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Bacteria have extraordinary ways to deal with stress in general and 
antibiotics in particular. The use and at times unnecessary overuse of 
antibiotics has resulted in the rapid development and spread of 
resistance to multiple types of antibiotics in pathogenic bacteria. 
Therefore, a very limited number of antibiotics, if any, remain 
available to fight certain multidrug resistant pathogens, such as 
methicillin resistant Staphylococcus aureus (MRSA). Aside from this 
inheritable antibiotic resistance, multidrug tolerance can also be 
linked to a non-inheritable trait by entering a dormant state called 
persistence. Because antibiotics predominantly work on metabolically 
active cells, these bacteria are capable to withstand different 
antibiotics during the time of treatment. Bacterial toxin-antitoxin 
(TA) modules may be a solution. They consist of a toxin (which has a 
deleterious effect on the cell) and an antitoxin (which rescues the cell 
from the toxin’s activity) and have to be tightly regulated to prevent 
cell death. Deregulation of these tightly regulated systems can 
therefore inhibit cell growth and kill the bacteria. 
 
My PhD work can be divided into two parts. The first part focuses on 
the regulation of a unique three component TA module: the paaR2-
paaA2-parE2 operon. This operon is present in cryptic prophage CP-
933P from enterohemorrhagic Escherichia coli O157:H7 strains. Aside 
from the toxin (ParE2) and antitoxin (PaaA2), there is an additional 
regulator (PaaR2) that is a transcriptional repressor of the operon. The 
objective of my work was to understand how these three components 
interact to autoregulate the operon. Expression clones and 
purification protocols were established, and it has been shown via a 
combination of structural biology, biochemistry, biophysical 
experiments and DNA-binding studies that the regulation hijacks a 
prophage regulation pathway. The second part of my PhD deals with 
the validation of TA modules as potential leads for new antibiotics. 
This work was performed using E. coli and S. aureus as model 
organisms. MRSA as well as multidrug resistant E. coli are becoming 
more prevalent and pose a high risk for hospitalized patients. 
Exogenous toxins from TA modules were introduced into these 
organisms and the effect of the toxins was evaluated. This research 
brings us a step closer to understanding how TA modules are regulated 
as well as being a first stage in the use of toxins as antimicrobials. 
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 Toxin-antitoxin modules: functional characterization of transcription 
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