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Transcriptional activity is controlled by many types of DNA binding proteins. In
addition to transcription factors that activate transcription by recruitment of RNA
polymerase Il, there are proteins like methyl-CpG-binding protein 2 (MeCP2). MeCP2
regulates transcription by binding to methylated DNA. MeCP2 is traditionally associated
with being a transcriptional repressor by binding to methylated CpG dinucleotides and
recruiting corepressors. Literature has shown that MeCP2 is also a transcriptional activator
and has been proposed to bind directly to cAMP responsive element binding protein
(CREBL) to facilitate this action. This hypothesis is under-studied biochemically, and this
project aims to elucidate biochemical and biophysical information to further understand
this potential interaction. In this project, we qualitatively study protein-protein interactions
between MeCP2 and CREB1 in solution through native polyacrylamide gel
electrophoresis. We also examine this hypothesis quantitatively by examining the effects

of MeCP2 on CREBL1 binding to DNA through fluorescence anisotropy assays. These



studies suggest that there is a potential interaction between MeCP2 and CREBL. In addition
to examining the presence of interactions between MeCP2 and CREB1, we also make
progress on establishing protocols for studying the effects of nucleosomes on transcription
factor target search. In summary, we establish purification protocols for CREB1 and
MeCP2, preparation protocols for nucleosome core particle reconstitution, and examine

interactions between CREB1 and MeCP2 through quantitative and qualitative methods.
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Chapter 1: Introduction

1.1 TRANSCRIPTION FACTORS

The haploid human genome is three billion base pairs. This vast amount of
information is highly regulated. At the molecular level, genetic information is controlled
in order to express certain genes in specific cell types. Although there are many steps in
gene expression that can be regulated, transcriptional control guarantees that only specific
gene targets are transcribed.! In the cell, proteins called transcription factors recognize
specific regions of DNA to control genes. These regions of DNA are called cis-regulatory
elements and are near genes (Figure 1). They contain specific sequences that transcription
factors bind to in order to begin the cascade that leads to the recruitment of RNA

polymerase II.

Figure 1:
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Cis-regulatory elements of genes are controlled by trans-acting transcription
factor proteins to either increase or decrease probability of initiating

transcription.




Transcription factors have high specificity for either a certain DNA structure® or
sequence®. Most transcription factor sequence recognition sites are relatively short
sequences. The early growth response 1 (Egr-1) protein recognizes the nine base pair
sequence, GCGTGGGCG. Egr-1 contains three zinc fingers in its DNA binding domain,
where each zinc finger recognizes three base pairs of the target sequence, as shown in the
left panel of Figure 2.° Our lab has used Egr-1 as a model system for research to study
protein-DNA interactions extensively. Similarly, cCAMP response element binding protein
1 (CREBL) binds to the eight base pair sequence, TGACGTCA.®*’" CREBL1 is a leucine
zipper DNA binding domain protein, where a homodimer forms into a zipper like structure
from two alpha helix monomers to form a short coiled coil. This zipper motif forks onto
the major groove of DNA as shown in the right panel of Figure 2. CREBL1 recognizes a

palindromic sequence due to the homodimerization.®

Egr-1 DNA binding domain CREB1 DNA binding domain
PDB: 1AAY PDB: 1DH3

Figure 2:  Egr-1 and CREB1 DNA binding domains complexed with DNA crystal
structures. Egr-1 has three zinc fingers, that each recognize three base pairs,
connected by flexible linker DNA. CREBL is a leucine zipper domain protein,
with a homodimer formed through a dimerization interface.
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Although the concept of transcription factors finding their target sequence based on
their own DNA binding motifs and structure may seem simple, the size of the human
genome increases the complexity of transcription factors finding their target. Furthermore,
transcription factors are not all produced constantly in the cell. Transcription factors are
either constitutive or inducible. Constitutive transcription factors are always present in the
cell, whereas inducible transcription factors need a stimulus to be produced. CREBI is a
constitutive transcription factor, and the activity in the cell is controlled by phosphorylation
state.” In contrast, Egr-1 is an inducible transcription factor, and is only produced in the
cell when a visual or audible stimuli occur, and has a relatively short half-life of 0.5-1 hours
after production. Once Egr-1 is produced, it is involved in learning, memory, and plasticity

in the brain '°

Slidin : s
O -~ ,
Dissociation TF
& reassociation .' ¥
.
TF Intersegment

. : = ’ transfer.
® © -
Figure 3:  Transcription factors use several mechanisms for efficient target search
within the genome.

How a transcription factor finds its target site in order for the cell to elicit a response
in a timely manner is a problem that has been researched for decades. Through biophysical
and biochemical work, literature has shown that there are several mechanisms transcription

factors use to have efficient target search rates. Macroscopic dissociation and reassociation

17



is the process whereby proteins completely dissociate from DNA, and undergo Brownian
motion to find a different segment of DNA on which to reassociate.!! Secondly, proteins
also undergo one-dimensional diffusion, where instead of undergoing random 3-
dimensional Brownian motions within solution,they will bind nonspecifically to DNA and
relocate without completely losing all interactions with DNA. This process is termed
“sliding” and the efficiency is unique to every protein. '* Finally, proteins can also undergo
intersegment transfer.'> In this process, a protein will be bound to segment of DNA, and
then simultaneously bind to another portion of DNA. The portions of DNA are typically
not correlated, and this allows the protein to explore the genome (Figure 3). Collectively,

these classical mechanisms allow proteins to efficiently search for their targets on DNA.

1.1.2 Factors affecting transcription factor target search

Natural Decoys (NDs)

Within the three billion base pairs of the haploid human genome, there are bound
to be sequences that are similar or identical to known functional transcription factor target
sequence sites. To calculate how many of these sites exist, our group has used a simple
probabilistic calculation specific for 9-bp recognition sites (n = 9) as that of Egr-1, where
the NDs exhibit a 7-bp match (m = 7). Specifically, the number of sites is determined by
2(1/4)™(3/4)"™Cm, which accounts for the matching and non-matching bases in the
sequence. The factor of 2 is to account for the complementary sequence, and the nCm is a
mathematical combinatorial term.** Overall, this gives a total of 10’ estimated natural
decoy sites for a transcription factor like Egr-1 in the haploid human genome. Although
these sites may only differ by several base pairs, or be exactly the same sequence, when a
transcription factor binds, there is no cascade of transcriptional events triggered, and are
therefore nonfunctional. In addition, there are also sites within the genome that completely
match the recognition target sequence, but simply have no function, or gene attributed to

them.
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We have previously demonstrated that these similar, high affinity sites can
sequester transcription factors and cause them to become trapped.®® Subsequently, these
endogenous, high affinity, quasi specific sites in the human genome can act as natural
decoys (ND) to the transcription factor. NDs far exceed the number of functional target
sites. If transcription factors are bound to these sites, they will not reach their target site
and essentially become trapped (Figure 4). ND abundance and high affinity implicate them
to be a major factor in transcription factor target search, and many questions about the

implications remain to be addressed.

Egr-1
< ~10% copies

/ \

~10% Natural Decoy sites

~10? target genes o o
High-affinity quasi-specific sequences

Recognition sequence (m=1,8)
GCGTGGGCG GCGTGAGCG GAGTTGGCG GCGAGGCCG
(n=9) GCGAGGCCG GCGTGGGCT GGGTGGGTG
ATGTGGGCG GCGCGGGAG GCGTGCGCG

l l etc.

Gene activation Trapped!

Figure 4:  Transcription factors like Egr-1 can become trapped at Natural Decoy sites
that vastly outnumber functional target sites. “m” is the number of base pairs
in a decoy sequence that match the recognition sequence.

DNA methylation

DNA methylation is a covalent modification that occurs on cytosine bases, that
allows for epigenetic changes but doesn’t change DNA sequence.! In mammalian genomes,
DNA methylation mostly occurs at CpG dinucleotides, where C is connected to a G base,
and is base paired to the same sequence in the opposite direction on the complementary

DNA strand.'® The CpG dinucleotide is methylated in this manner by the enzyme DNA
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methyltransferase. DNA methylation is associated with silencing, where it can affect the
binding of transcriptional regulators to DNA through steric interference.!”

The overall density of CpG dinucleotides dispersed throughout the genome in most
tissues is relatively low!8, but there are regions of the genome that are CpG rich and are
termed CpG Islands (CGI)!'”. CGIs range between 200 and 3000 base pairs in length,'> !
are comprised of greater than 50% of G/C nucleotides, and are associated with over 70%
of all gene promoters.'” 2% 2! The fact that so many genes are under control of promoters
within CpG rich regions leads to the idea that methylation can control these genes.
However, CGlIs, including those associated with promoters, are rarely found to be
methylated. In fact, although around 85% of the genome is methylated, only 6% of CGIs

are methylated (Figure 5). 22

N NH, NH,
DNA CG ﬁN \H\)§N
Gce MAO H’&O
L \? ) Cytosine Methylcytosine
CpG Dinucleotide
CGCG CG
DNA GCGC GC
L . J
CpG Island
TELOMERE CENTROMERE LINE SINE LTR GENE TELOMERE
< ) & (- | .. B -
p ' \ \ St N P / @ Methylated CpG sites
laacneac. /asces o  /[as se e B : e —a_ O Nonmethylated CpG sites

ic reglon Perk ic region Interspersed repeats CGlshore CGI1 Promoter Gene body

Figure 5:  CpG dinucleotide methylation occurs symmetrically at the 5 position on the
cytosine base. CpG Island methylation is rare while genomic methylation is
common as shown on the chromosome.
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1.2 METHYL-CPG-BINDING PROTEIN 2
MeCP2 Domains and Functions

Methyl-CpG-binding proteins, such as methyl-CpG-binding protein 2 (MeCP2),
bind to methylated DNA and are typically associated with silencing through obstructing
transcriptional activators from promoters and recruiting co-repressors via the
transcriptional repressor domain.? 2* MeCP2 is a 487 amino acid protein, composed of a
Methyl-CpG dinucleotide binding domain (MBD), a transcriptional repression domain
(TRD), and three AT Hook (ATH) regions.? 2® MeCP2’s MBD is ordered, forming a
wedge like structure when bound to methylated DNA.%” The other domains of MeCP2 have
not been characterized extensively due to their intrinsic disorder.?2 The MBD has been
crystallized when complexed with methylated DNA as shown in Figure 6,%° but structural

information and interactions between the other MeCP2 domains and DNA remains limited.

1 78 162 207 310 487
MeCP2 MBD ATH1 TRD  ATH2 ATH3

Figure 6.  MeCP2 domains and crystal structure of MeCP2 MBD bound to methylated
BDNF promoter DNA.

MeCP2 is a multifunctional protein and is ubiquitously expressed throughout

human tissues, but expression is particularly high within the brain.®° The expression levels
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of MeCP2 in post mitotic neurons is near the levels of histone H1, making it an important
transcriptional regulator.®® MeCP2 binds to methylated DNA through its core MBD
domain, to a single, doubly methylated CpG dinucleotide. 32 Association with a methylated
CpG mediates transcriptional repression activity by facilitating the recruitment of
corepressors like histone deacetylases and Sin3a.*> MeCP2 binds to these corepressors via
the TRD and was shown to be responsible for MeCP2 mediated repression.

Evidence collected throughout the past several decades suggests that transcriptional
repression is the primary function of MeCP2. Numerous recent studies have proposed
novel functions of MeCP2 interacting with the genome, such as regulation of alternative
splicing via an interaction with the transcription factor YB1, and regulation of microRNA
processing by interfering with RNA splicing.3! Additionally, MeCP2 has also been
proposed to bind to non-methylated DNA to compact chromatin.®

MeCP2 has also been found to activate over 2000 genes®* through gene knockout
and overexpression studies in mice. These studies were pursued on the premise that MeCP2
loss and MeCP2 duplication both demonstrate neurological aberrations. Overexpression of
MeCP2 was expected to cause more gene downregulation, based on the premise that
MeCP2 is a transcriptional repressor. Knockout of MeCP2 was expected to cause more
gene upregulation. Surprisingly, the results demonstrated that the overexpression of
MeCP2 caused gene upregulation, and the opposite for MeCP2 knockout. These results
suggested that MeCP2 also plays a regulatory role as a transcriptional activator.>* This role
in transcriptional activation is currently not well understood due to the lack of further

biochemical studies. Through studying MeCP2 and its relationship with other transcription
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factors®*, we will provide new insight on epigenetic regulation and its effects on neuronal

processes.

1.3 HYPOTHETICAL MODEL

Many genes have transcription factor target sequences in CpG Islands (CGls).*®
Approximately 70% of all gene promoters are associated with CGls.2% 2! Consequently,
many transcription factor target sequences are CpG rich. The Egr-1 and CREBLI target
sequences are among many transcription factor recognition sequences that contain 1-2 CpG
dinucleotides. However, there also exist many sequences in the genome that are similar to
specific transcription factor target sequences, but are completely nonfunctional..
Transcription factors can exhibit high affinity for these nonfunctional sequences, and may
become trapped at these natural decoy sites (ND).%® A vast majority of CpG dinucleotides
are found outside of CGls of the genome, and thus can be within the many potential ND
sequences. Since ~85% of mammalian genome is methylated,®” but most active gene
promoters within CGls are unmethylated,?> we can assume these CpGs within NDs are
methylated. Surprisingly, only 0.8% of the human genome is comprised of CGls, and they
are rarely found to be methylated.® This conundrum would critically decrease the chance
of MeCP2 suppressing transcription through binding to promoter sites in CGls. Instead,
there is a high chance of MeCP2 binding to methylated NDs.

Our hypothesis is that through binding to methylated natural decoys outside CGls,
MeCP2 indirectly guides some transcriptional activators to CGls and thereby facilitates
activation of genes downstream of CGI promoters. Based on our hypothesis, NDs outside
of CGI promoter regions should be methylated, and MeCP2 should be bound to these

regions. Since these CGls inherently contain NDs, MeCP2 would be masking NDs and
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facilitating target search for transcription factors. Since many NDs exist throughout the
genome outside of CGlIs, we can hypothesize that MeCP2 occupancy is higher at
methylated CpG sequences in NDs. As shown in Figure 7, when MeCP?2 is bound to these
sites, thus masking them, it indirectly activates the target search for other transcription

factors.

. Transcription factor

\ Trapped!

DNA ND ND CGl  Target W ND ND ND
Methylated Unmethylated Methylated

l

/ . Transcription factor \
MeCP2 \
C oD @ O OO
DNA ND ND cal Target—‘ ND ND ND
\_ Methylated Unmethylated Methylated /

l

[ MeCP2 facilitating indirect transcriptional activation ]

Figure 7:  Our hypothetical model of indirect transcriptional activation. MeCP2 is
masking natural decoy (ND) sites to indirectly facilitate transcriptional
activation by preventing transcription factors from becoming trapped.

1.3.2 MeCP2 MBD domain facilitates Egr-1 target search

Our group has worked on testing this hypothesis through fluorescence spectroscopy
assays. We conducted stopped flow fluorescence kinetic assays. These assays are
performed by mixing a solution of protein and DNA to observe protein/DNA association

through a decrease in fluorescence intensity. The DNA solution contains a fluorescently
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tagged probe containing the protein target sequence and competitor DNA. When the two
solutions are mixed, the protein binds to the target DNA to cause a decrease in
fluorescence.*”

Using Egr-1 as a target search model system, we found that when the target
sequence was methylated, association rate was not affected.*’ This information was critical
in order to test our hypothetical model. If Egr-1 binding was affected by methylation, the
effects of MeCP2 potentially occupying methylated natural decoys could not be evaluated

since target search would be affected by methylation status instead of the presence of

MeCP2.
Target + Decoys Target + Decoys Target unmethylated
unmethylate methylated Decoys methylated
Egr-1
Egr-1
MeCP2 MeCP2
Decoy MeCP2
Egr-1 e Decoy MeCP2
Decoy Egr-1 MeCP2 me Decoy
MeCP2 Eer-1
me Decoy
[ Target [mel Target me Decoy QTargEt
Mecpz [ Decoy me Decoy Mecp2

me Decoy Eer-1

MeCP2 -

e, MeCP2 6

} } }
Egr-1 trapped at Egr-1 trapped at MeCP2 madsking methylated
ecoys
decoys methylated decoys Egr-1 binding to target
Figure 8:  Schematic of experiments to test hypothetical model using stopped flow

fluorescence assays.

Next, our group worked on evaluating the effect of MeCP2 on Egr-1 target search.
We used DNA duplexes containing the target site, and duplexes containing natural decoys
(NDs). In the presence of an unmethylated ND and MeCP2 (only the MBD domain), Egr-
1 became trapped and the target search rate was much slower, as demonstrated in the left
panel of Figure 8. In the presence of target site and decoy methylation and MeCP2, Egr-1
once again became trapped (center panel, Figure 8). Finally, in the presence of methylated
decoy, unmethylated target site, and MeCP2, we observed a significant rescue in target

search rate (Right panel, Figure 8). In this scenario, MeCP2 is bound to the methylated
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decoys, while Egr-1 binds to the unmethylated target site. MeCP2 is masking the decoys

in order for Egr-1 to find its target site.>

1.3.3 MeCP2/CREBL1 Transcriptional Activation Model

The current model proposed about MeCP2 transcriptional activation involves the
transcription factor CREBI. Chahrour et al, suggests that MeCP2 is upregulating
transcription by directly interacting with CREB1.** They suggest that MeCP2 will bind to
methylated CpG site, and then recruit CREBI to act as an activating complex. The authors
propose the direct interaction model, but do not discuss potential interaction domains
involved in the putative protein-protein interaction. Additionally, the genes they
demonstrate that MeCP2 is upregulating are within CGIs that are not methylated. This
model does not sufficiently answer the question of how MeCP2 is activating transcription.
How is MeCP2/CREB1 complex upregulating so many targets that have unmethylated
promoters, if the mediating interaction of the MeCP2/CREB1 complex to DNA is through
MeCP2 binding to methylated DNA? Chahrour et al’s findings support our proposed
hypothetical model of indirect transcriptional activation by MeCP2 and transcription
factors since the promoters of these genes are unmethylated. There is also a possibility that
interactions between MeCP2 and CREBI1 may decrease the amount of transcriptional
repression MeCP2 can facilitate. We speculate that CREB1 may be interacting with
MeCP2 by binding to the TRD. If CREBI is interacting with this domain, it will prevent
MeCP2 from recruiting corepressors and ultimately cause gene upregulation. Our work
will elucidate information on the transcriptional activation that may be lost due to
mutations in the MBD leading to reduced masking of NDs to facilitate TF target search, as
well as the repressive activities that may be downregulated when CREB1 binds to the TRD.
MeCP2 may act as a transcriptional activator through both modes, and this work will help
us understand molecular level information about these complicated transcriptional

regulation effects.
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1.3.4 Relevance to Rett Syndrome and Neuronal Dysregulation

Rett syndrome (RTT) is one of the most prevalent causes of mental retardation in
females, occurring in 1 out of 10,000 births worldwide.** RTT is an X-linked dominant
disorder, which causes lethality in hemizygous males*? and variable severity in females
due to skewed X inactivation.*® The classical clinical features of RTT includes slowed,
regressing mental development early in life, accompanied with autistic behavior.** Several
RTT clinical variants have been identified and studied for several decades, but a defined
mechanism is still currently unknown.*

Based on the neuronal global transcription activity loss when MeCP2 is deficient,
its function as a transcriptional activator seems to be crucial for proper neuronal
function.*®4” The specific mechanism for this wide gene activation is still unclear, since
MeCP2 does not directly possess a transcriptional activation domain.*® Indeed, clinical
RTT variants display MECP2 mutation hotspots in both the MBD and the TRD.*%025 This
suggests that MeCP2’s methylated DNA binding ability in RTT pathogenesis is as essential
as its traditionally known function as a transcriptional silencer through its TRD.

DNA methylation at CpG dinucleotides in the brain has been shown to be a
dynamic process that changes in response to lifestyle factors like sleep®, physical
activity®, and even maternal care>. Recent studies have indicated that the brain methylome
changes in response to stimuli®* and affects neuronal function such as synaptic plasticity®
and memory formation.>® However, any neuronal transcriptional activity effects caused by
the dynamic brain methylome, remain to be addressed. Transcription factors implicated in
activating memory response genes may show interplay with Methyl-CpG-binding proteins.

This project will allow us to gain knowledge on how MeCP2’s role as an indirect
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transcriptional activator can affect neuron function in the context of RTT and epigenetic

modifications.
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Chapter 2: Establishing protein purification methods

2.1 MECP2 PREPARATION

2.1.2 MeCP2 MBD-ATH1 Protocol

E. coli expression

kDa
66 — N/

GST affinity purification

45 — |
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Figure9:  MeCP2 MBD-ATH1 purification protocol. Left panel: SDS-PAGE
demonstrating pure protein. Right panel: workflow of MeCP2 MBD-ATH1
purification process.

The MeCP2-MBD-ATH1 construct consists of the methyl-CpG-binding domain
(MBD) and the first AT-Hook of MeCP2. After several attempts to express a GST fusion
MeCP2 protein, we found that overall expression and solubility were low. The MeCP2-
MBD-ATHI1 gene fused to a GST encoding gene was inserted into a pET49 plasmid with
a kanamycin selection marker. This plasmid containing the protein fusion was transformed
into Escherichia coli BL21(de3) bacterial competent cells and grown in a 4 liter culture

containing minimal media enriched with isotopic '*C glucose and >N ammonium chloride
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to label the protein for NMR studies. The culture was grown at 37°C until the O.D.s00
reached ~1.0-1.2. Expression of GST-MeCP2-MBD-ATH1 was induced by 0.6 mM
isopropyl B-D-1-thiogalactopyranoside, and the culture was grown at 37°C for 2 hours.
The cells were harvested in a buffer containing 50 mM Tris-HCIL, pH 7.5, 500 mM NaCl,
5% glycerol, 1% Triton X-100, and protease inhibitor tablets. The cells were sonicated
using a Vibra-Cell Processor (Sonics) and then centrifuged at 4°C for 20 minutes at 20,000
rpm. The supernatant was collected and filtered through a 0.45 pm syringe filter. The
protein was loaded onto a GSTPrep FF column (GE Healthcare) pre-equilibrated with
buffer containing 50 mM Tris-HCI pH 7.5, 400 mM NacCl, 1% Triton X-100. The protein
bound to the column was washed with the same buffer before being eluted with buffer
containing 50 mM Tris-HCI pH 7.5, 400 mM NacCl, and 10 mM reduced glutathione. 100
U of HRV-3C protease (GE Healthcare) was added to the eluted protein, cleaved overnight
at 4°C, and then concentrated to 10 mL using an Amicon Ultra centrifuge unit. The
concentrated protein was loaded onto a Sephacryl S100 26/60 gel filtration column (GE
Healthcare) equilibrated with buffer containing 50 mM Tris-HCI pH 7.5, 1 M NaCl, and 2
mM B-ME. The collected fractions containing protein were assayed by SDS-PAGE. The
protein was loaded onto a Resource-S cation exchanged column (GE Healthcare) and
eluted using a gradient from 200 mM NaCl — 1000 mM NaCl, and 50 mM Tris-HCI pH
7.0, 5% glycerol, and 1 mM B-ME. The protein was confirmed via SDS-PAGE (Figure 9)

and then quantified using UV absorbance spectrum.
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2.1.3 Full length MeCP2 Protocol

E. coli expression
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Figure 10:  Full length MeCP2 purification protocol. Left panel: SDS-PAGE
demonstrating purified protein stored in solution and stored in lyophilized
form. Right panel: workflow of full length MeCP2 purification process.

The MeCP2 protein construct used in our lab previously consisted of only the
methyl-CpG-binding domain (MBD) of MeCP2 (residues 335-423). In order to test
interactions between MeCP2 and CREBI1, we needed full length MeCP2. After several
attempts to express a GST fusion MeCP2 protein, we found that overall expression and
solubility were low. We sought out to use a different fusion tag and found that a thioredoxin
(Trx) tag increased solubility and expression significantly.

The full length MeCP2 gene fused to a Trx encoding gene was amplified by PCR
and inserted into a pET32a (+) plasmid with an ampicillin selection marker. This plasmid
containing the protein fusion was transformed into Escherichia coli BL21(de3) bacterial

competent cells and grown in a 4 liter culture containing minimal media enriched with
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isotopic 1*C glucose and '*’N ammonium chloride to label the protein for NMR studies. The
culture was grown at 37°C until the O.D.g00 reached ~0.8. Expression of Trx-MeCP2 was
induced by 0.4 mM isopropyl B-D-1-thiogalactopyranoside, and the culture was grown at
17°C overnight. The cells were harvested in a buffer containing 50 mM Tris-HCI, pH 7.5,
500 mM NacCl, 5% glycerol, 1% Triton X-100, and protease inhibitor tablets, after 18 hours
of growth. The cells were sonicated using a Vibra-Cell Processor (Sonics) and then
centrifuged at 4°C for 20 minutes at 20,000 rpm. The supernatant was collected and filtered
through a 0.45 um syringe filter. The filtered lysate was loaded onto a nickel column
connected to an AKTAfplc system, and equilibrated with a buffer containing 50 mM Tris-
HCI pH 7.5, 100 mM NacCl, 20 mM Imidazole, 10% glycerol, 1 mM B-mercaptoethanol
(B-ME). The column was washed with 10 CV of binding buffer, and then eluted using a
gradient of 20 mM — 400 mM imidazole. Fractions containing UV absorbance peaks were
assayed by SDS-PAGE, and were collected to load on a Heparin column also connected to
an AKTAfplc system that was pre-equilibrated with a buffer containing 50 mM Tris-HCI
pH 7.5 and 1 mM B-ME. The protein was eluted over a gradient from 0-1000 mM KCI.
Fractions exhibiting UV  absorbance at 280 nm were assayed by
SDS-PAGE. The fusion protein was cleaved to remove the Trx tag using Human
Rhinovirus 3C PreScission Protease (Genway) for four hours at 4°C. To remove the
protease and cleaved Trx tag, the solution was loaded to a nickel column once again, using
the same procedure. The cleaved protein was then loaded onto a Resource-S cation
exchange column connected to an AKTAPurifier system, equilibrated with buffer
containing 50 mM Tris-HCL pH 7.5, 200 mM NacCl, 5% glycerol, and 1 mM B-ME. The
protein was eluted over a gradient reaching 1 M NaCl. Finally, the protein was loaded onto
a Sephacryl-200 size exclusion column equilibrated in buffer containing 0.2 M ammonium
acetate, pH 7.0 and 1 mM B-ME. Fractions containing MeCP2 were pooled and purity was
confirmed by SDS-PAGE (Figure 10). The purified MeCP2 solution was lyophilized and

stored at 4°C.
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2.1.4 Discussion

Before establishing this purification protocol for full length MeCP2, we attempted
to express a GST fusion version. We found that expression was low, and most of the protein
was in the pellet as inclusion bodies. To increase solubility of the expressed protein after
induction, we decided to change the fusion tag to thioredoxin. Thioredoxin fusion tag has
been demonstrated to increase solubility and prevent inclusion body formation.>” The
thioredoxin fusion tag contains a His tag, and MeCP2 coincidentally also contains an
intrinsic His tag. This increased the number of purifications steps necessary because after
cleavage of the Trx tag, it also bound to the Nickel column. We plan to remove the His tag
fused to the Trx tag, to reduce the number of purification steps required. We also plan to

store all protein through lyophilization after purification to prevent degradation.
2.2 CREB1 PREPARATION
2.2.2 Protocol

Transformation and culture

The full length Trx fusion CREBL protein expression plasmid was transformed into
Escherichia coli BL21(de3) competent cells. The cells successfully transformed with the
plasmid containing ampicillin resistance and the CREB1 gene were selected for with 100
pg/ml ampicillin. These cells were then grown in a 4 liter LB media culture containing 100
pg/mL ampicillin and metal solution, at 37°C for 4 hours until the OD at 600 nm was ~0.8-
0.9. At this point, protein expression was induced by 0.4 mM isopropyl B-D-1-
thiogalactopyranoside, and cultivated for ~17 hours at 17°C. The cells were harvested by
centrifuging at 4000 rpm, for 25 minutes at 4°C, and then resuspended with a buffer
containing 50 mM Tris-HCI pH 7.5, 500 mM NacCl, 5% glycerol, 1% Triton X-100, and 3

protease inhibitor tablets. The cell suspensions were stored at -80°C until further use.
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Figure 11: Established CREBL1 purification. Left panel: SDS-PAGE demonstrating
thioredoxin-CREB1 fusion protein denatured at 6 M urea from inclusion
bodies, diluted using a refolding buffer containing arginine to facilitate
refolding, CREB1 post cleavage using HRV-3C protease, and isolated
CREBLI eluted in flow-through after Ni-NTA purification. Right panel:
workflow diagram demonstrating overall purification steps for CREB1.

Extraction of inclusion bodies under denaturing conditions

The cells were thawed and sonicated at 4°C, using a 10 second on and 40 second
off pulser setting, at 40% power, for 4 minutes total, using a Vibra-Cell Processor (Sonics).
The Triton X-100 concentration was increased to 2% and incubated on ice for 10 minutes.
The cells were centrifuged at 15000 rpm for 15 minutes at 4°C. The supernatant was
discarded and the pellet was resuspended in buffer containing 50 mM Tris-HCI pH 7.9, 0.1
mM EDTA, 5% glycerol, 0.1 mM DTT, and 100 mM NaCl and 1% Triton X-100. The

cells were centrifuged again and resuspended in the same buffer without Triton X-100.



Finally, the cells were centrifuged and resuspended in denaturing buffer containing 50 mM
Tris-HCI pH 7.5, 6 M urea, 500 mM NaCl, 10% glycerol, and 1 mM B-ME. This cell
suspension was rotated overnight at 4°C and centrifuged at 15000 rpm for 15 minutes at
4°C the following day. The supernatant was collected and filtered with 0.45 um syringe
filters.

Ni-NTA under denaturing conditions

The filtered supernatant containing the denatured CREBL1 protein was loaded onto
a nickel column pre-equilibrated with buffer containing 50 mM Tris-HCI pH 7.5, 6 M urea,
500 mM NaCl, 5 mM Imidazole, 10% glycerol, and 1 mM B-ME. The protein was eluted
using an imidazole gradient from 5 mM — 400 mM imidazole. The fractions demonstrating
UV absorbance were collected after confirming presence of CREB1 through SDS PAGE.
This solution was concentrated down to 5 mL using a 15 mL 10 kDa MWCO Amicon Ultra
Centrifugal Unit.

Refolding by dilution

The denatured CREB1 was refolded through a 10x dilution using a buffer
containing arginine that has been shown to facilitate folding of Trx tagged recombinant
proteins.®® The refolding dilution buffer contained 100 mM Tris-HCI pH 8.0, 0.7 M
Arginine, 500 mM NaCl and 1 mM B-ME. The denatured, concentrated protein was diluted
10x, by adding 5 mL of protein dropwise into 45 mL of refolding buffer, while also swirling
gently.

Cleavage during dialysis

The Trx tag on the fusion protein was cleaved through the addition of 100 units of

Human Rhinovirus 3C PreScission protease (Genway) to the diluted protein. This cleavage
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reaction solution was transferred to a dialysis membrane with a 3.5 kDA MWCQO, in a
reservoir buffer containing 20 mM Tris-HCI, pH 7.5, 500 mM NacCl, 10% glycerol, and 1
mM B-ME, and was dialyzed overnight at 4°C.

Ni-NTA under native conditions to remove Trx tag

The cleaved CREBL solution was loaded onto a Ni-NTA column pre-equilibrated
with 50 mM Tris-HCI pH 7.5, 500 mM NaCl, 5 mM Imidazole, 10% glycerol, and 1 mM
B-ME. Since the (His)es tag was cleaved off with the Trx tag, the free CREB1 protein eluted
in the flow through, as was confirmed by SDS-PAGE. The solution was concentrated using
a VivaSpin 5 kDa MWCO centrifugal unit, down to 1 mL. The concentrated protein was
diluted 5x with buffer containing 50 mM Tris-HCI pH 8.0, 1 mM MgClz, 2 mM DTT, and
20% glycerol and no salt to reduce the salt concentration to 100 mM NacCl.

Heparin column chromatography

To further remove nucleic acid contamination, the solution was loaded onto a
Heparin cation exchange chromatography column, pre-equilibrated with buffer containing
50 mM Tris-HCI pH 8.0, 100 mM KCI, 1 mM MgClz, 2 mM DTT, and 20% glycerol. The
protein was eluted over a gradient ranging from 100 mM KCI to 1 M KCI. Fractions

containing protein confirmed by SDS-PAGE (Figure 11) were collected.

2.2.3 Discussion

Purifying this protein required extensive optimization since our lab did not have
experience with refolding proteins from inclusion bodies. From establishing this protocol,
we discovered several important aspects and steps necessary to refold CREB1 with high
yield. Although this protein also has a Trx tag, solubility was not increased, and about 90%

of the protein was expressed in inclusion bodies. We extracted using 6 M urea and found
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that a triton treatment to remove membrane proteins was especially helpful. After
extraction, we found that an initial Ni-NTA purification was essential in removing a
considerable amount of the nucleic acid contamination. During refolding, we found that
dilution with arginine was essential to significantly reduce precipitation. After refolding by
dilution, the presence of glycerol increased yield by facilitating CREB1 stability and
decreasing precipitation and aggregation. Finally, the most significant finding was that
CREBI is easily oxidized and is sensitive to temperature. We found that the presence of a
reducing agent, 20 mM B-ME, at a relatively high concentration and low temperature was

essential to keep the protein in solution.
2.3 DNA PREPARATION

The probe DNA duplex used in fluorescence experiments contained the CREB1
CAMP responsive element (CRE) binding sequence, TGACGTCA, three base pairs away
from the 5’-end to which a fluorescein amidite (FAM) label is attached. The 33 base pair
FAM labeled strand containing the CRE site, and a 33 base pair complementary strand,
were purchased from Integrated DNA Technology (IDT). These DNA single strands were
HPLC grade purified. These two single strands were annealed to form a dsDNA duplex
and then purified on a Mono-Q anion exchange chromatography column connected to an
AKTAPurifier system, that waspre-equilibrated with buffer containing 50 mM Tris-HCI
pH 7.5, 1 mM ethylenediaminetetraacetic acid (ETDA). The dsDNA duplex was eluted
over a gradient of 0 — 1.5 M NaCl. The fractions displaying UV absorbance at 260 nm were
collected, concentrated with a 4 mL 3 kDa MWCO Amicon centrifugal unit.The UV
absorbance spectrum was measured and, the 260 nm absorbance values were averaged.

The extinction coefficient was estimated from the values provided by Integrated DNA
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Technologies for the single DNA strands. Using the absorbance values measured and the

estimated extinction coefficient, the protein concentration was quantified.
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Chapter 3: Examining potential direct MeCP2/CREBL1 interactions

3.1. NATIVE PAGE ANALYSIS

To begin qualitatively examining whether MeCP2 and CREBI interact, we
completed Native PAGE analyses. MeCP2 has a very basic pl, while CREB1 has an acidic
pl. We hypothesized that if they do form a complex, we could potentially see this
interaction on a Native PAGE, where charge would determine mobility and shift.>® If they
form a complex, the combined pl of the complex would change in comparison to each

individual pl, and we could visually observe the potential complex as a shifted band.

3.1.2 Results

We qualitatively examined potential MeCP2/CREBI interactions by running
varying ratios of the protein mixtures on SurePAGE Bis-Tris 4-20% gradient gels. The
samples were prepared by mixing with glycerol and normalizing volumes. The samples
were loaded and electrophoresis was performed for 2-3 hours at 4°C. The results show that
CREBI migrates into the gel and demonstrates a relatively sharp band. As the amount of
full length MeCP2 increases, the band begins to disappear by becoming fainter and less
sharp. Another major difference is the “aggregate” that seems to form at the bottom of the
well. As full length MeCP2 increases, the “aggregate” decreases as well. For MeCP2
MBD-ATHI, we do not see the same distinct disappearance of the CREBI band, and
aggregate. Instead, the band seems to migrate slightly slower, and there is still significant

aggregate in the wells.
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Full length MeCP2 MeCP2 MBD ATH-1

Figure 12: Native PAGE analysis. Left: gel demonstrating increasing amounts of full
length MeCP2 to CREB1. Right: gel demonstrating increasing amount of
MeCP2 to CREBL.

3.1.3 Discussion

These native gels were run using a normal current, which means that any negatively
charged molecule will travel down into the gel. CREBI1 is negatively charged, while
MeCP2 is positively charged. When current is applied to these proteins in the gel, CREB1
should travel into the gel towards the positive current and MeCP2 should travel away and
out of the gel. We also know that the MeCP2/CREB1 complex has a predicted pl of 9.58,
based on EXPASY ProtParam calculation tool. Based on this information, if the proteins
are complexing together, they should migrate up, away from the current, and out of the gel.
Based on the results, as the amount of full length MeCP2 increases, the CREB1 band
disappears, as shown in Figure 12. Qualitatively, the band of CREB1 becoming fainter is
indicating that a complex is forming, and it is migrating away from the gel since it has a
higher pI. Additionally, these results also seem to indicate that the ratio of the complex
formation may be 1:1 since at 1:0.25 (CREB1:MeCP2), the amount of MeCP2 doesn’t
seem to change the band intensity, in comparison to when the ratio is 1:1. The volumes of
solutions for the molar ratios used were calculated from the quantified protein
concentrations. All protein concentrations were quantified by UV absorbance values, and

estimated extinction coefficients from ExPASY.
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We also tested the effect of MeCP2 MBD-ATH1 on CREBI migration into the
native gel (Right panel, Figure 12). As MeCP2 MBD-ATHI increases, the band seems to
shift upward, indicating a slower migration, but CREBI1 still seems to aggregate in the
bottom of the loading well. This may indicate that a complex isn’t forming, or not as
effectively as when full length MeCP2 is present. This information informs us on the
potential domains involved in the protein-protein interactions between CREBI1 and
MeCP2. This may suggest that one of the domains not present in ATH1 such as the TRD,
is facilitating the binding to CREB1. Additional extensive and quantitative studies are

necessary to determine more details.

3.2. FLUORESCENCE SPECTROSCOPY ASSAYS

Protein binding can be quantitatively measured through fluorescence spectroscopy
methods like the measurement of anisotropy. Fluorescence anisotropy is dependent on the
presence of a fluorescent molecule, and the measurement of intensity and polarization of
the emitted light by a fluorospectrophotometer. The fluorescent molecule is illuminated
with polarized light at a certain wavelength that causes excitation. If the fluorescent
molecule is free, and tumbling very fast in solution, the emitted light will be depolarized.
Fluorescence anisotropy is the directional effect of the polarized light caused by the
fluorescent molecule speed in solution. If the emitted light is depolarized, a low anisotropy
value will be measured. When the fluorescent molecule binds to another molecule, it will
tumble slower in solution. This slow tumbling will cause the emitted light to be polarized

at the same angle is was excited at, which contributes to a high anisotropy value.!

3.2.2 Results

To determine CREB1/MeCP2 interactions and affinities, we prepared a fluorescein
amidite (FAM) labeled 33 base pair DNA probe that contained the CREB1 cAMP

responsive element (CRE) consensus sequence. MeCP2 and CREBI1 were prepared as
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described in Chapter 2. Affinity measurements were determined using fluorescence

anisotropy as a function of protein concentration (0.25-1200 nM). Fluorescence changes

were measured using an ISS PC-1 Spectrofluorometer.
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Figure 13:  Fluorescence based protein titration assays. A) Full length MeCP2 titration to
10 nM FAMCRE33 probe. B) Full length MeCP2 titration to other
nonspecific 10 nM FAM 33bp probe. C) CREBL1 titration to 10 nM
FAM33CRE probe before reducing treatment. D) CREBL titration to 10 nM
FAMB33CRE probe after reducing treatment. E) CREBL1 titration to 10 nM
FAM33CRE probe in presence of 200 nM full length MeCP2. F) CREB1
titration to 10 nM FAM33CRE probe in presence of 30 nM full length
MeCP2.

The assays were performed at 20°C in a buffer containing 50 mM Tris-HCI, pH
8.0, 100 mM KCI, 10 mM MgCl, and 20 mM B-ME. The dissociation constant was
calculated from anisotropy data using a non-linear least-squares fitting using MatLab

software as described in Zandarashvili et al,** and the curves are demonstrated in Figure

13.
Kp
FL MeCP2 + 10 nM FAMCRE33 32 nM
FL MeCP2 + 10 nM FAM nonspecific 33 23 nM
Oxidized CREBI1 + 10 nM FAM33CRE 2 uM
Reduced CREB1 + 10 nM FAM33CRE 141 nM
CREBI1 + 10 nM FAM33CRE + 200 nM FL MeCP2 400 nM
CREBI1 + 10 nM FAM33CRE + 30 nM FL MeCP2 140 nM
Table 1: Dissociation constants determined from fluorescence anisotropy binding

assays.

3.2.3 Discussion
We discovered how sensitive CREBI1 is to oxidation after initially observing a very
weak affinity of 400 nM. Once we treated CREB1 with 20 mM B-ME, we saw a significant
~3x increase in affinity of around 140 nM. (Figures 12c¢ and 12d) Next, we tested the
affinity of MeCP2 to the CREB1 DNA probe, to determine what concentration to test the
effect of MeCP2 presence on CREBI1 binding. Our binding assays indicate that full length

MeCP2 has a high affinity to nonspecific DNA (Figures 12a and 12b). Although it is
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characterized to be a sequence specific binding protein through its MBD to methylated
CpG dinucleotides, there have been numerous reports that show MeCP2’s affinity for
methylated DNA is only 3-fold higher than affinity for nonmethylated DNA.° We
conducted these assays to determine a concentration at which we could test the effects of
the presence of MeCP2 on CREBI1 binding. After observing these high affinities, we
decided to test a concentration of MeCP2 close to the affinity demonstrated in the binding
assays (30 nM) and a higher concentration close to the affinity of CREB1 to its target site
(200 nM). The results showed an increase in the initial anisotropy values. This increase
was expected since anisotropy is directly affected by molecular size. If MeCP2
immediately associated with the probe DNA, it would decrease tumbling, and cause an
increase in anisotropy. After observing the initial increase, we also saw a sudden decrease
in anisotropy, which we speculate is CREB1 displacing MeCP2 on the DNA probe. Once
this occurs, MeCP2 is free in solution and can potentially interact with CREB1. At 200 nM
MeCP2, the affinity of CREBI to the probe was ~3x weaker. At 30 nM, the affinity was
almost the same as in the absence of MeCP2. (Figures 12e and 12f).

Overall, these results indicate that we have established a system we can use to
further test how the presence of MeCP2 affects CREBI1 binding. In the future, we can
potentially optimize the assays by mixing CREB1 and MeCP2 in a 1:1 molar ratio, and
allowing binding to occur, and then titrating this complex to DNA and observing
anisotropy changes. We can also fluorescently tag the proteins and perform FRET

experiments.
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Chapter 4: Towards the biophysical characterization of nucleosomal

DNA in the target search process

4.1 NUCLEOSOME PREPARATION

Nucleosomes have been shown to be dynamic in structure, where the DNA ends
can unwrap from the histone octamer®® and DNA can become accessible to TFs.
Considering how dynamic nucleosomes are, it is important to study the effect on
transcription factor target search in nucleosomes to help us understand our hypothesis at
the chromatin level. In order to test the effect nucleosomal DNA accessibility on TF target
search at the chromatin level, we plan to use stopped-flow fluorescence kinetic assays. We
will reconstitute mononucleosomes that contain target sequences of CREB1 and Egr-1
close to the DNA ends that are accessible for TF binding and assess effect on target search
after mixing nucleosomes complexed with MeCP2 and either Egr-1 or CREB1. Overall,
we have made significant progress on establishing protocols for preparing materials

necessary for this branch of our research.

4.1.2 Nucleosome Core Particle Reconstitution

FAM-W601 Preparation

The DNA used to reconstitute the nucleosome core particle contained the Widom’s
601 (W601) sequence, which is a well-positioned sequence that wraps around the histone
octamer with high affinity.®> An HPLC purified 5° fluorescein amidite (FAM) labeled 37-
mer single stranded DNA primer and an unlabeled reverse primer were purchased from
Integrated DNA Technologies. These primers were used in PCR using the pGEM3Z/601
plasmid as a template, and Vent DNA Polymerase (New England Biolabs), in order to

amplify a FAM labeled W601 DNA sequence. After PCR, the FAMW601 DNA product
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was loaded to MonoQ anion exchange column pre-equilibrated with 50 mM Tris-HCI pH
7.5,and 1 mM EDTA. The FAMW601 was eluted using a gradient of 0 — 1.5 M NaCl. The
fractions containing the FAMWG601 were confirmed on a 1% agarose gel. The fractions
were concentrated down to ~50 pL, and then further purified by running on a TBE-PAGE
4-20% gel (Invitrogen). The portion of gel containing the DNA was excised, crushed and
agitated at ambient temperature for 18 hours in buffer containing 10 mM Tris-HCI pH 7.5
and 40 mM KCl, in order to solubilize the DNA. Finally, the FAMW601 was purified with
a PCR Purification Kit (Qiagen) and quantified using a UV absorbance spectrum.

crDNA prep

Nonspecific competitor DNA (crDNA) was prepared for the nucleosome particle
reconstitution in order to saturate any histones that did not form an octamer. The crDNA
was generated through polymerase chain reaction (PCR). Single stranded 27-mer and 28-
mer forward and reverse DNA primers were ordered from Integrated DNA Technologies
and we PCR-amplified the nonspecific crDNA using pUC-19 plasmid as a template and
Vent DNA Polymerase (New England Biolabs). The PCR product was loaded to a
Resource-Q anion exchange column pre-equilibrated with 50 mM Tris-HCI pH 7.5, and 1
mM EDTA. The ctDNA was eluted using a gradient of 0 — 1.5 M NaCl. The fractions
demonstrating UV 260 nm absorbance were concentrated down to ~500 pL using an
Amicon Ultra Centrifugal unit. The purified PCR product was then finally purified using a
PCR Cleanup Kit (Qiagen) and quantified.

NCP reconstitution through dialysis to decrease salt concentration (NEB)

The nucleosome core particles (NCP) were formed through sequential dialysis over
time to decrease salt concentration. The decreasing salt concentration drives nucleosome
formation by allowing the negatively charged DNA to interact with the very basic histone
octamer. After generating the competitor DNA and the FAM labeled W601 DNA, the
EpiMark Nucleosome Assembly Kit (New England Biolabs (NEB) Inc.) was used to

reconstitute unmodified recombinant human nucleosomes. Dialysis buffers containing 20
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mM Tris-HCI, pH 8.0, 1 mM EDTA, 1 mM DTT, and decreasing amounts of NaCl (1.5 M
NaCl, 1.0 M NaCl, 0.6 M NacCl, 0.25 M NaCl) were prepared and chilled to 4°C. The
nucleosome reaction mixture was prepared following the NEB Dialysis Assembly Protocol
(E5350) and transferred to a mini dialysis cassette unit. The reaction mixture was dialyzed
against the 1.5 M NaCl buffer for 2-3 hours, and then transferred to the 1.0 M NacCl for 2-
3 hours. The reaction was dialyzed against the 0.6 M NaCl buffer overnight, and then
transferred to the 0.25 M NaCl the following day for at least 2-3 hours. All dialysis steps
were at 4°C. The reaction mixture was removed from the dialysis cassette and transferred
to a microcentrifuge tube, and stored at 4°C. The nucleosome formation was confirmed by
running on a TBE-PAGE 4-20% gel (Invitrogen) comparing to the crDNA and W601. The
NCP formation was confirmed through the shift of the free DNA band to a higher molecular

weight at around 700 bp, demonstrated in Figure 14

4.1.3 Chicken nucleosome purification

In order to conduct stopped flow experiments using nucleosomal DNA, a larger
quantity of histone octamers was required to reconstitute a larger yield of NCPs. Purifying
histone octamers from chicken blood has been an established protocol for many years, and
with the guidance of Dr. Andrew Routh’s group, we purified soluble chromatin from
chicken blood.

Chicken blood was purchased as a 25 mL aliquot bled into trisodium citrate. Upon
arrival, the chicken blood was immediately added into 100 mL of Buffer-A (B-A)
containing 60 mM KCl, 12 mM NacCl, 12 mM potassium cacodylate pH 6.0, 15 mM B-ME,
0.15 mM spermine, 0.5 mM spermidine, and 2 mM EDTA. The container in which the
blood arrived was washed with an additional 50 mL of B-A and added to the diluted blood.
The diluted blood was divided into 50 mL conical tubes and centrifuged at 4000 rpm for
8-10 minutes in order to pellet the blood cells. After carefully removing the supernatant,

the pellet was washed with B-A twice more. The cells were then lysed with Buffer-B (B-
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B), containing 60 mM KCl, 12 mM NaCl, 12 mM potassium cacodylate pH 6.0, 15 mM -
ME, 0.15 mM spermine, 0.5 mM spermidine, 2 mM EDTA, and 0.5% Triton X-100. In
this buffer, the Triton X-100 nonionic surfactant lyses the cells by permeabilizing the blood
cell membranes, and in turn releases the nuclei containing the chromatin. The nuclei were
washed twice more with B-B. The nuclei pellet was then washed three times with Buffer-
C (B-C), containing 60 mM KCl, 12 mM NacCl, 12 mM potassium cacodylate pH 6.0, 15
mM B-ME, 0.15 mM spermine, 0.5 mM spermidine, and 0.5% Triton X-100, until the pellet
was colorless. The pellet was resuspended and washed two times in Buffer-D (B-D),
containing 60 mM KCl, 12 mM NaCl, 10 mM Tris-HCI pH 8.0, 15 mM B-ME, 0.15 mM
spermine, 0.5 mM spermidine, and 0.5% Triton X-100. After washing with B-D, the pH
was high enough to begin digestion of the chromatin DNA using Micrococcal Nuclease
(MNase). After conducting a trial digestion, the chromatin was incubated at 37°C, and 1
mM CaCl; was added. MNase was added to the solution and the chromatin was digested
for 8 minutes. After eight minutes, the reaction was quenched by increasing the
concentration of EDTA to 10% v/v. The nuclei containing the digested chromatin was
lysed after centrifuging at 4000 rpm for 4 minutes, by resuspending in 20 mL Buffer-E,
containing 10 mM Tris-HCI pH 7.4, and 0.2 mM EDTA. The nuclei were incubated on ice
to allow for lysis to release the chromatin in solution. This soluble chromatin was
centrifuged to pellet out the nuclear debris, and the supernatant containing the chromatin
was transferred to a beaker. The salt concentration in the soluble chromatin was increased
to 0.65 M NaCl using 5 M NaCl stock, in order to release linker Histones and HMG
proteins.

The soluble chromatin was loaded onto a Sepharose 4B-Cl gel filtration column,
pre-equilibrated with 0.65 M NaCl, 10 mM sodium cacodylate pH 6.0, and 0.2 mM EDTA.
The flow-through was collected, and 1 column volume of buffer was run through the

column (600 mL) to collect 7 mL elution fractions. The fractions demonstrating UV
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absorbance were run on an SDS-PAGE to confirm presence of the histone octamer as

shown in Figure 14.
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Nucleosomal DNA preparation. Left panel: Native TBE polyacrylamide gel
demonstrating confirmation of crDNA, FAM labeled W601 DNA, and
reconstitution of nucleosome core particle. Right panel: Native TBE
polyacrylamide gel demonstrating presence of genomic chicken DNA after
purification from chicken blood. SDS-PAGE demonstrating presence of

histone octamer after purification from chicken blood.
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Chapter 5: Conclusions and future perspectives

5.1 MECP2 AND CREBL1

Our current work analyzes interactions between MeCP2 and CREBI1, which have
not been previously examined using biochemical techniques. We have taken advantage of
the significant differences in isoelectric points (pI) in MeCP2 and CREBI, and used native
PAGE analysis to determine complex formation. We observed a significant change in band
intensity, which correlated with the predicted pl of the MeCP2/CREBI complex. We
speculate that full length MeCP2 and CREBI are forming a complex and are migrating out
of the gel. In comparison to the results from the full length MeCP2, MeCP2 MBD-ATH]1
demonstrates less of a decrease in band intensity. This suggests that the TRD is probably
involved in the interactions between MeCP2 and CREBI. Future work to analyze
MeCP2/CREB1 complexing through gel electrophoresis would include isoelectric
focusing, which separates proteins and protein complexes based on their isoelectric point.
We would like to dissect more information on which domains are involved in these
interactions by testing the DNA binding domain of CREBI1 as well.

We also analyzed the effect of MeCP2 on CREBI binding to its CRE target site.
We first determined the affinity of MeCP2 to our probe containing the specific site for
CREB binding and found that it has a low dissociation constant, which means it has a high
affinity To determine if this was due to nonspecific interactions or some type of sequence
specificity, we used a different nonspecific probe of the same length, and same FAM label
on the 5’ terminal end. MeCP2 also exhibited a high affinity for this DNA, indicating that
MeCP2 binds very tightly to nonspecific sequences. Next, we determined the binding
affinity of CREBI to its target sequence and found very low affinity binding. After
determining that CREBI1 is extremely sensitive to oxidation, we repeated the same

experiment under reducing conditions, and found that CREBI1 did display a stronger
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affinity. We speculate that the initial binding assay demonstrated a weak affinity due to the
presence of oxidation products. Although CREBI did bind to this probe, the affinity is still
weak in comparison to most sequence specific DNA binding proteins. This may be due to
CREBI being in an unphosphorylated state. /n vivo, CREBI transcriptional activity is
activated through phosphorylation at Ser133.%* Future work requires in vitro site specific
phosphorylation to determine if the affinity is affected by the lack of phosphorylation.
Another possibility is that CREB1 may not be properly or completely refolded. This is
unlikely since it only has one structured region, which is the DNA binding domain that
consists of a single alpha helix. CREBI is a homodimeric protein, so there is also a
possibility it did not dimerize completely. In the future, we plan to express the protein and
label isotopically to conduct NMR experiments and examine folding state by comparing to
NMR signals in literature. Finally, we conducted binding assays of CREBI1 to its target site
in the presence of MeCP2 and observed interesting results, where the presence of MeCP2
at a relatively high concentration seemed to impede CREBI binding to its target, while a
much lower concentration didn’t affect binding. These assays require optimization, where
the concentration of MeCP2 is adjusted to bypass the strong binding effect to nonspecific
DNA, in order to observe CREB1 binding. Protein-protein interactions also typically cause
an enthalpic change. We plan to conduct isothermal calorimetry assays to determine if there
is an enthalpy change when MeCP?2 is titrated to a solution of CREBI1. Finally, we would
like to conduct the same binding studies using the MeCP2 MBD-ATHI1 construct, to
determine effects of removing the TRD, and CREB1 bZIP DNA binding domain. This
would allow us to gain a general understanding of what domains are implicated in
MeCP2/CREBI interactions.

CREB1 and MeCP2 have both been shown to be critical regulators in the brain. In
addiction both CREB1 and MeCP2 levels are affected. Cocaine usage has been
demonstrated to increase transcription of the CREBI1 gene target, brain derived

neurotrophic factor (BDNF). Cocaine induces MeCP2 phosphorylation which causes it to
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dissociate from the methylated BDNF promoter, while simultaneously increasing
phosphorylation of CREBI1 that causes association to the BDNF promoter.** CREB1 and
MeCP2 have been reported to compete for the BDNF promoter to reveal a complicated
network that is present in cocaine addicted neurons.®® Studying potential MeCP2/CREB1
interactions are important to further dissect details of this network in the brain during

cocaine action.

5.2 NUCLEOSOMAL DNA IN TARGET SEARCH

We have made significant progress to study how factors like DNA methylation and
natural decoysin the genome affect transcription factor target search. We tested how these
factors affect target search, and the results supported our hypothetical model of MeCP2
indirectly activating transcription. We also want to study how chromatin organization may
affect target search. To conduct this, we needed to establish preliminary protocols in our
lab to assemble nucleosome core particles. We reconstituted mononucleosomes in vitro
through dialysis, and purified chromatin from chicken blood. The chromatin isolated from
chicken blood can be further purified to obtain chicken histone octamers, which we can
then use to reconstitute nucleosomes. In the future, we plan to establish a protocol that
produces a high, pure yield of nucleosomes in order to analyze biophysically, and to study

the effect on transcription factor target search.
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