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Induction of the competent state in Streptococcus pneumoniae
and its close relatives in the mitis phylogenetic group.
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S. oralis

S. pneumoniae tﬁ

#.‘.-I

S. mitis
Kilian et al. PLoS One, 2008



Species Ref. Amino acid sequence of ComC
Strain Sequence of mature CSP is given in bold capital letters
S. pneumoniae
Rx 1 129]
_NCTC 7465'/SK673 | Leader sequence Mature signal peptide
AL N A
SK 852 [ 38RE v N 5
E-Eggg mkntvkleqfvalkekdlgkikggEMRLSKFFRDFILORKK
SK 858
SK 862
SK 865
‘SK 867
A66 [30]
SK ﬁls ...................
SK 680 | mkntvklegfvalkekdlgkikggEMRISRIILDFLFLRKK
SK 851 ;
SK 854
CSP-2.2 [31] ifmkntvkleqfvalkekdlqnlquMISRIILDFLFLEHK
SK 676 imkntvklegfkklte kelqe1qggERRIPDVIR$LLFQKRK
CSP-3 ___[g_]_]mImkntvkleqfvalkekdlqnlqggmmmImmFm_
CSP-4 [31] mkntvklegfvalkekdlgniqggEMRKMNEKSFNIFNFFNFFRRR
CSP-5 | [3]] mkntvklegfvdlkekdlgeiqggESRLPKILLDFLFLRKK
CSP-6.1 [31] | mkntvklegfvalkekdlgkikggEMRLPKILRDFIFPRKK




S

pecies
Strain

S. mitis

~ BS

B6

~ Hu8

SK 262

_CSP-7

CSP8
- SK 675

Amino acid sequence of ComC

BEEAE
| 32] |

[32]

Leader sequence Mature signal peptide

N A
= e B

mkntvkleqfvalkekdlqklkggESRLPKIRFDFIFPRKK

mkntvkleqfvalkekdlqklkggEHEKPDGALFHLFRRR

[31] |

1311 |

mkntvkleqfvalkekdlgkiqggEMRKSNNNFFHFLRRI
mkntvk1eqfva1kekdlqquggEHRRSHHNFFHFLHRI_“mm“”_m
mkntvkleqfvalkekdlqE1rggESR?SRIILDFLFQRKK

mkntvkleqfvalkekdlqnlkggESRIEDILLDFLFQRKK

SK 612

SK 611

=mkntvkleqfvalkekdlqe1rggESRﬂERIILDFLFLRKK

'mkntvkleqfvalkekdlgkikggESRLSRLLRDFIFQIKQ

I  mkntvklquvalkekdlqe1kggEHRLPKILRDFIFPRKK'mmwmmm

mknivklegfvvlkekdl gqkigqggESRVSDILLDFLFRREKK

mkntvkleqfvalkekdlqquggEHREEHNTFFHFLRRI

TNCTC 8029/CSP-9 |

SK 596

_SK601
SK614

_SK 667

mkntvkleqfvalkekdlqeiqggESRLPKIRFDFIFPRKK

"mmkntvkleqfvalkekdlknlkggEHRRIDKIFINFLKRR

‘mkntvklegfvalkekdlgnigggEMRRIDKIFINFLKRR

‘mkntvklegfvalkekdlgeikggEMRRIGSVLLNFFKRR

’mkntvkleqfvalkekdlqk1qggEHRKPDGALFHLFRRR::; L;::
mkntvklegfvslkekdlgkiqggEMRKPDGALFILFRRR

mkntvqleqfvalkekdlqklkggEHRKHHEKSFHIFHIFEIFRRR

mkntvkleqfvalkekdlqklkggEHFKHHEKSFHFFHIFRRR

mkntvkleqfvslkekdlqquggEIRKSHSAEvHFFHRR R it



Multispecies biofilms
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Competent pneumococci lyse their non-competent siblings

Co-cultivation

--oﬂﬂ 3%

Competent Non-competent Lysis of
cells cells non-competent
cells

Co-cultivation

oo — o —

Competent Competent Competent cells

cells cells are resistant to
lysis due to the
ComM immunity
protein

Steinmoen et al. (2003) J. Bacteriol. 185: 7176
Guiral et al. (2005) PNAS 102: 8710
Havarstein et al. (2006) Mol. Microbiol. 59: 1297



Two different sources of transforming DNA are available for
competent mitis-group streptococci.

A: Natural cell death

Non-specific mechanism.

DNA acquired by this
mechanism is potentially
harmful to the recipient and
in most cases not beneficial.

B: Predation (fratricide).
Competent streptococci kill and lyse
related non-competent streptococci
and steal their DNA.

Mechanism believed to ensure
that homologous DNA becomes
available to competent streptococci.




CSP regulated expression of proteins involved in fratricide

~80 proteins,
~ 40 of totally
unknown function

v

. DNA
release

11 proteins of Immunity

unknown function

- Gene products involved in
natural transformation

Gene products involved in I:I Gene products involved in
lysis of non-competent cells unknown processes



The ComM immunity protein

ComM is an integral membrane protein with 5-6 transmembrane helices.

ComM is embedded in the
membrane and has no cytoplasmic
or extracellular domains



CbpD. LvytA and LytC are involved in
competence induced cell lysis

SH3-
domains

CopD | | |

CHAP-domain CBR

LytA

Amidase domain CBR

Ly BT
CBR

LytC | I
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CBR: Choline binding repeats
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Cleavage sites of LytA, LytC and CbpD

Phosphorylcholine esterase LytC

Glucosaminidase Lysozyme/Transglycosylase

Amidase V1A

Endopeptidase
CbpD ?

Choline residues
.GIr.:NAc IlurHAc H Peptide M Teichoic acid

Lopez and Garcia, 2004



CbpD is required for efficient gene transfer in mixed cultures
of competent and non-competent pneumococci

~108-cells/ml

Non-competent
cells (NovR)

NovR
marker

~108-cells/ml

~108-cells/ml

Competent
Cells (Spch)

AcbpD

Transformants
(NovR, SpcR)

270 000 Nov®
transformants per mli

175 NovFR
transformants per mli



Efficient transfer of a NovR marker from S. mitis / S. oralis to
S. pneumoniae depends on CbpD.

Transformants Transformants
per ml per ml
800 000 T 80 000
600 000 -~ 60 000 -~
400 000 7 40 000 7
200 000 T 20000
| —
Attacker: S. pneumoniae Attacker: S. pneumoniae
Target: S. mitis Target: S. oralis
- S. pneumoniae attacker - S. pneumoniae attacker
with deleted CbpD with functional CbpD



How do mixed populations of competent and
non-competent streptococci arise in nature?

E ' E Strains producing different pheromone types



RLU/OD492

Cross-induction of competence in S. pneumoniae by CSPs
produced by the S. mitis NCTC 12261 and S. mitis SK612 strains.
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The ability to detect non-cognate CSPs
provide protection against attack

», CSP-1: EMRLSKFFRDFILQRKK .. CSP-12261: EIRQTHNIFFNFFKRR

o

% betagalactosidase release

% betagalactosidase release

0 e

RH1+RH405 RH1+RH4086 SMH1+RH405 SMH1+RH406
Attacker strains: Target strains:
S. pneumoniae: RH1 S. pneumoniae: RH405 (cbpD, hirl::lac2)

S. mitis 12261: SMH1 S. pneumoniae: RH406 (cbpD, comM, hirL::lac2)



Competence development in multi-species biofilm
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Model depicting CbpD mediated cell lysis and DNA transfer
between streptococci belonging to different pherogroups.

Pherogroup-2 -
cells (t_._.':,

Pherogroup-3
cells

<

Pherogroup-1 Jonsborg et al. (2008)
cells Mol. Microbiol. 69: 245




What drives the evolution of pheromone diversity?

A selection pressure exists that favors the evolution of promiscuous
ComD receptors that are able to detect CSPs from pherogroups often
encountered in a particular habitat.

From the perspective of the attacker this will elicit a selection pressure
that drives the evolution of novel pheromone types that will escape
detection by competing strains.

It is likely that over time these opposing selection pressures have
created the large diversity of pheromone types observed today.



Conclusions:

- We have shown that a competence induced lysis mechanism
dramatically increases the efficiency of gene exchange within
and between the species S. pneumoniae, S. mitis and S. oralis
in vitro.

- It is likely that this mechanism is important for efficient dissemination
of antibiotic resistance determinants and exchange of capsular genes
in vivo.

Penicillin Resistance with

. Streptococcus pneumoniae in the United States

Resistant (MICs =2)
W Intermediate (MICs 0.12-1)

-
]
8
2
5]
Y

1979-87 1988-89 1990-91  1992-93 1994-95 1997-98 1999-00
3589 487 524 799 1527 1601 1531
35 15 17 19 30 34 33
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