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AEBTRACT , 

B, J, ?%cham, S, F. Carson, D. S. Anthony, N. Kuna, M. Long 

The mcchanis ition of propi.onic, acetic and SUC- 

cinic acids by Propionibacterium pentosacem is under investi- 

gation. 

labelled acetate, intermediate substances between pyruvate and 

propionate have been i s o l a t e d ,  but as yet rtre not  pure enough 

t o  be ident i f ied.  From the  studies on succinate formation it 

seems evident that  t h i s  end-product czrises by at l ea s t  two in- 

dependent paths: 

and as w e l l  by the 'Shunberg-Wielmd Scheme of acetate conden- 

sfitifon; the  extent of each depends almost ent i re ly  upon the 

With %he use of C14-lnbelled bicarbonate and carboxyl- 

f r o m  C02 plus a three-carbon intermediate, 

redox s t a t e  of the fermentation, and t h i s  can be altered. 
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THE nlIEcIRfl\lTSlf OF TIE PROPIOKIC ACID FERKETTATIOX 

by 

~nn, $. F. Cerson, D, S.  Anthony, l d ,  Kuna, M. Long 

2s wcrc conducted on the propionic acid fermontdion w i t h  

n p p t o s a c i m  using ~ 1 4  as 2 tracer, me general over-al l  

propionic  owid f ermentF-tion showing the dependence of the 

reaction upon +he hydrogen bcdmcc, o r  the s t a t e  of axi- 

x t r a t o s ,  are on Sl ide  I: 

r o l  

i t e  

m t e  -----, 1 Propionate  +- 2 Acekcto + 2 C02 

+ 3 Propionate + 1 Succinate + m20 

--> 2 Propionate J- 1 Aceta te  $t 1 Go2 E20 

s c h m e s  progosed for tho  formation of  propionic acid 

1 s u g g c ~ t c d  k c t i c  acid and acryl ic  a c i d  as intermedi- 

r s i o n ,  T'nis schcnro WGS discarded when it m.s not pos- 

iversian o f  acrylate t o  propionnte  by the propionic ac id  

1 it was confirmed by Barker and Lipmmn t h a t  NnF inkib- 

ion o f  h c t c t c  to F r o p i o m t e  but did  not inhibit the  con- 

s t e  to propionate. S l i d e  2, 

'yr uvn t e Ln c - t ; ~  t 3 Acrylate Propionate 
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PrcPious t r c c e r  experiments 

r l . )  

c4 ccmpomds which arise by the process of (302 f ixat ion o r  by condensa- 

t i on  of  irtermediate products,  Therefore it seemed desirable to set up 

nn cxpsrizrkent which would show the probable equilibrium reh t ionsh ips  be- 

tween substrnte-acetate-pro~~o~~te ctnd to test whether 3r n o t  s imple con- 

aersicn of p-yrumte to propionate and r,cetc.te occurs reversibly with the 

C3 skeleton remclining intact bctmccn pyruvnte rnd propionc.te. Using sub- 

str~,tos  ct'c three stages of oxidntion, t he  s h i f t  i n  S u i l i b r i u r n  was  trcced 

with ro.diocctivc clcctFbte cnd W-CJ~ ns the rtmount of r-vailable hydrogen 

varied, 

c.blo hydrzgen but not  wi th  rriather w i l l  be m a 5 e  clear by the s h i f t  i n  

equilibriiim, 

(by Wood and Tkrkmnn, Crirson m d  Ruben, et 

hclve indicated t h a t  propionate is formed by the decwboxyhtion of 

i 

Thus reactions which migh t  cppscr  obvious w i t h  one s t a t e  of avail- 

fn the  experimentz su5s ts r t ;cs  of t'nree s t r t e s  O f  oxidat ioi l  (or  avail- 

a rtble H) were uscd: 

highly oxidized substrFLte; y n d  P. 121 mixture of  glycorol  and pyruvatel 

Pyruvete i s  aery probably an intermediate in t he  convcrsion of glycerol 

-to propionate p.nd ecetc te.  

substrate: 

with lcbelled C@z i n  the  f o r m  o f  IWXWOg 2 s  a tracer. 

glycerol,  t n'bhly reduced subs t r r te ;  pyruvate, a 

Tho f erwcntF.tions were carried out with each 

one wi%h casbxy l  lr tbcllod ace t ic  ccid 2s a tracer and one 

S l i d e  3. 
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!duced substnnce, ns substrate, u l ~ ~  ra i o  of the  specific 

Lata formed IC0 rxcetot;e remclining i s  lt100; w i t h  a mixture 

wvrte the proport ion was 1:33, while with py rumte  as 

) m s  124. 
lionate in the presence of m gxidized substrate.  

c-s a s u b s b a t e  nnd 0*02 c s  Q tracer, .tho r a t i o  of the 

zzlus 25 times 9-s much ro.dionoet&e was c m -  

If propioncte produced to t h a t  of a c c t s t e  produced was 

.e of  glycerol nnd pyruvate the r f i t io  was h l . 7  and 

aubstri?te the m t i o  was 1:0.5. 

: oc?riaerted to rcdiQpropioncCe with ea oxidized substrate. 

GuSstrrtc 2 per  cent of the initid radioact ivi ty  ad- 

lverted t o  0 2 ;  with pt mixture of glycerol and pyruvcte 

Thus s ix  times 8.s much 

, n i t i a l  r F L d i o n c t i v i t y  ripper-red as W02; nnd w i t h  pyruvate 

cent o f  the  o r ig inn l  acstivity cppeared ns cJ*02. This 

i icr  t i o n  t h a t  Wc* is metabolized thmugh a cmdensntion 

:squently yeilds Go2. 

;h glycerol c2s t h e  substrrke, but with the use of En 

(pyrumtc) it nppnrently assumes gre r t  importance in 

iemel 

Such r. reoction would obviously 
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c)n the b a s i s  of schemes suggested by ear l ier  as w e l l  c,s the present 

t r n c e r  experiments, we have proposed a working scheme around whiah we can 

design a complete trtloer exrperlment. Slide 4. 

-4H 
G1 y cer ol------J.Pyl 

I 
1 

+4H 
uvic ,= Propionic (1) 

-2H 
. 2 ~ c e t i c  Succinic .--Propionic ( 2 ~ )  

(2b) 
Acetic 7 + cop 

+ 
P 

Prop i oni c 
+ 

I tH 0°2 
a c e t i c  ,\ - G u c o i n i c w P r o p i o n i c  (3) 

t 
c02 

# 

HAC* - P r o p i o n d  

IL4c* -=e 0*02 n n n n 

Highes t  conversion w i t h  pyruvate 

n f? I t  R C*02 ---> Propionic; f 

W .n W n * @02 --> A c e t i c  

Tf remytion (1) ocsurs: iC would y ie ld  p m p i o m t c *  from HAC* cLnd pro- 

pionake* from 0*02 only %y romrsal of t he  oxidntion decarboxylation of 

pyruocte, therefore would require hydrogen, and would be expected to occur 

to the  grerrtest ,extent with g lycero l  a s  the  substrote. 

However, the l a r g e s t  conversion of propionfite* from HAC* occurred 

with p y r u m t e  as t h e  substrnte, cnd r l s o  yielded O * O p  In addi t ion,  the 

production of proTionate* from C*02 wcs fnvored by pyruvate. Finc-dly, %he 

pyruvnte remaining in these fcrmcntntions, (l /3 of the i n i t i a l  mount )  did  

not contain m y  mec.!,surclble rmount of k b e l l e d  W .  If rccction (3) goes, 

it would yie ld  p r o p i o n d m  from WO2 cad would be favored by glycerol as 

zi substrc-te. 

pyruvate which is not w h a t  one would expe~ t .  

The production of propionctel: from W02 was favored by 




