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Enzymic synthesis and reduction of malonyl semialdehyde-coenzyme A 

Studies on propionate metabolism in animal tissues have shown that malonate 
semialdehyde is formed by the oxidation of fl-hydroxypropionate in the presence of 
DPN + and fl-hydroxypropionic dehydrogenase 1, 2 and by the enzymic transamination 
of fl-alanine with ,¢-ketoglutarate 3, 4. Malonate semialdehyde has also been implicated 
as an intermediate in propionate oxidation by peanut mitochondria 5. More recently 
VAGELOS AND EAI~L 6 have demonstrated that extracts of Clostridium kluyveri oxidize 
fl-hydroxypropionyl-CoA to malonyl semialdehyde-CoA in the presence of TPN +. 

The fact that the purified pig-heart succinyl-acetoacetyl-CoA transferase ~ was 
recently shown to catalyze the transfer of CoA from acetoacetyl-CoA or succinyl-CoA 
to malonate with formation of malonyl-CoA s suggested that malonate semialdehyde 
might also be a substrate for this enzyme. We wish to report that malonyl semi- 
aldehyde-CoA can indeed be synthesized enzymically by transfer of CoA from 
succinyl-CoA (or acetoacetyl-CoA) to the carboxyl group of malonate semialdehyde 
in the presence of CoA transferase according to the following reactions: 

Succinyl-CoA + malonate semialdehyde +__.____~. malonyl semialdehyde-CoA + succinate (i) 

Acetoacetyl-CoA + malonate semialdehyde ~___.___~_ malonyl semialdehyde-CoA + acetoacetate (2) 

Reaction (I) was followed by a direct optical assay ~ based upon the absorption 
band (;t max about 303 m/~) possessed by fl-keto thioesters, including malonyl semial- 
dehyde-CoA 6, in alkaline solution. When highly purified CoA transferase was added 
to succinyl-CoA and malonate semialdehyde at pH 8.0, a rapid increase in absorbancy 
at 31o m/~ occurred (Fig. I, lower curve), indicating the formation of malonyl semial- 
dehyde-CoA. After the reaction had approached equilibrium, the pH of the reaction 
mixture was lowered by successive additions of dilute HC1 and the changes in ab- 
sorbancy followed. It is seen that the absorbancy of the reaction product decreases 
with decreasing pH, but unlike that of acetoacetyl-CoA ~ is appreciable at acid pH. 
This spectral behavior has been found for synthetic malonyl semialdehyde pantetheine 6 
and is further evidence for the identity of the product as malonyl semialdehyde-CoA. 
The pK of the enol group of the latter compound is apparently considerably less 
than that of acetoacetyl-CoA, suggesting that at pH 8.0 the absorbancy of malonyl 
semialdehyde-CoA might be greater than that of acetoacetyl-CoA and that reaction (2) 
could, therefore, be measured optically. As shown in Fig. I (upper curve), the ab- 
sorbancy of a solution of acetoacetyl-CoA at pH 8.0 decreases due to spontaneous 
deacylation. On addition of purified CoA transferase (in the presence of malonate 
semialdehyde), the absorbancy increases rapidly, thereby demonstrating the for- 
mation of malonyl semialdehyde-CoA. 

Further evidence for the occurrence of reaction (i) was obtained by coupling 
it with reaction (3), which we have found to be catalyzed by fl-hydroxybutyryl-CoA 
dehydrogenase, and demonstrating the net reaction (4) by direct optical test. 

Malonyl semialdehyde-CoA + DPNH + H + ~______-~_. fl-hydroxypropionyl-CoA + DPN + (3) 

Succinyl-CoA + malonate semialdehyde + DPNH + 1K + <_____._~_ 
fl-hydroxypropionyl-CoA + DPN + + succinate (4) 

Abbreviations: CoA, coenzyme A; DPN +, DPNFI, oxidized and reduced diphosphopyridine 
nucleotide; TPN +, TPNH, oxidized and reduced triphosphopyridine nucleotide. 
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Thus when malonate semialdehyde, DPNH, crystalline pig heart fl-hydroxy-butyryl- 
CoA dehydrogenase 1°, and CoA transferase were mixed, no reaction occurred (Fig. 2) 
as measured by the absorbancy of DPNH at 340 m~. It is therefore evident that  these 
enzyme preparations were entirely free of fl-hydroxypropionic dehydrogenase. How- 
ever, upon addition of succinyl-CoA, oxidation of DPNH was observed (Fig. 2, lower 
curve) as a result of synthesis and reduction of malonyl semialdehyde-CoA. As already 
shown with acetoacetyl-CoA 1°, TPNH can replace DPNH in reaction 3 (Fig. 2, upper 
curve). This reduction of malonyl semialdehyde-CoA by a crystalline preparation of 
fl-hydroxybutyryl-CoA dehydrogenase apparently explains the disappearance of 
malonyl semialdehyde-CoA catalyzed by crude extracts of pig heart and rabbit liver 
in the presence of DPNH (see ref. 6). 
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Fig. I.  The  reac t ion  m i x t u r e  ini t ia l ly  con ta ined  
s o d i u m  p y r o p h o s p h a t e ,  20o /zmoles; malonic  
semia ldehyde ,  I o /zmoles ;  and  acetoacetyl-CoA,  
0 .27 / ,mo le s  (upper  curve) or succinyl-CoA, I,O 
# m o l e  (lower curve) .  Purif ied pig  h e a r t  CoA 
t r ans fe ra se  (3.2/~g; specific ac t iv i ty ,  IOOO) was 
added  a t  zero t ime  (lower curve) and  af ter  3 m i n  
(upper  curve) ,  to s t a r t  t he  react ion.  The  final 
p H  was  8.o. Volume,  1.5o ml,  d = I.O cm, t em-  
pera ture ,  22 ° . I n  t he  e x p e r i m e n t  represen ted  by  
t he  lower curve  af ter  3o m i n  acid was  added  in 
i nc r emen t s  to achieve  t he  pFI va lues  shown  and  
t he  r e su l t an t  A sl0 va lues  are ind ica ted  by  the  
open  circles. Thioes te r  was  o m i t t e d  f rom the  

reference cuve t te ,  s 
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Fig. 2. The  reac t ion  m i x t u r e  ini t ial ly con ta ined  
p o t a s s i u m  p h o s p h a t e  buffer, p H  7.5, i oo/~moles ; 
malonic  semia ldehyde ,  i o/~moles ; TPNFI  (upper  
curve) or D P N H  (lower curve) ,  o .3 / ,mole  ; h igh ly  
purified pig  hea r t  CoA t rans fe rase  (8 #g ;  specific 
ac t iv i ty ,  IOOO); and  recrystal l ized pig  h e a r t  
f l -hydroxybu ty ry l -CoA dehydrogenase  (I 1.6/zg ; 
specific ac t iv i ty ,  149). A t  zero t ime  t he  reac t ion  
was s t a r t ed  b y  add i t ion  of I/~mole succinyl-CoA 
to the  expe r imen t a l  cuve t te .  Volume,  1.5 ml, 

d = 1.0 cm, t empera tu re ,  22 °. 

The evidence presented establishes an enzymic route for the conversion of malonic 
semialdehyde to its CoA ester and thereby provides additional support for the 
occurrence in animal tissues of a metabolic pathway for the r-oxidation of propionate. 
The function of such a pathway (other than in the formation of fl-alanine) is not yet 
clear, particularly since the oxidation of malonyl semialdehyde-CoA to malonyl-CoA, 
although shown in a bacterial enzyme preparation n, has not yet been demonstrated 
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in animal enzyme preparations. I t  may be noted that  the fl-oxidation of propionate 
to malonyl-CoA would provide a means for the formation of the latter compound, 
an intermediate in fat ty acid synthesis, other than by acetyl-CoA carboxylation 12-15. 
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Dissociation of pyruvic kinase in urea solutions 

Crystalline pyruvic kinase prepared from rabbit muscle according to the method for 
"fluorokinase" of TIETZ AND OCHOA 1, dissociates in concentrated urea solutions into 
smaller fragments. In 2.5-3 M urea both forms (undissociated and dissociation 
products) are clearly separated in the ultracentrifuge (Fig. I). 

The sedimentation coefficient (Sz0,w) of the undissociated form drops from lO.4 S 
in phosphate buffer (pH 6), to 7.5 S in 3 M urea, as a result of an increase in the 
friction coefficient. In 6 M urea the dissociation is complete, and the product sediments 
in the ultracentrifuge as a single, fairly symmetrical peak (Fig. 2). Its sedimentation 
coefficient, determined at o.6 % protein concentration in 6 M urea (dissolved in 
phosphate buffer, pH 6, I o.I, for the elimination of charge effects) amounts to 2.2 S. 

The diffusion coefficient (D20,w) determined under the same conditions is 
1.4" lO -7 cm2/sec. 

The molecular weight of the dissociation product calculated from the above values 
is I5O,OOO, assuming the partial specific volume to be the same as for the intact enzyme, 
viz. 0.75 cm3/g ~. The friction coefficient (f/fo) is 4.2. Native pyruvic kinase has a 
molecular weight within the range 230,00o-237,0002,3 , so it seems that its molecule 
is split by strong urea into two parts. Since molecular-weight determinations in 
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