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Direct enzymic conversion of malonic semialdehyde 
to acetyl-coenzyme A 

An onzyrn.e obta ined from a s train of P s e l t d o m o ~ m s  f l ~ o r e s c e n s  has been reported 1 to 
catalyze the hydra t iou  of ace ty lenemonocarboxyl ic  acid with the format ion  ,of 
malonic semialdehyde.  The present  communica t ion  is p rompted  by  the discovery of 
a novel reaction for the fur tber  ut i l izat ion of malonic semialdehyde.  This involves 
a CoASH- and DPN-]inked conversion to form acetyl-SCoA. The sys tem is experi- 
lnental ly  irreversible : 

O H C C H g C O O H  + D P N  + + C o A S H  # CHaCOSCoA + CO a + DPNI-[  + H + (I)  

If the reaction proceeds by  w a y  of a CoASH-l inked a ldehyde  dehydrogenase  2 followed 
b y  decarbo,xylatlon 3, malonyl-SCoA would be the expected first product .  The  sys t em 
described is unique in t h a t  malonyl-SCoA has been ruled out  as a free in termedia te .  

Tile product  of reaction (I) has  been shown to be a thiol  ester which was  identif ied 
as acetyl-SCoA b y  arsenolysis wi th  phosphot ransace ty lase  4, and  c h r o m a t o g r a p h y  o f  
the h y d r o x a m a t e  der ivat ive  formed from the  isolated thiolester ,  wi th  the  solvent  
sys tem of VAGELOS'. The last  me thod  defini t ively separates  a c e t y l h y d r o x a m a t e  
(Re, 0.62) from m a l o n y l m o n o h y d r o x a m a t e  (RF, o.I4). The enzyme has been purif ied 
2oo-foid 133" a combina t ion  of salt f ract ionat ion,  elution from calcium phospha te  gel 
and  ch roma tog raphy  on N,N-diethylaminocel lulose.  Combinat ion of eluate  f ract ions 
produced only  addi t ive  effects on ac t iv i ty ;  the  sys tem behaves as a single enzyme.  

The s to ich iometry  of the  reaction,  detai led in Table  I, is t h a t  expected  for 
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h l c u b a t i o n s  w e r e  ca r r i ed  o u t  in  t h e  p r e s e n c e  of t h e  ~ollowing,  e x p r e s s e d  as  j~mote~/ml;  K - p h o s -  
p h a t e ,  p H  7.o, 5 ° ; m e r c a p t o e t h a n o l .  5 ; a n  e x c e s s  of t h e  e n z y m e .  E x p t s .  t a a d  2 i n c l u d e d  C o A S H ,  
o .3:  m a !on i c  s e m i a l d e h y d e ,  o .4 ;  l i m i t i n g  q u a n t i t i e s  of DPlX-. X'~rhen t h e  r e a c t i o n  w a s  c o m p l e t e d  
as j u d g e d  b y  fo l lowing  t h e  f o r m a t i o n  of  I ) P N H  s p e e t r o p h o t o m e t r i c a l l y ,  a t i q u o t s  w e r e  r e m o v e d  
a n d  ass~tyed for  a l d e h y d n  a n d  t h i o e s t e r .  E x p t s .  3 a n d  4 w e r e  c o n d u c t e d  in  m a n o m e t r i c  v e s s e l s  
a t  3o ~ a n d  c o n t a i n e d  D P N ,  4 a n d  C o A S H ,  4. IXxpts. 3 a n d  4 i n c l u d e d  4.o a n d  4 . 2 / , m o l e s ,  r e -  
s p e c t i v e l y ,  of m a l o n i c  s e m i a l d e h y d e .  A f t e r  z o - m i n  i n c u b a t i o n ,  t h e  r e a c t i o n  w a s  t e r m i r ~ t e d  b y  
t h e  a d d i t i o n  of o. i  ni l  I ,V I t z S O  4 a n d  t h e  CO.- e v o l v e d  w a s  m e a s u r e d .  A l i q u o t s  were  t~Wx0rt fo r  

a l d e h y d e  a n d  h y d r ~ x a m a t e  d e t e r m i n a t i o n s .  All  r e su l t s  a r e  e x p r e s s e d  in  p m o l e s .  

~llalanie DP,~;H Thiol ester CO,  E.x pl. .~¢~iaidehyde 

1 - - o . o 9 6  + 0.089 + 0.08¢ 
2 - - o . t 5  o + o . I 6 z  + o.156 
3 - -  4.0 + 3.6 
4 + 3.5 + 3.8 

A h b r e v i a t i o n s :  C o A S H ,  coenzyme :  A;  DI-'N +. d i p h o s p h n p y r i d i n e  n u c l e o t i d e .  
* I- 'ersonal ~ ;ommunica t i on  f ro ln  Dr.  P.  i{. k'AGELOS. 
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r e a c t i o n  ( I ) .  N e i t h e r  succ in ic  s e m i a l d e h y d e  n o r  a c e t a l d e h y d e  is o x i d i z e d  in th i s  
s y s t e m .  W h e n  m a l o n y l - S C o A  (3 I Lmoles) is s u b s t i t u t e d  for  m a l o n i c  s e m i a ! d e h y d e  ~ 
in t h e  incubatio.,-, s y s t e m  used  in T a b l e  I ( E x p t .  3), a c e t y l - S C o A  is n o t  f o r m e d  a n d  
m a l o n y l - S C o A  is r e c o v e r e d .  W h e n  m a I o n y l - S C o A  a n d  D P N H  are  i n c u b a t e d  w i t h  t h e  
e n z y m e ,  D P N  + is n o t  f o r m e d .  M a l o n y l - S C o A  (I ~motc )  does  n o t  i n h i b i t  the  f o r m a t i o n  
of  a c e t y N S C o A .  T h e s e  d a t a  s u p p o r t  t h e  c o n t e n t i o n  t h a t  m a l o n y l - S C o A  is n o t  a f ree  
i n t e r m e d i a t e  in t h e  c o n v e r s i o n  of m a l o n i c  s e m i a l d c h y d e  to  a c e t y l - C o A .  
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• Malonic semialdehvde was a gift from l)r. XV. (;. l t o m s s o x  and Dr. M. J. Coos.  
• * Fellow of th0 Jane  Coffin Childs Memorial Fund for Medical Research. 

Enzymic synthesis of thiamine 

~VoOLLEY z s u g g e s t e d  t h a t  t h i a m i n e  j s  s y n t h e s i z e d  e n z y m i c a t l y  f r o m  tl-,e fi-ee p y r i -  
m i d i n e  a n d  t h i a z o l e  m o i e t i e s  b y  u t i l i z ing  the  e n e r g y  of a g l y c o l y t i c  s y s t e m .  Tt h a s  
b e e n  r e c e n t l y  r e p o r t e d  a t h a t  t h e  r e a c t i o n  c a t a l y z i n g  t h e  c o n d e n s a t i o n  of t h e  p y r i -  
m i d i n e  O M P  a n d  t h e  t h i a z o l e  T h  in ce l l - f ree  y e a s t  e x t r a c t s  i n v o l v e s  t h e  f o r m a t i o n  
of  a m o n o p h o s p h a t e  e s t e r  of  O M P .  In  t h e  p r e s e n t  s t u d y ,  a ce l l - f ree  e x t r a c t  f r o m  
" O r i e n t a l "  b a k e r ' s  ) ' e a s t  h a s  b e e n  o b t a i n e d  w h i c h  c a t a l y s e s  t he  s y n t h e s i s  o f  t h i a m i n e  
( m e a s u r e d  b y  t h e  t h i o c h r o m e  assay)  a f t e r  i n c u b a t i o n  of O.MP a n d  T h  w i t h  A T P  
a n d  Mg++. 

T h e  e n z y m e  w a s  e x t r a c t e d  f r o m  q u i c k - f r o z e n  y e a s t  b y  t h e  m e t h o d  used  to  e x t r a c t  
a c e t y l  CoA k inasea :  t h e  y e a s t  w a s  f rozen  w i t h  d r y - i c e  a n d  e t h e r ,  a n d  the  f rozen  y e a s t  
( zoo  g) e x t r a c t e d  o v e r n i g h t  w i t h  4oo  m l  o .o5 3 f  N a 2 H P O 4  in t h e  co ld  r o o m .  T h e  
s u s p e n s i o n  w a s  c e n t r i f u g e d  a t  6500 ~: g fo r  ~o ra in  a n d  t h e  s u p e r n a t a n t  b r o u g h t  to  
o.65 s a t u r a t i o n  b y  a d d i n g  solid ( N H 4 ) z 5 0  ~ w i th  s t i r r ing .  T h e  so lu t ion  w a s  k e p t  
n e u t r a l  b y  a d d i n g  2.o M K O H  a n d  o.2 3 I  E D T A .  A f t e r  c e n t r i f u g a t i o n  the  p r o t e i n  
w a s  d i s s o l v e d  in o.05 M T r i s  bu f fe r ,  p H  7.6. T h e  e n z y m e  p r e p a r a t i o n  w a s  t h e n  
g e n e r a l l y  s t o r e d  in a d e e p  freeze.  F o r  f u r t h e r  use  t he  f rozen  m a t e r i a l  w a s  d i a l y z e d  
a g a i n s t  o . o i  M Tr i s ,  xo -4 M E D T A ,  a t  p H  7.6, for  3 h in t h e  cold .  T h e  so lu t i on  st i l l  
c o n t a i n e d  a sma l l  a m o u n t  of  t h i a m i n e .  As s h o w n  in T a b l e  I ,  A T P  a n d  M g  ÷+ a re  
r eq l f i r ed  for  t h e  s y n t h e s i s  of  t h i a m i n e .  A D P  h a s  a s l igh t  effect ,  d u e  p r o b a b l y  to t h e  
p r e s e n c e  of  m y o k i n a s e ,  whi le  o t h e r  n u c t e o t i d e  p o l y p h o s p h a t e s  h a v e  no effect .  

W h e n  t h e  e n z y m e  p r e p a r a t i o n  is i n c u b a t e d  w i t h  O M P ,  A T P  a n d  Mg ++ in t h e  
a b s e n c e  of T h  fo r  30 ra in ,  a n  i n t e r m e d i a t e  " a c t i v e  O M P  c o m p o u n d "  a p p e a r s  to  be  

= Abbreviations: OX[P, z-rnethyl-4-amino-5-hydroxymeth.vlpyrirnidine; OMI-'-P, 0)II' mono- 
phosphate ester; OMP-Pf' ,  O:~|1 ~ p3"ropkosphatc cstcr; Th, 4-mcthyl-5-hy;lroxyethyI thiazolc; 
Th-P, Th monophosphate ester; Th-PP. Th diphosphate ester: Trin. tris~hvdn>x.vmethyl)amino- 
methane;  EDTA, ethylencdiaminetetrancetate. 


