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Inhibition of alcohol dehydrogenases by thioi compounds
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2-Metrcaptocthanol is a stroag inhibitor of LADH. The inhibitory cffect is likely due to the binding of the SH group to the enzymatic zinc ion.

Various thiol compounds do not inhibit YADH and it is suggested that the zinc atoms involved in the catalytic mechanism of LADH and YADH

may have different structural arrangements and that these zinc atoms in YADH may not be blocked by thiol compounds. Thiol compounds also

quench the enhanced fluorescence of LADH-NADH in a pH-dependent manncr. At pH 9.2, the binding of coenzyme to LADH is replaced by

2-mercaptoethanol, whilst at pH 7.3, it further quenches the fluorescence of NADH-LADH. This quenching of fluorescence is likely attributed

to a conformational change and energy transfer upon binding of 2-mercaptoethanol to the LADH-NADH complex. Complete reversal of the
inhibitory effect of thiol compounds on LADH can be obtained by dialysis.

Alcohol dehydrogenase; Inhibition; Mercaptan; Fluorescence quenching

1. INTRODUCTION

Alcohol dehydrogenase (Alcohol-NAD" oxidoreduc-
tase, EC 1.1.1.1) from horse liv-=: " ADH) and veast
(YADH) are inhibited by a variety of compounds which
are capable of binding either to the enzymatic zinc
atoms [1-6] or the sulphydryl groups [1-3,7,8]
Also, the fluorescence intensity of the binary complex
of LADH-NADH is quenched by thyroxine and related
compounds [9]. These thyroid hormones appear to in-
hibit the enzyme by blocking the normal coenzyme-
binding mechanism.

We report here the effect of thiol compounds on the
activity of both LADH and YADH, and on the fiuores-
cence emission spectrum of the binary LADH-NADH
complex. Thiol compounds arc of interest in the light
of the previous reports that several mercaptans are com-
petitive inhibitors of LADH [10-14]. 2-Mercaptoztha-
nol has also demonstrated to be a weak substrate of
LADH [10,11] and to promote the reassociation of
LADH subunits after dissociation in urea, guanidine-
HCI, sodium dodecyl sulfatc and extremes of pH [15-
20}.

2. MATERIALS AND METHODS

2.1. Materials

LADH and YADH were purchased from Bochringer (Mannheim,
Germany), and NAD*, NADH and various thiol compounds from
Sigma Chemical Co. (St. Louis, U.S,A.) Other chemicals were of
reagent grade.
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2.2, Enzyme assay

Concentrations of enzymes and coenzymes were determined spec-
trophotometrically, (El%: 4.55 and 12.60 for LADH [21] and YADH
[22] at 280 nm, respectively, and 17.8 mm'-cm™ for NAD® at 260 nm
and 6.22 mm™"-em™ for NADE at 340 nm). Molar concentrations arc
based on molecular weights of 80 kDa for LADH [21] and 150 kDa
for YADH [22). The activity of LADH and YADH was determined
by measuring she change in absorbance at 340 nm on a Gilford Re-
sponse TM Spectrophotometer. The 3.0 ml assay solution was made
of 8.7 mM cthanoi, 0.42 mM NAD" and 0.05 M glycine- NaOH, pH
10 for LADH and 0.1 M cthanol, 0.42 mivi AD" and 0.05 M glycine-
NaOH, pH 8.5 for YADH.

2.3. Inhibition experiments
Inhibition experiments are described in the figure captions.

2.4. Fluorescence emizsior spectra and inientsy measurenients
These were made at 25°C with a Perkin-Elmer Luminescence Spee-
trometer, Model LSS,

3. RESULTS

3.1. Effect of hiol compounds on the activiiy of L.il.i1
and YADH

The effect of 2-mercaptoethanol on the activity of
both LADH and YADH was examined. 2.1 uM YADH
was pre-incubated with concentraticns of up to 0.15 M
2-mercaptesthanoi at pH 7.3 and 25°C, aliquots were
then withdrawn and assayed for the restdual activity. It
was found that the catalytic activity of YADH was not
significantly affected under these conditions. However,
LADH was profoundly inhibited by 2-mercaptoethanol
(Fig. 1), and the cxtent of inhibition was complete
within a few seconds and there was no further loss of
cnzymatic activity over a period of more than 24 h. The
degree of inhibition of enzymatic actitivy also depended
upon the concentradion of 2-mercaptocthanol. In the
presence of 7 mM 2-mercaptocthanol, the remaining
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Fig. 1. Effect of 2-mercapiocthanol on the aciivity of LADH and
YADH. 1.57 #M LADH or 2.1 yM YADH was premncubated a1 25°C
with various concenttations of J-mercapioethanol in 0.01 M phos-
phate buffer, pB 7.3. 530 g aligots were then withdrawn and intro-
duced to assay solution for measuring the residual activity.

residual activity was found o be only 12% of the con.
trol. in contrast, both mercaploacctic acid and 3-mer-
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captopropionic acid inhibited the activity of LADH. but
3-mercaptopropionic acid shewed a stroager inhib-
itory effect than mercaptoacetic acid. The rate of in-
hibition of LADH by 3-merwaptopropionic acid was
rapid, whereas mercaploacetic acid was time-depend-
ent. In the latter case, the loss of enzymatic activity was
complete in about 15 minutes, and was constant there-
after. Table 1 summarises the concentrations of vatious
thiol compounds required to inhibit 50% of the activity
of LADH.

3.2_ Reversal of tie inhibitory effect

Complete reversal of the loss of LADH activity by
these thiol compounds could be obtained by removal of
the inhibitors frem the enzyme solution by dialysis
against 2 changes of 0.01 M phosphate buffer, pH 7.3,
at 4°C over a period of about 20 h.

3.3. Effect of thiel compounds on LADH-NADH fluo-
rescence

When irradiated by Fght at 350 nm, NADH exhibits
Auorescence with an emission maximum at 450 nm. The
prescnce of LADH, the intensity of NADH fluores-
cence was cnhanced [2] and the emission maximum was
shifted to 445 nm (Fig. 2A). The Auorescence of the
binary LADH-NADH complex was rapidly quenced
by adding 2-mercaptoethanol, but it did not affect the
fluorescence of free WADH. The quenching of fluores-
cence depended on both pH and the concentration of
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thiol compounds. At pH 7.3, 2-mercaptocthanol
quenced the enhanced fluorescence of LADH-NADH
to lower than that of {ree NADH (Fig. 2A), whilst at
pH 9.2-9.7, the fluorescence emission spectrum re-
turned to that characteristic of free NADH (Fig. 2B).
Once the maximum quenching of the fluorescence was
attained, further addition of thiol compounds did not
produce more quenching of the fluorescence. However,
the data obtained showed a discrepancy in stoichiom-
etry with the number of coenzyme molecules binding to
the enzyme.

4. DISCUSSION

LADH is profoundly inhibited by thiol compounds,
but these compounds exert no effect on YADH, indicat-
ing that the catalytic region in both enzymes may have
different structural arrangements. The inhibitory effect
of thiol compounds on LADH may be due to the bind-
ing ot the SH group to enzymaltic zinc ions, since the
locus of imidazole binding has been suggested to be
enzymatic zinc ions [1-3], and it protects LADH from
thiol compounds inactivation (data not shown). This
suggestion is further supported by the finding that the
SH group favours the linkage with zinc atoms [23].
Thiol compounds do not inhit \. JADH, sugg sting
that the zinc atoms which participate in the catalytic
mechanism of YADH may not be blocked by thiol cu.n-
pounds. Preferential substrate and competitive inhib-
itors binding to a hydrophobic region of LADH has
been suggested by Winer and Theorell [24]. Sigman [13]
and Miwa et al. {14]. Since the inhibitory effect of 3-
mercaptopropionic acid on LADH is stronger than that
of mercaptoacetic acid, it is suggested that the binding
of thiol compounds to LADH is not only to the Zn*’
icns in the active site of LADH but probably also stabil-
ized by neighboring hydrophobic binding site of the
enzyme. The presence of an OH group in the thiol com-
pound causes stronger inhibition than does the COOH
group, which suggests that the more negative nature of
the latter compound has a low affinity for LADH.

Thiol compounds do not aftect the luorescence emis-
sion spectrum of free NADH, but at pH 9.2, the addi-
tion of 2-mercaptocthanol. the enhanced fluorescence

Tabie |

Concentrations of inhibitors reguired 10 inhibit 50% of the activity of’
LADH w pH 7.3 and 25°C

Inhibior Concentration of nhibitor re-
aired Tor 50% inhibition. (mM)
2-Mercaploethanoi 22
LMercaptopropionic aoud 445
Murcaptoaectic aund HLRNI N

*1.87 uM LA DH was premcubated m mercapioacetic sond Lor 25 iin
Setore 50 gl aliucts were withdrawn for measunng the resduad
activity, Other details were as an Fg L
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emission spectrum of LADH-NADH retumns to that
characteristics of free NADH. These results suggest that
2-mercaptroethanol replaces the binding of the coen-
zyme for LADH. However, there is also a possibility
that the formation of a ternary complex of LADH-
NADH-mercaptoethanol in which the nicotinamide
moiety of the bound NADH shows no eakanced fluo-
rescence. At pH 7.3, the fluorescence of LADH-NADH
is further quenched by 2-mercaptoethanol. The quench-
ing of LADH-NADH fluorescence is likely attributed
to the binding of 2-mercaptoethanol to the binary
LADH-NADH complex which causes a conforma-
tional change and results in energy transfer. This energy

transfer is pH-dependent and requires the presence of
LADH.
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