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Staphylococcus aureus: host adhesion

» Colonizer of mammal skin and nares

*  Opportunistic pathogen

* Local skin infection (carbuncle, furuncle)

» Life-threatening systemic infections (sepsis, endocarditis)
« Formation of biofilms on biotic surfaces, medical devices

 Host adhesion is the basic condition for infections
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Staphylococcus aureus: specific host adhesion

MSCRAMM (microbial surface components recognizing adhesive matrix molecules)
covalently bound to the bacterial cell wall by LPXTG motif (Sortase A) schneewind et al, EMBO J 12 (1993)

Protein A IgG antibodies

Fibronectin binding proteins A and B Fibronectin,

Fnb A/B Plasma-Fibronectin

Clumping factors A and B Fibrinogen, involved in blood clotting,
CIif A/B adhesion to nasal epithelial cells

Heilmann, Adv Exp Med Biol 715 (2011), J Wann et al., Biol Chem 275 (2000), McDevitt et al., Eur J Biochem 247 (1997)

SERAM (engl. secretable expanded repertoire adhesive molecules)
Secreted by bacterial cell, adapter between bacterial cell and host

Extracellular adherence protein Eap adhesion, immune modulation, internalization
into host cells

Extracellular matrix protein Emp adhesion to extracellular matrix

Heilmann, Adv Exp Med Biol 715 (2011), Chavakis et al., Thromb Haemost 94 (2005), Haggar et al., J Infect Dis 192 (2005)
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Staphylococcus aureus: Molecular epidemiology

genotyping of S. aureus isolates; common PCR- based methods:

Multilocus sequence typing (MLST): Single Locus sequence typing (SLST):

PCR+sequencing Allele sequence von 24 bp tandem repeats of
7 housekeeping eSS alignment the spa gene (Protein A)

DNA isolate ‘
200 bp
= = ST 398

Fc binding region Tandem repeats
24 bp

Cuny and Witte, EP1903116 A1 (2008) (modified)

4
X

beta.mlst.net (modified)

Asignment of sequence types (ST); |:> Asignments of spa-types
Clonal Complexes (CC)

Enright et al., J Clin Microbiol 38 (2000); Mehndiratta and Bhalla, [JMM 30 (2012)

Institute of Medical Microbiology and Hygiene (IMMH)
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Genotyping of S. aureus isolates;
The Clonal Complex (CC) 398

LA-MRSA CC398 CA-MRSA CA-MRSA CA-MRSA
CC30

CC398

HA-MRSA

.spa 1034 .spa 1011 . other spa type Ballhausen, Jung et al., [JIMM 304 (2014)

O spa t108
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S. aureus isolates of the Clonal Complex (CC)398:

LA-MRSA CC398
Adhesion to human keratinocytes

*LA-MRSA CC398 (n=10)
*human MSSA CC398, spa t571 (n=10)
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The Clonal Complex (CC)398:
Common spa types

LA-MRSA CC398 CA-MRSA O — LA-MRSA CC398

HA-MRSA [/

\ !
spa 1108 .mm‘ i?ﬁ spa 1011 .Wm type Ballhausen, Jung et al., [JIMM 304 (2014) v

set of 44 MRSA isolates

26 LA-MRSA CC398 (spa t011, spa t034, spa t108)
« 9 CA-MRSA
« 9 HA-MRSA

7 06.06.2017 Institut fiir Medizinische Mikrobiologie und Hygiene (IMMH)



= ndn UKS )

% HUHHHH”U Saarland University @

& Medical Center

]’\

MedVet-Staph

LA-MRSA CC398:
Adhesion to human endothelial and epithelial cells

human enothelial cells human epithelial cells
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LA-MRSA CC398:
Adhesion to specific host factors

MRSA isolates

9 06.06.2017 Institut fiir Medizinische Mikrobiologie und Hygiene (IMMH)
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LA-MRSA CC398:
Adhesion to specific host factors

[ 1human plasma fibronectin 7 bovine plasma fibronectin
MRSA isolates i — -
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keratin, fibrinogen, fibronectin, collagen etc. Ballhausen, Jung et al., IUMM 304 (2014)
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LA-MRSA CC398:
transcription of bacterial adhesins

fnb A/B transcription (genes encoding the fibronectin binding proteins )

3 LA-MRSA CC398 spat011 t011/ 1034 <> t108
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LA-MRSA CC398:
transcription of bacterial adhesins

clf A/B transcription (genes encoding the clumping factors A and B)

=3 LA-MRSA CC398 spat011
mmm LA-MRSA CC398 spat034
— LA-MRSA CC398 spat108
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LA-MRSA CC398: Adhesion to specific host factors

r\

e (CC398: reduced host adhesion
compared to HA-, CA-MRSA

spa t108 1034 * High _intra-lineage diversity: spa type
Fnd NB spa t011 Spa t108 isolates stronger host adhesion
» Host cell adhesions characteristics
\ might be explained with adhesion to
fibronectin
\ » spa type t108 enhanced transcription
h of fibronectin binding proteins

P}

- '_- fnb B point mutation leading to
- premature stop codon (AA 372):

-

spa t011 / t034:
+ 4 of 4 isolates tested

fiorone® s o O

spa t108:
+ 1 of 4 isolates tested

13 06.06.2017 Institut fiir Medizinische Mikrobiologie und Hygiene (IMMH)
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Atomic Force Microscopy:
Opportunities in Microbiology

Feedback Loop
Output Signal
Adjusts Z Position

Raster Scan

14 06.06.2017 Institut fiir Medizinische Mikrobiologie und Hygiene (IMMH)
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Atomic Force Microscopy:
Opportunities in Microbiology

Endothelial
cells

tip radius
=20 nm

Epithelial cells
on petry dish

S. aureus cell trapped in
polycarbonate membrane

15 06.06.2017 Institut fiir Medizinische Mikrobiologie und Hygiene (IMMH)
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Atomic Force Microscopy:
Opportunities in Microbiology

Single cell force spectroscopy:

. living S. aureus cell

fixation by g|uing Thewes et al., Eur. Phys. J. E 38 (2015)

~ |
\

s Candida albicans cell

Single cell/molecule force spectroscopy

host cells

ﬂ host tissues

~ surfaces of medical
= devices

fixation by negative pressure
Institute of Medical Microbiology and Hygiene (IMMH)
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Staphylococcus aureus pathogenicity

 Colonizer of mammal skin and nares

*  Opportunistic pathogen

* Local skin infection (carbuncle, furuncle)

» Life-threatening systemic infections (sepsis, endocarditis) _«

i

« Host adhesion is the basic condition for infections S

Voss et al., EJCMID 13 (1994)
Lowy, F.D., N Engl J Med 339 (1998) o drTad i
icrobiology Sogletys rs S s
B yv_w_miczghi&!dgzg_fﬂ,i’qg. ' iy

« Immune evasion (protection against phagocytosis) =

+ Exchange of Mobile Genetic Elements (MGE)

Lowy, F.D., N Engl J Med 339 (1998)
Lindsay, [JMM 304 (2014)

Institute of Medical Microbiology and Hygiene (IMMH)
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S. aureus immune evasion:
The @Saint3 coded Immune Evasion Cluster

« Exchange of MGE by Horizontal Gene Transfer

» Horizontal Gene Transfer important role in host adaptation

» Bacteriophage Saint3 -coded MGE:

Immune Evasion Cluster (IEC)

» chp: chemotaxis inhibitory protein,
» scin: staphylococcal complement inhibitor
» sak: staphylokinase

« @Saint3 inserts in the B-hemolysin coding gene hlb (hlb function is lost)

» Publications suggests that the IEC factors acts human specifically

van Wamel et al. J Bac Vol. 188 (2005); Mc Carthy et al., Appl. Environ. Microbiol. 78 (2012)

18 06.06.2017 Institut fiir Medizinische Mikrobiologie und Hygiene (IMMH)



S. aureus immune evasion:
Inhibition of the complement system

a Classical pathway b Lectin pathway

(/
Immunaoglobulin \ .

Bacterial
antigen

Carbohydrate
Bacterial surface Bacterial surface

¢ Alternative pathway and amplification loop
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host: ’ﬁ‘ ﬂ

facilitate phagocytosis
 chemotaxis
e oOpsonization

pathogen: @ O

Bacterial suriace

avoid phagocytosis:
CHIP: blocking the C5a receptor

SCIN: inhibiting the C3
convertase-complex

SAK: inactivating cell wall bound
C3b, antibodies

Foster, Nat Rev Microbiol 3 (2005)

19 06.06.2017 Institut fiir Medizinische Mikrobiologie und Hygiene (IMMH)
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Impact of bacteriophage Saint3 carriage on the
protection against phagocytosis

Set: 20 S. aureus CC398 isolates

10x @Saint3 positive
10x @Saint3 negative

(human, pig, horse, poultry)
3 @Saint3 negative isolates transduced
from @Saint3 positive CC398 donor

3 @Saint3-positive / negative isolate
pairs

whole blood
(human, pig, horse)

20 06.06.2017

fluorescence stained
S. aureus isolates

flow cytometer
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Impact of bacteriophage Saint3 carriage on the
protection against phagocytosis

@Saint3 coded Immune
Evasion Cluster (IEC)

chp: chemotaxis
inhibitory protein,
scin: staphylococcal
compl. inhibitor
staphylokinase,

sak:

21 06.06.2017

MFI/CFSE positive PMN [RLU]

C—J no ¢Saint3
[ ¢Saint3 coded IEC

human blood horse blood pig blood
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time [mln] Jung et al., Vet Microbiol (2016)
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Impact of bacteriophage ¢Saint3 carriage on the

hemolytic potential

Set:
3x @Saint3-negative isolates
3x @Saint3 positive transduced isolates

Streptococcus
agalactiae

148

054

148
148 @Saint3
054
054 @Saint3
207
207 @Saint3

207

oo OO

22 06.06.2017
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human blood horse blood pig blood

Jung et al., Vet Microbiol (2016)
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Impact of pSaint3 carriage on CC398 isolates:

sSummary

Significant protective effect of Saint3 coded IEC against phagocytosis by human,

equine neutrophils, but not porcine neutrophils
» Loss of the HIb function effects the hemolytic potential of CC398 isolates, on human
and porcine erythrocytes, while equine erythrocytes are not affected
» Host specificity of the IEC components might be broader than currently assumed
—___ Cerah veterinan Miobioiogy 177 2015
: ; : Contents lists available at Sciencen .-.f\a\—\_‘ =
I |
“e R veterinary Microbioiogy [—
iournal hg,—,—,éﬁaﬁe_ WWW.ei . r ﬂ
-elsevier.cem/locate/veimic i = = . . .
Short Communication « CC398 colonization pigs: 0/94
Prevalence of the immune fvacine o . . : :
S[ﬂph})fot‘;'g!stg;!;!.;:;a;;é!;;-i;‘g;?ﬁjiUii ECIIC Ciuster 1n ,\g; - b CC398 |nfeCt|On hOrseS: 6/61
ngiféf,:;: ‘Ll.ll[:::‘ Mohamed Abdelbary, Franziska Layer, Guido Werney ’ CC398 COIOniZ_ation
veterinarians treating horses : 4/64
_‘_\r_\ ASSTRACT
ATike kistory WT\_\\ -—fitute of Medical Microbiology and Hygiene (IMMH)
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Impact of bacteriophage ¢Saint3 carriage on the

hemolytic potential

Aufnahme durch PMN in Vollblut:
3x @Saint3-negative Mutterisolate
3x @Saint3-positive Isolatderivate

1000

800 -

600 -

400 7

MFI/CFSE positiver PMN [RLU]

148
148 @Saint3
054
054 @Saint3

207
207 @Saint3
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Humanblut Pferdeblut Schweineblutblut
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