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The carbon dioxide requirement of 32 strains of rumen bacteria, representing 11
different species, was studied in detail. Increasing concentrations of CO, were added
as NaHCO, to a specially prepared CO,-free medium which was tubed and inocu-
lated under nitrogen. Prior depletion of CO, in the inoculum was found to affect the
level of requirement; however, the complexity and buffering capacity of the medium
did not appear to be involved. An absolute requirement for CO, was observed for
eight strains of Bacteroides ruminicola, three strains of Bacteroides succinogenes,
four strains of Ruminococcus flavefaciens, two strains of Lachnospira multiparus,
one strain of Succinimonas amylolytica, and two strains of Butyrivibrio fibrisol-
vens. Inconsistent growth responses were obtained in CO,-free media with one
strain each of B. fibrisolvens, Ruminococcus albus, and Selenomonas ruminantium.
Growth of six additional strains of B. fibrisolvens, and single strains of Eubac-
terium ruminantium and Succinivibrio dextrinosolvens was markedly increased or
stimulated by increasing concentrations of CO,. Peptostreptococcus elsdenii B159
was the only organism tested which appeared to have no requirement, either abso-
lute or partial, for CO,. Higher concentrations of CO, were required for the initia-
tion of growth, as well as for optimal growth, by those species which produce suc-
cinic acid as one of their primary end products.

One of the criteria commonly used in charac-
terizing certain species of rumen bacteria is their
requirement for carbon dioxide. While at-
tempting to measure this parameter in some re-
cent studies, difficulty was encountered in that
some species which should require CO,, presump-
tively identified by other criteria, did not. It was
assumed that the medium was not depleted of
CO,, and extra care was taken in this regard when
new medium was prepared. Those species then
required CO, for growth; however, growth of
other strains which supposedly should not require
CO, was very inconsistent in the CO,-free me-
dium. When previously characterized strains not
requiring CO, were included as controls, the
same variability was observed.

The only obvious answer to this variation ap-
peared to be that the particular strains might
have a CO, requirement at or near the residual
CO, level in this specially treated medium. Sev-
eral of the strains involved belonged to the spe-
cies Butyrivibrio fibrisolvens, and, although 48
strains studied by Bryant and Small (7) did not
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require CO,, Gill and King (15) have described a
COy-requiring strain of this species. Recently,
since the present study was completed, Shane,
Gouws, and Kistner (21) reported the isolation of
19 strains of gram-negative curved rods belonging
to the genus Butyrivibrio. Only one isolate com-
pletely fit the description for B. fibrisolvens,
whereas 10 additional strains were quite similar
to this species. It is of interest that 7 of these 10
similar strains required CO,.

The other strains in the present study which
also exhibited variation in CO, requirement were
subsequently identified as belonging to the species
Lachnospira multiparus. The type species and
four other strains were described by Bryant and
Small (8) as not requiring CO, for growth.

This study was undertaken to investigate the
requirement of various species of rumen bacteria
for CO, under as rigorously controlled conditions
as possible. Preliminary results prompted an ex-
pansion of the study to quantitatively estimate
the CO, requirement of different species and
strains within species. In addition, determination
of CO, requirement in an enriched or complex
medium versus a nonenriched medium was inves-
tigated, as well as possible changes in fermenta-
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tion natterns associated with CO, level in the
medium.

MATERIALS AND METHODS

A total of 32 strains of rumen bacteria were used in
this study. The majority of strains were previously iso-
lated and characterized in this laboratory (12-14); the
additional strains, the designations of which are itali-
cized, were obtained from M. P. Bryant, Department of
Dairy Science, University of Illinois, Urbana, and have
been described in the literature (2-4, 6, 8-10). The
number of strains, species, and individual strain desig-
nations were as follows: nine strains of B. fibrisolvens
(H4a, H10b, H13b, H16a, H17¢c, D16f, D23g, D29d,
and D30g); eight strains of Bacteroides ruminicola
(H2b, H8a, Hl15a, 23, GA33, D28f, D31d, and D42f);
two strains of Lachnospira multiparus (D15d and D25e);
three strains of Bacteroides succinogenes (A3c, B2la,
and S-85); four strains of Ruminococcus flavefaciens
(Bla, B34b, Cla, and C-94); one strain each of Rumi-
nococcus albus (7), Eubacterium ruminantium (B,C23),
Succinivibrio dextrinsolvens (24), Selenomonas rumi-
nantium (GA 192), Succinimonas amylolytica (B24),
and Peptostreptococcus elsdenii (B159). The anaerobic
cultural techniques were similar to those reported in
earlier publications (12-14). Unless otherwise specified,
all inoculations were carried out under nitrogen.

Reagent grade NaHCO, was used as a source of
CO,. Stock solutions were prepared with CO,-free wa-
ter, tubed, autoclaved, and stored under nitrogen.

Preparation of the different CO,-free media was ac-
complished by mixing all of the ingredients except bi-
carbonate and cysteine in a round-bottomed flask, ad-
justing the pH to approximately 5.5 with 3 N HCI, and
bringing the contents to a boil while gassing with ni-
trogen. Gassing was continued for at least 1 hr, after
which the pH was adjusted to 6.7 with CO,-free 5%
NaOH. Cysteine and NaHCO,, as required, were then
added. Bubbling with the nitrogen gas was discontinued
at this point to minimize CO, loss, and anaerobiosis
was maintained in the medium by flushing the surface
with a stream of nitrogen. The pH was measured and
adjusted back to approximately 6.7 if required. The
medium was then tubed under nitrogen and autoclaved
in the tube (14). Glucose was used as a substrate in all
media except for the final study involving the cellulo-
lytic ruminococci, in which cellobiose was employed.

Optical density, as a parameter of growth, was meas-
ured at 600 rm with a Spectronic-20 spectrophotometer
(Bausch & Lomb, Inc., Rochester, N.Y.).

Organic acid fermentation products were determined
by silica gel chromatography (E. G. Linke, M. S. The-
sis, The Ohio State University, Columbus, 1952).

Most of the reported mean values are based on repli-
cate fermentations run in duplicate, or four fermenta-
tion tubes. In a few instances, however, data from only
two individual fermentation tubes were available.

RESULTS

In the first series of experiments, graded levels
of NaHCO, were added to a CO,-free basal me-
dium containing 0.5% glucose, 30% clarified
rumen fluid (CRF), 0.25% Trypticase, and 0.1%

CO, REQUIREMENT OF RUMEN BACTERIA 71

yeast extract. A 2-mm loopful of cells from an
18- to 24-hr rumen fluid-glucose-cellobiose-agar
(RGCA) slant was used as an inoculum. The in-
dividual culture tube data for three strains of B.
fibrisolvens included in this study are shown in
Table 1. In general, these strains illustrate three
relatively different types of response which were
obtained. Inconsistent growth was observed with
strains H10b and D30g at the two lowest levels of
CO,. In those tubes of H10b which grew, only
partial growth occurred after an extended lag
phase. This would contrast to strain D30g, which
showed an almost optimal growth response in
which only lag phase was affected. At the two
lower levels with strain D30g, 0 and 0.005%
NaHCO,, absolutely no growth was observed for
the first 72 hr, after which, for those tubes
showing growth, the rate appeared similar to that
observed at an earlier time with the higher
NaHCO, concentrations. On the other hand, the
extent of growth appeared to be the primary cri-
terion affected by increasing NaHCO; levels with
strain D16f.

The mean values for all strains tested are pre-
sented in Table 2. Examination of these data sug-
gest that two factors should be considered in esti-
mating CO, requirement, i.e., extent of growth
and lag period. Complete lack of growth in the
absence of CO, would indicate an absolute re-
quirement for this nutrient; however, this crite-
rion is confounded by the variation observed be-
tween duplicate and replicate tubes as indicated
in Table 1. Limited growth, optimal growth after
an extended lag phase, or a graded response to
increasing concentrations would suggest that CO,
is highly stimulatory, and the organism can prob-
ably best be described as having a partial require-
ment. On this basis, all of the strains listed in
Table 2 would have some requirement for CO,.
The highest level of NaHCO, (0.026% CO,) will
not support optimal growth of B. ruminicola or
L. multiparus strains, but it appears to be ap-
proaching that level for the various strains of B.
fibrisolvens.

The possibility that a carry-over of CO, with
the inoculum might be responsible for the varia-
tion observed in growth response was investi-
gated. As mentioned previously, the regular inoc-
ulum was a 2-mm loopful of cells from an
RGCA slant into 7 ml of medium. A CO,-de-
pleted inoculum was obtained by growing the
organisms for 18 to 20 hr in a 0.10% CO, broth
culture under N,. With several of the high CO,-
requiring strains, however, a 10% CO;-90% N,
gaseous phase was required for adequate growth.
A 3-mm loopful of the broth culture per tube was
used for the CO,-depleted inoculum. Some typ-
ical results (Table 3) indicate that a small amount
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TABLE 1. Growth response of three strains of Butyrivibrio fibrisolvens to increasing concentrations of CO,

Maximal increase in optical density (600 nm)
Strain Replicate Gas: N, N, N, 10% CO,
%NaHCO, 0 0.005 0.05 0
(% CO,) ) (0.0026) (0.026)
H10b 1 0.84 (168)° 0.40 (168) 1.34 (42) 1.30 (24)
I 0 (168) 0 (168) 0.96 (48)
11 0.45 (72) 0.65 (40) 0.76 (40) 0.74 (40)
11 0 (168) 0.56 (72) 0.60 (40)
Dl16f I 0.36 (24) 0.36 (30) 0.74 (30) 0.85 (18)
I 0.31 (30) 0.40 (24) 0.74 (30)
11 0.34 (24) 0.36 (16) 0.68 (24) 0.70 (16)
11 0.28 (24) 0.38 (16) 0.58 (24)
D30g I 0.04 (120) 0 (168) 1.40 (30) 1.35 (18)
I 1.38 (120) 1.35 (120) 1.39 (18)
Il 0 (168) 1.29 (168) 1.34 (16) 1.25 (16)
11 0 (168) 1.35 (24)

@ Figures in parentheses indicate the hours of incubation required to reach maximum optical density.

TABLE 2. Growth response of different strains and species of rumen bacteria to increasing concentrations of CO, in

the medium
Maximal increase in optical density (600 nm)
Species Strain Gas: N, N, N, 10% CO,
%NaHCO, 0 0.005 0.05 0
(% CO,) 0) (0.0026) (0.026)
Butyrivibrio
fibrisolvens . . .. H10b 0.32 (144)° 0.54 (112) 0.92 (42) 1.02 (32)
D16f 0.32 (26) 0.38 (22) 0.68 (27) 0.78 (17)
D23g 0.36 (98) 0.38 (90) 0.42 (44) 0.49 (20)
D29d 0.42 (136) 0.39 (70) 0.60 (46) 0.52 (44)
D30g 0.36 (144) 0.88 (152) 1.37 (22) 1.30 (17)
Bacteroides
ruminicola . ... H8a 0 (168) 0 (168) 0.84 (84) 1.17 (20)
D28f 0 (168) 0.09 (168) 0.48 (27) 1.07 (16)
D31d 0.16 (156) 0.68 (120) 0.53 (32) 1.26 (17)
D42f 0 (168) 0 (168) 0.25 (120) 0.94 (27)
Lachnospira
multiparus . . .. D15d 0.35 (156) 0.24 (156) 0.56 (132) 1.27 (24)
D25e 0 (168) 0.34 (168) 0.53 (144) 1.38 (20)

¢ Figures in parentheses indicate the hours of incubation required to reach maximum optical density.

of CO, was apparently being carried over with
the inoculum, and that this did affect the level of
CO, required for the initiation of growth. On the
other hand, variation between duplicates still
occurred at the lowest level allowing growth, i.e.,
the 0.005% CO, level for H10b. The individual
tubes comprising the mean (next to last column,
Table 3) varied in optical density between 0.03
and 0.67.

The possible effects of a nonenriched versus an
enriched rumen fluid medium were investigated,
and some typical results are presented in Tables 4
and 5. It can readily be seen that neither the min-

imum level of CO, required for growth nor the
extent of growth at the various levels appears to
be markedly influenced by the addition of Trypti-
case and yeast extract to the rumen fluid me-
dium.

One additional factor which had to be consid-
ered was whether a lowered pH, caused by a lack
of buffering capacity in the zero and low CO,
media, might be limiting the extent of growth. A
medium buffered to pH 6.75 with KH,PO,-
K;HPO, (1%) was compared to the normal me-
dium at several lvels of added CO, (0 to 0.10%).
Almost identical results were obtained on both
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TABLE 3. Effect of inoculum depletion on the CO, requirement of several rumen bacteria

Maximal increase in optical density (600 nm)
Organism CO, (%)*
Regular inoculum Depleted inoculum
Butyrivibrio fibrisolvens H10b 0 0.32 (144)° 0.52 (120) 0 (488) 0 (356)
0.0026 0.54 (112) 0 (356)
0.0039 0.44 (168)
0.005 0.50 (96) 0.37 (64)
0.010 0.80 (52) 0.45 (40)
Lachnospira multiparus D15d 0 0.35 (156) 0.14 (168) 0 (168)
0.0026 0.24 (156)
0.0039 0.13 (144)
0.0050 0 (168)
0.0131 0.35 (144)
0.020 0.51 (116)

% Under N, gas.

® Figures in parentheses indicate the hours of incubation required to reach maximum optical density.

TABLE 4. CO, requirement of Bacteroides ruminicola
in nonenriched and enriched rumen fluid media

Maximal increase in
optical density (600 nm)
Strain CO, (%) Gas
Nonenriched| Enriched
medium® medium®
H8a 0 N, 0 (448 | 0 (356)
0.005 N, 0 (448) | 0 (356)
0.01 N, 0 (448) | 0 (356)
0.02 N, 0.24(372) | 0.64(138)
0.05 N, 0.87 (50) 0.65 (31
0.10 N, 1.48 (46) 1.34 (64)
0.10 10% CO, 1.38(22)
0.20 10% CO, 1.78 (46)
GA33 0 Ng 0 (485) | 0 (356)
0.005 N, 0.12(456) | 0 (356)
0.01 N, 0.12(485) | 0 (356)
0.02 Ni 0.15(358) | 0 (356)
0.05 N, 0.52(181) | 0.60(223)
0.10 N, 1.04 (87) 1.32(138)
0.10 10% CO, 1.41(31) 1.34 (40)
0.20 10% CO, 1:30 (64)
@ Clarified rumen fluid (40%).

® Clarified rumen fluid (40%) plus 0.5% Trypticase plus 0.25% yeast
extract.

¢ Figures in parentheses indicate the hours of incubation required to
reach maximum optical density.

media for all 10 strains tested, and thus it was
concluded that a pH drop was not responsible for
the limited amount of growth obtained with the
lower concentrations of COj.

The CO, requirement of a number of different
strains and species of rumen bacteria was then
determined; Table 6 illustrates the various types
of growth curves obtained. From these data, the
levels of CO; required for initiation of growth
and for near optimal growth were estimated. This
was relatively easy in the case of strain D25e,
0.02 and 0.05%, respectively; however, this was
somewhat more complicated in the case of strain
D30g.

After summarizing all of the data, estimates
were made of the CO, requirement for all 32
strains of rumen bacteria used in the present
study. Both the levels of CO, required for the ini-
tiation of growth and near optimal growth were
estimated (Table 7). From a total of nine strains
of B. fibrisolvens, two had an absolute require-
ment for CO, (H10b and Hl16a), and a third
strain (D30g) gave an inconsistent growth re-
sponse in the absence of CO,; Growth of all
strains of this species was stimulated or increased
by increasing concentrations of CO,, most strains
reaching optimal growth in the vicinity of 0.05%
CO, in the medium.

TABLE 5. CO, requirement of Butyrivibrio fibrisolvens
in nonenriched and enriched rumen fluid media

Maximal increase in
optical density (600 nm)
Strain CO, (%) Gas
Nonenriched| Enriched
medium® medium®
Hlé6a 0 N. 0 (448 0 (356)
0.005 Ns 0.38(162) | 0 (356)
0.01 N; 0.77(78) 0.92 (100)
0.02 N; 0.55 (49) 0.62(77)
0.05 N, 0.87 (46) 0.92(52)
0.10 N; 1.29 (26) 0.98 (40)
0.10 10% CO, 0.84 (40)
0.20 10% CO, 0.94 (22)
Hl17¢ 0 N, 0.20 (36) 0.37 (136)
0.005 N; 0.30(26) 0.34 (90)
0.01 N, 0.30(26) 0.46 (64)
0.02 N 0.41 (20) 0.34(52)
0.05 N; 0.66 (18) 0.43(22)
0.10 N; 0.98 (20) 0.68 (22)
0.10 10% CO, 0.72(15)
0.20 10% CO, 1.06 (15)

@ Clarified rumen fluid (40%).

® Clarified rumen fluid (40%) plus 0.5% Trypticase plus 0.25% yeast
extract.

< The figures in parentheses indicate the hours of incubation required to
reach maximum optical density.



74 DEHORITY

TABLE 6. Growth response of several species of rumen
bacteria to increasing concentrations of CO,

Maximal increase in optical density (600 nm)®
CO, (%)
24 D25e Di6f D30g Alc

0 0.71 (186)* | 0  (168) | 0.54 (100) |0.70 (152)° | 0  (168)
0.0025 | 0.74 (161)
0.005 0.69 (186) |0 (168) | 0.57 (64) [1.38 (116) | O  (168)
0.01 0.72 (186)
0.02 0.68 (69) 0.81 (94) | 0.84 (40) [1.45(52) |0 (168)
0.05 0.88 (161) | 1.34 (20) | 1.06 (40) |1.54 (30) [ 0.30 (116)
0.10 1.09 (18) 1.34 (20) | 1.19 (40) |1.70 (24) 1.24 (93)
Control®| 1.53 (22) 1.40 (20) | 1.33 (24) |1.70 (22) 1.36 (24)

° Species of rumen b ia: 24, Succinivibrio dextrinosolvens; D25e,

Lachnospira multiparus; D16f, Butyrivibrio fibrisolvens; D30g, B. fibri-
solvens; A3c, Bacterioides succinogenes.

® Figures in parentheses indicate the hours of incubation required to
reach maximum optical density.

© The tubes showing growth reached an optical density of 1.40 after a
long lag phase; however, the cultures in some tubes did not grow.

¢ Control medium contained 0.10% CO, and was prepared, tubed, and
inoculated under 10% CO, gas.

TABLE 7. CO, requirement of several species of rumen

bacteria
CO; (%) required in
medium for
Species Strain
Initiation Near-
of optimal
growth growth
Butyrivibrio fibrisolvens . .. ... Hda 0 0.05
H10b 0.005 0.02-0.05
H13b 0 0.02-0.05
Hlé6a 0.005-0.01 0.05
H17c 0 0.10
Di6f 0 0.05
D23g 0 0.05
D29d 0 0.005
D30g 0-0.005| 0.02
Bacterioides ruminicola . . . ... . H2b 0.05-0.10 | >0.10
H8a 0.02-0.05 | >0.10
Hl5a 0.02-0.05 | >0.10
23 0.005 >0.10
GA33 0.05 >0.10
D28f 0.05 >0.10
D31d 0.02 >0.10
D42f 0.05 >0.10
Lachnospira multiparus . ... .. D15d 0.02 0.05
D25e 0.02 0.05
Bacteroides succinogenes . . ... Alc 0.05 0.10
B2la 0.05 >0.10
S-85 0.02-0.05 [ >0.10
Ruminococcus flavefaciens . ... Bla 0.10 >0.10
B34b 0.05 0.10
Cla 0.05-0.10 | >0.10
C-94 0.05-0.10 | >0.10
Ruminococcusalbus . ........ 7 0-0.005/ 0.05-0.10
Eubacterium ruminantium . . .. B,C23 0 >0.10
Succinivibrio dextri) I .. 24 [} 0.10
Selenomonas ruminantium . . . . GA192 0-0.02 0.05
Succinimonas amylolytica . ... BA >0.10 >0.10
Peptostreptococcus elsdenii ... | B159 0 0
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All eight strains of B. ruminicola, two strains of
L. multiparus, three strains of B. succinogenes,
four strains of R. flavefaciens, and one strain of S.
amylolytica have an absolute requirement for
CO,. The concentration of CO, required for
growth initiation varied considerably between
strains as well as species. With the exception of
the two strains of L. multiparus, most of the or-
ganisms in this group required a level of 0.10%
CO; or higher in the medium for optimal growth.

One strain each of R. albus and S. ruminatium
were variable with respect to growth initiation in
a CO,-free medium, whereas E. ruminantium, S.
dextrinsolvens, and P. elsdenii all exhibited
growth. With the exception of P. elsdenii, growth
of all these strains was increased by increasing
the concentration of CO,. P. elsdenii B159 was
the only organism tested which appears to have
no requirement, either absolute or partial, for
CO,.

End products were measured for various
strains of the species B. fibrisolvens, B. ruminico-
la, B. succinogenes, R. flavefaciens, and R. albus.
In general, total acid production was propor-
tional to growth and CO, concentration in the
medium. The relative proportions of the individ-
ual acids were not markedly changed when
growth was limited or an extended lag phase oc-
curred before growth initiation. The only excep-
tion to this was observed with R. albus. Almost
all the acid produced at the low CO, levels was
acetic, and as CO, concentration increased the
proportion of acetic acid decreased to about 50%,
whereas formic acid rose from essentially zero to
50%.

DISCUSSION

Although Bryant and Small (7) found that all
48 of their B. fibrisolvens strains would grow well
in a medium in which N, replaced CO,, the re-
ports by Gill and King (15) and Shane et al. (21),
along with the present study, suggest that this
property can vary among strains. The data ob-
tained in this study indicate that the conditions of
growth and medium preparation would also be of
extreme importance in determining the CO, re-
quirement for a particular strain. Thus, CO, re-
quirement is probably not a good characteristic
to be used in the identification of this species. An
additional point of interest in the study reported
by Gill and King (15) was the observation that
growth of their Butyrivibrio strain was restricted
to media which contained at least 0.02 M
NaHCO;. This would be equivalent to approxi-
mately 0.088% CO,, which is considerably higher
than the requirements found in the present study
for this species.

Bryant and Small (8) studied the characteris-
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tics of five strains of L. multiparus, all of which
grew well in media without added CO, or bicar-
bonate. The two strains of this species used in the
present study both had a low but absolute re-
quirement for CO,. However, the extra precau-
tions taken in medium preparation and growth of
the inoculum culture may well account for this
discrepancy.

In general, absolute requirements for the re-
maining species are in agreement with the origi-
nal species descriptions (2-4, 6-10).

The results obtained in this study suggest that
two types of CO, requirement are being observed.
The first is a biosynthetic type in which CO, is
required for cell growth and multiplication; the
second type includes a requirement for CO, in the
formation of metabolic end products (succinate)
as well as biosynthesis.

The biosynthetic requirement can occur even in
those species which produce CO, as a fermenta-
tion product and is probably observed as an ex-
tended lag phase with eventual near optimal
growth. The partial requirement for CO, men-
tioned previously, where lag phases were mark-
edly reduced and growth of certain strains was
stimulated by increasing concentrations of CQO,,
is probably of the biosynthetic type. The CO,
requirement of Streptococcus bovis has been
studied in detail (19, 20, 22), and it has been
found that this requirement can be replaced or
spared by adding a mixture of amino acids or
hydrolyzed protein to the medium. This would
suggest that CO, is required by S. bovis primarily
for amino acid biosynthesis. Huhtanen et al. (17)
reported that radioactive CO, was primarily in-
corporated into fatty acids and amino acids by
several strains of unidentified rumen bacteria. No
measureable change in CO, requirement or spar-
ing effect was noted in the present study when 19
strains were grown on a basal rumen fluid me-
dium enriched with Trypticase (a pancreatic di-
gest of casein) and yeast extract. Presumably
these strains require CO, in some other metabolic
function, or the preformed essential nutrients
were unable to enter the cell.

Those organisms which produce succinic acid
as one of their primary end products, B. rumini-
cola, B. succinogenes, R. flavefaciens, and S.
amylolytica, all exhibited an absolute CO, re-
quirement and required considerably higher con-
centrations of CO, for the initiation of growth as
well as optimal growth. The only exception ob-
served was with the single strain of S. dextrino-
solvens studied, in which limited growth occurred
in the absence of added CO, after an extended lag
phase. However, a level of 0.10% CO, was re-
quired for near optimal growth. Recent studies
by Caldwell et al. (11) indicate that three succino-
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genic rumen Bacteroides species, B. amylophilus,
B. ruminicola, and B. succinogenes, all require
CO; for the production of succinate, either
through a direct fixation pathway involving phos-
phoenolpyruvate or pyruvate, or an as yet un-
known route of direct CO, fixation. Similar re-
sults were obtained by Hopgood and Walker (16)
with a single strain of R. flavefaciens.

The complete lack of CO, requirement ob-
served with P. elsdenii indicates that this organ-
ism does not require an exogenous source of
CO, in a complex medium. Previous studies with
this strain have shown that, not only will it take
up exogenous amino acids in preference to syn-
thesizing them from NHj,, but it has an absolute
requirement for certain components of casein
hydrolysate, presumably amino acids (4, 5). Ei-
ther its CO, requirement is thus spared in the
complex medium, or it can produce an adequate
amount of CO, for any other critical metabolic
functions by the anaerobic oxidation of pyruvate
(18).

The shift in end products observed for R. albus
7 with increasing concentrations of CO,; was of
considerable interest. The only acid produced in
the basal or low CO, medium was acetate; how-
ever, as CO, concentration in the medium was
increased, acetate decreased and formate in-
creased until they were approximately equal in
the positive controls. This would agree with the
ratio originally reported by Bryant et al. (10) for
this strain. Since this strain does not produce
succinate, normally produces H, and CO, as end
products, and has a very low, if any, requirement
for exogenous CO,, it appears that it can possi-
bly satisfy its own CO, requirements by the clea-
vage of formate to CO; and H, (1).
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