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Kinetics of the potassium-activated aldehyde dehydrogenase of yeast 

The mechan i sm by which dehydrogenases  reac t  is a sub jec t  of cons iderable  in teres t .  S tudies  wi th  
alcohol  and  lac t ic  dehydrogenases  have  been carr ied  out  1-3 in order  to  exp la in  the i r  ac t ion  in 
t e r m s  of well defined k ine t i c  models  4-7. On the  o the r  hand,  the  k ine t i cs  of enzyme  a c t i v a t i o n  
by m e t a l  ions has  also been i n v e s t i g a t e d  bu t  with n o n - d e h y d r o g e n a t i n g  enzymes  such as the  
p y r u v i c  phosphophe ra se  f rom muscle  s. The poss ib i l i ty  of a s i mu l t aneous  s t u d y  of dehydVogenat ing 
m e c h a n i s m s  and m e t a l  a c t i v a t i o n  is offered by  the  p o t a s s i u m - a c t i v a t e d  a l d e h y d e  dehydrogenase  
f rom yeas t ,  since the  a c t i v i t y  of th i s  enzyme  depends  on the  concen t r a t i on  of s u b s t r a t e  (acet- 
a ldehyde) ,  coenzyme (DPN, d i p h o s p h o p y r i d i n e  nucleot ide)  and  a m e t a l  ion (K + or Rb+) 9. Ac- 
cord ing  to the  r e a c t a n t  chosen as a first var iab le ,  th ree  different  poss ibi l i t ies  m u s t  be considered.  

( t )  E x p e r i m e n t s  wi th  acetaldehyde as first variable 

In  th i s  case the  a c t i v i t y  of the  a ldehyde  dehydrogenase  p r epa ra t i ons  (obta ined and  measured  
as descr ibed p rev ious ly  ~°) increased wi th  a c e t a l d e h y d e  concen t r a t ion  up to  9-1o" IO 5 M;  above  
th i s  concen t r a t i on  a c e t a l d e h y d e  inh ib i t ed  the  react ion.  P lo t s  of the  reciprocal  of the  in i t ia l  
ve loc i ty  aga ins t  the  rec iprocal  of the  a c e t a lde hyde  concen t r a t ion  did not  yield s t r a i g h t  l ines but  
the  e x p e r i m e n t a l  va lues  f i t ted equa t ions  (~) and  (2) where the  symbols  have  the  mean i ng  g iven  
by L1NEXA'EAVER AND BURK 11. 

u h)g %! log N2-1"ma x -- log ([,%7/~, Ns/Vma x ~S]/Vmax); (I) 

iS!/v = 1(.,11", . . . .  + (IS? + LS]"/N2)/l',nax (2) 

After  severa l  t r ia l s  the  ave rage  values  of ~t, Ns and N e were 2.o, I. 5. 1o ~ M and  o.9" to 33I ,  
respec t ive ly .  This  shows t h a t  two  e n z y m e - a c e t a l d e h y d e  compounds  are  possible,  the  first (ca ta ly t i -  
ca l ly  ac t ive)  wi th  one a c e t a l d e h y d e  e q u i v a l e n t  per  enzyme  ac t ive  s i te  (Michaelis cons tan t ,  Ks) 
and  the  second compound ,  which is inac t ive ,  w i th  two  a c e t a l d e h y d e  equ i va l en t s  per  ac t ive  s i te  
(dissociat ion cons tan t ,  K~) Var ia t ion  of D P N  concen t r a t ion  from o.o27 to  o.44o m M  did not  
a l t e r  s ign i f ican t ly  the  value  of n, K s or K 2 and  va r i a t i on  of the  concen t r a t ion  of K + from 0. 5 m M  
to 50 mM or of Rh* from r.o m M  to ~oo m M  did not  affect the va lue  of K s. 

(2) E x p e r i m e n t s  wi th  D P N  as first variable  

In  these  e x p e r i m e n t s  the  r a t e  of the  reac t ion  was  d i rec t ly  re la ted  to I )PN concen t r a t i on  
which was  var ied  in the  range  from 0.027 m M  to o.44o mM.  By p l o t t i n g  the  rec iprocal  of the  
in i t i a l  ve loc i ty  aga ins t  the  rec iprocal  of the  D P N  concen t ra t ion ,  s t r a i g h t  l ines were ob t a ined  and  
KDp N was  ca lcu la ted  accord ing  to  the  equa t ion  I/V = 1/Vma x + /(DPN/[S] 'Vma x. The average  
](DPN va lue  was i. 4 '  io  4:14 and was  i n d e p e n d e n t  of a c e t a l d e h y d e  concen t r a t i on  fr~)m 1.8 to 
53" I o s  M and of the  concen t r a t i on  of the a c t i v a t o r  (Rb +) f rom I.o m M  to IOO mM.  

(3) E x p e r i m e n t s  wi th  the act ivator ions as first variable 

The ra t e  of the  reac t ion  increased when  the  a c t i v a t o r  concen t ra t ion  was  increased to o.o5 M 
KC1 or o.o25 34 RbC1. Above  th i s  concen t ra t ions ,  the  m e t a l  ions s l i gh t ly  inh ib i t ed  the  react ion.  
Never the less ,  p lo t s  of the  rec iproca l  of the  in i t i a l  ve loc i ty  aga i n s t  the  reciprocal  of the  a c t i v a t o r  
c o n c e n t r a t i o n  (concen t ra t ions  near  to or be low those  p roduc ing  m a x i m a l  ac t iv i ty )  y ie lded  s t r a i g h t  
l ines and  ]£A (dissocia t ion c o n s t a n t  of the  e n z y m e - a c t i v a t o r  compound)  could be ca lcu la ted  from 
the  r a t i o  of the  slope to  i n t e r cep t  a t  I / [A]  = O. N A was  equal  to  2 . z . i o  3 ,'14 (with K +) and  
5.5" zo-a M (with Rb  ~). V a r i a t i o n  of the  concen t r a t ion  level of D P N  or a c e t a l d e h y d e  did not  
affect K A values .  

The m a x i m a l  ve loc i ty  of r eac t ion  (Vraax) for each va r i ab le  was  ca lcu la ted  from the  value  of 
the  in t e rcep t  a t  ~/[S] or 1/[~A] = O, in the  p lo t s  of in i t ia l  r eac t ion  ve loc i ty  aga i n s t  the  reciprocal  
of the  s u b s t r a t e  (or ac t iva to r )  concen t ra t ion .  The i n t r o d u c t i o n  of a second va r i ab l e  m e a n t  the  
appea rance  of several  convergen t  s t r a i g h t  l ines which a l lowed the  ca lcu la t ion  of the  effects of 
s u b s t r a t e s  and  a c t i v a t o r s  on the  m a x i m a l  ve loc i ty  of the  react ion.  Plots  of I/Vma x aga ins t  I / [S] 
or I / [A]  were l inear  and  the  ra t io  of slope to i n t e r cep t  gave  the  va lue  of the  d issoc ia t ion  (or 
Michaelis)  c o n s t a n t  cor responding  to  the  second var iable .  In  th is  way  KA, ]~s and  KDp N were 
reca lcu la ted  and  the  resu l t s  compared  well  wi th  the  va lues  quo ted  above.  

The ox ida t i on  of a c e t a l d e h y d e  by  the  y e a s t  a ldehyde  dehydrogenase  is p rac t i ca l ly  i r revers ible .  
Ace ta te  did not  oxidize  D P N H  nor  inh ib i ted  the  ra te  of the  ace t a l dehyde  ox ida t i on  which means  
t h a t  the  e n z y n l e - a c e t a t e  c o m p o u n d  is to<) d i ssoc ia ted  to be of k ine t ic  significance.  On the  o ther  
hand ,  D P N H  inh ib i t ed  the  forward react ion.  A s s u m i n g  t h a t  oxid ized  and reduced D P N  are  bonnd 
a t  the  s a m e ' s i t e  of the  enzyme,  D P N H  was  considered as a c o m p e t i t i v e  inh ib i to r  and  the  dis- 
soc ia t ion  c o n s t a n t  of the  e n z y m e - D P N H  compound  was  ca lcu la ted  wi th  the  respec t ive  r a t e  
equationS- /~'DPNH was  found equal  to 5.o" lO 5 M which means  t h a t  the  enzyme  has a s t ronger  
aff ini ty for D P N H  t h a n  for D P N  : th i s  agrees  wi th  the  c o m p a r a t i v e l y  h igher  ab i l i t y  of the  former  
to p ro tec t  t h e  enzyme  thiols  TM, 
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Our exper imenta l  resul ts  fit an equat ion of the form (3), and, therefore, agree with the theory 
of t e rna ry  comp!exes consist ing of enzyme-ace ta ldehyde-coenzyme or enzyme-subs t r a t e -ac t i -  
vator,  according to the variables chosen. 

Vmax/V = z + KA/[A ] + KB/[B] + KAB/[AB_ ~ (3) 

In  equat ion  (3), A and 13 are subs t ra tes ,  or subs t ra te  and act ivator ,  respectively. KAB , the 
complex constant ,  could be measured directly and the value obtained agreed well wi th  the value 
of the  p roduc t  KA × KB whichever  were the  pai r  o ! variables Chosen. The dissociation cons tant  
of each enzyme-subs t r a t e  or enzyme-ac t iva to r  compound  is not  affected by the presence of the  
o ther  r eac tan t s  and therefore r a n d o m  format ion  of the  active complex could take place if the  
sys tem were operat ing in equil ibrium conditions. Nevertheless,  the possibili ty of compulsory  order  
of binding of subs t ra tes  under  s teady-s ta te  conditions cannot  be ruled out  entirely. The poin t  
will be discussed in more  detail elsewhere. 

This  work  has been suppor ted  by  the Rockefeller Foundat ion,  E. R. Squibb & Sons, Argen- 
tina, and IVA, Indus t r i a  Vidriera Argentina.  
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The enzymic synthesis of &aminolevulinic acid* 

&Aminolevulinic acid has been demons t ra ted  to be an intermediate  in the synthesis  of por- 
phyr ins l ,  2 and the porphyrin- l ike moiety of v i tamin  B12 3. This aminoketonic  acid arises bio- 
logically f rom the condensat ion of "ac t ive"  succinatO and glycine. However,  the details of this 
condensat ion have not  yet been elucidated. This communica t ion  repor ts  our finding tha t  the 
s u p e r n a t a n t  fluid obtained on centr i fugat ion of an ext rac t  of the photosynthe t ic  bac te r ium 
Rhodopseudomonas spheroides for 3 ° rain at lOO,OOO × g is capable of catalyzing the net synthesis  
of d-aminolevulinic acid f rom succinate and glycine on addit ion of cofactors or f rom succinyl- 
coenzyme A and glycine. 

LASCELLES has  demons t ra ted  ~ tha t  not  only are porphyr ins  synthesized by R. spheroides 
by the route  previously elaborated for other  cells, bu t  also tha t  porphyr ins  and porphobil inogen 
accumula te  in the medium. We were encouraged to invest igate this bac te r ium for the enzymes 
responsible for the  synthesis  of b-aminolevulinie acid, for we found tha t  6-aminolevulinic acid 
was  also present  in the medium after  the cells were suspended in medium I of LASCELLES 5. 
LAVER AND NEUBERGER 6 recently reported t ha t  a par t iculate  fraction obtained from erythrocytes  
of phenylhydlaz ine- t rea ted  chicks was capable of synthesizing this compound from succinate and 
glycine and tha t  the a m o u n t  synthesized was increased 2.5 fold on addition of bo th  coenzyme A 
(CoA) and pyridoxal  phosphate .  

The s t ra in  241 C of R. spheroides, obtained f rom Professor R. Y. STANIER, which originally 
came from Professor C. V. VAN NIEL'S collection, was grown in medium S of LASCELLES. After 
abou t  36 h, the bacteria were harvested and washed several t imes with 0.9 % saline. The ceils 
were ground with alumina,  extracted with o. I M phospha te  buffer, pH 6.9, containing 0.9 % NaCI, 
and centrifuged for 3 ° rain at  5000 × g. The supe rna t an t  fluid was then centrifuged for 30 min 
at  IOO,OOO × g, and this lat ter  supe rna t an t  fluid was then used as the initial enzyme system. 

" This work was aided by gran ts  from the Nat ional  Ins t i tu tes  of Health,  United States Public 
Health Service (A-t i o t), f rom the American Cancer Society, and from the Rockefeller Foundat ion.  


