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Summary

All Caucasians have two major aldehyde dehydrogenase isozymes—i.e., the cytosolic ALDH; and the mito-
chondrial ALDH;—while approximately 50% of Orientals are atypical and lack the catalytically active
ALDHj in their tissues. The atypical ALDH% gene has a nucleotide base change and produces the defective
ALDH} protein, which has a Glu—Lys substitution at the 14th position from the COOH-terminal (Yoshida
et al. 1984; Hsu et al. 1985). With the use of a pair of synthetic oligonucleotides—one complementary to
the usual ALDH}, and the other complementary to the atypical ALDH3—genotypes of 49 unrelated Japa-
nese individuals and 12 Caucasians were determined. The frequency of the atypical ALDH? allele was
found to be .35 in the Japanese samples examined. The atypical ALDH% gene was not found in the Cau-

casians.

Introduction

Approximately 50% of Japanese and other Orientals
have the atypical aldehyde dehydrogenase-2 (mitochon-
drial isozyme) phenotype, which lacks or severely dimin-
ishes the enzyme activity (Goedde et al. 1979; Teng
1981). ALDH; has a low K, for acetaldehyde and is
considered to play a major role in alcohol detoxifica-
tion. Thus, the atypical ALDH; phenotype has been
implicated in the high incidence of acute alcohol intox-
ication (“alcohol flushing”) in Orientals (Goedde et al.
1979; Harada et al. 1980).

The atypical ALDH allele has the nucleotide base
transition (@—>7T') in its exon 12, and the gene product,
i.e., atypical ALDHJ protein, contains a Glu—Lys sub-
stitution at the 14th position from the COOH-terminal
(Yoshida et al. 1984; Hsu et al. 1985, 1987, 1988).
Utilizing a pair of allele-specific synthetic nucleotides,
one complementary to the usual ALDH} and the other
complementary to the atypical ALDH%, we determined
the ALDH; genotypes and the frequencies of the usual
and atypical alleles.
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Material and Methods

For genotype determination, DNAs were prepared
from fresh whole blood by the established method (Blin
and Stafford, 1976). The DNA samples (~10 pg each)
were completely digested by Pstl, and the restriction
fragments were separated by agarose-gel electrophore-
sis. The first in-gel hybridization was carried out using
the P3;-labeled oligonucleotide probe specific to the
ALDH]. The hybridized gel was treated with alkaline
solution to remove the first probe, and the gel was rehy-
bridized with the P3;-labeled oligonucleotide specific
to the ALDH3. The details of the procedures, includ-
ing the conditions of agarose-gel electrophoresis, hy-
bridization, washing, and rehybridization, have been
described in a previous publication (Hsu et al. 1987).

Results and Discussion

DNA samples obtained from 49 unrelated Japanese
individuals and from 12 Caucasians were examined.
Examples of hybridization profiles of the DNA sam-
ples with the allele-specific oligonucleotide probes are
shown in figure 1. The genotypes of the ALDH, lo-
cus, thus determined, are summarized in table 1. The
frequency of the atypical ALDH3 allele was found to
be .35 in a total of 98 Japanese ALDH3 loci examined,
while it was zero in Caucasians.
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Figure | Hybridization of human genomic DNAs with allele-
specific oligonucleotide probes. DNA samples were digested with
Pstl, electrophoresed in 0.9% agarose gel, and subjected to hybrid-
ization. A, Hybridization with probe-1 (specific for ALDHé allele)
at 58 C for 20 h; four washes at 25 C for 30 min and two washes
at stringent 58 C for 2 min. Probe-1: 3’ C-CGT-ATG-TGA-
CTT-CAC-TTT TG §". B, Hybridization with probe-2 (specific for
ALDH% allele) at 50 C for 20 h; four washes at 25 C for 30 min
and two washes at stringent 54 C for 2 min. Probe-2: §'-
G-GCA'TAC-ACT-AAA-GTG-AAA-AC 3. Samples 3 and 7 are
judged to be homozygous usual ALDH 11,' /ALDHI, samples 1,2,4-6,
and 8 are heterozygous atypical ALDH3/ALDH?%; and samples 9 and
10 are homozygous atypical ALDH%/ALDH%.

ALDH; is a tetrameric enzyme. (Greenfield and
Pietruszko 1977; lkawa et al. 1983). Heterozygous
ALDH!/ALDH3 subjects can produce the usual
ALDH]} subunit and the active homotetramer, al-
though the quantity would be reduced. These subjects
would be phenotyped as usual in the electrophoretic
examination. On the basis of this assumption and the
observed frequency (about 50%) of the atypical
ALDH; phenotype (Goedde et al. 1979; Teng 1981),
the frequency of the atypical ALDH? allele was esti-
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mated to be about .7 (Yoshida 1983). The present di-
rect determination (ALDH32 = .35) reveals that the
previous estimation is incorrect. This finding implies
that not only the atypical homotetramer (bbbb; b =
product of the atypical ALDH3 allele) but also the
three hetero-tetramers (aaab, aabb, and abbb) are cata-
lytically inactive (or far less active) and that only the
usual homotetramer (aaaa; a = product of the usual
ALDH] allele) exhibits enzyme activity. The amount
of usual homotetramer in the heterozygous tissues
would be only about 6% of that in the usual tissues,
if the usual ALDH! and the atypical ALDH? genes
produce an equal amount of proteins. The atypical
subunit and the heterotetramers would be more labile
in vivo, as suggested by a low content of ALDH3 com-
ponent in apparent homozygous atypical livers (Im-
praim et al. 1982; Ikawa et al. 1983). Thus, the hetero-
zygous ALDH}/ALDH? would be classified as atypical
by enzyme electrophoresis (or isoelectric focusing) in
most cases (Goedde et al. 1979; Teng 1981).

The present study indicates that the frequency of the
ALDHj3 allele is about .35 in Japanese. The possibil-
ity of the existence of other variant allele(s) is not ex-
cluded in this study. Thus, another common variant
allele, ALDH3, which produces a defective subunit,
could exist in Japanese. Assuming that (1) the frequen-
cies are ALDH} = .30, ALDH} = .35, and ALDH3
= .35, (2) subjects with ALDH1/ALDH}, ALDH}/
ALDHZ%, and ALDH}/ALDH3 exhibit the enzyme ac-
tivity, and (3) subjects with ALDH3/ALDH3, ALDH3/
ALDH3, and ALDH3/ALDH3 lack the activity, the ob-
served frequency of ALDH; enzyme deficiency (about
50%) can be explained by the three-allele model.

The two models, i.e., the two-allele model (ALDH}
= .65 and ALDH?3 = .35) and the three-allele model
(ALDH} = .30, ALDH3 = 0.35, and ALDH} = .35)
can be tested by examining the mode of inheritance of

Genotypes of the ALDH; Locus in jJapanese and Caucasians

GENOTYPES GEeNE FREQUENCY
ALDH!/ALDH! ALDH!/ALDH? ALDHZ/ALDH? ALDH! ALDH?
Japanese (n = 49):
Observed . . ...... 21 22 6 .65 .35
Calculated® ... ... 20.7 22.3 6.0
Caucasians (n = 12):
Observed . ....... 12 0 0 1.0 0
Calculated?® . ... .. 12 0 0

2 Based on Hardy-Weinberg genetic equilibrium.
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the flushing character. The two-allele model predicts
that (a) if both parents are nonflushers (i.e., homozy-
gous usual ALDH}/ALDH}) the offspring will be
nonflushers and (b) if both parents are flushers (i.e.,
heterozygous ALDH}/ALDH3 or homozygous atypi-
cal ALDH3/ALDH?) the offspring could be flushers or
nonflushers. The three-allele model predicts that all
offspring of flushers should be flushers.
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