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Abstract + Zusammenfassung

Abstract

Inflammatory bowel diseases (IBD) are characterized by chronic inflammations of the gastrointestinal
tract. These multifactorial diseases are distinguished by an imbalanced immune response, the loss of
tolerance to the resident gut bacteria and a reducegtmobial diversity Altered microenvironments

in the diseased gut leado functional shifts irthe resident bacteria, thereforgotentiallyshaping the
microbial communityinfluencingsingle bacteria anthe inflammation procesddence, the aim of the
project is to investigatehe phenotypic plasticity and functional potential dfiree gut bacteria
exposing them tovarious IBD relevant stressors Growth experiments revealed thatB.
thetaiotaomicronand B. productawere negatively #iected in acidic conditions, whilB. longumwas

more affected by a higher pHAdditionally the morphology ofB. thetaiotaomicronwas strongly
affected in the acidic stress conditiowhile the other two bacteria did nadisplayacidic specific
morphologcal adaptationsCombining these phenotypic observations with functional assays-and
omicsmethods this project elucidates comprehensive insights into the functional potential of bacteria.
Observing the transcriptome & thetaiotaomicrorgrown in acidic conditions, the potential activation

of multiple protection mechanisms of this bacterium grown in stressful conditmngd be reveaid.
Metabolomic analyses ahe three tested gutbacterialead to the discoveryof additional stress
protection mechanism It was shown that thenetabolome productiorwas strain and pH dependent
identifying the potential key metabolite inositplwhich is important in inflammation processes
Additionally, with proteomic analyss of B. productagrown in differently composed media, the
production of SEPs in monoculture was discoveRrdviouslydescribed to be onlproduced by this
bacterium in community, this opens new interpretations concernihg role B. productain the
community and the potential fuction of SE® Furthermore, sing the ARTE Asstdne immunogenic
potential of pathogenicE. coliand stressed. thetaiotaomicronvas investigated. While thg. coli
provoked a Tcell reactionB. thetaiotaomicrorgrown in pH 6 did not activatecells. Discovering the
plasticity and reaction patterns dbacteria to different IBBelevant conditionsshould elucidate
potential functions of single bacteria and key metabolites or proteins which can be implied to a greater

system, influencing the host, the disse or the bacterial community.



Abstract + Zusammenfassung

Zusammenfassung

Chronisch atziindliche Darmerkrankungei€ED sind durchanhaltendeEntziindungen des Magen
DarmTrakts gekennzeichnetDiese multifaktoriellen Erkrankungen zeichnen sich durch eine
vermehrte proeinflammatorischdmmunantwort, den Verlust der Toleranz gegeniber den ansassigen
Darmbakterien und eine verringerte mikrobielle Vielfalt éEswird davon ausgegangen, dass sich durch
Ubergeordnete physiologische Veranderungen, wie z.B. reMerschiebung des pWertes, die
Zusammensetzung des intestinalen Mikrobioms &ndert und dadurch Entziindungsprozesse nicht mehr
kontrolliert werden kodnnen Ziel des Projekts ist es daher, die phénotypische Plastizitat und das
funktionelle Potenzial vodendrei DarmbakterierB. productaB. thetaiotaomicrorund B. longunmzu
untersuchen und si€EDBrelevanten Stressfaktorenvie beispielsweise einen sauren @tdszusetzen.

Die Wachstumsexperimente ergaben, da$ productaund B. thetaiotaomicronin sauren
Wachstumsledingungen negativ beeinflusst wurden, wahreBdlongumdurch einen héheren pH
Wert im Wachstum beeintrachtigt wurde. Dartber hinaus wurde die Morphologie von
B.thetaiotaomicrondurch die sauren Stressbedingungen stark beeinflusst, wéhrend die anderen
beiden Bakterien keine saurespezifischen morphologischen Anpassungen zeigten. Durch die
Kombination dieser phéanotypischen Beobachtungen mit funktionellen Assaysoomck Methoden
liefert dieses Projekt umfassende Einblidke das funktionelle Potenzial von Bakteriddurch die
Beobachtung des Transkriptoms vé@h thetaiotaomicron dasin sauren Bedingungen geziichtet
wurde, konnte die mogliche Aktivierung mehrerer Schutzmechanismdieses unter
Stressbedingungen gezichteten Bakteriums aufgedeckt wetdetabolomische Analysen der drei
getesteten Darmbakterien flhrteur Identifizierung zusatzlicher Stressschutzmechanismen. Es zeigte
sich, dass die Metabolomproduktiddtamm und pHabhangig war undtihrte zu der Identifizierung

des potenziellen Schlisselmetaboliten Inositalielches bei Entziindungsprozessen wichtig ist.
Zusétzlich konnte ihHilfe vonproteomischen AnalysevonB. productawelchesin unterschiedlicen
Medien gezichtewurde, die Produktion von SEPs in Monokultur entdealdrden Bisher wurde
beschrieben, dasB. productadiesenur in bakteriellerGemeinschaft produziert. Dies er6ffnet neue
Interpretationen hinsichtlich der Rolldes Bakteriumsn der Gemeinschaft und der mdglichen
Funktion von SEPAuRerdem wiirde b dem ARTHssay das immunogene Potenzial von pathogenen
E. coliund gestresstenB. thetaiotaomicroruntersucht. Wahrende. colimmer eine FZellReaktion
hervorrief, aktiviertebei pH 6 gezichtetsB. thetaiotaomicrorkeine FZellen.

Eine detailliertere funktionelle Charakterisierung von €&Bvanten Bakterien tragt dazu bei, die
Pathogenese der Erkrankung besser zu teben und daraus Ruckschlisse auf mdgliche

therapeutische Interventionen ziehen zu kénnen.



Introduction

1. Introduction

1.1 Gastrointestinal system andhe gut microbiome

1.1.1 Theyastrointestinatract is central component fawerallhealth
The human gastrointestinéact (GIT)is a central component for health and wbking. It harbours a

complex microbial ecosystem consisting of bacteria, archaeaeakdryotes Gut health and the gut
microbiota areimportant for the function of the immune system and immune homexsss, which
displays ascientific area of clinical importanc&he gut is inevitable interconnected to other organ
systemdby the microbiota and the immune systeffor example via the gthirain axis, the guskin axis

or the gutlungaxis. in conditionsare strongly dependent on the gastiatestinal health and the gut
microbiome through theyut-skin axisseveral skin diseases such as Atopic Dermatitis, Acne vulgaris or
Psoriasis are connected to gut microbiota dysbiosi®duced microbial diversipe Pessemier et al.,
2021) There is siwng evidence that between the gut and the nervous systerhidirectional
interactionexists gut-brain axis). While the brain has anportant role influencing gut functions and
conclusively modulating the microbiota compositiqi@aralotti et al., 2015) on the other hand the
microbiota is also able to communieawith the brain for example via the vagus nerf@&ravo et al.,
2011) Due to the close proximity of the gut and the lung, this specific axis allows intensive interactions
between the resident microbiome in the respective organs, atgwboth microbial and immune

interactions,to influencehost health and diseas€Enaud et al., 2020)

1.1.2 Gut microbiomecompositiorand importance for the host
Bacteria can be found everywhere in the human body and have a great influence on clindifgut

YAONROAZ2YS A& ONHzOAIf G2 (JFaBar&al.2201qR Likéka. 20201 f | YV R
The rumber of bacterial cellsn the humanbody isin factthe same order as the number of human

cells with atotal biomassof about 0.2 kgThe greatest number of bacterial cells can be found il th

colon with 18! cells/ml content (Sender et al., 2016he gut microbiota is essential for the host

digestion since the resident bacteria help e.g. tastain the mucosal barrier integrity, provide

nutrients or protect against pathogen8acteria can ferment nedigestible substrates like dietary
carbohydrates or dietary fibre and produsbort-chain fatty acid¢SCFAWong et al., 2006)0One of

the mainly produced SCFAs is butyrate, which is the main energy source for human colonocytes.
Colonocytes play an important role in the human health, since they can induce apoptosis of colon

cancer cells or have favourable effects on glucose aetlgy homeostasitDeVadder et al., 2014)

For the hosts health it is crucial to maintain the balance in the immune system of eliminating

pathogens,but maintaining seHolerance to avoid autoimmunityWWu and Wu, 2012)in a mouse
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model it was demonstrated, that bacterial antigens are important for the generation and expansion of
regulatory T cellsTfegs), which influence and regulate other cells in the immune system in a healthy
individual, hence bacterial colonization is crucial for maintaining the immunological bg&maach,
2005) Themicrobiota appears to be a natural adjuvant for spontaneous T cell proliferation and the

development of chronic intestinal inflammatig&rridge, 2010)

The early colonization of the infant GIT by microbes is an essential process in human life, since bacteria
host interactions have an important influence oarhan health and disease. After birth, the human
intestine is rapidly colonized by a variety of microorganisms; this colonization is influenced by a
multiple factors including diet, mode of birth, sanitation or antibiotic treatméRbdriguez et al.,
2015) The gut microbiota mostly consist of strict anaerobic or facultative anaerobic ba@etlaand
Plummer, 2014)16S DNA sequencing, meataics and microbial culturing allowed an extensive
insight into the gut microbiota compositiomhe major bacterial taa of the intestines of a healthy
adult person ard-irmicutes(Lachnospiraceaand RuminococcaceagBacteroidetegBacteroidaceage
Prevotellaceag and Rikenellacede Actinobacteria (Bifidobacteriaceaeand Coriobacteriacede
Proteobacteria, Fusobacteriand Verrucomicrobia;while Firmicutes and Bacteroades are the
prevailing membergSyromyatnikov et al., 2022Rinninella et al., 2019The microbial composition
varies along the gastrointestinal systeDue to different physiological properties the organs along

the GIT, the bacteria are also unevenly distributed. Several microenvironments, such as different pH
or nutrient availability, exist across the intestine, hence the microbiota in the lumen of the intestine
also differs inits compositon from the ones in close proximity or attached to the
epithelium (Swidénski, 2005) Nevertheless, theut microbiomealsohas an individual composition
among different hosts and thmetabolic activity of the gut microbiota is essentialsustain thehost
homoeostasis and healtfirhursby and Juge, 2017Thvestigating ricrobiome differenceamongst
humans from different ethnicitieggenes from gut microbiomes of African, Asian and Europezne
extracted and comparedHere, he different composition of the gut microbiomevas potentially

influencedby eating habitsthe living environment and antibiotic usag€hen et al., 2016)

1.1.3 Influencing factors on the healthy gut microbiceme community dynamics

Gut bacteria and themicrobial compositionin the human intestineare challengedby the host and
environmentalfactors Thosdnternal and externaselective pressurecan include theéhosts diet, the

use of antibiotics, the hosts lifestyle, microenvironmental changes along the gastrointestinal tract and

competition within the microbiotgFig. 1)
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2, the pH in the proximal small intestine is mostly around B@he following terminal ileumthe pH
increases up to 7.5, followed by a shalgcreasan pH to 6.4within the caecum. The pH in the colon
was up to a final pH of (Evans et al., 1988)vhile subsequentlyrising from the colon to the rectum
up to pH 8Nugent, 2001)

Longterm diet influences the structure and activiby gut bacteria but alsoshortterm consumption
of specificdietsaffects the compositions of thaicrobial communityDavid et al., 2014}t is reported
that the microbiomecanchangebetween herbivorous and carnivorous functional profilefichmay
reflect past selective pressures duritige human evolution.For example, aranimatbased diet
increased the abundance of bitelerant microorganismge.g.Bacteroideysand decreased the levels
of Firmicutes which are able tometabolize dietary plant polysaccharidé®avid etal., 2014) In
additionto the type of diet, obesity manipulates the diversity of the gut microhiSadies in nouse
modelscomparing obese and lean mimvealeda reduction irBacteroidetesnd a greater abundance
of Firmicutesin the obese micdgLey et al., 2005)n another study, @acterium with diet specific
adaptations was investigatéd amouse model withdiet-inducedobesity, identifying diet as selectv
pressure It was found, he human guassociatedEubacterium dolichungFirmicutg hasdistinct
features that potentially provide competitive advantage in hosts consuming theNestern diet,

including import and processing of simple sugdnsrnbaugh et al., 2008)

Research has shown that exercise @sotely affects the gut microbiota. It was found that performing
sports on a regular basis lemdo physiological adaptiondike the release of stress hormones,
gastrointestinal hypoxia and hyperfusion. This eventually results in an increased intestimabpdity

and oxidative stress in the GIT, which can influence the microbial composition in it. Having an active
lifestyle alscaffects the mitochondria and their function, since it was shown that the gut microbiota
and mitochondria communicatbidirectionally (Clark and Mach, 2017Being physicallactive and
paying attention to nutrition leads to less health complication due to pathogens. After a trial period,
researchers also reported thptobandsngesting protein supplements after exercising had an average
of 33 % fewermedical visits, including 2% less visitassignable tdbacterial or viral infections
(Campbell et al., 2007). Another examfaethe influenceof lifestyle orthe gut microbiota is smoking.

In mouse experiments, smoking led to a microbial dysbiosis with differential abundance of bacterial
species altering gut metaboliteshich can causanimpairment of the gut barrieandislinked to the

developmentof colorectal cancer (Xiaowu Bai et al., 2022).

The use of antibiotics is a major challenge for the gut microbiome. Antibiotics can induce changes in
microbial compositiongxerting a negative implication on the hosts health by changing bacterial
functional attritutes andpotentially causgthe formation2 ¥ | Y G A 6 A 2 (0 A.QhisEhdeada G I y U

to short- andevenlongterm effects on the microbial balance, including a decrease in the richness and
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diversity of theintestinalcommunity (Thursby and Juge, 201&problem with the use of antibiotics

is, that they do not only operate against pathogens, but also target commensal bacteria, causing
microbialdysbiosis (Maier et al., 2021). In a study of Huang eaaombination of four antibiotics
decreased the igersity of the microbiotalt was shown thathe antibioticsthemselveswvere a threat

for the residentgut bacteria as well as thecompetition between different bacterial communities
induced bythe dysbiosislt was observed that thdiversity of the inestinal microbiotaecovered after
discontinuingthe antibiotics. Nevertheless the microbiota compositiorwas persistently altered
compared to beforghe treatment. Those changethat appear to bgpermanent may also leado the
development of resistanspecies reducingthe abundance of potentially beneficial bacterind

increasngthe abundance of genera with pathogenic potenf{iduang et al., 2022)

The microbial communitgan alsobe achallengingfactor itself competition and mutualism of the
community members forcing additional selective pressures on each offtex bacterial community
can encounter diversification of the microbial population by events like mutation or lateral gene
transfer. Theestablishmeniof new bacterial functions promoteasiche variation, creating a feedback
loop in whicha strongemdiversification can occyiThusby and Juge, 201 Bacterial competition and
niche occupatiorare also straindependent In variousexperiments it was shown that duringyut
colonization ofC. eleganwvith strains ofA. muciniphilsshowedseverecompetitive exclusion, whilB.
vulgatusstrains coexiste@Segura Munoz et al., 2022). muciniphilastrains, haveestrictedandmost

likely overlapping nichesyhereasB. vulgatusstrains likelyhave abroaderniche partitioning,while

still showng ecological interactions pointing to competiti¢Segura Munoz et al., 2022)
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1.2 Inflammatory bowel diseasend microbiome

1.2.1 Chronic disease withworldwide prevalence

Inflammatorybowel diseass (IBD)are chronicandrelapsingdiseases of the GlThere ardwo main
typesof IBD, NB Ky Q& R A alerativd coliiig (B@FigR)yCRcan occur anywhere between
the mouth and the rectum with a patchy inflammation pattern occurring in all the layers of the bowel
walls. In contrast, iC thenflammation starts at the rectum ardisplaysa continuous inflammation,

affecting mostly the inner lining of the col@¢¥ang et al., 2019)

Globally,4.90 million cases of IBRere reported inthe year2019(Fig.3), whichdisplaysan increase
of 47.5% compared to 199(Rui Wang et al., 2023)n 2013, there wer@about 320,000 IBD patients
in Germanythe cases are distributed closedyen between CD and UC patierits most cases, IBD
developed in young patients at age-35 (Bokemeyer et al., 2018Prenzler et al., 201 1patients with
IBD suffer from severeand painful symptoms concerning theGIT but also extraintestinal
manifestations of IBD cebe noticed(Rothfuss et al., 2006 he symptoms dBD include for example

the passage of mucuend bloodwith bowel movementdiarrhoea ancgassage of blood from the anus
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Additionally,most patients experience anxiety.g. about the bathroom distand®erler et al., 2019)
The occurrence of these symptoms can be different comparing CD anBh&@ost common health
complicationsin CD were tiredness/fatigue and abdominal paimile for UC most commonly the
passage of bloodith bowel movements and watetyowel movementsvere observed(Perler et al.,
2019) Both, patients with UC and patientsth CD have an increased risk to develop colorectal cancer

(Jess et al., 2012plén et al., 2020)

Figure2: IBD lead to inflammation in the gastrointestim@lct. 6 F 0 / NE Ky Q&4 RA&SIF&asS 6/ 5%
across the whole gastrointestinal tract. Ulcerative Colitis (UC, right) causes a continues inflammation in the cola
from the rectum (b) Endoscopic pictures of a healthy, waéd gut (left upper corner) and with CD (lower row) ol
(right upper corner) diseased guts (Neurath, 2019 (modified))
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1.2.2 Causes of IBD and therapeutic approaches

While IBDis amultifactorial diseasemany causes and reasons for the development of IBluader
investigation but not completely elucidateglet. Parameters like genetic predispositidime immune
system, bacterial dysbiosis, antibiotic use and some environmarftaéncesare in the discussion of
being causeand risk factor®f IBD.Additionally, a viral infd@n-induced autoimmunity is discussed

as apathologyfor IBD, especially in @Wang et al., 2019)

Studies have shown that not only the risk of IBD is increadeeh having relatives suffering from
those diseaseshut also ethnics seems to play a roléis istressing the fact, that the development
of IBD has a genetic predispositibm Europeans the standamgid prevalence o€DandUCwas higher
than the prevalence among South AsiansiHindus. The risk of developiktCin first degree relatives
of European patients witblCand CDwas increased. While the ris& develop diseasamong relatives
of South Asian patients witiDwas not increased, the rigkf developing UC irelatives of patients
with UCwas(Probert et al., 1993)n astudyenclosinghe entire Danish population during 19¢2011,
with obtaining information on diagnosis date of IBD and family tigee risk of IBD is significantly
increasedn first-, second, and thirddegree relatives of IBBffected casedp to 12% of all IBD cases
are family casesndthe risk in young individuals especially distinc{Moller et al., 2015)In cohort
analysis, genome wide association stugésl metaanalysesmultiple UC and CD susceptibility genes
could be identified. The dentification of single nucleotide polymorphisms (SNPs) recently
demonstrated ahighly significant association with @Gdd could also confer genetic susceptibility to
UC.This was confirmedof cases from the Australia and New ZealdBdD Consortium and also in

multiple European population®oecke et al., 2013)

If microbial dysbiosis is a cause or an effect of IBD has not been clarifie¢tbyetver,the finding of
dysbiosiguringIBD andther non-inflammatorychronic immune diseasex the gutindicatesthat a
dysbiosis leads to immune dysregulatidihe use of antibioticehangeghe gut microbiome which
might affect the risk for IBD or ttrebmposition of thegut microbiome It was revealed that the use of
antibiotics before diagnosis of CD occurred in 71 % of cddence, there is evidence provided of an
association between antibiotic use and the diagnosi<bf{Card, 2004) Another cohort study of
Danish children born from 1995 to 2003 conducted with information on antibiotic prescriptiobs, IB
and potential other confounding variables also identified an association of antibiotic use and CD
developmentin childhood. The use of antibiotics is a potential environmental risk factor for IBD, since
children who were treated with antibiotics are mdikely to be diagnosed with IBBlviid et al., 2011)
Other factors which also influence IBD and the gut microbiomesareking, oral contraceptive use,
cardiovascular and neurological drugen-steroids or anti-inflammatory drug us€Bernstein, 2019)
(Card, 2004)
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IBD is a lifdong diseas. Alot of treatment optionsexist, but none of the avadlble approaches appear

to be optimal. Most of the medicine used for IBD treatmentdsade effects like diarrhoea, abdominal
pain, headacheand nasopharyngitisAmongst he ued drugs for the treatment of IBDare
immunosuppressive drugs, biological agents, and antibiofiao et al., 2021)The drug5-
aminosalicylic acid (8SA) icommonlyused in the treatment of IBDecause ofts adequateclinical
efficacy(Yao et al.2021) Another option to treat IBD is the use of faecal microbial transplants (FMT)
from healthy donors, which successfully used to improveKiide et al., 2013y headministration

of antibioticsin IBD potentialldecreaseshe microbil diversity. In mouse models he changes in the
intestinal microbiotacan be observe®®R dzS (2 GKS |y iGAoAz2i(acthgdyainstS OKI y A
Gramnegative and/or Granpositive either aerobe or anaerobebacterig but also through
competition between bacterial communitieSheinduced intestinal dysbioses well aghe increasel
abundanceof bacteria with pathogenic potentiahave been shown to alsoenhance the host
inflammatory response (Huang et al., 20248)some cases, surgery and stomas are treatnogtions

in IBD However, in patients withgrmanentor temporary stomasn increasedanti-depressantsise

was noticedprobably due tcelevatedanxiety and depressio(Blackwell et al., 2022)

1.2.3. Reduced microbial diversity in IBD
Various studies revealed changes of the intestinal microbiota composition duriogronic gut

inflammationand an overall reduced microbial diversity in patients with. Dcosal inflammation in
IBDis associated witla loss ofthe usually residenanaerobicgut bacteria.Here, thecomposition of
the intestinal bacterial microfloraeems to bemore relevant for IBD pathogenesiather than the
occurrence ofpecificpathogens (Ott, 2004) In generalthe abundance of Grarositive bacteriais
decreasedwhilean increase of Gramegativebacteriacan be observed ilBD patientgLoh and Blaut,
2012) By nvestigating faecadpecimerand gut biopsiesaken from diseased and healthy individyals
an imbalanceof the four major bacterial phyla includirfgrmicutes, Bacteroidetes, Proteobacteria and
Actinobacteria could be identifie@Fig 4). Interestingly, the hcterial groups whickvere changed in
IBD patients weregroups which do not ceexist well withthe residentcommensal gumicrobiota
(Alam et al., 2020)

While UC and CD share many common features, sowestigations suggest that two distinct subtypes
on the microbiome level can be obsedvior the two subtypes of IBFig. 4) For example, aalysis
indicated thatin UC the extent differentially modulated the abundance difidobacteriaceage
Rikenellaceg  Christensenellaceae Marinifilaceae Desulfovibrionacege Lactobacillaceae
Streptococcaceaeand Peptostreptococcaceadamilies, while CD influenced the abundance of
Christensenellaceae Marinifilaceae Rikenellaceae Ruminococcaceae Barnesiellaceae and
Coriobacteriaceatamilies(Teofani et al., 2022Byinvestigatingaecal samplesf patients from four

Europeancountriesapplyingl6S rRNA sequencindysbiosis was fountb be significantly greater in

10
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patients with CD than with UCThis wadndicated bya more reduced diversitya more altered
microbiome and a less stable microbial communignd leading to @& identification of aspecific
microbial signature forCD allowing to discriminate CD from ne€D While for example
Faecalibacterium prausnitzivas decreased Escherichia colhad an increasedabundancein CD

(Victoria Pascal et al., 2017)
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1.2.4. Risk factors and changedamenvironmentatonditionsin a diseased gastrointestinal tract
Living organisms react to their environment. During a disease likeHBQut environment changes

with inflammation flares. While the host can indirectly influence the gastrointestinal environment for
exampleby following a specific diet, there are some factors like pH or the accumulation of bacterial
metabolites, which are less easy to conttmlit havestronginfluences on the commensal bacteria in

the intestinal environment.

Diet plays a crucial role in IBI2velopment and the course of the diseaseis suggested that the
intake of fort sugars predisposes to colitis amitreasests pathogenesis by microbiota modulation
in mice(Khan et al., 2020)BD is a modern diseagéth an increasing abundance due to tféestern
lifestyle and diet.The Western diet is characterized by thextensiveconsumption ofhigh-fat/high-
sugarproductsand fewer dietary fibreslerived from plantgCordain et al., 2005Consuming high
amounts of short bain sugars, such as glucose, fructose and sucessstsin changes in the microbial
gut community and potentially lead to further increase of inflammation during disease. Hehicgy
sugardiet might be a critical trigger for IBD. Whitavas observd thatthe shortterm intake of high

glucosé-fructose diet did not trigger inflammatory responses in a healthy gut, the gut microbiota

11
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composition wasalreadyinfluenced with increasing abundance of mucdsgrading bacterissuch

as Akkermansiamuciniphilaand Bacteroides fragiligKkhan et al., 2020)n additionto that, it was
discovered thatn mouse models the consumptionthie complex sacchate beta-glucan reduced the

level of inflammatory markers, recovered the signalling pathways and histological changes.
Conclusively, dietary oat beglucanspotentially reducecolitis and improve CD remissionA & O S (i
2021)

The pHn the gutof patients with IBD is alteredbut only little information is availableSudies suggest
that the pH in patients with UC is generally lower compared to healthy controitsethelesdor both,
patients withUC andCD the findings ard@nconsistent. For exampl€&€Dpatients had comparable pH
values inthe small bowel and colonic segmerttsthose ofthe healthy controls(Press et al., 1998)
Similar observations were made for pH values in the proximal small intestine and in the left colon in
patients with UC (Press et al., 1998)n contrast, other studies showed drastaxidic colonic
environmensin patients withactive or inactiveaCDwith aminimum colonic ptbf 0.6 - 5.3 pHin the
patients(Sasaki et al., 1997)n patients with UGilow intraluminal pHvas observedpotentially due
to higherconcentrations of lactatewhich occur inan active diseasend was detected in the faeces.
Hence, a low phhight be an indicator of severe activity of the dise@Ballingborg et al., 1993dn
severe colitisalower faecalpHcould be observed as well, additionallywery high lactate levelsigh
amounts ofbicarbonate potassium, sodiumchloride, and low shortchain fatty acid levelsould be
detected In this caseit was suggested that thdecreaseof the intraluminal pHforcesthe bacterial
metabolismto shift from shortchain fatty acid to lactate productiomyhich might be the reasofor
the intraluminalaccumulationof lactate (Vernia et al., 1988)A pH shiftduring IBD potentially has

implications for the microenvironmentsuch as lower pH conditiorand the resident microbiota.

1.3 Sngle bacteriaandtheir properties

1.3.1Properties and functions of potentially benefiaiad harmful bacteria in the GIT and in IBD
In a healthy gut the microbiota are regulators of digestion and maintaining the intestinal epithelium

integrity. Commensal bacteria play an important role in the biosynthesis and absorption of nutrients
and metdolites, such as lipids, glycans, amino acids, vitamins, and SCFA. Additionally, they have an
important roleagainstpathogencolonization by inhibiting their growth, consuming available nutrients

or producing bacteriocinRinninella et al., 2019%5ill et al., 2006)n a diseased gut, common bacteria

are notable to fulfil their symbiotic function.

Potentially harmful bacteria in IBD showed the production of-ipfammatory molecules and/or

invasive properties. The changed microbial composition in IBD leads to species producing higher

12



Introduction

amounts of bacteal antigens, such as lipopolysaccharides (LPS), subsequently leading to the
recognition by the immune system and enabling-prifammatory responsef.oh and Blaut, 2012)
Moreover, during CD remission a high numbeEaterobacteriaceawith adhesion properties were
observed(Seksik, 2003)This was also observed in paediatric IBD patients, where specific mucosa
associated species with increased invasive capacities were det@stattrong et al., 20190n the

other hand, some bacteria demonstrate prevestior favourable effects in IBBor example, when

lactic acid bacteria (LAB) and bifidobacteria are used as probiotics, which are able to produce lactic
acid and have a tolerance to acidity, they can provide an improvement of clinical symptoms in IBD.
Theydisplayed beneficial effects such as the production of SCFAs and lactate, inhibiting the growth of
potentially pathogenic organisms and influences the adherence of bacteria to the intestinébaez!

Lara et al., 2015)urthermore, inl-10 genedeficient micel actobacillusp. could limit the bacterial
colonization of the intestine by exerting an antagonistic effect against pathogenic bacterial species,

preventing their growth and mucosal adherer({®adsen et al., 1999)

1.3.2 Bacterial interactions with the HoMetabolites Vesicleandsmall Proteins
Bacteria have aariety of possibilities to interact with each other, the host and the hosts immune

system mediated via nucleic acids, small molecules, metabolites, vesicles, or piditiaisolites are
biomolecules that play a role in energy production and conversibe. gut microbiota is able to
produce metabolites impacting the host, henegcrobial species antheir metabolic functions are
proposed to possess an important role in the -gystemic metabolic interplafVisconti et al., 2019)
Bacteria in the gut produce metabolites such SCFA, tryptophan catabolites, and polyamines, which are
able to migrate widely into the host tissue, mainly through the small integ#ih@ng et al., 202350

far, in microbiome studies, where the emphasis is mostly directed towardgripact of individual
microbial taxa on human health, the metabolic potentialbzcteriahas beenmostly overlooked

(Visconti et al., 2019)

Bacterial vesicles are spherical nanosized particles, serving a plethora of biological functions. Vesicles
derived from the outemembranes of Gramegative bacteria are callesuter membrane vesicles
(OMVs). OMVs are packed with different proteins, virulence factors, lipopolysaccharides,
phospholipids, peptidoglycan or enzymes, which are involved for example in the cleavage &hcomp
polysaccharides. Therefore, they have been suggested to also have favourable functions within
bacterial communities, providing the growtii other bacterial species due to releasing polysaccharide
breakdown products into the lume(Valguarnera et al., 2018Considering the host interactions,
OMVs camigrate acrosshe epithelial barriemand mediate microbehost cell crosstaliDurant et al.,

2020) Grampositive bacterl extracellular vesicles (EV) are derived from the cytoplasmic membrane

containing mainly proteins, lipoteichoic acid and peptidoglycan. Besides babsariaria interaction,
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EVs are involved in immune evasion, hosli modulation and have suspected paphysiological
functions(Kim et al., 2015)Bose et al., 2020)n contrast to the whole bacteria itself, OMVS and EVs
can cross from the gut lumen through the epitiaébarrier, reachorgans and tissues beyond the GIT,
e.g. interacting with the immune system and helping to sustain intestinal homeog¢iasiant et al.,
2020)

BacterialsORFencoded polypeptideéSEP) consisting of 5200 amino acids were undiscovered for a

long time, since they are difficult to detect using the conventional bottgrproteomics. Additionally,
SERare encoded in small open reading frames (SORFs) which arédooked in gene amotations, due

to genome annotation algorithms applied with a 100 codonaffifor annotation to reduce the error

rate (Petruschke et al., 2020They have several biological functions and are associated with larger
membrane proteins, such as transmembrane proteins, to regulate their levalftigities or affecting

the activity of transcription regulatorGray et al., 2022) Additionally, it is reported that they are
involved in stress responses, metabolic regulation, regulating membrane thickness/fluidity,
pathogenidy, and adjusting metabolic activity to nutrient availabil{{$teinberg and Koclt2021)
Furthermore, they are suggested to have important functions in bacterial communities, like the human
3dzi YAONRBOA2YS Ay (GKS AydSaida gimplifiedihiNdad intgsting 2 NJ  { K
YA ONR 6 A 2 { | several {irkriowrBHEP$vere identified and investigated by Petruschke et al.
Novel SEPsvere discovered foB. productawithin the SIHUMIx community, potentially harbouring
antimicrobial properties. Therefor§EPsontribute to shape the microbial communifietruschke et

al., 2021) Bacterial antimicrobial peptides (AMPs), also called bacteriocins, are oligopeptides with
antimicrobial properties, which enter theiralsterial target via nutrientiptake systems, most
frequently ironuptake systems. Inside the target cell, they compromise a variety of essential
processes, such as translation or ATP production. AMPs are secreted by both prokaryotic and

eukaryotic cells aa defence mechanisitsteinberg and Koch, 2021)

1.3.3 B. thetaiotaomicron has plethora ofavourablefeatures

Bacteroides thetaiotaomicrofB. thetaiotaomicroh is a Grammegative anaerobic gut bacterium,
firstly describedn 1912by Arcangelo Distag®Rangarajan et al., 2020j is acommonmember of the
healthyhuman distal small intestinal and colonic microbiQta et al., 2003B. thetaiotaomicromrmay
shape the metabolic milieu ohe intestinal ecosystem and ksiown to break dowrseveraltypes of
dietary plant polysaccharidesvhich isan otherwisedifficult accessible source of nutrientsr the
humanhost.B. thetaiotaomicrorhasa varietyof mobile genetic elemenfswhichpotential contribute
to horizontal transfer of DNA betwedb thetaiotaomicronand other bacteriahence promoting

microevolution (Xu et al., 2003)B. thetaiotaomicron has a genetic distinctiveness and lkarge
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evolutionary distance to othephyla ofbacteria such aBroteobacteria anddrmicutes Some of tle
geneticdistinctivenessould be relatedo the challengingenvironment in which it evolvednd the
competitionwith other bacterialspecies for survival in the colonic environmé@bmstock and Coyne,
2003)

For B. thetaiotaomicronit was confimed, to produce substantial amourg of OM\s (Fig.5). Those
particles allow ecological interactions within bactécammunitiesand are as well involved in hest
bacteria relationshipsjn particular concerning the development of the host immune system
(Valguarnera et al., 2018Furthermore, the ®Vs produced byB. thetaiotaomicrorare reported to
be able to transmigrate through epithelial cells. Jones et al., discoverdwithin hours of oral
administration vesicles produced bg. thetaiotaomicrorcan be detected in systemic tissuasviva
Hence, these OMMBay bea longdistance microbiotehost communication system and interact with
cells of the GI through several mdocytosis pathwaygJones et al., 2020Another key role for
B.thetaiotaomicronOMVs$mediatinga balanced immune responsedomponentsof the microbiota
locally and systemically during healthis mechanisnis altered in IBD patient®urant et al., 2020)
Theseregulatory immune responsesvolve a balance of host protectiaterleukin6 (Il-6) and
regulatory Interleukin10 (L-10) produced bydendritic cells In IBD patients, there is a loss of
regulatory IE10 response towards B. thetaiotaomicronOMVs which may contribute to the

inflammation of the intestine andhe development of CD and WYBurant et al., 2020)

It is reported thatB. thetaiotaomicrorcan haveanti-inflammatory properties,may enhance the
mucosal barrier function and linsipathogen invasios A study of Delday et al., show#tht treatment
with B. thetaiotaomicrorhas protective effects imodels of colitis in mice and ratdisplayedby
significanimprovementof symptoms such aseight loss, colon shortening, histopathological damage
and immune activation. dditionally, pirin-like proteirs (PLP) oB.thetaiotaomicronreduced pre
inflammatory NF .signallingin Cace2 epithelial cellsThedata indicate thativing bacteriaor their
productsmay be a new therapeutic approadb the currert treatments for CD(Delday et al., 2019)
For patients withUGC Bacteroidesspecies are suggested as microbial biomarkers, opening the
possibility fora noninvasive and accurate method to monitdhis disease byobserving the
microbiome In a study from Nomura et aBacteroidespecieddisplayedsignificantly lower &lative
abundancdn patients with UCompared to healthy controlsiwelvekey Bacteroidetes speciesuld

be identified, demonstratingnegative correlatio