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A nuclear protein(s) from rat or pig stomach recognized a conserved sequence in the 5-upstream regions of the rat and human H/K*-ATPase

¢ subunit genes. A gel retardation assay suggested that part of the binding site was localed in the TAATCAGCTG sequence. No nuclear proleins

capable of the binding could be detected in other tissues of rat (liver, brain, kidney, spleen and lung) or pig liver. The sequence motif (GATAGC)

located 5'-upstream of the f-subunil gene also seemed to be recognized by the sarme protein, because the binding of nuclear protein to the sequence

motifs in the & and 8 subunits was mutually competitive. Considering the sense-strand sequence of the binding motif in the a-subunit gene, we

conclude that (G/C)PuPu(G/ICINGAT(A/T)PuPY is a core sequence molif for the gastric specific DNA binding protein (PCSF, parielal cell specific
factor).

H*/K*-ATPase; Gastric specific transcription; Gastric proton pump; Parietal cell: DNA binding protein

1. INTRODUCTION

Gastric parietal cells are well known to be highly
differentiated eukaryotic cells. These cells have a cha-
racteristic morphology and secrete HCI into the gastric
lumen [1], synthesizing specific enzymes essential for the
secretion. The genes for the gastric proton pump (H*/
K*-ATPase) @ and S subunits have been shown to be
transcribed [2-6), and translated [1,3,5] only in the
gastric mucosa (parietal cell). Recently, we reported
that the exon/intron organizations of the genes for the
H*/K*-ATPase a and § subunits are highly similar to
those of the corresponding subunits of Na™/K*-ATPase
[6-8). However, the nucleotide sequences in the control
regions of the genes for the H*/K*-ATPase & [6,7] and
3 [8] subunits have no apparent similarity with those of
Na*/K™-ATPase subunits [9-14]. Similarity is evident in
the 5’-upstream regions of the rat and human H'/K"-
ATPase a-subunit genes [6], suggesting that these
regions may be important for the transcriptional regula-
tion of the a-subunit gene.

In this study we found that gastric mucosal nuclear
protein(s) recognized a sequence motif in the 5'-
upstream regions of both the rat and human genes for
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the ¢ subunit of H*/K*-ATPase. This gastric specific
protein also bound to the motif in the rat S-subunit
gene. The consensus core sequence motif for the - and
B-subunit genes is presented.

2. MATERIALS AND METHODS

2.1, Preparation of nuclear proteins from various rissues

Nuclear proteins were prepared at 4°C as described previously [15]
with minor modifications. Minced tissue (50 g of pig gastric mucosa,
15 g of pig liver or 10 g of various ral tissues) was broughi to a volume
of 100 ml with homogenization buffer (10 mM HEPES-KOH pH 7.6,
15 mM KCl, 0.15 mM spermine. 0.5 mM spermidine, | mM EDTA,
2.2 M sucrose, 5% glycerol, 0.5 mM dithiothreitol, 0.5 mM phenylme-
thanesulfony! fluoride, | mg/m! pepstatin), and homogenized at 900
rpm in 4 molor-driven Potter Elvehjem homogenizer. The homo-
genate was fiitered through cheese cloth and 50 ml aliquots were
luyered over 10 ml of cushion bufTer (the same bufler us for homo-
genization but with 2 M sucrose and 10% alycerol were used), and
centrifuged at 130,000 x g for 1 h in an SW28 rotor (Hitachi ultracen-
irifuge). The nuclear pellel was resuspended in 60 mi of lysis buffer
(10 mM HEPES-KOH pH 7.6 containing 100 mM KCl, 0.1 mM
EDTA, 10% glycerol, 3 mM MgCl,, 1 mM dithiothreitol, 0.1 mM
phenylmethanesulfonyl flunride, 1 mg/ml pepstatin). The suspension
was diluted 10 10 Aa, U/ml with the lysis bufter, adjusted to 0.55 M
KCl by adding 3 M KCI, shaken gently (or 30 min, and centrifuged
at 100,000 x g for 1 h. Solid (NH,),80, (0.3 g/ml}) was slowly added
to the supernalant and the solution was incubated for 60 min. The
precipilate was collecied by centrifugation (100,000 x g, 1 h). dissolved
in 1 ml of 25 mM HEPES-KOH pH 7.6,0.] mM EDTA, 40 mM KCl,
10% glycerc] and | mM dithiothreitol, and dialyzed against 500 vols.
of the same buller for 4 h. The precipitate formed during dialysis was
removed by centrifugation (10,000 x g, 5 min), and the nuclear protein
fraction (2 g/mi) was stored at ~76°C. Protein wis measured with
a Bio-Rad prolein assay kit {16] using bovine serum albumin as a
slandard.
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Fig. 1. Detection of nuclear proteins recognizing the 5'-upsiream region of the rat gastric H/K-ATPase e-subunit gene, A, The §’-upstream region
(designated as RA. —124 10 +3 bp) between the arrow heads of the rat gastric H/K-ATPase ¢-subunit gene [6] was divided into lour segments:
Raxl (-1206 to -91 bp). RaZ {-97 to -62 bp), Ra3 (-69 1o —81 bp) and Ra4 (-38 to -1 bp). The positions of the potential TATA-box [20] and
transcription initiation site [21] are shown by box and arrow, respectively. Nucleotides are numbered an the right of ¢ach line from the first letier
of the initiation codon. B. Nuclear extracts (0,16 4g) from rat tissues were incubated with radio.labeled segnient RA (0.1 pmol). Complex formation
was delermined by gel retardation assay (lane |, without proiein; lanes 2-7, with nuclear protein). Stomach (lane 2), liver (lane 3), kidney (lane
4), spleen (lane 5). brain (lane 6) and lung (lane 7). C. Nuclear extract from stomach (0.16 ug) was incubated with the radio-labeled DNA segment
RA (0.1 pmol) (lane 1, withoul protein; lanes 2-6, with nuclear protein). Ra4 (lane 3), Ra3 (lane 4), Ra2 (lane 5) or Rzl {lane 6) was added as
a compelitor,

2.2, Gef retardation assay

Gel retardation assays [17] were performed in 15 g1 of 25 mM
HEPES:KOH (pH 7.6) containing 0.1 pmol of P-end-labeled DNA
probe (3,000-5,000 ¢pm), 2 ug of poly (dI-dC), 34 mM KCl, 5 mM
MzCl, und 5% glycerol. Binding was siarted by adding nuclear pro-
iein (0.16-0.28 ug). Mixtures were incubated for 30 min on ice, and
the DNA-protein complexes formed were separated from ree DNA
probe at 4°C by 8% polyacrylamide gel electrophotesis in 89 mM
Tris-borate (pH 80) containing 2.8 mM EDTA. Electrophoresis
bufTer was circulated, Gels were dried and autoradiographed, The 5
ends of probes were labelad with [2-P)dCTP using the Kienow f{rag-
menl. Free [2-P]JdCTP was remaoved by polyacrylamide gel (5%)
clectrophoresis. Synthetic double-siranded oligonucleotides (syn-
thesized in an Applied Biosystems Synthesizer 3B1A) were used as
competitors.

2.2, Chemicals

Resiriction enzymes, T4 DNA ligase, the Klenow fragmentof £. coli
DNA polymerase I, DNuse [ and Tug DNA poiymerase were pur-
chased [rom Takara Shuzo Co., Kyoto, Japun. [2-P[dCTP (3,000
Cirmmol) was from the Radiochemical Center, Amersham Corp. All
other chemiculs used were of the highest grade comumercially avallable,

3. RESULTS

3.1. Thke 5-upstream region of the H/K-ATPase o-
subunit gene

138

We cloned the region between —1,149 and +136 bp
of the human H/K-ATPase z-subunit gene [7] from
gastric mucosa and liver of the same person (autopsy
matetials) using the polymerase chain reaction [18].
Parietal cells are the most abundant cell type (more than
50%) in gastric mucosa [1,3,6]. The cloned sequences
from the two tissues were identical and exactly the same
as reported [7], except that one base (T) in an Al se-
quence (position —601) was substituted by C, possibly
due to personal deviation. These results suggested that
the 5’-upstream sequence of the a-subunit gene is identi-
eal in different tissues, and that a specific trans-acting
protein(s) participates in expression of the gastric gene.

3.2, Binding of nuclear proteins 1o the 5'-upstream region
of the o-subunir gene

The above observation prompted us to try to detect
a specific trans-acting protein(s) in gastric nuclei. The
DNA segment (RA) immediately flanking the initiation
codon of the rat a-subunit gene [6] (Fig. 1A) was in-
cubated with nuclear proteins prepared from various rat
tissues, This segiment carried a TATA-like sequence and
had homology with that of the human c-subunit gene,
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Fig. 2. Delermination of protein binding motif in the @ subunit. A. The 5’-upstream regions of rat (upper) and human (lower) a~subunit genes are

shown, Synthetic double-stranded DNAs used as competitors were: Rzl (120 1o ~91 bp) for the rat a-subunit gene [6] and Hal (-116 to -94

bp) and Ha2 (~92 to =70 bp) for the human gene [7]. The positions of Ra1’ (~127 to - 102 bp) and Ree1” (-109 to -88 bp) are also indicated (see

Fig. 4). TAATCAGCTG sequences arc shown by capital letters. B. Nuclear extract from rat stomach (0.28 ug) and radio-labeled segment HA (-127

to +3 bp, ref. [7]) (0.1 pmol) were subjecied to gel retardation assay (lane 1, without protein; lanes 2-5, with nuclear protein). Ha2 (lane 3), Hai
(lane 4) or Rel (lane 5) was added as a competitor.

Shifted bands due to complexes between the gastric nu-
clear protein(s) and the DNA segment were detected by
gel electrophoresis (Fig. 1B, lanes 1 and 2), Nuclear
proteins that had been heated at 55°C for 3 min did not
form these complexes with segment RA. Proteins from
liver, brain, kidney, spleen and lung also did not form
complexes (Fig. 1B, lanes 3-7). We also found that only
the nuclear protein(s) from stomach bound to the corre-
sponding human segment HA (BstEII-Ncol fragment,
positions ~127 to +3 bp, Ref. [7]) (not shown).

3.3, Sequence motif for protein binding

To determine the protein binding region more
precisely, we synthesized double-stranded oligonu-
cleotides (Ra1, Ro2, Ra3 and Rad) (Fig. 1A) and tested
these as competitors in the binding assay. Only Ral
prevented the formation of complexes between the nu-
clear protein and radio-labeled segment RA (Fig. 1C).
Ral contained tandem TAATCAGCTG sequences,
whereas a single copy of the sequence was found in the
correspending region of the human gene (Fig. 2A).
Radio-labeled HA formed complexes with gastric nu-
clear protein as shown by a gel retardation assay (Fig.

2B). The formation of these complexes between DNA
(HA) and nuclear protein was inhibited by unlabeled
Hal (the human DNA segment corresponding to Rel
of rat DNA) as well as Ratl. The human Ha2 segment
did not affect complex formation. A single stranded
DNA fragment (sense or anti-sense strand) of Hai did
not bind nuclear proteins (data not shown). These
results suggest that the TAATCAGCTG sequence could
be part of the binding site of gastric nuclear protein.

3.4, Comparison of sequence motifs in the a- and f-sub-
unit genes

We suggested recently that the GATAGC motif in the
‘-upstream region of the rat F-subunit gene is re-
cognized by a specific nuclear protein from rat stomach
[8]. Since the @- and f-subunit genes are both specifi-
cally transcribed in parietal cells, it was of interest to
examine whether the sequence motifs for the &- and
B-subunit genes are recognized by the same protein. The
protein binding with radioactive segment RA (carrying
the TAATCAGCTG sequence) became undetectable in
the presence of the segments carrying the GATAGC:
sequence (RA2, RB3 and RB4, Ref. [8]) or the segment
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Fig. 3. Mutual competition of prolein binding 1o the sequence moiifs for the &= and S-subunit genes. Nuclear extracl from rat stomach (0.16 ug)
was incubated with 1he radlo-labeled DNA segments {0.1 pmol) of the a- and S-subunii genes. A. Segmenl RA of the rat g-subunit gene (Fig. 1}
was used as a probe (lane 1, withoul protein; lanes 2-7, with nuclear protein). RAS (lane 3}, RA4 {lane 4), R33 (lane 5), RAZ (lane 6) or Rzl {lane
7) was added as a competitar. B. The segment (—=185 to +10 bp) of the rat 8 subunit gene [8] was used as a probe (lane 1; without prolein, lanes
2-6; with nuclear protein). RS81 (lane 3), RS2 (lane 4), Ra1 (lane 5) or Mal (lane 6) was added as & competitor. See Ref. [8] and Fig. 2A.

carrying the TAATCAGCTG sequence (Ral) (Fig. 3A).
However, segment RS5 without the GATAGC sequence
[8] was not a competitor. Furthermore, binding of the
protein to the 5-upstream region of the f-subunit gene
carrying three GATAGC sequences (=185 to +10 bp) [8]
was abolished by Rel and Hal as well as RA2, but not
by RB1 without the GATAGC sequence [8] (Fig. 3B).
These resulis strongly suggested that the same or a
closely related protein(s) binds to the sequence motifs
in the a- and #-subunit genes.

Comparison of the sense-strand of the sequence motif
in the #-subunit gene with that in the 8 subunit showed
that (G/C)PuPu(G/CINGAT(A/T)PuPy (Pu, A or G;
Py,Cor T; N, A, Cor T) is the common core sequence
motif recognized by the gastric specific nuclear pro-
tein(s) (Fig. 4). The nuclear protein may bind to both
the sequence motifs tandemly repeated in the a-subunit
gene (Fig. 2A). Rel’ was also a competitor in gel
retardation assay (not shown), and the sequence Rat” is
essentially the same as that of Heel. A nuclear protein(s)
with essentially the same properties as that from rat
stomach was obtained from pig gastric mucosa (but not
liver) (data not shown).

4, DISCUSSION

A specific protein(s) from rat stomach recognized the
conserved sequence located upstream of the human and
rat a-subunit genes. The same nuclear protein also
bound to the upstream region of the rat §-subunit gene.
A similar DNA binding protein(s) was found in a nu-
clear extract of pig gastric mucosa. These results suggest
that in mammals, gastric acid secretion is governed es-
sentially by the same transcriptional regulatory mecha-
nism. The common core sequence motif for the nuclear
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protein(s) was suggested
C)NGAT(A/T)PuPy.

A major DNA-binding protein (GF-1) in cells of
erythroid lincage is known to recognize the
(A/T)GATA(A/G) core sequence [19]. The motif for
gastric protein includes this core sequence, suggesting
that the gastric specific DNA-binding protein and GF-1
may be members of a family of specific transcriptional
regulatory factors. The motifs are located about 30 bp
upstteam of the conserved TATA-like box, like other
known regulatory protein binding sites [20]. The
transcription initiation sites were demonstrated to be 25
bp and 30 bp downstream of the TATA-like boxes for

to be (G/CYPuPwWG/

Hail GOACCAEAGCTOATTACAGGSTE

Rai! ACAGGTGATTATSAGGETCETTCGAE

naiv AGAGCCAGCTAATTACAGOTOA

ng2 TGCAGGACABATAGCAGGCAAGCCCAGECCTECCTTATE
REa CTCCCTTATCTTTATAGAGGCUATAGCCGACAALT

nga AGAACTCATAGCTGCTTCTEATGCCTTTOGCCTEACACAG

FMumane | [ ].'!Am

[Tl ]

Ratp L L] Jretal Jul n_f]__l@f]
Fig. 4, Sequence comparison of the mealifs in the a- and S-subunit
genes. A. The sequence molifs (sense-strand) in the a-subunit genes
were compared with those in the § subunii, The DNA segmenls shown
in Fig. 2 and Ref, [8] were aligned. The seguence corresponding to the
common core sequence molif is underlined, B, The positions of the
motifs in the human @-, rat &- and rat S-subunil genes are shown
schematically as dotted boxes; the molifs in Rl and Ra1”, and RS2,
RA3 and RF4 shown above corresponded to the boxes i and ii in Rate,
and i, ii and iii in Ralf, respectively. Transcriptional start sites [21,24]
were shown by arrows. Only the major sturt site of the rat S-subunit
gene is shown.
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the human and rat a-subunit genes, respectively [21].
The motif identified in this study may be a binding site
for a positive transcriptional regulator that functions
specifically in parietal cells, because the protein was
found in stomach but not in the other tissues examined.
We named the protein PCSF (parietal cell specific
factor) (Fig. 4). Three shifted bands for protein-DNA
complexes were detected by gel electrophoresis. This
may be due to the presence of DNA binding proteins
that are phosphorylated [22] and/or associated with
other proteins [23].
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