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Summary

Summary

Poly(ADP-ribose) polymerases (PARP) catalyze the synthesislpf(p®P-ribose) (PAR), a
reversible modification of proteins, using NADas a substrate. Poly(ABfbosyl)ation
produced by PARR and PARF2 is involved in cytoplasmic and nuclear processes, such as
chromatin remodeling, DNA damage signaling and rep\A processing, and regulation of
cell death.Genetic knockout mouse models of PARRNd PARF2 have revealed a degree
of redundancy in cellular PARP functions. However, advancements in elucidating this
redundancy have been hindered by the embryonicligtid the combined PARR and
PARR2 genetic knockout in mice. To date there are seweraitro studies on the cellular
depletion of PARPL and PARF2, but these reports did neither aim to investigate this degree
of redundancy nor try to provide detall understanding of the consequences of a combined
knockdown of PARFL and PARF2.
In the present work, a first systematic study on the unique and combined functions 6LPARP
and PARP2 was provided by RNA interference of both proteins in two differefiular
approachesThe first approach using a doxycychimelucible microRNAadapted shRNA
(shRNAmir) system had revealed design difficulties in the expression of a polycistronic
headto-tail configuration to achieve concurrent expression of two shRNAetquences, a
design formerly reported to be successful but also problematic in some instances. Here,
expression of only the second shRNAmir sequence (i.e. PBRfPas successful, whereas
PARP-2 shRNAmir expression could not be demonstrated in stable PA&R PARP2
shRNAmir expressing HeLa S3 clonal cell populations. Thus, this first approach using
concurrent expression of two shRNAmir sequences was not successful in generating a
combined knockdown of PARP and PARF2 in a cellularin vitro system. Morewer, the
study design also cautioned before use of olddighed target siRNA sequencéikdly to
express oftarget effecty although being successful in generating stable PARPL
shRNAmir HelLa S3 clonal cell populationhereforejn an alternativapproach, previously
observed difficulties were addressed and concurrent knockdown of RARE PARF2 was
performed in transient siRNA transfections in two different human cancer cell lines.

To deplete PARR and PARP2 protein expression ithe alterndive approach, new
and effective PARA and PARPF2 siRNA were generated for use in transient siRNA
transfections. Here, single and combined transfections of PARRd PARF2 siRNA
demonstrated a strong knockdown of PARBNnd/or PARF2 protein expressiom western
blot analysis and quantifications of relative mRNA levels in HeLa S3 and U20S cells.
Furthermore, both PARER and PARF2 siRNA were able to strikingly reduce
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Summary

poly(ADP-ribose) formation after oxidative stress, demonstrating a functional loss of
poly(ADP-ribosyl)ation capacities in cells.

In following analyses of population doubling, cell proliferation after genotoxic stress,
clonogenic survival, cell death, and finally cell cycle phase distributiorideLa S3 and
U20S cells no functional redurghcies between PARP and PARP2 could be observed. In
contrast, a novel function of PARPduring cellular proliferation in HeLa S3 and U20S cell
lines was demonstrated. Depletion of PARFut not PARPL, significantly reduced cellular
proliferationdependent processes exanined by population doublingell proliferation after
genotoxic stresand clonogenic survivaMoreover, this new PARR function during cellular
proliferation was also independent of oxidative or genotoxic stress and couldatbttheed
to alterations in cell death. Changes in cell cycle have been found instead to mediate this new
PARPR-2 function, demonstrating a célipe and p53 independent G1 phase cell cycle arrest.
Finally, this G1 phase cell cycle arrest was shown tonbdegendent of PARP catalytic
activity, which might be due the reported function of PAR&s a transcriptional repressor of
cell cycle related promoters, such asM¥C, which regulate the G1 phase cell cycle
checkpoint.

In summary, this first systematstudy on unique and combined functions of PARP
and PARP2 demonstrated no functional redundancies of PAR&hd PARF2 in the
endpoints analyzed. In contrast, a novel catalysicd PARP1-independent function of
PARPR-2 during cellular proliferation wasdemonstrated within the present work, which might

advance understanding of targeting PARP cancer therapy to suppress tumor growth.
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Zusammenfassung

Zusammenfassung

Poly(ADP-Ribose) Polymerasen (PARMatalysieren unter Verbrauch von NADdie
Synthese vorPoly(ADP-Ribose), eine reversible Modifizierung von Akzeptorproteirizie.

von PARR1 und PARPF2 erzeugte Poly(ADP-Ribosyl)ierung ist an verschiedenen
zytoplasmatischen und nukledren Prozessen beteiligtiJriBtrukturierung des Chromatins,
Signalisierungund Reparatur von DNA SchadeRNA-Prozessierungind Regulierung des
Zelltodes Durch KnockoutMaus Modelle konnte gezeigt werden, dass eine Redundanz der
zellularen Funktion von PARR und PARP2 bestehtJedoch ist es bisher nicht gelungen die
Hintergrinde dieser Redundanz aufzuklaren, da die Kombination von PAART® PARP2
Knockout in Mauserzu embryonaler Letalitat fuhrBislang gibt eszwar einzelnein vitro
Studiendie einegemeinsame zellular@epletion von PARRL und PARP2 gezeigthaben
allerdngs wurde hier weder der Grad der Redundanz noch die zellulare Konsequenz einer
solchen kombinierten Verringerung der PARRNd PARP2 Proteinexpressionntersucht.

In der vorliegenden Arbeit wurdéemnacherstmaligeine systematische Studie zur
Aufklarung von einzigartigen und kombinierten Funktionen der PAR&d PARP2
durchgefuhrt unter Verwendung zweir unterschiedliche zellulare Ansatze Beim ersten
zellularen Ansatz wurde eimlurch Doxycyclin induzierbares System benutzt, welches
microRNA adapierte shRNA expmiert. Das hierbei verwendet&ystem zeigte jedoch
konstruktive Schwierigkeiten iminer gleichzeitigen Expmierung vonzwei Sequenzerdie
i n ei ndot aAhd@dadol yci st r owoilaganhlmnGeg&nsatzf zu glerr at i
vorliegend@a Arbeit, erwies sich dieses Design in der Vergangenheit dennoch als erfolgreich,
wenn auchteilweise problematischJedoch konnteidelLa S3 klonale Zellpopulationgdie
PARPR1 und PARP2 shRNAmir Sequenzeaxprimieren, nur die Expression der zweiten
shRNAmir Sequenzen(i.e. PARR1) begatigen, wohingegen der Nachweieiner
erfolgreichen Expmierungder PARP-2 shRNAmir Sequenausblieb.Dieser erste zellulare
Ansatz zur gemeinsamen zellularen Depletion von RPARRd PARP2 war demnach nicht
erfolgreich in der gleichzeitigen Expressiomon zwei shRNAmir Sequenzen in einem
zellularenin vitro System.Zusdzlich zu konstruktiven Schwierigkeitedemonstrierte dieser
Ansatz dassereits publiziertsiRNA Zielsequenzemit Vorsicht zu benutzen sindadiese
zumaglichenOff-target Effekten neigemuch wenn PARR shRNAmir exprimierende HelLa
S3 klonale Zellpopulationen erfolgreich generiert wurdémlglich wurde in einem
alternativen Ansatz ein gleichzeitiger Knockdown von PARRNd PARP2 in zwel
verschiedean humagn Krebszelllinien durch die Verwendung von transienter SiRNA

Transfektionerreicht,welches die Schwierigkeiten des ersten Ansatzes bericksichtigte.
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Zusammenfassung

Um die PARP1 und PARP2 Proteinexpession in diesenalternativen Ansatz zu
reduzieren, wurden neuund effektivee PARP1 und PARPF2 siRNA fir die transiente
SIRNA Transfektion generiert. Hier konnten einzelne und kombinierte Transfektionen der
PARPR1/-2 siRNA einen starken Knockdown der PARRund PARPF2 Proteinexpression
zeigen, veranschaulichtdurch Western Blot Analysen und Quantifizierung von relativen
MRNA Niveaus in HeLa S3 und U20S Zellddesweiteren konnten PARP und PARP2
siRNA die Bildung von Poly(ADFRibose) nach oxidativem Stress auffallend reduzieren,
wodurch sie einen funktionellen ¥est der Poly(ADPRibosyl)ierung in Zellen beweisen.

In folgenden Analysen des Populationswachsgunzellproliferation nach
genotoxischem Stress, klonalen Uberlebens, Zelltod und schlieRiateilung der
ZellzyklusPhasernwurden keine funktionellen Raddanzerewischen PARFL und PARP2
gefunden.Vielmehr konnte eine neue und einzigartige PARF-unktion wahrend der
Zellproliferation in HeLa S3 und U20S Zellliniedemonstriert werdenDer Verlust von
PARR2, aber nicht PARR, reduzierte signifikant Paesse die von der Zellproliferation
abhangig sind, welches durch Untersuchungen des Populationswachstum, Zellproliferation
nach genotoxischem Stress und klonalen Uberlebens gezeigt werden Hdiesteneue
Funktion der PARR2 wahrend der Zellproliferatiomst desweiteren auchnabhéngigvon
genotoxischem oder oxidativeStress und kann nicht einer-Zader Abnahme des Zelltodes
zugeschrieben werderStattdessen lasst sich diese neue Funktion der FARRrch
Anderungen im Zellzyklus erklaren, da unter PARPDepletion ein Zelltyp und
p53unabhangiger Zellzyklusarrest in der G1 Phase gezeigt werden kd@uitkellich
konnte diesem Zellzyklusarrest in der G1 Phasauch eine PARR Kkatalytische
Unabhagigkeit nachgewiesen werden, welches sich durch die khebeim Funktion von
PARPR-2 als transkriptionaler Repressor von &@omotoren des Zellzyklus erklaren lasst,
z.B. cMYC, ein Regulator des G1 Phase Kontrollpunktes im Zellzyklus.

Zusammenfassend konnte diese erstmalige und systematische Studie zur Agifklaru
von einzigartigen und kombinierten Funktionen der PARIhd PARP2 keine Redudanz
zwischen PARPFL und PARRP2 in analysierten Endpunktedemonstrierenim Gegenteil
konnte eine neue, katalytiscund PARP1-unabh&ngige Fution der PARP2 in der
Zellproliferation gezeigt werdenDiese Erkenntnis liefert eine wichtige Grundlage zur

weiteren Erforschung von PARPals KrebswachstussHemmer in der Krebstherapie.
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Introduction

1 Introduction

1.1 Poly(ADP-Ribosyl)ation

In 1963Pierre Chambon discoverednew NADdependent protein modification now known
as poly(ADRribosyl)ation (PARylation) which marked the launch of a new era in both
protein research and cell biologgChambonet al, 1963. Later on the same authors
discovered that the enzyme, which mediates this protein roatiifn, uses nicotinamide
adenine dinucleotide (NAD) as a substrate to catalyze the formation of poly(AibBse)
(PAR) polymergD'Amourset al, 1999. The enzyme responsikdadfoundingthis family of
proteinsis caled poly(ADRribose) polymerasé (PARR1). Recently the nomenclature of
all ADP-ribose transferring enzymesas proposed to be restructured and unified into the
ADP-ribosyltransferase(ARTs) class of enzymes, based on sequence and structural
homologies and the similarity of the reaction cataly@dédttigeret al, 2010. Here, PARPL

was renamed into Diptheria toxitke ADP-ribosyltransferase 1 (ARTD1), but to avoid

confusion, will be continued toe named PAR-1 within this work.

1.1.1 Poly(ADP-Ribosyl)ation Metabolism
Poly(ADP-ribosyl)ation produced during genotoxic and oxidative stress is one of the earliest
responses within cellso DNA damageand occurs in all metazoan organisnmsany
eukaryotesprokaryotes antew virusesputis absent in yeagDe Voset al, 2012 Perinaet
al., 2014. So far PARylation ha beenconfirmed for PARPL, PARP-2, PARR3, PARR4
and PARPS, whereas mono and oligo ABibosylation has been either confirmed or
postulated for the remaining membergtot PARP family(Kickhoeferet al, 1999 Hottiger
et al, 201Q Boehleret al, 2011 Gibson & Kraus, 2012

Protein poly(ADPribosyl)ation is initiated byN-glycosidic cleavag®ef the substrate
NAD?, thereby leading to a stoichiometric release of nicotinamide -@sduluct andransfer
of the ADP-ribosyl residue to an availabéeamno group of lysine, aspartic or glutamic acids
of the acceptor protein (Figure 1.1).following cycles of ADPribosyl transfer reactions, the
initial and proteirconjugated MP-ribosyl residue is elongatettading to the formation of
glycosidic 177-2-a-O riboseribose bonds Resulting and negatively charged
poly(ADP-ribose) biopolymes can vary not only in size and lendilp to 200 subunijs but
also in formation of branching points every 20 to 50 Afii®syl residues by forming a
glycosidic 1°-2"" riboseribose bond(Kawaichi et al, 1981 Miwa et al, 1981 Alvarez
Gonzalez & Jacobson, 198KlvarezGonzalez & Mendoz#lvarez, 1995 D'Amourset al,
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1999 A. Burkle, 2005 Shilovskyet al, 2013. The biopolymer was furthermore sugtgd to
exist in a helical confonation with secondary structurdae to formation of hydrogerohds
similar to DNA and RNA moleculegd/inaga & Kun, 1983a19831).

KI NAD' 2%}
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\ /
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= oy /” PARPxX
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o
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n

Figure 1.1 Poly(ADP-ribosyl)ation Metabolism.

Metabolism of the poly(ADRibosyl)ation catalyzed poly(AD#bose) polymer is represented in the seven steps
above. Anabolism of the linear or branched polymer occurs during stgpaHereas catabolism takes place at
steps 47. In the initiaton reaction (step 1poly(ADP-ribose) polymerases (PARP) cleave the glycosidic bond
between nicotinamide and ADBi#bose by which nicotinamide is released and the AibBse residue is
transferred onto an acceptor protein. In the following steps 2 and@lmer is elongated up to 200 times or
branched approximately every 20 to 50 residizegradation of poly(ADRibose) occurs at steps74by the
intrinsic or extrinst cleavage of the polymer BBARP counteracting enzympoly(ADP-ribose) glycohydrolase
and ADP-ribosearginine protein hydrolyase 3 (ARH3ptep 45) and macrodomain proteins (MacroD1 and
MacroD2)(Step 67).

Poly(ADP-ribosyl)aton of target proteindas been reported for a multitude of different
cellular functons,i.e. DNA metabolism,chromatin architectur@and DNA repairlD'Amours

et al, 1999 Rouleauvet al, 2019. However, the main ADibosyl residue acceptor protein is
PARR1, thereby catalyzing its automodificatig@gataet al, 198). A recent proteomics
approach bsedon highaccuracy quantitative mass spectromeéixtended the spectrum of
PARylated proteins under different genotoxic stress responses by proteins involved in RNA
metabolism durindRNA transcription, RNA processing and RNA splicifigingmichekt al,

2013. Poly(ADP-ribosyl)ation also occurs in the absence of DNA dam&gea protein
microarraybased approach to identify proteins that are AbBsylatel by PARP2 in the
absence of DNA damage mimetics, several candidate substrates were identified in translation

initiation, RNA helicase molecular functions, cell cycle and signal transdudtrorani et al,
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2011]). Aside from covalent modification of acceptor proteins by Afii@syl residues, four
different types of motifs or domains have been demonstrated to facilitateomalent
interactionof a wide range of proteinsith eitherfree or proteifboundpoly(ADP-ribose)

(1) PAR binding motif(2) PAR-binding Zn finger, (3) racrodomain, and (4) WWE domain
(Figure 1.2). Specificity of nwcovalent interactions might be dependent on the general
affinity of the basic amino acids for @alged polymers or promoting interactions with one or
more adenine moieties of poly(AB#bose) residuefGibson & Kraus, 201

a PBZ
WWE domain NH,
(n-1) ADP-ribose N N
of PAR i PBZ NH;
&£ ™\ QO (8] N N
(Target ' N N
\protein) 0-P—0=P=0 %) |
> : S~ Y o Nt 0 0 N N
OH  OH OH O _—0=P=0~P-0 o
\‘ )/ O O N\ 7
OH OH OH OH
Macrodomain Terminal ADP-
iribose of PAR
b
PAR-binding Size Method of PAR Factors Biological processes
module recognition
PBM 8 residues*  Unknown Core and linker DNA damage response and
histones chromatin remodelling
WWE domain ~10kDa Iso-ADP-ribose PARPs and E3 Protein degradation
ubiquitin ligases
PBZ ~3.5kDa ADP-ribose-ADP-ribose  DNA damage DNA damage
junction and signalling proteins
phosphates, adenine
of distal adenine ring
Macrodomain ~20kDa Terminal ADP-ribose Histone variants, Chromatin remodelling

of PAR

PARPs and chromatin-

remodelling enzymes
Nature Reviews | Molecular Cell Biology

Figure 1.2 Poly(ADP-ribose) binding modules in proteins and recognition strategies.
(A) Poly(ADP-ribose) (PAR)binding domains bind to different structural features of PAR. Summary of
PAR-bindingmodulesstructural and functional featurd§&ibson & Kraus, 201@

As depicted in Figure 1.1, thiposttranslational modificationis transient in nature.
Degradation ofthe poly(ADRribose) polymer iscatalyzed on the one hand by the
poly(ADP-ribose) glycohydrolas€PARG) and ADRribosearginine protein hydrolyase 3
(ARH3), hydrolyzingPAR polymers into free oligomers and monomers of AlBiBose with
only some hydrolifc activity on the proteirproximal ADRribosyl residue(Desnoyert al,
1995 Oka et al, 2008 Kleine et al, 2008§. On the othe hand, macrodomain proteins
(MacroD2, MacroD1 in human) have been reported as new +ADR3ribosylhydrolases
which cleave the terminal, prote-proximal ADRribosyl residueand thereby relese
moncADP-ribose and an unmodified amuaeid product for folbwing ADP-ribosylation
reactiongJankeviciuset al, 2013 Rosenthakt al, 2013.

Human PARGSs present within cells ithreeisoforms(111, 102 and 99 kDayvhich
areformed from a single gene by alternative mRNA splicifige full-size 111 kDa form of
human PARG was discovered within the nucleus of cells, whereas the shorten&hlfytik

3
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99 kDA isoforms localizeto the cytoplasn{MeyerFiccaet al, 2004. The humanPARG
geneis located on chromosome 10 astthres the same proraotvith the transbcase of the
inner mitochondrial membran®. G. Meyeret al, 2003. Catabolismof poly(ADP-ribose)

by PARG was proposed to occur in three stages, with branploggners being degraded
slower than linear polymer@Braun et al, 1994 Malanga & Althaus, 1994 In the intial
phasepoly(ADP-ribose)underg@sendoglycosidic cleavage, followed by endoglycosidic and
exoglycosidiccleavage with proasive degradation. In the final stage, exoglycosidic cleavage
with distributive degradation mainly takes place, providing meishas by which free
poly- and mono(ADRFibose) can bedrmed. Free poly(ADRibose)may now lead to several
physiological consequences through either -ocovalent protein binding or performing
intra- andextranuclear signaling function$lassaet al, 2006 Wyrschet al, 2019.

1.1.2 NAD™ Metabolism

A P cADR-ribosylation has turned out to be a major N&@nsumingprocess in most
eukar yot (Alexandee Bitkle,.2006 NAD" serves as cofamts for four types of
ADP-ribose transfer reactions: (1) ABose cyclization, (2) deacytylation of proteins by
the family of sirtuins resulting in @cetytADP-ribose (3) mono(ADPribosyl)ation, and
finally (4) poly(ADP-ribosyl)ation(Hasseet al, 2006.

Cellular NAD" derives from four precursor moldes: (1) tryptoplan, (2) nicotinic
acid, (3) niotinamide, and (4) natinamide ribosideDuring the de novesynthesisof NAD",
tryptophan isconverted first into the intermediate nicotinic acid nooucleotide (NaMN),
next tonicotinic acid adenine dinuadide, and finally to NAD. NaMN can also be produced
by an alternative import pathway, where nicotinic acid is utilized instead. Finally, the
salvaging pathway generates first nicotinamide mononucleotide (NMN) from either
nicotinamide or nicotinamide rilsade and then converts this NMN intermediate into the final
NAD" by use of the nicotinamide mononucleotide adenylyltransferase (NMNAT), a key
factor of NAD" biosynthesis(F. Bergeret al, 2005 Alexander Burkle, 2006Valerie
Schreibeet al, 2009.

1.2 Poly(ADP-Ribose) Polymerases

Poly(ADP-ribose) polymerasegonstitute agene family of 17 human and 16 mouse
homologues, encoded by 17 different genes sharing a conserved sequence coding for the
catalytic domain Recently the tRNA phosphoansferase 1 (TPT1) was included in the
ARTD superfamily as ARTD18ue tostructural and functional similaritiggiottiger et al,

2010. The catalytic domaircontainsherethe PARP signature motifa highy conserved
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sequence thaforms the active sitedn addition to the catalytic domaiproteins within this

family possess a myriad of different specific motifs and domgtgure 1.3 (Ame et 4d.,
2004 Hottigeret al, 201Q Szanteet al, 20139.
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ARTD2 (PARP2)

ARTD3 (PARP3)
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ARTD10 (PARP10)

ARTD11 (PARP11)

ARTD12 (ZC3HDC1)
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ARTD14 (TiPARP)

ARTD15 (PARP16)

ARTD16 (PARPS)

ARTD17 (PARPS)

ARTD18 (TPT1)

Figure 1.3 Schematic comparison bthe domain architecture ofhuman ARTD (PARP) family.
ART, ADP-ribosyltransferase; PRD, PARP regulatory dom&fGR, tryptopharglycine-arginine rich domain;

BRCT, BRCA1l carboxy terminal domain; AMD, automodification domain; ZF, zinc finger; SAP,

SAF/Acinus/PIASDNA-binding domain; RRM, RNA recognition mtiSAM, sterile alpha motif; ARD,
ankyrine repeat domain; HPS, Histidipmlineserine region; VIT, vault protein intalphatrypsin domain;
VWA, von Willebrand type A domain; MVAD, Major-vault partcle interaction domain; WWE, tryptophan
tryptophanglutamic acid domain; UIM, ubiquitin interaction motif; GRD, glycineh domain; CBD, caveolin
binding domain; TMD, transmembrane domakdapted from(Hottigeret al, 2010

Poly(ADP-ribose) polymerases within this family also plogdly and functionally interact,
above all, PARPL and PARRF2. PARR1 and PARRP2 heterodimerize readily vitro andin
vivo through thebreast cancer 1 (early onset) protein (BRECA&rboxyterminus (BRCT)
motif or DNA binding domain of PARA andthe domain E of PARR (Figure 1.3.
Furthermore, PARR and PARR2 are able to PARylatadlomains involved in the
heterodimerization, although dimerization is PARylation indepen@éniSchreiberet al,
2002. The recently affinitypurification mass spectrometry analyzed inteyae of PARPL,
PARPR2 and PARGrevealed here 179 interactions,918f which were novel PARP protein
functions andprotein interactions within cells(lsabelle et al, 2010. Gene ontology
examinaion identified these protein interactions in five biologiqabcesses(1) RNA
metabolism for PARHA, PARR2 and PARG, (2+3) DNA repair and apoptosis for PARP
and PARP2, and finally (4+5) glycolgis and cell cycle for PARR.
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1.2.1 Poly(ADP-Ribose) Polymersel

Poly(ADP-ribose) polymerasé is a nuclear localized protein 13,2 kDa comprising 1014
amino acids and is responsible for over 90% of PARylation in cells under conditions of
genotoxic stressThe humarPARRL1 gene is located to chromosome 1 (1gd) consists of

six domains with distinctunctions (Figure 1.4)(Cherneyet al, 1987 Baumgartneret al,

1992 Shiehet al, 1998§.
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Figure 1.4. Domain archite¢ure of human PARP-1 and PARP-2.

Schematic representation of human PARBnd PARF2 gene organization and protein domains. The region
that ishomologous to the PARP signature (residues@® of PARPL and 412461 of PARP2 in variant 2) as

well as the crucial residue for polymerase activity (glutamic acid 988 of PIARRI glutamic acid 545 of
PARPR2 in varant 2) are indicated as dagteenbox. Fl, FllI: zinc finger motifs; Flll zinc ribbon domain;
BRCT: BRCAl C-terminus motif, WGR: Tryptophane, gylcine, argininerich domain; NLS: nuclear
localization signal; NoLS: Nueblar localization signaAdaptedfrom (Yelamoset al, 2011J).

1.2.1.1 Structural Aspectand Activatiorof PARR1

Mammalian PARPL featurs three major functional domains: amincterminal DNA
binding domain of 42 kDA (DBD), an automodification domain of 16 KB&D), and
finally acarboxyterminal catalytic domain of 55 kIX&AT) (D'Amourset al, 1999.

The DBD spans the region from amino acids 1 to 366 and contains two zinc fidggtkat
define a DNAbreaksensing motif a nuclear localization signal and a zinc ribbon domain
(ZFIN). The ZFI and ZFIl found within PARR belong to a conserved group of PARé&

zinc fingers, first determined for the homologougekminal zinc finger domain of DNA
ligaselll (Petrucco & Percudani, 2008elamoset al, 2011 Langelier & Pascal, 20)3ZFI

and ZFIl werereported to bessential for detection of single strand breaks and subsequently
activation of PARPL, whereas recognition of double strand breaks has been attributed solely
to ZFI (Gradwohlet al, 199Q lkejimaet al, 1990Q. Crystal structure analysis of zinc fingers

of PARR1 in complex with DNA doubletsand breaks showedhd irteraction of the zinc

fingers to bemediatedthrough contacts with exposed nucleotide bases using a loop

connecting twob-st r and s, termed the fibase stacking
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stacking onto DNA breaksA second modeof interaction is formed between continuous
segments of the DNA phosphate backbone and t
(Langelier & Pascal, 20)3Langelieret al. 2012 furthermore proposed model of DNA
damage recognitiomvolving ZFI, ZFlll and thetryptophane, glycine and arginineich
(WGR) domainfound within the automodification domain of PARP referred to as the
cis-activation of PARPL (Coqudle & Glover, 2012. Here, PARPL binds the DNAdouble
strand brealkas a monomerinducing a conformational change by which the WGR domain
gets into contact with ZFI and ZFllIl, thus contributing to the formation of the dD#ing
areaand allosteric raglation of the CAT domaiLangelieret al, 2012 Steffenet al, 2014.
In contrastthe trans-activation model of Aliet al. 2012 proposes that two copies of PARP
heterodimerize at the site of DNA damage, enabling the modification of one prdigrtier
catalytic domairof its dimer partne(Ali et al, 2012 Coquelle & Glover, 2012 Recognition
of DNA structures is however not limited to DNA strand breaks. PARPBcognizes other
DNA structuressuch as distortions in helicalstructure, hairpins, cruciform structures and
stably unpaired regions in doukderanded DNA(Sastry & Kun, 1990Lonskayaet al, 2005
Potamanet al, 2005. Moreover, PARPL has also been reported to be activated by
proteinprotein interactions in the absence of DNA vivo and in vitro, as observed for
phosphorylated extracellular sigraligulated kinase (ERK) 2 and CCCHBhding factor
(CTCF)(CohenrArmonet al, 2007 Guastafierrcet al, 2009.

The automodification domaispans the region of amino acids 37®%83and contains
a BRCT motif and the WGRJomain Individual lysine residues within this AMD serve here
as acceptosites for of poly(ADRribosyl)ation whereas the BRCT motdonfers strong and
specific proteirprotein interactionsvith proteinssuch as Xray repair crossomplementing
protein 1 (XRCC1)and PARP1/2 for home/heterodimerizationAs mentioned above, ¢h
WGR domain may be involved in DNA strand break recognition and Jdél#endent
activation & PARP-1 (Alkhatib et al, 1987 Cherneyet al, 1987 Beerninket al, 2005
Alexander Burkle, 2006Altmeyeretal., 2009a Loeffler et al, 2017).

Thefinal carboxyterminal located catalytic domain spansramacids 662 to1014nd
is responsible for NADbinding, ADRribose transfer and polymer branchi#dkhatib et al,
1987 Kurosakiet al, 1987 Simorin et al, 1993. The catalytic active site within the CAT is
known as the APARP si gm-adoapr ke-Gguctwah motiffandéso n s i s |
conserved 100% within vertebrat@uf et al, 1996 Kraus & Lis, 2003. Three amino acids
within the PARP signature are essential for its activity: lysine 893 and aspartate 993 attach the

first ADP-ribosyl residue nto an acceptor amino acid, whereas glutamate 988 might play a
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role in polymer elongation, a notion under debate, as other reports which mutated glutamate

988 still observed oligomimation(Simoninet al, 1993 S. Benekeet al, 2010.

1.2.1.2 Genetic Knoclout of PARPL in Mice

Genetic disruption oParp-1 within mice hadbeen achieveth three separate approashmsy
targeting exon IMasutani, Suzukiet al, 1999, exon 2(Z. Q. Wanget al, 1995 and exon 4

(de Murciaet al, 1997. ResultingParp-1 knock-out micewere viable and fertile, although
average litter size was significantly smaller in homozygotes when compared toypald
littermates. FurthermoreParp-1 knockout mice generated by de Murcet al. 1997
displayedsignificantly loweraverage weighthan treir wild-type littermates, whered®arp-1
knockout mice by Wanget al. 1995 displayed spontaneous obesity at the age of 15 months
(Z. Q. Wanget al, 1995 de Murciaet al, 1997.

Analysis of genomic stability within cells froffarp-1 knock-out mice revead high
genomic instability, as expected from the role of PARPas genome caretaker
(Sectionl.2.3.1) TheseParp-1 knockout cells displayed increased chromosome aberrations,
micronuclei formation and frequency of sister chromatid exchgigecco et al, 1999
Masutaniet al, 2009 Shall & de Murcia, 2000 In addition,Parp-1 knock-out mice which
were g¢rrradiated and treated additionally by alkylating agents, demonstrated enhanced
mortality and tissue damage due to acute radiation toXm&yMurciaet al, 1997 Truccoet
al., 1999 Masutaniet al, 2000.

In contrast to genomic instabilitiarp-1 knock-out mice were protected from several
pathoplysiologies. PARPL deficiency leado aresistance of streptozotoeimduced diabetes
(Burkartet al, 1999, decreased susceptibility to dopaminergic neureurotoxicity induced
by neurotoxin imethyt4-phenytl,2,3,6tetrahydropyridine (MPTP)YZ. Q. Wanget al,
1995, septic shock and stroKelassaet al, 200]). The involvement of PARR heremight
beattrb ut ed to iits coacti vat or-liga-chairemihtayncef 0 no
activated B cells (N/B) and/or NAD/ATP depletion due to PARP overactivation(A.
Burkle, 2001 Hasseet al, 200]). As a result of related mechanisfPARR1 was identified
to be contributing to developmeat several othemflammationrelated pathologies such as
hepatic lipidaccumulatior(Erener, Mirsaidiet al, 2012, glutamate excitotoxicitMandir et
al.,, 2000, colitis (Jijon et al, 2000, hemorrhagic shocKLiaudet et al, 2000, lung
inflammation (Boulareset al, 2003 and several kinds of ischemia reperfusion damages
(Eliassoret al, 1997 Zingarelliet al, 1998 Zhenget al, 2005.
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1.2.2 Poly(ADP-Ribose) Polymerase?

Poly(ADP-ribose) polymeras@ was identified as a result of residual DMApendent PARP
activity in Parp-1 deficiert mouse embmynic fibroblasts andcreening of available sequence
database(Ameet al, 1999 Berghammeet al, 1999 Johansson, 1999PARRP2 is a nuclear
localized protein of 8 kDa and is responsible for 5% to 15% of total cellular
poly(ADP-ribosyl)ation under conditions of genotoxic strégslamoset al, 2011 Szantoet

al., 2012. The humarPARR2 gene is located to chromosome 14 (14qlar) lies had to
head with the gene encoding the RNase P RNA sublimtPARR2 gene encodes 16 exons
and 15 introns, which result in three domains similar to the major functional doroaing f
within PARR1 (Figure 1.4 (Johansson, 199%me et al, 2001 V. Schreiberet al, 2002
Yelamoset al, 201)). Interestingly, two isoforms of the hPARPprotein are generated by
alternative splicingvith an amino acidength of 570 (variant 2and 583 (variant 1)although

its functional significance iget unknown(Yelamoset al, 201]). During embryogenesisf
mice, Parp-2 is expressed in all actively dividing tissues, with leigkevels in kidney, liver
and thymus, although resembling the expression pattéParpfl (V. Schreiberet al, 20032.

In humans PARR2 is very abundantni the skeletal muscle, brain, heart, testis; highly
expressed in pancreas, kidney, placenta, ovary, spleen; an®A®RR2 expression was
detected in lung, leukocytes, gastrointestinal tract, thymus andJoeansson, 1999

1.2.2.1 Structural Aspectand Activationof PARR2

Mammalian PARF2 can be divided into similar functional regions as PARP
amincterminal DNA binding domain, central domain E and the conserved catboxyjnal
catalytic domain (domain KAmeet al, 1999.

The DNA binding domain of PARR spans the region of amino acid 1 to 97 and contains a
nucleolar and nuclear localizafi signal, as well as the SAF/Acinus/PH®IA-binding
(SAP) domain.The DBD of PARP2 is structurally different from PARR, probably
reflecting differences in the DNA structures recognized. Indeed, PABIRds less efficiently

to single strand breaks oontrast to PAR-1, but instead recognizes gagsdflap structures
(Alexander Burkle, 2006Yelamoset al, 2008. Langelieret al. 2014 furthermore reported
PARR2, as well as PARB, to be preferentially activated by DNA breaks harboring a
5 phosphate, suggesting selective activation in response to specific DNA repair intermediates
occurring for example dimg DNA ligation. A finding that was additionally confirmed for
DNA repair intermediates formed during base excision rgg&tR), which also resulted in
the regulation of BER protein activifiKutuzovet al, 2013. In contrast to PARA, the DBD

is not strictly required for DNA binding or for NDA-dependent activatiorthe WGR domain
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within domain E of PARR2 was foundto facilitate this regulatory function of activation
(Langelieret al, 2014. However, PARR2 activity can also be stimulated by RNA through
binding of the SAP domaiand following regulation of activity through the WGR domain
(Leger et al, 2014. A PARP1-homologouscaspase cleavage site defines the berd
between the DBD and domain(Eenissier de Murci&t al, 2003.

Domain Espans amino acids 97 to 218 and contaill¢GR domainLysines 36 and
37 serve here as targets for both guaby(ADP-ribosyl)ation and acetylatiofHaenniet al,
2008 Altmeyer et al, 2009h). Moreover, domain E contributes to protgirotein
interactionssuch as homoand heterodimerizatiowith PARR2 and PARPL. PARR2 also
interacts through domain E with proteins involvedDNA repair, i.e. DNA polymerasé,
DNA ligase lll, XRCC1land Werner protein, as well as proteins involved in transcrigtion
Schreiberet al, 2002 von Kobbeet al, 2004 Maedaet al, 2009. A caspas$ cleawage sié
defines here the border ttomain E and the carboxgrminal domain HBenchouaet al,
2002.

Domain F spanning the region of 219 to §833) aminoacid contains the highly
conserved carboxierminal located PARP signature and exhibits 69% similarity with CAT of
PARPR1 (Ame et al, 1999. However, domain F contas an additional three amino acid
insertion in the loop connecting thestrandsk and| (Oliver et al, 2004 Karlberget al,
2010. Within this loop the side chain of Y528 of particular interest, as it points into the
catalytic cleft of the acceptor site, providing a possible framework for PARBlective
inhibitors. Moreover, the resulting narrower catalytic cleft might also explain the lower
substrate affinity and tuaver rate of PARR2 as compared to PARP(Oliver et al, 2004
Yelamoset al, 2008 Szantoet al, 2012.

1.2.2.2 Genetic Knoclout of PARP2 in Mice

Parp-2 knockout mice were generated by tamgtdisruption of exon 9 within tharp-2
allele, thus avoiding any influenamn theexpression of the RNase P RNAbsmit Parp-2
knock-out micewereviable and fertile by the age of 18 month ahd not displaya visible
abnormal phenotypePARR1 upregulation as compensatiaor being prone to develop
tumors(Menissier de Murciat al, 2003.

The induction of PARR2 activity during genotoxic stress and aepof DNA repair
intermediatessuggests its implication in genome surveillance and prote¢éidexander
Birkle, 2006 Kutuzov et al, 2013 Langelier et al, 2014. The resulting phenotype of
hypersensitivityof Parp-2 deficientmouse embryonic fibroblasts towards ionizing radiation

(>2Gy) and alkylating agents was thus expected. Moreover, in contrast to cellRdrp+h
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knockout mice, enhanced sensitivitp low-dose radiation ({<2Gy) was also observed
(Menissier de Murciat al, 2003 Chalmerset al., 2009. Single strand break repair within
Parp-2 knodk-out MEF was furthermore demonstrated to be delayed, whé&bs double

strand breaks accumulated afdcell receptor rearrangement was impaired Rarp-2
deficient thymocytegYelamoset al, 2006 Mortusewiczet al, 2007 Nicolaset al, 2010). In

line with these genomic stability observed phenotypes, spontaneous anddddidge
induced chromosome missegregation, increased frequency of ends lacking detectable
telomeres and Xhromosome instability leading to female embryonic lethality wédse a
reportedMenissier de Murci&t al, 2003 Dantzeret al, 2004 Gomezet al, 2009.

In contrast to Parpl knockout mice, protection or resistance from
inflammatiorrassociated pathologies is not as pronouncelairp-2 knock-out mice.Cells
from Parp-2 knockout mice were not protected agstirceruleasinduced pancreatitis and
pancreatitisassociated lung injury in contrast Rarp-1 deficient MEF(Mota et al, 2005.
Moreover, an increased neurot@ds after global cerebral ischaemia was observétip-2
deficient cells, whereaBarp-1 deficient @lls showed neuroprotectidiKofler et al, 2009.
Howeve, within the same study by Kofleet al. 2006, Parp-1 and Parp-2 deficiency
protected against focal cerebral ischaemia.

In addition to genomic stability and inflammatiassociated pathology phenotypes,
Parp-2 knockout miceand derived cell§MEF, thymaytes, spermatocytes and adipocytes)
displayed G2/M cell cycle arrests following monofunctional alkylation reagent treatment,
high degree of DNA damagrduced apoptosi@Menissier de Murciat al, 2003, impaired
spermatogenesi®antzeret al, 2009, impaired adipogensidBai et al, 2007 and impaired
thympoiesigYelamoset al., 2009.

1.2.3 Biological Functions of PARR1 and PARP-2
Individual genetic disruptioa of Parp-l and Parp-2 within mice and cellulatbased
investigationshave demonstrated thmvolvement of PARPL and PARP2 in amultitude of
different cellular functionscell death(Aredia & Scovassi, 2034 gene expressioi &
Tulin, 2013 Kraus & Hottiger, 2018 chromatin organizatiofDantzer & Santoro, 20}3
carcinogenesi@Masutani & Fujimori, 2018 immunology(Bai & Virag, 2012 Rosadcet al,
2013, cellular signaling andongevity (Burkle & Virag, 2013, metabolic regulation and
diseasdBai & Canto, 201p, DNA repair and genomic stabiliffpe Voset al, 2012 Robert
et al, 2013, and their exploitation in cancer thergpjangerich & Burkle, 2011

In 2003 de Murcia and colleagues aimecliecidate potential functional interactions

between PARA and PARF2 in mice, as genetic kno@ut mouse models and
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heterodimerization of both proteirsuiggesteda degree of redundancy in their cellular
functions. Intercrossing ofParp-1" and Parp-2"~ mice to genate the double null mutant
mice failed howeverto identify any double negative genotyp@ contrast,embryonic
lethality at embryonic day 8.before appearance of first somite pairas observed, thereby
providing strong evidence fdParp-1 and Parp-2 gene products to be essential during early
embryogenesisnd morever suggesting possible functional redundancies between PIARP
and PARP2 (Menissier de Murciat al, 2003. However no systematic studies on possible
redundant functions of PARP and PARF2 have been described to daféhe following
sections will aim to highlight some of the differences simdilaritiesfound within the current

available literaturef PARP-1 and PARP2 mediated cellular functions

1.2.3.1 GenomeMaintenance
A life-long stability and proper function of DNA within deliscompromisedy a perplexing
diversity of lesions arising from three main causes: (1) environmental agehtasonizing
radiation andgenotoxic chemicals, (2) products from normal cellular metabolism including
reactive oxygen species, and (3) gpoeous disintegration of chemical bonds within DNA
leading to formation foabasic sites or miscoding bases by deaminsidneijmakers, 2001
Mammalian cells have devised several and partially overlapping DNA repair pathways to
counter these arising DNA lesionBase excision repafBER), nucleotide excision repair
(NER), mismatch repair (MMR), DNA dible strand break (DSB) repair consisting of
homologous recombination (HR) and rAeamologous end joining (NHEJ) and’-@ethyl
guanine methyltransferase (MGM{Hoeijmakers, 2001

One of the earliest responses in mammalian cells to DNA damage is the recruitment of
PARPs to the site of DNA damage, inducingactivation and subsequent
poly(ADP-ribosyl)ation of acceptor proteins in DNA repaibe Voset al, 2012. Thus,
involvement ofPARRP-1 has been reported f8ER, NER, NHEJ and HRwhereas PARR
contributesso far onlyto BER and HR repair pathwayRobertet al, 2013, indicatingarole
of PARR1 and PARP2 as genomic caretakeideither PARPL nor PARP2 have sdar been
implicated in MMR or MGMT repair pathways, although PARRwvas suggested to be
i nv ol v e ddirdactad excisien inthdman mismatch regair Liu et al, 201). The role
of PARR1 and PARPR2 as genomic caretakers isfurthermore supported istudes on
telomere maintenance, where both proteins are involved in the regulation of telomere length
and integrity(Dantzeret al, 2004 S. Benekeet al, 200§. PARP1 and PARF2 are limited
not only to an involvement in essential DN@pair pathways or telomere maintenance, but

also ontribute to counteractcarcinogenesisand genomic instability by synergistic
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cooperation or regulation of proteins involved in cell cycle regulgffarBeneke & Moroy,
200% Tonget al, 2003 Nicolaset al, 201Q Lianget al, 2013.

1.2.3.1.1 PARR1 and PARRP2 in Base Excision Repair

Base excision reparemoves nothelix-distorting base lesions from the genome, which occur
during normal cellular metabolisthroughreactive oxygen species, methylation, deamimatio
and hydroxylationSpecific DNA glycosylases and apuric/apyrimidic endonuclegsesess
these DNA damagemito single strand breaks (SSB). SSB are repaired either through the
shortpatch repair complex, involving DNA polymeraseXRCC1 and DNA ligaselll or a
long-patch repair network involving DNA polymeradée, the flap endonuclease (FEN-1),
replication factor PCNA and DNA ligasé€Dianov, 2011 Robertet al, 2013.

PARR1 interacts physically and functionally with seveB&R associated proteins to
promote either their recruitment to thige of DNA damage (XRCC1 anghrataxin) and/or to
modulate heir activity ONA polymeraseb, 8-oxoguanin DNA glycosylase (OGGIDPNA
ligase Ill, FEN1) (Dantzeret al, 200Q Healeet al, 2006 Harriset al, 2009 Noren Hooten
et al, 2011 Kutuzov et al, 2013. PARP1 detectsSSB fere through the zinc finger II
(Gradwohlet al, 1990 and interacts with XRCCthrough the BRCT domain; an interaction
shown to be required for the assemblg atability of XRCC1 nucledioci at the site of DNA
damage and moreover to be PARMdependen{Massonet al, 1998 Dantzeret al, 1999
El-Khamisyet al, 2003 Mortusewiczet al, 2007. Mortusewicz and colleagues furthermore
showed he PARP1 recruitment to be feedbac&gulated. Here, a first wave of PARP
recruitment is mediated through the DNA binding domain, followed by a second wave of
recruitment mediated by the BRCT domain that recognizes the localjuged PAR
polymers(Mortusewiczet al, 2007. The successiveecruitment and focal accumulation of
PARP1 may induce additional PARylation, triggering the release of PARRnd thus
enabling the recruitment of PARPto the site of DNA damagd&ARR2 physically and
functionally interacts here wi XRCCL (through domain E), DNA polymeraseand DNA
ligase 11l (V. Schreiberet al, 2003. PARR2 was showno persist longer at later steps of
BER, whichis in agreement with the recently proposativationmodels of PAR-2 by DNA
repair intermediates, resultimg the regulation oDNA lesion resealing and 4establishment
of genomic integrityfMortusewiczet al, 2007 Kutuzovet al, 2013 Langelieret al, 2014.

PARP1 and PARP2 also seem thave some overlapping functions here, despite their
temporal controlled recruitmenduring BER. PARR1 and PARF2 can inhibit DNA
polymeraseb and FENL1 activity, whereasPARP-1 can only restore the activity of FEN
again in the absence of PARP PARR2 may thus directly regulate EBR proteins and
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modulatePARP-1 influence on BER However, he precise dnction of PARP2 in BER
remains to be elucidatédutuzovet al, 2013.

1.2.3.1.2 PARR1 and PARF2 in Homologous Recombination

DNA double strand breakarise from ionizing radiation, free radicals, chemicals or during
replication of a SSB through collapsed replication forks and faitui2SB repairhas been
associated with developmental disorders and cafdceo main pathways have evolved to
counteract the adverse consequence of DSB accumulations: (1) Homologous recombination,
an erroffree pathway that is restricted to th€52 phase of the cell cle and uses the sister
chromatid as template for repair, and (2) #m@mmologous end joining, a prevalent repair
pathway during all cell cycle phases but eqpoone as it simply reattaches free DNA ends
(Hoeijmakers, 2001Ciccia & Elledge, 2010Robertet al, 2013.

Homologous recombination isitatedby @8 65 d esecti on andfs t he
facilitated by Mrell/Rad50/Nbsl (MRN), CtIP and BRCA1l complexdse produced
recombinogenic 3" singlstrand DNA stretch is coated next and then stabilized by the
replication protein A (RPA). In following sts RPA is repaced by the recombinase RAD51,
which together with BRCA2 promotes strand pairing and invasion to complete the process.
Not only does HR ensure repair of DSB during replication or following stress, but also
mediates restart of stalled replice forks(Ciccia & Elledge, 2010De Voset al, 2012.

The role of PARPL (and PARP2) in the repair oDSB formed under genotoxic stress
remains unclear. Early findings demonstrated that homedoggted repair of
endonucleaskinduced DSB or gentargeted efficiency were unaffected by inhibition or loss
of PARR1, suggesting a controlling role of PARRNn HR (Yanget al, 20094. Howeverin
other studiesPARP-1 deficiency caused spontaneous increase of sister chromatid exchanges
(SCE), whereas overexpression s@ssed the DNA damagécducedSCE. Thus, PARR
was suggested to influence recombinatida Murciaet al, 1997 R. Meyeret al, 2000.
Moreover, PARPL had been reported toe required forthe accumulation of the MRN
complex atDSBs and also physically and functionally intermetith the two phosphatidyl
inositol 3like protein kinases ATMa protein crucialor DSB signaling(Hainceet al, 2007
Hainceet al, 20089.

Bryantet al. 2009 clarified these observaitis to some extend by specifying the role of
PARPR-1 and possible PARR in HR induced at stalled replication forf@&ryantet al, 2009.

The hydroxyureadependat triggering ofreplication brk stallingand depletion of dNTP
poolsinducesa PARR1/PARR2 dependent PARylation, which mediates the recruitment and

activation of the MRN compleXActivity of the MRN complex leads to processed ends, i.e.
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SSB formationallowing recruitment of RAD51 and subsequent repair of the break by the HR
pathway. Thus, a specific role for PARPand possible PARR might be defined in the
HR-mediated replication restart but not in Hiediated repair of DSB in genef(@e Voset

al., 2019. A similar potential role of PARR and PARF2 has been postulated for the
HR-mediated repair of DSB within regions of heterochromatiediated through AV, the
corepressor KAP1 and chromodomain protein HP1 (see section 1.2.3.3 for the contribution
of PARR1 and PARRPR2 in the maintenance of heterochromafd¢ Vos et al, 2012.

1.2.3.1.3 Telomere Maintenance

In vertebrates telomeres consist of a highly repetitive TTAGGG DNA sequence which forms
the end of chromosomes and proteainst the loss of genetic material during replication or
degradation by DSB recognitioklongation and extension tdlomeric DNA is catalyzed by
the enzyme telomerase and produasshgles t r and e d 3advm whach foldsnbgek ( t
and invades the doub&tranded DNA. This lootike structures then covered by a protective
shelterin comfex (D. Liu et al, 2004 de Lange, 2005Dantzer & Sardro, 2013. The
shelterin complex conssthere of telomeric repeat binding factor 1 (TRHivolved in
telomere homestasis), TRF2 (protecting against DSB repair signaling), protection of
telomeres protein 1 (POT1), TReiteracting protein nuclear peh 2 (TINF2), POT1 and
TIN2 organizing protein (TPP1) and TRk&eracting telomeric protein 1 (RAP({de Lange,
2005.

PARP1 and PARRP2 interact with TRF2but display different outcomesARR2
regulates theDNA-binding activity of TRF2 on the one hand by PARylation of the
dimerization domain and on the other by romvalent binding of PAR to the DNA binding
domain of TRF2 As a consequence of PARPreguhtion, the 4oop structure relaxes and
allows access for the repair machinery upon striarehk detection, explainingbserved
spontaneous increased frequency of chromosomal ends that lack detectable telomere repeats
in Parp-2 deficient MEF(Dantzeret al, 2004 Gomezet al, 200§. PARP-1 also regulates
DNA-binding activity of TRF2 by PARylation of the dimeriman domain and is
prefaentially targeted to eroded telomeres upon DNA damage. Thus, AARB considered
as a repair factor to protectamaged telomereagainstchronosone endto-end fusion
(Gomezet al, 2006 Dantzer & Santoro, 20)}3However, the role of PARP in telomere
length regulation is controversial. Some groups reported PARPto be dispensable as
PARR1 deficiency did not affect telomere length, whereas otheupy reportedARP-1
deficiency to result in a substantial loss of telomeric DNA by 30%arincrease in

chromosome entb-end fusions. Moreover, a recruitment of PARRoO critically short
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telomeres in telomerasieficient murine embryonic stem celiad been reporte@'Adda di
Fagagnaet al, 1999 Samperet al, 2001 Gomezet al, 200§. Taken togethergcurrent
research highlights a specific role of PARRN telomere integrity, whereas PARPacts in

telomere homeosses, with both functions beingnediatel through TRF2 regulation

1.2.3.1.4 Cell Cycle p53and PARP

Increasing genomic instability due to accumulating severe DNA damage or dysregulation of
mitosis may lead to tumor formation. Formation of tumors occumsnwaccumulated DNA
damageleadsto mutation of cell cycle regulating genes such as ogdapendent kinases

and tumor suppressor proteicausing the cell to multiply uncontrollab(yian et al,, 2019.

A complex cellular network has thus evolved to counteract carcinogeresisegulatecell

cycle thereby maintaining genomtability within cells by removal or neutralization of
erroneous cells through apoptosis, senescence or DNA repair.

A key factorin counteracting carcinogenesssthe tumor suppressor protein ps3protein
mutated on one or two alleles within at lea@¥bof all human tumorfAylon & Oren, 2007
Weinberg, 200). PARRL1 physically interacts with p53, whereas no physical interagtas

so far shown for PARR (Kumari et al, 1998). On the organismal level PARP and p53
synergistically cooperate in chromosome and telomere maintenance, as well as tumor
suppression(R. Beneke & Moroy, 2001Tong et al, 2001 Tong et al, 2003. Although
PARP-2 and p53 may nqthysicallyinteract, their functional interplay was demonstrated in
mice. Lossof PARR2 and p53within mice induced spontaneous lymphomas, sarcomas and
correlated with increased susceptibility to alkylation induced acute myeloid leykemia
suggesting a synergistic cooperatimnvardstumor suppressiofiCahan & Graubert, 2010
Nicolas et al, 2010. Moreover, inactivation of p53 ifParp-2 deficient mice suppressed
radiosensitivity followng grirradiation in these double negatinéce (Nicolaset al, 2010.

On the cellular levelPARP-1 and p53 functionally interaat order to allow eDNA
damage reponseor p53dependent apoptosi®umari et al, 1998 X. Wang et al, 1998
Valenzuelaet al, 2002. Furthermore, PARR mediatedPARYylation of p53 represents a
complex regulatory mechanisfor modulating p53 activityHere, PARylation of p53has
been reported to inhibithe binding affinity to i transcriptional consensus sequence
(Malangaet al, 1998 MendozaAlvarez & AlvarezGonzalez, 2001 In another proposed
model, PARylation of p53 leads to masking of the nuclear export sequence within p53,
resulting in a nuclear accumulation of p53, allowing transactivational functions of the tumor

suppressofKanai et al, 2007. However, PARPL also indirectly interplaysvith p53 by
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association wh p53 downstream targets, i.e. cell cydependent kinase inhibitor p21
(Frouinet al, 2003.

In contrast, te cellular interplay between PARPand p53 hasot been sidied in
much detail As suggested from observations on the organismal level, RPA&Te p53 might
functionally interact on the cellular level, as additional loss of p5®amnp-2 deficient
thymocytes restored their survival and normal devekgr{Nicolaset al, 201Q. Moreover,
loss of p53 or p53 upegulated modulator of apoptosis (PUMA), but not Noxa, suppressed
grirradiationinduced radiosensiity in Parp-2 deficient hematopoetic stem ce{Nicolaset
al., 2010. In line with reports fromPARPR1, PARR2 also indirectlyaffectsp53. Recently,
the FK506 binding protein 3 (FKBP3) was identified to be PARylated by PRRd protein
which modulates the negative feedback loop between p53 and MDM2. HARyJation of
PARPR-2 regulates the p53 growHuppressive function in unstressed céMiell & Petrenko,
2003 Troianiet al, 201).

In a PARYylation independent regulation of cell cycle, PARPB recruited ¢ different
cell cycle related promoters, i.e-MYC, CDKN1A (p2l1), RB1 (retinoblastoma) and
transcription factor E2F1by the transcriptional repressor protein YYPARR2 nowrecruits
histone deacetylase (HDAC) 5 and 7, as veall histone methyltransfea G@& andthus
inducestranscriptional repressiorogression through cell cycle phaseas thus suggested
to be PARP2 dependent, for example @1 cell cycle phaserogressiorthrough the negative
regulation ofc-MYC, which prevens premature Gtell cycle phasexit (Liang et al, 2013.

In summary,PARP-1 and PARPF2 ae ableto preserve genomic maintenance by
interaction with the tumor suppressor p53, faafing cell cycle regulation, apoptosis and
DNA damage responseThe role of PARPL seemshowever limited to the physical and
functional interaction of p53 or its downstream targets, whereas RPARB unique functions

in cell cycle regulation by confeng transcriptional repressiaf cell cyclerelated genes.

1.2.3.2 Chromatin Integrity

Chromatin is a highly ordered complex of DNA and proteins compacting genetic information
of about two meters into the nucleus. The dynamic structure of this complex is thus
undergoing constant packaging and unpacking of DNA elements to ensure epigenetic control
of gene regulation, intact DNA replication and other cellular procébsas& Kumar, 2012.
Chromatin can be functionally divided into two subtypeshesaumatin and heterochromatin,
(Babu & Verma, 198)/ Heterochromatin is enriched in methylated DNA, hypoacetylated
histones, and trimethylated lysine 9 on histone 3 (H3K9m3), the preferred bsitbngf
heterochromatin protein 1 (HP@won & Workman, 2008
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PARPR1 and PARF2 interact with and/or PARylate key modulators of chromatin
structure and functions in both unstressed cells and cells exposed to genotoxigstiéess
Kim et al, 2004 Dantzer & Santoro, 20}3 Acceptor proteins ofpoly(ADP-ribose)
contribute tochromatin architecture, sucts &istones, lamins, higmobility group (HMG)
proteins, topoisomerases and the DEK pro{@agneet al, 2003 Rouleauet al, 2004
Gamble & Fisher, 20Q7Jungmichelet al, 2013. In addition, PARPL and PARF2 are also
part of a protein network contang the transcriptional intermediatory factor 1 beta ¢TIk
also known as KRABnteracting protein 1i KAP1), which mediates heterochromatin
dynamics during endodermal differentiati@@uenetet al, 2009. Here, PARPL-dependent
PARylation controls the progression through parietal/endodermal differentiation by regulation
of the TIF1b and HP1 association, whereas PARIS required for targeting ofIF-1b to
heterochromatic foci during primitivendodermal differentteon. Although PARP-2
functions during chromatin remodeling can be attributed more to centromere organization and
cell division (Section 1.2.3.3), PARPseems to facilitatea more complex functioduring
chromatin remodelingHere, the involvement of PARP during chromatin remodeling has
been linked to histone shuttlinghromatin relaxation, recruitment of repair factors, histone
organization and transcriptional repression in general, maintenance of nuclear stability, DNA
replication andestablishmenof silent chromatin in ribosomal DNAPoirier et al, 1982
Althaus, 1992 Realini & Althaus, 1992 Dantzer et al, 1998 Ullrich et al, 1999
Krishnakumatet al, 2008 Guetget al, 201Q Guetget al, 2012 Dantzer & Santoro, 20}3

1.2.3.3 Centranere Organizatiomand Cell Division
Faithful duplication of DNA and correct alignment of chromosomes across the mitotic spindle
are essentialfor genome integrity during cell division Key regionsin chromosome
segregationare centromeres, whicbomprise acentral region called the inner centromere
(kinetochore formation) and néwrheterochromatin (chromatid cohesion). Disruption of the
centromere may cause missegregation, aneuploidy and ¢Bacezer & Santoro, 2013

During genotoxic stress PARPand PARP2 demonstrate identical binding patterns
to the architectural kinetochore proteins centromere protein A, centromere protein B and the
mitotic spindle checkpoint protein BUBSvhich contibute to heterochromatin formation at
centromeregSaxena, Safferyet al, 2002 Saxena, Wonget al, 20®). Recently, PARF3
was reported as a new player in the stabilization of the mitotic spindle in ad@itehleret
al., 201). PARP1 shows here an extemsiaccumulation at nearby heterochromatin, whereas
PARPR2 displays a specific localization towards discrete doublets at the outer region of

centromers, suggesting annique function of PARR at centromered his uniquefunction
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of PARR2 issupported byParp-2 deficient mice displaying misseggregation and centromere
dysfunction in mitotic and meiotic male germ céNéenissier de Murci&t al, 2003 Dantzer

et al, 2009. In contrastParp-1 deficiencywas reported to impair HAL genomentegration

near centromeric heterochromatin, an often used strategy for latent infection of viruses
(Kameokeet al, 2005 Dantzer & Santoro, 20}3

1.2.3.4 Inflammation

Protection from acute and chronic inflammatory dges inParp-1 and Parp-2 knockout
modelsdemonstrated early on the involvement of PARAsflammabry processefSections
1.2.1.2 and 1.2.2.2)n line with association oPARPswithin inflammation, transgenic mice
harboring an ectopic integration otumman PARPL displayed premature development of
adiposity, kyphosis, nephropathy, pneumonitis, cardiomyopathy, hepatitis, anemia, and a
dysregulation of inflammatory cytokine gene expresgMangerichet al,, 2010.

PARP1 mediates the expression of cytokines, chemokines and other inflammatory
mediators including interleukines @L, IL-6), interferons (IFNg), CCL3, inducible
nitric-oxide synthase (iNOS) and tumor necrosis faetoflF-a ) Moreover PARRL is
required for expression of several adhesion molecules, chemoattractant chemokines and
matrix metalloproteases, which upon PARRhibition or deficiecy resulted in inhibited
cell migration to inflammatory sitgZingarelli et al, 1998 Sharpet al, 2001; Ullrich et al,

2001, Rosadoet al, 2013. Expression of inflammatory mediators is however not limited to
PARPR1, asPARP-2 regulats here acommon set of inflammatory mediatoneluding iNOS,

IL-1b and TNFa (Szantoet al, 2012. Moreover the inflammatory response of PARRand
PARPR2 is not limted to the innate immune system (neutrophils, macrophages, dendritic
cells, microglia etc) but also plays a role in other cell types such as endothelial cells and
fibroblasts(Rosadoet al, 2013. PARR1 and PARP2 do not only share a common set of
inflammatory mediators, but also coogtively (with PARR3) regulate the activation of
astrocytes duringStaphylococcusaureus induced release of proinflammatory cytokines
(Phulwani & Kielian, 2008

The central role of PARR in inflammation is its role in NlkB activation.PARP-1
interacts with both subunits of N&B, i.e. p65 and p50, and dependents on the acetylation
status of PARR., but not PARPL activity itself(Hassa & Hottiger, 199%Hasseaet al,, 2003
Hassaet al, 2005. However, activityof PARR1 is also needed to link DNA damage and
inflammatory processe@d-igure 1.5) Under oxidative stress, PARPrecruits a network of

interacting proteins to the site of DNA damage, called the signalosbhee signalosome
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comprisesa small ubiquitirlike modifier (SUMO) E3ligase (PIASg), inhibitor of nuclear
factor kappaB kinase subunit gammaKKg, also known asNEMO, NF-kB essential
modulatoj, ATM and PARP1. SUMOylation and phosphorylation of IK&leadhereto the
nuclear export ol KK gandsubsegentlyto the activation anduclear import oNF-kB. Here,
PARPR1 coactivator functionsof NFKB are initiated as mentioned aboydeading to
expressiorof inflammatory mediatoréStilmannet al, 2009.
-

M __,@'f‘.’ __/,: *  DNA damage

<

G &
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Transcriptional
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iNOS, P-Selectin,Cytokines
Nucleus
Figure 1.5 Regulation of NFkB activation by PARP-1.

PARP1 regulates inflammatorgrocessesia its interaction with NFkKB. On a first level oxidative stress leads
DNA damage and subsequent activity ofM and PARPL. The resulting poly(ADRibose) formation serves
here hasa platform to recruit theSUMOL1 ligase PIA§ and IKKg (NEMO, NF-kB essential modulatyr
forming thesignalosome complexSUMOylation and phosphorylation of IKKlead to the nuclear ewrt of
IKK g CytoplasmidKK gthen leads to the phosphorylation of either BK&r IKKb, a process undetermined yet.
In the case depicted above, the fwamnonical pathway may be activatedding to the phosphorylation and
release of the inhibitor dfiF-kB (IkB) from NFkB. Thus, activated NikB can enter the nucleus and encounter
the second level of PARP regulation.Here, PARPL and the p300/CREB binding protein bind Nié-kB,

which result in the sequenspecific DNA binding of NFkB and transcriptiorof inflammatory mediators like
iINOS, RSelectin and cytokines (see text for references).

1.2.3.5 Cell Death

DNA damageinduced poly(ADPribosyl)ation by PARPL and PARPF2 and the resulting
poly(ADP-ribose) are involved in different paradigms of cell deatfAredia & Scovassi,
2014. Severe genomic stress or intense inflammatioay resultin intracellular NAD
depletion (due to PARP overaetation) and thus cells will attempt to replenish the
intracellular NAD' pool by consuming large amounts of ATP, triggering necrosis through
energydepletion(N. A. Bergeret al, 1983 D'Amourset al, 1999 Zonget al, 2004 Rosado

et al, 2013.
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PARP1 and PARF2 mediate apoptotic cell death through both caspapendent
and caspse independemathways In proliferating cells, PARA and PARF2 are involved
in caspaselependent apoptosis through their regulatory interaction with p53
(Sectionl.2.3.1.4). During the caspas@lependent cell dda PARR1 and PARF2 are
cleaved by cagse 3 and 8 (PARP also by caspase 7) to presumably inactivate the enzymes
and therefore peerve cellular ATP pools fqsrogrammed cell deatfGermainet al, 199;
Benchoueet al, 2002 Menissier de Murci&t al, 2003 Koh et al, 2005. Onthe other hand,
PARR1 and PARPF2 have been demonstrated to be involved in caspdependent
apoptosis through the release of the apoptosis inducing factor (AIF) from mitochondria,
triggering an apopt ot(Andrabeetvat, 2006 ¢ atlall 200). Imi par t h :
this process, PAR translocates to the cytosol either as free pdlyralerased from accéewr
proteins by PARQG or as PARylated protein€ytosolic PAR now inducethe translocation
of AIF from mitochondria into the nucleudriggering chromatin condensation, DNA
fragmentation and finally cell deatty PARR1 overactivationDavid et al, 2009 Chiu et
al., 2011. However, Andrabi and colleagues have recemdgorted aparadigm shift in
parthanatosnediated cell deathHere the authors show that bioenergstiifts following
PARP1 overactvation arenot dependent of NADdepletion, but instead by PARIependent
inhibition of hexokinase activity leading to defects in glycolysisdrabiet al, 2014.

1.2.3.6 Metabolic Regulation

Previous sections within this work have already demonstsate® oftheimpacts of PARFL
and PARP2 activation and activity on cellulanetabolism Here, activity of PARFL and
PARPR2 has led to changes in NABnetabolism, ATP crisis and defects in glycolysising
oxidativestressor cellular homeostasis.

PARP1 and PARP2 also affect metabolism kigpteracting with transcriptional faat®
regulating mitochondrial and lipid oxidation genes, suchaasxisome proliferateactivated
receptor gamma (PPAJRor forkheadbox protein O1 (FOXO{fvanset d., 2004 Bai et al,
2007, Sakamakiet al, 2009. Absence of PARR impairs here the activation of PP§&nd
indirectly affects PPAR proteins findr by negatively regulating sirtuh (SIRT-1); a
NAD*-dependent deacetylase that regulates oxidative metabolism and global metabolic
homeostasi¢Bai, Canto, Brunyaszki et al, 2011 Szantoet al, 2011 Bai & Canto, 201
Loss of PARP2 induceshere SIRT-1 expression and results in higher SiRTactivity,
wheeas PARPL deficiency does not alter activity of the SIRT promoter but rather
positively affects NAD availability for SIRF1 (Bai, Canto, Oudastet al, 2011. The
PARPR1, PARR2 and SIRT1 interplay has thus been propodedregulate mitochondrial
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biogenesis and energy expenditutierough enhancing terminal oxidation, fatty acid
degradation and mitochondrial uncouplifi®pdgerset al, 2005 Lagougeet al, 2006 Szanto

et al, 2019. Results from PARA and PARP-2 deficient mice furthermorsupportthe role

of PARR1 and PARRP2 in regulation of energy expenditure. Here, deletioaitbier PARP1

or PARR2 protectedagainst ageand high fat diet induced body weight gafBai, Canto,
Brunyanszkj et al, 2011 Erener, Hesseet al, 2019. Moreover,Parp-2 deficient mice are
smaller and leaner than their witgpe littermates and transgenic mice harboring an ectopic
integration of human PARP display enhanced adiposity, wherderp-1 deficient mice
show reduced fat mass dispositi(Bai et al, 2007 Mangerichet al, 201Q Bai, Canto,
Brunyanszkij et al, 201J.

1.3 RNA Interference

The term RNA interference (RNAIi) was initigllused to describe the observation of
doublestranded RNA (dsRNA) blocking gene expressimathin worms (Fire et al, 1999
and has become a powerful tool not only in studying gene function, but also for therapeutic
applicationgCastanotto & Rossi, 2009
RNAI is anatural mechasm within cells that leads ®NA-dependent gene silencing

through either degradation of mMRNA or inhibition ofof@in translation (Figure @).
Subsequently, RNAI plays a vital role immunity and gene regulatio(Whiteheadet al,
2011J). In the RNA initiating step,endogenous dsRNWithin the cytoplasnis cleaved by the
ribonuclease Dicer to produce doulteandedRNA fragments of 25 nucleotides (ntyvith
az2nt 3060 overhang (s mal)l(Agrawalteteal, f2@08.i ThegsiRIRAN A ,
produced within this first steps transferred to the RNAIi effector complexalled
RNA-induced silencing complex (RISQYinek & Doudna, 2009 The RISC comiex
assembles ooneof the two strands dhesiRNA duplex and is activated upon the removal of
the passenger strand. Thus, the activated RIS&risonucleoprotein complexninimally
consisting of the core protewrgonaute (Ago) and singistranded siRM, acting as a guide
to the target complementanyRNA sequencéElbashir, Martinezet al, 2001 Schwarzet al,
2003 Meister et al, 2004 Songet al, 2004 Matrangaet al, 2005 Randet al, 20035.
Recognition of tke target complementary sequerethe guidestrandsiRNA then induces
Ago-mediated cleavage afiRNA or inhibition of protein translatio(Bantounat al, 2004.

Introduction of dRNA for gene silencing can occur in several ways
(Figurel.6). As described above, siRNA can be synthesized from endogenous dsRNA within
the cytoplasm In the case of exogenous dsRNA, dsRNA is either introduced as a viral
genome through viral infection oas vectors harbouring shorhairpin DNA through
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laboratory manipulationln either case, thgotential doublestranded RNA inducecoding

DNA sequence will be transcribed by a RNA polymerase Il or Ill, depending on the promoter
utilized within the coding DA sequencé€Mcintyre et al, 2011). The primary transcripis
processed next ey complex comprisinthe RNase Il type endonuclease Drosdfger which

the dsRNAis exported from the nucleus via exportin 5, a mechanism which is shared with
microRNA during their posttranslational moditation Within the cytoplasm, dsRNA or
ShRNA (product from laboratory manipulations) is processed next by Dicer and the RISC
complex as described above for endogenous dsRBRAImmelkampet al, 2002 Yi et al,

2003 Gregoryet al, 2004 Pillai et al, 2007).

R
siRNA shRNA coding Vector

Exogenous dsRNA

RNA Pol Lentivirus

DO s,
Host genome‘\s"o,, *
o) !@ )OOOOO(
RNA Pol E——
I | I | | 1 | m'G TTTT
Passengerstrand  _TTTITIIT " Pri dsRNA

Pre - dsRNA Vlral Genome

Ny,
‘ leus
Active RISC complex
ndogenous dsRNA
Inactive RISC complex
cher

Inhibition of Protein Translation

or
Ago-mediated mRNA cleavage S'RNA 2ADP2ATP

Cytoplasm

Figure 1.6. Mechanism of endogenous and exogenous dsRNA processing during RNA interference
Doublestranded RNA from exogenous sources can originate either from viruses or from laboratory
manipulations (®all interferingRNA (siRNA) and slort hairpinRNA (shRNA) coding vectors). Upon entry

into cells, shRNA coding vectors or the viral genome are transported into the nucleus. Whereas viral genomes
arepreferentiallyintegrated into the host genon#hRNA encoding vectors may be directly tiaitsed by RNA
polymerases. Resulting primary transcripts -GgRNA) are recognized byna&RNase Il type endonuclease,
Drosha, converting piisRNA into predsRNA. PredsRNA is exported out of the nuclebyg Exportin 5 and
recognized by the ribonucleafgcer. Dicer cleaves pr@sRNA under ATP expenditurato siRNA At this

point endogenous dsRNA (originating from within cells) and exogenous dsRNA converge, as eusogen
dsRNA is processed also byder. Thus, siRNA can be recognized by argonaute (Agsegnalsling theminimal
inactive RNA-induced silencing complex (RISCRelease of the passenger strand from RISC triggers its
activation and mediates either the inhibition of protein translatidxgormediated mRNA cleavage.
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1.3.1 Specificity of RNA interference

Target recognition of siRNAnediated gee silencing is achieved bstructural features of

siRNA and the RISC complex T head obtbe siRNA guide strand is anchored within an

Ago-l i ke protein, wher eas t RAZ dd@nain (ramddfier the anc h o
proteins piwi, argonaute and zwille) of Agathin the RISC complexJ. B. Maet al, 2004 J.

B. Maet al, 2005 Parkeret al, 2005. He r e , si RNA with 36 overhan
have been reported to be most effectivhereas [dT][dT] overhangs confenhanced

resistance to nucleases wittuell culture medium(Elbashir, Harborthet al, 2001 Elbashir,

Martinez et al, 200). Thus, considering ¢hcommonly employed 21 nucleotide length

SIRNA in laboratory manipulations (a length in line with repontedural occurring siRNA

(Zamoreet al, 200Q), the 19nucleotides positioned at20 f r o m , mdykee inYolvede n d

in target RNA recognitior{Songet al, 20094. As RNAI is based on sequence recognition

through Ago/siRNA interaction, it may result in the posinscriptional silencing of other

genes with similar sequers;ea phenomenon termed 4dérget effect(Naito et al, 2009.

Growing evidence from largescale knockdown experiments indicates that {paseng

between the seed region at positieB2 f r om t he 5 doadechsiRNAdStranttdnd R S
its complimentary sequences in the 306 UTR o
off-target effectgJacksoret al, 2003 Scacheriet al, 2004 Lin et al, 2005 Birminghamet

al., 2006 Jacksoret al, 2006 Ui-Tei et al, 2008; Naito et al, 2009.

Avoidanceof off-target effects could be achieved by selection of seed regions which
are not complimentary to any 36 UTR sequenc
random 7nt sequences are predicted to occur every 16,384 bp on ayRepeet al, 2009.

Instead,the thermodynamic stability of the pairing of seed regmith the complimentary
seqienca has recently been revealed to be crucial foitaffjet effectgUi-Tei et al, 2008.

Here, a seethrget duplex melting temperature of 21.5°C was suggested to serve as a
benchmark to discriminate almost -téfrgetfree seed sequees from offtargetpositive

ones. Based on these findingsgeviously reported general guidelines on selection of sSiRNA
and the highly effective and targgpecific SIRNA design software, siDiregtere combined

to design a new algorithnsiDirect 2.0(Ui-Tei et al, 2004 Naito et al, 2009. Figure 1.7

depicts the overall flowf sSiRNA selection in siDire.0.
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All 23-mer subsequences
within the target mRNA

Selection of functional siRNAs

(ii) G/'C (iii) AU rich
e

isfi i i ... Passenger strand
Satisfies functional siRNA rule >—— 30080000

XK
\ Guide strand
(i) AU

—
(iv) No long GC stretch

No 75.3%
Yes 14.7%

_~Off-target mRNA

Step 2
Tm in the
seed-target duplex

Reduction of seed-dependent
<21.5°C

off-target effects

Elimination of

No 11.7%
Yes 3.0%

Mismatches Non-targeted mRNA

‘At least 2 mismatches against
any non-targeted mRNAs
near-complete matched genes

No 0.9%
Yes 2.1%

Functional, seed-dependent
off-target reduced, and target-
specific SIRNA candidates

Figure 1.7. Three step selection 0§iRNA sequencedy siDirect 2.0 software.

Step 1 Functional siRNA sequenceglected according t@Ui-Tei et al, 2009. Step 2 Selection ofsiRNAs

with Tm values below 21.5°@ seedtarget duplexStep 3 Nucleotides positioned in theZD of both strands of

the siRNAs are subjected tamearperfect matcranalysisand siRNAs with at least two mismatches to any other
non-targeted transcriptare selectedPercentages denote the proportions of selected (‘Yes') or unselected ('No’)
siRNA candidates calculated using pdissible23-mer subsequences generated from human mRNAs in RefSeq
release 3@56,375,08723-mer subsequees 100%) Adapted fromNaito et al, 2009.

1.3.2 Doxycycline-inducible microRNA adapted shRNA expression system
(Source: Technical Manudlhermo Scientific Open Biosystems ExpressionsArRIPZ Lentiviral shRNAmir)

A versatile tool for RNAI studies is the inducible sShRNA expression system from Thermo
Scientific Open Biosystems, pTRIPZhe lentiviral vector pTRIPZ combines the design
advantage of microRNAdapted shRNA (shRNAmir) with tracyclinecontrolled
transcriptional activatiofFigure 1.8) The shRNA construct is expressed hereraadapted
human microRNA30 (miR30) primary transcripwith Drosha processing sites, whichvba
been shown to greatly increase knockdown efficigiBndenet al, 2009. The hairpin stem
consistsof 22 nt of dsRNA and a 19 nt loop from human miR30. Flanking 125 nt miR30
sequences on either side of the hairpsultein greater than 10 fold increase in Drosha and
Dicer processing activityn contrast to other sShRNA expression systé8ik/a et al, 20035.
Induction of siRNAmIr expression on the other hand is tightly reguldbyda TetON
configuration:tetracycline respoimge RNA polymerase Il promotof(TRE) and the reverse
tetracycline transactivator (rtTA3). The TRE consists of a string of tetracycline operator
sequence fused to a minimal CMV promotor, thus exhibiting reduced basal expression and
tighter binding to rtTA3 which in turnallows binding to the TRE in the presence of
doxycycline, enabling a controlled expressionf the shRNAmir(Das et al, 2009. In

addition, the TRE also drives the expression dfuido red fluorescence protein (RFP)
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reporter cassette for quick assessments of basal expression, viral titer and
transkction/transduction efficacies. Finally, pTRIPZ also harbors a puromycin drug resistance
marker for selection of stable cell lines

To be able to modify the existing lentiviral vector pTRIPZ, Christiaan Karreman
(University of Konstanz, Germany) analyzdtk tsequence of the integration site through
successive DNA sequencing and comparisons to miR30 sequences (FigureaddBB)
successfully utized this designin line with Christiaan Karreman observations, modified
pPTRIPZ systems ha been successfully uiled in studies on: (1) muskelin, an intracellular
mediator of cell spreadinfyaliyaveettilet al, 2009, (2) Kaposi's sarcomassociated herpes
virus expressed viral microRNAGottwein & Cullen, 201f) (3) PIM1 protein kinase,
regulator of growth and transformation of malignant celsmskwa et al, 2010, and (4)

combined depletions of apoptosis related proteins XIAP, Akt an@ Blinnet al, 2010.
A

( Amp’ _ pucC sv40 Ori ﬁ
]0_: pTRIPZ z
= 13320 bp o
in Py

TRE UBC

L cPPT — Zeo' l_’m- shRNAmir P&_ IRES — Puro’ — WRE '—J

\ /

miR30 < MiR30

Drosha Dicer

GA Y
GAAGGTATATTGCTGTTGACAGTGAGCGCG%GATGCCCAGAGGAACTAQ%\

QE’DD‘J

D9DILIDDLIOVLIDDLIPIVILYIOODLOLIDLLORLD
lyod

Figure 1.8 Lentiviral vector pTRIPZ .

(A) Vector design of the lentiviral vector pTRIPZ from Thermo Scientific Open BiosysiERIS, Tetracycline
responsive RNA polymerase Il promotdrurbo RFP, Marker to track shRNAmir expressioeshRNAmir,
MicroRNA adapted shRNAexpression cassetteniR30, Human microRNA30 flanking sequenced;BC,
Promotor to drive rtTA3 and IREBurd expressiontTA3 , Reverse tetracycline transactivattRES, internal
ribosome entry sitePuro’, Puromycin drug resistance marker foammalian cellselection;WRE, Element
erhancing stability and translation of transcripgs) LTR, seltinactivating long terminal repeaty40 Ori, sv
40 origin; pUC, High copy replication and maintencanceEofoli; Amp", Ampicillin drug resistance marker for
bacterial selection5 6 L T Bng terdmimal repeatgcPPT, Central plypurine tract helps translocation ant
nucleus of nosdividing cells;Zed’, Zeomycin drug resistance marker for bacterial selection.

(B) Structural representation of hairpin formation in miR30 adapted shRNA. Sequeacesnalyzed by
Christian Karreman (University of Konstanz, Germany). Drosha and Dicer processing sites are indicated. Color
code: Black, miR30 stem loop; Green, miR30 flanking sequences; Red, Complimentary shRNA sequence.



Motivation and Objective

2 Motivation and Obijective

Functonal and physical interactions of poly(ABBose) polymerasé (PARR1) and
poly(ADP-ribose) polymeras@ (PARR2) have been studied in great detail over the past
decades, where genetic knockout mouse models of both proteins have revealed a degree of
redundancy in cellular PARP functionslowever, ombined gene disruption 6fARP-1 ard
PARP-2 in mice demonstrated an embryonic lethality, thereby providing strong evidence for
Parp-1 and Parp-2 gene products to be essential during early embryoge(iMsisissier de
Murcia et al, 2003. Moreover, this combined gene disruptiaiso indicated possible
functional redundancies between PARRnd PARF2. However, no systematic studgn
potential and functional redundancy between PAREhd PARP2 has been described so far.

To date few reports havehown a functional redundancy betee PARP1 and
PARPR2. Here, knockdown of PARP2, but not PARR3, in Parp-1" mouse astrocytes was
reported to further attenuate tB¢aphylococcusaureusinduced release of proinflammatory
cytokines, suggesting cooperativity between the PARP isof@fPmslwani & Kielian, 2008
Not only does PARR2 enhance PARR mediated cellular functions, but also acts as backup
mechanisms, as was observed in residual poly(Aib&se) formation after oxidative stress in
PARPR1 deficient cellf{Ame et al, 1999. On the other handtuglies revealing differences in
PARR1 and PARF2 catalytic and catalytitdependent cellular functions have been
reported numerouglin contrastFor examplePARP-1, but not PARF2, was demonstrated to
rapidly decrease median telomere length and stabilizésioBenekest al, 2008.

The aim of the present work was thus to proadest systematic study dndividual
as well aspotential functional redundancies between PARBnd PARF2 in a cellular
in vitro system. Here, single and cométhknockdown effects of PARP and PARP2 were
to be established firsh human cancer cell lines. The phenotypes of PARRIepleted cells
were subsequently compared to reveal differences or synergies in -RA&R® PARF2
mediatedcellular functions. Functional differences in poly(AD#bose) formation capacities
after oxidative stressould be analyzedlrst. Uponfunctional loss of poly(ADRibosyl)ation
capacities cellular growth of different human cancer cell lines would be examined by
determinationof population doublings. Furthermorepnsequencesnd effectiveness of
genotoxic or oxidative treatments would be investigated during the survival and cellular
proliferation of PARP1/2 depleted cellsFinally, possible implications of silencing human
PARP-1 and PARF2 transcriptsn human cancer cellwould beassessedavith regards to

alterations ircell death and cell e phase distributions
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3 Material sand Methods

3.1 Materials

3.1.1 Antibiotics
Table 3.1. Antibiotics.

Antibiotic Manufacturer

Ampicillin Sigma-Aldrich, Steinheim, Germany
Doxycycline (Dox) Enzo Life Sciences, Lorrach, Germany
Hygromycin Calbiochem, Merck, Darmstadt, Germany
Penicillin Gibco, Invitrogen, Karlsruhe, Germany
Puromycin SigmaAldrich, Steinheim, Germany
Streptomycin Gibco, hvitrogen, Karlsruhe, Germany

3.1.2 Antibodies
Table 3.2. Antibodies.

Designation Description Manufacturer
Monoclonal mous@nti-actin Pan actin specific Millipore, Schwalbach, Germany
MAB1501

Monoclonal mous@antiFrHAL.1

Monoclonal mouseantirhuman
PARP1 (FI23)

Monoclonal mous@antiPARP-1
(ClI10)

Monoclonal mous@nt-rPARP-2
(4G8)

Monoclonal mous@nti-poly(ADP-
ribose) (10H)

Polyclonal goatantrmouse 1gG,
AlexaFluor 488conjugated

Polyclonal gatantimouse IgG,
AlexaFluor 564conjugated

Polyclonal goatntirabbit 1gG,
HRP-conjugated

Polyclonal goatantrPARP2
(AF1788a)

Polyclonal rabbianti-goat IgG,
HRP-conjugated

Polyclonal rabbHantiPARP2
(PA1-4280)

Hemagglutinin
raised against
epitope
Human PARPL specific, raisec
against second zinc finger

PARR1  spedic, species
unspecific, raised against -M
terminal DNAbinding domain
PARP-2 specific, raised domail
E of human and mouse PARP

tag specific
YPYDVPDYA

Poly(ADP-ribose}specific

Secondary antibody

Secondary antibody

Secondary antibody

PARP-2 specific

Secondary antibody

PARR2 specific, raised agains
a synthetic peptide ohuman
PARPR2

Covance Princeton, NJ, USA

Hybridoma cells from G. G. Poiriel
Québec, Canada

Hybridoma cells from G. G. Poiriel
Québec, Canada

Enzo Life Lorrach
Germany

Hybridoma cells from M. Miwa anc
T. Sugimura, TokypJapan

Sciences,

Molecular  Probes, Gottinger
Germany
Molecular  Probes, Gottinger
Germany
DakoCytomation, Hamburg

Germany
Abgent Inc., San Diego, USA

Jackson ImmunoResearc
Laboratories Inc., Pennsylvani
USA

Fisher Scientific, Schwerte
Germany

IgG, Immunoglobulin GHRP, HorseradishperoxidasePARR (Poly ADRribose) polymeraseser, Serine
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3.1.3 Chemicals and Reagents

Table 3.3. Chemicals andreagents

Designation Manufacturer

ABT-888 Enzo LifeSciences, Lérrach, Germany
Acetic Acid Roth, Karlsruhe, Germany

Acetone Riedel de Haen, Seelze, Germany
Agarose Biozym, Hess. Oldendorf, Germany

Alamar Blue(10x)
Ammoniumpersulfate (APS)
AnnexinV(human)- FITC conjugate
AquaPoly Mount

Bacto agar

Bacto trypton

Bacto yeast extract

Bovine serum albumin (BSA)
Bromphenol blue

Calcium chloridgCaCl,)
Camptothecin

CASY ton

Citric acid

p-coumaric acid

Complete protease inhibitor
Crystal violet
Cyclohexy-diaminetetraacetate
Dimethyl sulfoxid (DMSO)
Dulbecco’s modified eagle medium (DMEM)
Deoxynucleotidtriphosphate (ANTPS)
Dithiothreitol (DTT)

Ethano) 99.8%(EtOH)

Ethidium bromidg EthBr)

Fetal Calf Serum (FCS)

FCS Tetracyclinaegdive tested
Formaldehyde37%

Glacial acetic acid

Glucose

Glycerol

Glycine

HEPES

Hoechst 33342

Hydrochloric acid, 37% (HCI)
Hydrogen peroxide, 30% ga,)

mesaelnositol

Invitrogen, Karlsruhe, Germany

Serva, Heidelberg, Germany

Enzo Life Sciences, Lorrach, Germany
Polysciences, Eppelheim, Germany
BectonDickinson, Heidelberg, Germany
BectonDickinson, Heidelberg, Germany
BectonDickinson, Heidelberg, Germany
SigmaAldrich, Steinheim, Germany
SigmaAldrich, Steinheim, Germany
SigmaAldrich, Steinheim, Germany
SigmaAldrich, Steinheim, Germany
Schafe System, Reutlingen, Germany
Merck, Darmstadt, Germany
SigmaAldrich, Steinheim, Germany
Roche diagnostics, Mannheim, Germany
SigmaAldrich, Steinheim, Germany
SigmaAldrich, Steinheim, Germany
Roth, Karlsruhe, Germany

Gibco, Invitrogen, Karlsruhe, Germany
Fisher Scientific, Schwerte, Geany
Invitrogen, Karlsruhe, Germany

Riedel de Haen, Seelze, Germany
SigmaAldrich, Steinheim, Germany
Biochrom/ Seromed, Berlin, Germany
Biochrom/ Seromed, Berlin, Germany
Riedel de Haen, Seelze, Germany
VWR, Darmstadt, Germany

Merck, Darmstadt, Germany

Roth, KarlsruheGermany

Roth, KarlsruheGermany

Sigma-Aldrich, Steinheim, Germany
Invitrogen, Karlsruhe, Germany

Riedel de Haen, Seelze, Germany
Merck, Darmstadt, Germany
SigmaAldrich, Steinheim, Germany
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Isopropaol

L-Glutamine (100x)

Lipofectamine 2000

Lipofectamine RNAIMAX
Lipopolysaccharide (LPS)

Luminol

b-mercaptoethanol

Magnesium chloridéMgCl,)
Manganese chloride (Mng}l
McCoy s 5A medium (Modified)
Methanol(MeOH)

Methyl methansulfonate(MMS)
ON-TARGETplu€ Non-targeting pool
Opti-MEM® reduced serum medium
ParaformaldehydéFA)

PEG 8000

PIPES

Poly-L-lysine

Potassium chlorid€éKClI)

Potassium hydroxidéKOH)
Propidium odide(PI)

Ribo Lock RNase Inhibitor
Rotiphorese 30% acryl / bisacrylamide (37.5:1)
RPMI 1640 medium

SiPORT Amine

Skim milk powder

Sodium azide

Sodium chloridgNacCl)

Sodium dedocylsulfate (SDS)
Sodium deoxycholate

Sodium hydroxide (NaOH)
Sodium phosphate dibagia,HPOy,)
Sucrose

SybrGreen
Tetramethylethylendiamine (TEMED)
Trichostatin A(TSA)

Triton X-100

Trizima base (Tris)

Trypsin/EDTA (0.25%)

Trypan blue(0.4%)

Tween 20

Urea

Fisher Scientific, Schwerte, Germany
Invitrogen, Karlsruhe, Germany
Invitrogen, Karlsruhe, Germany
Invitrogen, Karlsruhe, Germany
SigmaAldrich, Steinheim, Germany
SigmaAldrich, Steinheim, Germany
SigmaAldrich, Steinheim, Germany
Roth, KarlsruheGermany
SigmaAldrich, Steinheim, Germany
Gibco, Invitrogen, Karlsruhe, Germany
Riedel de Haen, Seelze, Germany
SigmaAldrich, Steinheim, Germany
Fisher Scientific, Schwerte, Germany
Fisher Scientific, Schwerte, Germany
Serva, Heidelberg, Germany

Roche diagnostics, Mannheim, Germany
SigmaAldrich, Steinheim, Germany
SigmaAldrich, Steinheim, Germany
Riedelde-Haen, Seelze, Germany
Riedd-de-Haen, Seelze, Germany
SigmaAldrich, Steinheim, Germany
Fisher Scientific, Schwerte, Germany
Roth, Karlsruhe, Germany

Gibco, InvitrogenKarlsruhe, Germany
Ambion, Invitrogen, Karlsruhe, Germany
Rapillait, Sulgen, Switzerland

Merck, Darmstadt, Germany

Riedel de Haen, Seelze, Germany
ServaHeidelberg,Germany
SigmaAldrich, Steinheim, Germany
Riedel de Haen, Seelze, Germany
Roth, Karlsruhe, Germany

Merck, Darmstadt, Germany
MoBiTec, GottingenGermany

Serva, Heidelberg,Germany
SigmaAldrich, Steinheim, Germany
SigmaAldrich, Steinheim, Germany
SigmaAldrich, Steinheim, Germany
SigmaAldrich, Steinheim, Germany
SigmaAldrich, Steinheim, Germany
SigmaAldrich, Steinheim, Germany
Merck, Darmstadt, Germany
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3.1.4 Buffers and Solutions

Table 3.4. Buffers and solutions.

Designation

CompositionManufacturer

Annexin binding loffer (10x)
Complete protease inhibitor cocktail

DNA histogram- Extraction buffer
DNA histogram+ Staining buffer

DNA loading dye solution (6x)
Crystal violet fixation solution

Crystal violet staining solution
Ethidium bromie solution

Enhanced chemiluminescence (ECL)
soluion A

Enhanced chemiluminescence (ECL)
solution B

FADU alkaline bdfer

FADU lysis buffer

FADU neutralization buffer

FADU suspension buffer

FADU sybrgreen solution
HBS solution for CaP@transfection (2x)

Luria-BertaniBroth (LB) agar

Luria-BertaniBroth (LB) medium

Modified high-salt radie

immunoprecipitation assgRIPA) buffer

PARR2 lysis buffer

25 mM CacC}, 0.1 M HEPES (pH 7.4), 1.4 M NaCl
1x-concentrate in PBS

4 mM Qitric acid, 0.2 M NaHPO, pH 7.8
20 pg/ml Popidium iodide, ® mg/ml DNasdree RNase in PBS

Thermo Fisher Scientific, Rockford, USA
10% Formaldehyde in PBS

0.1% Crystal violet in PBS

10 pg/ml Ethidium bromide

100 mM TrisHCI (pH 8.5), 2.5 mM Luminol,
0.4 mM p-p-coumaric acid

100 mM TrisHCI (pH 8.5), 0.018% (v/v) kD,

42.5% FADU lysis buffer, 0.2 M NaOH

9 M Urea, 10 mM NaOH,

2.5 mM Cyclohexyldiaminetetraacetate, 0.1% SDS
14 mM b-mercaptoethanol, 1 M Glucose

0.25 Mmesainositol, 10 mM NaHPQ,, 1 mM MgChb

3 pl Sybrgreen solution in 25 ml dest®

0.283 M NacCl, 0.025 M HEPES, 1.5 mM }#PQ,,

adjust to pH 6.95, sterile filtered

1.5% (w/v) Bacto again LB, autoclaved

0.5% (w/v) Bacto yeast extract, 1% (w/v) Bactqton,

1% (w/v) NacCl, autoclaved

50 mM TrisHCI (pH 7.4), 500 mM NacCl, 1% (w/v) TritoX-100,
0.1% (w/v) SDS, 1% Sodium deoxycholate,

1x Complete proteasehibitor cocktail

250 mM TrisHCI, 5% SDS, 40% glycerol,

1x Complete protease inhibitor cocktail

Phosphate buffered saline (PBS), pH 7.4 137 mM NacCl, 10 mM NaHP£)3 mM KH,PQO,

PBSMT

5% Skim mik powder, 0.05% Tween 20 in PBS

SDSPAGE 1.5x highurea protein loadin¢93.75 mM TrisHCI (pH 6.8), 9 M Urea,

buffer

SDSPAGE 10x protein loading buffe

SDSPAGE Lammli bdfer

7.5% (v/iv)b-mercaptoethanol, 15% (v/v) Glycerol, 3% (w/v) SD
0.01% (w/v) Bromphenol blue

583 mM TrisHCI (pH 8.0), 8.5% (w/v) SDS, 60% (v/v) Glycerol,
10% (v/v)b-mercaptoethanol, 0.01% (w/v) Bromphenol blue
25 mM TrisHCI (pH 8.6), 192 mM Glycine, 0.1% (w/v) SDS
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SDSPAGE separatiorgel buffer
SDSPAGE stacking gel buffer
TB buffer

Tris EDTA acetate (TAE) buffer
Tris-NaCFTween20 (TNT)
Western bloblocking solution

Western blot transfer buffer

YT Medium (2x)

1.86 mM TrisHCI , 7 mM SDS, pH 8.8

0.25 M TrisHCI, 7 mM SDS, pH 6.8

10 mM PIPES, 15 mM Cagl250 mM KClI,

adjust pH td6.7 with KOH, add 55 mM MnGl

40 mM TrisHCI, 20 mM Acetic acid, nM EDTA

150 mM NacCl, 10 mM TridHCl pH 8.0, 0.05% (v/v) Tween 20
5% (w/v) Skim milk powder in TNT

50 mM TrisHCI (pH 8.6), 384 mM Glycine, 20% (v/v) Methanol
0.1% (w/v) SDS

1.6% (w/v) Bacto yeast extract, 1% (w/v) Bacto trypton,
0.5% (w/v) NacCl, autoclaved

FADU, Fluorimetric detection of Alkaline DNA Unwiding; SDSPAGE, sodium dodecyl sulfate

polyacrylamide gel electrophoresis;

3.1.5 Cell Culture

3.1.5.1 Cells

Table 3.5. Cell types

Cell Type Description / Source

DH5a Chemical competeriEscherichia coli
Invitrogen, Karlsruhe, Germany

HelLa S3 Human epithelial carcinoma cell line

HelLa PARP1 KD (HeL&1-KD)

HelLa PARP2 KD (HeL&2-KD)

HelLa PARP1PARP2 KD (HeLaP1/P2 KD)

HEK293FT

U20S

Containhuman papilloma virus HP\Y8

HelLa S3 cells containing a doxycyclimeducible PARPL
shRNAmir cassettdRresent thesis, in cooperation with A.
Waizenegger (master thesis)

HelLa S3 cells containing a doxycyclireducible PARP2
shRNAmir cassette. Present thesis, in cooperation with A.
Waizenegger (master thesis)

HelLa S3 cells containing a doxycyclimeducible PARPL
and PARP2 shRNAmir cassette. Present thesis, in
cooperation with A. Waizenegger (master thesis)

Highly transfectable clonal isolate derived from human
embryonal kidney ells transformed with SV40 large T
antigen. Kind gift of Dr. C. Karreman, University of
Konstanz, Germany

Human epithelial osteosarcoma cell line

Kind gift of Prof. E. May, University of Konstanz, Germany

PARP, Poly(ADPribose) polymerase
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3.1.5.2 Cell Culure Media

Table 3.6. Cell culture media

Designation

Basal Medium

Supplements

3T3 medium

HelLa medium

HelLa transfection medium

HEK293-FT medium

U20S

U20S transfection medium

Freezing medium

DMEM, high glucose,
(-) sodium pyruvate

DMEM, high glucose,
(+) sodium pyruvate

DMEM, high glucose,
(+) sodium pyruvate
DMEM, high glucose,
(-) sodium pyruvate

McCoy s 5A

McCoy s 5A

10% Heat inactivated FCS,
1% Pencillin/Streptomycin,
1% L-Glutamin
10%Heat inactivated FCS,
1% Pencillin/Streptomycin,
1% L-Glutamin

10% Heat inactivated FCS,
1% L-Glutamin

10% Heat inactivated FCS,
1% Pencillin/Streptomycin,
1% L-Glutamin

10% Heat inactivated FCS,
1% Pencillin/Streptomycin

10% Heat inactivateBCS

Complete cell culture mediunr 20% Heat inactivated FCS

10% DMSO
3.1.6 Enzymes
Table 3.7. Enzymes.
Designation Manufacturer
Apal Fisher Scientific, Schwerte, Germany
Cla-I New England Biolabs, Frankfurt a. Main, Germar
EcoRI Fisher Scientific, Schwerte, Germany
Mlu-I Fisher Scientific, Schwerte, Germany
Mssl| Fisher Scientific, Schwerte, Germany
Ndel New England Biolabs, Frankfurt a. Main, Germar
Nhel New England Biolabs, Frankfurt a. Main, Germar
Not| Fisher Scientific, Schwerte, Germany
Not-I-HF New England Biolabs, Frankfurt a. Main, Germar
Pfl23-11 Fisher Scientific, Schwerte, Germany
Pyl Fisher Scientific, Schwerte, Germany
Xbal Fisher Scientific, Schwerte, Germany
Xhol Fisher Scientific, Schwerte, Germany

T4-DNA Polymerase

T4-DNA Ligase

New England Biolabs, Frankfurt a. Main, Germar

New England Biolabs, Frankfurt a. Main, Germar
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TaqgDNA Polymerase Bio&SELL, Nirnberg, Germany

Shrimp Alkaline Phosphatase (SAP) Fisher Scientific, Schwerte, Germany
DNasel RNAsefree Qiagen Hilden, Germany

SuperScrigf 1l Reverse Transcriptase
HotStartIT SYBR Green gPCR Master Mix (2x)

Invitrogen, Karlsruhe, Germany
Affymetrix, Santa Clara, USA

Streptavidinhorseradish peroxidase AmershanBiosciences, Freiburg, Germany

iScriptE Reverse Transcription Supermix
for RT-gPCR

KOD Hot Start DNA Polymerase

Bio-Rad Munich, Germany

Novagen, Merck, Darmstadt, Germany

DNasefree RNase

RiboLock RNase Inhibitor

SigmaAldrich, Steinheim, Germany

Fisher Scientific, Schwerte, Germany

Enzymes were used with provided reaction buffers as recommended by tHfachaeruor as indicated.

3.1.7 Laboratory Equipment

Table 3.8. Laboratory equipment.

Description

Model

Manufacturer

Agarose getlectrophoresis unit

Balances

Cell Counter

Cell culture materialsterile

Centrifuge

Chemiluminescence detecto
Coverslips

ELISA reader

FADU 96 well plate

FADU robot

Filter paper

Flow cytometry device

Several models

AG204 DeltaRange
Mettler PM2000

Casy Model TT

Dishes, cryovails flasks,
pipettes conical tubes
5415R

5810R

Biofuge pico

Labofuge 400

Multifuge 3 SR
Perfectspin Mini

Image Quant LAS 400(

mini

SLT Spectra

Tecan Genesis FS 100
liquid handling device
GB 002

FACS Calibur Il

Fluorescence Microplate Readel FL600
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Bio-Rad, Munich, Germany

MachereyNagel, DirenGermany

Mettler Toledo, Giessen, Germany

Scharfe System, Reutlingen, Germany
Corning, SchipholRijk, Netherlands

Eppendorf, Hamburg, Germany
Eppendorf, Hamburg, Germany

Heraeus, Fellbach, Germany

Heraeus, Fellbach, Germany

Heraeus, Fellbach, Germany

Peqglab Botechnology, Erlangen, Germany
GE HealthcareMunich, Germany

VWR, Darmstadt, Germany

SLT Labinstruments, Crailsheim, Germany
GreinerBio One Gmbh, Frickenhause
Germany

Tecan AG, Hombrechtikon, Switzerland

Schleicher & Shuell, Dassel, Germany
BectonDickinson, Heidelberg, Germany

Bio Tek, Bad Fredrichshall, Germany
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Fluorescence microscope
Freezing container

Gel documentation

Gel imager

Glass ware

Incubatordor mammalian cells
Incubators for bacterizells
Laminar flow clean bench
Light microscopes
Microscopesslides
Nanodrop

Needle

Parafilm

PCR Cycler

Proten transfer membrane
pH meter

Photometer

Pipettes

Power supplies

Reaction tubes
Rotator

Rotor

Rubber ptice man

Shaker

SDS PAGE unit

Axiovert 200M
Nalgene Cryo 1°C
UV Systeme

Gel Jet Imager

Hera Cell 240
BBD6220

Infors HT
Minitron
HERAsafe
LaminAir H2448
Axiovert 25
Superfrost
ND-1000

Various sizes

iQ Cycler

CFX Cycler
FlexCycler
HyboncE -ECL

nitrocellulose membrane

Metrohm 605 ph meter |

Ultraspec 2100 Pro
BIO Photometer

Severalmodels

EPS 301
Powerpac 200
Powerpac 300
Model 200/ 2.0
0.5,1.5and 2.0 mi
5ml

RSTRO05

SW 32Ti

MTS4
Duomax 1030

Hoefer Mini VE system

Zeiss, Gottingen, Germany

Nalge, Hereford, GB

Intas, Goéttingen, Germany

Intas, Goéttingen, Germany

Schott, Mainz, Germany

Hereeus, Fellbach, Germany

Heraeus, Fellbach, Germany

Infors, Bottmingen, Switzerland

Infors, Bottmingen, Switzerland

Heraeus, Fellbach, Germany

Heraeus, Fellbach, Germany

Zeiss, Gottingen, Germany

Menzel, Braunschweig, Germany

Peglab Bitotechology, Erlangen, Germany
Braun, Kornberg, Germany

Pechinery Plastic Packaging, Chicago, US
Bio-Rad, Munich, Germany

Bio-Rad, Munich, Germany

Analytik Jena, Jena, Germany

Amersham Biosciences, Freiburg, Germar

Methrom Canada Inc., Mississauga,ON Lt
Canada

Amersham Biosciences, Freibufgermany
Eppendorf, Hamburg, Germany

VWR, Darmstadt, Germany

Eppendorf, Hamburg, Germany
Amersham Biosciences, Freiburg, Germar
Bio-Rad, Munich, Germany

Bio-Rad, Murich, Germany

Bio-Rad, Munich, Germany

Sarstedt, Numbrecht, Germany
Eppendorf, Hamburg, Germany

Phoenix Instruments Gmbh, Garbse
Germany

Beckman Coulter, Pasadena, CA, USA
Sarstedt, NUmbrecht, Germany

IKA®, Staufen, Germany

Heidolph, Schwalbach, Germany

Amersham Bioscciences, Freiburg, Germe

Mini-PROTEAN Tetra cell Bio-Rad, Munich, Germany
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Syringe BD-Plastipack
Thermal mixer
Ultracentrifuge
Vacuum manifold
Vortex-Genie2
Water bath 1083

MilliQ Plus PF

Vortex mixer

Water preparation unit

Thermomixer comfort
Optimé&E LE-80K
QlAvac 24 plus

BectonDickinson, Heidelberg, Germany
Eppendorf, Hamburg, Germany
Beckman Coulter, Pasadena, CA, USA
Qiagen, Hilden. Germany

Roth, Karlsruhe, Germany

GFL, Burgwedel, Germany

Millipore, Schwalbach, Germany

Western blot wet transfer unit ~ Hoefer Mini Blot Module  Amersham Biosciences, Freiburg, Germar

3.1.8 Molecular Biological Kits

Table 3.9. Molecular biological kits

Designation

Manufacturer

MinElute Reaction Cleanup Kit

PhoenIX™ Filter Maxiprep Kit

QIAfilter Plasmid Giga Kit

QIAGEN PlasmidPlus Maxi Kit

QIAquick Gel Extraction Kit

Rapid DNA Dephos &Ligation Kit

RNeasy Mini Kit
TrandT-HeLaMONSTER® Transfection Kit
ZR Plasmid Miniprep” i ClassicKit

Qiagen, Hilden, Germany

MP Biomedicals, Heidelberg, Germany
Qiagen, Hilden, Germany

Qiagen, Hilden, Germany

Qiagen, Hilden, Germany

Roche Diagnostics, Mannheim, Germany
Qiagen, Hilden, Germany

Mirus Bio LLC, Madison, USA

Zymo Research, Irvine, USA

3.1.9 Molecular Weight Standards

Table 3.10. Molecular weight standards

Designation

Manufacturer

Biotinylated SDSPage standard, broad range
Generuler 1kb DNA ladder mix
PageRuler prestained protein ladder

Bio-Rad, Munich, Gerany
Fisher Scientific, Schwerte, Germany
Fisher Scientific, Schwerte, Germany

3.1.10 Oligonucleotides

3.1.10.1Primer Sequences

Table 3.11.Primer sequences

Designation Sequen3cdte 56 Description Ori entation

5 pTRIPZ TACAGAATCGTTGCCTGCAC Sequencing of pTRIPZ shRNAmi Sense
cloning site

3'pTRIPZ ACGAGACGGAGTAATGGCC( sequencing of pTRIPZ shRNAmi Antisense
cloning site

pTRIPZDouble CTCCCTAGCAAACTGGGGC/ Sequencingof polycistronic pTRIPZ Sense
ShRNAmir sie

BHO059 GAAAAGCTAATAAGGACAGC RT-gPCR,humanPARP2 Sense

AGAAGA

BHO60 TCCCCACCTTGGCTGTACA RT-qPCR,humanPARP2

Antisense
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BH063 GCCTTTCTGAGGCAGGGTTT RT-gPCR,humanSDHA Sense

BHO064 TGTCGTAGAAATGCCACCTC RT-gPCR,humanSDHA Antisense

BH065 CACAGTBATCTTGGTTGTAA/ RT-gPCR,humanTBP Sense
CTTGA

BH066 CACACCATTTTCCCAGAACT( RT-gPCR,humanTBP Antisense
AAAT

BHO089 ATTCTATGCCCCCACTTCTG Sequencing of Hygromycin resistan Sense

genein pTRIPZ
BH090 CGAGCCCGACGCGCGTGAG sequencing of Hygromycin resistan Antisense
genein pTRIPZ

BHO093 GATGGGGTTTAAACGCGGC( IRES sequence extraction out Sense
GCCCCTCTCCCTCCCCCCCC pTRIPZ

BH094 CCCATCCTCGAGGGTATTAT IRES sequence extraction out  Antisense
TGTTTTTCAAAGGAAAACC  pTRIPZ

BH095 GATGGGCTCGAGATGAAAAL Hygromycin resistance gerextraction Sense
CTGAACTACCG out of pGIPZ

BH096 CCCATCCGTACGCTATTCCT Hygromycin resistancgene extraction Antisense
GCCCTCGGACG out of pGIPZ

BHO099 GACCTGAAGGAGCTACTCAT RT-gPCR, human PARR Sense
TC

BH100 GGAGGGCACCGAACACCA RT-gPCR, human PARA Antisense

Oligo (dT)ys cDNA synthesis of total RNA Sense

Polylinker TTAAGTAGGGATAACAGGGT Modification of MCS of pSL1180to Sense

ASMX FWD TGTTTAAACACTAGGC add FScel and Mssl restriction sites

Polylinker TCGAGCCTAGTGTTTAANCT Modification of MCS of pSL1180to Antisense

ASMX REV ACCCTGTTATCCCTAC addl-Scel andMss| restriction sites

Polylinker SPSN TCGACACTAGGTTAATTAAT/ Modification of MCS of pSL1180to Sense

FWD GGATAACAGGGTAATC addPac| andl-Scel restriction sites

Polylinker SPSN CATGGATTACCCTGTTATCC( Modification of MCS of pSL1180to Antisense

REV ATTAATTAACCTAGTG addPac| andl-Scel restriction sites

56pSL118 CGCAACTGTTGGGAAGGGC Sequencing of MCS of pSL1180 Sense

36pSL118 GCTTCCGGCTCGTATGTTG Sequencing of MCS of pSL80 Antisense

Oligonucleotides were ordered at Sigalarich, Steinheim, GermanyARP, polfADP-ribose polymerase;
SDHA, succinatedehydrogenase complesub unit A, flavoprotein variant; TBP, TATBox binding protein;
IRES, internal ribosome entry sitCS, multiple cloning site

3.1.10.2shRNAmir

Table 3.12. shRNAmir sequences

Designation Sequences B 6 Description
PARP1 shRNAmir TCGAGAAGGTATATTGCTGTTGACAGTGA shRNAmiroligonucleotide
Sense GCGCAGGAATTCCGAGAAATCTCTTACAG targeting human PARR exon 8

TGAAGCCACAGATGTGTAAGAGATTTCTC
GGAATTCCTTTGCCTACTGCCTCGG

PARP1 shRNAmir AATTCCGAGGCAGTAGGCAAAGGAATTCC shRNAmiroligonudeotide

Antisense GAGAAATCTCTTACACATCTGTGGCTTCA  targeting human PARR exon 8
CTGTAAGAGATTTCTCGGAATTCCTGCGCT
CACTGTCAACAGCAATATACCTTC
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PARP1 scramble
shRNAmir
Sense

PARP-1 scramble
shRNAmMmir
Antisense

PARP2 shRNAmir
Sense

PARP2 shRNAmir
Antisense

PARPR2 scramble
shRNAmir
Sense

PARPR2 scramble
shRNAMmir
Antisense

TCGAGAAGGTATATTGCTGTTGACAGTGA
GCGCCAAGAAACCGTTTGATACCTATGAG
TGAAGCCACAGATGTCATAGGTATCAAAC

GGTTTCTTGTTGCCTACTGCCTCGG

AATTCCGAGGCAGTAGGCAACAAGAAAC
CGTTTGATACCTATGACATCTGTGGCTTCA
CTCATAGGTATCAAACGGTTTCTTGGCGCT

CACTGTCAACAGCAATATACCTTC

TCGAGAAGGTATATTGCTGTTGACAGTGA
GCGCTCCAGTTCAACAACAACAAGTACAG

shRNAmiroligonucleotide
carryingrandomizechuman
PARP1 target sequence

shRNAmiroligonucleotide
carryingrandomizechuman
PARP1 target sequence

shRNAmiroligonucleotide
targeting human PARR exon 5

TGAAGCCACAGATGTGTACTTGTTGTTGTT

GAACTGGATTGCCTACTGCCTC®

AATTCCGAGGCAGTAGGCAATCCAGTTCA
ACAACAACAAGTACACATCTGTGGCTTCA

shRNAmiroligonucleotide
targeting humaR ARP-2 exon 5

CTGTACTTGTTGITGTTGAACTGGAGCGCT

CACTGTCAACAGCAATATACCTTC

TCGAGAAGGTATATTGCTGTTGACAGTGA
GCGCTCATAAATTGCAACACCAAGCCAAG
TGAAGCCACAGATGTTGGCTTGGTGTTGC

AATTTATGATTGCCTACTGCCTCGG

AATTCCGAGGCAGTAGGCAATCATAAATT
GCAACACCAAGCCAACATCTGTGGCTTCA
CTTGGCTTGGTGTTGCAATTTATGAGCGCT

CACTGTCAACAGCAATATACCTTC

shRNAmiroligonucleotide
carryingrandomizechuman
PARR2 target sequence

shRNAmiroligonucleotide
carryingrandomizechuman
PARPR2 target sequence

Oligonucleotides were ordered at Sig#arich, Steinheim, GermanyBold: Gene targeting sequence; lItali

shRNAmir loop sequenc®ARP, PolfyADP-ribose) polymerase; shRNAmir, microRN&#dapted shRNA

3.1.10.3siRNA

Table: 3.13. siRNA ssquences

Designation Sequences B8 6 Description

PARP-1-Hanf siRNA CGUGUUAAAGGUUUUCUCUUU Human PARPL targeting siRNA sens

Sense oligonucl eotide.
of human PARPL

PARP-1-Hanf siRNA AGAGAAAACCUUUAACACGUU Human PARPL targdéing siRNA

Antisense antisense oligonucleotide. Targe
B36UTR of h-iman PAI

PARPR1scrHanf siRNA
Sense

PARP1scrHanf siRNA
Antisense

PARPR2-Hanf siRNA
Sense

PARP-2-Hanf
Antisense

UCCGAUGUUAUUCGUGUAUUU

AUAG\CGAAUAACAUCGGAUU

GAUGAUGCCCAGAGGAACUUU

AGUUCCUCUGGGCAUCAUCUU

38

Human PARPL control siRNA senst
oligonucleotide. Contains randomiz¢
target sequence of PARPsiRNA

Human PARPL control siRNA antisens:
oligonucleotide. Contains randomize
target sequence of PARPsiRNA

Human PARP2 targeting siRNA sens
oligonucleotide. Targetsexon 5 of
human PARRF2; modified from (Bai et
al., 2009

Human PARPF2 targeting siRNA
antisense oligonucleotid@argets exon £
of human PARF2; modified from (Bai

et al, 2007
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PARP-2scrHanfsiRNA
Sense

PARP2scrHanf siRNA
Antisense

PARP-2-Geng siRNA
Sense

PARP2-Geng siRNA
Antisense

PARP2-Sigmal siRNA
Sense

PARP-2-Sigmal siRNA
Antisense

PARP-2-Sigma2 siRNA
Sense

PARP-2-Sigma2 siRNA
Antisense

PARP2-3UTR-A siRNA
Sense

PARPR2-3UTR-A siRNA
Antisense

PARPR2-3UTR-B siRNA
Sense

PARP-2-3UTR-B siRNA
Antisense

PARPR2-3UTR-C siRNA
Sense

PARP-2-3UTR-C siRNA
Antisense

GAAGUCGGCAAACUCAUGGUU Human PARP2 control siRNA sese

CCAUGAGUUUGCCGACUucCuUU

GCGCAUUGGGAGACAUUGAAUU

UUCAAUGUCUCCCAAUGCCUU

CAAUUGGGAAGAUCGAGAA
[dT][dT]

UUCUCGAUCUUCCCAAUUG

GAAGAAAUUCCUUGACAAA
[dT][dT]

UUUGUCAAGGAAUUUCUUC

GUGUUGUACUUGUGAAUUU
[dT][dT]

AAAUUCACAAGUACAACAC
[dT][dT]

GAUCUUCAAGCAAGAAAAU
[dT][dT]

AUUUUCUUGCUUGAAGAUC
[dT][dT]

GAUAUUUUAUGUAAUAAAA
[dT][dT]

UUUUAUUACAUAAAAUAUC
[dT][dT]

oligonucleotide. Contains randomiz¢
target sequenaef PARR2 siRNA

Human PARP2 control siRNA sense
oligonucleotide. Contains randomize
target sequence of PARPsiRNA

Human PARP2 targeting siRNA sens
oligonucleotide. Targets exon 11
human PARRF2; modified from Genget
al. 2013(Genget al, 2013

Human PARPF2 targeting siRNA
antisense oligonucleotide. Targets ex
11 of human PARR; modified from
Genget al.2013(Genget al, 2013

Sigma MISSION Rank 1 predesigned
siRNA sense oligonucleotide. Targe
exon 6 and 7 of human PARE

Sigma MISSION Rank 1 predesigned
SiRNA antisense oligonucleotide
Targets exon 6 and 7 of human PARP

Sigma MISSION Rank 2 predesigned
siRNA sense oligonucleotide. Targe
exon 7 of human PARR.

Sigma MISSION Rank 2 predesigned
SiRNA antisense oligonucleotide
Targets exon 7 of human PARP

Human PARRPF2 targeting siRNA sens
oligonucl eotide.
of human PARP2

Human PARP2 targeting sSiRNA
antisense oligonucleotide. Targe
30UTR region -f hit

Human PARP2 targeting siRNA sese
oligonucl eotide.
of human PARR2

Human PARP2 targeting siRNA
antisense oligonucleotide. Targe
36UTR region -»f hi

Human PARP2 targeting siRNA sens
oligonucl eotide.
of human PARR2

Human PARP2 targeting SiRNA
antisense oligonucleotide. Targe
36UTR region -»f hi

Oligonucleotides were ordered at SigAdrich, Steinheim, Germany. [dT][dT], desoxy thymidine overha
PARP, PolyADP-ribose) polymerase
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3.1.11 Plasmids

Table 3.14. Plasmids

Designation Application Source

pBH3 Cloning of IRESHygromycin expression castet Present thesis, vector backbo
pSL1180

pBR891 Lentivirus production. Vector encodelllV-1 Dr. C. Karreman, University o

pCMV-HA-PARP2

pEGFP

pGIPZ

pMD.G

pTRIPZ

pTRIPZP1

pTRIPZP1scr

pTRIPZP2

PTRIPZP2scr

pTRIPZP1P2
(PTRIPZDouble)

pSL1180

lentiviral packaging proteins

Mammalian overexpression of hemagglutir

tagged human PARP cDNA

Transfection control
expressioroptimizedwild-type GFP

Lentiviral  vector
expression of
(shRNAmir) together withurbo GFP

plasmid carrying @

for doxycyclineinducible
microRNA-adapted shRNA

Lentivirus production. Vector encodes lentivir

envelope protein VSVG
Lentiviral vector for
expression  of
(shRNAmir) together withurbo RFP

microRNAdapted

doxycyclineinducible

ShRNA

RNA interference ohuman PARPL in HeLaS3

cells Target sequence:
AGGAATTCCGAGAAATCTGLC

RNA interference human PARP scrambled

control vector. Target sequence:
CAAGAAACCGTTTGATACCTATG

RNA interference ohuman PARPL in HeLa S3

cells Target gquence:
TCCAGTTCAACAACAACAAGTAC

RNA interference human PARP scrambled

control vector. Target sequence:
TCATAAATTGCAACACCAAGCCA

RNA interference of both human PARPand

human PARP2
sequence:

P1AGGAATTCCGAGAAATCTCTTAC
P2TCCAGTTCAACAACAACAAGTAC

Cloning Vector

in HelLa S3 cells Target

Konstanz, Germany

Prof. M. Hottiger, University of
Zurich, Switzerland

Dr. Sascha Beneke, University
Zurich, Switzerland

Dr. C. Karreman, University o
Konstanz, Germany

Dr. C. Karreman, University o
Konstanz, Germany

Dr. C. Karreman, University o
Konstanz, Germany

Present thesis, vector backbo
pTRIPZ
Present thesis, vector backbo
pTRIPZ
Present thesis, vector backbo

pPTRIPZ In cooperation with A.
Waizenegger (master thesis)

Present thsais, vector backbon
PTRIPZ In cooperation with A.
Waizenegger (master thesis)

Present thesis, vector backbol
PTRIPZ In cooperation with A.
Waizenegger (master thesis)

Dr. Sascha Beneke, University i
Zurich, Switzerland
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3.1.12 Software
Table 3.15. Software

Software

Source

Axio Visioni AxioVs 4.6.3.0

Basic Local Alignment Search Tool
(BLAST)
CellQuestPro 6.0

CFX Managei8.0

DNA protein sequence rdomizer
easyWIN basié Version V6.0a
Endnote 7

FlowJoi Version8.8.7
Geneious Version5.0.4
GraphPad Prism 5

Image J Version 1.43U

Image Quant Version 1.2 Built; 12.1.119

Image Quant T Analysis Software
iQE 5 Standard Edition V2.0 Edition
V2.0.148.60623

KC4V 3.3 Rev.10

Microsoft Office Standard Edition 2010

siDirect 2.0

Rayest, Straubenhardt, Germany

National Center for Biotechnology Information, Bethes
USA
BectonDickinson, Heidelberg, Germany

Bio-Rad, Munich, Germany
http://www.cellbiol.com/cgbin/randomizer/randomizer.cgi
Tecan AG, Hombrechtikon, Switzerland

Thomson ISI ResearchSoft, Stamford, USA

Tree Star, San Carlos, USA

Biomatters, Auckland, New Zealand

GraphPad Software, San Diego, USA

National Institut of Health, USA

GE Healthcare, Munich, Germany
GE Healthcare, Munich, Germany
Bio-Rad, Munich, Germany

Bio Tek, Bad Friedrichshall, Germany
Microsoft, Redmond, USA
Source: (Naito et al, 2009

3.1.13 Services

Table 3.16.Service providers

Service

Provider

DNA sequencing

GATC, Konstanz, Germany
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3.2 Methods

3.2.1 Cell Culture

3.2.1.1 Passagig of AdherentCells

Routine passaging of adheragdélLa S3, HEK293T, and U20<ell culturewas performed
every two or three days at3, 1:5 or 1:10 ratiodepending ortcell confluency Cells were
cultured in a cell incubator with 21%,@nd 5% CQ, at 37C and 95% humidityand
continually monitoredoy phase contrast light microscopy for signs of contaminafian.
passage cells, all requireblutions were pravarmed to 37°C in a water batbld growth
medium was aspirated and cells were briefly wastigd PBS Cell colonies were dissociated
next byincubation withTrypsin/EDTA (0.25% 1 mM) for 5 min at 37°C. Dissociation was
stopped byaddition of respectiveell culturemediumand pipetting,and finally cells were

plated on new cell culture plate&de Table3.17for volumes employed

Table 3.17.Volumes used during routine passaging of cell cultures

Dish size PBS/well Trypsin/well Medium for trypsin Medium for
inactivation/well cultivation/well
24-well plate 0.5ml 0.5ml 0.5ml 0.5ml
12-well plate 1ml 0.5ml 1ml 1ml
6-well plate 2 mi 0.5ml 1.5 ml 3ml
6 cmplate 5mi 1ml 4 ml 5ml
10cmplate 10 mi 1mi 9 ml 10 ml
15 cm plate 10 ml 1ml 9 ml 20 ml

3.2.1.2 Cell Number Determination
To determine cell number, the cell counter Casy &lodl (Scharfe System) was utilized
according to the manufacturer’s instructions. In brief, cell suspensions were diluted 1:100 to

1:500in 10 ml CasyTon and 400 pl of the solution was analyzed during each measurement.

3.2.1.3 Cryopreservation oAdherentCells

Cdls were cryopreserved in liquid nitrogen for letegm storage. Focryopreservatiorof
adherent cellscells were grown to 700% confluency anall passagingolutions were pre
warmed to37°C in a water bath. Cell cultureedium was aspirated and seWere briefly
washed with PBS. Cell colonies were dissociated by incubation with Trypsin/EDTA (0.25%/1
mM) for 5 min at 37°C. Dissociation was stopped by addition of cell culture meaingn
pipetting Cell number was determined nextd 1x10 cells were horoughly resuspended in

42



Materials and Methods

100 pl cell culture medium. After addition of 900 ul iceld freezing medium, cells were
immediately transferreshto cryovialsand cooled down overnight t80°C in a Nalgene Cryo
1°C freezing container. s were transferrew liquid nitrogen storage the following day.

3.2.1.4 Thawing of Cells

Cryovials containing cryopreserved celisere removed from liquid nitrogen storage and
briefly opened under a laminar flow clean bench to allow excess liquid nitrogen to észape.
thaw cells, vals were swirledin a 37°C water bathlntil a small ice crystal remaingd
transferredto a 15 mlconical centrifugetube and 10 ml prevarmed (37°C) cell culture
medium was added drepise to avoid osmotic shockells were pe#ited at 1000 rpm for

5 min, resuspended in fresh cell culture medium and plated on cell culture plates.

3.2.1.5 Transfection of HeLa S3 atdROS cells with Lipofectamine 2000

Lipofectamine 2000 was utilized transfectdifferent vector DNAinto adherent cells. Cells

were grown to 78®0% corfluencyon a 10 cm plate and all passaging solutions were pre
warmed to 37°C in a water bath. Cell culture medium was aspirated and cells were briefly
washed with 10 ml PBS. Cell colonies were dissociated by incubation with 1 ml
Trypsin/EDTA (0.25%/1 mM)or 5 min at 37°C. Dissociation was stopped by addition of

9 ml transfection medium and pipetting. Subsequently, cell number was determined and cells
were plated in 2.5 ntransfection mediunon new 6well cell culture plates in order to reach
50% cell cofluency the next daylif immunohistochemistry was to be performed following
transfection, sterile glass coverslips were added to cell culture plates before plating.

On day two oftransfection desired ector DNA amountsof 0.5 pg/pl vector DNA stock
solution were diluted in 250 pl Opti-MEM® reduced serum medium and mixed gently by
pipetting. Next, Lipofectamin€000 was diluted in250 pl Opti-MEM® reduced serum
medium (2.5 ul Lipofectamine per 0.5 pgector DNA), mixed gently by pipettingand
incubated fo5 min at room temperature. Afterwards, vector and lipofectamine dilutions were
mixed, incubated for 20 min at room temperature, and addedwdsepto each well. Cells

were incubated for 48 h at 37°C prior to expression analysis.

3.2.1.6 Transfection of HeLa S3 #is with TrandT-HeLaMONSTER® Transfection Kit

To analyze functionality of pTRIPZ vector anlgrivates HeLa S3 cells were transfected
using the TrandT-HeLaMONSTER® Transfection Kit according to the manufacturer’'s
instructions. In brief, cells were seedwulglass coverslips in a 24 well plate at 1%dé€lls per
well. The next day, 1.5 |if'randT- HeLa Reagent was diluted in 50[PMEM (high glucose,

+ sodium pyruvateyithout supplements and incubated for 10 min at room temperatitee.
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addition of 1 pgvector DNA, incubation for 15 min at room temperature and adding 0.5 pl of
MONSTER Reagent, all components were finally mixed and incubated for 15 min at room
temperature. Afterwards 500 pl of growth medium was added, &etieefi mix trarsferred
drop-wise into one well and incubated for 24Har expression of sShRNAma@onstructs, wells

were supplemented with 1 pg/ml doxycycline at 24 h after transfection.

3.2.1.7 Fluorimetric Detection of Alkaline DNA Unwinding (FADU)

The automatedfluorimetric detection of alkaline DNA wnwinding assaywas utilized to
guantify DNA double strand breaks and consequently DNA réplirenc Villanuevaet al,
201]). Unwinding of DNA using the automated FABA$sayoccurs only at sites of DNA
damage under controlled conditions of time, temperature and pH. The amoOmMAof
damage or the DNAepair over time can be detectaylthe fluorescent dye SybrGreen, which
binds to double stranded DNAhe automated FADidssay was performed as described by
MorencgVillanueva et al. 2011 (MorenoVillanueva et al, 2011, with the following
modifications.

HelLa inducible knockdown cell lines were seeded in 6 cm plates and 1 pg/ml doxycycline
was added for 120. One day beforeautomatedFADU-assayanalysis, approximately
1.25x1d cells were seeded asiplicates of each cell type or conditiom FADU 96 well
plates. To induce DNA damage, cells weareatedwith H,O, in PBSfor 5 min at 37°C and
washedafterwardswith PBS. For DNA repair experimentbl,O,-treated cells were letb
recower in PBS anda time course 00 to 60 min was conductedt 12 min intervals before
automated FADthssaywas performedusing a 30 min alkalin®NA unwinding time At

60 min repair timethe FADU 96 well platevas immediatelyplaced into the FADU robot
whee the folowing automated steps took pla¢® suspension of cells(2) cell lysis, (3)
addition of alkalinesolution, (4) addition of neutralizatidsuffer, and (5) SybrGreen addition
and mixing. Afterwards FADU 96 well plateswere analyed by FL600 fluorescence
microplate readeat 492 nm excitation and 520 nm emission. For quantification, T and P
samples were measured additionally in every approach. T saamelesupplemented with
neutralizng buffer beforehand, so no DNA unwinding can occur. Theeeftirese samples
display the highest fluorescence intensities and indicate the total amount of Pidntfl
samples on the other hand represent physiological DNA damage, as no genotoxic agent is

applied before unwinding procedure.
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3.2.1.8 Clonogenic Survivalssay (CSA)

To assess the effectiveness of genotoxic agamissiRNAmediated silencing of PARP
and/or PARP2 on the survival and proliferation ¢teLa S3 or U20S cellghe clonogenic
survival assayvasemployed RNA interference of analyzed protemasdonein 6 cm plates

as described undsection 32.6.5and CSA was performed at 48 h after transfection.

Before detachment of cells, all required solutions werenanened to 37°C in a water bath;
fresh 6cm cell culture plates for assay incubationgsmwere overlaid with 3 ml cell culture
medium andl5 ml conical centrifuge tubder dilutions were filled with 9900 ul cell culture
medium. Cells were washed in PBS, detached by incubation with 0.5 ml trypsin/EDTA
(0.025%) and harvested in 1.5 ml cellltate medium. After cell number determination,
1x1C cells were centrifuged (1000 rpm, 5 min), resuspended to 2sdls/ml in PBS, and

1ml cell suspension transferred to new reaction tubes. During the follo@ngmin
incubationat 37°C 100x stock soliions ofH,O, in PBS were prepared.

For genotoxic treatmenfl0 pl of 100x HO, stock solutions weradded to cell suspensions
and incubated fos min at 37°C. Immediately afterwards, 100tygatedcell suspensiomas
transferred tal5 ml conical centrifge tubes for dilutions (9900l cell culture medium).
Finally, 500 pl ofcell suspensiomilution was dispersed ont® cm cell culture platefor

assay incubation and cell colonies were allowed to form for 9 to 10 days prior to crystal violet
staining. For crystal violet staining, cell colonies were carefully washed once with PBS,
incubated for 30 min in crystal violet fixation solution, and stained with crystal violet staining
solution for 1h at room temperaturé€rystal violet staining solutiowas recyted, stained
colonieswashed with desalted water and dried on benchtop overnight. Prior to counting
colonies of a minimum size of 20 cells under a light microscope, 6 cm plates were sealed by

parafilm.

3.2.1.9 Alamar Blue Assay

Cell viability analysis after genoxic treatment and siRNAnediated silencing of PARP
andor PARR2 in HeLa S3 or U20S cellsas done by alamar blue assay. RNA interference
of analyzed proteins was carried out in 6 cm plates as describedsestion 3.2.6.5At 24 h

after transfection,cells were washed in PBS, detached by incubation with 0.5 ml
trypsin/EDTA (0.025%) and harvested in 1.5 ml cell culture medium. After cell humber
determination, 810° HeLa S3 or 5x1¢ U20S cellswere transferred to a 96ell plate in
triplicates per condion testedand incubated for 24 at 37°C prior to genotoxic treatment.

For genotoxic treatment, cell culture medium vespirated and cellgvere overlaid with
50pul PBS for HO, or cell alture medium for MMS treatment. After addition 60 pl
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2Xx genotoxc stock solutionscells were incubated for 5 min at 37°C foyQd treatment and
for 1h at 37°C for MMS treatmenhlext, genotoxic solutions were removed and cells were
incubated irM00 pl cell culture mediurat 37°Cuntil desired time point of analysi§o assess
cell viability, 10 pl of alamar blue reagent were adged well and after 3 hincubationat

37°C, fluorescence waanalysed by FL60f@uorescence microplate readsb60 nm

3.2.1.10Cell Proliferation and Population Doubling Time
To determine cell pitderation capability of HeLa or U20S cells after RNA interference of
PARPR-1 andbr PARR2, cell numbers were determined at 24 h and 48 htadiesfectiorand
population doublings were calculated as below.
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3.2.2 Molecular biological methods

3.2.2.1 DNA Restriction Aalysis

To prepardnserts and targatector DNA's for cloning up to 5 pg oDNA was digested by

1-2 ul (520 U) of corresponding restriction enzyme and buffer, and incubated either for 2 h at
37°C or overnight at 37°C.

3.2.2.2 Annealing of Oligonucleotides

To anneal DIA oligonucleotides for cloningof new multiple cloning sites or PARP
shRNAmir sequencegligonucleotides were diluted to 50 uM, corresponding searsk

antisense sequences mixed,lahd mixtures were heated 5°C for 5 minto denature

possible secondary structures. After denatunahie thermomixer was turnedfoand reaction

tubes weregemovedeither after reachinglalock temperature of 30°@r after 5h.

3.2.2.3 AgaroseGel Eledrophoresis

DNA fragments were separated kagarosegel electrophoresignd stained by ethidium
bromide Fragmats of up to 1 klwere separated on 2% (w/aipd fragments above 1 kb on

1% (w/v) agarose gels at constant 100 V in TAE buffer. After separation, agarose gels were
incubated for 10 min in ethidium bromide solution and washed in desalted water for 5 min.
Intercalation of ethidium bromide and DNA was visualized by UV light using gel

documentation system from Intas.
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3.2.2.4 GelExtraction of VectorDNA
Gel extraction was performed using the QIAquick Gel Extraction Kit from Qiagen, according
to the manufacturer’s itrsicions. Elution was done in 30 pl for concentration of DNA.

3.2.2.5 Removabf DNA overhangs

T4-DNA Polymerase was used temoveDNA overhangs for blunénd ligations. After DNA
restriction analysis, agarose gel electrophoresis and gel extraction, ladl ditained DNA
was blunted byl pl (5 U) T,-DNA Polymerasan a 40 pul reaction mix. The reaction was
incubated at 11°C for 20 min and stopped afterwards at 70°C for 10 min.

3.2.2.6 De-Phosphorylation o¥/ectorDNA

To dephosphorylate vector DNA and thus exclude geceligation, DNA fragments were
de-phosphorylated by Shrimp Alkaline Phosphatase (SARgr DNA restriction analysis,
agarose gel electrophoresis and gel extraction, all of the obtained DNA was
de-phosphorylated by 1 pl (1 U) SAP at 37°C for 1 h aratiivate afterwards at 65°C for 15

min.

3.2.2.7 Amplification of DNA Sequences by Polymerase Chain Reaction (PCR)

To extract the internal ribosome entry site (IRES) sequence and hygromycin resistance gene
(HygroR) out of pTRIPZ and pGIPZ, respectively, the DNA sexaces were amplified by

PCR using the KOD Hot Start DNA Polymeram®d FlexCycler (Analytik Jen&®CR cycler

The IRES sequence was amplified by BH093 and BH094 oligonucleotidesyamndR by

BH095 and BHO96with expected amplicons of 620 bp and 1050dpIRES and HygroR

respectively. @nditions and reaction mixes can be se€hable 3.1&elow.

Table 3.18.Reactionmix and PCR cycler conditions for IRES and HygroR amplification .

Reagents Reaction Mix  PCR Cycler Program

10 ng/pl Vector DNA 1 IRES HygroR

10x Reaction Buffer 2 1.) 95°C for 2 min 1.) 95°C for 2 min
25 mM MgS0O4 1.2 yl 2)95°C for20s 2)95°C for20s
2mM dTNP’s 2 u 3.)54.4°Cfor 10 s 3.)53.6°Cfor 10 s

10 uM Sense Primer 0.6 ul 4,) 70°C for15s 4)70°C for15s

10 uM Antisense Primer 0.6 ul 5.) Repeat steps225x 5.) Repeat steps£ 25x
KOD Hot Start DNA Polymerase 1 u 6.) 12°C continuously 6.) 12°C continuously
Water 11.6 pl

Total Volume 20 pl

3.2.2.8 Purification of DNA Fragments

DNA fragmentsfor ligation were purified fromenzymatic reaction®y two molecular
biological kits: (1)MinElute Reaction Cleanup Kibr cleanup of up to 5 ug DNA (70 bp to
4 kb) according to the manufacturer’s instructions and (2)qQigk Gel Extraction Kit for

cleanup of up to 10 pg DNA (70 bp to 15 kiaixh the following modifications.
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For cleanup using QIAquick Gel Extraction Kit, enzymatic tiescmixeswere adjustedto
100 pl reactiorvolumeusing water 300 pl QG buffer addedext and incubated for 2 min at
50°C. Afterwards steps were followed as recommended by manufacturer’s instructions

(continued with step 4).

3.2.2.9 Ligation of DNA overhangs

For ligation ofeither sticky or blunt DNA overhangpurified DNA fragments were ligated a

1:3 (sticky) or 1:5 (blunt) vectorto-insertmolar ratio using T, DNA Ligase.The amount of
insert to be used in ligation was calculated according to the following formula, by knowing

the size of insert and vector DNA:
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The ligation was performed in a total reaction volume of 20 pl with 1 ul (5 JDPNA
Ligase corresponding bufferand at22°C for 1 h or overnight at 4°C. Ligation reaction was

finally inactivated by heat at 65°C for 10 min.

3.2.2.10Rapid DePhosphorylation and Ligation
To dephosphorylate and ligatBNA fragments without the need of reaction cleanup in
between reactions, ¢hRapid DNA Dephos & Ligation Kit from Roche was used according to

manufacturer’s instructions.

3.2.2.11DNA Sequence Analysis

To validate cloned veot DNA sequencesDNA restriction analysis positivédentified
recombinant DNA molecules were send for sequencinGATC (Konstanz, Germany) and
results were analyzed l&yeneious Version 5.0.4 software.

3.2.3 Microbiological methods

3. 2. Psepatation of Chemo @mpetent E. coli D#

Fresh prepared overnigbtlture of DH%® in YT medium werediluted 1:100 in 400 ml YT

medium untila 0.6 OD at 260 nm was reacheCells were incubated on ice for 10 min
centrifugednext for 10 min at 4C and %00 g, and the resultingellet was resuspended in
128 ml £C cold TB buffer. The suspension was again incubatedcerfar 10 min and

centrifuged 5009 for 10 min at4°C. The pellet was resuspended inrBRof 4°C cold TB
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buffer and % DMSO was added during gentle dimig. After a final10 min incubation step

on ice 100200l aliquots were frozen in liquid nitrogen and storeeB&x °C.

3. 2. T8ansfdrmation ofChemo @mpetenk. coli DH5a

To transfer ligated vector DNA into bacteria for amplificati@memo competent DHb
bacteriawere thawed on ice angb to5 pl of the ligation reaction was added to 50 pl of
chemo competent DHb The bacterieDNA solution was gently mixed by tapping of the
reaction tube and incubated for 30 min on ice. Subsequéety,shock at 42°C for 30 s was
performed and afterwardmcteria were incubated again ice for 2 minThen950 pl of LB
mediumwithout antibioticwasaddedto bacteria, incubated foriiLat 37°C and 300 rpm, and
finally bacteria werg@lated on LBAgar plates containing the required antibidtic overnight

incubationat 37°C.

3.2.3.3 Overnight Qiltures for Plasmid DNA eparation

For isolation of vector DNAout of transformedE. coli DH5a, 3 ml LB medium containing
selectionantibioticwere inoculated witka singlecell colonyfrom an overnight LBAgar plate
and incubated overnight at 37&@d300 rpm.

3.2.3.4 Plasmid DNA eparation

To isolate vector DNArom an ovenight culture theZR Plasmid Miniprep” i ClassicKit

was used according to the manufacturer’s instruction. For yields greater than 3 pg of vector
DNA, the PhoenlX" Filter Maxiprep Kit, QIAGEN PlasmidPlus Maxi Kit or QIAfilter
Plasmid Giga Kit were uited with higherstartingamounts of overnight culturescording

to manufacturer’s instructions.

3. 2. yoppeservation of lnsformed E. coli DH&
For longterm storage of transformdsl coli DH5a, 750 pl of a fresh overnight culture was

mixedwith 250 pul100% sterile glycerol, briefly vortexednd stored ai80°C
3.2.4 Immunocytochemistry

3.2.4.1 Coating ofCoverslipswith Poly-L-LysineSolution

Immobilization of suspension cell cultures for immunohistochemistry and subsequent
microscopy was achieved by coating glass coverslips with poli-lysine solution To
prepare oveslips for coating, coverslipsvere incubated for 10 min in 50% EtQB0%
acetone, washeseveral times by dipping into PBS and water, and finally sterilized in cell

culture well plates for 5 min in a microwaat maximum powerFor coatirg with poly-L-
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lysine, 0.2 mg/ml polyL-lysinein sterile water was added each well and incubated forh2

at 37°C.Wells were washed next with PBS, washed twice with sterile water, and finally air
dried in a laminar flow bench for 1 IKoated overslips were either used immedlgter
stored at20°C.

3.2.4.2 Staining of Poly(ADFRIibose)after Hydrogen Peroxide Treatent

To detect poly(ADFRibose)formation afterH,O, treatmentpoly(ADP-ribose)biopolymers

and poly(ADP-ribosyl)ated proteinsvere stained by AR-specific antibody 10H, detecting
only long and branched PAR biopolymers.

For immunofluorescence of PAR bidpmer, 1x16 HeLa S3cells were saded on10 mm
glass coverslips in a 24ell plateand incubated for 24 h at 37°C. Medium was aspirated,
replaced withvarying concentrations oH,O, in PBS andcells wereincubated for 5 min at
37°C. Afterwards cells werewashed briefly in PBS and faion was performed using
methanolglacialacetic acid solutiorat 3:1 ratiofor 5 min at room temperatur€ells were

then washed twicen a shaker if°BS for 5 min, incubated in PBSMT blocking solution for
either 30min at reom temperature or at 4°C overnight, and washed briefly in EB&erslips
weretransferrechextto a humid chamber and incubated with ltinary antibody diluted
1:300 in PBSMT for 1 h at 37°C or overnight at 4°C. After transfer of coverslip back into
wells, coverslips were washed three times on a shaker in PBS for 10 min at room temperature.
For secondary antibody incubatiomyverslips were transferred carefully to a humid chamber
again and incubated with either polyclonal gaat-mouse IgG, AlexaFluo488-conjugated

or polyclonal gogantimouse IgG, AlexaFluor 56donjugatedantibody diluted 1:500 in
PBSMT for 1 h at 37°CCoverslips were washed three times on a shaker in PBS for 10 min
after incubation antransferback into wells DNA and nuclei weg subsequentlgtained by
incubation with 200 ng/ml Hoechst 383 for 5 min at room temperature. Finally, coverslips
were washed three times on a shaker for 5 min in PBS and embedded on microscopy slides

using Aqua Poly Mount.

3.2.4.3 Staining of Poly(ADFRibose)Polymerasel

Both humanpoly(ADP-Ribose) plymerasel specific antibody FI23 and PARP specific, but
species unspecific, CII10 antibodereemployed tadetectedARP-1 in HelLa S3 cells.

For immunofluorescence d?ARP-1, 1x1G HelLa S3 cells were seeded @ mm glass
coverslips in a 24vell plate and incubated for 24 h at 37°C. Medium was aspira&s,
washed briefly in PBS and fixation was performed ugitigPFA in PBSor 20 min at room
temperatureAfter removal of PFA solution, fixation was stoppey &ddition of 100 mM
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glycine in PBS for 1 min at room temperature. Cells were washed next on a shaker for 5 min
in PBS, permeabilized by 0.4% triton-200 in PBS for 3 min at room temperature, and
washed afterwards for 5 min in PBS on a shaKerblock urspecificbinding sites orglass
coverslips, coverslips were incubated in 1% BSA/PBS blocking solution for eithrem3a

room temperature or overnight at 4°C. Afterwardsyerslips were transferretb humid
chambes and incubated withprimary antibodyFI23 or CII10 diluted 1:3000r 1:500
(depending on stockih 1% BSA/PBSfor 1 h at 37°C or overnight at 4°C. After transfer of
coverslips back into wells, coverslips were washed three times on a shaker in PBS for 10 min
at room temperature. For secondartitady incubation, coverslips were transferred carefully

to a humid chambseragain and incubated with either polyclonal gaat-mouse IgG,
AlexaFluor 488conjugated or polyclonal geantrmouse IgG, AlexaFluor 56donjugated
antibody diluted 1:500 ii% BSA/PBSfor 1 h at 37°C. Coverslips were washed three times
on a shaker in PBS for 10 min after incubation adsferback into wells. DNA and nuclei
were subsequently stained by incubation with 200 ng/ml Hoechst 33342 for 5 min at room
temperature. Faly, coverslips were washed three times on a shaker for 5 min in PBS and

embedded on microscopy slides using Aqua Poly Mount.

3.2.4.4 Immunofluorescence Microscopy
Microscopy slides were documented by epifluorescence microscopy using the Zeiss Axiovert
200M equiped with an AxioCam MRm camera and FITC, DAPI and Cy3 fluorescence filter

sets. Microscopic parameters are indicated on photomicrographs.

3.2.4.5 Fluorescence&ignallntensityEvaluationof Nuclear Stainings
Fluorescencaignalintensities from potomicrographsvere evaluated bymage J- Version
1.43U. Here, photomicrographs were spitb filter set channel images and cell nucleireve
marked on DAPI split channg]l) Setting of threshold; (Binary imagegenerationand (3)
Analysis of particles of 1000 to imity in size [pixel*2] Positions ofidentified cell nuclei
were transferred next onto the filter set channel image for signal intensity evalaation

measured.

3.2.4.6 Group Analysis oPoly(ADRribose)Fluorescence Intengit

Poly(ADP-ribose) (PAR) was staineldy use of the PARpecific antibody 1(H (Section
3.2.4.2) and 10Hluorescencssignalintensities were evaluated according to section 3.2.4.5
above. Followindgluorescence signahtensity evaluation]OH fluorescence signaitensiies
were categorizednio groups by calculating the combined mean fluorescence intensity of

control cells treated with 0.5 mM hydrogen peroxide, representing highest fluorescence
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detected. Next, 1/3 of calculated mean fluorescameasitywas either deducted or added to
calcdated mean fluorescence intensity and thus groups defined as following: Fluorescence
signali nt ensi ties i n #1lh/e3 or awegree fcOo nasnidd eibesalin as |
fluorescencaignalintensity group (Group 1), fluorescence intensities in tmegae  Aid@ a n

and mean +1/ 30 wer e c o ribosel #uorescenceignalintensikyd | e p o
group (Group 11), and finally, fluorescence
were considered as high poly(ABBose) fluorescencgignalintensity group (Group 1l1).

3.2.4.7 Analysis of Cell Death by Flow Cytometry

To analyzethe effectof reduced cell proliferation after siRN#ediated silencing dPARP-2

in HeLa S3 or U20S cells, cell deahalysis was performedy flow cytometry.Here, cells

were stained by annexi and propidium iodide to differentiate apoptotic from necrotic cell
death.

For cell death analysis, RNA interference of analyzed proteins was carried out in &e&sn pla
as described undsection 3.2.6.%nd HelLa S3 cells treated witl® uM camptothecirfor 48

h servedas a positive control for cell dedtiere. At 48 h after transfecti@nd treatmentcell

culture medium was removed and stored on ice in a 15 ml conical centrifuge éllbevéle
washed with 2nl PBSand PBS washing alution wasadded ¢ old cell culture medium on

ice. Afterwards cells were detached by incubation with 0.5 ml trypsin/EDTA (0.025%),
harvested in 1.5 ml cell culture medium and transferred to the 15 ml conical centrifuge tube
on ice.After centrifugation 81000 rpm for 5 min, cedl were resuspended in PBS and cell
numbers were determinetix1( cells were centrifuged next at 1000 rpm for 5 min at room
temperature, resuspended in 1 ml 1x annexin binding buffer and 195 pl of cell suspension was
added to 5 pAnnexin V(human) FITC conjugate from Enzo Life Sciences. After incubation

at room temperature for 15 min, 200 pl of 10 pg/ml propidium iodide in 1x annexin binding
buffer was added and cells were kept on ice until flow cytometry analysis on FACS @alibur
by CellQuest Pr.0 software Resulting flow cytometry data were analyzed BypwJo i

Version8.8.7software

3.2.4.8 DNA Histogram Analysis

To analyze cell cycle phase distributions after siRiN@diated silencing of PARP and/or
PARPR2 in HeLa S3 or U20S #s, DNA content was measured by flow cytometry.

RNA interference of analyzed proteins was carried out in 6 cm (HelLa S3) or 10 cm (U20S)
plates as described undssction 3.2.6.5At 48 h after transfection, cells were washed in PBS,
detached by incubatiowith 0.5 ml trypsin/EDTA (0.025%) and harvested in 1.5 ml cell
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culture medium. After cell number determination, cells were centrifuged at 1000 rpm for
5 min, thoroughly resuspended 300 pl icecold PBS,700 pl 100% icecold EtOHadded
andincubated onde for 20 min. After fixation, cells were centrifuged at 20€r 5 min,
washed in PBS and centrifuged next at 830r 5 min. Subsequently, cells were resuspended
in 150 pl PBS, 600 pl DNA histogram extraction buffer added and incubated for 20 min at
room temperature on a shaker. Cells were centrifuped at 300g for 5 min and the
resulting cell pellet was resuspended in DNA histogram staining buffer and incubated for
30min at room temperature in the dark. Finally, flow cytometry analysis was pedoom
FACS Calibur Il usinghe CellQuest Pré.0 software doublet discrimination mode adiata

were analyzed bllowJoi Version8.8.7 software.

3.2.5 Protein Analysis

3.2.5.1 Protein Extraction fronCdl Lysates

Cells for protein extractiowere harvested broutine @ssaging, cell number determined and
centrifuged at 1000 rpm for 5 min. Cells were resuspended next in 1x complete protease
inhibitor in PBS and cell lysis was performed by addition of twice thepkawolume of
preheated (95°C3DSPAGE 1.5x highurea preein loading buffer. Samples were incubated

at 95°C and 300 rprand afterwards DNA was sheared by using a 1 ml syringe a2@ Z1

and 2426 G needles. Protein extracts wlashfrozen in liquid nitrogen andtored at80°C

until use.

3.2.5.2 Protein Extractionfrom Cell Lysate®y modified highsalt RIPA buffer

To determine protein concentrations in protein extragtetein extraction was performed
usingmodified highsalt RIPA buffer. For this purposecells were washetiice in icecold
PBS, PBS aspirated armmll-containing plates were put on ic&t 100% cell confluency
500ul for 10 cm, 300 pl for 6 cm and 150 ul forvéell platesice-cold modified highsalt
RIPA buffer was added directly to plateslls detached using a rubber police man and cell
suspeni®ns transferred to a reaction tubBNA was sheared by using a 1 ml syringe and
21-23 G and 246 G needles. Cells were centrifuged next at 49G6r 15 min at 4°C,
supernatant transferred to a new reaction tube andfflazén in liquid nitrogen for filowing
storage at80°C. Prior to use in SD®AGE, samples were supplemented with SEXESE
10x protein loading buffer.

53



Materials and Methods

3.2.5.3 Protein extraction from Cell Lysates for PARRPNestern Blot Analysis

Cells for PARP2 protein extraction were harvested by routinespging, cell number
determined and centrifuged at 1000 rpm for 5 nitnotein extractswere kept on ice
afterwards, resuspended in PARRysis buffer and sonicated twice for 10 s with a break of
15 min in between Samples were centrifuged next at 140@dnrfor 15 min at 4°C
supernatant transferred to a new reaction artgeflash frozen in liquid nitrogen for storage at
-80°C. Prior to use in SD®AGE, samples were supplemented with SEX8SE 10x protein

loading buffer and final concentration &0 mM DT T.

3.2.5.4 Determination of Protein Concentratis

Protein concentrations were determined using the BCA protein assay kit (Pierce) according to
the manufacturer’s instructions with the following specifications: Samples were dil@ted 1:

1:10 in MilliQ water. Mdlified highsalt RIPA bufferserved as negative control. Bovine
serum albumin solutions with concentrations of 0, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2 mg/ml were used
as standards. Each sample was analyzed in technical triplicates. Reactions were incubated for

30min at 37°C and absorptions were measured at 550 nm hwalBplate ELISA reader.

3.2.5.5 SDSPolyacrylamide Gel Electrophoresis

Protein samples were separated by discontinuous sodium dodecylpuoliaerylamide gel
electrophoresis (SDBAGE). For separationSDSPA mini gels, which compromise &6%
stacking and.0% separation gel, were prepared using the Hoefer Mini VE system (Amershan
Biosciences) or the MIAPROTEAN Tetra cell system (BiBad) according to the
manufacturer’s instructions. Briefly, eleqitmresis devices were set wging two glass

slides and spacers depending on system used. After addition of TEMED and APS, separation
gel solution was poured between glass slides, covered with isopropanol and polymerization of
the gel was allowed for 30 miat room temperature. Isopropanol was removed after
polymerization and stacking gel solution was prepared and poured on top of separation gel,
after which a 10 to footh comb was insertedfter polymerization was completed, SBS

PA mini gels were placenhto electrophoresis chamber and protein extracts Voaged as
Acel |l equi valentso or defined protein conce
Electrophoresis was performed at an initial current of 10 mA per gel to allow concentration of
protein samples at the borderline of stacking and separation gel. Subsequently, current was
increased to 20 mA per gel and electrophoresis was continued until the colored frontline had

run out.
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Table 3.19.Composition of SDSPA mini gels

Reagent Stacking el (4.6%) Separation gel (106)
Separation gel buffer - 3.2 ml

Stacking gel buffer 3.2ml -

Rotiphorese 30 1.1ml 5.2ml

H,O (MilliQ) 22ml 7.2ml

TEMED 12 pl 32yl

APS 66 132 ul

Volumes sufficient for 2 gels

3.2.5.6 WesterrBlot

After separation ¥ SDSPAGE, proteinswere electrophoretically transferred onto a
HybondE -ECL nitrocellulose membranasing a Hoefer Mini Blot Module wet blotting
device (Amersham Biosciences) according to the manufacturer’s instructions. The transfer
was conducted in west blot transfer buffer at a constant current of 300 mA for 2 h.
Subsequentlythe nitrocellulose membrane was incubated 36rminat room temperature or
overnight at 4°C in western blot blocking solution to blodspecific bindingof antibodies.
Excesssolution was removed by brief wash in TWTiffer and first antibodyncubation was
performed at room temperature for 1 dr overnight at 4°Con a rotary shaker
(SeeTable3.20below). Membrane was washed neRtee timesn TNT buffer on a shaker at
roomtemperature for 10 min and then incubated with secondary-¢dRfgated antibodies
(SeeTable3.20below) at room temperature for 1 h on a rotary shaker. After three times
washing of membrane in TNT buffat room temperature on a rotary shakiee visuaization

of proteins was performed via chemiluminescence reaction, by which the perecodaéed
secondary antibody converts the AECL solutic
in photon emission. Signals were detected withlmage Quant LAS 400 mini with
exposure times of 10 s up to B0N.

Table 3.20.Antibodies and reagents used in western blot analysis

Antibody or Reagent Dilution

Monoclonal mousenti-actin 1:50000 in blocking solution
Monoclonal mousantiHAL.1 1:2500 in TNT

Monoclonal mousentirhumanPARR1 (FI23) 1:400in blocking solution
Monoclonal mousanti-PARP-1 (CI110) 1:400in blocking solution
Polyclonal goatantimouse IgG, HRRonjugated 1:2000in blocking solution
Polyclonal goa@antirabbit IgG, HRPconjugated 1:2000in blocking solution
Polyclonal rabbiant-PARP2 (PA14280) 1:500 in blocking solution
StreptavidinHRP 1:5000 in TNT
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3.2.5.7 Preparation of Cell Lysates for RNA Isolation

To isolate RNA from cell lysates, the RNeasy Mini Kit from Qiagen used according to
manufacturer’s instructiorBriefly, cells were harvested by routine passaging, cell number
determined and centrifuged at 1000 rpm for 5 min. The resulting pellet was resuspened in
350l RLT buffer for cell numbers below 5xi@ells andin 600 pl RLT buffer above 5x£0

cells. DNA was sheared by 1 ml syringe and 21 G needle andfl@zén in liquid nitrogen

until RNA isolation was continued as described in manufacturer’s instructions.

3.2.5.8 Reverse Transcription PCiar cONA Synthesis

For up © 1 pg synthesis of doubktranded complementary DNA (cDNA), 1 ug of total RNA
was transcribed using the iScript cDNA Synthesis Kit {Rexd) according to the
manufacturer’s instructionand FlexCycler (Analytik Jena) PCRycler. For synthesis of
more tha 1 ug cDNA, the SuperScript || Reverse Transcriptaseas utilized Here, up to 5
png of RNA was mixed with 5 pl 2 mM dNTP&,ul 500 ndul Oligo (dThg Primer andilled

up with water to 13 pl reactiomolume. The reaction mix was incubated afterward854C
for 5min and then 4 pl 5x First Strand Buffer, 1 ul 0.1 M DTT, (40 U) RiboLock RNase
inhibitor and 1 pl (200 U) SuperScript Il Reverse Transcriptase were added. Reverse
transcription PCR was performed by incubation at 50°C for 60 min andf@0iG min using
the FlexCycler (Analytik Jena) PCR cycler.

3.2.5.9 Relative Quantitation of Gene Expression

Gene expression levels bPARR1 andhPARR2 were determined by SybrGreen rtiate
guantitative PCR (ROPCR) (HotStartT SYBR Green gPCR Master Mix, BAfmetrix) and
iQ Cycleror CFX Cycler(Bio-Rad)according to the manufacturer’s instructidAgmer sets
BH059/BH060 and BH099/BH100 were used to amplify specific productd4af bp
(hPARR2, Exon 2b/3) and 100 bphPARRL, Exon 6/7), respectivelyTwo hausekeeping
genes served here as reference gémesomparison of relative gene expression levély
Succinate dehydrogenase complex, subunit A, flavoprotein §&1te¢A with primer sets
BH063/BH064 and an amplicon of 141 bp (Exon 3/4) and (2) TATA baoxibg protein
geneTBPwith primer sets BH65/66 and an amplicon of 153 bp (Exon B@R reactions for
each gene were performed with 100 ng of cDNA per sample in triplicates. Reactions were
incubated at 95°C for 90 s atiten 50 cycles of amplifications 85°C for 15 s, 56°C for 20s
and finally 68°C for 30s, tere ampliconswere detected bysybiGreen fluorescence.

Afterwards, in ordeto determine specificity of PCR’s, melt curves of the respective products
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were analyzed by raising sample temperature .6y per cycle (10 s) starting from 50°C
until 95°C, where fluorescence signals were acquired again after each cycle.

To determine foletifferences in genetranscription expressiorthe relative changes were
calculated by gp@nethodLivak & Schmittgen, 200Lusing test sample growg(e.g. siRNA

andcalibratorgroups (e.g.scrambled siRNA).

3HO HOCAT AT OA OAKDD A £A TR RA
3 HO IHOOAOO3HOAAI EAOAOI O

Relative mRNA level fold change =' $*¢!

3.2.6 RNA Interference

3.2.6.1 Design of knockdown sequences

Small interfering RNAsequencesvere déerminedby siDirect 2.0 softwargublished by
Naito et al. 2009 (Naito et al, 2009. For RNA interference diPARR1 and hPARR2, the
reference sequence NM_001618.3 aid 005484.3 were used in the algoriticnsearch
respectively. For design of shRNAmir sequences, @&earch paern of
NNGNNNNNNNNNNNNNNNNNNNN was specified and siRNAsequences selectddr
cloning as shRNAmirinto pTRIPZ For design of siRNA sequences, a search pattern of
AAGNNNNNNNNNNNNNNNNNNNN was utilized anceffective targesiRNA sequences
(see Figure3.2 in bold scriptfor definition) were orderedat SigmaAldrich with UU or
[dT][dT] overhangs

3.2.6.2 Determinationof Seedtarget DuplexMelting Temperatures

Melting temperatures obff-target critical seedtarget duplexgaito et al, 2009 were
estimated byusing nonselfcomplementary dupleyparametersof the individual nearest
neighbor hydrogen bond (INNB) modelaspublished by Xiaet al. 1998 Xia et al, 1998.
See Figure8.1 belowfor example calculationf PARR1-ShahshRNA published by Shadt
al. 2005(Shahet al, 20035.
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A

shRNA sequence: GGGCAAGCACAGTGTCARAGG (+TT from loop)
Target mRNA sequence CCCGUUCGUGUCACAGUUUCC

Guide siRNA (5'-3'): CCUUUGACAGUGUGCAAGCCC

Passenger siRNA (5'-3'): GCAAGCACAGUGUCARAGGUU

Seed-target duplex nucleotides (5’-3°): CUUUGAC

B

L (5'CUUUGACS'
3'"GAAACUCY

f r r r f r I I I f r I
e+ 80 (50) + b (580) o e (S3020) o abe (582 + e (198%) + a0 (522
=3.61+ (-10.48) + (-6.82) + (-6.82) + (-10.44) + (-12.44) + (-11.40) =-54.79

_(5'CUUUGAC3"Y
3'GAAACUCS |

o o (5" cus’ o (5443’ o [5'AA3" o (5'CA3' o (5'6A3' o (5 6U3’
AS%inir. +AS (3’GA5’) +AS (3’UUS’)+AS (3’335’)+AS (3’GU5’)+ AS (3’(:35’)+AS (3’6A5’)+A55)’m

=-15+ (-27.1) + (-19.0) + (-19.0) + (-26.9) + (-32.5) + (-29.5) = -155.5

Tm = - = —5475x1000 =31277 K = 39.62°C
"o n - - — .
AS°+R=In (%) 1555 + 1987 In(C9%)

Figure 3.1.Representativeestimation of seedtarget duplex melting temperatures

A. Analysis ofshRNA sequencéo identfynucl eoti des on position 2 to 8 (fr
strand, crucial foseedtarget duplexXormation. B. Estimationof melting temperature ¢J) by individual nearest

neighbor hydrogen bond (INNB) model using parameters for nealfcomplementary duplexes.

H AChange in enthalpy [kcal/mol]; ®S A = Change i nBy= eénitidtiono gnthalpy] e u ] ; C
PSA=l nitiatio Jym =ESYIMMety poyrectiond 8néropy(= 0 for nonself-complementary duplexes);

R = Gas constarji..987 cal K* mol]; In(C/a )= Factor for btal concentration of single strands.

3.2.6.3 Design of SRNAmIr expression construftom sRNA

To designshRNAmir expression constructiirectly from siRNA sequenceshe conversion
methodof Baroyet al. 2010 wasapplied(Baroy et al, 2010Q. Briefly, to allow expression of
shRNAmir containing sequences identical to siRNAs, the sequences were redesigned as
shRNAmir inserts for cloning into vector pTRIPZHere, sSiRNA passenger and guide
sequences contain the specificrigcleotide (nteffectivetargetsiRNA sequencésee section
4.2.1.2 for dénition) for transfer into the shRNAmir oligonucleotidesn example

conversiorcan be seen iRigure 3.2 below.
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Target mRNA sequence (5 - 3'): AAGAUGAUGCCCAGAGGAACU
siRNA passenger sequence (5" - 3'): GAUGAUGCCCAGAGGAACUUU
siRNA guide sequence (37-95): UUCUACUACGGGUCUCCUUGA

shRNAmir sense oligonucleotide:
TCGAGAAGGTATATTGCTGTTGACAGTGAGCGCGATGATGCCCAGAGGAACT
AGTGAAGCCACAGATGTAGTTCCTCTGGGCATCATCTTGCCTACTGCCTCGG

shRNAmir antisense oligonucleotide:
AATTCCGAGGCAGTAGGCAAGATGATGCCCAGAGGAACTACATCTGTGGCTT
CACTAGTTCCTCTGGGCATCATCGCGCTCACTGTCAACAGCAATATACCTTC

Figure 3.2.Representative Design of shRNAmir Oligonucleotides from siRNA sequences

Bold: Specific 19nucleotideeffective targetsiRNA sequenceltalic: shRNAmir loop sequencé.eft and right
of effective target sSiRNA sequences are parts of tineir30 context sequence, whichfter annealing of
oligonucleotidesresult inprocesse&ho-| (left) andEco-RI (right) DNA overhangsequired for cloning

3.2.6.4 Transfection of HeLa S3 cells with siPORAmine

To dowrregulate human PARP and PARF2 protein expression in HeLa S3, siRNA against
the respective proteins were transfected using siPhRmine. For RNA interference of
HelLa S3 cells, cells were grown to-30% confluency in a T7%ell cultureflask and all
passaging solutions were psarmed to 37°C in a water bath. Cell culture medium was
aspirated and cells were briefly washed with 10 ml PBS. ¢btinies were dissociated by
incubation with 1 ml Trypsin/EDTA (0.25%/1 mM) for 5 min at 37°C. Dissociation was
stopped by addition of 9 ml cell culture medium and pipetting. Cell suspension dilutions were
prepared in fresh cell culture medium at 1:5 arRiratios, plated in-@vell plates and left to
grow overnight in an incubator.

The following dayplates with around 50% cell confluency were chosen for transfection. Here,
10 pl of siPORT" Amine and 185 ul OptMEM® reduced serum mediumere combined,
vortexed and incubated for 20 min at room temperature appiopriate20 uM siRNA stock
solution was added next and siPO®TAmine-siRNA solution was mixed by pipetting.
During the following 20 min incubation on benchtop, cells were washed twice with 2 ml
Opti-MEM® reduced serum mediunNext, siPORT" Amine-siRNA solution was spun
down, cells overlaid with 800 pl OpWIEM® reduced serum medium and 200 pl of
siPORT™ Amine-siRNA solutionwasadded to each wellfter 4 h of incubation at 37°C,

2 ml of cell culture medium were addexhd finally incubated for the desired time point of

analysis
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3.2.6.5 Transfection of HeLa S3 cells or U20S with Lipofectamine RNAIMAX

To dowrregulate human PARP and PARP2 protein expression in HeLa $8 U20S cells
SsiRNA against theespective proteins were transfected using Lipofectamine RNAIMAX. For
RNA interference of cells, cells were grown to-9®6 confluencyin a 10 cm platendall
passaging solutions were psarmed to 37°C in a water bath. Cell culture medium was
aspiratedand cells were briefly washed wit0O ml PBS. Cell colonies were dissociated by
incubation withl ml Trypsin/EDTA (0.25%/1 mM) for 5 min at 37°C. Dissociation was
stopped by addition d® ml HeLaU20S transfection mediunand pipetting Subsequently,
cell number was determined andlls were plateéh defined transfection mediuwolumeson

new cell culture plates order to reach 50% cell confluency the next day.

On day two of RNA interference, cells were monitored by phase contrast light microscopy for
cdl confluency, appropriate 20 uM siRNA stock solutions diluted in MEM® reduced
serum medium and mixed gently by pipetting. Next, Lipofectamine RNAIMAX was diluted
in Opt-MEM® reduced serum medium amdixed gentlyby pipetting. After combining
SiIRNA and Lipofectamine RNAIMAX dilutions, the mixture wamsixed gentlyby pipetting
incubated at room temperature for 15 min, added -digp to each plate and finally
incubated for the desired time point of analySee Table 3.21 (HeLa) andTable 3.22
(U20S)for volumes and cell numbers employed.

Table 3.21.Volumesfor Lipofectamine RNAIMAX transfection of HeLa S3cells

Dish size Cell number for Transfection plating 20 uM siRNA Lip ofectamine Opti-MEM® reduced
plating medium stock solution ~ RNAIMAX serummedium
24-well plate  5x10" 500 pl 1l 1l 50 pl
6-well plate  3x1C0° 2.5ml 5 ul 5 ul 250 pl
6 cmplate 5x10-1x1¢ 3 ml 7.5 ul 7.5 ul 750 ul
10 cmplate  2x1CP 6 ml 15 pl 15 pl 1.5 ml
15 cmplate  4x10P 12 ml 30 pl 30 pl 3ml

Final siRNAconcentration per well is 33 nM

Table 3.22.Volumesfor Lipofectamine RNAIMAX transfection of U20S cells

Dish size Cell number for  Transfection 20 pM siRNA Lip ofectamine  Opti-MEM® reduced
plating plating medium stock solution RNAIMAX serum medium
6-well plate  1.5x10° 2.5ml 5 ul 5 pl 250 pl
6 cmplate  5x10° 3ml 7.5 ul 7.5 ul 750 pl
10 cmplate  1x10° 6 ml 15 pl 15 pl 1.5 ml
15 cmplate  2x10° 12 ml 30 pl 30 pl 3ml

Final siRNA concentration per well is 33 nM
For transfection of two siRN's into one well, equimolar amounts of both siRNA were added

on day of transfection, raising the final concentration to 66 nM.
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3.2.6.6 Cotransfection of sSiRNA and Vector DNA into HeLa S3 cells

To restore the wild type phenotype BARPR2-Hanf siRNA silenced HelLaS3 cells and
provide evidence for thsepecificity of the employedPARR2-Hanf siRNA HelLa S3 cells
were simultaneously transfected with siRNA and pCMX-PARP2 plasmid DNA.
Lipofectamine 2000 was utilized to-t@nsfect pPCMVHA-PARP2 and siRNA into HeLa3S
cells.

For cotransfection, cells were grown to -B0% confluency on a 10 cm plate and all
passaging solutions were psarmed to 37°C in a watdath. Cells were dissociateckll
number determinedind 1x16 cells plated in transfection medium intomé-cm cell culture
plates. On day two of cdransfection,2 pg of pCMVAHA-PARP2 and 150 pmol of
corresponding siRNAvere diluted in750 pul OpttMEM® reduced serum medium and mixed
gently by pipetting. Next,7.5 ul Lipofectamine 2000 was diluted irb0 pl Opti-MEM®
reduced serum medium, mixed gently by pipetting and incubated for 5 min at room
temperature. Afterwards, vectosiRNA and Lipofectamine 2000dilutions were mixed,
incubated for 20 min at room temperature, and added-wlis®p to each well. Cellsvere

incubated for 48 h at 37°C prior to expression analysis.
3.2.7 Generation of Stable Cell Linesdy Lentiviral Transduction

3.2.7.1 Titration of Selection Antibiotics

To determine minimum working concentrations s#élection antibiotics for generation of
stable celllines, HeLa S3 cells were treated with hygromyciar puromycin for 7daysand
analyzed using modifiedclonogenic survival assay

For modifiedclonogenic survival assay, HelLa S3 cells were harvest by routine passaging, cell
number determined and 200 cgilsteddrop-wise into 6 cm plates. After 30 min incubation

to allow attachment of cells, cells were covered with 3 ml cell culture medium containing
selection antibiotic concentratisand incubated for 7 dayafter which crystal violet staining

was perbrmed as described undsction 3.2.1.10

3.2.7.2 Cloning of pTRIPZShRNAmIr vectors

For stable and inducible expression of selected PARP siRNA in HeLa S3 cells, siRNA were
converted into shRNAmir oligonucleotides as described unglér6.3 and ordered
accordingy at SigmaAldrich. To clone shRNAmir oligonucleotides into the lentiviral
inducible vector pTRIPZ, oligonucleotides wesmnealed vector pTRIPZ opened by
restriction enzymeEco-RI andXho| and ligationat 1:3 molar ratiavas performed overnight

at 4°C after purification of vectoDNA by gel extraction. After heat inactivation,ul of
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ligation reaction was used for transformation into chemo competent Dxter overnight
culture of resulting cell colonies, vector DNA was preparedZByPlasmid Miniprep” i
ClassicKit andscreened for insert containing vectors by DNA restriction analysis Miung

and Xho! restriction enzymes. DNA restriction analysis positive identified clones were
finally validated by DNA sequencirend5 pTRIPZ/3 pTRIPZ primer set

3.2.7.3 Cloning of pRIPZDouble knockdown vector

Modification of vector pTRIPZto encodea polycistronicPARP-1 and PARF2 shRNAmir
sequencen i h etetd a icdnfiuration(Snyderet al, 2009 Mcintyre et al, 2011, was
cloned by insertion of PARR1 shRNAmir sequencé&om vector pTRIPZP1 into vector
pTRIPZP2

For this purposeyector DNA from pTRIPZP2 was dgested byMlu-I andNot-I and vector
DNA from pTRIPZP1 byCla-1 andMlu-I overnight at 37°CAfter heat inactivation at 80°C
for 20 min,all of the reaction volume was used in the removal of DNA overhangs-BWA
Polymeraseand vector/ insert DNA for ligation waspurified by gel extraction. Here, the
11389 bp vector and 2747 bp insddNA of pTRIPZP2 and PARRP1 shRNAmir,
respectively, were isolated from a 1% agarose §ebsequentlypTRIPZP2 vector DNA
was de-phosphorylatedligation of vector andnsertDNA performed at 1:3 molar rati@and

2 ul of ligation reaction was transformed into chemo competent &DHSter overnight
culture of resulting cell colonies, vector DNA was prepared BR Plasmid
Miniprep™ - Classic Kit and screened for insert containing vectors by DNA restriction
analysis usingKho| restrictionenzyme DNA restriction analysis positivedéntified clones

were finally validated by DNA sequenciagd pTRIPZDoubleprimer.

3.2.7.4 Cloning of pTRIPZAhRNAmirconferring Hygromycin resistance

To achieve silencing of botPARR1 andhPARR2 in HeLa S3 cells already transduced by
PARPR1 shRNAmir expressg lentiviruses, the pTRIPZ vector was further modified to
produce lentiviruses conferring a hygromycin resistance gene, instead of the original
puromycin resistance genthus allowing further selection

For this alternative approachygromycin resistaze gene(HygroR) and IRES sequense
were cloned intocloning vector pBH3 prior to cloning into pTRIPZor this purpose,
HygroR and IRES sequences wemmplified by PCR from pGIPZral pTRIPZ vectors
respectively and afterwards pBH3 antHygroR PCR amplicos were digestedvernight at

37°C, using Xho| and Pfl23-11 restriction enzymesOvernight digestions were purified next

by 1% agarose gel extractioligated at 1:3 vector to insamiolar ratio and? pl of ligation
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reactionwas transformed into chemo cqratent DH%. After overnight culture of resulting
cell colonies, vector DN#& wereprepared byZR Plasmid Miniprep” - Classic Kit and
screened for insert containing vectors by DNA restriction analysis img restriction
enzyme. DNA restriction analysipositive identified clones were finally validated by DNA
sequencingan8 6 pSL1180/ 36pSL1180 primer set

The new pBH3HygroR vector DM\ and IRES PCR amplicon were digestezkt overnight

at 37°C using Mssl and Xho restriction enzymes. Overnight digess were purified by
1% agarose gel extraction, ligated at Yéctor to insertmolar ratio and 5 pl of ligation
reaction transformed into chemo competent BHAfter overnight culture of resulting cell
colonies, vector DNAwereprepared bR Plasmid Miniprep” - ClassicKit and screened
for insert containing vectors by DNA restriction analysis usitma| restriction enzyme.
DNA restriction analysis positivielentified clones were finally validated by DNA sequencing
andBH094 3 6pSL1180 primer set

Next, pTRIPZ and pBH3RESHygroR vector DNA were first digestetty Pfl23-1I
restriction enzymefor 1 h at 37°C purified by enzymatic cleanup usir@lAquick Gel
Extraction Kit and then digested INot-I restriction enzyme for 1 h at 37°Subsequently
IRES-Hygro insert (1629 bp) and pTRIPZ opened vector DNA (12fj))5vere purified by
1% agarose gel extraction, ligated at 1:5 vector to insert molar ratio fat 227C, and 5 pl
heatinactivated ligation reaction used for transformation into BH&ter overnight culture
of resulting cell colonies, vector DNAs were preparedZByPlasmid Miniprep” - Classic
Kit and screened for insert containing vectors by DNgstriction analysis usingcoRI
restriction enzyme. DNA restriction analysis positive identified clones were finally validated
by DNA sequencing anBH089/BH090primer set

3.2.7.5 Production of Recombinant Lentivirus

Recombinant lentiviruses were produced ¢aicium phosphatgCaPQ) transfection of
HEK293 FT cells withpackaging plasmigphBR8.91, envelope carrying plasmid pMD.G and
lentiviral expression plasmid pTRIPZor production, HEK29FT cells were harvest by
routine passaging, cell number determined atid2cells plated in T175 cell culture flasks
cell culture mediumAfter 24h medium was aspiratedd ml of cell culturemedium added
andreagents for CaPQransfection prepared. 27 pg pTRIPZ vectorDNA, carryingthe
appropriate sShRNAmir inserf were mixed with 12 pg pMDO5, 19 pg pBR8.91,
215ul 2M CaCl and filled up to 1.75 ml withsterile H,O. After thorough mixing by
pipetting, the mixture wasslowly addeddropwise to 1.75 ml 2x HBS (pH 6.95) solution
whilst vortexing thel5 ml conical centrifuge tubeAfter 40 min incubationitne atroom
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temperaturghe solution was mixed again befas®w addition toHEK 293 FT cellswhile
gently shakinghe cell cultureflask. Transfectedells wereincubated overnight at 37°C and
transfection mediunreplaced on the following day by 20 miesh ell culture medium.
Lentivirus-containing cell culture mediunwvas collected 48 h afterwards, centrifuged at 2500
g for 20min at room temperatuyreterile filtered using a 0.45 pfiler and 50 ml syringe, and

finally storedat 4°Cbefore concentratioby ultracentrifugation.

3.2.7.6 Concentration of Lentiviral Supernatants bitrdcentrifugation

For concentration ofentiviral supernatants} ml of a 20% sucrosesolutionin PBS were
added to hardshell centrifuge tubes, carefully overlaid with maxingZ0) ml lentiviral
supernatantand centrifugedat 4°C for 2 h at 26.000 rpm in a SW 32Ti rotoesing an
ultracentrifuge (LEBOK, BeckmarCoulter). The supernatant wearefully removed anthe
often invisibleconcentrated virus particles pellet below the sucrastionwasresuspended
in 200 plsterile1% BSA/PBS. Aliquots were stored-80°C for further use.

3.2.7.7 Transduction of HeL&3Cells with Recombinantdntiviruses

Lentiviruses for expression of PARP shRNAmir were transducedHat@ S3 cellsvithout
determiration of lentiviral tites (Master Thesis A. Waizeneggdé¢pnstanz,2012). Here,
HeLa S3cells were harvest by routine passagg, cell numbers determined a1 cells

per wellplated in 6well plates.After 24 h of incubation at 37°C, medium was repl& with

2 ml cell culture medium, 67 pl (i.e. 16.67% of volume) of concentrated lentiviral supernatant
added to each well and supplemen@& h laterwith 0.4 pg/ml puromycin for selection.
Successful integration dhe pTRIPZshRNAmir construct into cedlwas analysed one week
after puromycin treatmetty 24 h incubation of cells with pg/ml doxycycline andbllowing

fluorescence microscomf live cells

3.2.7.8 Cell Cloningby Serial Dlution

Due to ahigh variability of urbo RFP anl shRNAmir expression withitransducedHelLa S3
cells clonal cell lines dginating from one single celvere established(Master Thesis
A. Waizenegger, Konstanz, 201ZFor this purposeshRNAmir lentivirus transduced HelLa
S3 cell lines were separated in@éll plates.Cells wereharvested by routine passaging, cell
number determined, dilutions of 10 cells/pieparedand d&her 100 pl or 50 plof cell
suspension were added per wédading toan average 0 to tells per well.Such96-well
plates weranonitoredcontinuallyand oty cell colonies, which had originated fromsngle
cell, were culturedintil they reached confluenc8ubsequentlycell colonies were transferred

to 48well plates 24-well plates and 1-2vell plates after reaching 100% cell confluency in the
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previous wé plate. Finally, clonaldoxycyclineinducible PARP shRNAmir expressing HelLa

S3cell lineswere shiftedo 10 cmcell aulture platesand tested for knockdown efficiency.

3.2.8 Statistics

Statistical analyses were performed using GraphPad Prism 5 softwardaiscegpressed as
means + SEM. Two independent data setse compared with the Studenttest (unpaired,
two-tailed) and for data sets greater than tth® twoway ANOVA (repeated measures,
mixed model, using the unweighed means analysis) followe&dmferroni postestwas

employedPval ue O 0.05 was considered as statist:i
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4 Results

Much research has been performed dme tunctional and physical interacti®nof
poly(ADP-ribose) polymerasé (PARP1) and poly(ADRribose) polymeras2 (PARR2)
andgenetic knockout mouseodels of both proteinsaverevealeda degre of redundancy in
cellular PARP functions However, dvancemerstin elucidating this redundandyave been
hindered by the embryonic lethality of the combined PAR&d PARF2 genetic knockout
in mice. To datethere areseveralin vitro studieson the cellularablation of PARPL and
PARP-2 protein expressigrbut these reports did neitham to investigate this degree of
redundancynor try to providedetailedunderstanding of the consequences of a combined
knockdown of PARP1 and PARF2 (Section1.2.3). Thus, he motivation of this thesis wés
provide a first systematic study otie individual and combined functions of PARPand
PARP-2 by testing theconsequencef a combned PARPL and PARF2 knockdownof

protein expressiom two different cellular approaches.

4.1 Part A: Doxycycline-inducible Knockdown of PARP-1 and
PARP-2in HeLa S3 Cell Lines

4.1.1 Generation of Doxycyclineinducible PARP-1 and PARP-2 Knockdown
HelLa S3Stable Cell Lines

To minimize possible offarget effects ofong termRNA interferenceexpression in cellghe

lentiviral expession vector pTRIPZ was choseallowing controlled expression of

microRNA adapted shRNA upon the addition of doxycycline to céHsction 1.3.2).

Therefore,suitable shRMmir sequences had to be chosen and designed, tonfithe one

hand the pTRIPZ construct design and on the other result in maximum knockdown

efficiencies of bothhPARR1 and hPARR2 transcripts. The sequenced and validated

constructpTRIPZ was kindly praided by Christiaan Karreman (University of Konstanz,

Germany)Figure 1.8.

The mRNA target sequences for the RNA interferencdhPARRL1 and hPARR2 were

chosen according to Shah et al. 2005 (PARR1-Shah  shRNA

5 &6GGCAAGCACAGTGTCAAAGG3 6 and Bai et al. 2007 (PARP-2-Bai shRNA

5 - AAGATGATGCCCAGAGGAACT-3 § jespectively.However, as offtarget effects of

siRNA are dictated by #h thermodynamic stability o$eal-target duplegs (Naito et al,

2009, selected PARP siRNA sequences were further veffifietheir suitability andossible

off-target effects in RNA interferencd&examining thermodynamic stabilities of already
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existing siRNAwashowever not possible by the siDirect 2.0 softwarbklighed by Naitand
Yoshimura et al. 2009 as it misses an external entry field for predesigned sequence
validation Thus, selected siRNA were not only analyzed by Basic Local Alignment Search
Tool to identify direct mtches ofsiRNA sequences to oefairget sequences, but also by

biophysical approach to estimate thermodynamic stabilities oftaeget duplexes

4.1.1.1 Examination of SelectedRNA Target Sequences (if-target Effects

A control SRNA sequence wageneratedirst for the PARR 1-Shahtarget siRNA sequence
by use of theDNA protein sequence randomizer software, naf@@&RP1scr-Shah SRNA
afterwards % &S TACTAAGAGGCAAAGCGCGG3 p

For PARP2-Bai target siRNA sequence, thBARP-2scrBai target siRNA sequence
TTCGGGGAACAAACGTGCAAC served as controeguenceBai et al, 2007. All four
target siRNA sequences were examined next by BLAST analysisearelpt hits are
displayed in tables 4.1 to 4.4. As expectemthtPARPspecificsiRNA showhigh alignment
(Max score 42.1andlow expectancyhits (E value 0.006¥or their respective target PARP
protein but no other tsong pairing (Table 4.1 and 4.3)In contrast, both scrambled target
siRNA sequences did not sh@anmyclearpairing with target sequences as indicate byroax

scores (28.2/26.3), losoverage (66%) and high expectancy val{iesalues over 88)Table

4.2 and 4.4)

Table 4.1. BLAST analysis data excerpt of PARA-Shah target siRNA sequence

Acession Description Max score Total score Coverage E value Max identity
NM_001618.3 Human PARPL, mMRNA 42.1 42.1 100%  0.006 100 %
NM_024875.4 Human SYNPO2L, 28.2 28.2 66 % 88 100 %

transcript variant 2 mRNA

NM_006079.4 HumanCITED2, 28.2 28.2 66 % 88 100 %
transcript variani mRNA

Accession matched database sequendéax score Highest alignment score from database seque

Total score Total alignment scores from all alignment segme@tsierage Percentage of query covered

alignment to database sequenE value, Best (lowest) Expect value of all alignments from that datal

sequenceMax identity , Highest percent idemi of all querysubject alignments

Table 4.2. BLAST analysis dateexcerpt of PARP-1scr-Shahtarget siRNA sequence

Accession Desciiption Max score Total score Coverage E value Max identity

NM_181782.2 HumanNCOA?7, 28.2 28.2 66% 88 100 %
transcript variant mMRNA

XR_114001.1 Human TBC1 domain  26.3 26.3 66 % 349 100 %
family, transcript variant
X5 mRNA

Accession matched databaseeence;Max score Highest alignment score from database seque
Total score Total alignment scores from all alignment segme@tsyerage Percentage of query covered
alignment to database sequen&eyalue, Best (lowest) Expect value of all alignme from that databas
sequenceMax identity, Highest percent identity of all quesgbject alignments
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Table 4.3. BLAST analysis data excerpt of PARR-Bai target siRNA sequence

Accession Description Max score Total score Coverage E value Max identity

NM_005484.3 Human PARF2, 42.1 42.1 100 % 0.006 100 %
transcript variant 1 mRNA

NM_001042618.1 Human PARP2, 42.1 42.1 100 % 0.006 100 %
transcript variant 2 mRNA

NR_033988.1 Uncharacterized, long 36.2 36.2 85 % 0.36 100 %
non-coding RNA,
LOC400046

NM_005270674.2 Human LPHN2, transcrip 30.2 30.2 71 % 22 100 %

variant X9 mRNA

Accession matched database sequendéax score Highest alignment score from database seque
Total score Total alignment scores from all alignment segme@tsyerage Pecentage of query covered k
alignment to database sequengeyalue, Best (lowest) Expect value of all alignments from that datal
sequenceMax identity , Highest percent identity of all quesybject alignments

Table 4.4. BLAST analysis data excerptfoPARP-2scr-Bai target siRNA sequence

Accession Description Max score Total score Coverage E value Max identity

XM_005261051.2 Predicted TTC3 protein 28.2 56.5 66 % 88 100 %
transcript variant XTnRNA

XM_005266287.2 Predicted N6AMT?2 28.2 56.5 66 % 88 100 %

transcript varianX1 mRNA

Accession matched database sequendéax score Highest alignment score from database seque
Total score Total alignment scores from all alignment segme@tsyerage Percentage of query covered
alignment to datals® sequenceE value, Best (lowest) Expect value of all alignments from that datal
sequenceMax identity , Highest percent identity of all quesgbject alignments

Having found that both publishd®ARP target siRNA sequences shbigh homologywith

their target transcriptsonly, thermodynamic tabilities of seedarget duplexes were
calculated. Here, the seéatget duplexes fdPARR1-Shah shRNAandPARP-2-Bai shRNA
were identified to be CUUUGAC and GUCCUCU, respectively, and after applying the
non-sdf-complementary duplex parameters of the individual nearsghbor hydrogen bond
model, melting temperatures were determined (Table 4.5). Melting temperatures of beth seed
target duplexes strongly indicated high probabilities of showingtaoffet effets, with
melting temperatures being well above theygested?1.5°C threshold temperature (Table
4.5) (Naitoet al, 2009.

Taken together, published PARPand PARPF2 target siRNA sequee showed on the one
hand strong pairing to their specific target sequences with no clear pairing-tergeff
sequences, but on other side high probabilities to extortaajet effects with their
seedtarget duplexesNew PARP target siRNA sequencegrehencedesignedusing the
siDirect 2.0 softwarereducing offtarget effects,and in addition exons showing good

knockdown efficienciesf PARP expression levelgon targeting
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Table 4.5. Melting temperature determination of published PARPBhRNA by INN-HB model.

Designation  Target mRNA sequence Seedtarget duplex nucleotidesMelting Temperature
PARP1-Shah AAGATGATGCCCAGAGGAACT CUUUGAC 39.62C
PARR2-Bai GGGCAAGCACAGTGTCAAAGG GuUCCUCU 56,40°C

Melting temperatures were calculated as described @wedéion 3.2.6.2

4.1.1.2 Cloning ofpTRIPZ PARP shRNAmir Construct

For selection of PARR target siRNA sequencdranscript variant 1 PARER mRNA
(NM_001618) was employed in the siDirect 2.0 softw&esulting hits weréurtherfiltered

for sequences targetingxon 7 and being similar to the target siRNA sequence of
PARR-1-ShahshRNA, however with lowemelting temperaturesf the seedarget duplexes.

The PARP2 target siRNA sequence was determined in a similar way, using the transcript
variant 1 PARR2 mRNA (NM_005484) and hits that targeted exon 5 of the PARP
transcript variant. Tablé.6 below shows the selected PARP mRNA target sequences (named
PARP shRNAmir henceforjtas well as theirandomized control sequences.

Table 4.6.Determination of PARP mRNA target sequence®y siDirect 2.0 software

Designation Accession  mRNA region MRNA Target Sequence

PARR1 shRNAmir NM_001618 11811203 (Exon7) AGGAATTCCGAGAAATCTCTTAC
PARP1 scramble shRNAmir N/A N/A CAAGAAACCGTTTGATACCTATG
PARR2 shRNAmir NM_005484 404-426 (Exon 5) TCCAGTTCAACAACAACAAGTAC
PARPR2 scramble shRNAmir  N/A N/A TCATAAATTGCAACACCAAGCCA

N/A, Not applicable

To expressselected PARP shRNAmir sequences as doxycyckmdrolled microRNA
adapted shRNAMRNA target sequencéSable 4.6)were drectly clonedinto the shRNAmir
expression cassette of pTRIPRor this purposehe cloning strategy depicted in Figure 4.1
was employedand carried out as described Saction 3.2.7.3 Briefly, sense and antisense
shRNAmir oligonucleotides were designactording to sequencanalysisby C. Karreman
(Figure 1.8, annealed and ligated witlEcoRI/Xhol-digested pTRIPZ vector DNA.
Annealing of shRNAmir oligonucleotides wagerified by 20% polyacrylamide gel
electrophoresiswhere successful annealing was ditd by an upwards shift of theeak
bands(Figure 4.2A Lane 3 and 6 Next, overnight cultures for plasmid DNA preparations
were prepared andlones screened bMlu-1/Xho-I DNA restriction analysisPositive clones
showing distinct bands at 13065 and ®plwerefinally verified byDNA sequencingFigure
4.2B). Thus, clones of successful insertion of annealed shRNAmir oligonucleotides into
vector pTRIPZ were cloned for PARE PARP-1scr, PARP2 and PARP2scr shRNAmir
(henceforth referred to as pTRIFA, pTRIPZPlscr, pTRIPA2 and pTRIPZA2scr
Cloning of PARP2 constructs performed in part by A. Waizenegger, Master thesis, Konstanz
2012.
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TCGAGAAGGTATATTGCTGTTGACAGTG AATTCCGAGGCAGTAGGCAAAGGAATTC

AGCGCAGGAATTCCGAGAAATCTCTTAC CGAGAAATCTCTTACACATCTGTGGCTT

AGTGAAGCCACAGATGTGTAAGAGATTT CACTGTAAGAGATTTCTCGGAATTCCTG

pTRIPZ CTCGGAATTCCTTTGCCTACTGCCTCGG CGCTCACTGTCAACAGCAATATACCTTC
13320 bp shRNAmir Sense Olignucleotide shRNAmir Antisense Olignucleotide

Restriction Digest

Annealin
Eco-RI + Xho-1 &
Xho-1 Xho-1 mir30 shRNAmir Loop shRNAmir mir30  Eco-RI
Overhang sense antisense Overhang
118 bp
13300 bp Eco-RI
Y
Xho-1
pTRIPZ-shRNAmIr}_ g0 R7

13408 bp

Figure 4.1. Scheme of pTRIPZ cloning steps.

Doxycycline inducible shRNAmicassette conferring lemtial expressia vector pTRIPZwas cloned by first
ordering corresponding shRNAmir oligonucleotidesl annealing these oligonucleotides. Concurrently, vector
pTRIPZ was digested overnight tico-RI and Xho| restriction enzymesthe 13300 bp vector backbone gel
purified and finally ligated with the annealed shRNAmir oligonucleotide before transformation inta Bxtb
screeningor insertcontaining clones

Having foundpositive clones forinsertion of PARP shRNAmir into pTRIPZ vector, cloning

of a pTRIPZvector expressg two shRNAmir was designed a polycistronicii h etertda i | 0
configuration(Figure 4.3)and clonedas described in section 3.2. 08 A. Waizenegger as
part of her master thes{Snyderet al, 2009 Mcintyre et al, 2011). Figure4.4 depicts the
successful identification of insecbntaining clones with a positive band pattern of 13412 and
455 bp afteiXho-I DNA restiction analysis using a 2% agae gel electrophoresislentified
clones were further verified by DNA sequencing before func@bntesting of cloned

constructs.
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Clone
Lane

Lane M 123 456

500 —
250 —

1: PARP-1 sense oligonucleotide 2000 —
2: PARP-1 antisense oligonucleotide 1500 —|
3: PARP-1 annealed oligonucleotide 1000 —|
4: PARP-1 scramble sense oligonucleotide 750 —
5: PARP-1 scramble antisense oligonucleotide 500 —|
6: PARP-1 scramble annealed oligonucleotide 250 —|

PARP-1 PARP-1 scramble
123 4567 81234 56 7 8
2 3456 7 8 910111213 M 14151617
* *

- v“““ﬂ“‘“

&
g

Figure 4.2. Representative aalysis of insertcontaining pTRIPZ-PARP shRNAmir clones.

A. Analysis of PARR1 or PARR1l scrambled shRNAmir oligonucleotides annealing using a 20%
polyacrylamide ge&nd visualizatioron Intas gel documentatiohl, Generuler 1kb DNA ladder mixB. DNA
restriction aalysis of pTRIPZAPARP-1 andpTRIPZPARP-1 scrambled vectorfotential overnight clones were
digested byMlu-I and Xho| and analyzed by agarose gel electrophord3isitive clones are marked by
asterisk (*). Positive clone pattern, 13065 and 351 bp; Negative clone pattern, 13065 apd [46&eneruler

1kb DNA ladder mix.

Cla-1 Not-i

PARP-1 shRNAmir

pTRIPZ-P1

Miu-1
PARP-2 shRNamir

pTRIPZ-P2

Not-/

13408 bp

13408 bp

l Restriction Digest

Cla-I

Cla-1 Not-/ Miu-I Not-/
l T4 DNA Polymerase
Not-I Not-/
@ ~RP-1 shrNAmir (TTEID), O O TA3 )
Restriction Digest
Not-/
Not-/ Not-1
@ PARP-1 ShRNAmIr
2747 bp

Restriction Digest
Miu-1

PARP-2 shRNamir

l T4 DNA Polymerase

PARP-2 shRNamir @)

Restriction Digest
Not-/

PARP-2 shRNamir @)
11389 bp

De-Phosphorylation

Ligation

TRE

pTRIPZ-P1P2
13859 bp

PARP-2 shRNamir PARP-1 shRNAmir

Figure 4.3 Scheme of pTRIPZDouble cloning steps.

Lentiviral expression vector pTRIPZ conferring both PARBnd PARFP2 shRNAmir cassettes was cloned by
extracting the PARR shRNAmir cassette and the reverse tgithne-controlled tranactivator element out of
pTRIPZP1 byCla-l1 and subsequemot-I digestions after blunting dfla-l digestion. Vector pTRIP22 was
prepared for insertion of PARP shRNAmir/rTA3 insert by opening witkllu-I andsubsequentot| digestion,
after blunting ofMlu-I DNA overhang. Finally prepared vector pTRIPE2 was dephosphorylated prior to

ligation, transformation and screening.
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CloneM 1 2 345 6 7 8 910

Figure 44. Analysis ofinsert-containing pTRIPZ-P1P2clones.

DNA restriction analysis of pTRIRR1P2 vetor. Potential overnight clones were digested Xiyo| and

analyzed by agarose gel electrophoresis. Positive clones are marked by an asterisk (*). Positive clone pattern,
13412and455bp; M, Generuler 1kb DNA ladder miRata was modified from A. Waizegger, Master Thesis,
Konstanz, 2012

4.1.1.3 Functional Testing of pTRIPZ PARP shRNAmir Constructs

To evaluate functionality of pTRIPZnd PARP shRNAmir constructs, pTRIPZ and
PTRIPZP1 vectors wereexamined in immunocytochemistry by stainingh(fARP1 using
human PARP1 specific antibody FI23For this purposeHelLa S3 cells were transignt
transfected with either empty specific PARPL shRNAmir pTRIPZ construstand allowed

to express for 24 h. Followinghcubation,cells were incubated witlor without 1 pg/ml
doxycycline to induce expssion offluorescence marker turbo RF&hd corresponding
shRNAmir and at 72 h after doxycycline addition, staininghBfARR1 was performed
(Figure 4.5). Transfection of HeLa S3 cells with an EGFP expression plasmid served as
transfection control herewith expression of GFPbeing detectedin 80% of cells
(Figure4.5A). HeLa S3 cells transfected WitpTRIPZ or pTRIPZP1 construct but no
doxycycline- showed ndeaky expression ashRNAmir expression cassette or turbo RFP as
expected (Figure 4.5B) Upon addition © doxycycline, expressian of pTRIPZ and
pTRIPZP1 construct couldepeatedlybe observed in 5% of cells, which were either
identified by turbo RFP expression alone (pTRIPZ) or additionally by a loss of PARP
fluoresence signal (pTRIP21) (Figure 4.5B, arrowhead indicates cell with turbo RFP
expression and loss of FI23 fluorescence signal).

Knowing that transfection efficiencies of pTRIPZ constructs were at iB%ransient
experiments, thereby rendering transiergtitg of pTRIPZP2 and -P2scr constructs in
western blot analysisiot applicable production of lentiviruses was performetsteadto

generate stable pTRIRXpressing cell lines.
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A Hoechst 33342 EGFP Merge

B Hoechst 33342 turbo RFP

pTRIPZ
- DOX

pTRIPZ
+ DOX

pTRIPZ-P1
- DOX

pTRIPZ-P1
+ DOX

Figure 4 5. Validation of pTRIPZ shRNAmir constructs functionality .

A. Representative micrographs of transfection efficiency determinationTigndT-HeLaMONSTER®
Transfection Kit. HeLa S3 cells were transfected with pEGFP control vector, fixed by 4% PFA and nuclei
counterstained by Hoechst 33342FP expression was analyzedafter transfection using thxiovert 200M
fluorescence microscope 40x magnification B. Analysis of pTRIPZor pTRIPZP1 expression in HeLa S3
cells.HelLa S3 cells were transfected with either empty pTRIPZ vector or pFRIPZctor and expressiaf
constructswvas induced4 h laterby addition of 1 pg/ml doxycycline (DOX). At 72 h after addition of DOX
staining of PARPL was performed using FI23 antibody and fluorogHabelled antibody AlexaFluor488.
Nuclei were countetained by Hoechst 3334&d successful expression of constructs was monitored by turbo
RFP expressionMicrographs weretaken at 40x magnification using the Axiovert 200M fluorescence
microscopelmages were brightness and contrast adjusted for better visiliite arrowhead més region of
interest.

4.1.1.4 Generation of StablpTRIPZ PARP shRNAmiixpressing HeLa SBell Lines
Generation of HelLaS3 cell lineswith stable expres®on of pTRIPZ PARP shRNAmir
constructsvasachievedby transduction otells withlentiviruses conferringn the onehand

the shRNAmir expression cassettasd on the other @uromycin drug resistance gene
cassettethus allowing selection of cells with stable integration of the pTRIPZ construct

(A. Waizenegger, Master thesis, Konstanz 2012)
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For production oflentiviruses, calcium phosphateco-transfection of cloned lentiviral
expression pTRIPZ vectorgntiviral envelope protein carrying vector pMDaBdpackaging
vector pBR8.91 was performed InHEK293FT cells After concentration of lentiviral
supernatantby ultracentrifugation, successful transduction of HeLa S3 cells was achieved by
performing transductions according to an alternative pro{&maition 3.2.7.7)which omitted
detemination of lentiviral titers received from N. Dierdorf (University of Kstanz,
Germany) Briefly, HeLa S3 cells were harvested, cell numbers determine®et@ cells
per well plated in @vell plates. After 24 h incubatipmedium was replaced wittell culture
medium containing 1/6 volume of concentrated lentiviral supemhatad supplemented 72 h
later withtitrated 0.4 pg/ml puromycin for selectioiCharacterization of HeLa S3 cellsth
possible stable expression pTRIPZ PARP shRNAmiwvectors was carried out one week
after puromycin selectiohy both western blot analgsand immunofluorescence staining of

human PARPL by Fl23as described in the followirgection

4.1.1.5 Characterizatiorof Stable pTRIPZ PARP shRNAmipEessing HelLa S3 Cell Lines

To elucidate stable expression of shRNAmir cassetteldela S3 cellstransducedwith
corresponding lentiviruseBnmunocytochemistryvas performed one week after treatment of
cells with 0.4 pg/ml puromycinExpression of shRNAmir cassettes was monitored by FI23
immunofluorescence staining of human PARRfter incubation of cells witof 1 pg/ml
doxycycline for 72 h, 96 h and 120 Here, expression of turbo RFP could be observed at
72h after doxycycline addition in about 44.3% of HelLa S3 cells transduced with
pPTRIPZP1scr (henceforth designated as HEWRP1 scramble)51.6% ofHelLa S3 cells
transduced with pTRIRP1 (henceforth designated as HeeARP1) and 71.2% of HelLa S3
cells transduced with pTRIPE1P2 (henceforth designated as HELERP1/PARP2).
Furthermore, FI23 fluorescence signals were reduced or absent in 12.9%, 78 930&hof
HeLaPARP1 scramble;PARP1 and-PARP1/PARP2 cells, respectively (Figure 4.6 and
Table 4.7) Continuing incubation of cells with doxycycline led t@ieasing amounts of cells
with loss of FI23fluorescencesignalintensity- indicatinga knockdow of PARP-1 protein
expression- peakingat 120h after doxycycline addition (Table 4.7However varying
intensities of turbo RFP expression were observed, and moreover, correlation of turbo RFP
and PARP1 knockdown was not consiste8trong reduction bFI23 staining in combination
with turbo RFP expressiomwas observed and other ceflsplayed no knockdown batirbo

RFP expressionvas detected. Furthermore, in some percentage lisf regither urbo RFP
expressiomor reduction of123 fluorescencsignal intensitywas observe@Figure 4.6).
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Hoechst 33342 PARP-1 turbo RFP Merge

HeLa-PARP1 scramble

HelLa-PARP1

HelLa-PARP1

HelLa-PARP1/PARP2

Figure 4.6. Immunofluorescence of PARPL expression in indicatedHeLa-PARP stablecell lines.

HelLa S3 cells were transduced with pTRIPEARP shRNAmir vectors or respective control vectors and selected
by puromych treatmentExpression of PARR shRNAmir was induced by addition of 1 pg/ml doxycycline for
120 h andstaining of PARPL was performed using FI23 antibody and fluoroglbelled antibody
AlexaFluor488. Nuclei were counterstained by Hoechst 33342 armessfal expression of shRNAmir was
monitored by turbdRFP expression. Micrographs were taken at 40x magnification using the Axiovert 200M
fluorescence microscopémages were brightness and contrast adjusted for better visilbita reanalyzed

from A. Waizenegger, Master Thesis, Konstanz, 2012.

Table 4.7. Quantification of stable transduced HelLa S3 cell line immunofluorescence analysis

Timepoint and No. of Cells Turbo RFP  Turbo RFP  Turbo RFP Positive Turb o RFP Positive
Designation Positive Negative  PARP-1 Knockdown No PARP-1 Knockdown
72h

HeLaPARP1 scramble 140 44.3% 55.7% 12.9% 87.1%
HelLaPARP1 155 51.6% 48.4% 78. %% 21.3%
HelLaPARP1/PARP2 125 71.2% 28.8% 93.0% 7.0%

96 h

HeLaPARP1 scramble 118 63.6% 36.4% 9.3% 90.7%6
HelLaPARP1 134 80.6% 19.4% 82.%% 17.6%
HeLaPARP1/PARP2 149 52.3% 47.7% 82.0% 18.0%

120 h

HeLaPARP1 scramble 130 73.1% 26.9% 15.8% 84.2%%
HelLaPARP1 154 74.0% 26.0% 96.5% 3.5%
HeLaPARP1/PARP2 133 72.2% 27.8% 94.0% 6.0%

Data adafedfrom A.Waizenegger, Master thesis, Konstanz 2012

In conclusion immunofluorescence analysis oeE&PARP stable cell lines dideveal a
nonhomogenous population of stable pTRIFRARP shRNAmir expressing cells with
different levels of PARFL knockdownefficacy and turbo RFPxeression. This observation
was alsaeflectedin western blot analysis of HetRRARP stable cell line@igure 4.7).
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A WT P1-scr P1-scr P1 P1 WT P1P2 P1P2
+DOX -DOX +DOX -DOX +DOX -DOX
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PARP-1 e e v — — —————
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B WT P2-scr P2-scr P2 P2 WT P1P2 P1P2
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———— - = - — — —
PARP-2 -~ bl
Actin N — <~ < ——— — —— — — — —

Figure 4.7. Analysis of pTRIPZPARP shRNAmir expression in HeLaPARP stablecellslines.

Western blot analysisfoHeLa S3 cells transduced with indicated pTRIPERP shRNAmir vectors or
respective control vectors and selected by puromycin treatment. Protein extracts were prepared at 120 h post
doxycycline addition and all samples were loaded at two different aetentrationsi(e., 4x10 and2x10 cells

per lang with or without doxycycline.A) PARR1 and B) PARR2 protein expression were detected by CI110

and PA14280 antibodies, respectively. Actin staining served as a loading control. Arrow indicates2PARP
protein band. (Dataeanalyzedrom A.Waizenegger, Master Thesis, Konstanz, 2012)

Here, HeLaPARP stable cell lines were either supplemented with (+DOX) or without
(-DOX) doxycycline for 120 hand then protein extractsere obtained from whole cell
lysates Protein extracts were analyzed in two different agibuntsi.e. 2x10 or 4x1C cells
per lane in western blotand stained by the PARP antibody CllI10for PARR1 protein
expression(Figure 4.7A)and by PA14280 for PARP2 protein expressiofiFigure4.7B).
Comparson of HeLaPARP1 and HeLaPARPL/PARP2 protein extracts treated with or
without doxycyclinedemonstrated only a slight reductionFARR-1 proteinexpressiorat its
corresponding mass of 116 kDa, consistent with obtained immunocytochemigty d
HeLaPARPL scamble cells, as expected, did not show PARR1 knockdown after
doxycycline addition.

Having found that western blot analysis and immunocytochemistrgveaéd a
nonhomogenous population of stable pTRIFFARP shRNAmir expressing cells ith
different levels of PARA knockdown efficacy and turbo RFP expressiganeration of

clonal populations from HeRARP stable cell lines was performed next.
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4.1.2 Generationof Stable HeLa S3Clonal Cell Populations

Cell cloning by serial dilution wasarried out to generate clonal cell populations from
HeLaPARP stable cell lineOver three weeksclones originating from single cells were
cultured until they reached 100% cell confluermeylO0 cm dshes.HeLaPARP1 scramble
HeLaPARPland HeLaPARP1/FARP2 cell clones werenitially characterizedor theirloss

of PARR1 protein expression and expression of turbo B¥¥mmunofluorescence staining.
In contrast, HeL&PARP2 scramble and HelBARP2 cell clones weneerified for expression
of the shRNAmir assette by RGPCR to determine relative PARPMRNA levels.Finally,
loss of PARPL expressiorpositive identified HeL&PARP1/PARP2 cell clones, i.e. loss of
PARR1 protein expression in immunofluorescence, were furthermore analyzed-gf GR
to evaluatethe relative PARR2 mRNA levels thereby determiningdieLaPARP1/PARP2
clonal cell populations with PARP and PARRP2 transcriptknockdowrs.

Hoechst 33342 PARP-1 turbo RFP

HelLa-P1scr-KD #2
-DOX

HelLa-P1scr-KD #2
+DOX

HelLa-P1-KD #5
-DOX

HelLa-P1-KD #5
+DOX

Figure 48. Staining of PARP-1 in HeLa-P1scrKD and HeLa-P1-KD clonal cell populations.

HelLa S3 cells were trsduced with pTRIP2PARP shRNAmiror control vectorand selected by puromycin
treatment. Expression of PARPshRNAmir was induced by addition of 1 pg/ml doxycycline for 120 h and
staining of PARPL was performed using FI23 antibody and fluoroplabelledantibody AlexaFluor488. Nuclei

were counterstained by Hoechst 33342 and successful expression of shRNAmir was monitored by turbo RFP
expression. Micrographs were taken6&8k magnification using the Axiovert 200M fluorescence microscope.
Images were brighess and contrast adjusted for better visibilBgalebar indicates50 pm. Figure adapted

from A. Waizenegger, Master Thesis, Konstanz, 2012.
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4.1.2.1 PARRL1 Expression Analysis &table HeLa S&lonal Cell Population

HeLaPARP1 scramble, HetBARP1 and Hel#&#ARP1/PARP2 cell clones were
supplemented with or without 1 pg/ml doxycycline aafter 120 h examined for PARP
protein expression by FI23 immunofluorescence staining. Subsequently, three clonal cell
populations of HeLaPARP1 scramble and HelRARP1 cells that showed highest
knockdown efficienciesvere further analyzed’hese celkcloneswerehenceforth designated
as HelLaP1scrKD and HeLaP1-KD (Figure 4.8) HeLaPARP1/PARP2 positive identified
clonal cell populations werkirther characterized for theielative PARP2 mRNA levels as
described irBection 4.1.2.2 below.

After initial immunofluorescence characterization of HePARP1 scramble and
HeLaPARP1 clonal cell populations by A. Waizenegger, furthalidation of PARR1
knockdown efficacies was concted by analysis of relative PARPMRNA levels First, RT-
gPCR specificities were deterimed. Figure 4.9A showsepresentativeaw data from RT
gPCR analyses duringamplification of hPARR1-specific amplicons (top) and the
corresponding melting curves @bmm) to demonstrate the formation of a single
hPARR1-specific ampliconln addition, PCR amplicons were validated by 2% agarose gel

electrophoresis demonstrating synthesis of a single product (Figure 4.9B, BH99+100 lane).
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Figure 49. Raw data from rea time quantitative PCR analyses

A. Top. Representative plot of normalized SybrGreen fluorescence intensities during amplification of
hPARR1-specific amplicon using 100 ng complementary DNA of HeLa S3 cells. Horizontal green line indicates
threshold to dtermine ¢values.Bottom: Corresponding melt curve analysis demonstrates the formation of a

single hPARR1-specific amplicon.B. 2% agarose gel electrophoresis analysishPARR1 primer set
evaluation M, Generuler 1kb DNA ladder mix.
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Thus, clonal cell populatons which had been used imnitial phenotypic analysis
(Section4.1.3) were quantified forther relative PARPL mRNA levels Relative PARPL
MRNA levels ofnonsupplemented cells were set @mtrol together with relativeSDHA
MRNA levels aseference geneUpon supplementation of cells with 1 pg/ml doxycycline,
HelLaP1scrKD clone 2andHelLaP1-KD clone 5relative PARPL mRNA levelsincreased
to 122% or decreased to 40% compared to their respective conD@X), respectively
(Figure 4.10)

To visualize changes in protein leveldeLaP1lscfKD clone 2 and identified Hel-R1-KD
cell clones were also studied in western blot analysis 8@érand120 h of supplementation
with or without 1pg/ml doxycyclineProtein extracts were obtained by difeed high-salt
RIPA buffer and 50 pg totgbrotein extractwas assessedy CII10 antibodystaining for
PARPR1 protein expressionComparison of HeLaPlscrKD clone 2 and identified
HeLaP1-KD cloneprotein extracts treated with or without doxycyclinemdastrated only a
slight reduction of PARR protein expression &6 h, increasing strongly at 120 h after
doxycycline supplementation in all three tested clortésLaPARP1 scramble cells, as
expected, did not show a PARFknockdown after doxycycline ddion (Figure 4.11)

125- 3 -DOX
@8 DOX

=
o
e

\,
T

PARP-1 mRNA levels
(% of control siRNA)
a
?

N
T

i

HelLa ISS WT HeLa—Plslcr-KD #2 HeLa-Pll-KD #5

Figure 4.10. Quantification of relative PARP-1 mRNA levels inHeLA-P1-KD and control cells.
RelativemRNA levels of PARR1 determined by real time quantitative PCR of HELBKD #5 and indicated
control cbnal populations incubated for 120 h with or without 1 pg/ml doxycycBizHHAmRNA levels were
used as reference and cells withdaxycycline (DOX) were set a300%control(N = 1).

0

In conclusion, HelL#&1scfrKD and Héa-P1-KD clonal cell populationandyses by
immunofluorescence, RGPCR and western blot did thus identify clonal cell populations

suitable for the assessment of possibleimeant functions dPARP-1.

79



Results
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Figure 4.11 Western blot analyses ofotal protein lysate o HeLa-P1-KD and control cells.

HelLa S3 cellaveretransduced with pTRIRP1 or control vector selected by puromycin treatmesntd clonal
populations generated by serial dilutid?rotein extractsvere prepareds described for PARP western blot
analysisat 96 h andl20 h post deycycline additionand 50 ug of total protein extract loaded per ldh&RP1
protein expression was detected by CII10 antibdibtin staining served as a loading control. Arrow indicates
PARR-1 protein band.

4.1.2.2 PARR2 Expression Analysis &table HeLa S&8lonal Cell Populatiors

HeLaPARP2 scramble, HekRARP2 and HelL#ARP1/PARP2 cell clones identified in
PARPR1 expression analysis weegamined for relative PARP mRNA levels by RTgPCR
analysis after 120 h of supplementatiafth or without 1 pg/ml doxycgline. Relative
PARPR2 mRNA levels ofnonsupplemented cells were set as control together with relative
SDHA mRNA levels as reference gene. Upon supplementation of cells, relative-PARP
MRNA levelsof HeLaPARP2 scrambleell clonesdecreasedinexpectediyto around ©%

when compared tononsupplementedcontrok (Figure4.12A). Relative PARFP2 mRNA

levels of HeLaPARP2 cell clones generally decreastm below60% and thus threelones

with at least 70%decreasef relative PARP2 mRNA levelswere chosen fofurther use
These cell clonesvere henceforth designated as H&2scrKD and HelLaP2-KD (Figure
4.12B). However, none of the tested double knockdown cell clones did show a decrease in
relative PARP2 mRNA levels, which were comparable to those not smpehted with
doxycycline (Figure 4.13).

Observatios duringinitial characterization of Hel-R2sc¥rKD and HeLaP2-KD cell clones

by A. Waizenegger were further assessed by western blot analysis of cell clones
supplemented with or without doxycycline for @86and 120 h. Here, 50 ug total protein
extract was analyzed by staining of PARRhrough antibody PA#280, which showedo
reductionof PARP2 proteinat 66 kDA in selected HelL-#2KD cell clones (Figure 4.13).

Taken together, production of clonal cglbpulatios of HeLaPARP2 scramble and

HeLaPARP2 stable cell lines seemed successful in initial characterizatibproved to be
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misleading, as further validations by western blot analysis did not show a knockdown of
hPARR2 on protein levelThis hasto be consideredvhen interpretingresults frominitial
phenotypic analyss performed duringhe Mastethesis of A. Waizenegger
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Figure 4.12. Quantification of relative PARP-2 mRNA levels of HeLaP2-KD and control cells
RelativemRNA levels of PARR2 determined by real time quantitative PCR of H&t2&KD andHeLaP2scr
KD clonal populations incubated for 120 h with or without 1 pg/ml doxycyclBi2HA relative mRNA levels
were used as reference agalls without doxycycline-DOX) were set as 100% contrédl. HeLaP2KD clonal
populationsB. HeLaP2scrKD clonal populations.
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Figure 4.13. Quantification of relative PARP-2 mRNA levels of HeLaP1/P2KD cells

Relative mRNA levels of lPARR2 determined by real time quantitative PCR of H&HP2KD clonal
populations incubated for 120 h with or without 1 pg/ml doxycyclB@eHArelativemRNA levels were used as
reference and cells without doxycyclin®QX) were set as 100% otyol.
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Figure 4.14. Western blot analyses of total protein lysate of HeL-&2-KD and control cells.

HelLa S3 cells were transduced with pTRIPZ or control vector, selected by puromycin treatment and clonal
populations generated by serial dilution. Pimtextracts were prepared as described for PAR#estern blot
analysis at 96 h and 120 h post doxycycline addition and 50 ug of total protein extract loaded per lar2. PARP
protein expression was detected by P¥BO antibody. Actin staining served adoading control. Arrow
indicates PARR protein band.
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4.1.3 Genomic Stability in Doxycyclineinducible PARP-1 and PARR2
Knockdown StableHelLa S3 ClonalCell Populations
Initial phenotypic characterizations of doxycyclin@ducible PARPL and PARP2
knockdown Heéa clonal cellpopulations was performad regards to their role in genomic
stability. For this purpose, formationf poly(ADP-ribose) wasdetected byPAR-specific
antibody 10Hafter induction of oxidative stresBy hydrogen peroxide concentrations.
Moreover, DNA repair capacities were assessed by fluorimetric detection of alkaline DNA
unwinding assay after knockdown BARP proteirs and induction of DNA damaggrough
hydrogen peroxide treatment.

4.1.3.1 Poly(ADRribose)BiopolymerFormation afterOxidative Stres

To characterizedrmation ofpoly(ADP-ribose)after oxidative stressn HeLaPARP clonal
cell populations, supplementation ofHeLaP1lscfrKD clone 2, HelLaP1l-KD clone 5,
HelLaP2scfKD clone 3 and Hel#2-KD clone 23with (+DOX) or without(-DOX) 1 pg/ml
doxycyclinewas performedor 120 hand afterwards DNA damage indudey treatmenof
cells with 0 mM, 1mM and 5mM hydrogen peroxidgor 5 min at 37°C Resulting

poly(ADP-ribose)wasexamined by 10H immunofluorescence stairang quantified in three

independent experiments by Imadeoftware analysis (Figwsd.15, 4.16 and.17).
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Figure 4.15. Poly(ADP-ribose) formation after oxidative stressin HeLa-P1-KD and control cells.
Immunofluorescencanalysis ofpoly(ADP-ribose)(PAR) formation after HO, treatment ofHelLa S3 cells transduced
with pTRIPZP1 or control vector, selected by puromycin treatment and clonal popuigieerated by serial dilution.
Expression of shRNAmir was induced by addition of 1 pg/ml doxycycline and 120 h later cells wer witate
mM, 1 mM and 5 mM HO,in PBSat 37°C for 5min Staining of PAR was carried out by use dfOH antibody and
fluorophoe-labelled antibody AlexaFluor488. Nuclei were coustagined by Hoechst 33342 andcrographs were
taken at 63x magnification ugj the Axiovert 200M fluorescence microscofraages were brightness and contrast
adjusted for better visibilityFigure reanalyzettom A. Waizenegger, Master Thesis, Konstanz, 2@l HelLaP1scr

KD clonal populatior#2 B. HeLaP1-KD clonal populatior#5s.
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As expectedpoly(ADP-ribose) formation in HeLaP1scrKD clone 2 cells increased with
higher concentrations of 0, with no significant differencdeing detectedn biopolymer
formation when cells were supplemented with or without doxycyclirewever,
poly(ADP-ribose) formation in 1mM H,O.-treated cells was significantly different
(***, P<0.001)from 5 mM treatmentgFigures 4.15A and 4.17A). In contrastleLaP1-KD
clone 5 cells showed a significant 2f28d and 7.4fold loss of 10H fluorescencsignal
intensityin 1 mM and 5 mM HO.-treated cellsyespectively,when comparingDOX and
+DOX samplesDifference in 1 mM and 5 mM treated cells within the same supplementation
group werehoweveralsosignificant (*,P<0.05)in HeLaP1sctKD cells. Finally, comparing
HelLaP1scrKD and HeLaP2KD supplementation grougsi.e. HeLaP1scrKD#2+DOX vs
HelLaP1-KD#5+DOX - poly(ADP-ribose) formation was reduced (*, P<0.05) when
comparing-DOX samples of Hel-#1sc¥rKD and HeLaP1-KD cells and in contrast highly

significantly reduced (***,P<0.001) in +DOX group&-igures 4.15B and 4.17B).
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Figure 4.16. Poly(ADP-ribose) formation after oxidative stressin HeLa-P2-KD and control cells.
Immunofluorescence analysis of poly(ABiBose) (PAR) formation after HO, treatment of HeLa S3 cells
transduced with pTRIRP1 or control vector, selected by puromycin treatment and clonal population generated
by serial dilution.Expression of shRNAmir was induced by addition of 1 pug/ml doxycycline and 120 h later
cells were treated Wi 0 mM,1 mM and 5 mM HO,in PBS at 37°C for 5mirStaining ofPAR was carried out

by use of10H antibody and fluoropheilabelled antibody AlexaFluor488. Nuclei were counterstained by
Hoechst 33342 and micrographs were taken at 63x magnification uUstnd\xiovert 200M fluorescence
microscope Images were brightness and contrast adjusted for better visililéta reanalyzedrom A.
Waizenegger, Master Thesis, Konstanz, 2082HeLaP2scr-KD clonal populatior#3 B. HeLa-P2-KD clonal
population 23.
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Assessment of PARP knockdown clonal cell populations and correspondiogtrol cells
revealed a similar pattern as saarknockdown of PARFL. In generalpoly(ADP-ribose)
formation was not as reduced as in corresponding PARRockdown cells, in partidar in
comparisons of supplementation groups (Figdré6 and 4.17). AlthoughOH fluorescence
signal intensities were higher in HetR2scrKD and HelLaP2KD clones wherncomparing

maximum reached fluorescence
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Figure 4.17. Quantification of poly(ADP-ribose) formation after genotoxic treatmentin HeLa PARP
knockdown and control cell lines. Poly (ADP-Ribose) formation was induceid HeLaPARP-KD and
corresponding control chal populations byreatment with indicated concentrations of H202 at 120 h after
incubation with or withoutl pg/ml doxycycline. After genotoxic treatment, poly (ABBose)staining was
conducted using 10H antibody and fluorophtabelled antibody AleaFluord88.A. Quantification of PAR
staining in HeLaP1-KD clonal population 5 and HekR1scrKD clonal population 3B. Quantification of PAR
staining in HeLaP2-KD clonal population 23 and HekR2sckKD clonal population 3Quantification represents
mears + SEM of three independent experiments with ~150 cells per cell type, condition and treatment.
Fluorescence signals were obtained using Indageftware and statistical anak/svas performed with twavay
ANOVA followed by Bonferroni postest comparin@ll columns to each other. (*, P<0.05; **, P<0.0lew
data evaluation of A. Waizenegger, Magtesis, Konstanz 2012.

Collectively, poly(ADP-ribose) formation was significantly reduced botim PARR1 and
PARP-2 knockdowncells with PARP1 playing a geater roleduring the formation of
poly(ADP-ribose)under oxidative stress, as expected from the current liter@aotion 1.2)
Interestingly, a significant decrease 16iH fluorescencesignalintensitieswas observetiere

in all cells, regardless of kaype or supplementation, when comparing 1 mM and 5 mM
hydrogen peroxide treatmentBoly(ADP-ribose) biopolymerformation observation thus
prompted to look i@ DNA repair capabilities, where @mominentphenotype was expected,
due to roles of PARR ard PARR2 in DNA repair (Section 2.3.7).
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4.1.3.2 Assessment of DNA Repair Capacities

HeLaPARP clonal cell populations were analyzed by automated FADU assigtdrmine
differences in DNA repair capacitieafter oxidative stress and ARP knockdown.
HelLaP1scrKD clone 2, HelL&P1-KD clone 5, HeL&2sc¥KD clone 3 and Hel#&2KD
clone 23 were supplemented with (+DOX) or withald@X) 1 pg/ml doxycycline and after
120 h DNA damage was induced by treatment of cells with 25 uM hydrogen perfmxide
5min at 37°C(F. Offensberger, Bachelor Thesis, Konstanz 20C&lls were allowed to
repair DNA damagéor one houywith samples being ppared forautomated FADUWnalysis
every 12 min.Subsequety, quantification of three independeatitomated=ADU analyses
was performed No significant difference in DNA repair capacitieswere observed
(Figure4.18).Moreover, initiaIDNA damage, as indicated by PO values and O min time point,
was notchangedy either PARRnockdownor doxycycline supplementatiom addition,no
changes in DNA repaitime or speedveredetected during these conditiomien comparing
DNA repair curvesThus DNA repair capacities were not altered in any waideLaPARP
clonal cell populations upon induction of PARPor PARR2 knockdown, in contrasto
expectations arising frofAARP literaturgV. Schreiberet al, 2002 EI-Khamisyet al, 2003
Robertet al.(2013).
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Figure 4.18. DNA repair capacity after genotoxic stressin HeLa-PARP-KD and control cell lines.
Fluorimetric detection of alkaline DNA unwinding (FADU) analysis was performed in time course experiments
with indicated HeLaPARP-KD and respective control clonal populations after 25 uM hydrogen peroxide
treatment. Cells wereither supplemented with or without 1 pg/ml doxycycline for 120 h before DNA damage
induction and following DNA repair was monitored over a 60 min time course in 12 min intervals.
Quantification represents meatsSEM of three independent experiments aatl®s were normalized to PO
control valuesStatistical analysis was performed by tway ANOVA followed by Bonferroni postest. Data
reanalyzedrom F. Offensberger, Bachelthresis, Konstanz 2013.
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4.1.4 Summary of Part A

Key findings of he first approach ttest the consequencesreflucedPARP-1 and PARP2

protein expressionan be summarized as following:

1. Possibleoff-target effects of RNA interference were minimized by

a. Doxycyclineinducible shRNAmir expressionpTRIPZ vetor system,
addressing problems twng term siRNA expression

b. Examination of pssible offtarget effectsof publishedshRNA by BLAST
analysis andletermination ofeedtarget duplexmelting temperatures

c. Determination of new PARRarget siRNA sequences with highly reduced
off-target effect bysiDirect 2.0 algorithm

2. PARP shRNAmir constructs were cloned afichctionally tested for PARR1 in
immunofluorescence.

3. Verified pTRIPZ PARP shRNAmir constructs were produced as lentivirusiézed to
generate stable pTRIPZ PARP shRNAmir expressirgad S3 cells, and finally
characterizedor PARP knockdown and turbo RFP expression.

4. Characterization oHeLaPARP stable cell lineeevealeda northomogenous population
of stable pTRIPZ PARP shRNAmir expressing cells with different levels of PARP
knockdwn efficacy and turbo RFP expression

5. Generation and identification dieLaPARRKD clonal cell populations for PARP
scramble, PARR, PARR2 scramble and PARP shRNAmir expression.

6. Combinedexpression of PARR and PARF2 shRNAmir in double knockdowalonal
cell pgoulationcould not be achieved

7. Initial characterization of HeLR2-KD cells during theMasterthesis of A. Waizenegger
were misleading, as western blot and additionalgRTCR analysis (data not shown) did
not show a knockdown ¢fPARR2 transcripts.

8. First phenotypic analyses oHeLaPARRKD clonal cell populations demonstrated
PARR1 to be mainly responsible for the production of PAR biopolymer after oxidative
stress, as expected. The role of PARBherein was also significant but greatiduced
in comparison to PARR.

9. DNA repair capacitiess evaluated by automated FAD@&renot altered by knockdown
of either PARPL or PARR2 in HeLaPARRKD clonal cell populations.
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4.2 Part B: Knockdown of PARP-1 and PARP-2 protein

expression by siRNAand its effect on cellular functions

Experimental settings so far had not been successful in establishing a oeNitileo system

with concurrent knockdown ofumanPARP-1 and umanPARR2 transcripts. Thus, in order

to obtain detailed understanding of tt@nsequences of a combined knockdown of PARP

and PARP2 protein expression, an alternative approach was chosen. Here, suitable PARP
siRNA were tested either alone or in combination in two different cell lines after transient
transfection. For this purpesnew PARP siRNA had to be designed and validated first to
differentiate from the initial approactwhich moreoverhad shown ineffectiveness of the
PARP-2 shRNAmIr sequend&ection 4.1.2.2).

4.2.1 Establishmentof siRNA-mediated RNA interference

4.2.1.1 Selection of RNA Target Sequences for RNA interference

Fortheselectionof PARR1 target siRNAtranscript variant PARP-1 mRNA (NM_001618)
was emplogd together with an AAGRN search patterin the siDirect 2.0 softwarewhich
was a prerequisite of tHailence® siRNA construction kit from Ambionand esulting hits
werefiltered for sequences targetinigh e 3 6 U T Rhumam ¢ARFIntrangckipt.Here,
three different siRNA(i.e. P1-Hanf1l, PXHanf2 and PiHanf3) were synthesized by
Silence® siRNA construction kifrom Ambion and tested in western blot analysiaténot
shown). All threeP1-Hanf siRNA demonstrated &0% knockdown of PARPL protein
expressionat 72 h after transfection in HeLa S3 celf-Hanf1l siRNA was therefore
selected for further validationn combination experimentswith PARR2 siRNA and
randomizedP1-Hanf1 target SiRNA sequenceas utilizedas control siRNA, henceforth
designated aBARP-1-Hanf sSiRNAandPARP-1scrHanf siRNA respectivelyTable 4.8).
Selection of PARR2 target siRNA was grformedin a similar way using the transcript
variant 1 PARP2 mRNA (NM_005484)in the siDirect 2.0 search algorithrilere, two
different sSiRNA (i.eP2Hanfl and P2Hanf2) were synthesized byilence® siRNA
construction kit from Ambion and assessedRT-gPCR analysisdata not shown). Both
P2-Hanf siRNA did not show a knockdown of relative PARANRNA levels at 72 h after
transfection in HeLa S3 cellsThus, Peter Bai's 2007 publishd®ARP-2-Bai shRNA
sequence was chosamsteadfor combined PARP krakdown experimentsdespite earlier
determinations opossible offtarget effectsvithin this work(Section 4.1.1.1)Determination
of the effective target SIRNA sequence frdhe PARP-2-Bai ShRNA sequencgas hence

performed next.
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4.2.1.2 Determination of Effectie Target siRNASequence

To define the effatve target siRNA sequence fromhRNA targetmRNA sequences,

gui del ines from the AishRNA expression con
oligonucl eotide sequencesoO r ep o rpplieddogethdr. Bar
with the siRNA synthesigrinciple of theSilence® siRNA construction kit from Ambion

(Figure 4.19)Baroyet al, 2010Q. Briefly, mRNA targetsequences are ordered as sense and
antisense oligonucleotidgaccording to theana n u f a cirtstructiens)@nd in a first &p

annealed with T7 primer. DNA overhangs are complemented next by Klenow DNA
polymerase, transcribed by T7 RNA polymerase, regulingle stranded RNA molecules
hybridized, and finally, doublstrandedsiRNA duplexesare purified over a centrifugation

column. Figure4.19 depicts the synthesis pathway the PARP-1-Hanf mRNA target
sequence, thereby identifying th®ARR1-Hanf effecive target siRNA sequence

5 £€GUGUUAAAGGUUUUCUCU3 @ the last step af§iRNA synthesis

mRNA template AACGUGUUAAAGGUUUUCUCU

Sense Oligonucleotide Antisense Oligonucleotide

AAAGAGRARACCTTTAACACGCCTGTCTC AACGTGTTAAAGGTTTTCTCTCCTGTCTC

Anneal with T7-Primer
5-[EEECAGACAGE 5-[EEEGAGACAGG

CTCTGTCCGCACAATTTCCARAAGAGAARA-5 3-CTCTGTCCTCTCTTTTGGAARTTGTGCARA-S

Fill in with Klenow DNA Polymerase

5-EEEGAGACAGGCGTGT TARAGGTTTTCTCTTT -3 5-[BEEGAGACAGGAGAGARAACCTTTAACACGTT -3
3-EEECTCTGTCCGCACAATTTCCAARAGAGAAR-5 3{EEECTCTGTCCTCTCTTTTGGRAATTGTGCAR-5S

Transcribe with T7 RNA Polymerase

5-[EEEGAGACAGGCGUGUUAAAGGUUUUCUCUUU-3 5-[EEECAGACAGGAGAGAARACCUUUAAGACGUU-3
Hybridize
5-[EEEGAGACAGGCGUGUUAAAGGUUUUCUCUUU-3
3- UUGCAGAAUUUCCARAARGAGAGGACAGACEEE-5
Clean up
5- CGUGUUAAAGGUUUUCUCUUU-3
3- UUGCAGAAUUUCCRAARGAGA -5
XX: Part of Ambion siRNA Design XX: T7 Leader sequence

E®% Not known part of the T7 Primer XX: Effective target siRNA sequence

Figure 4.19. Principle of effective target siRNA sequencanalysis

Determination of effective target siRNA sequence was performed by applying the siRNA syntinegiepof

the Silence® siRNA construction kit from AmbiorBriefly, PARP-1-HanftargetmRNA sequenceavas chosen

as template and both sense and antisense oligonucleotides were designed according to manufacturer’s
instructionsln following steps of siRNAsynthesis protocol, oligonucleotides are annealed with T7 primer, DNA
overhangs complemented by Klenow DNA Polymerase, destbded DNAs transcribed with T7 RNA
polymerasesingle stranded RNA&ybridized and finally T7 primer partemoved Resulting dable-strand

RNA molecules (i.e. siRNA) show the effective target siRNA sequexsxcevell as thewonucl eot i de 3¢
overhang (UUneeded foefficient sequencspecific mRNA degradatiof(Elbashir, Martinezet al, 200J).
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Having found theeffective target siRNA sequencé the PARP2-Bai shRNA sequenceit

was decided next to standardea®NA to be used in analyses. For this purpose, the principle
of Figure4.19was applied td?ARP-1-Hanf and PARP-1scrHanf siRNA which had been
designed in pany theSilence® siRNA construction kiinstructions and thus the effective
target siRNA sequences f®#ARP-1-Hanf and PARR1scrHanf siRNA were determined
(Table 4.8).Finally, a control PARP-2-Hanf siRNA was generated by randomizing the
effective PARP2 target siRNA, henceforth referred to RARP-2scrHanf siRNA and all
four PARP siRNA were 