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Site-directed antibodies as topographical probes of the gastric
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Gastric acid is secreted by an ATP-driven H* and K* cxchangcr (H,K-ATPasc), an intcgral apical membrane protein of parietal
cells. Although the primary structure of the enzyme is known, its higher order s(ruaurc is unccrwn. In order to acquire
topographical probes of native, ! HK-AT! yntheti 1des CoTresp gtothe ! i inal (N-peptide)
and 16 carboxyl-terminal (C-peptide) residucs of pig gastric HK-ATPasc a-subunit were coupled o kcyhulc limpet hemncyania
(KLi{). Rabbits were immunized with peptide-KLH conjugates and their sera were tested for specificity by enzyme-linked
immunosorbent assay (ELISA), immunoblotting, aud immunocytochemistry. All scra showed high ELISA reactivities with
synthetic peptides. peptide-BSA conjugates, and microsomal H,K-ATPase adsorbed 1o miicrotiter wells (some titers > 1:10%).
Tmmunoblots of H,K-ATPase resolved by SDS-PAGE showed both N-peptide and C-peptide antibadies reacting with a single 94
%Da band. All sera sclectively stained parictal celis in pig gastric mucosal scctions. Preimmune scra gave negative or weak slgnals
in all assays. In compctition ELISAs, N-peptide antibcdics, but not C-pepiide antibodics, were dit from the cor
bound syathetic peptides by added microsomal H,K-ATPase. One of the N-peptide antibodics inhibited H,K-ATPasc activity by
niore lhan 50%; bmdmg of this antibody was decrezsed when ATP or K* were bound to the enzyme. These results indicate 1
1 1 bunit inus which may participate conformationally in the H,K-ATPasc catalytic cycle, ana

icnted N-

suggest that antibodics against synthetic H,K-ATPase peptides are potentially useful probes oi native microsomal H,K-ATPase

topograplty.

Iatroduction

Secretion of protons acioss the apical membrane of
gastric parietal cclls is ms.dmtcd\rwmgncsmm-d&
proton-tramsarting
adeno.ine mphnspha.ase (H.K-ATPase, EC 3.6.1.3;
[1]. ‘This enzyme belongs to the class of plasma mem-
brane ATPases which form a phosphorylated interme-

diate and are inhibited by i Other t of

nend [l

gastric HK-ATPase a-subunits have been civred and
sequenced {2,3]. Hydropathy analysis [3] predxcts a ‘.y-
tosolic N-terminus d by four hydrop

helices (H1-H4), a kydrophilic cytosolic domain whuh
contains the phosphorylation site [4) and FITC [S] anu
pyridoxal phosphate [6] binding sites, and finally four
more hydrophobi helices (H5-H8) pi ding the
putative cytosolic C-terminus. The rat and rabbit 3-
its have also been cloned and sequenced [7,8);

this clzss are Na,K-ATPase and Ca®*-ATPase. Like
the Na,K-ATPasc, the gastric H,K-ATPase cousists of
an a-subunit which bears the cataiytic site,.nnd a
B-subunit whose function is unknown. The rat and pig
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Abbreviations: SDS-PAGE, sodium dodecyl ﬁulfale polyacrylamide
gel elec 3 pNI'I‘aMe, p-nil kDa, kilo-
daitons; 1g, i hyl glyml dudecyl

hydropathy plots predict a single transmembrane do-
main with uncertain location of N-and C-termini with
respect to the membrane.

Direct verification of secondary structure models of
the H,K-ATPase it based on hydrop: anaiy-
sis awaits acquisition of X-ray diffraction data from
a-subunit crystals which are not yet available. Our
approach to a-subunit secondary structure is based on
mcasurements of the interactions of site-directed poly-
clonal antibodies with gastric micrcsomes enriched in
HK-ATPase. We formed panels of antibodies by im-
munizing rabbits with «ynthetic peptides based on the
deduced amino acid e of the N- and C-termini

12En
cther: P, inorganic viwsphaiv. ,JJ!, Keyhale limpet
BSA, bovine serum albumin; MBS, maleimidobenzoyl-N-iydioay-
succinimide ester.

of the pig gastric HK-ATPase a-subunit We verified
that the antibodies bound to native 1,K-ATPasc by
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means of petiti yme -linked i b
assays (ELISA), i biotiing, and i

chemistry. Antibody binding assays and effects on en-
zynie activity indicated a cytosolic, conformation-scnsi-
tive orient1tion of the a-subunit N-terminus.

Experimental grocedures

Material

Microplates (96-well polystyrer:e) were obtained
from Flow Laboratories. KLH, BSA, and MBS were
from Sigma, while dialysis membranes were from Spcc-
trapor. Polyvinyidiflucride membranes (Immobilon-P)
were supplled by Mllllpore. and goat anti-rabbit Ig-
was from Bio-Rad.
Sephadex G-I(} and CNBr-activated Sepharose 4B were
acquir~d from Pharmacia, and reagents for immuno-cy-
tochemistry (Dzko Pap Xit) were obtained from Dako.
Precast SDS-PAGE geis, electrophoresis apparatus,
ard transblotting cells were producis of Novex. All
other chemicals were of the highest quality available.

Methods
Syirhetic ies. The | d ide corre-
sponding to the NH,-terminal amino acid sequence
1-i7 (N-peptide), and iic hexadecapeptide corre-
sponding to the COOH-terminal amino acid sequence
1019-1034 (C-peptide) of the pig gastric H,X-ATPase
a-subunit were sunthesized hy Dr. Christian Schwabe,

Peptide Synthesis and Mil Core Facility,
Depactment of Biochemistry, Mcdical University of
South Carolina, using an Applied Riosystems Mod2l
430A peptide s; izer using -t bonyl chem-

istry. A cysteine residuc was added .o the caiboxyl-
terminus of the N-peptide to allow coupling of carrier
proteins to cysicines and not to amino groug: elsa-
where on the peptides. Completion of coupling reac-
tions was verified by the ninhydrin test. The sequence
of the N-terminal peptide was Met-Gly-Lys-Ala-Glu-
Asn-Tyr-Giu-Leu-Tyr-Gln-Val-Glu-Leu-Gly-Pro-Gly-
Cys-OH, while the sequence of the C-teyminal peptide
was Gly-Val-Arg-Cys-Cy:-Pro-Gly-Ser-Trp-Trp-Asp-
Gin-Glu-Leu-Tys-Tyr-OH.

Preparation of peptide conjugates. Peptides were cou-
pled to KLH or BSA using MBS [9]. Before coupling,
prptides were desalted by aver Sephadex G-10,
and to ensure coupling through cysteines, free amino
groups in the oveptides were blocked with citraconic
auvhydride before MBS treatment (these and subse-
quent coupling procedures were carried out at room
temperature) 10 mg peptide was dissolved in 1 mi 100
mM Tris (pH 8.5) and applied tc 2 1.0 cm X 17.0 cm
Sephadex G-10 column cquilibrated in the same buffer.
The first peak eluting from the column (10 mg peptide
in approx. 2 ml 100 mM Tris, pH 8.5} was incubated
with 20 mg citracoric anhydride in 2 m! 1,0, keeping

the pH at 8.3. After ! %, the reaction was stopped by
addmg 0.4 m! 1.0 M sodivm phosphate (pH 7.2). MBS

d in dimethylfor ide at 25 mg/ml) was
addcd dropwisc with ion to a final ation
of 5 mg/ml; after 30 min4 the solution was made 35
mM in B hanol and i d for 1 h. KLH

or BSA (4 mg m 250 p! PBS, pH 7.4) was added, the
solution was incubated for 3 h with stirring, and then
uncoupled peptidc was removed by overnight diaiysis
(12000-14000 molecular weight cut-off membranes)
against PBS,

Generation of antibodies. Antibodies were raised in
adult femalc New Zealand White rabbits; three rabbits
were i ized with N-puptide-KLH conjug: and
three with C-peptide-KLH conjugate. On day 0, each
rabbit was bled frora the ear marginal vein {(preimmune
serum), and then received 500 pg of peptide-KLH
cornjugate emulsified with Freund's complete adjuvart,
distributed sut ly into multiple dorsal sites.
On days 18 and 56, pepude dnugen emulsmcd in
Freund’s i e was d simi-
larly. Rabbits ‘vere bled from the ear marginal vein on
days 18, 28, 42, 70 and 103, the sera were made 0.02%
in sodium azide, and were stored aliquoted at —20°C.
For some assays, immenoglobulin G (IgG) was isolated
from the scra by protein A-Sepharose chromatography
as described previousty [10]).

N-peptide-specific antibocy was recovcred from im-
mune IgG by veptide affinity ch shy. N-

ptide-BSA conj was led to CNBr-activated
Sepharose 48 according to the manufacturer’s proto-
col. The affinity column (2 ri bed: vo!ume) was equili-
brated in 50 mM Tris-HC! (pH 7.4}, and then 100 ul
HKaN2-1gG (15 mg/mb} in the same buffer was ap-
plied. After a pre-elution wash witk 10 mM phosphate
(pH 8.0), specific antibody was cluted with 3 column
volumes of 100 mM triethylamine (pH 11.5), coll d
into 1/20 volume 1 M phosphate (pH 6.8) and dialysed
overnight against 50 mM Tris-HCU (pH 7.4).

Preparation of H,K-ATPase. Gastric microsomal vesi-
cles enriched in H,K-ATPase activity were prepared by
differential and sucrose/Ficoll step gradient centrif-
ugation of plg gasmc mucosal honmogenates, Briefly,
pig btained at a slaughter-house within 1 h
post-mortem were washed with ice-cold 0.25 M sucrose
and the fundus was dissected from the cardiac and
antral regions. All subsequent procedures were at 4°C.
The mucosa was flooded with saturated NaCl, and the
surface mucus and superficial cells wiped off with
paper towels. The mucosa was scraped from the under-
lying connective tissue, suspended (10% w/v) in iscla-
tion buffer (€.25 M sucrose, 20 mM Hepes (pH 7.4), 1
mM EDTA, | mM phenylmethylsulfony! fluoride), and
disrupted by two 10-s bursts at maximum power in a
Tissumizer (Tekmar. Cincinnati, OH). The ho-
mogenate was centrifuged at 20000 X g for 30 min,




and the supernatant was centrifuged at 10000 X g for 1
h. The resulting mi | pelie: was pended in
isolation buffer, and applied to a discontinuous gradi-
ent of 7% w /v Ficoll and 34% sucrose (both in isola-
tion buffer). After 3 h at 32500 rpm (Sorvall AH 629
rotor), the microsomal band (G1) recovered from the
7% Ficol! interface was resusperded to 10 mg/ml in
15 mM Pipes-Tris (pH 6.8), diluted 1: 1 with cold 60%
sucrose, and stored in 0.5 ml aliquots at —70°C. Gl
microsomes are about 0.1 pm in diameter, are en-
riched in H,K-ATPase activity, and morc than 80% of
their protein content bands at 94 kDa by SDS-PAGE.
Enzyme activity. K*-stimulated ATPase activity was

d in 200 pl i 1 ining 50

mM Tris-HCl (pH 7.2), 5 mM MgzCl,, 2 g HK-
ATPase, plus or minus 20 mM KCl. After addition of
20 mM ATP-Tris (final ration), the ic

i

specific 1gG were added to ATPase assay mixtures at
room temperature 15 min before addition of ATP.
ELISA-based binding assays. The solid phase en-
zyme-linked lmmunosorbent assay (EL[SA) was the
primary assay for of antibodi
present in immunized rabbit antiserum with the H,K-
ATPasc and with synthetic peptides. Assays were car-
ried out in 96-well polystyrene plates at rocm tempera-
ture, with the plates rinsed five times with phosphate-
buffered saline (PBS) between each of the sequential
reagent incub 1, were d to the
plates by incubating microsomal H,K-ATPase, syn-
thetic peptide, or peptide-BSA conjugates (one ug
antigen in 100 x! 0.i M Na,CO;, pH 9.6) in the wells
for 1 h. Non-specific protein 2<sorptior sites in the
wells were then blocked by the addition of 260 pl 5%
BSA/FPBS, 0.02% sodium azide for 45 min. Primary

reaction proceeded for 15 min at 37°C;; i ic phos-
phate release was quantitated by the method of For-
bush [11), adapted for 96-well micropl: The sensi-
tivity of K*-stimulated ATPase activity to ionophorss
was measured by addition of 1075 M valinomycin or
103 M mgencm (ftinal concentration) to the assay

To the cffects of antibodies
on HK-ATPase activity, immune IgG or peptide-

TABLE |

ibodies in 100 wl dilution buffer (1% BSA/PBS,
0.02% sodium azide) were incubated m the wells for !
h, followed by 100 i seconuarv antibody (1:500 dilu-
tion of alkali cor:jugated-goat anti-rab-
bit antibody in dxh:: on bffer), also for 1 h. Signal was
developed by addition of 100 wl 1.0 mg/ml p-
nitropheny! phosphate in 1.0 M diethanolamine (pH
€.8) to the wells for 30 min. Quantitation of the signal

Daevatopraent of amibodies in rabbits immunized with synthetic peptides bused o N-terminus or C-terminus of H,K--TFase a-subunit

‘Three N-peptide -immunized rabbits and three C-peptide-immunized rabbits were bled on the days indicated, and the sera were tested by ELISA
for immune reactivity with appropriate synthetic peptide, peptide-BSA conjugate, or microsomal K,K-ATPase as the bousd antigen.

Bound aniigen ELISA ahsorbance at 405 nm *
Preimmune day 18 day 28 day 42 day 70 day 105
N-peptide sera
N-peptide 0.002 010 0.106 0.143 0311 m7
0.009 0.035 0.219 0.285 0.402 1.408
0 0.004 0.034 (] 0.237 1.034
N-peptide-BSA 0.112 on3 0218 1124 1181 1389
0.079 0.539 0979 1.106 1.453 1.334
0.041 0.080 0513 0952 1442 1.336
HK-AT?ase 0052 0.030 170 0.200 0.173 0.654
0175 0259 0337 0478 0485 0.950
0.043 0.055 0.994 0.109 0,166 0466
C-peptide sera
C-peptide 9 G.03t 0.542 7538 0.783 1315
0 W.643 1.528 1.36% 1290 1.641
0 0.617 1.556 1.388 L 1643
C-peptide-BSA 0ns 0.137 1.167 1384 L 1.066
0.091 1.093 1.282 1.289 1241 1242
0.097 1.083 1292 Luo 13n? 1358
HEK-ATPaze 6,163 0191 0.191 0.237 0.273 0.690
0.199 0.222 0275 0.339 0.340 0.780
2 0.308 0212 0.276 0.29 0.531

@ Data are shown as the absovbances at 405 nm of ELISA rzaction products, and represent the means of iriplicate measurements of exch seram

sample.
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was by measurement of the absorbance of the wells at
405 nm in a Titertex Multiskan plate reader (Flow
Laboratories). For competition ELISAs, synthetic pep-
tides were plated in microtiter wells and blocked with
BSA as described above. In separate sets of microtiter
wells, antibodies diluted in 50 mM Tris-HCI (pH 7.2),
were incubated for I h with H,K-ATPase microsomes
suspended in the same buffer, then transferred to the
idi ted wells fo: itaticn by ELISA.
lmmunoblo.tmg Microsomes prepared from pig gas-
tric mucosa as detailed abcve were resolved by SDS-
PAGE (4%-20% acrylamid: gradiznt), and the result-
ing gel patterns were transferred clectrophoretically to
pelyvinyldifiuoride membranes at 300 mA for 1 h in 10
mM  3-(cyclohexylamino)-1-propanesulfonic acid
(CAPS), 10% methanol, pH 11.0 transfer buffer. The
sheets were incubated for 1 h with 3% nonfat dry milk
ir 20 mM Tris, 150 mM NaCl (pH 7.5) (TBS), then for
1 h with varying dilutions of rabbit antisera in 1%
nonfat dry milk, 197 Tween 20,TBS (TTBS). The

atone or peptide-BSA N-veptide-KLH con-
jugates elicited comparably high levels of activity
against N-peptidc and N-peptide-BSA conjugate, and
again much slower devclopment of activity against
H,K-ATPase. Due to their relatively high titers, anti-
sera HKaN2 and HKaC2 were the primary focus of
further immunochemical assays.

Titers of N-peptide and C- pepude anubodles with
respect to synthetic peptides, p BSA
and pig gastric microsomes ennched in H,K-ATPase,
compared to the binding of preimmune serum to the
same antigens, were measured by ELISA, and a repie-
sentative set of data for the N-peptide antibody
HKaN2 and the C-peptide antibody HK «C2 is shown
in Fig. 1. Titers of C- pepnde anuhodles against syn-
theiic ide and conj d as the dilution
of antibody yielding half- g to antigen)
were approximately equivalent (1: 8192) and somewhat
higher than thc corresponding titers for N-peptide
antibodies (i:512 for N-peptide, and 1:4096 for N-

1 bindi

sheets were washed 3 times in TTBS, and incut

fo: 1 h with 1:2500 dilstion in TTBS of goat anti-rab-

bit Ig j 4 to h id After

washing as abovs. the color reaction was developed by
ddition of 0.05% 4-ch! hihol, 0.0i5% H,0, in

TBS/15% methanol for 30 min.

Immunocytochemistry. Pieces of pig and rat gastric
mucosa (2 mm X 10 mm) from the acid-secreting re-
gion on ihe greater curvars of e slowmach were
fixed for 1 h in Bouin’s fixative, then embedded in
paraffin, sectioned at 5 um, and deparaffinized by
standard procedurcs. Tissue scctions were treated with
3% H,0, for 5 min, than washed three times in PBS.
Primary antibody binding to the sections as 1:25 di!u-

peptide-BSA ). Titers of both N- and C-
peptide antibodies against native H,K-ATPase ad-
sorbed to microplete wells were equivalent (1:512).
Preimmune sera showed no specific binding to either
synthetic peptides or peptide-BSA conjugates, and
marginal rcactivity -with native H,K-ATPasc, which
could reflect low levels of gastritis-associatcd autoim-
mune antitodies against endogenous H,K-ATPase.

Immunacytochemistry
Since H,K-ATPase mediaics acid secretion by the
gasmc panetal cell, we sought to confirm by light
hemistry that both N- and

tion was a:sessed using the p al
techinique and phasc-contrast microscopy (Zenss M
35).

Results ~

Binding assays

In the course of immunization with synthetic pep-
tde-KLH conjugates, rabbit sera developed specific
antibody binding activity towards synil:atic peptides
alone, pcptnde BSA conjugates, and HK-. ATPas,e-er.-
riched pig gastric mi These i i
tics were measured by ELISA with the appropriaic
antigens adsorbed to microtiter plates, and are shown
in Table I Two of thrze rabbits immunizad with -
peptide-XLH conjugate promptly (within 18 days) de-
veloped high levels of specific binding activity towards
C-pcpude and C-peptide-BSA conjugate In (‘ompan-
son, 1! of activity d 1 H,K-
ATPase was slow, with binding activity after 105 days

approxirating only half that measured against peptide:

C-pepti e antibudies wouid label the ppropriate cell
type in gastric mucosa. In the pig, N- and C-peptide
antibodies labelled parietal cells exclusively, as shown
in Fig 2 for the antibodics HKaN2 #nd HKaC2.
Labelling was most dense with the threc C-peptide
antibodies and HK N2 (+ + + +3; the remaining N-
peptide antibodies, HKaN1 and HKaN3. labelled
paricial cells less intensely (+ + ). In the rat, N-peptide
antibodics did not label parictal cells, or any other
cells; the C-peptide antibodies HXaC2 and HKaC3
gave dense labelling of paretal cells, while HKaCl

parietal cells more weakly (+). In both pig
ing wi:s distributed throughout the cyto-
pilasm of parictal cells, with somewhat more dense
labeiling on the apical side of the cells. At the magnifi-
cations possible on the light microscope, localization of
labelling to tubulovesicular oi other membranes couid
not be confirmed. Nuclei were not labelled. When pig
and rat gastric sections were exposed to preimmune
sera, no labelling was apparent in any ceil type in
either mucosa (shown for pig pastric mucosa in Fig. 2,
a).
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20% acrylamide gels followed by staininz with
Ceonassie bluc showed two prominent polypeptide
bunds, one at 94 kDa and another at 42 kDa (i'ig. 3,
lane ai The former band corresponds to the H.K-
ATPase a-subunit, while the latter band is actin. In
bands of intermediate and lower
molecular weight whose identity is unknown werc evi-
dent. Both N-and C-peptide antibodies were shown to
bind only to the 94 kDa pol; with no
activity with other bands on the gel (Fig. 3, lanes N2
and C2). The C-peptide antibodies appeared to exhibit
lower affinity for denatured and reduced H,X-ATPase

1.00

0.60

0.40

Absorbance at 405 nm

0.20

s in order to obtain comparable immunoblot
signal sirength, we loaded five times more microsomal
protein onte electronhoretic gels for anti-C-peptide
blots than for anti-N-peptide olots. At the dilutions of
sera yielding the signal shown in Fig. 3 (1:1000 for
HKaN2 and 1:2000 for HKaC?2), parallel SDS-PAGE
immunoblots of the same amovuais of sheep kidney
Na,K-ATPase showed no signal anywhere on the blots.
At dilutions ¢i 1:500, N-peotide antibodies still showed
no reactivity with Na,K-ATPase immunoblots, while
two of the C-peptide antibodies (HK «C2 and HK C3)
showed a barely visible signal at 94 kDa, presumably
wnth the Na,K-ATPase a-subunit (data niot shown).
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I.og2 Antibody Dilution

Fig. 1. Antibody titers against synthetic peptide, peptide-conjugate,
and microsomal H,K-ATPase. Microtiter wells were coated with N-
or C-peptide (A), N- or C-peptide-BSA conjugate (B), and HK-
ATPase-cnniched gastric (C), and then incub with
serial twofuld dilutions (abscissa, starting witk 1:128 dilution) of
HKaN2 (0. preimmuie; &, postimmune) ot HKaC2 (a, preim-
mune; &, postimmune). Antibody binding was measured by ELISA
4t 405 nm (ordinate, see Methods).

Immunoblotting
Separation of the proteins present in H,i-ATPase-
enriched microsomes by means of SDS-PAGE on 4%-

P sera at dilutions greater than 1: 200 showed
no reactivity with cither H,K-ATPase or Na,K-ATPase
immunoblcts. Both N- and C-peptide antibodies re-
tained their n,acuvny with tryptic peuhdw of lhu H,K-
ATPase a ( ipt in p

Coinpetition assays

The specificity of the N-peptide antibodies tor ihc
N-terminus of native, microsomal H,K-ATPase was
confirmed by competition ELISAs in which N-peptide
or C-peptide was bound to ELISA microtiter wells,
and incubated with N- or C-terminal antibodies in the
presence of H,K-ATPaze-enriched microsomes. Fig. 4
shows the results of competition ELISAs for antibodies
HKaN2 and HKaCl. As the amount of native, micro-
somal H,K-ATPase incubated with N-terminai anti-
body increased, less antibody was left bound to the
N-peptide on the microtiter plate. This experimnent
establishes three important points. krstly, it shows that
antibodies vinding specificaily to synthetic N-peptide
are displaced by mtact H,K-ATPase, indicating that
the antibodics recogi a peting epitope, |
ably the N-terminus, on the H,K-ATPase Microsomes
enriched in Na,K-ATPase did not displacc Nepeptide
antibocties from bound N-peptide. Secondly, the exper-
iment demonstrates that antibody HK«N2 recognizes
the native conformation of the H,K-ATPase N-
terminus, as it cxists on the surface of catalytically-
active vesicular meinbranes, The ELISA data shown in
Fig. lc also shows reactivity of aatibodies with §4,K-
ATPase vesicles, but only after these havc been ad-
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Fig. 2. Immunocytochemical reactivity of antibodies with gastric mucosa. Pig gastric mucosal sections were prepared as described,in Methods,

and incubated for i h with 1:25 dilutions of: (2) rabbis preimmune sciwm; (b) HKaNZ antiserum: and () HX~C2 antiscrury. Magnification is
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serbed to the polystyrene surface of the ELISA plates,
with uncertain effects on the orientation and confor-
mation of the H,K-ATPase and its N-terminus. Thirdly,
if the majority of H,K-ATPasc-enriched microsomes
are oriented with their cytoplasmic surface on the
vui-ide, this experiment establishes that the N-terminus
of the H,K-ATPase a-suburit is exposed on the cyto-
plasmic side of the parietal cell apical membrane.

In competitive binding assays as shown in Fig. 4,
vreincubation of native H,K-A'TPase microsomes in 5
mM ATP or 100 mM KCl, inducing an E, or an E,
conformatioii, respectively, had no significant effect on
the comgutiti.e binding of HKuN2 to the enzyme at
low concentrations of added H,K-ATPase (1 to 2.5
pg/ml); at higher concentrations of added H,X-
ATPase (5 and 10 pg/ml), both E, and E, forms of

81

N2, Ct Compediiive ELISA

050 § - Ct

0.40 §

(q

0.30 1

0.20 4

0.00 0.50 1.90 1.50

Absorbance »t 405 mm

Micrograms Competing H K-ATPase
Fig. 4. Competitiv: ELISA with symhetic peptide and microsomal
H.K-ATPase. | pg aliquots of N- or C-peptides were plated: into
ropiate weilz, blocked with BSA, and incubated with 100-u1
aliquots of either HKaN2 or HKaC1 (1:1000 dilutions) containing
increasing amouats of microsomal H,K-ATPase, as shown on the
abscissa. After 1 h, microplate wells were emptied and processed by
ELISA as described in Methods.

the H,K-ATPase bound 30% less HKaN2 antibody
than the native H,K-ATPase (data not shown).
Analogous compgiition ELISAs were carried cut
with the C-peptide antibodies, in order to confirm their
specificity for the C-terminus of natwe H,K-ATPase.
H , despite i i of antigen
and ibod rations, disp! effects sitmi-
lar to those observed for HK N2 were not found when
C-peptide antibodies were incubated with native, mi-
crosomal H,K-ATPase in the presence of bound C-
peptide (shown in Fig. 4 for antibody HKaCl). Confir-
mation that «J-peptide antibodies specifically recog-
nized H,K-ATPase was obtained with a modified com-

21 s ELISA, whereby C-peptide antibodies were
. first incubated with i i of C-p
A& commam : BSA bound to microtiter plate wells, and were then
: d and incubated with of
a N2 : c2 bound microsomal H,X-ATPase. Fig. 5 shows the re-
sult of such an experiment for antibody HK «C3, com-
Fig. 3. reactivity of with gastric | pared to HKaN1. The daia clearly indicate that both
proteins. Pie gastric microsomes cnriched for H,K-ATPase as de- C-peptide and N-pepti antibodies i ing witk
;c\rlig': - l:muds w: p I:j:m'?h'z SD%M?E,‘ i m:.‘: i on mi I HK-ATPase (adsorbed &
membranes, an ol Wil - or C-peptide-specific rabbil

antisera. Signal de(ecxfunpwas by means of HR;-Ilijnkcd :nm anti~zab- pclvs‘yr"'r{’ mlc'?“‘er wells) ?.'3 _Spemfcally remo\ed

bit Ip and 4-chloronaphtiiol/H,0,. Lane a: § pg of G gustric by prioi | with C- or N
microsomes staitied in the gel with Coomassie blue. Lanes N2 and The 1 b of C-p ibod: {

Cz: PVDF replicas of 1 ug SDS-PAGE-resolved gastric microsomer

probed with 2 1:2000 dilution of antibody (IKaN2 (N2), aud a

1:1000 dilution of antibody HKaC2 (C2). Molccular weight stan-

dards (phosphorylase b, 94000: bovin: serum atbumin, 67000; oval-

bumin, 43000; carbonic anhydrase, 30000; soybean trypsin inhibitor,
21008; lysozyme, 14000) are displayed on the left.

tive effccts with intact mlcrosomal H,K-ATPase (l.e.,
not adsorbed to polystyrene wells), could result from
the C-terminus being luminally oriented, that is, being
exposed on the inside surfacc of the vesicles, and
therefcre not ssible to ibody. The C-peotid
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Fig. 5. Modificd competitive ELISA with C-pepude amxbody In-
creasing amounts of N- or C-peptide-BSA were

umo! P,/mg protecin per h, 38.0 pmol P,/mg protein
per h with 10°° M valinomycin (a K* uniport
icnophore), and 124.7 wmol P,/mg protein per h with
IO M mgenclr (a K /H antiport fonophore). This

lation of K.*-ATPase spe-
cific dytmty is interpreted in terms of an intravesicular
K™ binding site which becomes accessible to exiraves-
icular K* only in the presence of K* ionophores; that
is, the majority of the vesicles (82%) are criented with
their luminal or exlracytownc side facing iawards. Since
the site-di d di d to act li
cally, that is, on the outs:de surface of micresomal
vesicles, we measured ticir effect on the K *-stimulated
activity of gastric miczosomes enriched in H,K-ATPase.
Fig. 6a shows the effects of protein A-purified N-termi-
nal and C-terminal antibodies on K*-stimulated AT-
Pase activity in such vesicles. Maximal activity refers to
the difference between Mg2*

-stimulated ATPasc and
Mg?* K *-stimulated ATPase activity in the absence of

plated into microtiter wells and incubated with HKaN1 (1:1024

dilution) or HKaC3 (1:16,000 dilution), as appropriate. After 1 h,

the anub».«e: were aspirated and transferred into microtiter wells

i d with 1 g mi 1 HK-ATPase, and subse-

quently blocked with BSA. Antibody binding iv diece wells was
assayed by E1.ISA as descrived in Methods.

antibody competitive ELISAs (as shown in Fig. 4) were
repeated with microsomal H,K-ATPase solubilized in
€.125% C,,E, (a concentration found not to affect
ELISA reactions), and no competitive effects were
observed. Given that our C-peptide antibodies ap-
pearcd not to recognize the C- termmus of native H.K-

ATPase, this tesuit 1 d i of

ibodies. The N-terminal antibody consistently inhib-
ited enzyme activity in a dosc-dependent manner, while
no significant inhibition of activity wzs induced in the
presence of C-terminal antibody. The small reaction
voiume of the ATPase assay as adapted for microtiter
plates (200 1) limited the amount of immune IgG that
could ke added to the wells, preventing measurement
of the :naxinal extent of enzyme inhibition. This limi-
tation was partially overcome by using peptide
aifinity-parified HKaN2 IgG, as shown in Fig. &6b.
E,K-ATPase activity was maximally mhxbned by 55%
by this ibody fracti a result with in-
volvement of the H,K-ATPase N-terminal demain in

the C-terminus to the luminal or cytoplasmic side of
the membrane.

Effects of antivudies on enzyme activity
Representative specific activities of freshly-prepared
gastric microsomal vesicles in 20 mM KClI were 22.7

vtic and /or transport activity of the enzyme.
Discussion
Antibodies elicited by immunization with synthetic

pepiides have been widely applied to guestions to
native protein structure and function {12]. This study
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Fig. 6. Effect of N-peptide and C-peptide antibodies on K *-stimulated ATPase activity, Enzyme activity was measured as specified in Methods,

and is shown as a perrentage of iite K*-stimulated activity measured in the absence of antibody. (a) Enhibiticn of H,K-ATPase activity by 135

obtained from antiera HKaN2 (3} and HKa<2 (O) by protein A-affinity puritication. (b) Inhibition of H,K-ATPase activity by specific
HKaN? activity abtained ftom HXaN2 igG by N-pepiide-affinity puarification,



describes some properties of antisera directed against
synthetic peptide-KLH conjugates based on the pri-
mary structure of pig gastric HK-ATPase N- and C-
~crmini. In choosing KLLH as the carrier protein for
immunization, we followed Ball and Loftice [13], who
found that antisera raised against five unconjugated
synthetic peptides from the a-subunit of Na,K-ATFase
did not react with 1the native enzyme, while four of
seven antisera raised against synthetic peptides cou-
pled tc KLH, including the N-terminal peptide, did
veact. Our finding of d:iferences in the properties of
antisera from rabbits immunized with the same conji-
gates (Table I) may reflect genetic differences amongst
rabbits and the selection of differing d clonal
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vesicle preparations. The evidence that our micresonal
vesicles are oriented with their cytoplasmic surfaces
facing outward comes from previously published re-
ports using the same preparation of vesicles, and from
cur own measurements of innophoric latency of K*-
stimulated ATPase activity in our vesictes. Firstly, elec-
tron microscopy of gastric vesicles fixed in 2% gluter-
aldehyde and 1% tannic acid revealed dense ihickeniayg
of the outer surface of vesicles [16], indicating that
most of the membrane protein content of these vesicles
was assocxated with e(temal face of the tilayer [17].
S dly, ch py of gastric vesicles la-
velled wnh wheat germ agglutinin or concanavalin A

responses. The varicd immune responses to the syn-
thetic peptides emphasizes the importance of |mmumz-
ing several animals when i with speci

lloidal gold ccnjug r led more than 70% of
the gold partwlcs assoclat"d with the inver suriace of
the vesicles, indicati ial 1 ide (cy-

properties are sought.

Our major objective in generating site-specific anti-
bodics to the gastric H,K-ATPase is to study topogra-
phy of the enzyme with respect t~ the apical

tosol-out) vesicle oncntahon [lSl Thiraly, hypotonic
lysis of thc vesicles does not load o increased pNPPase
aciivity (a partial reaction of the H,K-ATPase), while
H,K-ATPase activity is increased only by 25%, wholly

d for by improved access of K* to the luminal

of the gastric parietal czll. Anomalies have arisen in

side of the enzyme [18]. These results indicate the

ihe model of H,K-ATPase deduced from

p of ATP-binding sites (which must be cytoso-

hydropzihy plots. Tai et at. (1988) [14] obtained two
peptides (25 kDa and 15 kDa) from extended tryptic

lic) on the outside surface of the vesicles. Lastly, mea-

digestion of rat H,K-ATPause in the presence of Zwit-
tergent 3-14. Both peptides contained the FITC-bind-
ing site of the parent molecule, and also bound con-
eaiavalin A (Con A), showing that mannose-containing
carbohydiate substituents reside un the peptides. FITC
binds to Lys-517, which hydropathy analysis places in
th: midst of the 52 kDa nydrophilic fomain on the
cyiesolic side of the apical membiane. Since pictein
glycosylation occurs co- and post-translaticnally in the
RER and Golgi apparatus where glycosyltransferases
are found, it is urclear how cytosolically-oriented do-
mains of the H,K-ATPase can be giycosylated. In the
same vein, Hall et al. (1989 {15] found that a pair of
peptides (33 kDa and 31 kDa) were released from
membrane-bound pig H,K.-ATPase with partial tryptic
digestion. Again, both peptides bound FITC and Con
A, makmg Asn-497 a probable acceptm site for N-lin-
ked glycosyl d Con A el mi-

of proton and potcntial gradients in such
vesicles in response to ATP and ionophores confirm
intravesicular acidification; that ir, the iuminal face of
the ATPase faces i ds [19]. Our of

*.stimulated ATPase activity in freshly-prepared gas-
tric microsomal vesicles showed that activity was in-
creased by a factor of 1.6 with valinomycin, and by a
factor of 4.5 with nigericin. These data confirm the
impermeability of vesicles to K* and the intravesicular
lgcation of the K*-binding site on the H,K-ATPase
wsince the cnzyme requires K* on the luminal side of
the apical membrane tor full activity), indicating again
that the- cytoplasmic side of the H,K-ATFase is extra-
vesicular. In cddition to conﬂ..mrg the ionic integeity
of the icles, aud bilicy of the
vesicles to annhodles “these data suggest that 82% of
the vesicles were otiented cytoplasmic side-ont; since
up to 18% of vesicles may be oppusitely-oriented or

croscopy showad the majority of staining to be on the
luminal side of H,K-ATPase vesicles, and labelling of
intact and permeabilized vesicies with UDP-galactosyl
transferase showed geeater labelling of H,K-ATPase on
the luminal (inside) surface of the vesicles. Thus, Asn-
492 appears to be luminally-oriented, implying that the
hydrophilic 22-res|due pepude Lys-496-Lys-517,
h ht to be d, may in far‘ Cross
the membrane.
Since the intera s of gastvic micro.umal
with site-directed aitibodies descrived ir ihis study
were interpreted in ierms of H:K.-ATPase origntation,
it was important to 2steblish the sidedness of our

d, we cannot exﬂude the possibility that in-
of it ibocies with this fracti
of vesicles comnbule in some degree to our binding
data.

The ability of intact microsomes enriched in H,K-
ATPase to compete with an « subunit N-terminal
synthetic peptide for antibody HKaN2 (Fig. 4) shows
that the a-subunit N-terminal domain is located on the
outer surfacs of the microsones. The c-suburit N-
rerminus is theretore located on the cytoplasmic side of
the parietal cell apical membrane. Confirmatory evi-
dence for sided of the N of rat HK-
ATPase has p. ly appeared in ab: torm l20],
in thai study, i lectron mi i lization
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of an antibody against a synthetic peptide correspond-
ing to the rat H,K-ATPase amino terminal sequence
demonstrated that the N-terminus faced the cytoplasm.

inhibits K*-stimulated ATPase activity in gastric micro-
somes enriched ir HK-ATPase; the specificity of this
cffect is reinforced by the inability of our C-peptide

We cannot deduce the sided of the C- inus of
the H,K-ATPase rom our competitive ELISA data.
The lack of conipetitive efiects with C-peptide antibod-
ies in such experiments, using both intact and solubi-
lized microsomes, suggests either that C-peptide anti-
bodies do not recognize the native conformation of the
o subunit C-terminal domain, or that this domain is
shielded by hydrophilic domains of the a- or 8-sub-
units of the H,K-ATPasc {cven in the presence of a
non-denaturing detergent), and thus is sterically unable
to interact with C-terminus-specific antibodies. Ball
and Loftice |13), using ai dics against a synthetic
pepiide based on the C-terminus of Na,K-ATPase a-
subunit found a similar lack of reactivity of C-peptide
antibodies with native Na,K-ATPase, although the same
antibodies gave a positive signal on electroblotted a-
subunit. Thus, specific binding of our C-peptide anti-
bodies to: (a) microsomes adsorbed (o polystyrene mi-
craplate wells; (h) H K-ATPzse c-subunit resolved by
SDS-PAGE and transfened to PVDF membrane; and
K-ATPace fixed in situ in gastric mucusal sec-
tions, is not nccessarily predictive of antibody binding
to the native enzyme. This finding emphasizes the
importance of venfymg experimentaliy that synthetic

ide-b; ize the nrtive mhm-n
pamcularly when such antibodies are being used as
probes of native conformation. This caveat notwith-
standing, cur C-peptide annbmhes are potentially use-

ful probes of bunit C. ided since
they are immunecytochemically rcactlw' and thus lend
themselves to immunogoid el scopy. Evi-

ibody HKaC2 to inhibit activity, consistent with this
antibody’s non-recognition of the native enzyme. The
effects of HKalN2 on pNPPase activity, phosphoen-
zyme formation, and chloride conductance remain to
be examined. For now, the inhibitory effect of this
site-directed antibody on H,K-ATPase activity suggests
that the N-terminal domain may play a role in the
catalytic mechanism of the encyme. Aliernatively, anti-
body binding tc the N-terminus may simply restrict
access of physiological ligands to their binding sites
elsewhere on the enzymic, thercby inhibiting activity.
This interpretation is noi supported by our obseivation
that HKaN2 binding to native « subunit decreascs by
30% when the physiological ligands ATP and K* are
bound to the enzyme. Our results are consistent there-
fore with the N-terminus undergoing conformational

t as the goes through its catalytic cycle.
The possibility that conformational ct
elsewhere in the enzyme may also restrict the andbody’s
access to its N-termina! cpitope. Inhibition of H,K-
ATPase activity by our N-peptide antibody conirasts
with the !vlr of lnhlbll o of Na,K-ATPase by the
corl ibodies [22), a disparity
which may reﬂecl the dlfferem ion binding and trams-
durtion functions of N-terminal domains in the two
enzymss.

Previous studies with morocluiial antibodies to gas-
tric H,K-ATPase iiave shown them to be useful probes
of the enzyme at both tiie ccilular and molecutar level.
Such antibodies have clarified the location and secreta-
gogue-stimulated migration of H,K-ATPase within the

dence that the H K-ATPase C-terminus is cytosolically
oriented has recently appeared in abstract forr [21). In
that study, di of surface jodinated (‘*1) intact
microsomial vesicles with cirboxypeptidase Y reduced
51 counts in the a-sukunit by 24%; this result was
interpreted in terms of selective rernoval from the
outer surface of vesicles of the two a-subunit C-termi-
nal tyrcsines, which must therefore face the cytosol.
With the closely related Na K-ATPase, Antolovic ¢t al.
[?21 have recently shown using syathetic peptide-based
affinity-purified antibodies that both the N- and C-
termini of the a-subuiiit are cyioplasmically oriented.
Polyclonal antibody [23,24] and minnocional antibody
{25-28] inhibition of gastric H,K-ATPase has been
reported previously, #ithough thc location of epitopes
associated with inhibition was not specified. In addi-
tion te effects on H,K-ATPase activity, the polyclnnal
‘Yies and two monoglonals {25,271 alko inhibited
p-mtrophenylphosphanse activity; one monoclonai an-
tibody {25] was reported ‘o inhibit chloride conduc-
tance assoc;av*d with gastric microsomes. Our N-

gastric parietal cell [29], have shown the existence of
H,K-ATPase-like structures in renal cortical collecting
duct intercalated cells {30}, colonic epithelial celis {31},
and non-pigmented epithelial cells of the ciliary body
(32}, have led to development of an ELISA-based assay
of HK-ATPase in human gastric biopsics [33], and
have resulted in purification of H,K-ATPase messen-
ger RNA and its translation in a cell-free system [34].
In addition, antibodies are unique immunocyto-
chemical markers of gastric parietal cells {35,36). The
present study extends whe armory of immunochemical
probes of the H,K-ATPase by verifying that polyclonal
antibodies directed against synihetic HK-ATPase pep-
tides interact with pative and are cc

important probes of H,K-ATPase topography and the
conformational transitions undergone by the enzyme
during catalysis.
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