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Although several previous workers (Bodily, 1938; McCoy, Higby, and Fred,
1928; Sjolander and McCoy, 1937) have reported fixation of atmospheric nitro-
gen by several species of the genus Clostridium, this result is frequently not men-

TABLE 1
Fixation of isotopic nitrogen by species of Clostridium

SPECIES NIOLD ANAEROBIC JA

C. aceticum.............................. 0.102; 0.184; 0.137 0.518
C. acetobutylicum 0.015; 0.09
C. acidiurici ........................... 0.00; 0.012 0.00
C. beijerinckii ..0.60
C. butyricum ............................. 0.063; 0.165; 0.612
C. butylicum ..0.564
C. febineum 195......................... 3.22; 3.38
C. kluyverii ............................. 0.302
C. lactoacetophilum....................... 1.16; 1.39 0.518
C. madisoni ..0.059; 0.554
C. pasteurianum W5..................... 2.80; 4.97 0.208; 2.38; 2.23; 1.08
C. pectinovorum 73....................... 2.46; 1.81
C. perfringens ..0.008;0.027; 0.00
C. tetanomorphum 0.245
C. sporogenes ..0.00;0.035

All data in atom per cent N1 excess; gain necessary for significance: 0.05. Each datum
is from a separate experiment.

tioned in either texts or monographs. Bergey's sixth edition, for example, lists
only Clostridium butyricum and its subsidiary species, C. pasteurianum, as nitro-
gen fixers and gives this as a distinctive characteristic of C. pasteurianum. Part
of this apparent reluctance to accept ability to fix nitrogen as being widespread
in the genus arises from the fact that the quantity reported fixed by some of the
species is so small that unequivocal demonstration with the Kjeldahl technique
is difficult. Difficulties depending on sensitivity and accuracy of analysis are
readily resolved by using the isotope N", to detect fixation (Burris, Eppling,
Wahlin, and Wilson, 1943). Preliminary to a study of the mechanism of fixa-
tion by C. pasteurianum we have tested 15 species of the Clostridium genus for
the ability to fix free N215.
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Cultures were grown on a modified Winogradski medium (20 g glucose, 1 g
tryptone, 1 g agar, 2 g CaCO3 per liter); ethyl alcohol plus sodium acetate served
as the source of carbon for C. kluyverii, uric acid as the source of both carbon and
nitrogen for C. acidiurici. One ml of such stocks was added to 15 ml of a modi-
fied Winogradski N-free medium in which the tryptone was omitted and 1 ml
of yeast water (1 mg N per ml) added per liter as a source of growth factor.
The cultures were placed in an atmosphere of N2 enriched with N1", incubated
for 6 days, and then analyzed for content of isotopic nitrogen. Originally the
excess of N15 in the atmosphere was 6.2 per cent, but repeated recovery, purifica-
tion, and reuse probably moderately diluted this concentration. Some trials
were made on the manifold apparatus described by Burris et al. (1943), others in
test tubes kept in a Brewer anaerobic jar. In each trial C. paateurianum was
included as a positive control. As can be seen from the data in table 1 only 3 of
the 15 species tested failed consistently to fix N2. Posibly the three negative
ones, C. sporogenes, C. perfringens, and C. acidiurici were unable to growin the sim-
ple medium used to test for fixation. The first two are known to have complex
nutritional requirements and the third must be supplied purines for both carbon
and nitrogen (Barker and Beck, 1942). This nutritional factor may also be
responsible for the apparent poor fixation noted in some of the species, for ex-
ample, C. acetobtylicum.

REFERENCES
BARKER, H. A., AND BECK, J. V. 1942 Clo8tridium acidi-urici and Clostridium cylindro-

8porum, organisms fermenting uric acid and some other purines. J. Bact., 43, 291-304.
BODILY, H. L. 1938 The morphological, biochemical and serological properties of Bacillus

pasteurianum and its ability to fix atmospheric nitrogen in comparison with other
anaerobic bacilli. Univ. Colorado Studies, 26, 28-31.

Bumus, R. H., EPPLING, F. J., WAHUN, H. B., AND WILSON, P. W. 1943 Detection of
nitrogen fixation with isotopic nitrogen. J. Biol. Chem., 148, 349-357.

McCoy, ELIZABETH, HIGBY, W. M., AND FRED, E. B. 1928 The assimilation of nitrogen
by pure cultures of Clostridium pasteurianum and related organisms. Zentr. Bakt.
Parasitenk., II, 76, 314-320.

SJOLANDER, N. O., AND McCoy, ELIZABETH 1937 Studies on anaerobic bacteria. XIII.
A cultural study of some "butyric" anaerobes previously described in the literature.
Zentr. 1Dakt. Parasitenk., II, 97, 314-324.

414 [VOL 57


