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The hydrogen-potassium adenosine triphosphatase (H+,K +- 
ATPase; EC 3.6.1.36) belongs to a family of P-type cation- 
t ransport ing ATPases that  also includes Ca2+-ATPase and 
Na+,K+-ATPase (EC 3.6.1.3). The membrane-bound enzyme 
couples the hydrolysis of ATP with the electroneutral ex- 
change of H + and K + ions through the formation of an acid- 
stable phosphorylated intermediate (12). In gastric parietal 
cells, H+,K+-ATPase plays an essential role in the formation 
of hydrochloric acid, and H+,K+-ATPases associated with epi- 
thelial cells of the kidney and colon may function in luminal  
acidification and K + reabsorption (12). Like the Na+,K+-ATP - 
ase, H+,K+-ATPase is a heterodimer consisting of a high 
(>t100 kDa) molecular weight catalytic a-subuni t  and a 
smaller (>/30 kDa) but  heavily glycosylated /3-subunit (12). 
The/3-subunit  of Na+,K+-ATPase forms functional complexes 
with its corresponding a-subuni t  and appears to regulate the 
intracellular processing and translocation of Na + pumps to the 
plasma membrane (8). Although its role remains undefined, 
the H+,K+-ATPase /3-subunit similarly increases membrane 
Na + pump density when it is coexpressed in yeast cells or frog 
oocytes with the a -subuni t  of Na+,K+-ATPase (2, 3). In the 
stomach, the H+,K+-ATPase /3-subunit may act as a target 
antigen in autoimmune gastritis (16). 

The genes encoding the a- and /3-subunits of gastric 
H+,K+-ATPase from several mammal ian  species have been 
cloned and sequenced. In contrast  to the 22-exon gene encod- 
ing the a-subuni t  (7, 10), the/3-subunit  is encoded on a gene 
comprising 7 exons (1, 7, 11). The human  H+,K+-ATPase 
/3-subunit is encoded on a 1.4-kb-long cDNA (5). Its deduced 
amino acid sequence bears >80% identity to that  of rabbits, 
rodents, cattle, and swine (13, 14, 16). Using fluorescence in 
situ hybridization (FISH), we have recently mapped the gene 
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encoding the a-subuni t  of H+,K+-ATPase to human chromo- 
some 19q13.1 (15). In  the present study, we examined the chro- 
mosomal location of the gene encoding the human  
H+,K+-ATPase/3-subunit.  

To identify the chromosomal loci encoding this gene, 1 #g of 
a clone of the human  H+,K+-ATPase subunit /3 (designated 
HKB3-1-1a), which contains the coding region including 
exons 1 to 4 (approximately 17 kb), was labeled with biotin and 
hybridized to human  metaphase chromosomes as previously 
described (9). A total of 32 metaphase cells were examined, 
and all cells examined had "double" fluorescent signals (i.e., 
one on each chromatid) on the terminal  long arm of chromo- 
some 13. In 17 cells double signals were observed on both ho- 
mologs, and 15 cells had one homolog with a double signal on 
chromosome 13. Only chromosomes in which both chromatids 
displayed a signal were included for analyses, making the 
background hybridization essentially zero. The same cells hy- 
bridized for FISH had been previously G-banded (using tryp- 
sin-Giemsa) and photographed to allow direct comparisons of 
the results. The results demonstrated that  the sequences hy- 
bridizing to a DNA fragment tha t  contains the coding region 
for the/3-subunit  of H+,K+-ATPase can be localized to 13q34 
(Fig. 1). 

The genes encoding H+,K+-ATPase a- and/3-subunits  are 
present on different human  chromosomes. This is in contrast 
to the convergence of genes encoding some Na+,K+-ATPase 
subunits.  Wi th in  the human  genome, the ubiquitous type 1 
and the neuromuscular  type 2 isoforms of the Na+,K+-ATPase 
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FIG. 1. Localization by FISH of the gene encoding the 
H+,K+-ATPase/3-subunit to human chromosome 13q34. Left, top: 
G-banded partial metaphase chromosomes (arrow indicates chromo- 
some 13). Left, bottom: Identical partial metaphase chromosomes 
after FISH with the biotin-labeled H+,K+-ATPase /3-subunit probe 
documenting the localization of fluorescent signal to 13q34. Right:  
Idiogram of chromosome 13. 
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a - s u b u n i t  are  encoded  in separa te  genes loca ted  on d i f ferent  
a rms  of  c h r o m o s o m e  1. T h e  neu rona l  a3-isoform, in cont ras t ,  
is encoded  on the  long a rm of  c h r o m o s o m e  19 in a region adja- 
cen t  to t h a t  encoding  the  H+ ,K+-ATPase  a - subun i t  (4, 15). 
H u m a n  genomic  sequences  hybr id iz ing  to a D N A  f r agmen t  
con t a in ing  the  coding region for the  N a + , K + - A T P a s e  fl-sub- 
un i t  have  been  ident i f ied  on the  long a rm of ch romosome  I in a 
region dis ta l  to t h a t  encoding  the  a2-subuni t  (4). Nuc leo t ide  
sequences  re la ted  to t he  a 2- and  f l -subunits  of  N a ÷ , K + - A T P a s e  
have  been  s imi lar ly  local ized to the  same ch romosome  
( M M U 1 )  in the  mouse,  a l though  sequences  encoding  a 1- and  
a3-subuni ts  are  local ized to d i f ferent  ch romosomes  (4). As the  
c D N A  coding for t he  h u m a n  H + , K ÷ - A T P a s e  fl subuni t  pos- 
sesses only  53% iden t i ty  wi th  the  amino  acid sequence  de- 
duced  for c D N A  encoding  the  h u m a n  N a + , K ÷ - A T P a s e  fl-sub- 
uni t ,  i t  is pe rhaps  no t  surpr is ing  t h a t  the  D N A  f r agmen t  en- 
coding the  h u m a n  H + , K + - A T P a s e  f l -subuni t  did no t  hybr id ize  
to sequences  in h u m a n  c h r o m o s o m e  1 (5). 
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#-Crys ta l l in  is a novel  m a m m a l i a n  p ro te in  first  ident i f ied  as 
a major  lens s t ruc tura l  p ro te in  in m a n y  Aus t r ia l ian  marsupia l s  
(5). T h e  comple te  sequence  of  W e s t e r n  Grey Kangaroo  (Ma- 
cropus fuliginosus) #-crys ta l l in  has  been  ob ta ined  by c D N A  
c loning  f rom lens (3), revea l ing  s ignif icant  s imi la r i ty  wi th  bac-  
ter ia l  o rn i th ine  cyc lodeaminases .  Outs ide  the  lens, kangaroo  
#-crys ta l l in  is p re fe ren t ia l ly  expressed  in re t ina  and  brain,  pre-  
sumably  in an  enzymat ic  role (3). T h i s  is appa ren t ly  ano the r  
example  of  taxon-speci f ic  gene r e c r u i t m e n t  in which  an en- 
zyme acquires  an  addi t iona l  role as a s t ruc tura l  prote in .  A 
c D N A  for h u m a n  #-crys ta l l in  has  been  c loned  and  sequenced  
f rom a h u m a n  re t ina  c D N A  library.  In  h u m a n s  ~-crys ta l l in  is 
expressed  in neura l  t issue,  muscle ,  and  k idney  (3). A l though  
#-crys ta l l in  has  no t  been  recru i ted  as a lens s t ruc tu ra l  p ro te in  
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