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Reversible reduction of thioctamide catalyzed by the a-ketoglutaric 
dehydrogenase complex 

T h e  p y r u v i c  and  a -ke tog lu ta r ic  (KG) dehydrogenases  of m a m m a l i a n  t i ssues  are complex  un i t s  
of  h igh  molecu la r  we igh t  (4" I°6 and  2. lO 6 g /mole  respect ively)  1, ~. U n d e r  t h e  e lectron microscope*,  
t h e  l a t t e r  appea r s  as an  essent ia l ly  spher ical  par t ic le  of  12o A d i ame te r  which  is cons i s t en t  wi th  
t he  molecu la r  we igh t  ca lcula ted  f rom s e d i m e n t a t i o n  a n d  diffusion cons tan t s .  Bo th  of t hese  e n z y m e  
complexes  con ta in  t i gh t ly -bound ,  non-d ia lyzable  6,8-thioct ic  acid (a-lipoic acid) or  a der iva t ive  
of it  ac t ive  in t he  microbiological  assayS, 3. Direct  evidence t h a t  th ioct ic  acid func t ions  in t he  
ox ida t ion  of a -ke toac ids  ha s  been ob ta ined  f rom s tud ies  on bacter ia l  preparat ions4,  5. One  of t h e  
i n t e rmed ia t e  s teps  pos tu l a t ed  in the  sequence  of reac t ions  is t he  ox ida t ion  of d i th io loc tanoa te  
by  D P N  (React ion  i) 

T(SH) 2 + D P N +  ~-  TS~ + D P N H  + H + (I) 

The  presence  of th is  enzymic  ac t iv i ty  in purif ied f ract ions  f rom E. colt has  been  d e m o n s t r a t e d  
by  coupl ing  i t  to  t he  reduc t ion  of p y r u v a t e  wi th  lact ic dehydrogenase  and  m e a s u r i n g  t he  decrease 
in  - S H  e . 

W e  h a v e  now found  t h a t  t he  KG dehydrogenase  purified f rom hog  hear t s  2 ca ta lyzes  t he  
reversible  ox ida t ion  of  reduced  D P N  (DP NH)  by  6 ,8- th ioc ta te  and  by  6 ,8- th ioctamide**.  The  
reac t ion  can  be d e m o n s t r a t e d  readi ly  in b o t h  di rect ions  by  m e a s u r i n g  t he  absorp t ion  of D P N H  
a t  34 ° m]~ (Fig. I). ( + )  Th ioc t a t e  is ac t ive  while ( - - )  t h ioc ta t e  is inac t ive  in t he  reaction.  The  
presence  of t he  inac t ive  i somer  h a d  no  effect on t he  ve loc i ty  of  t he  reac t ion  wi th  the  ( + )  isomer.  

There  are  s igni f icant  differences in t he  ac t iv i ty  wi th  th ioc ta t e  and  th ioc tamide .  The  p H  
o p t i m u m  for t he  reac t ion  wi th  t h i oc t ami de  is 7.I, which  is a b o u t  t he  s ame  as for K G  oxida t ion  
b y  D P N  ~. W i t h  t h ioc t a t e  as subs t ra te ,  the  ac t iv i ty  increases  sha rp ly  on decreas ing  t he  p H  f rom 
7.o to 6.o. The  concen t ra t ion  for h a l f - m a x i m a l  ve loc i ty  wi th  DL-thioctamide is 6" 1o-4M, while 
m a x i m a l  ra tes  are no t  ob ta ined  wi th  DL-thioctate even  a t  6. Io -SM.  The  ra tes  of K G  oxida t ion  
and  of D P N H  ox ida t ion  by  th ioc t a t e  or t h ioc t amide  are shown  in Table  I. I t  is seen t h a t  t he  
par t i a l  reac t ions  proceed a t  a fas ter  ra te  t h a n  t he  over-al l  K G  oxida t ion .  The  fact  t ha t ,  compared  
wi th  t he  r educ t ion  of th ioct ic  acid, the  reac t ion  wi th  th ioc tamide  h a s  a lower K m and  a p H  
o p t i m u m  closer to  t h a t  of KG dehyd rogenase  t en t a t i ve l y  sugges t s  t h a t  t he  na tu r a l  b o u n d  cofactor 
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migh t  be closer in s t ruc ture  to thioctamide than  to thioctic acid. I t  m u s t  be recognized tha t  
the  reactions wi th  thioctic acid and amide are p robab ly  mediated th rough  the bound  cofactor. 

TABLE I 

COMPARATIVE RATES OF REACTIONS CATALYZED BY KG DEHYDROGENASE 

~moles/min/mg 
protein 

KG oxidation 3.5 
Thioctamide reduction i 6. 5 
Thioctate  reduction 4.6 

KG oxidation was  measured at  p H  7.4 under  conditions previously described ~ and thioctamide 
reduction as in Fig. 1 except t ha t  the subs t ra te  concentrat ion was 2. i o -8 M. For  line 3, 4.5" i o -8 M 
DL-thioctate a t  p H  6.1 was  used (sub-optimal conditions). 

The equil ibrium cons tan t  of the  reaction has  been measured at p H  7.i and 23 °. The average 
value of several determinat ions  for 

0.6 
[TS~] [DPNH] [H +] 

K = [TS2H~] [DPN] 

was  1.65 • IO -s. The E 0' for the thioctic acid 
couple calculated f rom the K was  - - o . 3 o l .  
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i 
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Fig. i. Reversible reduction of thioctamide. 
Curve I :  The reaction mix ture  contained ioo 
/,moles phospha te  buffer, p H  7.o, o.29 #moles  
D P N H  and 2. 3 / ,moles  DL-thioctamide in 2. 5 ml. 
Curve 2: IOO /,moles phosphate ,  1.66 / ,moles 
D P N  and 1.2 /*moles DL-dithioloctamide in 2.5 
ml. The reaction was  initiated by  the addit ion 
of i 2 / , g  and 25 / ,g  respectively of KG dehydro-  
genase. At  3 min o.oi ml lactic dehydrogenase 

and i / , m o l e  py ruva t e  were added to 2. 

o 

o ; 
Minutes 

The diaphorase-like act ivi ty associated wi th  purified a-ketoglutaric dehydrogenase~, 8 might  be 
mediated th rough  the reduction of the  bound  thioctic cofactor by  D P N H  since dithioloctanoate 
and dithioloctamide are readily oxidized in the  presence of air and methylene blue. 
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