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Molecular structure of the human alcohol dehydrogenase 1 gene
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The structure and nuclectide sequence of an allele at the ADH1 locus have been determined. The nucleotide sequence
of this allele is identical to that of a ¢cDNA clone [(1986) Biochemistry 25, 2465-2470] and the intron positions of the
ADHI gene are identical to that of the ADH2 gene [(1986) J. Biol. Chem. 261, 2027-2033).
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1. INTRODUCTION

Human class I alcohol dehydrogenase (ADH)
consists of the subunits e, &, and ¥, which are en-
coded by three separate loci ADH1, ADH2, and
ADH3, respectively [1]. Molecular characteriza-
tion of the ADH?2 gene shows that 9 exons are
stretched over 15 kilobases (kb) in length [2,3].
However, the molecular structures of the ADH]I
and ADH3 loci have not been determined.

The complementary DNA sequences of the
ADHI1 alleles isolated from two different in-
dividuals were identical [4,5]. To study the
genomic structure and level of DNA polymor-
phism at the ADH1 locus, we determined the DNA
sequence of all nine exons and the intron/exon
structure of a human ADHI.

2. MATERIALS AND METHODS

Two sets of genomic libraries were constructed by using
genomic DNA partially digested either with AMdbol or £coR1 and
ligating with AEMBL3 or AEMBL4 DNA, respectively. About
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120 pg of the genomic DNA from one of us (8.Y.), obtained
from peripheral blood leukocytes [6], was partially digested and
fractionated on an agarose gel. The DNA in the size range of
9-23 kb was electroeluted from the gel and ligated with AEMBL
vector DNA which had been doubie digested with BamHI and
EcoRI. The ligated DNA was packaged in vitro into phage par-
ticles by using Gigapack packaging extract (purchased from
Stratagene) and plated on the nonpermissive E. cofi host
NM319,

Plague hybridization was carried out using the method of
Benton and Davis [7] for 24—36 h at 68°C in 4 x SETDS with
nick-translated {8] cDNA probe of ADHZ [9] and 50 gg/ml of
heat denatured herring sperm DNA (4 X SETDS: 0.6 M NaCl
{pH 7.5), 8 mM EDTA, 10 x Denhardt, 0.1% SDS). From the
two human genomic libraries, a total of one million recombi-
nant plaques were screened.

Oligonucleotides which are specific for the subunits o, £, and
y between amino acids 312 and 320 were synthesized and used
for locus specific hybridization. Hybridization was carried out
with the y-*’P-end-labelled oligomers and heat denatured herr-
ing sperm DNA at 37°C for 12 h in 4 x SETDS [3].

Subcloning was conducted using restriction enzymes BamH]I,
EcoRl, Hindlll, Kpnl, Nsil, Pstl, Sau3A, Spel, Ss!l and Xbel.
Digested DNA fragments were ligated into the plasmid
Bluescript vector from Stratagene. They were sequenced by us-
ing the dideoxy-chain-termination method [10-12].

3. RESULTS AND DISCUSSION

For 63 positive clones, restriction mapping and
locus specific oligonucleotide hybridization were
conducted. The numbers of clones which belong to
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Fig.1, Restriction map and sequencing strategy of the ADHI gene. B, E, H, K, N, P, §,, S, S,, X denote BemHI, EcoRl, Hindlll,
Kpnl, Mbol, Nsil, Pstl, Sau3A, Spel, Ssil and Xbal sites, respectively. The complete nucleotide sequences of all nine exens were
determined by using two overlapping clones SYAADHEL7 and SYAADHI16.

the ADHI1, ADH2, and ADHS3 loci were 17, 14,
and 13, respectively. The remaining 19 positive
clones have not been characterized yet.

To determine the complete nucleotide sequence
of all nine exans of the ADHI gene, twa averiapp-
ing clones SYAADHEI17 and SYAADHI16 were
used (fig.1). Hybridization experiments showed
thar 10,7 kb SYAADHE!17 had exons 1-6, whereas
16 kb SYAADHI16 had exons 6-9, Evidence that
the two clones were derived from the same allele
comes from a restriction site polymorphism within
intron 6, Four out of ten overlapping clones
studied have a Taq] site about 350 bp downstream
from exon 6, but the remaining six clones, in-
cluding SYAADHE17 and SYAADHI16, did not
havee Tnat sie.

The DNA sequence of all nine exons of the
ADHI1 allele is shown in fig.2. When this sequence
was compared to the published cDNA sequences of
two different ADHI1 alleles [4,5], no nucleotide

difference in the coding region was found. Similar-
ly, a very low level of genetic variability has been
found between the two different electrophoretic
alleles at the ADH2 locus [3,13].

Fig.2 alsa shows that the ADHI gene is divided
by eight introns (see also fig.1). The positions of
the introns are identical to those of the ADH2
gene. Nin¢ exons of the ADHI1 gene are stretched
over about 15 kb in length and the approximate
sizes of the intron 1-8 of the ADHI gene are 3.2,
0.6,1.8,0.1,1.9,2.2, 0.6 and 2.8 kb, respectively.
The corresponding introns of the ADH2 gene are
2.8,0.6,1.7,0.1, 2.0, 2.2, 0.6 and 2.8 kb, respec-
tively [2,3]. These sizes are very similar and the in-
tron/exon structure of the ADH! and ADH?2 loci
arg weéh conserved simce Thér diverzence.
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Fig.2. DNA sequence of a human ADHI gene. The DNA sequence of all nine exons is shown with the predicted 374 amino acids.
The sizes of the eight introns are indicated.
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AAGCTTTATCACTTTAACTTAATATTTAACCTAATGAAAACAAAATCTTATTTGAAATTGGAAAAATCAATGTATTGATTGCTGGTTC
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CAAAAAAAATAAATAAATACCTATGCAATACGACCTUCTTTATGCACTTGAGCAGGBAAGAAATCCACAAGGACTCACCAGTCTCCTGGTCTGCAGAGAR
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