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1. INTRODUCTION 

Human alcohol dehydrogenase (ADH, EC 
1.1.1.1) occurs in multiple forms [ 1,2]. The isoenzy- 
mes are determined by 3 different gene loci, 
ADH-1, ADH-2 and ADH-3 which code for the 
different polypeptides (Y, fil, yt, which randomly 
associate to the dimeric enzymes [3,4]. Alleles occur 
at the ADH-2 and ADH-3 locus, coding for p2 
(atypical ADH) and y2 [3-61. 

ADH from phenotypically different tissues exhi- 
bit different substrate specificities [3,4,6,7]. How- 
ever, little data is available concerning purified 
isoenzymes of known subunit ,composition. Pure 
ADH is obtained by double ternary complex affi- 
nity chromatography, but it still contains all pyra- 
zole-sensitive isoenzymes [8]. Two preliminary re- 
ports on affinity purified isoenzymes [9,10] and a 
comparison of normal /?1/31 with atypical /$2/Q from 
Oriental individuals have been published [ 141. 

Here, we report the purification of 2 homodi- 
merit isoenzymes plpl and ylyl and the correspond- 
ing heterodimeric form ply1 from human liver of 
normal ADH phenotype by double ternary com- 
plex affinity chromatography and CM-cellulose 
ion-exchange chromatography. These isoenzymes 
showed large differences in catalytic properties 
when ethanol, n-pentanol, cyclohexanol, and benzyl- 
alcohol were used as substrates. They exhibited 
marked substrate inhibition as well as non-linear 
Michaelis-Menten kinetics. The results support the 
suggestion that human liver ADH subunits do not 
seem to act independently of one another. 

2. MATERIAL AND METHODS 

2.1. Chemicals 
NAD+ (grade 1) was obtained from Boehringer 

(Mannheim) and ion-exchange celluloses from 
Whatman (Maidstone). 4-[3-(N-6-aminocaproyl)- 
aminopropyll-Pyrazole-Sepharose was synthesized 
as in [ 121. Starch for electrophoresis was from Elec- 
trostarch (Madison WI) and reagents for 
polyacrylamide gel electrophoresis were from Serva 
(Heidelberg). 

2.2. Purijkation of human liver ADH isoenzymes 
ADH was purified from human autopsy livers of 

normal ADH phenotype as in [8]. The resulting 
isoenzyme mixture was chromatographed on 
CM-cellulose CM-52 equilibrated with 50 mM 
Tris-HCl (pH 9). The isoenzymes were eluted from 
the gel with a linear gradient of O-50 mM NaCl in 
equilibrating buffer. Fractions which exhibited 
only one band after starch gel electrophoresis were 
pooled and stored at 4°C. 

2.3. Electrophoresis 
SDS gel electrophoresis was performed on slabs 

of 12% polyacrylamide [12]. Starch gel electro- 
phoresis was performed at pH 7.7 [2] and stained 
for ADH-activity [ 131. 

2.4. Identification of the isoenzymes 
Isoenzymes were identified by their mobilities on 

starch gel electrophoresis as in [3]. The subunit 
composition was verified by monomerization and 
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hybridization with horse liver isoenzyme EE (puri- 
tied as in [15]). Isoenzymes were monomerized by 
dialysis into sodium phosphate buffer (pH 7.5) fol- 
lowed by the addition of 50 mM NaCl and slow 
freezing at - 20°C. The frozen enzyme solutions 
were then quickly thawed, the enzymatic activity 
was measured to determine the degree of reconsti- 
tution and electrophoresis was performed. 

2.5. Enzymatic assay 

ADH-activity was measured photometrically at 
340 nm by monitoring the production of NADH at 
25°C. Standard assay conditions in a total volume 
of 3 ml were 67 mM glycine/NaOH, (pH 10.5) or 67 
mM sodium phosphate buffer (pH 7.0), containing 
1.6 mM NAD+ and 16.7 mM ethanol. The reaction 
was started by adding enzyme or in the case of 
crude samples by adding substrate after exhaustion 
of the blank reaction. Activities are expressed as 
International Units (IU) and represent pmol 
NADH produced/min. Specific activities are ex- 
pressed as IU/mg protein, determined as in 1161. 
The substrate curves were determined in the stan- 
dard assay buffers, containing various concentra- 
tions of the respective substrates. 

3. RESULTS AND DISCUSSION 

The results of a typical purification procedure are 
presented in table 1. Remarkable is the 5-times lo- 

Table 1 

Purification of human liver alcohol dehydrogenase 
isoenzymes PlPl, Pm and ~1~1 

Total Total Spec. Yield 
protein activity act. 

(mg) (IU) (IU/mg) (%) 

Extract 120 050 7200 0.06 100 
DEAE-pool 31 122 6240 0.20 87 
CapGapp poola 2579 3529 1.09 49 
PlPl 97 34 0.35 0.5 
PIYI 147 275 1.87 3.8 
YIYI 6.4 13 2.03 0.2 

a Pool after 4-[3-(N-6-aminocaproyl)aminopropyl]-py- 
razole-Sepharose chromatography 
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Fig.1. SDS gel electrophoresis of purified human liver 
ADH isoenzymes: (a) /3tpt; (b) plyi; (c) ylyl; (d) Biorad 
Standard protein mixture; -20 ,ug each isoenzyme was 

loaded. 

wer specific activity of j?tpt compared to the other 
two isoenzymes. This observation agrees with the 
qualitative very low kcat of p/3 towards ethanol [9]. 
Therefore it seems that the yt-chain stabilized the 
PI-chain in the ply1 heterodimer, since this form 

has a specific activity towards ethanol similar to that 

ofv1u1. 
All 3 isolated isoenzymes showed a single band 

after SDS-polyacrylamide gel electrophoresis 
(fig.1). The app. M, was 43 OOO+ 1000, close to 
estimates on isoenzyme mixtures [S, 171 and purified 

PlPl m. 
The subunit composition of the isolated iso- 

enzymes was determined by monomerization and 
hybridization with horse liver isoenzyme EE. Mixing 
EE with ptpt, /3tvt or ytyt always resulted in only 
2 bands with electrophoretic mobilities character- 
istic for the respective forms (fig. 2b,d,3a). No con- 
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Fig.2. Starch gel electrophoresis of monomerized and 
hybridized horse liver isoenzyme EE and human liver 
isoenzymes/3lyl andP$l. Mixtureof/3$I,Ply1 andylyl 
without monomerization (lanes a$). Mixture of EE and 
ply1 before monomerization (lane b) and after mono- 
merization and hybridization (lane c). Mixture of EE and 
/3lpl before monomerization (lane d) and after mono- 

merization and hybridization (lane e). 

taminating isoenzyme bands were detectable. 
Monomerization and hybridization of EE and /3lyt 
resulted in 2 additional bands positioned between 
EE and ylyt, i.e., the hybrid enzymes EPt and 

EYI (fig.2~). P P 1 1 which also should have formed 
could not be detected, presumably because of its 
low specific activity. Hybridization of EE with /3tpl 
resulted in only one additional band with the 
mobility of the hybrid enzyme EPI (fig.2e). 
Hybridization of EE with ylyt produced an addi- 
tional band with the mobility of Eyl (fig.3b). 

All 3 isoenzymes exhibited pH enzyme activity 
curves similar to that reported for the mixture of 
normal human liver ADH isoenzymes 18,181 with a 

Fig.3. Starch gel electrophoresis of monomerized and 
hybridized horse liver isoenzyme EE with human liver 
isoenzyme ylyl. Purified ylyl (lane c). Mixture of EE and 
ylyl before monomerization (lane a) and after mono- 

merization and hybridization (lane b). 

maximum at pH 10.5 and a shoulder around pH 7.0 
(not shown). The pH 10.5:7.0 ratio of ylyt and ply1 
was 4 and 3.4, respectively, that of p#l only 1.6, 
reflecting the lower specific activity of this form at 
pH 10.5 (table 1, [ 111). 

Fig.4 shows the substrate rate profiles at pH 10.5 
and 7.0 with ethanol, n-pentanol, cyclohexanol and 
benzylalcohol, representing linear, cyclic and aro- 
matic alcohols. Ethanol, n-pentanol and cyclo- 
hexanol showed considerable substrate inhibition. 
Benzylalcohol showed no substrate inhibition and 
had by far the lowest concentration at apparent 
half-maximal velocity. Since the substrate rate pro- 
files deviate substantially from linearity when plot- 
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Fig.4. Substrate rate profiles of human liver isoenzymes fltfit (a,d), ptyt (b,e) and yty) (c,f) with ethanol (o-e), 
n-pentanol (A-A), cyclohexanol (m-m) and benzylalcohol ( C--O) at pH 7.0 (a,b,c) and pH 10.5 (d,e,f). All points are 

average values of 2-6 measurements. The activity is plotted relative to 16.7 mM ethanol at the respective pH-value. 

ted according to Lineweaver-Burk, only the sub- 
strate concentrations at apparent half-maximal ve- 
locity are listed in table 2. Large differences in the 
capacity to oxidize these substrates as well as in 
pH-dependence were found. /31/3t could not be sat- 
urated with cyclohexanol within the range of solu- 
bility in accordance with a very high K, for this 
isoenzyme/substrate pair 191. Both yt-containing 
isoenzymes exhibited a higher apparent maximal 
velocity than fil/?l with n-pentanol in keeping with 
the observation that y-containing isoenzymes sho- 
wed faster activity staining with n-pentanol than 
with ethanol after starch gel electrophoresis [4,19]. 
pl/31 exhibits faster activity staining with ethanol 

than with n-pentanol[4,19] in accordance with the 
higher apparent maximal velocity of this isoenzyme 
at pH 10.5 (lig.4d). 

Increasing hydrophobicity of the substrate resul- 
ted in a decrease of the substrate concentration at 
apparent half-maximal velocity (table 2) in agree- 
ment with the results obtained with the mixture of 
isoenzymes and various linear alcohols 181. In addi- 
tion, at pH 7.0 the concentrations of ethanol and 
cyclohexanol at apparent half-maximal velocity 
were lower than at pH 10.5 in contrast to the other, 
more hydrophobic substrates, which exhibited in- 
creased values. 

Conventionally purified /3tp) does not obey Mi- 
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Table 2 

Substrate concentration (mM) at apparent half-maximal 
velocity and of human liver alcohol dehydrogenase 

isoenzymes P&, &VI and YIYI 

PH 
Iso- Ethanol n-Penta- Cycle- Benzyl- 

enzyme no1 hexanol alcohol 

7.0 PIP1 0.55 0.39 a 0.032 
PlYl 0.77 0.38 0.58 0.024 
YlYl 0.80 0.33 0.60 0.024 

10.5 BlPl I .70 0.38 a 0.027 
PlYl 3.40 0.27 1.30 0.018 
YlYl 2.70 0.25 1.00 0.011 

a Saturation of /3r/Ir with cyclohexanol could not be 
reached due to insolubility of the substrate. K,-values 
estimated from Lineweaver-Burk plots over 20-80 
mM were 60 mM at pH 7.0 and 86 mM at pH 10.5 

chaelis-Menten kinetics when measured over a 
sufficiently wide ethanol concentration range 1201. 
We observed the same kinetic deviations not only 
with plpl, but also with ylyl and ply,. 

It has been suggested that the kinetic properties 
of ADH heterodimers are not the simple average of 
the corresponding homodimers and that therefore 
subunit interaction has to be considered (9,2 11. Our 
data obtained with P#I, filvl and ~1~1 would sup- 
port this interpretation. 

REFERENCES 

[l] Berger, D., Berger, M. and Von Wartburg, J.-P. 
(1971) Eur. J. Biochem. 50,215-225. 

[21 
[31 

141 

[51 

I61 

[71 

181 

[91 

[lOI 

[Ill 

[121 

1131 
[I41 

I151 

1161 

[I71 

1181 

iI91 

[201 

[211 

Li, T.-K. (1977) Adv. Enzymol. 45,427-483. 
Smith, M., Hopkinson, D.A. and Harris, H. (1971) 
Ann. Hum. Genet. 34,251-271. 
Smith, M., Hopkinson, D.A. and Harris, H. (1972) 
Ann. Hum. Genet. 35,243-253. 
Von Wartburg J.-P., Papenberg, J. and Aebi, H. 
(1965) Can. J. Biochem. 43,889-898. 
Von Wartburg, J.-P. and Schiirch, P.M. (1968) Ann. 
NY Acad. Sci. 15 1,936-946. 
Pietruszko, R., Crawford, K. and Lester, D. (1973) 
Arch. Biochem. Biophys. 159,50-60. 
Lange, L.G., Sytkowski, A.J. and Vallee, B.L. (1976) 
Biochemistry 15,4687-4693. 
Burger, A.R. and Vallee, B.L. (1981) Fed. Proc. 
FASEB 40, 1886, abst. 1986. 
Bosron, W. and Li, T.-K. (1982) Fed. Proc. FASEB 
41,921, abst. 3806. 
Yoshida, A., Impraim, C.C. and Huang, I.-Y. (1981) 
J. Biol. Chem. 256, 12430-12436. 
Lange, L.G. and Vallee, B.L. (1976) Biochemistry 
15,4681-4686. 
Laemmli, U.K. (1970) Nature 227,680-685. 
Moser, K., Papenberg, J. and Von Wartburg, J.-P. 
(1968) Enzymol. Biol. Clin. 9,447-458. 
Lutsdorf, U.M., Schiirch, P.M. and Von Wartburg, 
J.-P. (1970) Eur. J. Biochem. 17,497-508. 
Lowry, D.H., Rosebrough, N.J., Farr, A.L. and 
Randall, R.J. (1951) J. Biol. Chem. 193,265-275. 
Von Wartburg, J.-P., Bethune, J.L. and Vallee, B.L. 
(1964) Biochemistry 3, 1775- 1782. 
Schenker, T.M., Teeple, L.J. and Von Wartburg, 
J.-P. (1971) Eur. J. Biochem. 24,271-279. 
Smith, M., Hopkinson, D.A. and Harris, H. (1973) 
Ann. Hum. Genet. 37,49-67. 
Dubied, A., Van Wartburg, J.-P., Bohlken, D.P. and 
Plapp, B.V. (1977) J. Biol. Chem. 252, 1464-1470. 
Von Wartburg, J.-P., Berger, D., Btihlmann, C., 
Dubied, A. and Ris, M.M. (1974) in: Alcohol and 
aldehyde metabolizing systems (Thurman, R.G. et 
al. eds) pp. 33-44, Academic Press, London, New 
York. 

139 


