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As reported previously, Saccharomyces cerevisiae cells deficient in all four known genes coding for alcohol
dehydrogenases (ADHI through ADH4) produce considerable amounts of ethanol during aerobic growth on
glucose. It has been suggested that ethanol production in such adho cells is a corollary of acetaldehyde
dismutation in mitochondria. This could be substantiated further by showing that mitochondrial ethanol
formation requires functional electron transport, while the proton gradient or oxidative phosphorylation does
not interfere with reduction of acetaldehyde in isolated mitochondria. This acetaldehyde-reducing activity is
diferent from classical alcohol dehydrogenases in that it is associated with the inner mitochondrial membrane
and also is unable to carry out ethanol oxidation. The putative cofactor is NADH+H' generated by a soluble,
matrix-located aldehyde dehydrogenase upon acetaldehyde oxidation to acetate. This enzyme has been purified
from mitochondria of glucose-grown cells. It is clearly different from the known mitochondrial aldehyde
dehydrogenase, which is absent in glucose-grown cells. Both acetaldehyde-reducing and acetaldehyde-oxidizing
activities are also present in the mitochondrial fraction of fermentation-proficient (ADH+) cells. Mitochondrial
acetaldehyde dismutation may have some significance in the removal of surplus acetaldehyde and in the
formation of acetate in mitochondria during aerobic glucose fermentation.

The reduction of acetaldehyde to ethanol plays a key role
in sugar metabolism of baker's yeast, Saccharomyces cere-
visiae, by allowing regeneration of NAD+ from glycolytic
NADH+H+. The in vivo significance of the reaction cata-
lyzed by alcohol dehydrogenase (ADH) has been verified by
mutants (adhl) deficient in ADH I, one of the four known
ADH isozymes. Such mutant cells grow slowly on glucose,
and growth is entirely dependent on mitochondrial functions
(23). Despite this requirement for a functional respiratory
chain in adhi mutants, glucose is largely converted to the
major fermentation products, glycerol and ethanol, and to
minor products such as acetaldehyde and acetate. We
showed recently that the residual ethanol production in adhl
mutant cells (approximately 30% of wild-type level) cannot
be attributed to any of the known ADH isozymes (ADH II
through ADH IV) by using mutant cells carrying null alleles
at the four ADH loci (9). The existence of another cytoplas-
mic NAD+-dependent ADH isozyme was also ruled out
since adh° cells cannot grow in a medium containing ethanol
as the sole source of carbon. Rather, acetaldehyde reduction
in adh/ cells occurs inside mitochondria. In fact, mitochon-
drial preparations from glucose-grown cells can quantita-
tively convert acetaldehyde to ethanol and acetate. This
dismutation of acetaldehyde requires a functional respira-
tory chain, which is consistent with the finding that ethanol
formation in adh/ cells is blocked by antimycin A.
The dismutation of acetaldehyde by yeast cells has long

been known from the studies of Neuberg and Hirsch (16). To
our knowledge, there is no reliable explanation at the bio-
chemical level for this type of yeast fermentative metabo-
lism. In this report, we present data that elucidate the
biochemistry of the dismutation reaction in yeast cells.

* Corresponding author.

MATERIALS AND METHODS

Yeast strains. The following S. cerevisiae strains were
used in this work: CD31-8C (MATa AadhJ adh2 Aad/3
adh4:: URA3), MC65-2A (MATot Aadh/ adh2 adh3 adh4::
URA3), and MC66 (MATo ADHI adh2 adh3 adh4::URA3).
Media. Yeast extract (1%)-Bacto Peptone (2%) supple-

mented with 1.8% glucose, with 2% ethanol, or with 3%
glycerol served as standard media.

Preparation of intact mitochondria. The isolation of intact
mitochondria as well as the estimation of purity and activity
of the mitochondrial preparations have been described pre-
viously (9).
Assay methods. The activity of the mitochondrial acetal-

dehyde dehydrogenase (EC 1.2.1.5.) was determined by the
method of Jacobson and Bernofsky (11) with some modifi-
cations (see Results). Enzyme assays were performed at
30°C by monitoring either NAD+ reduction or NADH+H+
oxidation spectrophotometrically at X = 340 nm. Enzyme
activities are expressed in international units per milligram
of protein (micromoles per minute per milligram of protein).

Determination of metabolites. Metabolites produced in
acetaldehyde-incubated, isolated mitochondria were deter-
mined in the following manner. Acetaldehyde and acetate
were determined by using test kits (Boehringer, Mannheim,
Germany) in accordance with the protocols of Lundquist
(14) and Bergmeyer and Mollering (1), respectively. Ethanol
was determined by the method of Bernt and Gutmann (2).

Isolation of a mitochondrial acetaldehyde dehydrogenase.
Mitochondria of glucose-grown cells (approximately 60 g,
wet weight) were isolated as described before (9). The
mitochondrial suspension was diluted with buffer (50 mM
bicin, 50 mM KCl, 10 mM KH2PO4, 0.6 M mannitol) to
obtain a protein concentration of 1 mg/ml. Subsequently, the
mitochondria were sonicated (five 10-s periods; Branson
Sonifier [Branson Sonic Power, Danbury, Conn.]). After
centrifugation at 100,000 x g for 1 h, the supernatant
(essentially the mitochondrial matrix fraction) was fraction-
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ated further by affinity chromatography (Affi-Gel Blue; 100-
200 mesh; 75 to 150 ,um [Bio-Rad Laboratories, Richmond,
Calif.]). Equilibration of the column material was done with
a buffer containing 75 mM sodium pyrophosphate, 21 mM
glycine, and 0.5 mM dithiothreitol, pH 8.6. Elution was
carried out with a linear NAD+ gradient from 0 to 8 mM.
Chromatographic methods. A Mono-Q column, HR5/5

(prepacked with Mono Beads; Pharmacia LKB, Uppsala,
Sweden) was used in ion-exchange chromatography. Equil-
ibration was performed with a buffer containing 10 mM
sodium pyrophosphate and 2 mM glycine, pH 8.6. A linear
gradient of KCI (0 to 1 M) was used for elution. Gel filtration
was carried out with a TSK G4000 SW column (7.5 by 60
mm; LKB-Produkter AB, Bromma, Sweden). The column
was equilibrated with a buffer containing 75 mM sodium
pyrophosphate, 21 mM glycine, 100 mM KCI, and 1 mM
dithiothreitol, pH 8.6.

Determination of molecular weights was based on calibra-
tion with a molecular weight standard, MW-G F-1000 (Sigma
Chemical Co., St. Louis, Mo.).
Other methods. The concentration of proteins was deter-

mined as described by Lowry et al. (13). Sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was
carried out by the method of Laemmli (12). Protein bands
were visualized by silver staining as described by Bluhm et
al. (4).

Chemicals. Antimycin A, NADH+H+, and NADP+ were
obtained from Boehringer, and NAD+ was from Serva,
Heidelberg, Germany. Decyl-Q was kindly provided by T.
Friedrich, Institute of Biochemistry, University of Dussel-
dorf, Dusseldorf, Germany.

RESULTS

Acetaldehyde dismutation is dependent on mitochondrial
electron transport. We have shown previously that the
mitochondrial fraction prepared from yeast cells deficient in
all known ADH isozymes (adh°) is capable of converting
acetaldehyde to ethanol and acetate (9). We have reexam-
ined this reaction by using various concentrations of exoge-
nously added acetaldehyde. At concentrations of around 1
mM acetaldehyde, we observed a prototypic dismutation of
acetaldehyde to ethanol and acetate within 30 min (Fig. 1).
At higher acetaldehyde concentrations, formation of ethanol
exceeded that of acetate significantly (9). We attribute this
finding to relative inhibition of acetaldehyde oxidation ver-
sus reduction at higher acetaldehyde concentrations and/or
to conversion of acetate to other metabolites.
Next, we examined in more detail the obvious dependence

of this dismutation reaction on function of the respiratory
chain. Addition of inhibitors of electron transport (antimycin
A and potassium cyanide) resulted in a complete inhibition
of ethanol formation (Fig. 2). This inhibition may reflect
participation of the acetaldehyde reductase in the flow of
electrons of the respiratory chain; alternatively, electron
transport may indirectly be required if acetaldehyde reduc-
tion depends on the proton gradient across the inner mito-
chondrial membrane. The latter possibility could be ruled
out by monitoring acetaldehyde reduction in the presence of
the proton translocator carbonyl cyanide m-chlorophenylhy-
drazone, which, as shown in Fig. 2, even accelerated alde-
hyde reduction. Since removal of the proton gradient should
result in an increased flow of electrons (10), this finding
would be in agreement with the hypothesis that acetaldehyde
reduction is directly dependent on electron transport.
When one compares the standard redox potentials Eo' of
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FIG. 1. Equimolar production of ethanol and acetate in mito-

chondria after incubation with 1 mM acetaldehyde. Mitochondria
were prepared from glucose-grown adh° cells (strain CD31-8C). O,
acetaldehyde; x, ethanol; x, acetate.

NAD+/NADH+H+ (-320 mV), ubiquinone/ubiquinol (+10
mV), and acetaldehyde/ethanol (-197 mV), it becomes
obvious that acetaldehyde reductase would receive electrons
from NADH+H+ rather than from ubiquinol. Thus, the
effect of inhibition of complex III (by antimycin A) or
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FIG. 2. Mitochondrial formation of ethanol from acetaldehyde in

the presence of various inhibitors of the respiratory chain. The
initial acetaldehyde concentration was 10 mM. O, control without
inhibitor; *, 10 ,uM antimycin A; x, 1 mM potassium cyanide; x, 10
FiM carbonyl cyanide m-chlorophenylhydrazone.
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FIG. 3. Correlation of acetaldehyde reductase and NADH:ubi-
quinone-oxidoreductase of the respiratory chain. Mitochondria from
glucose-grown adh/ cells (CD31-8C) were incubated with 1 mM
acetaldehyde. In two aliquots (x and 0), 10 ,uM antimycin A was
added after 5 min. After 10 min, 10 ,uM decyl-Q was added (x). x,
control without antimycin A and decyl-Q; O, addition of 10 p.M
antimycin A after 5 min; x, addition of 10 ,uM antimycin A after 5

min and 10 ,uM decyl-Q after 10 min. For details, see text.

complex IV (by cyanide) on acetaldehyde reduction might be
explained by a more indirect action, e.g., by inactivation of
a complex I analog (NADH:ubiquinone oxidoreductase).
Since S. cerevisiae mitochondria lack a classical piericidin-
or rotenone-sensitive NADH:ubiquinone oxidoreductase
(15, 17), the requirement of a functional complex I for the
acetaldehyde reductase activity cannot be verified directly.
An additional hint of an indirect requirement for such a

complex I function was obtained after addition of an artificial
ubiquinone analog, decyl-Q (24), to antimycin A-treated
mitochondria. Acetaldehyde reduction was indeed restored
upon addition of decyl-Q in large excess (Fig. 3). This finding
can most easily be explained if one assumes that complex I

has been reactivated by the presence of an electron accep-
tor. However, whether this is a direct corollary of the
restoration of electron transport or rather is indirectly trig-
gered by conformational changes of complex I and/or the
acetaldehyde reductase cannot be determined.

Mitochondrial dismutation of acetaldehyde has been dis-
covered in yeast cells deficient in ADHs (9). One might argue
that this novel pathway of acetaldehyde metabolism is
restricted to cells deficient in alcoholic fermentation. It is
difficult to disprove this by analyzing the metabolism of
ADH+ cells. However, by isolation of mitochondria from an
ADHI transformant of strain MC65-2A (adhl Aadh2 adh3
adh4:: URA3), we could demonstrate that acetaldehyde dis-
mutation occurs with an activity similar to that of mitochon-
dria from adh/ cells (results not shown). Obviously, the
expression of the dismutation activity does not depend on
the absence of ADH I activity in adh/ mutant cells.

Acetaldehyde reductase and acetaldehyde oxidase are dis-
tinct activities. The experiments described so far do not give
clear evidence of the biochemical nature of the dismutation
reaction. Thus, we have tried to find reliable assay systems
for both activities. This would also allow examination of the
intramitochondrial localization of acetaldehyde reductase
and acetaldehyde oxidase. As reported previously (9), the
acetaldehyde reductase activity is apparently different from
classical ADHs in that ethanol oxidation coupled to NAD+

reduction cannot be detected. Consistent with this is the
finding that mitochondrial preparations from adh/ cells are
unable to oxidize ethanol (data not shown). We tried to
monitor acetaldehyde reduction with NADH+H+ as cofac-
tor in Triton X-100-treated mitochondrial preparations. Al-
though the relatively high NADH oxidase activity of yeast
mitochondria (503 ± 27 mU/mg) turned out to be a serious
problem in monitoring a NADH-specific acetaldehyde re-
duction, we could reproducibly find an acetaldehyde-specific
NADH+H+ oxidation of 183 + 12 mU/mg, i.e., approxi-
mately one-third of the unspecific NADH oxidase activity.
Both the unspecific NADH oxidase and the acetaldehyde-
specific NADH oxidation were sensitive to antimycin A.
Acetaldehyde oxidation was monitored in a similar man-

ner by using 0.6 mM NAD+ as cofactor. To distinguish this
activity from the classical aldehyde dehydrogenase (ALDH)
isolated first in 1951 by Black (3), the assay was done in the
presence of 50 mM Mg2+ and in the absence of K+. Under
these conditions the latter enzyme is completely inactive (5,
11, 19; unpublished data). The NAD+-specific aldehyde
oxidation activity was 142 ± 11 mU/mg in mitochondrial
preparations from glucose-grown cells. Thus, both reactions
involved in the dismutation of acetaldehyde apparently
require NAD+ and NADH+H+ as cofactors.

In a subsequent experiment, we examined whether ace-
taldehyde reductase and oxidase can be separated physically
by fractionation of disintegrated mitochondria. For this
purpose, a mitochondrial suspension was sonicated and
fractionated by centrifugation. A 100,000 x g pellet of
mitochondrial membranes contained the acetaldehyde re-
ductase activity (102 + 8 mU/mg, determined by monitoring
NADH+H + oxidation), while a NAD +-dependent acetalde-
hyde oxidase activity (115 ± 8 mU/mg) was obtained in the
supernatant corresponding to the mitochondrial matrix frac-
tion. Acetaldehyde reductase activity was <1 mU/mg in the
matrix fraction, and acetaldehyde oxidase activity was <1
mU/mg in the membrane fraction. These findings clearly
suggested that the two activities of the dismutation reaction
can be separated. The dependence of the dismutation reac-
tion on the function of the respiratory chain (see above) is
consistent with the membrane localization of one of the
dismutase components (acetaldehyde reductase). We have
subsequently tried to purify both activities on a preparative
scale. As expected, this turned out to be quite difficult for the
membrane-located acetaldehyde reductase. Therefore, we
have focussed first on characterization of the matrix-located
acetaldehyde dehydrogenase involved in the dismutation
reaction.

Acetaldehyde oxidase is a novel, NAD+-dependent acetalde-
hyde dehydrogenase. Since acetaldehyde oxidase obviously
is a soluble mitochondrial matrix enzyme, we examined
whether it is identical to the known mitochondrial acetalde-
hyde dehydrogenase (EC 1.2.1.5.) first described by Black
(3) and characterized by Jakoby and coworkers (6-8, 20, 21).
Anticipating that the acetaldehyde dehydrogenase involved
in the dismutation of acetaldehyde is distinct from the
classical ALDH, we designate the latter enzyme ALDH I
and the novel enzyme ALDH II. The first suggestion that
these activities are distinct was obtained from the finding
that ALDH I is strongly glucose repressed while ALDH II is
present in glucose-grown cells (9).
To prove the existence of another mitochondrial acetalde-

hyde dehydrogenase, we have purified the protein on a
preparative scale from mitochondria of glucose-grown cells.
The purification procedure is summarized in Table 1. Using
affinity chromatography (Affi-Gel Blue) and anion-exchange
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TABLE 1. Purification protocol for a mitochondrial acetaldehyde
dehydrogenase from glucose-grown adh/ cells

Total Total Yield Sp act Pufi-
Step protein activity (S/mgc cation

(mg) (U) (% Um) factor

Crude extract 903 85.3 100 0.095 1
Mitochondrial 11.2 16.0 18.8 1.43 15

suspension
Affinity chroma- 0.65 5.8 6.8 8.92 94

tography
Ion-exchange 0.22 4.3 5.0 19.60 206
chromatog-
raphy

chromatography, we obtained a preparation that consisted
essentially of a single protein as determined by gel filtration
of the native protein and by SDS-PAGE (Fig. 4, lane 1). The
native enzyme has an apparent Mr of 188,000, similar to that
of the known ALDH I (208,000). However, the ALDH II
subunit showed an unexpectedly low Mr of 31,000. This
protein is clearly distinct from commercial ALDH (Fig. 4,
lane 5), which has been prepared from yeast mitochondria
and therefore is very likely identical to ALDH I (according
to references of the producer, Boehringer). In agreement
with the previous finding (9, 11) that ALDH I is absent from
glucose-grown cells, we could not detect an ALDH protein
of the expected size (56 kDa, according to reference 7) in this
preparation.
To verify that glucose-derepressed yeast mitochondria of

the strain we used did contain ALDH I, we purified total
ALDH activity from mitochondria of glycerol-grown cells by

1 2 3 4 5
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FIG. 4. SDS-PAGE (10%) of purified ALDH I and ALDH II.

Proteins were visualized by silver staining. Positions ofALDH I and
ALDH II are marked. Lane 1, ALDH II, purified from glucose-
grown cells; lane 2, ALDH II, purified from glycerol-grown cells;
lane 3, ALDH I, purified from glycerol-grown cells; lane 4, suspen-
sion of mitochondria, obtained from glycerol-grown cells (approxi-
mately 10 jig of protein); lane 5, ALDH I (500 ng), commercial
product from Boehringer-Mannheim.
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FIG. 5. Separation of ALDH I and ALDH II from glycerol-

grown cells by affinity chromatography (Affi-Gel Blue). Acetalde-
hyde dehydrogenase activity was monitored in fractions eluted with
a linear NAD+ gradient (-- ). The major peak contains ALDH I,
and the minor peak contains ALDH II (cf. Fig. 4).

using the scheme applied for ALDH II. By affinity chroma-
tography (Affi-Gel Blue), total mitochondrial ALDH activity
could clearly be separated into two fractions (Fig. 5). Sub-
sequent gel filtration and SDS-PAGE showed that the major
ALDH fraction consisted of a 52-kDa protein identical in
size to commercial yeast ALDH (Fig. 4, lanes 3 and 5).
Considering its size and its presence in glucose-derepressed
mitochondria, we conclude that this major acetaldehyde
dehydrogenase is identical to the enzyme described previ-
ously (7). As expected, the minor ALDH fraction consisted
ofALDH II (Fig. 4, lane 2). This finding clearly suggests that
yeast mitochondria from glucose-derepressed cells contain
two distinct ALDH isozymes. ALDH I formation is glucose
repressible, while ALDH II appears to be constitutively
present. Because there is no mitochondrial protein which
could serve as a standard for comparison of glucose-re-
pressed and -derepressed mitochondria, it was difficult to
compare the expression of ALDH II under each growth
condition. We concluded from the elution profile of ALDH
activity (Fig. 5) that ALDH I activity is at least 10-fold
higher than ALDH II activity in mitochondria from glucose-
derepressed cells. The pattern of total mitochondrial pro-
teins (Fig. 4, lane 4) revealed that the purified ALDH I
protein comigrates with a major mitochondrial protein. This
band is absent in mitochondria from glucose-grown cells
(data not shown). This finding coincides with the absence of
ALDH I activity in such cells. Furthermore, a calculation of
the amount of ALDH I protein, based on specific activity of
the purified enzyme, revealed that total mnatrix protein
contains >1% ALDH I. Thus, this isozyme is a major matrix
protein.
We have compared the enzymatic parameters of purified

ALDH I and ALDH II. The specific activity of the purified
ALDH II is similar to that of ALDH I (approximately 20
U/mg of protein). ALDH II has higher Km values for both
the substrate acetaldehyde and the cofactors (Table 2).
ALDH II can also use NADP+ instead of NAD+ as a
cofactor with equal efficiency. The initial failure to find a
significant NADP+-dependent acetaldehyde dehydrogenase
in mitochondria from glucose-repressed cells (9) was due to
the relatively low activity of ALDH II compared with
ALDH I and to assay conditions used previously. Table 3
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TABLE 2. Comparison of Km values of purified ALDH I
and ALDH IIa

Substrate Km (>M)
or cofactor ALDH I ALDH II

Acetaldehyde 9 40
NAD+ 20 246
NADP+ 50 202

a Determination of the Km for acetaldehyde was performed in the presence
of 0.6 mM NAD+, and that for NAD+ and NADP+ was done in the presence
of 0.1 mM acetaldehyde.

shows the substrate specificities of ALDH I versus ALDH
II. Most remarkably, ALDH II cannot oxidize formalde-
hyde. The enzyme is activated by potassium ions only
threefold (ALDH I, eightfold). Other monovalent cations
have no activating effect on ALDH II. Like ALDH I, ALDH
II is inactivated by higher concentrations of acetaldehyde
(data not shown). Both the 10-fold elevation of ALDH I
versus ALDH II in catalytic activity and the 10-fold-lower
Km for NAD+ of ALDH I versus ALDH II would suggest
that ALDH I is the major isozyme responsible for acetalde-
hyde oxidation in glucose-derepressed cells.

DISCUSSION

We have analyzed some aspects of the enzymatic dismu-
tation of acetaldehyde in S. cerevisiae. This phenomenon
was discovered by Neuberg and Hirsch in 1919 in aerobic
yeast cultures grown at alkaline pH (16). We have recently
shown that such a dismutation of acetaldehyde is effective in
the sugar metabolism of cells lacking all of the four known
ADH isozymes (adh° cells [9]). Surprisingly, this reaction is
apparently localized in the mitochondrion and is functionally
associated with the respiratory chain. Enzymatic dismuta-
tion of acetaldehyde is remarkable, since chemically the
disproportion of acetaldehyde, according to a Cannizzaro
reaction, is not possible (22). Rather, a two-step mechanism
is required for the biochemical dismutation of acetaldehyde.
In S. cerevisiae mitochondria, this is apparently executed by
the combined action of two distinct enzymes, acetaldehyde
reductase and ALDH. Both activities use NAD+ and
NADH+H+ as cofactors, although this feature has not yet
been proven directly with a purified preparation of the
acetaldehyde reductase. The latter enzyme is clearly dif-
ferent from the classical yeast ADH in several respects.
First, it is not able to oxidize ethanol either in vitro or in
vivo. Second, the enzyme seems to be tightly associated
with the mitochondrial membrane and coupled functionally
in some way to the respiratory chain. Obviously, acetalde-

TABLE 3. Substrate specificities of ALDH I and ALDH II"

Substrate Specificity
ALDH I ALDH II

Formaldehyde 0.45 <0.01
Acetaldehyde 1.00 1.00
Propionaldehyde 0.44 0.95
Glutaraldehyde 0.50 0.23
Benzaldehyde 0.09 <0.01

a Concentrations of the aldehydes were 0.1 mM except for formaldehyde (1
mM). The concentration of NAD+ was 0.6 mM in all cases. Activities were
related to the specific activity with acetaldehyde as substrate (1.0).

hyde reduction is directly dependent on electron transport,
while the proton gradient across the membrane is not re-
quired functionally. It is possible that the apparent irrevers-
ibility of the reductase reaction is a direct corollary of its
tight association with the mitochondrial electron transport.
The ALDH (ALDH II) participating in the mitochondrial

dismutation reaction is also clearly distinct from the known
yeast ALDH isozymes. Apart from the difference in regula-
tion by glucose repression, ALDH II appears to be an
unusually small (31-kDa) molecule compared with the
known ALDHs from yeasts and other eukaryotic organisms
(8, 18). Cloning of the genes coding for ALDH isoforms
would allow more precise determination of the structural
relationship between these isozymes. In this way, the con-
struction of mutants deficient in ALDH II function would
also be feasible. Such mutants would be quite useful in
assessing the physiological role of ALDH II in wild-type
yeast cells.
The dependence of the dismutation reaction on a function-

ing electron transport remains a puzzling feature. One might
argue that the transfer of electrons from NADH+H+ to
acetaldehyde does not occur directly in a cyclic process but
requires ATP from oxidative phosphorylation or the proton
gradient across the mitochondrial membrane. This was dis-
proven by demonstrating accelerated dismutation in the
presence of a proton translocator (carbonyl cyanide m-chlo-
rophenylhydrazone) which causes the disappearance of the
proton gradient and, consequently, the cessation of ATP
synthesis (10). Thus, it seems more plausible to assume that
acetaldehyde reductase requires the respiratory chain com-
plex(es) in an active conformation. This would imply that the
reductase is itself closely associated with the respiratory
chain. Unfortunately, only limited information on the
NADH dehydrogenase comnplex in S. cerevisiae is available.
This yeast complex I analog is unique in that it does not
cause proton translocation (15, 17). Since acetaldehyde
reductase and the complex I analog presumably use the same
electron donor (NADH+H+), we would not rule out the
possibility that they are related structurally and/or function-
ally.

Since dismutation of acetaldehyde occurs also in mito-
chondria from ADH+ cells, one can rule out that the
formnation ofALDH II and acetaldehyde reductase is simply
a corollary of the high levels of acetaldehyde accumulating in
cells lacking ADH (9). Although this finding does not prove
a definite role for the dismutation reaction in wild-type cells,
there may exist physiological situations in which dismutation
of surplus acetaldehyde is of some significance. The exist-
ence of this reaction has been demonstrated by Neuberg and
Hirsch (16), although it has not been shown yet that this type
of yeast fermentation at alkaline pH uses the same enzy-
matic activities we have described in this work. One cannot
rule out that cytoplasmic ALDH isozymes play a significant
role in acetaldehyde dismutation, too. Therefore, we are
trying to evaluate the metabolic significance of acetaldehyde
oxidation in yeast cells by constructing mutants defective in
one or all of the acetaldehyde dehydrogenase isozymes.
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