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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+-AfPase 
n subunil genes. A gel retardation assay suggested that part of the binding site was located in the TAATCACCTG scquencc. 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 (CATACC) 
located 5’.upstream of the/&subunit gene also seemed to be recognized by the same protcin, because the binding of nuclear protein to the sequence 
motifs in the a and B subunits was mutually competitive. Considering the sense-strand sequcncc of the binding motif in the a-subunit gcnc, WC 
conclude that (C/C)PuPu(C/C)KGAT(~)PuPy is a core scqucncc motif for the gastric specific DNA binding protein (PCSF, parictal cell specific 

factor). 

H’/K’-ATPase; Gastric specifc transcription; Gastric proton pump; Parictal 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 [ 11, synthesizing specific enzymes essential for the 
secretion. The genes for the gastric proton pump (H+/ 
K+-ATDasc) cc and ,0 subunits have been shown to be 
transcribed [2-B], and translated [1,3,53 only in the 
gastric mucosa (parietal cell). Recently, we reported 
that the exon/intron organizations of the genes for the 
H+/K+-ATPase cc and j3 subunits are highly similar to 
those of the corresponding subunits of Na’/K+-ATPase 
[6-81. However, the nucleotide sequences in the control 
regions of the genes for the H+lK+-ATPase cf [6,7] and 
/3 [S] subunits have no apparent similarity with those of 
Na+/K’-ATPase subunits [g-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 S- 
upstream regions of both the rat and human genes for 
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the cf subunit of H’fK+-ATPase. This gastric specific 
protein also bound to the motif in the rat B-subunit 
gene. The consensus core sequence motif for the GL- and 
P-subunit genes is presented. 

2, MATERIALS AND METHODS 

2. I . Prqoruriurt 0J micfmr prorcirts $wrt wfious rissucs 
N uclcar proteins were prepared at 4°C as described previously [I S] 

with minor modifications. Minced tissue (50 g of pig mstric mucosa, 
IS g of pig liver or IO g of various ral lissucs) was brought to a volume 
of 100 ml with homogenizulion buffer (IO mM HEPES-KOH pH 7.6, 
15 mM KCI, 0.15 mM spennine. 0-S mM spermidinc, I mM EDTA. 
2.2 M sucrose, 5% glycerol, 0.5 mM dithiothrcitol, 0.5 mM phenylmc- 
thancsulfonyl fluoride. I mg/ml pepslatin). and homogenized at 900 
rpm in a motor-driven Potter Elvcltjcm homogcnizcr. The homo- 
gcnate was fiitered through cheese cloth and 50 ml aliquots wcrc 
luycred over IO ml of cushion buffer (the same buffer us for homo- 
genization but with 2 M sucrose and 10% glycerol were used), and 
centrifuged at 130,000 x e for 1 h in an SW28 rotor (Hitachi ultracen- 
trifuge). The nuclear pellet was resuspended in 60 ml of lysis buffer 
(10 mM HEPES-KOH pH 7.6 containing 100 mM KCI, 0.1 mM 
EDTA, 10% glycerol, 3 tnM MgCI,, I mM dithiothrcitol, 0.1 mM 
phcnylmcthancsulfonyl fluoride, I mg/ml pepstalin). The suspension 
was diluted to IO AIw U/ml Gh the lysis buffer, adjusted to 0.55 M 
KCI by adding 3 M KCI. shaken gently for 30 min. and centrifuged 
at lOO.OUO x 15 for I h. Solid (NH&O, (0.3 g/ml) was slowly added 
to the supernatant and the solution was incubated for 60 min. The 
precipitate was collected by centrifugation (100.000 xg, 1 h). dissolved 
in I ml of 25 mM HEPES-KOH pH 7.6,0.1 mM EDTA, 40 mM KCI. 
10% glycerol and I mM dithiothrcitol. and dialyzed against 500 ~01s. 

of the same buffer for 4 h. The precipitate formed during dialysis was 
removed by centrifugation (10.000 x g. 5 min), and the nuclear prolein 
irraction (2 rrl&Illli) was stored at -?O”C. Pio:cin was mcesured wilh 
a Bio-Rad protein assay kit [I61 using bovine serum albumin as a 
standard. 
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Fig. 1. Detection of nuclear proteins recognizing the Y-upstream region of the rat gastric H/K-ATPase --subunit 8erie. A. The Y-upstream region 
(designated as RA, -124 to +3 bp) between the arrow heads of the rat gastric H/K-ATPase a-sabunit gone [6] was divided into four segments: 
R~I (-120 to -91 bp), R~2 (-97 to -62 bp), R~:3 (-69 to -81 bp) and Re4 (-38 to -1 bp), The positions of the potential TATA-box [20] and 
transcription initiation site [21] are shown by box and arrow, respectively. Nuclcotldes are numbered on the right of each line from the first letter 
of'the initiation eodon. B. Nuclear extracts (0.16 #g) from rat tissues were incubated with radio-labeled segment RA (0, I pmol). Complex formation 
was determined by gel retardation assay (lane 1, whhout protein; 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/~g) was incubated with the radio-labeled DNA se[tment 
RA (0.l pmol) (lane 1, without protein; lanes 2-6, with nuclear protein). R~4 (lane 3), R~3 (lane 4), R~2 (lane 5) or R~I (lane 6) was added as 

a competitor, 

2,2. Gel retardation assay 
Gel retardation assays [17] were performed in 15/el of 25 mM 

HEPES-KOH (pH 7.6) containing 0,1 pmol of P-end-labeled DNA 
probe (3,000-5,000 cpm), 2/~g of poly (dl-dC), 34 ,riM KCI, 5 mM 
MgCl, and 5% glycerol. Binding was started by adding nuclear pro- 
tein (0.16-0.28/ag), Mixtures were incubated for 30 rain on ice, and 
the DNA-protein complexes formed were separated t¥om free DNA 
probe at 4°C by 8% polyacrylamide gel ¢lectrophoresis in 89 mM 
Trig-borate (pH 8,0) containing 2.5 mM EDTA. Electrophoresis 
buffer was circulated. Gels were dried and autoradiographed, The 5' 
ends of probes were labeled with [,,-P]dCTP using the Klenow frag- 
ment. Free [~-P]dCTP was removed by polyacrylamide gel (5%) 
electrophoresis. Synthetic double-stranded oligonucleotides (syn- 
thesized in an Applied Biosystems Synthesizer 381A) were used as 
competitors. 

2.2. Chemicals 
Restriction enzymes, T4 DNA ligase, the Klenow fragment of E. colt 

DNA polymerase I, DNase 1 and Taq DNA polymerase were par. 
chased from Takara Shoo Co., Kyoto, Japan. [~-P]dCTP (3,000 
Ci/mmol) was from the Radiochemical Center, Amersham Corp. All 
other chemicals used were of the highest grade commercially available. 

3. R E S U L T S  

3.1. The 5".upstream 
subunft gone 

region of  the H/K-ATPase a- 

We cloned the region between -1 ,149 and +136 b p  
o f  the h u m a n  H / K - A T P a s e  ~-subunit  gene [7] f r o m  
gastric m u c o s a  and liver o f  the same person ( au topsy  
materials)  using the po lymerase  chain reaction [18]. 
Parietal  cells are the mos t  abundan t  cell type (more  t han  
50%) in gastr ic  mucosa  [1,3,6], The cloned sequences 
f rom the two tissues were identical and exactly the s a m e  
as repor ted [7], except that  one base (T) in an Alu se- 
quence (posit ion -601)  was subst i tuted by C, possibly 
due to personal  deviation. These  results suggested tha t  
the Y-ups t ream sequence of  the =-subunit  gone is identi- 
cal in different tissues, and that  a specific trues-acting 
protein(s)  part ic ipates  in expression of  the gastric gene. 

3.2. Binding of  nuclear proteins to the 5'-upstream eegion 
of the a.subunit gene 

The above  observat ion p r o m p t e d  us to t ry to detect  
a specific trues-acting protein(s)  in gastric nuclei. The  
D N A  segment  (RA) immediate ly  flanking the init iat ion 
codon  o f  the rat et-subunit gone [6] (Fig. IA)  was  in- 
cuba ted  with nuclear proteins prepared  f rom var ious  ra t  
tissues. This  segment carried a TATA-I ike  sequence and  
had homology  with that  o f  the human  ~-subuni t  gone, 
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Fig. 2. Delermination of protein binding motif in the Q subunit. A. The S-upstream regions of rat (upper) and human (lower) a.subunit genes are 
shown. Synlheiic double-stranded DNAs used as competitors were: Rol (- 120 lo -91 bp) for the rat o-subunit gene [6] and Hal (-I 16 to -94 
bp) and Ha2 (-92 lo -70 hp) for the human gene [7]. The positions of Rat’ (-I?? to -102 bp) ar.d Ral” (-109 to -88 bp) arcalso indicated (see 
Fig. 4). TAATCAGCTC sequences arc shown by capital letters. B. Nuclear extract from rat stomach (0.28bg) and radio-labeled scgmcnl HA (- 127 
to +3 bp, ref. [7]) (0. I pmol) were subjeckd to gel retardation assay (lane I, without protein; lanes 2-S, with nuclear protein). Hrt2 (lane 3), Horl 

(lane 4) or Reel (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. lB, lanes 1 and 2). Nuclear 
proteins that had been heated at 55OC 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. 1 B, lanes 3-7). We also found that only 
the nuclear protein(s) from stomach bound to the corrc- 
sponding human segment HA (BstEII-MoI fragment, 
positions -127 to +3 bp, Ref. [?I) (not shown). 

3.3. Sequence motifSor protein binding 
To determine the protein binding region more 

precisely, we synthesized double-stranded oligonu- 
cleotides (Ral, Rcx2, Ra3 and Ra4) (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 sing!e copy of the sequence was found in the 
corresponding 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 Ral 
of rat DNA) as well as Ral. The human Ha2 segment 
did not affect complex formation. A single stranded 
DNA fragment (sense or anti-sense strand) of Hal 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. Confparison of sequence motifs in the a- and&sub- 
unit genes 

We suggested recently that the GATAGC motif in the 
Y-upstream region of the rat @-subunit gene is re- 
cognized by a specific nuclear protein from rat stomach 
[S]. Since the a- and /?-subunit genes are both specifi- 
cally transcribed in parietal cells, it was of interest to 
examine whether the sequence motifs for the a- and 
p-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 GATACC 
sequence (RF2, RI3 and R/?4, Ref. [S]) or the segment 
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Fig. 3. Mutua l  competi t ion of  protein binding to the sequence motifs  for the a-  and f l -sabuni t  genes. Nuclear extract  f rom rat s tomach (0.16/~g) 
was incubated  with the radio-labeled D N A  segments (0.1 pmol) o f  the - -  and  f l -subunit  genes. A. Segment R A  o f  the ra t  g-subuni t  8ene (Fi 8. 1) 
was used as a probe (lane 1, without protein; lanes 2-7,  with nuclear  protein).  Rfl5 (lane 3), Rfl4 (lane 4). gfl3 ( lane 5), Rfl2 (lane 6) or  R~,I (lane 
7) was added as a competitor.  B, The segment ( -185 to ÷10 bp) o f  the rat  ~ s ubuni t  gene [8] was used as a probe  (lane 1; wi thout  protein,  lanes 

2-6; with nuclear  protein). P~I  (lane 3). Rfl2 (lane 4), R~I ( lane 5) or H a l  (lane 6) was added as a compet i tor .  See Ref. [8] and  Fig, 2A, 

carrying the TAATCAGCTG sequence (Rod) (Fig. 3At. 
However, segment Rfl5 without the GATAGC sequence 
[8] was not a competitor. Furthermore, binding of the 
protein to the 5'-upstream region of the fl-subunit gene 
carrying three GATAGC sequences (-185 to +10 bp) [8] 
was abolished by R~I and H~I as well as Rfl2, but not 
by Rill without the GATAGC sequence [8] (Fig. 3B). 
These results strongly suggested that the same or a 
closely related protein(s) binds to the sequence motifs 
in the cz- and fl-subunit genes. 

Comparison of the sense-strand of the sequence motif  
in the ~-subunit gene with that in the fl subunit showed 
that (G/C)PuPa(G/C)NGAT(A/T)PaPy (Pu, A or G; 
Py, C or T; N, A, C or 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 =-subunit 
gene (Fig. 2At: R g l '  was also a competitor in gel 
retardation assay (not shown), and the sequence Ro~" is 
essentially the same as that of  Hg 1. 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 g-subunit genes. The same nuclear protein also 
bound to the upstream region of  the rat fl-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 

protein(s) was suggested to be (G/C)PuPu(G/ 
C)NGAT(A/T)PuPy, 

A major DNA-binding protein (GF-1) in cells of  
erythroid lineage is known to recognize the 
(AJT)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 
upstream of the conserved TATA-IiRe 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-Iike boxes for 

l l g l  CGACeACAQCTOA¢?AeAGGCTC 
~Ql'  ACAGCTG~¢TATG~GGCTCCTTGGGG 
RB~" AGAOCCAGCTOAeTACAOCTGA 
n~2 TGOAGGACAOATAGCACGCAAGCCCAGCCCTCCCTTATO 
n~3 CTCCCTTATGTTTATAGAfiGCGATAGCGfiACAACT 
n~4 ACAACTGATA~CTGGTTCTGATGCCTTTOOCCTCACACAG 

H,,m~, I I t [ 7 ~  

P ~  

Rat ~ 

Fig. 4. Sequence comparison of the motifs in the ~- and p-subunit 
genes. A. The sequence motifs (sense-st:and) in the ~-subanit genes 
were compared with those in th¢~ subanh. The DNA segments shown 
in Fig. 2 and Ref. [8] were aligned. The sequence corresponding to the 
common core sequence motif is underlined. B. The positions of the 
motifs in the human ,~-, rat ,~- and rat p-sub,nit genes are shown 
schematically as dotted boxes', the rrloti[.~ in R~.I '  and Ral", and Rfl2, 
Rp3 and gp4 shown above corresponded to the boxes i and ii in Rata, 
and i, ii and i[i in Ral~, resp,~tiv¢ly. Transcriptional start sites [21,24] 
were shown by arrows, Only the major start site of the rat fl-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 parka1 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 clectrophoresis. 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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