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The catalytic subunit of the H '-ATPase from brush-border membranes of porcine renal proximal tubules was labeled with the 
hydrophobic SH-group reagent 10-N-(bmmoacetyl)amino-l-decyl-/3-glucopyranoside (BAD(;) which irreversibly in!fibits proton 
pump avitivity in the absence but not in the presence el" ATP. The labeled protein was purified and digested with proteinascs. 
After isolation and sequencing 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 eDNA 
and the proteolytic peptides were identical, and the two deviations are due to single base exchanges. A comparison tff the an~ino 
acid sequence derived from the cloned eDNA with sequences of catalytic H+-ATPase subunits communicated by other 
laboratories revealed 98%, 96% and 94'% 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 thai the catalytic subunit of V-ATPases is highly conserved 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 ATPases (V-ATPases) which can be 
distinguished from other types of ATPases by their 
insensitivity to vanadate and oligomycin and by their 
sensitivity to N-ethylmaleimide 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 
three essential subunits with mt~!ecula~ masses around 
70 kDa, 60 kDa and 17 kBa [16-18] and the purifica- 
tion of V-ATPases from bovine kidney revealed addi- 
tional polypeptides with apparent molecular weights of 
45 000, 42 000, 38 000, 33 000, 31 000, 14 000 and 12 000 
[2,9], different subtypes of V-ATPase may e~:ist in 
different parts of the nephron and/or in different 
subcellular localizalions. These subtypes may differ 
with respect to the structure of the essential three 
subunits and/or  may contain different additional sub- 
units [ 19,20]. 

3-i~e catalytic subunit with a molecular weight of 
about 70000 [16,2!] which is homologous in V-ATPases 
from phyiogenetically 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 species, organ:; and/or  subceilular Iocaliza- 
tions. Whereas species and organ specificity of the 
catalytic subunit can be investigated by eDNA cloning. 
sequence differences of the catalytic subunits in differ- 
ent subceilular localizations can only be determined by 
amino acid sequencing of subunits which are purified 
frc a diffezent 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 
membrane 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-['~S]thio]triphosphatc (50 

TBq/mmol) was delivered by Du Pont de Nemours 
(Dreieich, Germany) and :/bq polymerase by Perkin 
Elmer Cetus (lamgen, Germany). Escherichia coil 
XLI-Blue cells and pBluescriptll SK plasmid were 
supplied by Stratagene (Heidelberg, Germany). V8 
prot¢inase (2.2 units/rag), diisopropylfluorophoshate, 
FITC-labeled anti.rabbit IgG antibodies from goat and 
the molecular mass marker proteins myosin (205 kDa), 
/3-galactosidase (116 kDa), phosphorylase b (97 kDa), 
bovine serum albumin (66 kDa), ovalbumin (45 kDa), 
carbonic anhydrase (29 kDa) and myoglobin fragments 
(10.6 kDa, 8.2 kDa, 6.2 kDa) were obtained from 
Sigma (Miinchen, Germany). Gold-labeled anti-rabbit 
lgG antiserum from goat was purchased from Amer- 
sham Buchler (Braun~hweig, Germany), poly(vinyli- 
dent difluoride) (lmmobilon) membranes from Milli- 
pore (Eschborn, Germany) and Acridine orange from 
Eastman Kodak (Rochester, NY, USA). Trypsin, se- 
quencing grade, and restriction enzymes were deliv- 
ered by Boehringer (Mannheim, Germany). pUCI8 
plasmid, Sui~rscript MMLV reverse transcriptase, 
Klenow polymera~ and T4 polynucleotidc ~inase were 
supplied by Bethesda Research Laboratories (Eggen- 
stein, Germany), and the TT-sequencing kit by Pharma- 
cia (Fr¢iburg, Germany). All other chemicals were 
obtained as described earlier [25]. 

Preparation of brash.border membrane t'esicles 
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 0A% (w/v) deo~cholate in the presence of 1 M 

o-glucose and membrane-associated proteins were pre- 
cipitated by reducing the detergent concentration as 
described earlier [26]. The precipi.tate (PI) was isolated 
by 1 h centrifugation at 200000 × g. These steps were 
performed in the presence of the proteinase inhibitors 
phenylmethylsulfonyl fluoride (1 mM), diisopropyl- 
fluorophosphate (0.25 mM), leupeptin (10 pM), 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]. Briefly 3(}/~! of vesicles were added to a cuvette 
containing I ml (37°C) of 50 mM Hepes-Tris (pH 7.0), 
150 mM KCI, 5 mM MgCi., plus 6 pM Acridine 
orange. After excitation at 492 nm, the emission at 54(} 
nm was measured until a stable base line was obtained. 
Then, 10/~! of 100 mM ATP-Tris (pH 7.{}) was added 
and the change of emission at 540 nm was measured. 

Labeling of bnesh-border monbrane proteins with BADG 
Precipitated brush-border membrane proteins (PI) 

and inside-out oriented brush-border membrane vesi- 
cles were covalently labeled with 14C-labeled 10-N- 
(brom oace tyi)am ino- I -d ecyl-/J -glucopyra nosid e 
(BADG) as described before [29]. Briefly P! was washed 
three times with 20 mM imidazole cyclamate (pH 8.5), 
0.1 mM magnesium cyclamate, 100 mM potassium cy- 
clamate (KC buffer) and suspended at a protein con- 
centration of 5 mg per mi in 20 mM imidazole cycla- 
mate (pH 8.5), 0.1 mM magnesium cyclamate, 100 mM 
sodium cyclamate (NaC buffer). Then 50 /~M 
[14C]BADG was added and the suspension was incu- 
bated for 1 h at 37°C. The reaction was stopped by 
addition of I{X} mM cysteine, P! sedimented by 20 min 
centrifugation at 250000 x g and resuspended in 0.1 M 
Tris-HC! (pH 7.4). Inside-out vesicles (2 mg protein per 
ml) were labeled by incubation for 30 min (37°C) in 
NaCI buffer containing 50 p.M [InC]BADG plus either 
5 mM MgCi 2 or 5 mM MgATP. Then free [14C]BADG 
and ATP was removed on a small Sephadex G-50 
column. 

Solubilization and fractionation of P! 
For solubilization [m4C]BADG-labeled Pi (30 mg of 

protein) was incubated 1 h (37°C) in 10 ml of 0.1 M 
Tris-HCi (pH 7.4) containing 5% (w/v) SDS and the 
above described proteinase inhibitors. The suspension 
was centrifuged 20 min (22°C) at 200000 × 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-HCi (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 electrophoresis. 

Purification of the cata&tic H +-A TPase subunit 
The final purification of the Mr 70000 polypeptide 

was performed by separating fractions from the Bio-Gel 
A column in which the M r 70000 polypeptide was 
clearly separated from other polypeptides on 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 ¢iectrophoresis part 
of the gel was stained with Coomassie brilliant blue 
R250 and the M r 70 000 polypeptide was dissected and 
electroeluted from the unstained gel as described be,- 
fore [29]. The eluted protein was dialyzed for 24 h 
(22°C) against H20 containing 0.01% (w/v) SDS and 
frozen. 

hmnunological procedures 
To prepare polyclonal antibodies, two rabbits were 

immunized on day 1 and 28 by subcutaneous injection 
of 30 /zg of the electroeluted M r 70000 polypeptide 
with complete and incomplete Freund's adjuvant, re- 
spectively. Immune reactions on Western blots were 
performed as described ear!ier [31] and for immunohis- 
tochemistry previously described procedures [32,33] 
were modified. For light microscopy rat kidneys were 
fixed in Carnoy's fluid (etbanol/chloroform/acetic 
acid, 6: 3 : 1, v/v), embedded in paraffin, cut into 5-/.tin 
sections and dewaxed. The sections were blocked by 
incubating 15 min (22°C) with PBS containing I% 
(w/v) bovine serum albumin, 0.20~ , (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 visualize the antibody binding, the sections 
were incubated 45 min with FITC-labeled anti-rabbit 
lgG 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 lgG 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 Stapkylococ- 
cus aureus, 50 /~g of the electroeluted [~4C]BADG- 
labeled M r 70000 polypeptide were incubated 16 h 
(37°C) in 300/~l of 100 mM ammonium acetate (pH 
4.0) containing 0.6% (w/v) SDS plus 300 /zg of V8 
proteinase. The digested sample was vacuum-con- 
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centrated to 50 #1, the pH was adjusted to 6.8 and 50 
g~l 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 Sch[igger and Von Jagow [34]. 
After electrophoresis the peptides were ,qectrically 
transferred to poly(.viny!idene difiuoride) membranes 
by employing semi-dry blotting [35]. Then the mem- 
branes were washed with H 20, wetted with destaining 
solution (CH3OH/H20/CH.~COOH , 6 :3 :  I, v/v), 
stained (2 s)with staining solution (CHaOH/H:,O / 
CH 3COOH, 4.5 : 4.5 : I, v/w plus 0.02% (w/v) Amido 
black) and finally washed with destaining solution. The 
stained peptides were dissected and used for amino 
acid sequencing. 

Trypsin digestion of the [~4C]BADG-labeled M r 
70000 polypeptide was performed within dissected gel 
slices and the proteolytic fragments were eluted [36]. 
After SDS-polyacrylamide gel electrophoresis the M r 
70000 polypeptide was identified (5 rain staining with 
Coomassie brilliant blue R250 and destaining for 2 h in 
H 2 0 / C H  3OH/CH 3COOH, 6: 3 : I, v/v) and carefully 
dissected. The gel pieces were extensively washed with 
H 20, frozen, partially freeze-dried and then 5 h (37°C) 
incubated in 2 ml of 100 mM NH4HCO 3 (pH 8.5) 
containing 0.5 mM CaC! 2 and 40 #g 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~s column (Lichrospher 100 RP-18, 
Merck, Darmstadt, Germany) which was equilibrated 
with H20 containing 0.1% (v/v) TFA (gassed with 
helium). The sample was eluted with a gradient b e  
tween H20 plus 0.1% (v/v) TFA and 80% (v/v) 
acetonitriIe, 19.9% H20 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. 

cDNA cloning and sequencing 
Oligonucleotides were synthesized in 0.2/~mol 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 pol)~nerase chain reaction (PCR) poly(A)- 
enriched RNA from pig kidney cortex was prepared 
[37]. Oligo(dT)-primed single stranded eDNA 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 $2- in Table I) was 
deduced from peptide sequences 2 and 9 (see Table II, 
YGIVNEN and AEMPAD, respectively). The PCR 
reaction was performed in a 100 ttl reaction volume 
containing 10 mM Tris-HC! (pH 8.3), 1.5 mM MgCI 2, 
0.2 mM each dNTP, 1 mM of S1 ÷ and 4 mM of $2-. 
After an initial denaturation step for 5 rain at 94"C, 2.5 
units Taq polymerase were added and 35 amplification 
cycles (1 min 94°C, 2 min 50°C, 3 min 720C) were 
performed. The resulting amplification product was 
digested with Xbal and subcloned in pUCI8 [38]. For 
amplification of the second eDNA fragment one de- 
generated oligonucleotide (see $4- in Table !) de- 
duced from peptide sequence 13 (see Table il, 
AFYDM) was used in combination with an oligo- 
nucleotide (see S3+in Table !) which was deduced 
from the previously determined eDNA sequence. The 
reaction was initiated and Taq polymerase was added 
as described above and 35 cycles each consisting of 45 s 
at 94"C, I rain at 52"C and 2 rain at 720C were 

performed. The amplification product waa digested 
with EcoRI and again subcloned in pUCI8. 

To amplify the 5'-end of the catalytic H+-ATPase 
subunit cDNA was synthesized from mRNA employing 
$5- (Table I) as internal primer. The amplification was 
performed employing the oligonucl¢otides $6- and 
$7 + (Table I). $6 was derived from the previously 
determined sequence and $7 + from the recently cam- 
municated eDNA sequence of the catalytic H +-ATPase 
subunit of bovine adrenal medulla [39]. The PCR-reac- 
tion was performed and the amplified PCR-fragmem 
was digested with EcoRl and subcloned in pUCI8 as 
described above. 

To determine the 3'-end of a catalytic H+-ATPase 
subunit from porcine kidney cortex the 3'-RACE 
method [4{I] was employed. After priming the mKNA 
with the oligo(dT) containing adapter primer $8- {Ta- 
ble !) eDNA was synthesized and a eDNA-fragment 
was amplified with the adapter oligonucleotide S9- 
and the oligonucleotide SI0 + which was derived from 
the eDNA determined earlier (Table !). in these exper- 
iments the PCR reaction was performed in the pres- 
ence of 67 mM Tris-HCi (pH 8.8), 6.7 mM MgCI 2, 16.6 
mM (NH4)2SO 4, 0.17 mg/ml of bovine serum albu- 

TABLE I 

N, cleotide sequences of oligonucleotides which were used for PCR eaT;eriments 

The nucleotide lx)sitions within the coding regi(m of the eDNA (according to Fig, 7) are ~h,wn above each oligonucleotide. + and - indicates 
whether the sequences belong to the plus or minus DNA strand. Positkms in which the degenerated code was considered are indicated by strokes 
( / ) ,  Sequences which encode the additional Xhal oi" EcoR! restriction sites are underlined. 

Sl* 

$2" 

$3 ° 

$4" 

$5" 

S6" 

S7 ° 

S8" 

$9" 

SlO" 

S11" 

S12" 

493 512 
5'GG TCT AGA TACIT GGAICIGIT ATAICIT GTAICIGIT AACIT GAAtG AA s' 

1148 1132 
S'GG TCT AGA TC AICIGITGC AICIGITGG CAT CITTC AICIGITGC s' 

1093 1108 
S'CCG GAA TTC AGA TGG GCT GAG GCC C s' 

1685 1672 
S'CC GGA ATT CAT AIGTC AIGTA AIGAA AICIGITGC 3' 

699 682 
5'CAG CTT CTC AGT GAC AGG 3' 

533 513 
5'C CGG AAT TCT GTG TTT GAT GAG CGA G 3' 

1 17 
S'CCG GAA TTC TGC ACC TCG CGC CC s' 

S'GACTCGAGTCGATCGAT(I~) s' 

S'GACTCGAGTCGATCG3' 

1530 1547 
s'G GCT TCC ~TA GCA GAA At 3' 

1564 1581 
S°GAG GTA GCA AAG CTT ATC 3' 

1593 1609 
5"C CTA CAG CAA AAT GGA T 3' 



min, 5% (v/v)dimethyi sulfoxide, !.5 mM each dNTP, 
and 0.6 /~M each primer. After initial denaturation 
and addition of Taq polymerase 35 PCR cycles (l 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 $ 9  and a second 
H+-ATPase related oligonucleotide (Sll  +, Table !) 
were used. The resulting amplification product was 
hybridized with oligonucleotide Sl2 + (Table I) and 
gel-eluted. After polishing the termini with Klenow 
polymerase and after phosphorylation with 14 polynu- 
cleotide kinase the amplification product was sub- 
cloned blunt end into the pBluescriptll SK plasmid 
[381. 

The DNA sequences of the different subcloned 
eDNA fragments were determined by the dideoxy chain 
termination method [41] using the "1"7 DNA polymerasc 
and 2'-deoxyadenosine 5-[a-['~'~S]thio]triphosphate. 
Both strands of the eDNA inserts were sequenced 
using universal primers of pUCI8 and pBluescriptll 
SK. The eDNA sequences were verified by sequencing 
two recombinant plasmids originating from two inde- 
pendent PCR reactions. 

Results 

l,abeling of the catalytk" H +-ATPase subunit firm the 
bnesh-border oJ'proxinlal tubules 

Previously components of porcine renal Na '/D-glu- 
cose cotransporter with molecuiar weights around 
75 000 were labeled with the covalently binding t)-glu- 
cose analog BADG [29]. The pol~'peptides labeled with 
BADG revealed a broad band in SDS-polyacrylamide 
gels. Since 30% of the BADG labeled peak was pro- 
tected by the addition of D-glucose, it was discussed 
whether or not BADG may also react with nonrelated 
polypeptides with molecular weights near 75 000. One 
candidate was the catalytic subunit of the V-ATPase in 
brash-border membranes, since V-ATPases are inhib- 
ited by the SH-group reagent N-ethylmaleimide 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-ATPase, we tested whether or 
not 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 ttae vesi- 
cles could be measured after addition of ATP t'rom the 
outside [5]. Firstly, the vesicles were incubated 30 rain 
(37°C) at pH 8.4 with 5 mM MgATP (control), 5 mM 
Mg 2+ plus 50/zM BADG, or 5 mM MgATP plus 50 
/.tM BADG. Then free BADG was removed and ATP- 
driven proton uptake was analysed by measuring the 
formation of pH gradients by Acridine orange fluores- 
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Fig. i. lnteracli~.~) of BADG with ATP-driven proton transporl in 
brush-horder membranes of proximal tubules. Everted brush-border 
membrane vesicles of porcine renal proximal tubules were incubated 
30 min (37°C) in alkaline NaC buffer containing 5 mM Mg('l: (a), 5 
mM MgCI_, plus 50 .aM BADG (b) or 5 mM MgATP plus 50 ,aM 
BADG (c). Then free BADG and ATP was removed and ATP-dc- 

pendent proton uptake into the vesicles was measured. 

cence quenching. Fig, 1 shows that, after incubation 
with 50 p,M BADG, ATP-driven proton uptake was 
inhibited by more than 98% 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+-ATPase from brush-border mem- 
branes. 

Purification o]" the catalytic subunit of the It +-A TPase 
To purify the BADG-labeled catalytic subunit for 

partial sequencing, a fraction of brush-border mem- 
brane proteins (Pl) was prepared from porcine brush- 
border membrane vesicles in which membrane-associ- 
ated proteins were enriched [26,43]. Pi was labeled 
with 50 p,M [14C]BADG at pH 8.4 in the presence of 
70 mM Na + as desc, ibed before [29]. After the reaction 
was stopped with cys:eh:e and free [14C]BADG was 
removed, th'e labeled proteins were solubilized with 
SDS and separated by gel chromatography on a Bio-Gel 
A-l.5 colunm 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 molecular weights be- 
tween 65 000 and 95 000 was obtained. In this molecu- 
lar weight range two [t4C]BADG-labeled polypeptides 
can be distinguished: one was strongly labeled with 
BADG, formed a sharp band and was eluted in frac- 
tions 36 to 41. The other showed less [t4C]BADG 
labeling, formed a broad band and was eluted in frac- 
tions 38.-44. Since o-glucose protection experiments 
suggested that the broad band is the component of the 
Na+/o-glucose cotransporter (data not shown) the 
sharp band with an apparent molecular weight of 70 000 
was considered as candidate for the catalytic subunit of 
the V-ATPase. 

To isolate the BADG-labeled Mr 700()0 polypep- 
tide fractions 36 and 37 from Fig. 2 were collected, 
separated in preparative SDS-polyacrylamide slab gels 
and the M r 70000 polypeptide was dissected. Un- 
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45k - - -  

35 L,O L.5 50 - 

9 7 k - -  
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45k-- 
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35 40 45 50 
Fig. 2, Fractionalion of BADG-I~beled brush-border membrane pro- 
teins by gel chromatography. Purified porcine renal brush-border 
membrane vesicles were soluhilized with deo.cholale and a protein 
fraction (Pi) was isolated as described in Materials and Methods. P! 
was covalently labeled with [14C]BADG and solubilizcd with 5~;*(w/v) 
SDS, The supernatant obtained after 20 rain centrifilgatiou at 
2(X|I)IX)X g was fractionated on a Bio-(}el A cohmm with I),1 M 
Tris-tK'l (pit 7,4) plus I~  (w/v) SDS as running buffer. The 
nonfractionated supernatant (a) and different fractions from the 
Bio-Gel A column (b) were applied to SDS-Imlyacrylamide slab gels, 
After electrophorcsis the gels were either stained will) silver (A) or 

dried and analyzed by autoradiography (B). 
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97k  - 
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Fig. 3. ('haracterization of a polyclonal antiserum raised against a 
[l'~C]BAD(;-labeled polypeptide from renal Iirush-I~order mem- 
branes will) an apparent molecular weight of 7(|l)()(I. I)rotein fraction 
PI was isolated from brush-border membranes, labeled with 
[I~(']BAD(;, soluhilized with SDS and fractionated by gel chro- 
matoz, raphy as in Fig. 2. Protein fractions 36 and 37 of Fig. 2 were 
separated in preparative SDS-polyacDlamide slab gels. Alter dissec- 
lion from the unstained gel, the M, 7(|(1011 polypeplide was electro- 
eluted, analyzed by SDS-polyacrylandde gel electmphoresis and used 
for immunization of rabbits. In the figure silver staining of separated 
brush-border membranes (a) and of eleclmeluted Mr 70(X)() 
polypeptide (h) is con)pared. (c) shows an autoradiogram of the 
[14C]BADG-labeled ~t, 700IX) polypeptide and {d) the reaction of 
polyclonal antibodies raised against the M, 79(IIX| polypeptide with 

brush-border membranes. 

stained M, 70 l~)  polypeptide was electroeluted and 
used either to raise polycional antibodies or for diges- 
tion with V8 proteinase. For trypsin digestion the M, 
70000 polypeptide was dissected from Coomassie- 
stained SDS-polyacrylamid¢ gels and the proteolyis 
was performed in gel slices. 

hmmmohist~'hemical ,ocalization 0]" dw c~ltalytic H +- 
A TPase submlit #l kidm3, corwx 

Fig. 3 shows that the electroeluted [14C]BADG- 
labeled M, 70000 I~dypeptide runs as a single band in 
SDS-i~.~[yacrylamide gels. When a rabbit was immu- 
nized with this polypeptide an antiserum was obtained 
which bound selectively to a M r 70000 polypeptide 
from brush-border membranes (Fig. 3d). With this an- 

tiserum an immuno-histochemical staining pattern was 
observed in rat kidney cortex which is typical for the 
localization of V-ATPases [3]. Thus, the antibodies 
reacted mainly with intercalated cells of cortical col- 
lecting ducts and showed some reaction with proximal 
tubules (Fig. 4C). In the proximal tubules the antibod- 
ies 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 
reacted strongly with subapical '~-~i~.l~ of" imcrcaiatee 
A-cells (Fig. 4D) and showed some reaction with sub- 
apical vesicles and basal membranes of intercalated 
B-cells (Fig. 4El. These data suggested that the iso- 
lated BADG-iabeled M r 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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' so m. 
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Fig. 4. lmmunostaining of rat kidney cortex with an antiserum directed against the [t4C]BADG-labeled Mr 70 000 polypeptide from porcine 
renal brush-border membranes. The antiserum described in Fig. 3 was used fi,r the immune reactions. For light mi,.roscopy (C) fixed 5-#m 
sections were reacted with the antiserum and visualized by an FITC-labeled secondary antibody. For electron microscopy (A.B.D,E) plastic 
ultrathin sections were reacted with the antiserum and visualized with a gold-coupled secondary 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 collecting dt, cts (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 +-A TPase 

50/.tg of the electro-eluted M r 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 Ii (sequences 1,3,4,8,10). To obtain further se- 
quence information BADG-labeled brush-border 
membrane proteins were separated by gel chromatog- 
raphy (see 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 
Coomassie the M, 70(X)0 polypeptidc was dissected 
from the gel, digested with trypsin and the proteolytic 
pcptides were eluted ai:d fractionated by HPLC (Cn~ 
column, gradient of !t.4) plus 0.1%(v/v) TFA to 
80%(v/v) acetonitrile). Fig. 6 shows the absorbance 
and the radioactiviw distribution of the obtained frac- 
tions. From several peaks partial amino acid sequences 
were obtained (Table II, sequences 2, 5, 7, 9, II, 13). 
Fig. 6 shows that significant amounts of BADG were 
associated with four different peaks. Since these peaks 
did not appear to be homogeneous they were rechro- 
matographed on the C~ column by applying a gradtent 

M r + 

I / -  10,6 k----! -,---- 

8.2 k - - -  

6.2 k---- 

cl b 
Fig, 5. Proteolytic digestion of +he [14('JBADG-lahelcd AIt 7()i)iX) 
I~flypeptide from lx)rcine kidney with V8 proleinase. 3011 ~1 of I(111 
mM ammonium acetale (pH 4,(I) without (a) and with (h) 50/zg of 
the electroeluted M r 7(IIXX) polypeptide shown in Fig. 3 were incu- 
bated If) h (37°C) with 3iX) #g of V8 proteinase. The samples were 
concentrated and applied on SDS gels [34]. The separated poly- 
peptides were electrical!'y transferred to a pol~vinylidene difluoride) 
membrane and stained with Amido black. Five proteolytic fragments 
of the M r 700IN) polypeptide (see arrows) were dissected for amino 
acid ~quencing. On the left the relative molecular weights of three 

,',arker proteins are indicated. 

0J, 

0.2 

2'0 
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Fig. 6. Fractionation of tryptic digestion products of the 
[n4C]BADG-laheled M r 7(I(I(H) polypeptide by reversed phase HI)L( ". 
Fractions 36 and 37 from Fig. 2 containing partially purified 
[t4C]BADG-labeled M r 70(H)0 polypcptide were concentrated and 
0.5 mg of protein was subjected to preparative SDS-polyacrylamide 
gel eleclrophoresis. The gel was stained and a gel slice containing the 
M r 70(XIII polypeptide was dissected and treated with trypsin. The 
proteolytic splitting products were eluted from the gels and fraction- 
ated by reversed phase chromatography on a ('0N colunm. The figure 
shows an absorhancc proMe -rod 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 Ill "~) did not appear to he 
homogeneous they were applied for rechromatography as described 

in Materials and Methods. 

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

TABLE I! 
Amino acid ,~('ClUCnc('x of the ('atab'tic It "-A IT)one ]hun hnL~'h-honh'r 
mcmhmm's oj" phi.ritual tuhules .[hun porcine kidney 

The catalytic It +-ATPase subunit was labeled, isolated and digested 
and the proleolytic fragments were purified and sequenced as de- 
scribed in Material,, anti Methods. Peptides I, 3, 4, 8, 10 were 
obtained after digesting of the catalytic suhunit with V8 proteinase 
whereas peptides 2, 5, 6, 7, g, ! I, 12, 13 were obtained after digestion 
with trypsin. 

No. Sequence 

1 
2 
3 
4 
5 
6 
? 
8 
9 

10 
11 
12 
13 

TSGVSVGDPVLXFGKPL 
V G S H I T G G D I Y G I V N E N S L I K  
LEFEGVKEKFXRVQV 
KLPANXPLLTGQRVLDALF 
TVISQSLSK 
YSNSDVI IYVGXGE 
ALVANTSNNPVAA 
ASIYTGITLSEYFRDH 
LAEHPADSGYPAYLGAR 
GSVXIVGAVSP 
ALDEYYCKHFTEFVPL 
FXPFYK 
TVGHLSNHIAFYDHA 



by [n4C]BADG, the released radioactivity after the 
different cycles of sequencing was measured. For se- 
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 [n4C]BADG. Since 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 sequence 12 (see Fig. 8), it can be 
assumed that these two cysteines have been modified 
with the SH-group reagent BADG. 

Cloning of the catalytk: subunit of t t  +-A TPase 
The eDNA of the catalytic H~..,Vl'Pases subunit 

from porcine kidney cortex was cloned by PCR as 
described in Materials and Methods. Two overlapping 
eDNA-fragments (Fig. 7, nucleotides 511-1133 and 
1108-1671} were obtained by :employing information 
from three protcolytic peptides (see Table I! sequences 
2, 9, 13). The 5'-part of the eDNA (Fig. 7, nuclcotides 
1-513) was cloned with the help of rmcleotide se- 
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quence information from the catalytic H +-ATPase sub- 
unit of bovine adrenal medulla which was published 
during our study [39]. The 3'-part of the clone (Fig. 7, 
nucleotides 1609-2098) was obtained by emoIoying the 
RACE-methodology (see Materials and Methods). Fig. 
7 shows the complete nucleotide and amino acid se- 
quence information which was obtained from the over- 
lapping eDNA fragments. Since after subcloning of the 
different PCR-fragments always identical nucleotide 
sequences were obtained from different clones the 
presented sequence is supposed to be the main 
eDNA-subtype of the catalytic H +-ATPase subunit in 
pig kidney cortex. 181 of the 183 amino acid residues 
which were determined by amino acid sequencing of 
tile proteolytic peptides (Table Ii, sequences 1-13) 
were identical to tile amino acid sequence derived 
from the cloned eDNA (Fig. 8). Sincc both deviations 
are due to a single-base exchange they may be due to 
genetic variants of individual pigs or to misincorpora- 
tion of bases during the PCR-rcaction rather than to 
differem subtypes of tile catalytic H ~-ATPasc subunits 
in pig kidney. 

1 TTCTQCACCTCGCGCCCGGGCAGGTAAATTAACATGATGGATTTCT~CAAGC TACCCAAAATACTTG&~AT 
M IE D I? e E L IP E I It. D B D ],4 

. . .  , 

I S I  ATGTATGAACTGGTCAGAG~K~CCACA&GAGTTGGTTGGAGAGATTA~CGATTGGA~'TGACAT~CACC 
I i  T IN I,, V It V • E 8 • L V • 8 l l It I- S O D iS A T 64 

226 ATCC~GTGTATOAAGAAACCTCTGGCGTGTCTGTIY~GAG&TCCTGTACTCCGCACTGGTAAACC~~A 
l Q V Y B IR T S Q V 8 V O D P V L R T • E P L S V 0 9  

3 01 GAGCTTGGTCCTGGCATI'ATGGGAGCCATTTTT GATGGTATT~AAAGACCTTTGTCAGACATC~AG~[~AAACT 
l L G P G Z E G A Z P D • Z Q it P I[, S D Z II 8 Q T 114 

376 CAAAGTATTTACATITCCAGAGGAGTAAATGTATCTGCTCTTAGCAGGGATGTCAAATGGG~&CAC~ 
Q II l Y l P I~ G V N V S A L I it D V E W l I '  T P J 1 5 t  

4 S 1 A~%CCTCCGGGTGGGTAGTCAC ATCACTGGTOGAGATA~PI'ATGGAATTGTC AATGAGAACTC~A~ 
Z J ~,- lit V O II II  Z T O • D Z lr  O Z V il B E Ill L Z E IG4  

526 CACAGAATCATGTTGCCCCCACGAAACAGAGGAACTGTAACTFATATIT~TCCCCCTGGAAATTACGATACTTCT 
U It Z I I  L IP P IR Im It • T V T Y I A P IP O I I  11' D T m 10B 

601 GATG~GTATTGGAGCTTGAAT'I~GAAGGTGTAAAGGAGAAGTTCAGCATG~. "~CC AAGTG~C~T~C~ 
D V V L Im L I P B O V K e K P II I t  V Q V I f  P V It Q 314  

676 GTTCGACCTG'I~AC~AGAAGC'I~CCGGCTAATCATCCTCTG~AC~CAGAGA~A~CC~ 
V It IF V T E K L P A I I  N P It, L T O O I~ V It, D A It, lip 33B 

751 C C G ' I ~ ' I ~ T A C A G C ~ A G G , ~ C T A C T G C A A T C C C ~ C ~ ~ ~ G A C A G ~ T A ~ A C A G ~  
P C V Q G • T T A Z P G A F G C • K T V Z II Q II 7. 364 

826 TCC AAGTAT'~CAAC AGTGA'I~TGATC &TC T & T G T A G G A T G T G G ~ G A G T ~ A O & ~ ~ G ~ C ~  
II E Y II I I  8 D V X X Y V • C O B It V IB E M II I V L 209 

Fig. 7. Nucleotide sequence and derived amino acid sequence of a catalytic It ~-ATPase subunit from porcine kidney cortex. The ~equence w~s 
determined from fimr overlapping eDNA-fragments obtained by PCR. The numbers on the left and right refer Io the nucleotide and amino acid 

positions, respectively. (Continued on p. I.'38.) 
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• • • • • , . 

901 CGGGATTTCCCAGAGCTCACGATGGAAGTTGATGGTAAGGTAGAGTCAATTATGAAGAGGACAGCATTGGTAGCC 
a D IP IF I L T M U V D G K V B II Z W K It T A L V A 3 1 4  

976 A~T&CCTCCAATA~CCTGTTGC~CTAGAGAAGCCTCTAT'~ATAC~~ACAC~AG~TA~CGT 

• • • • • . , 

1051 GACA~TACCACGTCAGTATGATGGCTAACTCTACCTCCAGA~TGAGGCCCTTAGAGAAATATCTGGT 
D M O T N V 8 M M A B II T 8 It W A II A L It II Z 8 • 3t~4 

1126 CGCTTAGCTGAGATGCC~C AGATAGTGGATATCC TGCATATCTTGGTGCCCGTCTGGCCTC~CTATGAGCGA 
a L & • II P A D 8 O Y P A Y L Q & R L A 8 Ir Y ue R 319 

i201 GC~AGAGTGAAATGCC~GGAAATCCTGAAAGAGAA~GAGCGTCACGATTGTA~GAGCAG~CGCCT 
A O R V K C L O M P l R l G 8 V T X V G A V , P p ~14  

12"76 G~TG~ATTTT'I~T~ATCCAGTTACATCTGCTACT~TT~TAT~TTCAGGT~TTC~C~A~AT~ 
0 G D I '  II D P V T II A T L • !' V Q V IF' W • L D R K 4 3 9  

• • • • • , . 

13 51 CTAG~TCAACGTAAGCATTTCCC¢'TCTGTCAACTGGC~ATCAGCTACAGCAAGTACATGCGTGCCT'X~AT~ 
L A 0 R R N I~ P 8 V N W L 3r fj y 8 R Y U R & L D B 4S4 

1426 TACTATGAC~`.ACACT~Tt+~ACTGAGT~;TTCCTCTCAC.~ACCAAAt.;CTA.AGG~AGATT(.`~CA~G~G~GAT 
Y Y D K N li* T | • V P L R q* K A K It X L O It II n D 4 0 9  

• o , ° o , o 

I ~01 ']"PGGCAGA,A,A'PPGTA('AGC'TT~t ;Tt:;c-----------------~A.AA¢,(;( "PPt:'( '¢*TAt;('AGA, A, A C A G A T A , A , A . A ~ A C ~ T ~ A ~ T A G C ~ G  
L A I Z V O L V • K A 8 I, A l T D K X T L It V A K S2~ 

• • • , , , • . 

1576 C'FPATCAAAGA"I~;ATTT( '( 'TA( A( ;( 'AAAATt~;ATATAc'T( "('TTATt;A('AC, GT'rt'~;C('CCTTCTACAAGACAGTA 
L Z R D D P L O O Ig • Y T P Y D R i p C P P Y K T V S 3 9  

• • • • • . , 

1651 ~A~t~TTGTC~AA~ATGATTGCA~-~rATGACTTC~;(~(~(~G(~AGAGCTGq~AAA~ (:`A(~t;~(~CAGAGTGAC~C 
• M r,, I I  I I  M Z A IP Y D L A R R A V I I  T T A Q 8 D ~ S64 

1726 .I_I,~_%TCAC A'i'~+-aTCC A']+PATCCGTGAGC AC ATCCJC,(~,AGATC CTCTATAAGC TC TC( '~ 'C  A ~ ~  ~ A T  
K Z T W IJ Z Z R st N M • l Z L Y K L 8 8 M R lip K D S 8 9  

• , , • , • , 

1801 CC~'T~--.A_~_%GATGGTGAGGCCAAGATCAAGGCCGACTATGCACAACTACTGGAAGATGTGCAG~CA~'CGT 
IP V K ID p It A K Z K & D ,Jr & O L L n D V 0 B A IP R 614 

11176 .L,~~q~&GACCT&GGA~I~PT~C'TCC +-n-uC+C'iTAGCAAGCT~TCATATGTGTATAC~CTAJ~G 
II Ib II D i l l l  

- -  • :  - -  • - -  . -  

Fig. 7 ( c o n t i n u e d ) .  F o r  l e g e n d  s e e  p.  137. 

Comparison of amino acid sequences of c ,  la6'tic H +- 
A TPase subu.its 

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 
Arch,bacterium sulfolobus acidocaMarius [44]. Neu- 
ro~pora crassa [45]. Dauctus carota [22]. bovine adrem'fl 

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

(" X < x Pl A P Q Q N G Amy 0 G I H TINK ! Y sUmunmvl lE l [ [ Ix  ~ K ~ D  Q ~ V ~  ! NJJ  5 7 
( 3 ) ( ' x  N ~ E  i! 63 ( ' B A  x P ~ ~  
( T K  x fil  

f i l  

F ig .  8. C o n t i n u e d  o n  p.  139. 
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( 'N('x 
(' D('.,,,. 
('I~IA +,,,, • 
( 'PKx 
(' P' K .-t 

| A B l q ~ L  L N N ~ Y ~ E K ~ A  S A S N ~ ] [  A 120 
126 
123 
123 

Peptsde I 

('N('.~," 
CB('.~ 
('BA.~,' 
CPKN 
('PK.4 

T P~OBK K ~ -  - T H K ~ O ~ A ~ V  M ~ T ~ Y ~ F B  (. 
! " i . . . . . . .  i i 

Peplide 1~ 

I / ~ K R L ~ A ~ Z  R ~ . ~ K ~ E ~  181 
. ~ V A  Z a t87 

185 
185 

CI)C~r 
(,BA~. 
CPK~. 
CPK.4 

Peptide 3 Peplide 4 

244 
250 
248 
248 

('N('N 
('D(',x, 
('BA.~. 
('I)KN 
('PKA 

Peptide 5 Peptide 6 

~ 306 
313 
310 
310 

('N('N 
('DCN 
('BAN 
('PKN 
( T' K .4 

*-- Pepdide 7 Pephde $ 

m A D 369 
376 
373 
373 

Peptide 9 -"* 

('N('.~- I 
('D('N 
('llAN 
( 'PKN 
('PKa 

432 
439 
436 
436 

Pephde tO 

('N(',~,' 
('l)(',x" 
('BAN 
('PK.x' 
('PK.4 

~ I B T  $ V ~ L  TX~O KUBE n E Y P D ~  R ~ P  R ! R t L~SD SBEBDG V ~ $  495 
502 
499 
499 

Pephde I I 

('X(',x i 
( '1)( ',~. 
( 'BA ,~, 
('PK,~" 
(TK.4 

~ D H B T ~ E ~ S  O l e ~ l  M I E M I H K  LOHdHBEBeKBI AGSe N ' -  556 
56r) 
562 
562 

m~ U 
Pe ~ide ll~ Pepdide I~ 

( 'N ( '.x . . . . . .  BN K v~ lA T Q P L ~l A ( I~K~L~E V~S - El'] 
('l)('.x, S 
('IIA.~. 
( ' l 'Kx - 

E~C K KIE AI(I  g G Iq L O K ~ A ~ I [ ~  E 607 

~ J  E T R 623 
61~ 
61~ 

Fig. 8. Comparison of sequences from catalytic subunits of V-ATPases. The Iollowing sequences ;ire compared: CNC N, sequence of the catalytic 
H+-ATPase subunit of Neurospora crassa derived from cloned eDNA [45: CDCN, sequence of the catalytic H +-ATPase subunit o, Dat. ' .s  
carota derived from cloned eDNA [22]; CBA N, sequence of the catalytic H .ATPasc subunit from bovine adren:ll ;nedull,'l derived from cloned 
eDNA [.39]; CPK N, sequence of the catalytic H+-ATPase subunit from t~[~rcine renal cortex derived from cloned eDNA; CPKA, peptide 
sequences of the catalytic F! +-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 !!). Amino aci, I positions in which radioactivity was obtained after sequencing of 

peptides from the [14C]BADG-labeled Mr 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 proximal tubules. The cat- 
alytic subunit was identified by affinity, labeling of 
purified 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 employed 
for ladling and purification were isolated by differen- 
tial r, entrifugation after Ca: +-precipitation and do not 
contain significant amounts of membranes from other 
nephron segn~ents or of basolateral membranes from 
proximal tubules [27,46]. They also did not contain 
significant amounts of subapical vesicles which contain 
V-ATPases with ATP binding sites on the outside since 
no ATP-dependent proton uptake could be detected in 
the right-side out oriented vesicle preparation (data 
not shown). Affinity labeling of the catalytic H +- 
ATPase subunit was performed with the SH group 
reagent BADG which binds selectively to a polypeptide 
with aa apparent molecular weight of 70000. Similar to 
N-ethylmaleimide [10,12,16,42,47] BADG is also an 
affinity label of the H +-ATPase. Thus, BADG irre- 
versibly inhibits ATP-dependent proton transport into 
inside-out oriented brush-border membrane vesicles 
and the inhibition by BADG is prevented by ATP. The 
selective modification of only a few amino acids of the 
catalytic H+-ATPase subunit by [~4C]BADG together 
with complete inhibition of ATP-drivcn proton uptake 
by 50/z M BADG and the complete prevention of this 
inhibition by ATP, suggests that BADG binds to a 
p~'otein 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 (see Fig. 8) since radioac- 
tive labeling by [~4C]BADG was observed at Cys-277 
and the corresponding amino acids in the homologous 
sequences of the catalytic /3-subunits of F~-ATPases 
(Val-188 from thermophilic bacterium PS3 [48], Val-179 
in the FI-ATPase from Escherichia coli [49] and Val-183 
in the F~-ATPase from bovine mitochondria [23]), are 
one (thermophilic bacterium) or twelve amino acids 
(Escherichia coil and bovine mitochondria) distant from 
a glutamic acid which is selectively modified when the 
F~-ATPases are irreversibly inhibited by dicyclohexyl 
[l~C]carbodiimide [50,51]. In the F~-ATPase from Es- 
cherichia coli, Glu-185 is essential for structure and 
assembly of the /3-subunit [52]. This amino acid is 
conserved in the catalytic subunit of the H +-ATPases 
(see Glu-2.83 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, sequencing of the catalytic H +- 
ATPase subunit after BADG labeling in the presence 
and absence of ATP is required. 

Employit~g mRNA from the outer cortex of porcine 
kidney a eDNA of catalytic H +-ATPase subunit was 
cloned which is supposed to be the main tram, cript 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-ATPase subunits of 
archebacteria, plants and fungi (see, e.g., Fig. 8). A 
comparison of the sequences in thig 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 eDNA of the c~talytic H +- 
ATPase 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 t-wtex. The differences in 
primary strdcture between bovine adrenal medulla, 
bovine renal medulla and porcine renal cortex are 
small. The apparently larger structural deviation of the 
catalytic H+-ATPasc subunit front bovine brain [24] 
may be artefactural 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 are 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 Iocaliza- 
tions in kidney are identical. The cloning experiments 
reported in this paper are not sufficient to answer this 
question. This will be possible when further eDNA 
sequences from porcine kidney are cloned and identi- 
fied. 
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