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Aggregation dynamics and fluctuations in in vitro cultures of Mycobacterium tuberculosis
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Universitat Politècnica de Catalunya
08860 Castelldefels (Barcelona)

Mycobacterium tuberculosis (Mtb) is the bacillus re-
sponsible of the disease tuberculosis, which still today
causes millions of deaths among the humanity.

Once it is inoculated in an in vitro culture medium,
the Mtb may have to adapt to the new environment and,
in this case, it remains without replicating for a period.
In this phase it has a very low metabolic activity, i.e.,
it is in the lag phase. After a certain time, it can en-
ter into the exponential phase (log phase), in which it
replicates constantly at a certain growth rate. The typ-
ical Mtb growth rate in an in vitro culture is low com-
pared to other bacterial populations (it duplicates once
per day, approximately). As the nutrient resources de-
plete or the conditions become adverse, the growth rate
slows down and the bacteria turn to the stationary phase
until the conditions are appropriate for growth again. If
the adverse conditions remain for a long time or are es-
pecially strong, bacteria may die (death phase). We have
observed such growth curve in experiments using in vit-
ro cultures (Fig.1), where we count the concentration of
colony forming units (CFUs).

The Mtb bacillus has a particular characteristic that
is not present in other bacteria and that leads to a curi-
ous phenomenon: as it grows, the Mtb tends to cluster
in a straight line in the direction of the main axis of the
bacteria, due to the lipidic components present in the
cell wall, such as the cord factor, consequently forming
a kind of filament, an elongated aggregate1. Thus, the
characterization of the different growth phases of Mtb in
in vitro cultures is linked to the formation of cords, as a
form of bacillary resistance. This is shown in the correla-
tion of the number and size of cords with the population
growth rate.

We have analyzed, both experimentally and by math-
ematical models, the morphology and growth dynamics
of Mtb in stirred liquid medium. In particular, we have
focused on the role of aggregation, and how this aggre-
gation affects their own growth dynamics2.

We have developed an optical technique to analyze the
characteristics of cords in a culture, such as the distribu-
tion of sizes, the mean size, the number of aggregates, etc.
Microscopic images of a drop of the suspension have been
processed by image analysis to determine the relevant in-
formation concerning the aggregates. This provides the
necessary information to conclude the characterization of
the in vitro bacillary growth.

Different cord size distributions are observed in the
log phase and the subsequent static phase. When Mtb
are replicating constantly, the size distributions are log

normal, the majority of the cords are small and, after
reaching a maximum at small aggregates, the frequency
decreases. However, once in the stationary phase, te pop-
ulation displays a bimodal distribution (Fig.1), where a
second peak of the distribution appears at larger aggre-
gates (cords about 100 times larger than the ones that
correspond to the first maximum). This bimodal distri-
bution is qualitatively identical during the whole station-
ary phase2.

Figura 1. Life-cycle of Mtb through the CFU concentra-
tion for the lag, log and stationary phases. Insets: different
cord size distributions, in the log phase and in the stationary
phase, showing the different shape.

Besides, the experimental measurements during the
stationary phase show periodic fluctuations in the CFU
concentration, as has been mathematically modelled,
which might be related to a certain dynamics of aggrega-
tion and disaggregation of cords. Hence, the stationary
phase has an approximately constant number of CFUs,
but they are breaking and grouping together forming
cords all the time.
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