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1. Introduction 

Alcohol dehydrogenase (EC 1 .l .l .l .) from horse 
liver forms highly-fluorescent complexes with NADH 

and imidazole [ 1 ] . Enhancement of fluorescence of 
enzyme-bound NADH was used to estimate dissocia- 
tion constants of binary and ternary complexes, at 

pH values of 6,7,8 and 9. lmidazole also stimulates 
inactivation of the enzyme by iodoacetate [2, 31 ; 
dissociation constants of the binary enzyme-imida- 
zole complex were calculated at pH 7.2 and 9.0, and 

7.4 and 10.0, respectively. These two methods gave 
similar values in the pH region 7 ~ 8, but the dis- 

crepancy at pH 9 was considerable. This prompted 
an examination by fluorescence of the binding prop- 
erties at pH 10, reported here; a discrepancy was 
also found. This indicates that the different methods 
are probably measuring different complexes of 
imidazole with the enzyme. 

2. Materials and methods 

The source, assay and purity of horse liver alcohol 
dehydrogenase were as described previously [4]. 
Imidazole [ 1 ] and other materials [3] were as used 
previously. Fluorescence measurements were made 
using a Farrand spectrophotofluorimeter (Farrand 

Optical Co. Inc., New York) with recorder. The meth- 
od was similar to that used previously [ 1 ] ; experi- 
mental details are to be published [S, 61 . 

3. Results 

The results of fluorescence titrations of enzyme 

with NADH at pH 10, in the presence and absence 
of imidazole, are shown in fig. 1. This graphical 
method of presenting results was used by McKay 

and Kaplan [7] ; the negative of the gradient gives 
the apparent dissociation constant of NADH from 

the enzyme. The concentration of imidazole used 

(90 mM) was sufficient to produce greater than 
95% saturation of the enzyme. Titration of fixed 
amounts of enzyme and NADH with aliquots of 

imidazole is shown in fig. 2. During this titration, 
the amount of enzyme-bound NADH decreased 
slightly, because imidazole weakens the binding of 
NADH to the enzyme. However, due to the very 
high fluorescence of the enzyme-NADH-imidazole 
ternary complex, this has a negligible effect on the 
estimated dissociation constant of imidazole from 

the ternary complex. 

KE,R 
Since KE I= ~ 

KEI,R 

X KER,, , KE 1 can be calculated. 

(The notation is as used previously [ 1 ] ). 
The calculated values, together with those from 

earlier work, are given in table 1. The values calcu- 
lated from stimulation of inactivation at pH 7.2 and 
9.0 [2] are probably slightly too high, because of 
reversible binding by iodoacetate [3]. 
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Fig. 1. Binding of NADH to liver alcohol dehydrogenase at 

pH 10.0. (ooo): Absence of imidazole; (A-A-A): 

presence of 90 mM imidazole. ER represents the concentra- 

tion of enzyme-bound NADH, and R the concentration of 

free NADH, determined by fluorescence enhancement. 

Excitation, 325 nm; emission, 410 nm. Buffer was glycine, 

20 mM NaOH and disodium phosphate, ionic strength 0.10, 

at 23.5”. 

4. Discussion 

The results in table 1, particularly at pH 9 and IO, 
indicate that the two different methods are probably 
measuring different imidazole- enzyme complexes. 

The possibility of more than one binding-site for 
imidazole was raised in connection with inactivation 
kinetic data [3] . Temperature-jump experiments [8] 
indicated more than one type of ternary complex of 
imidazole, enzyme and NADH. 

Liver alcohol dehydrogenase has 2 zinc atoms per 
subunit [9] . Bidentate ligands such as orthophenan- 
throline can only bind to one of these metal atoms, 
the “functional” zinc [lo] , and they are displaced 
by monodentate ligands such as imidazole [3, 111. 
Presumably, it would be possible for imidazole to 

occupy either of the 2 ligand sites used by bidentate 
chelating agents. Another possibility is that imidazole 
might be able to bind to the other (“structural”) zinc 
atom in the enzyme, which is inaccessible to bidentate 
chelating agents. Interaction with the “structural” 
metal atom could perhaps be detected spectrally by 
using hydrid zinc--cobalt enzyme [12] . It is also 
possible that imidazole may bind elsewhere than to 

a metal atom in the enzyme. 
The dissociation constant of NADH from the 

enzyme is now clearly seen not to become pH-inde- 
pendent in the presence of imidazole. This is as ex- 
pected from the binding of adenine nucleotides [3] . 
The apparent invariance of KER,j with pH indicates 
that the ionisation (or ionisations) which affect the 
binding of imidazole are altered considerably by the 

binding of NADH. 

In earlier work [l-3] , imidazole was considered 
to replace a zinc-bound water-molecule; the latter 
would ionise at high pH, and a pH effect would be 
suppressed by imidazole. While not invalidating the 
earlier work, the results presented here indicate that 
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Fig. 2. The effect of imidazole on fluorescence of enzyme- 

bound NADH at pH lO.O.AF represents increase in fluor- 

escence (arbitrary units), and the imidazole concentration is 

in millimolar units. Enzyme binding-sites, 3.3 PM, and NADH 
7.6 PM. Conditions as in fig. 1. 
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Method PH 

Stimulation of 
inactivation 

Stimulation of 
inactivation 

Fluorescence 
enhancement 

Fluorescence 
enhancement 

7.2 
9.0 

7.4 
10.0 

6.0 
7.0 
8.0 
9.0 

10.0 
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Table 1 

Dissociation constants. 

April 1972 

KE,R KEl,R KER,l KE,I Reference 

(ctM) (PM) (mM) (mM) 
-___ 

_ - _ 0.7 
[21 _ - _ 5.4 

_ - 

0.23 2.01 
0.31 2.03 
0.41 2.20 
0.65 2.91 

5.5 9.4 

_ 

4.2 
3.5 
3.6 
3.0 

4.0 

0.86 
5.9 

0.47 
0.55 
0.68 
0.67 

2.36 

131 

[II 

This work. 

- 

R represents NADH, and I imidazole (base form). 

caution in interpreting the effect of imidazole is to 
be advised. 

[3] C.H. Reynolds, D.L. Morris and J.S. McKinley-McKee, 
European J. Biochem. 14 (1970) 14. 

[4] C.H. Reynolds and J.S. McKinley-McKee, European 
J. Biochem. 10 (1969) 474. 

Acknowledgement 
[S] C.H. Reynolds. Ph.D. Thesis, University of Edinburgh. 

(1970). 

This work was assisted by grants from the Medical 

Research Council. 

[6] C.H. Reynolds and J.S. McKinley-McKee, in prepara- 
tion. 

[7] R.H. McKay and N.O. Kaplan, Biochem. Biophys. Acta 
79 (1964) 273. 

[ 81 G. Czerlinski, Biochim. Biophys. Acta 64 (1962) 199. 

References 
[9] A. Akeson, Biochem. Biophys. Res. Commun. 17 

(1964) 211 

[l] H. Theorell and J.S. McKinley-McKee, Acta Chem. 
Stand. 15 (1961) 1811. 

[2] N. Evans and B.R. Rabin, European J. Biochem. 4 
(1968) 548. 

[IO] D.E. Drum, J.H. Harrison, T.-K. Li, J.L. Bethune 
and B.L. Vallee, Proc. Natl. Acad. Sci. U.S. 57 
(1967) 1434. 

[ 111 D.S. Sigman, J. Biol. Chem. 242 (1967) 3815. 
[ 121 J.M. Young and J.H. Wang, 3. Biol. Chem. 246 

(1971) 2815. 

299 


