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It cannot be predicted from hydropathy analysis whether the C-te-minal end of the a subunit of the gastric HK-ATPasc is
cytoplasmic or t.xtracytoplasmnc The sideness of the C-terminal amino acids was determined by taking advantage of the two
C-terminal tyrosines in the primary sequence of the enzyme. Intact, cytoplasmic side Sut vesicles derived from hog gastric mucosa
or detergent solubilized vesicies were iodinated by the lactoperoxidase method @nd then the C-terminal amino acids hydrolyzed
*yy carboxypeptidase Y. The a and B subunits were scparated by SDS gel clectrophoresis. The level of iodination of the «
subunit following solubilization was about three fold greater than when intact vesicles were iodinated, and the f# subunit was
iodinated only when solubilized enzyme was used. Carboxypeptidase Y removed 28 + 4% of the radioactivity from the « subunit
jodinated in intact vesicles. These data are consistent with a cytoplasmic location of the C-terminal amino acids of the subumt
and with a mostly extracytoplasmic location of the amino acids of the 8 subunit.

Introduction

The H,K-ATPase and the Na,K-ATPase are com-
posed of a large a subunit of about 1000 amino acids
and a smaller glycosylated B subunit of about 300
amino acids [1,2). The location of the C-termina! re-
gion of these enzymes a subunits is not known. The
location of the C-terminal region of the plasma mem-
brane Ca-ATPase is almost certainly cytoplasmic since
it contains the calmodulin binding region. Mutation
and antibody sidedness studies on the Ca-ATPase of
the sarcoplasmic reticulum have been interpreted as
demonstrating 10 membrane spanning regions [3]. Hy-
dropathy plots of the a subunits of the H,K-ATPase
and the Na,K-ATPase have been interpreted as repre-
senting 6, 7, 8, 9 anid 10 membrane spanning domains
for the & subunit and one or four such domains for the
B subunit [1,4). Tryptic hydrolysis and sequencing of
fragments have led to the conclusion that the 8 subunit
has only one membrane spanning domain. Reaction
with aniibodies against the Na,X-ATrase [4] and de-
termination of the site of pyridoxal S-phosphate bind-
ing have been interpreted as showing that the C-termi-
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nal region is extracellular, which means that there must
be an odd number of membrane spanning regions [5].

In the case of the gastric H,K-ATPase as well as the
Na,K-ATPasc, the a subunits terminate with two tyro-
sine residues. In the B subunit, only one tyrosine is
predicted to be in the cytoplasmic N-terminal region,
three in the membrane and ihe other 14 in the extra-
cellular domain for a single membrane spanning model
(Fig. 1b).

Gasiric vesicles from hog mucosa are isolated as
largely cytoplasmic side out particles. Electron micro-
scopic analysis and WGA staining have shown that at
least 94% of the vesicles are in the inside-out orienta-
tion [6), therefore the C-terminal tyrosines if located in
the cytoplasmic domain are available for lactoperoxi-
dase dependent iodination and subsequent carboxy-
pentidase Y cleavage from intact vesicies. On the as-
sumption that mostly only the cytoplasmic tyrosines are
likely to be iodinated under mild conditions, only 14 of
the 29 tyrosines of the « subunit would be available for
iodination in the eight membrane segment model pre-
sented in Fig. 1a. In fact the C-terminal region may be
more accessible than residues buried in the secondary
structure of the N-terminal and cenirai cyioplasimic
region (at least two of these tyrosines are in hydropho-
bic regions here). Based on these predictions minimaily
15% (two tyrosines out of 14) of tiwe label should be



found at the C-terminal end of the moiecule foliowing
controiled iodination of intact vesicles and perhaps as
much as 257% given restriction of iodination of some
tyrosines of the cytoplasmic domain of the « subunit.
Only 5% of the label would be in the cytoplasmic
domain of the 8 suburit, in a singlc membrane seg-
ment model.

In this paper we present data showing labelling of
intact vesicles with peroxidase catalysed iodination of
the « subunit, as detected foliowing separation on SDS
gels. About 30% of the lzhel is removed by carboxy-
peptidase Y digestion. Significant labclling of the g
subunit was obtained only after solubilization in C,E,.
Hence the C-terminal end of the catalytic subunit of
the H,K-ATPase is cytosolic and most of the 8 subunit
is extracellular.

Methods

Labelling procedure. Purificd hog gastric vesicles
were prepared as described previously [6). The vesicles
(360 ug) were resuspended in 20 mM Tris buffer (pH
7.4) containing 8.9% sucrose, 100 uCi/ml '*1,, 400
ng/ml lactoperoxidase and 3 uM Nal. The labelling
reaction was initiated by the addition of 0.06% H,O,
at room temperature. After 10 min another pulse of
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0.06% H,0, was added. Following 16 min of incuba-
tion the labelling reaction was terminated by the addi-
tion of ice-cold 20 mM Tris buffer (pH 7.4) containing
8.9% sucrose. The vesicle suspension was centrifuged
at 100000 X g in a Beckman Ti 65 rotor for 45 min at
4°C and the supernatant discarded. For the experi-
ments with soluble enzyme the vesicles were treated
with C,E4 (2:1, C,E,/enzyme) as previously de-
scribed [7] and labeiled as above.

Carboxypeptidase Y digestion. The pellet was resus-
pended in 50 mM Na citrate buffer (pH 7.0) containing
8.9% sucrose. Carboxypeptidase Y (4 umol/ul) was
added to the vesicle suspension and the digestion mix-
ture was incubated at 37°C for 1 h. The digestion was
terminated by the addition of electiophoresis sample
buffer containing 0.3 M Tris, 10% SDS, 50% sucrose,
0.025% Bromophenol blue and 10% B-mercapto-
ethanol. The digested vesicle suspension was then sub-
jected to analysis by PAGE on a tricine gradient gel
(8%-15%). The gel was sliced at 1 mm intervals and
the amount of radioactivity in each gel slice was deter-
mined by liquid scintillation counting in an LKB 1219
scintillation counter using BCS (Amersliani) scintilla-
tion cocktail. The background radioactivity in the in-
tact vesicles was 220 cpm, and in the solubilised experi-
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Fig. 1. Hydropathy plots and suggested topology maps of the « and B8 subunits of the H,K-ATPase. (A) Kyte-Df)olitllc hydrf)pathy plot of the a

subunit of the hog gastric H,K-ATPase. Membrane spanning regions are identified as shaded arcas. Below is a topological model of the «

subunit based ¢n eight membrane spanning regions with the N- and C-terminals being on the cytoplasmic face. (B) Kyte-Doolittle hydropaihy

plot of lhe B-subunit of the hog gastric HK-ATPase with the suggested membrane spanning region shaded. Below is a topological model for a
single membrane spanning segment. A moving average of 11 aminc acids was used to generate these plots.
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ment, 490 cpm. This was subtracted from the radioac-
tivity in each peak prior to calculation of the effects of
carboxypeptidase Y digestion.

Materials. Trizma base, sucrose, sodium citrate, cit-
ric acid and sodium iodide were from Sigma. Lactoper-
oxidase and carboxypeptidase Y (sequencing grade)
were obtained from Boehringer Mannheim. All chemi-
cals used for electrophoresis were obtained from Bio-
Rad. :

Resuits

Lactoperoxidase dependent iodination of hog gastric
vesicles followed by carboxypeptidase Y digestion and
subsequent Tricine gel electrophoretic analysis showed
that there was no apparent change in the molecular
weight of the a subunit as shown in the Coomassie
stained gel (Fig. 2A, lanes 1 and 3). Slicing the gel into
! mm pieces and measuring the radioactivity in eich
slice showed a peak of radioactivity associated with the
a subunit and a minor peak associated with lactoper-
oxidase. A typical experiment is shown in Fig. 3a. In
the area between the two peaks, where the B8 subunit
resides, the mcasured amount of radioactivity was not
above background suggesting that the B subunit was
weakly labelled if at all. The absence of labelling of the
B subunit is not unexpected as the proposed secondary
structure of the B subunit would predict that only one
tyrosine would be accessible for labelling in intact
vesicles.

There was a 28 + 4% (n =4) loss of radioactivity
from the a subunit following 1 h of carboxypeptidase
Y digestion of the intact vesicles (Fig. 3a) as compared
to non-digested labelled material. The loss of counts
from the « subunit is in approximate agreement with
the model that predicts that of the 29 tyrosines in the a
subunit, only 10 are probably iodinated in intact inside-
out vesicles and of those 10, the two C-terminal ty-
wosines and possibly a third, are cleaved by carboxy-
peptidase Y digestion. This also implies that of the 14
cytoplasmically lucated tyrosines, four are largely un-
aviilable for iodination by this procedure.

The self iodination of lactoperoxidase in the casc of
the intact vesicles was significant (Fig. 3a). The counts
incorporated are about two thirds of those incorpo-
rated into the o« subunii. Treatment with carboxypepti-
dase Y had no etfect on the lactopsroxidase self la-
belling. The position of lactoperoxidase is indicated in
Fig. 2.

Carboxypeptidase Y digestion of the solubilized en-
zyme also resulted in no detectable change in the
molecular weight of the enzyme (Fig. 2B, lanes 1 and
2). The leve! of iodination of the solubilized enzyme
was about ‘hree fold that of the intact enzyme, as
shown in Fig. 3b. This would be aaticipated from
mcreased exposure of tyrosines following detergent
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Fig. 2. Polyacrylamide gel electrophoresis of intact and C,,Ey solubi-
lized HK-ATPase crriched gastric vesicles with and without
carboxypeptidase Y digestion. (A) Intact gastric vesicles subjected to
PAGE on a tricine gradient gel (lane 1, molecular mass standards in
kDa; lane 2, gastric vesicles following luctoperoxidase driven iodina-
tion; lane 3, gastric vesicles following 60 min of incubation at 37°C
in the presence of carboxypeptidase Y: lane 4, gastric vesicles follow-
ing 60 min of incubstion at 37 ° C in the absence of carboxypeptidase
Y. (B) C,,E solubilized gastric vesicles subjected to PAGE on a
tricine gradient gel (lane 1, €, Ey solubilized gastric vesicles follow-
ing lactoperoxidase driven iodination; lane 2, C,,Eg solubilized
gastric vesicles following 60 min of incubation at 37°C in the
presence of carboxypeptidase Y: lane 3, C;Ey solubilized gastric
vesicles following 60 min of incubation at 37°C in the absence of
carboxypeptidase Y; lane 4, molecular weight standards in kDa. The
position of the lactoperoxidase band is indicated by the arrows.

treatment. Further, there were counts now associated
with the rcgion containing the B8 subunit, again pre-
dicted if the extracytoplasmic tyrosines were now avail-
able for iodination. In contrast there was no change in
the ievel of lactoperoxidase labelling, which repre-
sented about one fifth of the counts incorporated into
the « subunit. As before, treatment with carboxypepti-
dase Y digestion kad no effect on the label found over
the lactoperoxidase peak. The percentage of counts
released from the « subunit upon carboxypeptidase Y
digestion was 20%. This lower rclease of counts is
probably due to the fact that after solubilization and
indination, the C-terminal tyrosines represent a smailer
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Fig. 3. Radioactive profile of intact and solubilized H,K-ATPase
enrichec gastric vesicles labelled with '*1,. The ausition of the «
and B subunits are indicated by the arrows. (A) Representative
graph of the amount of radioactivity in 1 mm slices from a tricine
gradient gel of intact gastric vesicles labelled with '**1, incubated for
60 min without and with carboxypeptidase Y. (B) Representative
graph of the amount of radioactivity in 1 mm slices from a tricine
gradient gel of C,,E, solubilized gastric vesicles labelled with '*°1,
again incubated lor 60 min without and with carboxypeptidase Y.

perceniage of the iodinated tyrosines in the enzyme.
However, if all the tyrosines were equally iodinated,
the two C-terminal tyrosines would represent only 6%
of the radioactivity. Hence even after solubilization,
there appears to be preferential iodination of the C-
terminal resicucs, and probably they become more
accessibie after detergent treatment compared to in-
tact, detergeni free vesicles.

Discussion

The analysis of the secondary siructure of the EP
type trauisport ATPases has relied heavily on hydropa-
thy piots. The hydropathy profilc of the H,K-ATPase
raises problems as to the interpretation of the number
of membrane spanning segmenis. Fig. la shows a
Kyte-Doolittle plot, using a moving average of 11 amino
acids which has heen shown to be the best for this scale
of hydrophobicity [8]. Other plots prediciing m2mbrane
spanning segmenrts all show similar profiles but can
differ in detail.
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The Kyte-Doolittle plot, predicts the first third of
the protein to contain two pairs of membrane spanning
segments as outlined. The sector between M4 and M5
is considered as cytoplasmic, based on phosphorylation
at Asp™’, pyridoxal phosphate Schiff base formation at
Lys*? and FITC labelling at Lys®'®, iJowever, there
are significant regions of hydrophobicity beforc M5
predicted to start at about Leu’. The hydropathy
analysis subsequent to M5 predicts the presence of 3 to
5 membrane spanning segments using the Kyte-Doolit-
tle aigorithm. In the casc of the Ca-ATPase, five mem-
brane spanning segments following M5 have been pos-
tulated [3,9] to give a total of 10 segments for this
enzyme It is clear that experimental evidence has to
be obtained for the membrane segments in the H,K-
ATPase

With an cven number of membrane segmenis, the
C-terminal tyrosines would be cytoplasmic, and accessi-
ble not only to limited iodination but also to carboxy-
peptidase Y cleavage afic: labeliing in the inside out
preparation as obtained from hog gastric mucosa.

The data presented here show labelling of the a but
not the B subunit in intact vesicles. Labelling of the B
subunit is found only after C,E; solubilizatior, and
the labelling of the a subunit is increased 3-fold,
demonstrating the intactness of the vesicles during the
iodination proccdure.

The luss of about 1/3 of the label in the « subunit
following carboxypeptidase Y digestion of intact la-
belled vesicles, and a lesser loss from vesicles that were
labelled after detergent trcatment again supports a
cytoplasmic location of the C-terminal tyrosines. Hence
the « subunit has an even number of membrane span-
ning segments.

Experimental evidence has besn obtained that tryp-
tic cleavage of intact, inside out gastric vesicles pro-
duces four pairs of membrane spanning segmants, be-
tween positions 104 and 162 (M1/M2), 291 and 358
(M3/M4), 776 and 835 (M5/M6) and 853 and 946
(M7/M8) [10]. Moreover. labelling with the extracyto-
plasmic reagents, MeDAZ.P* [11], ai.d omeprazole
has provided additional evidence for the presence of
M1 and M2 as well as M5 and M6, and M7 and M8,
respectively [10]. These segments correspond to the
first four pairs of membrane segments postulated for
the Ca-ATPases. No chemical evidence has been ob-
tained for the last pair of membrane segments sug-
gested for the Ca-ATPase, corresponding to H9 and
H10.

From the hydrophobicity analysis shown at the top
of Fig. 1a there is sufficient hydrophobiciiy for the
protein to have one or two membrane segments in this
region. Since the C-terminal by the data presented
here is cytoplasmic, this region of the enzyme either
remains cytoplasmic or there is an additional pair of
segments in this regicn, not detected by our biochemi-
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cal methods. The model shown at the bottom of Fig. 1a
illustrates the presence of eight membrane segments,
with a hydrophobic stretch in the C-terminal sector, of
unspecified location, perhaps membrane embedded. In
this model, of the 29 tyrosines present, 14 are calcu-
lated to be cytoplasmic, 13 in the membrane and two
extracytoplasmic. Since 30% rather than 15% of the
radioactivity was released by carboxypeptidase diges-
tion, it seems that about half of the cytoplasmic tyro-
sinc residues are not accessible under the conditions of
iodination in the intact enzyme. This then leads to a
3-fold increase in labelling of the a subunit with deter-
gent solubilization, rather than a doubling.

The structure of the 8 subunit is usually thought of
as having a single membranc spanning segment, basd
on hydrophobicity, but in the case of the 8 subunit of
the Na,K-ATPase, there has recently been speculation
that there may be more such segments [12]. Since
virtually no iodination was found in intact vesicles, it is
clear from these data that the majority of the tyrosines
in this protein are inaccessible to restricted iodination
with the membrane intact. These data therefore lend
support to a single membrane spanning segment for
this subunit, as suggested by hydropathy plots, as in
Fig. 1b. In the model shown in the figure, of the 18
tyrosines, one is cytoplasmic, three are in the mem-
biane and 14 extracytoplasmic.

The finding that the C-terminal end of the a sub-
unit of the H,K-ATPase is cytoplasmic is consistent
with a similar membrane topology as compared to the
Ca-ATPases. The strong homology between the H,K-
ATPase and the Na,K-ATPases argues for a similar
location of the C-terminal amino acids of the Na,K-

ATPases. In fact, antibody epitope mapping has shown
a cytoplasmic location for both the N- and C-terminal
regions of the Na,K-ATPase [13], contradicting previ-
ous conclusions [4,5).
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