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Sequence analysis of the catalytic subunit of H™-ATPase
from porcine renal brush-border membranes
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The catalytic subunit of the H'-ATPasc from brush-border membranes of porcine renal proximal tubules was labeled with the
hydrophobic SH-group rcagent 10-N-(bromoacctyl)amino-1-decyl-8-glucopyranoside (BADG) which irreversibly inhibits proton
pump avitivity in the absence but not in the presence of ATP. The labeled protein was purificd and digested with proteinases.
After isolation and secquencing of proteolytic peptides two BADG-labeled cysteines were identified. The amino acid sequences of
the obtained proteolytic peptides were homologous to the catalytic subunit of V-ATPases. From mRNA of porcine kidney cortex
a catalytic H'-ATPase subunit was cloned. 181 of the 183 amino acids which overlap in the sequence derived from the cDNA
and the proteolytic peptides were identical, and the two deviations are due to single basc exchanges. A comparisen of the amino
acid sequence derived from the cloned ¢cDNA with sequences of catalytic H*-ATPase subunits communicated by other
laboratories revealed 985, 96% and Y4% identity with sequences from bovine adrenal medulla, from bovine kidney medulla and
from clathrin-coated vesicles of bovine brain. Between 64% and 69% identity was obtained with sequences from fungi and plants.
The data show that the catalytic subunit of V-ATPases is highly conscrved during evolution. They indicate organ and species

specificity in mammalians.

Introduction

ATP-driven proton pumps have been identified in
renal cortex and medulla [1-7). They belong to the
vacuolar types of ATPascs (V-ATPases) which can be
distinguished from other types of ATPases by their
insensitivity to vanadate and oligomycin and by their
sensitivity to N-cthylmaleimide and nitrate [6,8-15].
Employing functional studies and immunohistochem-
istry in kidney V-ATPases have been localized in lumi-
nal membranes of proximal and distal tubules, in lumi-
nal and basal membranes of intercalated cells of col-
lecting ducts and in membranes of intracellular vesicles
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[1,3,6]. Since it is assumed that V-ATPascs contain
threc essential subunits with mcleculas masses around
70 kDa, 60 kDa and 17 kDa [16~18] and the purifica-
tion of V-ATPases from bovine kidney revealed addi-
tional polypeptides with apparent molecular weights of
45000, 42 000, 38000, 33000, 31600, 14000 and 12600
[2,9]), different subtypes of V-ATPase may exist in
different parts of thc nephron and/or in different
subcellular localizations. These subtypes may differ
with respect to the structure of the essential threc
subunits and /or may contain different additional sub-
units [19,20].

The catalytic subunit with a molecular weight of
about 70000 [16,2!] which is homologous in V-ATPases
from phylogenetically different species [22-24] should
be a component of all V-ATPase subtypes in mammals
and its primary structure should be highly conserved in
different specics, organs and/or subcellular localiza-
tions. Whereas species and organ specificity of the
catalytic subunit can be investigated by cDNA cloning.
sequence differences of the catalytic subunits in differ-
ent subcellular localizations can only be determined by
amino acid sequencing of subunits which are purificd
frc.n different cellular compartments.
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In the present study the primary structure of the
catalytic subunit of a V-ATPase was investigated which
is localized in brush-border membranes of proximal
tubules from pig kidney. Therefore, brush-border
membranc vesicles were isolated from renal cortex, the
catalytic subunit was affinity labeled and then isolated
and partially sequenced. With the exception of two
amino acid residues the obtained amino acid sequences
were identical to the amino acid sequence derived
from the catalytic H*-ATPase subunit which was cloned
from mRNA of porcine Kidney cortex.

Materials and Methods

Materials

2'.Desoxyadenosine  5-[a-[ **Slthiojtriphosphate (50
TBq/mmol) was delivered by Du Pont de Nemours
(Dreicich, Germany) and 7aq polymerase by Perkin
Elmer Cetus (Langen, Germany). Escherichia coli
XL1-Blue cells and pBluescriptll SK plasmid were
supplied by Stratagene (Heidclberg, Germany). V8
proteinase (2.2 units/mg), diisopropylfluorophoshate,
FITC-labeled anti-rabbit IgG antibodics from goat and
the molecular mass marker proteins myosin (205 kDa),
B-galactosidase (116 kDa), phosphorylase b (97 kDa),
bovinc serum albumin (66 kDa), ovalbumin (45 kDa),
carbonic anhydrasc (29 kDa) and myoglobin fragments
(10.6 kDa, 8.2 kDa, 6.2 kDa) wcre obtaincd from
Sigma (Miinchen, Germany). Gold-labeled anti-rabbit
IgG antiserum from goat was purchased from Amer-
sham Buchler (Braunschweig, Germany), poly(vinyli-
dene difluoride) (Immobilon) membranes from Milli-
pore (Eschborn, Germany) and Acridine orange from
Eastman Kodak (Rochester, NY, USA). Trypsin, sc-
quencing grade, and restriction enzymes were deliv-
ered by Bochringer (Mannheim, Germany). pUCIS
plasmid, Supcrscript MMLV rcverse transcriptase,
Klenow polymerase and T, polynucleotide kinase were
supplied by Bethesda Resecarch Laboratories (Eggen-
stein, Germany), and the T7-sequencing kit by Pharma-
cia (Freiburg, Germany). All other chemicals were
obtained as described earlier [25).

Preparation of brush-border membrane vesicles

Brush-border membrane vesicles from porcine renal
cortex were prepared by a Ca®*-precipitation method,
resuspended and frozen in liquid nitrogen [26]). The
right-side out oriented vesicles [27] were transformed
to inside-out oriented vesicles by incubation with
deoxycholate as recently described by Simon and Bur-
ckhardt [5].

Precipitation of membrane-associated proteins
Brush-border membrane vesicles were solubilized
with 0.4% (w/v) deoxycholate in the presence of 1 M

p-glucose and membrane-associated proteins were pre-
cipitated by reducing the detergent concentration as
described earlier [26]. The precipitate (PI) was isolated
by 1 h centrifugation at 200000 X g. These steps were
performed in the presence of the proteinase inhibitors
phenylmethylsulfonyl fluoride (1 mM), diisopropyl-
fluorophosphate (0.25 mM), leupeptin (10 M), apro-
tinin (2 M) and benzamidine (1 mM).

Measurements of proton uptake

ATP-dependent proton uptake into inside-out ori-
ented vesicles was measured with the pH-sensitive dye
Acridine orange as described by Saboli¢ and co-workers
[28]. Bricfly 30 u! of vesicles were added to a cuvette
containing 1 ml (37°C) of 50 mM Hepes-Tris (pH 7.0),
150 mM KCI, S mM MgCl, plus 6 uM Acridine
orange. After excitation at 492 nm, the emission at 540
nm was measured until a stable base line was obtained.
Then, 10 gl of 100 mM ATP-Tris (pH 7.0) was added
and the change of emission at 540 nm was mcasured.

Labeling of brush-border membrane proteins with BADG

Precipitated brush-border membrane proteins (PI)
and inside-out oriented brush-border membrane vesi-
cles were covalently labeled with '“C-fabeled 10-N-
(bromoacetyDamino-1-decyl-8-glucopyranoside
(BADG) as described before [29]. Briefly PI was washed
three times with 20 mM imidazole cyclamate (pH 8.5),
0.1 mM magnesium cyclamate, 100 mM potassium cy-
clammate (KC buffer) and suspended at a protein con-
centration of 5 mg per ml in 20 mM imidazole cycla-
mate {(pH 8.5), 0.1 mM magnesium cyclamate, 100 mM
sodium cyclamate (NaC buffer). Then 50 pM
["*CIBADG was added and the suspension was incu-
bated for 1 h at 37°C. The rcaction was stopped by
addition of 100 mM cysteine, PI sedimented by 20 min
centrifugation at 250000 X g and resuspended in 0.1 M
Tris-HCI (pH 7.4). Inside-out vesicles (2 mg protein per
ml) were labeled by incubation for 30 min (37°C) in
NaCl buffer containing 50 M [*C]BADG plus either
5 mM MgCl, or 5 mM MgATP. Then frce [“CIBADG
and ATP was rcmoved on a small Sephadex G-50
column.

Solubilization and fractionation of Pl

For solubilization ['*C]JBADGe-labeled PI (30 mg of
protcin) was incubated 1 h (37°C) in 10 ml of 0.] M
Tris-HCl (pH 7.4) containing 5% (w/v) SDS and the
above described proteinase inhibitors, The suspension
was centrifuged 20 min (22°C) at 200000 X g and the
clear supernatant was applied to a 1.8 m long Bio-Gel
A column with an internal diameter of 2.7 cm. The
column was equilibrated with 0.1 M Tris-HCl (pH 7.4)
plus 1% (w/v) SDS and run at a flow rate of 15 ml per
h. Fractions containing protein plus radioactivity were
dialyzed against water (48 h, room temperature), con-



centrated by lyophilization and suspended in sample
buffer of SDS-polyacrylamide gel clectrophoresis.

Purification of the catalytic H *-ATPase subunit

The final purification of the M, 70000 polypeptide
was performed by separating fractions from the Bio-Gel
A column in which the M, 70000 polypeptide was
clearly separated from other polypeptides cn SDS-
polyacrylamide gels. Concentrated fractions from the
Bio-Gel A column containing 0.5 to 1 mg of protein
were applied on surfaces of 1.5 mm thick SDS-poly-
acrylamide slab gels (14 cm X 20 cm) which were run as
described by Laemmli {30). After ¢lectrophoresis part
of the gel was stained with Coomassie brilliant blue
R250 and the M, 70000 polypeptide was dissected and
clectroeluted from the unstained gel as described be-
fore [29]. The cluted protein was dialyzed for 24 h
(22°C) against H,O containing 0.019% (w/v) SDS and
frozen.

Immunological procedures

To prepare polyclonal antibodies, two rabbits were
immunized on day 1 and 28 by subcutaneous injection
of 30 ng of the electroeluted M, 70000 polypeptide
with complete and incomplete Freund’s adjuvant, re-
spectively. Immune reactions on Western blots were
performed as described earlier [31] and for immunohis-
tochemistry previously described procedures [32,33]
were modificd. For light microscopy rat kidneys were
fixed in Carnoy's fluid (ethanol/chloroform/acetic
acid, 6:3:1, v/v), embedded in paraffin, cut into 5-um
sections and dewaxed. The sections were blocked by
incubating 15 min (22°C) with PBS containing 1%
(w/v) bovine scrum albumin, 0.2% (w/v) Tween 20
and 0.1% (w/v) Triton X-100 and incubated with rab-
bit antiserum which was diluted (1:20) in the same
buffer. To visua:.ze the antibody binding, the sections
were incubated 45 min with FITC-labeled anti-rabbit
IgG antibodies from goat (1:30) in PBS containing 1%
(w/v) BSA. For electron microscopy the reaction with
the primary antibody (antiserum diluted 1:30) on ul-
trathin, LR White resin-embedded tissue sections was
performed exactly as described before [33). The im-
mune reaction of the primary antibodies was visualized
with gold-labeled anti-rabbit 1gG antiserum from goat
(1:30). No immune reaction was observed when the
antisera were replaced by preimmune sera.

Proteolytic digestion and fractionation of proteolytic pep-
tides

For digestion with V8 proteinase from Staphylococ-
cus aureus, 50 ug of the electroeluted ["*C]BADG-
labeled M, 70000 polypeptide were incubated 16 h
(37°C) in 300 ul of 100 mM ammonium acetate (pH
4.0) containing 0.6% (w/v) SDS plus 300 ug of V8
proteinase. The digested sample was vacuum-con-
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centrated to 50 ul, the pH was adjusted to 6.8 and 50
1 of electrophoresis sample buffer [30] was added.
The peptides were separated by SDS electrophoresis
on 16% (w/v) polyacrylamide gels which was per-
formed as described by Schigger and Von Jagow [34]).
After electrophoresis the peptides werc electrically
transferred to polylvinylidene difluoride) membranes
by employing semi-dry blotting [35]. Then the mem-
branes were washed with H,0, wetted with destaining
solution (CH,OH/H,0/CH,;COOH, 6:3:1, v/v),
stained (2 s) with staining solution (CH,OH/H,0/
CH,COOH, 4.5:4.5:1, v/v. plus 0.02% (w/v) Amido
black) and finally washed with destaining solution. The
stained peptides werc dissected and used for amino
acid sequencing.

Trypsin digestion of the [“CIBADG-labeled M,
70000 polypeptide was performed within dissected gel
slices and the proteolytic fragments were cluted [36).
After SDS-polyacrylamide gel electrophoresis the M,
70000 polypeptide was identified (5 min staining with
Coomassie brilliant blue R250 and destaining for 2 h in
H,0/CH,0OH/CH,COOH, 6:3:1, v/v) and carefully
dissected. The gel pieces were cxtensivcly washed with
H,0, frozen, partially freeze-dried and then 5 h (37°C)
incubated in 2 ml of 100 mM NH,HCO, (pH 8.5)
containing 0.5 mM CaCl, and 40 ug trypsin. The
proteolytic fragments were extracted by incubating the
gel pieces three times; first with 75% (v/v) trifluoro-
acetic acid (TFA) and then with a 1:1 (v/v) mixture of
TFA and acetonitrile (each incubation was for 4 h at
room temperature). The extracted solutions were com-
bined, vacuum-concentrated and applied to reverse-
phase HPLC on a C; column (Lichrospher 100 RP-18,
Merck, Darmstadt, Germany) which was equilibrated
with H,O containing 0.1% (v/v) TFA (gassed with
helium). The sample was eluted with a gradient be
tween H,O plus 0.1% (v/v) TFA and 80% (v/v)
acetonitrile, 19.9% H,0 and O.1% (v/v) TFA (gassed
with helium). The eluted polypeptides were detected at
206 nm.

Amino acid sequencing

Sequencing was carried out on a gas phase se-
quencer {470A, Applied Biosystems}) which was
equipped with an on-line analyser for phenylthiohydan-
toin derivatized amino acids using a standard program
supplied by Applied Biosystems.

¢DNA cloning and sequencing

Oligonucleotides were synthesized in 0.2 pmol scale
on a Cyclon Plus DNA synthesizer from MilliGen
(Eschborn, Germany) using the solid phase phospho-
amidite method and further purified by HPLC.

For the polymerase chain reaction (PCR) poly(A)-
enriched RNA from pig kidney cortex was prepared
137]. Oligo(dT)-primed single stranded cDNA was syn-
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thesized and two internal H*-ATPase-specific cDNA
fragments were amplified by PCR employing primer
pairs which were derived from amino acid sequences of
proteolytic peptides. For the first fragment a degener-
ated primer pair (see S1* and S2~ in Table 1) was
deduced from peptide sequences 2 and 9 (see Table II,
YGIVNEN and AEMPAD, respectively). The PCR
reaction was performed in a 100 ul reaction volume
containing 10 mM Tris-HCI (pH 8.3), 1.5 mM MgCl,,
0.2 mM each dNTP, 1 mM of S1* and 4 mM of S§2°.
After an initial denaturation step for 5 min at 94°C, 2.5
units Taq polymerase were added and 35 amplification
cycles (1 min 94°C, 2 min 50°C, 3 min 72°C) wese
performed. The resulting amplification product was
digested with Xbal and subcloned in pUCI8 [38]. For
amplification of the second ¢cDNA fragment one de-
generated oligonucleotide (see S4~ in Table 1) de-
duced from peptide sequence 13 {(sec Table II,
AFYDM) was used in combination with an oligo-
nucleotide (see S3*in Table I) which was deduced
from the previously determined ¢cDNA sequence. The
reaction was initiated and Taqg polymerase was added
as described above and 35 cycles each consisting of 45 s
at 94°C, 1 min at 52°C and 2 min at 72°C were

TABLE |

performed. The amplification product was digested
with EcoRI and again subcloned in pUCIS.

To amplify the 5’-end of the catalytic H*-ATPase
subunit cDNA was synthesized from mRNA employing
S5~ (Table 1) as internal primer. The amplification was
performed employing the oligonucleotides S6~ and
§7* (Table 1). S6 was derived from the previously
determined sequence and S7* from the recently ¢nm-
municated cDNA sequence of the catalytic H*-ATPase
subunit of bovine adrenal medulla [39]. The PCR-reac-
tion was performed and the amplified PCR-fragment
was digested with EcoRI and subcloned in pUCIS8 as
described above.

To determine the 3’-end of a catalytic H*-ATPase
subunit from porcine kidney cortex the 3'-RACE
method [40] was employed. After priming the mRNA
with the oligo(dT) containing adapter primer S8~ (Ta-
ble I) cDNA was synthesized and a ¢cDNA-fragment
was amplified with the adapter oligonucleotide S9-
and the oligonucleotide S10* which was derived from
the cDNA determined carlier (Table D). In these exper-
iments the PCR reaction was performed in the pres-
ence of 67 mM Tris-HCI (pH 8.8), 6.7 mM MgCl,, 16.6
mM (NH,),S0,, 0.17 mg/ml of bovine serum albu-

Nucleotide sequences of oligonucleotides swhich were used for PCR experiments

The nucleotide positions within the coding regicn of the cDNA (according to Fig. 7) ave siiown above each oligonucleotide. + and — indicates
whether the sequences belong to the plus or minus DNA strand. Positions in which the degenerated code was considered are indicated by strokes
(/). Sequences which encode the additional Xbal or EcoRI restriction sites are underlined.

493 512
s1° %66 TCT_AGA TAC/T GGA/C/G/T ATA/C/T GTA/C/G/T AAC/T GAA/G AAY
1148 1132
$2°  °'GG TCT_AGA TC A/C/G/TGC A/C/G/TGG CAT C/TTC A/C/G6/T6GCY
1093 1108
$3°  *'CCG GAA TTC AGA TGG GCT GAG GCe ¢
1685 1672
54" 3'CC GGA ATT CAT A/GTC A/GTA A/GAA A/C/G/TGCY
699 682
s5° S'CAG CTT CTC AGT GAC AGG
533 513
56~ *'C CGG_AAT_TCT GTG TTT GAT GAG CGA G*'
1 17
sv* 3'CC6 GAA TTC TGC ACC TCG c6C cc
s8" *'GACTCGAGTCGATCGAT ;"
$9° *'GACTCGAGTCGATCGY'
1530 1547
s10° 3'6 GCT TCC :TA GCA GAA ACY
1564 1581
s11° 3'6A6 GTA 6CA AAG CTT ATCY
1593 1609

s12* 3'C CTA CAG CAA AAT gGaA TV




min, 5% (v/v) dimethyl sulfoxide, 1.5 mM each dNTP,
and 0.6 uM cach primer. After initial denaturation
and addition of Taq polymerase 35 PCR cycles (1 min
94°C, 90 s 50°C, 3 min 72°C) were performed and the
reaction mixture was diluted 100-fold with H,O. Then
a second PCR reaction of 35 cycles was performed in
which the adapter oligonucleotide S9° and a second
H*-ATPase related oligonucleotide (S11*, Table I)
were used. The resulting amplification product was
hybridized with oligonucleotide S12* (Table 1) and
gel-cluted. After polishing the termini with Klenow
polymerase and after phosphorylation with T, polynu-
cleotide kinase the amplification product was sub-
cloned blunt end into the pBluescriptll SK plasmid
[38].

The DNA scquences of the different subcloned
¢DNA fragments were determined by the dideoxy chain
termination method [41] using the T7 DNA polymerase
and 2'-dcoxyadenosine  5-[a-[¥Slthio]triphosphate.
Both strands of the ¢cDNA inserts were sequenced
using universal primers of pUCI8 and pBluescriptll
SK. The ¢DNA sequences were verified by sequencing
two reccombinant plasmids originating from two inde-
pendent PCR reactions.

Results

Labeling of the catalytic H *-ATPase subunit from the
brush-border of proximal ubules

Previously components of porcine renal Na* /n-glu-
cose cotransporter with molecutar weights around
75000 were labeled with the covalently binding p-glu-
cose analog BADG [29]. The polypeptides labeled with
BADG rcvealed a broad band in SDS-polyacrylamide
gels. Since 30% of the BADG labeled pcak was pro-
tected by the addition of p-glucose, it was discussed
whether or not BADG may also rcact with nonrelated
polypeptides with molecular weights near 75000. One
candidate was the catalytic subunit of the V-ATPasc in
brush-border membranes, since V-ATPases arc inhib-
ited by the SH-group rcagent N-cthylmaleimide which
binds to the catalytic subunit [12,16,42], and BADG is
also an SH-group reagent. To investigate an interaction
of BADG with the V-ATPasc, we tested whether or
nnt the ATP-dependent proton uptake over the brush-
border membrane was inhibitable by BADG. The mea-
surements were performed with purified brush-border
membrane vesicles which were inverted by deoxy-
cholate treatment so that proton uptake into the vesi-
cles could be measured after addition of ATP from the
outside [5]. Firstly, the vesicles were incubated 30 min
(37°C) at pH 8.4 with 5 mM MgATP (control), 5 mM
Mg?* plus 50 uM BADG, or 5 mM MgATP plus 50
1M BADG. Then free BADG was removed and ATP-
driven proton uptake was analysed by measuring the
formation of pH gradients by Acridine orange fluores-

0.8 !__}_!

0.4
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a b C

Fig. 1. Interactia of BADG with ATP-driven proton transport in
brush-border membranes of proximal tubules. Everted brush-border
membrane vesicles of porcine renal proximal tubnles were incubated
30 min (37°C) in alkaline NaC buffer containing 5 mM MgCl, (a), 5
mM MgCl, plus 50 oM BADG (b) or 5 mM MgATP plus 50 uM
BADG (c). Then free BADG and ATP was removed and ATP-de-
pendent proton uptiake into the vesicles was measured.

ATP-dependent proton uptake
& 0.0. xmg protein™ min™"]

cence quenching. Fig. 1 shows that, after incubation
with 50 uM BADG, ATP-driven proton uptake was
inhibited by morc than 9Y8% and that this inhibition
was completely prevented if 5§ mM ATP was present.
These data suggested that BADG binds to the catalytic
subunit of the H*-ATPasc from brush-border mem-
brancs.

Purification of the catalytic subunit of the H *-ATPase

To purify the BADG-labeled catalytic subunit for
partial sequencing, a fraction of brush-border mem-
branc proteins (PI) was prepared from porcine brush-
border membrane vesicles in which membrance-associ-
ated proteins were enriched [26,43). Pl was labeled
with 50 uM ["*CIBADG at pH 8.4 in the presence of
70 mM Na * as descrived before [29]. After the reaction
was stopped with cysiene and free [MCIBADG was
removed, the labeled proteins were solubilized with
SDS and separated by gel chromatography on a Bio-Gel
A-1.5 column in the presence of 1% (w/v) SDS (see
Materials and Methods). Fig. 2 shows the distribution
of labeled and unlabeled polypeptides before and after
fractionation by gel chromatography. Partial separation
of polypeptides with apparent molccular weights be-
tween 65000 and 95000 was obtained. In this molecu-
lar weight range two ["*CIBADG-labeled polypeptides
can be distinguished: one was strongly labeled with
BADG, formed a sharp band and was cluted in frac-
tions 36 to 41. The other showed less [*CJBADG
labeling, formed a broad band and was eluted in frac-
tions 38-44. Since n-glucose protection experiments
suggested that the broad band is the component of the
Na*/p-glucose cotransporter (data not shown) the
sharp band with an apparent molecular weight of 70000
was considered as candidate for the catalytic subunit of
the V-ATPase.

To isolate the BADG-labeled M, 70000 polypep-
tide fractions 36 and 37 from Fig. 2 were collected,
separated in preparative SDS-polyacrylamide slab gels
and the M, 70000 polypeptide was dissccted. Un-
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Fig. 2. Fractionation of BADG-labeled brush-border membrane pro-
teins by gel chromatography. Purificd porcine renal brush-horder

membrane vesicles were solubilized with deoxycholate and a protein
fraction (P1) was isolated as described w Materials and Methods, Pl
was covalently labeled with [C]BADG and solubilized with $5H(w /v)
SDS. The supernatant abtained after 20 min centritugation at
200000 ¢ was fractionated on a Bio-Gel A column with 0.1 M
Tris-HCl (pH 7.4) plus 1% (w/v) SDS as running buffer. The
nonfractionated supernatant (o) and different fractions trom the
Bio-Gel A column (b) were applied to SDS-polyacrylamide slab pels.
After clectrophoresis the gels were either stained with silver (A) or

dried and analyzed by autoradiography (B).

stained M, 70000 polypeptide was electroeluted and
used either to raise polyclonal antibodies or for diges-
tion with V8 protcinase. For trypsin digestion the M,
70000 polypeptide was dissected from Coomassie-
stained SDS-polyacrylamide gels and the proteolyis
was performed in gel slices.

Immunohistochemical «calization of the catalytic H *-
ATPase subunit in kidney cortex

Fig. 3 shows that the electroeluted ["*C]BADG-
labeled M, 70000 polypeptide runs as a single band in
SDS-peiyacrylamide gels. When a rabbit was immu-
nized with this polypeptide an antiserum was obtained
which bound selectively to a M, 70000 polypeptide
from brush-border membranes (Fig. 3d). With this an-

a b c d
Fig. 3. Characterization of a polyclonal amiserum raised against a
["CIBADG-labeled  polypeptide  from  renal  brush-border mem-
branes with an apparent molecular weight of 70000, Protein traction
Pl was isolated from brush-border membranes, labeled with
[“CIBADG. solubilized with SDS and fractionated by gel chro-
matography as in Fig. 2, Protein fractions 36 and 37 of Fig. 2 were
separated in preparative SDS-polyacrylamide slab gels. After dissec-
tion from the unstained gel, the M, 70000 polypeptide was electro-
cluted. analyzed by SDS-polyacrylamide gel electrophoresis and used
tfor immunization of rabbits. In the figure silver staining of separated
brush-border membranes () and of electroeluted M, 70000
polypeptide (b) is compared. (¢) shows an autoradiogram of the
(MCIBADG-labeled AL, 70000 polypeptide and (d) the reaction of
polyclonal antibodies raised against the M, 79000 polypeptide with
brush-border membranes.

tiscrum an immuno-histochemical staining pattern was
observed in rat kidney cortex which is typical for the
localization of V-ATPases [3]. Thus, the antibodies
rcacted mainly with intercalated cells of cortical col-
lecting ducts and showed some reaction with proximal
tubules (Fig. 4C). In the proximal tubules the antibod-
ics bound to brush-border membranes and subapical
vesicles and did not react with basal-lateral membranes

(Figs. 4A,B). In the collecting ducts the antibodies

rcacted strongly with subapical vesicles ui intercaiatea
A-cells (Fig. 4D) and showed some reaction with sub-
apical vesicles and basal membranes of intercalated
B-cells (Fig. 4E). ‘These data suggested that the iso-
lated BADG-labeled M, 70000 polypeptide is the cat-
alytic subunit of the H*-ATPase from brush-border
membranes of renal proximal tubules and that this
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Fig. 4. Immunostaining of rat Kidney cortex with an antiserum directed aguinst the ["*C)BADG-labeled M, 70 (000 polypeptide from porcine

renal brush-border membranes. The antiserum described in Fig. 3 was used for the immune reactions. For light microscopy (C) fixed 5-um

sections were reacted with the antiserum and visualized by an FITC-labeled secondary antitody. For electron microscopy (AB.D.E) plastic

ultrathin sections were reacted with the antiserum and visualized with a gold-coupled second ary antibody. Panel C shows a section through the

outer cortex. The arrowheads indicate antibody labeling of the brush-border membrane in proximal tubules. In Panels A and B the apical and

basal parts of an epithelial cell from the proximal convoluted tubule are shown, respectively. Panels D and E show different types of intercalated
cells from coliecting ducts (D. cell type A: E, cell type B). G. glomerulum; D, collecting duct; N, nucleus; M, mitochondrium.
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subunit is homologous or identical to the catalytic
subunit of the H*-ATPase(s) from collecting ducts.

Proteolytic digestion and partial sequencing of the cat-
alytic subunit of H *-ATPase

50 pg of the electro-cluted M, 70000 polypeptide
was treated for 16 h (37°C) with V8 proteinase, sepa-
rated by SDS-polyacrylamide gel electrophoresis and
transferred to a poly(vinylidene difluoride) membrane.
After staining with Amido black, five proteolytic pep-
tides could be distinguished (Fig. 5). These peptides
were dissected from the membrane and sequenced.
Partial sequences from the five peptides are shown in
Table 11 (sequences 1,3,4,8,10). To obtain further sc-
quence information BADG-labeled brush-border
membrane proteins were separated by gel chromatog-
raphy (sec Fig. 2) and fractions 36 and 37 containing 2
mg of protein were separated by preparative SDS-poly-
acrylamide gel electrophoresis. After short staining with
Coomassic the M, 70000 polypeptide was dissected
from the gel, digested with trypsin and the proteolytic
peptides were ¢luted and fractionated by HPLC (C 4
column, gradient of H.0 plus 0.1%(v/v) TFA to
80%(v/v) acetonitrile). Fig. 6 shows the absorbance
and the radioactiviiy distribution of the obtained frac-
tions. From several peaks partial amino acid sequences
were obtained (Table 11, sequences 2, 5, 7, 9, 11, 13).
Fig. 6 shows that significant amounts of BADG were
associated with four different peaks. Since thesc peaks
did not appear to be homogencous they were rechro-
matographed on ihe C; column by applying a gradient

Mr

10.6 k—;‘
8.2k—

bt

6.2k—
a b

Fig. 5. Proteolytic digestion of the [HCJBADG-labeled M, 70000
polypeptide from porcine kidney with V8 proteinase. 300 ul of 100
mM ammonium acetate (pH 4.0) without (a) and with (b) 50 ug of
the clectroeluted A, 70000 polypeptide shown in Fig. 3 were incu-
bated 16 h (37°C) with 300 gg of V8 proteinase. The samples were
concentrated and applied on SDS gels [34] The separated poly-
peptides were electrically transferred to a polytvinylidene difluoride)
membrane and stained with Amido black. Five proteolytic fragments
of the M, 70000 polypeptide (see arrows) were dissected for amino
acid sequencing. On the left the refative molecular weights of three
warker proteins are indicated.

- -2
F
=~ 0.4 €
E 2
(71 [*]
& 3
- W
o 2
@ ke 2
€ 02+ Loz
< 2
o Ll
w =
g 2
°©
°

0 1 ¥ ¥ 0

10 20 30 &0 S0 60

time [min]

Fig. 6. Fractionation of tryptic digestion products of the
[ CIBADG-laheled M, T0000 polypeptide by reversed phase HPLC.
Fractions 36 and 37 from Fig. 2 containing partially purified
[MCIBADRG-labeled M, 70000 polypeptide were concentrated and
0.5 mg of protein was subjected to preparative SDS-polyacrylamide
gel electrophoresis, The gel was stained and a gel slice containing the
M, 70000 polypeptide was dissected and treated with trypsin, The
proteolytic splitting products were eluted from the gels and {raction-
ated by reversed phase chromatography on a C i column, The figure
shows an absorbance profile and the radioactivity distribution of a
typical separation experiment. Symmetrical slim peaks were selected
for amino acid sequencing. Since the four fractions with significant
amounts of radioactivity (given in ¢cpmx 10%) did not appear to he
homogencous they were applied for rechromatography as described
in Materials and Methods.

of 25 mM sodium phosphate (pH 5) to 50%(v/v)
acctonitrile in 25 mM sodium phosphate (pH 5). After
rechromatography partial sequences were obtained
from two radioactive pcaks (Table 11, sequences 6, 12).
Trying to identify the aniino acids which are modified

TABLE 1l
Amino acid sequences of the catalvtic H * -ATPase from brush-border
miembranes of proximal tubdes from porcine kidney

The catalytic H'-ATPase subunit was labeled. isolated and digested
and the proteolytic fragments were purified and sequenced as de-
scribed in Materials and Methods, Peptides 1, 3, 4, 8 10 were
obtained after digesting of the catalytic subunit with V& proteinase
whereas peptides 2, 5,6, 7,9, 11, 12, 13 were obtained after digestion
with trypsin.

No. Sequence

1 TSGVSVGDPVLXFGKPL

2 VGSHITGGDIYGIVNENSLIK
3 LEFEGVKEKFXMVQV

4 KLPANXPLLTGQRVLDALF
S TVISQSLSK

6 YSNSDVIIYVGXGE

7 ALVANTSNMPVAA

8 ASIYTGITLSEYFROM

9 LAEMPADSGYPAYLGAR
10 GSVXIVGAVSP

" ALDEYYCKHFTEFVPL

12 FXPFYK

13 TVGMLSNMIAFYDMA




by [“CIBADG, the released radioactivity after the
different cycles of sequencing was mecasured. For sec-
quence 6 the highest radioactivity was obtained at
position 12 where no amino acid could be identified.
The radioactivity distribution obtained for sequence 12
suggests that the non-identified amino acid in position
2 was labeled with [""CIJBADG. Sincc the DNA se-
quencing reported below (see Fig. 7) showed that cys-
teine residues are localized in position 12 of sequence
6 and in position 2 of scquence 12 (see Fig. 8), it can be
assumed that these two cysteines have been modified
with the SH-group reagent BADG.

Cloning of the catalytic subunit of H *-ATPase

The ¢cDNA of the catalytic H'-ATPases subunit
from porcine kidney cortex was cloned by PCR as
described in Materials and Mecthods. Two overlapping
cDNA-fragments (Fig. 7, nucleotides 511-1133 and
1108~1671) were obtained by cmploying information
from three proteolytic peptides (sce Table 1l sequences
2.9, 13). The 5-part of the ¢cDNA (Fig. 7, nuclcotides
1-513) was cloned with the help of nucleotide sc-

137

quence information from the catalytic H*-ATPase sub-
unit of bovinc adrenal medulla which was published
during our study [39]. The 3"-part of the clone (Fig. 7,
nucleotides 1609-2098) was obtained by employing the
RACE-mcthodology (sec Materials and Methods). Fig.
7 shows the complete nucleotide and amino acid se-
quence information which was obtained from the over-
lapping cDNA fragments. Since after subcloning of the
different PCR-fragments always identical nucleotide
sequences werce obtained from different clones the
presented scquence is supposed to be the main
cDNA-subtype of the catalytic H*-ATPase subunit in
pig kidney cortex. 181 of the 183 amino acid residues
which werc determined by amino acid sequencing of
the proteolytic peptides (Table 11, sequences 1-13)
were identical to the amino acid sequence derived
from the cloned ¢cDNA (Fig. 8). Since both deviations
arc due to a single-basc exchange they may be due to
genetic variants of individual pigs or to misincorpora-
tion of bases during the PCR-reaction rather than to
different subtypes of the catalytic H '-ATPase subunits
in pig kidney.

1  TTCTACACCTCGCGCCCOUGCAGGTAAATTAACATGATGGATTTC TCCAAGC TACCCAAARTACTTGATGAAGAT
X ¥ D P &# R L P R T LD GBOD 18

76 AAAGAAAGCACATTTOGTTATGTGCATGGGGTGTCAGGACC TGTGGTTACAGCCTGTGACATAGCAGGTGCAGCC
R B 8 T P 0Y VR GV 8 P VV R A CDUOLMGODI2EA 39

151 ATGTATGAACTGGTCAGAGTGGGCCACAGCGAGTTGGTTGGAGAGATTATCCGATTOGAAGGTGACATUGLCACT
X Y B L VRV OE® EBELV OB IIZIURYLESEEOGGDEOLARZT 64

226 ANC;@NTA’I‘GMGMACCTCTGGCGN“K“!G’I'XOGAGA‘K‘CNTACNCGCAC'NIGTAMCCNN‘NAGTA
I QVYBEB T 8 aVa vV eDP VLR T G EKUPL SV o

3101 GAGCTTCGTCCTGGCATTATGCCAGCCATTTTTIGATGGTATTCAAAGACC TT TG TCAGACATCAGC AGTCAARCT
B L G PG I NN GAZI PDOGIOQRTZP?LES®DTIOSS S QT 118

376 CAAAGTATTTACATTCCCAGAGGAGTAAATGTATC TGCTC TTAGCAGGGATGTCAAATGGGAGTTCACACCTAGC
Q # 2 Y I P ROV NV S ALS®RDVY RWETP T F S8 13

451  AARAACCTCCGGGTGGGTAGTCACATCACTGGTGGAGATATTTATGGAATTGTCAATGAGARCTCGCTCATCAAA
E MY A VO S8 NI TOGOGDIY GIVHEEBDESISLTITEK 168

526 C ACA&MTCAN‘X'I&CCCCCACGAMC AGAGGAACTGTAACTTATATTGC TCCCCCTGGAAATTACGATACTTCT
X R I XL PP K N RGTVTYIAT®P?PONRTYDT S 18

601 cxmmnﬁccmcmnmnccmrmccmmmmc ATGRTCCAAGTGTGGCCTGTACGTCAG
P VVLELTEPTEOGVYEKEKTPSPO®NV OQOVYWPVROQO 2

676 GW&ACCN‘ICACNAGMGCNCCGGCTAA'I\Y.‘ATCCNNMACTGGCCAGAGAG'H'CTNATGCCCW
VllVTIRLIAIIPLLTOQIVLDAL'23!

751 CCGNNTA& AGGGAGGAACTAC TGCAATCCCTGGGGCCTTTCGC TG TGGGANGACAGTGATATCACAGTC TC TG
PCVOGG'!'I‘AII‘OA'OCGR‘I‘VI.QIL3‘6

826 TCC AAGTA‘I'I’CCMC AGTGATGTGATCATCTATGTAGGATGTGG TGARAGAGTAAATGAGATGTCTGAAGTCCTC
IIYIIBDVI!YVOCOIIVIIIIIVL3"

Fig. 7. Nucleotide sequence and derived amino acid sequence of a catalytic H*-ATPase subunit from porcine kidney conex.'Thc sequence was
determined from four overlapping cDNA-fragments obtained by PCR. The numbers on the left and right refer to the nucleotide and amino acid
positions, respectively. (Continued on p. 138.)
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CGGGATI'N&CAGAGCNACGATGGMGT‘TGATGGTMGGTAGAG’ICM‘I'PANMGAGGACAGCAT’R}GTAGCC

901

R DF P B L TMNMNGB VD GG KV E S I NXEKUZRTALUV A
976 MTA&CNCMTAT&C CTGTTGCTGCTAGAGAAGCCTCTATTTATAC TGGAATTACACTGTCAGAATATTTCCGT

¥ T 8 N M P V A MR E A S8 I Y T G I TL S B Y P R 3
1051 GACATGGGCTACCACGTCAGTATGATGGC TAACTCTACCTCCAGATGGGCTGAGGCCCTTAGAGAAATATCTGGT

D M G Y EBE V 8 N N AN B8 T 8 KR W A B ALUDRXRKTEBTI S G 368
1126 CGCTTAGCTGAGATGCCTGCAGATAGTGGATATCC TGCATATCTTGGTGCCCGTCTGGCCTCTTTC TATGAGCGA

R L A B M P A DSBS G Y P A YLGAMPBRTLASTY?PY Y B R 200
1201  GCIGGCAGAGTGAAATGCCTTGGAAATCCTGAAAGAGAAGGGAGCGTCACGATTGTAGGAGCAGTTTCTCCGCCT

A G AV ECL GNP R RBER G 8 V T I V G AV S P P 414
1276 GOTGGTGATTTTTCTGATC CAGTTACATCTGCTACTC TTGSTATTG TTCAGG TS TTC TGGGGC TTAGATAAAAAA

e 6 D Fr 8D PV TS ATLGTI UV QV F W 6L D KK 42
1351  CTAGCTCAACGTAAGCATTTCCCC TCTGTCAAC TGGC TGATC AGC TACAGCAAGTACATGCGTGCCTTGGATGAA

L A QR KBRU©P P &8 V N W LTI S Y 8 K Y M RALUDTE 4e%
1426  TACTATGACAAACACTTCACTGAGTTTGTTCC TCTCAGGACCAAAGC TAAGGAGATTC TGCAGGAAGAAGAAGAT

Y YD KX P T B P V P L RTKAIEKUZBEBTITULOQTETZERTU ERETD 40
1501 TTGGCAGAAATTGTACAGC TTGTUGGAAAGHCTTUCC TAGUAGAAAC AGATAAAATC ACTCTGGAGGTAGCAAAG

L A Bl VQULV GG KAODBLAETDIZ KTITLTZ EVAIZ K 3514
1576 CTTATCAAAGATGATTTC( TAC AGCAAAATUGATATACTCCTTATGACAGS TTUTGCCCCTTCTACAAGACAGTA

L I X D DPLQGQNOGYTPYDRUPCOPTZP Y KTV 853
1651 GGGATGTTGTCCAACATGATTGCATTTTATGAC TTGGCCCGUAGAGC TGTTGAAAC CACCGCCCAGAGTGACAAC

G XM L 8 W M I AP Y DLARRAVETTNAOQSDTLIr 56
1726 AAAATCACATGGTCCATTATCCGTGAGCACATGGOGGAGATUCTCTATAAGCTC TCOTCCATGAAATTCAAGGAT

K I T W 8 I I RBHMOGERIULY KL 8 8 M KPP KD 599
1801 CCAGTGAAAGATGGTGAGGCCAAGATCAAGGC CGACTATGCACAAC TACTGGAAGATG TGCAGAATGCATTCCGT

P VX D € B A K I KA ADY ARGOTLTUELTEDVOQOHBEATP R 6
1876  AGCCTTGAAGATTAGACCTAGGATTC TTTCCTCC MTTTCCTCAGCAAGCTCTCATATGTGTATAC TTTCCTAAAG

s L B D 61¢

)

1951  TTCTCATCCCAATCCCTC TG TTC TTTATTGCTGCAGC TTTGAGAC TAGTGCCTGGG TS TACATG TT ATCATTTGT
3026 GTCCCTOTTTATTIGATAAGTCTTATATAAAACAAACATTCCTTTGTTCCAGTG TTAAAAAAAAAAAAAAAAR

Fig. 7 (continued). For tegend see p. 137,

Comparison of amino acid sequences of catalytic H *-
ATPase subunits

The amino acid sequence of the cloned catalytic
subunit from porcine kidney described in this paper is
compared with the catalytic H*-ATPase subunits of
Archebacterium sulfolobus - avidocaldarius [44), Neu-
rospora crassa [45), Dauctus carota [22]. bovine adrenal

medufla [39] and with partial amino acid sequences
which have been isolated from bovine brain [24]. 49%
identity was obtained with the catalytic subunit of
Archebacterium  sulfolobus acidocaldarius. Neurospora
crassa and Dauctus carota contained 63% and 69%
identical amino acid residues (Fig. 8). Comparison with
sequences from the catalytic H*-ATPase subunit of

Fig. 8. Continued on p. 139,
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Fig. 8. Comparison of sequences from catalytic subunits of V-ATPases. The following sequences are compared: CNCy, sequence of the catalytic

H*-ATPase subunit of Newrospora crassa derived from cloned cDNA [45 : CDCy, sequence of the catalytic H*-ATPase subunit o, Daucus

carota derived from cloned ¢cDNA [22]; CBA , sequence of the catalytic H -ATPase subunit from bovine adrenal medulla derived from cloned

cDNA [39]; CPKy, sequence of the catalytic H™-ATPase subunit from porcine renal cortex derived from cloned cDNA; CPK 5, peptide

sequences of the catalytic H *-ATPase from porcine kidney obtained by amin., acid sequencing of the transporter from brush-border membranes

of proximal tubules (the sequences are numbered as in Table 1) Amino aci.! positions in which radioactivity was obtained after sequencing of
peptides from the ["CIBADG-labeled A, 70000 polypeptide are indicated by asteriks.
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bovine adrenal medulla and clathrin-coated vesicles
from bovine brain (137 overlapping amino acids) gave
identities of 98% and 94%, respectively.

Discussion

This paper reports amino acid sequences from the
catalytic subunit of a V-ATPasc which is localized in
the brush-border of renal proxima! tubules. The cat-
alytic subunit was identified by affinity labeling of
purificd brush-border membrane vesicles, the labeled
protein was purified to homogeneity and partial amino
acid sequences were obtained after proteolytic diges-
tion, The brush-border membrane vesicles cmployed
for labeling and purification were isolated by differen-
tial centrifugation after Ca?*-precipitation and do not
contain significant amounts of membranes from other
nephron scgments or of basolateral membranes from
proximal tubules [27,46). They also did not contain
significant amounts of subapical vesicles which contain
V-ATPascs with ATP binding sites on the outside since
no ATP-dependent proton uptake could be detected in
the right-side out oriented vesicic preparation (data
not shown). Affinity labeling of the catalytic H*-
ATPasc subunit was performed with the SH group
reagent BADG which binds selectively to a polypeptide
with ain apparent molecular weight of 70000. Similar to
N-cthylmaleimide [10,12,16,42.47] BADG is also an
affinity label of the H*-ATPasc. Thus, BADG irrc-
versibly inhibits ATP-dependent proton transport into
inside-out oricnted brush-border membrane vesicles
and the inhibition by BADG is prevented by ATP. The
sclective modification of only a few amino acids of the
catalytic H*-ATPase subunit by ["*CI]BADG together
with complcte inhibition of ATP-driven proton uptake
by 50 uM BADG and the complete prevention of this
inhibition by ATP, suggests that BADG binds to a
protein domain which performs structural changes dur-
ing ATP driven transport of protons. This protein
domain is probably localized around Cys-277 of the
catalytic V-ATPase subunit {(sce Fig. 8) since radioac-
tive labeling by [*C]JBADG was observed at Cys-277
and the corresponding amino acids in the homologous
scquences of the catalytic B-subunits of F,-ATPascs
(Val-188 from thermophilic bacterium PS3 [48], Val-179
in the F\-ATPase from Escherichia coli [49] and Val-183
in the F,-ATPasc from bovine mitochondria [23]), are
one (thermophilic bacterium) or twelve amino acids
(Escherichia coli and bovine mitochondria) distant from
a glutamic acid which is sclectively modified when the
F\-ATPases are irreversibly inhibited by dicyclohexyl
[*Clcarbodiimide [50.51). In the F,-ATPase from Es-
cherichia coli, Glu-185 is essential for structure and
assembly of the B-subunit [52). This amino acid is
conserved in the catalytic subunit of the H*-ATPases
(see Glu-283 in Fig. 8) and is five amino acids distant

from the BADG modified Cys-277. To verify the role
of Cys-277 in the ATP-protectable inhibition of the
H*-ATPase from brush-border membranes and to in-
vestigate a possible role of Cys-532 which was also
modified by BADG, scquencing of the catalytic H*-
ATPase subunit after BADG labeling in the presence
and absence of ATP is required.

Emiploying mRNA irom the outer cortex of porcine
kidney a cDNA of catalytic H*-ATPasc subunit was
cloned which is supposed to be the main transcript in
outer cortex. With two exceptions which may be ex-
plained by single-base exchanges the derived amino
acid sequence shows identity with the sequences of
overlapping proteolytic peptides which were isolated
from brush-border membranes. The reported amino
acid sequences from porcine outer cortex are highly
homologous to the catalytic V-ATPasc subunits of
archebacteria, planis and fungi (see, e.g., Fig. 8). A
comparison of the sequences in this paper with those
from bovine brain [24] and bovine adenal medulla [39]
shows 94% and 98% identity (Fig. 8). Recently Gluck
and co-workers cloned the cDNA of the cetalytic H*-
ATPasc subunit from bovine kidney medulla and com-
municated the derived sequence before publication.
This bovine sequence has 98% identical amino acids
with the catalytic H*-ATPasc subunit from bovine
adrenal medulla and 96% identical amino acids with
the sequence from pig renal cortex. The difterences in
primary structurc between bovine adrenal medulla,
bovine renal medulla and porcine renal cortex are
small. The apparently larger structural deviation of the
catalytic H*-ATPasc subunit from bovine brain [24]
may be artcfactural since the sequence information
derived from amino acid sequencing of proteolytic pep-
tides is limited (137 amino acids) and most deviations
were obtained near the C-termini of the peptides. Thus
the data suggest that the catalytic H*-ATPase subunit
is highly conserved in different mammalian species. It
exhibits some small but significant organ specificity.

In kidney cortex V-ATPases arc primarily localized
in collecting ducts and proximal tubules where they
occur in subapical vesicles as well as in luminal cell
membranes. Since sequence information from the cat-
alytic H*-ATPase subunit of a defined localization is
now available, the question may be approached whether
or not the catalytic subunits from different localiza-
tions in kidney arc identical. The cloning experiments
reported in this paper are not sufficient to answer this
question. This will be possible when further ¢cDNA
sequences from porcine Kidney are cloned and identi-
fied.
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