
The beast and its Achilles heel:
A novel target to fight multi-resistant pathogenic bacteria 

Background

The frequent use of antibiotics in the past and the rapid adaptation of bacteria to these compounds had led to the development of many multi-resistant pathogens. 
Therefore, both the discovery and the development of new antibacterial substances are extremely important to fight these threats to human health. Unfortunately, 

the pipeline of novel compounds with antibiotic activity and appropriate pharmaceutical properties is empty.

Project

The first step in designing efficient novel antibacterial compounds is the identification of a suitable
target. Recently, the signaling molecule cyclic dinucleotide c-di-AMP was found to be essential in
Gram-positive bacteria. These bacteria cause serious diseases and often are multi-resistant. c-di-
AMP is needed for the control of vital cellular processes in these pathogens because both lack and
accumulation of c-di-AMP strongly inhibit growth of the bacteria.

Therefore, any substance that disturbs the homeostasis of c-di-AMP or the interaction with its
target is of substantial interest to fight human pathogens. The next important step in identifying
efficient antibacterial compounds, which either inhibit c-di-AMP biosynthesis or interfere with the
essential function of c-di-AMP in the cell, is the development of a powerful screening system.

Reporter Team

The activity of transcriptional regulators can be easily monitored by expressing a reporter gene downstream
of a promoter, containing their binding site. Recently, in Mycobacterium smegmatis, a transcriptional
repressor (DarR) was identified that is able to bind to a specific DNA sequence upon association with c-di-
AMP. This led us to the idea of developing a screening system for potential drugs interfering with c-di-AMP
biofunction. While many Gram-positive bacteria require c-di-AMP for their growth, this molecule is not
synthesized by the Gram-negative bacterium E. coli. Thus, we intend to build a reporter system consisting of
the iGEM biobricks in E. coli.

DAC Team

Another part of our project is to determine the 3D structure of diadenylate cyclase (DAC)
via crystallography. Having a 3D structure for our protein through crystallography will
enable us to identify the potential drug target sites. By in silico drug design strategy; one
can then design drugs, which later can be used to treat patients. In our project we will
study the Gram positive bacteria namely, Listeria monocytogenes, Streptococcus
pneumoniae and Staphylococcus aureus.

Array Team

By using microarray analysis we would like to determine, which genes are regulated by ci-di-AMP. In order to
address this quesition, we are using three different Bacillus subtilis strains. The first strain contains all three
active diadenylatecyclases disA, cdaA, cdaS. The second strain is a mutant strain (ΔdisA). The third strain is a
double mutant strain, which contains only one active diadenylatecyclase (ΔdisA, ΔcdaA). The microarray
analysis will then show, which genes are expressed under different intracellular ci-di-AMP concentrations.
Furthermore, we would like to create a triple knock-out mutant (ΔdisA, ΔcdaA, ΔcdaS). We are trying to create
this triple knock-out mutant via a feeding experiment.
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