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INVESTIGATION OF THE MITOCHONDRIAL METABOLISM OF
HELICOBACTER-ACTIVATED B CELLS

SUMMARY

Helicobacter pylori (H. pylori) is a gram-negative, microaerophilic, and spiral-shaped
bacterium and a member of the Helicobacteraceae tamily. H. pylori was discovered
in 1982 by Warren and Marshall. Helicobacter infection can lead to multiple gastro
pathologies such as chronic gastritis, gastric cancer, peptic ulcer disease, and mucosa-
associated lymphoid tissue lymphoma. Whereas more than 50% of the world
population has been infected with H. pylori, 80% of them are asymptomatic. Similar
to H. pylori; H. felis is a gram-negative, urease-positive, spiral-shaped, and
microaerophilic bacteria. Studies have shown that H. felis can induce gastric atrophy,
metaplasia, dysplasia, chronic and persistent inflammatory response, and gastric
cancer in mice models. Because H. pylori have less capacity to activate an efficient
immune response in mice compared to Helicobacter felis (H. felis); H. felis is used to
generate mice models for studying this pathogen.

B cells play critical roles in adaptive immunity with antigen presentation to T cells and
antibody production. Recently, new B cell subsets have been shown to exert anti-
inflammatory and immune suppressive properties were discovered. These B cells are
termed regulatory B cells (Bregs) by Bhan and colleagues. In mice; mainly
CD19'CD21MCD23MCD24"M transitional 2 marginal-zone precursor cells (T2-MZP),
IL-10 producing CD1d"CD5" B10 cells, CD19"CD21" CD23-marginal-zone (MZ) B
cells, Tim-1" B cells, CD19°CD5" Bla cells, CD9" B cells, CD138" plasma B cells,
and CD138"CD44" plasma blasts are identified as Breg subsets. For maintaining host
immune tolerance and balance effector immune responses, these Breg cells secrete IL-
10, IL-35, and TGF-B cytokines. In addition to cytokines, Breg cells also use cell
membrane-bound molecules such as CD39, CD73, programmed death-ligand 1(PD-
L1), or aryl hydrocarbon receptors for their functions. Stimulation of B cells with H.
felis; signals via TLR2 and MyD88 and results with IL-10 producing Bregs. Bregs can
induce differentiation of naive CD4" T cells to IL-10-producing regulatory Trl cells
by direct B and T cell interactions for suppressing Helicobacter-associated
pathologies.

Metabolism is the collection of all anabolic and catabolic reactions which are the
generation and breakdown of cellular substances respectively. Oxidative
phosphorylation (OXPHOS) is one of the major metabolic pathways inside the cell. It
occurs in the mitochondria and consists of the tricarboxylic acid cycle (TCA) and
electron transport chain reactions for generating ATP. Shortly, in OXPHOS electrons
formed from the tricarboxylic acid cycle (TCA); are combined with molecular oxygen
(final acceptor of electron transport chain) and this results in many oxidation/reduction
reactions where energy is released for the production of ATP from ADP. Mitochondria
are double membrane organelles that have both outer and inner mitochondrial
membranes (OMM and IMM) and are found in eukaryotic cells. Membrane
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transporters and electron transport chain (ETC) complexes of mitochondria localize
on the inner mitochondrial membrane. IMM encloses a viscous structure called a
mitochondrial matrix. Enzymes, mitochondrial DNA (mtDNA), ribosomes, and
nucleotides are placed in the mitochondrial matrix. Mitochondrial DNA encodes 37
mitochondrial genes including 22 transfer RNAs, 2 ribosomal RNAs, and 13 important
oxidative phosphorylation polypeptides: ND1, ND2, ND3, ND4L, ND4, ND5, ND6
(parts of Complex I); Cytochrome b (parts of Complex IIT), COI, COII, COIII (parts
of Complex IV) and ATP6, ATPS (parts of Complex V). To provide expression of a
mitochondrial gene, mitochondrial DNA needs to be transcribed by mitochondrial
transcription factor A (Tfam), mitochondrial RNA polymerase (POLRMT), and
mitochondrial transcription factor B1 and B2 (Tfblm and T{b2m).

Two of the most critical features of multicellular life are metabolism and immunity.
These can be explained as the need to distribute nutrients across cells, tissues & organs
and protect from injury and inflammation. In recent years, studies have focused on
elucidating the metabolism of immune cells in the context of their survival, activation,
differentiation, and functions. For the activation of immune cells, signals which are
triggered by metabolic intermediates and ATP molecules are required. In order to
maintain proper immune cell activation, differentiation, and function, mitochondrial
metabolism which generates energy plays a critical role. Studies have demonstrated
that B cell activation with B cell receptor (BCR) or different Toll-like receptor (TLR)
ligands changes mitochondrial dynamics. LPS-stimulated B cells enhance
mitochondrial mass, and co-stimulation of B cells with BCR ligand IgM and TLR9
ligand CpG increases mitochondrial biogenesis. In addition to that, anti-CD-40 and
IL-4 stimulated B cells to undergo OXPHOS. However, there is no information in the
literature about the mitochondrial metabolism of Helicobacter-activated B cells.

The main aim of this study is to elucidate the mitochondrial metabolism
of Helicobacter-infected B cells. For this purpose, B cells were magnetically isolated
from spleens of C57BL6 mice and treated with H. felis antigen, PAM3CSK4, and LPS
for 6h, 24h, and 48h. Afterwards, cells were collected at respective time points for
mitochondrial mass and membrane potential staining by using Mitoview Green and
Mitoview 633 or TMRE dyes respectively in the flow cytometry. The supernatant of
these cells is used for the IL-10 ELISA experiments for checking their IL-10 secretion.

H. felis, PAM3CSK4, and LPS-stimulated B cells increased their IL-10 production
most noticeably at 24h and 48h indicating the suppressive capacity of that cells. Also,
compared to the unstimulated control group, all of the stimulant groups increased both
the mass and membrane potential of mitochondria at 24h and 48h time points.

The second aim of our study was to investigate whether B cells with high
mitochondrial membrane potential (Mitoview 633" B cells) produce IL-10 or not. For
that, after B cells were isolated from IL-10 GFP reporter (VertX IL10 °€®) mice, they
were treated with H. felis antigen, PAM3CSK4, and LPS for 6h, 24h, and 48h.
Mitochondrial membrane potential were analyzed by flow cytometry. Afterwards, at
6h, 24h and 48h we evaluated mitochondrial membrane potential of the IL-10
producing B cells with quadrant analysis using flow cytometry. At 6h time there were
no significant changes on IL-10" Mitoview 633" B cells. But at 24h and 48h time
points; H.felis, PAM3CKS4, and LPS-stimulated B cells increased IL-10" Mitoview
633" B cells. These data show that in all stimulated B cell groups; high portion of the
IL-10 producing B cells also have high mitochondrial potential. Our data shows, H.
felis, PAM3CSK4, and LPS-stimulated Mitoview 633 * B cells increased their IL-10
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GFP signal both at 24h and 48h time points compared to the unstimulated control
group.

The third aim of our study was to investigate mitochondrial biogenesis markers:
mtDNA:nDNA ratio and mitochondrial transcription factor A (Tfam) gene expression.
To perform Q-PCR experiments isolated and treated B cells were collected for DNA
and RNA isolation at 6h, 24h, and 48h. For mtDNA:nDNA ratio analysis in Q-PCR;
respectively cytochrome c oxidase subunit I (COX1) and 18S ribosomal subunit gene
(RPS18) were targeted by using gene-specific primers. While H. felis, PAM3CSK4,
and LPS-stimulated B cells decreased their mtDNA:nDNA ratio, they increased Tfam
expression level compared to the unstimulated control group.

This study showed that H. felis-activated B cells have active/functional mitochondria,
and increased oxidative phosphorylation for energy production and their IL-10
production can be related to their mitochondrial metabolism.
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HELIKOBAKTER ILE AKTIVE EDILMi$ B HUCRELERININ
MITOKONDRIYAL METABOLIZMASININ ARASTIRILMASI

OZET

Helikobakter pilori (H.pilori) gram-negatif, mikroaerofilik ve spiral sekilli bir bakteri
olup Helicobacteraceae ailesine aittir. H.pilori 1982 yilinda Warren ve Marshall
tarafindan kesfedilmistir. Helikobakter enfeksiyonu kronik gastrit, gastrik kanser,
peptik iilser hastaligi ve mukoza ile iligkili lenfoid doku lenfomasi gibi bir¢ok gastro
patolojiye yol agabilir. Diinya niifusunun %50°si H. pilori ile enfekte olup, H. pilori
ile enfekte bireylerin %80°i asemptomaktir. H. pilori’ ye benzer sekilde , H.felis’de
gram negatif, lireaz-pozitif, spiral sekilli ve mikroaerofilik bir bakteridir. Fare
modellerinde yapilan ¢aligmalar, H.felis’in gastrik atrofi, metaplazi, displazi, kronik
ve kalict inflamasyon ve gastrik kansere sebep oldugunu gostermistir. H. pilori’nin
farelerde etkili bir immiin cevap olusturma kapasitesi diisiik oldugu i¢in, bu patojenin
calisilabilmesi amaciyla fare modelleri gelistirilmesinde Helikobakter felis (H. felis)
kullanilmaktadir.

B hiicreleri T hiicrelerine antijen sunumu yaparak ve antikor iireterek adaptif
immiinitede 6nemli rol oynarlar. Son zamanlarda, anti inflamatuar ve immiin sistemi
baskilayici 6zellikleri olan yeni B hiicre alt tipleri kesfedilmistir. Bu B hiicreleri Bhan
ve calisma arkadaslar1 tarafindan regiilator B  hiicreler (Breg) olarak
adlandirilmistir. CD19*CD21MCD23MCD24"M translasyonel 2 marjinal zon hiicreleri
(T2-MZP), IL-10 iireten CD1d"CD5" B10 hiicreleri, CD19"CD21" CD23" marjinal
zon (MZ) B hiicreleri, Tim-1" B hiicreleri, CD19°CD5" Bla hiicreleri, CD9" B
hiicreleri, CD138" plazma B hiicreleri ve CD138"CD44" plazmablast Breg alt gruplar
farelerde tanimlanmis regiilator B hiicreleridir. Regiilatér B hiicreler immiin tolerans
ve efektor immiin hiicre yanitini dengelemek i¢in IL-10, IL-35 ve TGF-p sitokinlerini
salgilar. Bu sitokin molekiillerine ek olarak, Breg hiicreleri immiin sistemi baskilayici
fonksiyonlarini gergeklestirmek icin CD39, CD73, programlanmis 6liim ligandi 1
(PD-LT) ve aril hidrokarbon reseptorleri gibi hiicre zarina bagh diger molekiilleri de
kullanmaktadirlar. H. felis B hiicrelerini TLR2 ve Myd88 sinyal yolagi aracilig ile
indiikler ve bu indiikleme IL-10 iireten B hiicreleri ile sonug¢lanir. Breg hiicreleri
Helikobakter iliskili patolojileri baskilayabilmek i¢in T hiicreleri ile etkilesime girerek
naif CD4" T hiicrelerinin IL-10 iireten regiilatdr T hiicrelerine farklilasmasini saglar.

Metabolizma, sirastyla hiicrede yer alan molekiillerin yapim ve yikimlarini igeren
anabolik ve katabolik reaksiyonlardan olusmaktadir. Oksidatif fosforilasyon
(OXPHOS) hiicre i¢inde gerceklesen en Onemli metabolik yolaklardan biridir.
Oksidatif fosforilasyon mitokondride gergeklesir ve enerji iiretiminde gorev alan
trikarboksilik asit ve elektron transport zinciri reaksiyonlarini igermektedir. Oksidatif
fosforilasyonda kisaca, trikarboksilik asit donglisii sonucunda elektron transport
zincirine aktarilan elektronlar, oksijen molekiilii ile birlesir ve oksidasyon/rediiksiyon
reaksiyonlart sonucunda ADP molekiilinden ATP olusumu ile hiicrelerden enerji
salinimi1 gergeklesir.
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Mitokondri, okaryotik hiicrelerde bulunan ve hem dis hem de i¢ mitokondriyal
membrana sahip ¢ift membranli bir organeldir. Membran transportlar1 ve elektron
transport zinciri mitokondriye ait i¢ mitokondriyal membranda (IMM) yer almaktadir.
IMM icgerisinde mitokondriyal matriks olarak adlandirilan viskoz bir yap1
bulunmaktadir. Enzimler, mitokondriyal DNA (mtDNA), ribozomlar ve niikleotitler
mitokondriyal matriks i¢inde yer almaktadir. Mitokondriyal DNA; 22 adet transfer
RNA, 2 adet ribozomal RNA ve 13 adet oksidatif fosforilasyonda rol alan polipeptit
(ND1, ND2, ND3, ND4L, ND4, ND5, ND6 (Kompleks I’'in yapisina katilirlar);
Cytochrome b (Kompleks III'tin yapisina katilirlar), COI, COII, COIIl (Komplex
IV’lin yapisina katilirlar) ve ATP6, ATP8 (Komplex V’in yapisina katilirlar)) olmak
tizere 37 adet mitokondiyal geni kodlamaktadir. Mitokondriyal bir genin
ekspresyonunun gergeklesebilmesi i¢in mitokondriyal DNA'nin mitokondriyal
transkripsiyon faktérii A (Tfam), mitokondriyal RNA polimeraz (POLRMT) ve
mitokondriyal transkripsiyon faktorii B1 ve B2 (Tfblm ve Tfb2m) tarafindan
transkribe edilmesi gerekir.

Cok hiicreli hayat i¢in gerekli iki hiicresel fonksiyon; sirasiyla besin maddelerinin
hiicre, doku ve organlar arasinda dagitilmasi ve organizmanin inflamasyondan
korunmasi olarak tanimlanan metabolizma ve immiinitedir. Son yillarda ¢alismalar;
canlilik, aktivasyon, farklilasma ve fonksiyonlar1 kapsaminda immiin hiicrelerin enerji
metabolizmalarinin ~ aydinlatilmasina  odaklanmustir. Immiin  hiicrelerin
aktivasyonunun saglanabilmesi i¢in gerekli sinyal yolaklari; metabolik ara bilesenler
ve ATP’ye ihtiyag duyar. Bu ylizden enerji iiretimini saglayan mitokondriyal
metabolizma; immiin hiicre aktivasyonu, farklilasmasi ve fonksiyonunun uygun
sekilde stirdiiriilmesinde kritik bir rol oynar. Calismalar B hiicrelerinin, B hiicre
reseptorli (BCR) veya Toll-benzeri reseptorler (TLR) ile aktivasyonu sonucunda
mitokondriyal dinamiklerini degistirdiklerini gostermektedir. LPS ile uyarilan B
hiicreleri mitokondriyal kiitlelerini artirirken, B hiicre reseptor ligandi IgM ve TLR9
ligandi CpG ile es zamanli uyarilan B hiicreleri ise mitokondriyal biogenezini
artirmaktadir. Bunlara ek olarak, CD40 ve IL-4 ile stimule edilen B hiicreleri oksidatif
fosfororilasyon yapmaktadir. Ancak literatiirde Helikobakter ile aktive edilen B
hiicrelerinin  mitokondriyal —metabolizmalar1 ile ilgili herhangi bir bilgi
bulunmamaktadir.

Bu c¢alismanin asil amaci, Helikobakter ile aktive edilen B hiicrelerinin mitokondriyal
metabolizmasini aydinlatmaktir. Bu amagla, 6ncelikle B hiicreleri C57BL6 farelerinin
dalaklarindan manyetik olarak izole edildi ve 6, 24 ve 48 saat boyunca H. felis antijeni,
PAM3CSK4, ve LPS ile uyarildi. Daha sonrasinda, hiicreler belirtilen saat
araliklarinda toplanarak, hiicrelerin mitokondriyal kiitle ve membran potansiyelleri
sirastyla Mitoview Green ve Mitoview 633 ya da TMRE boyalar1 kullanilarak akan
hiicre 6l¢erde analiz edildi. Bu hiicrelerin siipernatantlari, IL-10 salinim miktarlarinin
tayin edilebilmesi i¢in IL-10 ELIZA deneyleri sirasinda kullanildi.

H. felis antijeni, PAM3CSK4, ve LPS ile stimiile edilen B hiicreleri baskilayici
kapasitelerinin gostergesi olarak IL-10 tiretimlerini, 24 ve 48 saatte belirgin olarak
artirmistir. Ayrica uyartlmamis kontrol grubuna kiyasla, uyari alan tiim gruplar 24 ve
48 saatte hem mitokondriyal kiitlelerini hem de mitokondriyal membran
potansiyellerini artirmistir.

Calismamizin ikinci amaci, yiiksek membran potansiyeline sahip B hiicrelerinin IL-10
sitokinini tiretip tiretmedigini gdstermekti. Bu ytlizden, B hiicreleri IL-10 GFP reporter
(VertX IL10 ©&®) farelerin dalaklarindan izole edildikten sonra, 6, 24 ve 48 saat
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boyunca H. felis antijeni, PAM3CSK4, ve LPS ile stimiile edildi. Mitokondriyal
membran potansiyeli ve Mitoview 633 pozitif B hiicrelerinin IL-10 GFP sinyali akan
hiicre olger kullanilarak analiz edildi. Bu B hiicreleri ayrica Mitoview 633 ve 1L-10
GFP sinyalleri bakimindan “quadran” analizi ile degerlendirildi. Quadran analizi
Mitoview 633" IL-10" (iki belirte. I¢inde negative B hiicre popiilasyonu), Mitoview
633" IL-10"(sadece IL-10 pozitif B hiicreleri), Mitoview 633" IL-10" (sadece Mitoview
633 pozitif B hiicreleri) ve Mitoview 633" IL-10" (iki belirteg i¢inde pozitif B hiicre
popiilasyonu) olmak iizere 4 ayr1 popiilasyon gostermektedir. 6 saatte IL-10+
Mitoview 633+ B hiicrele yiizdelerinde kontrol grubuna kiyasla herhangi bir degisiklik
goziikmez iken; uyar1 alan B hiicreleri 24 ve 48 saatte IL-10+ Mitoview 633+ B hiicre
ytizdelerini kontrol grubuna gore anlamli olarak artmistir. Elde ettigimiz veriler, H.
felis antijeni, PAM3CSK4, ve LPS ile uyarilan Mitoview 633 pozitif B hiicrelerinin
uyart almayan gruba kiyasla 24 ve 48 saatte IL-10 GFP sinyallerini artirdigin
gostermektedir. Ayrica; IL-10 iireten B hiicrelerinin neredeyse tamaminin ayni
zamanda yiiksek mitokondriyal potansiyele sahip oldugu gézlenmistir.

Calismamizin liclincli amaci ise mitokondriyal biogenez belirteglerini arastirmakti:
mtDNA:nDNA orani ve mitokondriyal transkripsiyon faktér A (Tfam) geninin ifade
seviyesi. Q-PZR deneylerini gergeklestirmek adina izole edilen ve uyarilan B hiicreleri
6, 24 ve 48 saat sonunda toplanarak hiicre pelletlerinden DNA ve RNA izolasyonu
yapildi. mtDNA:nDNA oranin1 Q-PZR’da tayin edebilmek i¢in sirasiyla sitokrom c
oksidaz subunit 1 ve ribozomal protein 18S genleri gen spesifik primerler kullanilarak
hedef alindi. H. felis antijeni, PAM3CSK4, ve LPS ile uyarilan B hiicreleri uyar1
almayan gruba kiyasla mtDNA:nDNA oranlarin1 azaltirken, Tfam ifade seviyelerini
artirmistir.

Sonug olarak bu calisma; H.felis ile aktive edilen B hiicrelerinin, aktif/fonksiyonel
mitokondrilere sahip oldugunu, oksidatif fosforilasyonu artirdigin1 ve IL-10
tiretimlerinin mitokondriyal metabolizmalari ile iliskili olabilecegini gostermistir.
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1. INTRODUCTION

1.1 Helicobacter pylori and Helicobacter felis

Helicobacter pylori (H. pylori) is a member of the Helicobacteraceae family which
was discovered in 1982 by Warren and Marshall. H. pylori is a spiral-shaped,
microaerophilic gram-negative bacterium. It can lead to several gastro pathologies
such as peptic ulcer disease, chronic gastritis, gastric cancer, and mucosa-associated
lymphoid tissue lymphoma. While more than 50% of the world population has been
infected with H. pylori, most of the infected people do not show any symptoms of the
above-mentioned gastro pathologies. These bacteria use different virulence factors and
specialized proteins, for the progression of complications and adhesion to the mucosal
epithelium, such as vacuolating cytotoxin A (VacA), cytotoxin-associated gene A
(CagA), PicB, BabA, SabA, or OpiA. Also, H. pylori have urease activity, allowing
bacteria to live in an acidic environment such as the stomach where pH values change

from 4 to 6.5 ( Mégraud et al., 2015; Guevara & Cogdill, 2020).
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Figure 1.1: léctron mirograph of H. felis Simpsbnet al., 2000).

Helicobacter felis (H. felis) is isolated from the stomachs of cats in 1990 by Lee et al.
Bacteria are also found in the stomachs of dogs, rabbits, and cheetahs in addition to
cats. Similar to H. pylori; H.felis is a gram-negative, urease-positive, spiral-shaped,
and microaerophilic bacterium. Studies have shown that H. felis can induce gastric
atrophy, metaplasia, dysplasia, chronic and persistent inflammatory response, and
gastric cancer in mice models (Fox, 2002; Cai et al., 2005). These gastric pathologies

display high similarity for H. pylori-infected individuals. Because H. pylori have less



capacity to activate an efficient immune response in mice compared to H. felis; H. felis

is used to generate mice models for studying this pathogen.

1.2 Immune System and Its Components

The immune system is a collection of cells, structural and chemical barriers, and
reactions that eliminate the “non-self” molecules to protect the host. These “non-self”
molecules are called antigens and they can be bacteria, fungi, parasites, viruses, toxins,
cancer cells, or particles that come from outside the host’s body. When an antigen
enters, the first line of defense being triggered is innate immunity. Innate immune
responses are not antigen-specific and they occur immediately or within hours of
coming across antigen molecules. In contrast to innate immunity, the second line of
defense is antigen-specific and it is called adaptive immunity (Marshall et al., 2018).
Adaptive immune responses take time due to antigen exposure for generating specific

humoral (via B cells) or cellular immunity (via T cells).
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Figure 1.2: Cells of the innate and adaptive immune system (Adapted from Abbas et
al, 8th edition; Illustrated in BioRender).

While monocytes, macrophages, dendritic cells (DCs), neutrophils, natural killer cells,
basophils, mast cells, and eosinophils are the components of innate immunity; B, T,
and natural killer T cells (NKT) are the cells of adaptive immunity. All of these
immune cells use different mechanisms such as phagocytosis, activation of the
complement system, production of cytokines, chemokines, or antibodies, and
neutralization or opsonization of the pathogen with antibody molecules to eliminate

foreign invaders (Abbas et al, 8th edition).



1.3 B Cells

B cells are one of the main cells of adaptive immunity and they originate in the bone
marrow from hematopoietic stem cells. B lymphocytes produce antibody molecules to
neutralize or eliminate pathogens by activation of the complement system or
phagocytosis (Abbas et al, 8th edition). B cell development consists of early
differentiation which occurs when antigens are absent; maturation; antigen recognition
and antibody production. During development, B cells obtain two important features:
the distinction between self-antigens from non-self-antigens and memory responses

(Althuwaigeb & Bordoni, 2021).

1.3.1 Activation of B cells

Activation of B cells is triggered by a specific B cell receptor (BCR) at first. BCRs can
bind to antigens of pathogens and initiate a signaling cascade inside the cell. Also,
they can present thymus-dependent (TD) antigens with MHC class II molecules to
antigen-specific T helper cells. When antigenic peptides are recognized; T helper cells
express cytokines and cell surface molecules or interact with CD40 of B cells via their
CDA40L to induce B cell survival, proliferation, and differentiation. Some of the B cell
responses to microbial antigens do not require T cell help and are called thymus-
independent (TI) antigens. TI antigens can induce the signaling of Toll-like receptors

(TLRs) to produce antibodies (Murphy et al.,2017).
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Figure 1.3: Activation of B cells by TD or TI antigens (Adapted from Abbas et al,
8th edition; Illustrated in BioRender).



1.3.2 Regulatory B cells

As mentioned above, B cells play a critical role in adaptive immunity with antibody
production or antigen presentation to T cells. Additional functional roles and recent
subsets of B cells were discovered with the help of autoimmune disease models of
experimental autoimmune encephalitis (EAE), colitis, and arthritis. In the EAE model,
B cell-deficient mice could not recover from excessive inflammation of the disease
compared to wild-type mice (Wolf et al., 1996). Studies show that B cell suppression
of inflammatory responses is provided by the secretion of IL-10 from these cells in
EAE, colitis, and arthritis (Fillatreau et al., 2002; Mauri et al., 2003; Mizoguchi et
al.,2002). B cell subsets that have been shown to exert these suppressive or anti-
inflammatory properties for contributing to the maintenance of the host tolerance are
termed “ regulatory B cells (Bregs)” by Bhan and colleagues in 2002. The origin and
development of Bregs are still unclear but many Breg subsets were discovered both in
mice and humans. While in mice mainly CD19"CD21MCD23"CD24" transitional 2
marginal-zone precursor cells (T2-MZP), IL-10 producing CD1d"CD5" B10 cells,
CD19"CD21" CD23" marginal-zone (MZ) B cells, Tim-'* B cells, CD19"CD5" Bla
cells, CD9" B cells ,CD138" plasma B cells and CD138"CD44" plasmablasts are
identified as Breg subsets; in humans CD19"CD24" CD38"MCDI1d" B cells,
CD19"CD24"CD27" BI10 cells, CD9" B cells, CD19"CD25"CD71" CD737Brl cells
and CD19"CD24"CD27™ plasmablasts were described as Breg subsets (Rosser &
Mauri, 2015; Jansen et al., 2021).

Activation, function, or differentiation of regulatory B cells are dependent on BCR and
TLRs signaling, CD40-CD40L, and CD80/CD86-CD28 interactions (Mauri & Bosma,
2012).Stimulation of B cells with H.felis; signals via TLR2 and MyD88 and results
with IL-10 producing Bregs. Bregs can induce differentiation of CD4" T cells to IL-
10-producing regulatory Trl cells by direct B and T cell interactions for suppressing

Helicobacter-associated pathologies (Sayi et al., 2011).

Cytokines such as IL-10, TGF-f, IL-35 or cell membrane-bound molecules such as
CD39, CD73, programmed death-ligand 1(PD-L1) or aryl hydrocarbon receptors are
examples of key molecules which are associated with Breg’s suppressive functions

(Jansen et al., 2021).
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Figure 1.4: Suppressive molecules of Bregs & effects of Bregs on other immune
cells (Adapted from Rosser et al,2015; Illustrated in BioRender).

1.4 Toll-Like Receptors

Toll-like receptors (TLRs) are one of the pattern recognition receptor (PRR) classes
that recognize pathogen-associated molecular patterns (PAMPs) and damage-
associated molecular patterns (DAMPs) and they alert host cells to the presence of
foreign invaders (Medzhitov et al., 1997). TLRs can induce both innate and antigen-
specific adaptive responses. In addition to their roles in inflammatory responses; TLR
signaling also mediates suppressive and protective immune responses in immunity

(Mauri & Bosma, 2012).

There are 12 identified murine TLR members as TLR1-9, TLR11, TLR12, and TLR13,
and 10 human-identified TLR members such as TLR 1-10 (Wang et al., 2016). TLRs
are expressed on immune cells such as macrophages, eosinophils, dendritic cells
(DCs), neutrophils, T cells, B cells, and some non-immune cells as epithelial or

endothelial cells. All murine B cells express TLR 1-9.

TLRs can be located on the cell surfaces or intracellular compartments such as
endosomes, endolysosomes, lysosomes, or ER. While TLR1, TLR2, TLR4, TLRS,
TLR6, and TLR10 are found in the cell surface; TLR3, TLR7, TLRS, TLR9, TLR11,
TLR12, and TLR13 are found in intracellular compartments (Kawasaki & Kawai,
2014). These receptors can bind to proteins such as flagellin; peptidoglycan and
lipoteichoic acid (LTA) of Gram-positive bacteria; lipopeptides, lipomannans, or

lipoglycans of mycobacteria; lipopolysaccharide (LPS) from Gram-negative bacteria;



double or single-stranded RNA or DNA from viruses or bacteria and zymosan from
yeast. Some of the TLRs and their respective PAMPs or DAMPs can be seen in Figure
1.5 (El-Zayat et al., 2019). Toll-like receptors are made of two domains: Leucine-rich
repeats (LRRs) containing ectodomain and cytoplasmic Toll/IL-1 receptor (TIR)
domain. LRRs of ectodomains have horseshoe-like structures which interact with their
particular PAMPs and DAMPs. Upon recognition of PAMPs or DAMPs by LRRs;
TLRs interact with TIR domains containing adaptor proteins such as Myd88, TRIF,
TIRAP, TRAM, and SARM to initiate signal transduction pathways (Akira & Takeda,
2004; Botos et al., 2011). As a result of downstream signaling, interferon regulatory
factors (IRFs), MAP kinases, and NF-kB can be activated by IRAK1, IRAK2, IRAK4
or TRAF3, and TRAF6 for regulating the expression of cytokines, chemokines, and
type 1 interferon (IFN) (Kawasaki & Kawai, 2014).
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Figure 1.5: TLRs and their localization inside the cell (Adapted from El Zayat et
al,2019;Illustrated in BioRender).

1.5 Mitochondria

Mitochondria are double membrane organelles that regulate energy metabolism in
eukaryotic cells. In addition to energy production; mitochondria have different roles
such as controlling signaling pathways and cell death, providing homeostasis for
reactive oxygen species (ROS) and Ca*?, and contributing to enzymatic reactions like

steroid, pyridine, and heme synthesis; phospholipid modifications. These organelles



are found in all cell and organ types but their number and morphology are

heterogeneous (Wang et al, 2017).
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Figure 1.6: Structure of a mitochondrion (Illustrated in Bio Render).

In figure 1.6, the structure of a mitochondrion can be seen. There are two
mitochondrial membranes: inner and outer. The outer mitochondrial membrane
(OMM) directly links mitochondria to other molecules which are inside the cell. This
makes OMM, a signaling platform for mitochondrial dynamics. Some anti-apoptotic
proteins like Bcl-2, mitochondrial transporters TOMs, mitochondrial porins as VDAC,
regulators of mitochondrial dynamics, and mitofusin proteins Mfnl or Mfn2 are
located on OMM (Breda et al., 2019). Inner mitochondrial membrane (IMM) is
impermeable to ions and small molecules compared to OMM but it contains other
membrane transporters and electron transport chain (ETC) compartments for energy
production. IMM encloses a viscous consistency which is called a mitochondrial
matrix. Ribosomes, soluble enzymes, nucleotides, and mtDNA are found in the

mitochondrial matrix.

1.5.1 Mitochondrial DNA (mtDNA) and transcription factors

As mentioned above; mitochondria have their DNA which is located in the matrix.
While the nuclear genome contains more than 1000 mitochondrial genes; mtDNA
includes 37 mitochondrial genes. mtDNA encodes 22 genes for transfer RNAs, 2
ribosome RNAs, and 13 important oxidative phosphorylation polypeptides: NDI,
ND2, ND3, ND4L, ND4, ND5, ND6 (parts of Complex I); Cytochrome b (parts of
Complex III), COI, COII, COIII (parts of Complex IV) and ATP6, ATP8 (parts of
Complex V) (Wang et al, 2017).

Studies have shown that oxidative signals, inflammation or oxidative stress, aging, or

senescence can alter mtDNA. Although, it seems that mtDNA codes for a lesser



amount of mitochondrial proteins; mutation of genes can lead to deficiencies in energy

production, organ damage, or dysfunction.
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Figure 1.7: Mitochondrial DNA and its genes (Adapted from Wang et al,
2017;I1ustrated in BioRender).

mtDNA transcription is controlled by mitochondrial transcription factor A (Tfam),
mitochondrial RNA polymerase (POLRMT), and mitochondrial transcription factor
B1 and B2 (TtbIm and Tfb2m). Tfam binds to mtDNA and covers 14-35 bp upstream
of the light strand promoter transcription initiation site and induces the assembly of
the transcription initiation complex. Tfblm is mitochondrial methyltransferase. It
methylates 12srRNA and regulates the assembly of ribosome subunits and the
expression of mitochondrial genes. Ttb2m facilitates the formation of the first
phosphodiester bond and the structural changes of the transcription initiation site

affecting both light strand promoter and heavy strand promoter 1.
\

Mitochondrial DNA replication and transcription
Figure 1.8: Mitochondrial transcription factors (LSP: Light strand promoter, HSP:
Heavy strand promoter) (Adapted from Wang et al, 2017;I1lustrated in BioRender).




1.5.2 Mitochondrial membrane potential (MMP)

During oxidative phosphorylation, redox transformations generate both electrical
potential and proton gradient and together they form the transmembrane potential of
hydrogen ions. This potential is called mitochondrial membrane potential (MMP or
A¥m) and serves as an intermediate form of energy storage which is used by ATP
synthase to make ATP. For the proper cellular functions, mitochondrial membrane
potential (A¥m) needs to be at stable levels (Zorova et al., 2018). But in physiological
activities such as activation or cellular damage, A¥m can be transient. In addition to
ATP synthesis, AYm can be used in the elimination of dysfunctional mitochondria.
While high A¥Ym represents active and healthy mitochondria; low A¥Ym indicates

dysfunctional mitochondria.
1.5.3 Mitochondrial biogenesis

Mitochondria have different important roles beyond energy generation because of this
homeostasis of the mitochondria needs to be controlled for each healthy cell.
Mitochondrial homeostasis comprises two fine-tuned processes: mitochondrial
biogenesis and mitophagy. Mitochondrial biogenesis is the production of new and
healthy mitochondria and results in increased oxidative phosphorylation capacity,
repairment of mitochondrial-associated dysfunctions, and reduction of pathologic
oxidative stress. Mitochondrial biogenesis involves mtDNA transcription and
translation and mitochondrial protein synthesis, import, and assembly which is
encoded by nuclear DNA (nDNA). Due to their roles in attending these biological roles
peroxisome proliferator-activated receptor-y coactivator (PGC)-la, nuclear
respiratory factor-1(NRF-1), NRF-2, and estrogen-related receptor-a (ERR-a),
mitochondrial transcription factor A (Tfam) are the master regulators of mitochondrial
biogenesis (Popov, 2020). mtDNA copy numbers, the elevated mtDNA:nDNA ratio
and the level of mitochondrial gene expression are the known mitochondrial

biogenesis markers for all of the metabolism studies.
1.6 Energy Metabolism

Metabolism is the sum of all anabolic and catabolic reactions inside the cell which are
respectively the production or breakdown of cellular substances. For the growth,
differentiation, or survival of a cell; metabolism is regulated by both intracellular and

extracellular signaling pathways (O’Neill et al., 2016). In mammalian cells, there are



six major metabolic pathways including glycolysis, tricarboxylic acid cycle (TCA),
pentose phosphate pathway, fatty acid synthesis, fatty acid oxidation, and amino acid
pathway (Hosomi & Kunisawa, 2020). From these pathways; glycolysis and oxidative
phosphorylation are the ones that are responsible for energy production. In this thesis;
mostly oxidative phosphorylation which comprises the both TCA cycle, and ETC

reactions will be discussed.
1.6.1 Glycolysis

Glucose is one of the main sources of energy production. When glucose is present; it
enters cells via glucose transporters and hexokinases convert it into glucose 6-
phosphate. A sequence of enzymatic reactions called glycolysis taking place in the
cytoplasm converts glucose 6-phosphate to pyruvate. During the formation of
pyruvate; a total of 2 ATP and 2 NADH?3 is produced. Under an aerobic environment,
pyruvate is converted to acetyl CoA with the release of CO> and NADH> cofactor
molecules. Afterwards; acetyl CoA which is derived from pyruvate, enters the
mitochondria for oxidative phosphorylation. If the environment is not aerobic;
pyruvate will stay in the cytoplasm and be converted to lactic acid by lactate
dehydrogenase (Chaudhry & Varacallo, 2021). But in some cell types such as cancer
or immune cells; even under aerobic conditions glucose can be used for the generation
of lactic acid. This is called “aerobic glycolysis™ or “Warburg effect” (Ganeshan &
Chawla, 2014).

1.6.2 Oxidative phosphorylation

In cells, most of the cellular energy is produced by oxidative phosphorylation
(OXPHOS). It takes place in mitochondria and high energy is obtained from the
breakdown of fats and carbohydrate molecules. In OXPHOS; electrons formed from
the tricarboxylic acid cycle (TCA); combine with molecular oxygen (final acceptor of
electron transport chain) and result in many oxidation/reduction reactions energy is
released for the production of ATP from ADP. OXPHOS uses electrons from the TCA

cycle for electron transport chain (ETC) reactions.
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Figure 1.9: TCA cycle and OXPHOS are tightly coordinated (Adapted from
Martinez-Reyes & Chandel, 2020; Illustrated in BioRender).

1.6.2.1 TCA cycle

TCA cycle is a sequence of enzymatic reactions in a closed loop that occurs in the
mitochondrial matrix (Martinez-Reyes & Chandel, 2020; O’Neill et al., 2016). In 1937
Hans Adolf Krebs and his colleagues identified the TCA cycle and afterward, the cycle

is called Krebs reactions.

The cycle begins with the production of citric acid from two-carbon acetyl CoA which
is derived from pyruvate or fatty acids and four-carbon oxaloacetic acid (OAA).
Because citric acid is the first product of the TCA cycle; reactions are also named as a
citric acid cycle. Then, citric acid is converted into its six-carbon isomer isocitrate.
Isocitrate is decarboxylated into five-carbon o-ketoglutarate and then four-carbon
succinyl-CoA. During these reactions, two molecules of NADH> are produced when
two molecules of CO; are released. Succinyl CoA then forms succinate with the
production of GTP molecules. Next, succinate is converted into fumarate with the help
of succinate dehydrogenase (SDH). During this enzymatic reaction, hydrogen atoms
are added to FAD for producing FADH,. Then fumarate is converted into malate and
OAA which can react with another acetyl-CoA molecule to complete another TCA

cycle reaction.

In addition to pyruvate which is formed during glycolysis, fatty acid oxidation is also
a cellular source for the generation of acetyl CoA molecules. Even the first enzymatic

reactions take place in the cytoplasm; beta-oxidation of fatty acids mostly occurs at
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mitochondria and it yields cofactors such as FADH>, and NADH: in addition to acetyl
CoA. Produced acetyl CoA can be coupled with OAA by entering the TCA cycle to
drive OXPHOS for producing a high amount of ATP (Talley & Mohiuddin, 2022).

1.6.2.2 Electron transport chain reactions

OXPHOS involves two different reactions for energy production: ETC reactions and
chemiosmotic coupling. ETC comprises five protein complexes that can be found in
the IMM and different organic molecules. For ATP generation, electrons need to
transfer from NADH> or FADH> to oxygen but this is a very energy-yielding process
with AG®” = -52.5 kcal/mol for each pair of transferred electrons (Cooper et al.,2000).
This energy should be produced gradually to be obtained in usable forms with the help
of the passage of electrons through a sequence of carriers which are complex I,
coenzyme Q (ubiquinone), complex III, cytochrome C, and complex IV (Ahmad et al.,

2022).

Cytoplasm

Outer
membrane

Intermembrane 4H* 4H* 2H*

space

(L1122 1111

Inner
membrane

Mitochondrial
matrix

NADH NAD
+ FADH, 0.
2H 2H

Figure 1.10: Electron transport chain reactions (Illustrated in Bio Render).

Electrons coming from NADH: enter the ETC first in complex I and move into
coenzyme Q through flavin nucleotide and iron-sulfur carrier. Coenzyme Q is a lipid-
soluble and small molecule and carries electrons from complex I to complex III.
Cytochrome b is a part of complex III and is responsible for the transfer of electrons
to cytochrome c¢. Cytochrome c carries electrons to complex IV where the electrons
finally are transferred to the final acceptor O.. In contrast to NADH»>, FADH> uses
complex II. Then, respectively electrons are transferred into coenzyme Q, complex I1I,

and complex IV.
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1.6.2.3 Chemiosmotic coupling

The mechanism of coupling ATP production to electron transport is named
chemiosmotic coupling. When electrons are transferred through complexes I, 111, and
IV; free energy from the electron transfer generates a proton gradient across the
mitochondrial matrix to intermembrane space. Complex I and III pumps 4 H" but
complex IV pumps 2 H' to intermembrane space. 2 other H ions are pumped from
complex IV; form water when it reacts with molecular oxygen in the matrix (In figure

1.10).

ATP synthase is also known as complex V and it has two subunits: FO and F1. While
FO has hydrophobic properties and is buried into IMM, F1 is hydrophilic and oriented
into the mitochondrial matrix. Together they generate a rotational motor system for
energy production. FO comprises a proton channel that gets protonated or deprotonated
due to H' ions flowing through intermembrane space to the matrix. Changes in proton
channels of F0’s ionization results in rotation and changes in F1 subunit orientation.
For each 4 H" ion which moves into complex V, 1 molecule of ATP is produced due
to conformational changes in the F1 subunit because it catalyzes the production of
ATP from ADP and Pi (Junge & Nelson, 2015; Okuno et al., 2011). After protons span

FO and ATP is produced, protons return to the mitochondrial matrix.

1.7 Immunometabolism

Two of the most critical features of multicellular life are metabolism and immunity
and they are needed in order to distribute nutrients across cells, tissues & organs and
to protect from injury and inflammation respectively (Makowski et al., 2020). The
field of immunometabolism refers to the area which connects immune cell functions
and intracellular metabolic pathways. There are six metabolic pathways inside the
cells: glycolysis, the TCA cycle, fatty acid oxidation, the pentose phosphate pathway,
fatty acid synthesis, and amino acid synthesis. Studies have shown that all of these
pathways affect immune cell response via nutrient sensors and signal transduction by

influencing their survival, differentiation, and function for obtaining organismal
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homeostasis. In this thesis, mostly the relationship between mitochondrial metabolism

and immunity will be explained and discussed.
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Figure 1.11: Relationship between immunity and metabolism (Adapted from Chi et
al, 2022;Illustrated in BioRender).

1.7.1 Immunometabolism of B cell fate and function

Like other immune cells, metabolism also affects B cell development, activation, and
function. During B cell development, hematopoietic stem cells undergo multiple
differentiation steps of precursor cells such as pro-B, pre-B, and immature/transitional
B cells for generating both Bl and B2 cells. While for Bl cells; glycolysis, lipid
metabolism, and OXPHOS are necessary for the transition from pro-B cells to pre-B
cells stage; for B2 cells mostly glycolysis controls transition in the PI3K-AKT-
mTORCI1 axis with AMPK activity. Immature B cells rely on glycolysis and OXPHOS

but mature cells decrease these two metabolic pathways (Fu et al., 2022).

After receiving antigen, B cells get activated and change their metabolic demands.
Different antigens (TI or TD antigens) affect different metabolic pathways to change
B cell functions. For example, BCR stimulation increases aerobic glycolysis to
generate lactic acid molecules. In contrast, proliferating B cells tend to skew toward
the pentose phosphate pathway from glycolysis for producing 5-phosphate ribose and
cofactor NADPH to synthesize nucleotides.

LPS-stimulated B cells use both glycolysis and OXPHOS respectively by enhancing
glucose transporter 1 (GLUT1) expression to uptake glucose and mitochondrial mass
but another study shows that LPS-stimulated Bregs upregulate the expression of ATP-

citrate lyase to synthesize intracellular fatty acids such as cholesterol, free fatty acids,
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neutral and acidic phospholipids for CD138, Blimp-1 expression, and proliferation of
B cells. Plasma cells enhance glycolysis, expression of amino acid transporters, and
their anabolic reactions such as lipid synthesis for producing antibody molecules and
pyruvate-dependent mitochondrial functions to maintain their lifespan (Bibby et al.,

2020; Caro-Maldonado et al., 2014).

Studies have shown that in addition to cholesterol metabolism Bregs increased their
glycolytic flux by increasing HIF-1 alpha and this is accompanied by IL-10 producing
CD11b " Bregs generation and vitamin D modulates calcium uptake to increase IL-10
expression. In contrast to glycolysis, the effect of the other metabolic pathways such
as fatty acid metabolism, pentose phosphate pathway, and OXPHOS on the Breg and
other B cell subsets differentiation and function needs to be elucidated (Heine et al.,

2008; Waters et al., 2018).

1.7.2 Mitochondria and immunity

Mitochondria and immune response are closely linked to each other. Normally
immune cells are metabolically quiescent. During immune responses, they transited to
the active phase by shifting from the catabolic state to the anabolic state. In the
quiescence state, cells catabolize macromolecules to produce energy and support
cellular survival. In the anabolic state, cells synthesize macromolecules and need to
balance required metabolites and ATP generation. Mostly, immune cells choose high-
energy-producing pathways such as beta-oxidation to generate more ATP than
glycolysis. Signals which are produced by both metabolic intermediates and ATP
activate immune responses (Angajala et al., 2018). Because mitochondria are the main
energy-producing organelle it plays important roles in maintaining and providing

proper immune responses.
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Figure 1.12: Immune cells affected by mitochondria (Adapted from (Angajala et al.,
2018;I1lustrated in BioRender).
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Studies have shown that mitochondrial machinery components such as mitochondrial
DNA (mtDNA), amino acid metabolism, mitochondrial reactive oxygen species
(mtROS), Tfam, ATP, cardiolipins, MAVS, and other mitochondrial proteins induce
immune responses in macrophages, T cells, eosinophils and dendritic cells (DCs)
(Iwasaki et al., 2020). Also immune molecules such as cytokines; affect mitochondrial
metabolism and vice versa while they can change different signaling pathways. For
instance, in LPS-stimulated macrophages, IL-10 shifts metabolism from glycolysis to

OXPHOS with the inhibition of the mTOR molecule (Ip et al., 2017).

Similar to other immune cells, studies have demonstrated that B cell activation with
BCR or different TLR ligands changes mitochondrial dynamics. LPS-stimulated B
cells enhanced mitochondrial mass at 6h time points (Caro-Maldonado et al., 2014),
or co-stimulation of B cells with BCR ligand IgM and TLR9 ligand CpG increases
mtDNA:nDNA ratio and Tfam expression as an indicator of mitochondrial
biogenesis (Akkaya et al., 2018). For proper B cell differentiation and function
mitochondria and their components such as transcription factors, mitochondrial
proteins, and ROS plays a critical role. Mitochondrial ROS controls B cell fate
decisions of CD40L-IL-4 or LPS-IL-4 stimulated B cells. After stimulation
mitochondria generate ROS and the amount of ROS affects B cell differentiation
together with mitochondrial membrane potential and mass. B cells with higher mass
and membrane potential undergo class switch recombination, and B cells with
moderate mass and membrane potential induce plasma cell differentiation (Jang et al.,
2015). For secretion of antigen-specific antibodies from long-lived plasma cells
mitochondrial pyruvate carrier 2, transporter of pyruvate from matrix to mitochondria
is necessary. In mice lacking this mitochondrial protein; plasma cells' lifespans and
antibody secretion were reduced (Lam et al., 2016). Even though these studies show
that mitochondria play important roles for B cells, there is no clear evidence that

elucidates the relationships between Breg cells and OXPHOS.

1.8 Aim of this study

H. pylori is a spiral-shaped, microaerophilic gram-negative bacterium. It can lead to
gastro pathologies and more than 50% of the world population has been infected with
H. pylori. H. pylori have less capacity to activate an efficient immune response in

mice compared to H. felis. H. felis is used to generate mice models for studying this
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pathogen. Because of this, during our mice experiments, H. felis antigen was used

(Mégraud et al., 2015).

In addition to triggering immune responses; recent studies reveal that; TLR signaling
can also affect the energy metabolism of B cells. TLR4 (LPS), and TLR9 (CpG)
stimulated B cells to increase their glycolysis or oxidative phosphorylation (Akkaya et
al., 2018; Caro-Maldonado et al., 2014; O’Neill et al., 2016). H. felis antigen is
recognized by TLR2 on B cells and induces secretion of IL-10. Nevertheless, the
energy metabolism of Helicobacter-stimulated B cells has not been elucidated yet. The
main aim of this project is to investigate the mitochondrial metabolism of Helicobacter

felis-activated B cells.

To serve this purpose; splenic B cells were isolated from C57BL/6 or IL-10 GFP
reporter (VertX IL10 ™) mice and stimulated with Helicobacter felis sonicate. Then,
at corresponding time points; H. felis -activated B cells are used for mitochondrial
mass and membrane potential assays to check if these cells have functional
mitochondria or not. Afterwards, for understanding mitochondrial DNA number or
mitochondrial biogenesis; mtDNA:nDNA ratio and mitochondrial transcription factor

A (Tfam) expression level in H. felis-activated B cells were analyzed respectively.
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2. MATERIALS AND METHODS

2.1 Materials

2.1.1 Bacteria

Helicobacter felis was supported by Prof. Dr. Anne Miiller from the University of
Zurich. Bacteria were cultured on a Columbia Agar plate containing a 1000 X
antibiotic cocktail. Contents of the Columbia Agar medium was prepared as shown in

Table 2.1.

Table 2.1: The components of Columbia Agar Medium.

Component Amount
BD Columbia Agar 425¢g
Horse Blood 50 ml
B-cyclodextrin 10 ml
1000X Antibiotic Cocktail 1 ml

The components of 1000x Antibiotic cocktail were given in Table 2.2.

Table 2.2: The components of 1000x Antibiotic Cocktail.

Component Amount Company
Trimethoprim 100 mg HiMedia
Amphotericin B 160 mg Genaxxon

DMSO 20 ml Genaxxon

2.1.2 Liquid culture for Helicobacter felis

For the preparation of liquid culture of H.felis Brucella Broth was used. Ingredients

of liquid culture were given in Table 2.3.

Table 2.3:The components of liquid medium for H.felis.

Component Amount Company
Brucella Broth 50 ml HiMedia
FBS 10% (v/v) 5 ml Euroclone

Vancomycin 5ul HiMedia

2.1.3 Long term storage of Helicobacter felis

Helicobacter felis freezing medium was prepared by using the contents that were given

in Table 2.4. When prepared, the freezing medium was stored at +4 °C.
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Table 2.4: The contents of Freezing Medium for H.felis.

Constituent Amount
Brucella Broth 25 ml
Glycerol 25 ml

2.1.4 Primary cells culture

CD19 B" cells obtained from the spleens of C57BL/6 mice or IL-10 GFP reporter
(VertX IL10 °&®) with magnetic separation using Midi Macs separator (Miltenyi).
Isolated B cells were cultured in a complete RPMI medium containing 55 uM 2-ME,
1% Penicillin-Streptomycin, 10 % FBS and 25mM HEPES. Cells were stimulated with

10 pg/ml Helicobacter felis sonicate, 2.5 pg/ml PAM3CSK4, and 10 pg/ml
lipopolysaccharide (LPS).

Table 2.5: Cell culture reagents.

Solution Company

Roswell Park Memorial Institute Sigma
Medium (RPMI)

Fetal Bovine Serum (FBS) Euroclone
Penicillin-Streptomycin Gibco

IM HEPES Buftfer Capricorn
B-Mercaptoethanol Sigma
Trypan blue Lonza

Preparation of solutions used in cell culture studies in cell culture were given in Table
2.6.

Table 2.6: Preparation of solutions used in cell culture studies.

Buffer Preparation
PBS1X 9,55 g dPBS in 1 liter of ddH20
MACS Buffer 0.5 % BSA and 2 mM EDTA in 1x PBS
FACS Buffer 2% FBS in 1 X PBS
Complete RPMI 10% FBS, 1% Penicillin-Streptomycin, 25mM HEPES, 55

uM 2-ME in incomplete RPMI

2.1.5 IL-10 ELISA solutions and standards

2.1.5.1 Solutions

The solutions used in the ELISA experiment were given in table 2.7.

Table 2.7: Solutions used in ELISA

Solution Preparation
PBS/T (0.05 %) 0.05 % Tween in 1 X PBS
Stop Solution 2N H»SO4 (in ddH,0)
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2.1.5.2 IL-10 standards

Standards of IL-10 were prepared as kit’s instructions. 1X Assay Diluent A was used
as diluent. First, the 10 ng lyophilized IL-10 standard was reconstituted with 200 pl 1x
Assay Diluent A and aliquoted as 40 pl for obtaining 50ng/ml IL-10 five stock
solutions. For each assay, 960 pl 1x Assay Diluent A was added into one of the 50
ng/ml IL-10 stock to prepare 2000 pg/ml top standard. After that, seven two-fold serial
dilutions of the 2000 pg/ml were performed to obtain mouse IL-10 standard
concentrations: 1000 pg/ml, 500 pg/ml, 250 pg/ml, 125 pg/ml, 62.5 pg/ml, 31.25
pg/ml, 15.625 pg/ml. As a blank solution, 1x Assay Diluent A was used.

2.1.5 BCA assay standards

Standards of BCA assay were prepared as kit’s instructions. ddH,O was used as
diluent. The components and their volumes of BCA assay standards were listed in

Table 2.8.

Table 2.8: Preparation of BSA standards for BCA Assay.

Standards Diluents (ul) BSA(ul) Final BSA
Concentration

(ug/pl)

A 0 300 ul from stock 2000

B 125 375 ul from stock 1500

C 325 325 ul from stock 1000

D 175 175 ul from stock 750

E 325 325 ul from stock 500

F 325 325 pl from stock 250

G 325 325 pl from stock 125

H 400 100 pl from stock 25

I 400 0 0=Blank

2.1.6 Commercial Kits

Kits used in this study are listed with their supplier company in the table 2.9.

Table 2.9: Commercial kits used in the experiments.

Kit Company
Mouse B cell isolation kit Miltenyi Biotech.
Mouse IL-10 Deluxe Max ELISA Kit Biolegend
BCA Protein Assay Kit Thermo Scientific
PureLink Genomic DNA Isolation Kit Thermo Scientific
Real Q Master Mix Amplicon
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2.1.7 General Chemicals

Chemicals used in the experiments were given in Table 2.10.

Table 2.10: Chemicals used in the experiments.

Chemical Company
EDTA Sigma Aldrich
Absolute ethanol Isolab
Phosphate Buffer Saline (PBS) Cegrogen
Bovine Serum Albumin (BSA) HiMedia
Cell culture grade-DMSO Genaxxon
B-Mercaptoethanol Sigma Aldrich
PAM3CSK4 Invivogen
Lipopolysaccharide (LPS) Sigma Aldrich
Tween 20 Biomatic
Fixation Buffer (4%) Biolegend
Permeabilization Buffer (10x) Biolegend
Sulfric Acid (H2SO4) Fluka
Xtrazol Reagent Biofroxx
FCCP Abcam

2.1.8 Laboratory equipment and materials

Laboratory equipment and materials used in the experiments were given in Table 2.11

and Table 2.12 respectively.

Table 2.11: List of the laboratory equipment used in the experiments.

Equipment

Supplier Company

Laminar Air Flow Cabinets
Flow cytometer
Step One Real-Tiem PCR
Weight
Nanodrop 2000
Spectrophotometer
Refrigerators

Electronic Pipette

Pipettes

Centrifuges

CO2 Incubator
Shaker
Sonicator
Vortex
Magnetic Stirrer

FASTER BH-EN 2003
BD Accuri C6
Applied Biosystem
Precisa
Thermo Scientific
BIO-RAD Benchmark Plus
Profilo (+4 C)
Siemens (-20 C)
Argelik(-20 C)
CappAid
Labware
2.5ul,10 pl, 200 pl, 1000 pl Eppendorf,10 pl,
20 pl, 100 pl, 200 pl, 1000 pl Socorex and 10
ul, 100 pl, 1000 pl Biohit
Beckman Coulter Allegra ™ 25 R Centrifuge
Scanspeed 1730 R Labogene Scanspeed mini
BINDER
Heidolp Duomax 1030
Bandelin Sonopuls
Mixer Uzusio VTX-3000L, LMS
WiseStir MSH-20D, Wisd Laboratory

Equipment
Light Microscope Olympus CH30
Hematocytometer Isolab
Ice Machine Scotman AF10
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List of materials used in the experiments were given in Table 2.12.

Table 2.12: List of material used in the experiments.

Material Supplier Company
Gloves Benchmark
Erlenmeyers Isolab
Anaerobic Jar Anaerocult
Falcon Tubes (15ml, 50 ml) Labmarker
Slide Interlab
Coverglass Interlab
Cotton Swab Interlab
96-well plate for ELISA Nunc
Cell Strainer (70 pm) Falcon
Serological pipette Capp
96 well plates TPP
Eppendorf tubes (0.5 ml, 1.5 ml, 2 ml) Labmarker
LS Columns for Magnetic Separation) Miltenyi Biotec
CampyGen 2.5L Oxoid

2.1.9 Primers

Primers which were used in the PCR experiments and their properties were given in

the Table 2.13.

Table 2.13: Primers which are used in the experiments.

Gene/bp Primers Species Tm (C)
Coxl F: GCCCCAGATATAGCATTCCC Mouse 56
116 bp R: GTTCATCCTGTTCCTGCTCC
Rps18 F: AGCCTGGACACCTCTTAGGAT Mouse 56
352 bp R:CCCGTGTTCTTTCAGTCTCTAGT
Tfam F: CCAAAAAGACCTCGTTCAGC Mouse 58
260 bp R: ATGTCTCCGGATCGTTTCAC
B2M F: GAGAATGGGAAGCCGAACATA Mouse 58
126 bp

R: GCTGAAGGACATATCTGACAT

2.1.10 Antibodies and dyes

Antibodies or dyes used in this research are given in Table 2.14.

Table 2.14: List of antibodies or dyes which used in experiments.

Antibody/Dye Clone Supplier Company Applications
7-AAD Staining Dye - Biolegend FC
Mitoview Green - Biotium FC
Mitoview 633 - Biotium FC
MitoStatus TMRE - BD FC
CD19-PE 6D5 Biolegend FC
TruStain fcX™ (anti-mouse CD16/32) - Biolegend FC
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2.1.11 Preparation of mitochondrial dyes

In order to prepare 200 uM stock solution of Mitoview Green and Mitoview 633, 50
ug vial of lyophilized dyes were dissolved with 400 ul and 460 pl cell-culture grade
DMSO respectively. For preparing ImM MitoStatus TMRE stock solution, 1 mg of
TMRE was dissolved with 1.94 ml of cell-culture grade DMSO.

Mitochondrial —oxidative phosphorylation uncoupler Carbonyl cyanide 4-
(trifluoromethoxy) phenylhydrazone (FCCP) was used as a negative control of
mitochondrial membrane potential assays. A 5 mM stock solution of FCCP was

prepared by dissolving 1 mg of FCCP with 0.79 ml of cell-culture grade DMSO.

2.2 Methods

2.2.1 H. felis culture

H. felis was cultured on Columbia Agar plates containing an appropriate amount of
antibiotics as Trimethoprim and Amphotericin B. The plates were incubated at 37°C
in microaerophilic conditions in an aerobic jar for 3-4 days. The anaerobic
microenvironment of the jar was provided by using CampyGen packets. Columbia
blood agar was prepared by dissolving 42.5 g of Columbia Agar in 1 liter of distilled
water and it was autoclaved. Then agar was incubated at 56 °C for 1 hour and after
incubation, 50 ml of the horse blood was added to the bottle. 10 ml of B-cyclodextrin
and 1 ml 1000x Antibiotic Cocktail were added to the agar solution for the growth of
the bacteria. After 3-4 days of incubation; cell viability and motility were checked
under the light microscope. Grown bacteria were transferred into Brucella Broth
medium which contains 10 pg/ml of Vancomycin with the appropriate dilution rate.
Brucella Broth medium, 28 g Brucella Broth powder was dissolved in 1 liter of
distilled water and the liquid solution was sterilized by autoclaving it at 121°C for 15

min.

2.2.2 Sonication of H. felis

When H. felis liquid culture reached 120-200 ml, bacteria viability, and motility was
checked under light microscopy. Then cultures were shared in 15 ml falcon tubes and
falcons were centrifuged at 1500 rpm for 10 minutes. Supernatants were discarded and

pellets were resuspended with 10 ml of 1x PBS for washing off the bacteria. Tubes
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were centrifuged again at 1500 rpm for 10 minutes. The supernatant was discarded and
the pellet was dissolved by using 3.5 ml PBS. The sonication procedure was initiated
by setting the sonicator 30 seconds pulse on and 50 seconds pulse off for 6.5 min at 50
watts. Then a falcon tube was placed into the sonicator, and sonication was performed
on ice to prevent overheating. For sonication, MS 72 probe was used. Following
sonication; H. felis sonicates were aliquoted into 1.5 ml eppendorf tubes as 100 ul for
each tube and tubes were centrifuged at 15000 for 20 minutes at 4°C. Supernatants
were transferred to 0.5 ml Eppendorf tubes and stored at 4°C H. felis sonicate

concentration was measured by BCA assay.
2.2.3 Protein bicinchoninic acid (BCA) assay

When sonication is completed, the concentration of H. felis sonicates was checked by
using Thermo Scientific’s Pierce BCA Assay Kit. First, bovine serum albumin
standard sets were prepared as mentioned in Table 2.8. Then, solutions A and B were
mixed in a 1:50 ratio according to standards and samples in single. The mixture of
solutions A and B were added to the respective wells in a 96-well flat bottom plate
as 200 pul for each well as an indicator for the assay. 10 pl samples and diluted BSA
standards were put into the respective wells and then the plate was incubated at 37°C
for 30 minutes. When the plate was cooled to room temperature, absorbance values of

samples and standards were measured at 562 nm using a microplate reader.
2.2.4 Isolation of mouse B cells

B cells were isolated from the spleen of C57BL/6 mice or or IL-10 GFP reporter
(VertX IL10 °€®) mice using the Mouse B cell Isolation Kit (MACS, Miltenyi). The

isolation protocol is explained in detail in the following sections.
2.2.4.1 Preparation of single cell suspension

The spleen was obtained from a sacrificed C57BL/6 or IL-10 GFP reporter (VertX
IL10 ) mouse. 70 pum cell strainer was put on a 50 ml falcon tube. The cell strainer
was soaked with incomplete RPMI medium, and the spleen was transferred to the
strainer. The spleen was smushed using the plunger of a syringe and the single-cell
suspension was filtered into 50 ml falcon. The cell strainer again was rinsed using
incomplete RPMI. These steps were performed for all the obtained spleens. Then, the
falcon tube was filled with incomplete RPMI, and the cell suspension was centrifuged

at 1200 rpm for 8 min. The supernatant was discarded and the cell pellet was dissolved
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in 1 ml MACS buffer. Cell number was detected by diluting splenocytes with MACS
buffer (1:100). Cell viability was determined with trypan blue staining.

2.2.4.2 Magnetic labeling of non-B cells

After cell viability and number were checked; cell suspension was centrifuged at 1200
rpm for 8§ min. The supernatant was discarded and the pellet was resuspended in 40 pl
of MACS buffer per 107 cells. Then 7 pl Biotin-Antibody cocktail was added onto cell
suspension per 107 cells and incubated at 4 °C refrigerator for 5 min. 30 ul of MACS
buffer and 14 pl Anti-Biotin Cocktail for 107 cells were added to the cell suspension

and cells were incubated at 4°C refrigerators for 10 min.
2.2.4.3 Magnetic separation: Depletion of non-B cells

LS Column was placed to the Midi MACS magnetic separator. The column was
activated by washing it with 3 ml of cold MACS buffer. After activation of the column,
the cell suspension passed through the column. LS column was washed twice by 3 ml
MACS buffer. The cells passing through the column were B cells; while the cells
which were bound to the column were non-B cells. To acquire non-B cells LS column
was transferred to a 15 ml falcon tube. 3 ml MACS buffer was added to the column
and non-B cells were collected in this tube by strongly pushing the plunger into the
column. Both B and non-B cell numbers were checked by a hematocytometer. For cell
counting, cells were diluted with MACS buffer (1:100). Cell viability was checked
with 7-AAD by using flow cytometry.

2.2.4.4 Determination of B cell purity

To determine freshly isolated B splenic cells, a flow cytometer was used. 10° B cells
were stained with 0.5 pl PE-conjugated anti-CD19 antibody in 50 ul FACS buffer in
the dark at 4°C for 30-45 min. B cells were dissolved in 200 ul FACS buffer without
stain and were used for unstained control. After incubation, both stained and unstained
B cells were centrifuged at 3000 rpm at 4°C for 8 minutes. The supernatant was
discarded and pellets were dissolved with 200 ul FACS buffer. Cells were rapidly

analyzed by a flow cytometer.
2.2.5 In vitro stimulation and cell culture

Isolated CD19" B cells were centrifuged at 1200 rpm for 8 min and cell pellets were
dissolved at 1ml complete RPMI per 2.5x10° B cells. Afterward, B cells were seeded
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into 96 well U bottom plates as 150.000 cells for each well. For stimulation, cells were
incubated with H. felis (10 pg/ml), PAM3CSK4 (2.5 pg/ml) and LPS (10 pg/ml) for

6,24 and 48 hours. Unstimulated B cells were used as a control group.
2.2.6 IL-10 ELISA

Biolegend’s Mouse IL-10 Deluxe Max Kit was used to determine IL-10 protein levels
in supernatants of samples. First, Nunc Maxisorp 96 well plate was coated with IL-10
capture antibody 1:200 diluted in 1x Coating Buffer B which was also diluted from 5x
to 1x with molecular grade water in an appropriate falcon tube. The plate was sealed
by using parafilm and incubated at +4°C overnight. The plate was washed four times
with 1x PBS/T solution following the day. Assay Diluent A was diluted from 5x to 1x
using 1x PBS solution. 100 ul of 1x Assay Diluent A was added to each well for
preventing non-specific bindings. The plate was incubated at RT for 1 hour with
shaking. Recombinant IL-10 standard proteins were prepared by serial dilutions
according to the manufacturer’s instructions as mentioned above. After incubation
with Assay Diluent A, the plate was washed four times with PBS/T solution. 75 ul of
standards and samples were loaded in respective wells as duplicates and the plate was
incubated at +4°C overnight. Subsequently, the plate was washed four times with
PBS/T solution. 200x biotinylated IL-10 detection antibody which was diluted to 1x
with 1x Assay Diluent A solution, applied to each well and the plate was incubated at
RT for 1 hour with shaking. The plate was washed four times with PBS/T and 1X
Avidin-HRP (was diluted from 1000x with 1x Assay Diluent A) was added to each
well. The plate was incubated at RT for 30 min with shaking. After incubation, the
plate was washed six times with the final soaking step by using PBS/T. 50 uL of TMB
substrate solution mixture (1:1 of TMB Substrate A and TMB Substrate B) was added
to each well. The plate was incubated at RT in dark for 45 min- 1hour. TMB solution’s
color was changed to a blue color in the positive wells by the HRP enzyme. 50 pl of
2N H>SO4 Stop solution was added to each well and the reaction was stopped. Wells
were turned yellow. Finally, absorbance values of samples and diluted IL-10 standard

were measured at 450 nm on a microplate reader.
2.2.7 Flow cytometry

Cultured B cells were collected in 1.5 ml eppendorf tubes. Cells were centrifuged at

3000 rpm at 4°C for 8 min. Supernatants were transferred into 0.5 ml eppendorf tubes
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and stored at -20 °C. Cell pellets were resuspended with 200 pul FACS buffer and
centrifuged at 3000 rpm at 4°C for 8 min. The supernatant was discarded. Pellets
resuspended with 50 pl pre-warmed mitochondrial staining buffer. Mitochondrial
staining buffer includes 80 nM Mitoview Green for mitochondrial mass staining and
40 nM Mitoview 633 or 30 nM Mito Status TMRE for mitochondrial membrane
potential staining in pre-warmed FACS Buffer. Mitoview Green dye is non-fluorescent
until it partitions into the mitochondrial membrane and after it enters the cell, its signal
on 488 nm is proportional to mass and volume of mitochondria. Mitoview 633 and
TMRE are the mitochondrial membrane potential dyes and they signal with their
binding to released H' ions of electron transport chain reactions. In addition to stained
B cells; unstained B cells separated and dissolved in FACS buffer without any
mitochondria dye. Cells were incubated at 37°C for 1 hour. After incubation, 150 ul
pre-warmed FACS buffer was added to each tube, and cells were centrifuged. The
supernatant was discarded. Cells were stained with 0.5 pul 7-AAD in 50 ul FACS buffer
and incubated for 10 min at RT. Then 150 ul FACS buffer was added to each tube and

cells were rapidly analyzed in the flow cytometer.
2.2.8 Gene expression studies
2.2.8.1 DNA isolation

For the analysis of mtDNA:nDNA ratio on Q-PCR, DNA isolation was made from
cultured B cells using Thermo Scientific’s PureLink Genomic DNA Isolation Kit. First
B cell pellets were resuspended with 200 pl of cold 1X filtered PBS. Then 20 pL
Proteinase K and 20 pl Rnase A were added to each sample for lysis of the cells and
digestion of RNA respectively. Tubes were briefly vortexed and incubated at RT for 2
minutes. After incubation for each well 200 pl PureLinkR, Genomic Lysis/Binding
Buffer was added and samples were incubated at 55°C for 10 minutes by using a heat
block for promoting protein digestion. Then 200 pl of 96-100% ethanol was added to
the lysate and mixed well by pipetting to yield a homogeneous solution. The lysate
was added to PureLinkR Spin Column in a Collection tube and the column was
centrifuged at 10.000 xg for 1 min at RT. The collection tube was discarded and the
spin column was placed into a clean PureLinkR Collection Tube supplied with the kit.
500 pl Wash Buffer 1 was added to the column and the column was centrifuged at
10.000 xg for 1 min at RT. The collection tube was discarded and the spin column

again was placed into a new, clean Collection tube. 500 pul Wash Buffer 2 was added
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to the spin column and the column was centrifuged at maximum speed for 3 minutes
at RT. The collection tube was discarded and the spin column was transferred into a
1.5 ml Eppendorf tube. 25 ul PureLink Genomic Elution Buffer was added into the
column and columns were incubated for 1 min. Columns were centrifuged at
maximum speed for 1 minute at RT. The spin column was discarded. The 1.5 ml
Eppendorf tubes contain purified genomic DNA for each sample. DNA samples were

stored at -20°C. DNA concentrations were determined using Nanodrop.
2.2.8.2 RNA isolation

In order to determine Tfam gene expression on RT-PCR, RNA isolation was made
from cultured B cells. Cultured B cells were washed with 1x cold PBS. After the
washing step, they were frozen as either cell pellets or resuspended with 1 ml Xtrazol
Reagent and stored at -80°C. Stored samples were incubated for 5 minutes at RT. 0.2
ml of chloroform per 1 ml of Xtrazol reagent was added to each sample and pellets
were resuspended via a 1 ml insulin syringe. Samples were incubated for 3-10 minutes
at RT. After incubation samples were centrifuged at 12000 x g for 15 minutes at
+4°C. In this step; the sample will be separated into a pale-yellow organic phase,
interphase, and a colorless upper aqueous phase that involves the RNA. The aqueous
phase was transferred to a new eppendorf tube and RNA was precipitated by mixing
with 0.5 ml of cold 2-propanol per 1 ml of Xtrazol reagent. Samples were incubated
for 10 minutes at RT. After incubation, samples were centrifuged at 12000 x g for
10 minutes at +4°C. The supernatant was removed and the RNA pellet was washed
twice with 1 ml of 75% ethanol per 1 ml of Xtrazol reagent. The samples were mixed
by using a vortex and centrifuged at 7500 x g for 5 minutes at +4°C. The supernatants
were discarded and pellets were air dried. The RNA pellet was dissolved in the proper
amount of RNAse free-water by pipetting. RNA concentrations were determined using

Nanodrop. Then, RNA samples were stored at -80°C.

2.2.8.3 Conventional PCR

Conventional PCR was performed by using NEB’s Taq PCR Kit. The reaction mixture
was prepared according to the manufacturer's instructions. The volume of the
components and thermal cycler conditions of the reactions were given in Table 2.15

and Table 2.16.
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Table 2.15: Components of Conventional PCR reaction.

Components Reaction Volume
Taq Buffer 2.5l
dNTPs (10 mM) 0.5 ul
Taq DNA Polymerase 0.125 pl
Forward Primer (10 uM) 0.25 pl
Reverse Primer (10 uM) 0.25 ul
Template DNA 2.5l
Molecular Grade Water Up to 25 pl

Total volume:25 pl

Table 2.16: Thermal cycler conditions of Conventional PCR reaction.

Step Temperature Time
Initial Denaturation 95°C 30 seconds
Cycling Stage (40 cycles) 95°C 30 seconds
Depending on primers 30 seconds
68°C 1 minute
Final Extension 72°C 5 minutes
Holding 4°C 0

2.2.8.4 Real Time Q- PCR (RT-QPCR)

To analyze mtDNA:nDNA ratio and determine relative expression levels of TFAM in
B cells, real-time PCR was carried out by using Real Q Master Mix. For normalization
of the Tfam expression, beta-2 microglobulin housekeeping gene and for identifying
of the mtDNA:nDNA; RPS18 housekeeping gene were used in this experiment.
Obtained Ct values analyzed by delta-delta Ct method in using Excel and statistical

analysis was done on GraphPad Prism. The volume of components and the conditions

of the PCR reaction was given in Table 2.17 and Table 2.18.

Table 2.17: Components of RT-QPCR reaction.

Components Reaction Volume
Real Q Plus 2x Master Mix Sul
Forward Primer (10 uM) 0.25 ul
Reverse Primer (10 uM) 0.25 ul
Template DNA 2.5ul
Molecular Grade Water Upto 10 ul

Total volume:10 pl

Table 2.18: Conditions of RT-QPCR reaction.

Step Temperature Time
Initial Denaturation 95°C 15 minutes
Cycling Stage (40 cycles) 95°C 30 seconds
Depending on primers 30 seconds
72°C 30 seconds
Melting Curve 95°C 15 seconds
Depending on primers 1 minute
68°C 15 seconds
Holding 72°C 5 minutes
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2.2.9 Analysis for flow cytometry

The results were analyzed by using FlowJo 10.8.1 software. Firstly, lymphocytes and
single cell gates were taken for determining B cell populations. For identifying pure
and dead B cells at Oh time point ; CD19" B cell and 7-AAD " B cell gates were taken
inside the single cell population gate compared to unstained control group and values
analyzed as percentages. At 6h, 24h and 48h time points; 7-AAD negative B cell gate
was selected inside the single cell population gate for analyzing mitochondrial
stainings inside the alive B cell populations. Histogram analysis of Mitoview Green,
Mitoview 633 or MitoStatus TMRE dyes was evaluated in 7-AAD negative B cells
and Mean Fluorescence Intensity (MFI) values were calculated and used in statistical

analysis of mitochondrial mass of membrane potential experiments.

2.2.10 Statistical analysis

Graphpad Prism 8.0 was used for the calculation of p values and significance was
determined by an unpaired two-tailed Student t-test. p<0.05 was considered

statistically significant.
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3. RESULTS

3.1 Splenic B cells were isolated from C57BL/6 mice with high purity levels.

B cells were isolated from the spleen of C57BL/6 or IL-10 GFP reporter (VertX IL10
°e) mice using magnetic-activated cell sorting (MACS) negative selection. After
isolation, the purity of the splenic B cells was determined by B cell-specific surface
marker CD19 by flow cytometry. Figure 3.1A shows a representative flow staining of
CD19" purified B cells compared to unstained B cells. Isolated and cultured B cell
purity was higher than 97%. In addition to purity, the viability of splenic B cells was
also evaluated by flow cytometry via 7-AAD viability staining. Figure 3.1B shows a
representative flow staining of 7-AAD. The viability of purified B cells was higher

than 96 % compared to the unstained control.

A. Unstained Control B cells
el 0.078 %
SSC-A )
CD19
B Unstained Control B cells

=====

7-AAD

Figure 3.1: Purity and viability of isolated B cells. Representative flow cytometry
plot of purified B cells compared to unstained control. B cells were isolated from the
spleen of C57BL/6 mice by negative magnetic isolation. Isolated 10* B cells were
either stained with PE-coupled anti-CD19 antibody or left unstained in order to
detect the percentage of cells expressing B cell-specific surface marker CD19. The
viability of purified B cells was determined via 7-AAD viability staining . Values
written within quadrants indicate percentages of pure B cells (A) and dead cells (B).
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3.2 IL-10 Secretion from H. felis, PAM3CSK4, and LPS Stimulated-B Cells was

enhanced compared to the unstimulated group.

The IL-10 secretion levels of H.felis, PAM3CSK4, and LPS stimulated- B cells were
determined by IL-10 ELISA at 6h, 24h, and 48h time periods. While at the 6h time,
there are no significant changes in IL-10 levels between control and stimulated groups;
IL-10 secretion was increased in H.felis, PAM3CSK4, and LPS-stimulated B cells at

24h and 48h time points compared to the unstimulated control group.
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Figure 3.2: IL-10 secretion levels of unstimulated and stimulated B cells.
Representative bar graphs show IL-10 secretion levels from unstimulated and H.felis,
PAM3CSK4, and LPS stimulated-B cells. Each value represents two replicates
analyzed using unpaired two-tailed Student’s t-test in GraphPad Prism. *p<0.05,
**p<0.01, ***p<0.001, ****p<0.0001.

3.3 H. felis- activation Increased Mitochondrial Mass in B Cells

Previous studies show that LPS (TLR4 ligand) stimulated-B cells increased their
mitochondrial mass during the 6h incubation period (Caro Maldonado, 2014).
However, the mitochondrial mass of H. felis stimulated-B cells was
unknown. Therefore, in this part of the study, the effects of H.felis on mitochondrial
mass were investigated. For this purpose, H. felis, PAM3CSK4, and LPS stimulated B
cells were cultured at 6h, 24h, and 48h time points and after incubation, these groups

were stained with Mitoview Green and analyzed by flow cytometry.

Figure 3.3 A shows a representative histogram analysis of Mitoview Green for both the
unstimulated control group and different stimulation groups. At 6h, 24h, and 48h time
points mitochondrial mass of H. felis, PAM3CSK4, and LPS-stimulated B cells

significantly increased compared to unstimulated B cells (Figure 3.3B).
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Figure 3.3: H. felis- activated B cells increased mitochondrial mass. (A)
Representative histogram of mitochondrial mass (Mitoview Green) of H.felis,
PAM3CSK4, and LPS-stimulated B cells after assessed by flow cytometry for 6, 24,
and 48h. (B) Mitoview Green MFI values of the experiment are represented. Each
value represents two replicates analyzed using unpaired two-tailed Student’s t-test in
GraphPad Prism. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

3.4 H. felis -activated B cells Increased Mitochondrial Membrane Potential.

B cells stimulated with LPS and IL-4 leads to two distinct populations in terms of
mitochondrial mass and membrane potential. The first population increases both their
mitochondrial mass and membrane potential and undergoes plasma class switch
recombination. The second population increases their mitochondrial mass and
membrane potential moderately and generates CD138" plasma cells (Jang et al, 2015).
However, the mitochondrial membrane potential of H. felis stimulated-B cells has not
been studied. In addition to mitochondrial mass, the mitochondrial membrane potential

of H. felis, PAM3CSK4, and LPS-activated B cells was evaluated using Mitoview
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633 and MitoStatus TMRE dyes at 6h, 24h, and 48h time points. As a negative control
FCCP (25 uM), mitochondrial oxidative phosphorylation uncoupler, was used at 24h

LPS group to disrupt the mitochondrial membrane potential.

Figure 3.4A shows a representative histogram analysis of Mitoview 633 and
MitoStatus TMRE for both the unstimulated control group and various stimulation
groups. At 6h, there were no noticeable changes in membrane potential. But at 24h
and 48h time points mitochondrial membrane potential of H. felis, PAM3CSK4, and
LPS stimulated B cells were increased significantly compared to unstimulated B cells

(Figure 3.4B).
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Figure 3.4: H felis-activated B cells increased mitochondrial membrane potential.
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Figure 3.4 (continued): H. felis-activated B cells increased mitochondrial membrane
potential. (A) Representative histogram of mitochondrial membrane potential
(Mitoview 633 or MitoStatus TMRE) H.felis, PAM3CSK4, and LPS stimulated B
cells assessed by flow cytometry for 6,24, and 48h. (B) Mitoview 633 or MitoStatus
TMRE MFI values of the experiment are shown. Each value represents two
replicates analyzed using unpaired two-tailed Student’s t-test in GraphPad Prism.
*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

3.5 B cells which have high mitochondrial membrane potential also increased

their IL-10 production.

To assess whether B cells with a high mitochondrial membrane potential secrete IL-
10 or not; we isolated splenic B cells from IL-10 GFP reporter (VertX IL10 &) mice.
The IL-10 GFP (VertX IL10 °) mice expresses an (IRES)- enhanced green
fluorescent protein (e GFP) fusion protein downstream of the exon 5 of the IL-10 gene
to provide IL-10 cytokine identification of IL-10" myeloid and lymphoid cells. (Madan
et al, 2009) In a previous study from our group has shown that a portion of H. felis
stimulated B cells increased their IL-10 GFP signal detected in flow cytometry. (Say1
et al, 2011) In this study, we stimulated B cells with H.felis, PAM3CKS4, and LPS
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for 6,24, and 48h and firstly assessed if these B cells increased their mitochondrial
membrane potential or using Mitoview 633 flow staining. Figure 3.5A shows that all
the stimulated groups enhanced mitochondrial membrane potential in IL-10 GFP
reporter mice. Afterwards, at 6h, 24h and 48h we evaluated mitochondrial membrane
potential of the IL-10 producing B cells with quadrant analysis. At 6h time there were
no significant changes on IL-10" Mitoview 633" B cells. But at 24h and 48h time
points; H.felis, PAM3CKS4, and LPS-stimulated B cells increased IL-10" Mitoview
633" B cells. (Figure 3.5B) These data show that in all stimulated B cell groups; high
portion of the IL-10 producing B cells also have high mitochondrial potential. Lastly,
we analyzed the IL-10 GFP signal of Mitoview 633" B cells. According to our data,
H felis, PAM3CSK4, and LPS-stimulated Mitoview 633" B cells increased their IL-
10 GFP signal both at 24h and 48h time points compared to the unstimulated control
group (Figure 3.5C).
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Figure 3.5: B cells with a high mitochondrial membrane potential also increased
their IL-10 production.
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Figure 3.5 (continued): B cells with a high mitochondrial membrane potential also
increased their IL-10 production.
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Figure 3.5 (continued): B cells with a high mitochondrial membrane potential also
increased their IL-10 production. (A) Representative histogram and MFI values of
mitochondrial membrane potential (Mitoview 633) of H.felis, PAM3CSK4, and LPS
stimulated B cells assessed by flow cytometry at 6,24, and 48h. (B) Representative
quadrant analysis and percentages of IL-10"Mitoview 633" B cells after assessed by
flow cytometry for 6, 24, and 48h. (C)Representative histogram and MFI values
of IL-10 GFP signal of Mitoview 633" B cells after assessed by flow cytometry for 6,
24, and 48h. Each value represents two replicates analyzed using unpaired two-tailed
Student’s t-test in GraphPad Prism. *p<0.05, **p<0.01, ***p<0.001,
*HE%p<0.0001.

3.6 mtDNA/nDNA Ratio is Decreased in B Cells stimulated with H.felis,
PAM3CSK4, and LPS

mtDNA copy numbers, the elevated mtDNA:nDNA ratio and the level of
mitochondrial gene expression are the main mitochondrial biogenesis markers (Popov
et al,2020). While CpG-stimulated or CpG-anti-IgM stimulated B cells increased the
mtDNA:nDNA ratio (Akkaya et al,2018); CD40L-IL-4 stimulated B cells decreased
the mtDNA:nDNA ratio compared to the unstimulated group at 24h (Waters et
al,2018). However, the mtDNA:nDNA ratio of H. felis stimulated-B cells has not been
evaluated before. For this reason;i by Q-PCR experiment was performed to target
amplification of cytochrome c oxidase subunit I (Coxl) (for the mitochondrial
genome) and the 18S ribosomal subunit gene (Rps18) (for the nuclear genome). For
almost every time point, stimulated B cells decreased their COX1:RPS18 ratio
compared to the unstimulated control group, except for the LPS-treated B cell group

at 24 h. (Figure 3.6).
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Figure 3.6: mtDNA:nDNA ratio is decreased with stimulation of B cells with H.felis,
PAM3CSK4, and LPS. qPCR analysis of COX1:RPS18. Cell pellets from control and treated
groups were collected and analyzed by qPCR. The graph was prepared using Graphpad
Prism 8. Each value represents two replicates analyzed using Graphpad Prism’s unpaired
two-tailed Student’s t-test. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

3.7 Tfam mRNA level is increased with stimulation of B cells with H.felis,
PAM3CSK4, and LPS

Tfam is one of the main mitochondrial transcription factor and marker of
mitochondrial biogenesis. Studies reveal that Tfam is required for tissue-resident
regulatory T cell maintenance and function (Fu et al,2018; Debnath et al,2022).Tfam
expression is also induced in CpG-stimulated or CpG-anti- IgM stimulated B cells
(Akkaya et al, 2018). However, the expression level of the Tfam gene in H. felis
stimulated-B cells was unknown. To detect Tfam mRNA levels; RT-PCR was done by
normalizing Tfam gene expression to beta 2-microglobulin housekeeping expression.
As a result, in almost every time point, Tfam expression level was increased in all

stimulated B cell groups.
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Figure 3.7:Tfam mRNA level is increased with stimulation of B cells with H.felis,
PAM3CSK4, and LPS. RT-PCR analysis of Tfam gene. Cell pellets from control and treated
groups were collected and analyzed by RT-PCR. The graph was prepared using Graphpad
Prism 8. Each value represents two replicates analyzed using Graphpad Prism’s unpaired
two-tailed Student’s t-test. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

41






4. DISCUSSION

B cells are adaptive immune cells that produce antibodies and secrete cytokines to
mediate humoral immune responses. In addition to these effector B cells; in previous
years, B cells that exert negative immunomodulatory effects were identified and called
regulatory B cells (Abebe et al., 2021). Bregs produce IL-10, TGF-beta, and IL-35 for
suppressing the function of other immune cells for maintaining tolerance and immune

homeostasis (Dai et al., 2017).

Helicobacter pylori is a gram-negative, microaerophilic, and spiral-shaped bacterium
and can lead to several gastric pathologies. More than 80% of Helicobacter-infected
individuals do not show any symptoms and it can be ascribed to the suppressive
properties of regulatory immune cells which increased against bacteria (Alexander et

al., 2021).

IL-10 is an anti-inflammatory cytokine that exhibits immune regulatory functions.
Sayi et al. have shown that B cells stimulated with H. felis antigen differentiate into IL-
10-producing Bregs and these cells can induce differentiation of CD4" T cells to IL-
10-producing regulatory Trl cells by direct B and T cell interactions for suppressing
Helicobacter-associated pathologies. In addition to that, LPS-stimulated B cells also

secrete IL-10 in a p38-dependent manner (Mion et al., 2014).

Metabolism is the sum of all anabolic and catabolic reactions which are the generation
and breakdown of cellular substances respectively. In eukaryotic cells, glycolysis,
oxidative phosphorylation, fatty acid oxidation, the pentose phosphate pathway, fatty
acid synthesis, and amino acid synthesis are the major metabolic pathways. These
pathways can influence B cell development, activation, differentiation, and function

(O’Neill et al., 2016).

Oxidative phosphorylation comprises both the TCA cycle and ETC reactions to
produce ATP. Immune responses can be activated by signals which are produced by
metabolic intermediates and ATP. Hence, mitochondria are the prominent energy-

producing organelle it plays important roles in maintaining and providing proper
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immune responses (Angajala et al., 2018). Studies have shown that mitochondrial
machinery components such as mitochondrial DNA (mtDNA), mitochondrial reactive
oxygen species (mtROS), Tfam, ATP, cardiolipins, MAVS, and other mitochondrial
proteins induce immune responses in macrophages, T cells, eosinophils, and dendritic
cells (DCs) (Iwasaki et al., 2020). Recent studies focus on investigating the glycolytic,
mitochondrial, and lipid metabolism of B cells. However, the immunometabolism of

Helicobacter-infected B cells has not been elucidated yet.

This study mainly investigates the mitochondrial metabolism of H. felis-activated B
cells. Firstly, we isolated naive B cells from the spleens of C57BL6 mice and then
stimulated these B cells with TLR2 ligand H. felis for 6, 24, and 48h. Another TLR2
ligand PAM3CSK4 and TLR4 ligand LPS were used as control groups of the
experiment at respective time points. Then we examined IL-10 production of H.felis,
PAM3CSK4, and LPS-stimulated B cells by IL-10 ELISA. Comparable to the studies
of Sayi et al. or Mion et al.; H. felis, PAM3CSK4, and LPS-stimulated B cells

increased their IL-10 production indicating the suppressive capacity of that cells.

Immune cells which have functional mitochondria increase both mitochondrial mass
and mitochondrial membrane potential (de Brito Monteiro et al., 2020). In this study,
mitochondrial mass and membrane potential were analyzed by flow cytometry.
Compared to the unstimulated control group, both the mass and membrane potential
of mitochondria of all of the stimulant groups is increased at 24 and 48h time points
(Figures 3.3 and 3.4) In literature, LPS-stimulated B cells enhanced mitochondrial
mass at 6h time points. (Caro-Maldonado et al., 2014) Also in our study, H. felis and
PAM3CSK4 stimulated B cell increased mitochondrial mass at 6h but at that time
point membrane potential was not changed noticeably. These results indicate that B

cells have functional mitochondria at later time points.

Ip et al showed that anti-inflammatory effect of IL-10 mediated by mitochondrial
reprogramming of macrophages by regulating mTOR. And we wonder and asked
whether B cells that have high mitochondrial membrane potential (Figure 3.4) also
produce IL-10 or not. We isolated splenic B cells from IL-10 GFP reporter (VertX
IL10 °¢®) mice. The IL-10 GFP (VertX IL10 %) strain expresses an (IRES)- enhanced
green fluorescent protein (eGFP) fusion protein downstream of the exon 5 of the IL-
10 gene to provide IL-10 cytokine identification of IL-10" myeloid and lymphoid cells.
(Madan et al., 2009) After stimulation of these B cells with H.felis, PAM3CKS4, and
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LPS for 6, 24, and 48h we analyzed their mitochondrial membrane potential profile.
All of the stimulated groups enhanced mitochondrial membrane potential in IL-10
GFP reporter mice at 24 and 48h. Then we also analyzed the IL-10 GFP signal of
Mitoview 633" B cells and percentages of Mitoview 633" IL-10 GFP" B cells.
According to our data, H.felis, PAM3CSK4, and LPS-stimulated Mitoview 633" B
cells increased their IL-10 GFP signal and percentages of Mitoview 633" IL-10 GFP*
B cells both at 24h and 48h time points compared to the unstimulated control group
(Figure 3.5B and Figure 3.5C). These data suggested that IL-10-producing B cells
seem to use their mitochondria at 24h and 48h time points. But we also need to
investigate IL-10 production of mitochondrial mass-positive B cells in our further

studies.

Mitochondrial biogenesis involves mtDNA copy number, increased mtDNA:nDNA
ratio, and elevated mitochondrial transcripts & proteins (Popov et al, 2020). One of
the master mitochondrial regulators is the mitochondrial transcription factor A
(Tfam). CpG-stimulated or CpG-anti-IgM stimulated B cells increased the
mtDNA:nDNA ratio (Akkaya et al., 2018). In contrast, CD40L-IL-4 stimulated B cells
decreased their mtDNA:nDNA ratio compared to the unstimulated control group at
24h (Waters et al., 2018).In our study mtDNA:nDNA ratio was evaluated by Q-PCR
at 6, 24, and 48h time points. Our results were comparable to Waters et al’s studies.
H. felis, PAM3CSK4, and LPS-stimulated B cells decreased their mtDNA:nDNA ratio
compared to the control group. Waters et al. suggested that activated OXPHOS can be
a result of elevated mitochondrial transcripts instead of an increased mitochondrial
DNA number. To check the dual role (mitochondrial transcription factor and
mitochondrial biogenesis marker) of Tfam we then analyzed its expression level by
using RT-QPCR. Tfam expression increased in H. felis, PAM3CSK4, and LPS-
stimulated B cells compared to the control group indicating that mitochondrial

biogenesis occurs in these groups independently of increasing mtDNA copy number.
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5. CONCLUSION AND FUTURE PERSPECTIVES

Our study suggests that H. felis-activated B cells have active mitochondria, and
increased oxidative phosphorylation for energy production and their IL-10 production
can be related to their mitochondrial metabolism. The proposed model of the effect of
H felis-activated B cell mitochondrial metabolism can be seen in Figure 5.1. In this
study; mitochondrial mass and membrane potential were evaluated. In future, other
mitochondrial components such as mitochondrial ROS can be investigated in
Helicobacter-stimulated B cells. Also, further studies should focus on the impact of
the mitochondrial metabolism of H.pylori-infected pediatric and adult patient’s blood
and tissue samples to understand the mitochondrial metabolism of human samples

instead of mice models.

Recent studies have shown that Tfam play crucial roles in differentiation and function
of effector and regulatory T cells (Fu et al,2018; Debnath et al,2022). Because in our
study Tfam expression was increased in stimulated B cells; using Tfam knockout mice,
Tfam role in Breg differentiation and function can be investigated. Lastly, using single
cell metabolism assays such as SCENITH, mitochondrial metabolism of immune cells
can be evaluated for a better understanding of mitochondrial adaptations to activation

and proper immune response.
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Figure 5.1:Proposal model of the effect of H. felis antigen, PAM3CSK4, and LPS on
mitochondrial metabolism of B cells (Illustrated in Bio Render)
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