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Metabolic studies of Mycobacterium tuber-
culosis have been carried out in the main using
bacterial cells obtained from surface growth
on a-variety of media incubated for 3-5 weeks
(1-3). This method has the advantage of
harvesting relatively large numbers of cells
from small amounts of media, but it has the
disadvantage of employing tubercle -bacilli
which have passed the logarithmic phase of
growth. With the introduction of technics
allowing growth of tubercle bacilli in a sub-
merged-dispersed condition and the availa-
bility of high-speed refrigerated centrifuges it
is no longer a serious problem to harvest bac-
terial cells from large quantities of media.
Furthermore, the more rapid rate of growth
under these conditions permits use of younger
bacterial cells which may not only be more
active metabolically than their older coun-
terparts grown on surface cultures but may
actually differ in their metabolic pathways.
Although comparatively little work has been
reported relating metabolic activity of the
tubercle bacillus with the age of the culture,
Loebel, Shorr, and Richardson(4) demon-
strated that younger cells metabolize more
actively than older cells. It would appear
therefore that many investigators have sacri-
ficed metabolic activity per cell in order to
obtain improved yields of cells.

The present study was initiated to investi-
gate the metabolic activity of M. tuberculosis
grown dispersed in liquid media and to relate
the influence of age on this activity. The sys-
tem chosen was oxidation of lactic acid. In-
tact cells were employed in order to gain a
better physiological picture being fully cog-
nizant of the fact that disrupted cells may be
of value in future investigations.

Materials and methods. M. tuberculosis
strain H37Ra* was used throughout the study

and was cultured in a submerged-dispersed
condition employing the medium of Sauton
(5). Although a wetting agent is ordinarily
not included in Sauton’s medium, Tween 80t
(final concentration 0.02%) was incorpor-
ated in the present study to permit dispersed
growth of the tubercle bacillus. The media
were dispensed in liter quantities into 2000 ml
Erlenmeyer flasks and inoculated with 20 ml
of a 7 day culture of H37Ra grown in the re-
spective medium. The cultures were incu-
bated under stationary conditions at 37°C
except that the flasks were rotated briefly 3.
times a day throughout the incubation period
for purposes of aeration.

The bacterial cells were harvested by cen-
trifugation, washed twice with distilled water
and resuspended in the same menstruum to
give a final concentration of approximately’
10-12 mg dry weight of tubercleé bacilli per
ml. The dry weight was determined either
by direct weighing of an aliquot of cell sus-
pension after drying in an oven at 100°C
for 24 hrs or by an indirect method. This con-
sisted of interpolation from a previously con-
structed straight-line graph relating mg dry
weight of bacterial cells per ml of washed cell
suspension to % optical transmission at a
wave length of 600 mu using the Coleman
Junior Spectrophotometer. Experimental re-
sults revealed that the greatest accuracy was
obtained when the washed cell suspension was
diluted ‘to a point where the optical transmis-
sion fell within the range of 40-60%.

The Warburg constant volume respirome-
ter was used to measure oxygen uptake of the
resting cell suspensions. The temperature of
the bath was adjusted to 37°C and the shak-
ing rate to 140 strokes per min. The main
compartment of the Warburg vessel contained
phosphate buffer, bacterial cell suspension and

*Obtained from the U. S. Public Health Service,
Communicable” Disease Center, ‘Chamblee, Ga.

'bel&oxyethylene sorbitan monooléate produced
by the Atlas Powder Co., Wilmington, Del.
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FIG. 1. Effect of pH on oxidation of lactic acid

by washed cell suspensions of M. tuberculosis

strain H37Ra. 0.066 M phosphate buffer; 0.022 n

lactate; age of culture, 7 days; Sauton’s medium;
3.6 mg dry wt bacterial cells/cup.
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sufficient distilled water to bring the volume to
3 ml; the inner well contained 0.15 ml of 20%
KOH; the side arm housed the substrate
which was tipped after temperature equilibra-
tion. Readings were made at suitable inter-
vals for a period of 5 hrs and the results are
expressed in terms of Qos 7.e., ul O» consumed
per mg dry weight of cells per hr.

Results. Prior to the investigation of the
influence of age of culture on metabolic ac-
tivity of M. tuberculosis it was necessary to
learn the optimal pH and the substrate con-
centration for such studies. The results pre-
sented in Fig. 1 relate the rate of lactate oxi-
dation with pH. A final concentration of
0.066 M phosphate buffer was employed in
order to achieve ample buffering capacity over
the wide range of pH studied. It is quite clear
from the data presented that the optimum
range of pH was approximately 5.9-6.6 with
maximum activity at pH 6.4. It is also mani-
fest that the rate of lactate oxidation fell off
quite markedly on either side of the optimal
range.

With respect to substrate concentration the
data in Fig. 2 reveal that rate of lactate oxi-
dation increased markedly at substrate levels
between 1.66 and 2.32 x 10 M. Concentra-
tions of lactic acid in excess of the latter fig-
ure caused no further increase in metabolic
activity.

A series of experiments were performed

next, designed to relate physiological activity
(using lactate oxidation as a parameter) with
age of the bacillus. Aliquots of culture were
removed at daily intervals and turbidimetric
measurements made of the unconcentrated
culture and of the culture concentrated 5
times. The latter procedure was considered
advisable because of the sparse growth of the
organism especially during the first week of
incubation. Concentration was achieved by
centrifugation of a 10 ml aliquot of culture
for 30 min at 12,500 x gravity followed by re-
suspension of the sedimented cells into 2 ml
of the supernatant fluid. Resuspension was
facilitated by making use of a Teflon homo-
genizer. The results so obtained were em-
ployed for construction of the growth curves
presented in Fig. 3. At intervals from the
4th through the 20th day of incubation, respi-
ration studies were performed employing
washed bacterial cell suspensions on the day
of harvesting in order to avoid varying reduc-
tions in Qo. following refrigeration of such
suspensions. The results of such studies (Fig.
3) revealed maximum lactate oxidation be-
tween the 10th and the 12th day of incuba-
tion which approximated the mid-portion of
the logarithmic phase of growth.
Discussion. The results herein presented
make known that the metabolic activity of
M. tuberculosis, as revealed by a study of
lactate oxidation, is influenced markedly by
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FIG. 2. Effect of substrate concentration on' rate

of oxidation by washed cell suspensions of M. tu-

berculosis strain H37Ra. 0.066 M phosphate buf-

fer, pH 6.4; 7.3 mg dry wt bacterial eells/cup; age
of culture, 7 days; Sauton’s medium.
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FIG. 3. Effect of age of culture on rate of lactate
oxidation by washed cell suspensions of M. tuber-
culosis strain H37Ra. Curve 1 — 9, optieal trans-
mission of culture. Curve 2 — optical transmission
of culture concentrated 5 times. Curve 3 — Q0.
0.066 M phosphate buffer, pH 6.4; 0.022 M lactate;
6-9 mg dry wt baecterial cells/cup; Sauton’s me-
dium.

age of the bacterial cells. It is manifest from
the data given that rate of lactate oxidation by
washed cell suspensions increases with age of
the cells, reaching a maximum between the
10th and the 12th day of incubation which
coincides with the middle of the logarithmic
phase of growth. Upon continued incubation,
rate of lactate oxidation falls rapidly reaching
a minimum during the stationary phase of the
bacterial growth cycle. Thus, it is evident
that the tubercle bacillus responds in this re-
spect in a similar manner to other micro-or-
ganisms(6) and suggests that young cells de-

Biliary Excretion of Co® Labeled Vitamin B, in Dogs.*

rived from dispersed cultures- might properly
be more widely used .in studies of the physi-

ology of this organism. Although admittedly

these data were obtained using only one strain
of the tubercle bacillus and inspecting only
one enzyme system, the results suggest further
study along these lines. Furthermore, since
it has been established that the lipid content
of tubercle bacilli increases with age(7),
which may well influence the permeability of
the older intact cells, it would appear desir-
able to utilize the younger cells for 1nvest1ga-
tive purposes.

Summary. A study of lactate ox1dat10n by
washed cells of M. tuberculosis strain H37Ra
revealed a marked influence of the age of the
cells. Cells obtained during the logarithmic
phase of growth were the most actlve meta-
bolically.
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Previous reports indicate that radioactivity
is present in bile and feces after injection ‘of
labeled B3, but observation periods were short
and data not critically analyzed(1,2,3). The
following study was instituted to evaluate the
rate of Co%: excretion in bile and its role as a
source of fecal radioactivity after intravenous

. *Supported by U. S. Atomic Energy Com. and
performed at Medical Dept., Brookhaven Nat.
Laboratory. 4 v
t Research Collaborator at Brookhaven from Col-
lege of Veterinary Medicine, Umversny of Minne-
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