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SUMMARY 

Recrystallized alcohol dehydrogenase from horse liver was 
found to oxidize 17-hydroxystearic acid into IT-oxostearic acid, 
the 17-L-enantiomer faster than the 17-D-enantiomer. Alone at 
high pH or in combination with aldehyde dehydrogenase, the al- 
cohol dehydrogenase also catalyzed conversion of 18-hydroxystea- 
ric acid into 1,18-octadecadioic acid and 5P-cholestane-3a,7n, 
12a,26-tetrol into 3a,7a,l2a-trihydroxy-5@-cholestanoic acid. 
All the activities as well as the ethanol dehydrogenase activi- 
ty disappeared after specific carboxymethylation of a single 
cystein residue at the active site of alcohol dehydrogenase. 
These results conclusively show that alcohol dehydrogenase it- 
self has W-hydroxyfatty acid dehydrogenase activity and w- 
hydroxysteroid dehydrogenase activity. 

In a previous communication (1) it was shown that prepara- 

tions of alcohol dehydrogenase (ADH, ethanol:NAD oxidoreducta- 

se, EC 1.1.1.1) from horse liver (HLADH) and rat liver (RLADH) 

were able to catalyze oxidation of W2-hydroxylated long-chain 

fatty acids into the corresponding W 2-oxofatty acids. HLADH and 

RLADH, either alone at high pH or in combination with aldehyde 

dehydrogenase (1,2), were also found to catalyze conversion of 

long-chain Wl-hydroxylated fatty acids into the corresponding 

dicarboxylic acids, The mechanism of formation of a carboxylic 

acid in experiments where only ADH was used, probably involves 

dismutation of a primarily formed aldehyde (cf. 3). As ethanol - 

inhibited oxidation of w -hydroxyfatty acids by RLADH and vice 

versa it seems most probable that the W-hydroxyfatty acid de- 

hydrogenase activity was due to ADH itself and not to contami- 
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nating enzymes. In order to prove this conclusively, the b- 

hydroxyfatty acid dehydrogenase activity of HLADH, specifically 

carboxymethylated at the active site cystein residue (4-6) was 

studied. A loss of this activity should then prove that HLADH 

itself has &-hydroxyfatty acid dehydrogenase activity and that 

w-hydroxyfatty acids bind to the enzyme at the same site as 

ethanol. In the present work, therefore, 1'7-hydroxystearic acid 

and 5p-cholestane-3a,7a,l2a,26-tetrol were incubated with na- 

tive recrystallized HI.ADH as well as with HLADH specifically 

carboxymethylated at the active site. 5P-Cholestane-3n,7a,l2a, 

26-tetrol was included as substrate as it has been reported 

that the Lo-hydroxyl group in the side chain in this steroid 

is oxidized by HLADH (7,8). 

EXPERIMENTAL PROCEDURE 

HLADH (Boehringer Mannheim GmbH, Germany (mainly EE-iso- 

enzyme (6)) was dissolved (10 mg/ml) in 0.05 Tris-Cl, pH 8.4, 

0.5 M Kl, and crystallized by dialysis against 0.05 Tris-Cl 

containing 30% ethanol. The crystalline material was dialyzed 

against 5 mM imidazole, pH 7.8 in order to stimulate carboxy- 

methylation (5). The latter was performed by addition of 75 pl 

0.05 M 
14 

C-iodoacetate to 10 ml dialysis buffer per 10 mg pro- 

tein (15-fold molar excess of iodoacetate per protein subunit). 

After 48 hours at 4'C the material was dialyzed against several 

changes of 0.05 Tris-Cl, pH 8.0. The specificity of carboxyme- 

thylation was checked by tryptic digestion and autoradiography, 

which showed that the only cystein residue alkylated was the 

c~s-46 in HLADH (6). Noncarboxymethylated samples of HLADH were 

treated similarily, except that no iodoacetate was added. The 

activity of the carboxymethylated HLADH against ethanol was 

less than 5% of the corresponding activity of the native HL,ADH. 
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18-Hydroxystearic acid, 17-D,L,-hydroxystearic acid, 9D,L-hydro- 

xydecanoic acid and JO-hydroxydecanoic acid were the same com- 

pounds as used previously (1). 17-L- and 17-D-hydroxystearic 

acids were generous gifts by Professor Tulloch (Prairie Regio- 

nal Laboratory, Saskatchewan, Canada). Tritium-labeled 58- 

cholestane-3a,7a, 12n,26-tetrol (specific radioactivity 8 k!C/mg) 

was prepared by exposure of unlabeled 513-cholestane-3n,7n,12n, 

26-tetrol to tritium gas according to Wilzbach (9). Lcrl-Hydroxy- 

fatty acid dehydrogenase activity (18-hydroxystearic acid as 

substrate), w2-hydroxyfatty acid dehydrogenase activity (17-L- 

hydroxystearic acid as substrate) and ethanol dehydrogenase 

activity were assayed as described previously (1) and aldehyde 

dehydrogenase was added in the case of determination of &l- 

hydroxyfatty acid dehydrogenase activity. In some incubations 

with Ml-hydroxyfatty acid, however (cf. Results), no aldehyde - 

dehydrogenase was added and in these experiments a 0.1 M gly- 

tine buffer,pH lO.O,was used instead of 0.1 M Tris-Cl, pH 9.5. 

@-Hydroxysteroid dehydrogenase activity was assayed with tri- 

tium-labeled 5p-cholestane-3a,7a, 12n,26-tetrol as substrate 

and the incubation conditions were the same as those with 18- 

hydroxystearic acid, both with and without aldehyde dehydro- 

genase. The incubation mixture was extracted with ether, the 

ether extract treated with diazomethane and analyzed by radio- 

gas chromatography after trimethylsilylation (1). In all cases 

conversions were calculated from experiments in which linearity 

between dehydrogenation and enzyme concentration was observed. 

In some experiments the products from the incubations (methyl 

esters of 17-oxostearic acid and 1, 18-octadecadioic acid, me- 

thyl ester-trimethylsilyl ether of 3n,7c(,l;ra-trihydroxy-5P- 

cholestanoic acid) were identified with combined gas chromato- 
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graphy-mass spectrometry using the I,hIi 9000 instrument equipped 

with a 1.5:'; SE-30 column. The I,owry methodwas used for determina- 

tion of protein (10). 

IIESLII,TS 

Oxidation of 17-l,- and 17-D-hydroxystearic acid -- 

The HLADH was found to catalyze oxidation of 17-L-hydroxy- 

stearic acid efficiently. Under the conditions employed (4 i:g 

HI,ADH and 50 l'g substrate) the conversion was linear with time 

up to 20 min. With an incubation time of 15 min the conversion 

was linear with enzyme up to 6 big of IILADH. The Iim for the reac- 

tion varied in different experiments with different preparations 

of HLADH between 1.0 x low5 M and 2.5 x 10m5 hl. The capacity of 

the HLADH to catalyze oxidation of 17-L-hydroxystearic acid was 

about 0.5 Gmoles/mg protein/min. The rate of oxidation of 17- 

I,-hydroxystearic acid was about ten times faster than the rate 

of oxidation of l7-D-hydroxystearic acid and about twice faster 

than the rate of oxidation of 17-D,L-hydroxystearic acid. The 

oxidation of 17-L-hydroxystearic acid by IlLADH was inhibited 

by about 50:; after addition of ethanol at a concentration of 

0.7 mM. The rate of oxidation of 17-I,-hydroxystearic acid by 

carboxymethylated Ill>ADH was less than 5% of that obtained with 

native HLADH. 

Oxidation of 9-D L-hydroxydecanoic acid and lo-hydroxydecanoic ---------U---~~~~- 

acid 

When 9-D,L-hydroxydecanoic acid and IO-hydroxydecanoic 

acid were tested as substrates for HLADII, the rate of oxida- 

tion was less than 1% of the rate of oxidation obtained with 

17-L-hydroxystearic acid and 18-hydroxystearic acid. 

Oxidation of 18-hydroxystearic acid -____- ~---- 

IILADIT catalyzed oxidation of 18-hydroxystearic acid into 
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1,18-octadecadioic acid when combined with rat liver aldehyde 

dehydrogenase as described previously (1). The rate of conver- 

sion in the presence of optimal amounts of aldehyde dehydro- 

genase was about 1 tlmole/mg protein/min. HLADfl alone was found 

to catalyze oxidation of 18-hydroxystearic acid into l,lB-octa- 

decadioic acid when the reaction was performed in a glycine 

buffer of plI 10.0. The rate of conversion was considerably 

slower under these conditions, about 0.3 Ilmoles/mg protein/min. 

When the native IILADH was substituted with carboxymethylated 

HI.ADII, the rate of oxidation was only about 57; of that obtained 

with native HLADII. 

Oxidation of 5/3-cholestane-3n,7a,l2a,26-tetrol --___ --- -- 

HLADH in combination with rat liver aldehyde dehydroge- 

nase was found to catalyze oxidation of 5P-cholestane-3n,7a, 

12a,26-tetrol into 3u,7a,l2u-trihydroxy-5I3-cholestanoic acid. 

The rate of oxidation was about 0.3 Iimoles/mg protein/min. 

HLADH alone was found to catalyze oxidation of 5P-cholestane- 

3n,Tn,12a,26-tetrol into the corresponding acid provided that 

the reaction was carried out in glycine buffer of pH 10.0 and 

that a large amount of enzyme was used. Under these conditions 

the rate of conversion was about 0.01 i.lmoles/mg protein/min. 

With 150 Iig of HLADH and 50 pg of substrate, the reaction was 

linear with time up to 20 min. With an incubation time of I5 

min the conversion was linear with enzyme up to about 300 pg 

of HLADH. Under the conditions employed the enzyme was satu- 

rated with substrate and the apparent Km for conversion of 5p- 

cholestane-3a,7a,l2a,26-tetrol into 3a,7n,l2n-trihydroxy-5P- 

cholestanoic acid was about 2 x 10 
-5 M (cf. 7). When native - 

HLADH was substituted with carboxymethylated HLADII the rate 

of oxidation was less than 5% of the rate of oxidation with 

native HLADH. 
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DISCUSSION 

The present work conclusively shows that AD11 exhibits 

&J-hydroxyfatty acid dehydrogenasc activity and W-hydroxy- 

steroj~d dehydrogenase activity. This conclusion is based on 

the fact that a specific carboxymethylation of a single cystein 

in the enzyme preparation inhibited the W-hydroxyfatty acid 

dehydrogenase activity, LJ-hydroxysteroid dehydrogenase acti- 

vity and ethanol dehydrogenase activity to about the same ex- 

tent. Since different preparations of HT,ADH (1) did not have 

higher activity than the HLADH used in the present work and 

since no S-chain peptides (11) were detected in peptide maps 

of the preparation it is likely that isoenzyme LADHEE is re- 

sponsible for the main part of the k/-hydroxyfatty acid de- 

hydrogenase activity and U/-hydroxysteroid dehydrogenase acti- 

vity in HLADII (cf. 8). - 

The properties of the &-hydroxyfatty acid dehydrogenase 

activity now established to be intrinsic to HLADH, were si- 

milar to those previously detected (1). Thus, IT-L-hydroxy- 

stearic acid was oxidized at a much faster rate than 17-D- 

hydroxystearic aci~d and hydroxyfatty acids with a chain length 

of 10 carbon units were not oxidized to a significant degree 

(cf. 1). The K 
m 

value for oxidation of IT-L-hydroxystearic - 

acid was similar to the corresponding value obtained from ex- 

periments with RLADH. The concentration of ethanol needed to 

inhibit oxidation of 17-L-hydroxystearic acid by HLADH was 

about ten-fold lower than the concentration of ethanol needed 

to inhibit oxidation of 17-D,L-hydroxystearic acid by a prepa- 

ration of RLADH (1). The difference might be due to the possi- 

bility that the K 
m for oxidation of ethanol by HLADH (K = 

m 

0.5-2mM (12)) is lower than the K m for oxidation of ethanol 
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by RI,ADH (K = 
m 

2-40 mM (13,14)). The specific activity (pmoles 

ethanol oxidized per mg protein per min) was also more than 

20-fold higher in the HALDH than in the RLADH (1). X-Ray 

crystallographic studies on the tertiary structure of HLADH 

(15) show that the size of the substrate binding site, at least 

before addition of cofactor, permits much larger molecules than 

ethanol as substrates. This is to be expected since compounds 

like retinol (lc), some 3P-hydroxylated 5/3-steroids (7) as 

well as W-hydroxylated steroids and fatty acids ((l), (7), 

(8), and this study) are efficiently oxidized by HLADH. The 

Km 
values for oxidation of all these compounds by ADII are also 

considerably lower than the Km for oxidation of ethanol by ADH 

(l,7,8,16). 
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