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SUMMARY --- Complementary DNA to pig gastric mRNA encoding (H + + K+) - 
ATPase was cloned, and its amino acid sequence was deduced from the 
nucleotide sequence. The enzyme contained 103L amino acid residues 
(Mr. 114,285) including the initiation methionine. The sequence of pig 
(H + + K+)-ATPase was highly homologous with that of the corresponding 
enzyme from rat, but had high degree of synonimous codon changes. 
Potential sites of phosphorylation by cAMP-dependent protein kinase and 
N-linked glycosylation sites were identified. The art~ino terminal region 
contained a lysine-rich sequence simitar to that of the ct subunit of 
(Na + + K+)-ATPase, although a cluster of glycine residues was 
inserted into the sequence of the (H + + K+)-ATPase. As the pig enzyme 
is advantageous for biochemical studies, the information of the primary 
structure is useful for further detailed studies. © 1988 Academic Press, Inc. 

INTRODUCTION 'FEe (H + + K+)-ATPase of gastric parietal celt is located 

in its secretory canaliculi and catalyzes electroneutral exchange of 

internal ~l + and external K + coupled with ATP hydrolysis, maintaining a 

large pH difference of more than 5 between the cytoplasm and gastric 

lumen (i). Membrane vesicles enriched in this enzyme can be prepared 

from pig stomach easily and in large quantity (2,3), and the kinetic 

properties of the enzyme have been examined extensively (L-6). As the 

pig enzyme is advantageous for biochemical studies on coupled ion 

transport and its regulation, the information of the primary structure is 

prerequisite for further datailed studies. In this study, we cloned and 

sequenced cDNA coding for pig gastric (H + + K+)-ATPase. From the 

deduced amino acid sequence, significance of the amino terminal region 

w a s  d i s c u s s e d .  
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MATERIALS AND METHODS 

Poly(A) + mRNA was prepared from pig gastric mucosa. Double 
stranded cDNA was synthesized according to instructions in the manual of 
the cloning kit (Amersham) except that T, DNA polymerase treatment was 
omitted. The two 3'-ends of the double4stranded cDNA were tailed with 
d e o x y c y t i d i  ne,  and  Ps t I  and  Ss t l  s i t e s  of pUC18 were t a i l e d  wi th  
d e o x y g u a n o s i n e  u s i n g  t e r m i n a l  d e o x y n u c l e o t i d y l  t r a n s f e r a s e .  They were 
t h e n  a n ~ a l e d  a n d  i n t r o d u c e d  i n t o  an  E. col i  stra~r~ C600 (7) .  A 36 -hase  
p robe  ( TCCAAGTTTCCGGATCTCATCATAGA-C-AA--~TGAG ) c o r r e s p o n d i n g  to the 

, • - ~  + 

s ense  s t r a n d  of the S - t e r m i n a l  cod ing  r e g i o n  of r a t  (H + K ) -ATPase  
(amino acid residues 1007-1018) (8) was 5'-end-labeled with T 
po[ynucleotide kinase and used for colony hybridization (7) • 
hybridization-positive clone (pHK-16) encoding the carboxyl terminal half" 
of pig gastric (H + + K+)-ATPase was Obtained from among 104 clones. 
We found a sequence that was similar to that of the 36-base probe except 
for changes in two bases without change in the coded amino acid 
residues. 

To obtain a cDNA clone carrying the amino-terminal region of the 
e~zyme, cDNA was synthesized ~ing a 30-base synthetic primer 
(o CTGTTCGGCACTTGAGCACGGCATCAGGAA ~ ) c o r r e s p o n d i n g  to the sense  
s t r a n d  of the  5 ' - t e r m i n a l  r e g i o n  ( amino  a c i d  r e s i d u e s  609-619) of pHK-I6.  
The second l i b r a r y  (10 c lones )  was p robed  wi th  r a n d o m - p r i m e d  DNA 
u s i n g  an  e q u i ~ l a r  mix tu re  of 60- a n d  62-base  s y n t h e t i c  
o l i g o n u c l e o t i d e  ss, ( CAG%GCCTCATGTGGGTGGCTGCAGCCATCTGCCTCATTGCCTT TGC- 
GATTCAGGCCAGC and  3 '  AATGAGTGCCAACGCCAGGTACAAATTGTCATCAGTGGTCAG- 
GTCTCCCTCGCTGGCCTGAA ) corresponding to the antisense and sense 
strands of the amino terminal region of rat (H + + K+)-ATPase (amino acid 
residues ii0 - 129 and 126 - i~6, respectively) (8) as templates, and a 
positive clone (pHK-MI0) carrying the amino terminal half of the enzyme 
was obtained. No differences were found in the nucleotides in the 
overlapping regions of the two clones. A plasmid was prepared (7) and 
most of both strands of cDNA (9/+.9 %) were sequenced by the 
chain-termination method (9) following the sequence strategy shown in 
Fig. 1. 

T e r m i n a l  d e o x y n u c l e o t i d y l  t r a n s f e r a s e  a n d  r a n d o m - p r i m e d  DNA 
l a b e l i n g  k i t  were o b t a i n e d  from I n t e r n a t i o n a l  B io techno log ies  Inc .  a n d  
B o e h r i n g e r ,  r e s p e c t i v e l y .  OthF>r enzymes  were p u r c h a s e d  fro~2 T a k a r a  
Shuzo Co. ,  Kyoto, J a p a n .  y ( ~ ' P ) - A T P  (5000 Ci/mmol)  a n d  (~( P)-dCTP 
(/+O0 Ci/mmol a n d  3000 Ci /mmol)  were p r o d u c t s  of the  Rad iochemica l  
C e n t r e ,  Amersham.  All  o the r  c h e m i c a l s  used were  of the h i g h e s t  g r a d e  
c o m m e r c i a l l y  a v a i l a b l e .  

RESULTS AND DISCUSSION 

DNA sequencing of two hybridization-positive clones, pHK-I6 and 

pHK-MI0 demonstrated that they contained the cDNAs coding carboxyl and 

amino terminal regions of pig (H+ + K+)-ATPase, respectively (Fig.l). 

Fig.2 shows the nucleotide sequence of cDNA encoding (H + + K+) - 

ATPase determined using clones pHK-16 and pHK-MIO. The translational 

initiation site was assigned to the Met-i codon, as the sequence around 

this codon (GCACCATGG) is consistent with the consensus sequence for 

eukaryotic initiator sites (i0). A termination codon (TAG) was found 

next to the Tyr-]O3/+ codon. The primary translation product consists of 
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F i ~ . l .  Restriction map and sequencing strategy for pig gastric 
zY-v+ K+)-ATPase clones. The restriction map is a composite of those of 
the cDNAs whose sequences were dete rmlned. The restriction sites 
relevant to the sequencing stt'ategy are shown: A, ApaLl; B, Bail; Ba, 
BamH1; Bn, B a n l I ;  H, H i n c l I ;  M, MluI ;  N, Ncol;  P, P v u l l ;  Ps ,  PstL; S, 
Smal ;  St, S tu l ;  T, T a q I .  Open a r e a s  r e p r e s e n t  the  r e a d i n g  f r a m e s ,  a n d  
d a r k e n e d  a r e a s  r e p r e s e n t  u n t r a n s l a t e d  r e g i o n s .  The d i r e c t i o n s  a nd  
e x t e n t s  of s e q u e n c i n g  a r e  shown by a r r o w s .  

103g amino acids and the molecular weight of the protein, including the 

initiator rnethionine, was calculated to be 114,285. We identified the 

sequences of peptides reported previously: the amino terminal sequence at 

positions $ to 18 (ii), the region around the phosphorylation site at 

positions 38g to 387 (CSDK) (12) and the region around the fluorescein 

isothiocyanate-binding site at positions 515 to 522 (LVMKGAPE) (13). 

Alignment of" the nucleotide sequences of pig and rat (H + + K+) - 

ATPases indicated 89.1% homology in the coding region, 60.0 % homology 

in the 5'-noncoding region and 44.3 % homology in the 3'-noncoding 

region. The amino acid sequence homology between the two enzymes was 

97.6 % (identical residues) with 28.9 % synonymous codon changes for 

amino acid residues. The 4th amino acid residue (alanine) from the 

initiator methionine is not present in the rat enzyme. In addition, 24 

other residues of the two enzymes are different. Of these, 16 residues 

are scored as favored substitutions (14). Substitutions are concentrated 
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" 3 3  -1 

TCTCAGCAAAGGAGGGTGGCTGCACTGGGC ACC 

IO 20  30  40  50  60  70  80  go  100 110  120  
ATGGGGAAGGCGGAGAATT A TG A GCTGT ACCA AGTAGAGCTGGGTCCTGGTCCT AG TGGGG A C ATGGC A GCCA AG A TG A GCA AG AAG AAGGCGGGCCGTGGTGGGGGCAAG A GGAAGGAG 
H G K A E N Y E L Y q V E L G P G P S G D N A A K N S K K K A G R G G G K R K E 

130 140 150 160 170 180 190 200 210 220 230 240 
A A GCTGGAG AAC ATGAAGAAGG AG ATGG A GATT AATGACC A CCAGCTGTCCGTGGC A G A GCTGGAACAG AA A TACCAG ACCAGT GCAACC AAGGGCCTGTCTGCCAGCCTGGCTGCAGAG 
K L E N S ;< K E M E I N D H Q L S V A E L E q K Y Q T S A T K G L S A S L A A E 

2 5 0  2 6 0  2 7 0  2 8 0  2 9 0  3 0 0  3 1 0  320  3 3 0  340  ~ 0  3 6 0  
CTGCTG CT GCGGG ATG GGCCC AACGCGCTGAGGCCGCCACGGGGCACCCCTGAG T ACG TC A AGTTCGC A A GGCAG CT GGCGGGCGGTCTGCAGTGCCTCATGTGGGTAGCAGCGGCCATC 
L L L R 0 G P N A 1 R P P R G T P E Y V K F A R Q L A G G L q C L N w V A A A I 

37f) 3RO 390 400 410 420 430 440 450 460 470 480 
T GCCTCAT TGCCT TT G CCATCCAGGCC AGCGAGGGCGACCTT ACCACGG ACGAC A ATCT AT ACCTGG CACTGGCCCTCA I CGCTGTGGTTGTGGTCACGGGCTGCTTTGGCTACTATCAG 
C L I A F A [ q A S E G D L T T D D N L Y L A L A L I A V V V V T C C F G Y Y Q 

4 9 0  5 0 0  510  5 2 0  5 3 0  540  5 5 0  550  5 7 0  580  5 9 0  6 0 0  
GAG TTTAAG AGC ACCA ACAT C A TCGCCAGCTTC AAGAACCTTGTGCCCCAGC AAGCG ACTGTGATCCG AGATGGGG A CA AGTTCCAG ATCAATGCAGATCAGCTCGTGGTAGGCGACCTG 
E F K S T N I I A S F K N L V P q q A T V I R D G D K F q 1 N A D q L V V 0 D L 

6 1 0  6 2 0  6 3 0  0 4 0  6 5 0  6 6 0  6 7 0  680  6 9 0  700  7 1 0  2 2 0  
GTGGAGATG AAAGGCGGGGAT CG AGTGCCAGCCG ACATCCGCATCCTCCAGGCCCAGGGCCGCAAGGTGG ACAACTCCTCGCTG A CCGGAGAGTCGG A GCCGCAGACCCGCTCACCCGAG 
V E H I~ G G D R V p A D 1 R I L q A q G R K V D N S S L T G E S E P q T R $ P E 

7 3 0  7 4 0  7 5 0  7 6 0  7 7 0  7 8 0  7 9 0  800  8 1 0  820  8 3 0  8 4 0  
TGCACACACGAG ^GCCCCCTGGAGACCCGCA A C A TCGCCTTCTTCTCCACC A TGTGCCTCG A GGGCACGGCACAGGGCCTGGTGGTGAACACCGGCGACCGCACCATCATCGGGCGCATT 
C T H E S P L E T R N I A F F S T H C L E G T A q G L V V N T G D R T 1 I G R 1 21 

8 5 0  8 6 0  870  8 8 0  8 9 0  9 0 0  9 1 0  9 2 0  9 3 0  840  8 5 0  9 6 0  
G CGTCCCTGGCCTCGGGGGTAGAA AACG A G A AGA CGCCCATCGCT ̂  TCG AA A TCG A A CACTTT GTGGAC ATCATCGCAGGCCTGGCCATCCTCTTTGGTGCCACGTTTTTCATTGTGGCC 
A S L A S G V E N E K T P I A [ E I E H F Y D I [ A G L A 1 L F G A T F F 1 V A ]| 

9 7 0  9 8 0  9 9 0  1 0 0 0  1 0 1 0  1 0 2 0  1 0 3 0  1 0 4 0  1 0 5 0  1060  1 0 7 0  1 0 8 0  
ATGTGCATCGGCT ACACCTTCCTGCGCGCC ATGGTCTTCTTCATGGCC ATCGTGGT AGCCTATG TGCCTGAGGGGCTGCT GGCCACGGTC ACGGTCTGCCTGTCCCTGACAGCCAAGCGG 
M C 1 G Y T F L R A H V F F H A 1 V V A Y V P E G L L A T Y T V C L S L T A [K R ]11 

1 0 9 0  1 1 0 0  1 1 1 0  1 1 2 0  1 1 3 0  1 1 4 0  1 1 5 0  1 1 5 0  1 1 7 0  1180  1 1 9 0  1 2 0 0  
CTGGCCAGCA AGA ACT GTGTTG T C A ^  GAACCTGGA AGCGGTGGAG A C ACTGGGC TCCACGTCAGTC ATCTGC T CT G AC A AGA CGGGGACCCTCACTCAG AATCGC ATGACTGTGTCCCAC 
L A S] K N C Y v K N L E A V E T L G S T S v I C S D K T G T L T q N R N T V S H 4a 

1 
1210 1220 1230 1240 1250 1260 1270 1280 1290 1300 1310 1320 

CTGTGGT TCG AC AAC C ACATCCACTCCGCTG AC ACT ACAGA A GACCAGTCAGGGC AG AC ATTTG ACC AGT CCT C AG AG ACGTGGCGGGCGCTGTGCCGCGT GCTC ACCCTCTGCAACCGC 
L W F D N }t I H S A D T T K D q S G q T F D q S S E T '# R A L C R V L T L C N R 441 

1 3 3 0  1 3 4 0  1 3 5 0  1 3 6 0  1 3 7 0  1 3 8 0  1 3 9 0  1 4 0 0  14 I 0 1420  1 4 3 0  1 4 4 0  
GCT GCCTTC AAGT C GGG CC AGG ACGCGGTGCCTGT GCCCA A CCGCATCGTGATCGCAGACGCGTCCG AG A C GGCGCT GCTCAAG TTCTCGGAGCTGACGCTGGGCAATGCCA TGGGCT A C 
A A F K S G Q D A V P V P K R I V J G D A S E T A L L K F S E L T L G N A H G Y 4 |  

1 4 5 0  1 4 5 0  1 4 7 0  1 4 8 0  1 4 9 0  1 5 0 0  1 5 1 0  1 5 2 0  1 5 3 0  1 5 4 0  1 5 5 0  1 5 8 0  
CGTG•GCGCTTCCCC••AGTCTGCG•G•TCCCCTTC••CTCC•CC••C•AGTTCC•GCTGTCC•TCCAC•CACTGG•GG•CCCTCGGG•CCCG•GGC•CGTGCTTGTGATGAAGGGCGCC 
R E R F P K Y C E I P F N S T N K F q L S I H T L E D P R D P R H V L V H K G A ~ Z  

A 

1 5 7 0  1 5 8 0  1 5 9 0  1 6 0 0  1 5 1 0  1 6 2 0  1 6 3 0  1 6 4 0  1 6 5 0  1 6 6 0  1 6 7 0  1 6 8 0  
C•CG•GCGCGTCCTGGAGCGCTGT•GCTCCATCCTCATC••GGGCCAGG•GCTGCCACTGG•TGAGCA•TGGCGCG•GGCCTTCCAGA•TGCCTACCTCAGCCTGGGAGGCCTCGG•GAG 
P E R V L E R C S S I L I K G Q E L P L D E Q W R E A F Q T A Y L S L G G L G E ~ 6  

1 6 9 0  1 7 0 0  1 7 1 0  1 7 2 0  1 7 3 0  1 7 4 0  1 7 5 0  1 7 6 0  1 7 7 0  1780  1 7 9 0  1 8 0 0  
C GGGTCCTGGGCTTCTGCCAGCTCTACCTGAGTG A G AAGG ACTACCCGCCTGGCTATGCCTTCG A CGTGGAGGCCA TGAACTTTCCAACCAGTGGCCTGTCGTTCGCGGGACTCGTATCC 
R V L G F C q L Y L S E K D Y P P G Y ^ F D v E A M N F P T $ G L S F A G L V S |0'  

1 8 1 0  1 8 2 0  1 8 3 0  1 8 4 0  1 8 5 0  1 8 6 0  1 8 7 0  1 8 8 0  1 8 9 0  1 9 0 0  1 9 1 0  1 9 2 0  
ATG A TAGACCCACCCCGGGCCACCGTTCCTGATGCCGTGCTCA A GTGCCGAACAGCAGGCATCCGGGTGATCATGGTGACAGGTGACCACCCCATCACAGCCA AGGCCATTGCAGCCAGT 
H I D P P R A T V p D A V L K C I1 T A G l R V I M V T G D H P I T A K A 1 A A $ | 4 q  

F i g . 2 .  N u c l e o t i d e  s e q u e n c e  of cDNA for  p i g  g a s t r i c  (H + + K+) -ATPase  
a n d  i t s  d e d u c e d  a m i n o  a c i d  s e q u e n c e .  The n u c l e o t i d e  s e q u e n c e  w a s  
determined using clones pHK-MI0 (amlno acid residues 1-617) and pHK-16 
(residues 557 lO$k). Nucleotides are numbered above the DNA sequence 
starting from the first letter of the initiation methionine, and numbers on 
the right of each line are those of amino acid residues starting from 
Met-l. Asp-386 (phosphorylated during t h e  catalytic cycle) and Lys-518 
(fluorescein isothiocyanate-binding site) are indicated by arrow heads. 
The consensus sequences of the N-glycosylation site and phosphorylation 
site by cAMF-dependent protein kinase are indlcated by and/ l, 
respectively. The amino acid sequences determined by protein chemical 
analysis are underlined. ]'he lines above the nucleotide sequence 
correspond to the sequence of synthetic oligo-nucleotides described in the 
Materials and Methods. 
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1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 
GGCATCATCTCGGAAGGC A GCGAGACAGTCG AGGACATTGCAGCCCGCCTCCGTGTGCCCGTGG A CCAGGTT A A TCGG AAGG ATGCCCGAGCCTGCGTG ATCAACGGCATGCAGCTG 
G I I $ E G 5 E T V E D I A A R L R V P Y D q V N R K D A R A C V 1 N G M q L ||0 

2060 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150 2160 
GACATGG ACCCAT C AGAGCTGGTCGAAGCCCTGCGT ACCCACCCTGAG A TGGTCTTTGCTCGCACCAGTCCCCAGCAGA A GCTGGTGATTGTGGAGAGCTGCCAGCGACTGGGTGCA 
D N D P S E L V E A L R T H P E M Y F A R T $ P q Q K L V I Y E $ C q R L G ^ 110 

2170 2180 2190 2200 2210 2220 2230 2240 2250 2260 2270 2280 
CGTGGCTGTGACAGGGG ATGGTGTG A A TGACTCCCCAGCCCTGA AG AAGGCAGACAT CGGTGTGGCCATGGGT AT TGCTGGCTCGGATGCTGCCAAAAATGCAGCCGACATGATCCTG 
V A V T G D G V N D $ P A L K K A D I G V A N G I A G S D A A K N A A D N I L 7|0 

2290 2300 2310 2320 2330 2340 2350 2360 2370 2380 2390 2400 
GATGACA ACTT CGCCTCCATTGTG ACT GGCGTGG A GCAGGGCCGACTG ATCTTTGACAACT]'G A AAAAGT CCAT CGCCT ACACGTTG ACC A A GAACATCCCTGAATTGACGCCCTAC 
D D N F A S I V T G V E q G R L i F D N L K K S I A Y T L T K N [ P E L T P Y I00 

2410 2420 2430 2440 2450 2460 2470 2480 2490 2500 2510 2520 
ATTT AC ATCACCGTC AGCGTGCCCCTG CCCCTCGG GTGCATCACCATCCT CTTCATT G AACTCTGCACTG A CAT CTTTCCATCTGTGTCCCTGGCAT AT GAGAAGGCCGAGAGTGAC 
I Y I T V S V P L P L G C 1 T 1 L F 1 E L C T D I F P S V S L A Y E K A E $ D 14| 

2530 2540 2650 2560 2570 2580 2590 2600 2610 2620 2630 2840 
ATGCACCT CCGCCCGCGG AATCCA AAGCGTG ACCGGTTGGTCA ACG AGCCCCTGG CTG CCT ACTCCTACTTCCAGAT C GGTGCC A TCC A GT C ATTTGCTGGGT'fCACTGACTACTTC 
M H L R P R N P X R D R L V N E P L A A Y S Y F q I G A I q S F A G F T D Y F II0 

2650 2660 2670 2680 2690 2700 2710 2720 2730 2740 2750 2760 
GCCATGGCCCAGG AGGGCTGGTTCCC ACTGCTG TGT GTGG GGCTGCGGCCACAGT GGG A G AACCACC ACCTACAAGACCTGC AGG A CAGCTATGGCCAGGAGTGGACGTTTGGGCAG 
A H A Q E G N F P L L C V G L R P q W E N H H L Q D L Q D S Y G Q E N T F G q 920 

2770 2780 2790 2800 2810 2820 2830 2840 2850 2860 2870 2880 
C T GT ACCA GCAGT ACACCT GCT ACACT GTGTTCTTCATC AG CATCGAG A TCTGCC A G AT T GCTG ACGTCCT CATCCGC AAGACGCCCCGCCTCTCAGCCTTCCAGCAGGGCTTCTTC 
L Y q Q Y T C Y T V F F I S 1 E M C q I A D V L l 8 K T ~ A F q q G F F $E| 

2890 2900 2910 2920 2930 2940 2950 2960 2970 2980 2990 3000  
A A C A GG ATCCTGGTG AT CGCCATCGT GTTCC AGGTCTGC A TCGGCT'3CT TCCTGTGCT ACTGCCCCG GO ATGCCC A ACATCTTCAACTTCATGCCCATTCGGTTCCAGTGGTGCCTG 
N ll 1 L V I A 1 V F q V C ; G C F L C ¥ C P G H P N I F N F M P 1 R F q W V k 100| 

3010 3020 :~Q:~Q :}~40 3q~ )  ~]060 3070 3080 3090 3100 3110 3120 
CCCATGCCCTTTGGCCTCCTCATCTT C GTCTAT G ATG AG ATCAGG AAACTTGGAGTTCGCT GTT GCCCAGGG AGCTG GTGGGACCAGGAACTCTACT ATT AGAGGGACCATTGCCTG 
P M P F G L L 1 F V ¥ D E I R K L G V R C G P G S W W D q E L Y Y * I031 

3130 3140 3150 3160 3170 
GCCATCCTTGCATACACCACAGTGGGGGGCAGGGACACACGGAACCCCTGGG 

Fig. 2 - Continued. 

in two regions (positions 1 to 75 and positions 570 to 600), in which 9 

and g residues, respectively, are changed. In the ~ subunit of tt~e 

closely related (Na + + K+)-ATPase, 65.0 % of the amino acid residues are 

identical with those of pig (H + + K+)-ATPase (15). 

In the deduced amino acid sequence, consensus sequences for 

sites phosphorylated by cAMP-dependent protein kinase (KRXXS and RRXS) 

(16) were found at residues 359 to 363 (KRLAS) and residues 950 to 953 

(RRLS), respectively. As histamine activates cAMP-dependent protein 

kinase, which is involved in the control of acid secretion from parietal 

cell (17), it will be interesting to know whether the enzyme activity is 

modulated by phosphorylation. Three Ash residues (Asn-225, 493, and 

730) similar to known N-glycosylation sites (NX(S/T)) (18) were also 

found. 
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G a s t r i c  (H + + K + ) - A T P a s e  i s  c l a s s i f i e d  i n t o  c a t i o n  t r a n s p o r t i n g  

A T P a s e s ,  s u c h  a s  (Na+ + K + ) - ,  Ca 2+- ,  K +-  a n d  H + - A T P a s e s  ( 1 9 ) .  The 

p r i m a r y  s t r u c t u r e s  o f  t h e s e  e n z y m e s  a r e  h i g h l y  h o m o l o g o u s ,  a n d  c o n s e r v e d  

r e g i o n s  may  be e s s e n t i a l  fo r  c o m m o n  c a t a l y t i c  s t e p s ,  s u c h  a s  

A T P - b i n d i n g ,  p h o s p h o r y l a t i o n  a n d  d e p h o s p h o r y l a t i o n  of  c o n s e r v e d  a s p a r t i c  

a c i d  r e s i d u e  ( A s p - 3 8 6 ) ,  a n d  t r a n s m i s s i o n  of e n e r g y  to  c a t i o n  t r a n s p o r t .  

On t h e  o t h e r  h a n d ,  t h e  c a t i o n  s e l e c t i v i t y  m a y  b e  d e t e r m i n e d  by  l e s s  

h o m o l o g o u s  r e g i o n s .  (H + + K + ) - A T P a s e s  h a v e  a l y s i n e - r i c h  c o n s e n s u s  

s e q u e n c e  s i m i l a r  t o  t h a t  of  t h e  ~ a u b u n i t s  of (Na + + K + ) - A T P a s e  in  t h e i r  

a m i n o  t e r m i n a l  r e g i o n  (15, 2 0 - 2 5 ) ,  KI_2Xo_2KI_3X(GXGGG){K/R)I_3X(K/R)I_2 
XI_4Z2XK2E w h e r e  Z i s  E ,  D or  N, a l t h o u g h  a c l u s t e r  of g l y c i n e  r e s i d u e s  

(GXGG6) i s  i n s e r t e d  i n  t h e  m i d d l e  of t h e  s e q u e n c e  of (H+ + K + ) - A T P a s e  

( F i g . 3 ) .  S i n c e  t h i s  l y s t n e - r i c h  s e q u e n c e  i s  n o t  f o u n d  in  o t h e r  r e l a t e d  

c a t i o n  t r a n s p o r t i n g  A T P a s e s  ( 1 9 ) ,  i t  may  h a v e  a common r e g u l a t o r y  

r o l e ( s )  i n  c a t i o n  b i n d i n g  a n d  i t s  o c c l u s i o n  b y  (H + + K+) T M  a n d  

(Na + + K + ) - A T P a s e s .  The c l u s t e r  of g l y c i n e  r e s i d u e s  f o u n d  o n l y  i n  

(H + + K + ) - A T P a s e  may  d e t e r m i n e  t h e  e n z y m e  s p e c i f i c i t y  fo r  H +. 

I IO 20 3o ~ u 
H÷/K + P i g  MG KAENY ELYQVE LGPGPSGDMAAK MSKK'K'AGRGGGKRK~K LEN~KEME 

Ra t  MG K ENY ELYSVE LGTGPGGDMAAK MSKKKAGGGGGKKKEK LENMKKEME 

Na+/K + P i g  MG KGVGR DKY EPAAVSEHGD K KKA KKER DMDELKKEVS 

S h e e p  MG KGVGR DKY EPAAVSEHGD K KKA KKER DMDELKKEVS 

C h i c k e n  MG KGAGR DKY EPTATSEHGT K KKKA KER DMDELKKEIS 

HeLa MG KGVGR DKY EPAAVSEQGD KK G KKG KKDR DMDELKKEVS 

R a t  ~ MG KGVGR DKY EPAAVSEHGD KK S KKA KKER DMDELKKEVS 

(+ )  MG RGAGR E Y SPAATTAENGGG K KKQ KEK ELDELKKEVA 

I I I  MGDK K D D K  SSP KK S KA KERR DLDDLKKEVA 

T o r p e d o  MG KGAAS EKY QPAATSEN AK NS KKS KSK TTDLDELKKEVS 

A r t e m i a  AK KKQ KKGK DLNELKKELD 

Fig.3--  Compar i son  of the N-terminaL amino ac id  s e q u e n c e s  of (H + + K+) - 
ATPases  from p ig  and r a t  and those  of (Na + + K+)-ATPase C~-subunits from 
v a r i o u s  spec i e s .  The s e q u e n c e s  of (H + + K+)-ATPases shown are  ['or p ig  
( t h i s  s t udy )  and  r a t  (8),  and those  of (Na + + K+)-ATPase a re  for p ig  
k i d n e y  cx ( ]5 ) ,  sheep  k i d n e y  a (20), ch icken  ct (21), HeLa ce i l s  a (22), 
r a t  c~, g (+) ,  c~llI (23), Torpedo c a i i f o r n i c a  e l e c t r i c  o r g a n  c~ (2~), and  
the  b r i n e  sh r imp  Ar temis  s a l i n a  (25). The r e s i d u e  numbers  a re  b a s e d  
on the s equence  for p ig  (H+--~---+ K+)-ATPase.  The f i r s t  f ive amino ac ids  
of r a t ,  s h e e p ,  and  p ig  c~ and r a t  c~(+) s u b u n i t s  a r e  known to be removed 
by p o s t - t r a n s l a t i o n a l  p r o c e s s i n g  (15,20,23) .  Bas ic  amino ac id  r e s i d u e s  
a r e  shown in bo ld face .  The f ine  was d rawn  above the  l y s i n e - r i c h  
s equence .  
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