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Lipoic acid activation of the a-ketobutyrate oxidation system 
in cell-free extracts of Streptococcus faecalis 

Cell suspens ions  and  dried cell p repa ra t ions  of Streptococcus ]aecalis, s t ra in  IoC1, ha rve s t ed  
f rom a lipoic acid-deficient med i um,  oxidize p y r u v a t e  and  a - k e t o b u t y r a t e  when  lipoic acid is 
added  to t he  s y s t e m  1. Unt i l  recent ly  3,3, however ,  a t t e m p t s  to ac t iva te  cell-free ex t rac t s  of t he  
deficient cells wi th  lipoic acid or its der iva t ives  have  been unsuccess fu l  ¢. This  repor t  descr ibes  
some of the  condi t ions  and  c o m p o n e n t s  required for ac t iva t ion  of the  a - k e t o b u t y r a t e  ox ida t ion  
s y s t e m  in cell-free ex t r ac t s  p repared  f rom lipoic acid-deficient S. [aecalis cells. 

The  cells were grown on a syn the t i c  m e d i u m  essent ia l ly  as described by  GUNSALUS et al. 5. 
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Fig. i .  Lipoic acid u p t a k e  and  a-keto-  
b u t y r a t e  d i s m u t a t i o n  ac t iv i ty  of cell-free 
ex t rac t .  I ml  a l iquots  of ex t r ac t  (84 m g  
protein)  and  rad ioac t ive  lipoic acid were in- 
cuba t ed  a t  3 °0 for 60 m i n u t e s  and  t h e n  
dia lyzed wi th  ag i ta t ion  for 12 hou r s  aga ins t  
th ree  changes  of 200 ml  each of 0.02 M 
p h o s p h a t e  buffer  (pH 7.0) a t  4 °. The  dial- 
yzed ex t r ac t s  were a s sayed  for r ad ioac t iv i ty  
and  a - k e t o b u t y r a t e  d i s m u t a t i o n  ac t iv i ty .  
Resu l t s  are based  on 84 m g  of protein.  As a 
control ,  5 7 of rad ioac t ive  lipoic acid and  
84 m g  of crys ta l l ine  egg a l b u m i n  in I ml  of 
o.o2 M p h o s p h a t e  buffer  (pH 7.0) was  
d ia lyzed  as descr ibed.  0.05 ~ of rad ioac t ive  
lipoic acid r e m a i n e d  in dialysis  sack. 
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The  cell pas te  (25 g) was suspended  in sufficient 
0.02 M p o t a s s i u m  p h o s p h a t e  buffer  (pH 7.o) to 
give a final vo lume  of 5 ° ml. The  suspens ion  was  
sub jec ted  to sonic v ib ra t ion  for 45 minu t e s  wi th  
a R a y t h e o n  IoKC oscillator and  t h e n  cent r i fuged  
for 4 ° m i n u t e s  a t  top  speed of a Servall  SS1 
cent r i fuge  a t  40 . The  cell-free ex t r ac t  con ta ined  
app rox i ma te ly  80 m g  of pro te in  per  ml. The  ra te  
of fo rmat ion  of propionyl  phospha te ,  by  d i smu-  
t a t ion  of a -ke tobu ty ra t e ,  was  used  as the  a s say  for 
the  a - k e t o b u t y r a t e  ox ida t ion  sys tem.  The  a s say  
s y s t e m  (c/. 1,6) conta ined  IOO # M  of p o t a s s i u m  
p h o s p h a t e  buffer  (pH 7.o), 5 0 / , M  of p o t a s s i u m  
a -ke tobu ty ra t e ,  0 . 2 / z M  of cocarboxylase ,  o.I p M  
of CoA, 0.23 /zM of DPN,  6. 4 p M  of L-cysteine, 
4 # M  of MgC1 v and  ext rac t ,  in a final vo lume of 
I.O ml. The  reac t ion  m i x t u r e s  were incuba ted  for 
3 ° m i n u t e s  a t  3 °o in air and  t h e n  assayed  for 
propionyl  p h o s p h a t e  by  the  h y d r o x a m i c  acid 
m e t h o d  of LIPMANN AND TUTTLE 7. 

P re l imina ry  incuba t ion  of the  ex t r ac t  wi th  
lipoic acid was  necessary  for m a x i m a l  a-keto-  
b u t y r a t e  d i s m u t a t i o n  ac t iv i ty .  W i t h  an  excess 
of lipoic acid a p p r o x i m a t e l y  3 ° m inu t e s  of prein- 
cuba t ion  was  required.  T h a t  lipoic acid is t aken  
up  and  re ta ined  in an  enzymica l ly  act ive  form dur-  
ing t he  p re incuba t ion  was  shown  by  expe r imen t s  
wi th  DL-a-lipoic acid ssS28. Al iquots  of the  cell- 
free ex t rac t  were i ncuba t ed  wi th  increas ing con- 
cen t ra t ions  of rad ioac t ive  lipoic acid and  t h e n  
dialyzed to r emove  free lipoic acid. Assay  of the  
dialyzed p repara t ions  revealed a parallel  increase 
in the  a m o u n t  of lipoic acid " b o u n d "  and  the  a- 
k e t o b u t y r a t e  d i s m u t a t i o n  act iv i ty ,  bo th  reaching  
a m a x i m u m  when  a p p r o x i m a t e l y  1.5 7 of radioac-  
t ive lipoic acid was " b o u n d "  per  84 m g  of pro te in  
(Fig. I). This  a m o u n t  of lipoic acid represen ts  ap-  
p rox i ma t e ly  3 ° % of t h a t  original ly added.  

Dialysis  of the  original ex t r ac t s  aga ins t  
o . 6% e thy t ened i amine t e t r aace t a t e  in o.o2 M 
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  (Tris) buffer  
(pH 7.4), and  t hen  aga ins t  o.o2 M Tris buffer  

p H  7.o), p r ior  to  i ncuba t ion  wi th  rad ioac t ive  lipoic acid, revealed t h a t  bo th  m a g n e s i u m  ion and  
p h o s p h a t e  ion were requi red  in the  p re incuba t ion  for " b i n d i n g "  of lipoic acid and  enzymic  ac t iv i ty .  
The  o p t i m u m  concen t ra t ions  of m a g n e s i u m  and  p h o s p h a t e  ions were a p p r o x i m a t e l y  0.002 M and  
0.02 M,  respect ively.  M a g n e s i u m  ion could be replaced by  m a n g a n o u s  or cobal tous  ions. P h o s p h a t e  
ion could no t  be replaced by  ei ther  su l fa te  or chloride ions a t  a concen t ra t ion  of o.o2 M, bu t  could 
be suppl ied  equa l ly  well as t he  p o t a s s i u m  or sod ium salt .  

F rac t i ona t ion  of t he  crude ex t r ac t s  wi th  p r o t a m i n e  sul fa te  yielded two enzyme  fract ions,  
one (Frac t ion  PP)  p rec ip i ta ted  by  p r o t a m i n e  and  e lu ted  wi th  I M p h o s p h a t e  buffer, p H  7.o, and  
t he  o ther  (Frac t ion  PS) r ema in ing  in t he  p ro t ami ne  s u p e r n a t a n t .  I t  was necessa ry  to i ncuba te  bo th  
f rac t ions  toge the r  wi th  lipoic acid for a - k e t o b u t y r a t e  d i s m u t a t i o n  ac t iv i ty  (Table I). W h e n  ex- 
t r ac t s  which  h a d  been  incuba t ed  wi th  lipoic acid were f rac t iona ted  wi th  p ro tamine ,  F rac t ion  P P  
was found  to con ta in  t he  comple te  a - k e t o b u t y r a t e  d i s m u t a t i o n  sys tem.  However ,  F rac t ion  PS 
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T A B L E  1 

COUPLING OF FRACTIONS FROM ACTIVATED AND 
UNACTIVATEI) I£XTRACTS 

Fract ions in Fracti,  m added P r , p i o n y l  p h , s p h a t e  
preincubation at ~cv~av t ime  f,lrmed 

P I '  I 'S 0. 3 l~3I 
PS  I ' P  o.2 
t )P  + PS  2. 3 
P P  (Act.)  * 2.5 
PS  (Act.)  l ' l '  o. - 
P P ( A c t . )  + P S ( A c t . )  -,.2 
P P  + P S  (Act.)  - 1.S 
I ' P  a n d  P S  (Act.)  ** - - o. 3 

C O l l d i t i o n s :  T h e  p r o t e l u  e l m ( c u t  
(ff the  f r a c t i o n s  (o.e ml  t)f each)  w:~s 
as  fo l lows:  PP,  1 .4mg:  I 'S, o(1 111k~: 
l ' I ' ( A c t . ) ,  I.S rag:  I'S(.\ct.). (,.s rag. 
T h e  f r a c t i o n s  w e r e  i n c u b a t e d  f(w ()o 
m i n u t e s  a t  3 ° ' w i th  2o 7 of l ipoic acid.  
4l~.11 ()f MgCI 2 and ~.2 p3l (d c o c a r  
b o x y l a s e ,  ;11/(1 t h e n  a s s a y e d  fi,r ~ ke to  
l m t y r a t e  d i s m u t a t i ~ m  a c t i v i l v  ( Io  
m i n u t e  a s say) ,  w i t h o u t  f u r t h e r  add i -  
t ion  of MgCI~ (,r c, warboxylz tse ,  1,nt 
w i t h  t he  i n d i c a t e d  l r m t i o n s  a d d e d  at  
t i m e  of a s say .  

W h e n  t h i s  f r a c t i o n  w a s  a s s a y e d  w i t h o u t  p r e i n c u b a t i o n ,  t he  r e s u l t  was  the  s ame .  
* *  F r a c t i o n s  w e r e  p r e i n c u b a t e d  s e p a r a t e l y  a n d  c o n l b i n e d  a t  t i m e  of a s say .  

f r o m  t h e  a c t i v a t e d  e x t r a c t  c o u l d  be  i n c u b a t e d  w i t h  l ipo ic  a c i d  a n d  F r a c t i o n  P P  f r o m  the  u n a c t i -  
r a t e d  e x t r a c t  t o  r e c o n s t r u c t  t h e  d i s m u t a t i o n  s y s t e m .  T h u s  far,  a t t e m p t s  to  d e t e c t  a h e a t  s t a b l e  or 
d i a l y z a b l e  c o m p o n e n t  w h i c h  c o u l d  r e p l a c e  F r a c t i o n  PS  h a v e  b e e n  unsucces s fu l .  
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The utilization of acid soluble phosphorus in growing bacteria 

111 s t u d y i n g  t h e  k i n e t i c s  of d e s o x y r i b o s e  nuc le i c  ac id  (DNA) or  r ibose  nuc l e i c  ac id  (RNA)  
s y n t h e s i s ,  b y  m e a n s  of a2p i n c o r p o r a t i o n ,  i t  is e s s e n t i a l  to  a s c e r t a i n  w h e t h e r  e x c h a n g e  of p h o s p h o r -  
us  t a k e s  p l a c e  b e t w e e n  t h e s e  s u b s t a n c e s  a n d  o t h e r  sou rce s  of p h o s p h o r u s  w i th in ,  and  w i t h o u t ,  
t h e  cell. 

T h i s  p r o b l e m  h a s  b e e n  s t u d i e d  r e c e n t l y  b y  HERSHEY 1 b y  g r o w i n g  l a b e l l e d  E. coli cei ls  in cold 
m e d i u n l  a n d  l o o k i n g  for  a r e d i s t r i b u t i o n  of a2p b e t w e e n  t h e  R N A  a n d  D N A  f rac t ions .  HERSHEY 
c o n c l u d e d  t h a t  t h e  c o n s e r v a t i o n  of a2p o b s e r v e d  in  b o t h  t h e  R N A  a n d  t h e  D N A  i n d i c a t e d  an  
a b s e n c e  of t u r n o v e r  or  of e x c h a n g e  of p h o s p h o r u s  w i t h i n  t h e s e  f r ac t ions .  

V(e h a v e  c o n f i r m e d  HERSHEY'S r e s u l t s  u s i n g  Salmonella typhimurium. T h e s e  r e s u l t s  in  t h e n >  
se lves ,  h o w e v e r ,  a re  n o t  dec i s ive .  S i m i l a r  r e s u l t s  w o u d  be  o b t a i n e d  if b o t h  R N A  a n d  D N A  
e x c h a n g e d  p h o s p h o r u s ,  t h r o u g h  a c o m m o n  p h o s p h o r u s  p o o l  a n d  if t h e  e x c h a n g e  r a t e s  w e r e  p ro-  
p o r t i o n a l  to  t h e  n e t  r a t e s  of s y n t h e s i s  of t h e s e  s u b s t a n c e s  1. H o w e v e r ,  if such  e x c h a n g e s  occur red ,  
t h e  t o t a l  a ~ p - a c t i v i t y  of t h e  t r i c h l o r o a c e t i c  ac id  (TCA) so lub l e  m a t e r i a l ,  of w h i c h  s u c h  a c o l n n n m  
p h o s p h o r u s  p o o l  m a y  be  a s s u m e d  to  he  a p a r t ,  w o u l d  r e m a i n  m o r e  or less c o n s t a n t  ( l u r ing  g r o w t h  
a n d  s y n t h e s i s  of n e w  nuc le i c  acid,  t h e  r e t u r n  of a2p f r o m  t h e  la rger ,  i n s o l u b l e  f r a c t i o n  m a i n t a i n i n g  
an  a l m o s t  c o n s t a n t  t o t a l  a c t i v i t y  in  t h e  so lub l e  f r ac t ion .  T h e  c o m b i n a t i o n  of a h i g h  r a t e  of ex-  
c h a n g e  a~*d Ioss of a c t i v i t y  Iron1 t h e  so lub l e  pool ,  w h e t h e r  to  t h e  m e d i u m  of t o  o t h e r  f r a c t i o n s  t h a n  
R N A  a n d  D N A ,  c a n  be  e x c l u d e d ,  s ince  we  k n o w  t h a t  t h e  a2p of t h e  nuc le ic  ac id s  is c o n s e r v e d  o v e r  
s e v e r a l  g e n e r a t i o n s  of g r o w t h  ~. 

A c c o r d i n g l y ,  a c u l t u r e  of Sahno~ella typhimurium w a s  d i l u t e d  to  a t i t e r  of 5 '  IO5 ce l l s /mi  in  


