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Intra- and interspecies gene transfer
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S. mitis?
S. oralis?



Genetic Evidence

of Virulence

of Gene Transfer
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The success of one major class of mosaic pbp2x genes
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Mosaic Genes - Mosaic Chromosomes?



Genomes

Streptococcus pneumoniae R6
2.04 Mb Streptococcus pneumoniae TIGR 4

2.16 Mb

Streptococcus mitis B6
2.14 Mb

Pathogens Commensals
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Comparative Genomic Analysis
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Genomic Comparison of Streptococcus pneumoniae
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Hakenbeck et al. 2001. Infect Immun.69:2477-86.
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TIGR specific clusters versus R6
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316 kb
"floating material" 

in 20 S. pneumoniae

Comparison of 20 S. pneumoniae strains
(TIGR array)
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16 (partial) genomes: 1.550 kb core genome (Hiller et. al., 2007. J. Bacteriol.)
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S. pneumoniae 
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MLST analysis of Streptococcus sp. 
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S. oralis 

S. pneumoniae 

S. mitis

One pbp2x gene family
in three 'species'
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Kilian et al., PLoS ONE 3: July 2008

S.mitis

S.pneumoniae

S.oralis

S.infantis

S.pseudopneumoniae

tree based on 
ddl, gdh, rpoB, and sodA



In vitro antibiotic susceptibilities of Streptococcus mitis B6

MIC (µg/ml)

Penicillin G >32 Erythromycin 0.19

Cefotaxime >32 Clindamycin 0.125

Piperacillin >256

Gentamicin >1024

Cephalothin >256 Tobramycin >256

Cefepime >32

Cepodoxime >256 RP59500 1.5

Cefpirome 64 Sparfloxacin 0.75

Cefuroxime >256

Ceftazidime >256 Tetracyclin r

Imipenem 2.0 Chloramphenicol s

Meropenem 2

Streptococcus mitis B6:
A high level beta-lactam and multiple antibiotic resistant strain

König, A., et al.. 1998. Microb. Drug Res. 4: 45-49



40.74 GC

Streptococcus mitis B6

prophage ΦΦΦΦB6
44,2 kb

tet(M) cluster
27,3 kb

ser-rich cell
surface protein
cluster
34,4 kb

aminoglycoside 
resistance
25,4 kb

163 kb in six clusters

V-type ATPase
15,5 kb

conserved / hypothetical
16,2 kb

GC skew

(G-C)/G+C) 

GC%



Streptococcus pneumoniae virulence factors

PROTEINS RELEASED UPON AUTOLYSIS
pneumolysin
autolysin SECRETED PROTEINS

neuraminidase
hyaluronidase

BACTERIOCINS

Phase variation (blood versus mucosa)

CELL WALL POLYSACCHARIDES
capsule
peptidoglycan
choline containing WTA, LTA

LPXTG

LXXC
lipoproteins

CBPs 

cell wall associated proteins
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