
 

 

Gene activation and SUMO-derepression                                             
through HIPK1-mediated p300 phosphorylation 

 
 
 

Pradip Rijal 
 
 
 

   
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Institutt for molekylær biovitenskap 

Det matematisk-naturvitenskapelige fakultet 
 

UNIVERSITETET I OSLO  
 

Juni 2019 
 

 
 

 



 
 

II 
 

 



 
 

III 
 

 
 

 

 

 

  

    Gene activation and SUMO-derepression through HIPK1-mediated p300 phosphorylation 

      Pradip Rijal 

 Department of Biosciences 

        University of Oslo 

June 2019 

 

 

 

 

 

 

 

 

 

 



 
 

IV 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© Pradip Rijal, June 2019 

Gene activation and SUMO-derepression through HIPK1-mediated p300 

phosphorylation 

Pradip Rijal 

http://www.duo.uio.no/ 

Print: Reprosentralen, Universitetet i Oslo 

http://www.duo.uio.no/


 
 

V 
 

Acknowledgements  
I would like to thank University of Oslo for giving me a golden opportunity to 

purseu my master degree. 

My heartfelt thanks goes to Prof. Odd Stokke Gabrielsen for giving me a place in 

his lab and the constant support during the unexpected predicaments I encountered 

during my project work. His constant guidance and supervision has encouraged 

me a lot.  

 I could never imagine to sharpen my practical skills and work effectively in lab 

without the constant support and care of my co-supervisor Marit Ledsaak. I want 

to thank her for adressing my confusions and fears in the lab.  

I would like to thank all the past and present members of the Myb group for 

constant support and guidance. 

Further, I would like to thank my friends: Andrea, Dina, Guro and Jan Ove. 

Additionally i would like to give thanks to all the good people in my life. 

Next, I would like to extend my  thanks to  Agave Mexican Kitchen for the part 

time job during this challenging time and all my collegues for their constant 

support and encouragement during my study period.  

Finally, I would like to thank the soul of  my parents Om Prakash Rijal and Bimala 

Rijal, my sister Pratima Rijal, my brother-inlaw Dipendra Khanal, my girl friend 

Suraxa Khatiwoda, my little cousin Aryaman Khanal and all my relatives back in 

Nepal. I get motivation to do better because of them.  

Oslo, June 2019 

Pradip Rijal 



 
 

VI 
 

  



 
 

VII 
 

Abstract 
The transcription factor c-Myb is a master regulator of proliferation and 

differentiation in the hematopoietic system. Both SUMO conjugation and SUMO 

binding appear to control the activity of c-Myb, and both are generally linked to 

the repression of its transactivation properties. 

The background of this project is an unpublished observation that the c-Myb 

interaction partner and SUMO-binding kinase, HIPK1, in co-transfection assays 

lead to a significant derepression of c-Myb. This derepression was linked to the 

presence of both SUMO and p300. 

Since p300 has a cluster of putative phosphorylation sites in its C-terminal region, 

HIPK1 was hypothesized to phosphorylate p300 in these putative phosphorylation 

sites, contributing to the relief of SUMO-mediated repression. To investigate if 

that was the case, deletion mutants of these sites in p300 were created. The 

functional effect of these deletions studied with an integrated reporter system 

successfully identified the region of co-factor p300 cooperating with HIPK1. 

Since the candidate region in p300 being phosphorylated also shows sequence 

features indicating an intrinsic disordered region (IDR), some preliminary assays 

were performed to test its behavior and its interaction with HIPK1. An interaction 

of HIPK1 with the C-terminal region of p300 was observed. Visualization of the 

formation of nuclear speckles might be due to the phase separation of intrinsically 

disordered region. 

Key words: c-Myb, CTD, HIPK1, IDR, p300, SUMO 
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1 Introduction 
Any distinct locus of genomic sequence that affect a feature of an organism by 

being expressed as a functional product is known as gene. Specific feature of an 

organism is affected by the regulation of such sequence of nucleotides. Cells use 

finely tuned mechanisms to control the level of the proteins or RNA from the gene 

thereby maintaining their structure and functions. Any kind of disruption over 

such control can cause lethal consequences such as cancer.  

 This chapter will introduce the theoretical basis of epigenetics and gene 

regulation. However, focus will mainly be on the subject matter investigated in 

this master project.  Firstly, some basic knowledge of the eukaryotic genome and 

it’s epigenetic regulation will be introduced followed by a quick review on the C-

Myb, a proto-oncogenic transcription factor and special focus will be on  a histone 

acetyltransferase p300 and Homeodomain-interacting protein kinase1 (Hipk1), a 

protein that phosphorylates homeodomain transcription factors. The aim of the 

study is presented at the end of this chapter. 

1.1 The eukaryotic genome 
The complete set of genetic material present in a cell or organism is known as the 

genome. The eukaryotic genomes consist of one or more linear chromosomes that 

are densely compacted. This several fold compactions are due to the organization 

of chromosomal DNA into a chromatin structure. The genomic DNA is highly 

folded, constrained and compacted by histone and non-histone protein in a 

dynamic polymer called chromatin (Jenuwein & Allis, 2001). The basic unit of 

chromatin is the DNA-histone protein complex known as nucleosome. An 

illustration of the packaging of DNA in eukaryotic nuclei is summarized in the 

figure 1.1.  
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This compaction of the chromosomal DNA into chromatin structure is the barrier 

for the easy access to the DNA string. There are several mechanisms for the 

epigenetic regulation of such restriction to access of the DNA. The post-

translational modification of the nucleosomal histone is one of the crucial methods 

of epigenetic regulation. In addition, several chromatin remodeling enzymes 

contribute to the dynamic structure of the chromatin by remodeling the position 

of the nucleosome for the gene regulation (Zentner & Henikoff, 2013). 

 

Figure 1.1: An illustration of the packaging of DNA in eukaryotic nuclei. 3.2 mega base 
pairs (Mb) of a helically coiled DNA is condensed into many folds. The basic unit of chromatin 
is a nucleosome. 146 base pairs of DNA are wrapped around an octamer of core histone proteins 
(double copies of H2A, H2B, H3, and H4). Linker DNA separates such nucleosomal core. 
Nucleosomal core are further coiled and supercoiled into complex and condensed form called 
chromosome. The URL of the source of the figure is given below. 

(https://www.coursehero.com/sg/microbiology/heredity/) 

 

 

https://www.coursehero.com/sg/microbiology/heredity/
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1.1.1 The epigenome 
The study of the heritable alterations in gene expression that are not caused by the 

changes in DNA sequence is known as epigenetics (Waterland, 2006). Epigenetic 

mechanisms are post translational modifications of histone tails and methylation 

of cytosines within CpG dinucleotides and are the stable alterations affecting the 

regulation of gene expression (Jaenisch & Bird, 2003). Epigenetics focuses on 

processes that regulate how and when certain genes are turned on and off. On the 

other hand, the epigenome pertains to the analysis of the epigenetic state of the 

cell, combining all the histone and DNA post-translational modification and the 

interacting proteins (Arrowsmith, Bountra, Fish, Lee, & Schapira, 2012). 

Since DNA is condensed together with histone proteins into a highly organized 

complex called chromatin, epigenetic modifications are important for inducing 

local changes in the chromatin that allows the chromatin to adopt an open or close 

state. Such modification also restricts each cells gene expression and 

developmental fate (Waterland, 2006). Epigenetic regulation basically revolves 

around two classes of regulatory enzymes: Chromatin remodeling enzyme and 

histone modifier enzymes. 

1.1.2 Chromatin remodeling enzymes 
Chromatin remodelers use the energy of ATP hydrolysis to assemble, reposition 

or evict histones form DNA (Manelyte & Längst, 2013). (Rippe et al., 2007) 

describes the nucleosome repositioning by remodelers is a three-step process. The 

initiation step that requires the recognition and specific binding of the substrate 

followed by the several translocation steps with varying steps-lengths and kinetics 

depending on the remodeling enzyme and finally the release step which occurs at 

energetically favorable positions depending on the combination of remodeler and 

DNA/sequence structure at this site. Chromatin remodelers induce histone 

mobilization in two ways: (1) nucleosomes are mobilized removed and 
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reassembled or (2) the remodeling enzymes will alter the chromatin structure by 

replacing the core histone units more unstable histone variants, such as H2A.Z, 

H2A.X and H3.3 resulting in a hypermobile structure (Boyer et al., 2002). 

1.1.3 Histone modifiers 
The flexible N- terminal tails of the eight histone proteins have residues that are 

accessible for post-translational modifications by histone modifier enzymes. 

Histone modifier enzymes are the epigenetic regulatory enzymes that draft the 

histone code. As reviewed in, (Jenuwein & Allis, 2001), the histone code 

hypothesis predicts the modification of histone tails in specific patterns and 

represents an encoded information extending the information content of the 

genome beyond the DNA sequence. Such modifications are done by modification 

enzymes. The modification enzymes are also known as writer enzyme. The 

several different modifications produced by writer enzymes are methylation, 

acetylation, SUMOylation, ubiquitination and phosphorylation. After such 

modifications, histone tails can recruit specific effector proteins that are known as 

histone readers. Histone readers recognize the encoded information in the 

modified histone tails and give the functional output. Histone erasers are however 

the proteins that remove epigenetic mark on the histone tails and perform the 

opposite function to that as writers do.  

1.2 Transcription  
Transcription is the very first stage of gene expression and is a process of 

synthesis of a single-stranded, complementary ribonucleic acid (RNA) from the 

DNA template. RNA polymerase II is the key enzyme catalyzing the transcription 

process. However, several other components such as general transcription factors, 

activating transcription factors, transcriptional repressors, co-activators, co-

repressors, chromatin remodeling complexes and histone modifying enzymes 
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form the full transcriptional machinery that  are involved to regulate this process 

(Kornberg, 2007). 

Transcription is initiated by transcription factors. The genome is interpreted by 

the transcription factors decoding the DNA sequences. Many of the transcription 

factors function as the master regulators of the processes that specify cell types 

and developmental patterns (T. I. Lee & Young, 2013). As reviewed in, (Zaret & 

Carroll, 2011), some transcription factors function as pioneer transcription factors 

that are capable on their own to bind the nucleosomal DNA and recruit chromatin 

remodeling complexes to the site. The resulting open chromatin subsequently 

allow access to the transcriptional machinery to initiate transcription. On the other 

hand, most of the transcription factors cannot get access to the nucleosomal DNA 

on their own but need chromatin remodeling enzymes and histone modifiers to 

facilitate the transcription by providing them the access to the promoter and 

enhancer regions of the target genes. 

 Below is the short description of one of the pioneer transcription factor c-Myb. 

1.2.1 c-Myb 
c-Myb is a hematopoietic transcription factor and oncoprotein. It is a nuclear 

protein spanning 640 amino acid residues and weighing 75kDa. This factor 

regulates many genes during blood cell development, from stem cells to more 

mature cells. There is no blood formation, if c-Myb is lost and alteration of c-Myb 

causes disturbance in the normal growth and development. c-Myb operates as a 

pioneer factor with an ability to penetrate and open chromatin (Bettina M 

Fuglerud et al., 2017). When over expressed, it also promotes specific forms of 

human cancers such as leukemia, breast cancer, and colorectal cancers.  

As shown in figure 1.1, c-Myb consist of three functional domains: an N- terminal 

DNA binding domain (DBD), a central transactivation domain (TAD) and a C-
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terminal regulatory domain (CRD) (M. A. Chen, 2005). All these domains are 

involved in regulating the activity of c-Myb. DBD extends from the residues 37 

to 193, and consist of three imperfect repeats termed R1, R2 and R3 that each 

consists of 52 amino acid each. The binding of the c-Myb to DNA relies on the 

R2 and R3 repeats while R1 remains dispensable. TAD contains clusters of acidic 

amino acid residues from 275 to 325, and a short linear motif LxxLL involved in 

interaction with p300 through its KIX-domain. TAD also includes a functional 

SIM motif. c-Myb is negatively regulated through a functional small ubiquitin-

related modifier (SUMO) interacting motif (SIM) (Sæther et al., 2011). CRD 

extends from residues 401 to 566 and contains three sub-domains: FAETL/LZ, 

TP and EVES. These sub-domains of CRD function independent of each other. 

FAETL is required for the transcriptional activation of c-Myb (Fu & Lipsick, 

1996). The TP region, containing a highly conserved threonine- and proline-rich 

motif TPTPFK is involved in negative regulation of c-Myb (Sano & Ishii, 2001). 

The third sub-domain of CRD, contains the EVES motif and has a string of highly 

conserved amino acid. 

Figure 1.2: A schematic representation of c-Myb protein. The transcription factor c-Myb 
consists of 640 amino acids and has a molecular weight of 75 kDa. The protein includes three 
functional and structural domains: N-terminal DNA binding domain, a central transactivation 
domain (TAD) and a C-terminal regulatory domain (CRD).  

Many regulators are dynamically and transiently modified at multiple sites by 

diverse set of modifications such as phosphorylation, acetylation, ubiquitylation, 

and SUMOylation (X.-J. Yang, 2005). Modification of proteins with small 

ubiquitin-related modifiers (SUMOs) has recently been established as one of the 

key regulatory modifications, significantly affecting fundamental nuclear 

processes such as transcription and chromatin organization (Bettina M. Fuglerud, 
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Ledsaak, Rogne, Eskeland, & Gabrielsen, 2018). In most of the cases, SUMO-

modified transcription factors and cofactors are associated with repression 

(Stielow, Sapetschnig, Wink, Krüger, & Suske, 2008) but several exceptions have 

been reported (Lyst & Stancheva, 2007). Research in our lab has revealed that 

SUMO-conjugation and binding are  important regulatory mechanism for c-Myb 

function and has been using c-Myb as model to study both SUMOylation, SUMO-

binding and deSUMOylation through SNEP1, the latter assumed to control the 

relief of SUMO-mediated repression of transcription. 

The activity of c-Myb is modulated by the post-translational modifications and 

through the interaction with other nuclear proteins. There are several interacting 

partners of c-Myb, but the focus in this master project is on p300 and HIPK1, 

which will be elaborated in section 1.3.1 and section 1.5 respectively. 

1.3 Histone acetyl transferase 
Out of several histone modifications, histone acetylation is regulated by the 

antagonistic action of writer called histone acetyl transferases (HATs) and erasers 

called histone deacetyl transferases (HDACs). HAT enzymes acetylate conserved 

lysine amino acids on histone proteins by transferring an acetyl group from acetyl-

CoA to lysines which as a result neutralizes the positive charge of this side chain. 

As reviewed in (Carrozza, Utley, Workman, & Cote, 2003), this weakens the 

affinity of the modified histone for the negatively charged DNA causing enhanced 

accessibility to the transcription factors due to the loosely packed form of 

chromatin. The acetylation modification is associated with euchromatin and 

active promoters. Such modified residues are recognized by readers; proteins 

containing bromodomains that bind to acetylated lysine on histone tails. The 

readers can recruit other effector proteins such as additional transcription factor 

and cofactors. HDACs, on the other hand reverse the modification of HATs and 



 
 

8 
 

establishes a more tightly packed form of nucleosomes known as heterochromatin 

blocking the access of transcription factors. 

Intriguingly, several HATs have shown an ability to acetylate non-histone protein 

substrates (e.g., transcription factors) (Park, Jo, Kim, Kim, & Ahn, 2015), 

suggesting that internal lysine acetylation of multiple proteins exists as a rapid 

and reversible regulatory mechanism much like protein phosphorylation.  

Histone acetyltransferases are classified into distinct families based on structural 

homology (Carrozza et al., 2003). They include the GNAT family, CBP/p300, the 

general transcription factor HATs, the nuclear hormone-related HATs, and the 

MYST family. Sequence analysis of these proteins reveals that there is high 

sequence similarity within families but have poor sequence similarity between the 

families (Kuo & Allis, 1998). Gene expression is epigenetically regulated by 

histone acetyl transferase by targeting histone and other proteins.  

The following section focuses on one of the family of histone acetyl transferase. 

1.3.1 The histone acetyltransferase p300 
p300 belongs to the KAT3 (lysine or K-acetyltransferase) family. Also known as 

EP300 or KAT3B, p300 regulates transcription via chromatin acetylation. The 

human gene encoding p300 (EP300) is located at position 13.2 on the long (q) 

arm of the human chromosome 22. This gene encodes the cellular p300 

transcriptional co-activator protein of about 264kDa.  

p300 is closely related to CBP (CREB-binding protein), both of which act as a 

crucial coactivator for gene regulation (Kalkhoven, 2004). They are most studied 

HATs involved in transcriptional regulation and are conserved in a variety of 

multicellular organisms, from worms to human (Holmqvist & Mannervik, 2013). 

The locus of human CBP is in chromosomal region 16p13.2 (Petrij et al., 1995). 
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This region of chromosome 16 shows extensive homology to a region 22q13 in 

chromosome 22, where p300 resides (Eckner et al., 1994). p300 and CBP share 

several conserved regions (Bhattacharya et al., 1999). Most of the known 

functional domains such as bromodomain, three CH rich domain and KIX domain 

are shared. The N and C terminal domain of both p300 and CBP acts as 

transactivation domain whereas the acetyl-transferase domain is in the central 

region of the proteins. The enzymatic activity of the p300 and CBP is localized to 

the catalytic histone acetyltransferase (HAT) domain (Barlev et al., 2001).  

The different domains of p300 include, NRID, nuclear receptor interaction 

domain at the N- terminal providing the nuclear location signal. The cysteine-

histidine-rich domains are Transcriptional adaptor zinc-finger domain (TAZ1), 

RING-PHD segment and the ZZ-TAZ2 domains known as CH1, CH2 and CH3 

respectively. Several other  well defined domains are, Kinase-inducible domain 

of CREB interacting domain (KIX), Bromodomain (Bd), Really Interesting New 

gene (RING), Plant Homeodomain (PHD), Histone acetyltransferase domain 

(HAT), ZZ type zinc finger domain2(ZZ) ,IRF3-binding domain (IBiD), also 

known as nuclear coactivator binding domain. The C-terminal region of p300 is 

Q/P rich region, containing a cluster of putative phosphorylation sites. A 

schematic representation of the domain architecture of the p300 protein is shown 

in figure 1.3. 
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Figure 1.3: A schematic representation of the domain architecture of the p300 protein. 
Four Zinc-binding domain are indicated by three cysteine/histidine rich region, CH1, CH2 and 
CH3. The CH1 is the TAZ1 domain. CH3 is made up of two zinc-binding domains ZZ and 
TAZ2. CH2 forms another zinc-binding domain that is homologous to the PHD zinc finger 
motif. The location of N-terminal region NRID, CREB-binding domain (KIX), Bromodomain 
(BD), histone acetyltransferase domain (HAT), nuclear coactivator binding domain (IBiD) and 
the Q/P rich c-terminal are indicated.  

The CH1, KIX and CH3 (ZZ-TAZ2) domains of p300 are known to interact with 

numerous transcription factors and the basal transcription machinery as well as 

with other coactivators. The bromodomain recognizes acetylated substrates 

(Raisner et al., 2018) and interact with CH2 domain mutually stabilizing each 

other, implying a cooperative function (Sangho Park, Maria A. Martinez-Yamout, 

H. Jane Dyson, & Peter E. Wright, 2013). The bromodomain is also important for 

p300 to maintain the basal level of histone acetylation and to induce the 

transcriptional activation of p300-dependent genes (J. Chen, Ghazawi, & Li, 

2010). The centrally located 380-residue HAT domain acetylates histones and 

other proteins (Liu et al., 2008). The CH2 region contains a discontinues PHD 

domain interrupted by a RING domain, whose function remains uncharacterized 

(S. Park, M. A. Martinez-Yamout, H. J. Dyson, & P. E. Wright, 2013); 

(Delvecchio, Gaucher, Aguilar-Gurrieri, Ortega, & Panne, 2013). C-terminal 

region of p300 resembles prion-like domains and are highly disordered. This 

domain of p300 provides an interaction interface for various misfolded proteins, 

promoting their aggregation (Kirilyuk et al., 2012). 

p300 is an intrinsically disordered protein in the sense that it contains multiple 

domains connected by flexible linkers. Such flexible linkers lack a fixed or 

ordered three-dimensional structure but are rich in polar uncharged amino acid 

sequences (Dunker et al., 2001). Flexible linkers allow the connecting domains to 

freely twist and rotate to recruit their binding partners, thereby inducing larger 

scale conformational changes by long range allosteric effects (Bu & Callaway, 

2011). As reviewed in (Dunker, Cortese, Romero, Iakoucheva, & Uversky, 2005; 
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Wright & Dyson, 1999) intrinsically disordered proteins function as hub in protein 

interaction network and perform a central role in regulation of transcription, 

translation and cell cycle.  

1.3.2 Post- translational modifications of p300 
The activity of p300 is under stringent control in cells. The protein is subject to 

regulation by the site specific post-translational modifications, including 

methylation, citrullination, ubiquitination, SUMOylation and phosphorylation. 

Few examples are presented below. 

p300 is methylated at Arg-580 and Arg-604 in the KIX domain by CARM1, 

which blocks association with CREB, thereby inhibiting CREB signaling and 

activates an apoptotic response (Xu et al., 2001). CARM1 also methylate at Arg-

2142 which impairs interaction with NCOA2/GRIP1 (Y. H. Lee, Coonrod, Kraus, 

Jelinek, & Stallcup, 2005). On the other hand, p300 is citrullinated at the same 

Arg-2142 by PADI4, which impairs methylation by CARM1 and promotes 

interaction with NCOA2/GRIP1 (Y. H. Lee et al., 2005). SUMOylation in the 

transcriptional repression domain (CRD1) of p300 mediates transcriptional 

repression (Girdwood et al., 2003). p300 is autoacetylated on several key Lysine 

sites within an apparent activation loop (Thompson et al., 2004). Hipk2 

phosphorylates p300 in a RUNX1 dependent manner, thereby activating EP300, 

but this phosphorylation happens only when RUNX1 is associated with DNA and 

CBFB (Wee, Voon, Bae, & Ito, 2008). Phosphorylation at Ser-89 by AMPK 

reduces its interaction with nuclear receptors such as PPARϒ (W. Yang et al., 

2001). 

1.3.3 The interaction partners of acetyltransferase p300 
p300 is involved in the regulation of both histones and non-histones proteins. p300 

induced acetylation can cause changes in the functional activity of its targets 
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thereby regulating the gene expression. Below is summarized some characterized 

interaction partners of p300.  

p53 

p53 is a tumor suppressor protein. Most of the critical functions of p53 are 

believed to occur by its ability to activate several genes involved in response to 

DNA damage such as, mdm-2, p21, cyclinG and bax. Transcriptional activation 

of such genes is linked to the interaction of p53 with a carboxy-terminal domain 

of CBP/p300 (Gu & Roeder, 1997). 

p53 binds the zinc finger region of CBP/p300 (Legge et al., 2004). This interaction 

has been suggested to enhance the transcriptional activation of p53 leading to 

target towards a degradation pathway. Acetylation of specific lysine residues in 

the carboxyl terminus of p53 by p300 was found to increase the DNA binding 

(Luo et al., 2004). 

c-Myb 

p300 increases the activity of c-Myb by bridging the transcription factor to the 

transcription machinery and function as  a potent co-activator of transcription. 

(Tomita et al., 2000); (Dai et al., 1996). p300 targets c-Myb for acetylation. 

Acetylated c-Myb thus activates transcription by recruiting the two HATs. 

(CBP/p300) also binds to chromatin to modify the surrounding histone tails 

(Xianming Mo, Elisabeth Kowenz-Leutz, Yves Laumonnier, Hong Xu, & Achim 

Leutz, 2005). 

TIP60  

In addition to its acetyltransferase activity, the HAT p300 can induce 

polyubiquitination in a HAT independent manner cooperating with MDM2                           

(a ubiquitin ligase) (Col et al., 2005; Grossman et al., 2003). This results in the 
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down regulation of target proteins, p53 and TIP60. However, acetylation of TIP60 

by p300 increases its stability by inhibiting ubiquitination and the subsequent 

degradation. p300 induced acetylation controls the interaction of TIP60 to the 

substrate, thereby disrupting the oligomerization of TIP60 (Xiao et al., 2014) 

HIPK1/HIPK2 

There is no reported interaction of p300 to HIPK1. Phosphorylation of p300 is 

strongly induced by HIPK2, however, phosphorylation of AML1 is required for 

the HIPK2 mediated phosphorylation of p300 and enhance p300-dependent 

transcription (S. P. Wang et al., 2017) .p300 and the closely related CBP are 

essential for hematopoiesis, the phosphorylation of p300 by HIPK1/2 has 

significant role in hematopoiesis (Y. Aikawa et al., 2006). 

1.3.4 The functions of p300 
We have so far discussed briefly about the domain architecture of p300. We have 

also discussed how p300 is modified post-translationally, how it associates with 

protein interaction partners. What remains to be elucidated is the function of p300. 

As reviewed in, (R. H. Goodman & S. Smolik, 2000; Richard H Goodman & 

Sarah Smolik, 2000; Janknecht & Hunter, 1996; Shiama, 1997), p300/CBP 

proteins participate in many physiological processes, including proliferation, 

differentiation and apoptosis. p300 connects the different sequence-specific 

transcription factors to the transcription apparatus by acting as a bridge. It thus 

builds a multicomponent transcriptional regulatory complex by providing a 

protein scaffold (Chan & La Thangue, 2001).  

p300 is an important histone acetyltransferase and regulates the transcription via 

chromatin modification. It acetylates all four core histones in nucleosomes which 

gives an epigenetic tag for transcriptional activation. One specific example is that 
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p300 mediates acetylation of histone H3 at Lys-122 (H3K122ac) that localizes at 

the surface of histone octamer and stimulates transcription by promoting 

nucleosome instability. Of particular importance is also H3K27 which is 

acetylated by p300 and serves as a marker of enhancers (Jin et al., 2011). p300 

also functions as acetyltransferase for non-histone targets, such as ALX1, 

HDAC1, PRMT1 or SIRT2 (Lai, Li, Li, & Zou, 2017).  p300 is proposed to 

indirectly increase the transcriptional activity of P53 through acetylation and 

subsequent attenuation of SIRT2 deacetylase function (Y. Han et al., 2008). 

(Chayka, Kintscher, Braas, & Klempnauer, 2005) reported that p300 can strongly 

enhance the c-Myb activity in an HAT independent manner.   

CBP/P300 acts as tumor suppressors as suggested by the study of (Kung et al., 

2000). p53 is a tumor suppressor protein, most of the critical functions of p53 are 

believed to occur by its ability to activate several genes involved in response to 

DNA damage such as, mdm-2, p21, cyclinG and bax. Transcriptional activation 

of such genes is linked to the interaction of p53 with a carboxy-terminal of 

CBP/p300 (Avantaggiati et al., 1997) 

BRCA-1 is another tumor suppressor gene that uses p300. BRCA-1 can activate 

expression of the p21, one of the genes involved in response to the DNA damage. 

BRCA-1 serve as a transcriptional regulator participating mainly in the genome 

integrity and response to DNA damage.  The transcriptional activation of BRCA-

1 is augmented by p300, which has been shown to interact BRCA-1 biochemically 

through the CREB binding domain of p300 suggesting that p300 is involved in 

the tumor suppressor function of BRCA-1 (Pao, Janknecht, Ruffner, Hunter, & 

Verma, 2000) 

p300 increases the activity of c-Myb by bridging the transcription factor to the 

transcription machinery and function as potent co-activators of transcription. p300 

target c-Myb for acetylation, c-Myb thus activates transcription by recruiting the 
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two HATs (CBP/p300) to chromatin to modify the surrounding histone tails (X. 

Mo, E. Kowenz-Leutz, Y. Laumonnier, H. Xu, & A. Leutz, 2005).  

Homozygous knockouts of p300 is embryonically lethal displaying defects in 

neural tube closure, proliferation and cardiac development which is a direct 

evidence that p300/CBP proteins are important during embryonic development. 

(Yao et al., 1998). 

1.4 Phosphorylation in protein regulation 
Reversible protein phosphorylation is one of the most important and well-studied 

post translational modification (PTM) (Kruger, Kubler, Pallisse, Burkovski, & 

Lehmann, 2006). Such reversible PTM is mediated by kinases and phosphatase 

that phosphorylate and dephosphorylate substrate respectively. (Cohen, 2002), 

reviewed that “about 30% of the proteins encoded by the human genome contain 

covalently bound phosphate, and abnormal phosphorylation is now recognized as 

a cause or consequence of many disease.” It is also estimated that one-third of the 

human proteome are substrate of phosphorylation (Marks, 2008). Most proteins 

in a mammalian cell are phosphorylated during mitosis (Olsen et al., 2010) . 

Phosphorylation shows a pivotal role in the control of yeast central metabolism, 

where almost half of the enzymes are involved (Vlastaridis et al., 2017). This 

shows that how crucial is this modification in the biological function. As reviewed 

in (Ardito, Giuliani, Perrone, Troiano, & Lo Muzio, 2017), phosphorylation 

regulates protein function by causing conformational changes, a protein can either 

be activated or inactivated by phosphorylation. The activation or deactivation of 

a protein caused by phosphorylation may trigger the transitions between 

conformations with different activity and binding specificity (Dou et al., 2012); 

(Kales, Ryan, & Lipkowitz, 2012). Phosphorylation also helps to recruit 
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neighboring proteins having conserved domains that recognize and bind to 

phosphomotifs for signal transduction (Y.-M. M. Huang & Chang, 2011).  

As reviewed in (Suryadinata, Sadowski, & Sarcevic, 2010), cell cycle progression 

through several phases such as S,M,G1 and G2 is controlled by the 

phosphorylation of cyclin-dependent kinase (CDK) substrates. Active CDKs 

consist of a protein kinase subunit whose catalytic activity is dependent on the 

different cyclin subunits. CDKs helps in the promotion of cell cycle progression 

by phosphorylating the pivotal downstream substrates to alter their activity.  

P53 protein is activated by phosphorylation thereby stimulates the transcription 

of genes to inhibit the cell cycle in response to the stress of DNA damage 

(Heinrich, Neel, & Rapoport, 2002). Changes in the phosphorylation patterns on 

the CTD repeats of RNAII determines the binding of the nuclear factors with the 

transcriptase and  strongly influence the elongation process, as reviewed in 

(Phatnani & Greenleaf, 2006).  

The following section shortly describes the regulation of p300 by 

phosphorylation. 

1.4.1 Regulation of p300 by Phosphorylation. 
p300 and CBP are nuclear phosphoproteins (Yaciuk & Moran, 1991). The 

phosphorylation of p300 occurs extensively during cell proliferation and also 

during cell differentiation (Kitabayashi et al., 1995). The level of phosphorylation 

is reported to change along with cell cycle (Yaciuk & Moran, 1991).  

The first identified serine specific phosphorylation at serine-89, repress the 

transcriptional activity of p300 (Yuan & Gambee, 2000). Phosphorylation of three 

serine residues, Ser-2279, Ser-2315, and Ser-2366 on the C-terminal region of 

p300 by ERK-2 plays the important role in the regulation of epidermal growth 
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factor induced keratin 16 gene expression (Y. J. Chen, Wang, & Chang, 2007). 

C-terminal region of p300 containing the phosphorylation motif interacts with 

Akt/protein kinase B. The phosphorylation of p300 at ser-1834 residue by this 

kinase is essential for its histone acetyltransferase and transcriptional activity (W.-

C. Huang & Chen, 2005). The phosphorylated p300 at the same position, 

acetylates histones to form the relaxed state of chromatin allowing the DNA 

damage recognition factors to the site, thereby executing the successful nucleotide 

excision repair. (NER) (Q. E. Wang et al., 2013). p300 phosphorylation is also 

functionally linked, to DNA damage response both in vitro and in vivo (Jang, 

Choi, Jeong, & Lee, 2010). 

1.5 HIPK family 
Homeodomain-interacting protein kinases family constitute a subfamily of the 

larger serine/threonine kinase family. Vertebrates have highly conserved four 

members of the HIPK1 family including HIPK1 together with HIPK2, HIPK3 and 

HIPK4 (Kim, Choi, Lee, Conti, & Kim, 1998). This family of highly conserved 

kinases are involved in diverse cellular functions including regulation of cell 

death, DNA damage and cytokinesis (Rinaldo, Siepi, Prodosmo, & Soddu, 2008). 

Several interacting proteins and phosphorylation targets of these kinases, such as 

p53, p300, c-Myb and Daxx suggest that the HIPK family plays critical role in 

transcriptional regulation. The best studied member of this family is HIPK2. As 

reviewed in (Rinaldo, Prodosmo, Siepi, & Soddu, 2007), HIPK2 is regarded as 

the multitalented partner for transcription factors in DNA damage response and 

development.  
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1.5.1 Role of HIPK family members in gene regulation by 
phosphorylation.  
HIPK1 is the interaction partner of p53 which by phosphorylating the serine-15 

of p53 favors the transactivation potential of p53 suppressing the colorectal cancer 

growth (Rey et al., 2013). A previous study in our lab has identified HIPK1 as an 

interaction partner of the human transcription factor c-Myb. Both DBD and CRD 

are potential sites for binding of HIPK1, which phosphorylates an unidentified 

region in the CRD of c-Myb. Such modification was observed to negatively 

regulate the activity of c-Myb (V. Matre, Nordgard, Alm-Kristiansen, Ledsaak, & 

Gabrielsen, 2009). HIPK1 is involved in phosphorylation and relocalization of 

Daxx from the nucleus to the cytoplasm, this relocalization play an important role 

in glucose deprivation-induced apoptosis signal-regulating kinase 1 (ASK1) in 

human prostate adenocarcinoma (Song & Lee, 2003).  

Phosphorylation of p300 is strongly induced by HIPK2, and this phosphorylation 

was largely inhibited by substitution with alanine in the phosphorylation site. 

However, phosphorylation of AML1 is required for the HIPK2 mediated 

phosphorylation of p300 and enhanced p300-dependent transcription (S. P. Wang 

et al., 2017). p300 and the closely related CBP are essential for hematopoiesis, 

but hematopoiesis defects were seen in HIPK1/2 deficient mice suggesting that 

phosphorylation of p300 by HIPK1/2 has significant role in hematopoiesis (Y. 

Aikawa et al., 2006). HIPK2 acts as a pleiotropic regulator of cell death exhibiting 

proapoptotic and antiproliferative effects in several cell types. This requires 

activation of HIPK2 that subsequently phosphorylates serine residues in the target 

proteins. For example, apoptosis that is evoked by ultraviolet irradiation requires 

activation of HIPK2 which, phosphorylates p53 at Ser46 consequently leading to 

the activation of p53 (Zhang, Liu, & Wang, 2014). 
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1.6 Aims of the study 
This master project is divided into two parts which is elaborated below: 

1.6.1 Part 1 
The transcription factor c-Myb is a master regulator of proliferation and 

differentiation in the hematopoietic system. Both SUMO conjugation and SUMO 

binding appear to control the activity of c-Myb, and both are generally linked to 

the repression of its transactivation properties. The Gabrielsen group has been 

studying several aspects of SUMO-modification of the transcription factor c-Myb. 

One of the main questions addressed is the possible existence of the regulatory 

mechanisms that would remove or inactivate repressive SUMO-conjugation, thus 

indirectly causing gene activation. One of the lines of study is focused on PTM-

mediated mechanisms of alleviating SUMO- repression. 

In this master project the focus is on phosphorylation. The background is 

unpublished observations that the c-Myb interaction partner and SUMO-binding 

kinase, HIPK1, in co-transfection assays leads to a significant de repression of c-

Myb in an assay containing c-Myb, HIPK1 and p300. It was also observed that, 

this de repression was linked to the presence of SUMO, since the sumo negative 

c-Myb mutant do not respond much to HIPK1 in the same assay. It is also linked 

to the presence of p300 since only a modest effect was observed in its absence. 

This behavior resembles other systems where HIPK2 activates a transcription 

factor in combination with p300 (Yukiko Aikawa et al., 2006). It is so far the only 

assay where the lab has succeeded in observing a clear effect of HIPK1 on c-Myb 

activity. For this reason, we decided to explore the interplay between these factors 

more closely. The focus is on p300 as a putative phosphorylation target of HIPK1. 

One of the main hypotheses is that the HIPK1 kinase, based on its ability to 

associate with SUMOylated c-Myb, is recruited to the c-Myb p300 complex 
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where it phosphorylates both c-Myb and p300. Since p300 has a cluster of putative 

phosphorylation sites in its C-terminal region, we hypothesized that HIPK1 in this 

context phosphorylates p300 in these putative phosphorylation sites, contributing 

to the relief of SUMO-mediated repression. Thus, our aim in this part is the 

following. 

• We aim to make deletion mutants of p300 that gradually removes the 

putative HIPK1 phosphorylation sites from p300. The functional effect of 

deletions will be studied in co-transfection assays with HIPK1, c-Myb and 

p300 in a system with an integrated reporter. The aim is to decide whether 

the C-terminal domain of p300 is a phosphorylation target of HIPK1. 

1.6.2 Part 2 
Since the candidate region in p300 being phosphorylated shows sequence features 

indicating an intrinsic disordered region (IDR), we decided to perform some 

preliminary assays which might indicate whether this region of p300 might be 

involved in a phase separation process. IDR and phase separation are much 

focused these days as an important novel feature for gene activation. Hence, we 

decided to perform the following preliminary assays to test its behavior and its 

interaction with HIPK1. 

• We aim for the bacterial expression of C-terminal region of p300                   

(p300 CTD) to monitor whether it interacts with HIPK1. The interaction 

will be mapped invitro by GST pull-down assay. 

• We also aim for the mammalian expression of p300 CTD for visualization 

of nuclear droplets, possibly due to the phase separation of the intrinsically 

disordered proteins.  



 
 

21 
 

2 Methods 
The following chapter describes the methods used in this study. The chapter is 

divided into four different topics namely, bacterial techniques, mammalian cell 

techniques, DNA techniques and functional protein assay. All the lists of buffers, 

materials, and computer software are included in appendix E. 

2.1 Bacterial techniques 
Two strains of Escherichia coli (E.coli) cells, DH5α and BL21 were used in this 

project. Both are regarded as useful tools in the molecular biological works, each 

having their own salient features.  

DH5α is engineered to maximize the transformation efficiency. Several mutations 

are added to engineer them. The recA1 mutation disable the activity of the 

recombinases and inactivate homologous recombination. The endA1 mutation on 

the other hand inactivates an intracellular endonuclease which prevents the 

degradation of the inserted plasmid. The lacZM15 mutation enables blue white 

screening. Overall, all these modifications help in the transformation of 

exogenous plasmids and increase the stability. In this study, DH5α cells were 

transformed with plasmid containing ampicillin as selective marker. They were 

thus plated in the LB agar containing ampicillin. 

B strains of E. coli are preferred for recombinant protein expression. More 

specifically BL21 (DE3) pLyS cells contain the phage λDE3 lysogen that carries 

the gene for T7RNA polymerase under control of the lacUV5 promoter. The 

concept is that IPTG is required to induce expression of the T7 RNA polymerase 

in order to express recombinant genes cloned downstream of a T7 promoter. The 

cells are made competent to take up the plasmid DNA using the CaCl2 method. 

In this study, these cells were transformed with plasmid containing an ampicillin 
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as the selective marker. Lys plasmid was already present in the cell containing a 

chloramphenicol resistance gene.  They were thus plated in the LB agar containing 

both ampicillin and chloramphenicol. 

2.1.1 Storage and growth conditions for bacterial cells 
Bacterial cells can be stored as stock culture for many years at -80oC. To cultivate 

from stock culture, some cells can be taken up and added to LB medium 

containing specific antibiotics depending on the selective marker of the plasmid. 

They are then allowed to grow overnight at 37oC with uniform shaking at 250rpm. 

If new strains developed are to be preserved or to preserve any strain for longer 

period, then the stock culture can be prepared. To do so, bacterial cells are grown 

overnight in LB medium supplemented with the correct antibiotics at 37oC with 

shaking at 250 rpm. 430µl 50% glycerol is added to 1ml E.coli culture for a final 

concentration of 15%. The solution is stored at -80oC keeping the cells in dormant 

phase. The glycerol helps to slowly freeze the cells seizing the metabolic activity. 

Glycerol also prevents the ice crystal formation.  

2.1.2 Growth conditions 
E. coli DH5α cells are cultured either in LB medium or LB agar plates. An 

appropriate antibiotic is used based on the selective marker that the plasmid 

contains. Usually 100µg/ml of ampicillin is used. For the miniprep they are 

cultivated in 3ml sterile LB medium while for midi prep, they are cultivated in 

100-200 ml of sterile LB medium supplemented with antibiotics. In both cases, 

they are grown overnight at 37oC with uniform shaking at 250rpm. 

E. coli BL21 (DE3) pLysS cells are cultured in LB medium, in SOB medium, or 

in LB agar plates supplemented with antibiotics. BL21 (DE3) pLysS are 

transformed with the desired plasmid for the expression of the recombinant 
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proteins. The transformed cells are then spread on LB agar plates supplemented 

with ampicillin (100µg/ml) and chloramphenicol (25µg/ml) and cultured at 37oC 

for 16-20 hours. 

2.1.3 Transformation 
Transformation is the process of introducing foreign plasmid DNA into the 

competent host cells. It is crucial that the foreign plasmid must contain the origin 

of replication for the successful replication in the host cell. 

Plasmid DNA is mixed together with thawed competent cells on ice, this allows 

the DNA to adhere at the membrane of the cell. Short exposure to heat causes the 

formation of pores in the bacterial wall which is an opportunity for the foreign 

plasmid DNA to move into the bacterial cell. The cell is then spread on LB agar 

plates supplemented with antibiotics. The selective marker in the foreign plasmid 

DNA ensures that only the transformed cells containing such selective marker can 

grow in the medium containing antibiotics.  

Procedure: 

1. Thaw 50µl competent DH5α cells on ice. 

2. Add 1-5µl plasmid DNA (1ng/µl) to the bacteria. 

3. Keep on ice for 15-30 minutes. 

4. Incubate cell solution at 42oC for 90 seconds. 

5. Place the cells back on ice for two minutes. 

6. Spread the mixture on LB agar plates supplemented with antibiotics with 

the help of sterile glass beads. 

7. Finally, culture at 37oC for 16-20 hours. 
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2.1.4 Expression of recombinant proteins in E. coli 
In this study an insert (p300-CTD) in the pGEX vector was expressed. This insert 

is under the control of the isopropyl β-D-1-thiogalactopyranoside (IPTG) 

inducible tac promoter. pGEX also contain the lac gene, the product of which 

represses the tac promoter until IPTG is added. IPTG mimics the allolactose that 

induces the transcription of the lac operon in bacteria. It is an activator of 

transcription for genes under the control of the lac promoter. 

Transformation of BL21 (DE3) pLysS cells by heat-shock: 

1. Mix 200µl competent BL21 (DE3) pLysS cells and 1µl plasmid DNA (50-

100ng/µl), and keep on ice for 15-30 minutes. 

2. Incubate cell solution at 42oC for 45 seconds. Keep cells on ice for 2 

minutes. 

3. Add 800µl LB medium and incubate at 37oC for at least 30 minutes with 

constant shaking at 250 rpm. 

4. Centrifuge the cells and remove 900µl supernatant. Resuspend the cells in 

the remaining medium and spread on LB agar plates with added ampicillin 

(100µg/ml) and chloramphenicol (25µg/ml). 

5. Incubate the plates at 37oC for 16-18 hours. 

Protein expression procedure: 

1. Suspend the plate with positive transformed colonies in 4ml LB medium. 

Take a 100µl sample, dilute or 1ml and measure the OD600.  

2. Calculate the volume of suspended cells needed for an initial concentration 

of OD600=0.05. Add the calculated volume of cells to 100ml SOB medium 

supplemented with ampicillin (100µg/ml) and chloramphenicol (25µg/ml). 



 
 

25 
 

3. Cultivate cells at 37oC with vigorous shaking at 250rpm until OD600 = 0.3. 

Add ampicillin (100µg/ml) to the growing cells. 

4. Cultivate cells at 37oC with vigorous shaking at 250 rpm until the cell 

density reaches an OD600 value of 0.7. Take out 100µl of cell solution. Spin 

down the cells, remove the supernatant and freeze the cell pellet at -20oC 

in a micro centrifuge tube marked “-IPTG”. 

5. Protein expression is induced by the addition of IPTG for a final 

concentration of 0.4mM 

6. Allow the cells to grow for 2 hours at 37oC. Alternatively, one hour prior 

to induction, transfer the growing cells to 16oC. After induction by IPTG, 

cultivate the cells for 16-18 hours with constant shaking. 

7. After appropriate cultivation time, cool down cells on ice for 10-15 

minutes. 

8. Measure OD600. Calculate the volume of cell solution which will equal the 

number of cells in the “-IPTG” as the following equation describes. Spin 

down the cells, discard the supernatant and freeze the cell pellet in a micro 

centrifuge tube marked “+IPTG”. 

 

                      µl (cell solution) =     𝟏𝟏𝟏𝟏𝟏𝟏µ𝒍𝒍 𝑶𝑶𝑶𝑶𝟔𝟔𝟏𝟏𝟏𝟏(“−𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰”)
𝑶𝑶𝑶𝑶𝟔𝟔𝟏𝟏𝟏𝟏(“+𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰”)

 

9. Centrifuge cells at 6,000 x g for 10 minutes at 4oC. 

10.  Remove supernatant and resuspend cells in 10ml TEN buffer. 

11.  Centrifuge cells at 6,000 x g for 10 minutes at 4oC. 
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12.  Resuspend the cell pellet with 2ml TGED500 supplemented with 1x 

complete protease inhibitors. Keep sample at -80oC overnight. 

13.  The next day, thaw the cells and add the following reagents for a final 

concentration of 1mM DTT,1mM PMSF and 0.1% Triton X-100. 

14.  Ultracentrifuge sample at 40,000 x rpm for 2 hours at 4oC. 

15.  Transfer the supernatant to micro centrifuge tubes and store at -80oC. Take 

out a 3µl sample of cell lysate for further analysis with SDS-PAGE  

16.  The samples collected in steps 4 “-IPTG”, 8 “+IPTG” and 15 (final cell 

lysate) are supplemented with 30µl 3x SDS gel loading buffer and 

subjected to SDS page.  

After electrophoresis, the gel is stained with Coomassie Brilliant Blue and the 

protein expression efficiency is analyzed. Addition of IPTG in sample from step 

8 should result in the stronger band in the gel at the predicted protein size, 

suggesting that the protein of interest is overexpressed, and it is of expected size. 

In this study, GST-fused C-terminal region of p300 in pGEX vector have been 

expressed and used in GST pulldown interaction studies. 

2.2 Mammalian cell techniques 
In this study two mammalian cell lines were used: HEK-293-C1 and COS1. The 

HEK-293-C1 cell line is derived from the human embryonic kidney cell line 

HEK293. It is an adherent cell line and have a stably integrated 5xGal4 luciferase 

reporter. Under the microscope they exhibit a fibroblastic morphology and grow 

in a monolayer. COS1 cells are derived from CV-1 cell line which express an 

additional large T antigen which induces a rapid and high copy replication of 

constructs carrying a SV40 promoter. They show similar feature to HEK-293-C1 

cells under microscopy. 
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Working with mammalian cell line is a very sensitive job. It should strictly be 

done under the laminar hood that is disinfected with UV light prior to use. All the 

medium and the apparatus required should be sterile. Usually 70% alcohol is used 

to disinfect the things before taking into the laminar hood. Since air might contain 

bacteria, fungi and several other contaminants, one must be careful not to open 

anything outside the laminar hood. 

2.2.1 Storage and growth conditions for mammalian cells 
Working stocks of COS-1 and HEK293-c1 cell lines can be preserved for longer 

time. This is done by freezing the cells in the sterile vials in the medium that is 

supplemented with DMSO. DMSO helps to reduce the freezing point of the 

medium and prevents the ice crystal formation that is detrimental to the cells. 

Cells are then transferred immediately to -20oC for one hour, followed by -80oC 

over night before permanent storage in liquid nitrogen.  

Culture condition might vary widely according to the cell types. The cell lines 

used in this study are cultured in Dulbecco’s modified Eagle’s medium (DMEM) 

from Gibco® supplemented with 10% Fetal Bovine Serum (FBS) and 1% 

penicillin/streptomycin (P/S). These cell lines were cultured in a CO2 Air-

Jacketed Incubator from NUAIRETM which maintains the constant temperature of 

37oc and a humidified air containing 5% CO2.The carbon dioxide remains in the 

dissolved form in the cell in the form of bicarbonate which acts a pH buffer to 

allow for gas, nutrients and metabolites fluctuations without causing sharp pH 

change. 

2.2.2 Sub culturing of mammalian cells 
Sub culturing widely known as passaging or splitting of the cell is simply a 

process of removal of spent medium and dividing the cells into appropriate ratio 

in a fresh medium for long term maintenance of the culture. Cells are normally 
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sub cultivated for up to 30 passages. Adherent cell lines used in this project are 

passaged after every 48-72 hours in order to prevent overgrowth or death. 

Adherent cell lines are usually passaged during log phase before they reach the 

confluent monolayer. Before the splitting of the cell we can observe that the 

medium changes its color. This is the response to the change in pH due to the 

metabolites released by the cells. At low pH levels, phenol red turns the medium 

yellow, while at higher pH levels it turns the medium purple. Medium is bright 

red for pH 7.4, the optimum pH value for cell culture.  

For the subculture, trypsinization is done. Trypsinization is an enzymatic process 

of detaching the adherent cells from the surface. Right before the trypsinization, 

cells are washed with PBS 1x in order to remove any residual medium that might 

halt the enzymatic phenomenon of trypsinization. A serine protease enzyme, 

Trypsin is used which cleaves the protein that helps the cells to adhere to the 

vessel and to each other. Usually after the trypsinization, the cells remain in the 

suspension and appear round. A metal chelator, EDTA is added to the trypsin to 

remove the calcium and magnesium from the surface of the cell surface which 

allows trypsin to hydrolyze the specific peptide bond thereby removing the 

adhesion. However long-term exposure of trypsin is detrimental to cells since it 

strips the cell surface protein and kills the cell. The smart way to neutralize the 

effect of trypsin is to add medium supplemented with FBS that also contains 

trypsin inhibitors. 

Procedure for routine maintenance of the cells: 

1. Warm medium and trypsin in 37oC water bath for 30 minutes. 

2. Examine cells under the light microscope to check if they look okay. 

3. Remove and discard the spent medium from the flask using the vacuum 

pump. 
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4. Add 10ml 1X PBS and gently rinse the cell layer. Remove and discard 1X 

PBS. 

5. Add 2.5 ml trypsin solution. Incubate cells for 4 minutes at 37oC (5% CO2). 

6. Check the cells under light microscope to confirm that the cells have 

detached from the growth surface. 

7. Add 9.5ml of DMEM supplemented with FBS and P/S to the cell 

suspension. 

8. If seeding is to be done, take some of the cells out in an Eppendorf tube for 

counting as elaborated in section 2.2.3. 

9. Passage the cells depending upon the cell line you are working with: 

Cell types  Cultivation time Dilution ratio 

HEK293-C1 48h/72h 1:4/1:6 

COS-1 48h/72h 1:4/1:6 

 

 

10.  Add DMEM supplemented with FBS and P/S to a total volume of 12ml. 

11.  Incubate the cells in the 37oC incubator in humidified air containing 5% 

Co2.  

2.2.3 Counting the cells 
The percentage of cell viability and the total number of live cells can be 

determined using the Countess® Automated Cell Counter by InvitrogenTM. The 

counting machine distinguishes the number of live and the dead cells. The 

principal is that the trypan blue solution that is mixed with the cell suspension will 
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move through the plasma membrane of dead cell and stain them blue. No dye can 

protrude the plasma membrane of live cells and they are seen as white inside. 

Counting Procedure: 

1. Add 10µl Trypan blue to 10µl cell suspension. 

2. Apply 10µl of the mix to a Countess® cell counting chamber slide. 

3. Use the zoom button to be sure that living cells are white at the center. 

4. Press ‘count cells’ for the percentage of cell viability and the total number 

of live cells. 

2.2.4 Seeding cells 
Usually the cells are seeded 24 hours prior to the transfection. Cells are counted 

first and then seeded. The correct calculation of the volume of cell suspension is 

needed for the desired concentration of cells can be done referring to the table 

below. After seeding, cells are incubated at 37oC in the incubator with 5% CO2 

for 24 hours. After 24 hours of incubation, the seeded cells are ready for 

transfection that is described in the section 2.2.5. 

HEK293-c1 Cells: 
Plate Cells per well Volume per well 

24 wells 0.34*105 0.5ml 

COS-1 Cells: 
Dish/Plate Cells per dish/well Volume per dish/well 

10cm 

15cm 

6 wells 

1*106 

2.5*106 

2*105 

10ml 

30ml 

3ml 
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2.2.5 Mammalian cell transfection: 
Transfection in contrast to transduction is a non-viral method of delivering the 

foreign DNA into the nucleus of the eukaryotic cells. In this study non-viral, 

chemical based method was used. TransIT®-LT1 from Mirus BioTM is a 

transfection reagent used in this study. This is suitable for both transient and stable 

transfections. TransIT®-LT1 combines with nucleic acid to form positively 

charged transfection complexes. These complexes bind to the negatively charged 

cell surfaces by the electrostatic interactions. Cells internalize these complexes by 

endocytosis. The transfection reagent destabilizes endosomal membrane. Finally, 

complex escape from endosomes and release nucleic acid cargo into the cell. 

24 hours after seeding, cells are ready for transfection. It is recommended to 

transfect the cells when they are at 50-80% confluency. It is because actively 

dividing cells are transfected more efficiently then the passive cells. 

Procedure: 

1. Warm serum-free DMEM at 37oC and TransIT®-LT1 reagent at room 

temperature for 30 minutes. 

2. Add TransIT®-LT1 and plasmid DNA to serum-free DMEM and incubated 

at room temperature for 20 minutes. Transfection parameters for 

mammalian cell lines are listed below. 

3. Add the mixture in a drop by drop manner to the cells and mix gently.  

4. Put the cells back to the incubator and incubate at 37oC with 5% CO2 for 

24 hours. 
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Experimental setup for transfection parameters: 
 6 wells 24 wells 10cm 15cm 

DNA 1µg 0.4-0.6µg 5µg 12.5µg 

TransIT®-LT1 2µl .8-1.8µg 10µl 25µl 

DMEM 150µl 50µl 1ml 1ml 

 

2.2.6 Preparation of cell lysate for western analysis 
24 hours after transfection, the mammalian cells are ready for lysis. These lysates 

are investigated by SDS and Western blotting as explained in section 2.4.4 and 

2.4.5 respectively.  

Lysis is the process of breakdown of the cell membrane and release of the cell 

components. The content of the lysed cells is called a lysate. In this project, 

detergent based lysis followed by sonication was used for cell lysis. Sodium 

dodecyl sulfate (SDS) is an anionic detergent that disrupts the cell membrane and 

the non-covalent interaction between the proteins resulting the denaturation. 

Sonication on the other hand is a physical method to lyse the cell. It uses the high 

pulsed frequency sound waves to agitate the particles in a solution. In this project, 

UP 400 s Sonicator from dr. Hielscher was used.  

Procedure: 

1. Wash the cells with 2ml 1x PBS in 6 well dishes or 0.5 ml 1x PBS in dishes 

with 24 wells. 

2. Add 500µl or 100µl 3x SDS gel loading buffer per well in 6 well or 24 well 

dishes, respectively. 

3. Shake for 5 minutes at 150-250 rpm. 
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4. Transfer cell suspension to micro centrifuge tubes. Collect lysates if the 

transfection is done in triplicate. 

5. Sonicate the samples. 

6. Boil samples at 95oC for 5 minutes. 

7. Store tubes in -80oC freezer. 

2.3 DNA techniques 

2.3.1 Polymerase Chain Reaction 
The polymerase chain reaction, better known as PCR, synthesize a 

complementary strand of DNA from a given template by using the enzymatic 

activity of the heat stable DNA polymerases. DNA polymerase requires 3’OH 

group to attach new nucleotides which is assisted by adding the oligos. Oligos, 

often known as primers, are short sequences of single-stranded DNA which attach 

complimentarily to the specific region of template to be amplified. 

There is three heat regulated steps involved in the PCR reaction; denaturation, 

annealing and the elongation. Usually the polymerase, the template DNA and the 

primers determine the temperature and the incubation periods of the reaction. 

In the denaturation step the double-stranded template separates resulting the 

single stranded DNA thereby allows primers to bind to their recognition sequence. 

As soon as the primer anneal to their target sequences, the DNA polymerase attach 

complementary deoxynucleotides (dNTP) to the template in the 5’ to 3’ direction. 

As a result, the exponential amplification of the template sequence is obtained. 

The primer sequence used in this master thesis are listed in the Appendix D. 
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PCR programme for DNA amplification: 
Step  Temperature  Duration Remarks 

Step 1 95oC 5 minutes Denaturing 

Step 2 

 

Step 3 

 

Step 4 

95oC 

 

55oC 

 

72oC 

30 seconds 

 

30 seconds 

 

1 minutes 

Denaturing 

 

Annealing 

 

Elongation 

Step 5 Go to step 2 29 times Repeat step 2 
to 4 

Step 6 4oC Forever Cooling 

 
PCR reaction components: 
Requirements Volume(µl)  

H2O 

 

Template DNA (1ng/µl) 

 

Forward Primer (25µM) 

 

Reverse Primer (25µM) 

 

dNTP(5mM) 

 

BSA (100x) 

 

Vent buffer 

36.5 

 

1 

 

2 

 

2 

 

2 

 

0.5 

 

5 



 
 

35 
 

Vent Polymerase(2U/µl 1 

Total 50 

 

2.3.2 Annealing oligos for plasmid modification: 

To introduce new restriction sites, add short tags, or change the reading frame of 

the insert in a plasmid, overlapping oligos can be useful. Salt concentration and 

the rate of temperature decrease are the two factors that influence the efficiency 

of oligonucleotide hybridization. Annealing occurs most efficiently when the 

temperature is slowly decreased after denaturation, especially when the 

oligonucleotides have high GC content or form hairpin structure.  

Two complementary oligos are mixed in a 0.2ml PCR tube and placed in a PTC-

200 Peltier Thermal Cycler from MJ REAEARCH. The temperature is gradually 

lowered from 70oC to 15oC, allowing the oligos to anneal. Annealing of oligo 

NLS-pCIneo-U + NLS-pCIneo-L gave a duplex oligo with sticky ends compatible 

with NheI and XhoI which was inserted directly in the vector pCIneo digested 

with Nhel and XhoI. 

Experimental set-up for annealing oligos: 
 Amount 
H2O 
 
NEB 2 Buffer (10x) 
 
Oligo 1 (100µM) 
 
Oligo 2 (100µM) 

7 
 
1 
 
1 
 
1 
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Heat regulated programme for annealing oligos: 
Step Temperature Duration 

Step 1 

 

Step 2  

 

Step 3 

95oC 

 

70oC 

 

From 70oC to 15oC 

5 minutes 

 

5 minutes 

 

-1 per minute 

Step 4 4 Forever 

 

2.3.3 Agarose gel electrophoresis 
Electrophoresis is a technique used to separate the charged macromolecules. For 

example, DNA can be separated in a matrix of agarose polymers under the 

influence of an electric field. Agarose is a polysaccharide, available as a powder 

that dissolves in near boiling water and forms a gel when it cools. It is generally 

used in 0.5 to 2% in the gel. The agarose in the form of gel forms a meshwork that 

contains pores and the size of the pores depends on the concentration of agarose 

added.  

The phosphate backbone of the nucleic acid imparts the gross negative charge 

which when placed in an electric field migrates to the positively charged anode. 

The length of the DNA directly corresponds to the migration. Smaller the size, 

migrates faster and vice versa. The size of the band is always determined by 

comparing it to a marker which acts as a reference. In this study 1Kb plus 

(0.1µg/µl) ladder from InvitrogenTM was used. 

Generally, a carcinogenic reagent that intercalates in the DNA is mixed with the 

molten agarose before it solidifies. EtBr under UV light gives a fluorescence and 

helps to visualize the DNA molecules in the gel. Tris-acetate-EDTA (TAE) is 
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used both as running buffer and in preparation of the gel. It is the TAE buffer that 

releases ion to carry the current.  

Preparation of the gel: 

1. Weigh the appropriate amount of agarose powder. For 1% agarose gel 1 g 

agarose is required. 

2. Add 100 ml of 1x TAE buffer and heat in the microwave setting for at least 

3 minutes until the agarose melts. 

3. Lower the temperature by placing the flask in the cool water carefully 

holding the flask with rubber glove. Be careful so that no water gets into 

the flask. 

4. In a plastic cup add 1 drop of EtBr (428µg/ml) and the melted agarose to a 

final concentration of approx. 0.5 µg/ml. 

5. Pour the solution into the tray such that no air bubble forms. Any air bubble 

should be removed with the help of comb.  

6. Add comb in order to make the wells for loading the samples. 

7. Leave the gel to solidify under the hood for 20-30 minutes. 

 Separating DNA on an agarose gel:  

8. Move the gel along with the gel casting tray to an electrophoresis chamber 

filled with 1x TAE buffer. 

9. Load the samples supplemented with gel loading buffer (4x) to final 

concentration of 1x. 

10. Set voltage to 100v and run the gel for 40-60 minutes. 
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11. Place gel under UV light in the transilluminator to visualize the migration 

of the DNA molecules. 

 Purification of DNA molecules from the agarose gel: 

 After separating the DNA molecules using the agarose gel electrophoresis, 

desired fragments of the DNA molecules can be isolated and purified from the 

gel. It is done by placing the gel on the UV light as short as possible. This lets to 

visualize the DNA molecules so that the portion of the gel containing the desired 

fragment can be cut using the clean scalpel. Between each consecutive cut it is a 

good idea to wash the scalpel properly in order to avoid the contamination 

occurring from the preceding cuts. The gel containing the desired fragment is 

dissolved in the appropriate amount of binding buffer. Binding buffer contains 

chaotropic salts, and the agents that imparts the silica membrane with positive 

charge. The chaotropic salts destroy the water shells around the nucleic acid 

thereby breaking the hydrogen bond between water and lower the agarose melting 

temperature. After destruction of the water shells around the DNA, it is no longer 

soluble and thus binds to the positively charged silica membrane. The DNA 

adhered to the membrane is washed with an ethanolic buffer, removing the 

chaotropic salt and other impurities. Repetition of the washing is done to minimize 

the chaotropic salt carry-over. The soluble DNA can be eluted from the column 

using the elution buffer. During this project, DNA recovery of the larger 

fragments was done by heating the elution buffer to 70oC and incubating with 

elution buffer on the column at 70oC for 5 minutes.  

During this project the NucleoSpin®ExtractII from Macherey-Nagel was used to 

purify the DNA molecules from the gel. All the procedure was carried out using 

the user manual supplemented with the kit. Finally, the Nanodrop machine was 

used to measure the concentration of the purified DNA, the procedure is further 

discussed in detail in section 2.3.7 
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2.3.4 Restriction Digestion of the DNA with the endonucleases 
Restriction enzymes often recognize the specific sequence site of the DNA and 

deliver a cut within or adjacent to the site. A palindromic recognition site that 

reads same on the reverse strand as it does on the forward makes the restriction 

enzyme to bind as dimer. The enzyme makes two incisions, once through each 

sugar-phosphate backbone of each strand of the DNA double helix. This cleavage 

creates two kinds of ends, either blunt or sticky end. Blunt end is produced when 

both the DNA strand are cut exactly opposite sides, while the sticky end is the 

result of asymmetrical cut, which leaves the short overhangs of 5’ to 3’ single 

stranded DNA. 

Setup for restriction digestion: 
 Amount 

H2o                                                                          

Recommended NEB buffer(10x)                                        

Plasmid DNA 

Restriction Enzyme (10,000U/ml) 

                                                                               
1x 

2µg 

1-1.5µl 

Total 50µl 

 

 

Under optimal condition, one-unit (U) restriction enzyme will digest 1µg linear 

DNA in one hour. In this study, restriction enzymes from New England biolabs 

(NEB) were used and we followed the buffers and temperature conditions 

recommended by the manufacturer. 
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2.3.5  Ligation of DNA fragments 
In contrast to the restriction digestion of the DNA fragments, Ligation helps to 

create the covalent bond between the fragments. The enzyme T4 DNA ligase can, 

in an ATP dependent manner catalyze the formation of phosphodiester bond 

between the 3’hydroxyl group of one nucleotide and 5’ phosphate group of 

another nucleotide. Out of two ends created by restriction digestion, blunt ends 

might prefer higher concentration of the ligase in order to get ligated together 

while sticky ends readily ligate to each other in lower concentration and even in 

lesser time. Sometimes Quick LigationTM kit might be handy for effective ligation 

output. The Quick LigationTM kit enables ligation for cohesive or blunt end DNA 

fragments in 5 minutes at room temperature. Specific to this, heat inactivation of 

enzymatic reaction is not recommended. 

The setup for the ligation reactions are illustrated as below. The following 

equation determine the amount of insert needed in the ligation mixture. 

                                ng (insert) = ng(vector).bp(insert)
𝑏𝑏𝑏𝑏(𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣)

.ratio (5x/10x) 

Set-up for ligation reactions: T4 DNA ligase 
 Amount 

H2O 

T4 DNA Ligase Buffer(1x) 

Vector 

Insert Fragment 

 

T4 DNA Ligase(40U/µl) 

 

1.5µl 

20-50ng 

Calculated 

 

0.5µl 

 

Total 15µl 
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Set-up for ligation reactions: Quick ligase 
 Amount 

H2O 

Quick Ligase Buffer(2x) 

Vector 

Insert Fragment 

Quick Ligase(40U/µl) 

 

10µl 

20-50ng 

Calculated 

0.5µl 

 

Total 20µl 

 

2.3.6 Isolation of plasmid DNA 
NucleoSpin®Plasmid NucleoBond®Xtra kits from Macherey-Nagel were used 

for the mini and maxi prep method, respectively. Manufacturer’s instructions 

were wisely followed for the desired experiment. 

Plasmid DNA was isolated from 3ml of DH5α bacterial culture (for mini prep) 

and 100ml of DH5α bacterial culture (for midi prep).  

With the NucleoSpin®Plasmid method, the plasmid DNA is liberated from the 

host cells by SDS/alkaline lysis. The plasmid DNA is then bound to a column and 

contaminations like salts, metabolites and soluble macromolecular cellular 

components are removed by simple washing with ethanolic buffer. Pure plasmid 

DNA is finally recovered from the column with low ionic strength conditions with 

slightly alkaline buffer. 

2.3.7 Measurement of DNA concentration 
Nano Drop 2000 UV-Vis Spectrophotometer from the Thermo Scientific was 

used to measure the concentration and the purity of the DNA in the sample. The 
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nitrogenous bases in the nucleotides has the absorption maximum of UV light at 

260nm which gives the measurement of the concentration of the DNA. Proteins 

have an absorption maximum of UV light at 280nm. The A260/A280 ratio is the 

indication of the purity of the samples. Pure DNA preparations has an A260/A280 

ratio greater than or equal to 1.8, while an altered value indicates the contaminants 

and impurities in the sample.  

Background of the sample was first measured by applying 2µl of the buffer in 

which the sample was diluted in and was set to blank. And then 2µl of the sample 

was applied to the machine to measure the DNA concentration. After each 

measurement the base for sample projection was wiped out carefully with the 

paper to avoid the preceding contamination. 

2.3.8 Sequencing of DNA 
For DNA sequencing, the samples were sent to GATC Biotech in Germany. The 

list of sequencing primers is found in Appendix D. 

Sample requirement for sending to the GATC Biotech: 
  

Template (80-100 ng/µl) 

Primer (5µM) 

5µl 

5µl 

Total 10µl 

 

2.4 Functional protein assays 

2.4.1 Reporter gene assay 
A reporter gene often simply known as a reporter is a gene that is attached to a 

regulatory sequence of another gene of interest in order to investigate the cellular 
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mechanism of the gene regulation. The luciferase reporter assay is a tool used in 

study of the expression at the transcription level. A DNA of interest is cloned 

upstream of the reporter gene, such as luciferase to assay the regulation of 

transcriptional activity of the gene of interest.  

A stably integrated, synthetic reporter gene in the HEK293-C1 cell line was used 

in this project. The protein product luciferase catalyzes the oxidation of its 

substrate luciferin, which results in a light product. The bioluminescence 

generated can be easily detected by the luminometer. In this study Turner Designs 

TD-20/20 luminometer from DLReadyTM was used. Luciferase activity is 

quantified as relative luminescence units (RLU). 

HEK293-C1 cells was seeded in 24 well plates and transfected in triplicate. Three 

replicates of each experiment resulting in nine repeats for each measurement. The 

empty vector pCIneo was added to equalize the total transfected DNA content 

within the experiment. The parameters of seeding and transfection of the cell line 

are listed in section 2.2.4 & 2.2.5 respectively. Cell lysate for each experiment are 

collected for western blot analysis which is described in section 2.4.5. 

Passive lysis buffer was used to lyse the cell to prepare the cell lysate for the 

luciferase assay. It is specially formulated to promote the rapid lysis of cultured 

mammalian cells without the need for scarping adherent cells or performing 

freeze-thaw cycle. It elicits only minimal auto luminescence, making it the lytic 

reagent of choice when processing cells for quantification study. 

Turner Degins DLReadyTM parameters for measuring luciferase activity: 

  Setting 

Substrate volume 

Sample Volume 

   50µl 

   50µl 
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Delay Time 

Integrate Time 

Number of Replicates 

Sensitivity Level 

Mode 

   2s 

   10s 

   1 

   59.8% 

   STD 

 

Luciferase assay procedure: 

1. Remove the media and wash HEK293-C1 cells with 0.5 ml 1X PBS per 

well. 

2. Add 100µl of luciferase lysis buffer. Incubate on oscillator for 15 minutes. 

3. Transfer lysates to microcentrifuge tubes, centrifuge at 13000xg for 2 

minutes. 

4. Take 50µl of luciferase substrate and mix well with 50µl of sample and 

measure the Relative luminescence unit (RLU). 

5. Save the data. 

2.4.2 GST pull-down assay 
The glutathione S- transferase (GST) pull-down assay is an effective way to 

examine the direct binding of two proteins in vitro. GST-tagged proteins can be 

pulled down from the cell lysates using the Glutathione Sepharose (GS) beads 

which serve as a solid surface for GST-fused proteins to bind.  

 In this project, mammalian COS-1 cells were transiently transfected with the 

protein of interest and the cell lysate was collected. The pull-down is performed 

with GS-bound GST-bait proteins and cell lysate. Interacting protein from the 
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lysate will bind to the bait and the protein interaction complex is recovered. SDS-

PAGE and western blotting is used to further analyze the proteins. 

Procedure: 

Seeding and transfection parameters for the COS-1 cells is listed in the section 

2.2.4 & 2.2.5. A 10cm dish is enough for one pull-down experiment. 24 hours 

after seeding, the cells are transfected. After 24 hours of incubation, the COS-1 

cells are ready for lysis. 

Preparation of buffer solutions: 

GST binding buffer and KAc interaction buffer both are supplemented with fresh 

DTT to a final concentration of 1mM and 1x complete protease inhibitors. 2ml of 

GST binding buffer (BB) and 1.5ml of KAc interaction buffer should be prepared 

per pull down.  

Preparation of 50% slurry GS beads: 

Prior to use, the GS beads that are stored in 20% ethanol should be washed. A 

pull-down requires 40µl 50% slurry. 

1. Calculate the volume of GS beads needed to make 50% slurry. 

                        µl (GS beads) = 40µl x Number of pull-downs x 1.33 

2. Wash by mixing with approximately 3mL cold BB per 400µl beads. 

3. Sediment the beads by centrifuging at 500 x g for 5 minutes at 40C. 

4. Carefully aspirate the supernatant. The beads will remain as a gel-like mass 

at the bottom of the tube. 
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5. Add the required amount of cold complete BB to the washed beads. For 

one pull-down you will need 40µl of the 50% mix-meaning 20µl complete 

BB. The 50% mix is now ready to use. 

Purification of GST fusion proteins: 

As proteins are rapidly degraded it is important to always work on ice, spin cold 

and to include the appropriate protease inhibitors when preparing the cell lysates. 

6. Mix on ice: 

• 500µl Complete binding buffer 

• 40µl 50% Glutathione Sepharose 

• 0.5-200µl GST fusion protein 

7. Incubate the samples for one hour in the 4oC room, on the rotator. This 

incubation time can be used to prepare cell lysates. 

8. After the hour-long incubation and before pulldown, wash the GST-fusion 

proteins fused to the GS beads 3 times with 500µl BB. Centrifuge at 3000 

x g for 1 minute at 4oC. 

Preparing Cell lysate: 

During the preparation of the cell lysate make sure to work on ice to counteract 

protein degradation. 

9. Aspirate the medium. 

10. Scrape the cells twice in PBS (use 2x5 ml per 10cm dish) transfer the PBS 

with the scraped cells to a 50ml falcon tube. 

11. Centrifuge at 500 x g for 5 minutes at 4oC. 
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12. Aspirate the supernatant retaining only the pelleted cells at the bottom of 

the falcon tube. 

13. Dissolve the pellet in the remaining supernatant (approximately 500µl) and 

transfer to a microcentrifuge tube. 

14. Spin down the microcentrifuge tube at 500 x for 5 minutes at 4oC and 

remove the supernatant. 

15. Add 300µl KAc buffer per pulldown and incubate for 30 minutes on a 

rotator in the 4oC room. The 30 minutes incubation time can be used to 

wash the GST-fusion proteins. 

16. After the 30 minutes incubation time centrifuge the lysates for 10 minutes 

at 4oC maximum speed. 

17. Transfer the supernatant to new microcentrifuge tubes. This is the ready to 

use cell lysates. 

Pull-down of interacting proteins: 

18. Transfer 5% input (15µl) from cell lysates into new micro centrifuge tubes 

and add 10µl 3 x SDS PAGE gel loading buffer. 

19. Transfer 300µl cell lysate to the beads with the Glutathione-GST protein 

and incubate for 1 hour on a rotator in a 4oC. 

20. After the hour-long incubation time, wash the samples twice with KAc-

buffer. Centrifuge at 3000 x g for 1 minute at 4oC. 

21. After the last washing step, add 20µl 3X SDS PAGE gel loading buffer to 

each sample. 
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22. Denature all samples at 95oC for 5 minutes. Thereafter, they can either be 

stored in a -80oC freezer or applied on gel for analysis. 

2.4.3 Staining protein bands 
In order to visualize the proteins blotted on membranes after GST pull-down 

experiment, Ponceau S Red was used. In addition, Coomassie Brilliant Blue 

staining solution was used to analyze the efficiency of protein expression by 

visualizing protein bands in polyacrylamide gels. 

Coomassie Brilliant Blue: 

1. Incubate the gel or membrane in fixing/destining buffer for 15 minutes with 

shaking. 

2. Stain with Coomassie Brilliant Blue staining buffer for 40 minutes with 

shaking. 

3. Wash gel or membrane in fixing/distaining buffer until protein bands are 

visible. 

Ponceau S Red: 

1. Immerse the membrane in 1x Ponceau S Red staining solution. Leave on 

shaker for 5 minutes. 

2. Wash in dH2O until protein bands are visible. 

3. Leave membrane to dry in room temperature. 
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2.4.4 Separation of proteins by SDS-PAGE 
In contrast to the nucleic acid which always have negative charge imparted by the 

phosphate backbone and always migrates to the positively charged anode, 

proteins can have either negative or positive charge. Sodium dodecyl sulphate 

polyacrylamide gel electrophoresis (SDS-PAGE) is a method for separating the 

proteins based on their molecular weight. An anionic detergent, SDS is the 

denaturing agent which imparts uniform negative charge to protein which will 

consequently migrate to the anode. The SDS treated proteins will also have same 

primary structure. 

SDS-PAGE is a discontinuous electrophoresis system in which the gel is divided 

into two parts, resolving and stacking gel, which has different concentrations of 

polyacrylamide. Polyacrylamide is a medium or a matrix which is formed by the 

crosslinking of the monomers of the acrylamide. Normally, a concentration of the 

acrylamide varies from 3.5-20%. It is kind of obvious that the protein moves 

slower in the higher percentage of acrylamide and vice versa. Therefore, proteins 

form distinct bands of certain size. 

Several types of gel were used during this study and are briefly described below: 

Pre-casted 4-12% gradient Bris-Tris Criterion XT gels with 12+2 wells from 

Bio-Rad: A maximum of 40µl sample loaded in the wells and XT MOPS buffer 

from Bio-Rad was used as running buffer. 

Pre-casted NUPAGETM 3-8% Tris-Acetate Gel with 10 wells from 

Invitrogen: A maximum of 40µl sample could be loaded in the wells and Tris-

acetate buffer (20X, diluted to 1X) supplemented with the gel was used as the 

running buffer. 
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Homemade gel: In this gel 3% gel is stacked over the 6%. It consists of 10 wells. 

A maximum of 30µl sample was loaded in the wells and Tris-glycine buffer 1X 

was used as a running buffer. 

Setup for the preparation of the homemade gel: 

Separating: 
Separating Gel: 6% 

40% Acrylamide 

Separating Buffer 

dH2O 

10% SDS 

APS 

TEMED 

 

2.4ml 

4ml 

9.6ml 

160µl 

50µl 

10µl 

 

Stacking Gel: 
Stacking gel 3% 

40% Acrylamide 

Stacking Buffer 

dH2O 

10% SDS 

APS 

TEMED 

 

0.75ml 

2.5ml 

6.25ml 

100µl 

30µl 

10µl 
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Preparation of gel: 

1. Prepare the separating and stacking gel as per the specifications above. Add 

APS and TEMED at last while preparing both the gels. 

2. Take the gel casting tray for small gel types. 

3. Fill the 6% gel till the third row of the tray and fill the rest with water. After 

the lower gel gets solidified throw away the water and fill with 3% gel. 

4. Immediately set the comb in and let the gel to solidify.  

5. Avoid the formation of air bubbles by pouring the molten gel slowly with 

the help of pipette. 

2.4.5 Western Blotting 
Western blotting simply can be understood as the process of transfer of proteins 

from a gel to a membrane by applying the electric current and detecting the 

proteins using antibody that specifically recognizes the antigenicity of the protein 

of interest. 

After the separation of protein by SDS-PAGE the proteins are thus transferred to 

the polyvinylidene difluoride (PVDF) membrane. In this study, the Immobilion®-

FL transfer membrane was used. This membrane is hydrophobic and offers a 

uniformly controlled pore structure with a high binding capacity for biomolecules. 

The membrane exhibits very low autofluorescence across a wide range of 

excitation/emission wavelengths. It has a nominal pore size of o.45µm and offers 

optimal blotting for proteins with molecular weights greater than 20,000. It is 

compatible with standard blocking agent and buffer. The membrane is probed 

with primary and secondary antibody in a stepwise manner and was visualized 

using the Odyssey® CLx imaging system from LI-COR®. 



 
 

52 
 

It can also be stained using Coomassie Brilliant Blue or Ponceau S Red to 

visualize the protein bands. The staining procedure is described in section 2.4.3. 

In this study two types of blotting were done. 

Semi-dry blotting 

In this type of blotting, the gel and the PVDF membrane are sandwiched between 

sheets of buffer-soaked filter paper, which serve as the ion reservoir and replace 

the buffer tank. The plate electrode separated only by the stack of filter paper 

provides high field strength across the gel and results a very rapid and efficient 

transfer. 

Procedure for Semi-dry blotting: 

1. Follow the procedure for SDS-PAGE as described in section 2.4.4. 

2. Cut the PVDF membrane and 6 pieces of 17 Chr Whatman filter paper from 

VWR to the size of the gel. 

3. Activate PVDF membrane in methanol for 2 minutes, before equilibrating 

it in anode + buffer. 

4. Assemble the transfer sandwich in a blotting apparatus, from the anode to 

the cathode: 

i. Three filter papers soaked in anode (+) buffer 

ii. Activated and equilibrated PVDF membrane 

iii. Polyacrylamide gel 

iv. Three filter papers soaked in cathode (-) buffer 



 
 

53 
 

5. Remove air bubbles and electro transfer proteins from the gel onto the 

membrane at room temperature. Maintain a constant current of 140mA for 

1 hour. 

6. When the transfer is complete, peel off the layers of the sandwich and 

confirm that the molecular standard has been transferred to the membrane. 

Wet blotting 

In this type of blotting, the sandwich is placed between positive and negative 

electrodes and submerged in transfer buffer. Such blotting is usually preferred for 

larger proteins since they are assumed to move more slowly form the gel to the 

membrane. Longer transfer time under low voltage results in the successful 

blotting of the large proteins. 

Procedure for wet blotting: 

1. Follow the procedure for SDS-PAGE as described in section 2.4.4. 

2. Cut the PVDF membrane and 6 pieces of 17 Chr Whatman filter paper from 

VWR to the size of the gel. 

3. Activate PVDF membrane in methanol for 2 minutes, before equilibrating 

it in anode transfer buffer. 

4. Assemble the transfer sandwich in a blotting apparatus, from the anode to 

the cathode: 

i. One sponge followed by filter paper soaked in transfer 

buffer 

ii. Activated and equilibrated PVDF membrane 

iii. Polyacrylamide gel 
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iv. One filter paper followed by one sponge soaked in 

transfer buffer 

5. This assembly is packed in a cassette and locked before completely 

immersing the cassette in a chamber with transfer buffer. 

6. Maintain a constant current of 67mA and the voltage of 12v for overnight 

in the cold room. 

7. When the transfer is complete, peel off the layers of the sandwich and 

confirm that the molecular standard has been transferred to the membrane. 

Antibody exposure and detection of proteins 

1. Block the membrane using Odyssey blocking buffer (1:1) for 1 hour in the 

oscillator at the room temperature. If needed to leave it for longer time, 

block overnight in cold room at 4oC. 

2. Dilute the primary antibody in 1X TBS-T. The concentration of antibody 

is optimized experimentally. 

3. Incubate membrane in primary antibody solution at 4oC overnight with 

shaking. 

4. Remove primary antibody and wash the membrane in 1X TBS-T for 15 

minutes. Repeat 3 times. 

5. Incubate the membrane in secondary antibody solution at room temperature 

for 45 minutes. 

6. Rinse membrane 6 times with 1X TBS-T. Incubate with 1XTBS-T for 20 

minutes at room temperature. 
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7. Visualize the membrane using the Odyssey® CLx imaging system from LI-

COR®. 

2.4.6 Immunofluorescence  
Immunofluorescence is a widely used technique that uses the specificity of the 

antibodies to the antigen to target the fluorescent dyes to track the biomolecules 

of interest within the cell. Primary antibody binds to the specific epitope of 

antigen. Once it is bound to the antigen, the secondary antibody tagged with 

fluorophore binds specifically to the antibody emitting the fluorescent signal 

which is measured with the help of fluorescent microscope. This is the indirect 

fluorescence that allows more fluorophore-tagged antibodies to attach to the target 

thereby increasing the fluorescent signal during microscopy. 

Procedure for immunofluorescence: 

1. Poly-L Lysine coating of coverslips and seeding of cells. 

i. Pre-autoclave the coverslips, 18mm round. 

ii. Put the Poly-L-Lysin (Sigma #p4707, fluid in 4oC) on the coverslip such 

that it completely covers the coverslip. Coverslips are already in the 6-well 

plates. 

iii. Incubate the coverslips for 15 minutes with Poly-L-Lysin. 

iv. Reuse Poly-L-Lysin in second plate. 

v. Rinse once with 3ml PBS and wash 1x5minutes in 3ml PBS 

2. Count the cells and prepare the mix of 0.67x105 cells/ml. 

3. Seed 3ml in each well of the 6-well plate. Carefully press the coverslip with 

the help of pipette so that the media do not go under the coverslip. 
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4. On the following day, transfect cells with TransIT-LT1. 2µg DNA, 4µl 

TransIT-LT1 and 150µl DMEM 

5. 24 hours after transfection, suck out the media from the wells and carefully 

rinse cells in 2ml PBS. Put PBS from the wall of the wells rather directly 

on the cells so that the cells do not get flushed. 

6. Move coverslips to a new 6 well plate carefully. 

7. Incubate for 5 minutes (no longer) in ice cold methanol (in -20 freezer ON). 

8. After incubation, rinse carefully with 1X PBS. Wash twice with 1X PBS 

for two times. 

9. Wash 2X5 minutes in 500µl 0.1% tween-20 in PBS. 

10.  Block with 500µl PBS-tween-BSA, 30 minutes, room temperature. 

11.  Primary antibody in PBS-tween-BSA. Spin down Primary antibody before 

use, 5 minutes at max speed. Incubate for 2 hours at room temperature using 

50µl if the coverslip is turned upside down or 200µl for the correct side. 

12.  Wash 5X5 minutes PBS-Tween-BSA (or rinse 3 times, incubate 3X5 

minutes.) 

13.  Secondary antibody (Alexa Fluor 488, 1:400) PBS-Tween-BSA (blocking 

buffer). Spin down before use, 5 minutes at max speed. Incubate 1 hour at 

room temperature using 50µl if coverslip is turned upside down or 200µl 

for the correct side. 

14.  Wash 5X5 min with PBS-Tween (rinse 3 times, incubate 3X5 minutes). 

15.  Wash 1X1 min with PBS. 

16.  Rinse in mqH2O. 
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17.  Mount on object glass with vectasheild with DAPI. 4µl DAPI solution to 

500µl vectasheild, enough with 15µl vectasheild/DAPI solution per 

coverslip. 

18.  Seal coverslip onto object glasses with nail polish. Dry overnight- keep in 

dark when dry. 

19.  Perform confocal microscopy. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

58 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

59 
 

3 Results 
This study is divided into two parts. The aim of the first part of this study is to 

find out whether HIPK1 kinase is a part of de repression mechanism based on its 

ability to phosphorylate p300. Thus, we decided to make deletion mutants that 

gradually removes the putative HIPK1 phosphorylation sites from the p300. Later, 

the functional effect of this deletion was studied with a luciferase reporter assay. 

The aim of the second part of this study was the bacterial expression of p300 CTD 

to monitor whether it interacts with HIPK1. Thus, we choose to make the 

construct that could express the desired protein. The interaction of this protein 

with HIPK1 was mapped by a GST pull down assay. In the second part of our 

research we also aimed for the mammalian expression of p300 CTD for 

visualization of putative nuclear droplets. First the plasmid and the proteins used 

in this study were prepared. 

3.1 Plasmids and protein used in this study 
The following section describes the design of the plasmid used in this study. All 

oligos, plasmids and materials used in the study are listed in the appendices C, D 

& E.  

3.1.1 Construction of plasmids 
Several plasmid constructs were made by subcloning strategy. In addition, several 

plasmid constructs already present in our lab were used. CLC Main Workbench 

software from CLC bio was used to plan and analyze all the cloning experiment 

in silico. We could use this tool for restriction site and primer binding sites 

identification. In addition to that, all the sequencing results were carefully 

validated using this tool. 
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All the positive clones were confirmed by restriction digestion. The final plasmid 

constructs were confirmed by sequencing and were used in functional reporter 

assay. 

Expression plasmid for p300 with deletions: pCMVb-NHA-p300Δ2322, 

Δ2267 and Δ2114 

In this master project we are focused on phosphorylation, and we also know from 

PhosphoSitePlus® that p300 has a cluster of phosphorylation sites in its C-

terminal region. Our hypothesis is that the HIPK1 kinase may be a part of de 

repression mechanism based on its ability to associate with SUMOylated c-Myb 

after which it phosphorylates p300 in its putative phosphorylation sites 

contributing to the relief of SUMO-mediated repression. To address this, we 

decided  to construct three deletion mutants of p300, using the cloning strategy 

described in figure 3.1, 3.2 and 3.3 below, where the principal phosphorylation 

sites are gradually removed from the full length p300.  
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Figure 3.1: Cloning strategy for the pCMVb-NHA-p300-ΔC2322. A. A schematic overview 
of the sub cloning strategy. PCR product of 2306 bp was generated using pCMVb-NHA-V5-
p300 as template and Δp300-F1+ Δp300-R2322 as primers. The resulting product was digested 
with SmaI, purified and inserted into the pBS Blue Script vector digested with SmaI and 
purified. The resulting blue script plasmid pBS-p300-Δ2322 was digested with XmaI and SalI 
and purified. The insert was back cloned to the plasmid pCMVb-NHA-V5-p300 that was also 
digested with XmaI and SalI. B. A schematic illustration of the C-terminally truncated version 
of p300 whose 6 SP motifs are removed, and the end point is in amino acid residue 2322. 

A 

B 
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Figure 3.2: Cloning strategy for the pCMVb-NHA-p300-ΔC2267. A. A schematic overview 
of the sub cloning strategy. PCR product of 2141bp was generated using pCMVb-NHA-V5-
p300 as template and Δp300-F1+ Δp300-R2267 as primers. The resulting product was digested 
with XmaI and SalI and then purified and inserted into the pBS Blue Script vector digested with 
XmaI and SalI and purified. The resulting blue script plasmid pBS-p300-Δ2267 was digested 
with XmaI and SalI and purified. The insert was back cloned to the plasmid pCMVb-NHA-V5-
p300 that was also digested with XmaI and SalI. B. A schematic illustration of the C-terminally 
truncated version of p300 whose 11SP motifs are removed, and the end point is in amino acid 
residue 2267. 

A 
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Figure 3.3: Cloning strategy for the pCMVb-NHA-p300-ΔC2114. A. A schematic overview 
of the sub cloning strategy. PCR product of 1682 bp was generated using pCMVb-NHA-V5-
p300 as template and Δp300-F1+ Δp300-R2114 as primers. The resulting product was digested 
with XmaI and SalI, purified and inserted into the pBS Blue Script vector digested with XmaI 
and SalI and purified. The resulting blue script plasmid pBS-p300-Δ2114 was digested with 
XmaI and SalI and purified. The insert was back cloned to the plasmid pCMVb-NHA-V5-p300 
that was also digested with XmaI and SalI. B. A schematic illustration of the C-terminally 
truncated version of p300 whose 12 SP motifs are removed, and the end point is in amino acid 
residue 2114. 

B 

A 



 
 

64 
 

After the successful cloning, the plasmid from the several clones obtained were 

extracted using mini-prep kit. Restriction digestion-based confirmation of the 

positive candidate from the clones was done. In this case, BstEII, a restriction 

enzyme that gives 100% activity in NEB buffer 3.1 and at temperature 600C was 

used. Upon digestion with this enzyme, the control, pCMVb-NHA-V5-p300 and 

deletion construct of p300 would give the expected fragments as indicated below: 

pCMVb-NHA-V5-p300: 10690bp and 1791bp 

pCMVb-NHA-p300Δ2322: 10690bp and 1468bp 

pCMVb-NHA-p300Δ2267: 10690bp and 1303bp 

pCMVb-NHA-p300Δ2114: 10690bp and 844bp 

The differences in the size of the control vs the positive candidates and the 

negative clones could easily be visible in the gel. The positive candidates were 

further verified as positive clones by carefully checking the sequencing results.  

Expression plasmid for the C-terminal domain of p300: pGEX-6P2-p300-

CTD-V5 and pCIneo-NLS-p300-CTD-V5 

Since the candidate region in p300 being phosphorylated shows sequence features 

indicating the presence of an intrinsic disordered region (IDR), we decided to 

express it for further studies. IDR is a feature that is very much focused these days 

as an important element for gene activation through their contribution to the 

liquid-liquid phase separation. Hence, we decided to perform some preliminary 

assays to test its behavior. For this purpose, we designed plasmids for the 

expression in both bacteria and mammalian cells of, the C-terminal region (CTD) 

of p300. 
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For bacterial expression, a plasmid, pGEX-6P2-p300-CTD-V5 tagged C- terminal 

sequence (1840-C-terminal) of p300 was designed. 

For mammalian expression ,a plasmid pCIneo-NLS was first designed to add an 

NLS sequence from the c-Myc protein reported to be particularly efficient (Ray, 

Tang, Jiang, & Rotello, 2015). An Insert containing V5-tagged C-terminal 

sequence (1840-C-terminal) of p300 from above bacterial plasmid was ligated to 

the pCIneo-NLS vector to construct a mammalian plasmid pCIneo-NLS-p300-

CTD-V5 to express an NLS and V5 tagged C terminal sequence (1840-C-

terminal) of p300. 

The cloning strategy for both the mammalian and the bacterial plasmid is 

described in the figures 3.4, 3.5 and 3.6 respectively. 

 

Figure 3.4: Cloning strategy for pCIneo-NLS. Two oligos NLS-pCIneo-U and NLS-pCIneo-
L were annealed so that they give a duplex oligo with sticky ends, compatible with NheI and 
XhoI. The plasmid (pCIneo) was digested with NheI and XhoI which gave a linear vector of 
5466bp. The annealed oligos were ligated into the linear vector and transformed into the E. coli. 
DH5α. 
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Figure 3.5: Cloning strategy for pGEX-6P2-p300-CTD-V5. PCR product of 1963 bp was 
generated using pCMVb-NHA-V5-p300 as template and the primers: p300-F1840 and p300-
S4 (S232). After that the PCR product was digested with Bg1II and SalI and the fragment of 
1787 bp was isolated. The plasmid pGEX-6P2 was digested with BamHI and SalI which gave 
a linear vector of 4965bp. The digested PCR fragment was ligated into the digested plasmid 
and transformed into E. coli DH5α. 

After the successful cloning, the plasmid from the several clones obtained were 

extracted using mini-prep kit. Restriction digestion-based confirmation of the 

positive candidate from the clones was done. In this case, XhoI, a restriction 

enzyme that gives 100% activity in cut smart buffer and at temperature 600C was 

used. Upon digestion with this enzyme, the control pGEX-6P2.str1 and the 

construct pGEX-6P2-p300-CTD-V5 would give the expected fragments as 

indicated below: 

pGEX-6P2.str1: 4989bp 

pGEX-6P2-p300-CTD-V5: 4971bp and 1784bp 

The differences in the size of the control vs the positive candidates and the 

negative clones could easily be visible in the gel. The positive candidates were 

further verified as positive clones by carefully checking the sequencing result. 
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Figure 3.6: Cloning strategy for pCIneo-NLS-p300-CTD-V5. PGEX-6p2-p300-CTD-V5 
was digested with XhoI, which digested before and after the insert. The vector pCIneo-NLS 
was digested with XhoI and then dephosphorylated. The isolated insert was ligated into the 
digested vector and then transformed into E. coli DH5α. In this case we got two variants with 
different orientation but that was easy to distinguish on the mini preps. 
 
After the successful cloning, the plasmid from the several clones obtained were 

extracted using mini-prep kit. Restriction digestion-based confirmation of the 

positive candidate from the clones was done. In this case, NheI, a restriction 

enzyme that gives 100% activity in NEBufferTM and at temperature 370C was 

used. Upon digestion with this enzyme, control pCIneo-NLS and the construct 

pCIne-NLS-p300-CTD-V5 would give the expected fragments as indicated 

below.  

pCIneo-NLS: 5530bp 

 pCIne-NLS-p300-CTD-V5: In right orientation ( 5639bp and 1680bp) and in the 

opposite orientation ( 7086 and 233) 
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The positive candidates were easily distinguished from the rest which was then 

further verified as positive clones by carefully checking the sequencing result. 

3.2 Western analysis of p300 variants 
Due to the huge size of the p300, our lab previously had problems with the 

detection of p300 on western blots. Therefore, we planned to test out various 

variants of gel and blotting procedure including a panel of anti-p300 antibodies in 

order to optimize this method. Empty plasmid (pCIneo), plasmid encoding wild 

type p300 (pCMVb-NHA-V5-p300), a gift plasmid (where glutamine is replaced 

by lysine at position 1242 of p300) and the deletion mutant (pcMvb-NHA-p300-

Δ2114) were transiently transfected in HEK-293-C1 cells. Cell lysates were 

prepared for analysis with SDS-PAGE and western blotting. The PVDF 

membranes were incubated with panels of different p300-antibodies: rabbit anti- 

HA antibody from Sigma H6908 (1:1000), mouse anti-p300(NM11) antibody 

from Invitrogen (1:300), rabbit anti-p300(C20) antibody from Santa cruz, rabbit 

anti-p300 (A300-358) antibody from Nordic biosite (1:2000). Donkey anti-

mouse 800 IgG and donkey anti-rabbit 800 IgG were used as secondary 

antibodies. 

The result for western analysis of p300 variants is presented in figure 3.7. Wet 

blot using a low percentage of polyacrylamide agarose gel in combination with 

rabbit anti-p300 (A300-358) antibody gave clean and strong bands for p300. This 

result was better than we had ever seen in our lab. 
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Figure 3.7: Western analysis of p300 variants in the panel of different p300-antibody. 6 
well plates were seeded with 1.2*105 HEK-293-C1 cells per well and transfected with 1µg of 
the following plasmids: pCIneo, pCMVb-NHA-V5-p300, p300 E1242K and pCMVb-NHA-
p300Δ2114. Each of the plasmids were transfected in triplicate. The cell lysate was collected 
24 hours after the transfection and analyzed with SDS-PAGE and western blotting (wet 
blotting). 

After getting the clean and strong bands for rabbit anti-p300 (A300-358) antibody, 

we also wished to check four different dilutions of the same antibody in order to 

optimize the best working concentration of antibody. But in this case, we used the 

commercial acetate gel just to check the difference in the clarity of the bands and 

the presence of unnecessary background in the gel to that of classical gel.  
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The result for the antibody optimization of p300 variants for several different 

concentration is presented in figure 3.8. The best optimized concentration for anti-

p300 (A300-358) antibody is 1:2000. The presence of more background and 

comparatively less sharp band makes commercial gel less preferable to classical 

gel (homemade gel) in our study. 

 

 

 

 

 

 

   

 

 

 

 

 

 

Figure 3.8: Concentration optimization for anti-p300 (A300-358). 6 well plates were seeded 
with 1.2*105 HEK-293-C1 cells per well in and transfected with 1µg of the following plasmids: 
pCIneo, pCMVb-NHA-V5-p300, pCMVb-NHA-p300Δ2322, pCMVb-NHA-p300Δ2267, 
pCMVb-NHA-p300Δ2114. Each of the plasmids were transfected in triplicate. The cell lysate 
was collected 24 hours after the transfection and analysed with SDS-PAGE (in commercial 
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acetate gel, NuPAGETM 3-8% Tris Acetate Gel from Invitrogen) and western blotting (wet 
blotting). p300 was detected with rabbit anti-p300 (A300-358) antibody and donkey anti-rabbit 
(800) IgG using the Odyssey® CLx imaging system from LI-COR®. 
  

3.3 Identification of HIPK1 target region in cofactor 
p300 
The primary hypothesis of this study was that HIPK1 phosphorylates p300 to get 

involved in SUMO-derepression as a mechanism of gene activation. The assumed 

phosphorylation target of p300 was investigated by luciferase reporter assays in 

HEK-293-C1 cells. This cell line has a stably integrated reporter gene, with Gal4 

responsive elements in the promoter region upstream of the luciferase gene. 

Therefore, the c-Myb plasmids used in these assays encode a c-Myb variant where 

the DNA binding domain is replaced by the Gal4-binding domain, designated 

GBD-hcM (194-640). 

A reporter assay was set up with three plasmids encoding p300 deletions in 

combination with c-Myb and HIPK1, including various controls. If we compare 

the reporter activation of c-Myb+p300 with and without HIPK1, we see that 

HIPK1 caused around 10-fold increase showing that HIPK1 in this setup leads to 

enhanced reporter activation. Replacing the HIPK1 with a kinase-dead mutant of 

HIPK1 abolished this activation effect, clearly indicating that the HIPK1-induced 

activation is related to phosphorylation event.  

Our question then was how important the CTD of p300, harboring several 

potential phosphorylation sites, was for this effect. Clear differences between the 

p300 deletions were observed, suggesting a more complex pattern of effects than 

first expected. We expected that if the deletion removed key phosphorylation sites 

used by HIPK1, then the induced activation would drop. Two regions deleted, 

Δ2322 and Δ2267 showed the opposite of the expected effects, meaning that the 

HIPK-mediated activation became even stronger (at least in absolute terms) 
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despite deletion of this putative phosphorylation part of p300. However, the 

largest region deleted viz Δ2114 weakened significantly the HIPK1-mediated 

activation suggesting that we have become successful in identifying the region if 

co-factor p300 cooperating with HIPK1.  

However, some increase was also observed as effects of the deletions in the 

absence of HIPK1. Hence, we compared the fold activation (reporter activation 

by c-Myb+p300 variant with and without HIPK1. The result is presented in figure 

3.9.  

 

 
 
 
Figure 3.9: HIPK1 phosphorylates target region of p300 to get involved in SUMO-
derepression as a mechanism of gene activation. 24 well plates were seeded with 0.34*105 
HEK293-c1 cells in 0.5 ml medium per well. After 24 hours, the cells were transfected in 
triplicates with a total input dose of 0.5µg plasmid DNA. 24 hours after transfection, the cells 
were lysed in luciferase lysis buffer. The luciferase activity was measured by Turner Degins 
DLReadyTM luminometer. Cells were transfected with 0.1µg of pCIneo-GBD2-hcM (194-640), 
0.2µg of pCIneo-3xFlag-Hipk1, 0.2µg of pCIneo-3xFlag-Hipk1mutant and 0.2µg each of 
pCMVb-NHA-V5-p300, pCMVb-NHA-V5-p300Δ2322 pCMVb-NHA-V5-p300Δ2267, and 
pCMVb-NHA-V5-p300Δ2114. 
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3.3.1 Control of the expression of the plasmids in transfected 
mammalian cells using western blot analysis. 
When performing reporter assays, the expression of plasmid in transfected 

mammalian cells should be validated by supporting western blot analysis. 

Therefore, for the above reporter assay experiment, HEK293-c1 cells were 

transiently transfected and cell lysate were prepared for analysis with SDS-PAGE 

and western blotting. From this analysis we could confirm that the transiently 

transfected plasmids were expressed in the cells. In this case, we used 

constitutively expressed random background is used as a loading control. Equal 

detection of the same background also in the cells transfected with empty vector 

indicates that an even number of cells were present in the different samples. 
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Figure 3.10: Western analysis of transfected HEK293-c1 cells. 24 well plates were seeded 
with 0.34*105 HEK293-c1 cells in 0.5 ml medium per well. After 24 hours, the cells were 
transfected in triplicates with a total input dose of 0.5µg plasmid DNA per well. 24 hours after 
transfection, the cells were lysed in 3 X SDS gel loading buffer. The proteins were separated 
with SDS-PAGE and analyzed with western blotting. p300 was detected with rabbit anti-
p300(A300-358) antibody and Donkey anti-rabbit (800)IgG using the Odyssey® CLx  imaging 
system from LI-COR®. 

 
 
  
The result of the western control for the luciferase assay with pCIneo-GBD2-hcM 

(194-640), pCIneo-3xFlag-Hipk1, pCIneo-3xFlag-Hipk1mutant, pCMVb-NHA-

V5-p300, pCMVb-NHA-p300Δ2322 pCMVb-NHA-p300Δ2267, pCMVb-NHA-

p300Δ2114 in HEK293-c1 cells is presented in the figure 3.10. From the western 

blot we observed the clear band of p300 and its deletion mutants. We could 

observe strong band of first two deletion mutants co-transfected with HIPK1 but 

the intensity of last deletion mutant of p300 significantly drops down. The strong 

bands for the first two deletions could partly explain their enhanced effect on the 

reporter activation. However, we only detected a very weak band or almost no 

band for the p300 and its variants when they were co-transfected with HIPK1 

mutant, indicating that the HIPK1 might have stabilizing effect on the p300.  

3.4 Recombinant protein expression in E. coli 
In order to be able to perform interaction studies between the p300-CTD and 

HIPK1, recombinant proteins had to be expressed. Proteins with GST tag were 

expressed in BL21 (DE3) pLysS bacterial strain, for further use in GST pull down 

assays.  

3.4.1 Expression of GST-p300-CTD 
The expression of GST-p300-CTD was important for interaction studies with 

HIPK1. GST-p300-CTD fusion protein was therefore needed to investigate a 
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putative interaction with GST-pull-down assays. The GST-p300-CTD protein had 

a molecular weight of 90kDa. 

The cultivation condition for the expression of GST-p300-CTD was set to 370C 

for 2 hours. The addition of IPTG increased the expression of GST-p300-CTD 

resulting in a stronger protein band at 90kDa, as shown in figure 3.11A. Two 

different volumes of BL21 (DE3) pLysS cell lysate were analyzed by binding to 

glutathione beads, as shown in figure 3.11B. Based on the result we decided that 

50µl of cell lysate was enough to use per pull down in order to have sufficient 

amounts of GST-p300-CTD in the assay. 

 

 

 

 

Figure 3.11: Expression of fusion protein GST-p300-CTD. A. BL21 (DE3) pLysS cells were 
transformed with pGEX-6p2-p300-CTD-V5. A cell suspension in SOB medium was cultivated 
for 3 hours. It was then supplemented with 0.4 mM IPTG, and further cultivated at 370C for 2 
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hours. The three samples “-IPTG”, “+IPTG”, and final cell lysate were analyzed with the help 
of SDS-PAGE. The polyacrylamide gel was stained with Coomassie Brilliant Blue after 
electrophoresis. The asterisk marks the protein band of GST-p300-CTD after IPTG induction 
expression. B. Two different volumes of the final BL21 (DE3) pLysS cell lysate with GST-
p300-CTD was purified by binding to GS beads. 3X SDS gel loading buffer was added and the 
samples were analyzed with SDS-PAGE. The gel was stained with Coomassie Brilliant Blue. 
The asterisks indicate the purified GST-p300-CTD protein. C. A schematic illustration of the 
protein encoded by GST-p300-CTD 

3.4.2 HIPK1 and isolated C-terminal fragment of p300 interact in a 
GST pull down assay  
A GST pull down assay was performed to validate the interaction between HIPK1 

and p300-CTD. We used GST-tagged p300 as bait and collected COS-1 cell lysate 

with transiently transfected full length 3XFlag-tagged HIPK1 for pull down 

interaction assay. 

The result of this assay is presented in figure 3.12. As expected, there was a clear 

interaction between GST-p300-CTD and HIPK1. By comparing the pulled down 

sample to the 5% input signal, we concluded that there was strong binding affinity 

between these two proteins which was not observed in the GST control. 
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Figure 3.12: GST-p300-CTD and HIPK1 interact in a GST-pull down assay. A. 2.5x106 
COS-1 cells were seeded in 15cm dishes with 30 ml medium. 24 hours after seeding, the cells 
were transiently transfected with 12.5 µg plasmid 3xFlag Hipk1. After 24 hours, the cells were 
lysed with KAc interaction buffer. Pull-down assays were performed with 5µl GST control, 
50µl GST-tagged p300-CTD and 300µl COS-1 lysate. The samples were supplemented with 
3x SDS gel loading buffer and separated with SDS-PAGE finally, analyzed with western 
blotting. 3xFlag-tagged HIPK1 was detected with rabbit anti-αFLAG antibody (1:10000) and 
Donkey anti-rabbit (800) IgG using the Odyssey® CLx imaging system from LI-COR®. B. 
The PVDF membrane stained with 1x Ponceau S red. The asterisks indicate the GST and GST-
p300 protein bands. 

3.5 HIPK1/HIPK2 triggers the phosphorylation of 
isolated C-terminal fragment of p300 
We wanted to test the phosphorylation effect of HIPK1 on the isolated C-terminal 

region of p300. The mammalian expression construct of p300, expressing the C-

terminal region of p300 consisting putative phosphorylation site was used to 

check the effect of HIPK1 and HIPK2 phosphorylation. Cells were transfected 

with pCIneo, pCIneo-3xFlag-Hipk1, pCIneo-3xFlag-Hipk1mutant, pCIneo-

3xFlag-Hipk2, pCIneo-3xFlagHipk2mutant and pCIneo-NLS-CTD-V5-p300.  

We noted that the mobility of p300-CTD in an SDS-polyacrylamide gel was 

slightly affected by cotransfected HIPK1/HIPK2. Although clear mobility shift 

was not observed, the shifted band appeared fuzzy as shown in the figure 3.13 

suggesting that HIPK1/HIPK2 induces a varied form of p300 migrating with 

slightly different mobility. 
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Figure 3.13: Western analysis of mobility shift.  24 well plates were seeded with 0.34*105 
HEK293-c1 cells in 0.5 ml medium per well. After 24 hours, the cells were transiently 
transfected in triplicates with a total input dose of 0.5µg plasmid DNA. 24 hours after 
transfection, the cells were lysed in 3 X SDS gel loading buffer. The proteins were separated 
with SDS-PAGE. The gel was run for longer period with an aim to see the clear shift change. 
V5 tagged p300-CTD was detected with mouse anti V5 antibody (1:5000) and Donkey anti-
mouse (800) IgG (1:10000) using the Odyssey® CLx imaging system from LI-COR®. 

3.6 Visualization of nuclear speckles  
As stated in part 2 of the aim of this project, the C-terminal region of p300 was 

expressed in the mammalian cell in order to visualize if it formed nuclear 

speckles, assuming that such speckles could be the indicative of the nuclear 

droplets formed by phase separation of intrinsically disordered proteins. HEK-

293-C1 cells were transfected with pCIneo-NLS, pCIneo-NLS-p300-CTD-V5, 

pCIneo-3xFLAG-HIPK1, pCIneo-3xFlag-HIPK1mutant in several different 

combinations. 

As indicated by the figure 3.14 cells transfected with plasmid pCIneo-NLS-p300-

CTD-V5 alone, co-transfected with plasmids pCIneo-NLS-p300-CTD-V5 and 

pCIneo-3xFlag-HIPK1 and singly transfected with plasmid pCIneo-3xFLAG-

HIPK1 had clear indications of the speckles. Interestingly, the one with only 

pCIneo-3xFLAG-HIPK1 had the most distinct speckles. The speckles as observed 

in the cell transfected with only pCIneo-NLS-p300-CTD-V5 seemed to be 

dispersed all over the nucleus, while they appear as clear dots when co-transfected 

with pCIneo-NLS-p300-CTD-V5 together with HIPK1 suggesting that HIPK1 

might affect p300-CTD localization.  
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Figure 3.14: Confocal microscopy for the observation of nuclear droplets. 6 well plates 
with sterile coverslips were seeded with 1.2*105 HEK293-C1 cells in 3ml medium per well. 
After 24 hours, the cells were transiently transfected with 2µg of plasmid DNA. 24 hours after 
transfection, methanol fixation was done. After the methanol fixation, cells were incubated in 
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primary antibody and then with secondary antibody. A. Cells were transfected with plasmid 
encoding V5-tagged p300-CTD B. Cells were co-transfected with plasmid encoding V5-tagged 
p300-CTD and 3x Flag-tagged full length human HIPK1.C. Cells were transfected with 
plasmid encoding 3x Flag- tagged full length human HIPK1. 
The cells were analysed by confocal microscopy. V5-p300-CTD was detected with mouse anti-
V5 antibody (1:100) and Alexa Flour 488 donkey anti-mouse IgG (1:400). FLAG-tagged 
HIPK1 was detected with mouse anti-FLAG antibody (1:200) and Alexa Flour 488 donkey anti-
mouse IgG (1:400). Merged images are shown in the right panel in both A and B. All A, B and 
C include a panel stained with DAPI to visualize the nuclei.  
 

3.7 1,6-Hexanediol Optimization 
1, 6-Hexanediol is proposed to be a powerful tool to probe the physical properties 

of membrane- less compartments given the adequate precautions are taken. It has 

been proposed to differentiate liquid like and solid like assemblies in living cells. 

Liquid like assemblies are rapidly dissolved by the hexanediol treatment while 

solid like assemblies are resistant to it. Since we planned to use this tool to 

investigate the p300-CTD and HIPK1 speckles, we had to perform some initial 

experiments to optimize the conditions for hexanediol treatments.  

Extended exposure of the cells to hexanediol is found to be cytotoxic and even 

the inappropriate concentration of hexanediol used trigger the formation of 

abnormal changes in the cell morphologies and the formation of aberrant 

assemblies. Thus, hexanediol optimization was done before using it as a tool to 

probe the properties of nuclear speckles observed in our experiment.  

6 well plates were seeded with 1.2*105 HEK-293-C1 cells per well. 24 hours after 

seeding the cells were treated with different dilutions of hexanediol (2.5%, 5%, 

7.5%, and 10%) for several different time variations (2mins, 4mins, 8mins and 

10mins) as shown in the figures below.  

The figures below show that, cells were strongly affected only after 2 minutes 

with 10% 1.6 hexanediol. Cells looked ok after 6 minutes in 7.5% hexanediol and 
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for 15 minutes in 5% hexanediol but many cells detached when the flask was 

carefully shaken after 15 minutes incubation.  

Cells tolerated carefully even shaking after 15 minutes incubation with 2.5% 

hexanediol suggesting that 2.5% hexanediol does not seem to affect the cells. 

Since 5% hexanediol looks like moderately affecting the cells and 10% having 

the devastating affect, 7.5% for 5 minutes might give the best result.  

 

Figure 3.15: Hexanediol optimization. A. It shows the effect of 10% hexanediol on HEK-

293-C1 cells for 0, 2, 4, 6, 8, 10 and 15 minutes respectively. 

A 
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Figure 3.16: Hexanediol optimization. B. shows the effect of 7.5%hexanediol on HEK-293-

C1 cells for 0,2,4,6, 8, 10 and 15 minutes respectively.  

Figure 3.17: Hexanediol optimization. C. It shows the effect of 5% hexanediol on HEK-293-

C1 cells for 2, 4, 6, 8, 10 and 15 minutes respectively. 

B 
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Figure 3.18: Hexanediol optimization. D. It shows the effect of 2.5% hexanediol on HEK-

293-C1 cells for 2, 4, 6, 8, 10 and 15 minutes respectively. 
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4 Discussion  
The work for this thesis was divided into two parts, as previously outlined in the 

introduction (subchapter 1.6). 

In the first part of this study we have explored, if the HIPK1 kinase is a part of a 

derepression mechanism. We have investigated if HIPK1 mediated 

phosphorylation of p300 is a possible derepression mechanisms contributing to 

the relief of SUMO-mediated repression. As presented in the aim of the study, the 

background of this part of the project is based on our unpublished observation that 

HIPK1 lead to the significant derepression of c-Myb in a co transfection assay 

with c-Myb and p300. This derepression was linked to the presence of SUMO and 

the HIPK1.  

Based on the results, the cross-talks between these factors were explored more 

closely. The focus was on p300 as a putative phosphorylation target of 

HIPK1.Thus we made deletion mutants that gradually removed the putative 

phosphorylation sites from the p300. However, construction of the deletion 

mutants was very challenging in the beginning but afterwards it worked when the 

extended ligation time was applied. The ligation was done overnight at room 

temperature. This might be due to the very long size of protein p300 taking time 

to find the insert and get ligated.  

Addressing our question, how important is the CTD of p300 as a phosphorylation 

target for HIPK1?  

Clear differences could be observed between the p300 deletions. We had expected 

that the HIPK1 induced activation would drop upon removal of key 

phosphorylation sites. But until removal of 11 SP motifs, by deleting two region 

viz, Δ2322 and Δ2267, the HIPK1 mediated reporter activation became even 

stronger compared to that of undeleted p300, suggesting that this deleted putative 
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phosphorylation sites are less important for HIPK1 mediated activation. However, 

removing all the 12 SP motifs from the C-terminal region of p300 significantly 

weakened the HIPK1 mediated activation.  This led us to identify the region in 

p300 cooperating with HIPK1. This could be validated more strongly on the 

further studies by mutating this target region and check its effect on the reporter 

activation.   

The western control for the luciferase assay indicated by the figure 3.10 showed 

clear bands of p300 and its deletion mutants confirming that the transiently 

transfected plasmid were expressed in the cells. Detection of very weak or almost 

no bands for the p300 and its variants when co-transfected with HIPK1 mutant, 

indicates that the HIPK1 might have stabilizing effect on the p300. This is further 

supported by the experiments done in the second part of this project which will 

be explained later. This could be more strongly argued if we had equal intensity 

of the wild type p300 co-transfected with wild type HIPK1. However, only the 

first two mutants appear to have intense and clear bands when co-transfected with 

HIPK1 wild type, but the wild type p300 gave even less intense bands than the 

third deletion. 

Since p300 is a coactivator for very many transcription factors apart from c-Myb; 

is the putative phosphorylation of p300 and subsequent gene activation a more 

general mechanism in all the cases?   

There are several studies indicating a general pattern of cooperation in several 

complexes consisting of a transcription factor, p300 and one of the HIPKs (Y. 

Aikawa et al., 2006) reported that HIPK2 forms a complex with AML1 and p300, 

thereby phosphorylating both AML1 and p300 to stimulate transcription 

activation and HAT activities. Phosphorylation of p300 was triggered by 

phosphorylated AML1 and inhibited by dominant negative HIPK2 exhibiting 

several defects in hematopoiesis, vasculogenesis, angiogenesis and neural tube 
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closure of the mice. Similarly, (Wee et al., 2008) showed that interaction with 

PEBP2β leads the phosphorylation of RUNX1; Phosphorylated RUNX1 in turn 

associates and phosphorylates p300 which is mediated by HIPK2. The disruption 

of phosphorylation of RUNX1 was found to be a common theme in RUNX1 

dependent-associated leukemogenesis.  

The consensus indication; appears to be the phosphorylation of both the 

transcription factor and p300, leading to the enhanced gene activation. In this 

study, HIPK1 phosphorylating this target region of p300 partly de-represses the 

SUMO-repressed c-Myb, suggesting that this crosstalk is coupled to modulation 

of the negative effect of SUMOylation. However, the de repressive function of 

HIPK1 might also be linked to the phosphorylation of sumo itself or the 

phosphorylation of c-Myb in a SUMO- directed manner. This can be a matter of 

future study contributing to a concerted derepression mechanisms, possibly 

showing a novel way of gene activation through relief of SUMO-mediated 

repression.  

In the second part of this study we confirmed the direct binding of the C-terminal 

region of cofactor p300 and the nuclear kinase HIPK1 in vitro using GST-pull 

down assay. To determine whether p300 serves as a substrate for HIPK1, we took 

into consideration that HIPK1 belongs to the CMGC family of protein kinases, 

being a proline-directed serine/threonine specific kinase. As we know that the 

majority of SP motif in p300 are found in the C-terminal region, we used this part 

of p300 to express a recombinant substrate or interaction partner of HIPK1. 

(Schwartz et al., 2003) in their study have shown that, C/EBPβ triggers massive 

phosphorylation of p300. They observed this through a much more obvious 

mobility shift when C-terminal region of p300 was used instead of full length 

p300. Likewise, we have shown the presence of wild type HIPK1/HIPK2, p300-

CTD appeared as a fuzzy band, apparently as a slower migrating component. 
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Since almost all the SP sites in p300 are in the C terminal region, that may create 

more favorable site for direct phosphorylation by HIPK1, leading to the higher 

molecular weight of the substrate and rendering the greater resistance to move in 

the gel. Thus, the mobility shift was obvious when the C-terminal region of p300 

was used instead of full length p300.  

(Wan et al., 2017) showed that p300 interacts with mTORC1 and is 

phosphorylated at the C-terminal region of p300 which is sufficient to the 

activation of p300 acetyltransferase activity by inhibiting the intra-molecular 

inhibition of p300. Considering that the phosphorylation of p300 by Akt or Erk1/2 

also occurs in the C-terminal domain and activates p300 (Y. J. Chen et al., 2007), 

our finding is also an illustration that the C-terminal region of p300 apparently 

serves as substrate for HIPK1. Since enzymes usually shows affinity for their 

substrates, there is a strong interaction seen between HIPK1 and C-terminal 

region of p300. This may present a preliminary basis of p300 activation by post-

translation modifications that can be physiologically regulated.  

The aim of this project was also to establish mammalian expression of p300 CTD 

for visualization of putative nuclear droplets, possibly due to the phase separation 

of the intrinsically disordered proteins.  

(Vilborg Matre, Nordgård, Alm-Kristiansen, Ledsaak, & Gabrielsen, 2009) have 

shown that a significant interaction between HIPK1 and c-Myb in vivo would lead 

to co-localization of the two proteins. Similarly, the co-localization tendency of 

HIPK1 and p300-CTD have been shown from the figure 3.14. There we observed 

the punctuate localization in numerous speckles throughout the nucleus for 

HIPK1.  

Such aggregated speckles-like structures of V5-tagged p300-CTD was seen 

dispersed all over the nucleus. These appeared to co-localize with HIPK1 when 
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co-transfected with HIPK1 suggesting that HIPK1 and p300-CTD co-localized in 

the nucleus, consistent with HIPK1 being the interaction partner of p300. 

However, the hexanediol treatment would verify whether the speckles-like 

structures are indeed liquid droplets formed due to the phase separation of 

intrinsically disordered regions. This specific part of the work was not finished 

due to time constraints, but may be part of future studies, given that we have also 

optimized the best concentration and treatment time of hexanediol.  

But concerning phase-separation, it would be relevant here to shortly discuss, 

whether phosphorylation enhance or reduce formation of nuclear droplets? 

Phosphorylation is the most frequent post translational modification, which alters 

the charge of modified amino acid side chain introducing two negative charges 

(PO4
2-). Steric and chemical properties of amino acids are drastically altered by 

phosphorylation rendering the novel possibilities for intra and inter molecular 

electrostatic interactions (Bah & Forman-Kay, 2016).  

(Ambadipudi, Biernat, Riedel, Mandelkow, & Zweckstetter, 2017) showed that 

microtubule binding, intrinsically disordered protein Tau, when phosphorylated 

with MARK2 kinase promotes liquid-liquid phase separation. This indicates that 

the negative charge marked by phosphorylation, promote electrostatic interactions 

that drive phase separation.   

(Lu et al., 2018) indicated that two kinases-CYCT1 of P-TEFb and DYRK1A 

promotes the hyper phosphorylation of CTD of RNA polymerase II and also 

induce phase separation in vitro and in cells, as a result phase separated droplets 

and speckles compartmentalize the kinase and the substrate leading to the 

transcriptional elongation and RNA processing.  

In contrast, it has been showed that the neurodegeneration linked protein FUS that 

is phosphorylated by DNA-dependent protein kinase at multiple S/T residues in 
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the FUS low complexity domain interferes with phase separation of the FUS and 

abrogates phase separation of multivalent interacting proteins tethered to FUA-

LCD (T. W. Han et al., 2012); (Lin, Currie, & Rosen, 2017) 

Thus, the enhancement or the reduction of the formation of the nuclear droplets 

by the phosphorylation might be dependent on the modified proteins. It cannot be 

clearly categorized as friend of the foe of phase separation. There might be 

interplay with other post translational modifications on the same amino acid 

which may lead to additive, cooperative or competitive response on the substrates 

rendering the phase-transiting behavior.  
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5 Summary of findings 
In the introduction (subchapter 1.5), we outlined the aims of this study, dividing 

them into two parts. In chapter 3 we showed our results and discussed them in 

chapter 4, in this chapter we will briefly summarize these results, relating them 

back to the initial aim of the work.  

5.1 Conclusions-Part1 
In Part 1 we investigated whether the C-terminal domain of p300 was a 

phosphorylation target of HIPK1.  

• The largest C-terminal region deleted weakened significantly the HIPK1 

mediated activation, suggesting that we have identified the target region in 

co-factor p300. 

5.2 Conclusion-Part2 
In part 2 we explored the C-terminal region of p300 further and performed 

preliminary assays to test its behavior and its interaction with HIPK1. 

• We validated the interaction between C-terminal region of p300 and the 

HIPK1 kinase by a GST pull down assay. 

• The C-terminal region of p300 gets phosphorylated with HIPK1. 

• The C-terminal region of p300 co-localizes with HIPK1 consistent with 

HIPK1 being an interaction partner of p300.  

• The C-terminal region of p300 seems to form the nuclear speckles. 
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5.3 Future studies 
In this study, two main method for interaction and functional studies were GST 

pull down and reporter assays. (Hosoda et al., 2009) for example, reported that 

p300 show cell-type specific behavior of transcriptional regulation. Functional 

reporter assays in additional cell line would be beneficial.  

To fully characterize how p300 regulates SUMOylated c-Myb, it would be of 

interest to verify whether p300 cross-talks with c-Myb or the surrounding 

nucleosomes of its target genes for acetylation. A chromatin immunoprecipitation 

assay would confirm the presence of p300 at promoter region of c-Myb and 

acetylation assay might reveal whether p300 targets the c-Myb for acetylation.  

It would be interesting to further investigate the interaction of HIPK1 and CTD 

of p300 using co-immunoprecipitation and investigate if other factors are present 

in complex with HIPK1-CTD. A potential role of HIPK1 in regulating p300 

activity could be examined. 

The interaction of HIPK1 and p300 could further be explored and found out if the 

p300 is the direct phosphorylation substrate of HIPK1. If so then we could further 

investigate the biological function of HIPK1 mediated p300 phosphorylation. 

If there is the formation of the nuclear droplets due to the phosphorylation of p300 

by HIPK1, it would be interesting to gain insight into structural properties of CTD 

p300 induced by aqueous phase separation and characterization of the big 

interaction complex contributing to the gene expression. 

It would be also interesting to investigate the effect of other post-translational 

modification of p300 and the resultant effect on its phase separating property. 
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Appendix A: Abbreviations  
µ     Micro 

Acetyl-CoA    Acetyl coenzyme 

ASK1     Apoptosis signal regulating kinase 1 

ATP     Adenosine trisphosphate 

ATPase    Adenosine triphosphatase 

bp     Base pairs 

Bd     Bromodomain 

BSA     Bovine serum albumin 

cDNA    Complementary DNA 

CH     Cysteine Histidine 

CpG     5’—C—phosphate—G—3’ 

C-terminal    Carboxyl-terminal 

CBP     CREB-binding protein 

CRD     C-terminal Regulatory Domain 

Da     Dalton 

DBD     DNA-binding domain  

dH2O     Distilled water 

DMEM    Dulbecco’s modified Eagle medium 

DMSO    Dimethyl sulfoxide 

DNA     Deoxyribonucleic acid 

dNTP     Deoxynucleotide 

DTT     Dithiothreitol 

E. coli    Escherichia coli 

EDTA    Ethylenediaminetetraacetic acid 

EtBr     Ethidium bromide 

EVES     Sub-domain of CRD in c-Myb 

FAETL    Sub-domain of CRD in c-Myb 
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FBS     Fetal Bovine Serum 

g     Gram 

GBD     Gal4 binding domain 

GLB     Gel loading buffer 

GS beads    Glutathione Sepharose beads 

GST     Glutathione S-transferase 

H1, H2A, H2B, H3, H4  Histone proteins 

HA tag    Hemagglutinin tag 

HAT     Histone acetyltransferase 

HDACs    Histone deacetyl transferases 

hcM     Human c-Myb 

HEK     Human embryonic kidney 

HIPK     Homeodomain-interacting protein kinase 

IBiD     IRF3-binding domain  

IPTG     isopropyl β-D-1-thiogalactopyranoside 

k     Kilo 

KAT3    K-acetyltransferase 

Kb     Kilo base pairs 

kDa     Kilo Dalton 

KIX domain    Kinase-inducible domain interacting domain 

l     Liter 

LB medium    Lysogeny broth 

m     milli 

M     Molar 

Mb      Mega base pairs 

mRNA    Messenger RNA 

n     Nano 

N-terminal    Amino-terminal 
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NEB     New England Biolabs 

NER     Nucleotide Excision repair 

NRID     Nuclear Receptor Interaction 

NuRD    Nucleosome remodeling histone deacetylase 

OD                           Optimal density 

p300                         E1A-associated protein p300 

p300-CTD    C-terminal regulatory domain of p300 

pBS     BlueScript SKII vector 

PBS     Phosphate Buffered Saline 

PCR     Polymerase chain reaction 

PHD     Fingers Plant homeodomains finger 

P/S     Penicillin/Streptomycin 

PTM     Post translational modification 

PVDF membrane   Polyvinylidene difluoride membrane 

R1, R2, R3    Repeats in DBD of c-Myb 

RLU     Relative luminescence unit 

RNA     Ribonucleic acid 

rpm     Revolutions per minute 

SANT domain   Swi3, Ada2, N-CoR, and TFIIIB domain 

SDS     Sodium dodecyl sulfate 

SDS-PAGE     Sodium dodecyl sulfate polyacrylamide               

SUMO                                       Small ubiquitin-related modifier 

TAD      Transactivation domain  

TAE buffer    Tris-acetate-EDTA buffer 

TAZ     Transcriptional adaptor zinc-finger domain 

TB buffer    Transfer buffer 

TBS     Tris-buffered saline buffer 

TBS-T    buffer Tris-buffered saline with Tween-20 
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TE     buffer Tris-EDTA buffer 

TF     Transcription factor 

UV light    Ultraviolet light 

UV vi s    Ultraviolet visible spectroscopy 

vs.     Versus 

wt     Wild type 

x g      Centrifugal force 
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Amino acid Three letter code One letter code 
 
Alanine   Ala   A 

Arginine  Arg   R 

Asparagine  Asn   N 

Aspartic acid  Asp   D 

Cysteine  Cys   C 

Glutamic acid  Glu   E 

Glutamine  Gln   Q 

Glycine   Gly   G 

Histidine  His   H 

Isoleucine  Ile   I 

Leucine  Leu   L 

Lysine   Lys   K 

Methionine  Met   M 

 Phenylalanine  Phe   F 

 Proline   Pro   P 

 Serine   Ser   S 

 Threonine  Thr   T 

 Tryptophan  Trp   W 

 Tyrosine  Tyr   Y 

 Valine   Val   V 

 

Large hydrophobic residue   Ѱ 

Any amino acid    X 

An acidic residue    a 
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Nucleotide                    One letter code 
 
Adenine    A 

Cytosine    C 

Guanine    G 

Thymine    T 

Purine (A/G)   R 

Pyrimidine (C/T)   Y 

Any nucleotide   N 

Not G (A, C, or T)   H 
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Appendix B: Buffers and media 
Buffers were stored at room temperature if not stated otherwise. 
 
Anode (+) buffer 
 
3 g Tris 
20 % methanol 
Adjust volume to 1,000 ml with dH2O 
 
Cathode (-) buffer 
500 ml anode (+) buffer 
2.62 g e-Amino-n-Caproic acid (Sigma, A-7824) 
 
100x Complete Protease Inhibitor 
1 Complete Protease Inhibitor tablet 
500 ml dH2O 
 
Coomassie Brilliant Blue fixing/distaining buffer 
700 ml methanol 
350 ml acetic acid 
1,750 ml dH2O 
 
Coomassie Brilliant Blue staining buffer 
700 ml methanol 
350 ml acetic acid 
1,750 ml dH2O 
1 ts Coomassie Brilliant Blue R 
 
1 M DTT 
3.09 g DTT 
20 mL 0.01 M sodium acetate, pH 5.2 
Sterile filtrate, store at -20°C 
 
0.5 M EDTA 
93.06 g Na2EDTA x 2 H2O (372.24 g/mol) 
400 ml H2O 
Add NaOH pellets for pH 7.0. Dissolve EDTA in solution 
Adjust pH level to 8.0 with NaOH pellets 
Adjust volume to 500 ml with dH2O 
Autoclave: 20 minutes at 121°C 
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GST binding buffer 
50 mM Tris-HCl, pH 8.0 
150 mM NaCl 
5 mM EDTA 
1% Triton X-100 
in dH2O 
Prior to use, add: 
1 mM DTT 
1x Complete protease inhibitor 
 
KAc interaction buffer 
20 mM HEPES, pH 7.6 
10% Glycerol 
0.2% Triton X-100 
150 mM KAc 
in dH2O 
Prior to use, add: 
1 mM DTT 
1x Complete protease inhibitor 
 
LB medium 
10 g Trypton 
5 g Yeast extract 
10 g NaCl 
1,000 ml H2O 
Adjust pH to 7.2 with 5 M NaOH solution 
Autoclave: 20 minutes at 121°C 
Add antibiotics to buffer when the temperature is below 50°C: 
Ampicillin: 100 µg/ml 
Chloramphenicol: 25 µg/ml 
 
LB agar medium 
400 ml LB medium without antibiotics 
6 g agar 
Autoclave: 20 minutes at 121°C 
Add antibiotics to buffer when the temperature is below 50°C: 
Ampicillin: 100 µg/ml 
Chloramphenicol: 25 µg/ml 
20 ml LB agar medium is added per petri dish. 
 
100 mM Mg acetate 
5.36 g Mg acetate 
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250 ml dH2O 
 
2 M MgSO4 
123.24 g MgSO4 
250 ml dH2O 
 
5 M NaCl 
146.1 g NaCl (58.44 g/mol) 
500 ml dH2O 
Autoclave: 20 minutes at 121°C 
 
10 M NaOH 
20 g NaOH pellets 
50 ml dH2O 
 
 
10x Ponceau S Red 
5% Ponceau S 
10% acetic acid 
in dH2O 
 
1x Ponceau S Red 
5 ml 10x Ponceau S Red 
45 ml dH2O 
 
3x SDS gel loading buffer 
3.75 ml 0.5 M Tris-HCl, pH 6.8 
0.69 g SDS 
3 ml Glycerol 
0.3 mg bromophenol blue 
1.75 ml dH2O 
Prior to use, add: 100 mM DTT 
 
 
 
10X SDS Electrophoresis Buffer 
150.1 g Glycine, 2M 
30.28 g Trizma, 0.25M 
10g SDS, 1% 
dH2O to 1000ml  
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1X SDS Electrophoresis Buffer 
For 1X, 1000 ml  
Take 100ml of 10X SDS Electrophoresis Buffer 
Add 900ml of dH2O 
  
 
SOB medium 
20 g Trypton 
5 g Yeast extract 
0.5 g NaCl 
800 ml dH2O 
1 ml 2.5 M KCl 
Adjust pH to 7.0 
Adjust volume to 1,000 ml with dH2O 
Autoclave: 20 minutes at 121°C 
Add 10 ml 2 M MgSO4 through a sterile filter 
Add antibiotics prior to use: 
Ampicillin: 100 µg/ml 
Chloramphenicol: 25 µg/ml 
 
50X TAE buffer 
121 g Tris 
50 ml 0.5 M EDTA 
28.5 ml acetic acid 
Adjust volume to 500 ml with dH2O 
 
10x TBS-T 
50 ml 1 M Tris-HCl, pH 8.0 
150 ml 5 M NaCl 
2.5 ml Tween-20 
Adjust volume to 500 ml with dH2O 
 
1x TBS-T 
50 ml 10x TBS-T 
450 ml dH2O 
 
TB buffer 
0.01 M Pipes 
0.015 M CaCl2 
0.25 M KCl 
Adjust volume to 900 ml with dH2O 
Add x ml 6 M KOH for pH 6.7 
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0.055 M MnCl2 
Adjust volume to 1,000 ml with dH2O 
Perform sterile filtration of buffer before use 
 
TE buffer 
5 ml 1 M Tris-HCl, pH 8.0 
1 ml 0.5 M EDTA 
Adjust volume to 500 ml with dH2O 
Autoclave: 20 minutes at 121°C 
 
TEN buffer 
10 mM Tris-HCl, pH 8.0 
1 mM EDTA 
100 mM NaCl 
Adjust volume to 500 ml with dH2O 
Autoclave: 20 minutes at 121°C 
 
TGEx buffer 
20 mM Tris-HCl, pH 8.0 
1 mM EDTA 
117.6 ml 85% Glycerol 
x ml 5 M NaCl: TGE0 = 0 mM, TGE1000 = 1,000 mM 
Adjust volume to 1,000 ml with dH2O 
Autoclave: 20 minutes at 121°C 
 
0.5 M Tris-acetic acid, pH 7.8 
30.28 g Tris 
400 ml dH2O 
Add x ml acetic acid for pH 6.8 
Adjust volume to 500 ml with dH2O 
Autoclave: 20 minutes at 121°C 
 
1X Tris-acetate SDS Running Buffer 
Take 50ml of 20X stock 
Add 950ml of dH2O to make 1000 ml 
 
 
0.5 M Tris-HCl, pH 6.8 
30.28 g Tris 
400 ml dH2O 
Add x ml HCl for pH 7.8 
Adjust volume to 500 ml with dH2O 
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Autoclave: 20 minutes at 121°C 
 
0.5 M Tris-HCl, pH 7.8 
30.28 g Tris 
400 ml dH2O 
Add x ml HCl for pH 7.8 
Adjust volume to 500 ml with dH2O 
Autoclave: 20 minutes at 121°C 
 
1 M Tris-HCl, pH 8.0 
121.1 g Tris 
800 ml dH2O 
Add x ml HCl for pH 8.0 
Adjust volume to 1,000 ml with dH2O 
Autoclave: 20 minutes at 121°C 
 
XT MOPS buffer 
50 ml MOPS 
950 ml dH2O 
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Appendix C: Plasmids 
The plasmids marked by asterisks were designed by other members of the 
Gabrielsen 
group, or received as gifts to the group. 
 
General 
Bluescript SKII+ (pBS) * 
 
pCIneo * 
 
pGEX-6P2* 
 
pCIneo-NLS 
 
c-Myb 
pCIneo-GBD-hcM 194-640 * 
 
p300 
pCMVb-NHA-CV5-p300* 
 
pCMVb-NHA-p300-ΔC2322 
 
pCMVb-NHA-p300-ΔC2267 
 
pCMVb-NHA-p300-ΔC2114 
 
pGEX-6P2-p300-CTD-V5 
 
pCIneo-NLS-p300-CTD-V5 
 
HIPK1 
pCIneo-3xFlag-Hipk1 
 
pCIneo-3xFlag-Hipk1mutant 
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Appendix D: Primer sequences 
 

Sequencing primers 
Code                      Name                    Sequence (5’-3’) 
 
S182                     fwd pBS  GTAAAACGACGGCCAGTG 
 
S183                     rev pbs                GAAACAGCTATGACCATG   
 
S068                     pCIneo RS  CTCCCCCTGAACCTGAAACA 
 
S082                     pCIneo FW  GACATCCACTTTGCCTTTCTCTCC                  
 
S232           p300-S4-S2322 CCCTCAGGTTCATCTTGCAT 
 

 

Primers for subcloning 
Code                       Name                              Sequence (5’-3’) 
 
A312                Δp300-F1              AAGAGCAGCCTGAGTAGGGGCA 
 
A313                Δp300-R2322       CCACGATAGTCGACCTAGGGCTGGGAC 
 
A314                Δp300-R2267       CCACGATAGTCGACCTATTGCTGAAGG 
 
A315                Δp300-R2114       CCACGATAGTCGACCTACTGTAGCCCT 
 
A318                p300F1840            ACTACTTCAGATCTTCTCGAGTGGTTG 
                                                                GGCAGCAACAGGGCCT 
 
S232       p300-S4-S2322     CCCTCAGGTTCATCTTGCAT 
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Annealing oligos for subcloning 
Code                       Name                                            Sequence (5’-3’) 
 
A316                NLS-pCIneo-U    CTAGCCCCGCCGCGCCATGTCGCCAGC 
 
A317                NLS-pCIneo-L     TCGAGACCCGGATCCATCAAGCTTCAC 
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Appendix E: Materials, equipment and 
computer software 
Material    Producer    Product no. 
 
Antibiotics 
Ampicillin    Sigma-Aldrich   A9518 
 
Chloramphenicol   Sigma-Aldrich   C3175 
 
Pyromycin    Sigma-Aldrich   P9620 
 
 
Antibodies 
anti-Flag (mouse)   Sigma-Aldrich   F3165 
 
anti-HA (rabbit)   Sigma-Aldrich    H9608 
 
anti-p300 NM11 (mouse) Invitrogen    #33-7600 
 
anti-p300 C20 (rabbit)  Santa Cruz Biotechnology Sc-585 
 
anti-p300 A300-358 (rabbit)     Nordic biosite        A300-358     
        
Donkey anti- Rabbit 
IR Dye 800 CW   Licor     926-32213 
 
Donkey anti- Mouse  
IR Dye 800 CW   Licor     926-32212 
 
Cell culture 
 
Countess™ chamber slides Invitrogen    C10228 
   
DMEM    Gibco®Invitrogen   41965-039 
 
PBS      Gibco®Invitrogen            14190-094 
 
FBS      Saveen Werner       FBS-11A 
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Trans-IT®-LT1    Mirus     MIR 2305 
 
Trypan Blue    Invitrogen     T10282 
 
Trypsin-EDTA    Gibco®Invitrogen   25300-054 
 
Buffers 
 
CutSmart    New England Biolabs®  Supplied 
 
NEB 2    New England Biolabs®  Supplied 
 
NEB 2.1    New England Biolabs®  Supplied 
 
NEB 3.1    New England Biolabs®  Supplied 
 
T4 DNA ligase buffer   New England Biolabs®   Supplied 
 
Vent Polymerase buffer  New England Biolabs®  Supplied 
 
Enzymes 
 
Alkaline Phosphatase  New England Biolabs®  M0290L 
 
BamH1    New England Biolabs®  R0136S 
 
BstEII    New England Biolabs®  R0162S 
 
Bg1II     New England Biolabs®  R0144S 
 
NheI       New England Biolabs®  R0131S  
 
PstI      New England Biolabs®   R0140S 
 
SalI         New England Biolabs®  R0138S 
 
SmaI              New England Biolabs®  R0141S 
 
T4 DNA Ligase   New England Biolabs®   M0202L 
 
XhoI     New England Biolabs®  R0146S 
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XmaI       New England Biolabs®  R0180S 
 
Vent Polymerase    New England Biolabs®  M0254S 
 
Ladders 
 
1 Kb plus DNA ladder   Invitrogen    10787018 
 
Precision Plus Protein dual  
Color     BioRad    161-0374 
 
Protein and DNA techniques 
 
2.5 mM dNTP Mix  Invitrogen    R72501 
 
Complete Protease 
 Inhibitor    Roche     11836145001 
 
Criterion XT 4-12% Bis-Tris Bio-Rad     345-0123 
 
Glutathione Sepharose 4B  GE-healthcare    17-0756-01 
 
Grade 17 Chr Whatman filter 
Paper     Whatman/VWR   588-3010 
 
Immobilon®-FL 
Transfer membrane  Merck Millipore   IPFL00010 
 
Luciferase Assay Buffer  Promega    E1501 
 
Luciferase Assay Substrate Promega    E1501 
 
Lens Cleaning Tissue  VWR®                                                           111-50335 
 
NucleoBond®Xtr   Macherey-Nagel   740414.5 
 
NucleoBond®ExtractII  Macherey-Nagel   740609.5 
 
NucleoBond®Plasmid  Macherey-Nagel   740588.25 
 
NuPAGETM 3-8% Tris 
Acetate Gel    Invitrogen    EA0375BOX 
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Odessey® Blocking Buffer Licor     927-40003 
 
Passive Lysis Buffer, 5x  Promega    E194A 
 
NuPAGETM Tris-Acetate  
SDS Running Buffer   Invitrogen    LA0041 
 
XT MOPS running buffer BioRad    161-0788 
 
 
Equipment 
 
Product    Producer   Model/Product no. 
 
AvantiTM Centrifuge  BECKMAN   J-25 
 
Biological Safety Cabinets  
Class II     NUAIRE   NU-425-400E 
 
Countess™ Automated cell  
Counter    Invitrogen   C10227 
 
CO2 Air- Jacketed Incubator NUAIRE 
 
Electrophoresis power supply Pharmacia Biotech  EPS300 
 
EVOS® FL color  
Imaging System   Invitrogen   AMF4300 
 
IKALABORTECHNIK  
Shaker        KS250basic 
 
Labcompanion Incubator  
Shaker    JEIO TECH   ISF-7200R 
 
NanoDrop UV-Vis  
Spectrophotometer  Thermo Scientific  2000 
 
Odyssey® CLx   LI-COR®   9140 
 
OtimaTM Max 
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Ultracentrifuge   BECKMAN 
 
Orbital Incubator    stuart®   S150 
 
 
Peltier Thermal Cycler   MJ Research  PTC-200 
 
 
Spectrophotometer   Thermo Scientific   2000 
 
SemiphorTM Electrophoresis  
Blotter    Pharmacia Biotech  TE-70 
 
SevenEasy™ pH Mettler  Toledo   S20 
 
Smart gel transilluminator  VWR®    
 
TE-70 ECL Semi-Dry  
Transfer Unit   Amersham Biosciences 80-6210-34 
 
Turner Designs TD-20/20  
Luminometer      DL ReadyTM  1420-018 
 
UVIvue transilluminator  UVItec    BTS-20-M 
 
UP 400S  
Ultraschauprozessor  dr. Hielscher   351101602 
 
 
 
Computer software 
 
Program    Version   Company 
 
CLC Main  
Workbench    8    CLC bio 
 
Excel     16.0.11601.20178  Microsoft 
 
NanoDrop 2000   1.6.198   Thermo Scientific 
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