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Using as probe the entire human liver cDNA clone coding for the the/32 subunit isoform of the Na+,K+-ATPase, which lacks 
the initiation codon ATG, and the entire 5'-untranslated region (Martin-Vasallo, P., Dackowski, W., Emanuel, J.R. and 
Levenson, R. (1989) J. Biol. Chem. 264, 4613-4618), we isolated a larger clone from a directional human adult retina cDNA 
library (Swaroop, A. and Xu, J. (1993) Cytogenet. Cell Genet. 64, 292-294). This clone, pNH/32, shows 100% homology with the 
nucleotide sequence of the human liver cDNA clone and also contains additional 407 nucleotides in the 5'-untranslated region, 
the initiation codon and a poly(A) tail. Northern blot hybridization analysis reveals that the human mRNA (3.6 kb) is approx. 300 
nucleotides larger than the major transcipt size expressed in rat (3.3 kb). The larger human size mRNA for the human /32 
Na+,K+-ATPase indicates species differences in gene processing. 

The Na÷,K+-ATPase is an integral membrane en- 
zyme that couples the hydrolysis of ATP to the active 
exchange of intracellular Na ÷ out of the cell, for 
extracellular K ÷ inside the cell. The enzyme is com- 
prised of two subunits: the a or catalytic subunit; and 
the/3 subunit, a glycoprotein that appears to direct the 
proper  insertion of the a subunit into the membrane. 
Three different a isoforms ( a l ,  t~2, a3)  and three /3 
isoforms (/31, /32, /33) were isolated by recombinant 
DNA techniques [1]. These studies demonstrated that 
the Na+,K+-ATPase a and /3 subunits are encoded by 
a multigene family that is expressed in a tissue-specific 
and developmentally regulated fashion [2,3]. 

/32 isoform cDNAs have been isolated from rat and 
mouse brain and human liver cDNA libraries [4,5]. 
However, the human cDNA lacked the entire 5'-un- 
translated region and the initiation codon [4]. To delin- 
eate the structural and regulatory features within the 
5'-untranslated region that may influence the transla- 

* Corresponding author. Fax: + 1 (203) 7856123. 
The nucleotide sequence data of the pNH/32 cDNA clone have been 
submitted to the EMBL/GenBank and assigned the accession num- 
ber M81181. 

tional efficiency, we isolated a larger human cDNA 
clone by screeening a directional human retina cDNA 
library (AR2) [6], using a /32 human liver cDNA as 
probe. A clone of 2.7 kb (pNH/32) was obtained. The 
sequence was determined on both strands using spe- 
cific oligonucleotides as primers. The resulting cDNA 
sequence of 2773 bp and deduced amino acid composi- 
tion is shown in Fig. 1. Comparison of this nucleotide 
sequence with the previously reported sequence [4], 
revealed 100% homology in the open reading frame 
and the 3' region. In addition, pNH/32 contains a 
stretch of 410 nucleotides of new sequence in the 
5'-untranslated region including the initiation codon 
ATG. 

Primer extension analysis was performed to deter- 
mine how far the sequence of human ret ina/32 mRNA 
extends 5' to that determined from the cDNA [7]. 
Since the transcription start site for the rat and mouse 
/32 was reported [8,9], we compared the extension 
patterns of RNA from human retina with that of rat 
brain. Two antisense oligonucleotide primers, located 
269 bp and 275 bp, respectively, upstream from the 
initiation codon, were designed based on the sequence 
of human /32 cDNA (Fig. 1). A third antisense oligo- 
nucleotide primer ( 5 ' - G A G G A A G G G A T G C C A A G G -  
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- 4 0 7  CCACCTCTCTCTGCCTTTTTGTACCCCGCTTTTTTTCTGCGTTCTGCTCGGTTTTTGTAG 
CCGTCTGTTTTTGCACCC~TTTCGTTTTGTTTCTA~C~TTT 

-287 -347 GCATT~TACCCCTTCCTCTTGTTATTCTCCCC~CTCT~G~ 
- 2 2 7  AGTTGGGGGGCCTAG~TC~TG~TCTTCCGCCGCGCTGC~G~CCCCG~GCGCGTG 
-167 GTCGTG~CCCCGG~TCTG~GCAGCTG~TATCTGAGGGGGGTCTCCT~GCCCGCGC 
-107 CGCCTTCGCTCCCCGTGCTT~GTGTGTGGAGGGCTT~GTGCGC~C~CCCCGCTT 
-47 CTCCGC~CCCCCCGCCCCGCGCCCGGACTCGCCCCGCGC~CCAA~T~TCATC~GA 

M V I O K  5 

13 ~GAG~G~GCTGCGGG~TGGTTGA~AGTGGAAGGAGTTCGTGTGG~CCC~ 
E K K S C G Q V V E E W K E F V W N P R  25 

73 GGACG~C~GTTTAT~GCCGCACC~CCAGCTGGGCCTTTATCCTCCTCTTCTACC 
T H Q F M G R T G T S W A F I L L F Y L  45 

133 TCGTTTTTTATGGGTTCCCCACCGCCATGTTCACCCTCACCATGTG~T~TGCTGCAGA 
V F Y G F P T A M F T L T R W V M L Q T 6 5  

193 CTGTCTCCGACCATACCCCC~GTACCAGGACCGACTGGCCACACCGGGCTTGATGATTC 
V S D H T P K Y Q D R L A T P G L M I R  85 

253 GCCCC~GACTGAG~CCTTGATGTCATTGTC~TGTCAGTGACACTGAAAGCTGGGACC 
P K T E N L D V I V N V S D T E S W D Q I 0 5  

313 AGCATGTTCAG~GCTC~CAAGTTCTTGGAGCCTTACAACGACTCTATGC~GCCCAAA 
H V Q K L N K F L E P Y N D S M Q A Q K I 2 5  

373 AG~TGATGTCTGCCGCCCTGGGCGCTATTACG~CAGC~GAT~T~AGTCCTCAACT 
N D V C R P G R Y Y E Q P D N G V L N Y I 4 5  

433 ACCCCAAACTGGCCTGCCAATTC~CCGGACCCAGCTGGGC~CTGCTCCGGCATTGGGG 
P K L A C Q F N R T Q L G N C S G I G D 1 6 5  

493 ACTCCACCCACTATGGTTA~GCACTGGGCAGCCCTGTGTCTT~TC~GATG~CCGGG 
S T H Y G Y S T G Q P C V F I K R N R V I 8 5  

553 TCATC~CTTCTATGCAGGAGCAAACCAGAGCATG~TGTTACCTGTGCTGGG~GCGAG 
I N F Y A G A N Q S M N V T C A G K R D 2 0 5  

613 ATG~GATGCTGAG~TCTCGGC~CTTCGTCATGTTCCCCGCC~CGGC~CATCGACC 
E D A E N L G N F V R ~ P A N G N I D L 2 2 5  

673 TCATGTACTTCCCCTACTATGGCAA~GTTCCACGTG~CTACACACAGCCCCTGGTGG 
M Y F P Y Y G K K F H V N Y T Q P L V A 2 4 5  

773 CTGTG~GTTCCTG~TGTGACCCCCAACGTGGAGGTG~TGTAG~TGTCGCATC~CG 
V K F L N V T P N V E V N V E C R I N A 2 6 5  

793 CCGCC~CATCGCCACAGAC~TGAGC~C~GTTCGCCGGCCGCGTGGCCTTCAAAC 
A ~ I A T D D E R D K F A G R V A F K L 2 8 5  

853 TCCGCATC~CAAAACCT~GGCCCCTTCCTCC~CCCCATCTCTCTCCTGTGGATGCTC 
R I N K T *  290 

913 • CTGG~TGTCCCTGACCCTGCCTGATCCCTCCCTCACCCACCCCAAAGGTATTTTTGATA 
973 ACAGAGCTATGACTTGTCTGAGCCTCA~TCCTTTTCCTT~CTTCTC~CCCAGCCT~ 

1033 AGTCCATTGCGGTTCCGT~CTCGCCTTTCC~CC~CTTCTCCCAACCTCAGAT~GTC 
1093 A~CAGGGAGCTGGGCT~GAT~CCACAGAGGAGTTAG~GCCTTTCTAGTTCTGGTTT 
1153 AGCTGT~GAGCTATCCACTCTCCTGCCTGCATATCCCCTGA~GTTATCGGAAGTGCCC 
1213 ACTGACCCACC~CC~CCTA~CCCCCCGC~CA~CA~CAAACGTGCA~CG~G 
1273 TCT~TTTGACCCCTTTGCTTC~TGAATGTGG~CTCCCTCCTTC~TTCCT~G 
1333 CTCTAGCCACCGTCCCTT~TCTCT~TACTTTCTCCCTGTCTA~GTCGC~TCTTG 
1393 GTGACTTTGAATTTATCTGGCTCCT~G~GGTC~CTCCTCCTCTCCATCCCTATTCCC 
1453 TCCTCTGAAATG~CCCCTTTGT~TTGA~AC~GGT~TTCTGT~CCTTTTCCCTCT 
1513 TTGCTGGCACGTTCTGCTTCT~CCCTCTGGT~CTCTGTGAGCTG~AAATGCGGGACT 
1573 GG~GT~GGCCTGTGTT~CCCTTCCTGAAAATCCTCTAG~GCCCCC~CTTCAGCAG 

1633 TTTCTTTCTTTGTTTTTTTGA~TGGAGTTTCGCTCTTGTTGCCCAGGCTGGAGTGC~T 
1693 GGTGC~TCTCAGCTCACTGC~CTTCCGCATCCCAGGTTC~GCGATTCTCCCGCCTCA 
1753 GGTTCCCGAGTAGCTGG~CTACAGGCATGTGCCACCATGCCCGGCT~TTTCTTTCTTT 
1813 CTTTTTTTTTTTTTTTTTGCATTTTTTAGTAGAGATGGGGGTTTCTCCTTGTTGGTCAGG 
1873 CTGGTCTCG~CTCCC~CCTCAGGT~TC~CCTGCCTCGGCCTCCCA~GTGTTGG~ 
1933 TTA~GGCGTGAGC~CCGCGCCTGGCCTTCAGTTTCTTCCTAGGCCGTTCTGTCACCCA 
1993 ~TAGCTGCTACCCAGAGGGGCGGGGTT~CCTAGGCTG~TATCCACTTTGTTTTTATG 
2053 ~TGGCTCCCTTCCCC~TTCGCCTTCCCAGAATATCCTTC~GTTC~CTTCC~GGGA 
2113 GCTCT~GG~GGGGCGGCCATTCTGGCTCCGTCCC~GTGGCCACCTTGGA~CATCGG 
2173 CTGGCTTTGGGACTATTCCACCTCCTTCCCCTGAGCC~GATCTGCCCC~C~TCCTTT 
2233 CTCTGGCTTCTTTTAGCAAGTTATC~CT~TCACT~CTCCTTCCTTTTCCTCTGCATG 
2293 CCAGCCTGAAAATTCCAAATCTAGCCTCTG~TGTCTTGGCTCCATCTCTTCAGACCCCT 
2353 TTGCCTTTAAAAA 

Fig. 1. Nucleotide and deduced amino acid sequence of the /32 
subunit isoform of the Na+,K+-ATPase from human retina. The 
sequence was determined ~ r  both strands by sequencing, with spe- 
cific oligonucleotides as primers. Nucleotide sequence was compared 
to the previously published human liver sequence [4] using the 
BESTFIT programs. Nucleotides are numbered on both sides of the 
sequence in the 5' ~ 3' direction. Nucleotide 0 is the A of the A T G  
codon for the initiator Met. Negative numbers of the 5'-untranslated 
region are numbered in the 3 ' ~  5' direction. The deduced amino 
acid sequence (one letter code) is also numbered on both sides of the 
sequence. The nucleotide sequence complementary to the oligo- 

nucleotides used ~ r  primer extension analysis is underlined. 

of about 230 and 340 nucleotides (nt), which are indi- 
cated by arrowheads in Fig. 2, lane 1. The extension 
pattern with the rat primer in rat brain was more 
complex. Only the 340-nt band in human retina was 
closer in size with the 330 nt found in rat brain (indi- 
cated by an arrowhead in Fig. 2, lane 2). The latter 
band correlates with the transcription start site as- 
signed to the rat /32 [8], found 595-nt upstream from 
the initiation codon or 330-nt upstream from the primer 
used in our extension experiment. This result also 
appears to agree well with nucleotide sequence derived 
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CACCTTC-3'), was also designed based on the rat f12 
cDNA (accession number D90048) and is located 259 
bp from the initiation codon. The respective primers 
were end labeled and hybridized in seperate reactions 
to total human retina and rat brain RNAs. After 
extension with reverse transcriptase, the products were 
r e s o l v e d  o n  a d e n a t u r i n g  6 %  p o l y a c r y l a m i d e  g e l  ( F i g .  

2). The primer extension with the two human primers 
gave similar results, yielding two bands in human retina 

Fig. 2. A primer extension analysis was carried out with total human 
retina R N A  and rat brain R N A  as described (Ghosh et al. 1980). In 
lane 1, one oligonucleotide (from nt - 2 6 9  to - 2 9 3 )  complementary 
to sequence located at the 5'-untranslated region of the human /32 
c D N A  (see Fig. 1) was used. In lane 2, one oligonucleotide (from nt 
312 to 336) complementary to sequence located at the 5'-untrans- 
lated region of the rat /32 c D N A  [8] was used. Arrowheads indicate 
the positions at which termination occurred. 32p-end labeled D N A  

size marker is shown at right (lane M). 
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Fig. 3. f12 Na+,K+-ATPase mRNA expression in human retina and 
rat brain. Total RNA (20 p,g)/lane was electrophoresed, transferred 
to a nitrocellulose filter and hybridized sequentially with: (1) human 
/32 (pNH/32) (left panel), (2) rat /32 (left panel), (3) human Na+,K +- 
ATPase a l  subunit isoform (right panel), (4) rat Na+,K+-ATPase a l  
subunit isoform (right panel), and (5) y-actin (bottom panel). After 
each hybridization, filter was stripped and reprobed as previously 
described by Ghosh et al. [10]. Positions of the RNA markers, 7.5, 
5.3, 2.8, 1.9, 1.6, 1.0, 0.6, 0.4, 0.3 kb, 28S and 18S rRNAs are 

indicated on the right. 

recently from genomic human clones flanking the 5'- 
end of the human Na+,K+-ATPase/32 gene (accession 
number L23414). The additional bands in lanes 1 and 2 
of Fig. 2, may represent alternately spliced messages of 
the /32 primary transcript and /o r  copies of homolo- 
gous but different mRNA expressed in retina and 
brain. To exclude the possibility of an artifact due to 
the degredation of RNA, we analyzed human retina 

111 

RNA and rat brain RNA. A Northern blot containing 
RNA from human retina and rat brain was sequentially 
hybridized with 32p-labeled human and rat /32 probes. 
The results (Fig. 3) revealed a major transcript of 
about 3.6 kb in human retina and a transcript of about 
3.3 kb in rat brain. Transcripts of lower molecular 
weights of 2.4 kb and 1.7 kb were also detected after a 
72-h exposure (data not shown). These results con- 
trasted with the previous studies which failed to reveal 
/32 RNA size differences between human and rat tis- 
sues [4]. To exclude the possibility that the difference 
in mRNA size was due to abnormal electrophoretic 
mobility, we sequentially hybridized the same Northern 
blot to Na+,K+-ATPase a l  subunit and actin probes. 
The human and rat a l  probes recognized only one 
transcript with similar size in both human and rat 
tissues. Also, the actin probe hybridized to a transcript 
of the same size in human and rat tissues. Thus, these 
studies demonstrated that the main human /32 mRNA 
transcript is approx. 0.3 kb bigger than the rat /32 
mRNA. 
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