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ABSTRACT

RECONSTITUTION OF RNA POLYMERASE Il SUBUNITS AND ANALYSIS
OF THEIR INTERACTION WITH PIC COMPONENTS

Merve ERDEN

M.Sc. in Molecular Biology and Genetics
Advisor: Murat Alper Cevher
August 2018

Mediator Complex is a global coactivator of RNA Pol Il transcription machinery. It
transmits the regulatory signals from enhancer to promoter region. In the absence of
Mediator Complex, Pol Il transcription is defected. It has been shown that Mediator
Complex binds to the CTD domain of Pol Il as well as other components of PIC (pre-
initiation complex), and thus it forms the transcription loop that enables
communication between enhancer region and the promoter. Our lab has found the
Mediator Complex subunit (which will be mentioned as MEDX since the data is not
published yet) which interacts with the purified endogenous Pol Il. After these
findings, we aimed to find the subunit of Pol Il that interacts with MEDX. For that
purpose, we cloned 8 out of 12 subunits of Pol Il and so far only reconstituted 5
subunits of it (RPB4, RPB5, RPB6, RPB9 and RPB12) and did biochemical analysis
with these proteins. Immunoprecipitation of MEDX with 5 subunits of Pol Il showed
that 4 of these 5 subunits of Pol 1l seemed to have pulled down MEDX eve after
stringent wash conditions. However, we cannot conclude that MEDX interacts with
these 4 subunits, since we are lacking other controls. Also, we will continue
characterizing the other subunits of Pol Il to find the subunit that interacts with the
Mediator subunit MEDX.

As the transcription loop is mediated by activators/Mediator/Pol I1-PIC we also started
cloning two model activators to observe activator mediated polymerase interactions.
For this purpose we started cloning and expressing two nuclear hormone receptors:

Androgen Receptor and Mineralocorticoid Receptors. Nuclear Receptors are a huge



family of activators which transmits signals from the environment of the cell by the
help of their ligands, hormones to the transcription machinery. Upon ligand binding,
these activators enter the nucleus and bind to the enhancer sequences upstream of the
promoter region. Then they recruit Mediator Complex which will start the formation
of PIC at the promoter region. We therefore obtained AR from Dr. Nathan Lack and
cloned MR. We expressed these proteins in insect cells and characterize PIC
formation.

Key Words: Mediator Complex, RNA Polymerase IlI, Pre-initiation Complex,
transcription, Androgen Receptor, Mineralocorticoid Receptor



OZET

RNA POLIMERAZ II ALTBIRIMLERININ REKOMBINANT OLARAK ELDE
EDILMESI VE BUNLARIN PIC BILESENLERIYLE OLAN ETKILESIMININ
ARASTIRILMASI

Merve ERDEN

Molekiiler Biyoloji ve Genetik Yuksek Lisans
Tez Danigmani: Murat Alper Cevher
Agustos 2018

Mediator Kompleksi, RNA polimeraz Il transkripsiyonunda gorev alan genel bir
duzenleyici proteindir. Bu Mediatér Kompleks, diizenleyici sinyalleri aktivatorlerden
promotor bolgesindeki baslangi¢ oncesi kompleksine iletir. Mediator Kompleksi
olmadiginda Polimeraz |l transkripsiyonu baslayamaz. Literatlirde Mediator
Kompleksinin Polimeraz II’'nin CTD bolgesine baglandigi gosterilmistir, bu da
Mediator Kompleksinin enhancer bolgesinden promotor bolgesine nasil transkripsiyon
dongiisiinii olusturdugunun gostergesidir. [1][2] Cevher Labi olarak Mediator
Kompleksinin, izole edilmis Polimeraz II’ye, hangi alt birimi ile baglandigini bulduk.
Bu buluslar heniiz yayimlanmadigi i¢in, Pol II ile etkilesime giren bu altbirim MEDX
olarak bahsedilecektir. Bu projede, Polimeraz II’nin hangi alt biriminin MEDX ile
etkilesime girdigini bulmay1 amagliyoruz. Bunun i¢in, Polimeraz II'nin 5 alt birimini
(RPB4, RPB5, RPB6, RPB9, RPB12) rekombinant olarak sentezledik, izole ettik ve
bunlar1 biyokimyasal olarak analiz ettik. MEDX’in, Polimeraz II’nin 5 alt birimiyle
immunopresipitasyonu ilging sonuglar verdi. Sentezlenen 5 proteinden 4’ MEDX ile
etkilesim gosterdi. Polimeraz II'nin diger alt birimlerini de sentezleyip, MEDX ile

etkilesiminin analizlerine devam edilecektir.

Okaryotik transcripsiyonuna farkli bir bakis agis1 olarak, Mediator Kompleks ile
etkilesime gecerek Polimeraz II transkripsiyon sistemine sinyal ileten aktivatorler
tizerinde calistyoruz. Niikleer Reseptorler hormonlar araciligiyla disardan gelen
sinyalleri ileten genis bir aktivator ailesidir. Hormon baglanmasi Uzerine hiicre
cekirdegine giren aktivatorler, promotdr bolgesisin {ist tarafindaki enhancer
sekanslarina baglanirlar. Daha sonra Mediator Kompleksini buraya yikleyerek

preinitiation kompleks’in olusumunu baglatirlar. Nikleer Reseptor ailesinden biri olan



Androjen reseptort ve Mineralokortikoit reseptorleri klonladi ve bocek hiicrelerinde
rekombinant olarak sentezlendi. Amacimiz, Mediator Kompleksi’nin aktivator olarak
bu reseptorlerle nasil etkilesim kurdugunu ve transkripsiyonu nasil baslattigini
kesfetmektir. Mediator Kompleksinin her bir alt biriminin farkli bir aktivatorle
etkilesime girdigi tahmin edilmektedir, bu sebeple baglanan her bir aktivatér Mediator

Kompleksini farkli mekanizmalarla kontrol etmektedir.

Anahtar Kelimeler: Mediator Kompleksi, RNA Polimeraz II, Baslangi¢ oncesi
kompleksi, Androjen Reseptor, transkripsiyon
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CHAPTER 1

INTRODUCTION

1.1 Mediator Complex

Mediator is a multi-subunit coactivator complex with distinct modular structure that
essentially functions in RNA Polymerase Il (Pol 11) mediated transcription. It was first
discovered by Roger D. Kornberg as a purified complex from yeast that interacts with
the activator proteins and enhances the transcription of these activators.[3][4] Later
studies showed that, this complex was an essential global complex that is conserved
from yeast to human. Human Mediator complex was initially purified as an interacting
protein to thyroid hormone receptor and it was initially denoted as thyroid hormone
receptor associated protein (TRAP). [5] These findings have led to the idea that
Mediator complex was only essential for the activator dependent transcription.
However later studies have found that Mediator complex is also critical for the basal
transcription. [6] Consistent with these findings, it is shown that Mediator depleted
nuclear extracts are defected in RNA Pol Il transcription in both TATA promoters and
TATA-less promoters, showing that Mediator Complex is indispensable for the Pol 11
transcription. [6][7] Then, Mediator Complex is found to form a holoenzyme by
interacting with Pol I1l. When Mediator and Pol Il are mixed in equimolar amounts,

75% of the Mediator is shown to form a holoenzyme with Pol 1I. [8]

Mediator complex is an essential factor of the pre-initiation complex (PIC) which helps
to regulate the transcription by relaying the regulatory signals from General
Transcription Factors (GTFs) and activators to Pol I1. It controls the function of Pol 1l
during pre-initiation, initiation, elongation and re-initiation by interacting with
activators or different transcription factors. In the complex of PIC, Mediator interacts

with activators bound to enhancer sequences upstream of the promoter region and also



GTFs and Pol Il on the promoter region to provide the communication in the
transcription loop. [9][10][11]

Mediator complex is incapable of recognizing the promoter DNA sequences and thus
it depends on DNA binding factors to be recruited to the promoter. Mediator Complex
relies on TFIID for recruitment to the promoter region since the TFIID has a subunit
TATA-binding protein (TBP) that recognizes the promoter sequences. That is why
Mediator complex has a functional synergy with TFIID. [12] After TBP recognizes
the specific promoter sequence, other PIC components are recruited to the promoter
region to complete the pre-initiation complex.
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Figure 1.1: Mediator Complex is composed of head, middle, tail and kinase modules
with total 30 subunits. [13]

Mediator Complex is usually referred to as a co-activator since it interacts with
activator proteins such as thyroid hormone receptor (TR) and mediate their activity.
However recent studies showed that Mediator complex has also inhibitory effects on
transcription. It is shown that CDK8-dependent phosphorylation of Med3 subunit
results in degradation of this tail subunit which causes suppression of Mediator. [14]

As a consistent result, it is shown that Med13 decreases Mediator complex occupancy



at enhancer sequences which implies that kinase module of the Mediator complex has
an inhibitory effect on transcription. [15] Decrease in the Mediator occupancy at
specific enhancers cause gene regulation at specific promoters at transcriptional level

since synthesis of MRNA is a major site for the regulation of the gene expression.

1.1.1 Dynamic Structure of Mediator Complex

Human Mediator is a 30-subunit coactivator complex with variable subunit
composition and it is 2 MDa in size. It divides into four modules-- head, middle, tail
and kinase. MED14, which is a Mediator Complex subunit, acts as a scaffold to hold
head, middle and tail modules together. Head and middle modules along with MED14
together form the active core Mediator complex. [16] Tail and kinase modules bind to
core Mediator dynamically. It has been shown that kinase module dissociates from
Mediator complex after Mediator interacts with the PIC which is consistent with the
result that the kinase module binds to the Mediator complex and inhibits Pol 11 binding.
[17] [18] This statement is also enhanced with the findings of the MS-based studies
which showed that purified yeast Mediator from nuclear extracts had two distinct
forms of Mediator which are Mediator-Pol Il complex and full Mediator itself. [19]
This study showed that Pol Il and kinase module dynamically interacts with Mediator
complex. This dynamic structure of Mediator enables it to have specific functions in
different forms like being inactive in transcription with kinase bound form and getting
activated when kinase module dissociates. In addition to the dynamic binding of the
modules, subunit composition of the Mediator is also dynamic. Studies showed that
isolated Mediator complexes lack one or more subunit. [20] Most of the isolated
Mediator complexes containing Pol Il complex also contains MED26 subunit devoid
of kinase module, but Mediator Complex that is not bound to Pol Il may not have
MED?26 . [21] [22] This property enables Mediator Complex to regulate specific genes
at different levels since it has specific interactions with different regulatory proteins.

[2] [23]



1.1.2 Mediator as a Therapeutic Target

On the basis of its critical role in transcription and its role in regulating different sets
of genes, Mediator Complex has become a target in many diseases. Its dynamic subunit
composition and interactions of different subunits with specific regulators, makes it a
perfect candidate for treatment of human diseases. Since different subunits regulate
specific sets of genes, targeting a single subunit of the Mediator complex may block a
specific pathway without making a global effect in the cell. This advantage of Mediator
Complex has conducted scientist to research about the Mediator complex in a wide
range of human diseases. [24][25][26]

Nowadays, many diseases are linked to Mediator Complex as some of the subunits
were found to be highly expressed in solid tumor samples. For instance up-regulated
MED19 (a subunit of Mediator Complex) levels in breast cancer were linked to
tumorigenesis.[27] Knockdown of this subunit in cancer cells decreased cell viability
and cancer proliferation. In another study, it was found that MED1 is overexpressed
in prostate cancer cell lines and loss of this subunit resulted in inhibited cell cycle
progression, cell proliferation and increased apoptosis rate due to the loss of expression
in the androgen target genes. [28] Not only cancer, but also other diseases are thought
to be in consequence of mutation or dysregulation of Mediator subunits. Microcephaly
and mental retardation is now linked to MED19 by genetic analysis and the results
revealed that the patient had a haplosufficiency in MED19 because of an inversion in
chromosome 6. [29] In the light of these findings, it has been an idea to target Mediator
complex in such diseases which will open a new path for the treatment. Fortunately,
this path will hold important keys to future therapies of a wide range of human diseases

such as cancer, cardiovascular diseases, neurological disorders etc.

1.2 RNA Polymerase Il Transcription Machinery

In eukaryotic transcription, Pol Il transcribes all protein coding mRNA, most of the
small nuclear mRNA and microRNA. [30] Transcriptional initiation depends on the
assembly of a set of factors to form pre-initiation complex (PIC) on the core promoter
DNA. The minimal PIC includes general transcription factors (TFIIA, TFIIB, TFIID,
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TFIE, TFIIF, TFIIH), Mediator Complex as a coactivator and Pol Il. [31] PIC is
required for a proper initiation of transcription by Pol 11 and its formation starts with
the recognition of the gene promoter upstream of the transcription start site. General
transcription factors have a role in the recognition of the promoter sequences, response
to gene regulatory factors and modification of the chromatin structure. In the complex
of PIC, Pol Il is inactive until some conformational changes occur by phosphorylation
of the CTD, then the promoter DNA is melted and template strand of the DNA is
brought to the active site cleft of Pol 1. [32] Initiation of the transcription occurs when
the first ~30 bases of MRNA is synthesized then Pol Il is released from the promoter

DNA and transcriptional elongation starts.

Eukaryotic Pol Il is a multi-protein complex that is made up of 12 polypeptides (RPB1-
RPB12) which have evolutionarily conserved sequences. [33] The Pol Il has four
distinct mobile modules which are core, clamp, shelf and jaw lobe that move relative
to each other. [34] Active center of Pol Il is composed of the subunits Rpb3, 10, 11,
12 and regions of Rpbl and Rpb2, which are common with the other Polymerases.
[35] The center of the enzyme is a deep cleft which is made up of all the modules that
incoming DNA enters and passes through the active site. The clamp module is
connected to the core complex where it keeps the active site closed before the initiation
of the transcription. After chromatin remodeling and DNA unwinding, clamp module
moves to create open complex permitting the single stranded template DNA to enter
the active site of the Pol Il. Rpb4 and Rpb7 were shown to bind at the base of the clamp
and possible they lock the clamp at the closed complex. [36] This mechanism ensures

that double stranded DNA does not enter the active site of the polymerase.

1.2.1 Pol Il in Pre-Initiation Complex

Pol Il cannot act alone or it cannot recognize promoter DNA and thus it needs to be
regulated by the transcriptional regulators. Pol Il interacts with GTFs and Mediator
Complex to initiate transcription of specific sets of genes. Mediator acts as a physical
bridge between GTFs and Pol Il to relay the regulatory signals from GTFs to Pol II. In
activator dependent transcription, Mediator also interacts with activators on the
enhancers to signal for the activation of the Pol 1. Thus, Mediator is the main hub of

the communication within the PIC complex. [31][34]

5



TBP, TATA-binding protein, is one of the subunits of TFIID which recognizes
promoter DNA sequences. When it recognizes the promoter region, it creates a bends
in the DNA. TFIID has chromatin remodeling complexes in its composition, so after
its recruitment to the core promoter with the help of TBP, promoter DNA is remodeled
for the access of other components of PIC. [37] Then TFIIA is recruited to the
promoter interacting with TBP. TFIIA stabilizes TBP-DNA binding and strongly
enhances the binding of TFIID to DNA through competing with the negative
regulatory factors. [38] [39] [40] Then TFIIB, composed of two conserved subunits,
is recruited to the core promoter interacting with TBP through its C-terminal core
domain. And this recruitment of TFIIB further enhances strength of the complex
forming on the core promoter. Then Pol Il and TFIIF is recruited to the forming
complex with the help of interactions between Pol II&TFIIB and also between
TFIIB&TFIIF. [2]

Then other GTFs are recruited to the core promoter as well as Mediator and Pol 1.
TFIIH has both kinase and helicase activity which are the main control mechanisms of
the transcriptional initiation. Until TFIIH recruitment, Pol Il is inactive and it is
inhibited from initiating the transcription. Upon TFIIH recruitment, kinase subunit
phosphorylates CTD domain of Pol 11 and helicase subunit unwinds the promoter DNA

and allows the formation of transcription bubble. [2]

Mediator

Kinase Tail Middle Head

General Pol Il machinery
Current Opinion in Cell Biology

Figure 1.2: Assembly of the multi-protein pre-initiation complex (PIC) which is

composed of GTFs, Mediator and Pol Il at the core promoter. [41]



1.3 Interaction of Pol Il with Mediator Complex

Regulation of Pol Il transcription by GTFs and activators depend on the formation of
the pre-initiation complex in which Mediator is a bridge between the regulators and
Pol I1. In this multiprotein complex, Pol Il interacts with other GTFs and Mediator
complex to communicate for the regulatory signals. Nowadays, many interactions
have been shown between Pol Il and other GTFs as well as interactions in between the
GTFs. It has been shown that TFIIA and TFIIB both interact with TBP, DNA binding
subunit of TFIID, in the process of their recruitment to the core promoter. [42] [43]
On the other hand, TFIIE directly interacts with TFIIH in the complex of PIC and they
are recruited last to the promoter region since TFIIH recruitment results with
phosphorylation of Pol Il and the initiation of the transcription. In addition to these
interactions between GTFs, Pol Il is reported to interact with TFIIB and TFIIF as well.
[44]

Other than GTFs, Mediator complex is also known to interact with Pol Il. [45]
Nowadays, it has been reported that yeast Mediator interacts directly with Pol 11 in the
process of PIC formation, concordantly Plaschka et.al. reconstituted the 15 subunit
active core Mediator complex from yeast and cryo-EM results of Mediator bound to
initiation complex showed that Mediator complex interacts with the RPB4 and RPB7
subunits of Pol Il near the carboxy terminal domain (CTD). [46] [47]
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Figure 1.3 Representation of predicted Pol 11- Mediator Complex interaction. [34]



However, in terms of structural Mediator Complex-Pol Il interaction there are many
inconsistent representations that shows different locations of Mediator Complex on
Pol 11. [46] It is not exactly known where Mediator Complex sits on Pol 11, however
we can say that their interaction does not seem to be on a single interaction site. In a
previous study, it has been reported by EM results that Mediator might engage in
multiple contacts with Pol 1I. [1] This fact may help the Mediator Complex lie on Pol
Il to stabilize its interaction with the PIC, but upon CTD phosphorylation
conformational changes on Mediator and Pol Il complex causes dissociation of Pol Il
which results in promoter escape and initiation of transcriptional elongation. [34]
Understanding the accurate mechanism of how Mediator Complex regulates the
activity of Pol Il requires finding their interaction surfaces and their dynamic structural
shifts, therefore analysis of their interactions in different stages of transcription is

necessary.
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Figure 1.4 Schematic structure of Mediator Complex and Pol Il interaction in the
transcription loop where Mediator Complex acts as a bridge between activators on

enhancers and Pol 11 on the promoter site. [48]



1.4 Baculovirus Expression System and Recombinant Protein Expression in
Insect Cells

In the last 3 decades, there has been an enormous discovery in the novel protein
complexes involved in many cellular events, with the help of developments in the
biochemical methods and imaging systems. Discovery of large multi-protein
complexes in eukaryotic organisms raised the need for analysis of their molecular
structure and functions in order to understand the molecular mechanisms in the cellular
level. Biochemical analysis or imaging systems such as cryo-EM require an abundant
levels of properly folded proteins in order to investigate their structures, functional
properties, or interactions within the complex. Isolation of these proteins from the cells
is not an efficient way to get high amounts of proteins since the endogenous proteins
are expressed in very low levels. Therefore, there should be a way to express high
levels of properly folded proteins for the biochemical and functional assays. Protein
production in prokaryotes such as in E.coli is a way to produce high levels of
recombinant proteins with its ease and low cost advantages, however, proteins with
high molecular weight may not be expressed in prokaryotes. [49] Besides, prokaryotic
organisms may experience difficulty in producing properly folded mammalian
proteins since proper post-translational modifications may not occur. [50] As a result
of these difficulties, there should be another way to produce multi-protein complexes

in a more efficient way.

In the early 1980s, a report was published about the baculovirus mediated recombinant
gene expression in insect cells which created a tremendous impact in the biochemistry
field. [51] Obviously, this was seen as the most efficient way to produce recombinant
eukaryotic proteins in abundant levels. Moreover, this method was very useful for
producing multi-protein complexes with its eukaryotic protein processing capability.
[52]

Baculoviridae is a virus family with a large double stranded circular genome. Their
hosts are largely arthropods, and most of the insects. Autographa californica nuclear
polyhedrosis virus (AcNPV) has the most flexible envelop that can enclose very
large DNA inserts in its 130 kb dsDNA genome. [50] AcNVP genome was
originally used in the first recombinant protein technology and its genome is still

used as a backbone for engineering today’s expression vectors. [53]



Recombinant baculoviruses are simply generated by a cloned gene inserted into the
transfer vector which then is transformed into the E.coli bacteria that carries the
shuttle bacmid. [50] Recombinant bacmid is constructed by the Tn7 mediated
transposition of the gene of interest. As a transfer vector pFASTbac was constructed
for dual expression of two proteins at the same time. However, reconstitution of
large multiprotein complexes required another vector which can carry many
subunits in the same vector in a modular manner. Thus, they engineered the vectors
pFBDM and pUCDM which have two expression cassettes driven by polh and p10
viral promoters and a multiplication module in between. In the two expression
cassettes there are multiple cloning sites (MCS) with a wide range of restriction
sites enabling cloning of two gene into one vector. Vectors have restriction sites out
of the MCS which are Pmel&Avrl, and these are compatible with the restriction
sites on the multiplication module. Thus, when a vector is cut on Pmel&Auvrl sites,
it can be combined with another vector on its multiplication module iteratively. This
is a very efficient way to construct recombinant baculovirus which accommodates

desired number of genes to assemble multiprotein complexes.
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Figure 1.5: pFBDM is used in baculovirus expression system as a vector. It has two
multiple cloning sites (MCS), with p10 and polh promoters, as well as a multiplication

module that enables cloning of multiple subunits into one vector. [50]

Baculovirus expression system is widely used in the expression of eukaryotic

multiprotein complexes due to its advantages such as expressing high amounts of
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properly folded proteins, capability of processing the eukaryotic modifications as well
as isolating assembled multiprotein complexes. By the help of this expression system,
Dr. Cevher has achieved to isolate active core Mediator complex. Reconstitution of
this 15 subunit Mediator complex has led to pioneer discoveries about Mediator

structure and function. [16]
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1.5 Aim of Study

The ultimate aim of this study is to find the interacting subunits of Pol Il and
transcriptional machinery by initially concentrating on the Mediator complex. Until
now, it has been reported by many of the scientists that Pol Il directly interacts with
Mediator Complex, and the reports have been shown that multiple subunits of the head
module of the Mediator interact with multiple subunits of Pol 1. Our lab has recently,
recombinantly, generated the subunits of the Mediator and found that in metazoans,
one of the Mediator subunits interact with endogenous Pol Il purified from HeLa cells.
So now our purpose is to find the specific subunit of Pol Il that interacts with this
subunit of the Mediator Complex. We therefore started to recombinantly generate the
RNA Pol Il subunits by initially expressing 5 of the Pol Il subunits. We next tried to
find which of these subunits interacts with the Mediator Complex by biochemical
analysis. We are now in the process of recombinantly generating the entire Pol 1l
subunits. Once achieved, we will do further investigations to find the subunit(s) of Pol
Il that interacts with Mediator Complex.

Also, since Mediator is a coactivator we will also investigate the interaction between
recombinant Androgen Receptor and Mineralocorticoid Receptor with Mediator
Complex/Pol II. In light of this, Dr. Nathan Lack, Koc University, kindly provided us
the flag-AR plasmid while we cloned MR to the pFASTbac system. We therefore

expressed these proteins and in the future they will be used for further investigations.
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CHAPTER 2

Materials, Solutions, Buffers

2.1 Cloning materials, buffers and solutions

Product Name Company & Cat. No.

Taq DNA Polymerase, (5U/ul) Thermo Scientific #EP0402
EcoRI-HF NEB #R3101S

HindllI-HF NEB #R3104S

Xbal NEB #R0145S

Notl-HF NEB #R3189S

T4 DNA ligase NEB #M0202S

10X T4 DNA ligase buffer NEB #B0202S

GeneJET Gel Extraction Kit Thermo Scientific #K0691
GeneJET Plasmid Miniprep Kit Thermo Scientific #K0502
LB broth Home made

LB agar plates Home made

Ampicillin Glentham Sciences #69-52-3
Kanamycin Glentham Sciences #25389-94-0
Tetracycline Sigma Aldrich #87128-25G
IPTG Glentham Sciences #367-93-1
Alkaline Phosphatase Thermo Scientific #EF0652
FastDigest Value Pack Thermo Scientific #K1991
Revert Aid First Strand cDNA synthesis | Thermo Scientific #K1622

Table 2.1 Solutions and buffers used for the recombinant plasmid construction
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2.2 Cell Culture Media, Solutions, Supplements

Product Name

Company & Cat. No.

Grace’s Insect Medium

Lonza #04-649F

FBS Biowest #181H-500
Poloxamer Sigma-Aldrich #16758
Gentamicin Thermo Fisher #15750060

Cellfectin 11 Reagent

Invitrogen #10362-100

6 well plates Corning
Spinner Flasks -
Syringe Filter System Corning

Table 2.2: Cell culture media, solutions and reagents

2.3 SDS-Page, Western Blot Solutions and Buffers

30%Acrylamide/0.8% Bisacrylamide

300g/L acrylamide, 8g/L bisacrylamide

10% Ammonium Persulfate

100g/L APS in water

1X Running Buffer

25 mM Tris, 200 mM Glycine,
0.1%SDS

1X Transfer Buffer

25 mM Tris, 200 mM Glycine,
20% Methanol

1X PBS-t

8 mM Na2HPO4, 137 mM NaCl, 2.7
mM KCI, 2 mM KH2PO4, 0.1%

Tween20

Coomassie Blue Staining Solution

50% Methanol, 10% acetic acid, 40%
ddH-0, 0.1% Coomassie Blue

Destaining Solution

50% Methanol, 10% acetic acid, 40%
ddH»0

1.5M Tris HCI (pH 8.8) 181.5g/L Tris base
1M Tris HCI (pH 7.6) 121.1g/L Tris base
5% SDS 50g/L SDS
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Mild Stripping Buffer (pH 2.2) 15¢g/L glycine, 1g/L SDS, 10mL/L
Tween

PageRuler Prestained Protein Ladder, Thermo Scientific #26616
10 to 180 kDa

Table 2.3: SDS-Page, Western Blot Buffers, Solutions, Materials

2.4 Bacmid Isolation

Solution | 15mM Tris-HCI (pH 8.0), 10mM
EDTA, 100pg/ml RNase A

Solution 11 0.2N NaOH, 1% SDS

3M Potassium Acetate (pH 5.5) 294.4¢g/L potassium acetate

1X TE buffer 10mM Tris, ImM EDTA

Table 2.4: Buffers and Solutions for Bacmid Isolation

2.5 Preparation of Competent Bacteria

LB broth 10g/L NaCl, 10g/L Tryptone, 5g/L

yeast extract

LB Agar 10g/L NaCl, 10g/L Tryptone, 5g/L
yeast extract, 15¢/L agar

1M CaCl> 147g/L CaCl;

Table 2.5: Media, solutions and buffers used for the preparation of competent cells

2.6 Immunoprecipitation with Pol 11 subunits

Dynabeads His-Tag Isolation and Invitrogen #10103D
Pulldown Kit
2X Binding/Wash Buffer 100mM Sodium Phosphate (pH 8.0),

600mM NaCl, 0.02% Tween20

2X Pull-down Buffer 6.5mM Sodium Phosphate (pH 7.4),
140mM NacCl, 0.02%Tween20
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His Elution Buffer

300mM Imidazole, 50mM Sodium
Phosphate (pH 8.0), 300mM NacCl,
0.01% Tween20

Table 2.6: Buffers and Solutions used in IP with Pol 11 subunits

2.7 Protein Purification from Insect Cells

BC1000 1M KCI, 40 mM Hepes, 4mM MgCly,
0.4mM EDTA, 15% Glycerol, 0.5 mM
dTT, 0.5mM PMSF

BCO 40 mM Hepes, 4mM MgClz, 0.4mM
EDTA, 15% Glycerol, 0.5 mM dTT,
0.5mM PMSF

10% NP40 100ml/L NP40

Table 2.7: Buffers, solutions used for protein purification from Insect Cells

2.8 Purification of Androgen Receptor from Hi5 cells

Hypotonic Buffer

10mM Tris-HCI (pH 8.0), 10mM NaCl,
1.5mM MgClz, 10mM -
mercaptoethanol, 1uM DHT

Nuclear Extract Buffer

10mM Tris-HCI (pH 8.0), 0.3M NacCl,
1.5mM MgCly, 10mM -
mercaptoethanol, 1uM DHT, 50mM -
glycerophosphate, 50mM NaF,

Anti-flag M2 Agarose Beads

Sigma-Aldrich #A4596

Flag Peptide

Sigma #F3290

Table 2.8: Buffers, solutions and materials used for purification of AR from Hi5

cells
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2.9 Insect Cell Culture Conditions

» Grace’s Insect Media
= 10% FBS

= 50pg/ml Gentamicin
= 1X Poloxamer

2.10 Antibodies for Immunoblotting

Name Brand&Cat.No
Med14 rabbit pAb Abcam #ab170605
Med12 rabbit pAb Home Made

XPB mouse pAb Home Made

Mat1 rabbit pAb Home Made
Med30 rabbit pAb Home Made

Anti-mouse 1gG, HRP-linked Antibody

Cell Signaling #7076S

Table 2.10: List of the antibodies used in immunoblotting for Western blot
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CHAPTER 3

Method

3.1 Preparation of DH5a Competent cells by CaCl2 method

An aliquot of DH5a cells were grown in 2 ml LB medium overnight. Then it was used
to seed 100 ml of LB broth. Then it was cultured in a shaker at 37 C for 2-3 hours,
measuring the OD every half an hour. When the OD reached 0.6A, the bacterial culture
were chilled on ice for 10min and spin at 2000rpm for 10 min at 4 C and supernatant
was discarded. The pellet was resuspended in 10ml ice cold 0.1M CaCL.. Then
bacteria was spin at 2000 rpm for 10 min at 4 C and supernatant was discarded. Cell
pellet was resuspended in 2 ml of ice cold 0.1M CaCL.. Then bacteria was left in the
cold room on ice overnight. Next day 2 ml of 50% glycerol was added and 100ul

aliquots were frozen in liquid nitrogen and stored at -80 C.

3.2 Cloning for Recombinant Plasmid Construction

3.2.1. Primer Design

5 subunits of human RNA Pol Il were cloned into pFBDM vector to be expressed in
insect cells. Primers were designed to have 6 histidine tag in all proteins at the N

terminal.

h:RPB4 Notl F 5’-GCGCGGCCGCATGCATCATCATCATCATCATGCGGCGGGTGGCAGC-3’

h:RPB5 EcoRI F 5’-GCGAATTCATGCATCATCATCATCATCATGACGACGAGGAGGAG-3’

h:RPB6 EcoRI F 5’-GCGAATTCATGCATCATCATCATCATCATTCAGACAACGAGGAC-3’

h:RPB7 EcoRl F | 5- GCGAATTCATGCATCATCATCATCATCATTTCTACCATATCTCC-3’

h:RPB9 EcoRI F 5°-GCGAATTCATGCATCATCATCATCATCATGAGCCCGACGGGACTTAC-3’

h:RPB12 ECORI E | 5-GCGAATTCATGCATCATCATCATCATCATGACACCCAGAAGGACGTT-3’

Table 3.2.1: 6his-tag containing forward primer sequences for Pol 11 subunits
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Reverse Primer List is below;

RPB4 Xbal Reverse 5°-GCTCTAGATTAATACTGAAAGCT-3’
RPB5 Xbal Reverse 5°-GCTCTAGACTACTGCACCAGCCG-3’

RPB6 Xbal Reverse 5°-GCTCTAGATCAGTCGGTGATGAT-3’

RPB7 Xbal Reverse 5°-GCTCTAGATCAGCTTACAAGCCCCAA-3’
RPB9 Hindlll Reverse 5°-GCAAGCTTTCACTCGGTCCAGCGGTGGCC-3’
RPB12 Hindlll Reverse 5°-GCAAGCTTTCATCGAGCATCAAAAACGAC-3’

Table 3.2.2: Reverse primer sequences for Pol Il subunits

3.2.2 cDNA synthesis

HeLa mRNA was converted to cDNA by using oligodT primers with Thermo
Scientific Revert Aid First Strand cDNA synthesis kit #K1622.

3.2.3 Polymerase Chain Reaction (PCR)

Taq Polymerase (Thermo Scientific EP0402)

Rxn Mixture (25l total) PCR Conditions

10x Taq Buffer 2.5ul Initial Denaturation 95C 3 min
Taq Polymerase 0.25pl Denaturation 95C 30sec
10mM dNTP  0.5ul Annealing * 30 sec
25mM MgCI2 2ul Extension 72C **
Frw Primer 1l Final Extension 72'C  7min

Rev Primer 1ul

cDNA Template 5pl

ddH20 12.75ul
* Annealing temperature was different for each set of primers.
** Extension time depends on the length of the gene and speed of the polymerase used.
For my genes extension time was 1min 15 sec.
PCR products were run on 1% agarose gel and was purified by Thermo Scientific
GenelJET Gel Extraction Kit (#K0691).
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3.2.4 Restriction

Restrictions were done with the restriction enzymes all in the same kit Thermo
Scientific FastDigest Value Pack (K1991).
All the restrictions of PCR products and their vectors were restricted with the

corresponding cleavage sites that are used in their primers as double digests.

Restrictions of PCR products (insert) Restrictions of pPFBDM vector
10xFastDigest Buffer 2pl 10xFastDigest Buffer 2pl
Enzyme | 1l Enzyme | 1l
Enzyme Il 1l Enzyme Il 1l
PCR 16pl pFBDM (450ng/ul) 5yl
ddH20 11ul

Reaction mixtures were incubated for 1 hour at 37 C water bath. 1pl of alkaline
phosphatase (Thermo Scientific FastAP Thermosensitive Alkaline Phosphatase
#EF0652) was added to the vector reactions only and incubated half an hour more at
37'C water bath as well as with the PCR reactions. Then the restriction products were

run on 1% agarose gel and purified with the gel extraction kit (GeneJET #K0691).

3.2.5 Ligation

Purified PCR products and their corresponding double digested vectors were ligated
with NEB T4 DNA ligase and its buffer (#M0202S).

Ligation rxn

10x Ligase Buffer — 2ul

T4 DNA ligase 1ul
pFBDM 1pl
insert *
ddH.0 to 20ul

Ligation reactions were incubated at 16 C overnight in a PCR machine.
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3.2.6 Transformation of the ligation reactions to DH5«

DH5a competent cell from -80'C was thawed on ice then 50 pl of bacteria was
transferred to an ice chilled microcentrifuge tube. Ligation reaction was added onto
the competent cells. Reaction was mixed by flicking at the tip of the tube. Tube was
incubated on ice for 30 min. Then heat shock was done in a water bath at 42'C for 45
sec. Then tube was incubated on ice for 2 minutes. 800 ul of LB medium was added
into the tube near the flame and the bacteria were cultured in a 37 C shaker for 2 hours.
Then tube was centrifuged for 5 min at 3000 rpm at room temperature and bacteria
pellet was resuspended in 50 pl of LB medium and spread on 100 pg/ml ampicillin

containing agar plate and incubated at 37 C overnight.

3.2.7 Inoculation of a single colony into LB medium

Single colonies that grew on the agar plate were inoculated into LB medium to grow
bacteria for large scale plasmid purification. With a 10 pl tip a single colony was taken
from the agar plate and the tip was dropped into the 100ug/ml ampicillin containing 4
ml LB media. Bacteria was cultured at 37 C shaker overnight. Plasmid purifications
from bacteria was done with Thermo Scientific GeneJET Plasmid Miniprep Kit
#KO0503. After purification of plasmid, insert was checked with PCR by using the

specific primers to each gene.

3.3 Transformation of plasmid into DH10bac bacteria

Competent DH10bac bacteria was thawed on ice. 50ul of bacteria was transferred to
an ice chilled microcentrifuge tube. 1ul of plasmid was added into the bacteria and
tapped with a finger to mix reaction. Reaction was incubated on ice for 30 min. Heat
shock was done in a water bath at 42'C for 45 sec. Then tubes were incubated on ice
for 2 minutes. 800ul of LB medium was added on to the bacteria and incubated in a
37°C incubator for 8 hours. 100ul of bacteria was spread on agar plate containing
100pg/ml Ampicillin, 50pg/ml Kanamycin, 10pg/ml Tetracycline, 0.17mM IPTG,

100pg/ml X-Gal and incubated at 37 C for 36 hours until white colonies were visible.
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3.4 Isolation of Recombinant Bacmid DNA from DH10bac Transformants

A single white colony of DH10bac from the IPTG/X-Gal plate was inoculated into 4
ml LB medium that contains 50ug/ml kanamycin, 100ug/ml ampicillin, 10ug/ml
tetracycline. Bacteria was cultured at 37°C shaker for about 12-16 hr. Then bacteria
was centrifuged in a microcentrifuge tube at 13,000 rpm for 1 min to pellet cells.
Supernatant was discarded and the pellet was gently resuspended by pipetting up and
down in 300 pul of Solution I. Then 300 pl of Solution Il was added and the tube was
inverted gently to mix the solution. Tube was incubated at room temperature for 5
minutes. 300 pl of 3M potassium acetate, pH 5.5, was slowly added. The tube was
gently inverted a few times to mix the solution. A white precipitate that contains E.coli
genomic DNA and bacterial proteins formed. Tube was incubated on ice for 5 to 10
min and centrifuged for 10 min at 13,000rpm at 4 C. The supernatant was transferred
to a new microcentrifuge tube that contains 800 ul isopropanol. The tube was inverted
a few times to mix and it is incubated on ice for 10 minutes. Any white precipitate
should not be transferred to the new tube. Then the tube was centrifuged at 13,000 rpm
for 15 min at room temperature. The supernatant was discarded while trying not to
disturb the pellet. Pellet was washed with 500 pl 70% ethanol. The tube was inverted
a few times and centrifuged at 13,000 rpm for 5 minutes at room temperature.
Supernatant was discarded. Washing step was repeated. After removing the
supernatant, the pellet was air dried for about 10 minutes to get rid of the ethanol
completely. Then 50 ul of TE buffer, ph 8.0 was added to elute the bacmid DNA.
Pipetting was avoided not to shear the bacmid DNA. Bacmid DNA was resuspended
by just tapping the tip of the microcentrifuge tube. The concentration of the bacmid
DNA was measured and recorded in NanoDrop spectrophotometer by using the TE

buffer as a blank.

3.5 Transfection of the bacmid DNA into Sf9 Insect Cells

Nearly 1 million Sf9 cells were seeded into 6 well plate and left for attachment for 30
min. Then in a microcentrifuge tube, 200 pl of GIBCO serum free insect media was

added with 6-7 pg of purified bacmid DNA and 4 ul of Cellfectin Transfection Reagent
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and incubate at room temperature for 15-20 minutes. Media on the cells in 6 well plate
was discarded and add the media containing bacmid and cellfectin was drop wise
added on top of the cells. 800 ul of GIBCO serum free medium was added on top of
the cells and it was incubated for 5 hours at 26 C for transfection to occur. After 5
hours, media was discarded and 2 ml of full insect media (Grace’s insect media
supplemented with 10% FBS (Heat inactivated) and 50 pg/ml Gentamicin) was added.
After 6-7 days, morphology of the cells started to change and the cells started to detach
from the 6-well plate. At this point, the cells were collected with their media by
pipeting the media on the cells to detach them completely and transferred to a
microcentrifuge tube and centrifuged for 5 min at 2000 rpm. The supernatant was
stored as pO virus at 4°C. And the cell pellet was analyzed by Western blot to see if

the cells produced the protein of interest.

3.6 Amplification of p0 virus to pl and p2

100 pl pO virus was used to infect 50 ml Sf9 cells in a concentration of 1x 108 cells/ml.
Infection was incubated in a spinner flask for 3 days and cultured cells were spun at
1500 rpm for 5 min. Supernatant was stored as p1 which is the amplified virus. Then
for the preparation of p2 virus, 1Iml pl was use to infect 50 ml Sf9 cells in a
concentration of 1x 108 cells/ml. Infection was incubated in a spinner flask for 3 days
and p2 virus was obtained by centrifuge at 1500 rpm for 5 min. Then the obtained virus
was stored at 4°C and further used for the protein purification.

3.7 Pol 11 subunit Purification from Hi5 insect cells

Hi5 cells were cultured with full insect media until they reach 1x 108 concentration
then 25 ml cells were transferred to 20 cm plate and incubated for 30 min for
attachment. Then they were infected with 500 pl of p1 virus and incubated 3 days. At
the end of 3™ day cells were transferred to a 50 ml falcon and centrifuged at 1500 rpm
for 5 min. Cell pellet was dissolved in 4 ml of BC500 and transferred to dounce
homogenizer. Cells were lysed with 10 strokes and incubation for 10 min on ice and

repeated for 3 times. Lysate was centrifuged at 12000 rpm for 20 min at a 4°C rotator.
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Supernatant containing the soluble proteins was transferred to a beaker and 2.6 ml of
BCO containing 0.1% NP40 was slowly added with an injector to bring the salt

concentration to 300mM. Protein solution was aliquoted and stored at -80 C for use.

3.8 Immunoprecipitation with His-tag Dynabeads

60ul Dynabeads His-Tag Isolation and Pulldown (Life Tech) #10103D beads were
transferred to a microcentrifuge tube and tube was placed in a magnetic rack for 2 min.
Solution was discarded and proteins were added to the beads in calculated amounts.
Bead and protein mix were incubated for 10 min at 4 C rotator. Tube was placed on a
magnet and supernatant was discarded. Then beads were washed 4 times with 300 pl
of 1X Binding/Wash buffer by placing the tube on a magnet for 2 min each time and
discarding the supernatant. Then 2" protein was added on to the beads and incubated
for 30 min in a 4 C rotator. Then tube was placed in a magnet and supernatant was
discarded. Then beads washed again with 300 pl 1X Binding/Wash buffer for 4 times.
Then beads were resuspended in 10 pl of 2X SDS loading dye and stored at -20°C to
be analyzed with Western blot.

3.9 Immunoblotting

After SDS-page of the samples in polyacrylamide gel, they were transferred to the
methanol-activated PVDF membrane in 1X Tris-glycine and 20% Methanol for 2.5
hours at 330 mA in a cold room. Then the membrane was blocked by 5% milk-1X
PBS solution for 2 hrs at room temperature. Then membrane was cut according to the
sizes of the proteins to be blotted, then primary antibody was added and incubated at
4°C overnight. Next day, membranes were washed with 1X PBS containing 0.1%
Tween and then membrane was incubated with the HRP conjugated-secondary
antibody (Cell Signaling Technology; horse anti-mouse #7076S, goat anti-rabbit
#7074S) for 2 hrs at room temperature. Then membrane was again washed with 1X
PBS containing 0.1% Tween, and developed with an appropriate exposure time in x-
ray imager or Amersham Imager 680 by using ECL.
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3.10 Purification of Androgen Receptor from Hi5 Insect Cells

50 ml Hi5 cells in a concentration of 1x 108 cells/ml were infected with 1 ml p2 virus
and incubated for 3 days then cells were collected by centrifuge at 1500 rpm for 5 min.
Pellet was resuspended in 10 mL hypotonic buffer and it was transferred to an ice cold
douncer and lysed by 20 strokes. Then the lysate was centrifuged at 7000g for 10 min
at 4°C. Supernatant containing cytoplasmic fraction was stored at -80°C. Pellet was
dissolved in 6 mL nuclear extract buffer and incubated for 30 min in a rotator at 4°C
then clarified by centrifugation at 50,000g for 30 min at 4°C. Then supernatant was
mixed with 50 pul M2 beads which was equilibrated with BC300 containing 0.1%
NP40. Next day, the lysate+M2 agarose mixture was centrifuged at 2000 rpm for 2
min. Supernatant was stored as flow through at -80°C. Beads were washed 2 times
with BC200, then eluted with 75 ul nuclear extract buffer containing 1 ul flag peptide
for 45 min. The beads were centrifuged at 2000rpm for 2 min and the supernatant was
analyzed with Coomassie staining and Western blot and stored as purified AR at -
80°C. [54]
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CHAPTER 4

RESULTS

4.1 Reconstitution of human Pol 11 subunits

Mediator Complex, as a component of pre-initiation complex, is known from the
literature to interact with Pol II. There are studies showing that Mediator Complex has
multiple interaction subunits with Pol II. [45][46][47] Cevher Lab, has found recently
the specific subunit of Mediator Complex that interacts with endogenous Pol II. This
subunit is referred to as MEDX. After finding the specific subunit of Mediator
Complex that interacts with Pol II, now we aim to find the specific subunit or subunits
of Pol II that interacts with the MEDX subunit of Mediator Complex. For this purpose,
we decided to produce recombinant proteins of each subunit of Pol II for the
biochemical analysis. The first step to achieve this was to reconstitute each subunit of
Pol II. Reconstitution of human Pol II subunits starts with the cloning of genes into
pFBDM vector separately. Genes are amplified from HeLa cDNA by using specific
primers that are designed for each gene which contain a 6-his tag at the N-terminus.
All primers were designed for cloning the genes into MCS2 of the pFBDM vector.
After amplification of the cloned vector, PCR was done with specific primers for each
gene to check the insert. Then these PCR products were run on 1% agarose gel and

imaged. (Fig.4.1)
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Figure 4.1: Reconstitution of Pol Il subunits. Vector constructs of pFBDM that
contains each of the Pol Il subunit were checked by PCR with primers specific to each
gene and run on a 1% agarose gel. A) pFBDM vector constructs that contain RPB3
and RPB6 which are 827bp and 383bp respectively. B) pFBDM vector construct that
contains RPB4 which is 428bp. C) pFBDM vector construct that contain RPB5 which
is 632bp D) pFBDM vector construct that contains RPB7 which is 518bp. E) pFBDM
vector construct that contains RPB9 which is 377bp. F) pFBDM vector construct that
contains RPB10 which is 203bp. G) pFBDM vector construct that contains RPB12
which is 176bp.
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4.2 Protein Purification of 6his-tagged Pol Il subunits by using Baculovirus
Expression System

pFBDM vector constructs of each cloned gene were used to prepare recombinant
bacmid by transforming these vectors into DH10bac bacteria. Bacmid of DH10bac
bacteria and the pFBDM vector has Tn7 recombination site which enables the insertion
of the plasmid into the bacmid. Upon transformation, these bacteria were selected by
blue/white selection and bacmids are prepared. Bacmids for RPB3, RPB4, RPBS5,
RPB6, RPB9, and RPB12 were successfully transfected into Sf9 cells and cell lysates
were checked by Western blot for the presence of Pol Il protein. We saw that each
subunit was successfully expressed in Sf9 cells (Fig 4.2). We stored the medium in
which the cells where cultured, as p0 virus, then p1 viruses were prepared as explained
in part 3.6. Later, these viruses were used to express large scale proteins in Hi5 cells.
After infection with p1 virus for 3 days, proteins were prepared for each subunit from
Hi5 cells as explained in part 3.7. Then each subunit were checked with Western blot
and the amount of each protein were equalized for biochemical analysis to be accurate
(Fig.4.3).

+ transfection
+ transfection
transfection

h:RPB3 33kDa

h:RPB4 16kDa

h:RPB5 23kDa

h:RPB6 14.4kDa

h:RPBS

14.5kDa

h:RPB12 7kDa

Figure 4.2: Baculovirus expression of various human Pol Il subunits in Sf9 cells.
Western blot analysis of transfected sf9 cells with each of the signified subunit of Pol
I1. Cell lysates were checked 7 days after transfection for the protein expression then
p0 viruses were collected. +transfection lane shows the Sf9 cells transfected with the
specified subunit construct, -transfection is the negative control. RPB5 and RPB9 has

two transfections since two bacmid DNA were formed after DH10bac transformation.
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Figure 4.3 Western blot analyses of His tagged RNA Pol Il subunits equalized.
Nuclear extract were checked with Western blot and amount of protein for each

subunit were equalized for the biochemical analysis in the next sections.

4.3 Immunoprecipitation of HeLa NE with Dynabead bound Pol 11 subunits.

Equilibrated Pol 11 subunits in Sf9 extracts were used for immunoprecipitation with
HeLa NE. Since HeLa NE contains all nuclear proteins, incubating Pol Il subunits had
the potential to bind to its interacting partners. After Pol I1-bound beads were incubated
with HeLa NE, beads were boiled and analyzed by Western blot (Fig. 4.4). When the
IP were checked with MED12 antibody, a subunit of Mediator Complex, we saw that
all 5 subunits of Pol Il as well as empty beads pulled down MED12. As it is very
unlikely that MED12 interacts with 5 subunits of Pol II, so we assume that the sticky
nuclear extracts maybe binding to the Dynabeads regardless of presence/absence of
His-tagged Pol Il subunits. Same result was obtained when we checked against another
subunit of the Mediator (MED30). On the contrary, MEDX were not observed in any
of the subunits but present in empty beads only. Since, we cannot observe MEDX in
input, we thought that it is enriched by the empty bead or it could be something non-
specific. XPB, a helicase, and Mat1, subcomplex of CAK, are subunits of TFIIH.
When we checked these proteins with IP, none of them were pulled by the Pol II
subunits as well as empty beads. Pol Il subunits bound to the Dynabeads were checked
with the anti-his antibody to make sure that the IP worked. We could observe the bands
of RPB6, RPB9 and RPB12 in the membrane, but we could not observe RPB4 and
RPBS5 proteins.
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Figure 4.4 Immunoprecipitation of HeLa nuclear extract (NE) with RPB5, RPB4,
RPB6, RPB9 and RPB12 bound Dynabeads. Dynabeads were incubated with Sf9
extracts that contain each of the mentioned Pol Il subunits. Then Pol Il bound beads
were incubated with HeLa NE for 30 min and the beads were washed and analyzed by
Western blot using Med12, Med30, MedX, XPB, Matl, and anti-his antibodies.
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4.4 Immunoprecipitation of MEDX with Dynabead bound Pol Il subunits.

In terms of interaction of Mediator Complex and Pol II, Yasemin Baris (graduate
student) from our lab has found a possible candidate subunit of the Mediator Complex
that showed interaction with the purified endogenous Pol 1l. This subunit of Mediator
Complex has an essential role in the transcriptional activation of Mediator Complex.
From now on, this subunit of Mediator Complex will be referred to as MEDX as the

information is not yet published and the thesis is open access.

After MEDX is shown to interact with the endogenous Pol Il in our laboratory, we
decided to find the specific subunit of the Pol Il that interacts with MEDX. For this
aim, 5 subunits of Pol 1l were expressed in insect cells. Immunoprecipitation of MEDX
with the Dynabead bound Pol Il subunits showed again sticky results. MEDX was
pulled down by 4 out of 5 Pol 11 subunits. (Fig. 4.5) Only RPB4 could not pull down
MEDX whereas RPB5, RPB6, RPB9 and RPB12 showed a significant band that shows
the pull down of MEDX. We were suspicious that there may a problem while washing
the beads as we observed MEDX presence in 4 of the Pol Il subunits bound to beads.
So we decided to repeat the same IP using same materials and conditions with only
difference in washing was more stringent. Figure 4.6 is the Western blot analysis of
the repeated IP and it can be observed that the same results were obtained. After this

data, it may be possible that MEDX may be interacting to multiple Pol Il subunits.
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Figure 4.5 Immunoprecipitation of MEDX with his-tag Pol 1l subunits bound to
Dynabead. His tagged Pol 11 subunits are bound to the Dynabeads by incubating them

for 10 min, after 4 washes they were incubated with equal amount of purified MEDX

protein, then beads were boiled and analyzed by Western blot.
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Figure 4.6 Immunoprecipitation of MEDX with his-tag Pol 11 subunits bound to
Dynabeads (repeated experiment). Pol Il subunits are bound to Dynabeads by
incubating for 10 min, after 6 washes they were incubated with equal amounts of

purified MEDX protein, then beads were boiled and analyzed by Western blot.
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Since RPB4 and RPB5 did not appear in WB analysis, we decided to purify them again
by doing infection with their viruses to Hi5 cells. After preparing the extracts of the
proteins, 100ul of each protein was incubated with Dynabead to test the binding ability

of the proteins to the beads and they were analyzed by Western blot (Fig.4.7).
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Figure 4.7: Purification of His tagged Pol Il subunits from Hi5 cells and testing
the binding ability of the Pol Il subunits to the Dynabeads. Lanes 2-6: extract of
each protein that is purified from Hi5 cells which are infected for 3 days with specific
viruses. Lanes 8-12: Dynabeads that is incubated with 100ul of each of the Pol 1l

subunits and then boiled for loading to the gel.

As seen in Figure 4.7, lanes 2-6 show that, virus used to infect Hi5 could not produce
RPB4 subunit. RPB5, RPB6, RPB9 and RPB12 were successfully expressed and
purified. In lanes 8-12, we see that RPB6, RPB9 and RPB12 could bound to Dynabead.
However, RPB5 did not efficiently bind to Dynabead and also we did not see the RPB4
as an input, we decided to transfect them again to Sf9 cells and produce p0O from the
beginning. After doing the bacmid isolation and transfection, Sf9 cells were incubated
for 7 days to produce pO virus. Then they were collected and checked by WB to see if
they expressed the proteins. (Fig.4.8)
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Figure 4.8: Transfection of RPB4 and RPB5 to Sf9 cells. RPB4 and RPB5 bacmid
were isolated and transfected into Sf9 cells to produce pO virus. After 7 days, cells

were checked with WB to see whether they expressed the subunit.

In Figure 4.8, we see that transfection of RPB5 was successful and it produced the
protein, but RPB4 transfection did not produce the protein. Its transfection will be
repeated in the future experiments. Virus for RPB5 will be used to infect Hi5 cells to

produce protein for the biochemical analysis.
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4.5 Purification of flag-tagged Androgen Receptor (AR) and Mineralocorticoid
Receptor (MR) for analysis of their interaction with Mediator Complex

Nowadays, it has been shown that many activators interact with Mediator Complex
such as thyroid hormone receptor (TR). In a previous study, it was reported that
overexpression of some subunits of Mediator Complex enhanced the expression of AR
target genes and also they reported that MED1 interacts with AR. In light of these
findings, we decided to purify recombinant Androgen Receptor and do biochemical

analysis to find the possible interactions with Mediator Complex.

AR construct were kindly given by Dr. Nathan Lack, Kog¢ University. Transfection of
this construct to Sf9 cells were successfully done and p0 virus were obtained. Then,
p0 virus were amplified to p1 then p2 as explained in section 3.6, and p2 were used to
infect Hi5 cells for purification. Purification of AR was problematic with the
traditional Sf9 purification method that we use in our lab which is explained in the
section 3.7. AR was insoluble and it stuck in the pellet in many trials. Then another
method (see part 3.10) was found for the purification of recombinant f:AR and pellet
was dissolved in nuclear extract buffer for solubilizing the protein. Then by using M2
beads, AR was purified and eluted with 0.5 mg/ml flag peptide. Figure 4.9 shows the

Coomassie Blue staining and Western blot analysis of purified AR.

In addition, to characterize activator/Mediator/Pol 1l interaction, we wanted to check
possible interaction of Mediator Complex with Mineralocorticoid Receptor. For that
reason, recombinant MR should have been expressed and purified, since biochemical
analysis require bulk amount of proteins. We added flag tag on the N terminus of the
protein and cloned MR gene into pFASTbac vector. Then this construct was
transformed into DH10bac bacteria to insert our gene into bacmid. Then this bacmid
was purified and transfected into Sf9 cells. After 7 days, medium was store as p0 virus
and cells were checked with Western blot. Figure 4.10 shows that MR protein was
expressed in both of the two white colonies selected. This means that p0 virus was
successfully produced and it will be amplified and used to purify the protein which
will be used in the further investigations for interaction analysis with Mediator

Complex.
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Figure 4.9 Baculovirus expression and affinity purification of f:AR. A) Coomassie
staining of purified Androgen Receptor. B) Western blot analysis of purified AR with
anti-AR antibody. Hi5 cells were infected with p2 virus for 3 days. Purification of AR
were done from the pellet dissolved in nuclear extract buffer then it was incubated with

M2 beads overnight and eluted next day with 0.5mg/ml flag peptide.
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Figure 4.10 Cloning and transfection of f:MR into Sf9 cells. A) f:MR was cloned
into pFASTbac vector, then analysed by PCR for the presence of insert. PCR reaction
was run on 0.7% agarose gel. B) Western blot analysis of MR transfected Sf9 cells.
MR construct in pFASTbac was transformed into DH10bac and isolated bacmid was
transfected to Sf9 cells. After 7 days pO virus were obtained. Cell lysate was checked

with anti-MR antibody for the expression of MR.
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CHAPTER 5

DISCUSSION

As stated by earlier studies, a strong interaction between Mediator and RNA Pol 1l is
known but biochemical and structural basis is unclear. It is known that this interaction
Is essential for the recruitment of Pol 1 to the PIC and also its activation by TFIIH. It
is important to find the interaction partner between Mediator Complex and Pol Il
because transcription is the main hub of the gene regulation and if we can find the
interaction surface, we can target this interaction for controlling global gene
regulation. Our lab has done biochemical analysis to find the interaction subunit of
Mediator with Pol Il. After immunoprecipitation analysis, the specific subunit of
Mediator Complex that interacts with the endogenous Pol Il was found and this subunit
of Mediator Complex is referred here as MEDX since the data is not published yet.
With the further investigations, it was found that MEDX has a strong interaction with
Pol II.

After MEDX was shown to interact with purified endogenous Pol Il, we started to
investigate about the specific subunit of Pol Il that interacts with the Mediator
Complex subunit MEDX. To achieve this, we reconstituted 5 subunits of Pol Il and
we used them in the immunoprecipitation assays with MEDX. As a result of
Immunoprecipitation assays we found that RPB5, RPB6, RPB9 and RPB12 could pull
down MEDX whereas RPB4 did not. (Fig.4.5) This result was expected because
previous studies proposed that Mediator Complex had multiple interactions on Pol II.
[45] However, we needed to repeat this experiment to see if this result was
reproducible. We repeated the same IP with increased wash steps to eliminate the
possibility of nonspecific bindings. Result of this repeated IP showed the same
outcome as the first one (Fig.4.6). This result enhanced the idea that it is possible that
Mediator Complex has multiple interaction sites on Pol II. However, since we could

not observe some Pol Il subunits bound to Dynabeads, these results are not conclusive
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and they will be repeated after the optimization of the protein binding on the

Dynabeads.

Previous studies showed that Mediator Complex is an important component of pre-
initiation complex and transcription of Pol Il cannot be initiated in the absence of
Mediator Complex. Formation of the pre-initiation complex involves many
interactions among the PIC components. To investigate interactions of other
factorswith Pol 1l, we have done IP using Pol Il subunits bound Dynabeads and
incubating it with HeLa NE (Fig.4.4). Med12 was pulled down with all of the subunits
as well as with the empty bead. Then we deduced that endogenous proteins are sticky
proteins that may even bind to the empty bead, that is why we cannot say that MED12
interacts with Pol 11 subunits. MED30 showed a similar result with MED12 as it also
bound to the empty beads as well as all other subunits of Pol 1. TFIIH subunits Matl
and XPB did not show any interaction as their endogenous protein levels or the
antibody used was weak so we could hardly observe these proteins in the input. When
we blotted MEDX, we saw that it only gave a band in the empty bead. Since, we could
not observe MEDX in input, we thought that MEDX is probably enriched by the empty
beads. In contrary to recombinant MEDX, endogenous MEDX was not observed to

bind to any subunits of Pol II.

In all IP data, when we blotted the membranes with the anti-his antibody, we observed
only 3 of the subunits (RPB6, RPB9 and RPB12) of Pol Il bound to the beads. RPB4
and RPB5 bands did not show up in the membrane. We interpreted this as Pol 1l
subunits expressing in low quantity the low so they could not create a visible band or
their tag at the N-terminus of the proteins was folded inwards of the protein. That is
why in the future studies, binding of the Pol Il subunits to Dynabeads should be

optimized so that the IP results will be more conclusive.

To be more sure of the interaction of Pol Il subunits with MEDX and also with other
components of PIC, we will further express and purify the remaining subunits of Pol
Il from insect cells. By using biochemical methods, all the subunits of Pol Il will be
checked for the interaction analysis. Previous studies have showed that Mediator
Complex interacts with the CTD domain of Pol II, but later studies showed that
Mediator complex has multiple interactions with Pol Il. To investigate these findings

and find the exact subunits of Pol Il that interacts with Mediator Complex, we will

38



check all the subunits of Pol Il that are reconstituted, also RPB1 and PRB2 subunits of

Pol Il will be reconstituted and investigated.

Mediator Complex is found to interact with the activator proteins at the enhancer
region. Nowadays, Androgen Receptor is believed to interact with the MED1 subunit
of Mediator Complex. [55] However, there is not detailed biochemical and structural
result that shows AR interaction with MED1. That is why we decided to include AR
and MR in our assays. We have Baculovirus expression system in our lab, so we
decided to purify recombinant f:AR and f:MR from insect cells. Vector construct for
f:AR was kindly given by Nathan Lack, Kog¢ University. Transfection step was
successfully done, but purifying Androgen Receptor was a difficult step to get over.
AR was an insoluble and unstable protein and in many trials we could not purify it
with traditional purification method for insect cells. After researching many articles,
we found a method for insoluble protein purification and at last this method worked
and we managed to purify f:AR. [54] In future experiments this protein will be studied

in biochemical and functional assays.
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CHAPTER 6

FUTURE PERSPECTIVES

RNA Pol Il transcription machinery is a central mechanism of the gene regulation.
This regulation is achieved by transmitting the signals from regulatory proteins to the
Pol Il transcription by relay proteins. Mediator Complex is a global coactivator that
relays the signals from activators to Pol Il. It acts as a bridge between enhancer-boun
activators and promoter bound Pol Il which forms the transcription loop. we know
from many reports that Pol Il directly interacts with the Mediator Complex. Now, we
know that MEDX binds to the endogenous Pol Il. To find the exact subunit of Pol Il
that interacts with MEDX, we will further reconstitute other subunits of Pol Il by
cloning and expressing them in insect cells and check their interaction with MEDX.
Since RPB1 and RPB2 are huge proteins, they will take time to clone and express for
purification. Even though some of the other subunits of Pol 11 were cloned to pFBDM
succesfully, they could not be expressed in insect cells (Fig.5.1). In the future
experiments we will transfect and express these proteins in insect cells and try to purify

and investigate their interactions with Mediator Complex.
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Figure 6.1 Plasmid constructs were checked by PCR to see whether they are
ligated with the mentioned subunits of Pol Il. After miniprep isolation, plasmids
were checked with PCR with specific primers for the correspoding genes. RPB3,

RPB7, and RPB10 are succesfully cloned and ready for transfection.

Understanding of the Pol 1l machinery depends on investigating every component of
this system. Activators are the enhancer bound factors that enhance the transcription.
Formation of the transcription loop is important for relaying the regulatory signals
from enhancer to promoter. To analyze the mechanism that Mediator Complex forms
the transcription loop, we decided to work on Androgen Receptor and
Mineralocorticoid Receptor. Therefore recombinant f:AR and f:MR were purified
(Fig.4.9 and Fig.4.10). These proteins will be used for the biochemical analysis for the

investigating the mechanism of the transcription loop.
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Figure 6.2: Purification of recombinant his: TFI1A from Hi5 cells by infecting
with p2 virus. 200ml Hi5 with 1x108 concentration is infected with 1 ml p2 virus of
TFIIA, after 3 days cells were harvested and lysed, then NE was incubated with
Nickel beads then eluted. E:Elution

We also further purified TFIIA to check how it will be integrated to PIC. We
therefore expressed TFIIA in Hi5 cells and purified it by using Nickel beads which
has affinity for histidine tag on the protein (TFIIA has endogeneous his repeat). Both
subunits of TFIIA are purified by only one virus which is one of the advantages of
baculovirus expression system. This protein will then be used for the biochemical

and functional analysis to find its interactions with Mediator Complex, Pol Il and

other GTFs.

42



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

BIBLIOGRAPHY

J. Soutourina, S. Wydau, Y. Ambroise, C. Boschiero, and M. Werner, “Direct
interaction of RNA polymerase 11 and mediator required for transcription in
vivo,” Science (80-. )., 2011.

Z. C. Poss, C. C. Ebmeier, and D. J. Taatjes, “The Mediator complex and
transcription regulation,” Critical Reviews in Biochemistry and Molecular
Biology. 2013.

R. J. Kelleher, P. M. Flanagan, and R. D. Kornberg, “A novel mediator
between activator proteins and the RNA polymerase Il transcription
apparatus,” Cell, 1990.

M. Ito, H. J. Okano, R. B. Darnell, and R. G. Roeder, “The TRAP100
component of the TRAP/Mediator complex is essential in broad
transcriptional events and development,” EMBO J., 2002.

J. D. Fondell, H. Ge, and R. G. Roeder, “Ligand induction of a
transcriptionally active thyroid hormone receptor coactivator complex.,” Proc.
Natl. Acad. Sci. U. S. A., 1996.

G. Mittler, E. Kremmer, H. T. Timmers, and M. Meisterernst, “Novel critical
role of a human Mediator complex for basal RNA polymerase 11
transcription.,” EMBO Rep., 2001.

T. Lacombe, S. L. Poh, R. Barbey, and L. Kuras, “Mediator is an intrinsic

component of the basal RNA polymerase II machinery in vivo,” Nucleic Acids
Res., 2013.

F. J. Asturias, Y. W. Jiang, L. C. Myers, C. M. Gustafsson, and R. D.
Kornberg, “Conserved structures of mediator and RNA polymerase 11
holoenzyme,” Science (80-. )., 1999.

B. L. Allen and D. J. Taatjes, “The Mediator complex: A central integrator of
transcription,” Nature Reviews Molecular Cell Biology. 2015.

J. -w. Yin and G. Wang, “The Mediator complex: a master coordinator of
transcription and cell lineage development,” Development, 2014.

C. Jeronimo and F. Robert, “The Mediator Complex: At the Nexus of RNA
Polymerase II Transcription,” Trends in Cell Biology. 2017.

M. Guermah, Y. Tao, and R. G. Roeder, “Positive and negative TAF(II)
functions that suggest a dynamic TFIID structure and elicit synergy with traps
in activator-induced transcription.,” Mol. Cell. Biol., 2001.

S. Malik and R. G. Roeder, “The metazoan Mediator co-activator complex as
an integrative hub for transcriptional regulation,” Nature Reviews Genetics.
2010.

D. Gonzalez et al., “Suppression of Mediator is regulated by Cdk8-dependent
Grrl turnover of the Med3 coactivator,” Proc. Natl. Acad. Sci., 2014.

N. Petrenko, Y. Jin, K. H. Wong, and K. Struhl, “Mediator Undergoes a

43



[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Compositional Change during Transcriptional Activation,” Mol. Cell, 2016.

M. A. Cevher, Y. Shi, D. Li, B. T. Chait, S. Malik, and R. G. Roeder,
“Reconstitution of active human core Mediator complex reveals a critical role
of the MED14 subunit,” Nat. Struct. Mol. Biol., 2014.

C. Jeronimo, M. F. Langelier, A. R. Bataille, J. M. Pascal, B. F. Pugh, and F.
Robert, “Tail and Kinase Modules Differently Regulate Core Mediator
Recruitment and Function In Vivo,” Mol. Cell, 2016.

M. T. Knuesel, K. D. Meyer, C. Bernecky, and D. J. Taatjes, “The human
CDK&8 subcomplex is a molecular switch that controls Mediator coactivator
function,” Genes Dev., 2009.

Y. Liu, J. A. Ranish, R. Aebersold, and S. Hahn, “Yeast Nuclear Extract
Contains Two Major Forms of RNA Polymerase II Mediator Complexes,” J.
Biol. Chem., 2001.

S. Malik, M. Guermah, C.-X. Yuan, W. Wu, S. Yamamura, and R. G. Roeder,
“Structural and functional organization of TRAP220, the TRAP/mediator
subunit that is targeted by nuclear receptors.,” Mol. Cell. Biol., 2004.

A. C. Paoletti et al., “Quantitative proteomic analysis of distinct mammalian
Mediator complexes using normalized spectral abundance factors,” Proc. Natl.
Acad. Sci., 2006.

D. J. Taatjes, A. M. Nair, F. Andel, E. Nogales, and R. Tjian, “Structure,
function, and activator-induced conformations of the CRSP coactivator,”
Science (80-. )., 2002.

T. Linder et al., “Two conserved modules of Schizosaccharomyces pombe
Mediator regulate distinct cellular pathways,” Nucleic Acids Res., 2008.

A. Ranjan and S. A. Ansari, “Therapeutic potential of Mediator complex
subunits in metabolic diseases,” Biochimie. 2018.

N. Klimper et al., “Mediator Complex Subunit MED1 Protein Expression Is
Decreased during Bladder Cancer Progression,” Front. Med., 2017.

C. E. Grueter, “Mediator Complex Dependent Regulation of Cardiac
Development and Disease,” Genomics, Proteomics and Bioinformatics. 2013.

L.-H. Li, J. He, D. Hua, Z.-J. Guo, and Q. Gao, “Lentivirus-mediated
inhibition of Med19 suppresses growth of breast cancer cells in vitro.,”
Cancer Chemother. Pharmacol., 2011.

R. Vijayvargia, M. S. May, and J. D. Fondell, “A coregulatory role for the
mediator complex in prostate cancer cell proliferation and gene expression,”
Cancer Res., 2007.

J. M. Spaeth, N. H. Kim, and T. G. Boyer, “Mediator and human disease,”
Seminars in Cell and Developmental Biology. 2011.

Y. Lee et al., “MicroRNA genes are transcribed by RNA polymerase I1,” Eur.
Mol. Biol. Organ. J., 2004.

D. B. Nikolov and S. K. Burley, “RNA polymerase II transcription initiation: a

44



[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

structural view.,” Proceedings of the National Academy of Sciences of the
United States of America. 1997.

W. Wang, M. Carey, and J. D. Gralla, “Polymerase II promoter activation:
Closed complex formation and ATP-driven start site opening,” Science (80-.
)., 1992.

C. Bernecky, F. Herzog, W. Baumeister, J. M. Plitzko, and P. Cramer,
“Structure of transcribing mammalian RNA polymerase II,” Nature, 2016.

S. Hahn, “Structure and mechanism of the RNA polymerase II transcription
machinery,” Nat. Struct. Mol. Biol., 2004.

P. Cramer, D. A. Bushnell, and R. D. Kornberg, “Structural basis of
transcription: RNA polymerase 11 at 2.8 angstrom resolution,” Sci. (New York,
NY), 2001.

K.-J. Armache, H. Kettenberger, and P. Cramer, “Architecture of initiation-
competent 12-subunit RNA polymerase II,” Proc. Natl. Acad. Sci., 2003.

B. Lemon and R. Tjian, “Orchestrated response: A symphony of transcription
factors for gene control,” Genes and Development. 2000.

C. A. Weideman et al., “Dynamic interplay of TFIIA, TBP and TATA DNA,”
J. Mol. Biol., 1997.

T. L Lee and R. A. Young, “Transcription of Eukaryotic Protein-Coding
Genes,” Annu. Rev. Genet., 2000.

S. Buratowski and H. Zhou, “Transcription factor IID mutants defective for
interaction with transcription factor IIA,” Science (80-.)., 1992.

L. Lariviere, M. Seizl, and P. Cramer, “A structural perspective on Mediator
function,” Current Opinion in Cell Biology. 2012.

J. H. Geiger, S. Hahn, S. Lee, and P. B. Sigler, “Crystal structure of the yeast
TFIIA/TBP/DNA complex,” Science (80-. )., 1996.

D. B. Nikolov et al., “Crystal structure of a TFIIB-TBP-TATA-element
ternary complex,” Nature, 1995.

M. E. Maxon, J. A. Goodrich, and R. Tjian, “Transcription factor IIE binds
preferentially to RNA polymerase Ila and recruits TFIIH: A model for
promoter clearance,” Genes Dev., 1994.

J. A. Davis, Y. Takagi, R. D. Kornberg, and F. J. Asturias, “Structure of the
yeast RNA polymerase Il holoenzyme: Mediator conformation and
polymerase interaction,” Mol. Cell, 2002.

C. Plaschka et al., “Architecture of the RNA polymerase II-Mediator core
initiation complex,” Nature, 2015.

K. L. Tsai, S. Sato, C. Tomomori-Sato, R. C. Conaway, J. W. Conaway, and
F. J. Asturias, “A conserved Mediator-CDKS8 kinase module association
regulates Mediator-RNA polymerase II interaction,” Nat. Struct. Mol. Biol.,
2013.

45



[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

G. Streubel and A. P. Bracken, “MED23: a new Mediator of H2B
monoubiquitylation.,” EMBO J., 2015.

G. L. Rosano and E. A. Ceccarelli, “Recombinant protein expression in
Escherichia coli: Advances and challenges,” Frontiers in Microbiology. 2014.

I. Berger, D. J. Fitzgerald, and T. J. Richmond, “Baculovirus expression
system for heterologous multiprotein complexes,” Nat. Biotechnol., 2004.

D. L. Jarvis, “Chapter 14 Baculovirus-Insect Cell Expression Systems,”
Methods in Enzymology. 2009.

D. Sari et al., “The multibac baculovirus/insect cell expression vector system
for producing complex protein biologics,” in Advances in Experimental
Medicine and Biology, 2016.

G. E. Smith, M. D. Summers, and M. J. Fraser, “Production of human beta
interferon in insect cells infected with a baculovirus expression vector.,” Mol.
Cell. Biol., 1983.

D. Juzumiene, “Single-step purification of full-length human androgen
receptor,” Nucl. Recept. Signal., 2005.

F. Jin, F. Claessenss, and J. D. Fondell, “Regulation of androgen receptor-
dependent transcription by coactivator MED1 is mediated through a newly
discovered noncanonical binding motif,” J. Biol. Chem., 2012.

46



APPENDIX

Copyright Permissions

47



Copyright Permission for Figure 1.1;

R

R S RightsLink’ = &8

Title: The metazoan Mediator co- Logged in as:
activator complex as an MERVE Erden
integrative hub for Bilkent University
SPRINGER NATURE transcriptional regulation
Author: Sohail Malik, Robert G. Roeder

Publication: Nature Reviews Genetics
Publisher: Springer Nature

Date: Oct 13, 2010

Copyright @ 2010, Springer Natura

Review Order

Please review the order details and the associated terms and conditions.

Mo royalties will be charged for this reuse request although yvou are required to obtain a license and
comply with the license terms and conditions. To obtain the license, click the Accept button below.

Licensed Content Springer Nature

Publisher

Licensed Content Mature Reviews Genetics

Publicaticn

Licensed Content Title The metazoan Mediator co-activator complex as an integrative hub for transcriptional
regulation

Licensed Content Author Sohail Malik, Robert G. Roeder
Licensed Content Date Oct 13, 2010
Licensed Content Volume 11

Licensed Content Issus i1

Type of Use Thesis/Dissertation

Reguestor type academic/university or research institute
Format print and elactronic

Portion figures/tablas/illustrations

Number of 1

figures/tables/illustrations
High-res required no
Will you be translating? no
Circulation/distribution <501

Authar of this Springer no
Nature content

Title RECOMSTITUTION OF RNA POLYMERASE II SUBUNITS AND ANALYSIS OF INTERACTION WITH
MEDIATOR COMPLEX

Instructor name nfa

Institution name nfa

Expected presentztion Aug 2018

date

Portions Figure 2

Reguastor Location Bilkent University
Bilkent University
Ankara, Cankaya 08800
Turkey
Attn: Bilkent Univarsity

Billing Type Invaice

Billing addrass Bilkent University
Bilkent University
Ankara, Turkey 06300
Attn: Bilkent University

Total 0,00 UsD

48



Copyright Permission for Figure 1.2;

&g e RightsLink’

Ce

Publisher: Elsevier
Date: June 2012

Order Completed

Thank you for your order.

Title: A structural perspective on
Mediator function
Author: Laurent Lariviére,Martin

Seizl,Patrick Cramer
Publication: Current Opinion in Cell Biclogy

Copyright © 2012 Elsevier Ltd. All rights reserved.

Account
Info

Logged in as:

MERWE Erden
Bilkent University

This Agreement between Bilkent University -- MERVE Erden ("You") and Elsevier {"Elsevier™) consists of
vour license details and the terms and conditions provided by Elsevier and Copyright Clearance Center.

Your confirmation email will contain your order number for future reference.

printzble details

License Number 4400240187540

License date Aug 01, 2018

Licensed Cantent Elzevier

Publisher

Licensed Content Currant Opinion in Cell Biclogy

Publication

Licensed Content Title A structural perspective on Mediator function

Licensed Cantent Author  Laurent Lariviére,Martin SeizlPatrick Cramer

Licensed Content Date Jun 1, 2012
Licensed Content Wolume 24
Licensed Content Issus 3

Licensed Content Pages 9

Type of Uss reusz in 3 thesis/dissertation
Portion figures/tables/illustrations
Mumber of i

figures/tables/illustrations
Farmat both print and electronic

Are you the author of thiz Mo
Elzevier article?

Will you be translating? Mo

Original figure numbers  Figure 1

Title of your RECOMSTITUTION OF RNA POLYMERASE II SUBUNITS AND AMALYSIS OF INTERACTION WITH

thesis/diszertation MEDIATOR COMPLEX
Expected completion date Aug 2018
Estimated size {number 70

of pages)

Requestar Location Bilkent University
Bilkent University
Ankarz, Cankaya 05800
Turkey
Attn: Bilkent University

Publisher Tax ID GB 4394 £272 12

Total 0.00 UsSD

49



Copyright Permission for Figure 1.3;

= gfpyright
carance
D Center

Order Completed

RightsLink

Title:

Author:

Publication:
Publisher:
Date:

Structure of the Yeast RNA Logged in as:
Polymerase II Holoenzyme MERVE Erden
Mediator Conformation and Bilkent University

Polymerase Interaction

Joshua A Davis,Yuichiro
Takagi,Roger D
Kornberg,Francisco ] Asturias

Molecular Cell
Elsevier
August 2002

Copyright & 2002 Czll Press. Published by Elsavier Inc.
All rights resarvad.

Thank you for vour order.,

This Agreement between Bilkent University -- MERVE Erden ("You™) and Elsevier ("Elsevier”) consists of
your license details and the terms and conditions provided by Elsevier and Copyright Clearance Center.

Your confirmation email will contain your order number for future reference.

printable details

License Number
License date

Licensed Content
Publisher

Licensed Content
Publication

Licensed Content Title

Licensed Content Authaor
Licensed Content Dats

4400230506272
Aug 01, 2018

Elzevier

Malecular Cell

Structure of the Yeast RMA Palymerase II Holosnzyme Madiator Conformation and Polymerase

Interaction

Joshua A Davis Yuichiro Takagi Roger D Karnberg,Francisco 1 Asturias

Aug 1, 2002

Licensed Content Volume 10

50

Account
Info



Licensed Content Issus 2

Licensed Content Pages 7

Type of Use reuss in a thesis/dissartation
Porticn figures/tables/illustrations
Number of 1

figures/tables/illustrations
Farmat both print and electronic

Are you the author of this Mo
Elzevier article?

Will you be translating? Mo
Criginal figure numbars  Figure 48

Title of your RECOMNSTITUTION OF RMA POLYMERASE II SUBUNITS AND AMNALYSIS OF INTERACTION WITH
thesis/dissertation MEDIATOR COMPLEX

Expectad completion date Aug 2018
Estimated size {number 70

of pagas)

Regquestar Location Bilkent University
Bilkent University
Ankara, Cankaya 06800
Turkey
Attn: Bilkent University

Publisher Tax ID GB 434 6272 12

Total 0.00 UsD

51



Copyright Permission for Figure 1.4;

CD]}}?TI

E-EIEJICE

Wg cemmee RightsLink 3 5

Title: MED23: a new Mediator of HZB  Logged in as:
monoubiquitylation MERVE Erden

Author: Gundula Streubel, Adrian P 2SI S
aracken

Publication: The EMBO Journal

Publisher: John Wiley and Sons

Date: Oct 5, 2015

Copyright © 2015, John Wiley and Sons

Order Completed
Thank you for your order.
This Agreement between Bilkent University -- MERVE Erden ("You") and John Wiley and Sons ("John

Wiley and Sons") consists of your license details and the terms and conditions provided by John Wiley
and Sons and Copyright Clearance Center.

Your confirmation email will contain your order number for future reference.

printable details

License Number
Licenze dats

Licensed Content
Publisher

Licensed Content
Publication

Licensed Content Title

Licensed Content
Author

Licensed Content Date

Licensed Content
Yaolume

Licensed Content Issus

4400240859815
Aug 01, 2018

John Wiley and Sons

The EMBD Journal

MEDZ23: 2 new Mediator of H2B monoubiguitylation
Gundula Streubsl, Adrian P Bracken

Oct 5, 2015
24

23

52



Licensed Content Pages 2

Type of use Dissartation/Thesis
Requestor typs University/Academic
Format Print and elactronic
Partion Figure/tabla
MNumber of 1

figures/tables

Original Wilay Figure 1

figure/table number(s)
Will you be translating? Mo

Title of your thesis RECOMNSTITUTION OF RNA POLYMERASE II SUBUNITS AND ANALYSIS OF INTERACTION WITH
dissertation MEDIATOR COMPLEX

Expectad completion Aug 2018

date

Expeactad size (number 70

of pages)

Reguestor Location Bilkent University
Bilkent University
Ankara, Cankaya 06800
Turkey
Attn: Bilkent University

Publisher Tax 1D EUB26007151

Total 0.00 USD

53



