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Host cells- Pathogens interactions

How do pathogens affect host cell pathways?

Host cells

> | Promotion/inhibition of
proliferation

> | Alteration of
apoptosis

Pathogens

> | Cell cycle modulation

— DNA degradation/reparation

Berkova N et al., 2005;: Femenia F, 2009: Oswald E, 2002, Sugai 1990



DNA damage during infection

DNA repair Cell cycle arrest Apoptosis

Level of DNA damage



The cell cycle of eukaryotic cells
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Cyclomodulins are bacterial effectors that
Interfer with the eukaryotic cell cycle
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Heterogeneous Family of
Cyclomodulins: Smart Weapons That
Allow Bacteria to Hijack the
Eukaryotic Cell Cycle and Promote

Infections
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Staphylococcus aureus-induced pathologies

Pneumonia —
N Infective
| endocarditis |
. <
;Sepsis_
: Osteomyelitis
| {//) " Menstrual toxic
14/ | shock syndrome
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Staphylococcus aureus
Gram-positive bacterium
Human: a wide

range of clinical
presenta‘tions Up to 50% of healthy people

In Europe, methicillin-resistant strains
affect 150,000 patients annually

Is carried asymptomatically by

The extra costs=380 millions € 6



Does S. aureus produce cyclomodulins?
What is the biological significance of the
cyclomodulin action?




Cytopathic effect

Enlargement of the cells exposed to S. aureus.
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S. aureus induces a G2/M phase delay
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Drop in the mitotic index In S. aureus-infected cells

Synchronous cells
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Cell cycle regulation

Cyclins and cyclin-dependent kinases are 2 classes of regulatory molecules

Cychin A

G1 phase S phase G2 phase Mitosis
Cyclins control the cell cycle progression by activating cyclin-dependent kinase

Cdk 1
Cycline B g

Dephosphorylation of Cdk1 at the late G2 phase activates Cdk1/cyclinB1
complex and triggers mitotic entry 11



S. aureus-induced accumulation of phosphorylated Cdk1l

Western blot
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Histones package chromosomal DNA into
hucleosome, the repeating unit of the chromatin

Centromere&

! ~ Chromosome
i

Telomere

DNA

Histone tail :

Nucleosome
(Core of 8 Histone molecules)

Phosphorylation of Histone H3 at Ser10 is associated with the
condensation of chromosomes during nitosis



S. aureus-induced dephosphorylation of histone H3 Serl0

Western blot HelLa
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Decrease in the number of p-Serl0 Histone H3-positive
nuclei in S. aureus-infected cells
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Gel-filtration chromatography of S. aureus supernatans

Bacterial cells and S. aureus-produced soluble
factor induce the similar G2/M transition delay
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Detection of PSMa peptide derivatives in S. aureus chromatography fractions.

Uniprot Entry Gene Name  Description Peptide sequence X!Tandem SEC Fractions
e-value identification
23
PSMA1_STAAW psmAl Phenol-soluble modulin alpha 1 GIIKVIKS 1,7E-3
23,24
PSMA1_STAAW psmAl Phenol-soluble modulin alpha 1 IIAGIIKV 1,2E-2
23,24
PSMA1_STAAW psmAl Phenol-soluble modulin alpha 1 IIKVIKS 1,8E-2
23,24, 25
PSMA1_STAAW psmAl Phenol-soluble modulin alpha 1 LIEQFTGK 1,1E-2
23, 25
PSMA1_STAAW psmAl Phenol-soluble modulin alpha 1 IIAGIIKVIKS 3,2E-5
23,24, 25
PSMA3_STAAW psmA3 Phenol-soluble modulin alpha 3 FKDLLGKF 8,8E-4
24, 25, 26
PSMA3_STAAW psmA3 Phenol-soluble modulin alpha 3 AKLFKF 4,7E-2
25
PSMA3_STAAW pSmA3 Phenol-soluble modulin alpha 3 FFKDLLGK 3,6E-2
25
PSMA3_STAAW pSmA3 Phenol-soluble modulin alpha 3 FVAKLF 3,6E-2
26
PSMA3_STAAW pSmA3 Phenol-soluble modulin alpha 3 FVAKLFKF 4,7E-3
23
PSMA2_STAAW psmA2 Phenol-soluble modulin alpha 2 GIIKFIKG 4,6E-2
23
PSMA2_STAAW psmA2 Phenol-soluble modulin alpha 2 IIAGIIKF 1,1E-3
23
PSMA2_STAAW psmA2 Phenol-soluble modulin alpha 2 IIKFIKGL 5,1E-3
23, 24, 26
PSMA4_STAAW psmA4 Phenol-soluble modulin alpha 4 IIDIFAK 4,2E-4
24

PSMA4_STAAW psmA4 Phenol-soluble modulin alpha 4 IDIFAK 8,2E-3




Phenol-soluble modulins peptides (PSMs)
define the virulence potential of S. aureus

PSMO(l-PSMO(4 psmad | psmicl

o-toxin 20-25 amino acids . M R
ol - v } e

X '] ndiF

psma3 psmal  sausazoo p41s)

SAUSAID0_D4I3 SAUSAI0ND D424

2

PSMB 44 amino acids ,w!’f;";ﬁ_mw

SAUSA3ID0_1065 | SALISA3D0_1069
psmfi1 SALSA3ID0_1070

PSMal-PSMa4 are encoded in the psma operon (5AUSA300.1067)

PSMB1 and PSMPB2 are encoded in the psmf3

hid

operon [SALUSA300_1958)

. s : ‘J—'i | Y | )—
0-toxin is encoded within the coding sequence RNAIl  agrB agrC agrA
f or RN A| | |, th e RN A eﬁ ector m O| e CUl e Of th e [SALEASGU_'l'QSfII]g FBALGAE.GD_WQH (SALUSA300_1997)
accessory gene regulator (AGR) quorum-sensing (ausAs0n_te=0)
System fStoxin| tMAADI TSTIGDLVEWIIDTVNEFEEE 26 (0)

PSMol fMCIIAGIIKVIKSLIEQFTEE 21 (+1)

PSMa2 tMeITACIIKFIKGLIEKFTCE 21 (+3)

PSM0O3 tMEFVAKLFEFFEDLLEKFLGNN 22 (+1)

ESNIEE cMDFTEVITSIIDLIKTCIQARG 22 (+1)

PSMpI tMECLFNATFDTVTAAINNDEAKLETSIVS IVENGVELLEELFGF 44 (2]
ESMBE rvEcLARAT ANTVQARDQHDSVELETSIVDI VANGVELLEKLFCF 44 (-1.0)

18



Overview of phenol-soluble modulin activities

©
Biofilm structuring and detachment
i Antibacterial
Specific activity
P5Ms

Chemotaxis and a-type PSMs
activation of neutrophils 2
Cytokine release

Phagosome— —Bacterium o
o o
Bhanme, Y '-:f o Induction of Inhibition of T;1 cell
S %,.. " : tolerogenic phenotype differentiation -
A‘il—-," —_— i - 1
Ty S ol
"{;:@?j oy~ ‘¥
Direct After phagocytosis DC Teell
Erythrocytes MNeutrophils
| | L
Cytolysis Immunomedulation

19



PSMal and PSMo2 induced the G2/M phases transition delay

Control cell 25h

PSM3

Isogenic USA300 mutant lacking the PSMa operon
does not induce G2/M phase transition delay
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Internalized LAC wt replicated inside HeLa cells
In contrast to its isogenic LACApsma mutant
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The G2/M transition delay results in the increase of
Internalization and intracellular bacterial replication
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Increase of mMRNA levels of HBD-3 and -9 in PSMa1l-
treated cells
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S. aureus-induced G2/M transition delay is strain-dependent
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Staphylococcus aureus-Induced G2/M Phase Transition

Delay in Host Epithelial Cells Increases Bacterial Infective
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Impact of S. aureus lipoproteins on the cell cycle
progression

Structure and post-translational modifications of S. aureus lipoproteins
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The Ipl gene cluster of S. aureus Is involved in the
Induction of the G2/M delay
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Impact of S. aureus lipoproteins on the cell cycle

progression




Impact of S. aureus lipoproteins on the cell cycle
progression

(Lipoproteins) or (Pam3CSKyg)
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Bacterial cyclomodulins alter the eukaryotic cell
cycle for their own benefit
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CONCLUSIONS

"~ S. aureus PSMs and Ipl are new cyclomodulins, which

- subvert the host cell cycle progression
Increase a bacterial internalisation

- augment an intracellular bacterial proliferation
inhibit a host protective response

This is a newly identified mechanisms of S.
aureus strategy for fostering an infection
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Thank you for your attention
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