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Tuberculosis: A Systems Biology Perspective
of a Pathogen

Abstract

We have derived a genome scale model of the Mycobacterium tuberculosis (MTB)
regulatory network, centered on regulators mediating the response of MTB to hypoxia and
the regulation of lipid metabolism. We have further performed comprehensive profiling of
gene expression, proteins, metabolites and lipids in MTB during a time-course of hypoxia
and re-aeration and integrated these data with a model of the MTB metabolic network.
Using Chip-Seq, we identified binding sites for 47 of the predicted ~200 MTB transcription
factors. We assessed the regulatory roles of binding using expression data from the
upregulation of the same factors, constructed a regulatory network model based on these
data, and assessed the power of the network for predicting expression changes. The network
model reveals a direct and complex interconnection between the hypoxic response, lipid
catabolism, lipid anabolism and the production of known immunomodulatory lipids, and
protein degradation.

Consistent with this, we observe substantial alterations in lipid, amino acid, and protein
content in response to oxygen availability. This includes restructuring of cell wall, the
production of immunoreactive lipids and the accumulation and utilization of storage lipids,
as well as large scale protein and amino acid degradation during hypoxia. These changes
are also coupled with clear evidence for the buildup of propionate.

Propionate in MTB is generally considered a consequence of the digestion of external
lipids. Our results indicate that hypoxia induces a regulatory and metabolic program that,
independent of external lipid sources, leads to propionate through the catabolism of stored
lipids and amino acids.

More broadly, our results provide a systems level view of the adaptation of a bacterial
pathogen to stress conditions relevant to pathogenesis, and provide mechanistic insight into
the complex regulation of this adaptation. The data are freely available to the scientific
community through TBDB.org.
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