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1. Introduction

Stability of yeast alcohol dehydrogenase has often
been the subject of investigation. Especially for
correct interpretation of coenzyme binding studies
it has been necessary to know the contamination of
the preparation with denatured enzyme.

Several authors found with different techniques
a maximum of 2.7 —5.2 molecules bound coenzyme/
enzyme molecule, indicating a binding stoichiometry
of 1 coenzyme/subunit [1-4]. Subsequent binding
studies suggest only 2 NAD’ binding sites/tetramer
protein [5—7]. The finding of < 4 bound coenzyme
molecules/yeast ADH does not correspond with the
latest data of tertiary and quarternary structure of
dehydrogenases [8] and has been interpreted in terms
of negative cooperativity [3,4]. On the other hand, a
contamination of the preparation with inactive pro-
tein was discussed again [6].

Rapid inactivation of yeast ADH preparations as
observed earlier was interpreted as due to heavy metal
inactivation [9—12}, SH-groups oxidation [10,13,14]
or enzyme dissociation [14]. OQur experiments to
determine the molecular weight of the ADH subunit
after purification of the enzyme by affinity chro-
matography have shown, that in presence of SDS
time-dependent changes in the electrophoretic
pattern occur. This behaviour of yeast ADH is similar
to that of hexokinase reported in [15]. The action

Abbreviations: ADH, alcohol dehydrogenase (alcohol: NAD*
oxidoreductase EC 1.1.1.1); HCI-Hb, acid-denatured
hemoglobin; SDS, sodium dodecyl sulphate

Elsevier/North-Holland Biomedical Press

of a protease which is tightly bound to the enzyme is
postulated in [15].

The existence of proteases in ADH preparations
could produce the rapid decrease of enzymatic activity
and the appearence of denatured products.

2. Materials and methods

Crystalline alcohol dehydrogenase was purified
from dried baker’s yeast [3,16]; a freeze-dried
enzyme, essentially prepared in a similar manner was
supplied by Boehringer (Mannheim). Both prepara-
tions show similar kinetic and molecular properties
[17]. Substances for electrophoresis and chromatog-
raphy were purchased from Serva, Heidelberg. All
other chemicals were analytical grade reagents of
the highest grade available.

Proteolytic activity was measured by the hydrolysis
of HCI-Hb at pH 3 by the method in [18] and by
the hydrolysis of azocasein at pH 7 by the method in
[19] . The assay mixtures were incubated at 30°C
over 20 h. The activity of yeast ADH was measured
with ethanol and NAD" as substrates [17]. Protein
was monitored as 4 ,g9. Analytical polyacrylamide
gel electrophoresis was performed in 8% gels (w/v
Cyanogum 41) over 3 h at 10°C with different buffer
systems [20,21]. The gels were stained for protein
by the method in [22].

SDS—polyacrylamide gel electrophoresis and esti-
mation of molecular weights were performed accord-
ing to [23] in a 7% (w/v Cyagonum 41) gel. Incuba-
tion of yeast ADH was done in a solution containing
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1% (w/v) SDS and 1% (w/v) 2-mercaptoethanol at
23°C for different times.

Preparative polyacrylamide gel electrophoresis was
carried out with a 7% (w/v Cyanogum 41) gel and a
buffer system described in [20]. The apparatus was
according to {24].

3. Results

Figure 1 shows the changes in the structure of
yeast ADH during incubation in 1% SDS. The original
subunit of ADH [25] is degraded to fragments with
mol. wt 22 000 and 15 000. This is probably a result
of the action of a protease, indicated by the ability
of the preparation to cleave usual protease substrates,
e.g., hemoglobin or azocasein. Figure 2A shows a
clear dependence of the rate of proteolysis of HCl-Hb
from the quantity of yeast ADH in the incubation

A B C D

Fig.1. SDS—polyacrylamide gel electrophoretograms of yeast
ADH. Incubation of ADH (0.4 mg/mi) was done in 1% SDS
and 1% 2-mercaptoethanol at 23°C for different times:

A, 1 day; B, 5 days; C, 9 days; D, 20 days. In each case

12 pg protein was applied. Separation was carried out for

7 h at 6 mA/tube and 23°C.
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I'ig.2. Estimation of proteolytic activity in yeast ADH
preparations. (A) Dependence of the hydrolyzing activity
with respect to azocasein from the concentration of yeast
ADH in the incubation mixture. (B) pH-dependence of the
proteolytic activity with respect to HC1-Hb (®) and azo-
casein (0). Yeast ADH was dissolved in a buffered solution
of 1.6% azocasein (200 pg enzyme) or 1.5% HCl-Hb (50 ug
enzyme) and incubated at 30°C for 20 h. The reaction was
stopped by adding 1 ml 5% trichloroacetic acid in the case
of azocasein and | m! 10% trichloroacetic acid in the case
of hemoglobin to 1.2 ml and 1.5 ml, respectively, of the
reaction mixture.

mixture. Alcohol dehydrogenase itself is accepted as
substrate only in the presence of denaturing agents.
The pH dependence of proteolytic activity against
the two different substrates (fig.2B) points to the
presence of two proteases in the ADH preparation,
which are probably identical with protease A and
protease B from yeast [26--28]. This assumption

is supported by inhibition experiments (table 1).
Typical inhibitors of protease B (p-chloromercuri-
benzoate, phenylmethylsulfonyl fluoride) decrease
only the proteolytic activity of the ADH preparation
against azocasein, at pH 7. The remaining activity is
probably caused by protease A, which is not inhibited
by these agents. Heating of ADH preparations to
95°C destroys the proteolytic activity against both of
the substrates.

The proteolytic activity cannot be separated from
ADH by fractionated ammonium sulphate precipita-
tion or ion-exchange chromatography. On the other
hand, a separation of the proteases during electro-
phoresis can be observed (fig.3). Under such condi-
tions alcohol dehydrogenase is separated into two
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Table 1
Inhibition of the proteoly tic activity in yeast ADH preparations

FEBS LETTERS

Activity (%)

Azocasein HClI-Hb
hydrolysis hydrolysis
atpH 7.2 atpH 3.0
p-Chloromercuribenzoate 57 96
Phenylmethylsulfonyl
fluoride 67 92
95°C 1.8 0

Yeast ADH (1 mg/ml) was incubated (1 h, 23°C) without
protease substrate in 0.025 M potassium phosphate buffer
(pH 6) containing 1.7 mM phenylmethylsulfonyl fluoride or
in 0.05 M Tris/HCl buffer pH 7 containing 1 mM p-chloro-
mercuribenzoate. In the experiment at 95°C the enzyme was
incubated 5 min in 0.025 M potassium phosphate buffer
(pH 6). In each case samples (50 ug enzyme) were taken and
proteoly tic activity was estimated as in section 2

components (fig.4A). The proteolytic activity is
located in the inactive lower molecular weight portion
of the enzyme. The active ADH-part of the electro-
phoretogram is free of protease (fig.4A B).

On the basis of these results we have attempted to
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Fig.3. Preparative polyacrylamide gel electrophoresis of
yeast ADH. Yeast ADH (30 mg) was dissolved in 1 m1 0.06 M
Tris/HCI buffer pH 6.7 and applied to the gel column

(15 ml). Electrophoresis was carried out for 50 h at 10 mA.
Elution was done with 5 mM Tris/glycine buffer (pH 8.3)
at4°C and a flow rate of 15 mi/h. The volume of the collected
fractions was § ml. (®) Proteolytic activity. (v) Activity of
alcohol dehydrogenase.
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Fig.4. Separation of proteolytic activity from alcohol
dehydrogenase by preparative polyacrylamide gel electro-
phoresis. (A) Analytical polyacrylamide gel electrophoresis
of ADH preparations: (1) before preparative electrophoresis;
(2) after preparative electrophoresis. Electrophoresis was
carried out for 3 h at 4 mA/tube according to [20].

(B) SDS—polyacrylamide gel electrophoresis of ADH prep-
arations: (3) before preparative electrophoresis; (4) after
preparative electrophoresis. The two ADH preparations
(12 ug each) were subjected to each gel after incubation

in 1% SDS for 5 days.

separate the proteases from ADH on a preparative
scale by gel chromatography at high ionic strength.
Figure 5 demonstrates the separation of the pro-
teolytic from the ADH activity on Sephadex G-200
in presence of 2 M NaCl. This leads to an increased
stability of alcohol dehydrogenase. No such separa-
tion occurs in the absence of NaCl. In solution the
activity of protease-free ADH was constant for at
least 24 h at 25°C. The activity of the original prepara-
tion is diminished under the same conditions to 60%.

4. Discussion

The existence of an enzyme-bound protease was
postulated in [15] for hexokinase. Our results show
that the behaviour of yeast ADH is similar to that of
hexokinase, suggesting the presence of an enzyme-
bound protease too. An important indication for the
action of such a proteases is the formation of ADH
fragments, if the enzyme preparation is incubated
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Fig.5. Separation of proteolytic activity from alcohol dehy-
drogenase by chromatography on Sephadex G-200in 0.067 M
potassium phosphate (pH 8), containing 2 M NaCl. In each
case 10 mg ADH was applied to a column (38 X 2.6 cm)
containing 210 ml Sephadex G-200. Elution was done at

4°C with a flow rate of 40 ml/h. The volume of the collected
fractions was 2.0 mL (v) ADH activity; (v) ADH activity after
20 h storage at 23°C; (@) proteolytic activity against
azocasein, at pH 7: (o) proteolytic activity against HCl-Hb

at pH 3.

with SDS. The fact, that an enzyme is active in pres-
ence of SDS is unusual, but some enzymes, especially
proteases are known to retain their activity under
such conditions [29-31]}.

Since the ADH preparations hydrolyze hemoglobin
and azocasein also in absence of denaturants one can
assume, that SDS leads to unfolding of the ADH
molecule, yielding a favourable configuration of
peptide backbone for the proteolytic attack. A similar
behaviour was reported in [32] for tryptophanase.
The susceptibility to proteolytic digestion depends on
the aggregation state of this enzyme. Treatment with
chaotropic ions caused the formation of the enzyme
dimer, which is digestible by proteases. Contrary to
this, the tetrameric form, stabilized by structure
making anions, resists the proteolytic attack.

In absence of SDS probably other factors, eg.,
high dilution of ADH or long storage time, are able
to cause small conformational changes. Under such
conditions the effect of proteases can be demonstrated
only by a decrease in enzyme activity but not by
different molecular forms.
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The binding of proteases to yeast ADH is very
tight. ADH preparations of the highest grade of purity
available, (Lyophilisat of Boehringer, Mannheim;
ADH purified by hydrophobic chromatography [33] -
both with spec. act. 400 U/mg) possess a detectable
proteolytic activity. The ability of yeast ADH to bind
amino acids or peptides was already shown in 1963
[34]. 1t is possible, that the binding of proteases is
realized on the same basis. On the other hand, protein
species with mol. wt 20 000 in one preparation of yeast
ADH were observed [14] and the existence of a
peptidase was postulated [14]. Immunochemical
investigations [35] support the same h'ypothesis.

All of these results are in agreement with our
experiments and our interpretations of data. Kinetic
studies, especially with protease-free enzyme will
show, whether protease-induced changes of ADH
are reflected in functional properties, too.
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