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1 Introduction

1.1 Identification, isolation and characterization of the NOT gene

1.1.1  The lethal(2)neighbour of tid (I(2)not) gene from Drosophila

Seminal work on the genetic, cytogenetic, and molecular identification of the Drosophila
melanogaster (Dm) tumor suppressor gene I(2)tid (lethal(2)tumorous imaginal discs), a member
of the DnaJ co-chaperone family (Kurzik-Dumke et al. 1995), yielded identification and isolation
of the 1(2)not (lethal(2)neighbour of tid) gene (Kurzik-Dumke et al. 1997). Later on, the same
group isolated the NOT gene also from Drosophila virilis (Dv) (Kaymer et al. 1997) and man
(Kurzik-Dumke and Kaymer 1996). Interestingly, the two evolutionary conserved genes I(2)tid and
[(2)not are organized as “gene within gene” (Kurzik-Dumke et al. 1997). The 1(2)tid gene resides
within the 2645nt intron of I(2)not on its antisense strand. In addition, a further gene named
[(2)relative of tid (I(2)rot) is located in the intron of I(2)not on the sense strand. As I(2)rot is
complementary to 1(2)tid and is only transcribed but not translated, it might act as an antisense
regulator of 1(2)tid (Kurzik-Dumke et al. 1997). This nested gene arrangement only exists in the
Schizophora section of the Diptera order (which includes Drosophilidae and Tephritidae) and is
not conserved in any other species. As shown in the fly, I(2)not encodes a 510 amino acid (aa)
protein with a putative molecular weight of 56kDa, NOT56 (Kurzik-Dumke et al. 1997). It contains
four transmembrane (TM) domains and three putative membrane-associated domains, the arginine-
glycine-aspartate-threonine (RGDT) motif responsible for cell surface signaling, and a C-terminal
KKLQ-motif necessary for localization within the endoplasmic reticulum (ER). The ER localiza-
tion was confirmed by electron microscopy analysis (Kurzik-Dumke et al. 1997). In Dm the 1(2)not
transcript is expressed ubiquitously in all developmental stages, but the protein can only be detected
in embryonal stages (Kurzik-Dumke et al. 1997). Genetic analysis performed using diverse Dm
strains argue for a functional relationship between I(2)tid and 1(2)not (Kurzik-Dumke 1996).

1.1.2  The human NOT gene

The human counterpart of the 1(2)not gene, NOT (ALG3, CDG1D, CDGS4, Not56, NOT56L,
D16Ertd36e), is located on chromosome 3, region 3927.1 (NCBI Gene ID: 10195) and spans 6.9kb
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Fig. 1 Schematic representation of the NOT chromosomal organization. The NOT gene (NCBI Gene
ID: 10195) is located on chromosome 3 (Reference: NC_000003.12), depicted area: 184242329nt (8) to
184293031nt (88). The ATG of NOT-1, -2, and -5 () is located at nt 184248940 (+1). The ATG of NOT-4
(ee) is located 337nt upstream the NOT-1 ATG at nt 184249277. The first exon (E1) of NOT-4 ends 285nt
(00) upstream NOT-1 ATG. NOT-1 and -4 share the stop codon at nt 184242516 (o). The stop codon of
NOT-2 is located at 184245776nt (4), the stop codon of NOT-5 at nt 184245490 (0). The ATG of ECE2
variants 1 (NM_014693.3) and 3 (NM_032331.3) is located at nt 184249695 (A), the ATG of variants 2
(NM_001037324.2), 4 (NM_001100120.1), and 5 (NM_001100121.1) at nt 184276154 (V). The stop
codon for variant 3 is located at nt 184258573 (A), the stop codon for variants 1, 2, 4, and 5 is located at nt
184292236 ( V). The CAMK2N2 gene is located in the intron between exon3 and 4 of ECE2 on the NOT
strand spanning nts 184261463 (#¢) — 184259215 (¢0). The CAMK2N2 start codon is located at nt
184261285 (oo), the stop codon at nt 184260159 (o).

(Fig. 1). In close proximity another gene, ECE2 (endothelin converting enzyme 2, NCBI Gene ID:
9718), is located upstream on the opposite strand spanning 42.5kb (Fig. 1). ECE2 is a type 2 integral
membrane zinc-dependent metallopeptidase that is involved in processing of the endothelins, short
vasoconstricting peptides, which can also work as neuropeptides (Lorenzo et al. 2001). In addition,
structural analysis indicates methyltransferase activity through a conserved S-adenosyl-L-
methionine (SAM)-dependent methyltransferase (SAM-MT) domain (Tempel et al. 2009). ECE2
downregulation has been linked to Alzheimer’s disease (Weeraratna et al. 2007). Between exons
3 and 4 of ECE2 the CAMK2N2 (calcium/calmodulin-dependent protein kinase Il inhibitor 2,
NCBI Gene ID: 94032) gene is located on the same strand as NOT. Calmodulin-dependent kinase
Il is a multifunctional serine/threonine kinase, which integrates intracellular Ca®* signals into
diverse cellular processes like transcription, cell survival, apoptosis and cytoskeleton organization
as well as synaptic plasticity and spatial memory (Swulius and Waxham 2008). In the case of NOT
four different splice variants have been isolated (Fig. 1). The first was NOT-1 (Kurzik-Dumke and
Kaymer 1996; GenBank: Y09022.1) corresponding to the I(2)not gene (Kurzik-Dumke et al. 1997).

In 1999 NOT-2 was isolated from pooled pancreasand spleen of a 28-year-old male (Strausberg
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Fig. 2 Schematic representation of NOT splice variants. (A) Exon-intron structure and size of the ten
exons of the NOT gene on chromosome 3, positions relative to the first ATG (ee). (B) Exon composition
of the different NOT splice variants. The forms 1, 2, and 5 share the same first exon and ATG at 338nt (e).
The NOT-4 variant lacks this exon and contains a different first exon and start codon (ee). The variants 1
and 4 contain the same TGA stop codon at 6762nt (o). The NOT-2 splice variant contains a shortened first
exon (lacking the last 36nt) which leads to a frameshift and premature stop codon at 3502nt (#). The NOT-
5 variant lacks the second exon as compared to NOT-1. This leads to a frameshift and a premature TGA
stop codon at 3790nt (0).

1999; GenBank: BM920198.1). As compared to NOT-1, this variant has a shortened first exon
caused by a cryptic splice site leading to a premature stop codon (Denecke et al. 2004; Fig. 2). The
NOT-4 isoform, which differs from NOT-1 by using an alternative first exon, was isolated from
human placenta in 2001 (Li et al.; GenBank: BX339649.2). NOT-4 is the only variant besides NOT-
1 that contains a full-length open reading frame (ORF) (Fig. 2). The alternate first exon of NOT-4
does not cause a frameshift in the shared sequence. The NOT-5 transcript was isolated first from
fetal brain in the context of a human cDNA sequencing project focused on splicing variants (Isogai
and Yamamoto 2007; GenBank: AK299575.1). As compared to NOT-1, this isoform lacks exon 2
leading to a pre-mature stop codon. RNA-seq data shows that NOT is constantly expressed across
different tissues, including adrenal, adipose, brain, breast, colon, heart, kidney, lung, lymph, ovary,
prostate, skeletal muscle, testes, thyroid, and white blood cells with highest expression in liver
(Asmann et al. 2012). High NOT expression was also detected in embryonic stem cells (H1-hESC)
(Djebali et al. 2012). Hoffman et al. (2008) found upregulation of NOT in the endocrinic and
exocrinic precursor cells at the early stages of pancreas development. Recent investigations of NOT
expression in diverse human epithelial- and blood tumor-cells derived from colon, skin, lung,

cervix, and breast carcinomas showed abnormal profiles for NOT splice forms as compared to
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Tab. 1 NOT copy number variations in diverse cancers according to the COSMIC Database

Tissue Samples Amplification Deletion Loss of heterozygosity
Breast 900 9 (1%)

CNS 787 11 (1.4%)

Cervix 171 35 (20.47%)

Endometrium 405 15 (3.7%)

Haematopoeitic +

lymphoi dp 277 1 (0.36%)

Kidney 411 0 1 (0.24%)

Large Intestine 585 0 1 (0.17%) 1 (0.2%)
Lung 986 149 (15.11%) 2 (0.2%)
Esophagus 95 11 (11.58%)

Ovary 708 39 (5.51%) 2 (0.3%)
Skin 380 2 (0.53%)

Stomach 339 11 (3.24%)

Upper aerodigestive 440 56 (12.73%)

tract

Urinary tract 219 3(1.37%)

normal cells (Kurzik-Dumke, personal communication). This is in accordance with published data
which shows significant NOT overexpression caused by amplification of its genomic region in
esophageal squamous cell carcinoma, especially in patients with lymph node metastases (Shi et al.
2014). Extensive sequencing analysis of millions of different tumor samples and whole cancer
genomes (Forbes et al. 2015; The Catalogue of Somatic Mutations in Cancer (COSMIC) database:
http://cancer.sanger.ac.uk/cancergenome/projects/cosmic/) revealed that NOT amplification is also
prevalent in cancers originating from the cervix, lung, and upper aerodigestive tract whereas loss
of heterozygosity or deletions are not common (Tab. 1). In contrast, nonsense mutations are not
found and missense point mutations are infrequent among diverse cancers (Tab. 2). The NOT
proteins share common features with the fly’s NOT56 protein (Ch. 1.1.1). They consist of 438 aa
(NOT-1) or 391 aa (NOT-4) including high amounts of the amino acids leucine (18% for NOT-1
and 17.6% for NOT-4 in man, 16.6 in Dm) and alanine (8.0% for NOT-1 and 7.2 for NOT-4 in
man, 8.2% in Dm). To date, there are almost no published reports about the function(s) of the NOT
proteins. A search for sequences homologous NOT revealed 34% identity with the ALG3 from
yeast (Kurzik-Dumke et al. 1996; 1997), a protein which is associated with the N-glycosylation
machinery in the ER and conserved across species (Aebi 2013).
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Tab. 2 Detected missense mutations in the NOT gene according to the COSMIC database

Tissue
L Biliary Brain Breast Endome. Intestine Kidney Liver Skin Stomach Thyroid

NOT-1 1 4 1 1 7 3 2 3 6 2 1
Samples 125 1910 1265 602 1052 1203 1270 1593 805 Sk 550
% mut. 0.8 021 0.08 0.17 0.67 025 0.16 0.19 0.75 0.36 0.18

NOT-4 0 4 1 0 7 3 2 3 5 2 1
Samples 125 1910 1265 602 1052 1203 1270 1593 805 Sk 550
% mut. 0 021 0.08 0 0.67 025 0.16 0.19 0.62 0.36 0.18

1: Mutations refer to amino acid changes with respect to the NOT-1 reference sequence (NCBI: Y09022.1).
Three mutations (S13N found in the biliary tract, A65T found in skin and F104T found in the endometrium)
are specific for NOT-1 and its derivatives. Endome.: Endometrium.

1.1.3  The role of ALG3 in the eukaryotic N-glycosylation pathway

The most prevalent form of post-translational protein modification is the addition of a preformed
uniform oligosaccharide to the side chain amide group nitrogen of an asparagine (Asn/N) called
N-linked glycosylation or N-glycosylation (Weerapana and Imperiali 2006). N-glycosylation is
carried out by the 13 members of ALG (asparagine linked glycosylation) gene family. ALG genes
code for different glycosyltransferases, which catalyze the step-wise assembling of the branched
oligosaccharide GlcsMangGIcNAC: to the isoprenoid lipid dolichol-phosphate (Dol-P) starting at
the cytoplasmic site of the ER and ending on its luminal site (Fig. 3) (Aebi 2013). After completion
of LLO biosynthesis the oligosaccharide is transferred en bloc by the oligosaccharyltransferase
complex (OST) onto selected target sites with the consensus N-glycosylation motif N-X-S/T (X
can be any amino acid but proline) (Aebi 2013). Within the process of N-glycosylation NOT/ALG3
is assumed to represent the mannosyltransferase that catalyzes the addition the sixth mannose to
the MansGIcNAc, oligosaccharide via an a-1,3 glycosidic bond (Aebi 2013) (Fig. 3). This
assumption is based on the observation that the NOT/ALG3 gene complements the defective
biosynthesis of dolichol-linked oligosaccharides which leads to the accumulation of the lipid-
linked glycan MansGIcNAc, and underglycosylated secretory proteins in the alg3_1 mutant
Saccharomyces cerevisiae strain (Aebi et al. 1996). The reverse approach, deletion of NOT/ALG3
in wild-type yeast cells, which does not result in a selectable growth phenotype, yielded the same
biochemical defects as observed in the alg3_1 mutant (Aebi et al. 1996). However, cells containing

NOT/ALG3 deletions still generate correctly N-glycosylated proteins (Aebi et al. 1996).
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Fig. 3 Schematic representation of the N-glycosylation machinery in the ER. N-glycosylation is the
covalent addition of the preformed oligosaccharide (OS) GlcsManyGIcCNAC; to an asparagine. The OS
contains three branches called a-, b-, and c-antenna. OS-assembling is mediated by the ALG gene family. It
starts on the cytoplasmic site of the ER membrane and ends on the luminal site with the en bloc transfer of
the OS to the target protein by the oligosaccharyltransferase complex (OST). Depending on the function of
the respective glycoprotein the glycan moieties can be further processed in the Golgi by different
glycosyltransferases (MGAT1-6) to either the high mannose, hybrid or complex type. Figure modified from
Varelas et al. (2014).

Complete N-glycosylation is also observed if the NOT/ALG3 homologues in Pichia pastoris
(Davidson et al. 2004), Tripanosoma brucei (Manthri et al. 2008), Aspergillus (Dai et al. 2013),
Arabidopsis thaliana (Henquet et al. 2008; Kajiura et al. 2010), and man (Korner et al. 1999) are
mutated. Interestingly, the described NOT/ALG3 mutations in Arabidopsis thaliana not even
exhibit the underglycosylation of glycoproteins observed in other organisms carrying NOT/ALG3
mutations (Henquet et al. 2008). In fact, the only hint that NOT/ALGS3 actually has glycosyl-
transferase activity comes from the report published by Sharma et al. (2001) who showed that the
introduction of a recombinant NOT/ALG3 expression construct, whose immunoprecipitated
product exhibits glycosyltransferase activity in vitro, restores the wild-type phenotype in the
alg3_1 mutant. In addition, Chen et al. (2014) reported that the rice blast fungus Magnaporthe
oryzae fails to glycosylate the Slpl and Bas4 effector proteins when NOT/ALG3 is mutated. The
N-glycosylation of these proteins is essential for the fungus to evade the innate immune response

of infiltrated host cells. However, the direct in vivo evidence for NOT/ALG3 glycosyltransferase



Introduction 7

activity is still lacking. The available data rather indicates that the activity of NOT/ALG3 is not
essential for the N-glycosylation process and can be adopted, at least in part, by other enzymes of
this cascade. As a consequence, ALG3/NOT possesses further cellular functions besides this
enzymatic activity. One of these potential functions is suggested to depend on the topographic key-
position NOT/ALG3 has within the N-glycosylation pathway. As first mannosyltransferase that
acts on the luminal site of the ER (Snider and Rogers 1984), it might be involved in the yet unclear
translocation of the cytoplasmic LLO or function as a central regulator of glycoprotein synthesis
in general (Aebi 2013 and literature herein). The latter is supported by the observed accumulation
of the intermediate glycan MansGIcNAc: in glucose-deprived wild-type yeast cells (Rearick et al.
1981). Some authors suggest the involvement of NOT/ALG3 in cell wall formation and stability.
As reported by Bailey and Schulz (2013), NOT/ALG3 yeast mutants display an upregulation of
Cis3p (Ccwllp, Pirdp, Ccwbp, Scw8p), a protein known to be involved in maintaining the integrity
and stability of the cell wall (Bailey and Schulz 2013). In addition, the elevated levels of protein
secretion that were observed in NOT/ALG3 mutant A. niger cells were linked to a less stable cell
wall structure normally acting as secretion barrier (Dai et al. 2013). However, it is not clear if the
reported effects of NOT/ALG3 mutations on cell wall integrity are completely, if at all, independent

of glycosylation.

1.1.4  Congenital disorders of glycosylation (CDG)

Defective glycosylation has been linked to various diseases including hereditary metabolic
diseases, neurological and developmental disorders, diabetes as well as cancer (Ohtsubo and Marth
2006). Defective glycosylation caused by genetic deficiencies in single components of the
glycosylation machineries have been summarized in a group of rare hereditary diseases referred to
as congenital disorders of glycosylation (CDG). CDGs exhibit a broad clinical spectrum, ranging
from slight mental retardation to multiorgan dysfunctions and are often associated with infantile
lethality (Haeuptle and Hennet 2009). The most recent nomenclature suggests to name the CDG
by using the official abbreviation of the mutated gene followed by -CDG, e. g. ALG3-CDG (Jaeken
et al. 2008). To date from over 1000 described cases only 12 CDG patients (Tab. 3) are linked to
mutations in the NOT gene (CDG type Id; CDG-Id; ALG3-CDG) (Lepais et al. 2015). The
observed cases share similar symptoms like psychomotor retardation, microcephaly, facial

dysmorphism, hypotonia, and visual impairment, whereas also case-specific symptoms like bone
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Tab. 3 Documented cases of ALG3-CDG (CDG-I1d)

Mutation Zygosity Gender  Age?® Reference
CDSs! Protein
G353A  G118D homozygous male ly Stibler et al. (1995)
G353A  G118D homozygous male 5y Korner et al. (1999)
C165T - homozygous male 6y Denecke et al. (2004)
G512A  R171Q  homozygous  female  19d® Sun et al. (2005)
C796T R266C homozygous female 4y Schollen et al. (2005)
T211C W71R heterozygous male 9y Kranz et al. (2007)
T470A M157K  heterozygous  female Ty Kranz et al. (2007)
C116T/  P39L/ heterozygous male 5y Rimella-Le-Huu et al. (2008)
G512A  R171Q
T206C 169T heterozygous  male 21y Riess et al. (2013)
T626C M209T  heterozygous  female 15y Riess et al. (2013)
G286A  G96R homozygous male 25WG*  Lepais et al. (2015)
G286A  G96R homozygous female 12d° Lepais et al. (2015)

1: Positions in nt with respect to ATG of NOT-1 (NCBI: Y09022.1); 2: Age at documentation, y: Years; d:
Days; 3: Deceased 19d after birth; 4: Symptoms detected 23 weeks after gestation (WG), termination of
pregnancy was performed 25WG; 5: Patient was born 36 WG, deceased 12d after birth.

dysplasia, cataract, corneal opacities, pons hypoplasia, and epilepsy are observed (Lepais et al.
2015). In most cases the observed mutation is homozygous and leads to an amino acid substitution
in a putative non-transmembrane part of the protein (Tab. 3). Nevertheless, the causal role of these
mutations for the observed CDG phenotypes has still to be demonstrated especially with respect to
the case published by Denecke et al. (2013) where the described phenotype is linked to a silent
NOT mutation (Tab. 3).

1.2 Eukaryotic gene regulation on the transcript level

As it is an integrant part of this thesis, this section will give an overview of transcription in
eukaryotes. The expression of each eukaryotic gene is controlled at different levels by a variety of
mechanisms like transcription initiation and elongation, transcript maturation (e. g. capping,
(alternative) splicing, polyadenylation, RNA editing), protein translation, and post-translational
protein modification (Maston et al. 2006). However, transcription is considered to be the most
important of these regulatory mechanisms (Maston et al. 2006). Transcription is the synthesis of a
functional RNA from a DNA template by structurally related multiprotein complexes termed

nuclear DNA-dependent RNA polymerases (Pol) to read out the genomic information encoded in
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Fig. 4 Schematic representation of the regulatory region of Pol Il-dependent promoters. Pol II-
dependent promoters are grouped into the core promoter, the proximal promoter, and the distal promoter.
This classification roughly depends on the distance of regulatory elements from the transcription start site
(+1). The core promoter contains combinations of conserved binding elements like the TATA box, the
Initiator element (Inr), the Downstream Promoter Element (DPE), the Downstream Core Element (DCE),
TFIIB-Recognition Element (BRE), and Motif Ten Element (MTE). The DCE element is shown on a
separate bar for illustration only. Presumably, the DCE element is not present in core promoters containing
the MTE and/or DPE element. The indicated positions are relative to the start codon and reflect the region
in which the first nt of the respective element is typically located. Regulatory elements up to 1kb upstream
the core promoter are summarized as the proximal promoter. The core and the proximal promoter are often
combined as “promoter”. Distal regulatory elements (including locus control region (LCR), insulators,
silencers, and enhancers) are all elements which regulate the respective gene of interest and are located
outside the 1kb promoter. Enhancers (stimulating) and silencers (repressing) can influence target gene
transcription independent of their location (upstream/downstream) or orientation (cis/trans) in an additive
manner (Shlyueva et al. 2014). kb: Kilobase; N: Any nucleotide. (Figure adapted from Maston et al. 2006).

DNA. All protein coding genes (and also some noncoding RNAs (ncRNAs) and micro RNAs
(miRNAS)) are transcribed by Pol Il into messenger RNAs (mMRNASs) (Hsin and Manley 2012). The
regulatory information necessary for Pol 11 to initiate transcription is encoded in the DNA sequence

upstream of the gene’s coding region termed promoter (Hernandez-Garcia and Finer 2013). Gene
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promoters contain multiple cis-acting protein binding sites which provide the code that dictates
when, where, and at what level specific genes are transcribed (Fuda et al. 2009). Promoters are
typically partitioned into the core promoter, the proximal promoter, and the enhancer- and/or
silencer-containing distal promoter (Maston et al. 2006; Fig. 4). As they are not relevant for this
thesis, the locus control regions (LCR) and insulator elements found in distal promoters will not
be addressed further (For review see Maston et al. 2006). The core promoter is defined as the
genomic sequence in the immediate vicinity of the transcription start site (TSS) which is sufficient
to assemble the Pol 1l machinery (Fuda et al. 2009). Because the Pol Il itself is not able to recognize
the TSS, core promoters contain distinct DNA-binding elements in various combinations that
orchestrate the assembly of the preinitiation complexes (PICs) composed of the general
transcription factors (GTFs) TFIID, TFIA, TFIIB, TFIIF, TFIIH, and TFIIE and their coactivators
to navigate the Pol Il to the TSS (Narlikar and Ovcharenko 2009; Fig. 5). The most common core
promoter elements are the TATA box (also named the Goldberg-Hogness box after its discoverers),
the Initiator element (Inr), the Downstream Promoter Element (DPE), the Downstream Core
Element (DCE), TFIIB-Recognition Element (BRE), and Motif Ten Element (MTE) (Roy and
Singer 2015; Fig. 4). With the exception of the BRE, which is specifically recognized by TFIIB,
all other core promoter elements described are TFIID-interaction sites (Maston et al. 2006).
Although several of these interchangeable elements have been identified, growing evidence from
genome-wide studies shows that many genes do not have any of these core promoter elements, e.
g. only 5-7% of eukaryotic and less than 10% of human promoters contain a TATA box (Roy and
Singer 2015). Independent of the core promoter composition, the binding of the multisubunit
complex TFIID is the first step in the sequential PIC assembly (Maston et al. 2006; Fig. 5A). The
prototypic TFIID complex consists of the TATA-box-binding protein (TBP) and a set of TBP-
associated factors (TAFs) (Maston et al. 2006). An increasing number of cell type-specific and
gene-selective homologs of TFIID components, including additional members of the TBP family
such as TBP-related factors (TRFs) as well as numerous tissue-specific homologs of TAFs, allow
PIC assembly in cases where core promoter elements like the TATA box are lacking (Hochheimer
and Tjian 2003). Stability of the promoter bound TFIID is then reinforced by binding of TFIIA and
TFIIB to TBP (Bywater et al. 2013). TFIIB can also contribute to TFIID stability by binding to
adjacent BRE elements (Luse 2014). Another crucial function of TFIIB is the loading of the Pol
I1-TFIIF complex into the PIC (Luse 2014). As interactions between Pol 1I-TFIIB and TFIIF-TFIIB
put the DNA near the active site of Pol Il, TFIIB is suggested to be responsible for
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Fig. 5 Assembly of the Pol Il preinitiation complex and its association with other activators to initiate
transcription. (A) The preinitiation complex (PIC) is sequentially assembled by the general transcription
factors (GTFs) TFIID, TFHA, TFIIB, TFIF, TFIIH, and TFIIE on the core promoter (For details on the
BRE, TATA, Inr, MTE, and DPE elements see Fig. 4). The PIC serves as a platform to guide in cooperation
with DNA-bound transcription factors (TF), their coactivators, and regulatory complexes (e. g. the mediator
complex) the RNA polymerase Il to the transcription start site (TSS). (B) For proper transcription the
regulatory signals from distant bound TFs and the PIC have to be integrated. This is achieved by the multi-
subunit Mediator complex via formation of a “gene-loop” that juxtaposes the proximal and distal promoter
regions with the core promoter. The Mediator complex also contains regulatory subunits like the CDK8
(cyclin-dependent kinase 8) module to influence the activating or repressing action of DNA-bound TFs via
phosphorylation. The regulatory elements are made accessible by reversible histone modification (Me:
Methylation; Ac: Acetylation; Ch. 1.3.2). Figures adapted from Maston et al. (2006) in (A) and Bywater et
al. (2013) in (B).

TSS selection (Kornberg 2007). PIC assembly is completed by recruitment of TFIIE and TFIIH.
The DNA-binding factor TFIIE is primarily considered to be the loading factor for the TFIIH
helicase complex but also promotes transcription and DNA melting on TFIIH-independent
promoters (Luse 2014). The assembled PIC can only initiate low levels of transcription (basal
transcription) (Maston et al. 2006). The major impact on transcriptional activity is conferred by
sequence-specific DNA-binding proteins termed transcription factors (TFs) which bind alone, as
dimers, or in complexes to their cognate recognition elements in the proximal promoter regions or
to enhancers and silencers (Maston et al. 2006). These TF-binding sites are modular and
degenerated 6-12bp recognition sequences, although binding specificity is usually dictated by no
more than 4-6 positions within the site (Maston et al. 2006). Most TFs can be grouped according
to their conserved DNA-binding domains like cysteine-rich zinc finger, homeobox, helix-loop-
helix (HLH), or basic leucine zipper (bZIP) DNA-binding domain (Maston et al. 2006). In
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eukaryotes the transcription of a target gene is rarely controlled by a single TF, but rather by the
integration of different cooperative TF binding events (Narlikar and Ovcharenko 2009). To
effectively stimulate transcription, TFs normally contain a separable activation domain to interact
with the PIC and/or further coactivator molecules or regulatory complexes (Maston et al. 2006).
The most important regulator found at almost all Pol Il-dependent eukaryotic promoters is the
multisubunit Mediator complex (Conaway and Conaway 2011), which cooperates with cohesin to
form the “gene loop” (Fig. 5B) (Poss et al. 2013). This loop juxtaposes the occupied distal,
proximal, and core promoter regions and allows the establishment of protein-protein interactions
between the distantly bound TFs and the PIC components to relay and to integrate all regulatory
signals needed for proper transcription initiation (Poss et al. 2013). Besides its scaffolding
functions, the Mediator complex can positively and negatively influence TF signals in a gene- and
context-specific manner through phosphorylation using its CDK8 (cyclin-dependent kinase 8)
module (Poss et al. 2013). If the regulatory complex was established correctly, the transcription
cycle proceeds through a series of steps, including promoter melting, Pol 11 clearance and escape,
before a fully functional RNA polymerase Il elongation complex is formed (Maston et al. 2006).
The exact mechanism of transcription termination is still not understood in detail (Porrua and Libri
2015). The current model suggests that termination requires cis-acting DNA elements like an intact
polyadenylation (polyA) signal and is coupled to Pol Il-dependent 3"-end processing of the pre-
MRNA via the cap-binding complex (CBC)-ARS2 pathway (Porrua and Libri 2015).
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2 Aims of this thesis

The human NOT gene (Kaymer and Kurzik-Dumke 1997) is the homologue of the 1(2)not gene
which has been originally identified in Drosophila (Kurzik-Dumke et al. 1997). The elucidation of
the cellular functions of the human NOT proteins is subject of current research in the Kurzik-
Dumke group. The relevance of the NOT proteins in tumorous growth has been suggested by
altered NOT expression patterns in diverse cancers and tumor cells. The identification of 17
physiological binding partners of NOT, among them essential components of the MEK-ERK,
Hedgehog (Hh)/Patched (Ptc) and PISK-AKT-mTOR signaling pathways (Hacker and Kurzik-
Dumke, personal communication; B. Hacker, PhD thesis: Beitrag zur Aufklarung der zelluldren
Rolle des humanen neighbour of tid (not) Gens, 2016) supports this finding. The above data
substantiate the necessity to elucidate the yet unknown regulatory mechanisms controlling the
expression of the NOT gene in a cell-specific manner. In this context, the subject of this thesis is
the identification of proteins binding the promoter of the human (h) and murine (m) NOT gene.
Potential transcription factor binding sites within a putative 1.15kb promoter region of h and m
NOT are first predicted by bioinformatics tools. Furthermore, the binding sites for the factors
identified are then confirmed using in vitro and in vivo DNA-binding assays. In addition, the
functional relevance of the detected protein-DNA interactions for NOT transcription in vivo is
assessed by pharmacological manipulation or biological depletion of the identified transcription
factors or of essential signaling components regulating their activity. The results of the experiments

will provide the first insight into the cell-specific regulation of the NOT gene.
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3 Materials and Methods
3.1 Chemicals, consumable supplies, solutions and media
3.1.1  Chemicals

Acetic acid glacial 100% (C2H405)
Acrylamid/Bisacrylamid (37.5:1)

L-adenine hemisulfate

L-arginine HCI

Agar-Agar

Agarose NEO Ultra-Quality

AgaroseTM LE GQ (low electroendosmosis)
6-Aminohexan acid

3-Amino-1,2,4-triazole (3-AT)

Ammonium peroxosulphate (APS)
Ampicillin

Boric acid (H3BOs)

Bovine Serum Albumin (BSA)
5-Bromo-4-chloro-3-indolyl phosphate (BCIP)
Bromophenol blue

Buffer solution pH 4.00 + 0.02 (20 °C)
Buffer solution pH 7.00 + 0.02 (20 °C)
Buffer solution pH 9.00 + 0.02 (20 °C)
1-Butanol (CsH100)

Caffeine (1,3,7-Trimethylxanthine; CgH10N4O>)
Calcium chloride dihydrate (CaCl, - 2 H20)
Chloramphenicol

cOmplete Protease Inhibitor Cocktail Tablets
Deoxynucleotidtriphosphate Mix (dNTPSs)
N,N-Dimethyl formamide (DMF)
Diethanolamine (HN(CH2CH20H),)
Dimethyl sulfoxide (DMSO)

Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe
Sigma-Aldrich, Steinheim
Sigma-Aldrich, Steinheim

Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe
Thermo Scientific GmbH, Dreieich
Merck KGaA, Darmstadt

Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe
Sigma-Aldrich, Steinheim
Sigma-Aldrich, Steinheim

Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe
Sigma-Aldrich, Steinheim

Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe
Roche Pharma AG, Grenzach-Wyhlen
Thermo Scientific GmbH, Dreieich
Carl Roth GmbH & Co. KG, Karlsruhe

Sigma-Aldrich, Steinheim
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Disodium hydrogen phosphate heptahydrate
(Naz2H2POg4 - 7 H20)

1,4-Dithiothreitol ((2S,3S)-1,4-bis(sulfanyl)
butane-2,3-diol; C4sH1002S;)

Ethidium bromide (EtBr)

Ethanol absolute, >99.8 % (C2HsO)
Ethanol denatured, >99.8 % (C2HsO)
Ethylenediaminetetraacetic acid (EDTA)
Formaldehyde sol. 37%

D(+)-Glucose monohydrate (CeH1206 - H20)
Glycerol (CsHgOs3)

Glycine (C2Hs03)

HEPES (4-(2-hydroxyethyl)-1-piperazine-
ethanesulfonic acid; CgH1sN204S)

Herring testes carrier DNA (10mg/ml)
HiPerFect Transfection Reagent
L-histidine HCI monohydrate
Hydrochloric acid 37 % (HCI)

I-Block™ Protein-Based Blocking Reagent
L-isoleucine

Kanamycin

L-leucine

Lithium acetate dihydrate

Lithium chloride (LiCl)

L-lysine

Magnesium chloride hexahydrate

(MgCl2 - 6 H20)

Manganese(ll)-chloride tetrahydrate
(MnCl; - 4 H20)

2-Mercaptophenol (C2HsOS)

Methanol (CH4O)

L-methionine

Merck KGaA, Darmstadt

Carl Roth GmbH & Co. KG, Karlsruhe

Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe
Merck KGaA, Darmstadt

Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe

Carl Roth GmbH & Co. KG, Karlsruhe
Qiagen, Hilden

Sigma-Aldrich, Steinheim

Carl Roth GmbH & Co. KG, Karlsruhe
Life Technologies GmbH, Darmstadt
Sigma-Aldrich, Steinheim

Carl Roth GmbH & Co. KG, Karlsruhe
Sigma-Aldrich, Steinheim

AppliChem GmbH, Darmstadt

Carl Roth GmbH & Co. KG, Karlsruhe
Sigma-Aldrich, Steinheim

Merck KGaA, Darmstadt

Carl Roth GmbH & Co. KG, Karlsruhe

Sigma-Aldrich, Steinheim

Carl Roth GmbH & Co. KG, Karlsruhe
Sigma-Aldrich, Steinheim
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MOPS (3-(N-morpholino)propane-
sulfonic acid; C7H1sNO4S)

Nitroblue tetrazolium chloride (NBT)
Nitrogen (N2), liquid

p-Nitrophenyl phosphate (pNPP) tablets
Nonidet P-40 (NP-40) / IGEPAL CA-630
Parthenolide (C15H2003)
Penicillin/Streptomycin
Phenol/Chloroform/Isoamyl alcohol (25:24:1)
L-phenylalanine

Phenylmethylsulfonyl fluoride (PMSF)
Poly(deoxyinosinic-deoxycytidylic) (d1dC)
Polyethylene glycol wt 3.350 (PEG)
Potassium chloride (KCI)

2-Propanol

Rubidium chloride (RbCl)

SDS ultra-pure (Natriumdodecylsulfate)
Skim Milk

Sodium acetate (C2H3NaOy)

Sodium chloride (NaCl)

Sodium dihydrogen phosphate dihydrate
(NaH2PO4 - 2 H20)

Sodium hydroxide (NaOH)

TEMED (N,N,N',N'-Tetramethylethylendiamin;
CsH1sN2)

L-threonine

Trichlormethane / Chloroform (CHCIs)
TRIS (2-Amino-2-hydroxymethyl-propane
-1,3-diol; C4sH11NO3)

Trisodium citrate dihydrate

(NasHCeHs07 - 2 H20)

TRIzol® Reagent

Carl Roth GmbH & Co. KG, Karlsruhe

Sigma-Aldrich, Steinheim

Linde AG, Wiesbaden

Sigma-Aldrich, Steinheim
Sigma-Aldrich, Steinheim
Sigma-Aldrich, Steinheim
Sigma-Aldrich, Steinheim

Carl Roth GmbH & Co. KG, Karlsruhe
Sigma-Aldrich, Steinheim

Active Motif, La Hulpe (Belgium)
Santa Cruz Biotechnology, Heidelberg
Sigma-Aldrich, Steinheim

Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe
Sigma-Aldrich, Steinheim

Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe

Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe

Sigma-Aldrich, Steinheim
Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe

Carl Roth GmbH & Co. KG, Karlsruhe

Life Technologies GmbH, Darmstadt
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Trypane blue solution, 0.4%
Tryptone/Peptone from Casein
L-tryptophan

Tumor necrosis factor a (TNFa)

Tween 20 (Polyoxyethylene (20) sorbitan
monolaurate; CsgH114026)

L-tyrosine

L-uracil

L-valine

X-gal (5-Bromo-4-chloro-3-indolyl B-D-galacto-
pyranoside; C14H15sBrCINOs)

Xylene cyanol

Yeast extract

Yeast Nitrogene Base w/o Amino Acids
Zinc chloride (ZnCly)

3.1.2  Consumable supplies
Biodyne® Nylon Transfer Membranes

Cell culture dishes with vents @90mm, @140mm
Cell culture dishes @100 mm / 60 cm? and
@ 150 mm / 147,8 cm?; non-pyrogenic

Cell culture flasks 75cm?; non-pyrogenic
Cell scrubbers 20cm

Centrifuge tubes 15ml, 50ml

Centrifuge tubes 50ml

Disposable cuvettes

Glass beads acid-washed, 425-600 microns
Gloves, nitrile

MicroAmp® Optical Adhesive Film
Microplate, 96well, PS, Streptavidin-coated
Nunc Cryo tubes 2ml

Life Technologies GmbH, Darmstadt
Carl Roth GmbH & Co. KG, Karlsruhe
Sigma-Aldrich, Steinheim
Sigma-Aldrich, Steinheim

Carl Roth GmbH & Co. KG, Karlsruhe

Sigma-Aldrich, Steinheim
Sigma-Aldrich, Steinheim
Sigma-Aldrich, Steinheim
Sigma-Aldrich, Steinheim

Carl Roth GmbH & Co. KG, Karlsruhe
Carl Roth GmbH & Co. KG, Karlsruhe
Becton Dickinson GmbH, Heidelberg

Carl Roth GmbH & Co. KG, Karlsruhe

Pall GmbH, Dreieich
Greiner Bio-One GmbH, Frickenhausen

Greiner Bio-One GmbH, Frickenhausen

Greiner Bio-One GmbH, Frickenhausen
Biochrom AG, Berlin

Greiner Bio-One GmbH, Frickenhausen
Greiner Bio-One GmbH, Frickenhausen
VWR International GmbH, Darmstadt
Sigma-Aldrich, Steinheim

VWR International GmbH, Darmstadt
Life Technologies GmbH, Darmstadt
Greiner Bio-One GmbH, Frickenhausen

Thermo Scientific GmbH, Dreieich
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Parafilm® M

PCR PP-plate for ABI, 384er/96er well
Pipette tips (10ul, 200ul, 1000ul)

PP disposable bags

PP-Safe-lock Reaction tubes (0.2ml, 1.5ml, 2ml)
PP PCR tubes, thin wall 8-strip, 0.2ml
Roti®-PVDF membrane

Serological pipettes (1-25ml)

Siliconized reaction tubes, 1.7ml
Single-use syringes

Sterile syringe filter 0.2um, 0.45um
Whatman filter paper 3MM

X-ray film Fuji SuperRX X-Ray 30x40cm

3.1.3  Equipment

Centrifuges:
Eppendorf 5415R

Mikro Rapid/K
Sigma 3K20

Gel electrophoresis units:

Electrophoresis chamber Horizon 11.14
SE 250 Mighty Small 11
SE 245 Dual Gel Caster

Incubators:
Incubater KBW 720
Mini COz incubator

Laminar airflows:

Laminar airflow cabinet Lamin Air
HLP 2472 GS / HB 2472

Carl Roth GmbH & Co., Karlsruhe
Greiner Bio-One GmbH, Frickenhausen
Starlab GmbH, Ahrensburg

Carl Roth GmbH & Co., Karlsruhe
Eppendorf AG, Hamburg

Thermo Scientific GmbH, Dreieich
Carl Roth GmbH & Co., Karlsruhe
Greiner Bio-One GmbH, Frickenhausen
Active Motif, Belgium

B. Braun AG, Melsungen

Schleicher & Schull GmbH, Dassel
VWR International GmbH, Darmstadt
Sigma-Aldrich, Steinheim

Eppendorf AG, Hamburg
Hettich GmbH & Co. KG, Tuttlingen
Sigma Laborzentrifugen GmbH, Osterode

Analytik-Jena AG, Jena
Hoefer, Inc., USA
Hoefer, Inc., USA

Binder GmbH, Tuttlingen
CellStar, Midland (Canada)

Heraeus, Hanau
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Laminar Flow Box antairBSK

Magnetic stirrers:
Ikamag RCT
MR 2002

Microscopes:
Light optical microscope

Light optical microscope Olympus IM

Photometer:

Bio Photometer

NanoDrop 1000 V3.7
Spectrophotometer Novaspec 4049

Pipettes:
Abimed (variable)

Finnpipette (variable)
PIPETBOY acu 2 Integra

Research (variable)

Power supply units:
Phero-Stab 200
E425

Electrophoresis Power Supply EPS 3500

Scales:
Precision scale 510-37
Analytic scale A120S

Thermocyclers / (QRT-) PCR machines:

ABI PRISM 7900HT-Fast RT-PCR System

Kendro, Langenselbold

Janke & Kunkel GmbH, Staufen

Heidolph Instruments GmbH, Schwabach

Leitz, Wetzlar
Olympus, Japan

Eppendorf AG, Hamburg
PegLab, GmbH, Erlangen
LKB Biochrom, England

Abimed Analysentechnik GmbH, Langenfeld

Thermo Scientific GmbH, Dreieich
VWR International GmbH, Darmstadt
Eppendorf AG, Hamburg

Biotech-Fischer GmbH, Reiskirchen
Biotech-Fischer GmbH, Reiskirchen

Pharmacia Biotech, Schweden

Kern & Sohn GmbH, Balingen
Sartorius AG, Gottingen

Life Technologies GmbH, Darmstadt
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Thermocycler Mastercycler gradient 5531
Thermocycler

Vortexer:
VE-2
Reax 2000

Water baths:

2219 Multitemp Il — Thermostatic Circulator
Julabo P

Schiittelwasserbad 3047

Others:

Autoklave Systec V-150

Block Heater

Blotter, semi-dry Novoblot Electrophoretic
ELISA plate reader

Gel documentation system

Mikrowave oven Lunik 200

Nalgene 5100 Cryo 1°C Freezing Container
pH meter pH526

Rotator Reax?2

Shaker Certomat IS

Shaker MaxQ

Synergy Ultrapure Water Systems
UV-Crosslinker BLX-254 BIO-LINK 254 nm
3.14

Computer hardware and software

Adobe Photoshop CS2/3

Eppendorf AG, Hamburg
VWR International GmbH, Darmstadt

IKA Werke GmbH & Co. KG, Staufen
Heidolph Instruments GmbH, Schwabach

LKB Bromma, Schweden
Julabo Labortechnik GmbH, Seelbach

Kottermann AG, Laboreinrichtungen

Systec GmbH, Wettenberg
Stuart Scientific, Surrey, USA
Pharmacia/LKB, Freiburg

Biostep GmbH, Jahnsdorf

Aldi, Mihlheim

Thermo Fisher Scientific GmbH, Dreieich
Labotec Labortechnik Vertriebs GmbH,
Wiesbaden

Heidolph Instruments GmbH & Co. KG,
Schwabach

Sartorius AG, Gottingen

Thermo Fisher Scientific GmbH, Dreieich
Millipore GmbH, Schwalbach

Vilber Lourmat, Eberhardzell

Adobe Systems GmbH
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Chromas 2.3

FastPCR Professional v.5.2.18
Geldocumentation software Phoretix Grabber
Jellyfish software v1.5 5689

Microsoft Office Word 2007

Microsoft Office Excel 2007

SDS 2.4 RT-PCR System Software

Scanner Canon MP630

3.15 Buffers and solutions

Technelysium Pty Ltd.

Primer Digital Ltd.

(NonLinear Dynamics)

BioWire

Microsoft Deutschland GmbH
Microsoft Deutschland GmbH

Life Technologies GmbH, Darmstadt
Canon Deutschland GmbH, Krefeld

All buffers and solutions were dissolved in autoclaved type | H2O (filtered at 18.2 MQ ¢ cm, 25°C,

“ultra-pure water”) and stored at RT unless noted otherwise.

Tab. 4 Buffers and solutions used for DNA/RNA isolation, purification and electrophoresis

Name Components/Storage

EB buffer
Loading Dye, 6x

Solution |
(Resuspension buffer)
Solution 11

(Lysis buffer)

Solution 111
(Neutralization buffer)
TAE, 50x

TE buffer (10x)

Tricine-EDTA buffer
(Clontech)

Tris/HCI (pH 8.5), 10mM
Brompehnol blue, 0.03% (w/v)
Xylene Cyanol FF, 0.03% (w/v)
Glycerol, 60% (w/v)

SDS, 1% (w/v)

EDTA, pH 7.6, 1% (v/v)
storage at +4°C

Tris/HCI (pH 8), 50mM
EDTA, 10mM

NaOH, 0.2M

SDS, 1% (wi/v)

KAc, 3M

pH 5.5 with acetic acid glacial
Tris/HCI, 40mM

Acetic acid glacial, 20mM
0.5M EDTA (pH 8.0), 1ImM
Tris/HCI (pH 8.5), 100mM
EDTA, 10mM

Tricine-KOH pH 8.5, 10mM
EDTA, 1mM
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Tab. 5 Buffers and solutions used for Y1H / Y2H

Name Components/Storage

10x Drop-out solution
(omit aa(s) to be “dropped out”)

LiAc buffer, 10x

PEG/LiAc solution (10ml)

TE/LiAc solution, 1x
X-gal stock solution

Z buffer

Z buffer / X-gal
(X-gal staining solution)

L-adenine hemisulfate, 200mg/L
L-arginine HCI, 200mg/L
L-histidine HCI monohydrate, 200mg/L
L-isoleucine, 300mg/L
L-leucine, 1000mg/L

L-lysine HCI, 300mg/L
L-methionine, 200mg/L
L-phenylalanine, 500mg/L
L-threonine, 2000mg/L
L-tryptophane, 200mg/L
L-tyrosine, 300mg/L

L-uracil, 200mg/L

L-valine, 1500mg/L

storage at 4°C

Lithium acetate, 1M

set pH 7.5 with HCI

PEG 3350, 40% (w/v)
TE-Puffer 1x

LiAc buffer, 1x

LiAc buffer, 2.5x

TE buffer, 2.5x

X-gal, 20mg/ml in dimethylformamide
storage at -20°C, dark

NaHPOg4, 100mM

NaH2PO4, 50mM

KCI, 10mM

Mg2SOs, ImM

set pH 7.0 with HCI and autoclave
Z buffer, 100ml
2-mercaptoethanol, 0.27ml
X-gal stock solution, 1.67ml
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Tab. 6 Buffers and solutions used for western blot
Name Components/Storage

Anode | buffer
Anode |1 buffer
BCIP stock solution
Blocking buffer

Cathode buffer

Laemmli buffer, 5x

Lower Tris, 4x (denaturing)!

NBT stock solution

PBS

PBST

SDS running buffer

Staining Solution

Upper Tris, 4x (denaturing)!

Tris/HCI pH 10.4, 25mM
Methanol, 20% (v/v)

Tris/HCI pH 10.4, 300mM
Methanol, 20% (v/v)

BCIP, 5% in dimethylformamide
storage at -20°C, dark

I-Block, 2% (w/v) in PBS
Tween-20, 0.1% (w/v)
Tris/HCI pH 9.4, 25mM
Methanol, 20% (v/v)
6-Aminohexanoic Acid, 60mM
Tires/HCI, 0.15M

SDS, 5% (w/v)
2-mercaptoethanol, 3% (v/v)
Glycerol, 25% (w/v)
Bromophenol blue, 0.05% (w/v)
set pH 6.8 with HCI

storage at -20°C

Tris/HCI, 1.5M

SDS, 0.4% (wi/v)

set pH 8.8 with HCI

NBT, 5% in dimethylformamide (70%)
storage at -20°C, dark

NaCl, 137mM

KCI, 2.7mM

NazHPO4, 10mM

KH2PQO4, 2mM

set pH 7.4 with HCI

PBS + Tween20, 0.1% (v/v)
Tris/HCI, 25mM

Glycine, 192mM

SDS, 0.1% (w/v)

NBT stock, 66pl

BCIP stock, 44pl

TBS, 10ml

Tris/HCI, 0.5M

SDS, 0.4% (w/v)

set pH 6.8 with HCI

1: For native gels the SDS was omitted (Ch. 3.4.3.4)
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Tab. 7 Buffers and solutions used for colony blot

Blocking buffer BSA, 0.3% (w/v) in TBS
Denaturing solution 11 NaCl, 1.5M

NaOH, 500mM
Neutralization solution NaCl, 1.5M

Tris/HCI, 500mM
set pH 7.4 with NaOH

Denaturing solution | SDS, 10% (w/v)
SSC, 20x NaCl, 3M
Trisodium citrate - 2 H.O, 300mM
TBS Tris, 100mM
NaCl, 100mM
MgCI2, 5mM
set pH 9.5 with HCI
TBST TBS + Tween-20, 0.1% (w/v)

Tab. 8 Buffers and solutions used for protein and chromatin isolation

Name Components/Storage

Cell Scraping Solution PBS, 1x
PMSF, 0.5mM
Fixation Solution Formaldehyde, 1% (v/v)
in cell culture medium
Glycine Stop-Fix Solution Glycine Buffer, 1x (Active Motif)
PBS, 1x
PBS, 10x NaCl, 1.37M
KCI, 27mM

Na;HPO4, 100mM
KH2PO4, 18mM
TKM/NPA40 lysis buffer Tris/HCI, 50mM pH7.5
KCI, 150mM
MgClz, 5mM
NP-40/IGEPAL CA-630, 1% (w/v)
cOmplete Protease Inhibitor Cocktail
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Tab. 9 Buffers and solutions used for EMSA

Name Components/Storage

CREB binding buffer

EGR-1 binding buffer

EMSA Loading Dye, 3%

Lower Tris, 4x (native)

MY CN binding buffer

NFkB binding buffer

Upper Tris, 4x (native)

TBE, 5x

Tris/HCI pH 7.6, 20mM
MgClz, 10mM

NaCl, 120mM
Glycerol, 5% (w/v)
DTT, 0.4% (w/v)

BSA, 10ng/mi

didC, 50ng/ul

HEPES pH 7.5, 25mM
MgCl,, 12.5mM

KCI, 70mM

ZnClz, 10pM

DTT, 1ImM

Glycerol, 5% (w/v)
NP-40/IGEPAL CA-630, 0.1% (w/v)
didC, 50ng/ul

TBE, 1x

Glycerol, 25% (w/v)
Bromophenol blue, 0.05% (w/v)
Tris/HCI, 1.5M

set pH 8.8 with HCI
PBS pH 7.4

BSA, 0.1% (w/v)
Tween-20, 0.05% (w/v)
dIdC, 50ng/ul
Tris/HCI, 10mM

KCI, 100mM

DTT pH 7.5, ImM
Glycerol, 5% (w/v)
MgClz, 5mM
NP-40/IGEPAL CA-630, 0.1% (w/v)
didC, 50ng/ul
Tris/HCI, 0.5M

set pH 6.8 with HCI
Tris/HCI, 450mM
Boric acid, 450mM
EDTA pH 8.3, 10mM
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Tab. 10 Buffers and solutions for Southwestern blot and affinity chromatography using

Dynabeads

Name Components/Storage

B&W buffer, 2x

Coupling buffer

Renaturation buffer
TNED

Tris/HCI pH 7.5, 10mM

NaCl, 2M

EDTA, 1mM

Tween-20, 0.05% (w/v)

BSA, 0.1% (w/v) in PBS pH 7.4
Tween-20, 0.05% (w/v)

Skim milk, 5% (w/v) in TNED
Tris/HCI pH 7.5, 10mM

NaCl, 50mM

EDTA, 0.1mM

DTT, 1ImM

3.1.6  Media and solutions for bacteria and yeast

All media were dissolved in autoclaved type | H20 (filtered at 18.2 MQ « cm, 25°C, “ultra-pure

water”) and stored at 4°C unless noted otherwise.

Tab. 11 Media used for cultivation of yeast cells

Name Components/Storage

SD medium

SD agar

YPD medium

YPDA medium

Yeast nitrogen base w/o aa, 6.7g/L
set pH 5.8 with 10M NaOH
Dropout Solution (10x), 10% (v/v)
Autoclave

Glucose, 2% (v/v), sterile-filtered
Yeast nitrogen base w/o aa, 6.7g/L
Agar, 2g/L

Dropout Solution (10x), 10% (v/v)
set pH 5.8 with 10M NaOH
Autoclave

Glucose, 2% (v/v), sterile-filtered
Peptone, 20g/L

Yeast extract, 10g/L

set pH 6.5 with HCI

Glucose, 2% (v/v), sterile-filtered
YPD medium

Adenine hemisulfate (0.2%), 15ml
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Tab. 12 Media and solutions for generation and cultivation of competent bacterial cells

Name Components/Storage

LB (Luria Bertani) medium

LB (Luria Bertani) agar

RF1 solution

RF2 solution

SOB medium

SOC medium

Tryptone/peptone, 10g/L
Yeast extract, 5g/L

NacCl, 10g/L

set pH 7.5 with 10M NaOH
storage at 4°C
Tryptone/peptone, 10g/L
Yeast extract, 5g/L

NaCl, 10g/L

Agar, 15¢g/L

set pH 7.5 with 10M NaOH
storage at 4°C

RbCI, 100mM

MnClz, 50mM

Potassium acetate, 30mM
CaClz, 10mM

Glycerol, 15% (w/v)

set pH 5.8 with 0.2M acetic acid
filtered with 0.22um filter
storage at -20°C

RbCI, 10mM

MOPS, 10mM

CaClz, 75mM

Glycerol, 15% (w/v)

set pH 6.8 with 0.2M acetic acid
filtered with 0.22um filter
storage at -20°C
Tryptone/Peptone, 20g/L
Yeast extract, 5g/L

NaCl, 10mM

KCL, 2.5mM

MgClz, 10mM

MgSOg, 10mM

set pH 7.5 with 10M NaOH
SOB medium

Glucose, 20mM
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3.1.7 Media and solutions for mammalian cell culture

All media were stored at 4°C with the exception of trypsin and fetal bovine serum (FBS) which

was stored at -20°C. FBS was inactivated at 55°C for 30min.

Tab. 13 Media and solutions for mammalian cell culture

Name Purchased from

BioFreeze Medium (DMSO-free) Biochrom AG, Berlin
DMEM-F12 (with L-glutamine) Sigma-Aldrich, Steinheim
EMEM (w/o L-glutamine) Biochrom AG, Berlin
Fetal bovine serum (FBS) (EU-approved from South America) Biochrom AG, Berlin
HEPES, 1M Sigma-Aldrich, Steinheim
Non-essential amino acids solution, 100x Sigma-Aldrich, Steinheim
PBS (w/o Ca?* and Mg?") Sigma-Aldrich, Steinheim

Penicillin-Streptomycin Mix

(10000u penicillin + 10mg/ml streptomycin in 0.9% NaCl) Sigma-Aldrich, Steinheim

RPMI (with L-glutamine) Sigma-Aldrich, Steinheim
Sodium pyruvate, 100mM Sigma-Aldrich, Steinheim
Ultra-pure water Biochrom AG, Berlin

3.2 Molecular biology tools

3.21 Enzymes
The enzymes which were used in the experiments are grouped according to their functional
characteristics and activity. All enzymes were stored at -20°C with the exception of RNase Tj,

which was stored at 4°C.

Tab. 14 Applied ribonucleases

Name Cleavage activity Purchased from
RNase A sSRNA at C/U Thermo Fisher, Dreieich
RNase H RNA (only in RNA/DNA-hybrids) Active  Motif, La  Hulpe

(Belgium)
RNase T1 SSRNA at G Roche Diagnostic, Mannheim
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Tab. 15 Applied restriction endonucleases

Name Restriction site Purchased from

BamHI (Bacillus amyloliquefaciens) G"GATCC Thermo Fisher, Dreieich
EcoRI (Escherichia coli RY13) GMAATTC Thermo Fisher, Dreieich
Ncol (Nocardia corallina) CACATGG Thermo Fisher, Dreieich
Sall (Streptomyces albus G) G"TCGAC Thermo Fisher, Dreieich
Smal (Serratia marcescens Sb) CCCrGGG Thermo Fisher, Dreieich
Sacl (Streptomyces achromogenes) GAGCT"C Thermo Fisher, Dreieich
Xhol (Xanthomonas vasicola) CATCGAG Thermo Fisher, Dreieich

Tab. 16 Applied polymerases

Name ——— purchasedfiom _____
Advantage 2 Polymerase Mix! Clontech, Heidelberg
HotStarTaq Plus DNA Polymerase Qiagen, Hilden

Klenow fragment (Large fragment of DNA polymerase 1) Thermo Fisher, Dreieich

MMLYV reverse transcriptase (Mouse Moloney murine
leukemia virus)

Tag DNA polymerase, recombinant Thermo Fisher, Dreieich

SuperScript™ II Reverse Transcriptase Life Technologies, Darmstadt
1: Contains TITANIUM™ Tag DNA Polymerase and an undefined proofreading polymerase.

Clontech, Heidelberg

Tab. 17 Other applied enzymes

Name Purchased from

FastAPTM (ThermosenSitive Alka“ne PhOSphataSE) Thermo Fisher’ Dre|elch

DNase | (TURBO DNA-free™ Kit) Life Technologies, Darmstadt
Active Motif, La Hulpe

Proteinase K (Belgium

T4 DNA ligase Thermo Fisher, Dreieich
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3.2.2  Vectors

Positive control vectors for one-hybrid experiments to identify NOT promoter binding proteins and
to map their DNA-interacting domains were taken from the Matchmaker™ One-Hybrid Library

Construction &Screening Kit (Fig. 6).

PminHISS

CENG6/ARS4
3'UTR
&
p53H 1S2 Tinkiss

Kan' 72kb

Hind 11 (1480)

Hind 111 (3146)

(5385)

Fig. 6 Map of the control vectors pS3HIS2 and pGAD-Rec2-53. The p53HIS2 vector is a derivative of
pHIS2.1 (Fig. 11) and contains three tandem repeats of the consensus DNA binding sites for p53 upstream
the minimal promoter of the HIS3 reporter gene. p53HIS2 contains the TRP1 reporter for selection in yeast
and a kanamycin resistance gene (Kan") for selection in bacteria. The pGAD-Rec2-53 vector encodes a
fusion of the GAL4 activation domain (AD) and partial p53 from mouse (aa73-391). pGAD-Rec2-53
contains the LEU2 reporter for selection in yeast and an ampicillin resistance gene (Amp") for selection in
bacteria. Both vectors contain an autonomous replication sequence (ARS4) and a centromeric sequence
(CENG).

Hind Il Hind 11l

Hind 1|

15.3 kb LEUZ

Fig. 7 Map of the vector pCL1. pCL1 is control plasmid encoding the full-length, wild-type GAL4 protein
(Fields and Song 1989). GALA4 is a yeast transcription factor binding to the GAL4-responsive elements or
upstream activating sequence (UAS). pCL1 is used as control in Y2H assays (Ch. 3.4.4).
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NOT promoter fragments were synthesized as pBluescript |1 KS/SK (-) (Fig. 8) constructs.

Pil 129
Adel, Bsadl 232

Pdml 264

Eco31l 2113
Eam11081 2041

Fig. 8 Map of the phagemid vector pBluescript 11 SK/KS (-) (GenBank/EMBL.: X52330). The 2961bp
pBluescript 11 SK/KS (-) phagemid was used in cloning experiments. The MCS (626-701nt) is located within
the lacZ-gene. The “(-)”-sign marks the orientation of the phage f1 intergenic region (IG; -5 to - 96nt),
necessary for the direction of DNA synthesis starting at ori (-). Replication is driven by the pMB1 replicon

and starts at position 1213nt. The bla (ApR) - gene confers resistance to ampicillin.

The full-length cDNA clone encoding EGR-1 (Ch. 3.2.7, Tab. 46) was cloned into pCMV-Sport6

(Fig. 9).
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< ur 1l 524
— Bbs | 960
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polyadenylation signal
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SnaB | 1249
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Fig. 9 Map of the phagemid vector pCMV-SPORT6. The 4396bp phagemid vector pCMV-SPORT6
allows ssDNA replication and packaging into phages and can be used as expression gateway vector.
Expression is driven by the human cytomegalovirus immediate-early gene (CMV) promoter and stopped by
the SV40 polyadenylation signal. T7 promoter and SP6 promoter are used for in-vitro transcription from

both DNA strands. An ampicillin resistance gene (Ap") allows selection. The incA locus determines
incompatibility with and exclusion of other oriC plasmids, assuring that only the pPCMV-SPORT®6 vector

itself is maintained in the cell.
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The full-length MYCN cDNA clone (Ch. 3.2.7, Tab. 46) was cloned into pOTB7 (Fig. 10).

nS3
BamHI 80
/ "

Neol 1659 N

Pwull 1258~

70089 _*
' &
\ \:mn 651

74" , \
Notl 10927 / ’ Sk pBR322 origin
Clal 1080 !

Fig. 10 Map of the gateway vector pOTB?7. In the 1815bp pOTB7 vector (FlyBase ID: FBmc0002960)
transcription of cloned DNA sequences is driven on the sense-strand by the SP6 promoter and on the anti-
sense-strand by the T7 promoter. Replication in bacteria is driven by the pBR322 origin. The
chloramphenicol acetyl transferase from Staphylococcus aureu (CAT protein) confers resistance to
chloramphenicol.

All generated NOT promoter constructs (Ch. 3.3.14.1 and 3.3.14.2) were cloned into the pHIS2.1
vector (Fig. 11).

CEN6/ARS4

BamHI (1433)

7190 bp

Fig. 11 Map of the reporter vector pHIS2.1 used in the yeast one-hybrid assays. The bait sequences
were cloned into the multiple cloning site (MCS) (1-30nt) downstream the minimal promoter (Pminriss). The
7191bp vector contains the nutritional reporter gene HIS3 (135-797nt). This gene encodes the imidazole-
glycerol-phosphate dehydratase Hisp3 that catalyzes the transformation of D-erythro-1-(imidazol-4-yl)
glycerol 3-phosphate to 3-(imidazol-4-yl)-2-oxopropyl phosphate and water, an essential step for histidine
biosynthesis (Alifano et al. 1996). Upon HIS3 activation auxotrophic Y187 cells can grow on media lacking
histidine. HIS3 transcription is stopped by the 3"-UTR and termination sequence (T minriss; 798-1431nt). For
replication and selection in yeast cells, the autonomous replication sequence (ARS4; 5723-6240nt) and the
nutritional marker gene TRP1 (2841-3515) necessary for tryptophane synthesis are integrated. The
centromeric sequence (CENG6; 5723-6240) assures plasmid segregation during mitosis and meiosis (Sikorski
and Hieter 1989). For replication and selection in bacteria, the vector contains the bacterial replication origin
Col E1 ori (4150-4600nt) and a kanamycin resistance gene (Kan'; 4794-5591nt).
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Expression constructs for yeast experiments were cloned (Ch. 3.3.14 and Ch. 3.3.14.3 - 3.3.14.5)
into the pACT2 (Fig. 12) and/or the pAS2-1 vector (Fig. 13).

Nee |
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Hind 1l
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Clal
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Hg;(aigll\
V738 Not 14163)

Not | (a3a5)

Fig. 12 Map of the pACT2 vector. The 8.1kb vector pACT2 (NCBI: U29899; Clontech PT3022-5) was
used in one- and two-hybrid assays to express defined proteins. Proteins are expressed as GAL4 activation
domain (AD) (5081-5419nt; the region corresponds to aa768-881 of the GALA4 transcription factor) fusions.
The expressed proteins are also fused to a hemagglutinin tag (HA; 5042-5068nt). The transcription is driven
by the constitutive ADH1 promoter (Papn1; 5504-5901nt) and stopped by the S. cerevisiae ADH1 terminator
(TaoH1; 4415-4742nt). For nuclear localization the SV40 T-antigen nuclear localization sequence (SV40
NLS; 5424-5478nt) is added to the 5"- end of the GAL4 AD domain. The 2 origin of replication (1-2055nt)
and the pBR322 plasmid replication origin Col E1 ori (6336-6979nt) allow autonomous replication in yeast
and bacteria. The nutritional marker LEU2 (2474-3568nt) is used for selection in yeast. The bla gene (7127-
8052nt) confers ampicillin resistance (Amp") for selection in bacteria.

Xba | 981)
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Fig. 13 Map of the pAS2-1 vector. The 8.4kb vector pAS2-1 (NCBI: U30497; Clontech PT3023-5) was
used in two-hybrid assays to express defined proteins. Proteins are expressed as GAL4 BD (5502-5944nt)
fusions. Transcription is driven by the constitutive ADH1 promoter (Papr1; 5504-5901nt) and stopped by
the S. cerevisiae ADH1 terminator (Tapni; 4767-5474nt). The 2u origin of replication (1-1348nt) allows
autonomous replication in yeast and bacteria. The nutritional marker TRP1 (1884-2256nt) is used for
selection in yeast. The bla gene (7403-8263nt) confers ampicillin resistance (Amp") for selection in bacteria.
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3.2.3  Molecular weight standards

Tab. 18 Molecular weight standards for DNA and protein

Name Purchased from

GeneRuler™ 100 bp Plus DNA Ladder Thermo Fisher, Dreieich
GeneRuler™ 1 kb DNA Ladder Thermo Fisher, Dreieich
A DNA / Hindlll Marker 2 Thermo Fisher, Dreieich
A DNA / EcoRI + Hindlll Marker 3 Thermo Fisher, Dreieich
PageRuler™ Prestained Protein Ladder Thermo Fisher, Dreieich

3.24  Oligonucleotides

All primers and binding sites were synthesized by Sigma-Aldrich (Steinheim). Prior to use
lyophilized primers were dissolved to a final concentration of 100pmol/ul in autoclaved type I H20
(filtered at 18.2 MQ « cm, 25°C, “ultra-pure water”). All oligonucleotides were stored at -20°C.
The melting temperature (Tm) of the primers was calculated using the following equation:
(4 + X [G/C]) + (2 Y [A/T])=Tm

where X and Y are the total numbers of purines or pyrimidines in the sequence. In all primers
designed the content of the nucleotides G and C was below 60%. To determine the percentage of
GC nucleotides and to exclude potential secondary structures and dimerization all primers were

analyzed using the computer program FastPCR Professional v.5.2.118.

3.24.1 Primer

Tab. 19 Primer combinations for ChIP amplifications of CREB sites in the NOT promoter

Name Sequence? Position? Size Sites®
P3F TCTAGGAGGGCACGGAAGGA 912 — 893 227hp 16
P3R CGCCTTCTGCATCCTGCCTT 686 — 704

P17F CACAAACACGTGGAACTTCCG 646 — 626 2450p 15-9
P14R GAGCCTTCCGGATGCTGAGA 402 - 421

P18F GTAAGACATTGTCCCTGCTCC 207 — 187 148bp 6-3
P15R TAGGTTCCGCTTCCCGTG 60— 77

1: Sequence direction 5°-3"; 2: The nt positions refer to the region upstream the NOT-1 start codon; 3: P-
MATCH™ predicted sites (Chekmenev et al. 2005; Ch. 3.5.1) located in the amplified fragment. Bold
nucleotides are incorporated base exchanges to reach Tm: 59°C for all combinations. P3/3 also used for
NF«B ChIPs (Tab. 20).
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Tab. 20 Primer combinations for ChIP amplifications of NFkB sites in the NOT promoter

Name  Sequence! Position? Size Sites®

PLF GCCTTGACTAAATACAGCCGG  1115-1095  jo0 = 55 o

PIR  GACCGTATCCTTGTGCTAG 932 — 950 :

P2F  CTAGCACAAGGATACGGTC 950 — 932 ;

P2R  TACCGCGAAGTCGCGTACTG 812 831 139%p 20

P3F  TCTAGGAGGGCACGGAAGGA 912893 oty 2019.18.17
PSR CGCCTTCTGCATCCTGCCTT 686 — 704 16

PAF  AACCGCCGAGCAGCCCAGA 748 - 731 1oy 15,14

PAR  TGTTTGTGTTGAGCAACTGCTG 639 — 660 '

PSE AGGCAGGATGCAGAAGGCGC 704686 soop 154,13, 12
PSR CGTGAGTCTGACACCTTGAGTG  505- 526 11.10,9, 8
P6F  CTGCAGTTGCTCAACACAAACA 660 — 639 joopp 13121110,
P6R  ATTGAAAATATGAGAGGACGCA 471492 9,8

P7E TGAATCCTCCGTCTGTACTGC 617597 T G

P6R  ATTGAAAATATGAGAGGACGCA 471492

PSF  ACTCAAGGTGTCAGACTCACG 525505 S0 7

P7TR  TTCGCGCCTCTCCTGCCTG 427 — 445

POF  TCTCAGCATCCGGAAGGCTC 421 — 402

P8R CTGGGTACACAGGCGCTAATT 228 — 248 ety 7.6,54,3

P10F CTCCTGGAGAGACAGCATGA 363 — 344
PI9R AGCAACATTCCTGCCTACCTC 268 — 288
P11F AATTAGCGCCTGTGTACCCAG 248 — 228 162bp 1
P10R CCACCAGGCTAAGCGCTGAT 87 — 106

1: Sequence direction 5°-3"; 2: The nt positions refer to the region upstream the NOT-1 start codon; 3: P-
MATCH™ predicted sites (Chekmenev et al. 2005; Ch. 3.5.1) located in the amplified fragment. Bold
nucleotides are incorporated base exchanges to reach Tm: 59°C for all combinations. P3/3, P5/5,
P11/10were also used for TBP and Pol 1l ChlPs (Ch. 4.2), P3/3 was also used for CREB ChlPs (Tab. 19).

96bp 4,3

Tab. 21 Primer combinations for ChlIP amplifications of EGR-1 sites in the NOT promoter

Name Sequence! Position? Size Sites®
P3F TCTAGGAGGGCACGGAAGGA 912 — 893 101bp 7
P2R TACCGCGAAGTCGCGTACTG 812 - 831

P12F GTACTCGACTTCGCCGTACC 829 — 810 144bp 5
P3R CGCCTTCTGCATCCTGCCTT 686 — 704

P5F AGGCAGGATGCAGAAGGCGC 704 — 686 200bp 5
P5R CGTGAGTCTGACACCTTGAGTG 505 - 526

P13F TGCGTCCTCTCATATTTTCAAT 492 - 471 196bp 4
P11R CCGCTGAAGCCAGCATTCTC 297 — 316

P14F GAGAATGCTGGCTTCAGCGG 316 — 297 176bp 3
P12R GTAATTTCTCTGCATTTGTCTCC 141 - 163

P15F ATCAGCGCTTAGCCTGGTGG 106 — 87 109bp 21
P13R CATCTTAACGGTGCGCCGCT +3-17 ’

1: Sequence direction 5°-3"; 2: The nt positions refer to the region upstream the NOT-1 start codon; 3: P-
MATCH™ predicted sites (Chekmenev et al. 2005; Ch. 3.5.1) located in the amplified fragment. Bold
nucleotides are incorporated base exchanges to reach Tm: 59°C for all combinations.
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Tab. 22 Primer combination for ChlP amplifications of MYCN sites in the NOT promoter

\E Sequence! Position? Size Sites®
P16F GAGGTAGGCAGGAATGTTGCT 288 — 268 202b 3
P10R CCACCAGGCTAAGCGCTGAT 87 — 106 P

1: Sequence direction 5°-3"; 2: The nt positions refer to the region upstream the NOT-1 start codon; 3: P-
MATCH™ predicted sites (Chekmenev et al. 2005; Ch. 3.5.1) located in the amplified fragment. Bold nucleotides
are incorporated base exchanges to reach Tm: 59°C.

Tab. 23 Primer combinations for ChlIP amplifications in the mNOT promoter

i 3
Name Sequence! Position?  Size NFB CR;II;eSEGR MYC
P1IF GCTTGGAGAAGAGAACAGAACT 431-410 168bp 3-1 3-1
PIR GGATAAGATAGCTAGTCCTTAGA 264 - 286
P2F  TGGAGCACCTTCGAGTACTTG  534-514  1o5p; 7.4 1 1 43

P2R AGTTCTGTTCTCTTCTCCAAGC 410 - 431

P3F ATTACTGCATCCTCTCGTGTTC 622 - 601 213bp  7-4 2] 1 7-3
P2R AGTTCTGTTCTCTTCTCCAAGC 410-431

PAF TTGTGTGGAGCAGCTGCAGG 797 - 778 197bp 12-8 7-3
P3R GAACACGAGAGGATGCAGTAAT 601 -622

P5F TCCAGAGTCAGCCGCGTCTT 997 - 978 219bp 18-12 9-8 57 11-10
PAR TTGTGTGGAGCAGCTGCAGG 778 - 7197

P6F AAGCGGATGTGATCTGGCCA 1129-1110 220bp 22-17 10-8 3 14-12
PSR GTCCTCTCCAGAGTTACCGG 910 - 929

1: Sequence direction 5-3"; 2: The nt positions refer to the region upstream the mNOT-1 start codon; 3: P-
MATCH™ predicted sites (Chekmenev et al. 2005; Ch. 3.5.1) located in the amplified fragment. Bold nucleotides
are incorporated base exchanges to reach Tm: 59°C for all combinations.

-~ 116

Tab. 24 Primer combination used for generation of the pACT2-MYCN expression construct

Name Position ! Sequence? Enc.’
NMYC-Forl  25-43 TTCCATGGTTATGCCGGGTATGATCTGCA 9-464
NMYC-Revl 1397-1379 GAATTCGTCTAGCAAGTCCGAGCGT

1: The nt positions refer to the region downstream the MYCN start codon (NCBI: NM_001293228.1); 2: Sequence
in direction 57-3", the restriction sites introduced for cloning purposes are underlined: Ncol in the forward and
EcoRlI in reverse primer; Bold nucleotides are incorporated base exchanges to reach Tm: 52°C; 3: Encoded amino
acids.

Tab. 25 Primer combination used for generation of pACT2-EGR-1 expression constructs

\E Position!  Sequence? Enc.3
EGRI1-Forl 1-20 ATCCATGGTTATGGCAGCGGCCAAGGCCGA 1-543
EGR1-Revl 1701-1682 GAATTCCTCCTCCTCCTGTCCTTTAA

1: The nt positions refer to the region downstream the EGR-1 start codon (NCBI: NM_001964.2); 2: Sequence in
direction 57-3", the restriction sites introduced for cloning purposes are underlined: Ncol in the forward and EcoRI
in the reverse primer; Bold nucleotides are incorporated base exchanges to reach Tm: 55°C; 3: Encoded amino
acids.
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Tab. 26 Primer combinations used for generation of pAS2-1-RPS3 expression constructs
Position !

Name

RPS3-Forla
RPS3-Revia
RPS3-For2a
RPS3-Rev2a
RPS3-For3a
RPS3-Revila
RPS3-For4da
RPS3-Revia
RPS3-Forba
RPS3-Revia
RPS3-For3a
RPS3-Rev3a

1-21
732-717
43-62
300-283
301-318
732-717
439-459
732-717
583-602
732-717
301-318
446-428

Sequence?
CGAATTCATGGCAGTGCAAATATCCAAG
AGGATCCCCTGTTATGCTGTAGGGACT
CGAATTCGGCATCTTCAAAGCTGAACT
AGGATCCGGCAATGGCACACAGACC
CGAATTCCAGGCAGAGTCACTGCGT
AGGATCCCCTGTTATGCTGTAGGGACT
CGAATTCGCTAAATCCATGAAGTTTGTG
AGGATCCCCTGTTATGCTGTAGGGACT
CGAATTCACTGGTAAGATTGGTCCTAA
AGGATCCCCTGTTATGCTGTAGGGACT
CGAATTCCAGGCAGAGTCACTGCGT
AGGATCCGATTTAGCCCTCTGTCCTC

Const.3 Enc.?

1

2

w

5

6

1-243

15-100

101-243

147-243

195-243

101-148

1: The nt positions refer to the region downstream the RPS3 start codon (NCBI: NM_001005.4); 2: Sequence in
direction 5-3", the restriction sites introduced for cloning purposes are underlined: EcoR1 in forward and BamHl|
in reverse primers; Bold nucleotides are incorporated base exchanges to reach to reach Tm: 53°C for all
combinations; 3;: RPS3 construct; 4: Encoded amino acids.

Tab. 27 Primer combinations used for generation of pACT2-RPS3 expression constructs
Position !

Name

RPS3-For2b
RPS3-Rev2b
RPS3-For3b
RPS3-Revlb
RPS3-For4b
RPS3-Revlb
RPS3-For5b
RPS3-Revlb
RPS3-For3b
RPS3-Rev3b

43-62

300-283
301-318
732-717
439-459
732-717
583-602
732-717
301-318
446-428

Sequence?
CGAATTCGAGGCATCTTCAAAGCTGAACT
ATCTCGAGGGCAATGGCACACAGACC
CGAATTCGACAGGCAGAGTCACTGCGT
TCCTCGAGCCTGTTATGCTGTAGGGACT
CGAATTCGAGCTAAATCCATGAAGTTTGTG
TCCTCGAGCCTGTTATGCTGTAGGGACT
CGAATTCGAACTGGTAAGATTGGTCCTAA
TCCTCGAGCCTGTTATGCTGTAGGGACT
CGAATTCGACAGGCAGAGTCACTGCGT
ATCTCGAGGATTTAGCCCTCTGTCCTC

Const.3 Enc.?

2

3

4

5

6

15-100

101-243

147-243

195-243

101-148

1: The nt positions refer to the region downstream the RPS3 start codon (NCBI: NM_001005.4); 2: Sequence in
direction 5"-3", added restriction sites underlined: EcoR1 in forward and Xhol in reverse primers; Bold nucleotides
are incorporated base exchanges to reach Tm: 53°C for all combinations; 3: RPS3 construct; 4: Encoded aa.
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Tab. 28 NOT and ECE2 primers used in RACE experiments

Reverse primer, sequence, location® Specificity, size?
1r: 5°-GTAGACTCAGGTCCTGAGGGA NOT-1: 1350; -2: 1313; -5: 1250; -1a: 1111; -1b:
21350-1330 ggé, -2a: 1107; -2b: 764; -5a: 1044; -5b: 701; -5c:

11r: 5"-CACCCTGTGAATGACCCAGAA
dexon 1, 192-172

12r: 5"-CACAACCGCTGAAGCCAGCATT
dexon 1, 46-25

13r: 5°-AGCTGGGTACATGCCACCCT

exon 3/2, 206-197/196-187

14r: 5"-AGCTGGGTACCTCCTCCACA

‘exon 2/1, 62-53/52-43

15r: 5"-CTCTGTGTCTCCGCCAGGCA

bexon 2/1, 167-160/159-148

ECE2-P1R: 5 -CGAGGAACAGCTCGTAGCTC
fexon2, 235-216

MNOT-9r: 5°-AATCTCTGTGTCTCGGTGATTG mNOT-4, -4a, -4b, -4c: 63
9%exon2/1, 63-54/53-44

MECE2-P1R: 5 -CACGGAAGGAAGCGAAGTCT mECE2v], v3: 148
hexonl, 148-128

1: Positions in nt relative to the ATG of respective reference: % NOT-1 (Y09022.1); : NOT-2 (NR_024534.1);
¢ NOT-3 (KP189318); % NOT-4 (NM_001006941.2); & NOT-5 (NR_024533.1); . ECE2 v1 (NM_014693.3); 9
mNOT-4 ATG (KP189268 ": mECE2 v1 (NM_177941.1). In those cases where the used primers encompass
two exons, the first nucleotide of the second exon and its position is in bold print. Underlined nucleotides are
incorporated base exchanges to reach Tm: 54°C for all combinations. Wildtype bases are (Primer, position:
Base): 14r, nt48: G; r: Reverse; nt: Nucleotide; m: Murine. Primer 1r was also used in isolation and sequencing
of NOT splice variants (Ch. 4.1 and Tab. 32); 2: Primer specificity, size of the respective variant without the 5"-
UTR innt.

NOT-1, -5, -1a, -1Db, -5a, -5b, -5b: 192

NOT-4, -3a, -3c -4a, -4b: 46

NOT-5, -5a, -5b, -5c: 206

NOT-3, -3a, -3c: 62

NOT-2, -2a, -2b: 62

ECE2 v1, v3: 235

Tab. 29 Primers used for generation of NOT promoter constructs

Position? Sequence?
Phnot-F1 10546 — 10565 CGAATTCAGGGCCCCGGGACCAACAAT EcoRlI P1-4
Phnot-R1 11697 - 11682 AATGTCGACATCTTAACGATGCGCC Sall P1
Phnot-F2 10992 - 11011 AGGCAGGATGCAGAAGGCGG P2
Phnot-F3 11171 -11191 ACTCAAGGTGTCAGACTCACG --- P3
Phnot-F4 10581 — 10601 GCCTTGACTAAATACAGCCGG --- P4

Phnot-R2 11698 — 11679 AGAGCTCCATCTTAACGGTGCGCCGCT Sacl P2-3
Phnot-R3 11010-10991 @ AGAGCTCCGCCTTCTGCATCCTGCCTT Sacl P4

1: Position in nt according to the BAC clone RP11-488M12 (NCBI: AC061705); 2: Sequence in direction 5"-3",
the restriction sites introduced for cloning purposes are underlined; Bold nucleotides are incorporated base
exchanges to reach Tm: 59°C for all combinations, with the exception of F1/R1 to generate P1: 44°C; 4: PANOT
(P): NOT promoter construct.
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Tab. 30 Additional primers and oligos
Namel Sequence* Application®
MATCHMAKERS™ o1 ATTCGATGATGAAGATACCCCACCAAACCC  Sequencing
AD LD-Insert
MATCHMAKER 3" 1 A ACTTGCGGGGTTTTCAGTATCTACGA Sequencing
AD LD-Insert
MATCHMAKER 5 :
BD LD-Insert TCATCGGAAGAGAGTAGT Sequencing
MATCHMAKER 3’ )
BD LD-Insert CGTTTTAAAACCTAAGAGTCAC Sequencing
SMARTer Il A Oligo AAGCAGTGGTATCAACGCAGAGTACXXXXX RACE
USP primer CTAATACGACTCACTATAGGGC RACE
Oligo(dT)12-182 5'd PO4 [(T)12-18] cDNA synthesis
pHISZ.l-Seq-Fl3 ATGTGCTGCAAGGCGATTAAGT Sequencing

1: The primers were purchased from Clontech; 2: Primer mix purchased from Life Technologies. The mix
contains primers consisting of 12-18 dT stretches; 3: The pHIS2.1-Seq-F1 primer corresponding to the 5° AD/BD
LD-Insert primers (Clontech) was synthesized by Sigma-Aldrich. This primer is located at 7091-7112nt upstream
the MCS of pHIS2.1 (Ch. 3.3.2, Fig. 11); 4: X = undisclosed base in the proprietary SMARTer oligo sequence
(PT4096-1, Clontech); 5: (Sequencing: Ch. 3.3.6; cDNA synthesis: Ch. 3.3.16; RACE: Ch. 3.3.18).

Tab. 31 Primer combinations used for grRT-PCR

Name Position? Sequence?

CREB1b-Forl 283 - 304 AGACTTTTCTCCGGAACACAGA
CREB1b-Rev1 712 - 692 TGCTGGGCACTAAGATCTGCT
CREB3-Forl 260 - 281 CTGTCTCTATGGATCTAGAGAG
CREB3-Revl 621 - 599 TAGAAGGGACAAATTCTGTTCCT
EGR1-Forl 180 - 199 CAACAGCAGCAGCAGCAGCA
EGR1-Revl 412 - 391 AAAAGCGGCCAGTATAGGTGAT
p65-Forl 641 - 662 TACTGTGTGACAAGGTGCAGAA
p65-Revl 901 - 881 TCTCCTCAATCCGGTGACGAT
p50-Forl 704 - 725 TGGTATCAGACGCCATCTATGA
p50-Revl 1023-1002 TTCCAAGTCAGATTTCCTCCGA
RPS3-Forl 439 - 461 GCTAAATCCATGAAGTTTGTGGA
RPS3-Revl 736 - 717 CCTGTTATGCTGTAGGGACT
IkBa-Forl 308 - 329 TCCTCAACTTCCAGAACAACCT
IkBa-Revl 641 - 621 GGCTCCTGAGCATTGACATCA
ECE2-Forl 1-19 ATGGCCTCTCCAGGGGCAG
ECE2-Revl 477-457 ACTCAACACCTGGTCCACAGT
Actinb-Forl 550 - 569 GACCTGACTGACTACCTCAT
Actinb-Rev1 857 - 835 TCACACTTCAAGATGGAGTTGAA
SMADA4-Forl 562-583 AATCGTGCATCGACAGAGACAT
SMAD4-Revl 815-795 CTACTTCCAGTCCAGGTGGTA
mMCREB3-Forl 249-271 CATTCTCCATGATCACAACTACT
MCREB3-Revl 627-607 CAAACGCTGCACCTTGTTCTG
HGPRT-For1* 411 - 431 TGACACTGGCAAAACAATGCA
HGPRT-Rev1* 504 - 484 GGTCCTTTTCACCAGCAAGCT

Sized

430

362

233

261

320

298

334

477

308

254

379

94

Reference
NM_134442.3

NM_006368.4
NM_001964.2
NM_021975.3
NM_003998.3
BC100284.1

NM_020529.2
NM_014693.3
NM_001101.3
NM_005359.5
NM_013497.3

NM_000194.2

All primer efficiencies are listed in Tab. S9, except for mnCREB3 (Tab. S5); 1: The nt positions refer to the region
downstream the respective start codon; 2: Sequence in direction 5-3", bold nucleotides are incorporated base
exchanges to reach Tm: 54°C for all combinations; 3: Size of the amplificate in bp; 4: Primer also used for mouse.
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Tab. 32 Primer combinations used for isolation and sequencing of NOT variants in man

Forward primer, sequence,

Reverse primer, sequence,

Specificity, size?

location?

1f
5"-ACAAGCGGCGCACCGTTAA
a20--1

2f

5 -TTCACAGGGTGGCATACCCAG
dexon 1/2, 182-196/197-202

3f

5 -TGCCTGGCGGAGACACAGAG
bexon 1/2, 148-159/160-167

Af

5 -ATGGCGGCTGAGCTGCGGAA
dexon 1, 1-20

4f

5 -ATGGCGGCTGAGCTGCGGAA
dexon 1, 1-20

5f

5 -TCTCAGCATCCGGAAGGCTC
d.84 - -65

of

5 -AGGGTGGCATGTACCCAGCT
7f

5 -ATGTTCCCAGCGCAGGCGAAG
dexon 1, 1-21

8f

5 -TGTGGAGGAGGTACCCAGCT
dexon 1/3, 43-52/153-162

‘exon 1/2, 43-52/53-62

4f

5 -ATGGCGGCTGAGCTGCGGAA
dexon 1, 1-20

location?

1r

5 -GTAGACTCAGGTCCTGAGGGA
41350-1330

1r

5 -GTAGACTCAGGTCCTGAGGGA
41350-1330

1r

5 -GTAGACTCAGGTCCTGAGGGA
b1313-1293

2r

5 -AGGTTGATACTGAGGAAGAGC
dexon 4, 563-543

3r

5 -GCACCAACAACCTGAAAAAGCA
dexon 9/4, 1165-1155/605-595

1r

5 -GTAGACTCAGGTCCTGAGGGA
41206-1186

1r

5 -GTAGACTCAGGTCCTGAGGGA
1r

5 -GTAGACTCAGGTCCTGAGGGA
41206-1186

1r

5 -GTAGACTCAGGTCCTGAGGGA
41206-1186

€1106-1086

1r

5 -GTAGACTCAGGTCCTGAGGGA
41350-1330

NOT-1: 1370; -2: 1333; -5:
1270; -1a: 1131; -1b: 821;
-2a: 1127; -2b: 784; -5a:
1064; -5b: 721; -5c: 560

NOT-1: 1196; -1a: 963;
-1b: 620

NOT-2: 1166; -2a: 960;
-2b: 617

NOT-1: 563; -2: 526; -5:
463

NOT-1b: 616; -2b: 579;
-5b: 516

NOT-3: 1190; -4: 1290;
-3a: 984; -3b: 1028; -3c:
641; -4a: 1084; -4b: 580
NOT-5: 1064; -5a: 858;
-5b: 515; -5¢: 354
NOT-3: 1106; -4: 1206;
-3a: 900; -3b: 944; -3c:
557; -4a: 1000; -4b: 496
NOT-3: 1064; -3a: 858;
-3b: 903; -3c: 515

NOT-1: 1350; -2: 1313; -5:
1250; -1a: 1111; -1b: 801;
-2a: 1107; -2b: 764; -5a:
1044; -5b: 701; -5¢: 540

1: Positions in nt relative to the ATG of the respective variant; 2 Positions relative to NOT-1 (Y09022.1); ®:
Positions relative to NOT-2 (NR_024534.1); ¢ Positions relative to NOT-3 (KP189318); %: Positions relative to
NOT-4 (NM_001006941.2); ©: Positions relative to NOT-5 (NR_024533.1). In those cases where the used primers
encompass two exons, the first nucleotide of the second exon and its position is in bold print. Underlined
nucleotides are incorporated base exchanges to reach to reach Tm: 54°C for all combinations. Wildtype bases are
(Primer, position: Base): 2f, nt199: A; 4f, nt11: G; 8f, nt48: G; f: Forward; r: Reverse; nt: Nucleotide. Primer 1r
was also used in RACE experiments (Ch. 3.3.18 and Ch. 4.1.3; Tab. 28); 2: Specificity of the respective primer
combinations, size of the amplificate in nt.
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Variant

Tab. 33 Primer combinations used for specific amplification of NOT variants in man

Forward primer, sequence, location?

Reverse primer, sequence, location!

NOT-1  2f:5-TTCACAGGGTGGCATACCCAG 4r: 5 -CCAGTTCACTGTCCAGTGGAACA 647
exon 1/2, 182-196/197-202 exon 6, 828-806

NOT-2  3f:5-TGCCTGGCGGAGACACAGAG 4r: 5-CCAGTTCACTGTCCAGTGGAACA 644
exon 1/2, 148-159/160-167 exon 6, 791-769

NOT-3  8f:5-TGTGGAGGAGGTACCCAGCT 4r: 5°-CCAGTTCACTGTCCAGTGGAACA 542
exon 1/2, 43-52/53-62 exon 5, 584-562

NOT-4 9f: 5'-TTGTGGGGGAGACACAGAGATT  4r:5-CCAGTTCACTGTCCAGTGGAACA 643
exon 1/2, 42-52/53-63 exon 6, 684-662

NOT-5 6f: 5'-AGGGTGGCATGTACCCAGCT 4r: 5" -CCAGTTCACTGTCCAGTGGAACA 542
exon 1/2, 187-196/197-206 exon 5, 728-706

NOT-la 2f:5-TTCACAGGGTGGCATACCCAG 5r: 5°-TTCCCCTGTCCTGAAGGCCA 555
exon 1/2, 182-196/197-202 exon 6/5, 736-727/726-717

NOT-1b 2f:5-TTCACAGGGTGGCATACCCAG 3r: 5"-GCACCAACAACCTGAAAAAGCA 435
exon 1/2, 182-196/197-202 exon 5/4, 616-606/605-595

NOT-2a 3f:5-TGCCTGGCGGAGACACAGAG 5r: 5°-TTCCCCTGTCCTGAAGGCCA 552
exon 1/2, 148-159/160-167 exon 6/5, 699-690/689-680

NOT-2b 3f:5-TGCCTGGCGGAGACACAGAG 3r: 5'-GCACCAACAACCTGAAAAAGCA 432
exon 1/2, 148-159/160-167 exon 5/4, 579-569/568-558

NOT-3a 8f: 5 -TGTGGAGGAGGTACCCAGCT 5r: 5°-TTCCCCTGTCCTGAAGGCCA 450
exon 1/2, 43-52/53-62 exon 5/4, 492-483/482-473

NOT-3b 8f: 5 -TGTGGAGGAGGTACCCAGCT 6r: 5-GACTGCCAGGCATGCAGGTC 168
exon 1/2, 43-52/53-62 exon 3/2, 210-201/200-191

NOT-3c 8f: 5 -TGTGGAGGAGGTACCCAGCT 3r: 5-GCACCAACAACCTGAAAAAGCA 330
exon 1/2, 43-52/53-62 exon 4/3, 372-362/361-351

NOT-4a 9f: 5-TTGTGGGGGAGACACAGAGATT  5r: 5 -TTCCCCTGTCCTGAAGGCCA 551
exon 1/2, 42-52/53-63 exon 6/5, 592-583/582-573

NOT-4b 9f: 5'-TTGTGGGGGAGACACAGAGATT  7r:5-GCACCAACAACCTTGCAGGTCT 270
exon 1/2, 42-52/53-63 exon 4/3, 311-301/300-290

NOT-5a 6f: 5" -AGGGTGGCATGTACCCAGCT 5r: 5°-TTCCCCTGTCCTGAAGGCCA 450
exon 1/2, 187-196/197-206 exon 5/4, 636-627/626-617

NOT-5b 6f: 5" -AGGGTGGCATGTACCCAGCT 3r: 5°-GCACCAACAACCTGAAAAAGCA 330
exon 1/2, 187-196/197-206 exon 4/3, 516-506/505-495

NOT-5¢c 6f: 5 -AGGGTGGCATGTACCCAGCT 7r: 5 -GCACCAACAACCTTGCAGGTCT 169

exon 1/2, 187-196/197-206

exon 3/2, 355-345/344-334

1: Positions in nt relative to the respective ATG, accession numbers are listed Tab. 55. In those cases where the
used primers encompass two exons, the position of the first nucleotide of the second exon is in bold print.
Underlined nucleotides are incorporated base exchanges to reach Tm: 54°C for all combinations. Wildtype bases
are (Primer, position: Base): 2f, nt199: A; 8f, nt48: G; 6r, nt199: G. f: Forward; r: Reverse; 2: Size of the
amplificate in nt.
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Tab. 34 Primer combinations used for isolation and sequencing of NOT variants in mice

Forward primer, sequence,

Reverse primer, sequence,

Specificity, size?

location?

1f

5 -CAAAAGAGTGGTGCACTGTCAAG
a.23--1

2f

5 -TTCACAGGGTGGCATACCCAG
%exon 1/2, 182-196/197-202

3f

5 -CATAGCAGACCTACCCAGCT
bexon 1/2, 150-159/160-169

1f

5 -CAAAAGAGTGGTGCACTGTCAAG

8.23--1
Af
5 -TCCAGAGTCAGCCGCGTCTT

d.109 - -89

5f
5 -ATGCTCAGGGCATCGCCGCA
dexon 1, 1-20

of

5 -AATCAACGAGCTACCCAGCT
‘exon 1/2, 44-53/54-63

7f

5 -CAATCACCGAGACACAGAGATT
dexon 1/2, 43-53/54-64

8f

5 -AGGGTGGCATCTACCCAGCT
¢exon 1/2, 187-196/197-206

location?

1r

5 -TGATGCTGAGCACGTCCTAGA
41353-1333

1r

5 -TGATGCTGAGCACGTCCTAGA
41353-1333

1r

5 -TGATGCTGAGCACGTCCTAGA
b1216-1196

2r

5 -GAAGAGCAAGGCCATAGCTA
dexon 4, 548-529

1r

5 -TGATGCTGAGCACGTCCTAGA

41210-1190

1r
5 -TGATGCTGAGCACGTCCTAGA
41210-1190

1r

5 -TGATGCTGAGCACGTCCTAGA
€1110-1090

1r

5 -TGATGCTGAGCACGTCCTAGA
41210-1190

1r

5 -TGATGCTGAGCACGTCCTAGA
€1253-1233

mNOT-1: 1376; -2: 1239;
-5:1276; -1a: 1115; -1b:
969; -2a: 1078; -5a: 1115

mNOT-1: 1172; -1a: 1011

mMNOT-2: 1067; -2a: 906

mMNOT-1: 571; -2: 435; -5:
471

mMNOT-3: 1219; -4: 1319;
-3a: 1131; -3b: 1058; -3c:
997; -4a: 1158; -4b: 754;
4c: 620

mNOT-3: 1110; -4: 1210;
-3a: 1022; -3b: 949; -3c:

888; -4a: 1049; -4b: 645;
4c: 511

MNOT-3: 1067; -3a: 979;
-3b: 906; -3c: 845;

MNOT-4: 1168; -4a: 1007;
-4b: 603

MNOT-5: 1067; -5a: 906

2 Positions relative to mNOT-1 ATG (NM_145939.2); °: Positions relative to mNOT-2 ATG (KP189262); ©
Positions relative to mMNOT-3 (KP189264); ¢ Positions relative to mNOT-4 ATG (KP189268); ®: Positions relative
to mNOT-5 ATG (KP189272); In those cases where the used primers encompass two exons, the first nucleotide of
the second exon and its position is in bold print. Underlined nucleotides are incorporated base exchanges to reach
Tm: 54°C for all combinations. Wildtype bases are (Primer, position: Base): 2f, nt199: A, 4f, nt100: G; 5f, nt13: G;
6f, nt49: C; f: Forward; r: Reverse; nt: Nucleotide. 2: Specificity of the respective primer combinations, size of the

amplificate in nt.
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Tab. 35 Primer combinations used for specific amplification of NOT variants in mice

Forward primer, sequence, location?

Reverse primer, sequence, location?

mNOT-1  2f: 5-TTCACAGGGTGGCATACCCAG 2r: 5'-GAAGAGCAAGGCCATAGCTA 367
exon 1/2, 182-196/197-202 exon 4, 548-529

mNOT-2  3f: 5°-CATAGCAGACCTACCCAGCT 2r: 5°-GAAGAGCAAGGCCATAGCTA 263
exon 1/2, 150-159/160-169 exon 3, 412-393

mNOT-3  6f: 5-AATCAACGAGCTACCCAGCT 2r: 5°-GAAGAGCAAGGCCATAGCTA 263
exon 1/2, 44-53/54-63 exon 3, 308-287

mNOT-4  7f: 5'-CAATCACCGAGACACAGAGATT  2r: 5 -GAAGAGCAAGGCCATAGCTA 301
exon 1/2, 43-53/54-64 exon 4, 406-387

mNOT-5  8f: 5'-AGGGTGGCATCTACCCAGCT 2r: 5'-GAAGAGCAAGGCCATAGCTA 263
exon 1/2, 187-196/197-206 exon 3, 308-287

mNOT-1la 2f:5-TTCACAGGGTGGCATACCCAG 3r: 5-GACAGCCAGGCTTGGAGGTC 273
exon 1/2, 182-196/197-202 exon 4/3, 453-445/444-435

mNOT-1b 9f: 5"-GTGGCATACACAGGCTGTCT 4r: 5°-ACGATGCAGGAAGATGGTTTCA 435
exon 1/2/3, 190-196/197-202/203-209 exon 4, 454-433

mNOT-2a 3f: 5 -CATAGCAGACCTACCCAGCT 3r: 5-GACAGCCAGGCTTGGAGGTC 168
exon 1/2, 150-159/160-169 exon 3/2, 317-308/307-289

mNOT-3a 6f: 5-AATCAACGAGCTACCCAGCT 5r: 5°-GAGCAAGGCCATACCTTGGAGG 172
exon 1/2, 44-53/54-63 exon 3/2, 215-202/201-194

mNOT-3b 6f: 5-AATCAACGAGCTACCCAGCT 3r: 5-GACAGCCAGGCTTGGAGGTC 168
exon 1/2, 44-53/54-63 exon 3/2, 211-202/201-192

mNOT-3¢c  6f: 5-AATCAACGAGCTACCCAGCT 6r: 5-CACCAGCAACCTATGCCACC 656
exon 1/2, 44-53/54-63 exon 6/5, 699-690/689-680

MNOT-4a 7f. 5 -CAATCACCGAGACACAGAGATT  3r:5-GACAGCCAGGCTTGGAGGTC 269
exon 1/2, 43-53/54-64 exon 4/3, 311-302/301-292

MNOT-4b 7f: 5"-CAATCACCGAGACACAGAGATT  7r: 5 -GGAAACAATCTCTTGGAGGTCT 270
exon 1/2, 43-53/54-64 exon 4/5, 312-302/301-291

mNOT-4c 10f: 5-CCCAATCACCTTAGCCTCCT 8r: 5-ATCTGGTTAGGTGTGAGGGCT 130
exon 1/2, 41-50/51-60 exon 4/3, 171-168/167-151

mNOT-5a 8f: 5 -AGGGTGGCATCTACCCAGCT 3r: 5"-GACAGCCAGGCTTGGAGGTC 168

exon 1/2, 187-196/197-206

exon 3/2, 354-345/344-335

1: Positions relative to the respective ATG, accession numbers Tab. 64. Primer 2F was also used for amplification
of NOT. In those cases where the used primers encompass two or more exons, the position of the first nucleotide
of the second (and third) exon is in bold print. Underlined nucleotides are incorporated base exchanges to reach
Tm: 54°C for all combinations. Wildtype bases are (Primer, position: Base): 2f, nt199: A; 3f, nt159: G; 6f, nt49:
C; 6r, nt687: C. Annealing temperature for all 54°C; f: Forward; r: Reverse; 2: Size of the amplificate in nt.
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3.2.4.2 Putative binding sites

All synthesized putative binding sites are biotinylated (btn) at the 5 of the sense strand.

Tab. 36 Potential CREB binding sites within the human NOT promoter
Site! Orientation  Sequence?
(-15) 5”- cggcgcaccgttaagatggcgg

SREDEL trans 3’- gccgcgtgGCAATtctaccgcec
CREB s 2 cis (-64) 5:- acctaagTGTCGaaggttcggg
3’- tggattcacagcttccaagccce
: (-96) 5'- agcctggtgGGACGecaggcacggga
CIRIEE 5 RS 3’- tcggaccacectGCGGTecegtgcect
CREB s 5 cis (-133) 5:- tggagtaaaTGAAGactggcta
3’ -acctcatttacttctgaccgat
CREB s 6 trans (-180) 5:- gcgtggagtgcatcagaggagaca
3’- cgcacectcacGTAGTctectctgt
. (-222) 5'- ggtataaacTGAGGagtaagac
CREBs7 ¢S 3’- ccatatttgactcctcattctg
CREB s 8 trans (-315) 5:- agaatgctggcttcagcggttgtg
3’- tcttacgaccGAAGTcgccaacac
CREB s 9 cis (-474) 5:- caatatgaaTGACTtttatcagga
3 -gttatacttactgaaaatagtcct
CREB s 10/11 trans/trans (-501) 5:- gctcatcactgcgtcctectcatatttt
3’- cgaGTAGTgacGCAGGagagtataaaa
: (-527) 5’- gcactcaaggtgtcagacTCACGtgg
CREB s 11/12 transfcis 3’- cgtgagttccACAGTctgagtgcacc
CREB s 13 trans (-554) 5:- tgtactgccaagtcatttcctagg
3’- acatgacggtTCAGTaaaggatcc
CREB s 14 trans (-588) 5:- ggaaaactatcgtccagaccct
3’- ccttttgataGCAGGtctggga
CREB s 15 trans (-637) 5:- gtggaacttccgtcctttacta
3’- caccttgaagGCAGGaaatgat
CREB s 16 trans (-729) 5:- ccgccggcecttcageccaatacgga
3’- ggcggeecggGAAGTcggttatgect
CRE s 5- aacctgctgaTGAAGTCAcaaaatgac

3’- ttggacgactacttcagtgttttactg

1: Potential CREB binding sites; 2: Positions upstream the NOT-1 ATG. Predicted sites in bold, core
sequences in bold capital letters. The oligos were synthesized as single strands. The sense strands were
labeled with biotin (btn) at 5°. For competition assays the unbiotinylated counterpart of each oligo was also
synthesized. CRE: Reference oligo (Zhou and Chen 1999). ATG of NOT-1 in bold and underlined. The
putative binding sites were predicted using the P-MATCH™ algorithm (Chekmenev et al. 2005; Ch. 3.5.1).
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Tab. 37 Potential NFkB binding sites within the human NOT promoter

Site? Specificity?  Orientation Sequence®
(-228) 5'- gggctGGGTATAAACtgagyg

NFkB sl NF«B cis ,
3’- cccgacccatatttgactcece
. (-270) 5" - gct t t TCTGGACATTCGTTctaaa
NFkB s 2 NF«B cis ,
3’- cgaaaagacctgtaagcaagattt
. -346) 5°- t CAGATGTTCCC
NFxkB s 4/3 NFiB, cis/trans (-346) gaacs agcgead

p65 (s4) 3’- acttgTGTCTACAAGGGTCgcgtc
(-380) 5"- cgaacAGGGGCTTTGCcctcctgg

NFxkB s 6/5 p50 (s5) cis/trans ,
3’- gcttgTCCCCGAAACGGGAggacce
-415) 5°- catccggaaggctcgaa
NFxB s 7 NF«B trans (415)5 g9aagge-c9aad9d
3’- gtaggCCTTCCGAGCttcce
. -549) 5’- tgccaAGTCATTTCCta
NFxB s 8 NF«B cis (649)5 - tg 999
3’- acggttcagtaaaggatccc
-594) 5°- cggct aaaactatcgtccagaccctgaat
NFkBs10/9 NFkB trans (:694)5 - cggetagg grecay J
3’- gccgaCCCTTTTGATagCAGGTCTGGGactta
-612) 5°- gctctt tcct t
NFkBs11  NFxB trans (612)5-getettegaagaatectecggety
3’- cgagaAGCTTCTTAGGAGGCcCcgac
. (-643) 5" - aaacaCGTGGAACTTCCGTCcttta
NFkB s 13/12 p65 cis/trans ,
3’ - tttgtgCACCTTGAAGGCAGgaaat
. -685) 5'- cgcTGGTGTCTCCgcccacca
NFkB s 15/14 p65 (s15) cis/trans (-685) , 9999 J
3’- cccgcGACCACAGAGGCGGgtggt
. (-773) 5°- ctgccCCTGGAGAGGCCATgctct
NFkB s 17/16 NFxB cis/trans ,
3’- gacggggaCCTCTCCGGTacgaga
NF«B (s18), (-800) 5"- gctccGGTAACTCCGGAGGCGCCCTacctyg

cis/trans ,
P65 (s19) 3’- CGAGGCCATTGAGGCCTCCGCGGGatggac

(-816) 5'- cggtacccgcagttcegectcecggta

NFxB s 19/18

NF«kB s 18 p65 trans ,
3’- gccatGGGCGTCAAGGCGAGGCCAT
(-898) 5'- gaaggaggagaagtccccgaacca
NFiB s 20 ps0 trans 3'- ct t ccTCCTCTTCAGGGGCT tggt
. -978) 5'- ctggcGGGGCCGCGCCGGGATTACCCACctagce
NFkB s 22/21 BRIEES (), cis/trans (978) 99 °

p65 (s21) 3’- gaccgcececeggegeggCCCTAATGGGEggateg
5 - GATCGCTGGGACTTTCCAGGA
3- CTAGCGACCCTGAAAGGTCCT
5 - CCACAGTTGGGATTTCCCAACCTGACCAG
3’- GGTGTCAACCCTAAAGGGTTGGACTGGTC

NFkB R1 NF«B cis

NFkB R2 NF«B cis

1: Potential NFxB binding sites; 2: Binding specificity; If an oligo contains overlapping sites on the
complementary strands the cis site is indicated first; s4/3 overlaps with the potential EGR-1 site shown in italics
(site 4, Tab. 38); 3: Positions upstream the NOT-1 ATG, predicted sites in bold. The oligos were synthesized as
single strands. The sense strands were labeled with biotin (btn) at 5°. For competition assays the unbiotinylated
counterpart of each oligo was also synthesized. NFkB R1: Reference oligo 1 (Armstrong et al. 1993); NFxB
R2: Reference oligo 2 (Ron et al. 1990). The putative binding sites were predicted using the P-MATCH™
algorithm (Chekmenev et al. 2005; Ch. 3.5.1).



Material and Methods 46

Tab. 38 Potential EGR-1 binding sites within the human NOT promoter
Site! Orientation Sequence?

EGR-1 52 cis (-46) 5°- cgggttteeGGGGGtggtgggc
3’- gcccaaaggcccccaccaccecg

(-301) 5°- agcggttgtGGGGGaggtaggc

EGR-1s3 cis ;
3’- tcgccaacacccccteccatecg
EGR-1 sl cis (-335) 5°- gt tcccageGCAGGCGAAGGagaatgct
3’- caagggtcgcgteccgettectecttacga
EGR-1 S5 cis (-690) 5"- aggcggggeGCTGGtgtctccyg
3’- tccgececegecgaccacagaggce
EGR-1 56 cis (-795) 5:- ggtaactccGGAGGegecctac
3’- ccattgaggcctccgegggatg
EGR-1s7 cis (-880) 5'- gaaccaatcGTAGGgggcagaa

3’- cttggttagcatccccegtett
EGR-1 R1 5,' ggatccagcgggggcgagcgggggcyg
3’- cgccececgetegeccecgetggatece
5 - aCAGATGTTCCCagcGCAGGCGAAGGagaatgctggcttca

EGR-1s4° .
3’ - tgtctacaagggtcgcgtcecgettectecttacgaccgaagt
EGR-1 s43 5- CCagcGCAGGCGAAGGacageGCAGGCGAAGGagaatgctggcttca
3’- ggtcgcgteccgettectgtegegtecegettectecttacgacecgaagt
EGR-1 s4* 5 - agacagcatgaacaCAGATGTTCCatgctggcttcagcgg
3’- tctgtcgtacttgtgtctacaaggtacgaccgaagtcgee
EGR-1 s45 5- cagcatgaaceGCAGGCGAAGGagaatgctggcttcagegg

3- gtcgtacttggcgtccgcttecctcttacgaccgaagtcgec

1: Potential EGR-1 binding sites. S4 overlaps with the potential NF«B binding site shown in italics (site 4/3
in Tab. 37); 2: Positions upstream the NOT-1 ATG. Position of s4 variants: s4% 341; s4* 354; s4°: 351; s4°
contains a tandem repeat of s4 (underlined with one site in bold), first nt is 332nt upstream NOT-1 ATG.
Predicted sequences in bold. The oligos were synthesized as single strands. The sense strands were labeled
with biotin (btn) at 5°. For competition assays the unbiotinylated counterpart of each oligo was also
synthesized. EGR-1 R1: Reference oligo (De Backer et al. 2009). The putative binding sites were predicted
using the P-MATCH™ algorithm (Chekmenev et al. 2005; Ch. 3.5.1).
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Tab. 39 Potential MYCN binding sites within the human NOT promoter

Site! Orientation Sequence?
(-85) 5°- acgccaggecACGGGaagcggaac

MYCN s1/2 trans ,
3’- tgcggteeGTGCCettegecttyg
i (-189) 5'- tcctatggaGCGTGgagtgcat
MYCNs 3 cis 3
3’- aggatacctcgcacctcacgta
MYCN s 4/5 trans/cis (-516) 5'- gtcagactCACGTgggctcatc
3’- cagtctgaGTGCAcccgagtag
MYCN s 6/7 trans/cis (-648) 5'- aacacaaaCACGTggaacttcc
S .
3’- ttgtgtttGTGCAccttgaagg
MYCN s 8/9 e (-671) 5'- ccgcceacCACCTgecagttget
3'- ggcgggtgGTGGAcgtcaacga
MYCN s 10 trans (-910) 5'- taggagggcacggaaggaggag
3- atccteeceGTGCCttectcecte
MYCN R1 ofis 5 - cttcagcgagcCACGTGgaccaactc

3- gaagtcgctcggtgcacctggttgag

1: Potential MYCN binding sites; 2: Positions upstream the NOT-1 ATG. Predicted sequences in bold letters,
core sequences in capital bold letters. The oligos were synthesized as single strands. The sense strands were
labeled with biotin (btn) at 5”. For competition assays the unbiotinylated counterpart of each oligo was also
synthesized. MYCN R1: Reference oligo (Perini et al. 2005). The putative binding sites were predicted
using the P-MATCH™ algorithm (Chekmenev et al. 2005; Ch. 3.5.1).

Tab. 40 Potential NFkB binding sites within the mNOT promoter
Site! Specificity? Orientation Sequence®

(-362) 5°- tctgaAAGGGACATACACCgagaa

3- agactttccectgtatgtggetett
(-399) 5~ tttctGGGCAAACACtgata

3’- aaagacccgtttgtgactat
(-461) 5"- act ctGGGCATAGGCagagt

3’- tgagacccgtatccgtctca
(-498) 5°- tactgAAAGGAGCTTTCCCctcta

3- atgactttcctcgaaaggggagat
(-779) 5°- aaacaCGTGGAACTTCCGTCacctt
3’- tttgtgcaccttgaaggcagtggaa

NFxkB sl NF«B cis
NFkB s 3 NF«B cis
NFkB s 4 NF«B/p65 cis
NFkB s 6 NF«B/p65 cis

NFxB s 11 NF«kB/p65  cis

1: Potential NFkB binding sites; 2: Binding specificity; 3: Positions upstream the mNOT-1 start codon,
predicted sites in bold capital letters. The oligos were synthesized as single strands. The sense strands were
labeled with biotin (btn) at 5". For competition assays the unbiotinylated counterpart of each oligo was also
synthesized. The putative binding sites were predicted using the P-MATCH™ algorithm (Chekmenev et al.
2005; Ch. 3.5.1).
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Tab. 41 Potential CREB binding sites within the mNOT promoter

Site! Orientation Sequence?

CREB sl rans (-484) 5:- ttcccectctacgtgaacacaactact
3'- aagggGAGATGCACTTGTGTTgatga
(-581) 5°- caataagaggcgtgattaattaaa
3- gt tatTCTCCGCACTAATTaattt
(-655) 5"- aaccggatctggt CACTAGACGTGACCAGGCTcatta
3- ttggcCTAGACCAGTGATCTGCACTGGTCCGagtaat
(-716) 5"- aattacttggtgtcatattaacga
3’- ttaatGAACCACAGTATAAttgct
(-707) 5"- GTGTCATATTAACGAACTGCcCcCcgt
3’- cacagtataattgcttgacgggca
(-773) 5’ - gtggaacttccgtcaccttctaaget
3'- cacctTGAAGGCAGTGGAAGAttcga
(-958) 5°- ctggaCTTGGCGGTACTggaag
3’- gacctgaaccgccatgacctte
(-993) 5"- gagtcggccgegtctttgtagege
3’- ctcagCCGGCGCAGAAACAtCcgcy
(-1074) 5°- aggatacggtcctcaggacacagc
3’- tcctaTGCCAGGAGTCCTGtgtcg

1: Potential CREB binding sites; 2: Positions upstream the mNOT-1 start codon, predicted sites in bold
capital letters. The oligos were synthesized as single strands. The sense strands were labeled with biotin
(btn) at 5°. For competition assays the unbiotinylated counterpart of each oligo was also synthesized. The
putative binding sites were predicted using the P-MATCH™ algorithm (Chekmenev et al. 2005; Ch. 3.5.1).

CREB s2 trans

CREB s3/4  trans/cis

CREB s5 trans

CREB s6 cis

CREB s7 trans

CREB s8 cis

CREB s9 trans

CREB s10 trans

3.2.4.3 siRNAs

Tab. 42 Applied siRNAs

Concentration

scrambled 1027280 10nM
(AllStars Negative Control siRNA)
p50 Hs NFKB1 7 S102654932 50nM
p65 Hs RELA 7 S102663094 25nM
Hs RPS3 2 S100707798
RPS3 Hs RPS3 8 S104238808 Mix: 12.5nM
Hs_RPS3_7 S104340777 each
Hs RPS3 9 S104189262
Hs EGR1 6 S103069108
EGR-1 Hs EGR1 7 S103078950 Mix: 12.5nM
- Hs EGR1 4 S100030709 each
Hs EGR1 5 S103052511
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3.2.5 Antibodies

Tab. 43 Primary antibodies

Name/Target

Actin (20-33) A5060

BiP (GRP78) #3183
Caspase-3 (H-277): sc-7148
CBP (H-300): sc-20686
CREB-1 (240): sc-58

p-CREB-1 (Ser 133): sc-7978

CREB3 (D01P)

Cyclin D1 (DCS-6): sc-20044
EGR-1 (15F7) #4153
GAL4-AD (G9293)
GAL4-BD (G3042)

IKBbeta ab7547

IKKp (62AT216): sc-130152
KPNA4 A301-627A
NFKBIA, clone 6A055
MAB1760

NFkBp65 (F6): sc-8008
NFxBp65 (phospho S276)
ab30623

NFkBp65 (phospho S536)
ab76302

NFxBp50 (4D1): sc-53744!
NFxB p50 (C-19): sc-11902
NOT 1/4

NOT 1P

NOT 4

n-Myc ab24193
n-Myc (phospho S54)
(ab70234)

p300 (H-272): sc-8981
p53 (13-4000)

Source

rabbit polyclonal
rabbit polyclonal
rabbit polyclonal
rabbit polyclonal
rabbit polyclonal

rabbit polyclonal

rabbit polyclonal
mouse monoclonal
rabbit monoclonal
rabbit polyclonal
rabbit polyclonal
rabbit polyclonal
mouse monoclonal

mouse monoclonal
mouse monoclonal

rabbit polyclonal

rabbit monoclonal

mouse monoclonal
goat polyclonal
rabbit polyclonal

rabbit polyclonal

rabbit polyclonal
rabbit polyclonal
rabbit polyclonal

rabbit polyclonal
mouse monoclonal

RNA polymerase 11 (ab52202) rabbit polyclonal

RNA polymerase Il (phospho

S5) (ab5131)

rabbit polyclonal

RPS3 (M03) H00006188-M03 mouse monoclonal

TBP (1TBP18)
Tid

mouse monoclonal
rabbit polyclonal

Epitope
aa20-33
full-length
aal-277
aa671-970
a-region
aa around
Ser-133-P
full-length
full-length
N-terminus
aa867-881
aa39-52
C-terminus
full-length
aa471-521

full-length

aal-286

aa around
Ser276-P
aa around
Ser536-P
full-length
C-terminus
C-terminus
N-terminus
NOT-1
N-terminus
NOT-4
aal-100

aa around
Ser54-P
aa774-1045
aa32-79
CTD repeat
Ser5-P CTD
repeat
aald4-244
aal-20
full-length

Dilution Obtained from

1:1000
1:1000
1:200
1:200
1:200

1:200

1ug/ml
1:200

1:1000
1pg/ml
1ug/ml
1pg/ml
1:200

1:1000

1pg/ml
1:200
1:1000

1:1000

1:200
1:200
1pg/ml

1pg/ml

1pg/ml
1pg/mi
1:1000

1:200
1:2000
1:1000

1:1000

1pg/mi
1:2000
3ug/ml

Sigma-Aldrich
Cell Signaling
Santa Cruz
Santa Cruz
Santa Cruz

Santa Cruz

Abnova

Santa Cruz
Cell Signaling
Sigma-Aldrich
Sigma-Aldrich
Abnova

Santa Cruz
Bethyl

Abnova
Santa Cruz
Abcam

Abcam

Santa Cruz
Santa Cruz
Kurzik-Dumke, U.

Kurzik-Dumke, U.

Kurzik-Dumke, U.
Abcam
Abcam

Santa Cruz
Life Technologies
Abcam

Abcam

Abnova
Abcam
Kurzik-Dumke, U.

1: Used for western blots (Ch. 3.4.3) and ELISAs (3.5.4); 2: Used for ChlPs (Ch. 3.5.7)
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Tab. 44 Secondary antibodies

Conjugate!  Dilution Obtained from

anti-mouse 1gG (A3562) goat polyclonal AP 1:5000 Sigma-Aldrich
anti-rabbit 19G (A3687) goat polyclonal AP 1:5000 Sigma-Aldrich
anti-goat 1gG (A4187) rabbit polyclonal AP 1:30000 Sigma-Aldrich
anti-mouse 1gG (A9044) rabbit polyclonal HRP 1:5000 Sigma-Aldrich
anti-rabbit 1gG (A6154) goat polyclonal HRP 1:5000 Sigma-Aldrich

1: Antibody labeled with alkaline phosphatase (AP) or horseradish peroxidase (HRP).

3.2.6  Recombinant proteins and nuclear extracts
Recombinant proteins and nuclear extracts were used as positive controls in transcription factor
ELISAs (Ch. 3.4.5). In addition, recombinant proteins were used as molecular weight standard in

EMSASs (Ch. 3.5.3). All recombinant proteins and nuclear extracts were stored at -80°C.

Tab. 45 Recombinant proteins and nuclear extracts

Name Expressed in  Tag! Manufacturer
EGR-1 (E5777) Sf9 Sigma-Aldrich
CREB3 (H00010488-P01) Wheat germ GST Abnova

p50 (31101) E. coli Active Motif
p65 (31102) E. coli Active Motif
HelLa NE? Active Motif
HelLa + TNFa 20ng/ml, 30min. NE? Active Motif
HeLa + TPA 62ng/ml, 10min. NE? Active Motif

1: Affinity tag used for protein purification; 2: Nuclear extract (NE).

3.2.7  Purchased full-length cDNA clones and cDNA libraries

Tab. 46 Full-length cDNA clones

Gene  Clone name Reference! Host Vector Cloning sites
EGR-1 IRATp970D09107D NM_001964 DH10B pCMV-SPORT6 5:Sall; 3": Notl
MYCN IRALp962C0412Q NM 005378 DH10B pOTB7 5" EcoRl; 3": Xhol

All clones were purchased from Source BioScience (Berlin); 1: NCBI reference number.

Tab. 47 Purchased cDNA library

Name Host Vector Cloning sites

Human Mammary Gland cDNA library  E. coli BNN132 pACT2 5" EcoRlI; 3": Xhol
The library was purchased from Clontech (Heidelberg).
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3.2.8 Bacterial cells

Tab. 48 Characteristics of the applied bacterial cell lines

Genotype! Resistance  Transformation  Manufacture
efficiency (cfu/ug) r
XL1- recAl endAl gyrA96 thi-1 tetracycline > 1x10° Stratagene
Blue hsdR17 supE44 relAl lac [F (USA)
(E. coli) proAB lacliZ4M15 Tnl0 (Tetr)]
DH10B F- mcrA A(mrr-hsdRMS-mcrBC) — --- > 1x11° Source
(E. coli) 80lacZAM15 AlacX74 recAl BioScience

endAl araD139 A (ara, leu)7697
galU galK A- rpsL nupG
/pMON14272 | pMON7124

1: The genes indicated are mutated alleles, the genes on the F~ episome are wild-type alleles unless
indicated otherwise.

3.29 Yeastcell line

Tab. 49 Characteristics of the Saccharomyces cerevisiae strain Y187

Genotype! Reporters  Markers

MATo, ura3-52, his3-200,
Y187 ade2-101, trp1-901, leu2-3,
(Saccharomyces 112, gal44, gal804, met—, MEL1, LacZ trpl, leu2 Clontech
cerevisiae) URAS3 : : GALluas-GAL1raTA-

LacZ MEL1

1: Y187 cells are auxotroph for leucine, tryptophan and histidine.

3.2.10 Mammalian cell lines

Techniques for cultivation and storage are described in Ch. 3.6.

Tab. 50 Applied murine cell lines

Name  Type Morphology Medium  Doubling Reference
NIH-3T3 Embryonal fibroblast adherent RPMI ~20h Jainchill et al.
monolayer (1969)
MOCHA Skin fibroblast adherent DMEM-F12 ~20h Peden et al.
monolayer (2002)
BC3H1 Smooth muscle derived  adherent DMEM-F12 Schubert et al.
from a nitrosoethylurea  monolayer (1974)
induced neoplasm
C1271 Epithelioid mammary adherent DMEM-F12 Lowy et al. (1978)

gland carcinoma monolayer
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Tab. 51 Applied human cell lines

Age! Karyotype Morphology Medium  Doubling Reference

HaCaT normal (not 62a  male, hypo- adherent DMEM/F-12 ~20h Boukamp et
tumorigenic) tetraploid monolayer al. (1988)
caucasian
keratinocyte

HT-29 caucasian 44a male, adherent RPMI ~40-60h  Fogh et al.
colon adeno- hypertriploid monolayer / (1975)
carcinoma colonies
epithelioid

T98G caucasian 6la  male, hyper- adherent EMEM ~20h Stein (1979)
glioblastoma pentaploid  monolayer

HelLa negroid epi- 58a  female, adherent RPMI ~48h Gey et al.
thelioid cervix aneuploid monolayer (1952)
carcinoma

HEK293 embryonal hypotriploid semi-adherent DMEM/F-12 ~24h Graham et
Kidney monolayer al. (1977)

1: Age at the time of isolation, a: Years. In the case of HEK293 the cells were isolated from an abortion of

unknown origin.
3.2.11 Applied Kit systems

Tab. 52 Applied Kit systems

Name Manufacturer

Advansta Western Bright™ Quantum™
Chemiluminescent Kit

ChIP-IT™ Express

CREB (Phospho-Ser®®) Transcription Factor
Assay Kit

Dynabeads® M-280 Streptavidin
GenElutePCR™ Clean-Up Kit
GenElutePCR™ Gel Extraction Kit

KAPA SYBR® FAST gPCR Kit
LightShift®Chemiluminescent EMSA Kit
Matchmaker™ One-Hybrid Library
Construction &Screening Kit

NF-kB (human p50) Transcription Factor
Assay Kit

NF-kB (p65) Transcription Factor Assay Kit
Nuclear Extract Kit

peqGOLD Plasmid Miniprep Kitll
QuantiTect® SYBR® Green PCR Kit
Re-ChIP-IT™

SMARTer™ RACE cDNA Amplification Kit
TURBO DNA-free™ Kit

Venor®GeM Mycoplasm Detection Kit

Biozym Scientific GmbH, Oldendorf

Active Motif, Rixensart (Belgium)
Biomol GmbH, Hamburg

Life Technologies, Darmstadt
Sigma-Aldrich, Steinheim
Sigma-Aldrich, Steinheim
PegLab GmbH, Erlangen
Pierce, Rockford (USA)
Clontech, Heidelberg

Biomol GmbH, Hamburg

Biomol GmbH, Hamburg

Active Motif, Rixensart (Belgium)
PeqLab GmbH, Erlangen

Qiagen, Hilden

Active Motif, Rixensart (Belgium)
Clontech, Heidelberg

Life Technologies, Darmstadt
Minerva Biolabs GmbH, Berlin
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3.3 DNA and RNA techniques

331 Isolation and purification of plasmid DNA from bacterial cells

Plasmid DNA isolation was performed according to the alkaline lysis method (Brinboim and Doly
1979). Bacterial cultures used for DNA isolation were raised from single colonies. Cells were
grown in LB medium (Ch. 3.1.6, Tab. 12) supplemented with the respective antibiotic (ampicillin:
100pg/ml; kanamycin: 50ug/ml; chloramphenicol: 30ug/ml) for 16-20h at 37° on a shaking

incubator at 180rpm.

3.3.2  Quantification of nucleic acids using spectrophotometry

To determine the concentration of the DNA- and RNA-samples, the optical density (OD) was

measured at 260nm wavelength. The concentration was calculated according to the formula:

¢ [ug/ml] = OD260 x dilution factor x 50 pg/ml (dsDNA)

The OD of a solution containing 50 ug/ml dsDNA (or 40 pg/ml ssDNA or 33 pg/ml ssRNA) is 1.
To estimate the purity of the preparations the OD260/0D280 ratio was determined. Values 1.6-1.8
describe pure DNA/RNA samples. The DNA concentration was determined using the Bio
Photometer (Eppendorf) and RNA concentration using the NanoDrop1000 (PeqLab).

3.3.3  Separation of nucleic acids using agarose gel electrophoresis

To separate DNA molecules according to their molecular weight, agarose gel electrophoresis was
performed according to standard procedures. Depending on the size of the DNA to be separated
0.8% - 2% horizontal agarose gels in 1x TAE buffer (Ch. 3.1.5, Tab. 4) supplemented with 0.5ug
ethidium bromide per 100ml were used. The samples were supplemented with 6x DNA Loading
Dye (Thermo Fisher; Ch. 3.1.5, Tab. 4) to a final concentration of 1x prior to loading onto the gel.
Evaluation took place under UV-light (A = 316 nm) using the gel documentation software Phoretix

Grabber v3.01 (NonLinear Dynamics).
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3.3.4  Amplification of DNA using polymerase chain reaction (PCR)

The polymerase chain reaction (PCR) method (Saiki et al. 1985) was used to selectively and expo-
nentially amplify nucleic acids in repeated cycles of primer annealing, amplification by a thermo-
stable DNA polymerase, and denaturation. Depending on the experimental question different poly-
merases (Ch. 3.2.1, Tab. 16), reaction conditions (Tab. 53), and PCR programs were used (Tab. 54).

Tab. 53 PCR reaction set-ups

Approach ' | .
Cloning? (Re-)ChIP? RT-PCRICDNA- o s
Com tst Amplification
ponents

Forward Primer 10pmol 10pmol 10pmol 10pmol
Reverse Primer 10pmol 10pmol 10pmol 10pmol
Template 50ng-1pg Sul 0.5ul 10pl
10mM dNTPs 1ul 1ul 1ul 1ul
25mM MgCl2 4ul 2.5ul

10x Tag-buffer with

(N H4)2gO4 SHl 2.5ul

10x PCR buffer 3ul

10X Advantage 2 3l
PCR Buffer

Polymerase Su 1u 5u 1ul
H20 to 50pl to 25ul to 30ul to 30ul

1. The indicated buffers were provided with the respective polymerase (Ch. 3.2.1, Tab. 16) used for
amplification; 2: Amplified using recombinant Tag DNA Polymerase (Thermo Fisher); 3: Amplified using
HotStarTaq Plus DNA Polymerase (Qiagen); 4: Amplified using the Advantage 2 Polymerase Mix (Clontech).

Tab. 54 Applied PCR programs

Approach Cloning/RACE! (Re-)ChIP cDNA Sequencing?
amplification

Components T[°C] Time T[°C] Time T[°C] Time TI[°C] Time
1. Activation 94 3min. 94 3min. 95 5min. 98 30sec.
2. Denaturation 94 30sec. 94 20sec. 94 30sec. 96 10sec.
3. Annealing 44-59 30sec. 59 30sec. 54 30sec. 50 5sec.
4. Extension 72 Imin. 72 30sec. 72 3min. 60 4min.
5. Final extension 72 15min. --- 72 15min. 60 1sec.
6. End temp. 4 HOLD 4 HOLD 4 HOLD 4 HOLD
Repeat steps 2. - 4.  40x 40x 40x 25X

1: For amplification of RACE cDNA the annealing was performed at 68°C, 30sec. and extension at 72°C,
3min.; 2: Sequencing is described in Ch. 3.3.6.
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3.3.5  Purification of DNA fragments after enzymatic restriction and amplification

Purification of DNA fragments generated by enzymatic restriction or amplification was performed
using the GenElute™ PCR Clean-Up Kit (Sigma-Aldrich) according to the manufacturer’s
instructions. DNA fragments separated by gel electrophoresis (Ch. 3.3.3) were extracted from the
gels using the GenElute™ Gel Extraction Kit (Sigma-Aldrich) according to the manufacturer’s
instructions. The DNA was eluted with 30-40pl of the preheated (65°C) Elution Buffer provided
with the Kit.

3.3.6  DNA sequencing

DNA sequencing was performed according to the chain termination method first described by
Frederick Sanger et al. (1977) and modified by Lee et al. (1992). The sequencing reaction was set
up in 10pl as follows:

template DNA (20-100ng PCR product / 100-700ng plasmid DNA)

10pmol sequencing primer

1x BigDye buffer

2ul 3.1 BigDye terminators.

BigDye components were purchased from GENterprise Genomics, Mainz (Germany). The
amplification reaction was performed using the sequencing program (Tab. 54). Sequencing was
conducted by GENterprise Genomics. Sequence analysis was performed using the FinchTV
(Geospiza) and Jellyfish software v1.5 5689 (Biowire).

3.3.7  Enzymatic restriction of DNA for cloning purposes

For cloning purposes DNA was restricted using diverse restriction endonucleases (Tab. 15) in the
following reaction:

5-15ug plasmid DNA / 1-5ug linear DNA

1x enzyme specific reaction buffer

3u/pug DNA enzyme

to 50ul H20
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The samples were incubated for 90min. in a water bath at 37°C (Smal at 30°C). The DNA
fragment(s) of interest were purified as described in Ch. 3.3.5.

3.3.8 Dephosphorylation of restricted plasmid DNA

To prevent self-ligation, restricted purified plasmid DNA was dephosphorylated using FastAP™
Thermosensitive Alkaline Phosphatase (Thermo Fisher; Ch. 3.2.1, Tab. 17) according to the

manufacturer’s instructions. The reaction mix consisted of:

5ug DNA
1u Fast-AP™

1x Fast-AP™ puffer
to 50ul H20

The dephosphorylated vector DNA was purified as described in Ch. 3.3.5.

3.3.9 Blunting of overhangs

To generate blunt-ended DNA, digestion using the Klenow fragment (Klenow Fragment is the
Large Fragment of DNA Polymerase | from E. coli; Ch. 3.2.1, Tab. 16) was performed. This
enzyme exhibits 5°-3" polymerase activity and 3"-5"exonuclease activity but lacks 5°-3"exo-
nuclease activity. Thus it can be used to either fill in 5" overhangs or to remove 3 overhangs. The

reaction mix was set up according to the manufacturer’s instructions.

3.3.10 Ligation of restricted DNA fragments for cloning purposes

Ligation of linear DNA fragments was performed using bacteriophage derived T4 DNA ligase (Ch.
3.2.1, Tab. 17). For ligation 50-100ng restricted and dephosphorylated vector DNA was used. The
amount of the insert DNA was calculated using the following formula:

ng] vector) x ([bp] insert
([ng] ) x ({bp] ) X molar ratio insert/vector = [ng] insert

[bp] vector
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The reaction mix consisted of:
50-100ng vector DNA
x ng insert DNA (ratio insert/vector 1:5)
1u T4 Ligase (5u for blunt-end ligation)
1x T4 DNA Ligase buffer
to 20ul H20

For ligation of blunted DNA ends, 2ul of 50% PEG4000 (polyethylene glycol) was added to the
reaction mix in order to increase the ligation rate (Pheiffer and Zimmerman 1983). The reaction
was carried out for 1h at 22°C in a water bath. The enzyme was inactivated by heat-shock at 65°C
for 10min. Ligated DNA was identified by separation on agarose gels (Ch. 3.3.3). The correctness
of the cloning was controlled by restriction (Ch. 3.3.7) and sequencing (Ch. 3.3.6).

3.3.11 Preparation of competent XL1-Blue bacterial cells

Competent XL1-Blue E. coli cells (Ch. 3.2.8, Tab. 48) were generated using the rubidium chloride
technique as described by Hanahan (1983). Cells were shock-frozen in liquid nitrogen as 100ul

aliquots and stored at -80°C.

3.3.12 Transformation of competent XL1-Blue bacterial cells

For propagation purposes, plasmid DNA was transformed to competent XL-1 Blue E. coli cells
(Ch. 3.2.8, Tab. 48) according to the heat-shock method (Cohen et al. 1972). Competent cells (Ch.
3.3.11) were thawed on ice and mixed with 10-100ng plasmid DNA or the complete reaction
samples from ligations (Ch. 3.3.10). After 30min. incubation on ice, the cells were heat-shocked at
42°C for 1 min and then immediately cooled down on ice. Prior to incubation (37°C, 45min,
180rpm) 500l SOC medium was added to the sample. After incubation the cells were pelleted by
centrifugation at 12000rpm for 15s and resuspended in 100ul sterile 0.9% NaCl. Cells were plated
on LB agar (Ch. 3.1.6, Tab. 12) supplemented with 100pug/ml ampicillin or 50pug/ml kanamycin.

3.3.13 Generation of bacterial and yeast glycerol stocks

For long-time storage of bacterial and yeast cells glycerol stocks were generated. Bacterial cells
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were grown as described in Ch. 3.3.1. In the case of yeast single colonies of untransformed Y187
cells (Ch. 3.2.9, Tab. 49) were cultured in YPDA (Ch. 3.1.6, Tab. 11), whereas transformed cells
(Ch. 3.4.4.1) were cultured in SD medium (Ch. 3.1.6, Tab. 11) lacking the respective amino acids
used as growth marker (Ch. 3.4.4 and Ch. 3.5.2). Incubation of yeast cells was performed for 16-
20h at 30°C on a shaking incubator at 230rpm. All cells to be stored were harvested at the
exponential phase of growth. The cells were aliquoted a 500ul and supplemented 1:1 with sterile
glycerol (50%). The bacterial cells were shock frozen in liquid nitrogen and stored at -80°C,

whereas the yeast cells were stored directly at -80°C.

3.3.14 Vector constructs

The full-length expression constructs pACT2-NF«xBp50, pAS2-1-NFkBp50, pACT2-NF«kBp65,
pAS2-1-NFkBp65, pACT2-RPS3, pACT2-p53, pACT2-CREB1, and pACT2-CREBL1 were
generated in the Kurzik-Dumke laboratory by M. Szydlowski (PhD thesis: Identification of the
regulatory elements and factors of the human tumor suppressor gene tumorous imaginal discs,
2011). The full-length pACT2-CREB3 construct and the deletion constructs pACT2-CREB3-2
(aal-231), pACT2-CREB3-3 (aal-154), pACT2-CREB3-4 (aal55-231), pACT2-CREB3-5
(aal55-315), and pACT2-CREB3-6 (aa93-154) were generated in the Kurzik-Dumke laboratory
by B. Hacker (PhD thesis: Beitrag zur Aufklarung der zellularen Rolle des humanen neighbour of
tid (not) Gens, 2016). The full-length pEGFP-N3-CREB3 construct was generated in the Kurzik-
Dumke laboratory by M. Déring (Diploma thesis: Generierung von Vektoren zur kontrollierbaren
transienten Expression und Abschaltung des humanen not Gens, 2012). All other constructs were
generated as described below (Ch. 3.3.14.1-3.3.14.5).

3.3.14.1 Generation of NOT promoter constructs

All 19 NOT promoter constructs (PhNOT; P; Ch. 3.3.14.1 and Ch. 3.3.14.2) were cloned into
pHIS2.1 (Ch. 3.2.2, Fig. 11). The PANOT-1 construct was generated by amplification (Ch. 3.3.4)
using the BAC clone RP11-488M12 (NCBI: AC061705) as template and the primers Phnot-F1
(equipped with an EcoRl site) and Phnot-R1 (equipped with an Sall site) (Ch. 3.2.4.1, Tab. 29). It
encompasses the 1150nt upstream of the NOT-1 start codon. The fragment was cloned via EcoRI

at 5" and Sall at 3". The constructs PhNOT-2 to -4 were generated by amplification using specific



Material and Methods 59

forward primer primers in combination with Sacl-equipped reverse primers (Ch. 3.2.4.1, Tab. 29)
and PhNOT-1 as template. The fragments were cloned via blunted 5" and Sacl at the 3" into
pHIS2.1. Construct PANOT-2 encompasses the region 704nt to ATG, PhNOT-3 525nt to ATG and
PhNOT-4 1115nt to 686nt.

3.3.14.2 Generation of NOT promoter constructs with deleted NFkB binding sites

Using the P-MATCH ™ algorithm (Chekmenev et al. 2005; Ch. 3.5.1) 22 potential NF«B sites (Ch.
3.2.4.2, Tab. 37), thereof 10 in cis, were predicted within the 1150bp NOT promoter region. To
determine their binding capacity via yeast one-hybrid (Y1H) (Ch. 3.5.2), 5 constructs, PANOT-5 to
-9 (P5-9), encompassing the following regions upstream the NOT-1 start codon have been
generated: P5: 1115-932nt; P6: 912-686nt; P7: 704-504nt; P8: 421-228nt, P9: 248-87nt. For the
synthesis of the PhNOT promoter fragments the services of the ATG:biosynthetics GmbH
(Merzhausen) have been used. The fragments were equipped with the restriction sites EcoRI at 5
and BamHI at 3" and cloned into the pBluescript vector (Ch. 3.2.2, Fig. 8). For recloning into
pHIS2.1 (Ch. 3.2.2, Fig. 11) the pBluescript constructs were digested with EcoRI and BamHI (Ch.
3.3.7) and recloned into pHIS2.1 (Ch. 3.2.2, Fig. 11) via EcoRl at 5" and blunted BamHI at 3" (Ch.
3.3.8 -3.3.10). In addition derivatives of P5-9 were generated containing defined deletions of the
predicted NFxB binding sites in cis (Ch. 3.2.4.2, Tab. 37) termed (D for deletion): P5P%: P5 without
22 (973-951nt); P6P*: P6 without s19/18 (789-776nt); P6P2: P6 without s17/16 (768-755nt); P7P:
P7 without s15/14 (679-670nt); P7P2: P7 without s13/12 (638-624nt); P7P3: P7 without s8 (544-
535nt); P8PL: P8 without s6/5 (375-363nt); P8P2: P8 without s4/3 (339-330nt); P8P3: P8 without s2
(265-252nt); P9PL: P9 without s1 (223-214nt). They were generated as described for P5-9. The

construct characteristics are summarized together with the obtained Y1H results in Tab. 61.

3.3.14.3 Generation of the EGR-1 expression construct

The EGR-1 construct was generated by amplification (Ch. 3.3.4) using the primers listed in Tab.
25 (Ch. 3.2.4.1). As template the full-length EGR-1 cDNA clone (IRATp970D09107D (Ch. 3.2.7;
Tab. 46) was used. The forward primer was equipped with the Ncol site and the reverse primer
with the EcoRlI site. The construct was cloned via Ncol at 5° and blunted EcoRI at 3" into pACT2
(Ch. 3.2.2, Fig. 12).
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3.3.14.4 Generation of the MYCN expression construct

The MYCN construct was generated by amplification (Ch. 3.3.4) using the primers listed in Tab.
24 (Ch. 3.2.4.1). As template the full-length MYCN cDNA clone (IRALp962C0412Q, (Ch. 3.2.7;
Tab. 46) was used. The forward primer was equipped with the Ncol site and the reverse primer
with the EcoRlI site. The construct was cloned via Ncol at 5” and blunted EcoRI at 3" into pACT2
(Ch. 3.2.2, Fig. 12).

3.3.14.5 Generation of RPS3 expression constructs

All constructs were generated by amplification (Ch. 3.3.4) using the primers listed in Tab. 26 and
Tab. 27 (Ch. 3.2.4.1). As template the full-length pACT2-RPS3 construct (Ch. 3.3.14) was used.
For cloning into pAS2-1 all forward primers were equipped with the EcoRI site and all reverse
primers with the BamHI site. The constructs were cloned via EcoRI at 5" and BamHI at 3" into the
pAS2-1 (Ch. 3.2.2, Fig. 13). For cloning into pACT2 all forward primers were equipped with the
EcoRl site and all reverse primers with the Xhol site. The constructs were cloned via EcoRI at 5
and Xhol at 3" into the pAS2-1 (Ch. 3.2.2, Fig. 13).

3.3.15 Isolation of total RNA from mammalian cells using the TR1zol® reagent

Total RNA from mammalian cells grown to 70-80% confluency was isolated using the TRIzol®
reagent (Life Technologies), a monophasic solution of phenol and guanidine isothiocyanate
(Chomczynski and Sacchi 1987), according to the manufacturer’s instructions. The precipitated
RNA was resuspended in 44l RNase-free water and then purified from DNA contaminations using
the TURBO DNA-free™ Kit (Applied Biosystems) according to the manufacturer’s instructions.
The reaction mix consisted of:

44ul total RNA

1x TURBO DNase buffer

2u TURBO DNase

The final volume of this reaction was 50ul. The RNA concentration was determined

spectrophotometrically using the NanoDrop (Ch. 3.3.2). RNA was stored at -80°C.
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3.3.16 Synthesis of the first cDNA strand

First strand cDNA synthesis was performed using SuperScript™ II Reverse Transcriptase (Tab.
16; Ch. 3.2.1) according to the manufacturer’s instructions. The reaction mix consisted of:

2.5ug total RNA (Ch. 3.3.15)

500ng oligo(dT)12-18 primer (Ch. 3.2.4.1, Tab. 30)

0.5mM dNTP Mix

1x First-strand buffer

200u SuperScript™ II

to 20ul H20

After the procedure, the reaction was diluted with 361 RNase-free water and stored at -20°C.

3.3.17 Quantitative real-time reverse transcription polymerase chain reaction (QRT-PCR)

To detect and quantify cellular mRNA levels, quantitative real-time reverse transcription
polymerase chain reaction (qQRT-PCR) was used. In this technique, the amplification of cDNA via
PCR is combined with the “real-time” monitoring of the increase of newly synthesized DNA in
each cycle using the fluorophore SYBR green (Pfaffl 2001). When SYBR green intercalates into
the minor groove of dsDNA, it emits a 1000x higher fluorescent signal at 580nm as unbound in
solution (Wittwer et al. 1997). Because in the exponential amplification phase the amount of PCR
product doubles with each cycle, the emitted fluorescent signal also doubles with each cycle. The
obtained fluorescence intensities can be used to quantify the (initial) cDNA amounts over a wide
concentration range (Wilhelm and Pingoud 2003). The course of the reaction is illustrated in an
amplification plot showing the fluorescent reporter signal normalized to a passive reference dye
(ROX) in a logarithmic scale plotted against the number of performed PCR cycles. This plot is
used to determine the cycle threshold, the Ct value, which refers to the cycle number during the
exponential phase of amplification at which the fluorescent reporter signal was first detected being
higher than the background fluorescence. The C+ value is inversely proportional to the amount of
DNA in the starting PCR sample. The higher the concentration of an amplified target was in the
initial sample the faster a significant increase in fluorescence is detected during PCR resulting in a

lower Ct value. The analysis of relative changes in gene expression was performed using the
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comparative Ct or 274t method which allows to present the data as “fold change” in expression
(Livak and Schmittgen 2001; Schmittgen and Livak 2008). For that purpose, all Ct values (X) were
normalized to the internal control, the housekeeping gene (R) hypoxanthine-guanine phospho-
ribosyltransferase (HGPRT), as follows: ACTt(X) = C1(X) — Ct(R). The relative concentration of a
target with respect to HGPRT is then calculated with 272¢T. A ACt = 0 indicates a ratio of 1
between the target and the reference (272¢t = 2° = 1). The number 2 defines the doubling of the
amount of the amplicon with each reaction by 100% efficiency (E) (Livak and Schmittgen 2001).
It is known from laboratory practice that, as a result of sample-to-sample variations, biological and
even technical replicates result in significantly different fluorescence curves and thus in different
efficiencies (Pfaffl 2006). For correct ACt calculation, the amplification efficiency of both the
target and the reference must be approximately equal. For that purpose, the E values were optimized
for each target gene investigated prior to the sample analysis using the LinRegPCR software
application for calculation (Ramakers et al. 2003). LinReg uses data points from the exponential
amplification phase and draws a regression line representing the PCR efficiency (Ruijter et al.
2009). The predominant advantage of this method is that the LinReg algorithm performs a
correction of baseline fluorescence estimation errors per amplicon before fitting (Ruijter et al.
2009). This is of particular importance as no or improper baseline correction has been identified as
the most important factor for variability and bias in the calculation of PCR efficiencies (Ruijter et
al. 2009). To determine the relative gene expression of a target in different samples with respect to
the respective physiological sample conditions (e. g. chemical induction/inhibition, siRNA
silencing), the yielded ACt(X) values are compared to a normalized calibrator (e. g. untreated cell,
scrambled siRNA) AC1(C) as follows: AACT(X) = ACt(X) - AC1(C). The expression of the gene
of interest relative to the internal control in the treated sample compared with the untreated control
was calculated with 2724¢t. For RT-PCR analysis, 0.5ul first-strand cDNA (Ch. 3.3.16) were
amplified using the KAPA SYBR® FAST gPCR Kit (PegLab) according to the manufacturer’s
instructions and transcript-specific primer combinations (10pmol each; Ch. 3.2.4.1, Tab. 31, 33
and 35) in a 10ul reaction. Each PCR reaction was performed as duplicate using the ABI PRISM
7900HT Fast System (Life Technologies) and the following reaction conditions: initial
denaturation/activation for 1min. at 95°C, 3sec at 95°C, 20sec of annealing at 54°C, and 20sec of
elongation at 72°C for 40 cycles. The specificity of the amplification was determined using a
dissociation curve. For this purpose, the samples were cooled to 62°C after the last amplification

cycle and heated with a constant ramp rate of 2% (= 0.16°C/sec.) to 95°C. Depending on the length
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and base composition the respective amplicons dissociate at distinct temperatures resulting in a
steep specific decrease of fluorescence signal in the amplification blot (Wilhelm and Pingoud
2003). Data analysis was performed using the SDS 2.4 RT-PCR System Software.

3.3.18 Determination of transcription start sites using rapid amplification of
cDNA ends (RACE)

The transcription start sites (TSS) of the target transcripts were determined using the rapid
amplification of cDNA ends (RACE) technique with the help of the SMARTer RACE cDNA
Amplification Kit (Tab. 52). The RACE technique is based on the addition of the SMARTer Il A
oligonucleotide (Ch. 3.2.4.1, Tab. 30) to the reverse-transcribed cDNA using the Switching
Mechanism at 5" end of RNA Transcript (SMART ™) method described by Zhu et al. (2001). The
tagged cDNA can then be amplified with a tag-specific forward primer (USP primer, Ch. 3.2.4.1,
Tab. 30) in combination with a gene specific reverse primer (Ch. 3.2.4.1, Tab. 28, 32, and 34). The
RACE reaction was performed according to the kit instructions using 5ug total RNA (Ch. 3.3.15).
After the procedure, the sample was brought to a final volume of 50ul with Tricine-EDTA buffer
(Ch. 3.1.5, Tab. 4). The amplification of RACE cDNA was performed as described in Ch. 3.3.4.
The amplificates were separated on an 1.5% agarose gel (Ch. 3.3.3). The detected bands were
isolated (Ch. 3.3.5) and sequenced (Ch. 3.3.6).

3.4 Standard protein working methods

34.1 Protein extraction from mammalian cells

3.4.1.1 Preparation of crude cell extracts from mammalian cells

Cells were grown on 24 well plates to 70-80% confluency and harvested as described in Ch. 3.6.1.
The cells from two wells were pelleted by centrifugation at 2000rcf and 4°C for 5min. The pellet
was resuspended in 120ul ice-cold TKM/NP-40 buffer (Ch. 3.1.5, Tab. 8) supplemented with
protease inhibitors according to the manufacturer’s instructions (Roche) and incubated on ice for
30min. After incubation the cells were vortexed at maximum speed for 30sec. and the cell debris

was pelleted by centrifugation at 14000rcf and 4°C for 10min. The protein containing supernatant
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was shock frozen in liquid nitrogen and stored at -80°C. Protein quantification was performed

according to Bradford (1976) using the BioRad™ protein assay as described in Ch. 3.4.2

3.4.1.2 Preparation of cytoplasmic and nuclear protein extracts from mammalian cells

Cytoplasmic and nuclear protein fractions were isolated from cells grown to 70-80% confluency
(Ch. 3.6.1) in a two-step centrifugation approach using the Nuclear Extract Kit (Active Motif)
according to the manufacturer’s instructions. Fractions were aliquoted, shock frozen in liquid
nitrogen, and stored at -80°C. Protein quantification was performed according to Bradford (1976)

using the BioRad™ protein assay as described in Ch. 3.4.2

3.4.2  Protein quantification using Bradford

Protein concentrations were determined using the BioRad™ protein assay according to the
manufacturer’s instructions. This dye-binding assay is based on the method of Bradford (Bradford
1976). The determination of the protein concentration was performed in comparison to a bovine

serum albumin (BSA) standard curve.

3.4.3 Western blot

To detect specific proteins in cell extracts, the western blot technique was applied (Burnette 1981).
SDS-PAGE of the protein homogenates was performed as described in Ch. 3.4.3.1. To analyze
detected complexes in EMSA experiments (Ch. 3.5.3), proteins were separated on native polyacryl-
amide gels (without SDS). After separation, the proteins were transferred to a polyvinylidene
fluoride (PVDF) membrane via electroblotting (Ch. 3.4.3.2). The proteins of interest were detected
using specific primary antibodies (Ch. 3.2.5, Tab. 43) in combination with secondary antibodies
(Ch. 3.2.5, Tab. 44) coupled to either alkaline phosphatase (AP) or horseradish peroxidase (HRP)
(Ch. 3.4.3.3). As substrate for the enzymatic AP reaction 5-Bromo-4-chloro-3-indolyl phosphate
(BCIP) was used in combination with Nitro Blue Tetrazolium (NBT) (Ch. 3.1.5, Tab. 6). As
substrate for HRP luminol was used according to the instructions of the Advansta Western Bright™
Quantum™ Chemiluminsecent Kit (Biozym). Signals were quantified using ImageJ software

(Schneider et al. 2012). The determined relative intensities (RI) were normalized to Actin.
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3.4.3.1 Separation of proteins using sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS-PAGE)

Electrophoresis was carried out under denaturing conditions using 10% SDS-polyacrylamide
(SDS-PAGE) gels or under native conditions using 5% polyacrylamide gels (without SDS). The
separating gel (5-10% polyacrylamide, 1x lower tris (Ch. 3.1.5, Tab. 6), 0.05% APS, and 0.2%
TEMED) and the stacking gel (5% polyacrylamide, 1x upper tris (Ch. 3.1.5, Tab. 6), 0.05% APS,
and 0.2% TEMED) were casted in the 10x8cm Hoefer™ SE 250 gel electrophoresis unit. For
separation, 15-40pug protein extracts (Ch. 3.4.1) were loaded. Prior to loading, the samples were
dissolved in 5x Laemmli buffer (Ch. 3.1.5, Tab. 6) to a final concentration of 1x and heated for
90sec. at 70°C. As standard for evaluation of protein size 2.5ul of the PageRuler Prestained Protein
Ladder (Fermentas; Ch. 3.2.3, Tab. 18) was used. Gels were run at 20mA.

3.4.3.2 Transfer of separated proteins to a PVDF membrane (electroblotting)

To transfer proteins from a polyacrylamide gel to a PVDF membrane, the semi-dry blotting
technique was applied (Kyhse-Anderson 1984). The gel was put on top of a methanol activated
PVDF membrane between a sandwich composed of 9 whatman filter papers wetted in three
different buffers (Ch. 3.1.5, Tab. 6). The sandwich was built as follows: three papers in Anode
buffer 11, three papers in anode buffer I, activated PVDF membrane, gel, three papers in Cathode
buffer. The blotting of proteins from a 10% PAGE gel was accomplished with an applied rated

current of ImA per cm? of membrane for 90min. and for blot transfer of 5% PAGE for 40min.

3.4.3.3 Immunodetection of proteins with alkaline phosphatase or chemiluminescence

After blotting, the membrane was blocked using 0.2% I-Block (Ch. 3.1.5, Tab. 6) for 1h at RT or
overnight at 4°C. The primary antibody used to detect the protein of interest was diluted in I-Block
(Ch. 3.2.5, Tab. 43) and incubated with the membrane for 1h at RT or overnight at 4°C. After
incubation, the membrane was washed four times in PBS at RT, 10min. per wash. A 1h incubation
at RT with the secondary AP- or HRP-coupled antibody diluted in 1-Block (Ch. 3.2.5, Tab. 44)
followed. After incubation, the membrane was washed four times in PBS at RT, 10min. per wash.

For protein detection using alkaline phosphatase, the membrane was incubated with 10ml staining
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solution (Ch. 3.1.5, Tab. 6) for 1min. up to 1h. For protein detection using chemiluminescence, the
Advansta Western Bright™ Quantum™ Chemiluminsecent Kit (Biozym) and SuperRX X-Ray

films (Fuji) were applied according to the manufacturer’s instructions.

3.4.4  The yeast two-hybrid system (Y2H)

The yeast two-hybrid system (Y2H; Fields and Song 1989) was used to detect protein-protein
interactions and to map the responsible binding domain. This system is based on the yeast
transcription factor GAL4, composed of a DNA-binding domain (BD) and a transcriptional
activation domain (AD). The BD recognizes and binds to the upstream activating sequence (UAS)
located upstream the transcription start of GAL4-responsive genes, the AD interacts with
components of the transcription machinery needed for initiation (Traven et al. 2006). In this study,
the proteins or protein fragments of interest (Ch. 3.3.14 and Ch. 3.3.14.3 - Ch. 3.3.14.5) are
expressed as fusions of the GAL4-AD (if cloned into pACTZ2; Ch. 3.2.2, Fig. 12) and/or the GAL4-
BD (if cloned into pAS2-1; Ch. 3.2.2, Fig. 13) domains. If those two proteins interact, the GAL4
transcription factor is reconstituted and can bind to its UAS recognition sequence thus activating
the transcription of the Y187 lacZ reporter gene (Ch. 3.2.9, Tab. 49). The activity of lacZ expressed
-galactosidase can be shown by staining with X-gal (Ch. 3.4.4.3).

3.4.4.1 Cotransformation of Y187 cells using the LiAc method

The expression vectors of interest (Ch. 3.3.14 and Ch. 3.3.14.3 - Ch. 3.3.14.5) were cotransformed
into the yeast strain Y187 (Ch. 3.2.9, Tab. 49), which is auxotroph for the amino acids histidine
(His), leucine (Leu), and tryptophan (Trp), according to the LiAc method (Gietz and Woods 2002).
In this study 50ul competent cells were transformed with 500ng of bait and 500ng of prey as
follows: From an 50ml overnight culture (Ch. 3.3.13) 7.5ml were transferred to 150ml YPD
medium and incubated at 30°C, 230rpm, until a cell density of ODeoo = 0.4 — 0.6 was reached. The
culture was centrifuged for 5min. at 700 x g. The cell pellets were resuspended in 30ml sterile H.O
and centrifuged at 700 x g for 5min. Pellets were than redissolved in 1.5ml 1.1x TE/LiAc,
centrifuged at 13000rpm for 30sec. and resuspended in 600ul 1.1x TE/LiAc. To the reaction 500ng
Herring Testes Carrier DNA and 500ul PEG/LiAc were added for higher transformation
efficiencies (Kawai et al. 2010). After vortexing and incubation for 30min. at 30°C, 20ul DMSO
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were added to each sample. The samples were incubated at 42°C for 15min. and pelleted by
centrifugation at 13000rpm, 15sec. The pellets were resuspended in 1ml YPD medium and
incubated at 30°C, 230rpm, for 90min. Cells were then pelleted by centrifugation at 13000rpm,
15sec. and redissolved in 700ul 0.9% sterile NaCl solution. Because the cotransformed cells
contain the nutritional marker genes necessary for the synthesis of leucine (conferred by pACT2;
Ch. 3.2.2, Fig. 12) and tryptophan (conferred by pAS2-1; Ch. 3.2.2, Fig. 13), they can be selected
on SD/-Leu/-Trp medium for 2-7 days at 30°C.

3.4.4.2 Monitoring of protein expression using yeast colony blot

To monitor the expression of the proteins encoded by the recombinant vectors transformed into the
yeast cells (Ch. 3.4.4.1), the yeast colony blot technique was applied. Protein detection was
performed using antibodies directed against the encoded proteins or the AD/BD fusion domains
(Ch. 3.2.5, Tab. 43) of the vectors. Yeast colonies to be examined were transferred to a
nitrocellulose membrane and incubated sequentially at RT in Denaturing solution I for 10min., in
Denaturing solution Il for 5min., two times in neutralization solution for 5min. and in 2x SSC for
15min (Ch. 3.1.6; Tab. 7). Membranes were washed with TBS and blocked with 5% BSA in TBS
for 1h at RT (Ch. 3.1.6; Tab. 7). The primary antibodies diluted in I-Block were added for 1h, RT.
After incubation, the membranes were washed twice in TBS-Tween/Triton buffer and once in TBS
buffer for 10min. Then the secondary alkaline phosphatase (AP)-labeled antibodies diluted 1:5000
in 1-Block (Ch. 3.2.5, Tab. 44) were added for 1h at RT. After incubation, the membranes were
washed three times in TBS-Tween/Triton buffer. Finally, the blots were incubated in the staining

solution as described for western blot in Ch. 3.4.3.3.

3.4.4.3 pB-Galactosidase (X-gal) assay

To visualize protein-protein interactions detected with the Y2H method (Ch. 3.4.4), the B-
galactosidase (B-Gal) assay was used. Monitoring of B-Gal activity was performed using the indole-
coupled galactose analog X-gal (5-bromo-4-chloro-3-indolyl-p-D-galactopyranoside) as substrate.
For that purpose, selected colonies were placed on a filter paper with forceps and cracked in a
freeze/thaw step using liquid nitrogen. The filters were than incubated in X-gal staining solution
(Ch. 3.1.5, Tab. 5) at 30°C up to 24h. In all Y2H experiments performed Y187 cells cotransformed
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with the pAS2-1-p65 and the pACT2-RPS3 constructs (Ch. 3.3.14) served as positive control and
cells containing the empty pACT2 (Fig. 12; Ch. 3.2.2) and pAS2-1 (Fig. 13; Ch. 3.2.2) vectors as
negative control. As control for the staining reaction Y187 cells were cotransformed with the pCL1
vector encoding the full-length GAL4 transcription factor (Ch. 3.2.2, Fig. 7).

3.4.5  Determination of relative nuclear protein activity using ELISA

The relative nuclear activity of NFkB and CREB1 was determined using the specific enzyme-
linked immunosorbent assay (ELISA) kits CREB (Phospho-Ser'3?) Transcription Factor Assay Kit,
NF-kB (human p50) Transcription Factor Assay Kit and NF-kB (p65) Transcription Factor Assay
Kit according to the manufacturer’s instructions. The underpinning principle of this assays is the
binding of nuclear proteins to their specific DNA binding site spotted as double-stranded biotin-
labeled oligonucleotides on streptavidin coated 96well microplates. The bound protein is than
detected using a specific antibody. The secondary antibody is coupled to horseradish peroxidase
(HRP). For detection, the kits supply the chromogenic substrate 3,3°,5,5” - tetramethyl-benzidine
(TMB). In all cases 15ug nuclear extracts (Ch. 3.4.1.2) were used for binding. The readout was

performed in an ELISA plate reader at 450nm wavelength after 40min. substrate incubation.

3.5 Techniques for identification of protein-DNA interactions

3.5.1 Computational analysis of putative promoter DNA sequences

Potential transcription factor binding sites and motifs for the general transcription machinery were
predicted using the P-MATCH™ algorithm (Chekmenev et al. 2005; web: http://www.gene-
regulation.com/index2) and the JASPAR database (Mathelier et al. 2014; web:
http://jaspar.cgb.ki.se/). The JASPAR database is a collection of positional weight matrices
(PWMs) (Stormo 2000) based on a curated, non-redundant set of experimentally verified and
published transcription factor binding sites for eukaryotes. This database predicts potential binding
sites based on sequence similarity to the annotated sites. The P-MATCH™ algorithm is based on
the combination of pattern matching approaches using the TRANSFAC® database (Matys et al.
2003), a collection of known transcription factor binding sites and PWMs. As first step the

algorithm determines the PWM of the core protein recognition sequence using all known binding
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sites of a specific transcription factor deposited in the TRANSFAC® database and computes “d-
scores” which are values for similarity between a DNA sequence and a transcription factor binding
site. A score of 1.0 indicates exact matching of the analyzed sequences. For the final report of
potential binding sites two d-scores are calculated, one for the whole site and one for the nucleotides
of the core site, which are the five most conserved nucleotides within the alignment. Only the
results are listed whose both d-scores exceed one of the three pre-selected cut-off values to either
minimize false negative (under-prediction error) and false positive results (over-prediction error)
or the sum of both. Predicted sites were analyzed in different in vitro (Ch. 3.5.2 - Ch. 3.5.6) and in

vivo experiments (Ch. 3.5.7) for their binding capacities.

3.5.2  The yeast one-hybrid system (Y1H)

To identify and characterize protein-DNA interactions, the yeast one-hybrid technique (Fields et
al. 1993; Durfee et al. 1993) using the Matchmaker™ One-Hybrid Library Construction &
Screening Kit (Clontech; Ch. 3.2.11, Tab. 52) was applied. This technique can be used to screen
cDNA libraries for DNA-binding proteins or to detect the binding of a distinct protein to a defined
DNA (bait). The defined or potential DNA-binding protein (prey) is expressed as fusion to the
activation domain (AD) of the yeast GAL4 transcription factor which is necessary for
transcriptional activation by recruiting coactivators and the general transcription machinery
(Traven et al. 2006). In this study, the preys were cloned into pACT2 (Ch.3.3.14 and Ch. 3.3.14.3
- Ch.3.3.14.5) and the baits into pHIS2.1 (Ch. 3.3.14.1 - Ch. 3.3.14.2). After cotransformation (Ch.
3.4.4.1) of the bait and prey constructs into Y187 cells (Ch. 3.2.9, Tab. 49), the expressed AD-
fusion protein can bind to its cognate DNA target sequence and activate transcription of the HIS3
reporter gene. The HIS3 expression enables yeast cells which are auxotroph for histidine (such as
Y187) to grow on SD selection medium lacking this amino acid (Ch. 3.1.6; Tab. 11). Selection
stringency can be increased using the nutritional markers of the pACT2 (LEUZ2; Ch. 3.2.2, Fig. 12)
and pHIS2.1 (TRP1; Ch. 3.2.2, Fig. 11) vectors. As result, Y187 cells cotransformed with bait and
prey constructs grow on SD medium lacking the amino acids histidine (His), tryptophan (Trp) and
leucine (SD/-His/-Trp/-Leu) in case the bait and prey vectors interact with each other. The growth
medium is also supplemented with the competitive Hisp3 inhibitor 3-amino-1-2-4-triazole (3-AT).
In the absence of a prey vector endogenous yeast transcription factors can bind the minimal

promoter and drive reporter gene expression (leaky expression) resulting in basal Hisp3 activity.
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In order to avoid false positive results, the concentration of the 3-AT necessary to inhibit this basal
activity has to be established for each of the generated bait constructs on its own (3-AT test). This
was performed by cotransformation (Ch. 3.4.4.1) of 500ng promoter construct and 500ng empty
pACT2 vector into Y187 cells. The cotransformed cells were plated on SD/-His-/-Trp/-Leu
supplemented with 50mM, 60mM, 70mM, 100mM or 150mM 3-AT. The concentration at which
cell growth could not be observed anymore was chosen for Y1H experiments. As positive control
500ng of the p53 expression vector (Ch. 3.2.2, Fig. 6) and 500ng of the p53-promoter containing

reporter vector (Ch. 3.2.2, Fig. 6) were transformed and selected under identical conditions.

3.5.3  Electrophoretic mobility shift assay (EMSA)

To investigate the binding of a protein to a specific DNA binding site, the electromobility shift
assay (EMSA; also known as gel retardation or band shift assay) was applied. This technique (Fried
and Crothers 1981) is based on the fact that protein-DNA complexes migrate slower in a native
polyacrylamide gel compared to the respective unbound DNA. Potential DNA binding sites pre-
dicted using the P-MATCH™ algorithm (Chekmenev et al. 2005; Ch. 3.5.1) were synthesized as
single stranded deoxyoligonucleotides with a 5"-prime biotin tag on the sense strand (Ch. 3.2.4.2).
The complementary oligonucleotides were heated to 95°C for 5min. and cooled down 45min. at
RT for annealing. EMSASs were performed according to the LightShift® Chemiluminescent EMSA
Kit (Tab. 52). For complex formation, transcription factor-specific binding buffer (Tab. 9), 7ug
nuclear extract (Ch. 3.4.1.2), and 20fmol ds oligo (Tab. 36-41) were mixed in a 20pul reaction and
incubated on a rotating platform for 20min. at RT. After incubation, the reactions were mixed with
3ul EMSA loading dye (Tab. 9) and loaded on a 5% native PAGE-gel (Ch. 3.4.3.4). The gels were
run in 0.5x TBE buffer (Tab. 9) at 100V until the bromophenol band reached the end of the gel.
The semi-dry transfer of separated protein-DNA complexes to a Biodyne® B 0.45uM nylon mem-
brane (Pall) was performed with ImA/cm? for 40min. as described in Ch. 3.4.3.2. Signals were
detected using chemiluminescence and SuperRX X-Ray films (Fuji) according to the EMSA Kkit.

354 Identification of protein-DNA interactions using ELISA

To investigate the binding of the NFkB subunits p50 and p65 to P-MATCH™-predicted NFxB
sites within the NOT promoter (Ch. 3.2.4.2, Tab. 37), the ELISA technique was applied. For that
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purpose, the biotinylated NFkB binding sites were immobilized on a 96well streptavidin coated
microplate (Greiner Bio-One) by incubating 10ng ds oligo per well in a buffer consisting of 1%
BSA in 0.05% Tween20/ PBS solution, pH 7.2, at RT (200ul total volume/well). After
immobilization, the plate was blocked for 2h at RT with 200l 5% BSA in 0.05% Tween20/ PBS
solution, pH 7.2, per well. For protein binding, 30ng recombinant p50 or p65 (Ch. 3.2.6, Tab. 45)
were incubated in 200l 1% BSA in 0.05% Tween20/ PBS solution, pH 7.2, per well at 4°C
overnight. The binding specificity was confirmed by competition with 10x excess of cold oligo
before loading on the plate. After incubation, the plate was washed three times with 200ul BSA in
0.05% Tween20/ PBS solution, pH 7.2, per well. For detection, the plate was incubated for 1h at
RT with the anti-p50 or anti-p65 antibody (Ch. 3.2.5, Tab. 43) diluted 1:30 in 200ul 1% BSA in
0.05% Tween20/ PBS solution, pH 7.2, per well. After incubation, the plate was washed three times
with 200ul BSA in 0.05% Tween20/PBS solution, pH 7.2, per well and loaded with anti-mouse-
AP antibody (Ch. 3.2.5, Tab. 44) diluted 1:5000 in 200ul 1% BSA in 0.05% Tween20/PBS
solution, pH 7.2, per well. After incubation, the plate was washed three times with 200l BSA in
0.05% Tween20/ PBS solution, pH 7.2, per well. For development, 200ul pNPP substrate (Img/ml
pPNPP (Sigma-Aldrich) in 1M diethanolamine pH9.8/0.5mM MgClI. per well) were added per well
and incubated for 35min. in the dark. The readout was performed after 40min. staining with an
ELISA reader using a 405nm filter.

3.5.5 Identification of NFkB, EGR-1, and MYCN binding to the NOT promoter

using affinity chromatography

The binding of NFxB, EGR-1, and MYCN to the predicted sites in the NOT promoter (Ch. 3.2.4.2,
Tab. 37, 38 and 39) was determined by affinity chromatography using Dynabeads M-280 (Tab. 52)
according to the manufacturer’s instructions. The studies were performed using nuclear extracts
(Ch. 3.4.1.2) isolated from HeLa cells. For immobilization, 60pmol ds-btn-oligo were mixed with
300ug beads prewashed in the 2x B&W buffer (Ch. 3.1.5, Tab. 10) and incubated on a rotator for
15min. at RT. After washing, the Dynabeads-oligo complexes three times with the 2x B&W buffer
20ug of the HeLa nuclear extract were added to the sample and incubated on a rotating platform
for 45min. Total volume of the reaction was 30pl in the respective binding buffer (Ch. 3.1.5, Tab.
9). The specificity of the binding was determined by competition assay. For this purposes, the

nuclear extracts were preincubated with 10x excess of the cold oligo for 30min. before adding the
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immobilized btn-oligos. After binding, the beads were washed three times with coupling buffer
(Ch. 3.1.5, Tab. 10). The captured complexes were eluted in 20pl 1% Laemmli (Ch. 3.1.5, Tab. 6)
for 15min. at 50°C. The complete eluates were analyzed using western blot (Ch. 3.4.3).

356 Southwestern blot

To identify protein-DNA interactions, the Southwestern technique was applied (Siu et al. 2008).
This technique allows hybridization of btn-labeled oligonucleotides to immobilized proteins after
gel electrophoretic separation (Ch. 3.4.3). 3ug of the nuclear extracts (Ch. 3.4.1.2) were separated
under denaturing conditions and blotted as described for western blot (Ch. 3.4.3). After blotting
the PVVDF membrane was incubated shaking at 150rpm, RT, in renaturation buffer (Ch. 3.1.5, Tab.
10) overnight. For binding, 20fmol btn-oligos (Ch. 3.2.4.2, Tab. 37 and 38) were diluted in 3ml
renaturation buffer supplemented with 1jug dldC and incubated shaking 150rpm, 15min., RT. The
specificity of the binding was determined by competition assay. For this purposes, the blots were
preincubated with 3000x excess of the cold oligo for 30min. before adding the btn-oligos. After
binding, the membranes were washed three times with TENED buffer (Ch. 3.1.5, Tab. 10). Signals
were detected using the Chemiluminescent Detection Kit (Pierce) and SuperRX X-Ray films (Fuji)

according to the manufacturer’s instructions.

3.5.7  Chromatin immunoprecipitation (ChIP) and sequential ChIP (Re-ChlP)

To identify protein-DNA interactions in vivo, chromatin immunoprecipitation (ChlIP) and
sequential ChIP (Re-ChIP) were used. This technique is based on the preservation of native protein-
DNA interactions in the cell by cross-linking using the fixative formaldehyde. The fixed chromatin
is then enzymatically sheared into fragments of about 200-1500bp in length. The DNA-bound
protein (or protein complex) of interest is immunoprecipitated using a specific antibody and protein
G coated magnetic beads. After chromatin elution, the cross-links are reversed and the DNA s
purified from the immunoprecipitates. The DNA fragments bound by the factors of interest can
then be identified using PCR (Ch. 3.3.4). To prove that two proteins are simultaneously located on
the same DNA fragment, sequential ChIP (Re-ChlIP) was applied. In this approach a second ChIP
with a different antibody is performed using the immunoprecipitated protein-DNA complexes from

a first ChlP reaction. DNA purification and analysis is then performed as described above. ChlPs
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were performed using the ChIP-IT™ Express Kit (Tab. 52) according to the manufacturer’s
instructions. Cells were grown to 70-80% confluency (Ch. 3.6.1) and 4.5x107 cells were fixed using
1% formaldehyde. After harvesting, the chromatin was isolated from the nuclei and sheared with
200u/ml of the supplied enzymatic shearing cocktail for 15min. at 37°C. To control the shearing
efficiency, an aliquot of the sheared chromatin was purified from proteins as described in the
manual. The quality of the remaining DNA fragments was checked by gel electrophoretic
separation (Ch. 3.3.3). All immunoprecipitations were performed at 4°C overnight using 5ug of
sheared chromatin and 3pg antibody (Ch. 3.2.5, Tab. 43) in combination with protein G-agarose
coated magnetic beads to capture the immune complexes. After extensive washing and elution, the
DNA was purified from the captured complexes. From these samples 5ul were subjected to
amplification via PCR in 25ul total volume (Ch. 3.3.4). After PCR, the samples were mixed with
5ul 6x loading dye (Ch. 3.1.5, Tab. 4) and 20pul were separated on a 2% agarose gel (TopVision
Agarose, Thermo Scientific) as described in Ch. 3.3.3. The Re-ChIPs were performed according to
Re-ChIP-IT™ Kit (Tab. 52) with 7ug of sheared chromatin and 3pg antibody for both ChIP
reactions. After the first immunoprecipitation, the chromatin was selectively eluted while the first
antibody remained bound to the beads using a special buffer (Re-ChlIP-IT Elution Buffer). This
mechanism assures that the first antibody is not active in the second ChlIP to produce false positive
results. To control this step, a small aliquot of the eluted chromatin was incubated during the second
ChIP reaction without the second antibody. The eluates were desalted followed by a second ChlP.

DNA purification and amplification as in ChlP.

3.6 Mammalian cell culture techniques

Cells were incubated in a humidified incubator at 37 °C with an atmosphere containing 5% CO..
All cell culture media were supplemented with 10% inactivated fetal calf serum (FCS) (Biochrom),
100 U/ml penicillin and 100 pg/ml streptomycin (Sigma-Aldrich). Cells were checked for Myco-
plasma contaminations using the Venor®GeM Mycoplasm Detection Kit (Minerva GmbH)
according to the manufacturer’s instructions. The applied human cell lines are listed in Tab. 51
(Ch. 3.2.10). The cell lines HT-29 (ACC 299) and HeLa (ACC 57) were obtained from the Leibniz
Institute DSMZ-German Collection of Microorganisms and Cell Cultures (Braunschweig). The
T98G cell line (CRL-1690) was obtained from the American Type Culture Collection (ATCC).
The HaCaT cell line was obtained from CLS Cell Lines Service GmbH (Eppelheim). HT-29 and
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HeLa cells were cultivated in RPMI1640 with L-glutamine (Sigma-Aldrich). T98G cells were
grown in Minimal essential medium (MEM) with Earle’s salts (EMEM) and stable glutamine
(Biochrom) supplemented with 1mM sodium pyruvate (Sigma-Aldrich) and 1% non-essential
amino acids (Sigma-Aldrich). HaCaT cells were grown in Dulbecco’s MEM / HAM’s F-12
(DMEM-F12) L-glutamine and sodium bicarbonate (Sigma-Aldrich) supplemented with 10mM
HEPES. The applied murine cell lines are listed in Tab. 50 (Ch. 3.2.10). The 3T3 cell line (ACC
299) was obtained from the Leibniz Institute DSMZ. The 3T3 (CRL-1658), MOCHA (CRL-2709),
BC3H1 (CRL-1443) and C1271 (CRL-1616) cell lines were obtained from the American Type
Culture Collection (ATCC). 3T3 cells were grown in RPMI11640 medium. MOCHA, BC3H1 and
CI1271 cells were grown in Dulbecco’s MEM / HAM’s F-12 (DMEM-F12) (Sigma-Aldrich)
supplemented with 10mM HEPES (1%).

3.6.1  Seeding, propagation and counting of cells

Cells stored in liquid nitrogen (Ch. 3.6.2) were thawed in a 37°C water bath, resuspended in the
respective pre-warmed culture medium (Ch. 3.6.1 and Ch. 3.2.10, Tab. 50 and 51) and pelleted by
centrifugation at 600g for 5min. The pellet was resuspended in medium and the cells were plated
and cultured under the conditions described in Ch. 3.6. After 24h hours the cells were washed with
1x PBS (w/o Ca?* and Mg?*) and supplemented with fresh medium. For splitting, cells grown to
70-80% confluency were washed with 1x PBS (w/o Ca?* and Mg?*) and detached from the culture
dish using trypsin (Sigma-Aldrich). The cells were mixed 1:1 with medium, pelleted by centri-
fugation at 600g, 5min. and washed three times in the respective culture medium. An aliquot was
diluted 1:10 in 0.4% trypane blue solution in order to determine the vitality and cell number using
a Neubauer chamber (Also called trypan blue exclusion assay if the amount of viable to dead cells
is determined; Strober 2001). Since the volume of one square in the Neubauer chamber is 0.1 mm?3,
the cell number in 1 ml medium is calculated by multiplication of the average cell number from all
four chamber squares with factor 10*. The desired cell amount was then resuspended in an

appropriate amount of culture or freeze medium for further propagation or storage (Ch. 3.6.2).

3.6.2  Storage of cells

Cells to be stored were harvested and quantified (Ch. 3.6.1). The desired amount of cells to be
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frozen was pelleted (1x10° - 1x107 per pellet) and diluted in 500l DMSO-free BioFreeze medium
(Biochrom). After cooling at -80°C overnight using the 2-propanol filled polycarbonate Mr. Frosty
Freezing Container (Nalgene) the cells were put into liquid nitrogen (-192°C).

3.6.3 Serum response

To test the effect of serum in the culture medium on transcription factor activation and NOT
expression, cells were grown under normal conditions to 60-70% confluency (Ch. 3.6.1) and
washed with 1x PBS (w/o Ca?* and Mg?*). The cells were then incubated for 24h in the respective
culture medium without serum (serum free, SF). After incubation, the serum-free medium was
replaced by the respective culture medium supplemented with 10% FBS for 2h (serum response,
SR). RNA and proteins were isolated as described in Ch. 3.3.15 and Ch. 3.4.1.1.

3.6.4  Pharmacological stimulation of cells

3.6.4.1 Caffeine

HT-29 cells were treated with different concentrations of the nonsense mediated mRNA decay
pathway (NMD) inhibitor caffeine (Sigma-Aldrich) as described by Johnson et al. (2012). The cells
were grown to 60-70% confluency (Ch. 3.6.1), washed, and supplemented with fresh medium
containing 5mM, 10mM, and 20mM caffeine. After 4h incubation under normal growth conditions,
the medium was replaced by fresh medium containing the respective caffeine concentrations for
another 4h hours. RNA and proteins were isolated as described in Ch.3.3.15 and Ch.3.4.1.1.

3.6.4.2 Parthenolide

The sesquiterpene lactone parthenolide from the anti-inflammatory medicinal herb Feverfew
(Tanacetum parthenium) inhibits the NFxB signaling (Kwok et al. 2001; Garcia-Pineres et al.
2001). Parthenolide was harnessed to assess the specificity of the NFkB binding to the NOT
promoter as detected using EMSA (Ch. 3.5.3) and to measure its impact on NOT expression using
gRT-PCR (Ch. 3.3.17). For that purpose, serum-starved cells (Ch. 3.6.3) were treated with 100uM

parthenolide for 10, 30 and 60min. After incubation, RNA and proteins were isolated as described
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in Ch.3.3.15 and Ch.3.4.1.1. The nuclear fractions were subjected to EMSAs as described in Ch.
3.5.3, the RNAs were analyzed using gRT-PCR (Ch. 3.3.17).

3.6.4.3 TNFa

Tumor necrosis factor a (TNFa), a member of TNF family of cytokines is one of the prototypic
inducers of NF«B signaling (Hayden and Ghosh 2014). It was used to assess the impact of the
activated canonical NFkB pathway on NOT expression (Ch. 4.6.4). For that purpose, serum-starved
cells (Ch. 3.6.3) were treated with 50ng/ml TNFa for 10min., 30min., and 60min. After incubation
RNA and proteins were isolated as described in Ch.3.3.15 and Ch.3.4.1.1. The cytosolic and
nuclear fractions were subjected to western blot (Ch. 3.4.1.2), the RNAs were analyzed using qRT-
PCR (Ch. 3.3.17).

3.6.4.4 Brefeldin A

Brefeldin A (BFA) is a macrocyclic lactone produced by Penicillium brefeldianum and shown to
be a potent Golgi-stress inducer by inhibiting ER-Golgi protein trafficking (Nebenfuhr et al. 2002).
The cells were grown to 60-70% confluency (Ch. 3.6.1), washed and supplemented with fresh
medium containing 2ug/ml BFA. After incubation for 10min., 30min. and 24h RNA and proteins
were isolated as described in Ch. 3.3.15 and Ch. 3.4.1.1.

3.6.5 Transient transfection of mammalian cells with siRNAs

HT-29 and HelLa cells were transiently transfected with siRNAs to silence the expression of the
genes of interest. The cells were harvested in the proliferation phase (60-70% confluency) and
seeded on 24 well plates with 1.4x10° (HT-29) and 7x10* (HeLa) cells per well (Ch. 3.6.1). After
1h hour incubation, 10-50nM siRNAs (Ch. 3.2.4.3, Tab. 42) were transfected using 3ul HiPerFect
Transfection Reagent (Qiagen) according to the manufacturer’s instructions. After 48h incubation,
the cells were harvested for RNA (Ch. 3.3.15) and protein isolation (Ch. 3.4.1). The samples were
analyzed using gRT-PCR (Ch. 3.3.17) and western blot (Ch. 3.4.3).
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4 Results

4.1 Identification and characterization of NOT splice variants

4.1.1 Isolation of different NOT transcripts from diverse cell lines

The 1(2)not gene has been originally discovered together with the 1(2)tid tumor suppressor gene in
the Kurzik-Dumke group (Kurzik-Dumke et al. 1995; 1996; Kaymer et al. 1997). The same group
also isolated the human counterpart NOT-1 (Kurzik-Dumke and Kaymer 1996; GenBank:
Y09022.1). The NOT variants 2 (GenBank: BM920198.1), 4 (GenBank: BX339649.2), and 5
(GenBank: AK299575.1) isolated from diverse tissues were published later on (Fig. 2; Ch. 1.2.1).
To check if these transcripts are expressed in diverse cell lines or if they are (cancer-) cell-specific,
different primers were designed (Tab. 32) to detect the single forms via RT-PCR (Ch. 3.3.4). After
gel electrophoretic separation the detected bands were isolated and sequenced. Amplification using
a forward primer residing just upstream the start codon of NOT-1, -2, and -5 in combination with
a reverse primer in the 3"- UTR shared by all variants yielded amplification of NOT-1 and -5 (Fig.
14A, Tab. 32; 1f/1r), whereas the strong signal of NOT-1 superimposed the only 67nt smaller NOT-
2 variant. In addition, two yet unidentified NOT variants, NOT-1a and -1b (Fig. 14A; Tab. 55),
were detected. The NOT-1a variant lacks exon 6 leading to a frameshift and a different TAA stop
codon residing 154nt downstream the NOT-1 TGA (Tab. 55). The NOT-1b variant lacks exons 5-
8 causing no frameshift but a smaller protein (Tab. 55). Using the NOT-1 specific forward primer
and the 3"-UTR reverse primer for amplification the variants 1a and 1b could be confirmed (Fig.
14, Tab. 32; 2f/1r). Amplification using a NOT-2 or -5 specific forward primer (Tab. 32, 3f or 6f,)
in combination with the 3"-UTR primer (Tab. 32, 1r) yielded four additional forms, NOT-2a, -2b,
-5a, and -5b (Fig. 14A), containing the identical 3"exon combinations as NOT-1a and 1b. In the
case of the amplification using the NOT-5-specific forward primer (Tab. 32, 6f) a third form, NOT-
5¢, lacking the exons 3-7 as compared to NOT-5 (Tab. 55) was isolated. These splicing events have
no effect on translation as all of them occur downstream the respective premature stop codons of
NOT- 2 and -5 (Tab. 55). The 5" sequence of the variants detected using the NOT-1, -2, and -5-
specific forward primers (Tab. 32, 2f, 3f, and 6f) was completed by amplification using a forward
primer encompassing the NOT-1, -2, and -5 ATG (Tab. 32, 4f) in combination with a reverse primer

located in the third exon (as compared to NOT-1; Tab. 32, 2r) which is present in all three variants.
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Fig. 14 Amplification and isolation of NOT splice variants. Gel electrophoretic separation of amplificates
generated using the indicated primer combinations and cDNA from either T98G cells (A) or the Mammary
gland cDNA library. (B). Samples were separated on a 2% agarose gel. Applied primer combinations are
shown in the upper lane (f: Forward, r: Reverse). Bands were extracted from the gel and sequenced. The
identified variants are indicated. *: Non-specific; bp: Base pairs; M: Marker Gene Ruler 100bp ladder.

The obtained results show the expected three band pattern representing variants 1, 2, and 5 (Fig.
14A, Tab. 32; 4f/2r). Amplification using a forward primer upstream the NOT-4 start codon in
combination with the 3"-UTR reverse yielded detection of NOT-4 (Fig. 14A, Tab. 32; 5f/1r). In
addition, two yet unidentified NOT variants, NOT-4a and -4b (Fig. 14A; Tab. 55), were detected.
The NOT-4a variant lacks exon 6 causing no frameshift but a smaller protein (Tab. 55). The NOT-
4b lacks exons 4-8 leading to a frameshift and shorter protein (Tab. 55). As compared to NOT-4,
the splicing of NOT-4a and -4b generates a different TAA stop codon located 154nt downstream
of the NOT-4 TGA (Tab. 55). This stop codon is also used in the NOT-1a variant (Tab. 55). In
addition, three other forms, NOT-3, -3a, and -3c, were isolated using the 5f/1r primer combination
(Fig. 14A; Tab. 32). These three variants lack exon 2 as compared to NOT-4 leading to a frameshift
and a premature TGA stop codon located 178nt downstream ATG (Tab. 55). This stop codon is
also used in the NOT-5 variants (Tab. 55). Whereas NOT-3 only lacks exon 2 as compared to NOT-
4, variant 3a lacks exon 5 and variant 3c lacks exons 4-7 as compared to NOT-3 (Tab. 55). To
confirm the detected NOT variants, the amplifications were also performed using the Mammary
gland cDNA library (Tab. 47). In this case NOT-1, -1a, -2, -2a, -2b, -4, and -5 could be isolated
(Fig. 14B). Interestingly, an additional variant, NOT-3b, which lacks exon 3 as compared to NOT-
3, was exclusively found in this library. All amplifications were also performed using cDNA from
HaCaT, HT-29, HeLa, MDA-MB-468 cells and primary keratinocytes yielding similar signal
patterns (not shown). In those cells only the variants 1-5 were sequenced. Taken together, 13 yet
unidentified NOT variants, which can be grouped according to the composition of their first two
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Tab. 55 Characterization of NOT splice variants

Variant CDS/Stop? Length? Molecular weight®  Reference*
NOT-1 TGA/1315 438 50.13 KP189312
NOT-2 TAG/196 65 7.45 KP189315
NOT-3 TGA/178 59 6.11 KP189318
NOT-4 TGA/1171 390 44.37 KP189321
NOT-5 TGA/322 107 11.87 KP189324
NOT-1a TAA/1276 425 47.28 KP189313
NOT-1b TGA/766 255 29.05 KP189314
NOT-2a TAG/196 65 7.45 KP189316
NOT-2b TAG/196 65 7.45 KP189317
NOT-3a TGA/178 59 6.11 KP189319
NOT-3b TGA/178 59 6.11 KP189298"
NOT-3c TGA/178 59 6.11 KP189320
NOT-4a TAA/1132 377 41.53 KP189322
NOT-4b TAA/628 209 22.82 KP189323
NOT-5a TGA/322 107 11.87 KP189325
NOT-5b TGA/322 107 11.87 KP189326
NOT-5¢ TGA/322 107 11.87 KP189327

1: Size of the coding sequence (CDS) in nt. The position indicates the T in the TGA/TAG/TAA stop codon
with respect to ATG = 1; 2: Length of the translated proteins in aa; 3: Molecular weight (kDa) calculated
using the Protein Identification and Analysis Tools on the EXPASy Server (Artimo et al. 2012):
http://web.expasy.org/compute_pi/; 4: GeneBank accession numbers; All variants were sequenced from
T98G cDNA with exception of NOT-3b (*) sequenced from Mammary gland cDNA library.

exons into transcripts derived from NOT-1, -2, -3, -4 or -5, were isolated from diverse cell lines.
With the exception of the already published NOT-2 variant (Denecke et al. 2004) and its
derivatives, which all contain a shortened first exon, the newly detected forms encompass the
complete exonic sequences. The results indicate that the NOT transcripts are generated by
alternative splicing. All obtained nucleotide sequences were deposited in the GenBank Sequence
Database. The consequences of the observed splicing events for NOT protein structure is addressed
elsewhere (B. Hacker, PhD thesis: Beitrag zur Aufklarung der zelluldren Rolle des humanen
neighbour of tid (not) Gens, 2016).

4.1.2 Identification of splicing motifs for the NOT transcripts

Sequence analysis of the diverse NOT variants suggests that they are generated by alternative
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Tab. 56 Sglicing motifs for the different NOT variants

Intron 57splice site Branch point Polypyrimidine tract 3" splice site

1t (50) 5"-GAGgtaggc  (3441) 5"-accagAt  (3450) 5 -tcttgtcttcttcc (3461) 5" -tccagAC
2a? (531) 5°-CATgtgagt  (3441) 5"-accagAt  (3450) 5 -tcttgtcttcttce (3461) 5"-tccagAC
2b® (494) 5°-GAGgtgggc  (3441) 5"-accagAt  (3450) 5 -tcttgtcttcttce (3461) 5"-tccagAC
3 (3563) 5°-TGTgtgagt  (3639) 5"-ctcacAt (3645) 5 -ttttctctcatcttce  (3658) 5°-tccagGT
4 (3808) 5'-AAGgtgagt  (3897) 5" -accttAc (3906) 5" -tgttttcccttt (3915) 5°-tttagGT
5 (4078) 5-CAGgtcaac  (4535) 5'-tcctcTce (4540) 5" -tccectgetcaceee  (4552) 5°-cccagCC
6 (4675) 5" -CAGgtaccc  (5258) 5'-tgctgAc  (5269) 5 -caccaatcctc (5277) 5"-ctcagGT
7 (5485) 5°-CAGgtgaga  (5604) 5'-ctcacAa  (5637) 5 -cttttctcc (5643) 5"-tccagGA
8 (5722) 5°-ACCatatcc ~ (6283) 5-cacacAc  (6291) 5 -ctcctgccectt (6318) 5"-tacagAT
9 (6463) 5-CAGgtacca  (6534) 5-gcatgAg  (6584) 5 -cctgtttctcatctcc  (6597) 5 -tccagGT

All positions relative to ATG of NOT-4 = +1. Sequence derived from the BAC clone Homo sapiens 3 BAC
RP11-488M12 (NCBI: AC061705). Splice sites were calculated using the Alternative splice site predictor
(ASSP) at http://wangcomputing.com/assp/index.html. Exonic sequences in capital letters. The branch
points were calculated using the Human splicing finder at http://www.umd.be/HSF3. The polypyrimidine
tracts were calculated using the Intron Analysis tool from EMBL at http://www.ebi.ac.uk/asd-
srv/wb.cgi?method=6. 1: Intron between exons 1 and 2 of NOT variants 3 and 4; 2: Intron for splicing of
NOT-1 and derivatives; 3: Intron for splicing of NOT-2 and its derivatives.

splicing. The information required for splicing is contained in exonic and intronic cis-regulatory
elements that function by recruitment of sequence-specific RNA-binding proteins, which either
activate or repress the use of adjacent splice sites (Wang and Burge 2008). Motifs known as the
core splicing signals are present at every exon/intron boundary (the 5 and 3" splice sites) and in
every intron (the branch point sequence (BPS) and the polypyrimidine tract (PPT)) (Wang and
Burge 2008). To identify splice sites for NOT, the Alternative splice site predictor (ASSP) (Wang
and Marin 2006) was used. To identify BPs, the Human splicing finder (Desmet et al. 2009) was
used. The PPTs were calculated using the Intron Analysis tool from EMBL at http://
www.ebi.ac.uk/asd-srv/wb.cgi?method=6 (offline). As shown in Tab. 56, these motifs are found in
all nine NOT introns and at all exon/intron borders. Interestingly, in the case of the cryptic splice
site within the first exon of NOT-1, which leads to generation of the NOT-2 transcript described by
Denecke et al. (2004), the sequence of the 5° (cryptic) splice site has a higher sequence identity to
the consensus splice site than the one used for the higher expressed NOT-1 (Tab. 56+57).

4.1.3 Determination of NOT and ECEZ2 transcription start sites

In eukaryotic cells RNA polymerase Il mediated transcription starts from a specific promoter

region upstream the translation start codon called the transcription start site (TSS). The TSSs for

the NOT variants were determined using the RACE-technique and HaCaT cells as described in Ch.
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Fig. 15 Determination of NOT and ECE2 transcription start sites (TSS) using RACE. Gel
electrophoretic separation of DNA fragments amplified using RACE cDNA from HaCaT cells. The
complete PCR samples were separated on a 1.5% agarose gel. For TSS identification all detected
amplification products were extracted from the gel and sequenced. (A) Amplification of NOT variants. NOT
bands are marked with asterisks, all other bands are unspecific amplificates. All bands were sequenced with
the indicated reverse primer (Exception: Indicated band from the first lane was sequenced with primer 2r).
(B) Amplification of ECE2 using a primer specific for variants 1 and 3. Specific band marked with asterisk.
bp: Base pairs; M: Marker Gene Ruler 100bp ladder.

3.3.18. All primers used for the amplifications are listed in Tab. 28. Amplification of RACE cDNA
using the NOT 3"-UTR reverse primer (1r) able to recognize all NOT variants in combination with
the RACE-tag-specific forward primer (USP primer) yields detection of one strong signal (Fig.
15A). Gel extraction and sequencing revealed that the isolated band corresponds to NOT-1 with
the TSS located 23nt upstream ATG. In addition, smaller and significantly weaker signals were
detected potentially corresponding to other NOT variants. Because of their slight intensities, they
could not be sequenced. As shown above, the NOT transcripts can be classified depending on the
compositions of their first two exons (Ch. 4.1.1). To determine if class-specific TSSs exist, RACE
cDNA from HaCaT was amplified using group-specific reverse primers in combination with the
USP primer. The obtained results confirm the TSS for NOT-1 and show that this TSS is also shared
by NOT-2 and -5 (Fig. 15A). For NOT-3 and -4 the obtained results show that both variants share
the same TSS located 285nt upstream their start codon (Fig. 15A). Because NOT and ECE2 contain
overlapping promoter regions, the TSS of ECE2 was also determined. For that purpose, RACE
cDNA from HaCaT cells was amplified using a reverse primer specific for the ECE2 variants 1
and 3 in combination with the USP primer. These two ECE2 variants were chosen, because they
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Fig. 16 Histone modifications within the NOT promoter region highlight the presence of three
separate transcription units. Upper lane: Schematic representation of the chromosomal region
encompassing the NOT gene and the first to exons of ECE2 located on the opposite strand on chromosome
3 (Chromosome 3 genomic scaffold, GRCh38 Primary Assembly NT_005612.17). ChlP-seq data from HelLa
cells generated in the context of the ENCODE at the Broad Institute (http://www.broadinstitute.org/
science/projects/epigenomics/epigenomics-initiative) and in the Bernstein lab at the Harvard Medical
School (http://bernstein.mgh.harvard.edu/) (Rosenbloom et al. 2013; 2015). Visualization using the UCSC
genome browser (http://genome.ucsc.edu/) using the Human Dec. 2013 (GRCh38/hg38) Assembly (Kent et
al. 2002). The H3K9m3 and H3K27m3 marks are typical for transcriptional inactive euchromatin (Sims 3rd
et al. 2003) and served as negative control. H: Histone; K: Lysine; m: Methyl; ac: Acetyl; e: ATG of NOT-
1; ee: ATG of NOT-4; A: ATG of ECE2; m: TGA of NOT-1/4.

are the only ECE2 isoforms that contain the first exon 755nt upstream the NOT-1 ATG. The other
three variants share a different leader exon 26.5kb upstream NOT -1 (Fig. 1). For simplicity, ECE2
will refer to the ECE2 variants 1 and 3 in the following sections. The RACE analysis revealed the
TSS of ECE2 to be located 33nt upstream its ATG (Fig. 15B). The NOT and ECE2 TSSs were
confirmed in HelLa and HT-29 cells. Experimental support for the three identified TSSs comes
from available ChlP-seq data generated in the context of the ENCODE project to map epigenetic
marks (ENCODE project consortium 2012; www.genome.gov/10005107/encode-project/). Active
promoters contain the histone modifications H3K4m(methyl)2, H3K4m3, H3K9ac(acetyl) and
H3K27ac, which are predominantly found around TSSs and the beginning coding region (Bernstein
et al. 2002; Miao and Natarajan 2005; Shahbazian and Grunstein 2007). H3K36m3 marks regions
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of Polll elongation, including coding and non-coding genes and regulates DNA mismatch repair/
proofreading activity (Li 2013). The visualization of these epigenetic marks across the NOT-ECE2
genomic locus using the UCSC genome browser (Kent et al. 2002; https://genome.ucsc.edu/)
reveals the presence of three separate transcription units, two for NOT and one for ECE2 (Fig. 16).
Taken together, the results show that two different TSSs for NOT exist and that the variants which
share the same first exon also share the same TSS. The detection of two different TSSs also
indicates that the different NOT variants are transcribed from two different promoters.

414 Identification of RNA motifs within the NOT UTRs

To further characterize the NOT transcripts, the presence of functional RNA motifs in their
untranslated regions (UTRs) was investigated using the RegRNA2.0 web tool (Chang et al. 2013).
This analysis revealed that there exist no motifs for the universal 3'-UTR and for the 5'-UTR of
NOT-1. In the case of NOT-4 three elements were detected. A Musashi binding element (MBE;
MacNicol et al. 2011) located at 104-99nt upstream the TSS (5"-ATTAGT) and two upstream
ORFs (UORFs; Wethmar 2014) termed N4-uORF1 (5"-ATGAATGACTTTTATCAGGAAATC
TGA; 133-107nt) and N4-uORF2 (5"-ATGACTTTTATCAGGAAATCTGAAAATTAG; 129-
100nt). Both elements are known to repress translation of most mRNAs they are found in
(MacNicol et al. 2011; Wethmar 2014). The efficiency of translation initiation also strongly
depends on the nucleotide composition around the start codon, the so-called Kozak sequence (Fig.
17). For most efficient translation the position at -3 nt has to be A or G (R), the position +4nt G
(Kozak 2005). Transcripts whose Kozak sequences only fit at one position with the consensus site
are less efficiently translated, whereas transcripts which do not share these positions are, if at all,
only weakly translated (Kozak 2005). As shown in Fig. 17, the sequence analysis revealed that
NOT-1 shares the two important positions with the reference, whereas NOT-4 does not.

Interestingly, the Kozak sequence of the N4-uORF1 matches better with reference than does the

Kozak GCCRCCATGG Fia. 17 Kozak thic the NOT t -
— ig. ozak sequences within the ranscripts.
NOT-1 GTTAAGATGG Alignment of the sequences around the ATGs (bold and
NOT-4 ACACAGATGT underlined) of the NOT transcripts 1 and 4 and the two uORFs
N4-uORF1 TEC AATATGA of NOT-4 with the Kozak reference sequence (Kozak 2005).

The key positions of the Kozak sequence are in bold. Other
N4-uORF2 ATATGAATGA  sequence matches are underlined. R: Purine (A/G).
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normal full-ORF. Taken together, the compositions of the RNA motifs suggest, that NOT-1 is more
efficiently translated than NOT-4.

415  Quantification of the expression of the NOT transcripts in diverse cell lines

The NOT gene encodes 17 splice forms generated by alternative splicing (Ch. 4.1.1). To determine
the expression of the distinct NOT transcripts in diverse cell lines, gRT-PCR analysis was per-
formed (Ch. 3.3.17). Splice variant-specific primers were designed (Tab. 33) and their efficiencies
were determined using the LinReg evaluation software (Table S1-S4). As NOT and ECE2 might
be coregulated because of their overlapping promoter regions, the samples were further investi-
gated for ECE2 mRNA levels. The levels of the ubiquitously expressed ACTIN were also deter-

mined as comparison. The evaluation of the amount of the targets investigated was performed using

Tab. 57 Quantification of the relative amounts (2:4¢Y) of the NOT, ECE2, and ACTIN
transcripts in diverse cell lines

Z-ACT
m HaCaT HT-29 T98G Hela

NOT-1 0.10 0.12 0.19 0.12
NOT-1a 1.70 x107? 2.11 x107? 2.32 x102 3.85 x1072
NOT-1b 0.12 x10%2 0.37 x10°® 0.18 x1072 0.58 x1073
NOT-2 5.83 x107? 9.81 x107? 8.90 x1072 3.40 x102
NOT-2a 2.11 x10%? 2.54 x107? 1.64 x107 1.52 x10%?
NOT-2b 0.16 x107? 0.39 x10°3 0.15 x1072 0.39 x10°®
NOT-3 0.08 x1072 0.40 x10°® 0.89 x10°® 0.79 x10°®
NOT-3a 0.05 x107? 0.16 x10°3 0.31 x10°® 0.70 x10°®
NOT-3b 0.01 x10%2 8.51 x10°° 0.11 x10°® 0.24 x10°®
NOT-3c 0.38 x10* 9.46 x10°® 0.20 x10°® 0.03 x10°®
NOT-4 0.95 x1072 1.94 x10% 1.51 x10% 1.15 x10%?
NOT-4a 0.35 x107? 0.54 x1072 0.50 x1072 0.37 x102
NOT-4b 0.37 x10%2 0.51 x10%2 0.49 x1072 0.44 x10%?
NOT-5 0.08 x107? 0.39 x10°® 0.80 x10°° 0.12 x102
NOT-5a 0.04 x107? 0.98 x10°® 0.50 x10°3 0.10 x107
NOT-5b 0.94 x10* 0.32 x10°° 0.14 x10°® 0.46 x10°®
NOT-5¢ 0.35x10°® 0.18 x10°® 0.39 x10°3 0.50 x102
ECE2 0.33 0.21 0.29 0.90
ACTIN 28.44 18 38.59 30.27

The ACt value is determined by subtracting the HGPRT (endogenous reference) Cr-value from the Cr value
of the target investigated: ACt = Ct (NOT target) - C+ (HGPRT); The relative concentration of the target
(amount of target), 22T, is calculated for the average ACt values.
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the ACt method. As shown in Tab. 57, the NOT splice forms are expressed at distinct levels in
different cells. The 2"2€T values indicate that NOT-1 is the highest expressed variant in all four cell
lines (Tab. 57). In HaCaT, HT-29, and HeLa cells NOT-1 mRNA levels are almost identical (0.1,
0.12, and 0.12 respectively), whereas in T98G the amount is doubled (0.19). All other NOT variants
are expressed at significant lower levels. Furthermore, the expression data shows that in all cells
investigated the basic variants 1, 2, 3, 4, and 5 are expressed at a higher level than the derivatives
of these forms, in some cases this difference is three orders of magnitude (e. g. NOT-3 and -3c or
NOT-5 and -5b). Despite this observation, a constant ratio of the amount of the basic variants to
the amount of their derivatives could not be detected. For ECE2 the 22T values indicate higher
expression levels as compared to NOT, whereas an inter-cell correlation between the detected
ECE2 transcript patterns with any of the NOT multiple variants could not be detected. In all four

cell lines both, NOT and ECEZ2, are expressed at significantly lower levels as ACTIN.

416  Determination of the physiological relevance of the different NOT transcripts

Most of the isolated NOT variants contain a premature stop codon (Tab. 55). Transcripts which
harbor premature stop codons are selectively removed by the nonsense-mediated mRNA decay
(NMD) pathway to avoid deleterious effects for the cell (Chang et al. 2007). To test if NOT variants
are targeted by this pathway, HT-29 cells were treated with different concentrations of the NMD
inhibitor caffeine as described in Ch. 3.6.4.1. Transcripts which are removed under normal
physiological conditions via NMD should be accumulated after blocking this pathway. Using
cDNA from caffeine-treated and -untreated cells as template the specific amplification of the NOT
variants shows the enrichment of variants 2, 3, 5, 1a, 1b, 2a, 2b, 3a, 3c, 53, 5b, and 5c at 10mM
caffeine (Fig. 18A). Variants 5, 5a, 5c¢, and 3a are also stabilized at lower and/or higher
concentrations (Fig. 18A). The full-length variants 1 and 4 as well as HGPRT are not enriched.
Interestingly, the NOT-4 derived variants 4a and 4b which potentially code for 41.53kDa and
22.82kDa proteins (Tab. 55) are not stabilized in contrast to NOT-1 derived variants 1a and 1b
potentially coding for 47.28kDa and 29.05kDa proteins (Tab. 55). SMAD4 was amplified as
positive control for NMD inhibition (Johnson et al. 2012). Dassesse et al. (1999) reported that the
transcription factors EGR-1, c-Fos, and Arc are activated by caffeine to upregulate their target
genes. Because EGR-1 also regulates NOT (Ch. 4.4), the NOT protein expression was determined

using western blot (Ch. 3.4.3), to show that the observed increase of NOT transcripts is not due to
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Fig. 18 Accumulation of NOT mRNAs in caffeine-treated HT-29 cells. (A) Gel electrophoretic separation
of amplified cDNAs generated from Caffeine-treated and -untreated HT-29 cells. Amplifications were
performed using variant-specific primer combinations. 20l of the amplificates were loaded on a 2% agarose
gel. (B) NOT expression as determined using crude homogenates from Caffeine-treated and -untreated HT-
29 cells. 15pg crude homogenates were separated on a 10% PAGE gel and analyzed using the a-NOT 1/4
and o-NOT 4 antibodies. a-NOT 1/4 recognizes the full-length NOT-1 precursor (@), the potential post-
translational modified full-length NOT-1 (A), the N-terminal NOT-1 cleavage product (A), and the C-
terminal NOT-1 cleavage product (00). a-NOT 4 recognizes full-length NOT-4 (co) and the N-terminal
NOT-4 cleavage product (V). ns: Non-specific. M: Marker.
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induced gene expression. As shown in Fig. 18B, no increase of NOT-protein amount can be

detected after treating HT-29 cells with caffeine.

4.2 Identification of NOT and ECE2 core promoter elements

Initiation of transcription occurs at the core promoter. It is defined as the genomic sequence in the
immediate vicinity of the TSS, which can contain various combinations of distinct DNA-binding
elements that orchestrate the assembly of the preinitiation complex to navigate Pol Il to the TSS
(Fuda et al. 2009) (Fig. 5). To predict conserved core promoter elements, the Elements Navigation
Tool (ElemeNT; Sloutskin et al. 2015) and the Jaspar database (Mathelier et al. 2014) were used
(Ch. 3.5.1). As the core promoter is always defined relative to the TSS, the region 100nt up- and
downstream of the determined NOT-1, NOT-4, and ECE2 TSSs (Ch. 4.1.3) were analyzed. The
obtained results show that the TSSs for NOT-1 and NOT-4 are both located at an Initiator (Inr)
element (Tab. 58). In addition, a downstream promoter element (DPE) is located near the NOT-1
TSS and a downstream core element (DCE) is located near the NOT-4 TSS. No core promoter
elements were detected for ECE2. With the exception of the B recognition element (BRE), which
is specifically recognized by TFIIB, all other core promoter elements are described as TFIID-
interaction sites (Maston et al. 2006). To confirm the functional relevance of the predicted core
promoter elements in vivo, chromatin immunoprecipitation (ChIP) was applied (Ch. 3.5.7). The
ChlPs were performed using an antibody directed against TBP (Tab. 43) and chromatin from HT-

29 and Hela cells. The transcription factor p53 was used as negative control as it does not bind to

Tab. 58 Potential core promoter elements within the NOT promoter
Sequence

Consensus?®
Initiator (-24)5- CCACACA (-284)5- TTACTAA YYANWYY
TATA --- --- TATAWAAR
BREY --- --- SSRCGCC
BREY --- --- RTDKKKK
DPE (+6)5- GGCTGG DSWYVY
DCE --- (-272)5"- CTTCN14.CTGGN7ATCN, Ns7CTTCN7sCTGTN7.1:AGCN1.»

1: Core promoter elements; The BRE element can be located upstream (u) or downstream (d) of the TSS
(Sloutskin et al. 2015); 2: Sequence relative to ATG, the TSS is underlined; 3: Consensus motifs from
Sloutskin et al. 2015; Nx: Any base in the next x positions; Y: Cor T; W: AorT; R: Aor G; S: G or C; D:
AorGorT;K:GorT,V: Aor Cor G. The putative core promoter elements were predicted using the
ElemeNT tool (Sloutskin et al. 2015). The lack of TATA boxes was confirmed using the Jaspar Database
(Mathelier et al. 2014).
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Fig. 19 Identification of Pol 11 and TBP binding in the NOT promoter in vivo using the ChIP technique.
(A) Schematic representation of the 1.15kb NOT promoter. First bar: Positions in nt upstream the NOT-1
start codon; The respective first exon of NOT-4 and ECEZ2 is indicated as thicker bar; second bar: Primers
(F: Forward; R: Reverse) used for amplification and identified transcription start sites (T) for NOT-1 (TN,
NOT-4 (TN%) and ECE2 (TF); third bar: Core promoter elements (CPE) predicted using the ElemeNT tool
(Sloutskin et al. 2015). (B) Gel electrophoretic separation (2% agarose gel) of DNA fragments amplified
from ChIPs performed using antibodies directed against TBP, polymerase Il (PIl), polymerase Il
phosphorylated on Ser 5 (pPII) and p53. C: p53 ChlIP, negative control; I: Input DNA,; bp: Base pairs; M:
Marker Gene Ruler 100bp ladder.

the NOT promoter (Ch. 4.4.1). Because the ChIP technique not only allows identification of
proteins directly bound to DNA but of all chromatin proteins in a defined chromosomal area, the
ChIP experiments were also performed using antibodies directed against Pol Il and Pol Il phos-
phorylated on Ser5 of its C-terminal repeat domain (CTD) (Tab. 43). Although unphosphorylated
Pol 11 can be loaded to the PIC, the Pol 1l holoenzyme can only escape the promoter and enter the
elongation phase if Ser5 in the CTD is hyper-phosphorylated (Phatnani and Greenleaf 2006).
Amplifications performed using the primer combination P5/5 indicates binding of TBP to the 704-
505nt fragment encompassing the TSS of NOT-4 in HT-29 and HelLa cells (Fig. 19B). Identical
results were obtained for amplifications of the NOT-1 TSS-containing fragment using the primer
combination P11/10 (Fig. 19B). Amplifications of the 912-704nt fragment encompassing the ECE2
TSS using the P3/3 primer combination showed no TBP binding within this region (Fig. 19B). In

addition, these amplifications also indicate that the pre-initiating Pol 11 (unphosphorylated) and the
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initiating Pol 11 (Ser5 phosphorylated) are present near the TSSs of NOT-1, NOT-4, and ECE2 (Fig.
19B). Taken together, the obtained results suggest that the transcription of NOT is initiated from
two different promoters containing different core promoter elements in a TBP-dependent manner.
In contrast, transcription from the ECE2 promoter on the complementary strand is initiated in a

TBP-independent manner.

4.3 Generation of NOT promoter constructs

The yeast one-hybrid technique (Y1H) was used to identify protein-DNA interactions and to map
the protein domains necessary for these interactions. For this purpose, nine NOT promoter
fragments were cloned into the pHIS2.1 reporter vector (P1-9, Fig. 20) (Ch. 3.3.14.1). To minimize
false positive results due to leaky expression of the HIS3 reporter gene, a 3-AT test was performed
for every construct (Ch. 3.5.2). The pPGADT7- Rec2-p53 vector carrying a DNA fragment encoding
aa73-392 of the murine p53 protein was cotransformed with the p53 binding sites containing
p53pHIS2 reporter vector as positive control (Thukral et al. 1994) (Fig. 6). As shown in Tab. 59,
the required concentration of 3-AT to inhibit the basal reporter activity depends on the construct.
50mM 3-AT is sufficient for constructs 1-3, whereas in the case of construct 4 colonies still grow
on medium containing 100mM of the inhibitor. Generally, with increasing amount of inhibitor the
number of grown colonies decreases. At 150mM 3-AT none of the transformed NOT promoter
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Fig. 20 Schematic representation of the nine NOT promoter constructs, PANOT-1 to -9 (P1-9), used
for identification of DNA binding sites with the Y1H system. The constructs encompass the 1150bp
promoter region. The promoter fragments were cloned into the pHIS2.1 reporter vector. Indicated positions
are upstream of the NOT-1 start codon +1 (e). The first exon of NOT-4 is located from 337nt (ee) to 285nt
(00). The first exon of ECE2 is located at located from 755nt (A ) to 950nt (A).
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Tab. 59 Results of the 3-AT test performed for the generated NOT promoter constructs
SD/-His/-Trp/-Leu + 3-AT

Construct? 0omM 50mM 60mM 70mM 100mM 150mM
PhNOT-1 +++ S S = = =
PhNOT-2 +++ - - - - -
PhNOT-3 +++ S S = = =
PhNOT-4 +++ +++ +++ ++ + -
PhNOT-5 +++ ++ ++ + - -
PhNOT-6 +++ ++ + + - -
PhNOT-7 +++ + = = = -
PhNOT-8 +++ ++ + + - -
PhNOT-9 +++ ++ ++ - - -
p53? +++ +++ +++ +++ +++ +++

1: Cotransformation of the pACT2 vector with the indicated promoter construct (Fig. 20) into Y187 cells.
Cells were plated on SD/-His/-Trp/-Leu supplemented with the indicated concentrations of 3-AT. 2:
Cotransformation of pGADT7-Rec2-p53 and p53pHIS2 as positive control. +++: Strong growth; ++:
Considerable growth; +: Weak growth; -: No growth.

constructs exhibits colony growth anymore. The p53 positive control grows independent of the 3-
AT concentration. Thus, a 3-AT concentration of 150mM was chosen for all constructs in the

further experiments.

4.4  Determination of EGR-1 binding to the NOT promoter

To identify NOT promoter DNA-binding proteins, the human mammary gland MATCHMAKER
cDNA library (Tab. 47) was screened using the Y1H technique. This screen yielded isolation of
the C-terminal part (aa 236-543) of the EGR-1 zinc finger transcription factor (zif268, NGFI-A,
Krox-24, TIS8, ZENK; NCBI Gene ID: 1958) as potential NOT regulator (C. Schultheiss, diploma
thesis: Identification and isolation of regulatory proteins of the novel human tumor-related gene
hNOT, 2009). EGR-1 is a tumor suppressor well known for regulating replicative senescence via
activating the p53-MDM2-p19ARF pathway and promoting apoptosis (Krones-Herzig et al. 2003).
It also regulates other tumor suppressors like TGFB, PTEN, and fibronectin (Baron et al. 2006).
To confirm the binding of full-length EGR-1 to the NOT promoter and to map the single binding
site(s), the Y1H (Ch. 4.4.1), EMSA (Ch. 4.4.3), affinity chromatography (Ch. 4.4.4), Southwestern
blot (Ch. 4.4.4), and ChIP (Ch. 4.4.5) techniques were applied. In addition, the in vivo relevance
of these interactions for the regulation of NOT protein expression was assessed (Ch. 4.4.6).
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4.4.1 Identification of EGR-1 binding to the NOT promoter using the Y1H technique

As determined using the P-MATCH™ algorithm (Chekmenev et al. 2005), the 1.15kb NOT
promoter region contains seven potential EGR-1 binding sites (six in cis, one in trans) (Fig. 21A
and Tab. 38). To examine which of these sites can actually be bound, the Y 1H technique was used
(Ch. 3.5.2). For this purpose, the full-length pACT2-EGR-1 expression construct (Fig. 21B, Ch.
3.3.14.3) was cotransformed with either of the pHIS2.1-PhNOT constructs P1-9 (Fig. 20) into Y187
cells. The promoter regions represented by P5 and P9 (Fig. 20) contain no putative EGR-1
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Fig. 21 Identification of EGR-1 binding to the NOT promoter using the Y1H technique. (A) Schematic
representation of the 1.15kb NOT promoter region (upper bar) with potential EGR-1 binding sites (lower
bar) predicted using the P-MATCH™ algorithm (Chekmenev et al. 2005). The cis sites are shown on the
upper side on the second bar, the trans sites on the lower site. Positions are upstream the NOT-1 start codon
(+1/e). The first exon of NOT-4 is located from 337nt (ee®) to 285nt (0o). The first exon of ECE2 v1 and
v3 is located from 755nt (A) to 950nt (A). (B) Schematic representation of the EGR-1 protein structure
(UniProtKB: P18146) with the generated pACT2 expression constructs below. EGR-1 is composed of 543aa
and contains three zinc-fingers (Z) for DNA binding spanning aa338-362, 368-380, and 396-418. The aa57-
84 constitute a glycine/serine rich region (G/S). A domain responsible for transcriptional repression (RD)
encompasses aa283-316. A bipartite nuclear localization signal (N) is composed of basic residues aa317-
332 and the third zinc-finger, aa396-418. The mapped DNA-binding domain is shown in thicker bars. (C)
Determination of EGR-1 binding to the NOT promoter. Y187 cells were cotransformed with the pACT2-
EGR-1 construct and the indicated pHIS2.1-PhNOT promoter constructs (P1-P9, Fig. 20). Cells were grown
on SD/-His/-Trp/-Leu + 150mM 3-AT. Control transformations: -: pACT2-p53; +: pPGADT7-Rec2-p53 +
p53pHIS2.
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Tab. 60 Identification of EGR-1 binding to the NOT promoter using Y1H
Promoter Region (5'- 3")? EGR-1 binding sites (5-3")° Y1H

construct! trans result*
P1 1150 -ATG 7 (875-864): 6 (790-673); 5 (685-673); 4 1 (17-28) +
(330-313); 3 (296-285); 2 (41-30)
P2 704 - ATG 54, 3,2 1 +
P3 525 - ATG 4, 3,2 1 +
P4 1150 - 686 7,6 +
P5 1115 -932 -
P6 912 - 686 7,6 -
P7 704 - 504 5 -
P8 421 - 228 4,3 +
P9 248 - 87 -

1: All promoter fragments were cloned into pHIS2.1; 2: Nt positions upstream the NOT-1 ATG; 3: Potential
EGR-1 binding sites predicted using the P-MATCH™ algorithm (Chekmeneyv et al. 2005); 4: Y1H results
for the EGR-1 full-length expression construct in pACT2 cotransformed into Y187 cells with the indicated
promoter constructs. The cells were plated on SD/-His/-Trp/-Leu + 150mM 3-AT. +: Growth.

binding sites and served as negative controls. The obtained results show that constructs P1, P2, P3,
and P8 (Fig. 20) can be bound by EGR-1 whereas P4, P6, and P7 (Fig. 20) cannot (Fig. 21C and
Tab. 60). This indicates that EGR-1 sites 5, 6, and 7 cannot be bound. Because regulation of NOT
by EGR-1 via sites 1 and 2 would not be compatible with the mapped minimal promoter (Kurzik-
Dumke and M. Szydlowski, personnel communication), sites 3 (296-285nt) and 4 (330-313nt)

emerge as potential EGR-1 target sites.

44.2  Expression of EGR-1 under normal growth conditions and during serum response

in diverse cell lines

The Y 1H experiments identified EGR-1 as potential NOT regulator. To further validate this finding
and determine the single binding sites in vitro and in vivo, EMSAs, affinity chromatography,
Southwestern blotting, and ChIPs were performed (Ch. 4.4.3 - 4.4.6). For that purpose, the HaCaT
(primary immortalized keratinocytes), HT-29 (colon adenocarcinoma), HelLa (cervix carcinoma),
and T98G (glioblastoma) cell lines (Tab. 51) were first checked for their applicability in these
downstream experiments by determining the EGR-1 expression using western blot (Ch. 3.4.3). The
expression of the NOT proteins in these cells was determined by B. Hacker (PhD thesis: Beitrag

zur Aufklarung der zelluldren Rolle des humanen neighbour of tid (not) Gens, 2016). The results
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Fig. 22 Expression of EGR-1 and NOT under normal growth conditions and during serum response
as determined using western blot. Crude homogenates from HT-29 cells (in B) or cytosolic (C) and
nuclear (N) extracts (15ug each) isolated from diverse cell lines (in A) incubated under the indicated
conditions were separated on a 10% SDS-PAGE gel. Indicated proteins were detected using specific anti-
bodies. The a-NOT 1/4 and a-NOT 1P antibodies recognize the full-length NOT-1 precursor (e), the
potential post-translational modified full-length NOT-1 (A), the 42kDA cleavage product (NOT42; ¢), and
the N-terminal NOT-1 cleavage product (A). The C-terminal NOT-1 cleavage product (00) is only detected
by a-NOT 1/4. S: Cells grown under normal serum conditions; SF: Serum free; SR: Serum response 2h; ns:
Non-specific; M: Marker.

show the nuclear localization of the EGR-1 protein in HaCaT, HT-29, and HeLa cells (Fig. 22A).
In accordance with previous observations, EGR-1 protein cannot be detected in T98G cells using
western blot (Liu et al. 2000). As a member of the immediate-early response gene family EGR-1
is not expressed in non-tumorigenic cells after serum deprivation but it can be (re-)induced by the
mitogenic factors contained in serum (Lemaire et al. 1990). To assess, if this mechanism is
operative in the applied cell lines, they were grown under serum free conditions for 24h (SF) and
then incubated again with serum containing medium for 2h (serum response; SR) (Ch. 3.6.3). The
immunoblots show that serum starved HT-29 and HelLa cells lack EGR-1 (Fig. 22A). Notably,
serum starved HaCaT cells still contain a low amount of nuclear EGR-1, which might be a
proliferative mechanism to maintain their unlimited growth potential. After SR, HaCaT, HT-29,
and HeLa cells accumulate EGR-1 in their nuclei (Fig. 22A). The amount of nuclear EGR-1 is even
higher as compared to cells grown under normal conditions. To check if this EGR-1 dynamic has
an influence on NOT expression, whole cell extracts from HT-29 cells grown under normal, SF
and SR conditions were subjected to western blot using anti-NOT antibodies (Tab. 43). The results

show that the NOT-1 precursor (e) and its potential processed counterpart (A ) are not expressed
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under SF conditions (Fig. 22B). The detectable amounts of the NOT-1 cleavage products (¢, A,
and 00) may be due to their stability (Hacker and Kurzik-Dumke, personal communication). Under
serum response conditions with induced EGR-1 the NOT expression is restored (Fig. 22B). Similar
results were obtained for HeLa cells (not shown). Serum starvation and response have no effect on

NOT-4 expression in HT-29 cells (not shown).

4.4.3 Identification of EGR-1 binding sites in the NOT promoter using EMSA

The binding analysis performed using the Y1H technique indicates that EGR-1 binds to the NOT
promoter region between 421-228nt upstream the NOT-1 start codon. This region harbors two
potential EGR-1 binding sites, s3 (296-285nt) and s4 (330-312nt). To determine the binding
capacity of this two sites and to verify the negative results for the others, EMSAs were performed
(Ch. 3.5.3). Protein-DNA complexes were identified by incubating the nuclear extracts from
HaCaT, HT-29, and HeLa cells with biotin (btn)-labeled double-stranded (ds) oligonucleotides
representing the predicted binding sites (Tab. 38). For HaCaT (Fig. 23A) and HeLa (Fig. 23B)
extracts, positive results have been obtained for site 4. The EGR-1 specificity of the shift was
determined in a control reaction performed using an EGR-1 reference oligo (Backer et al. 2009)
either incubated with nuclear extract (Fig. 23A-C) or recombinant EGR-1 (Fig. 23B). In addition,
the obtained signals were compared to the EGR-1 signal detected using native western blot (Fig.
23A). The P-MATCH™ analysis (Chekmenev et al. 2005; Ch. 3.5.1) revealed, that EGR-1 s4 is
partially overlapped by a potential NFkB site (NFkB s4, Tab. 38). To determine if both sites can
be used in a competitive manner, derivatives of the s4 oligo were synthesized either lacking the
EGR-1 part (oligo name: s4%) or the NFxB part (s4°) (Tab. 38). As these oligos are too short for the
use in gel shift assays, the s4* and s4° oligos were extended on both ends. To ensure that these
added nucleotides do not influence the binding, two additional control oligos were also synthesized.
One is an extended version of s4 (named s4?) and one contains the predicted EGR-1 site as a tandem
repeat (s4°) (Tab. 38). Incubation of oligos s42 and s4° with nuclear extracts from HaCaT and HeLa
cells show the previously identified EGR-1 shift (Fig. 23A+B). Because incubation with oligo s4°
does not generate a second shift, the two tandem EGR1 sites in oligo s4° are too closely arranged
to bind two EGR-1 molecules at once. Incubation of s4* with nuclear extracts from HaCaT and
HeLa cells does not exhibit the EGR-1 shift, whereas incubation with s4° does (Fig. 23A+B). These
results implicate that s4 is bound by EGR-1 and not NF«kB. Interestingly, incubation of the EGR-1
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Fig. 23 Identification of EGR-1 binding sites in the NOT promoter using EMSA. The protein-DNA
complexes were detected by incubating 7ug nuclear extracts (N) from HaCaT (A), HeLa (B), and HT-29
(C) cells with btn-labeled ds EGR-1 binding sites. Protein-DNA complexes were separated on a 5% native
PAGE gel and visualized using chemiluminescence. EGR-1 specificity was determined by using published
EGR-1 reference oligos as comparison: R1 (De Backer et al. 2009), R2 (Koyano-Nakagawa et al. 1994).
The R1 oligo was also incubated with 1bfu recombinant EGR-1 (P) protein. In addition, a lane on the EMSA
blot was loaded with 40pug nuclear extract for detection of EGR-1 protein by western blot (WB) using a
specific antibody. C: Competition with 3000x excess of unlabeled ds oligos.

oligos with nuclear extracts from HT-29 cells shows weaker shifts for s5, s3, and s2 (Fig. 23C).

This observation might be explained with the high sequence similarity to the reference sequence.

4.4.4 Identification of EGR-1 binding sites in the NOT promoter using affinity

chromatography and Southwestern blot

To further validate the binding capacity of the potential EGR-1 sites, affinity chromatography using
Dynabeads M-280 (Ch. 3.5.5) and the Southwestern technique (Ch. 3.5.6) were applied. For
affinity chromatography, protein-DNA complexes were captured by incubating nuclear extracts

from HeLa cells with the btn-labeled binding sites (Tab. 38) immobilized on streptavidin-coated
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Fig. 24 Identification of EGR-1 binding sites in the NOT promoter using affinity chromatography (A)
and Southwestern blot (B). EGR-1 binding sites were predicted using the P-MATCH™ algorithm
(Chekmenev et al. 2005). EGR-1 specificity was determined using a EGR-1 reference oligo (R1; De Backer
et al. 2009) and a control lane loaded with 15ug of HelL a nuclear extract (WB) for comparison. (A) Eluates
were separated on a 10% SDS-PAGE gel and analyzed using an EGR-1 antibody. 300ug beads alone (C1)
or incubated with 20pg HeLa nuclear extracts (C2) served as negative control (-CTRL). 1: Binding; 2: Com-
petition with 10x excess of cold oligo. (B) 3ug of HelLa nuclear extract was separated on 10% SDS-PAGE
The blots were hybridized with 20fmol of a btn-labeled binding sites and read out using chemiluminescence
After hybridization and detection, the membrane was stained with an Actin antibody to control loading. N:
HeLa nuclear extract; C: Competition with 10x excess of cold oligo.

Dynabeads. The eluted protein complexes have been investigated by western blot. For South-
western blotting, protein-DNA interactions were identified by hybridization the btn-labeled
binding sites with membrane-blotted nuclear extracts from HeLa cells after gel electrophoretic
separation. The results show in both cases that EGR-1 only binds to site 4 and the reference oligo

(Fig. 24). All other sites were negative.

4.4.5 Identification of EGR-1 binding in the NOT promoter using ChIP / Re-ChlP

To confirm the in vitro binding results for EGR-1 in vivo, the ChIP and sequential ChIP (Re-ChlIP)
techniques were performed (Ch. 3.5.7). For that purpose, HT-29 and HaCaT cells grown under
normal, serum-free (SF), and serum-response (SR) conditions were used to test if the observed
nuclear EGR-1 protein kinetics (Fig. 22A) are reflected in NOT promoter occupancy. Because the
transcriptional activity of EGR-1 depends on its association with the paralogue histone
acetyltransferases (HATs) CREB-binding protein (CBP) and E1A-associated protein 300 (p300,
EP300) (Silverman et al. 1998), they were also included in these experiments. The expression and
nuclear localization of the two coactivators in diverse cell lines was validated using western blot
(Fig. 25). The EGR-1, CBP, and p300 antibodies used for immunoprecipitation are listed in Tab.
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Fig. 25 Expression of the EGR-1 cofactors CBP and p300 in diverse cell lines as determined using
western blot. Cytosolic (C) and nuclear (N) extracts (15ug each) were separated on a 5% SDS-PAGE gel.
Indicated proteins were detected using specific antibodies.

43. Negative control ChIPs were performed with an antibody directed against the DNA-binding
protein p53 which cannot bind the NOT promoter (Ch. 4.4.1). Amplifications performed using the
primer combination P13/11 indicate binding of EGR-1 to the 492-297nt fragment encompassing
site 4 in HaCaT and HeLa cells (Fig. 26B). CBP and p300 were also detected to be located within
this fragment in HaCaT cells, with CBP exhibiting a much stronger signal than p300. None of the
cofactors is present in HeLa cells (Fig. 26B). In HT-29 cells the same amplification produces a
strong signal for EGR-1, CBP, and p300 which cannot be evaluated because of a strong p53 signal
(not shown). To bypass this obstacle, the P15/13 primer combination was used for amplification
yielding a positive EGR-1 signal and strong signals for CBP and p300 as compared to a weaker
p53 signal (Fig. 26B). Amplification of Input DNA from HT-29, HaCaT, and HelLa cells using the
primer combination P13/13 demonstrates that the applied chromatin pools contain NOT promoter
fragments which encompass at least the s4-containing 492nt upstream ATG (Fig. 26C). These
fragments can be used as template for amplifications using either P13/11 or P15/13. Because the
in vitro DNA-binding studies show that the only positive EGR-1 site is site 4, all EGR-1 signals
obtained from amplifications using any primer combinations that amplifies parts of these 492nts
are considered to originate from this site. In SF HT-29 and HeLa cells the P13/11-amplification
detects no EGR-1, CBP, or p300 binding, whereas SF HaCaT cells exhibit weak EGR-1 and CBP
signals (Fig. 26B). The same amplification indicates EGR-1 binding in HT-29, HaCaT, and HelLa
cells under SR conditions. In HaCaT and HeLa cells this signal is stronger as compared to signal
detected under normal conditions. In these cells the CBP and p300 status remains unchanged after
SR as compared to the SF, whereas CBP can be detected again during SR in HT-29 cells. The
EGR-1 ChlIP signals detected under the different serum conditions are congruent to the nuclear
EGR-1 kinetics found in HaCaT, HT-29, and HelLa cells (Fig. 22).
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Fig. 26 ldentification of EGR-1 binding to the NOT promoter in vivo using the ChlP/Re-ChIP
technique. (A) Schematic representation of the 1.15kb NOT promoter with primers used for ChIP
amplifications. Upper bar: Primer positions with indicated first exons of ECE2 and NOT-4; lower bar:
Primer names; F: Forward; R: Reverse. (B) Gel electrophoretic separation (2% agarose gel) of DNA
fragments amplified from ChlPs performed using antibodies directed against EGR-1, CBP, p300, and p53.
ChIPs/Re-ChlIPs were performed using HT-29, HaCaT, and HelLa cells cultured under normal serum
conditions (S), under serum-free (SF), and serum response conditions (SR). The first immunoprecipitation
in all Re-ChlPs was performed using the EGR-1 antibody. For Re-ChlPs, an aliquot of the first ChIP reaction
was used as control for non-specific binding on the beads by incubating it during the second ChIP reaction
without antibody (EGR-1/CTRL). C: negative control; I: Input DNA. 1. Amplification using primer
combination P15/13 in HT-29 cells; 2: Amplification using primer combination P13/11 in HaCaT and HelLa
cells. (C) Gel electrophoretic separation of DNA fragments amplified using ChIP Input DNA from HT-29,
HaCaT or HelLa cells and the primer combination P13/13. M: Marker Gene Ruler 100bp ladder.

4.4.6 Influence of RNAi-mediated knockdown of EGR-1 on NOT expression

The data obtained from Y1H (Ch. 4.4.2), EMSA (Ch. 4.4.4), affinity chromatography (Ch. 4.4.5),
Southwestern blot (Ch. 4.4.6), and ChIP/Re-ChlP (Ch. 4.4.7) experiments show that the EGR-1
protein can bind to the NOT promoter at site 4 (330-312nt) in vitro and in vivo. To determine the
impact of endogenous EGR-1 on NOT mRNA and protein expression, HT-29 cells were transiently
transfected with EGR-1 siRNAs (si EGR-1) or 10nM scrambled siRNA (si SCR) (Ch. 3.6.5) and
analyzed using gRT-PCR (Ch. 3.3.17) and western blot (Ch. 3.4.3). As shown in Fig. 27A,
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Fig. 27 Expression of NOT mRNA and protein after RNAi-mediated knockdown of EGR-1 in HT-29.
HT-29 cells were transiently transfected either with a 50nM mix of EGR-1 siRNAs (si EGR-1) or 10nM
scrambled siRNA (si SCR) and subjected to gRT-PCR and western blot analysis. (A) Quantification of
MRNA levels via qRT-PCR. The evaluation of the amount of the targets investigated was performed using
the comparative AACt method: AACt = ACr (Si EGR-1) - ACy (si SCR). The ACr values are standardized
to HGPRT used as endogenous control. The relative expression in % is calculated with respect to the si SCR
sample as follows: 2-42¢Tx 100%. (B) + (C) To analyze the expression of NOT (in B), EGR-1, and different
EGR-1 targets (in C) 15ug crude homogenates were separated on a 10% SDS-PAGE gel and analyzed using
western blot. Detection of the indicated proteins using specific antibodies. The a-NOT 1/4 antibodies
recognize the full-length NOT-1 precursor (e), the potential post-translational modified full-length NOT-1
(A), the 42kDA cleavage product (NOT42; #), and the N-terminal NOT-1 cleavage product (A). The a-
NOT 4 antibody recognizes full-length NOT-4 (oo) and the N-terminal NOT-4 cleavage product (' ¥); ns:
Non-specific. M: Marker.

transfection of HT-29 cells with EGR-1 siRNA decreases endogenous EGR-1 mRNA expression
to 40% of the level observed in the scrambled control sample. The EGR-1 knockdown is
accompanied by an almost even decrease of NOT-1 (35.8%) and NOT-4 (38.4%). The ECE2
mRNA level remains unchanged (97.3%). On the protein level, EGR-1 is almost completely
depleted (Fig. 27C). Detection of NOT using the anti-NOT 1/4 antibody shows downregulation of
the full-length NOT-1 precursor (®) to 19% and its putative post-translational derivate (A ) to 38%
of the level observed in the scrambled control sample (Fig. 27B). This downregulation is
accompanied by a decrease of the N-terminal cleavage product (Fig. 27B, A), whereas the band

detected around 42kDa (#) remains unchanged. The expression of NOT-4 is not affected (Fig.
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27B). In addition, the cell cycle regulator Cyclin D1, an EGR-1 target gene (Xiao et al. 2005), was
included in the analysis as control for the transcriptional activity of EGR-1 in HT-29 cells. The
obtained immunoblots show a slight reduction of Cyclin D1 after EGR-1 knockdown (Fig. 27C).
As reviewed by Guo et al. in 2011, the expression of Cyclin D1 can also be controlled by the NFxB
subunits p50 and p65, which are target genes of EGR-1 (Parra et al. 2011). Furthermore, NFkB
can regulate NOT (Ch. 4.6). To exclude the possibility that EGR-1 regulates NOT (and Cyclin D1)
indirectly via NFxB, the expression of p50 and p65 was assessed after EGR-1 knockdown using
immunoblot. As shown in Fig. 27C, EGR-1 silencing has no effect on p50 and p65 expression. This
argues for a direct regulation of NOT (and Cyclin D1) by EGR-1 in HT-29 cells.

4.5 Determination of CREB family members binding to the NOT promoter

Y1H and ChIP experiments performed in the Kurzik-Dumke laboratory showed binding of the
CAMP response element binding protein 1 (CREB1) (NCBI Gene ID: 1385) to the 1.15kb NOT
promoter region (Schultheiss and Kurzik-Dumke, unpublished). The bioinformatical analysis of
this region using the P-MATCH™ algorithm (Chekmenev et al. 2005) yielded identification of 16
potential CRE sites (six in cis, ten in trans) (Tab. 36; Fig. 30A). To determine the binding capacity
of these sites, Y1H (Ch. 4.5.1), EMSA (Ch. 4.5.4), affinity chromatography (Ch. 4.5.5), and ChIP
(Ch. 4.5.6) experiments were performed. Because CRE sites can be bound by any CREB family
member, CREB3 (IZIP, Luman) (NCBI Gene ID: 10488), which was recently identified as a
physiological partner of NOT (B. Hacker, PhD thesis: Beitrag zur Aufklarung der zellul&ren Rolle
des humanen neighbour of tid (not) Gens, 2016), was also included in this analysis to check a
possible regulatory loop. In addition, the binding of CREBL1 (ATF6b/CREB-RP; NCBI Gene ID:
1388) was also analyzed, because it is structural and functional related to CREB3 and might act on
the same target genes (Okada et al. 2003). The impact of the detected interactions on NOT was
analyzed using gRT-PCR and western blot in CREB3-overexpressing cells (Ch. 4.5.7) or after
activation of CREB3 using Brefeldin A (Ch. 4.5.8).

45.1 Ildentification of CREB1, CREB3, and CREBL1 binding to the NOT promoter
using the Y1H technique

To check the binding capacity of CREB3 and CREBL1 as well as to refine the CREB1-binding
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Fig. 28 Identification of CREB1, CREB3, and CREBL1 binding to the NOT promoter using the Y1H
technique. (A) Schematic representation of CREB3 12 (UniProtKB: 043889) and the deletion constructs
generated to map its DNA-binding domain (thicker bars). DB: DNA-binding domain; LZ: Leucine zipper;
TM: Transmembrane domain; Pro: Proline-rich domain. (B) Identification of CREB1, CREB3, and
CREBL1 binding to the NOT promoter. Y187 cells were cotransformed with 500ng of the respective full-
length expression construct (pACT2-CREBL, pACT2-CREB3, pACT2-CREBL1) and 500ng of either
pHIS2.1-PhNOT-1 (1150 to ATG; P1), pHIS2.1-PhNOT-2 (704 to ATG; P2), pHIS2.1-PhNOT-3 (525 to
ATG; P3), and pHIS2.1-PhNOT-4 (1115-686nt; P4) (Fig. 20). Cells were grown on SD/-His/-Trp/-Leu +
150mM 3-AT. Controls: +C: pGADT7-Rec2-p53 + p53pHIS2. (C) Determination of the CREB3 DNA-
binding domain. Y187 cells were cotransformed with 500ng CREB3 constructs 2-6 (C) and 500ng P2-3.
Cells were grown on SD/-His/-Trp/-Leu + 150mM 3-AT. 1: Promoter construct cloned into pHIS2.1; 2:
CREBS3 construct cloned into pACT2.

region within the 1.15kb NOT promoter, the Y1H assay was applied (Ch. 3.5.2). For this purpose,
the NOT promoter constructs pHIS2.1-PhNOT-1 (1150 to ATG; P1), pHIS2.1-PhNOT-2 (704 to
ATG; P2), pHIS2.1-PhNOT-3 (525 to ATG; P3), and pHIS2.1-PhNOT-4 (1115-686nt; P4) (Fig.
20, Ch. 4.3) were cotransformed with the full-length expression constructs pACT2-CREBLI,
pACT2-CREB3, and pACT2-CREBL1 (Fig. 28A and Ch. 3.3.14). The obtained results show that
the promoter constructs P1-4 (Fig. 20) can be bound by CREB1 and CREBS3 but not by CREBL1
(Fig. 28B).
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45.2  ldentification of the CREB3 DNA-binding domain using the Y1H technique

The DNA-binding domain of CREB3 was mapped using the Y1H technique (Ch. 3.5.2). For this
purpose, diverse pACT2-CREB3 expression constructs (Fig. 28A; Ch. 3.3.14) were cotransformed
with the NOT promoter constructs P2 (704 to ATG) and P3 (525 to ATG) (Fig. 20) into Y187 cells.
The results show that CREB3 needs the bZIP-containing aal55-231 within the N-terminal
cytoplasmic region to bind the NOT promoter (Fig. 28C).

45.3 Expression and nuclear activity of CREB1 and CREBS3 in diverse cell lines

Since using Y1H vyielded identification of CREB1 and CREB3 as putative NOT regulators, their
binding to the NOT promotor was further validated by in vitro and in vivo protein DNA-binding
assays such as EMSA, affinity chromatography, and ChIP (Ch. 4.5.4 - 4.5.8). To choose the
appropriate cell system for these experiments, CREB1 and CREB3 expression was investigated in
the HaCaT, HT-29, HeLa, HEK293, and T98G cells (Tab. 51) by western blot (Ch. 3.4.3). The
obtained results show that CREB1 and CREBS3 are expressed in all investigated cell lines (Fig.
29A). The transcriptional activity of CREB1, for which the two splice variants CREB1A (NCBI:
NM_004379.3) and CREB1B (NM_134442.3) are described, depends on its phosphorylation,
mostly at Ser133 (Mayr and Montminy 2001). Immunodetection using an antibody specific against
this phosphorylated residue (Tab. 43; pCREB1) revealed two nuclear proteins, 43 and 38kDa (Fig.
29A). The 43kDa protein is also recognized by the anti-CREB1 antibody, which specifically
detects CREB1A independent of its phosphorylation state. Thus, the 43kDa protein most likely
represents phosphorylated CREB1A (Fig. 29A,P>) and the 38kDa protein phosphorylated CREB1B
(Fig. 29A, o). The signal around 35kDa detected using the anti-CREB1 antibody (Fig. 29A, »)
fits with the predicted molecular weight of unmodified CREB1A. The bands between 55-70kDa
are glycosylated forms of CREB1 (Rexach et al. 2012). For CREB3 three isoforms are known:
CREB3 1 (U88528), the longest isoform, was isolated from brain tissue (Hayashi and Tanaka
1997); CREB3 12 (NM_006368.4) lacks aa 93-116 as compared to 11 and was originally isolated
from pancreas carcinoma cells (Strausberg et al. 2002); CREB3 13 (FJ263669) lacks aa 229-245
as compared to 12 and was isolated from monocytes as negative regulator of the glucocorticoid
receptor (Kang et al. 2009). Because the variants 11 and I3 cannot be detected in the investigated

cell lines (Hacker and Kurzik-Dumke, personnel communication) and almost all published data
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Fig. 29 Expression and nuclear activity of CREB1 and CREB3 in diverse cell lines. (A) Determination
of CREB1 and CREB3 expression patterns by WB. For separation 15ug crude homogenates (CH), cytosolic
(C), and nuclear (N) extracts were loaded on a 10% SDS-PAGE gel. Detection using the a-CREBI, a-
pCREB1 (Ser133), and a-CREB3 antibodies. a-CREBL1 detects phosphorylated CREB1A (), phosphor-
ylated CREBI1B (©0), unmodified CREBIA (») and glycosylated CREB1 forms (*). a-pCREB1 (Ser133)
detects phosphorylated CREB1A (>) and phosphorylated CREB1B (o). a-CREB3 detects full-length, ER-
resident glycosylated CREB3 (V) and its N-terminal cleavage products (o, ). (B) Determination of
nuclear activity of CREB1 and CREB3 using the CREB (Phospho-Ser*®®) Transcription Factor Assay Kit.
Pro well an aliquot of the nuclear extract corresponding to 7.5ug of total protein were loaded. Detection of
CREB1 was performed using the TF CREB1 (phospho-Ser'*®) primary antibody provided by the Kit,
detection of CREB3 with the antibody used in western blots. CREB1 readout: HaCaT: 0.58 (+/-0.02); HT-
29: 0.72 (+/-0.05); T98G: 0.64 (+/-0.001); HeLa: 0.37 (+/-0.03); Kit Control (CTRL): PC-12 cells
stimulated with 10uM Forskolin for 30min.: 0.79 (+/-0.03); Competition (black bar): 0.12 (+/-0.01); Blank:
0.12 (+/-0.01). CREBS3 readout: HaCaT: 0.65 (+/-0.02); HT-29: 0.67 (+/-0.01); T98G: 0.48 (+/-0.02); HelL a:
0.69 (+/-0.01); Recombinant CREB3 (Abnova): 0.8 (+/-0.04); Competition (Black bar): 0.24 (+/-0.02);
Blank: 0.22 (+/-0.01). M: Marker.

on CREBS3 refers to 12, the 11 and 13 forms of CREB3 will not be considered further in this thesis.
Instead, CREB3 will refer to CREB3 12 in the following sections. Immunoblot analysis using an
antibody directed against full-length CREB3 (Tab. 43) yields detection of three proteins consistent
with the data published by Raggo et al. (2002) (Fig. 29A). The signal around 70kDa represents the
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full-length, ER-resident glycosylated CREB3 protein (Fig. 29A, V). The bands around 40kDa (o)
and 37kDa represent (#) the sequentially generated N-terminal cleavage products which mediate
the transcriptional activity (Fig. 29A). The 37kDa fragment is considered to be mainly responsible
for DNA-binding (Raggo et al. 2002). To assess the relative activity of the nuclear CREB proteins,
the CREB (Phospho-Ser!3®) Transcription Factor Assay Kit was used (Ch. 3.4.5). After incubation
of nuclear extracts with CRE reference sites immobilized on microtiter plates, CREB binding
detected using specific antibodies served as a measure for nuclear activity. This analysis revealed
that CREBL is active in all investigated cell lines with the highest nuclear activity in HT-29 cells
(Fig. 29B). In the case of CREBS3, the activity is identical in HaCaT, HT-29, and HeLa cells,
whereas its activity in the glioblastoma cell line T98G is reduced. The highest activity is observed
in HEK293 cells (Fig. 29B).

45.4 ldentification of CREB1 and CREB3 binding sites in the NOT promoter
using EMSA

The binding analysis performed using the Y1H technique indicates that CREB1 and CREB3 bind
the 1.15kb NOT promoter (Fig. 28B). To determine which of the 16 predicted sites within this
region (Tab. 36) can actually be bound by CREB1 and/or CREB3, EMSAs were performed (Ch.
3.5.3). Protein-DNA complexes were identified by incubating nuclear extracts from HT-29 cells
with btn-labeled ds oligonucleotides representing the predicted binding sites. The specificity of the
shift was demonstrated by competition with an excess of cold oligonucleotides. The results show
shifted complexes for the trans sites 16 (710-724nt), 11 (509-522nt), 10 (480-501nt), 6 (162-175),
and 1 (+2-10nt) and for the cis site 7 (217-206nt) (Fig. 30B). The detected shift is identical to the
shift observed using the CRE reference site. However, this data does not allow to discern between
bound CREB proteins, because the transcriptional active CREB1 and CREBS3 proteins share similar
molecular weights around 42kDa. To dissect the protein composition of the detected complexes,
supershift assays were performed using specific antibodies against CREB1, pCREB1, and CREBS3,
respectively (Tab. 43). The results show that the complexes on site 16 and 7 are only supershifted
with an antibody against CREB3, whereas the complex on site sl is only supershifted with an
antibody against CREBL (Fig. 30C). The CRE reference site is supershifted with both, anti-CREB1
and anti-CREB3 antibodies. For the composite site 11/10 and s6 no supershift could be detected.
This might be caused by the competitive binding of another CREB/ATF family member.
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Fig. 30 Identification of CREB binding sites in the NOT promoter using EMSA. (A) Schematic
representation of the NOT promoter region with potential CREB binding sites predicted using the P-
MATCH™ algorithm (Chekmenev et al. 2005). Sites in cis are on the upper side, sites in trans below. The
positions refer to the NOT-1 start codon (+1/e). The first exon of NOT-4 is located from 337nt (e ®) to 285nt
(00). The first exon of ECE2 is located from 755nt (A) to 950nt (A). (B) Identification of CREB binding
sites using EMSA. The protein-DNA complexes were detected by incubating 7pg nuclear extracts from HT-
29 cells (N) with btn-labeled ds CREB binding sites. Protein-DNA complexes were separated on a 5%
native PAGE gel and visualized using chemiluminescence. CREB specificity was determined by using
published CRE reference oligos as comparison (Zhou and Chen 1999). C: Competition with 3000x excess
of unlabeled ds oligos. (C) Supershift analysis to dissect the protein composition of shifted complexes. After
binding (B), the formed of protein-DNA complexes were incubated with 500ng of the indicated antibodies.
Separation and detection as in (B). Detected supershifts are indicated with an arrowhead.

455 ldentification of CREB1 and CREB3 binding sites in the NOT promoter

using affinity chromatography

For the positive sites 11/10 and 6 the EMSA experiments could not reveal which CREB protein is
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Fig. 31 Identification of CREB3 binding sites in the NOT promoter using affinity chromatography.
Affinity chromatography was performed using biotinylated CREB binding sites and nuclear extracts (N)
from pEGFP-CREB3 transfected HEK293 cells. Eluates were separated on a 10% SDS-PAGE gel and
analyzed using an CREB3 antibody. 300ug beads alone (C1) or incubated with 20ug nuclear extracts (C2)
served as negative control (-CTRL). 1: Binding; 2: Competition with 10x excess of cold oligo. ¥ : Full-
length, ER-resident glycosylated CREB3; «€: CREB3-GFP; «, #: Transcriptional active N-terminal CREB3
cleavage products. M: Marker.

actually bound (Fig. 30). To further analyze the binding capacity of these oligos and to confirm the
results for the others, affinity chromatography was applied using Dynabeads M-280 (Ch. 3.5.5).
Protein-DNA complexes were captured by incubating nuclear extracts with the btn-labeled binding
sites (Tab. 36) immobilized on streptavidin-coated Dynabeads. After elution, the proteins of
interest were detected using western blot. Neither CREB1 nor CREB3 could be pulled-down using
nuclear extracts from HaCaT, HeLa, HT-29, and T98G cells (not shown). In the case of CREB3,
this can be explained with the instability and high turnover of the transcriptional active CREB3
fragments (Raggo et al. 2002). To overcome this obstacle, nuclear extracts from HEK293 cells
stably transfected with a pPEGFP-CREB3 construct (Ch. 3.3.14) were used for binding. The results
show that the 37kDa CREB3 product binds to sites 16, 7, 6, and the CRE reference but not to site
1 (Fig. 31, ). The lack of a CREBS3 signal for s1 can be interpreted as indirect confirmation of the
exclusive CREB1-binding detected in the respective EMSA (Fig. 30C). In the case of the composite
site 11/10, a weak CREB3 signal is observed (Fig. 31).

456 Identification of CREB1 and CREB3 binding sites in the NOT promoter by ChIP

To confirm the CREB binding results obtained using in vitro methods in vivo, ChIP was used (Ch.
3.5.7.) Because the transcriptional activity of Ser133-phosphorylated CREB1 (pCREB1) depends

on recruitment of the acetyltransferases CBP and p300 (Yuan and Gambee 2001), they were also
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Fig. 32 Identification of CREB binding to the NOT promoter in vivo using the ChlIP technique. (A)
Schematic representation of the 1kb NOT promoter with primers used for ChIP amplification. Upper bar:
Primer positions with indicated first exons of ECE2 and NOT-4; lower bar: Primer names; F: Forward; R:
Reverse. (B) Gel electrophoretic separation of DNA fragments amplified from ChlPs performed using
antibodies directed against CREB1, Ser133-phosphorylated CREB1 (pCREB1), CREB3, CBP, p300, and
p53. Electrophoretic separations were performed using a 2% agarose gel. ChlPs were performed using HT-
29 and HelLa cells. C: p53 ChlIP, negative control; I: Input DNA. M: Marker Gene Ruler 100bp ladder.
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included in the analysis. CREB3 does not interact with these proteins (Kim et al. 2010). The
CREB1, pCREB1, CREB1, CBP, and p300 antibodies used for ChIPs are listed in Tab. 43.
Negative control ChIPs were performed with an antibody directed against the transcription factor
p53 which cannot bind the NOT promoter (Ch. 4.4.1). Amplifications performed using ChIP DNA
from HT-29 and HeLa cells and the primer combination P3/3 indicate binding of CREB3 to the
912-686nt fragment encompassing site 16 (Fig. 32B), whereas the corresponding results for
CREB1 were negative (not shown). This is in accordance with the observations from EMSAs (Fig.
30; Ch. 4.5.4) and affinity chromatography (Fig. 31; Ch. 4.5.5). As shown in Fig. 32B, identical
results were obtained for the P17/14-amplified 646-402nt fragment encompassing the composite
site 11/10. The results for the P18/15-amplified 207-60nt fragment encompassing the sites 6-3
indicate binding of pCREB1 and CREB3 (Fig. 32B). CBP and p300 are also found in this area
(Fig. 32B). However, these results do not allow to discern if CBP and/or p300 are actually attached
to CREBL1 and/or to the nearby-bound EGR-1 (Fig. 26). Similar results were obtained for HaCaT
and T98G cells (not shown). As shown in Fig. 26C, the chromatin pool contains fragments
spanning at least the site 10-1-containting region 492nt to ATG which can be used as template for

amplification with P18/15. Hence, the ChIP results obtained for this region, together with the
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results from EMSA (Ch. 4.5.4) and affinity chromatography (Ch. 4.5.5), argue for the in vivo-
binding of CREB3 to s7 and/or s6 whereas sl is bound by a complex consisting of Ser133-
phosphorylated CREBL and its coactivators CBP and p300 (Fig. 32B).

45.7 Influence of CREB3 overexpression on NOT expression
To determine the impact of CREB3 on NOT transcription, HEK293 cells overexpressing CREB3

(Ch. 4.5.5) were used to quantify NOT mRNA levels via qRT-PCR analysis (Ch. 3.3.17). For gRT-
PCR analysis only NOT-1 and 4 were considered as they represent the protein coding NOT variants
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Fig. 33 Influence of CREB3 overexpression on NOT expression. (A) Quantification of mRNA levels via
gRT-PCR. The evaluation of the amount of the targets investigated was performed using the comparative
AACt method: AACt = ACt (PEGFP) - ACt (pEGFP-CREB3). The ACry values are standardized to HGPRT
used as endogenous control. The relative expression in % is calculated with respect to the pEGFP sample



Results 109

(Ch.4.1.4-4.1.5). Asshown in Fig. 33A+B, transfection of HEK293 cells with the pEGFP-CREB3
construct increases the CREB3 mRNA level by factor 10* and causes generation of recombinant
CREB3 (Fig. 33B, «). The sustained generation of CREB3 allows the nuclear enrichment of its
unstable N-terminal cleavage products (Fig. 33B). This is accompanied by an increase of the NOT-
1(166%) and NOT-4 (220%) transcripts (Fig. 33A). Concomitantly, the level of the full-length
NOT-1 protein raises to 229% (Fig. 33C, e). As a consequence, the NOT-1 cleavage products are
also increased to 204% (37kDa product, A) and 146% (21kDa product, 00) (Fig. 33C). The
potential post-translational modified full-length NOT-1 remains unchanged (Fig. 33C, A). Despite
the transcriptional activation of NOT-4, its protein level remains unchanged (Fig. 33C). CREB3
overexpression has no effect on ECE2 (Fig. 33A).

45.8 Influence of Brefeldin A-mediated CREB3 activation on NOT expression

The macrocyclic lactone Brefeldin A (BFA) causes Golgi disassembly by inhibiting ER-Golgi
protein trafficking (Nebenfiihr et al. 2002). BFA treatment also leads to the proteolytic activation
of CREB3 in CREB3-transfected HelLa cells (Liang et al. 2006). To validate the BFA-mediated
activation of CREB3 under native conditions and to assess its impact on NOT expression, HeLa,
HT-29, and HEK293 cells were treated with 2pug/ml BFA for 10min., 30min., and 24h (Ch. 3.6.4.3)
and analyzed using western blot (Ch. 3.4.3) and qRT-PCR (Ch. 3.3.17). As shown in Fig. 34B for
HT-29 and in Fig. 35B for HelLa, BFA treatment causes the cleavage of CREB3 followed by the
nuclear enrichment of its 37kDa N-terminal fragment after 24h. In both cases, activation goes along
with an increase of CREB3 protein amount. As illustrated by the drastic rise of its mMRNA levels in
HT-29 (Fig. 34A) and Hela cells (Fig. 35A), BFA induces the transcription of CREB3.
Furthermore, the BFA-mediated CREBS3 activation is accompanied by an increase of the NOT-1
(155% in HT-29 and 144% in Hela) and NOT-4 (236% in HT-29 and 277% in Hela) transcripts

as follows: 2-24€Tx 100%. (B) + (C) Immunoblot analysis of CREB3 and NOT protein levels in untrans-
fected and pEGFP-CREBS transfected HEK293 cells. For separation 15ug were loaded on a 10% SDS-
PAGE gel. Detection was performed using the a-CREB3, a-NOT 1/4, and a-NOT 4 antibodies. a-CREB3
recognizes full-length, ER-resident glycosylated CREB3 ('¥), CREB3-GFP ( «), the N-terminal fragments
(o, #), and an unspecified product (<). a-NOT 1/4 recognizes the NOT-1 full-length precursor (e), the
potential post-translational modified full-length NOT-1 (A), the N-terminal NOT-1 cleavage product (A),
and the C-Terminal NOT-1 cleavage product (00). NOT-4 is not detectable. The expression change in trans-
fected cells was determined relative to untransfected cells = 100%. The relative intensities (RI) measured
with ImageJ (Schneider et al. 2012) were normalized with respect to Actin. M: Marker; ns: Non-specific.
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Fig. 34 Impact of Brefeldin A-mediated CREB3 activation on NOT expression in HT-29 cells. (A)
Quantification of MRNA levels via qRT-PCR after 24h BFA treatment. The evaluation of the amount of the
targets investigated was performed using the comparative AACt method: AACt = ACt (BFA-treated) - AC+
(untreated). The ACy values are standardized to HGPRT used as endogenous control. Relative expression is
calculated with respect to the untreated sample as follows: 222¢T x 100%. (B) Immunoblot analysis of
CREB3 and NOT protein levels after treatment of HT-29 cells with 2ug/ml BFA for the indicated time
points. For separation 15ug crude homogenates were loaded on a 10% SDS-PAGE gel. Detection was
performed using the a-CREB3, a-NOT 1/4, and a-NOT 4 antibodies. a-CREB3 recognizes full-length, ER-
resident glycosylated CREB3 (V) and the N-terminal CREB3 cleavage products (o, #). The a-NOT 1/4
antibody recognizes the NOT-1 full-length precursor (), the 42kDa cleavage product (4), and the N-
terminal NOT-1 cleavage product (A). The a-NOT 4 antibody recognizes full-length NOT-4 (c0) and the
N-terminal NOT-4 cleavage product ('¥); ns: Non-specific.CH: Crude homogenate, untreated; M: Marker.

(Fig. 34A+35A). This transcriptional upregulation after 24h is accompanied by the fourfold
increase of the full-length NOT-1 protein in HT-29 (Fig. 34B, e) and HeLa cells (Fig. 35B, @). An
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Fig. 35 Impact of Brefeldin A-mediated CREB3 activation on NOT expression in HeLa cells. (A)
Quantification of MRNA levels via qRT-PCR after 24h BFA treatment. The evaluation of the amount of the
targets investigated was performed using the comparative AACt method. The ACr values are standardized
to HGPRT used as endogenous control: AACt = ACt (BFA-treated d) - ACy (untreated). Relative expression
is calculated with respect to the untreated sample as follows: 2-44¢T x 100%. (B) Immunoblot analysis of
CREB3 and NOT protein levels after treatment of HeLa cells with 2ug/ml BFA for the indicated time points.
For separation 15ug crude homogenates were loaded on a 10% SDS-PAGE gel. Detection was performed
using the a-CREB3, a-NOT 1/4, and o-NOT 4 antibodies. a-CREB3 recognizes full-length, ER-resident
glycosylated CREB3 (V) and the N-terminal CREB3 cleavage product (#). The a-NOT 1/4 antibody
recognizes the NOT-1 full-length precursor (e), the N-terminal NOT-1 cleavage product (A), and the C-

terminal NOT-1 cleavage product (00). NOT 4 is not detectable. ns: Non-specific. CH: Crude homogenate,
untreated; M: Marker.

increase of the NOT-4 protein or its cleavage products could not be detected in HT-29 or HelLa
cells (Fig. 34B+35B). Short-time BFA treatment of HT-29 and HeLa cells for 10 or 30 min. has no
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effect on CREB3 processing and NOT expression (Fig. 34B+35B). Interestingly, BFA has no effect
at all on CREB3 activation and/or NOT expression in HEK293 cells (not shown).

4.6 Determination of NFkB binding to the NOT promoter

As determined using the P-MATCH™ algorithm (Chekmenev et al. 2005; Ch. 3.5.1), the 1.15kb
NOT promoter region contains 22 potential NFxB sites (ten in cis, twelve in trans) (Tab. 37+61;
Fig. 40A). NF«B (nuclear factor of kappa light polypeptide gene enhancer in B-cells) constitutes a
family of inducible transcription factors encompassing the members p50 (NFKB1), p52(NFKB?2),
p65 (RelA/NFKB3), c-Rel (Rel), and RelB (Hayden and Ghosh 2014). The five members share the
highly conserved 300aa N-terminal Rel homology domain (RHD) that mediates DNA-binding and
homo- and heterodimerization (Oeckinghaus and Ghosh 2009). NF«B proteins are held as inactive
dimers in the cytoplasm, either as zymogen (p50 as p105 and p52 as p100) or via interaction with
inhibitory IkB proteins (Oeckinghaus and Ghosh 2009). Depending on the stimulus different IkB
kinase (IKK) complexes are activated which mark the precursors for processing or the IkB proteins
for degradation via phosphorylation (Oeckinghaus et al. 2011). The NFkB dimers can then enter
the nucleus and bind their target sequences. NF«B transcription factors are critical regulators of
immunity, stress responses, apoptosis, proliferation, and differentiation (Oeckinghaus et al. 2011).
To elucidate if NF«B binds the NOT promotor and acts as potential transcriptional regulator of the
gene, Y1H (Ch. 4.6.1), EMSA (Ch. 4.6.5), affinity chromatography (Ch. 4.6.6), and ChIP (Ch.
4.6.7) experiments were performed. Here, the focus was on the NFkB subunits p50 (NCBI Gene
ID: 4790) and p65 (NCBI Gene ID: 5970), because they build up the most prevalent NFkB dimer
(Oeckinghaus and Ghosh 2009). The impact of the detected protein-DNA interactions on NOT ex-
pression was analyzed using gRT-PCR and western blot, either after pharmacological manipulation
of the NF«B pathway using parthenolide and TNFa (Ch. 4.6.4) or after RNAi-mediated silencing
of NFxB components (Ch. 4.6.8).

4.6.1 Identification of NFkB binding sites in the NOT promoter using the Y1H technique
To determine if the predicted sites can be bound by the NFkB subunits p50 and p65, the Y1H

technique was used (Ch. 3.5.2). For that purpose the pACT2-p65 or the pACT2-p50 expression
construct (Ch. 3.3.14) was cotransformed with either of the NOT promoter constructs pHIS2.1-
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Fig. 36 Identification of NFkB binding to the NOT promoter using the Y1H technique. (A) Identifi-
cation of NF«kB binding sites in the NOT promoter. Y187 cells were cotransformed with 500ng pACT2-p65
and 500ng of the respective pHIS2.1-PhNOT promoter construct 1-9 (P1-9, Fig. 20) or their derivatives
lacking single binding sites. Cells were grown on SD/-His/-Trp/-Leu + 150mM 3-AT. Controls: -: pACT2-
p53; +: pGADT7-Rec2-p53 + p53pHIS2 (Fig. 6). (B) Identification of protein-protein interactions using
Y2H. Indicated expression constructs were cotransformed into Y187 cells and grown on SD/-Trp/-Leu.
Expression of the transformed proteins was determined using colony blot and antibodies directed against
the AD or BD fusion domains. Interaction was monitored using the X-gal assay. (C) Identification of NFxB
dimer binding to the NOT promoter. The clones from (B) were cotransformed with 500ng P2 and P4 and
grown on SD/-His/-Trp/-Leu + 150mM 3-AT. In addition, pACT2-p50, pACT2-RPS3, and pACT2-p53
(negative control) were cotransformed with P2 and P4. After cotransformation the presence of the dimers
was monitored using the B-Galactosidase/X-gal assay (D). 1: Cloned into pACT2; 2: Cloned into pAS2-1.

PhNOT-1 (1150 to ATG; P1), pHIS2.1-PhNOT-2 (704 to ATG; P2), pHIS2.1-PhNOT-3 (525 to
ATG; P3), pHIS2.1-PhNOT-4 (1115-686nt; P4), pHIS2.1-PhNOT-5 (1115-932nt; P5) pHIS2.1-
PhNOT-6 (912-686nt; P6), pHIS2.1-PhNOT-7 (704-504nt; P7), pHIS2.1-PhNOT-9 (421-228nt;
P8), and pHIS2.1-PhNOT-9 (248-87nt; P9) (Fig. 20, Ch. 4.3) or one of their derivatives lacking
single NF«kB binding sites (Tab. 61) into Y187 cells. Because NFkB transcription factors always
bind as dimers to their target sequences (Oeckinghaus and Ghosh 2009), the binding of the p50:p65
heterodimer to the NOT promoter was also assessed via Y1H. For this purpose, Y187 cells were
first cotransformed with the pACT2-p50 and pAS2-1-p65 expression constructs according to the
Y2H technique (Ch. 3.4.4) and dimer formation was monitored using the [-galactosidase assay
(Ch. 3.4.4.3). The clones tested positive for dimer formation where then transformed with the P2

or P4 promoter constructs and plated on SD/-His/-Trp/-Leu medium supplemented with 150mM
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Tab. 61 Identification of p50 and p65 binding to distinct sites in the NOT promoter using Y1H
Construct® region? NFxB sites® deleted  Y1H results

site* 5 5
Trans p50° p65

P5 1115-932 22 (973-951) 21 (953-962) + +
p5Pt 1115 - 932 22/21 - -
P6 912-686 19 (789-776); 17 (768- 20 (880-893); 18 (777-811), + +

755) 16 (756-765)
P6P? 912-686 17 20, 16 19/18 - +
P6P? 912-686 19 20, 18 17/16 + -
P7 704 -504 15 (679-670); 13 (638- 14 (667-680); 12 (624-637); + +

624); 8 (544-535) 11 (594-607); 10 (580-589);

9 (568-577)

p7ot 704 -504 13,8 12,11, 10,9 15/14 + +
p7P2 704 -504 15,8 14,11, 10,9 13/12 - -
p703 704 -504 15,13 14,12, 11, 10,9 8 - +
P8 421-228 6 (375-362); 4 (339- 7 (401-410); 5 (363-375); +

330); 2 (265-252) 3(328-341)
pgP? 421-228 4,2 7,3 6/5 + +
pgP2 421-228 6,2 7,5 4/3 + -
pgbs 421-228 6,4 7,53 2 + +
P9 248 - 87 1(223-214) + +
pgp! 248 - 87 1 - -

1: All promoter fragments were cloned into pHIS2.1. D: Deletion; 2: Nt promotor fragment upstream of
NOT-1 ATG; 3: Positions of the potential NFkB binding sites predicted using the P-MATCH™ algorithm
(Chekmenev et al. 2005). 4: Sites refer to predicted sites in Fig. 41A; 5: Y1H results (+: Growth; -: No
growth) for the expression constructs pACT2-p50 and pACT2-p65 cotransformed into Y187 cells with the
indicated promoter constructs. The cells were plated on SD/-His/-Trp/-Leu + 150mM 3-AT.

3-AT. For control purposes, Y187 cells were cotransformed with the pACT2-p50 and pACT2-p53
expression constructs (Ch. 3.3.14) in combination with the P2 and P4 constructs. RPS3 was also
included in this analysis because it is described as a pivotal cofactor for specific transactivation of
the p50:p65 complex (Wan et al. 2007). The results show that both, p50 and p65, can bind the NOT
promoter at multiple sites (Fig. 36; Tab. 61). The sites 22/21 (973-951nt), 13/12 (638-624nt), and
1 (223-214nt) are bound by p50 and p65 (Tab. 61). The sites 19/18 (789-776nt) and 8 (544-535nt)
are only bound by p50, whereas sites 17/16 (768-755nt) and 4/3 (339-330nt) are only bound by
p65 (Tab. 61). The sites 15/14 (680-667nt), 6/5 (375-362nt), and 2 (262-252nt) cannot be bound
by either of the transformed subunits (Tab. 61). To assess the binding of NFkB dimers to the NOT
promoter, Y187 cells exhibiting p65:p50 and p65:RPS3 complex formation could be established,
whereas p50:RPS3 interactions were not detected (Fig. 36B). As shown in Fig. 36C, the yeast
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clones forming p50:p65 and p65:RPS3 complexes can grow on triple-dropout medium after
promoter transformation. However, the positive results do not necessarily depend on bound dimers,
but may also derive from single NFxB and/or RPS3 molecules that do not exist in the dimeric state
(Fig. 36A+C). Nevertheless, an indirect clue that actually the complexes are bound is given by the
observation that the dimer-forming clones lose their B-galactosidase activity after promoter
transformation (Fig. 36D). As the cells express both proteins (Fig. 36D) and grow on the triple-
dropout medium containing 3-AT (Fig. 36C), this loss can only be explained with the competition
between the X-gal reporter gene and the NOT promoter constructs for binding proteins. In this
view, the available dimers preferentially bind to the multiple copies of the transformed promoter
constructs which outnumber the single genomic copy of the X-gal reporter gene. Taken together,
the Y1H results suggest that the NFkB heterodimers p50:p65 and p65:RPS3 can bind within the
704nt upstream ATG to the NOT promoter (Fig. 36C).

4.6.2 Ildentification of RPS3 binding to the NOT promoter using the Y1H technique

A Y1H screen to isolate transcriptional regulators of the human tid gene performed in the Kurzik-
Dumke laboratory has yielded identification of RPS3 (NCBI Gene ID: 6188) as a DNA-binding
protein (M. Szydlowski, PhD thesis: Identification of the regulatory elements and factors of the
human tumor suppressor gene tumorous imaginal discs, 2011). The binding was confirmed and the
single binding sites were mapped resulting in the identification of two consensus RPS3 binding
elements (Schultheiss and Kurzik-Dumke, unpublished). The results obtained for the NOT
promoter support RPS3 binding to DNA (Fig. 36C). To further confine the promoter region
encompassing the binding sites, the full-length RPS3 construct (pACT2-RPS3-1, Fig. 37A) was
cotransformed with the P5-P9 constructs (Fig. 20) into Y187 cells and plated on SD/-His/-Trp/-
Leu supplemented with 150mM 3-AT. As shown in Fig. 37C RPS3 binds to at least one site in the
fragments encompassing nts1115-932 (P5), nts 912-686 (P6), nts 704-504 (P7), and nts 421-228
(P8) but not to the fragment encompassing nts 248-87 (P9). To identify the necessary DNA-binding
domain of RPS3, a N-terminal construct encompassing the KH domain (Fig. 37A; RPS3-2, aa21-
92) and several C-terminal deletions (Fig. 37A; constructs 3-6) were generated (Ch. 3.3.14.5). The
six RPS3 constructs were cotransformed with the P2 construct (Fig. 20) into Y187 cells and plated
on SD/-His/-Trp/-Leu medium supplemented with 150mM 3-AT. The results show that RPS3 binds
to the NOT promoter via aal01-194 (Fig. 37B). To gain further insight into potential regulatory
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Fig. 37 Identification of RPS3 binding to the NOT promoter using the Y1H technique. (A) Schematic
representation of RPS3 protein structure and the deletion constructs generated to map its DNA binding
domain. The ribonucleoprotein S3 (RPS3) is composed of 243 aa (UniProt: P23396) and an integral part of
the eukaryotic 40S ribosome subunit. The hnRNP K homology (KH) domain necessary for RNA recognition
and interaction with the p65 subunit of NFkB (Wan et al. 2007) is located from aa 21-92. The generated
deletion constructs are shown in bars, the mapped DNA-binding domain in thicker bars. (B) Determination
of the RPS3 DNA binding domain. Y187 cells were cotransformed with 500ng P2 (Fig. 20) and 500ng of
the indicated pACT2-RPS3 constructs 1-6. Cells were grown on SD/-His/-Trp/-Leu + 150mM 3-AT.
Controls: -: pACT2-p53; +: pGADT7-Rec2-p53 + p53pHIS2. (C) Determination of RPS3 binding to the
NOT promoter. Y187 cells were cotransformed with 500ng pACT2-RPS3 construct 1 and 500ng of the
indicated promoter constructs (P5-P9, Fig. 20). Cells were grown on SD/-His/-Trp/-Leu + 150mM 3-AT.
(D) Mapping of the RPS3-p65 interaction domain and test for RPS3 dimerization using Y2H. Y187 cells
were cotransformed in the indicated combinations and plated on SD/-Trp/-Leu. Expression of transformed
constructs was determined by colony blot using antibodies directed against the GAL4 activation domain
(AD) and the GAL4 binding domain (BD). Interaction of the expressed fusion proteins was monitored using
B-Galactosidase (X-gal) assay. 1: Cloned into pACT2; 2: Cloned into pAS2-1.

mechanisms of RPS3 DNA-binding activity, the Y2H technique was used to determine the homo-
dimerization potential of RPS3. For that purpose, the pACT2-RPS3 construct was cotransformed
with the pAS2-1-RPS3 construct into Y187 cells and plated on SD/-Trp/-Leu. Cotransformation of
pAS2-1p65 either with full-length pACT2-RPS3 (Fig. 37A, RPS3-1) or the N-terminal construct
containing the KH-domain (Fig. 37A, RPS3-2) served as positive controls. As shown in Fig. 37D,
the PB-galactosidase assay confirms the described KH-domain-mediated p65:RPS3 interaction

(Wan et al. 2007) and indicates that RPS3 does not form homodimers.
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4.6.3 Expression and nuclear activity of NFkB in diverse cell lines

The NFxB and RPS3 binding results obtained from Y1H (Ch. 4.6.1 - 4.6.2) were further validated
by EMSA (Ch. 4.6.5), affinity chromatography (Ch. 4.6.6), and ChIP (Ch. 4.6.7). For this purpose,
the HaCaT, HT-29, HeLa, and T98G cell lines (Tab. 51) were first checked for their applicability
in these downstream experiments by determining the expression of canonical NFkB pathway
components using western blot and by measuring the relative nuclear activity of the p50 and p65
subunits using the NF-kB (p65) Transcription Factor Assay Kit and the NF-kB (human p50)
Transcription Factor Assay Kit (Ch. 3.4.5). To validate the quality of the applied extracts, p53 was
included in the analysis. The results confirm the described expression and nuclear localization
pattern of p53 in HaCaT (Lehman et al. 1993), HT-29 (Cooks et al. 2013), and T98G cells (Alonso
et al. 2003) and its degradation in HeLa cells (Thomas et al. 1999) (Fig. 38A). In addition, Tid, a
regulatory component of the inhibitory IxkB complex, served as cytoplasmic control (Kurzik-
Dumke and Czaja 2007) and TBP as nuclear control (Maston et al. 2006). The immunoblot analysis
revealed constitutive expression of NF«B in all four cell lines investigated (Fig. 38A). However,
there are considerable differences in the levels and the localization of the single components. In
HT-29, T98G, and HelLa cells the p50 and p65 subunits are mainly found together with their
inhibitors I[kBa and IkBp in the cytosol, whereas lower amounts of these proteins are also found in
the nucleus (Fig. 38A). In resting cells the p50:p65:1kB complexes can shuttle between cytosol and
nucleus, either as a whole (Huang et al. 2000) or after cytosolic dissociation and nuclear
reassembling (Carlotti et al. 2000), thus contributing to the observed localization pattern of p50,
p65, and the IkBs. Nevertheless, shuttling of NFkB complexes in unstimulated cells depends on
diffusion (Shrum et al. 2009). It is for this reason why the nucleocytoplasmic detection of
Importina3 (KPNA4), which mediates the nuclear import and export of activated NFxB (Fagerlund
et al. (2005), rather argues for the constitutive low-level activation of NF«kB coupled to the
described mechanism of IxkBa-dependent p50:p65 complex removal from the target promoters (Sue
et al.2011). The detection of p50 and p65 nuclear activity in HT-29, T98G, and HelLa cells, which
can only be measured if p5S0:p65 complexes are not bound to IkB proteins, supports this notion
(bars 2-5, Fig. 38B). The essential kinase for activation of the canonical pathway, IKKp (Ley and
Beyaert 2014), can also be detected in all cell lines, predominantly localized to the cytosol (Fig.
38A). The observation of smaller amounts of nuclear IKKf is in line with recent findings (Tsuchiya
et al. 2010). In contrast to HT-29, T98G, and HelLa cells, higher amounts of p50 and p65
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Fig. 38 Expression and nuclear activity of NFkB in diverse cell lines. (A) Expression analysis of
components of the NFkB pathway using western blot. Cytosolic (C) and nuclear (N) extracts (15ug each)
were separated on a 10% SDS-PAGE gel. TBP served as nuclear control; 1p65: p65-Ser276P; 2p65: p65-
Ser536P; *: The upper IkBp represents the phosphorylated form; **: Experiments performed in the Kurzik-
Dumke laboratory suggest the existence of a yet undescribed Impa3 state/form with lower molecular weight
(Schultheiss and Kurzik-Dumke, unpublished). (B) Determination of the nuclear activity of p50 and p65
using the NF-«kB (p65) Transcription Factor Assay Kit and the NF-kB (human p50) Transcription Factor
Assay Kit. Pro well an aliquot of the nuclear extract corresponding to 15ug of total protein were loaded.
ELISA readout for p50: 1: HaCaT: 2.3 (+/-0.01); 2: HT-29: 1.1 (+/-0.007); 3: T98G: 0.5 (+/-0.005); 4:
HeLa: 0.5 (+/-0.004); 5: HelLa nuclear extract (Active Motif): 0.5(+/-0.01); 6: HeLa + TNFa 20ng/ml,
30min. (Active Motif): 2.1 (+/-0.02); 7: HeLa + TPA 62ng/ml, 10min. (Active Motif): 1.1 (+/-0.007); 8:
White bar: 1.25ul Cayman p50 positive control (recombinant p50): 1.0 (+/-0.009), black bar: Competition
of 1.25pl recombinant p50 with 10pl dsDNA (NF«kB consensus site): 0.3 (+/-0.003); 9: Blank: 0.2 (+/-0.01).
Readout for p65: 1: HaCaT: 3.5 (+/0.04)-; 2: HT-29: 1.8 (+/-0.02); 3: T98G: 0.8 (+/-0.006); 4: HeLa: 0.6
(+/-0.002); 5: HeLa nuclear extract (Active Motif): 0.5(+/-0.005); 6: HeLa + TNFa 20ng/ml, 30min. (Active
Motif): 4.1 (+/-0.09); 7: HeLa + TPA 62ng/ml, 10min. (Active Motif): 1.3 (+/-0.007); 8: White bar: 10ul
Cayman p65 positive control (HeLa nuclear extract TNFa-stimulated: 20ng/ml, 30min.): 2.9 (+/-0.02), black
bar: Competition of 10ul positive control with 10ul dsDNA (NF«B consensus site): 0.6 (+/-0.002); 9: Blank:
0.2 (+/-0.01).

are detected in HaCaT cells with an even nucleocytoplasmic distribution (Fig. 38A). Together with
the lower levels of IkBa these results indicate that NF«kB is highly active in HaCaT cells (Fig. 38A).

Supporting evidence for this view comes from the detection of the by far highest levels of nuclear
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NF«B activity in HaCaT cells (bar 1, Fig. 38B). Notably, the activity is almost identical to the
activity observed in TNFa-stimulated HeLa cells (bars 1+6, Fig. 38B). This is in accordance with
published data suggesting that immortalized HaCaT cells control their survival and growth via
NF«B (Ren et al. 2006). To gain more insight into putative cell specific aspects of NFkB signaling,
the expression and nucleocytoplasmic distribution of serine (Ser)-phosphorylated p65 (Ser276 and
Ser536) were also assessed using western blot. In HT-29, T98G, and HeLa cells the Ser276-
phosphorylated p65 is exclusively located in the nucleus, whereas HaCaT cells contain
considerable amounts in both compartments (Fig. 38A). The Ser536-phosphorylated p65 is found
in both fractions in all cell lines, whereas it is mainly localized to the cytosol in HaCaT, HT-29,
and Hela cells (Fig. 38A). Furthermore, the p65 cofactor RPS3 is detected in the cytosol and the
nucleus of all cell lines with nuclear enrichment in HaCaT and T98G cells (Fig. 38A). Upon
pharmacological induction, RPS3 colocalizes to the nucleus with similar kinetics as p50 and p65
(Fig. 39A, Ch. 4.6.4). In this context, the massive nuclear translocation of RPS3 in HaCaT cells
might be coupled to the high activity of NFxB in these cells (Fig. 38A).

4.6.4  Pharmacological manipulation of NFkB signaling and its impact on NOT expression

The activity of the NFkB signaling pathway can be modulated by a plethora of pharmacological
agents, among them the inhibiting sesquiterpene lactone Parthenolide (Hehner et al. 1999) and the
activating cytokine tumor necrosis factor alpha (TNFa) (Hayden and Ghosh 2014). Both chemicals
were used to measure the impact of NFkB on NOT expression via gRT-PCR (Ch. 3.3.17) and, in
the case of parthenolide, to use its inhibitory properties to assess NFkB specificity in EMSA
experiments (Ch. 4.6.5). To validate the activity of the two substances, serum-starved HT-29 cells
were treated with 100uM Parthenolide (Ch. 3.6.4.2) or 50ng/ml TNFa (Ch. 3.6.4.3) for 10, 30, and
60min. and analyzed using immunoblotting (Ch. 3.4.3) and Southwestern blot (Ch. 3.5.6). As
shown in Fig. 39A, the treatment of serum-starved HT-29 cells with 50ng/ml TNFa induces the
expression and nuclear translocation of p50, p65, and RPS3 to similar extents during all investi-
gated time points, whereas IkBa is degraded after 10 and 30min. (Fig. 39A). The expression and
cytosolic localization of IkBa is reconstituted after 60min. (Fig. 39A). This Kinetic is in accordance
with the well-known time course of NFkB activation, which peaks at about 30min. before a NFxB-
dependent negative feedback loop induces IkBa transcription to terminate the signaling (Hayden
and Ghosh 2014). IKKf cannot be detected after serum deprivation but is induced by TNFa
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Fig. 39 Pharmacological manipulation of NFkB signaling using Parthenolide and TNFa. (A) HT-29
cells treated with Parthenolide (Parth.) or TNFa for the indicated concentrations and time points. After
isolation of cytosolic (C) and nuclear (N) extracts 15ug of the respective fraction was separated on a 10%
SDS-PAGE gel. Indicated proteins were detected using specific antibodies. (B) Determination of NFxB
binding capacity in Parthenolide-treated HT-29 cells using Southwestern blot. Treatment and separation of
3ug extracts (C: Cytosolic; N: Nuclear) as in (A). The blots were hybridized with 20fmol of a btn-labeled
NF«B reference site (Armstrong et al. 1993) and read out using chemiluminescence. After hybridization,
equal loading was monitored by immunodetection of Actin. Signal specificity was determined by
competition with 3000x excess of unlabeled probe (Co) and by immunodetection of p65 protein in a control
lane loaded with 15ug extract (WB). (C) Signals from (B) were quantified using ImageJ software (Schneider
et al. 2012). The determined relative intensities (RI) were normalized to Actin and are shown as bars. +S:
Cultured under normal conditions; -S: Serum-free; Parth.: 100uM Parthenolide.

yielding the same nucleocytoplasmic localization pattern as observed in HT-29 cells cultured under
normal conditions (Fig. 38A and 39A). Similar results were obtained for TNFa stimulated HeLa
cells (not shown). In contrast, the treatment of HT-29 cells with Parthenolide results in an
enrichment of p5S0 and p65 in the cytosol, whereas the predominantly cytosolic IkBa remains
unchanged (Fig. 39A). The expression of RPS3 is not affected, but a slight enrichment in the
nucleus as compared to the serum-free state can be observed (Fig. 39A). Interestingly, the obtained
results indicate that Parthenolide can increase the expression of p50, p65, and IKKp in serum-
starved HT-29 cells (Fig. 39A). Similar results were obtained for Parthenolide-treated HelLa cells

(not shown). Since IKKB-mediated degradation of IkBa is the crucial step for NF«B activation, the
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Fig. 40 Manipulation of the NFkB pathway influences NOT expression. (A) HT-29 and HeLa cells were
treated with 100uM Parthenolide for 1h (Parth.). After incubation, RNA was isolated and mRNA levels
were quantified using gRT-PCR. The evaluation of the amount of the targets investigated was performed
using the comparative AACt method: AACr = ACr (untreated) - ACr (Parth. -treated). The ACt values are
standardized to HGPRT used as endogenous control. Relative expression is calculated with respect to the
untreated sample as follows: 224°Tx 100%. (B) HeLa cells were treated with 50ng/ml TNFa for 30min. The
MRNA levels were quantified via qRT-PCR. Evaluation as in (A). SF: Serum-free.

detected nucleocytoplasmic distribution of p50, p65, and IkBa suggests that Parthenolide inhibits
NF«B activation by targeting IKKf activity as proposed by Kwok et al. (2001). However, there
are also reports showing that Parthenolide prevents NFxB binding via alkylation of the p65 subunit
(Garcia-Pineres et al. 2001). To test for this mechanism, the binding capacity of NFkB in the
cytosolic and nuclear fractions of the Parthenolide-treated HT-29 cells was analyzed by
Southwestern blot (SW) using a btn-labeled NF«kB reference oligonucleotide (Armstrong et al.
1993) for hybridization as described in Ch. 3.5.6. The obtained results show, that NF«kB binding is
abrogated after incubation with Parthenolide in both compartments at all investigated time points,
whereas the inhibitory effect becomes stronger with incubation time (Fig. 39B+C). Notably, the
detected amounts of cytosolic and nuclear NFkB in Parthenolide-treated HT-29 cells are similar to
the amounts observed in untreated cells grown under normal conditions (Fig. 38A+39A). This is
of particular importance, because the signal detection in SWs solely depends on the available
amount of proteins which were separated under denaturing conditions (Ch. 3.5.6). Thus, the
decreased cytosolic binding capacity cannot be explained with the nucleocytoplasmic distribution
or the presence of inhibitory IkB:NFkB complexes, but rather argues for the proposed alkylation
mechanism (Garcia-Pineres et al. 2001). The binding of p50 could not be detected using SW (not
shown). As the activity of NFkB peaks 30min. after TNFa stimulation (Hayden and Ghosh 2014)
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and Parthenolide most effectively inhibits the binding of NF«kB after 60min. (Fig. 39B+C), these
two time points were selected for analysis of NOT-1 and -4 expression via qRT-PCR. As shown in
Fig. 40A, Parthenolide-mediated NFxB inhibition in HT-29 cells decreases NOT-1 mRNA
expression to 54% (66% in HelLa) and NOT-4 to 23% (57% in HeLa) of the level observed in
serum-starved cells. In contrast, treatment with TNFa induced NFkB activation leads to an increase
of NOT-1 to 179% and of NOT-4 to 168% of the level detected in serum-starved cells (Fig. 40B).
In addition, the detected increase of IkBa expression to 145% is in accordance with the published
activation of the negative feedback loop (Hayden and Ghosh 2014). NFkB manipulation via
Parthenolide and TNFa has no effect on the expression of ECE2 (Fig. 40A+B).

4.6.5 Identification of NFkB binding sites in the NOT promoter using EMSA

The binding analysis performed using the Y 1H technique indicates that the NFxB subunits p50 and
p65 bind to the NOT promoter via the cis sites at positions 973-951nt (site 22/21), 789-776nt (site
19/18), 768-755nt (site 17/16), 638-624nt (site 13/12), 544-535nt (site 8), 339-330nt (site 4/3), and
223-214nt (site 1) (Tab. 61). To confirm the binding capacity of these sites and to verify the
negative results for the other potential NFkB sites, EMSAs were performed (Ch. 3.5.3). All
predicted trans sites, which are not part of composite cis/trans sites, were also included in this
analysis to get a complete insight of NFxB binding within the overlapping NOT-ECE2 promoters.
Protein-DNA complexes were identified by incubating the nuclear extracts from HT-29 and HelLa
cells with btn-labeled ds oligonucleotides representing the predicted binding sites (Tab. 37). For
HT-29 and HeLa extracts positive results have been obtained for sites 22/21, 19/18, 17/16, 13/12,
4/3, and 1 (Fig. 41A+B) confirming the Y1H data (Tab. 61). In addition, the oligo containing the
closely arranged trans sites 10/9 (568-589nt) is positive in EMSA (Fig. 41A+B). The sites at
positions 880-893nt (site 20), 777-811nt (site 18), 680-667nt (site 15/14), 594-607nt (site 11), 401-
410nt (site 7), and 262-252nt (site 2) were negative (not shown). Controversial results have been
obtained for site 8 (544-535nt), which is negative in EMSA but positive for p50 in Y1H (Tab. 61)
and for site 6/5 (375-362nt), which is positive in EMSA but negative in Y1H (Fig. 41A+B; Tab.
61). The binding specificity was confirmed by competition with unlabeled oligonucleotides. The
NF«B specificity of the shift was determined using Parthenolide-treated nuclear extracts as compa-
rison. In addition, a control reaction was performed using an NFkB reference oligo (Ron et al.

1990) and all shifts were compared to the p65 and p50 signals obtained using native western blot.
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Fig. 41 ldentification of NFkB binding sites in the NOT promoter using EMSA. (A) Schematic
representation of the 1.15kb NOT promoter region with potential NFkB binding sites predicted using the P-
MATCH™ algorithm (Chekmenev et al. 2005). Sites in cis on the upper side, sites in trans below. Positions
are upstream the NOT-1 start codon (+1/e). The first exon of NOT-4 is located from 337-285nt. The first
exon of ECEZ2 is located from 755-950nt. (B)+(C) The protein-DNA complexes were detected by incubating
7ug nuclear extracts (N) from HT-29 (B) and HeLa (C) cells with btn-labeled ds NFkB binding sites.
Complexes were separated on a 5% native PAGE gel and visualized using chemiluminescence. NFkB
specificity was determined by using nuclear extracts from HT-29 cells treated with 100uM parthenolide for
1h (A) and a NF«kB reference oligo as comparison: R2 (Ron et al. 1990). In addition, a lane on the EMSA
blot was loaded with 40jug nuclear extract to detect p65 and p50 using western blot. P: 100uM Parthenolide;
C: Competition with 3000x excess of unlabeled oligos; e: Non-specific binding; *: Free oligo.

The control reactions indicate that the sites can be bound by the p50:p65 or the p65:p65 dimer (Fig.
41A+B). To assess, in the case of p50:p65, which of the subunits mediates the binding, the ELISA
technique was applied (Ch. 3.5.4). For that purpose, the positive btn-labeled binding sites were
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immobilized on streptavidin-coated microtiter plates and incubated with recombinant p50 or p65
(Tab. 45). The binding was detected with antibodies directed against p50 and p65 (Tab. 43). The
specificity of the signals was assessed by using an NF«kB reference oligo as comparison (Armstrong
et al. 1993; R1, Tab. 37). The results show that the NF«kB sites within the NOT promoter are only
bound by p65, whereas binding of p50 was not detected for any site (not shown).

4.6.6 Identification of NFkB binding sites in the NOT promoter using affinity

chromatography

The NF«B binding sites in the NOT promoter were also identified using Dynabeads M-280 (Ch.
3.5.5). Protein-DNA complexes were captured by incubating nuclear extracts from HeLa cells with
the btn-labeled binding sites (Tab. 37) immobilized on streptavidin-coated Dynabeads. The eluted
protein complexes have been investigated by western blot. The results show that all investigated
sites are bound by a protein complex consisting of p50, p65, and RPS3, whereas the phosphor-
ylation state of the p65 subunit varies (Fig. 42). Phosphorylation of p65 on Ser276 can be detected
in the complexes bound to sites 22/21, 6/5, and the reference site R2 (Fig. 42). Phosphorylation of
p65 on Ser536 can be detected in the complexes bound to sites 19/18 and 17/16. Phosphorylation
on both residues is found in the complexes bound to sites 13/12, 19/9, 4/3, and 1 (Fig. 42).

$22/21 s19/18 s17/16 s13/12 s10/9 s6/5 s4/3 sl R2 -CTRL
12121 2121212121 2 1 2 CIC2 N
- v . — - — - we  po63
- - - . - - - - P65
- - — P65
- - : — - - -— - -— e« RPS3

Fig. 42 Identification of NFkB binding sites in the NOT promoter using affinity chromatography.
Affinity chromatography was performed using biotinylated NFxB binding sites and nuclear extracts from
HeLa cells (N). Eluates were separated on a 10% SDS-PAGE gel and analyzed using the indicated
antibodies. A NF«B reference oligo was used as positive control: R2 (Ron et al. 1990). Beads alone (C1) or
incubated with 20g nuclear extracts (C2) served as negative control (-CTRL). 1: Binding; 2: Competition
with 10x excess of cold oligo. 1p65: p65-Ser276P; 2p65: p65-Sers536P.

4.6.7 Identification of NFkB binding sites in the NOT promoter using ChIP

To confirm the binding results for NFkB and RPS3 in vivo, the ChIP technique was used. CBP and
p300 were included into the analysis because they are coactivators of NFkB (Zhong et al. 1998).
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The p50, p65, phospho-p65, RPS3, CBP, and p300 antibodies used for ChlPs are listed in Tab. 43.
Negative control ChIPs were performed with an antibody specific for p53 which cannot bind the
NOT promoter (Ch. 4.4.1). The primers used for the amplifications are listed in Tab. 20.
Amplifications performed using ChIP DNA from HT-29, HeLa, HaCaT, and T98G cells and the
primer combination P1/1 indicate binding of p50, p65, and RPS3 to the 1115-932nt fragment
encompassing site 22/21 (Fig. 43B-E). The p65 subunit is phosphorylated on serines 276 and 536
in HT-29, HaCaT, and T98G cells but only at Ser276 in HeLa cells (Fig. 43B-E). Identical results
were obtained from affinity chromatography (Fig. 42, Ch. 4.6.6). CBP and p300 were detected on
the same fragment in HaCaT and HeLa cells but not in HT-29 (Fig. 43B-D). Due to the strong p53
signal, the binding of CBP and p300 is considered negative on the P1/1 fragment in T98G cells
(Fig. 43E). Amplifications performed using the primer combination P3/3 indicate binding of
double-phosphorylated p65 and RPS3 but not p50 to the 912-686nt fragment encompassing sites
20-16 in HaCaT and T98G cells (Fig. 43D+E). In HeLa cells also p50 is bound, whereas in HT-29
no NF«xB is present (Fig. 43B+C). RPS3 is positive within the P3/3 amplified region in all cell
lines. To amplify the promoter region encompassing the sites 15-8, the primer combination P5/5
(704-505nt) was used in HT-29, HaCaT, and T98G cells, whereas for better evaluation the primer
combination P6/6 (660-471nt) was used in HelLa. The obtained results for this region reveal
occupancy of p50, p65, RPS3, and CBP in all cells, whereas p300 is only found in HT-29 and
HaCaT cells (Fig. 43B-E). The phosphorylation of p65 on Ser276 and Ser536 is detected in all cell
lines, whereas the intensity of the signals varies between cell lines. In HeLa and T98G cells there
is strong phosphorylation of both serines (Fig. 43C+E), whereas in HT-29 the phosphorylation of
p65 is significantly weaker (Fig. 43B). In HaCaT cells p65 is strongly phosphorylated on Ser536
but only weak at Ser276 (Fig. 43D). Amplifications performed using the primer combination P10/9
encompassing the composite site 4/3 indicate binding of p50, double-phosphorylated-p65 and
RPS3 in HeLa and T98G cells, whereas in HaCaT cells only Ser276 is phosphorylated (Fig. 43C-
E). In HT-29 only p65, phosphorylated on both serines, and RPS3 are bound (Fig. 43B). CBP and
p300 were not found within the P10/9-amplified fragment (not shown). Notably, the P10/9-
amplified fragment encompasses two nts of the composite site 6/5 (375-362nt), which was positive
in EMSAs and affinity chromatography. However, amplification of the 421-268nt promoter region
using the primer combination P9/9 yielded negative results in all four cell lines (not shown). Thus,
site 6/5 is considered negative in vivo. Amplifications performed using the primer combination

P11/10 encompassing site 1 yielded positive results for p50, double-phosphorylated p65, RPS3,
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Fig. 43 Identification of NFkB, RPS3, CBP, and p300 binding to the NOT promoter in vivo using
ChIP. (A) Schematic representation of the 1.15kb NOT promoter with primers used for ChIP amplification.
Upper bar: Primer positions with indicated first exons of ECE2 and NOT-4; lower bar: Primer names; F:
Forward; R: Reverse. (B)-(E) Gel electrophoretic separation (2% agarose gel) of DNA fragments amplified
from ChlIPs performed using antibodies directed against p50, p65, Ser276, and Ser536-phosphorylated (P)
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CBP and p300 in HeLa and T98G cells (Fig. 43C+E). In HaCaT cells p50 and Ser536-
phosphorylated p65 cannot be detected in this region, whereas in HT-29 no binding of the
investigated factors could be observed (Fig. 43B+D).

4.6.8 Influence of RNAi-mediated knockdown of NFkB on NOT expression

The DNA-binding analyses revealed the binding of RPS3 and the NFkB subunits p50 and p65 to
the NOT promoter at different sites in diverse combinations. In addition, the pharmacological
manipulation of the NFkB signaling pathway with Parthenolide or TNFa affects the transcription
of NOT. To determine the impact of endogenous NF«kB and RPS3 on the expression of NOT under
physiological conditions, HeLa cells were transiently transfected with siRNAs targeting NF«xB
(p50 and si p65) or RPS3 (si RPS3) (Ch. 3.6.5). HelLa cells transfected with 10nM scrambled
SiRNA (si SCR) served as control. The mRNA levels were quantified via QRT-PCR, the protein
levels via immunoblotting. Transfection of HeLa cells with p50 siRNA reduces the p50 mRNA
level to 19% and the protein amount to 22% of the level observed in the SCR control sample, but
has no significant effects on p65, RPS3, ECE2, and NOT (not shown). Cells transfected with the
p65 and RPS3 siRNAs displayed a reduction of the targeted transcripts to 9% (p65) and 3% (RPS3)
(Fig. 44A), whereas the respective proteins cannot be detected (Fig. 44B). The knockdown of p65
decreases the level of p50 mMRNA to 61% (42% protein) and of RPS3 to 67% (45% protein) (Fig.
44A+B). Silencing of RPS3 has no effect on p50 (109%) and p65 (101%) mRNAs but reduces their
protein amounts to 46% (p65) and 86% (p50) (Fig. 44A+B). This observation might depend on the
translational functions RPS3 has as part of the ribosome. Notably, the loss of RPS3 leads to cell
detachment from the surface after 48h. This effect is considerably enhanced if either p50 or p65 is
silenced in parallel. Double transfection of the p50 and p65 siRNAs reduces p50 mRNA to 2%
(protein to 20%), but is less effective in reducing the p65 mMRNA amount (33%) as compared to
the single p65 siRNA transfection (9%; Fig. 44A+B). Nevertheless, no p65 protein can be detected
in both cases (Fig. 44A+B). The double transfection has opposing, yet insignificant effects on RPS3
transcript and protein levels. It reduces the amount of protein to 78% whereas the transcript level

increases to 122% (Fig. 44A+B). For control purposes, the expression levels of /xBa, which is

p65, CBP, p300, and p53. ChlPs were performed using chromatin from HT-29 (B), HeLa (C), HaCaT (D)
and T98G (E) cells. p65*: Ser276P; p65%: Ser536P; C: p53 ChlP, negative control; I: Input DNA. M: Marker
Gene Ruler 100bp ladder.
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Fig. 44 RNAi-mediated knockdown of p50, p65, and RPS3 in HeLa cells. HeLa cells were transiently
transfected either with 25nM p65 siRNA (si p65), a 50nM RPS3 siRNA mix (si RPS3) or the indicated
combination (25nM si p65 + 50nM si p50) and analyzed using gRT-PCR and western blot. Transfection
with 10nM scrambled siRNA (si SCR) served as control. (A) Quantification of mMRNA levels via qRT-PCR.
The evaluation of the amount of the targets investigated was performed using the comparative AACt method:
AACt = ACt (si-treated sample) - ACt (si SCR). The ACt values are standardized to HGPRT used as
endogenous control. The relative expression in % is calculated with respect to the si SCR sample as follows:
2°44CT x 100%. (B) For western blot 15ug crude homogenates of untreated, si SCR-treated and si-treated
cells were separated on a 10% SDS-PAGE gel. Detection of the indicated proteins was performed using
specific antibodies.

regulated by p65 but not p50, were measured in the NFkB knockdown samples (not shown).
Silencing of p50 has no effect on IkBa, whereas the knockdown of p65 causes a decrease of /xBa
MRNA to 37% (60% protein). In accordance with the single transfections, the double transfection
of the p50 and p65 siRNAs leads to a decrease of /kBa mMRNA to 39% (60% protein), thus proofing
the quality of the samples. In all samples IKK[} expression remains unaffected (Fig.44A+B).

The p65-depleted samples only display insignificant changes in the NOT-1 (84%), NOT-
4 (112%) and ECE2 (85%) transcript levels (Fig. 45A). The lack of RPS3 causes a decrease of
NOT-1 mRNA to 70% and an increase of the NOT-4 and ECE2 mRNA levels to 187% and 131%,
respectively. The largest drop of NOT expression is achieved after double-knockdown of p50 and
p65 (NOT-1 to 20% and NOT-4 to 49%). The double-knockdown as no effect on ECE2 (97%; Fig.
45A). On the protein level, silencing of p65 causes a decrease of the full-length NOT-1 precursor
to 32% (Fig. 45B, e) and of its post-translational modified variant to 14% (A). Because the
changes in the amount of the NOT cleavage products are not caused by their specific transcriptional
regulation, they were not quantified. Similar results are observed in the RPS3-depleted samples,
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Fig. 45 Impact of RNAi-mediated knockdown of NFxB on the expression of NOT in HelLa cells. HeLa
cells were transiently transfected either with 25nM p65 siRNA (si p65), a 50nM RPS3 siRNA mix (si RPS3)
or the indicated combination (25nM si p65 + 50nM si p50) and analyzed using qRT-PCR and western blot.
Transfection with 10nM scrambled siRNA (si SCR) served as control. (A) Quantification of mMRNA levels
via qRT-PCR. The evaluation of the amount of the targets investigated was performed using the comparative
AACt method: AACt = ACr (si-treated sample) - ACr (si SCR). The ACr values are standardized to HGPRT
used as endogenous control. The relative expression in % is calculated with respect to the si SCR sample as
follows: 224¢T x 100%. (B) For western blot 15ug crude homogenates of untreated, si SCR-treated and si-
treated cells were separated on a 10% SDS-PAGE gel. Detection of NOT using the a-NOT 1/4 antibody
which recognizes the full-length NOT-1 (e), the potential post-translational modified NOT-1 (A), the
42kDa cleavage product (¢#), the N-terminal NOT-1 cleavage product (A), and the C-terminal NOT-1
cleavage product (00). M: Marker.

where the NOT-1 precursor decreases to 22% (Fig. 45B, ). In accordance with the measured
MRNA levels, the double-knockdown of p50 and p65 results in the highest decrease of NOT-1
protein (to 10%, e, Fig. 45B). The modified NOT-1 cannot be detected after RPS3 depletion or
p50/p65 double-knockdown (Fig. 45B, A).

4.6.9 Influence of Brefeldin A on activation of NFkB

BFA-induced activation of CREB3 leads to an upregulation of NOT after 24h in HT-29 and HeLa
cells (Fig. 34+35). Recent experiments suggest that BFA treatment also causes apoptosis after 24h
via upregulation of p53 mediated by the NF«B subunits p50 and p65 (Lin et al. 2011). To check,
if the observed BFA-induced upregulation of NOT also depends on NF«B, the activation of NFxB

in these samples was investigated using western blot (Ch. 3.4.3). In addition, p53 and caspase-3
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Fig. 46 Influence of Brefeldin A on NFkB, p53, and Caspase-3. Immunoblot analysis of HT-29 (A+C)
and HelLa (B) cells treated with 2ug/ml Brefeldin A (BFA) for the indicated time points. As control for
Caspase-3 cleavage during apoptosis serum-free HT-29 cells were treated with 100uM and 150uM
Parthenolide for 24h. For separation 15pg were loaded on a 10% SDS-PAGE gel. Detection of the indicated
proteins was performed using specific antibodies. *: Pro-Caspase-3 (full-length); CH: Crude homogenate;
M: Marker. (D+E) Influence of BFA on nuclear localization of NFkB and p53 in HT-29 (D) and HeLa (E)
cells. The cells were incubated with 2ug/ml BFA for 24h. Cytosolic (C) and nuclear (N) extracts (15ug
each) were separated on a 10% SDS-PAGE gel. Indicated proteins were detected using specific antibodies.
TBP was used as nuclear marker to assess fraction quality.

were included in this analysis to test the cells for potential apoptotic characteristics in order to gain
further insight into the physiological state the NOT gene is upregulated in. The upregulation of the
ER stress marker glucose regulated protein 78 (Grp78/BiP) after 24h was monitored as control for
BFA induction (Liu et al. 1992; Fig. 46A, B). As shown in Fig. 46A, BFA treatment leads, after
an initial decrease after 10min. incubation, to an increase of p50, p65, and p53 after 24h in HT-29
cells. This kinetic is consistent with published data for MCF-7 (Lin et al. 2011). NF«B only slightly
increases after 24h in Hela cells, whereas BFA has no effect after 10 and 30 min. (Fig. 46B). A

slight upregulation of p53 is only visible in the enriched nuclear fractions (Fig. 46B). This can be
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explained by the fact that in the HPV positive HelLa cell line the viral E6 protein interacts with p53
and mediates its rapid degradation via the ubiquitin-proteasome pathway (Thomas et al. 1999). In
accordance with the common model of NF«kB activation (Hayden and Ghosh 2014), the amount of
the NFxB inhibitor IxBa constantly decreases, whereas IKKP remains unaffected in both cells.
Notably, CREB3 overexpression also reduces IkBa (not shown). However, p50 and p65 are not
transported to the nucleus in BFA-treated cells, whereas p53 clearly is (Fig. 46D+E). This suggests
that p53 is upregulated in a NFkB-independent manner in HT-29 and HeLa cells after BFA treat-
ment. To assess if the observed BFA-induced expression changes of NF«kB and p53 are accom-
panied by the induction of programmed cell death, physiological and phenotypic changes charac-
teristic for apoptosis were measured. Caspase cleavage is a well-defined hallmark of the different
extrinsic and intrinsic apoptotic signaling pathways which all together converge at activated
caspase-3 making it a well suited means to measure apoptosis (Mcllwain et al. 2013). In BFA-
treated HT-29 cells the amount of procaspase-3 decreases after 24h but the cleaved, active products
cannot be detected (Fig. 46C). Similar results were obtained for HeLa cells (not shown). Because
active caspase-3 can be generally detected by the applied antibody as shown in Fig. 46C for serum-
starved HT-29 cells treated for 24h with 100 or 150uM of the apoptosis inducing sesquiterpene
parthenolide (Kim et al. 2012), caspase-3 is not activated but downregulated after BFA treatment
in the investigated cells after 24h. Notably, the exposure of HT-29 and HeLa cells to BFA causes
reduction of cell proliferation and considerable cell detachment from the surface (not shown).
However, as determined using the trypan blue exclusion assay (Ch. 3.6.1), these cells have no

compromised cell membranes like apoptotic or dead cells but are still viable (not shown).

4.7 Determination of MYCN binding to the NOT promoter

As determined using the P-MATCH™ algorithm (Chekmenev et al. 2005), the 1.15kb NOT pro-
moter region contains 10 potential MYCN sites (five in cis, five in trans) (Tab. 39; Fig. 48A). The
myc myelocytomatosis viral related oncogene N (MYCN) belongs to the basic-helix-loop-helix-
zipper (bHLHZ) domain containing family of Myc transcription factors that also comprises c-Myc,
MYCB, and MYCL (Beltran 2014). MYCN regulates its target genes by binding to MY C sites (E-
Box sequences) and is pivotal, especially in neuronal cells, for proliferation, stem cell homeostasis
and differentiation (Westermark et al. 2011). To test the binding of MYCN to the NOT promoter,
Y1H (4.7.1), EMSA, affinity chromatography, and ChIP assays (Ch. 4.7.3) were performed.
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4.7.1  ldentification of MYCN binding to the NOT promoter using the Y1H technique

To investigate the capacity of MYCN to bind the 1.15kb NOT promoter, the Y1H was performed.
For this purpose, a pACT2-MYCN expression construct was generated (Ch. 3.3.14.4). This
construct was cotransformed with either of the NOT promoter constructs pHIS2.1-PhNOT-1 (1150
to ATG; P1), pHIS2.1-PhNOT-2 (704 to ATG; P2), pHIS2.1-PhNOT-3 (525 to ATG; P3), and
pHIS2.1-PhNOT-4 (1115-686nt; P4) (Fig. 20, Ch. 4.3) and plated on SD/-His/-Trp/-Leu + 150mM
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Fig. 47 Identification of MYCN binding to the NOT promoter using the Y1H technique. (A) Schematic
representation of the NOT promoter region that encompasses potential MYCN binding sites (second bar; cis
sites on top, trans sites below) predicted using the P-MATCH™ algorithm (Chekmenev et al. 2005). The
1.15kb region was analyzed but as there are no sites downstream site 10, only the 1kb region is depicted.
Positions upstream the NOT-1 start codon (+1/e) are shown in the first bar. The first exon of NOT-4 is
located from 337nt (ee) - 285nt (00). The first exon of ECE2 is located from 755nt (A) - 950nt (A). (B)
Schematic representation of the MYCN protein structure (UniProtKB: P04198) with the generated pACT2-
MYCN expression construct below. The 464 aa MYCN protein contains at its C-terminus a basic motif (B;
aa 381-394), a helix-loop-helix domain (HLH, aa 395-433), and a leucine zipper (LZ, aa 434-454) all
involved in DNA-binding. An acidic region (D) located at aa 262-278. Residues Ser54, Thr58, Ser62,
Ser261 and Ser263 are phosphorylated (P). The four Myc boxes (MB1-4) for protein-protein interactions
are located at aa 45-63, 110-126, 186-197, and 319-339 (Otto 2015). (C) Determination of MYCN binding
to the NOT promoter. Y187 cells were cotransformed with 500ng pACT2-MYCN and 500ng of either
pHIS2.1-PhNOT-1 (1150-ATG; P1), pHIS2.1-PhNOT-2 (704-ATG; P2), pHIS2.1-PhNOT-3 (525-ATG;
P3) or pHIS2.1-PhNOT-4 (1115-686nt; P4) (Fig. 20). Cells were grown on SD/-His/-Trp/-Leu + 150mM 3-
AT. Control transformations: -: pACT2-p53; +: pGADT7-Rec2-p53 + p53pHIS2.
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Tab. 62 Identification of MYCN binding sites in the NOT promoter using Y1H

Promoter  Region (5'- 3")? MYCN binding sites (5"- 3')3 Y1H
construct? result
9 (666-655); 7 (643-632); 10 (894-905); 8 (655-666);
P1 1150 -ATG 5 (511-500); 3 (184-173); 6 (632-643); 4 (500-511); +
2 (80-69) 1 (69-80)
p2 704 - ATG 9,7,5,3,2 8,6,4,1 +
P3 525 - ATG 53,2 4,1 +
P4 1150 - 686 10 -

1. All promoter fragments were cloned into pHIS2.1; 2: Positions in nt upstream the NOT-1 ATG; 3:
Potential MYCN binding sites predicted using the P-MATCH™ algorithm (Chekmenev et al. 2005); 4:
Y1H results for the pACT2-MYCN construct cotransformed into Y187 cells with the indicated promoter
constructs. The cells were plated on SD/-His/-Trp/-Leu + 150mM 3-AT. +: Growth; -: No growth.

3-AT. The results show that constructs P1, P2, and P3 (Fig. 20) can be bound by MYCN whereas
P4 (Fig. 20) cannot (Fig. 47C and Tab. 62). This indicates that MY C site 10 is negative and that at
least one of the sites 1-5 can be bound (Fig. 47C; Tab. 62). Notably, as compared to the Y 1H results
obtained for EGR-1 (Ch. 4.4.2), CREB3 (Ch. 4.5.1), and NF«B (Ch. 4.6.1), the colonies grown
after MYCN transformation are considerably smaller indicating a weaker binding (Fig. 47C).

4.7.2  Expression of MYCN in diverse cell lines

Because the Y1H assay has identified MYCN as a putative NOT regulator, its binding to the NOT
promotor was further validated by in vitro and in vivo protein DNA-binding assays (Ch. 4.7.3). To
choose the appropriate cells for these experiments, MYCN expression was investigated in HaCaT,
HT-29, HelLa, and T98G cells (Tab. 51) using immunoblotting (Ch. 3.4.3). The applied MYCN
antibody detects four protein species: a cytosolic protein of about 60kDa (#) only present in HT-
29 and HelLa cells, a protein around 40kDa (e) predominantly located in the nucleus, a protein
around 30kDa ( A ) mainly found in the cytosol and a protein around 22kDa (m) found in both com-
partments (Fig. 48). According to the NCBI Reference Sequence (RefSeq) Database, the MYCN
gene codes for three splice variants: vl (NM_001293228.1/~50kDa), v2 (NM_001293233.1/
~28kDa), and v3 (NM_001293231.1/~12kDa). The variants v2 and v3 differ from v1 at their N-
termini, thus cannot be detected by the applied MYCN antibody recognizing the N-terminal 100aa
of MYCN v1. As MYCN has a predicted molecular weight of 46kDa, the 40kDa (e) signal most
likely represents the unmodified full-length MYCN protein (Fig. 48). Since MYCN is extensively
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Fig. 48 Expression of MYCN in diverse cell lines. Cytosolic (C) and nuclear (N) extracts (15ug each)
were separated on a 10% SDS-PAGE gel. Detection of MYCN and Actin with specific antibodies. As the
secondary antibody (a-rabbit) recognizes no proteins, all signals are detected by the MYCN antibody.
Potential MYCN products: 60kDa (¢), 40kDa (e), 30kDa ( A), and 22kDa (m).

phosphorylated (Otto 2015), the 60kDa form (Fig. 48, ¢) most likely represents the post-trans-
lational modified protein. The low level of this protein can be explained with its phosphorylation-
mediated degradation (Sjostrom et al. 2005). In line with this mechanism, the lower band around
30kDa (A) represents a N-terminal cleavage or degradation product (Fig 48). The nature of the
22kDa form (m) remains unclear. As shown in Fig. 49C, this protein can bind DNA. With respect
to the N-terminal specificity of the applied antibody and the fact that MYCN binds its target sites
via the C-terminus, this protein might represent a yet undescribed splice variant.

4.7.3 Identification of MYCN binding sites in the NOT promoter using EMSA, affinity
chromatography, and ChlIP

To confirm the negative Y 1H result for site 10 and to determine which of the remaining 9 predicted
sites (Fig. 47A, Tab. 62) can be bound by MYCN, EMSAs were performed. Protein-DNA
complexes were identified by incubating nuclear extracts from HeLa cells with btn-labeled ds
oligonucleotides representing the predicted binding sites (Tab. 39). The obtained results show
shifted complexes for the composite cis/trans site 1/2 (80-69nt) and the cis site 3 (184-173nt). All
other sites are negative (Fig. 49B). The detected shifts are identical to the shift observed using the
MY C reference site (Fig. 49B). The specificity of the reference shift was confirmed by competition
with unlabeled oligonucleotides (Fig. 49B). To determine if the detected EMSA shift pattern
depends on the different MYCN species detected in the immunoblots, affinity chromatography
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Fig. 49 Identification of MYCN binding in the NOT promoter. (A) Schematic representation of the 1kb
NOT promoter with primers used for ChIP amplification. Upper bar: Primer positions with indicated first
exons of ECE2 and NOT-4; lower bar: Primer names; F: Forward; R: Reverse. (B) Identification of MYCN
binding sites using EMSA. The protein-DNA complexes were detected by incubating 7ug nuclear extracts
from HeLa cells (N) with btn-labeled ds MYCN sites. Protein-DNA complexes were separated on a 5%
native PAGE gel and visualized using chemiluminescence. MYCN specificity was determined by using
published reference oligos as comparison: R1 (Perini et al. 2005). C: Competition with 3000x excess of
unlabeled ds oligos. (C) Identification of MYCN binding sites using affinity chromatography (AC). AC was
performed using the btn-sites and extracts from (B). Eluates were separated on a 10% SDS-PAGE gel and
analyzed using an MYCN antibody. 1: Binding; 2: Competition with 10x excess of cold oligo. M: Marker.
(D) Identification of MYCN binding using ChlP. Gel electrophoretic separation (2% agarose gel) of DNA
fragments amplified from ChlPs performed using HT-29 and HelLa cells and antibodies directed against
MYCN (MN), serine 54-phosphorlyated MYCN (MN-P), and p53. C: p53 ChIP, negative control; I: Input
DNA. M: Marker Gene Ruler 100bp ladder.

using Dynabeads M-280 was applied (Ch. 3.5.5). The results show that the sites 1/2 and 3 as well
as the reference are bound by the putative unmodified full-length MYCN (Fig. 49C, e) and the
22kDa protein (Fig. 49C, m). Notably, immunodetection of eluted proteins showed that these sites
are not bound by c-Myc (not shown). In addition, MYCN-binding was confirmed in vivo using
ChIP (Ch. 3.5.7). Because phosphorylation of MYCN at Ser54 is linked to its transcriptional
activity during oncogenesis (Kapeli and Hurlin 2011), this modified MYCN form was included in
the experiments. The respective antibodies used for ChlPs are listed in Tab. 43. Negative control

ChlPs were performed with an antibody directed against p53 which cannot bind the NOT promoter
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(Ch. 4.4.1). Amplifications performed using ChIP DNA from HT-29 and HeLa cells and the primer
combination P16/10 (Tab. 22) indicate binding of MYCN and phosphorylated MYCN to the 288-
87nt fragment encompassing sites 1-3 (Fig. 49D). Similar results were obtained for HaCaT (not

shown). However, MYCN in vivo binding could not be detected in T98G cells (not shown).

4.8 Identification and characterization of murine NOT splice variants

4.8.1 Isolation of different NOT transcripts from diverse murine cell lines

The murine homologue to the NOT gene, mNOT, is located on chromosome 16 (NCBI:
NC_000082.6) and shares a similar chromosomal organization as its human counterpart (Fig. 1;
Ch. 1.1.2). The mNOT promoter has been cloned and the minimal region necessary for its
regulatory activity has been mapped (Kurzik-Dumke, personnel communication). In the mouse,
only two transcripts, mNOT-1 (NCBI: NM_145939.2) and mNOT-2 (Kurzik-Dumke, personal
communication), are currently known. To check if further murine homologues of the detected
human transcripts exist, different primers for RT-PCR were designed (Tab. 34). As delineated in
Ch. 4.1, the human NOT variants (v) can be grouped according to the composition of their first two
exons into five classes. To investigate if these classes also exist in mouse, cDNA from 3T3 cells
was amplified using a forward primer residing just upstream the ATG of mNOT-1 in combination
with a reverse primer in exon 4 (Fig. 50, 1f/2r; Tab. 34). The obtained results show a three band
pattern representing the murine homologues of NOT-1, -2, and -5. Variant 2 contains a shortened

first exon (160-296nt are deleted) and lacks the second exon as compared to v1 leading to a

bp M 1/1r  2/1r 3/1r 12r 4f/lr St/1r  6f/lr T7f#/1r 8f/1r
1500

1 -4 4
1 -3 3 et
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Fig. 50 Amplification and isolation of murine NOT splice variants. Gel electrophoretic separation of
amplificates generated using the indicated primer combinations (f: Forward; r: Reverse) and cDNA from
3T3 cells on a 2% agarose gel. Bands were extracted from the gel and sequenced. The identified variants
are indicated. *: Non-specific amplification; bp: Base pairs; M: Marker Gene Ruler 100bp ladder.
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frameshift a premature stop codon in exon 2 at 208nt (Tab. 63). The murine NOT-5 variant lacks
the second exon as compared to v1 resulting in a frameshift and a premature stop codon in exon 2
at 322nt (Tab. 63). Amplification using a forward primer residing just upstream the start codon of
mNOT-1 in combination with a reverse primer in the 3"- UTR yielded detection of mNOT-1 and
another yet undescribed variant termed mNOT-1b (Fig. 50, 1f/1r; Tab. 34). As compared to v1, v1b
contains a deletion of the nts 203-296 in exon 2, lacks exons 3 and 4, and lacks the first four nts of
exon 5 leading to a frameshift and a premature stop codon at 379nt. The strong signal of the 1f/1r
amplification superimposes the v2 and v5 signals, but also suggests the existence of further
variants. Using the mNOT-1 specific forward primer and the 3"-UTR reverse primer for
amplification yielded detection of the new variant mNOT-1a (Fig. 50, 2f/1r; Tab. 34). This isoform
lacks exon 4 as compared to v1 leading to a frameshift and a premature stop codon at 625nt (Tab.
63). Interestingly, the amino acid sequence deduced from the “frameshifted” region v1b is identical
to the C-terminal sequence in the “frameshifted” vla. Using a mNOT-2 specific forward primer
and the 3"-UTR reverse primer for amplification yielded detection of a further form, termed mNOT-
2a (Fig. 50, 3f/1r; Tab. 34). This variant lacks exon 3 as compared to v2. Amplification with a
mNOT-5 specific forward primer in combination with the 3"-UTR reverse primer yielded detection
of an additional variant termed mNOT-5a (Fig. 50, 8f/1r; Tab. 34). This variant lacks exon 3 as
compared to v5. To establish the yet undescribed murine homologues of NOT-3 and -4, the first
exon for this forms upstream the mMNOT-1 start codon has to be identified. For that purpose, all
upstream ATGs which are not in the coding region of ECE2 were considered as potential start sites
and forward primers containing the respective ATG as the first nts in their sequence were designed.
Amplifications performed using these primers in combination with the 2r primer revealed that only
the combination containing the ATG located 888nt upstream of the mNOT-1 ATG produces a
signal consisting of two bands corresponding to the murine homologues of NOT-3 and -4. Notably,
the first exon of these two variants contains a TAA stop codon at 34nt making all downstream
splicing events irrelevant for translation (Tab. 63). To establish the full- length sequences and to
identify alternative spliced derivatives, amplifications were performed using a forward primer
either residing in the first exon of mMNOT-3 and -4 (Tab. 34, 5f) or upstream ATG (Tab. 34, 4f) in
combination with the 3"-UTR primer. In the case of 4f, the variants 3 and 4 could be confirmed
and two additional forms, mNOT-3b and -3c, were detected (Fig. 50). Amplifications performed
using the 5f primer yields detection of v3 and v4 and two further variants, mNOT-4a and -4b (Fig.

50). As compared to mNOT-3 v3b lacks exon 3 and v3c lacks exons 6 and 7. V4a lacks exon 4
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Tab. 63 Characterization of mNOT splice variants

Variant CDS/Stop? Molecular weight®  Reference*
mNOT-1 TGA/1315 438 50.2 KP189259
mNOT-2 TGA/208 69 7.95 KP189262
mNOT-3 TAA/34 11 1.23 KP189264
mNOT-4 TAA/34 11 1.23 KP189268
mNOT-5 TGA/322 107 12.12 KP189272
mNOT-1a TGA/625* 209 23.04 KP189260
mNOT-1b TGA/379* 126 13.75 KP189261
mNOT-2a TGA/208 69 7.95 KP189263
mNOT-3a TAA/34 11 1.23 KP189265
mNOT-3b TAA/34 11 1.23 KP189266
mNOT-3c TAA/34 11 1.23 KP189267
MNOT-4a TAA/34 11 1.23 KP189269
mNOT-4b TAA/34 11 1.23 KP189270
MNOT-4c TAA/34 11 1.23 KP189271
MNOT-5a TGA/322 107 12.12 KP189273

1: Size of the coding sequence (CDS) in nt. The position indicates the T in the TGA/TAA stop codon with
respect to ATG = 1. mNOT-1a and -1b share the same TGA (*); 2: Length of the translated proteins in aa;
3: Molecular weight in kDa calculated using the deducted aa sequences and the Protein Identification and
Analysis Tools on the EXPASy Server (Artimo et al. 2012): http://web.expasy.org/compute_pi/; 4: GenBank
accession numbers; All variants were sequenced from 3T3 cDNA.

whereas v4b lacks exons4-7 as compared to v4. Using the mNOT-3 specific forward primer and
the 3"-UTR reverse primer for amplification v3, v3b, and v3c could be confirmed and an additional
variant, mNOT-3a, was identified (Fig. 50, 6f/1r; Tab. 34). As compared to v3, the nts 205-292 are
deleted in v3a. Amplifications performed using the mNOT-4 specific forward primer and the 3"-
UTR reverse primer confirmed v4 and v4a (Fig. 50, 7f/1r; Tab. 34). All amplifications were also
performed using cDNA from MOCHA, BC3HL1, and C127I cells yielding similar signal patterns
(not shown). In those cells only v1-5 were sequenced. Taken together, 13 yet unidentified murine
NOT variants were isolated from diverse cell lines. The identified transcripts, which show similar
splicing patterns as observed for their human counterparts (Ch. 4.1), can also be grouped according
to the composition of their first two exons into transcripts derived from mNOT-1, -2, -3, -4, or -5.
In contrast to man, mNOT-1 is the only variant that contains a full-length open reading frame. All

obtained nucleotide sequences were deposited in the GenBank Sequence Database.
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4.8.2 Identification of splicing motifs for the mNOT transcripts

Sequence analysis of the diverse murine NOT variants suggests that they are generated by
alternative splicing (Ch. 4.8.1). To identify the core splicing motifs, different bioinformatics tools
were applied. The Alternative splice site predictor (ASSP) (Wang and Marin 2006) was used to
identify the 5"and 3 splice sites and The Human splicing finder (Desmet et al. 2009) to determine
the branch points (BPs). The pyrimidine-rich sequence which is located nearest to the 3" end of the
respective intron is considered as polypyrimidine tract (PPT) (Tab. 64). The results show that the
calculated splice sites fit with the exon boundaries of all isolated variants with exception of mMNOT-
2, -2a, -1b, -3a, and -4c. Because these five isoforms contain shortened exons, it is most likely that
they are spliced via cryptic splice sites. However, the applied ASSP tool could not identify such
sites. That is why in these cases the cryptic 5" and 3" splice sites were deduced from the respective
sequence (Tab. 64). Notably, the sequence-deduced splice sites share high similarity with the

canonical motifs.

Tab. 64 Splicing motifs for the different mNOT variants

In.  5’splice site Branch point Polypyr. tract 3" splice site

1 (51) 5°-GAGgtaaga  (782) 5-ggctcAg  (843) 5”-ttggttttccc (2536) 5°-tccagAC
1¢ (48) 5°-ACCgaggta  --- (4823) 5"-ccaccTT
2 (1082) 5°-CATgtgagt  (2504) 5"-gactcAg (2527) 5 -ttatcttcttcc (2536) 5'-tccagAC
2° (1045) 5-GAGgtgggc  (2712) 5°-ggctcAt  (2720) 5 -tttectttcatcttee (2733) 5°-tccagCT
3¢ (2544) 5-CAGagattg  (3582) 5°-ctctcAg  (3717) 5 -cttttcctgtectttgtccat  (3742) 57-gectgGC
3 (2638) 5°-TGTgtgagt  (2712) 5°-ggctcAt  (2720) 5 -tttcctttcatcttee (2733) 5"-tccagCT
4 (2883) 5-AAGgtgagt  (2940) 5°-ggctcAg (2967) 5”-tgcccaccctt (2976) 5'-tttagGT

4°  (2883) 5-AAGgtgagt  --- (3065) 5"-gtagcTA
5 (3139) 5-CAGgtcaga (3582) 5°-ctctcAg (3717) 5 -cttttcctgtectttgtccat  (3738) 5°-ttcagCC

6 (3861) 5-CAGgtaact  (4582) 5°-ctctcAc  (4646) 5 -cttcacccattcce (4657) 5"-cccagGT
7 (4865) 5 -CAGgtaaga (4917) 5"-agctcAg (5014) 5 -cttctcttc (5020) 5°-ttcagAA
8 (5099) 5"-ACCatatcc ~ (5563) 5"-cccccAc  (5603) 5”-ccttaaccatcacatc (5616) 5 -atcacAG
9 (5763) 5-CAGgtacta  (5812) 5°-tcctcAc  (5892) 5" -cccgtttctcattcee (5905) 5"-cccagGT

All positions relate to ATG of mNOT-4 = +1. In.: Intron 1 between exons 1 and 2 of the mNOT variants 3 and 4.
Sequence derived from the BAC clone Mus musculus strain C57BL/6J rp23-101h1 (NCBI: AC087898). Splice
sites (SS) were calculated using the Alternative splice site predictor (ASSP) at http://wangcomputing.com/assp/
index.html. Exon sequences are in capital letters. The branch points were calculated using the Human splicing
nder at http://www.umd.be/HSF3.Variants 2, 2a, 1b, 3a, and 4c use cryptic splice sites which were not
recognized by the ASSP program. The indicated sites are deducted from the sequence analysis. The cryptic sites

fi

are marked c. 1¢: SS for v4c; 2°: SS for v2 and v2a; 3% SS for v1b; 4¢: SS for v3a.
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4.8.3  Determination of mMNOT and mECE2 transcription start sites

The transcription start sites (TSSs) of the murine NOT variants were determined with the RACE-
technique using cDNA from 3T3 and MOCHA cells as described in Ch. 3.3.18. All primers used
for the amplifications are listed in Tab. 28 and 34. Amplification of RACE cDNA using a reverse
primer residing in the 3"-UTR (1r, Tab. 34) in combination with the RACE-tag-specific forward
primer (USP primer) yields detection of one strong signal (Fig. 51A). Gel extraction (Ch. 3.3.5)
and sequencing (Ch. 3.3.6) revealed that the isolated band corresponds to mNOT-1 with the TSS
located 10nt upstream ATG. In addition, smaller and significantly weaker signals were detected
potentially corresponding to other mNOT variants. Because of their slight intensities, they could
not be sequenced. As shown above, the human and murine NOT transcripts can be classified
depending on the compositions of their first two exons. To determine if class-specific TSSs exist
in mice, RACE cDNA from MOCHA and 3T3 was amplified using group-specific reverse primers
in combination with the USP primer. The obtained results confirm the TSS for mNOT-1 and show
that this TSS is also shared by mNOT-2 and -5 (Fig. 51A). The TSS of mNOT-4 is located 109nt
upstream ATG (Fig. 51A). Amplification performed using a mNOT-3-specific reverse primer
yielded no results, presumably due to low expression of this variant (Fig. 51A). Nevertheless, it is
likely that it shares the same TSS with v4 as it is observed in man. Because mMNOT and mECE2
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Fig. 51 Determination of mMNOT and mECEZ2 transcription start sites using RACE. Gel electrophoretic
separation of DNA fragments amplified using RACE cDNA from MOCHA (A) and 3T3 (B) cells. Applied
reverse primers (r) are shown in brackets. The complete PCR samples were separated on a 1.5% agarose
gel. For TSS identification all detected amplification products were extracted from the gel and sequenced
using the respective reverse primer. bp: Base pairs; M: Marker Gene Ruler 100bp ladder.
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contain overlapping promoter regions, the TSS of mECE2 was also determined. For that purpose,
RACE cDNA from was amplified using a reverse primer specific for ECE2 variants 1 and 3
(because only these two variants contain the first exon 887nt upstream the mNOT-1 ATG) in com-
bination with the USP primer. The detected TSS of mECEZ2 is located 30nt upstream its start codon
(Fig. 51B). In conclusion, there are two different TSSs for the murine NOT variants. The variants

which share the same first exon also share the same TSS.
4.8.4 Identification of RNA motifs within the mNOT UTRs

To check for the presence of RNA motifs within the UTRs of the mNOT variants, their sequence
was analyzed using the RegRNA2.0 web tool (Chang et al. 2013). The analysis showed that there
exist no known motifs within the 5" and 3"-UTRs of any mNOT transcript. In addition, the murine
MRNAs were also tested for the presence of the Kozak sequence (Kozak 2005). As shown in Fig.
52, mNOT-1 shares the two important positions for effective translation with the Kozak reference.
The sequence from -3 to +4 is identical to the human counterpart (Fig. 17, Ch. 4.1.4). The mNOT-
4 mRNA shares only the -3 position with the Kozak sequence.

Kozak RCCAT Fig. 52 Kozak sequences within the mNOT transcripts.
0za GCC CC—GG Alignment of the sequences around the ATGs (bold and

mNOT-1 GTCAAGATGG underlined) of the mNOT-1 and 4 mRNAs with the Kozak

mNOT-4 AGGGCCATGC Sequence (Kozak 2005). Kozak key positions in bold. Other
———— " sequence matches are underlined. R: Purine (A/G).

4.8.5  Quantification of the expression of the mNOT transcripts in diverse cell lines

The mNOT gene encodes 15 splice forms generated by alternative splicing (Ch. 4.8.1 + 4.8.2). To
determine the splice variant specific expression of the distinct mNOT transcripts in diverse cell
lines, qRT-PCR analysis was performed (Ch. 3.3.17). Splice variant specific primers were designed
(Tab. 35) and their efficiencies were determined (Table S5-S8). The evaluation of the amount of
the targets investigated was performed using the comparative Ct (ACt) method as described in Ch.
3.3.17. As shown in Tab. 65, the NOT splice forms are expressed at distinct levels in different cells.
The 2"2¢T values indicate that mNOT-1 and mNOT-4c are the highest expressed variants in all four
cell lines. The mNOT-1 mRNA levels are almost identical in 3T3 and C1271 (0.07 and 0.08) and
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Tab. 65 Quantification of the relative amounts (2"2¢) of the mNOT transcripts in diverse

cell lines

m 3T3 MOCHA c1271 BC3H1
mNOT-1 0.07 0.14 0.08 0.14
mNOT-2 0.12 x107 0.18 x107? 0.07 x10? 3.26 x1072
mNOT-3 0.38 x10°° 4.34 x10° 0.32 x10° 0.77 x10°®
mNOT-4 0.16 x1073 0.14 x10°® 0.16 x10°3 0.17 x10°®
mNOT-5 1.09 x1072 01.31 x1072 0.47 x1072 2.80 X102
mNOT-1a 0.35 x107? 0.54 x107? 0.18 x10? 0.78 x1072
mNOT-1b 0.73 x10°° 0.48 x10° 0.29 x10°8 1.41 x10°®
mNOT-2a 0.37 x10°® 0.46 x102 0.21 x10? 1.32 x107?
mNOT-3a 0.23 x10™* 0.12 x10* 0.21 x10* 0.35 x10*
mNOT-3b 0.28 x10°® 0.25 x10°® 0.16 x10°° 0.28 x10°°
mNOT-3c 0.13 x107 0.14 x10°3 0.11 x10° 0.15 x10°®
mNOT-4a 0.81 x10* 0.70 x10* 0.19 x10* 0.59 x10*
mNOT-4b 0.41 x10° 0.24 x10°®
mNOT-4c 0.09 0.13 0.1 0.19
mNOT-5a 0.39 x1072 0.49 x107 0.19 x1072 1.35 x10?

The ACt value is determined by subtracting the MHGPRT (endogenous reference) Cr-value from the Cr
value of the target investigated: ACt = Ct (mMNOT target) - C+ (MHGPRT); The relative concentration of the
target (amount of target), 24T, is calculated for the average ACr values.

identical in MOCHA and BC3H1 (0.14) (Tab. 65). All other NOT variants are expressed at
significant lower levels. Regarding the five classes of NOT transcripts (Ch. 4.1.1), the expression
data shows that in all cells investigated the basic variants 1, 2, and 5 are expressed at a higher level
than the derivatives of these forms (Tab. 65). A constant ratio of the amount of the basic variants

to the amount of their derivatives could not be detected.

4.9 Identification of MNOT and mECE2 core promoter elements

To check if the murine NOT promoter contains a similar composition of core promoter elements
as its human counterpart, the Elements Navigation Tool (ElemeNT; Sloutskin et al. 2015) and the
Jaspar database (Mathelier et al. 2014) were used to predict these elements (Ch. 3.5.1). As the core
promoter is always defined relative to the TSS, the region 100nt up- and downstream of the
determined mNOT-1, mNOT-4, and mECE2 TSSs (Ch. 4.1.3) were analyzed. The obtained results
show that the TSSs for NOT-1 and NOT-4 are both located at an Initiator (Inr) element (Tab. 66).

Other elements were not found (Tab. 66). For mECE2 no core promoter elements were detected.
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Tab. 66 Potential core promoter elements within the mNOT promoter

Sequence

Consensus?®
Initiator  (-11)5- GCACTGT  (-110)5 - CCAGAGT YYANWYY
TATA --- --- TATAWAAR
BRE" --- SSRCGCC
BRE“ --- --- RTDKKKK
DPE --- --- DSWYVY
DCE --- --- N5 7CTTCN7sCTGTN7.11AGCN-2

1: Core promoter elements; The BRE element can be located upstream (u) or downstream (d) of the
transcription start site (TSS) (Sloutskin et al. 2015); 2: Sequence relative to ATG, the identified TSS is
underlined; 3: Consensus motifs from Sloutskin et al. (2015); Nx: Any base in the next x positions; Y: C or
T,W:AorT;R:AorG;S:GorC;D: AorGorT; K:GorT; V: Aor Cor G. The putative core promoter
elements were predicted using the ElemeNT tool (Sloutskin et al. 2015). The lack of TATA boxes was
confirmed using the Jaspar Database (Mathelier et al. 2014).

To validate the lack of TBP-binding core promoter elements and to exclude the binding of TBP
independent of these sites in vivo, ChIPs were performed using chromatin from 3T3 cells (Ch.
3.5.7). The results show that TBP does not bind the mNOT promoter (not shown).

4.10 Identification of transcription factor binding sites in the murine NOT promoter

Diverse binding studies revealed that the transcription factors EGR-1 (Ch. 4.4), CREB1 and 3 (Ch.
4.5), NFkB (Ch. 4.6), and MYCN (Ch. 4.7) can bind to the human NOT (hNOT) promoter and
regulate the expression of hNOT (Ch. 4.4.6; 4.5.7; 4.5.8; 4.6.4; 4.6.9). To check if this regulation
is conserved in mice, the P-MATCH™ algorithm (Chekmenev et al. 2005) was used to determine
potential binding sites for these factors within 1.15kb promoter region. This analysis yielded
identification of 10 putative CREB sites (Tab. 41; Fig. 54A) and 22 putative NF«B sites (Fig. 57A).
The binding capacities of the predicted sites were determined using the EMSA, affinity
chromatography, and ChIP techniques (Ch. 4.9.1 - 4.9.3). Potential binding sites were also
predicted for EGR-1 (3 sites) and MYCN (14 sites), but yielded negative results in ChIPs (not

shown). As a consequence, no further binding studies were performed.

4.10.1 Regulation of mMNOT by CREB1 and CREB3

4.10.1.1 Expression and nuclear activity of CREB1 and CREB3 in murine cell lines

To check the applicability of the 3T3, MOCHA, BC3H1, and C1271 cell lines (Tab. 50) for EMSASs
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Fig. 53 Expression and nuclear activity of murine CREB1 and CREB3. Cytosolic (C) and nuclear (N)
extracts (15ug each) were separated on a 10% SDS-PAGE gel. Detection of CREB3 in (A), CREB1 in (B).
Determination of nuclear activity of CREB1 using the CREB (Phospho-Ser!33) Transcription Factor Assay
Kit. Pro well an aliquot of the nuclear extract corresponding to 7.5ug of total protein were loaded. Detection
of CREB1 was performed using the TF CREB1 (phospho-Ser®) primary antibody provided by the kit.
ELISA readout: 3T3: 0.96 (+/- 0.07); MOCHA: 0.15 (+/- 0.009); BC3H1: 0.27 (+/- 0.013); C1271: 0.84 (+/-
0.03); CTRL: 5ul Cayman CREBL1 positive control (PC-12 + 10uM Forskolin, 30min., whole cell lysate):
1.75 (+/- 0.08); Competition of 5ul CREB1 positive kit control and 10ul dsDNA shown as black bar: 0.28
(+/- 0.008); blank: 0.12 (+/- 0.02). M: Marker.

and ChlIPs (Ch. 4.9.1.2), their CREB1 and CREB3 expression was determined using western blot.
The obtained results show a 37kDa CREB3 protein in the nucleus of all four cell lines investigated
(Fig. 53A).There are currently no publications regarding murine CREB3, but the high identity of
the human and murine CREB3 sequences suggests a similar proteolytic-dependent regulation of
CREB3 activity. Thus, the detected 37kDa protein potentially represents the N-terminal cleavage
product that mediates DNA-binding. The full-length CREB3 protein is not detectable (Fig. 53A).
In the case of CREB1, the murine gene encodes, homologous to man, two isoforms, mMCREB1A
(NM_133828.2) and mMCREB1B (NM_009952.2). As a consequence, immunoblotting performed
using the pCREB1 (Ser133) antibody shows a band pattern in the 3T3, BC3H1, and C1271 extracts
(Fig. 53B) identical to the pattern found in the human cell lines (Fig. 29A). To assess the relative
activity of the nuclear CREB proteins, the CREB (Phospho-Ser®®) Transcription Factor Assay Kit
was used (Ch. 3.4.5). The nuclear extracts were incubated with the CRE reference sites
immobilized on the plates and CREB binding detected using specific antibodies served as a
measure for nuclear activity. The results show that CREBL has its highest activity in 3T3 and C1271
cells and its lowest activity in BC3H1 cells. The measured activity confirms the band intensities
observed in the immunoblots (Fig. 53B). CREBL is not active in MOCHA cells (Fig. 53B). with
respect to these observations, the 3T3 and C1271 cell lines were chosen for the DNA-binding

assays.
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410.1.2 Identification of CREB1 and CREB3 binding sites in the mNOT promoter

To determine which of the 10 predicted CRE sites (three in cis, seven in trans) (Fig. 54A) can be
bound by CREBL1 and/or CREB3, EMSAs were performed (Ch. 3.5.3). Protein-DNA complexes
were identified by incubating nuclear extracts from 3T3 and C1271 cells with biotin btn-labeled ds
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Fig. 54 Identification of CREB binding sites in the mNOT promoter. (A) Schematic representa-tion of
the 1.15kb mNOT promoter region with primers used for ChIP amplification. Positions are upstream the
NOT-1 start codon (+1/e). The first exon of NOT-4 is located from 888nt (ee) to 836nt (00). The first exon
of ECE2 v1 and v3 is located from 877nt (A) to 1082nt (A). Primer names; F: Forward; R: Reverse. Third
bar shows the potential CREB binding sites predicted using the P-MATCH™ algorithm (Chekmenev et al.
2005). Sites in cis on the upper side, sites in trans below. (B) + (C) Identification of CREB binding sites
using EMSA. The protein-DNA complexes were detected by incubating 7pg nuclear extracts (N) from 3T3
(B) and C1271 cells (C) with btn-labeled ds CREB binding sites. Protein-DNA complexes were separated
on a 5% native PAGE gel and visualized using chemiluminescence. CREB specificity was determined by
using a published CRE reference oligos as comparison (Zhou and Chen 1999). C: Competition with 3000x
excess of unlabeled ds oligos. (D) + (E) Gel electrophoretic separation (2% agarose gel) of DNA fragments
amplified from ChlPs performed using antibodies directed against CREB1, Ser133-phosphorylated CREB1
(pC1), CREB3, CBP, p300, and p53. ChlPs were performed using 3T3 (D) and C1271 (E) cells. C: p53
ChlIP, negative control; I: Input DNA. M: Marker Gene Ruler 100bp ladder.
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oligonucleotides representing the predicted binding sites (Tab. 41). The 3T3 results show shifted
complexes for the composite site 3/4 (624-650nt) and the trans sites 5 (698-711nt) and 1 (464-
479nt) (Fig. 54B). In the case of C1271, the sites 3/4, 5, and the trans site 9 (975-988nt) are positive
(Fig. 54C). Notably, signals for s5 and s9 are very weak. The detected shifts are identical to the
shift observed using the CRE reference site (Fig. 54B+C). The specificity of the reference shift was
demonstrated by competition with excess of cold oligonucleotides (Fig. 54B+C). To confirm the
EMSA results in vivo, ChlPs were performed using the CREB1, pCREB1, CREB3, CBP, and p300
antibodies listed in Tab. 43. Negative control ChlIPs were performed with an antibody directed
against p53 which cannot bind the NOT promoter (Ch. 4.4.1). The comparative analysis of the
obtained results revealed that the investigated factors only bind in the region encompassing nts
622-410. Thus, the P2/2-amplified fragment is representative to detect the occupancy of the sites 1
and 3/4. As shown in Fig. 54D, CREB1, CREB3, and p300 bind to this region in 3T3 cells, whereas
in C1271 cells all investigated factors are present (Fig. 54E). The binding patterns in MOCHA and
BC3HL1 cells are identical to the results obtained from C1271 (not shown).

4.10.1.3 Influence of Brefeldin A on mNOT expression

The data obtained from EMSAs and ChiIPs experiments show that CREB3 binds the mNOT
promoter (Fig. 54). BFA triggers the proteolytic activation of CREB3 in HT-29 and HelLa cells
resulting in an upregulation of hANOT (Fig. 34+35). To test if this mechanism is also active in mice,
3T3 cells were treated with 2ug/ml BFA for 10min., 30min., and 24h followed by western blot and
gRT-PCR analysis. The immunoblots show that mMCREB3 is constantly activated at high levels in
untreated 3T3 cells (Fig. 53A+55A). As a result, an enrichment of the unstable N-terminal
MCREB3 cleavage product after BFA treatment cannot be observed at any time point investigated
(Fig. 55A). However, the amount of full-length mCREB3 protein increases after 24h (Fig. 55A).
The induction of MCREB3 expression is also illustrated by the drastic rise of mMCREB3 mRNA
levels (Fig. 55B). BFA also causes an increase of the full-length mNOT-1 protein (®), its putative
post-translational derivate (A), and the 20kDa cleavage product (00) (Fig. 55A). The putative
mNOT cleavage product around 42kDa (#) remains unaffected (Fig. 55A). In the murine cells the
a-NOT 1/4 antibody detects an additional high-molecular, yet unspecified, protein which is also
upregulated after 24h BFA treatment (v, Fig. 55A). On the transcriptional level, BFA-mediated

induction in 3T3 cells leads to an increase of mMNOT-1 expression to 153% of the level observed in
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Fig. 55 Brefeldin A treatment of 3T3 cells upregulates MCREB3 and mNOT expression. (A) Immuno-
blot analysis of mMCREB3 and mNOT protein levels after treatment of 3T3 cells with 2ug/ml Brefeldin A
(BFA) for the indicated time points. For separation 15ug crude homogenates were loaded on a 10% SDS-
PAGE gel. Detection was performed using the a-CREB3 and a-NOT 1/4 antibodies. a-CREB3 detects the
full-length, ER-resident glycosylated CREB3 (V) and an N-terminal cleavage product (%). a-NOT 1/4
detects the full-length mNOT-1 (e), the potential post-translational modified MNOT-1 (A), the 42kDa
cleavage product (#), the C-terminal cleavage product (00), and a not specified signal (V). M: Marker. (B)
Quantification of MRNA levels via qRT-PCR after 24h BFA treatment. The evaluation of the amount of the
targets investigated was performed using the comparative AACt method: AACt = ACr (untreated) - ACr
(BFA-treated). The ACr values are standardized to mHGPRT used as endogenous control. Relative
expression is calculated with respect to the untreated sample as follows: 2-24¢T x 100%.

untreated cells (Fig. 55B). The slightly drop of the mNOT-4 mRNA level to 84% is not significant.

4.10.2 Regulation of MNOT by NFxB

410.2.1 Expression and nuclear activity of NFkB in murine cell lines

To choose the appropriate cell line for EMSAs and ChlIPs (Ch. 4.9.1.2), the expression of canonical
NF«kB pathway components was determined in the 3T3, MOCHA, BC3HL1, and C127I cell lines
(Tab. 50) using western blot (Ch. 3.4.3). In addition, the relative nuclear activity of the p65 subunit
was measured in all four murine cell lines using the NF-kB (p65) Transcription Factor Assay Kit
(Ch. 3.4.5). The immunoblot analysis revealed the constitutive expression of NFkB (Fig. 56).
However, some differences in the levels of the single proteins exist. In 3T3 and MOCHA the p50
protein is present in both, the cytosolic and nuclear fraction, whereas in BC3H1 p50 is only found

in the cytosol (Fig. 56A). In C1271 cells, p50 is predominantly located in the nucleus (Fig. 56A).
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Fig. 56 Expression and nuclear activity of NFkB in different murine and human cell lines. (A)
Expression analysis of components of the NFkB pathway using western blot. Cytosolic (C) and nuclear (N)
extracts (15ug each) were separated on a 10% SDS-PAGE gel. Indicated proteins were detected using
specific antibodies. TBP served as nuclear control. !p65: p65-Ser276P; 2p65: p65-Ser536P. (B)
Determination of p65 nuclear activity using NF-kB (p65) Transcription Factor Assay Kit. Plates were loaded
with 15ug nuclear extract/well. Readout: 3T3: 0.6 (+/-0.01); MOCHA: 0.4 (+/-0.003); BC3H1: 0.5 (+/-
0.003); C1271: 1.0 (+/-0.01); HT-29: 1.8 (+/-0.02); HeLa: 0.6 (+/-0.002); HeLa + TNFa, 20ng/ml, 30min.
(Cayman p65 positive control, 10ul): 3.1 (+/-0.02); Black bar: Competition of 10ul positive control with
10ul dsDNA (NFkB consensus site): 0.6 (+/-0.001); Blank: 0.24 (+/-0.001)

In contrast to p50, the p65 subunit is expressed at lower levels and, with the exception of MOCHA
cells, predominantly resides in the nucleus (Fig. 56A). The second p65 band detected in MOCHA
cells presumably represents a post-translational modified form (Fig. 56A). The Ser276-phosphor-
ylated p65 is either found exclusively in the cytosol (3T3, BC3H1, and C1271) or nucleus
(MOCHA) (Fig. 56A). The Ser536-phosphorylated p65 is mainly found in the nucleus (MOCHA,
BC3H1 and C1271), whereas 3T3 cells contain most of this modified p65 in the cytosol (Fig. 56A).
The NFxB cofactor RPS3 is detected in the cytosol and the nucleus of all cell lines with a clear
nuclear preference in 3T3, MOCHA, and C1271 cells (Fig. 56A). IkBa protein displays a uniform
expression pattern with a predominant cytosolic localization in all cell lines, whereas IxBf} shows
considerable cell-specific differences (Fig. 56A). In contrast to BC3H1 cells where IkB is only
detectable in the cytosol, the complete amount of IkBf is shifted to the nucleus (Fig. 56A). An
even nucleocytoplasmic distribution of highly expressed IxBf can be found in MOCHA and C1271
cells (Fig. 56A). The IKKf kinase is found in all cytosolic fractions and in addition in the nuclei
of 3T3, MOCHA, and C127I cells (Fig. 56A). TBP was used as nuclear control (Fig. 56A).
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Measurement of the nuclear activity shows that 3T3, MOCHA, and BC3H1 cells exhibit a similar
nuclear activity of p65 (Fig. 56B). Because p65 has the highest activity in C1271 cells, they were
chosen for the binding studies (Ch. 4.9.2.2).

4.10.2.2 Identification of NFkB binding sites in the mNOT promoter

Using the P-MATCH™ algorithm (Chekmenev et al. 2005) 22 potential NFkB binding sites (11
in cis, 11 in trans) were predicted in the 1.15kb mNOT promoter (Fig. 57A). For the binding
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Fig. 57 Identification of NFxB binding sites in the mNOT promoter. (A) Schematic representation of
the 1.15kb mNOT promoter region with primers used for ChIP amplification. Positions are upstream the
NOT-1 start codon (+1/e). The first exon of NOT-4 is located from 888nt (e®) to 836nt (00). The first exon
of ECE2 v1 and v3 is located from 877nt (A) to 1082nt (A). Primer names; F: Forward; R: Reverse. Third
bar shows the potential NFkB binding sites predicted using the P-MATCH™ algorithm (Chekmenev et al.
2005). Sites in cis on the upper side, sites in trans below. (B) Identification of NF«kB binding sites using
EMSA. The protein-DNA complexes were detected by incubating 7pg nuclear extracts from C1271 cells
(N) with btn-labeled ds NF«B binding sites. Protein-DNA complexes were separated on a 5% native PAGE
gel and visualized using chemiluminescence. NF«B specificity was determined by using a published CRE
reference oligos as comparison (Zhou and Chen 1999). C: Competition with 3000x excess of unlabeled ds
oligos. (C) Gel electrophoretic separation (2% agarose gel) of DNA fragments amplified from ChIPs
performed using antibodies directed against p50, p65, Ser276 and Ser536-phosphorylated (P) p65, CBP,
p300, and p53. ChlPs were performed using chromatin from C1271 cells. p65*: Ser276P; p65% Ser536P; C:
p53 ChIP, negative control; I: Input DNA. M: Marker Gene Ruler 100bp ladder.
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analysis using EMSA (Ch.3.5.3) the five cis sites that are located between the ATGs of mMNOT-1
and mECE2 (s1, s3, s4, s6, and sl11; Tab. 40) were analyzed. Protein-DNA complexes were
identified by incubating nuclear extracts from C1271 cells with biotin btn-labeled ds
oligonucleotides representing the predicted binding sites. Positive results have been obtained for
sites 1 (357-344nt), 4 (456-447nt), and 11 (774-760nt) (Fig. 57B). Because of their localization
downstream the first exon of mMNOT-4, these sites most likely regulate the transcription of mNOT-
1. The NF«B specificity of the shift was determined in a control reaction performed using NFxB
reference oligos (Ron et al. 1990; Armstrong et al. 1993) and nuclear extracts from HT-29 as
comparison. The intensities of the detected shifts indicate that the murine NF«kB has a lower binding
affinity as compared to its human counterpart (Fig. 57B). To confirm the in vitro binding results
for NFkB in vivo, ChlPs were performed (Ch. 3.5.7). The p50, p65, phospho-p65, and RPS3
antibodies used for ChlIPs are listed in Tab. 43. Negative control ChIPs were performed with an
antibody directed against p53 transcription factor which cannot bind the NOT promoter. The
primers used for the amplifications are listed in Tab. 23 and Fig. 57A. The only positive signal was
obtained in C1271 for the P2/2-amplified 534-431nt fragment encompassing sites 1 and 4 (Fig.
57C). This region can be bound by all investigated factors. Similar results were found for NFkB in
3T3, MOCHA, and BC3H1 cells where no RPS3 could be detected (not shown).
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5 Discussion

Recent research in the Kurzik-Dumke laboratory towards the human NOT gene (Kurzik-Dumke
and Kaymer 1996; B. Hacker, PhD thesis: Beitrag zur Aufklarung der zelluléren Rolle des humanen
neighbour of tid (not) Gens, 2016), the homologue of the Drosophila gene 1(2)not (Kurzik-Dumke
et al. 1997), substantiates its relevant role in diverse cellular processes. To gain further insight into
the function(s) of NOT, this thesis focuses on the elucidation of the yet unknown regulatory mech-
anisms controlling the expression of the human and murine NOT genes. For this purpose, bioinfor-
matics tools and the Y1H technique were used to identify NOT promotor DNA binding factors.
This analysis identified the transcription factors EGR-1, CREB3, NFkB, and MYCN to bind within
the putative 1.15kb NOT promoter region. The binding was confirmed in both species and the
binding sites for each factor have been identified using diverse in vitro and in vivo techniques. The
impact of the detected protein-DNA interactions for NOT expression was assessed using RNAI (for
EGR-1 and NF«B), pharmacological activation or inhibition of the respective transcription factor
(TNFa and Parthenolide for NFxB, BFA for CREB3), or overexpression (CREB3).

5.1 Multiple NOT transcripts are degraded by the NMD pathway

In the frame of this thesis thirteen novel human NOT transcript variants were identified. Sequence
analysis revealed that these transcripts are made up from the combinatorial use of 10 different
exons, whereas exon 1 and 2 are mutually exclusive. All NOT transcripts can be seen as derivatives
of either NOT-1 or NOT-4. Notably, the only variants containing a full-length ORF are NOT-1,
-1a, -1b, -4, -4a, and -4b. All other transcripts harbor a premature stop/termination codon (PTC), a
phenomenon shared by about 30% of all human transcripts (Lewis et al. 2003; Green et al. 2003).
The gRT-PCR analysis proved that all NOT isoforms are expressed in all investigated cell lines at
different levels. The bioinformatical analysis using the RegRNA2.0 web tool (Chang et al. 2013;
http://regrna2.mbc.nctu.edu.tw/) revealed the presence of two upstream ORFs (UORFs; Wethmar
2014) and one Musashi binding element (MBE; MacNicol et al. 2011) in the 5"-UTRs of NOT-4.
Both elements are described as translational inhibitors or to restrict translation to distinct time
points during early differentiation and cell fate specification as well as to self-renewing mammalian
stem cells (Wethmar 2014; MacNicol et al. 2011). In addition, the identified Kozak sequences
(Kozak 2005) indicate that NOT-1 is more efficiently translated as NOT-4. However, the functional
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relevance of these elements has to be determined in further experiments.

Because PTC-containing transcripts can have dominant-negative or deleterious gain-of-
function effects if they are translated into truncated proteins, they are removed by an evolutionary
conserved quality control mechanism called the nonsense-mediated mMRNA decay (NMD) (Chang
et al. 2007). The pharmacological inhibition of the NMD pathway by caffeine results in the
enrichment of all PTC-containing NOT transcripts. This indicates that these NOT variants are
constantly degraded under normal conditions by the NMD pathway and thus have no physiological
function in HaCaT, HT-29, T98G, and HeLa cells. They rather represent the outcome of randomly
occurring erroneous background splicing events. Interestingly, NOT-1a and -1b, which contain a
terminal stop codon, are also enriched after caffeine treatment. Similar observations were made for
other genes, however the mechanism is not fully understood yet (Maquat 2004). In addition to the
original concept of NMD as an exclusive means to clear aberrant transcripts from the cell, growing
evidence indicates the importance of this pathway for gene regulation (Maquat 2004; Lareau et al.
2007). Pan et al. (2006) discovered that many PTC-containing transcripts are conserved between
man and mouse and suggested as a consequence that these transcripts have a functional role,
because otherwise evolutionary pressure would have selected against them. In this view, the
simultaneous generation of unproductive PTC-containing isoforms reduces productive translation
to fine-tune gene expression (Lareau et al. 2007). The relevance of this mechanism for NOT
regulation is corroborated by the identification and isolation of diverse similar yet undiscovered
PTC-containing NOT variants in mice. Nevertheless, it requires further investigation to determine
which of the transcripts originates from transcriptional and/or splicing noise and which transcript
IS to what extent integrated in the process of gene regulation.

5.2 The ECE2-overlapping NOT promoter region shares pivotal features of alternative

promoters

The RACE experiments revealed that the transcription of the human NOT gene is initiated from
two different TSSs. The TSS for NOT-1 is located 23nt upstream its ATG (termed TNY), the TSS
for NOT-4 285nt upstream its ATG (termed TN4). The presence of two TSSs argues for the
generation of two distinct NOT pre-mRNAs with non-overlapping alternative first exons from
which all other isoforms are generated via alternative splicing. In all cell lines investigated the

mMRNA levels of NOT-1 are significantly higher than the levels of NOT-4. Notably, upstream TN



Discussion 153

and downstream TN* three NF«B, one EGR-1, one CREB3, and two MYCN cis binding sites are
used in vivo, whereas in the region upstream of TN* three occupied NF«B sites were found. If one
takes into account that TSSs define the downstream boundaries of functional promoters (Sandelin
et al. 2007) and that Pol Il-transcribed genes normally do not contain transcription factor binding
sites downstream their TSSs (Maston et al. 2006), these findings suggest the existence of two
different (or alternative) NOT promoters that regulate the transcription of two NOT pre-mRNAs
with a different strength. In this view, the three NFxB sites downstream TN* (site 13/12, 4/3, and
1) as well as all detected binding sites for EGR-1, CREB, and MYCN are constituent parts of the
NOT-1 promoter, whereas the NOT-4 promoter contains three NF«xB binding sites located within
the coding region of ECE2 (sites 22/21, 19/18, and 17/16). However, the available data is not
sufficient to define the complete region for the two NOT promoters. Both, NOT-1 and NOT-4, are
simultaneously upregulated by the sustained activation of CREB3 or downregulated after the
RNAi-mediated silencing of EGR-1. Thus, there have to exist further yet unidentified CREB3 and
EGR-1 binding sites upstream the analyzed 1.15kb promoter region which are involved in the
regulation of NOT-4. In addition, more experiments are needed to clarify if the NOT-1 promoter
only encompasses the genomic region between the two TSSs or if NOT-1 is also regulated by
factors which bind to sites upstream TN,

The complexity of the NOT promoter region is further increased by its close proximity to
the ECE2 gene, which has its TSS 33nt upstream ATG (termed TF) or, with respect to the position
of NOT, 100nt upstream of TN* on the complementary strand. The localization and orientation of
the two genes in combination with the position of their TSSs indicates that the ECE2 and NOT
promoter regions overlap. The three promoter model is also corroborated by the pattern of
promoter-specific histone modifications deduced from available ChlP-seq data generated in the
context of the ENCODE project (ENCODE project consortium 2012; www.genome.gov/
10005107/encode-project/). Notably, none of the investigated factors affects the expression of
ECEZ2 indicating their irrelevance for the regulation of this gene. This observation also argues
against the bidirectional operating mode of the nested ECE2-NOT promoters, which would entail
a co-regulation of both genes (Yang and Elnitski 2014). As a consequence, the available data does
not allow to define the ECE2 promoter region. The overall three promoter architecture is also found
in mice, nevertheless there are some differences. First, the distance between the first exons of
mNOT-1 and mECEZ2 is 133nt longer and, second, the ATGs of mMNOT-4 and mECE?2 are partially

overlapping. Thus, the second NOT promoter is completely located within the coding region of
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mECEZ2. In addition, all so-far identified binding sites for NFkB, EGR-1, CREB3, and MYCN are
located within the mNOT-1 promoter. Whether the mNOT-4 promoter also encompasses binding
elements for these factors has to be investigated.

The existence of alternative promoters is a conserved feature for nearly half of all
mammalian genes (Baek et al. 2007). In the simplest form alternative promoters can be interpreted
as a means to produce isoforms with distinct N-termini to modulate protein function and/or sub-
cellular localization (Landry et al. 2003). A striking feature of alternative promoters is their direct
influence on the splicing process (Pal et al. 2012). There is growing evidence that genes with alter-
native promoters exhibit increased alternative splicing with a bias to select distinct splice sites over
others depending on the promoter the pre-mRNA was described from (Xin et al. 2008; Pal et al.
2011). The detection of the diverse NOT variants supports this observation, but the details of their
generation remain unclear. In addition, the usage of alternative promoters allows a more versatile
control of gene expression in a tissue and cell-specific or development time/stage-specific manner
(Pal et al. 2012). Although the context-dependent promoter selection is still not fully understood,
it has been suggested that structural variations of the core promoter have a relevant impact (Pal et
al. 2012). Distinct combinations of core promoter elements may favor the assembly of different
PIC components which enhance or limit the regulatory input of distal promoters (Lenhard et al.
2012). In the case of NOT, both promoters contain an Inr element but lack TATA boxes or BRE
sequences. Inr elements are often found in the core promoters of ubiquitously expressed or
housekeeping genes in contrast to the cooperating TATA and BRE elements which are linked to
tissue-specific genes (Roy and Singer 2015). This model is in accordance with the widespread
expression of NOT (Asmann et al. 2012; Djebali et al. 2012). In addition, the NOT-1 promoter
contains a DPE element and the NOT-4 promoter a MTE element. DPE and MTE elements are
dependent of and act in cooperation with Inr elements to fine-tune transcription levels (Juven-
Gershon and Kadonaga 2010). The detection of TBP on chromatin fragments encompassing these
sites in ChIP experiments indicates that they are used in vivo. However, if these two elements
actually recruit different components of the PIC and if this accounts for the observed differences
in promoter strength needs further investigation. In the mouse, the two NOT promoters contain Inr
sequences but lack any other core promoter element. The finding that a plethora of vertebrate genes,
including housekeeping genes, do not contain any core promoter elements lead to the hypothesis
that epigenetic marks may replace the classical sequence-dependent promoter selection (Roy and

Singer 2015). Whether or not this also applies for murine NOT promoters has to be examined.
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5.3 NOT is regulated by EGR-1, NFkB, CREB3, and MYCN in a cell-specific manner

The performed DNA-binding analysis demonstrated the binding of the transcription factors NFkB,
CREB, EGR-1, and MYCN to diverse cis and trans sites within the overlapping NOT-ECE2
promoter region in vitro. The ChIP experiments performed using the cell lines HaCaT, HT-29,
HelLa, and T98G demonstrated that varying combinations of the EGR-1, CREB3, NF«B, and
MYCN transcription factors and their cofactors CBP, p300, and RPS3 bind to distinct sites
depending on the cell. Because the gRT-PCR analysis showed that the modulation or silencing of
the NFxB, CREB3, and EGR-1 transcription factors only affects the expression of NOT but not
ECEZ2, all in vitro-detected trans binding sites (or the trans parts of the complementary sites) are
irrelevant in vivo. As a consequence, the detected in vivo-binding patterns of NFkB, CREBS3, and
EGR-1 solely reflect the varying occupancy of NOT-regulating cis elements. Notably, the ChIPs
indicate binding of CREBS3 to the trans CRE site 16 (710-724nt) and of CREB1, CBP, and p300
to the trans CRE site 1 (+2-10nt) in all four cell lines. As mentioned above, all analyses towards
ECE2 were conducted with respect to its isoforms 1 and 3, because they encompass the NOT
neighboring exon. It cannot be excluded that the occupancy of these two trans sites is part of the
regulation of the other ECE2 variants.

In all cell lines investigated CREB3 binds its target site at nts 217-206 (site 7). In contrast,
the binding of EGR-1 at nts 330-312 (site 4) and of Ser54-pohsphorylated MYCN to a fragment
containing the sites at nts 184-173 (site 3) and 80-69 (site 1/2) is only observed in HaCaT, HT-29
and HeLa cells. Notably, the ChIP results for MYCN do not allow to discern if both or only one of
the detected site is bound. The most complex binding pattern is observed for NFkB. In general,
NFkB can use the binding elements at nts 973-951 (site 22/21), 789-776 (site 19/18), 768-755 (site
17/16), 638-624 (site 13/12), 339-330 (site 4/3), and 223-214 (sitel), but the occupancy of these
sites as well as the composition and phosphorylation status of the bound NFkB dimers varies
significantly between cells. In the case of the closely located sites 19/18 and 17/16 the obtained
ChIP signals do not allow to discern if NFxB binds both or only one site. For simplicity, both sites
together will be referred to as site 19-16 in the following. NFxB binds the sites 22/21, 13/12, and
4/3 in all tested cell lines. The sites 19-16 and 1 are only bound in HaCaT, HeLa, and T98G cells.
Regarding the composition of NF«kB, sites 22/21 and 13/12 are always bound by p50:p65
heterodimers, whereas sites 19-16, 4/3, and 1 can be bound by p50:p65 heterodimers or p65

homodimers. Notably, in all cells except HelLa at least one of the sites is bound by a p65
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homodimer. The only element which is always occupied by exactly the same proteins is site 13/12
which is bound by a p50:p65 heterodimer with double-phosphorylated p65 (at Ser276 and Ser536).
An almost identical pattern is also observed for site 22/21 which only differs in HeLa cells where
p65 is mono-phosphorylated at Ser276. The site 19-16 is bound by p65 homodimers in HaCaT and
T98G cells, but by a p50:p65 homodimer in HeLa cells. In all cases p65 is phosphorylated at both
serines. Site 4/3 is bound by a p50:p65 heterodimer in HeLa, HaCaT, and T98G cells. At this site
the p65 subunit is phosphorylated at Ser276 in HaCaT cells, at Ser536 in HeLa cells and at both
residues in T98G cells. In contrast, site 4/3 occupied by a double-phosphorylated p65 homodimer
in HT-29 cells. Site 1 is occupied by a p50:p65 heterodimer with double-phosphorylated p65 in
HeLa and T98G cells but with a p65 homodimer mono-phosphorylated at Ser276 in HaCaT cells.

All NF«B signals are accompanied by signals of its cofactor RPS3. Because RPS3 mediates
the preferential recruitment of p50:p65 and p65:p65 dimers to the promoters of selected target
genes and enhances the DNA-binding and transactivation of p65 (Wan et al. 2007), this data
suggests that NOT belongs to the group of RPS3-dependent NFxB target genes. However, RPS3
can also act as DNA-binding protein (M. Szydlowski, PhD thesis: Identification of the regulatory
elements and factors of the human tumor suppressor gene tumorous imaginal discs, 2011). The
data presented here indicates that RPS3 might function in both ways within the alternative NOT
promoters. Although the ChIP results are negative for NFxB at site 19-16 in HT-29 cells, the
amplified 912-686nt fragment still contains bound RPS3. This finding suggests that RPS3 acts as
NF«kB-independent transcription factor within the NOT-4 promoter. Support for this view comes
from the RNAI experiments. Depletion of RPS3 leads to an almost doubled NOT-4 transcript level,
whereas knockdown of p65 has no effect. In contrast, NOT-1 is slightly reduced to a comparable
level in RPS3 and p65 depleted cells. Thus, RPS3 most likely represents a NFxkB-independent
negative regulator of NOT-4, but, as part of NFxB, a positive regulator of NOT-1. If this functional
diversification of RPS3 is really that splice form-specific, needs further investigation. It cannot be
ruled out that the observed impact NFkB has on the expression of NOT-4 also depends on RPS3.
Moreover, the Y1H results indicate that RPS3 not only binds within the NOT-4 promoter but also
within the NOT-1 promoter. If this is the case in vivo, needs further investigation. In addition, the
exact binding site(s) of RPS3 have to be determined.

The acetyltransferases CBP and p300 are bound in all cell lines investigated. Because both
proteins are described as binding partners of, among others, CREB1 (Yuan and Gambee 2001),
NF«kB (Zhong et al. 1998), and EGR-1 (Silverman et al. 1998), the ChlIP results do not allow to
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clearly discern which of the factor(s) is associated with either or both of the coactivators. However,
the cell-specific binding patterns provide a bias for the actual bound transcription factor. CBP and
p300 signals are detected in the region encompassing the NF«kB site 1 and the closely located trans
CRE site 1. Because CREB1, CBP, and p300 are bound in all cells, whereas NFkB is not in HT-
29 cells, CBP and p300 are most likely associated with CREB1. Similar observations are made for
the NF«B site 4/3 which partially overlaps with the EGR-1 binding site 4. EGR-1, CBP, and p300
are detected at this position in HaCaT, HT-29, and HeLa cells but not in T98G cells, whereas NFkB
is bound in all four cells. Thus, the two cofactors are most likely associated with EGR-1. All other
CBP and p300 signal can be linked to bound NFkB complexes. CBP and p300 modulate the NFxB
activity at site 13/12 in all cell lines and at sites 22/21 and 19-16 in HaCaT and HeLa cells. The
NF«B dimers bound to site 22/21 in HT-29 and T98G and to site 19-16 in T98G act independent
of CBP and p300. In general, CBP and p300 can contribute to NOT transcription by acetylating the
identified NOT regulators, by modifying chromatin or by acting as scaffold for more efficient
recruitment of further yet unidentified regulators and/or the polymerase complex. Which of these
mechanisms applies to what extent for the regulation of NOT needs further investigation.

The described transcription factor binding patterns indicate that CREB3 and NF«B together
with RPS3, CBP, and p300 are general, cell-independent regulators of NOT. In contrast, the
regulation of NOT by EGR-1 and MYCN is cell-specific. Although it is tempting to link these
patterns to the expression of the NOT transcripts, the current data is not sufficient to explain the
differences in the measured mMRNA levels. To pick one example, NOT-1 is evenly expressed in
HT-29 and HeLa cells which share the same binding pattern for CREB3, EGR-1, and MYCN but
significantly differ in NF«B binding. Thus, there have to exist additional yet unidentified regulatory
mechanisms which influence NOT transcription.

The binding of NFxB, RPS3, CREB3, CREB1, CBP, and p300 was also detected within
the mNOT promoter. However, the murine promoter contains less binding sites as its human
counterpart. EGR-1 and MYCN were not detected. In the case of the CREB proteins two CRE
elements were positive in the in vitro DNA-binding assays: the cis site 4/3 (624-650nt) and the
trans site 1 (464-479nt). ChlPs performed using MOCHA, BC3H1, and C1271 cells revealed
binding of CREB3, CREBL1, CBP, and p300 to a fragment encompassing both sites in all cell lines.
3T3 share the same pattern with the exception of CBP. Because the relative position of the murine
trans site resembles the one of the CREB1-bound trans site in the human promoter (downstream
the CREB3-binding cis site and upstream the NOT-1 ATG), it is assumed that this site is also bound
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by CREB1 in mice. As a consequence, site 4/3 is considered to be bound by CREB3. In the
immediate vicinity, NFxB binds two sites in vitro: site 1 (357-344nt) and site 4 (456-447nt). The
ChlPs revealed binding of p50 and double-phosphorylated p65 to a fragment encompassing both
sites in all cells. RPS3 was only detected in C1271 cells on the same fragment. The ChlPs do not
allow to state which of the NF«B sites is bound by what dimer. Furthermore, the close arrangement
of the CRE and NF«B sites does not allow to clearly ascribe the CBP and p300 signals to either of
the factors. Notably, all positive sites reside within the mNOT-1 promoter. As BFA treatment only
affects mNOT-1, the analysis towards CREB3 binding sites is complete. However, further

experiments are required to determine relevant binding elements for the regulation of mNOT-4.

5.4 CREBS3 regulates NOT under physiological and Golgi stress conditions

Recent experiments in the Kurzik-Dumke laboratory demonstrated that the ATF6-related
transcription factor CREB3 interacts with NOT (B. Hacker, PhD thesis: Beitrag zur Aufklarung
der zellularen Rolle des humanen neighbour of tid (not) Gens, 2016). The evolutionary conserved
CREB3 (cAMP responsive element binding protein 3, Luman, 1ZIP) belongs to the CREB/ATF
family of basic leucine zipper (bZIP) domain containing transcription factors (Ortega-Martinez
2015). Within this family, CREB3 and four other structurally related proteins (CREB3L1/OASIS,
CREB3L2/BBF2H7, CREB3L3/CREB-H, and CREB3L4/CREB4/AIbZIP/JAL/hJAL/ATCEL)
constitute the CREB3 subfamily of membrane bound bZIP transcription factors with critical roles
in regulating development, metabolism, secretion, survival, and tumorigenesis (Chan et al. 2011).
The results presented here show that CREB3 also binds the NOT promoter and positively regulates
the expression of NOT under normal and specific Golgi stress conditions.

The in vitro and in vivo DNA-binding studies revealed that CREB3 binds to the 5°- TGAG
GAGT CREB response element (CRE) located at nts 217-210 (site 7). As compared to the
canonical CRE element (5"- TGACGTCA), which consists of two half-sites (TGACG/CGTCA),
site 7 contains only one half-site (TGAGG). CREB proteins activate transcription from different
CRE elements at the same level, irrespective of whether they comprise two half-sites or a single
half-site (Muchardt et al. 1990). However, the composition influences the level of gene expression
in the absence of CREB proteins, because other factors like c-Fos and c-Jun, which share a similar
binding site (5"-TGACT), can occupy CRE sites and drive transcription (Muchardt et al. 1990).
Whether this applies for site 7 needs further investigation. Notably, CREB3 has been reported to
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bind unfolded protein response (UPR) elements (DenBoer et al. 2005) or ER stress response
elements (ERSE) upon distinct ER stress signals (Liang et al. 2006). Such binding sequences are
found within the promoters of ER stress associated genes and govern the activation of a specific
recovery program to overcome ER stress symptoms (Dufey et al. 2014). However, none of these
elements is found within the 1.15kb NOT promoter region. Because CREB3 binds via a CRE site
to the NOT promoter, NOT most likely does not represent an ER stress-related gene. This is also
illustrated by the finding that the prototypic UPR transducer ATF6 (CREBL1) cannot bind the NOT
promoter.

The activation of CREB3 requires its proteolytic processing via a mechanism termed
regulated intramembrane proteolysis (RIP) (Raggo et al. 2002). This mechanism includes the
transport of CREBS3 to the Golgi apparatus in COP-ll-coated vesicles followed by the sequential
activity of the site 1 and site 2 proteases (S1P and S2P) which generate an unstable and rapidly
degraded 231aa N-terminal CREB3 fragment with DNA-binding activity (Raggo et al. 2002;
Nadanaka et al. 2007; Chan et al. 2011). Using diverse CREB3 deletion constructs and the Y1H
technique the DNA-binding properties of this fragment were confirmed and refined by showing
that the DNA-binding properties of CREB3 only depend on aal55-231 and not the N-terminus as
a whole. The binding of the N-terminus was also confirmed by affinity chromatography. Notably,
all published data regarding CREB3 activation is based on experiments performed using diverse
cell lines overexpressing this protein under induced ER stress conditions. The herein reported
detection of the N-terminal CREB3 fragments in the nuclei of untransfected HaCaT, HT-29, T98G,
HeLa, and HEK293 cells shows that CREB3 is also activated under physiological conditions. The
in vivo-binding of CREB3 at nts 217-210 in HaCaT, HT-29, T98G, and HeLa cells corroborates
this finding and demonstrates the relevance of CREB3 for the regulation of NOT in unstressed
cells. Furthermore, the constant activity of the RIP mechanism in unstressed cells helps to explain
why HEK?293 cells overexpressing CREBS3 enrich the processed protein in their nuclei resulting in
the upregulation of NOT-1 and -4.

To date, the only reported CREB3 activators are the Golgi compromising agents GCA,
Exol, monensin, Thapsigargin, and BFA, with the latter being the most studied (Liang et al. 2006;
Reiling et al. 2013). The fungal macrocyclic lactone BFA disrupts the function of the ADP-
ribosylation factor (ARF) family of guanosine triphosphatases (GTPases) via interaction with their
exchange factors (GEFs) (Reiling et al. 2013). Since ARFs fulfil essential roles in ER-Golgi cargo

transport and endocytosis (Reiling et al. 2013), their functional inactivation results in the reversible
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disassembly/collapse of the Golgi leading to the redistribution of Golgi proteins (including S1P
and S2P) within the ER (Oslowski and Urano 2011). The relocated S1P and S2P proteins can then
cleave CREB3 directly in the ER. This mechanism is also functional in untransfected HT-29 and
HeLa cells. BFA exposure causes the time-dependent cleavage of endogenous CREB3 and the
nuclear enrichment of its N-terminal fragment after 24h. In addition, BFA also leads to an
upregulation of CREB3 on the transcriptional and translational level. The only so-far identified
transcriptional regulator of CREB3, NF«kB (Jang et al. 2007), is not activated by BFA in HT-29
and HeLa cells. Thus, there have to exist other yet unidentified BFA-induced CREB3 regulators.
The BFA-mediated CREBS3 activation is accompanied by an upregulation of the NOT-1 and -4
mRNAs, but on the protein level only NOT-1 increases. The NOT-4 protein and its cleavage
products cannot be detected. This observation might depend on the stability or turnover of NOT-
4. However, it remains possible that NOT-4 is also regulated on the translational level.
Interestingly, BFA is not able to activate CREB3 or upregulate NOT in HEK293 cells suggesting
a cell-specific sensitivity towards BFA. This sensitivity might be given by the fact that the HEK293
cell line was immortalized via transfection of type-5 adenoviruses (Graham et al. 1977). Gallimore
and Turnell (2001) speculated that adenoviruses of this type can dynamically regulate Golgi (dis-)
assembly processes. In this view the cellular activity of the adenovirus would counteract the BFA-
mediated Golgi collapse to some extent.

BFA has been reported to induce apoptosis in MCF-7 breast cancer cells by increasing the
expression of p53 via activated NFkB (Lin et al. 2011). This observation could not be confirmed
in HT-29 and HelLa cells. Despite the BFA-mediated decrease of IkBa in both cell lines and the
simultaneous increase of p50 (in HT-29 and HeLa) and p65 (in HT-29), the NF«B subunits are not
shifted into the nucleus. It remains elusive whether the nuclear translocation is prevented by other
IxB proteins compensating IkBa function or by the BFA-mediated blocking of the nuclear shuttling
mechanism. Interestingly, IxBa is also lost in cells overexpressing CREB3 indicating its possible
downregulation not degradation in BFA-treated cells. Nevertheless, BFA triggers the upregulation
of p53 which is accompanied by a reduction of proliferation in HT-29 and HeLa cells. This suggests
that p53 is not activated to elicit apoptosis but orchestrates growth arrest (reviewed in Zilfou and
Lowe 2009), which would provide a distinct time window for Golgi recovery. Since no
compromised cells have been detected, their detachment from the surface solely results from the
loss of adhesion molecules whose availability depends on the secretory pathway. This is in line
with the reported anti-apoptotic effects of overexpressed CREB3 (Liang et al. 2006). Whether the
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BFA-induced upregulation of NOT has a functional relevance for antiapoptotic processes, the
enhancement of stress tolerance and/or the reconstitution of the secretory pathway and Golgi
homeostasis needs further experimental verification.

The in vitro and in vivo DNA-binding studies also revealed that CREB3 binds the 5°-
TGACCAGG CRE site at 633-626nt (site 4) in the mNOT promoter. Like the CREB3 binding site
in the human promoter, this element contains only one half site. Although the only available
publications concerning murine CREB3 do not address its activation (Burbelo et al. 1994; Lan et
al. 2013), the structural homology indicates that CREB3 is also processed via the RIP mechanism
in mice. The exclusive detection of the cleaved N-terminal CREB3 fragments in the nuclei of 3T3,
MOCHA, C1271, and BC3H1 cells supports this notion and also indicates, as compared to men, a
higher activation in unstressed cells. The binding of CREB3 to the site at 633-626nt in vivo shows
the relevance of this interaction for the regulation of mNOT under physiological conditions. In
accordance with the findings from human cell lines, the treatment of 3T3 cells with BFA leads to
an upregulation of mNOT after 24h. However, only mNOT-1 increases, whereas mNOT-4 remains
unaffected. Notably, this finding cannot reliably attributed to the activity of CREB3. BFA induces
CREBS transcription in 3T3 cells, but the processing of the protein was not observed. It requires
further investigation to clarify whether BFA actually can elicit CREB3 activation in 3T3 cells at
all or whether the basal, high-level CREB3 activity prevents the visible enrichment of the N-

terminus. It remains possible that other BFA-induced factors drive the transcription of mNOT.

55 NOT is regulated by the products of the mitogen-dependent immediate early genes
EGR-1 and MYCN

Immediate early genes (IEGs) or primary response genes are a specific class of genes that are
rapidly and transiently activated as response to extracellular proliferation signals like mitogens,
growth factors and hormones without requiring prior protein synthesis (Herschman 1991).
Prototypic IEGs are members of the Fos/Jun, MYC, and EGR gene families which code for trans-
cription factors that govern distinct gene expression programs for proliferation, differentiation,
metabolism, and the immune response (Herschman 1991; Healy et al. 2013). The data presented
here shows that the products of two IEGs, EGR-1, and MYCN, regulate the expression of NOT in
vivo via direct interaction with the genes promoter. Furthermore, EGR-1 exhibits a mitogen-

dependent NOT promoter binding pattern that correlates with the up- or downregulation of NOT.
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EGR-1 (zif268, NGFI-A, Krox-24, TIS8, ZENK; NCBI: NM_001964) is the most
prominent member of the early growth response (EGR) family of C2H2-type zinc finger
transcription factors which also comprises EGR-2, -3, and -4 (O’Donovan et al. 1999). EGR-1 was
identified as potential NOT regulator in a Y1H screen (C. Schultheiss, diploma thesis: Identification
and isolation of regulatory proteins of the novel human tumor-related gene hNOT, 2009). The in
vitro DNA-binding studies presented here confirm this finding and also show that EGR-1 binds at
nts 330-313 (5"-CAGCGCAGGCGAAGGAGA,; site 4) within the putative 1.15kb NOT promoter.
EGR-1 always binds as a monomer via its three zinc fingers to the major grove of its 9nt target
element 5"-GCG(G/T)GGGCG with each finger binding a triplet of this sequence (Chapman and
Perkins 2000; Mikles et al. 2013). Thus, the 9nts 5'-GCAGGCGAAGG of site 4 exhibiting the
highest identity with the consensus motif most likely represent the actual binding site (EGR-1 core
site). This assumption is consistent with the finding that deletion of the first four nts of site 4 (s4°),
which represent the 3" end of the NF«B site 4/3 (5"-CAGC), did not prevent the binding of EGR-
1 in EMSAs. The EGR-1 core site contains four nts which do not match with the consensus
sequence. This is of importance, because there are many examples for EGR-1 target elements
which (partially) overlap with the SP1/SP3 binding site 5"-GGGGCGGGG (Cao et al. 1993; Trejo
et al 1997; Raychowdhury et al. 2002; Zhang et al. 2007; Hu et al. 2010; Qiao and May 2011).
The evenly high GC content of both elements allows EGR-1, SP1, and SP3 to compete for the
binding site, resulting in a characteristic three band pattern in gel retardation assays (Cao et al.
1993; Hu et al. 2009). This pattern is not observed for site 4, presumably because the lower GC
content renders the site inappropriate for SP1/SP3 but specific for EGR-1. Thus, the SP1/SP3-
EGR-1 competition is not relevant for the regulation of NOT. The in vivo-binding of EGR-1 to site
4 in HaCaT, HT-29, and HeLa cells was demonstrated by ChIP and the impact of this interaction
for NOT transcription by the downregulation of NOT-1 and NOT-4 mRNA levels after the RNAI-
mediated knockdown of EGR-1. However, on the protein level only NOT-1 decreases whereas the
amount of NOT-4 remains unaffected arguing for its stability in HT-29 cells. The EMSAs
performed using nuclear extracts from HT-29 cells suggest the ability of EGR-1 to bind at nts 685-
673 (site 5), 296-285 (site 3), and 41-30 (site 2) in vitro. Since the ChIPs documented the
irrelevance of these sites in all investigated cell lines, they were not considered further.

The mitogen-induced activation of IEG gene expression is the first response of postmitotic
or of mitotic cells resting in the GO state in order to re-enter the cell cycle (Lemaire et al. 1990;

Schratt et al. 2001). It is mainly orchestrated by the MAPK-regulated serum response factor (SRF),
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which activates target genes like c-fos and EGR-1 by binding to their promoters (Schratt et al.
2001). The activated genes then stimulate a specific program to trigger G1 transition and cell cycle
progression (Poser et al. 2000). This process can be mimicked in permanent cell systems by
supplying serum-starved cells with serum. Consistent with that, EGR-1 is not expressed in HelLa
and HT-29 cells and only scarcely in HaCaT cells without serum, but re-expressed at high levels
in response to serum. As a consequence, EGR-1 binds the NOT promoter only in the presence of
serum. The mitogen-dependent binding of EGR-1 is also reflected in NOT-1 protein expression.
Interestingly, the expression of NOT-4 is not affected by serum in HT-29 cells.

MYCN is a short lived protein that belongs to the myelocytomatosis viral related oncogene
(MYC) family of proto-oncogenes including c-Myc, MYCB, and MYCL which act as
transcriptional regulators by forming heterodimeric complexes with Max/Mad family members
(Bonvini et al. 1997; Baudino and Cleveland 2001; Cowling and Cole 2006). MYCN expression
is normally restricted to developing cells (mainly of neuronal origin) and thus barely detectable in
most adult tissues (Malynn et al. 2000; Westermark et al. 2011). The tissue-specific MYCN
expression correlates with the tumor types MYCN is amplified or upregulated in, including
neuroblastoma, retinoblastoma, rhabdomyosarcoma, medulloblastoma, glioblastoma, small cell
lung cancer, and Wilm’s Tumor (Westermark et al. 2011). Notably, MYCN is amplified in about
30% of neuroblastoma and serves as a marker for poor outcome (Westermark et al. 2011).

MYC proteins regulate transcription by binding with their C-terminal basic-helix-loop-
helix-zipper (b0HLHZ) domains to the so-called E-Box sequences 5°- CACGTG in the promoters
of their target genes (Claassen and Hann 1999; Beltran 2014). The in vitro DNA-binding assays
revealed the binding of MYCN to two E-Boxes within the NOT promoter: one in cis orientation at
nts 184-173 (5"- TGGAGCGTGAG,; site 3) and a composite cis/trans element at nts 80-69 (5- GG
CACGGGAAG,; site 2/1). It has been reported that MYCN and c-MYC, in contrast to MYCL,
share similar DNA-binding affinities. However, the results from affinity chromatography indicate
a specificity of the detected sites for MYCN. Prochownik and VanAntwerp (1993) reported that E-
Boxes with two preceding purines have a higher affinity for MYCN, whereas c-Myc preferentially
binds E-Boxes with a preceding C. In line with this observation, site 3 as well as the cis part of site
2/1 contain two Gs before the E-Box, whereas the trans part has a preceding T. This suggests that
the cis part of site 2/1 mediates the binding of MYCN. Notably, the data presented here indicates
that, besides the unmodified full-length protein, a 22kDa MYCN form binds the target sequences.

The results imply that this protein encompasses the N- and C-terminus of MYCN. Given the
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specificity of the applied antibody, the 22kDa MY CN form might represent a novel splice variant
of MYCN. The ChIP experiments demonstrated the in vivo-binding of MYCN and Ser54-
phosphorypated MYCN to a fragment encompassing both sites in HaCaT, HT-29, and HeLa. There
is experimental evidence that during mitosis the phosphorylation of MYCN at Ser54 promotes its
proteasome-mediated degradation resulting in an increased transcriptional activity, especially in
the presence of oncogenic Ras (Sjostrom et al. 2005; Kapeli and Hurin 2011). However, the
relevance of this mechanism and its impact on NOT expression has to be assessed in further
experiments. The murine counterparts of EGR-1 and MYCN could not be detected to bind the
mNOT promoter. If NOT regulation by these two IEGs is actually restricted to human cells has to

be confirmed in other murine cell systems.

5.6 The NFxkB dimers p50:p65 and p65:p65 regulate NOT in a cell-specific manner

The nuclear factor of kappa light polypeptide gene enhancer in B-cells (NFkB) family represents
a group of inducible transcription factors comprising p50 (NFKB1), p52 (NFKB2), p65 (RelA/
NFKB3), c-Rel (Rel), and RelB (Hayden and Ghosh 2014). NFkB proteins are characterized by
their N-terminal Rel homology domain (RHD) which mediates DNA-binding and dimerization
between family members (Hayden and Ghosh 2012). In contrast to p5S0 and p52, the proteins p65,
c-Rel and RelB encompass transactivation domains which can recruit coactivator molecules to
stimulate or repress transcription (Hayden and Ghosh 2014). NFkB dimers are sequestered in the
cytosol, either as zymogen (p50 as p105 and p52 as p100) or via interaction with inhibitory IxB
proteins (Oeckinghaus and Ghosh 2009). Upon stimulation different IxB kinase (IKK) complexes
either trigger the degradation of the IkBs or the non-degradative processing of the precursors, both
of which are mediated by the proteasome (Hayden and Ghosh 2014). The NF«xB dimers can now
translocate to the nucleus and bind their cognate 10nt kB site 5'-GGGRNWYYCC (Hayden and
Ghosh 2014). There are also reports of shorter kB elements comprising only 9 or 8nts (Siggers et
al. 2011). The high degeneration of the kB element in combination with the ability of the five
NF«xB subunits to form homo- or heterodimers in all possible variations allows a versatile
regulation of gene expression (Smale 2012). NF«xB is a key regulator of inflammation, innate and
adaptive immune responses, cell survival, differentiation, proliferation, development, stress
responses, and apoptosis (Karin 2006; Hayden and Ghosh 2008; Oeckinghaus et al. 2011; Hayden
and Ghosh 2014). The function of NFxB is in many cases context-dependent, e. g. NFkB can either
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act as tumor suppressor or promoter or elicit pro- or anti-apoptotic programs (Karin 2006;
Oeckinghaus et al. 2011).

The herein presented in vitro DNA-binding analyses identified six cis-acting kB elements
within the NOT promoter that can be bound by NF«B: (the putative 10nt kB element within the
predicted sites is underlined): the composite cis/trans sites 22/21 (5-GGGGCCGCGCCGGGA
TTACCCAC; 973-951nt), 19/18 (5"-TCCGGAGGCGCCCT; 789-776nt), 17/16 (5 - CCTGGA
GAGGCCAT; 768-755nt), 13/12 (5"-CGTGGAACTTCCGTC; 638-624nt), 4/3 (5"-CAGATG
TTCCC; 339-330nt), and the cis site 1 (5"-GGGTATAAAC; 223-214nt). The native immunoblots
and EMSAs showed that these sites are bound by either p50:p65 or p65:p65 dimers. As

demonstrated by the ELISAS, the binding of the dimers is always mediated by the p65 subunit.
There are several reports suggesting that, apart from the affinity and cell-specific availability of
different NFxB dimers, the recognition of kB elements depends to some extent on the target
sequence (Zabel et al. 1991; Kunsch et al. 1992; Wong et al. 2011; Siggers et al. 2011). Crystal
structure and numerous DNA-binding studies revealed that sequences which contain the typical 5"-
GGR half-site are preferentially bound by p65 (Wong et al. 2011; Siggers et al. 2011). The fact
that sites 22/21, 19/18, 17/16, 13/12, and 1 contain this 5" half-sites might explain their p65-binding
preference. Since site 4/3 does not contain this half-site but features the same binding properties as
the other sites, it is considered an atypical kB site. However, the sequence is not sufficient to
explain why some sites are either bound by p50:p65 or p65:p65 in a cell-specific manner in vivo.
As both dimers are generally found in these cells, there have to be other mechanisms that determine
binding site selection. One possibility is phosphorylation, which provides a selective and inducible
mechanism to modulate the DNA-binding properties of NFkB either directly via induction of
conformational changes or indirectly via recruitment of cofactors (Viatour et al. 2005; Sen and
Smale 2010). The impact of phosphorylation-dependent target site selection is illustrated by the
results from affinity chromatography, where site 22/21 is preferentially bound by a p50:p65
heterodimer encompassing a Ser276-phosphorylated p65. All other sites are bound by p50:p65
dimers phosphorylated at Ser276 and Ser536. The ChIPs confirmed this preference in HeLa cells,
but also showed that, depending on the cell line, sites 19/18, 4/3, and 1 are either bound by p50:p65
or p65:p65 dimers. Zhong et al. (1998) reported that phosphorylation of p65 at Ser276 also
enhances the ability to recruit CBP and p300. Similar observations were also made for
phosphorylation at Ser536 and p300 (Hu et al. 2004). As scaffolding proteins, CBP and p300 can

bridge a plethora of transcriptional regulators (Wang et al. 2013), thus assisting correct positioning
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of transcription factors. Furthermore, CBP and p300 are acetyltransferases which acetylate histones
and transcription factors (Wang et al. 2013). In this role, CBP and p300 can render the chromatin
landscape accessible for DNA-binding proteins or they might be involved in the widespread
acetylation of p65 which modulates NF«B binding properties (Oeckinghaus and Ghosh 2009; Sen
and Smale 2010). Further experiments are needed to unveil the actual influence of the detected
post-translational p65 modifications on cell-specific target site selection by different NFkB dimers.

An important non-Rel factor for NF«B binding site selection is RPS3. Wan et al. (2007)
reported that, as integral part of the p65 homodimer and the p50:p65 heterodimer, RPS3 stabilizes
the association of the NF«kB subunits and enhances their DNA-binding. Notably, RPS3-containing
NF«B complexes chose distinct binding sites over others (Wan et al. 2007). The relevance of RPS3
for the binding of NF«B is corroborated by affinity chromatography and ChlIPs which show the
presence of RPS3 at all NFkB sites. However, since RPS3 can also bind to DNA independent of
NFkB, it remains possible that NFkB binds the NOT promoter without RPS3 which in turn
independently occupies neighboring regions. As mentioned above, the data presented here indicate
that RPS3 functions in both ways within the NOT promoter, but further experiments are needed to
link the transcriptional impact of RPS3 on NOT expression to the respective function as
transcription factor or coregulator.

The relevance of the detected NF«B binding is substantiated by the downregulation of NOT-
1 and -4 after the RNAi-mediated knockdown of NFxB in HelLa cells. Notably, an effective
downregulation is only achieved if the p50 and p65 subunits are simultaneously depleted. The lack
of p50 has no effect, whereas knockdown of p65 only slightly decreases NOT-1 and NOT-4. This
indicates that the loss of one NF«xB subunit can be compensated. Whether this is achieved by the
formation of other NFxB dimers or additional transcriptional regulators remains elusive.

Furthermore, manipulation of the NFkB signaling pathway using TNFa and parthenolide
alters the expression of NOT. TNFa belongs to the TNF cytokine family which is linked to inflam-
mation, cancer, and apoptosis (Hayden and Ghosh 2014). The receptor TNFR1 oligomerizes upon
binding of TNFa thus causing the assembly of different signaling molecules on the intracellular
receptor domain resulting in the activation of the IKKs (Hayden and Ghosh 2014). IKKf-mediated
phosphorylation of IkB proteins triggers their degradation and allows NF«B to enter the nucleus.
Activation of NFxB by TNFa peaks after 30min. before it is abrogated via an autoregulatory loop.
Active p65 can drive the expression of its inhibitor IkBa which then enters the nucleus and removes

bound NF«B complexes from their promoters to terminate the signaling (Hayden and Ghosh 2014).
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This kinetic is also observed in serum-starved HelLa and HT-29 cells after treatment with TNFa.
Moreover, it is accompanied by an increase of NOT-1 and NOT-4 expression after 30min. NFxB
activation is a key step for many cells (including HeLa) to trigger anti-apoptotic programs that
counteract the TNFa-induced activation of cell death pathways (Hayden and Ghosh 2014). In
contrast, the apoptosis inducing sesquiterpene lactone (SL) parthenolide leads to a downregulation
of NOT-1 and -4 after 1h. The SL parthenolide specifically inhibits activation of NF«B rendering
cells susceptible for apoptosis (Kwok et al. 2001; Garcia-Pineres et al. 2001). Two models of
parthenolide-mediated NFxB inhibition are proposed. One depends on the inhibition of the IKKf3
complex via direct interaction with parthenolide (Kwok et al. 2001), the other suggests the
abrogation of NFkB DNA-binding activity via alkylation of its p65 subunit (Garcia-Pineres et al.
2001). The data presented here indicate that both mechanisms contribute to the inhibition of NFkB.
Parthenolide-treated cells enrich NF«B in the cytosolic fractions which hints for the inhibition of
the IKK complex. However, the Southwestern assays showed, that the NFkB reference binding site
cannot hybridize with nuclear and cytosolic p65 in Parthenolide-treated cells. Regarding the
amounts of p65 that are still detected in the nuclei of these cells, the alkylation mechanism seems
to represent the predominant inhibitory mechanism of Parthenolide.

The in vitro DNA-binding studies also revealed that NFxB binds the sites 1 (5-TCTGAAA
GGGACATACACCGAGAA; 357-344nt), 4 (5"-ACTCTGGGCATAGGCAGAGT, 456-447nt),
and 11 (5"-AAACACGTGGAACTTCCGTCACCTT; 774-760nt) in the mNOT promoter. The
EMSASs indicate that these sites are bound by the p50:p65 heterodimer. Sites 1 and 11, but not site

4, contain the 5"-GGRR half-site suggesting the preferential binding of p65. The ChlIPs revealed
that in vivo only sites 1 and 4 are occupied in the C1271, 3T3, MOCHA, and BC3HL1 cell lines. In
all cases the p65 subunit is phosphorylated at Ser276 and Ser536, whereas RPS3 is only detected
in C1271. As mentioned above, RPS3 is not an optional component of the NFkB dimer but a
particular specifier that mediates the selection of distinct target sites over others (Wan et al. 2007).
The observation that RPS3 is only found in one out of four cell lines to be located in the same
region as NFxB argues that the murine NFkB binding sites are actually selected independent of
RPS3. As a consequence, the detected signal in C1271 would represents the autonomous binding
of RPS3. However, the actual mechanisms of target site selection as well as the impact of the

detected interactions on the expression of mMNOT has to be determined in further experiments.
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6 Summary

The human NOT gene (Kaymer and Kurzik-Dumke 1997) is the homologue of the 1(2)not gene
from Drosophila (Kurzik-Dumke et al. 1997) and suggested to be relevant for diverse cellular
processes including tumorous growth and N-glycosylation (Kurzik-Dumke, personnel commu-
nication; Aebi 2013). This PhD thesis provides the first insight into the cell-specific mechanisms
controlling the expression of the NOT gene. The first part focuses on the identification and
characterization of NOT splice variants. This analysis revealed the existence of 17 NOT transcripts
which, depending on the alternative first exon, can be separated into two groups. The transcripts
NOT-1 and NOT-4 are translated. Most of the other NOT isoforms harbor premature stop codons
and are degraded by the nonsense-mediated mMRNA decay (NMD) pathway. The discovery of two
different transcription start sites suggests the existence of two different NOT promoters that
regulate the transcription of two pre-mRNAs from which all other isoforms are generated via
alternative splicing.

The second part describes the identification of transcription factor binding sites within a
putative 1.15kb NOT promoter region. Bioinformatics tools predicted 7 potential binding sites for
the transcription factor EGR-1, 22 for NFkB, 16 for CREB, and 10 for MYCN. From these putative
sites one EGR-1-binding site (nts 330-312), two MYCN-binding sites (nts 184-173 and 80-69),
one CREB3-binding site (nts 217-206), and six NFkB binding sites (nts 973-951, 789-776, 768-
755, 638-624, 339-330, and 223-214) were confirmed in vitro using the yeast one-hybrid, EMSA,
ELISA, and affinity chromatography techniques. In vivo-binding analysis using chromatin
immunoprecipitation (ChIP) showed cell-specific occupancy of the EGR-1 and MYCN binding
elements, whereas CREB3 and NF«B bind in all investigated cell lines. In the case of NF«kB, the
number of occupied sites as well as the composition and phosphorylation of the bound NFkB
dimers varies between cells. The ChIP results also showed that all NFxB signals are accompanied
by signals of its cofactor RPS3. In accordance with previous results obtained in our laboratory, the
data presented here substantiates the DNA binding of RPS3. Furthermore, the paralogue histone
acetyltransferases CBP and p300, which are described as transcriptional coactivators of NFxB and
EGR-1, are bound in all investigated cell lines. The impact of the detected protein-DNA
interactions on NOT expression was assessed using RNAI (for EGR-1 and NF«kB), pharmacological
activation or inhibition of the respective transcription factor (TNFo and Parthenolide for NFxB,

BFA for CREB3), or overexpression (CREB3). Comparative studies in murine cell lines identified
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homologues of the human splice variants and showed that the promoter architecture is identical.
Moreover, the murine NOT gene is also regulated by NFkB, CREB3, CBP, p300, and RPS3.
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7 Zusammenfassung

NOT, das humane Homologe des Drosophila Gens I(2)not (Kurzik-Dumke et al. 1997; Kaymer
und Kurzik-Dumke 1997), wird mit diversen zelluldren Prozessen wie Tumorwachstum und der
N-Glykosylierung in Verbindung gebracht (Kurzik-Dumke, personliche Mitteilung; Aebi 2013).
Die vorliegende Dissertation liefert die ersten Einblicke in die zellspezifischen Mechanismen,
welche die Expression des NOT Gens kontrollieren. Der erste Teil der Arbeit beschreibt die
Identifizierung und Charakterisierung von NOT Spleif3varianten. Diese Analyse erbrachte den
Nachweis von 17 NOT Transkripten, die entsprechend ihres alternativen ersten Exons in zwei
Gruppen eingeteilt werden konnen. Die Transkripte NOT-1 und NOT-4 werden translatiert. Die
meisten anderen NOT Isoformen beinhalten ein vorzeitiges Stoppcodon und werden vom
Nonsense-mediated mMRNA Decay (NMD) Signalweg abgebaut. Der Nachweis von zwei
verschiedenen Transkriptionsstarts deutet auf die Existenz von zwei verschiedenen NOT
Promotoren hin, die die Transkription zweier pre-mRNAs regulieren, aus denen alle anderen
Isoformen durch alternatives SpleiRen generiert werden.

Der zweite Teil der Arbeit beschreibt die Identifizierung von Transkriptions-
faktorbindestellen innerhalb der mutmallichen 1,15kb groRen NOT Promoter Region. Mithilfe
bioinformatischer Tools wurden 7 potenzielle Bindestellen fiir den Transkriptionsfaktor EGR-1,
22 fir NFxB, 16 fir CREB und 10 fur MYCN berechnet. VVon diesen wurde durch Yeast one-
hybrid, EMSA, ELISA und Affinitatschromatographie eine EGR-1 Bindestelle (nts 330-312), zwei
MYCN Bindestellen (nts 184-173 and 80-69), eine CREB3 Bindestelle (nts 217-206) und sechs
NFkB Bindestellen (nts 973-951, 789-776, 768-755, 638-624, 339-330 und 223-214) in vitro
bestatigt. Die in vivo-Bindungsstudien mittels Chromatin-Immunoprézipitation (ChIP) belegen
eine zellspezifische Bindung von EGR-1 und MYCN, wohingegen CREB3 und NF«B in allen
untersuchten Zelllinien gebunden waren. Im Fall von NF«B zeigten sich sowohl bei der Anzahl
der besetzten Stellen als auch bei der Zusammensetzung und Phosphorylierung der jeweils
gebundenen NF«B Dimere zellspezifische Unterschiede. Die Resultate der ChIP-Analyse zeigen
zudem, dass alle NFxB Signale einhergehen mit Signalen des NFkB Kofaktors RPS3. Daruber
hinaus bekraftigen die hier prasentierten Daten die in unserer Arbeitsgruppe bereits nachgewiesene
RPS3 Bindung an DNA. Ebenfalls belegt wurde die in vivo-Bindung der paralogen Histon-
Acetyltransferasen CBP und p300, die als transkriptionelle Koaktivatoren von NFxB und EGR-1
beschrieben sind. Die Auswirkungen der detektierten Protein-DNA Interaktionen auf die NOT
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Expression wurden unter Anwendung von RNAI (fir EGR-1 und NF«B), pharmakologischer
Aktivierung oder Inaktivierung des entsprechenden Transkriptionsfaktros (TNFo und Parthenolid
fiir NFkB, BFA fiir CREB3) oder Uberexpression (CREB3) ermittelt. Vergleichende Studien in
murinen Zelllinien flihrten zur Identifizierung von homologen Spleillvarianten und
veranschaulichten, dass die Promotorstruktur identisch ist. Dartber hinaus wird das murine NOT
Gen ebenfalls von NFkB, CREB3, CBP, p300 und RPS3 reguliert.
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9  Appendix

Table S1 Determination of qRT-PCR efficiencies of NOT, ECE2, ACTIN and HGPRT using HaCaT cDNA

Efficiency (E) Correlation coefficient (R?)
n4 DE n3 n4 @ R?
NOT-1 1935 1.726 1.86 1.804 1.831 0.07 0.9987 0.9994 0.9931 0.9891 0.9951 0.004
NOT-2 1724 1771 1711 1.662 1717 0.03 0.9959 0.9983 0.9936 0.9997 0.9969 0.002
NOT-3 1796 1.806 1.837 1.713 1.788 0.04 0.9938 0.9965 0.9928 0.9949 0.9945 0.001
NOT-4 1806 1.824 1.828 1.667 1.781 0.06 0.9890 0.9907 0.9980 0.9996 0.9943 0.004
NOT-5 1838 1.802 1.863 1.868 1.843 0.02 0.9929 0.9923 0.9996 0.9956 0.9951 0.002
NOT-1la 1.797 1.854 1893 1918 1866 0.04 0.9999 0.9970 0.9942 0.9999 0.9978 0.002
NOT-1b 1822 1833 1.641 1.775 1768 0.06 0.9997 0.9999 0.9995 0.9966 0.9989 0.001
NOT-2a 1904 192 1937 1912 1918 0.01 0.9993 0.9988 0.9945 0.9960 0.9972 0.002
NOT-2b 187 1876 191 1766 1.856 0.04 0.9986 0.9958 0.9987 0.9997 0.9982 0.001
NOT-3a 1.792 184 1842 1814 1822 0.02 0.9994 0.9994 0.9983 0.9994 0.9991 0.0004
NOT-3b 1885 1.731 1.853 1.938 1.852 0.06 0.9994 0.9994 0.9988 0.9990 0.9992 0.0003
NOT-3c 1.883 1.887 1868 1943 1895 0.02 0.9977 0.9989 0.9993 0.9970 0.9982 0.001
NOT-4a 1928 1894 193 1766 1.880 0.06 0.9977 0.9986 0.9965 0.9992 0.9980 0.001
NOT-4b 1.869 1922 1.784 1913 1872 0.05 0.9957 0.9998 0.9992 0.9979 0.9981 0.001
NOT-5a 1.875 1.877 1857 1.876 1870 0.01 0.9994 0.9957 0.9998 0.9973 0.9976 0.001
NOT-5b 1.741 1551 1476 1744 1590 0.10 0.9994 0.9954 0.9757 0.9993 0.9901 0.010
NOT-5¢ 1.604 1786 188 1.896 1.792 0.10 0.9910 0.9906 0.9952 0.9952 0.9930 0.002
ECE2 1.707 1.847 1.817 1.862 1.808 0.05 0.9994 0.9981 0.9990 0.9928 0.9973 0.002
ACTIN 1963 1.982 --- -——- 1.97 0.01 0.9959 0.9986 --- --- 0.9762 0.001
HGPRT! 1718 1.83 1.887 1961 1.849 0.08 0.9996 0.9931 0.9980 0.9978 0.9971 0.002
HGPRT? 1.661 1.851 1.742 1.799 1.763 0.06 0.9939 0.9986 0.9998 0.9974 0.9974 0.002

Performed as described in Ch. 3.3.17. Primers used for amplification are listed in Tab. 31+33. n: measured samples; 1: HGPRT from the
NOT isoform plate; 2: HGPRT from the ACTIN, ECE2 plate.
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Table S2 Determination of qRT-PCR efficiencies of NOT, ECE2, ACTIN and HGPRT using HT-29 cDNA

Efficiency (E) Correlation coefficient (R?)
n4 DE n2 n3 n4 @ R?

NOT-1 1.745 1829 1862 1907 1.836 0.05 0.9968 0.9999 0.9694  0.9992 0.9913 0.01
NOT-2 1809 1.833 1.831 1.837 1.828 0.01 0.9992 0.9982 0.9939 0.9926 0.9959 0.003
NOT-3 1889 1.792 1.721 1.642 1761 0.08 0.9905 0.9966  0.9795 0.9998 0.9916 0.007
NOT-4 1863 1862 1.887 1.801 1.853 0.03 0.9948 0.9998 0.9999 0.9901 0.9962 0.004
NOT-5 1.742 1915 1802 1.761 1.805 0.06 0.9997 0.9972 0.9998 0.9994 0.9990 0.001
NOT-la 1.774 1905 1.854 1929 1866 0.05 0.9931 0.9911 0.9982 0.9991 0.9954 0.003
NOT-1b 1912 1.852 1.873 1921 1890 0.03 0.9909 0.9855 0.9923 0.9970 0.9914 0.003
NOT-2a 1.801 1.803 1.787 1827 1805 0.01 0.9999 0.9945 0.9993 0.9990 0.9982 0.002
NOT-2b 1.753 1.88 1.747 1862 1811 0.06 0.9998 0.9985  0.9991 0.9991 0.9991 0.0003
NOT-3a 1864 1.706 1.741 1949 1815 0.09 0.9982 0.9999 0.9999 0.9990 0.9992 0.001
NOT-3b 1.865 1.969 1.818 1.719 1.843 0.07 0.9996 0.9901 0.9990  0.9999 0.9972 0.004
NOT-3¢c 185 1516 1.746 1957 1767 0.14 0.9999 0.9967 0.9999 0.9997 0.9990 0.001
NOT-4a 1.631 1.803 1926 1.716 1.769 0.10 0.9991 0.9996 0.9963  0.9992 0.9985 0.001
NOT-4b 1918 1.881 1.883 1812 1.874 0.03 0.9987 0.9977 0.9991 0.9975 0.9983 0.001
NOT-5a 1.957 1.724 1.783 1867 1.791 0.05 0.9980 0.9993 0.9993  0.9991 0.9993 0.0001
NOT-5b 1904 1.608 1.608 1846 1.687 0.11 0.9983 0.9996 0.9985 0.9993 0.9991 0.0004
NOT-5¢ 1.983 1948 1.734 1929 1899 0.08 0.9972 0.9980  0.9992 0.9912 0.9964 0.003
ECE2 1839 1916 1.855 1.867 1.869 0.02 0.9991 0.9972 0.9996 0.9999 0.9989 0.001
ACTIN 1.861 1.883 --- -—- 1.872 0.01 0.9998 0.9874 - - 0.9936 0.006
HGPRT! 1978 1772 1926 1.83 1.877 0.08 0.9988 0.9994 0.9997 0.9998 0.9994 0.0003
HGPRT? 1.877 1.952 1.962 1.953 1.936 0.03 0.9991 0.9978  0.9957 0.9985 0.9978 0.001

Performed as described in Ch. 3.3.17. Primers used for amplification are listed in Tab. 31+33. n: measured samples; 1: HGPRT from the
NOT isoform plate; 2: HGPRT from the ACTIN, ECE2 plate.
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Table S3 Determination of qRT-PCR efficiencies of NOT, ECE2, ACTIN and HGPRT using T98G cDNA

Efficiency (E) Correlation coefficient (R?)
n4 DE n2 n3 n4 @ R?

NOT-1 1871 1.776 1.896 1.776 1.830 0.05 0.9958 0.9988 0.9970 0.9996 0.9978 0.001
NOT-2 1774 1.808 1.698 1.781 1.765 0.03 0.9980 0.9998 0.9990 0.9997 0.9991 0.001
NOT-3 1.738 1.829 1.7 1.745 1.753 0.04 0.9991 0.9969 0.9992 0.9900 0.9963 0.003
NOT-4 1978 1.871 1.749 1903 1875 0.07 0.9970 0.9968 0.9990 0.9919 0.9961 0.002
NOT-5 1871 1.791 1916 1.938 1.879 0.05 0.9947 0.9897 0.9994 0.9977 0.9954 0.003
NOT-l1a 1983 1.9 1718 1.971 1.893 0.09 0.9960 0.9958 0.9992 0.9981 0.9973 0.001
NOT-1b 1.735 1.869 1.802 1.858 1.816 0.05 0.9933 0.9996 0.9957 0.9976 0.9965 0.002
NOT-2a 1.771 1889 197 186 1873 0.06 0.9991 0.9998 0.9908 0.9993 0.9972 0.003
NOT-2b 1.893 1963 1.923 1.799 1895 0.05 0.9982 0.9995 0.9929 0.9953 0.9965 0.002
NOT-3a 1.862 1.816 1.841 1.717 1.809 0.05 0.9991 0.9927 0.9998 0.9999 0.9979 0.003
NOT-3b 1.865 1.948 --- 1954 1922 0.04 0.9983 0.9995 -—- 0.9934 0.9971 0.002
NOT-3c 1942 1979 1816 1874 1903 0.06 0.9990 0.9991 0.9999 0.9996 0.9994 0.0004
NOT-4a 1.917 1898 187 1938 1906 0.02 0.9982 0.9998 0.9832 0.9967 0.9945 0.006
NOT-4b 1.996 1925 1819 1986 1932 0.06 0.9957 0.9951 0.9946 0.9934 0.9947 0.001
NOT-5a 1.882 1.843 1841 166 1.781 0.08 0.9951 0.9996 0.9999 0.9997 0.9998 0.0001
NOT-5b 1.789 1.749 1889 1.836 1825 0.05 0.9973 0.9987 0.9975 0.9997 0.9986 0.001
NOT-5¢ 1.817 1.764 1.898 1.842 1830 0.04 0.9961 0.9997 0.9987 0.9913 0.9965 0.003
ECE2 1.707 1.689 1.868 1.849 1.778 0.08 0.9997 0.9990 0.9992 0.9927 0.9977 0.00
ACTIN 1.862 1.853 --- -—- 1.858 0.01 0.9999 0.9988 -—- === 0.9993 0.001
HGPRT' 198 1928 1.963 1.741 1.903 0.08 0.9990 0.9891 0.9909 0.9922 0.9928 0.003
HGPRT? 1.861 1.947 1931 1957 1.924 0.03 0.9958 0.9989 0.9991 0.9999 0.9984 0.001

Performed as described in Ch. 3.3.17. Primers used for amplification are listed in Tab. 31+33. n: measured samples; 1: HGPRT from the
NOT isoform plate; 2: HGPRT from the ACTIN, ECEZ2 plate.
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Table S4 Determination of qRT-PCR efficiencies of NOT, ECE2, ACTIN and HGPRT using HeLa cDNA

Efficiency (E) Correlation coefficient (R?)
9 n4 D E n2 n3 n4 @ R?

NOT-1 1958 1936 174 1.7 1834 011 0.9975  0.9999 09995  0.9996  0.9991 0.001
NOT-2 1814 1946 1.898 1.722 1845 0.01 0.9997  0.9999 09965 0.9997 0.999 0.001
NOT-3 1775 1.746 1948 1872 1835 0.08 0.9995  0.9987 09714  0.9997 0.9923 0.01
NOT-4 1955 1.88 1934 1722 1873 0.08 0.9968  0.9925 09501  0.9997  0.9848 0.02
NOT-5 2009 1915 195 1936 1.953 0.03 0.9963  0.9961 09867 0.9842  0.9908 0.01
NOT-la 1922 19 1932 1994 1937 0.03 0.9988  0.9996 09830 0.9907 0.993 0.01
NOT-1b 1934 1828 1828 1912 1876 0.05 0.9863  0.9977 09999  0.9993  0.9958 0.01
NOT-2a 1708 1759 176 196 1.797 0.08 0.9990 0.9971 09962  0.9982  0.9976 0.001
NOT-2b 1919 1868 1915 1.744 1862 0.06 0.9987  0.9986  0.9967 0.9978  0.998 0.001
NOT-3a 1.718 1836 1.864 1.803 1.805 0.04 0.9973  0.9999 09990  0.9985  0.9987 0.001
NOT-3b 1984 1738 1826 1.853 1.850 0.07 0.9961  0.9956 09977 0.9991  0.9971 0.001
NOT-3c 1.834 1511 1775 1.764 1721 0.11 0.9946  0.9958 09990  0.9991  0.9971 0.002
NOT-4a 1928 1889 189 199 1924 0.03 0.9958  0.9978 0.9893  0.9867  0.9924 0.004
NOT-4b 1981 1.926 1.852 1917 1919 0.03 0.9999  0.9999 09983  0.9967  0.9987 0.001
NOT-5a 1.839 1.8 1.825 1903 1.843 0.04 0.9984  0.9963 09991 0.9946  0.9967 0.002
NOT-5b 142 --- 1574 1.675 1556 0.09 0.9662  --- 0.9999  0.9954  0.9872 0.01
NOT-5¢c 1.846 1926 1957 2.087 1.954 0.07 0.9985  0.9998 09981  0.9964  0.9982 0.001
ECE2 1919 1.886 1.888 1.898 1.898 0.01 0.9941  0.9989 09997 0.9984  0.9978 0.002
ACTIN 1951 1.835 --- === 1.893 0.06 09999  0.9991  --- === 0.9995 0.0004
HGPRT! 1595 1.611 1632 1.663 1.625 0.02 0.9997  0.9999 09998  0.9999  0.9998 0.0001
HGPRT? 1973 199 1.884 1.829 1919 0.06 0.9999  0.9997 09973 0.9974  0.9986 0.001

Performed as described in Ch. 3.3.17. Primers used for amplification are listed in Tab. 31+33. n: measured samples; 1: HGPRT from the
NOT isoform plate; 2: HGPRT from the ACTIN, ECEZ2 plate.
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Table S5 Determination of qRT-PCR efficiencies of MNOT, mCREB3 and mHGPRT using 3T3 cDNA

Efficiency (E) Correlation coefficient (R?)
9 n4 D E n2 n3 n4 @ R?

mNOT-1 1.669 1.88 1.758 1.91 1.804 0.09 0.9996 0.9946  0.9987  0.9960  0.9972 0.002
mNOT-2 173 1.861 1836 1.865 1.823 0.05 0.9925  0.9964  0.9938  0.9983  0.9953 0.002
mNOT-3 1.698 1.636 1.677 1.685 1.674  0.02 0.9985  0.9999 0.9962  0.9930  0.9969 0.002
mNOT-4 1.706 1.807 1.751 1.748 1.753 0.03 0.9998  0.9996  0.9979  0.9999  0.9993 0.001
mNOT-5 1.987 1.961 1911 1.926 1.946 0.03 0.9956  0.9986  0.9978  0.9998  0.9979 0.001
mNOT-1la 192 1.948 1.881 1.907 1914  0.02 0.9992 0.9886  0.9938  0.9941  0.9939 0.003
mNOT-1b  1.827 1.883 1.65 1964 1.831 0.09 0.9829  0.9994 09995  0.9985 0.995 0.006
mNOT-2a 1.893 1.966 1.754 1.877 1.873 0.06 0.9993  0.9934 09997  0.9970  0.9974 0.002
mNOT-3a 1648 1.789 1.618 1.571 1.657 0.07 0.9963  0.9976  0.9994  0.9981  0.9979 0.001
mNOT-3b  1.781 1.721 1938 1.801 1810 0.06 0.9991  0.9970 0.9971  0.9987  0.998  0.001
mNOT-3c 1511 1.872 1.897 1.809 1.772 0.13 0.9975  0.9939 09975  0.9955  0.9961 0.001
mNOT-4a  1.852 1.893 1.851 1.601 1.799 0.10 0.9982  0.9999 09976  0.9995  0.9988 0.001
mNOT-4b  --- === === === --- === === == == == --- ==

mNOT-4c 1973 1.932 1.977 1.961 0.02 0.9951  0.9967  0.9973 0.9964 0.001
mNOT-5a 191 1.813 1919 1931 1.888 0.05 0.9983  0.9982  0.9999  0.9984  0.9988 0.001
MCREB3 1595 1.619 1473 1.662 1.587 0.06 0.9986  0.9999  0.9997  0.9999  0.9995 0.001
mHGPRT 1779 1.879 1.814 1.625 17743 0.07 0.9995 0.9946  0.9981  0.9993  0.9978 0.002

Performed as described in Ch. 3.3.17. Primers used for amplification are listed in Tab. 31+35. n: measured samples.
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Table S6 Determination of qRT-PCR efficiencies of mMNOT and mHGPRT using MOCHA cDNA
Correlation coefficient (R?)

mNOT-1
mNQOT-2
mNOT-3
mMNQOT-4
mNOT-5
mMNOT-1a
mNOT-1b
MmNOT-2a
mNOT-3a
mNOT-3b
mNOT-3c
mMNOT-4a
mNOT-4b
MNOT-4c
mMNOT-5a
MHGPRT

1.917
1.797
1.584
1.853
1.94
1.884
1.623
1.941
1.634
1.817
1.722
1.769
1.5
1.764
1.626
1.927

1.981
1.663
1.835
1.843
1.936
1.663
1.798
1.767
1.652
1.582
1.628
1.783
1.866
1.874
1.706
1.859

1.912
1.877
1.747
1.891
1.821
1.836
1.817
1.961
1.721
1.845
1.533
1.771
1.365
1.931
1.902

Efficiency (E)

n4
1.924
1.863
1.767
1.729
1.923
1.78
1.91
1.936
1.706
1.761
1.789
1.823
1.908
1.878
1.834

D E
1.934
1.8
1.733
1.829
1.905
1.791
1.787
1.901
1.678
1.751
1.668
1.787
1.577
1.869
1.829
1.847

0.02
0.07
0.07
0.05
0.04
0.07
0.08
0.07
0.04
0.08
0.09
0.02
0.19
0.05
0.08
0.01

0.9991
0.9997
0.9999
0.9921
0.9970
0.9926
0.9917
0.9985
0.9993
0.9953
0.9982
0.9972
0.9958
0.9998
0.9993
0.9992

n2

0.9967
0.9983
0.9957
0.9979
0.9924
0.9987
0.9981
0.9999
0.9989
0.9949
0.9996
0.9922
0.9985
0.9906
0.9928
0.9972

n3

0.9919
0.9976
0.9984
0.9916
0.9898
0.9979
0.9990
0.9999
0.9928
0.9990
0.9998
0.9979
0.9891
0.9819
0.9975

n4

0.9975
0.9944
0.9991
0.9993
0.9952
0.9995
0.9842
0.9991
0.9975
0.9969
0.9984
0.9985
0.9983
0.9994
0.9999

J R?

0.9963
0.9975
0.9983
0.9952
0.9936
0.9972
0.9933
0.9994
0.9971
0.9965
0.999

0.9965
0.9945
0.9926
0.9966
0.9986

Performed as described in Ch. 3.3.17. Primers used for amplification are listed in Tab. 31+35. n: measured samples.
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Table S7 Determination of qRT-PCR efficiencies of MNOT and mHGPRT using C1271 cDNA

Efficiency (E) Correlation coefficient (R?)

n4 dE n3 n4 @ R?
mNOT-1 1.955 1.876 1.615 1.741 1.797 0.12 0.9990 0.9992 0.9999 0.9997 0.9994 0.0003
mNOT-2 1.818 1.827 1.825 1.899 1.842 0.03 0.9992 0.9999 0.9927 0.9988 0.9976 0.002
mNOT-3 1.811 1.864 1.634 1.778 1.772 0.07 0.9975 0.9914 0.9986 0.9992 0.9967 0.003
mNOT-4 1.735 1.831 1.849 1.727 1.786 0.05 0.9991 0.9969 0.9907 0.9990 0.9964 0.003
mNOT-5 1974 1.956 1.734 1.908 1.893 0.08 0.9964 0.9965 0.9979 0.9973 0.997 0.001
mNOT-1la 1.904 1.883 1.921 1.777 1.871 0.0 0.9997 0.9928 0.998 0.9992 0.9975 0.002
mNOT-1b  1.894 1.825 1.858 1.729 1.827 0.05 0.9970 0.9999 0.99892 0.9997 0.9989 0.001
mNOT-2a 1912 1.8 1.785 1.894 1.848 0.06 0.9913 0.9943 0.9978 0.9950 0.9946 0.002
mNOT-3a 1.855 1.922 1.825 1.548 1.788 0.12 0.9971 0.9951 0.9999 0.9998 0.998 0.002
mNOT-3b  1.693 1.688 1.73 1.715 1.707 0.02 0.9995 0.9997 0.9999 0.9984 0.9994 0.001
mNOT-3¢c 155 1.557 1.649 1.645 1.600 0.05 0.9998 0.9982 0.9989 0.9999 0.9992 0.001
mNOT-4a 1.802 1545 175 181 1.727 0.09 0.9941 0.9963 0.9987 0.9973 0.9966 0.001
mNOT-4b  --- === === === --- --- --- --- --- --- --- ---
mNOT-4¢  1.753 1.896 1.831 1.813 1.823 0.04 0.9993 0.9991 0.9955 0.9995 0.9984 0.001
mNOT-5a 1.74 1.855 1.751 1.886 1.831 0.05 0.9993 0.9984 0.9993 0.9984 0.9987 0.0004
HGPRT 1925 194 1.688 1.915 1.848 0.11 0.9966 0.9980 0.9999 0.9974 0.9984 0.001

Performed as described in Ch. 3.3.17. Primers used for amplification are listed in Tab. 31+35. n: measured samples.
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Table S8 Determination of qRT-PCR efficiencies of MNOT and mHGPRT using BC3H1 cDNA

Efficiency (E) Correlation coefficient (R?)

n4 dE n2 n3 n4 @ R?
mNOT-1 1.75 1.928 1869 1.928 1.869 0.06 0.9998 0.9990 0.9919 0.9980 0.9972 0.003
mNOT-2 1.841 1901 1816 1.685 1.811 0.06 0.9988 0.9955 0.9993 0.9999 0.9984 0.001
mNOT-3 1.728 1.723 1.603 1.612 1.667 0.06 0.9958 0.9938 0.9996 0.9992 0.9971 0.002
mNOT-4 1896 1.758 1.831 1.85 1.834 0.04 0.9971 0.9999 0.9969 0.9946 0.9971 0.001
mNOT-5 1.826 1.808 1.943 1.829 1.852 0.05 0.9986 0.9956 0.9995 0.9978 0.9979 0.001
mNOT-1la 1.927 1.923 1.818 1.947 1.904 0.04 0.9971 0.9970 0.9938 0.9960 0.996 0.001
mNOT-1b  --- 1.828 1.974 188 1.894 0.05 -—- 0.9998 0.9833 0.9994 0.9942 0.01
mNOT-2a  1.857 1.643 1.858 1.924 1821 0.09 0.9991 0.9989 0.9952 0.9974 0.9976 0.001
mNOT-3a 1.707 1.648 1.684 1.701 1.685 0.02 0.9999 0.9991 0.9972 0.9917 0.997 0.003
mNOT-3b  1.705 1.618 1.635 1.793 1.688 0.06 0.9924 0.9931 0.9977 0.9975 0.9952 0.002
mNOT-3c  1.746 1.812 1.683 1.554 1.699 0.08 0.9999 0.9995 0.9966 0.9999 0.999 0.001
mNOT-4a 1.868 1.658 1.839 1.674 1.760 0.09 0.9943 0.9996 0.9960 0.9957 0.9964 0.002
mNOT-4b  --- === === --- --- --- --- --- --- --- --- ---
mNOT-4¢  1.878 1.951 1.889 1.722 1.86 0.07 0.9980 0.9952 0.9965 0.9994 0.9973 0.001
mNOT-5a 1973 1.768 1922 1.93 1.8733 0.07 0.9967 0.9987 0.9917 0.9936 0.9947 0.003
mHGPRT  1.896 1.841 1.987 1.851 1.893 0.06 0.9999 0.9979 0.9981 0.9977 0.9979 0.0002

Performed as described in Ch. 3.3.17. Primers used for amplification are listed in Tab. 31+35. n: measured samples.
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Table S9 Determination of qRT-PCR efficiencies using HeLa cDNA

p50 1.719
p65 1.881
RPS3 1.917
IkBa 1.929
EGR-1 1.826
CREB1 1.784
CREB3 1.669
ECE2 1.903

1.729
1.856
1.892
1.851
1.902
1.794
1.624
1.804

1.764
1.831
1.902
1.922
1.916
1.785
1.621
1.839

Efficiency (E)

n4
1.76
1.86
1.914
1.924
1.967
1.792
1.664
1.898

DE

1.743
1.857
1.906
1.907
1.903
1.789
1.645
1.861

0.02
0.01
0.01
0.03
0.04
0.004
0.02
0.04

0.9992
0.9971
0.9911
0.9955
0.9999
0.9930
0.9971
0.9999

Correlation coefficient (R?)

n2

0.9993
0.9895
0.9875
0.9997
0.9991
0.9969
0.9953
0.9953

n3

0.9934
0.9998
0.9974
0.9977
0.9997
0.9984
0.9999
0.9994

n4

0.9999
0.9984
0.9931
0.9959
0.9963
0.9999
0.9998
0.9984

a R?

0.9979
0.9962
0.9923
0.9972
0.9987
0.9971
0.9980
0.9983

Performed as described in Ch. 3.3.17. Primers used for amplification are listed in Tab. 31. n: measured samples.
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