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Uptake ofradioactive tryptophan by Mycobacterium tuberculosis H37Rv grown
in vitro and in vivo was investigated. Km values indicated low affinity, and sodium
azide inhibited uptake. Rifampin at the minimal inhibitory concentration had no
effect, whereas ethambutol inhibited uptake only in the bacilli grown under in
vitro conditions. The significance of these results is discussed.

Since the initial work of Gale (5, 6), it is well
known that the transport of amino acids into the
bacterial cell occurs by physical diffusion or by
an active process requiring specific membrane
proteins and the generation of energy. Although
many workers (17-19, 24) have studied the trans-
port of amino acids in mycobacteria, no report
on the effect of antituberculous drugs on such
transport appears to be available. Some of these
drugs may inhibit amino acid transport by a
primary or a secondary effect. D-Cycloserine, for
example, owes its bactericidal action to its ability
to inhibit the incorporation of alanine into the
bacterial cell wall (16). The present investigation
was undertaken in view of the paucity of essen-
tial information on the effect of antituberculous
drugs on the uptake of amino acids.
Because differences exist between various spe-

cies of mycobacteria, the pathogenic H37Rv
strain of Mycobacterium tuberculosis, which
causes the disease in man, was selected for up-
take studies. Here again, the in vitro-grown ba-
cillus has been shown to be different in chemical
composition and staining properties from the in
vivo-grown bacillus (12, 20, 21). Hence, in addi-
tion to in vitro-grown tubercle bacilli, bacilli
isolated from tuberculous mouse lung in vivo
were also employed in the present investigation.
If the endogenous level of the amino acid is very
low because of rapid metabolic conversion to
other products, determination of its initial rate
of upake and a study of the kinetics involved
pose difficulties. Therefore, it is not possible to
study the kinetics of transport of all amino acids.
In the present investigation, tryptophan, one of
the aromatic amino acids, which is not attacked
by any strain of mycobacteria (7), was selected.
Kinetics of tryptophan uptake and the effect of
rifampin and ethambutol are discussed in this
paper.

MATERIALS AND METHODS
Preparation of in vitro-grown bacilli. M. tuber-

culosis H37Rv was grown at 370C by shake culture in
Kirchner synthetic medium (pH 7.0) containing
Tween 80 (0.05%) and bovine serum albumin fraction
V (0.1%) (15). Growth was measured turbidimetrically
at 580 nm in a Bausch and Lomb Spectronic 20 col-
orimeter. Standard curve was established by the use
of barium sulphate standards (22), and by this curve
it was possible to know the dry weight of the bacilli
present. This was again verified gravimetrically by
filtering a known amount of the culture through a
filter (Millipore Corp.), drying, and weighing. Cells
were harvested after 10 days while at the exponential
phase of growth and washing three times in ice-cold
Kirchner medium (pH 7.0) containing 0.05% Tween
80, without asparagine and albumin. Cells were then
suspended in the same medium, and cell density was
adjusted to 1 mg/ml (dry weight). Tween 80 was
always kept in the suspending medium to avoid clump-
ing of cells. These stock suspensions were maintained
in the cold (2 to 4°C) and used for tryptophan uptake
experiments within 2 to 3 h of preparation.

Isolation of in vivo-grown bacilli. Adult, bacte-
ria-susceptible albino mice of either sex were injected
intraperitoneally with 5 mg of virulent M. tuberculosis
H37Rv grown in a modified Sauton medium containing
Tween 80 and bovine serum albumin fraction V (22).
The culture was shaken continuously and was 10 days
old. After 3 weeks of infection, the mice were sacri-
ficed, and the tuberculous lungs were removed and
stored at 0°C until a sufficient amount of the tissue
was available for the isolation of in vivo bacilli. In
vivo-grown bacilli were isolated by the method of
Kanai (9) with a slight modification. The third step of
centrifugation of the supernatant was repeated for 10
min again at 1,000 rpm (International Equipment Co.,
Refrigerated centrifuge model B-20). This gave a purer
collection of acid-fast bacilli without any blue-stained
tissue debris, although the yield was reduced from 1
to 0.8 mg of bacilli per infected mouse lung. The bacilli
were suspended in the same nitrogen-free medium
containing Tween 80 as for in vitro-grown bacilli, and
the cell density was adjusted to 1 mg/ml (dry weight).
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Amino acid transport. A cell suspension (10 ml)
of 10-mg (dry weight) bacilli was pipetted into a 50-ml
Erlenmeyer flask and aerated by shakdng in a Dubnoff
metabolic shaker at 37°C throughout the experiment.
After 5 min, 1 pmol of DL-[3H]tryptophan (2 uCi/pmol)
was added, and 1-ml portions of the cell suspension
were removed at various time intervals and filtered
through filters (Millipore Corp.; pore size, 0.45 pm).
Filter disks containing bacilli were washed with 10 ml
of the same medium in which they were suspended
and dried. Scintillation fluid was added to glass vials
containing dried samples, and radioactivity was as-
sayed with a model LS-233 Beckman liquid scintilla-
tion counter. The scintillation fluid contained 4 g of
2,5-diphenyloxazole and 0.20 g of 1,4-bis-2-(5-phenox-
azolyl)benzene per liter of toluene.

For kinetic studies, different concentrations of la-
beled tryptophan were used. Minimal inhibitory con-
centrations of Rifampin and ethambutol were added
along with tryptophan, and uptake was studied. After
10 min of preincubation with sodium azide (2 mmol),
labeled tryptophan was added, and uptake was studied
in the same way.

RESULTS AND DISCUSSION
Figures 1 and 2 clearly indicate that a trans-

port system existed for tryptophan in both in
vitro- and in vivo-grown tubercle bacilli. The Km
was 10 tifnes higher than that reported for M.
phlei (19), indicating low affinity. Bacilli grown
under in vivo conditions had more affinity for
tryptophan than those grown in vitro (Fig. 3 and
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FIG. 1. Time course of uptake of labeled trypto-
phan by in vitro-grown tubercle bacilli. Incubation
mixture (10 ml) containing prewarmed cells (10 mg)
was maintained at 37°C with shaking for 5 min, after
which 1 unol of fH]tryptophan (2 fCi/umol) was
added. At indicated times, portions (I ml) were with-
drawn, filtered inmediately through filters (Millipore
Corp.), and washed, and radioactivity was measured
in a liquid scintillation counter as described in the
text. The data plotted are obtained by subtraction of
radioactivity measured at zero time. In this and
subsequent figures, the values represent means
standard error for three separate experiments.
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FIG. 2. Time course of uptake of labeled trypto-
phan by in vivo-grown tubercle bacilli. A 10-mg
amount of in-vivo-grown M. tuberculosis H37Rv cells
separated from tuberculous mouse lungs as described
in the text were used. Other details were the same as
given in the legend to Fig. 1. Here and in Fig. 4, 6, 8,
and 10, the values represent the average of two sep-
arate experiments.
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FIG. 3. Kinetics ofDL-fPH]tryptophan uptake by in
vitro-grown tubercle bacilli. Details ofthe experiment
were the same as given in the legend to Fig. 1.
Different concentrations of labeled tryptophan were
used, andportions were withdrawn at 0, 3, and 5 min
of incubation.

4). Sodium azide effectively prevented trypto-
phan uptake in both the cases (Fig. 5 and 6),
implying that generation of energy is necessary
for the process. However, the possibility of a
small amount of amino acid entering the cells by
simple diffusion cannot be ruled out. In M. phlei
sodium azide also has been shown to inhibit
tryptophan uptake (19).
The minimal inhibitory concentration of ri-

fampin (0.5 pg/ml) has no effect on the uptake,
although a slight fall was seen after 10 min (Fig.
7 and 8). Rifampin is a specific inhibitor of the
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deoxyribonucleic acid-dependent ribonucleic
acid polymerases (23). Electron microscopic

23 - studies (4) have shown that in cultures contain-
ing inhibitory concentrations of rifampin, lysis
of the bacterial body starts within 96 h. Konno

_lo 2 - et al. (13) have published a series of ultrathin
w sections of H37Ra subjected to 10 ,ug of rifampin

per ml for periods of 6, 12, 24, and 48 h. Break-
down of cellular organization was evident at 12
h. It is difficult to explain the slight inhibition of
uptake seen after 10 min in the present experi-

-4 -2 0 2 4 6 8 10 ment. As protein biosynthesis is inhibited at the
K m :0.4 x 03M transcription level because of rifampin (2, 3),,o3 [S4J these data further show that tryptophan is not

FIG. 4. KineticsofDL-pH]tryptophan uptake n incorporated into the protein. Because trypto-
ivo-grown tubercle bacilli. Details were the same cs phan is also not metabolized inside the cell (7),
riven in the legend to Fig. 3. the uptake represents the true Km for the trans-

port of tryptophan.
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FIG. 5. Effect of sodium azide on fH]tryptophan
uptake by in vitro-grown tubercle bacilli. Tryptophan
uptake in the presence of sodium azide was carried
out with cellspreincubated for 10 min with 2 mmol of
sodium azide. Other details were the same as given
in the legend to Fig. 1.
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FIG. 6. Effect of sodium azide on labeled trypto-
phan uptake by in vivo-grown tubercle bacilli. Details
were the same as given in the legend to Fig. 5.

Y >%

' 3.00.
: EDC
< E 2.0

0 0.
a 1.0

a--
0 5 10

MINUTES

15 20

FIG. 7. Effect ofrifampin on tryptophan uptake by
in vitro-grown tubercle bacilli. A minimal inhibitory
concentration (0.5 pg/ml) of rifampin was added
along with tryptophan, and incorporation was stud-
ied in the same way as given in the legend to Fig. 1.
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FIG. 8. Effect ofrifampin on tryptophan uptake by
in vivo-grown tubercle bacilli. Details were same as
given in the legend to Fig. 7.
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FIG. 9. Effect of ethambutol on tryptophan uptake
by in vitro-grown tubercle bacilli. A minimal inhibi-
tory concentration (1.0 pg/mi) of ethambutol was
added along with tryptophan, and incorproation was
studied in the same way as given in the legend to Fig.
1.
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FIG. 10. Effect of ethambutol on tryptophan up-

take by in vivo-grown tubercle bacilli. Details were

same as given in the legend to Fig. 9.

With the miniimal inhibitory concentration of
ethambutol (1.0 itg/ml), however, interesting re-

sults were observed. Ethambutol inhibited 50%
of uptake only in in vitro-grown bacilli and had
no significant effect on in vivo-grown bacilli (Fig.
9 and 10). Reduction of the respiratory chain
between D-lactic dehydrogenase and cyto-
chrome bi is responsible for the efflux of pre-
formed amino acids and sugar pool. Compounds
that act before the point of energy coupling
block the uptake and do not induce efflux (8,
11). Ethambutol may be blocking the uptake
like the latter compounds. Earlier studies with
M. tuberculosis H37Ra (1) indicated that the
total binding of ["4C]ethambutol by growing cells
is both time and concentration dependent. It
may be because of this time dependence that
inhibition started only after 5 min (Fig 9).

Ethambutol probably has no effect on in vivo-
grown bacilli because of the lack of cytochrome
components (13). The chemical composition of
in vivo- and in vitro-grown M. tuberculosis have
been reviewed recently (10). The results of the
present investigation suggest that ethambutol
acts differently in both of the bacilli and also
raises the doubt as to how far it is justifiable to
use in vitro-grown tubercle bacilli for drug inter-
action studies.
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