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General Introduction and Scope of this Thesis 
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1. General Introduction 

Bacteria are well-known microorganisms that have always had a profound influence on our 

planet. These single-celled organisms have been present on earth since nearly 3.5 billion years 

[1]. They were first described in the 1670s by Van Leeuwenhoek, who made the first 

observations of bacteria with his self-made microscopes [2]. Subsequently, bacteria were 

found in almost every habitat on earth, such as the soil, water, rock and even extreme 

environments like the deep sea, deserts and hot springs. Some bacteria have selected human 

beings and other mammals as their ecological niche. In fact, bacteria in and on the human 

body outnumber the human cells about ten-fold [3]. Many of these bacteria are harmless or 

even beneficial for the human body. For instance, bacteria living in the human gut supply their 

host with essential nutrients [4]. On the other hand, some bacteria are malignant, causing 

severe invasive diseases in humans and animals. Yet other, apparently harmless but 

opportunistic bacteria, can colonize their host asymptomatically for many years, only causing 

infections when given the chance by a weakened immune system or breached integumentary 

barriers. 

Staphylococcus aureus infections 

One of the best-known opportunistic pathogens is the here presented bacterium 

Staphylococcus aureus. This bacterium was first described in 1880 by Alexander Ogston, who 

identified it in the surgical abscess from a patient [5]. S. aureus is a Gram-positive and sphere-

shaped bacterium, with a diameter that ranges between 0.5 – 1.5 µm. This coccoid bacterium 

tends to be arranged in clusters resembling grapes, from which phenotype the name 

Staphylococcus was derived. S. aureus colonizes the anterior nares, skin and/or perineum of 

approximately 30% of healthy people without apparently causing any adverse effects [6]. 

Nonetheless, S. aureus can infect almost every tissue or organ of the human body, which may 

give rise to a wide spectrum of diseases. Most frequently observed are minor skin and soft-

tissue infections, including abscesses, pimples, impetigo, cellulitis, folliculitis and carbuncles. 

However, under certain circumstances, S. aureus may gain access to the bloodstream and 
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ultimately cause severe and life-threatening diseases, such as sepsis, pneumonia and infective 

endocarditis. Furthermore, some enterotoxin-producing strains of S. aureus cause food 

poisoning [7].  

Staphylococcal antibiotic resistance 

Until antibiotics became available, mankind has been powerless against S. aureus infections, 

leading to innumerable deaths. This situation changed dramatically by the discovery of 

penicillin, the world's first clinically effective antibiotic, which has saved approximately 200 

million lives from bacterial infections, including those caused by S. aureus [8]. Unfortunately, 

S. aureus developed resistance against penicillin already two years after its first introduction 

for clinical use. This resistance is mediated by acquisition of the blaZ gene, which encodes a 

β-lactamase that hydrolyzes the β-lactam ring of penicillin, thereby inactivating the drug [9]. 

By the late 1960s, more than 80% of all staphylococcal isolates were resistant to penicillin. 

The growing penicillin resistance in S. aureus motivated the development of methicillin, a 

semisynthetic β-lactamase-resistant penicillin, which was introduced into the clinic in 1960. 

Sadly, one year later the first methicillin-resistant S. aureus (MRSA) isolate was identified. 

MRSA is resistant to all β-lactams due to acquisition of the mecA gene, which encodes for a 

penicillin-binding protein (PBP2a) with lowered affinity for a wide range of β-lactam antibiotics. 

The mecA gene is contained in a mobile genetic element called the ‘Staphylococcal Cassette 

Chromosome’ mec (SCCmec) that is integrated into the bacterial chromosome. As a result, S. 

aureus strains that synthesize PBP2a can grow in the presence of β-lactams, which makes 

MRSA infections difficult to treat and control [10].  

Epidemiology of MRSA 

MRSA isolates were first reported among hospitalized patients in a London hospital in 1961 

[11]. Since then, MRSA has spread among the worldwide population and become renowned 

as a public-health threat, causing increased mortality, morbidity and length of hospital stay 

[12, 13]. In the past decades, the epidemiology of MRSA has changed dramatically with the 

emergence of new lineages. Initially, MRSA was exclusively found in hospitalized patients, 



 

10 
 

becoming a common cause of nosocomial infections, such as surgical wound infections and 

ventilator-associated pneumonia [14]. Such MRSA infections were generally regarded as 

healthcare-associated MRSA (HA-MRSA). However, in the 1980s and 1990s, new MRSA 

lineages emerged that circulate amongst healthy people in the community, outside of hospital 

settings. The most common infections caused by such community-acquired MRSA (CA-MRSA) 

lineages are skin and soft tissue infections (SSTIs), but they may also cause severe invasive 

infections, such as sepsis, necrotizing pneumonia and necrotizing fasciitis [15]. Generally, CA-

MRSA strains tend to carry an SCCmec cassette smaller than the one that is typically found in 

HA-MRSA strains, and most of these strains display low-level resistance to non-β-lactam 

antibiotics. The majority of CA-MRSA strains harbor the lukS-PV and lukF-PV genes, encoding 

the cytotoxin Panton-Valentine leucocidin (PVL), which causes leukocyte lysis and tissue 

necrosis [16]. In addition, most CA-MRSA isolates also express higher levels of cytolytic toxins, 

including α-toxin and phenol-soluble modulins (PSMs), but the contribution of these toxins to 

CA-MRSA virulence is variable [17]. In the 2000s, a serious CA-MRSA outbreak was reported 

in the USA, which was caused by the notoriously infectious USA300 lineage. The numbers of 

infections caused by this MRSA lineage have become even higher than those caused by 

HIV/AIDS and, consequently, it has become the leading cause of death by a single infectious 

agent [18]. Since then, CA-MRSA has been introduced from the community into hospital 

settings, which has led to an important epidemiological change in MRSA infections. CA-MRSA 

clones have, in fact, replaced HA-MRSA clones in many countries, displaying higher 

transmission rates and virulence than HA-MRSA clones [15].  

Over the past 15 years, a third type of MRSA has been identified, typically among livestock 

and humans exposed to livestock. These strains, termed livestock-associated MRSA (LA-MRSA), 

have now spread all over the world [19]. LA-MRSA possesses distinct features that distinguish 

it from the classical HA-MRSA and CA-MRSA lineages. LA-MRSA isolates are commonly 

associated with the multi-locus sequence type (MLST) 398 (ST398), which belongs to the clonal 

cluster 398 (CC398). This type of LA-MRSA is the most prevalent livestock-associated lineage 

causing zoonotic diseases in many counties, primarily in Europe, but also in North America, 
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Africa, and Asia [19]. LA-MRSA CC398 has been isolated from a broad spectrum of livestock 

species, such as cattle, dogs, chickens and horses, but pigs are their primary host. Since its 

discovery, LA-MRSA CC398 has been known to transmit directly or indirectly from livestock to 

humans. In most cases, this resulted in moderate infections, such as SSTIs, and only 

occasionally severe invasive infections were observed. It was proposed that this related to the 

fact that most of these LA-MRSA strains lack the genes for important human-specific virulence 

factors, such as PVL [20]. Since 2009, the epidemiology of LA-MRSA CC398 has changed due 

to the emergence of a livestock-independent ST398 methicillin-sensitive S. aureus (MSSA) 

lineage, which was first observed in community households in Northern Manhattan [21]. Since 

then an increasing number of ST398 MSSA infections, caused by human to human 

transmission, has been reported in China and Northern Europe. Reported cases of colonized 

individuals showed that this new human-originated sub-population of ST398 was capable of 

causing severe and even fatal infections, including necrotizing pneumonia and invasive 

bloodstream infections, especially in young healthy individuals [22]. Genomic analyses 

revealed that a main characteristic of these human-originated ST398 MSSA isolates is the 

acquisition of the β-haemolysin (hlb) converting prophage ϕSa3, which carries the human-

specific immune evasion cluster (IEC) genes chp and scn [22]. The respective encoded proteins, 

the neutrophil chemotaxis-inhibiting protein (CHIPS) and the staphylococcal complement 

inhibitor (SCIN), cause an inhibition of phagocytosis and killing of S. aureus by human 

neutrophils and, thereby, they facilitate the evasion of innate host defense mechanisms. In 

addition, the ϕSa3-borne IEC gene sak, encoding the defensin inhibitor staphylokinase (SAK), 

is also detected in some of these highly infectious ST398 MSSA isolates. The phage-mediated 

acquisition of the IEC genes may explain, at least in part, the more severe infections caused 

by this new sub-population of MSSA with ST398 [23]. Thus, the prevalence of these highly 

host-adaptable ST398 strains, and especially the meteoric rise of the ST398 MSSA clone in the 

community, adds significantly to the public health threat imposed by S. aureus infections. 

Molecular typing of S. aureus 

Molecular typing of clinical S. aureus isolates allows their assignment to the different lineages 
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of this important pathogen. It thus provides crucial information to understand the rapid 

spread, the complex population biology, and the infectious status of this rapidly evolving 

pathogen. Typing also allows the detection of MRSA outbreaks in hospitals and the community, 

or among livestock, providing a rational basis for effective surveillance and control strategies. 

To facilitate the typing of S. aureus, a variety of molecular approaches with highly 

discriminatory power has been developed in the past decades [24]. Among these methods, 

gel-based typing techniques, such as pulsed-field gel electrophoresis (PFGE) and multiple-

locus variable number tandem repeat (VNTR) analysis/fingerprinting (MLVA/MLVF), and 

sequence-based typing techniques, such as staphylococcal protein A (spa) typing, the afore-

mentioned MLST and whole-genome sequencing (WGS) have been, or are being widely used 

for molecular epidemiological analyses in laboratories around the world [24].  

Before introduction of the sequence-based typing techniques, PFGE was regarded as the ‘gold 

standard’ in typing of S. aureus for infection control and outbreak analysis in many countries 

[24]. PFGE is a fingerprinting method based on the restriction of whole DNA with a rare-cutting 

enzyme. The enzyme SmaI is generally used for S. aureus and the digestion products are then 

separated using pulsed-field gel electrophoresis. Based on the resulting banding patterns, 

investigated isolates can be assigned to a specific PFGE profile（e.g. S. aureus USA300, USA400 

and USA500). Although this method has a high discriminatory power, PFGE is relatively labor-

intensive and expensive. MLVF is an easy, rapid and cost-effective typing method, based on 

the analysis of polymorphisms in VNTR regions of seven chromosomal genes (sspA, spa, sdrC, 

sdrD, sdrE, clfA and clfB) [25]. The number of repeated units at the same locus, which varies 

for isolates from different lineages, can be visualized by PCR with flanking primers, and the 

resulting pattern of PCR-amplified fragments is therefore indicative for the relationships 

between isolates [26]. MLVF has the highest discriminative power among PCR-based 

molecular typing methods, and it is highly suitable for the identification of S. aureus outbreaks 

and strain transmission events. However, traditional PFGE and MLVF typing methods are 

based on the separation of PCR fragments using conventional agarose gel electrophoresis or 

microfluidic chips, which limits their reproducibility and accuracy. Moreover, the inter-
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laboratory comparison is challenging since both of these typing methods do not produce 

readily portable data [27].  

The more advanced typing methods are sequence-based, and focus on sequence variations of 

a single locus, multiple loci, or even whole genomes [25]. Spa-typing is a popular method 

based on single-locus sequencing of the S. aureus-specific Staphylococcus protein A gene (spa). 

The spa gene contains a highly polymorphic X-region composed of different short tandem 

repeats. Sequencing of this region allows the designation of investigated S. aureus isolates to 

different spa-types. Major advantages of spa-typing are that it produces portable data and 

that it is easy to compare the results obtained from different laboratories over time via a web-

based spa-server [28]. In addition, spa-typing is also an easy, relatively cheap and rapid typing 

method. However, since spa-typing only addresses a single locus, it is less discriminatory than 

PFGE. Another highly popular sequence-based typing method, MLST, is based on sequencing 

the internal fragments of seven housekeeping genes (arcC, aroE, glpF, gmK, pta, tpi, and yqiL) 

of S. aureus, providing unique allelic profiles defined as sequence types (STs) [29]. Using the 

clustering algorithm BURST (based upon related sequence type), related STs can be further 

grouped into clusters designated as clonal complexes (CC)s [30]. Since MLST is based on DNA 

sequence analyses, and since the data produced with this method can be stored in a large 

central database via the online MLST-server, it allows the exchange of results obtained from 

different laboratories thereby providing a powerful resource for global epidemiological 

studies on the emergence and spread of different S. aureus lineages. However, besides the 

high cost of DNA sequencing and the labor intensity, the major issue for MLST is that this 

method only uncovers variations in the core genome, while many of the accessory genes that 

may be present in the vast majority of different S. aureus isolates remain undetected.  

In recent years, there has been a tendency in the field of bacterial molecular typing to replace 

the traditional Sanger sequencing by next-generation WGS technologies. In WGS the entire 

DNA of a microorganism is analyzed, giving maximal insights into the full diversity of the S. 

aureus genome on a global scale. As shown by Salipante et al, the resolution of WGS-based 

typing methods has exceeded the discriminatory power of PFGE, which was so far regarded 
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as the most discriminative typing method [31]. Moreover, an overwhelming advantage of 

WGS over other molecular typing methods is that the data provides a wealth of genetic 

information, such as putative antibiotic resistances, the pathogen's array of antigens, and 

virulence factors [24]. Since this typing technique provides the best resolution for assessment 

of the genetic relatedness of different isolates, it seems most likely that, in the near future, 

WGS will become the most preferred typing method for epidemiological investigations of S. 

aureus.  

Proteomics studies on S. aureus  

In the last decades, the emergence of the so-called ‘omics’ technologies (e.g. genomics, 

transcriptomics, proteomics, metabolomics), and the subsequent combined ‘multi-omics’ 

application of these technologies, have revolutionized the field of biology. This relates to the 

fact that ‘omics’ techniques provide a molecular perspective on complex biological systems at 

a global scale [32]. In 1995, the first complete genome sequence of a living organism, the 

Gram-negative bacterium Haemophilus influenzae Rd, was published [33]. Since then, an 

increasing number of studies has started to utilize sequence-based approaches for analysis of 

the genetic constitution of a wide range of organisms, including microorganisms, plants and 

even humans. However, a major drawback of DNA sequencing is that it mirrors only the 

genetic ‘blueprint’ of a living creature, whereas the actual transcriptional activity of the 

encoded genes remains unknown. Therefore, a range of transcriptomic methods has been 

developed for measuring the complete set of RNA transcripts that are produced from the 

genomic template. However, the transcriptome is often not fully mirrored by the proteome, 

which represents the final product of genome-wide gene expression. Moreover, the proteome 

is inherently more complex and dynamic than the genome itself. Since it is currently not 

possible to predict the actual protein composition of a cell solely from the genome sequence, 

it is necessary to implement high-throughput proteomics technologies to obtain in-depth 

insights into the actual end products of gene expression. Importantly, these proteomics 

technologies do not only allow global protein identification and quantification, but they can 

also provide information on post-translational modifications, subcellular locations, 
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degradation, and biological functions, thereby ‘bringing to life’ the genome sequence and 

allowing a detailed understanding of gene functions [34].  

The proteomic investigation of S. aureus started when WGS was first applied to characterize 

two related MRSA strains in 2001 [35, 36]. Nowadays, the complete genome sequences of a 

huge number of S. aureus strains are available in various publicly accessible databases. 

However, despite this wealth of information, there are still many S. aureus gene and protein 

functions poorly understood. So far, proteome analyses have been successfully applied for the 

exploration of the cellular functions and processes in S. aureus with particular focus on 

virulence determinants to uncover the diverse mechanisms underlying S. aureus pathogenicity. 

It can thus be foreseen that, in the not too far future, proteomics coupled with DNA-based 

typing approaches will lead to a better understanding of staphylococcal epidemiology, 

virulence and the critical determinants for staphylococcal fitness in hospital-, community-, or 

livestock-specific lineages of S. aureus.  

S. aureus virulence factors 

The various strategies used by S. aureus to cause a broad range of infections in the mammalian 

host are facilitated by a wide array of virulence factors, which allow this pathogen to colonize 

and later infect its host. In general, virulence factors can be divided into cell surface-associated 

and secreted factors according to the pathogenic course of S. aureus infections (Fig. 1). 

Adherence of S. aureus to host cells and tissues to initiate the colonization process is facilitated 

by cell surface-associated proteins, most of which are referred to as 'microbial surface 

components recognizing adhesive matrix molecules' (MSCRAMMs) [35, 36]. These molecules 

are exported from the cytoplasm with an N-terminal signal peptide and enable binding to 

prominent components of the host’s extracellular matrix or blood plasma proteins, as 

exemplified by collagens, fibrinogen and fibronectin [37, 38]. Members of the MSCRAMMs 

family include staphylococcal protein A (SpA), two related fibronectin-binding proteins (FnbpA, 

FnbpB), clumping factors (ClfA, ClfB), a collagen-binding protein (Cna), and serine-aspartate 

repeat-containing proteins (SdrC, SdrD, SdrE). It has to be noted that some MSCRAMMs can 

also interfere with the host immune responses, as exemplified by SpA which is known for its 
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high affinity for the Fc part of immunoglobulins G (IgG). This property of SpA protects S. aureus 

against opsonization, thereby aiding in the bacterial resistance to phagocytic intake by host 

immune cells [39]. Other examples are ClfA and Cna, which mediate the binding of 

complement regulatory proteins to obstruct activity of the complement system [40]. In 

addition, the S. aureus capsular polysaccharide (CP), which is covalently anchored to the cell 

wall peptidoglycan, is also considered as an important cell surface-associated virulence factor 

that protects S. aureus against complement binding and subsequent phagocytic killing by 

neutrophils, allowing bacterial persistence in the bloodstream [41].  

 

 

Figure 1. Schematic overview of the virulence factors produced by S. aureus 

 

Contrary to the cell-surface associated virulence factors that are generally used in defensive 

strategies during the early stages of infection, the secreted virulence factors are generally 

employed in the more aggressive bacterial strategies for host invasion upon successful 

colonization. These secreted proteins, including cytolytic (pore-forming) toxins, superantigens 

immune evasion factors and various enzymes, are mainly employed to damage host cells or 
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tissues, in order to release nutrients for bacterial growth and spread within the host [42]. 

S. aureus secretes a large number of exotoxins that have cytolytic activity due to their ability 

to form β-barrels or short-lived pores in the plasma membrane of host cells, leading to the 

leakage of cellular content or even host cell lysis. These cytolytic toxins mainly include 

hemolysins (Hla, Hlb, Hlγ) that can insert into host cell membranes and cause osmotic cytolysis 

of macrophages and platelets [43], leukocidins (LukD, LukE, LukM) that are particularly 

cytolytic towards human leukocytes [44], the PVL that is produced by the majority of CA-MRSA 

strains and that is often associated with severe infections [45], and the PSMs that represent a 

more recently discovered family of amphipathic cytolytic peptides with broad activity against 

many human cell types, including polymorphonuclear neutrophils, erythrocytes, and 

leukocytes [46]. Of note, cytolytic activity is exclusively displayed by the α-type PSMs. In 

addition to their cytolytic activity, PSMs also seem to contribute to S. aureus pathogenesis in 

a variety of strategies, including the assistance in biofilm formation, evasion of killing by host 

immune cells, and motility over wet surfaces [47]. 

S. aureus secretes also a special group of exotoxins that exhibit superantigen activity. Such 

superantigens have the ability to trigger excessive immune responses in the host by inducing 

aberrant T-lymphocyte proliferation and, consequently, they cause a massive release of 

inflammatory cytokines that can lead to host cell death [48]. The superantigens include the 

toxic shock syndrome toxin-1 (TSST-1), the staphylococcal enterotoxins (SEA, SEB, SEC, SED, 

SEE, SEG, SEH, and SEI) and the exfoliative toxins (ETA, ETB and ETD). S. aureus strains 

expressing enterotoxins are commonly associated with food poisoning, while TSST-1 is 

associated with the toxic shock syndrome, and exfoliative toxins have been implicated in the 

staphylococcal scalded skin syndrome (SSSS) [49]. 

Immune evasion factors are also secreted by S. aureus [50, 51]. These proteins enable 

suppression of the host’s innate or adaptive immune responses. This group of virulence 

factors includes a variety of proteins, like the afore-mentioned SCIN, CHIPS, SAK and Spa 

proteins, the formyl peptide receptor-like-1 inhibitory protein (FLIPr), the extracellular 

fibrinogen binding protein (Efb) and the extracellular adherence protein (Eap). The SCIN, 
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CHIPS and SAK proteins, encoded by the highly human-specific IEC gene cluster, have 

important effects on the host’s innate immune defenses. SCIN obstructs assembly of so-called 

C3 convertases on the bacterial surface, thereby preventing activation of the complement 

system. CHIPS block the neutrophil formyl peptide receptor (FPR) and the C5a receptor, which 

prevents neutrophils from responding to chemo-attractants. SAK binds to α-defensins and 

prevents the activation of their antimicrobial activity [52]. SpA not only binds IgG, but it also 

inhibits activation of the classical complement pathway and binds to the TNFα receptor [53]. 

Likewise, the second immunoglobulin-binding protein (Sbi) binds IgG and the complement 

protein C3. The Efb protein binds the C3d complement component and, as a consequence, it 

prevents complement activation and opsonophagocytosis [54]. The FLIPr and Eap proteins act 

most likely in concert with the CHIPS protein, since both of them block specific neutrophil 

receptors and prevent neutrophils from responding to the site of infection [55].  

Lastly, S. aureus employs various enzymes to disrupt the host defenses and host cell integrity. 

This is exemplified by the proteases aureolysin and V8 that degrade antimicrobial peptides 

like the cathelicidin LL-37, and by the β-hemolysin that has phospholipase activity and 

hydrolyses the membrane lipid sphingomyelin [56, 57].    

Altogether, the cell surface-associated and secreted virulence factors produced by S. aureus 

play crucial roles in the colonization of host cell surfaces, disruption of host tissues or 

interference with the host immune system. As such, these factors are the key players in the 

subversion of human and animal host cells by S. aureus.  

 

2. Scope of this Thesis 

S. aureus in general, and MRSA in particular, represent a serious threat for public health 

worldwide since the 1960s, causing substantial morbidity and mortality. The epidemiology of 

MRSA has changed drastically over past decades especially due to the emergence of highly 

transmissible community- and livestock- associated lineages, which have made this pathogen 

an even more serious threat. To effectively prevent the spread of highly virulent MRSA 
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lineages in years to come, there is a great need to develop novel approaches to dissect the 

determinants for epidemic behavior and virulence, and to identify markers that distinguish 

the high-risk clones. Therefore, the main objective of the research presented in this thesis was 

to pinpoint the most important lineage-specific virulence factors that can serve as biomarkers 

for infection prevention with the possibility of discovering as yet unknown virulence factors 

of S. aureus. To achieve this objective, a combination of high-throughput proteomics analyses, 

DNA-based typing approaches, and infection models was applied to assess the virulence 

potential of two highly transmissible S. aureus lineages, referred to as S. aureus with spa-type 

t437 and S. aureus ST398. In addition, the research described in this thesis addresses the 

interactions between S. aureus and other bacteria in a chronic wound environment. A general 

introduction to this research with respect to staphylococcal infections, antibiotic resistance, 

epidemiology, molecular typing and virulence is presented in Chapter 1. 

Chapter 2 of this thesis provides a detailed survey of exoproteome heterogeneity among 

closely related S. aureus t437 isolates and its possible implications for virulence. The S. aureus 

lineage with spa-type t437 was previously identified as a predominant and genetically 

homogeneous CA-MRSA clone in Asia that is spreading across Europe. The results presented 

in Chapter 2 show that, despite the high degree of genomic relatedness within this lineage, its 

exoproteome is highly heterogeneous. This relates especially to a differential abundance of 

extracellular cytoplasmic proteins, also known as ECPs. Moreover, the results allowed a 

separation of 20 representative clinical isolates into three groups and nine sub-clusters with 

different exoproteome abundance profiles. This grouping of the clinical isolates can be related 

to the strains’ actual virulence based on assessments in infection models that made use of the 

greater wax moth Galleria mellonella and the HeLa tumor cell line. 

Chapter 3 of this thesis presents the proteomic and virulence signatures that distinguish 

livestock-associated and human-originated isolates of the S. aureus ST398 lineage. A 

remarkable observation was that the exoproteomes of the human-originated strains were 

more similar to each other than the exoproteomes of the LA-ST398 strains, despite the fact 

that the latter strains were more closely related to each other. More importantly, correlation 
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of the identified virulence factors to the strains’ actual virulence uncovered critical 

determinants for the virulence of livestock-associated and human-originated S. aureus ST398 

strains, which may represent relevant targets for future therapeutic interventions against 

staphylococcal infections. 

Chapter 4 of this thesis addresses the question whether pathogen-pathogen interactions in 

the microbiome may soothe virulence. More specifically, this study was aimed at exploring 

bacterial niche adaptations and interactions among pathogenic and commensal bacteria to 

obtain a better understanding of the fitness of S. aureus in the human host. To this end, 

changes in S. aureus gene expression, gene regulation and virulence were investigated upon 

co-culturing of S. aureus with co-resident chronic wound isolates of Klebsiella oxytoca and 

Bacillus thuringiensis. Altogether, the results show that the presence of K. oxytoca or B. 

thuringiensis leads to massive rearrangements in the S. aureus physiology and a substantial 

reduction in virulence.  

At last, Chapter 5 summarizes the main findings and conclusions presented in this thesis. This 

chapter also provides an overall discussion with focus on future perspectives for research into 

the complex network of different cell-associated and secreted proteins that underlies S. 

aureus virulence. 
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