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For all microorganisms, adaptation of gene expression is essential to maintain 
a general fitness and to survive and thrive in changing environments. Different 
regulatory mechanisms exist to control gene expression. On the 
transcriptional level, regulation is performed by transcription factors. An 
interesting transcription factor family is the abundant and versatile Leucine-
responsive Regulatory Protein (Lrp) family. These proteins typically regulate 
genes involved in amino acid metabolism, transport and virulence, and 
interact with amino acid ligands to monitor and respond to the nutritional 
state. However, to date the majority of Lrp-type regulators is not yet 
characterized, which hampers the fundamental understanding of Lrp-
mediated regulation processes as well as the development of transcription 
factor-based applications, such as biosensor modules. Interestingly, an Lrp-
type regulator has been found with specificity for the ligand β-alanine. β-
alanine is a key intermediate in the production pathway of the platform 
molecule 3-hydroxypropionic acid. This link between an Lrp-type regulator 
and an important microbial production process makes the Lrp family an 
alluring target for sourcing of β-alanine-responsive regulators in context of 
biosensor design and production pathway optimization. 

In this PhD research, a method was developed for the screening and initial 
characterization of Lrp-type regulators mined from unconventional 
microorganisms, with the intention of discovering novel β-alanine responsive 
regulators. A set of 26 transcription factors and their predicted target 
promoters were selected for in vivo analysis in Escherichia coli. A well-
thought-out reporter system, consisting of two plasmids, was designed and 
validated to use for cloning and expression of both the transcription factors 
and promoters in E. coli. By using an automized platform, fluorescence 
measurements were performed with strains each containing a transcription 
factor-promoter pair. While inducing the transcription factor’s expression at 
different levels, the functionality was determined for the heterologous 
promoters, as well as the transcription factor’s regulatory effect. 
Furthermore, reporter assays were performed in the presence of amino acids, 
to learn more about ligand specificity and sensitivity for each regulator. For 
one of the β-alanine responsive transcription factors discovered in the 
screening, Ah-BarR from Acidianus hospitalis, regulatory mechanisms were 
further unravelled by performing in vitro experiments. In vivo results of Ah-
BarR were also compared with those of other β-alanine responsive 
transcription factors, whether or not belonging to the Lrp family, to obtain 
more insights in β-alanine interaction. 

To conclude, this work does not only lead to the initial characterization of 
numerous Lrp-type regulators, but also contributes to the general knowledge 
currently available on the Lrp family and to the development of β-alanine-
responsive biosensors. 
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