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ABSTRACT The main ethanol-active alcohol dehydrogen-
ase (ADH; alcohol:NAD* oxidoreductase, EC 1.1.1.1) in
mouse liver (ADH-AA) is similar in catalytic and molecular
properties to horse liver ADH-EE and to the human class I
ADHs. We have isolated cDNA clones encoding the entire
mouse liver enzyme plus flanking regions. A mixture of 16
different oligonucleotides, each 14 bases long, was used to
screen a liver cDNA library made from a DBA/2J mouse. A
strongly hybridizing clone was found and identified as an
ADH-encoding cDNA by partial DNA sequencing. This clone
was used as a probe to identify others. Two overlapping cDNA
clones together contained the entire protein-encoding region
plus 100 nucleotides of the 5’ noncoding region and 133
nucleotides of the 3’ noncoding region culminating in a short
poly(dA) tail. The amino acid sequence of the mouse liver
enzyme deduced from this cDNA closely resembles that of horse
liver ADH-E: 316 of 374 residues are identical, and 29 of the
differences are conservative substitutions. The 5’ region of this
cDNA is interesting: the AUG that initiates the ADH polypep-
tide is preceded by an AUG that would encode the first amino
acid of a tripeptide. Presumably termination of this tripeptide
is followed by reinitiation at the AUG immediately preceding
the sequence of the mature ADH polypeptide.

The effects of ethanol consumption depend upon tissue
concentrations of the alcohol and its metabolites and upon
duration of exposure; these in turn are largely determined by
the rate of ethanol oxidation in the liver (1). In mammals, the
rate-limiting step of ethanol oxidation is catalyzed by alcohol
dehydrogenase (ADH; alcohol:NAD™* oxidoreductase, EC
1.1.1.1). Mammalian ADHs are dimeric molecules with
subunits of about 40,000 daltons. The horse liver ADH-E and
ADH-S subunits have been sequenced (2), and the three-
dimensional structure of ADH-EE has been determined to
2.4-A resolution by x-ray crystallography (3). Structural
comparisons of the enzymes from horse, rat, humans, yeast,
and Bacillus stearothermophilus have been made (4-6).

There are many isozymes of ADH in humans, each
representing homodimeric or heterodimeric combinations of
subunits (1, 7). It has been proposed that the human class I
isozymes are the products of alleles at three loci (7); presum-
ably classes II and III isozymes arise from yet other loci (8).
These ADH isozymes differ substantially in kinetic proper-
ties (1, 8-13). Thus variations in the structure and expression
of the genes for ADH subunits might underlie the differences
among individuals in ethanol metabolism (1, 13) and in
physiological responses to ethanol.

We are interested in studying the control of ADH gene
expression in a system which is similar to that in the human
and amenable to experimental manipulation. Mice, like
humans, have three classes of ADHs; three loci for their
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structural genes have been proposed (14-16). The ADH-AA
isozyme, assigned to the putative Adh-I locus, is found in
liver and other tissues and resembles the human class I
isozymes in catalytic properties. The B and C subunits,
assigned to the Adh-2 and Adh-3 loci, respectively, are
immunologically distinct from the A subunit; ADH-BB and
ADH-CC have catalytic properties resembling the human
class III and class Il isozymes (16). These similarities and the
availability of inbred mouse strains to study gene expression
make the mouse an excellent model system.

We began our study by cloning and sequencing a cDNA
encoding a portion of a mouse liver ADH (17). We report here
the cloning and sequencing of the cDNA for the entire ADH
subunit and the amino acid sequence deduced from this
cDNA sequence.

MATERIALS AND METHODS

¢DNA Library. The cDNAs were made from poly(A)*
RNA extracted from the liver of a DBA/2J mouse (18). They
were tailed with poly(dC) and inserted into poly(dG)-tailed,
Pst I-cleaved pBR322. The resulting molecules were used to
transform Escherichia coli strain MC1061; about 100,000
independent transformants were generated.

Selection of Positive Clones. The library was screened by
using a mixed oligonucleotide probe (19). The amino acid
sequence of mouse liver ADH has not been determined.
Therefore, we searched the sequence of horse ADH-E (2, 5)
and the partial sequences of rat liver ADH (6) for a conserved
region in the putative catalytic domain. We designed a mixed
oligonucleotide probe (19) to be complementary to all 16
mRNA sequences that could encode amino acids 334 to 338
of the horse sequence (2, 5). The mixed 14-nucleotide probe
shown in Fig. 1 was synthesized by P-L Biochemicals. The
probe was made radioactive by using T4 polynucleotide
kinase and [y-3?2P]JATP (20).

Aliquots of the library were spread at densities of 200-500
colonies per dish on nutrient agar (10 g of tryptone, 5 g of
yeast extract, 5 g of NaCl, 15 g of agar per liter, adjusted to
pH 7.5) containing tetracycline (15 ug/ml) and transferred by
contact to Whatman 541 or 42 filters (21). Filters were
successively exposed to 0.5 M NaOH/1.5 M NaCl (twice),
0.5 M Tris'HCI, pH 7.0/1.5 M NaCl (twice), and 2x NaCl/Cit
(1x NaCl/Cit is 0.15 M NaCl/0.015 M sodium citrate), then
air dried and heated to 80°C under reduced pressure.

DNA onfilters was hybridized to the oligonucleotide probe
for 1 hr at 33°C in 6x NaCl/Cit containing 0.1% sodium
pyrophosphate and 5x Denhardt’s solution (22). Filters were
washed in 6 x NaCl/Cit twice at room temperature, followed
by S min at 33°C. The colony giving the strongest signal
(pZK6-6) was characterized.

Abbreviations: ADH, alcohol dehydrogenase; bp, base pair(s).
*Present address: Clontech Laboratories Inc., 922 Industrial Av-
enue, Palo Alto, CA 94303.
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334 335 336 337 338

AMINO ACIDS: ASP PHE MET ALA LYS
CODONS : 5"GAg ng AuG G6cN AA2‘3'
PROBE : 3'-crg AAe TAC coN TT--5'

Fi1G. 1. Probe design. Amino acids 334 to 338 of horse liver
ADH-E (2, 5) and the mRNA sequences that could encode them. The
16 different 14-nucleotide-long oligomers complementary to each
potential mMRNA sequence are shown. N represents a mixture of all
four nucleotides.

The library was rescreened, using as probe the entire insert
from pZK6-6 (Fig. 2) excised from pBR322 sequences with
Pst I and nick-translated (20). Hybridization was at 65°C in
6X NaCl/Cit/14x Denhardt’s solution/1.5 mM EDTA/0.1%
NaDodSO,. After two washes at 22°C in 2x NaCl/Cit/0.1%
NaDodSO,, filters were incubated 2 hr at 65°C in 1X
NaCl/Cit/0.1% NaDodSO,. The positive clone with the
longest insert was characterized (pZK?7). A 330-base-pair (bp)
fragment extending from the 5’ end of pZK?7 to the Bgl I site
(Fig. 2) was used as a probe for a further screening of the
library, under similar conditions.

DNA Purification and Restriction Analysis. Selected colo-
nies were grown in nutrient broth and amplified overnight in
the presence of chloramphenicol (170 ug/ml). Plasmid DNA
was isolated by alkaline lysis (23) and purified by centrifuga-
tion to equilibrium in CsCl/ethidium bromide. Restriction
maps were assembled by standard techniques. Detection of
fragments was by one of three techniques: ethidium bromide
fluorescence, transfer to nitrocellulose (24) and hybridization
to the mixed oligonucleotide probe or to nick-translated
restriction fragments, or autoradiography of end-labeled and
redigested restriction fragments (25).

DNA Sequencing. The mixed oligonucleotide probe was
annealed with double-stranded pZK6-6 DNA by heating to
93°C for 7 min and slowly cooling to 30°C, at which tempera-
ture the dideoxynucleotide sequencing reactions (26) were
performed.

Further sequencing was done after subcloning portions of
the cDNAs (Fig. 2) in M13 vectors (27). Single-stranded DNA
extracted from the phage was annealed with a 15-nucleotide
‘‘universal primer’’ (Bethesda Research Laboratories) for
dideoxynucleotide sequencing (26, 27). Multiple independent
isolates of many M13 subclones were sequenced (not shown);
in some cases, the same region was sequenced from several
independent clones from the liver cDNA library. Nucleotide
sequences were aligned and compared by using a micro-
computer (28, 29).

RESULTS

Isolation of pZK6-6, an ADH cDNA Clone. The mixed
oligonucleotide probe shown in Fig. 1 was used to identify a
strongly hybridizing colony, pZK6-6. Confirmation that
pZK6-6 contained an ADH cDNA was obtained by DNA
sequence analysis. Since the mixture of oligonucleotides
hybridized to a single restriction fragment in pZK6-6, we
used it as a primer for dideoxynucleotide sequencing of the
double-stranded clone itself. We thus determined the se-
quence of 105 nucleotides (17), which encoded 35 amino acids
in the expected direction from the primer site; all but two
matched the sequence of horse ADH-E (2). This is a useful
extension of the technique of Smith et al. (30), who used
individual single-stranded oligonucleotides as primers for
sequencing a duplex template. The ability to sequence
double-stranded DNA by using as a primer the same mixed
oligonucleotide originally used as probe is a great conven-
ience: it is rapid, avoids extra cloning steps, and ensures that
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a portion of the coding region will be sequenced. pZK6-6,
containing an insert of only 700 bp, was too small to encode
the entire mouse ADH (Fig. 2).

Other ADH ¢DNA Clones. We used the 700-bp cDNA insert
of pZK6-6 as a probe to screen the library, and we character-
ized the largest cDNA obtained, pZK7. Restriction mapping
indicated that pZK7 overlapped pZK6-6 and extended further
toward the sequences encoding the amino terminus of ADH
(Fig. 2). This cDNA was 1100 bp long, still too short to
encode the entire ADH. We rescreened the library, using the
entire cDNA insert of pZK7 as a probe, but did not find
colonies containing longer inserts.

We then screened the library by using as a probe the
portion of pZK7 encoding the amino acids nearest to the
amino terminus of ADH;; this was a Pst I/Bgl 1 fragment (Fig.
2). Restriction mapping showed that several clones contained
a new Pst | site; among them were two clones (pZK102-21
and pZK105-36) extending 97 and 100 nucleotides beyond the
initiating ATG.

DNA Sequencing. The sequences of pZK6-6 and pZK7 (Fig.
2) were determined in their entirety: pZK7 extends from
nucleotide 306 (Fig. 3) to the 3’ end, and pZK6-6 extends from
nucleotide 717 to the 3’ end. There are two differences
between these cDNAs: nucleotides 1281 and 1334 are both T
in pZK6-6. This eliminates from pZK6-6 the Hinfl site shown
in Fig. 2 (and underlined in Fig. 3), an alteration confirmed by
restriction mapping.

pZK105-36 (Fig. 2) provided the sequence of the 5’ portion
of the cDNA. There is a single difference at nucleotide 323 (T
in pZK?7), which does not alter the amino acid encoded there.
Two independent clones (not shown) from the cDNA library
provided further confirmation of this region: portions of
pZK102-21 were sequenced to confirm nucleotides 4-87 and
289-450 (with the same T at nucleotide 323 as in pZK7) and
pZK112-72 confirmed nucleotides 128-294. The Alu I site
underlined at nucleotides 2-5 (Fig. 3) was directly confirmed
by restriction mapping (25) of DNA labeled at the Bg! II site
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FiG. 2. Sequencing strategy. (A) Map of the (reconstructed)
cDNA insert. Solid blocks are poly(dG)-poly(dC) introduced during
cloning. Open blocks are coding regions: a small tripeptide at the left
and mouse ADH extending over most of the insert. The triangle
within the coding region marks the position of the probe sequence
shown in Fig. 1. P, Pst I sites; HF, Hinfl sites; S, Sau3Al sites; H,
Hae 111 sites. (B) pZK6-6 and regions sequenced after subcloning in
phage M13 derivatives. X at the beginning of an arrow denotes
priming by the mixed oligonucleotide probe. Vertical arrowheads
represent single nucleotides that differ from those in pZK7 (see Fig.
3). (C) pZK7, primary reference for sequences beyond nucleotide
450; arrowhead is nucleotide 323, which differs from that in pZK105-
36. (D) pZK105-36, primary reference for sequences from nucleotide
1 to 450. The location of the right end of pZK105-36 is approximate,
based upon restriction mapping.
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GAGCTTTATTAGGGACAGC ATh ITT AGG T6A GATCTAGAGGAGGGANGMAGTCTACAAGGACCCATCANTTTCCTGCCTRCCTGLABCAAGEAC 94
: . 3 10 15 el Ys$S 320 PHE $S:
MET SER THR ALA LYS VAL IL YS CY EVU GLU LEU HIS L
AGACEGC ATG AGC ACT 6CO GGA AAA 616 ATC AAR TEC AAA 6CT GC6 GT6 CTA Tob ché CTT CAC ARA CCC TTC ACC 170
6LU VAL 30 35 40 ILE 46
ILE GLU ASP ILE GLU VAL ALA PRO PRO LYS ALA HIS VAL ARG ILE LYS MET VAL ALA THR GLY VAL CYS ARG
ATC 6AG GAC ATA GAA GTC GCA CCC CCC ARG GCC CAT GKA G1T COA ATT ARG ATe TG 6CC ACT 66T 6TC T6C C6C 245

50 55 60
SER ASP ASP HIS VAL VAL SER GLY THR LEU VAL THR PRO
T 6AC GAT CAC 6T6 GTT AGT 66A ACC CT6 GTC ACA CCT
ILE 80 THR ARe 85

VAL GLU SER VAL GLY GLU GLY VAL THR CYS VAL LYS PRO
6TC 6AG AGC 6TT G A GAA 666 6T6 ACT T6T 676 AAA CCA

86t Tet 868 TiE %ER ACT E6C TAT &6C TET 8eC eft WAR €1t 6tl Khg §f6 ACC CCR 86¢ TEC ACR TSF 6tl

Lys 100 VAL 105 GLY 110
LY 6LU CYS LE CYS LYS HIS PRO GLU SER ASN PHE
8GA 6AA T6C AGG ATT T6C AA6 CAC CC6 GAA AGC AAC T?T
MET GLN ASP 130 THR ARG 135
LEU ARG Y THR SER ARG PHE SER CYS LYS GLY LYS
TT6 C6C GAA GGC ACC ABC AG6 TTC TCC T6C AAG 66A AAG
150 GLU 155 ser 1§0

GLN TYR THR VAL VAL ASP ILE ALA VAL ALA LYS
CA6 TAC ACC 6T6 GTA GAT GAT ATA 6CA 676G 6CC AAA ATC
175 180 185
200 205 ner 210
Y Y GLY VAL GLY LEU SER VAL ILE 6LY
TIT GGt CTC GoA 66T 61C G6T CT6 TCT G1C ATC ATT 86C
225 230 VAL

Y SP LYS PHE ALA LYS ALA LYS GLU LEU
BAC ATC ARC AAG GAC AAG TIT GCC AAG GCC AAA 6AG TTG

250 THR SER ASN 260
I LN 6LU VAL LEU GLN GLU MET THR ASP
AAA EES i%E EAG GAA 6TT CTC CA6 GAG ATG ACC GAC GG

275 VAL THR SER CYS GLN 6LU 285
A LEU LEU SER CYS HIS ALA ALA
SAe ACC ATE ACT TCT 6CC CT6 CTG AGC T6C CAT 6CA 6CA

SER 300 305 €0 LEw iER
ET ASN PRO MET LEU LEU (1]

8tC RS ARC CTC TCC ATe ARC CCC ATG TTe CTe CT6 CTe
325 330 ‘ 335

ER VAL PRO LYS LEU VAL ALA ASP PHE
WAE RER AR ART TCT E0C CCF WA CFY €76 6T

<===-% PROBE -----

VAL ILE ALA ALA 70
LEU PRO ALA VAL LEU GLY HIS GLU GLY ALA GLY ILE
CTT CCT 6CA 6TT TTA GGC CAT 6A6 GGA 6CA 66C ATT 320

90 THR
GLY ASP LYS VAL ILE PRO LEU PHE SER PRO GLN CYS
66T GAT AAA GTC ATT CCA CTC TTT TCC CCT CA6 T6T 395

LEU LYS ASN 115 SER 120
CYS SER ARG SE U LEU MET PRO ARG GLY THR
T6T A6C C6A AGC GAT CTG CTA ATG CCT CeG6 666 ACT 470

PRO His 140 LEU 6LY 145
GLN ILE HIS ASN PHE ILE SER THR SER THR PHE SER
CAG ATC CAC AAC TTT ATC A6C ACC A6C ACC TTC TCC 545

ALA ' 6LU 170
E ASP GLY ALA SER PRO LEU ASP LYS VAL CYS LEU ILE
6AT 6GA 6CT TCA CCA CT6 GAC AAA 6TC T6C CTC ATC 620

190 eLN 195

o<
—>
ar

695

215 220 6Ly
CYS LYS ALA ALA GLY ALA ALA ARG ILE ILE ALA VAL
T6T AAA GCA GCA GGA 6CA GCC AGG ATC ATT 6CT 6T6 770

240 vaL 245 LYS
GLY ALA THR GLU CYS ILE ASN PRO GLN ASP TYR SER
GGT 6CA ACT 6AG T6C ATC AAC CCT CAA GAC TAC A6C 845

265 210
GLY VAL ASP PHE SER PHE GLU VAL ILE GLY ARG LEU
666 GT6 GAC TTT TC6 TTT GAA 6 C ATC 66C C6C CTT 920

TYR 290 1Le 295 ASP
CYS GLY VAL SER VAL VAL VAL GLY VAL PRQ PRO ASN
T6T 66T 6TA A6C 6TC 6TC 6TA 66A 6T6 CCT CCC AAT 995

315 320
GLY ARG THR TRP LYS GLY ALA ILE PHE GLY GLY PHE
66A C6C ACC T6G AAG GGA GCA ATA TTT 66C 666 TTT 1070

340 ALA 345
MET ALA LYS LYS PHE PRO LEU ASP THR
6 AAG TTT CC6 TT6 GAC C 6 TTA ATT ACC 1145

oo U LYS ?Eg ASN GL GLY PHE 222 LEU 365 6Ly 370 1LE
LEU PRO PHE GL EU ARG GLY LYS R ILE ARG THR V
EAT IF TTA ECT TYC Ghc KARATA ART GAR 6CA TTT GAC CTo CTT CoT TCI G6n ANG A6t ATC CAT Ace oft £F 1220
37

a8e

ACT T?E T6A GATCATGTGGATGCCTTCCCACGCACCAGTTTCTGAACCCTAAACCAGACTﬁAI;%AAGCACCAGCCACATCACAGCCTTAATCTT 1315

TGCTCTTTAGAGACACAGCCAAIAQQSTACTTGTGTAAGCTCTCCACAAAA& 1367

SIGNAL

F1G. 3. DNA sequence of the complete mouse liver ADH ¢cDNA: Composite of pZK105-36 and pZK7. Nucleotide numbering begins at the
last dG of the 5’ poly(dG) and continues through the very short (5-bp) 3’ poly(dA); 16 dC residues added during cloning were omitted. The
nucleotide sequence, presented in large type, is numbered at the right of the line. Just above is the amino acid translation of this cDNA. The
line above that numbers the amino acid sequence according to the horse liver ADH-E sequence (2) and also gives the amino acid present in
horse ADH wherever it differs from the mouse. Also on that line (at nucleotides 1281 and 1334) are two of the three single-nucleotide differences
among clones from the library: T in pZK6-6 at both positions. The third nucleotide difference is a T in pZK7 substituted for the C at 323.
Underlined are an Alu I and HinfI site noted in the text, the potential tripeptide within the 5’ leader, the region complementary to the probe,
two A-A-T-A-A-A sequences (one internal to the coding region), and the poly(dA).

(nucleotides 31-36). The genesis of the three single-
nucleotide differences is not known: since the DBA/2J
mouse is supposed to be inbred, one would not expect
polymorphism at the ADH gene. It is possible that a copying
error occurred in the reverse transcription of the mRNA (cf.
refs. 31 and 32).

¢DNA Structure and Amino Acid Sequence. The entire
cDNA sequence (Fig. 3) was derived by overlapping the
sequences of pZK105-36 and pZK7. The length of the cDNA
is 1361 nucleotides; not including the poly(dG) at the 5’ side
and a short poly(dA) followed by poly(dC) at the 3’ side. It
encodes a 375-amino acid polypeptide (Fig. 3) that very
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closely resembles horse ADH-E (2). There are 100 nucleo-
tides of 5' nontranslated region between the end of the
poly(dG) (nucleotide 1) and the initiating ATG (nucleotide
102), and 133 nucleotides of 3’ nontranslated region between
the TGA terminator codon and the start of the poly(dA).
Within the 5’ region, it is noteworthy that there is an ATG
preceding the ATG that initiates the ADH polypeptide.

The amino terminus of the horse ADH-E is acetylserine
(2). The mouse cDNA sequence has the initiating methionine
immediately adjacent to the corresponding serine; there is no
potential leader or signal sequence. We cannot determine
from the DN A sequence whether one or more amino-terminal
residues are cleaved or acetylated (33).

Codon Usage. The coding region of this cDNA (1125
nucleotides encoding 375 amino acids) contains 24.3% A,
25.6% C, 26.8% G, and 23.4% T. Codon usage is nonrandom
(P < 0.001 by x?). C is found in the third position of the
codons 35.5% of the time (P < 0.001). Among the 193 codons
in which all four nucleotides in the third position encode the
same amino acid, C is used in 35.8% (P < 0.01). Neither the
5’ nor the 3’ nontranslated region shows significant bias in
any of the three potential reading frames (P > 0.2). The short
coding region of human ADH thus far reported (34), repre-
senting the carboxyl-terminal 91 amino acids, shows no
significant codon bias (P > 0.7).

DISCUSSION

We have isolated cDNA clones encoding the entire mouse
liver ADH and deduced the previously unknown amino acid
sequence of the mouse liver ADH (Fig. 3). Comparisons of
the amino acid sequences (2, 4-6, 34, 35) and the catalytic
properties of the human (1, 8-13), rat (13), horse (5), and
mouse liver ADH (14-16, 36) indicate that the mouse liver
ADH-AA enzyme resembles horse liver ADH-EE, the class
I ADHs of humans, and rat liver ADH. The amino acid
sequence of the ADH encoded by our mouse cDNA is very
similar to the horse ADH-E subunit (2, 5): 316 of 374 positions
(84.5%) are identical and 29 of the 58 differences are con-
servative substitutions. The sequence similarity strongly
suggests that this cDNA encodes the mouse ADH-A subunit.
In a comparison of our mouse sequence with that of horse
ADH-E (5), conserved residues include all seven zinc ligands
and most sites that interact with the ADP-ribose moiety (15
of 16; Ser-277 for Thr), line the active site pocket (11 of 14;
Leu-117 for Ser, lIle-141 for Leu, Leu-310 for Ser), are
involved in interactions between the two subunits (12 of 13;
Val-291 for Ile), or form hydrophobic cores (81 of 90, all
substitutions hydrophobic). Thus the mouse ADH-AA
should closely resemble the horse ADH-EE in three-dimen-
sional structure (3). The frequency of identities in the
catalytic domain (193/231, 83.5%) is similar to that in the
coenzyme binding domain (123/143, 86.0%).

The mouse ADH-A encoded by our cDNA is slightly more
similar to rat liver ADH than to horse ADH-E [321 of 362
positions identical, 88.7%; some peptides in the rat sequence
were placed by homology to the horse ADH and 13 positions
were not identified (7)]. It should be noted that rat liver ADH
has an insert of one cysteine residue immediately after
Cys-111 (6); the mouse enzyme whose sequence is deduced
here has no such insertion.

One region of the ADH molecule, residues 108-125, shows
much variability among horse, rat, and mouse sequences. In
this region, there are 8 differences between mouse ADH-A
and horse ADH-E, 10 between mouse ADH-A and horse
ADH-S, 12 between mouse ADH-A and rat liver ADH, 13
between rat liver ADH and horse ADH-E (5), and 12 between
rat liver ADH and horse ADH-S (5). Part of this region,
residues 95-113, forms a projection at the surface of the
molecule that binds the noncatalytic zinc (3, S), and the
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remainder is involved in no apparent secondary structure (3);
residues 123-126 form a reverse bend (3). The structural or
catalytic significance of variations in this region is unclear.

The sequence of the mouse ADH-A subunit is also similar
to that of the human ADH-B; subunit: 23 of 30 amino acids
around the catalytic site (residues 41-70; ref. 35) are identi-
cal, as are 75 of 91 residues at the carboxyl terminus (34).
Comparison with the recently published sequence of the only
other reported mammalian ADH cDNA, encoding the
carboxyl-terminal 91 amino acids of the human ADH-B;
cDNA (34), shows that the similarity between nucleotide
sequences in the coding region (including TGA terminator) is
81.9%, close to the 82.6% similarity in amino acid sequence.
The 3' end of the mouse cDNA (133 nucleotides) is much
shorter than that of the human (590 nucleotides). Introducing
three single-nucleotide gaps in the mouse and one in the
human 3’ sequences aligns them: they are identical at 84 of
136 sites (62%). With this alignment, the A-A-T-A-A-A of the
mouse cDNA and the first of the four A-A-T-A-A-As of the
human c¢DNA are identically located. The similarity in
nucleotide sequence, extending into the noncoding region,
argues that mouse ADH-A and human ADH-B; genes have
descended from a common ancestral gene.

Translation of the mouse liver ADH from this mRNA
would begin at the second AUG, in contrast to 90-95% of the
mRNAs thus far reported (37). The sequences surrounding
both AUGs are similar: G-A-C-R-G-C-A-U-G, in which R
indicates purine. The first AUG is, in fact, slightly more
similar to Kozak’s (37) consensus sequence (C-C-R-C-C-A-
U-G-G) in having A as the purine at position -3 (as in 79% of
the sequences), rather than G (18%). Kozak noted that of the
mRNAs that do not follow the ‘‘first AUG” rule, several
contain stop codons in frame with the first AUG, and she
suggested that the main message may be translated by
ribosomes that have first made the short polypeptide and then
continued moving down the RNA before encountering the
second AUG (37). Liu et al. (38) inserted AUGs upstream of
the normal AUG of the hepatitis B surface antigen gene and
found that they depressed correct initiation in monkey cells;
this depression is partly suppressed by inserting in-frame
termination codons. The ADH mRNA from which this cDNA
arose fits this hypothesis: it could make a tripeptide and then
initiate the ADH after passing 63 nucleotides (Fig. 3).

The mouse ADH cDNA contains the A-A-T-A-A-A con-
sensus polyadenylylation signal (39) separated by 21 nucleo-
tides from the short poly(A) stretch. There is also an
A-A-T-A-A-A within the coding region (nucleotides
1166-1171), as has been reported for other genes (e.g., see
ref. 36). Berget (39) examined genomic sequences around 61
vertebrate poly(A) sites and discerned two classes of con-
sensus sequence: class I genes had C-A-C-U-G immediately
upstream of the poly(A) site, and class II had abutted copies
of C-A-U-U-G downstream of the site. We do not find the
class I sequence immediately upstream of the poly(A); not
having a genomic clone, we cannot examine for class II
sequences.

Our isolation of the cDNA for the entire mouse liver
ADH-A subunit provides the starting point for a number of
studies. These include isolation of the genomic ADH clones
from mouse and from humans, examination of the control of
ADH gene expression in different mouse and human tissues,
and searches for restriction fragment length polymorphisms.
The latter should provide a method for determining ADH
genotype in humans and allow studies correlating genotype
with physiological and pathological effects of alcohol con-
sumption in individuals.
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