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ZUSAMMENFASSUNG DHRSSERTATION

Mensch und Tier sind regelmafvwkroorganismen ausgesetan der Interaktion mit pathe
genen Mikroorganismeentwickelten sich Abwelmechanismen, die entweder Infektionen ver
hindern odersie zu Uberwinden helfen. Parallel dazu erwarben Pathogene Mechanjum der
Abwehr ihres Wirts zu entgehen. Aul3er der wirtseigenen Inmegulation und den Faktoren der
Pathogene Uben weitere Fakin wie korperliche Anstrengungnd die psychische Veadsung
des Wirts Einfluld auf das Immunsystem aus. Wahrend kurze Strel3episoden sogar die Immun
antwort fordern kénnen, kann sie dch zu lang andauernde Stre3phasen negativ beeinfluf3t
werden. Doch nicht nur die Immantwort, sondern auch metalische Progsseunterliegen
Modifikationen durch solche Stressoren. Deshéfiinnen Untesuchungen zuWirt-Erreger
Wechselirkungen helfen, Mechamsen aufzuklaren, die entwedédir Wirt oder Pathogen von
Vorteil sind, und dazu beitragen, Int@ntionsstrategienim Fall von Infektiongankheiten zu
etablieren.Diese Dissertation beschreibt die Ergebnisse aus Transksjidmn zu verschiede-
nen Aspekten von Wirt-ErregerWechselwirkungen.

Zunachst wurde das Lelgemexpressionsrofil aus einem Mausmodell flichronischen,
psychologischen Strel3 verwendet, wan Einflu3 von Strel3 auf Metabolismus und Immant-
wort der Tiere zu verdeutlichen. Psychische und physische Stressoren kénnen neuroendokrine,
immunologische, verhaltensbezogene ummbtabolische Funktionestéren. Vor kurzem wurde
von Kiank et al. publizier daR BALB/MMause ein schweresystemische Immunsuppression,
neuroendokrine Stérungen und depressiéhsliches Verhalten entwickeln, wenn sie in einem
Modell fiir starken, chronischen, psychischen Stiib8r 4,5 Tage periodisch akustischem Strel3 in
Kombination mit Bewegungischrankung ausgesetzt wurdeKiénk et al. 2006; Brain Behav
Immun. 20(4):359 Aul3erdem litten diese Mause unter déahem Gewichtsverlust. Um Griinde
daflr aufzuklaren, wurde das Genexpressionsprofil der Leber, die eine Hauptrolle im Stoff
wechsel Ubernimmt, analysiert. Die Leber (bt auRerdem eine Wdcimietion zwischen dem
Verdauungstrakt unddem Blutsystem ausDeshalb wurde in dem Genexpressionsdaténsa
zusatzlickder Einflu? von psychischem Strel3 auf imnegulierende Prozesse untersucht.

Bereits nach einer einzelnen, akuten Strephase wies das hepatische Genexpressionsmuster
deutliche Veranderungen auf. Auch wenn zu diesem Zeitpunkt noch keine otistdien Ver
anderurgen sichtbar wurden, begann dennoch eine Genexpressionskaskade, die zu den beob
achteten Stérungen fuhrte, nachdem der Stref3 die chronische Phase erreicht hatte. Dort waren
dann besonders stoffwechselbezogene Gene in ihrer Expressidndert. De dfferentielle
Expression betraf KohlenhydratAminosaure und Fettmetabolismus. Es wurde gezeigt, dal3
chronischer Stref3 in weiblichen BALBI&usen zu einem hypermetabolischen Syndrom- ein
schlieflich Auslésung von Gluconeogenesed Hyperdiolesterinamie und dem Verlust von
essetiellen Aminosauren fuhrteDes weiteren decktelieseAnalyse eine veranderte Expression
von Genen der Immunantwort auf. Darin war die Auslésung einer ARbgseAntwort, aber
auch von immusupprimierenden Abléaufe und die Unterdriickung von hepatischer Antigen
préasenation enthalten In chronisch gestre3ten M&usen wurde gesteigerte Leukozyten
einwanderungverstarkter oxidativer Stref3, der aber auch mit gegenregulatorischen Exprgssion
veranderungen einherging, &te Apoptose detektiert.

—
a1
—
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Die Experimente in der Studén Modell fir psychischen Strel3 wurdanchohne den zusétz
lichen EinfluR eines pathogenen Erregers durchgefidiet aber in der zweiten Studie berdck
sichtigt wurde. Hierbei wurde der EinfluR einetraventsenStaphyli&okkerinfektion auf die
Nierergenexpression des Wirts in einem weiterenvivo Mausmodell analysiert, wobei der
Wildtypstamm Staphylococcus aureuBRN1HG und seine isogersmgBMutante eingesetzt
wurden. S.aureus ein Grampositives Bakterium, besiedelt als persistierender Kommensale den
vorderen Nasenraum von ca. Z0der menschlichen B@élkerung Normalerweise bewirkt die
Besiedung mitS.aureuskeine Erkrankung. Andererseits kaBraureusaber auch fiir ein breites
Spekrum an Erkrankungen verantwortlich sein, das von schwachen bis schweren lokalen Infek
tionen der Haut oder Rachenschleimhaut tber Infektionen innerer Orgari2 @&ndokarditis,
Osteamyelitis) bis zu systemischen Erkkangen wie Sepsis geht. In das Blutrk&naureusnach
Vetetzungen oder durch medizinische Hilfsmittel wie Katheter gelangen. Ein einfaches Modell,
um solche Blutsysteminfektionen zu imitieren, ist die-Infektion von Mausen. Die Wirsak
tion kann dabeimit physiologischen, immunolagghen und molekularen Messungen aufgezeich
net werden. In dieser Studie wurde die Transkriptoralyse aiMausierenproben angewandt.

Obwohl Literaturangaben oft von &hnlicher Virulenz smyBdefizienten Mutanten und Wild
typstdmmen berichten, kénnte sich der Mechanismus der Pathogemegzam Teil auch in
Abhangigkeit von dem gewahlten Infektionsmodelzwischen beiden untecheiden.Deshalb
sollte mit dieser Studie untersucht werden, ob die Deletion sigBzu einer verandrten Wirts
antwort wahrend der Infektion fuihrt. Das Genexpressionsprofil in infiziertem Nierengewebe war
sehr gut reproduzierbar. Der Vergleich mit nichtinfizierten Kontrollen zeigte eine starke, pro
inflammaorische Reaktion der Niere, dieB. Signa8 A § SNHI 0 S & 208K &¢pYy 1SN a¢ 2
toren, Komplementsystem, Antigenprasentation, Interferamd IL:6-, aber auch gegengula
torische 1E10-Signalwege einschlo®ie Studie konnte keine Unterschiede im Mechanismus der
Pathogenese def.aureusStamne RN1HG und seiner isogensigBMutante belegen, da sich
die Wirtsantwort in beiden Féllen nicht unteischied. Falls solche Unsshiede tatsachlich
existierensollten, sind sie womadglich transienter Natur und nur zu friheren Zeitgunguffallig.
Effekte von SigB konnten in der vivo Infektion auch von dem verflochtenen Regulationster
anderer Regulatoren Uberlagert sein. Des weiteren besteht die Moglichkeit, dafnSigBgar
nicht aktiv ist, wodurch die ahnliche Wirgaktion aufWildtyp und Mutante erklarbar ware.
Madglichemweise besitzt SigB weniger Eigenschaften eines Virulenzfaktors als vielmehr eines
Virulenznodulators, derinvivo die Feinabstimmung der bakteriellen Reaktionen tbernimmt
oder SigB ist in speziellen Nischen wahrend reinfektion von BedeutungSolch eine Funktion
wirde das Fehlen nachweisbarer Unterschiede zwischen der Wirtsreaktidh aweusRN1HG
und seine isogensigBMutante erklaen.

Expressionsstudien an Gewebeproben a&ugivo Modellen zeichnendirekt den relevanten
physiologischen Zustand im Zusammenhang mit allen komplexen Interaktionen und Einflissen
auf und liegen medizinischen Fragestellungen am néchsten. Dennoch ist es schwarzaligen
Anteile zu unterscheiden, da es sich bei Gewabmeér um eine Mischung verschiedengelt
typen handelt, die sogar gegsiitzliche Reaktionen aufweisen kénnen. Deshalb wurden zusétz
lichin vitro Modelle untersucht, die sich auf einen einzelnen, definierten Zelltyp fokussierten.

Makrophagen sind in dierste Reaktio auf eine Infektion einbezoge®sie nehmenzusam
men mit dendritischen Zellereine zentrale Positiomm angeborenen Immunsystein. Durch
ihre Funktion als Wachter und Phagozyten sind sie mafRRgeblich an der Beseitigung von Infek
tionen beteligt. Peptide phagoytierter Antigene wrden durch sie auf MHO-Komplexen flr
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Lymphozyten prasentiert, wodurch die Makrophagen auch an der Regulation der adaptiven
Immurantwort teilhaben. Die Praparation von Knochenmarkstammzellen und iihrétro
Differenzierungzu sogenannt@ & 0 22YISNN2 6 RSNA JSR YI ONR LKLl 3Saa
zur Untersuchung der Reaktionen von Makrophagen dasimmunologische Einfliisse, die vom
Immunzustand des Tieres sogar unter standsiedten Laborbedingungen ausgeh&bnnen
umgeht Bis vor kurzem wurden weitere unkoollierbare Einflisse durch die Verwdumgvon
Serum das undefinierte und variierende Substanzen enthalt, mit deofturmedium in die
experimentelle Anordnung eingebracht. Um diese Ursache expetétien Schwankungen zu
vermeiden, wurde durch Eslat al. ein System der serumfreien Kultivierung von BMM eingeflhrt
(Eske et al. 2009 Immunol Methods. 342{2):13) das nun fur die Untsuchung der Reaktion

von BMM als drittem Teil dieser Dist#tiion angewendet wurde. Dabei wurden BMM versehie
dener Maustamme mit IFN &nemModulator der Makrophagefunktion und einemder ersten
Signalewahrend der Initiation detmmunantwort, behandelt PublizierteExperimentezeigten,

dall BMMaus den Maustammen BALB/c oder C57BL/6 unterschiedlich auf die Konfrontation mit
Burkholderia pseudomalleeagierten, insbesondere, wenn vorher eine Stimulation Hiw-
stattfand (Breitbach et al. 20Q6nfect Immun. 74(11):63Q0Auch weitere Studien wiesen émt
schiede zwischen den beiden Mausstamniremivo und in vitro nach Vor dem Hintergrund der
genetisch bedingten Unterschiede in der Reaktion der BMM wurden nun BALRYcCC57BL/6

BMM mit IFN' stimuliert, um auf molekularer Ebengenomweit die Reaktionauf IFN als
Initialsignal zu bestimmen. Auferdem sollten in dieser Studie mogliche Unterschiede der
Reaktion von BMM beider Stamme auf {#FBharakterisiert werden.

Das Genexpressionsprofil zeigte nach der Behandlung mit iFMMM beider Stamme haupt
sachlichinduzierte Gengpression. Darin wurden bekannte H-NEffekte wie die Induktion von
Immunproteasom, Antigenprésentation, Genen der Interfesignalvege und von GTPasen/GTP
bindenden Proteinen, sowie der induzierbaren Stickstoffioxicsynthase bestatigt. IFN- -
abhangige Genexpressionsanderungen waren zwischen BALRICC57BL/MBMM in hohem
Maf3e ahnlich Sogar nur in BMM des einen Stamms signifikant veranegutimierte Gene
zeigten einen vergleichbaren Trend in BMM des anderen StarGeisexpessionsunterschiede
zwischen BMM beider Mausstamme wurden sowohl in unbeletten KontrodBMM als auch
nach IFN-Behandung bestimmt. Dabei wiesen ca. %b bis 606 der unterschiedlich stark
exprimierten Gene eine hohere Expression in BABBA auf, vahrend die verbleibenden Gene
starker in C57BBIBMM exprimiert wurden. Veleichbar zu der Beobachtung bei den HFN
Effekten war auch bei den Unterschieden zwischen BMM der beiden Stdmme ein &hnlicher Trend
in beiden experimentellen Behandlungen, Katle und IFN -Stimulation, sichtbarDie stamm
abhangigunterschiedlich exprimierte Gene schlossen immunrelevante und zellisslozerte

Gene ein, aber die Abdeckung der funktionellen Gruppen war begrenzt. Phenotypische Unter
schiede in der Reaktiovon BALB/cund C57BL/BMM wurdennach Literaturangabeaumeist

in der Anwesenheit von IFNund eines weiteren Stimuluszie LPS oder Infékbn beobachtet.

Um die molekularen Ursachen fir die beobachteten Unterschiede in der Abtétung von
Pathogenen odeder Produktion von Cytokinen zu bestimmen, missen weitere Proben, die
aufler IFN einem weiteren Stimulus ausgesetzt waren, esg#@ossen werden.

Nicht nur Immunzellen bzw. Phagozyten kommen mit Pathogenen in Kontakt, sondern. 8uch
Epithel oder Endothelzellendie fir den Erhalt von Struktur und Funktion von Wirtsorganen und
-gewebe verantwotich sind. Diese Zellen sind tatséchlich unter den ersten, die das Eindringen
von Pathogenen erkennen und darauf reagieren. Auch w8raureusden vorderen Nasen

—
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bereich des Menschen besiedelt, kann das Bakterium Pneumonie verursachen, wenB. es z.
durch Einatmung oder medizinische Gerate in die Lunge gelangt. Die Bronchialepithelzellinie S9
wurde als Modell fur dién vitro Infektion mit Staphylokokken veendet. Ein neues g@erimen

telles System erlaubt die Untersuchung der artegerinteraktion im Zusammerang mit allen
bakteriellen Faktore, ob membrangebunden oder sezerniert, und vermeidet zusatzlich sié@ren
Effekteauf die Physiologie der Bakien durch langeres Bearbeiten, Zentrifugation und Waschen
(Schmidt et al. 202,0Proteomics. 10(15):2801Das vierte Kapitel dieser Dissertation beschreibt
S9Genexpresionsignaturen naclin vitro Infektion mitS.aureusRN1HG flr die zwei Zeitpunkte
2,5h und 6,5h nach Beginn der Infektion. Zum friihen B;Zeipunkt wurde differertielle
Expression nur fur die kleine Anzahl von 40 Genen gemessen. Trotz der geringen Anzahl zeigten
diese Gene eine beginnende ginflammatorische Antwort, 2B. durchdie verstarkte Expression

von Cytokinen (W6, IFN, LIF) oder Prostaglandinendoperasydthase 2 (PTGS2), aber auch
gegemegulaorische Prozesswie die verstarkte Expression von CD274, Ligand fur den immun
inhibitorischen Rezeptor RD waren erkenbar. Die Wirtsantwort vestarkte sich zum spéateren
6,5h-Zeipunkt dramatisch, an dem differentielle Expression flr 1196 Gene detektiert wurde.
Darin waren Cytokine, Signalwege der Rezeptoflr bakterielle StrukturenAntigempréasen

tation und an derimmurantwort beteiligte Gene (B. GBP, MX, APO&hthalten. Negative
Auswirkungen auf Wachstum und Proliferation traten noch stéarker auscdenbeim friiheren
Zeitpunkt beobactet (z.B. verringerte Expression von Histongenen), und Zeichentaigher
Prozesse wurden sichtbar g&. verstarkte Expression von BCL10, BLID, BAK1, BAGL).

Das letzte Kapitel dieser Dissertation befaldt sich schlie3lichTiimigArray Genexpressions
analysendes Pathogengjie zunachstfir S.aureusRN1HG in aeroben Sdtelkulturen fir ver
schie@lene Wachstumghasen als Beginn und Referenzpudidtchgeflihrtwurden. Anschlielend
wurde das bereits beschriebene vitro Infektionsmodell der S9ellen eingesetzt, um Staphylo
kokken nach einer Phase der Internalisierunghiren Wirtszellenzu den beiden Zeitpunkten
2,5h und 6,5 nach Beginn der Infektiowieder zu extrahiererund ihre Genexpression zu
charalterisieren. Das bakterielle Expressionsprofil zeigte die Aktivitdt des SaeRKa@mpo
nentenSystems in internalisrten Staphylokokken an. Zum Teil in AbhéngigkeitSaeR3vurde

die starkere Expression von AdhesinenB(ZtnbAB clfAB, Toxinen lgBC lukDE hla) und
Genen, die der Umgehung des Immunsystems dieneB. ¢hp, eap), beobachtet. Aul3erdem
wurden Expressionsveranderungen metabolischer Gene deuthidb. verstarkte Expression von
Genen derAminoséurebiosynthesedes TCAyklus undder Gluconeogenese. Dazu passend
wurden Glycolysgene verringert exprimiert und des weiteren Gene der Fadsynthese und
Gene, dietRNASynthetasenkodieren Die Expressionsanalyse erfaldte ein bakterielles- Gen
expressiongrogramm, welches Literaturangaben einer spezifischen, von der Balkdtarmam
WirtszellinienKombination abhangige transkriptonellen Adaptatio des Erregers bestétigte.

Neben klassischen physiologischen und mikrobiologischen Methoden tragen die modernen mole
kulamiologischen Technologien unter der Voraussetzung verfigbarer Genomsequenzen deutlich
dazu bei, das Verstandnis der Prozesse wahoeslZusammentreffens von Wirt und Pathogen

zu verbessern. Auf der ersten Ebene der Reaktion verschafferERNAssionsuntersuchungen
einen Uberblick tber die mdglichen physigischen und metabolischen Veranderungen. Aus
diesem Grund sind die Ergebnissnae wichtige Vervollstdndigung der Ergebnisse anderer Unter
suchungsbenen und vergréRern die Grundlagenkenntnisse zum Geschehen wahrend der
Interaktion des Erregers mit seinem Wirt. Auf lange Sstidas Zietliese Grundlagenforschung

dazu betutragen, Interventionsstrategienfur Infektionskrankheiten zu etablieren.
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SUMMARY OBDISSERTATION

Humans and animals regularly encounter microorganisms like bacteria and need to defend
themselves in order to avoid or limit damage. The host developed defense mecisdaisither
avoid infection or to overcome it, whereas the pathogen gdingechanisms to evade these host
RSTSyaS &auNriGS3IASaod ¢KS K2adQa AYYdzyS agadasSy
YSOKIyAaYa |yR o0& (KS yhdditiomBefyientd likd gh@idaefdits o0 dzi
or the psychological state of the amgism. While short stressful episodes might even enhance
the immune response, the immune response can be suppressed when the bieemes
chronic But not only the immune system, but also metabolic processes might underlie
modification by such stressor3herefore, the improvement of knowledge on hgxsithogen
interactions helps to elucidate mechanisms which benefit either host or pathogemill
contribute to the establistment of new intervention strategies during infectious diseas@sis
thesis contains results from transcriptome studies on different aspeotshostpathogen
interactions.

First, liver gene expression profiles from a murine chronic stress model served to elucidate
aspects of the influence of stress on the metabolism and the imnmesponse state of the
animals. Psychological and physiological stressors can disturb neuroendocrine, immunological,
behavoral, and metabolic functionand adaptive physiological processes aim to reconstitute a
dynamic equilibrium. Recently, Kiank et described that BALB/c mice developed severe
systemic immune suppression, neuroendocrinological disturbances and depréiksidrehavior
due to 4.5days of intermittent combined acoustic and restraint stress which skaga murine
model of severe chronipsychological stres¥iank et al. 2006; Brain Behav Immun. 20(4))359
Furthermore, mice subjected to chronic stress suffered from severe loss of body mass. Therefore,
gene expression profiles of the liver, which plays the major role in metabolism,amatgzed to
investigate primary causes for the observed loss of body weilgig. liver fulfills anmportant
function as a gatekeeper between the intestinal tract and the general circulafibas,the
influence of psychological stress on immune regulatmmycesses in the liver was additionally
investigated in the gene expression data set.

Hepatic gene expression proBl@f stressed mice exhibited distinct changes even after a
single acute stress session. Although metabolic disturbances were not vistble segulatory
gene expression cascade started at that time point which led to the disturbatsesvedwhen
stress had become chroni€onsideringchronically stressed mice, genes related to metabolic
diseases were most significantly influenced. Ddfeial expression affected carbohydrate, amino
acid, and lipid metabolism. Chronic stress in female BALB/c mice was shown to lead to a
hypermetabolic syndrome including induction of gluconeogenesis, hypercholesterendidosm
of essential amino acidsAdlitionally, the analysis of liver homogenates of acutely and
chronically stressed mice revealed an altered mRNA expression of immune response genes.
These included the induction of the acute phase response, but also of immune suppressive
pathways. Furtherrare, repression of hepatic antigen presentation was observed. In chronically
stressed mice, increased leukocyte trafficking, increased oxidative stress together with eounter
regulatory gene expression changes, and an induction of apoptosis were detected.

—
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The invivo model of psychological stress in a complex mammalian host was performed
without additional influences of a pathogeihis additional factor was addressed in the second
study: Here, the influence of staphylococdatra-venousinfection on the hat kidney gene
expression was analyzed in another murimevivo model using the wild type strain
StaphylococcuaureusRN1HGnNd its isogenisigBmutant.

S aureus a Gram-positive bacterium, is a persistent commensal in the anterior nares of
approximatdy 20% of the human populatianThe bacterium is found intermittentlyn 30% to
60% of the populationand in norcarriers, which is the remaining fraction of the population,
nasal swab are never positive forS.aureus Normally, such carriage does not cause any
symptoms of illness. On the other hanfl,aureuscan be responsible for a broad variety of
diseasesS.aureuscan cause mild to severe local infections of skin or pharyngeal mucosa, but
also of inner organs (g. endocarditis, osteomyelitis) and systemic disease like seqsisteus
can be transmitted to the blood after body injury or by medical devices like catheters. An
elementary model to mimic blood stream infection is the. infection of laboratory aimals, eg.
mice. Host reactiom can be monitored by physiological, immunological or molecular readout
systems. In this study, transcriptome analydimurine kidney samplewas performed

Although the virulence ofigBdeficient strains is often repoet] to be similar to that of wild
type strains the pathogenesis or pathomechanisidifferent infection settings might vary.
Therefore, the rationale of this study was to investigate whether the deletioigBwill lead to
a different reaction of the imdcted host. Gene expression profilingdicated a highly
reproducible host kidney response to infection wlBhaureus The comparison of infected with
non-infected samples revealed a strong inflammatory reaction of kidney tissue. This inclygded e.
TolHike receptor signaling, complement system, antigen presentation, interferon astd IL
signaling, but also countegegulatory IE10 signalingHowever, he results of this studgid not
provide any hints for differences in the pathogenesis or pathomechaafdgime S.aureusstrains
RN1HG Yy RigBin the selected model df v. infection in mice, since the host response did not
differ between infectios with the two strainsanalyzed If really existing, such differences might
be transient and only apparent aarlier time points. Effects of SigB might alsocbenpensated
for inin vivoinfection by the interlaced pattern of other regulators. There is also the possibility of
missing activity of SigiB vivowhich could explain the similarity of host reaction to infection with
S.aureusRN1HGand itssigB mutant in this study. SigB might possess only to a lesser extent
characteristics attributed to virulence factors and might aetvivo more like a virulence
modulator ard fine tune bacterial reactiongr SigB might be important in special niches during
infection. Assuming such functiofailure to detect differenced y ( KS K2 a 6.&éeusNBIl O A2y
RN1HGnd its isogenisigBmutant could beexplaired.

Tisue expression profiling frorm vivo models has the advantage of directly recording the
relevant physiological state with all its complex interactions and influences and its vicinity to
medical questions in the human. Nevertheless, it is very difficultlisiinguish the different
components because the tissue samples are always a mixture of different cell types which might
even feature contrary reactions. Therefoia,vitro models were additionally analyzed in which
only one defined host cell type wasudied. Macrophages are an example for an immune cell
type involved in the first steps of the encounter between the host and a pathogen. In the innate
immune system, macrophages, together with dendritic cells, hold a central posiim@y. are
main effectos of the clearance of infectionby their sentinel and phagocytic function
Macrophages presenthagocytosedantigenderived peptides on MHE to lymphocytes. By this
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function, macrophages take part in regulation of the adaptive immune respdhseprepaation
of bone marrow stem cells and the vitro differentiation of the stem cells into scalled bone
marrow derived macrophages (BMM3 a model to study reactions of macrophage3he
advantage of this approach is that these macrophages have neverdmelm any immunological
influence which might result from the immune status of the animal even under standardized
laboratory conditions. Until recentlhyBMM experiments were standardized only to a limited
extent because serurupplemented culture medium vgaused.To overcome sources of
experimental variation resulting from undefined and varying substances in serum, Eske et al.
introduced serurdfree culture conditions for BMMEske et al. 2009; J Immunol Methods. 342(1
2):13)which were now applied to studfe reaction of BMM as third part of this thesis. BMM of
different mouse strains were treated with IFNE | Y2 Rdzf | ( 2 NJ 2 FwhizhlisO N2 LIK |-
one of the first signals during initiation of the immune resporigsevivo. Hostpathogen
interaction expeiments have revealed differences in reactions of BMM derived from BALB/c and
C57BL/6 mice when confronted wiBurkholderia pseudomallespecially after IFN & G A Y dzf | G A
and at higher multiplicities of infectiorB(eitbach et al. 2006; Infect Immun. 74(:630Q. Also
other infection studies uncovered differences between these two mouse stiaims/o and
in vitro. Againsthe background of genetic influences on the BMM reactions, BALB/c and C57BL/6
BMM were stimulated with IFN {2 & LJS OA Ta@ levél yhe deactigretd BeOmtahing
signal IFN Fd oFaAO0 LINARYOALX S® CdNIKSNIX¥2NBZ (KS ai
reactiors between the BMM of both mouse strains.

Gene expression profiling revealed mainly induction of gene expres$ienteeatment of
BMM with IFN' @ DSy S SELINB&a&aAz2y Okl ySBRSORY FANYSRIRK Y
immunoproteasome, antigen presentation and associated genes, interferon signaling related
genes, GTPase/GTP binding protein genes, inducible mikide synthase and others. HN
dependent gene expression changes were highly similar in BALB/c and C57BL/6 BMM. Even for
genes, which were differentially expressed only in BMM of one strain, a similar trend was
20aSNBSR Ay (KS 2 (eKptebsloradiffeiénaey iiefiveen BMIVHOf DS $trdins
were analyzed on the level of untreated controls as well as after IFNG NBF G YSy G o |
approximately 556 to 60 of the differentially expressed genes exhibited higher expression in
BALB/c BMM, whereathe remaining genes featured higher expression in C57BL/6 BMM.
Equivalenttothe IFN ST¥FSOG &= | & AitvthefsiradIcobnparidnd vas vigige ( NB y R
both treatment levels, even when regulation was significant only in one. Differergigtisessed
genes between BMM of both strains included immtne¢evant geness well aggenes linked to
cell death, but the coverage of functional groups was limited. The phenotypical differences
between the reaction of BALB/c and C57BL/6 BMM were oftenrdeted in the presence of
IFN' YR | aS0O2yR aGAYdzdza tA1S [t{ 2NIAYFSOGHA2
differencesin killing of pathogens or cytokine production, the inclusion of samples subjected to a
second stimulus in additon &N A &4 NBO2YYSYRSR®

Not only immune cells or specially phagocytes get in touch with pathogens, but also cells
responsible for functional and structural integrity of host organs and tissue, like epithelial and
endothelial cells. Such cells are actuallytpaf the first line of recognition and reaction to a
pathogenic invasion into the host. Whifaureuscolonizes humans in the anterior nares it can
be a cause of pneumonia when transferred to the lung.eby aspiration or medical devices. The
bronchid epithelial cell line S9 was used as iarvitro model system for the infection with
staphylococci. A new experimental system permits the study of-pagiogeninteractions in the
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context of all bacterial factors, membraitmund and secreted, and additially prevents effects

on bacterial physiology by prolonged handling, centrifugation and washing of batSmfanidt

et al. 2010; Proteomics. 10(15):280The fourth chapter in this thesis includes host gene
expression signatures of S9 esdfter in vitro infection with S.aureusRN1HG for the two time
points 2.5h and 6.5h after start of infection. At the early time point, only the small number of 40
genes was differentially expressed. Nevertheless, these few genes indicated a beginning pro

inflammatory response e. by the induction of cytokines (6, IFNN = [ LC0O 2NJ LINRadl 3

endoperoxide synthase 2 (PTGS2), but also courtgulatory processewere discerniblee.g. by

the induction of CD274, ligand for the immunoinhibitory receptorPB-urtrermore, negative
effects on cell cycle progression became visible. The host cell response was dramatically
aggravated at the later 6/ time point. Differential expression was detected for 1196 genes.
These included induced cytokines, pattern recognitieceptor signaling, antigen presentation,

and genes involved in immune defense ge GBPs, MX, APOL). Negative effects on growth and
proliferation were even more enhanced in comparison to the early time poigt, repression of
histone genes, and sigrisr apoptotic processes were revealedgeinduction of BCL10, BLID,
BAK1, and BAGL.

Finally, the last chapter addresses the patha@e&xpression profilewhich was first recorded
from agitated, aerobicS.aureusRN1HG cultureq different growth phase as a starting and
reference point. Afterwards, the already described S9 icelitro infection model was used to
extract staphylococci after an internalization phase inside the host cell. Internalized bacteria
were analyzed at the two time points 2tband 6.5h after start of infection in comparison to
different control samples by tiling array gene expression analysis.

Pathogen expression profiling revedl¢he activity of the SaeRS tveomponent system in
internalized staphylococci. Partly dependenttbis regulatory system, the induction of adhesins
(e.g. fNbAB cIfAB, toxins flgBC IukDE hla), and immune evasion genes dgechp, eap) was
observed. Furthermore, expression changes of metabolic genes were recorded. This included the
induction of anino acid biosynthesis pathways, TCA cycle genes, and gluconeogdnesis.
accordance with these findingglycolysis genes were repressed as well as purine biosynthesis
and tRNA synthetase genes. Expression analysis recorded a distinct bacterial exjpreggam,
which supported literature results of a specific, bacterial strain and host cell line dependent
transcriptional adaptation of the pathogen.

Different approaches can be applied to define even more and specific interactions between
the host and thepathogen. Besides classical physiological and microbiological mettieas
modern molecular technologies can considerably help to improve the understanding of the
processes acting during encounter of host and pathogen provided that genome sequence
information is available. On the first level of reaction, RNA expression profiling will generate an
overview on the potential changes of physiology and metabolism. Therefore, the results are an
important complementation of results from other analysis levels amease the fundamental
knowledge on processes during the encounter of pathogen and its host. In theadiomgthis
basic research will probably contribute to the establishment of intervention strategies during
infectious disease.
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INTRODUCTION

INFECTIOUDISEASES ANDMMUNE SYSTEM

Humans and animals regularly encounter microorganisms like bacteria and need to defend
themselves in order to avoid or limit damage of their own organismadrity.

Before any possibly dangerous interactiosuld occur, they first aim to prevent the nearer
contact by physical mehanisns. Dry, closely connected skin surfaces impede the settlement of
microorganisms, and inner surfaepitheliumoften uses mucus as trapping and rinsing agemt
creates unfavorable conditions g. by low pH in the stomactBSuch physicabarriers cannot
completely prevent colonization. A commensalism of certain microorganisms has been
establishedBut this is not a disadvaage: The occupation of interaction surfaces by apathogenic
commersals limits the available habitat for pathogens.

Additionally, the host organism has developed active defense mechanisms. On the one hand,
general defense factors are produced in advance deposited at potential interaction sites.
Such factorslike lytic enzymes or defensin peptided]l exert their properties without further
Fa&dAadl yoOSphgsblogitd §steknd lese @aitors caadditionally be further induced
after initiation of the immune responseOn the other handn case of a successful infection by a
pathogen the hostis able to starteaction cascades, which will be activated and enhanced after
contact with the pathogen. The host possesses receptors whiieth conservedstructures of
pathogens.This enables the host to recognize the infection, initialize alarm cascades, and
activate further antimicrobial factors, which are prepared as inactive precursors. Thealsist
activatesthe blood coagulation cascade and by thigans aims to confine infection tgpecific
sites and to reduce spreadingAlso cellular defense processes are initiated sequence of
pathogen infiltration into the bodywhere a first step is pathogamspecific phagocytosis by
macrophages or neutrophildn the later phases of infection, the host can adapt even more
specialized defense systems to reastthe specific infecting agerin a humoral and cellular
level This approach needs more time, but is most effective and finally enables the host to
overcome the infectious disease.

Aspects ofnnate Immunity

Many pathogens possess conserved structures. These can be related to their outer structure
like peptidoglycan of the bacterial cell wall, but also to the very basic genetic information like the
double-stranded RNA constituting the genome of some virusemesof them are essential for
the pathogen and therefore highly conserved during evolutiorth&ir co-evolution, both sides,
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host as well as pathogen, developetchanisns to fight or to gain some advantage agaitis¢

other. The host developed defenseeghanisns to either avoid infection or to overcome it,

whereas the pathogen gained mechanisms to evade these host defense strategepart of

0KS K2adQa AYYdzyS RSFSyaS Aa GKS AyyradS AYYdzyS
encoded in the gegome and which has been passed on and further modified and optimized

during evolution.The host as a complex organism commands two main levels of such immune
defense non-cellular and cellularOn epithelial barriers, the host deposits antimicrobial pegsid

which are often membranactive and pordorming and aim to lyse the pathogen during its

attempt to enter the body(Schroderl999) Also enzymes like lyzozyme are secreted and serve a

similar function.

A very important and complex defense system ofcaaeactivated components is the
complement system(Dunkelberger5ong2010) The complement system consists of several
serum proteins, which interact and build complexes, contain several sequential and
interdependent activation steps and enzymatic actigtiand finally achievebree main goals:
First, in a process called opsonization the labeling of pathogens with a molecular tag to render it
recognizable for phagocytosis, and second the lysis of the pathogen by-fquoring
components.The third functiom during activation of the complement is to pass the information of
occurring infection to the other immune defensgstems.

Three activation pathways of the complement system effigj.1.1). The first, called classical
pathway,is linked to the nofnnate, i.e. adaptive immune system, because it relies in the first
step on antibodies, which recognize specific pathogenic structures. Pathogen sudand b
antibodies bind and activate the C1 factor of the complement systEne. following steps of
LINEG0S2ft23GA0 Of S @GF3S LINRPRdzZOS FNRBY TFFOU2NRBR [ H |\
fragments. C2a and C4b together form the first very important compleingilcomplenent
activation, the Cgonvertase which cleaves C3 into C3a and C3b. Thedd8ertase (via C4b)
and C3b will be covalently bounfiz GKS LI 6K23SyQa OStt adaNFIF OS |
thioesterbondand accomplish opsonization.

The secondcomplement activation pathway leads to the same effects, but starts with a
different recagnition complexincluding lectins (Fuijita et al. 200dhislectin-activationpathway
does not require antibodies bound to the surface of the pathod¢ere,mannosebinding lectin
(MBL) orficolin recognize conserved carbohydrate structures of the pathogbase molecules
belong to the secalled pattern recognition receptors (PRRs), conserved andvanable
receptors for conserved pathogenic structures, which umtare called pathogenassociated
molecular patterns (PAMPSMBLor ficolinare complexed, among others, with a serine protease
(MASP), which achieves the next activation steps of C2 andn@4formation of the C3
convertaseas describedbefore in the chssical pathway.

The third way of complement activatida named alternative pathway. For activation, it uses
the spontaneous hydrolysis of C3 in the plasma to &3(hich exposes the molecular site for
covalent binding to pathogenic surfaces. Il ghresence of such surfac€3(HO) binds to it and
subsequentlycomplement factor B to C3{B). Finally, factor D cleavedactor B into the
fragments Ba and Bb. The resulting complex of €3Bb constitute the initial C3convertase of
the alternative pathwsg and cleaves further C3 molecule¥heresulting C3b fragments again
opsonize the pathogerput alsobind factor B and D, and form further €8nvertasecomplexes
C3bBb. At this step, a strong amplification takes plasowhenthe C3b fragments are derived
from activation of the classical and lectin pathway.
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Besides opsonization, the complemesystem aims to lyse the pathogen. Th&o-called
effector function is initiated after formation of C3b by any of the activation pathwsylsenC3b
is complexed with the CZonvertase of classicalllectin or alternative pathway it forms the-C5
convertasecomplex C2C4bGb or G3bBbC3h. The enzymatic function is the cleavage of
complement factor C5 into C5b and CBh&ow, C5b initiates theofmation of the membrane
attack complex(MAQ. Sequential binding of factors C6, C7 (membrane binding) and C8
(membrane intrusion) leads to the forming of a pore by several C9 molecules. Such pores finally
can lead to the lysis of the pathogaBecause theomplement system is a very powerful defense
system which could lead to immense damage the host itself it is tightly controlled by many
NEJdz F 62NE LINRPGOSAYya 6KAOK SalLISOAlIffte LINB@Syi

a Classical pathway b Lectin pathway

Immunoglobulin

antigen Carbohydrate

Bacterial surface Bacterial surface

Bacterial surface

Fig.l.1: Complement activation pathways.

Abbreviations:MBL ¢ mannosebinding lectin; MASR, MBl-associated serine protease; sMAPsmall MBLassociated protein;
C3(HO)¢ hydrolysed C3

From: FosteR005

During the activation of the complement cascade, sevemaall peptide fragments, called
anaphylatoxins, are produced. C3a, Giiad to a lesser extent C4a have inflammatory properties.
In a localized infectiarthey lead to increased permeability of blood vessels, induce endothelial
adhesion molecules, influeacmonocytes and neutrophils to increase attachment, and activate
mast cells which further enforce the effect with their own mediators.

Hence, the small peptides link the noellular to the cellular part of the innate immune
system.Phagocytes have a ceatrfunction in the innate immune defense. These cells clear the
pathogens from the site of infectioand kill them intracellularly. Monocytes from the blood
stream migrate intathe tissueand develop intdongliving macrophageswhichreside and are
activated in case of an encounter with pathogeB8gveral organs, especially thasea higher risk
to be exposed to pathogens, embody special types of macrophaggsKepffer cells of the liver.
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Neutrophil granulocytes are another group of phagocytes. Tdreyfound in the blood stream

and leave it only at sites of infection. During an infection, the numbers of neutrophils can
increase strongly but these cells are only shdiving Phagocytesrecognize pathogenic
structures by membranePRRs.Binding to the pathogen initiates phagocytosis. First, the
pathogen is enclosed in the phagosomal compartment, which afterwards fuses to lysosomes.
Lysosomes bring enzymes and antimicrobial mediators to the new phagolysosomal compartment
and finally accomplish Killingf ehe pathogen in a process callegspiratory burst, during which
enzymes produce toxieaction products like ¥D,, O,°, and NO under consumption of,,Ghe
name-giving effect. During activation, phagocytes produce cytokines and chemokines, which lead
to a proinflammatory reaction and to chemotaxis of further immune cells like monocytes and
neutrophils(Janeway et al. 2002)

Aspects oAdaptive Immunity

A third type of phagocytic cellglendritic cells, link the innate to the adaptive immune
system. These cells ingest different antigens in the peripheral tissue bgg@tytosis and
macropinocytosis and and transport them to the lymph nodes, where-autivated cel of the
apaptive immune response wait for an activation trigger. Dendritic cellgherenediator cells
which relay the information of peripherally present antigearsd therefore potential infection to
cells which might bear the specific receptor to these antigens. The information is transferred in a
process called antigen presentation. Itvadves najor histocompatibility omplex (MHC)
molecules Thecomplex is formed either byya -chain with transmembrane domain aradnon-
covalently linkedbeta-2-microglobulin(B2M)moleculeasi -chain in class | type of MHC or by an
h-} y R -chain whichare both inserted in the membrani class Il type of MH(Fig.|.2 A).
MHGL -chains and MHC L- I ¥ Rchdins form a binding groove fantigenderived peptides
and are encoded in the genome in a highly polymorph manner. Only B2M is encoded by a single
gene.The two types of this complex, class | and class Il, present antigenic peptidediffierent
origin to subsets of Tcells, which inturn possess a receptdor MHGpeptide-complexes, the
Tcell receptor (TCR).

A \\\ ' T cell
H T cell receptor
o
o [ Bl
MHC dass | L[L By 8, l.l‘ “; MHC class Il
APC
B Naive CD4+T cell
Fig.l.2:
Antigenpresentation toT cells via MHC molecules. CD2s g £
A. T cell receptor TCR mediatedrecognition of a peptide antigen bound fo
to an MHGderived molecule APC D T call receptor
B. Activation of nive T helper cells requires the presence oftimulatory
MHC class Il
molecules, eg. B7.
Abbreviations: Activation
MHC¢ major histocompatibility compleXAPCg antigenpresentingcell
From: Anderseret al. 2006
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Extracellular antigens are presented by MH@olecules. After phagocytosis, these antigens
are degraded in the phagolysosome. Transport vesicles from the Golgi, which carry unloaded
MHCII complexes, fuse to the phagolysosome, peptides are loaded to the-IMid@d the
complete complex is transferred to the cell surface.

MHCI serves the presentation of intracellular antigens. Here, the cleavage of proteins is
performed in the cytosol bthe proteasome, a high molecular weight protease complex. Peptide
transporters transfer the peptides to the ER, where the loading of MiHGlecules takes place.

Antigen presentation via MHIT is restricted to professional antigen presenting cells (APC)
the immune system, whereapresentation of intracellular antigens via MHIGs additionally
presentin many noAmmune cellsInterestingly, natural killer (NK) cells, which belong to the
innate immune response and do not possess antigen specific msemense the missing of
MHCI presentation, which occurs in some viingected or cancer cells, and combat these cells
by inducing apoptosi€lensen 1999)

The TCR of dellsis only able to bind MH&eptide complexes tightly when the TCR features
the corresponding specificity to the peptide antigen. A very efficient system uses combination of
different TCR chains and somatic recombinatiaich isthe removal of certain genomic
sectons andrecombining of the remaining parts, to generate amiense repertoire of different
T cell clones with different antigen specificity. These cells are additionally selected fer non
NEIFOGAGAGe G2 GKS Kz2adQa 26y ¢ yelbiod@ifidggenic Y R 0 d;
antigens which might interfere with the host during liene. This is the distinctivieature of the
adaptive immune system: It carries the potential for the defense against almost every pathogen,
but it realizes in an adaptive maenwith high specificityonly the defense needed in the really
occurring case of infectignwhich makes it a time&onsuming but highly effective defense
mechanism against pathogens.

T-cells are subdivided into populations differing by the expression dasa antigens and by
the secreted cytokines, which in summary links them to distinct functions. The main two groups
are characterized by expression of CD4 or CD8' T&dls are cytotoxic effector cells. Their TCR
binds MH@ molecules and therefore iable to recognize pathogenic intracellular antigen
Specific bindingn case of intracellular infectioacivates processes taestroy the cell and kill the
pathogen. CD4T cells are also called helpercglls. Their TCR binds to MH@olecules and thsi
recognizes antigens derived after phagocytosis. In consequencé TCBMs initiate mechanisms
fighting extracellulainfection or disposing extracellulantigens. This is on the one hand a link
back to the innate immune cells, @. macroplages, whib can be activated, but on the other a
link to a further aspect of the adaptive immune response. Besides the cedlddgativeimmune
response the host commands aadaptivehumoral immunity mediated by antibodigsvhich
originate from Bcells (plasma Bells). In a process similar to tlgeneration of specific TCR in
T cells, the Bcell produces its own Bell receptor (BCR), which already includes the specificity of
the later antibodies. Rells are able to bind antigens via their BCR, pb#gee and égrade
them and finally present them on their surface as MiH@eptide complexesAn activated CD4
T cell with a specificity to this peptide can activate thec@l, which in turn stag further
differentiation steps and the production of antibodies. $heantibodiesautonomously bind their
specific antigen, and constitute an opsonization factor for the clearance of antinatityen
complexes by phagocytosis. Furthermore, they are the activation complex for the complement
system as described befo(danevay et al.2002)
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As Tcells havea central position in the immune defense as cytotoxic effectors or potent
activators of other immune cells, MH®@olecule binding alone does not lead to their activation,
but costimulatory signals are necessary. These s$igoaiginate from cestimulatory surface
receptors like the BTamily of proteins expressed by antigenesenting cells (APC), ge.the
dendritic cells. Only when both signals initiate signal tdaresion at the same time, the @Gell
activation takes plae (Fig.l.2 B).

Modulation of Immune Reactions

The immune system is not only influenced by its own regulatory mecharasith by the
pathogersQ ¥ | KifiaksdByaxiditional elements likghysical effortgGleeson et al. 199%)r
the psychological state of the organig@laser et al. 1999While short stressful episodes might
even enhance the immune response, the immune response can beesggal when the stress is
lasting too long.Immune suppression is mainly mediated by glucocorticoids (Dallman 2007).
Thus, different stressors might affect the demands of time for fighting an infection or even the
success of immune defense mechanidig.l.3, PetersorPKet al. 1991 West et al. 2006)But
not only the immune system, but also metabolic pegses might underlie modification by such
stressors.Increasing demands and overwhelming environmental stimuthéaxmodern society
continuously heighten the stress level of humans and escalate the pathogenesis of stress
associated illness such as the tat@lic syndrome or depression aridcrease the risk of
infections (Bartolomucci 2007, Leonard 20Q6ndberg 2006

STRESSOR PATHOGEN
type species, strain (virulence)
intensity inoculum size
timing
duration
HOST

species (genetics)

age

sex

concomitant disease

nutritional status

previous experience
with pathogen (immunity)
with stressor (tolerance)

v

INFECTIOUS DISEASE

symptomatic asymptomatic
infection infection
Fig.l.3 Various factors can modify the impact ofs#&ressor on the \L\) ‘L
pathogenesis of an infectious disease.
DEATH HEALTH

From: Petersomt al. 1991

A physiological stress response is short lasting and physiologically important for survival to
cope with a changing environmerdr to deal with potentidly life-threatening situations.
Adaptive processes are very rapidly mounted to reconstitute a balanced allostatic system in the
stressed body which primarily include the neuroendocrine and immune system. -Bidesed
neuroendocrine alterations includectivation of the sympathetic nervous system with increased
secretion of catecholamines, and stimulation of the hypothalamitigitary-adrenal (HPA) axis
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with heightened release of glucocorticoid®rolonged and increased release of catecholamines is
associted with cardiovascular diseases such as hypertension, myocardial infarction, or stroke.
Excessive secretion dflucocorticoidswas linked to diabetes, dyslipidemia, cardiovascular
alterations, immunosuppression, and mood disorders (Lundb@@p5, McEwen 2004,
ViswanathanDhabhar 2005Wrona 2008

Recently, Kiank et al. described that BALB/c mice developed severe sy$temime
suppression, neuroendocrinological disturbances and depresdsierehavior due to 4.8ays of
intermittent combined acoustic rad restraint stress which serves as a murine model of severe,
chronic psychological stress (Kiank et al. 2006, 2007a). Immunosuppression was substantiated by
a heightened antinflammatory cytokine bias, an apoptotic loss of lymphosyleading to
lymphocyopenia, Tcell anergy, and impaired phagocytic and oxidative burst responses. The
AYYdzy2 RSTAOASYG aidlidS AyONBFraSR GKS | gxofit £ aQ ¢
(Kiank et al. 2006, 2007b). Repeatedly stressed mice actually developetaspous bacterial
infiltrations into the lung measurable even 7 days after the last chronic stress wyileh was
associated with a reduced inducibility of PN | Oe (21 Ay S GKIG g1+ a akKz
prevent spreading of translocated commendatsn the gut (Kiank et al. 2008pn the one hand,
stressinduced immunosuppression was accompanied with a reduced clearance of experimental
infections in the long termbut on the other hand, with attenuation of a hyperinflammatory
septic shock (Kiank edl. 2006, 2007a). Furthermore, behavioral alterations with increased
depressioAdike behavior and neuroendocrine alterations such as prolonged activation of the HPA
axis and increased turnover of catecholamines were documented.

Finally, a prominent stresaduced loss of body mass without significant changes of food and
water intake during the observation period became detectable (Kiank et al. 2006). It is known
that stress exposure is linked to changes of body weight. There is evidence that hypothalamic
control of food intake is influenced by stress, which in consequence alters metabolism. In such a
situation, some people lose and others gain weight in response. However, thecuas
mechanisms of the stress to body weiglannection remain to be elucidedl.

It is important for the understanding of stregsduced immunoregulatory mechanisms that
stress hormones like catecholamines and glucocorticoids can modulate several liver functions
including carbohydrate, protein and lipid metabolism or affect the imen response. Especially
corticosteroids can suppress inflammatory processes by preventing the release of
proinflammatory mediators, by diminishing immune cell trafficking, phagocytosis and radical
production or by dowrregulating antigen presentation, kinhibiting lymphocyte proliferation
and by inducing apoptosis of immune cells. Thus, prolonged increagtua@icorticoidlevels
during chronic stress can activate hepatic catabolic pathways but also effectively suppress the
local immune response (Bartataicci 2007Chida et al. 2006, Elenkov 20&#yain 2000).
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STAPHYLOCOCCUS AUREUS

GeneralFeatures ofS.aureus

Saphylococci are fam-positive bacteria of appramately 1 um diameter, whichoften
aggregate in grap#ke structures.Thegolden colorof Staphylococcus aureusloniesg derived
from staphyloxanthinand other G triterpenoid carotenoids(MarshallWilmoth 1981) which
function as antioxidant protection moleculeki(GYet al. 2009 ¢ led to its naming Several
S.aureus properties like the ability to perform hemolysisand expression of catalasand
coagulasellow differentiation ofthe species from other bacteri&.aureuscan produce energy
by aerobic respiration, but is facultatively albbesurvive inanaerobicenvironmens. In situations
without oxygen it can apply lactate fermentatio8.aureusseems to be naturallauxotrophic
and requires g3. amino acids as growth supplemerithe staphylococcal cell wall peptidoglycan
features a special crossbridge structure formedhyltiple glycine residues. These are the target
structures for lysostaphin, ataphylocidaEnzyme fromStaphylococcus simulaffisst described
by Schindler and Schuhardt in 1964hich wastaken over by dentist for several laboratory
research purposeand which might even be applied asupirocin substitute for eradication of
staphylococcahasal colonizationRecsei et al1987,KokaiKun et al. 2003)Staphylococci are
resistant to lysozymeg muramidasewhich is present aantimicrobial enzyme itbody fluids and
at sites of infectionas part of the innate immune defens@he resistace is mediated by O
acetylation in the muramic acid of peptidoglycan (position@@#) which is conducted by the
peptidoglycanspecific Gacetyltransferase OatA. OatA tants are susceptible to lysozyniBera
et al. 2005).

The S.aureusgenomehas 324 GC contentlts chromosomeis about 2.7E+06 to .2E+06
nucleotides in length¢ontains about 2600 to 3000 genes, dmas been sequenced faeveral
strains until now(Tablel.1). Additionally, sequence information for several plasmids is available
(http://www.ncbi.nlm.nih.gov/sites/entrez?db=Genome

For subdivision purposes, th&.aureusgenome has been classified intwo parts. The core
genome, which occupies appiimately 75% of the complete genome, includes genes with basic
functionse.g. inhousekeeping and central metabolism. These geaespresent in the genomes
of most strains andxhibit a high degree of conservatiam the individual3 Sy Sa Q &@rS1j dzSy OS
different strains The core part also features a high similarity to the phylogenetically related
Bacillusspecies genomes (Hiramatst al. 2004).The remaining 2% belong to the accessory
part of the genome. This part consists of further genes which have been acquiredniyy
S.aureusstrains eg. from mobile genetic elements. Here, variation in the presence of genes
observedin different strains Many virulence genes are classified fesction of the accessory
genome LindsayHolden 2004)

S.aureushas many options of varying its accessory genome part by different mobile genetic
elements(Plata et al. 2009)Staphyloccoccadathogenicity islands (SaPl) are located at constant
positions of the genomecontain superantigen genes and sequences with similarity to prophages
(Lindsay et al. 1998, Novied#2003). Similarly, genes ahe ASafamily of pathogenicity genomic
islands, of which several typesiflx h ¥ icde forvirulred factors and toxinGi(l et al.
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2005. SaPIs and some&Samembers can be excised from the genome &are involved in

horizontal gene transferS.aureus strains often harbor prophages, which also incorporate
virulence factors and are an aid for their transfer between straind in general influence
S.aureusevolution (LindsayHolden 2004)The PantorValentine leukocidin is a phagscoded
staphylococcal toxi S.aureusb / ¢ / youp OF NNASE GKNBS f.ega3aSy Ao
GKAOK . Mo AYUONRRdzOS& (KS safiirabitieStyad Ganddlo € @l2 NJ & G |
2002) Kwan et al.reported in 2005 the genome sequerscand predicted proteins of 27
bacteriophages of.aureus(Kwan et al. 2005)Additionally, gene transfer can be accomplished

by shorter insertion sequences or by longer transposons which bring along their own transposase
genes and recognition siteblifamatsu et al. 200&lata et al 2009. Plasmids are a further place

of encoding useful, although not essential informationg.efor antibiotic resistance S.aureus
strainsincludedifferent plasmids of varying size and copy numbesr example, the methicillin
resistantS.aureusstrain COlownsthe 4440nt plasmid pT181 (accession numb¢€_ 006629
http://www.ncbi.nlm.nih.gov/sites/entrez?db=Genomewhose sequence became available in

2005 SomeS.aureusstrains have alsocguiredthe vanAoperonfor vancomycin resistandeom

an Enterococcus sppransposorviaaconjugative plasmid (Périco@burvalin 2009).

Tablel.1: Complete,RefSeqgenome sequencedor bacterial chromosome®f Staphylococcus aureustrains from NCBI Entrez
Genome databasghttp://www.ncbi.nim.nih.gov/siteséntrez?db=Genome)f August25th 2010.

accession number strain length / nt date created genes
NC_002745 Staphylococcuaureussubsp.aureusN315 2814816 2001/04/21 2664
NC_002951 Staphylococcuaureussubsp.aureusCOL 2809422 2001/09/14 2723
NC_002758 Staphylococcuaureussubsp.aureusMu50 2878529 2001/10/04 2774
NC_002952 Staphylococcuaureussubsp.aureusMRSA252 2902619 2001/11/06 2839
NC_002953 Staphylococcuaureussubsp.aureusMSSA476 2799802 2001/11/06 2715
NC_003923 Staphylococcuaureussubsp.aureusMW2 2820462 2002/05/31 2704
NC_007622 StaphylococcuaureusRF122 2742531 2005/11/24 2663
NC_007793 Staphylococcuaureussubsp.aureusUSA300_FPR3757 2872769 2006/02/11 2648
NC_007795 Staphylococcuaureussubsp.aureusNCT8325 2821361 2006/02/18 2969
NC_009487 Staphylococcuaureussubsp.aureusJH9 2906700 2007/05/23 2816
NC_009632 Staphylococcuaureussubsp.aureusJH1 2906507 2007/07/03 2870
NC_009641 Staphylococcuaureussubsp.aureusNewman 2878897 2007/07/06 2687
NC_009782 Staphylococcuaureussubsp.aureusMu3 2880168 2007/09/06 2768
NC_010079 Staphylococcuaureussubsp.aureusUSA300_TCH1516 2872915 2007/12/03 2799
NC_013450 Staphylococcuaureussubsp.aureusED98 2824404 2009/11/19 2752

S.aureus, aCommensal andJpportunistic Pathogen

Staphylococcus aureus a persistent commensal in the anterior nares of ragimately 20%
of the human population (persistent carrier§he bacterium is found intermittentlyn 30% to
60% of the populationand in norcarriers,which is the remaining fraction of the population,
nasal swabare never positive fo.aureus(Kluytmans et al. 1997, Wertheim et al. 2005). Some
authors subdivide the group of intermittent carriers into intermittent and occasional carriers
(Eriksen et k 1995). More recent publications classify the carriage status only into two groups:
persistent carriers and others (v@elkum et al. 2009).
The occurrence of the two contrary groups of persistent and-camiers strongly hints for an
influence of the B 3 4 Q& AYYdzyS aeéaidsS Saurysto dolodize pdsisténiydo A £ A { ¢
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(Foster 2009). Others have already published polymorphisms associated with each phenotype,
linking variants enhancing the immune response with reduced colonization risk (vakkélenet
al. 2006, Emonts et al. 2007; Foster 2009). In the main site of colonization, the anterior nares,
S.aureususes its adhesins like CIfB, IsdA, SdrC, SdrD, and SasG to attach to the host tissue (Foster
2009).

Normally, such carriage does not caasy symptoms of illness. On the other hafdaureus
can be responsible for a broad variety of diseasesureuscan cause mild to severe local
infections of skin or pharyngeal mucosa, but also of inner organg. (endocarditis,
osteomyelitis) and sysmic disease like sepsighe pathogenicity oB.aureusis a worldwide
problem. Byt & { 9b ¢ w, { dzNIJ S.auretisivas Qsscrited® BeNdading ause of
bloodstream, lower respiratory tract and skin/soft tissues infections (Diekema et afl)20
S.aureusproduces several toxins that are responsible for toxin related diseases like toxic shock
syndrome or scalded skin syndrome. Staphylococcal endotoxin can cause food poisoning in case
of consumption of contaminated mealS.aureuscarriage isa risk factor for bacteremia. In the
majority of bacteremia casethe strain isolated from blood is identical with the nasal colonizing
strain. But paradoxically, carriers have a lower mortality than-camers in case of bacteremia
(van Eiff efal. 2001, Wertheim et al. 2004).

S.aureushas been known to be an extracelluf@athogen for long time (Finlagossart 1997).
But it has been also proven th&taureusis not only an extracellular pathogen but that it can be
internalized by nosprofessional phgocytes like epithelial cells (Almeida et al. 1996, Hudson et
al. 1995). Staphylococcal fibronectimding proteins (FNnBP) are important mediators for the
uptake of bacteria by the host cell, but it is not clear whether the uptake is an attribute of
bacterial pathogenicity or of host defense (Sinha et al. 2000). The process of internalization
implies an active participation of host cells (Hudson et al. 1995).

S.aureusVirulence Factors

S.aureushas the genetic information to produce a wide range of virulence factors, which help
02 AYLINRO@S GKS o0d i0inféchidh seiifyand o dgidagadst the defense of
its host Some are@ven required for its ability to establish an infiea (Fig.1.4).

S.aureussecretes severaénzymes andSE2 i 2 EAya® | RANBOG Y2RS 27
defense is to lyse host celiwhich additionally renders nutrients accessible for the pathogen.
first virulence factors secreted enzymes (proteases, lipases, elastases, hyaluronidase and others)
degrade host tissue molecules and therefore disintegrate tissue structure and ddfensers
and facilitate first invasion anater spread of bacteria (GorddddLowy 2008). All bacteria need
iron for their survival. This essential nutrient is not freely available in the host ketjisestered
by host proteinsS.aureusownsiron uptale promoting proteinswhich are encoded by thieon-
responsive surface determinant locissl This system includes binding proteins for different fron
containing host proteins, transfer and transporter proteiaad proteins which release the iron
into the bacterial metabolismNlaresséSchneewind 2006

S.aureuscarriesdifferent hemolysins which not only act on erythrocyte membranes, but also
on that of other cell typesAlphahemolysin, which is also named alptin (encoded by the
genehla), is one of the prototypes of pof®rming toxins. This toxin has surprising characteristics
of being watersoluble, but also able to form pores in hydrophobic membrane surrounding, and it
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contains all properties for its own insertion into membranes ahdréfore needs no assistance
by proteins like chaperones (Menestrina et al. 2001). Other cytolytic toxiS8saofeusare beta
hemolysin filb), gammahemolysin KIgA higB, higQ, deltahemolysin ld), andthe groups of
leukocidins IUk). The PantorValentine leukocidin (PVIuk~PVand lukSP\), a longknown and
well-studied bicomponent toxin, depends in its pef@ming activity on two components, which
first form themselves a heterodimer (Kaneka@mio 2004). Also the other leukocidingdaHIg are
bicomponent lysinsHIlg can form either the AB toxin or the CB toxin depending on the
association of the subunits to heterodimers.
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Fig.l.4: Staphylococcal structural and secreted virulence factors.

A. Overview on surface and secreted gios. TSSTL ¢ toxic shock syndrome toxin 1.
B.Cell envelope structure and localization of selected proteins.

C. Domains dafell wall anchored proteins

From: Gordonl.owy 2008

Other important staphylococcal exotoxins are the-czdled superantigendSAg) These
proteinsRA & 0 dzZND G KS K daiimrtuae résgohse. dbrinaly,cEll$dind dith their
antigenicpeptide specific receptor (dellreceptor, TCRYo MHCmolecules which present
peptides derived from proteins inside or outside the antigeasenting cellThis forms the so
OF f £ SR @A YY dzy ddtvéhiadditetpreseritinglcellZABE€) and@ll. In case of both
specific recognition of the peptide by TCR adl we presence of furthgpro-stimulatory signals,
the Tcell will ke activated start to proliferate and secrete cytokingsnd in generapursue their
function in immune response. Superantigens interfere in this interaction. They carvibia |-
moleculeson APC (witldifferent preferences for MHC class Il all¢lerd also the TCR, in detail
adzoaSit 2F LRaaroftsS NBO2YoAYySR ¢-fragmensa fyS GdkfSS a
chain (Herman et al. 1991 By this means they build a bridge linking dth receptors
independenty of an antigenic peptide and receptor specificitfhis cros$inking in the
trimolecular complex TCR/MH{O/SAg induces a massive CEll proliferation and cytokine
production leading toshocklike syndromesand generalized lifehreatening damage But the
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triggered host reactiondoes not help to fight the assative pathogen, because the cEll
activation is antigesindependent and therefore unspecific to the pathogémis, together with
induction of immunosuppression, might be® of theadvantage which superantigengyrant the
bacterig although the question why bacteria harbor superantigens has not been completely
clarified yet(Herman et al. 1991).

Twenty superantigens ofs.aureushave been described so fanoxic shock syndroméoxin-1
(TSSTL), staphylococcal enterotoxins (3EE, GJ), andstaphylococca¢nterotoxintlike toxins SE
K-R U, U2, \)They cause diseases like tesitock syndromend are linked to @pic dermatitis
disease mechanism andlexgic rhinitis(FraserProft 200§. Mobile genetic elements db.aureus
encodethe superantigens (NovidRP2003.

Furtherimmunomodaulation is achieved by extracellular adherence protein (Eap), which is also
called MHC classdhalogous proteirfMap). Thisprotein has similarity to MHC class |l molecules
(Jonssa et al. 1995) and influences CEll response during infection in favor of the infecting
S.aureus(Lee et al. 2002)This inhibitory effect on Tellsis dosedependent and occurs only at
high cacentrations of Eap, whil&eap stimulates Tcell proliferation when present in low
concentrationgHaggar et al. 2005).

Virulence ofS.aureusis promoted by the ability to attach tohe hodi Qissue, ie. to the
K2aiQa SEGNI OSt t detlls biditsrdwn duiake cénipdnén®lBrobialzsérfaca &
components recognizing adhesive matrix molecules (MSCRAMMd)ate the attachment
which can be regarded as the first initializing step for the establishment of infection
(GordonRJLowy 2008) Molecules with similar function, but secreted in contrary to the
microbial surface bound MSCRAMMSs, are cakedretable expanded repertoire adhesive
molecule SERAMS)

Fbronectin binding proteins A and Brncoded byfnbA and fnbB) have binding properties fo
FAONRYSOUAYZ | KAIK Y2t SOdzZ I NJ g SAECK)SawiNn® § SAYy 27
also possesses adhesins bindingpther ECM components like collagewl{agenbinding protein
Cng, elastin (elastitbinding proteinEbp$. Clumping factor A and @ncoded byclfA and clfB)
are fibrinogen binding proteins. This property results on the one hand in adhesin function of
clumping factor (CIf). But as CIf can not only bind to the blood coagulation precursor fibrinogen,
but alsoactivate fibrinogen to form fibrin, CIf has on the other hand agglutination properties.
Structurally similar proteins to CIf exist. These are sessartae (SD) repeat proteins, which
are encoded by the genesirC sdrDand sdrE but their function is &ll unknown (Foster/Ho6k
1998).

A MSCRAMMunction of protein A is hypothesized from its ability to bind Wiilebrand
factor (vVWF)in the environment of damaged epitheliumwhere VWF originally enables the
adhesion of plateletgHartleib et al. 2000 Interestingly, anovel vVWF binding protein(VWBP,
encoded bywb) of S.aureushas been discovered more recentBj¢rketorpet al. 2002).

Fibronectinbinding protein (FnBP) clumping factor ACIfA) protein A (Spa), and collagen
binding protein Cng belong to the same group of MSCRAMMSs. They contain a LPXTG motif
which is cleaved during protein secretion through the cellular membrane with sequential
anchoring of the remaining protein via the now accessdagboxylgroup of threonin (Tp the
cell wall pepidoglycan Foster/Ho6k 1998 Further MSCRAMMSs i%.aureus are laminirt,
vitronectin-, thrombospondin andbone sidoprotein-binding proteingPatti et al. 1994).

a{/w!'aad R2 y2d 2yfe YSRALGS (KS ,bRiKeGara2y (2 (K
also involved in invasion into the host cells. Fibronebtimding proteinsattach the bacterial cell
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via fibronectin as linker to thénostQ'& ; integrin moleculeswhich initiates the internalization of
the bacterial cell into the host dgHauck/Ohlsen 200&Reacock et al. 199%chwarz. inek et al.
2004, Sinha et al. 1999%.aureusstrainsharboring theSC@ectype | also possess thgls gene
located therein. This gene encodes tp&smin sensitivesurface protein Pls, which reduces,
contrarily to the MSCRAMMSs, the adherence $fwureusto host structures and its cellular
invasiveness. Very recently, it has been published that Pls cthisesffect by steric hindrance
and blocking adhesin and host factor interactidtugsain et ak009).

An example for a SERAM is the staphylococcal coagulase. The extracellular enzyme is able to
bind prothrombin, which is the enzyme precursor for the coagulation activation by conversion of
fibrinogen to fibrin Thrombin activation by staphylococcabagulasedoes not occur by
proteolysis but by forming an active complef both moleculesn a stoichiometricratio of 1:1,
which is ca#d staphylothrombin Kawabataet al. 1985 Kawabatalwanagal994). Moreover,
coagulase molecules can be attached te staphylococcal cell surface where it can bind directly
to fibrinogen also without presence of prothrombiBddén Flock1989).

S.aureusis aiming to evade the immune responsad thus it has gained several immune
modulating properties. After the very first steps of infection, the immuneoese has to be
initiated by chemoattractants whictecruit defense cells like neutrophils or macrophages to the
site of infection.The bacterial prtein chemotaxis inhibitory protein of staphylocod@GHIPH
blockswith two different domains thehost cell receptors for the host chemoattractant C5a from
the activatedcomplement system anébr bacterial formylated peptides, which are secreted by
the pahogen (de Haas et al. 2004, Murdoch/Finn 2000ghtly associated with interference in
the chemotaxic process is tl@ready mentionedacterial extracellular adherence protein (Eap).
This protein blocks the endothelial cell receptor IGANMDuring the nrmal immune response,
ICAMM Kl & NBOSLIIi2N) Fdzy QOliAz2zy F2N 4 &l thisSade@2 O& (G S ¢
leucocyte adhesion at sites of infection. Adhesion is followed by entry of leucocytes into the
tissue in the two steps of diapedesis and extrafis. In cases when ICAMis already occupied
by Eap, not only leucocyte adhesion but also theofwihg steps are impeded (Chavakis et al.
2002).

S.aureus protects and hides its treacherougpical bacterial cell surface structures by a
capsule opolysaccharides. The capsule inhibits binding of opsonic host factors and thus reduces
the phagocytosis of the bacterial cell. An increased production of capsular polysaccharides
increasethe virulence ofS.aureus(Nilsson et al. 1997, Thakker et al. 829

Besdes their already mentioned function of MSCRAMMS, clumping factor and prstalgso
have antiphagocytic functions. Clumping factor binile host moleculdibrinogenwhich then
serves as camouflage net on the bacterial cell surface. Pratbinds immunoglobulin G (IgG) in
a way beneficial for the bacterium, but not for the host. While the normal antidzidging with
the antigenspecific k, part will opsonize the bacterium for recognition by immune defense
mechanisms, the binding of antibodiby proteinA occurs via the fpart and thus prevents the
mediation of opsonization signals (Uhlén et1&184).

Another protein which interferes with opsonization for phagocytosisStaphylococcus
complement inhibitor (SCIN)SCIN binds to the &@®nvetase complexes fronthe three
complement activation bi Kgl 8a FyR AYKAOAGA /o0 RSLIRAaAAGA
Therefore, the following steps of complement opsonization are impaiiatérestingly, the
complementinhibitory function of SCIN is specifor the human hostRooijakkerst al. 2009).

In a similar function, complement factor C3 is the targkthe highly conservedstaphylococcal
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extracellular fibrinogesbinding protein Efb Efb most probably inhibits the binding of C3b, the

bigger fragnent of C3 after cleavage during complement activation, to the bacterial surface and
therefore reduces opsonizatiorEfb is able to bind both C3 and fibrinogen at the same time,
because the GBinding region is located-términal and the fibrinogesbindingregion Nterminal

in the Efb protein(Lee et al. 2004, 2004h. More recently, a homologouand 44% identical

protein to Efb was identified. The protein callédd F6 K2 Y2 f 2 FapBaturedNtRG SA Yy € =
same C3leposition inhibitory function as Efb daelut in an even more potent manner. An

additional Cabinding domain is proposed to cause this stronger inhibitory effect (Hammel et al.

2007).

S.aureusdoes not only use its own proteins for immun@dulatory purposes, but also
engages and manipulates host factors to perform a protective effect for the bacterium. Host
plasminogen is the inactive precursor of the serine protease plasmin, which is theenmime
involved in fibrinolysis, the degradation of fibrin clots after injury and blood coagulation. Bacterial
staphylokinase binds plasminogen to the staphylococcal cell surfacenaditesthe activation
of the precursor into active plasmiff.he plasmmogen activation mechanism is not mediated via
cleavage by staphylokinase as the bacterial protein does not possess enzymatic activity. More
precisely, staphylokinase binds plasminogen in asfioichiometricratio and renders the enzyme
precursorby formaion changes more susceptible for activation. Activation finally occurs by other
already active proteases, @. trace amounts of plasmin, which are able to start a reinforcing
activation cascade (Silence et al. 1996)a simple mode, active plasmin wiklp the pathogen
to spread from site of infection, either by enzymatic fibrinolysis of blood coagulation clots or by
degradation of extracellular matrix molecules. More sophisticateue tctivated plasmin
protease molecules degradelgG and C3b from thebacterial surface and thus reverse
opsonizationRooijakker®t al. 2005a)

When S.aureusis finally phagocytosed it has fieal with reactive oxygen species (ROS).
Superoxide dismutase enzymes and fmzymatic superoxide dismutase Kininactivate
supercide anionO,°. Deletion mutants in superoxide dismutase or manganese cation uptake
systems are less virulent than wild type straighen ROS react with protein residues to
methionine sulfoxidethese residues are reduced Imyethionine sulphoxide reductas, which
also have impact oim vivovirulence(Foster 2005, Horsburgh et al. 200&aravolos et al. 2003,
SinghMoskovitz 2003

Modulation of complement, opsonization and phagocytosis is not the only mechanism
S.aureusapplies for immune evasion. It also developedistancenechanisns againstkilling by
antimicrobial peptides especially after phagocytosis, when the four groups of antimicrobial
substances interfere with the bacterial integrity: small anionic peptideg. dermicidin in airway
surfactant), small cationic peptides (e.cathelicidins in neutrophils), cationic disulphide bond
forming peptides(e.g. "- I Y Rdefensins), and monic and cationic peptide fragments derived
from larger proteirs (Foster, 208). In this context, staphylokinase has a further function. It binds

hdefensins which are secreted by neutrophjlandA Yy KA 6 A Ga Yz2aid 2F GKS RSTSy

potency (Jin et al. 2004Yice versa, defensins inhibit the staphylokin@s#bility of activating
plasminogen. This effect can be relevant in clinical settwlgsn recombinant staphylokinase
(sakSTARS planned to be developed into a thrombolytic pharmaceutical and might be applied in
inflammation paralléed disorders like asalar occlusive diseasdBokarewal arkowski2004).
S.aureussecretes different proteases. One of them, aureolysin, cleaves the bactericidal peptide
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cathelicidin LE37 at a special site, which is not recognized by the V8 proteaser Atireolysin
cleavageLL-37 lcses its antistaphylococcal activilgiéprawskd.upa et al. 2004

S.aureuscell wall is subjected to modifications of the teichoic acid structure. DIt proteins
(encoded by thedItABCDoperon) lead to Dalanine incorporation The alanine residug are
further esterified. Without these alanine esters the bacterial surface would carry a strongly
negative net charge, which would attract positively chargationic antimicrobial molecules.
Therefore, DIt decreasethe vulnerability of the bacterial dewall via reduction of molecule
charge (Peschel et al. 1999Y0n the other hand, a stronger negative charge would reduce
S.aureugdcapacity to adhere tqolystyrene or glassDIt mutants are thus impaired in their
capability of biofilm formatior(Grosset al. 2001). Also the MprF protein neutralizes charges of
the cell wall, in this case by linking lysine to phosphatidylglycerol (Peschel et al. 2001).

Biofilm formation which is often associated withtra-vasculamedical devices like catheters,
is anoher option for S.aureusto protect the bacterial cells from the immune system and
antimicrobials. The material of the medical devices will be covered with host (serum) molecules
like fibrinogen or fibronectin soon after implantation. Therefore, it semgan ideal attachment
site for the various adhesins of staphylococci (Lowy 1988)iofilms,S.aureusaggregates in a
multi-cellular structure which already hinders contact between immune cells and substances with
bacterial cellsby physical means. Bacial cells are surrounded by a polysaccharide matrix,
composed of pohlN-acetylglucosamine (PNAG). Tiea operon which is present in almost all
S.aureusstrainsalthough not all of them form biofilms iim vitro assaysencodes the proteins
necessaryfor PNAG biosynthesidis expression is regulated by IcaR and TcaR and the
environmental conditions, and SarA and its homologues influence the regulation. Quorum
sensing mechanissnk NB A YLRNIFYyd Ay O22NRAYIGA2Y 27
expression, which enab$the establishment of the biofilmF{tzpatricket al. 2005 Grinholc et al
2007).

For bacteria, lhe most effective way of evading the immune response is to hide inside the host
cell. IntracellularlyS.aureuscan mask its presenceylzhanging itphenotypeinto the socalled
small colony variant (SC\hese variants are characterized by physiological adaptation like slow
growth and reduced toxin productigrwhich is caused by alterations of the electron transport
chain They contribute to persistence and recurrence of staphylococcal infections
(McNamar&Proctor 2000yon Eiff et al 2006

Not all staphylococcal strains harbor the information for allileince factors in their genome,
and they do not necessarily express alulince factors which are encoded. Virulence factor
expression is limited by strict regulation to avoid wasting of energy or nutrient resources.
Furthermore, the long list of different virulence factors and mechanism underlines the fact that
S.aureusvirulence factors are both redundant and multiple in functiamith several factors
performing the same or similar function andlso one factor haboring several functions
(GordonRJLowy 2008).
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Mechanisms ofS.aureusAdaptation to its Environment

For its sirvival in changing environmenthe bacterium needs an adaptive response and thus
an effective regulation of all cellular processes including gene expression, protein synthesis, and
turnover allowing adaptation to different conditions. Such regulatiost only controls cell
division and metabolism, but also systems for exploiting limited nutrients, adaptation of the
composition of the cell wall as outer boundary, surface factors like adhesins, and systems
rendering stress resistance and guarihg enduance in situations nofavorable for growth or
survival. In bacteria, the regulation often affects the transcription of genes as starting point for
changes in the following levels like protein synthesis.-€amponent systems (TCS) mediate the
sensing of avironmental signawith the sensor component and the adequate reaction with the
response regulator component. An example for such TCS isagnesystem. Additionally,
transcription factors like SarA modulate staphylococcal gene expression (Cheuriz0é4al

Another wellconserved system is the use of alternative sigma factors. Transcription in
bacteria is only initiated when the catalytic core complex of RNA polymerase, formed of the five
& dzo dzfAlGG. >0 Aa Faaz2O0Al SR ¢ ihé prombter §0/35Fdgionf. IAOG 2 NJ NB O
so-called housekeeping sigma factor (i8.aureuy’ * Deora/Misra 1995)naintains the baseline
SELINBaarzy 2F | aaidlyRFNRE &aSd 2F 3SySa- KIG Aa
factors are activated in spdi situations, eg. after heat shock or salt stress. They recognize a
specific set of promoters of genes whose function is required to encounter the corresponding
physiological conditions. This set of genes includes further transcriptional regulatoch whi
themselves positively or negatively influence the expression of genes depending on the need of
the bacterial cellS.aureuspossessethreel f (G SNY | G A @S Pra'AaAdE mosthrdcdbily2 NBA Y
discovereds " ® (Wu et al. 1996:Morikawaet al. 2003; Séw et al. 2008 SigBis homologous to
sigBof Bacillus subtilisvhich has been subjected to intensive studies. Despite the similarity of
sigBin B.subtilisand S.aureus only half of the gene cluster coding for proteins belonging to the
control cascadef SigB activation/inactivationgbUrsb\frsbWsigB is conserved is.aureus Of
special importance is the gemsbU coding for the phosphatase that is the starting point for
activation of the alternative sigma factor SigB. After dephosphorylationstyJ Rhe antianti-
sigma factor RsbV becomes active and binds RsbW leading to liberation of SigB from its anti
sigma factor RsbW. Contrarily #® subtiliswhere further rsb gene products are regulators of
RsbU activity, is.aureusan increase in RsbU e&dy leads to SigB activation (Senn et al. 2005).

Deletion ofsigBin S.aureusleads among other things to a loss of pigmentation, increased
sedimentation rate and increased sensitivity to hydrogen peroxide in the stationary growth
phase. Different effect are observed on the expression of genes and on the abundance of
proteins. On the one hand some proteins are missingigBdeletion mutants (eg. Asp23) that
are directly regulated and transcribed by SigB. On the other hather proteins have a higher
abundance in thesigBdeletion mutants (eg. lipase, thermonuclease). For such genes a negative
regulation by SigB itself or@igBcontrolled regulator is basis tifie regulation observe@ullik et
al. 1998). Bischoff et al. (28Dpropose YabJ, SpoVG, SarA, SarS and ArlRS as regulators possibly
responsible for the indirect SigB effects.

The SigBegulon inS.aureushas some similarities to that &. subtilis but the main function
to obtain a broagrange stress resistance todhriggering stimulus and in advance also to other
stressors is not conserved $aureus Energy and ethanol stress do not trigger a SigB response
in S.aureus Nevertheless, some stress conditions such as heat shock,,NN&@| and alkaline
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shock are o effective in activating SigB $aureus.The entry into stationary growth phase
additionally leads to the activation of the Sig&julon. Only a minor fraction d@.subtilis SigB
dependent genes is found as orthologue $haureus and vice versa. lran approach to
functionally characterize the SigBgulon ofS.aureus physiological aspects like cell envelope
composition, membrane transport processes, and intermediary metabolism emerged as affected
(PanéFarré et al. 2006).

The SigBegulon containsseveral virulence associated genes ldaa, fnbA, ssaA clfA hla,
higABClip, nug andsak In a general view, a pattern of induction of cell surface virulence factors
and a repression of exoproteins and toxiby SigB is recognized. Therefore, SigBcef are
inverse to the effects of the activagr system via RNAIII (Bischoff et al. 2004).

Taken together,S.aureusexhibits a complex control of its virulence factors that includes
several interlaced pathways of central regulators kidgr, sarA and sigB which are interesting
targets for knoclout mutants to be tested in infection models.

Increasinglmportance andDanger of S.aureuslnfections

S.aureusis one of the main causes of hospitald communityacquired infectionsand its
prevalence andntibiotic resistance ha been studied intensivelyDjekema et al. 20Q1Goto et
al. 2009.

S.aureus as pathogen causing infectiorould be treated for a long time witltlassical
antibiotics. Butthe pathogen has a potent ability to delop or aquire artibiotic resistances.
With todayQa A y ONXB | @nfibistit-resistadt Staphy®cbccal strains the question whether
the era of untreatable infections has arrived is raised. This accentuated question emphasizes the
recently enhanced importance and damg® S.aureusand complementarily, the imparative of
strict infection control and the importance of discovering new antibiotics and vaccination targets
and developing these agents for medical purposes (Livermore 2009).

Staphylococcal strains which are not only resistantotog- and oftenrused antibiotics, but
also tothose kept as reserve emergeahd increase in prevalenée many countriegLivermore
2000,Fig.l.5). This took place famethicillin (methicillinresistantS.aureus¢ MRSAMRSA might
also be usedn the context of multresistant S.aureug since the 1960s, only some years after
start of clinical application, or more recently for vancomycin (vancomyciaesistant
S.aureuskt VRSA after S.aureusstrains have obtained thg@anAoperon from anEnterococcus
Spp transposonon a conjugative plasmifPé&icor/ Courvalin 200Q The Staphylococcal Cassette
Chromosomamec(SC@eq, a genetic region which is situated on a mobile genomic ishaids
thought to originate fromStaphylococcus sciyiiVu et al. 2001)is responsible for resistance to
methicillin and all other flactamantibiotics. This region exists in form of several different types
(VI and can be used along with protein A typing (spa), multilocus sequence typing (BihdbT),
pulsefield gel electrophoresis (PFGHE) distinguish different staphylococcdineages a a
molecular level (Deurenberg/Stobberingh 20@ang et al. 20095taphylooccal resistace to
methicillinis based on different mechanisms. The main form is the expressiBBB2aa non
methicillin-sensitive variant of the sensitive originaénicilin-binding proteins (PBR). PBB, of
which S.aureusowns four types PBP4, haveessential function ircell wall biosynthesis, where
they are responsible for crodmking of peptide chains in the peptidoglycan and additionally
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linking. In the presence of methicillin, MRSA indtioe expression of PBP2a from theirecA

gene, and survive antibiotic treatment because PBP2a resumes peptidelinkiisg irstead of

the inhibited standard PBPSOther resistace mechanisms including a methicHtipecific
lactamase (methicillinase) and PBP2 mutations with reduced methicillin binding are discussed
(Chambers 1997%5tapletord Taylor2002).

First, hospitals were # primary setting of transmission of and infection with such strains,
certainly also favored by the gathering of people who might be regarded adigwesed victims
for infection because of prexisting illnesses or poor health statehich additionally hae
frequent injections and insertions of medical devices (Lindsay/Holden 2004)

But nowadays, MRSA has léfe hospital asts transmission site and 0+ f £ SR G-02 Y Y dzy A (i &
3842 0AFGSRéE aw{! FINARaS® 9EA&GSYOS 2F199Kera ySg 3N
different countries. Interestingly, hospitatquired/ healthcareassociated (HA) and community
associated (CA) MRSA consist of distinct strains, although of cour¢RSA can cause
nosocomial infections when transmitted lycarrier into hospal.

CAMRSA strains have characteristics which distinguish them froAaMR8A. They often
colonize norclassical niches in the human body and not the nares, and the distribution of the
Staphylococcal Cassette Chromosomec (SC@eg types is different bet@en HA and CA
MRSA. Additionally, in @RSA a higher frequency of Pantdalentine leukocidin (P\Hopsitive
strains is found, although the PVL virulence factor is not a universal marker fdMRSA.
Although the prevalence of GMRSA in Europe seems tme low, the number is already
increasing and additionally might be underestimated because of difficulties in monitoring
(symptomfree nonnasal carriage). Such unrecognized and hidden reservoir of M&SA
challenging with respect to attempts in controllingtaphylococcal infectious disease
(Otter/ French 2010).

A B C

Propertion of MRSA soies in parbeipatng courtries in 1999 Proporton of MRSA oltes: in partcipating counties in 2001 Proporticn of MASA sclates in paicipating courtries in 2008
o) EARSS ) EARSS fc) EARSS.

Fig.l.5: Proportion of MRSA isolates BARS$articipating countiesn 1999 (A), 2001 (Band 2008 Q).
Graphics from European Antimicrobial Resistance Surveillance System (EBAESB&)ean wide network of national surveillance
systems, providing reference data on antimicrobial resise for public health purposebttp://www.rivm.nl/earss/).
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STUDIES &F HOST-PATHOGENINTERACTIONS

Different approaches can be applied define even more and specific interactiohstween
the host and the pathogen. Besides classical physiological and microbiological mdtimds
modern molecular technologies can considerably help to improve the understanding of the
processes acting during encounter of host and pathogeovided that genome sequence
information is availableOn the first levelRNA expression profiling will mgrate an overview on
the potential changes of physiology and metabolism. This approach has the advantage of
monitoring the whole repertoire of the organismmsing a single analysis method and only one
small sample, because nucleic acid material can bdyeasiplified by laboratory methods.
Whether such changes of the RNA messenger really will be substantiated by changes on protein
level must be analyzed by global or specific proteomic approaches. Here, different methods
address the diverse cellular fraati® and can provide a comprehensive impression of the
different cellular states referring to protein abundandsyt also to protein modification and
subcellular protein localizatignwhich is not accessible with the transcriptomic analysis
limitation isin some cases the amount of sample material and the bigger effort needed to
perform proteome studies in comparison to transcriptome studies. Results of both studies
complement one another. Hence, a combination of several different approachesdperation
studies is strongly recommended.

Model Systems for Studies bliost Reactions Potentially Influencing the
Outcome of Infections

Liver gene expression pattern in a mouse psychological stress model

Psychological and physiological stressors can distoeliroendocrine, immunological,
behavioral, and metabolic function$larris et al. 1998l eibowitZWortley 2004, Mizock 1995)
and adaptive physiological processes aim to reconstitute a dynamic equiliodgiEnen 2004
ViswanathafDhabhar 200%.

In a murine model of severe, chronic psychological stress due tal@ys of intermittent
combined acoustic and restraint stress BALB/c mice developed severe systemic
immunosuppression, neuroendocrinological disturbances and depretikmibehavior. Besides
heightened antiinflammatory cyokine bias, lymphocytopenia,Cell anergy, impaired phagocytic
and oxidative burst responses, increased susceptibility to experimental infectionBwitoli
spontaneous bacterial infiltrations of gut commensals into the lungluced clearance of
experimental infections in the long term, attenuation of a hyperinflammatory septic shock, and
finally, behavioral and neuroendocrine alteratioasid a prominent stressnduced loss of body
mass without significant changes of food and@vantake during the observation period became
detectable (Kiank et al. 2006, 2007a, 2007b, 2008).
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Several authors propose chronic stress to be a main feature in the pathogenesis of the
metabolic syndrome, which is associated with obesity, type 2 dialingedin resistance,
dyslipidemia, and hypertensiolberti et al. 2009Kuo et al. 2007,.ambert et al. 2010 On the
other hand, stressors like injury, infection, traumatic events, or prolonged sleep deprivation
capably induce hypercatabolism antherefore, may cause cachexi@lberda et al. 2006,
KobariSwinson 2005Morley et al. 2006)anhorebeek/an den Berghe 2004anWaardenburg
et al. 2006,Wilmore 2000 Wray et al. 2002 Such metabolidriven wasting may result from
pain, depression, or amety, causing malabsorption and maldigestion or morphological and
functional alterations of the gastrointestinal systeand is typically seen during repeated
inflammatory processes or during sepédberda et al. 2006, Hang et al. 20G8nserMB et al.

1998, McGuinness et al. 1999orley et al. 2006, vawaardenburg et al. 2006, Wilmore 2000)

In the literature, two main pathways leading to massive loss of body mass are discussed: the
response to starvation and the hypermetabolic response. Starvatidmdisced by inadequate
OFf2NRAS AyiGalF1S FyR OF dza S&. Aflifis§ cadmh@Rirate Jtored & 02 Ré Qa
emptied for energy production. Secondarily, the body switches to usage of lipid and protein
stores for gluconeogenesis. Finally, fatty acade absorbed into the liver where ketone bodies
are produced that, for example, neurons can use as an energy source to restore functional
homeostasis. In a feedback loop, efferent neurons signal to the periphery so that
gluconeogenesis is lowered, andofin breakdown is diminished that causes adaptation to
starvation. The supply for basal energy production then comes from the calories of adipose
stores (Alberda et al. 2006, Morley et al. 2006).

In contrast, a hypermetabolic response that is often seewrird) critical illness is
predominantly mediated by hormones and inflammatory mediators. As during the initial phase of
starvation, gluconeogenesis is accelerated by usage of lipids and amino acids. Protein breakdown
is massively increased due to glucagaomd glucocorticoid effects, and can be accelerated by
proinflammatory cytokines such as TN¥mino acids, along with fatty acids and glycerol, are used
for gluconeogenesis in the liver, causing hyperglycemia. This process is mainly mediated by
catecholamims and corticosteroids, and finally results in a rapid loss of lean body mass without
sufficient metabolic adaptation to diminish tissue breakdov@ogtelli et al 1993, Goodman
1991, Harris et al. 1998l .ang et al. 1984VicGuinness et al. 199%izock 19%, Morley et al.

2006, Wilmore 2000, Vanhorebeek/Van den Berghe 2004\Waardenburg et al. 2008V eekers
et al. 2002, Wray et al. 20p2

To investigate primary causes for the severe loss of body mass in chronically stressed mice,
gene expression profiles the liver, which plays the major role in metabolism, were analyzed.

Based on documented changes of the expression profile of hepatic genes involved in
carbohydrate, lipid, and amino acid metabolism, a characterization of metabolic disturbances
was stated and biologically relevant alterations of glucose metabolism, dyslipidemia, and
changes in amino acid turnover in repeatedly stressed BALB/c mice were found which revealed a
chronic stressnduced hypermetabolic syndrome (Depke et al. 2008).

The liver d@ilfills animportant function as a gatekeeper between the intestinal tract and the
general circulationDietrich et al. 2003)Thus the influence of psychological stress on immune
regulatory processes in the liver was additionally investigated in the gene expression data set.

Veins drain the intestinal tract and then segment to secondary capillary beds in the liver
where the removal ad metabolism of absorbed nutrients or toxic substances takes place. Food
antigens and products of commensal bacteria are abundantly detectable in the portal vein and
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are effectively cleared by Kupffer cells and sinusoidadoghelial cells (Limmer et aR00O,
Maemura et al. 2005, van Oosten et2001).

Physiologically, there is no detectable intrahepatic immune activation in response to the low
amount of microbial agent and food antigens derived from the lpetause of a tolerogenic
environment (Limmer et al. 2000, Macpherson et al. 2002). However, when the antigenic
challenge is increasedan inflammatory response with a recruitment of neutrophils,
monocytes/macrophagesand lymphocytes may be inducg#Viegard et al. 2005)Then, an
increased productiorof inflammatory mediators such as reactive oxygen species (ROS) may
cause cell damage and loss of hepatocyte functions (Ott et al. 2007).

To elucidate hepatic immune regulatory pathways that may contribute to chronic
psychological stresmiduced immune sppression, the hepatic gene expression profiling was
used to analyze expression changes of immune response and cell survival genes in stressed and
non-stressed mice (Depke et al. 2009).

Gene expression pattern of bonmmarrow derived macrophages after intéeron-gamma
activation

In the innate immune system, roeophages, together with dendritic cellepld a central
position. They aremain effectors of the clearance of infectiobg their sentinel and phagocytic
function. Macrophages present hagocytosed antigen derived peptides on MHO to
lymphocytes.By this function, macrophages take pairt regulation of theadaptive immune
response(GordonS 2007) Phagocytosis is mediated by different receptors like complement
receptors, mannose receptor or via theeraction between lipopolysaccharideR$, LPSinding
protein LBP, CD14, andoltike receptorTLR(JanewayMedzhitov2002, GreenbergGrinstein
2002. Upon binding ofigandsto TLR,macrophages secrete chemokines likXCL8CXCL10
CCL3CCL4, an€CL5, which mediate chenasis of neutrophils, Niells and Tcells (Luster
2002). Additionally, pranflammatory cytokinedike TN I y-IRseckefed by macrophages
further contribute to inflammation.Macrophages promote extracellular matrix degradatiby
their matrix metalloproteinasesVIMPs(Gibbs et al. 1999a, 1999 hey exhibiincreasedkilling
activity towards phagocytosed pathogemuring respiratory burst which is among others
mediated bytoxic reactive defense molecules like NO an®,® produced byinducible NO
synthase(iNOS)and NADPH oxidaseespectivelyDeLeo et al. 1999|es/Forman 2002Kantari
et al. 2008 MacMicking et al. 1997Mori/Gotoh 2004, ParkdB 2003. This macrophage
phenotype corresponds to the classical aation and initiates primarily a Thibased immune
response(Fig.1.6). Vice versalFN' | & LJ- NJicytckiffe paiftefnSprovbkésvsud classical
activation Duffield 2003.

After a phase of inflammatory activation and phagocytosis of apoptotic cells at the site of
inflammation, macrophages are able to switch their functional profile now aiming to reduce
inflammation by antinflammatorycytokines, stop matrix degradation and even assist hedijng
production of fibronectin and tissue transglutaminaseA similar phenotypwith reduced
intracellular killing of pathogens ibbserved after activation by Th2 cytokines likd And TGF @
| OGAGEGAZY t8FRAY3 G2 (KAA LIKSyRatrdphieskan bedl £ £ &
FOGADIGSR Ay | GKANR ¢gleéx OFrftftSR GeLlS LL O
receptors in combination with an activating stimulus like thaddiated by TLRs. Afterwards, the
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phenotype of macrophages changes from production f2lto [1-10 production, wherea3NF
h 11, and I6 are still secreted (Mosser 2003). Tyibectivation initiates a ThBased immune
response. There is experimehtavidence that the phenotype of macrophages is primarily
determinedby the first cytokine type to which they are subjected (Erwig et al. 1998).
A naive macrophage can react to activation stimiievertheless, when the macrophage
received a priming signal advance, it had the possibility to prepare for the potentially following
second stimulus by transcriptional regulation and is able to react stronger and faster to
activation. Lowdose IFN Ad GKS Y2ald AYLRNIIFYyd YIFONRLKLEZ3AS
macrofhages are not activated yet and do not secrete proinflammatory cytokines. This occurs in
classical activation after a second signal likelIFN2 NJ [ t { = LJS LJi A(Paiaa et&IOF vy | YR
1993, Huang et al. 199B81a Jet al. 2003 Mosser 200B

IC + TLR/IL-1R
IFN-y+ LPS or TNF IL-4 and IL-13 IL-10
TN T TN T
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\ )\ \ ) | ) | )
\iNOS < \Arg Ve \ A A
B2 e ~_ /WR S/ Hel S~ /MR
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ROI IL-10 high TGF-B
IL12 low
IL-12 high IL-1 IL-10 ) )
1L-23 TNF Decoy IL-1RII ;rLﬂF Matrix (versican,
IL-10 low IL-6 Lot 1 PTX3, o antitrypsin)
E M2a M2b M2c
Classical Alternative Type ll Deactivated
Th1 RESPONSES; ) Y
TYPE | INFLAMMATION. DTH. Th2 RESPONSES; TYPE Il INFLAMMATION; Th2 ACTIVATION. IMMUNORE GULATION:
KILLING OF INTRACELLULAR PATHOGENS ENCQEEEUFE%O’S%,':NS\QEE’WES IMMUNOREGULATION ANB*'#TSS‘J’&EE;%SAESSNG
TUMOR RESISTANCE
L
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MATRIX DEPOSITION AND REMODELING, TUMOR PROMOTION
TRENDS in Immunology

Fig.1.6: Inducers and selected functional properties of different polarized macrophage populations.

Abbreviations:DTH¢ delayedtype hypersensitivity; I& immune complexes; IFN ¢ interferon-; iINOS¢ inducible nitric oxide
synthase; LP§lipopolysacharide; MRg mannose receptor; PTX3the long pentraxin PTX3; Rilteactive nitrogen intermediates;
ROI¢ reactive oxygen intermediates; SLAJignaling lymphocytic activation molecule; SRscavenger receptors; TIRTolkHike
receptor.

From: Mantovanet al. 2004.

Studies aiming to analyze the reaction in general and more specific the gene expression
pattern of macrophages are impaired by the influence of immunological factors on the mature
macrophages which can be prepared from animal organs, eweder highly standardized
laboratory conditions. This problem can be circumvented when using -brareow derived
macrophages (BMM)Bone marrow stem cells are prepared from the animal and cultivated
invitro for proliferation and differentiation. Under thénfluence of granulocytemacrophage
colony stimulating factor GM-CSF cells differentiate into macrophages, which have the
advantageof havingnever receivd any invivo stimulus or immunological conditioninghat
might influence thé cellular reaction

Until recently, further uncontrollable influences on macrophage or BMM experiments were
introduced by the utilization of serussupplemented culture mediumSerum contains immune
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cell stimulating substances like cytokines, hormones or endotoxin, and teewdhe problem,
these substances might vary not only between the sera from different vendors but also between
batchesof serumfrom the same manufacturer. To overcome such sources of experimental
variation, Eske et al. introduced in 2009 sertree culture conditions for BMM. Standard cell
culture medium RPMI 164@vas supplemented with aefined mixture of proteis, hormones,

and othercompounds Differentiation of stem cells withecombinant murine GMCSHyielded

BMM expressingnacrophage markers F4/80DC1b, CD11c, MOM2 and CD13after 10daysof
cultivation, and further characteristics of BMM differentiated in seroomtaining medium were
additionally retainedEske et al. 2009

Hostpathogen interaction experiments have revealed differences in tieas of BMM
derived from BALB/and C57BL/6 mice when confronted wiBurkholderia pseudomallei
especially after IFN &G AYdzZ F GA2y YR G0 KAIKSNI Ydzf ALK A
infection studiesuncovereddifferences between these two mousérans invivo and in vitro
(Breitbach et al. 2006, Autenrieth et al. 1994, van Erp et al. 200&) mouse strains BALB/c and
C57BL/6 are characterized by a2Ténd Thl centered type of immune response, respectively.
Accordingly and possibly causativehe main type of macrophage activation differs between the
straing with BALB/c preponderating the alternative macrophage activation pattern and C57BL/6
prevailing classical activation (Mills et al. 2000).

Againstthe background of genetic influences on the BMM reactions, a combined proteome
(Dinh Hoang Dang Khpand transcriptome(Maren Depke)study was initiated. In a first
experiment, BALR/and C57BL/6 BMM were stimulated with H-kb specify on a moleculaevel
the reaction to the priming signal IPN | a o6l aA O I yhe study &irded © dzNJi K S
profile potential differences of reaction between the BMM of both mouse strains.

Model Systems for Studies of H&&thogen Interactions

S.aureusstrain RNHG

The genetic background of differeStaureusstrains influences the reaction of the bacterium
to experimental conditions. Therefore, the strain for experimental analysis must be chosen
carefully because not all observations can be transferred fromtongnother S.aureusstrain.
The number of strains available for studiesS&ureushas grown recently when the group of
Friedrich Gotz (Department of Microbial Genetics, Eberh&aits University of Tubingen,
Germany) provided esbU repaired RN4erivative strain called RN1HG(001) and lataR and
rsbU tcaR repaired RN&derivative strains to the scientific community (Herbert et al. 2010). The
parental strain RN1 (NCTC8325) has already been widely used as model organism for diverse
studies on stabylococcal physiology. On the other hand its defect in the important regulator
rsbUwas known(Kullik/Giachino 1997)which resulted in compromised conclusions from studies
addressing the regulation of virulence factors (Giachino et al. 2001). Therefi@ia, RN1HG in
which the mutation in the regulatory genrebUhas been complemented has been chogethe
experimental setup of the studies described in this thesis
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Kidney gene expression pattern in amvivo infection model

S.aureus can be transmitted to the blood after body injury or by medical devices like
catheters. An elementary model to mimic blood stream infection isitir@-venousinfection of
laboratory animals, &. mice.Host reactiols can be monitored by physiologicaimunological
or molecular readout systems. In this study, transcriptome analysis was applied.

Strongest accumulation &.aureusafter i. v. infection of mice is observed kidneys, which is
also accompanied blyacterial proliferation in the time coursef infection(Fig.l.7, data courtesy
of Tina Schafer)Thus, this organ was chosen for host gene expressionipgof

1.0E+0%
1.0E+08{ =
o 1.0E+0H T L
T T 1.0E+06] =
c 2 —
S O 1.0E+05
g2 ==
Accumulation and bacterial proliferation &.aureus - 1.0E+03H
Xen29 in murine kidney tissue aftew. infection.
Female BALB/c mice were infected with 1.0E+08 cfu 1.0E+02]
via the tail vein. Data represent median and 1.0E+0% T T T T
interquartile range of =3 experiments 0.25 24 48 72
Data courtesy of Tina Schafer, Wiirzburg. time postinfection/ h

Although the virulence ofigBdeficient strains is often reported to be similar to that of wild
type strains the pathogenesis or pathomechanism of infection might be different. Therefore, the
rationale of this study was to investigate whether the deletionsmBwill lead to a diffeent
reaction of the infected host.

Host cell and pathogen gene expression pattern iniarvitro infection model

While S.aureuscolonizes humans in the anterior nardéscan be cause of pneumonia when
transferred to the lunge.g. by aspiration or medit devicesIn a longitudinal study with more
than 10000 patients in Japa8,aureuswas identified as omof the leading causative organisms
of pneumoniabesidesStreptococcus pneumonand Haemophilus influenza@goto et al. 2009).
Here, different celltypes first encounter the pathogen: Cells associated with structural and
Fdzy QliAz2ylf FaLSOha 27F fdzy3 | yR.avébbamsddopHages. OSf f a
Epithelial cells form the inner surface of the lung. Cilial epithelial taksport mucus out of the
organ. The mucus is produced in the lower bronchia and alveoli bylitypeeumocytes and
functions as surfactant to reduce surface tension and as protective film to remove inhaled
particles and pathogens. Adjacent typeneumogtes take part in oxygen exchange of the air
with the blood.

A model to study reactions of epithelial cells to pathogens is the human bronchial epithelial
cell line S9. S9 cells originate from the-IB&ell line which was established about 20 years ago
iINEY | YIESS gKAGS OeadAaAd FTAONRAaAAA o/ CO LI GASYGQa
adenol12-SV40 virus (Zeitlin et al. 1991). This cell line contains thefurastional chloride
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channel CFTR (cystic fibrosis transmembrane conductanaéaten, which has been repaired in
the S9 cell line by viral transfection with the wiigbe gene (American Type Culture Collection
ATCC, Manassas, VA, USA; www.atcc.org; S9 cell ATCC numbar €BLu U @

Invitro infection models can be accomplished by #@idth of three main types of bacterial
supplement: 1) supernatant of bacterial cultures containing secreted proteins or virulence
factors, 2) PB®ashed bacterial cells which bring only their membrdiroeind and intracellular
factors into the infection expgment, and 3) complete bacterial culture with both secreted
proteins from supernatant and whole bacterial cells. This last option is nearest tin theo
situation when the pathogen is able to influence its host with secreted factors. On the other
hand, the established bacterial culture mediavhich are often lysates of proteinch raw
material (e.g. tryptic soy broth TSB)reahighly artificial with reference tm vivo models or even
to eukaryotic cell culture. Therefore, a medium was developed #&tlatvs bacterial growth but
additionally has similarity to eukaryotic cell culture media (Schmidt et al. 2010). The authors
describe the use of eukaryotic cell culture medibdMEM supplemented with different amino
acids, but without addition of serum. Thigw experimental system permits the study of host
pathogeninteractions in the context of all bacterial factors, membrémind and secreted, and
additionally prevents effects on bacterial physiology by prolonged handling, centrifugatidn
washing of bateria.

Here, exponential growth phase bacterial cultures were used to infect confluent S9 cell
cultures. The strairS.aureus RN1HG has been chosen for a first insight into the molecular
reactions in this model. RN1HG isshU repaired RN4derivative stain (Herbert et al. 2010) with
a SigBpositive phenotype.

In a combined approach of transcriptonf®laren Depke)and proteome(Melanie Gutjahr)
analysis the host reaction to infection and bacterial internalization was recoiednot only
stoodthe hostcell in the focus of studies, but also the bacterium. In a similar experimental setup,
internalized staphylococci were extracted from their S9 host cells and the bacterial RNA profile
was recorded using a tiling array approach (Maren Depke). Bacteriatétitrlar proteins were
monitored and quantified aftestable isotope labeling with amino acids in cell cultusLAC
(Sandra Schaxf

Questions and Aims of the Studies Dédsed in this Thesis

This thesis contains results framanscriptomestudies on differentaspects ohostpathogen
interactions First, liver gene expression profiles from a murine chronic stress model served to
elucidate aspects of the influence of stress on the metabolism and the immune response state of
the animals.In the experiments for this study, thim vivo model of psychologial stress ina
complex mammalian host was performed without additional influences of a patho§ech
influence was introduced in the second study: Here, the influence of staphylocoedafection
on the host kidney gene expression was analyzed in another murivigo model using a wild
type S.aureusstrain and its isogenisigBmutant. Tissue expression profiling framvivomodels
has the advantage of directly recording the relevanhysiological state with all its complex
interactions and influences and igcinity to medical questions in the humaiNeverthelessit is
very difficult to distinguish the different components because the tissue samples are always a
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mixture of differentcell types which might even feature contrary reactions. Thereforgjtro
models were additionally analyzeh which only one defined host cell type was studied
Macrophages are an example for an immune cell type involved in the first steps of the &srcoun
between the host and a pathogeA.model to study reactiaof macrophagess the preparation

of bone marrow stem cells and the vitro differentiation of the stem cellsnto so-called bone
marrow derived macrophages (BMM). The advantage of this approach is that these macrophages
have never been under any immunological influence which might result henmmmune status

of the animaleven under standardized laboratory conditsmnThus, the third part of this thesis
focuses on the reaction of BMM. BMM of different mouse strains wiezated with IFN' ~ |
modulator of macrophage function which is one of the first signals during initiation of the
immune responseén vivo. But not oy immune cells or specially phagocytes get in touch with
pathogens, but also cells responsible for functional and structural integrity of host organs and
tissue, like epithelial and endothelial cells. Such cells are actually patteofirst line of
recognition and reaction to a pathogenic invasion into the hogtebronchial epithelial cell line
S9was used as aim vitro model system for the infection with staphylococthe fourth chapter

in this thesis includes host gene expression signatures ofeB@fter in vitro infection with
S.aureusRN1HGFinally, the following chapter addresses the pathogen expression profile which
was first recorded from agitated, aerolffcaureusRN1HGulturesin different growth phases as

a starting and reference pdinAfterwards, the already described S9 deNitro infection model

was used taextract staphylococci after an internalization phase inside the host cell. Internalized
bacteria were analyzed at two time points in comparison to different control sampiedlirg
array gene expression analysis.
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MATERIAL AND METHODS

LIVERGENE EXPRESSIONPATTERN IN AMOUSE
PSYCHOLOGICABTRESSMODEL

Animal experimentgperformed byCornelia Kiank]

Female BALB/c mice agedd®8 weeks were randomly grouped into the experimental and
control groups starting at least 4egks before being used in experiments. The group size in
different experiments differed frond to 12 mice per cage. Animals stayed in their group until the
end of the expements and were not mixed up to avoid social stress. All animals were
maintained with sterilized food (ssnifbR; ssniff Spezialdidten GmbH, Soest, Germany) and tap
water ad libitum for adaptation under minimal stress conditions. Influences of irretataof
the estrous cycles of unisexually grouped female mice were not analyzed selectively and may
cause higher SD values in the statistical analyses.

Animal rooms had a 12 light, 12h dark cycle and were maintained at a constant
environment before theexperiment. To avoid any additional effect,ge.acoustic or olfactory
effects, the handling of mice during the adaptation period and during the experiments was
restricted to one investigator. All animal procedures were performed as approved by the Ethics
Committee for Animal Care of MecklenbeWgrpommern, Germany.

Repeated stress modé¢performed byCornelia Kiank]

Mice were exposed to combined acoustic and restraint stress on 4 successive days, for 2 h
twice a day during the physiological recovery phasedents (08091000 and 16061800 h). On
day 5, only one stress session was performed in the morning. For immobilization mice were
placed in 50nl conical centrifuge tubes with multiple ventilation holes without penning the tail.
Acoustic stress was inded by a randomized ultrasound emission device betweekHZand
25kHz with 0dB to 35dB waves in attacks (patent no. 109977; SiXiS, Taipei, Taiwan), allowing
the mice no adaptation to the stressor. Between the stress sessions, mice stayed in their hom
cages and had free access to food and tap water. Control mice were kept isolatedtfessed
animals during the 4.8aysstress exposure to avoid any acoustic or olfactory communication
between the groups. Therefore, the nonstressed group stayed initleebator where the
animals were adapted. The stressed mice remained outside the incubator in the same animal
laboratory during the whole period of the stress model. All successive experiments and analyses
were performed starting at 1000 h after the ningkress exposure. Differeimn vivoanalyses were
performed with6to 12 mice per group in at least two experiments according to the experimental
protocol to ensure reproducibility. For array analysis two independent stress experiments were
performed with nine mice per group (first experiment) and eight mice per group (second
experiment).
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Liver Gene Expression Pattern in a Mouse Psychological Stress Model

Acute stress mode]performed byCornelia Kiank]

Mice were exposed to a singlehZombined acoustic and restraint stress cycle in the morning
(080@;1000 h).Invivoanalyses were performed immediately after or 6 h after the stress session
with six to nine mice per group. Two acute stress experiments for array analysis were composed
of eight animals for each control group, and nine animals per stress group in thantright
animals per stress group in the second experiment.

Organ harvesting for RNA preparatid@ornelia Kiank Maren Depke]

Mice were killed by cervical dislocaticemd organs were removed immediately to avoid RNA
degradation. For liver samplea small piece of tissue was immediately homogenized with a
micropestle in 35Ql Buffer RLT1: -inercaptoethanol (QIAGEN GmbH, Hilden, Germany
SigmaAldrich Chemie GmbH, Minchen, Germany). The liver lysates were shock frozen in liquid
nitrogen. All samies were stored ab70°C.

RNA preparation

Liver sample lysates were thawed and processed at room temperature for RNA preparation
with the RNeasy Mini Kit (QIAGEN Gmblden, Germany I OO2 NRAy 3 (2 GKS Yl y
instructions. After ethanoprecipitation the RNA was quantified spectrophotometrically, and its
quality was verified using an Agilent 2100 Bioanalyzer and RNA Nano Chips (Agilent Technologies
Inc., Santa Clara, CA, USA).

DNA array analysigsing Affymetrix expression arrays

Pools ontaining equal amounts of RNA from each individual animal were pregdaregiach
group and used for subsequent microarray analysis. Five micrograms of pooled total RNA were
used for the synthesis of doubiranded cDNA, and this solution then served as a template for
an invitro-i NI yaONR LIGA2Y NBI OGA2y dzi Ay Jdion Réagedts KA LJ 9 E L
(Affymetrix, Santa Clara, CASA | OO0O2NRAyYy 3 (2 GKS YI ydzF+ Ol dzNBE N A
column based cleanup, concentration and quality of cRNA were measured as deatxilved

cRNA was fragmented, added to the hybridization cocktailatlerd, and hybridized with
| TFEYSONRE DSYyS/ KAL) az2dzdaS 9ELINBAaaA2y ! NNXe&a non!
instructions.

Washing, staining, and scanning were performed using Affymetrix GeneChip FluidicsStation
and scanners according to standgmebtocols.

Data analysis for Affymetrix expression arrays

The Affymetrix expression analysis was performed for the livers of repeatedly stressed and
healthy control mice with technical duplicates of two independent biological experimental series
each. Fothe analysis of the effects of acute stress, array hybridizations were also performed of
two independent biological experiments for both groups (control and acute stress). Affymetrix
array image data generated with MAS 5.0 (repeated stress) were analgiggl the GeneChip
Operating Software 1.2Affymetrix, Santa Clara, CA, YS#ith default values for parameter
settings. For normalization, a scaling procedure with a target value of 150 was used. Image data
of the acute stress experiment were directly aymd in GeneChip Operating Software 1.4 with
default settings and normalized by scaling to the target value 500. After data transfer to the
GeneSpring software package (Agilent Technoldgies Santa Clara, CA, JSgenes displaying
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differential regulaion in response to repeated and acute stress were identified based on the
following criteria: 1) the signal of probe sets had to be present in the arrays at least in the control
(for repressed genes) or in stressed mice (for induced genes) in both badlegiceriments,

2) the difference of mean signals between control and stressed mice had to equal or exceed 100,
and 3) the fold change factors calculated from the signal values in each experimental replicate
had to exceed a cutoff of more than or equallt® or less than or equal t6.5 in both biological
experiments.

Functional analysis of gene expression data using Ingenuity Pathway Analysis

For data interpretation in the context of metabolisiists of probe sets displaying differential
regulation inboth acute and repeated stress, or specifically after acute or repeated stress were
uploaded as Excel spreadsheets (Microsoft Corp., Redmond, W&A into the Ingenuity
Pathway Analysis (IPA) Version 5.5 (Ingenuity Systems, Inc., Redwood CityJSEA
http://www.ingenuity.com) and used for the interpretation of the array data in the context of
already published knowledge. Biological functions were assigned to the networks based on the
content of the Ingenuity Pathway Knowledge Base. Complete hepatic &ygression data of
stressed and nonstressed mice are available at the NCBIs Gene Expression Omnibus (GEO,
http://www.ncbi.nlm. nih.gov/geo/) database and are accessible through GEO Series accession
no. GSE11126.

For functional analysis in the context ofrimine response and apoptoséssociated genes
lists of differentially regulated probe sets were uploaded as Excel spreadsheets into the Ingenuity
Pathway Analysis tool (IPA 6, www.ingenuity.com). In order to compare effects of acute and
chronic stresstwo groups of genes were included: (1) genes displaying differential regulation
after acute stress and (2) genes differentially regulated after chronic stress. IPA combined the
uploaded Affymetrix probe set IDs and assigned annotations depending on the tohtée sc
called Ingenuity Pathway Knowledge Base (IPKB). The IPKB was used to get further insight into
the relation of differentially regulated genes and immunological functions. Searches for relevant
keywords and meaningful combinations of keywordsutesd in lists linked to the functions in
focus. IPA also offers the association of differentially expressed genes with canonical pathways,
which can be rated by a correspondingvgue. This approach was used to depict functional
aspects of differential@ne expression.

Realtime PCR

DNA was removed by DNase treatment, and subsequent to purification using a RNeasy Micro
Kit (QIAGEN GmbHHilden, Germaryyand ethanol precipitation, concentration and quality of
RNA samples were assayed as descrideave Vdidation of expression data by retine PCR
was separately performed for all individual RNA preparatiorsqiplus =8 mice per group) of
the two biological experiments with repeated stress exposure. Fortimal PCR analysis,
RNA was reversednscribed into cDNA using the High Capacity cDNA Archive Kit in the presence
2T {'t 9wl aSwLYy wblaS AYKAOAG2NI 0! YDA Bwgrky! LILIE A S
nanograms of cDNA served as a template for-tiead PCR using the following 20x TagMamé&e
Expression Assays (Applied Biosystefsster City, CA, UBAAsl (Mm00467107_m1), Srebfl
(MmO00550338 m1), Pckl (Mm00440636_m1), Gadd45b (MmO00435123 ml), Sds
(Mm00455126_m1), and Actb (MmO00607939_s1). Differential regulation in repeatedly stressed
and @ YiNRPEf YAOS 41 a O2yFANNVSR o0& O2YLI NAy3 (K
geneb Ctvalue of the reference gene Actb in identical cDNA samples) of all control mice and
repeatedly stressed mice with a Mafwihitney U test, requiring p-value of lesshan or equal to
0.05.
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KIDNEY GENE EXPRESSIONPATTERN IN AN
IN VIVOINFECTIONMODEL

In vivo infection model, organ harvesting, and group sifgerformed byTina Schéfer]

FemaleBALB/anice (Charles River, Sulzfeld, Germany) were infdctedavith 5.0E+0tolony
forming units(cfu; first biological replicate, BR1) and 7.0E€@r (second biological replicate,
BR2)S.aureusRN1HG or 5.0E+@Tu (first biological replicate) and 8.0E+€fd (second biological
replicate) of its isogenisigB mutant S.aureusw b m | EigB jThe third groupin this study
comprisel shaminfected mice which received an injection of Ji0physiological saline solution
(performed only in the second biological replicate of the experiment). After 4 days (first biological
replicate) or 5 days (second biologicaplieate) mice were sacrificed and kidneys were explanted
immediately afterwards, flasA NB T Sy Ay fAljdZAR yAGNR3ISY |yR &2

Each of the three experimental groupsscomprised of 5 independent samples per biological
replicate (originating from ikneys of 5 mice) except for the group of infection witaureus
RN1HGnN the first biological replicatewhich only consistedf 4 samples. In total, 24 samples
were analyzed in this study.

Tissue disruption

In constant submersion in liquid nitrogenanmortar, both kidneys of the mice were ground
into very small pieces, but not into powder. By this means it was possible to yield a homogenous
tissue mixwhich allowed accurate estimation of infection ratés the tissue was not completely
disrupted intopowder, it was still possible to handle the frozen tissue mix during aliquoting
without the risk of sample thawing.

DNA preparation

Small aliquots of disrupted tissue were added to Lysing Matrix D tubes (MP Biomedicals,
Solon, OH, USA) which contalddmm diameter ceramic spheres. Tissue was completely
disrupted in 19Qul of 42mM EDTA using a FastPrep FP120 (Thermo Fisher Scientific Inc.,
Waltham, MA, USA) at level 6.5 for 20After short cooling on icsamples were digested with
250pug/ul lysosaiphin (AMBI PRODUCTS LLC, Lawrence, NY, USAinfarad537°C to ensure
complete lysis of staphylococci in the infected tissue. The following DNA preparation employed
the Wizard Genomic DNA Purification Kit (Promega Corp., Madison, WI, USA) with minor
MORAFAOFGA2ya G2 GKS YI ydzFl OlupgNg MRell wittls3Ioe 02 t ©
Nuclei Lysis Solution (Promega) and incubated faorirbat 80°C. Subsequently, samples were
cooled for 5min on ice and digested with 19ng/pl RNas&\ (Promeg) for 30min at 37°C.
Samples were again cooled on ice fomi# and afterwards processed at room temperature.
Lysates were transferred to new imdl-tubes, 345ul of Protein Precipitation Solution were
added, samples were vortexed for 80and protein wa precipitated for 1@nin on ice. The
solution was cleared by two centrifugation steps at 208@0for 4min (room temperature). The
final clear supernatant was dded into two aliquots of 62@ each and the DNA was precipitated
by addition of 47Qul of isopropanol (2-propanol) and mixing by gentle inversion. After
centrifugationfor 2 min at 1600k g (room temperature) the DNA pellet was washed with 00
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of 70% ethanol, air dried for approximatelynin and solved over night at 4°C in DNA
Rehydratian Solution (Promega, 10M Tris/HCI pH .4, 1ImM EDTA pH8.0; 50ul/ pellet). Both
aliquots of each sample wemmbinedon the following day, the concentration was determined
photometrically (NanoDrop NIDOOO, NanoDrop Technologies, Wilmington, DE, U&#) the
quality was checked by electrophoresis in%.8garosd BE gels.

Molecular estimation of infection rate with qPCR

The DNA from infected tissue consists of a mix of host and pathogen iiizh contains
almost constant levels of host DNA and ayirag proportion of bacterial DNA that very much
depends on the infection ratelherefore, quantifyindhe ratio of pathogen to host DNA allows
an estimation ofthe infection rate which can also be calibrated with the aid of artificially mixed
standard sarles.

The highly conserved staphylococcal gemeg (coding for thermonuclease) anddapA
(encodingdihydrodipicolinate synthase) were quantified in reference to the mouse cytoskeleton
gene Actb using 20x TagMan Gene Expression Assays (Applied BiosysstensCiEy, CA, USA,
Actb: inventoried assay MmO00607939_slpuc custom assay, forward primer
GATCCAACAGTATATAGTGCAACTTCAACT, reverse primer ACCGTATCACCATCAATCGCTTT, reporter
AACCTGCGACATTAAdApA custom assay, forward primer CTTTGAAGCGATTGCAGATGCT,
redSNAS LINAYSNJ ¢DD¢¢/ ! 1 ¢¢D¢/ ! ¢D¢¢/ D¢¢/ ¢¢DI NBLR NI
p énd is labeled with FAM; a ndluorescent quencher (NFQ) and a Minor Groove Binder (MGB)
Y2t SO0dzZ S AdaefdAy|{ SR (2 (GKS o0Q

The realtime PCR was performed in triplicatevith 20mM Tris/HCI pH .4, 50mM KCI, 3nM
MgC}, 4% glycerol, 0.2nM dNTP mix (dATP, dCTP, dGTP, dTTRM 2ach), 26 ROX reference
dye (Invitrogen, Karlsruhe, Germany) and dBBlatinum Taq DNA Polymerase (Invitrogen) using
20ng of DNA as temate in each reaction. The €0 f f SR adzy AGSNELFE &aSGGAY:
. A2a2a0SYaQ ¢t ljal y minat®0°@ dtninaf 8K folohddibya48 By¥es of
15s at 95°C and thin 60°C.

A calibration curve with DNA prepared from a mixture of #iafiected kidney tissue and
invitro cultivated staphylococcal cells was recorded in analogous reactions. Each standard
contained a defined number of cfu per iy tissue ranging from 1.32E+05 cfuh@ to
3.31E+08 cfu/lbng Fig.M.2.1).

8.0 8.0
6.0 —— mean B 6.0 mean B
\ ..... Linear (mean) \ fffff Linear (mean)

4.0 . = 4.0 < -
\ y=-3.3265x + 23.246 \ y=-3.2883x +22.211

2.0 \ R2=0.9946 - 2.0 ) R?=0.9956 -

NCt 0.0 \ NCt 0.0 = \\

2.0 - \\ 2.0

4.0 \ 4.0 \

6.0 6.0 S

8.0 8.0

5.0 6.0 7.0 8.0 9.0 5.0 6.0 7.0 8.0 9.0
log ( cfu / 10 mg tissue) log ( cfu / 10 mg tissue)

Fig.M.2.1: Calibration curves for molecular estimation of infection rate usiegtaphylococcal gersslapA(A) andnuc(B).
Mean values ofn / G =CRaderbh geneG Clacty) from n=2 or n=3 independentstandard samplesand the range (minimum to
maximum) of teseindependent measurements are displayed.

The Ct values of bacterial genel y R I Ot o s SNB dza SR 02 o)}
on #Cﬁl‘bactenmgeneb Chacy). This value negatively correlates to the -tognsformed values of
cfu/10mg and can be described by a linear equation. The use of this linear correlation as
calibration curve allowsalculationthe infection rate of the unknown experimental samples.
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RNA preparation

Afrozenaliquot of disrupted tissue was disintegrated mechanically at 2600 rpm ffi@n2n a
bead mill (Mikrodismembrator S, B. Braun Biotech International GmbH, Melsungen, Germany;
now part of Sartorius AG, Gottingen, Germany) with rOlSTREOL (Invitrogen, Karlsruhe,
Germany) using liquid nitrogen cooled Teflon vessels. Thereafter, anothenl CRzoL was
added to the still frozen lysate. After thawinthe lysate was incubated for I@in at room
temperature, flasHrozen in liquid nitt 3Sy FyR &G2NBR brtnc/ dzy At
continued. The lysates were again thawed at room temperature. Chloroform was addedu(200
chloroform/ 1 ml TRkol), samples were shaken vigorously for sl&and incubated at room
temperature for 5min. Orgaiic and aqueous phase were separated by centrifugation (12@00
15min, 4°C) and RNA was precipitated from the aquepliase with 50Ql isopropanol(2-
propanoly imI TREol2 3SNY AIKG |G bunc/ & | Fo&ed8Gh étBano | 4 K S &
RNA wa dried at room temperature andissolved in nucleaséree water (Ambion Inc., Austin,
TX, USA, now part of Applied Biosystems, Foster City, CA, USA).

RNA was DNase treated and afterwards purified using the RNA-Gfeand Concentration
Kit (Norgen Biotek Corp., Thorold, ON, Canada; distributed by BioCat GmbH, Heidelberg,
Germany. The concentration was determined photometrically (NanoDrop1800, Nan®rop
Technologies, Wilmington, DE, USAaphd the quality was checked with an Agilent 2100
Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA).

DNA array analysis

The RNA expression profile was analyzed on GeneChip Mouse Gene 1.0 ST arrays (Affymetrix,
Santa Clara, CA, USA) using the Whole Transcript (WT) Sense Target Labeling and Control
NEF3ASyda I O0O2NRAYy3 G2 GKS YIydzZFlI OGdzNBENRa Ayal
GeneChip FluidicsStati@®0 and scanned with a GeneChip Scanner 300@\{imetrix).

DNA array data analysis

The array image files (CEL) were first quality controlled in the Expression Console software
(Affymetrix) andthen imported into the Rosetta Resolver softwarBgsetta Biosoftware, Seattle,
WA, USAfor data analysis.ighals were generated and normalized using the RMA algorithm.
Groups were compared in legansformed space using erraveighted oneway ANOVA with
BenjaminiHochberg False Discovery Rate multiple testing correction artD@1 was regarded
as significantThe control sequences @. negative, positive, polyA, and hybridization controls)
and sequences that were not expressed on all arrays in the selected group comparison (with
p>0.01 on intensity profile level in RosetResolver software) were not included in statistical
testing. Afterwards, sequence sets were translated into EntrezGene records using the Rosetta
Resolver annotation of December 2009. Two criteria were used for definition of differential
expression: Signdance in ANOVA statistical testing and a minimal absolute fold change of 2.
Genes significant in ANOVA but with a minimal absolute fold change of only 1.5 were considered
to be regulated by trend.

Ingenuity Pathway Analysis (IPA) of gene expression data

ErntrezGene identifiers and fold change gene expression data of differentially expressed genes
were imported to the Ingenuity Pathway Analysis tool (Ingenuity Systems Inc.,
www.ingenuity.com) and analyzed using all genes of the GeneChip Mouse Gene 1.0y SiE arra
reference set without further restriction.
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GENE EXPRESSIONPATTERN OFBONEMARROWDERIVED
MACROPHAGES AFTHRTERFERONGAMMATREATMENT

Stem cell preparation, cultivation, and differentiation to macrophagegerformed by
Katrin Breitbach]

Preparation and cultivation of mouse stem cells and thefiledgntiation into bone-marrow
derived macrophages (BMM) was conducted as described by Eske et al. in 2009. Briefly, bone
marrow cells from tibias and femurs of=8 or n=15 BALB/c or 84 or n=15 C57BL/6 mice
were prepared in sterile conditions, pleal and cultivated for ten days using the serinmse
BMM-medium supplemented with GNCSF as established by Eske et(2009) Differentiated
BMM were harvested on day 10 for consecutive experiments.

Interferon2 | QGA QI GA2Y 2F 02y S esyperiBdbyKRithBeid&R Y I ONR

Mature BMM were seeded in-&ell-plates with 0.&+06 tol.5E+06celld well. BMM inhalf of
the wells were treatedfor 24 hours by addition of 300 units/ml IPN 6 w2 OKSXI al yyK
Germany) in seruAree BMMmedium, the aher half was cultivated for the same time in the
same medium without IFN @ C2 NJ ( NJ y &,Q.88%+08io2. 5F-806celly sammeankra
available, while proteome analysis needed a higher cell number and therefore had a sample size
of 1.0E+07 tdl.5E+07cells.

Sample[Katrin Breitbach] and RNAreparation[Maren Depkelfor transcriptome analysis

Medium was carefully removed from the sample wellsd BMM were lyzed in thl
TriReagent per sample (Sigma, Steinheim, Germany) by repetitive pipétfteg.incubdion at
room temperature for 15nin, the lysate was flasfrozen in liquid nitrogen and stored &70°C
until RNApreparation.

RNApreparation took place using a combined protocol of phdmmded preparation and
columnbased purification. Chloform was added to TriReagent lysates, samples were vigorously
shaken and incubated at room temperature formn. Organic and aqueous phase were
separated by centrifugation for If&in at 1200xg and 4°C. Afterwards, the aqueous
supernatant was mixed wit 0.5ml isopropanol(2-propanol) and transferred to RNeasy Mini
columns (Qiagen GmbH, Hilden, Germany). The following steps of RNA purification were carried
2dzi I OO2NRAYy3 (G2 GKS YI ydzF I Ol dzNB-xsattnenh(fMNase NHzO (i A 2
free DNase Set, Qiagen GmbH, Hilden, Germany). After ethanol precipitditerRNA was
guantified spectrophotometricallyand its quality was verified using an Agilent 2100 Bioanalyzer
and RNA Nano Chips (Agilent Technologies Inc., Santa Clara, CA, USA).

Affymetrix DNA array analysis

Four strairtreatment combinations were included into this study: 1) medium control BALB/c
BMM, 2) IFN treated BALB/c BMM, 3) medium control C57BL/6 BMM, and 4 I&bated
C57BL/6 BMMThree biological replicates were dyaed for each of the four sample groups
described before
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Labeled cDNA for hybridization waepared for each sample from 20@ totalRNA using the
GeneChip Whole Transcript (WT) Sense Target Labeling Assay and hybridized to GeneChip Mouse
Gene 1.0 STAd ¢4 | OO2NRAYy3 (2 GKS YIydzZFlI OGdzZNENRa Ayad
USA). Arrays were washed and stained using the GeneChip Hybridization, Wash, and Stain Kit in a
GeneChip Fluidics Station 450 and scanned with a GeneChip Scanner 3000 alirotem
Affymetrix, Santa Clara, CA, USA).

Resulting array image files (Cfitks) were imported tdhe Rosetta Resolver System (Rosetta
Biosoftware, Seattle, WA, USA). Signal intensities wetraa®d using the RMA algorithm and
differentially expressed npbe sets were accessed with erraeighted oneway Analysis of
Variance (ANOVA) including Benjamini Hochberg False Discovery Rate (FDR) multiple testing
correction at the analysis levels of Intensity Profiles and sequemmcésytransformed space
Valuesof p*<0.01 were regarded as significafithe control sequences (@. negative, positive,
polyA, and hybridization controls) and sequences that were not expressed bhaltaysin this
study (with p>0.01 on intensity profile level in Rosetta Resolseftware) were not included in
statistical testing.

Eachrun of the statistical test compared two sample groups that consisted of three biological
replicates each. Four comparisons were included into statistical testing: 2)tlelted BALB/c
BMM versusmedium control BALB/c BMM to access4FN STFFSOGa Ay .21 [ . kO . aa
treated C57BL/6 BMM versus medium control C57BL/6 BMM to retrieve IFS FFSOGa Ay [/ prT.
BMM, 3) medium control C57BL/6 BMM versus medium control BALB/c BMM to obtain strain
differences at the noractivated control level, and 4) IPNtreated C57BL/6 BMM versus N
treated BALB/c BMM to elicit strain differences at thetFattivated level.

The Rosetta Resolvesoftware allows mapping of 28944 records of sequence level
information (i.e. the Affymetrix probe sets) to genes via the EntrezGene nomenclature resulting
in 20074 records. Additionally, the software calculates expression data for genes from the
original sequence level values. This function also combines intensitie® afrtmore probe sets
for genes that are represented by more than one probe set. The lists of statistically significant
differentially expressed probe sets resulting from ANOVA were translated into lists of
differentially expressed genes by using the ErBeze level annotation included in the Rosetta
Resolver software. In order to exclude biologically irrelevant small changes in expression level
from the statistically significant lists resulting from ANOVA, expression data on EntrezGene level
was restrictedto a minimal absolute fold change of 1.5. Nevertheless, only a minority of
statistically significant genes did not pass this fold change cutoff

Proteome analysi$performed byDinh Hoang Dang Khoa]

Proteome analysis was performed by Dinh Hoang Dang Kbiog both gebased and gel
free approachesBriefly, BMM protein extracts in urea/thiourea buffer were separated by Two
Dimensional Fluorescence Difference Gel Electrophores(@E), and spots on the gels were
identified using MALBMISMS. Tryptic pptides of the protein extracts were anabd with LTQ
FTFICR mass spectrometer after liquid chromatographic (LC) prefractionation. Differential analysis
of labelree MS data was performedsing theRosetta Elucidatosoftware package(Rosdta
Biosoftware Seattle, WA, USA

Comparison of transcriptome and gélee LEMS/MS proteome results

To compare results from transcriptome and gelfree proteome analitsias necessary to
map proteins from LAS/MS identification to genes available on the GeneChipdddaene 1.0
ST array (Affymetrix)n order to do spprotein IPI identifiers were translated into EntrezGene IDs
using the PIPE (http://pipe.systemsbiology.net/pipe) and UniProt ID (www.uniprot.org) mapping
tools (Lars Brinkmann)Missing EntrezGene IR&re addedmnanuallyif possible. The resulting list




Maren Depke Material and Methods
Gene Expression Pattern of Bdviarrow Derived Macrophages after Interfergamma Treatment

of proteins was imported into the Rosetta Resolver software using the EntrezGene IDs and
compared with genes on the Affymetrix array based on the annotation of the Rosetta Resolver
software.

Global functonal analysis of transcriptomi¢§Maren Depke]and proteomic[Dinh Hoang Dang
Khoa]results using Ingenuity Pathway Analysis (IPA)

The lists of differentially expressed genes with an absolute fold change of at least 1.5 were
directly uploaded from RosettResolver System to the Ingenuity Pathway Analysis tool Version
7.5 and 8.0 (IPA, Ingenuity Systems, www.ingenuity.com). IPA assigned the EntrezGene IDs to the
corresponding records of the so called Ingenuity Pathway Knowledge Base (IPKB), combined
relatedgenes to networks and conducted a statistical analysis for-mmmesented functions and
canonical pathways in the imported lists of differentially expressed items in relation to the
seqwences available on the GeneChl¥puse Gene 1.0 ST Array as refereset. Generally,
analysis in IPA was not restricted to species, type of relationship, type of molecule or the like.
Only for building usedefined pathwaysr NB a i NA Ol Azy G2 OStft GeLlsS a°
was used.

Correspondingly, protein IPI idgidners, p-values and fold change of regulated proteins were
uploaded to IPA and also analyzed by the network, function and canonical pathway tools. In this
case, the whole list of identified proteins was uploaded and afterwards restricted to a minimal
absolute fold change of 1.5 and avplue of at least 0.01. This approach allowesing all
identified proteins as reference set.

In case of interest, automatically generated networks from separate analyses were merged
using the automatic mergol from IPA Userdefined networks (called pathways) centered
around the starting node IFN ¢ SNBX ONXB I (6 SR2 24 A¥H WKISYANRIGH K g |
addition of further nodes according to information stored in thecsdled Ingenuity Pathway
Knowledge BaseRKB) wasestricted to a list of genegtoteins that are differentially expressed
in at least 1 of 4 comparisons 1) FN SFF¥FSOGa Ay ! [SSTF® O.ldia A yH U plrC
3) strain difference at notreated control level and 4) strain difference @ftiFN' | OG A @ G A 2
Networks were built either without further restrictions or with additional restriction to
macrophage/RAW cells (i.e. only genes/proteins in the IPKB described to be linked'to IRANy
macrophages or RAW cells were allowed to enter e network). Lists of genes included in
theIFNNN OSYGSNBR ySig2Nla 6SNB O2YLI NBR (G2 ARSylO
networks without and with restriction to macrophage/RAW cells and finally exported via
spreadsheet.
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HOSTCELL GENEEXPRESSIONPATTERN IN AN
IN VITROINFECTIONMODEL

Host cell line and conditionsf cell cultivation[performed byMelanie Gutjahr]

S9 cells were grown to confluency indf@-diameter cell culture dishes with 18l eMEM cell
culture medium Cell culture mediuneMEM consists of 1x concentrated MEM (PromoCell GmbH,
Heidelberg, Germany) supplemented with adxhal 4% FCS (fetal calf serum, Biochrom AG,
Berlin, Germany), % nonressential amino acids (PAA Laboratories GmbH, Pasching, Austria), and
2% Lglutamine (200nM stock; PAA).

Bacterial growth mediumand cultivation [performed byMelanie Gutjahrand Maren Depké

Staphylococcus aureuBN1HG GFP (plasmid pMV158GFP) was grown imI1@MEM
medium at 37°C with linear shaking of 125 strokes/min (stroke lengtmr@8 in 500ml-
Erlenmeyer bacterial culture flasks. Optical density (OD) was measured atn600

The adapted cell culture medium pMEM contains 1x concentrated MEM without sodium
bicarbonate (10x concentrate; Invitrogen, Karlsruhe, Germany, nbressential amino acids
(PAA Laboratories GmbH, Pasching, Austria) amfldl-glutamine (PAA) and isigplemented
with 10mM HEPES (PAA) andn®l of each talanine, Heucine, kisoleucine, tvaline,
aspartate, kglutamate, kserine, kthreonine, kcysteine, kproline, Lhistidine, kphenyl alanine,
and Ltryptophan (PromoCell GmbH, Heidelberg, Germank® pH is adjusted to 7.4 with NaOH.
Use of this mediumhas been established by Sandra Scharf had been first reported by
Schmidt et al. in 2010.

Cell culture infection mode]performed byMelanie Gutjahrand Maren Depké

When bacterial culturereached an OD of 0.4 the S9 cells were infected with a multiplicity of
infection (MOI) of 25Bacterial cultures and eukaryotic cell culture mediumere mixed in a final
volumesufficient for inoculation of all cell culture plates processed in parallgds&jently, this
mix wasadded to the cell culture plates to ensure equal distribution of staphylococci on the host
cell layer and reproducible infection of all cell culture plates in each experiment.

6.36E+07 cfu/ml had been determined at OD 0.6 @ureusRN1IHG GFP in pMEWlelanie
Gutjahr) Confluent 1&cmdiameter cell culture plates contain 8.0E+06 S9 cells. Therefore, in
these experiments approximately 30 of bacterial culture had to be included in the infection
medium to obtain a suspension of which M0 infect one cell culture plate with a MOI of 25
(3.14ml bacterial culture ira total of 10 ml infection medium).

S9 cells and staphylococci were-inoubated for 1h at 37°C in % CG@atmosphere.
Afterwards, the infection medium was replaced by eME&dMtaining10 pg/ml lysostaphin (AMBI
PRODUCTS LLC, Lawrence, NY, UsA)harvesting of cells. Two time points were included in
this study: 2.51 and 6.5h after start of infectionkig.M.4.1).

Control samples were treated accordingly. Only the volume of bacterial culture in the
infection mix was substituted by fresh, sterile bacterial cell culture medium pMEM.
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Sample harvesting for transcriptome analysis

After caincubation of staphylococcal with host cells and subsequent lysostaphin treatment,

(KS {d OStt 188N 61 & 61 &KSRand MG CAMLRLbDRELorBsdzt 6 SO0 2 O

GmbH, Pasching, Austria). Cells were detached with ttypsin/EDTA (PAA) supplemented with
0.1pug/ml actinomycin D (Sigmaldrich, Steinheim, Germany) and 8M sodium azide (Merck
KGaA, Darmstadt, Germany) for some minutes. Trypsactien was stopped with Bl cell
culture medium eMEMand cells were pelleted at room temperature fomdn at 500x g with

af AGKGft & NBRAzZOSR oOoNBIF1® ¢KS OSft f ¥ asdIWNBPA&) & KSR

and resuspended in FlacsFlow (Becickinson Biosciences, San Jose, CA, USA) for sorting of
infected and norinfected host cells. Both solutions were supplemented with 040@%ni
actinomycin D (Sigmaldrich) and 20nM sodium azide (Merck). Control samples were treated in
the same way.

Protein samples and control measurementpégrformed byMelanie Gutjahr]

Samples for transcriptome analysis were harvested in parallel with samples for host proteome
analysis Fig.M.4.1). For protein samples, trypsin, PBS and FacsFlow solutions were not
supplemented with actinomycin D and sodium azided control samples were directly lysed in
UT buffer (8 urea, 2M thiourea). One additional control withut any treatment was included.

Forthe bacterialstarting culture (OD 0.4, the infection mix, andsamples after 2.5 and 65 h
of infection(internalized bacterifviable cell counts were determined by plating on TSB agar and
incubation for 2448 h at 37°C.

FACSmeasurements andcell sorting [performed by Petra Hildebrandt] sample harvest and
disruption [performed by Maren Depke]

Cells were sorted into infected @gn fluorescence positive) and ndmfected (green
fluorescence negative) cells in ldosafety 2 levelFAC@ria high-speed cell sorter (Becton
DickinsonBiosciences, San Jose, CA, W&)488nm excitation from a blue Coherent Sapphire
solid state laseat 18mW. Optical filters were set up to detect the emitted GFP fluorescence at

2y
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515nm to 545nm (FITC filter block). All FSC and SSC data were recorded at linear scale, the
fluorescence data were recorded at logarithmic scale with the EA@S/5.03 sdivare (Becton
Dickinson. Prior to measurement of bacteria containing eukaryotic S9,¢aksproper function

of the instrument was determined by using Sphewh® Rainbow calibration particles
(SpherotechlLake Forest, JLJUSA). Prior to sortinghe drop delay was adjusted to >90 sorting

with the ACCUDROP beads (Becton Dickinserting was performed from the gate set in FSC

vs. FITC dot plot after eliminating doublets and cell clumps by gating/88&€SSEA and FS&V

vs. FSEA at a threshold rateip to 3000cells/swith sort mode purity which results in a sorted
sample that is highly pure, at the expense of recovery and yield.

For each transcriptome sample, 5.0E+05 to 7.0E+05 cells were ed|l@dtereador protein
samplesapproXmately 4.0E+0&ells were sorted. During the whole period of sorting and sample
collection, the sample reservoir arttle collection tubes were cooled to 4°C. Control samples
were stored on ice during sorting of infected samples. Sorted and control cell suspensions were
centrifuged for 5min at 500xg and 4°C. The supernatants were removed and each cell pellet
devoted to transcriptome analysis wassed in Iml TRtoL(Invitrogen, Karlsruhe, Germany) by
repeated pipetting. After incubation for 1fdin at room temperaturethe lysate was flasfrozen
Ay tAljdZAR yAGNR3ISY YR &a02NBR brtnc/ dzyGAf whb!
samples for transcriptome and proteome analysis were used dyuige information on cell
vitality by propidium iodide staining.

RNApreparation

The lysates were thawed at room temperature. Chloroform was added KROO
chloroform/ 1 ml TRtol), samples were shaken vigorously for sl%nd incubated at room
temperature for 5min. Organic and aqueous phase were separated by centrifug&ti000x g,
15min, 4°C) and RNA was precipitated from the aqueoliase with 50Qul isopropanol(2-
propanoly 1 ml TRroLand 1ul 5mg/ml linear acrylamide (Ambion Inc., Austin, TX, USA, now
part of Applied Biosystems, Foster City, CA, USA) as précipiA 2y | AR 2 @SNY A IKI
062 o6 aKSa écholed 80 ethanofthe RMSwas dried at room temperature and
solved in nucleas&ee water (Ambion). The concentration was determined photometrically
(NanoDrop NELOOO, NanoDrop Technologie8Vilmington, DE, USARnd the quality was
checked with an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA).

DNA array analysis

The RNA expression profid host cellavas analyzed on GeneChip Human Gene 1.0 ST arrays
(Affymetrix, Santa Clara, CA, USA) using the Whole Transcript (WT) Sense Target Labeling and
/2y iNRBEf NBI3ISyda | OO2NRAYy3I G2 GKS YIydzZFIl Ol dz2NB
in a GeneChip FluidicsStati¢B0 and scanned with a GeneChip Scanner 3000 fi3ndtrix).

DNA array data analysis

The array image files (CEL) were first quality controlled in the Expression Console software
(Affymetrix) andthen imported into the Rosetta Resolver softwarBdsetta Biosoftware, Seattle,
WA, USAfor data analysisSignals were generated and normalized using the RMA algorithm.
Groups were compared in lggansformed space using erraveighted oneway ANOVA with
BenjaminiHochberg False Discovery Rate multiple testing correction artD@¥1l was regarded
as significat. The control sequences @. negative, positive, polyA, and hybridization controls)
and sequences that were not expressed on all arrays in the selected group comparison (with
p>0.01 on intensity profile level in Rosetta Resolver software) were radided in statistical
testing.
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Afterwards, the sequence sets were translated into EntrezGene records using the Rosetta
Resolver annotation oDecember 2009and an absolute fold change cutoff of 1.5 after
combining the biological replicates was applied.

Ingenuity Pathway Analysis (IPA) of gene expression data

EntrezGene identifiers and fold change gene expression data of differentially expressed genes
were imported to the Ingenuity Pathway Analysis tool version 8.6 (Ingenuity Systems Inc.,
www.ingenuity.can) and analyzed using all genes of the GeneChip Human Gene 1.0 ST array as
reference set without further restriction.
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Growth Media Comparison Study

Bacterial cultivation, growth mediaand sampling time points

Staphylococcus aureuRN1HG was growmt 37°C with orbital shaking of 200m in
Erlenmeyer bacterial culture flasks. Culture volume did not exceed 1/5 of culture flask volume.
Optical density (OD) was measured at 600(Rig.M.5.1).

Different media were included in this studyan international cebperation in the settings of the
EUIP-FP6project BaSysBio (LSHI3206-037469 consortium, eg. the complete bacterial
culturemediumTSB cell culture mediumminimal medium, and human serum. Here, only results
FNRY alYLX Sa 2F (KS YS R ANdevonténtslaf@haadaptédicéllcultizeS LINS 3
medium pMEM (Schnidt et al. 2010) have already been listed above (see Material and
MethodgHost Cell Gene Expression Pattern in iawvitro Infection ModelBacterial growth

medium page51).

Bacterial samples were taken in the exponential growth phase amdt2 and 4h (t,) after
entry into stationary growth.

OD600
10.00

-

/ /7~
1.00 4

0.10 /
/ ---TSB

—— pMEM

Fig.M.5.1: 0.01
Example for bacterial growth in TSB and pMEM medium. 0 2 4 6 8 10 12 14 16 18 20 22 24
time/h

Bacterial cell harvest and disruption

At different growth phasess to 15 optical density units &.aureusRN1HG were harvested
on ice with addition of at least one third volume of Killing Buffer (@ Tris pH7.5, 5mM
MgC}, 20mM NaN). Pellets were flasiE NB T Sy Ay fAljdZAR YyAGNRISY | y|
disruption.

For cell disruptionthe pellet was resuspended on ice in 200Killing Buffer, transferred to
liquid nitrogen cooled Teflon vesseénd disintegrated mechanically at 2600 rpm for 2 min in a
bead mill (Mikrodismembrator S, B. Braun Biotech fmétional GmbH, Melsungen, Germany;
now part of Sartorius AG, Gottingen, Germany). Frozen cell and buffer powder mix was
resuspendend in #l of 50°C pravarmed lysis solution (M guanidinethiocyanate, 25nM
sodium acetate ph.5, 0.8%6 Nlauroylsarcosiate) until the solution appeared clear and
homogeneous. Four aliquots withml each were intermittently frozen in liquid nitrogen and
a02NBR bLtnc/ @
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RNA preparation

RNA was prepared using the agikdenolmethod. The lysatesaqueous phases were
extractedtwice with an equal volume of acid phenol solution (Roth, Karlsruhe, Germany) and
once with an equal volume of chloroforisoamyl alcohol @nethyl-1-butanol) mix (24 vol. of
chloroform and 1 vol. of isoamyl alcohol wliprated with 1M Tris/HCI pHB.0). RNA was
precipitated from the remaining cleaned aqueous phase with 1/10 volumeMbk8dium acetate
pH5.5 and 1 volume of isopropanol (fopanol)2 S NY A IKG G bwuwnc/ & ! FiGSNJ
£20°C precooled 836 ethanolthe RNA was dried at room tempaure and solved in nuclease
free water (Ambion Inc., Austin, TX, USA, now part of Applied Biosystems, Foster City, CA, USA).

To avoid the influence of potential DNA contaminatidne RNA was DNase treated and
afterwards purified using the RNA Cledp and Concentration Kit (Norgen Biotek Corp., Thorold,
ON, Canada; distributed by BioCat GmbH, Heidelb&grmany. The concentration was
determined photometrically (NanoDrop NID0O, NanoDrop Technologies, Wilmington, DE,
USA)and the quality was checkeditiv an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa
Clara, CA, USA).
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Maren Depke

In vitro Infection Experiment Sidy

Host cell line and culture conditiongerformed byPetra Hildebrandt]

S9 cells werecultivated as described above (see Material and Methods/Host Cell Gene
Expression Pattern in anvitro Infection Mode] page51).

Bacterial growth medium and cultivatiofiperformed byMelanie Gutjahrand Maren Depké

Staphylococcus aurelRN1HG or RN1IHG GFP (plasmid pMV158GFP) was gro@@nm 2
pMEM medium at 37°C with linear shaking of 110 strokes/min (stroke lengtin28in 1000ml-
Erlenmeyer bacterial culture flaskéll other experimental parameters (@. medium pMEM)
were identical to those described aboysee Material and Methods/ébt Cell Gene Expression
Pattern in arin vitro Infection Mode) page51).

Cell culture infection modeJperformed byMelanie Gutjahrand Maren Depke]

The cell culture infection model was performed as described above (see Material and
Methods/Host Cell Gene Expression Pattern inirawitro Infection Model,page51) and also
included the samewto time pointsof 2.5h and 6.5h after start of infectionig.M.5.2).

experimental timepoint/ h

cultivationto OD 0.4 ! 0 1 2 3 4 5 6 7
= | 1 | 1 1 \ >
infe(;]tion lysostaphirtreatment
1 S
to 1h 25h 6.5h
internalized internalized internalized
bacterial S. aureus S. aureus
samples
non- )
Fig.M.5.2: anaerobic
Ti?ne line ) exponential esldherent S. aureus
! ¢ bacterial growth ~ =-aureus serumco,
of infection control phase control
experiments samples (OD0.4) S.aureus
for bacterial 3. aureusSeMUMCo; serum'CG,
or bacteria control control
S.aureus S.aureus

samples.

57
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Bacterial control samples

Bacterialsamples were taken as comparison and to control for additional experimental effects
(Fig.M.5.2 andFig.M.5.3):
1 exponential growth phase at OD 0.4
9 staphylococci after b, 2.5h, and 6.5h of incubation in the infection medium in%
CQ-atmosphere at 37°Gwithout agitation (i.e. in cell culture dishes inserum
containing medium but without presence of host cells)
1 nonadherent staphylococci after i1 of caincubation with eukaryotic cells and their
products in 6 C@atmosphere and at 37°C
9 staphylococci after 2.6 of anaerobiéncubation in pMEM medium at 37°C
Cells were harvestedsing Killing Buffe(20mM Tris pHZ.5, 5mM MgC}, 20mM NaN) as
described above (sedlaterial and MethodsGrowth Media Comparison StuBacterial cell
harvest,pagebb).

TR —
iy

&

exponentialgrowth phase

\

Wi anaerobic
' incubation
1 25h

serumcontrol

infection with CQ exposure
mix 1h,25h,65h
3
e g

/ non-adherentstaphylococcil h
Fig.M.5.3: R R LT S 2
. . . . . ~ N . v U “ 1
Vlsqallz_athn of t_)actenal qontrol samplgs in B Y s Socells
the in vitro infection experiments for tiling & staphylococci
i

array analysis. nternalizedstaphylococci2.5 h, 6.5 h

Preparation of internalized staphylococci

The lysostaphitontaining medium was replaced/ dml Killing Buffer (2M Tris pH7.5,
5mM MgC}, 20mM NaN) with 150mM NacCl. In this isotonic buffer the infected S9 cells were
scraped from the culture dish, resuspended and transferred to amil.Bube for further
processing while maintaining thategrity of the majority of host cells. All following steps were
performed on ice or at 4°C. Cells were pelleted (860for 5 min) and fixed in ieeold
acetone/ethanol (506 v/v) for 4min as described by Garzoni et al. (2007) followed by a
centrifugaion step at 2000& g for 3min. The eukaryotic part of the cell pellet was lysed in RLT
buffer (Qiagen, Hilden, Germany) and homogenized twice using QIAshredder (Qiagen, Hilden,
Germany) and centrifugation at 2008@ for 2min. In this process staphylocci were not lysed
although they lost their viability. Therefore, the resulting pellet contained staphylococcal cells
and eukaryotic cell debris. Pellets from several plates processed in parallel were combined and
washed once with RLT buffer and four tisneith TE buffer (1M Tris/HCI pH8, 1mM EDTA
pH8) to remove residual contaminations of the host cells. Staphylococcal cell pellets were flash
TNRIT Sy Ay fAljdZAR YyAGNRISY FyR aG2NBR 4 btnc/
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Bacterial cell disruption

For celldisruption the bacterial cell pellet was resuspended on ice ipl6E (10mMM Tris/HCI
pHS8, 1mM EDTA pH8) supplemented with 2€nM NaN and transferred together with 0.6l
TRtoL (Invitrogen, Karlsruhe, Germany) to liquid nitrogen cooled Teflon ves€als were
disintegrated mechanically at 260pm for 2min in a bead mill (Mikrodismembrator S, B. Braun
Biotech International GmbH, Melsungen, Germany; now part of Sartorius AG, Géttingen,
Germany). Another 0.B11 of TREOLwas added and the frozen lysate was allowed to thaw. In
total, the liquid lysate was incubated at room temperature formid and afterwards flash
FNRBIT Sy Ay fAljdZAR yAGNRISY YR aG2NBR bTtnc/ dzyi

RNA preparation

The lysates from bead millisruption were thawed at room temperature. Chloroform was
added (20Qul chloroformy 1 ml TRkol), samples were shaken vigorously forsland incubated
at room temperature for Bnin. Organic and aqueous phase were separated by centrifugation
(12000xg, 15min, 4°C) and RNA was precipitated from the aqeqhase with 50Ql
isopropanol (2-propanoly 1ml TRkoL2 @S NY AIKG G bwunc/ ® | FGESNI (672
cooled 8®6 ethanol the RNA was dried at room temperature and solved in nuefesesevater
(Ambion Inc., Austin, TX, USA, now part of Applied Biosystems, Foster City, CA, USA).

DNase treatment was only possible for control samples because the RNA vyield of internalized
staphylococci was near the minimum amount needed for tiling array hybridizafior controls,
DNase digestion and RNA purification was performed as described beforéViégeeal and
Methodd Growth Media Comparison Studypage56). The concentration was determined
photometrically (NanoDrop NDOOO, NanoDrop Technologies, Wilmington, DE, USA) and the
quality was cheatd with an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA,
USA).
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Tiling Array Expression Profiling

Tiling arraydesign

¢KS anyncann@{! gWI @g¢Af A WHanhe JaridI{CGentew foBiologikds & A Iy SR
Sequence Analysis, Department of Systems Biology, Technical litpieérBenmark, Lyngby,
Denmark) using algorithms, which hakecently been published in the context of B.subtilis
tiling array (Rasmussen et al. 2009 brief, isethermal probes of 45hucleotides (t) to 65nt
were designed to cover the whole genomeShfureus Probes were arranged in 22 intervals
on each strandand possessed an offset of hfl between the strands. The array design for
S.aureuswas part of the interrational cooperationEUIP-FP6project BaSysBio (LSHII 2006
037469) which is funded by the European Commisaimhcoordinated by Philippe NoirdiNRA,
Mathématique Informatique et Génomd&ouyen-JosasFrancé.

The sequences were synthieed on quartz vafers by NimbleGen (Roche NimbleGen,
Madison, WI, USA) in@stom, highdensity DNA array format by applying the Maskless Array
Synthesizer (MAS) technology in combination with photediated synthesis chemistry. The
basic principle of the synthesis isalid-state array of miniature aluminum mirrors which direct
UMlight at the place where the next reaction steps should occarUX¢labile protection group is
separated from the nascent oligonucleotide and releases a reactive site for binding of the next
nucleotide. Thus, the synthesis of the oligonucleotide sequences requireg reaction steps,
where m is the length of the oligonucleotide (number of nucleotides) and at each intermediate
length step the four possible nucleotides A, T, C, and G will be added in a single, separate
reaction.

Tiling array hybridization

The tiling array hybridization was germed at NimbleGen (Roche NimbleGen, Madison, WI,
USA) agording to standard protocols. BrieflfOug of high quality RNA samples wereverse
transcribed to cDNA in the presence of actinomyZiwith subsequent alkaline RNA hydrolysis.
Precipitated andesolved cDNA was labeled with Cy3 dyeN##SEster Dye Coupling Reaction
After spinrcolumn based purification and quality control, labeled cDNA was hybridized together
with appropriate controls to tiling arrays ttie 080604_SA_JH_Tiling desigmraysvere washed
and scanned and raw intensity data of tiling probes were provided to the customer.

Tiling array raw data analysis

The raw data analysis and condensing of probe data to transcripts/genes was performed by
Pierre NicolasAurélie Leduc and Phifipe Bessiéres(INRA, Matbématique Informatique et
Génome Jouyen-Josas France). Intensity values for annotated genes were derived from the
individual probe data by calculating the median of the probes located within the genomic
coordinates of these gene#\nalysis of hybridization signal, identification of transcription start
and end boundaries and by this means segmentation into transcriptional units was executed by a
novel algorithmbased on ahidden Markov model, which allows to identify new, formerly
unknown or norannotated transcript¢Nicolas et al2009).
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Tilingarray expressiondata analysis

Condensedlinear spacaeene expression values veeimported via the Gene Expression Text
Loader (GETL) intine Rosetta Resolver softwar®dsettaBiosoftware, Seattle, WA, Upfor
data analysis.Inter-chip mediarscaling (normalization) and detrending (Rosetta Resolver
proprietary algorithm) were applieth the experiment definitions (EE) allow direct comparison
of values from different array$Groups were compared in ldgansformed space usingxtbook
one-way ANOVAwith BenjaminiHochberg False Discovery Rate multiple testing correction and
p* <0.06 was regaréd as significantAn absolute fold change cutoff of 2 was applied.
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Maren Depke

RESULTS

LIVERGENE EXPRESSIONPATTERN IN AMOUSE
PSYCHOLOGICABTRESSMODEL

The results of the liver gene expression profiling in a mouse psychological stress model have
been published by Depke et al. in 2008 and 20barray data are available dte b / .s Géhe
Expression OmnibusGEO, http://www.ncbi.nlmih.gov/geo/) database and are accessible
through GEO Series accession no. GSE1Fi@thermore, Ilsts of differentially expressed genes
are included as supplemental datéd 5SLJ S SiG Ifd wnnyo d (GKS
(http://endo.endojournals.org) Stress and infection expienents, physiological measurements
andhistological analysesere performed by Cornelia Kiartkerdata are cited here because they
are essential for the understanding of physiological events and potential dysregulations during
acute and chronic stress mice.

Repeated stresénduced cachexia accompanied by hypercortisolism, hyperleptinemia, and
hypothyroidism[Cornelia Kiank]

Repeated psychological stress caused a severe loss of body mass in BALB/c mice while mean
food intake and water consumption werealtered durirg 4.5daysstress exposure. Food intake
was 95.1+19.9 g/cage in the repeatedly stressed vs. H19.4 g/cage in the nonstressed
groups, and water consumption was 2b@0 ml/cage in stressed vs. 24@0 mfcage in the
control mice (thre independent experiments with nine mice per cag&3.the food and water
intake was consistently found to bermal,the question arosevhether the severe loss of body
mass after repeated stress exposwras dependent on hormonal changesepeatedly stresed
mice showed increased corticosterone concentrations in the peripheral blegdR(11 A) along
with a hypertrophy of the adrenalottex with decreased size dipid storage vesicles in the
glucocorticoidproducing zona fasciculatéig. R.11 B, C).

A

F 750'

€

3

o

£ 500
Hg. R.11: Repeated stressduced activationof the HPA axis in BALB/c g
mice. —
A. Increased plasma corticosterone levels irpeatedly stressed mice 8
(black box plot) compared with nonstressed mice (white Iptot) (n=9 g
mice per group). 5 250
B, C Hypertrophy of the zona fasciculata of the adrenal cortex (white line) 8
in repeatedly stressed mice (B) compared with nonstressed controls (C)S
(HE staining magnification, x100); each picture is representative for nine 3
mice per group. *p <0.05 MannWhitney U test; data reproduced in at
least three independent experiments. 0-
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In fact, the increase in circulating glucocorticoids (GCs) was less pronounced than after acute
stress (Depke et al. 2008: supmental material 1 at http://endo.endojournals.org), but the
continuing hypothalamipituitary-adrenal (HPA) axis response might contribute to the reduction
of body weight of up to 2% during the time course of repeated stress expostig.R.12 A).

This loss of body mass was not associated with significantly altered growth hormone (GH)
concentrations in the Iood of stresed (13.6£7.6ngml) vs. nonstressed mice
(10.8+5.4ng/ml). However, stressiduced hyperleptinemia was measurelid.R.12 B). Total
triiodothyronine/ T; (Fig.R.12 C) and total thyroxinET, levels Fig.R.12 D) were reduced in the
plasma of stressed animals, whereas thyroglobulin concentrations remained unchanged (data not
shown).

Fig.R.12: Repeated psychological stress

induced loss of BW, increase of plasma A B C D
leptin levels, and hypothyroidism in mice. . 250
A. Loss of bogmass during the period of 7501 | LA [

4.5days intermittent stress (black box
plots) compared with nonstressed coat
mice (white box mits) (n=12 mice per
group).

B. Plasma leptin levels after nine stress
cycles compred with nonstressed mice
(n=12 mice per group).

C, D. T7(C) and 7 (D) concentrations in
the plasma of repeatedly stressed and
control mie (n=12 mice per group).
* p<0.05; ** p<0.01 MannWhitney 54
Utest; data representative for two
independent experiments.
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Repeated stresénduced changes of global hepatic gene expression

In an approach to a more comprehensive characterization of the metabolic changes that occur
as a result of repeated acoustic and restraint strebg, expression signatures of liver from
repeatedly stressed BALB/c miegere recorded and compared i those of nonstressed
controls. The Affymetribased mRNA expression profiling of the liver of repeatedly stressed vs.
nonstressed animals revealed induction and repression, respectively, of 120 and 50 genes in both
independent stress experiments performelb dscriminate effects of repeated stress from those
of acute stress, the changes in the hepatic gene expression that occurred as a result of a single
stress exposuravere additionally analyzedin this model of acute stress, 192 and 123 genes
displayed stresmediated induction or repression of expression

Comparatively analyzing the effects of acute and repeated stress, it became clear that both
types of stress target a common set of 94 genes. Furthermore, 221 and 76 genes were
predominantly regulated by ate and repeated stress, respectiveRid.R.13 A).

To analyze the changes in gene expression within the frameworkredidgl accumulated
knowledge, the lists of genes differentially expressed after acute and repeated stress or both
were subjected to an analysis using the IPA software. This software allowed for an intuitive
mining of the data of the 391 differentially exm®ed genes to gather an impression of the
biological rationale of the expression changes experimentally observed within the context of
published data.

When the IPA software was used to analyze the molecular and cellular functions targeted by
stress, aniff dzSy OS 2y ONRBIR OFGS3I2NASE &adzOK a OStft 3N
was noted Fig.R.13 B). However,tiwas also apparent that genes related to metabolic diseases
were most significantly influenced by the repeated stress expostigeR.13 ©). This finding was
in line with the metabolic disturbances observed before. Supporting this notion of a major impact
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of repeated stress on metabolism, highly significant changes were also noted for more specific
categories such as ang acid metabolism and lipid metabolism. Some of these influences on
metabolism were already noted during acute stress because changes related to metabolic
disease ranked at number six when genes commonly influenced by acute and repeated stress
were analyed. Genes involved in more specific categories of metabolism such as lipid and amino
acid metabolism were only moderately influenced by acute stress. Thus, the gene expression
profiling favors the idea that acute stress sets into motion a gene regulatiscade that is then
manifested during repeated stress exposure finally leading to the observed metabolic
disturbances.

A Numbers of differentially expressed genes after acute and chronic stress or in both models

differential gene expression
after both
acute and repeated stress

acutestressspecific
differential geneexpression

repeated stress specific
differential gene expression

B. Overrepresented functions withighest significance in the lists of differentially expressed genes

rank function function function
1 CellCycle CellulaiGrowthand Proliferation MetabolicDisease
2 CellulaiGrowthand Proliferation CellDeath HematologicaDisease
3 CellDeath ConnectiveTissueDisorders CellSignaling
4 Gene Expression InflammatoryDisease Immune Response
5 CellulaDevelopment SkeletabndMuscularDisorders LipidMetabolism
6 Cancer MetabolicDisease AminoAcidMetabolism

C Selected overepresented metabolic functions in the lists of differentially expressed genes

function rank rank rank
MetabolicDisease 26 6 1
AminoAcid Metabolism 24 62 6
LipidMetabolism 16 16 5

Fig.R.13: Impact of acute and repeated stress on metabolic genes and genes asdagititenetabolic disease.

A. Graphical display of genes differentially expressed after acute or repeated stress, or both stress types. The numbarthgiven i
Venn diagram include cDNAs, which are not functionally annotated: 29 of 221 genes regulaifdadigen acute stress, nine of 94
genes regulated in both acute and repeated stress, and two of 76 genes regulatgficafly for repeated stress.

B, C.The lists of genes differentially expressed either only after acute stress and repeated stedter twoth acute and repeated
stress were loaded into IPA version 5.5 (Ingenuity Systems) to interpret the affected genes within the context of thecpublish
literature. Metabolism seemed to be a major target of gene regulation after repeated stress egpasul, thus, the influence of
acute and repeated stress on metabolisssociated genes was analyzed. The impact of acute or repeated stress alone as well as both
stress types is displayed by showing the rankings within the list of statistically sighifioserrepresented functional groups for
genes related to metabolic disease, amino acid metabolism and lipid metabolism.

B. Overrepresented functions with highest significance in the lists of differentially expressed genes in acute and repeated stress.
C. Impact of acute and repeated stress on metabolic functions.

To elucidate the reasons for stressluced cachexiat wasdecided to concentrate selectively
on changes of expression of genes whose products are involved in metabolic processes and
reguktion of metabolic pathways. Several genes that were regulated in the liver of repeatedly
stressed animals could be linked to hypercatabolising.R.13). Genes relevant for amino acid
metabolism, especially amino acid transporters and enzymes metabolizing glucogenic amino
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acids [Slc15a4, SIc25a15, Slc3al, Asl, and glutamaleaogtate transaminase 1 (Gotl)], were
mostly induced. Moreover, the liver gene expression profiling of repeatedly stressed mice
indicated increased metabolism of lipids [Adh4, Apoa4, Cd74, Chptl, Cypl7al, Cyp2bl0,
Cyp3als, Cyp4al0, Cyp8bl, Hsd17b2, H5d8882417NO5Rik (Hspcl05), Saa2, Slcolal, Xbp1l].

To validate the array data, retiine RTPCR focusing on chronic stréisduced dysregulation
and its pathophysiological effectsas performed Therefore, genes that were associated with
repeated stressnfluenced metabolic processes of carbohydrate metabolism (Pckl), fat
metabolism (Srebfl), and amino acid metabolism (Asl, Sds), and with-stdesed apoptosis
(Gadd45b)wvere chosen. For all selected genes, the regulation found with the Affymdtased
expression profiling was confirmeddbleR.1.].

TableR.1.1 Realtime PCR validation of array data in repeated stress experiments

n/ (Itargééb Cteterence Act)

target gene p-value
control group® repeated stress grou'b

Asl 2.90+0.33 1.50 +0.23 < 0.0001

Gadd45b 9.66 + 0.64 6.83 +1.55 < 0.0001

Pckl 2.53 +0.52 0.02 +0.72 < 0.0001

Sds 5.66 £ 0.41 3.70£0.64 < 0.0001

Srebfl 8.01 +0.18 8.36 £ 0.13 < 0.0001

#Validation of expression data by reiwhe PCR was carried out for all individual RNA preparations of the two biological experiments
(n=9 plus =8 mice/group) of the two experiments focusing on effects of repeated sergesures.
P5AFTTFSNBYOSa 2F n/ i OMWhiteSdests SNB |yt el SR o6& alyy

Induction of gluconeogenesis in repeatedly stressed mice

Stimulated by the observed loss in total body mass and the suspected involvement of
carbohydrate metabolism, the expressioprofiles for relevant geneswere specifically
investigated even if this category was not part of the first most significant biological functions
according to the IPA categorization. Strirsduced increased expression of Foxol, Igfbpl, Irs1,
and Pckl, asvell as reduced mRNA levels of Srebfl, can induce hyperglycemia because of
activation of gluconeogenic pathways. In contrast, the gene products of Cebpb, Igfbpl, St3galb5,
and Tnfrsflb are associated with hypoglycemia, and may indicate counterregulat@gspes to
decrease blood glucose levels.

In singularly stressed micm vivo analysis did not reveal significant changes of carbohydrate
regulation pathways, . of leptin concentrations in the plasma, blood glucose levels, or liver
histology Depke etal. 2008:supplemental material at http://endo.endojournals.orj

In contrast, repeated stress induced pathophysiologically relevant alterations of protein and
lipid metabolism to provide fuel for gluconeogenesis. Only in chronically stressed mice
disturbances of the carbohydrate metabolism became detectable @isdvo. This included a
transient hypoglycemic period immediately after the termination of the ninth stress session.
However, after resuming food intake in the home cage, blood glucose lexetased rapidly
and resulted in a prolonged hyperglycemia that still was detectable 2 h ReR(14 A). In the
liver of repeatedly stressed mice, an increased usage of carbohydrate reservoirs was assessed by
reduced PAS staining that stains aldehyde groups of carbohydrates in tissue and revealed
reduced storage of carbohydrates in the liver of repeatedly stressed coiogared with healthy
control mice Fg.R.14B, C). Moreover, after repeated stress, insulin concentrations in the
plasma were slightly increased (232131.4pgml) compared with control mice
(170£ 149pg ml). Resistin, an insuliresistance inducing adipokine, was significantly increased
in the plasma of repeatedly stressed mice when compared witnstressed animal
(Fg.R.14D). Aalysis of pH in EDTA plasma samples revealed stessed acidosis
(Fg.R.14 E).
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Fg.R.14: Disturbances of murine carbohydrate metabolism afegeated psychological stress.

A. Kinetics of blood glucose levels immediately after termination of the ninth stress cycle (black box plots) comparmashtaits

(white box plot) (n=9 mice per group).

B, C Reduced storage of carbohydrates in the ieé repeatedly stressed mice (B) compared with nonstressed mice (C) (PAS staining
magpnification, x200); each picture is representative for nine mice per group.

D, EPlasma resistin levels (D) and pH of EDTA plasma (E@ssfest and nonstressed mice£ti2 mice per group). p <0.05 Mann
Whitney U test; data representative for two independent experiments.

Hypercholesteremia after repeated stress exposure

Global gene expression analysis of the liver of repeatedly stressed mice revealed stress
inducedchanges of the gene expression profile of lipid metabolifig.R.13). Therefore, the
lipid turnover of these micevas analyzedAfter repeated stress exposure, a hepatic steatosis was
observed Fig.R.1.54), whereas no sigficant numbers of lipid vesicles were detected in the liver
of control mice Fig.R.1.5B). A Sudan Il stang, which selectively stains triglycerides but not
cholesterol esters, did not indicate any differences between stressed vs. nonstressed mice (data
not shown). Therefore, the lipids that were accumulated in the liver were presumably not
triglycerides butsteroids or their precursor molecules. This is supported by the array data that
showed upregulation of genes for steroid metabolism (Cypl7al, Cyp2b10, Cyp39al, Cyp4dald,
and Por).

Analysis of plasma lipid composition in repeatedly stressed mice showedeaedriglyceride
levels Fig.R.1.5C) but increased total cholesterol concentrationsig(R.1.5D). Among
lipoproteins the HDL fraction was increaselid.R.1.5E), whereas VLDL concentrations were
strongly decreased{g.R.1.5F). LDicholesterol levels did not changEig.R.1.5G).

In contrast to the repeated stress model, plasma lipid composition or histological alterations
in the liverwere not detectedwhen comparing acutely stressed and control mibegke et al.
2008: supplemental material 1 at http://emdendojournals.or)y In addition, the expression
profiling of acutely stressed mice did not reveal major changes in genes involved in lipid
metabolism, probably indicating that hepatocytes of stressed mice started an anticipatory gene
expression program ding the repeated stress sessioits face the stressful situation whose
physiological impact did not become detectable until stress exposure was repeated.

Loss of essential amino acids in repeatedly stressed mice

The gene expression analysis of the liverepeatedly stressed animals also showed altered
expression profiles of genes whose products are involved in amino acid metaboligmAg.
Gotl, Prodh, Slcl5a4, Slc25a15, Slc3al, and HigdR.13). Despite the small group size of
analyzed animals, the amino acid composition of fresh plasma samples revealed significantly
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reduced concentrations of several essentiali@mnacids, eg. arginine, threonine, methionine,

and tryptophan, whereas nonessential amino acids showed fewer alterations in repeatedly

stressed miceQepke et al. 2008: supplemental material 5 at http://endo.endojournalg.olrgy

addition, gene expressn profiling of the liver of repeatedly stressed mice showed an induction

of genes for amino acid transporters and amino acid metabolizing enzymes (Sds, Slcl5a4,
Slc25al5, Slc3al, Gotl, and Tat), and provided hints for increased activation of amino acid
degradation pathways (Aass, Ahcy, Asl, Prodh, and Tdb&)intuction of Asl expressiadong

with a loss of arginine and citrulline in the plasrigeke et al. 2008: supplemental material 5 at
http://endo.endojournals.ory provided hints for altered ureaycle activity. This substantiates

idKS

Tat), which did not result in altered amino acid levels in the periphery (data not shown).
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mice. In contrast, after a single acute stress sessitRNA expression of only a few glucogenic
amino acid transporters and mabolizing enzymes was inducédthe liver (Sds, Slc38a2, and

B

Fig.R.1.5 Disturbances of fat metabain in repeatedly stresseadice.
A, B. Hepatic steatosis in repeatedly stressed mice (A) compared with nonstressed mice (B) (HE staining magnification, x20); each
picture is represetative for nine mice per group.

CcG. Plasma fat composition of repeatedly stressed mice (black box plots) and nonstressed controls (white box plots); triglyceride
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levels (C), total cholesterol (D), HEHolesterol (E), VLBiholesterol (F), and LEdholesterol (G) were measured immediatelyea
the ninth stress session 12 mice per group)** p<0.01; ** p <0.001, ManAWhitney U test.

Stressinduced alterations of hepatic gene expression of immune response genes after acute

and chronic stress

Theanalysis of liver homogenates afidaely and chronically stressed mice revealed an altered

MRNA expression of some immune response gem=e, canonical pathway analysis of
Ingenuity Pathway Analysis (IPA, www.ingenuity.ca/a3 appliedo gain a deeper insight in the
mechanism of stressinduced alterations of immune functions after acute or repeated
psychological stress. Looking at the effects of acute stress, ranking of canonical pathways by IPA

02Ré& Q:
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revealed the following five primetNBS G ayY dat - wk w4.0d80c O 8 AdddiboltiDy ¢ 6 L
wSOSLIIi2N) {#8x0pAYyAeeM O @DSIRA GSR LYKAOAGAZY 2
(p=6.4480p 0 = -ma L{DXCA Y I=7.29%@B), | YoRJI a1 SLI GAO CAONRaAAKI S
I O0 A @1 €2)06804). Ab IPA driven analysis of the conseq@snaf chronic stress exposure
in turn uncovered a prime influence onto the following five canonical pathways, which partially
2OSNI I LIISR gAGK (K2aS Ay Tt dzSy O SiRVediated Ihhibitizin S & (0 NJ
2F w-w CdfZ06RytE- Wkl - w | ©BI4ERB)IGA! 20/dzi S6 LI Kl &S wS 2
{ATYIl {=Ry¥EOp OELIG! YGAISY t NB &BEAHIM)IAY2R/ ot O f (dxGs2 B2ENJi
wSOSLIi 2N EAABMX Ay3IE 6L

Already after acute stress, many genes which are associated mitiume activationwere
induced(e.g. Egfr, Fgfl, Jun, Irf2, Lgals4, Lipg, Map3k5). Several of these markers such as II1r1,
ll6ra, Cxcll, Lpinl, Tnfrsfldr Vcaml were highly expressed in hepatic tissue also after repeated
stress exposure when comparedth non-stressed controlsinterestingly, IPA revealed a high
MRNA expression of acute phase response (APR) genes immediately after acute stress exposure
60l y2yAOlf LI GKgle | FFSOGSRKFaASNWGILYAFUENBYI
p =8.78:504), which was egn further increased after the nintstress session (Canonical pathway
! Odzi S LIKI &TSbleRIB)R ToRajiciaté thel biological relevance of an increased APR,
LPSbinding protein (LBP) and-r€active protein (CRPgoncentrations were determinedn
plasma. Acutely stressed mice did not show any significantly increased concentration of these
APR proteins afte? h stress exposure whereas LBP and CRP levels were significantly enhanced in
the plasma of chronically stressed mi€gg(R.16).

Fig.R.16: Acute phase proteins in the A B

plasma after acute and chronic stress and ik

in control mice. 7507 il ** 500 7 -
Plasma level of (A) L##ding protein l

(LBP) and (B)-f@active protein (CRP) of

acutely stressed mice (grey box plot),
chrorically stressed animals (black box

plot), and of norstressed controls.

n=12 mice/group

summarized from two independent 2501 é

experiments with comparable results.

** p<0.01, *** p<0.001 by oneway

ANOVA and Bonferroni  multiple 0
comparison test.
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Moreover, gene expression patterncontained several hints for the induction of immune
suppressive pathways which included anregulation of Tsc22d3 (GILZ, glucocorticioiduced
leucine zipper) or Fkbp5 in Hoecutely and chronically stressed mice and reduced expression of
interferon gamma inducible target genes such as Ifi47, ligpl, Saatd Socs2 selectively after
chronic stress compared with acutely stresseice and norstressed controls Importantly,
chronically stressed mice showed a reduced hepatic transcription of antigen presentation
pathway molecules such as CD74 antigen (la angsociated invariant chain) and the
histocompatibility chss Il antigens HRa and HZEa An overlay of the gene exmsion data to
the predefined IPAOI y2y AOIf LI GKgl& a!yiAaaSy tNBaSydald
stressinduced repression especially efted genes of the MHC classsignaling pathway
(Fig.R.17) which may significantly reduce the capacity to mount an antibacterial response.
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TableR.12: Tabular overview of streddB I dzf | 6 SR KSLI G§AO 3ISySaszs gKAOK I NB AyOfdzRS
{eadsSyvyaszs goo6dAyISydZAGedd2Y0 OFy2yA0lt LI GKglte& a! OdziS t KIFas
infgrma}tign on canonical pathway information on stress regulated hepatic genes
a! Odzi S t KI{a’s3 wiStary
namein  members fold changé
cellular canonical ™ IPA, if gene probe
location and group of name gene title (NetAffx) in in
- pathway set ID .
Function (IPAY more than (NetAffx) chronic acute
one gene stress  stress
plasma IL1IR1 IR, 111rl interleukin 1 receptor, type | 1448950_at 4.4 4.0
membrane ILIR/TLR
receptor IL6R ll6ra interleukin 6 receptor, alpha 1452416 _at 3.3 5.5
TNFR NGFR, Tnfrsflb  tumor necrosis factor receptor 1418099 at 2.4 3.4
TNFRSF1A, superfamily, member 1b
TNFRSF1B,
TNFRSF11F
cytoplasm/ ASK1 Map3k5 mitogen activated protein kinase 1421340 at 25
signal (Loc kinase kinase 5 /// similar to
transduction 675366) mitogen activated protein kinase
kinase kinase 5
ERK1/2  MAPK1, Mapk3 mitogen activated protein kinase ~ 1427060_at -1.6
MAPK3 3
GCR* Nr3cl nuclear receptor subfamily 3 1460303_at -1.5
group C, member 1
LS. hFf BCL3, Nfkbia nuclear factor of kappa lighi 1448306_at 1.8 2.0
NFKBIA, chain gene enhancer in-&lls
NFKBIB, inhibitor, alpha
NFKBIE
SOCSs* SOCSs1, Socs2 suppressor of cytokine signalin 1449109 at -2.4
SOCs2, 2
SOCS3,
SOCs4,
SOCSS5,
SOCS6
nucleus/ c-FOS Fos FBJ osteosarcoma oncogene 1423100_at 25
transcription  c-JUN Jun Jun oncogene 1448694 at 1.7
regulator 1417409 at 2.0
GCR* Nr3cl nuclear receptor subfamily 3  1460303_at -1.5
group C, member 1
NFIL6 Cebpb CCAAT/enhancer binding protei  1418901_at 3.3 5.1
(C/EBP), beta 1427844 a_at 4.0 6.9
affected CRP Crp Greactive protein, pentraxin 1421946 _at 1.6
genes of related
acute phase L ¢ . h f BCL3, Nfkbia nuclear factor of kappa light  1448306_at 1.8 2.0
response NFKBIA, chain gene enhancer in-&lls
NFKBIB, inhibitor, alpha
NFKBIE
ORM ORM1, Orm2 orosomucoid 2 1420438 at 3.3
ORM2
SAA SAAL, Saal serum amyloid A 1 1419075_s_at 23.7
SAA2, 1450788 _at 27.9
SAA4 Saa2 serum amyloid A 2 1449326 _x_at 30.5
Saa4 serum amyloid A 4 1419318 at 2.6 2.2
1419319 at 2.6 2.5
SOCS* SOCS1, Socs2 suppressor of cytokine signalin 1449109 at -2.4
SOCSs2, 2
SOCSS3,
SOCS4,
SOCSS5,
SOCS6

#Some genes and their products marked by * belong to more than one group of the first column.

® Fold change values are only given if the gene was considered as regulated in acute or chronic stress experiments.
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Antigen Presentation Pathway

Antigen Presentation to

Polypeptide CD4+ T Lymphocytes
antigen

Extracellular peptide

Cytoplasm Polypeptide
antigen
Early

Endosome

Endocytosis

Transport
vehicle

Polypeptide
antpen
Proteolytic pe|

Golgi

Fig.R.17: Hepatic repression of antiger
presentation related genes after chronic
stress.

[ Fy2y A0t a!yGAa3asSy t
Ingenuity Pathway Analysis (adapted fror

degradation | fragm

pepﬁde /
fragment V4 '

Late Endosome

IPA, Ingenuity Systems, www.ingenuity.con
displaying genes specifically repressed duri
chronic but not during acute stress
Repression of gene expression is indicated
green. The following genes are affected:-H:
Aaand HEa (MH& Lh 0T / RTn
(LMP2). The blue circle indicates ger
repression for HAbL (MHAQL L 02X g
not pass the regulation criteria because ¢
low expression level.

Increased leukocyte trafficking into the liver of chronically stressed mice

Immediately after acute stress, several markers of leukocyte migration were differentially
regulated in hepatic tissue compared witlon-stressed controls This set included lymphocyte
chemoattractive molecules such as Cxclll and CxI12, which were repressed, or neutrophils
attractive Cxcll1, which was highly expressed after acute but also after chronic stress exposure. An
induction of Vam1 after acute and chronic stress and of Arhgap5 selectively after repeated
stress as well as the repression of Bcar3 in the liver after acute stress exposure indicated that the
extravasation of leukocytes was facilitated. Additionally, mRNA profilinguened a repression
of genes whose products are involved in maintaining the endothelial barrier function such as
claudinl1 (Cldnl), selectively after acute stress, or claudin 2 and 3 after both acute and chronic
stress. To investigate whether these chandgesgene expression also caused physiological
changes in leukocyte composition of the liver, immunofluorescence staimergy performed
which revealed that no changes of immune cell numbers in the liver were detectable
immediately after a single acute stesession by staining leukocytes with &0B45 antibodies
(data not shown). However, in the periportal areas of chronically stressed animals there were
increasednumbers of CD4positive cells,which supports the data of the gene expression
profiling thatindicated stessinduced leukocyte migration (data not shown).

Increased oxidative stress in the liver after acute psychological stress exposure is ceunter
regulated after repeated stress

Inflammatory responses are associated with increased generatioreaiftive oxygen and
nitrogen speciesGene expression profiling galnts for increased oxidative stress in the liver of
acutely and chronically stressed mice. Alasl or As@mich are important for the regulation of
the oxidative state were differentidly regulated after acute and chronic stress. The redox
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molecule Nnmt was upegulated sedctively after repeated stressTo verify the biological
relevance of an altered redox homeostasis, protein carbonylatras analyzeags a marker of
oxidative stress Remarkably, increased protein carbonyl content of plasmatic and hepatic
proteins was detectable already immediately after acute stress, indicating a rapid and significant
protein damage by increased formation of reactive oxygen speclata (not shown. After
chronic psychological stress the protaiarbonyl content had returned to the level seen in non
stressed control mice (data not shown).

Finally, the expression of Glrx (glutaredoxin) and Gsta (glutathiotran§ferase) was
significantly increased itihe liver of chronically stressed midedicating that compensatory anti
oxidative mechanisms were induced. This may explain why the carbonyl content of proteins in
plasma and liver in repeatedly stressed mice had declined to the normal level obsemed in
stressed control mice (data not shown).

Repeated stresénduced apoptosis in the liver

Several genes that were regulated in the liver of repeatedly stressed mice prdviaksdfor
increased cell deathBy comparing the mRNA profile of liver homogesabf acutely and
repeatedly stressed mice a highly similar pattern of altered gene expression of cell cycle and
apoptosisrelated geneswas observed In both acutely and chronically stressed animals
increased MRNA levels compared to rstressed controlsvere detected for Tnfrsflb, Cdknla,
Cebpb, Igfbpland Gadd45bRig. R.18 A). Other genes, such as Fos and Jinichwvere induced
immediately after acute stress exposurdid not reveal prolonged high mRNA expression
(Fg.R.18 A, B), whereas yet another group, including Ccndl and Xbpl, weeztisely
repressed after the ninthstress sessionFg.R.18 B). Using TUNEL techniquasduction of
hepatocyte apoptosisvas not detectablemmediately after one single acute stress exposure
(Fg.R.18 D), but high numbers of dead cells in livers after repeated stress expoBigrér(18 E)
compared with control miceHg. R.18 C)were documented However, the liver mass after the
ninth stress session was only slightly decreased compared testteased control animals
(Fg.R.18 F). This may be caused by induction of repair processes for which heightened hepatic
expression of H6 receptor and Ptp4al aftethronic stress are indications

Fig.R.18. Differential regulation of cell death associated genes in liver of stressed mice.

DSySa NBadzZ GAy3a FNRBY | aSFENOK F2NJ al LRLIG2aAa !'b5 {AGHNNEST Gl LI2LII2A.
KSLI G208 GS¢ dza A yrBalysis(BA yhgehuityeSystems) winawlingenuity.com) were collected in a list. All genes of this

list which displayed differential regulation in liver after acute and/or chronic stress exposure were added to a nelefinse

pathway as analysis nodes ahd/ G SN> Ol A2ya 06SisSSy GKSasS aSt SOGSR 3ISySad 6SNBE RNI gy
are continuous represent direct interactions, whereas broken lines indicate indirect influences. The pathway was ovérlaid wit

expression data from (Akate stress and from (B) chronic stress. Red indicates increased and green decreased expression after stress

exposure compared with the control. Intensity of the node color represents the degree of up (red) and down (green) reigutiagion

stressed lives. Different shapes of the nodes indicate the functional classes of the gene produds \ertical

ellipseb transmembrane receptor; horizontal ellipbdranscription regulator; vertical rectangleG-protein coupled receptor;

horizontal rectanglé liganddependent nuclear receptor; trapeziultransporter; triangleb phosphatase; inverted trianglekinase;

vertical rhombb enzyme; horizontal rhomb peptidase; quadrab cytokine; double lined circlegroup or complex; single lined

circleb other).

The level of apoptosis TUNEL assa400Q): compared to the control (C), livers of mice exposed to acute stress did no display any

significant increase in the level of apoptosis (D). However, high numbers of apoptotic hepatocytes were detected in yepeated|

stressed mice (E). Eapltture is representative for #9 mice/group. Increased apoptosis did not alter liver mass (F), even after the

9th stress cycle (black box plots) compared with-sttessed mice (white box plots)=9 mice/group; data representate for least 2

independent experiments.
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Reduced antibacterial response in the liver after chronic stress expo$Ganelia Kiank]

Kiank et alalready showed that chronic psychological stress increased the bacterial spreading
after experimental infection with the extracellular pathog&ncoli ATCC 25922Kiank et al.
2006). To elucidate whether altered hepatic immune responsiveness of chrbnisakessed
animals also alters the antibacterial response to intracellular microB#d B/c mice were
intraperitoneally challenged with 150 c&almonella typhimuriunSalmonellanfection could not
be restricted at 48 and 72 h after infection when mice were exposed to nine stress sessions prior
to the bacterial challengeF{g.R.1.9. This shows that although immune effector cells infiltrated
the liver of chronically stressed mice, immune suppression dominated, which resulted in an
insufficient protection against infections.

Fig.R.1.9Bacterial load of livers after infection witBalmonella
typhimurium

Colony forming units (cfu) in the liver of chronically stressed (blacke 4

box plots) and nosstressed mice (white box plots) 48 and 72 h

after intraperitoneal infection wh 150 cfu ofS. typhimuriumwt

12023 are displayed. g9 mice/group, ** p<0.01, *** p<0.001

by MannWhitney Utest, data representative for two independent 3
experiments). 48 h 72h

og cfu/g liver
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KIDNEY GENE EXPRESSIONPATTERN IN AN
IN VIVOINFECTIONMODEL

Infection rate in kidney samples

The two Staphylococcus aureds i NI A ya wb m| BigBwefeRused to mfed mipe
with an almost equal infection dose for both strains. It was known from other genetic
backgrounds that virulence and bacterial load are often similarsigB deletion mutants and
their parental strain. Neverthelesidividual mce might still displagifferences. Therefore, the
infection rate of each sample was tested on molecular basidentify potentially existing outlier
samplesof divergent bacterial load

Infection rates of individual mice kidney samples were comparableange, mean, and
median in the biological replicatdBR)as well as in samples of infection with the two different
strains Fig.R2.1). The infection rate obamples ifected with S.aureusRN1HG ranged from
4.3E+0%fu/10 mg tissue to 2.2E+0u/10 mg tissue (mean: 1.1E+06; median: 9.2E+05) and of
those infected withw b m | 8gBfnom 4.7E+0%fu/10mg tissue to 2.3E+0&u/10mg tissue
(mean: 1.0E+06; median: 8.6E+0Bboth biological replicates.

o % 3.0E+06-

T .2
Fig.R2.1: =5 . o
Infection rate inkidney samples of Q@ € 2.0E+064
mice infected withS.aureusRN1IHG QS o° .
YR whbsigB D p €3 e —o—
The infection rate of each sample was ~ ‘G 1.0E+06- ° T o PR
determined in a qPCR approach in ° 8 * o°
comparison to data from a mixture of .
non-infected kidney tissue anid vitro T T T T
cultivated staphylococcal cells. The infectionwith infectionwith  infectionwith  infectionwith
line indicates the mean of infection RN1HG RN1HGsigB RN1HG RN1HGsigB
rate for each biological replicate. firstbiological ~firstbiological secondbiological secondbiological
BRg biological replicate. replicateBR1  replicateBR1  replicateBR2  replicateBR2

Reproducibility of replicates and clustering of treatment group members

Principal Component Analysis (PCA) was appbed first general impression of the array
data set This method calculates the direction of strongest variation from the multidimensional
array data set, and reduces it to a new value of the parameter c&ltettiple Component (PC).

The remaining variation in the data set is subsequently addressed in the same way until all or a
pre-defined fraction of variation is collapsed into new values. This procedure results in a set of
PCsgachof which accounts for &action of the total variance in the data set. Usually, the first 2

or 3 PCs are displayed in ad? 3- dimensionalplot, respectively. In such plot, the distance of

the points that represent the individual data sets correlates to the difference betvwkeem.
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In this study the PCA plot was derived from lognsformed intensity data of 24 arrays,
analyzing 2 biological replicatesrafce infected withS aureuswb m | D | y RsigBandwheD n
additional group of sham infectiorFig.R2.2). The analysis was performed on sequence level
(probe sets). Control sequences and sequences that are absent on all 24 arrey®Xpon
intensity profile level) were not included.

The biological reproducibility is visualizeth the PCA plotby the arrangement of
corresponding data points close to each other. The PCA clearly distingjuistoe groups:
infection with S.aureusand sham infectiohNaCl control Fig.R2.2 A). Furthermore, the PCA
depicted that the data sets of infection witls.aureuswb m1 D YR Ay F¥SOsigB2y
were highly similarFig.R22! b/ 0 @

A view from front B view from right side C view from above
R
FR— —
) Yl Corvgumens |

]
:
4
-
a * MR . oot 3
s %
.
*
*
*

.‘ [rrp— ] e @

Nt

Pl D]

[ r—— Pricipal Carpiniett

Fig.R2.2: Visualization ofranscriptome data using Principal Component Analysis (PCA).

Logtransformed datawere used to derive a PCA plmintaining 24 arrays (analyzing 2 biological replicates of 2 groups with different
infecting strains and one additional group of sham infection). Resulting principal cemizo(PC) were set to cover @bof total
variation, while the total number of prifgal components was not limited. The analysis was restricted teaumirol probe sets that

were not absent on all 24 arrays, when absence of expression is defined walaep> 0.01 on intensity profile level in Rosetta
Resolver.

All 3 images (&) belong to the same PCA shown in the normal view from the front in the first image (A). In the second image the
PCAgraph is turned by 90° to the left around the axis of principle component 2 resulting in a view from the right side plti {B9.

Finally, m the third image the view from above into the graph is achieved by turning the plot by 90° around the axis of principle
component 1 (C).

Arrays of the first biological replicate (BR1) are represented by rhombaiid arrays of the second biological repte (BR2) by
dots( ). Coloring distinguishes the three treatmegtoups of infection withS.aureus RN1HG(red), infection with S.aureus
RN1HGsigB(blue) and sham infectiorNaCl control (green).

Comparison of treatment groups revealhie same hostreaction to infection with S.aureus
RN1HG and itsigBmutant

Already the PCA had shown a high similarity between the reaction to the two different
infecting strainsS.aureuswb M1 D | Y Rsigh Baséd Drthp PCA results the strategy for
statistical estingconsistedof four main types of comparisofrig.R.2.3:

i 2YLINRazy 2F (KS G¢g2 3INRdZLA 6AGK RAFBSNBy

vs. infection with RN1HG) after combining both biological replicates

k comparison of the two gups with different infecting strainfor each biological replicate
separately

| comparison of the ame experimental groups of differentddogical eplicates (infection with
RNIHG . wm @ad . wHT KsigBBROWSBRY AGK wbwml D n

m comparison of ifiection with S.aureusand sham infection in the second biological replicate
(infectionwithRNL D @a® akKlk Y Ay TSSO A fgpvk. shayi hiSoban)A 2 v

gAGK

Ay

\
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infectionwith | infectionwith
RN1HG RN1HG
BR1 ’ BR2
(4array9 ‘ ‘ (5array9

[ shaminfection
(NaC)
BR2
(5array9

infectionwith | infectionwith
RN1HGsigB RN1HGsigB
BR1 BR2
(5array9 | (5array9

Fig.R.2.3:0verview on the comparisons between groups in this study that \wedrressed with statistical testing and visualized with

scatter plots.

¢KS Gg2 3IANRdzZIA 6AGK RAFFSNByYy (G ksigBuS Giectioh ithaARNNIGH wedie campafetl i@ A 2y & A
combiningboth biological replicatesj () and for each biologicakplicate separatelyk(). Same experimental groups of different

biological eplicates (infection with RNING . wm @a® . wH T AsigF BR2 ¥k BRR) wéré i checked hgainsneach

other ( ). The last comparison focused on infection and slafection in the second biological replicate (infection with RN1HG vs.

AKIY AYFSOGA2yT sigBFSshainingegfiomg)h 1 K wbml D n

BRg biological replicate.

The comparisons were visualized using scatter pl6ig.R.2.4. Comparable tathe PCA
results, a striking concordance between expression values of kidney after infection with RN1HG
FYR AYTSOU0A 256Bwasiobsérved, espécidlly ywhen both biological replicatese
combined Fig.R.2.4 panelj ), but also when the biological replicatesere considered
separately Fig.R.2.4 panelk ). In the comparison of the same experimental groups in both
replicates highimilarity was observedKig.R.2.4 panell ), although the interreplicate variation
of the same treatmenivas higher than the intraeplicate variation of the different treatments
for S.aureusinfected samples. The inteeplicate varation might be due to the difference of one
day in the sampling time point @ or d5). Strong effects of.aureusinfection independent of
the infecting strain emergein the comparison to the sham infectédNaCl control sample group
(Fig.R.2.4 panelm).

The different experimental groups were compared with statistical testing to obtain lists of
differentially expressed genes. Sequences notresged and control sequences were not
included in statistical testing.

The first statistical test compared kidney samples of mice infectedSviabreusw b m | digB n
vs. infection with RN1HG in an approach that combined both biological replicates (for
comparison seeFig.R.2.3] andFig.R.2.4 panelj ). Only one sequence agesponding to one
gene was significantly differenih intensity between both groups TableR.2.). For all arrays
except onearray from a specific anim#he signal intensities of this gene were low and their p
value for expression was highei.the expression was abseffig.R.2.5A). The array data from
the single outlying animataused statistical significance, but the result is not biologically relevant
because it is obviously due to an unknown, anisyadcific factor and not to treatment.

1
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Fig.R.2.4 Scatter plotxomparing mean signal intensities of treatment groups.

The signalefii KS GKNBS INBdzLIA aAYTSOUGAZ2Y sighliRR wh MK IDY¥LIA N FEIHRINBA VE @ ANBK L 2 i
separately for biological replicates (BR1, BR2) or combined for fiotogical replicates (BR1+2). Control sequences and sequences

that were absent on all of the arrays used for each scatter plot are not shown. (Absence of expression is defined via a

p-value > 0.01 on intensity profile level in Rosetta Resolver). Nwsribéhe first column refer to the comparison schemé&ig.R.2.3
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In the search for specific differencesimfection withS.aureusw b m | digBys. infection with
RN1HG the same comparison waperformed for the biological replicates separately (for
comparison seeFig.R.2.3k and Fig.R.2.4 panelk ). This analysigesulted in 7 or 6
sequences/genewhich weredifferentially expressed in the first biological replicate BR1 or the
second biological replicate BR2spectively TableR.2.3. Both liss did not display anyoverlap
indicating that the few regulated genes were not reproducible in the biological replicates,
although statistically significarFig.R.2.5B).

Additionally, the statistical significance in the biological replicate BR1 was again caused by one
single sample, ie. by one specific animal, which provided aatlier value to the data set
(Fig.R.2.5C). The same sample accountddr the outlier in the values of the single gene
significantly regulated when combirg the biological replicate$ig.R.2.5A).

The statistical significance of the 6 differentially expressed genes in the second biological
replicate was not caused by outliersKig.R.2.5D), but the fold change in this comparison was
only moderate ranging from tel.34 to-2.18 (mean:1.72; median:1.67).

In condusion the studycould not provide any hints for statistically significant differences in
the expression pattern in murine kidney upon infection wttaureusRN1HGor its isogenisigB
mutant.

When asking for the reproducibility of the same treatment in both biological replicatédse
light of a possible influence on the detection of differential gene expression between the groups
infected with the two differentS.aureusstrains(for comparisn seeFig.R.2.31 andFig.R.2.4
panell ), 33sequences (e. 26 gmes) were significantly different between the replicates of
infection with RN1HG, and 62 sequence®.(i31 genes) significantly differed between the
NBLX AOFGSa 27F AgigB®ableR22)y S6AGK wbwml D p

Of these genes, only a small fraction of apjmtately 20% possesd an absolute fold change
greater than 2 Forthese fewgenes a high expression variation within one biological replicate
was observed othe statistical differenceevenwasagain due to one outlier arrayadditionally,
most genes which differed between the replicates did not display any overlap with the genes
which were significantly different between the groups infected with the two d#ffeIS.aureus
strains.Only some genes were statistically differentially expressed between the equally treated
replicates as well as between infem with RNIHG Y R w bsigBiD thenfirst biological
replicate But as the statistical significance betwesamples infectedvith the two strains was
only caused by one single outlier valueig{R.2.5C) it was clear that the small difference
between biologicaleplicatesdid not prevent the identification of differentiajlene expressiom
the comparisorof host reaction tahe two infectingS.aureusstrains

In summary, the comparison of same treatment groups in different biological replicates
revealed minoy negligible differences that didot influence the detection of differential
regulation when comparing the groups of infection with differ&aureusstrains. The identical
reaction to infection withS.aureusRN1HGand S.aureusw b m | digBwpas reliablymeasured in
the array study ad the detection of differences vganot prevented by biological variation
between the two independent infection experiments.
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Fig.R.2.5 Signal intensities and list comparison for differentially expressed genes.
Al 2YLI NR&2Y 2F YdzZNAYS 1 ARyS@& §E LINSgBand igfettion itk RNLHGIth stafistica tedtingy F S O G A 2
results in one differentially expressed gene whemmbiningboth available biological replicateslowever the signal intensity is
extremely low(not expressedvith p>0.01 on intensity profile level indRetta Resolver software) in all arrays except in one array
(i.e. a kidney sample) from one mouse infecteith RN1IHG(BR1) which is visible as outlier and which causes the statistical
significance.

B. Comparison ofyenesdifferentially regulated betweernfection with RN1HGnd its isogenisigBmutant in BR1 and BR2. Both
biological replicates result in completely differentdist differentially expressed genes.

C, D Signal intensity values of differentially expressed genes in the comparison ofirfeft ¢ A (i KsigBabdvirifeBtionpwith
RN1HGn BR1 (C) and in BR2 (D). In BR1, statistical significance is caused by a single array that includes an outlier value.

BRg biological replicate.
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Comparative analysiof S.aureus infected samples with sham infection identifies strong
infection/inflammation reactions of the kidney tissue

As high reproducibility of kidney expression profiles in biological replicates of infection with
S.aureus had been shownthe comparison betweerS.aureus infected samples and sham
infection/ NaCl control was conducted with only one representative biological replicate (for
comparison se€ig.R.2.3m andFig.R.2.4 panelm).
When comparingsham infection withinfection with S.aureusRN1HG5264 sequences were
differentially expressed which correspond to 4613 geftersrezGene records in Rosetta Resolver
software). Of these genes, 1083 posssbsin absolute fold change of at least 2sifilar
difference was observed in the comparison sifam infection withinfection with S.aureus
wb M| $gB A826 sequences (424&mes) differed significantly of which 970 genes exhbibit
an absolute foldlifferenceof at least 2 TableR.2.).
When calculating ratios of highly similar sample data sets to a common baseliasult of
conforming values is expected. The Nd G A2 LX 20 2F (GKS {Gg2 NI GAZ2
wbhbmMI/@aKEFEY AYyFSOGA2yeé |y RigBy#ayKH SrO My2FS OAIARK ¢ w A1 Di K|
biological replicate BR2 on EntrezGene |lev&lalizes thisimilarity of the ratio data: Data points
are mainly arranged near the diagonal of the plbig(R.2.§. Some data pointslisplay more
scatteiing, but the difference in the ratios wasot significantwhen tested statistically and was
mainly due to higher variatiom signal intensities of one grou@s described above.

o

Fig.R.2.6

Ratio plot comparing the logNJ G A2 2F GAY
RNIHG/G a Kl Y Ay TSOUGA2atio ob A
GAYTFSOGAZY sighVd XK IwY mA PE&O
second biological replicate BR2 on EntrezGene level.
Genes differentially regulated (p¥0.01 in errof
weighted oneway ANOVA with Benjamihiochberg
False Discovery Rate multiple testing correction in the 2
Rosetta Resolver software) in both comparisoare o
colored in light gray, genes specjfigally significant in the é 4l
COY LI NR&2Y aAy T SOnEARIYY  GMyGTKSOWIbA |

are depicted in black while genes specifically significant % [
Ay  GKS O2YLI NRaz2y  GAyTgO%
nsigg/aa Kl Y Ay TSSO An2dark gray NS é:_:KQéJy_G 4 - o ) 4 6
total, 5025 genes are visible.

BRc biological replicate. log,ratio (inf. RN1HG Ehaminf.)

o
M Ch e

N1HGSpHB Fshaminf.)

..Z‘..

'
N

The genes differentially regulated iB.aureusinfected kidney tissue compared to sham
infection were further analyzed using the IngéguPathway Analysis tooDnly geneddisplaying
an at least twofold difference in expression between sham infected &radireus infected
FYAYlFfa o0SAGKSNI sighfrom Dhe 8ebdndwbinlmgic& replicate BR2) were
consideredin this analysisUsing this approachthe list of geneseligible for analysis was
restricted to 1156 genes of which 4 could not be mapped to internal data base entries (Ingenuity
Pathway Knowledge Base, IPKB) by IBiAce expression values of experiments involving
infection with S.aureusRN1HG or its isogerstggBmutant did not differ significantly, the average
of both expression values was compared to sham infected animals, which allows intuitive
visualization of the data.

The global functional analysis using IPA offer®verview on the biological functions that are
associated with the analyzed data set. As expected from the experimental sétiilugnce on
G§KS FdzyOlAz2ylft O GS32 Ndas niost \roriolindedhvith( RvilliBes of S & LJ2 y 4 S €
2.36B75 to 1.24K10 for the subcategories and with 343 associated genes differentially
expressed between infection and sham infection. Additionally, other infection, immune response
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and inflammation related categories (e. Inflammatory Immunological Infectious Disease,
Antigen Presentation) and categories showing the impact of infection on the tissgeGellular
Compromise, Cell Deattjere significantly affected
More detailed analysis of the tissue reaction is offered by theated Canonical Pathway
analysis in IPAThis tool contains predefined pathways and the associated genes, displayed in
order of cellular location and function, which can be overlaith gene expression data,g.fold
change values. A-yalue for enrichment of pathway members in the data sétimterest
(compared to a reference set, @.the whole array) is calculateMany pathways scodkwith a
highly significant falue because of the large input data seAdditionaIIy, a ratio of the
LI 6Kgl @Qa 3ISySa AyOf dzR Slﬁmbeﬁco}fgeueﬁﬁthé&pathvsbayla@/en YR
When data of such &anonical Pathway analysmare ordered by pvalug a! Odzi § t KI
wSalLl2yasS { A ZY00RA ¥ é ratio bibB178.df genes from the data set included
in the pathwaywas the most signifantly influenced reaction. Thigathway includes signaling
chains starting with TNF X -1 Bnd IE6, their signal transduction molecules and transcription
factors and finally the genes whose transcription is induced or repressed. While the acute phase
response is located in hepatic tissue the pathway has a high overlap with a localized
infection/inflammation reaction and therefore is covered by the kidney infection vs. sham
infection data set to this high extent.

[j
¢

~

Directly infection related genes are inBlBR Ay GKS OFy2yAOFf LI GKg
Recognition Receptors iRSO2 Ay A G A2y 2 7F . | GU.56BA3l ratib=2R80, + A NHza S

TableR2.20 | Y RlikeamS2XSELIG 2 NI { =k 3pyf BSO Ao 3 1%6/54 0Aig.R.2.7 which
contribute aspart of the innate immune system to the first line of defense against pathogens. In
infected kidney tissuean induction of different Tolike receptors (Tk, TIr2, Tir4, TIr6, Tlr7, T)i8

the bacterial or dsRNA receptor NALP3 (NIrp3), and the-theitan receptor Dectirl (Clec7a)
wasobserved, and a tendency of induction in TIr9 and the dsRNA receptors @®6x58) and

Ifihl. Functionally associated receptors CD14 andwéBBalso induced andollowing infection,

even members of the signal transdimt cascade shoad an increased expression (Syk, Myd88,

Irak3, Map3kl, Irf7, Pik3cd, Pik3cg, Pik3r5, Caspl, Fos, Jun, Nfkb2, and a tendency of increase in
Irak4, Mapkl3, Map4k4 and Nfkbl). Contrarily, the MdRsepathway component Map2k6

was repressed rd the signal transducer Ecsit and ta®@ NA LIGA 2y  FlL OG0 2NJ tt ! w

repressed by trend. The signaling ends in the transcriptioprofinflammatory cytokines, .
¢ b Chexand RANTES (Ccl5) whose induction was recorded in infected tissue.
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Fig.R.2.7: :
TolHike Receptor Signaling (modifiet
from IPA, www.ingenuity.com).

Colors indicate direction and magnituds
of differential regulation: red; induction;
greeng repression. More intense shade o
color is used for higher absolute folc
change values. A trend of induction i
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TableR2.2: Tabular overview of infectiaregulated genes which aiiacluded in Ingenuity Pathway Analysis (IPA, Ingenuity Systems,
tFGGSNY wSO23ayAlGAZ2Y

665 OAyIASydzaie d02Y0
from IPA, www.ingenuity.com).

OFy2yAO0lf LI GKglre awz2fS 27F

fold change
IPA Rosetta Resolver annotation infection vs.
sham infection
localization
and functional gene gene description EntrezGene RN1HG RN.lHG
. a name name ID nsigB
grouping
extracellular PRR Clq Clga complement component 1, q 12259 o5, 4.5
subcomponent, alpha polypeptide
Clgb complement component 1, g 12260 7.4 6.0
subcomponent, beta polypeptide
Clqc complement component 1, g 12262 6.9 54
subcomponent, C chain
C3 C3 complement component 3 12266 51 5.1
membrane C3aR C3ar complement component 3a receptdr 12267 103 6.7
bound PRR C5aR Coar complement component 5a receptor 1 12273 76 6.1
TLR1 Tirl toll-like receptorl 21897 2.9 2.3
TLR2 TIr2 toll-like receptor2 24088 4.4 4.0
TLR4 Tird toll-like receptor4 21898 24 23
TLR6 TI6 toll-like receptor6 21899 24 2.0
TLR7 TIr7 toll-like receptor? 170743 3.0 2.8
TLR TI8 toll-like receptor8 170744 4.7 4.3
TLR TI9 toll-like receptor9 81897 19 19
DECTIN Clec7a Gtype lectin domain family 7, member a 56644 3.7 2.8
cytoplasmic PRR  NALP3 Nirp3 NLR family, pyrin domain containing 3 216799 &8 2.7
RIG1 Ddx58 DEAD (Asfslu-Ala-Asp) box polypeptide 58 230073 1.7 1.6
MDAS Ifihl interferon induced with helicase C domain 71586 15 1.3
signal PI3K Pik3cd phosphatidylinositol &inase catalytic delta 18707 25 2.0
transduction, polypeptide
effector Pik3cg phosphoinositide3-kinase, catalytic, gamme 30955 3.4 3.1
molecules polypeptide
(cytoplasm) Pik3r5  phosphoinositide3-kinase, regulatory 320207 2.4 2.0
subunit5, p101
MYD88 Myd88 myeloid differentiation primary response 17874 2.8 25
gene 88
SYK Syk spleen tyrosine kinase 20963 3.6 28
CASP1 Caspl caspase 1 12362 34 2.2
IL-m l11b interleukin 1 beta 16176 29.0 215
OAS Oaslg 2-5'oligoadenylate synthetase 1G 23960 22 17
Oas2 2'-5' oligoadenylate synthetase 2 246728 19 15
Oas3 2'-5' oligoadenylate synthetase 3 246727 1.7 14
RNaseL Rnasel ribonuclease L (2', Bligoisoadenylate 24014 16 1.4
synthetasedependent)
transcription IRF7 Irf7 interferon regulatory factor 7 54123 2.7 19
factors (nucleus) b C°¢ . Nfkbl  nuclear factor of kappa light polypeptide 18033 2.0 1.9
gene enhancer in-Bells 1, p105
Nfkb2  nuclear factor of kappa light polypeptide 18034 2.7 25
gene enhancer in-Bells 2, p49/p100
transcriptionally ¢ b Ch Tnf tumor necrosis factor 21926 3.0 23
affected genes IL-6 116 interleukin 6 16193 9.2 7.8
RANTES Ccl5 chemokine (6C motif) ligand 5 20304 6.9 4.9

#PRR; pattern recognition eceptor

Pattern recognition includes the complement system. The cahohic LJI G K& | &
{ & & G S ¥significantly affeted after infection (p=c @y 10 9ratio=16/36, Fig.R.2.§ which
includes all three activation variants of classical, lectin and alternative pathway: The components
Clg (Clga, Cigb, Ciqc), Cir (Cir, Cilrb), C3, C4 (C4b), C7, HadipsirD (Cfd), Factor
P/ Properdin (Cfp), the complemedttivating protease Maspland the receptors for C3a and
Cb5a (C3ar, C5anere induced. A tendency of increased expressiaasobserved for factors C2,
C6 and FactoB (Cfb). But higher expression svalso visible for the LCinhibitor (Serpingl), for

the complementinhibitory factor | (Cfi), and by trend for the inhibitory factor H (Qfindbably as
a reaction to restrict complement activation to a physiologicallglerable extent as the

G/ 2YLX SY
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complement system can cause immerdanage also to host cells and tissue. The complement
component C8 consists of three chains (alpha, jeta gamma) and is the last component in the
C5BC6C7C8 complex that acts as a catalyst in the polymerization of C9 to form the membrane
attack comple MAC. Surprisingly, the ge@8a coding for the alpha chain sveepressed in the
infected samples, and also for the gene C8g (gamma chain) a tendency of repression
recorded. Possibly the opsonization and chemoattractant function of the complemergnsyst
was enhanced in infection leading to phagocytosis, while the bacteriolytictim of the
complement system wanot potentiated. Otherwise, the components C8 and¢@®oduced in

the liver¢ might be delivered via the blood stream to the site of infent

Classical Pathway Lectin Pathway Alternate Pathway
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Colors indicate direction and magnitude of \/
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As already mentioned, the Tdike receptor (TLR) signaling cascades lead to the transcription
of different proinflammatory cytokines which themselves activate signaling pathaagisthe
adequate cellular responses. When using the Canonical Pathways to specifically find infection
relevant signal transductignthe signaling pathways of interferon,-6. TREM1and I[10
appeaed among others with significant-palues.

¢ KS LI OyKigSNSF SR Yy £wdaw0sOfekios H1£30; Bid.R.2.9 contains the
induced IFN receptor (Ifngrl, Ifngr2) and the IFN-feceptor, of which the gene farne of the
two chains (Ifnar2) wa A Y RdzOSRX (22 ® Ly (K StheNBnEsSardgraiND &
transducers STAT 1 and 2reénduced together with the transcriptionally regulated genes Tap1,
Ifitm1, Irfl, Psmb8, Irf9 and Oasl. Additionallye tinhibitory protein tyrosine phosphatase -TC
PTP (Ptpn2jisplayed a trend ahduction, probably indicating a counteegulatory process.
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Similarly, It6 receptor (ll6ra), IE1 receptor (ll1rl, 111r2) and TMF receptor (Tnfrsfla,
Tnfrsflb) and their ligands (lI6, ll1a, ll1b, Twére expressedat higher levelsn infected tissue
than in control tissueas depicted in the path | € -ca {[A T Y I=¢ ® y A 8rhtioc=RI/93;
Fig.R.2.10. Glycoprotein 130 (ll6st), a signal transducer shared # dhd other cytokines,
exhibited at least a trend of induction. Again, genex fsignal transduction moledes and
transcription factors wee significantly (Ikbke, Nfkbia, Nfkbia, Nfkbiz, Nfkb2, Stat3, Jun, Fos,
Cebpb) or slightly (Nfkbid, Nfkb1, Traf2, Map4k4, Mapk13, Nras) increased. Signal transduction
was activated in infectedigsue, which ws demonstrated by the induction of transcriptionally
regulated genes like TSG6 (Tnfaip6), Collagen (CoHlph®-2-macroglobulin (A2m)and 11-6
itself.
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The canonical pathive & ¢ {w® Ayl =k ¥ #mEBordiacd 23/69) slightly overlaps with
GKS LI (&Ko {aIAFL{AYyIE a O0ONIYyOKSa 2% amdATER/ | f (N
transcription via STAT3 and M8-(all induced after infection). Also TLR4 is included because after
activation, the receptor can associate with TREM1, activate the kinase IRAK1 and finally the
NF B-mediated transcription. The increased Treml itself, a receptor whose ligand is still
unknown and which is expressed fgutrophils, monocytes and macrophagasad the increased
adapter molecule DAP12 (Tyrobp) are the beginning of a proinflammatory reaction chain that
AyOfdzRSa !'Y¢ktyY. o6wlkOuX AYRdZOSROX t[/*' YR bt
signaling not only influences transcription of proinflamtiory cytokines (MGR/Ccl2, TNF,

MCR3/Ccl7, 16, MIR1M/Ccl3), but also the translocation of cytokines from cytoplasm to the
extracellular space (MCGECcl2, TNF, IL:6, 1-1 ). DAP12 positively influences the activation of
IL-1i o0& /! {twm )id thé Eathway & dXORS @tracellulNACHILRR receptors)
recognizing intracellular bacteria.

Furthermore, DAP12 leads to theanscription of cell adhesion molecules (CD11c/Itgax,
CDA49e/Itgab) and the estimulatory proteins CD54/Icam1 and CD86 (aluget). Genes coding
for cell surface protein€D32/Fcgr2b and CD40, which are &ddally regulated via DAP12, weer
increased by trend.

Opposed to these proinflammatory signaling pathwaysK S -1nd L{ A3y | f Ay 3¢ LI
(p=M @ pIp9rhtio=27/70; Fig.R.2.1) is an example for a mechanism aiming to limit and
terminate the cellular inflammatory response in addition to regulating growth and differentiation
of different immune cells. Here, the-ll0 receptorh-chan (1110ra) wa induced after infection.

Induced Stat3 is part of the signaling cascade like -th dlgnaling but SOCSS3, pugssor of
cytokine signaling, wamadditionally increased. This gene is itsglhscriptionally regulated at the
end of the IE10 signaling pathway. Furthermore, Cci@cr5, Arg2, ll4taand Hmox1l wer
induced genes responding to-1D. |-6 signals are also mediatecaVs TAT3, and the cytokinedL
was indwced contrarily to 110, which wa not regulated. Therefore, the-ll0 pathway might not
be activated yet, but just prepared for a later phase of #mftammatory reactions.
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Maren Depke

An essential part of the immune response to infection is the presentatioantigens to
immune cells to direct the defense against the specific pathogen in the adaptive part of the
immune system. Antigens belong to two main groups, extracellular and intracellular antigens,
which are processed in separate pathways. Extracelldatigens are taken up by
phagocytosis/endocytosis and digested in vesicles after fusion with lysosomes. Finally, peptides
are bound to MH@I molecules originating from exocytic Golgi vesicles and presented on the cell
surface. Intracellular antigens adégested by cytosolic proteasome with sequential transport of
peptides into the endoplasmatic reticulum (ER). These peptides are loaded tel khdiEcules
and transported via the Golgi to the cell surface for presentation. Presentation of extracellular
artigens preferentially occurs by professional antigen presenting cells (APC) like dendritic cells
(DC), macrophages andcBlls. The peptiddHGII complex is recognized by Cwlper Tcells
which leads to initiation of mechanisms fighting extracellitdiection or disposing extracellular
antigens. Immune cells and other cells of the body are capable of presenting intracellular
antigens via MHT They present the antigenic peptide to CR§totoxic Tcells and thereby
activate processes to destroy cedlsd kill pathogen in case of intracellular infection.

For both pathways an increase in miscription of associated genes svabbserved after
infection Fig.R.2.12. The immuneproteasome genes Psmb9, PsmbEhd Psmb8 (LMP2,
LMP7), coding for proteins irhé 20Score of the proteasome, we induced leading to an
immuneNB aLl2yasS &aLISOATAO NB2NHIFYyATFiGAZ2Yy 27F
Psmel ad Psme2, which contribute to the 11S regulatory complex of tlstgasome, a trend of
induction was visible. Inducedvere alsothe peptide transporters Tapl and @aand the TAP
binding protein apasin/TPN (Tapbp), which attaches the TAP molecules to th€lMomplex.
The ER aminopeptidase Erapl, which is responsible-ferminal trimming of the peptide in the
ER, wa induced in tendency. Finally, MH@&olecules (HD1, H2K1, H2Q6, H2Q7, H2Q8) and
Beta2-microglobulin (MHG- T ) we®’induced, to.

In the pathway for presentation of extracellular antigens MH®@olecules Ki2-Aa, H2Ab1,
H2-DMa, H2DMb1, H2Ea, H2Eb]) and he invariant chain Cd74 (CLIP)&éncreased. Induction
of lysosomal enzymes, particularly of cathepsinas also observe@Chi3ll, Chi3I3, Hpse, Ctsc,
Ctse, Ctss; induced by trer@dla,Ctsd, Ctsk, Ctsl).
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Metabolic effects of infection in kidney tissue

In an approach to recognize changes in gene expression of metabolic enzymes after infection
lists of differentially regulated genes were subjected tB@Cyca 2 YA ®E 6 SNE Bbo/d f @ a A a
SRI International, CA, USA, http://biocyc.org/expression.htirt)s tool allows the display of
gene expression data on highly abstracted metabolic pathway schemes and therefore an intuitive
comprehension of processes in the selected experimental setup. Two different lists were
included in the analysis: a) genes siigaifitly different between infection and sham infection
GAGK | YAYAYLFE Foaz2ftdziS F2fR OKIy3aS 2F W Ay |
wbml D @ad aKlY AYyFSOGA2ysigBAaydR acka ywF S\OUTARG/U A@NEK
significantlydifferent between infection and sham infection with a minimal absolute fold change
of 1.5 in at least one of the two comparisons described before.

When focusing on regulation that exceeds a factor of 2 inadtlene comparison, regulation
was discerniblefor certain groups of metabolic pathway$ig.R.2.13A). After infection, a
repression of genes relevant for cholesterol biosysis wa viible, and also pathways of amino
acid degradation contaegd repressed genesinduction of gene expression waletected for
steroid hormone biosynthesis and for purine degradatioris T surprising, as induction walso
visible for steps of the purinefpimidine biosynthesis. Similarlgn increase in gene expression
was measured for certain amino acid biosynthesis steps.

Including differentially expressed genegh lower absolute fold change valu€k5 in at least
one of two comparisonssupplementedhe data set withmany repressed and only few induced
genes which is visualized by the ovepresenation of yellow colored reaction steps
(Fig.R.2.13B). In this view, repression in further steps in the group of lipid biosynthesis and
amino acid dgradation wa visible. Additional repression occed in aerobic respiration, TCA
cycle glycolysis, but also in gluconeogenesis and glycogen biosynthesis. The pattern of increased
genes dominating both purine degtation as well as biosynthesis svmaintained after inclusion
of regulation with lower absolute fold change values.

As the gene epression analysis was performed ftissue samples, €. of a mixture of
different kidney tissue cell types and in case of infection additionally of a mixture of different
immune cell types invading the inflamed tissue, the resulting pattern is diffiouthatch for
particular cell types. While one cell type might induce purine degradatian &r using it as
catabolic substrate, another cell type might induce purine biosynthegjs @& basis for DNA
replication during proliferation. Such situation wld lead to contradictory results concerning
metabolic pathways if the number of cells influencing the pattern in a certain direction is high
enough.

The general gene expression pattern skeoha metabolic disturbance in several pathways
that cannot be disnguished into anabolic or catabolic shift because it corgdireduction of
several catabolic pathways like glycolysis, amino acid degradation, aerobic respiration, and TCA
cycle,but also reduction in anabolic reactions like gluconeogenesis or amidobasynthesis.

The reason of this unclear or mixed reaction might be found in the high extent of infection and
illness. Possibly the infection has caused such a strong damage to the kidney after 5 days that
also organ function, nutrition supply and podgibxygen availability are impaired.
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Fig.R.2.13 The influence of infection on gene expression in murine metabolic pathways (modified fromoemves(s) ofBioCrg
SRInternational, CA, USA, http://biocyc.org/expression.html).
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GENE EXPRESSIONPATTERN OFBONEMARROWDERIVED
MACROPHAGES AFTHRTERFERONGAMMATREATMENT

Experimental applicatiorof serumfree differentiation and cultivaton of mouse BMM

Bonemarrow derived macrophages (BMM) allow experimental analysis of macrophage
reactions and functions without the impact of immunological conditioning that affects already
differentiated macrophages for example from spleen or peritonedrne standardization of
experiments was markedly improved in 2009 when Eske et al. published a-feeimulture
system for BMM that allows conduction of studies independently from the influence of
undefined immuneactive substances and possible variatiotroduced to experiments by using
fetal calf serum (FC8}p supplement. BMM cultivated in this new serfide medium maintain
the already known characteristics of macrophages and have proven taddaghly reproducible
results(Eske et al. 2009)

The «perimental setup in this study included the two mouse strains BALB/c and C57BL/6.
After invitro differentiation, BMM of each strain were divided in two treatment groups:-IFN
treated BMM and nortreated medium control BMM.

The approach of transcriptomanalysis using the Affymetrix GeneChip Mouse Gene 1.0 ST
allowed monitoring of 35557 probe sets, of which 6613 belong to the group of controls. The
remaining 28944 probe sets represent 20074 EntrezGene records in the annotations of Rosetta
Resolver softwa (annotation of 06/2009). The WES/MS proteome analysis provided
information on 946 reliably identified proteins (Dinh Hoang Dang Khoa).

High reproducibility ofgene expressiorin experiments using serunfree differentiation and
cultivation of mouse BMM

For a first general impression of the array data, sbe method of Principal Component
Analysis (PCA) was applied. This method calculates the direction of strongest vdraticthe
multidimensional array data set, and reduces it to a new value of #rarpeter called Principle
Component (PC). The remaining variation in the data set is subsequently addressed in the same
way until all or a pralefined fraction of variation is collapsed into new values. This procedure
results in a set of PCs, of which eadtounts for a fraction of the total variance in the data set.
Usually, the first 2 or 3 PCs are displayed in@ 3-dimensional coordinate system, respectively.

In sucha plot, the distance of the pointthat represent the individual data sets corrtda to the
difference between them.

In this study the PCA plot was derived from lgnsformed intensity data of 12 arrays,
analyzing 3 biological replicates os2ains and 2 treatment group$ig.R.31). The PCA clearly
depicted the high reproducibility of biological replicates obtained from the seffume model of
BMM differentiation, cultivation and IFNtreatment: The 3 biological replicates of each group
were arranged together, while the BMM of different strains and treatmemtsre separated.
Differences on the axis for PGnere by a factor of apprarmately 250 smaller than differences
on the axes for PCs 2 and 3. That imptleat PCs 2 and 3 cowat the main pat of variance in
the data set. This tkto the conclusion that the data set wamainly influenced by 2 factors. In an
experimental design of the 2 factors strain and treatment together with the observed grouping of
biological replicates obwusly the expemental factors wee responsible for the observed
variation.
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Fig.R.31:

Transcriptome data visualization using Principal
Component Analysis (PCA).

Logintensity data were used to derive a PCA
plot containing 12 arrays (analyzing 3 biological
replicates of 2 strains and 2 treatment groups).
Resulting principal components werset to
cover 9% of total variation, while the total
number of principal components was not ‘
limited. The analysis was restricted to rRon : = “

control probe sets that were not absent on all | ' e 04
12 arrays, when absence of expression is °

defined via a prvalue >0.01 onprofile level in 0.2
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Arrays of BALB/c BMM samples are

represented by dots, (), arrays of C57BL/6 Frincigal Componem1
BMM samples by rhombil . IFN' treated
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As transcriptome data demonstrated a high reproducibility of biological replicates in the
model system, selected samples were used for different proteome atiglits rather than
analyzing different biological replicates with only one proteomics appr@Bihh Hoang Dang
Khoa)

For a general comparison, gelfree proteome analysis and transcriptome analysis are more
comparable than DE proteome analysis and tramigtome analysis. Therefore, further data
examination focused on that.

Overall comparison of transcriptoméMaren Depke]and LEMS/MS proteome[Dinh Hoang
Dang Khohanalyses

900 of 946 identified proteins from gélee LEMS/MS approach could be mapped the
20074 EntrezGene records that were specified to be represented on the Affymetrix GeneChip
Mouse Gene 1.0 ST array by the Rosetta Resolver softWaldeR.31). As expected, a much
bigger number of genes was accessible by transcriptome analysis than proteins by gelfree
proteome analysis. Nevertheless, for almost all identified proteins the gene expression pattern
coud be recorded.

TableR.31: Overall omparisontranscriptome [Maren Depke] and L-®IS/MS proteome [Dinh Hoang Dang Khoa] analyses
numbersof differentially regulated genesnd proteinswith differing abundanceesulting from L&MS/MS analysis.

total number of IFNG - STFS00G a strain differences'
detected genes or
proteins in BALB/BMM  in C57BL/@MM & nortreated at IFN:
control level treated level
microarray 20074 442 (2.26) 396 (2.0%) 222 (1.2%6) 230 (1.24)
LGMSIMS 946 45 (4.9%) 52 (5.5%) 218 (23.86) 308 (32.86)

@ Percentage values indicate thgroportion of regulation in both approache¥alues were calculated kividing the number of
regulated genes by the total number of genes available on the ardfie number ofregulatedproteins by the total number of
identified proteins
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Surprisingly, the percentage of proteins with significant difference in abundance between
BMM of BALB/c and C57BL/6 mice compared to the total of all identified proteins was noticeably
higher than the percentage of differentially expressed genes between BMM of BALB/c and
C57BL/6 mice compared to the total of all genes available on the aradnjeR.31).

IFNG Ay Tt dzSy OS 2 yMar8riDépke]adddptdeiB abéntiahoédDinh Hoang Dang
Khod in BMM of BALBc and C57B/6 mice

The comparison of IFNtreated BMM with the nontreated medium control revealethat
IFNY mainly Bdto induction of gene expression or increase in protein abundance in both strains
(TableR.3.2A). From the total of 442 (BALB/c BMM) and 396 (C57BL/6 Bif#rentially
expressed genes, 388 (BALB/c BMM) and 330 (C57BL/6 BMM)induced, while only 54
(BALB/c BMM) and 66 (C57BL/6 BMM) were repressed.

IFN treatment increased the abundance of 4BALB/c BMM) and 43 (C57BL/6 BMM)
proteins and reduced the abundance of 4 (BALB/c BMM) and 9 (C57BL/6 BMM) from the total of
45 (BALB/c BMM) and 52 (C57BL/6 BMagulatedproteins.

The overlap of the list of proteins that diffed significantly in their abundance between HN
treated BMM and the norreated medium control and the list of differentially expressed genes
that were found after IFN treatment amounted to 24 (BALB/c BMM) and 20 (C57BL/6 BMM).
Compared to 43 (BALB/c BNMind 50 (C57BL/6 BMM) regulated proteins also available by
transcriptome analysis and 52 (BALB/c BMM) and 53 (C57BL/6 BMM) differentially expressed
genes also accessible by-MS/MS proteome analysis, the overlap of regulated proteins and
genes addd up to 38%to 56% (TableR.3.2A).

TableR.3.2 Comparison of differentially regulated genes resulting from transmniye analysigMaren Depkelwith differentially
regulated proteins resulting from E@S/MS analysifDinh Hoang Dang Khoa]

A Direction of regulaton by IFN Ay . | [ . k OB .Daeatiort of frain difference between C57BL/6 BMM and BALB/c
in C57BL/6 BMM BMM at nontreated mediumcontroland IFN treated level
IFNd  GNBFGYSydG STF strain differences
LG microarray® inter- LG microarray® inter-
MS/MS* section MS/MS? section
BALB/c BMM control conditionBMM
induced 39 (41) 41 (388) 24 higherin C57BL/6 102 (112) 10 (100) 7
repressed 4 (4) 11 (54) 0 higherin BALB/c 101 (106) 10 (122) 4
total 43 (45) 52 (442) 24 total 203(218) 20 (222) 12
C57BL/6 BMM treatment conditionBMM
induced 42 (43) 41 (330) 20 higherin C57BL/6 +IFN 123 (135) 13 (93) 10
repressed 8(9) 12 (66) 0 higherin BALB/c +IFN 165 (173) 11 (137) 7
total 50 (52) 53 (396) 20 Total 288 (308) 24 (230) 19

# The first number in the table always refers to the proteins or genes that were available for analysis with both approaches,
microarray and LMS/MS analysisin bracketsthe number of regulated proteins or genes without restriction to the accessibility by
both methods is given.

The comparison of IFNeffects in BMM of the two strains BALB/c and C57BL/6 resulted in a
high overlap of 307 diffentially expressed genekig.R.32 A) and 29 proteins with significantly
different abundanceKig.R.32 C).Even when the gene or protein was not significantly expressed
in one of the strains similar expression trend in BMM of both strains was obserFeaK.32 B,

D).
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A, C. Overview on numbers of differentially expressed genes in transcriptome analysis ¢Apaotdins with significantly different

abundance in L&1S/MSanalyses (C) when comparing4#N S¥¥S50iGa Ay .![.kO .aa lyR /pt.[kc .aad

B, D. Logtransformed ratio dataiFN treated BALB/c BMM/ émedium control BALB/c BM&Avere plotted on the »axis and log

transformed ratio datadFN- treated C57BL/6 BMMV émedium control C57BL/6 BMdbn the yaxis from transcriptome (B) andL.C

MS/MS (D) analgs.

Coloring distinguishes three different groups of regulated genes or proteins: Genes/proteins with significant differential

expression/abundance caused by #FN 2yt & Ay .1 [.kO .aa INB &aK2gy Ay RIEN] 3INres 6K
expressin/abundance caused by IN 2y f & Ay /pT.[kc .aa |INB RAALI I @SR Ay fAIKGE 3INI &c
IFN' Ay 020K .![.k0O .aa FYR /p1.[kc .aa FNB O2ft2NBR Ay oflO1® ¢KS Y
all result lists.

All transcriptome ratio data were derived from mean intensities of three biological replicatelsratio data of L&MS/MS analyses
were derived from intensities of one biological replicate analyzed in technical triplicates of each group.

Stran differences in gene expressiofMaren Depke]and protein abundancegDinh Hoang
Dang Khoabetween BMM of BALBc and C57B/6 mice in untreated medium control and in
IFN- treated samples

The comparison of C57BL/6 BMM and BALB/c BMM at theneated medium control level
and at thelFN treated level resultedin 100 (control level) and 93RN- treated level) genes
that featured a higher expression in C57BL/6 BMM and 122 (control level)137 [FN- treated
level) genes tha¢xhibiteda higher expression in BALB/c BMM.
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The same comparison using the-MS/MS proteome data yiettl 112 (control level) and 135
(IFN- treated level) proteins with a higher abundance in C57BL/6 BMM and 106r{tdevel)
and 173 [FN treated level) proteins with a higher abundance in BALB/c BNI&bleR.3.2B).

A B

\

genedifferentially genedifferentially
expressed between expressed between
BALB/c BMM and C57BL/6 BALB/c BMM and C57BL
BMMatthe non-activated BMMatthe IFN- -treated
control level(222) level(230)

logy(ratio C57BL/6 / BALB/c) at IFMNactivated level

10 8 ® -4 2 0 2 4 6 8 10

log,(ratio C57BL/6 / BALB/c) at control level

\

proteinsdifferentially proteinsdifferentially
regulated between BALB/c regulated between BALB
BMM and C57BL/6 BMM BMM and C57BL/6 BM?
at the norractivated atthe IFN -treatedlevel
control level (218) (308)

il

10

log,(ratio C57BL/6 / BALB/c) at IPNactivated level

10 8 - -4 2 o 2 4 6 8 10

logy(ratio C57BL/6 / BALB/c) at control level

Fig.R.33: Comparison of strain differencegtween BALB/c BMM and C57BL/6 Bldivhontreated control and IFN treatedlevel.

A, C. Overview on numbers differentially expressed genes in transcriptome analysis (A) and of proteins with significantly different
abundance in LMS/MS analyses (C) wheomparing strain differences between BALB/c Bsih C57BL/6 BMM at the nereated
control level and at the IFNtreated level.

B, D. Logtransformed ratio datadmedium control C57BL/6 BMMdmedium control BALB/c BMévwere plotted on the xaxis and
log-transformed ratio datadFN treated C57BL/6 BMigV IFN- treated BALB/c BMI on the yaxis from transcriptome (B) andL.C
MS/MS (D) analyses.

Coloring distinguishes three different groups of regulated gemgwoteins: Genes/proteins with significant strain difference only at
non-treated control levelare shown in dark gray, while that with significasttain difference only at IFNtreated levelare displayed

in light gray. Genes/proteins significantly different between BALB/c BMM and C57BL/6 BMM on both treatment kevatsnon
treated control and IFN treated level, are colored in black. The minimal absolute fold change cutoff of 1.5 has been applied to all
result lists.

All transcriptome ratio data were derived from mean intensities of three biological replicatelsratio daa of LEMS/MS analyses
were derived from intensities of one biological replicate analyzed in technical triplicates of each group.

In the comparison of the two mouse strains only 20 out of 222 (control level) and 24 out of
230 (FN! treated level) diffgentially expressed genes were also identified ilMEIMS analysis.
Inversely, 203 out of 218 (control level) and 288 out of IGBI{ treated level) proteins with
significantly differing abundance were also detected on the Affymetrix array. Due tarhiad)
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number of genes whose corresponding proteinsre accessible by LRS/MS analysijsthe
overlap of differentially abundant proteins and differentially expressed gersedow in absolute
number (12 at control level and 19 BN treated level) butit still held 60% (control level) and
79% (FN treated level) of the genes thawere both differentially expressed in the array data
set and accessible by proteome analy3iableR.3.2B). Vice versa, for onl$.9% (control level)
and 6.6% (FN treated level) of regulated proteinsvith accessible microarray datachange in
gene expression level was detecteldence, the majority of protein abundance differences
between the strains were independent from gene expression level.

A refined comparison between proteome and transcriptome analydigch included the
direction of regulation uncoved that the overlap ofproteins and genes higher expressed in
C57BL/@BMM and the overlap of proteins and genes higher expressed in BANE (7 and 4
at control level; 10 and 17 dFN’ treated level) dd not sum up to the total overlap of 1at
control level and 19 atFN- treated level (TableR.3.2B). The explanation for the discrepancy is
that one protein/gene (Scp2) at the control Ewshowed a higher expression in BALB/c BMM in
transcriptome but higheabundancein C57BL/6 BMM in proteome analysi@orrespondingly, at
the IFN treated leveltwo proteins/genes @ not possess the same direction of regulation:-H2
AB1 and HX1 were higher expressed in C57BL/6 BMM in transcriptome but stbhigher
abundance in BALB/c BMM in proteome analysis.

The comparison of strain differencedichoccured at the nontreated medium control level
and at thelFN! treated level demonstratedsimila differences between C57BL/6 BMM and
BALB/c BMM at both treatment levels: 128 gemese expressed differentially at both treatment
conditions Fig.R.33 A), and 183 proteins showignificantly different abundancéig.R.33 C).
Equivalat to the IFN' effects a similar expression trenid the strain comparisons was visilae
both treatment levelseven wherregulation was significaranly inone Fig.R.33 B, D)

Revelation of similar main effects of IFN Ay . ! [ . kO .aa YR [/ pT.[KcC

- 4

analysis and enfirmation of known IFN' S ¥ F S O (ifdee BIW cuiti$ahidiizyystem

Ingenuity Pathwaynalysis (IPA, www.ingenuity.com) allows to arrange genes of intergst, e.
differentially expressed genes, in netwonrkhich show the interactions in the selected group of
genes. e two networks with the highest score from the separate analyses fot IEffécts in
BALB/c BMM and C57BL/6 BMM extadiain overlg of 22 out of 35genes (nodes). Therefore,
they coveed similar functional aspectsAfter merging bothnetworks, the comparison of
differential gene expression afteiFN- treatment in BALB/c BMMFig.R.34 A) and in C57BL/6
BMM (Fig.R.34 B) shoved that many of the genes of this networkere subjected to comparable
regulation bylFN+ in BMM of both strainssometimeswith differences in magnitude.

The network confirms already known N ST FS Ol a A yiree(BKIB cuffifation & S NXzY
system.The 26S proteasomavasalso known to be changed in response to-IFN & (i A Y dzf dza ® ¢ K S
proteasome,consisting ofa ringshaped20S core complex of several subunitshich exhibits
besides others protease functignand two regulatory complexes of B is the center of
intracellular ubiquitin-dependentprotein degradation which is not only needed for the normal
protein turnover but also for the generation of peptidies the presentation to immune cells via
MHCI molecules. The change of the normal proteasome into theadled immunoproteasome is
YSRAFGSR o0& (KS -8uBudifs lfrghdtBe c@éf conipksNBY $ené products of
Psmb9, Psmb10, and Psmb8 and isigeti by IFN @ ¢ KS SEOKI y3S 2F (KSasS ad
change in the proteolytic activity and specifiofiyangMaldonado 2006 Strehl et al. 2006 Also
an alternative regulatory complex of BL(PA28) exists (Rivett et al. 200H&re, expression of
Psnb9 (3.6 3.4), Psmb10 (3/B.7), and Psmb8 (2/8.1)x O 2 R A -¢uBunit§ #fNle icore
complex, andPsmd. (2.1 2.1) and Bme2 (2.7 3.1), which encodeomponentsof the regulatory
11S complex, werenduced in both BALB/c and C57BL/6 Biifiér IFN-' treatment.
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The peptide transporters Tapl and Tap2 translocate peptides from cytosolic proteasome into
the endoplasmatic reticulum, where they bind to MiH@olecules, while the peptid®IHG
complexes are lateron transferred to the cell surface. Tapl and Tap2 arebeesty be induced
by IFN' (Brucet et al. 2004, g. human, Ma~N et al 1997, Schiffer et al. 2002). this study
Tapl (5.05.2) and Tap2 (3/3.0) wae higher expressed aftdFN- treatmentin BMM of both
strains BALR/and C57BL/6Hig.R.34 A, B). Eraf, anendoplasmic reticulum aminopeptidase
that takes part in further processing andt&rminal trimming d the peptides irthe ER (Chang et
al. 2005, Jung et a2009),was additionally induced after IFNtreatment in BALB/c BMM2.1)
and C57BL/6 BMM (2.2) [data not shown]. Finally, several genes ofdifid€ | and class Il
molecules wee induced aftediFN! treatment in BMM of both strains BAL&BAnd C57BL/6 [data
not shown].

Comparison of differentially expressed gene ligtg).R.32 A), comparison of logratio data
(Fig.R.32B), and Ingenuity Pathway AnalyiBig.R.34) revealedhighly similar gene expression
signatures in BALB/c and C57BL/6 BMM after #FNeatment even for genes which were only
differentially expressed in one of the two comparisoiberefore, further analysis dfiological
effects resulting from IR treatment was performed using the union list of HFNeffects in
BALB/c and C57BL/6 BMM.

First, the list of in total 531 IFNdependent genes was subjected tog#obal functional
analysisusing Ingenuity Pathway AnalysiBA, www.ingenuity.com)vhich compared functional
categories within the data set with those of the complete array and assignecbiup to rate on
significant overrepresentatiorTalde R.3.3.

Tabe R.3.3 Global functional analysis of IFNlependent genesn BMM of at least one strain, BALB/c or C57Bu#ing Ingenuity
Pathway Analysis (Ingenuity Systems, www.ingenuity.com).

Physiological System

Diseases and Disorders Molecular and Cellular Functions )
Development and Function
number number number
category p-value® of category p-value? of category p-value® of
genes genes genes
Inflammatory 2.06E06- 146 Cellular Growth anc 6.38E06- 154 Hematological  6.38E06- 138
Response 3.53E40 Proliferation 4.55E25 System Da. F.  4.55E25
Immunobgical  5.28E06- 150 Cellular 6.28E06- 117 Immune @Il 4.90E06- 93
Disease 1.39E23 Development 8.22E25 Trafficking 6.53E21
CeltToCell
Inflammatory 5.61E06- . . 6.78E06- . 2.06E06-
Disease 575623 157 Slgnallqg and 273623 127 Hematopoiesis 2 65E20 82
Interaction

Connective 8.25E07 - 1.36E09- Tissue 9.94E07 -
Tissue Disorders 5.12E21 111 Cellular Movement 5.54E21 101 Morphology 1.36E18 70
Voo SZEOT 1o Coipean  SSTEOS- gy RS sosor

. 5.12E21 1.21E18 2.27E18
Disorders Response
Infection 2.83E06- 43 Cellular Function  4.90E06- 84 Organismal 2.50E07 - 76
Mechanism 3.51E19 and Maintenance 1.76E18 Survival 3.64E15

7.13E06- Antigen 6.38E06- Tissue 6.82E06-
S 4.05E17 141 Presentation 3.53E16 = Development 4.43E14 &
. Humoral
Respiratory 2.20E06- 1.04E06- 9.94E07 -
Disease 2.20E16 56 Cell Cycle 4g2e10 't Immune 203610 O
Response

Antimicrobial 4.46E08- 29 Gene Expression 1.98E07 - 69 Cardiovascular 4.05E06- 39
Response 6.66E15 P 1.00E09 SystenD. a. F.  2.39E09
Infectious 2.20E06- . . 9.08E07 - Organismal 3.05E06-
Disease 1.14E14 87 Cell Signaling 304809 02 Development ~ 933809 4%

@Ten categories with themallest pvalues are cited.
D. a. F¢ Development and Function
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This analysis revealed expected categories withinlfé¢' dependently regulated genes in
.aa fA1S AGLYFELFIYYFG2NE wSaL¥Ydz$&>/ 8t /A BRESFTAAQE
immune response related functions. Furthermore, growth, proliferation, but also cell cyle and cell
death associated genes were included in the set of differentially expressed genes.

C2NJ I Y2NB RSl AcaSpthwayhaSalysis wiag appli¢iabl€Rl:34). Hgra,
GKS LI GdKgl & GLYGSNFSNRY { A3yl f Ayddhe frattihdSof NS R 4
genes from the pathway, which was also included in the list of lENpendent genes. This
observation nicely proved the relevance of the gene expressignature which was recorded
after stimulation of BMM with interferon. Further pathways from the group with the highest
NI G§A2 OFfdzSa oSWHBAIYZ yANRAKBNEGAMMZY tFIKgl @éX

Receptors in Recognition of Bacteria antlXzd Sa ¢ > |y R a! OGAQlI GA2y 27F
wSO23ayAGA2y wSOSLIIi2NRAEé ¢ harGekerizatidniofithe @éritneath y (1 2 0
aeaisSyoe '3l AyT |faz OStf RSIGK aa20ArGSR TSt

Apoptosis Signafid ¢ LI G Kgl & @

TableR.34: Canonical pathway analysis of HFependent genes in BMM of at least one strain, BALB/c or C57BL/6, using Ingenuity
Pathway Analysis (Ingenuity Systems, www.ingenuity.com).

Pathway ratio® p-value
Interferon Signaling 11/30= 0367 8.34E12
Antigen Presentation Pathway 11/39 = 0282 1.61E09
Role of Pattern Recognition Receptors in Recognition of Bacteria and Viruses 20/86 = 0233 5.03E15
Complement System 8/36 = 0222 4.09E07
Retinoicacid Mediated Apoptosis Signaling 9/44 = 0205 2.42E08
Role of PKR in Interferon Induction and Antiviral Response 9/46 = 0.196 2.95E07
T Helper Cell Differentiation 8/41 =0.195 7.42E06
Activation of IRF by Cytosolic Pattern Recognition Receptors 14/74 = 0.189 1.51E11
AllograftRejection Signaling 8/45 =0.178 2.34E05
TREM1 Signaling 12/69 = 0.174 3.84E09

@ Tenpathways with the highest ratio values are cited.

Manual data mining revealedlifferent cytokines and cytokine receptors, which were
differentially expressedn BMM upontreatment with IFN! dlere, the induction of several
chemotactic chemokines (Ccl5, Ccl12, Ccl22, Cxcl9, Cxcl10, Cxcl11, Cxcl16) was noticeable. Among
the receptors, Ccr5 induction fitted to the induction of one of its ligar@sl5. The induck
receptor Ccrl2 is known to be induced after activation and during differentiation from monocytes
to macrophages, but its function is not described yet. Contrarily, ribeeptor Cxcr4 was
repressed aftertreatment of BMM with IFN' @ ¢ g2 Ay (0 S MEluBedz]ih théd & S NE
differentially expressed cytokines:-1b, a regulatory, antapoptotic cytokine with structural
similarity to I2, and the subunit IL2@28 of the heterodimeric 7, a regulatory cytokine
produced by antigen presenting cells. Sever&trirukin receptors or receptor subunits were
induced after IFN G NB I & Yifdadiish of¢tKeSL-15 receptor alphachain (1l15ra)
corresponded to the already mentioned induction of-1B Furthermore, the strongly
interdependent receptor subunits 14rdl13ral, 1121r, and 112rg were induced. The alghain of
IL-4 receptor (Il4ra) and the {21 receptor (1121r) employ the-R receptor gammahain (112rg) as
their second subunit. Similarly, the primary1lR binding subunit of the {13 receptor (l118a1)
builds a receptor complex together with the alpbhain of It4 receptor (ll4ra). Also 1112rb1,
coding for the lowaffinity binding subunit of the L2 receptor, was induced. The induction of
[110ra, highaffinity binding subunit of the HLO recepta, and of 1118bp, cytokine 118 binding
protein, is anexample for inhibitory pcessesin BMM after IFN' (i NB I RepfeSsionr of
interleukin receptor subunits was also found after ¥#Ftdeatment: 111r12, receptor for interleukin
1 family member 9, andl6st alias gp130, signal transducer for several cytokinggs,|E6, were
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found to be repressed. Finally, differential expression was observed for members of the TNF
ligand and receptor superfamilies. The central inflammation mediator Tnf, the apeptakicer
TRAIL (Tnfsf10), and thecéll survival modulator Tnfsf18 were induced in parallel with the
receptor Tnfrsf14TableR.35).

TableR35: IFN' Ay ¥t dzSy 0S8 2y 3SyS SELINB&aaArz2y 2 FABGandZ£978y6Sice. I yR 08 i21AyS NB(
Rosetta Resolver Annotation fold changé' _straln
difference
gene description alias Entrez BALB/c C57BL/6 control [FN
name GenelD
. o SISd, Scya5, RANTES
Ccl5 chemokine (&C motif) ligand 5 TCP228 20304 3.7 5.0
Ccl12 chemokine (€ motif) ligand 12 MCRS5, Scyal2 20293 3.4 2.1
Ccl22 chemokine (6C motif) ligand 22 ggg’zzDCBCK' A2 20299 2.9 3.6
Ccer5 chemokine (6C motif) receptor 5 AM4-7, CD195, Cmkbr! 12774 1.7 1.4
. . . EO1, CCR1L-CCR,
Ccrl2 chemokine (€€ motif) receptoilike 2 Cmkbril2 54199 2.0 17
Cxcl9 chemokine (€-C motif) ligand 9 CMK, Mig, Scyb9, e 17329 45.0 56.1
C7, IP10, CR& INP10,
Cxcl10 chemokine (€-C motif) ligand 10 Ifi10, mob-1, Scyb10, 15945 47.8 215
glR10
. - IP9, H174, ITACXC11,
Cxclll chemokine (€-C motif) ligand 11 SCYB9B, Scyb11, bet: 56066 8.3 1.1 X
Cxcl16 chemokine (€¢-C motif) ligand 16 SRPSOX, Zmynd15 66102 2.6 2.9
CD184, LESTR, Sdfir,
Cxcrd chemokine (€<C motif) receptor 4 Cmkar4, PEEKR, 12767 -1.8 -2.2 X X
PBSF/SBE
111rl2 interleukin 1 receptoilike 2 IL-1Rrp2 107527 -1.7 -1.8
l12rg interleukin 2 receptor, gamma chain CD132, gamma(c) 16186 1.9 1.7
ll4ra interleukin 4 receptor, alpha l14r, CD124 16190 2.0 1.6 X X
l16st interleukin 6 signal transducer CD130, gp130 16195 -1.8 -1.8
II10ra interleukin 10 receptor, alpha 1110r, CDwW210, milOR 16154 1.6 1.7
l112rb1 interleukin 12 receptor, beta 1 CD212, H12R[b] 16161 1.8 3.9
l113ral interleukin 13 receptor, alpha 1 NR4, I113ra, CD213al 16164 2.1 1.7 X
1115 interleukin 15 16168 2.8 2.0 X
l115ra interleukin 15 receptor, alpha chain 16169 4.3 4.0
1118bp interleukin 18 binding protein MC54L, Igifbp, #L8BP 16068 55 6.2
l121r interleukin 21 receptor NILR 60504 3.4 2.8 X X
1127 interleukin 27 p28, 1130, 127p28 246779 2.3 2.4
. DIF, Tnfa, TNFSF2,
Tnf tumor necrosis factor Tnfsfla, TN@Ipha 21926 2.4 2.7
Tnfsf10 tumor necrosis factor (ligand) superfamny,TLZ’ Ly8l, Trail, ARD 22035  10.6 52
member 10
Tnfsfls tumor necrosis factor (ligand) superfamlly,Gitrl 240873 33 11 x
member 18
Tnfrsfla tumor necrosis factor receptor superfamilyAtar, HveA, Hvem, 230979 26 25

member 14 (herpesvirus entry mediator) Tnfrs14

#Fold change values were calculated from expression intensities gftiebited BMM in comparison to control BMM from the mean
of three biological replicate®Differential expression in statistical testing with $§0.01 and a minimal absolute fold change of 1.5 is
indicated in bold.

Furthermore, GT&sed GTPbinding proteins of different families, which are known to be
induced by interferon and play a rola antimicrobial defense, were inducednd some even
belonged to the genes with the strongest induction within the data. $&tur families are
described in literaturdMacMicking 2004)p47 GTPaseg65 guanylatebinding proteins (GBP),
Mx proteinsand vey largeinducible GTPases (VLl@)d of each family examples were included
in the data set of induced genes in BMM after4FN i NJ I TheYp&ryfamidy was present with
the memberslgtp, ligpl, Irgml, and Tgtp. All guanylate binding pratefthe p65family were
induced (Gbp1l, Gbp2, Gbp3, Gbp4, Gbp5, and GHgith types of Mx genes, coding for the
nuclear (Mx1) and the cytosolic (Mx2) form, exhibited increased expression in BMM after IFN
treatment. Finally, very large interferon inducible GTPas&\inl,was included in the list of
induced genes as member of the last famiatjleR.36).
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TableR.36: IFN' Ay ¥t dzSy OS o& of GEHPSsY¥ famil$ reindbls inBMM ALB/c and C57BL/6 mice.

Rosetta Resolver Annotation fold changé' _straln

difference

gene description alias Entrez BALB/c C57BL/6 control [FN

name GenelD

Igtp interferon gamma induced GTPase Irgm3 16145 174 135

ligpl interferon inducible GTPase 1 ligp, Irga6 60440 100.0 100.0

Irgm1l  immunity-related GTPase family M member :_ﬂé(;!gm ligp3, lipg3, 15944 6.9 11.2

Tgtp T-cell specific GTPase Tatp, Gtp2, Mg21, Irgb 21822  49.0 100.0

Gbpl guanylate binding protein 1 Mpal, Gbpl, Magl 14468  43.9 6.0 X X

Gbp2  guanylate binding protein 2 14469 17.2 31.2 X

Gbp3  guanylate binding protein 3 Gbp4 55932 21.7 15.6

Gbp4  guanylate binding protein 4 Mpa2, Mag2, Mpa2 17472  60.6 94.3

Gbp5 guanylate binding protein 5 Gbp5a 229898 50.7 66.8

Gbp6  guanylate binding protein 6 Gbp7 229900 9.3 7.2

Mx1 myxovirus (influenza virus) resistance 1 Mx, Mx1 17857 10.8 6.9 X

Mx2 myxovirus (influenza virus) resistance 2 Mx-2 17858 6.1 3.5 X

Gvinl  GTPase, very large interferon inducible 1 VLIG, ligsl, VLG 74558 4.6 6.7

2 Fold change values were calculated from expression intensities of tiebited BMM in comparison to control BMM from the mean
of three biological replicates. Differential expression in statistical testing wita@01 and a minimal absolute fold change of 1.5 is
indicated in bold.

BMM after IFN treatment induced the expressionf complement system components. Of
the classical activation pathway, the C1 subcomponents Clga, C1lgb, Clqc, Cir, and Clrb were
induced, and of the alternative pathway factor B (Cfb). Induced component C3 takes part in all
activation pathways and espedial in the amplification loop of complement activation
(TableR.37).

TableR37:IFNt' Ay Ff dzSy OS 2 ycomplepiéhtcomnponaSia BVMDfyBARZcBind C57BL/6 mice.

Rosetta Resolver Annotation fold changé' _straln
difference

9ene " description alias ENIeZ - palg/c C57BLIG control IFN:
name GenelD
Clga complement component 1, q subcomponent, alphaclq 12259 13 23

polypeptide
Clgb complement component 1, q subcomponent, beta 12260 29 28 X X

polypeptide
Clgc complement component 1, q subcomponent, C cheC1ggCiqc 12262 1.6 2.8 X
Cilr complement component 1, r subcomponent ClraClrb 50909 4.3 4.7
Cirb complement component 1, r subcomponent, b 270510 515 6.3
C3 complement component 3 ASPPIp 12266 4.9 5.6
Cfb complement factor B B, Bf, Fb,H2-Bf 14962 14.1 19.5

? Fold change values were calculated from expression intensities of tiebited BMM in comparison to control BMM from the mean
of three biological replicates. Differential expression in statistical testing wita@01 and a minimal absolute fold change of 1.5 is
indicated in bold.

Other immune function related gene expressionanges were conspicuous in BMM after
IFNs treatment. Inducible nitric oxide synthase @os2 was increasedas expectedn treated
BMM. The enzyme produces NO, which acts as antimicrobial effector and as signal mediator
during immune defense processednaher induced enzyme genavas kynureninase (L
kynurenine hydrolasekynu) whose product is involved in the degradation of kynurenines, toxic
intermediates with signaling properties. Their production is amplified in inflammation settings by
the induction ofindoleamine 2,aioxygenas&IDO), which catalyzes the first step of tryptophan
degradation in the kyurenine pathwa Interestingly, the Ido gene wanot differentially
expressed in BMM after IFNtreatment, expression wasven absent in the majority obsnples.
The tryppphanytRNA synthetase (Wars) wanduced in IFN treated BMM. Rostaglandin
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endoperoxide synthase 2Ptgs3, coding for the enzyme responsible foroptaglandn B
biosynthesis, wa induced as well adifferent 2-5'-oligoadenylate symtetase genegOas2, Oas3,
Oasll, Oasl2)They are part of the innate immune respon&rum amyloidproteins are part of
the acute phase response. In humansagenes are known to be expressed not only in the liver,
but also in activated monocytgsacrophages(UrieliShovalet al. 1994). In this studyserum
amyloid A 3Sa3 was induced in murine BMM after IFN & NB I G4 YSy i @

BMM induced plasma membrane receptors aftezatment with IFN© & | Y2y 3 2 G KSN&E X
induction of IgG@-c receptor with high affinitydnd with low affinity IV (Fcgrl and Fcgr4), of-toll
like receptors 2, 9, and 12 (TIr2, TIr9, TIrB2) of cestimulatory receptors Cd40 and Cd86 was
observed. AdditionallyCD274 (BH1, PDLJ), ligand for the immunoinhibity receptor PEL on
activated B and Tcells and the second PEL receptor, programmed cell death 1 ligand 2
(Pdcdilg2; PIb2) exhibited inductionT@ableR.38).

TableR.38: IFN' Ay T dzSy OS immuneSundtivBetatzd\gdngs BM® of B\LB/c and C57BL/6 mice.

Rosetta Resolver Annotation fold changé' Strain
difference
gene description alias Entrez BALB/c C57BL/6 control [FN
name Gene ID
Nos2 nitric oxide synthase 2, inducible iINOS,Nos2a 18126  18.6 255
Kynu kynureninase (kynurenine hydrolase) 70789 4.0 5.2
Wars tryptophanyHRNA synthetase WRS 22375 3.7 4.4
. . COX2, PH3, Pghs2,
Ptgs2 prostaglandirendoperoxide synthase 2 TISI0PGHS 19225 16.2 15.4
Oas2 2'-5' oligoadenylate synthetase 2 Oasl11 246728 2.3 2.4 X
Oas3 2'-5' oligoadenylate synthetase 3 Oasl10 246727 3.0 4.4
Oasll 2'-5' oligoadenylate synthetaskke 1 oasl9 231655 4.8 2.4 X X
Oasl2 2'-5' oligoadenylatesynthetaselike 2 8ZSSI’LM1204’ Mmu 23962 2.6 4.2
Saa3 serum amyloid A 3 I7R3, Sas3 20210 3.8 5.7
. - CD64, IGGHAFC,
Fcgrl Fc receptor, 1gG, high affinity | FogammaRl 14129 4.6 4.9 X
- Fcrl3, CD1@&, FcgRIV,
Fcgra Fc receptor, 1gG, low affinity IV Fcgraa, FegammaRIV 246256 6.0 3.9
TIr2 toll-like receptor 2 Ly105 24088 2.0 15
TIr9 toll-like receptor 9 81897 2.8 2.3
TIr12 toll-like receptor 12 Gm1365 384059 1.8 2.8
IGM, p50, Bp50, GP39
Cd40 CDA40 antigen IMD3, TRAP, HIGMZ;, = 21939 5.1 2.6 X
BAM, Tnfrsf5
B7, B70, MB7, BZ,
. B7.2, CLS1, Ly58, EC
Cdsé CD86 antigen Ly58, MB72, Cd2812, 12524 6.5 5.4
TSIA2
. B7-H1, PBL1, Pdcdil1,
Cd274 CD274 antigen Pdcdilgl 60533 4.0 3.0
Pdcdllg2 programmed cell death 1 ligand 2 Btdc, BYDC,PBL2 58205 5.5 8.6

#Fold change values were calculated from expression intensities gftiebited BMM in comparison to control BMM from the mean
of three biological replicates. Differential expression in statistical testing wita@01 and aminimal absolute fold change of 1.5 is
indicated in bold.

Finally, he expression of mitochondrisduperoxide dismutase 2 (Sod2) and glutaredoxin
(GlIrx), whichare involved in the anibxidant defense, was inducedontrarily, glutathione
Stransferase m 1 (Gstml)which is associated to detoxification processes, was repressed.
Furthermore, the induction of lysosomal enzymes cathepsin C and H (Ctsc, Ctsh) was observed.
BMM induced cell adhesion molecules, integriasd protocadherin (Icaml, Itgal, ItgblPcdh7,

e

Vcaml) after IFN  GNBI G YSyds SKSNBI a -infiesri ssubuNB tghE 5334 SR (i K

(TableR.39).
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TableR.39: IFN'  fldeyfce on gene expression afti-oxidant, detoxification, and lysosomal enzymes and of adhesion moleicules
BMM of BAB/c and C57BL/6 mice.

Rosetta Resolver Annotation fold changé' _straln

difference

gene description alias Entrez BALB/c C57BL/6 control [FN

name Gene ID

Sod2 superoxide dismutase 2, mitochondriaMnSOD 20656 2.1 2.2

Glrx glutaredoxin Grx1, GIrx1, Ttase 93692 2.0 2.2

Gstml glutathione Stransferase, mu 1 Gstbl, Gstil 14862 -1.9 -1.9

Ctsc cathepsinC DPP1, DPPI 13032 4.0 4.5 X

Ctsh cathepsin H Ctsh 13036 2.2 1.6 X X

lcaml1 intercellular adhesion molecule 1 CD54, LM7, Icaml, MALA2 15894 2.3 2.2

Itgal integrin alpha L Cdlla, LFA, Lyl5, Ly21 16408 2.8 2.0 X

Itgb3 integrin beta 3 CD61GP3A, INGRB3 16416  -2.3 -2.9

Itgb7 integrin beta 7 Ly69 16421 25 2.1

Pcdh7 protocadherin 7 54216 1.7 1.7 X

Vcaml  vascular cell adhesion molecule 1 CD106, Vcar 22329 3.1 1.7

? Fold change values were calculated from expression intensities of tiebited BMM in comparison to control BMM from the mean
of three biological replicates. Differential expression in statistical testing wita@01 and a minimal absolute fold changkl.5 is
indicated in bold.

Biological context of gene expression differencdestween BALB/c BMM and C57BL/6 BMM

Comparison of differentially expressed gene ligig).R.33 A) andcomparison of logratio
data Fig.R.33 B) revealedhighly similar strain differences between BALB/c and C57BL/6 BMM at
both treatment levels, no#ireated medium control andafter IFN! treatment, even for genes
which were differentially expressed only in one of the two compawisd herefore, the biological
context of strain differences was further analyzed using the union set of differences at control
level and after IFN treatment.

First, the list of in total 32¢enes, which exhibited differences between the strains in astle
one of the two treatment conditions, was subjected to a global functional analysisg
Ingenuity Pathway AnalysisP@, www.ingenuity.com), which compared functional categories
within the data set with those of the complete array and assigneevalye to rate on significant
overrepresentation TableR.310).

This analysis revealed on the one hand categories imithune response related functions
ikea LY FEFYYlFG2NE wSaLRyasS sy Ry ayLUYAYHBAYS t/ NS & S yeiNd: (FA-
not surprising because the gene expression repertoire of BMM independent from the strain of
which the cells were derived is focusatithe immune response as the proprietary function of
GKS .aad aSilFo2tA0 FdzyOlAriz2ya |FyR GKS OFdiS3z2N
analysis of strain differences.

lftaz2 F2N) GKS &0UNIAYy RAFFSNBYOS | aLySiOwas 2 F (K
applied for a more detailed viewgbleR.311).

| SNBzZ (KS LI GKgle& a/2YLX SYSyd { @& aiirsurégenes LILISTH N.
differentially expressed between the strains were included in this pathwaycéuatily, the ratio
values for this anduirther pathwayswere lower than in the analysis of IFN STFSOGa 2y
This might reflect the smaller number of genes exhibiting differences between the strains in
comparison to the number of genes which are inflbed by IFN = o6dzi | f 42 GKS L2
the strain differences are more distributed among the pathways and functions.
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TableR.310: Global functional analysis génes exhibiting strain differences in BMM of at least one treatment group, mediumotont
or afterIFN# treatment, using Ingenuity Pathway Analysis (Ingenuity Systems, www.ingenuity.com).

Physiological System

Diseases and Disorders Molecular and Cellular Functions )
Development and Function
number number number
category p-value? of category p-value® of category p-value® of
genes genes genes
Inflammatory 1.51E02- 69 Cellular Growth anc 1.36E02- 92 Hematological 1.51E02- 65
Response 2.19E14 Proliferation 2.43E08 System Da. F.  7.63E07
1.51E02- L . 1.51E02- Immune Cell 1.37E02-
Cancer 6.88E14 9 Lipid Metabolism — , 5opqg 28 Trafficking 763807 o0
Antimicrobial 5.60E05- 18 Small Molecule 151E02- 42 Cardiovascular 1.51E02- 30
Response 6.53E11 Biochemistry 4.00E08 System Da. F.  3.45E05
Inflammatory 1.51E02- 8.68E03- Organismal 9.01E03-
Disease 1.09E10 88 Cell Death 5.49E07 81 Development 3.45E05 18
Humoral
. 1.51E02- 151E02- 1.51E02-
Genetic Disorder 399508 146 Cellular Movement 553807 47 Immune 5 60E05 14
Response
Connective 1.51E02- 58 gieltlzcli}rfe!nd 151E02- 64 Organismal 1.45E02- 19
Tissue Disorders 4.61E08 9 _g 1.14E06 Survival 6.36E05
Interaction
;E‘Z'g;?;f‘”d 151602 Antigen 119802 ﬁ:r'::sg'ated 151602 .
. 4.61E08 Presentation 1.08E05 7.36E05
Disorders Response
Gastrointestinal 1.51E02- 151E02- Tissue 151E02-
Disease 6.60E07 70 Cell Morphology 3 ggrgs 38 Development 143804 20
Metabolic 151E02- 75 Cellular 1.51E02- a4 Tissue 1.37E02- 35
Disease 8.95E07 Development 1.86E05 Morphology 2.29E04
Immunological 1.51E02- Carbohydrate 1.51E02- - 151E02-
Disease 422806 % Metabolism sgigos 20 Hemawopoiesis o opg, 03

#Ten categories with themallest pvalues are cited.
D. a. F¢ Development and Function

TableR.311: Canonical pathway analysis @énes exhibiting strain differences in BMM of at least one treatment group, medium
control or afterlFN! treatment, using Ingenuity Pathway Analysis (Ingenuity Systems, www.ingenuity.com).

Pathway ratio p-value
Complement System 4/36 = 0,111 1,04E03
Crosstalk between Dendritic Cells and Natural Killer Cells 8/98 = 0,082 1,45E05
Role of PatterrRecognition Receptors in Recognition of Bacteria and Viruses 7/86 = 0,081 1,08E04
Antigen Presentation Pathway 3/39 = 0,077 4,87E03
Allograft Rejection Signaling 3/45 = 0,067 6,18E03
Autoimmune Thyroid Diseases Signaling 3/47 = 0,064 7,69E03
Caveolarmediated Endocytosis Signaling 5/83 = 0,060 4,44E03
Role of RIGIike receptors in Antiviral Innate Immunity 3/52 = 0,058 1,34E02
IL-10 Signaling 4/70 = 0,057 1,02E02
TolHike Receptor Signaling 3/54 = 0,056 3,06E02

#Ten pathways withhe highest ratio values which additionally are ovepresented with p<0.05 are cited.

Manual data mining revealedlifferent cytokines and cytokine receptors, which were
differentially expressed between BMM of the two strain at control level, up@atment with
IFN' = 2NJ Ay 0O(RabléR3CRYRAGAZ2Y A

Certain chemotactic chemokines were higher expressed in BALB/c BMIEK,(Cxcl11,
Cxcl14), but also for the receptor Ccr2, which binds Ccl2, Ccl7, and Ccl13 chemokines, and Cxcr4,
whose ligand is Cxcl12, higher expression was observed in BALB/c BlMKkonally, 115, a
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regulatory, antiapoptotic cytokine with structurasimilarity to 12, and the immune modulators
Tnfsf8 and Tnfsf18, members of the TNF ligand superfamily, were higher expressed in BALB/c
BMM.

Strain differences were observed for the interleukin receptors ll4ra (agplaan of k4
receptor), l113ral (pmary 113 binding subunit of the 1L3 receptor), and 1121r (121 receptor).
ll4ra and ll13ral are linked, because Il13ral builds a receptor complex together with ll4ra. All
three interleukin receptor chains were higher expressed in C57BL/6 BMMeR.312).

TableR.312: Strain differences in gene expression of cytokines and cytokine receptors between BMM of BALB/EBirf @ice.

Rosetta Resolver Annotation fold changé IFN S¥
9€Ne  jescription alias Entez  ontrol  IFN  BALB/c C57BLE
name GenelD
Ccl24  chemokine (€C motif) ligand 24 CKB6, MPIF2, Scya24 56221 -2.7 -2.2

Ckr2, Ccr2a, Ccr2b,
Ccr2 chemokine (6C motif)receptor 2 Ckr2a, Ckr2b, mde 12772  -2.8 -4.0

Cmkbr2, Gekr-2
IP9, H174, ITAC;RL,

Cxclll chemokine (€¢C motif) ligand 11 CXC11;TAC, SCYB9B 56066 -1.0 -7.6 X
Scyb1l, betaR1
KS1Kec, BMAC, BRAFK

Cxcl14 chemokine (€¢C motif) ligand 14 NJAC, MI2g, Scybl14, 57266 -4.0 -6.1
bolekine, MIP2gamma
CD184, LESTR, Sdfir,

Cxcr4  chemokine (€¢C motif) receptor 4 Cmkar4, PEKR, 12767 -2.1 -2.5 X
PBSF/SDE
ll4ra interleukin 4 receptor, alpha ll4r, CD124 16190 2.2 1.7 X X
lI13ral interleukin 13 receptor, alpha 1 NR4, l113ra, CD213al 16164 1.7 1.4 X X
1115 interleukin 15 16168 -1.5 -2.0 X
1121r interleukin 21 receptor NILR 60504 3.3 2.8 X
Tnfsf18 tumor necrosis factor (ligand) superfamily, Gitrl 240873 10 3.0 .
member 18
Tnfsfs tumor necrosis factor (ligand) superfamily, CD153, Cd30l, CD30L( 21949 18 5.2
member 8

2 Fold change values were calculated for the comparison of C57BL/6 BMM with the baseline of BALB/c BMM of mean values from
three biological replicates per group. Positive values indicate higher expression in C57BL/6 BMM than in BALB/c BMM, whereas
negativevalues indicate higher expression in BALB/c BMM than in C57BL/6 BMM. Differential expression between BMM of the two
strains at the same treatment level (IFNreated or medium control) using statistical testing in combination with an absolute fold
changecutoff of 1.5 is indicated in bold.

Furthermore,four GTPasesGTP binding proteins de p65 and the Mxamilies, whichwere
already observed to be induced by H-Nvithin the data setof BALB/c and C57BL/6 BMM,
exhibited strain differencesGbpl, Mx1, and Mx2 were higher expressed in BALB/c BMM,
whereas Gbp2 was higher expressed in C57BMBI.

Complement system components Clgb and Clhe receptor for complement factor
fragment C5a, CSarlhut also the complement factor C1 inhibito§erpingl were hgher
expressed in C57BL/6 BMNMableR.313).

Other immune function related gene expressigifferences between BMM of the two stins
were conspicuous, because the genes were clearly affected by tieltment. First, MHC genes
of class | (H28, HQ6, H2Q8, H2T24) and class Il (H2a) were higher expressed in BALBMM.
But also H2Ab1 (class II), HR1, and H2M2 (class I) exhited strain differences, however, their
expression was higher in C57BBBIM. Second, a group of interfereinducible genes possessed
differences in their expression between BMM of both strains: Ifi2712a, Ifi44, 1fi202, Ifi203, Ifinl,
Ifit3, Ifitm3, Irf7,and Isg20. All of them were higher expressed in BALB/c BMM than in C57BL/6
BMM (TableR.314).
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TableR.313: Strain differences in ge expression of GTPase family members and complement system components between BMM of
BALB/c and C57BL/6 mice.

Rosetta Resolver Annotation fold changé' IFN S ¥
gene description alias Entrez control IFN¢  BALB/c C57BL/€
name GenelD
Gbpl guanylate binding protein 1 Mpal, Gbpl, Magl 14468 4.1 -30.0 X X
Gbp2 guanylate binding protein 2 14469 1.3 2.3 X X
Mx1 myxovirus (influenza virus) resistance 1 Mx, Mx1 17857 -2.0 -3.1 X X
Mx2 myxovirus (influenza virus) resistance 2 Mx-2 17858 -3.0 -5.3 X X
Cigb complement gomponent 1, g subcomponent 12260 6.2 78 X

beta polypeptide
Clqe Eo(r:rt]]p;li(—:‘mmt component 1, q subcomponent,cmg’ Cige 12262 20 35 .
Cbarl complement component 5a receptor 1 Cb5r1, Cd88, D7Msul 12273 2.9 2.1
Serpingl serine (or cysteine) peptidase inhibitor, CIadEClnh, C1INH 12258 11 21 .

member 1

# Fold change values were calculated for the comparison of C57BL/6 BMM with the baseline of BALB/c BMM of mean values from
three biological replicates per group. Positive values indicate higher expression in C57BL/6 BMM than in BALB/c BMM, whereas
negativevalues indicate higher expression in BALB/c BMM than in C57BL/6 BMM. Differential expression between BMM of the two
strains at the same treatment level (IFNreated or medium control) using statistical testing in combination with an absolute fold
changecutoff of 1.5 is indicated in bold.

TableR.314: Strain differences in gene expressionMifiC molecules and interferenducible factorsbetween BMM of BALB/c and
C57BL/6 mice.

Rosetta Resolver Annotation fold changé' IFN S¥
gene = gescription alias ENI®Z ool IFNG BALB/C C57BLE
name GenelD
H28 histocompatibility 28 H-28, H281, NS1178 15061 -21.1 -100.0 X
H2-Ea histocompatibility 2, class Il antigen E alpha la3, 1a3, H2Ea, 14968 -64.2 -100.0 X

patibiity <, 9 Pha A1323765, mIphaf : :
H2-Q6 histocompatibility 2, Q region locus 6 Qab, Qa6, H2Q6 110557 -2.8 -1.9 X X
y . _— . Qas, Qa&, H2Q8, ) }

H2-Q8 histocompatibility 2, Q region locus 8 Ms10t. MMS16T 15019 4.8 3.2 X

H2-T24  histocompatibility 2, T region locus 24 H-2T24 15042 -4.6 -2.5 X X
IADb, 1a2, 12, Abeta,

H2Abl  histocompatibility 2, class Il antigen A, beta :H-2Ab, H2Ab, Rmcs]l 14961 2.1 2.0
I-Abeta

H2K1 histocompatibility 2, K1, K region H-2K, H2K, H2K(d) 14972 15 1.6

H2-M2 histocompatibility 2, M region locus 2 H-2M2,Thy19.4 14990 6.2 4.4 X X

Ifi2712a interferon, alphainducible protein 27 like 2A Ifi27, Isg12, Isg12(b1 76933 -5.4 -4.0

Ifia4 interferon-induced protein 44 p44, MTAP44 99899 -36.1 -5.4 X X

1fi202 interferon activated gene 202 15949 -20.1 -78.6 X

1fi203 interferon activated gene 203 15950 -3.9 -2.0 X X

Ifihl interferon induced with helicase C domain 1 :E?éaTdDAS’ MD#, 71586 -1.5 -1.9 X X

Ifit3 mterfgron—mdgced protein with Ifi49 15959 45 25 N N

tetratricopeptide repeats 3

Ifitm3 interferon induced transmembrane protein 3Fgls, [Pk, CR s, i 66141 -5.0 -2.2 X X
1, Cdw217

Irf7 interferon regulatory factor 7 54123 -7.3 -3.2 X X

Isg20 interferon-stimulated protein DnaQL, HEM45 57444  -1.3 -3.9 X

@ Fold change values were calculated for the comparison of C57BL/6 BMM with the baseline of BALB/c BMM of mean values from
three biological replicates per group. Positive values indicate higher expression in C57BL/6 BMM than in BALB/c BMM, whereas
negativevalues indicate higher expression in BALB/c BMM than in C57BL/6 BMM. Differential expression between BMM of the two
strains at the same treatment level (IFNreated or medium control) using statistical testing in combination with an absolute fold
changecutoff of 1.5 is indicated in bold.
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TableR.315: Strain differences in gene expressiorplalsma membrane receptolzetween BMM of BALB/c and C57BL/6 mice.

Rosetta Resolver Annotation fold changé' IFN S¥
gene description alias Entrez control IFN*  BALB/c C57BL/€
name GenelD

BI2, ST17, Igsf4, Necl2, Tslc1,
Cadml cell adhesion molecule 1 Igsfda, RA175A, RA175B, RA17! 54725  -4.7 -4.0
RA175N, SgIGSF, SynCam
Llcam L1 cell adhesion molecule L1, CD171, kENCAM, NCAM.1 16728 -2.2 -2.2
Pcdh7 protocadherin 7 54216 -1.7 -1.7 X
Itgal integrin alpha L Cdlla, LFA, Ly15, Ly21 16408 2.0 1.4 X X
Cd14 CD14 antigen 12475  -3.2 24

IGM, p50, Bp50, GP39, IMD3,

Cd40 CD40 antigen TRAP, HIGML.BAM, Tnfrsf5 21939 -1.2 2.4 X X
Fcgrl Fcreceptor, 1gG, high affinity | CD64, IGGHAFC, FcgammaRI 14129 -2.0 -1.9 X X
TIrl toll-like receptor 1 21897 -2.0 -1.6
Procr protein C receptor, endothelial Ccca, EPCR 19124 2.3 2.3

2 Fold change values were calculated for the comparison of C57BL/6 BMM with the baseline of BALB/c BMM of mean values from
three biological replicates per group. Positive values indicate higher expression in C57BL/6 BMM than in BALB/c BMM, whereas
negativevalues indicate higher expression in BALB/c BMM than in C57BL/6 BMM. Differential expression between BMM of the two
strains at the same treatment level (IFNreated or medium control) using statistical testing in combination with an absolute fold
changecutoff of 1.5 is indicated in bold.

In the group of plasma membrane receptors, the adhesion molecules Cadml, Llcam, and
Pcdh7 were higher expressed in BALB/c BMM, whereas expression of integrin Itgal was higher in
C57BL/@MM. The expression of CDA4PSeceptor, CD40co-stimulatory receptor, Fcgrthhigh
affinity 1gG Fc receptor |, and Titbll-like receptor 1, was higher in BALB/c BMM than in
C57BL/6 BMMContrarily,Procy protein C receptor exhibited higher expression in C57 BIM&A
(TableR.315).

TableR.316: Strain differences in gene expressionimmune response related proteins, lysosomettracellular matrix degrading,
and detoxification enzymesetween BMM of BALB/c and C57BL/6 mice.

Rosetta Resolver Annotation fold changé IFN S¥
9ene — description alias ENUEZ  control  IFN BALB/C C57BLE
name GenelD
Lbp lipopolysaccharideinding protein Ly88 16803 15 2.3
Ltadh leukotriene A4 hydrolase 16993 1.9 1.7
Oas2 2'-5' oligoadenylate synthetase 2 Oasl11 246728 -2.6 -2.5 X
Oasll 2'-5' oligoadenylate synthetaskke 1 oasl9 231655 -25 -4.9 X
Arg2 arginase type Il All 11847 -5.1 -3.7
Tipi tissue factor pathway inhibitor EPI, LACI 21788 2.0 2.1
Ctsc cathepsin C DPP1, DPPI 13032 15 1.7 X X
Ctse cathepsin E CE, CatE 13034 -4.3 5.7
Ctsh cathepsin H 13036 2.7 2.0 X
Hyall hyaluronoglucosaminidase 1 Hyal, Hyal 15586 -2.2 -1.7
Mmpl4  matrix metallopeptidase 14 (membrasieserted) mygﬂMp MF 17387 2.3 1.8
Gstm2 glutathione Stransferase, mu 2 Gstb2, Gsti2 14863 3.5 3.3
Gstpl glutathione Stransferase, pi 1 GstpiB 14870 1.9 2.0

% Fold change values were calculated for the comparison of C57BL/6 BMM with the baseline of BALB/c BMM of mean values from
three biological replicates per group. Positive values indicate higher expression in C57BL/6 BMM than in BALB/c BMM, whereas
negativevalues indicate higher expression in BALB/c BMM than in C57BL/6 BMM. Differential expression between BMM of the two
strains at the same treatment level (IFNreated or medium control) using statistical testing in combination with an absolute fold
changecutoff of 1.5 is indicated in bold.

LBP, LPS binding protein, and Lta4h, whose gene product catalyzes the first reaction step in
the biosynthesis of leukotrienes,a. the reaction from leukotriene A4 to leukotriene B4, were
higher expressed in C57BLBMM than in BALB/c BMM. In consta 2-5'-oligoadenylate
synthetase genes Oas2 and Oasll, which are part of the innate immune response, exhibited
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higher expression in BALB/c BMM. The same direction of difference was observed for arginase
type 1l (Arg2)Tissue factor pathway inhibitofTfpi), coding for a protease inhibitor with anti
coagulant function, was higher expressed in C57BL/6 BMM. Genes obrhapsmatrix
degrading, and detoxification enzymes were differentially expressed between BMM of the two
mouse strains. Lysosomal enzyme genes showed a mixed pattern with higher expression in
BALB/c BMM for cathepsin E (Ctse) and hyaluronidas (Hyall) and higher expression in C57BL/6
BMM for cathepsins C and H (Ctsc, Ctsh). Matrix metallopeptidase 14 (Mmyieh),is involved

in degradation of extracellular matrix, and glutathiondr&sferases mu 1 and pi 1 (Gstm

Gstpl) which are associated witletoxification processes, weretected with higher expression

in C57BL/6 BMMTableR.316).

Strainspecific difference in expressioof IFN related genes

BMM of BALB/c and C57BL/6 differ in their ability to eliminate infecting bacteria, especially
after IFN! treatment (Breitbach et al. 2006). In this study, the primary reaction of BMNFId
in comparison between both strains was analyzed. Therefoneetevork centered around the
starting node IFN was createdusing Ingenuity Pathway Analysis (IPAwwwgenuity.com) This
network contained 181 gened-{g.R.35 A, B) additionally to the starting nodd#=N+. Geneswvere
grouped manuallyinto four categories: 1) difference exed between BALB/c BMM and C57BL/6
BMM at both treatment levels, control and aftédfN! treatment; 2) difference between BMM of
the two strains occurred only at control level; Bjference between BMM fothe two strains
occurred only afterlFN treatment; 4) no strain difference was observed, but tigene
expression wa influenced at least in BMM of one mouse strain. A second categorization divided
each group exhibiting strain differences into geneshligexpressed in BALB/c BMM and into
genes higher expressed in C57BL/6 BMM.
After restricting the network to genes described to be linked tolFNA Y Y| ONR LK I 3Sa 2 N.
cellsin the Ingenuity Pathway Knowledge Base (IPKBist af 132 new macrophagelated
genesoutof 18LIFN f Ay { SR 3ISy Sa O2 dz mlyalStof4daf 181 geGeBR ® / 2 NNEB
that are already included in the IPKB as-{FN NBf I § SR Ay YI ONRLIKIF 3Sa 2 NJ
exported.

Fig.R.35: Ingenuity Pathway Analysis (IPA, www.ingenuity.com) 6f IFNNBf | § SR ISy Sa o

A, B. Network resulting from application of the gréwol on transcriptome data

To create a network centered around the starting node-IFN (i K S 2Z392MR 62 F L t | Wi wasppliédgThe additionyoO i A 2

further nodes according to information stored in the-salled Ingenuity Pathway Knowledge Base (IPKB) was restricted to a list of

genes that are differentially expressed in at least 1 of 4 comparisons1) IFS F ¥ S B BMMI3JIFN ! SFFSOGa Ay [/ pT1.[KecC
3) strain difference at notreated control level and 4) strain difference after HFheatment. Further restrictions were not included.

Networks are colored according to strain difference at control level (AgtdFN' treated level (B). Green represents a higher

expression in BALB/c BMM than in C57BL/6 BMM whereas red indicates higher expression in C57BL/6 BMM than in BALB/c BMM. The
intensity of color correlates with the magnitude of difference: The shadeotir dbecomes darker with increasing absolute fold

change.
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Results

Gene Expression Pattern of Bdviarrow Derived Macrophages after Interfergamma Treatment
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HOSTCELL GENEEXPRESSIONPATTERN IN AN
IN VITROINFECTIONMODEL

Staphylococcal cfu per host cell after intermzhtion and host cell vitality[Melanie Gutjahr,
Petra Hildebrand}

After 2.5h, an averaged number of 1.3 staphylococcal colony forming units/@fugell were
found in internalization experimen{slatacourtesy ofMelanie Gutjahr) Although not statistically
significant in the four biologal replicates used for this study, a trend of increasing $fucell
along with increasing infection tim&as discernibleand led to an internalization mean value of
2.3 cfu S9 cell 6.% after start of infectionFig.R.4.1A).

A B

80 -

60

40 +

20

cfu/ S9cell
N
% Pinegative S9 cells

0
RN1HG GFP RN1HG GFP untreated non-sorted sorted
infectedSacells  infected S9 cells control infected

2.5hafter;:tart 6.5hAafter'start 25h ‘ 6.5h 25h ‘ 6.5h 2.5h“ 6.5h
of infection of infection

nor-infected (GFP) infected (GFP)

S9cellsamples

Fig.R.4.1: Staphylococcal cfu per host cell after internalization and host cell vitality.
A. Staphylococcal viable cell counts per S9 cell in infection experiments. The line indicates mean values per eathirnaalpng.
B.Percentages of viable P39 cells in untreated control and after infection wtaureusRN1HG GFéetermined byFACSounting

Infected samples were analyzéar the two time points in different populationsvithout sortingor after sortingseparately folGFP
and GFPS9 cells. Mean vads of n=2 experiments.

Cfudata: courtesy of Melanie GutjahFACSlata: courtesy ofPetra Hildebrandt.

Host cell vitalitywas determined by propidium iodid€Pl) staining and counting ifFACS
(n=2). Although 7.06 and 12.% of cells in the infected, but nesorted cell suspension were
positive for Pl and therefore not viable 2h%and 6.5h after infection, respectively, compared to
3.6% of Plpositive dead cells in the untreated control, most of the dead, infected cells were
discarded during the sorting procedu(gig.R.4.1B). Thus, cellitality was not influencedn the
subsets of sorted cel2.5h after infection (98/%in GFP S9 cells99.0%in GFP S9 cells After
6.5h, a minor drop in viability was recorded ftine infected samples (93%in GFP S9 cells,
98.8%in GFPS9 ells; datacourtesy ofPetra Hildebrandt

Reproducibility of replicates and clustering of treatment group members

Staphylococcus aurel®N1HG GFP was used to infect S9 cells, a human bronchial epithelial
cell line. The study included samples of two treatments, infected green fluoresqesite/e
FACSorted S9 cells and control cells that were exposed to medium, and analyzed the two time
points 2.5h and 6.5h after start of infection. Hierarchical clustering visualitee grouping of
the array data sets according to their similarigig.R.42). Biological replicates of each treatment
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and time point ha the highest similarity to each other, and thus, the four treatment/time point
groups defind the three lowest level clustersFig.R.42, orange dashed line). When further
analyzing the next level of clustering the high similarity between théhZBoups, ie. infected
samples and control samples, svabvious Fig.R.42, red dashed line). In the following cluster
level, the 6.5 control samples shosd higher similarity to both 2.5 samples groups than to the
6.5h infected sampls. Summing up, the biological replicates exleithéh high reproducibility. The
highest similarity orthe level of treatment groups waobserved between 215 infected and
control samples, and not between the control samples of both time points as it iyl been
expected. The medium control samples of the 16.8Bmepoint were more similar to the 2.h
samples (infection and control) than to the t3nfected samples.

' l medium control

. infected; GFP positive

_I time point2.5 h

'_‘ time point6.5 h

_| biological replicate 1
|_| biological replicate 2
'_' biological replicate 3
E biological replicate 4

10

-5

|

Fig.R.42: Hierarchical clustering of 16 array data sets from S9 infection empet.

The following clustering algorithms were applied on-temsformed data: Agglomerative clustering with average linkage using
euclidian distance weighted by error as sarity measure. Sequences whichneaot expressed on all 16 arrays (definedpoy0.01

on intensity profile level in Rosetta Resolver software) and control sequences were excluded from the cluster analysis.

The orange dashed line indicates the thiewest level clusters which deto a segmentation into the the four treatment/timgoint
groups. Thaext level of clustering groupetie 6.5h control samples next to 215 control and infected samples (red dashed line).

LLCREEORC L

-

Comparison of treatment groups and assessment of differentially regulated genes

For identification of differentiabene expression, infected samples were compared to their
time-matched controls. Additionbl, same treatments were compared between the two time
points for control purposes. In detail, four comparisons of sample groups were carried out:

j  2.5hinfected GP-positive samples vs. 2fbmedium control

k 6.5h infected GFpositive samples vs. 6fbmedium control

I 6.5h infected GFfpositive samples vs. 2tbinfected GFpositive samples
m 6.5h medium control vs. 2.B medium control

All comparisons arealepicted by scatter plotsHg.R4.3). A small difference appeared
between the infected and control samples h%Safter infection Fig.R4.3, panelj ), while a
strong reaction of infected cells compared to the timatched control became visibldter 6.5h
(Fig.R4.3, panelk ). Consequently, the infected samples strongly differed between both time
points Fig.R4.3, panell ). But also in the control samples a certain change of signal intensities
depending on incubation time was recorded. This change mainly consisted of lower signal values
after 6.5h than after 2.5 (Fig.R4.3, panem).
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Fig.R4.3: Scatter plots comparing mean signal intensities of treatment groups.

The signalof 1 KS T2 dzNJ INR dzLJE & Y SRA éY I Ofogiiidddried iafdcted darbple laferii26NE 1 @ S R A dzY
control sample after 6.K ¢ = | ypRsitide Batted infected sample after Z&Gévere plotted after combining the four biological
replicates.Control sequences and sequences thare absent on all of the arrays used for each scatter plot are not shown. (Absence

of expression is defined via avplue > 0.01 on intensity profile level in Rosetta Resolver).

When looking at examples of signal intensity data, gene expression pattern were recognized
that were characterized by similar expression in the three groups of infecteepGdiR/e sorted
cells after 2.5, medium control cells after 25, and infected GRpositive sorted cells after
6.5h. Adivergent signal intensity, lower or higher than in the three other groups, was noticeable
for the last group of medium control cells after &1gFig.R4.4). However, the timedependent
OKIFy3asSa Ay GKS O2yiNRBf &l YLX S&4Q ISy Sbut8He LINB & & A
infection-dependent changes should be accessed. Therefore, a strategy was déinedowed
to exclude genes which are mainly influenced by a differing value in the group lofnéslium
control cells from the list of infectiecdependent differential gene expression after ®.5of
infection.

>
w

Fkbp4(EntrezGen¢D2288) Cldn1(EntrezGen¢D 9076)
2500 3000

2 2000 2 2500

2] [%2}

2 2 2000

$ 1500 o]

£ £ 1500

§ 1000 & 1000

ué 500 g 500
Fig.R4.4:

. 0 T T | EEee— 0 T T T

Examples of mean signal RN1HG RN1HG RN1HG RN1HG
intensities characterized by a o GFP - GFP e o GFP
hiagh A d I I medium infected  medium infected medium infected  medium infected
igher (A) an _ower value control GFP control GFP control GFP control GFP
(B) for the medium control positive positive positive positive
after 6.5h Compared to the sorted sorted sorted sorted
other three sample ups. 25h I\ 65h | 2.5h I 6.5h |

First, differential gene expression was determined with statistical testing for the comparison
of infected GFpositive sorted cells vs. medium control, each aftert6.Second, the differential
gene expression was calculated for the comparison of infected-g@SRive sorted cells after
6.5h with medium control cells after 215 Third, only genes which featwtralifferential gene
expression in both comparisons were included in the list of infeeti@pendent differential gene
expression 6.5 after infection For assssing the infectioependent differential gene
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expression after 2.8, infected GFfpositive sorted cells after 215 were statistically compared
to their time matched medium contralells.

Altogether, 86 genes were defined as differentially expressed in infection compared to control
2.5h after infection. Of these genes, 40 pos®&eka minimal absolute fid change of 1.5and 11
genes h&d a minimal absolute fold change of PapleR.4.1A). In comparison, for the 6i5time
point differential expression iinfection compared to control wamsade up of 2296 genes, of
which 1196 passd an absolute fold change cutoff of 1.5 and still 495 pdsa cutoff of 2
(TableR.4.1B).

Comparison of infectiordependent differentially expressed genes aft@r5h and 6.5h

When comparing the infectiodependent changes in gene expression with a minimal
absolute fold change of 1.5 after Zhsand after 6.5, an overlap of 26 genes was recorded. This
corresponds to 6% of the genes differentially expressed B. after infection Fig.R.4.5A). If
genes that did not exhibit differential expression relative to the baseline af 2x@dium control
had not been excludedrom the list of infectiondependent regulated genes after &5 the
overlap would have even increased by 6 genes @80

A B

25h | repressed repressed | 6.5 h

o

<)
‘Qr

induced induced

genesdifferentially expressed genesdifferentially expressec
in S9cellsbetween infection in S9cellsbetweeninfection

with RN1IHGGFPand medium  with RN1HG GFP and medi
control 2.5 h after infection control 6.5h after infection

Fig.R.4.5: Comparison a@ffection-dependent regulated genes in S9 cellsi2dnd 6.5 after start of infection.

After applying a minimal absolute fotdhange cutoff of 1.5, 40 genes edifferentially expressed in infection compared to control
2.5h after start of infection, Wwile the number of differentially expressed genes I6.&fter start of infection increasetb 1196. The
overlap between both lists contadal 26 genes (A). This group of 26 genes in the overtadde subdivided into 23 genes which
were induced 2.5 as vell as 6.5 after start of infection, 2 genes whiakere repressed in both time points and 1 genesichtwas
induced 2.5h after start of infection and repressed after h5In general, a bigger fraction of differentially regulated gewes
induced thanrepressed in each time point. This sered up to 33 or 860 induced genes hSor 6.5h after start of infetion,
respectively. Represm occurred for7 genes at the 2.5 time point and 336 gersat the 6.5h time point (B).

In a finer resolution, ats the direction of regulation was comparable between the two
analyzed time points. Of the 26 gen&gich were differentially expressed after h5as well as
after 6.5h, 23 were induced and 2 were repressed in both time points. Only for one gene
induction was observed after 215 while the expression was repressed after 16 &ig.R.4.5B).

Concluding from this high degree of conformance in the two time ppthes RNA expression
profiing 25Kk F FGSNJ aidl NI 2F AyFSOaAz2y &aSSYSR (42 OF (0K
reaction, which was very strongly aggravated during the following 4 hours until the measurement
6.5h after start of infection.

In ead time point, induction of gene expression was more pronounced than repression.
Induction summed up to 33 or 860 genes B.Br 6.5h after start of infection, respectively.
Repression covered 7 genes at the 2.5ime point and 336 gergat the 6.5h time point
(Fig.R.4.5B).
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Differentially abundant proteins in infected samples compared to medidmated controls
[Melanie Gutjahr]

Samples for transcriptome analysis were generated from the same experiments which yielded
samples for a proteome study (Melanie Gutjahr). Here, afrgel mass spectrometric analysis
was performed, which allowed the identification of 1049 proteim all analyzed samples. Of
these, Melanie Gutjahr classifidd2and224 as different in abundanc2.5h and6.5h after start
of infection, respectivelyAt the 2.5h time point, reduced abundance prevailed witB proteins
in comparison to39 proteins with increased abundance. In contrarg6 reduced and128
increasedproteins were observed®.5h after start of infection The common signature of both
2.5h and 6.5 time point included63 proteins, whereasl9 and 161 proteins were specifically
regulated at the2.5h and 6.5h time point, respectivelyReverse regulation at both time points
did not exist.

UniProt accession numbersf proteins exhibiting differential abundance were mapped to
EntrezGene IDs using the Brot ID mapping toolwww.uniprot.org. The majority of these
EntrezGene IDs was available as annotation for sequences @aheChigHuman Gene 1.0 ST
array in Rosetta Resolver softwafénally,98 regulated proteins were available for comparison
with transcriptome data from samples Zh5after infection, and at the 6.b time point, 198
regulated proteins could be compared to array res(liableR.42).

TableR.42: Mapping of UniProentriesto EntrezGene IDs and EntrezGene records in Rosetta Resolver software.

time UniProtaccession numbers EntrezGene IDs EntrezGendDsavailable in Rosetta Resolver software
point of regulated proteins after ID mapping for the GeneChip Human Gene 1.0 ST array
25h 112 110 98

6.5h 224 221 198

Comparison of differentially abundant proteins with differentially expressed genes
[in cooperation with Melanie Gutjahr]

At the firsttime point 2.5h after start of infection, the small list of differentially expressed
genes did not overlap with the list of regulated proteins.

When comparing transcriptome and proteome results of thet6tbne point, an overlap ofll
genes/proteins wagliscernble. These inclded 7 (ALCAM, APOL2, ERAPL, IFIT2, IFIT3, OASL,
WARS)ENd 3 (FASN, KPNA2, PPME#&pes/proteins which exhibited in both analysis methods
up- and down-regulation respectively. The remaining gene/proteilYNC1HIvas induced at
transaipt level and reduced in protein abundance.

The comparison between differentially expressed genes at the earlign #tbe point with
regulated proteins at the later 6/5 time point revealed that for ZIFIT2, IFIT3ncreased
proteins the transcripts leeadywere induced.5h after start of infection.

When the comparison was performed in reversiore. iwhen the 2.51 time point regulated
proteins were compared with the later 66 G AYS LRAY:GI Q&8 ISYENSELINBAAA?Z
DYNC1H1, IFITZC3HAVlproteins were reduced at 2/ whereas gene transcripts were
induced at 6.5. Furthermore,one protein (ALCAMyas increased after 25, but the transcript
was induced only at the 615 time point. This gene/protein was already included in a list
mentioned above.Finally,the protein FASNwvasreduced 2.5h after start of infection, but the
transcript wasrepressed after 6.5. The FASN gene/protein was already included in the list of
gene and protein repression at the h3ime point(TableR.43).
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TableR.43: Differentially abundant proteinsvhich exhibit differentiabene expression.

) fold changé'
UniProt
s . EntrezGene . .
gene name description accession D protein transcript
b
numoer 25h 65h 25h 65h

ALCAM activated leukocyte cell adhesion molecule Q13740 214 4.5 4.3 1.1 1.8
APOL2 apolipoprotein L, 2 Q9BQES5 23780 2.1 4.5 1.2 4.5
ERAP1 endoplasmic reticulum aminopeptidase 1 QINZ08 51752 N/A 5.6 -1.0 1.6
IFIT2 interferon-induced protein with P09913 3433 11 62 24 52

tetratricopeptide repeats 2
IFIT3 interferon-induced protein with 014879 3437 11 26 16 34

tetratricopeptide repeats 3
OASL 2'-5"-oligoadenylate synthetaskke Q15646 8638 N/A 16.9 1.1 5.1
WARS tryptophanyHRNA synthetase P23381 7453 -1.3 1.6 1.1 4.4
FASN fatty acid synthase P49327 2194 -1.6 -1.6 1.1 -1.7
KPNA2 zﬁggpge”” alpha 2 (RAG cohort 1, importi - pg559, 3838 15 17 13 17
PPME1 protein phosphatase methylesterase 1 Q9Y570 51400 -2.9 -18.0 -1.1 -1.9
CNP 2',3"cyclic nucleotide 3' phosphodiesterase P09543 1267 -2.4 1.2 -1.1 1.6
IFITL interferorvinduced protein with P09914 3434 21 13 16 33

tetratricopeptide repeats 1
ZC3HAV1 zinc finger CCCtipe, antiviral 1 Q7Z2W4 56829 -2.0 1.2 1.4 3.4

? Fold change values were calculated for the comparison of infected §FRell with the baseline of medium control samples.
Differential regulation is indicated in bold.

Evaluation of infectiondependent differentially expressed genes using Ingenuity Pathway
Analysis (IPA) for the two time points 25 and 6.5h after start of infection

For each of the two analyzed time points, B.and 6.5n after start of infection, a list with
genes differentially expressed in infedt samples compared to controls was uploaded to
Ingenuity Pathway Analysis (IPA, www.ingenuity.com)gédee fold change value accompad
the EntrezGene identifiers. A minimal absolute fold change cutoff didddeenapplied.

In the statisticaltesting performed by the different IPA tools, the size of the input list
influences the significance levels thie results. As the two lists we very different in size (40
genes at the 2.5 time point vs. 1196 genes at the 15ime point; TableR.4.), the signiitance
levels for each analysis wee by far not directly comparable. Therefore, the B.%lata were
examined separately and additionally sedvéor illustration purposes like ovkying gene
expression data for 2.6 on 6.5h data results. The analysiercerning networks and pathway
was focused on the differential gene expression at thel6tiine point.

In the samples of the time point 2tbafter infection the big fractionof genes with increased
expressionwas noticeable (33 of 40 geneg§ig.R.4.5B). Strongest induction (fold change 4.2)
was observed for K6, a cytokine occuprg a key position in regulation of the immune response.
Another immunestimulating cytokine, IFN 3wvas strongly induced (IFNB1, fold change 2.8;
rank4 of induced genes), and the response to interfevaas seen in the induction of interferen
induced proeins IFIT2 (fold change 2.4) and IFIT3 (fold change 1.6). IFNf 42 A¥Ff dzSy
expressionkig.R4.6).

Interestingly, prostaglandiendoperoxide synthase 2 transcriptiomas induced (PTGS#ias
Cox2, fold change 2.3; rank 6 of induced genes). This enzyme genehsmtdaflammation
mediators prostaglandin (PG),@nd H from arachidonic acid. From PgHhe other
prostaglandins like P& are formed by different synthases. In the data set, also,R&teptor
PTGER4vas induced (and induction of P&ieceptor PTGER®as seen only at the 65 time
point). Therefore, prostaglandin synthesis as well as prostaglandin rece@ induced on
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transcriptome levelat the 2.5h time point PTGS2 transcription is positively influenced by
IL-6. All three genes, IL6, PTGS2, andEREG are indirectly induced bpdothelin, EDN1, which
also has vasoconstrictor functions and itseds irduced 2.5h after start of infection (fold
change 4.2). The influence on expression is at least in parts mediated by ERK1/2yaghiast
regulated itself fig.R4.6).

Fig.R4.6:
Interactions of 6, PTGS2, PTGS2
PTGER4, EDN1, ERK1/2, IFNBI % . m
IFIT2, and IFIT3 in a custom R w3 )
pathway design (modified from B i e N » A \\ B
IPA, www.ingenuity.com). PTGER4 || o N £ ex N .
Red color indicates induction of NS / \ e ) _ - "O I
gene epression in infected \\ ¥ - O/ A _=—? - 1
samples compared to control 2t N O, i T Y f \ s // E
after start of infection. More \ et ! B/ BN /
intense shade of color is used for E:expresslon \\ Sy / / \\ /
higher absolute fold change A: activation \ G // \
values. Dashed lines indicate P: phosphorylation \\ - W s /
indirect influence on expression s ) R h//P E»

. . . secretion ~ / o ——
(E), activation (A), phosphorylation o P \Ao, —_—— IENBA
(P), anl secretion (S), the solid line B Pinding A
binding (B).

These genes illustratea beginning pranflammatory response. Another interesting candidate
which is assigned an important role at the interface of neuronal andunemsystem, the
leukemia inhibitory factor LIRyas increased in infected cells (fold change 1.6) alreadi 2ffer
start of infection (and stasd induced at the 6.% time point). LIF belongs to the-6Lfamily of
cytokines and recruits, like -B, the ubiquitous glycoprotein gpl30 as second subunit of its
receptor.

Several genes for signal transduction molecules and transcription fagewesincluded in the
small set of 40 differentially expressed genes [R.&fter start of infection. An increased
expressionvas observed for NR4A2 (fold change 3.5), NFKBIZ (3.0), KLF4 (2.1), ATF3 (2.1), BCL6
(2.7), MYC (1.7%FP36L2 (1.6), and KLF6 (1.5).

Increased expressionas recorded folTNFAIP3 (2.3), a gene thought todsiical for limiting
inflammation, and foZzC3H12C (1.5), a member of a familpedative regulators in macrophage
activation. In addition,CD274 (BH1), ligand for the immunoinhbitory receptor PBL on
activated B and Tells and on monocytesyas higher expressed in infected samples than in
controls.These gene expression changes altlittea role in counterregulatory processes during
the beginning of infection and inflammation.

Other genes likeNEDD9 (2.0), TNC (1.6), and RND3 (1.5) are involved in cell adhesion,
rounding and cytoskeleton organization, indicating the beginning of morphological changes in the
infected cells.

Even more, cell cycle progression seems to be negatiftdgted by the infection, as seen by
increased transcription of KLF4 (2.PRP1R15A (2.1), and MYC (1.7). Strikingly, 7 of 40 genes
were repressed 2.5 after start of infection and all of them are functionally associated with cell
cycle progression: ARKA §1.9), PLK15(.8), HIST1IH2AB1(.6), BUB1Hl1.5) C130RF34/BORA
(b1.5), CDCAX1.5), and CDCABL.5).

About two thirds of regulated genes in the h5sampleswere still regulated 6.5 after
infection, and theabsolute fold changevas even increasd for almost all of these genes at the
later time point Fig.R.47). Only one exceptionwith reversed direction ofegulationoccurred
and PTGS2 deaa smaller fold change after 6tbthan after 2.5h although its expressiostill was
increased. To cohade, the changes started in the early time poivere enforced in the later
time point.
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Fig.R.47:

Comparison of fold changealue for differentially expressed genes both after
2.5h and after 6.5.

Absolute fold changealuesfor almost all of these genes increased at the later
time point (black lines)PTGS2 had a smaller fold change afterh6tban after
2.5h (gray dashedine) and only one gene, ADAMTS1, shdvan reversed -4
direction of regulation in both time points (gray dashed/dotted line). 25h 6.5

fold change (infected vs. control,

In IPA, a global functional analysis can be applied to the complete data set. Results offer an
overview on the dataassociated biological functions with a-vplue to judge on over
representation of the corresponding function in the data set. The resahlsbe grouped in three
topics: 1) Diseases and Disorders 2) Molecular and Cellular Functions, and 3) Physiological System
Development and Function. Here, especially the first and second tegrie relevant for data
analysis because the data were generataditro. To get a first impression, only the first five
categories with smallest-paluewere selected from the topics 1) and 2) for the &.5ime point.

Ly GKS G2LAO a5Aa4SFasSa yR 5Aa2NRSNBéE | FSNE
inflammation and infection related categoriewas visible TableR440 ® / F G S3I2NEB G/ |
obtained the smallest pvalue, but as such category collects dsgefunctions that might also be
immunesystem associated, the result will not be interpreted as cancer like reaction of S9 cells to
AYFSOGA2yd® LYRSSRY Ay I O2YLI NRAZ2Y 2F +ff 3Sy
linked to the other fourimmunerelated categories in this analysis, apgdmately one third
appeaedAy 020K &/ I yOSNE helatedchtégbried. &3 Ay GKS AYYdzyS
¢KS (2L OFrGS3I2NASa 2F Gaz2ftSOdzZ NI FyR [/ St f dzf |
proliferation, death orrelated aspectsTableR4.4). First signs of the influence of infection on
this issue have already been recognized in theh2samples. In the later afysis time point of
6.5h this influence was even more manifested ardulted in very low falues.

TableR4.4: Globalfunctionalanalysis (IPA, www.ingenuity.com) of the infectidependent differentially regulated genes in S9 cells
65hafterstart2 ¥ Ay FSOGA2yd CANBRG FAHS OFiGiS3I2NASa 2F GKS G2LAOa a5Aa$s
cited with the range of walues of the associated suategories.

‘ Diseases and Disorders Molecular and Cellular Functions
ran
category p-value range category p-value range

1 Cancer 3.44E09¢ 1.85E03 Cellular Growth and Proliferation 1.04E12¢ 2.11E03
2 Infection Mechanism 3.76E09¢ 1.50E03 Cell Death 1.27E10¢ 2.21E03
3 Antimicrobial Response 5.46E07 ¢ 7.96E04 Cellular Development 4.94E09¢ 2.06E03
4 Inflammatory Response 5.46E07 ¢ 1.84E03 Cellular Function and Maintenance  8.19E08¢ 1.95E03
5 Immunological Disease 1.12E06¢ 1.76E03 Cell Cycle 1.22E07 ¢ 2.21E03

The Canonical Pathways tool in IPA allows analysis of the data set in the context of predefined
pathways and their associated genes, which are displayed in order of cellular location and
function and which can be overlaid with gene expression data.

The frst, most significant result for the infectiesiependent gene expression changes in S9
cells 6.5h after start of infectionwad (G KS LW G & BIF ENRIYL F£pAdayn0®AbLA y 3 €
ratio =13/30; Fig.R4.8). Induced gene expressiowas documented for IFN, the signal
transduction molecules JAK2, STAT1, and STATZ2, the regulatory suppressor of cytokine signaling
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SOCS1, and finally for the transcriptionally rated genes PSMB8, TAP1, IRF1, IFI35, IFITL, IFIT3,
OAS1, and MX1.

For the influence of staphylococcal infection on IFN signalingvivo kidney gene expression
please refer to ResultKidney Gene Expression Pattern inimmivo Infection Model Fig.R.2.9
page86.

IFNy TFN
alp

Extracellular Space IFNy [FNyIFNy IFNy IFNAIFNA
—RGARB‘RuARB R1AR2 S
Cytoplasm / * \
JAKA—RAK2  JAKA—AK2
TYK2 JAKA
ToPTE
\ N7 l\rcmp/ |
STATY docsi ¢ 6
l STATTSTAH
Eiars STAT2
P ©
§TAT1 STAT1
Nucleus
P
PIAST STAT]
H . \V TC-PTP F)
Fig.R4.8: \STAT!;/ DRIP156-§TAT2/~ IRF9
Interferon Signaling (modified (
. . AT1
from IPA, www.ingenuity.com).
Red color indicates increase of GAS @l Psviss
expression. More intense shade L s OASH IFI35
of color is used for higher G (R IFITM) IFIT3
IRF1) PSMB8 MX} GIP2 (GIP3

absolute fold change values.

The secondesult in significantly overepresented canonical pathwaysada aw2f S 2F t |
wSO023ayAGA2Y wSOSLII2NE Ay wWR< o2t igoiktio220/80¢ Fhis. | OG S
pathway includes C3ARL1 (fold change 3.6), receptor for complement comp@3entpentraxin
PTX3 (3.7), a soluble pattern recognition receptor (PRR) and inflammation regulator involved in
enhancing complement activation and clearance of apoptotic cellslikellreceptor TLR3 (5.1)
with its signal transduction molecule MYD88 (2iBjracellular PRR RIZDDX58; 3.2) and MBA
5 (IFIH1; 5.6), which are involved in viral doudtltanded RNA recognition, and NOD1 (2.5),
receptor for bacterial diaminopimelic acid with its signal transduction kinase RIPK2 (3.8). NOD1 is
known to activa¢ CASP1 (4.4), a protease cleaving the inactiYe fprecursor.

Three different 25'-oligoadenylate synthetase genes OAS1/2/3 (2.5/2.4/Ww8)e induced.

They are part of the innate immune response, induced by interferon, and their product
oligoadenylateactivates RNASEL (1.6), whighs additionally induced on mRNA level in this
experiment. Cytokine genes IL6 (11.9), IFNB1 (3.6), IL12A (4.0), CCL5 (4.0; RANTES) are included in
this pathway as end point of signal transduction starting with different Mi&R&FB. Finally,

three subunits of PI3K, phosphoinositié&inase were induced: PIK3R1 (1.7), regulatory subunit
1/alpha, PIK3R3 (2.4), regulatory subunit 3/gamma, and PIK3CA (1.7), catalytic subunit alpha
polypeptide.

Significant overepresentationwad | f 82 20aSNIWSR T2NJ YSYOSNE
wS OS LG 2 NJ (f=m DYy BB thtjo312/64). Thedeath receptor FAS (3.7) armhscade
initiating caspases CASP8 (1.6) and CASP10w@®)induced, but alscCFLAR (2.6; FLIP) as
inhibitor of CASP80. Ligands TNFSF10 (18.5; APO2L, TRAIL) and TNFSF15 (féreTL1)
a0NRPy3dfte AYyRdzOSRX o6dzii y20 GKSANI NB OSghil 2 NA
transduction kinase RIPK1 (2@gs induced together with MAP kinases MAP3K14 (2.0) and
MAP4K4 (2.7and FB kinase (IKK) subunit IKBKE (2.3). Additionally, G#&SP3ightly induced
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(1.6), but CASP9, the link to the intrinsic mitochondrial apoptosis pathway NS LINS & 4 SR
Possibly, S9 cslvere prepared to react to external apoptosis signalgive signals to infection
relevant immune cells like neutrophils or macrophages. Of course, such situation does not occur
in the S9 ceih vitro infection setting.

Similarly, antigen presentation will not find any reaction partrieritro. This canonical
pathway was significantly overrepresented in the infectidependent genes whichwere
differentially expressed 6.5 after start of infection (p=m ® H 02 rdtio=8/39; Fig.R4.9).

Antigen presentation is divided into two parts, presentation of intracellular and extracellular
antigens. Intracellular antigens are digested by cytosolic proteasome with sequential transport of
peptides intothe endoplasmatic reticulum (ER). These peptides are loaded to-IMbtilecules
and transported via the Golgi to the cell surface for presentation. The imrpurteasome gene
PSMB8 (LMP7), coding for a protein in the-20& of the proteasomeyas inducedfold change
1.8). PSMB9 (LMP2) with a fold change of 14889 just marginally below the cutoff anadwuld
be regarded as induced, too. Both induced genes lead to an imnrasponsespecific
NE2NBIFYAT FGA2Y 2F (KS LINEdeklthe peptifiait@nspoitets TAP& (G A O
(2.4) and TAP2 (2), the TAPbinding protein apasin/TPN (TAPBP; 1.5), which attaches the TAP
molecules to the MHCT complex, and the ER aminopeptidases ERAP1 (1.6) and ERAP2 (4.4),
which are responsible for drminal trimming of the peptide in the ER. At the end of this
pathway, MH@ molecules HL& (1.7) and HL-A (1.8) and MHC classelated molecule MR1
(2.0) were induced. MR1, a nedassical MH@ene, features a sbtng homology to MHC
molecules, is highly consemyen human and mouse, ubiquitously transcribed in different tissue
2NJ OSft GeLsSaz yR aLlSOodzZ I GSR G2 LINEA& SNE 21ay
associated invariant Tells (MAIT celjsexpressing an invariant Gell receptor(TCR similar as
innate natural killerT cells (INKT) (Riegert et al. 1998, HanEEnet al. 2007). Bet&-
microglobulin (B2M; MHGI 0 & (KS &S 02 Y& conpiex cghowdia tréend of (i K S
induction with a fold change of 1.3, bwias not significant in statistical testing.
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Fig.R4.9: Antigen Presentation (modified from IPA, www.ingenuity.com). Red color indicates increase of expression.
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Immune cells and other cells of the body are capable of presenting intracellular antiggen
MHGI. Although a significant increase in expression was observed for-IMgthe HLAOP
(3.8), all other MHA@I genes for both alpha and beta subunits were not differentially expressed.
Additionally, the intensity of MHEG gene expression is cléramong the lower values on the
whole array. This is not surprising, because presentation of extracellular antigens vidl MHC
preferentially occurs by professional antigen presenting cells (APC) like dendritic cells (DC),
macrophages and Bells, and thenuman bronchial epithelial cell line S8hich was used in this
study, does not belong to the group of professional APC.

For the influence of staphylococcal infection on antigen presentatioin #ivo kidney gene
expression please refer to Resulkichey Gene Expression Pattern in amvivo Infection
Model/ Fig.R.2.12 page88.

Persistence and enhancement of S9 reaction to infection whaureusRN1HG from the 2.5
to the 6.5h time point

It has already been mentioned that a big fraction of the gemesich were differentially
expressed at the 2.B time point wasstill regulated at the later 6.5 time point. This concegd
26 genes (ableR.45).

TableR.45: Overview on genes which were @iféntially expressed in S9 cells at both the [2.8nd the 6.5 time point in
comparison between infection wit8.aureusRN1HGGFPand controltreatment.

Rosetta Resolver annotation fold changé'
- Entrez

genename  description Gene ID 2.5h  6.5h
IL6 interleukin 6 (interferon, beta 2) 3569 4.2 11.9
NFKBIZ nuclear factor of kappa light polypeptide gene enhancer-gels inhibitor, zeta 64332 3.0 7.9
IFNB1 interferon, beta 1, fibroblast 3456 2.8 3.6
IFIT2 interferon-induced protein with tetratricopeptide repeats 2 3433 2.4 5.2
PTGS2 prostaglandirendoperoxide synthase @rostaglandin G/H synthase and cyclooxygenase) 5743 2.3 1.6
KLF4 Kruppellike factor 4 (gut) 9314 2.1 9.9
ATF3 activatingtranscription factor 3 467 2.1 3.9
PPP1R15A protein phosphatase 1, regulatory (inhibitor) subunit 15A 23645 2.1 2.4
EDN1 endothelin 1 1906 2.0 8.2
NEDD9 neural precursor cell expressed, developmentally doegulated 9 4739 2.0 5.5
PMAIP1 phorbol12-myristate-13-acetateinduced protein 1 5366 2.0 4.4
PTGER4 prostaglandin E receptor 4 (subtype EP4) 5734 1.8 5.2
ADAMTS1 ADAM metallopeptidase with thrombospondin type 1 motif, 1 9510 1.8 -1.7
BCL6 B-cell CLL/lymphoma 6 604 1.7 3.5
SAT1 spermidine/spermine Nfacetyltransferase 1 6303 1.6 4.6
ZFP36L2 zinc finger protein 36, C3H tygi&e 2 678 1.6 4.0
FAM46A family with sequence similarity 46, member A 55603 1.6 35
IFIT3 interferon-induced protein with tetratricopeptide repeats 3 3437 1.6 3.4
TNC tenascin C 3371 1.6 21
LIF leukemia inhibitory factor (cholinergic differentiation factor) 3976 1.6 2.2
CD274 CD274 molecule 29126 1.6 5.5
KLF6 Kruppellike factor 6 1316 15 2.6
ZC3H12C  zinc finger CCGtype containing 12C 85463 15 2.8
C6orf141 chromosome 6 open reading frame 141 135398 15 3.7
CDCA8 cell division cycle associated 8 55143 -1.5 2.1
HIST1H2AB histone cluster 1, H2ab 8335 -1.6 -2.1

#Fold change values were calculated for the comparison of infected S8Feell with the baseline of medium control samples.

Leukemia inhibitory factor (LIF) was already increasedh 2afiter start of infection (fold
change 1.6). This increase was furtledevated after 6.9 (2.2). Fittingly, increased expression
was also detectableof the LIF receptor (LIFR, 2a2}his time point
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CD274alias programmed cell death 1 ligand (PDL1) is involved in the regulation of
inflammatory responsesSharpeet al. 2007) In this study, CD274 gene expression was induced
2.5h after start of infection and further increased at the ®.8ime point. Interestingly, at the
later time point, the second RD receptor,programmed cell death 1 ligand(PDCD1LG2.7)
was also induced.

The prostaglandiendoperoxide synthase 2 (PTGS2) was less induced at thetléah at the
2.5h time point(TableR.45). Addtionally, the intensity values for PTGS2 at I6 were lower in
both controlandinfectedsamples §0 and 94) when compared to the 2.B control sample (280).

This might hint for a early reaction that was about to stop at the later time point. Inductadn
prostaglandin receptor PTGER4 still increased fromh2& 6.5h, and induction of another
receptor, PTGER2, was only detectable at theh6tine point. The reaction of the genes for
these receptors seeadto lag behind the reaction of the gene codiftg the enzyme responsible
for synthesis of their ligand.

Interferordi O0LCb. M0 6l a AYyRddzOSR |G o020 Hmelpgink t 8T SR
interferon reaction has already been described in reference to the induced genes IFIT2 and IFIT3
(pagell @ Ly GKS Lt! Ol y2y A O fpadelt16),KR3b, aFITH, LFYTE, S NJF S N
IRF1 and otherswere included as induced, interferaegulated genes at the 615 time point,
and IFIH1 has already been introduced in the IPA canorlicél § gRoR of ®attern Recognition
Receptors in Recognition of Bacteria and Viraspage 120). Manual filtering revealed further
six interferon regulated genes IFI16, IFI44L, IFIT2, IFIT5, IRF2, and ISG20 to be intwadéet 6.5
start of infection.

A histone cluster 1 gene (HIST1H2AB) was repressed s$igyiifict @ ¢AGK | fSaa
change 2.5 after start of infection. But 6.5 after infection, a number of 17 other histone
cluster 1 genes together with HIST1H2AB were repressed. Of these 17 additional genes, 4 had
already vyielded a significantyalue at the 2.5 time point, but did not pass the 1.5 fold cutoff.
Furthermore, H1 histone familpnember 0 (H1F0) and H2A histone family member X (H2AFX)
were repressed at the 6.5 time point(TableR.45, TableR.46).

Cyclins CCNB1, CCNB2, and CCNH were repressed, while CCND1 and CCNL1 were induced
6.5h after start of infectionln this context, induced cychaependent kinaseskinaselike CDKB6,

CDKL2, and CDKL5 were conspicuatuthe 6.5h time point while cyclindependent kinase
inhibitors CDKN1B, CDKN2B, and CDKN3 were repressed. Contrarily, the inhibitor CDKN2C was
induced.Similarly, genes coding for cell division cycl@aisded proteinsCDCAS3, CDCA4, CDCAS,

and CDC25Aand genes encoding centromegntrosomal proteins CENPEEP55, CEP97,
CEP120and CEP250vere repressed, while CDC14Ad CEP170 were inducdrlegulatory genes

CKS2, GAS2L3, PRC1, and SKP2 were repredszdas BTG1,CHEK2and DMTF1 were
observed as induce@@ableR.46).

In a condensed manner, histonegre repressed, some cycldependent kinase (CDK) were
induced, and CDK inhibitors, cyclins, cell divisitycle associated proteing;entromer/
centrosomal proteinsand regulatory geneswvere found with both repressed and induced
examplesNevertheless,apression held a bigger fraction of this subset of genes than induction.
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TableR.46: Overview onselecteddifferentially expressedell cycle and proliferation related genes S9 cells 6.5 after start of
infection withS.aureusRN1HG.

Rosetta Rsolver annotation fold changé'
gene name description Entr?éGene 2.5h 6.5h
HIST1H1A histone cluster 1, Hla 3024 -1.4 -3.0
HIST1H1B histone cluster 1, H1b 3009 -1.4 -1.7
HIST1H1C histone cluster 1, Hic 3006 -1.3 -1.9
HIST1H1D histonecluster 1, H1d 3007 -1.4 -2.2
HIST1H2AB histone cluster 1, H2ab 8335 -1.6 2.1
HIST1H2AC histone cluster 1, H2ac 8334 -1.4 -1.6
HIST1H2AI histone cluster 1, H2ai 8329 -1.3 -1.7
HIST1H2AK histone cluster 1, H2ak 8330 -1.4 -2.2
HIST1H2BH histonecluster 1, H2bh 8345 -1.3 -1.8
HIST1H2BN histone cluster 1, H2bn 8341 -1.3 -1.5
HIST1H3A histone cluster 1, H3a 8350 -1.5 2.1
HIST1H3B histone cluster 1, H3b 8358 -1.3 -1.5
HIST1H3F histone cluster 1, H3f 8968 -1.3 -1.8
HIST1HSI histone clusterl, H3i 8354 -1.3 -1.7
HIST1H4B histone cluster 1, H4b 8366 -1.4 -2.0
HIST1HA4C histone cluster 1, H4c 8364 -1.4 -1.6
HIST1H4D histone cluster 1, H4d 8360 -1.5 -1.7
HIST1H4F histone cluster 1, H4f 8361 -1.5 -1.8
H1FO H1 histone family, member 0 3005 -1.0 -1.6
H2AFX H2A histone family, member X 3014 -1.2 -1.5
CCNB1 cyclin B1 891 -1.3 -1.6
CCNB2 cyclin B2 9133 -1.3 -1.6
CCNH cyclin H 902 1.0 -1.7
CCND1 cyclin D1 595 -1.1 1.7
CCNL1 cyclin L1 57018 14 2.1
CDK6 cyclindependent kinase 6 1021 -1.0 1.6
CDKL2 cyclindependent kinasdike 2 (CDGgelated kinase) 8999 1.0 3.2
CDKL5 cyclindependent kinasdike 5 6792 1.1 2.6
CDKN1B cyclindependent kinase inhibitor 1B (p27, Kip1) 1027 -1.2 -1.6
CDKN2B cyclindependent kinase inhibito2B (p15, inhibits CDK4) 1030 1.0 -1.9
CDKN3 cyclindependent kinase inhibitor 3 1033 -1.3 -1.9
CDKN2C cyclindependent kinase inhibitor 2C (p18, inhibits CDK4) 1031 -1.0 1.7
CDCA3 cell division cycle associated 3 83461 -1.4 -2.0
CDCA4 celldivision cycle associated 4 55038 -1.0 -1.6
CDCA8 cell division cycle associated 8 55143 -1.5 2.1
CDC25A cell division cycle 25 homolog A (S. pombe) 993 -1.0 -1.5
CDC14A CDC14 cell division cycle 14 homolog A (S. cerevisiae) 8556 -1.1 2.8
CENPF centromere protein F, 350/400ka (mitosin) 1063 -1.2 -1.9
CEP55 centrosomal protein 55kDa 55165 -1.2 -1.5
CEP97 centrosomal protein 97kDa 79598 -1.1 -1.9
CEP120 centrosomal protein 120kDa 153241 -1.0 -1.6
CEP250 centrosomal protein 250kDa 11190 -1.1 -1.6
CEP170 centrosomal protein 170kDa 9859 -1.1 1.8
CKS2 CDC28 protein kinase regulatory subunit 2 1164 -1.2 -1.7
GAS2L3 growth arrestspecific 2 like 3 283431 -1.4 2.1
PRC1 protein regulator of cytokinesis 1 9055 -1.2 -1.6
SKP2 Sphasekinaseassociated protein 2 (p45) 6502 -1.2 -1.5
BTG1 B-cell translocation gene 1, arpiroliferative 694 1.4 1.8
CHEK2 CHK2 checkpoint homolog (S. pombe) 11200 -1.1 3.2
DMTF1 cyclin D binding mybke transcription factor 1 9988 1.1 1.9

2 Fold change values were calculated for the comparison of infected &FRell with the baseline of medium control samples.
Differential regulation is indicated in bold.
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Insights into infectiondependent differential gene expression by selected exangplieom the
6.5h time point

Infection of S9 cells witls.aureus RN1HG and interiaation of the pathogen affected
metabolism related genes 6tbafter start of infection.

Interestingly, the second most strongly induced gemas indoleamine 2 8lioxygenas 1
(IDO1, fold change 23.5), a key molecule in immunomodulation, microbial growth control, and
pathogen immune escap&élante et al. 2009 The enzyme catgtes the reaction of tryptophan
to formylkynurenine. In relation to IDOL, the increased expressbWARS (4.4) whose gene
product is responsible foryptophan tRNA charging attractedtention.

Lipid metabolism related genes regulated B.after start of infection in S9 cells featura
decreased expression in infected samples leading to the agsumpf a reducedde novo
lipogenesisKig.R4.10).

This concerad different types of lipids. In the mevalonate pathway and the following
cholesterol biosynthesis stepsive genesweNB NBLINB&aadSRY YS@Lf2ylFdS
farnesylRA LIK2 A LK S FI NJy Sa e f, stevd-GAmethyl MdidasSike ISCHMDE;C ¢ m T
12.0), squalene epoxidas€dSQLE;}L1.8) and NAD(P) dependent steroid dehydrogeniike
0b{ 51 [ TThebinddzedogénes afholesterol 25hydroxylase(CH25H; ®) and oxysterol
binding proteinlike 10 (OSBPL101.8) are involved in negative feedback on cholesterol
biosysnthesis¢ KS NBLINB&aaAzy 2F FlLdde | OAR a@dyiKlFasS 6«
involved in lipid metabolism. Deiodinase type 5 (h H T bLnom0 OFGFfel Sa
thyroxine (T,) to the main biologically active form triiodothyronine),Twhich is known to induce
lipogenesis. Although theneas probably no hormone,To be conveted in thein vitro situation
used for this stdy, the repression of DIO2 might reflect a reaction that makes sienggo for
bronchial epithelial cells leading to less local activation of lipogenesis. In contrast, glucagon (GCG)
is known to suppress lipogenedgidillgartner et al. 1995)This hormor was induced (3.6) in
infected S9 cells. Finally, the two genes for mitochondrial gly&epblosphate acyltransferase
0Dt ! aT b mabyglyceroBypRosphate & O& f G NI y & FSNJI a Swhiph aie! Dt ! ¢
involved in triacylglycerol biosynthesigere repressed in infected samples.

Fig.R4.10:
Rgpression of enzyme genes related tc)mevalonate cholesterol fatty acid biosynthesis triacylglycerol
lipid metabolism pathway biosynthesis initiation and elongation biosynthesis
Lipid metabolism related genes were 9
chosen with the help of omiegewer(s) %

of BoCrc (SRInternational, CA, USA,  MVK SCANIOIL SRR
http://biocyc.org) and manually added

to and arranged in the Ingenuity % SQLE %

A |

~E®

FASN

Pathway Analysis path designer tool

(IPA, www.ingenuity.com). Green color

indicates repression of gene expression FPFT! HeBhk ~ AGPATS
in infected samples at the 65 time I3) reguistors @

point, red color induction of gene DIO2% H{ GL6

expression, and more intense color CH25H

shows a higher absolute fold change. SIS T4

Enzymes mevalonate kinase (MVK), D

farnesyidiphosphate farnesyltrans Kiacisiion OSBPL10 unsaturated fatty acids
ferase 1 (FDFT1) in mevalonate e

pathway, and stereC4methyl oxidase de novo lipogenesis
like (SC4MOL), SQLE sQualene

epoxidasg, and NAD(P) dependent steroid dehydrogeniike (NSDHL) in the following pt of cholesterol biosynthesis we
repressed.CH25H cholesterol 25hydroxylas¢ and OSBPL1@xXysterol binding proteisike 10, which are involved imegative
feedback on cholesterol biosynthesis, were indudeatty acid synthase (FASN), the enzyme of fatty acid biosynthesisepressed,

and also deiodinase type Il (DIO2), an enzyme catalyzing the deiodization of thyro)ite tffe main biologidsy active form
triiodothyronine (). Tz induces (Ajle novdipogenesis, while glucagon (GCG) suppresses (1) it. The enzymes mitochondrialt8fycerol
phosphate acyltransferase (GPAM) anécylglyceroB-phosphate Gacyltransferase 5 (AGPATS5) are invdlia triacylglycerol
biosynthesis. Their expressiaras reduced 6.% after start of infection.

storage lipid
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Enzymes catalyzing synthesis or degradation reactions of lipids are in certain cases also
related to signal transduction and regulatory processes in thelodlis contexta cumulation of
increased expression values in infected samplesh6aiter start of infection was noticeable
(Fig.R.411).

Phosphatidylinositefi-kinase and phosphoinositidgkinase subunitqP14K2B2.1; PIK3CA
1.7, PIK3R11.7; PIK3R32.4) belong to the group of genes coding for enzymes involved in lipid
messenger reactions. These enzymes catalyze reactions ending wathpribduction of
phosphatidylinositctrisphosphate (PI, a messenger involved in activation of protein kinase
AKT/PKB. Phospholipases(PLCB42.9; PLCGR3.9; PLCHL12.0) generate the mesmngers
inositotrisphosphate (1B and diacylglycerol(DAG). @osolic phospholipase A gamma
(PLA2G42.7) releasesamong othersarachidonic acid, whicbhanserve as messengevith the
function of directly activatigion channels and protein kinase C (Ordway et al. 1991, Whaet
al. 1995 Bonventre 199P or can be processé to eicosanoid mediatordéike prostaglandins
(LayeéGill 2003) Interestingly, the acyCoA synthetase(ACSL31.7) with preference for
arachidonate, myristate and eicosapentaenoat@s increased, too. This might indicata
inactivation procesdor the messengearachidonic acidFurthermore, PRKD1 (2.0) and PRKD2
(2.5), coding for protein kinase D alias protein kinase C isofomene induced, too (not shown).

Three more genes shad an increase of gene expression B.&fter start of infectio: Serine
palmitoyltransferase subuni(SPTLC21.8) and ketodihydrosphingosine reductag€DSR1.6),
which are part of ceramide biosynthesis, and alkaline ceramidag€#tR24.1), an enzyme of
ceramide degradation to sphingosine. Noticeably, both fimadpcts ceramide and sphingosine
are associated with apoptosis.

3-phosphoinositide hospholinases activationof ceramide sphingosine
biosynthesis PROSPROTp fatty acidby CoA  biosynthesis metabolism

PI4K2B
PLCB4 (- & ACSL3 SPTLC2
2 preferencefor 2 ACER2
PLCG2 RHAGe0 arachidonate &
PIK3CA myristate, ¢
PLCH1 eicosapentaenoate
KDSR
hospholipases C hospholipase A
PIK3R1  PIK3R3 RECEES phoSPOTP
palmity-CoA ceramide
y \
arachidonic arachidony
PIR IP,+ DA A ceramide sphingosine
J 3 £ acid CoA phing
R activationof activityregulation . L
activationof calciumchannels ofionchannels inactivationof apoptosis
AKT/PKB arachidoniacid

andPKC andPKC

Fig.R.411: Induction of enzyme genes related to lipid messenger production.

Lipid metabolism related genes were chosen with the help of ori@ser(s) oBIoCrc(SRInternational, CA, USA, http://biocyc.org)

and manually added to and arranged in the Ingenuity Pathway Analysis path designer tool (IPA, www.ingenuity.com). Red color
indicates induction of gene expression in infected samples at thé @irie point,and more intense color shows a higher absolute

fold change. Genes coding for enzymehich areinvolved in lipid messenger reactigngere induced phosphatidylinositol 4«inase

type 2 beta (PI4K2B), phosphoinositi8i&inase, catalytic, alpha polypepddPIK3CA), phosphoinositi@ekinase, regulatory subunit
1/alpha (PIK3R1), and phosphoinositigi&inase, regulatory subunit 3/gamma (PIK3R3). These enzymes catalyze reactions ending
with the production of phosphatidylinositdtisphosphate (P, a messnger involved in activation of protein kinase AKT/PKB.
Phospholipase C, beta 4 (PLCB4), phosphatidylinssiegific phospholipase C, gamma 2 (PLCG2), and phospholipase C, eta 1 (PLCH1)
generate the messengers inosHimisphosphate (1) and diacylglya®l (DAG), cytosolic, calciumdependent phospholipase A2,

group IVC (PLA2G4C) generates the messenger arachidonic acidCa¥cydynthetase longhain family member 3 (ACSL83s
increased, too. This might indicate in inactivation process for the mgssemachidonic acid.

Serine palmitoyltransferase, long chain base subunit 2 (SPTLC2)}ketaBiydrosphingosine reductase (KDSR), which are part of
ceramide biosynthesis, and alkaline ceramidase 2 (ACER2), an enzyme of ceramide degradation tongptshgesd a higher
expression in infected samples than in controls at thetBtiine point.
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Differential expression of apoptosis associated genes has already been observed in the data
evaluation with Ingenuity Pathway Analysis tools (dek G Kol & a5SFGK wSOSLI:
pagel20). Further apoptosis related genesere found when manually filtering the list of
differentially expressed genes at the &15ime point(TableR.47). Genes for apoptosis inducing
proteins Bcell CLL/lymphoma 10 (BCL10, 1.7) and apoptosis facilitatorlBEL2L (BCL2L11,
2.0)were increased in infected sampleBhe proteins belong to the group of Bid8ly proteins
and achieve their apoptotic effect by binding pooteins of the BeR family. The mechanism is
discussed to take effect bwctivating preapoptotic members or inactivatingro-survival
members in a deepression moddBouilletStrasser 2002, Adams 200BletchefHuang 2008.

Also apolipoprotein L1 (APOL1) is a BHBE proteinwhose accumulation leadto autophagy
(Wan et al. 2008,Zhaorigetu et al. 2008pnd is postulated to be Hked to apoptosis
(VanhollebekéPays 2006)Its expressionvas increased by a factor of 3.4 in infected samples at
the 6.5h time point. Interestingly, four other apolipoprotein L geneshich do not possess a
secretion signal peptide like APOL1 and therefore are thought tdobalized intracellularly
(Duchateau et al. 199Rage et al. 20Q1showedincreased expression: APOL2 (4.6), APOL3 (3.7),
APOL4 (1.9), and APOL6 (4EXpression oAPOLSvas absent (p>0.010n intensity profile level

in Rosetta Resolver analysie all 16 infected and control S9 cell samples of this stddhese
other APOL proteins also contain B#timains and are supposed to be associated with
programmed celtleath and immune responggiuZ et al. 2005)Most interestingly APOLL1 is the
target proteinof the antagonisticTrypanosoma brucei rhodesiengmtein SRA which helps the
pathogen to evade the immune respongaurther preapoptotic genes were induced in infected
S9 cells like BH&e motif containing, cell death inder (BLID; 2.3), BChatagonist/killer 1
(BAK1; 1.9), caspase 4, apoptasiated cysteine peptidase (CASP4; 2.8), but also an anti
apoptotic gene, BCLassociated athanogene (BAG1; TrableR.47).

TableR.47: Overview on selectedlifferentially expressedapoptosis related geneis S9 cells 6.5 after start of infection with
S.aureusRN1HGGFP

Rosetta Resolver annotation fold changé

gene - Entrez .

name description Gene ID alias 6.5h
BCL10  B-cell CLL/lymphoma 10 8915  CLAP, mE10, CIPER16, CARMEN 1.7

. . - BAM, BIM, BOD, BimL, BimEL, BI!

BCL2L11 BCL3Z2ike 11 (apoptosis facilitator) 10018 betab, BIMbeta7, BIMalphat 2.0
APOL1  apolipoprotein L, 1 8542  APOL, APQ, APOIL 3.4
APOL2  apolipoprotein L, 2 23780 APOL3, APAL 4.5
APOL3  apolipoprotein L, 3 80833 CG121, APOLII 3.7
APOL4  apolipoprotein L, 4 80832 APOLIV,AP@V 1.9
APOL6  apolipoprotein L, 6 80830 APOLVI, APal 4.2
BLID BH3like motif containing, cell death inducer 414899 BRCC2 2.3
BAK1 BCL2antagonist/killer 1 578 CDN1, BCL2L7, BAKE 19
CASP4 caspase 4, apoptosiglated cysteine peptidase 837 TX, ICF2, Mih1/TX, ICERHL 2.8
BAG1 BCL2associated athanogene 573 RAP46 1.8

?Fold change values were calculated for the comparison of infected$BFEIl with the baseline of medium control samples.

Manual filtering revealed induced cytokines and cytokine receptorsh6abter start of
infection, some of which have already been mentioned in the context of IFN signaling or pattern
recognition receptorgTableR.48). OnlyIFNB1 and IL6 were already induced at the2tbne
point. In total, the induced genes revea a proinflammatory responsethe acute phase
response and fever mediatoil-6, inducers & MHGI molecules and antivirahtibacterial
mechanisms (IFNB1, IL28B)hemoattractants for monocytes, Tcells, denditic cells and
granulocytes (CCL2, CCL5, CXCL10, CXCL11, CXGutb)Tcell activating cytokines €L,
TNFSF13B), maphage growth factor (CSF1), inducer of other cytokines and immune cell
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differentiation (IL12A),epithelial receptor for the inflammatory cytokine -B2 (IL22RA1)
scavenger receptor for cytokines (CCRiminunomodulatory cytoking (IL28A, 1L28B, IL2%nd
apoptosis inducers (TNFSF10, TNFSBabalso antiapoptotic 1-15 and its receptor IL15RA

TableR.48: Overview ordifferentially expressedytokinesand receptorsn S9 cells 6.5 after start of infection witl5.aureusRN1HG
GFP

RosettaResolver annotation fold changé
gene description Entrez alias 6.5h
name Gene ID
CCL2 chemokine (€C moitif) ligand 2 6347 MCP1 2.8
CCL5 chemokine (€C motif) ligand 5 6352 RANTES 4.0
CCRL1 chemokine (€2 motif) receptoilike 1 51554 CCR11 2.3
CSF1 colony stimulating factor 1 (macrophage) 1435 MCSF 3.1
CXCL10  chemokine (€-C motif) ligand 10 3627  IP-10, INP1QIFI10 28.1
CXCL11  chemokine (€-C motif) ligand 11 6373 IP9,I-TAC 7.0
CXCL16  chemokine (€4-C motif) ligand 16 58191 SRPSOX 1.8
CXCR4 chemokine (€¢C motif) receptor 4 7852 CD184SDF1R,ESTR 1.6
IFNB1 interferon, beta 1, fibroblast 3456 3.6
IL6 interleukin 6 (interferon, beta 2) 3569 HGF,HSF,BSF2,IFNB2 11.9
IL7 interleukin 7 3574 2.0
IL12A interleukin 12A 3592 P35,CLMF,NKSF1 4.0
IL15 interleukin 15 3600 34
IL15RA interleukin 15 receptor, alpha 3601 2.1
IL22RA1 interleukin 22 receptor, alpha 1 58985 18
IL28A interleukin 28A (interferon, lambda 2) 282616 IFNL2 5.1
1L28B interleukin 28B (interferonlambda 3) 282617 IFNL3 3.0
IL29 interleukin 29 (interferon, lambda 1) 282618 IFNL1 5.7
TNFSF10 tumor necrosis factor (ligand) superfamily, member 1( 8743  TRAILTL2 APO2LCD253 18.5
TNFSF13E tumor necrosis factor (ligand) superfamily, member 1: 10673 DTLBAFFBLYSCD257 2.2
TNFSF15 tumor necrosis factor (ligand) superfamily, member 1! 9966  TL1VEGI 4.6

#Fold change values were calculated for the comparison of infected S8Feell with the baseline of medium control samples.

Further interesting induced genes included myxovirus (influenza virus) resistance 1 and 2
(interferonrinducible protein p78, MX1; 2.2; MX2; 1.9). These genes code for intefiiedaned,
antiviral proteins forming a ringhaped oligomeric structurevhich recognizes and sequesters
viral nucleocapsid protes (Gao et al. 2010). MX1 and MX2 belong to the same family of
interferon-inducible GTPases as the four guanylate binding proteins 1, 3, 4, 5 (interferon
inducible, 67kDa, GBP1; 2.6; GBP2; 2.9; GBPS; GBP4; 11.1yhich were induced in S9 cells
6.5h after start of infection withS.aureusRN1HG GFP. These GBPs are involved in immune
defense, probably oligomerize, act antivirally and inhibit cellular proliferatiteccMicking2004).

The fifth menber of the p65 GBP family, GBP6, was not expressed on all 16 arrays in this study
(TableR4.9).

The endotheliaprotein C receptor (EPCR; PRROL6) was also induced in infected S9 cells.
Protein C activation by thrombin/thrombomodulin is enhanced when it is bound to EPRC, and
subsequently, activated protein C can act in an anticoagulant andrdiainmatory manner. In
inflammation, where coagulation is facilitated by different mechanismg,. &ia @eactive
protein CRP, the induction of PR®@ight indicate a counterregulatory procedss(mon2006).
Interestingly, the receptor shedding from the cellular surface is iated bytumor necrosis
factor-alpha converting enzym & ACE, alias8DAM metallopeptidase domain LADAM17(Qu et
al. 2006), which was also induced in the infected S9 cells (ADAM1Tabl8R4.9).

Further gene expression chargén infected S9 cellsoold be assigned to a related
physiological aspect: Tissue factor pathway inhibitor 2 (TFPI2; b&@hgs like activated
protein C to thenatural anticoagulant$Esmon 2006).
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Plasminogen activator urokinase (PLAB,0) activates plasmin and therefore leads to anti
coagulant activity. But its proteolytic activity also leads to degradation of extracellular matrix
(Dass et al. 2008)The expression of PLAU was decreased in infected S9 cells. Contrarily,
plasminogen activator urokinase receptor (PLAUR; 4.0), receptor for PLAU, was induced. The
receptor promotes and localizes extracellular protease activity and plasmin formation by PLAU,
but also participates in internalization of complexes between PLAU and its inhibitors (Cubellis et
al. 1990, Dass et al. 2008, Blasi/Sidenius 2d@asminogen activator inhibitek (PAtl) is the
maininhibitor of PLAU, and it waaduced in infected S€ells (SERPINEL; 3TableR4.9)

In infected S9 celldnduction was observed for mitochondrial superoxide dismutase 2 (SOD2;
2.6),a gene known to be inducible in response to oxidative stress and by inflammatory cytokines
like Il-6 (DougallNick 1991 Miao et al. 2009) Furthermore, thioltransferase glutaredoxin (GLRX;

1.9) and thioredoxin interacting protein (TXNIP; 2.2), whichirarelved in antoxidant defense,
were induced TableR4.9).

Four components of theomplementsystem were induced in infected S9 cells at thet6.5
time point: complement component 1, r subcomponelite and s subcomponent (C1RL; 1.7,
C1S; 1.7) of the classical pathway, complement factor B (CFB; 3.1) of the alternative pathway and
complement compaoent 3a receptor 1 (C3AR1; 3T&ableR4.9).

Lysosomal enzyme genes of cathepsin (35S 2.6) and legumain(LGMN 2.3) and
additionaly, lysosomal membrane protein genes LAMP.3)(and LAPTM@L.9) were induced.

TableR4.9: Overview onselecteddifferentially expresseimmune defense related gendés S9 cells 6.5 after start of infection with
S.aureusRN1HGGFP

Rosetta Resolveannotation fold changé'
gene name description Entrez alias 6.5h
Gene ID
MX1 myxovirus (influenza virus) resistance 1, interferon 4599 MXxA, IFI78 22
inducible protein p78 (mouse)
MX2 myxovirus (influenza virus) resistance 2 (mouse) 4600 MXB 1.9
GBP1 guanylate binding protein 1, interfereimducible, 67kDa 2633 26
GBP3 guanylate binding protein 3 2635 29
GBP4 guanylate binding protein 4 115361 Mpa2 149
GBP5 guanylate binding protein 5 115362 11.1
PROCR protein C receptorgndothelial (EPCR) 10544 EPCRZCD41CD201 16
ADAM17 ADAM metallopeptidase domain 17 6868 CSVPTACECD156B 18
TFPI2 tissue factor pathway inhibitor 2 7980 PP5REF1 2.2
PLAU plasminogen activator, urokinase 5328 ATFUPAURKU-PA -2.0
PLAUR plasminogen activator, urokinase receptor 5329 CD87UPARURKR 4.0
SERPINE1 serpin peptidase inhibitor, clade E (nexin, plasminoge 5054 PAIPAHL, PLANH1 33
activator inhibitor type 1), member 1
SOD2 superoxide dismutase 2, mitochondrial 6648 IPOGB,Mn-SOD 26
GLRX glutaredoxin (thioltransferase) 2745 GRXGRX1 1.9
TXNIP thioredoxin interacting protein 10628 TXNIPTHIFVDUP1 2.2
C1RL complement component 1, r subcomponelike 51279 1.7
C1Ss complement component 1, s subcomponent 716 1.7
CFB complement factor B 629 3.1
C3AR1 complement component 3a receptor 1 719 3.6
CTSS cathepsin S 1520 2.6
LGMN legumain 5641 AEPPRSC1 2.3
LAMP3 lysosomalassociated membrane protein 3 27074 CD208TSC403 5.7
LAPTM5 lysosomamultispanning membrane protein 5 7805 CLAST6 1.9

Fold change values were calculated for the comparison of infectedl SBFell with the baseline of medium control samples.

Several adhesins were inducedSraureusRN1HG GFP infected S9 cells, like integrins alpha
and beta (ITGAZ2; 2.9; ITGA5; 2.0; ITGA11; 1.6; ITGB&n&.tjeir regulator cytohesin 1 (CYTH1,
2.1), protocadherinsRCDH7; 4.1; PCDH17; 2.1) and cadeébBi8(1.6). Another cadherin was

—
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repressed CH10 £1.9). Increased expression was also observed for adhesion molecules ALCAM
(1.8) andCEACAM19.9) ALCAM wsone of the genes whose protein abundance change was in
accordance with the differential expressiorapleR4.10, TableR.43).

TableR4.10: Overview onselecteddifferentially expressedell adhesion related gends S9 cells 6.5 after start of infection with
S.aureusRN1HGGFP

Rosetta Resolver annotation fold changé'
Entrez

gene description Gene alias 6.5h
name D

ITGA2 integrin,alpha 2 (CD49B, alpha 2 subunit of \A.rkceptor) 3673 BR,GPlaCD49B,VL-& 2.9
ITGAS integrin, alpha 5 (fibronectin receptor, alpha polypeptide) 3678 FNRACD49e,VLASA 2.0
ITGAl1l integrin, alpha 11 22801 1.6
ITGB8 integrin, beta 8 3696 ITGBS8 2.6
ITGB1BP2 integrin beta 1 binding protein (melusin) 2 26548 CHORDCS, ITGB1BP 1.8
CYTH1 cytohesin 1 9267 B21,SEC7,PSCD1 2.1
PCDH7 protocadherin 7 5099 BHPCDH 4.1
PCDH17  protocadherin 17 27253 PCH68PCDH68 2.1
CDH8 cadherin 8, type 2 1006 1.6
CDH10 cadherin 10, type 2 (F@adherin) 1008 -1.9
ALCAM activated leukocyte cell adhesion molecule 214 MEMD,CD166 1.8
CEACAM1 carcinoembryonic antigerelated cell adhesion molecule 1 634 BGPBGP1BGPI 9.9

(biliary glycoprotein)

#Fold change values were calculated for the comparison of infectedSBF¢ll with the baseline of medium control samples.
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Growth Media Comparison Study

Reproducibility of replicatesand clusteing of experimental condition groups

Cultivation ofS.aureusRN1HG in pMEM medium was performed in triplicate. In the tiling
array analysis of the sample points exponential growth, stationary phasantl stationary
phase i, the replicates of each group were arranged together in a clugterexpected, for the
stationary t, time point, which is defined as B after entry into stationary phasea higher
similarity to the § samples, which were harvestedn2earlier,than to the exponential growth
samples was detected. This similarity was especially visible fog tieldgical replicates 2 and 1,
whereas the replicate 3 held more distance to the other sam(#esR.51).

_1 exponentiagrowth

— [ |
| i 1 u stationaryphaset,
: { el
| 1 . stationaryphaset,
|_| [
¢ -, ‘r_l biologicakeplicatel
l biologicakeplicate2
— —|

E biologicakeplicate3
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Fig.R.51: Hierarchical clustering of 9 tiling array data sets from growth in pMEM medium.

The following clustering algorithms were applied escpretransformed data: Agglomerative clustering Wiaverage linkage using
cosine correlatioras similarity measure. All sequences were included in the cluster analysis.

Three major classes according to the sample points during growth vigrerdble: 1) exponential growth 2) stationary phaset and

3) stationary phasest As expected for the stationarytime point, a higher similarity to the samples than to the exponential growth
samples was detected. This similarity was especially visible fog heldgical replicates 2 and 1, whereas the replicate 3 held more
distance to the other samples.

Comparison okexperimental conditiongroups and assessment of differentially regulated genes

The consumption of medium components and the reduction of grawth after begiming of
stationary phase was accompanied by a substantial change of gene expression. This change was
visualized by the strong scattering when comparing stationary phaaed stationary phasé,
samples to the exponential growth in scatfgots Fig. R.2).

The comparison of stationary phase samples with exponential growth samples by statistical
testing resulted in 2243 ah 1399 sequences, which exhibited a significant difference to
exponential growth at the tand thet, time point, respectivelyOf these, 1423 sequences
exceeded an absolute fold change of 2 in theamples, and 1086 sequences passed the cutoff in
the 2h later samples of thetime point (TableR.51).
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Fig. R.®: Scatter plots comparing mean signal intensities of treatnggatips.
The signal®f the three 3 NB dzL3atiogaly pliaset B a i I (A 2 y ¢ NB  lekgaRierdieh grdivth phasewere plotted after
combining the three biological replicates. All sequenceslable on the array are shown.

TableR.51: Resultsof group comparisonsvith statistical testing oftationary phase and exponential growsitaphylococcal array
data sets.

number of sequences

group comparisort significant with p*<0.05 in textbook one absolute fold change equal
way ANOVA with Benjamiifochberg False  to or greater tha 2 AND
DiscoveryRate multiple testing correction significant with p*<0.05

stationary phase;tvs. exponential growth phase 2243 1423
stationary phaseqtvs. exponential growth phase 1399 1086

#The 080604_SA_JH_Tiling array contains 3882 sequences of which 2825 are known transcripts. The remaining 1057 sequences were
identified as new transcripts in the tiling array analysis. All sequences were included in statistical testing.

Comparison of dferentially regulated genesn t, and t, of stationary phase in pMEM

The gene expression signatures péamd t, stationary phases.aureusRN1HG, which resulted
from statistical comparison with the baseline of exponential growth including multiple testing
correction and minimal absolute fold change cutoff 2, were compared in a Venn diagram
(Fig.R.53 A). For 940 sequencedifferential expression was observed in both time points of
stationary phase, while 483 and 146 sequences were specific for, duedtt, stationary phase
signature, respectively.

This corresponds to a fraction of &b of sequences regulated a4, twhich were also
differentially expressed at.tVice versa, 8% of differentially expressed sequences at theéme
point were also found to be regulated af. tWhen examining the induced and repressed
sequences separately, Wtas first obvious that sequences regulated at both time points always
possesad the same regulation direction ithese two time pointsKig.R.53 B). Further, a slightly
higher number of repressed sequenagas visiblein the differentially expressed sequencdsit
induction accoured for almost the same nutyer of sequencessarepression.

In the t, samples696 sequencewere induced (225 specifically for that time point), A2ére
repressed (258 specifically for that time point), while in thsamples 540 exhil®d induction
(69 specifically for that time point) and 546 exhédtrepression (77 specifically for that time
point). Therefore, the 940 sequences differentially expressed in both time points cahsfst71
induced and 469 repressed sequences.
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Fig.R.53: Comparison of the;tand t; stationary phase signatures 8faureusRN1HG in pMEM.

Both stationary phase samples were compared to the baseline of exponential growth with statistical testing and multiple testi
correction (p*<0.05), and a mmimal absolute fold change cutoff of 2 was applied. The comparison of differentially expressed
sequences at theytand t, time point was performed for all regulated sequences (A) and for induced and repressed sequences
separately (B).

Fractions of known gnes and newly identified transcribed sequences included on the tiling
array and in the listsof differentially expressedsequencesderived from the comparisons of
different growth phasesamples

The 080604 SA JH Tiling array contains 3882 sequencekiaf 2825, corresponding to
73%,are known transcriptand associated with a LocusTag number (SAOUHS®e*)emaining
1057 sequences were identified as new transcripts in the diliarray analysis. These new
transcripts are expected to belong to alpss of RNAs like mRNA and regulatory RNA, but also
F2NYSNI & dzyly2s6y GNFXyaONROSR FNIFIAYSyida pQ Iy
Furthermore, some artifacts might still be included. All sequences, known and were,
included in statistical testing.

For the stationary phasspecific signature444 and 307 differentially expressed transcripts
belonged to the group of new transcripts at theand t, time point, respectivelyTable R.2).

Table R.2: Fractions of known annotated and newly detected transcripts in #seilts of group comparisongith statistical testing
of different growth phasearray data sets.

total number of number of known number of new
sequences with transcribed sequences  transcribed segances
. absolute fold change with absolute fold with absolute fold
group comparisort
equal to or greater change equal to or change equal to or
than 2 AND significani greater than 2 AND greater than 2 AND
with p* <0.05 significant with p*<0.05 significant with p*<0.05
stationary phase;tvs. exponential growth phase 1423 979 444
stationary phasestvs. exponential growth phase 1086 779 307

#The 080604_SA _JH_Tiling array contains 3882 sequences of which 2825 are known transcripts. The remaining 1057 sequences were
identified as new transcripts in the tiling array analysis. All sequences were included in statistical testing.

Physiological aspcts of stationary phase response

Stationary phase is characterized by a strongly reduced growth rate and by a reorganization of
the metabolic processes of the bacterial cell. Causative for thfteeationsis the consumption
of nutrients of the growth mdium and the followingstarvation forthe preferred carbon source.
Such changes have been published $caiureusCOL during growth in TSB in a globalbgesled
and gelfree proteome study by Kohler et al. in 2005.
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The tiling array approach aimed at theemdification of the maximal possible number of
transcriptional unitsb known and newly identified; and therefore included several different
growth media ina cooperation between several laboratories. On the other hand, the tiling array
analysis could be used to get insights into the stationary phase response in the newly established
PMEM medium on transcriptome leveinder restriction to the already defined trargational
units and annotated genes. For this purpose, differential expression was assumed for genes
regulated in at least one of the two analyzed time points of stationary phaaedtt,.

Using this application of the array data set, a very clear pictfirinduced TCA cycle enzyme
genes ¢itZ citB, citC sucA sucB such sucG sdhA sdhB sdhC all induced) was revealed. In
parallel, reduced expression of glycolysis enzyme geygspfkA pgk, pgm, pykA all repressed)
and induced expression of gluteogenetic enzyme genegokA gap2 fbp) was observedrhis is
in accordance with published stationary phase responseS@afureus (Kohler et al. 2005).
Furthermore, repression of amino acid biosynthesis pathways was described for the stationary
phase. m pMEM, tyryptophan t(pB, trpC trpD, trpE trpG), histidine hisB hisD hisQ, and
aspartatéarginine érgG argH SAOUHSC_00lbMiosynthesis genes were repressed. But
contrarily, induction of lysinely(sC asd), histidine/glutamate lfutH, hutl, hutU, hutG rocA), and
citruline/ornithine (argF, arg, arcQ biosynthesis genesvas visible in the stationary phase
samples cultivated in pMEM. Other amino acid biosynthesis gdeesly, dap, thr, and others)
were not significantly differentially expresseBeduced or even ceased growth diminishes the
need for new protein synthesisTherefore, associated molecules like ribosomal proteins,
translation elongation factors, and chaperor#s not need to be newly syntheed, which was
observed on proteome levebf S.aureusCOL in TSB (Kohler et al. 2008)is phenomenon is
part of the stringent response g. to glucose starvatiorHere, usingpMEM medium S.aureus
RN1HGnNd transciptome analysisonly two ribosomal protein genegpsDandrpsT, andprmA a
ribosomal protein L11 methyltransferaserere repressed. Onliranslation elongation factor P

efpd0 SEKABOAGSR | F2f R OK,lsghplbs, HutFthistrépredssion wksl ngt b H

significant. ChaperonednakK grpE groEL. and groESexhibited slighty decreased fold change
Gl tdzSa Ay (&S (N yESOERF ddalalsdnét SigniRcarE. 1086 iRy O S
complex, expression of subumtwas repressedand of subunitL was induced. Finally, repression
of tRNA synthetases is known to be paftle stringent response i§.aureus(AndersorKLet al.
2006). In stationary phase in pMEM, repressiontyo§ leuS alaS asp$S hisS valS thrS glyS
proS ileS phe$S pheT gltX, metImetG and serSwas detected. The other tRNA synthetases
exceptcysShowed a trend of repression with fold change values almost reaching the ¢.2nff

Virulence factors differentially expressed in stationams. exponential growthphase

In stationary growth phase, differential expression of virulemssociated gess was
observed. Many of these genes were regulated at both analyzed time points of stationary phase,
t, and t,. Surface proteins A and 6pg sasG were repressed. Other membrafimund adhesins
were induced likeelfA fnbA, andisaB Secreted adhesins dnimmunomodulatory moleculesfb,
chp andsbiwere repressed, whereasbhand eapwere induced. One of the two staphylococcal
superoxide dismutasesodM, was found to be induced. The toxih&, hlb, higG and higB
exhibited an increase in expression.the group of extracellular enzymes, ontyic and htrA
were repressed. Contrarily, fmeaeted lipasesgeh and lip and for proteasesspB splC splB
splA andaur a higher expression was detected in stationary phase than in exponential growth.
The compdte cap operon of 15 capsular geneSAOUHSC 00114 SAOUHSC 00128) was
induced in § samples and still 10 of these genes were also induced sarhples. The biofilm
repressoricaRwas inducedn t, samples Fittingly, two genes of th&a operon,icaBand icaCG
were observed to be repressed loth analyzedstationary phaseime points Finally differential
expression offive staghylococcal accessory regulators was detectsdrX and sarT were
repressed, whilsar\, sarR andsarZwere induced in stabnary phaseTableR.53).
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TableR.53: Expression of virulence associated genes in stationary phase in comparison to exponential gro&Min p

fold change in
comparison to baseline
exponential growth

LocusTag gene annotation
stationary stationary
phase$® phase}?
SAOUHSC_00069 spa protein A -7.4 -8.8
SAOUHSC_02798 sasG surface protein G -4.2 -3.4
SAOUHSC_00812 clfA clumpingfactor 2.8 2.1
SAOUHSC_02803 fnbA fibronectinbinding protein precursor, putative 3.1 2.7
SAOUHSC_02972 isaB immunodominant staphylococcal antigen B 3.2 3.4
SAOUHSC_01114 efb fibrinogenbinding protein -2.7 14
SAOUHSC_02169 chp chemotaxis inhibitoryprotein -4.3 -2.6
SAOUHSC_02706 sbi immunoglobulin Ginding protein Shi, putative -3.9 -1.7
SAOUHSC_01447 ebh extracellular matrixbinding protein ebh 4.7 2.9
SAOUHSC_02161 eap MHC class Il analog protein 25 3.9
SAOUHSC_00093 sodM superoxidedismutase, putative 2.1 1.6
SAOUHSC_01121 hla alphahemolysin precursor 15.1 36.8
SAOUHSC 02163 hib hypothetical protein SAOUHSC_02163 1.9 7.2
SAOUHSC_02709 higC leukocidin s subunit precursor, putative 16.2 43.6
SAOUHSC_02710 higB leukocidin f subuniprecursor 11.5 29.6
SAOUHSC_00818 nuc thermonuclease precursor -2.4 -1.4
SAOUHSC_00958 htrA serine protease HtrA, putative -5.7 -6.3
SAOUHSC_00300 geh lipase precursor 10.4 11.1
SAOUHSC_03006 lip lipase 70.4 97.8
SAOUHSC_00987 sspB cysteine proteas@recursor, putative 2.1 1.8
SAOUHSC_01939 spIC serine protease SpIC 2.8 5.2
SAOUHSC_01941 splB serine protease SplB 3.1 6.3
SAOUHSC 01942 splA serine protease SplA 2.9 6.0
SAOUHSC 02971 aur aureolysin, putative 2.9 5.0
SAOUHSC_00114 capA capsulampolysaccharide biosynthesis protein, putative 7.0 6.4
SAOUHSC_00115 capB capsular polysaccharide synthesis enzyme Cap5B 6.5 5.5
SAOUHSC 00116 capC capsular polysaccharide synthesis enzyme Cap8C 6.0 5.2
SAOUHSC_00117 capD capsular polysaccharidgosynthesis protein Cap5D, putative 5.7 4.9
SAOUHSC_00118 capE capsular polysaccharide biosynthesis protein Cap5E, putative 5.3 4.2
SAOUHSC_00119 capF capsular polysaccharide synthesis enzyme Cap8F 4.8 3.8
SAOUHSC_00120 capG UDRN-acetylglucosaming-epimerase 4.1 3.4
SAOUHSC_00121 capH ;ifastt;leelr polysaccharide synthesis enzyrracétyl transferase Cap5H, 3.9 3.2
SAOUHSC 00122 capl capsular polysaccharide biosynthesis protein Cap5l, putative 3.7 2.9
SAOUHSC_00123 capJ capsulampolysaccharide biosynthesis protein Cap5J, putative 3.2 2.3
SAOUHSC_00124 capK capsular polysaccharide biosynthesis protein Cap5K, putative 3.0 2.1
SAOUHSC_00125 capL cap5L protein/glycosyltransferase, putative 2.8 1.9
SAOUHSC_00126 capM capsulampolysaccharide biosynthesis protein Cap8M 2.6 1.8
SAOUHSC_00127 capN cap5N protein/UDRylucose 4epimerase, putative 2.7 1.8
SAOUHSC_00128 capO cap50 protein/UDMN-acetytD-mannosaminuronic acid dehydrogena: 2.6 1.7
SAOUHSC_00248 IytM peptidoglycarhydrolase, putative -4.2 -2.9
SAOUHSC_00869 dItA D-alanineactivating enzyme -2.5 -2.0
SAOUHSC_00870 dItB dItB protein, putative -2.6 -2.3
SAOUHSC_00872 dItD extramembranal protein -2.6 -2.3
SAOUHSC_02883 ssaA staphylococcal secretory antigen ssaA -5.5 -3.3
SAOUHSC_03001 icaR ica operon transcriptional regulator IcaR, putative 2.3 14
SAOUHSC_03004 icaB icaB protein, putative -3.2 -2.1
SAOUHSC_03005 icaC intercellular adhesion protein C, putative -2.6 -2.2
SAOUHSC_00674 sarX staphylococcal accessamggulator X -4.8 -5.1
SAOUHSC_02799 sarT staphylococcal accessory regulator T -8.8 -8.4
SAOUHSC_02532 sarV staphylococcal accessory regulator V 1.7 2.3
SAOUHSC_02566 sarR staphylococcal accessory regulator R 1.9 2.1
SAOUHSC_02669 sarZ staphylococcahccessory regulator Z 2.0 2.4

2 Differentially regulated genesifnificantwith p* <0.05andwith a minimal absolute fold change of 2) are indicated in bold.
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In vitro Infection Experiment Study

Reproducibility of replicates and clustag of experimental conditiongroups

Staphylococcus aurel®N1HG oRN1HG GFPere used to infect S9 cells, a human bronchial
epithelial cell line. The study includesamples from the four time points i (start of
experiment), 1h, 2.5h and 6.5h after start of infection, and included besides internalized
samples also control samples from inoculation condition of exponential growth phase,
serum/CQ controls, noradherent staphylococcand an anaerobic incubation control, although
not every sample condition wagepresented in every time point(see Material and
Methods/ Invitro Infection Experiment t8dy/ dCell culture infection modéland déBacterial
control samples, pagess7 and58). Hierarchical clustering visualized the grouping of the array
data sets according to their similaritlfig.R.54). In an upper clustering level, grouping into three
major classes clearly revealed the separation of main experimental grdypsternalized
staphylococci, 2¢ontrols of te later time points 2.5 and 6.5h, and 3)exponential growth
phase samples, which represent the inoculation sample condition, and controls of the early time
point 1h (Fig.R.54, red dashed line). A lower level of clustering separated the individual sample
conditions and time point¢Fig.R.54, orange dashed lineHere, biological replicates for 25
internalized, 6.5 internalized, 2.% serumiCQ control, 6.5h serumiCQ control, 2.5h
anaerobic incubation and exponential growth phase samples were arranged together. Samples of
1h seruniCQ control and 1h nonadherent staphylococci were an exception: Because they
were very similar, the clustering did not lead to a complete segmentation of biological replicates
but additionally grouped 2 samples of the two different conditiofig (R.54, orange dashed line,
lower part). These two control groupgere not only similar to each othebut additionally still
featured a high similarityo the inoculation condition of exponential growth phase.

S. aureuRN1HG sample conditions and time poil

I
E . 2.5 hinternalized
internalized
{_: 6.5 h internalized
— | e—
L: 2.5 hserumCO, control
controls of
{ latertime 6.5 hserum'CGO; control

e points 2.5 h

i

i

N
l—: and 6.5 h

| i

N

N

2.5 h anaerobic incubation

E exponential exponential growth phase
growth
phase and
controls of
early time

point 1 h

1 hserumCO, control

1 h nonadherent

1 hserum/CO, control
1 h nonradherent

Fig.R.54: Hierarchical clustering of 23 tiling array data sets finwitro infection experiment.

The following clustering algorithms were applied escpretransformed data: Agglomerative clustering with average linkage using
using cosine correlatioras similarity measureAll sequences were included in the cluster analysis. The red dashed linetendic
grouping into three major classes: 1) internalized staphylococci, 2) controls of the later time pointar®1%.5h, and 3)exponential
growth phase samples, which represent the inoculation sample condition, and controls of the early time poiklotver level of
clustering (orange dashed line) separated the individual sample conditions and time points. Here, biological replicatels for 2
internalized, 6 h internalized, 2.% serum/CQcontrol, 6.5h serumCQ control, 2.5h anaerobic incubation and exponential growth
phase samples were arrangedgether. Samples of i serum/CQ control and 1h nonadherent staphylococci were an exception:
Because they were very similar, the clustering did not lead to a caenglegmentation of biological replicatebut additionally
grouped 2 samples of the two different conditions (orange dashed line, lower part).
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Summing up, the biological replicates exhibited a high reproducildifist importantly, the
internalized condibn had characteristics very distinct from either the starting condition of
exponential growth phase and the similar early time point controls, but also from the later
controls which were incubated in the presence of serum% 6@-atmosphere without agation
and from the anaerobic control sgtes.

Choice of adequate baseline samples for comparison of the experimental conditions
Time-matched controls are not suitable because of their similarity to stationary growth phase
stringent response

Many bacteral species are capable of inducing acatled stringent rgponse with the aim to
adapt their metabolism to situatianof nutrient limitation, especially to carbon and amino acid
starvation. The stringent respondeads to induced stress resisize, decedrated growth and
alleviated metabolism. The main mediators of the stringent responsepgrephosphorylated
GTP or GDP molecules, which are also called alarmgnasosire tetraphosphat (ppGpp)and
guanosire pentaphosphat (pppGpp, depending on bacteal species.In the course of the
stringent response, up to one third of the transcriptome can be modulated. The stringent
response has been intensively studiedHlncoli, but alsoS.aureusis capable of such response
(Condon et al. 1995Crosse et ak000, AndersorkLet al. 2006 Wolz et al. 2010

Entry into stationary growth phase is initiated by a beginning nutrient limitation after

O2yadzYLIiA2y Ay (KS SELRYSYGAIf LKEFE&ES 2F 3INRS

stringent response is trigged.

When comparing the gene expression signatur&@ureusRN1HG, which was incubated for
2.5h in serumcontaining infection medium under% CQ@atmosphere (37°C), with the signature
of stationary phase time pointtwhich is defined as 2 after entry into the stationary phase
(each in comparison to exponentially growing bacteria), a high overlap between both signatures
was recognized. Almogid% ofsequencesn the 2.5h seruniCQ control signature were also
found in the stationary phase signawr(Fig.R.55; for S.aureus RN1HG stationary phase
NBaLR2yaS NBF&wth ivadia Cenparisos Siutlgpage 131). This first hint for
similarities between the controls of later time points in the infection experiment and the
bacterial stationary phase samples provoked a maaied analysis of expression data of genes
already known to be involved in the stringent response.

Fig.R.55:

Comparison oR2.5h seruniCQ control signature
with stationary phase signature.

Each sample condition was compared to its
corresponding baseline samples of exponential
growth in log-transformed space using textbook
one-way ANOVA with Benjamiiiochberg False
Discovery Rate multipleesting correction and
p* <0.05 was regarded as significant. An absolute
fold change cutoff of 2 was applied.

sequencedifferentially expressedn
the comparisonof incubation for
2.5h in serumcontaining medium
and 5% C@atmosphere vs.
exponential growth phase ipMEM

sequencedifferentially expressed
betweenstationary growth phase {t
and exponential growth phase of
S.aureusRN1HG cultivated ipMEM

Ribosomal proteins are repressed during stringent resp@AselersorkKLet al. 2006) As the
bacterial metabolism adapts to slower growth and limited energy resources, the cell also
diminishes protein synthesis and therefore does not need to produce further ribosomes.
Reduced expression of 55 genes for ribosomal proteins was obsenate sefumiCQ controls
(2.5h and 6.5h) and in anaerobiosi$i{g.R.56 A).

1
137 ]

—



Maren Depke

Results

Pathogen Gene Expression Profiling

Fig.R.56:

Comparison of mean expression
intensities of genes known to be
affected by stringent response.

A. Repressed expression of 55
genes for ribosomal proteins in
late seruniCQ controls (2.5h
and 6.5h) and in anaerobiosis

(2.5h).
B. Repressed expression of 20
tRNA  synthetase genes in

internalized staphylococci (219,
late serum/C@ controls (2.5h
and 6.5h) and in anaerobiosis
(2.5h).

C.Trend of epressedexpression
of 4 genes for translation
elongation factors in late
serum/CQ controls (2.5h and
6.5h). With p=0.06 statistical
significance ws only slightly
missed in the comparison
between these two controls and
exponential growth samples.
Each dot represents the e
intensity of n=2 (6.5h serum/
CQ control) or n=3 (all other
conditions) biological replicates.
Mean and standard deviation of
all genes are indicated for each
condition. These mean values
were compared by Mann
Whitney test in Prism 5 software
(GrgphPad Software Inc., La Jolla,
CA, USA www.graphpad.com
*p<0.01

S.aureusRN1HG sampleonditionsand time points S.aureusRN1HG sampleonditionsand time points
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Similarly, tRNA synthetase genes are repressed in stringent response (Andersprml.
2006). Here, repression of these genes was detectable in internalized staphylocod¢gi (at&
serum/CQ controls (2.5h and 6.5h) and in samples after 2t5 anaerobic incubation
(Fig.R.56 B). An exceptionis the isoleucin tRNA synthetagée9, which is induced in stringent
response(AndersorKLet al. 2006). Bt in the 2.5h and 6.5h serum/CQ contrals, this gene
aK26a | GNBYR 2F NBLINBaaAzy AAYAEIFINI G2 GKS 20f
b1.8,respectively.

Furthermore, translation elongation factor gene expression is known to be suppressed in
stringent responséAndersorKLet al. 2006) Such repression physiologically acts in concert with
repressed ribosomal protein and tRNA synthetase genes and leads to diminished protein
synthesis. In this study, 4 genes for translation elongation factors reveaiema of repressed
expressionin late serumCQ controls (2.5h and 6.5h). With p=0.06, statistical significance was
only slightly missed in the comparison between these two controls and exponential growth
samplesig.R.56 O.

Stringent response is mediated by the regulator Rehdse transcriptlateronis increasd in
stringent response conditiong\ndersorKLet al. 2006) A strongtrend of induction forrelAwas
observedfor the 2.5h and 6.5h seruniCQ controls Although relA exhibited significantly
different expression (pk0.01) in the comparisoof all sequencebetween the 2.5 seruniCQ
control and exponential growth phase samples, the-fbl change did not pass the cutoff level
of 2. On the other hand, in the comparison between the later 6 £erumCQ control and
exponential growth phase samples, the fold change amounted to 2.1jnbthis comparison
statistical testing was not possible because of limited number of replicdteése 6.5h time point
(n=2). NeverthelessrelAcould be regarded as induced in the laerum CQ controls, because
both time points showed the same trenaind all six other experimental samples possessed
almost the same, lower gene expression intensity, which proved highly reliable measurement of
the relAexpression by the tiling array approad¥ig.R.57).

Fig.R.57:
Comparison of mean expression exponentiagrowthphase .
intensities for the stringent response
regulatory geneelA

A strong trend ofrelA induction was
visible for the late serufCQ controls
(2.5h and 6.5n). AlthoughrelA exhibited
significantly different expression (orveay
textbook ANOVA with  Benjamini
Hochberg False Discovery Rate multiple
testing correction and p¥0.01) in the
comparison betweerthe 2.5h seruniCQ
control and exponential growth phase
samples, the 1.8old chaxge didnot pass
the cutoff level of 2. On the other hanih
the comparison between the later 6t
serumCQ control and exponential
growth phase samples, the fold change
amounted to 2.1, but in this comparison
statistical testing was not possible
becaug of limited number of replicates at
the 6.5h time point (n=2). meanintensity of biologicalreplicates

1 hserum'CO,control 1 .

1h nonadherent .

2.5 hinternalized .

6.5 hinternalized .

2.5 hserum/CQcontrol 1 ]

6.5 hserum/CQcontrol 4 .

S.aureusRN1HG sampleonditionsand time points

2.5 hanaerobicincubation o

1.0E+04 2.0E+04 3.0E+0

From repressedor in trend repressedibosomal protein, tRNA synthetasand translation
elongation factogenes and from the strong tendency r@fAinduction it was reasoned that the
gene expression signature of lagerum CQ controls (2.5h and 6.5h) in fact resembled the
stationary phasedtringent response. As internalizetaphylococci and the early control samples
did not possess this sitarity, it was concluded that the h serum/CQ control sample, although
not time-matched, was the most appropriate baseline sample for this infection experiment study.
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Comparison ofexperimental condition groups and assessment of differentially regulated
genegsequences

The first general data analysis steps Imdvidedinsight irto the overall similarity of the 23
arrays available after hybridization of samples and controls from the infection experiment.
Biological replicates exhibited good reproducipiliThe timematched serumCQ controls for
the internalized sampkebuilt a distinct group of samples. As a more detailed analysis revealed
similarities of thesecontrols with stationary phasstringent response, it betne apparent that
the 1h serumCQ samples were the most suitable control to use as baseline in this study.
Therefore, the following seven types of comparisons were chosen to elucidate the changes in
gene expression pattern and lateron the physiological reaction$§.afireus RN1HGIn the
setings of thein vitro S9 infection modelRig.R.58):

comparison of exponential growth phase samples, which represent the inoculation
condition, with baselineof 1 h serum/CQ controls

comparison onon-adherent staphylococcl(h) with baseline of h serum/CQ controls
comparison of.5h internalized samplewith baseline of hh serum/CQ controls

comparison of6.5hinternalized samplewith baselineof 1 h serum/CQ controls

comparison o2.5h serum/CQ controlswith baseline of hh serum/CQ controls

comparisonof 6.5h serum/CQ controlswith baseline of h serum/CQ controls

comparison of2.5h anaerobic incubabn samples with baseline dfh serum/CQ@controls

—

'OODB_W

inoculation )
condition exponential
andearl growthphase
A ; y (3array9
time point
control N/
samples 1h "
seruniCo, ‘% non-adherent
control S.aureus
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serumCO,
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25h
internalized
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seruniCG,
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2.5h late
anaerobic time point
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(3array9y

internalized
samples

Fig.R.58: Overview on the comparisons between groups in this study that wartly addressed with statistical testing and visualized
with scatter plots.

Baseline fo all comparisons was the serd@0, control group of Ih. The very similar exponentiajrowth phase samples, which
represent the inoculation condition, were compared to this baseling &nd the even more similar neadherent staphylococcal
samples after h (k ). To elucidate the gene expression signaturentérnalized bacteria, the 256 ( ) as well as the 6.6 (m)
internalized samples were compared to the sampled bfseruniCQ, control group. For comparison purposes, the late time point
controls were also afcked against the early seru@Q control as laseline: 2.5 serum/CQcontrols o ) and samples after 25 of
anaerobic incubationp(). The comparison focusiran the difference between 6.5 and 1h serum/CQ control samplesd ) could
not be performed with statistical testing because of the low nemgn=2) of arrays at the 6.5 time point.
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The comparisons were visualized using scatter gloig.R.59). Comparable to thelusterirg
results, a high concordance between expression values bh serum/CQ@ controls and
exponential phase samples, which repent the inoculation conditiofFig.R.59, panelj ), and
even more striking between i serum/CQ controls andnon-adherent staphylococcal samples
after 1h (Fig.R.59, panelk ) was observedStrong effects ofreatment in comparison to h
serum/CQ controls emerged in 2.5h internalized (Fig.R.59, panel | ), 6.5h internalized
(Fig.R.59, panelm), 2.5h serum/CQ controls (Fig.R.59, paneln ), 6.5h serum/CQ controls
(Fig.R.59, panelo ), and in 2.5h anaerobically incubated sampléBig.R.59, panelp ). Most
variaion was detectable in the comparison ofhland 6.5h serum/CQ controls (Fig.R.59,
panelo ), but this can be due to the lower number of ohlyo replicates for the 6.5 serum/CQ
control, which led to a lesser compensation for variatiorthe mean valughan in themean of
three replicates in the other sample condition/time point groups.

()
)
@®©
o
o | c
< - 2
E o
S . <.
i = k &
© ()
= c |
G | < |
c | -
@) ; ] =
® 1hserum/CO,control 1 hserum/CG, control
=l o
O )
N N
© ©
c =
[} [}
E. m =
0 - Tol
N - © i
1 hserum/CG, control 1 hserum'CGQ, control
5. 5
1S € |
o. o
(&) o |
S S
n € 0 E
2 =
o | o |
(2 (%]
< < |
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§ Fig.R.59: Scatter plots comparing mean signal intensiti
< of treatment groups.
% The signalsof the eight groups 2 ¥ 1 h éserum/CQ
2. control€ X expdnential growth phaseX h dnmn-
) adherent staphylococéi Z2.5H internaliz ( A 2 y5é 3
'g internaliz A 2 y éhY serdm#C@pcontrol€ ¥ hi
P 5 serum/CQ control€ ¥ I2¥Ranaerobic incubatioh
g : were plotted after combining thethree biological
c replicatesL y Ol & Bse®f/C@rontigis 2 v €
< i biological replicates wer available. All sequence
o ) . !
o 1 hserum/CO, control available on the array are showhlumbers in the first

column refer to the comparison schemeHig.R.58.
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The different experimental groups were compared with statistical testing to obtain lists of
differentially expressedequenceqTable R.%). It has been already described that the three
groups exponential growth phase as inoculation conditioh,serum/CQ control, and 1h non-
adherent staphylocogowvere similar to each other. Nesurprisingly, when comparingHLnon-
adherent staphylocogcto the 1h serum/CQ control samples, no statistically significant
differential expression was detecte@etween exponential growth phase anchlserumCQ,
control, 156 sequenceswvere differentially expressedf which 76 exceeded a minimal absolute
fold changeof 2. h the comparison of 2.6 and6.5h internalization vs. h serum/CQ control,
1392 and 1205 sequences were regarded as differentially expressed, of wh@hand 627
possessed a minimal absolute fold change of 2, respectielgitionally 1749 sequences were
differentially expressed between 2tbserumiCQ controland 1h serum/CQ control, and905 of
these passed the minimal absolute fold change cutoff 2. Theh Zahaerobic signature in
comparison with the baseline ofl serum/CQ control included 1339 sequences, and sti@80
exhibited a minimal absolute fold change of 2.

Table R.%l: Results of group comparisonsth statistical testingdf S9 infection experiment staphylococcal array data sets.

number of sequences

significant with p*<0.05 in
textbook oneway ANOVA with
BenjaminiHochberg False Discover
Rate multiple testing correction

absolute fold change equal
to or greater than 2 AND
significant with p*<0.05

group comparisofi

exponental growth phase vs. i serumCQ control 156 76
1 h nonadherent staphylococci vs.H.serum/CQcontrol 0 -

2.5h internalization vs. h serum/CQ@control 1392 765
6.5h internalization vs. h serum/CQcontrol 1205 627
2.5h serum/CQcontrol vs. 1h serum/CQ@control 1749 905
2.5h anaerobic incubation vs.H.serum/CQ@control 1339 680

#The080604_SA_JH_Tiliagray contain$8882sequences of whicB825are known transcripts. The remaining57 sequences were
identified as new transcripts in the tiling array analysis. All sequences were included in statistical testing.

Fractions of knowngenesand newy identified transcribed sequences included on the tiling
array and in the listsof differentially expressedsequencesderived from the comparisons of
infection experimentsamples

The 080604_SA JH_Tilirgray contains 3882 sequences of whizB25 corresponding to
73%,are known transcriptand associated with a LocusTag number (SAOUHS®etEmaining
1057 sequences were identified as new transcripts in the diliarray analysisThese new
transcripts are expected to belong to all types of RNAs like mRNA and regulatory RNA, but also
F2N)SNI & dzy {1 y26y (NI yaONROSR ¢eF Miigh b€ yhaluded.p Q | YR
Furthermore, some artifacts might still be includeflll sequences, known and newere
included in statistical testing.

For the internalizatiorspecific signature200 and 138 differentially expressed transcripts
belonged to the grop of new transcripts at the 2B and 6.5h time point, respectively
(TableR.55). Furthermore, 19 new transcripts were included in the set of differentially expressed
sequences between the inoculation condition of exponential growth and the baselinehof 1
serum/CQ, control. In comparison to that baseline, 5 serum/CQ control and 2.5h
anaerobically incubated samples inclosed 250 and 2@@rdiitially expressed new transcripts,
respectively TableR.55).
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TableR.55: Fractions of known annotated and newly detecteanscripts in the esults of group comparisonsith statistical testing
of S9 infection experiment staphylococcal array data.sets

number of known
total number of number of new

) transcribed .
sequences with . transcribed sequences
sequences with .
absolute fold absolute fold with absolute fold
group comparisorf change equal to or change equal to or change equal to or
greater than 2 AND g€ €q greater than 2 AND

significant with grea te_r_than 2.AND significant with
significant with

p* <0.05 0" <0.06 p* <0.05
exponential growth phases. 1h serum/CQcontrol 76 57 19
2.5h internalizationvs. 1h serum/CQ@control 765 565 200
6.5hinternalizationvs. 1h serum/CQcontrol 627 489 138
2.5h serum/CQ@controlvs. 1h serum/CQ@control 905 655 250
2.5h anaerobic incubatioms. 1h serum/CQcontrol 680 480 200

#The080604_SA_JH_Tiling array contains 3882 sequences of whicka28RBown transcripts. The remaining 1057 sequences were
identified as new transcripts in the tiling array analysis sequences were included in statistical testing.

Comparison of differentially regulatedequencesn 2.5h and 6.5h internalized staplylococci

The gene expression signatures of B.&8nd 6.5 internalized staphylococci, which resulted
from statistical comparison with the baseline oh serum/CQ control including multiple testing
correction and minimal absolute fold change cutoff 2,revecompared in a Venn diagram
(Fig.R.510A). For408 sequencesdifferential expression was observed in both time points of
internalized samples, whil857 and 219 sequences werespecific for the 2.5 and 6.5h
internalization signature, respectively. This corresponds to a fractio®38b of sequences
regulated afte 2.5h of internalization, which were also differentially expressed afterh6.8ice
versa,65% of differentially expressedequencesat the 6.5h time point were also found to be
regulated after 2.51. When examining the induced and repressstjuenceseparately,it was
first obvious thatsequencesegulated at both time points alwaysossesad the same regulation
direction in these two time points Kig.R.510B). Further, induction accoustd for a bigger
fraction than reductionin the differentially expressed sequenc¢edthough the excess \gaonly
small at the 6.5 time point

A B

25h | repressed repressed | §.5 h

408 induced

& 4

induced

sequencedifferentially sequences differentially
expressedn the comparison expressed in the comparisol

@5K AYGSNYLFE AT GARyKEp AGHI®S NY/ | €

am K & SOHgvikNIhE ¢ am K ashazvikM

Fig.R.510: Comparison of the 2Band6.5h signatures of internalized staphylococci.

Both internalized samples were compared to the baseline bfserum/CQ control with statistical testing and multiple testing
correction (p*<0.05), and a minimal absolute fold change cutoff of 2 was agplithe comparison of differentially expressed
sequencest the 2.5h and 6.5h time point was performed for all regulatestquencegA) and for induced and repressedquences
separately (B).

In the 2.5h samplesA02 sequences wee induced {81 specifically for that time point)363
were repressed {76 specifically for that time point), while in the 6tbsamples319 exhibited
induction @8 specifically for that time point) an808 exhibited repression 121 specifically for
that time point). Therefore, the408 sequences differentially expressed in both time points
consised of 221induced andl87 repressed sequences.
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Comparison of differentially expressed genes [Maren Depke] and proteins with differing
abundance [Sandra Scharf] in internalized staphylococci

In an experimental setup corresponding to the generation of samples for tiling array analysis,
the abundance of proteins in internalizethphylococcivas recorded with a combined approach
of dable isotopelabeling with amino acids in cell cultu(SILAC), FACS cell sorting and mass
spectrometric analysis (Sandra Scharf, Schmidt et al. 20h@) method which was appliedor
this first proteome profiling ofin vitro internalized staphylococcijmits the possible protein
identification mainly to cytosolic proteins: Secreted proteins were lost during sample
preparation and peptides frommembrane associated proteirare difficult to obtain by tryptic
digest of wholecell samples.

In the proteomic study, théime points 1.5, 2.5h, 3.5h, 4.5h, 5.5h, and 6.5h after start of
infection were included, k. the analysis window wadivided into smaller sectionthan in the
tiling array studyln an analysis which includedore samples and controlhan publishedin the
pilot study, Sandra Schaiflentified 648 proteins andbtained a set ofll4 proteins with
differential abundanceDifferential abundance was assigned to proteins when the regulation was
observed in at leasR of 3 biological replicates in at st 1 of 6 analyzed time points, and
proteins with contradictory results were excludethe regulated proteins were normalized in
reference to the SILAQethod immanent internal control (heavy isotope labeled peptides) and
exhibited an abundance differenaghen comparing target peptide ratios with the median ratio
for all peptides at the corresponding time poirRegulated proteins which were additionally
different in abundance in a serum/G€ontrol (without presence of host cells) were excluded.

To gain an insight into the comparability of transcriptome and proteome profiling,
differentially expressedsequenceswere canpared to regulated proteins. First, upgulated
proteins were compared to theequencesvhich eshibited increased expressiah5h or 6.5h
after start of infection or in both time pointé~ig.R.511A). Second, the same comparison was
performed for downregulted proteins and repressed sequencEg(R.511B).

A B

up-regulatedproteinsin downregulatedproteinsin
internalizedstaphylococci internalizedstaphylococci

Vo VO
L/ g

inducedsequencesn induced sequences in repressedsequencesn repressed sequences in
GHIPAYGSNY It AT & dRERNE G NG GHIPAYGSNYFE AT & dRERNE G NG
am K & SOizvkMInht am K a SOyvik! am K & §SdidzvikMIht am K a SOdyvik!

Fig.R.511: Comparison oftlifferentially expressedequences in at least one of the two analyzed time points itlieins exhibiting
different abundance in internalized staphylocacci
A. Upregulated proteins and induced sequences. B. Doggulated proteins and repressed sequences.
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Maren Depke

In total, the transripts of 21 upregulated proteins were increased in at least one of the two
analyzed time points. These consisted of 14 proteins, whose genes were induced at both time
points, and of 5 and 2 proteins, whose gene expression was increased only at tharel%.5h
time point, respectively. Fo8 proteins, whose abundance was reduced, the corresponding gene
expression was repressed at both time points, and for furtBetown-regulated proteins the
gene expression was only repressed at thel2tlne point(TableR.56). These humbers result in
an overlap 0f28% of up and 21% of downregulated proteins with the corresponding gene
expressionchanges. As the lists of differentially expressed sequences included newly identified
transcripts from the tiling arraywhich werenot accessed with mass speatnetry identification,
theselists contained many transcriptorgpecific results.

TableR.56: Differentially expressed sequences in internalization samples which exhibit differences in protein abuadance
regulation in the same direction

fold change in comparison

difference to baseline
LocusTag gene annotation in protein 1h serum/CQcontrol
abundance
a 2.5h 6.5h
internalized® internalized”
SAOUHSC_018¢ acsA acetylCoA synthetase, putative + 16.3 4.0
SAOUHSC 013¢ asd aspartatesemialdehyde dehydrogenase + 14.1 13.3
SAOUHSC_000¢ butA  3-ketoacylacyl carrier proteimeductase, putative + 25 2.2
SAOUHSC_013¢ dapA dihydrodipicolinate synthase + 12.5 12.0
SAOUHSC_013¢ dapD 2,3,4_,5tetrahydropyridinez_-carboxylate N + 91 98
succinyltransferase, putative
SAOUHSC_013: dhoM homoserine dehydrogenase, putative + 2.1 5.4
SAOUHSC 001¢ fadB hypothetical protein SAOUHSC_00196 + 84.4 16.6
SAOUHSC _001¢ fadD hypothetical protein SAOUHSC_00197 + 100.0 35.8
SAOUHSC_028¢ rocA delta-1-pyrroline-5-carboxylate dehydrogenase, putativi + 8.0 2.8
SAOUHSC 0141 odhA 2-oxoglutarate dehydrogenase, E1 component + 5.2 2.2
SAOUHSC_0141 odhB 2?oxoglu.tarate' dehydrqgenase, E2 component, + 45 21
dihydrolipoamide succinyltransferase
SAOUHSC_003: hypothetical protein SAOUHSC_00371 + 4.4 2.1
SAOUHSC_013¢ hypotheticalprotein SAOUHSC_01399 + 7.9 8.3
SAOUHSC_024: hypothetical protein SAOUHSC_02425 + 5.3 2.8
SAOUHSC_0127 gIpK glycerol kinase + 2.7 1.7
SAOUHSC_018( icd, citC isocitrate dehydrogenase, NARRpendent + 2.1 1.2
SAOUHSC 0197 prsA protein exportprotein PrsA, putative + 2.0 1.6
SAOUHSC_007¢ yfiA  hypothetical protein SAOUHSC_00767 + 2.9 1.7
SAOUHSC_009¢ hypothetical protein SAOUHSC_00951 + 2.4 1.6
SAOUHSC 0132 thrC threonine synthase + 1.7 5.3
SAOUHSC_008: hypothetical proteinSAOUHSC_ 00833 + 1.2 2.1
SAOUHSC_0177 hemL glutamatel-semialdehyde2,1l-aminomutase b -2.2 -2.5
SAOUHSC_010¢ pheS phenylalanytRNA synthetase, alpha subunit b -2.5 -3.4
SAOUHSC _010¢ pheT phenylalany#RNA synthetase, beta subunit b 2.7 -3.5
SAOUHSC_0101 purC phosphoribosylaminoimidazolguccinocarboxamide b 45 2.2
synthase
SAOUHSC_0101 purS EF;Z?nhoribosylformylglycinamidine synthase, PurS b 4.9 23
SAOUHSC 017¢ thrS threonyHRNA synthetase b -2.1 -2.4
SAOUHSC 0101 purD phosphoribosylaminglycine ligase b -2.6 -1.1
SAOUHSC_0101 purL  phosphoribosylformylglycinamidine synthase Il b -3.4 -1.5
SAOUHSC 0101 purQ phosphoribosylformylglycinamidine synthase | b -4.0 -1.9

#Up-regulated protein abundance in internalizédi I LIK & f 2 02 OO0A

A & -regujaRRdiadundpfcRbict & da b ¢

p Differentially regulated genesi@nificantwith p* <0.05andwith a minimal absolute fold change of 2) are indicated in bold.

S R2gy
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In a similar comparison, agegulated proteins wereampared withrepressed transcripts and
vice versa dowsregulated proteins with induced transcripts, which resulted in an overlap of 5
(roch Idh2, sodM fabH, SAOUHSC_02158hd 9 (sufG sufD spoVG dps SAOUHSC_00533
SAOUHSC_02443, SAOUHSC_02363, SAOUHSC_01854, SAOUH3Gte848spectively.

Such contradictory results could be explained in most caséisebfpllowingcharacteristics:

1 transcript changes do not necessarily influence the protein abundance at the same time
point; the potential time shift between both effects is not defined and may vary between
the different proteins

9 effects on protein or expression might be outside the lggis window (between start of
infection and first analysis time point of 1h5or 2.5h; after last analysis time point of
6.5h; between analysis time points especially in the transcriptome analysis)

1 special protein effects like temporary new synthesigreased turnover, and other nen
transcriptionally mediated effects

9 special protein analysis effects: early changes or changes occurring before the first analysis
time point, which stop in the middle of the observation period, might still lead to an
absolte fold change value exceeding 2 at the later time points in cases of stable proteins

1 protein analysis challenges like low intensity measurements, high variation between
biological replicates, missing data for one of the biological replicates

Expressio of genes containing binding sitefor Rex an anaerobiosis regulator and redox
sensor

Duringin vitro infection/internalization experiments, staphylococci are subjected to changes
in oxygen availability. First, they are shifted from aerobic shakingreslinto cell culture dishes,
second, they are incubated without agitation in a,@&@nosphere optimal for the host cells, and
finally, internalization into eukaryotic host cells might further influence the oxygen availability. To
answer the question whetr oxygen limitation has major impact on internalized staphylococci,
the gene expression of anaerobios@édated genes was analyzed. Very recently, Pagels et al. have
published transcriptome and proteome data of an anaerobic gene expression regulon (§agels
al. 2010). Although indirect effects of Rex have also been described, the central regulator Rex, a
redox sensor, acts as transcriptional repressor. In situations of increasing NADHjrdg of
Rex is inhibited, resulting in depression of genes lich possess a Rex binding site. Pagels et al.
defined 21 genes with such binding site, 19 of which could be mapp&laiareusNCTC8325
[ 20dza ¢ 34 ob/ . LQa 9 itip:NBviv.nch.Snf.@hg8v/subil§geideplot.dyiz G T
For a first impression,he fraction of these genes which were differentially expressed in
staphylococci after 2.5 of anaerobic incubation, but also in Z5and 6.5h internalized
staphylococci was determined. In anaerobically incubated staphylococci, 5 Rex binding site
contairing genes were found to be regulateBig.R.512 A), whereas 10 of these genes were
regulated in internalization at both time poingnd further 3 genes specifically at the time point
of 6.5h after start of infection Fig.R.512B). A more detailed analysis revealdtht while
induction of these genes in anaerobically incubated staphylococci was expected, the direction of
regulation in internalized staphylococci was clearly opposite Fg.R.512C). Therefore,
internalization probably did not result in stimuli which were able to inactivate the Rex repressor.
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A B
genescontainingRexbinding
sitesin S.aureusaccordingto
Pagels et al. 2010
genes containing Rex binding sequences differentially
sites inS.aureusaccording to expressed in the comparisc
Pagel®t al. 2010 GHIOPl Y SNB G A (
gad am kKO FHN.
Fig.R.512:

Expression of genes containing Rex binding .sites

A. Comparison of genes with Rex binding sites (according to
Pagels et al. 2010) an8.aureus RN1IHG anaerobic gene differentially expressed differentially expressed
expression signature in the infection experiment study. sequencesn & H kb p 481 dzSy O S

B. Comparison of genes with Rex binding sites (according to AYGSNYFEATFGA2MEG SONGE £ AT
Pagels et al. 2010) arlaureusRN1IHG S9 internalization gene am K aShzvikNEht am K & SOzpvik!
expression signature 2t5and 6.5h after start of infection.

C Overview on mean normalized gene expression interfgity

19 genes cotaining Rex binding sitesAfter the global
normalization by intechip scaling and detrending, each
individual gene has been normalized to the expression level of
GKS ol asSt A Serud/lCorQE \5ii Nighdughdnot
being continuous data, values veerdepicted as line graphs
instead of bar chartdor better facility of inspectionBlack
indicates 8 genes repressed in internalized staphylococci at the
2.5h or 6.5h time point, dark gray 5 genes differentially
expressed in at least one internalizatitime point and after
anaerobic incubation, and light gray marks the remaining 6
genes of which 3 possess a fold change value > 1.5 in the
anaerobic sample compared to baseline.

60 SELID Intial Yiowt? ph&se; h co. ¢ 1h serum/CQ 10E03
control; 25K A yJi5th internalization; 6. K Ay idi® L ¢ ®p
internalization; 2.8 O 2 d¢h sérumiC@ pontrol; 65K 02 &

6.5h serum/C@ control; 25K I y' I S dh abaerobiod p - : -
incubation) S.aureusRN1HG sampleonditionsandtime points

10E+01

10E+00

dntensity O

10E01 -

10802

meannormalize

exp. 1h  25h 65h 25h 6.5h 25h
co. int. int. co. co. anae

Genes of the SaeRS regulerhibiting differential expresson in internalized staphylococci

The twocomponent system SaeRS is known to positively regulate different virulence
associated genes, g@. genes coding for adhesins or toxins. The induction of gene expression of
saeRwas olserved in internalized staphylococci ®5fter start of infection. Additionally, the
gene saeSfor the histidine kinase sensor component was significantly different inh6.5
internalized staphylococci compared to baseline, but the fold change of 1."adidneet the
cutoff criterium of 2 Fig.R.513A). As the the twecomponent system SaeR$ known to be
subjected to positive auinduction, the induction ofaeRand trend forsaerovoked a detailed
analysis of genes known to be regulated by this system. In 2006, Rogasch et al. have published
transcriptome and secretome data of the SaeRS reguldd.anreusstrains COL and Newman
(Rogasch et al. 2006). Using a global microarray screensae®3nutants and parental strains,
Rogasch et al. defined 44 genes vithieere induced by the SaeRS ta@mponent system, 40 of
which could be mapped t®.aureusb / ¢/ yonp [ 20dzac¢l 3a ob/ . LQa
http://www.ncbi.nlm.nih.gov/sutils/geneplot.cyi For a first impression, the fraction of these
genes which were differentially expressed in B.%mnd 6.5h internalized staphylococci was
determined Fig.R.513 B). At the 2.51 time point, 4 gems with known regulation bya®RS were
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differentially expressed, 10 further genes wereuid to be regulated specifically after &5
whereas another 10 genes were regulated in both internalization time points. Of these 4, 10, and
10 genes, the numbers of 3, 9, and 9 genes were increased in expression. The remaining gene of
each group exhibéd repressior{Fig.R.513 C,TableR.57).

A B
genesregulatedby SaeRS
> 3 accordingto Rogasclet al. 2006
X7)
j
L /\
=
2 A
§ Q \/0 >
5 [
€
S 1 7
1S /N —— saeR
S -o- saeS
€
0
exp. 1h [ 25h 65h 25h 65h 25h
co. | int. int. co. co. anae
e : . differentially expressed differentially expressed
S A A - A
S.aureusRN1HG sampleonditionsandtime points sequencesn & 1 K p 451 d8y O &

AYOSNY AT GAZVEG NI € AT
am K & SORVENInE am K & SOFVik!

Fig.R.513

Expression of gendsmown to be regulated by SaeRS.

A. Expression afaeRand saeSin S.aureusRN1HG during
the S9 infection experiment. Induction of both genes was -
significant in statistical testing for the 6t6time point of
internalization, but did not pass the twiold cutoff for
saeS

B. Comparison of genes known to be regulated by SaeRg
(acording to Rogasch et al. 2006) aBcwureusRN1HG S9
internalization gene expression signature B.mnd 6.5h
after start of infection.

C. Overview on mean normalized gene expression intensity
for 24 genes known to be regulated by SaeRfer the
globalnormalization by interchip scaling and detrending, 10E02
each individual gene has been normalized to the
SELINBAaaA2y fSOSt 2% sek/Bo ol a5t Ay &P | Y ;25h 65h 25h 65h 25h

O 2 y (i NiRdugh fot being continuous data, values were co. L L co. €O anae
depicted as line graphiistead of bar chas for better S.aureusRN1HG sampleonditionsandtime points
facility of inspection.Black indicates 9 genes induced in

internalized staphylococci at the 2hbor 6.5h time point,

dark gray 9 genes induced at ®i%nd 3 genes induced at

2.5h after start of infection, and light gray marks the 6 S E LJ® tial §riavithe pfidse; h co.¢ 1h serum/CQ control;
remaining 3 genes of which one was repressed at both2 5K A y {i # intbrnalimtiop; 6.5K A y (i # intbrnalicatiqn;
time points, another specifically 2t6 and the third 25K 02 ®h derumiCDpcontrol; 6.5K O2 ®dh derundGidp
specifically 6.5 after start of infection. control; 2.5K | y I Shdnaérobie iqubation
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The set of 21 SaeRS regulated genes, which exhititiedential expression in at least one of
the two analyzed internalization time points, included certain functional groups of virulence
factors and some could even be assigned to more than one group. Membrane bound
adhesins/MSCRAMMS were representedhsy fibrinogen binding proteins A and BIlfA fnbB),
soluble adhesigSERAMs were covered . by etracellular adherence proteifeap), toxins
were included with the examples of differehemolysins, chemotaxis inhibitory prote{chp
serval as exampleor immuneevasive proteins, and finally, also secreted enzymes like serine
protease §p) were listed. Thus, further data mining was performed in consideration of functional
groups of virulence factors.
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TableR.57: Expression of gendsnown to beregulated by SaeR@ccording to Rogasch et al. 2006hich exhibied differential
expression in internalizef.aureusRN1HG in S9 cells

fold change in comparison to
baseline 1h serum/CQ@control

LocusTag gene annotation

2.5h 6.5h

internalized®  internalized®

SAOUHSC_01942 SplA serine protease SplA 3.2 30.4
SAOUHSC_01939 splC serine protease SpIC 4.8 43.1
SAOUHSC_02803 fnbA fibronectin-binding protein precursor, putative 6.2 6.4
SAOUHSC_02802 fnbB fibronectin binding protein B, putative 7.0 3.1
SAOUHSC_02709 higC leukocidin s subunit precursor, putative 5.3 17.9
SAOUHSC_02708 gammahemolysin hgammaii subunit, putative 9.6 19.4
SAOUHSC_00196 fadB hypothetical protein SAOUHSC_00196 84.4 16.6
SAOUHSC_00232 IrgA antiholir-like protein IrgA 4.0 5.3
SAOUHSC_01921 hypothetical protein SAOUHSC_01921 4.8 2.2
SAOUHSC_02710 higB leukocidin f subunit precursor 34 13.4
SAOUHSC_01121 hla alphahemolysin precursor 1.9 3.2
SAOUHSC_02169 chp chemotaxis inhibitory protein 1.7 4.4
SAOUHSC_02161 eap MHC class Il analog protein 1.8 11.0
SAOUHSC_01114 efb fibrinogenbinding protein 1.9 2.7
SAOUHSC_00816 emp extracellular matrix and plasma binding protein, putative -1.4 2.9
SAOUHSC_00715 saeR response regulator, putative -1.2 2.1
SAOUHSC_01115 hypothetical protein SAOUHSC_01115 1.8 3.0
SAOUHSC 00354 hypothetical protein SAOUHSC_00354 -1.7 2.9
SAOUHSC_00192 coa coagulase 6.3 1.8
SAOUHSC_00400 hypothetical protein SAOUHSC_00400 9.1 1.7
SAOUHSC_00399 hypothetical protein SAOUHSC_00399 10.4 1.9
SAOUHSC_00818 nuc thermonuclease precursor -4.4 1.2
SAOUHSC_02229 anti repressor 14 -2.9
SAOUHSC 00182 hypothetical protein SAOUHSC_00182 -2.6 -2.8

@ Differentially regulated genesignificantwith p* <0.05andwith a minimal absolute foldhange of 2) are indicated in bold.

Differential expression of virulence associated genes

Very important for colonization of the host, but also for internalization into host cells are the
staphylococcal membrane bound adhesins, MSCRAMBéses coding fofibrinogen binding
protein A and BfAbA fnbB) and for clumping factor A and BIff, clfB) were induced in
internalized staphylococci 2tb after start of infection. Differential expression foibA and cIfA
was still detectable at the 65 time point whereas that ofnbB and clfB was not significant
anymore, although a trend of induction was visible according to the fold change vdloes
control samples exhibited only less consistent expression changesx@eption might be the
expression ofnbAandclfAin the 6.5h serum/CQcontrol. Here, a trend of induction was visible,
but the difference could not be determined statistically because of the number of replicates
(Fig.R.514 A, B. Soluble adhesins bind to host structures. They can mediate bacterial cell
attachment indirectly by involving linker molecules. Somlgernatively exist in celsurface
associated formslsaB has an intermediate position as membrane bound and secreted protein,
which was recently discovered to bind extracellular dsDNA and which is implicated in virulence
but whose exact function is still not idefid (MackeyLawrenceet al. 2009).In staphylococci
internalized by S9 cellexpression ofsaB eap, cog vwb, emp, and efb was inducedn at least
one of the two analyzed time points of internalization. In this group, the repressiaoa&nd
vwb occurred in the2.5h serum/CQ@and 2.5h anaerobic contrabamplesand vwb and efb were
significantly less expressed in the exponential growth samples with which inoculation of S9 cell
culture plates took place. Contrarily, the geeapwas twofold induced in the 2.5 serum/CQ
controls andisaBshowed induction in anaerobiogiBig.R.514 A, B, C).
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A
fold change in comparison to ¢ fnb p I . y
baseline 1 h serum/CQcontrol nbA fnbB cIfA cIfB [isaB| eap coa vwb emp efb
S. aureus exponential growth phas¢ -1.8 -2.8 1.6 -1.7| 1.3 |-20 -22 -58 -16 -28
RN1HG | 2.5hinternalized 62 70 53 21|21|18 63 49 -14 19
sample 6.5 h internalized 64 31 28 21)|-13|110 18 27 29 27
condit_ions 2.5 h serum/C@control 11 29 25 -16| 15| 20 -36 -7.7 -19 -1.3
andtime | g5 p serum/C@control 34 -20 92 -33|-21|47 -57 -42 -16 -13
POINS | 5 5 anaerobicincubatio 1.3 -12 3.3 -14| 47|31 27 -33 16 12
B C
10.0 ;| 10.0 n
> —a— fnbA 2 —=— eap
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expp 1h [ 25h 65h 25h 6.5h 25h expp 1h [ 25h 65h 25h 65h 25h
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S.aureusRN1HG sampleonditionsandtime points S.aureusRN1HG sampleonditionsandtime points

Fig.R.514: Adhesins (MSCRAMMSs and SERAjds expression.

l'd h@SNBASSs 2y T2t R OKIy3dS JlHsdnsddCQNBYIIINROS G FRIRY GARAFARKND FOSLIA Y
comparisons. Differentially expressed genesrasrked bygrayfilling for the corresponding sample condition/time point.

Genes which were significant in statistical testing*(0.05) but did nb pass the absolute fold change cutoff 2 ameicated in bold

without filling® ¢ KS & h¥ein€QGxyP(pNR f ¢ O2dzZ R y2i 0SS AyOfdRSR Ay=2.04F0A&GA0t (S
B, C Overview on mean normalized gene expression intgfiegi MSCRAMM (B) and SERAM (C) gehigsr the global normalization

by interOKA L) a0l fAy3 FyR RSIUNBYyRAy3aZ S OK AYRAQGARdIZ t 3ISyS KIa 6SSy y2N
serum/CQ O 2 v (i AltBdugh ®ot being continuous dataalues were depicted as line graghstead of bar chartfor better facility

of inspection.

6 SELJD Htial §rewthzpkfaSe; h co.¢ 1 h serum/CQ@control; 2.5K A y (ihdinteknalizatiop; 6.5 A Yy (ihfinteknalizatiop;
25K O2 dsdgsumiC@®qontrol; 6.5K O 2 d sdsumiCOqontrol; 2.5K |y I Shdanaérobie iqubation)

Toxins, especially lytic toxins, are one of the most outstanding groups of virulence factors
because they directly harm the host cells. In the groupoains, two bicomponent toxin gene
pairs were observed to be induced in internalized staphylocoadkyluKE and higB higC
Furthermore, alphéhemolysin kla) was induced. Induction for all genes was significant at the
6.5h time point except forhlgB which was not significant although it®ld change was the
second highest in this group. The phigB hlgCwas additionally already induced in internalized
staphylococci 2.5 after start of infection, and also in the ZhSseruniCQ, control. Again, the
6.5h serum/CQ@control exhibited an even further increased fold changet could not be tested
statistically Fig.R.515 A, B).

Further virulence factors, secreted and membrane bound enzymes, were observed with
divergent expression pattern in internalized staphylocoadisix members A, B, C, D, Ef fhe
spl operon, coding forserine proteases with similarity to the V8 proteasvere found to be
induced at the 6.% time point of internalization. Four of them, A, B,a@d E were additionally
induced 2.5 after start of infection. For this operon, a similar induction was obseimeitie
serum/CQ control samples. Anotheexocenzyme, lipase lip), was induced in internalized
staphylococci, but the peak of induction occurred R.&fter start of infection, ie. earlier than
for the sploperon. In serum/C@control, lip gene expression didot change after 2.5, but a
strong indiction was detectable after 615 although statistical testing was not pdse
(Fig.R.516 A, B).A second group of enmyes exhibited repression in internalized staphylococci:
hysA(hyaluronate lyasg htrA (serine protease, a membrane bound enzynmeic (nuclease)and
sspA(glutamyl endopeptidasev8 peptidase).
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Fig.R.515: Staphylococcal toxin gene expression.
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Fig.R.516: Extracellular and membrane bound enzyme gexgression.
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Additionally, repression was observddr hysA htrA, and nucin 2.5h serum/CQ control.
While hysA and htrA were repressed in both analyzed time points of internalization, the
repression osspAwas only detected 2.8 after start of infection. The other two genes of thep
operon were not detected as differentially expresgeé®).R.516 A, C).

Staphylococci secrete proteins which help the bacterittnevade i KS K2 a i Qa AYYdzy
response. In the experimental setting of thevitro S9 infection and internalization model, some
of them were induced irs.aureusRN1HG aér internalization in S9 cellgespecially at the 6.6
time point: chp (chemotaxis inhibitory protein CHIP8ap (extracellular adherence protejralso
called MHC class Il analog proteMap), andefb (extracellular fibrinogefbinding proteir).
Staphyl&kinase $ak was repressed in internalized staphgdaci at the 2.5/ time point
(Fig.R.517 A, B). Staphylococciwm two genes coding for superoxide dismutasesdA and
sodM These two gene exhibited divergent regulation during internalizasodAwas induced
andsodMwas repressed in at least one of the two analyzed time poFitsR.517 A, C).
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Fig.R.517: Immune evasion gene expression.
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Changes in the celhall allow staphylococci defensagainstand evasion of the immune
response. Thellt operon for examplés responsible for the incorporation of-8lanine io the
teichoic acids, which leads to a reductionnegativechargeof the cell wall Thus, theséacterial
cells are less vulnerable bgntimicrobial cationic peptides due to a reduced attraction.
Surprinsingly, this operon was temporarily repressed at thehZie point of internalization. At
the same time and also 6ibafter start of infection, he genes of cell wall modulating enzymes
IytM (peptidoglycan hydrolaseesndopeptidase) andsaA(secretory antigen precurspamidase)
were induced in internalized staphylocodeig.R.518 A, B).
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Fig.R.518: Cell walbssociated gene expression.
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Biofilm formation is another option fofS.aureusto protect the bacterial cells from the
immune system and antimicrobials. Here, bacterial cells are surrounded by a polysaccharide
matrix, composed of polN-acetylglucosamine (PNAG). Tioa operon encodes the proteins
necessary for PNAG biosynthesisttid operon, theicaBgene was repressed in internalized and
control samples of the infection experiment. TiceCandicaDgenes behaved similarly, but were
significantly represseanly at the 2.5h time point of internalizationThe fourth gene of the
operon,icaA and the separately encodedpressorgene,icaR were not differentially expressed
(Fig.R.519 A, B) Furthermore,it was obvious that the expression intensityicdADBG®vas low.
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Fig.R.519: Biofilm associated gene expression.
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Besides the beforementioned twoomponent system SaeR®hose gene expression was
increasedfurther regulators were differentidy expressed in the internalization experimefhe
transcriptionfactors SarT, SarU, and Rot beldoghe virulence associated Sar famiBarTand
sarU were repressed in internalized staphylococci at the I6.8me point, whereasot was
repressed at the 2.5 time point Fig.R.520A, B). Expression intensity srUgene was very
low.
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Fig.R.520: Expressiorof regulator gens.
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Fig.R.521: Gene expression gfsAand its regulatory twed 2 YLI2 y Sy (i & &raRa®ivigsa ISy Sa
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Proteome analysis of internalized staphylococci, which wadormed by Sandra Scharf,
revealed the increased abundance of PrsA. In parallel, the response regulator VraR of the two
component system VraRS was-nggulated. Also transcriptome analysis revealed induction of
prsAin internalized staphylococci at thene point 2.5h after start of infection. Theegulatory
genesvraRand vraSwere not differentially expressed. Nevertheless, with a fold change of 1.8
and 1.6 forvraRand vraS respectively, a tendency for an induction of gene expression was
visible, wihich fitted well to the proteome dataHig.R.521 A, B.

The VraRS regulon contains 46 genes includia@ and vraS (Kurodaet al. 2003). Of the
published 46S.aureusN315 LocusTags, 45 could be mappedStaureusNCTC8325 LocusTags
6b/ . LQ& 9YGUNBI DSy2YS DSyS tf20T KUlGLWYkks66DPYy OO
for the fraction of the VraRS regulon which was regulated in internaizadreusRN1HG in S9
cells 22% (2.5h after start of infection) ad 11% (6.5 after start of infection) were differentially
expressed upon internalization. In detail, 7 genes were induceth 2ffer start of infection, of
which 4 were still induced at the later time point of G&fter start of infectionRepressedyene
expression waalsoobserved: Repression was detected for 3 genes at the early @nge point,
and one of these genes still was repressed at the lateh@ife point Fig.R.522 A, B).

A B

VraRSegulonaccordingto VraRSegulonaccordingto
Kuroda et al. 2003 Kuroda et al. 2003

Vo VO
4 "

inducedsequencesn repressed sequences in inducedsequencesn repressed sequences in
GHIOPAYGSNY £ AT d ik @A G SN | 65K AYUGSNYIFt AT ddRRNYEG SN
am K aSOiizvikMIht ém K & SOVl am K aSOiizvikMInt ém K aSXazvikl

Fig.R.522: Differential expression of genes belonging to the VraRS regulon in intern8laetusRN1HG in S9 cells.

Genes known to be regulated by VraRS (according to Kuroda et al. 2003) were comfuaa¢asRN1IHG S9 internalization gene
expression signatussseparately for induced and repressed genes.

A. 2.5h after start of infection.

B. 6.5h after start of inéction.

Differentially regulatedmetabolic genes

First, BoOCrc & 2 Y4 ® & ¢ Sativay mapping (BoCrG SRI International, CA, USA,
http://biocyc.org/expression.html)was applied for a comprehensive overview ohanges in
gene expression of metabolic emagsin internalized and control staphylococ@his tool allows
the display of gene expression data on highly abstracted metabolic pathway schemes and
therefore an intuitive comprehension of processes in the selected experimental setup.

In comparison to te baseline of 2.5 serum/CQ control samplesdifferentially expressed
sequences in a2.5h internalization b) 6.5h internalization c) 2.5h serum/CQ control, and
d) 2.5h anaerobic incubatiomwere included in the analysis

Several changes in thexpression of metabolic genes became visible, but certain functionally
associated groups of genes accumulated changes in expreSajoR.5623).
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Fig.R.523: The influence of internalization and control treatment on gengression in staphylococcal NBB25 metabolic

pathways (modified from omiegiewer(s) oBIOCrG SRI International, CA, USA, Hfftmiocyc.org/expression.html).

Nodes represent metabolited Y R f Ay S& AYyRAOFGS NBIFOGA2yad ¢KS YSiko2ft A0 NEBI O
expression regulation in the samples of B.8nternalization (A), 6.5 internalization (B), 2.6 serum/CQ control (C), and 2.5

anaerobic incubation; e&csample was compared versus the baseline bfseum/CQ control. Red marks an increase and yellow a

decreaseof expression in the sample. The display is limited to genes wigeh significant with p*<0.05 in statistical testing and

whose mean absoletfold change exceed 2.
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