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Abstract: Low molecular weight natural products produced by microorganisms often display
bioactivities including antimicrobial effects. To ensure self-resistance against their own compounds,
the producing bacteria often carry corresponding resistance genes together with biosynthetic genes.
Unfortunately, the excessive use of antibiotics in medicine (Fig. 1) and agriculture has led to a
significant threat to human health by accelerating the evolution of resistance genes and thereby
promoting the occurrence of multi-drug resistant bacteria.
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Figure 1: Antibiotic Prescriptions per 1,000 Persons Of All Ages
According to State, 2010. The frequency with which doctors prescribe
antibiotics varies greatly from state to state. Improvements in antibiotic
prescribing (fewer unnecessary prescriptions where possible) would be
most helpful. lllustration adapted from Ventola, 2015.

Although multiple antibiotic resistance mechanisms are known, their evolution often remains elusive.
This project aims at investigating the evolution of antibiotic resistance and natural product biosynthetic
genes based on otherwise hidden information from ancient microbiome samples. Here, capturing a
broad geographic and temporal space allows for a comprehensive assessment of the evolutionary
timeline of antibiotic resistance genes.

Specifically, ancient DNA sequences will be searched for antibiotic resistance genes of all known
classes, for biosynthetic gene clusters, and for environmental contaminations using in silico
approaches. In order to characterize the source of the identified genes, the samples will be described
taxonomically. The resulting predictions will be functionally tested by heterologous expression in
modern host systems and by subjecting them to antibiotic susceptibility assays. With ancient genes
functionally verified, their phylogeny and sequence modifications over time will be assessed. By doing
so, particular attention will be paid to the co-evolution of antibiotic resistance genes and their potential
corresponding biosynthetic gene clusters. Revealing the chain of events leading from ancient gene
clusters to their modern counterparts may aid further biosynthetic pathway engineering, which is a key
approach for the development of new antibiotics.




