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Na ture  of enzyme-coenzyme interactions in liver alcohol dehydrogenase 

I t  has been shown 1 that  changes in absorption spectra occur on interaction of 
liver alcohol dehydrogenase with NADH, NAD + and adenosine diphosphate ribose 
(ADP-Rib). The binding of ADP-Rib is competitive with the coenzymes 2 and proba- 
bly involves multiple sites of interaction with the protein 3. The difference spectrum 
reported by THEORELL ANn YONETANI 1 for the interaction of ADP-Rib and liver 
alcohol dehydrogenase has a positive peak at 281 m#, crosses the zero axis at 273 m/~, 
has a negative shoulder at 262 m/~, and a negative trough at 255 m#. The origin of 
this difference spectrum has not hitherto been elucidated. 

We have measured the difference spectrum obtained by changing the environ- 
ment of ADP-Rib from pH 6. 5 to 1.8 and this is shown in Fig. i. This difference 
spectrum has a peak at 283 m# and crosses the zero axis at 271 m/~, showing consider- 
able similarity with the difference spectrum obtained on interaction of ADP-Rib 
with liver alcohol dehydrogenase. The negative shoulder at 262 m/~ obtained for the 
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Fig, I. Difference spec t rum of ADP-Rib  obtained by altering the environmental  pH from 6. 5 
to 1.8. A matched pair of split compar tmen t  cells having a pa th  length on each side of the sep tum 
of o.5 cm were filled by pipet t ing i.o ml of ADP-Rib  solution (IOO/~M in aqueous o.02 M NaC1 
adjusted to p H  6.5) into one compar tmen t  and I.O ml of HC1 solution (aqueous, p H  1.7, approx-  
imately o.o2 M) into the other  compar tmen t  of each cell. To establish the base line the cells 
were scanned against  one another  from 320 m/~ to 25 ° m/~ using the o~o.i slidewire on the Cary 
Model 14 spectrophotometer .  The contents  of the cell in the sample compar tmen t  were then  
mixed and the difference spec t rum recorded directly. Finally the contents  of the reference cell 
were mixed and the spec t rum of the two mixed cells determined to ensure t ha t  the base line was 
reproduced. The p H  of  the solutions was determined before and after mixing on a Radiometer  
type T T T I a  p H  meter.  

Abbreviat ion:  ADP-Rib,  adenosine diphosphate  ribose. 
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enzyme corresponds to the negative trough at 263 m/~ shown in Fig. I. "rile negative 
trough at 255 m# obtained with the enzyme and ADP-Rib corresponds to the shoul- 
der at 254 m# in Fig. I. Quantitatively, the magnitude of the spectral changes in the 
model system are very similar to those obtained for the enzyme in the region 
280-285 m#. 

I t  is clear that  there is a remarkable similarity between Fig. I and the difference 
spectra for liver alcohol dehydrogenase and ADP-Rib. This similarity is even more 
marked for liver alcohol dehydrogenase and NAD + ph¢s caprate I except that  with 
this latter difference spectrum there is an additional shoulder at 299 m#, which 
might well be due to a conformational change in the protein. 

I t  appears, therefore, that  interaction of the adenine ring with liver alcohol 
dehydrogenase produces similar spectral changes to the protonation of the ring. I t  
is noteworthy that  the difference spectrum in Fig. I has a shoulder at approximately 
275 m#. I t  is possible that  the peak at 283 m/, and the shoulder at 275 m/~ are due to 
contributions from the different tautomers protonated at N-I  and N-3 of the 6-amino- 
purine ring, respectively. This shoulder is also present in the difference spectrum of 
the enzyme and NAD + plus caprate although it is not present in the difference 
spect rumof  the enzyme and ADP-Rib. For ADP-Rib it is possible that  the ratio of the 
tautomeric forms produced by the protein is different from that  produced by acid. 

Although it is not possible to define the exact nature of the protein side chain, 
the fact that  the binding constant of ADP-Rib and liver alcohol dehydrogenase 
varies very little between pH 6 and pH 9 excludes carboxyl and imidazole side 
chains. Tyrosine is excluded because additional spectral changes to those observed 
would be expected. The group of the protein which is involved is probably, therefore, 
an arginine, lysine or cysteine side chain in the acid form. 
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