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Possible Relations Between the Direct Oxidation 
System of Acetate (MAS) and the Tricarboxylic 
Acid Cycle (TAC) in Experiments with Living 

Yeast Cells 

T h e  ex i s t ence  of a d i r ec t  way  of a c e t a t e  o x i d a t i o n  in 
y e a s t  1 a n d  in E.  coli 8 h a s  b e e n  d e m o n s t r a t e d  acco rd ing  
to  t h e  fol lowing s cheme :  

A c e t a t e - - ~  ace ty l  --> g lycola te  --> g lyoxy la t e  - ~  formal -  

d e h y d e  --~ fo rmyl  --> H 2 0  + CO v 

All i n t e r m e d i a t e s  h a v e  b e e n  isolated.  I n  e x p e r i m e n t s  
w i t h  y e a s t  a n d  labeled  ace ta t e ,  t h e  d i s t r i b u t i o n  of rad io-  
a c t i v i t y  in  t he  i n t e r m e d i a t e s  was  in accord  w i t h  t h e  re- 
p o r t e d  scheme  a I t  s eemed  of i n t e r e s t  to  e s t ab l i sh  w h e t h e r  
t h e  two  sy s t ems  occur  s i m u l t a n e o u s l y  in t he  y e a s t  cells 
b y  d e t e r m i n i n g  in t he  m e d i u m  t he  TAC i n t e r m e d i a t e s  
w h i c h  m a y  be  p r e sen t  bes ides  those  of t h e  MAS. 

I n  fac t  p a p e r  c h r o m a t o g r a p h i c  ana lys i s  h a v e  s h o w n  t h e  
p resence  of succinic,  fumar ic ,  mal ic  a n d  c i t r ic  ac id  to-  
ge the r  w i t h  t h e  C 8 a n d  C~ i n t e r m e d i a t e s  of t he  MAS,  
usua l ly  p resen t .  Th i s  r e p o r t  deals  w i t h  t h e  i den t i f i ca t ion  
of these  acids  a n d  t he  poss ible  r e l a t ions  b e t w e e n  t h e  TAC 
a n d  t h e  M A S  are  discussed.  

Deta i l s  of t he  p rocedu re  used  in t h e  e x p e r i m e n t s  a n d  
for  t he  i so la t ion  of t h e  i n t e r m e d i a t e s  of t h e  M A S  were 
desc r ibed  in p rev ious  p a p e r s  4. 

The  ace ty l  a n d  t h e  f o r m y l  were ca l cu l a t ed  r e spec t ive ly  
f rom t h e  a c e t o p h e n o n e  a n d  t h e  b e n z a l d e h y d e  fo rmed  3 I n  
t h e  e x p e r i m e n t s  of a c e t a t e  o x i d a t i o n  w i t h o u t  p h e n y l -  
h y d r a z i n e  (b l ank  tes t ) ,  t h e  p H  was  m a i n t a i n e d  a r o u n d  
7 b y  d ropwise  a d d i t i o n  of 10% su lphur i c  ac id  so lu t ion  for  
a t  leas t  2 h. The  s e p a r a t i o n  of t h e  di- a n d  t r i ca rboxy l i c  
ac ids  f rom the  m e d i u m  was pe r fo rmed  acco rd ing  to t he  
m e t h o d  ou t l i ned  for  t h e  glycolic ac id  5, t h e  t i m e  of t h e  
e t h e r  e x t r a c t i o n  l a s t i ng  for 50-60 h, i n s t e ad  of 18-20 h. 
The  c o n v e n t i o n a l  de scend ing  t e c h n i q u e  of BRYANT a n d  
OVERELL ~ for  t h e  p a p e r  c h r o m a t o g r a p h i c  i den t i f i c a t i on  
of t he  acids was  used.  Citr ic  acid was d e t e r m i n e d  b y  t he  
m e t h o d  of Ti~UFEL et al. 7, glycolic ac id  b y  t h e  m e t h o d  of 
DAGLEY et at. s. Succinic,  f u m a r i c  a n d  mal i c  acids  were 
d e t e c t e d  b y  v i sua l  c o m p a r i s o n  of t h e  i n t e n s i t y  of co lour  
a n d  t h e  size of t he  spo t s  o b t a i n e d  w i t h  those  of s t a n d a r d  
solut ions .  

T h e  resu l t s  are  s u m m a r i z e d  in t he  Table .  I t  is i n t e re s t -  
ing t h a t  t he  ac ids  of t h e  TAC a n d  t he  glycolic ac id  of t h e  
M A S  are  s i m u l t a n e o u s l y  p r e s e n t  in  t h e  e x p e r i m e n t s  of 
a c e t a t e  o x i d a t i o n  w i t h o u t  p h e n y l h y d r a z i n e ,  i.e. u n d e r  
n o r m a l  phys io log ica l  cond i t ions .  Since t he  s a m e  resu l t  is 
a l m o s t  o b t a i n a b l e  in  t h e  p resence  of p h e n y l h y d r a z i n e ,  
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Intermediates found in the medium during acetate oxidation with 
and without phenylhydrazine. Average results of four experiments. 

Incubation Incubation 
Intermediates without phe- with phenyl- 

nylhydrazine hydrazine 

Acetyl 
Formaldehyde 
Formvl  
Glycolic acid 
Succinic acid 
Fumaric  acid 
Malic acid 
Citric acid ,  

mg/l 
0"0 
0"0 
0"0 
1"5 

15-0 
0-0 
4"5 
2"5 

mg/1 
45-0 

2.0 
4.0 
3.0 

11-0 
2.0 
2.0 
1-0 

i t  m a y  be  conc luded  t h a t  t h i s  p r o d u c t  ha s  no  or  weak 
toxic  ac t ion  on  t h e  e n z y m e s  of t he  TAC. 

T h e  presence  in t h e  m e d i u m  of t he  i n t e r m e d i a t e s  of the 
M A S  besides  those  of t he  TAC (or also of t h e  DAC) sug- 
gests  t h a t  two  a c e t a t e  o x i d a t i o n  sy s t ems  occur  s imul tane-  
ous ly  in y e a s t  cells. Th i s  r e su l t  is c o n s i s t e n t  w i t h  t he  view 
a l r eady  expressed  b y  1;{REBS e / a l 2  : ' T h a t  two  mechan i sms  
m a y  occur  in t h e  s ame  species side b y  side, t he  relat ive 
p r e p o n d e r a n c e  v a r y i n g  acco rd ing  to  e n v i r o n m e n t a l  condi- 
t ions ' .  R e c e n t  f ind ings  of WIAME a n d  BOURGEOIS 1°, Mc 
QUILLEN a n d  I~OBERTS 11 a n d  KATZ a n d  CHAIKOFF 12 in 
accord  w i t h  KREBS et al. 9 ascr ibe  to  t h e  TAC energet ic  
a n d  s y n t h e t i c  func t ions .  I t  is poss ible  t h a t  th i s  double 
f u n c t i o n  m a y  also be  ass igned  to  t h e  MAS.  P robab ly ,  
w i t h i n  t he  mic rob ia l  cells more  t h a n  one  o x i d a t i v e  sys tem 
occurs,  each  s y s t e m  h a v i n g  t he  pu rpose  to  p roduce  some 
(or specific) i n t e r m e d i a t e s  for  m ic rob i a l  syn thes i s .  There-  
fore we suppose  t h a t  t he  TAC suppl ies  C4, C5 a n d  C e frag- 
m e n t s  a n d  t he  M A S  C1 a n d  C 2 f r a g m e n t s  s imul t aneous ly  
w i t h  t h e  e n e r g y  necessa ry  for t h e i r  u t i l i za t ion .  

F u r t h e r m o r e  we suppose  t h a t  t h e  i soc i t r i t ase  of yeas t  13, 
a n d  t h e  m a l a t e  s y n t h e t a s e  of WONG a n d  AJL 14, or a simi- 
lar  enzyme ,  m a y  be  t h e  e n z y m e s  ab le  to  e s t ab l i sh  relat ions 
b e t w e e n  t h e  TAC a n d  t h e  MAS.  I n  fact, i soc i t r i t ase  by 
sp l i t t i ng  i soc i t ra te  in to  succ ina te  a n d  g lyoxy la t e  permits  
t h e  passage  f rom a n  i n t e r m e d i a t e  of t h e  TAC to  ano ther  
of t h e  M A S  a n d  vice versa. T h e  s a m e  o b s e r v a t i o n  accounts  
for t h e  m a l a t e  s y n t h e t a s e  w h i c h  s y n t h e t i z e s  m a l a t e  from 
a c e t a t e  a n d  g lyoxyla te .  
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Z u s a m m e n / a s s u n g  

Es  wird  nachgewiesen ,  dass  in  de r  Here  die Oxyda t ion  
des  A z e t a t e s  sowohl  n a c h  d e m  Kr.ebs-Zyklus  als a u c h  di- 
r e k t  f iber Glykols/ ture ,  G lyoxy l s~ure  u n d  Fo rma ldehyd  
a b l a u f e n  k a n n .  D a b e i  k o m m e n  Isoz i t ronens / iure-Lyase  
u n d  Apfe l s /~ure -Synthe tase  als Brf icke  zwischen  den  bei- 
den  A t m u n g s s y s t e m e n  in Frage .  
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