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Short Communications and Preliminary Notes 

AN INSTANCE OF 

PARTIALLY ASYMMETRIC ENZYMATIC SYNTHESIS 

by  

T H O M A S  P. S I N G E R  

Department o/Biochemistry,  Western Reserve University School 
o/Medicine,  Cleveland 6, Ohio (U.S .A. )  

I t  is well  known  t h a t  cer ta in  h y d r o l y t i c  e n z y m e s  show imper fec t  op t ica l  specificity,  in t h a t  
bo th  an t ipodes  of a me tabo l i t e  m a y  be ac ted  upon,  a l t h o u g h  of ten  a t  ve ry  di f ferent  r a t e s  1. I t  is 
u s u a l l y  a s sumed ,  however ,  t h a t  e n z y m e s  concerned  w i t h  s y n t h e t i c  processes  show a h igh  degree of 
opt ica l  specif ici ty a n d  to  t h e  a u t h o r ' s  knowledge  the re  is no pub l i shed  i n fo rma t ion  of a pa r t i a l l y  
a s y m m e t r i c  syn the s i s  by  a purif ied enzyme.  

W e  h a v e  r ecen t ly  observed  t h a t  t he  a c e t y l m e t h y l c a r b i n o l  (acetoin, AMC) syn thes i zed  f rom 
p y r u v a t e  a n d  ace ta ldehyde ,  or  ace t a ldehyde  alone, by  h i g h l y  purif ied p repa ra t i ons  of t he  ~z-car- 
boxy lase  of whea t  ge rm  is a m i x t u r e  of  opt ica l  isomers,  p r e d o m i n a n t l y  t he  ( + ) f o r m .  The  e n z y m e  
used  in these  e x p e r i m e n t s  was  an  Ii ,Ooo-fold purif ied p repara t ion ,  wh ich  was h o m o g e n e o u s  in t he  
Tisel ius  appara tus~,  s. The  fac t  t h a t  t he  s ame  e n z y m e  pro te in  ca ta lyzed  bo th  t he  deca rboxy la t ion  
of a -ke to  ac ids  a n d  t he  s y n t h e s i s  of  AMC f rom p y r u v a t e  and  ace t a ldehyde  or f rom ace ta ldehyde  
alone was  es t ab l i shed  as follows. The  ra t io  of s y n t h e t i c  to  decarboxy lase  ac t iv i t ies  r ema ins  c o n s t a n t  
t h r o u g h o u t  pur i f icat ion.  AMC syn t he s i s  a n d  decarboxy lase  ac t ion  have  ident ica l  PH op t ima ,  Mg ++, 
and  d i p h o s p h o t h i a m i n  r equ i remen t s .  Pa r t i a l  i nac t iva t i on  by  ageing,  acid, h e a t  t r e a t m e n t  or p-chloro-  
mercu r ibenzoa te  resu l t s  in  an  ident ica l  decl ine of bo t h  t ypes  of e n z y m a t i c  activities~, 3. 

The  i d e n t i t y  a n d  p u r i t y  of t he  e n z y m a t i c a l l y  p roduced  AMC was es t ab l i shed  b y  per ioda te  
deg rada t ion  4, b y  ox ida t ion  to  d iace ty l  5, b y  WESTERFELD'S color imetr ic  m e t h o d  5, and  by  isolat ion 
of i t s  c rys ta l l ine  semicarbazone ,  wh ich  gave  t he  correct  me l t i ng  po in t  and  C, H, a n d  N analys is .  

I n  a typ ica l  e x p e r i m e n t  4.2 m g  of our  m o s t  purif ied e n z y m e  (Qc02 = 62,ooo) were i ncuba t ed  
a t  PH 6 w i th  o.25 M s o d i u m  p y r u v a t e ,  0.25 M ace ta ldehyde ,  o .ooi  M MgSO 4, a n d  8o y D P T  in 
a to t a l  v o l u m e  of 3-5 ml  for 27o m i n u t e s  a t  3 o°. Af ter  depro te in iza t ion  and  f rac t ional  v a c u u m  dist i l -  
l a t ion  a t  PH 6 and  o% a b o u t  3 m l  of a so lu t ion  were ob ta ined ,  con t a in ing  11. 7 rag/m1 AMC. The  
opt ica l  ro t a t i on  of t h i s  so lu t ion  in a 2 d m  t ube  was a ~ 0.87°; [u]~ 9 = 37 °. I n  o ther  expe r imen t s ,  
w i th  a c e t a l d e h y d e  a lone or w i t h  b o t h  ace t a ldehyde  and  p y r u v a t e  as subs t ra t e s ,  the  specific ro t a t ion  
r anged  f rom 34 ° to 37 ° . 

Pub l i shed  va lues  of t h e  opt ica l  ro t a t i on  of AMC cover  an  ex tens ive  range.  The  a u t h o r  cons iders  
t he  m o s t  rel iable  va lues  repor ted  to be  those  of BERL AND BUEDING s, who d e t e r m i n e d  t he  ro ta t ion  
of t he  ( - - )  AMC produced  by  e n z y m e s  f rom filarial nema todes ,  Aerobaeter aerogenes s, a n d  p ig  hea r t  ~. 
These  a u t h o r s  r epor t  a va lue  of [aiD = - 8 4  -1- 2 ° for t he  AMC iso la ted  f rom each of t hese  sys t ems .  
TANKO et al. s h a v e  r epor t ed  s imi la r  va lues  for ( - - )  AMC a c c u m u l a t e d  b y  va r ious  a n i m a l  t i s sues  
dur ing  p y r u v a t e  me tabo l i sm.  On t he  bas is  of t h i s  figure a n d  our  obse rva t ion  of specific ro t a t ion  
of 37 °, t h e  AMC produced  by  whea t  g e r m  ca rboxy lase  cons i s t ed  of 72% of t he  ( + )  and  2 8 %  of t he  
( - - )  form. 

W h e n  a u t h e n t i c  ( - - )  AMC, i so la ted  f rom filariae by  BUEDING, was  i n c u b a t e d  w i th  t he  whea t  
g e r m  e n z y m e  unde r  s imi la r  condi t ions ,  no racemiza t ion  was observed:  [ a ]~  = -81  °. T h u s  no race-  
mase  is p re sen t  in t he  e n z y m e  a n d  ne i ther  does t he  i so la t ion  procedure  give rise to racemiza t ion .  

A l t h o u g h  t he  e n z y m e  p repa ra t i ons  used  in t h i s  s t u d y  m a y  no t  be comple t e ly  homogeneous  
in t e r m s  of r igid cr i ter ia  of t he  p u r i t y  of prote ins ,  in v iew of t he  evidence  ci ted i t  appear s  m o s t  
un l ike ly  t h a t  more  t h a n  One e n z y m e  wi t h  ace to in - syn thes i z ing  ac t i v i t y  was present ,  s ince  if th i s  
were t he  case these  e n z y m e s  would  have  to  have  ident ica l  p roper t ies  and  have  ident ica l  deca rboxy lase :  
ace to in  syn the s i z ing  ra t ios  and  would differ on ly  in t he  opt ical  a c t i v i t y  of t he  AMC t h e y  produce.  
F u r t h e r m o r e ,  t h e  opt ica l  a c t i v i t y  of t he  AMC a c c u m u l a t e d  appea r s  to be i n d e p e n d e n t  of  t he  p u r i t y  
of t he  ca rboxy lase  p repara t ion .  As a m a t t e r  of fact ,  a wide va r i e ty  of c rude  p l a n t  mea l s  (peas, soy  
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bean, lupine, lucerne) have been shown s to produce AMC from added pyruvate or acetaldehyde, 
under" the influence of carboxylase, with an optical rotation of [a]~ = 37 to 4 o°. 

If it  is admitted tha t  AMC synthesis is catalyzed by a single enzyme in our preparations, 
namely a-carboxylase, two explanations may be offered for the above observations. I t  is possible 
tha t  the enzyme contains several active centres, which produce (--) or (+)  AMC, and that  the optical 
activity of the product isolated is the net  result of the action of all of these centres. The second 
possibility, which the author considers much more likely, is tha t  the ratio of (+)  and (--)AMC 
produced represents the probability of a second molecule of acetaldehyde reacting with a molecule 
of the activated enzyme-acetaldehyde complex from two opposite spatial directions. Fig. 1 is a 
schematic representation of the postulated course of AMC 
synthesis. In the first stage (B) pyruvate forms a 2-point 
combination with the active centre of the enzyme. The latter 
consists of a protein-Mg-DPT complex. The carbonyl group 
of the pyruvate approaches the free amino group of DIG', in 
a manner suggested by LANGENBBCK g. The activation step 
would involve the formation of an 
intermediate complex, possibly a 
Schiff's base (C) 9 or a hydrogen- /~-~t*g-0pr 
bonded structure (D), between the ( A , )  A M 
carbonyl and amino groups, and 
CO S would be split off, The result- x , _ ~ '  + 
ing enzyme-acetaldehyde complex CHaCOCO ~ 
is in a reversible equilibrium with 
free acetaldehyde (E). Thus the 
complex (C or D) could form direct- 
ly from acetaldehyde or, indirectly, from pyruvate by decarb- 
oxylation in situ. In the presence of a sufficient excess of 
acetaldehyde a second molecule of the latter could react 
with complex C, forming an unstable enzyme-AMC compound, 
which would rapidly and irreversibly break down to free AMC 
and free enzyme (F). According to this scheme it would be 
the spatial direction whereby the second molecule of acetal- 
dehyde approaches the intermediate complex (C or D) which 
determines which antipode will be produced. 

CH 3 CHO 

/.--.,#g-~pr 

HAtH 3 

CH 3 COCHONOH 3 

Fig. i 

The relative amounts of the two optical antipodes produced would represent the relative steric 
hindrances offered by the side-chains of the protein to the second molecule of aldehyde as it ap- 
proaches the double bond in structures C or D during the addition of the second molecule of acet- 
aldehyde from either one of two opposite directions. The possible mechanism of this addition (or 
condensation) reaction will be discussed elsewhere. 

I t  should be mentioned that  the production of AMC by carboxylase after decarboxylation of 
pyruvate in sit** is in a,zcord with the theories of DIRSCHERL, LANGENBECK and their co-workersg, z0. 

If the contentions of this paper should be proven correct, and if in the plant kingdom AMC 
indeed arises generally as a result of carboxylase action s, then the uniform optical rotation (34 ° to 4 o°) 
observed by TANKO el al. in a wide variety of plants indicates essentially the same active centre in 
the a-carboxylases of all of these plants, including wheat germ, although the individual apo-enzymes 
might differ sufficiently to be distinct immunological entities. 
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