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Aim and scope of the thesis
The aim of this thesis was to investigate different strategies for the 
development of biosensors to detect secondary metabolites from filamentous 
fungi. We selected the β-lactam antibiotic penicillin, which is produced by the 
filamentous fungus Penicillium chrysogenum on industrial scale, as a model 
metabolite for sensor development. 
 Chapter 1 briefly outlines the benefits and challenges of secondary 
metabolite production from filamentous fungi, presents the mechanisms of 
established nucleic acid, protein, and whole sensors for the detection of small 
molecules, and proposes different strategies for the development of penicillin 
biosensors.
 Chapter 2 assesses the feasibility of DNA aptamers to sense penicillin 
in fungal cultures. We reevaluated the binding properties of published 
β-lactam aptamers and performed SELEX experiments to enrich for new 
penicillin aptamers. However, neither the analysis of published aptamers nor 
the selection of new aptamers resulted in suitable penicillin aptamers for 
sensor development. In addition, the analysis of DNA aptamer stability in P. 
chrysogenum culture samples revealed that aptamers cannot be applied for 
metabolite detection in fungal cultures as they are rapidly degraded by fungal 
enzymes.
 Chapter 3 focuses on the interactions of the transcription factor TcaR 
with its ligands to lay the basis for the development of TcaR-based penicillin 
biosensors. The interactions of TcaR with DNA and β-lactam antibiotics were 
characterized with Thermal Shift Assays and Microscale Thermophoresis. 
Multiple TcaR-ligand interactions were quantified, thereby proving a solid 
foundation for sensor development. Additionally, targeted site-directed 
mutagenesis of the TcaR penicillin-binding pocket resulted in TcaR mutants 
with improved penicillin and DNA binding properties. 
 Chapter 4 explores the development of a cell-free penicillin biosensor 
using the TcaR system and a GFP reporter system. We demonstrated that 
TcaR can repress GFP expression in a reconstituted cell-free system. Due to 
an adverse effect of high penicillin concentrations on translation, we found 
the TcaR system to be unsuitable for the development of a cell-free penicillin 
biosensor. Nevertheless, the chapter presents a new microtiter plate-based 
method to study transcription factor-DNA binding in cell-free systems. 
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In Chapter 5 we transplanted the bacterial transcription factor TcaR into the 
genome of P. chrysogenum to construct a whole-cell penicillin biosensor. It 
was demonstrated that the choice of promoter and codon usage significantly 
impacts TcaR expression levels in vivo.  A fungal strain showing high TcaR 
expression levels was found to detect high concentrations of penicillin using 
a fluorescent reporter cassette. Different fungal growth phases were classified 
to dissect a specific, penicillin-dependent transcriptional regulation by TcaR 
from gene expression noise.
 Chapter 6 summarizes the findings from this thesis and provides an outlook 
on the prospects of metabolite biosensor in fungal biotechnology. 

9



10


	Title and contents



