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Summary

Outline of the thesis
The initial aim of this thesis was to identify 
the essential components involved in 
the specialized type VII secretion (T7S) 
pathway ESX-5. To this end, several 
broad-scope studies were performed to 
identify and characterize the proteins 
that orchestrate transport. During these 
experiments, the goal also shifted towards 
gaining more general insight into the 
proteins present in the mycobacterial cell 
envelope and the molecules and processes 
involved in translocation across this 
complex structure. 

Chapter 1 is a review that describes the 
different identified pathways to transport 
proteins across the mycobacterial cell 
envelope. For translocation across the 
inner membrane the conserved general 
Sec and Tat pathways are mainly used, 
although some (unknown) virulence 
factors are transported via the accessory 
Sec pathway. The dedicated T7S systems, 
ESX-1 to ESX-5, transport proteins across 
both mycobacterial membranes. 

Several substrates for the ESX-5 
secretion pathway have been identified 
and many of them have an important role 
in virulence [1, 6]. However, a complete 
set of components essential for successful 
translocation is lacking. For instance, the 
outer membrane component of T7S is 
unknown. To identify novel components 
essential for secretion via ESX-5 we 
performed a genetic screen in Chapter 2 for 
secretion defects of a specific group of ESX-
5 substrates, PE_PGRS proteins. However, 
instead of finding mutants in the ESX-5 
secretion system, mutants were identified 
that were affected in biosynthesis of a 
particular glycolipid. These mutants were 
characterized for glycolipid biosynthesis 
and their role in infection of zebrafish 
embryos.

Our analysis in Chapter 2 did not 
reveal the putative outer membrane 
component of ESX-5. Identification of such 

a component is also difficult, because, 
although the mycolate outer membrane 
is a functional lipid bilayer, almost no 
proteins residing in this membrane have 
been identified so far [5]. To address this 
problem, Chapter 3 is dedicated to the 
development of a method to identify outer 
membrane proteins of the M. marinum cell 
envelope. Using fractionation procedures 
and differential detergent extraction 
combined with mass spectrometry analysis, 
we aimed to specifically enrich for proteins 
located in the mycolate outer membrane. 
The identified candidate proteins were 
further examined for modification and 
channel-forming properties, to determine 
whether they could function as porins in 
the mycolate outer membrane. 

In Chapter 4, we studied an attenuated 
M. marinum transposon mutant disrupted 
in secA2, the key component of the 
accessory Sec translocation pathway. The 
method to identify cell envelope proteins 
developed in Chapter 3 was employed to 
identify substrates for the accessory Sec 
pathway in this particular fraction, by 
comparing the cell envelope composition 
of a secA2 mutant with wildtype bacteria. 
Subsequently, we investigated if these 
substrates were responsible for the 
observed attenuation of this mutant. 
Interestingly, we could identify a SecA2-
dependent virulence factor that accounts 
for most characteristics of the attenuated 
phenotype of the secA2 mutants. 

In Chapter 5, we have come full 
circle by identifying the function of a 
novel ESX-5 component. In this chapter 
we investigated the role of a cytosolic 
component of the ESX-5 system, EspG5, 
which had been previously shown to be 
essential for the secretion pathway [1]. 
Using various co-purifications, we studied 
specific interactions of EspG5 with ESX-5 
substrates. 

Finally, Chapter 6 combines these 
results in a general discussion.


