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Summary

Of the seven in absentia homolog (SIAH) family, three members have been identified in the human
genome. In contrast to the E3 ubiquitin ligase encodhHIand SIAH2little is known about the
regulation and function o81AH3n cancer developmentTherefore, this workacuses on thavidely
overlooked family member SIAH3 and its role in tumorigenesis. This study is based on cell culture
experiments using human cell lines, followed by RNA and protein analyses as well as the
investigation of cellular metabolism. Since SIAH3 is missing thed@iigin, the part that mediates

the ubiquitin transfer to substrates, SIAH3 does not function as an enzymatically active ligase. This
workdescribes that SIAH3 is frequently epigenetically silenced in different cancer entities, including
cutaneous melanoma, lung adenocarcinoma and head and neck cancer. Low SIAH3 levels correlate
with an impaired survival of cancer patienits. additionto its regulation on gene level, SIAH3 is also
controlled on protein level. SIAH3 interacts with SIAH1 and SIMHZh in turn mediate
proteasomal degradation of SIAH3. Functionally, cell culture experiments showed that induced
expression of SIAH3 reduces cell proliferation and induces cell death. Concerning the underlying
mechanisms, the results of my work suggest défempossibilities. First, SIAH3 is involvetlippo
signaling, interacting with LATS2 and activating tumour suppressive target gen€AbB454nd
ANKRD1 Second, SIAH3 negatively affects cellular metabolism by shifting cells from aerobic
oxidative phosphorylationto glycolysis. Microscopy demonstrated that SIAH3 localises to
mitochondria, with the Nlerminal S3UNS domain being responsible for translocation. Proteome
analyses revealed reduced levels of proteins involved in the respiratory chain complexesdslil, IV
well as the ATP synthase upon SIAH3 induction, explaining the decline in oxidative phosphorylation.
The interactome showed that SIAH3 binds proteins involved in mitochondrial ribosome biogenesis
and translation. Furthermore, SIAH3 interacts with seveigbuitin ligases, recruiting at least
SIAHL1 to the mitochondrion. | also showed that SIAH3 interacts with mitochondrial importers like
CHCHD4nd TIMM5Q which opens a third opportunity how SIAH3 could affect mitochondrial
YSiGlo2fAaYed ¢KSasS FAYRAy3Ia SELI YR 2dzNJ dzy RSN&E G|
in PINK-Parkin mediated mitophagy, suggesting that SIAH3 acts as an epigenetically controlled
tumour suppressor by regulating cellular metabolism through the inhibition of oxidative
phosphorylation. And finally, this work demonstrates thhe silenced SIAH3gene can be
reactivated by epigenetic editing, providingoasisF 2 NJ NBa i2NAy 3 {L! Il oQa ¥dzy

adding a small but important piece to the puzzle of cancer therapy.



Zusammenfassung

Dasmenschliche Genoranthaltdrei Mitgliederder seven in absentia homolog (SIAtamilie.Im
Gegensatz zu den viel untersuchtenr@3dquitin-Ligaserkodierenden GeneisIAHIund SIAHZst

Uber die Regulation und die Funktion v&hAH3wenig bekannt.Daher konzentriert sich diese
Arbeit auf deses bislang wenig beachtete Familienmitgliednd seine Rolle bei der
Tumorentwicklung.Die Untersuchungn basigen auf ZellkulturExperimentenmit humanen
Zelllinien, gefolgt von RNAund ProteirAnalysen sowieder Untersuchung des zellularen
StoffwechselsDa SIAH3 die RINGbmane fehlt, die Doméane, die den Ubiquiliransfer auf die
Substrate vermittelt, fungiert SIAH3 nicht als enzymatisktive Ligase. Diese Arbeit beschreibt,
dassSIAH3in verschiedenen Krebsentitaten, darunter kutane Melanordenokarzinomeder
Lungeund KopfHalsKarzinome haufig epigenetisch stillgelegt ist und dass niedrige SlAdal

mit vermindertem Uberleben von Krebspatientdworrelieren. Zusatzlich zu der Regulation auf
Genebenewird SIAH3 auch auf Proteinebene kontrolliert. SIAH3 interagiert mit SIAH1 und SIAH2,
welche ihrerseits den proteasomalen Abbau von SIAH3 vermitteln. Hinsichtlich der Funktion zeigten
Zellkulturexperimente, dass induzierte SIAEXpression die Zellproliferatiohemmt und Zelltod
auslost.Die Ergebnisse meiner Arbeit weisen auf unterschiedliche zugrundeliegende Mechanismen
hin. Erstens spielt SIAH3 im Hipfignalweg eine Rolle, in dem es mit LATS2 interagiert und
tumorsuppressive Zielgene wieADD34Aind ANKRDZX ktiviert. ZweitensbeeinflusstSIAH3 den
zellularen Stoffwechsel, indem es die Energiegewinnung der Zellen von der aeroben oxidativen
Phosphorylierung zur Glykolyse verlagévtikroskopische Untersuchungen haben gezeigt, dass
SIAH3 in den Mitochondrien lokalisiert ist, wofur diddidmninale SSUN®oméane verantwortlich

ist. Die ProteomAnalyse hat verminderteProteinlevel von Komponenten der Atmungskette
(Komplexe I, lll und IV) und der AS¥nthase (Komplex V) nach SIARrBuktionoffenbart, was die
Abnahme der oxidativen Phosphorylierung erklda konnte Weiterhin hat das
Interaktionsnetzwerk gezeigt, dass SIAH3 Proteine bindet, die an der mitochondriellen
Ribosomenbiogenese und an der Translation beteiligt sBIAH3 interagiert auerdem mit
diversen UbiquitiALigasen und rekrutiert mindestens SIAH1 zum Mitochondriwmeh zeigte sich,

dass SIAH3 mitochondriale Importproteinen wie CHCH TIMM50bindet, was eine dritte
Moglichkeit eroffnet, wie SIAH3 den Stoffwechsel beeinflussen konnte. Diese Erkenntnisse
erweitern unser Verstandnis Uber die bekannte Rolle bei der PRdkinvermittelten Mitophagie
hinaus und deuten darauf hin, dass SIAH3 als epigenetisch kontrollierter Tumorsupprekson wi

dem er den Stoffwechsel durch die Hemmung der oxidativen Phosphorylierung reguliert.
Abschlie3end zeigt diese Arbeit noch, dass stillgele§i@ddH3durch epigenetisches Editieren
reaktiviert werden kanrg eine Grundlage fuirdie A SRSNKSNB (St f dzy3 RSNJ Cdzy ]

diese Informationerkdnnten einenkleinen aber wichtige Beitrag zuiKrebstherapideisten

Vv
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Abbreviations

This work uses the abbreviations listed below, as well as the units and derived quantities defined
bythe{ €4 G8YS Ay iSNBnish @yt 2YRDAAE FEASR | 00 NBDALF (A 2

not explicitly included, since they are assumed ta@keaerallyunderstood.

abbreviation meaning

2-DG 2-deoxyD-glucose

5-azadC 5-aza2'-deoxycytidire

a antibody against

AB antibody

ACTB | -Actin I -actin

ANKRD1 ankyrin repeat domain 1

BRCA breast cancer

BS bisulfite(treated/converted)

CCN1 cellular communication network factor 1
CDKN2A cyclindependent kinase inhibitor 2A

cDNA complementary DNA

CDS coding sequence

CHCHD4 coiled-coil helix coileecoil helix domain containing 4
COAD colon adenocarcinoma

CoBRA combined bisulfite restriction analysis

CpG cytosinephosphateguanine

CTGF connective tissue growth factor

ctrl. control

DIMER dimerisation domain

DME demethylation enzyme

DMEM 5dzf 6 S002Q4 Y2RAFTASR 9 3t S
DNMT DNA methyltransferase

Dox doxycycline

ECAR extracellular acidification rate

ETC electron transport chain

EZH2 enhancer of zeste homolog 2

FCCP carbonyl cyanide frifluoromethoxyphenylhydrazone
FCS fetal calf serum

GADD45A growth arrest and DNA damage inducible alpha
GAPDH glyceraldehyde3-phosphate dehydrogenase
GBM glioblastoma multiforme

HNSC head and neck squamous cell carcinoma

HRP horseradish peroxidase

IF immunofluorescence

IP immunoprecipitation

kd knockdown




KIR kidney renal papillary cell carcinoma
KIRC kidney renal clear cell carcinoma
LATS2 large tumaur suppressor kinase 2
LIHC liver hepatocellular carcinoma
LUAD lung adenocarcinomas

MRNA messenger RNA

MS mass spectrometry

MtDNA mitochondrial DNA

nickeknitrilotriacetic acid

Ni-NTA

ns

not significant

OCR oxygen consumption rate

ORA overrepresentation analysis

ORF open reading frame

OXPHOS oxidative phosphorylation

PARK2 Parkin

PBS phosphatebuffered saline

PCPG pheochromocytoma and paraganglioma

PD pulldown

PHDs prolyl hydroxylase domainontaining proteins
PINK1 PTENNduced putative kinase 1

(RF)gPCR (reverse transcriptionfjuantitative polymerase chain reactio
RASSF1A Ras association domain family 1A

RING really interesting new gene

Rm RINGdomain mutant

ROS reactive oxygen species

Rot/AA rotenone and antimycin A

RPMI Roswell Park Memorial Institute medium
RT room temperature

S3UNS SIAH3 unique fterminal sequence

SBS substrate binding site

SDSPAGE sodium dodecyl sulfate polyacrylamide gel electrophoresis
SgRNA singe guide RNA

SIAH (SIAH1, SIAH2, SIAH3

seven in absentia homolog

SINA1

Seven in absentia

SiRNA small interfering RNA

SKCM skin cutaneous melanoma

SOC super optimal broth with catabolite repression
STR short tandem repeat

STUBL1 (CHIP) STIP1 homology andtbx containing protein 1
SZF SIAHtype zinc finger

TBE tris-borate-EDTA buffer

TBS tris-buffered saline

TCA cycle tricarboxylic acid cycle




TE

TrisEDTA buffer

Tet tetracycline

TGS tumour suppressor gene

THYM thymoma

TIMM50 translocase of the inner mitochondrial membrane 50
TLS translation start site

TSS transcription start site

ubi ubiquitin

UCEC uterine corpus endometrial carcinoma
UPS ubiquitingproteasome system

VEGF vascular endothelial growth factor
WB Western blot

Wit wild-type

YAP Yesassociated protein
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INTRODUCTION

1 INTRODUCTION

Worldwide, ae infive people developcancer during their lifetime and one in nine men and one
in twelvewomen die from it(Brayet al., 2024) In Germany, every second person develops cancer
at some point in their lifRobert KocHnstitut, 2023) These numbers reflect the large impact
cancerhason each individual and on society, showing the importance of continued efforts to
NERdzOS Ada 0daNRSy® 9@Sy (K2daAK OF y@éhdani&a 2F4S
Weinberg, 2011; Vogelstet al., 2013) the epigenetiaspectsof tumorigenesis are increasingly
coming into focusasemphasizedy the inclusion obnonmutational epigenetic reprogrammiag

to the well acceptedhallmarks of cancerby Hanahan and Weinber(Hanahan, 2022)An
unpublishedwhole methylome analysisf our working grouglllumina Human Methylation 450K
BeadChiptomparingnevus cells with melanoma revealtek SIAH3sevenin absentiahomolog3)
geneas one of the top 50 hypermethylated candidates in melanosuggesting it as putative
novel, silenced tumour suppressdiotivated by this finding, this work investigates the functional

and epigenetic characteristics of SIAH3.

1.1 Characteristics of tumours

¢ KS GSNY @Ol y O&dudd 408 gedra BG) Whén Hippdtrates nanrexh-healing

swellings and ulcerous formatiods] I NJ GreelF 32 NI é§Vdeidd, 2000)The association with

I ONJ 6 NBTFSNEB SA K ShehavicrorioKhs vidual resérnblaizé betwebAINS & 4 A O ¢
veins radiating from the site of cancer development and the legs of a(Baategyres, 2024¢elsus

(25BCc50! 50 GNIyatlFiSR GKAa 62NR FFTOISNB2ANRE Ayd2
hundred yearsafter HippocratesGalendza SR (G KS 62NR a2y O02aé 03INBS]
unnatural swellinggPanegyres, 2024whichA & y 26 dzaSR Ay Ylyeé G(G§SOKyAOl
2NJ a2y 023SySa¢o

Tumorigenesis is a multistep process, during which the cell acqtriags that enable the

progressive transformation from a normal human cell into highly malignant derivaiesahan

& Weinberg, 2000)Although tumours are very divers and occur in many different organs, they

share certain characteristicAnd to break down the complexity of the cancer disease, Hanahan &
Weinberg defined the seoalledéhallmarks of cancér functional capabilities that, as they suggest,

most if not all cancers haver acquirgiHanahan & Weinberg, 20Q0Next to dinducing
angiogenesis ¢enabling replicative immortali$ cdactivating invasion and metastasisand

cevading growth suppressaistwo core features of cancer cellsare their ability to ¢resist cell

deathé and osustain chronic proliferatioh (Hanahan & Weinberg, 2011)n healthy tissuesa

homoeostasis between proliferation and death is maintainguich is out of balance in tumour
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cells. This is, in part, attributable to genetic changes. These alterattan be divided ito two
groups: gain-of-function mutations from proteoncogenesresult in dominardacting oncogenes
that stimulate cell proliferation and cell division, favouring survival. Tumour suppregsiies
second group of genes involved in tumorigenesitose their ability to control unrestricted
proliferation and initiate DNA repaihtoughlossof-functionmutations(Lee & Muller, 20105ince
mostly one copy of the gene is sufficiea,inactivation of thesecondallele a second hit, is needed
for a functional losst{vo-hit hypothesisYKnudson, 1971)Besides the classical genetic alterations
like point mutations, insertions and deletions or chromosomnahslocations of genes or genetic
regions, epigenetic changes can also contribute tddimation of oncogenes and the deactivation

of tumour suppressors.

1.2 Regulation of gene expression and protein level in carcinogenesis

1.2.1 Epigenetic regulation of gene expression

The worddepigeneticg was coinedn the 1940sby Conrad. H. Waddington and refers tehan-

new branch of biology that focuses on the links between gene and protein expressittveen
genotype and phenotypgWaddington, 2012; Peixot@t al, 2020) The secalled écancer
epigenome possesses a lot of abnormalities that are based on heritable alterations without being
manifested in the primary DNA sequen@®nes & Baylin, 2007; Baylin & Jones, 204149 Adrian
.ANR RSTAYSR SLAISYySGAO S@Syida Fa aaKS aidNUzOG dz\
aA3Aylrf 2N LISNLISGdzZ GS lexpligity MBlRleschranibdo@adl tark$Bird) I 1 S& ¢ X
2007) One of these epigenetic modifications is DNA methylatibNA methylation occurs on
cytosines within Cp@ytosinephosphateguanine)dinucleotides, where a methyl group is added
onto the C5 position of the cytosine to formndethylcytosine (5mC). This transfer is mediated by
DNA methyltransferases (DNMT¢Moore et al, 2013) Global bss of DNA methylation
(hypomethylation) was the first described epigenetic abnormality in cancers (Ea&laberg &
Tycko, 2004)Later on, lypermethylation of CpG islands in the promoter regions of tumour
suppressor genes (TSG), which leadsntmactivation of these genes, has been described in many
tumours (Esteller, 2002)5-10% of the CpG islands in promoters that are unmethylated in normal
tissues are abnormally methylated in various cancer gengfdasison & Kouzarides, 201Z)wo
important and frequently described hypermethylated tumour suppressors are for example CDKN2A
(cyclindependent kinase inhibitor 2A, p1@finget al.,, 2013)and RASSF1Ras association domain
family 1A)(Dammanret al., 2003; Dammanet al.,, 2005) Promoter hypermethylation in tumours

can be seen as a characteristic of tumour suppressor gandssince epigenetic modifications
represent an early changguring cancer developmenthey are predestinedas potential cancer

biomarkess (Kulis & Esteller, 2010; Baylin & Jones, 2011)
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1.2.2 The ubiquitinproteasomesystem

While carcinogenesis igivenbythe overexpression of oncogenasd the underexpression aiSG
cancer cells are also characsed by changes in their proteome compositi@rancolini & luliano,
2020) Proteostasis isontrolledby the activity of E3 ubiquitin ligaséBernassola&t al., 2019)and
proteasome inhibitorshave beensuccessfully useds drugsin cancer therapy(Manasanch &
Orlowski, 2017)

Ubiquitination is a posttranslational modification that marks proteinspi@mteasomallegradation

or nondegradative sigriing by attaching ubiquitin a conserved small proteirip the target
protein (Hershko, 1983)n an enzymatic cascade, involving a ubiquitin activating enzyme (E1), a
ubiquitin conjugating enzyme (E2), and a ubiquitin ligase, (E8uitin is covalently bound to the
addzoaid NI (S daRuesER ybiuitin ligdsés arg responsible for the transfer of ubiquitin
from an E2 ubiquitin conjugating enzyme to their specific substrates, condemning these proteins
for proteasomal degradatio(Hershko & Ciechanover, 1998; Loetkl., 1999) Polyubiquitinated
proteins are then usually degraded by the 26S proteasome sy@temshko & Ciechanover, 1998)
(Fig. 1) This ubiquitigproteasome system (UPS) is respible for 8690% of cellular proteolysis

and 1620 % of autophagyKwon & Ciechanover, 201 8howing the importance of this mechanism

for protein homeostasiand the abolishment alamaged or incorrect proteins

binding & activation ligation

Y

ATP~ (AMP) + PPi @ /@
@L, _,_{EQE_,{E@
S
o
O |
o, 7-2°

\
S (L™
R E— +— \\ up

9 o Ub
. 4

proteasomal degradation

Fig.1: The ubiquitirgproteasomesystem (UPS)

First, ubiquitin(ub)is activated in an AT@ependent reaction by attaching it to a ubiquitin activating enz
(EQ). Itis then transferred to a ubiquitin conjugating enzyme (E2). A ubiquitin ligase (E3) mediates the
of the ubiquitin to the substrate protein (S), Ul being responsible for the substrate specificity.
polyubiquitinated protein is then degraded by the 26S proteasome.

The figure was created with BioRend®m
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Ubiquitination can occur as monoubiquitination (a single ubiquitin  attached),
multimonoubiquitination (multiple ubiquitin proteins are each attached to different sites on the

same substrate protein) or polyubiquitination (ubiquitin proteins form a chaat th attached to

the substrate protein), with K4Bnked polyubiquitination being thenain connection type in cells.

Whereas monoubiquitination was shownit@luencegrowth, metastasis, radiation resistance and

immune escape of cancer cellpy affecting DNA repair and gene transcription,
K48polyubiquitination is involved in different facets of candgr promoting the degradation of
corresponding proteingLiuet al., 2024) E3 ubiquitin ligases and deubiquitinating enzyrpésy

important roles in the regulation of all hallmarks of cand@oncerninghe hallmarkcdevasion of

growth suppressoss for instanceE3 ligase MDMand the deubiquitinating enzyme USP7 regulate

the stability of the tumour suppressor p53arakandiet al,, 2021; Liuvet al., 2024) Regarding

anducing angiogenedsisHIF1, acentralregulator of cellular adaption to hypoxia, risstricted by
ubiquitination through the Hippelindau protein (pVHL), an E3 ligase. Their binding is primed
GKNRdZAK (KS KeRNRE&flIGA2Y 27F | LeGhiaiingpréeins).l 538 06 L.
Another E3 ubiquitin ligase, SIAH2 (seven in absentia homologue 2), in turn, targets PHD3 for
degradation (Nakayamaet al, 2004) Even when it comes ta@nonmutational epigenetic
reprogramming, the UPS is involved, as with the E3 ligase RNF180 ubiquitinating DINM&tL

al.,, 2024) Thus, even these two different regulatory mechanispi3NA methylation and protein
degradationcl NB y 20 | f gl é&a aSLINIoO6ftST NBFtEtSOGAYy3a (KS

1.3 The role of aergy metabolisnin cancerand other diseases

Next to the already described characteristics of cancer, including genetic and epigenetic changes as
well as changes in the proteome composition, metabolic rewiring also characterises the
transformation of normal cells to tumour cel{slanahan, 2022)The most wetknown effect of

cancer energy metabolisnis the sacalled dWarburg effect (aerobic glycolysis), which is
charactersed by an increase in glycolysis even in the presence of oXydgarurg & Minami, 1923;

Warburg, 1925)

.8SAy3 GKS aLRESNLI | yidé 2mainditk 6f théefidrgly prodiefiodsf OK 2 Y RN
schematic overview of the cellular respiration in shown in EiglIn the first step, the glycolysis,

glucose is converted tpyruvate. Under aerobic conditions, pyruvatediscarboxylatedo acetyk

COA that is then transferred into the mitochondria, entering thearboxylic acid cyclelCA cycle

During the final step, the oxidative phosphorylation (OXPHOS), mitochondria generate energy in

form of ATRSherratt, 1991)Under anaerobic conditi®) instead of following the energy efficient

metabolic pathway inside the mitochondrigyruvate is metabolised through fermentation,
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forminglactate. Thus, the only produced ATP is generated during glyisokig. 2Bcompares the

energy Yyield of aerobic and anaerobic egyeproduction.

(A)
glucose
Ll ATP
glycolysis aerobic
ll anaerobic
lactate ) «— fermentation —  pyruvate
oxidative .
TCA \ decarboxylation @
cycle f ~ADH {
|
ATP acetyl-CoA

(NADH) OXPHOS .\-/'

FADH ATP
e electron tra nsport chaln ynthase

(B) 1x
glucose
anaerobic aerobic
2 <«4—  glycolysis glycolysis —» 2
0 <«— fermantation oxid. decarb.. —» 0
‘ TCAcycle —» 2
2 ATP OXPHOS —» 26-28
30-32 ATP

Fig.2: Cellular respiration and energy production

(A) Schematic overview of cellular respiration showing the main steps and metabolic products. Green arrows
depict the pathway of the aerobic energy production, red marks the anaerobic patiip4TP yield of the
aerobic and anaerobic energy production pathwalse figure was created with BioRenasm
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Explaining hisbservation thattumour samples take up glucose and convert it to lactate even when
there is enoughoxygen available to conveit to CQ via OXPHOS, Warburg later proposed that
dysfunctional mitochondria are the reason for the shift to aerobic glyco{y¢eburg, 1956)And
even though this hypothesis has been questid{iVaupel & Multhoff, 2021 mitochondria are still
involved in tumorigenesis through other mechanisiReactive oxygen specigd@$accumulation
due to leakage of the electron transport chain (ETC) can inthgexidation of macromolecules
(e.g. proteins, DNA, lipids) which can contribute to tumorigenesis, for example via thélFPFHD
signaling pathway(Badrinath & Yoo, 2018Furthermore, mitochondria are also directly involved
in apoptosis. Permeatshtion of the mitochondrial outer membrane leads to cytochrooelease

that activates caspases which promote apopt@diang & Wang, 2004; Bock & Tait, 2020)

Mitochondriaalsoplay acritical role in neurodegenerative diseases. Mitochondrial abnormalities

KIS 08Sy RSAONAOGSR Ay tIFIN]JAyazyQaz !'t1 KSAYSNDS
lateral sclerosigFilostoet al., 2011) Since neurons possess a high amount of mitochondria, they

are especially vulnerable to energgpendent defects caused by mitochondrial abnormalities

(Filostoet al,, 2011) Another pathway involved in neurodegeneration is mitophagy, the recycling

of (damaged) mitochondria by autophagy. Loss of mitophagy leads to an accumulation of defect
mitochondria, which is a trait of aging and neurodegeneratiBivensoret al,, 2017; Killackegt

al., 2020) The best studied initiators of this pathway @@ ENnduced putative kinase P(NK}

and ParkifPARK2)Trubanet al., 2017) that are suggested to be inhibited by SIAHassoret al,,

2013; Yooret al., 2021)

1.4 The SIAH family

SIAH3, the potential tumour suppressor that is the focus of this study, is the third member of the
SIAH protein family. This family consists of 3 human homabbds N2 a 2 LSKNA f(Jeveia
absentia) (Pepperet al, 2017) SINA was first identified playing a role in photoreceptor cell
development by acting downstream of Ras. A loss of function mutation of SiiNé\ddoss othe
photoreceptor R7 due to defects in neuronal cell differentiati@arthew & Rubin, 1990; Zipursky

& Rubin, 1994)Iin humars, two homologs were described initially: SIAH1 and Sigtd2& Chung

et al, 1997) Later, thanks to phylogenetic analys&AH3 wagharactersed asa third human

homolog(Pepperet al,, 2017)

SIAH1, 2 and 3 amgructurally closelyelated. Near theGterminus, all three proteingontain a
SIAHtype zinc finger (SZF substrate binding site (SBS) and a disaion domain (DIMER),
together forming the substrate binding or SINA dom@epperet al., 2017) While SIAH1 and 2
possess dual zinc finger motif, SIAH&sonly a single motif SIAH1 and SIAH2 further contain a

RING Really InterestingNew Gene) domairenabling them to functioras ubiquitin E3 ligasekat

6
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regulatethe degradationof substrate proteins by the URGrishinaet al, 2012; Peppeet al.,
2017) In contrast, SIAH3 lacks this domain (Bigsuggesting it to not function as an enzymatically
active E3 ubiquitin ligag®epperet al,, 2017) Instead SIAH®arboursa histidinerich region (Poly
His) andan evolutionary highly conserveslAH3aunique Nterminal sequence (S3UN®epperet

al,, 2017; Zhangt al,, 2017) A schematic overview of the protein domasiructure of SIAH1, 2

and3is shown in FigB.

1.4.1 TheE3 ubiquitin ligaseSIAH1 and SIAH2

‘ ]
SIAH1 N NS [owE |
1 41 76 93 153/154 178 219 266 282
SIAH2 i S W
1 80 115 133 193/194 218 259 306 324

SIAH3 Poly-His | |
1 41 64 98104 132/133 156 197 244 269

Fg. 3: Domain structure of SIAH1, SIAH2 and SIAH3

Comparison of the domain structure of the three human SIAH proteins. The domains are coloured
RING = Really Interesting New Gene, SZF =t@éHkinc finger, SBS = substrate binding site, DIN
dimerisation domain, S3UNS = SIAl8que Nterminal sequence, Polis = histidine rich region. SBS
DIMER (and SZF, depending on the literature) form the substrate binding or SINA domain. The num
to the respective amino acid positions. The figuisvbuilt afterPepperet al. (2017)andZhanget al. (2017)

SIAH1 and SIAHZe weltknownactorsin numerousbiologicalpathways and diseases, e.g. hypoxia
and inflammation or cancer and neurodegenerati@alzadcet al, 2009; Schmitzt al,, 2022;
Zhanget al., 2022) Being RING E3 ubiquitin ligases, they play critical roles in the UPS by mediating
substrate specificitfor proteasomal degradatioffHu & Zhanget al., 1997; Hu & Fearon, 1999;
Polekhinaet al,, 2002; Germanet al., 2003) Due to their diverse substrates, SIAH1 SBiAR
execute a lot of different functiond-or example, they play a role in DNA damage and cellular
senescence by regulating HIPK2 and TRFRater et al., 2008; Fuijiteet al,, 2010; Qket al,, 2013)

and during hypoxia by ubiquitinating PHD1/3 which leads to a sdathiln of HIFL. | YR §( Kdza { 2
increase in hypoxieesponsive genefNakayameet al, 2004; Nakayamat al., 2009; Qiet al.,,

2013) DNA damage and hypoxia are only two examples of Biggaathways through which the
SIAHs are involved in tumorigenebist their preciseroles in tumorigenesis are diverse and not
fully understood yet.SIAH1 and have beenshown to act asboth oncogenic and tumour
suppressiveacross multiplepatient cohorts and animal cancer moddong & Mdller, 2013)
Except for glioblastomawvhere it exerts an oncogenic functigileet al., 2019) SIAH1 has been
describedto have a protective role in multiple cancer entitig@dong & Moéller, 2013; Zharet al,,
2022)like breast(Wen, Yang, Song, Li & Y&tal, 2010; Wen, Yang, Song, Li, Zhu & Wang, 2010;
Knaueret al., 2015)and colorectal cancefXiaoet al, 2020) leukemia(Kréameret al, 2013)

pancreatic carcinogenesfg/uet al., 2018)and osteosarcoméHanet al,, 2019) In hepatocellular
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carcinoma SIAH1 seems to be able to perform both funct{ghanget al, 2022) being helpful as
tumour suppresso(Yoshibayashet al., 2007)or being unfavourable as an oncogefigrauckhoff

etal, 2011) In contrastSIAHZas mainly been associated witimour progressior{Liet al., 2022)

for example in breast cancéCharet al,, 2011) lung cance(Morenoet al., 2015)or in melanoma
(Scortegagnat al., 2020) Some studies however,also showed an antumour effect of SIAH2. In
leukemia, for example, activation of SIAH2 by hyperthermia could promote Siép¢hdent
degradation of oncogenic fusion proteifddaimaitiyiminget al,, 2021) In lung cancer, additionally

to its tumour promoting function, SIAH2 can have an -tunthour effect by degrading TYK2 and
thereby supressing the cancer driver STAW8Iller et al, 2014) Their exact function depends on

the specifictissue,the presence of substratesheir subcellular locadation and posttranslational
modificationsand the cellular microenvironmenfZhanget al, 2022) Next to the described
ambiguousrole in cancer, SIAH1 arfl play a important role in neuronal development and
neurodegenerative diseases e.g. by regulating the exit of cerebellar granule neurons from the
ASNXYAYLFE T2yS FyR GKS FT2NNIGA2Y 2F [S6& 02RAS:E
(Lianiet al., 2004; Famulslat al., 2010)

1.4.2 SIAHZ; the extraordinary family member

I aSINOK 2y b/ .LQA& t dzoaSR 2yiklde&B7iarmd &1puSicaiodsNRa { L !
respectively(03/2026). In contrast, systematic research on SIAH3 is still rare. There are only 20
publications that mention SIAHBhe vast amount of the existing literature omgfersto SIAH3 as

one of the identified targetsithin genome, transcriptome or methylomewide analysesBut

these studies suggest that SIAH3 plays a rgledcesses like wound healif@/ang & Tatakis, 2017)

and reproduction (Mohanty et al, 2015; Wanget al, 2024) in different cancers as prostate
(Robbinset al,, 2011)and pancreatic cancéLopez de Maturanat al., 2021; Zohaet al., 2025)as

well as in retinoblastomé&Schiefferet al., 2021) but alsoin brain aging and neurodegeneratifln

& Chuet al,, 2019; Ichiset al,, 2021; Wieganét al,, 2021; Abd Elghast al., 2022; Cochrast al,,

2023; Abrahamet al., 2024) Fig 4 summarges the areas in whichSIAH3plays a role. fie
correspondingublishedfindings like SNP&ingle nucleotide polymorphisms) hypomethylation,

arealso included.

1.4.2.1 The role of SIAH3 in mitochondrial homeostasis

Despite evidence of its involvement in several diseases, laum&about the molecular function
of SIAH3s scarce, with mst availableinformation beinglinked to neurodegenerative diseases.
SIAH3 has been shown to inhibit tRarkinson's diseasassociated proteifPINK1(Hassoret al.,
2013; Yooret al., 2021; Abd Elghaast al., 2022) It localsesto mitochondria where it inhibits PINK1
accumulation, resulting in reducing Parkin translocation to damaged mitochondria and

consequentlyhe negativeregulaion ofmitophagy(Hassoret al., 2013)see Fig. 451AH3 was also

8
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shown to directly interact with PINKYoonet al,, 2021; Abd Elghaet al,, 2022) Ald Elghanand
colleaguegound SIAH3 aggregating with PINK1 in the mitochondria and inactivating it, leading to
mitochondrial depolasation and neuronal deatfAbd Elghanget al., 2022) Moreover, Abrahamet

al. (2024) showed that (mouse) Siah3 is transcriptionally induced by nerve growth factor
deprivation, that it interacts with Parkinnegatively regulates mitophagy and therepgsitivey
regulatesaxonal degeneration upon trophic deprivation upstream of casgfiasetivation In
addition tothis neurologicatontext, Yooret al.describedSIAH3 to be highly expressed in the renal
cortex during chronic kidney disease, again interfering with the accumulation of P&t al.,

2021) These studiesndicate that SIAH3is involvedin the regulation of mitochondrial quality

control.
neurological & ( )
psychiatric disorders a mitophagy
dysregulation ‘SIAH3:
cancer hypomethylation )
focal homozygous deletion SNPs J-
gene fusion with RB1
SNPs .\ / %@
= & %2
chronic kidney () (o)
disease <+ E Q= -
) I o z
upregulation = (O] 3
) 2 S :
. NS 3
7(/ U $’ ®
/ Z >
reproduction
hypomethylation in Cd
rich placentas
downregulation in IEeali
cumulus oophorus wound hea !ng
complexes decreased in L )

healing gingiva

Fig.4: The known functions of SIAH3

Published findings of SNPs, a genetic deletion or fusion within the SIAH3 region, as well as deregulation of
expression and both hypand hypermethylation, show an involvement of the SIAH3 in several diseases and
developmental processes. On a molecularele SIAH3 (blue) plays a role in mitochondrial homeostasis by
inhibiting PINK1 (magenta) accumulation on the mitochondrial membrane. Normally, PINK1 recruits and
phosphorylates the ubiquitin ligase Parkin (orange) as well as other mitochondrial proteins. Activated Parkin
ubiquitinates proteins on the mitochondrial ter membrane, such as VDACL1 and Mitofusin (green), which

in turn leads to the recruitment of the autophagosome and the subsequent degradation of the
mitochondrion. SIAH3 was also shown to interact with PINK1 and Palokinubiquitin.

The figure was created with BioRender.com.
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1.4.2.2 SIAH3 is hypermethylated in melanooedl lines
Under healthy conditions SIAH3is predominantly weakly expressed, showing the highest
expression in brain and fallopian tube (Fig. 5). But thereadi@vother tissues, in whicl8IAH3s

expressed, even when it is on low leydike in lung and skin.
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Fig.5: Expression level o8IAH3N healthy tissues
Expression level #lAH3log2) in 30 different tissues. Used dataset: Normal Tissues GTeX y@déiog,
n=17382, p=0.00 (Anova). The stars represent high extreme values. The analygperi@sedusingR2

One of the important mechanisms for the regulation of gene expressipassnentioned above
DNA methylationln literature, the methylation status @IAH3s rarely describediohanty et al.
(2015) published a hypomethylation d8IAH3in cadmium rich placentas of female infants and
Wiegandet al. (2021)found a reduced DNA methylation level 8t AH3n persons with early live
adversity.While these two studies described CpG sites within the first and seSbAH 3exon,
respectivelyneither an analysis of the regulatory promoter region nor an assessment of whether
differential methylation influences expression has been reported to demwever, after being
identified as a potential hypermethylated5Gn melanomaSIAHIame under investigation in our
laboratory. Sara Walesch and Janine Moyer analyse®&tAélanethylation and gene expression
status ofSIAH3n several cell lines of different entities and in HUVEC d#isSIAH3)ene is located
on chromosome 13 and regulated by a CpG rich prom&ier.the methylation analyse 156 bp
PCR fragment around the transcription start site (TSS) was amplifiediven@pG sites were

analysed byguantitative bisulfitepyrosequencing (FiggA). SIAH3MRNA level was found to be

10
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highest in C918 cellgllowed byHUVECavhereas 449, MDAMB-231 and HERO3T showed only
very low or no expression (FigB). Conversely, C948d HUVEC were unmethylatéd20%) while
A-549was partially 44 %) andIDA-MB-231 and HERO3T weregully methylated(>90 %)(Fig.6C),

showing an inverse correlation of DNA methylation and gene expression.
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Fig.6: Expression and promoter methylation &IAH3n cancer cell lines

(A) Schematic overview of th8lAH3romoter located on 139g14.13. The CpG sites are depicted as vertical
lines. The 156p fragment for methylation analysis is indicated and thepyrosequenced CpGs are
numbered. The CpG site 1 (annotated as cg26667946), that is also pdBsti aestriction site, is marked

with an asterisk. TSS = transcriptional start $B3SIAH3®xpression in C918-349, MDAMB-231, HEK293T

and HUVEGIAHZ2nd GAPDHglyceraldehydes-phosphate dehydrogenasa)RNA levels were analysed by
RTgPCRreverse transcription quantitative PCB)JAHZxpressiorwas normaked to GAPDHC918 was set

to 1.(C)Methylation of SIAH3n C918, A49, MDAMB-231, HEK293T and HUVEC. Genomic DNA was isolated
and methylation ofSIAH3vas quantified by bisulfite pyrosequencing. Mean methylation levels (%LpGs

were plotted.(D) SIAHZxpression irf6 melanoma cell lines. SMEL-13, SKMEL-19, SKMEL-28, C918, IGR

and MeWo were treated with 5 a -apadC for 4 days and RNA was isola®iAH&ANdGAPDHNRNA levels
were analysed by RIPCR.SIAH3expressionwas normaked to GAPDHO>a /[ domy ¢t &
(E)Hypermethylation oSIAH3n 6 melanoma cell lines. Cell lines were treated with & -apa-dC for 4 days

and SIAH3methylation was compared to modkeated cells (>a 0 ® DSyYy2YAO 5b! gl &
methylation ofSIAH3vas quantified by bisulfite pyrosequencing. Mean methylation levels (& CpGs
were plotted.*/**/*** indicate thesignificance leveld (i dzR Stgst). Bxperiients were conducted by S.
Walesch and J. Moyefigure adapted fronDeutschmeyeet al, 2025
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Analysis of melanoma cell lines revealed that five out of six did not exSiés$$3and were fully
methylated. Only C918, displaying reduced methylatio25%), expresse®IAH3(Fig.6D-E).
Treatment with the DNA methyltransferase inhibitoiaba2'-deoxycytidine (azadC) yielded an
induction of SIAH3expression in the cell lines $KEL-13, SKMEL-19, SKMEL 28 and IGR and
resulted in a demethylation of th8l1AH3romoter of 520% in these five cells lines, revealing the
functional relevance of DNA methylation. These preliminary findings suggestSiAdi3is

epigenetically regulated and silenced in cancer cell lines by promoter methylation.

1.5 Aim of this study

This work focuses 08IAH3, the third member of the SIAH family. While SIAH1 an@ Stakvell

studied players in tumorigenesis as well as in neurodegenerative diseases, SIAH3 is barely
investigated, even though there are hints of its relevaficeovercome this shortageexplored its
epigenetic regulation in cancer arttlie effect of SIAH3on cell proliferation | investigated its
influence on the transcrigtme aswell as on thgproteome. Furthermore, hnalysedts interaction

with protein binding partnersnd{ L ! | 0 Q& A Y LJ O .Witlythe€eSkperimah®will 6 2 f A &Y
answer the following questions: 8 AH3Zilenced in tumours through DNAethylation? Do other
regulatory mechanisms exist? Which effect does SIAH3 have on tumour groMiibfe is it
localised and invhich molecular pathwagis SIAH3 involved®nd finally: Is it possible to restore
inactivated SIAH3? This together aims to charasgetiie potential tumour suppressoBIAH3
epigenetically and functionallyThe insightsgainedshould contribute to the understanding of
cancempathogenesis and may help to move one step closer to a better treatment of cancer patients

in future.
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2 MATERIALHdMETHODS

2.1 Materials

All used materials are described in this chapleb. liststhe companiedrom which the materials

were obtained Tab. 28 provide detailed information on all chemicals and reagents used, including
antibiotics, enzymes, molecular weight standaitdgnsfection reagentandinhibitors. Antibodies,
plasmids, primerandsgRNAs are describes in Tali79and Tab. 120 contain the information on

the used organisms and tissue samples. Recipes for media, buffers and additional solutions are

presented in Tab. 226. And Kits, instruments as well as software and used online tools are

summarised in Tab. 229.

Tab.1: List of companieand theirheadquarters location

company location
Abcam Cambridge, Great Britain
Addgene Watertown, MA, USA

Agilent Technologies

Santa Clara, CA, USA

Analytik Jena GmbH & Co. KG (former UVP

Jena, Germany

AppliChem GmbH

Darmstadt, Germany

Aurox Ltd

Thame, UK

Aviva Systems Biology Corporation

San Diego, CA, USA

Bemis Company

Neenah, WI, USA

Berthold Detection Systems GmbH

Pforzheim, Germany

BioCat GmbH (transOMIC)

Heidelberg, Germany

BIOZOL Diagnostica Vertrieb GmbH

Hamburg, Germany

Biozym Scientific GmbH

Hessisch Oldendorf, Germany

Bio-Rad Laboratories

Hercules, CA, USA

BD Biosciences (Becton, Dickinson and

Franklin Lakes, NJ, USA

Company)
Carl Roth GmbH & Co. KG Karlsruhe, Germany
Carl Zeiss AG Oberkochen, Germany

Capricorn Scientific GmbH

Ebsdorfergrund, Germany

Cell Signaling Technology

Danvers, MA, USA

ChromoTek GmbH Planegg/Martinsried, Germany
Devel tal Studies Hybrid Bank .

evelopmental Studies Hybridoma Ban lowa City, IA, USA
(DSHB)
Dharmacon Lafayette, CO, USA
Eppendorf SE Hamburg, Germany

GE Healthcare Life Science /Bigence AB

Uppsala, Sweden

Hahnemuhle FineArt GmbH

Dassel, Germany

Jackson ImmunoResearch Laboratories

West Grove, PA, USA

Life Technologies GmbH / Invitrogen (e.g.

Gibcd™), now Thermo Fisher Scientific

Darmstadt, Germany
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MACHERENAGEL GmbH & Co. KG

Diren, Germany

Merck KGaA.

Darmstadt, Germany

Microsynth Seqglab GmbH

Gottingen, Germany

MOTIC Deutschland GmbH

Wetzlar, Germany

New England BioLabs GmbH

Frankfurt am Main, Germany

NIPPON Genetics EUROPE GmbH

Diren, Germany

PerkinElmer

Waltham, MA, USA

PEQLAB / VWR Life Science

Erlangen, Germany / Radnor, PA, USA

Promega GmbH

Walldorf, Germany

PromoCell GmbH

Heidelberg, Germany

QIAGEN (Corbett Research)

Venlo, Netherlands / Hilden, Germany

Roche Diagnostics GmbH (Roche Applied
Science)

Penzberg, Germany

Santa Cruz Biotechnology

Dallas, TX, USA

Sarstedt AG & Co. KG

Numbrecht, Germany

Serva Electrophoresis GmbH

Heidelberg, Germany

SigmaAldrich Chemie GmbH

Taufkirchen, Germany

Stratagene, now Agilent Technologies

La Jolla, CA, USA

Stratec Molecular GmbH

Berlin, Germany

Takara Bio USA (Clonetech)

San Jose, CA, USA

Tecan Deutschland GmbH

Crailsheim, Germany

Thermo Fisher Scientific

Waltham, MA, USA / Dreieich, Germany

2.1.1 Chemicals

Tab.2: Used chemicals and materials and the compfasn which they were obtained.

chemical company

n -Riamidin2-phenylindol (DAPI) Serva Electrophoresis
agaragar Merck

LE agarose Biozym Scientific
ammonium acetate Carl Roth

ammonium persulfate (APS) Serva Electrophoresi
ammonium sulphate (N#d i { h j Carl Roth

Anti-FLAG® M2 Affinity Gel SigmaAldrich

Bacto Tryptone Becton, Dickinson and Company
betaine SigmaAldrich

Blotting Grade Blocker, Ndrat Dry Milk Carl Roth

blotting paper (1.5mm thickness) Hahnemiihle FineArt
boric acid Carl Roth

bovine serum albumin (BSA) Thermo Fisher Scientific
bromophenol blue Carl Roth

I -mercaptoethanol SigmaAldrich
chloroform Carl Roth
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cOmpletet tablettes, EASYpack, Protease
Inhibitor Cocktail (EDFfee version for MS)

Roche

Coomassie Brialliant Blue G250

Serva Electrophoresis

DEPC 10 Carl Roth
dimethyl sulfoxide (DMSO) Carl Roth
disodium hydrogen phosphate (bHPQ) Carl Roth

dNTPs (dATP, dTTP, dGTP, dCTP)

Thermo Fisher Scientific

5dz 6 S002Qa az2RATFTASR

Thermo Fisher Scientif{GIBC®") /
Capricorn Scientific

EDTA Carl Roth

ethanol Merck

ethidium bromide Carl Roth

FACS tube &L, 75 x 12 mm, PS Sarstedt

fetal bovine serum (FBS) Thermo Fisher ScientifiGIBC®")
formaldehyde (37 %) SigmaAldrich

formamide Carl Roth

glucose Carl Roth

Glutathione Sepharos¥ 4B GE Healthcare BiBcience
glycerol Carl Roth

glycine Carl Roth

glycogen Thermo Fisher Scientific
guanidine hydrochloride (GHCL) Carl Roth

Immobilon Western Chemiluminescent HRP
substrate

Merck (Millipore)

HEPES Carl Roth
hydrochloric acid (HCI) Carl Roth
hydroquinone Merck
ImmobilonP membrane, PVDF, 0,45 um Merck (Millipore)
isopropyl alcohol Merck

A a 2 LINR-thitsgalactopyranoside (IPTG) | Merck
imidazole SigmaAldrich
magnesium chloride (Mggl Merck

methanol Merck

Midori Green Xtra

NIPPON Genetics

MOWIOI™M 4-88 reagent

Merck (Calbiochem / Millipore)

Ni-NTA agarose beads

QIAGEN

b X b Z dettbinbtiilethylendiamine (TEMEL

Carl Roth

NPR40

AppliChem

Opt-MEM® Thermo Fisher ScientifiGIBC®)
Parafilm M Bemis Company

phenol Carl Roth
phenol/chloroform/isoamyl alcohol Carl Roth

PolyL lysine solution (0,0%) SigmaAldrich

potassium chloride (KCI) Carl Roth
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potassium dihydrogen phosphate () Carl Roth
propidium iodide SigmaAldrich
PyroMark Annealing Buffer QIAGEN
PyroMark Binding Buffer QIAGEN
PyroMark Control Oligo QIAGEN
PyroMark Denaturation Solution QIAGEN
PyroMark Gold Q24 Reagents QIAGEN
PyroMark Wash Buffer QIAGEN
PyroMark Q24 Cartridge QIAGEN
PyroMark Q24 Plate QIAGEN
PyroMark Vacuum Prep Filter Probe QIAGEN
wAoz2f201 onn | k>ft0 Thermo Fisher Scientific
Rotiphorese® Gel 30 (37,5:1) Carl Roth

RPMI

Thermo Fisher Scientif{GIBC®")

sodium dodecyl sulfate (SDS)

Carl Roth

sodium acetate (NaAC) Merck

sodium chloride (NaCl) Carl Roth

sodium deoxycholate SigmaAldrich

sodium hydrogen phosphate (N&P0) Carl Roth

sodium hydroxide (NaOH) Carl Roth

sodium metabisulfite SigmaAldrich

SYBR® Select Master Mix Themo Fisher Scientific
tris(hydroxymethyl)aminomethan (tris) Carl Roth

Triton X100 Carl Roth

TRIzdM Reagent Thermo Fisher Scientific
Trypan Blue solution SigmaAldrich

TrypLEM Express (Trypsin) Thermo Fisher ScientifiGIBC®)
Tween20 SigmaAldrich

urea Carl Roth

X-Gal AppliChem

yeast extract Carl Roth

2.1.2 Antibiotics

Tab.3: Used antibiotics foE. coliand human cells and their working concentrations.

antibiotic working concentration company

for E. coli

ampicillin 60-100 pgimL SigmaAldrich
kanamycin 50 pgmL AppliChem

for human cells

penicillin 100 UML
Antibiotic-Antimycotic (100X)| streptomycin 100 pghL
amphotericin B 0.25 pgnL

Thermo Fisher Scientific
(GIBC®)

blasticidinS 5 pg/mL

Carl Roth
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doxycyclire 2 pg/imL AppliChem

penicillin / streptomycin penicillin 100 UmL Thermo Fisher Scientific
(PS) streptomycin 100 pgiL (GIBC®)

puromycin 2-5 pg/mL Carl Roth

Zeocim Selection Reagent | 400ug/mL Thermo Fisher Scientific

2.1.3 Enzymes

Tab. 4: Restriction enzymes used for cloning and CoBi®Abined bisulfite restriction analy3idigestion
(BsUI). Enzymes were used together witte buffer recommended by the manufacturer.

restriction enzyme company

BamHI (10 Upb) Thermo Fisher Scientific
Bbd (10U/uD) Thermo Fisher Scientific
Bgll (10 U Thermo Fisher Scientific
BstJl (10 Uy Thermo Fisher Scientific
Ecdd (10 UL Thermo Fisher Scientific
HindlII (10 UjD) Thermo Fisher Scientific
Kprl (10 UL Thermo Fisher Scientific
Sal (10 Upb) Thermo Fisher Scientific
Xhd (10 UpD Thermo Fisher Scientific

Tab.5: Additionalenzymes used during cloning, DNA isolation, reverse transcription and PCR. Enzymes were
used together witithe buffer recommended by the manufacturer.

enzyme company
DNasé (1 UpD Thermo Fisher Scientific
FastARthermosensitive (1 Wil Thermo Fisher Scientific
M-MLV Reverse Transcriptase (200pLY Promega

Phusia HighFidelityDNAPolymerase Thermo Fisher Scientific
(2 U/uL)

ProteinaseK (20 pgjl) Thermo Fisher Scientific
RNaseA (10 mgml) Thermo Fisher Scientific
TagPolymerase AG Dammann, homemade
T4DNA Ligase (3 Wb) Thermo Fisher Scientific
T4 Polynucleotide Kinase (PNK) UimL) Thermo Fisher Scientific

2.1.4 Molecular weight standards

Tab. 6: DNAmolecular weight standardand loading dye used for agarose gel electrophoresis athe
protein molecular weight standardsed for SD8AGE.

product company

GeneRuler 100 bp DNA Ladder Thermo Fisher Scientific
GeneRuler 1 kb DNA Ladder Thermo Fisher Scientific
6x DNA Loading dye Thermo Fisher Scientific
PageRuler Prestained Protein Ladder Thermo Fisher Scientific
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2.1.5 Transfection reagents

Tab.7: Reagents used for the transfection of human cell lines

product

company

Lipofectaminé" RNAiMax transfection reager

Thermo Fisher Scientific / Invitrogen

polyethylenimin, branched (PEI)

SigmaAldrich

TurboFect transfection reagent

Thermo Fisher Scientific

2.1.6 Inhibitors

Tab.8: Inhibitors used in cell culture experiments
product company
h-amanitin AppliChem
5-aza2'-deoxycytidine §-azadQ SigmaAldrich

MG-132

Thermo Fisher Scientific

2.1.7 Antibodies

Tab.9: Primary antibodies used for Westebfot (WB) and immunofluorescence (IF)

antibody origin dilution company
WB IF
FLAG (M2, F3165) mouse 1:200- - SigmaAldrich
1:500
FLAG (clone 118 ZooMADb] rabbit - 1:1,000 Sigma
GAPDH (s47724) mouse | 1:500 - Santa Cruz Biotechnolog)
GAPDH (F835) rabbit 1:2,000 - Santa Cruz Biotechnolog)
GAPDH (14C10) rabbit 1:2,000 - Cell Signaling
. 1:1,000- AG Renkawitz, JLU
GFP rabbit 1:2,000 ) GielRen, homemade
HA (3F10, high affinity) | rat 1:1,000 1:1,000 Roche
mCherry / dsRed (632496 rabbit 1:1,000 - Clontech / Takara
Myc (631206) mouse | - 1:500 BD Biosciences
p53 (D61, sel126) mouse | 1:1,000 - Santa Cruz Biotechnolog)
. . Aviva Systems Biology (v
SIAH3 (ARP69564_PO050] rabbit 1:500 - BIOZOL)
i -Tubulin (E7) mouse | 1:1,000 - DSHB
YAP (HL25, se€15407) rabbit 1:200 - Santa Cruz Biotechnolog)
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Tab.10: Secondary antibodies used for WB and IF

: - dilution
antibody origin WB T company
m-lgGk BRHRP (anti recom 1:1,000- :
mouse) (s€16102) binant 1:2,000 ) Santa Cruz Biotechnolog
: . 1:1,000-
?Sn;;;aSb;))It lgGHRP mouse | 1:2,000 - Santa Cruz Biotechnolog
anti-rabbit HRRinked 1:1,000- .
goat 1:2,000 - Cell Signaling
(#7074)
anti-rat HRHinked goat 1:3000 ) chkson ImmunoResear(
(112035-143) (via BIOZOL)
Alexa Flud Plus 488
anti-mouse 1gG (H+L) goat - 1:500 Thermo Fisher Scientific
(A32723TR)
Alexa Flud 568
anti-mouse 1gG (H+L) goat - 1:500 Thermo Fisher Scientific
(A11004)
Alexa FluoM594
anti-rat IgG (H+L) goat - 1:500 Thermo Fisher Scientific
(A-11007)
Alexa Fluo568
anti-rabbit IgG (H+L) goat - 1:500 Thermo Fisher Scientific
(A11011)

2.1.8 Plasmids

Tab.11: Empty plasmids used for cloningdior as controls in experiments

name / backbone tag resistance | producer
CMVTagl

P g . o FLAGN-term.) & .| Stratagene
(EcdRl restriction site instead kanamycin .

Myc (Gterm.) (mod. by A. Richter
of stop-codon)
pcDNA3 - ampicillin Invitrogen
pEBG GST (Nerm.) ampicillin Gerd Pfeifer Lab
PEYFRC1 EYFP (fterm.) kanamycin | Clonetech
PEYFRC2 EYFP (fterm.) kanamycin | Clonetech
pEGFRC2 EYFP (fterm.) kanamycin | Clonetech
pPEGFMN3 EGFP @&rm.) kanamycin | Clonetech

- A. Jimenez /
pcDNA3MCherry mCherry (Nlerm.) ampicillin
V. Deutschmeyer

pcDNA4/TO/mydis A/B Myc-His(6x) (@erm.) ampicillin Invitrogen

Firefly Luciferase (C -
pGL3 ampicillin Promega

term.)
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Renill if
pRLENull enillaLuciferase (C ampicillin Promega
term.)
BERA-Puro V2. A
pSpCas? ( _ uro Olv 3XFLAG (Kerm.) ampicillin ddgene
pX459 Bgll insertedn / ) & (mod. by TZenz)
pGEMT Easy - ampicillin Promega
JetL.2/blunt ampicillin | 1'e"MO Fisher
poett. P Scientific

Tab.12 Plasmids used for transfection of human cellsrresponding lasmid maps and insert sequences
are available insupplementarychapter 6.1,except forvectors obtained from collaboration partners or
vectors that were already available in the laboratory prior to this study.

name vector insert/ Ta resistance producer/
(backbone) g cloned by
PEYFRC2 .
EYFFSIAH3 _ SIAH3 Wt kanamycin| V. Deutschmeye
(EcdRl inserted) y y
EYFFSIAH$ { o | | pEYFRC2 SIAHH { o} b {| kanamycin| V. Deutschmeye
EYFESIAH { »2C | pEYFRE2 SIAHH { %2C kanamycin| V. Deutschmeye
EYFESIAHS { . { | pEYFRE2 SIAHH { . { kanamycin| V. Deutschmeye
EYFFSIAHS 5 L a | pEYFRE2 SIAHH 5 L a 9 w kanamycin| V. Deutschmeye
SIAHh 5L a9 .
EYFFSIAHS . A YV | pEYFRC2 n{ 31{ as kanamycin| V. Deutschmeye
EYFFSIAH3 Ubil PEYFRC2 SIAH3 K23R kanamycin| V. Deutschmeye
EYFFSIAH3 Ubi2 PEYFRC2 SIAH3 K25R kanamycin| V. Deutschmeye
EYFFSIAH3 Ubi3 PEYFRC2 SIAH3 K45R kanamycin| V. Deutschmeye
EYFFSIAH3 Ubi4 PEYFRC2 SIAH3 K173R kanamycin| V. Deutschmeye
EYFFSIAH3 Ubi5 PEYFRC2 SIAH3 K213R kanamycin| V. Deutschmeye
EYFFSIAH3 UbiR PEYFRC2 SIAH3 K23R, K25| kanamycin| V. Deutschmeye
SIAH3 K23R, K25I .
EYFFSIAH3 UbiB PEYFRC2 KASR kanamycin| V. Deutschmeye
. SIAH3 K23R, K25I .
EYFFSIAH3 Ubid | pEYFRC2 kanamycin| V. Deutschmeye
K45R, K173R
SIAH3 K23R, K25I
EYFFSIAH3 Ubib PEYFRC2 K45R, K173R, kanamycin| V. Deutschmeye
K213R
SIAHEGFP pPEGFMN3 SIAH3 Wt kanamycin| V. Deutschmeye
FLAGSIAH3 pCMVTagl SIAH3 Wt kanamycin| V. Deutschmeye
GSTLAGSIAHS pEBG SIAH3 Wt ampicillin | V. Deutschmeye
GSTFLAGSIAH3 -
| pEBG SIAHH { o} b {| ampicillin | V. Deutschmeye
n{oib{
GSTFLAGSIAH3 -
pEBG SIAHH { 2C ampicillin | V. Deutschmeye
n{ *%C
GSTFLAGSIAH3
n{.{ pPEBG SIAHh { . { ampicillin | V. Deutschmeye
GSTFLAGSIAH3 -
n5Lagw pEBG SIAH:1 5 L a 9 w ampicillin | V. Deutschmeye
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GSTFLAGSIAH3 SIAHh 5L aow -
L pEBG ampicillin | V. Deutschmeye
n. AyR n{.{
mCherrySIAH3 pcDNA3 SIAH3 Wt ampicillin | V. Deutschmeye
. Walesch
EGFFSIAH3 PEGFRT2 SIAH3 Wt kanamycin| > Walesch/
J. Moyer
SIAH3 Wt
SIAH3 pcDNA4/TO/my<¢ . . -
. (not in frame with | ampicillin | S. Walesch
(Teton) His B
tags)
SIAH3 Wt
SIAHh { o! b { | pcDNA4/TO/myc ) _ .
. (not in frame with | ampicillin | V. Deutschmeye
(Teton) His B
tags)
DNA4/TO/myc -
SIAH3Myc ﬁ:l:s A 4 SIAH3 Wt ampicillin | V. Deutschmeye
cDNA4/TO/mye¢ I
SIAHS { o |-My¢ ﬁlisA y SIAHH { o} b {| ampicillin | V. Deutschmeye
SIAH3 promoter -
SIAHZromoter REnull ampicillin | V. Deutschmeye
¥ P from HEK293T P y
FLAGSIAH1 WT pCMVTagl SIAH1 Wt kanamycin| V. Deutschmeye
FLAGSIAH1 Rm pCMVTagl SIAH1 Rm C44S | kanamycin| V. Deutschmeye
HASIAH1 Wt pcDNA3.1 SIAH1 Wt ampicillin gif frqm AG
Schmitz
- ift f AG
HASIAHL1 Rm pcDNA3.1 SIAH1 Rm C44S | ampicillin gl rqm
Schmitz
mCherrySIAH1 Wt | pcDNA3 SIAH1 Wt ampicillin | V. Deutschmeye
mCherrySIAH1 Rm | pcDNA3 SIAH1 Rm C44S | ampicillin | V. Deutschmeye
. ift from AG
FLAGSIAH2 WT pCMVTag2B SIAH2 Wt kanamycin ) .
Schmitz
SIAH2 Rm .| gift from AG
FLAGSIAH2 R CMVTag2B k :
m P ag H98A & C101A | anamYe| o hmitz
SIAH2 Rm i gift from AG
HA)3SIAH2 R DNA3.1 Il .
(HA) m|pe HosA & C101A | 2PN S ehmitz
mCherrySIAH2 Wt | pcDNA3 SIAH2 Wt ampicillin | V. Deutschmeye
SIAH2 Rm I
mCherrySIAH2 Rm | pcDNA3 HO8A & C101A ampicillin | V. Deutschmeye
CHCHDEGFP pPEGFMN3 CHCHD4 kanamycin| V. Deutschmeye
FLAGCHCHDA4 pFLAGCMV2 CHCHD4 ampicillin | V. Deutschmeye
FLAGATS2 pcDNA3 LATS2 ampicillin | C. Seidel
mitoch. targeting .
- I ift from AG
mitoGFP pLV sequence of Cox8| ampicillin g .
Schmitz
+ EGFP
. . o . gift from AG
His)6HAUDb CMV biquitin ampicillin
(His) [ p ubiquiti picilli Schmitz
EGFRSTUBL PEGFMN3 STUB1 kanamycin| N. Schlaudraff
FLAGSTUB1 pCMVTagl STUB1 kanamycin| N. Schlaudraff
TIMM5CEGFP PEGFMN3 TIMM50 kanamycin| V. Deutschmeye
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Tab.13: Plasmids used for epigenetic editing. Plasmid nzaqjussequences of thBlIAH3juides are available
in the supplemerdry chapter 6.1.2.8

. : producer/
name vector insert resistance
cloned by
pcDNAdCas9 I Addgene
300 dCasP300Core | ampicillin
P p300 Core ¥ PICEIN | 461357)
Addgene
pAC154duak dCasVP160 o 892 20 (mod
VP160 (del U6 dCas9VvP deletion of U6 | ampicillin '
( ) sgExpression (rom;ter) P by S. Walesch &
g=xp P F. Volker)
DME (demethylation . .
( y Novel demethylation enzyme under nalisclosure agreement
enzyme)
Ezh2[SETJCas9 I Addgene
Ezh2 Ezh2dCas9 ampicillin
(PcDNA3.3rOPO) P (#100087)
DNMT3AdCas9 — Addgene
DNMT3A DNMT3AdCas9 | ampicillin
(DCDNA3) P (#100090)
pcDNA3/Mye — Addgene
DNMT3L Myc-DNMT3L I
3 DNMT3L ye 8L |ampicilin | ae503)
SIAHZyuide | pX459nCas9 SIAH3 sgRNA | | ampicillin | T. Zenz
SIAHZuide 1l pX459nCas9 SIAH3 sgRNA Il | ampicillin | T. Zenz
SIAHZuide 1l pX459nCas9 SIAH3 sgRNA Il | ampicillin | T. Zenz
SIAHZuide IV pX459nCas9 SIAH3 sgRNA IV| ampicillin | F. Geyer
SIAHZuide V pX459nCas9 SIAH3 sgRNA V | ampicillin | F. Geyer
SIAHZuide VI pX459nCas9 SIAH3 sgRNA VI| ampicillin | F. Geyer
_ none targeting — .
ctrl. guide X459nCas9 ampicillin | A-K. Hinrichs
g p N SgRNA Y
2.1.9 Primers
Tab.14: Primers used foreverse transcriptionKT) and quantitative PCRgPCR)
name sequence 5-3' usage | gene temp. | product
Hexamer NNNNNN RT - - -
poly-dT TTTTTTTTTTTTTTTTTT RT - - -
bACTRTEW SCTTCCTTCCTGGGCATGG 4gPCR | ACTB
CGGAGTACTTGCGCTCAG( 60°C | 226 bp
bACTRTRV GA gPCR | ACTB
ANKRD1RTF1 AGCGCCCGAGATAAGTTG( gPCR | ANKRD1 60°C | 240b
ANKRD1RTR1 CACCAGATCCATCGGCGT( gPCR | ANKRD1 P
CCNI1RTF AGCAGCCTGAAAAAGGGC/ gPCR | CCN1 60°C | 176 b
CCNI1RTR CGGAACCGCATCTTCACAQ gPCR | CCN1 P
CTGFRTF1 CATCTTCGGTGGTACGGT( gPCR | CTGF s0°c | 205
CTGFRTR1 | GACCAGGCAGTTGGCTCT4 gPCR | CTGF P
DUSP1RTF1 | GTACTAGCGTCCCTGACA(Q gPCR | DUSP1 s0°c | 163
DUSP1RTR1 | ATCAAGGCAGTGATGCCCA gPCR | DUSP1 P
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EAF2RTF1 CAGGCTGAGGTGGCAGAT, qPCR | EAF2 .
EAF2RTR1 AATCCCGCTGCGCTATTCA gPCR | EAF2 60°C | 83bp
EGRIRTFW | GTCCCAGCTCATCAAACC(C gPCR | EGR1 60°C | 294 bp
EGR1RTRV | TCATCGCTCCTGGCAAACT| gPCR | EGR1
FILIPILRTF1 | TCAGTGCCAAGCATGCGAT gPCR | FILIP1L 60°C | 342 bp
FILIPILRTR1 | AGGGTGAGCGTGGTCAGT]| qPCR | FILIP1L
hGadd45aF | CTGTGAGTGAGTGCAGAAA qPCR | GADD45A 60°C | 123 bp
hGadd45aR | CCAGCCGAGAATTCCTCCA gPCR | GADD45A
UGAP389 TGGAGAAGGCTGGGGCTC| gPCR | GAPDH 60°C | 176 bp
LGAP545 GACCTTGGCCAGGGGTGC| qPCR | GAPDH
KLF10RTF1 TCGGTGCCTCTCTCCAGCA gPCR | KLF10
KLELORTR1 TCCAACTGCAGCTCATTGA qPCR | KLF10 60 °C | 147 bp
AAG
MXD1RTF1 AAATCGACCAGCTTCAGCG gPCR | MXD1 60°C | 137 bp
MXD1RTR1 AACGTCGATTTCCCTGTCG gPCR | MXD1
PLK2RTF1 CCGCCTCCCCGTATATAAG gPCR | PLK2 60°C | 199 bp
PLK2RTR1 GCTGGTAGGTGATAGTCC( gPCR | PLK2
SIAH1VIRTF1 GCTCTCCGCCCACAGAAAT gPCR | S Htvanant
1, endogenous
SIAH1V1RTR] SIAH1variant 60°C | 232bp
CAACATGTGAGCTTTGGG( gPCR
1, endogenous
FLAGSIAHIR] TGGATTACAAGGATGACGA gPCR FLA@IAHl.
F1 overexpression
FLAGSIAH1R1 FLAGSIAH1 60°C | 102bp
GGGATGGTGGACACTTCG4 gPCR .
R1 overexpression
SIAH2RTF1 | CTCAACTTCTGGCGGCATT| gPCR | SIAH2 60°C | 98 bp
SIAH2RTR1 | CTCTTCGAGTGTCCGGTCT gPCR | SIAH2
SIAH3 RTF1 | CGCTGCCGGGCAACTTGT( gPCR | SIAH3 60°C | 147 bp
SIAH3 RTR1 | TGGTGGCGGTGGTGGCAG gPCR | SIAH3
SIAH3 RTF2 | ACAGAAACCATCGGCGCCT| gPCR | SIAH3 60°C | 172 bp
SIAH3 RTR2 | AGGACCTCTGTCGCGGTG/ gPCR | SIAH3
SQSTM1RTFl CTCACCTTTCTGGCCGCTG gPCR | SQSTM1 60°C | 250 bp
SQSTM1RTR1 CTGGAAAAGGCAACCAAGT gPCR | SQSTM1
VEGFARTF2 | CACCATGCAGATTATGCG( gPCR | VEGF 60°C | 172 bp
VEGFARTR2 | CCGGGATTTCTTGCGCTTT| gPCR | VEGF

Tab.15: Primers usedor CoBRANd pyrosequencing. BlObiotinylated version for PCR for pyrosequencing,

Pyroseq. = pyrosequencing.

name sequence 5-3' usage gene temp. | product
SIAH3BSUL AAGGATAATATTTTTGTTTT]
GATTGGT BS
SIAH3 53 °C | 156 bp
SIAH3BSL1 | AAAAACTATAAATCCTTAAA (PCR 2)
(BIO) CTAAAAAA
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AAGGTATTTGTTATT
SIAH3BSU2 | SOAAGE G GG
TTTTTeT BS SIAH3 51°C | 236b
AAACATCACAACTTTTAAAA (PCR 1) P
SIAH3BSL2
TTATTAATCC
TTTTATTTTGATGATGAAT P
SIAH3BSeql | © GATGATG Yo | siaH3 i i
AAG seq.

Tab.16: Primers used for cloningndmutagenesisCDS =ading sequenceORF = open reading frame.

o gene /
name sequence 5-3 usage temp. | product
purpose
CGGGATCCTGTGCTT(C amplifying of
IAH3PB 1
SIAH3PBamUL | ~cacceetca SIAH3
loni 2° 7
SiAHaPEeoLy | GOAATTCTTTTGGGGG cloning frgor?mer 62°C | 738bp
TGTTGGTCCG HEK293T DN
SIAH3RTECOF1 GAATTCATGCTTTTCTT amplifying of
CCAGTGCTTTGG SIAHXDS
) from C918
cloning 61°C | 822 bp
SIAH3RTXHORL CTCGAGTCACATTTCA cDNA
TCTGAGGGGAGG (S. Walesch/J
Moyer)
ATGGCTCGAGTTTTTC
SIAH3InsU1 AAGAATGCTTTTCTTTA
CAGTGC mutage | correction of 60 °C whole
CAAAGCACTGGGTAAA nesis SIAHXDS plasmid
SIAH3InsL1 AAAGCATTCTTGCTGA
ACTCG
CGGACTCAGATCTCGA
Mut_pEYFP . .
SIAH3 EcoRl F1 TTTCAGAATTCATGCTT insertion of
- - TTTACCCAGTGCTTTG anEcdrl
mutage . whole
CAAAGCACTGGGTAAA nesis restrictrion 60 °C lasmid
Mut_pEYFP AAAGCATGAATTCTGA/ site in pEYFP P
SIAH3_EcoRI_R1 | AACTCGAGATCTGAGT] vector
G
MChSIAH3 CGGCCGCCAGTGTGC] .
deletion 1 bp
delG_F1 ATTCATGCTTTTCTT | mutage > in frame 60 °C whole
MChSIAH3 AAGAAAAGCATGAATT( nesis with ta plasmid
delG_R1 GCACACTGGCGGCCG g
pcDNA4mMy<S3 CTCAGAAGCTGAAATG deletion of
delStop F1 GAGTCTAGAGGGC mutage | stop-codon 60 °C whole
pcDNA4MyS3 GCCCTCTAGACTCGAQ nesis (ORF with € plasmid
delStop_R1 TTCAGCTTCTGAG term. Tag)
pcDNA4TO GACACATACTTTAGGT] insertion of
mutage ) whole
S3dS3UNS GCATGAATTCTGAAAA, nesis ATG in cloned 60 °C lasmid
iNSATG_F1 CGAGC {L!Il opn/{ P
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PCDNA4TO GCTCGAGTTTTTCAGA Teton
S3dS3UNS CATGCACAACCTAAAG construct
inSATG_R1 GTGTC
PCDNA4_deldbp_ | TCGAGTCTAGAGGGC(
F1 TCGAACAAAAACTCAT( hol
mutgge B-to Aframe | 60°C | oe.
PCDNA4_deldbp_ | GATGAGTTTTTGTTCG/ nesis plasmid
R1 GGCCCTCTAGACTCGA
CCCTCAGAAGCTGAAA letion of
S3EGFPdelStopF1 deletion o
CTCGACGGTACCG mutage | stop-codon 60 °C whole
CGGTACCGTCGAGCAT nesis (ORF with € plasmid
EGFPdelStopR1]
SSEGFPdelStopRY \ scrreTeAGES term. Tag)
TGGACACATACTTTA
FLAG G?I'gGiAFF:TCTEAGAT?: deletion of
SIAH3dS3UNS_F1 S3UNS
TCGTCG mutage domain 60 °C whole
FLAG CGACGATAAGATCTTA( nesis (FLAG plasmid
ATTCCACAACCTAAAG!
SIAH3dS3UNS_R1 GTGﬁ'CC::C(,:A cc G construct)
CTGGAGGATGTCAACA
SIAH3delSZFU1
© CACCGGGTTGGC mutage: | deletion of | . | whole
GCCAACCCGGTGACG( nesis SZF domain plasmid
SIAH3delSZFRL | J <0 "0 0
AGGAGTGCATGATGAT
SIAH3delSBSU1
TATGGATCTGCCGC | mutage | deletion of 60 °C whole
GCGGCAGATCCATAG( nesis SBS domain plasmid
SIAH3delSBSLL
© CATCATGCACTCCT
CCGTTGTCAGAGAAGC
SIAH3delDIMERU] i
© TGGGTGGGGG mutage g‘la:\jgc;n of c0-c | Whole
SIAHEdeIDIMERLY CCCCCACCCAGGCCTT nesis | =~ plasmid
TGACAACGG
SIAH3MK23R_F1 CCCGTTTAGCCCTGTA mutation of
- CTGAAACCGGAGA mutage o whole
TCTCCGGTTTCAGCAC] nesis | UPiauit site 11.60°C - cmid
SIAH3MK23R_R1 (K to L) P
AGGGCTAAACGGG
GGAGAAAACCCGTCTA .
SIAH3mMK25R_F1 CTTGTAGTGCTGAAAC| mutage mgtat.lon.of whole
CGGTTTCAGCACTACA nesis | Ubiquitsite 2 60°C ) - i
KtoL
SIAHSMKZSR R o cracaceeaTTTTCT (Ktol)
CCGACTGGACACATAQ
SIAH3MK45R_F1 i
m - AGGTTGTGTGTGGG | mutage mqtat.lc.)n of whole
CCCACACACAACCTAA| nesis | Ubilauitinat - 160°C | id
SIAH3MK45R_R1 site 3 (K to L) P
ATGTGTCCAGTCGG
CATGCCTCTCCTGTCT
SIAH3MK173R_F1 i
m —" AGCACCAACAG mutage | Mutaton of whole
CTGTTGGTGCTGAGGA nesis | UPauit site 41 60°C | omid
KtoL
SIAH3MK173R_R1 CAGGAGAGGCATG ( )
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SIAH3MK213R_F1] CTGGCLTCCCACCTEA mutation of
COCCOAT MUtage | iquit site 5 | 60 °c | WM
SIAH3MK213R_R1 ATCGGCGCCTCAGGT( nesis (KtoL) plasmid
AGGCCAC
GAGAAAACCCGTCTAC
S3Ubi12F1 CTGTAGTGCTGAAACC . ¢
AGATGA mutage umbui;it;tor;i?e 60 °C whole
TCATCTCCGGTTTCAG( nesis 142 (K to L) plasmid
S3Ubi12R1 TACAGGGCTAGACGG(
TTCTC
CHCHDAUBAML GGATCCATGTCCTATT amplifying of
GGCAGG CHCHDEZDS 61-63
GAATTCATTAACTTGAT @09 | from oc | A42bp
CHCHD4LECO1 CTCCTCTTCTT HEK293T
cDNA
CHCHD4 CCGTCGACTGCAGAAT, deletion of
EGFPdelSTOPTAR TTGATCCCTCCTCTT stop-codon->
mutage | . . whole
. in frame with | 60 °C ,
CHCHD4 AAGAGGAGGGATCAA( nesis Gterm. EGEP plasmid
EGFPdelSTOPTAR ATTCTGCAGTCGACGG tag
Mut_HA ATGGCCACTCTGACAT] :
SIAHL WT -2 F1 | AGAATGGGCGGTAAC | mutage | SOrection of whole
— = . SIAHICDS 60 °C .
Mut_HA GTTACCGCCCATTCTT( nesis back to Wi plasmid
SIAH1L WT -a R1 | TGTCAGAGTGGCCAT
CTAGACTAGCTAGCTA insertion of
I\SAIL:HTASaII F1 TAGTCGACCGCTCAAC Sal
- - TGGAAATA mutage- | restriction 60 °C whole
Mut HA TATTTCCATGTGTTGA( nesis site plasmid
S| A;| 1 Sall R1 GTCGACTACCTAGCTA downstream
- - AGTCTAG of SIAHICDS
MChSIAH1WA GTCTGACGGCTCATTC bringing in
delFATG_F1 TGTACAGCTCGTCCAT frame with N
mutage | term. 60 °C whole
MmChSIAH1WA ATGGACGAGCTGTACA nesis mCherrytag, plasmid
delTFATG_R1 GGAATGAGCCGTCAG/ correction
CCG to ATG
GGTAACACATAGTCAA|
SIAHIWTzuRM_F1 CTGACTGGACACTCAA mutagenesis
AGA mutage | of Wtto Rm 60 °C whole
TCTTTTTGAGTGTCC | nesis (C44s/ plasmid
SIAHIWTzuRM_R] AGTCAGCTTTGACTAT( T130A)
TTACC
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amplifying of
AATTCATGAA A
STUBIRTECO1 | SAATTCATGAAGGGE STUBLDS
GAGGAGAAGGAG from
mutage
y . g HEK293T 70°C | 924 bp
nesis cDNA
CTCGAGTCAGTAGTCC
STUBIRTXHOL 1 pcccacecaTT (N.
Schlaudraff)
mMChSTUB4 GGCCGCCAGTGTGCT( bringing in
delG_F1 TTCATGAAGGGC mutage frarfe V%ith c0ec | Whole
mMChSTUB4 GCCCTTCATGAATTCA( nesis plasmid
mCherrytag
delG_R1 CACTGGCGGCC
STUBLdelSTOP F GGTGGAGGACTACCTC deletion of
— | CGGTACCG mutage | stop-codon 60 °C whole
STUB1delSTOP R CGGTACCGTCGAGGTA nesis (ORF with € plasmid
— | CCTCCACC term. Tag)
AGATCTATGGCGGCCT amplifying of
TIMM50BGLF1
S0BG GCAGCGGT TIMM50CDS
mutage 70-72
GTCGACGGGCTGTTTA nesis | MO oc | 1071bp
HEK293T
TIMM50SALR1 GCGAGGCC CDNA93

2.1.10 sgRNA#or epigenetic editing

Tab.17: Oligonucleotide sequences for cloning sgRNAs in pH€3S3 vector. Th20-21 nt targetsequences
(sense orientationre shownin bold. sgRNAs recruit the Sp(d)Cas9 coupled with a modifier t8lthid3
locus.fwd = forwardrev = reverse.

former name /

name sequence 5-3' .
description
SIAHS quide | fwd CACCGCTTTTGGGGGGTTGTTGGT Lide 5
J rev | AAMAGACCAACAACCCCCCARRAG | 0
. fwd AAACGCTTAGCGCGCCTTCATATTC .
SIAH3 guide Il guide 1
rev CACCBATATGAAGGCGCGCTAAGC
. fwd CACCGCAGTGAGGCGGCCAATCAA .
SIAH3 guide I guide 4
rev AAAQTTGATTGGCCGCCTCBCTG
. fwd CACCGCCCTGATGAATTGAGCCTG| .
SIAH3 guide IV guide D

rev AAACCAGGCTCAATTCATCAGG

. fwd CACCTBCCATCTGCCTACTTTGGAG .

SIAH3 guide V guide C
rev AAACCTCCAAAGTAGGCAGATGGA

. fwd CACGGAGAGTAAGATTTATCAAG .

SIAH3 guide VI guide B
rev AAACCTTGATAAATCTTACTCTCC

fwd CACGCAAAATTGCAAGCGTCAAAG| nontargeting

rev AAACCTTTGACGCTTGCAATTTTG | sequence (in human)

ctrl. guide
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2.1.11 Organisms

Cloning and amplifying of plasmids was done using chemically comgeseherichia co(E. colj

(Tab. 18). The further experiments were conducted using human cell linesl@)alll cell lines

were authenticated using short tandem repeat (STR) profiling within the last 3 years, HUVEC were
obtained from PromoCell.-REx293 were obtained from Invitrogen / Thermo Fisher Scientific. All

experiments were performed with mycoplasrrae cells.

Tab.18: E. colstrains used for cloning and amplifying of plasmids

strain producer

51 ph homemade AG Dammann
XL16Gold homemade AG Dammann
XL16Gold Ultracompetent Agilent Technologies

Tab.19: Cell lines used for analysis and experimeftt. = tetracycline

entity cell line RRID description medium
HEK293T CVCL_006] human, embryonic kidney DMEM
human, embryonic kidney, stably DMEM
T-REX293 CVCID585 | expressing tetracyclineegulated
(Tet free)
repressor
: derived T-REX293 cells stably expressing
kidney T-REXSIAH3 Wi y .p 7 DMEM
from SIAH3Nt upon tetracycline/
(clone 6+8+15) . . (Tet free)
T-RExX293 | doxycycline induction
T-REXSIAH3 derived T-REX293 cells stably expressing DMEM
NS3UNS from SIAH$ { o | upoh tetracycline/ (Tet free)
(clone 1+3+7) | T-RExX293 | doxycycline induction
Co918 CVCL_847] human uveal melanoma DMEM
IGR1 CVCL_130] human cutaneous melanoma DMEM
MeWo CVCL_044% human cutaneous melanoma DMEM
melanoma
SKMEL:-13 CVCL_602] human melanoma DMEM
SKMEL:-19 CVCL_6024 human cutaneous melanoma DMEM
SKMEL-28 CVCL_052¢ human cutaneous melanoma DMEM
lung A-549 CVCL_002{ humanlung adenocarcinoma DMEM
breast MDAMB-231 | CVCL_0067 human breast adenocarcinoma | RPMI
Endothelial
umbilical HUVEC ) human umbilical vein endothelig cell growth
cord cells medium
(PromocCell)
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2.1.12 Tissue samples

Methylation analysis was performed dmsulfite-treated (BS) DNAom tissue samples described

in Tab. 20. Analyses were performed in accordance with the Declaration of Helsinki. All patients
signed informed consent at initial clinical investigation. The study was approved by local ethic
committees (University of Heidetrg, Heidelberg, Germany or University of Halle, Halle an der

Saale, Germany).

Tab.20: Tissue samples used for methylation analyses

entity normal / tumour n | obtained from

nevus cell nevi (normal) 59 | Dermatology (University
Hospitals Heidelberg & Halle
(Saale), Neuropathology
metastases (skin / brain / lymphocytes) 47 | (university Hospital Heidelberg

skin primary tumours (malignant melanoma) 42

normal tissues 50 . .
lung _ Lungbiobank Heidelberg
adenocarcinoma 50
headand | hormal tissues (cheek mucosa) 14 | Department of Otolaryngolog
(University of
neck squamous cell carcinoma 14 | HalleWittenberg)
2.1.13 Media, solutions & buffers
Tab.21: Media for the cultivation of human cell lines
name ingredients
DMEM 500mLDMEM high glucose / no glucose
65dztf 6 SO02 Q& |50mLFCS
medium) 5mLPS or AntibiotiAntimycotic
RPMI 500mLRPMI 1640
(Roswell Park Memorig 50mLFCS
Institute medium) 5mLPS or AntibiotiAntimycotic

Tab.22 Media for bacteria culture. The media have been autoclaved and appropriate antibiotics (see Tab.
11-13) were added before use. For bludnite screening, 5LX-Gal (20mg/mL) and 20uLIPTG (0.51) were
mixed in 10QuL SOGnedium(per plate) and distributed on the lagar.

name ingredients

LB medium 10g tryptone

(Lysogeny broth 5 g yeast extract

10g NacCl

1g glucose

(for solid medium: + 15 g Agégar)
ad 1L ddHO

adjusted to pH7.5

29



MATERIALS and METHODS

SOGnedium 209 tryptone
(super optimal broth with 5g yeast extract
catabolite repression 0.5g NaCl

10mL250mM KCI

5mL2 M MgC} (sterilefiltered, added after autoclaving)
10mL2 M glucose (sterildiltered, added after autoclaving)
ad 1L ddpD

Tab.23: Buffers for protein analyses by SBAGEWBand mass spectrometi§MS)cell preparation

name ingredients
Blocking buffer 3% milkpowder in 1x TBS
Blotting buffer 20mL1 M NaHPQ
14mL0,5M NaHPQ
ad 1L ddHO
Coomassie stain 45% methanol

10% acetic acid
0.25% Coomassie Brilliant Blue G250

Coomassie destain 30% methanol
10% acetic acid
FLAG lysis buffer 50mM tris/HCI, pH7.4
150mM NaCl
1mM EDTA

0.5% TritonX100
1x tablet cOmpleta Protease Inhibitor / 5GnL
adjusted to pH 7.4 with HCI

Laemmli buffer (4x) 200mM tris/HCI, pH 6.8

32% glycerol

8% SDS

12’x -mercaptoethanol (added before use)
bromophenol blue (until dark blue)

MS lysis buffer 4% SDS
100mM tris/HCI, pH 7.6
1x tablet cOmpleta Protease Inhibitor (EDFi#ee) / 50mL

RIPA buffer 50 mM tris/HCI, pH7.4

150mM NaCl

1mM EDTA

1% TritonX100

0.5% sodium deoxycholate

0.1% SDS

1x tablet cOmpleta Protease Inhibitor / 56nL

SDSPAGE running buffg 250mM tris

(10x) 1.92M glycine
0.1% SDS

Separation gel buffer 1.5M tris/HCI, pHB.8

Stacking gel buffer 0.5M tris/HCI, pH5.8
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Stripping buffer 25mM glycine
- recipe | 1% SDS
adjusted to pH2 with HCI
Stripping buffer 159 glycine
- recipe I 19 SDS
(Thermo Fisher Scientific)y 10mLTween20

ad 1,000mLddHO
adjusted to pH2.2 with HCI

TBS (10x) 250mM tris
(tris-buffered saline) 1.5M NacCl

27mM KCI

adjusted to pH7.4 with HCI
TBST (1x) TBS (1x)

0.05% Tween20

Tab.24: Buffers for NINTA purification (ubiquitination assay)

name

ingredients

Buffer A

6 M GuHCI

10mM tris

100mM NaHPao,

adjusted with NaOH to pH 8.0

Buffer B

8 M urea
10mM tris
100mM NaHPo

djusted with NaOH to pB.0
adjusted wi a op + 10 mM imidazd

Buffer C

8 M urea

10mM tris/HCI

100mM NahHPq

0.2% TritonX100

adjusted with NaOH to pH.3

+ 5mM I -mercaptoethanol
added prior to use

Buffer D

8M urea

10mM tris/HCI

100mM NaHPa,

0.1% TritonX100

adjusted with NaOH to pH.3

Elution buffer

125mM tris/HCI, pH 6.8

20%glycerol + 200mM imidazoé
5% SDS + 7.5 -mnercaptoethanol
bromophenol blue (until dark added prior to use
blue)
SDS sample buffer (1x) | 4x Laemmli buffer diluted with

ddHO (1 part buffer + 3 part
ddH:0)
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Tab.25: Buffers and solutions used for the preparation of microscopy slides

name ingredients
Blocking solution 3% BSA
0.3% TritonX100
in PBS
Dilution buffer for 1% BSA
15t & 2" antibody 0.3% TritonX100
in PBS
Embedding reagent 6 gglycerol
2.4g MOWIOILM4-88 reagent
6 mLddH.O

12mL0,2M tris (pH8.5)
0.1% DABCO

Fixing solution

3.7%formaldehyde
in PBS

Washing solution |

PBS

Washing solution I

PBST (0.3% TritonX100)

Solution for
permeabilgation

0.3% TritonX100
in ddHO

Tab.26: Buffers and solutions for DNi&olation, agarose gelectrophoresis, PCahdfurther experiments

name

ingredients

100 bp /1 kb gene marker

100uLGeneRuler 100 bp / 1 kb Plus DNA Laddér@/mL)
83 uL6x Loading Dye (Thermo Fisher Scientific)
25uL10x TBE

ad 500uLddH.0

dNTPs (2,5 mM each)

25uLdATP (100 mM)
25uLdCTP (100 mM)
25uLdGTP (100 mM)
25uLdTTP (100 mM)
ad 1000pLddHO

NH; buffer

500 mM tris pH 8,8 HCI
160 mM (NH).SQ
0.1 % Tween20

PBS (10x)
(phosphatebuffered
saline)

140mM NacCl
2.7mM KCI
10mM NaHPQ
1.8mM KHPQ
adjusted to pH7.3

Proteinase K buffer

50mM tris

25 mM EDTA

0.5 % NRIO

0.5 % SDS
adjusted to pH 7.6
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TBE buffer (10x) 1 M tris
(tris-borate-EDTA buffer) | 10 mM EDTA

0.8 M boric acid
.5

adjusted to pHB
TE buffer 10mM tris/HCI
(tris-EDTA buffer) 1mM EDTA

adjusted to pH 7.5

2.1.14 KitsandMicroarray

Tab. 27: Kits for cloning, promoter assay, plasmid/PCRIB&\ purification, determination of protein
concentration and GFPnmunoprecipitation (IP)Kits were used accordingtoe Y I 'y dzF I O (i dzNBE NB& Q

unless otherwise stated in the Methods section

name

company

Affimetrix Clariom S Assay, human

Thermo Fisher Scientific

CloneJET PCR Cloning Kit

Thermo Fisher Scientific

DuatLuciferase® Reporter Assay System | Promega
GFPTrafPA Kit ChromoTek
NucleoBon@Xtra Midi MACHERENAGEL
NucleoSpifiPlasmid EasyPure MACHERENAGEL
NucleoSpifiGel and PCR Cleap Kit MACHERENAGEL
p-GEM@T Easy Vector Systems Promega

Piercet Rapid Gold BCA Protein Assay Kit

Thermo Fisher Scientific

QuikChange Lightning Sif#rected
Mutagenesis Kit

Agilent Technologies

Seahorse XF Cell Mito Stress Test Kit,
Seahorse XF Glycolysis Stress Test Kit,
Seahorse XF Reliime ATP Rate Assay Kit

Agilent Technologies

2.1.15 Equipmentandinstruments

Tab.28: Amplifying and quantifying instruments avell asmaging systems. Standard laboratory instruments

are not listed.

name company

Axio Observer.Z1 micrcape Zeiss

Axiocam 506 mono digital camera Zeiss

Axiophot fluorescence microscope Zeiss

Aurox Unity imaging system Aurox

BD FACS Canto Il BD Biosciences
Eppendorf Mastercycler Eppendorf

FastGene FABIGI PRO

NIPPON Genetics

Orion L Microplate Luminometer

Berthold Detection Systems

Mini-PROTEAN Tetra Cell

Bio-Rad

MOTIC AE21 inversaicroscope

MOTIC

Moticam 3+ 3.0 MP

MOTIC
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PeqSTAR Thermocycler PEQLAB

PyroMark Q24 Qiagen

RotorGene3000 Corbett Research, Qiagen
Seahorse XF96 Analyzer Agilent Technologies
Tecan Infinite M200 PRO Tecan

Versadoc Imaging System 400 MP BioRad

2.1.16 Softwareandonline tools

Tab.29: Software and online tools

name description /usage company/ source
cloud-based platform for
: biotech research & Benchling, San Francisco, CA, USA
Benchling . . S
development design of (https://benchling.com/signin/welcome)
sgRNAs and plasmid map
BD FACSDI L
va FACS Canto Il software BD Biosciences
Software
BioEdit 7.2.5 sequence alignment by Tom Hall 1999
_ creation of schematic BioRender Inc., Toronto, Canada
BioRender . .
figures (https://www.biorender.com))
DTU Health Tech, Kongens Lyngby,
rediction of subcellular Denmark seeAlmagro Armenterost al.,
DeeplLoc 1.0 I‘Z)cali%ltion 2017
(https://services.healthtech.dtu.dk/service
s/DeepLoel.0/)
expression analysis of Zhang Lab, Peking University, Peking,
GEPIA published data (TCGA & | ChingseeTanget al., 2017
GTEX) http://gepia.cancerpku.cn/
GraphPad GraphPad Software, San Diego, CA, US4
. t-test analyses .
QuickCalcs (https://www.graphpad.com/quickcalcs/)
Inkscape vector graphics editor Inkscape Project: (https://inkscape.org/)
Motic Images Plus | cell culture microscopy MOTIC Deutschland
3.0 software
. National Center for Biotechnology
blasting of sequences, . . .
.. i Information, U.S. National Library of
NCBI gene/protein information, ..
aper search via PubMed Medicine
pap (https://www.ncbi.nim.nih.gov/)
NIPPON Genetics
Camera Studio FASDIGI PRO software NIPPON Genetics
Software
QuantityOne 4.6.9 | WB imaging Bio-Rad
ick Ch Agilent Technologi
QL.“C an_ge Design of mutagenesis grient 1echno F)gles .
Primer Design fimer (https://www.agilent.com/store/primerDe
Program P signProgram.jsp)

34



MATERIALS and METHODS

R2: Genomics

expression and

Analysis and methylation analysis of AMC, Amsterdam, Netherlands
Visualization published datasets, Kaplan (http://r2.amc.nl)

Platform Meier survival curves

R-Studio R programming Posit PBC, Boston, MA, USA

Rotor-Gene 6

gPCR software

Corbett Research, Qiagen

Seahorse Aalytics

Analysis of Seahorse data

Agilent Technologies
(https://seahorseanalytics.agilent.com/)

Seahorse XF Repo

Analysis of Seahorse data

Agilent Technologies

Generators
Simplicity 4.2 luminometer software Berthold Detection Systems
analysis of the DNA El:i\/Lel}s[i)tlyGShir?hh; nlc;u:: e
SMART gwrgzillatlon data of TCGA seeLi, Di Ge & Lu. 2019
(http://www.bioinfo-zs.com/smartapp/)
SIB/University of Zurich (Zurich,
Proteinprotein interaction | Switzerland), CPR (Copenhagen, Denmg
STRING networks & functional EMBL (Heidelberg, Germany)
enrichment analysis see Szklarczykt al., 2023
(https://string-db.org/)
Tecan-4control Microplate reader software Tecan

UCSC Genome
Browser

information about gene
locus, gene/mRNA
sequences, in silico PCR

University of California, Santa Cruz, USA|
(https://genome.ucsc.edu/cgi
bin/hgGateway)

Wave Desktop and
Controller 2.6

Seahorse software

Agilent Technologies

Software

Zen3.2 soﬁware for fluorescence Zeiss
microscopy

2.2 Methods

This chapter describes the methods used in this thesis. These are techniques for DNA and cell

manipulation, DNA, RNA and protein examinatismeell as fothe analysis of cell metabolism.

2.2.1 Methods for DNA and plasmid manipulation and examination

2.2.1.1 Standard methods for DNA analysis

In the following, the basic protocols for PCR and agarose gel electrophoresis are deSpéufic

variations are described in the respective sections.

2.2.1.1.1 Polymerase chain reaction (PCR)
Standard PCR was used to amplify the CHGHDASIAHIby S. Walesch / J. Moye§TUB1by
N. Schlaudraff) an@IMM50from complementary DNACDNA, the promoter locus oSIAH3rom
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genomic DNA as well as for the amplification of the fragments analysembrbipined bisulfite
restriction analysiYCoBRA and pyrosequencingTab. 30 shows the basRCRprotocol. The
annealing temperature (x) depends on the primers, the elongation time (y) on the length of the PCR
product (homemade Taqg polymeras&0s per 100bp; Phusion: 1&30s per 1kb) @nnealing

temperature and product length are statedTiab. 15 & 16). The number of cycles (z) is also variable.

Tab.30: Basic PCR protocdwd = forward, rev = reverse.

basic PCR mixture cycler progranme step
NHs-Puffer (10x) 2.5 pL 95°C 2 min initial denaturation
dNTPs (2.5M each) 2 pL
MgC} (50 mM) 1.51.75 puL 95°C 30s denaturing
formamide 0-1 pL x°C 30s annealing z
betaine (5 M) 0-5 pL 72°C Ys elongation
DMSO 0.75 uL
primer 1 (ivd) (10 pM) | 1 pL 72°C 4 min final elongation
primer 2 (rev) (10 uM) | 1 pL
Tagpolymerase 0.5 pL 4°C hold
template (e.g. DNA) 2 uL
ddH.O ad 25 uL

2.2.1.1.2 Agarose gel electrophoresis

DNA/RNA samples were mixed with I6adingdye and separated on an agaragel (lor 2%
according to the expected fragment size, in 0.5x TBE buffer, plyd 2tGidium bromide or 3.5uL
Midori Green Xtra per 10QLgel), which was run for 280 min at 200 V. Fluorescent DNA or RNA

fragments were detected using UV light (ethidium bromide) or fgjteen light (Midori Green).

2.2.1.2 Molecular Cloning

All recombinant plasmids used in this work already existed in our working group, were gifts from
collaboration partners or were produced by myself, MastelQ students or colleagueslasmid
mapsof vectors cloned byne, students of mineor other lab membersiuring the course of this
study as well as for the SIAH3 guides for epigenetic editing are shown in supplementary chapter
6.1. Maps were created using benchling.com with sequence information retrieved from

sapgene.com or addgene.org.

CDS or the promoter locus to clone were amplified by PCR and inserted to pGBE®Y or pJetl.2
vectoro  OO2NRAY 3 (2 (KS aybayishr further doniBgNIR2d condMRts Ze@2 £ 0
then generated either by restrictichased cloning or sitdirected mutagenesis. Finished plasmids

were testdigested and sequenced (Microsynth Seqlab) to verify correctness.
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2.2.1.2.1 Restrictiorbased cloning

Plasmids were cut with sispecific restriction enzymes to obtain the insert and open the target

vector (same or compatible ends). The preparative digest was done in a total volumglofBte

mixtures are listed in Tab. 31. The digests were incubated for 1 h & and then separated by

agarose gel electrophoresis. The corresponding bands were cut out andapinn cleaneeup

using theNucleoSpin Gel and PCR clegrkitl F G SNJ G KS Y ydzFl O dzZNB N a

insert in 15uLddH0O, backbone in 30LddH:0). If both parts were cut with the same enzyme, the

vector backbones were dephosphorylated to avoid recirculation through-mtskecular religation.
5SLIK2 aLIK2 NE f Jenddwaisdong with RastAPengy@e for 10nin at 37°C and heat
inactivated for 5 min at 78C (mixturedescribed inTab. 31). Afterwards the dephosphorylated
plasmid was purified again usihgicleoSpin Gel and PCR cleaarkit(elution in 30uLddH0). The

clean insert was then ligated into the linesail vector backbone using a T4 DiWyase. The used

ratio between backbone to insert ranged from 1:1 to 1:3. The ligation was done in a total volume

of 10uL, containing 1uL backbone, 13 uL insert, 1uL T4 DNA ligase enzyme anqullof the

corresponding buffer. The mixture was incubated at room temperature (RT) fronup to

overnight. After being amplified y. colthe final plasmid was test digested for successful insertion

in a 10uLmixture.

Tab.31: Reaction mixtures for restriction digestion and dephosphorylation of plasmids

preparative digest test digest dephosphorylation

10 g plasmid DNA 1,000ng plasmid DNA 28 yuLvector backbone DNA
5 pLbuffer (10x) 1 yuLbuffer (10x) 5 pLFastAPbuffer (10x)
2.5uLenzyme 1 0.5puLenzyme 1 5 uLFastAPenzyme

2.5uLenzyme 2 (if applicable)

0.5uLenzyme 2 (if applicable)

ad 50pLddH0O

ad 10pLddHO

ad 50puLddH0

2.2.1.2.2 Mutagenesis

Site-directed mutagenesis (e.g. bas&changes, deletion of domains, altering the frame) was done

using theQuikChange Lightning SiRirected Mutagenesis kit OO 2 NRA y 3

G2

idKS

protocol. The primers were designed with the corresponding onlineQuik Change Primer Design

Program The mutagenesis PCR was followed by a digest with methylation semjitilvenzyme

(20min at 37°C) to eliminate the parental plasmid (methylated) and only leave the mutated PCR

products (unmethylated). AL digested PCRroduct was transformed t&. coli(see 2.2.1.2.3.) to

amplify the mutated plasmid.

2.2.1.2.3 Transformation and culturing of E. coli bacteria

The transformation of chemically competefatcoliwas done using thbeat shockmethod. 50 L

bacteria strain DH5 2 NJ - (thmwe®éh icéjvere mixed with 2uLPCR product (mutagenesis)
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or 5puLligation product, kept on ice for 3@in, heatshocked in a 42C water bath for 4%0s and
cooled on ice for min. For XL10Gold, & of XL16D 2 f JRerdaptoethanomix QuikChange
Lightning SiteDirected Mutagenesis Kiwas added 1énin before the addition of PCR/ligation
product. 250puL SOC medium was addedter the short cooling stepbacteria were incubated
shaking at 37C for 1h and were finally plated on LB agar plates containing the appropriate
antibiotics. The plates were incubated over night at87 If applicable, bluehite screening using
IPTG and-Xal within the LBgar (see Tab. 22)as performed.

2.2.1.2.4 Plasmid preparation

Grown colonies were transferred to a liquid culturenfe LB medium plus appropriate antibiotic)

and incubated overnight at 37C with shaking. The plasmids were extracted usind\h@eoSpin

Plasmid EasyPure KitF 1§ SNJ G KS YI ydzFl OG dzZNBNR& LINRG202t o6SE
ddH:O instead of TE buffer). The DNA concentration was determined using a spectrophotometer
(Tecan Infinite M200 PROTo gain larger amounts of plasmids, b0liquid E. coliculture was

used, and the plasmids were isolated using theleoBond Xtra Midi Kit

2.2.2 Handling of human cell lines

2.2.2.1 Cultivation of human cell lines

This work is a cell linkased study. The experiments were conducted in human cancer lines (see
Tab.19). All used cell lines grow adherent. The cells were cultivated according to their needs in
DMEMor RPMI (see Tal9) containing 106 FCSfetal calf serumjand 1% PS or Antibiotic
Antimycotic, at 37C, 26CQ concentration and an air humidity of 36. Cells were splitted

densitydependent every 21 days.

The cells were frozen in liquid nitrogen for later use. For this, detached cells were centrifuged at
300x g for 3min, resuspended in medium without antibiotios FCS but containing 26 DMSO
(ImLmediumper 10cm dish), were cooled down &0°C in a doublavalled Styrofoam box and

then stored in a liquid nitrogen container.

2.2.2.2 Transfection of human cell lines

This work is mainly based on the examination of the effect of the overexpression of a gene of
interest. For this, cells were transiently transfected with recombinant plasmid(s) starting at a cell
confluence of 680 % (C918 >9&). Tab. 32 shows the reamis mixtures for tharansfection of
different cell lines. Two mixtures in different tubes were prepared: Mix 1 contains the plasmid/DNA
in OptiMEM (vortexed), mix 2 the transfection reagent in OptiMEM (not vortexed, only inverted
several times). Mix 2 was then added to mix 1 and mixed gégtinverting. After an incubation of

15 min at RT, the DNA/transfectioeagent/OptiMEMmIx was carefully added to the cells (full
medium exchanged before with reduced serum medium (OptiMEM)). Af@hdurs, OptiMEM
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was replaced with full, serum containing, medium (DMEM). Cells were harvested’24 (or up

to 144h for epigenetic editing) after transfections, depending on the experimental setup.

2.2.2.3 Knockdown experiments by siRNA

Knockdown of a certain gene was done usngall interfering RNAs(RNA. Cells were transfected
equivalently to the procedure done for overexpression (see 2.2.2rahsfection setups, including

the reagents are listed in Tab. 32. Cells were incubated 7@h before harvestingFor SIAH2
knockdown, the ON'ARGETplus Human SIAH2 siRNA SMARTpool was used, whereas the ON
TARGETplus Human SIAH3 siRNA SMARTpool was applistAHknockdown. The ON

TARGETplus Ndargeting Pool served as a control (all reagents from Dharmacon).

Tab.32: Setups for the transfection of different human cell lines.

overexpression knockdown
cell line HEK293T,-REx293 C918 T-RExX293 (@18
Size of the disH 6-well 10 cm 6-well 6-well | 10cm
plasmid SiRNA
plasmid/siRNA 5uL 12.5pL
4 10 4
Hg Hg Hg (10uM) (10uM)
transfection PEI Lipofectamine RNAIMAX
reagent 8uL 20puL 6 uL 5uL 12.5puL
OptiMEM
. 100pL 250puL 250puL 100pL 250pL
(for each mix) H H H H H
OptiMEM
500puL 3mL 200puL 600puL 3mL
(added to cells H m H H m

2.2.2.4 Generation of a stable cell line expressing indu8bMd3

T-RExX293cells (stably expresy the tetracycline(Tet) repressor protein) were transfected with
PCDNA4/TO/mydHisSIAHZ G 2NJ p{o! b{ LI F&AYAR 7T2Ndndudbleof S Ay
SIAH3 Cells were cultured ifetfree medium and selected for the genomic integration using

Zeocin (506 Im) and blasticidinS (5> 3m). Colonies were transferred to 9gell plates,

cultured, and subsequently transferred to larger wells-(24d 6wells). Single clones were

screened for induction levels 81AH3N RNA and protein level. ExpressiorstiH3vas induced

by adding doxycyclindpx;2 ug/mL) for (at leastR4 h.

Either a single clone (scratch assay: clones #8 and #15) or a pool of three individual clones (Wt: #6
+#8+1 Mmp X n {lo-#3B-#7Y wele used (all other experiments)-RExX293 cells stably
expressing only the Tet repressor served as control cel(THREX ctrl.)

Sara Waleschprimarily generated the inducible cell line for SIAH3 Wt. She built the
pcDNA4/TO/mydis B plasmid containing ttedAHZDS and transfected the cells. | continued with

selecting and screening the clones amdatedid KS { L! 1 o n{o! b{ OSftf fAySo®
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2.2.3 Analysis of DNA
Genomic DNA from (transfected) cell lines was isolated, bisalfitewerted and methylation was

analysed by CoBRA and pyrosequencing.

2.2.3.1 DNA isolation

Genomic DNA from cell lines was isolated using phenlaroform purification.

After being pellesed and washed with PBS, cells were digested WAtbteinaseK (500uL
ProteinaseK buffer and 5 pL Proteinase K enzymg overnight at 55C (shaking). Then, 50Q
phenol/chloroform/isoamyl alcohol (25:24:1) was added, shaken vigorously fos 30d
centrifuged for 3min at 13000rpm. DNA, which was then located in the upper agueous phase, was
transferred to a new reaction tube. The separation with phenol/chloroform/isoamyl alcohol was
repeated once more. A third separation step was done only with chloroform. AfterwaM$\&Ac

(2:10 Vol.) and isopropanol (1 vol.) were added to the collected phase and inverted until the DNA
precipitated. DNA was pellsgd at 13000rpm for 5min, washed in 15QL ethanol (70%), dried

and resuspended in 30ULDEPC = | OO2NRAYy3a (2 GKS LISttt SiQa
determined using a spectrophotometer (Tecan Infinite M200 PRO).

To remove leftover RNA, |12- RNaseA (10mg/mL) was added to the sampledollowed by

incubaion for 10min at 37°C.

2.2.3.2 Bisulfite conversion of DNA

During bisulfiteconversion, unmethylated cytosines are converted to uracils whereas methylated
cytosines (8methylcytosines) remain unchanged.

In a reaction volume of 20L, 2ug DNA and PL3 M NaOH were incubated at 3T for 1615 min.

12uL 0.1M hydroquinone (freshly made) and 208 1.9uL sodium metabisulfite (p13.5, freshly
made, do not vortex) were added, mixed by pipetting and incubated &C5@ater bath) for 15

17h (sulfonation and deamination of unmethylated cytosines). DNA was purified using the
NucleoSpin Gel and PCR CleprKito  F G4 SNJ YI ydzF I O dzZNBNRa LjNREI 202 =
buffer). The formed uraculfonate wasubsequentlydesulfonated to uracil by the addition offf

3M NaOH and incubation at 3T (water bath) folOmin. To precipitate DNA, (L glycogen
(2pug/ub), 55uL 7.5M ammonium acetate and 275L 100% ethanol vere added, followed by an
incubation at-20°C for 10min. Samples were centrifuged at ,080rpm for 10min and the
obtained DNA pellet was washed with 100 70% ethanol. After being centrifuged again at
13,000rpm for 2min, the pellet was dried and resuspended in@0TEbuffer (shaking at 37C).

2.2.3.3 Combined Bisulfite Restriction Analysis (COBRA)
The unmethylated cytosines converted to uracil were replaced by thymines in a subsequent PCR.

In the resulting sequence, the formerly unmethylated cytosines are thus changed to thymines,
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while methylated cytosines are still present as cytosines. Restriction enzymésdjker BsUU| are

then able to cut the PCR product in case the cytosine within their recognition site has not been
gAOK GKS NBO23yAlAz2Yy a&aaii
the annotated CpG probe cg26667946 was used (see Fig. 6A).

converted. FoSIAH3the restriction enzym8s{ L

In a fully nested PCR, a 156 long fragment of the promoter region 8iAH3vas amplified. PCR

conditions are listed in Tab. 33.

The PCR was followed by a restriction digest uBisigl in a reaction mix of 10L in total (see
Tab.31). A mock digest without enzyme served as negative control. The fragments were separated
on a 2% agarose gel.

Tab.33: PCR conditions for amplifying the promoter fragment for CoBRAwa0ndequencing. In preparation
for pyrosequencing, during PCR 2 a biotinylated lower primer (SIAH3BSL1Bio) was used.

PCR reaction mix | PCR1 PCR 2 cycler step
programme
NHs-Puffer (10x) 25 pL 25 pL 95°C ‘Zmin initial denduration
dNTPs (2.5M each) 2 puL 2 puL
MgCt (50 mM) 1 uL 1 L 95°C | 20s denaturing
formamide - 0.5 uL x°C 20s annealing
SIAH3BSY10 uM) U2: 1 uL| Ul 1 uL 72°C |ys elongation
SIAH3BSI(10 pMm) L2: 1 pL| L1: 1L
TagPolymerase 0.5 uL 0.5 uL 72°C | 4 min | final elongation
Template: 4°C hold cool down
PCR 1. BBNA 2 uL
PCR 2: PCR 1 produc 2 uL « PCR 1:| 51°C
ddH.O ad25 pL| ad25 pL PCR 2:| 53°C
PCR 1:| 20s
4 PCR 2:| 30s
PCR 1:| 20x
cycles
PCR 2:| 30x

2.2.3.4 Pyrosequencing
By pyrosequencing, the methylation status fofe CpGs within theSIAH3promoter region was
analysed quantitatively (see Fig. 6A) using the PyroMark Q24 with the corresponding materials and

reagents by Qiagen.

PCR was conducted as described in Tab. 33, using a biotinylated lower primer (SIABGBEAL

is supposed to bind the streptavidooupled Sepharose beads during sequencing. For each sample,
40 pLBinding Buffer, 2ILSepharose and 28LddH0O mixed with 1QuLPCR product was put in the
PCR plate and was shaken at full speed for at leash4RT). Nucleotides, enzyme and substrate

were filled in the cartridge (according to the pnen information of the assay in the software). gb
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of sequencing primer (see Tab. 15, AN in Annealing Buffer) was filled in each position used of
the Q24 plate. The workstation was prepared by filling the tanks witBo7€thanol (tank 1),
Denaturation Solution (tanR), Washing Buffer (tar®) and ddHO (tanksA & 5). At the
workstation, samples were aspirated (from the PCR plate) with the vacuum tool. The tool was then
put in ethanol for 5, then in Denaturation Solution fors; followed by 1% in Washing Buffer. The
vacuum tool was raised upright between to drain liquid from the filter probes. Vacuum tool and
vacuum pump were then switched off. The beads were released by shaking the filter probes on the
Q24 plate for Inin. The Q24 plate was then heated up on ari@0netal carrier fo2 min, followed

by a cool down for Bnin on a metal carrier at RT. In the meanwhile, the filter probes were cleaned
by aspiration of ddkD from tank 4 and 5. The Q24 plate and the filled cartridge were then put
inside the pyrosequencing machine and the run was started. Results were analysed using the

PyroMark Q24 software.

Assay information:
Assay name: SIAH3
Type: CpG
Sequence to anadg: (Y= CpG position-b)
GYGYGTTAAGIGGGTTGGAGGAGTGTTTTAGAGGIEIE@ TTITTTTAGGGTTTAAGGATTTA
Dispensation order: TGTCAGTCGCTATGTCGTGATGTCGAGTGTTAGAGTAGTCGTTA

2.2.4 Analysis of gene expression

The analysis of the expression level of a gene is donaaessenger RNANRNA level. RNA was
isolated from cultured cells (dependent on the experiment #iansfected, transfected or
induced), DNase digested to remove contaminating DNA and reversely transcribed to

complementary DNACDNA. cDNA levalwere determined quantitatively using gPCR.

2.2.4.1 RNA isolation

Cells were lysed with TRIzol reagentmlper 6well). 200uL chloroform was added and after
shaking vigorously for 1$and incubation at RT forr2in samples were centrifuged at f®0rpm

for 30min at 4°C. The RNA, located in the upper aqueous phase, was transferred to a new reaction
tube. RNAvasthen precipitated by adding 5Q@Lisopropanol and shaking vigorously forsl3After

an incubation for 1@nin at RT, samples were centrifuged at@®rpm for 10min at 4°C. The
formed pellet, containing the RNA, was washed in gb6éthanol (70% in DEP&,0), centrifuged

at 7,500rpm for 5min at 4°C, dried (shortly) and resuspended in&DuL DEPC1,0 (shaking at

37°C). The RNA concentration was determined spectrophotometrically.
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2.2.4.2 DNasetligestionandreverse transcription of RNA to cDNA

The isolated DNA was digested with the endonucldaldaseto remove contaminating DNA.

1 pg RNA was mixed with O RiboLock RNase InhibitorplLDNasel 1 yLof the according buffer
(10x) and filled up to 1AL with DEPC ¥. The mixture was incubated at 3Z for 30min and
DNAselvas then inactivated at 65C for 10min. Afterwards, RNA was transcribed to cDNA by an
M-MLV reverse transcriptase, an RNé&pendent DNApolymerase. The reaction mix is depicted in
Tab. 34. Where appropriate, cDNA was diluted 1:4 with MRiho dilution for the analysis of
endogenousSIAH3.

Tab.34: Conditions for the reverse transcription of RNA into cDNA.

mixture cycler progranme step
DNasedigested RNA 10 puL 62°C | 10 min | reduction of 2nd structure
5x M-MLV buffer 5 pL + 1pLRiboLoclRNase Inhibito& M-MLV reverse
dNTPs (2.5 uM each) 8 pL transcriptasg(1:1, premixed)
poly-dT primer (10 pM) | 1 pL 42°C 60 min | transcription of cDNA strand
hexamer primer (10 uM) | 1 pL 95°C 5 min enzyme inactivation
total 25 L 4°C K hold

2.2.4.3 Quantitativepolymerasechainreaction (qQPCR)

The guantitative PCR, or re@the PCR, is a method for tlygiantificationof nucleic acids. cDNA is
amplified in a PCR and the amplification product is quantified using a fluorescent reporter, here
SYBR® Green dye.

In a reaction mixture, totalling 240, 2 uLcDNA, 3ILSYBR® Select Master Mix and_primer-mix
(forward and reverse, each 4#M) were mixed. Each sample was analysed in triplicates or
guadruplicates. The reactions took place in the @ake cycler RotorGene3000 One cycle
consisted of a denaturing step for &t 95°C, a primeannealing step for 38 at 60°C, followed

by the elongation for 3@ at 72°C. At the end of each elongation step, fluorescence was measured.
The SYBR® Green fluorescence was detéctdte FAM channel at a wavelength of 54@. For
normalisation purpose, the reference dye ROX was detected anBil (At the end of each run, a
melting curve between 72C and 99C was created for each primpair (in 1°C steps, waiting for

45s before the first step, § for each of the following ones). For the evaluation, the data nosadli

to ROX were used. Further analysigas done in MS Excel The average of the
triplicates/quadruplicates was calculated and the expression of the gene of interest was put in
relation tothe housekeeping gen&APDHglyceraldehyde-phosphate dehydrogenasey ACTB

(i -actin)to compensate for differences in the initial cell quantity.
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2.2.4.4 Microarraybased tanscriptome analysis

The differential gene expression in a genome wide setting was analysed by using a microarray. The
effect of EGHSIAH3 overexpression on the transcriptome was examined in HEK293T cells. A
ClariomMSAssay (human) from Affymetrix was used, which contains aroun@0Q0well
annotated genes. Dr. Antje Richter did the preparation of the samples. HEK293T cells were
transfected with either EGFP empty vector (ctrl.) or EGFM3 and RNA was isolated3iater.

250ng RNA was used for the microarray analysis. Marking of the samples and hybridisation on the
chip (using theAffymetrix® GeneChip WT terminal labeling and controls reag@raskivell as the
preparation of the data and the normalisation was carried out by the staff of AG Bottger, Max
Planckinstitute in Bad Nauheim (using the corresponding software and probe library of Affymetrix).
Further analysis was done wilS ExceR2: Genomics Analysis and Visualization Platéordithe
STRIN@nline tool.

2.2.5 Analysiof protein leved
The effect of different (gene) settings was also examined on protein level. Proteins were isolated

and analysed via immunoblotting after separation by $B&E or using mass spectromgiis)

2.2.5.1 Protein analysis viaDSPAGENndWestern blot

2.2.5.1.1 Protein isolation

Cells were transfected, induced or treated otherwise, depending on the experimental setting.
Proteins were isolated using FLAG lysis buffer or RIPA buffer. Cells were washed with PBS and lysis
buffer was added (15Q60uL for a 6well, ImLfor a 10cm-dish) to the cells. The plates were
shaken vigorously (shortly) to detach the cells. The-tagfler-mix was then transferred to a
reaction tube and incubated on ice for &fin (pipetting up and down every 1fiin). After
centrifugation (pelleing the remaining callar components) for 1@nin at 1Q000rpm at 4°C, the

protein lysate was transferred to a new reaction tube. An aliquot gfil@as taken away for the
subsequent determination of the protein concentration. The lysate was denatured by adding
Laemmlibuffer (4x or 2x concentrateddnd boiling for Gmin at 95°C (shaking). Samples were kept

at-20 °C until further processing.

2.2.5.1.2 Determination oproteinconcentration by Bradford or B@gsay
To be able to load equal amounts of protein, protein concentration was measured using either

Bradford or BCA assay.

Bradford assay:
Bradford reagent was diluted 1:5 with delBl 1mL diluted Bradford reagent was mixed withuL
sample lysate in a cuvette. A calibration curve was created with BSA dilutions (4©;ddH

0/1/5/10/20/30 pg/py. FLAG lysis buffer without protein served as blank. Absorbance was
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measured at 595m usingGeneQuantpro & LINR G SAY pdp ! dal e&é¢ LINBINF YO
also be done using a 9@ell plate and theTecan Infinite M200 PRQ/5 of the mixture that was

used for a cuvette was used for one-@@ll. Thus, 20QiLdiluted Bradford reagent was mixed with

2L 1:10 diluted sample (in dd®) or BSA in a dilution series (0/1/2/4/6/8/10/2®@/uL). The

samples were measured in triplicates. The absorbance was determirg@baim at 4 measuring

points per well and the mean value was formed. The protein concentration of the samples was

calculated withMS Excdbased on the calibration curve.

BCA assay:

The Rapid Gold BCA Protein Asdaym ThermoFisherScientific was used according to the
YIydzZFl OGdzNBENRa LINRPG202f d ¢KS 2yfé& RAFTFSNByOSa ¢
1:10 with FLAG/RIPA lysis buffer. For the calibration curve, 5 different concentrations of BSA
(diluted in lysiuffer) are used (0/0.1/0.25/0.5/0.ug/ul). The absorbance was determined using

the Tecan Infinite M200 PR&D 480nm at 4 measuring points per well from which the mean value

was formed. The protein concentration of the samples was calculatedWtlExcedbased on the

calibration curve.

2.2.5.1.3 SDSPAGENndWestern blo{WB)

Proteins were separated according to their sizesbgium dodecyl sulphatpolyacrylamide gel
electrophoresis (SBBAGE) using a discontinuous gel consisting of stacking gel (lower percentage
of acrylamide) and separation gel (higher percentage of acrylamide). Gel components are depicted
in Tab. 35.

Denatured protein samples were loaded onto the polyrsedi SDSjels: equal volumes for
pulldowns (2645 pl), equalamount according to the Bradford/B@fetermined concentration (20
80ug) for the other experiments. For protein size estimation the PageRUPeestained Protein
Ladder (2.% pb) was used. Both SBRAGE antiVBwere conducted using ®ini-PROTEAN Tetra
Cell Separation took placeithin the chamber filled with SBBAGEunning buffer(1x), first at 80V
(during stacking gel passage), then at-1@0V. Gels were then equilibrated in Blotting buffer for
at least ¥h. Proteins were then transferred from the gel to a PVDF membrane by wet
electroblotting. Membranes were activated in 19®etharml for 15s, then soaked in4® for 10min
before being equilibrated in Blotting buffer for 208in. Membrane and gel were packed according
to the following order (from black negative contact to whites positive contact): black sponge
large poredg blotting paper ¢ gel ¢ membranec blotting paper¢ white sponge fine pored. This
assembly was put into the camber filled with cooldtting buffer (membrane at the side of the
anode, the SDgel at the side of the cathode). Transfeok place at 4 °C on a magnetic stirrer at

18V (Volt constant, 30thA max.) for 12L5h. Membranes were then kept in TBS.
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Tab.35: Ingredierts of SD8els. The radical initiator APS and the catalyst TEMED were added immediately
before pouring the gel. The quantities listed are sufficient for 4 gels.

. , separation gel | stacking gel
ingredients (10%) (4%)

ddH0 8.2 mL 6.1 mL
separation gel buffer 5 mL -

stacking gel buffer - 25 mL
acrylamidebis-acrylamide (37.5:1) (ROTIPHORESE® G 6.6 mL 1.3 mL
SDS (190) 0.2 mL 0.1 mL
APS (106) 120 uL 70 pL
TEMED 12 pL 12 pL
total amount 20 mL 10 mL

2.2.5.1.4 Protein detection

Proteins were detected using suitable primary antibodia8s)combined with secondarABs
coupled withhorseradish peroxidase (HRP). When the corresponding subspertex{desolution)

is converted by HRBRyminol is oxidied and emits visible light (chemiluminescence) that can be

detected.

Membranes were blocked with Blocking buffer%3in TBS) for 1h at RT to occupy unspecific
binding sites. After being washed with TB%r 5min, membranes were incubated with primary
AB (diluted according tolab. 9, in 36 milk in TBS (1% BSA in PBSfor SIAHAB) containing
0.02%sodium azidejotating over night at 4C or for 14 h at RT. After 3 washing steps with TBS
T for 5min, membranes were incubated with the secondAB/(diluted according tdab. 10, in 36
milk (2% milk for HAAB) in TBS, mouse or rabbit according to the host species of the prilA&y
for 1h at RT. Afterwards, membranes were washed agdim@&s for 5min in TBS'. Membranes
were developed usinghe Immobilon Western Chemiluminescent HRP substrate solatioh
imaged withthe Versadoc Imaging System 400 MRIution of the substrate solution (until 1:4

diluted with TBS) as well as the exposure time {800s) depended on the strength of the reaction

AAAAAAAA

Ol Y2dzyli 2F RSGSOGSR LINE G SA Y 0-Tubdikwgre Ks2ddas 18adifigS S LIA  :

controls.

2.2.5.1.5 Coomassie staining

After protein separation, SDS gels were washed in,@d&hd stained agitating on a shaker with
Coomassie staining solution for 80n (or untilthe gel turneddark blue). Afterwards, gels were
destained using Coomassie destain solution until the background was transpafeoh&Bges of

the destain solution).
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2.2.5.1.6 Pulldown assays for interaction analysis

Interaction between proteins was analysed by pulldown assays, either via immunoprecip{t&jon
(FLAGor GFRag binding ABs) oria high affinity binding (Glutathione Sepharose bindinghe
GlutathionSTransferase (GST) tag). Together with the pulled protein of interest, its binding

partners precipitate. This allows interaction partners to be found or verified.

FLAGand GSTpulldownassay

Cells were transfected in If¥ndishes with a construct for the intendétAG or GSiision protein
either alone (endogenous partner) or with a construct for a potential interactor protein. Cells were
harvested and lysed inthLFLAG lysis buffer as described in chapter 2.2.5.1.1. Mmlé@dquot of

the lysate was denatured with 1G8LLaemmli (2>xconcentrated, serving as input. The remaining
lysate was used for thpulldown. For each sample, 30 beads Anti-FLAG M2 Affinity Galr
Glutathione Sepharose #®ere used. The ARELAG beads were equilibrated by 3x washing with
TBS and centrifuging forstat 1Q000rpm, the Glutathione Sepharose beads were washed with PBS
and centrifuged for 4nin at 3000rpm (beads for all samples together in one tube). Afterwards the
beads were distributed to the lysates and incubated, rotating overhead,°& for 13h (GST
pulldown) or overnight (FLAP). To clean the beads from the unbound proteins, they were washed
3x with either TBS or PBS as described above. At the end, the supernatant was discardedland 50
Laemmli (2xconcentrated was added to the beads. The proteins were denatured and detached
from the beads by boiling at 9% for 5min. The supernatant was transferred to a new tube and

stored at-20 °C until further use.

GFPIP using th&sFPTrapA Kit
tdzf ft R26y 6l a LISNF2NXYSR | & RSaONub&Ss pdr gampleK S Y I vy

are enough, elution in 5AL2x Laemmli).

2.2.5.1.7 Ni-NTA purification

To investigate the ubiquitination level of SIAHBsHAubiquitin was coexpressed together with
SIAH3EYFRagged)and SIAH2 Wt or RiFLAGagged) CSf f & 6 SNB GNBIF-iB8R oA GK
12 h prior to harvestSubsequently, ubiquitinated proteins conjugated to-Higtagged ubiquitin

were enriched using nickatitrilotriacetic acid(Ni-NTA affinity purification.

Cells were scraped from the culture dishes indotl PBS1(mL per 10cm dish) and pelleted by
centrifugation at 3)00rpm for 2 min at4 °C.The dishes were rinsed again with PBS, and the
additionall mLwas added to the pelleThe suspension was divided into an input fractid@Q(L)

and a purification fraction800pL), both were pelleted again. The input fraction was resuspended
in 150mL 1x sample buffer and boiled 86 °Cfor 2-3 min, followed by sonification (2x 2) 10%

amplitude) The purification fraction was resuspended in §Q0Buffer A, sonicated 2x f®20s
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(10% amplitude) and centrifuged at 15,08@ for 10min at 4°C. The supernatant was transferred
to a new tube and 5QLprewashed NNTA agarose beadseadsmixed with Buffer A, centrifuged
at 3000rpm for 2min and resuspended in Buffer A agaiwgre added.Lysate were incubated
with the beads for 31 at RTunder rotation.To remove unbound proteins, the beads were washed
sequentially with Buffer @D (L mLeach), with each wash consisting of et incubation followed

by centrifugation at 4,00@ g for 1 min. The beads were finally eluted in @Q Elution bufferand
boiled at 95°C for 5min. After transfer of the supernatant to a new tube, the samples vetoeed

at -20 °C until further use.

2.2.5.2 Mass spectrometrfMS)analysis

Preparation of cells, protein lysis and IP was carried out in our laboratory, MS measurement and
data procession was performed by the MS facility of Prof. Dr. J. Graumann at the MP}in Bad
Nauheim. Both MS experiments were performed in triplicates. Thesrspsctrometric raw data as

well as MaxQuant results and supporting metadata have been deposited to the proteomeXchange
consortium(Deutschet al., 2023)via the MassIVE partner repository with the data set identifiers
PXD048508 (interactomics) and PXD048509 (expression protegéegschmeyeet al., 2025)
Graphs showing the volcano plots were created usiRgand graphs depicting the

overrepresentation analysi©RA were produced wittMS Excel

2.25.2.1 MScIP
MSanalysis of a GHIPusing an EGFRRagged SIAH3 was performed to identify new binding partners
of SIAH3.

2.2.5.2.1.1 Preparation of protein lysatesxdpulldown (by A. Richter)

EGFRSIAH3 or EGFmpty (ctrl.) were overexpressed in HEK293T cellerfl@ish) for 24 and
enrichment of the EGFRagged protein was done by using theGFPTrapAKitaccording to the

YI ydzFlF OGdzNBENDa LINRG202f 606dzi 2yfte (g2 o6l aKAy3
frozen (not denatured with Laemmli) and handed over to the MS facility.

2.2.5.2.1.2 Measurement and data procession (MPI, MS fadilityf.Dr. Graumann)

Proteins bound to the beads underwent off bead digest and liquid chromatography/tandem mass
spectrometry (LC/MS2) analysis as describe®éytschmeyeet al. (2019) but opting for label

free quantification instead of chemical labelling. Instrument parameters were extracted and
summarged usingMARMoSE({Kiweleret al, 2019)and are included in the supplementary Tab. S
The LC gradients are depicted in supplementary TalRefitide/spectrum matching as well as label
free quantitation was performed using the MaxQuant suite of algoritii@msx & Mann, 2008; Cox
etal, 2011; Coet al,, 2014)(v. 1.6.2.6, parameters included in the supplementary Tapa&ainst

the UniProt database (canonical & isoforms, downloaded 2018/07/17). For downstream statistical
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analysis, the analysis pipelia@tonomics(https://doi.org/doi:10.18129/B9.bioc.autonomics) was

used. ORA, based on a Fisher Exact Test, was performed for each contrast against the categories
from the Kyoto Encyclopedia of Genes and Genomes (KK&@hisaet al, 201 and Gene
Ontology(Ashburnetet al., 2000)

(Textadaptedfrom Deutschmeyeet al., 2025)

2.2.5.2.2 MS-whole proteome

Changes made by overexpression of SIAH3 were examined by MS analysis of the whole proteome.
Here, the SIAHB1ducible cell system was used (mix of 3 clones-BEKSIAH3 (Wt), induced and
uninduced. TREX293 (induced) served as second control to estimate the effect of Dox. In this work,

the comparison between-REXSIAH3 induced and uninduced is presented.

2.2.5.2.2.1 Preparation of protein lysates

T-REXSIAH3 and-RExctrl. were induced with 21.g/mLDox for 24h (10cm dish for each condition).
For harvesting, cells were washed twice with PBS, scraped from the dish and lysedMSEllysis
buffer. After transfe to a 2mL reaction tube and incubation at 7« for 10min, cells were
sonicated with a Branson Digital Sonifier at an amplitude d#%1@® pulses of §. Samples were
then centrifuged at 1®00x g for 10min and supernatant was transferred to a new tube. An aliquot
of 100uLwas denatured with 10QL Laemmli(2x concentrated)and boikd at 95°C for 5min for
WB analysis. A 2L aliquot was separated for the determination of the protein concentration.
Finally, the lysatewere snap frozen in liquid nitrogen and stored-&® °C until further processing

at the MS facility in Batllauheim.

2.2.5.2.2.2 Measurementainddata procession (MPI, MS facilRyof.Dr. Graumann)

Proteomic sample preparation including chemical labelling by reductive demethylation was
performed as reported byu et al. (2020) LC/MS2 measurement and data analysis was done as
reported in chapter 2.2.5.2.1.2, but using MaxQuant version 1.6.10.42 and the UniProt database
was downloaded on 2020/02/05. Parameters for the instrument and data processing are shown in

the supplementarylab.S1¢ S3 (Text reproduced fronDeutschmeyekt al.,, 2025)
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2.2.6 (Immuno)Fluorescence microscopy
The (co)locatation of proteins was examined by fluorescence microscopy. The cells were grown in

6-well plates on microscopy coverslips and transfected as explained in chapter 2.2.2.2.

Cells were washed with PBS (Waslsolgtion |, within the 6well plate), fixed with Fixing solution
(3.7%formaldehyde) for 1%nin at RT and were washed 3x fomin each with PBS. Cells were
permeabilsed with ImUwell PBS + 0% TritonX100 (Solution for permeabilisation) forrn at

4°C and washed once with PB$n-specific binding sitesvere blocked byincubation with

1 mUwell Blocking solution for h at RT. After being washed 3x with PBS, coverslips were bedded
onto Parafilm lying on a damp cloth inside actd dish. The coverslips were coated with 140
diluted primaryAB(see Tab9,in 1% BSA + 0% TritonX100) and incubated overnight &Gt The
next day, the coverslips were transferred back to a (newg8 plate and washed 3x forrBin each

with PBST (Washing solution II). Coverslips were placed again onto Parafilm, weredaygh
150uL diluted secondaryAB (AlexaFluor, corresponding to the species of the primary AB, see
Tab.10, in1% BSA + 0% TritonX100) and incubated in darkness fdr 4t RT. Afterwards,
coverslips were put back in thevéell plate, washed twice with PBISand once with PBS 1f&in
each time). To stain the nuclei, cells were incubated fori® (RT, darknessh il mL/well DAPI
solution. After being washed 3x with PB3n{B each time), coverslips were mounted upsittewvn

onto microscopy slides using i Embedding reagent (containing MOWIOL). The dry slides were

stored in the refrigerator.

Slides wereexaminedusing anAxio Observer.Zinicroscopeand representative images were
acquiredwith anAxiocam 506 mono digital cameaad the softwareZEN3.2Confocal images were
obtained using the Aurox Unity imaging systerand processed withFIJl Colocaliation was

estimated using Pears@éoefficient, calculated with th€oloc2lugin inF1JI

2.2.7 Proliferation and migration assays
Both assays were conducted omll plates using the SIAHBducible TREx293 cells.

Growth curves were created to examine cell proliferatiBor SIAH3, pool of 3cloneswas used

(Wt: #6 + #8 + #15 gIS3UNS: #2 #3 +#7). 50Q000 cells per well were seeded for the experiments
comparing ctrl. vs. SIAH3 Wt within high (d/B), low (1g/L) or no glucose containing medium,
250,000 cells were seeded for the comparison between SIAH3 Wh&BUNS. Cells were induced
with 2> 3. Dox immediatelypefore plating Eachday, the cells were counted using a Neubauer
counting chamber and microscopy images of the cells were taken. The experiment was conducted

in triplicates.
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Cell migration was assessed by scratch assay. For this, cells were seedstea2dh three

scratches per well wermtroducedwith a sterile pipette tip After washng with PBSaew medium
containing 2> 3nw Dox (except for the controls) was added the cells Scratches were
photographed under the microscopmily for6 daysat 3-4 sites andguantifiedusinglmaged The
experiment was performed with two differentREXSIAH3 clones (#8 & #15).

2.2.8 Cell cycle analysis

Cell cycle distribution was analysed by flow cytometryREBSIAH3 cells (pool of clone
#6+#8+#15) and TIREx empty cellgctrl.) were plated on 1@mdishes with low density and
induced with 2> Zhi.Dox at the same time. For long induction times, cells were splitted again after
one day onto 1®mdishes to ensure proliferation. At the intended time points, cells were fixed

according to the following protocol:

To gather dead cells as well, medium was collected in a reaction tube and centrifuigna €5
1,500rpm) and supernatant was discardedells were trypsinised, resuspended in fresh medium,
and transferred to the same reaction tube in which the corresponding dead cells had been
collected. Cells were centrifuged for fin at 1500rpm and supernatant was discarded.
Afterwards, ells were washed twice with PBS and were resuspended in RBSRRS for 5 x £0
cells). Icecold 100%ethanol (2.33nLper 5 x 16cells) was added dropwise while shaking on the
vortex mixer (making 30 PBS + M ethanol). Samples were fixed &0°C until further
processing (at least overnighfdn the day of measurementixed cells were washed twice with

1 mLPBS, centrifuged forrain at 1500rpm and resuspended in PBShillion cells in 50QLPBS).
500puLcell suspension was thatigestedwith 2.5 uLRNaseA for 30min at 37°C. Flow cytometry
analysis was done usin@® FACS CantoWithin a 5SmLFACS tubes00puLcells in PBS were mixed
with 25 uL propidium iodide. Propidium iodide intercalates into the DNA and fluoresces, thus the
cells can be separated by DNA content. After short incuba&oniif), samples were vortexed and
applied to the machine. Per sample, around@Dcells were measured. The analysis was done
with the BD FACSDiva softwaféirst, the cells were gated according to size and granularity using
forward scatter (FS@) and sideward scatter (S®E Thendoublets were excluded conferring to
width and height of the forward scatter (F8Cvs. FSEl). Propidium iodide was detected in the

PE channel. The PE signal was plotted against cell count and within this graph, cells were gated

according to the cell cyelphases sub G1, G0O/G1, S and G2M.
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2.2.9 Analysinghe acidification of the cell culture medium

Celular metabolism produces lactatdrough glycolysis. This leads to an acidification of the cell
culture medium that could be assessed via the pH indicator included in the medium. The medium
layered over the prdreated cells was collected and centrifuged shortly to remove cell debris.
100pL of clear medium was added per well of a-@8ll plate (in triplicate per sample)An
absorbance spectrum ranging from 38380nm (increments of fim, 4 measurement spots per

well) was created using a spectrophotometée¢an Infinite M200 PRO

2.2.10 Analysis of cellular metabolism

Cellular metabolism was monitored by analysing mitochondrial respiration and glycolyd®Eof T

293 cells. Th&eahorse XFe96 Analymezasures oxygen consumption rate (OCR) and extracellular
acidification rate (ECAR), key indicators for mitochondrial respiration and glycolysis, respectively,

of living cells.

Cellular metabolism of-REXSIAH3 cells (Wt: pool of clow+#+#5n{ o} b{ Y LR22t 27F |
+ #7 and TREX293 empty cells as well as the effect of a SIAH3 knockdown in C918 eels w

analysed. For SIAH3 Wt three different experiments were conduétesd, a mitochondrial stress

test (Agilent Seahorse XF Cell Mito Stress TestvE# performed followed bya glycolysis stress

test (Agilent Seahorse XF Glycolysis Stress Tésdrianalysis ofATP production rate(Agilent

Seahorse XF ReEime ATP Rate Assay)Kih advance, optimal cell number aoakbonyl cyanide
p-trifluoromethoxyphenylhydrazoné~CCPconcentration had to be determinedror this seeding

of 20,000, 3Q000 or 4Q000 cells and 0.26M, 0.5uM, 0.75uM and 1uM FCCP were tested.

Seeding 3OO0 cells per wells turned out to be the best cell set and 0.75 gud FCCP worked

well and were therefore used in the following experiments. For the comparison between SIAH3 Wt
andpn{o!b{ la ¢Sttt +ta 0SisSSy 20 FIyR 1 ¢B@QVaR20Y 27
conducted.The experiment was done in cooperatiaith PD Dr. Wolfgang Mei3ner of the Core

Facilityfor Cellular Metabolism (now Core Facility Genomics) and Prof. Dr. Verena Taudte of the

Core Facility Metabolomics of the Philipps University in Marburg.

2.2.10.1 Cell preparation

The cells were analysed within Agilent Seahorse XFe96/XFPro Cell Culture Micrq@iatsell).

To allow the IRExX293cells to adhere better, the microplate was coated withly-L-lysine 40uL
poly-L-lysine solution was put into the wells angimoved after a Bnin incubation. The plate was
dried for 10min and placed under UNght of the laminar flow clean bench forhl Cells were
counted and the intended cell number (8OO0 cell, unless otherwise stated in H¢& 8) was placed
within a volume of 8QuLgrowth medium per well (induced with Dox immediately before seeding).

Directly after seeding, the cells were brought to Marburg, kept at RT fotolallow the cells to
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settle down evenly and then put into a 3T incubator. Measurement took place R24after
induction.

Knockdown in C91&:lIsusing siRNA was performeddescribed in chapter 2.2.2.3. #dater, cells
were platedonto the microplate Without precoating and cellularmetabolsm was assessedter
an additiona24 h (72h knockdown).

To verifySIAH3nduction and knockdown, RNA and protein levetre analysed (set of cells plated

in parallel on éwells).

2.2.10.2 Measurementindanalysis

/ FNINARRIS LINBLINYGAZ2Y A ¢Sttt & 6l aKaAy3a 2F OSt
protocol, considering the following specifications:

Assay medium consisted of SeahoxseOMEM supplemented with &M pyruvate and 2nM
glutamine (and 10nM glucose for the ATP Rate Assay eREDSIAH3Ntvs.nS3UNS and
knockdown in C918). The ports of the cartridges were filled according to the schemes in Tab. 36
and Fig. 7 & 8. Tharee experiments comparing-REXSIAH3 (W) to control cells were conducted
using an acute injection of glucose instead of adding it directly to the Assay medium (named
oModified Assayin the manual). The first experiment, determination of the optimal cell number
and FCCP concentration foiRExX293 cells, did not follow exactly the protocol of one of the Kits,

but combined the first steps of thglycolyticstresstest with themitochondrialstresstest without

the 2-deoxyD-glucose 2-DQ or rotenone and antimycin ARot/AA) step.

Control of the machine and analysis was done usingWae Desktop and Controller Software
The ports were injected in the order indicated by the letter® ABefore the first and after each
injection, three measuremestwere taken at three time points (except in Exp. 1, where 4
measurements were taken after glucose injectidbdiring data analysis, outliers were excluded and
the mean of the replicates was calculatédirther analysis was done using the Seahorse XF Report
Generators $eahorse XF Cell Mito Stress Test Report Gene@liaolysis Stress Test Report

GeneratorandRealTime ATP Rate Assay Report Geneyator
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Tab.36: Loading conditions of the Seahorse XFe96/XF Pro sensor cartridge

Exp. 1: Determination of optimal cell number and FCCP concentration
T-REXSIAH3 (W) vs. ctrl.

concentration final
port compound amount .
(20x conc.) concentration

A glucose 100 mM 20puL 10mM

B oligomycin 10uM 22puL 1uM

C1 FCCP 2.5uM 25puL 0.25uM
C2 FCCP 5.0uM 25puL 0.50uM
D1 FCCP 5.0uM 27uL 0.75uM
D2 FCCP 5.0uM 27uL 1.00 pM

Exp. 2: Celinito stresstest

T-REXSIAH3 (W) vs. ctrl.
concentration final
port compound amount .
(10x conc.) concentration
A glucose 100 mM 20puL 10mM
B oligomycin 20uM 22puL 2uM
C1 FCCP 7.5uM 25puL 0.75uM
C2 FCCP 10.0pM 25uL 1.00puM
D Rot/AA 5.0uM 27 L 0.50uM

Exp. 3: Glycolysistresstest (a) & ATRate assay (b)

T-Rex SIAH3 (W) vs. ctrl.
concentration final
port compound amount .
(10x conc.) concentration
A(a&b) glucose 100 mM 20 uL 10mM
B((a&hb) oligomycin 10uM 22 L 1uM
C () 2-DG 500mM 25uL 50mM
C (b) Rot/AA 5.0uM 25uL 0,50uM
EXxp. 4: ATlPate sssay
T-REXSIAH3 Wt venS3UNS
concentration final
port compound amount .
(10x conc.) concentration
A oligomycin 15 uM 20 L 1.5uM
B Rot/AA 5.0uM 22 L 0.5 uM

Exp. 5: ATlPate assay
C918 Wt vs. SIAH3 knockdown

concentration final
port compound amount .
(10x conc.) concentration
A oligomycin 15 uM 20 L 1.5uM
B Rot/AA 5.0uM 22 uL 0.5 uM
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Exp. 1: Determination of optimal cell number and FCCP concentration (T-REx SIAH3 vs

ctrl. SIAH3
- Dox + Dox - Dox + Dox
1 2 3 4 5 6 7 8 9 10 11 12
Ports: '\l A|B|A|B|A[B|A|B|A|B]|A[B|A|B|A|[B|A|B|A|B K]
A: glucose [exf3)A C1{D1| C1D1f C1)DY CD1 C2ADZA C1 D1 C1D1 CAD2 C1 D1 C1 D1gexlnk}
B: oligomycin 20,000 A[B|A|B|A|B|A|B|A[(B|A[B|A|B|A|B|A|B|A|[B|A[B|A[B
C1: FCCP 2.5 uM cells C2D2 C1D1 C1D1f C1DY CYD1 C2ADA4 C1 D1 C1D1 CAD2 CYD1 C1DI CAD]
C2: FCCP 5.0 uM A(B|A|B|A|B|A[B|A|B|A|B|A[B|A|B|A[B|A|B|A|B|A|B
D1: FCCP 5.0 uM CZ4D2C2D2C2D2 C2D2 C2D2 C1D1 CAD2 C2AD2 Cl DY C2AD2 CAD2 CADI]
D2: FCCP 5.0 uM A(B|A|B|A|B|A[B|A|B|A|B|]A[B|A|B|A|B|A|[B|A|B|A|B
C1D1 C1D1 C2D2 C1D1 C1D1 C1D1 C1D1 C1D1 C1 D) C2AD2 C1 D] C1 D]
30,000 A[B|A|B|A|B|A[B|A|B|A|B]A[B|A|B]|]A|B|A|[B|A|B|A|B
cells C1 C2D2lCZ4D2 C2D2 C2D2 ClD1 C1 DI
A A|B|A|B|A|B|A[B|A|B|A|B
C2 C2D2J€2 D2 €2D2 C2D2 CD1 C2ADA
A|B|A|B|A[B|A|B|A|B|A[B
C1D1 C1D1 €2D2 CZ2D2 C1D1 C1 D]

A[B|A|B|A[B|A|B|A|B .-
C1D1 C1 D1 C2 D2 CZ D2 C2 D2gexyvi}

40,000
cells

Exp. 2: Cell mito stress test (T-REx SIAH3 vs. ctrl.)
ctrl. SIAH3

- Dox + Dox - Dox + Dox
1 2 3 4 5 6 7 8 9 10 | 11 | 12
Ports: AABABABABABABABABABAB
A: glucose lexl) C1{ D|c1 D|ci1l D|c1l b|cd b]ci b|cif bfcif b|cil D] cal D oMy
B: oligomycin BABABABABABABABABABABABAB
C1: FCCP 7.5 uM 0.75 uM ci b|ci b|ci b|ci b|c1 bjci bjci bfci b|ci b|ci b|c1 b|ci b
C2: FCCP 10.0 im FCCP CABABABABABABABABABABABAB
D: Rot/AA ci b|ci p|ci b|ci b|c1 bjcy bjci bfci b|ci b|ci b|c1 b|cy b
plAlBlA|BIA|B|AIB|A|BIA|BJA|B|A|BIA|BIA|B|A|B]A|B
c1 b|ci pb|jc b|ci bfcy bjca bjci b|ci bfci b|ci b|ci bjci D
g|AlBlA[B[A[B|A|B]A|B|A[BIA|B|A|B|A|B|A|BIA[B|A|B
cd p|cd p|lcad p|cad b|cad bjcd bjcd bfcd b|cqd D|cd p|cqd b|cd D
clAlBlA|BIAIB|A[BIA[B[A|B]A|B|A[BIA[B[A|B|A|B]AIB
1.0 uyM cqd b|cd b|cg D|cq Dfcqd b|cqd Djcd D|cd Dfcd D|cq D|cd D|cqd D
FCCPGABABABABABABABABABABABAB
cq Db|cd D|cag D|cq Dfcqd b|cq Djcd D|cq Dfcd D|cAq D|cd D|cAq D
ABABABABABABABABABAB
loziv] C2l D|CcZ D|cq D|cad D|cqd b]cd b|cd D[cq D|cA D|cA D KerMy

Exp. 3: Glycolysis stress test (a) & ATP rate assay (b) (T-REx SIAH3 vs. ctrl.)

ATP rate assay (b) Glycolysis stress test (a)

ctrl. SIAH3 ctrl. SIAH3
1 2 3 4 5 6 7 8 9 10 | 11 | 12

Ports: A AlB|A|B|A[B|A|B|A|[B]A|B|A|[B|A|B|A|B|A|B

A: glucose Ch |Ch |Chl Jch |Ch JCcq |Cqd |Cq |Cq |CH
B: oligomycin BABABABABABABABABABABABAB
Ca: 2-DG - Dox Ch Ch Ch Ch Ch| Ch Cq Cq Cq Cq Cq Cq
Chb: Rot/AA AlB|A|B|A|[B|A|B|A|B|A|BJA|B|A|B|A|B|A[B|A|B|A[B
€ Ch| Ch| Ch| Ch| Ch| Ch Co Ca Cq Co CH CH
plalBlA|BIAIB]AIB|AIBIAIBJAIB|AIBIA[B[A|B|A|B|AIB
Ch| Ch| Ch| Ch| Ch| Ch [0 Co Co Cq Cq Cq
e|AlBlA|B[A|BIA|B]A|B|AIBJAIB|A|B|A|B|A|BIA[BIA|B
Ch| Ch| Ch| Ch| Ch Ch Cd Cao Co Cq Cq Cq
clAlBlA|B]A[B[A|B]A|B[A|BJA|B|A[B[A|B|A|B|A|B|A|B
+ Dox Ch| Ch| Ch| Ch| Ch| Ch| Co Caq Cq CH CH Cd
clalBlAlBlA[BlA|B[A|B|AIBJAIBIA[BIA|B|A|B|A|B|A|B
Ch| Ch| Ch| Ch| Ch Ch [0 Co Co Cq Cq Cq
:HABABABABABABABABABAB

Ch| Ch| Ch| Ch Ch Cd Cao Co Cq Cq

Fig.7: Cell plating and cartridge filling schemes for the Seahorse XFe96/XFPro Cell Culture Microplate and
sensor cartridgg T-REXSIAH3 vs.-RExctrl.).
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Exp. 4: ATP rate assay (T-REx SIAH3 Whv§.0 |) b {
ctrl. SIAH3
empty Wt n{o} b{
1 2 3 4 5 6 7 8 9 10 | 11 | 12
Ports: A A|B|A|B|A|B|A[B|A|B|A[B|A|B|A|B|A|B|A|B
A: oligomycin
B: Rot/AA BABABABABABABABABABABABAB
- Dox
CABABABABABABABABABABABAB
DABABABABABABABABABABABAB

+ Dox
Exp. 5: ATP rate assay (C918 SIAH3 knockdown)
cell number
10,000 13,300 16,600 20,000
1 2 3 4 5 6 7 8 9 10 | 11 | 12
Ports: A A|lB|A[B|A|B|A|[B|A|B|A|B|A|[B|A|B|A[B|A|B
A: oligomycin
B: Rot/AA BABABABABABABABABABABABAB
si ctrl.
clAlBlAB|A|B|A[B|A[B[A[B[A[B[A]B[A|B|A|B|A|B|A|B
olalBlAalBlA[B[AIB[A|BIA|B|AIB|AIB]AIB]AIB]AIB]AIB
elAlB[A[B|A[B]A|B[A|B[A
rlalB[A[B[A|BIA|B|AIB]A
SISIAHBGABABABABABA
:HABABABABA

Fig.8: Cell plating and cartridge filling schemes for the Seahorse XFe96/XFPro Cell Culture Microplate and
sensor cartridgg T-REXSIAH3Nt vs.nS3UNSNd C918 Wt vs. knockdoyn
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2.2.11 Epigenetiediting
SilencedSIAH3wvas reactivated using epigenetic editirgjxdifferent single guide RNAs (sgRNAS)
were used to recruit an inactivated version 8treptococcus pyogen€as9 coupled with an

epigenetic activator (modifier) to the promoter region ®fAH3

2.2.11.1 Creation of guide RNAs

sgRNAs were designed usiBgnchling Guide HVI span a range of 6@ upstream of the TSS,
guidel lies downstream of the TSS near the translation start site .(TAlE)guides are

20-21 nuclectides long. Guides were ordered as oligonucleotides §equencessee Tab. 17),
annealed to form double strand DNA and cloned into pX459 vector (without Cas9) inside the gRNA

scaffold via theBbd restriction site. Cloning was performed according to the following protocol:

pX459 vector was opened wiBbd, cleanedip by gelextraction and purited using theNucleoSpin

Gel and PCR Cleap Kit, followed by dephosphorylation (see chapter 2.2.1.2.1). Oligonucleotides
were phosphorylated with a T4 Polynucleotide Kinase (PNK), conditions are listed in Tab. 37.
Forward and reverse oligonucleotides were annealed by heating & 986r 5min and therslowly
cooling downto RT(switching off the heating block and waiting until it reached RT). Annealed
oligonucleotides were then ligated into the opened px459 vector and transformed in and amplified

by E. coli
Guideslll were cloned by T. Zenz and guide¥llbyY @ a | & ( S NEQGeyed (i dzZR Sy i

Tab.37: Conditions for the phosphorylation of the oligonucleotides.

phosphorylation of oligonucleotides
10uLPNK buffer A

1 uLPNK enzyme

1 uLATP (10nM)

2 pLforward nucleotide (2QuM)
2 pLreverse nucleotide (2QM)
ad 100uLddH.O

U incubation at 37C for 1h

2.2.11.2 Experimental Setup

Cells were caransfected with 1000ng guide plasmid (one guide or mix as indicated in figure
legends) and 800ng modifierdCas9 plasmid (e.g. p300). For HEK293T, one day after transfection
selection using puromycin {BOpug/mL) and cetreatment (undera non-disclosure agreement)
started. Medium was changed each day to apply fresh puromycin asticeatmment. For C918,
puromycin selection (pg/mb and cetreatment was applied only once on day 3. After an

incubation for 48144h (depending on the experimentPpNA and/or RNA was isolated. DNA was

57



BSconverted and pyrosequencing was performed. RNA Mdasedigested, reverse transcribed
and SIAH3nRNA was quantified by qPCR.

MATERIALS and METHODS

9ELISNAYSyiGa 6SNB

2.2.11.3 Promoter Assay

SIAH3romoter activity was examined using a dliadiferase reporter system. Cells, grown in 6
well dishes were cotransfected with 1250ng pREnull vector (empty or containinghe SIAH3
promoter sequencg, 750ng pGL3, ,000ng modifierdCas9 plasmid andd0ng guide plasmid
(mix of guidd-lll). After 2448h, cells were analysed using tHeualLuciferase Reporter Assay

Systemaccording to the following procedure.

Medium was discarded and cells were lysed in-260pL cold PLB through shaking vigorously.
After centrifugation at 1.00rpm for 30s, clear lysate was transferred to a new reaction tube.
10l lysate per sample was put into a white-@@ll plate, 33uL LARII was added and firefly

luciferase luminescence was measured ustripn L Microplate Luminomete83 L Stop & Glo

LISNF 2 N SR

Q)¢

0 dzR ¢

Reagent (substrate 1:50 diluted with Stop & Glo buffer) was added and luminescence created by

Renillaluciferase was measured. Luminescence was measured in triplidaessllaluciferase

luminescence signal was nornsalil to firefly luciferase luminescence.

2.2.12 Bioinformaticsand data presentation

2.2.12.1 Statistics

The difference between two conditions or groups (in gPCR and pyrosequencing experiments, of WB

guantifications, promoter and proliferation assays as well as measurement of cell metabolism) was

adraraacaortte

8 @ ésugiwdisariple, dzspired Jequil Watiahéey) calcalated

with R (command: t.test(x, y, var.equal=TRUE), with x and y being numeric vectors of data values)

or with the online ttest calculator fronGraphPadseeTab. 29. Significance, depicted byalues,
was categoged as shown ifmab. 38.The error bars within the graphs represent the standard

deviation. Further statistics (e.g. for MS experiments) was done as described in the chapters

corresponding to the experiment.

Tab.38: Levels of significance.

levels ofsignificance

>0.05 ns | not significant
0.01-0.05 | * significant
0.001-0.01| ** | very significant
<0.001 *** | highly significant

58



MATERIALS and METHODS

2.2.12.2 Analysis of published data

Analysis of largepublished datasets (e.g. TCGA, GTEx, CCLE) @asneer usingR2: Genomic
Analysis and Visualisation Platforfexpression and methylation data, correlation between
expression and methylation, heatmaps for the different CpGs and Kafdéer survival curves),
GEPIA(expression) andSMART(methylation). For mag information, including the URLs, see
Tab.29.

2.2.12.3 Data assembly and presentation

Graphs (of own data) were created usiMfs Office Excelgraphs depicting results of large
published datasets were obtained from online tools, except the Kalplaier Curves showing the
methylation of SKCM, HNSC and LWAIxh were created withR (based on data fronsMARY.
Plasmid maps were created wiBenchling.comlf necessary, layout was modified usingscape

Figures were assembled limkscape
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3 RESULTS

3.1 SIAH3s epigenetically downregulated in human cancer

Although there is no bona fide CpG island within the promoter regi@iAH3a clustering of CpGs

can be found, which also appedosbe of regulatory relevanc1 CpGs are annotated as belonging

to SIAH3R2 Genome Browsesee Figl0A). Of these, 10 are located upstream of the TLS. The
annotated CpG probe cg26667946 liesbplin front of the TSS and corresponds to BsUI
restriction site used in CoBRA analyses. By pyrosequefiglGpGs were examined, including the

two CpGs of probe cg26667946 atidee additional ones (see Fig. 6A). In the following, the
methylation of these CpGs was analysed using large, published datasets and pyrosequencing of
tissue samples from skin cutaneous melanoma (SKCM), dreddeck squamous cell carcinoma
(HNSC) and lung adenocarcinomas (LUAD). Furthermore, the expresSidtH8ivas analysed in

these tissues, as well as the survival probability of patients regardinglid 3tatus.

3.1.1 SIAH3s hypermethylated in cancer

A comparison between normal tissues and cancer revealed a decre&Alkt8xpression from
normal tissue to tumours and further to cancer cell lines, wher88&H3methylation levels
(cg26667946) significantly increase (BgandB). To link these observationSJAH3promoter
methylation was correlated with its expression in human cancer cell lines, finding that
hypermethylation is significantly associated with lovAH3NRNA levels (Fig. 9C), suggesting that
its expression can be regulated by DNA methylation. This finding is further supported by

(A) *

p=t.ex10%  (B) "*pzaexi0® ; (C) 5. p=6.0x10
09 | 70{ °

e o o o
n o N ®

o
IS

8
7
6
4
0

=4
w

expression of SIAH3 (log2)
methylation of SIAH3
expression of SIAH3 (log2)

=

o o

0
9
5
3
2
1
1
2
3

- 1) "~~:.-'.'r~_' :f“: 3

25— . SR
00 01 02 03 04 05 06 07 08 08 10

methylation of SIAH3

— $

-4

=4
o

normal tumour CCL normal tumour CCL

Fig.9: SIAH3s hypermethylated in human cancer

(A) Cancer cell lines show significant lowgAH3expression compared to primary tumours and nor
tissues. Used datasets: Normal (GSE7307, Human body index, n = 504), tumour (GSE2109, Expres
for Oncology, n = 296), CCL = cancer cell lines (GSE68378, Cancer Cell Line Encyclopedic
(B)Methylation level (betavalue) @I1AH3at cg26667946 is significantly higher in cancer cell lines com
to tumours and normal tissue. Used datasets: Normal (GSE50192, normal tissues, n = 70), tumour (C
tumour types, n = 493), CCL = carmgtlines (GSE36133, Cell Line Cancer Paeogenomic, n = 102
(C)Correlation analysis &lAH3nethylation (cg26667946) and expression in cancer cell lines. Used de
Methylation (GSE36133, Cell Line Cancer Pharmacogenomic, n = 1028), expression (GSE68378,
Line Encyclopedia, n =917).

All analyses were performed using the platfoR2 Figure adapted fronbeutschmeyeet al, 2024
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experimental evidence showing th&tazadCtreatment reduces methylation and increas8sAH3

expression in melanoma cell lin€Big. ® andE). Closer examination of individual CpG sites
revealed that 1ZpGsg; spanning from 20@p upstream of the TSS to the beginning of the first
intron (cg25658983 to cgl0775278are unmethylated in normal tissues but hypermethylated in

cancer samples and cancer cell lines (Fig. 10).
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Fig.10: Distribution of methylation across th&IAH3jenomic region

(A) Localisation oS1AH3assigned CpG probes. Picture from Rz Genome Browsarg26667946 is marked.
(B-D) Heatmays showing all methylatioprobesfor SIAH3(B) Normal (GSE50192, normal tissues, n = 70),
(© tumour (GSE76269, tumour types,=A93), D) cancercelllines (GSE36133, Cell Line Cancer
Pharmacogenomic, n = 102@nalyses from thelatform R2

Analysing DNA from primary tissue sampl&AH3promoter methylation was found to be
significantly higher in primary tumours and metastases from melanoma patients compared to
normal skin (nevus cell nevi), as shown by pyrosequencifigeo€pGs. Similarly, a significantly
higher level of methylation was observed in heaad neck and lung tumours (Fig. 13. The
expression pattern was reversed in these tumours (Fig.-A)Dindicating thatSIAH3is

epigenetically silenakin these tumours.
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Fig.11: SIAH3s epigenetically silenced by hypermethylation in melanoma, hesat neck cancer and lung
adenocarcinoma.

(A-C) Pyrosequencing db CpGs in the promoter dBlAH3Experiments were conducted by S. Walesch, J.
Moyer and myBF OKSf 2 N a & ( dzR S y(&) SIaHBprofn@dt NypeintetiydatoNJa Sialighant
melanoma of the skin. Normal=59, primary tumours 42, metastases s47. Student's-test: Normal
vs. primary tumours p0.0008, primary tumours vs. metastases=p5.1x1%® normal vs. metastases
p =2.2x10%. (B)SIAHAypermethylation in head and neck cancer. Normall@, tumour n=14, p=6.5x10°.
(C)SIAH3hypermethylation in adenocarcinomas of the lung. Normal 50, tumour n=50, p=4.7x10".
(D-F)Expression ofSIAH3in (D) SKCM (TCGA&TEX data; normal #1558, tumour n=461), (E)HNSC
(TCGA-GETX data; normal+44, tumour r=519) and (F) LUAD (TCGA data; norneb®, tumour n=483).
Expression analysis was performed WBEPIA

Panels AC adapted fronbDeutschmeyeet al,, 2025

Datamining also revealed significantly increased methylatiche@SIAH3romoter, coupled with

reduced expression, in kidney renal clear cell carcinoma (KIRC), kidney renal papillary cell carcinoma
(KIRP, glioblastoma multiforme (GBM) and colon adenocarcinoma (COAD)2AgndB), further
broadening the observation tha&lAH3s epigenetically silenced across a wide range of different

cancer types.

On the other hand, there are also entities in which SIAHS is overexpressed in cancer, such as in the
thymoma (THYM), uterine corpus endometrial carcinoma (UCECplmmthromocytoma and
paraganglioma (PCPG). However, at least in THYM and UCES, the expression is not negatively
correlated with methylation indicating that heregene expression is not (only) determined by

methylation(Fig. 12@ndD).
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Fig.12: SIAH3s epigenetically silenced in many different cancer types but upregulated in others.
(A)SIAH3s hypermethylated in KIRC (normat 857, tumour n=313), KIRP (normal+43, tumour n=272),
GBM (normal r= 1, tumour n=159) and COAD (normakr84, tumour n=288). Analysis was performed with
SMART (B) SIAH3expression is reduced in KIRC (normal100, tumour n=523), KIRP (normal =60,
tumour n=286), GBM (normal 1207, tumour n=163) and COAD (normak849, tumour n=275). Analysis
was performed withGEPIA(C)SIAH3methylation in THYM (normal 2, tumour n=124), UCEC (normal
n =33, tumour n=419) and PCPG (normak3, tumour n=183). Analysis was performed wiBMART
(D)SIAH3xpression in THYM (normakr839, tumour n=118), UCEC (normal=91, tumour n=174) and
PCPG (normal=s3, tumour n=182). Analysis was performed wiBREPIA
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3.1.2 ReducedSIAH3evels areassociated with a poorer prognosis in patients across various
cancer types
Furthermore, the observed epigenetic silencingsdAH3vas found to be associated with a poorer
survival prognosis iseveral cohorts otancer patients. As shown in Fig. 13, lower expression of
SIAH3vasrelated to a worse overall survival probability in SKEINS@nd LUADA corresponding
higher methylationof SIAH3cg26667946) was also associated with poor overall survival in SKCM
and LUADANd this finding extends to additional tissues such as the hamours breastcancer
(BRCA)andliver hepatocellular carcinom@.IHC)where cancer patients exhibit a better survival
probability with higher levels dIAH3®xpressior(Fig. 14).
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Fig.13: Slencing ofSIAH3s associated withpoor prognosisin patients with SKCM, HNSC and LUAD
(A-C)KaplanMeier survival curves of SKCM (A), HNSC (B) and LUAD (C) patients with higher (red) or lower
(black)SIAHZxpression. Used dataset: (A) TEGLCM (i 459), (B) TCGANSC (¥ 519), (C) TCGAJAD
(n=506). Analysis was performed using the platf@R& Expression cebff: scan method(D-E)KaplanMeier

survival curves based @1AH3nethylation €g26667946pf SKCM (A), HNSC (B) and LUAD (C) patients with
higher (red) or lower (blackplAH3methylation. Datasets were obtained VBMART (D) TCGASKCM
(n=457), © TCGAINSC (r524), f) TCGALUAD (r=447). Graphs were created wikh Expression ceoff:

maxstat method.

Panels AC adapted fronDeutschmeyeet al, 2025
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Fig.14: HigherSIAH3xpression is correlated with better survival in further cancer entities.
KaplanMeier survival curves regardir®@ AHZxpression of brain cancéA), BRCAB)and LIHGC)patients
with high (red) or low (blackKjIAH3xpression. Used dataset: (A) GSE108474, REMBRANDT std@p)n
(B) TCGBRCA (202232) (n=660), (C) TCGAHC (r=370). Analysis was performed using the platfdR
Expression cubdff: scan methodFigure based oBeutschmeyeet al, 2025
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3.2 Additional mechanisms regulating the expressioflaH3

Beyond regulation via DNA methylatid®AHZxpression was found to be modulated by additional
mechanisms. Experiments with cells cultured at different densities reveale®thdd3xpression

increases as cell density rises (EigA and supplementaryFig.SL7A). Conversely, when densely

grown cells were separated, prolonged isolation led to a gradual declirf®AR 3expression
(Fig.15BandFig.SI7B)®d LYy KAOA GA2Y 27T wamanitinuiéakda® MRNASwIfL L & A (
life of less tharB h, indicating moderate stability @IAH3NRNA(Fig. 15@ndFig.SL7C).
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Fig.15: SIAH3xpression depends on cell density.

(A) Density dependence dblAH3expression. Same numbers of C918 cells were cultured on dish&s of
different sizes until the smallest was confluent. RNA was isolatecSbhid3nRNA level was determined by
RTFqPCRSIAH3expression was normaéd to ACTB(B) Separation of cells led to a decreaseSHAH3
expression. C918 cells were cultivated until being confluent, then separated by trypsination and kept isolated
by rotating for 1 to 3 h at 37C. RNA was isolated at the indicated time points 8H3expression was
determined byRFqPCRSIAH3xpression was normakd to ACTB(C) Stability of SIAHINRNA. C918 cells

% SNB i NB lah&iin (B0AM) Kto 6h before RNA was isolate8IAH3:xpression was determined

by gPCRindnormalised to 28SRNA*/**/+**  indicate thesignificance leveld G dzR Stgst).Qa

Exposing C918 cells to low oxygen level (@) showed a decrease BIAHZExpression after @
and 24h while the known hypoxia regulated gei&EGHRvascular endothelial growth factpwas
upregulated. This effect was higher in the denser grown cells and more significant afteh2d

after 6h. This finding suggests that SIAH3 plays a role in hypegisatedpathways (Fig. 16).
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Fig.16: SIAH3s downregulated under hypoxic conditions.
C918 cells were cultivated under normoxic (NOX) and hypoxic (H®X) Tonditions for é (A) or 24h (B).
RNA was isolated and mRNA level was determinedRifPCRSIAH3andVEGEXxpression were normalised

to ACTB*/**/**+ indicate thesignificance levelf { dzR Stgsf).Qa
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3.3 SIAH3verexpression inhibits cell proliferation

SIAHR A KeLISNYSUOKefttlr A2y Ay (dzY2daNB FyR Ada O2NNB
proposed that SIAH3 &y act as tumour suppressor. To support this hypothesis, the effect of SIAH3

on cell proliferation and migration was analysed.

Cell migration was investigated bgratchassay using the-REx SIAH3 inducible cell line (Fig. 17).

6 days after scratching, the-REx control cellslosedthe ggp completely, whereas the scratch

within the SIAH3xpressing cells was still halpened (both clones). The uninducedREXSIAH3

cells filled the gap almost completely. Additionally, among $iv@H3expressing cells many dead

ones were detected (Fig. 17C). These observations indicate that SIAH3 hinders the cells from
refilling the gap. Due to the observed dead cells, no conclusions can be drawn as to whether this
effect is caused by decreased migoatior by reduced proliferation and/or cell death. Therefore,

cell proliferation was investigated in more detail by generating growth curves.
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Fig.17: Scratchassay of the TREX cells.

(A) Scratch Assay ofREXSIAH3 cell§two different clones)and T-REx control cel+Dox).One day after
plating, scratches were introduced, and the same regions were photographed daily for the following 6 days
to measure scratch widthTheextent of the refilling of the gap on day 6 is depictedngplete gap osure

was defined as 1(B) SIAH3expressiorof the scratchassay experiment. RNA was isolated after day 6 and
SIAH3NRNA level was determined BFgPCRnormalised toACTR (C)Corresponding meroscopy photos

of day 0 and day.@cale bar: DOOum. */**/*** indicate thesignificance levelf { dzR Stgst). RanelsiA

and C adapted frorDeutschmeyeet al,, 2025
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The growth curves showed that-RExSIAH3expressing cells achieved less than half of the cell
number observed in control celfsve days after induction (Fig. 18A). Uninduce®HEXSIAH3 cells
exhibited a slightly reduced cell growth, too, presumably due to the leaky express®iAidEn

the uninduced state (see Fig. 18B). Additionally,abieespondingnicroscopy images showed that
cells expressinglAH3were not only growing slower but also started to diéter four days of

induction (Fig. 18D). Doxycycline alone did not influence cell proliferation.

(A) 60 (B) 70 Ak (C)
50 g 60 h
2 cp ctrl. SIAH3
w40 * < Dox - + - +
9 * 5 4.0 35
% 30 > E ] _ =siam
= R 30 I — T,
© 20 < 35
5 ?ﬁ 20 * kK
10 ® 10
0 0.0 W
0 1 2 3 4 5 6 -Dox + Dox -Dox + Dox
days ctrl, SIAH3
ctrl. -Dox —— SIAH3 -Dox
ctrl. +Dox --=- SIAH3 +Dox
(D) 1d 5d

- Dox + Dox - Dox + Dox

ctrl.

SIAH3 F R AN e B

Fig.18: SIAH3 inhibits cell proliferation
(A) Growth curve of IRExcontrol andSIAHZells (pool of 3 clones). 5@MO cells were plateder well(xDox).

Each day, cells were photographed under the microscope and counted. Experiment was conducted in
triplicates. (B) SIAH3xpression corresponding to the growth curve of A. RNA was isolated on day 5 and
MRNA level of SIAH3 was determinedRkgPCRnormalised toACTR (C)Protein expression of SIAH3
corresponding to the growth curve &f Proteins were isolated on day 5, SB¥SGE, followed by WB, was
performed and SIAH3 and GAPDH were detected by spa@8dD) Microscopy photos of day 1 and 5
corresponding to the growth curve of 8cale bar500um.

FKFFKFFF AYRAOF(GS (GKS aA34wstTAOFIYyOS tS@Sta oFlaSR 2y
Given that 8AH3 is involved in mitophagfHassoret al., 2013) | examined whether lowering the

glucose concentration in the medium would enhance the observed effect, as cells would then be
more reliant on mitochondrial metabolism. A test with different glucose concentrations revealed

that without glucose and with @/L glucoseSIAHZxpressing cells exhibited a significantly reduced

cell numberfive days after inductioncompared tothe uninducedcells ¢ comparable to that

observed under standard glucose conditionsS@/L) (Fig. 19A)Thus, additional growth curves

were performed under lowglucose conditions(Fig. 19EandC). However, without glucose, the

cells were not healthy and grew badly even without SIAH3, questioning the reliability of the results
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(Fig.19B). With 1g/L glucose, cells grew better, but even though there was a significant growth
reduction of TREXSIAHS cells compared to control cells, no significant difference between induced
and uninduced SIAH3 could be observed (Fig. 19C). The fifetingsumehat the impact of 8AH3

on cell proliferation does nadirectlydepend on the glucose levels provided.
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Fig.19: Cell proliferation under different glucoseonditions.

(A) Assessment of cell growth under different glucose concentrations,0800cells were plateger well
(xDox). Cells were counted after 5 days. S3 = SIBH3rowth curve of IRExcontrol and SIAH3 cells (pool
of 3 clones) cultured in glucogeee medium. 5000 cells were plateger well(xDox). Cells were counted
each day. Experiment was conducted in triplica(€sGrowth curve of IRExcontrol and SIAH3 cells (pool of
3 clones) culturedn medium containing 3/L glucose. 50000 cells were plateder well(xDox). Cells were
counted each day. Experiment was conducted in triplicates.

FKFFKFFF AYRAOFIGS GKS &aA3stFAOIYyOS tS@Sta olasSR 2y
In contrast to the other two family members SIAH1 and SIAH2, SIAH3 possess a SIAH3 unique
sequence (S3UNS) near thdaddminus. To investigate whether this domain is relevant for growth
inhibition, a subsequent growth curve experiment compared cells exprgwildtype SIAH3 with

those expressing the deletion mutant. Interestingly, deletion of the S3UNS domain did not affect
{L!'1oQa loAfAde U 8ixddyyder seading, SISH3 Wt alsIM ds BIBIBNWE G A 2 Y Y
expressing cells count half the number elREx contrainduninduced TREx SIAH3 ce(Big. 20A).

However, looking at the dead cells revealed, that only among the induced SIAH3 Wt cells were
significantly more dead cells compared to the controls (Fig. 20B). Microscopy images of the cells on

daysixshowed less attached SIAH3 Wt cells than SIfSBRINS ones (Fig. 20E), leading to assume,
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that some cells may detach even if they are still alive. Overall, this experiment provides evidence
that growth inhibition by SIAH3 is at least partly attributable to cell death. To explain the different
effects of Wt SIAH3 anuS3UNS mutant, more experiments are needed.

(A) =0 (8)
70

(=]

o
=
o

wl
o
co

EX]

w
o

dead cells x 10°
(o2}

B

living cells x 10°
B
o

N
o
N

10

0

0 1 2

7
——ctrl. -Dox = e ctrl. +Dox ——ctrl. -Dox = - ctrl. +Dox
—— SIAH3 Wt -Dox --+---SIAH3 Wt +Dox —— SIAH3 Wt -Dox --+--SIAH3 Wt +Dox
—— SIAH3 AS3UNS -Dox --+-- SIAH3 AS3UNS +Dox —— SIAH3 AS3UNS -Dox --=--- SIAH3 AS3UNS +Dox
(© s (D)

% 5 * ok ok * 3k k ctrl. SIAH3  SIAH3

- _I_ Wt AS3UNS

<

=4 Dox - + - + - 4

ﬂé 35 ———

Es 1 am ‘ SIAH3

3 : GAPDH

-U'T,Z 5 sk %k 35J-—'l——-_‘

—_ * % %

L H

ns
- []
- +

-+ -+
SIAH3 SIAH3
Wt AS3UNS

ctrl.

(E) 1d 6d
- Dox -t Dox ‘ - Dox + Dox

ctrl.

SIAH3
AS3UNS

Fig.20: SIAH3 inhibits cell proliferation partially by cell death.

Growth curve of IRExcontrol and SIAH3 Wt grS3UNS expressing cells (pool of 3 clones)02Bcells per

well were plated £Dox). Each day, cells were photographed under the microscope and counted. Experiment

was conducted in triplicates. K F F KF FF AYRAOIF GS (KS aA It BNOhbgdS  SOSH
of living cells are depictedB) Numbers of dead cells are presentedC)CorrespondingSIAH3expression.

RNA was isolated on day 6 and mRNA &okeEIAH3vere determined byRTgPCRnormalised toACTR

(D) Corresponding mtein level of SIAH3. Proteins were isolated on dagrgl WB analysisvas performed

SIAH3 and GAPDH were detected by spe&Bis (E)Microscopy photos of day 1 and Bcale bar: 50Qm.

Figure modified fronDeutschmeyeet al, 2025 extended withSIAHH1S3UNS.
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The effect of SIAH3 of the cell cygeand this as possible mechanism underlying the growth
inhibition effectq was investigated by flow cytometry experiments. Analyses 1, 2 and 3 days after
the induction of SIAH3expressionin TREXx cells (Fig. 21) did not show a constant, significant
influence of SIAH3 on cell cycle distribution. The graphs showing the cell count perobDigAt

are shown insupplementaryFig.SL8. Even longeSIAH3nduction over 4 or 5 days had no effect

(supplementaryFig. 29).

Taken all these experiments together, SIAH3 inhibits cell proliferation, in part by inducing cell death,

but without affecting cell cycle distribution.
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Fig.21: SIAH3 has no effect on cell cycle progression.

(A) Cell cycle distribution of-REx SIAH3 cells (pool of 3 clones), comparedRiBxicontrol cells, was analysed

at 3 different time pointsby flow cytometry and propidium iodide stainingB) SIAH3expression
corresponding to thélow cytometry experiment shown in A. RNA was isolated on day 3 and mRNA level of
SIAH3was determined byRFgPCR.SIAH3expression was normalised tACTB */**/*** indicate the
AAAYATAOlI yOS S @Stesh (CyPtoiS &predgon ¢f SlAHB S e¢fréspanding to tloey
cytometry experiment shown in A. Proteins were isolated on day 3-FAEE, followed by WB, was
performed and SIAH3 and GAPDH were detected by spaBific
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3.4 Transcriptional effects of SIAH3

3.4.1 Microarray analysis

To investigate the mechanism by which SIAH3 controls cell growth, the expression profile of
HEK293T cells aft&itGFFSIAH3verexpression was examined by microarray analysis. Among the
20,893 tested genes, 45 genes were more thavo-fold upregulated and 50 genes were
downregulated to at least half the original level. A summary of the number of deregulated genes is
shown in Tab. 39.

Tab.39: Overview of the number of deregulated genes in the microarray analysis

category gene count
total tested genes 20,893
upregulated (31) 8,140
upregulated (=2) 45
downregulated (<) 7,941
downregulated (=< 0.5) 50

not deregulated £ 1) 4,812

Twofold up- and downregulated genes were investigated using the prepedtein interaction
networks generated by th8 TRIN@atabase. Functional enrichment analysis showed significantly
more interactions than statistically expectdelg. 22B shows the network presenting the genes that
are upregulated or downregulated twic&Vithin the upregulated genes, only the small cluster
nameddMixed, incl. basic region leucine zipper, and Early growth resportmihalé (from the
STRING local network cluster) was found @), but among the downregulated ger{Egy.22D)

a large interaction network of genes involved in the defense response to virus (from GO term
oBiological Procesy occurred. The gene groupbiquitin-protein transferase activig/(from GO

term dMolecular functiod) was significantly enriched, too. However, these two functional
enrichments were also discovered in the analysis of another gene, that was analysed in the same
microarray as SIAH3 (same sample preparation, same contugbplementaryFig. 20). This
suggests that the found enrichments were not SIAH3 specific. Looking at the geneset map
presenting the subgroups of thiglallmarks databagalso showed that upoBIAHDVverexpression

more gene groups were downregulated than upregulated, but except the ghotgrferon alpha
responseé ¢ matching to the above described genes@efense response to viréig no other

groups were strongly deregulated (FR2E). However, the geneset map of the MitoCarta database
(subset OXPHOS) revealed a downregulation of the subunits of the complexes Ill, IV and V of the
respiratory chain whereas the assembly factors of complex Il were upregulate@ZF)g.This

finding suggests that SIAH3 may play a role in mitochondrial metabolism, what is analysed later.
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Fig.22: Microarray analysis afteSIAH3verexpression.
(A-D) Functional enrichments within the protejorotein
interaction networks oftwo-fold deregulated genesEGFF
SIAH3 vs. EGFRempty overexpression). Analyses w
performed withSTRINGSenes are coloured according to 1
enrichment groupglescribedin the legend in(A). Protein
protein interaction (PPI) enrichment vallend FDRs a
indicated. (B) Network presenting the genes that ¢
upregulated >=2 or downregulated <8.5. (C)Network
showing the genes that are upregulated >£R) Network
depicting the genes that are downregulated &35.
(E)Geneset map based on the Hallmarks database (2
Colours represent the-gcore (log2). Analysis was perforn
with R2 (F)Geneset map based on the MitoCarta datat
(subcategory OXPHOS). Colours represent-fwme (log2
Analysis was performed witR2
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Sorting the deregulated genes, 10 interesting ones were picked for further analysisAQJab.
However, the deregulation of most candidate genes could not be validated by qP G Fanly
GADDA45A (Fig.23) and ANKRD1 (Fig.24) were significantly upregulated uporSIAH3
overexpressionEGRMWwas significantly upregulated after 48 but only slightly after 24. KLF10
was upregulated after 4B but downregulated after 24. SQSTMvas downregulated whereas it
was upregulated in the microarray analysis. AMgD1was only upregulated after 48 of SIAH3

overexpression. The other genes were not significantly deregulated at all.

Tab.40: Candidate gees from themicroarray analysis

gene complete name ratio SIAH3 / EGFP
FILIP1L filamin A interacting protein-like 8.96
ANKRD1 ankyrin repeat domain 1 (cardiac muscle) 7.19
DUSP1 dual specificity phosphatase 1 2.53
MXD1 MAX dimergation protein 1 2.16
EAF2 ELL associated factor 2 2.14
GADD45A growth arrest and DNAlamageinducible, alpha 2.12
EGR1 early growth response 1 1.97
PLK2 polo-like kinase 2 1.80
KLF10 Kruppetlike factor 10 1.76
SQSTM1 sequestosome 1 1.70

The second most upregulated gefaind in the microarray analysis wANKRDZIankyrinrepeat
domain 1). Upregulation could be validated by qPCR in different datasets as shown in Fig. 24.
EGFP/EYFRIAH3verexpression led to an increaseAIKDRExpression by more than double in
HEK293T cells (Fig.A24ndB). The GSEIAH3 construct increadNKRD1 expression slightly, but

the FLA&onstruct failed to upregulatetANKRDL Upregulation of ANKRD1 expression was
diminished or did not occur at all upon overexpressionSéAH3domain deletion mutants.
Specifically, deletion of the DIMER domain caused the complete loss of the upregulation (Fig. 24B
and supplementaryFig. 1A andB). SIAH3 did not increageNKRDZxpression in HelLa cells
(supplementaryFig. 1C and I, but induction ofSIAH3n T-TEx293 cells led to a remarkably
upregulation ofANKRD1After 6 days, an increase ANKRDExpression by more than 15 times

was observed (Fig. 24C).

These results suggest that the upregulatiolAdfKRD1s cell line and tag specific. The necessity of
the binding domains led assume that SIAH3 needs to interact with binding partners (or to form

dimers) to induce this transcriptional effect.
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Fig.23: Validation of candidate genes from the microarray analysis

EGFRSIAH3or EGFRempty was overexpressed in HEK293T cells fan @4) or 48h (B). RNA was isolat
and the mRNA level of 9 candidate genes was determindRIfmgPCR. Expression was normaliseA@rE
FKFFKFFF AYRAOFGS GKS &aA3yA-witdl BGOEBmMpty, S ESHFRIAH
overexpression.

75



RESULTS

(A) 35 (B) s0

rel. mRNA level
rel. mRNA level
N
w

GFP SIAH3| GFP SIAH3
24 h 48 h empty

Wt

ASZF  ASBS ADIMER Abind
SIAH3
EYFP

empty| SIAH3 [empty| SIAH3
FLAG

[ SIAH3 expression

B ANKRD1 expression [ SIAH3 expression

B ANKRD1 expression

(C) 45 FEK

rel. mRNA level

Dox - - + - +
SIAH3_1 SIAH3_2

3d 6d

[ SIAH3 expression
Bl ANKRD1 expression

Fig.24: ANKRD1s upregulated by SIAH3

(A) EGFRSIAH3or EGFRempty were overexpressed in HEK293T cells for 24 dr. 48NA was isolated and

SIAH3aNd ANKRDIMRNA level were determined IRFqPCRSIAHBANKRD Expression was normalised to
ACTBANKRDI1evel for 24h GFP overexpression as wellsddH3evel for 24h SIAH3verexpression were

set to 1.(B) EYFRSIAH3Wt/domain deletion mutants)GSTSIAH3FLAGSIAHr the corresponding empty

controls were overexpressed in HEK293T cells for. Z8NA was isolated al®lAH3and ANKRDINRNA level

were determined byRFqPCRSIAHBANKRD Expression was normalised BCTBSIAH3 primer pair 2 was

used for all constructs exceptfar5 La9w F YR NnoAYRIZ gKSNBE LINAYSNI LI AN ™
assessed with both primers and amplification was set to 1)ARKRD1the level aftelEYFPverexpression

was set to 1All differences between the empty vector aBtAH3verexpression are highly significant (***),
SEOSLII 6 KSNB 2 i KSNB-test)nbiid ErSBIRI5 (L S RCWEREXicdaiRdh gelis QriFEX(

SIAH3 cells (2 different clones) were induced with Dox for 3 or 6 ByA. was isolated an8lAH3and
ANKRDINRNA level were determined By FgPCRSIAHRANKRD lexpression was normalised #@CTB

SIAH3evel ofuninduced SIAH3 1 cells as well as ANKRDL1 level of uninduced control cells was set to 1.
FKFFKFFF AYRAOFIGS GKS aA3stFAOIYyOS tS@Sta olasSR 2y
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3.5 Involvement of SIAH3 Hipposignalling

The effect of SIAH3 oANKRDZExpression, a known target gene of Y@Rsassociated protein

and RASSFiAiménezt al., 2017) hints on an involvement of SIAH3 iippb signalling. Since it is

known that SIAH2 degrades LATE&2ge tumour suppressor kinase @Yla et al., 2015) the
participation of SIAH3 in thigathwaywas investigated. In one experiment, SIAH3 was able to
reduce the degradatie effect of SIAH2 on LATS2 (Fig. 25A), but this result was not reproducible
(Fig. 25B). However, a protemmotein interaction between SIAH3 and LATS2 was found in pulldown
experiments (Fig5CandD), suggesting that SIAH3 influences LATS2 by binding and maybe
inhibiting its phosphorylation rather than preventing SIAiH&diated degradation. Deletion of the
interaction domains of SIAH3 (SZF, SBS or DIMER) abrogated the binding ability almostlgomplete
(Fig.25D). The effector protein of theippo pathway is YAP, which is prevented to shuttle inside

the nucleus when phosphorylatedt ghe end of a phosphorylation cascade, involving LATS2
phosphorylation KHippoon) (Boopathy & Hong, 2019As expected, LATS2 overexpression led to a
decrease in YAP protein level and shifting upwards of the YAP signal. Even though there was no
effect on LATS2 protein level of SIAH3, a slight increase and a downshift of the YAP was detected in
the TREXSIAHS3 cells compared to the signal in the control cellsZblg). This shift may represent

a beginning dephosphorylation of YAP. Despite there was no increase in YAP levels in HEK293T cells
upon SIAH3 overexpression, the slight downshift of the YAP band could also be observed in this
experimental setting (Fi@5F). Induction o8I1AHJ3or 3-6 days in TRExX293 cells yielded the slight
downshift of YAP, too (Fig5G). Moreover, after lays a small increase in YAP signal occurred in

the TREXSIAHS3 cells compared teRIEX control cells.

Even if these results need more support and further examination, these observations give hints that
SIAH3 may activate YAP by inhibiting the phosphorylation cascade through the interaction with
LATS2.
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Fig.25: SIAH3 is involved iHlipposignalling

(A) SIAH3 reduced the degradation effect of SIAH2 on 2ZANB analysis ofFLAGLATS2, FLAGIAH2

(Wt/Rm) and GSBIAHJ37h) overexpressionn HEK293T ce)l{B) No Effect of SIAH3 on the degradation

of LATS2 by SIAH2 was detect®dB analysis ofFLAGLATS2, FLA®AH2 (Wt) and GSTAH3(48h
overexpressionin HEK293T ce)ls(C) SIAH3 interacts with LATS@&STpulldown (PD)of GSTSIAH3
coexpressed witHFLAGLATS2 in HEK293T cells foh3(D){ L! | o Qa { %LCX { . { YR 5La
necessary for the interaction with LATS2. @8ldownof GSTSIAH3 (Win { 2CX p{ ..{SIBH3wWEsSL a 9 w1
coexpressed withrLAGLATS2 HEK293T cells for 24 (E)LATS2 and (leaky) SIAH3 affect Y¥®analysis

of FLAGLATSoverexpressed in-REXSIAH3 cells (@fferent clones) or control cellSIAH3 was induced by

Dox for 3days. (F) SIAH3 leads to a small downshift of the YAP sigha.analysis ofEYFFSIAH3
overexpressed in HEK293T cells foh24G) SIAH3 leads to a downshift of the YAP signé.analysis of
T-REXSIAHS3 cells (@ifferent clones) or ARex control cellsnduced with Dox for 3 or @ays.

* unspecific bands. GSTSIAH3 was under detection limidlsedABsareindicated in parentheses = anti.
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