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1 List of Abbreviations

ABBREVIATIONS

a° RNA polymerase subunit Sigma B

2L4 WT three domain Mu50 Eap fragment, domains 2 to
2L4D3 2L4, having a mutation in domain 3

2L4D4 2L4, having a mutation in domain 4

3L4 WT two domain Mu50 Eap fragment, domains 3 4nd
3L4D3 3L4, having a mutation in domain 3

3L4D4 3L4, having a mutation in domain 4

aa amino acid(s)

agr accessory gene regulator

AhpC alkylhydroxide reductase

Arp 2/3 actin-related proteins 2/3

BLAST basic local alignment search tool

BSA bovine serum albumin

CatA Catalase A

CFT-1 cells bronchial epithelial cells of a patient with cydiilerosis
cfu colony forming unit(s)

CHIPS chemotaxis inhibitory protein 8faphylococcus aureus
CIfA clumping factor A

CIfB clumping factor B

Cna collagen adhesion protein

Coa coagulase

CR3 complement receptor 3

Cv column volume

D3M domain 3 of the Mu50 Eap harboring a mutation
D4AM domain 4 of the Mu50 Eap harboring a mutation
dsDNA double strand deoxyribonucleic acid

DTT dithiothreitol

DMSO dimethylsulfoxide

Eap extracellular adherence protein
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ECL enhanced chemiluminescence

ECM extracellular matrix

EDTA ethylenediaminetetraacetic acid

EdU ethynyl-2- deoxyuridine

Efb extracellular fibrinogen-binding protein
EGF epidermal growth factor

EMBL European Molecular Biology Laboratory
Emp extracellular matrix binding protein

Eno enolase

EPEC enteropathogenkscherichia coli

Erk extracellular signal-regulated kinases
EU endotoxin units

FAME fatty acid-modifying enzyme

FBS fetal bovine serum

Fg fibrinogen

FL full length

FLD3 full length Mu50 Eap harboring a mutation ioneiain 3
FLD4 full length Mu50 Eap harboring a mutation oneain 4
FLIPr FPR-like 1 inhibitory protein

Fn fibronectin

FnBPA fibronectin-binding protein A

FnBPB fibronectin-binding protein B

FPLC fast performance liquid chromatography
GDP guanosine diphosphate

GEF guanine nucleotide exchange factor
GRB2 growth factor receptor-bound protein 2
GTP guanosine-5'-triphosphate

H.0, hydrogen peroxide

HaCat keratinocyte cell line

HEK 293 Human Embryonic Kidney 293 cells
HEPES 4-(2-hydroxyethyl)-1-piperazineethanesufatid
ICAM-1 intercellular adhesion molecule-1
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IgG immunoglobulin G

IgM immunoglobulin M

IL-4 interleukin-4

IPTG isopropyl-D-thiogalactopyranoside

U international unit

Kb dissociation constant

KGF keratinocyte growth factor

LAL limulus amebocyte lysate

LB Luria Bertani medium

LPS lipopolysaccharides

LPXTG Consensus motif found in bacterial proteiret are covalently attached to

the bacterial cell-wall, sortase A recognition ssute

MAP MHC analogues protein

MAPK mitogen-activated protein kinases

mAU milli-absorbance unit

MEK MAPKI/Erk kinase

MHA Mdller Hinton agar

MHC major histocompatibility complex

MOl multiplicity of infection

MRSA Methicillin resistan&aphylococcus aureus

MSCRAMM microbial surface components recognizingesgive matrix molecules

MSSA Methicillin sensitivetaphylococcus aureus
NCBI National Center for Biotechnology Information
Ni%*-NTA nickel nitrilotriacetic acid

oD optical density

PAGE polyacrylamide gel electrophoresis
PBMC peripheral blood mononuclear cell

PBS phosphate buffer saline

PCR polymerase chain reaction

PDGF platelet-derived growth factor

Pkn protein-kinase

PMSF phenylmethylsulphonylfluoride
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psi
RIPA
RNA
rpm
RTKs
sae

Sak

sar

Sas proteins
SCIN
SCVs
Sdr protein
SDS-PAGE
SEB
SEC
SERAM
SH2
SOS
Spa

src

TAE

B
TBST
TCR

TF
Th1/2
TNF
TSST
uv
VEGF
Vn

WT

pound-force per square inch
radioimmunoprecipitation assay
ribonucleic acids

revolutions per minute
receptor tyrosine kinases
S aureus exoprotein expression
staphylokinase
staphylococcal accessory regulator
S aureus surface proteins

staphylococcal complement inhibitor
small colony variants

serin-aspartic acid rich proteins

sodium dodecyl sulphate polyacrylamidestgdtrophoresis
staphylococcal enterotoxin B
staphylococcal enterotoxin C

secretable expanded repertoire adhesion oielec
Src Homology 2
(son of sevenless) guanine nucleotide exchangerfact
Staphylococcus aureus protein A

rous sarcoma oncogene cellular homologue
tris-acetate-EDTA
Terrific broth

tris buffer saline containing 0.1% Tween-20
T-cell receptor

tissue factor

T helper cell 1/2

tissue necrosis factor

toxic shock syndrome

ultraviolet visible

vascular endothelial growth factor
vitronectin

wild type



Standard abbreviations for amino acids

Ala  Alanine

L Leu Leucine

R Arg Arginine

K Lys Lysine

N Asn  Asparagine

M Met  Methionine

D Asp  Aspartic acid

F Phe Phenylalanine

C Cys Cysteine

P Pro  Proline

Q GIn  Glutamine

S Ser  Serine

E Glu  Glutamic acid

T Thr  Threonine

G Gly Glycine

Vv Val Valine

H His  Histidine

w Trp  Tryptophan

I lle Isoleucine

Y Tyr  Tyrosine

Units

Current strength Ampere

Concentration Molar
Milimolar
Micromolar

Length Centimeter

Mass Gram
Microgram

Molecular weight Dalton



Tension
Temperature

Volume

Wave length
Time

Kilodalton
Volt
degree Celsius
Litre
Millilitre
Microlitre
Nanometer
Second(s)
Minute (s)
Hour(s)

kDa

°C

ml

nm

min
hr



2 Summary

Saphylococcus aureus is a major human pathogen and a leading causeotbrcommunity and
hospital acquired infections. The bacteriyggroduces several virulence factors including the
extracellular adherence protein (Eap), a membehefsecreted expanded-repertoire adhesive
molecules (SERAMSs). With the majority of the seeteprotein being bound back to the bacterial
cell surface, Eap binds to a number of host celltrimamolecules, and posses some
immunmodulatory and antiangiogenic properties. Depegy on the genetic background &f
aureus, Eap consists of 3 to 6 repeats of the so-calkga domain, a 110 amino acids spanning
polypeptide sharing some homology to bacterial sapégens. Although Eap is widely studied,
only little is known about its structural and fuiectal characteristics. The computational analysis
of the Eap amino acid sequences performed in darddory identified a conserved YXNX motif
in some of the Eap repeats, which might serve &atipa tyrosine phosphorylation sites. To test
whether and how the mutation of the tyrosine residiithis motif might affect the activities of
this protein, we focused on the Eap of strain Mw@iich consists of four tandem repeats having
YXNX motif in domains 1, 3 and 4. Eight differentutants were created by converting tyrosine
to phenylalanine in the YXNX motifs of domains 3da#. This resulted in the construction of
full-length Eap derivatives being mutated in domai(FLD3) and domain 4 (FLD4), two Eap
domain fragments consisting of domains 2 to 4 adng a mutation in domain 3 (2L4D3) and
4 (2L4D4), respectively, two Eap domain fragmentsmsists of domains 3 and 4, having
mutations in domain 3 (3L4D3), and 4 (3L4D4), retpely, and the single domain 3 (D3M)
and 4 (D4M) mutants. All Eap derivatives were espeal inEscherichia coli strain BL21(DE3),
and the proteins were purified by affinity- andesexclusion chromatography. As adherence and
internalization of bacteria into host cells aresidaered to be important steps during infection, we
examined the role of the Eap derivatives on these processes by the attachment and
internalization ofS aureus strain SA113 into HaCaT cells that were preincetawvith the Eap
derivatives. We observed that the preincubatiokl@a€aT cells with the mutated full-length and
2 domain Eap fragments (FLD3, FLD4, 3L4D3, and 3#3Dlearly reduced the adherence and
internalization ofS aureus into HaCaT cells if compared to the wild-type jgios (FL and 3L4),
whereas all single domain Eap (both wild-type andgtamt derivatives) showed no effect. In
contrast, none of the mutations in the YXNX motfs€Eap domains 3 or 4 of the full-length Eap
and the two domain Eap fragments (3L4D3 and 3L4fignificantly altered the Eap effect on
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either the keratinocyte growth factor stimulatedkEphosphorylation, or the proliferation of

HaCaT cells, suggesting that the putative YXNX fisotif domains 3 and 4 exert an effect on
some but not all activities of this protein. The lewnlar mechanism(s) by which the YXNX

motifs affect the Eap activities still need to Heiritified.

3 Zusammenfassung

Saphylococcus aureus ist ein weitverbreitetes humanpathogenes Baktetnch ein wichtiger
Verursacher von ambulant erworbenen und nosokomiaiektionen. Der Erreger bildet eine
Vielzahl von Virulenzfaktoren, zu denen auch dasazellulare Adhasionsprotein Eap gehort.
Dieses zu der Familie der SERAIBE(retedexpandedrepertoireadhesivemolecules) gehdrende
Protein spielt eine wichtige Rolle bei der Infektioind Kolonialisierung der eukaryotischen
Wirtszelle und verfugt neben seinen adhasiven aibeln immunmodulatorische Eigenschaften.
Eap wurde bislang nur irs aureus gefunden und ist in Abhangigkeit vom genetischen
Hintergrund des jeweiligen Stammes aus 3 bis 6 @lealungen der sogenannten Eap-Domane
aufgebaut, eines 110 Aminosauren umfassenden Rxigggemit Ahnlichkeiten zu bakteriellen
Superantigenen. Trotz zahlreicher Studien ist bgslaenig Uber den Zusammenhang zwischen
Struktur und Funktion dieses Proteins bekannt. awmatische Untersuchungen der
verfugbaren Eap-Sequenzen in unserem Labor ergallass einige Eap-Doménen ein
konserviertes YXNX Motiv enthalten, bei dem es sicim eine mogliche Tyrosin-
Phosphorylierungsstelle handeln kdnnte. Die voelete Arbeit beschéaftigt sich mit der Frage,
ob Mutationen in diesem Motiv die Aktivitat von Ebpeinflussen. Alle Untersuchungen wurden
mit dem Eap des Stammes Mu50 durchgefiihrt, das/iau€ap-Doménen besteht, von denen
aul3er der zweiten alle Domé&nen ein YXNX Motiv eftdra Um die Frage nach der Bedeutung
der Tyrosine (Y), der mutmalilichen Phosphorylieastejlen in den YXNX Motiven des Mu50
Eap zu beantworten, wurden acht Mutanten geneteitdenen die Tyrosine in den YXNX
Motiven der Domanen 3 und 4 durch Phenylalaninetersvurden. Bei den Mutanten handelte
es sich um zwei Volllangen- Eap Varianten, die ileeMutation in Doméne 3 (FLD3) bzw.
Doméne 4 (FLD4) tragen, sowie sechs verkiirzte EagaMen. Von den verkirzten Varianten
bestehen zwei aus den Doméanen 2 bis 4 und tragangeMutation in Domane 3 (2L4D3) bzw.
Doméne 4 (2L4D4); zwei weitere umfassen nur die Boam 3 und 4 und tragen ebenfalls je

eine Mutation in Domane 3 (3L4D3) bzw. Doméane 44BH). Die letzten beiden Mutanten
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bestehen nur aus einer einzigen, die Mutation trdge Domane (D3M und D4M). Alle Eap
Varianten wurden heterolog in deBscherichia coli Stamm BL21(DE3) exprimiert und tber

Affinitats- und GréRenausschluss-Chromatographigeaainigt.

Da die Adhésion eines Bakteriums an die Wirtszalied seine anschlieRende Internalisierung
wichtige Schritte bei der Entstehung einer Infekttarstellen, sollten die Eap-Mutanten auf ihre
Funktionalitat hinsichtlich dieser beiden Prozesstersucht werden. Dazu wurde die Anhaftung
bzw. Internalisierung deS aureus Stamms SA113 an bzw. in HaCaT Zellen verfolgt, mié
den gereinigten Eap Mutanten prainkubiert wurdeabdd zeigte sich, dass eine Prainkubation
der HaCaT Zellen mit den beiden VolllAngen-Eap Mtea FLD3 und FLD4 sowie den
verkirzten Eap Mutanten 3L4D3 und 3L4D4 jeweilsemer deutlich reduzierten Adhasion und
Internalisierung der Bakterien im Vergleich zum @évgen Wildtyp (FL und 3L4) flhrte. Bei
einer Prainkubation der Zellen mit den Eap Einzeldoen D3 bzw D4 hingegen konnten weder
bei den jeweiligen Wildtyp-Varianten noch bei dentihten (D3M bzw. D4M) Auswirkung auf
Adhasion und Internalisierung beobachtet werdeniilexr hinaus konnte gezeigt werden, dass
sich Mutationen des YXNX Motivs der Eap Doméanend&ro4 weder auf die Aktiviat des Eap
hinsichtlich des durch den Keratinozyten-Wachstaikisir stimulierten ERK Signalweges noch
hinsichtlich der Proliferation der Wirtszellen audien. Diese Befunde lassen darauf schliessen,
dass Eap an den Tyrosinen der YXNX Motive phospietywerden kénnte und dies die
Aktivitat des Proteins beeinflusst, weisen zugleatier auch darauf hin, dass diese mutmalfliche
Phosphorylierung nicht fiir alle Aktivitaten des Egpichermal3en benétigt wird. Weiterfihrende
Studien sind erforderlich, um den molekulare Medsrans aufzuklaren, durch den die YXNX

Motive die Aktivitat des Eap beeinflussen.
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6 Introduction

6.1 Staphylococcus aureus

Saphylococcus aureus is a facultative anaerobic, gram-positive coccust Flescribed in 1880,
the nameStaphylococcus comes from the Greek wostiphyle, meaning a bunch of grapes and
reflecting its microscopic morphotype (Figure 1n Glood agar plates, it forms large, round,
golden-yellow colonies, that are often surroundgdhbmolytic areas. The carotenoid pigment
staphyloxanthin is responsible for the characterigblden colour inS aureus, and is the

etymological root of the bacteria's narasreus, which means "golden” in Latin

Figure 1: Staphylococcus aureus under scanning electron microscope.(Adapted from
www.healthhype.com/staphylococcus-aureus.html).

S aureus is a catalase-positive as it produces the enzyatalase”, which converts hydrogen
peroxide (HO,) to water and oxygen. This particular enzymatacten is used to distinguish
staphylococci from enterococci and streptococcithifithe staphylococcis. aureus is usually
differentiated from other staphylococcal speciesthsy coagulase tesk aureus produces the
enzyme "coagulase” that causes clot formation, @gemost othe®taphylococcus species, like
S epidermdis, S. saprohyticus, S lugdunensis, S. schleiferi, and S caprae, are coagulase-

negative.
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S aureus is a frequent commensal of humans. It is estimébed two thirds of the healthy
population are transiently or permanently colonizsd this organism, although pronounced
variations depending on the geographic, ethnicjaband medical factors may exist. The
bacterium is usually found in the nose and on #ie, $ut can be recovered from other moist
regions of the body (e.g. the inguinal and periregah, axilla, forehead, vagina and colon) as
well. In the majority of cases, the bacterium does cause disease, however, damages of the
skin or other injuries may allow the bacterium te@@ome natural protective mechanisms of the
body, and may lead to infections. Although morentl3® staphylococcal species may lead to

infections in humans, most infections are cause8l byreus (Deurenberg et al., 2008).

6.2 Pathogenesis and virulence factors

S aureus is a versatile and harmful pathogen lmfth hospital- and community acquired
infections. It causes a variety of suppurative {fuuming) infections and toxinosis in human.
Pathogenicity ofS aureus is caused by the coordinate expression of a largenal of virulence
factors, which can lead to superficial skin lesi@ugh as pimples, impetigo, boils (furuncles),
cellulitis folliculitis, carbuncles and abscessesta life-threatening diseases such as pneumonia,
meningitis, osteomyelitis, endocarditis, toxic ghayndrome (TSS), bacteremia, and sepsis
(Fred, 2000)S. aureus may also cause food poisoning by releasing hehlesenterotoxins into
food products (Ortega et al., 2010).

S aureus produces a wide range of virulence factors, whach either surface associated or
secreted. An important step in many types of ind@st is the bacterial adhesion to host tissues,
which helps the bacteria to colonize and invade imdst cells. The virulence factors ®faureus

have been comprehensively reviewed by T. Chavaidscalleagues (Chavakis et al., 2007), who

categorized them into seven groups as illustratdeigure 2.
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Cell wall

6. Cell wall component
eTeichoic acid
+Wall component modifying factor
«Multiple peptide resistance factor

7. Micro capsule

¢Capsular polysaccharide

Protein A

1. MSCRAMMs
FnBPA, FnBPB
*Clumping factor A, B
*Cna

oSdr
eSas
*Spa

5. Anti-inflammatory peptides-\
«Chemotacxis Inhibitory

proteins (CHIPS) N
*FPR-like 1 inhibitory ~~
protein (FLIPr) 2. SERAMS
Staphylococcal complement *Eap
inhibitor (SCIN) -g?;gulase (Coa)
L]
+«ECM binding
protein
oIsdA
*Sbi
4. Toxin

sa-Toxin (Hla)

*B-,5 -, Y-hemotoxin 3. Extra cellular enzyme

e Leucocidine «Catalase (CatA)
*TSS «Alkylhydroy redctase (AhpC)
*SSL-5,7 oThioredoxin

eSuperantigen like protein oThioredoxin reductase
eHydrolases (lip, geh, beh)
sFatty acid modifying enzymes
*Protease (Sas p, Ssp A and B)
«Enolase (Eno)

eStaphylokinase (Sak)

Figure 2: Virulence determinants of Staphylococcus aureus. S aureus expresses many
potential virulence factors (Chavakis et al., 2007}) Microbial surface components
recognizing adhesive matrix molecules (MSCRAMMSs)ncluding Fibronectin-binding protein
A and B (FnBPs), clumping factors A and B, collaggmding adhesin, serin-aspartic acidrich
proteins (Sdr proteinf. aureus surface proteins (Sas proteins) &dureus protein A (Spa). (2)
Secreted expanded repertoire adhesive molecules (SE&Ms) including Eap (extracellular
adherence proteingoagulase (Coa), extracellular matrix binding protéEmp), extracellular
fibrinogen-binding proteins (Efb) (Bxtracellular enzymesincluding catalases, alkylhydroxide
reductase, thioredoxins and thioredoxin reductagggcerol ester hydrolases, fatty acid-
modifying enzymes, various proteases (e.g. V8 ps#ge aureolysin, staphopain), O-
acetyltransferase, phosphatidylinositol -phosplasigpC, staphylokinase and enolase. T@Xins
including a-toxin, p-hemolysin (also known as sphingomyelinased})emolysin, bicomponent
toxins: y-hemolysin; Panton-Valentine leukocidin; leukocslid, E, M, toxins with superantigen
activity (staphylococcal enterotoxins, TSS), stdpbgccal superantigen-like protein-5,
staphylococcal superantigen-like protein-7, fornegides. (5)Anti inflammatory peptides
including chemotaxis inhibitory proteins (CHIPS)PR- like | inhibitory protein (FLIPr),
staphylococcal complement inhibitor (SCIN). &Il wall componentsincluding teichoic acid,
wall component modifying factors, multiple peptidesistant factors. (7Micro capsule
including capsular polysaccharide.
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6.2.1 Secreted expanded repertoire adhesive molecules (SE&MS).

S aureus produces a number of secreted bacterial proteitts e@xtracellular matrix binding
properties, the so-called SERAM. Although thesereted bacterial proteins are structurally
unrelated, they share common functional featur&RAVIs have the ability to bind to host
factors and/or mediate bacterial adhesion to hadécenles, cells, or tissues, and they do usually
interfere with host defense mechanisms (Chavakas.€2005). The SERAM family also include
the extracellular adherence protein (Eap), coagul@oa), the extracellular matrix binding
protein (Emp) and the extracellular fibrinogen himgdprotein (Efb).

6.2.1.1 S aureuscoagulase (Coa)

The coagulase is a secretable 60-70 kDa proteimaicang a variable amino acid sequence
comprising a prothrombin binding site, and a covserregion with multiple domain repeats.
Prothrombin binding results in the formation of aative ‘staphthrombin’ complex, which
converts fibrinogen to fibrin, and since decaddss teaction provides a hallmark for the
microbiological diagnosis db aureus infections. Additionally, coagulase has been idettias

a platelet-binding protein & aureus. In terms of pathogenesis, coagulase is thougtause the
production of a fibrin layer which contributes teetformation of a focal staphylococcal abscess,

thus localizing the infection and protecting thgamisms from phagocytosis.

6.2.1.2 Extracellular matrix binding protein (Emp)

The extracellular matrix binding protein (~40 kOgs been shown to interact with fibronectin,
fibrinogen, collagen, and vitronectin (Lee, 20Bacterial mutants deficient in Emp production
were shown to attach with immobilized fibrinogenddibronectin to a lower extent than the
wild-type, and this difference could be complemdniéth the intact protein (Chavakis et al.,
2005).
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6.2.1.3 Extracellular fibrinogen binding proteins (Efb)

This small protein (15.6 kDa) was shown to bindthie a-chain of fibrinogen undem vitro
conditions, however, it seems not to contributdaacterial adherence to fibrinogen or fibrim
vivo . Instead, it binds and inhibits complement fa€8b and C3d, blocks opsono-phagocytosis,
binds to platelets, and blocks the fibrinogen-iretlplatelet aggregation (Shannon et al., 2006).
Efb is constitutively produced by a8 aureus strains investigated so far. Furthermore, in rat
model Efb was shown to play a role in the pathogsnef wound infections (Palma et al., 1996,
1999).

6.2.1.4 Extracellular adherence protein (Eap)

The extracellular adherence protein (Eap) will edlssed in more detail in 6.4.

6.3 Host pathogen interactions

Since S. aureus is a primarily colonizing commensal of human, tbacterium must gain an
entrance into its host to exert its pathogenicvagti Then it starts to establish an infection
usually only under immune suppressive conditiond begins to express toxins and tissue
degrading enzymes, which allow the pathogen toggesshrough tissue barriers. However, the
high rates of relapse occurring affrureus infection, suggested that the bacterium may pssses
the ability to internalize and persist inside hostls. Likewise,S. aureus has been shown to
internalize into a variety of non-professional pbegic cell types, such as osteoblasts,
fibroblasts, epithelail cells, and endothelial se{Hagger et al., 2003). The binding of the
bacteriumto host cells and extracellular matrix (ECM) comgoits is governed by cell wall-
anchored proteins, such as the Fn-binding protEmBPA and FnBPB, the clumping factors
(CIfA, CIfB), and cell wall-associated factors suat Eap. Internalization @& aureus into the
eukaryotic cells, however, is thought to rely mgioh the fibronectin-mediated bridging between
Fn-binding proteins FnBPA or FNBPB on the surfatcstaphylococci, and5p1 integrin on host
cell surface (Dziewanowska et al., 1999; Sinhalet1899). The invasion is thought to occur
through dzipper typé mechanism in which the bacteria bind directlyratiiectly to the host cell
receptors, which trigger the internalization of trexeptors together with the bacteria. The

bacteria are completely internalized in a timesedpand temperature-dependent manner driven
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by F-actin rearrangement in the host cell (Sinhalgt1999), involving intracellular signaling
such as tyrosine phosphorylation, MAPK activati®&RK-1 and ERK-2 phosphorylation), and

Srckinase activation (Sinha et al., 2005).

After invasion, endosome-localiz&laureus may escape into the cytoplasm (Bayles ¢t18198;
Menzies and Kourteva, 1998; Sinha et al., 2005eplicate inside the endosomes (Kahl et al.,
2000). The ability ofS. aureus to persist within a host cell depends heavily ba tontrol of
exoprotein production by the bacterium. For exam@laureus strain Cowan |, which weakly
expresses exoproteins, survives within HEK 293sdat days without damaging the host cells
(Sinha et al., 1999), where& aureus strain Newman, a high exotoxin producer, is highly
cytotoxic and rapidly (within hours) destroys it®skcells. Consequently, the intracellular
passage through endothelial cells seems to inctbas®rmation of the so called “small colony
variants” (SCVs), which are characterized by a cedumetabolism and virulence determinant
production. These regulatory and metabolic adaptatmay results into intracellular persistence

of the bacteria and recurrent of disease (Vanh ,1287).

6.4 Eap (extracellular adherence protein)

Eap is one of the most extensively studied SERAMb @ureus, which was also designated as
Map (MHC class Il analogous protein) or P70. Yolssial. (1991), described a highly cationic
70 kDa (p70) protein from the cell surface $faureus strain Wood 46 that possessed a high
affinity for the glomerular basement membrane ¢f.rBoden and Flock (1992) and McGavin et
al., (1993) also reported about a 60-70 kDa staqgoylcal surface protein in strains FDA574 and
Newman, respectively which showed broad extraaallolatrix binding properties by binding to
fibrinogen, fibronectin and bone sialoprotein. Palmt al., (1999) finally characterized and
named this protein as Eap, and confirmed its bsgettrum of binding activities to host cell
components. Although the size of Eap varies consiilg between strain to strain, the protein
was found in more than 97% of all the clinical &ek ofS aureus (Hussian et al., 2001).
Lacking the LPXTG motif found in MSCRAMMS, the seted protein is linked to the bacterial
cell surface by binding to the cell wall-associateziitral phosphatase (Nptase) (Paénal.,
1999; Flock and Flock, 2001; Hussainal., 2002). This property enables EAP to promote
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adherence d® aureusto host components as well as cells, includingofitasts and epithelial

cells

Depending on the growth conditions, the expressidgapin vitro appears to be maximal during
the late exponential phase (Harraghy et al., 2005}ationary phase (Joost et al., 2009), and the
expression is tightly regulated by tlsee two-component system (Harraghy et al., 2005). In
addition, large differences have been observedherproduction of Eap, with strain Newman
producing considerably more Eap than all othernrstrgested to date (Hussain et al., 2001), due
to a mutation irsaeS encoding the sensor-kinase of this two-comporgsitem (Adhikari et al.,
2008).

6.4.1 Structural organization of Eap

Eap was first characterized from strain FDA574, a@ad shown to consists of 689 amino acids
including a signal peptide sequence (Jonsson ,e1295), and a 110-amino acid domain that is
repeated six times (Figure 3). Each domain inclugleé®l amino acid sub-domain with great
similarity to the N-terminus dB-chains of many major histocompatibility complexHK) class

Il molecules, which led to the name Map for MHC lagaus protein. Sequencing of tleap
gene of strain Newman identified an open readimgn& which was in its N-terminal region
homologous to the Map sequence characterized gePet al. (1999), but lacked the C-terminal
domain found in the Map sequence of FDA574. Husshal., (2001) later on suggested that Eap

and Map represent strain to strain variations efsfime protein.
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binding region in MHC Il molecule

Figure 3: Structure of 72 kDa Map protein ofS. aureus strain FDA 574. The protein consists
of a signal sequence (S) of 30 amino acids follotiwe@ unique sequence (U) of 19 amino acids
of yet unknown function, and six repeated domaih)( of approximately 110 amino acids.
Within each domain, there is a subdomain of 31 araitids that is highly homologous to part of
the peptide binding region in MHC class Il molec(rteodified after Jonsson et al., 1995).

The crystal structure of the superantigen SEC bdandCR (3-chain was studied and suggests a
presence of a potential ligand binding site witBap (Fields et al., 1996). Moreover, the crystal
structures of EAP domains were also solved andatedea core fold that is comprised of an

alpha-helix lying diagonally across a five strandetixed beta-sheet (Geisbrechts et al., 2005)
which is depicted in Figure 4.

Figure 4: The three-dimensional crystal structure & Eap2 (Mu50). The EAP domain

structures consist primarily of a fourturerhelix lying diagonally across one face of a
fivestranded, mixe@-sheet and resemble an open hand holding a rabios (Geisbrecht et al,
2005).
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6.4.2 Properties of Eap

6.4.2.1 Binding to plasma proteins

Eap has a broad binding spectrum, and can binthsoa proteins, eukaryotic cell receptors, and
to itself. It is known to interact with at leastvea plasma proteins such as vitronectin,
fibronectin, fibrinogen, collagen, thrombospondimpthrombin or osteopontin (McGavin et al.,
1993; Hussian et al., 2002, Hansen et al., 200 &at al., 1999).

6.4.2.2 Rebinding to the bacterial surface

Since Eap is a secreted protein, it can rebindheo lacterial surface (Palma et al., 1999),
however, the respective binding sites on the batteurface are not unequivocally identified.
Externally added Eap was shown to rebin&.taureus by the endogenous surface located Eap to
create Eap-Eap interactions. However, this rebopgirocess was found to be independent from
the endogenous Eap production (Hussain et al.,)2@32Eap-negative mutants were found to
bind exogenous Eap like the wild-type strain, ssggg that there might be several Eap-binding
structures on the cell surface that are capableirafing Eap. One of these targets is neutral
phosphatase (Flock and Flock, 2001). Similarly,ikemeyer and colleagues identified t&o
aureus cell surface proteins of 82 kDa and 50 kDa, respely, which were capable of binding
to Eap (Kreikemeyer et al., 2002). Moreover, Vueb@l., (2002) showed that binding of Eap to
the S aureus cell wall was dependent on the D-alanylation ofheic acids, as Eap was not
bound to the surface of& aureus dit (defective in the D-alanylation of teichoic aciasytant,

presumably due to altered electrostatic interastion

6.4.2.3 Agglutination of bacteria

The capacity of Eap to multimerize also supportshhcterial aggregation, which is believed to
contribute to the pathogenesis of this organisninfRaet al., 1999; Hagger et al., 2003). It was
observed that externally added Eap enhanced thkitexggion of S aureus (Hussian et al.,

2002), and that the self-binding property of Eaptdbuted to this process (Hussian et al., 2008).

24



6.4.2.4 Role of Eap in adherence and internalization

Eap contributes to the adhesion &f aureus to eukaryotic cells. Exogenously added Eap
significantly enhanced the adherencesodureus to fibroblasts and epithelial cells, probably due
to its dual affinity for plasma proteins on thelselrface and for the bacterium itself (Hussian et
al., 2002). In addition, Eap also contributes te thternalization ofS aureus into eukaryotic

cells (Hagger et al., 2003).

6.4.2.5 Interaction with ICAM-1

The endothelial cell adhesion molecule ICAM-1, whis also present on fibroblasts and
epithelial cells, appears to be a major host "reméor Eap on eukaryotic cells. Eap was shown
to inhibit the ICAM-1-integrin interactions and taock the ICAM-1-dependent leukocyte
adhesion to the endothelium, resulting in the g¢Bam of integrin-dependent leukocyte
recruitment duringn vitro andin vivo conditions, suggesting that Eap might serve astanpo

anti-inflammatory factor (Athanasopoulos et al.0@D In addition, Eap seems to affect the
transendothalial migration, and the ICAM-1-mediatgategulation of NKB activity as well as

the expression of tissue factor (Athanasopoul@d. e2006)

Eap is also thought to have an important role & pathogenesis db. aureus by impairing
wound healing, which is frequently seen in chroiyc& aureus-infected wounds or ulcera
(Madsen et al., 1996; Grimble et al., 2001). Eap ¥eaund to interfere with the recruitment of
leukocytes into the infected tissue, and Eap-tteateunds were reported to show an impaired
neovascularization. The protein was also showrifextathe formation of new blood vessels and
capillary tube formatiomn vitro, indicating that Eap might inhibit cell proliferah (Sobke et al.,
2006).

6.4.2.6 Role of Eap in immune response

Beside its anti-inflammatory and antiangiogenetioperties, Eap seems to exert some
immunomodulatory functions as well by interferingttwT-cell functions by different means,
thereby promoting immune toleranceSoaureus and staphylococcal disease. Eap is capable of

inducing a time and dose-dependent increase in aghl IgG synthesis in PBMC (peripheral
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blood mononuclear cell) cultures (Jahreis et @95), and to induce an increased interleukin
(IL)-4 synthesis in this cell type. In addition, feavas reported to inhibit a delayed type
hypersensitivity response and to induce T-cellli¢late et al., 2002).

6.5 Cell signaling

The process of signaling within and between cslleritical for the living organism. The binding

of most signaling molecule to its receptor initsateseries of intracellular reactions that regulate
virtually all aspects of cell behavior including taleolism, movement, proliferation and
differentiation. Investigations on the molecularama&nisms of these pathways has thus become a
major area for research, especially with respetiogi-pathogen interactions, as many pathogens

utilize and exert their effects via these regulasystems.

6.5.1 The mitogen activated protein kinase pathway

A wide variety of cellular stimuli, including growtfactors, cytokines anextracellular matrix
components, transmit signals to the nucleuspathways involving tyrosine phosphorylation
(Neel and Tonks, 1997; Pawson, 1995). The mitog#inaged protein kinase/extracellular
regulated kinase (MAPK/ERK) cascade is a majoraigg system by which the cell transduces
extracellular signals into intracellular responsese MAPK pathway (Figure 5) leads to a wide
range of cellular responses, including cellulamghg differentiation, survival, inflammation and
apoptosis. It is activated in response to manygeitec stimuli, such as epidermal growth factors
(EGF) and platelet derived growth factors (PDGH)e Rctivation of these cascades classically
involves ligand binding to receptor tyrosine kilmg®TKs) (1). Binding of growth factors to
RTKs stimulates the autophosphorylation of specifigosines on the receptor. The
phosphorylated receptor then interacts with an tadgprotein such as GRB2, which in turn,
recuits SOS (son of sevenless) to the plasma memb§2). SOS is a guanine nucleotide
exchange factor which displaces GDP from Ras (G&Rasbsequently allowing the binding of
GTP (3). GTP-bound Ras associates with the senm@hine kinase Raf-1 (4), which is then
activated by phosphorylation. Raf phosphorylated activates the downstream kinase by
phophorylating MEK (5). Phosphorylated MEK in tyshosphorylates ERK (6). Phosphorylated
ERK moves from the cytoplasm into the nucleus wihitesabsequently phosphorylates a number
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of transcription factors, including Elk-1 (7). Ppbsrylated transcription factors turn on
transcription (gene expression) of specific setsaajet genes leading to the cell proliferation.
The activity of Ras is limited by the hydrolysis GfTP back to GDP by GTPase activating
proteins (GAP) (Figure 6).

receptor
tyrosine

kinase growth factors OUTSIDE OF CELL
® i
plasma membrane
_..._ -.GFIB2 sos Q‘La‘@

GDP GTP \

NUCLEUS ._. .@ .
@III-—.-ERK..__.ERK @ ERK
P El—‘l.

|

Transcription

CYTOPLASM

Figure 5: The mitogen-activated protein kinase pattvay. (1) Cell membrane has receptor
tyrosine kinases (RTKSs). (2) Binding of growth farcto receptor activates the tyrosine kinase
activity of the cytoplasmic domain of the receptord phosphorylated on tyrosine residues.
GRB2 binds to the guanine nucleotide exchange f&®@S (3) GRB2 SOS complex promotes
the removal of GDP from a member of the Ras whimtbind GTP and become active. (4)
Activated Ras activates RAF (5) RAF kinase phosylates and activates MEK (6) MEK
phosphorylates and activates an "extracellularasigggulated kinases" (ERK) (7) ERKs are
known to activate many transcription factors, sashELK1. (Adopted from Vandebroek and
Schrijvers (2007), with slight modifications).

6.5.2 Ras signaling pathway

Ras is a G protein with a molecular weight of 20kila. Like other G proteins, Ras can switch
between GTP-bound and GDP-bound states (FigureM@lufmbres and Barbacid, 2002).

Transition from the GDP-bound to the GTP-boundestatcatalyzed by the guanine nucleotide
exchange factor (GEF), which induces the exchamge/den the bound GDP and the cellular
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GTP. The reverse transition is catalyzed by a G@Rasivating protein (GAP), which induces
hydrolysis of the bound GTP. Ras or more speci®lgs/raf, is a key inducer which exerts a
plethora of effects like apoptosis, translatiorgangcription, cell cycle progression, golgi
trafficking vesicle formation, cell-cell junctiongnd cytoskeletons modifications. Eap inhibits
the activation of Ras by interfering with the Ra/lRIEK/ERK pathway (Sobke et al., 2006).

(2) Inactive Ras (b)

GTP l
hydrolysis

Active Ras

Figure 6: Cycling of the Ras protein between activeand inactive states.Ras signaling
pathway. (a) Inactive form of Ras. (b) Removal @R5by guanine nucleotide exchange factor
(GEF) and adition of GTP. (c) Active form of Rag @TPase-activating protein (GAP) which
induces hydrolysis of the bound GTP into inactieenf (Yarwood et al., 2006).

6.6 Protein phosphorylation in bacteria

Like in eukaryotes, phosphorylation of proteinamsimportant regulatory mechanism in bacteria.
However, it was believed that eukaryotes use theTBeTyr phosphorylation for signal
transduction, while bacteria use the Asp/His phosghtion systems. The first serious crack in
this picture came out with the characterizationtloé first serine/threonine eukaryotic-like
protein-kinase (Pknl) in the cyanobacteriudmabaena PCC 7120 (Zhang, 1993) and
Myxococcus xanthus (Hanlon et al., 1997). Today, the widespread preseof eukayotic-like
Ser/Thre kinase- and phosphatase-genes in baigandisputable. Concerning the existence of
bacterial proteins being phosphorylated at tyrosesedues, the first indication was reported in
1982 forEscherichia coli (Wang et al., 1982).
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A diverse strategies have been developed by patiodacteria to interact with host cells to
manipulate their behaviors, and thus to survive @noghagate within its host. During the process
of pathogenesis, phosphorylation of proteins ahsethreonine and tyrosine residues occurs at
different stages including cell-cell interactiomedaadherence, translocation of bacterial effectors
into host cells, and changes in the host cellutewcture and function. The role of protein
phosphorylation on serine/threonine/tyrosine ressdand its effect on regulation of a variety of
cellular functions has been the subject of intemgnwestigations (Hanlon et al., 1997; Motley et
al., 1999; Peirs et al., 1997; Verma and Maur2003; Grangeasse et al., 2007; Ravichandran et
al., 2009; Tegtmeyer et al, 2011), and is thoughtplay a great role in the process of
pathogenesis (Cozzone, 2005). During the initiabbran infection, the bacterial pathogen has
first to attach to the host cell. This is followeg pathogen invasion, survival and replication
inside the host cell, which may end in cell int@tion and death of the eukaryotic cell. Although
the mechanism to protect itself from host cell de& varies from species to species, certain
common tactics are apparent that affect changegeine expression, signal transduction
pathways, cytoskeleton organization and vacuolaffitking. During the invasion process,
protein phosphorylation occurs at different stagéber within the bacterial pathogen or at/in the
host cell. Several bacterial pathogens, such asragdthogenicEscherichia coli (EPEC),
Helicobacter pylori, Chlamydia trachomatis, Anaplasma phagocytophilum and Bartonella
henselae, use secretion systems to inject tyrosine kinadstsates into host cells (Kenny et al.,
1997; Schulein et al., 2005; Segal et al., 1998)uile 7). After translocation, these proteins are
usually phosphorylated on tyrosine residues by bebkinases. Once phosphorylated, they react
with other cytosolic proteins to modulate host delhctions for the benefit of the pathogen
(Backert and Selbach, 2005).
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Figure 7: Interaction partners of tyrosine phosphorylated baterial proteins. (1) Bacterial
pathogens inject proteins into mammalian cells. R)teins are phosphorylated on tyrosine
residues by a host cell kinase. (3) Phosphorylpteteins interact with other cytosolic proteins
and interefere with host cell function (modifiedeaifSelbach et al., 2009).

6.7 Selection of YXNX motif of Eap

In bacteria, protein phosphorylation on tyrosinsidees has been reported to involve in the
control of heatshock response (Klein et al., 20Q8)aptation to cold (Ray et al., 1994),
adaptation to light (Warner and Bullerjahn, 199#agellin export (South et al., 1994), cell
aggregation and sporulation (Frasch and Dworkirg6)l9and cell division and differentiation
(Wu et al., 1999). However, there are only a fepores about bacterial effector proteins being
tyrosine phosphorylated by eukaryotic kinases, thede bacterial proteins vary widely in their
functions. Well studied tyrosine phosphorylated tbaal proteins include: The translocated
intimin receptor Tir of the enteropathogeni€. coli (EPEC), which is required for
attaching/effacing (A/E) lesion formation, induagitinge in the cytosol of infected host cell and
induced nuclear signaling events (Kenny et al.,7199eVinney et al., 2001Savkovic et al.,
1997); thecytotoxin associated antigen A CagA HBElicobacter pylori, which modulates
cellular signaling cascades of host cells (Pulalet2002; Segal et al., 1999); the translocated

actin recruiting phosphoprotein Tarp Ghlamydia trachomatis, which helps in the actin-driven
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uptake of bacteria by host epithelial c€@ifton et al., 2004); the Bartonella exportedtein D
(BepD) of Bartonella henselae, which promotes cellular invasions and interfergnaling
processes (Schulein et al., 2005); and the AnkAdioghof Anaplasma phagocytophilum, a 190
kDa immunoreactive protein with ankyrin-like repedhat interact with host chromatin and

nuclear components to downregulate key host defgaces (ljdo et al., 2007).

Because of the limited studies performed on thesexwed region of the putative docking site for
tyrosine phosphorylation, clear conclusions for ¢léection of such sites at the molecular-level
are difficult to establish. However, in the nemadhenorhabditis elegans it was found that
SOC-2 and SHOC-2 proteins, which are rich in leaaiapeats, contains two YXNX motifs,
which are shown as a potential tyrosine-phosphteglaocking sites for the Src homology 2
domain of SEM-5/GRB2 (Selfors et al., 1998). Howewgrosine phophorylation is not required
for SOC-2 functions invivo and tyrosine phosphorylation was not observed in SHOD-2
response to FGF stimulations (Selfors et al., 198®)reover, it was also shown that the
phosphorylation of Tyr-1009 of the platelet derivggdwth factor receptor (PDGFR) is involved
in binding to GRB2, the adaptor protein composetiaiuwo Src homology 3 (SH3) domains
and one Src homology 2 (SH2) domain, which playsritical role in the regulation of Ras
(Lowenstein et al., 1992; Buday et al., 1994). &nsount of the PDGFR bound to the GRB2
beads was found to be significantly reduced bytyhesine mutant Y1009F. Furthermore, during
cell signaling it was also shown that GRB2 bind3yo-1068 (YINQ) in the EGF receptor and to
the insulin receptor substrate 1 (IRS-1), wherectheserved-domain of YXNX at Y-727, Y-895,
and Y-939 (Barbacid et al., 1987; Skolnik et aB93; Smith et al., 1986) was available. In
addition, it was also shown that GRB2 also bindSho (Rozakis-Adcock et al., 1992; Skolnik et
al., 1993), apparently through a phosphorylated YMhDotif.

A recent study by Sylvain Kerdudou at the InstitofeMedical Microbiology and Hygiene,
University of Saarland Hospitals, identified putatily XNX motifs in domains 1, 3 and 4 of the
Mu50 Eap; with the YXNX motifs of domain 3 and 4ifg highly conserved among all Eap
amino acid sequences being available to date (uisped PhD thesis). Interestingly, in this yet
unpublished PhD work, S. Kerdudou showed in BiaGuelies that the domains 3 and 4 of the
Mu50 Eap exhibited a higher interaction wjtkarrestin (one of the alternative molecule of the

heterotrimeric G proteins used by the seven trandmane receptor family involved in the

31



transmission of extracellular signals across tlasmpbh membrane to the cytosol) and NFAT-5 (a
nuclear factor of activated T-cells, which is cuthg the only known mammalian transcription
factor that regulates gene expression in respomsextracellular hypertonicity, allowing the
optimal cell proliferation under isotonic conditg)n Furthermore, Eap fragments having domain
4 possessed anti-angiogenic activities, while s not the case with Eap fragments lacking
this domain (Preissner and Herrmann, unpublishedlts). Therefore, we speculated that the
conserved YXNX motifs of these domains might seasepotential phosporylation sites, which
may modulate the activity of this protein. This btfpetical background was the starting point for

this work.
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7 Objectives

7.1 General objective

To construct mutants, lacking the tyrosine resicatehie conserved YXNX motifs of the
Mu50 Eap domains 3 and 4, and study the impadhe@iutations on cellular processes
known to be affected by Eap.

7.2 Specific objectives

1. To perform site directed mutagenesis at the coegeMXNX motifs of the full-length
Eap protein (FLWT), three-domain (2L4WT), two-domgBL4WT), and the single-
domain domain (D3WT) and (D4WT) of Mu50 Eap.

2. To express and purify the wild-type and mutated MEap fragments.

3. To study the effect of the wild-type and mutated3@wEap variants on adherence and
internalization of bacteria into HaCaT cells.

4. To study the effect of the Mu50 Eap wild-type andtamt proteins on ERK signaling and
proliferation of HaCaT cells
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8 Materials and Methods

8.1 Materials

The instruments, chemicals, enzymes, kits, reagamdother accessories used in this work were
illustrated in Appendix .

8.1.1 Bacterial strains

The Escherichia coli laboratory strain DH& (Stratagene) was used for the transformation and
plasmid amplification. The heterologous expressodnthe recombinant Mu50 Eap and the
different variants of the mutated Eap were perfarnme E. coli BL21 (DE3) (Novagen)S
aureus strain SA113 (provided by A. Peschel, Tubingevas used for the adherence and

internalization assays.

8.1.2 Vectors

In this work, a set of pT7HMT expression vectoreigbrecht et al., 2006) having the insert of
Mu50 eap open reading frame (full-length FL) and differeap fragment(s) were provided by

Dr. B. V. Geisbrecht, (Division of cell biology arnaophysics, school of biological science,
University of Missouri-Kansas City, USA). The Muk@p FL and different Eap fragments used
in this study are shown in Table 1. The detailthefvectors are illustrated in Appendix I. 1.
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Table 1: Staphylococcus aureus Mu50 Eap domains The schematic representation and the
length of the domains used in this work are shown.

Remark
Mu50 Eap Diagrammatic representation Length of
wild type Abbrevation amino acid
Full-length FLWT W)—2D)—I3D)—4) 476
Three domain having
domain2,3and 4  2L4WT Q—Id—3 367
Two domain having
domain 3 and 4 3LAWT 263
Single domain 1 DIWT —_D— MAP1', 109
Single domain 2 D2WT —_— MAP2', 110
Single domain 3 D3WT —3D— MAP3', 109
Single domain 4 DAWT —D— MAP4", 104

Note: MAP* - MHC Analog Protein. The length of Egpeats and the length of the amino acids
are retrieved from www.uniprot.org/uniprot/Q99QSfnh The Eap repeats of position 45-153,
154-263, 264-372 and 373-476 amino acids are destas MAP1, MAP2, MAP3 and MAP4,
respectively (Kuroda et al., 2001).
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8.1.3 Oligonucleotides

The oligonucleotides used to amplify the Muédp and to construct the differeep mutants
were purchased from MWG Biotechnology, Germany. lidteof the primers that were used for

the study is described in Table 2.

Table 2: List of mutagenic and sequencing primersadr the point mutation of YXNX motifs
of Staphylococcus aureus Mu50 Eap. Nucleotides leading to a point mutation in the ME#p

are shown in red.

Description Forward Reverse Sequence (553")

Primers for amplification of Eap domain 1

RRY-5 AAAGTTAAATCAGTTTTAT TCTTT
% AATAGAGGTATTAG
RRY-6 X CTAATACCTCTATTAAAGAATAAA
ACTGATTTAACTTT
Primers for amplification of Eap domain 3
RRY-3 CAAATAAACCTTGGACAAATT TCA
X AAAATTTAACTAGTC
RRY-4 X GACTAGTTAAATTTTTGAAATTTG
TCCAAGGTTTATTTG
Primers for amplification of Eap domain 4
RRY-1 CAATTAATTAGTTACAAAT TTTTA
X AACGACAAAGTG
RRY-2 CACTTTGTCGTTTAAAAATTTGTA
X ACTAATTAATTG
Primers for sequencing
Description For Rev Sequence (55 3")
T7 prom X T TAATACGACTCACTATAGGG
T7 term X GCTAGTTATTGCTCAGCGG
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8.2 Methods

8.2.1 Sequence analysis

The Eap amino acid sequences of 14 different strafrf& aureus [Mu50 (SAV1938), RF122
(SAB1873c), N315 (SA1751), JH9 (A5IUA7), CI-7 (ARBR0), USA300 (ABX29943),
MSSA476 (SAS1861), MW2 (EFK80959.1) , 8325 (ABD38R0COL (AAW36971), FDA547
(Q53599), Newman mapN (AJ132841), MRSA252 (SAR203)d Wood46 map-W
(AJ245439)] were retrieved from the EMBL homepagel aligned using the CLUSTAL W

program (www.ebi.ac.uk/clustalw).

8.2.2 Preparation of competent cells

Competency of bacterial cells for uptake of foreig)dA can be achieved by chemical or electro-

physical manipulations of cells. In this work, b¢ypes of cells were used.

8.2.2.1 Preparation of chemically competent cells

Chemically competent cells were used for proteipregsion and plasmid preparation purposes.
The chemically competent cells were made fi&moli DH50 and BL21(DE3), respectively. An
overnight culture of the respecti®e coli strain was used to inoculate a 250 ml culture cazago
of Medium A (Appendix lll. 1) to an optical densigt 600 nm (B0 of 0.1. The culture was
incubated at 20-25°C in a water bath by shaking5& rpm, and cell densities were monitored
every hour until Ao reached 0.6. The culture was collected in cemgeftubes and kept on ice
for 10 min. It was harvested by centrifugation &0@g for 10 min at 4°C. The pellet was
suspended in 80 ml of ice cold Medium B (AppendIix 1), and incubated on ice for 10 min.
After a further centrifugation at 25@pfor 10 min, the cells were resuspended in 20 nitef
cold Medium B. Afterward, to this cell suspensiod inl of DMSO was added drop by drop, and
the mixture was kept on ice for an additional 1@.miliquots of 20Qul volume of the competent
cells were transferred into a chilled sterile 1.bmicrofuge tube. The cells were frozen with

liquid nitrogen and were stored at -70°C.
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8.2.2.2 Preparation of electro-competent cells

E. coli DH5a electro-competent cell were used for the sitectit@ mutagenesis. An overnight
seed culture (4 ml) was used to inoculate a 400Bn{Difco) main culture, which was grown at
37°C by shaking at 180 rpm, until the absorbancéeas reached 0.6. The culture flask was
incubated on ice for 30 min and subsequently deged at 2000y for 15 min at 4°C. The
bacterial pellet was dissolved in 400 ml of icedcsterile distilled water and centrifuged as
mentioned before. The pellet was then resuspend@®0 ml of ice cold sterile distilled water
and centrifuged as before. The resulting bactegHllpellet was resuspended in 20 ml of ice cold
sterile 10% glycerol and centrifuged as before. Ppaket was finally dissolved in 2 ml of ice
cold sterile 10% glycerol and was divided into abtg of 50 ul in microfuge tubes. The tubes
were immediately frozen in liquid nitrogen and stbiat -80°C. The transformation frequency of
the competent cell was 3 xP@ells/ml.

8.2.3 Transformation of E. coli

8.2.3.1 Heat shock transformation

Heat shock transformation was applied to introdtlee plasmid DNA into the chemically
competent cells (Sambrook and Russell, 2001). Dingpetent cells were defrosted on ice for 10
min and mixed with 1 pl (20-100 ng) of plasmid DNPhe mixture was incubated on ice for 30
min and transferred into a 42°C water bath for d&, $ollowed by incubation on ice for 5 min.
250l of SOC medium (Appendix Ill. 1) was added to tedls and the mixture was incubated at
37°C for an additional hour at 180 rpm. 10l0of the culture were finally plated on LB agar

plates containing kanamycin (@@ ml). The plates were incubated at 37°C overnight.

8.2.3.2 Electroporation

Higher transformation efficiency is generally ragdi for the site directed mutagenesis purpose,
which can be achieved by using electro-competefis.cl this method, plasmid DNA is

introduced into bacterial cells by introducing aldctric breakdown of cell membranes.

Electro-competent cells were thawed on ice and dnixih 2 pl (50 ng) of plasmid DNA. The

suspension (~100 pl) was transferred to a chilldd dn electroporation cuvette, which was
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flicked to remove air bubbles. The cuvette wasgqidiaato an electroporator and the electric pulse
was applied (20Q and 1.8kV). Cells were immediately resuspende®iOb 1 of SOC medium,
incubated at 37C for 1 hr and plated on nutrient agar plates dointg kanamycin (5@g/ml).

8.2.4 Site directed mutagenesis

In order to convert Tyrosine (Y) to Phenylalanif ih YXNX motifs of domains 3 and 4 of the
Mu50 Eap, the Quick-Change Site-Directed Mutagenidi (Stratagene Ltd, Cambridge, UK)
was used according to manufacturer's instructidre &ssay relies oRfu DNA polymerase
replicating both plasmid strands with high fidelityhe procedure was started with a PCR
reaction using a recombinant vector with an insegene of interest as template and two
oligonucleotide primers containing the desired patation. The primers were extended during
temperature cycling bi?fu DNA polymerase. This incorporation of primers gated a mutant
plasmid containing staggered nicks. The treatmdnthe amplification product with pnl
resulted in the digestion of the parental DNA tesigl Oligonucleotide primers were designed as
illustrated in Table 2, introducing the point migas at amino acid 296 and 403 of the Mu50

Eap open reading frame, respectively, leading ¥ éxchanges in the respective gene products.

Table 3: The reaction components and the PCR condbins employed during the site
directed mutagenesis.

Components Volume Components Volume
plasmid DNA (50 ng) X ul Primer 2 (0.2uM) 1pl
10 x Pfu reaction buffer 5l Pfu DNA polymerase 0.5 ul

(2.5 Up)
dNTPs (100 uM each) 2 ul Water (dd HO) Up to 50ul
Primer 1 (0.2uM) 1l

The mutated plasmids were amplified using the ol conditions: 95°C for 30 sec, followed
by 20 cycles of 95°C for 30 sec, 55°C for 1 min GABAC for 6 min. The final cycle was Z5for

2 min. In the case of Mu50 Eap of single domaire, ¢tongation time was reduced to 2 min.
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After PCR, the samples were placed on the ice fioadditional 2 min to cool the reaction<o
37°C.

8.2.4.1 Transformation of mutagenesis product

To remove the unmutated parental DNA, the PCR sasnplere treated with the restriction
enzymeDpnl (1 pl) for 1 hr at 37°C, which cuts only meth@dtDNA strands. An aliquot of
electro-competent cellE. coli DH5a) was thawn on ice, and 2 pl of tbgnl treated plasmid
sample was mixed with the competent cells. The wieflicked carefully to mix the sample and
was incubated on ice for an additional 30 min. Aftas, the sample was transformed by the
electroporation method as described above (se@i@rB.2). After selection of well-isolated
colonies on an agar plate containing kanamycinsrplds were extracted and purified as

mentioned below. The mutations were confirmed lmysacing (4 base-lab, Germany).

8.2.4.2 Plasmid extraction

The plasmid DNA was purified using the Qiagen Mimip kit according to manufacturer’s
instruction. A well isolated colony was picked fraLB-kanamycin plate with a sterile loop and
placed into 5 ml of LB medium containing kanamy¢a® pg/ml). The culture was incubated
overnight at 37°C with an agitation at 230 rpm. ©Bkiernight culture (1.5 ml) was transferred to
a 1.5 ml Eppendorf tube and centrifuged for 1 nic3000 rpm. The supernatant was removed
and the pellet was resuspended in gbof buffer P1, followed by an addition 250 pl affter

P2 (both buffers were provided by the kit). The pmwvas mixed by inverting the tube for 4 to 6
times, and lysis was allowed to occur for 2 mineTysis step was stopped by adding gb0f

the N3 solution (provided by the kit), invertingethube 4 to 6 times, and incubating the mixture
for 5 min on ice. The solution was then centrifuged 10 min at 13,000 rpm at room
temperature. The supernatant was transferred t@ge® column and the tube was centrifuged
for 1 min at 13,000 rpm. The column was washed W& pl of PE buffer (provided in the kit)
and centrifuged twice to remove the buffer solutibhe elution of the DNA was performed by
adding 50ul of sterile water to the column and incubating tedumn at room temperature for 1
min, followed by a centrifugation at 13,000 rpm fomin. The concentration of the plasmid was

determined by measuring the absorption at 260 nma spectrophotometer (Sambrook and
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Russell, 2001) . The principle of this method isdzhon the absorption ability of UV light by the
ring structure of purines and pyrimidines in the ®br RNA. An aliquot of DNA was send for

sequencing; the rest was stored at -20°C.

8.2.4.3 Agarose gel electrophoresis

Agarose gel electrophoresis is an effective metbagkparate DNA fragments for analytical and
preparative purposes. The negative charges of DKkecnles help to migrate towards the anode
in an electrical field. The migration depends oa size (base pair), the conformation of the DNA
(either relaxed or super-coiled) and also on the pze of the gel. To detect the DNA, ethidium
bromide is often used, which intercalates betweerstacked base pairs and can be visualized by

ultraviolet illumination.

For the separation of DNA fragments of 1000 to 8@@Oof length, a 0.8% melted agarose
solution in 1 x TAE (Appendix lll. 3) containing®pg/ml of ethidium bromide was poured into
the mold. The solidified gel was transferred irtie electrophoresis tank and was covered with 1
x TAE buffer. DNA samples (5-501) mixed with DNA loading buffer (5:1) (AppendixI113)
were loaded on the gel. To determine the sizehefQiNA fragments, a 1 kb DNA ladder
(Invitrogen) was loaded on each gel. Electrophsresis performed at 100 V for 45 min. The gel

was examined and photographed under by ultraviglet

8.2.5 Recombinant Mu50 Eap expression and purification

8.2.5.1 Heterologous gene expression of ¢-fap

E. coli strain BL21(DE3) was used as heterologous hostghie expression of Eap and its
variants. 100 ng of the respective Mu50 Eap plasmad mixed with thé. coli competent cells.
Transformation was carried out by heat shock asritesi above. The transformation product
(100 ul) was spread onto a LB plate containing kay@n and incubated at 37°C for 24 hr.
Following this, a well isolated single colony wasked from the plate, inoculated into 10 ml LB
containing kanamycin (50 pg/ml), and grown overhigh37°C with an agitation at 230 rpm. At
the following day, the main culture was started diyting the overnight culture 1:100 into
250 ml of fresh Terrific Broth (TB) (Appendix I1L) and incubating the mixture at 37°C and 230
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rpm. When the optical density {&) of the culture reached 1.0, the protein expressias
induced by adding isopropy#-D-thiogalactopyranoside (IPTG) to a final concatitm of 1 mM.
The culture was grown at 37°C and 230 rpm for aitiathal 18 hr to achieve a maximal cell

density, before the cells were harvested by cemgation at 5000 rpm.

8.2.5.2 Bacterial cell lysis

The harvested cell pellets were resuspended intalémg lysis buffer (5% of the original culture

volume) and lysed by stirring (Appendix lll. 3) 200-500 rpm for 30 min at room temperature.
The solubilized-denatured proteins were separatenh fthe cell debris by centrifugation at
25,0009 for 30 min.

8.2.6 Protein purification

8.2.6.1 Affinity chromatography

The affinity chromatography is based on the fororatf specific reversible complexes between
the chromatographic matrix and the molecule ofrege The matrix is represented by a suitable
polymer, carrying functional group-ligands, whicimdb the target molecules, whereas all other
non-specific molecules will pass through the colutmnorder to purify the proteins of interest,

the column is first equilibrated with binding buff@his step is followed by sample loading and
washing steps, which remove all proteins that atespecifically bound to the matrix. The bound
molecules are finally eluted from the column eithgrinducing physico-chemical changes, such
as the change of ionic strength, pH, temperaturehyoadding chaotropic agents like urea,

ethylene glycol, detergents or ethanol, or by aglditompeting substance, such as imidazole.

In this study, protein purification was carried @itroom temperature using a fast performance
liquid chromatography (FPLC) unit (BioRad, Biolodgixio Flow) equipped with a flow cell UV-
vis monitor and a fraction collector. The affinithromatography was carried out with &™Ni
NTA column (GE Healthcare), which exhibits a higmding capacity for histidine-tagged
proteins. A schematic view on interactions betw&eis-Tag, Nf'-NTA, imidazole and EDTA

with corresponding dissociation constantg)(fKnecht et al 2009) is shown in Figure 8.
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Figure 8: An illustration of the interactions that are involved in the purification with a Ni**-
NTA affinity column . The high-binding affinity between Niand NTA (K; value of10™! M)
allows a mild elution with moderate imidazole camications (K of 10° M). The Ky value of
imidazole is low enough to displace bound 6xHistdmit is not too high to strip theNiff the
column. This can be performed by an injection offTBD(K4 of 10*! M) leading to a complete
recovery of the column material (adapted and medifrom Knecht et al., 2009).

8.2.6.1.1 Purification of Eap by denature method

Affinity chromatography was performed by using &'NNTA column for FPLC. The clear
supernatant of the solubilized cell extract wasdémhto a 5 ml Ni—-NTA column joined to
FPLC, which had previously been equilibrated tonmo@mperature in denaturing wash buffer
(Appendix Ill. 3). After loading the sample, nonesffically bound proteins were removed from
the column by applying 5 column volume (CV) of dieming wash buffer. The tagged proteins
were eluted from the resin with 2.5 CV of denatgrghution buffer (Appendix lll. 3). During the
purification, the first 0.5 CV of eluate were disted since they contained negligible amounts of

protein.
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8.2.6.1.2 Protein refolding

Following the purification under denaturing conalits, the denatured protein samples were
drawn into an appropriate syringe with a needlal sefolded by quickly injecting the entire
amount into a 10-fold excess volume of native buffependix Ill. 3) at room temperature with

rapid stirring. The diluted samples were allowedtipfor 5-10 min at room temperature.

8.2.6.1.3 Native purification

The refolded protein samples were reapplied ta\Ni#&-NTA column that had been regenerated
according to manufacturer's suggestions and prdiegued with a native wash buffer
(Appendix lll. 3). The excess urea was removed laghing with 5 CV of native wash buffer,
and the bound, refolded proteins were eluted wishQV of native elution buffer (Appendix IlI.
3). The proteins were concentrated using Amicon lipdite Centricon according to

manufacturer’s instructions.

8.2.6.2 Gel filtration chromatography

In gel filtration, samples are loaded on top oblumn packed with gels of cross-linked polymers
with a known pore size, such as dextran. An elubioffer with pH and ionic strength suitable for
the sample preservation is passed from the topeotolumn with large molecules being eluted
faster, as smaller molecules are retarded by thexn@he speed of elution directly affects the

effectiveness of the separation with slower spe@dsg better resolutions.

In this work, gel filtration was performed usingoee-packed Superdex 75 10/300 column (GE
healthcare) and the BioRad FPLC system, which shallbw separating proteins of molecular
masses between 3 and 70 kDa. The column was sstrattemperature, and prior to the loading
of the sample, it was washed with 5 CV of phosplmatifer (Appendix Ill. 3) that had been
degassed and filtered. During the filtering progcélss eluent was analyzed for conductivity, pH
and UV absorbance, and results were plotted omuiixagrams. 200 pl of the concentrated™Ni
NTA purified native protein was injected into thRLEC and passed through the Superdex column
at the rate of 50Ql per min. The sample was passed through a UV t&tat 254 nm and each
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fraction (500ul) was collected in a fraction collecter (Biora@he chromatogram was obtained
by plotting the changes in UV absorbance (mAU)elsent per sample volume (ml).

8.2.7 Quantitation of endotoxin from purified recombinant Mu50 Eap

8.2.7.1 Removal of endotoxin from purified Eap

Endotoxin is an unwanted and often encounteredrbgyet of recombinant proteins purified
from Escherichia coli. The inherent toxicity of endotoxins makes theimopval an important step
for downstream applications of the protein in salédiological assays. In this work, putative
residualE. coli endotoxin contaminating the purified Eap proteercfron was removed using an
EndoTrap Blue column (Cambrex, Walkersville, MDheTcolumn was charged with 6 CV of
regeneration buffer (provided by the manufactueer) equilibrated with 6 CV of equilibration
buffer (provided by the manufacturer). Followinguéipration, the purified Eap protein sample
was loaded onto the column and allowed to passugfirdby gravity flow. Fractions were
collected immediately after the sample was loaddw collected fractions were concentrated

using Millipore Centricon as manufacturer’s instro.

8.2.7.2 Measurement of endotoxin in the purified Eap sasiple

The limulus amebocyte lysate (LAL) assay was usegliantify the amount of endotoxin present
in protein samples following the purification of fgeaThe QCL-1000 kit (Lonza) was used

according to the manufacturer’s instructions.

A standard curve of endotoxin was created rangioign f0.2-1.0 endotoxin units/ml. The purified
stock of endotoxin was vortexed vigorously for 18 mrior to dilution, and each standard
dilution was vortexed for an additional two min def transferring it to the next tube. Samples
were diluted directly in the tube in duplicate, da@f@fold dilutions ranging from pure sample to
1:1000 were created. Each sample and the standard prewarmed to 3T before an
equivalent amount of LAL reagent was added andhbated for 10 min at 3€. Chromogenic
substrate solution was then added to the tubesnanbated for an additional 6 min at°€7 The
assay was stopped by the addition of 50 pl of 1M%.SThe absorbance of each sample was

determined at 405 nm on the spectrophotometer @iolhstruments) and the values were
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compared to the standard curve of known endotoxincentrations. The linear regression
equation of the best fit line through the standard/e points was calculated by Microsoft Excel,

and then used to determine the endotoxin conceorirat the purified protein samples.

8.2.8 Protein quantification

In this work, protein determination was done eitnethe Bradford method or by a BCA assay as
described below.

8.2.8.1.1 Bradford protein assay

The protein concentrations in the cell culture s@spvere determined with a Bradford protein
assay, using bovine serum albumin (BSA) as a prat&indard (Bradford 1976). The standard
curve was made of the readings of eight differahitidns of the stock solution of BSA (1
mg/ml) with final concentrations of 0, 0.01, 0.0203, 0.04, 0.05, 0.06 and 0.08 mg/ml,
respectively. For the protein determination, Bradfeolution (Bio-Rad Protein Assay) was 5-
fold diluted in water, and 250l were added to the cuvettes containingul @f the standard or
samples. The solutions were mixed thoroughly andbated at room temperature for 5 min. The
respective samples were tested in duplicate, aadalisorbance of standard and samples were

measured using a spectrophotometer (Gene Quatps8p nm.

8.2.8.2 BCA protein assay

Protein concentrations were also determined ugirgBICA (Bcinchoninic Acid) assay protein
guantitation kit. The principle of the BCA assayascolorimetric assay which involves the
reduction of Cé" to Cu by peptidic bonds of proteins. Bicinchoninic achielates Cliions with
very high specificity to form a water soluble p@mblored complex (Figure 9). The reaction was
measured by the optical absorbance at 562 nm. iRratncentrations were calculated in

reference to a standard curve obtained with BSA.
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Figure 9: BC Assay reaction

The working reagent was prepared by mixing 50 vasiraf BCA reagent A with 1 volume of
BCA reagent B (50:1). 100l of the standard protein fractions and sampleswexed with 2 ml

of working reagent, respectively, incubated at@GB7or 30 min, and measured at 562 nm on the
spectrophotometer (Unicam Helios Instruments). dverage absorbance values for the standard
curve were plotted, and the linear regression égudbr the best fit line through the points was
calculated by Microsoft Excel. Average sample abaonce values in the range of the standard

curve were interpolated to determine the proteimceatration.

8.2.9 Sodium Dodecylsulfate (SDS) polyacrylamide gel eleophoresis (PAGE)

The discontinuous gel electrophoresis was usedamwitor the status of Eap expression and the
purity of the Eap obtained after several stepshaf purification procedure. Proteins were

separated according to their charge and molecukssmusing Laemmlis’ discontinuous gel

electrophoresis method (Laemmli, 1970), with a 1&@&parating gel (Appendix 1V) and a 5%

stacking gel (Appendix V).

Briefly, a portion of the Eap protein sample waxedi with 2xSDS loading buffer (Appendix
IV) (1:1 v/v) and the sample was heated to 1009Gfmin. After cooling down for 2 min on ice,
samples were applied to the slots (wells) of tlhelshg gel and were run for 1 hr and 30 min at
120 V until the tracking dye (bromophenol blue)nfroeached to the bottom of the gel. The pre-

stained broad range protein marker (Fermentasstifence) served as a reference molecular
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weight marker. To visualize the protein bands, geé was stained with Coomassie staining
solution (Appendix IV) for 30 min at room tempena&uon a shaker and then incubated in
destaining solution (Appendix 1V), which was chadgevery 30 min until the protein bands
became clearly visible.

8.2.10 Cell culture

Human keratinocytes were grown and maintainederk#ratinocyte growth medium MCBD 153
basal medium (BIOCROM AG), supplemented with 10%lféovine serum (FBS) obtained
from PAA lab (GmbH), and 1% penicillin /streptomyci10000U/1000Qug/ml) solution in a
humid atmosphere containing 5% &£@nd 95% air at 37°C. All cells were split twicevaek.
Prior to splitting of the cells, they were washadce with 5 ml PBS (Appendix Ill. 3). Cells
were detached from the petri-dishes (10 cm) by raglgire-warmed 1x trypsin-EDTA (2 ml;
PAA lab GmbH ) and incubated at 37°C with 5% Q@ 10-15 min and collecting the cells by
centrifugation. The cells were resuspended intshfrenedium and transferred into new petri-
dishes containing fresh medium (10 ml) (cells wditated by a factor <10). Cell cultures were
tested routinely for mycoplasma contaminations gisime PCR mycoplasma Test Kit

(AppliChem) according to the manufacturer’s recomdaions.

8.2.10.1Freezing cell lines for long term storage

After trypsination with pre-warmed 1x trypsin-EDT#&nd addition of prewarmed MCBD 153
basal medium, cells were transferred to a falcdye tand centrifuged at 1000 g. In order to
prevent the formation of ice crystals within thellsepellets were resuspended in media
containing 20% DMSO, and were slowly cooled by #ieg the cells at —2C for 1 hr, followed

by an overnight incubation at —70°C. On the follogvday, the cells were stored either in a liquid

nitrogen cell incubator or at —70°C.

8.2.10.2Determination of cell numbers and cell viability

Cells were counted by a trypan blue method usireg @ountless Automated Cell Counter

(Invitrogen). Cell samples were mixed with trypalud) loaded into countless cell counting
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chamber slides (Stuart Scientific Colony Countemd applied to the cell counter, thereby

determining the live/dead ratio of cells and thaltoell concentration per milliliter.

8.2.11 Cell culture assays

8.2.11.1Adherence assay

The adherence and internalization assay was pegfbras described by Haggar et al., (2003)
with slight modifications. Briefly, HaCaT cells weseeded (1xf6ells/well) into 24-well plates
and incubated at 3T in presence of 5% GQuntil the cell layer reached confluence. Cellsaver
washed with PBS (Appendix Ill. 3), and 300 pl odretard medium supplemented with the
purified Eap samples (WT and mutant samples) atoacentration of 30 pg/ml (final
concentration) were added. The cultures were irtedbéor 1 hr and washed with PBS as
described above. 300 ul of fresh standard mediunmtaging 10 bacteria (multiplicity of
infection of 100) were added per well. After adali@l 2 hr and 30 min of incubation, media
were removed and wells were washed three timesRBtB to remove non-adherent bacteria. In
the next step, 200 ul of trypsin/EDTA were added \pells to detach the cells, which were
subsequently lysed by the addition of 0®f sterile water, and sonicated at 75 watt forsb.
The bacteria were serially diluted and plated onAMplates. After 24 hours of incubation,

colonies were counted, and CFUs were determined.

8.2.11.2Internalization assay

For the internalization assay, the adhesion aseatpgnl was followed with the one exception
that after incubation for 2 hr and 30 min, the oiddia were replaced by adding 200 ul of fresh
media containing lysostaphin (20 pg/ml final cortcations) and the cell cultures were incubated

for an additional hr.
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8.2.11.3ERK phosphorylation assay

8.2.11.3.1Cell assay for ERK signaling

The ERK phosporylation assays were performed esfignas described (Sobke et al., 2006).
Briefly, HaCaT cells were seeded into 6 well plarth a cell-density of 2x1®@ells/well, and
cultured for 24 hr in MCBD 153 containing 10% FB®1dl% penicillin/streptomycin. After this
incubation, old media were replaced by fresh medicontaining 0.5% FBS and further
incubated overnight. On the following day, old neediere replaced by basal medium containing
0.05% BSA (Sigma), and the cells were incubatedafiditional 4 hr before Eap was added.
After an additional hr of incubation, ERK phospHation was induced by adding keratinocyte
growth factor (KGF) at a concentration of 50 ngand incubating the culture for 8 min. After
that, cells were washed twice with ice-cold PBSgtyon ice in RIPA buffer (Appendix V) and
then centrifuged at 10,0@Pfor 10 min at 4°C to remove all insoluble materidie supernatants
were collected and total cellular protein contewtxye determined using Bradford and BCA
assays. Equal amounts of protein (30 pug) were stdgeto Western blot analyses using anti-
phospho-ERK (Thr202/Tyr204) antibodies.

8.2.11.3.2Western blot of ERK signaling

Proteins were transferred from the SDS-gel ontd@tragellulose transfer-membrane (Protran®,
Whatman) by a semi-dry blotting method in a BioRB@nsfer-blot SD system using the
manufacturers protocols. The blots were subsequéittcked for 1 hr with 5% skim milk in

Tris-buffer saline (Appendix Ill. 3) supplementediw0.1% Tween 20, followed by an overnight
incubation at 4°C with a 1:1000 dilution of antiggpho-ERK (Thr202/Tyr204) antibody
purchased from Cell Signalling Technology (BeveWp). On the following day, membranes
were washed 3-times with TBS, followed by incubat& 25°C for 1 hr with a 1:4000 dilution of
the secondary antibody, a horseradish peroxidasgigated anti-mouse IgG antibody (Biorad).
After additional three rounds of washing, blots evequilibrated in detection buffer, overlayed
with an ECL solution (Amersham Bioscience) and bated for 2 min. at RT, before the

chemiluminescence signals were captured using aMCie XRS-system -system (BioRad).
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8.2.11.4Proliferation assay
HaCaT cell (2x1dcells per 10Qul) were seeded into 96 well plates in a MCBD 153jium

supplemented with 0.5% fetal bovine serum and iated at 37°C for 24 hr in a humid
atmosphere containing 5% @@nd 95% air. Afterwards, the old media were regdaby fresh
media containing 0.2% BSA and g@/ml of Eap and further incubated for a night. Gy three,
cells were incubated with EdU (ethynyl-2- deoxyiun@ at a concentration of 10 mM and
incubated for 24 hr. On day four, the EdU incorgpiorawas measured with the Click-iT-EdU
Microplate Assay kit (Invitrogen). All samples wesssayed in triplicate. Fluorescence signals
were measured with the Wallac Victor-2 microtitezlMplate reader (Perkin Elmer Life Science)

at excitation/emission wavelengths of 490/510 nm.

8.3 Statistical methods

An unpaired two sided Mann Whitney U test was ugeth a threshold of statistical significance

assumed d® values of <0.05 (*) and <0.01 (**).
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9 Results

9.1 Bioinformatics study

All S aureus strains tested to date produce Eap, which vaoesiderably in its size between
different isolates. The protein is usually composédd to 6 tandem repeats, with only few
exceptions. In this study, the amino acid sequent&ap from 14 different strains &f aureus

were retrieved and a multiple sequence alignmerst pegiformed as described in the ‘Methods’

section. The alignment result is shown in Apperdi

Based on the sequence alignment of the Eaps, fifereht Eap domain-types were identified
(type 1, II, 1Il, IV and V). The corresponding sexnce alignments of the domains are shown in
Figure 10-14 and their comprehensive diagrammaresentation is shown in Figure 15.
aureus stains having small variants of this protein wevenposed of Eap domain types that were
not redundant, while the larger Eap variants uguatintained repeats of one or two domain
types, with the domain types 3 and 4 being dugtat most of the cases. For example, the Eap
of S aureus strain Mu50 is composed of four domains: domaof fype |, domain 2 of type I,
domain 3 of type Ill, and domain 4 of type IV. TRap of strain RF122 is composed of three
domains; domain 1, domain 2 and domain 3. The alegit of each domain with respect to the
strain Mu50 showed the presence of type I, typent type IV domains, respectively, in which
the domain 3, though being third domain, showedHiglest identity/similarity with type IV
(Table 4). Similarly, the Eap of strain Wood 46c@mposed of 6 domains; domain 1 (type ),
domain 2 (type Il), domain 3 and domain 4 (bothety)), and domain 5 and 6 (both type 1V),
suggesting a duplication of these two domains duttie evolutionary process of the strains.
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Table 4: The comparative study of the individuaindin of S. aureus strain RF122 with respect

to the strain Mu50. The pairwise sequence alignmerds performed to find the

identity/similarity of the individual domain. Theothain 1 (D1), domain 2 (D2) and domain 3
(D3) of RF122 showed the highest identity/similantith type |, type Il and type IV domains

with respect to the strain Mu50, and the valueshosvn in bold.

Identity/Similarity

S. aureus strain RF122
Mu50 D1 D2 D3
D1 (Type I) 85.2/95.5 84.1/95.5 56.8/77.3
D2 (Type Il) 83.0/95.5 97.7/98.9 60.2/79.5
D3 (Type IlI) 53.4/77.3 51.1/76.1 60.2/75.0
D4 (Type IV) 62.5/78.4 62.5/76.1 92.0/97.7

The sequence alignment also revealed that theiyeitgtrosine phosporylation sites of Eap
identified by S. Kerdudou (unpublished PhD thesthg YXNX motifs, were more or less
conserved in the Eap domain types I, Ill and IVg(fFe 10-15), whereas they were absent in
domain types Il and V. The highest conservatiothefYXNX motif was found in the domain of
type lll, which was present in all strains harbgrithis type followed by the domain type IV,
where the YXNX motif was found in 12 out of 14 igtds (Figure 15). However, the YXNX
motif was less conserved in the domain type |, dpgiresent in 10 of the 14 analyzed isolates
only (Figure 15). Interestingly, Eap variants thegd composed of more than four repeats did not
show the conserved YXNX motifs in all the duplichtgpe 11l and IV domains (Figure 15).
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Mu50_D1 IPYTITVNGTSONILSSLTFNKNONISYKDIENKVKSVLYFNRGISDIDLRLSKQAEYTV 60
RF122 D1 VPYAITVNGTSONILSSLTFNKNONISYKDLEDRVKSVLKSDRGISDIDLRLSKQAKYTV 60
N315 IPYTITVNGTSONILSSLTFNKNONISYKDIENKVKSVLYFNRGISDIDLRLSKQAEYTV 60
JHOMap_ D1 IPYTITVNGTSONILSSLTFNKNONISYKDIENKVKSVLYFNRGISDIDLRLSKQAEYTV 60
CI7_D1 IPYTITVNGTSONILSSLTFNKNQQISYKDIENKVKSVLYFNRGISDIDLRLSKQAKYTV 60
USA300_D1 VPYAITVNGTSONILSSLTFNKNONISYKDLEDRVKSVLKSDRGISDIDLRLSKQAKYTV 60
MSSA476_D1 IPYTITVNGTSONILSSLTFNKNONISYKDIENKVKSVLYFNRGISDIDLRLSKQAEYTV 60
MwW2_ D1 IPYTITVNGTSONILSSLTFNKNONISYKDIENKVKSVLYFNRGISDIDLRLSKQAEYTV 60
8325 D1 VPYAITVNGTSONILSSLTFNKNONISYKDLEDRVKSVLKSDRGISDIDLRLSKQAKYTV 60
COL_D1 VPYAITVNGTSONILSSLTFNKNONISYKDLEDRVKSVLKSDRGISDIDLRLSKQAKYTV 60
FDA574_D1 IPYTITVNGTSONILSSLTFNKNQQISYKDIENKVKSVLYFNRGISDIDLRLSKQAKYTV 60
Newman_D1 IPYTITVNGTSONILSSLTFNKNQQISYKDIENKVKSVLYFNRGISDIDLRLSKQAKYTV 60
MRSA252_ D1 IPYTITVNGTSONILSSLTFNKNQQISYKDIENKVKSVLYFNRGISDIDLRLSKQAKYTV 60
Wood46_D1 IPYTITVNGTSONILSSLTFNKNONISYKDIENKVKSVLYFNRGISDIDLRLSKQAEYTV 60

Mu50_D1
RF122_D1
N315
JHOMap_D1
CcI7_bp1
USA300_D1
MSSA476_D1

HFKNGTKRVIDLKSGIYTADLINTSDIK 88
YFKNGAKRVIDLKAGIYTADLINTSEIK 88
HFKNGTKRVIDLKSGIYTADLINTSDIK 88
HFKNGTKRVIDLKSGIYTADLINTSDIK 88
HFKNGTKRVVDLKAGIHTADLINTSDIK 88
YFKNGTKKVIDLKAGIYTADLINTSEIK 88
HFKNGTKRVIDLKSGIYTADLINTSDIK 88

MW2_ D1 HFKNGTKKVIDLKSGIYTADLINTSDIK 88
8325 D1 YFKNGTKKVIDLKAGIYTADLINTSEIK 88
COL_D1 YFKNGTKKVIDLKAGIYTADLINTSEIK 88

FDAS574_D1
Newman_D1
MRSA252_D1
Wood46_D1

HFKNGTKRVVDLKAGIHTADLINTSDIK 88
HFKNGTKRVVDLKAGIHTADLINTSDIK 88
HFKNGTKRVVDLKAGIHTADLINTSDIK 88
HFKNGTKRVIDLKSGIYTADLINTSDIK 88

Figure 10: The Clustal W2 alignment of the amino acid sequenseof Eap domain type |
from fourteen different strains of Staphylococcus aureus species The 14 different strains &
aureus Eap include Mu50 (SAV1938), RF122 (SAB1873c), N§3A1751), JH9 (A5IUA7), CI-

7 (AJ243790), USA300 (ABX29943), MSSA476 (SAS186MW2 (EFK80959.1) , 8325
(ABD31208), COL (AAW36971), FDA547 (Q53599), NewmarapN (AJ132841), MRSA252
(SAR2030) and Woo0d46 map-W (AJ245439). The conskrY&XNX- motif of domain type | is
represented in red. The diagrammatic representatidhe conserved domain with its domain

type is illustrated in second part of this figuFegure 15).

Mu50_D2 VPYTITVNGTSONILSNLTFNKNONISYKDLEGKVKSVLESNRGITDVDLRLSKQAKYTV 60
RF122 D2 VPYTITVNGTSQNILSNLTFNKNONISYKDLEGKVKSVLESNRGIIDVDLRLSKQAKYTV 60
N315_D2 VPYTITVNGTSONILSNLTFNKNONISYKDLEGKVKSVLESNRGITDVDLRLSKQAKYTV 60
JH9_D2 VPYTITVNGTSONILSNLTFNKNONISYKDLEGKVKSVLESNRGITDVDLRLSKQAKYTV 60
CI7_D2 VPYTITVNGTSONILSNLTFKKISKLVIKILENNVKSVLKSNRGITDVDLRLSKQAKFTV 60
USA300_D2 VPYTITVNGTSONILSNLTFNKNONISYKDLEDKVKSVLESNRGITDVDLRLSKQAKYTV 60
MSSA476_D2 VPYTITVNGTSQNILSNLTFNKNONISYKDLEGKVKSVLESNRGITDVDLRLSKQAKYTV 60
MW2_ D2 VPYTITVNGTSONILSNLTFNKNONISYKDLEGKVKSVLESNRGITDVDLRLSKQAKYTV 60
8325 D2 VPYTITVNGTSONILSNLTFNKNONISYKDLEDKVKSVLESNRGITDVDLRLSKQAKYTV 60
COL_D2 VPYTITVNGTSONILSNLTFNKNONISYKDLEDKVKSVLESNRGITDVDLRLSKQAKYTV 60
FDA574_D2 VPYTITVNGTSONILSNLTFKKNQQOISYKDLENNVKSVLKSNRGITDVDLRLSKQAKFTV 60
Newman_D2 VPYTITVNGTSONILSNLTFKKNQQTISYKDLENNVKSVLKSNRGITDVDLRLSKQAKFTV 60
MRSA252 D2 VPYTITVNGTSONILSNLTFKKNQQISYKDLENNVKSVLKSNRGITDVDLRLSKQAKFTV 60
Wood46_D2 VPYTITVNGTSONILSNLTFNKNONISYKDLEDKVKSVLESNRGITDVDLRLSKQAKYTV 60

Mu50_D2 NFKNGTKKVIDLKSGIYTANLINSSDIK 88
RF122 D2 NFKNGTKKVIDLKAGIYTANLINSSDIK 88
N315_D2 NFKNGTKKVIDLKSGIYTANLINSSDIK 88
JH9_D2 NFKNGTKKVIDLKSGIYTANLINSSDIK 88
CI7_D2 NFKNGTKKVIDLKAGIYTANLINTGDIK 88

USA300_D2
MSSA476_D2

NFKNGTKKVIDLKSGIYTANLINSSDIK 88
NFKNGTKKVIDLKSGIYTANLINSSDIK 88

MW2_ D2 NFKNGTKKVIDLKSGIYTANLINSSDIK 88
8325 D2 NFKNGTKKVIDLKSGIYTANLINSSDIK 88
COL_D2 NFKNGTKKVIDLKSGIYTANLINSSDIK 88

FDAS574_D2
Newman_D2
MRSA252 D2
Wood46_D2

NFKNGTKKVIDLKAGIYTANLINTGGIK 88
NFKNGTKKVIDLKAGIYTANLINTGDIK 88
NFKNGTKKVIDLKAGIYTANLINTGDIK 88
NFKNGTKKVIDLKAGIYTANLINSSDIK 88

Figure 11: The Clustal W2 alignment of the amino acid sequenseof Eap domain type Il
from fourteen different strains of Staphylococcus aureus species as mentioned in Figure 12
There is no conserved -YXNX- motif in domain typeThe diagrammatic representation of the
conserved domain with its domain type is illustdate second part of this figure (Figure 15).
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Mu50_D3 VPYSINLNGTSTNILSNLSFSNKPWINYKNLTSQIKSVLKHDRGISEQDLKYAKKAYYTV 60
N315_ D3 VPYSINLNGTSTNILSNLSFSNKPWINYKNLTSQIKSVLKHDRGISEQDLKYAKKAYYTV 60
JH9_D3 VPYSINLNGTSTNILSNLSFSNKPWTNYKNLTSQIKSVLKHDRGISEQDLKYAKKAYYTV 60
CI7_D3 VPYSINLNGTTTNIQSNLAFSNKPWINYKNLTTKVKSVLKSDRGVSERDLKHAKKAYYTV 60
UsSA300_D3 VPYSINLNGTSTNILSNLSFSNKPWITNYKNLTSQIKSVLKHDRGISEQDLKYAKKAYYTV 60
USA300_D4 VPYTIAVNGTSTPILSDLKFTGDPRVGYKDISKKVKSVLKHDRGIGERELKYAKKATYTV 60
MSSA476_D3 VPYSINLNGTSTNILSNLSFSNKPWITNYKNLTSQIKSVLKHDRGISEQDLKYAKKAYYTV 60
MW2_ D3 VPYSINLNGTSTNILSNLSFSNKPWINYKNLTSQIKSVLKHDRGISEQDLKYAKKAYYTV 60
8325_ D3 VPYSINLNGTSTNILSNLSFSNKPWTNYKNLTSQIKSVLKHDRGISEQDLKYAKKAYYTV 60
8325 D4 VPYTIAVNGTSTPILSDLKFTGDPRVGYKDISKKVKSVLKHDRGIGERELKYAKKATYTV 60
COL_D3 —PYSINLNGTSTNILSNLSFSNKPWTNYKNLTSQIKSVLKHDRGISEQDLKYAKKAYYTV 59
COL_D4 VPYTIAVNGTSTPILSDLKFTGDPRVGYKDISKKVKSVLKHDRGIGERELKYAKKATYTV 60
FDAS574_D3 VPYSINLNGTTTNIQOSNLAFSNKPWITINYKNLTTKVKSVLKSDRGVSERDLKHAKKAYYTV 60
FDAS574_D4 VPYTIAVNGASNPTLSDLKFTGDSRVSYSDIKKKVKSVLKHDRGIGERELKYAEKATYTV 60
Newman_ D3 VPYSINLNGTTTNIQOSNLAFSNKPWITNYKNLTAKVKSVLKSDRGVSERDLKHAKKAYYTV 60
Newman_ D4 VPYTIAVNGTSTPNLSDLKFKGDSRVSYSDITKKVKSVLKYDRGIGERELKYAKKATYTV 60
MRSA252 D3 VPYSINLNGTTTNIQSNLAFSNKPWINYKNLTAKVKSVLKSDRGVSERDLKHAKKAYYTV 60
MRSA252_ D4 VPYTIAVNGTSTPNLSDLKFKGDSRVSYSDITKKVKSVLKYDRGIGERELKYAKKATYTV 60
Wood46_D3 VPYSINLNGTSTNILSNLSFSNKPWITNYKNLTSQIKSVLKHDRGISEQDLKYAKKAYYTV 60
Wood46_D4 VPYTIAVNGTSTPILSDLKFTGDPRVGYKDITKKVKSVLKHDRGIGERELKYAKKATYTV 60

Mu50_D3
N315_D3
JHO_D3
cI7_D3
USA300_D3
USA300_D4
MSSA476_D3

YFKNGGKRILOLNSKNYTANLVHAKDVK 88
YFKNGGKRILOLNSKNYTANLVHAKDVK 88
YFKNGGKRILOLNSKNYTANLVHAKDVK 88
YFKNGGKRVIHLNSNIYTANLVHAKDVK 88
YFKNGGKRILOLNSKNYTANLVHAKDVK 88
HFKNGTKKVININSNISQLNLLYVODIK 88
YFKNGGKRILOLNSKNYTANLVHAKDVK 88

MW2_ D3 YFKNGGKRILOLNSKNYTANLVHAKDVK 88
8325 D3 YFKNGGKRILOLNSKNYTANLVHAKDVK 88
8325_ D4 HFKNGTKKVININSNISQLNLLYVQODIK 88
COL_D3 YFKNGGKRILOLNSKNYTANLVHAKDVK 87
COL_D4 HFKNGTKKVININSNISQLNLLYVODIK 88

FDAS574_D3
FDAS574_D4
Newman_ D3
Newman_D4
MRSA252_D3
MRSA252_D4
Wood46_D3
Wood46__D4

YFKNGGKRVIHLNSNIYTANLVHAKDVK 88
HFKNGTKKVINLNSNISQLNLLYVKDIK 88
YFKNGGKRVIHLNSNIYTANLVHAKDIK 88
HFKNGTKKVINLNSKISQLNLLFVKDIK 88
YFKNGGKRVIHLNSNIYTANLVHAKDIK 88
HFKNGTKKVINLNSKISQLNLLFVKDIK 88
YFKNGGKRILOLNSKNYTANLVHVKDVK 88
HFKNGKKKVINLNSKISQLNLLYVQODIK 88

Figure 12: The Clustal W2 alignment of the amino acid sequenseof Eap domain type Il
from fourteen different strains of Staphylococcus aureus species as mentionedThe
conserved -YXNX- motif of domain type Il is repeged in red. The diagrammatic
representation of the conserved domain with itsalanype is illustrated in second part of this
figure (Figure 15).

Mu50_D4 VPYTIAVNGTSTPILSKLKISNKQOQLISYKYLNDKVKSVLKSERGISDLDLKFAKQAKYTV 60
RF122 D3 VPYSINLNGTSTPILSKLKLSQKELISYKYLNDKVKSVLKSERGISDLDLKFAKQAKYTV 60
N31l5_ D4 VPYTIAVNGTSTPILSKLKISNKQLISYKYLNDKVKSVLKSERGISDLDLKFAKQAKYTV 60
JH9_D4 VPYTIAVNGTSTPILSKLKISNKQOQLISYKYLNDKVKSVLKSERGISDLDLKFAKQAKYTV 60
CI7_D4 VPYTIAVNGASNPTLSDLKFTGDSRVSYSDITKKVKSVLKHDRGINDIELKFAKQAKYTI 60
USA300_DS5 VPYTIAVNGTSTPILSKLKISNKOLISYKYLNDKVKSVLKSERGISDLDLKFAKQAKYTV 60
MSSA476_D4 VPYTIAVNGTSTPILSKLKISNKQOQLISYKYLNDKVKSVLKSERGISDLDLKFAKQAKYTV 60
MSSA476_DS5S VPYTIAVNGTSTPILSKLKISNKQLISYKYLNDKVKSVLKSERGISDLDLKFAKQAKYTV 60
MW2_ D4 VPYTIAVNGTSTPILSKLKISNKQLISYKYLNDKVKSVLKSERGISDLDLKFAKQAKYTV 60
MW2_ DS VPYTIAVNGTSTPILSKLKISNKQOQLISYKYLNDKVKSVLKSERGISDLDLKFAKQAKYTV 60
8325_DS VPYTIAVNGTSTPILSKLKISNKQOLISYKYLNDKVKSVLKSERGISDLDLKFAKQAKYTV 60
COL_DS5 VPYTIAVNGTSTPILSKLKISNKOLISYKYLNDKVKSVLKSERGISDLDLKFAKQAKYTV 60
FDAS574_DS5 VPYTIAVNGTTTPIASKLKLSNKOLIGYQODLNKKVKSVLKHDRGINDIELKFAKQAKYTI 60
Newman_DS5 VPYTIAVNGTSTPIASKLRLSNKQLIGYQODLNKKVKSVLKHDRGINDIELKFAKQAKYTV 60
MRSA252 DS VPYTIAVNGTSTPIASKLKLSNKQLIGYQODLNKKVKSVLKHDRGINDIELKFAKQAKYTV 60
Wood4a6_DS VPYTIAVNGTSTPILSKLKISNKQLISYKYLNDKVKSVLKNERGISDLDLKFAKQAKYTV 60

MuS50_D4
RF122_D3
N315_D4a
JH9_Da
cI7_p4a
USA300_DS5S
MSSA476_D4
MSSA476_D5

YFKNGKKQVVNLKSDIFTPNLFSAKDIK 88
HFKNGKKQVVNLKSDIFTPNLFSAKDIK 88
YFKNGKKQVVNLKSDIFTPNLESAKDIK 88
YFKNGKKQVVNLKSDIFTPNLESAKDIK 88
HFKNGKTQVVDLKSDIFTRNLEFSVKDIK 88
YFKNGKKQVVNLKSDIFTPNLFSAKDIK 88
YFKNGKKQVVNLKSDIFTPNLEFSAKDIK 88
YFKNGKKQOQVVNLKSDIFTPNLESAKDIK 88

MW2_ D4 YFKNGKKQVVNLKSDIFTPNLFSAKDIK 88
MwW2_ DS YFKNGKKQVVNLKSDIFTPNLFSAKDIK 88
8325_ DS YFKNGKKQVVNLKSDIFTPNLFSAKDIK 88
COL_DS5 YFKNGKKQVVNLKSDIFTPNLFSAKDIK 88

FDAS74_D5
Newman_DS
MRSA252_D5
Wood46_D5

HFKNGKTQVVDLKSDIFTRNLFSVKDIK 88
HFKNGKTQVVDLKSDIFTRNLFSVKDIK 88
HFKNGKTQVVDLKSDIFTRNLFSVKDIK 88
YFKNGKKQVVNLKSDIFTPNLFSAKDIK 88

Figure 13: The Clustal W2 alignment of the amino acid sequenseof Eap domain type IV
from fourteen different strains of Staphylococcus aureus species as mentioned The
conserved -YXNX- motif of domain type IV is represed in red. The diagrammatic
representation of the conserved domain with itsaantype is illustrated in second part of this
figure (Figure 15).
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CI7_D5 VKFPVTINGFSNLVSNEFAFLHPHKITTNDLNAKLRLALASDQGITKHDIGLSERTVYKV 60
COL_D6 VKFPVTINKFENIVSNEFVFYNASKITINDLSIKLKSAMANDQGITKHDIGLAERAVYKV 60

FDA574_D6 VKFPVTINGFSNLVSNEFAFLHPHKITTNDLNAKLRLALRSDQGITKHDIGLSERTVYKV 60
Newman_D6 VKFPVTINGFSNVVSNEFAFLHPHKITTNDLNAKLRLALASDQGITKHDIGLSERTVYKV 60
MRSA252 D6 VKFPVTINGFSNVVSNEFAFLHPHKITTNDLNAKLRLALASDQGITKHDIGLSERTVYKV 60
CI7_D5 YFKDGSSKFVDLKAAKQDSKVFKATDIK 88
COL_D6 YFKNGSSKYVDLKTEYKDERVFKATDIK 88
FDA574_D6 YFKDGSSKLEDLKAAKQDSKVFKATDIK 88
Newman_ D6 YFKDGSSKFVDLKAAKQDSKVFKATDIK 88
MRSA252_ D6 YFKDGSSKFVDLKAAKQDSKVFKATDIK 88

Figure 14: The Clustal W2 alignment of the amino acid sequenseof Eap domain type V
from fourteen different strains of Staphylococcus aureus species as mentionedl'here is no
conserved -YXNX- motif in domain type V. The diagnaatic representation of the conserved
domain with its domain type is illustrated in sedqoart of this figure (Figure 15).

Figure 15: Distribution of the Eap domain types in14 different Staphylococcus aureus
strains. The domaintype | (red), type Il (magenta), type Il (blueype IV (green) and type V
(purple) are shown. The type I, type Il and typedomain have conserved -YXNX- motifs, in
which () is tyrosine, (N) is asparagine and X aiable.
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9.2 Selection of Mu50 Eap and generation of its derivates

In this work, we focused mainly on the Eap Sfaureus strain Mu50 (Mu50 Eap) for the
following reasons: The Eap of strain Mu50 is wdlaracterized and shown to be functional
(Geisbrecht et al., 2005; Hammel et al., 2007). ddoer, it harbors three YXNX motifs in the
domain types |, lll, and IV. Interestingly, it altacks the duplications of the domain types found
in other derivatives, thereby reducing the worklt@dhutate all YXNX motifs present in the Eap
of interest. Additionally, the expression-plasmigszboring the wild type of Mu50 Eap and all
single domains were already available (Geisbrethdl.e 2005), which accessed us to create

desired mutations in the constructs.

In addition, the amino acid tyrosine is an impottsite for the phosphorylation which might play
an important role during cell signaling. The phasptation of tyrosine can modulate the
functional activity and/or promote interaction witther moleculesSchlessinger, 2000As a

result, in this study we speculated that the phoggétion of tyrosine residues in the conserved

YXNX motifs might play an essential role for Eamétions.

In reference to the above mentioned experimentdl theoretical assumptions, the tyrosine
residues of the conserved YXNX motif in domains r8l &t of Mu50 Eap were mutated to
phenylalanine at Y296F and Y403F, respectivelyhwhie mutagenic primers mentioned in Table
2. The point mutations were done for the full-lén¢ftL) Mu50 Eap, and for single, double, and
triple domain constructs as depicted in Figure b8 &ppendix 1.1). As a result of our
mutagenesis attempts, eight mutants were creataddhpoint mutations leading to tyrosine to
phenylalanine exchanges in the FL Eap of domaiRL®8) and domain 4 (FLD4), the domains
2 to 4 containing fragments 2L4 mutated in domaif2B4D3) and domain 4 (2LD4), the
domains 3 and 4 containing fragments 3L4 mutatedlomain 3 (3L4D3), and domain 4
(3L4D4), and the single domain 3 mutant (D3M) amndin 4 mutant (D4M). All mutations

were confirmed by sequencing (see Appendix I. 2).
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Full length wild type (FLWT)
Full length domain 3 mutant (FLD3)
Full length domain 4 mutant (FLD4)

Three domain having domain 2, 3 and 4 (2L4WT)
2L4 domain 3 mutant (2L4D3)
214 domain 4 mutant (2L4D4)

Two domain having domain 3 and 4 (3L4WT)
3L4 domain 3 mutant (3L4D3) C4)

3L4 domain 4 mutant (3L4D4)

Single domain 3 (D3WT)

domain 3 mutant (D3 mutant)
Single domain 4 (D4WT)

domain 4 mutant (D4 mutant)

WAARS:

Figure 16: Schematic representation of the Mu50 Eapwild-type and its mutants used in this
study. Eight Eap mutants were constructed by exchangingsiye (T) to phenylalanine (F) in
the putative YXNX motifs of domains 3 and 4, redpesty. The asterisk “*’represents the point
mutation that has been introduced.

9.3 Heterologous expression of the recombinant wild-tyg and mutant Mu50 Eaps

E. coli strain BL21(DE3) was used as a heterologous Hostthe expression of the Mu50 Eap
and its different mutant derivatives. The Mu50 &p sequence and the different Mu50 Eap
fragments were sub-cloned into the plasmid pT7HIGEigbrecht et al, 2005) into tisall/Notl

restriction sites (Appendix 1.1).

In order to determine the optimal conditions foe throduction of large amounts of the
recombinant proteins, expression trials were peréat using 5 ml cultures of the transfornted

coli host cells. The yield of the protein expression Viiast tested in theE. coli strain
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BL21(DE3)pLys but the expression was very low iis tbxpression host. Therefore, we used
strain BL21(DE3) to optimize the expression comdiis. The addition of the inducer IPTG to the
bacterial culture at different growth stages idedian Asoo0f 1 as the best induction time-point.

These studies also revealed that a high shakingds(®30 rpm) and a culture/flask volume of
1:10 were beneficial for a high Eap expressiondyiéh addition, an incubation temperature of

37°C was found to be the best temperature forxpeession of this protein.

The recombinant proteins of all Eap constructs wexpressed accordingly, and whole cell
extract fractions of the uninduced and induceduce# were tested on SDS-PAGEs to confirm
the over-expression of Eap and its derivatives. fEpeesentative picture for the Mu50 FL Eap is

shown in Figure 17.

kDafiF 2 3

170 e
130 S

Figure 17: Heterologous expression of the wild-typ®u50 Eap. Coomassie blue-stained SDS-
PAGE of Mu50 Eap wild-type protein. Lane 1 - presta protein ladder (Fermentas), lane 2 -
before induction, lane 3 — after induction (18 Hrhe numbers in the column represents the

molecular weight (kDa) and the arrow denotes th@ression of the target proteing0 kDa)

After optimizing the expression conditions, largmls batch cultures were carried out in 2 L
culture flasks following the growth conditions aemtioned above. The cells were harvested and

were stored at -2C until purification.
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9.4 Purification of the wild-type and mutant recombinant Mu50 Eap

The purification of the recombinant Eap derivatioéS. aureus Mu50 was performed by affinity
chromatography (Nf-NTA column) followed by size exclusion chromatqujngt (superdex-75)
using a FPLC (fast performance liquid chromatogyapmit (BioRad) equipped with a fraction
collector. The system simultaneously analyzes theen¢ for conductivity, pH and UV
absorbance. The working pressure of the columnbsbsv 40 psi.

In the first step of the purification, the supearas of cell lysates were applied to &NITA
column under denatured condition, and the hexamstitagged proteins were eluted following a
single, stringent washing step (Figure 18; data FaD4 shown). Purifying proteins under
denatured conditions has several advantageshetpg to stabilize labile proteins by inactivating
proteolytic enzymes which might be present in thele sample extracts, and it also reduces the

binding of contaminating proteins to the resin.

A B_ Fraction:
A Rack PosA B
Tube#1 2 3 4 56 7 8 9 10111213141516 17 18 19 2021 22 23 24 25 26 27 28 29 30 31 3233 343536 37 38 3940
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Figure 18: Denature purification of the Mu50 Eap pmotein. A. FPLC chromatogram of the
Mu50 full-length domain 4 (FLD4) mutant by Ni?*-NTA affinity chromatography. The tube
numbers on top represent the collected fractionindupurification. The x-axis and y-axis
represent the absorbance at 280 nm and time (respectively. The peak at tubes 22 and 23 is
the major purified fractions of Mu50 Eap (FLD#. SDS-PAGE of fractions 21 to 28 of the
Mu50 Eap FLD4 collected from NF*-NTA affinity chromatography . The arrow represents the
target protein. The ‘M’ represents the prestainestgin ladder (Fermentas) and BSA (bovine
serum albumin) is used as a control.

Following the initial denatured purification stepe Eap proteins were refolded in a native buffer
and reapplied to a Ri-NTA column that was pre-equilibrated with nativash buffer. After

washing, the proteins were eluted by a native @tubuffer, and fractions were collected using
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the fraction collector. Aliquots of each fractioneme applied to SDS-PAGE to identify the
fraction containing the highest concentration & gnotein of interest (Figure 19; data for FLD4

shown).
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Figure 19 Native purification of Mu50 Eap protein. A. FPLC chromatogram of the Mu50
full-length domain 4 (FLD4) mutant by Ni-NTA affini ty chromatography. The tube numbers
on top represent the collected fraction during fizadion. The x-axis and y-axis represent the
absorbance at 280 nm and time (min), respecti&IDS-PAGE of the Mu50 FL D4 mutant
fractions 22 to 27 obtained by the Ni-NTA affinitychromatography. The arrow represents the
target protein. The ‘M’ represents the prestainedgin ladder (Fermentas).

In the next step, fractions of interest were pooded concentrated to the final volume of
approximately 2-3 ml using 10 kDa and 30 kDa cutoéintricons (Amicon Millipore),
respectively, according to the molecular weighthef recombinant Eap proteins (full-length and
fragments). In the last step, the concentratedepr®twere applied to a Superdex-75 column
(Figure 20; data for FLD4 shown).
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Figure 20: A. Purification of Mu50 full-length Domain 4 (FLD4) mutant by size exclusion
chromatography. The tube numbers on top represent the collectetidn during purification.
The x-axis and y-axis represent the absorbanc8@ngh and time (min), respectivel. SDS-
PAGE of Mu50 FLD4 mutant. Lane 2 to 12 represents the respective fractid@st¢ 21)
collected during the size exclusion chromatograpftye low molecular bands present in the
fractions were either impurities or degraded Eape arrow represents the target protein. The
‘M’ represents the prestained protein ladder (Fetams).

The eluted fractions were again collected into edéht tubes, pooled and concentrated as
mentioned before, and the protein contents of dreentrated samples were determined by the
BCA method. The purified Mu50 Eap derivatives afewgn in Figure 21 and Table 5,

respectively.

Figure 21: SDS-PAGE of purified Mu50 Eap derivativs. A lane 1: marker; lane 2: two
domains having domain 3 and 4 fragment wild-type4(3VT); lane 3: two domains having
domain 3 and 4 fragment with the mutation in don&ifi3L4D3), lane 4: two domains having
domain 3 and 4 fragment with the mutation in dom&ih3L4D4), lane 5: full-length wild-type
(FLWT), lane 6: full-length domain 3 mutant (FLD3lane 7: full-length domain 4 mutant
(FLDA4). B. lane 1: marker, lane 2: single domain 3 wild-typ8WT), lane 3: single domain 3
mutant (D3M), lane 4. single domain 4 wild-type (%), lane 5: single domain 4 mutant
(D4AM).
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9.5 Endotoxin purification

The endotoxin LPS (lipopolysaccharide), generate@Gtam-negative bacteria suchE&scoli, is
toxic to eukaryotic cells and may have severe itdip effects in eukaryotic cell assays.
However, endotoxin concentrations below 0.1 endatarits (EU) peiug protein are considered
to be non effective in cell culture assays. SinB&lcontaminations are frequently encountered in
protein samples obtained frdf coli cultures, all Eap proteins were purified by usdrgloTrap
Blue columns (Cambrex, Walkersville, MD) as desedilby the manufacturer, and the residual
endotoxin contents of the samples were subsequéesied using the limulux test system
(Lonza). After the EndoTrap purification step, sdimples showed endotoxin concentrations that
were below 0.0032 EU per 30 pg of protein (Table 5)

Table 5: Protein and endotoxin concentrations of MG0 Eap samplesThe concentrations of
the different Mu50 Eap wild-type and mutant prots@amples were identified by the BCA
method after size exclusion chromatography and temdo purification. The amount of

endotoxin was calculated for 30 pug of the corredpunEap sample.

Conc. of Conc. of Conc. of
Mu50 Eap Eap endotoxin  endotoxin per 30
(Mg/ul) (EU/ml) pg of protein
(EU/30 ng)
FL WT 0.958 0.104 0.0032
FLD3 mutant 1.858 0.088 0.0014
FLD4 mutant 1.684 0.072 0.0012
3L4 WT 1.733 0.050 0.0008
3L4 D3 mutant 2.219 0.090 0.0012
3L4 D4 mutant 1.519 0.009 0.0001
D3 WT 2.06 0.059 0.0008
D3 mutant 2.26 0.067 0.0008
D4 WT 1.838 0.077 0.0012
D4 mutant 1.764 0.102 0.0017
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9.6 Cell culture experiments

9.6.1 Adherence assay

Previous studies showed that externally added Eaprain Newman could enhance the binding
of S aureus to fibroblasts and epithelial cells (Hussian et 2008). However, the effect of the
wild-type and mutated Eap of Mu50 in the adheramit8 aureus has not been studied so far.
Therefore, in this study, we examined the rolexdémally added Eap and its derivatives on the
adherence o0& aureus SA113 to HaCaT keratinocyte cells. HaCaT cellsagrdo confluency
were inoculated with 3Qug/ml of the Eap samples and incubated for 1 hreAthe Eap
treatment, cells were washed with PBS to removeountd Eap, and subsequently inoculated
with S aureus SA113 with an MOI of 100, and incubated for 2 I&r @in. After the second
incubation step, cells were trypsinized, sonicated] the lysates were plated on agar plates to

determine the colony forming units representing #uherent (Figure 22) and internalized

bacteria.
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Figure 22: Adherence of bacteria to keratinocytes féer the preincubation with Eap.
Confluent layers of keratinocytes were incubatedlftn with 30pug/ml of the (A) FLWT, FLD3,
FLD4; (B) 3LAWT, 3L4D3, 3L4D4; (C) D3WT, D3M, D4WH&Nnd D4M, of the Mu50 Eap,
washed with PBS, inoculated with strain SA113 (M®L00) and incubated at 32 for 2 hr and

30 min. Bacteria were detached and viable counte determined. Data represent the means and
the error bars show standard deviation of 3 indéeenexperiments performed in duplicate.
Statistical significances between the wild-typed #reir derivatives were determined using the
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Mann-Whitney U-TestP values of individual wild-types versus their mutawere <0.050) and
<0.01 (M.

This assay revealed a clear difference between-tyjid and mutant proteins in terms of
adherence of bacteria to keratinocytes. In cofilatvith previous findings (Hussian et al.,
2008), we detected an increased adheren€eanireus to keratinocytes after preincubation of the
eukaryotic cells with the full-length wild-type E4pL) (P<0.01) (Figure 22. A). Incubating the
HaCaT cells with the two-domain 3 and 4 fragmenEap (3L4WT) also increased the binding
of S aureus to the keratinocytesP&0.05) (Figure 22. B), although this effect was st

pronounced as that observed with the full-lengtbtedn. However, treating the keratinocytes
with the single domains 3 and 4, respectively (Fege2. C) did not alter the binding capacity of
S aureus to the HaCaT cells, indicating that at least adésn repeat of the Eap domains is

required for this effect.

Interestingly, treating HaCaT cells with the FLD®&laFLD4 mutant proteins showed a decreased
adherence o8 aureus to the eukaryotic cells, if compared to the wyge¢ FL protein, and this
decrease in adherence was found to be more proeduvith the full-length protein being
mutated in domain 4P&0.01) (Figure 22. A). Similarly, treating the HalCeells with the two
domain Eap fragment with the mutation in domai34P4) yielded a less pronounced increase
in adhesion of SA113 to the keratinocytes thanbating the eukaryotic cells with the wild-type
fragment (3L4WT) (Figure 22. B). However, no sudéfee was observed with the two-domain
fragment being mutated in the YXNX motif of doma&nwhich induced an increase in adhesion
that was comparable to the wild-type fragment. Like single domains D3WT and D4WT
neither the mutated variant D3M nor D4M showed thange in the binding capacity &f
aureus to the HaCaT cells (Figure 22. C).

9.6.2 Internalization assay

The Eap-stimulated attachment ®faureus to fibroblast and epithelial cells is also repdrte
increase the internalization of the bacterium thi® eukaryotic cells for strain Newman (Hussain
et al., 2008). Thus, we were curious whether and tie mutations of Eap could sustain this

effect. Consequently, we carried out an interntibraassay that essentially mimicked the
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adhesion assay described above, with the expettétat all attached but not internalized
bacteria were lysed by lysostaphin treatment dfiersecond incubation period. The level of
internalization was again determined by assayiegctiiony forming units on agar plates (Figure
23).
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Figure 23: Internalization of bacteria to keratinocytes after preincubation with Eap.
Confluent layers of keratinocytes were incubatedLfar with 30ug/ml of the (A) FLWT, FLD3,
and FLD4; (B) 3L4WT, 3L4D3 and 3L4D4; (C) D3WT, D3M4WT and D4M, of the Mu50
Eap, washed with PBS, inoculated with strain SAQI®I of 100) and incubated at 32 for 2

hr and 30 min. To eliminate adherent bacteria, svetre further incubated with lysostaphin to
kill the extracellular bacteria. Cells were detatlad lysed, and bacterial viable counts were
determined. Data represent the means and the bew show standard deviation of 3
independent experiments performed in duplicateisital significances between the wild-types
and their derivatives were determined using the nMéfinitney U-Test.P values verses the
control were <0.011() and <0.05[).

Similar to the adhesion assays, we also obsenest differences in the internalization assays
after the incubation of keratinocytes with the Wahd mutated-Eaps. The preincubation of the
HaCaT cells with the full-length Eap protein yialiden almost 7-fold increase in internalization
of SA113 into this cell typeR<0.01) (Figure 23. A). However, the treatment ofdda cells with
the mutated full-length proteins FLD3 and FLDA4, ngiigantly lower the internalization of
SA113 into the keratinocytes if compared to thedviylpe protein < 0.01) (Figure 23. A). Once
again, we observed that the mutation in domainensel to inhibit the stimulative effect of the
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Eap more than the mutation of domain 3. Simildolyjncubating the HaCaT cells with the two-
domain fragments, the strongest increase in ineasss was observed with the unmutated
fragment, 3L4AWT P<0.01) (Figure 23. B), followed by the domain 3 antf while the domain 4
mutant 3L4D4 showed the smallest effect. In congoarito the full-length protein (FLWT), the
3L4AWT fragment was less effectiv®<0.05) in inducing the internalization of SA113dnt
keratinocytes. No differences in invasiveness vadrgerved after the treatment with the single
mutant derivatives (Figure 23. C), which did no¢reeto stimulate the uptake of bacteria by the

eukaryotic cells.

9.6.3 ERK phosphorylation assay

Eap was shown to interfere with the ERK phosphdighapathway in endothelial cells (Sobke et
al., 2006). To discern whether the activation & BRK pathway is inhibited or reduced by Eap
in HaCaT cells, we explored the phosphorylationE®®K 1/2 in response to Eap. For this
purpose, lysates of HaCaT cells, which were stitedlavith 50 ng/ml of keratinocyte growth
factor (KGF) were immunoblotted with a phosphospeeintibody directed against the activated
forms of ERK 1/2 (phosphos Thr202/Tyr204). Simtiathe observed results in endothelial cells
(Sobke et al., 2006), we detected an increase i BRosphorylation in keratinocytes upon
stimulation with the cognate growth factor, in whihe treatment of HaCaT cells with KGF (50
png/ml) showed an increased phosphorylation of ERKwilith a maximum at 8 min after the
addition of the growth factor (Figure 24).
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Figure 24. Effect of Eap on KGF induced ERK phosphoylation. Serum deprived HaCaT
cells were left untreated or incubated with differ&u50 Eaps; (A) FLWT, FLD3 and FLD4,
(B) 3LAWT, 3L4D3 and 3L4D4 (C) D3WT, D3M, DAWT am#M, of Mu50 Eap (3Qug/ml of
each) for 1 hr before the ERK phosphorylation wakiced with 50 ng/ml KGF for 8 min. After
cell lysis, 30ug of total cell protein per lane were analysed BYSSPAGE on a 10% gel and used
for Western blot analysis with antibodies specific the phosphorylated form of ERK 1/2.
Densitometric evaluation of the ERK 1/2 phosphdigla signals normalized against the
phosphorylation signal in the uninduced controlGH. Data represent the means and the error
bars show the standard deviation of 3 independgrgrenents performed in duplicate.values
verses the control (KGF) were <0.05 and <0.01[(0).

Similar to the situation observed for endotheliall (Sobke et al., 2006), we found that the
preincubation of keratinocytes with the wild-typaE(FLWT) largely allowed to suppress the
KGF-induced ERK phosphorylatio?€0.01). Interestingly, preincubating the HaCaT <elith
the mutated full-length Eap derivatives FLDR<(Q.01) and FLD4 B<0.05) reduced the KGF-
stimulated phosphorylation of ERK to a similar etas the wild-type Eap (Figure 24. A), and
the same effect was observed for the two domaipsfiggment protein 3LAWT and its mutant
variants 3L4D3 and 3L4D4, which suppressed the ksGfulated phosphorylation of ERK
(Figure 24. B). The treatment of the cells withgbindomain variants D3 and D3M of Eap, on the
other hand, did not show any interference with K@&F triggered ERK1/2 phosphorylation,
while the domain 4 variants (D4 and D4M) showed lagh#y increase in ERK1/2
phosphorylation of the keratinocytes, although #as not statistically significant (Figure 24. C).
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9.6.4 Proliferation assay

A previous study indicated that Eap affects thdiferation of peripherial blood mononuclear
cells (PBMCs) in a concentration-dependent manHesgain et al., 2008). Since we were also
interested to see the effect on the growth factonwated proliferation of keratinocytes, we
assayed the KGF response of HaCaT cells in pressmdeabsence of Eap by using an EdU

incorporation test.

We first determined the impact of the Eap concéiotmeon HaCaT cell proliferation (Figure 25).
For this purpose, HaCaT cells were incubated foh2dith the increasing concentration (2.5 to
100 pg/ml) of the full-length wild-type Eap, before thells were treated with 10 mM EdU.
HaCaT cells incubated with 2/ml of Eap seemed to display a slight increagaratiferation,
however, this was not statistically significant.cdibating the keratinocytes with higher
concentration of the Eap (5-1Q@/ml), on the other hand, reduced the proliferafiom dose
dependent manner, and this effect became staligtgignificant with concentrations above 10
png/ml. Keratinocytes incubated with a proteinasérdated Eap sample showed a proliferation

rate similar to the KGF-stimulated control, confingy that this effect is indeed Eap-dependent.
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Figure 25: Proliferation of HaCaT cell in the absege/presence of increasing concentrations
of Mu50 FL WT Eap. The HaCaT cells were treated without and with iasneg concentration
of Mu50 Eap FL. The value indicated below eachregresents the concentration of Eap used.
The cells were treated with 10 mM EdU and the feddition of the cells was measured by a plate
reader. Data represent the means and the errorshavg standard deviation of 2 independent

experiments performed in duplicate. TPealue verses the control (KGF) was <0.0m)(

In the second step, the effect of the Eap derieativas tested (Figure 26). HaCaT cells that were
treated with keratinocytes growth factor showedO0@% proliferation after 24 hr of growth,
whereas the cells that were treated with the &rlgth Eap derivatives (FLWT, FLD3, and
FLD4) and the domains 3 and 4 fragment derivat{@<WT, 3L4D3, and (3L4D4) showed a
reduced proliferation, which was below 55%<0.01). In addition, HaCaT cells incubated with
the single domain Eap variants (D3WT, D4AWT, D3M &wiM) were less efficient in reducing
the proliferation rates in comparison with the flelhgth and two domain derivatives, although
the proliferation rates were still below the cohtoells that were treated with only KGF
(P<0.05). However, no apparent differences in prddifien were observed between the

keratinocytes that were treated with the wild-t¥g@ps and their mutant variants.
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Figure 26: Proliferation of HaCaT cell in the presace of the Eap derivativesThe HaCaT
cells were incubated for 24 hr with KGF and withpEsamples; FLWT, FLD3, FLD4, 3L4WT,
3L4 D3, 3L4D4, D3WT, D3M, DAWT and D4M of Mu50 E&BO pg/ml of each). After that,
cells were treated with 10 mM EdU and the prolifiera of the cells was measured by a plate
reader at 490/510 nm. Proliferation of HaCaT wapressed as percentage of the untreated
control. Data represent the means and the errer dfayw standard deviation of 4 independent
experiments performed in duplicate.values verses the control (KGF) were <0.0I) (and
<0.05 Q.
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10 Discussion

Saphylococcus aureus is a one of the leading etiological agent for rmosoial infections and a
number of community borne diseases. The extraeeladherence protein (Eap), a member of the
family of SERAM, is one of the potent virulence tiars, which is exclusively present in &l
aureus strains analyzed to date. This protein is knowrmsthibit a broad spectrum of binding
capacities, and was shown to interfere with ho#it stgnaling processes. Especially the latter
properties of Eap, together with the observatioat this protein harbors conserved YXNX
motifs, which are discussed as potential tyrosinesphorylation sites in a couple of eukaryotic
proteins, led us to the assumption that Eap mighgutject to tyrosine phosphorylation, which in
turn may alter the activity of this protein. Hereie report about the construction and
characterization of Eap mutants derived from stidwb0, in which tyrosine residues of the

conserved YXNX motifs of domains 3 and 4 were cleahtp phenylalanine.

10.1 Selection and study of Mu50 Eap domain containinganserved motif

The comparison of the amino acid sequences of #pedémains derived from fourteen different
strains ofS. aureus identified five types of domains (designated geety/to V). In this study, we
focused on the Eap of strain Mu50, which is comgasfefour Eap domains of type I, 11, 1ll, and
IV. It is believed that the variation in the tandeapeats of Eap domain could be due to the

duplication from the original single monomer durigplutionary processes.

During the Eap sequences analysis, we found tHgttbe domain types I, 11l and IV contained
YXNX motifs, with the YXNX motif of domain type lllbeing the most conserved motif,
followed by the YXNX motif of domain type IV (Figarl0-15). Moreover, the pronounced anti-
angiogenic activity observed with domain 3 andypétlll and IV) fragments of Eap from strain
Mu50, respectively, highlighted the importance ledde domains (K. T. Preissner, unpublished
data). In addition, the solved crystal structurdob0 Eap (Geisbrecht et al., 2005) also provides
detailed structural information for this proteirhérefore, our study focused on the Eap of strain
Mu50. Here, different mutated derivatives of the3@uEap, FLD3 (mutation in domain 3 of full-
length), FLD4 (mutation in domain 4 of full-length3L4D3 (mutation in domain 3 of two
domain Eap 3L4), 3L4D4 (mutation in domain 4 of tdamain Eap 3L4), D3 (single domain 3
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mutant) and D4 (single domain 4 mutant) were coeéitem their respective wild-type (WT)
variants in the expression vector pT7HMT by siteecied mutagenesis, and the corresponding

proteins were expressedHncoli BL21(DE3).

10.2 Study on the effect of Mu50 Eap and its derivativesn human keratinocytes

The entry of the pathogen into the host cell igiated by bacterial binding to the host cell
surfaces, which is thought to trigger or activagmals in the host cell that mediate the bacterial
entry (Finlay and Falkow, 1997). A variety of males and macromolecular structures,
collectively known as adhesins, mediate adherefhdmaceria to cell surfaces. A wide range of
mammalian cell surface compounds, including prateghycolipids, and carbohydrates, can serve
as receptor®r bacterial adhesions (Kenny et al., 1997). Lokeer pathogenic bacterid, aureus

has developed various mechanisms allowing it toeeslto host components. It possesses a
number of specific surface proteins which help laeterium to attach to host factors such as
plasma proteins (fibrinogens, fibronectins, collagetronectin and thrombospondin) as well as

to other host cell components.

10.2.1 Effect of Eap on adherence of bacteria

It has been shown that Eap act as an adhesiorr fact® aureus allowing it to attacho various
cell types such as fibroblasts and epithelial c@ikock et al., 2001; Hussian et al., 2002;
Kreikemeyer et al., 2002). In this study, the effe€ different Mu50 wild-type and mutant
proteins on adherence 6f aureus to eukaryotic cells was studied. In particular, were very
interested to determine whether the change of ttegtige phosphorylation sites in domains 3 and
4 - the tyrosine residues in the conserved YXNXifaaf Eap - might affect bacterial adherence
to keratinocytes. We found that preincubation ofakeocytes with the full-length wild-type
Mu50 Eap (FLWT) and the unmutated domain 3 and agrfrent, 3L4WT, increased the
adherence ofS aureus to keratinocytes, and this adhesion phenotype nedsced with the
mutated versions of these derivatives (FLD3, FLBI4D3 and 3L4D4) (Figure 22). However,
the preincubation of HaCaT cells with single domsdtap (D3WT and D4WT) and their mutated
counterparts (D3M and D4M) did not increase theeadin ofS aureus to the eukaryotic cells,
suggesting the need of at least two Eap repeathittype of host cell interaction. Likewise, the

73



addition of full-length Eap oSaureus Newman was able to enhance the adheren& anfreus
to fibroblast but the single domain fragments (@105) were not able to show this effect

(Hussian et al., 2008), which correlates well vatlr findings.

10.2.2 Effect of Eap on internalization of bacteria

The evasion of the host immune system by interatiin into host cells is a strategy used by a
number of Gram-positive bacteria includi®gaureus, Listeria monocytogenes, Streptococcus
pyogenes andEnterococus faecalis (Ireton et al., 1996; Isberg et al., 1990; Wetlsle 2000). In
addition, S. aureus can invade a variety of nonprofessional phagocy# types including
cultured endothelial cells (Vercellotti et al., #980gawa et al., 1985), epithelial cells
(Dziewanowska et al., 1999), fibroblasts and kidoelys (Sinha et al., 1999). Moreover, it was
shown that thé&. aureus FNBPs play a crucial role in the internalizatioogass by promoting an
actin-mediated phagocytosis of the adherent bac{Bxziewanowska et al., 1999; Peacock et al.,
1999; Sinha et al., 1999). However, bacteria lagkiNBPs can still internalize, although at a
lower rate, and it was suggested that Eap mightriborte to this process (Hagger et al., 2003).

Following our adhesion findings, we observed tlna preincubation of keratinocytes with the
Mu50 full-length Eap significantly enhanced theemmalization of SA113 into keratinocytes.
Interestingly, this effect appeared to be reduckdmthe mutated full-length variants FLD3 and
FLD4 were used, with FLD4 showing a significantgcdeased internalization if compared to the
wild-type (Figure. 23 A). Similarly, preincubatiaf HaCaT with the mutated two-domain Eap
fragments 3L4D3 and 3L4D4 yielded a decreased natemation of bacteria than the
preincubated with the 3L4 wild-type fragment, witte differences between 3L4FL and 3L4D4
being again significant Figure. 23 B. Neither of gingle domain Eap fragments (D3WT, D3M,
D4AWT and D4M) (Figure. 23 C) affected the interpafion rate ofS. aureus, suggesting that at
least two domains of this protein need to be pretgeaxert such an effect. The latter findings are
in line with a recent study on Eap from strain Neamm(Hussian et al., 2008), in which the
authors observed an enhanced invasio8. afireus into fibroblast in presence of the full-length
protein and an Eap fragment consisting of the dosmdi to 3, while the co-cultivation &
aureus and fibroblasts with all single domains (D1 to @)l not affect the invasiveness. Our

findings presented here now suggest that the tyeomsidues of the YXNX motifs might be
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involved in this internalization process. Interegty, in our study, the decrease in internalization
was observed with both full-length mutafs 0.01, (the FLD3 mutant having the mutation in
the YXNX motif of domain 3, and the FLD4 mutant iy the mutation in the YXNX motif of

domain 4) compared to the wild-type suggesting mothifs to be involved in this phenomenon.
Thus, it is tempting to speculate that the inatibraof both tyrosine residues (domain 3 and
domain 4) in the Mu50 Eap would lead to an evegdareduction in the internalization, a
hypothesis that was tried to be addressed by thstrtion of the respective double mutant,

FLD3-D4, which, however, was not obtained in tlmegtiframe of this thesis.

10.2.3 Effect of Eap on proliferation of HaCaT cells

The effect of Eap on the proliferation of eukargatells has been addressed by several studies
(Sobke et al., 2006; Hussain et al., 2008; Ware).e2010). Eap was shown to inhibit the T-cell
proliferation, the DTH (Delayed-Type Hypersensityiresponse, and to induce T-cell death by
apoptosis (Lee et al., 2002). In this work, we ®ddhe effect of Mu50 Eap and its variants on
the proliferation of keratinocytes. Here, we obserthat the proliferation of keratinocytes was
affected by the Mu50 Eap in a dose-dependent mafigure 25). Interestingly, our findings
correlated well with the results obtained on psshation of PBMC in the presence of Newman

Eap where the higher concentrations inhibited phigess (Hussain et al., 2008).

By analyzing the effects of the Mu50 Eap derivatioa the proliferation of HaCaT keratinocytes
(Figure 26), we found that the mutated variants hasimilar effect on the proliferation of
keratinocytes as their respective wild-type versioHowever, the single domains were less
efficient in suppressing the KGF-induced prolifeat than the two-domain and full-length
variants. These findings suggest that the tyrosofethe YXNX motifs are not likely to be
involved in the Eap effect on cell proliferationoWever, as we have only mutants in one of the
YXNX motifs, we cannot exclude that the remainiggpsines present in the other two domains
might be sufficient to induce the inhibitory effezt Eap on cell proliferation. Nevertheless, it
appears that at least two domain repeats of thieiprare needed to exert this effect on HaCaT
cells; this finding contrasts with the results népd by Hussain et al. (2008) who demonstrated
that the treatment of PBMCs with Eap monomers tesnla decreased proliferation rate of this

cell type.
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10.2.4 Effect of Eap on KGF induced ERK phosphorylation

Eap is known to inhibit the Ras-dependent signatiathway by interfering with the Ras-GTP
formation (Sobke et al., 2006). Thus, in this wavle, were interested see the effect of Mu50 Eap
and its derivatives on the KGF-induced ERK 1/2 pihasylation in HaCaT cells. Similar to the
proliferation assay, we found that the full-lengtap protein and its mutated derivatives (FLWT,
FLD3, FLD4), as well as all the two domain Eap freamts (3LAWT, 3L4D3 and 3L4D4), were
able to repress the KGF-induced phosphorylatioBRK 1/2. The single domain Eap fragments
(D3WT, D4wT, D3M, and D4M) did not interfere withheé KGF-induced ERK 1/2
phosphorylation, suggesting once again that at easpeat of two Eap domains is needed for
activity (Figures 24). Additionally, it became ctehat the modifications of the tyrosine (Y) in
the YXNX motifs of domains 3 and 4 did not alteetkap effect on ERK phosphorylation,
indicating that the putative phosphorylation ofsdenotifs might not be required for this type of
Eap activity. However, we cannot exclude the faat the exchange of tyrosine to phenylalanine
in one of the YXNX motif present in Eap was notf&ignt to suppress the effect of Eap on ERK
signaling indicating once again the need of YXNXude or triple mutants to answer this

question.

10.3 Potential role of the YXNX motif in Eap

Protein phosphorylation at tyrosine residues isadays considered a fundamental process in the
pathogenesis of a number of microorganisms (Cozeaiaé, 2004; Manai et al., 1983). Several
bacterial pathogens have been shown to use setsststems to inject tyrosine kinase substrates
into host cells to manipulate the host cell funtsiqSelbach et al., 2009). Tlelicobacter
pylori protein CagA, for instance, is translocated intastgc epithelial cells, where it is
phosphorylated by Src- and Abl-tyrosine kinasegfeocet al., 2007; Selbach et al., 2002; Stein
et al., 2002; Tammer et al., 2007). Once phosphtegi CagA binds to Src homology SH2-
containing proteins, thereby activating multiplethyeays which stimulate among others actin

polymerization and pedestal formation (Covacci Ragpuoli, 2000).

Based on our findings presented in this study, weothesize that th& aureus Eap can be
phosphorylated, and that this affects the activitythe secreted protein, especially during the

process of adhesion and internalization. Supparttice assumption is given by preliminary
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findings made by S. Bur (unpublished data), shovilvag the treatment of the full-length Eap
(FLWT) with acetylphosphate reduces the internéibrarate ofS. aureus into keratinocytes.
Other preliminary data indicate on the other hdrad this exoprotein is secreted by the bacterium
in an unphosphylated state, as Western blot arslysih an antibody specific to phosphor-
tyrosines did not react with Eap (V. Molle, unpsghied data). Taking into account that the
secreted Eap can rebind to the bacterial cell serfaia the cell wall-anchored neutral
phosphatase, one can assume that it might be eksitfor the bacterium to excrete Eap in an
unphosphorylated state in order to exerts itsdallvity. Once bound to the eukaryotic cell, Eap
might become phosphorylated at its YXNX motifs liydses provided by the host cell, which in
turn enhances the adhesion/internalization prod&sther this phosphorylation is mediated by
eukaryotic cell kinases present on the cell surfacdakes place within the cytosol of the
eukaryotic cell, still needs to be identified. Helmth possibilities are feasible, since the
extracellular Eap is effectively bound the cell nbeame of keratinocytes, taken up by the

eukaryotic cell and released into the cytosoldbsi and S. Bur, unpublished data).

In analogy to CagA oH. pylori and considering the above mentioned unpublishea afabur
laboratory it is feasible that the phosphorylation of MuSOpH&ap-P) at tyrosine residues in
YXNX motifs might promote binding of Eap-P to Srorhology (SH2) containing proteins such
as GRB2, thereby increasing actin polymerizatiohictv in turn enhances the bacterial uptake
(the hypothetical functions of Eap on internaliaatiand cell signaling are illustrated in Figure
27). Other functions of Eap, like the interferendéh the KGF-stimulated ERK phosporylation
or the regulatory circuits that are effective dgriproliferation either do not require the
phosphorylation of the tyrosines of the YXNX motifsEap, or the phosphorylation of some but
not all the YXNX motifs present in this protein asefficient to be effective in the underlying

eukaryotic cell signaling pathways. Experimentsargoing in order to address these questions.
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Figure 27: Cellular functions of Eap. Eap might interact with Clathrin to modulate the
intracellular trafficking of vesicles, or it is bod by and translocated into the eukaryotic cell by
yet unidentified ligands/mechanisms, where itmsp@rt) tyrosine phosphorylated by a eukaryotic
cell kinase. Phosphorylated Eap (Eap-P) might bin8rc homology (SH)2-containing proteins
present in the cytoplasm to activate the Arp2/3daen subunit protein play a role in actin
cytoskeleton) pathway which enhances actin polyration and subsequently increases the
internalization of bacteria. Additionally, Eap (althp-P) interferes with the MAP signaling
cascade to alter the transcription of nuclear gefreshe figure, Emp - Extracellular matrix
binding protein; Ebh — Extracellular matrix bindipgptein homologue.

Consequently, the scientific interest in bactepalhogenesis has been growing in recent years
because of the increasing bacterial resistancatibietics and the emergence of new microbial
diseases. Tyrosine phosphorylation in bacteriaesgts an important regulatory device of
bacterial physiology. As a result, it is essentialmprove our understanding of the molecular
and cellular mechanisms of bacterial pathogenasisder to allow a better understanding of this
process. In this context, the study of the conserY&NX motifs in the Mu50 Eap and the
phosphorylation on conserved tyrosine residuesii;jydomain might involve a new concept for

cell signaling and pathogenesis and sets the faiomdr a novel approach of the problem.
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12 Appendix

Nco | Nde |
de |
c-myc and TEV
— —
Xho |
Xho |
Ncol Ndel
insert of Polycloning site g-myc and TEV
Sal l
g-myc and TEV sall (5'- Sal I- BamH 1-Nhe I- Sac Il a
-Not I-Xho 1-3¢)
— Not|
Xho Ly
Xho |
Ncol Ndel Neol  nNgei

c-myc and TEV sal | c-myc and TEV

Sall

Insert of Eap FL /

sall various Eap domains
- Not | >
Xho | Not |

F G

Schematic diagram of molecular cloning of Mu50 Eapmlomain-insert in pT7HMT vector

pT7HMT Not |

With
Eap insert
Xho |

starting from expression vector pET28 (picture dernved after Geisbrecht et al, 2006)The
expression plasmid pET28 (A) was digested Wdel and Xhol, and an insert (c-myc and TEV)
digested with same restriction enzyme was ligaBdq form a construct having pET28 with c-
myc and TEV (C). The vector was designed vi@h andXhol, and an insert of polycloning site
digested with same restriction enzymes was ligdbydo form a expression construct pT7HMT
(E). The expression construct of Mu50 Eap full angFL) and its various domains were
prepared in pT7HMT. For this, the vector was digegswith Sall andNotl, and an insert of Eap

FL (and tandem repeats) digested with same raetrienzymes were cloned (G).
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APPENDIX | . 2

Sequencing results of mutated plasmid of Mu50 Eapral its repeats

1. FLD3

Mu50
FLd3 rry#8

Mu50
FLA3_rry8

Mu50
FLdA3 rry8

2. FLD4

Mu50
FLd4 rry8

Mu50
FLd4 rry8

Mu50
FLd4 rry8

3.2L4D3

Mus0
2L4d3prom

Mus0
2L4d3prom

M50
2L4d3prom

AACATTTTATCGAATCTTTCATTTTCAAATAAACCTTGGACRAATTACARARATTTRAACT
AACATTTTATCGAATCTTTCATTTTCAAATARACCTTGGACAAATTTCAARRATTTRAACT

FhkhkhkhkFddr b drrrr AT b rddrdrr b drrddhdrdrdddrdrdrhoddrdrdrd Fhrddkdrdrdrrdadd

AGTCARATARRATCAGTACTGAAGCATGATAGAGGTATTAGTGAACAAGATTTAARRTAT
AGTCARATARRATCAGTACTGAAGCATGATACGAGGTATTAGTGAACAAGATTTAARRATAT

FhE I FE AT AT A AR AT AT AT F AT AT A A A AT A AR AT A A AT A A A A AT F ARG &

GCTAAGARAGCTTATTATACTGTTTATTTTAARARTCGGTGGTAARAAGAATCTTACAGTTA
GCTAAGARAGCTTATTATACTGTTTATTTTAARARTCGTGGTAAAAGAATCTTACAGTTA

*hhkhkhkddrhkhdkddrdddddrhkdddrdhddrrdhdddbdd b rd bbb ddr b rd bt od s

AATGGCACATCAACACCAATTTTATCARAACTARAAATTTCGAATAAACAATTAATTAGT
AATGGCACATCAACACCAATTTTATCARAACTARARAATTTCGAATAAACAATTAATTAGT

FhhkhkhkddhdrhkdhFdrdrrddd b d b drrddF b drrddd bbb ddrrd b d bbb dhdd

TACARAATATTTAAACGACRAAGTGARATCTGTATTARARAGTGARRGAGGTATCAGTGAT
TACARAATTTTTAAACGACAAAGTGARATCTGTATTARARAAAGTGARRGAGGTATCAGTGAT

Fhhkhkhkdd FrhhkhFh A A A A F A A A A I A A I A A AT A A AT A A A I A A A A A A A A A A A A A A A A Ak

CTTGACTTARARTTTGCGRAACAAGCARARTATACAGTATATTTCRAARARTGGARAAGARR
CTTGACTTARAATTTGCGRAAACARGCARARTATACAGTATATTTCAARARTCGAAAGALR

Fhhkkrkrdkhkrrkhk b r T Edr bk rdr T AT A d AR A kAT b A A A A A A kA

900
73

960
133

1020
153

1200
376

1260
436

1320
496

AATCAATTCAAGTGATATTAARAGTATCAATATTAACGTAGATACAAAMARACATATCGA 779
AATCAATTCAAGTGATATTAARAGTATCAATATTAACGTAGATACAARRARACATATCGA 490

Ehkdkddkrkhkd A hddr A drdEd rdrd b hd A drdrrrdrdrdrhFdddrFdddrdrdr o bdrohbdd

RARTRRARGCTARRRGARACTATCARGTTCCATATTCARTTARATCTRAAATGGTACATCTAC 839
AARTARAGCTAARARCARACTATCAGCTTCCATATTCAATTAATCTAAATGGTACATCTAC 550

EEEFRAK T AN FI AT AT IAA A AL Fh A A F A A A A A A A A A A AT AT AT A A O A AT A A S &

AARCATTTTATCGAATCTTTCATTTTCARATAARCCTTGCGACARATTACAARAATTTAAC 809
AARCATTTTATCGRAATCTTTCATTTTCARATAARCCTTGCGACARATTTCARRAAATTTAAC 610

EhkdkddkhkhkddEr hdddr A drdrdrdd o drdddrdrdrdbrddrdrhdadddddd Fhdrorhbdhohbdd

9C



4.21L4D4

Mus0
2L4d4term

Mu50
2L4d4term

Mu50
2L4d4term

5. 3L4D3

Mus0
3L44d3

Mus0
3L4d43

6. 3L4D4

Mus0
3L4aq4

Mus0
3L444

Mus0
3L4d4

AATGGCACATCAACACCAATTTTATCARAACTAARAATTTCGAATARACAATTAATTAGT
AATGGCACATCAACACCAATTTTATCARAACTAARAATTTCGAATARACAATTAATTAGT

FhkEkFr kA A A F A r A rFd A rdrdrrrddrrd o ddrrrrrdrdrdrrdrrdhdrd

TACRAATATTTAAACGACAAAGTGAAATCTGTATTARAAAGTGAAAGAGCGTATCAGTGAT
TACRAATTTTTAAACGACRAAGTGARATCTGTATTARARAGTGAALAGAGGTATCAGTGAT

khkkhkdkhkd FEEAXA A XA I A A I A A A A A I A A AT AT A AT A A A A A A AT AR A T A AT AT H &

CTTGACTTAAAATTTGCGARACARGCAAARTATACAGTATATTTCAARRATGGARAGARR
CTTGACTTARRATTTGCGRARACARGCARRARTATACAGTATATTTCARARATGGARAGARD

FhkEkFr kA A A F A r A rFd A rdrdrrrddrrd o ddrrrrrdrdrdrrdrrdhdrd

1200
596

1260
656

1320
716

ARACATTTTATCGAATCTTTCATTTTCAAATAARACCTTGGACARATTACARAAATTTAAC 899
ARACATTTTATCGAATCTTTCATTTTCAAATAAACCTTCGGACARATTTCARARAATTTAAC 286

FhEHR A AT I A I AT AT AT A A I A A AT A A AT A AT AT I AT A A AT A AT AT do &

TAGTCARATAARATCAGTACTGRAGCATGATAGAGGTATTAGTGAACRAGATTTRARAATA 959
TAGTCAAATAAAATCAGTACTGAAGCATGATAGAGGTATTAGTGAACAAGATTTARAATA 346

FhFrddkdkhkrd A bk drr Ak Fddrd I d b r A rFd bk rdrdhr A ddrd bbb d bbb d A ddd

AATGGCACATCARCACCAATTTTAT CARRACTARARATTTCGAATARACARATTARTTAGT
AATGGCACATCARCACCAATTTTATCAAAACTARAAATTTCGAATARACAATTAATTAGT

EkkdkE AT I A AT A AT A AT A A A AT A AT A AT A A A A A AT A AT A A A A A AT d &

TACAAATATTTARACGACAAAGTGARATCTGTATTARARAGTGAARGAGGTAT CAGTGAT
-ACAAATTTTTAAACGACAAAGTGARATCTGTATTAAARAGTGARACGAGGTATCAGTGAT

*hkhkEkhkhk Fhhkhd Ak Ak dhkFddA bk A d I Ak b b d A A dd b A kA A Ak A A A A A Ak kA A Ak bk A h K

CTTGACTTARAATTTGCGAAACARGCARAATATACAGTATATTTCAARAATGGARAGALD
CTTGACTTARAATTTGCGAAACARGCAAAATATACAGTATATTTCAARAATGGARAGARR

FhkkFrrkdkrdrdhkrdkdrdrdrrrrkrrdhrdrdrdrrdrrrrrddrrdrdrdrrdrrrrrddrrdrhrrdhdd
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1200
595

1260
654

1320
714



7.D3 mutant

8. D4 mutant

Mus50
d4mutant

Mus0
ddmutant

Mus0
d4mutant

Mu50
Domainimut
Clustal Co

Mu50
Tomainimut
Clu=stal Co

Mu50
Tomainimut
Clu=stal Co

TCAAGTTCCA TATTCAATTA ATCTAAATGG TACATCTACA AACATTTTAT
TCAACGTTCCA TATTCAALTTA ATCTALARRTCE TACATCTACH ARCATTTTAT

ETEETEEEELTLTE TEXTEEETTELT FTEXLETETEETELT TEETTTL LTS LT ErEr T EE

e e e | e S SN0 [I=Teyey=y [y | ey | |
2e0 270 220 230 200
CEAATCTTTC ATTTITCARAT AMACCTTGGA CAMATTACAZ AMATTTAACT
CGAATCTTTC ATTTTCALAAT ARACCTTGGA CAAATTTCRA ARATTTAALCT

TEXXEEETEE TEXELTETTEL TEXLLTETXTEELL TEXETTE TETX TLTETXELLLTEE

T T | B 1 T TN FSwryey | ey | |
alo QZ0 220 240 -]
ACTCAAATAL AATCACTACT CRAGCATCAT ACACCTATTA CGTGAACALCE
AGTCAMATAR AATCAGTACT CGRAGCATGAT ACGAGGTATTA GTGAACALGE

TEEXFEEETLE TEXTELTHETIEL FTEXETTHTXEELLT FEETTEXEEE TH T XL LT EE

AATGGCACATCAACACCAATTTTATCARAACTAARAATTTCGAATARACAATTAATTAGT 1200
AATGECACATCARCACCAATTTTATCARARCTARARRRATTTCGRAATARRCAATTRATTAGT 267

kA A Ak kA A I A A AT I A AT I A A A A A A AT A A A A A A Ao rr b r o drroddd

TACARATATTTARACGACARAAGTGARATCTGTATTARARAGTGRARAGAGGTATCAGTGAT 1260
TACARATTTTTARACGACAAAGTCGAAATCTGTATTAARAAGTGAAAGACGGTATCAGTGAT 327

*hkhkhkhkhkd FEIA A I A A A I I A A I I A A A A A A AT A A A A A A rrrdr b rrrrrdrroddd

CTTGACTTARAATTTGCGARACARCGCARAATATACAGTATATTTCARARATGCEARAGARR 1320
CTTGACTTARRATTTGCGARACARGCARARTATACAGTATATTTCARARATGCGARAGRARR 387
e L T L
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APPENDIX'| . 3

Hu50
BF122
Nz16

LD LEFAE QAR

Ushioo

MESR4TE

mrz

8325

COL

EDR547

Nevanan mapN
MESR252

Woodd &

Clustal Consensus

Huio

BF122

Nz15

JH2

cI-7

UERIO0OD
MES5A4T6

Mrz

8325

CoL

EDR547
Nexanan mapi
MESR252
Voodd 6
Clustal Consensus

Huio
BF122
N315
JHD
cI-7
UERIOOD
MESA4TE
Mur2z
8325

FDh547

Nexanan mapi
MESR252

Voodd 6

Clustal Consensus

GHSNIQIPYT
GCYSEVHVPTA
GHENIQIPYT
CHENIQIPYT
CYSEIQIPYT
GCTEEVHVPT L
GHENIQIPYT
GHENIQIPYT

GYSEIQIPYTT
GYSEIQIPYTT
GYSEIQIPYTT
GHENTQIPYTT

R

210
T

DTEEQPEDE-
DTEEQVEDER
L TEEQPEDE-
L TEEQPEDE-
L TEEQVEDLEE
DTEEQWEDER
DTEEQPFDE-
DTEEQPFDE-
LTEEQVEDEE
LTEEQWVEDERE
LTEEQVEDKE
LTEEQVEDKE
LTEEQVEDKE
LTEEQPEDE-

EEmEE - kE

1o
A |

SEDIESININ
SEDIESIDIN
SSDIESININ
SSDIESININ
TGDIENININ
SEDIESININ
SEDIESININ
SEDIESININ
SEDTESININ
SEDIESININ

SEDIESININ

*x_E-ww

SNITTANLYVH
SNITTANLYVH
SEMNTTANLYVH

ITVHNGTSQNI
ITVHGTSQNI
ITVHNGTEQNT
ITVHNCTEQNT
ITVHNCTEQNT
ITVNGTE0NT
ITVNGTSONT
ITVNGTSQNI
ITVNGTSQNI
ITVNGTSQNI
ITVNGTSQNI
ITVNGTSQNI
ITVNGTSQNI
ITVNGTSQNI

ErEEEEEEEE

T
—AFANWOQVPT
FDEANTQVPT
—AEANVQVPT
—AEANVQVPT
—AEANUQUDT
FEDEANTQUDT
—AFANWOQVPT
—AFANWOQVPT
EDEANTOVERY
EDEANTOQVERY
—AFANVOUVERT
—AFANVOUVERT
—AFANVOUVERT
—AFANVOUVERT

*kE EEEE

VEDVERIEIT

QWVNLESDIF

LESLTFNEIQ
LESLTFNENQ
LESLTFNENQ
LESLTFMEIQ
LESLTFMEIQ
LESLTFMNENQ
LESLTFNENQ
LE3LTFNENQ
LE3LTFNENQ
LE3LTFNENQ
LE3LTFNENQ
LE3LTFNENQ
LE3LTFNENQ
LE3LTFNENQ

EEEEEEETEE

230
T
TITVHNGTSQN
TITVHNGTSQN
TITVNGTSQN
TITVNGTSQN
TITVNGTEQN
TITVNCTEQN
TITVNGTSOQN
TITVNGTSOQN
TITVHGTSON
TITVHGTZQN
TITVHGTZQN
TITVHGTZQN
TITVHGTZQN
TITVHGTZQN

EEEEEEETEE

—AKRNYQVPT

ok EEEE

230
T |
VETGTEAHAD
VETGTHEAEAD
VETGTHEAEAD
VETVSEVEAE
VETGTHAFEAT
VETGTHAFEAT
VETGTHEAFEAT
VHETCTHAELD
VHETGTHAEALD
VHETVSHWELE
VETGSKANAE
VETGSKANAE
VETGTEAHAD

70 a0
T T e T
SLITTTLALG VIASTGANFN

SELITTTLALG VLASTGANFN
SELITTTLALG VIASTCANEN
SLITTTLALG WIASTGAMNFN
GERPATTLALG WIASTGAMNFN
SLITTTLALG VLASTGANFN
SLITTTLALG VIASTGANFN
SLITTTLALG VIASTGANFN
SLITTTLALG VLASTGANFN
SLITTTLALG VLASTGANFN
SLITTTLALG WIASTGANLD
SLITTTLALG VLASTGANFN
SLITTTLALG VLASTGANFN

FEIDIDVEQY

THEASAAAEQ
—BAEP

*xx

180 170 190
T T T T e T T O T S|
VESVLYFNEREG ISDIDLRELSE QAEYTVHFEN GTERVIDLEZ GIYTADLINT
VESVLESDRG ISDIDLRELSE QAEVTVYFEN GAERVIDLEA GIVTADLINT
VESVLYFNRGC ISDIDLRLEE QAEVTVHFEN GTERVIDLEE GIVTADLINT
VESVLYFNRC ISDIDLIDLEK QAEVTVHFEN CGCTERVIDLEE GCIVTADLINT
VESVLYFNRC ISDIDLIDLSK QAEVTUVHFEN CGCTERVVDLEL GCIHTADLINT
WESVLESDREG TSDIDLRELSHE QAEYTUTYFEN GTEEWIDLEL GIVTADLINT
VESYLYFNEG ISDIDLELSE OQAEVTVHFEN GTERVIDLES GIVTADLINT
VESYLYFNEG ISDIDLELSE QAEVTVHFEN GTEEVIDLES GIVTADLINT
VESVLESDEG ISDIDLELSE QAKYTUVYFFN GTEEVIDLEL GIVTADLINT
VESVLESDEG ISDIDLELSE QAKYTUVYFFN GTEEVIDLEL GIVTADLINT
VESVLYFNEG ISDIDLELSE QAKYTVHFFN GTERVVDLEL GIHTADLINT
VESVLYFNEG ISDIDLELSE QAKYTVHFFN GTERVVDLEL GIHTADLINT
VESVLYFNEG ISDIDLELSE QAKYTVHFFN GTERVVDLEL GIHTADLINT
VESYLYFNEG ISDIDLELSE QAEVTVHFEN GTERVIDLES GTYTADLINT

EEEEE o EkE RETEEEEELD k- AEE - kAL ko k- k- EER - E

QISYFDIENE
MNISYEDLEDR
NIZTEDIENE
NIZTEDIENE
NISYEDLEDR
NISYEDLEDR
QISYEDIENE
QISYEDIENE
QISYEDIENE
NIZTEDIENE

B T 2 L SEEEEEE

2a0 250 280 270 2a0 290
T T T T T A R T IR

ILSHNLTFNEN QNISYFDLEG EVESVLESNE GITDVDLRELE EQAKYTVNFE NGTEEVIDLE
ILSNLTFNEN QNISYFDLEG EVESVLESNE GIIDVDLRELE EQAKYTVNFE NGTEEVIDLE
ILSHNLTFNEN QNISYVEDLEG HVESVLESNE GITDVDLRELS EQAKYTVNFE NGTEEVIDLE
ILSHNLTFNEN QNISYVEDLEG HVESVLESNE GITDVDLRELS EQAKYTVNFE NGTEEVIDLE
ILSNLTFEKI SELVIKILEN NVESVLESNE GITDVDLRLE EQAKFTVNFE NGTEEVIDLE
ILSNLTFMNEN QNISVHEDLED HVESVLESNE CITDVDLRLE EQAKYTVNFE NCTEHEVIDLE
TLENLTFNEN ONISYEDLEG HVESVLESNE CGITDVDLERELE HOAEYTUVNFE NGTEEVIDLE
TLENLTFNEN ONISYEDLEG HVESVLESNE CGITDVDLERELE HOAEYTUVNFE NGTEEVIDLE
ILENLTFNEN ONISYEDLED EVESVLESNE GITDVDLRLE EQAEYTVNFE NGTEEVIDLE
ILSNLTFNEN ONISYEDLED EVESVLESNER GITDVDLERELE EQAEYTVNFE NGTEEVIDLE
ILSNLTFEFEN QQISYEDLEN NVESVLESNE GITDVDLERELE EQAEFTVNFE NGTEEVIDLE
ILSNLTFEFEN QQISYEDLEN NVESVLESNE GITDVDLERELE EQAEFTVNFE NGTEEVIDLE
ILSNLTFEFEN QQISYEDLEN NVESVLESNE GITDVDLERELE EQAEFTVNFE NGTEEVIDLE
ILSNLTFNEN ONISYEDLED RVESVLESNE GITDVDLRLE EQAEYTVNFE NGTEEVIDLE

EEEE LR E + xx TEEEE . EEE kE EEEEETEL EEEE - EEERE EEEEE LR EEE

340 asg
Sooaloascal aaaaazaal
SINLNGTISTH

380 aTo aao
L T L T T R |
PWINTFNLTS QIESVLEHDE GISEQDLEYA
PWTNTFNLTS QIESVLEHDE GISEQDLEYA
PWTNTFNLTS QIESVLEHDE GISEQDLEYA
PWTNTENLTT EWVESVLESDE GVSERDLEIA
PWTNYENLTES QIESVLEHDR GISEQDLEYA
DPWTNYENLTS QIESVLEHDD CGISEQDLEYL
DPWTNYENLTS QIESVLEHDD CGISEQDLEYL
PWTNTENLTES QITESVLEHDE GISEQDLEYAL
PWINYFNLTS QIESVLEHDE GISEQDLEYA
PWTNYFNLTT EVESVLESDR GUVSEPRDLEHAL
PWTNYFNLTA EVESVLESDR GUVSEPRDLEHAL
PWTNYFNLTA EVESVLESDR GUVSEPRDLEHAL
PWINYFNLTS QIESVLEHDE GISEQDLEYA

ILSNLEFSNE
ILSNLEFSNE
IQSHLAFSHNE
ILENLEFENE
ILSNLEFSHNE
ILSNLEFSHNE
ILENLEFESNE
ILSNLEFSNE
IQSNLAFENE
IQSNLAFENE
IQSNLAFENE
ILSNLEFSNE

SINLNGTSTH
SINLNGTSTH
SINLNGTTTN
EINLNGTETN
EINLNGTETN
EINLNGTETN
ETNLNGTETN
SINLNGTSTHN
SINLNGTTTHN
SINLNGTTTHN
SINLNGTTTHN
SINLNGTSTHN

EEEEE

RYVPTTIAVN
RYVPYTIAVN
RYVPTTIAVN
RYVPYTIAVN
RYVPYTIAVN
YWPYTIAVN
DPYWPYTIAVN
BPYWPYTIAVN
BPYWPYTIAVN
EYWPTTIAVN
EYWPTTIAVN =
EYWPYTTIAVHN GTSTPILESD

FDITEEVESY

EFTGDPREVGY LEHDRGIGER

ELETAFEATY
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Mu50

BF122

NF15

JHD

CI-7 TLEDLEFTGD SRVSTSDITKE EVESVIEHDE ---———---——-
USR3I00 ILSDLEFTGD PRVGYEDISE EVESVLEHDE GIGERELETA
MESALTE ILEELEISNE QLISYEYLND EVESWVLEEEDR GISDLDLEFA
uNr2 ILEELEISNE QLISYEYLND EVESVLEESEDR GISDLDLEFA
8325 ILEDLEFTGD PRVGTEDISK EVESVLEHDE GIGERELETA
COL ILEDLEFTGD PREVGYEDISE EVESVLEHDE GIGERELETA
FDA547 TLEDLEFTGD SRVSTSDIEK EVESVLEHDER GIGERELETA
Newman mapN = = =  ——-—------ —o-omo—oos momm———— s o oo P NLSDLEFEGD SEVSTSDITE EVESVLEYDER GIGERELETA
111 LR C e oL CE e O e T I e e e e e e e e LI E L e e I NLEDLEFEGD ESLVSTEDITE EVESVLEYDR GIGERELETA
Thoodd 6 VINLNSKISQ LNLLYWQDIE KIDIDVETGE EAFADSYVDY TIAVNGTSTP ILSELEISNE QLISYEYLND EVESVLENEDR GISDLDLEFA

Clustal Consensus

EED 670 &80 &90
I I | | | | | |

GTETPILSKL EISNEQLISY EYLNDEVESY LESERGISDL

Mu50
BF122 GTETPILSEL ELSQEELISY EYLNDEVESY LESERGISDL
N215 GTETPILSEL KISMEQLISY EYLNDEVESV LESERGISDL
JHY GTETPILSEL KISMEQLISY EYLNDEVESY LESERGISDL
T i il i GINDI
USh3I00 NGCTEEVININ SNISQLNLLY VQDIEEIDID VETGTELEAD STUVPYTIAVN CGTSTPILSEL EISNEQLISY EYLNDEVEESYT LESERGISDL
M5SR4 Te HCEEQUWVHLE SDIFTPHLFS AFDIEEIDID VETGEKLEAD SYUVPYTIAVMN CGTSTPILSEL EISMNEQLISY EYLNDEVESY LESERGISDL
mrz HGEEQVVNLE EDIFTPNLFS AFDIFEIDID VHETGESKAKAD SYVIPYTIAVN CGTSTPILSEL EISMEQLISY KYLNDEVESEV LESERGISDL
8325 HGTEKVININ SNISQLNLLY VODIEEIDID WETGTEAKAD SYUVPYTIAVN GTSTPILSEL EISNEQLISY EYLNDEVESY LESERGISDL
COL HGTEKVININ 3NISQLNLLY WODIEEIDID VHTGTHAKAD 3YUVPYTIAVN CGTSTPILSKL EISNEQLISY KYLNDEVEST LESERGISDL
EDAS547 NGTEEVINLN SNISQLNLLY VEDIENIDID VETGAFAEVY STUVPYTIAVMN GTTTPIASEL ELSNEQLIGY QDLNEFEVESY LEHDEGINDI
Nevanan mapN NGCTEEVINLN SEISQLNLLF VEDIEEIDVD VETGEFLEAD STUVPYTIAVMN CGTSTPILSEL RLENEQLIGY QDLNEEVEEYT LEHDERGINDI
MRSA252 HGCTEEVINLN SEISQLNLLF VEDIEEIDVD VETGEKLEAD SYUVPYTIAVMN CGTSTPILSEL ELSNEQLIGY QDLNEEVESY LEHDERGINDI
Woodd 6 HGEEQVVNLE EDIFTPNLFS AFDIFEIDID VHETGESKAKAD SYVIPYTIAVN CGTSTPILSEL EISMEQLISY KYLNDEVESEV LESERGISDL
Clustal Consensus wE_E:
710 720 730 740

FE T T TR T T T IR
Mu50 TVYFENGEEQ VVNLEEDIFT PNLFSAFDIE KIDIDVEQYT
BF122 TVHFENCEEQ VVNLESDIFT PNLFSAFDIK FH-------- —-—--—--
N315 TVYFENGEEQ VVNLESDIFT PNLFSAFDIE EIDIDVEQYT
JHY TVYFENGEEQ VVNLESDIFT PNLFSAFDIE EIDIDVEQYT
cI-7 TIHFENCETQ VVDLEESDIFT PNLFSVEDIE EIDINVEQHT
USh3I00 TVY¥FENCEEQ VVNLEEDIFT PNLFSAFDIE EIDIDVEQYT
MESR1 76 TVYFENGEEQ VVNLEEDIFT PNLFSAFDIE KIDIDVEQYT
mrz TVYFENGEEQ VVNLESDIFT PNLFSAFDIE EIDIDVEQYT
8325 TVYFENGEEQ VVNLESDIFT PNLFSAFDIE EIDIDVEQYT
COL TVYFENGEEQ VVNLESDIFT PNLFSAFDIE EIDIDVEQYT TINEFENIVS MNEFVFYNASE ITINDLSIEL
EDAG47 TIHFENCETQ VVDLESDIFT BNLFEVEDIE EKIDINVEQQS ESNEALNEVT NEATEVEFIMY TINGFENLWE NEFAFLHPHE ITTHNDLNAEL
Nevaman mapN TVHFENCETQ VVDLESDIFT PNLFSVEDIE EIDIDVEQHT ESNEALLNEVA NIATEVEFPY TINGFENVWSE MEFAFLHPHE ITTHDLMAEL
MRER252 TVHFFENGETQ VVDLESDIFT FNLFSVEDIE EIDIDVEQHT ESNFALNEVE NIATEVEFPV TINGFSNVVS NEFAFLHPHE ITTHDLMAEL
Woodd 6 TVYFENCGEED VVNLESDIFT PNLFSAFDIE KIDIDVEQYT ESEENE--—-- ————————-= —————————— ——m—m————m o

Clustal Consensus *::+F*+*s & d-kdsddss  *Edd Esd +

- 47

MHu50

BF122 - 360
N315 - 478
JH9 - 478
CI-7 F 524
USR3I00 - E24
MESR4T6 - 632
M2 - 881
8325 - B34
COL TEHDIGLAER AVYEVYFENG ZSEYVDLETE YEDERVFEAT DIEEVDIELE F &84
FDA517 TEHDIGLEER TVYEVYFEDG ZSELEDLEAL EQDEEVFEAT DIEEVDIEIE F &89
Newanan mapN TFHDIGLEER TVYEVIFEDG SSEFVDLELL EQDSEVFEAT DIEKVDIEIE F 685
MESA252 TEHDPIGLEEER TVYEVYFEDG SSEFVDLELL EQDSEVFEAT DIEEVDIEIE F &89
Woodd6 =0 0 0---------- —om——m e o o oo - 657

Clustal Consensus

The Clustal W2 alignment of the amino acids sequers of Eap from fourteen different
strains of Staphylococcus aureus species The aminoacid sequences were retrieved from EMBL
data base (http://www.ebi.ac.uk/embl/) and aligniwveas performed by the Clustal W. The 14
different strains ofS aureus Eap includes Mu50 (SAV1938), RF122 (SAB1873c), BI31
(SA1751), JH9 (A5IUA7), CI-7 (AJ243790), USA300 (XB9943), MSSA476 (SAS1861),
MW2 (EFK80959.1) , 8325 (ABD31208), COL (AAW36971§DA547 (Q53599), Newman
mapN (AJ132841), MRSA252 (SAR2030) and Wood46 mapAlW245439).
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APPENDIX'| . 4

Agarose gel electrophoresis of the insert of Mu50dp. The amplification of positive clones
using PCR during the mutagenesis is shown.Amplification of Mu50 full length (FL) Eap
and its mutants: lane 1- marker, lane 2- FLWT, lane 3 - FLD3, laneFLWT, lane 5 - FLD4;
B. Amplification of Mu50 three domain Eap (2L4): lane 1- marker, lane 2 - 2L4D3, lane 3 -
2LA4AD4; C. Amplification of Mu50 two domain Eap (3L4): lane 1- marker, lane 3 - 3LAWT,
lane 4 - 3L4D3, lane 5 - 3LAD4A. Amplification of Mu50 single domain Eap:lane 1- marker,
lane 2 - D3WT, lane 3 - D3M, lane 4 - DAWT, lane34M.
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APPENDIX II
A. INSTRUMENTS

Instrument Characteristics Company
FPLC Bio-Rad
Electrophoresis unit Trans-blot SD, Semi-dry transf Bio-Rad
cell
Balance Mettler PC-4400,
Delta range
Centrifuge Eppendorf, 5810R Eppendorf
Eppendorf, 5417R Eppendorf
Electroporator Bio-Rad
Gel dryer Bio-Rad
Culture Bench/Laminar Heraeus Safe
flow
pH meter PHM220 lab pH meter Radiometer, Meterlab
Power supply unit Electrophoresis power Amersham Bioscience
ECPS 301
Water Bath GFL
Incubator Multitron Infors-HT

Heraeus Electronic

Spectrophotometer Helios Gene-Quantpro
Unicam

Vortex VORTE Gene-2 Scientific Industries

Plate reader Wallace Victor2 Perkin Elmer Life
Science

Nitrocellulose transfer Whatmann Protran®

membrane

Room shaker/Agitator IKA-VIBRAX-VXR

Magnetic stirrer IKA-COMBIMAG-
RET
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B. CHEMICALS
All commercially obtained materials used in thisrkwavere of the finest quality available

purchased from the companies listed below:

C. ENZYMES/MARKER

Proteinase K, Qiagen

Prestained Protein ladder, Fermentas life science
Stratagene Ltd, Cambridge, UK

New England Biolabs

CLONTECH Laboratories

MBI Fermentas

Promega Corporation

C. KITS
Purpose Company
Plasmid DNA purification Qiagen GmbH
Quick Change Site Stratagene
directed mutagenesis kit
Endotoxin detection Lonza
Protein quantification BC Thermo Scientific
Assay Kit
Click-iT EdU Microplate Invitogen
Assay

D. COLUMN MATERIALS FOR PROTIEN PURIFICATION
Affinity column: Ni-NTA GE Healthcare
Size exclusion chromatography: Superdex-75, GEtHeale.

E. CONSUMABLES
Amersham Pharmacia Biotech

Endotrap, hyglos
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Fisher Scientific

Tissue culture discs, Falcon, Becton Dickinson latew
MicroTest™ 96, Falcon, Becton Dickinson labware
24 well -, 6 well - cell culture plate, Cellstar

Tissue culture disc 100 x 20 mm, Sarstedt

Millipore

APPENDIX 1l

1. Culture media

i. TB broth

A Bacto tryptone 12 g B KHPO, 231g
Bacto yeast 24 g KoHPO, 1254 g
extract Add d/w up to 100 ml
Glycerin 4 mi and autoclave it

Add d/w up to 900 ml and
autoclave it

Mix solution A and B for use

ii. Medium A
Bacto Tryptone 10 g
Yeast Extract 2.5
5M Nacl 1.00 ml
1M KCI 1.25 ml
1 M MgCl, 5.00 ml
1M MgSQ, 5.00 ml

Add d/w up to 500 ml and autoclave it

iii. Medium B
0.2 M PIPES (10 mM, pH 6.4)  12.50 ml
1.0 M MnCk (55 mM) 13. 75 ml
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1.0 M CaC} (15 mM) 3.75 ml
1.0 M KCI (250 mM) 62.50 ml
Add d/w up to 250 ml and autoclave it

iv. SOC Medium

Trypton 2%
Yeast extract 0.5%
NacCl 10 mM
KCI 2.5 mM
MgCl, 10 mM

Adjust pH 7.0, autoclave, add 20 mM glucose andrfsterilize by 0.22-micron filter.

2. ANTIBIOTICS AND OTHERS

Antibiotics Stock solution Solvent Working conc.

Kanamycin 50 mg/mi water 50 pg/mi

3. BUFFERS AND COMMONLY USED SOLUTIONS

i. Common Buffers

a.10 X TSB
Tris 3049
NacCl 80 g
KCI 29
pH 7.4, HCI, add d/w up to 1000 ml
b.10 X PBS
NacCl 81.8¢
KCI 29
NaHPO,.2H,0 16 g
KH,PO, 249

pH 7.4, HCI, add d/w up to 1000 mi
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c. Potassium phosphate buffer (10 mM, pH 7.4)
1M KoHPO, 8.4 ml
1M KHPOy 1.6 ml add d/w up to 1000 ml

ii. BUFFERS AND SOLUTIONS FOR AGAROSE GEL ELECTROPH ORESIS

10 x TAE Buffer 10 x Loading buffer
Tris base 242.28 ¢ Bromophenol 2.5 mg
EDTA-Na 18.61 g blue
Acetic acid 60.05 ml Xylencyanole 2.5 mg
pH 8.5 £ 0.2 Add Glycerol 300 pl
d/w up to 1000 mi add d/w up to 1 mi

iii. Buffers and solutions for protein purification

A. Denaturing cell lysis buffer
0.1 M Tris, pH 8.0
6 M Guanidine-HCI

B. Buffer for affinity chromatography

i. Denaturing wash buffer
20 mM Sodium phosphate buffer, pH 6.0
500 mM NacCl
10 mM imidazole
8 M Urea,
add d/w up to 500 ml

ii. Denaturing elution buffer
20 mM Sodium phosphate buffer, pH 6.0
500 mM NacCl
200 mM imidazole
8 M Urea
add d/w up to 200 ml
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iii. Native buffer

iv. Native wash buffer

v. Native elution buffer

20 mM Tris buffer, pH 8.0
500 mM NacCl
add d/w up to 500 ml

20 mM Tris buffer, pH 8.0
500 mM NacCl

10 mM imidazole

add d/w up to 500 ml

20 mM Tris buffer, pH 8.0
500 mM NacCl

500 mM imidazole

add d/w up to 200 ml

iv. Buffer for size exclusion chromatography (Buffe D)

Potassium phosphate buffer (10 mM, pH 7.4).
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APPENDIX IV

1. Buffers and solutions for polyacrylamide gel elgrophoresis

separating gel Stock solutions  Final acrylamide concentration
10% 12% 15%
4 x LT 3.75ml 3.75 ml 3.75 mi
10% APS 75 pl 75 pl 75 pl
dest.HO ad 15 ml ad 15 ml ad 15 ml
30% AA/Bis 5.0 ml 6.0 mi 7.5 mi
TEMED 7.5 ul 7.5 ul 10 pl
stacking gel Stock solutions 5% acrylamide concentration
2.5 ml
4 x UT
10% APS 50 pl
Dest.HO ad 10 ml
30% AA/Bis 1.6 mi
TEMED 5 pl
4 x Buffer for 1.5 M Tris/ClI, pH 8.8

separating gel (LT) 0.4% SDS

4 x Buffer for 0.5 M Tris/Cl, pH 6.8
stacking gel (UT) 0.4% SDS

2x SDS loading 125 mM Tris/Cl, pH 6.8
buffer 20% Glycerol
4% SDS
10%B-mercaptoethanol
0.004% Bromphenol blue
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Staining solution 0.1% Coomassie Brilliant Blue260

40% Methanol
10% Acetic acid

Destaining 25% Methanol
solution 10% Acetic acid
APPENDIX V

Radio-Immunoprecipitation assay (RIPA) buffer
50 mM Tris-HCI, pH 7.4,

1% w/v Igepal™,

0.25% wi/v desoxycholate,

150 mM NacCl,

1 mM EGTA,

1 mM NaF,

0.5 mM sodium orthovanadate,
1 mM sodium pyrophosphate,
2 pg/ml aprotinin,

5 pg/ml leupeptin,

10 pg/ml pepstatin A,

0.2 mg/ml PMSF
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