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The primary structure of the putative regulatory region of a gene of the Na*,K*-ATPase multigene family in the human

genome has been determined. This region includes the first exon with all of the untranslatable sequence of mRNA and

a dozen nucleotides, coding for the first four amino acids of the hypothetic precursor of the a«*-subunit. The entire region

comprises over 1400 bp. The possible role of specific nucleotide blocks within this region in comparison with other genes
is discussed.
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1. INTRODUCTION

Na*,K*-ATPase of animal cells is an integral
membrane protein, containing a catalytic a-
subunit and a G-subunit of unknown function
(review [1]). As demonstrated previously, there are
two distinct isoforms of the a-subunit, called o
and «*, and their localization is tissue-specific
(review [2]).

At least five genes and/or pseudogenes, highly
homologous to the a-subunit of Na*,K*-ATPase
[3], have been shown to exist in the human
genome, the expression of which is tissue-specific
[4]. The tissue specificity of their expression can be
regulated at different levels including the regula-
tion of transcription [5]. The identification of
structural elements of DNA that are responsible
for tissue-specific transcription is essential for
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understanding the mechanisms of their interaction
with cellular transacting factors, probably forming
the background of cell differentiation and in-
dividual development. This paper presents the
primary structure of the region upstream of the
coding sequence of the human a™*-isoform
catalytic subunit gene, which has been shown to be
expressed in brain tissue [2].

The clone RC10-16 was isolated from a human
genomic library in the cosmid pHC79 [6] after
screening with a pig kidney Na*,K*-ATPase a-
subunit hybridization probe [7]. The restriction
map of the RC10-16 clone is presented in fig.1.
Analysis of the restriction map of this clone and
the results of sequencing demonstrate that it con-
tains a gene coding for the a*-isoform of the
Na*,K*-ATPase catalytic subunit and partially
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Fig.1. EcoRI restriction map of cosmid RC10-16. Sizes of
fragments are given in kb. The arrow indicates the position of
the ATG codon.
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overlaps with the clone ANKaRD-16 found earlier
in the human genomic library in AEMBL3 vector
7.

This paper describes the nucleotide sequence of
the 1.4 kb fragment lying upstream from the inner
Xbal site of the 2.5 kb EcoRI fragment, contain-
ing the ATG initiation codon.

2. MATERIALS AND METHODS

The nucleotide sequence was determined using the dideoxy
method of Sanger et al. [8] as modified by McGraw [9] and
Henikoff [10]. This method allows one to determine the
nonrandom primary structure of large DNA fragments.

3. RESULTS AND DISCUSSION

The sequence in fig.2 includes the first exon of
the gene with all of the 5’ -untranslatable region of
mRNA as is evident from a comparison with the
sequence of mRNA coding for rat " -subunit [11],
and a dozen nucleotides, coding for the first four
amino acids of the hypothetic a*-subunit precur-
sor. The coding sequence is followed by the first
intron, over 3500 bp long. The putative site of in-
itiation of transcription is pyrimidine-rich and
situated 100 bp upstream from the ATG initiation
codon. The total sequenced fragment covers about
1400 bp and in analogy with other genes [5]
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possibly contains the regulatory elements. 30 bp
upstream from the pyrimidine-rich cluster, an im-
perfect TATA box is localized (fig.2) of which the
structure TATTTAAAG closely resembles that of
the corresponding regions of some other genes
coding for mouse kallikrein, human a-interferon,
Raus sarcoma virus and AAV2 virus RNA (review
[12]). The homology of the sequenced fragment of
the o gene with the regulatory region of the
kallikrein gene is not only restricted by the TATA
box (fig.3). In particular, there is an oc-
tanucleotide repeat GGGGGAGA upstream of the
TATA box in the o*-subunit gene. The same se-
quence GGGGGAGA is also found in a similar
position of the kallikrein gene. A GC-rich region is
also situated in the vicinity of the TATA box in the
rabbit Ca’*-ATPase gene, which has been se-
quenced recently [13]. The heptanucleotide
GGGGGAG repeated twice is localized there
(fig.3). A highly homologous sequence also
repeated twice in the opposite orientation was
found in a similar position of a gene coding for
human serine protease from bone marrow [14].
The role of this element is not yet clear, but it is
tempting to speculate that there is some similarity
in the mechanisms of expression of these genes.
In addition, it should be noted that the closely
homologous sequence in the opposite orientation

-1440 CACTCGCTGGCTTCCCCTCACTCCATCTCTGTGCCCAGAGAAACAGGGGTACTCCAGGGGAATCCTGTCCTCTGACTGTTCCCAGTAGAAGGCGGGAGCA  =1341

-1340 GAATTTTTTCTTTTCTTTCTCTCTGCCCTTCTGGTTCCCCTTCCTCTCTGTGCCCCTCATCCTTTGGATTACTCATCAAATGAGCAGCAACAACACCCCT  -1241
-1240 AGACCAGCTGGTCCTGTCCTGGGTCATCTCGTTGTGGGGAGTTTCTAGCTGGTATAAGGTTAAAGATACCCTTTCCAGCCCCAGCAAAGCCTTAGGCATT —1141
-1140 TCTGGGATTGCTCbTGACTCTGATGGGCATCCTCACTCCTCAGACATTTCCAATCTCCCCCACTTCACTGCAGCTTTGCTTCCCCTTCCCCACTGGAAGA -1041
-1040 AGGAAACACTCGCTCTCCTTTCCCGTTCACATGTCTGATATTTGCTATGATATTGACCTTCACACACATCTTAGAGGTTCTGTATTTTCCTCTCTTTTGA =~ 941

- 940 CTTCTCCCTATCACTACTCTACTCAGGCATAGATTCAGTCTAGAGCTCTTCAACAGCAATGAAACGGTAAACGAGGGGTAAACAAAACCCAGAGATGTCA - 841

- 840 TCAGGTGCCTGCTAGGAGTCCCACCCGTTCCCCTCTAGCCCTGGCCTGCCCCTCCCTACCAGAGTCTTCGATTCTCCTTCAAAACTCTGGAGAGGTTACA ~ 741

- 740 TCTGGCAGGGTTTGGGGACACCTCTTGCCTCCATCTCAAACTTCCGCTGCCTCCGAGCCACCTTTGACTCCTCCTGGGCCCCCCTTCCAGGTGCCTCAAG — 641

- 640 TGCAGAGGTCAGCCTTCGGTTCAAATTCTATTTCTGGGCTTCAGTGTCCCTGCAACCTCTATAATAGAAGGAACAGAGTGGTCTATSTTTCTTTCTTTCT = 541
- 540 CTGGGAGATTGGATGTAGACTCGGGAGACCTGAGTTCTGGCTCTGTCTTATGAATTCAAATTGTTTAATCTCTCTGAGCCACAGTTTACCCACTTGGARA —~ 441
- 440 AGAAGAGTTAGGCCACATGGTCTCTGTCATCCTGGGATTCTGAGTGAACTGCTCCCCTTCAGCCAGATCCTAGGGGCATATCCCCCCAACCTGGGACCCA  ~ 341
~ 340 GGCCCCCTTCCCTTGCAGCCTCTCTCAGTTGTGAGTGCACAGGCCAGAGGGGGTTGAGAGGAGCCAAGGGGGGGCATGCCGTGGGACAAACGGGCTGTCG ~ 241

- 240 TAGGGCCAGTGGCTAAMGGGGCGAGAGGGGAGGAGTCCTCAGGGATCCTGT! TTTCTTTCGGAGGTGGGGARGGCGGGGGAGAGUGGGAGA ~ 140

- 139 AGGACCTATTTAAAGCTACCCTGAAGCTTTGGCTTTCTCTGTCTGCCAGGGTCTCCGACTGTCCCAGACGGGCTGGTGTGGGCTTGGCATCCTCCTGGTG =~ 40
+1
- 39 ACCTCTCCCGCTAAGGTCCCTCAGCCACTCTGCCCCAAG|ATG GGC CGT GGG | GTGAGTATCCCTAAAGAGCAGGGGTCGCAGTCTAGA + 48

|Met-Gly-Arg-Gly
Fig.2. Nucleotide sequence of a putative regulatory region of a* gene. Sequences of the SP-1-binding site, putative CCAAT site and

TATA box are boxed. The 5'-untranslatable region of mRNA, as is evident from comparison with the sequence of rat o*-subunit
cDNA, is underlined.
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Fig.3. Comparison of sequences preceding the transcription initiation site of genes coding for the a*-subunit of human
Na*,K*-ATPase, mouse kallikrein [12] and rabbit muscle Ca**-ATPase [13). TATA sequences are boxed. Repeated heptanucleotide
is underlined. Homologous nucleotides are denoted by asterisks.

(so called CT motif) was found in the SV-40
enhancer [15], which was shown to be important
for enhancer activity. Finally, a homologous motif
of polyoma virus enhancer exists as the palindrome
ACTGCCCTCCAGAGGGCAGT, parts of which
interact with cell proteins, as shown by chemical
modification [16]. This preliminary analysis shows
the nonrandom character of the sequence and
poses the question of its function.

In the —80 region, where the conserved se-
quence CCAAT has been established for a number
of eukaryotic promoters, we have found the se-
quence CAACAAAC which may have the func-
tions of a CCAAT box. This sequence is flanked
by the tetranucleotide GTTT at both 5’- and
3’-termini. In the —120 region is the sequence,
GGGGCGG, that interacts with SP1 factor [5].
Another structural peculiarity of the region
upstream of the transcription initiation site is the
large number of oligo(G) blocks, varying in size
from 3 to 7 bp and localized in an interval of
~(—30)—(—120).

More detailed analysis of the region under
discussion will be published elsewhere.

Acknowledgement: The authors are grateful to Dr R. Allikmets
for construction of the genomic library.
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