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Antibiotics are powerful medicines used to treat bacterial infections. 
While they have saved countless lives, their overuse and misuse have 
accelerated the emergence of antibiotic-resistant bacteria. As a result, 
infections that were once easily treatable are becoming increasingly 
difficult, and sometimes even impossible, to cure. This rising resistance 
is a major global health concern which underlines the urgent need for 
new antibiotics to fight harmful bacteria.  
 
One promising area of research involves toxin-antitoxin (TA) systems. 
These are built-in bacterial regulatory mechanisms where one 
component (a toxin) can halt bacterial growth or kill the cell, much like 
traditional antibiotics, while the other component (an antitoxin) 
neutralizes the toxin’s effects. 
 
This PhD research focuses on one specific TA system found in Vibrio 
cholerae, known as parDE2. This system encodes two proteins: the toxin 
VcParE2 and its corresponding antitoxin VcParD2. VcParE2 targets 
Gyrase, an essential bacterial enzyme involved in managing DNA 
structure and a well-known target of several antibiotics.  
Although VcParE2 just like these antibiotics inhibits Gyrase, it appears 
to do so through a different, yet unknown mechanism. The goal of this 
research is to learn more about how VcParE2 functions, how it interacts 
with Gyrase, and how VcParD2 can prevent it from causing damage. 
 
A key challenge in this work was the production of sufficient quantities 
of active VcParE2 and VcParD2 proteins. This was particularly 
complicated for the toxin, which is harmful to the bacterial cells used 
for its production. To overcome this, a multi-level control system was 
developed to enable safe cloning of the toxin. Additionally, production 
was established through different strategies, including (i) co-expressing 
the toxin with its antitoxin and separating them later and (ii) using 
insect cells instead of bacteria to avoid toxicity. Once successfully 
produced, both proteins underwent extensive structural and biophysical 
characterization. Furthermore, this work identifies the specific region 
of the toxin responsible for Gyrase inhibition and explores how VcParD2 
interacts directly with the toxin to stop it from doing harm. 
 
In summary, it deepens our understanding of the VcParE2 toxin and the 
parDE TA family in general, while offering valuable methods for working 
with toxic bacterial proteins in the laboratory. 
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