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In an attempt to work out a scheme for the rapid identification of the gas
gangrene organisms (Reed and Orr, 1941), many of the published reports of
nitrate reduction and indole formation by this group of organisms were found to
be contradictory. The nature of the contradictions suggested that this was
largely the result of faulty interpretation of results so clearly described for the
nitrate reduction of bacteria in general by Conn (1936).

NITRATE REDUCTION

Woods (1938) found that washed suspensions of Clostridium welchii catalyzed
the reduction of NO;, NO; and NH,OH to NH; by molecular hydrogen. More-
over, during the reduction of NOs; to NH; he demonstrated the appearance and
disappearance of NO;. This made it probable that tests for NO, alone in grow-
ing cultures of this and related species would give little indication of the nitrate-
reducing action of the organisms. A somewhat more detailed examination has
therefore been made.

Cultures were tested for nitrite production in the following medium, Reed and
Orr (1941):

Bacto tryptone. ......ouiniiiii e 20 grams
DA 73 S0 2 grams
GIUCOB. t ettt ettt eteeeteee et e eeaneeanaeansesnnesneesanesonsonanns 1 gram

.- P 1 gram

2000 7 1 gram

L2 7 1000 cc

This was adjusted to pH 7.6 and autoclaved in deep tubes. In other experi-
ments the medium without KNO; was tubed and autoclaved and filtered aqueous
solutions of KNO; or KNO. added subsequently.

Qualitative tests for nitrites were made in the usual manner with Tittsler’s
(1930) sulphanilic acid, dimethyl-a-naphthylamine reagent. Where the qualita-
tive nitrite reaction was negative, tests were made for nitrate by adding zinc dust,
as suggested by Zo Bell (1932), to reduce remaining nitrate to nitrite. A quanti-
tative nitrite reaction was devised by modifying the qualitative reaction. Aque-
ous solutions of KNO, were made up to contain 0.005 to 0.15 mg. per cent. To
5 ml. amounts, 1 ml. of Tittsler’s mixed sulphanilic acid and dimethyl-a-naph-
thylamine reagent was added. After 15 minutes, readings were then made on a
photoelectric colorimeter (Cenco photelometer with a No. 2 filter). The results

1 Part of an investigation aided financially by the Canadian National Research Council.
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were plotted on semi-log paper against the corresponding cohcentration of nitrite
to form a basis for comparison with cultures. Cultures to be tested were centri-
fuged until clear and the supernatant diluted in water, usually 1-10, which largely
obliterated the pale colour of the peptone solution. The test reagent was then
added, readings made as in the case of the controls, concentrations read from the
graph and multiplied by the dilution of the culture.

Twenty-one species belonging to the gas gangrene group of the genus Clostrid-
7um were grown in this medium and tested qualitatively for nitrites. Only five

TABLE 1

Qualitative determinations of nitrites and nitrates on cultures of twenty-one species of the genus
Clostridium in a medium containing 100 mg. per cent KNO,

. No. OF TESTS POR NO2 TESTS FOR NO3
PECIES STaATS|
1 day | 2days | Sdays | 1 day |2 days | 5 days
Group I—NO; re- | C. welchii 8 + + +
duced rapidly, | C. fallazx 1 + + + Obscured
NO; present C. tertium 4 + + + by + NO,
C. septicum 5 + + + test
C. aerofoetidum 2 + + +
Group II—NO; | C. sordelli 4 - - - | Tr - -
reduced rapidly, | C. bifermentans 2 - — - - — -
NO, absent C. novyt 7 - - - Tr. - -
C. difficile 1 - - — | Tr. | Tr -
C. paraputrificum 2 - - - Tr. - -
C. butyricum 4 - - - Tr. | Tr -
C. sporogenes 4 - - - Tr. —_ _
C. tetanomorphum 2 - - - Tr. — —
C. tetani 3 - - - Tr. - —
C. capitovalis 2 - - - Tr. -
Group III—NO; | C. carnis 1 - - - + + +
reduced slowly | C. histolyticum 4 - - - + + +
or not reduced, | C. tyrosinogenes 2 - - - + + +
NO; absent C. sphenoides 2 - - - + + +
C. cochlearium 5 - - - + + +
C. multifermentans 2 - - - + + +

of the twenty-one species, C. welchii, C. fallax, C. tertium, C. septicum and C.
aerofoetidum, as indicated in table 1, gave positive nitrite reactions. This is in
agreement with most of the recorded findings, (Spray, 1936; Reed and Orr,
1941). But, as also indicated in table 1, ten of the twenty-one species, so break
down the nitrate added to the medium that none is evident by the zinc-dust
nitrite test. Cultures of the remaining six species (table 1), give positive tests
for nitrate but show no accumulation of nitrites.

When quantitative tests for nitrite were made on cultures of the five species
which gave positive nitrite tests (table 2) only small concentrations were found.
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In the medium originally containing 100 mg. per cent of nitrate after 5 day’s
growth of C.welchiz or C. fallaz,less than 1 mg. per cent of nitrite was present and
in cultures of C. septicum and C. aerofoetidium only about 10 mg. per cent of
nitrite was present. This suggests that the NO; is itself being rapidly trans-
formed and that the difference between this group (group I, table 1) in which
NO. accumulated in measurable amounts and the next group (group II, table1)
in which no NO, could be detected is purely quantitative.

Quantitative nitrite tests of cultures of the twenty-one species after 1 to 5
days’ growth in the peptone medium to which 10 mg. per cent of NaNO. was
added, gave further evidence of the nature of the reaction (table 3). The
almost complete disappearance of this amount of nitrite, probably by reduction
to ammonia, from cultures of the five species which give positive qualitative
nitrite tests when grown in a nitrate medium (group I, table 3) must indicate
that ordinarily the reduction of nitrate to nitrite by these species is more rapid
than the further reduction of nitrite. However, since the amount of nitrite

TABLE 2

Quantitative NO; in mg. per cent. Cultures in peptone medium containing 100 mg. per cent of
KNO;. Determinations were made at 1, 2 and § days after inoculation

MG. PER CENT OF NITRITE
SPECIES

1 day 2 days 5 days
CoWelChite. oo oo 0.20 0.51 0.58
C.fallaTe........ccoovviiiiiiiiiiiian.. 1.20 0.63 0.66
Cotertium. . ooeee e 3.10 3.20 4.10
C.8ePticuM.. . ...ocvvvevninnieiiiininnn. 10.80 11.70 12.35
C. aerofoetidum........................... 9.85 10.10 12.80
Sterile medium..................oooenl 0 0 0

which accumulates is very small (table 2) it is quite likely that under different
circumstances the rate of the two reactions may be equalized, in which case the
qualitative tests for nitrite will become negative. This probably accounts for
the considerable confusion which occurs in the literature.

Cultures of the ten species in group II, table 3 in media initially containing
nitrate give negative qualitative reactions for both nitrates and nitrites. When
grown in the peptone solution to which 10 mg. per cent of NaNO, is added the
species of group II, like those of group I, show rapid breakdown of the nitrite.
It therefore follows that when these species are grown in nitrate medium the
rate of reduction of NOs to NO, must be equal to, or less than, the rate of reduc-
tion of NO.. Here too is a likely source of error. It may be anticipated that
under other circumstances the rates of the two reactions, relative to each other,
may alter, in which case positive NO. reactions might be observed.

The species which make up the last group (group III, table 3) produce slow
or negligible reduction of nitrite. Since in a nitrate-containing medium these
species give negative qualitative reactions for NO; (table 1) and strongly positive
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nitrate tests, it must be concluded that the reduction of NOs is also slow or does
not occur.

INDOLE FORMATION

Hertzfeld and Klinger (1915) demonstrated a quantitative transformation of
tryptophane to indole in cultures of Escherichia coli, due presumably to the
enzyme tryptophanase recently described by Happold and Hoyle (1935). On

TABLE 3

Quantitative NOs in mg. per cent. Cultures in peptone medium containing 10 mg. per cent
NaNO,. Determinations made at 1, 2, and 5§ day intervals after inoculation

MG, PER CENT OF NITRITE
SPECIES

1 day 2 days 5 days

Group I—reduce NO; | C. welchii Tr. 0 0

more rapidly than NO, | C. fallax 0 0 0
C. tertium 1.07 0.55 0.80

C. septicum 0 0 0

C. aerofoetidum 0 0 0

Group II—reduce NO, | C. sordelli 0 0 0

more rapidly than NO; | C. bifermentans 0 0 0

C. sporogenes 1.15 0.56 0

C. novyt 0.42 0.23 0

C. tetani 1.43 0 0

C. tetanomorphum 0.05 0 0

C. difficile 0 0 0

C. parapulrificum 0 0 0

C. butyricum 1.15 0 0
C. capitovalis 5.30 1.50 0.05
Group III—reduce NO; | C. carnis 6.90 4.30 3.80
and NO; slowly or not | C. histolyticum 7.05 7.20 4.60
at all C. tyrosinogenes 8.25 5.90 6.30
C. sphenoides 8.70 7.50 7.00
C. cochlearium 8.80 7.10 7.55
C. multifermentans 9.45 8.10 7.7
Sterile medium 9.40 8.30 7.80

the other hand, Happold and Hoyle (1936) have shown that E. coli, growing in
a synthetic medium, slowly decomposes indole. It has also been shown by
Sasaki (1923) that B. subtilis, and by Supniewski (1924) that Pseudomonas aeru-
gtnosa oxidizes indole to anthranilic acid, and by Gray (1928) that Pseudomonas
indoloxidans will oxidize indole to indigotin. While it is unlikely that the anae-
robic bacteria will oxidize indole, these observations do suggest a possible break-
down of indole as it is formed.

Indole determinations have been made on cultures of species of the genus
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Clostridium after one to ten days’ growth in the following meaium, Reed and
Orr (1941):

grams
Bacto tryptomne. ... ..ottt e e 20
J 73 & B 20 7 5
GlUCOBE. . .« ettt ittt ettt e ettt ettt aeetananansasananaaeaneaeanan 1
- 23 N 1
Sodium thioglycollate. .....covvniiern ittt iiiieieeiae e e 1
£ =3 S 1000 ml.

The medium was adjusted to pH 7.6 and autoclaved in deep tubes. For some
experiments this was modified by the addition of an aqueous solution of indole,

TABLE 4

Indole reactions of 17 species of Clostridia when grown for 1 to 10 days in a tryptophane
medium without added indole and with 2 mg. and 10 mg. per cent of indole

| mEDIUM coNTAIN- | MEDIUM CONTAIN-
2 | meo o ADDED ING 2 MG. rER mxg:xcggn;{r_.:mm%:géo MG,
SPECIES o
B 2 2
s 2l5l505]25055 | 55]5] 3
A ol B I B I B
Group I—indole | C. sordelli 3 |+ |+ | + [++|++ [+ H |
accumulates | C. bifermentans 2 |4+ |+ | H+HHH 4| + [ A+
C. capitovalis 2 |+ | + |+ [+
C. sphenoides 2 |+ |+ |+ |+ [+ A [
Group II—in- | C. welchii 3 ojof{ojoOo}|+|O0}|O 0 |++++4+ | + +
dole used as | C.sporogenes 2 olojofojojofoO 0 0 0 0 0
rapidly as C. nooys 2 lojojojojojojo]| O [++]| + + 0
formed C. tetani 2 0jo0o|0]j]O0]|JO|O]|O 0 + 0 0 0
C. carnis 1 ojfojojof{+]|O0]O 0 ++ | ++ 0 0
C. fallaz 1 ojojojo}|+|O0}O 0 ++ | ++ | + 0
C. septicum 2 olojojojofo]oO 0 |++|++]| + +
C. multifermentans 2 ofjfofofof4+|fO0fO0| O |4++|++]| + +
C. histolyticum 2 ojojojojoOofO0}oO 0 ++ | ++ | + +
C. tetanomorphum 2 olojojloj+]o0]oO 0 |++|++]| + 0
C. difficile 1 ojofo]Oo|+|O0O]O 0 + 0 0 0
C. aerofoetidum 2 ojlojo|o|{+]O0fO 0 | ++|++| + 0
C. parapuirificum 2 ojfojojoj+4+]|]0]0O 0 ++ | ++ | + 0
Sterile medium 0({0]| 0|0 |++++++ ++ [++++++[+++] ++

sterilized by filtration, to provide 2 mg. per cent or 10 mg. per cent of added
indole.

Qualitative tests for indole were made on cultures after 1, 2, 5 and 10 days’
incubation with Fellers and Clough’s (1925) modification of Ehrlich’s reagent.

A summary of the results of these tests on cultures of several strains of seven-
teen species grown in the tryptophane medium without added indole, with 2 mg.
per cent, and 10 mg. per cent of indole are shown in table 4. From the first
column it is apparent that indole accumulates in measurable amounts in cultures
in the tryptophane medium of only four of the seventeen species tested, C.
sordellis, C. bifermentans, C. capitovalis, and C. sphenoides. This is in agree-
ment with previous reports (Spray, 1936; Reed and Orr, 1941).



430 R. W. REED

The remaining thirteen species tested, it will be observed from the table, do
not accumulate measurable amounts of indole in the tryptophane medium.
But, it is also apparent from the table, that indole added to the medium in
which these organisms are grown rapidly disappears. There is a great differ-
ence, however, in the rate of disappearance. In the medium with 2 mg. per
cent of added indole, five species bring about its disappearance in twenty-four
hours and all thirteen species in two days. In the media with 10 mg. per cent
of indole, C. sporogenes causes complete disappearance in twenty-four hours, but
in cultures of four species, detectable amounts are still present after ten days’
incubation. .

It seems probable therefore that all thirty-three cultures belonging to the
seventeen species tested produce indole from tryptophane, but that all except
four species either utilize or break down indole as rapidly as formed.

It is apparent from the qualitative reactions indicated in the table that a
species like C. bifermentans breaks down or utilizes indole but that ordinarily the
rate of indole formation from tryptophane is more rapid than the rate of disap-
pearance. Under other conditions it is possible that the rates of the two reac-
tions may be equalized. Conversely C. welchii brings about the disappearance
of indole more slowly than most of the other species grouped with it, yet rapidly
enough to prevent the accumulation of indole from tryptophane. A slight
modification in the rate of either of these reactions would probably result in
indole accumulation.

CONCLUSIONS

It is shown that the gas gangrene species of the genus Clostridium fall into
three groups in respect to the reduction of nitrates and nitrites: (1) Five species
which reduce both NO; and NO, but in which the rate of reduction of NOj is
ordinarily more rapid than the reduction of NO,; as a result qualitative reactions
for NO; are generally positive. (2) Ten species which also reduce both NO; and
NO:; but in which the rate of reduction of NO, is equal to or greater than the
rate of NO; reduction. As a result qualitative tests for NO; are ordinarily nega-
tive. (3) Six species which fail to reduce both NO; and NO; or reduce them at
an equally slow rate, so that qualitative tests for NO, are regularly negative.

It is also shown that these species fall into two groups in respect to indole
formation: all species tested break down or utilize indole but (1) four species
grown in a tryptophane medium give positive indole tests in which the rate of
indole formation is greater than the rate of indole breakdown (2) thirteen species
in which the rate of indole formation is equal to or less than the rate of indole
breakdown.
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