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Abstract 

 Prospective identification of potential therapeutic-targets in Mtb is a major challenge in the fight 

against TB disease. Genome mapping of the bacteria has aided in the identification of putative targets for 

the development of novel antibiotics that could alone or in combination provide for more effective 

therapies with a shorter treatment time. Among these attractive novel therapeutic targets are CYPs and 

their cognate electron transfer partners in Mtb. The main objective of this PhD project was to improve our 

knowledge on the CYP system of Mtb which required a deeper understanding of the physiological function 

of the CYPs encoded in Mtb genome as well as the biochemical characterization of the interaction of these 

Mtb CYPs with their endogenous redox partners. In addition, available models to identify and develop 

specific Mtb CYP inhibitors rely either on protein expensive spectral binding studies or on low-throughput 

chromatographic methods due to the nature of their endogenous substrates, i.e., branched fatty acids for 

CYP124A1, cholesterol for CYP125A1 and CYP142A1, and cyclo(L-Tyr-L-Tyr (cYY) for CYP121A1. As such, 

additional aims of this thesis were to identify probe substrates and inhibitors for Mtb CYPs.  

The current chapter, chapter 1, gives a general introduction into the TB disease and its causative agent, the 

bacterium Mycobacterium tuberculosis (Mtb). More general aspects of Cytochrome P450s (CYPs) and electron 

transfer partners are also summarized. Finally, the relevance of CYPs and cognate redox partners for Mtb is 

briefly reviewed. This section is extended in chapter 2 where the Mtb CYP system biological function, 

expression, regulation, involvement in antibiotic resistance, and suitability for exploitation as 

antitubercular targets is revised in detail. 

The first research line is examined in chapter 3, where the successful heterologous expression of two 

previously uncharacterized Mtb ferredoxins, FdxA (Rv2007c) and FdxD (Rv3503c) is shown. We 

demonstrate that Mtb CYPs display specific interactions with more than one cognate ferredoxin which 

does not correlate with proximity in the genome. In turn, these ferredoxins can operate with two different 

FNRs, indicative of a flexible CYP:FNR:Fd catalytic system in vivo. An improvement of the basic 

understanding of the selectivity, biochemical properties, and function of the ferredoxin proteins in Mtb 

essential for the reconstitution of the cognate CYP:FNR:Fd catalytic system is provided. 

In chapter 4 the development of a self-sufficient and catalytically active CYP130A1 by fusion with the 

NADPH reductase-domain of CYP102A1 from Bacillus megaterium (CYP130-BM3R) is described. By 

screening of a panel of known human CYP probe substrates, the first reaction ever described for CYP130A1 

was revealed. Molecular dynamic simulations confirmed the observed experimental conversion. In 

addition, the fusion enzyme displayed a higher catalytic activity than the CYP130A1 reconstituted with a 

selection of surrogate electron transfer partners.  

Chapter 5 shows the result of the evaluation of seventeen luminogenic substrates as probe substrates for a 

number of CYPs from Mtb. CYP130-BM3R converted these luciferin analogs most efficiently, displaying 

high selectivity for the Luciferin-BE debenzylation reaction. The high calculated Z’-value for the presented 

method reveals that it has the potential to become a high-throughput screening (HTS) method for 

identification of CYP130A1 inhibitors. 

Chapter 6 presents the first mechanism-based inhibitors for CYP121A1 from Mtb. Several ligands using 

CYP121A1’s physiological substrate, cYY, as scaffold were synthesized. Two of these cYY-analogs were 

capable of time dependent inhibition of CYP121A1 catalytic activity. Insights into the mechanism behind 

this inactivation showed it was the consequence of an irreversible covalent modification of the enzyme. 



The antimycobacterial potential of these two cYY-analogs was low (MIC90 > 500 μM) but was increased 

when the permeability of the cell wall in Mtb H37Rv was enhanced.  

Finally, chapter 7 gives a summary of the overall conclusions from the experimental work conducted in 

this thesis and discusses future research on the use of Mtb CYPs and cognate redox partners as potential 

therapeutic targets for antitubercular therapy. 

 


