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Abstract—Human erythrocyte aldehyde dehydrogenase was purified to homogeneity. The enzyme
exhibited a single band of activity on starch gel electrophoresis and on isoelectric focusing. It was a
tetramer with an estimated molecular weight of 230,000 daitons and an isoelectric point of 5.0. Its
pH optimum of 8.5, Michaelis-Menten constant for acetaldehyde of 46 uM, and high sensitivity to
noncompetitive inhibition by disulfiram resembled human liver cytosolic aldehyde dehydrogenase. Low
concentrations of magnesium (5-10 uM) resulted in enhancement of erythrocyte aldehyde dehydrogenase
activity, whereas higher physiological concentrations of magnesium resulted in uncompetitive inhibition
of enzyme activity. Magnesium inhibited the enzyme activity by increasing the binding of NADH to the
enzyme as had been found to be the case for the inhibitory effect of magnesium on the human liver
cytosolic enzyme. Erythrocyte aldehyde dehydrogenase may metabolize small amounts of acetaldehyde
escaping the liver during ethanol metabolism and protect extrahepatic tissues from acetaldehyde toxicity.

Aldehyde dehydrogenase activity (EC 1.2.1.3) is
present in human erythrocytes and in many other
extrahepatic tissues [1]. The bulk of acetaldehyde
produced in ethanol metabolism, however, is oxid-
ized in the liver [2]. The role of erythrocyte aldehyde
dehydrogenase is unclear. Previous studies have
shown that it is quite similar to the liver cytosolic
enzyme in its physico-chemical and catalytic prop-
erties [3]. Chronic alcoholism results in similar
decreases in the activity of both erythrocyte and
liver cytosolic aldehyde dehydrogenase [4,5]. The
decrement in activity of the hepatic enzyme could
lead to accumulation of toxic levels of acetaldehyde
and subsequent hepatocellular injury. Erythrocyte
aldehyde dehydrogenase may, in turn, lower blood
acetaldehyde levels, and hence protect peripheral
tissues from the effects of the small amounts of
acetaldehyde released from the liver.

Magnesium has been shown to have marked and
divergent effects on the liver cytosolic and mito-
chondrial aldehyde dehydrogenase enzymes [6].
Hypomagnesemia is common in chronic alcoholics
[7). However, the effect of magnesium on the eryth-
rocyte enzyme has not been determined. Disulfiram
which is used in the therapy of alcoholism also has
differential effects on the cytosolic and mitochondrial
enzymes with the cytosolic being quite sensitive to,
and the mitochondrial relatively resistant to, inhi-
bition [8].

The purpose of the present study was to determine
the properties of purified erythrocyte aldehyde
dehydrogenase and the effects of magnesium and
disulfiram on its catalytic activity.

* Address all correspondence to: Esteban Mezey, M.D .,
Blalock 903, The Johns Hopkins Hospital, 600 North Wolfe
St., Baltimore, MD 21205.

MATERIALS AND METHODS

Materials. NAD*, NADH, propionaldehyde,
disulfiram, horse liver alcohol dehydrogenase, ferri-
tin, bovine serum albumin, nitroblue tetrazolium,
and phenazine methosulfate were purchased from
the Sigma Chemical Co., St. Louis, MI. Blue Dex-
tran 2000, aldolase, ovalbumin, an electrophoresis
calibration kit for low molecular weight proteins,
CM-Sephadex C-50, N°-(6-aminohexyl)-5'-AMP-
Sepharose 4B, polybuffer 74, PBE-94 polybuffer
exchanger for chromatofocusing, and Sephacryl S-
300 were obtained from Pharmacia Laboratories,
Piscataway, NJ. Acetaldehyde was purchased from
the Aldrich Chemical Co., Milwaukee, WI. Coom-
assie brilliant blue R-250 and sodium dodecyl sulfate
(SDS) were obtained from Bio-Rad Laboratories,
Richmond, CA. 2-Mercaptoethanol was purchased
from the Fischer Scientific Co., Fairlawn, NJ.

Purification of aldehyde dehydrogenase. Venous
blood was collected in 2.7 mM EDTA from a single
healthy donor, the first author (J.W.R.). The plasma
was separated by centrifugation at 2000 g for 15 min
at 4° in a Sorvall GSA rotor. The red cells were
washed twice in 2 vol. of 145 mM NaCl with 10 mM
Tris buffer, pH 7.4, followed by centrifugation at
2000 g for 15 min. The cells were then lysed in 4 vol.
of distilled water at 4°. The pH was then adjusted to
6.0 by drop-wise addition of 1 M HCI (about 3 ml/
250 ml}, resulting in a precipitate that was separated
by a fourth centrifugation. The supernatant fraction
was decanted and adjusted to 1mM EDTA and
0.1% 2-mercaptoethanol.

The lysate (about 200ml) was applied to a
45 X 5cm CM-Sephadex C-50 column which was
equilibrated with 30 mM histidine buffer, pH 6.0.
The column was eluted with the same buffer, frac-
tions containing aldehyde dehydrogenase activity
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were pooled, and the pH was adjusted to 5.8 with 1 M
HCI. The resulting hemoglobin free crude aldehyde
dehydrogenase preparation was applied to a
19 X 1.55cm PBE 94 polybuffer exchanger chro-
matofocusing column equilibrated to pH 5.8 with
25 mM histidine buffer. The enzyme was eluted with
polybuffer 74 (1:8 dilution, pH 4.5), and the active
fractions were pooled and applied to a 20 X 1.5¢cm
column of N°-(6-aminohexyl)-5'-AMP-Sepharose 4B
equilibrated with 30 mM sodium phosphate buffer,
pH 6.0. The column was then washed stepwise, first
with equilibration buffer and then with 90 mM
sodium phosphate, pH 7.3, changing buffers when
the absorbance at 280 nm returned to base line. The
column was then washed with 30 m1 of 90 mM sodium
phosphate, pH7.6, and the enzyme eluted with
100 mM sodium phosphate, pH 8.0. The active frac-
tions were pooled and stored under nitrogen at 0°
until used. All buffers were degassed prior to use
and contained 0.1% 2-mercaptoethanol. Where nec-
essary, aldehyde dehydrogenase was concentrated
by ultrafiltration under nitrogen at 2—4 psi. Higher
pressures resulted in substantial loss of enzyme
activity. For use in experiments with disulfiram, the
purified preparation was dialyzed against three
changes of sodium phosphate buffer, pH 7.4, with
1mM EDTA at 4° under nitrogen.

Aldehyde  dehydrogenase assay. Aldehyde
dehydrogenase activity was measured spectro-
photometrically at 340nm and at 37° in 50 mM
sodium pyrophosphate, pH 7.4, containing 10 mM
propionaldehyde and 1 mM NAD™*. A blank reaction
without substrate was run in each case. The aldehyde
dehydrogenase activities were then calculated from
the molar extinction coefficient of 6.2 mM™! cm™!
for NADH. One unit of enzyme activity is defined
as the formation of 1 umole NADH/min. Protein
concentration was determined by the method of
Lowry et al. [9] with bovine serum albumin as a
standard. Kinetic studies were performed at various
concentrations of NAD* or substrate (propion-
aldehyde or acetaldehyde). Studies involving mag-
nesium were performed in 50mM 4-(2-
hydroxyethyl)-1-piperazine-ethanesulfonic acid
(Hepes) buffer, pH 7.4, to avoid the complexing
effects of pyrophosphate. The kinetic constants were
determined by using Cleland’s weighted linear
regression model [10]. Where appropriate, other
data were fitted to a straight line using standard
linear regression analysis. The pH optimum for the
enzyme activity was determined in the following
buffers: 0.1 M sodium phosphate, pH 5.0 to 7.5;
0.1 M Hepes buffer, pH 6.5 to 8.0; 0.1 M Tris and
0.05M sodium pyrophosphate, pH 7.5 to 9.5; and
0.1 M glycylglycine, pH9.0 to 10.0. Marked non-
enzymatic increases in the absorbance at 340 nm
occurred in sodium pyrophosphate and glycylglycine
buffers at pH above 9.0 with propionaldehyde and
NAD* in the absence of the enzyme. This blank
activity was subtracted from the total activity in the
determination of the pH optimum.

Binding of NAD™" to the enzyme. The effect of
magnesium on NAD™ binding to the enzyme was
determined using an Aminco-Bowman spectro-
fluorometer. NAD* was added stepwise to the
enzyme. Fluorescence was measured at an emission
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of 346 nm with an excitation at 286 nm. The fluor-
escence was corrected by the dilution factors. The
dissociation constant for NAD* was calculated by
converting the data obtained on the quenching of
fluorescence by NAD™ to a Scatchard plot [11]. Free
NAD™* concentration was calculated by assuming
the binding of 4 molecules of NAD™" per enzyme
molecule.

Electrophoresis. Starch gel electrophoresis was
carried out at 40° on horizontal gels containing 10.4%
starch, 4 mM NAD™ and 0.025 M Tris—HCI buffer,
pH 8.6. The red cell lysate and partially purified
aldehyde dehydrogenase were concentrated approxi-
mately 10-fold in an Amicon stirred cell ultrafil-
tration unit. A sample of 25 ul was added to each
well and the gel was run at 15V/cm for 6 hr. The
gels were sliced and then stained for enzyme activity.
at 37° in 0.025M Tris buffer, pH 8.6, containing
1.1mM NAD?*, 0.5mM nitroblue tetrazolium,
0.03 mM phenazine methosulfate and 10 mM pro-
pionaldehyde. Other slices were stained in the pres-
ence of 15 mM sodium lactate or absence of substrate
as blanks.

Polyacrylamide gel electrophoresis was carried out
as described by Laemmli [12] with a 4% stacking
gel and a 7.5% separating gel 0.8% cross-linked
containing 0.1% SDS. The gels were stained in
Coomassie blue.

Gel filtration chromatography. The molecular
weight of the native enzyme was determined by gel
filtration chromatography on a 1.5 X 50 cm column
of Sephacryl S-300 equilibrated and eluted with
50 mM Hepes buffer, pH 7.4, and 50 mM NaCl at
4°. Blue Dextran 2000 and ferritin, aldolase, horse
liver alcohol dehydrogenase, and ovalbumin with
molecular weights of 440,000, 158,000, 82,000, and
45,000, respectively, served as standards to calibrate
the column.

Isoelectric focusing. Isoelectric focusing was per-
formed according to the method of Harada et al. [13]
in an LKB Multiphor apparatus with a pH gradient
of 3.0 to 11.0. Partially purified enzyme was con-
centrated and dialyzed against 1% glycine by ultra-
filtration prior to application to the gel. The gels
were run at 20 W constant power for 4 hr. They
were stained for aldehyde dehydrogenase activity as
described for starch gel electrophoresis.

RESULTS

The details of the purification of human eryth-
rocyte aldehyde dehydrogenase are summarized in
Table 1. A hemoglobin-free aldehyde dehydro-
genase preparation was obtained following the initial
cation exchange step in the purification sequence.
The removal of hemoglobin by this step permitted
spectrophotometric assay of the enzyme. The puri-
fied enzyme was eluted from the N°-(6-aminohexyl)-
5'-AMP-Sepharose 4B column as a single activity
and protein peak after the addition of 100 mM
sodium phosphate, pH 8.0. The eluted enzyme was
homogeneous, exhibiting a single protein band of
52,500 molecular weight on SDS-polyacrylamide gel
electrophoresis. The molecular weight of the native
enzyme was estimated at 230,000 by gel filtration on
Sephacryl S-300.
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Table 1. Purification of human erythrocyte aldehyde dehydrogenase
Total activity Specific activity Purification  Yield
Fraction (units) (units/mg protein) (fold) (%)
Erythrocyte lysate 2.59* 0.00023*
CM-Sephadex C-50 2.59 0.018 78 100*
Chromatofocusing with polybuffer exchanger PBE 94 1.38 0.067 291 53
NE-(6-Aminohexyl)-5'-AMP Sepharose 4B 0.19 1.04 4522 7

* Estimated assuming 100% recovery of the enzyme from CM-Sephadex C-50 chromatography.

Starch gel electrophoresis of a 10-fold concentrate
of the red cell lysate, and of the partially purified
hemoglobin free enzyme preparation after CM-
Sephadex chromatography, revealed a single band
of aldehyde dehydrogenase activity. A second band,
more anodic in migration, was present with undim-
inished intensity in a blank stain without aldehyde.
This band was enhanced by the addition of 15 mM
lactate to the blank staining solution and therefore
probably represents contaminating red cell lactate
dehydrogenase. Isoelectric focusing of the partially
purified enzyme resulted in a single narrow band of
enzyme activity at an isoelectric pH of 5.0. Chro-
matofocusing column chromatography of partially
purified lysate confirmed a single peak of enzyme
activity eluting at pH 5.0.

The pH optimum of the enzyme was 8.5 in both
pyrophosphate and Hepes buffer. In Tris buffer the
enzyme activity continued to increase up to pH9.5.
Kinetic studies with purified aldehyde dehydro-
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genase showed an apparent K,, of 9 uM for pro-
pionaldehyde and 46 uM for acetaldehyde. In some
preparations, a coincident higher K, of 121 uM for
propionaldehyde and 357 uM for acetaldehyde was
found. The low K,, for substrate was consistently
presentin all preparations studied. When the purified
enzyme preparations lacked the high K, activity, the
high K,, activity was also absent in less purified
preparations from the same experiment. The K, for
NAD™* was 23 uM.

The effect of magnesium on the activity of alde-
hyde dehydrogenase was determined in 50 mM
Hepes buffer, pH 7.4, to avoid the complexing of
magnesium by sodium pyrophosphate. There was
enhanced activity with the addition of low con-
centrations (5-10 uM) of magnesium. At higher con-
centrations, there was increasing inhibition of
enzyme activity (Fig. 1). Parallel studies in 50 mM
sodium pyrophosphate, pH7.4, showed similar
effects, but at higher magnesium concentration.
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Fig. 1. Effect of MgCl, on erythrocyte aldehyde dehydrogenase activity. The assay was done with
propionaldehyde (10 mM) in the following buffers at pH 7.4: (O) 0.05 M Hepes; and (@) 0.05 M sodium
pyrophosphate.
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Fig. 2. Lineweaver-Burk plot of the inhibition of erythrocyte aldehyde dehydrogenase by 0.7 mM MgCl,
at various concentrations of propionaldehyde. MgCl, concentration: (O) 0; and (@) 0.7 mM.

A magnesium concentration of 0.7 mM, which is
similar to estimated red cell free magnesium levels
[14], inhibited aldehyde dehydrogenase activity
uncompetitively with respect to propionaldehyde
(Fig. 2). Magnesium inhibition was also uncom-
petitive with respect to NAD™.

The K; for magnesium was derived graphically
by plotting V,,, obtained with various magnesium
concentrations versus magnesium concentration as
described by Dixon and Webb [15]. The intercept
on the horizontal axis estimated the K; at 20 uM (Fig.
3).

The effects of magnesium on the dissociation con-
stants of the enzyme and substrate were determined
by two-dimensional steady-state kinetic analysis as
described by Cleland [16]. The Lineweaver-Burk
plots for propionaldehyde oxidation at various pro-
pionaldehyde and NAD™ concentrations and the
secondary slope and intercept plots in the absence
and presence of 160 yM magnesium are shown in
Figs. 4 and 5. The effect of magnesium on the dis-
sociation constant (K;) of NADH was determined
from Dixon plots at various NAD™* concentrations
with a constant propionaldehyde concentration (Fig.
6). There was a decrease in both dissociation (K;) and
Michaelis-Menten (K,,,) constants in the presence of
magnesium (Table 2). Scatchard plots of the quench-
ing of the enzyme fluorescence by the addition of

NAD* also showed that 1.6mM magnesium
decreased the dissociation constant of the binding
sites from 3.45 to 2.33 uM, but did not change the
number of binding sites.

Disulfiram was found to be a noncompetitive
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Fig. 3. Graphical determination of the inhibitory constant

(K;) for the noncompetitive inhibition of erythrocyte alde-

hyde dehydrogenase by MgCl, [14]. Graph of the intercepts

on the vertical axis of a Lineweaver-Burk plot (not shown)

of the inhibition of enzyme activity by MgCl, at various

concentrations of propionaldehyde versus the inhibitory
MgCl, concentrations.

Table 2. Effect of magnesium on kinetic constants of erythrocyte aldehyde dehydrogenase

K, (uM) K,, (uM)
NAD* Propionaldehyde NADH NAD+ Propionaldehyde
No Mg** 206 111 140 50 20
160 uM Mg* 44 40 30 25 7

Determinations were done in 50 mM Hepes buffer, pH 7.4.
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Fig. 4. Two-dimensional steady-state kinetics for erythrocyte aldehyde dehydrogenase activity at varied
NAD" and changing fixed concentrations of propionaldehyde. (A) Double-reciprocal plot of initial
velocity in the absence of magnesium. Propionaldehyde concentrations: (O) 100 uM; (@) 50 uM; (A)
25 uM; and (O) 10 uM. (B) Same plot as (A) but in the presence of 160 uM MgCl,. (C) Intercept plot
of the data shown in (A) in the absence of magnesium (O) and shown in (B) in the presence of 160 yM
MgCl, (@). (D) Slope replot of the data shown in (A) in the absence of magnesium (O) and shown in
(B) in the presence of 160 yM MgCl, (@). The constants for the enzyme reaction are defined by the
following rate equation for sequential mechanisms described by Cleland [16]: v = VAB/K, K, + K,B
+ K,A + AB, where K, and K|, correspond to the Michaelis-Menten constants for substrates A and B,
and K, is the dissociation constant of A. In the intercept replot, slope = K,/V and intercept = 1/V,
while in the slope replot, slope = K, K,/V and intercept = K,/V. In this figure, substrate A was NAD*
and substrate B was propionaldehyde.

inhibitor of the enzyme with respect to both pro-
pionaldehyde and NAD* (Fig. 7). The inhibition
was reversed and the activity significantly enhanced
relative to control (34%) by 0.2M 2-mercapto-
ethanol. The activity of control aldehyde dehydro-
genase was also enhanced significantly (47%) by
0.2M 2-mercaptoethanol. This phenomenon may
represent reactivation of enzyme with oxidized
sulfhydryl groups at the active site.

DISCUSSION

In this study a single aldehyde dehydrogenase
isoenzyme was found in human erythrocytes by
starch gel electrophoresis and isoelectric focusing.
In the initial description of erythrocyte aldehyde
dehydrogenase, four isoenzymes were observed on
starch gel electrophoresis [17]. Subsequent studies
have demonstrated only a single isoenzyme [18, 19].

Erythrocyte aldehyde dehydrogenase was found
to be most similar in its physical, chemical, and
kinetic properties to the human liver cytosolic
enzyme. The erythrocyte enzyme consisted of four
identical subunits with an estimated molecular
weight of the intact enzyme of 230,000 daltons and
an isoelectric point of 5.0. These values are inter-
mediate between that found for the human liver

cytosolic and mitochondrial enzymes which have
slightly higher and lower values respectively [8]. The
pH optimum of 8.5 for aldehyde oxidation of the
erythrocyte enzyme was similar to that reported for
the cytosolic enzyme [20], but was lower than that
of the mitochondrial enzyme [20].

Erythrocyte aldehyde dehydrogenase, was, with-
out exception, found to have a low K,, for aldehyde.
A higher K, activity was inconsistently observed in
various preparations. When absent from the purified
enzyme, the high K,, activity was not present in the
corresponding partially purified preparation fol-
lowing the first chromatographic step. Thus, it would
seem unlikely that the high K,, activity represented
a separate isoenzyme removed in varying degrees
during purification. It may have been due to an
artifact of preparation with alteration or partial
denaturation of a portion of the enzyme molecule.
Dual K,, values have been similarly observed for the
liver cytosolic enzyme {20] and erythrocyte enzyme
[3]. This phenomenon has been postulated to be
due to inequivalency of subunit binding sites [21].
However, the presence of the high K, activity should
be consistent from preparation to preparation if this
is the case. The human liver mitochondrial iso-
enzyme has a single K,, for aldehyde [20].

The K, of erythrocyte aldehyde dehydrogenase
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Fig. 5. Two-dimensional steady-state kinetics for erythrocyte aldehyde dehydrogenase activity varied
propionaldehyde and changing fixed concentrations of NAD*. (A) Double-reciprocal plot of initial
velocity in the absence of magnesium. NAD* concentrations: (O) 80 uM; (@) 40 uM; (A) 20 uM; and
(O) 10 uM. (B) Same plot as (A) but in the presence of 160 uM MgCl,. (C) Intercept plot of the data
shown in (A) in the absence of magnesium (O) and shown in (B) in the presence of 160 uM MgCl, (@).
(D) Slope replot of the data shown in (A) in the absence of magnesium (O) and shown in (B) in the
presence of 160 uM MgCl, (@). The equations shown in the previous figure apply here, but substrate A
was propionaldehyde and substrate B was NAD*.
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Fig. 6. Dixon plots of NADH inhibition with respect to NAD*. (A) Magnesium absent in the reaction
mixture. (B) MgCl, (160 uM) present in the reaction mixture. The NAD* concentrations were: (O)
40 uM; (@) 20 uM; and (A) 10 uM.
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Fig. 7. Lineweaver—-Burk plots of the inhibition of erythrocyte aldehyde dehydrogenase by disulfiram.

(A) Inhibition at various concentrations of propionaldehyde and (B) various concentrations of NAD™.
The concentrations of disulfiram for panel A were: (O) 0; and (@) 0.14 uM; and for panel B, (O) 0;
(®) 0.25 uM; and (A) 0.25 uM plus 0.2 M 2-mercaptoethanol.
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for NAD" is in the range previously reported for
the liver cytosolic enzyme (8} and for the purified
erythrocyte enzyme [3]. The mitochondrial enzyme
is reported to have a higher X, for NAD* [20].

The physiological function of erythrocyte aldehyde
dehydrogenase is not known. A significant role in
aldehyde metabolism is suggested by a number of
observations. Orientals with disulfiram-like flushing
attacks in response to alcohol ingestion have elevated
blood levels of acetaldehyde and moderately de-
pressed erythrocyte aldehyde dehydrogenase activity
[22]. Chronic alcoholics have similarly lowered
activity of erythrocyte aldehyde dehydrogenase and
elevated circulating acetaldehyde in response to alco-
hol ingestion [4, 23]. However, Orientals with alco-
hol-induced flushing have been shown to lack the
liver mitochondrial aldehyde dehydrogenase [24],
and chronic alcoholism also reduces the hepatic cyto-
solic enzyme activity {5]. Hence, it is difficult to
ascertain the importance of erythrocyte aldehyde
dehydrogenase in overall acetaldehyde metabolism.
It is accepted that most acetaldehyde metabolism
occurs in the liver [25]. The observation of a
substantial gradient between hepatic vein (2-20 uM)
and peripheral venous (< 2 uM) acetaldehyde levels
suggests that extrahepatic metabolism occurs [2].
This could be mediated by aldehyde dehydrogenase
found in blood and many other tissues [1] and may
serve to protect these tissues from the toxic effects
of the small amounts of acetaldehyde escaping the
liver or generated by non-hepatic ethanol oxidation
[25]. The observed substrate affinities are not incon-
sistent with this hypothesis. The estimated potential
aldehyde oxidizing capacity of the blood in a 70 kg
man approximates 6.8 ymol/min based on an enzyme
activity of 1.31 nmol/ml blood/min [18], and a blood
volume of 75 mi/kg of body weight. However, the
significance of erythrocyte aldehyde dehydrogenase
activity must be interpreted in the light of the intra-
erythrocyte milieu.

Magnesium is the major intracellular divalent cat-
ion and, as such, may have a significant influence on
aldehyde dehydrogenase activity in vivo. The current
study showed a slight activation of erythrocyte alde-
hyde dehydrogenase by very low (< 10 uM), non-
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physiologic levels of magnesium. Above these levels
the enzyme activity was uncompetitively inhibited
by magnesium with respect to both substrate and
coenzyme. Two-dimensional kinetic analysis demon-
strated increased enzyme affinity for aldehyde,
NAD*, and NADH in the presence of inhibitory
levels of magnesium. In addition, magnesium was
also shown to increase binding of NAD* to the
enzyme binding sites by fluorescence quenching.
With the exception of the slight activation at very
low magnesium levels, qualitatively identical effects
on overall rate and kinetic constants were demon-
strated for the human liver cytosolic enzyme [6]. It
has been shown that NADH dissociation is the rate-
determining step for the liver cytosolic enzyme and
that the increased binding affinity for NADH caused
by magnesium results in decreased enzyme catalytic
rate. The behavior of the human liver mitochondrial
enzyme is different in that magnesium activates the
catalytic rate probably by increasing hydrolysis of
the enzyme-product:-NADH-Mg** intermediate [6].
The findings of an inhibitory effect of magnesium on
erythrocyte aldehyde dehydrogenase indicate that
decreases in the enzyme activity observed in
alcoholics [4] are not explained by changes in eryth-
rocyte magnesium concentration which is decreased
after chronic ethanol consumption [7].

Disulfiram strongly inhibited erythrocyte aldehyde
dehydrogenase in a noncompetitive manner. The
inhibition was reversed by 2-mercaptoethanol which
also activated the control enzyme, probably by
regenerating catalytically important free sulfhydryl
groups which are oxidized by disulfiram as well as by
intrinsic oxidants. These observations confirm those
of Inoui ef al. [3] and are similar to those with the
liver cytosolic aldehyde dehydrogenase [8].
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