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Summary    

   Mycobacterium tuberculosis, the causative agent of tuberculosis, remains one of the 
most devastating pathogens. Globally, over one-third of the world's population has 
been exposed to the tuberculosis bacterium, and new infections occur at a rate of 
one person per second. In total more than 8 million people become sick with 
tuberculosis every year, and nearly two million die of the disease. This is the 
highest rate claimed by a single infectious bacterial agent. 
   In this thesis I investigated in detail protein secretion by Mycobacterium species, 
with specific emphasis on the secretion of the mysterious PE and PPE proteins, 
using Mycobacterium marinum as a model. The PE and PPE gene families were one 
of the major surprises of the M. tuberculosis genome-sequencing project, because 
these gene families are unique for the mycobacteria and together they make up 
almost 10% of the coding region of the genome. However, thus far the exact 
function of these proteins is still largely unknown. The studies presented in this 
thesis are focused on several aspects of protein secretion mechanisms in 
mycobacteria. Increased knowledge of proteins secreted by pathogenic 
mycobacteria and the respective systems responsible for this may benefit the 
development of intervention strategies. In addition, the presented results have 
provided more insight in the value of M. marinum as a model for tuberculosis 
research.  
   In Chapter 1, a brief general introduction of tuberculosis is presented, including 
the basic principles of the mycobacterial cell wall and protein secretion. Chapter 2 
describes the current knowledge of a novel secretion system identified in 
mycobacteria, type VII secretion. The striking similarities between the type VII 
secretion systems in mycobacteria and related secretion systems in other Gram-
positive bacteria are also discussed. Finally, this chapter contains a description of 
the role of these secretion systems in virulence. Chapter 3 focuses on the genetic 
variation between different isolates of M. marinum and the effect of this strain 
variation on pathogenicity in adult zebrafish. This study shows that M. marinum 
isolates can be grouped, based on genetic analysis, into two distinct clusters, 
designated cluster I and cluster II. Strains belonging to cluster II gave rise to 
chronic infections in adult zebrafish, whereas infection with cluster I strains 
resulted in acute disease. This study also correlates specific M. marinum genotypes 
to virulence in humans. Finally, the results of Chapter 3 were used to further 
develop the M. marinum zebrafish infection model in our laboratory. 
   Once the tools to investigate M. marinum were established, my research focussed 
on the secretion of (potential) virulence factors. Chapter 4 describes the first 
experiments on this topic, where we decided to study the secretion of the small 
and soluble PPE41 protein. This study resulted in the identification of a novel 
protein secretion pathway in pathogenic mycobacteria, i.e. the ESX-5 pathway. 
This secretion system is present in all slow-growing pathogenic mycobacteria, but 
can not be identified in fast-growing species, such as Mycobacterium smegmatis. By 
introducing the complete ESX-5 locus we were able to successfully reconstitute the 
PPE41 secretion pathway in M. smegmatis. Subsequently, the secretome of the ESX-



5 system of M. marinum was determined, as described in Chapter 5. Here it is 
shown that ESX-5 is a major secretion pathway for mycobacteria, which is 
responsible for the extracellular accumulation of a large number of proteins, 
including probably all recently evolved PE and PPE proteins. Because of their high 
homology, PE/PPE proteins might have overlapping functions. By studying ESX-
5 mutants one can now evaluate the effect of all recently evolved PE/PPE 
proteins. This approach was followed in Chapter 6, where different aspects of the 
virulence and pathogenesis of the M. marinum ESX-5 mutant as compared to the 
wild-type strain are described. This study shows that ESX-5 effector molecules 
subvert the normal innate immune response of the macrophage and therefore, 
these ESX-5-secreted proteins are probably used by this bacterium to assert a 
profound inhibitory influence on its cellular host cell. Furthermore, this study 
shows that the ESX-5 pathway is probably involved in macrophage cell death, 
suggesting that this secretion pathway is a major determinant of mycobacterial 
virulence. Finally, in Chapter 7, the results of the previous chapters are discussed, 
with emphasis on strain variation, PE and PPE proteins and Type VII secretion 
system in mycobacteria. 
   All the experiments described in this thesis are performed on M. marinum, and 
although we hypothesize that these results also apply to M. tuberculosis, future 
experiments will have to prove this. If true, ESX-5 could be a major focus of 
mycobacterial research in the near future and hopefully we can use the generated 
knowledge of this pathway and its effector proteins to our advantage in the 
ongoing battle against this bacterial pathogen.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


	Summary

