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Summary 

Streptococcus suis is a major cause of infections in piglets, leading to meningitis, 

arthritis and septicemia. Occasionally, S. suis can cause meningitis, arthritis or endocarditis in 

humans. Due to costs of prevention of disease and treatment and loss of animals, S. suis 

infections lead to economical losses in the pig industry. Control of the disease is hampered by 

lack of protective vaccines and sufficient, and sensitive diagnostic tools. To overcome these 

shortages, insight into the pathogenesis of S. suis infections is required. In this thesis, the 

identification and characterization of potential new virulence factors of S. suis and their role 

in the pathogenesis of S. suis infections is described. 

To identify new virulence factors of S. suis we chose to use a subtractive phage 

display strategy to isolate antibody fragments that recognize epitopes specific for a pathogenic 

S. suis serotype 2 strain, compared to a non-pathogenic serotype 2 strain. Using purified EF 

protein, or intact S. suis cells, we could successfully select for antigen specific phage 

antibodies. With the subtractive selection procedure, one distinct phage antibody that 

recognized EF was identified by using DNA fingerprinting and Western blotting. These 

experiments confirmed that the subtractive selection strategy was also successful (Chapter 

2). However, we also showed that using this monoclonal phage antibody recognizing EF, no 

differences could be detected in an ELISA between EF-positive culture supernatant of a 

pathogenic S. suis strain, and EF-negative culture supernatant of a non-pathogenic S. suis 

strain. We showed, this is probably due to the low affinity of the phage antibodies present in 

the Griffin. 1 library (Chapter 3). Therefore, this technique was not suitable for the 

identification of new virulence factors of S. suis. 

Due to this technical problem, another strategy was used to identify virulence factors 

of S. suis. Assuming that any function that contributes to the fitness of a pathogen within a 

host may be viewed as a virulence factor, the "in vivo expression technology" (IVET) system 

was applied to S. suis . The IVET system was used to select environmentally regulated genes. 

Two different selection conditions have been used: in vitro selection under iron-restricted 

conditions, and in vivo selection in piglets, the natural host of the infection. In total 38 

environmentally regulated promoters have been selected. The presence of the environmentally 

regulated genes in all 35 5. suis serotypes was studied using hybridization with the amplified 

genes as probes. In addition, the presence among the different virulence phenotypes of 
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CHAPTER 9 

serotypes 1 and 2 was studied, as well as among other streptococcal and non-streptococcal 

species which may be present in pigs. One of the genes that was homologous to a response 

regulator, was shown to be exclusively present in virulent phenotypes of serotypes 1 and 2, 

and is therefore suitable as a diagnostic parameter. Only one probe was S. suis specific. This 

probe was identical to the epf-gem, encoding EF. Nearly half of the probes (45%) hybridized 

with the oral streptococci (Streptococcus oralis, Streptococcus milleri, Streptococcus sanguis, 

Streptococcus gordonii, and Streptococcus mitis) and with Streptococcus pneumoniae. 

indicating that a close relationship between S. suis and these streptococci exists, with respect 

to the selected environmentally regulated genes (Chapter 4). 

Based on the distribution of the environmentally regulated genes among S. suis 

serotypes and phenotypes, and the homology of environmentally regulated genes to DNA 

sequences found in the database, a selected number of environmentally regulated genes was 

characterized in more detail. One of the putative virulence factors selected for further 

analysis, was homologous to a fibronectin- and fibrinogen binding protein. We demonstrated 

that this fibronectin- and fibrinogen-binding protein of S. suis (FBPS) could bind fibronectin 

and fibrinogen very efficiently in vitro, thereby confirming the predicted function of this 

protein. Besides, we showed that FBPS reacted with a convalescent serum of a piglet that 

survived an S suis infection, indicating that FBPS is expressed in vivo. These data suggest 

that FBPS is an attractive vaccine candidate. Subsequently, the role of FBPS in the 

pathogenesis of S suis serotype 2 in piglets has been determined. An isogenic knock-out 

mutant of the ßps-gene has been tested in a competitive challenge experiment in piglets, to 

determine the relative attenuation of this mutant compared to the wild-type strain. We showed 

that the FBPS knock-out mutant colonized the tonsils of the piglets very efficiently, but was 

attenuated in colonizing the specific organs. Therefore, FBPS plays a role in the pathogenesis 

of S suis serotype 2, and is a novel virulence factor of S. suis (Chapter 5). 

Another gene studied in more detail encoded a lipoprotein signal peptidase (SP-ase II) 

of S suis (LspS). SP-ase II is involved in the removal of the signal peptide from glyceride 

modified prolipoproteins. We showed that LspS was functional as signal peptidase II in E. 

coli by using an in vitro globomycin assay. With this assay we demonstrated that 

overexpression of LspS in E. coli increased the globomycin resistance. The role of LspS in 

the pathogenesis of 5. suis infections was studied in vivo. An isogenic knock-out mutant of 

LspS was tested in a competitive challenge experiment in piglets, to determine its relative 
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attenuation compared to the wild-type. It was shown that the mutant was not attenuated, 

indicating that either lipoproteins are not involved in the pathogenesis of S. suis infection, or 

that lipoproteins are still functional in the knock-out mutant. This could either be due to 

alternative processing of lipoproteins, or due to the fact that unprocessed lipoproteins can 

elicit their natural function (Chapter 6). 

A response regulator selected for characterization was shown to be involved in the 

pathogenesis of S. suis. We showed that an isogenic knock-out mutant of this regulator 

colonized the tonsils of the piglets very efficiently, but that the mutant was attenuated in the 

colonization of the S. saw-specific organs. This suggests that this regulator, regulates the 

transcription of virulence factors. We showed that RevS (regulator of virulence of S. suis) 

does not regulate the expression of the known virulence factors MRP, EF, suilysin and FBPS. 

Protein expression profiles of wild-type and RevS-mutant strains showed that one protein is 

repressed by RevS in vitro. However, it seems likely that with a higher resolution, e. g. on 2D 

gels, more target proteins can be identified. In conclusion, RevS is clearly shown to be 

involved in the pathogenesis of S. suis and is therefore a novel virulence factor (Chapter 7). 

Summarizing, two novel virulence factors of S. suis have been identified, RevS and 

FBPS. Both proteins can contribute to control and prevention of S. suis infections in the field. 

RevS can be used to improve the current diagnostic tools. A PCR-assay based on the revS 

gene, can be used to detect virulent phenotypes among serotype 1 and 2 strains. FBPS is very 

attractive as a vaccine candidate to include in a subunit vaccine. 
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