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ABSTRACT

STUDIES ON THE MECHANISM OF THE PROPIONIC AGID FERMENTATION

by

B, J. Bachmenn, S. F, Carson, D. S. Anthony, M. Kuna, M. Long

The mechanism of formation of propionic, acetic and suc-

cinic acids by Propionibacterium pentosaceum is under investi-

gation. With the use of Cll-labelled bicarbonste and carboxyl-
1abelled'acetate, intermediate substances between pyruvate and
propionate have been isolated, but as yet are not pure enough
to be identified, From the studies on sﬁccinate formation it
seems evident that this end-product arises by at least two in-
dependent paths: from CO, plus a three-carbon intermediate,
and as well by the Thunberg-Wielend Scheme of acetate conden-
sation; the extent of each depepds almost entirely upon the

redox state of the fermentation, and this can be altered.
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STUDIES ON THE MECHANISM OF THE PROPIONIC ACID FERMENTATION

by

B. J. Bachmann, S. F. Qerson, D. S. Anthony, M. Kune, M. Long

These studies were conducted on the propionic acid fermentotion with

Propionibocterium pentosacium using Clh as a tracer. The general over.all

reactions of the propionic acid fermentation showing the dependence of the
direction of the renction upon the hydrogen balance, or the state of oxi-

dation of the substrates, are on Slide I:

l; Glycerol —mme——3 3 Propionate + 1 Succinate 4 bHEO

3 Lactate  w=e=——w-- 2 Propionate + 1 Acetate + 1 CO- Ho0

3 Pyruvate =ee—==es 1 Propionate + 2 Acetate + 2 COp

One of the older schomes proposed for‘the formetion of propionic acid
from pyruvic acid suggested lactic acid and acorylic acid as intermedi-
ates in the conversion. This schcme was discarded when it was not pos-
sible to show conversion of acrylate to propionate by the propionic acid
bacteria and when it was confirmed by Barker and Lipmann that NaF inhib-
ited the conversion of lactete to propionate but did not inhibit the con-

version of pyruvate to propionate. Slide 2.

CHz Otz CHp Ciiz

gro —— éHOH ———— tH ey éﬁg

&OOH gOOH 00CH COOH
Pyruvate Lactate Lerylate Propionate
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Previous trocer experiments (by Wood and Werkman, Carson snd Ruben, et
el,) have indicated that propionate is formed by the decarboxylation of
Ch compounds which arise by the process of 80p fixation or by condensa~-
tion of intermediate products. Thercfore it seemed desirable to set up
an eoxperiment which would show the probable equilibrium relationships be-
tween substrate-acetate-propionate and to test whether or not simple con-
version of pyruvate to propionate and scetate occurs reversibly with the
C3 skeleton ;emaining intact between pyruvate end propionate. Using sub-
strates at three stages of oxidation, the shift in equilibrium was traced
with redicective acetate ond G%0p as the smount of available hydrogen
voried. Thus reactions which might eappear obvious with one state of avail-
able hydrggen but not with another will be made clear by the shift in
equilibrium,

In the experiment, substrates of three stetes of oxidation (or avail-
able H). were used: glycerol, ¢ highly reduced substrate; pyruvate, a
highly oxidized substrate; nnd a 1l:1 mixture of glycerol and pyruvate.
Pyruvete is very probably an intermediate in the conversion of glycerol
to propionate and ecetate. Two fermentations were carried out with each
substrates one with carboxyl labeclled ancetic scid as a tracer and one

with labelled COp in the form of NoHO*03 os & tracer. Slide 3.

: T
; |
i Substrate Glycerol |Glycercl Pyruvate Pyruvate
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With glycerol, a reduced substance, as substrate, the ratio of the specific
activity of propionate formed to ncetate remsining is 1:100; with e mixture
of glyeerol and pyruvate the proportion was 1:33, while with pyruvate as
substrate the roatio was lili. Thus 25 times as much radioacetate was con-
verted to radiopropionate in the presence of sn oxidized substrate.

With glycerol as a substrate and G#Op as a tracer, the ratio of the
specific activity of propionate produced to ﬁhat of acetete produced was
1:3. With a mixture of glycerol ond pyruvate the ratio was 1:1.7 and
with pyruvate as o substrete the ratio was 1:0,5. Thus six times es much
radioanctive G*0p is converted to radiopropionste with an oxidized substrate.
With glycerol as n substrote 2 per cent of the initisl radiocactivity ad-
ded as Hlc#* was converted to O%0Op; with a mixture of glycerol and pyruvete
6 per cent of the initial radioactivity appeered as O%02; and with pyruvate
as substrate 33 per c¢ent of the original activity appeered as 0%0p. This
is an importent indicction that Hle# is metabolized through a condensation
reaction which subsequently yeilds 602. Such o reaction would obviously
not be apparent with glycerol as the substrate, but with the use of on
oxidized substrote (pyruvate) it apparently assumes great importance in

the cquilibrium scheme.
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On the basis of schemes suggested by earlier as well as the present
tracer experiments, we have proposed a working scheme around which we can

design a complete tracer experiment. Slide li.

-LH +LH

Glycerol ————Pyruvic s====== Propionic (1)
/
: \Z{ "
H+2H " 2 Acetie = Succinic g=—>Propionic (2a)
Acetic ‘\ + C0s
+ : Y
Acetic W\ »Succinic  + 2005 (2b)
o 0 TG
~002 i+ CO2 Oxalacetic J ©
Propionic
+
002 ,
OxaThoetic o= okl sSuccinic g===Propionic (3)
-+
co,
HAc# ~w———————3 Propionic* Highest conversion with pyruvate ¢
HAc® — —> 0%0y " n n n
C*0p ——-——3 Propionic® » " " n
Cx0o —> Acetic’ s » " »

If resction (1) occurs: it would yield propionate* from HAc* and pro-
pionate* from Q*0p only by reversal of the oxidation decarboxylation of
pyruveate, therefore would require hydrogen, and would be expected to occur
to the greatest extent with glycerol as the substrate.

However, the largest conversion of propionate* from HAc* occurred
with pyruvate as the substrate, ond olso yielded 0%0Ope In addition, the
préduction of propionate* from 0*02 wes favoréd by pyruvate, Finally, the
pyruvete remaining in these fermentations, (1/3 of the initial amount) did
not contein eny measureble emount of lsbelled G¢. If recction (3) goes,
it would yield propionate# from O#Op and would be favored by glycerol as
a substrate. The production of propionatex from 0*02 was favored by

pyruvate which is not what one would expect.

-
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However, if reactions (2) end (3) were oceurring simultaneously this
would be possible. Reaction (22) or (2b) would yield propionate* and
C*0p from HAo# and would be favored by pyruvate. Actually the largest
conversion of propionate and 0*02 from HAc* occurred in the presence of
pyruvate, indieating that reactions (2) were possible. Resction (2) would
proceed wi th the evolution of hydrogen which would allow recction (3) to
proceed. This would account for the grecter production of propionate#
from C¥QOp in the presence of pyruvate since the hydrogen necessery to al-

low reaction (3) to proceed came from reaction (2).



