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Bacteria continually experience heterogeneous and rapidly changing environments. To
survive and thrive, bacteria must quickly sense and respond to environmental shifts [1, 2].
This requirement is exemplified in pathogens during host colonisation [3, 4]. To successfully
transition from the intestine to the urinary tract, uropathogenic Escherichia coli must rapidly

switch from an energy-rich to an energy-poor nutritional environment with fewer sugars and
metals [5]. Similarly, Mycobacterium tuberculosis must adapt to more acidic and

oxidative conditions when infecting alveolar macrophages [6, 7].

Successful adaptation to different environments is regulated by a plethora of mechanisms.
These regulatory mechanisms range from swift and transient protein-metabolite interactions
to long-term and slow changes in gene expression [8—11]. Differential gene expression
frequently entails modulating transcriptional initiation by transcription factors [12, 13, 14].
Understanding how changes in transcriptional regulation affects fithess can thus unveil
fundamental aspects of bacterial adaptability and potentially expose vulnerabilities in
pathogen metabolism [15, 16, 17, 18]. However, systematic understanding of the extent to
which bacterial populations maintain metabolic stability or adapt their metabolism to
challenging environments under transcriptional misregulation remains pending.

In this poster, | will present our approach to systematically unravel and model the interplay
between transcriptional regulation and metabolism in E. coli by combining tuneable
interference of transcription factor expression with high-throughput metabolomics. Our
strategy involves integrating metabolic profiles with growth phenotypic data and existing
knowledge of the regulatory network. Through this integration, we aim to develop
mathematical models that shed mechanistic insights into bacterial adaptation to harsh
environments. Such an approach could hold clinical potential to predict new ways to interfere
with essential pathogenic regulation during host infection.
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