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Abstract 
 
The bacterial type six secretion system (T6SS) is an injectisome responsible for the translocation of 
effector molecules directly into host cells or competing bacteria. The system is widely distributed 
among proteobacteria and is found in both clinically relevant strains as well as environmental stains 
and represents an important system for the study of both microbial ecology and virulence. Due to 
sequence and structural identity between T6SS components and structural bacteriophage proteins, 
the apparatus itself is believed to have arisen from a combination of genes from bacteria and 
bacteriophage. The current model of the T6SS apparatus consists essentially of an inverted phage 
body that is attached to the donor cell membrane complex. The phage-like structure can contract and 
force a sharp needle-point complex along with effector proteins into the target cell. The phage-derived 
components have received a considerable amount of attention and the mode of assembly is relatively 
well understood. However, little detailed information on the assembly and function of the membrane 
embedded complex is available. The first major goal of this thesis was to structurally characterise the 
proteins of the membrane embedded complex of the type six secretion system in order to shed light 
on the overall assembly and function of the T6SS apparatus proteins. The structures of IglE and TssL 
from Francisella novicida were solved by experimental methods using bromide and gold derivatives, 
respectively. These structures represent advancements towards characterising the FPI encoded 
T6SS at the molecular level. It was found that IglE is actually a cryptic homologue of the conserved 
core T6SS protein TssJ that brings the systems closer together phylogenetically. 
The structure of the periplasmic domain of TssL1 from Pseudomonas aeruginosa was also solved by 
molecular replacement and this structure represents a subset of evolved TssL proteins that bind 
peptidoglycan through an unknown mechanism. Biochemical and structural analysis probed this 
system but came short of a definitive model for peptidoglycan binding. The data collected from this 
study helps define the biochemistry behind the interaction of the T6SS and the bacterial cell wall that 
may have implications for localisation of the secretion apparatus. The translocated proteins of the 
T6SS are often bactericidal and attack the peptidoglycan, lipid bilayer or DNA of the target cell. 
However, one secreted substrate, Tse2 from P. aeruginosa is targeted to other neighbouring cells of 
the same species. This toxin shares no sequence identity with any known protein but has been 
shown to be toxic to not only bacteria but also yeast and mammalian cells. The structure of the 
complex between Tse2 and its immunity protein was solved by molecular replacement using the 
immunity protein structure. Elucidation of the structure allowed us to describe the molecular details of 
the inhibition of Tse2 by its cognate immunity protein. Another outcome of solving the structure was 
that we were able to glean structural identity of Tse2 with ADP-ribosylating toxins and led to the 
identification of the active site of Tse2. These results carry the molecular characterisation of this 
protein by suggesting that Tse2 may use a nicotinamide adenine dinucleotide dependent mechanism 
for its toxicity. This structure is the first co-structure of a cytotoxic T6SS substrate and this structural 
information may help us understand how a bacterium avoids self-intoxication. The structure of the 
complex implies that there may be an additional process involved in separating the toxin from 
immunity protein prior to secretion. 
 


