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Position of the Carbon Dioxide-Carbon in Propion ic Acid 
Synthesized by Propionibncterkum." 

I-[. G. Wool), (-. H. WERKMAN, , \ i , r ~ n .  HEMINGWAY AND A. 0. 
N J ER. 

From the Bacteriology Suction, Jowa Agricultural Experiment Station, IOWQ &ate 
College, tmd Depnrtmmts of Phyt6ologicnl Chernbtry and Physics. U&vm.Gtjl of 

,Minnnesota. 

The assimilation c) f carbon dioxide by heterotrophic bacteria was 
first established by Wood and Werrkrnanl with the propionic acid hac- 
teria. Recently the stable isotope of carbon (C1')z and radioactive 
carbon (C")' have been used as tracers of the carbon dioxide fixed 
in the fermentation of glycerol. The fixed carbon has been S~IOM~II 

to be predominantly in the products propionic and succinic acids. 
Wood, et denionstratecl, in addition, that the fixed carbon in 
succiiiic acid is exclusively in the carhoxyl group. These authors 
xriggested that all the carhon clioxidc is fixed by the following reaction 

:tnd that propionic acid contaiiiing fixed carbon is derived froni the 
+carbon compounds. Accordingly, the fixed carbon of propionic 
acid would be in the carhoxyl group. Therefore, the report by 
Carson, et nl.," of fixed carbon occurriiig in the a- and P-carbons as 
well as in the carboxyl carbon of propionic acid is of particular inter- 
est. These results imply that, in addition to the mechanism shown by 
Wood, et the propionic acid bacteria have another method of 
fixing carbon dioxide. The latter method might involve the synthesis 
of the entire chain from I-carbon compounds, since the fixed carbon 
is suggested by Carson. ef d.,* to be distributed anions the 3 carbons. 
of propionic acid. This observation places in question the present 
schemes of fermentation, for the implication is that the substrate 

CO, + HCHZ . C>O . COOII -+ COOH - c R 2  * CO * COOH 

? 
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may first be brolteii clown t o  1-cart)on compounds and then synthesized 
t o  the final products of fermeritation. While it is clear that auto- 
trophic forms of life must 1)crfoi-m such a synthesis, it does not 
seem necessary for heterotrophic forms of life to break down the 
substrate to a I-carbon conipcmid aiid then resynthesize it to final 
lxodticts. '\Ye have, therefore, rcitivestigated the problem. Contrary 
to the report of Carson, et ul.,' IVC find the fixed carbon is exclusively 
i n  the carbosy! group of propionic acid. 

The experimental procedure was as follows : Propionic acid con- 
taining fixed carbon enriched with C" was obtained from the fer- 
mentation of glycerol as previously described2 The volatile acids 
in the steam distillate contaiiictl :q)proxiniately 3.0 g of propionic 
acid. Thc acids were neutralized. evaporated to 5 nil, acidified with 
10 X sulphtiric acid and the misttirc was extracted three times with 
5 nil portions of ether. Tlic cthcr solution was dehydrated with 
calcium chloride and then distilled in a sniall fractionating column. 
i he fraction containing propionic acid ( 136-141°C, mostly at 
140°C) weighed 2.1 g and was tlcgraded by the following reactions: 

,.. 

P ant1 Sr ,  tlicn 1120 
0113 . ('I12 - COOH CHs . CHBr COOH 

AgOH 
CH3 . (!HBr . COOH --+ (>IT:< . CHOR . COOH 

KMnO, 
CH, . CHOH . COOH m,:ciIo + co, 

1, (alkali) 
CH3CHO - 4 CHI:; + IIC00Na 

The above conversion MU cm-i-icd out as follows : 
'The reaction iiiisture a f t  C'I- ~~-1)i-oniinati~~i.~ was niade alkaline to 

litmus with silver oxide and then acid with hydrochloric acid to 
precipitate the silver and give free lactic acid. The filtrate solution 
was oxidized with potassium pcrnianganate' and the resulting alde- 
hyde and carbon dioxide were collected in bisulfite and alkali re- 
spectively. The recovery was a1)rmt 40% ( 11.2 mM of acetaldehyde 
tleterniined by iodine-titratioti o f  liound sulfite and 12.0 mM of 
carbon dioxide). Part of the aldehyde solution was oxidized' to 
carbon dioxide for mass spectrographic determination7 of its ClS 
content. The remainder was converted into iodoform and formic 
acid.s The excess iodine in the iodoforrn reaction was titrated with 
thiosulfate arid the mixture i n s  then filtered. The iodoform was 

5 Cohen, J. I>., Practical Orpclnica Clicntistry, 1924, p. 110, Macmillan, London. 
GOsburn, 0. L., and Werkrnm, C .  I$., Ind.  Eng. Ghem., Anal. Ed., 1932, 4, 421. 
7 Nier, A. O., Bev. Sci. Instruments, 1940, 2, 212. 
8 Goodwin, L. F., ,7. Am. Chem. $on., 1920,48 ,  39. 



TABLE I. 
~~ ~ ~~ .~ - 

Fraction of propionie acid % c13 
Entire molecule 1.35 
u and 8-carbon ( CH3CHO) 1.0'7 
a-carbon (HCOONa) 1.08 
8-carbon ( CHI3) 1.08 
COOH-carbon (COz) 1.77 
COOH-carbon (calculated value) * 1.87 

_ _  .- - - --  
"2 X 1.09 + X = 3 x 1.43. X = yo C13 in COOH-carbon. 

dried for 24 hours at room temperature over calcium chIoricie a ~ ~ t l  
then oxidized to carbon dioxide by dry combustion. Formic acid in 
the filtrate was removed by steam distillation and oxidized to carlml 
dioxide with mercuric oxide." 'The formic acid and iodoforni were 
formed in equiniolar quantities but the yield was only 50% on the 
hasis of the acetaldehyde. From 4.0 niM of acetaldehyde 2.0 mM 
o f  iodoform and 2.1 mM of carbon dioxide were obtained. The 
iodoform reaction with acetaldehyde is not quantitative." However, 
since the iodoforrn and formic acid were formed in equimohr 
amounts, these compounds undoubtedly- arise from the p and a car- 
bons respectively of the acetaldehyde. The data from the above pro- 
cedure are given in Table I. 

It is to be remembered in consiclering the data in Table I that all 
natural carbon contains approximately 1.09% f?". The value 1.35 
for propionic acid indicates there is carbon present in the molecule. 
which was derived from fixed-carbon dioxide in which the C'" 
content had been artificially increased to serve as a tracer. The 
experimental variation in the mass spectrographic analysis is about 
t0.02. Therefore the value 1.35 is clearly indicative o f  fixed carbon 
dioxide. The a and fi  carbons of the propionic acid contained {lie 
normal complement of C3, evidently there was no fixed carbon in 
these positions. The carboxyl carbon, on the other hand, contained 
a concentration of C13 above that of nornial carbon. The fixed car- 
bon from C1'O0, was obviously present in this position. The agree- 
ment between the experimental and calculated values, 011 the basis 
that all the fixed carbon is contained in the carboxyl group substan- 
tiates this conclusion. This fact is in agreement with the authors' 
concept of the mechanism of carbon dioxide-fixation through syxitlie- 
sis with 3-carbon and 1 -carbon compounds. The discrepancy between 
our results and those of Carson, et oZ.,~ calls for further investigation. 
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316 I ~ E P E A T E I )  ATTACKS OF INFLUENZA 

There are two possibilitics. either the chemical reactions used are 
unreliablc or tlie synthetic reactit )iis of the bacteria differed under 
the respcctivc experimental conditions. That the stepwise degrada- 
tion used in our investigation was rekhle is shown by the quantitative 
recovery of the C13 in the carbosyl group. We are at present en- 
deavoring to tleterniiiie tlie relialdity of the chemical reactions used 
1)y Carson, t - t  oZ. ,~ by clegracliiig chemically synthesized propionic acid 
wntainitig (. "" in the carhosyl group. 

The authors wish to express appreciation to Professor Henry 
Gilman and Mr. C. G. Sttuckwiscli for assistance in the degradation 
o f  the propionic acid. 

11980 

Repeated Attacks of Influenza. 

'I'iiobi.\s I?. ~ I A G I L L .  (. Introduced by James M. Neill.) 
From the Departmant of Bncteriologg and Immunology, Cornell University Meddod 

College, New Pork City. 

Recent rel" )rtsl* ' 9  ;i have wt:ihlished the principle that illncsses 
which on the hasis of their similar clinical symptoms would be classi- 
fied together as influenza can he caused by antigenically different 
viruses. The stlnic priiiciple iiiiist bc taken into account when re- 
peated attacks of intlueiiza occur in an iridividual ; that is, in a person 
who previously has liad ii iheriza a subsequent attack may be due 
to infection with a virus that is antigenically different from the one 
responsible for the earlier illness. That examples of that sort do 
occur will be showti by the results of the following experiments in 
which saniples o f  serixni ob i t ied  over a period of 4 to 5 years from 
persons who had had more than one attack of influenza were tested 
against two antigenically different viruses, the TM virus'. and the 
PR8 strain of the virus of epidemic influenza.' 

Patient A had 2, and Patient B had 3 attacks of influenza during 
the period o f  observation. The serums, which were 14 from each 
patient, included saniples obtained at the time of onset of the symp- 

IMagill, T. P., PROP. Soc. EXP. BIOL. AND MED., 1940, 45, 162. 
2 Francis, T., Jr., Science, 1940, 92, 405. 
8 Magill, T. P., and Tyndall, M., in press. 
2 Francis, T., Jr., Science, 1934, 80, 457. 


