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Breaking antimicrobial resistance with top-down
and bottom-up approaches

Antimicrobial resistance is one of the biggest threats to global health, requiring
immediate and concerted action across multiple disciplines. In this talk, I will pre-
sent our work and visions to break antimicrobial resistance with interdisciplinary
approaches from systems and synthetic biology. In a first, top-down approach we
aim at deriving a systems-level understanding of antimicrobial resistance networks
in Gram-positive bacteria. To this end we combine experiments and mathematical
modelling to develop systems level descriptions of key metabolic processes in the
cell, and study the interplay between antibiotic perturbations and the compensatory
regulation of resistance mechanisms. Our key long-term goals are the identification
of novel targets for therapeutic intervention and the prediction of synergistic
drug-drug interactions. Complementing these top-down efforts of understanding
natural resistance networks, in a second, bottom-up approach we focus on the ratio-
nal design and experimental implementation of orthogonal synthetic gene regulatory
circuits in bacteria. Our current prototypes use alternative o factors as orthogonal
building blocks and function akin to ‘genetic timers’ expressing a series of target
genes with precise temporal control. One highly relevant application for these circui-
ts is the heterologous expression of ‘silent’ antibiotic biosynthesis pathways that are
present in many bacterial genomes but not expressed naturally.
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