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Examining Virulence in 

Streptococcus pneumoniae by 



Outline

• R6 is an unencapsulated, avirulent strain of S. pneumoniae, 

one of the leading causes of death in the US

• Genome sequencing reveals R6 possesses some virulence 

genes, but a large deletion of capsule biosynthesis genes

• SpR6 is a model organism database for S. pneumoniae 

which provides nucleotide, protein, and organism 

information



Streptococcus pneumoniae: The Infectious 

Agent of Pneumonia

• One of the top 10 causes of death in 

the United States

• One third of patient isolates in the 

US are penicillin resistant

• Research focuses on determining 

putative virulence genes and 

antibiotic targets

• Gram-positive coccus bacteria whose primary metabolic 

product is lactic acid

http://textbookofbacteriolog

y.net/PHILspbloodGram.jpg
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The R6 Strain: An Avirulent Version for 

Labratory Testing

• Descendant of the type 2 capsule S clinical isolate 

(Avery et al., 1944)

• No polysaccharide capsule

-Avirulent and safe to work with

-Genetically malleable



The Genome of S. pneumoniae 

 Shot-gun sequencing with sequence spanning PCR and 

custom primers end-contig sequencing to fill in gaps

 Single circular chromosome of 2.04 bbp (40% G+C)

 2,043 protein coding regions and 73 noncoding RNA genes

 Differentiated from virulence strains by a 7,504 bp 

deletion from capsule biosynthesis genes



Gene no. Gene name Description

spr0121 pspA

Surface protein (choline binding), functions in inhibition of 

complement activation and may involve lactoferrin binding 

(30, 48)

spr0286 hysA Hyaluronidase (30)

spr0674 sodA Manganese cofactored superoxide dismutase (30)

spr0867 lytB Endo-beta-N-acetylglucosaminidase (15)

spr0884 ppmA Surface-located proteinase maturation protein (33)

spr1042 iga Immunoglobulin A1 protease (49)

spr1323 nox (nadH) NADH oxidase (1)

19 R6-encoded proteins that have been studied for a role in S. 

pneumoniae virulence or as protective antigens to S. pneumoniae



14 Possible/probable drug efflux pumps encoded by S. pneumoniae R6
Orthologs play a role in drug resistance that does not appear in the R6 strain

Gene no. Gene name Description

spr0137
ABC-

NBD&MSP

This is similar to the E. coli msbA gene, which is proposed 

by Milton Saier, Jr., and Ian Paulsen to function in drug 

efflux

spr0144
Conserved 

hypothetical

Possible macrolide efflux permease of the major facilitator 

superfamily

spr0610

ABC-

NBD/truncati

on

Probably part of a drug resistance ABC transporter pump

spr0875 pmrA
Major facilitator superfamily multidrug resistance efflux 

pump



Gene no. Gene name Description

spr0105 ABC-NBP&MSP-truncation ABC transporter similar to comA

spr0106 ABC-NBP&MSP-truncation ABC transporter similar tocomA

spr0223 ABC-SBP-truncation
ABC transporter substrate-binding 

protein (iron transport)

spr0224 ABC-SBP-truncation
ABC transporter substrate-binding 

protein (iron transport)

spr0299 Conserved hypothetical

spr0300 Conserved hypothetical

spr0324 Transposase G-truncation Uncharacterized transposase

spr0346 alkD-truncation DNA alkylation repair enzyme

spr0347 alkD-truncation DNA alkylation repair enzyme

2% of R6 genes are truncated compared to orthologous 

genes in other species



Element
No. (%) of elementsa

→BOX or RUP→ →BOX or RUP← ←BOX or RUP→

BOX 80 (4) 26 (13) 9 (4)b

RUP 49 (3) 21 (11) 14 (7)b

a The arrows indicate the transcriptional orientation of the genes flanking the BOX and RUP 

elements. The numbers of BOX and RUP elements in each orientation are listed. The 

parenthetic percentage values are the fractions of all intergenic regions in each transcriptional 

orientation that contain BOX or RUP elements.

b These numbers may be artificially high. Three of these 9 BOX elements and 6 of these 14 RUP 

elements are adjacent either to small hypothetical genes predicted with low confidence or to 

insertion elements. Were those genes falsely predicted or the IS elements not present, these 

BOX and RUP elements would be in the →BOX/RUP→ orientation relative to their flanking 

genes instead of the ←BOX/RUP→ orientation.

Transcriptional orientation of genes flanking BOX 

and RUP repetitive elements

http://jb.asm.org/content/183/19/5709/T4.expansion.html#fn-6
http://jb.asm.org/content/183/19/5709/T4.expansion.html#fn-7
http://jb.asm.org/content/183/19/5709/T4.expansion.html#fn-7


The choline-binding proteins 
● autolysin (LytA)

● endo-beta-N-

acetylglucosaminidase (LytB)

● surface protein involved in 

adherence and 

immunoglobulin A inactivation 

(CbpA)

● putative lactoferrin-binding 

protein (PspA)

● several surface proteins of 

unknown function (CbpD, 

PcpA, PcpC, PcpC1). 

S. pneumoniae substrate 

transport, carbohydrate and 

glutamine metabolism, and 

selected categories of cell 

surface proteins



S. pneumoniae

transporter proteins

Color Substrate Transported

Red Multidrug and peptides

Yellow Carbohydrates

Blue Cations

Green Anions and Amino Acids

Purple Nucleosides, purines,

pyrimidines

White Other Substrates



S. pneumoniae has two main 

metabolic pathways

The glycolytic pathway leading 
to lactate

Pathway for glutamine to 
nitrogen-containing compounds

• ATP consumption and 
production values listed are 
for monosaccharides

• ATP values for disaccharide 
catabolism are in parentheses



Comparison of the predicted S. pneumoniae R6 ORFs 
with those of other completely sequenced genomes 

All S. pneumoniae R6 ORFs were searched against other genomes with BLAST2. The percentage of S. 
pneumoniae R6 ORFs with significant similarity (E ≤ 10−12) to predicted ORFs in the other genomes is shown.



SpR6 (www.streppneumoniae.com) is a 

model organism database for S. pneumoniae

Information Available

• Nucleotide sequences (DNA/RNA) 

• Specific gene info 

• Strain info 

• Medical relevance of strain

• Strain Metabolism

http://www.streppneumoniae.com/


SpR6 database for genes is searchable based on name, 

protein characteristics, and cellular function



Search output made sense and was 

easily interpreted
• Well organized database, but 

no help section/tutorials

• Gene id format: spr####



SpR6 is a metadatabase containing 

nucleotide, gene, and organism data

• Established by John Glass (University of Alabama-

Birmingham) in 1991 out of Elliot Lefkowitz’s lab

• Has been maintained as part of the UAB Center for AIDS 

Research and UAB Health Services Foundation

• Was funded by the NIH 1991-2008 (NIH P30 AI027767) and 

the UAB Health Services Foundation General Endowment 

Fund (2000-2004).

• Last update was 17 Feb. 2005

• The database is open to the public and contains no 

restrictions or licensing information

• Initial electronic curation followed by manual quality 

assurance



SpR6 information can be downloaded 

as FastA files

• Each gene links to GenBank 

and the CDC database website

• FastA (text) files available for:

o Complete nucleotide 

sequence

o Protein sequences of 

predicted ORFs

o Nucleotide sequences of 

predicted ORFs

o RNA sequences

o Repeat elements



Conclusions

• R6 is an avirulent strain of S. pneumoniae, one of the 

leading causes of death in the US

• Genome sequencing discovered 2,043 protein coding 

regions, 19 of which may be virulence genes.

• 2% of genes are truncated or non-functional including 

the capsule synthesis genes

• Nucleotide and protein sequences of S. pneumoniae 

can be found at its model organism database

• However this information has been poorly maintained 

and not updated
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