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In previous studies fatty acids have been found
either to inhibit growth or to be inadequate as
carbon sources for the growth of tubercle bacilli
in synthetic or semisynthetic media (Seiji, 1935;
Cutinelli, 1941; Dubos, 1947; Sas, 1949). Dubos
(1947), however, found that the addition of 0.1
to 0.5 per cent crystalline serum albumin to
media containing single long chain fatty acids or
esters would decrease or remove the toxicity of
the fatty acids, thereby permitting growth of the
organisms.
In contrast to the findings obtained from

growth studies, certain fatty acids have been
found to stimulate the respiration of myco-
bacteria (Loebel et al., 1933; Cutinelli, 1940;
Edson and Hunter, 1947; Saz, 1949; Lindsay
et al., 1950; Oginsky et al., 1950; Geronimus and
Birkeland, 1951). Bernheim (1941) observed that
the oxygen uptake was increased more by the
sodium salts of the lower molecular weight fatty
acids than by the sodium salts of the higher
molecular weight fatty acids, and that the amount
of oxygen uptake was proportional to the concen-
tration of the acid. Ozeki (1944), however, found
that the lower fatty acids (1 through 8 carbons)
markedly inhibited the respiration of tubercle
bacilli unless low concentrations were employed.
Bergstrom et al. (1946) observed that with the
unsaturated fatty acids there was a certain
limiting concentration above which the oxygen
consumption of a human strain of mycobacteria
was practically abolished, and below which the
respiration of the organisms was not affected.
The present study is concerned with a reinvesti-

gation of the effect of certain fatty acids on the
growth of the virulent strain, H37Rv, of Mycobac-
terium tuberculosi var. hominis when employed
in a wide range of concentrations and as single
carbon sources in a basal synthetic medium.

1 This investigation was aided, in part, by a
research grant from Parke, Davis & Company,
Detroit 32, Michigan.

METHODS

The rate of growth of the H37Rv strain of M.
tuberculosis var. hominis was measured quantita-
tively by the small inocula technique described
previously (Youmans and Youmans, 1949).
The basal synthetic medium consisted of a

modified Proskauer and Beck synthetic medium
(Youmans, 1946) from which the usual carbon
source, glycerol, was omitted. The lower molecu-
lar weight fatty acids (through capric acid),
which are relatively soluble in water, were in-
corporated into the basal medium in the highest
concentration employed, and fourfold dilutions
then were made in the basal medium. The re-
maining higher molecular weight fatty acids
were dissolved first in 1.0 or 2.0 ml of 95 per cent
ethyl alcohol, and 100 ml of basal medium, previ-
ously heated to boiling, were added to this solu-
tion. The pH was adjusted to 7.0 with 40 per cent
NaOH and dilutions then made rapidly using
medium heated to boiling. A control series of the
same dilutions of alcohol in the basal medium
and in the basal medium plus glycerol was in-
cluded. The various dilutions of each fatty acid
and the alcohol immediately were tubed in 5 ml
amounts into 18 by 150 mm pyrex test tubes
which had been rinsed previously with double
glass-distilled water. The tubed media were
sterilized by autoclaving at 15 lb f6r 20 minutes.
The inoculation of the media with each of the
inocula (10-2, 10-l, 10-4, 10-6, 10- mg) of the
H37Rv strain, the examination of the cultures
thereafter, and the calculation of the growth rates
followed the procedures described in detail in the
first paper of this series (Youmans and Youmans,
1953).

RESULTS

The results of the growth studies are listed in
table 1. When growth of the H37Rv strain oc-
curred from all five inocula, or from all inocula
except the smallest (10- mg), the results are
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TABLE 1
Growth of Mycobacterium tuberculosis var. hominis, strain H57Rv, in a basal synthetic medium containing

fatty acids

GENEATON TS IN NOUNlS

COMPOUND Concentration of compound in per cent

1.0 0.25 0.06 0.016 0.004 0.001 0.00025 0.00006 0.000015 0.000004

Formic acid......... 0 0 0 0 0 0 0 0
Acetic acid..........0 10-2* 25.2 hr 25.2 hr 0
Propionic acid....... 0 0 27.6 hr 10-3* 0 0 0 0
Butyric acid.0.0-1* 24.0 hr 10-3* 10-2* 0 0 0
Caproic acid.0 0 24.0 hr 10-3* 10-2* 0 0
Caprylic acid 0 0 0 22.7 hr 10-3s* 1"* 0
Capric acid 0 0 0 0 22.7 hr 10-2* 10'* 0
Lauric acid 0 0 0 10-2* 10-" 10-* 0
Myristic acid 0 0 0 10-2* 0 0
Palmitic acid 0 0 0-10-'* 0-10.2* 0 0
Stearic acid 0 0 102* 102* 0 0
Oleic acid 0 0 + + + 0
Linoleic acid 0 0 10-2* 102* 10-2* 0
Linolenic acid 0 0 0 10-2* 0 0

Controls: Basal medium alone-no growth; basal medium + glycerol 2.0% -generation time 21.7 hr;
basal medium + dilutions of ethyl alcohol ranging from 2.0% through 0.000005%0-no growth; basal
medium + glycerol 2.0% + dilutions of ethyl alcohol ranging from 2.0% through 0.000005%0-genera-
tion time 21.7 hr.

* Smallest inoculum (in milligrams) which grew; 0-no growth; +-results irregular (see text).

expressed in terms of the actual generation time
in hours. However, with most of the concentra-
tions of the fatty acids employed, growth, when
it did occur, was limited to those tubes contain-
ing one or both of the two largest inocula. Since
these are insufficient data to permit accurate
estimation of the growth rate, in these cases

only the smallest inoculum which grew is given
in the table.
The tests were repeated several times with

each fatty acid, and no difficulty was encountered
obtaining reproducible results except with oleic
acid. The tests with oleic acid were performed
six separate times with the following results:
With an oleic acid concentration of 0.00025 per

cent, growth of all inocula occurred in only one

instance and the generation time was 24.0 hours.
There was no growth of any inoculum at this
oleic acid concentration in the remaining 5 tests.
At a concentration of 0.00006 per cent, growth
with a generation time of 24.0 hours occurred
three times while no growth was observed in 3
trials. At a concentration of 0.000015 per cent,
either no growth at all was observed or only
growth of the 10-2 mg inoculum.
Under the conditions of the experiments,

growth occurred in certain sharply limited con-

centrations of some of the fatty acids. Of these,
caprylic and capric acids were the only ones which
permitted growth at a rate comparable to that
obtained with glycerol as the carbon source.
Certain concentrations of acetic, propionic,
butyric and caproic acids each also served as
carbon sources for all or nearly all inocula.
Growth, however, was not as rapid as with ca-
prylic and capric acids. In the presence of the
remaining fatty acids, only the largest inoculum
(10-2 mg) was able to grow with the exception
of formic acid where no growth occurred at all.

DISCUSSION

These results show that certain fatty acids, in
low concentrations, will serve as carbon soes
for the growth of virulent human type tubercle
bacilli (strain H37Rv) even in the absence of a
protective substance such as albmin.
The failure of previous investigators (Beiji,

1935; Cutinelli, 1941; Dubos, 1947; Saz, 1949) to
obtain similar findings probably resulted from
the use of too high a concentration of fatty acid
or from the inoculation of too small a number of
organisms, or both. There is for each fatty acid
only a narrow range of concentrations in which
growth of small inocula will occur.
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The fatty acids of lower molecular weight
stimulated the growth of mycobacteria more than
the fatty acids of high molecular weight. Like-
wise Bernheim (1941), Cutinelli (1941), and
Edson and Hunter (1947) found that the respira-
tion of mycobacteria was stimulated more by the
lower fatty acids than by the higher fatty acids.
Cutinelli (1940) observed that the fatty acids
from C7 to Cui were oxidized most rapidly. In
the present study, the fatty acids, Cs and Clo
(caprylic and capric acids), stimulated the growth
of the organisms more than any of the other fatty
acids examined. Formic acid did not support
growth, nor did it stimulate the oxygen uptake
of the H37 strain, the bovine B1 strain (Bern-
heim, 1941), or M. ranae (Edson and Hunter,
1947).
Of interest is the finding that when growth of

all inocula occurred, it was generally in only one
of the fatty acid concentrations employed. More-
over, up to the C12 fatty acid (lauric) there was
an inverse relationship between the molecular
weight of the fatty acid and the concentration
which allowed the fastest growth. The well known
direct relationship between the molecular weight
of fatty acids and their bacteriostatic activity
also is evident from the tabulated data.

SUMMARY
It was found by employing a wide range of

concentrations of a number of fatty acids in a
simple chemically defined medium that, with the
exception of formic acid, the fatty acids employed
would support the growth of virulent human
type tubercle bacilli by varying degrees. There
was, however, only a narrow range of concen-
trations of each fatty acid which would support
growth. The lower fatty acids supported the
growth of the organisms more readily than the
higher fatty acids. Caprylic and capric acids
stimulated the rate of growth to a degree similar
to that found in the presence of 2.0 per cent
glycerol.
Among those fatty acids having 12 carbon

atoms or less, an inverse relationship appears to
exist between the molecular weight and the con-
centration of fatty acid which would stimulate
growth.

REFERENCES
BERGSTR6M, S., THEORELL, H., AND DAVIDE, H.

1946 Effect of some fatty acids on the oxygen
uptake of Mycobacterium tuberculosis Hum.
in relation to their bactericidal action. Na-
ture, 157, 306-307.

BERNHEIM, F. 1941 The effect of various sub-
stances on the oxygen uptake of the tubercle
bacillus. J. Bact., 41, 387-395.

CUTINELLI, C. 1940 Oxidation of aliphatic
acids by the Koch bacillus. Boll. ist. siero-
terap., milan, 19, 88-94. Chem. Abstr., 1940,
34, 5110.

CUTINELLI, C. 1941 Influence of fatty acids on
the development of the bacillus of Koch
(Bacillus tuberculosis). Med. sper., Arch.
ital., 8, 487-492. Chem. Abstr., 1949, 43, 717.

DuiBos, R. J. 1947 The effect of lipids and serum
albumin on bacterial growth. J. Exptl.
Med., 85, 9-22.

EDSON, N. L., AND HUNTER, G. J. E. 1947 The
respiration of Mycobacterium phlei. Biochem.
J. (London), 41, 139-144.

GERONIMUS, L. H., AND BIRKELAND, J. M. 1951
The relationship between the virulence of
tubercle bacilli and the vigor of their oxida-
tive attack upon certain substrates. Am.
Rev. Tuberc., 64, 520-533.

LINDSAY, M., O'DONNELL, T. V., AND EDSON,
N. L. 1950 The oxidation of pyruvate and
fatty acids by Mycobacterium ranae. Bio-
chem. J. (London), 46, 248-257.

LOEBEL, R. O., SHORR, E., AND RICHARDSON,
H. B. 1933 The influence of foodstuffs upon
the respiratory metabolism and growth of
human tubercle bacilli. J. Bact., 26, 139-166.

OGINSKY, E. L., SMITH, P. H., AND SOLOTOROVSKY,
M. 1950 The action of streptomycin. IV.
Fatty acid oxidation by Mycobacterium tuber-
culosis, avian type. J. Bact., 59, 29-44.

OZEIc, R. 1944 The effect of various saturated
fatty acids on the respiration of human tuber-
cle bacilli. T6hoku J. Exptl. Med., 46, 207-
221. Chem. Abstr., 1948, 42, 6884.

SAZ, A. K. 1949 Effect of long-chain carbon
compounds, particularly hydrocarbons, on
the metabolism of tubercle bacilli. Arch.
Biochem., 22, 195-203.

SEIJI, I. 1935 The effect of fatty acids on tu-
bercle bacilli and other acid-fast bacilli. T6-
hoku J. Exptl. Med., 25, 424-436. Chem.
Abstr., 1935, 29, 5875.

YOUMANS, G. P. 1946 A method for the deter-
mination of the culture cycle and the growth
rate of virulent human type tubercle bacilli.
J. Bact., 51, 703-710.

YOUMANS, G. P., AND YOUMANS, A. S. 1949 A
method for the determination of the rate of
growth of tubercle bacilli by the use of small
inocula. J. Bact., 58, 247-255.

YOUMANS, G. P., AND YOUMANS, A. S. 1953
Studies on the metabolism of Mycobacterium
tuberculosis. I. The effect of carbohydrates
and alcohols on the growth of Mycobacterium
tuberculosis var. hominis. J. Bact., 65, 92-95.

7331954]


