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A monoclonal  antibody against pig gastric H+/K+-ATPase ,  which 
binds to the cytosolic E 1 • K ÷ form 
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Monoclonal antibodies were raised against a purified membrane fraction from hog gastric mucosa containing 
H + / K  +-ATPase. The properties of one of these monoclonal antibodies (5B6) were further evaluated. On immunoblot 
it recognized the 95 kDa peptide of the H+/K+-ATPase-rich membrane fraction. The K+-ATPase activity was 
inhibited by 65% under standard assay conditions (pH 7.0). At pH 6.0 and 8.0 this enzyme activity was inhibited by 40% 
and 100%, respectively. The maximal inhibition in inside-out vesicles was also 65% at pH 7.0. The inhibition was 
uncompetitive with respect to K ÷ and noncompetitive with respect to ATP. Mg2+-ATPase activity and K+-dependent 
p-nitrophenylphosphatase activity were not influenced. The monoclonal antibody lowered the steady-state phosphoryla- 
tion level at pH 6.0, 7.0 and 8.0 by 30%, 40% and 60% respectively. The rate of the K +-stimulated dephosphorylation 
step was not inhibited. These findings demonstrate that 5-B6 recognizes the E a ° K + dephosphoenzyme at the cytosolic 
side. 

Introduction 

The H+/K+-ATPase  of the gastric mucosa catalyzes 
the exchange of H ÷ and K ÷ upon hydrolysis of ATP 
which results in a pH difference of more than 6 between 
the cytoplasm and gastric lumen [1,2]. The catalytic 
subunit of this membrane-bound enzyme is related to a 
number of other cation transport ATPases, including 
the Na+/K+-ATPase  and the Ca2+-ATPase [3,4]. These 
enzymes belong to the class of P-type ATPases as they 
all have a stable phosphoenzyme intermediate in the 
enzyme cycle [5,6]. Recently the amino acid sequences 
of the catalytic subunits of rat and hog gastric H + / K  +- 
ATPase have been deduced from the nucleotide se- 
quence of their cDNA [3,7] and the molecular weight of 
the protein was calculated to be 114000 in either case. 

Abbreviations: H+/K+-ATPase (EC 3.6.1.36), magnesium-dependent 
hydrogen ion transporting and potassium-stimulated adenosine tri- 
phosphatase; K+-ATPase, K+-dependent adenosine triphosphatase; 
Mg2+-ATPase, Mg2+-dependent adenosine triphosphatase; ELISA, 
enzyme-linked immunosorbent assay; PBS, phosphate-buffered saline; 
Tween 20, polyoxyethylene sorbitan monolaurate. 

Correspondence: J.J.H.H.M. de Pont, Department of Biochemistry, 
University of Nijmegen, P.O. Box 9101, 6500 HB Nijmegen, The 
Netherlands. 

There is a 60% homology between the primary se- 
quences of the catalytic subunits of H+/K+-ATPase  
and Na+/K+-ATPase  [3]. Hydropathy analysis revealed 
that the H+/K+-ATPase  subunit probably has eight 
transmembrane domains as is the case for N a + / K  +- 
ATPase and Ca2+-ATPase [3]. Besides these structural 
similarities, the H+/K+-ATPase  also has many func- 
tional aspects in common with other P-type ATPases. 
Phosphorylation is on an aspartate residue [4] and hy- 
drolysis of ATP is inhibited by vanadate [8]. The ex- 
istence of two conformational states, E a and E 2 which 
have reciprocal affinities for H ÷ and K + at cytosolic 
and luminal side, respectively, has been proved by 
limited proteolytic digestion [9] and by fluorescent 
probes [10,11]. Cycling of the enzyme between these two 
conformational states, during ATP hydrolysis, gives rise 
to the translocation of H + to the lumen and of K ÷ to 
the cytosol. 

So far relatively little is known about the structure of 
the enzyme. It is not known, for example, which part of 
the enzyme is localized at the luminal and which at the 
cytosolic side; which amino acids contribute to the 
binding sites for ions and inhibitors as omeprazole [12] 
and SCH 28080 [13]. 

Monoclonal antibodies against the H+/K÷-ATPase  
could be used as probes to investigate the structure and 
function of the enzyme. They could clarify whether the 
gastric enzyme is an oligomer of identical or nonidenti- 
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cal 114 kDa subunits [14] and whether it has any 
immunological similarity to the Na+/K+-ATPase [15]. 

Monoclonal antibodies against the subunit of the pig 
gastric H÷/K+-ATPase are already available [16-18]. 
These monoclonal antibodies have been used for histo- 
logical studies on H+/K÷-ATPase [16] and to suggest 
that the C1- channel is part of the function of H + / K  +- 
ATPase [18]. 

In order to get more information about structure and 
function of H÷/K+-ATPase we prepared monoclonal 
antibodies against the enzyme. In this paper we describe 
the characteristics of one of these monoclonal antibod- 
ies which inhibits the gastric H+/K÷-ATPase. 

Materials and Methods 

Preparation of gastric H +/K +-A TPase 
Isolation of the H +/K+-ATPase has been carried out 

according to the procedure previously reported by 
Skrabanja et al. [19] with some modifications. Stomachs 
of freshly slaughtered pigs were transported to the 
laboratory on ice. After flushing with tap water the 
fundic region was placed during 30 min in homogeniza- 
tion buffer containing 250 mM sucrose and 20 mM 
Tris-HC1 (pH 7.4). Mucus was removed by wiping the 
tissue with paper towels and the mucosa was scraped 
off from the underlying muscular layer. The scraped 
material was placed in homogenization buffer and ho- 
mogenized with a Braun teflon-glass homogenizer by 
three up-down strokes of the rotating pestle (250 
rev./min). The homogenate was centrifuged for 30 min 
at 20 000 × g. The resulting supernatant was centrifuged 
for 60 min at 100 000 × g. The pellet was resuspended in 
homogenization buffer and centrifuged on top of a 
discontinuous gradient of 7% (w/v) Ficoll-250 mM 
sucrose in 20 mM Tris-HC1 (pH 7.4) over 37% (w/v) 
sucrose in 20 mM Tris-HC1 (pH 7.4). After 60 min 
centrifugation at 150000 × g the 250 mM sucrose/7% 
(w/v) Ficoll-250 mM sucrose interface containing the 
vesicular H+/K+-ATPase fraction and the 7% (w/v) 
Ficoll-250 mM sucrose/37% (w/v) sucrose interface 
containing the open membrane H+/K+-ATPase frac- 
tion were diluted in 20 mM Tris-HC1 (pH 7.4) and 
centrifuged for 60 min at 150 000 × g. The final pellets 
were resuspended in 20 mM Tris-HC1 (pH 7.4) and 
frozen at - 20 o C. 

Hybridoma production 
The antigen was H+/K+-ATPase purified from hog 

stomach and emulsified in complete Freund's adjuvant. 
Several 6-week-old female BALB/c mice were im- 
munized intraperitoneally with 200/tg of enzyme. After 
3 weeks, sera were drawn for evaluation of titer against 
gastric H+/K+-ATPase. One mouse was selected on the 
basis of the highest titer and boostered by tail vein 
injection of 100 #g antigen in 0.3 ml of 0.9% (w/v) 
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NaC1 on three subsequent days. On the fourth day the 
spleen was removed and spleen cells (5.107 ) were fused 
with mouse Sp2/0 myeloma cells (2.107) in the pres- 
ence of 40% (v/v) polyethylene glycol 4000. The cells 
were washed and cultured in RPMI 1640 medium (Dutch 
modification, Flow Laboratories, Irvine, Scotland) sup- 
plemented with 20% (v/v) fetal calf serum (Flow 
Laboratories), 2 mM glutamine, 50 /~M 2-mercapto- 
ethanol, 1 mM sodium pyruvate and 50 mg/1 gentamy- 
cin. After 3 hours a solution containing hypoxanthine, 
aminopterin and thymidine (final concentrations 0.1 
mM, 0.4 #M and 16/~M) was added to the medium and 
cells were plated out. 

Production and partial purification of monoclonal antibod- 
ies 

Hybridomas producing antibodies were cloned by 
limited dilution and injected (5.106 cells) intraperi- 
toneally into BALB/c mice primed with pristane (0.5 
ml i.p.) 2-4 weeks before. After 10 days antibody-rich 
ascites fluid was obtained every 2-3 days and centri- 
fuged for 10 min at 2000 × g to remove cell debris. The 
supernatant was precipitated with ammonium sulfate 
(pH 7.4, adjusted with Tris) at 50% saturation. The 
12000 × g precipitate was resuspended in a volume of 
20 mM Tris-HC1 (pH 7.4) equal to the original volume 
of the ascites, dialyzed against 100 volumes of 20 mM 
Tris-HC1 (pH 7.4) at 4°C with three changes of the 
dialysate and stored at - 2 0  o C. The subclasses of the 
monoclonal antibodies were determined with subclass- 
specific antibodies according to Ouchterlony [20]. 

ELISA 
Reagents per well and incubation times were as 

follows: 0.5/tg of gastric H+/K+-ATPase in 50 #1 PBS 
was immobilized by overnight evaporation in wells of 
flat-bottomed, 96-well microtiter plates (Costar, Cam- 
bridge, MA, U.S.A.). Blocking was done by incubating 
with a solution of 1% (w/v) gelatin in PBS for 2 h at 
room temperature whereafter the plates were washed 
with PBS containing 0.05% (v/v) Tween 20. Incubation 
for 1 h at room temperature with antibodies from 
hybridoma culture media was followed by washing with 
PBS/Tween and subsequent incubation with peroxidase 
conjugated rabbit-anti-mouse immunoglobulins (Dako- 
patts, Denmark) diluted 1 : 800 in PBS with 1% gelatin. 
After washing a substrate solution containing 0.8 mg/ml 
5-aminosalicylic acid in 50 mM phosphate buffer (pH 
6.0) and 0.024% (w/v) hydrogen peroxide was added. 
Absorption at 492 nm was measured after 30 min using 
a Titertek Multiscan plate reader (Flow Laboratories). 

Gel electrophoresis and immunoblotting 
Purified H+/K+-ATPase was electrophoresed on 10% 

(w/v) SDS-polyacrylamide slab gel according to Laem- 
mli [21]. The separated proteins were transferred to 
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nitrocellulose by electroblotting [22]. The blots were 
incubated first for 2 h with PBS-I% (w/v) gelatin-0.05% 
(w/v) Tween 20 (Buffer I) to block nonspecific reactive 
sites, then for 16 h with 1 : 100 dilutions of monoclonal 
antibody 5-B6 in Buffer I. After washing five times in 
PBS-0.05% (w/v) Tween 20 (Buffer II) the blots were 
incubated for 1 h with 1:250 dilutions of rabbit-anti- 
mouse immunoglobulin (Dakopatts, Denmark) in Buffer 
I, washed again with Buffer II and incubated for another 
hour with 1 : 250 dilution of mouse peroxidase-antiper- 
oxidase immunoglobulin (Dakopatts, Denmark) in 
Buffer I. Finally the blots were washed with Buffer II 
and substrate solution (60 mg 4-chloronaphthol, 60/~1 
30% (w/v) hydrogen peroxide, 20 ml methanol, 100 ml 
PBS) was added. 

A TPase and p-nitrophenylphosphatase assay 
K+-ATPase activity and K+-p-nitrophenylphospha - 

tase activity of the enzyme were determined according 
to Schrijen et al. [23]. Gastric H+/K+-ATPase, 100 /~1 
with a concentration of 60 #g protein/ml, was prein- 
cubated for 10 min at 37 °C with 100 /zl of a diluted 
monoclonal antibody solution with concentrations as 
indicated in the figures. Dilutions of enzyme and mono- 
clonal antibody were made in 30 mM imidazole-HC1 
(pH 7.0). The reaction was started by adding 200 ~tl 
medium containing 10 mM Na2ATP or 10 mM p- 
nitrophenyl phosphate, 10 mM Mg 2+, 0.2 mM ouabain, 
30 mM imidazole-HC1 (pH 7.0) and 40 mM KC1 or 40 
mM choline chloride. Stopping of the reaction and 
further treatment of the samples were carried out as 
described before [24]. The K+-ATPase and K+-p - 
nitrophenylphosphatase activities were obtained from 
the difference in activity with KC1 and choline chloride, 
respectively. Protein was determined according to Lowry 
et al. [25], using bovine serum albumin as standard. 

Radioactive A TPase assay 
Aliquots of 50/~1 enzyme (0.08 mg/ml) were prein- 

cubated for 10 min at 37°C with 50 /~1 monoclonal 
antibody solution at various concentrations and 50 /~1 
medium containing 60 mM imidazole-HC1 (pH 7.0), 0.4 
mM ouabain and 80 mM KC1 or 80 mM choline 
chloride. The reaction was initiated by adding 50 ~tl of a 
solution containing [3'-32p]ATP and Mg z+ at a ratio of 
0.5 and at various concentrations. The reaction was 
stopped by adding 800 /xl 5% (w/v) trichloroacetic 
acid/10% (w/v) Norit. After centrifugation for 10 min 
at 1500 x g (Heraeus Christ) 200/~1 of the supernatant 
was counted in a Packard 2200CA liquid scintillation 
analyzer. 

Enzyme phosphorylation and dephosphorylation 
The phosphorylation and dephosphorylation reac- 

tions were carried out as described by Helmich-de Jong 
et al. [26]. Aliquots of 50 #1 H+/K+-ATPase (0.3 

mg/ml) were preincubated for 10 min at room tempera- 
ture with 50/~1 monoclonal antibody solution at various 
concentrations and 4 mM MgC12- The phosphorylation 
reaction was started by adding 100 #1 10 ~M [3'- 
32p]ATP. After 10 s at 20°C the reaction was stopped 
by adding 5 ml 5% (w/v) trichloroacetic acid/0.1 M 
H3PO4. 

The effect of the monoclonal antibody on the rate of 
the potassium stimulated dephosphorylation was studied 
at 0-4 ° C. Phosphorylation was first initiated by adding 
50-/d aliquots of 10 #M [3'-32p]ATP, 10/~M MgC12 to 
50/~1 aliquots of H+/K+-ATPase (0.2 mg/ml). After 10 
s dephosphorylation was started by adding ATP (final 
concentration 1 mM), KC1 at various concentrations 
and monoclonal antibody. The reaction was stopped 
by adding 5 ml 5% (w/v) trichloroacetic acid/0.1 M 
H3PO 4. Further processing was carried out as described 
by Schuurmans Stekhoven et al. [27]. 

Results 

Preparation of monoclonal antibodies 
By ELISA screening of the produced hybridomas six 

monoclonal antibodies were obtained which showed a 
positive reaction against the purified hog gastric 
H + /K +-ATPase. Four of them inhibited the K +-ATPase 
activity. One of them, called 5-B6, gave the strongest 
inhibition and was further characterized. 

Double immuno-diffusion with Ig subclass specific 
anti-mouse immunoglobulins showed that 5-B6 is of 
subclass IgG 1. By Western blot analysis of the purified 
H+/K+-ATPase membrane fraction, 5-B6 recognized a 
95 kDa peptide (Fig. 1). There was no cross reactivity 
with rabbit kidney Na÷/K+-ATPase. 

Effect on H + / K  +-A TPase 
The gastric H+/K+-ATPase preparation contains 

K+-ATPase, K+-p-nitrophenylphosphatase as well as a 
MgZ+-ATPase activity. The effect of monoclonal anti- 
body 5-B6 on these enzyme activities was studied with a 
non-inhibitory monoclonal antibody, directed against 
H+/K+-ATPase and also partially purified, as control. 

Fig. 2 shows the inhibition of K+-ATPase activity 
with various amounts of 5-B6 (0.05 to 150 #g/ml) and 
with three different H+/K+-ATPase concentrations (5, 
15 and 50 #g/ml) in the reaction mixture. The maximal 
inhibition obtained was 65% for all three H + / K  +- 
ATPase concentrations used. Variation of the prein- 
cubation time had no effect on the degree of inhibition. 
Activities of K+-p-nitrophenylphosphatase and Mg 2+- 
ATPase were not influenced (data not shown). 

The maximal extent of inhibition of K+-ATPase 
activity by 5-B6 varied with the pH in the reaction 
mixture (Fig. 3). At pH 6.0, 7.0 and 8.0 the maximal 
inhibition of the K+-ATPase activity was 40%, 65% and 
100%, respectively. The half-maximal inhibitory con- 
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Fig. 3. Inhibition of K+-ATPase activity of H+/K+-ATPase by 
monoclonal antibody 5-B6 as a function of pH. 15 btg/ml leaky 
H+/K+-ATPase vesicles were preincubated with different concentra- 
tions of monoclonal antibody 5-B6 in 30 mM imidazole-HCl at pH 
6.0 (©), pH 7.0 (zx) or pH 8.0 (D) at 37°C for 10 min. K+-ATPase 
activity was determined as described in Materials and Methods (rep- 
resentative of three experiments). The 100% activity at pH 6.0, 7.0 and 

8.0 was 29.8, 79.8 and 19.3 itmol Pi per mg per h, respectively. 

Fig. 1. Western blot of pig gastric H+/K+-ATPase stained with 
monoclonal antibody 5-B6. (A) Amido Black staining of proteins on 
nitrocellulose after electroblotting of a 10% SDS polyacrylamide gel. 
Lane 1, 5 /zg gastric microsomal membrane proteins. Lane 2, 5 /.tg 
purified H+/K+-ATPase, Molecular mass markers are 94, 67, 43, 30 
and 20.1 kDa. (B) Western blot stained with the anti-H+/K+-ATPase 
monoclonal antibody 5-B6. Lane 1, 3 /~g gastric microsomal mem- 

brane proteins. Lane 2, 1 # g purified H +/K +-ATPase. 
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Fig. 2. Inhibition of K+-ATPase activity of H+/K+-ATPase by 
monoclonal antibody 5-B6. Density gradient purified and leaky 
H+/K+-ATPase vesicles. 5 txg/ml (zx), 15 /~g/ml (12) and 50 #g/rnl  
(©), were preincubated with different concentrations of monoclonal 
antibody 5-B6 at 37 °C for 10 rain. K+-ATPase activity at pH 7.0 was 
determined as described in Materials and Methods (representative of 
three experiments). The 100% activity in the absence of 5-B6 was 64.1 

/~ tool Pi per mg per h. 

centration of the antibody did not change with pH and 
was 15 #g of an t i body /ml  when 15 # g / m l  H + / K  +- 
ATPase was used. 

The inhibition of the K+-ATPase activity by 5-B6 
was measured as function of both K + as well as ATP 
concentration. Fig. 4 shows that 2 0 / ~ g / m l  5-B6 in an 
assay medium containing 15 /~g/ml H + / K + - A T P a s e  
lowered the Vma ~ value from 80 to 35/~mol Pi per mg 
per h. The K m value for K + was lowered from 4.8 to 1.9 
mM. These results indicate that the interaction between 
K + and 5-B6 is uncompetitive. Variation of the ATP 
concentration at a fixed K + concentration (Fig. 5) 
showed that 20 btg/ml 5-B6 in an assay medium con- 
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Fig. 4. Effect of K + concentrations on the inhibition of K+-ATPase 
activity of H+/K+-ATPase by monoclonal antibody 5-B6. 15/~g/ml 
H+/K+-ATPase were preincubated with 20/~g/ml 5-B6 at 37 °C for 
10 rain. K+-ATPase activity was determined in assay media contain- 
ing 5 mM ATP, 5 mM MgC12, 0.1 mM ouabain, 30 mM imidazole-HC1 
(pH 7.0) and KC1 concentrations varying between 1 and 10 mM. Pi 
was measured as described in Materials and Methods. o, Control; ©, 

5-B6 (representative of three experiments). 
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Fig. 5. Effect of ATP concentrations on the inhibition of K-ATPase 
activity of H+/K+-ATPase by monoclonal antibody 5-B6. 15/zg/ml 
H+/K+-ATPase were preincubated with 20/~g/ml 5-B6 at 37 °C for 
10 min. K+-ATPase activity was determined as described in Materials 
and Methods with assay media containing 20 mM KC1, 0.1 mM 
ouabain, 30 mM imidazole-HC1 (pH 7.0), [T-3zP]ATP concentrations 
varying between 0.025 and 0.5 mM and MgC12 concentrations varying 
between 0.05 and 1 raM, thereby maintaining an ATP/Mg 2+ ratio of 

1 : 2. O, Control; o, 5-B6 (representative of three experiments). 

ta ining 15 /~g/ml H + / K + - A T P a s e  decreased the Vm~ x 

value from 100 to 25 /~mol Pi per mg per h. The K m 
values did not  change. The effect of 5-B6 on  the K ÷- 

ATPase reaction with respect to ATP  was therefore 

noncompeti t ive.  

Effects  on phosphoenzyme  
The effect of monoclona l  an t ibody  5-B6 on the 

steady-state level of phosphoenzyme in  the absence of 

K ÷ and at p H  6.0, 7.0 and 8.0, respectively, is shown in  
Fig. 6. The steady-state phosphoryla t ion  level at p H  6.0, 
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Fig. 6. Effect of monoclonal antibody 5-B6 on steady-state phos- 
phoenzyme levels of H+/K+-ATPase at different pH. 75 /tg/rnl 
purified H +/K+-ATPase were preincubated in 30 mM imidazole-HC1 
pH 6.0 (o), pH 7.0 (zx) and pH 8.0 (ra) with various concentrations of 
5-B6 and 4 mM MgC12. Initiation of the phosphorylation and de- 
termination of phosphoenzyme levels were carried out as described in 
Materials and Methods. The phosphoenzyme levels, in the absence of 
5-B6 (100%), were 0.75 nmol/mg protein (representative of three 

experiments). 
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Fig. 7. Effect of monoclonal antibody 5-B6 on K+-stimulated dephos- 
phorylation of H+/K+-ATPase. Phosphorylation at 0°C of 100 
/~g/ml H+/K+-ATPase was carried out as described in Materials and 
Methods. After 10 s dephosphorylation of the phosphoenzyme was 
started with addition of cold ATP (final concentration 1 mM), 5-B6 
(final concentration 100 /~g/ml) and KC1 to a final concentration of 
0.1 mM (m) or 1 mM (4). Blank symbols represent control values. 
Stopping of the phosphorylation reaction and determination of phos- 
phoenzyme levels were carried out as described in Materials and 
Methods. The phosphoenzyme levels, in the absence of 5-B6 (100% 
values), were 0.92 nmol/mg protein (representative of three experi- 

ments). 

7.0 and  8.0 was concen t ra t ion  dependent ly  reduced to a 
maximal  extent  of 30%, 40% and  60%, respectively. The 
hal f -maximal  inhib i tory  concent ra t ion  of 5-B6 in  all 

cases was 30 /~g/ml  with 75 /~g/ml  H ÷ / K + - A T P a s e  

used. 

W h e n  the effect of 5-B6 on the steady-state phospho- 
ryla t ion level was studied without  pre incubat ing  with 

5-B6 (the monoc lona l  an t ibody  was added at the same 
t ime as phosphory la t ion  was started) the same extent of 
inh ib i t ion  was seen (data no t  shown). These results 

indicated a very rapid b ind ing  of monoclona l  an t ibody  

to gastric H + / K + - A T P a s e .  

TABLE l 

Inhibition of K +-.4 TPase activity by 5-B6 in inside-out and in leaky 
vesicles 

80 /tg/ml H+/K+-ATPase (specific activity 85 /~mol Pi/mg per h) 
was preincubated for 15 min at room temperature with 10 /xM 
nigericin (inside-out vesicles) or with 0.3% (w/v) saponin (leaky 
vesicles). The K+-ATPase reaction was started by adding 100 /tl 
enzyme solution to 300 #l isotonic assay medium with a final con- 
centration of 100 /xg/rrd 5-B6. The values are given as percentages 
relative to K+-ATPase activity with control mouse IgG. Each value is 
the average of three separate determinations, each of which is done in 
duplicate. 

Percentage residual 
K +-ATPase activity 

1. Inside-out vesicles 34 + 7 
2. Leaky vesicles 28 + 4 



The effect of 5-B6 on the K+-stimulated dephospho- 
rylation rate is shown in Fig. 7. In this experiment 
dephosphorylation was initiated after 10 s by adding 
cold ATP (final concentration 1 mM) along with the 
indicated concentrations of KC1 and 5-B6. The mono- 
clonal antibody did not affect the rate of the K+-stimu - 
lated dephosphorylation, nor the second phase in the 
dephosphorylation, which is interpreted as interconver- 
sion from E] • P to E 2 • P [28]. 

Sidedness of inhibition of gastric H+/K+-ATPase by 
5-B6 

For determination of the sidedness of binding of 
monoclonal antibody 5-B6 on gastric H+/K÷-ATPase  
freshly isolated inside-out vesicles were used. Table I 
shows that the maximal level of inhibition of K ÷-ATPase 
activity was identical in inside-out vesicles as well as in 
leaky H+/K+-ATPase  vesicles. These results indicate 
that 5-B6 binds to the cytosolic side of gastric H + / K  +- 
ATPase. 

Discussion 

In the present study, the interactions of monoclonal 
antibody 5-B6 with H+/K+-ATPase  have been investi- 
gated. To clarify interpretation of the interactions of 
5-B6 with H+/K+-ATPase  the following enzymatic 
mechanism of gastric H+/K+-ATPase  has to be consid- 
ered (Fig. 8) [28-30]. In this mechanism, which requires 
several steps related to binding of substrate and cationic 
ligands, E 1 and E 2 represent conformational states of 
the enzyme with cation binding sites facing the cytosolic 
and luminal side, respectively. 

When considering the phosphorylation reaction, the 
E~ conformation can interact competitively with either 
H ÷ or K +. The E l .  K ÷ form relatively slowly reacts 
with ATP, forming an E 1 • ATP.  K ÷ complex. At higher 
H ÷ concentrations K ÷ may also be displaced from the 

ATP ADP 
El • H+- ,~-~ El. AT p. H + - , ~  E p.H + 

N~,. H+ ~ K  + 1 
E1 

K+ q H+ 
E 1 - K + ' I T E i ' K + - - f  = EI"ATP. K + 2 "'~H + 

'll A~ e 

3 
E2 "K÷-~ ~ = E a - P . K + - ~ E 2 - p  

Pi K+ 

Fig. 8. A reaction cycle of H+/K+-ATPase. E] and E 2 represent 
conformational states of the enzyme with cation binding sites facing 
the cytosol and lumen, respectively. I represents the inhibitory mono- 

clonal antibody 5-B6. 
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enzyme and E l .  H ÷ is formed. This form reacts with 
ATP and the E 1 • A TP .  K ÷ with H ÷ to a E 1 • A TP .  H ÷ 
complex which is subsequently phosphorylated (step 1). 
The E l - P  form then generated, is ADP-sensitive [26] 
and converts spontaneously to E2P with concomitant 
transport of H ÷ (step 2) [31]. This form has a high 
affinity for K ÷ at the luminal side and is rapidly hydro- 
lyzed (step 3) [28]. The E 2 • K ÷ form then converts to 
the E~. K + form with consequent countertransport of 
K ÷ (step 4) [32]. 

The monoclonal antibody 5-B6, which binds to the 
95 kDa peptide in the purified H+/K+-ATPase  frac- 
tion, inhibited the K+-ATPase activity in a concentra- 
tion dependent way. The maximal extent of inhibition 
was pH dependent and was maximal at pH 8.0. Line- 
weaver-Burk plots showed that inhibition of the K ÷- 
ATPase by 5-B6 at pH 7.0 was noncompetitive with 
respect to ATP and uncompetitive with respect to K ÷. 
Since the stimulation of the ATP hydrolysis by K ÷ is 
mediated through an increase of the dephosphorylation 
rate of E 2 • P, these findings would suggest an interac- 
tion of 5-B6 with the E 2- K + or the E 1- K ÷ form. A 
distinction between these two dephospho-forms can not 
be made since the E 2 • K ÷ to E] • K ÷ conversion is not a 
rate-limiting step in the enzyme cycle at the high 
A T P / K  ÷ ratio used [28]. The finding however, that 
5-B6 recognizes an epitope on the cytosolic side, would 
favour binding of 5-B6 to the E] • K ÷ form. The varying 
degree of maximal inhibition of the K+-ATPase activity 
at different pH can be explained by the influence of 
[H ÷] on step 1 and step 3 of the enzyme cycle [29-30]. 
An alkaline pH increases the rate of the K+-stimulated 
dephosphorylation and stabilizes the E l - K  ÷ form of 
the enzyme which has low affinity for ATP [29]. This 
results in an accumulation of the E 1 • K ÷ form during 
ATP hydrolysis and therefore increases the maximal 
extent of inhibition. An acidic pH on the other hand, 
stabilizes the acid-stable phosphoenzyme by reducing 
the affinity for luminal K ÷ and increases the rate and 
extent of phosphorylation. As a consequence, the maxi- 
mal extent of inhibition by 5-B6 decreases. 

The finding that the K+-p-nitrophenylphosphatase 
activity is not inhibited by 5-B6 is consistent with 
binding of 5-B6 to the E 1 • K ÷ form, since hydrolysis of 
p-nitrophenylphosphate requires a dephosphoenzyme 
with a cytosolic K ÷ stimulation site (El • K ÷) [30] or a 
luminal K ÷ stimulation site (E 2 • K ÷) [33]. 

An alternative explanation might be that 5-B6 binds 
to a form of the enzyme which is intermediate between 
E 1 • K ÷ and E 2 • K ÷. This form E(K ÷) would represent 
an enzyme form which occludes K ÷. Such a form has 
not yet been demonstrated for H+/K+-ATPase  in con- 
trast to Na+/K+-ATPase  [34,35] where such a form 
easily can be found. 

The steady-state phosphorylation level of H + / K  +- 
ATPase was reduced by 5-B6 in a concentration depen- 
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dent  way. The maximal  extent of reduct ion was also p H  
dependent .  A reduct ion of the steady-state level of 

phosphoenzyme does not  indicate whether inhib i t ion  of 
formation,  or s t imulat ion of b reakdown has occurred. 

Since 5-B6 neither accelerated the spontaneous  (data 

not  shown) and the K+-s t imula ted  dephosphoryla t ion  

nor  influenced the interconversion from E 1 • P to E2-P, 
it seems possible that b ind ing  of 5-B6 prevents  the 
phosphoenzyme formation.  Normally,  the steady-state 

level of phosphoenzyme does no t  change with pH, as 

does the rate of phosphoryla t ion in the absence of K ÷ 
[29]. In  the case of reduct ion of the EP level by 5-B6 
however, an alkaline pH might cause an inhib i t ion  of 

the phosphoryla t ion rate by  5-B6 through stabilizing an 
enzyme form which inhibi ts  or slows down phospho-  

rylation. This is p robably  an E 1 form without  H ÷ 
b o u n d  to it. An  acidic p H  on  the other hand  would 

favour the E 1 . H  ÷ form, and  as a result a smaller 
maximal  extent of reduct ion of EP level by 5-B6 would 

be reached. The difference in  the maximal  extent of 

inhibi t ion of the K+-ATPase  activity, and  of reduct ion 
of the steady-state phosphoenzyme level at each p H  

value, can be explained by the absence of the E 1 • K + 
form dur ing phosphoryla t ion  and  for which 5-B6 has a 

greater affinity than for the E 1 form without  H + b o u n d  
to it. Therefore the enzyme conformat ion  differs in  the 

E 1 • K + or E~ and E 1 • H ÷ in such a way that effective 
b ind ing  with monoclona l  an t ibody  5-B6 is selective for 

the E 1 • K ÷ form. 
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