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Radiometric Studies of Mycobacterium lepraemurium”?
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Mycobacterium lepraemurium and Myco-
bacterium leprae are organisms difficult to
study in the laboratory because of the impos-
sibility of cultivating them in cell-free media.
Therefore, little is known of the metabolism
of these organisms and the conditions which
might force or inhibit their growth in vitro.
The studies ‘of Tepper and Varma (') with
radioisotopes and liquid scintillation count-
ing showed that M. lepraemurium was meta-
bolically active in vitro. (U-14C) acetate and
(U-1%C) glycerol were found to be assimilat-
ed and oxidized by these organisms after
seven days of incubation in the Hart-Valen-
tine elongation medium (%) or in the simple
K-36 buffer of Weiss ('2).

In 1969, we introduced a simple radio-
metric system, an ion chamber, for the de-
tection of bacterial growth as measured by
the conversion of "C-labeled substrate to
HCO, (*7). Investigations have been com-
pleted comparing the standard and radio-
metric technics in blood cultures (5), in an-
aerobic microbiology and detection of the
effect of drugs on bacterial growth (4).

More recently, the radiometric technic
was extended to the study of mycobacteria.
Based on the findings of Tepper and Var-
ma (''), it was decided to develop a more
expedient method for monitoring the meta-
bolic activity of M. lepraemurium in vitro(?).
The next step was to use the same method
for the study of the effect of several drugs on
the metabolism of these organisms in
vitro ('). Simultaneously, several other ex-
periments have been done, in order to bet-
ter understand the metabolic requirements
and the influence of physical and biochemi-
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cal factors that alter the metabolism of M.
lepraemurium in cell-free media. The pres-
ent paper reports the results of these ex-
periments.

MATERIALS AND METHODS

Preparation of bacilli. M. lepraemurium
(Hawaiian strain) was harvested from in-
fected livers of female CBA/J or CFW mice,
which had been intravenously and intraperi-
toneally infected 3-4 months previous with
5= 10* organisms. The livers were aseptical-
ly removed and the bacteria separated from
the infected tissue according to the technic
previously developed (!'). The suspensions
were further diluted with sterile water to
final concentrations of 8.6x 109 or 4x 109
or 2 x 10% organisms/ml.

Media. The simple K-36 buffer of Weiss
(12) or the complex NC-5 medium (!9) were
used as suspending solutions for the organ-
isms.

Reaction system. The reaction system for
most of the experiments consisted of 10 ml
of suspending solution in a 20 ml multidose
sterile vial. In some of the experiments,
when testing the effect of concentration of
substrate on the '*CO, output, 5 ml or 1.0
ml of suspending solution in a 20 ml vial
were also used. In all the experiments, 5
uCi of “C-substrate and 0.5 ml of the bac-
terial suspension were used. The experi-
mental vials were prepared at least in dupli-
cate. Control vials were prepared in the
same way, but with autoclaved bacteria add-
ed. When studying the effect of substances
on the metabolism of M. lepraemurium, ex-
tra controls with live bacteria and without
the given substance were always prepared
for comparison.

Radiometric measurement. With the ex-
ception of the experiment designed to study
the effect of incubation temperature, the
vials were always incubated at 30°C. An
ion chamber device (Bactec R-301, Johnston
Laboratories, Cockeysville, Md.) was used to
measure bacterial metabolism. Details of
the operation of the measurement device
have been published elsewhere (2). The
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vials were sampled at least daily (in one of
the experiments also at 6, 12 and I8 hours)
for 15 to 18 days. The results were expressed
in “index units” where 100 units =0.025
uCi of "“C activity. The curves represent
the cumulative *CO, production within a
certain time interval, that is, they are the
integral curves of total activity.

Sterility testing. Sterility tests were per-
formed on all positive samples and consist-
ed of subcultures on chocolate-agar plates,
on Lowenstein-Jensen medium and radio-
metric sterility testing with (U-1#C) glucose
(4 ?)‘

Assimilation of substrates. In one of the
experiments, !#C-substrates incorporation
into the bacteria were measured by liquid
scintillation counting. After the period of
incubation, all suspensions of the same sub-
strate were pooled and filtered through
sterile membrane filters (0.45u pore size,
Millipore Corporation). The filters were
washed with sterile saline until the radio-
activity in the last wash was at background
levels, dissolved with ethyl acetate and Per-
mafluor Il scintillation fluid (Packard Instru-
ment Company) was added. Counting was
performed in a Packard Tri-Carb scintilla-
tion spectrometer model 3003 (Packard In-
strument Company).

EXPERIMENTAL

Oxidation and assimilation of 'YC-sub-
strates. Female CFW mice were used as the
source of bacteria. The organisms were dilut-
ed to a final concentration of 8.6 x 10° per
milliliter. Both the K-36 buffer and the NC-5
medium were used as suspending solutions.
The reaction system consisted of 10 ml of
suspending solution in a 20 ml multidose
sterile vial, along with 5 pCi (0.5 ml) of
(U-1%C) acetate or (U-“C) glycerol or (U-
14C) glucose or (U-'4C) glycine or (4C)
formate or (U-'4C) pyruvate and 0.5 ml of
the final suspension of bacteria (4.3 x 10?
organisms/vial). All vials were incubated
at 30°C and sampled at 6, 12, 18 and 24
hours after incubation and at daily intervals
. for 16 days thereafter. Then, the vials were
prepared for assimilation studies, as de-
scribed above. Results were expressed as
radioactivity ratio between live and killed
bacilli.

In both media, “CO; production from
(U-14C) acetate could be easily detected
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after six hours, increasing progressively to
reach a plateau by 13 days (Figs. 1, 2). From
(U-14C) glycerol, #CO, production in K-36
buffer was detected by 24 hours, also in-
creasing to a plateau by 13 days (Fig. 1);
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Fi1G. 1. Oxidation of '*C-substrates by M. lep-
raemurium in K-36 buffer.

however, in NC-5 medium, only on the third
day could “CO, be detected, increasing pro-
gressively to a lower plateau by 16 days
(Fig. 2). The assimilation of (U-4C) ace-
tate and (U-'#C) glycerol paralleled the oxi-
dation of these substrates (Figs. 3, 4).

In both media, '“CO; production from (U-
14C) glucose, (U-14C) pyruvate, (U-4C) gly-
cine or ('*C) formate never exceeded back-
ground levels. All the substrates were
assimilated in K-36 buffer, although assimi-
lation was poor for (U-"C) glucose, (U-
14C) glycine and (U-C) pyruvate. In NC-5
medium, there was no assimilation of (U-
14C) glucose or (U-1C) pyruvate; incorpora-
tion of (C) formate was also very poor
(Figs. 3, 4).

Influence of incubation temperature. Fe-
male CBA/J mice were used in this experi-
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raemurium in NC-5 medium.
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F1G. 3. Assimilation of '*C-substrates by M.
lepraemurium in K-36 buffer.

ment. The bacteria were diluted to a final
concentration of 2 x 10 organisms per milli-
liter. K-36 buffer was the suspending solu-
tion. The reaction system consisted of 10 ml
of buffer in a 20 ml multidose sterile vial,
along with 5 uCi (0.1 ml) of (U-14C) ace-
tate and 0.5 ml of the final suspension of
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FiG. 5. Metabolism of (U-'#C) acetate by M.
lepraemurium in K-36 buffer. Differences in
1“CO, production caused by incubation tem-
perature.

bacteria (1 * 10° organisms/vial). Some of
the vials were incubated at 30°C and some
at 37°C and sampled daily for 15 days. No
difference in the '“CO, production between
vials incubated at 30°C and 37°C was found
over the first four days. After that, “CO,
output from vials incubated at 30°C in-
creased progressively so that by the end of
the experiment their *CO, production was
589 higher than that obtained with vials
incubated at 37°C (Fig. 5).

Influence of polysorbate 80 (Tween 80)
and unlabeled oleic acid. Female CBA/J
mice were the source of M. lepraemurium.
The organisms were diluted to a final con-
centration of 4 x 10° bacteria per milliliter.
Only the K-36 buffer was used as sus-
pending solution. The reaction system con-
sisted of 10 ml of buffer in a 20 ml multidose
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sterile vial, along with 5 uCi (0.1 ml) of
(U-1*C) acetate. 0.5 ml of the final suspen-
sion of bacteria (2 x 10 organisms/ vial) and
0.1 ml of the desired concentration of Tween
80 or unlabeled oleic acid. The effect of
Tween 80 was evaluated at 0.005%, 0.01%,
0.025% and 0.05% per vial: for unlabeled
oleic acid, only 0.005% per vial was used.
The vials were incubated at 30°C and sam-
pled daily for I8 days.

As the concentration of Tween 80 in-
creased, the production of “CO, by M. lep-
raemurium also increased, particularly after
the third day (Fig. 6). A profound inhibitory
effect of unlabeled oleic acid on the “CO;
production from (U-C) acetate is observed
in Figure 7. Because of this effect of un-
labeled oleic acid, in an additional experi-
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F1G. 6. Effect of Tween 80 on the metabolism
of (U-14C) acetate by M. lepraemurium in K-36
buffer.

ment, 5 uCi (1-1C) of oleic acid was sub-
stituted for 5 pCi (U-4C) acetate. Figure 8
suggests that M. lepraemurium seems to
prefer (1-'4C) oleic acid to (U-'“C) acetate
with respect to conversion to “CO,.
Influence of concentration of “C-sub-
strate. The preparation was exactly the
same as described under the influence of
polysorbate 80. The reaction system cen-
sisted of 20 ml multidose sterile vials with
1. 5 or 10 ml of K-36 buffer. In all these vials
5 uCi of (U-1*C) acetate (0.1 ml) and 0.5
ml of the final suspension of bacteria (2 x
108 organisms/vial) were used. Therefore,
three different concentrations of (U-4C)
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(U-14C) acetate and (1-'3C) oleic acid by M.
lepraemurium in K-36 buffer.

acetate were used: 0.5 yCi/ml, 1.0 uCi/
ml and 5 pCi/ml. The vials were incubated
at 30°C and sampled daily for 18 days. There
was a clear difference in the “CO, produc-
tion as related to the concentration of sub-
strate. As the concentration increased, the
14CO, output also increased, as shown in
Figure 9.

Influence of freezing. Female CBA/J mice
were used in this experiment. After harvest-
ing the infected livers, one half of the liver
specimen was prepared according to the
technic already described to yield a final
concentration of 4 x 10° organisms/ml. The
reaction system consisted of 10 ml of K-36
buffer in a 20 ml multidose sterile vial along
with 5 pCi (0.1 ml) of (U-"C) acetate and
0.5 ml of the final bacterial suspension (2 x
10° organisms/ vial). The vials were incubated
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acetate on the metabolism of M. lepraemurium
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F1G. 10. Comparison between frozen and un-
frozen suspensions of M. lepraemurium.

at 30°C and sampled daily for ten days. The
14CO, output obtained from these vials was
used as control for the rest of the experi-
ment. The other half of the liver specimen
was kept in a sterile plastic bottle at -20°C
for 12 days. After that, this material was
prepared. incubated and sampled in the
same way as the control material. After
three days, there already was a higher 4CO,
output from vials containing frozen bacteria
and this increased progressively (Fig. 10),
but may have been due to differences in the
number of organisms in the experimental
vials. The important finding is that the
freezing process up to 12 days did not in-
hibit the metabolism of M. lepraemurium.

The effect of inhibitors. In one study, the
metabolism of M. lepraemurium fell off
rapidly in K-36 buffer (?). Because of that,
the possible presence of “inhibitors™ pro-
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duced by bacterial metabolism was evalu-
ated as follows. After 20 davs of incubation
at 30°C, the detectable metabolism of 10¢
organisms had ceased. The solution con-
taining the bacteria was freed of micro-
organisms by filtering through a 0.22 y pore
size membrane filter (Millipore Corporation).
The filtrate was lyophilized and redissolved
with sterile water to a final concentration of
approximately 1 pCi of (U-'#C) acetate/
ml. One milliliter of this solution was added
to some extra control vials prepared for this
purpose in the experiment on the influence
of freezing. The addition of lyophilized medi-
um to the reaction system failed to demon-
strate the presence of any inhibitors of
metabolism. Actually, this same experiment
was repeated three times, with the same
results,

DISCUSSION

The inability of M. lepraemurium to oxi-
dize (U-"C) glucose, already discussed by
Tepper and Varma (!''). besides suggesting
that the “hexose™ portion of the glycolytic
pathway is largely synthetic, further sup-
ports the concept of using this substrate
for the detection of contaminants in pure
suspension of M. lepraemurium. Most con-
taminating bacteria rapidly metabolize (U-
14C) glucose to HCO, (4 7).

The inability in oxidizing pyruvate found
with the radiometric technic agrees with the
experiments of Mori er al (?) utilizing en-
zyme systems. It suggests that the metab-
olism of (U-"C) glycerol may occur by
means of a simple enzymatic action on
glyceric acid instead of more complex path-
ways.

The fact that M. lepraemurium does not
oxidize (U-"C) glycine may be related to
the inability of metabolizing pyruvate and
formate. Therefore, the pathways for glycine
oxidation, either through pyruvate or formic
acid, probably are not available for these
organisms. The reason why some substrates
such as (U-4C) glycine and '“C-formate are
assimilated in both media but oxidized is
unknown.

The curves in Figure 5 suggest that for
short-term experiments, differences in the
incubation temperature may not be impor-
tant., But for experiments that have to be
carried out for one week or more, the incu-
bation of the crganisms at 30°C yields a
much higher #CO: output than at 37°C.
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The presence of 0.05% Tween 80 in the
reaction system causes almost a tenfold
increase in the “CO, production by M. lep-
raemurium (Fig. 6). This may be due to the
emulsifying effect of Tween 80, but could
also be related to the presence of fatty
acids such as oleic acid in its composition,
To evaluate the possible effect of oleic acid
on M. lepraemurium metabolism, unlabeled
oleic acid was used initially and a profound
inhibitory effect on the oxidation of (U-14C)
acetate occurred (Fig. 7). The next step was
to decide whether the results in Figure 7
represented a toxic effect of oleic acid or a
shifting from acetate to oleic acid metab-
olism by M. lepraemurium. The use of (I-
14C) oleic acid was revealing, since there is
no question that these organisms metab-
olize avidly the fatty acid (Fig. 8). Results
shown in Figures 7 and 8 are similar to the
“diauxic” growth cycles (') because (1-14C)
oleic acid is also metabolized. These find-
ings, which actually began with an acciden-
tal use of Tween 80 in one of our early ex-
periments in order to break up a few clumps,
lead us to an in-depth investigation of the
fatty acids series with encouraging prelim-
inary results.

One explanation for the results obtained
with different concentrations of (U-'4C) ace-
tate (Fig. 9) is based on the kinetics of the
assimilation process. As the concentration
of a substance increases in a reaction sys-
tem, its rate of transformation increases
proportionally. Since the total amount of
radioactive material was the same (5 uCi)
in all the vials, the only difference was the
volume of K-36 buffer, and therefore the
concentration of (U-4C) acetate. This may
be a superficial analysis of the differences in
the atmosphere of the vials and the oxygen
requirements of M. lepraemurium in an in
vitro system, but certainly is the simplest
explanation.

Because of these findings, we have recent-
ly changed our reaction system, decreasing
the volume of suspending solution to | ml
and using 5 ml multidose serum vials, in-
stead of 20 ml vials. By doing so, the #CO,
output from either (U-#C) acetate or (1-14C)
fatty acids currently under investigation has
been considerably increased. As a result, the
detection time has decreased to less than 12
hours for a 10? inoculum or 24 hours for a
10% inoculum.

The results of Figure 10 should be inter-
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preted qualitatively rather than quantitative-
ly. They show that the storage of M. leprae-
murium in infected tissue for 12 days at
-20°C does not change its metabolic activity.
However, since the curves in Figure 10 were
obtained at different times, the difference in
the “CO; output between frozen and control
bacilli could be due to differences in the
number of organisms in the experimental
vials. It is not possible to determine the in-
fectivity of these organisms based only on
the in vitro studies. Further studies are need-
ed to assess the possible relationship be-
tween infectivity and viability as measured
in vitro and to determine for how long the
viability of frozen bacilli can be maintained.

The failure to demonstrate the presence
of any inhibitors of the metabolism in these
experiments suggests that the decline in
metabolism of M. lepraemurium in K-36 buf-
fer is due to lack of a crucial substrate or
depletion of (U-¥C) acetate molecules
rather than production of toxic by-products.
However, the presence of such products
cannot be completely excluded since the
lyophilized medium had to be diluted to
about 1/5 of the original concentration and
it is difficult to evaluate the effect of dilu-
tion on the behavior of the possible in-
hibitors. Therefore, further investigation is
needed to achieve a better understanding of
the reasons for the decline of M. leprae-
murium metabolism in K-36 buffer,

In conclusion, the radiometric method
seems to be an important tool for studying
the metabolic pathways, and the influence
of physical and biochemical factors that en-
hance or inhibit the metabolism of M. lep-
raemurium in vitro. Several important ques-
tions on the problem of cultivation of these
organisms in cell-free media can probably
be rapidly answered by using the radio-
metric method.

SUMMARY

The radiometric method has been applied
for studying the metabolism of M. leprae-
murium and the conditions which might
force or inhibit its metabolic activity in vitro.
These organisms assimilate and oxidize (U-
14C) glycerol, and (U-4C) acetate, but are
unable to oxidize (U-4C) glucose, (U-'*C)
pyruvate, (U-1C) glycine and '“C-formate.

When incubated at 30°C M. lepraemur-
ium oxidizes (U-14C) acetate to '“CO, faster
than at 37°C. The same effect was observed
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with increasing concentrations of poly-
sorbate 80 (Tween 80), or the '“C-substrate.
No change in metabolic rate was observed
when the organisms were kept at -20°C for
12 days. Although tried several times, it was
not possible to demonstrate any “inhibitors"
of bacterial metabolism in the reaction sys-
tem.

The radiometric method seems to be an
important tool for studying metabolic path-
ways and the influence of physical and bio-
chemical factors on the metabolism of M.
lepraemurium in vitro.

RESUMEN

Se ha utilizado el método radiométrico para
estudiar el metabolismo del M. lepraemurium y
las condiciones que pueden forzar o inhibir su
actividad metabdlica in virro. Estos microorgan-
ismos asimilan y oxidan (U-"C) glicerol y (U-14C)
acetato, pero no son capaces de oxidar (U-*C)
glucosa, (U-4C) piruvato, (U-'4C) glicina y '4C-
formato.

Cuando se incuba a 30°C, el M. lepraemurium
oxida (U-"C) acetato mds rdpidamente que a
37°C. Se observa el mismo efecto con concentra-
ciones crecientes de polisorbato 80 (Tween 80), o
el substrato “C. No se observan cambios en la
tasa metabdlica cuando los microorganismos se
conservan a -20°C, durante 12 dias. Aunque se
probd varias veces, no fué posible demostrar
ningudn “inhibidor” del metabolismo bacteriano
en el sistema de reaccidn,

El método radiométrico parece ser una herra-
mienta importante para estudiar las vias metabdl-
icas y la influencia de factores fisicos y bioquimi-
cos en el metabolismo del M. lepraemurium in
vitro.

RESUME

La méthode radiométrique a été appliqude a
I'dtude du métabolisme de M. lepraemurium et
des conditions qui peuvent permettre ou inhiber
son activité métabolique in vitro. Les organismes
étudids assimilent et oxydent le glycérol U-1C,
'acétate U-'“C, mais sont par contre incapables
d’oxyder le glucose U-"C, le pyruvate UMC, la
glycine UC et le formate UC.,

Lorsqu'on incube M. lepraemurium & 30°C ce
micro-organisme oxyde l'acétate U*C en CO, !¢
plus rapidement qu'il ne le fait 3 37°C. Le m&me
effet est observé lorsqu’on utilise des concentra-
tions progressives de polysorbate B0 (Tween 80),
ou un substract au carbone'*. Aucune modifica-
tion du taux métabolique n’a €té observé
lorsque les organismes sont conservés & moins
20°C pour 12 jours. Malgré des essais répétés
plusieurs fois, il n'a pas €t¢ possible de démon-
trer aucune inhibition du métabolisme bactérien
dans les systémes de réaction.
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La méthode radiométrique semble constituer
un outillage important pour I'dtude des circuits
métaboliques et pour I'analyse de l'influence ex-
ercée par les facteurs physiques et biochimiques
sur les métabolismes de M. lepraemurium in
Vivo.
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