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Y E A S T  A L C O H O L  D E H Y D R O G E N A S E  

I. T H E  EFFECT OF P Y R t D I N E  DERIVATIVES ON T H E  REACTION* 

J A N  VAN E YS  AND N A T H A N  O. K A P L A N  

The 3lcCollum-Pratt Institute, The Johns Hopkins University, Baltimore, iWid. (U.S.A.) 

The reaction catalyzed by  yeast ADH** is identical with that  catalyzed by horse liver 
ADH. The binding of D P N H  by the two enzymes appears to be different, since a 
spectral shift of the 34 ° m/~ band of D P N H  can be observed when the enzyme-coen- 
zyme complex is formed with the mammalian enzyme 2 and not with the yeast de- 
hydrogenase. A binding of DPN and D P N H  by the yeast enzyme can, however, be 
observed by the ultracentrifugal separation technique of HAYES AND VELICK 3. 
Furthermore, a detailed study of the kinetics of the reaction catalyzed by  the enzyme 
gave results compatible with a reaction scheme in which the enzyme-coenzyme com- 
plexes are intermediates ~, 5. 

From direct measurement and determination of the Michaelis-Menten constants 
for DPN and DPNH,  it can be inferred that  the binding of D P N H  is stronger than that  
of DPN with yeast ADH 3. A direct competition between the two forms of the coen- 
zyme, can, however be demonstrated~; this indicates that  the same site may be 
involved in the binding of both DPN and DPNH. 

We have observed that  pyridine derivatives are inhibitors of the reaction catal- 
yzed by  yeast ADH. The inhibiting pyridine derivatives studied fall into three cate- 
gories: (a) free pyridine bases; (b) Nl-methylpyridinium salts; (c) analogues of DPN. 
This inhibition of pyridine nucleotide dependent dehydrogenases has been observed 
in isolated instances: on lactic dehydrogenase 6, glucose dehydrogenase 6,~, and malic 
dehydrogenase 8. 

The pyridine derivatives do not act on yeast ADH as simple competitive type 
inhibitors for DPN, but they can, in some instances, influence the oxidation of alcohol 
to a different extent than they can the reduction of acetaldehyde, and also at low 
concentrations they can increase the rate of reaction. 

These results and their significance in interpreting the mechanism of action and 
the nature of coenzyme binding by yeast ADH will be described in this paper. 

* Cont r ibu t ion  No. 158 of t he  McCol lum-Pra t t  Ins t i tu te .  Suppor ted  in pa r t  by  g ran t s  f rom the  
Rockefel ler  F o u n d a t i o n ,  t he  Na t iona l  Cancer  I n s t i t u t e  of the  Na t iona l  I n s t i t u t e s  of Hea l t h  (Grant  
No. C-2374 C) and  t he  Amer i can  Cancer  Society as r e c o m m e n d e d  by  the  Commi t t e e  on Growth  
of t he  Na t iona l  Resea rch  Council.  A p re l iminary  repor t  ha s  appea red  1. 

** Abbrev ia t ions  used  in th i s  pape r  are:  A D H :  alcohol dehydrogenase ;  D P N  and  D P N H :  
oxidized and  reduced  d iphosphopyr id ine  nucleot ide ;  beta-picol ine DPN,  pyr id ine  DPN,  and  e thy l  
n ico t ina te  D P N :  oxidized ana logue  of D P N  of beta-picoline,  pyr idine ,  and  e thy l  nicot inate ,  re- 
spect ive ly ;  A P D P N  and  A P D P N H :  oxidized and  reduced  ana logues  of D P N  of ace ty l  pyr id ine ;  
Py-3A1DPN and  P y - 3 A 1 D P N H :  oxidized and  reduced  ana logue  of D P N  of pyr id ine-3-a ldehyde  
respect ively;  T R I S :  t r i s - ( h y d r o x y m e t h y l ) a m i n o m e t h a n e .  

References p. 58I. 
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MATERIALS AND METHODS 

Yeast  A D H  was a commercial  prepara t ion* used wi thout  recrystallization. A fresh dilution was 
made jus t  prior to use. Rates  were determined by  following the  change in absorpt ion  a t  34 ° m #  
in the  Beckman spect rophotometer .  For  D P N  reduction ethanol  was used at a final concentrat ion 
of 0. 5 M;  for D P N H  oxidation acetaldehyde was used at  a final concentrat ion of 0.0 7 21//, These 
compounds  represented in all cases minimally a iooo fold excess of subs t ra te  over coenzyme. 

The enzyme concentrat ion was  adjusted so t h a t  the  reaction remained approximate ly  zero 
order  for the  first 9o seconds. Rates  were defined as the change in optical density at  34 ° m#  in the  
15 to 3 ° second interval  after start ing the  react ion wi th  enzyme. 

The subst i tu ted  pyridines were commercial preparat ions.  Acetyl pyridine was redistilled 
prior to use; all others  were used wi thou t  prior purification. 

The NX-methylpyridine derivatives were prepared from methyl  iodide and the corresponding 
pyridine compounds  in the  usual manner**.  \Vhen the inhibi t ion  of the  methylpyr id in ium iodide 
compounds  was tested, an equivalent  a m o u n t  of po tass ium iodide was included in the  control reac- 
t ion mixture .  No signif icant inhibi t ion  by po tass ium iodide at the  concentrat ions employed was 
ever observed. 

The analogues of D P N  were prepared from DPN, using the  appropr ia te  pyridine compound,  
by  the action of pig brain DPNase,  as described for the isonicotinic acid hydrazide and acetyl 
pyridine analogues of DPNg, 1°. The only signif icant c o n t a m i n a n t  in the  analogue prepara t ions  was  
the  alpha isomer of D P N  n.  The pure alpha isomer, however,  up to a 5 ° fold excess of t ha t  present  
in the  most  heavily contaminated  analogue prepara t ions  had no effect on the reactions catalyzed 
by  yeast  ADH.  

D P N H ,  A P D P N H  and Py-3A1DPNH were prepared  enzymically as described previously TM. 
The values of the pKa of the pyridine derivatives used were taken from the data of JAFF£ 

AND ]:)OAK 13. Values not  reported by  JAFF~ AND DOAK were est imated f rom the sigma value 14 
of the subst i tuent .  The sigma values were those compiled by JAFFI~ 15. 

RESULTS 
Free pyridine bases 
The inhibition of free pyridine bases was discovered with ~-picoline as an inhibitor. 
But it was soon found that the inhibition was not peculiar to this compound, but 
rather, that all free pyridine bases tested exhibited this property. The degree of in- 
hibition was markedly dependent upon the pH of the reaction mixture. As an illustra- 
tion; at a given concentration in pyrophosphate buffer beta-picoline gave the following 
inhibition at pH 9.6 : I3.4% ; at pH 8.6: 29.1% ; at pH 8. 3 : 56.4%. 

This same pH dependence was shown by other pyridine derivatives, though the 
relation between pH and inhibitory action was different for the different compounds. 
For this reason a series of different pyridine derivatives were tested in their effect on 
the reduction of DPN and compared on the basis of their basicity. It was obvious 
that, with the exception of pyridine-3-sulfonic acid, the inhibition was proportional 
to the pKa of the ring nitrogen. This is illustrated in Fig. I. This startling relationship 
at once pointed toward the importance of the pyridine ring nitrogen for the inhibition. 

The inhibition of pyridine derivatives, at least for the more strongly basic ones, 
appeared to be truly competitive, as determined in a conventional LINEWEAVER-BURK 
plot TM. 

It could be observed that the inhibition was dependent on the coenzyme used. 
When DPN was used as a coenzyme, the inhibition by beta-picoline was much less 
than when APDPN was used as a coenzyme, io -a M beta-picoline inhibited coenzyme 
reduction 20% in the case of DPN and 45% in the case of APDPN at the concentra- 
tion of coenzyme of 1.5" lO -4 M. Although the picoline inhibition is much different, 
the Michaelis-Menten constants for the two nucleotides, determined in the usual 

* W o r t h i n g t o n  B iochemica l  Corporat ion .  
** We are grateful  to Mr. MARVIN LAMBORG of this  laboratory  for m a k i n g  these c o m p o u n d s  

avai lable  to us. 
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Fig. i.  The relationship between the pKa of the 
ring nitrogen and the inhibitory power of pyridine 
bases. The word apparent  KI is used since only 
at  relatively high concentrations is a t rue compe- 
t i t ive inhibition observed. The KI values were 
determined in the usual manner  from a LINE- 
WEAVER BURK plotlS: 

i/v = (I + ~-I)'Km/Vmax. I/DPN + I/V ....... 

S i n c e  t h e  r i n g  n i t r o g e n  of  p y r i d i n e  c o m p o u n d s  a p p e a r e d  t o  b e  of i m p o r t a n c e  in  i n h i b i t -  

i n g  y e a s t  A D H  t h e  c o r r e s p o n d i n g  N l - m e t h y l  d e r i v a t i v e s  were  t e s t e d  for  t h e i r  i n h i b i -  

t o r y  c a p a c i t y .  H e r e  i t  b e c a m e  c l e a r  t h a t  t h e  d e g r e e  of i n h i b i t i o n  w a s  r e l a t e d  to  t h e  sub -  

s t i t u e n t  o n  t h e  r ing .  T h e  i n h i b i t i o n ,  h o w e v e r ,  w a s  n o t  in  t h e  o r d e r  of t h e  f ree  p y r i d i n e  

b a s e s  b u t  a p p r o x i m a t e l y  in  t h e  r e v e r s e  order .  T h i s  o r d e r  g a v e  a ser ies  i n  w h i c h  t h e  

i n h i b i t o r y  a c t i o n  w a s  g r e a t e r ,  t h e  s t r o n g e r  t h e  e l e c t r o n e g a t i v i t y  of t h e  s ide  c h a i n .  

T h e  i n h i b i t i o n  was ,  a t  l e a s t  for  s o m e  m e m b e r s ,  c o m p e t i t i v e  w i t h  D P N .  T h e  o r d e r  

of i n h i b i t i o n  of t h e  ser ies  of  N l - m e t h y l p y r i d i n i u m  ions  was  t h e  s a m e  as  t h a t  of t h e  

p y r i d i n e  b a s e s  w h e n  t h e  c o n c e n t r a t i o n  of t h e  b a s e s  was  e x p r e s s e d  as  t h e  a m o u n t  of 

p y r i d i n i u m  ion  p r e s e n t  8. T h i s  m a d e  i t  a p p e a r  l i k e l y  t h a t  t h e  i n h i b i t i n g  spec ies  was  t h e  

TABLE I 
C O M P A R I S O N  OF I N H I B I T I O N  B Y  P Y R I D I N E  D E R I V A T I V E S  

The figures are based on a reaction mixture consisting of DPN 1.3. lO-4 M, ethanol 0. 5 M, 
Tris buffer 0.05 M, pH 9-3 

Substituent pK a pyridine 
base 

Concentration required/or 50°,0 inhibition 

I'yridine derivatives N~-methyl - 
#~,ridinium 

Total base pyridinium derivatives 
(molar) ion (molar)* (molar) 

0 . 0 2 0  1 . 3 "  1 0 - 5  ** 

o.o4o 1.3" 1°-5 5 .8. 1°-3 
o.070 6.6" lO -6 5.5" lO-3 
0 . 2 3  2 .  9 • 1 0  - 7  5 . 0 .  l O  - 3  

4.0. io -3 
• ** *** 4 .  2 . 1 0  - 3  

0.30 2.6" IO -3 3.6" IO -3 
0.60 8.5' lO -9 3.2" lO -3 

*#  
o.o13 5.1" lO -9 

4-CH 3 6. I I 
3-CH 3 5.82 
none 5.27 
3-CONH2 3.4 ° 
3-COCH3 3.39 
3 -CHO 3.37 
3-CO2C2H 5 2.24 
3-CN i .45 
3-SO 3- 2.9 

* These figures are calculated from the previous 
** Compound not  available. 

column as indicated below§. 

Re/erences p. 582. 

* * *  The absorption at  34 ° m#  of solutions of these compounds was so high tha t  no reliable values 
could be obtained. For the same reason the figures for 3-amino-pyridine and 3-hydroxypyridine 
and the corresponding Nl-methyl  derivatives were not  included in the table. However, the values 
were in the range expected from their  pKa. 

§ Calculated from the Henderson-Hasselbach equation, assuming the amount  of unionized 
pyridine compound equal to the total  amount  present. At pH 9.3 this approximation introduced 
an error of less than  i par t  in lO 5 maximally. 
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pyridinium ion rather than the unionized bases. As a consequence the Nl-methyl 
derivatives were chemically the stronger inhibitors, but the pyridinium ions were 
far more potent than the corresponding Nl-methylpyridinium ions (see Table I). This 
can be illustrated by comparing the 3-cyanopyridine derivatives: the amount of 
inhibition given by Nl-methyl-3-cyanopyridinium iodide in the concentration of 
5" lO-3 M required about o.I M 3-cyanopyridine, which at pH 9.3 corresponded to a 
concentration of 3-cyanopyridinium ion of lO -9 M. 

D P N  analogues 

A similar series could not be derived for the DPN analogues since the only analogue 
inhibiting DPN reduction was the beta-picoline analogue of DPN. The pyridine 
analogue and the ethyl nicotinate analogue of DPN had little or no effect on the rate, 
while APDPN and Py-3A1DPN will actually substitute for DPN in the reaction of 
yeast ADH 1°,z7. The inhibition by the beta-picoline analogue was again competitive 
with DPN. 

The effect o/pyridine derivatives on D P N H  oxidation 

When the various compounds were tested for their inhibition of the reverse reaction, 
i.e., DPNH oxidation by acetaldehyde, an unexpected result was obtained. It was 
found that some of the inhibitors affected the reverse rate much less than the forward 
reaction, even though the concentration of pyridinium ions was far greater. This was 
especially true for the stronger bases in the free pyridine series: gamma- and beta- 
picoline. In contrast the pyridine analogue of DPN, which has little effect on the oxida- 
tion of ethanol, was a strong inhibitor of 5 8 

the reducti°n °f acetaldehyde (see Fig. 2). f ~ # #  ~ N  i 
This pointed to a qualitative difference in 4 
the binding of DPN and DPNH apart , ALOG 

I from the known quantitative difference 3. o 3 0 t> 
m \CONT O, 

<3 .2 f'+ANALO G ~ 
Fig. 2.The effect of pyr id ine  D P N  on the  forward 
and  backward  react ion of yeas t  ADH.  D P N H  ~ _ l  f I-*~ 1 
concen t ra t ion  o.15- lO -3 M, analogue concen- . I ~ 4 
t r a t i o n  in the  forward reac t ion  5" lO-3 M,  in the  
backward  react ion 2. lO -4 M, Fo rward  react ion I I I I t t 5" 3 
T R I S  buffer p H  9.3, backward  reac t ion  phos-  0 0 I 2 3 4 0 I 2 3 4 

p h a t e  buffer  p H  7.8. TIME (MINUTES) 

Activation by pyridine derivatives 

The effect of those pyridine derivatives which inhibited relatively strongly the reduc- 
tion of acetaldehyde, such as nicotinic acid and nicotinamide, could activate DPN 
reduction, when the concentrations of the compounds were lowered (Fig. 3). This 
activation was dependent on the DPN concentration used (Fig. 4). 

The above cited observations make necessary the following conclusions with 
regard to the coenzyme binding and the reaction sequence: (a) The binding of DPN 
and DPNH is not only quantitatively but also qualitatively different. (b) The binding 
of the coenzymes involves a negatively charged grouping since pyridinium ions are 
strongly inhibitory. This binding site is less important for DPNH binding, since strong 
Re/erences p. 58r. 
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bases are relatively poor inhibitors of D P N H  oxidation. (c) A potentially positive site 
is involved in the coenzyme binding since the inhibitors with a strong electronegative 

side chain are more effective than the ones 
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Fig. 3. The  effect of py r id ine  de r iva t ives  on the  
r e l a t ive  ra te  of y e a s t  A D H  in the  presence and  
absence  of inhibi tor .  T R I S  buffer p H  9.3. D P N  
concen t r a t ion  o.15" lO -3 M. The  concen t ra t ion  
of the  pyr id ine  compounds  is expressed  as to ta l  

a m o u n t  added.  

with weak electronegative side chains. 
This site is relatively more important for 
D P N H  binding than for DPN binding 
since it takes a strongly negative grouping 
on pyridine derivatives for them to be in- 
hibitors for the reduction of acetaldehyde. 
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Fig. 4- The  effect of increas ing  a m o u n t s  of 
D P N  on the  re la t ive  ra te  of D P N  reduc t ion  in 
the  absence and  presence of n icot in ic  acid. Con- 
cen t ra t ion  of sod ium n ico t ina te  0.04 M. To the  
control  was  added  0.04 M NaC1. T R I S  buffer 

p H  9.3. 

THEORETICAL 

To exp la in  the  increase in the  ra te  of reac t ion  p romoted  by  some of the  pyr id ine  der iva t ives ,  the  
fol lowing reac t ion  sequence has  been considered.  

E - D P N  + alcohol  ~-- E - D P N H  + ace t a ldehyde  + H + (i) 

E - D P N H  + D P N  ~-- E - D P N  + D P N H  (2) 

where  s tep  (2) is the  r a t e - l imi t ing  step*. 
This  second reac t ion  does no t  involve  t r a n s h y d r o g e n a t i o n  18, bu t  r a t h e r  a d i rect  compe t i t i on  

be tween  D P N  and  D P N H  for the  enzyme.  
In  the  presence of a p y r i d i n i u m  ion the  sequence of even ts  would  be : 

E - D P N  + alcohol  ~-- E - D P N H  + ace t a ldehyde  + H + (3) 

E - D P N H  + pyr id ine  ~-  E -pyr id ine  + D P N H  (4) 

E -py r id ine  + D P N  ~-  E - D P N  + pyr id ine  (5) 

I f  we t a k e  the  no rma l  react ion,  a s suming  all n si tes on the  enzyme  to be equal  and  independen t ,  
we can wr i te  the  equ i l i b r ium:  

(E-DPN) = Kc[(Et ) - -  (E-DPN)] [ (DPN) / (DPNH)]  (6) 

* In  the  c i r cums tance  t h a t  e thano l  is not  p resen t  in ve ry  large excess, th is  is not  the  case, and  
one of the  reac t ions  in s tep (i) becomes the  ac tua l  r a t e - l imi t ing  step. 

Re]erences p. 58z. 
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where E-DPN stands for the concentration of sites on the enzyme occupied by DPN and Et stands 
for the total number of sites on the enzyme. In the steady state the rate will be proportional to the 
left side of equation (6) since the rate is directly proportional to E-DPN. When a pyridine ion (Py) 
is present, we have two competing equilibria: 

K '  = ( E - P y ) ( D P N H ) / ( E - D P N H )  (Py)  (7) 
and 

K " =  ( E - D P N ) ( P y ) / ( E - P y ) ( D P N )  (8) 

where E-Py, E-DPNH and E-DPN stand for the concentration of the sites on the enzyme occupied 
by the pyridinium ion, by DPNH and by DPN, respectively. 

Solving equation (7) for Py and substituting the solution in (8) we obtain 

(E-DPN) = K ' K "  (E-DPNH) [(DPN)/(DPNH)] (9) 

which can be rewritten by substituting E-DPNH as: 

(E-DPN) ~ K ' K "  [(Et)--  (E-DPN)] [(DPN)/(DPNH)] - -K ,K"(E-Py) .  [(DPN)/(DPNH)] (Io) 

The relative rate in the presence and absence of the pyridinium ion, then, will be the result of 
dividing equations (IO) and (6). This results in equation (i i):  

[ (E-Py) ] 
Vr ~ ( K ' K " / K c ) [ I  - -  (Et) - -  (E-DPN)J (II) 

Since the DPNH concentration is relatively negligible in the period of zero order kinetics, which 
is under investigation, we may substitute for E-Py the appropriate solution of equation (8), 
yielding equation (12). In this solution, it must be considered that  at a given enzyme concentration, 
during zero order kinetics E - D P N  and E t are constants : 

V r ~ K ' K " / K c  [ I -  C(Py)/(DPN)] (12) 

The constant C has then the value 

C ~ ( E - D P N ) / [ ( E t )  - -  (E-DPN)]K" 

(DPN) stands for the initial DPN concentration. 
I t  is obvious that  when t f ' K " / K  c > I the relative rate can be greater than one. The relative 

rate will be inversely proportional to the concentration of pyridinium ion and directly proportional 
to the concentration of DPN. This is in agreement with the data shown in Figs. 3 and 4. The pro- 
portionality is, however, not directly to Py but to the logarithm of Py. The significance of this 
discrepancy will be discussed in the following paper TM. 

DISCUSSION 

I t  has  been  a s s u m e d  in  t h e  d e r i v a t i o n  a b o v e  t h a t  al l  s i tes  on  t h e  e n z y m e  ac t  c o m p l e t e l y  

a u t o n o m o u s l y  so t h a t  k i n e t i c a l l y  t h e  e n z y m e  c o n c e n t r a t i o n  is e q u i v a l e n t  to  t h e  con-  

c e n t r a t i o n  of a c t i v e  sites.  T h a t  t h e  s i tes  are,  a t  l eas t  w i t h  respec t  to  c o e n z y m e  b ind ing ,  

i n d e p e n d e n t ,  has  been  shown  b y  t h e  w o r k  of  HAYES AND VELICK 3. F o r  a gene ra l  p ic-  

t u r e  of t h e  e n z y m e  ac t ion ,  however ,  t h e  n u m b e r  of s i tes  is no t  i m p o r t a n t ,  a n d  i t  is 

o n l y  neces sa ry  to  a s s u m e  t h a t  t he r e  ex i s t s  a d i r ec t  c o m p e t i t i o n  b e t w e e n  D P N  a n d  
D P N H ,  a n d  t h a t  t h e  r a t e  of r e g e n e r a t i o n  of t he  e n z y m e - D P N  c o m p l e x  is t h e  r a t e -  

l i m i t i n g  step.  
F o r  t h e  e x p l a n a t i o n  of  t h e  a c t i o n  of t h e  p y r i d i n i u m  c o m p o u n d s ,  a spec ia l i zed  

p i c t u r e  of t h e  m o d e  of b i n d i n g  b y  t h e  e n z y m e  is r equ i red ,  a p i c tu r e  in  w h i c h  D P N  a n d  
D P N H  are  b o u n d  b y  d i f fe ren t  m e c h a n i s m s .  T h e  w o r k  of BARRON 2°, w h e n  r e c a l c u l a t e d  
for t h e  n o w  a c c e p t e d  m o l e c u l a r  w e i g h t  of  t h e  e n z y m  e3, shows  t h a t  t w o  su l fhyd ry l  
g roups  a re  t a k e n  up  pe r  mole  of D P N  bound .  F o u r  moles  of D P N  are  b o u n d  pe r  mole  
of enzyme .  F u r t h e r m o r e ,  t h e  w o r k  of  VALLEE AND HOCH 21 has  e s t ab l i shed  t h e  pres-  

ence  of four  moles  of z inc  pe r  mo le  of  e n z y m e .  
On  t h e  basis  of  t he  a b o v e  i n f o r m a t i o n  t h e  b i n d i n g  of D P N  can  be  p i c t u r e d  as in 
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Fig. 5. One sulfhydryl group is linked through the amino group of DPN. Corroborating 
evidence is found in the diminished acti- 
vi ty of deamino DPN as compared to 
DPN 12, and in the decreased stability of 
the enzyme in the presence of deamino 
DPN". The zinc is pictured as linked 
through the pyrophosphate bond. The 
second sulfhydryl is attached to the pyri- 
dinium nitrogen. The greater positive 
charge of DPN as compared to DPNH 
lowers the affinity of the pyrophosphate 
grouping of DPN for the zinc. Further- 
more, it appears from Pauling-Corey 
models of nicotinamide mononucleotide 
that  a strong hydrogen bonding exists 
between the carboxamide grouping of 
the nicotinamide moiety and the phos- 
phate**. Such an interaction in the DPN 
would again materially weaken the pyro- 
phosphate bond. This hydrogen bonding 
is absent in the reduced nucleotide since 
the angle of the plane of the nicotinamide 
ring to the ribose ring is altered in conver- 

'~ /  0 \ 
N" *N 

- -  ~ 'ILJ/YEAST ADH 
=DPN COMPLEX 

HH 
YEAST ADH 

:DPNH COMPLEX 

~ o  mY 
~~+ YEAST ADH 

~ :NICOTINIC 
ACID COMPLEX 

Fig. 5. The binding of DPN,  DPNH,  and nico- 
tinic acid by yeast  ADH.  See tex t  for details. 

ting the nitrogen atom from a quaternary pyridinium nitrogen to a tertiary nitrogen. 
Thus DPN is relatively weakly bound through the pyrophosphate, but  strongly 

bound through the pyridinium grouping. DPNH is strongly bound through the pyro- 
phosphate, and little, if at all, through the nitrogen of the reduced pyridine ring. 

The net effect is that DPNH is bound more strongly to yeast ADH than is DPN, 
especially because of the high affinity of the pyrophosphate in DPNH for the zinc. 

Nicotinic acid, which will compete for both the zinc and the sulfhydryl grouping 
may easily displace the pyrophosphate grouping of DPN. On the other hand, the pyri- 
dinium bond of DPN should be broken only with difficulty. In the case of DPNH, the 
sulfhydryl grouping is easily competed with, while the pyrophosphate group should be 
quite resistant to action of nicotinic acid. 

The free pyridine type compounds compete apparently solely for the sulfhydryl 
grouping, and hence have a greater effect on the oxidized form of DPN. The pyridine 
analogue of DPN has no hydrogen bonding and will attack the zinc more strongly 
than will DPN ; however, the sulfhydryl grouping will be attacked with the same ac- 
tivity of DPN. DPN competes with the pyridine analogue at both sites, On the other 
hand, DPNH has effective competition only at the pyrophosphate site, and would 
therefore be more inhibited by the analogue. 

Finally, the stronger the interaction is between a side chain of a given DPN an- 
alogue and the first phosphate the weaker is the zinc-pyrophosphate linkage. This 
appears to be the explanation for the greater inhibition of beta-picoline on APDPN, 
than on DPN since APDPN has an apparent stronger hydrogen bond. 

" J .  VAN EYs, M. M. CIOTTI AND N. O. KAPLAN, to  be published. 
** N. O. KAPLAN AND L. GROSSMAN, unpubl ished observations.  
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SUMMARY 

The effect of pyridine derivatives on yeast alcohol dehydrogenase has been described. These com- 
pounds have been found to compete with DPN or DPNH for the active site on the enzyme. Three 
classes of compounds have been studied : pyridine bases, Nl-methylpyridinium salts, and analogues 
of DPN. 

A number of pyridine compounds have been found to show inhibitory powers different for 
the DPN reduction than for the DPNH oxidation. The inhibition of pyridine bases appears to be 
due to their ionized forms. 

Although pyridine bases inhibit the yeast alcohol dehydrogenase reaction, some of these com- 
pounds could actually, at low concentrations, stimulate the rate of reaction. 

A partial reaction sequence and an enzyme-coenzyme model are proposed to explain the ex- 
perimental data. 
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Y E A S T  A L C O H O L  D E H Y D R O G E N A S E *  

II.  P R O P E R T I E S  OF T H E  CATALYTICALLY ACTIVE SITE" 

J A N  V A N  EYS,  M A R G A R E T  M. C I O T T I  A N D  N A T H A N  O. K A P L A N  

The McCollum-Pratt Institute, The Johns Hopkins University, Baltimore, Md. (U.S.A.) 

In the previous paper a reaction scheme and a model of the enzyme-coenzyme com- 
plex of yeast alcohol dehydrogenase*" were proposed 1. In the development of the 
theoretical rate in the presence and absence of a pyridinium ion, it was assumed tha t  

* Cont r ibu t ion  No. 161 of t he  McCol lum-Pra t t  Ins t i tu te .  Suppor ted  in pa r t  b y  g r an t s  f rom t h e  
Rockefel ler  F o u n d a t i o n  and  t he  Na t iona l  Cancer  I n s t i t u t e  of the  Nat iona l  I n s t i t u t e s  of H e a l t h  
(Grant  No. C-2374C ). 

** Abbrev ia t ions  used in th i s  pape r  are:  A D H :  alcohol dehydrogenase ;  D P N  and  D P N H :  
oxidized and  reduced  d iphosphopyr id ine  nucleot ide,  respect ively;  Py-3A1DPN and  P y - 3 A I D P N H :  
oxidized and  reduced  ana logs  of D P N  of pyr id ine-3-a ldehyde ,  respect ively;  pCMB:  para-chloro- 
mercur ibenzoa te .  
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