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Summary. This study concerns the properties of rapid K + and 
CI transport pathways that are present in the (H + + K+) - 
ATPase membrane from stimulated, and secreting, gastric ox- 
yntic cells. Ion permeabilities in the isolated stimulation-associ- 
ated vesicles were monitored via the rates of H + effiux under 
conditions of exclusive H+/K + counterflux or H + CI co-ef- 
flux, as well as by comparison of equilibration rates for X"Rb and 
~CI under conditions of equilibrium exchange and unidirectional 
salt flux. These latter studies suggest that Rb + and CI pathways 
are conductive and independent. In spite of the functional inde- 
pendence of the ion pathways, several divalent cations inhibit 
Rb + and C1 isotopic exchange as well as the H + efflux that is 
dependent on either K + or anion (CI , SCN , NO2 ) fluxes. Zn 2+ 
is the more potent inhibitor, reducing by 50% the sensitive com- 
ponent of K +, CI , and NO~ fluxes at about 20/xM; Mn 2+ has a 
similar effect at 200/zM. Ni 2+ and Co z+ were roughly equipotent 
to Mn 2+ while Mg 2+ and Ca 2+ had no inhibitory effect. These 
results suggest that the stimulation-induced permeabilities, while 
functioning independently, may be physically linked, i.e., resid- 
ing within a single entity. In similar studies carried out in (H + + 
K+)-ATPase vesicles obtained from nonstimulated cells, no ves- 
tiges of sensitivity to the inhibitory divalent cations could be 
detected. The implications of these findings for the physiology of 
the oxyntic cell in the context of a model for membrane fusion 
are discussed. 
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Introduction 

Gastric HC1 is generated at the luminal surface of 
the oxyntic cell (Bradford & Davies, 1950; Dibona, 
Ito, Berglindh & Sachs, 1979). Large morphological 
changes are observed at the apical aspect of this cell 
during transitions between secretory and nonsecre- 
tory state (Ito & Schofield, 1974). It has been pro- 
posed that these changes are the result of massive 
fusion of intracellular tubular- and vesicular-shaped 
membranes with a permanent apical membrane of 

the resting cell during stimulation, and tubulovesi- 
cle recycling from the expanded apical membrane 
of secreting cells during return to the resting state 
(Forte, Machen & Forte, 1977). 

Studies with isolated membrane fractions have 
proven to be an invaluable tool to elucidate molecu- 
lar aspects of the secretory process. An electroneu- 
tral (H + + K+)-ATPase, identified in the micro- 
somal fraction of several species, has been widely 
accepted as the protonmotive source of HC1 secre- 
tion (Sachs et al., 1976; Forte & Lee, 1977). More 
recently, we have demonstrated that the changes in 
cell secretory state are reflected in changes in the 
structural and functional properties of the ATPase 
membrane and have defined two inside-out (H + + 
K+)-ATPase-rich membrane types, the gastric mi- 
crosomes derived from the tubulovesicles of resting 
cell, and the stimulation-associated (s.a.) vesicles 
derived from the expanded apical membrane of the 
secreting cell (Wolosin & Forte, 1981a). Compara- 
tive studies of acid accumulation and ion transport 
in both vesicular types demonstrate that cell stimu- 
lation triggers rapid K + and C1- permeability path- 
ways in the (H + + K+)-ATPase membrane (Wolosin 
& Forte, 1981b, 1984). Similar K + and C1- perme- 
ability increases have been reported in a variety of 
cells in response to hypotonic solutions generating 
volume regulatory decrease by KC1 loss (Grinstein, 
Clarke, Rothstein & Gelfand, 1983; Hoffman, Si- 
monsen & Lambert, 1984). In the oxyntic cell the 
permeability increase is directed to allow efficient 
HC1 generation by combined KC1 leak followed by 
ATPase driven H + for K + exchange. We report now 
the effect of divalent cations on the ion permeabili- 
ties in s.a. vesicles and gastric microsomes. Impli- 
cations for the relationships between the ionic path- 
ways and transport regulation in the oxyntic cell are 
discussed. 
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Fig. 1. Features  of  isotopic flux in s.a. vesicles. (A): ENux  of 
86Rb and 36C1 under  condit ions of equilibrium exchange  and uni- 
directional flux. Concent ra ted  vesicle suspens ions  were pre- 
equilibrated as described in Materials and Methods with a solu- 
tion containing 75 mN RbCI double labeled with 86Rb and 36C1. 
Isotopic efflux was started by dilution with 19 volumes of  unla- 
beled solution: for equilibrium exchange  of Rb (O) and CI (�9 
the diluting solution contained 75 mM RbCI; for unidirectional 
efflux o f R b  (A) and CI (~),  the RbCI in the diluting solution was 
replaced by 150 mM sucrose.  The bars represent  variance for 
duplicate exper iments .  (B): 36C1 efflux in the absence of  K +. Ves- 
icles were pre-equilibrated in a solution containing 75 mM cho- 
line C1 labeled with 3~C1. Effiux under  equilibrium exchange was 
measured  after dilution in unlabeled with choline CI solution (�9 
For unidirectional 36C1 efflux (V), 150 mM sucrose replaced cho- 
line C1 in the diluting solution. (C): 86Rb efflux in the absence  of 
C1. For  86Rb exchange  efflux, vesicles pre-equilibrated in ~6Rb 
methane  sulfate were diluted in unlabeled solution with (In) or 
without (0 )  50 ]~M vanadate.  For  unidirectional efflux (T), 150 
mM sucrose  replaced Rb methane  sulfonate in the diluting solu- 
tion. Resul ts  are presented  as the fraction of exchangeable 
counts  remaining in the vesicles at a given time after the start of  
isotopic efflux. C= was determined at t = 120 rain 

withdrawn at intervals and placed on the center  of  Gelman GN-6 
(0.45 /xm) filters. An Amicon multifilter manifold was used in 
these exper iments .  The filters, kept under  constant  vacuum (70 
mmHg),  were pre-wetted with washing solution (150 mm su- 
crose,  3 mM MgSO4, and 75 mM of the corresponding salt used in 
each exper iment  but with K -  replacing Rb-).  Within 1 sec, two 
success ive  10-ml applications of ice-cold washing solution were 
made. The flux time (t) was taken as the time elapsed from the 
dilution until the initial application of  the washing solution. The 
filters were maintained under  vacuum for l rain and then were 
placed on t issue paper. After  air-drying for 2 hr, the filters were 
t ransferred to scintillation vials and the radioactivity was 
counted on a Packard 4000 Scintillation counter  in t0 ml of  Hy- 
drofluor (National Diagnostic,  N J). The energy windows of chan- 
nel A and B were set between 730 keV and infinity. Channel  A 
gain was set at 2%. At this gain, no 3~C1 counts  could be detected,  
allowing exclusive measu remen t  of  ~6Rb. The gain in channel B 
was set at 20%. At this gain, the efficiency for ~6Rb was 3.8-fold 
greater  than in channel  A. Therefore,  the ~6C1 counts  were ob- 
tained by subtract ing 3.8-fold the channel  A counts  for the total 
counts  in channel  B. The use of  a sixfold larger dosage of 3~C1 
over  S6Rb ensured that the correction for ~6Rb counts  in channel 
B amoun ted  to less than 20% of the total counts  in the channel.  
The trapped counts  at t = 0 (C,,) were determined by extrapola- 
tion to zero time of the counts  for a sample diluted with 3 mm 
Mn 2+. To verify the validity of  this determinat ion of C,,, dilutions 
were also carried in the same solution, but  at 0~ and the extrap- 
olations in both cases  were determined.  Unless  otherwise indi- 
cated, the counts  at infinite t ime (C,) were determined at t = 70 
rain. Resul ts  are presented as (C,  - C~)/(Co - C~), where C, are 
the counts  retained in the filter for the aliquot processed at time t. 
The trapped volume was calculated as (Co - C~) / (Cr  x mg), 
where Cr represents  the total counts  in the aliquot and mg repre- 
sents mg protein/ml of  the concentra ted  sample.  

Materials and Methods 
l-I t E F F L U X  S T U D I E S  

(H + + K+)-ATPAsE-RlcH VESICLES 

Stimulat ion-associated vesicles and gastric microsomes  were 
prepared from st imulated or resting gastric mucosae ,  respec- 
tively, as descr ibed elsewhere (Wolosin & Forte,  1981b). Oua- 
bain-insensit ive K+-pNPPase  (p-ni t rophenylphosphatase)  activi- 
ties were 26 -+ 4 ~ e q / m g .  hr  for 4 of  the s.a. vesicle preparations 
used and 37 / , eq /mg  - hr  for the gastric microsomal  preparations 
shown.  

RAD1OISOTOPIC E F F L U X  S T U D I E S  

Concentra ted ,  freshly prepared vesicle suspens ions  ( - 5  mg pro- 
tein/ml) were incubated overnight  at 0~ in 150 mM sucrose,  5 
mM N-Tris [hydroxymethyl]  amino methane-N-tr is [hydroxy-  
methyl] methyl-2-amino-methane sulfonate (Tris-TES), 0.02 mm 
ethylenedinitri lotetraacetic acid (EDTA),  1 mM mercapto-  
ethanol,  and 75 mM of  either RbCI, choline C1, Rb methane  sulfo- 
nate, or  NaCl,  pH 7.25. After  addition of radioisotopes (36C], 
86Rb, 22Na) and further  incubation for 2 hr, the suspens ions  were 
diluted under  vigorous mixing with 18-19 volumes of the desired 
efflux solution at room tempera ture  (23-25~ For equilibrium 
exchange  exper iments  unlabeled solution identical to the incuba- 
tion solution was used.  For  unidirectional fluxes, the 75 mM, salt 
was replaced by 150 mM sucrose.  Aliquots (100-150 /~1) were 

Because  of the diversity of  methods  employed,  the specific pro- 
tocols are described in the legends to the figures. The common  
rationale in all these studies is given in the following. Large H-  
gradients in gastric vesicles are generated via the (H + + K+) - 
ATPase  pump by incubation in various ATP-containing media; 
ATP is then rapidly consumed  by a g lucose-hexokinase  trap, 
eliminating H+-uptake activity and allowing the s tudy of H +- 
efflux rates (Wolosin & Forte,  1984). Since charge compensat ion 
requires that H-  efflux be matched by concomitant  anion co- 
efflux or cation counterf lux,  manipulat ion of the ionic environ- 
ment  allows the use  of  H" efflux rates to moni tor  cation and 
anion conductances .  H + translocat ion (i.e., k p H  formation-dissi-  
pation) is followed by the changes  in f luorescence of  the mo- 
noamine  dye acridine orange.  In the absence  of  a rapidly perme- 
ating anion, the ,~pH dissipation represents  K-  influx and is 
referred to as H+/K + counterflow. In the presence of high in- 
travesicular  CI-,  and at very low external  concentrat ion of  per- 
meant  cation, the k p H  dissipation represents  C1--efflux and is 
referred to as H + - CI- co-efflux. A third k p H  dissipation test  is 
based on the ability of  anions such as SCN-  to combine  with H + 
to form the highly permeable  undissociated acid (Gutknecht  & 
Walter, 1981). The rate of  H -  loss reflects then the rate at which 
the anion can enter  the  vesicle (Wolosin & Forte,  1984). All H + 
efflux exper iments  were carried out  at 37~ 

Radioisotopes were purchased  from New England Nuclear.  
Methane  sulfonate salts were prepared by titration of  methane-  
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sulfonic acid with KOH, RbOH, or N-methylglucamine base i.o 
(NMG). NMG-CI was prepared by titration of the base with HCI. 
Nigericin, valinomycin, and hexokinase (Type 300) were from ~o8 
Sigma. Tetrachlorosalicylanilide (TCS) and acridine orange were i 0.8 
from Eastman Kodak. All chemicals used were of highest purity ~o ~ 
available. Protein was determined according to Bradford (1976) \ 
using Cohn fraction II immunoglobulin (Sigma, St. Louis) as ~8 0.6 
standard. K+-p-nitrophenylphosphatase (pNPPase) was deter- 
mined as described by Culp, Wolosin, Soil, and Forte (1983). c~ 0.4 

e. 
~ 0 . 2  Results 

RADIOISOTOPIC FLUX STUDIES 

Although the following experiments were carried 
out with Rb + instead of K +, we have established in 
comparative experiments of H + uptake the similar- 
ity of both cations in the s.a. vesicles. 

Kinetic features of the 86Rb and 36C1 efflux from 
s.a. vesicles under unidirectional and equilibrium 
exchange conditions are depicted in Fig. 1. Rb + ex- 
change was consistently three times faster than CI 
exchange, even though variations in the actual rates 
of efflux among various preparations of membranes 
were noted. The time for half equilibration (tl/2) of 
86Rb ranged between less than 0.1 rain (our time 
resolution limit) and 0.45 min, and between 0.25 and 
1.35 min for 36C1. The mean and standard deviations 
for the tl/2 values (n = 8) were 0.25 -+ 0.14 min for 
86Rb and 0.78 _+ 0.38 for 36C1. Unidirectional efflux 
of both Rb + and C1- proceeded at a pace similar to 
CI exchange (Fig. IA). An equivalent result has 
been reported earlier for influx of KC1 and C1 ex- 
change in experiments using K36Cl (Wolosin & 
Forte, 1983). Replacement of either C1 by methane 
sulfonate (Fig. 1B) or Rb by choline (Fig. 1C) re- 
duced the unidirectional efflux of 36C1 or 86Rb, re- 
spectively, but there was no pronounced effect on 
the rates of exchange of the ions. Thus by kinetic 
criteria, the K + and C1- pathways could be consid- 
ered independent of each other (Hopfer & Liedtke, 
1981) and in view of the similarity between ex- 
change and unidirectional fluxes, the majority if not 
all of the exchange fluxes are due to conductive 
pathways. The main membrane component in s.a. 
vesicles is the (H + + K+)-ATPase. Since the func- 
tionally related (Na + + K+)-ATPase has been 
shown to promote a Rb + exchange sensitive to 
vanadate (Beauge, Cavieres, Glynn & Grantham, 
1980), and this compound is a potent inhibitor of 
both ATPases (Faller, Rabon & Sachs, 1983), we 
tested the effect of vanadate on exchange fluxes. 
Inclusion of 50/~M vanadate failed to produce any 
visible change in 86Rb efflux (Fig. 1C). At equilib- 
rium, mean and standard deviation for apparent 
trapped volumes were 1.98 -+ 0.56 and 1.53 + 0.47 
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Fig. 2. Comparative exchange of 86Rb and 22Na. Identical 
batches of membranes were incubated overnight in solutions 
containing either 75 mM NaC1 or 75 mM RbCI. 86Rb or 23Na was 
added as appropriate and after 2 hr incubation, the samples were 
diluted in the corresponding unlabeled Rb + or Na § solutions 

when calculated from 86Rb or 36C1, respectively. 
The higher trapped volume derived from 86Rb data 
probably reflects the existence of negative binding 
sites within the vesicles. These sites will act as cat- 
ion exchangers, increasing the total concentration 
of trapped Rb. The specificity of the Rb pathway 
was tested by comparison of Rb and Na exchange 
fluxes (Fig. 2). The rate of exchange of Na was 
approximately 15-fold slower than that of Rb. 

In most cases~ the time course for isotopic 
efflux could not be characterized by a single rate 
constant, suggesting heterogeneity of the vesicular 
population. It is likely that the observed kinetic 
heterogeneity arises from the variation in size of the 
s.a. vesicle population and their complex morphol- 
ogy (Woloson & Forte, 1981a). This heterogeneity 
is exemplified in Fig. 3 which depicts the vesicular 
size distribution derived from freeze fracture rep- 
licas of a typical preparation. Vesicular diameters 
range from 0.04 to 1.0 ~zm with an average size of 
0.29/~m (n = 276). For comparative purposes, the 
equivalent size distribution of a typical microsomal 
fraction from resting parietal cells has also been in- 
cluded in Fig. 2. The microsomes range in size be- 
tween 0.02 and less than 0.2/~m, with an average 
diameter of 0.098/.~m (n -- 90). It should be noted 
that in spite of the difference in size distribution, the 
(H + + K+)-ATPase activity of both vesicular prepa- 
rations are similar. The reasons for the difference in 
size and morphology between both (H § + K+)- 
ATPase-rich vesicular types are beyond the scope 
of this article. It has been suggested that the differ- 
ences result from the membrane fusion process and 
interactions of (H + + K+)-ATPase membrane with 
microfilaments during stimulation of the oxyntic 
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Fig, 3, Histogram for vesicular size distribution of (H + + K-)- 
ATPase-rich vesicles. The outer diameters were measured from 
micrographs of freeze-fracture replicas of gastric microsomes 
and s.a. vesicles. The figure depicts the percent of vesicles 
within certain size limits. Total vesicles measured was 90 for 
gastric microsomes and 276 for s.a. vesicles 

Table. The effect of divalent cations on the relative rates of ~6Rb 
and 36C1 effluxes under equilibrium exchange conditions 

M 2+ cation t~/2/t~/2 

Rb C1 
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Fig. 4. Effect of Mn 2~ on the efflux of 86Rb and 36C1 under equi- 
librium exchange conditions. Experimental procedure was as de- 
scribed in Materials and Methods and Fig. 1A. Control condi- 
tions are shown for 86Rb (0) and 36C1 (�9 effiux. The vertical bars 
represent the variance between efflux experiments with the same 
pre-equilibrated vesicular preparation. Addition of 2 mM Mn 2" 
greatly slows the efflux of both Rb (&) and CI (A). Also shown 
are the results in the presence of 2 mM Mn 2+ and 2.5/XM nigericin 
for Rb ( I )  and CI (ElL All lines are drawn by eye 

Mg (1 raM) 1.0 1.0 
Ca (0.5 raM) 1.0 1.1 
Ba (0.5 raM) 2.0 1.0 

(1.0 mM) 2.4 0.9 
(3.0 raM) 3.6 1.0 

Mn (0.5 mM) 2.8 2.8 
Co (0.5 mM) 2.6 2.4 
Ni (0.5 mM) 3.0 2.6 
Zn (0.1 raM) 3.9 3.4 

Aliquots of concentrated vesicle suspension pre-equilibrated 
with double labeled RbCI solution as described in Materials and 
Methods were incubated for 30 sec with the indicated concentra- 
tions of cations and diluted with 19 volumes of unlabeled RbCI 
solution complemented with the same divalent cation. The time 
course of isotopic efflux was followed by aliquot filtration. Ex- 
perimental times for half equilibration (h/z)  were derived from 
plots of trapped radioactivity as a function of time and are pre- 
sented as the ratio between the tt/2 with divalent cations and the 
control (t~;2) without them. 

cell (Wolosin & Forte, 1981a). Because of the rela- 
tionship between the apparent rate constant for 
equilibration and the volume to area ratios, the wide 
range in s.a. vesicles is likely to generate a hetero- 
geneity in the kinetics of isotopic fluxes. The obser- 
vation that the kinetic patterns were preserved fol- 
lowing inhibition with Mn 2+ and reactivation with 

nigericin (e.g., s e e  Fig. 4) is also consistent with the 
hypothesis of physical (size), rather than chemical, 
heterogeneity. 

Divalent cations affected Rb ~ and C1- fluxes. 
Figure 4 depicts the changes in efflux rates under 
equilibrium exchange conditions when Mn 2+ or 
Mn 2+ plus nigericin were included in the dilution 
medium. Both exchange rates were inhibited by 
Mn 2+. Introduction of nigericin restored Mn2+-in - 
hibited Rb + fluxes towards control values while the 
C1- fluxes remained unchanged. 

Studies were also carried out with other diva- 
lent cations. Comparative results are summarized in 
the Table. The rapidity of the exchange, particu- 
larly in the case of Rb, precluded the use of initial 
rates as a viable kinetic parameter; therefore, the 
relative time for half equilibration (tl/2 experimental/ 
tl/2 control) was used for quantification. Mg 2+ and 
Ca 2+ did not significantly alter the control rates of 
exchange for either C1 or Rb. Ba 2+, at mM concen- 
trations, inhibited exclusively the Rb + exchange 
without affecting the C1- fluxes. Zn 2+, Mn 2+, Co 2+, 
and Ni 2+ inhibited both fluxes. Zn 2+ was the more 
powerful inhibitor, while the three transition metals 
were roughly equipotent. 

Since both anion and cation fluxes were inhib- 
ited by several divalent cations, concentration de- 
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Fig. 5. The  rate o f  exchange  of  86Rb and 36C1 as a funct ion of the 
concentra t ion o f  Mn a+. The  indicated Mn 2+ concentrat ion was 
added to aliquots of  the concentra ted  vesicle suspens ions  that 
had been pre-equilibrated with double labeled RbCI. Fifteen sec- 
onds later the exchange  efflux was started by diluting in unla- 
beled incubation medium complemented  with the indicated con- 
centrat ion of  Mn > .  Relative rate of  efflux was taken as the 
exper imental  it/2 divided by the tm in the absence  of Mn 2. for 
both 86Rb (@) and 36C1 (O). The  vertical lines represent  variance 
for two exper iments  with different membrane  preparations 

pendence studies were carried out in order to assess 
the concurrence of both effects. Figure 5 depicts the 
effect of Mn 2+ on the relative tv2 values for Rb and 
Cl. Because tl/2 is proportional to 1/k, where k is the 
rate constant of exchange, the plot is analogous to a 
1/v vs. inhibitor (/) concentration, i.e., a Dixon plot. 
It is clear that the action of Mn 2+ on both permeabil- 
ities in the 0 to 1 mM range complies with the equa- 
tion tl/2 = t~)/2/(l + [Mn2+]/Kt), where t~)/2 is the half- 
time for equilibration in the absence of divalent 
cation and KI is the constant of inhibition equal to 
250/,M. Above 1 mM Mn 2+, the extent of inhibition 
tended to saturate, i.e., Mn>-insensitive compo- 
nents of CI and Rb exchange existed. In the pres- 
ence of 3 mM Mn 2+, the isotopic exchange rate 
ranged from 8-17% of the control rates in various 
experiments. 

Figure 6 depicts, in a different format, the con- 
current inhibitory effect of Z n  2+ o n  Rb + and C1- 
exchange fluxes. A K, between 20 and 30 >M for the 
main component of the ion flux can be inferred. 
These experiments with low Zn > were carried out 
in the presence of 1 m M  M g  2+. Exclusion of M g  2+ 

from the assay medium resulted in an apparent in- 
crease in the / ( i  for Zn 2+. A likely reason for this 
potentiating effect of M g  2+ o n  Zn>-inhibition may 
be found in the characteristics of divalent ion bind- 
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Fig. 6. The effect of  Zn 2+ on the relative rate of  exchange.  The 
relative exchange  efflux was calculated as the t~j2 of  control di- 
vided by tl/2 in the presence of  Zn > .  Experimental  details are as 
in Fig. 5, but 1 mM Mg 2+ was included along with the various 
concentra t ions  of  Zn > .  The relative exchange  fluxes for Rb + are 
given by full symbols  and for C1- by open symbols .  The different 
symbols  represent  various vesicular  preparat ions 

ing to nonspecific membrane sites. When Zn 2+ is the 
only divalent ion, the actual free concentration of 
Z n  2+ decreases. The nonspecific binding is likely to 
be reduced when Mg 2+ is included as a screening 
agent. Thus, an accurate determination of K~ for 
Zn > will require the development of a Z n  2+ buf- 
fering system to insure levels of free cation, insensi- 
tive to changes in the concentration of membrane 
binding sites or competing divalent cations. 

Concentrations ofZn > above 0.3 mm had, under 
certain experimental conditions, a complex effect 
on the exchange fluxes. (These experiments were 
prompted by observation of the effect of Zn > on 
H+/K + counterflux to be described in the following 
section.) When concentrated vesicle suspensions, 
preloaded with 86Rb and 36Cl, were pre-incubated 
for several minutes in, or above, 0.4 mM Z n  2+ prior 
to dilution with the isotope-free solution, high inhi- 
bition of CI exchange flux was observed. Rubidium 
exchange was only partially affected. We also 
noted, both by visual observation and by following 
the turbidity of membrane suspensions in the spec- 
trophotometer, that at and above 0.4 mM, Z n  2+ in- 
duced a vesicle aggregation which was not readily 
reversible. There was no measurable effect on 
trapped volume of the preparations. The aggrega- 
tion phenomena was not observed with the other 
cations in the concentration ranges studied here. It 
is possible that strong binding of Z n  2+ to membrane 
sites induces a re-organization as a result of which 
the previous action of low Zn 2+ concentrations is 
modified and the inhibition of the Rb pathway is 
relieved while the inhibition of the C1 pathway re- 
mains unchanged or increases. 
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Fig. 7. Effect of  Mn 2+ and Zn > on H-  efflux under  conditions of H*/K-  counterflux. St imulat ion-associated vesicles (60/xg) were 
added to H + uptake medium consist ing of 1.2 ml of  100 mM K methane  sulfonate, 100 mM sucrose,  10 mM glucose,  4 mm Tris-TES,  2 
/XM acridine orange,  1 mM MgSO4, and ATP (0.4 mM ATP in the Mn > exper iments  or 0.1 mM ATP in the Zn 2+ exper iments) .  The 
development  of  H + gradient  was followed by the quenching of acridine orange fluorescence.  After significant gradients  developed,  H-  
pumping was arrested by addition of 30/xg hexokinase  (hex) to consume all A T E  and the rate of  k p H  dissipation was followed. (A): 
Effects of  Mn > and valinomycin.  The control rate of  H" efflux thai occurs  in exchange fur incoming K-  is not modified by lhe 
inclusion of val inomycin (-+ val). Addition of Mn 2- slows the rate of  kpH dissipation. The inhibition is much  smaller  when the K+ 
ionophore val inomycin is present .  Inset: The dependence  of the rate of H* efflux on the concentrat ion of Mn-'*. The results represent  
the change in rate of  f luorescence recovery when the control rate (slope) is taken as 100%. (B): Effects of  Zn 2+ . Addition of Zn > at 0.3 
mM produced a reduction in the rate of  H + efflux similar to that seen with 3 mM Mn 2+. Higher concentra t ions  of  Zn 2+, however ,  
restored rates of  H + efflux toward control, Full gradient dissipation was rapidly elicited in all cases  by addition of 10/xM nigericin (n/g) 

ApH DISSIPATION BY H + - K"  COUNTERFLOW 

Figure 7A depicts the pattern of ~pH formation in 
K-methane sulfonate as well as patterns for dissipa- 
tion following the consumption of ATP by hexo- 
kinase. It can be seen that: (i) the H ~ uptake and 
dissipation rates were not altered by valinomycin; 
(ii) addition Mn 2+ had an inhibitory effect on the 
dissipation rate; (iii) valinomycin reversed the inhi- 
bition, demonstrating that the effects of Mn 2+ are at 
least in part due to inhibition of K+ permeability; 
(iv) in contrast  to Mn 2+, neither Mg 2+ nor Ca 2+ al- 
tered the dissipation rate. Co 2+ and Ni 2+ produced 
an inhibition very similar to Mn 2+. A quantitative 
comparison has not been made because these two 
cations tended to quench the fluorescent signal 
(e.g., 20% quenching for 3 mM Co2+). The depen- 
dence of the rate of dissipation on the total concen- 
tration of  free Mn 2+ is presented in the inset. The 
dissipation rate decreased with the increase in Mn 2+ 
concentration. More than 1 mM Mn 2+ was neces- 
sary to achieve a 50% decrease in dissipation rate. 

A similar study was carried out for Zn 2+ (Fig. 
7B). At 300 /.LM, this cation produced a slightly 
stronger inhibition of 2~pH dissipation than 3 mM 
Mn 2+. But when the concentrat ion of Zn 2+ was 
raised, the inhibitory effect was gradually elimi- 
nated. Since we had observed precipitation by Zn 2+ 
with the more concentrated solutions used in ra- 
dioisotopic studies, we monitored the turbidity of 
the suspensions under the conditions of the experi- 
ment. No turbidity changes were detected in this 
case, due probably to the very low amount of pro- 
tein used and/or the higher temperature.  

ApH DISSIPATION BY H ~ - CI Co-EFFLUX 

Figure 8 depicts the dissipation patterns observed 
from vesicles in which the ATP-generated pH gradi- 
ent was first formed in 30 mM KC1 and then diluted 
21-fold with KCl-free solutions. In the absence of 
divalent cations, the leak of HCI proceeded rapidly. 
We have previously demonstrated that this leak is 
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Fig. 8. Effect of  Mn 2* and Zn > on H + efflux under  conditions of  
H + - C1 co-efflux. St imulat ion-associated vesicles (60/xg) were 
incubated in a total volume of 0.06 ml containing 30 mM KCI, 250 
mM sucrose,  10 mM glucose,  50 mM Tris-TES, 4 mM MgATP,  0.2 
mM EDTA,  pH 7.25. After  3 min, 30/xg (2 >1) hexokinase  was 
added. Twenty  seconds  later the samples  were diluted with 1.2 
ml of  330 mM sucrose  complemented  with divalent cations as 
indicated (arrow at 21 • dil). Full and rapid f luorescence recov- 
ery was elicited in all cases  by addition of  0.02% Triton X-100 
(det) 

primarily due to the Cl-gradient driven H + efflux 
through independent ionic pathways (Wolosin & 
Forte, 1984). Introduction of certain divalent cat- 
ions had pronounced effects on the rates of ApH 
dissipation. For Zn 2+, 300/xM produced a large re- 
duction in H + efflux. As the concentration of Zn 2+ 
was raised, no further inhibition of the dissipation 
was observed. For Mn 2+, the inhibition increased 
as the cation concentration was raised. Ni 2+, at 2 
mM, had an effect similar to Mn 2+. Neither Ca 2+ nor 
Mg 2+ (3 mM each) altered the dissipation rates from 
control. 

If the concentration of C1- in the K+-free dilut- 
ing solution is raised, the rate of 2xpH dissipation 
decreases in a manner that can be simulated by as- 
suming that the efflux of H + is a function of the 
membrane potential (0m) and that the latter depends 
only on the transmembrane [C1-] gradient, i.e., 
PcI[CI-]i > PH[H+]o and Pcl[C1-]o > Pn[H+]i even 
when [Cl-]o is very small (Wolosin & Forte, 1984). 
For this report, the inhibition of HC1 efflux by 3 mM 
Mn 2+ at various concentrations of external C1 was 
studied. The results are depicted in Fig. 9. Manga- 
nese has a very small effect on the rate of H + dissi- 
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Fig. 9. Inhibition of H + - Cl-  co-efflux by Mn 2+ as a function of  
extravesicular  CI. Concent ra ted  s.a. vesicles were incubated as 
described in Fig. 8 to produce an ATP-genera ted  ApH and after 3 
rain, ATP was eliminated by adding hexokinase.  Twenty  seconds  
later, the samples  were diluted with 1.2 ml of  a solution com- 
posed of  100 mM sucrose  and mixtures  of  100 mM N-methylglu-  
camine methanesu l fona te  and 100 mM N-methylg lucamine  CI to 
attain the specified C1 concentrat ions .  Efflux rates were deter- 
mined from the rate (slope) of  f luorescence recovery at the same 
level of  f luorescence (40% of max imum)  and are plotted as rela- 
tive to the rate in the  presence  of 100 mM C1- without Mn 2+, 
which is taken arbitrarily as 1.0. Resul ts  are shown for control 
(0 )  and when  3 mM Mn > (�9 was included in the diluting solu- 
tion 

pation for [C1-]o = 100 raM. As the concentration of 
Cl was decreased, and the rate of dissipation of the 
control increased, the inhibitory effect of Mn 2+ be- 
came more pronounced and the dependence on 
[Cl-]o was almost eliminated. These results are con- 
sistent with the notion that the inhibition of dissipa- 
tion by Mn 2+ is due to a change in Pc1 and not PH so 
that at the low C1 range, the criterion that Pc~[C1-]o 
> PH[H+]; no longer holds. Similar attenuation of 
the dependence of [C1-]o was attained in our pre- 
vious work (Wolosin & Forte, 1984) by increasing 
PH with a H + ionophore. 

NO2 AND S C N - - I N D U C E D  ApH DISSIPATION 

SCN- and NO2 inhibit acid secretion in whole gas- 
tric mucosa. Studies in black lipid membranes 
(Gutknecht & Walter, 1981) and isolated gastric 
vesicles (Reenstra & Forte, 1982; Wolosin & Forte, 
1983) have demonstrated that the action of SCN- is 
due to its capacity to penetrate through the s.a. 
membrane and combine with H + forming the highly 
permeable acid, which is then able to leave the vesi- 
cle as a highly membrane-permeable species. Thus 
the increase in pH dissipation induced by SCN- 
reflects its rate of vesicular penetration, i.e., J~ISCN 
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Fig. 10. Increase in ApH dissipation by NO2 and SCN-, and effects of divalent cations. Stimulation-associated vesicles (60/xg) were 
added to 1.2 ml containing 50 mM K2SO4, 10 mM C1, 150 mM sucrose, 10 mM glucose, 4 mM, Tris-TES, 0.4 mM MgSO4, 0.4 mM ATP, 2 
/XM acridine orange, pH 7.25. The development and dissipation of H + gradients were followed by the quenching of acridine orange 
fluorescence. H* uptake was arrested by consumption of ATP with 30/xg hexokinase (hex). (A): H + gradient formation and the effect of 
NO2 and SCN- on the ApH dissipation. Note the change in chart speed used to measure ApH dissipation rates. ApH dissipation was 
increased by addition of 2 mM NaNO2 or NaSCN. (B): Effects of divalent cations on NO2-induced ApH dissipation rates. Prior to 
addition of 2 mM NO2, 1 mM of various divalent cations were added (M:+). In all cases, full fluorescence recovery could rapidly be 
elicited with 10/ZM nigericin (nig). However, Co 2~ caused quenching of the fluorescence of free acridine orange 

= J~CN, where J~scN represents the SCN--induced 
proton efflux and ~CN the net influx of SCN-. This 
latter influx could be compensated by entry of ex- 
travesicular K + or exit of intravesicular anion. In 
the past, we conducted studies only with SCN- in 
the presence of H + pumping (Wolosin & Forte, 
1983). For the present report, control studies were 
conducted to determine the similarity of action of 
SCN- and NOr after H + pumping activity was ar- 
rested. The H + uptake media selected for these ex- 
periments, K2SO4-KC1 favors SCN or NOf entry 
by providing an outwardly direct CI- gradient and 
an inwardly directed K + gradient after the forma- 
tion of the ApH. Figure 10 shows that both anions 
had similar effects on the rate of ApH dissipation. 
For large H + gradients NO2 was twice as powerful 
as SCN ; SCN became even less effective as the 
zXpH decreased. This is an expected result: SCN is 
a much stronger acid than NO2 and therefore is less 
effective in transporting H + as the internal pH ap- 
proaches neutrality. For NO~, the rate of dissipa- 
tion increased linearly up to about 8 mM, suggesting 
that in this concentration range, the introduction of 

the anion did not modify the driving forces (mem- 
brane potential, ionic gradients) acting on its rate of 
transport. 

The effect of divalent cations on the NO2 in- 
duced dissipation rate is shown in Fig. 10B. Zn 2+, 
Mn 2+, Ni z+, and Co 2+ inhibit the NO2-induced dis- 
sipation of 2~pH while Mg z+ and Ca 2+ have no ef- 
fect. For Mn 2+ and Zn z+, a concentration depen- 
dence was performed. In these experiments, ATP 
was reduced to 0.2 mM to decrease sequestration of 
the divalent cations. The results are presented in 
Fig. 11 where the free concentrations of divalent 
cations were calculated taking into account cation 
complexation by SO]-. The concentration for 50% 
inhibition (I50) of the NO2-induced dissipation oc- 
curred at approximately 10 /XM for Zn 2+, and 100 
/xM for Mn 2+. Studies performed with SCN- yielded 
similar results. However, a fraction of the SCN-- 
induced ApH dissipation increase was resistant to 
inhibition, a result which can possibly be attributed 
to the existence of a significant, lipophilic pathway 
for penetration of this hydrophobic anion (Berry & 
Hinkle, 1983). 
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Fig. 11. The dependence of NO2-induced ~pH dissipation on 
the concentrat ion of divalent cations. H + uptake proceeded in 
K2SO4-KCI medium as described for Fig. 10, but the concentra-  
tion of ATP was decreased to 0.2 mM. After consumpt ion  of ATP 
by hexokinase, Mn -'+ or Zn -'+, followed by 2 mM NaNO~, were 
added. The NO_,-induced dissipation represents the difference 
between the rate of f luorescence recovery before and after addi- 
tion of N O , .  Results  are presented as percent of the difference 
from the control. The free concentrat ions  o f Z n  :+ and Mn-'- (calc 
M -'+) were calculated from the total concentrat ion of Mn > and 
Zn -'+, the concentrat ion of free S()~ , and stability cons tants  for 
MnSO4 and ZnSO4 equal to 200 (Dawson,  Elliot, Elliot & Jones,  
1969). Free concentrat ion of SO4 was calculated from the total 
concentrat ion of K + and SO] , and a stability constant  for KSO4 
equal to 9.4 derived from colligative properties of K,SO 4 solu- 
tion 

T E S T  FOR N O N S P E C I F I C  C H A N G E S  

IN M E M B R A N E  PROPERTIES  

Binding of divalent cations to membrane surfaces 
could affect transport phenomena by mechanisms 
other than specific inhibition. Inhibition may result 
from changes in surface charge (Bernardt, Donath 
& Glaser, 1984) or in the fluidity of the membrane 
core (Housley & Stanley, 1982). Two tests yielding 
information about membrane fluidity were per- 
formed. The effect of 3 mM Mn 2+ on ApH dissipa- 
tion by nigericin under the conditions of H + - K + 
counterflow was investigated using two concentra- 
tions of the K+/H + exchange ionophore, 0.5 and 5 
/ZM. For a small carrier molecule, to the extent that 
carrier diffusion depends on viscosity, a change in 
membrane fluidity will change transport capacity as 
demonstrated by Stark, Benz, Pohi and Janko 
(1972). The nigericin-induced rates of ApH dissipa- 
tion were not affected by Mn 2+. A second test was 
made using 12 doxyl stearic acid as an electron 
paramagnetic probe for changes in membrane fluid- 
ity (Tourtellotte, Branton & Keith, 1970). The EPR 
spectra from control membrane samples in the RbC1 
solution were compared against experimental sam- 
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Fig. 12. S6Rb and ~CI efflux from gastric microsomes  under equi- 
librium exchange conditions. Gastric microsomes  (8 mg/ml) in 
3(10 mM were mixed with an equal volume of 150 mM RbCI, 8 mM 
Tris-TES, pH 7.25, containing both a6Rb and 36C1. To follow the 
uptake of isotopes, small aliquots were filtered at appropriate 
intervals.  The t~/2 of RbCI equilibration exceeded 10 min and 
complete  equilibration required 4 hr at 23~ After equilibration 
was established,  I mM MgSO4 was added and the incubation 
batch was split into three fractions. One fraction was comple-  
mented  with vanadate  (100/3~M} and another  with Zn 2+ (200/xM). 
Two minutes  later, isotopic efflux was initiated by the addition of  
19 volumes  of  150 mM sucrose,  75 mM RbCI, 4 mM Tris-TES, I 
mM MgSO4, and,  where appropriate, complemented  with 100/xM 
vanadate or 200 //,M Zn 2+. 8~Rb efflux is shown for control (O), 
Zn -'+ (I,), and vanadate  (IlL 3r efflux is shown for control (�9 
Zn :+ (A), and vanadate ([Z). K*-st imulated pNPPase  activity 
was measured  separately by adding the microsomes  to the dilut- 
ing solutions complemented  with 5 mM pNPP.  With Zn -~+ the 
pNPPase  activity amounted  to 28% of control; with vanadate ,  
pNPPase  activity was not detectable 

pies complemented with 2 mM of either Ca > ,  Co 2+, 
Ni 2§ or Zn 2+. The width of signal from the mem- 
brane-dissolved probe was not modified by any of 
the divalent cations, suggesting that the cations 
have no effect on membrane fluidity. Changes in 
surface charge are an unlikely source of inhibition 
for transport of both positive and negative ions. 

C O M P A R A T I V E  S T U D I E S  

ON G A S T R I C  M I C R O S O M A L  VESICLES 

The classical microsomes associated with nonse- 
creting tissue have low K § and C1- permeabilities 
and thus are unable to accumulate acid efficiently 
(Rabon, Takeguchi & Sachs, 1980; Wolosin & 
Forte, 1984). It is not known if the permeabilities 
present reflect nonspecific leak pathways or a low 
activity of the pathways expressed in the s.a. vesi- 
cles. Therefore, the effect of divalent cations on 
these pathways was studied as a means to discrimi- 
nate between the two possibilities. Both radioiso- 
topes and the 2~pH dissipation approach were used. 
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Fig. 13. Effect of Zn "+ on H t CI co-efflux in microsomes. 20 
vl (120/~g) of microsomes were pre-incubated for2 hr in 200 m M 
KCI, and then added to 1.2 ml of 400 mM sucrose, 4 mM Tris- 
TES, 0.4 mM MgS(L, 0.4 mM NaATP, 2 /zM acridine orange. 
Rapid fluorescence quenching results from ATP-driven H+/K + 
exchange. When intravesicular K ~ is depleted, lhe gradient dissi- 
pates. Dissipation is increased by addition of 2 p~M of the H" 
ionophore tetrachlorosalicylanitide (T(TS) shown by dashed 
lines. Addition of I mM Zn -'+ does not modify eilher the sponla- 
neous or TCS-induced H t - CI co-effiux 

Figure 12 depicts the time course of 36C1 and 
86Rb isotopic efflux in gastric microsomes under 
equilibrium exchange conditions. Though not 
shown, the 86Rb and 36C1 influx rates were also mea- 
sured. The following observations were made: (i) as 
reported in the past, the influx of  Rb and CI is slow, 
with a q/2 of between 10 and 20 rain; (it) in spite of 
its slow unidirectional influx, 86Rb efflux under equi- 
librium exchange was fast (@2 ~ 0.5 rain); (iii) 36Cl 
efflux under equilibrium exchange conditions was 
much slower than 86Rb, but still significantly faster 
than the C1 influx; (iv) both Rb + and C1- fluxes in 
either unidirectional or exchange conditions were 
not affected by Zn 2+ or VO43-; (v) both Zn 2+ and 
vanadate inhibited enzymatic activity. 

The effect of Zn 2§ on unidirectional C1 efflux 
was also studied under H + and C1- co-efflux condi- 
tions (Fig. 13). An HCI gradient was induced by 
suspending KCI equilibrated microsomes in sucrose 
complemented with MgATP. Following utilization 
of all available trapped K + by the pump, the formed 
ApH gradually dissipated by the co-efflux of H + and 
CI-. Unlike the case of  s.a. vesicles, the divalent 
cations did not inhibit the ApH dissipation in the 
microsomal vesicles. 

Discussion 

Rb AND C] PATHWAYS iN S.A. VESICLP-S 

The rates o fRb  + and CI fluxes in s.a. vesicles were 
studied radioisotopically. Under equilibrium ex- 
change conditions, the Rb flux is threefold faster 
than CI. Replacement of Rb or CI by impermeant 
ions does not modify the rates of ion exchange, indi- 
cating the independence of cation and anion path- 
ways. Efflux of RbCl proceeded at a rate similar to 
the rate of CI equilibrium exchange. In view of the 
lack of  interaction between anion and cation trans- 
port, the similarity between unidirectional and ex- 
change fluxes implies that the Rb ~ and Cl path- 
ways are either completely, or at least pre- 
dominantly, conductive. 

The use of  divalent cations provided an inter- 
esting insight into the relationships between these 
stimulation-associated pathways. Ba 2+, as typical 
for this cation, inhibited the Rb exchange without 
effect on Cl fluxes, consistent with the functional 
independence of both ion pathways. The Ba > effect 
on other K + channels has been attributed to a com- 
petitive interaction with the K + binding site due to 
the similarity in the ionic radius of both cations (La- 
torre & Miller, 1983). Mn 2+ and other transition 
metals, as well as Zn 2+, were found to have a con- 
current inhibitory effect on both Rb + and anion 
transport.  This was a surprising finding in view of 
the functional independence of these pathways. 

The effect of divalent cations on ApH dissipa- 
tion was also studied. The main purpose of such 
experiments was to establish the extent of correla- 
tion between the permeabilities studied radioisoto- 
pically and the conduct ive pathways observed in 
the s.a. vesicles derived from the oxyntic cell apical 
membrane.  Ionic conditions were widely different 
in both cases (temperature,  H + gradients, ionic gra- 
dients). Nevertheless,  a nonequivocal correlation 
was established: Zn 2+, Mn 2+, Co 2+ , and Ni 2+ inhib- 
ited all dissipation processes that were dependent 
on either K + influx or Cl- efflux, and the relative 
inhibitory potency of  Zn z+ and Mn 2+ was the same 
as that found in the experiments with radioisotopes. 
In addition, reversal of  inhibition of  Rb flux by high 
Zn 2+ concentrat ions was also observed.  Recovery 
of ApH dissipation by valinomycin in H + - K + 
counterflow, and the modification by Mn 2+ of  the 
dependence of H + efflux on extravesicular C1- in 
H + - C1- co-efflux, demonstrate  that the inhibitory 
effect of  the divalent cations is primarily due to 
their effect on K + and CI- permeabilities rather than 
to inhibition of  H + permeability. Small effects of the 
divalent cations on H + permeability, though, could 
not be completely ruled out. The percent  inhibition 
of ApH dissipation under conditions of H + - K-  
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counterflow and H + - CI co-efflux for a given Mn 2§ 
concentration was much smaller than the percent 
inhibition of Rb + and CI isotopic flux. The contra- 
diction between these results is only apparent. 
Given the nature of the Goldman-Hodgkin-Katz re- 
lationships for membrane potentials and ionic fluxes 
(J), a 10-fold decrease in permeability (P~ or Pc0 is 
not expected to result in an equivalent decrease in 
H + efflux. In fact, unless all ion concentrations and 
permeabilities are known, it is impossible to predict 
the extent of change in H + efflux. 

Divalent cations also inhibited NO2 and SCN- 
flux, demonstrating that transport of these fre- 
quently used inhibitors of gastric secretion occurs 
by the same pathway as CI-. The inhibition of NO2- 
induced dissipation was characterized by KI values 
somewhat lower than the values observed in the 
isotopic flux experiments. Conceivably, the diva- 
lent cations could inhibit NO~ influx, not only 
through their effect on anion permeability to which 
the anion influx is linearly related, but by decreasing 
PK, Pc1 and thus decreasing the driving force for 
NO2 influx. In any event, the similarity of/s values 
for isotopic exchange fluxes and NOz-induced dis- 
sipation suggest that intravesicular acidification has 
no significant effect on binding of divalent cations. 

The concurrence of anion and cation transport 
inhibition by divalent cations invites two alternative 
explanations. It is possible that the Rb and C1 path- 
ways are physically separated. In such a case, the 
reversal of inhibition by high [Zn 2+] could be ex- 
plained by any mechanism localized to the Rb path- 
way. However, such a hypothesis requires the coin- 
cidental concurrence of inhibition of both pathways 
by four different divalent cations. In this context, it 
could be speculated that the concurrent inhibition of 
K(Rb) and C1 fluxes is due to effects on membrane 
properties rather than to specific binding to inhibi- 
tory sites on the transport entities. Our attempts 
failed to produce any indication favoring these pos- 
sibilities. Thus, binding to specific site(s) is the 
more likely reason for the observed inhibition. We 
would suggest then that in spite of their functional 
independence, the Rb and C1 pathways are housed 
within a single domain or protein. Binding of diva- 
lent cation to an allosteric site might affect the con- 
formation of this protein in a way that turns off 
transport (e.g., in the case of fluctuating channels, 
the binding of divalent cation might alter the open- 
close fluctuation, displacing them toward the closed 
position). 

Rb AND CI PATHWAYS IN MICROSOMES 

The findings reported here for rabbit microsomes 
are consistent with those reported earlier for micro- 

somes from hog (Schackmann, Schwartz, Sacco- 
mani & Sachs, 1977). While RbCI influx is a slow 
process, Rb exchange is very fast. From the @2 of 
10-20 min for Rb influx and 0.5 min for exchange, a 
20- to 40-fold difference is revealed. Since C1 ex- 
change also proceeds faster than RbC1 influx, it is 
evident that at least one of the exchange processes 
represents obligatory exchange. We have shown re- 
cently that K + conductive permeability in the mi- 
crosomes is extremely low and, in fact, almost in- 
distinguishable from Li + conductance (Wolosin & 
Forte, 198); thus, the Rb + exchange must represent 
an electroneutral process. 

In stark contras~ to the results in s.a. vesicles, 
the exchange and unidirectional ion fluxes as well as 
H + and C1 co-efflux in gastric microsomes were 
completely unaffected by Zn 2+ ; thus, we could con- 
clude that no vestiges of the divalent ion-sensitive 
permeabilities found in the stimulation-associated 
membranes are detectable in the microsomes. On 
the other hand, comparison of the tl/2 for Rb ex- 
change in both vesicular types brings up the follow- 
ing question: Is the fast Zn2+-insensitive Rb + ex- 
change of gastric microsomes absent or reduced in 
the s.a. vesicles? In order to address this question, 
it must be recalled that equilibration times are di- 
rectly proportional to the volume/area vesicular ra- 
tio, i.e., to vesicular radius. Since s.a. vesicles are 
several-fold larger than the microsomes, the @2's 
for the Zn2+-insensifive Rb and CI exchange will be 
proportionally longer. Thus, in the s.a. vesicles, 
these processes could contribute to the observed 
Zn 2+ and Mn2+-insensitive components, which are a 
fraction of the sensitive component. 

IMPLICATIONS FOR THE PHYSIOLOGY 

OF THE OXYNT1C CELL 

The use of divalent cations as inhibitors of transport 
suggests a physical link between functionally inde- 
pendent K + and Cl- permeabilities expressed by the 
s.a. vesicles and establishes that these permeability 
pathways are completely absent in the microsomes. 
Within the framework of the morphological changes 
in the oxyntic cell and the fusion recycling model 
(Forte et al., 1977), two mechanisms, at least, can 
be conceived to explain the appearance of the ionic 
conductances in the (H § + K+)-ATPase membrane. 
It is possible to position the conductive pathways in 
the permanent apical membrane of the nonsecreting 
cell which has been shown to be distinct from the 
tubulovesicular membrane (Black, Forte & Forte, 
1981; Smolka, Helander & Sachs, 1983), implying 
then that confluence with the (H + + K+)-ATPase 
membrane is the result of fusion of the tubulovesi- 
cles with that membrane. In their simplest interpre- 



272 J.M. Wolosin and John G. Forte: Ion Permeability and Divalent Cations 

tation, our results with the divalent cations favor 
that possibility. In the nonsecretory state, in order 
to avoid loss of KC1 from the cell, the KC1 path- 
ways will have to be repressed. Alternatively, the 
ionic pathways could be positioned in the tubulove- 
sicles in permanent confluence with the (H + + K+) - 
ATPase. In that case, in the light of the result with 
microsomes, an extrinsic mechanism for conduc- 
tance repression in the non-secreting state will have 
to be postulated. Further biochemical studies, in 
particular the isolation of the apical membrane of 
the resting cell will serve to clarify this interesting 
cellular phenomenon. 
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