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T H E  P A T H W A Y  OF P R O P I O N A T E  OXIDATION* '  ** 

by 

H E N R Y  R. M A H L E R  AND F R A N K  M. H U E N N E K E N S * * *  

The Institute ~or Enzyme Research. University o/ Wisconsin, Madison, Wisconsin (U.S.A.) 

Propionate is generally believed to arise as the terminal three-carbon fragment in 
the oxidation of odd-carbon fa t ty  acids 1,3,11-14. The complete oxidation of propionate 
to carbon dioxide and water has been the topic of two recent communications from 
this laboratory 1, 3. On the basis of the evidence presented, the pathway in Fig. I appeared 
to account for all the effects observed. All of the enzymes responsib!e for this sequence 
of reactions are contained in the mitochondrial particles ~, 4,12 with the exception of a 
soluble racemose, obtained from the supernatant fraction, which interconverts the 
lactate isomers s. 

Propionate -z,.. Acrylate ~ L-Lactate 
D~-i:!~:; £- Racemose 

Pyruvate 
J Citric Acid 

. . . . . .  ~ . . . . .  Cycle, 
COz + HzO 

Fig. I. Pathway of propionate oxidation. 

I t  appeared desirable to supplement the manometric data previously presented 
with isotopic tracer experiments. These experiments, reported in the present communi- 
cation, are based upon the oxidation of propionate-I-14C in the presence of pools of 
unlabelled postulated intermediates. 

EXPERIMENTAL 

Enzyme preparations 
Rabbit  liver cyclophorase, rabbit kidney cyclophorase, and racemose (factor) preparations were 

prepared as previously described 1,=,5. 
The soluble lactic oxidase from yeast was prepared by the unpublished method of Mr. L. HYND- 

~taN in this laboratory. This preparation is purified from an extract of acetone-dried brewer's yeast  
by means of adsorption on calcium phosphate gel and ammonium sulfate fractionation. As shown 

*This investigation was performed under contract AT-II-I-66-Project 4, between the  U.S, 
Atomic Energy Commission and The University of Wisconsin. 

** A portion of this work was presented before the Biochemical Section, International Congress 
o f Pure and Applied Chemistry, New York, September I951. 

*** Present Address: Department of Biochemistry, University of Washington, Seattle, Washington, 
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in Table  I, t h e  e n z y m e  is capable  of oxidiz ing L-lactate  q u a n t i t a t i v e l y  to p y r u v a t e  in the  presence 
of oxygen,  a carr ier  dye, such  as m e t h y l e n e  blue or pyocyan inc ,  and  cyan ide  as a t r app ing  agent .  
D-lactate,  DL- and  L-malate ,  DL-isocitrate, ci t ra te ,  cis-aconitate, a -ke tog lu ta ra te ,  succinic  semi-  
a ldehyde,  succinate ,  f umara t e ,  oxa lace ta t e  and  p y r u v a t e  are no t  oxidized by  the  enzyme,  unde r  
condi t ions  which  lead to a q u a n t i t a t i v e  convers ion  of L-lactate  to p y r u v a t e .  Ox ida t ion  b y  m e a n s  
of th is  p repa ra t ion  can  therefore  be considered to be re la t ive ly  specific for L-lactate*.  

T A B L E  I 

O X I D A T I O N  O F  L - L A C T A T I g  B Y  Y E A S T  L - L A C T A T E  O X I D A S E  

With Without A per cent. 
lactate lactate of theory 

L-Lac ta te  
O x y g e n  u p t a k e  (it atoms)  i t5.4 21.8 93.6 94 
P y r u v a t e  found (ttmoles) 94 .° 94 

D-Lac ta te  
Oxygen  u p t a k e  (~ a toms)  2 2 . 0  2 2 . 2  0 0 

The  flasks con ta ined  8 m g  of purified y e a s t  enzyme,  5 ° / , m o l e s  p h o s p h a t e  buffer, p H  6. 4, 
o.3o m g  pyocyan ine ,  4o0/~moles  KCN,  ioo  / ,moles  L- or D-lactate  (where indicated)  and  wate r  to 
m a k e  3.o ml. 

O x y g e n  in the  gas  phase ;  t e m p e r a t u r e  38°;  5 m i n u t e s  t h e r m a l  equi l ibra t ion;  du ra t ion  of 
e x p e r i m e n t :  3 hours .  

P y r u v a t e  was  e s t i ma t ed  by  t he  m e t h o d  of STRAUB G. 

Materials and methods 
The  labelled sod i um prop iona te  used  was  a commerc ia l  p repara t ion** ,  shown  to be h o m o g e n o u s  

by  filter pape r  c h r o m a t o g r a p h y  and  r ad io -au tog raphsL  T he  ma te r i a l  used  had  an  ac t i v i t y  of 2.79. Io 4 
coun t s  per  micromole  in t he  coun t ing  a r r a n g e m e n t  used,  as de t e rmined  b o t h  b y  direct  coun t i ng  
and  b y  coun t i ng  af te r  c o m b u s t i o n  to CO 2. 

I n  all t h e  e x p e r i m e n t s  to be descr ibed two rad ioac t ive  f ract ions  were isolated and  coun t ed :  
(a) ca rbon  d i o x i d e - - o b t a i n e d  f rom t he  cen te r  wells of the  W a r b u r g  f lasks and  prec ip i ta ted  as b a r i u m  
carbonateS;  and  (b) t he  added  " p o o l " - - t h e  p y r u v a t e  "pool" was isolated and  coun ted  direct ly  as 
t he  2 ,4 -d in i t ropheny lhydrazone ,  whereas  L-lactate  was first oxidized enzymica l ly  to p y r u v a t e  and  
t h e n  t r ea ted  as t he  p rev ious  case. 

P y r u v a t e  was  isolated as the  2 ,4 -d in i t ropheny lhydrazone  according to t he  following procedure  : 
af ter  depro te in iza t ion  wi th  t r ichloracet ic  acid (final concen t ra t ion  5 %) and  r e m o v a l  of the  pre-  
c ip i ta ted  pro te in  by  cent r i fuga t ion ,  the  acid s u p e r n a t a n t  was  added  to 25 ml  of an  ice-cold, s a t u r a t e d  
solut ion of d i n i t r o p h e n y l h y d r a z i n e  r eagen t  in 2 N HC1. If cyan ide  had  been p re sen t  in t he  original  
reac t ion  mix tu re ,  t he  acid s u p e r n a t a n t  was  hea t ed  briefly to t he  boiling point ,  in order  to  decompose  
the  p y r u v a t e  cyanohyd r i n ,  pr ior  to i ts  addi t ion  to t he  hyd raz ine  reagent .  Af te r  24 hour s  a t  o °, 
t h e  prec ip i ta te  of py ruva te -2 ,  4 -d in i t ropheny lhydrazone  was  filtered, washed  t h o r o u g h l y  wi th  dilute 
hydrochlor ic  acid and  wate r  and  dried in vacuo over  ca lc ium chloride (recovery 87 to 90 %). Af ter  
one recrys ta l l iza t ion  f rom aqueous  acetic acid t he  der iva t ives  gave  mel t ing  po in t s  of 218 °, ident ical  
to t h a t  repor ted  9, and  did no t  depress  t he  me l t i ng  po in t  of an  a u t h e n t i c  sample  of py ruva te -2 ,  
4 -d in i t ropheny lhydrazone .  

The  h y d r a z o n e s  were fu r the r  purified by  (a) recrys ta l l izaf ion f rom aqueous  e thano l  to c o n s t a n t  
specific ac t iv i ty  and  (b) adsorp t ion  c h r o m a t o g r a p h y .  

For  the  lat ter ,  t h e  crys ta l l ine  p h e n y l h y d r a z o n e s  were dissolved in pe t ro l eum e the r  con ta in ing  
a smal l  a m o u n t  of d ie thy l  e the r  to faci l i tate  solut ion in a re la t ive ly  smal l  vo lume  ( app rox ima te ly  
i .o ml /mg) .  The  solu t ions  were t hen  allowed to percola te  t h r o u g h  co lumns  of Florisil** *, The  c h r o m a t e -  
g r ams  were developed in order  wi th  chloroform, ch lo ro fo rm-bu tano l  (3:1 and  1:3) and  bu tano l .  
This  t r e a t m e n t  will develop and  elute  t he  b a n d s  of all ca rbony l  c o m p o u n d s  tes ted,  as well as those  
of va r ious  a ldehydes  a nd  keto acids  of phys io logica l  impor tance ,  inc luding  the  der iva t ives  of oxal-  

* The  le t te rs  D- and  L- as appl ied to l ac ta t e  i somers  refer  to abso lu te  conf igurat ions ,  no t  ro ta t ions .  
** Ob ta ined  f rom the  T exas  Resea rch  F o u n d a t i o n ,  Renne t ,  Texas ,  on al locat ion f rom the  Atomic  

E n e r g y  Commiss ion .  
*** A m a g n e s i u m  silicate ad so rben t  m a n u f a c t u r e d  by  the  Flor idin Co., "Warren, P e n n s y l v a n i a .  
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acetate, a-ketoglutaxate, oxalosuccinate, succinic semialdehyde, acetoacetate, acetone and acet- 
aldehyde. The phenylhydrazone of pyruvate, which is held very tightly at the top of the column 
as a brilliant, golden band during these washing procedures, was finally eluted by the use of butanol/ 
glacial acetic acid, reprecipitated by removal of the solvents, recrystallized and once again counted• 
In all the cases tested only one band was observed, and the specific activity at the end of the chro- 
matographic t reatment  compared favorably with that  determined on the original sample• Typical 
values from one of the experimental runs are presented in Table If. All 2,4-dinitrophenylhydrazones 
were counted directly on the aluminum planchets after deposition from a light petroleum ether slurry. 

TABLE II 

S P E C I F I C  A C T I V I T Y  OF P Y R U V A T E  2 , 4 - D I N I T R O P H E N Y L H Y D R A Z O N E  A F T E R  P U R I F I C A T I O N  

Treatment Specific activity 
(cts/min/mg) 

Original crystals 306 
I × recr. from acetic acid-H~O 36E 
2 × recr. from acetic acid-H~O 372 
i x recr. from ethanol-H~O 37 ° 
2 x recr. from ethanol-H~O 37 ° 
Chromatographed 360 

All plates (both barium carbonate and phenylhydrazones) were prepared using thin aluminum 
planchets (active area 3.7 Cln2) and depositing the material to be counted from slurry cups s. Counts 

• ,, ,, * . 

were taken using a Q-gas counter of approximately 2 ~ geometry, for a length of time sufficient 
to reduce the probable error to less than one per cent. Corrections for coincidence, self-absorption 
and back-scattering were made, and all counts are thus normalized to infinite thickness of barium 
carbonate. 

RESULTS 

Pyruvate as an intermediate 

I n  t h e  f i rs t  e x p e r i m e n t  l abe l l ed  p r o p i o n a t e  was  o x i d i z e d  in  t h e  p r e s e n c e  of a la rge  

" p o o l "  of u n l a b e l l e d  p y r u v a t e .  E x p e r i m e n t a l  c o n d i t i o n s  a n d  r e su l t s  a re  o u t l i n e d  in  

T a b l e  I I I .  D a t a  a re  r e p o r t e d  for  t h e  o x i d a t i o n  of IO/~moles  of p r o p i o n a t e  in  t h e  p r e s e n c e  

( co lumn  A) a n d  a b s e n c e  ( co lumn  B) of 200 /~moles  of p y r u v a t e .  E a c h  of t h e s e  r e s u l t s  

TABLE 111 

OXIDATION OF LABELLED PROPIONATE IN THE PRESENCE OF UNLABELLED PYRUVATE 

Measurement 

Addition 

(A) (B) 
Pyruvate No pyruvate 

I. Propionate oxidized (/~moles) 2.62 2.25 
2. Total activity* 72,5oo 61,5oo 

(expected in products) 
3- Activity as pyruvate 39,700 1,18o 
4. Activity as COz 40,200 56,8oo 
Sum (3) + (4) 79,900 57,980 

Each flask contained i.o ml of R3L cyclophorase, o. 7 ml of racemase, 3/1moles of adenylic 
acid, 2o/~moles of phosphate buffer (pH 7.5), 4/,moles of MgClz, 5 ~moles of citrate as a sparker, 
lO.8/,moles of sodium propionate-I-14C, containing 3.02. lO 5 counts/min, and 20o/*moles of pyruvate 
(where indicated). All other conditions similar to Table I. 

* All activities axe expressed as cts./min. 

* Nuclear Instrument and Chemical Co., Chicago, Illinois. 
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is corrected for appropriate blanks without substrates. Line (I), the amount of propionate 

oxidized in each case, is calculated from the oxygen uptake, while line (2) is the activity 
expected in the products (pyruvate and CO2) and is based upon the specific activity 
of the propionate which was oxidized. The main findings are presented in lines (3) and 
(4) and may be summarized as follows: In the presence of a large pool of added, un- 
labelled pymvate  (column A), about 50% of the activity to be accounted for is found 
in the pool, the remaining 50% going to carbon dioxide. In the absence of the trapping 
intermediate (column B) essentially all the activity is found in the carbon dioxide. In 
both cases, the agreement between the total activity to be accounted for (line 2) and 
the activity found experimentally (sum (3) and (4)), as well as the general agreement 
of lines (I), (2) and (4) between columns {A) and (B), appear to be satisfactory. The 
results of this experiment show clearly that  pyruvate must be on the pathway of 
propionate oxidation, although it does not indicate the intervening intermediates. 

L-lactate as an intermediate 

The second experiment was designed to test the hypothesis that the L-lactate is on 
the pathway of propionate oxidation. It was carried out under conditions similar to the 
preceding experiment, except that  labelled propionate was oxidized in the presence of 
Ioo ~moles of L-lactate, instead of pyruvate, as the "trap".  At the conclusion of the 
experiment, the L-lactate pool was not isolated as such, but was converted to pyruvate 
by means of the specific L-lactic oxidase and the pyruvate isolated, purified and counted 
as the dinitrophenylhydrazone. This procedure avoids any chemical racemization of 
L-lactate during isolation and insures quantitative recoveries. 

The contents of the Warburg flasks at the end of the oxidative runs were deprote- 
inized with trichloracetic acid, the protein removed, the bulk of the acid removed by 
ether extraction, the filtrate reneutrallzed and concentrated to a small volume by 
lyophilization. The L-lactate was then oxidized by the specific L-lactic oxidase and the 
pyruvate isolated and counted as in the previous case. Experimental findings are 
summarized in Table IV. A more active enzyme preparation in this case resulted in 
the oxidation of larger amounts of propionate and correspondingly larger amounts of 
label in each fraction. However, the distribution of label is remarkably similar to that 

TABLE IV 

OXIDATION OF LABELLED PROPlONATE IN THE PRESENCE OF UNLABELLED L-LACTATE 

Measurement 
Addition 

(A) (B) 
L-lactate No L-lactate 

I. Propionate  oxidized (#moles) 9.3 9.7 
2. Total  act ivi ty (cts./min) 260,000 280,000 
3. Activity in L-lactate 46,0oo i,ooo 

(isolated as pyruvate)  
4- Activity as CO 2 151,2oo 198,ooo 
Sum (3) + (4) 197,2oo 199,ooo 

All conditions and addit ions as in Table I I I  except t ha t  ioo #,moles of L-lactate replaced the 
pyruvate .  

At  the end of the  experiment ,  samples  were deproteinized and subjected to oxidation by the 
yeast  L-lactic oxidase, as described in the text .  
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found in the case of the pyruvate trap, and on this basis it would appear that  L-lactate 
is likewise on the pathway of propionate oxidation. 

D-lactate as an intermediate 

The unavailability of a purified D-lactic oxidase prevented the analagous experiment 
in which a D-lactate pool could be analyzed by enzymic conversion to pyruvate. I t  was 
possible, however, to carry out the experiment of oxidizing labelled propionate in the 
presence of IOO ~moles of unlabelled D-lactate, and then to analyze for the amount of 
label in the pool by an indirect method. Since in all of these experiments the oxidation 
of propionate requires the participation of a soluble, a-hydroxy acid racemase, in 
addition to the particulate enzyme fraction, it follows that  during the above experiment 
at least a small portion of the D-lactate pool must have been enzymieally racemized 
to L-lactate. Therefore, if after deproteinization the samples are treated with the 
L-lactic oxidase and the resulting pyruvate isolated, any label in this pyruvate must 
be referable to L-lactate which, in turn, must have arisen from the D-lactate pool. Any 
endogenous L-lactate, which would normally be produced during the oxidation of 
propionate, could be corrected for in the experiment identical to the one above except 
for the omission of the D-lactate pool. 

Table V presents the data obtained in such experiments, utilizing a D-lactate " t rap" .  
In experiments A and B the soluble L-lactic oxidase was used to convert any L-lactate 
present at the end of the experiment, whereas in experiment C omitting the enzymic 
oxidation caused only the endogenous pyruvate to be isolated. As can be seen in ex- 
periment A, a significant amount of label appears in the pyruvate,  and, moreover, this 
label is not due to pre-existent pyruvate but  to L-lactate which had been converted to 
pyruvate, since in experiment C much less label is found in the pyruvate isolated. This 
appearance of label in L-lactate must have been due to a conversion of some of the 
D-isomer into the L-form, i.e., to the operation of the racemase during the oxidation 
of propionate. It  can not have been due to trapping by endogenous L-lactate initially 
since similar results were not observed in experiment B, in which no D-lactate pool 
was present during the oxidation of propionate. 

These results, although not obtained as unambiguously as in the previous two cases, 
provide positive evidence, nonetheless, that  D-lactate is likewise on the pathway of 
propionate oxidation. 

T A B L E  V 

OXIDATION OF LABELLED PROPIONATE IN THE PRESENCE OF UNLABELLED D-LACTATE 

Measurement 
Experiment 

A B C 

I. P rop iona te  oxidized (#moles) 4.4 ° 2.25 4.0 
2. To ta l  a c t i v i t y  (cts.]min) 148,ooo 61,5oo 138,ooo 
3. Ac t iv i ty  as P y r u v a t e  (found) %o8o o i ,ooo 
4. Ac t iv i ty  as CO 2 76,2oo 58,6oo I3O,OOO 
S u m  (3) + (4) 85,280 58, 600 I 3 1 , ° ° °  

Addi t ions  and  condi t ions  as in Tab le  IV except  t h a t  ioo #moles  of D-lactate  were a d d e d  in 
Exps .  A and  C. 

Exp .  C was  not sub jec ted  to ox ida t ion  by  t he  L-lactic e n z y m e  prior  to p h e n y l h y d r a z o n e  pre- 
c ipi ta t ion.  
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DISCUSSION 

By means of the experiments just described, pyruvate and the two isomers of 
lactate have been implicated in propionate oxidation and thus a considerable portion 
of the scheme proposed initially has received substantiation. Because of its toxicity to 
enzyme systems ~,2 acrylate could not be employed similarly in high concentrations as 
a trap. I t  is also apparent that the experiments just described leave open certain 
questions. The appearance of a considerable portion of the activity in the carbon dioxide 
naturally leads to a consideration of its origin. This may lie in alternate pathways of 
propionate oxidation, to be discussed subsequently, or else in the fact that the com- 
pounds employed as " t raps"  are not in rapid equilibrium with the actual intermediates. 
Such incomplete ecluilibration between a large pool of a postulated intermediate and 
its metabolically active form, produced enzymically, is not unknown and in more 
extreme cases may even lead to complete non-appearance of label in a postulated 
intermediate, as for instance in STADTMAN AND BARKER'S experiments on butyrate  
synthesis by Clostridium kluyver# °. 

It  is of interest to compare the metabolic pathway of propionate proposed in the 
present and preceding papers from this laboratory ~ with the results of other investi- 
gators. 

5 , ( ~ c ~  6 HOOCCHzCH~COOH 

C02~ I 4 / "  cy~_~/ 9 
CH3CHaCOOH -~1 CH z=CHCOOH 2--~ CH3CHOH COOH~ CH, COCOOH 

Fig. 2. Alternate pathways of propionate oxidation. 

From feeding experiments propionate has long been known to be glycogenic15, TM and 
this fact has been amply substantiated by investigations with labelled compounds 17-~9. 
Valine-fl-14C similarly leads to labelled glycogen and from the distribution of label within 
the glucose molecule it was concluded that propionate must be a precursor of pyruvate 2°. 
Other evidence along this line was furnished by HAAN AND I-IAARMANN 21 who noted 
an increase of pyruvate in a muscle mince which had been incubated with propionate. 
Contrary to these results, BLOCH AND RITTENBERG 22,23 found that deuterium-labelled 
alanine gave a higher level of tracer in acetyl groups than deuterium-labelled propionate. 
Assuming reasonably that alanine will reflect the behaviour of pyruvate, an assumption 
later verified by ANKER 2'1, they concluded that propionate is not metabolized via 
pyruvate. More recently, however, SHREEVE 19 has reinvestigated this problem and has 
pointed out that  deuterium-labelled propionate may undergo enolization with subsequent 
loss of label. Using 14C-labelled propionate, he has confirmed the earlier results TM. 

A possible pathway from propionate to pyruvate is that of a-oxidation, shown 
previously in Fig. I and as reactions 1-3 in Fig. 2, which was suggested first by WALKER 
AND COPPOCK 25 and HAAN AND HAARMANN 21. Further  evidence for this pathway was 
supplied by HUENNEKENS et al. 2, who found that  a soluble a-hydroxy acid racemase, 
necessary to interconvert the lactic isomers, was required as a supplement to rabbit 

ReJerences p. 582/583. 



VOL. 11. (I953) PATHWAY OF PROPIONATE OXIDATION 58I 

liver mitoehondria for propionate oxidation. More recently the properties of the D- 
specific lactic oxidase in rabbit liver and kidney mitochondria have been documented 
in more detail 26. The tracer experiments reported in the present paper, in addition to 
implicating both lactate isomers and pyruvate in propionate oxidation, also provide 
additional evidence for the participation of the racemase. This pathway has been further 
confirmed by the experiments of KINNORY AND GREENBERG 27. 

A second pathway, that of fi-oxidation of propionate leading to malonate, has been 
shown to be untenable by the tracer experiments of LORBER et al. 18. 

A third pathway, proposed by WOOD and his colleagues 17-z9 is that  propionate is 
converted to a symmetrical intermediate, either via the citric acid cycle (reactions 4, 
5 and 6) (Fig. 2) or to an unspecified intermediate, X (reaction 7) which in turn may 
go through the citric acid cycle (reactions 8 and 6), or directly to pyruvate (reaction 9). 
This pathway has been invoked to explain the finding that either a- or fidabelled pro- 
pionate gives rise to completely equivalent a, fl-labelled pyruvate (as indicated by the 
labelling in glucose) while only a partialr andomization occurs in the case of a-labelled 
lactate 28. That  this randomization in the a, fl positions occurs between propionate and 

O..c~O" c.O- H,cO- 
-2e- ~ x3 -H~O / \  .H20 / ~  

Propionote ~. HOC--CH~,-  " HOC--CH ~ " HOC--COH 
+H20 H H H H 

L- Lactate -Hz0 [ l 

O%c/O /0-  

Pyruvafe. - 2 e -  H3C" ~C~OH +HzO~ c~C~oH 
H H H 

Fig. 3. Randomization and racemase action. 

pyruvate has been confirmed and extended by the findings of SHREEVE 19 and PETERSON 
et a l3  °, and has been further localized by DAUS et al. ~9 as occurring between propionate 
and lactate. Furthermore, when labelled propionate is used to propionylate an amine 19 
or is converted to hydroxyvalerate 29 no randomization occurs, indicating that propionate 
per se is not randomized. Reaction 4 has been demonstrated in the case of certain 
bacteria 3°-32 and recently in animal tissues 33 while the structure of the intermediate, 
X, is unknown. 

A possible explanation of the randomization experiments while still retaining the 
a-oxidation pathway and the racemase action is illustrated schematically in Fig. 3. 
Such a formulation would require further that carboxylate ion be bound to the enzyme 
so that complete randomization between all three carbon atoms would be prohibited. 
If the racemase action should require a symmetrical intermediate, as suggested in the 
diagram, then complete randomization between the a- and fl-carbons would result in 
the case of propionate where racemization is obligatory. In the case of lactate, however, 
the use of the DL-substrate in all other investigations would only result in a partial 
randomization since the withdrawal of the D-isomer via pyruvate and the citric acid 
cycle would compete with the route leading to its inversion. The validity of such an 
explanation might be tested by determining the degree of a, fl-randomization when 
D- and L-lactate (labelled in the a-position) were metabolized separately, since this 
theory would predict a much greater randomization in the case of the L-isomer. 
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The loss of deuterium label from propionate by means of enolization is likewise 
readily accounted for by inspection of the structure of the hypothetical intermediates. 
On the other hand, the above mechanism still does not offer an explanation for the 
obligatory requirement of oxidative phosphorylation during racemase action 5. 
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S U M M A R Y  

i. The  ox ida t ion  of labelled p rop iona te  in t he  presence of large pools of unlabel led L-lactate,  
D- lac ta te  and  p y r u v a t e  g ives  rise to t he  appea rance  of label in these  pools. The  appea rance  of label 
sugges t s  t h a t  t he  c o m p o u n d s  m e n t i o n e d  are in equi l ib r ium wi th  the  ac tua l  in te rmedia tes .  Some 
ev idence  for incomple te  equi l ibra t ion  has  been presented .  

2. The  modif ied a -ox ida t ion  p a t h w a y  for propionate ,  suppor t ed  by  the  above  evidence is shown  
to be compa t ib l e  wi th  the  r a n d o m i z a t i o n  of label wi th in  propionate ,  if an  a, f l - symmet r ica l  inter-  
m e d i a t e  is a s s u m e d  to occur  dur ing  r acemase  action.  

Rt~SUMt~, 

I. L ' o x y d a t i o n  de p rop iona tc  m a r q u 6  en presence de pools i m p o r t a n t s  de L-lactate,  D-lactate 
et p y r u v a t e  non  marquGs,  p rovoque  l ' appar i t ion  du m a r q u e u r  dans  ces pools. L ' appa r i t i on  du 
m a r q u e u r  sugg~re que  les corps citGs son t  en  6quilibre avec les intermGdiaires rGels. La  p reuve  que 
l '~quil ibre es t  i ncomple t  es t  donn~e en par t ie .  

2. Les  a u t e u r s  m o n t r e n t  que  le mGcanisme de l ' a -oxyda t ion  du  propionate ,  modifi6 en  fonct ion 
des rGsul ta ts  pr&Gdents ,  est  compa t ib l e  avec  un  m a r q u a g e  au ha sa rd  du propionate ,  si l 'on suppose 
q u ' u n  intermGdiaire a, f l - sym&rique  a p p a r a i t  au  cours  de l ' ac t ion  de la racGmase. 

Z U S A M M E N F A S S U N G  

I. Die O x y d a t i o n  m a r k i e r t e n  P rop iona t s  bei Gegenwar t  einer grossen Menge yon  gespeicher ten,  
n ich t  m a r k i e r t e n  L-Lac ta t ,  D-Lac ta t  und  b e r n s t e i n s a u r e m  Salz ve ru r s ach t  das  Auf t r e t en  der Kenn -  
zeichen in dieser gespe icher ten  Menge.  Dieses Auf t r e t en  der  Kennze i chen  li~sst v e r m u t e n ,  dass  die 
e rwXhnten  V e r b i n d u n g e n  sich mi t  den  v o r h a n d e n e n  Z wi schenve rb indungen  im Gleichgewicht  be- 
finden. Es  w u r d e n  einige T a t s a c h e n  angef i ihr t ,  aus  denen  sich schliessen l~Lsst, dass  das  Gleichgewicht  
n ich t  vo l l s tgndig  ist. 

2. Es  wurde  gezeigt,  dass  der d u t c h  die obige K l a r l egung  unters t i i t z te ,  modifizierte Reakt ions-  
weg der a - O x y d a t i o n  yon  P rop i ona t  m i t  der  zuf~lligen Ver te i lung der Kennze ichen  im Propiona t  
ve re inbar  ist, wenn  das  A u f t r e t e n  einer a, f l - symmet r i schen  Zwi schenve rb indung  w~hrend  der Race-  
m a s e w i r k u n g  a n g e n o m m e n  wird. 
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