Al- 
though NH,+ is effective in the activation 
of the microsomal phosphatase, this cation 
acts as an inhibitor of gastric H+ secretion. 
One possibility to explain the latter inhib- 
itory effect is that NH4+ may neutralize 
the effective separation of H+ and OH- 
ions at the transport site if it has direct 
accessibility to that site, i.e. 

HzO + H+ 4 OH- 
NH4+ + OH- + NHa + HzO 
NHs + H+ + N%+ 

Another possibility is that NH4+ may op- 
erate to inhibit another enzyme step in the 
overall transfer of phosphate bond energy 
since Sachs et al. ('65) have shown that 
this cation is as effective as SCN- in re- 
ducing frog gastric microsomal ATPase 
activity. 

Certainly, PNPP is not the normal phy- 
siological substrate for the gastric micro- 
somal phosphatase, but it does serve as a 
useful model compound for studies of the 
general characterisitcs and kinetics of the 
enzymic reaction. The inhibitory action of 
phospholipase C on the microsomal en- 
zyme activity is a direct indication that 
membrane integrity is related to biochem- 
ical function. The finding that the ATPase 
of the microsomes is not as sensitive to K' 
activation as is the PNPPase may be re- 
lated to small changes in the solid state 

configuration of the enzyme encountered 
during the isolation procedures. 

The precise role of a K+-activated phos- 
phatase in a reaction sequence which 
would provide gastric H+ is, at present, 
purely speculative. It is possible that phos- 
phorylation reactions at the microtubular 
membrane surfaces within acid secreting 
cells might operate to create a local H+ 
potential which is essential for the trans- 
location of protons associated with acid 
secretion. A model system might be de- 
vised where K+ serves not only as an en- 
zyme activator, but also as the locally 
exchangeable cation in the secretion of 
HC1. The low pH of the secretory solution 
could be accomplished either by the depo- 
sition of H+ at that site as a result of the 
phosphate transfer reaction or via the up- 
take of OH- from the secretory solution. 
This mechanism is similar to the asym- 
metric ATPase proposed by Mitchell ('61) 
to account for ion translocation (H+)  at 
the mitochondrial membrane. 
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