IMPACT OF NUCLEOTIDE MODIFICATIONS ON
IMMUNE STIMULATORY EFFECTS OF RNA

Dissertation

submitted to the
Combined Faculty of Natural Sciences and Mathematics
of the Ruperto Carola University Heidelberg, Germany
for the degree of

Doctor of Natural Sciences

presented by

Apothekerin Isabel Freund






Dissertation

submitted to the
Combined Faculty of Natural Sciences and Mathematics
of the Ruperto Carola University Heidelberg, Germany
for the degree of

Doctor of Natural Sciences

presented by

Apothekerin Isabel Freund
born in: Heidelberg

Oral-examination: 26.11.2018



IMPACT OF NUCLEOTIDE MODIFICATIONS ON
IMMUNE STIMULATORY EFFECTS OF RNA

Referees:
Prof. Dr. Ralf Bartenschlager

Prof. Dr. Alexander H. Dalpke



ES IST WIE ES IST



TABLE OF CONTENT

TABLE OF CONTENT

LIST OF ABBREVIATIONS

1 SUMMARY

1.1 Abstract

1.2 Zusammenfassung

2 INTRODUCTION

2.1 Pathogen recognition within the innate immune system

211
2.1.2
213
2.1.4
2.1.5
2.1.6
2.1.7

Pattern-recognition receptors and pathogen-associated molecular patterns
Excursus: Recognition of microbial cell wall components
Cytosolic nucleic acid sensing pathways

Endosomal nucleic acid sensing pathways: Toll-like receptors

Toll like receptors 7 and 8

Host discrimination of self and non-self nucleic acids

RNA modifications

2.2 Genome editing

221

CRISPR/Cas9-System

2.3 Objectives of this study

3 MATERIALS AND METHODS

3.1 Materials

3.1.1 Devices and Instruments
3.1.2 Software
313 Consumables
3.14 Chemicals and reagents
3.15 Buffers and Solutions
3.1.6 Kits
3.1.7 Primers and guide RNAs
3.1.8 Oligoribonucleotides
3.1.9 Antibodies
3.1.10 Vectors
3.1.11  Stimuli
3.1.12 Organisms

3.2 Methods
321 Cell culture
3.2.2 Immunoassays

IV

o

© o o u »~ b

10
11

13
14

16

17

17
17
18
19
20
23
25
26
27
28
28
28
29

31
31
33



3.2.3 Molecular Biology 34

3.24 RNA preparation 35
3.25 Biochemistry 40
3.2.6 Genome editing 40
3.2.7 Statistical analysis 44
4 RESULTS 45
4.1 Method establishment 45
4.1.1 Purity of RNA species depends on the way of purification 45
4.1.2 Serum dependent secretion of interferon-a and proinflammatory cytokines 48
4.1.3 Interferon-a secretion depends exclusively on plasmacytoid dendritic cells 51
4.2 Identification of a new modification in human tRNA"*; that decreases TLR7 stimulation 52
42.1 Native tRNA"; is non-stimulatory but does not act as TLR7 antagonist 53

4.2.2 IFN-a release induced by splint ligated full length 5’ and 3’ tRNAY®; modivariants indicates an

immunosilencing modification within the 3’ part. 54
423 A single 2’-O-methylated thymidine within tRNA decreases immune stimulation 55
4.3 Identification of a tri-nucleotide motif that inhibits recognition of RNA by TLR7 and TLR8 64

43.1 Permutation of the nucleobase upstream of the methylated nucleotide is not affecting dominant
inhibitory potential of RNA 65
43.2 TLR7 and TLR8 activation is efficiently attenuated by all 2’-O-methylated nucleotides except
cytidine at position 18 66
433 Permutation of the nucleobase at position 19 discriminates between TLR7 and TLR8 inhibition 67
43.4 The nucleobase at position 20 is the most discriminative one concerning TLR8 antagonisation 68

435 The position of Dm motif and length of RNA fragments determines their dominant inhibitory

capacity on TLR8 69
4.3.6 Immune silencing effects of 2’-O-methylated RNA requires co-delivery with immune stimulatory
RNA 71

4.4 Analysis of the importance of tRNA 2’-O-methylation for physiological modulation of immune

stimulation 73
4.4.1 Verification of E. coli and S. cerevisiae wt strains and their corresponding methyltransferase
deficient mutants 73
4.4.2 2’-0O-methylated guanosine within tRNA fractions regulates their immunestimulatory potential 75
443 Immune stimulatory potential of bacterial tRNA depends on growth conditions of E. coli 77
4.4.4 Gm18-deficiency within bacterial or fungal tRNAs is not affecting immuno-stimulation of living
pathogens 79
4.4.5 Gene expression profiling of BIaER1 cells uncovers TLR8 dependent pathways upon infection with
E. coli 84
4.4.6 Generation of a tRNA (guanosine(18)-2'-O)-methyltransferase (TARBP1) deficient human cell line 88

4.4.7 TARBP1 knock-out is confirmed in six HEK cell clones by western blot and Sanger sequencing 89



4.4.8 Analysis of isolated tRNA of TARBP1 knock-out clone 26 and clone 28 by RiboMethSeq 90

449 Immune stimulatory potential of whole human tRNAs is independent of 2’-O-methylation at

position 18 93
5 DISCUSSION 95
5.1 Method establishment 95

5.1.1 Column- and PAGE-based RNA purification can bias immune stimulation 95

5.2 Identification of double methylation of uridine as new RNA modification inhibiting Toll-like receptor 7

response 97
5.2.1 Native tRNALysg is not activating immune response but is not efficient to antagonize TLR7 97
5.2.2 Double methylation of U54 to 2’-O-methylthymidine (Tm) is the major determinant of

immunosilencing 98

5.3 Identification of an optimal 2’-O-methylated RNA tri-nucleotide motif inhibiting TLR7 and TLR8 101
5.3.1 The two nucleobases downstream of the 2’-O-methylation discriminate between TLR7 and TLR8
inhibition 101
5.3.2 Naturally occurring Gm18 motif within tRNAs is most efficient in antagonizing TLR7 and TLR8 104
5.3.3 Antagonisation of TLR7 and TLR8 stimulation by stimulatory RNA requires co-delivery with

inhibitory RNA to the same endosome. 105

5.4 2’-O-methylation at position 18 of tRNAs plays a minor role within the human immune system 106

5.4.1 2’-0O-methylation of guanosine at position 18 determines immune stimulatory potential of isolated

tRNAs 106
5.4.2 Gm18 within human tRNAs is not a key-factor of self/non-self-discrimination 107
543 2’-0-methylation of guanosine at position 18 within tRNA depends on growth conditions 108

5.4.4 2’-O-methylation of bacterial tRNA does not serve as immune escape mechanisms of E. coli 110

5.5 Structure dependent recognition of RNA by TLR7 — a controversial discussion 111
5.6 Conclusion and Outlook 112
6 BIBLIOGRAPHY 114
7 PUBLICATIONS AND CONFERENCES 125
7.1 Publication 125
7.2 Conferences 126

8 ACKNOWLEDGEMENT 127



LIST OF ABBREVIATIONS

A
ADAR

AP-1
AAV

bRNA

CARD
Cas9
cGAMP
cGAS

CLR
Cm
CRISPR
crRNA

D
DBD
DNA
ds
DSB

ELISA
ER

FC

GDA
Gm
GQI
gRNA

HDR

adenosine

adenosine deaminases acting on RNA
2’-O-methylated adenosine

activator protein 1

adeno-associated virus

base pair

bacterial RNA

cytosine

caspase activation and recruitment domain
CRISPR-associated protein 9

cyclic guanosine monophosphate—adenosine monophosphate
cyclic guanosine monophosphate-adenosine monophosphate
synthase

C-type lectin receptors

2’-O-methylated cytosine

clustered regularly interspaced short palindromic repeats

CRISPR RNA

dihydrouridine
DNA-binding domains
deoxyribonucleic acid
double stranded
double strand break

enzyme-linked immunosorbent assay

endoplasmic reticulum

fold change

guanosine

Gardiquimod-di-ethylene- glycol-azide
2’-O-methylated guanosine

Gardiquimod
guide RNA

homology directed repair



I 1nosine

1Cs half maximal inhibitory concentration
iE-DAP g-D-glutamyl-mesodiaminopimelic acid
IFN interferon

IKK IxB kinase

IL-6 interleukin 6

IRF interferon regulatory factor

ISRE interferon stimulated response elements
LBP LPS-binding protein

LGP2 Laboratory of Genetics and Physiology 2
LPS lipopolysaccharide

LRR leucine rich repeat

MAPK mitogen-activated protein kinase

MAVS mitochondrial antiviral-signalling protein
MDA-5 melanoma differentiation associated gene 5
MDP muramyl dipeptide

MFI mean fluorescence intensity

MMA mono-mannose

MOI multiplicity of infection

mRNA messenger RNA

MyD88 myeloid differentiation primary response 88
NA nucleic acid

NF«B nuclear factor kappa-light-chain-enhancer of activated B cells
NHEJ non-homologous end joining

NLR NOD-like receptors

NOD nucleotide-binding oligomerization domain-like receptors
NOP 1 nuclear protein 1

nt nucleotide

ORN oligoribonucleotide

PAGE polyacrylamide gel electrophoreses

PAM protospacer adjacent motif

PAMP pathogen-associated molecular pattern

PBMC peripheral blood mononuclear cell



pDC plasmacytoid dendritic cells

poly(I:C) polyinosinic-polycytidylic acid

PRR pattern recognition receptor

PYD pyrin domain

R848 Resiquimod

RIG-I retinoic acid inducible gene I

RISC RNA-induced silencing complex

RNA ribonucleic acid

RNAI RNA interference

RPA Resiquimod-polyethylene-glycol-azide
rRNA ribosomal RNA

shRNA short hairpin RNA

siRNA short interfering RNA

ss single stranded

STING stimulator of interferon genes

T thymidine

TALEN transcription activator-like effector nuclease
TARBP1 Tar binding protein 1

TIR Toll/interleukin-1 receptor

TLR Toll-like receptor

Tm 2’-O-methylated thymidine

T™MA tri-mannose

TNF-a tumor necrosis factor alpha

tractRNA trans-activating CRISPR RNA

TRAF tumor necrosis factor receptor-associated factor
TREX three-prime repair exonuclease 1

TRIF TIR-domain-containing adapter-inducing interferon-f3
tRNA transfer RNA

U uridine

Um 2’-O-methylated uridine

UNC93Bl1 uncoordinated 93 homolog B1

ZFN zinc-finger nucleases

W pseudouridine



1 SUMMARY

1.1 Abstract

Posttranscriptional RNA modifications are an important feature of self/non-self
discrimination of nucleic acids by the innate immune system. Ribose 2’-O-methylation within
RNA has been shown to limit recognition by Toll-like receptors (TLR) 7 and TLRS. In the
natural RNA context, 2’-O-methylation of guanosine at position 18 (Gm18) within transfer
RNAs (tRNAs) was identified to abolish RNA induced immune activation. However, the
exact requirement of Gm18 within tRNA for affecting TLR responses remained unknown.
Moreover, whether Gml18 plays a role as immune modulatory RNA modification in
physiological settings or has different roles in pro- vs. eukaryotes was unexplored. Finally,
preliminary data suggested the existence of further RNA modifications that affect immune
recognition. This thesis therefore aimed to explore the function of Gml8 for immune
regulation in more detail and to study further RNA modifications for immune regulatory
properties.

In a combined chemical-immunological approach on human tRNA™*; which showed no
TLR7 activation but lacked Gm18, this work identified a new immune-silencing modification:
Tm, a double-methylation of uridine, at position 54 of human tRNAs was sufficient to
decrease immune stimulation of TLR7. However, in contrast to Gm18, the effects were not
dominant negative in co-stimulation experiments. Thus, for the first time an immune silencing
modification in a natural RNA context has been deciphered.

To further define the inhibition of TLR7 and TLRS8 activation by Gm18 modified RNA, a
systematic variation of nucleotides within a conserved tRNA sequence was performed. The
studies allowed identification of an optimized sequence motif antagonizing TLR7/8
responses. The minimal, naturally occurring GmGC tri-nucleotide motif within a 9-mer
oligoribonucleotide was identified as most efficient to antagonize recognition of otherwise
immune stimulatory RNA. The findings could be beneficial to design immune inhibitory
oligoribonucleotides as therapeutic approach in autoimmune diseases associated with
exaggerated TLR7/8 activation.

In further series of experiments mutants lacking Gm18 modification in either bacterial or
eukaryotic tRNA were used to study the functional impact on overall immune stimulation.
tRNA from an Escherichia coli (E.coli) mutant lacking the enzyme trmH that incorporates

Gm18 showed increased immune stimulation. However, stimulation of human peripheral



Summary

blood mononuclear cells (PBMCs) and TLR8 deficient genetically engineered
monocyte/macrophage—like BlaER1 cells, with whole E.coli wild-type and trmH deficient
bacteria revealed RNA dependent recognition of E. coli but negligible effects of Gml8.
Interestingly, results indicate that trmH mediated Gm18 modification might be subject to
regulation under stress conditions. Similarly, CRISPR/Cas9 generated knockouts of TARBP1,
the Gm18 methyltransferase in human cells, showed slightly increased immunostimulation for
tRNA fractions but no change for whole RNA stimulation.

In summary, RNA 2’-O-methyl modification within tRNA is capable to limit immune
recognition by TLR7/8, yet for manipulation of the overall immune recognition of bacterial or

eukaryotic RNA the identified modifications alone seem to be insufficient.

1.2 Zusammenfassung

Posttranskriptionale Modifikationen von RNA sind ein wichtiger Aspekt der selbst/fremd-
Unterscheidung von Nukleinsduren durch das angeborene Immunsystem. Eine {ibergeordnete
Rolle in der Erkennung von RNA spielt die 2°-O-Methylierung von einzelstringiger RNA
(ssRNA), da diese Art der Modifikation die Aktivierung der Toll-dhnlicher Rezeptoren (TLR)
7 und TLRS8 inhibieren kann. Erforscht wurde dieser Effekt im natiirlichen Kontext
bakterieller tRNAs, welche eine 2°-O-Methylierung am Guanosin an Position 18 (Gm18)
aufwiesen. Jedoch war der Einfluss von Gm18 in prokaryotischer oder eukaryotischer tRNA
im physiologischen Kontext auf die Immunerkennung nicht bekannt. Zudem gaben
unveroffentlichte Daten Hinweise auf weitere RNA  Modifikationen, die die
Immunostimulation beeinflussen kdnnen. Das Ziel dieser Arbeit war es, die Bedeutung von
Gm18 fiir die Aktivierung des Immunsystems besser zu charakterisieren und weitere, neue
immunmodulatorische RNA Modifikationen zu identifizieren.

In einem chemisch-immunologischen Ansatz wurde die native tRNALS, untersucht, welche
zwar keine Immunstimulation von TLR7 zeigte, jedoch nicht antagonisierend auf den
Rezeptor wirkte. Tm, eine natiirlich vorkommende Doppelmethylierung von Uridin an
Position 54 in humanen tRNAs wurde als immunmodulatorische Modifikation identifiziert.
Dabei bewirkte eine 2°-O-Methylierung von RNA zum ersten Mal eine Stummschaltung der
RNA Erkennung tiber TLR7 ohne dessen zusétzliche Antagonisierung.

Um die Inhibition von TLR7 und TLR8 durch Gm18 besser charakterisieren zu konnen,
wurden einzelne Nukleobasen einer konservierten tRNA Sequenz systematisch verdndert.
Dabei konnte ein optimiertes Sequenzmotiv identifiziert werden, welches eine TLR7- und

2
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TLR8-Stimulation inhibiert. Das natiirlich vorkommende, drei Nukleotid lange GmGC Motiv
als Teil eines 9-mer Oligoribonukleotids, war am effizientesten um die Immunaktivierung
durch stimulative RNA zu antagonisieren. Die Identifikation eines neuen Sequenzmotives zur
Unterdriickung der RNA-Erkennung ist ein wichtiger Aspekt zur Gestaltung von
inhibitorischen Oligoribonukleotiden fiir therapeutische Anwendungen die mit einer erh6hten
TLR7/8 Aktivierung einhergehen.

In einer weiteren Versuchsreihe zur Untersuchung der physiologischen Relevanz von Gm18
wurden bakterielle und eukaryotische Mutanten verwendet, die kein funktionelles Enzym zur
2’-O-Methylierung von tRNAs an Position 18 aufwiesen. tRNAs isoliert aus E. coli die
defizient fiir eben das Enzym trmH waren, zeigten einen Anstieg in der Immunstimulation.
Die Infektion von humanen peripheren mononuklearen Blutzellen und TLRS defizienten
BlaER1 Zellen, einer Monozyten/Makrophagen-dhnlichen Zelllinie, mit lebenden E. coli
Bakterien ergab eine RNA abhdngige Erkennung dieser Bakterien, welche jedoch nicht durch
die 2°-O-Methylierung von G18 beeinflusst wurde. Interessanterweise deuteten diese
Infektionsversuche auf eine stressinduzierte Regulation der 2°-O-Methylierung hin. Isolierte
tRNAs aus humane Zellen, die durch CRISPR/Cas9 Technologie defizient fiir die tRNA 2°-
O-Methyltransferase TARBP1 waren, zeigten ebenfalls einen leichten Anstieg in der
Immunstimulation.

Zusammenfassend zeigt diese Studie, dass die RNA-Erkennung durch TLR7 und TLR8 durch
2¢-O-Methylierung von tRNA inhibiert werden kann. Jedoch, basierend auf den neusten
Daten, ist die 2°‘-O-Methylierung von tRNAs nicht ausreichend um die Erkennung von

lebenden Bakterien durch das angeborene Immunsystem zu beeinflussen.



2 INTRODUCTION

A variety of pathogens including viruses, bacteria and fungi can cause host-specific infections
and it is a daily challenge of the immune system to recognize and neutralize those pathogens.
The human immune system comprises the innate and the adaptive immune system. The innate
immune system forms the first line of defence against invading pathogens and is able to
recognize a broad range of so-called pathogen associated molecular patterns (PAMPs).
PAMPs are highly conserved structures present in various pathogens but not in the host,
therefore allowing the innate immune system a reliable discrimination between self and non-
self '~ Importantly, the innate immune system can be activated within minutes, leading to an
unspecific immune response *. In contrast, the adaptive immune response arises with a delay
of 4-7 days against specific antigens. Thus, cells of the innate immune system play a crucial
role in controlling infection at early stages after pathogen encounter and link innate and
adaptive immunity by presenting antigens to lymphocytes to initiate a specific immune

response.

2.1 Pathogen recognition within the innate immune system

2.1.1 Pattern-recognition receptors and pathogen-associated molecular patterns

The innate immune system is the first line of host defence against invading pathogens. To
ensure a fast immune response against a broad range of microbes and viruses cells of the
innate immune system are equipped with a limited set of pattern recognition receptors
(PRRs). PRRs are expressed among all kinds of immune cells but are also present in epithelial
cells of skin, gut and lung or tissues of various organs . Of note, each type of immune cell is
equipped with a specific repertoire of receptors. For instance, human monocytes are
expressing Toll-like receptor (TLR) 1, 2, 4, 5, 6, and TLRS8, whereby TLR 1, 6, 7 and TLR9
are found in plasmacytoid dendritic cells (pDCs) °. Those receptors are not aimed to recognise
unique pathogen specific antigens but so-called pathogen-associated molecular patterns
(PAMPs) that are shared among different pathogens. Common PAMPs, exclusively present in
microbes but not in host cells, are cell wall components like lipoteichoic acid (LTA) and
lipopolysaccharide (LPS) of Gram-positive and Gram-negative bacteria, respectively " '°.
Those structures are mainly recognized by PRRs localized on the cell surface of different
immune cells. The two major groups of surface transmembrane receptors are TLRs and C-
type lectin receptors (CLRs). Upon ligand binding, intracellular downstream signalling is

2, 11

activated resulting in secretion of proinflammatory cytokines . Except for nucleotide-
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binding oligomerization domain-like receptors, also known as NOD-like receptors (NLRs)
which are involved in inflammasome formation, intracellular PRRs predominantly recognize
nucleic acids (NA) like DNA and RNA. Beside cytosolic sensors such as cyclic GMP-AMP
synthase (¢cGAS) and absent in melanoma 2 (AIM?2) which are activated by double stranded
DNA (dsDNA) or retinoic acid inducible gene I (RIG-I) and melanoma differentiation
associated gene 5 (MDA-5) which are recognizing double stranded RNA (dsRNA),
endosomal TLR3, 7, 8 and 9 are important in sensing various types of nucleic acids '*'*.
dsRNA activates TLR3, guanosine and uridine rich single stranded RNA (ssRNA) is
recognized by TLR7 and 8 and unmethylated CpG dinucleotides (CpG DNA) found in
bacterial DNA are able to activate TLR9. Since RNA and DNA are not exclusively present in
pathogens but also in the host, nucleic acid sensing receptors need to discriminate between
self and non-self. Beside the spatial restriction of nucleic acid sensing TLRs to the
endolysosome, sequence dependent recognition and posttranscriptional modifications (see
section 2.1.6 and 2.1.7) of RNA and DNA are key factors to avoid self-recognition and auto-

: 6,15, 16
immune response 7 .

2.1.2 Excursus: Recognition of microbial cell wall components

To detect pathogens at an early stage of infection, microbial and fungal cell wall components
are recognized by PRRs localized at the cell surface of immune cells. The two classes of
receptors localized at the plasma membrane are transmembrane CLRs and TLRs. Most CLRs
recognize carbohydrate motifs in a Ca*" dependant manner resulting in the activation of IkB
kinase (IKK) complex or mitogen-activated protein kinase (MAPK) leading to the secretion
of proinflammatory cytokines ''. Best described CLRs are Dectin-1 sensing B-glucan and
Dectin-2 recognizing a-mannans. Dectin-1 has been shown to exhibit synergistic effects with
cell surface receptors TLR2 and TLR4 up on specific ligand binding of each receptor ' ',
TLRs are type-1 transmembrane receptors possessing an extracellular domain containing
variable numbers of leucine-rich-repeat (LRR) motifs and a cytosolic Toll/interleukin-1
receptor (TIR) domain necessary for downstream signalling. Beside TLR2 and TLR4, TLR1,
TLRS and TLR6 are found in the cell membrane of immune and epithelial cells. Unlike other
TLRs, TLR2 is not known to form homodimers but functional heterodimers with TLR1 and
TLR6 . The heterodimers TLR2/TLR1 and TLR2/TLR6 are pre-formed at the cell surface
and recognize triacyl and diacyl lipopeptides, respectively. A well described TLR2/TLR6
stimulus is LTA which is linked to the cell membrane of Gram-positive bacteria via
diacylglycerol. Endogenous ligands like B-defensin-3, hyaluronic acid fragments and heat

5
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shock proteins, known as “alarmins” and indicating tissue damage or necrosis are discussed to
activate TLR2 "> *°. Furthermore, viral elements like glycoprotein B of cytomegalovirus or
components of hepatitis B and C virus are described to activate TLR2/TLR6 heterodimer.
Both heterodimers of TLR2 signal in a myeloid differentiation primary response 88 (MyD88)-
dependent manner with downstream activation of MAPK and IKK complex and translocation
of transcription factors activator protein 1 (AP-1) and nuclear factor kappa-light-chain-
enhancer of activated B cells (NFkB), respectively 2. In analogy to LTA, LPS is a major
component of the outer membrane of Gram-negative bacteria. It is linked to the membrane of
bacteria by Lipid A. This structure is conserved among Gram-negative bacteria and
recognized by the TLR4/MD-2 complex. Of note, due to the chemical structure, LPS is
forming micelles and LPS-binding protein (LBP) is needed to direct LPS monomers to the
receptor. Activation of LPS-multi-receptor complex formed by TLR4 homodimer, MD-2,
LBP and CD14 results in MyD88-dependent AP-1 and NF«B signalling and release of

. . 21-24
proinflammatory cytokines

. In addition, flagellated bacteria within the phylum -
Proteobacteria and Firmicutes provide a further PAMP activating TLRS. The conserved DO
and D1 domain of flagellin forming the flagellum of those bacteria interacts with LRR9 loop
of TLR5 %. Furthermore, intercellular delivered flagellin can activate the NLRC4
inflammasome. Upon ligand binding, nucleotide-binding oligomerization domain (NOD) like
receptors (NLRs) containing N-terminal caspase activation domain (NLRC) assembles to a
multiprotein complex recruiting pro-caspase-1 and resulting in caspase-mediated proteolytic
cleavage of pro-IL-1p and pro-IL-18 into the active cytokines ** ?’. As a response to
intracellular pathogens, caspase-1 activation can induce pyroptosis to avoid bacterial or viral
replication within the cell. In addition, NLRPs containing N-terminal pyrin domains (PYD)
can form inflammasome complexes after stimulation with danger signals like ATP, microbial
toxins and crystalline substances such as uric acid. The peptidoglycan components g-D-
glutamyl-mesodiaminopimelic acid (iIE-DAP) and muramyl dipeptide (MDP) are sensed by
NODI and NOD2, respectively and induce secretion of proinflammatory cytokines ** *°. In

summary, the recognition of cell wall components and flagellin by PRR induces inflammatory

response of the innate immune system to eliminate invading pathogens.

2.1.3 Cytosolic nucleic acid sensing pathways

The occurrence of long dsSRNAs in the cytosol is a hallmark of viral infection and replication.
This kind of RNA is recognized by retinoic acid inducible gene I (RIG-I) like receptors

(RLRs) such as RIG-I, melanoma differentiation antigen 5 (MDA-5) and Laboratory of
6
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Genetics and Physiology 2 (LGP2) '**°. RIG-I recognizes blunt end uncapped, 5’ di- and
triphosphorylated dsRNAs and signals via two N-terminal caspase activation and recruitment
(CARD) domains to activate mitochondrial antiviral-signalling protein (MAVS) ',
Oligomerization of MAVS at the outer membrane of mitochondria allows recruitment of
various downstream effectors, such as tumor necrosis factor receptor-associated factor
(TRAF) 2, 5 and 6 and interferon regulatory factor (IRF)-3 and 7, leading to the rapid
production of proinflammatory cytokines and type I interferons (IFNs), respectively. MDAS
downstream signalling is similar to RIG-I but activation is independent of terminal RNA
structures. MDAS molecules arrange around long dsRNA, forming long filaments which can
activate MAVS 2. Of note, LGP2 possesses no CARD domain indicating other functions than
direct PAMP signalling. It is assumed that LGP2 assists MDAS with double-stranded RNA
binding and filament formation and therefore supports MDAS5 but inhibits RIG-I * %°. RLRs
exclusively recognize RNA while recognition of cytosolic dsSDNA is performed by absent in
melanoma 2 (AIM2), resulting in inflammasome activation, and by the activation of cyclic
GMP-AMP synthase (cGAS). Of note, cGAS acts not like other PRR with direct PAMP
recognition and downstream signalling. Instead, upon binding of long dsDNA or y-formed
DNA, the second messenger cyclic GMP-AMP (cGAMP) is produced **. cGAMP activates
the endoplasmic-reticulum-resident protein stimulator of interferon genes (STING) resulting
in the secretion of IFN- and proinflammatory cytokines via IRF3 and NFkB, respectively .
In general, recognition of nucleic acids by the innate immune system was described as a main
factor of antiviral response, but later studies could also show importance of bacterial NA

3436 In this regard, Leif Sander defined the concept

recognition by the innate immune system
of so-called vita-PAMPs: It was suggested that recognition of viable instead of dead bacteria
adds a further quality (e.g. IL-12 induction) to the innate immune response. RNA was
proposed as a feature that signifies viability. Due to a rapid degradation of RNA after
microbial cell death the recognition of bacterial RNA by the innate immune system would
indicate ongoing and present infectious danger to the host. Indeed experimental data showed
that a robust innate immune response followed by adaptive antibody response was based on
the recognition of bacterial mMRNA thus serving as vita-PAMP *’. Of note, isolated RNA of all

%3 However, the impact of

kind of bacteria is sufficient to activate innate immune response
RNA recognition in the context of bacterial infections is less analysed. In contrast to a virus,
different bacteria possess a variety of cell wall associated PAMPs (see section 2.1.2) which
can be easily recognized by PRRs localized on the cell surface of immune cells. Nevertheless,

non-redundant NA-dependant recognition of different bacteria by the immune system is
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demonstrated. RNA-dependent recognition of bacteria is especially demonstrated for the
Gram-positive streptococci Streptococcus pyogenes and Streptococcus agalactiae ***.
Furthermore, Eigenbrod et al. verified the TLR8-dependant recognition of S. pyogenes by the
innate immune system **. However, a very recent publication of Leif Sanders working group
also demonstrates a RNA-dependent recognition of Gram-negative E. coli when immune cells

44

were stimulated with living or heat-killed bacteria ™. Thus, in the following chapters

described TLRS is identified as receptor for the recognition of vita-PAMPs in humans.

2.1.4 Endosomal nucleic acid sensing pathways: Toll-like receptors

Nucleic acid recognizing TLRs are synthesized in the endoplasmic reticulum (ER), trafficked
to the Golgi and shuttled to the endosome by the uncoordinated 93 homolog Bl
(UNC93B1) *. Trafficking differs between different endosomal TLR; for instance TLR7 is
shuttled directly to the endosome, whereby TLRO traffics via the cell surface to the endosome
*_ Of note, those translocated TLRs are non-functional until they are proteolytically cleaved
at their N-terminus within the acidic endolysosome ***’. TLR9 is the only endosomal TLR
sensing DNA motifs. It is activated by CpG dinucleotides with an unmethylated C5 of
cytosine and signals in a MyD88-dependant manner to activate IRF7. Synthetic ligands are
different classes of CpG desoxyoligoribonucleotide: CpG-A ODNs like ODN 2216 induce
high levels of IFN-a and the maturation of plasmacytoid dendritic cells (pDCs), CpG-B
ODNs (ODN 2006) activate B-cells but induce only weak secretion of IFN-a in pDCs and
CpG C ODNs combine the features of previous described CpG class A and B **°°. ssRNA is
recognized by the closely related TLR7 and TLRS. Beside viral and bacterial ssRNA, small
synthetic molecules such as imidazoquinolines and nucleoside analogues activate TLR7 and 8

in a MyD88-dependent manner *** °'

. Interestingly, TLR8 is described as non-functional in
mice **. However, murine monocytes recognize ssRNA via the endosomal TLR13, which is
not expressed in humans *°. A unique feature of TLR13 is the recognition of a conserved
sequence within the 23S ribosomal RNA of bacteria which is not present in eukaryotes *>~°.
Therefore, TLR13 is the only known TLR recognizing nucleic acids in a sequence-dependent
manner. TLR3 is activated by the ribose-phosphate backbone of dsSRNA longer than 40 base
pairs (bp) and therefore has no specific sequence requirements. It is the only TLR signalling
independent of MyD88. Upon binding of dsRNA or the synthetic analogue polyinosinic-
polycytidylic acid (poly(I:C)) the adaptor molecule TIR-domain-containing adapter-inducing
interferon-B (TRIF) is recruited and IRF3 mediated IFN-B secretion is facilitated °°%,
Recently, TLR10 was described as an endosomal TLR also recognizing dsSRNA. On the one

8
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hand TLR10 seemed to sense dSRNA but on the other hand competed with TLR3 for ligand
binding whereby a regulatory role of TLR10 in dsRNA-mediated IFN signalling was

. 59
discussed ~°.

2.1.5 Toll like receptors 7 and 8

ssRNA sensing PRRs are known to be involved in the antiviral response, but several studies
demonstrated the importance of bacterial RNA recognition of the innate immune system >°.
As RNA is rapidly degraded upon microbial cell death, bacterial RNA has been suggested to
function as a so-called vita-PAMP that helps the immune system to discriminate living from

less harmful dead bacteria *” *+

. TLR7 and TLRS are similar in sequence and function and
are differentially expressed among various cell types. Both, TLR7 and 8 signal in a MyD88-
dependent manner but TLR7 activation in plasmacytoid dendritic cells (pDCs) results in the
secretion of high amounts of type I interferons whereby monocytes and macrophages
predominantly produce proinflammatory cytokines like interleukin-6 (IL-6), IL-12p70 and
tumor necrosis factor a (TNF-a) upon TLRS stimulation 16.61.62 " Although both receptors are
generally accepted to sense ssRNA, TLR7 is also discussed to recognize dsRNA .
Furthermore, both TLRs can be activated by small chemical imidazoquinoline components
like Resiquimod (R848).

Recently, crystal structures of TLR7 and TLR8 dimers bound to their specific ligands have
been published ** . Two different binding sites were identified, whereby the first binding
site recognizing small chemical components seemed to be conserved among the receptors. It
was localized in the dimerization interface and upon ligand binding TLR dimerization was
induced. Of note, the second binding site responsible for RNA sensing differed regarding
localisation and sequence specificity. In case of TLR7, the second binding site was localized
in the dimerization interface and by electron density measurements a polyU 3-mer was
identified to be bound. The second binding site of TLR8 was identified outside the
dimerization interface and a UG or UUG oligoribonucleotide was bound. Furthermore, the
first binding site of TLR7 and TLR8 was involved in RNA sensing by binding guanosine or
uridine, respectively.

These results suggested that RNA needed to be partly degraded to produce single uridine
nucleotides and 3-mer oligoribonucleotide residues for immune stimulatory effects. Within
acidic lysosomes RNA is likely to be degraded due to hydrolytic enzymes including nucleases
and phosphatases. Thus, a very recent assumption implies an endosomal ribonuclease
upstream of TLR7 and TLRS signalling processing the RNA for recognition. Nucleotide
9
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binding to both binding sites was required to induce the m-shape formation of activated TLR7
and TLR8 dimers. Tight dimerization of the receptors upon ligand binding allows the
recruitment of the adapter molecule MyD88 which contains a death domain required for the
activation of downstream effectors. Downstream of TLR7 activation the transcription factor
interferon regulatory factor (IRF) induces interferon stimulated response elements (ISRE)
leading to the secretion of type-I interferons whereby TLRS8 stimulation results in activation

of NF«B and release of pro-inflammatory cytokines °.

2.1.6 Host discrimination of self and non-self nucleic acids

In contrast to LPS or LTA, nucleic acids are not specific PAMPs of bacteria or viruses but are
also present in the host. Consequently, recognition of self-RNA and self-DNA by the innate
immune system, which could cause autoinflammatory disorders, must be prevented. Three
main principles are described, which are supposed to minimize the risk of self-activation. One
strategy 1s to limit the availability of host nucleic acids by the rate of degradation.
Furthermore, NA sensing TLRs are localized in the endolysosome, where self-RNA and DNA

has only limited access '®

. However, spatial restriction of PRR and self-RNA like
messenger RNA (mRNA) or transfer RNA (tRNA) within the cytosol is impossible.
Therefore discrimination by sequence motifs, conformations and chemical modifications of
RNA and DNA are important features for discrimination by the innate immune system. In
case of DNA, degradation is crucial to avoid self-recognition. The cytosolic DNase three-
prime repair exonuclease 1 (TREX1 or DNase I1I) impedes the accumulation of DNA derived
from endogenous retroelements in the cytosol and thereby negatively regulates STING
signalling ®’. In the endosome, DNase II plays a dual role in DNA recognition. On the one
hand, DNAse II deficiency leads to a DNA-overload of the endolysosome resulting in self-
DNA leakage to the cytosol, thus facilitating activation of cGAS and AIM2. On the other
hand, processing of endosomal NA by DNase II is required for TLRO activation by
unmethylated CpG DNA ®* ®_ The principle of spatial restriction concerns all human
endosomal TLRs.

Furthermore, the recognition of ssRNA by TLR7 and TLRS is dependent on RNA sequence

70,7 Favoured GU rich motifs are more abundant in bacterial and viral than

and modification
in human RNA. An even more potent distinction of self and foreign RNA is based on
chemical modifications. Incorporation of pseudouridine or base methylations has been
described to decrease immune stimulation of host RNA *°. Various studies have highlighted
the importance of 2’-O-methylation of the ribose within eukaryotic tRNA and mRNA as the

10



Introduction

most potent posttranscriptional modification impeding immune stimulation. Of note, 2’-O-
methylation not only impairs TLR7 and TLRS response but acts as an antagonist '~ .
Cytosolic self RNA is protected from self-recognition by A to I conversion due to the enzyme
adenosine deaminases acting on RNA (ADAR) 7 "®. Furthermore, RNA formed outside the

1”7, Human

nucleus by viral replication shows a 5’ triphosphate which is recognized by RIG-
mRNA transcribed in the nucleus is equipped with a five-prime cap (5’ cap) which abolishes
the interaction with RIG-I and MDA5 ®. 5> cap is characterized by an inverted 7-
methylguanosine linked to the first transcribed nucleotide by a 5’5’ triphosphate bond and
2’-O-ribose methylation of the first (cap 1) and often the second (cap 2) nucleotide 7,
Consistent with TLR7 and TLRS8 inhibition, the 2’-O-methylation within the cap structure
seems to be crucial for self/non-self discrimination. Of note, this modification is not
exclusively found in eukaryotes. Viruses like flaviviruses, coronaviruses and poxviruses have
developed through evolutionary processes alternative 5'-elements including 2’-O-methylation
avoiding recognition by the innate immune system *°. Furthermore, several bacterial tRNA
isoacceptors show 2’-O-methylation of guanosine at position 18 (Gm18). Those modified
tRNAs were described to dominantly inhibit immune activation, even if otherwise stimulatory

RNA is present . The strategy of viruses as well as bacteria to modify their RNA in a

manner avoiding immune recognition is heavily discussed as immune evasion mechanism >
81

2.1.7 RNA modifications

Host and microbial RNA differ in kind and extent of posttranscriptional modifications. These
differences in the modification profile allow the immune system to discriminate between self
and nonself *°. Kariké e al. demonstrated differences in immune stimulatory potential of
different RNA species dependent on their evolutionary origin. Of note, bacterial total RNA
potently activated innate immune cells, but not human total RNA. Furthermore, they observed
a negative correlation of extent of modifications and immune stimulatory potential of RNA 39,
Of note, more than 150 different naturally occurring RNA modifications have been identified.
Eukaryotic RNA in general is modified in higher frequency than prokaryotic RNA and types
of modifications can be more complex. In human ribosomal RNAs (rRNAs) more than 210
modification sites including ribose 2’-O-methylation, pseudouridines, and base methylations
are known. In relation to the size, tRNAs are the most frequent modified RNA species with an
average of 13 modifications per molecule. The most frequent NA modifications consist of
simple ribose or base methylations like Gm and Cm or m’C and m°A and base thiolation such

11
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as s’C, s°U and s*U. Further modifications are base isomerization, base reduction or
deamination in case of pseudouridine (W), dihydrouridine (D) or inosine (I), respectively 82,83
For more complex modifications, multiple base and/or ribose modifications can be introduced
by different enzymes. Hypermodified nucleobases are usually found at position 34 and 37 of
tRNAs. In general, the tRNA modification profile depends on nucleotide sequence and origin,
whereby tRNAs from simple organisms such as bacteria and mitochondria are less modified
compared to eukaryotic tRNA. Of note, some modifications such as 2’-O-methylation, W,
m'G, t°A and m'A can occur in all kinds of tRNAs independent of their origin. tRNA
modifications are posttranscriptionally introduced and each modification depends on a
specific enzyme. Most enzymes are site and/or sequence specific and therefore chemically
identical modifications at different positions within tRNAs require different enzymes (Fig. 2—
1) 335 One example for diversity of enzymes is the bacterial methyltransferase trmH. It is
responsible for the methylation of a conserved guanosine at position 18 (Gm18) in the D-loop
of tRNAs. Based on their substrate specificity, trmH enzymes can be divided into two classes.
Type I trmH expressed by Thermus thermophiles modifies all tRNA species at G18, whereas
type II trmH found for example in Escherichia coli (E. coli)can modify only a subset of tRNA
species. Homologues of trmH are described in lower as well as higher eukaryotes. In
Saccharomyces cerevisiae (S. cerevisiae) the methyltransferase is called trm3 and in humans

it is named TARBP1 3+ 8689

Eubacteria Archaeabacteria Eukarya
(E.coli) (S.cerevisiae and vertebrates)

(TRMT13)
@ Trm13

Trm44
(TRMT44)

38
‘ ‘ Trm7/Trm732 4
L) aFib/sRNA (FTSJ1) = Trm7/Trm734

Fig. 2-1 Characterized positions of tRNA 2’-O-methylations and corresponding enzymes. tRNAs of
Eubacteria (E. coli/Bacillus subtilis), Archaea (data almost exclusively from H. volcanii) and Eukarya (S.
cerevisiae and various vertebrates) displayed in folded 3D structures. Highlighted 2’-O-methylated nucleotides:
orange for Eubacteria, pink for Archaea, light blue colour corresponds to yeast modifications; additional known
vertebrate positions are shown in dark blue. Homologous human protein names are written in italics. Figure
adapted from Marchand et al. 2016.
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Methylation of G18 is described to stabilize the L-shaped three-dimensional structure of
tRNA. For instance, thermophilic bacteria tend to exhibit more excessively modified tRNA
compared to bacteria growing at lower temperatures °°. Furthermore, 2’-O-methylation within
different types of RNAs is known to inhibit TLR7 and TLRS8 response in human pDCs and
monocytes, respectively. A single 2’-O-methylation at position 18 within certain tRNAs of E.

1, 91
8 66707191 ‘Hamm et al. demonstrated

coli is described to act as an antagonist for TLR7 and
that 2’-O-methylated RNA binds with higher affinity to TLR7 compared to unmodified
control. The competitive binding of modified and unmodified RNA and the much stronger
interaction of 2’-O-methylated RNA and TLR7 might explain the dominant inhibitory
potential of ribose methylated RNA 2 A subsequent study identified a [DmR] motif (D= all
but C; R= purine) as fundamental requirement to avoid TLR7 stimulation by 2’-O-
methylation *°. Besides pseudouridine, ribose methylation is one of the most abundant
modifications within eukaryotic ribosomal RNA. Around fifty or rather one hundred 2'-O-
methylation sites within yeast or human rRNA are described ***°. These ribose methylations
in TRNA are introduced by fibrillarin or nuclear protein 1 (NOP1) in humans or yeast,
respectively. NOP1 is described to be crucial for cell viability and among other diverse
functions, fibrillarin is involved in early processing and modification of pre-rRNA, ribosome
assembly and cell growth ** *7. 2°-O-methylation of rRNA is promoting ribosomal structures
and seems to be essential for stability and function **. In particular, diversity of functions

renders RNA modifications to an essential feature of immune modulation, RNA stabilization

and cell viability.

2.2 Genome editing

The complete sequencing of the human genome *° facilitates new opportunities to study the
function of various genes and encoded proteins. For long times, genes were knocked out
randomly by using chemicals, radiation or virus integration within different organisms '*.
Due to the identifications of human gene sequences in combination with shortly after
published RNA interference (RNAi), a tool for targeted specific gene knockdown became
available '"'. The use of short interfering RNA (siRNA) or short hairpin RNA (shRNA)
induces sequence specific degradation of mRNA by activation of the RNA-induced silencing
complex (RISC). Of note, knock-down efficiencies of 100% are hardly possible and a

complete loss-of-function situation cannot be mirrored '®. To examine a target specific

knock-out situation in a cell or organism, so called genome editing tools are necessary. The
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first site-specific disruption of a gene succeeded by the usage of zinc-finger nucleases
(ZFNs) ', Engineered DNA-binding domains (DBD) recognizing specific target sequences
of sense and antisense strand of DNA were fused with the restriction enzyme FokI. Upon
DNA-binding of both DBD, Fokl domains form a dimer and initiate nuclease activity
resulting in double strand breaks (DSB) near the binding sites '** '°°. Transcription activator-
like effector nucleases (TALENS) act in a similar manner. Programmed DBDs contain highly
homologous repeats of 33-35 amino acids which are recognizing DNA regions of 15-20 bp.
Similar to ZFNs, pairs of DBDs are fused to nucleases and direct the restriction enzymes to
genomic target sites to induce DSB 106, Subsequently, two different DNA repair mechanisms
could be activated: the highly accurate homology-directed repair (HDR) and the more error-
prone non-homologous end joining (NHEJ). The more frequently induced NHEJ results in
insertions or deletions (indels) in the DNA target-site resulting in frame shift mutations '*’.
However, as TALENs and ZFNs are based on protein-DNA interaction, knock-out of new
target genes requires time-consuming engineering and cloning of new pairs of proteins ' '%.
Recently, the new and more powerful genome editing tool clustered regularly interspaced
short palindromic repeats (CRISPR)-associated protein 9 (Cas9) was identified 109 110 The
CRISPR/Cas9 system exhibits fundamental differences compared to TALENs and ZFNs: 1)
Cas9 endonuclease is RNA guided and sequence specificity results from Watson-Crick base
pairing ii) Cas9 provides intrinsic nuclease activity iii) the same Cas9 can be combined with
various guide RNAs (gRNAs) to easily target a broad range of genes and no protein
engineering is necessary. Due to the ability to cut DNA in a sequence specific manner, the
CRISPR/Cas9 system is also termed “molecular scissors” and meanwhile it is the most widely

o 108, 111
used genome editing tool " .

2.2.1 CRISPR/Cas9-System

Surprisingly, many bacteria and archaea possess a pathogen specific adaptive immune system.
It is based on the acquisition of foreign phage or plasmid associated DNA fragments to the
genome to rapidly recognize and degrade foreign NA in case of reinfection ''>. Those
fragments are incorporated into the host CRISPR locus as so called protospacers and upon a
second infection CRISPR RNAs (crRNAs) are transcribed to guide Cas9 dependant DNA
cleavage. Processed crRNAs are combined with noncoding trans-activating CRISPR RNA
(tractfRNA) to create a mature guide RNA (gRNA). Of note, for genome editing tools crRNA
and tracrRNA can be fused to a single chimeric sgRNA which interacts with Cas9 "% ''°. The
most widely used CRISPR/Cas9 system to create gene knock-in or knock-out originates from

14



Introduction

Streptococcus pyogenes. To activate Cas9-gRNA complex in the target cell a protospacer
adjacent motif (PAM) immediately 3’ of the target sequence is required '*. Streptococcus
pyogenes derived Cas9 requires the PAM sequence NGG. Cas9 endonuclease activity results
from the two nuclease domains HNH nuclease domain and RuvC-like nuclease domain. Upon
double strand brakes (DSBs), the most commonly induced DNA repair mechanism is the non-
homologous end joining (NHEJ) pathway which can induce insertions or deletions by re-
ligation of open DNA ends using DNA ligase IV. The more accurate homology directed
repair (HDR) mechanism, however, requires a DNA molecule as repair template. In case of
the CRISPR/CAS9 genome editing tool an artificial DNA template, mimicking the sister
chromatid, is co-transfected to target cells. Within HDR mediated gene conversion the
template’s homology regions are integrated into the target sequence, enabling the introduction
of precise mutations such as insertion of reporter genes or a codon replacement 4115 I the
meantime, different expression systems are available to achieve best possible efficiency. The
simplest variant for easy-to-transfect cell types like HEK293 cells are plasmids encoding for
Cas9 and a gRNA scaffold and the usage of standard transfection reagents. Lentiviral and
adeno-associated virus (AAV) transduction can be used for in vivo applications and are
common methods to express CRISPR/Cas9 machinery in primary cells. Plasmid based
expression systems often comprise a reporter gene like GFP to preselect transfected cells.
Microinjection or electroporation of in vitro transcribed Cas9 mRNA and gRNA is one
method to generate genetically modified embryos, or Cas9-gRNA complex consisting of Cas9
protein and in vitro transcribed gRNA can be delivered into cells using cationic lipids.
Transient RNA or protein based CRISPR/Cas9 systems may decrease off-target effects due to

115-117

limited Cas9 activity . The choice of an appropriate CRISPR/Cas9 system depends on

the cell type or organism and the underlying question which demands for a gene knock-in or

knock-out.
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2.3 Objectives of this study

Eukaryotic as well as prokaryotic posttranscriptional RNA modifications can alter the
immune stimulatory potential of various RNA species. Yet, important aspects remain poorly
understood. Of note, more than 150 different posttranscriptional RNA modifications have
been identified, but so far, only 2’-O-methylation was described as a natural immune
inhibitory modification. It is thus conceivable that post-transcriptional modifications other
than 2’-O-methylation can alter innate immune responses towards RNA. Furthermore, the
sequence-context of 2°-O-methylation within tRNAs (Gm18) seems to play a major role in
antagonizing immune response but a specific sequence motif remains to be further
characterized. Moreover, the dominant inhibitory effect of Gm18 within bacterial tRNAs was
only shown for isolated isoacceptors or total tRNA preparations but the impact on the
stimulatory potential of total RNA preparations or whole microbial organisms remains
unclear. The physiological relevance of RNA modifications within their natural context for
self/non-self discrimination or as a potential immune escape mechanism has not yet been
investigated. To answer those upcoming questions three work-packages were defined:

(1) To uncover immune inhibitory modifications other than Gm18, human tRNA";
which is lacking 2’-O-methylation but has previously been demonstrated not to induce
immune activation should be studied in detail.

(i1))  To characterize the optimal sequence-context of 2’-O-methylation that is necessary
and sufficient to inhibit TLR7 and TLRS8 activation, permutations studies using
artificial oligoribonucleotides should be performed.

(iii))  To elucidate a redundant or non-redundant role of tRNA 2’-O-methylation for immune
activation, the stimulatory potential of total RNA preparations derived from
prokaryotic or eukaryotic sources and whole microbial organisms employing Gm18-

methyltransferase deficient mutants should be examined.
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3 MATERIALS AND METHODS

3.1 Materials

3.1.1 Devices and Instruments

Table 3-1: List of instruments used in the study

Device Type & Manufacturer

AutoMACS™ Miltenyi Biotec, Bergisch-Gladbach
Balance EW600-2M, Kern & Sohn GmbH, Balingen
Bioanalyzer Agilent Technologies GmbH, Berlin

Blotting chamber

Centrifuges

Confocal microscope
Counting chamber

Electrophoresis chamber

ELISA reader
Fine scale

Flow cytometer

Gel Documentation-System
Heat block

Incubators

Microscope

MidiMACS™ Separator

McFarland bioMérieux

DensiCHECK Plus

Biometra, Jena

Multi 3 SR, Heraeus Instruments, Hanau

Multi 3 SR+

Sigma 2K 15, B. Braun, Melsungen

Leica TCS SP5, Leica Microsystems, Mannheim
Neubauer 0.00025mm?2/0.1 mm/ Brand GmbH, Schwerin

Perfect Blue Mini S, Peqlab, VWR, Radnor, Pennsylvania,
USA
Perfect Blue Mini M, Peqlab, VWR, Radnor, Pennsylvania,

USA
Sunrise/ Tecan, Crailsheim

MCI1 Research RC 210 P, Wiegetechnik Knoll, Ketsch
BD FACSCanto™, BD Biosciences, San Diego, USA

BD FACSMelody™, BD Biosciences, San Diego, USA
CN-3000.WL, Peqlab, VWR, Radnor, Pennsylvania, USA
AccuBlock, digital dry bath, Eppendorf, Hamburg
BBD6220i/ Heraeus Instruments, Hanau

Leica DMLS, Leica Microsystems GmbH, Wetzlar
Miltenyi Biotec, Bergisch-Gladbach

bioMérieux, Marcy—l’Etoile, France
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Orbital Shaker

pH-Meter

Power supply

gPCR cycler
SDS-PAGE system
Spectrophotometer
Sterile bench

Thermocycler

Typhoon scanner
UV platform
Vortexer

Water bath

Mini Rocker MR-1, Peqlab, Radnor, Pennsylvania, USA
Heidolph 1010/ Hilab, Karlsruhe

Seven Easy, Mettler Toledo, Gief3en

Power Pac HC, BioRad, Miinchen

Consort E835/ Sigma-Aldrich, Steinheim

StepOne Plus, Applied Biosystems, Darmstadt
perfectBlue™ Twi S, Peqlab, VWR, Radnor, Pennsylvania,
NanoDrop®ND-1000, Peqlab, VWR, Radnor, Pennsylvania,
Hera Safe KS 12, Heraeus Instruments, Hanau

Primus 25 advanced®, Peqlab, VWR, Radnor, Pennsylvania,
USA Primus 96 advanced® gradient, Peqlab, VWR, Radnor,
Pennsylvania, USA

GE Healthcare, Solingen, Germany

ECX-26M, Peqlab, Radnor, Pennsylvania, USA
Heidolph Reax 2000/ Hilab, Karlsruhe

Temp, Julabo Labortechnik GmbH, Seelbach

3.1.2 Software

Table 3-2: List of software used in this study

Sofware Description & Version

Bio-Capt Gel visualisation, Vilber Lourmat GmbH

FACSDiva BD Bioscience, San Diego

GraphPad Prism Version 6.05, GraphPad Software, Inc. San Diego, USA
Image] 1.46r developed at the National Institutes of Health, USA
Inkscape 0.92.0 115299, licensed GPLv2

LAS AF 2.6.0.7266, Leica Microsystems, Solms

Magellan V Tecan, Grodig, Austria

NanoDrop 3.0.1, Nanodrop Technologies, Rockland, USA

R software Version 3.3.0, Package drc (Team 2013; Ritz et al.2015)
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3.1.3 Consumables

Table 3-3: List of consumables used in this study

Consumable

Manufacturer

Blotting membrane
Blotting paper
Cannula

Cell culture flasks

Cell culture plates
Culture plates for
microscopy

Cell scraper
ELISA plates
Eppendorf tubes
FACS tubes

Falcon tubes

Nanosep MF, Bio-Inert
Membrane, purple, 0,45 pm

LD columns
Pipette tips
qPCR plates

Scalpel

Syringe

Immobilon-P Transfer, Millipore, Billerica, USA
Whatman GB003, Whatman GmbH, Dassel

22G, 27G or 29G, BD Biosciences, Heidelberg

Cellstar, 25cm? /75 cm? /175 cm? Greiner Bio-One GmbH,
Frickenhausen

6- /12- /24- /96-well plates, Cellstar, Greiner Bio-One
glass bottom dish (35 mm), Ibidi GmbH, Martinsried

Greiner Bio-One GmbH, Frickenhausen

96-well, half area, Greiner Bio-One GmbH, Frickenhausen
0.5 ml, 1.5 ml, 2 ml, Eppendorf AG, Hamburg

BD Falcon™ 5 ml, BD Biosciences, Heidelberg

15 ml, 50 ml, Greiner Bio-One, Frickenhausen

Pall Laboratory, Dreieich

Miltenyi Biotec, Bergisch-Gladbach

Hinged Rack Pipette tips, Corning, New York, USA
MicroAmp, Fast 96-well reaction plate (0.1 ml),
AppliedBiosystems, UK

Feather disposable scalpel, Feather Safety Razor, Osaka, Japan
BD Discardit II, 2 ml, 5 ml 10 ml; BD Bioscience, Heidelberg
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3.1.4 Chemicals and reagents

Table 3-4: List of chemicals and reagents used in the study

Chemical/ Reagent Manufacturer

Acrylamide Carl Roth GmbH, Karlsruhe

stock solution

Agarose Eurobio, Courtaboeuf, France
Ammonium acetate J.B. Baker, Deventer, Netherlands
Ammonium persulphate Sigma-Aldrich, Taufkirchen
(APS)

Ampicillin Sigma-Aldrich, Taufkirchen
Antibiotic-Antimycotic Invitrogen, Karlsruhe, Germany
100x

Aqua ad injectabilia B. Braun, Melsungen

BbsI #R3539 New England Biolabs (NEB), Ipswich, USA
- Estradiol Sigma-Aldrich, Steinheim
B-Mercaptoethanol Sigma-Aldrich, Steinheim

Boric acid Bernd Kraft, Duisburg

Bovine serum albumin Sigma-Aldrich, Taufkirchen
(BSA)

Bromphenol blue Sigma-Aldrich, Steinheim

Chloroform: Isoamylalkohol AppliChem, Darmstadt
Dulbecco's Modifed Eagle Biochrom AG, Berlin

Medium (DMEM)

EDTA AppliChem GmbH, Darmstadt
Ethanol, undenatured Riedel-de Haén AG, Seelze
Diethyl pyrocarbonate Sigma-Aldrich, Steinheim
(DEPC)

DOTAP Carl Roth GmbH, Karlsruhe
Eukitt mounting medium Sigma-Aldrich, Taufkirchen
FACSClean™ BD Bioscience, Heidelberg
FACSFlow™ BD Bioscience, Heidelberg

20




Materials and Methods

FastRuler™ Ultra Low Ambion, life technologies, Darmstadt
Range DNA Ladder

Fetal calf serum (FCS) Gibco™, Invitrogen, Karlsruhe
Formamid AppliChem GmbH, Darmstadt

Q5 High-Fidelity DNA New England Biolabs (NEB), Ipswich, USA
Polymerase #M0491S

Geneticin (G418) Carl Roth GmbH, Karlsruhe

Glucose Sigma-Aldrich, Steinheim

Glycin VWR, Radnor, Pennsylvania, USA
Heparin Ratiopharm, Ulm

Hoechst 34580 Sigma Aldrich, Taufkirchen

(Trihydrochloride salt)

IL-3 PeproTech, Rocky Hill, USA
Isopropanol Riedel-de Haén AG, Seelze
Kanamycin AppliChem GmbH, Darmstadt

5x Ligase Reaction Buffer ~ Life Technologies, Darmstadt
Lipofectamine Life Technologies, Darmstadt

Luria-Bertani (LB) Broth AppliChem GmbH, Darmstadt

Lysozyme Sigma-Aldrich, Taufkirchen

Lyticase Sigma-Aldrich, Taufkirchen

M-CSF PeproTech, Rocky Hill, USA

Methanol Riedel-de Haén AG, Scelze

10x NEB buffer New England Biolabs (NEB), Ipswich, USA
NEB?2 buffer New England Biolabs (NEB), Ipswich, USA
N',N',N',N'- tetra- Sigma-Aldrich, Taufkirchen

methylethylenediamine

(TEMED)

Opti-MEM Reduced Serum  Life Technologies, Darmstadt
Media

Pancoll human PAN™ Biotech, Aidenbach
Paraformaldehyde (PFA) Merck, Darmstadt
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Penicillin/Streptomyin Sigma-Aldrich, Taufkirchen

(100x)

Penicillin/Streptomycin PAA Laboratories, Pasching, Austria
solution (P/S)

Peptone Sigma-Aldrich, Steinheim

peqGREEN Peqlab, VWR, Radnor, Pennsylvania, USA
Poly-D-lysine Sigma-Aldrich, Steinheim

hydrobromide

Q5" High-Fidelity DNA New England Biolabs (NEB), Ipswich, USA
Polymerase

RiboRuler high range RNA  Life Technologies, Darmstadt
ladder, 2x RNA loading dye

Roti®-Mount FluorCare Carl Roth GmbH, Karlsruhe
DAPI

Rotiphorese sequence gel Carl Roth GmbH, Karlsruhe
system and sequence

concentrate

RPMI 1640 Medium (1x) Biochrome AG, Berlin

SDS AppliChem GmbH, Darmstadt

SOC medium New England Biolabs (NEB), Ipswich, USA
Sodium carbonate Sigma-Aldrich, Steinheim

Sodium chloride Sigma-Aldrich, Steinheim

Sorbitol Sigma-Aldrich, Steinheim

SYBR Green PCR Master Applied Biosystems, Foster City, USA
Mix Fast

SYBR Gold Nucleic Acid Life Technologies, Darmstadt
Gel Stain

T4 DNA Ligase #EL0014 Life Technologies, Darmstadt

Tetramethylethylenediamine AppliChem GmbH, Darmstadt
(TEMED)

Triton X-100 Merck, Darmstadt
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TRIS AppliChem GmbH, Darmstadt
TRIS/HCI AppliChem GmbH, Darmstadt
TRIzol® Reagent Life Technologies, Darmstadt
Trypan blue Sigma-Aldrich, Taufkirchen
Tween 20 Sigma-Aldrich, Taufkirchen
Yeast extract AppliChem, Darmstadt

3.1.5 Buffers and Solutions

Table 3-5: List of Buffers and solutions used for western blot

Buffer Ingredients

Acrylamide stock solution ~ 30% (v/v) acrylamide and bisacrylamid solved 29:1

Blocking Buffer 1 x TBS; 0.1% (v/v) Tween 20; 5% (w/v) BSA

Enhanced chemilumi- PerkinElmer, Rodgau

nescence (ECL) substrate

SDS blot buffer 25 mM TRIS-OH (pH 8.3); 192 mM glycin; 10% (v/v)
methanol

SDS-PAGE Running buffer 25 mM TRIS-OH (pH 8.3); 192 mM glycin; 0.1% (w/v) SDS

SDS sample buffer (4x) 200 mM TRIS-HCI (pH 6.8); 20% (v/v) B-mercaptoethanol;
8% (w/v) SDS; 40% (v/v) glycerol; 0.04% (w/v) bromphenol
blue

Separating gel buffer (3x) 1.5 M TRIS-HCI (pH 8.8); 0.4% (w/v) SDS

Stacking gel buffer (2x) 1 M TRIS-HCI (pH 6.8); 0.8% (w/v) SDS
10 x TBS 100 mM TRIS-HCI (pH 8.0); 1.5 M NaCl
Wash Buffer (TBST) 1 x TBS; 0.1% (v/v) Tween 20

Table 3-6: Buffers and solutions used for ELISA

Buffer Ingredients

ELISA blocking buffer 1 x PBS; 0.5% (w/v) BSA; 0.05% (v/v) Tween 20
(IFNa)

ELISA blocking buffer 1 x PBS; 10% (v/v) FCS

(IL-6, TNF-a)
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ELISA coating buffer

ELISA washing buffer
10x PBS

0.1 M sodiumcarbonate: 8.4 g NaHCOs, 3.6 g Na,COs;
adjust to pH 9.5; ad 1000 ml H,O

1x PBS; 0.05% (v/v) Tween 20

80 mM di-sodiumhydrogenphosphate; 20 mM sodium di-
hydrogenphosphate; 1.4 M NaCl; pH 7.4

Table 3-7: Buffers and solutions used for nucleic acid preparation

Buffer Ingredients

TRIS Buffer 121 g TRIS (1 M); ad 1000 ml DEPC-H,0; pH 7,5

DEPC water 1 ml DEPC ad 1000 ml H,O; autoclaved before use

10x TBE 108 g TRIS; 55 g Boric acid; 40 ml 0,5 M Na,EDTA; ad 11
DEPC-H,0

50x TAE 60,5 g TRIS; 14,25 ml acetic acid, 25 ml 0,5 M EDTA (pH 8);
250 ml DEPC-H,0

PAGE RNA loading dye 90% formamid + 10% 10x TBE

Y1 Buffer 100 mM EDTA; 1 M sorbitol; 0,1% B-mercaptoethanol;

pH 7,4

Table 3-8: Media and solutions used for cell culture

Media Supplements

DMEM Culture Medium 10% (v/v) heat-inactivated FCS; 1% (v/v) P/S
DMEM Transfection 10% (v/v) heat-inactivated FCS

Medium

RPMI Culture Medium 10% (v/v) heat-inactivated FCS; 1% (v/v) P/S

RPMI Tranfection Medium

Trypan blue solution

Trypsin solution

10% (v/v) heat-inactivated FCS or 2% (v/v) heat-inactivated

human serum

2 mg/ml trypan blue in 1x PBS
0.05% trypsin; 0.02% EDTA in 1x PBS
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Table 3-9: Media and solutions used for microbiology, autoclaved before use

Media Ingredients

LB medium 20 g LB broth ad 100 ml dH,O

Y1 Buffer 1,46 g EDTA, 9,1 g Sorbitol ad 50 ml dH,O

YPD medium 20 g peptone; 10 g yeast extract; ad 975 ml dH,O; pH 6,5
3.1.6 Kits

Table 3-10: List of commercial kits used for the study

Kit Manufacturer

BD OptEIATM human BD Biosciences, Heidelberg
IL-6 ELISA set

BD OptEIA™ human BD Biosciences, Heidelberg

TNF-a ELISA set

CD19 MicroBeads, human  Miltenyi Biotec, Bergisch-Gladbach
DNeasy Blood & Tissue Kit Qiagen, Hilden

ExtractMe total RNA Kit BLIRT S.A., Gdansk, Poland

Fast SYBR green master Applied Biosystems, Darmstadt
mix

QIAquick Gel Extraction Qiagen, Hilden

Kit

High capacity cDNA AppliedBiosystems, Darmstadt

reverse transcription Kit

Monarch® PCR & DNA New England Biolabs (NEB), Ipswich, USA
Cleanup Kit

Human pDC Isolation Kit I Miltenyi Biotec, Bergisch-Gladbach
PureLink™ HiPure Plasmid Life Technologies, Darmstadt

Filter Maxiprep

IFN-a ELISA Kit human eBioscience, Frankfurt
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CellTiter 96 Aqueous One

solution proliferation Kit

(MTS)

NucleoBond® RNA/DNA Macherey-Nagel, Diiren
80/400

RNeasy Total RNA Kit Qiagen, Hilden

Promega, Madison, USA

3.1.7 Primers and guide RNAs

Table 3-11: List of primers used for this study

Target Forward (5’ - 3’) Reverse (5’ - 3°)

hIFN-a AACTCTACCAGCAGCTGAATGAC CATGATTTCTGCTCTGACAACC
hIFN-B ATGACCAACAAGTGTCTCCTCC GGAATCCAAGCAAGTTGTAGCTC
hIL-6 GGATTCAATGAGGAGACTTGC GTTGGCTCAGGGGTGGTTAT
hGAPDH ACGGATTTGGTCGTATTGGGC TTGACGGTGCCATGGAATTTG
hTARBP1 ACTCCTGGCCTTACGTCTAAATC ACGGCTGCTAGCACTTCCAC
hTNF- a GCCCAGGCAGTCAGATCATCTTC TGAGGTACAGGCCCTCTGATGG

Table 3-12: List of guide RNAs used for this study

gRNA

Forward (5’ - 3’)

Reverse (5° - 3°)

gRNA#1
gRNA#2
gRNA#3
gRNA#4
gRNA#5
gRNA#6
gRNA#7
gRNA#8
gRNA#9
gRNA#10
gRNA#11
gRNA#12

gRNA#13

CACCGGACCCCCGGGCCCTGCTTG

CACCGCTTGGGGCGCTGTGCCAAG

CACCGGGCGCAGGCGCGCTCCCGG

CACCGCGGCGCGCGAGGTGGCTGC

CACCGCTCGTGCGTCCGCCTGGCC

CACCGCTTCCTTCTGCAGCGGCTCG

CACCGGGCGCTCGGCAAATGGAGT

CACCGCAAATGGAGTGGGTGCTCG

CACCGGAGGCATCCGCGGAGCGCG

CACCGGTACCTCGTGCCACTGCTG

CACCGCGAGCAGATCGCGCAGCGC

CACCGCGGCGCCAGGCGCGCGCCAL

CACCGAGCACGCGCCGGCGGTGGLG

AAACCAAGCAGGGCCCGGGGGTCC

AAACCTTGGCACAGCGCCCCAAGC

AAACCCGGGAGCGCGCCTGLCGLCC

AAACGCAGCCACCTCGCGCGCCGC

AAACGGCCAGGCGGACGCACGAGC

AAACCGAGCCGCTGCAGAAGGAAGC

AAACACTCCATTTGCCGAGCGCCC

AAACCGAGCACCCACTCCATTTGC

AAACCGCGCTCCGCGGATGCCTCC

AAACCAGCAGTGGCACGAGGTACC

AAACGCGCTGCGCGATCTGCTCGC

AAACGTGGCGCGCGCCTGGCGCCGL

AAACCGCCACCGCCGGCGCGTGCTC
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gRNA#14 CACCGCAGCCAGCGCGGCCGCCAGC

gRNA#15 CACCGCTGCCGCGCGCCTCCTCGTC

AAACGCTGGCGGCCGCGCTGGCTGC

AAACGACGAGGAGGCGCGCGGCAGC

3.1.8 Oligoribonucleotides

Table 3-13: List of oligoribonucleotides used for the study

Oligoribonucleotide Sequence 5> — 3’ *

Unmodified 26-mer GU GGG GUU CCC GAG CGG CCA AAG GGA
2’-O-Me 26-mer Pos.17 GU GGG GUU CCC GAG XGmG CCA AAG GGA
2’-O-Me 26-mer Pos.18 GU GGG GUU CCC GAG CXmG CCA AAG GGA
2’-O-Me 26-mer Pos.19 GU GGG GUU CCC GAG CGmX CCA AAG GGA
2’-O-Me 26-mer Pos.20 GU GGG GUU CCC GAG CGmG XCA AAG GGA
2’-0O-Me 15-mer CCC GAG CGmG CCA AAG

2’-O-Me 9-mer GAG CGmG CCA

2’-O-Me 7-mer AGC GmGC C

2’-O-Me 5-mer G CGmG C

2’-O-Me 9-mer Pos.1 GmG CCA AAGG

2’-O-Me 9-mer Pos.2 CGmG CCA AAG

2’-O-Me 9-mer Pos.3 G CGmG CCA AA

2’-0O-Me 9-mer Pos.4 AG CGmG CCA A

2’-O-Me 9-mer Pos.5 GAG CGmG CCA

2’-0O-Me 9-mer Pos.6 C GAG CGmG CC

2°-O-Me 9-mer Pos.7 CC GAG CGmG C

2°-O-Me 9-mer Pos.8 CCC GAG CGmG

2’-O-Me 9-mer Pos.9 U CCC GAG CGm

57 Atto 549 ssRNA 40 GCC CGU CUG UUG UGU GAC UC

57 Atto 488 Gm18 GU GGG GUU CCC GAG CGmG CCA AAG GGA
MH662 GCA AGC UGA CCC UGA AGU UCX U '
MH662-Gm§ GCA AGC UGmA CCC UGA AGU UCC U

ssRNA 40 GCC CGU CUG UUG UGU GAC UC

* highlighted in grey: permutated nucleobase; * X = C8-alkyne-dtCE phosphoramidite (Glen-

Research)
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3.1.9 Antibodies

Table 3-14: list of anti- human (except otherwise specified) antibodies used for the study.

Antigen Species/ Application Manufacturer

Labeling
B-actin Rabbit Western blot GeneTex, Hsinchu City, Taiwan
CD 19 APC Flow cytometry BD Bioscience, Franklin Lakes, USA
CD 86 PE Flow cytometry Cell Signaling Tech., Danvers, USA
MHC 11 APC Flow cytometry BioLegend Inc, San Diego, USA
(HLA-DR)
Anti-Rabbit  HRP- Western blot Cell Signaling Tech., Danvers, USA
IgG conjugated
TARBP1 Rabbit Western blot Abcam, Cambridge, United Kingdom

3.1.10 Vectors

Table 3-15: List of vectors used for the study

Vector Description

#1451 Cas9 plasmid pSSV 9; short CMV; Shalem; Cas; #49535 Addgene
kindly provided by AG Grimm, Heidelberg

#1529 gRNA Scaffold pBSU6 Bbsl (x2) F+E scaffold RSV-GFP
kindly provided by AG Grimm, Heidelberg

3.1.11 Stimuli

Table 3-16: List of stimuli used for the study

Stimulus Final concentration Manufacturer

Cl264 1 pg/ml InvivoGen, San Diego, USA
CpG-ODN 2006 1 uM InvivoGen, San Diego, USA
CpG-ODN 2216 1 uM InvivoGen, San Diego, USA
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Gardiquimod (GQI) as indicated

Gardiquimod-di- as indicated

ethylene- glycol-azide

(GDA)

Resiquimod (R848) Unless otherwise stated:
1 pg/ml

Resiquimod- poly- as indicated

ethylene- glycol- azide

(RPA)

Lipopolysaccharide 0.1 pg/ml
(LPS)

Salmonella minnesota

(smooth form)

TL8-506 0.1 pg/ml

Provided by Helm Group, Johannes

Gutenberg-University of Mainz

Provided by Helm Group, Johannes

Gutenberg-University of Mainz

InvivoGen, San Diego, USA

Provided by Helm Group, Johannes

Gutenberg-University of Mainz

Provided by U. Seydel (Bortsel)

InvivoGen, San Diego, USA

3.1.12 Organisms

Cell lines

Table 3-17 List of cell lines used for the study

Cellline  Description

A549 Human alveolar cell line (AG Dalpke)

BlaER1 B cell line derived from Burkitt lymphoma cell line Seraphina expressing

wt and transcription factor C/EBPa upon 17-B-estradiol addition.” All BlaER1 cells
TLR8 KO were kindly provided by Prof. Dr. Holger Heine, Research Center Borstel

Beas-2B ~ Human bronchial epithelial cell line (AG Dalpke)

HEK293  Human embryonic kidney cell line (AG Dalpke)

THP-1 Tohoku Hospital Pediatrics 1, acute monocytic leukaemia cell line (AG Dalpke)

" B-cell like BlaER1 cells can be transdifferentiated to monocyte/macrophage-like cells (see section 3.2.1.2)
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Table 3-18: Culture conditions of cell lines used for the study

Cell line Growth Culture Media

A549 adherent DMEM,10% (v/v) heat-inactivated FCS; 1% (v/v) P/S
BlaER1  suspension RPMI,10% (v/v) heat-inactivated FCS; 1% (v/v) P/S
Beas-2B  adherent RPMI,10% (v/v) heat-inactivated FCS; 1% (v/v) P/S
HEK293  adherent DMEM, 10% (v/v) heat-inactivated FCS; 1% (v/v) P/S
THP-1 suspension RPMI,10% (v/v) heat-inactivated FCS; 1% (v/v) P/S

Bacteria and yeas strains

Unless otherwise stated, E. coli and S. cerevisiae where purchased from E. coli Genetic Stock

Center CGSC, Yale University and Euroscarf, Johann Wolfgang Goethe-University Frankfurt,

respectively.

Table 3-19: Microorganism used for the study

Strain Genotype Culture Media
Staphylococcus ATCC 25923 LB-medium
aureus

E. coli parental strain

BW25113
E. coli AtrmH
JW3626-1

competent E. coli

S. cerevisiae parental

strain Y00000

S. cerevisiae Atrm3

Y 03809

A(araD-araB)567, AlacZ4787
(::rrnB-3); A-, rph-1, A(rhaD-
rhaB)568, hsdR514
A(araD-araB)567, AlacZ4787
(::rrnB-3); A-, rph-1, AtrmH
755::kan, A(thaD-rhaB)568,
hsdR514

NEB 5-alpha
New England Biolabs (NEB),
Ipswich, USA

MATa; his3A1; leu2AO0;
met15A0; ura3A0

BY4741; MATa; his3Al;
leu2A0; met15A0; ura3AO0;
YDLI112w::kanMX4

LB-medium

LB-medium supplemented

Kanamycin (50 pg/ml )

LB-medium

YPD-Medium

YPD-Medium supplemented
G418 (Geneticin) (200 pg/ml)

with

with
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3.2 Methods

3.2.1 Cell culture

3.2.1.1 Cell lines

Cell lines (Table 3-17) were cultured in 15 ml growth media as indicated in Table 3-18 in T-
flasks (75 cm?) at 37°C, 5% CO, and 95% humidity in an incubator. Cells were split twice a
week at an approximate confluence of 80-90%. Adherent cells were washed with PBS and
passaged 1:10 or 1:20 using trypsin solution. Suspension cells were centrifuged for 5 min at

1,300 rpm and passaged 1:10 or 1:20 in fresh media.

3.2.1.2 BlaERI1 trans-differentiation and purification.

B-cell like BlaER1 cells were trans-differentiated into monocyte/macrophage-like cells prior
stimulation experiments. Therefore, BlaER1 cells were harvested and 1 million cells/well of a
6-well plate were centrifuged for 10 min at 1,300 rpm in a 50 ml Falcon tube. The supernatant
was discarded and the cell pellet was resuspended in 3 ml/well RPMI medium supplemented
with 10% FCS, 1% Pen/Strep, 10 ng/ml IL-3, 10 ng/ml M-CSF and 150 nM b-Estradiol.
Plates were incubated at 37 °C and 5% CO,. At day 2 and 5 the cells were harvested by
pipetting up and down and cells of one genotype were collected in one Falcon tube and
centrifuged at 1,300 rpm for 10 min. To the remaining cells in the 6-well plate, 2 ml of fresh
medium was added and after centrifugation the cell pellet was resuspended in 1 ml media per
collected well. 1 ml of the cell suspension was transferred into the 6-well plate and cells were
incubated at 37 °C and 5% CO,. After one week, residual B-cells like BlaErl cells were
sorted using AutoMACS magnetic cell sorter system. The trans-differentiated BlaER1 cells
were harvested and cells of one genotype were collected in a 50 ml Falcon tube. Double the
amount of cells needed for stimulation experiments were centrifuged for 10 min at 1,300 rpm.
CD19 negative, trans-differentiated monocyte/macrophage like BIaER1 cells were sorted by
using CD19 MicroBeads, human kit according to manufacturer’s instructions. CD19 negative
fraction was collected and cells were centrifuged at 1,300 rpm for 10 min. Cells were
resuspended in RPMI supplemented with 10% FCS and 2 x 10 cells in 250 pl medium were
transferred into a 48-well plate. To avoid pre-activation of BlaERI1 cells due to MACS
sorting, cells were rested for 20 h at 37 °C, 5% CO,. For microarray analysis technical
duplicates were performed and after 5 h of stimulation duplicates were pooled for further

RNA extraction using RNeasy mini kit including an on-column DNase treatment.
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3.2.1.3 Isolation of human peripheral blood mononuclear cells (PBMCs)

PBMCs were isolated from heparinized fresh blood of voluntary healthy donors as approved
by the local Ethic Committee Heidelberg (admission number: S-716/2017) by density
gradient centrifugation. To 50 ml Falcon tubes 15 ml Pancoll (density 1.077 g/ml) was added
and blood pre-mixed with equal volume of PBS was carefully layered on top of the Pancoll.
Tubes were centrifuged at 1,800 rpm for 20 min at RT without deceleration. The white ring of
PBMC:s at the interphase of Pancoll and serum was collected and transferred into fresh 50 ml
Falcon tubes. White rings of two different Falcon tubes were pooled in one fresh Falcon tube,
filled up to 50 ml with PBS and centrifuged at 1,300 rpm for 10 min at RT. Supernatant was
discarded and cells were resuspended in 50 ml PBS. PBMCs were pelleted again at 1,000 rpm
for 15 min at RT. After discarding the supernatant cells were resuspended in 10 ml PBS and
pooled into one tube. PBS was added to a total volume of 50 ml and the Falcon tube was
centrifuged at 1,300 rpm for 10 min at RT. Supernatant was discarded and cells were
resuspended in 10 ml RPMI supplemented with either heat inactivated FCS 10% or 2%
human serum. Cell number was determined by counting in a Neubauer chamber after diluting

the cells 1:10 in Trypan blue.

3.2.1.4 Stimulation of cells

Cells were seeded at density of 50,000- 300,000 cells/well in 50-200 ul medium in flat bottom
plates as indicated in the figure legend. All stimulations were performed in duplicate wells
and cells were incubated in a humidified incubator at 37 °C and 5% CO,. Unless otherwise
specified, stimuli were added to the well at a volume of 50 pl, whereby the amount of
stimulus was calculated for duplicates + 10%. For transfection experiments, RNA was
encapsulated with DOTAP at a ratio of 3 pl DOTAP per 1 pg of RNA in 20-50 ul Opti-MEM
Reduced Serum media and incubated for 10 min at room temperature. After encapsulation,
transfection medium supplemented with 10% FCS or 2% human serum was added to a total
volume of 110 pl. For co-transfection experiments different types of RNA were mixed prior
encapsulation with DOTAP at indicated ratios. As positive control, cells were stimulated with
bacterial RNA, small molecules like R848 and GQI and CpG2216. Cell free supernatants
were collected after 20 h and secreted cytokines were measured by ELISA. mRNA expression

levels were determined by qRT-PCR at indicated time-points.

3.2.1.5 Infection of cells
Infection experiments were performed in the same setup like stimulation experiments with

indicated MOI of living bacteria or yeast. Standardisation of CFU was approximated by
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McFarland 0.5, 1 or 3. For bacteria a McF 0.5 equivalents approximately 1.5 x 10® CFU/ml
and McF 3 = 9 x 10® CFU/ml. Due to size differences, McF 1 of yeast equivalents
approximately 1 x 10’ CFU/ml. Stimuli were prepared in cell culture media to avoid growth
media dependent cell toxicity. 1.5 h post infection bacteria or yeast were killed by addition of

antibiotics (P/S) or Antibiotic-Antimycotic solution as indicated in the different experiments.

3.2.2 Immunoassays

3.2.2.1 Enzyme-linked immunosorbent assay (ELISA)

Secreted cytokines were quantified in cell free supernatants by sandwich-ELISA. Cytokine
levels were determined in half area plates according to an adjusted manufacturer’s protocol.
Usage of half-area plates allowed the reduction of indicated antibodies by 75% and amount of
sample and substrate by 50%. Depending on donor variation, supernatants were used pure or
diluted in ELISA blocking buffer. Absorbance measurements were performed at 490 nm with
reference wavelength at 650 nm with the Tecan Sunrise plate reader. Quantification of
cytokines was determined using a four parameter regression curve plotted by the Magellan V

software.

3.2.2.2 Flow cytometry
Cell sorting

To preselect transfected HEK cells of CRISPR/Cas9 induced TARBPI1 knock-out
experiments, GFP positive cells were sorted by BD FACSMelody™. Of note, only
transfected cells expressing the plasmid encoding for the guide RNA scaffold were capable to
express GFP. To this end, 48 h post transfection cells were harvested and diluted to a total
volume of 600 pl in DMEM + 2% FCS. Cell suspension was filtrated through a 40 pm cell
strainer (Sarstedt, Niimbrecht) into a sterile FACS tube and stored at 4 °C until sorting. GFP
signal was detected in the FITC channel and 50% of the highest GFP" cells were sorted at
flow rate of 1 into a sterile FACS tube.

Detection of surface markers
To check for the upregulation of CD86 and MHC class II molecules at the cell surface of
BlaER1 cells, 2 x 10° stimulated (o/n) cells were transferred into FACS-tubes and mixed with
500 pl of PBS supplemented with 2% FCS (FACS buffer). Tubes were centrifuged at 300 g
for 5 min at 4 °C and supernatants were discarded. Cells were washed in 100 ul FACS buffer
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and after centrifugation (300 g, 5 min) resuspended in 100 ul FACS buffer. Antibodies were
added according to the dilution suggested by the manufacturer and shortly vortexed. As
negative controls cells without addition of the antibody were included. After 15 min at 4 °C in
the dark, cells were shortly vortexed and centrifuged (300 g, 5 min). Supernatant was
discarded and cells were washed twice with 300 pl FACS buffer. Finally, cells were
resuspended in 500 pl FACS buffer and analysis was performed with a BD FACSCanto™.

3.2.2.3 Confocal microscopy

5 x 10° cells were seeded to poly-D-lysine treated Ibidi glass bottom dishes (35 mm). 700 pl
of poly-D-lysine solution was added to each dish and incubated for 10 min at RT. After 6 to
20 h cells were adherent and were transfected with labeled RNA (5 pg/ml). At indicated time
points medium was removed and cells were fixed with 4% PFA in PBS for 20 min at RT. All
incubation steps were performed in the dark to avoid bleaching of the fluorescent dyes. Cells
were washed three times with 500 pl PBS and permeabilized with 0.1% Triton-X-100 in PBS
for 15 min at RT. After three washing steps, samples were blocked with 5% BSA in PBS for
30 min at RT and subsequently incubated with MHC class Il antibody (1:100 in 5% BSA) for
1 h. Samples were washed three times and stained with Hoechst (1 pg/ml) for 20 min. Slides
were washed three times with PBS and mounted with DAPI containing mounting medium.
Confocal microscopy was performed with Leica TCS SP5 confocal microscope (488- and

561-nm laser) and HCX PL APO 63x/1.4 oil objective.

3.2.3 Molecular Biology

3.2.3.1 RNA preparation from stimulated cells

Total cellular RNA was extracted by adding 250 pl lysis buffer (ExtractMe total RNA kit) to
each well of the 96-well plate. Duplicate wells were pooled to a 1.5 ml Eppendorf reaction
tube and stored at -80 °C for further use. RNA isolation was performed according to the
ExtractMe total RNA Kit protocol including on-column DNase digestion and RNA was eluted
with 25 pl nuclease-free water. RNA quality and quantity was determined by NanoDrop
spectrophotometer with respect to 260/230 nm and 260/280 nm ratios.
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3.2.3.2 ¢cDNA synthesis

Total RNA was reverse transcribed using 10 pl isolated RNA in a total reaction volume of 20
ul with High Capacity cDNA RT Kit according to the manufacturer’s instructions. As a
control 4 randomly picked samples (2.5 pul each) were pooled and reaction mixture without
reverse transcriptase (noRT) was added to exclude genomic DNA contamination. Cycler
conditions were set up as followed: 25 °C for 10 min, 37 °C for 120 min, 85 °C for 5 min,

storage at 4 °C. cDNA preparations were diluted in nuclease- free water at 1:4 ratio.

3.2.3.3 Quantitative real time PCR (qRT-PCR)
For qRT-PCR analysis, SYBR®Green PCR Master Mix Fast was used. The reaction mixture

was prepared as followed:

Component Volume [pl]
H,O 7.9

fw- primer (50 pM) 0.05

rv- primer (50 pM) 0.05
SYBR®Green PCR Master Mix 10

Template 2

The analysis was performed in duplicates on a StepOne Plus RT PCR cycler in 96-well
format. noRT and non-template controls as well as melt curve analysis served as specify
control. Cycling conditions were programmed as followed: 95 °C 20 sec; 40 x [95 °C 3 sec;
60°C 30 sec]; melt curve: 95 °C 15 sec, 60 °C 60 sec, 95 °C 15 sec.

Relative expression of target gene mRNA was calculated by ACT compared to GAPDH:

(cE =2 C4CD)

3.2.4 RNA preparation

3.2.4.1 Standard TRIzol protocol for total RNA preparation
All solutions and buffer used for RNA preparations were prepared with DEPC or MilliQ
water to avoid RNase contamination. Workplace and devices were cleaned with RNase-

ExitusPlus before starting RNA purification.

E. coli wt and AtrmH strains were grown o/n in 10 ml LB medium at 37 °C, 250 rpm and

trmH deficient mutant was selected by Kanamycin (50 ng/ml) in 50 ml Falcon tubes. The next
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day, the overnight culture was diluted 1:20 to a final volume of 100 ml and bacteria were
grown 3-5 hours until mid-log phase in 250 ml Erlenmeyer flask. Bacteria were pelleted at
3,000 g, 10 min and treated with lysozyme (c=40 mg/ml, 20 min at 37°C): Cell suspension
was frozen at -80 °C for minimum 30 min before TRIzol reagent treatment. 5 ml Trizol were
added and cell pellet was resuspended. After 5 min at RT, 1 ml chloroform was added and
samples were vortexed for 15 sec. After 5 min at RT samples were centrifuged for 60 min at
4,000 g and 1 ml of aqueous phase was pipetted in 2 ml reaction tubes. 830 pl isopropanol
were added to each reaction tube and samples were incubated for 10 min at RT. Subsequently
centrifugation was performed at > 12,000 g, 4 °C for 10 min. Pellets were washed with 1 ml
75% ethanol and centrifuged 5 min, 7,500 g, 4 °C. Purity and quantity of extracted RNA was

validated by NanoDrop measurement.

S. cerevisiae wt and Atrm3 deficient mutant (mutant grown with Geneticin 200 ug/ml) were
cultured in 10 ml YPD-Media at 30 °C and 300 rpm in a 50 ml Falcon tube. After 15-20 h, the
yeast culture was re-inoculated if growth rate was low. Well grown yeast cultures (OD > 0.7)
were diluted 1:10 to a final volume of 100 ml in a 250 ml Erlenmeyer flask and cells were
cultured for further 5-10 h. Cells were harvested (3,000 g, 10 min) and treated for 30 min at
30 °C with 100 U Lyticase in Y1 Buffer supplemented with 0.1% p-Mercaptoethanol, pH 7.4.

Cell suspension was frozen o/n before TRIzol treatment as described before.

HEK cells were harvested using Trypsin-solution and pelleted at 1,300 rpm, 15 min.
Supernatant was discarded and cells were lysed by using TRIzol reagent and a following
freezing step at -80 °C for minimum 1 h. To improve RNA release, the TRIzol suspension
was aspirated into a sterile 10 ml syringe using a 20 G cannula and cells were lysed by shear
forces in the cannula. Of note, HEK cells were not frozen before TRIzol extraction. RNA was

extracted according to previous described TRIzol extraction protocol

3.2.4.2 Starvation of cells

E. coli or S. cerevisiae were cultured o/n from glycerol stock as described in 3.2.4.1. Pre-
cultures were seeded at 0.05 ODgoonm and were grown in 200 ml culture media at indicated
temperature until 1.5 ODgoonm. Of note, stationary phase had to be avoided. Cultures were
splitted, whereby 100 ml cell suspension was used for TRIzol RNA isolation of non-starved
cells as a control. The remaining 100 ml were used for starvation by 5 min, 4,500 g, 4 °C
centrifugation followed by resuspension of the pellet in 100 ml PBS 1x. ODgyonm Was
measured and cells were incubated at 190 rpm at indicated temperature for 24 h. Final

ODgoonm Was taken and RNA was isolated by TRIzol protocol.
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To starve HEK cells, one T175 flask was splitted 1:5 and 1:20 into two new T175 flasks. The
1:5 splitted HEK cells reached 100% confluence within 2-3 days and the culture media turned
into light orange to yellow, whereby 1:20 splitted HEK cells reached only 70-80% confluence

and culture media was still pink. For RNA isolation, cells were treated as indicated in 3.2.4.1.

3.2.4.3 TRIzol protocol to extend the yield of tRNA

50-100 ml bacterial or yeast culture in exponential phase (around 0.7-1.5 ODgoonm) Were
centrifuged 5 min at 4,500 g and 4 °C. The pellets were resuspended in 5 ml 1 x PBS and
centrifuged 5 min, 4,500 g, 4 °C. For subsequent cell lysis, pellet was resuspend in 3 ml of
TRIzol Reagent (samples can be stored at -20 °C). Samples are aliquoted to three 2 ml
Eppendorf tubes and centrifuge for 5 min, > 12,000 g at RT. The supernatant was transferred
in a new tube and incubated for 5 min at RT to get complete ribonucleoprotein dissociation.
Per 1 ml Trizol, 200 ul chloroform were added and incubated 2-3 min at RT followed by 15
min centrifugation at 12,000 g at RT. The aqueous phase containing RNA was transferred in a
new tube without touching the organic phase. 500 pl isopropanol were added, mixed well and
incubated for 10 min at RT. Subsequently centrifugation was performed at > 12,000 g, 4 °C
for 10 min. Pellets were washed twice in 1 ml 75% EtOH (Samples can be stored at — 20 °C)
and centrifuged 5 min, 7,500 g, 4 °C. Of note, if pellets were washed only once with EtOH,
260/230 nm and 260/280 nm ratio measured by NanoDrop was below 1.8 and RNA was not
suitable for stimulation experiments. Pellets were dried and resuspended in the appropriate

volume of RNase free water.
3.2.4.4 Preparation of specific RNA species

Column based RNA purification
RNA purification was performed by Macherey-Nagel NucleoBond® RNA/DNA columns
following the manufacturer’s instructions including on column rDNase treatment. The kit
allowed the isolation of different RNA species due to distinct KCI concentrations for nucleic
acid elution. After a washing step with buffer R1, RNAs were eluted according to the

following table adapted from manufacturer’s protocol:

tRNA rRNA whole RNA
Elution buffer = R0O/R4 at a ratio 1:2 1. RO/R4 to elute tRNA R4
2.R4
KCl 575 mM 575 mM 1150 mM
concentration 1150 mM
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After elution, 2.5 ml (AXR 80) or 5 ml (AXR 400) of isopropanol were added and samples
were incubated for 15 min on ice, centrifuged for 25 min at 10,000 g, 4 °C and washed with 1
ml ethanol 85%. After a second centrifugation step the supernatant was discarded, pellets
were dried and dissolved in RNase-free water. Concentrations were measured by NanoDrop

and the samples were stored at -80 °C.

Agarose gel based RNA purification
tRNA and rRNA were prepared out of a 2% agarose gel prepared with 80 ml 1x TAE buffer
and 6 pl pegGREEN to visualize the RNA. Up to 30 pg of sample were loaded with 2x RNA
loading dye at a final volume of minimum 10 pl. Electrophoresis was performed at 100 V for
about 40 min. Corresponding RNA bands were cut out of the gel as followed: To avoid the
influence of UV light on the RNA preparation, an additional reference RNA sample and a
RNA ladder were loaded into the left two pockets of the gel. Before visualisation, the gel was
cut in two pieces, one reference part and one part for RNA preparation. Only the ladder and
the reference sample were examined on an UV platform. Reference RNA was cut out and
served as a marker to cut the corresponding RNA bands out of the RNA preparation gel. Gel
slices were put into a 2 ml reaction tube, mashed with a scalpel and 500 pl ammonium acetate
0.5 M was added. Reaction tubes were stored for minimum 1 h at -80 °C and shaken o/n at
500 rpm and room temperature. The next day, RNA containing ammonia acetate solution was
transferred to a Nanosept filter and incubated for 10-20 min. Filters were centrifuged at
10,000 g, 4 °C. The flow through was collected, transferred to a 2 ml reaction tube and 1,250
ul ethanol were added to precipitate RNA. Samples were stored for 1-2 h at -80 °C and
centrifuged for 60 min at 10,000 g, 4 °C. The supernatant was discarded and pellets were
washed with ethanol 70%. After a second centrifugation step (60 min, 10,000g, 4 °C)
supernatant was taken out carefully to remove most of the ethanol and pellets were dried at
RT. RNA was dissolved in nuclease-free water and RNA amount was measured by
NanoDrop. For further quality control, RNA was examined on a control gel to exclude RNA

degradation during the purification process.
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Polyacrylamide gel electrophoresis (PAGE) based tRNA isolation
This protocol was mainly adapted from Patrick Keller, Helm Group, Johannes Gutenberg-
University of Mainz.
To purify tRNA, a denaturing 10% PAGE supplemented 0.8 M urea (Rotiphorese-Sequencing-

Gel System) was prepared as followed in a western blot chamber:

Component Volume
Sequencing gel diluent 12.5 ml
Sequencing gel concentrate 10 ml
Sequencing gel buffer 2.5 ml
APS 150 pl
TEMED 15 ul

After polymerisation, 1x TBE buffer was added and pockets were rinsed with buffer to
remove precipitated urea. The empty gel was run for 20-30 min at 150 V. Samples were
mixed with denaturating loading dye (90% formamide + 10% 10x TBE) in a ratio of 1:2 to a
total volume of minimum 20 pl. Immediately before loading the samples, pockets were rinsed
again with 1x TBE buffer. To empty pockets, 10 ul of 6x loading dye were added and Fast
Ruler ultra-low range DNA ladder was used as size marker. The PAGE was run first at 100 V
and after 30 min voltage was increased to 150 V for 1- 1.5 h until the yellow dye run out of
the gel. The gel was stained with 10 ul SYBR Gold in 100 ml 1x TBE buffer for 15 min at
100 rpm and washed with 100 ml 1x TBE for 5 min in the dark. RNA was detected with
Typhoon scanner (Blue laser 488/520; 300V) and a picture of the gel was printed in real size
to cut tRNA bands. Gel slices were put into a 2 ml reaction tube, mashed and 500 pl ammonia
acetate 0.5 M were added. All subsequent steps were performed according to the RNA

preparation out of agarose gels.

3.2.4.5 Bacterial RNA preparation of Staphylococcus aureus ATCC 25923

Bacteria were grown in LB medium at 37 °C, 250 rpm until mid-log phase. Bacteria were
pelleted at 3,000 g, 10 min and treated with lysozyme (¢c=40 mg/ml, 20 min at 37°C). Cell
suspension was frozen at -80 °C for minimum 30 min before RNA isolation using TRIzol
reagent as described in section 3.2.4.1. Extracted RNA was further purified using RNeasy
mini kit including an on-column DNase treatment. Purity and quantity of bacterial RNA

(bRNA) preparations was validated by NanoDrop measurement.
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3.2.5 Biochemistry

3.2.5.1 Western blot

To analyse protein expression of different cells, a 12% SDS-PAGE was prepared and 100,000
cells were washed with ice cold PBS, lysed with 10 pl 1x SDS sample buffer, and incubated
at 95 °C for 10 min. The total amount of sample was loaded to the SDS-PAGE and PAGE
was run for 1.5 h at 100 V. Proteins were transferred to a nitrocellulose membrane by semidry
blotting procedure (2.5 mA/cm”* membrane for 90 min). Unspecific binding was blocked by
incubating the membranes in 1x TBST supplemented with 3% BSA for at least 1 h.
According to the protein size, membrane was cut and incubated with specific primary
antibodies (TARBPI1 1:1,000 and B-actin 1:5,000 diluted in 3% BSA) overnight at 4°C and
agitation. Membranes were washed three times for 5 min with 1x TBST at room temperature.
Blots were incubated with HRP-conjugated secondary antibody (anti-rabbit-HRP 1:4,000)
diluted in 1x TBST supplemented with 3% BSA for 1 h at room temperature and washed
three times for 5 min with 1x TBST. Proteins were detected using an enhanced
chemiluminescence (ECL) substrate by digitally imaging the emission. Contrast adjustments

were applied to all parts of a figure.

3.2.5.2 Cell viability assay

To examine the survival of stimulated PBMCs, bioreducable MTS was used. The number of
metabolically active cells was directly proportional to the quantity of the coloured formazan
product. CellTiter 96 Aqueous One solution proliferation kit (MTS) was used according to the
manufacturer’s instructions to determine cell viability of stimulated PBMCs in a 96-well plate
format. To each well (400,000 cells/well in 100 pl media) 20 pl of the CellTiter solution were
added and PBMCs were incubated for 3 h at 37 °C in a humidified, 5% CO, atmosphere. Cell
viability was assessed by measuring the absorbance of produced formazan at 492 nm in a

Tecan sunrise photometer.

3.2.6 Genome editing

To investigate the relevance of TARBPI1 for the recognition of human tRNA by PBMCs,
methyltransferase deficient HEK cell mutants were created via CRISPR/Cas9. The guide
RNAs (gRNAs) using a NGG PAM sequence were designed by using Blue Heron webpage
(www.blueheronbio.com). Guide RNAs with a GC content between 60 and 80% were chosen

and blasted to check for off target effects. Localization of all gRNA sequences (listed in Table
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3-12) are shown below. The gRNAs scaffold expression was regulated by an U6 promotor
which preferred a leading guanosine in the gRNA sequence. If gRNA sequence did not start
with a G, an additional guanosine was added to the sequence (guide RNA #12- 15) The DNA

oligos for cloning were ordered from Eurofins Genomics according to following scheme:

57 CACC N20 3
3’ N20 CAAA ¥

Depicted is antisense (-) strand of TARBPI; yellow highlighted: primer sequences; red
highlighted: gRNA sequence localized on the sense (+) strand; green highlighted: gRNA
sequence localized on the antisense (-) strand; white letters: start codon

ACT CCT GGC CTT ACG TCT AAA TCA TTC TTG TGT TTT CAT GAC TTA TTT TTA ATG
CAG ATG TCC AGA ACC AAT TTC AGA CCT ACT GTG TCA GTC TCT TTG TGG ATG GTG
CCC ATC ATG CAA CGT TTG GAA AAT AAT CTA AAG TGA TTC TGC TGT GTT CCA TCT
GTG AACTGG TTT ATG CTC ACA GGC ACG CCT GAT TTA GGG TCC TGG GCA GAC CAA
CCT CCA ATC AGG AAT CGA TGA AGC TGG TGT AGA TAC TAC ATT AACTTT TAA CGA
AGG CCT CGT TTC TCC TAA AAA TAA GAG ACC AGG TGG GTT CTA TCT AGG CAG GGT
TGG TGG CAG GAA CCC AAG GGA AGC TGA GCT GCA CCA AGC CGG GCT GGG ATC
CCC CTC TCT GC GGC CGC GCG CCC GGC TCCAT CGG CGC ACG CGC ACG TAG GGG

CCG GCC GGT CCT GTG CGC ACG CAT CGC ACA CGC CGG CGC CTT CCT TTG GGA GCC

CGG GCC GGT GGC GC_CG GAA GCG

CTG CTC TCG CAG AGC CG_

IG_TG GAG ACG CTG C_
#15

E6AG GAC GAG GAG GCG CGC GGC AGC GG_AG GCG
#4 7 #10 o

EEGIECOEAGICICIGONGE . CEEIACIIOICICIORIGIEIENS GG AGC CTG CGC GG

#13
A CGC CCC GCG GGC GGC CCG GAC CCC AGT CTG CAG CCT _

BTG EIG AGG GCG GCG GGC GCG GCC CTG c_ GGG CG

#14

T CCG CAGCTG GEG GEC GCG CTG GETGAG GAG _C
#12 - o
GGG TGG CGC GCG CCT GGC GCC GAG GCT GCC GTG GAA GTG CTA GCA GCC GT
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3.2.6.1 Cloning of guide RNA

1 pg of the backbone (#1529) was digested with 10 units Bbsl according to the
manufacturer’s protocol. The digested plasmid was loaded into a 1.5% agarose gel (100 V, 50
min). Consequently, the vector was purified using the QIAquick Gel Extraction Kit according
to the manufacturer’s instructions. In the meantime, 2.5 pl of forward and reverse gRNA
oligonucleotides (100 uM) were annealed in 5 pul NEB2 buffer and 45 pl of nuclease free
water by an initial heating step (95 °C, 5 min.) and the following cool down to room
temperature. The annealed gRNA solution was diluted 1:200 in nuclease-free water and
subsequently used for ligation. 50 ng digested backbone and 1 pul gRNA solution were ligated

using 1 ul T4 DNA ligase according to the manufacturer’s instructions.

3.2.6.2 Transformation and purifications of plasmids

10 ng plasmid DNA were added to 50 ul NEB 5-alpha competent E. coli and carefully mixed
before incubating for 30 minutes on ice. For transformation, heat shock was performed at
42 °C for 30 seconds followed by 5 minutes incubation on ice. To allow the E. coli to recover,
100 pl SOC medium were added and bacteria were incubated at 37 °C for 1 hour at 300 rpm.
Bacteria were spread on war Ampicillin selection plates and incubated at 37 °C overnight.
The digested, non-ligated backbone used as a negative control. After 24 h, one colony per
plate was picked and inoculated in 200 ml LB-medium supplemented with Ampicillin (100
ng/ml). Flasks were shaken at 37 °C and 200 rpm overnight. The plasmid DNA was isolated
using PureLink™ HiPure Plasmid Filter Maxiprep Kit according to the manufacturer's

instructions. DNA concentration was determined by NanoDrop.

3.2.6.3 Transfection of HEK cells and selection of potential knock-out clones

One day prior infection 1.5 x 10* HEK293 cells/well were seeded in 200 pl antibiotic <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>