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which blood flow is retarded. Thus there are instances of left heart 
failure, in which t.he ''ether time" is within normal limits while the 
"saccharin time" is much prolonged. This s h o w  that in these cases 
the retardation of the Mood flow is downstream to the arterial cap- 
illaries of the lung. 
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The dissimilations brought about by the propionic acid bacteria 
have received relatively little study. Phosphorylation appears to be 
a normal process with the intermediate formation of a hexose-mono- 
phosphate.' Methylglyoxal has been reported by Pett antl l~7y1111e' 
and Wood and Werkman have recently identified pyruvic acid" and 
a non-reducing carbohydrate4 as intermediate products in the fer- 
mentation of glucose by Propiodmcteriunz arabinosum. Virtanen5 
proposed the occurrence of lactic acid but was unable to detect its 
presence. Foote, Fred antl Peterson' have reported the occurrencc 
of lactic acid in the propionic acid fermentation. The intermediate 
mechanism leading to  propionic acid is unknown. The fermenta- 
tion of glycerol offers an opportunity of studying this phase. In 
this remarkable fermentation, glycerol is converted under anaerobic 
conditions practically quantitatively into propionic acid. No gas is 
produced (van Niel") . 

To detect intermediate compounds the following medium was fer- 
mented: Yeast extract (Difco) O.S%, glycerol 2.0%, and calcium 
carbonate 2.0%. Calcium sulfite ( 1.0%) was included in the me- 
dium as a fixing reagent. P. nra-binosum was the species employed. 
The fermentation took place under anaerobic conditions at  30°C. 
After 5 o r  6 days' incubation, the fermentations were tested for 
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aldehydes and ketones by addition of 2, 4-dinitrophenylhydrazine. 
An abundant precipitation was obtained. Distillation of the nie- 
dium according to Peterson and Fred' gave a quantitative recovery 
of the unknown carbonyl compound. Derivatives were prepared 
f rom concentrated distillates and purified by crystallization. Table 
I gives the melting points obtained. 

TABLE I. 
Melting points C" 

Propion- 
Derivaiive Unknown aldehyde Mixed Literature 

2,4-dinitrophenylhydrazone 154.5 155.5 155.0 155.08 
p-nitropheny;h3.drazo ne 125.0 1.24.5 124.5 125.09 
Dimcdon derivative 155.5 155.0 155.Q c 

This identification of propionaldehyde formed during the dis- 
simiiation of glycerol by P. aralbinosuwz strongly suggests its occur- 
rence as an intermediate product. Propionic acid is probably 
formed hy the hydration of the propionaldehyde followed by de- 
hydrogenation. 

lo 
OH 
/ 

'OH OH 

CH3CH2CHO + H20 + CH3CH2C-H + CH3CH2C + 2H 
\ 

The production of propionaldehyde in the fermentation of gly- 
cerol has been confirmed by identification of the dimedon (dimethyl- 
dihydroresorcinol ) compound obtained from a fermentation by 
adding dimedon directly to the medium as a fixative. The medium 
consisted of yeast extract 0.5 %, glycerol 2.876, NaHC03 0.5 %, and 
dimedon 0.33%. Five per cent (by volume) of inoculum of Pro- 
pioizibacterium ara,bin osu4m was used. 

Our attempts to identify propionaldehyde from glucose fermen- 
tations have not been decisive. A small amount of precipitate is 
noted in fermentations, containing dimedon. A purified product has 
not been obtained as yet from these fermentations. Considering 
the results in glycerol fermentations, in the absence of contrary 
evidence, it is reasonable to assume that propionaldehyde is an inter- 
mediate in the fermentation of glucose. 

From a consideration of the intermediate products which have 
been identified it appears probable that glucose is broken down in 
the following way : The first conversion is into a hexose-rnono-phos- 
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phate which in turn is split into 2 triose-molecules; probably methyl- 
glyoxal results. Par t  of the methylglyoxal is then oxidized to  
acetic acid and CO, by dehydrogenation as suggested by van Niel’” 
and Wood and J V e ~ k m a n . ~  Hydrogen arising from this oxidation 
serves in the reduction of niethylglyoxal to a-hydroxy-propionalde- 
hyde and its reduction to propionaldehyde. The conversion of this 
latter compound to propionic acid occurs as  described above. I t  is 
of course not proven that I>ropionaldehy~le does occur normally in 
the propionic acid fermentation. It may be formed only under ab- 
normal conditions. For example, fixation of a-hydroxy-propional- 
dehyde might lead to the formation of propionaldehyde by blocking 
the production of lactic acid. 

Although a-hydroxy-propionaldehyde has not been identified i n  
the propionic acid f ermentation, the occurrence of an a-hydroxy in- 
termediate compound is supported by the fact that under certain 
conditions the authors have been able to demonstrate considerable 
quantities of lactic acid in glucose fermentations. I t  is acceptable 
that lactic acid is formed by hydration and subsequent dehydro- 
genation of n-hydroxy propionaldehyde. I t  is reasonable to assume, 
since lactic acid is fermented by the propionic acid bacteria, that it 
may also be intermediate in the formation of propionic and acetic 
acids. This conversion of a-hydroxypropionic acid or lactic acid to 
propionic acid also lends direct support to the proposed dissimilation 
of a-hydroxypropionaldehyde to propionaldehyde. 

I t  is reasonable to accept that propionic acid is formed by more 
than one series of reactions, namely, through the intermediates lactic 
acid and propionaldehyde, and possibly according to van Niel’s 
scheme.” 
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The finding of Anselmino and Hoffman,’’ that a fraction from 
the anterior pituitary, when injected into rats, markedly increases 
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